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PREFACE 

In the current information age, data is the basis of all intelligent systems. From the agricultural society to 

the industrial society, from there to the information society, the transformation process is moving towards 

Industry 4.0.The ability to store and process large amounts of data on computers has led to an increase 

in the capabilities of the products and services produced. The statistical and artificial learning studies 

based on meaning deriving from data have paved the way for intelligent systems in all sciences. 

3rd International Conference on Data Science and Applications (ICONDATAô20) has been organized on 

June 25 - 28, 2020 as online. 

The main objective of ICONDATA'20 is to present the latest data based researches from all disciplines. 

This conference provides opportunities for the different areas delegates to exchange new ideas and 

application experiences face to face, to cooperate between different disciplines from both natural and 

social sciences and to find global partners for future collaboration. 

All paper submissions have been blind and peer reviewed and evaluated based on originality, technical 

and/or research content/depth, correctness, relevance to conference, contributions, and readability.  

20 selected papers presented in the conference that match with the topics of the journals will be published 

in Data Science and Applications and Veri Bilimi Dergisi. 

In particular I would like to thank Prof. Dr. Tamer DODURKA, Rector of Ķstanbul Rumeli University and 

Prof. Dr. Suat CEBECĶ, Rector of Yalova University. 

 

Looking forward to see you in ICONDATA 2021, 

Dr. Murat G¥K 

Editor  
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Daĵēnēk Fiber Optik Sensºrler ile Sēcaklēk Algēlamasēnēn OptiSystem Programē 

Kullanēlarak Ger­ekleĸtirilmesi  

Erhan '­,1,3*ȟ 5øÕÒ 'v:'v:1,3ȟ dÓÍÁÉÌ KARAMAN1,3ȟ (ÁÌÉÌ dÂÒÁÈÉÍ v:+!.2,3ȟ .ÁÉÌ "ÕøÒÁ +),)K31 

1"ÕÒÓÁ 5ÌÕÄÁø ­ÎÉÖÅÒÓÉÔÅÓÉȟ %ÌÅËÔÒÉË %ÌÅËÔÒÏÎÉË -İÈÅÎÄÉÓÌÉøÉȟ "ÕÒÓÁȟ 4­2+d9% 
2"ÕÒÓÁ 4ÅËÎÉË ­ÎÉÖÅÒÓÉÔÅÓÉȟ %ÌÅËÔÒÉË %ÌÅËÔÒÏÎÉË -İÈÅÎÄÉÓÌÉøÉȟ "ÕÒÓÁȟ 4­2+d9% 

34İÒË (ÁÖÁÃąÌąË ÖÅ 5ÚÁÙ 3ÁÎÁÙÉÉ !Ȣ¤Ȣȟ 5ÌÕÄÁø ­ÎÉÖÅÒÓÉÔÅÓÉ !Ò-'Å -ÅÒËÅÚÉȟ "ÕÒÓÁȟ 4­2+d9% 

vÚÅÔ 

3ÅÎÓĘÒÌÅÒȟ ËÏÎÔÒÏÌ ÅÄÉÌÍÅÓÉ ÉÓÔÅÎÉÌÅÎ ÐÁÒÁÍÅÔÒÅÌÅÒÉ ĘÌëÍÅË ÖÅ ÂÕ ĘÌëİÍÌÅÒÉ ÂÉÒ ÖÅÒÉ ÔÏÐÌÁÍÁ ÓÉÓÔÅÍÉÎÅ ÉÌÅÔÍÅË 
ÉëÉÎ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ %ÌÅËÔÒÉËÓÅÌ ÓÅÎÓĘÒÌÅÒ ÉÌÅ ÓąÃÁËÌąËȟ gerinim, ÂÁÓąÎëȟ ÔÉÔÒÅĥÉÍȟ ivme gibi fiziksel 
parametrelerin ÙÁÐą İÚÅÒÉÎÄÅËÉ etkileri  takip edilebilmektedir. Ancak fiber optik ÔÅËÎÏÌÏÊÉÓÉÎÉÎ ÂÉÌÇÉÙÉ ąĥąËÌÁ 
ÄÁÈÁ ÄİĥİË ÍÁÌÉÙÅÔÌÉ ÖÅ ÈąÚÌą ÁËÔÁÒÍÁÓą ÉÌÅ ÂÉÒÌÉËÔÅ ÙÁÐąÓÁÌ ÓÁøÌąË ÉÚÌÅÍÅ ÁÌÁÎąÎÄÁËÉ ëÁÌąĥÍÁÌÁÒÄÁ ÅÌÅËÔÒÉËÓÅÌ 
ÓÅÎÓĘÒÌÅÒ ÙÅÒÉÎÉ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÅ ÂąÒÁËÍąĥÔąÒȢ $ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȠ ÆÉÂÅÒ ÉëÅÒÉÓÉÎÅ ÇĘÎÄÅÒÉÌÅÎ ÖÅ 
gÅÒÉ ÓÁëąÌÁÎ ąĥąËÔÁ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ÄÅøÉĥÉÍÌÅÒ ÉÌÅ ÓąÃÁËÌąËȟ ÇÅÒÉÎÉÍ ÖÂȢ ĘÌëİÍ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉÎ ÏÐÔÉË ÆÉÂÅÒÉÎ 
ÔÁÍÁÍą ÂÏÙÕÎÃÁ ÁÌÇąÌÁÎÍÁÓąÎą ÖÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÉ ÓÁøÌÁÙÁÎ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÓąÎąÆąÄąÒȢ $ÁøąÎąË fiber optik 
ÁÌÇąÌÁÍÁ sistemlerinde ÓąÃÁËÌąË ÁÌÇąÌÁÍÁÓą fiberin  ÉëÉÎÄÅ meydana gelen ÄÁøąÎąË fiber optik  ÓÅÎÓĘÒÌÅÒÉÎ ÁÌÔ ÓąÎąÆą 
ÏÌÁÎ 2ÁÙÌÅÉÇÈ ÖÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒąÙÌÁ ÙÁÐąÌÁÂÉÌÍÅËÔÅÄÉÒȢ "Õ bildiride  /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ËÕÌÌÁÎąÌÁÒÁË 
Brillouin  ve Rayleigh ÓÁëąÌÍÁÌÁÒąÎÄÁ meydana gelen Çİë ÄÅøÉĥÉÍÌÅÒÉ ile optik  fiberin  ÓąÃÁËÌąøąÎÄÁËÉ ÄÅøÉĥÉÍÌÅÒ 
ÉÚÌÅÎÍÉĥÔÉÒȢ !ÙÒąÃÁ ÆÁÒËÌą ÕÚÕÎÌÕËÔÁËÉ ÆÉÂÅÒ ÏÐÔÉË ËÁÂÌÏÌÁÒ ËÕÌÌÁÎąÌÁÒÁË ËÁÂÌÏ ÕÚÕÎÌÕøÕÎÕÎ ÉÌÅÔÉÍ 
parametrelerine etkisi ÉÎÃÅÌÅÎÍÉĥÔÉÒ. 

Anahtar Kelimeler : &ÉÂÅÒ /ÐÔÉË 3ÅÎÓĘÒÌÅÒȟ $ÁøąÎąË !ÌÇąÌÁÍÁ 9ĘÎÔÅÍÉȟ 2ÁÙÌÅÉÇÈ 3ÁëąÌÍÁÓąȟ "ÒÉÌÌÏÕÉÎ 3ÁëąÌÍÁÓąȟ /ÐÔÉ3ÙÓÔÅÍ  

Realization of Temperature Sensing with Distributed Fiber Optic Sensors Using 
OptiSystem Program  

Abstract  

Sensors are used to measure the parameters to be checked and to transmit these measurements to a data 
collection system. The effects of physical parameters such as temperature, strain, pressure, vibration, 
acceleration on the structure can be monitored with electrical sensors. However, fiber optic technology 
transmitti ng information at a lower cost and faster with light, electrical sensors have been replaced by fiber 
optic sensors in studies in the field of structural health monitoring. Distributed fiber optic sensors are used 
for measuring the alterations of the temperature, strain, etc. in a fiber by sending a light beam into the fiber 
and receiving it back. These sensors are capable of perceiving and evaluating the measured parameters in the 
fiber. In distributed fiber optic sensing systems, temperature sensing can be done with the Rayleigh and 
Brillouin scattering. In this report, power changes in Brillouin and Rayleigh scatterings and changes in the 
temperature of the optic fiber were monitored using the OptiSystem program. In addition, the effect of cable 
length on transmission parameters was investigated by using fiber-optic cables of different lengths. 

Keywords: Fiber Optic Sensors, Distributed Sensing Method, Rayleigh Scattering, Brillouin Scattering, OptiSystem

1 'ÉÒÉĥ 

%ÎÄİÓÔÒÉÙÅÌ ÅÌÅËÔÒÏÎÉË ÕÙÇÕÌÁÍÁÌÁÒąÎÄÁ ÓąËëÁ 
ËÕÌÌÁÎąÌÁÎ ÓÅÎÓĘÒÌÅÒ ÇİÎİÍİÚÄÅ ËÏÎÔÒÏÌȟ ÉÚÌÅÍÅȟ 
ËÏÒÕÍÁ ÖÅ ÖÅÒÉ ÇĘÒİÎÔİÌÅÍÅ ÇÉÂÉ ÂÉÒëÏË ÕÙÇÕÌÁÍÁ 
ÁÌÁÎąÎÁ ÓÁÈÉÐÔÉÒȢ !ÙÒąÃÁ ÓÉÓÔÅÍÌÅÒÉÎ ÄÅøÉĥÅÎ ÆÉÚÉËÓÅÌ 
ÏÒÔÁÍ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÅ ÇĘÒÅ ËÁÒÁÒ ÖÅÒÉÐȟ 

 
1* Corresponding author e-mail : eg.erhangul@gmail.com 

ëÁÌąĥÍÁÌÁÒąÎą ÂÁĥÁÒąÌą ÂÉÒ ĥÅËÉÌÄÅ ÄÅÖÁÍ 
ÅÔÔÉÒÅÂÉÌÍÅÓÉÎÉ ÓÁøÌÁÒÌÁÒȢ 3ÅÎÓĘÒÌÅÒ ëÁÌąĥÍÁ ÖÅ 
ÕÙÇÕÌÁÍÁ ÏÒÔÁÍÌÁÒąÎÁ ÇĘÒÅ ÆÁÒËÌąÌąË ÇĘÓÔÅÒÉÒÌÅÒȢ 
3ÅÎÓĘÒ ÓÉÓÔÅÍÌÅÒÉÎÄÅ ËÏÎÔÒÏÌ ÖÅ ÖÅÒÉ ÔÁËÉÂÉÎÉÎ ÚÏÒ 
ÏÌÄÕøÕ ÏÒÔÁÍÌÁÒÄÁ ÂÉÌÇÉÎÉÎ ąĥąËÌÁ ÄÁÈÁ ÈąÚÌą 
ÉÌÅÔÉÌÄÉøÉȟ ÕÙÇÕÎ ÍÁÌÉÙÅÔÌÉ ÖÅ ËİëİË ÂÏÙÕÔÌÁÒąÎÄÁÎ 
ÄÏÌÁÙą ËÕÌÌÁÎąÍą ÄÁÈÁ ËÏÌÁÙ ÏÌÁÎ ÆÉÂÅÒ ÏÐÔÉË 
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ÓÅÎÓĘÒÌÅÒ ÔÅÒÃÉÈ ÅÄÉÌÍÅÙÅ ÂÁĥÌÁÎÍąĥÔąÒȢ /ÐÔÏ-
ÅÌÅËÔÒÏÎÉË ÂÉÌÅĥÅÎÌÅÒÄÅ ÙÁÐąÌÁÎ ÉÙÉÌÅĥÔÉÒÍÅÌÅÒ ÖÅ 
ÆÉÂÅÒ ÏÐÔÉË ÈÁÂÅÒÌÅĥÍÅ ÔÅËÎÏÌÏÊÉÓÉÎÄÅËÉ ÇÅÌÉĥÍÅÌÅÒ 
ÄÅ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÅ ÏÌÁÎ ÉÌÇÉÙÉ ÇİÎÄÅÎ ÇİÎÅ 
ÁÒÔąÒÍąĥÔąÒ ɍρɎȢ &ÉÚÉËÓÅÌ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÅÔËÉÓÉÎÉÎ 
ÙÁÐą ÂÏÙÕÎÃÁ ÉÚÌÅÎÍÅÓÉÎÉ ÓÁøÌÁÙÁÎ ÆÉÂÅÒ ÏÐÔÉË 
ÓÅÎÓĘÒÌÅÒÉÎ ÅÌÅËÔÒÉËÓÅÌ ÓÅÎÓĘÒÌÅÒÅ ÇĘÒÅ ÁĥÁøąÄÁ 
ÂÅÌÉÒÔÉÌÅÎ ÄÁÈÁ ÂÉÒëÏË ÁÖÁÎÔÁÊą ÖÁÒÄąÒȡ 

¶ (ÁÆÉÆ ÖÅ ÅÓÎÅË ÙÁÐąÓą ÓÁÙÅÓÉÎÄÅ ËÏÌÁÙ ÍÏÎÔÁÊ 
edilebilme, 

¶ Zorlu ortam ĥÁÒÔÌÁÒąÎÄÁ ÄÁÙÁÎąËÌą ÏÌÍÁȟ 

¶ $İĥİË ÍÁÌÉÙÅÔÉ ÓÁÙÅÓÉÎÄÅ ÒÅËÁÂÅÔÅ ÕÙÇÕÎ ÏÌÍÁȟ 

¶ 9İËÓÅË ÈÁÓÓÁÓÉÙÅÔÌÉ ĘÌëİÍ ÙÁÐÁÂÉÌÍÅȟ 

¶ 9İËÓÅË ÂÁÎÔ ÇÅÎÉĥÌÉøÉ ÉÌÅ ëÏË ÓÁÙąÄÁ Åĥ ÚÁÍÁÎÌą 
ÖÅÒÉ ÁÌąĥ-ÖÅÒÉĥÉ ÙÁÐÁÂÉÌÍÅȟ 

¶ 5ÚÁËÔÁÎ ÁÌÇąÌÁÍÁ ÙÁÐÁÂÉÌÍÅȟ 

¶ +ÏÒÏÚÙÏÎȟ ÇÅÒÉÎÉÍȟ ÂÁÓąÎëȟ ÓąÃÁËÌąË ÇÉÂÉ birden 
ÆÁÚÌÁ ÐÁÒÁÍÅÔÒÅÙÉ ÁÌÇąÌÁÙÁÂÉÌÍÅ ÇÉÂÉ ĘÚÅÌÌÉËÌÅÒÅ 
sahiptirler [1 -3].  

&ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÔÅËÎÏÌÏÊÉÓÉ ÇİÎİÍİÚÄÅ ÁÖÉÙÏÎÉËȟ 
ÄÅÎÉÚÁÌÔąȟ ÏÔÏÍÏÔÉÖȟ ÔÅÌÅÍÅÔÒÉȟ ËĘÐÒİÌÅÒȟ ÂÁÒÁÊÌÁÒȟ 
ÓąÎąÒ ÇİÖÅÎÌÉøÉȟ ÔİÎÅÌÌÅÒȟ ÂÏÒÕ ÈÁÔÌÁÒąȟ ÅÎÅÒÊÉ ÓÅËÔĘÒİ 
ÖÂȢ ÄÁÈÁ ÂÉÒëÏË ÁÌÁÎÄÁ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ !ÙÒąÃÁ 
9ÁÐąÓÁÌ 3ÁøÌąË dÚÌÅÍÅ ɉ3(-Ɋ ÙĘÎÔÅÍÉ ÉëÉÎ ÓİÒÅËÌÉ 
ÖÅÒÉ ÄÅÓÔÅøÉ ÓÁøÌÁÙÁÒÁË ÙÁÐąÌÁÒąÎ ÇÅÒëÅË ÚÁÍÁÎÌą 
ÏÌÁÒÁË ÁÎÁÌÉÚÉÎÉÎ ÙÁÐąÌÍÁÓąÎÁ ÙÁÒÄąÍÃą ÏÌÍÁËÔÁÄąÒȢ 
3(- ÉÌÅ ÔÏÐÌÁÎÁÎ ÂÉÌÇÉÌÅÒ ÙÁÐąÓÁÌ ÂİÔİÎÌİøİ 
ÓÁøÌÁÍÁË ÖÅ ÙÁÐąÎąÎ ÂÁËąÍȟ ÏÎÁÒąÍ ÆÁaliyetlerini 
ÄİÚÅÎÌÅÍÅË ÉëÉÎ ÇÅÒÅËÌÉ ÁÎÁÌÉÚÌÅÒÅ ËÁÙÎÁË 
ÏÌÕĥÔÕÒÍÁËÔÁÄąÒ ɍτɎȢ  
&ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ 3(- ÕÙÇÕÌÁÍÁÌÁÒą ÄÁ ÄÝÈÉÌ 
ËÕÌÌÁÎÄąøą ÂÉÒëÏË ÁÌÁÎÄÁ ÓąÖą ÓÅÖÉÙÅÓÉȟ ÁËąĥ ÈąÚąȟ 
ËÏÎÕÍȟ ÂÁÓąÎëȟ ÇÅÒÉÎÉÍȟ ÓąÃÁËÌąË ÇÉÂÉ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ 
ÈÁÓÓÁÓ ĘÌëİÍİÎİ ÓÁøÌÁÍÁËÔÁÄąÒȢ "Õ ÂÉÌÄÉÒÉÄÅ ÆÉÂÅÒ 
ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ÂÉÒ ÓąÎąÆą ÏÌÁÎ ÄÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË 
ÓÅÎÓĘÒÌÅÒ ÉÌÅ ÓąÃÁËÌąË ÁÌÇąÌÁÍÁÓą /ÐÔÉ3ÙÓÔÅÍ 
ÐÒÏÇÒÁÍą ËÕÌÌÁÎąÌÁÒÁË ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ  

2 $ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ 

$ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȟ ĘÌëİÌÅÎ 
parametrelerin optik  ÆÉÂÅÒÉÎ ÔÁÍÁÍą ÂÏÙÕÎÃÁ 
ÇÅÒëÅË ÚÁÍÁÎÌą ÏÌÁÒÁË ÉÚÌÅÎÍÅÓÉÎÉ ÖÅ ÁÎÁÌÉÚÌÅÒÉÎÉÎ 
ÙÁÐąÌÍÁÓąÎą ÓÁøÌÁÍÁËÔÁÄąÒȢ .ÏËÔÁÓÁÌ ÁÌÇąÌÁÍÁÄÁȟ 
ÏÐÔÉË ÆÉÂÅÒÉÎ ÁÌÇąÌÁÍÁÙą ÙÁÐÁÎ ËąÓÍą ÂÅÌÉÒÌÉ ÂÉÒ 
ÎÏËÔÁÙÁ ÙÅÒÌÅĥÔÉÒÉÌÉÒ ÖÅ ÓĘÚ ËÏÎÕÓÕ ÎÏËÔÁÄÁËÉ ÔÅË 
ÖÅÙÁ ëÏËÌÕ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ĘÌëİÍİ ÙÁÐąÌąÒȢ 9ÁÒą 
ÄÁøąÎąË ÁÌÇąÌÁÍÁÄÁȟ ÓÅÎÓĘÒÌÅÒ ÆÉÂÅÒÉÎ ÕÚÕÎÌÕøÕ 
ÂÏÙÕÎÃÁ ÉËÉ ÖÅÙÁ ÄÁÈÁ ÆÁÚÌÁ ÎÏËÔÁÙÁ ÙÅÒÌÅĥÔÉÒÉÌÅÒÅË 
ÂÉÒÄÅÎ ÆÁÚÌÁ ÁÌÇąÌÁÍÁ ÂĘÌÇÅÓÉ ÏÌÕĥÔÕÒÕÌÕÒȢ "Õ 
ÂĘÌÇÅÌÅÒ ÁÒÁÓąÎÄÁËÉ ÕÚÁËÌąË ÓÉÓÔÅÍÉÎ 
ÇÅÒÅËÓÉÎÉÍÌÅÒÉÎÅ ÇĘÒÅ ÍÉÌÉÍÅÔÒÅÌÅÒÄÅÎ 

ËÉÌÏÍÅÔÒÅÌÅÒÅ ËÁÄÁÒ ÄÅøÉĥÉËÌÉË ÇĘÓÔÅÒÅÂÉÌÉÒȢ 4ÁÍ 
ÄÁøąÎąË ÁÌÇąÌÁÍÁ ÉÓÅ ÆÉÂÅÒ ÏÐÔÉË ÉÌÅÔÉÍ ÈÁÔÔą ÂÏÙÕÎÃÁ 
ÕÚÁÍÓÁÌ ÏÌÁÒÁË ÄÁøąÔąÌÍąĥ ÓİÒÅËÌÉ ĘÌëİÍ ÙÁÐÁÂÉÌÅÎ 
ÂÉÒ ÓÅÎÓĘÒ ÏÌÁÒÁË ÏÐÔÉË ÆÉÂÅÒÉÎ ËÕÌÌÁÎąÌÍÁÓąÄąÒȢ "Õ 
ÙĘÎÔÅÍÌÅ ÂÅÌÉÒÌÉ ÕÚÕÎÌÕËÔÁ ËÕÌÌÁÎąÌÁÎ ÂÉÒ ÆÉÂÅÒ ÏÐÔÉË 
kablo, Termokupl ve 3ÔÒÁÉÎ 'ÁÕÇÅ ÇÉÂÉ ÓąÃÁËÌąË ÖÅ 
ÇÅÒÉÎÉÍ ĘÌëÅÎ ÙİÚÌÅÒÃÅ ÓÅÎÓĘÒ ÙÅÒÉÎÅ ËÕÌÌÁÎąÌÁÒÁË 
ÈÅÍ ËÁÒÍÁĥąË ËÕÒÕÌÕÍÌÁÒÄÁÎ ÈÅÍ ÄÅ ÙİËÓÅË 
ÍÁÌÉÙÅÔÌÅÒÄÅÎ ÔÁÓÁÒÒÕÆ ÅÄÉÌÉÒ ɍυȟ φɎȢ ¤ÅËÉÌ ρȭÄÅ 
ÄÁøąÎąË ÁÌÇąÌÁÍÁ ÔİÒÌÅÒÉ ÖÅ ÄÁøąÎąË ÁÌÇąÌÁÍÁ 
ÔİÒÌÅÒÉÎÅ ÁÉÔ ĘÌëİÍ ÓÏÎÕëÌÁÒą ÇĘÓÔÅÒÉÌÍÉĥtir. 
AÌÇąÌÁÍÁ ÔİÒÌÅÒÉÎÅ ÁÉÔ ĘÌëİÍ ÓÏÎÕëÌÁÒą 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

 

¤ÅËÉÌ ρȢ $ÁøąÎąË ÁÌÇąÌÁÍÁ ÔİÒÌÅÒÉȠ ÁɊ $ÏøÒÕ ĘÌëİÍ ÓÏÎÕÃÕȟ 
ÂɊ .ÏËÔÁÓÁÌ ÁÌÇąÌÁÍÁȟ ÃɊ 9ÁÒą ÄÁøąÎąË ÁÌÇąÌÁÍÁȟ ÄɊ 4ÁÍ 

ÄÁøąÎąË ÁÌÇąÌÁÍÁ ɍςɎ 
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¤ÅËÉÌ ςȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ÓąÎąÆÌÁÎÄąÒąÌÍÁÓą ɍρɎ 

$ÁøąÎąË ÁÌÇąÌÁÍÁ ÙĘÎÔÅÍÌÅÒÉÎÉÎ ÔÅÍÅÌÉ ÆÉÂÅÒ 
ÉëÅÒÉÓÉÎÅ ÇĘÎÄÅÒÉÌÅÎ ąĥąøąÎ ÖÅ ÆÉÂÅÒÉÎ ĘÚ ÂĘÌÇÅÓÉÎÉ 
ÏÌÕĥÔÕÒÁÎ ÃÁÍ ÙÁÐąÎąÎ ÍÏÌÅËİÌÌÅÒÉÎÉÎ 
ÅÔËÉÌÅĥÉÍÌÅÒÉÎÉÎ ÉÎÃÅÌÅÎÍÅÓÉÎÅ ÄÁÙÁÎÍÁËÔÁÄąÒȢ "Õ 
ÅÔËÉÌÅĥÉÍÌÅÒ ÓÏÎÕÃÕÎÄÁ ąĥąËÔÁ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ËÁÙąÐ 
ÖÅ ÄÁøąÌÍÁÌÁÒ ÓÁëąÌÍÁ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌÍÁËÔÁÄąÒȢ 
&ÉÂÅÒÉÎ ÉëÅÒÉÓÉÎÅ ÇĘÎÄÅÒÉÌÅÎ ÖÅ ÇÅÒÉ ÓÁëąÌÁÎ ąĥąËÔÁËÉ 
ÇÅÎÌÉËȟ ÆÒÅËÁÎÓȟ ÄÁÌÇÁ ÂÏÙÕ ÇÉÂÉ ÂİÙİËÌİËÌÅÒÉÎ 
ÄÅøÉĥÉÍÌÅÒÉ ÉÎÃÅÌÅÎÅÒÅË ÆÉÂÅÒÅ ÅÔËÉ ÅÄÅÎ ÆÉÚÉËÓÅÌ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ɉÓąÃÁËÌąËȟ ÇÅÒÉÎÉÍ ÖÂȢɊ ÁÎÁÌÉÚÉ 
ÙÁÐąÌÁÂÉÌÍÅËÔÅÄÉÒȢ $ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÄÅ 
ÂÕ ÆÉÚÉËÓÅÌ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ËÏÎÕÍ ÖÅ ÂİÙİËÌİË 
ÔÅÓÐÉÔÉ σ ÆÁÒËÌą ÔİÒ ÓÁëąÌÍÁ ÉÌÅ ÙÁÐąÌÁÂÉÌÍÅËÔÅÄÉÒȢ 
&ÉÂÅÒ ÉëÉÎÄÅ ÓÁëąÌÁÎ ąĥąøąÎ ÆÒÅËÁÎÓ ËÁÒÁËÔÅÒÉ 
ÓÁëąÌÍÁÎąÎ ÅÌÁÓÔÉË ÏÌÕÐ ÏÌÍÁÍÁÓąÎą ÂÅÌÉÒÌÅÍÅËÔÅÄÉÒȢ 
&ÉÂÅÒ ÉëÉÎÅ ÇĘÎÄÅÒÉÌÅÎ ÖÅ ÇÅÒÉ ÙÁÎÓąÙÁÎ ąĥąøąÎ 
ÆÒÅËÁÎÓąÎąÎ ÁÙÎą ÏÌÄÕøÕ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓą ÅÌÁÓÔÉË 
ÓÁëąÌÍÁ ÔİÒİÄİÒȢ 2ÁÍÁÎ ÖÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒą ÉÓÅ 
ÅÌÁÓÔÉË ÏÌÍÁÙÁÎ ÓÁëąÌÍÁÌÁÒÄąÒ ɍχɎȢ ¤ÅËÉÌ ςȭÄÅ ÆÉÂÅÒ 
ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ÓąÎąÆÌÁÎÄąÒąÌÍÁÓą ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 
2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąȟ ÆÉÂÅÒÉÎ ÔÁÍÁÍą ÂÏÙÕÎÃÁ ÖÁÒ Ïlan 
ÖÅ ÆÉÂÅÒÉÎ ÉëÉÎÄÅ ÏÌÕĥÁÎ ÈÏÍÏÊÅÎÓÉÚÌÉËÌÅÒÉÎ ÓÅÂÅÐ 
ÏÌÄÕøÕ ÓÁëąÌÍÁ ÔİÒİÄİÒ ɍψ-ρπɎȢ &ÉÂÅÒÉÎ ÉÍÁÌÁÔą 
ÓİÒÅÃÉÎÄÅ ÓÏøÕÍÁ ÅÓÎÁÓąÎÄÁ ÃÁÍÁ ÕÙÇÕÌÁÎÁÎ 
ÇÅÒÍÅ ËÕÖÖÅÔÉȟ ÓÏøÕÙÁÎ ÃÁÍÄÁ ËİëİË 
ÄİÚÅÎÓÉÚÌÉËÌÅÒÉÎ ÏÌÕĥÍÁÓąÎÁ ÙÏÌ ÁëÁÒȢ "Õ 
ÄİÚÅÎÓÉÚÌÉËÌÅÒ ÆÉÂÅÒÄÅ ËÁÌąÃą ÅÔËÉ ÙÁÒÁÔąÒ ÖÅ ÆÉÂÅÒ 
ÉëÅÒÉÓÉÎÄÅ ÉÌÅÒÌÅÙÅÎ ąĥąË ÄÁÌÇÁÌÁÒą ÙÁÙąÎąÍ ÙÁÐÁÒËÅÎ 
ÏÌÕĥÁÎ ÄİÚÅÎÓÉÚÌÉËÌÅÒÉÎ ÅÔËÉÓÉÙÌÅ ÂÉÒÂÉÒÉÎÅ ëÁÒÐÁÒÁË 
ËąÒąÎąÍÌÁÒą ÏÌÕĥÔÕÒÕÒȢ "Õ ËąÒąÎąÍÌÁÒ ąĥąøąÎ 
ÓÁëąÌÍÁÓąÎÁ ÓÅÂÅÐ ÏÌÕÒÌÁÒȢ +ąÒąÎąÍ ÙÁÐÁÎ ąĥąË 
ÄÁÌÇÁÌÁÒąÎąÎ ÂÉÒ ËąÓÍą ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ ÉÌÅÒÌerken bir 

ËąÓÍą ËąÌąÆÔÁÎ ÄąĥÁÒą ëąËÁÒ ÖÅ ÉÌÅÔÉÌÅÎ ąĥąË ÇİÃİÎÄÅ ÂÉÒ 
ËÁÙąÐ ÏÌÕĥÔÕÒÕÒÌÁÒȢ "Õ ÄÁ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÌÁÒąÎąÎ 
ÁÓÌąÎÄÁ ÂÉÒÅÒ ËÁÙąÐ ÏÌÄÕøÕÎÕ ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 
+ąÒąÌÍÁ ÉÎÄÉÓÉ ÖÅ ÙÏøÕÎÌÕËÔÁËÉ ÄİÚÅÎÓÉÚÌÉËÌÅÒ 
ÓÁÙÅÓÉÎÄÅ ÔİÍ ÄÏøÒÕÌÔÕÌÁÒÄÁ ÏÌÕĥÁÂÉÌÅÎ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÓą /4$2 ÓÉÓÔÅÍÌÅÒÉÎÉÎ ÙÁÎą ÓąÒÁ ÆÉÂÅÒ 
İÚÅÒÉÎÄÅËÉ ÈÁÓÁÒÌÁÒąÎ ÖÅ ÆÉÂÅÒ ËÁÙÎÁËÌą 
ÚÁÙąÆÌÁÍÁÌÁÒąÎ ÔÅÓÐÉÔÉÎÄÅ ÄÅ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ  
&ÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ ÉÌÅÒÌÅÙÅÎ ąĥąË ÄÁÌÇÁÌÁÒąÎąÎ ÓÐÏÎÔÁÎÅ 
ÏÌÕĥÁÎ ÁËÕÓÔÉË ÄÁÌÇÁÌÁÒ ÉÌÅ ÅÔËÉÌÅĥÉÍÅ ÇÉÒÅÒÅË ÇÅÒÉ 
ÙĘÎÄÅ ÏÌÕĥÔÕÒÄÕøÕ ÓÁëąÌÍÁÌÁÒ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓą 
ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌÍÁËÔÁÄąÒȢ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓą ÄÉøÅÒ 
ÂÉÒ ÉÆÁÄÅÙÌÅ ÏÒÔÁÍÄÁ ÙÁÙąÌÁÎ ÁËÕÓÔÉË ÄÁÌÇÁÌÁÒÄÁÎ 
ąĥąøąÎ ÓÁëąÌÍÁÓąÄąÒȢ ρυυπ ÎÍ ÄÁÌÇÁ ÂÏÙÕÎÄÁ 
"ÒÉÌÌÏÕÉÎ ÂÉÌÅĥÅÎÌÅÒÉ ÙÁËÌÁĥąË ÏÌÁÒÁË ρρ '(Ú ÆÒÅËÁÎÓ 
ÆÁÒËą ÉÌÅ 2ÁÙÌÅÉÇÈ ÂÉÌÅĥÅÎÉÎÄÅÎ ÁÙÒąÌÍÁËÔÁÄąÒ ɍρρȟ 
12].  

 

¤ÅËÉÌ σȢ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎąÎ ÏÌÕĥÕÍÕ  

¤ÅËÉÌ σȭÔÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎąÎ ÏÌÕĥÕÍÕ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ ‗ Pompa dalga boyu, ‗  ÓÁëąÌÁÎ 

dalga boyu, ‗ akustik dalga boyu, — pompa ve 
ÓÁëąÌÁÎ ÄÁÌÇÁ ÖÅËÔĘÒÌÅÒÉ ÁÒÁÓąÎÄÁËÉ ÁëąÄąÒȢ 
"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌą ÄÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÁÌÇąÌÁÍÁÌą 
ÓÉÓÔÅÍÌÅÒÉÎ ËÕÌÌÁÎąÍą ÇİÎÄÅÎ ÇİÎÅ ÁÒÔąĥ 
ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓą ÆÉÂÅÒÉÎ 
ÕÚÕÎÌÕøÕ ÂÏÙÕÎÃÁ ÓąÃÁËÌąË ÖÅ ÇÅÒÉÎÉÍ ÇÉÂÉ ÂÉÒëÏË 
ÐÁÒÁÍÅÔÒÅÎÉÎ ĘÌëİÍİÎÄÅ ËÕÌÌÁÎąÌÁÂÉÌÍÅËÔÅÄÉÒȢ 
"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąȟ ÐÏÍÐÁ ÉĥÁÒÅÔÉ ÉÌÅ ÁÒÁÓąÎÄÁ 
ÙÁËÌÁĥąË ρρ '(Ú ÄÅøÅÒÉÎÄÅ ËİëİË ÆÒÅËÁÎÓ ÆÁÒËą 
ÏÌÍÁÓą ÖÅ ËİëİË ÂÉÒ ËÁÚÁÎë ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÅ ÓÁÈÉÐ 
ÏÌÍÁÓą ÎÅÄÅÎÉÙÌÅ ÉĥÁÒÅÔ ÉĥÌÅÍÅÄÅ ëÏË ÙÁÙÇąÎ ÏÌÁÒÁË 
ËÕÌÌÁÎąÌÍÁËÔÁ ÖÅ ÄÁÈÁ ÉÙÉ ÁÌÇąÌÁÍÁ ÐÅÒÆÏÒÍÁÎÓą 
ÓÁøÌÁÙÁÂÉÌÍÅËÔÅÄÉÒȢ 

3 Rayleigh ve BrÉÌÌÏÕÉÎ ÓÁëąÌÍÁ 
ËÁÔÓÁÙąÌÁÒąÎąÎ ÓąÃÁËÌąËÌÁ ÄÅøÉĥÉÍÉ ÖÅ 
ÓąÃÁËÌąË ÄÕÙÁÒÌąÌąøą 

/ÐÔÉË ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ÔÅÒÍÁÌ 
ÅÔËÉÌÅĥÉÍ ÓÏÎÕÃÕ ÏÌÕĥÁÎ ÁËÕÓÔÉË ÄÁÌÇÁ ÈąÚąȟ Ὁ Young 
ÍÏÄİÌİȟ ” ÓÉÌÉËÁ ÆÉÂÅÒÉÎ ÙÏøÕÎÌÕøÕ ÖÅ „ Poisson 
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ÏÒÁÎąÎąÎ ÂÉÒ ÆÏÎËÓÉÙÏÎÕ ÏÌÁÒÁË ɉρɊȭÄÅËÉ ÇÉÂÉ ÉÆÁÄÅ 
edilmektedir. 

”ὺ Ὁ
ρ „

ρ „ ρ ς„
 (1)  

‎ Rayleigh ve ‎ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁ ËÁÔÓÁÙąÌÁÒą ÓąÒÁÓąÙÌÁ 
ɉςɊ ÖÅ ɉσɊ ÉÌÅ ÖÅÒÉÌÍÉĥÔÉÒ ɍρρɎȢ 

ɾ
ψʌὲÐË4ɼ ʍn

σʇ
 (2)  

ɾ
ψʌὲÐË4ʍn

σʇ
 (3)  

 

 

%ĥÉÔÌÉËÌÅÒÄÅȠ 
 ὲ ȡ &ÉÂÅÒÉÎ ëÅËÉÒÄÅË ËąÒąÌÍÁ ÉÎÄÉÓÉÎÉȟ 
 ὴ ȡ 0ÏÃËÅÌ ËÁÔÓÁÙąÓąÎą ɉͯ πȢςψφɊȟ 
 Ὧ Boltzman sabitini (1.38 x 10-23 *ȾЈ+Ɋȟ 
 Ὕ ȡ &ÉÂÅÒÉÎ ÓąÃÁËÌąøąÎąȟ 
 Ὕ ȡ /ÐÔÉË ÆÉÂÅÒÉÎ ÆÉËÔÉÆ ÓąÃÁËÌąøąÎą ɉὝ ρωυπ Јὑ), 

‍  ȡÆÉËÔÉÆ ÓąÃÁËÌąËÔÁ ÓÉÌÉËÁ ÆÉÂÅÒÉÎ ÉÚÏÔÅÒÍÁÌ 
ÓąËąĥÔąÒąÌÁÂÉÌÉÒÌÉË ËÁÔÓÁÙąÓąÎą ɉ‍  χ ὼ ρπ
ρρ ά ὔ ), 
 ” ȡ ÓÉÌÉËÁ ÆÉÂÅÒÉÎ ÙÏøÕÎÌÕøÕÎÕ ɉ”  ςσσπ ὯὫȾάύ), 
na ȡÁËÕÓÔÉË ÄÁÌÇÁ ÈąÚąÎąȟ 
 ‗ ȡ ÆÉÂÅÒ ÉëÅÒÉÓÉÎÅ ÐÏÍÐÁÌÁÎÁÎ ąĥąøąÎ ÄÁÌÇÁ ÂÏÙÕÎÕ 
(‗   ρυυπ ὲά) ifade etmektedir [1, 13].    

%ĥÉÔÌÉË ɉςɊ ÖÅ ɉσɊȭÄÅ ÇĘÒİÌÄİøİ İÚÅÒÅȟ "ÒÉÌÌÏÕÉÎ 
ÓÁëąÌÍÁ ËÁÔÓÁÙąÓąÎąÎ ÏÒÔÁÍ ÓąÃÁËÌąøąÎÁ ÄÏøÒÕÄÁÎ 
ÂÁøąÍÌą ÏÌÄÕøÕ ÇĘÒİÌÍÅËÔÅÄÉÒȢ "ÕÎÁ ËÁÒĥąÌąË 
2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ËÁÔÓÁÙąÓąÎąÎ ÏÒÔÁÍ ÓąÃÁËÌąøąÎÁ 
ÇĘÒİÎİÒ ĥÅËÉÌÄÅ ÂÁøąÍÌą ÏÌÍÁÄąøą ëąËÁÒąÍą 
ÙÁÐąÌÁÂÉÌÍÅËÔÅÄÉÒȢ !ÎÃÁËȟ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ 
ËÁÔÓÁÙąÓąȟ ÓÁëąÌÍÁÎąÎ ÍÅÙÄÁÎÁ ÇÅÌÄÉøÉ ÏÒÔÁÍąÎ 
ÅÌÁÓÔÉË ĘÚÅÌÌÉËÌÅÒÉÎÄÅËÉ ÄÅøÉĥÉÍÌÅ ÉÌÇÉÌÉ ÏÌÁÎ ÆÉËÔÉÆ 
ÓąÃÁËÌąøÁ ÂÁøÌąÄąÒ ÖÅ ÂÕ ÓąÃÁËÌąË ÄÁ ÏÒÔÁÍ 
ÓąÃÁËÌąøąÎÄÁÎ ÅÔËÉÌÅÎÍÅËÔÅÄÉÒȢ  

$ÅÎËÌÅÍÌÅÒ ÖÅ ÙÁÐąÌÁÎ ëÁÌąĥÍÁÌÁÒ ÓÏÎÕÃÕÎÄÁ ÏÐÔÉË 
ÆÉÂÅÒÉÎ ëÁÌąĥÍÁ ÓąÃÁËÌąËÌÁÒąÎÄÁ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁ 
ËÁÔÓÁÙąÓąÎąÎ ÓąÃÁËÌąË ÄÕÙÁÒÌąÌąøąÎąÎ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÓąÎÁ ÇĘÒÅ ëÏË ÙİËÓÅË ÏÌÄÕøÕ ÇĘÒİÌÍİĥ ÖÅ 
ÓąÃÁËÌąË ÁÌÇąÌÁÍÁ ÓÉÓÔÅÍÌÅÒÉÎÄÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓą 
ËÕÌÌÁÎąÌÍÁÓąÎąÎ ÄÁÈÁ ÄÏøÒÕ ÓÏÎÕëÌÁÒ ÖÅÒÄÉøÉ 
ÇĘÚÌÅÎÍÉĥÔÉÒȢ !ÎÃÁË "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁ ËÁÔÓÁÙąÓąÎąÎ 
ÓąÃÁËÌąË ÄÕÙÁÒÌąÌąøąÎąÎ ÄÁ ÓąÃÁËÌąË ÁÒÔąĥą ÉÌÅ 
ÁÚÁÌÍÁËÔÁ ÖÅ ËİëİË ÄÅøÉĥÉÍÌÅÒ ÇĘÓÔÅÒÍÅËÔÅ ÏÌÄÕøÕ 
ÇĘÚ ĘÎİÎÄÅ ÂÕÌÕÎÄÕÒÕÌÍÁÌąÄąÒ ɍρτ-16].  

ÇĘÚ ĘÎİÎÄÅ ÂÕÌÕÎÄÕÒÕÌÍÁÌąÄąÒ ɍρτ-16].  

$ÁøąÎąË ÁÌÇąÌÁÍÁ ÙĘÎÔÅÍÌÅÒÉÎÄÅ ÇÅÒÉ ÓÁëąÌÁÎ ąĥąøąÎ 
ĘÚÅÌÌÉËÌÅÒÉÎÅ ÄÁÙÁÌą ĘÌëİÍÌÅÒ ÉëÉÎ /4$2 ɉÏÐÔÉË 
ÚÁÍÁÎ ÄÏÍÅÎÉ ÙÁÎÓąÍÁ ĘÌëÍÅɊ ÖÅ "/4$2 ɉ"ÒÉÌÌÏÕÉÎ 

ÏÐÔÉË ÚÁÍÁÎ ÄÏÍÅÎÉ ÙÁÎÓąÍÁ ĘÌëÍÅɊ ÐÒÅÎÓÉÐÌÅÒÉ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ /4$2 ÏÐÔÉË ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ 
ÙÁÙąÎąÍ ÙÁÐÁÎ ąĥąË ÄÁÒÂÅÌÅÒÉÎÉÎ ÉÌÅÒÌÅÄÉËëÅ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÓąÎąÎ ÓÅÂÅÐ ÏÌÄÕøÕ ËÁÙąÐÌÁÒąÎ ÁÎÁÌÉÚÉÎÉÎ 
ÙÁÐąÌÍÁÓąÎą ÓÁøÌÁÒȢ %Î ÂİÙİË ÁÖÁÎÔÁÊą ÆÉÂÅÒÉÎ ÔÅË ÂÉÒ 
ÕÃÕÙÌÁ ĘÌëİÍÌÅÒÉÎ ÙÁÐąÌÁÂÉÌÍÅÓÉÄÉÒȢ "/4$2 ÉÓÅ 
/4$2 ÉÌÅ ÂÅÎÚÅÒÌÉË ÇĘÓÔÅÒÓÅ ÄÅ ÏÐÔÉË ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ 
akustik dalgalardaÎ ÓÁëąÌÁÎ ąĥąøąÎ ÙÁÎÉ "ÒÉÌÌÏÕÉÎ 
ÓÁëąÌÍÁÓąÎąÎ ÁÎÁÌÉÚÉÎÅ ÄÁÙÁÎąÒȢ "/4$2 ρ-2 ϲC 
ÓąÃÁËÌąË ëĘÚİÎİÒÌİøİ ÖÅ ËÉÌÏÍÅÔÒÅÌÅÒÃÅ ɉςπ-50 km) 
ÕÚÕÎ ÍÅÓÁÆÅÌÅÒÄÅ ĘÌëİÍ ÏÌÁÎÁøą ÔÁÎąÄąøą ÉëÉÎ 
ÁÖÁÎÔÁÊÌą ÂÉÒ ÄÉøÅÒ ÄÁøąÎąË ÁÌÇąÌÁÍÁ ÐÒÅÎÓÉÂÉÄÉÒ ɍρςȟ 
ρτȟ ρχɎȢ ¤ÅËÉÌ τȭÔÅ /4$2 ÔÁÂÁÎÌą "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁ 
ÓÉÓÔÅÍÉ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

 

¤ÅËÉÌ τȢ /4$2 ÔÁÂÁÎÌą "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁ ÓÉÓÔÅÍÉ ɍρɎ 

4 /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ÉÌÅ ÓąÃÁËÌąË 
ÁÌÇąÌÁÍÁÓąÎąÎ ÂÅÎÚÅÔÉÍÉ 

/ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ÇİÎİÍİÚÄÅ ÇÅÌÉĥÍÅËÔÅ ÏÌÁÎ 
ÆÉÂÅÒ ÏÐÔÉË ÈÁÂÅÒÌÅĥÍÅ ÓÉÓÔÅÍÌÅÒÉÎÉÎ ÁÎÁÌÉÚÌÅÒÉÎÉÎ 
yapąÌÍÁÓąÎÁ ÏÌÁÎÁË ÔÁÎąÍÁËÔÁÄąÒȢ /ÐÔÉË ÈÁÂÅÒÌÅĥÍÅ 
ÓÉÓÔÅÍÌÅÒÉÎÄÅȟ ÏÐÔÉË ÍÏÄİÌÁÔĘÒȟ ÏÐÔÉË ÉÚÏÌÁÔĘÒȟ ÏÐÔÉË 
ËÕÖÖÅÔÌÅÎÄÉÒÉÃÉȟ ÏÐÔÉË ÄÏøÒÕÌÔÕ ËÕÐÌĘÒİȟ ÏÐÔÉË 
ÓÉÒËİÌÁÔĘÒȟ ÏÐÔÉË ÐÏÌÁÒÉÚĘÒȟ ÏÐÔÉË ÒÅÚÏÎÁÔĘÒȟ ÏÐÔÉË 
ÆÉÌÔÒÅ ÖÅ ÏÐÔÉË ÄÅÄÅËÔĘÒ ÇÉÂÉ ÄÅÖÒÅ ÅÌÁÍÁÎÌÁÒą 
ËÕÌÌÁÎąÌÁrak veri iletimindeki performans 
ÁÒÔąÒąÌÍÁËÔÁÄąÒȢ 3ÉÓÔÅÍ ÉëÅÒÉÓÉÎÄÅ ÔÅÒÃÉÈ ÅÄÉÌÍÅË 
ÉÓÔÅÎÅÎ ÏÐÔÉË ÄÅÖÒÅ ÅÌÅÍÁÎÌÁÒąÎąÎ ÓÉÓÔÅÍ 
ĘÚÅÌÌÉËÌÅÒÉÎÅ ÕÙÇÕÎ ÏÌÁÒÁË ÓÅëÉÌÍÅÓÉÎÉȟ ÖÅÒÉ 
ÉÌÅÔÉÍÉÎÉÎ ËÁÌÉÔÅÓÉÎÉÎ ÁÒÔąÒąÍąÎą ÖÅ ËÕÒÕÌÍÁË 
istenen sistemlerin projelendirilmesini 
sÁøÌÁÍÁËÔÁÄąÒȢ  
"Õ ëÁÌąĥÍÁÄÁ ÄÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ ÉÌÅ 
ÓąÃÁËÌąË ÁÌÇąÌÁÍÁÓąÎÄÁ ÙÁÒÁÒÌÁÎąÌÁÎ "ÒÉÌÌÏÕÉÎ ÖÅ 
2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÌÁÒąÎąÎ ÇİÃİÎÄÅËÉ ÄÅøÉĥÉÍ 
ÂÅÌÉÒÌÅÎÅÎ ÁÒÁÌąËÔÁËÉ ÓąÃÁËÌąøÁ ÂÁøÌą ÏÌÁÒÁË ÁÎÁÌÉÚÉ 
ÉëÉÎ /ÐÔÉ3ÙÓÔÅÍ ρχȢπ ÙÁÚąÌąÍą ÉÌÅ ÄÅÎÅÙ ÄİÚÅÎÅøÉ 
ËÕÒÕÌÍÕĥ ÖÅ ÄÅÎÅÙ ÓÏÎÕëÌÁÒą ÇÒÁÆÉËÓÅÌ ÏÌÁÒÁË 
ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ  
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¤ÅËÉÌ υȢ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ÉÌÅ ÏÌÕĥÔÕÒÕÌÁÎ ÓÉÍİÌÁÓÙÏÎ ÄÅÖÒÅÓÉ 

"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓą ÔÁÂÁÎÌą ÄÁøąÎąË ÓąÃÁËÌąË ÁÌÇąÌÁÍa 
ÄÅÖÒÅÓÉ ¤ÅËÉÌ υȭÔÅ ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ ρυυπ ÎÍ ÄÁÌÇÁ 
ÂÏÙÕÎÄÁȟ ρ Í7 ɉπ Ä"ÍɊ ÇİÃÅ ÓÁÈÉÐȟ ëąËąĥ ÇİÃİ 
ÂÅÌÉÒÌÉ ÚÁÍÁÎ ÁÒÁÌąøąÎÄÁ ÓÁÂÉÔ ÏÌÁÎ ÓİÒÅËÌÉ ÄÁÌÇÁ 
ɉ#7Ɋ ÌÁÚÅÒÉ ÏÐÔÉË ËÁÙÎÁË ÏÌÁÒÁË ÔÅÒÃÉÈ ÅÄÉÌÍÉĥÔÉÒȢ 
KÅÖÒÅÓÅÌ ÆÁËÔĘÒÌÅÒÉÎ ÅÔËÉÓÉÎÉ ÁÚÁÌÔÍÁË ÖÅ ÆÉÂÅÒ ÏÐÔÉË 
algąÌÁÍÁ ÐÅÒÆÏÒÍÁÎÓąÎą ÁÒÔąÒÍÁË ÉëÉÎ -ÁÃÈ-Zender 
ÍÏÄİÌÁÔĘÒ ÓÅëÉÌÍÉĥ ÖÅ .2: 0ÕÌÓÅ 'ÅÎÅÒÁÔÏÒ ÉÌÅ 
ÍÏÄİÌÅ ÅÄÉÌÍÉĥÔÉÒȢ $ÁÈÁ ÓÏÎÒÁ ÄÁÒÂÅÌÉ ÈÁÌÅ 
ÇÅÔÉÒÉÌÍÉĥ ąĥąË ÄÁÌÇÁÓą ÏÐÔÉË ÓÉÒËİÌÁÔĘÒÅ 
ÕÙÇÕÌÁÎÍąĥÔąÒȢ 3ÉÒËİÌÁÔĘÒÌÅÒ İë ÐÏÒÔÌÕ ÏÐÔÉË 
ÍÁÌÚÅÍÅÌÅÒ ÏÌÕÐȟ ρ ÎÕÍÁÒÁÌą ÐÏÒÔÔÁn giren 
ÓÉÎÙÁÌÌÅÒ ς ÎÕÍÁÒÁÌą ÐÏÒÔÔÁÎ ëąËÍÁËÔÁ ÖÅ ÉËÉ ÙĘÎÌİ 
ÏÐÔÉË ÆÉÂÅÒÅ ÇÉÒÍÅËÔÅÄÉÒȢ &ÉÂÅÒÄÅÎ ÇÅÒÉÙÅ ÙÁÎÓąÙÁÎ 
2ÁÙÌÅÉÇÈ ÖÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒą ÏÐÔÉË ÓÉÒËİÌÁÔĘÒİÎ 
ς ÎÕÍÁÒÁÌą ÐÏÒÔÕÎÄÁÎ ÇÉÒÅÒÅË σ ÎÕÍÁÒÁÌą 
ÐÏÒÔÕÎÄÁÎ ëąËÍÁËÔÁ ÖÅ ÏÐÔÉË ÓÐÅËÔÒÕÍ 
ÁÎÁÌÉÚĘÒİÎÅ ÕÌÁĥÍÁËÔÁÄąÒȢ ¤ÅËÉÌ φȭÄÁ ÌÁÚÅÒ 
ËÁÙÎÁøąÎ ëąËąĥąÎÄÁÎ ÁÌąÎÁÎ /3! ÇĘÒİÎÔİÓİ 
ÖÅÒÉÌÍÉĥÔÉÒȢ ¤ÅËÉÌ χȭÄÅ ÚÁÍÁÎ ÄÏÍÅÎÉÎÄÅ ÍÏÄİÌÅ 
ÅÄÉÌÍÉĥ ÇÉÒÉĥ ÓÉÎÙÁÌÉȟ ¤ÅËÉÌ ψȭÄÅ ÉÓÅ 2ÁÙÌÅÉÇÈ ÖÅ 
"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒą ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

 
¤ÅËÉÌ φȢ ,ÁÚÅÒ ËÁÙÎÁøąÎ ÏÐÔÉË ÓÐÅËÔÒÕÍÕ 
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¤ÅËÉÌ χȢ :ÁÍÁÎ ÄÏÍÅÎÉÎÄÅ ÍÏÄİÌÅ ÅÄÉÌÍÉĥ ÇÉÒÉĥ ÓÉÎÙÁÌÉ 

 

¤ÅËÉÌ ψȢ 2ÁÙÌÅÉÇÈ ÖÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒą 

/ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍąÎÄÁ ÄÅÖÒÅ ÅÌÅÍÁÎÌÁÒą 
ÓÅëÉÌÉÒËÅÎȠ ¤ÅËÉÌ φ ÖÅ ¤ÅËÉÌ ψȭÄÅËÉ ÇĘÒİÎÔİÌÅÒÉ ÅÌÄÅ 
ÅÔÍÅË ÉëÉÎ /3! ɉ/ÐÔÉÃÁÌ 3ÐÅÃÔÒÕÍ !ÎÁÌÙÚÅÒɊȟ ¤ÅËÉÌ 
χȭ ÄÅËÉ ÇĘÒİÎÔİÙİ ÅÌÄÅ ÅÔÍÅË ÉëÉÎ ÉÓÅ /4$6 ɉ/ÐÔÉÃÁÌ 
4ÉÍÅ $ÏÍÁÉÎ 6ÉÓÕÁÌÉÚÅÒɊ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 

5 Analiz  

¤ÅËÉÌ ωȭÄÁ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ÉÌÅ ÏÌÕĥÔÕÒÕÌÁÎ 
ÓÉÍİÌÁÓÙÏÎÄÁËÉ ÄÅÖÒÅÄÅÎ ÁÌąÎÁÎ ÓÏÎÕëÌÁÒ 
ÖÅÒÉÌÍÉĥÔÉÒȢ 2ÁÙÌÅÉÇÈ ÖÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒąÎąÎ 
ÇİëÌÅÒÉÎÉÎ ÓąÃÁËÌąËÌÁ ρ ËÍ ÖÅ υπ ËÍȭÌÉË ÆÉÂÅÒÄÅ 
ÇĘÓÔÅÒÄÉøÉ ÄÅøÉĥÉÍÌÅÒ ÇÒÁÆÉËÌÅÒ ÉÌÅ ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ 
'İë ÄÅøÅÒÌÅÒÉ Ä"ȟ ÄÅøÉĥËÅÎ ÓąÃÁËÌąË ÄÅøÅÒÌÅÒÉ Ј# 
ÃÉÎÓÉÎÄÅÎ ÖÅÒÉÌÍÉĥÔÉÒȢ "ÒÉÌÌÏÕÉÎ ÖÅ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÌÁÒąÎąÎ ÇİëÌÅÒÉ ËÁÙąÐ ÏÌÁÒÁË 
ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉÎÄÅÎ ÎÅÇÁÔÉÆ ÉĥÁÒÅÔ ɉ-) ile 
ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ 

 

¤ÅËÉÌ ωȢ 2ÁÙÌÅÉÇÈ ÖÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒąÎąÎ ÇİëÌÅÒÉÎÉÎ 
ÓąÃÁËÌąËÌÁ ρ ËÍ ÖÅ υπ ËÍȭÌÉË ÆÉÂÅÒÄÅ ÄÅøÉĥÉÍÉ 

1550 nm (~193.414 THz) dalga boyundaki lazer 
ËÁÙÎÁËÔÁÎ ÇĘÎÄÅÒÉÌÅÎ ąĥąøąÎ ÅÌÁÓÔÉË 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÓąÙÌÁ ÁÙÎą ÆÒÅËÁÎÓÔÁ ÖÅ ÄÁÌÇÁ ÂÏÙÕÎÄÁ ÇÅÒÉ 
ÙÁÎÓąÄąøą ÇĘÒİÌİÒËÅÎ ÅÌÁÓÔÉË ÏÌÍÁÙÁÎ "ÒÉÌÌÏÕÉÎ 
ÓÁëąÌÍÁÓąÎąÎ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÄÁÎ ÆÒÅËÁÎÓ 
ÓÐÅËÔÒÕÍÕÎÄÁ ÙÁËÌÁĥąË ÏÌÁÒÁË ρρ '(Ú ÕÚÁËÌąËÔÁ 
ÇÅÒÉ ÙÁÎÓąÄąøą ¤ÅËÉÌ ψȭ ÄÅ ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ !ÙÒąÃÁ 
ËÁÙąÐÌÁÒąÎ ÂİÙİË ÂÉÒ ËąÓÍąÎą ÏÌÕĥÔÕÒÁÎ ÖÅ ÆÉÂÅÒÉÎ 
ÔİÍİ ÂÏÙÕÎÃÁ ÖÁÒ ÏÌÁÎ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎąÎ 
ÇİÃİÎİÎ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎÁ ÏÒÁÎÌÁ ÄÁÈÁ ÙİËÓÅË 
ÄÅøÅÒÄÅ ÏÌÄÕøÕ ÇĘÒİÌÍÅËÔÅÄÉÒ ɍρψȟ ρωɎȢ 

6 3ÏÎÕë 

3ąÃÁËÌąË ÄÅøÉĥÉÍÉÎÅ ÂÁøÌą ÏÌÁÒÁË "ÒÉÌÌÏÕÉÎ ÖÅ 
2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÌÁÒąÎąÎ Çİë ÄÅøÉĥÉÍÌÅÒÉ 
incelÅÎÄÉøÉÎÄÅȟ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎÄÁ ÓąÃÁËÌąË 
ÄÕÙÁÒÌąÌąøąÎąÎ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÁ ÇĘÒÅ ÄÁÈÁ ÉÙÉ 
ÏÌÄÕøÕ ÇĘÒİÌÍÅËÔÅÄÉÒȢ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎąÎ 
ÉÎÃÅÌÅÎÅÎ ÓąÃÁËÌąË ÄÅøÅÒÌÅÒÉÎÄÅ ÈÅÒÈÁÎÇÉ ÂÉÒ Çİë 
ÄÅøÉĥÉÍÉ ÇĘÓÔÅÒÍÅÍÅÓÉȟ ÓąÃÁËÌąË ĘÌëİÍİÎÄÅ 
"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎąÎ ËÕÌÌÁÎąÌÍÁÓąÎąÎ ÄÁÈÁ ÄÏøÒÕ 
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ÏÌÁÃÁøąÎą ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ "ÒÉÌÌÏÕÉÎ ÂÉÌÅĥÅÎÌÅÒÉ 
2ÁÙÌÅÉÇÈ ÂÉÌÅĥÅÎÉÎÄÅÎ ÙÁËÌÁĥąË ρρ '(Ú ÆÒÅËÁÎÓ 
ÆÁÒËą ÉÌÅ ÁÙÒąÌÍÁËÔÁÄąÒȢ "ÒÉÌÌÏÕÉÎ ÉĥÁÒÅÔÌÅÒÉÎ 
2ÁÙÌÅÉÇÈ ÉĥÁÒÅÔÔÅÎ ÁÙÒąÌÍÁ ËÏÌÁÙÌąøąȟ ÄÁøąÎąË ÆÉÂÅÒ 
ÏÐÔÉË ÙĘÎÔÅÍÉÙÌÅ ÓąÃÁËÌąË ÁÌÇąÌÁÍÁÄÁ ÔÅÒÃih 
ÅÄÉÌÍÅÓÉÎÅ ÎÅÄÅÎ ÏÌÍÁËÔÁÄąÒȢ   !ÙÒąÃÁ ÄÅøÉĥÅÎ ÆÉÂÅÒ 
ÕÚÕÎÌÕËÌÁÒą ÉÎÃÅÌÅÄÉøÉÎÄÅ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ËÁÙąÐ 
ÇİÃİÎİÎ ÁÒÔąÒąÌÁÎ ÆÉÂÅÒ ÕÚÕÎÌÕøÕÙÌÁ ÄÏøÒÕÓÁÌ 
ÏÌÁÒÁË ÁÒÔÔąøą ÇĘÒİÌÍÅËÔÅÄÉÒȢ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎąÎ 
ÁËÓÉÎÅȟ ÄÉøÅÒ ÂÉÒ ËÁÙąÐ ÏÌÁÎ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎąÎ 
ÇİÃİÎÄÅ ÆÉÂÅÒ ÕÚÕÎÌÕøÕÎÁ ÂÁøÌą ÏÌÁÒÁË ÁÒÔąĥ 
ÇĘÒİÌÍÅÍÉĥÔÉÒȢ "Õ ĘÚÅÌÌÉøÉÙÌÅ ÄÅ ÕÚÕÎ ÍÅÓÁÆÅÌÅÒÄÅ 
ÄÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÌÅ ÓąÃÁËÌąË ÁÌÇąÌÁÍÁÄÁ 
"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎąÎ ÔÅÒÃÉÈ ÅÄÉÌÍÅÓÉÎÉÎ ÇÅÒÅËÔÉøÉ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ 

/ÐÔÉË ÆÉÂÅÒÉÎ ÇÅÔÉÒÄÉøÉ ÁÖÁÎÔÁÊÌÁÒąÎ ÂÁĥąÎÄÁ Õzun 
ÍÅÓÁÆÅÌÅÒÄÅ ÄÁÈÁ ÈÁÓÓÁÓ ĘÌëİÍÌÅÒ ÙÁÐÁÂÉÌÍÅÓÉ 
ÖÁÒÄąÒȢ +ÉÌÏÍÅÔÒÅÌÅÒÉ ÂÕÌÁÎ ÒÁÙÌą ÓÉÓÔÅÍÌÅÒȟ ÔİÎÅÌÌÅÒ 
ÖÅ ÏÔÏÙÏÌÌÁÒ ÉëÉÎ ÓąÃÁËÌąË ÁÌÇąÌÁÍÁÓą ÙÁÐÁÂÉÌÍÅË 
ËÌÁÓÉË ÓÉÓÔÅÍÌÅÒÌÅ ÏÌÄÕËëÁ ÚÏÒÄÕÒȢ &ÉÂÅÒ ÏÐÔÉË 
ÁÌÇąÌÁÍÁ ÓÉÓÔÅÍÌÅÒÉÎÄÅ ĘÚÅÌÌÉËÌÅ ÓąÃÁËÌąË ÖÅ ÇÅÒÉÎÉÍ 
gibi parametrelerle ilgili uzun mesafelerde 
ĘÌëİÍÌÅÒÉÎ ÄÁÈÁ ÄÏøÒÕ ÙÁÐąÌÁÂÉÌÍÅÓÉ ÉëÉÎ "ÒÉÌÌÏÕÉÎ 
ÓÁëąÌÍÁÓą ÇÉÂÉ ÈÁÓÓÁÓ ĘÌëİÍÌÅÒ ÙÁÐąÌÁÂÉÌÅÎ 
ÐÒÅÎÓÉÐÌÅÒ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓą 
ÔÁÂÁÎÌą ÄÁøąÎąË ÓąÃÁËÌąË ÁÌÇąÌÁÍÁ ÓÉÓÔÅÍÌÅÒÉ ËÁÂÌÏ 
ËÁÎÁÌÌÁÒąȟ ÒÁÙÌą ÔİÎÅÌÌÅÒȟ ËÏÎÖÅÙĘÒÌÅÒȟ ÈÁÖÁ ÁÒÁëÌÁÒą 
ÇÉÂÉ ÄÁÈÁ ÂÉÒëÏË ÁÌÁÎÄÁ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 
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Izgara Tabanlē Fiber Optik Sensºrlerin Farklē Apodizasyon T¿rlerinde Optigrating 

Kullanēlarak Sēcaklēk Analizinin Yapēlmasē 

(ÁÌÉÌ dÂÒÁÈÉÍ v:+!.1,3ȟ .ÁÉÌ "ÕøÒÁ +),)K1ȟ %ÒÈÁÎ '­,1,2ȟ 5øÕÒ 'v:'v:1,2ȟ dÓÍÁÉÌ +!2!-!.1,2 

14İÒË (ÁÖÁÃąÌąË ÖÅ 5ÚÁÙ 3ÁÎÁÙÉÉ !Ȣ¤Ȣȟ 5ÌÕÄÁø ­ÎÉÖÅÒÓÉÔÅÓÉ !Ò-'Å -ÅÒËÅÚÉȟ "ÕÒÓÁȟ 4İÒËÉÙÅ  
        2"ÕÒÓÁ 5ÌÕÄÁø ­ÎÉÖÅÒÓÉÔÅÓÉȟ %ÌÅËÔÒÉË %ÌÅËÔÒÏÎÉË -İÈÅÎÄÉÓÌÉøÉȟ "ÕÒÓÁȟ 4İÒËÉÙÅ     

                    3"ÕÒÓÁ 4ÅËÎÉË ­ÎÉÖÅÒÓÉÔÅÓÉȟ %ÌÅËÔÒÉË %ÌÅËÔÒÏÎÉË -İÈÅÎÄÉÓÌÉøÉȟ "ÕÒÓÁȟ 4İÒËÉÙÅ 

vÚÅÔ 

4ÅËÎÏÌÏÊÉÎÉÎ ÇÅÌÉĥÍÅÓÉÙÌÅ ÂÉÒÌÉËÔÅȟ ÆÉÂÅÒ ÏÐÔÉË ÈÁÂÅÒÌÅĥÍÅ ÓÉÓÔÅÍÌÅÒÉ ÁÌÁÎąÎÄÁËÉ ëÁÌąĥÍÁÌÁÒ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ 
ëÅĥÉÔÌÅÒÉÎÉÎ ÇÅÌÉĥÉÍÉÎÉ ÄÅ ÂÅÒÁÂÅÒÉÎÄÅ ÇÅÔÉÒÍÅËÔÅÄÉÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ÓÁÈÉÐ ÏÌÄÕøÕ ÁÖÁÎÔÁÊÌÁÒ 
ÓÁÙÅÓÉÎÄÅȟ ÄÉøÅÒ ÓÅÎÓĘÒ ÇÒÕÐÌÁÒąÎÁ ËąÙÁÓÌÁ ÄÁÈÁ ÉÙÉ ÐÅÒÆÏÒÍÁÎÓ ÇĘÓÔÅÒÅÒÅË ÈÁÓÓÁÓ ÖÅ ÄÏøÒÕ ĘÌëİÍÌÅÒÉÎ 
ÙÁÐąÌÍÁÓą ÓÁøÌÁÎÍÁËÔÁÄąÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ëÅĥÉÔÌÅÒÉÎÄÅÎ ÂÉÒÉ ÏÌÁÎ &ÉÂÅÒ "ÒÁÇÇ )ÚÇÁÒÁÌÁÒąÎ ɉ&"'Ɋ ëÁÌąĥÍÁ 
ÐÒÅÎÓÉÂÉȟ ëÅÖÒÅÓÅÌ ËÏĥÕÌÌÁÒÁ ÂÁøÌą ÏÌÁÒÁË ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ ÉÌÅÒÌÅÙÅÎ ąĥąøąÎ ÂÅÌÉÒÌÉ ÂÉÒ ËąÓÍąÎąÎ ąÚÇÁÒÁÌÁÒ ÔÁÒÁÆąÎÄÁÎ 
ÇÅÒÉ ÙÁÎÓąÔąÌÍÁÓąÎÁ ÄÁÙÁÎÍÁËÔÁÄąÒȢ "Õ ÂÉÌÄÉÒÉÄÅȟ ÏÐÔÉË ÂÉÒ ÆÉÌÔÒÅ ÇĘÒÅÖÉ ÇĘÒÅÎ ąÚÇÁÒÁ ÔÁÂÁÎÌą ÆÉÂÅÒ ÏÐÔÉË 
ÓÅÎÓĘÒÌÅÒÉÎ ÓąÃÁËÌąøÁ ÂÁøÌą ÏÌÁÒÁË ÄÅøÉĥÅÎ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒą ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ "Õ ÉÎÃÅÌÅÍÅÎÉÎ ÙÁÐąÌÍÁÓą ÉëÉÎ 
/ÐÔÉ'ÒÁÔÉÎÇ ÐÒÏÇÒÁÍą ËÕÌÌÁÎąÌÁÒÁË &"'ȭÌÅÒ ÔÁÓÁÒÌÁÎÍąĥÔąÒȢ 4ÁÓÁÒÌÁÎÁÎ ÂÕ &"'ȭÌÅÒȟ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą 
ËÕÌÌÁÎąÌÁÒÁË ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕÎÄÁ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ÍÅÒËÅÚ ÄÁÌÇÁ ÂÏÙÕÎÄÁËÉ ËÁÙÍÁÌÁÒ ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ !ÙÒąÃÁȟ 
ÆÁÒËÌą ÁÐÏÄÉÚÁÓÙÏÎ ÙĘÎÔÅÍÌÅÒÉ ËÕÌÌÁÎąÌÁÒÁË &"'ȭÎÉÎ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕÎÁ ÏÌÁÎ ÅÔËÉÌÅÒÉ ÏÒÔÁÙÁ ËÏÎÕÌÍÕĥÔÕÒȢ 

Anahtar Kelimeler : &ÉÂÅÒ /ÐÔÉË 3ÅÎÓĘÒÌÅÒȟ &ÉÂÅÒ "ÒÁÇÇ )ÚÇÁÒÁȟ !ÐÏÄÉÚÁÓÙÏn, OptiGrating, OptiSystem 

Temperature Analysis of Grating Based Fiber Optic Sensors Using Optigrating 
in Different Apodization Types  

Abstract  

Studies in the field of fiber optic communication systems also bring the development of fiber optic sensor 
types with the development of technology. Thanks to the advantages of fiber optic sensors, it provides better 
performance compared to other sensor groups, enabling sensitive and accurate measurements. The working 
principle of Fiber Bragg Grating (FBG), which is one of the fiber optic sensor types, is based on back-reflected 
a certain part of the light moving in the fiber by the gratings depending on the environmental conditions. In 
this study, the reflection spectra of the grating-based fiber optic sensors, which serve as an optical filter, 
varying depend on the temperature were investigated. FBGs were designed using OptiGrating program to 
conduct this review. These designed FBGs were examined using the OptiSystem program to investigate shifts 
in the central wavelength that occur in the reflection spectrum. In addition, the effects of FBG on the reflection 
spectrum have been revealed by using different apodization methods. 

Keywords: Fiber Optic Sensors, Fiber Bragg Grating, Apodization, OptiGrating, OptiSystem 
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Confidential C 

1 'ÉÒÉĥ 

'İÎÌİË ÈÁÙÁÔÔÁ ÔÅËÎÏÌÏÊÉÎÉÎ ÇÅÌÉĥÍÅÓÉÙÌÅ ÂÉÒÌÉËÔÅ 
ÓÅËÔĘÒÌÅÒÄÅ ÉÌÅÒÌÅÍÅ ËÁÔÅÄÉÌÍÉĥ ÖÅ ÂÕÎÁ paralel 
ÏÌÁÒÁË ÄÁ ÙÁÐąÌÁÎ ÙÅÎÉÌÉËÌÅÒȟ ÂÉÒëÏË ÁÌÁÎÄÁ 
ÉÙÉÌÅĥÔÉÒÍÅÌÅÒÅ ÏÌÁÎÁË ÓÁøÌÁÍąĥÔąÒȢ vÚÅÌÌÉËÌÅ ÆÉÂÅÒ 
ÏÐÔÉË ÔÅËÎÏÌÏÊÉÓÉÎÄÅ ÙÁÐąÌÁÎ ÇÅÌÉĥÍÅÌÅÒ ÏÔÏÍÏÔÉÖȟ 
ÉÎĥÁÁÔȟ ÈÁÖÁÃąÌąËȟ ÈÁÂÅÒÌÅĥÍÅȟ ÓÁÖÕÎÍÁ ÖÂȢ 
ÁÌÁÎÌÁÒÄÁËÉ ÆÁÁÌÉÙÅÔÌÅÒÅ ĘÎÅÍÌÉ ĘÌëİÄÅ ÄÅÓÔÅË 
ÓÁøÌÁÙÁÒÁË ÄÁÈÁ ÈąÚÌą ÉÌÅÒÌÅÍÅÓÉÎÅ ËÁÔËąÄÁ 
ÂÕÌÕÎÍÕĥ ÖÅ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ËÕÌÌÁÎąÍąÎą 
ÙÁÙÇąÎÌÁĥÔąÒÍąĥÔąÒ. $İÎÙÁ İÚÅÒÉÎÄÅ ÂÉÌÉÎÅÎ ÅÎ 
ÙİËÓÅË ÈąÚ ąĥąË ÈąÚąÄąÒȢ "ÕÎÕÎ ÓÏÎÕÃÕ ÏÌÁÒÁË 
ëÅÖÒÅÓÅÌ ËÏĥÕÌÌÁÒɉÓąÃÁËÌąËȟ ÇÅÒÉÎÉÍȟ ÂÁÓąÎë ÖÂȢɊ 
İÚÅÒÉÎÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉÌÅÒÉÎ ÙİËÓÅË ÈąÚÌÁÒÄÁ 
ÉÌÅÔÉÌÍÅÓÉ ÉëÉÎ ąĥąËÔÁÎ ÙÁÒÁÒÌÁÎąÌÍÁËÔÁÄąÒ ɍρɎȢ  

$ÉøÅÒ ÂÉÒ ĘÌëİÔ ÉÓÅ ÖÅÒÉÌÅÒÉÎ ÈÁÓÓÁÓ ÖÅ ÄÏøÒÕ ÂÉÒ 
ĥÅËÉÌÄÅ ĘÌëİÌÍÅÓÉÄÉÒȢ dÓÔÅÎÉÌÅÎ ÂÕ ĘÌëİÍȟ ąĥąøąÎ 
ËÁÒÅËÔÅÒÉÓÔÉË ĘÚÅÌÌÉËÌÅÒÉÎÉ ÉÎÃÅÌÅÙÅÒÅË ÅÌÄÅ ÅÔÍÅË 
ÍİÍËİÎÄİÒȢ /ÐÔÉË ÆÉÂÅÒÅ ÕÙÇÕÌÁÎÁÎ ąĥąøąÎ ÓÁÈÉÐ 
ÏÌÄÕøÕ ËÁÒÅËÔÅÒÉÓÔÉË ĘÚÅÌÌÉËÌÅÒȟ ëÅÖÒÅÓÅÌ ËÏĥÕÌÌÁÒąÎ 
ÆÉÂÅÒ ÏÐÔÉË ËÁÂÌÏ İÚÅÒÉÎÄÅËÉ ÅÔËÉÌÅÒÉ ÓÏÎÕÃÕÎÄÁ 
ÄÅøÉĥÍÅËÔÅÄÉÒȢ "Õ ÄÅøÉĥÉÍÌÅÒÉÎ ÆÉÂÅÒ ÏÐÔÉË 
ÓÅÎÓĘÒÌÅÒ ÉÌÅ ÁÎÁÌÉÚÉ ÄÕÒÕÍÕÎÄÁȟ Äąĥ ÅÔËÉ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉÎ ÎÉÃÅÌ ÄÅøÅÒÌÅÒÉ ÔÅÓÐÉÔ ÅÄÉÌÅÂÉÌÉÒ ɍςɎȢ 

)ĥąøąÎ ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅËÉ ÉÌÅÒÌÅÍÅ ÓİÒÅÃÉÎÄÅȟ ÄÁÌÇÁ 
ËąÌÁÖÕÚÕ ÇĘÒÅÖÉÎÄÅ ÂÕÌÕÎÁÎ ĘÚİÎ ÇÅÒëÅË ËÏĥÕÌÌÁÒ 
ÁÌÔąÎÄÁ ÉÄÅÁÌ ÏÌÍÁÍÁÓąÎÄÁÎ ÄÏÌÁÙą ÌÉÎÅÅÒ ÖÅ ÌÉÎÅÅÒ 
ÏÌÍÁÙÁÎ ÓÁëąÌÍÁÌÁÒ ÍÅÙÄÁÎÁ ÇÅÌÍÅËÔÅÄÉÒȢ "Õ 
ÄÕÒÕÍ ÓÏÎÕÃÕÎÄÁ ÓÁëąÌÍÁÌÁÒÄÁËÉ ÅÔËÉÙÉ 
ÉÎÃÅÌÅÙÅÂÉÌÍÅË ÁÍÁÃąÙÌÁ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ 
sistemlerinde Brillouin, Rayleigh ve Raman 
ÓÁëąÌÍÁÌÁÒą ËÕÌÌÁÎąÌÍÁËÔÁ ÏÌÕÐ ÓÁëąÌÍÁ ÔÅÍÅÌÉÎÅ 
ÄÁÙÁÎÁÎ ÂÕ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÔÉÐÌÅÒÉȟ ÄÁøąÔąË ÔÁÂÁÎÌą 
ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÏÌÁÒÁË ÓąÎąÆÌÁÎÄąÒąÌÍÁËÔÁÄąÒȢ "Õ 
ÓÅÎÓĘÒÌÅÒ ÓÁÙÅÓÉÎÄÅ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉ ÁÎÁÌÉÚÌÅÒÉ 
sonucÕÎÄÁȟ ëÅÖÒÅÓÅÌ ÄÕÒÕÍ ËÏĥÕÌÌÁÒąÎąÎ ÎÉÃÅÌ 
ÖÅÒÉÌÅÒÉÎÉ ÅÌÄÅ ÅÔÍÅË ÍİÍËİÎ ÏÌÍÁËÔÁÄąÒ ɍσɎȢ $ÉøÅÒ 
ÂÉÒ ÓÅÎÓĘÒ ÇÒÕÂÕ ÉÓÅ ÉÎÔÅÒÆÅÒÏÍÅÔÒÉË ÓÅÎÓĘÒÌÅÒÄÉÒȢ 
&ÉÂÅÒÄÅËÉ ąĥąËÔÁȟ ëÅÖÒÅÓÅÌ ÅÔËÉÌÅÒ ÓÏÎÕÃÕÎÄÁ ÆÁÚ 
ÆÁÒËÌÁÒą ÍÅÙÄÁÎÁ ÇÅÌÉÒȢ /ÌÕĥÁÎ ÆÁÚ ÆÁÒËÌÁÒą ÁÎÁÌÉÚ 
ÅÄÉÌÅÒÅË Äąĥ ÆÁËÔĘÒ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉÎɉÓąÃÁËÌąËȟ 
ÇÅÒÉÎÉÍȟ ÂÁÓąÎë ÖÂȢɊ  ÈÅÓÁÐÌÁÎÍÁÓą ÉÎÔÅÒÆÅÒÏÍÅÔÒÉË 
ÓÅÎÓĘÒÌÅÒ ÔÁÒÁÆąÎÄÁÎ ÓÁøÌÁÎąÒȢ -ÉÃÈÅÌÓÏÎȟ -ÁÃÈ-
Zehnder, Fabry-0ÅÒÏÔ ÖÅ 3ÁÇÎÁÃ ÏÌÍÁË İÚÅÒÅ τ ëÅĥÉÔ 
ÉÎÔÅÒÆÅÒÏÍÅÔÒÅÄÅÎ ÏÌÕĥÁÎ ÂÕ ÓÅÎÓĘÒÌÅÒ ÙİËÓÅË 
hassasiyete sahiptir [4]. 

FibÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ÁÌÔ ÓąÎąÆąÎÄÁ ÂÕÌÕÎÁÎ ÄÉøÅÒ 
ÂÉÒ ÓÅÎÓĘÒ ëÅĥÉÄÉ ÉÓÅ &"' ÓÅÎÓĘÒÌÅÒÄÉÒȢ &ÉÂÅÒ ÉëÉÎÄÅ 
ÂÕÌÕÎÁÎ ąĥąøąÎ ËÁÒÅËÔÅÒÉÓÔÉË ĘÚÅÌÌÉËÌÅÒÉȟ ëÅÖÒÅÓÅÌ 
ËÏĥÕÌÌÁÒ ÔÁÒÁÆąÎÄÁÎ ÄÅøÉĥÉÍÅ ÕøÒÁÔąÌÄąøą ÉëÉÎ Éë 
ÅÔËÉÌÅĥÉÍÌÉ ÓÅÎÓĘÒ ÔÉÐÌÅÒÉÎÄÅÎÄÉÒȢ &"' ÓÅÎÓĘÒÌÅÒȟ 

fibeÒ ÏÐÔÉøÉÎ ĘÚİÎÄÅ ÉÌÅÒÌÅÙÅÎ ąĥąøąÎ ÂÅÌÉÒÌÉ ÂÉÒ 
ËąÓÍąÎą ąÚÇÁÒÁÌÁÒÄÁÎ ÇÅÒÉ ÙÁÎÓąÔąÒȢ KÅÖÒÅÓÅÌ 
ÆÁËÔĘÒÌÅÒÉÎ ÄÅøÉĥÉÍÌÅÒÉ ÓÏÎÕÃÕÎÄÁȟ ÆÉÂÅÒ 
ÉëÅÒÉÓÉÎÄÅËÉ ąÚÇÁÒÁ ÐÅÒÉÙÏÄÕ ÖÅ ËąÒąÌÍÁ ÉÎÄÉÓÉ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉ ÄÅøÉĥÍÅËÔÅÄÉÒȢ "ÕÎÕÎ ÓÏÎÕÃÕÎÄÁ 
ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕÎÄÁËÉ ÂÒÁÇÇ ÄÁÌga boyu 
ÄÅøÉĥÍÅËÔÅÄÉÒȢ "ÒÁÇÇ ÄÁÌÇÁ ÂÏÙÕÎÄÁËÉ ÂÕ 
ÄÅøÉĥÉÍÌÅÒÉÎ ÁÎÁÌÉÚ ÅÄÉÌÍÅÓÉÙÌÅ ÏÒÔÁÍ ËÏĥÕÌÌÁÒąÎąÎ 
nicel verileri elde edilebilmektedir [5]. 

 

¤ÅËÉÌ 1Ȣ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ÓąÎąÆÌÁÎÄąÒąÌÍÁÓą 

&ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȟ ÇÅÒÉÌÉÍ ÔÁÂÁÎÌą ÓÅÎÓĘÒÌÅÒ ÉÌÅ 
ËąÙÁÓÌÁÎÄąøąÎÄÁ ÔÅÒÃÉÈ ÅÄÉÌÍÅ ÎÅÄÅÎÌÅÒÉ ÄÁÈÁ ëÏË 
ÇĘÒİÎİÒ ÈÁÌÅ ÇÅÌÍÅËÔÅÄÉÒȢ (ąÚÌą ÖÅ ÙİËÓÅË ÂÉÌÇÉ 
ÔÁĥąÍÁ ËÁÐÁÓÉÔÅÓÉÎÅ ÓÁÈÉÐ ÏÌÁÎ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ 
ÁÙÒąÃÁ ÅÌÅËÔÒÏÍÁÎÙÅÔÉË ÇÉÒÉĥÉÍÌÅÒÄÅÎ ÅÔËÉÌÅÎÍÅÄÉøÉ 
ÉëÉÎ ÇİÖÅÎÉÌÉÒ ÂÉÒ ĘÌëİÍ ÙÁÐąÌÍÁÓąÎÁ ÏÌÁÎÁË 
ÓÁøÌÁÍÁËÔÁÄąÒȢ $ąĥ ÖÅÒÉÌÅÒÉ ÙİËÓÅË ÈÁÓÓÁÓÉÙÅÔ ÉÌÅ 
ĘÌëÅÂÉÌÅÎ ÂÕ ÓÅÎÓĘÒÌÅÒ ÂÁÓÉÔ ÙÁÐąÌÁÒąÎąÎ ÙÁÎą ÓąÒÁ 
ÈÁÆÉÆ ÖÅ ËİëİË ÂÏÙÕÔÌÁÒÄÁ ÏÌÍÁÓąÎąÎ ÓÁøÌÁÄąøą 
ÁÖÁÎÔÁÊÌÁÒÄÁÎ ÄÏÌÁÙą ÍÁÌÚÅÍÅ ÉëÉÎÅ ÇĘÍİÌÅÒÅË 
genel sistem ile tam entegrasyonlu 
ëÁÌąĥÁÂÉÌÍÅËÔÅÄÉÒ ɍφȟ χɎȢ 

2 FBG Teorisi 

4ÅÍÅÌ ÙÁÐą ÔÁĥą ÏÌÁÎ ąÚÇÁÒÁÌÁÒąÎ ÏÌÕĥÍÁ ÓİÒÅÃÉȟ ÆÉÂÅÒ 
ÏÐÔÉøÅ ÕÙÇÕÌÁÎÁÎ ÕÌÔÒÁÖÉÙÏÌÅ ąĥąøąÎ ÆÉÂÅÒÄÅËÉ ËąÒąÌÍÁ 
ÉÎÄÉÓÉÎÉ ÄÅøÉĥÔÉÒÍÅÓÉ ÓÏÎÕÃÕÎÄÁ ÏÒÔÁÙÁ 
ëąËÍÁËÔÁÄąÒȢ )ÚÇÁÒÁ ÔÁÂÁÎÌą ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ 
ÔÅÍÅÌÉÎÄÅȟ ëÅÖÒÅÓÅÌ ËÏĥÕÌÌÁÒÁ ÂÁøÌą ÏÌÁÒÁË ÆÉÂÅÒ 
ÉëÅÒÉÓÉÎÄÅ ÉÌÅÒÌÅÙÅÎ ąĥąøąÎ ÂÅÌÉÒÌÉ ÂÉÒ ËąÓÍąÎąÎ 
ąÚÇÁÒÁÌÁÒ ÔÁÒÁÆąÎÄÁÎ ÇÅÒÉ ÙÁÎÓąÔąÌÍÁÓą ÐÒÅÎÓÉÂÉÎÅ 
ÄÁÙÁÎąÒȢ 9ÁÎÓąÔąÌÁÎ ËąÓąÍ ÁÎÁÌÉÚ ÅÄÉÌÅÒÅË ÏÒÔÁÍ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉ ÅÌÄÅ ÅÄÉÌÉÒȢ &"' ÓÅÎÓĘÒÌÅÒ ÆÉÂÅÒ 
ÉëÅÒÉÓÉÎÄÅËÉ ÙÏÌ ÁÌÁÎ ąĥąøąÎ ÂÉÒ ËąÓÍąÎąÎ ÇÅëÍÅÓÉÎÅ 
ÏÌÁÎÁË ÓÁøÌÁÒËÅÎ ÂÉÒ ËąÓÍąÎą ÄÁ ąÚÇÁÒÁÌÁÒ İÚÅÒÉÎÄÅÎ 
ÇÅÒÉ ÙÁÎÓąÔÍÁËÔÁÄąÒȢ %Î ÙİËÓÅË ÙÁÎÓąÍÁ ÉÓÅ ąĥąøąÎ 
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"ÒÁÇÇ ËÏĥÕÌÕ ÉÌÅ ÁÄÌÁÎÄąÒąÌÁÎ ÄÁÌÇÁ ÂÏÙÕÎÄÁ 
ÏÌÍÁËÔÁÄąÒȢ KÅÖÒÅÓÅÌ ÅÔËÉÌÅÒ &"'ȭÄÅËÉ ąÚÇÁÒÁ 
ÐÅÒÉÙÏÔÌÁÒąÎą ÖÅ ÆÉÂÅÒÄÅËÉ ÅÆÅËÔÉÆ ËąÒąÌÍÁ ÉÎÄÉÓÉÎÉÎ 
ÄÅøÉĥÉÍÉÎÅ ÙÏÌ ÁëÍÁËÔÁÄąÒȢ /ÒÔÁÙÁ ëąËÁÎ ÂÕ 
ÄÅøÉĥÉÍÌÅÒ ÓÏÎÕÃÕÎÄÁ ÄÁÈÁ ĘÎÃÅ ÙÁÎÓąÙÁÎ ąĥąËÔÁËÉ 
ÄÁÌÇÁ ÂÏÙÕÎÕÎȟ ÓÏÎ ÄÕÒÕÍÄÁËÉ ÙÁÎÓąÙÁÎ ÄÁÌÇÁ 
ÂÏÙÕÙÌÁ ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÓÏÎÕÃÕÎÄÁ ĘÔÅÌÅÎÍÅÌÅÒ 
ÇĘÚÌÅÍÌÅÎÍÅËÔÅÄÉÒȢ "Õ ÄÕÒÕÍ ÓÏÎÕÃÕÎÄÁËÉ ÅÌÄÅ 
ÅÄÉÌÅÎ ÖÅÒÉÌÅÒ ÄÏøÒÕÌÔÕÓÕÎÄÁ "ÒÁÇÇ ÄÁÌÇÁ ÂÏÙÕÎÕÎȟ  
ąÚÇÁÒÁÎąÎ ÐÅÒÉÙÏÄÕ ÖÅ ÅÆÅËÔÉÆ ËąÒąÌÍÁ ÉÎÄÉÓÉÎÅ ÂÁøÌą 
ÏÌÄÕøÕ ÔÅÓÐÉÔ ÅÄÉÌÍÉĥÔÉÒ ɍψɎȢ 

 

¤ÅËÉÌ ςȢ &"' ÓÅÎÓĘÒÌÅÒÉÎ ëÁÌąĥÍÁ ÐÒÅÎÓÉÂÉ 

‗ ςὲ ɤ (1)  

ὲ   :%ÆÅËÔÉÆ ËąÒąÌÍÁ ÉÎÄÉÓÉÎÉȟ  

ɤ       :)ÚÇÁÒÁ ÐÅÒÉÙÏÄÕÎÕ ÇĘÓÔÅÒÍÅËÔÅÄÉÒ  

ÆÏÒÍİÌÉÚÅ edilen bragg dalga boyu ifadesi efektif 
ËąÒąÌÍÁ ÉÎÄÉÓÉ ÖÅ ąÚÇÁÒÁ ÐÅÒÉÙÏÄÕ ÉÌÅ ÌÉÎÅÅÒ ÂÁøąÍÌąÌąË 
ÇĘÓÔÅÒÍÅËÔÅÄÉÒ. 

KÅÖÒÅÓÅÌ ÄÕÒÕÍ ËÏĥÕÌÌÁÒą ÏÌÁÎ ÓąÃÁËÌąË ÖÅ ÇÅÒÉÎÉÍÉÎ 
Bragg dalga boyuna etkileri sonucundaki 
ÄÅøÉĥÉÍÌÅÒÉÎ ÁÎÁÌÉÚ ÅÄÉÌÍÅÓÉ ÉÌÅ  

Ў‗ ‗ ρ ” ɝ‐ ‗ ‌ ‚ɝ4 (2)  

ÂÁøąÎÔąÓąÎÁ ÕÌÁĥąÌÍÁËÔÁÄąÒȢ 

”ȡÆÏÔÏÅÌÁÓÔÉË ËÁÔÓÁÙąÙąȟ 

‌ȡÔÅÒÍÁÌ ÇÅÎÌÅĥÍÅ ËÁÔÓÁÙąÓąÎąȟ 

‚:termo-ÏÐÔÉË ËÁÔÓÁÙąÙąȟ 

ɝ‐ȡÇÅÒÉÎÉÍÄÅËÉ ÄÅøÉĥÉÍÉȟ 

ɝ4ȡÓąÃÁËÌąË ÄÅøÉĥÉÍÉ ÏÌÍÁË İÚÅÒÅȟ 

ĥÅËÌÉÎÄÅ ÍÏÄÅÌÌÅÎÍÅËÔÅÄÉÒ ɍωȟ ρπȟ ρρɎȢ )ÚÇÁÒÁ 
ëÅĥÉÔÌÅÒÉ σ ÆÁÒËÌą ÙÁÐąÄÁ ÏÌÕĥÍÁËÔÁ ÏÌÕÐȟ Åĥ ÁÒÁÌąËÌąȟ 

ÅøÉÌÍÉĥ ÖÅ Åĥ ÁÒÁÌąËÌą ÏÌÍÁÙÁÎ ĥÅËÌÉÎÄÅ 
ÓąÎąÆÌÁÎÄąÒąÌÍÁËÔÁÄąÒ ɍρρɎȢ 

 

¤ÅËÉÌ σȢ ɉÁɊ %ĥ ÁÒÁÌąËÌąȟ ɉÂɊ ÅøÉÌÍÉĥ ÖÅ ɉÃɊ Åĥ ÁÒÁÌąËÌą 

ÏÌÍÁÙÁÎ &"' ÓÅÎÓĘÒÌÅÒ 

3 Kuple mod teorisi  

)ĥąË ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ ÉÌÅÒÌÅÒËÅÎ ąÚÇÁÒÁÌÁÒÌÁ ÅÔËÉÌÅĥÉÍÉ 

ÓÏÎÕÃÕÎÄÁȟ ÙÁÎÓąÙÁÎ ÖÅ ÙÏÌÕÎÁ ÄÅÖÁÍ ÅÄÅÎ ÍÏÄÌÁÒą 

ÁÒÁÓąÎÄÁ ÂÉÒ ÂÁøąÎÔą ÖÁÒÄąÒȢ "Õ ÍÏÄÌÁÒąÎ ÇÅÎÌÉøÉȟ 

ÈÁÒÅËÅÔ ÙĘÎİ ÄÏøÒÕÌÔÕÓÕÎÄÁËÉ ÅËÓÅÎÅ ÂÁøÌą ÏÌÁÒÁË 

ÂÕÌÕÎÄÕøÕ ËÏÎÕÍÁ ÇĘÒÅ ÄÅøÉĥÍÅËÔÅÄÉÒȢ KÅÖÒÅÓÅÌ 

ÅÔËÉÌÅÒ ÓÏÎÕÃÕÎÄÁ ËąÒąÌÍÁ ÉÎÄÉÓÉÎÄÅ ÖÅ ąÚÇÁÒÁ 

periyodundaki deøÉĥÉËÌÉËÌÅÒÉÎ ÐÅÒÉÙÏÄÉË ÏÌÁÒÁË 

ÄÅøÉĥÉÍ ÇĘÓÔÅÒÄÉøÉ ÇĘÚ ĘÎİÎÅ ÁÌąÎÍÁÓąÙÌÁ ÂÉÒÌÉËÔÅ 

ÙÁÎÓąÙÁÎ ÇİÃİÎ ÄÁÌÇÁ ÂÏÙÕÎÁ ÏÌÁÎ ÉÌÉĥËÉÓÉ ÁÎÁÌÉÚ 

edilmektedir [12].  

Temeli Maxwell denklemlerine dayanan bu ifade, 

ᶯὉ ‘‭
‬Ὁ

‬ὸ
‘
‬ὖ

‬ὸ
 (3)  

ÂÉëÉÍÉÎÄÅ ÔÁÎąÍÌÁÎąr. Burada  Ὁ elektrik alan ve  ὖ 
ÉÓÅ ÐÏÌÁÒÉÚÁÓÙÏÎÄÕÒȢ dÄÅÁÌ ÏÌÍÁÙÁÎ ÏÐÔÉË 
sistemlerde ËÕÐÌÅ ÍÏÄ ëĘÚİÍİ ÉëÉÎ ÐÏÌÁÒÉÚÁÓÙÏÎ  

ὖ  ve ὖ  ÏÌÍÁË İÚÅÒÅ ÉËÉ ÂĘÌİÍÅ 

ÁÙÒąÌÍÁËÔÁÄąÒȢ "Õ ÄÕÒÕÍÄÁ ËąÌÁÖÕÚÌÕ ÍÏÄ ÉëÉÎ 
denklem, 

ᶯὉ ‘‭‭
‬

‬ὸ
Ὁ ‘

‬

‬ὸ
ὖ ȟ (4)  

ĥÅËÌÉÎÄÅ ÙÁÚąÌÁÂÉÌÉÒȢ ‘ ÍÏÄ ÎÕÍÁÒÁÓąÄąÒȢ dËÉ ÆÁÒËÌą 
mod olan ὺ ve ‘ ÉëÉÎ ÓąÒÁÓąÙÌÁ ! ÖÅ " ÇÅÎÌÉËÌÅÒÉÎÅ 
ÓÁÈÉÐ ÏÌÁÎ ÄÅÎËÌÅÍÌÅÒ ÂÁÓÉÔÌÅĥÔÉÒÉÌÅÒÅËȟ 
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‬ὄ

‬ᾀ
 ὭὯ ὄ ὭὯ ὃὩЎ  (5)  

dÆÁÄÅÓÉÎÅ ÄĘÎİĥİÒȢ "ÕÒÁÄÁ Ὧ  ve Ὧ  ÓąÒÁÓąÙÁÌÁ ÁÃ 
ÖÅ ÄÃ ÅĥÌÅĥÍÅ ËÁÔÓÁÙąÌÁÒąÄąÒȢ !ÙÎą ÙÏÌ ÉÚÌÅÎÅÒÅË ÍÏÄ 
ὺ ÉëÉÎȟ 

‬ὃ

‬ᾀ
ὭὯ ὃ ὭὯᶻὄὩЎ  (6)  

ÉÆÁÄÅÓÉ ÙÁÚąÌÁÂÉÌÉÒȢ dÌÅÒÉ ÖÅ ÇÅÒÉ ÙĘÎÄÅ ÙÁÙąÌÁÎ 
ÓÉÎÙÁÌÌÅÒ ËÕÐÌÅ ÍÏÄ ÅĥÉÔÌÉøÉ ÏÌÁÒÁËȟ 

Ὑ ὃὩ Ⱦ Ў  (7)  

 

Ὓ   ὄὩȾ Ў  (8)  

9ÕËÁÒąÄÁËÉ ÄÅÎËÌÅÍÌÅÒ ÉëÉÎ ÓÁëąÌÍÁ ÍÁÔÒÉÓÉ ËÁÔ 
ÓÁÙąÌÁÒą ËÕÌÌÁÎąÌÁÒÁË ÔÒÁÎÓÆÅÒ ÍÁÔÒÉÓÉ İÒÅÔÉÌÅÂÉÌÉÒȢ 

ὨὙ

Ὠᾀ
ὭὯ

ρ

ς
Ў‍

ὨהÚ

Ὠᾀ
Ὑ ὭὯᶻὛ (9)  

 

ὨὛ

Ὠᾀ
ὭὯ

ρ

ς
Ў‍

ὨהÚ

Ὠᾀ
Ὓ ὭὯᶻὙ (10) 

olarak ifade edilir. 

 

¤ÅËÉÌ τȢ )ÚÇÁÒÁ ÕÚÕÎÌÕøÕÎÄÁ ÓąÎąÒ ËÏĥÕÌÌÁÒą 

3ÁëąÌÍÁ ÍÁÔÒÉÓÉÎÉÎ ÂÅÌÉÒÌÅÎÍÅÓÉ ÉëÉÎ ÂÁÚą ÓąÎąÒ 
ËÏĥÕÌÌÁÒą ÔÁÎąÌÁÎÍąĥÔąÒȢ ᾀ π,  Ὓπ ρ ve ᾀ ὒ, 
Ὑὒ π, ὒ ÂÕÒÁÄÁ ąÚÇÁÒÁ ÕÚÕÎÌÕøÕÎÕ ÔÅÍÓÉÌ 
etmektedir. 

 

 

3ÉÎÙÁÌÌÅÒ ÉëÉÎ ÔÒÁÎÓÆÅÒ ÍÁÔÒÉÓÉȟ 

Ὓπ
Ὑπ

Ὕ
Ὓὒ
Ὑὒ

 (11) 

3ąÎąÒ ËÏĥÕÌÌÁÒą ÕÙÇÕÌÁÎąÒÓÁȟ  

ρ
Ὑπ

Ὕ Ὕ
Ὕ Ὕ

Ὓὒ
π

 (12) 

ĥÅËÌÉÎÄÅ ÔÁÎąÍÌÁÎąÒȢ 

)ÚÇÁÒÁ ÂÉÒËÁë ÂĘÌİÍÅ ÁÙÒąÌÁÂÉÌÉÒȢ "Õ ÁÙÒą ÂĘÌİÍÌÅÒ 
ÉëÉÎ ὒ В  ὒ ÖÅ ÔÒÁÎÓÆÅÒ ÍÁÔÒÉÓÉ ëÏøÁÌÔąÌÁÂÉÌÉÒȢ‏
)ÚÇÁÒÁÎąÎ ÉÌÅÔÉÍ ÖÅ ÙÁÎÓąÍÁ ËÁÔÓÁÙąÌÁÒąÎąÎ 
ÂÅÌÉÒÌÅÎÍÅÓÉ ÉëÉÎ ÄÅÎËÌÅÍ ëĘÚİÍİ ÓÏÎÕÃÕÎÄÁ 
ÍÁÔÒÉÓ ÅĥÉÔÌÉøÉÎÄÅÎȠ 

ρ
Ὑπ

Ὕ Ὓὒ
Ὕ Ὓὒ

 (13) 

 

Ὓὒ
ρ

Ὕ
 (14) 

 

Ὑπ
Ὕ

Ὕ
 (15) 

ÓÏÎÕÃÕÎÁ ÕÌÁĥąÌąÒȢ 

 π ve  ‌ πȭÄÅ ÄİÚÇİÎ ąÚÇÁÒÁ ÙÁÎÓąÍÁ 

ËÁÔÓÁÙąÓą ÉëÉÎ  

ȿὙȿ ÔÁÎÈὯ ὒ (16) 

denklemi elde edilir. 

4 )ÚÇÁÒÁ 4ÁÂÁÎÌą &ÉÂÅÒ /ÐÔÉË 3ÅÎÓĘÒ dÌÅ 
3ąÃÁËÌąË Analizi  

"ÉÒ ÓÉÓÔÅÍÉÎ ëÁÌąĥÍÁ ÁĥÁÍÁÓąÎÄÁ Äąĥ ÅÔËÅÎÌÅÒÉÎ ÇĘÚ 
ĘÎİÎÄÅ ÂÕÌÕÎÄÕÒÕÌÍÁÓąȟ ÓÉÓÔÅÍÉÎ ÄÁÈÁ ÖÅÒÉÍÌÉ 
ëÁÌąĥÍÁÓąÎÁ ÏÌÁÎÁË ÔÁÎąÒȢ vÚÅÌÌÉËÌÅ ÈÁÖÁÃąÌąË 
ÁÌÁÎąÎÄÁËÉ ÁÒÁëÌÁÒąÎɉÕëÁËȟ ÈÅÌÉËÏÐÔÅÒ ÖÂȢɊ ËąÓÍÉ 
ÂĘÌÇÅÌÅÒÉÎÄÅËÉ ëÅÖÒÅÓÅÌ ÅÔËÅÎ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ 
bilinmesine ËÁÒĥąÌąË ÁÌąÎÁÃÁË ĘÎÌÅÍÌÅÒ ÏÌÁÓą ÓÉÓÔÅÍ 
ÈÁÔÁ ÖÅ ËÁÚÁ ÄÕÒÕÍÌÁÒąÎą ĘÎÅÍÌÉ ĘÌëİÄÅ 
ÁÚÁÌÔÍÁËÔÁÄąÒȢ )ÚÇÁÒÁ ÔÁÂÁÎÌą ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ 
ÉÌÅ ÈÁÓÓÁÓ ÖÅ ÄÏøÒÕ ÂÉÒ ĥÅËÉÌÄÅ ÖÅÒÉÌÅÒÉÎ ÅÌÄÅ 
ÅÄÉÌÍÅÓÉ ÓÁøÌÁÎÁÒÁË ÓÉÓÔÅÍÌÅÒÉÎ ÏÐÔÉÍÕÍ ÓÅÖÉÙÅÄÅ 
ëÁÌąĥÍÁÓąÎÁ ÙÁÒÄąÍÃą ÏÌÕÒȢ 

FB'ȭÌÅÒ Äąĥ ÐÁÒÁÍÅÔÒÅÌÅÒÅ ÂÁøÌą ÏÌÁÒÁË ÆÁÒËÌą 
ÄÕÒÕÍÌÁÒÁ ÇĘÒÅ ÆÁÒËÌą ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒą 
ÏÌÕĥÔÕÒÕÒȢ vÚÅÌÌÉËÌÅ ÓąÃÁËÌąË ÖÅ ÇÅÒÉÎÉÍÅ ÂÁøÌą ÏÌÁÒÁË 
ÏÒÔÁÙÁ ëąËÁÎ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒąÎÄÁËÉ 
ÄÅøÉĥÉÍÌÅÒÄÅÎ ÙÏÌÁ ëąËÁÒÁË ÂÕ ÐÁÒÁÍÅÔÒÅÌÅÒ 
ÈÅÓÁÐÌÁÎÁÂÉÌÉÒȢ dĥÌÅÖÓÅÌ ÂÉÒ ÓÉÓteme, gerinime maruz 
ËÁÌÍÁÙÁÃÁË ĥÅËÉÌÄÅ ÅÎÔÅÇÒÁÓÙÏÎÕ ÓÁøÌÁÎÁÎ &"'ȭÌÅÒ 
ÉÌÅ ÓąÃÁËÌąË ÁÎÁÌÉÚÉ ÇÅÒëÅËÌÅĥÔÉÒÍÅË ÍİÍËİÎ 
ÏÌÍÁËÔÁÄąÒȢ 3ÁÄÅÃÅ ÓąÃÁËÌąË ÅÔËÉÓÉÙÌÅ ÏÌÕĥÁÎ ÂÒÁÇÇ 
ÄÁÌÇÁ ÂÏÙÕÎÄÁËÉ ĘÔÅÌÅÎÍÅÌÅÒ 

Ў‗ ‗ ‌ ‚ɝ4 (17) 

ÆÏÒÍİÌİÙÌÅ ÈÅÓÁÐÌÁÎÁÂÉÌÍÅËÔÅÄÉÒȢ 
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Burada ‗ bragg dalga boyunu, ‌ ÔÅÒÍÁÌ ÇÅÎÌÅĥÍÅ 
ËÁÔÓÁÙąÓąÎąȟ ‚ termo-ÏÐÔÉË ËÁÔÓÁÙąÙąȟ ɝ4 ÓąÃÁËÌąË 
ÄÅøÉĥÉÍÉÎÉ ÇĘÓÔÅÒÍÅËÔÅÄÉÒ ɍωȟ ρπȟ ρρɎȢ 

ψȢυ /ÐÔÉ'ÒÁÔÉÎÇ &"' ÔÁÓÁÒąÍ 

/ÐÔÉ'ÒÁÔÉÎÇ ÐÒÏÇÒÁÍą ÉÌÅ &"'ȭÌÅÒÉÎ ÔÁÓÁÒąÍą 
ÙÁÐąÌąÒËÅÎ ÂÅÌÉÒÌÉ ËÒÉÔÅÒÌÅÒ İÚÅÒÉÎÄÅÎ 
ÄÅøÅÒÌÅÎÄÉÒÍÅÌÅÒ ÁÌąÎÁÒÁË ÁÍÁÃÁ ÕÙÇÕÎÌÕøÕ ĘÎ 
ÐÌÁÎÄÁ ÔÕÔÕÌÍÕĥÔÕÒȢ )ÚÇÁÒÁÌÁÒÄÁÎ ÙÁÎÓąÙÁÎ ÄÁÌÇÁ 
ÆÏÒÍÌÁÒą ÂÉÒÂÉÒÉÎÅ ÅËÌÅÎÅÒÅË ÇİëÌİ ÂÉÒ ÙÁÎÓąÍÁ 
ÏÌÕĥÔÕÒÄÕøÕ ÇÉÂÉ ÁÒÄąĥąË ÄÕÒÕÍÌÁÒą ÄÁ ÂÅÒÁÂÅÒÉÎÄÅ 
getirmektedir. Bunlar; yan loblar ve bant 
ÇÅÎÉĥÌÉøÉÄÉÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÕÙÇÕÌÁÍÁÌÁÒąÎÄÁȟ 
ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒąÎÄÁËÉ ÁÎÁ ÌÏÂÕÎ ɉÂÒÁÇÇ 
ÂĘÌÇÅÓÉɊ ÙİËÓÅË ĥÉÄÄÅÔÔÅ ÏÌÍÁÓąÎąÎ ÙÁÎą ÓąÒÁ ÄİĥİË 
ÙÁÎ ÌÏÂÌÁÒÁ ÖÅ ÄÁÒ ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÅ ÓÁÈÉÐ ÏÌÍÁÓą 
ÂÒÁÇÇ ÙÁÎÓąÍÁÓąÎÄÁËÉ ÄÅøÉĥÉÍÉÎ ÈÁÓÓÁÓ ÖÅ ÄÏøÒÕ ÂÉÒ 
ĥÅËÉÌÄÅ ĘÌëİÌÍÅÓÉÎÄÅ ĘÎÅÍ ÂÉÒ ÙÅÒ ÔÕÔÁÒȢ 9İËsek 
ÙÁÎ ÌÏÂÌÁÒÁ ÖÅ ÇÅÎÉĥ ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÅ ÓÁÈÉÐ ÙÁÎÓąÍÁ 
ÓÐÅËÔÒÕÍÌÁÒąÎÄÁ ÁÎÁ ÌÏÂÕ ÁÙąÒÔ ÅÔÍÅË ĘÌëİÍ 
ÈÁÓÓÁÓÉÙÅÔÉÎÉ ÖÅ ÄÏøÒÕÌÕøÕÎÕ ÁÚÁÌÔąÒ ɍρσɎȢ 

4ÁÂÌÏ ρȢ 4ÁÓÁÒąÍÄÁËÉ ÐÁÒÁÍÅÔÒÅÌÅÒ 

Parametreler $ÅøÅÒÌÅÒ 

#ÏÒÅ ɉĘÚɊ υ ‘ά 
Cladding υπ ‘ά 
#ÏÒÅ dÎÄÉÓÉ 1.46 
#ÌÁÄÄÉÎÇ dÎÄÉÓÉ 1.45 
Izgara Profili Rectangle 
)ÚÇÁÒÁ 5ÚÕÎÌÕøÕ 10 mm 
dÎÄÅØ -ÏÄİÌÁÓÙÏÎÕ 0.0001 
Izgara Periyodu 0.53185286 ‘ά 
Merkez Dalgaboyu 1550 nm 
4ÅÒÍÁÌ 'ÅÎÌÅĥÍÅ +ÁÔÓÁÙąÓą 5.5e-007 
Termo-/ÐÔÉË +ÁÔÓÁÙą 8.3e-006 

)ÚÇÁÒÁ ÕÚÕÎÌÕøÕÎÕÎ ρπÍÍ ÓÅëÉÌÍÅÓÉÎÄÅËÉ ÔÅÍÅÌ 
ÎÅÄÅÎÌÅÒÄÅÎ ÂÉÒÉ ąÚÇÁÒÁ ÕÚÕÎÌÕøÕ ÁÒÔÔąËëÁ ÂÒÁÇÇ 
ÂĘÌÇÅÓÉÎÄÅËÉ ÙÁÎÓąÍÁÎąÎ ÁÒÔÍÁÓą ÖÅ ÂÁÎÔ 
ÇÅÎÉĥÌÉøÉÎÉÎ ÁÚÁÌÍÁÓąÄąÒȢ "ÕÎÁ ËÁÒĥąÎ ÙÁÎ ÌÏÂÌÁÒÄÁ 
ÄÁ ÁÒÔąĥ ÇĘÚÌÅÎÍÅÓÉ ÄÅÚÁÖÁÎÔÁÊ ÏÌÁÒÁË 
ÎÉÔÅÌÅÎÄÉÒÉÌÅÂÉÌÉÒȢ )ÚÇÁÒÁÌÁÒąÎ ÏÌÕĥÔÕÒÕÌÍÁÓąÎą 
ÓÁøÌÁÙÁÎ ÉÎÄÅØ ÍÏÄİÌÁÓÙÏÎÕÎÕÎ πȢπππρ ÏÌÁÒÁË 
ÁÌąÎÍÁÓą ÉÓÅ ÙÁÎ ÌÏÂÌÁÒąÎ ÄİĥİË ÖÅ ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÉÎ 
ÄÁÒ ÏÌÍÁÓą ÁÍÁÃąÙÌÁ ÓÅëÉÌÍÉĥÔÉÒȢ "ÕÎÁ ËÁÒĥąÎ ÂÕ 
ÍÏÄİÌÁÓÙÏÎ ÄÅøÅÒÉ ÂÒÁÇÇ ÂĘÌÇÅÓÉÎÄÅËÉ ÙÁÎÓąÍÁÙą 
ÏÌÕÍÓÕÚ ÙĘÎÄÅ ÅÔËÉÌÅÍÅËÔÅÄÉÒȢ )ÚÇÁÒÁ ÐÒÏÆÉÌÉ ÏÌÁÒÁË 
ÓÉÎİÚÏÉÄÁÌ ÙÅÒÉÎÅ ÄÉËÄĘÒÔÇÅÎ ąÚÇÁÒÁ ÐÒÏÆÉÌÉ ÔÅÒÃÉÈ 
ÅÄÉÌÍÉĥÔÉÒȢ "Õ ÓÅëÉÍÉÎ ÔÅÍÅÌ ÓÅÂÅÂÉ ÄÉËÄĘÒÔÇÅÎ 
ąÚÇÁÒÁ ÐÒÏÆÉÌÉÎÉÎ ÂÒÁÇÇ ÂĘÌÇÅÓÉÎÄÅ ÄÁÈÁ ÙİËÓÅË 
ÓÅÖÉÙÅÄÅ ÙÁÎÓąÔąÃąÌąøÁ ÓÁÈÉÐ ÏÌÍÁÓąÄąÒȢ /ÌÕÍÓÕÚ 
ÙĘÎİ ÉÓÅ ÙÁÎ ÌÏÂÕÎ ÓÅÖÉÙÅÓÉÎÉ ÖÅ ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÉ 
ÁÒÔÔąÒÍÁËÔÁÄąÒ ɍρςȟ ρσɎȢ 

 

¤ÅËÉÌ υȢ /ÐÔÉ'ÒÁÔÉÎÇ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒąÎÄÁ 
dalgaboyu 

ψȢφ /ÐÔÉ3ÙÓÔÅÍ ÉÌÅ ÓąÃÁËÌąË ÁÎÁÌÉÚÉ 

/ÐÔÉ'ÒÁÔÉÎÇ ÉÌÅ ÔÁÓÁÒÌÁÎÁÎ &"'ȭÌÅÒ /ÐÔÉ3ÙÓÔÅÍȭÅ 
ÁËÔÁÒąÌÁÒÁË ÁÎÁÌÉÚÌÅÒ ÇÅÒëÅËÌÅĥÔÉÒÉÌÄÉȢ +ÕÌÌÁÎąÌÁÎ 
ÙÁÐą ÍÏÄÅÌÌÅÍÅÓÉÎÄÅ ρυυπ ÎÍ ÄÁÌÇÁ ÂÏÙÕÎÄÁ 
ÂÅÙÁÚ ąĥąË ËÁÙÎÁøą ËÕÌÌÁÎąÌÄąȢ $ÁÌÇÁ ËąÌÁÖÕÚÕ ÏÌÁÎ 
ÏÐÔÉË ÆÉÂÅÒ πȢς Ä"ȾËÍ Çİë ËÁÙÂąÙÌÁ ςυ ËÍ ÏÌÁÒÁËȟ 
ąĥąøąÎ ÇÉÄÉĥ ÙÏÌÕ ÖÅ ÙÁÎÓąÍÁÄÁÎ ÏÌÕĥÁÎ ÓÐÅËÔÕÒÕÍÕ 
ÅÌÄÅ ÅÔÍÅË İÚÅÒÅ ς ÆÁÒËÌą ÙÅÒÄÅ ÇĘÒÅÖ ÁÌÍÁËÔÁÄąÒȢ 
"ÕÎÌÁÒąÎ ÙÁÎąÓąÒÁ ÏÐÔÉË ÆÉÂÅÒÄÅËÉ Çİë ËÁÙąÐÌÁÒąÎą 
ÄÅÎÇÅÌÅÍÅË ÁÍÁÃąÙÌÁ ÇİÃİ υ Ä" ËÁÚÁÎÃÁ sahip olan 
ς ÁÄÅÔ ÏÐÔÉË ÙİËÓÅÌÔÉÃÉ ÅËÌÅÎÍÉĥÔÉÒȢ 9ÁÎÓąÍÁ 
ÓÐÅËÔÒÕÍÌÁÒąÎą ÇĘÚÌÅÍÌÅÙÅÂÉÌÍÅË ÉëÉÎ ËÏÍÐÏÎÅÎÔ 
ËİÔİÐÈÁÎÅÓÉÎÄÅÎ ÏÐÔÉÃÁÌ ÓÐÅÃÔÒÕÍ ÁÎÁÌÙÚÅÒ 
ÅËÌÅÎÅÒÅË ÓÉÍÕÌÁÓÙÏÎÌÁÒ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥ ÏÌÄÕȢ  

 
¤ÅËÉÌ φȢ $ÅÖÒÅ ÙÁÐąÓąÎąÎ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍąÎÄÁ 

modellenmesi 

3ÉÓÔÅÍÅ ÕÙÇÕÌÁÎÁÎ πЈ# ÓÏÎÕÃÕÎÄÁ ÙÁÎÓąÍÁ 
spektrumundaki bragg dalga boyunun 1549.66 nm 
ÏÌÄÕøÕ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ -ρππЈ# ÓÏÎÕÃÕÎÄÁ ÉÓÅ 
ρυτψȢςψ ÏÌÄÕøÕ ËÁÙÄÅÄÉÌÍÉĥÔÉÒȢ  
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¤ÅËÉÌ χȢ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍąÎÄÁ π Ј# ÓąÃÁËÌąËÔÁËÉ 
ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕ 

 

¤ÅËÉÌ ψȢ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍąÎÄÁ -ρππ Ј# 
ÓąÃÁËÌąËÔÁËÉ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕ 

 

¤ÅËÉÌ ωȢ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍąÎÄÁ -ρππ Ј# ÖÅ π Ј# 
ÓąÃÁËÌąËÔÁ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒą 

 
¤ÅËÉÌ ρπȢ -ρππ Ј# ÖÅ π Ј# ÓąÃÁËÌąË ÁÒÁÓą "ÒÁÇÇ 

ÄÁÌÇÁÂÏÙÕ ÄÅøÉĥÉÍÉ 

3ÉÍİÌÁÓÙÏÎ ÓÏÎÕëÌÁÒą incelemesinde -ρππ Ј# ÉÌÅ π Ј# 
ÁÒÁÓąÎÄÁËÉ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒąÎÄÁËÉ "ÒÁÇÇ ÄÁÌÇÁ 
ÂÏÙÕ ÆÁÒËą ρȢσψ ÎÍ ÏÌÕÐȟ ÙÁËÌÁĥąË ÏÌÁÒÁË ρσȢψ ÐÍȾЈ# 
ÈÁÓÓÁÓÌąøÁ ÓÁÈÉÐ ÏÌÄÕøÕ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ 

5 !ÐÏÄÉÚÁÓÙÏÎÕÎ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕÎÁ 
olan etkileri  

9ÁÐąÌÁÎ ÓÉÍİÌÁÓÙÏÎ ëÁÌąĥÍÁÌÁÒąÎÄÁËÉ analizler 
ÓÏÎÕÃÕÎÄÁ ÓąÃÁËÌąË ĘÌëİÍÌÅÒÉ ÏÒÔÁÙÁ ËÏÎÍÕĥÔÕÒȢ "Õ 
ĘÌëİÍÌÅÒÄÅËÉ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒą ÅÌÅ ÁÌąÎÄąøąÎÄÁ 
ÙÁÎ ÌÏÂÌÁÒÄÁËÉ ĥÉÄÄÅÔ ÓÅÖÉÙÅÌÅÒÉ ÓÅÎÓĘÒ 
ÁÌÇąÌÁÍÁÓąÎąÎ ÈÁÓÓÁÓÉÙÅÔÉÎÉ ÁÚÁÌÔÁÒÁË ÄÏøÒÕ 
ÏÌÍÁÙÁÎ ÖÅÒÉ ÓÏÎÕëÌÁÒą ÏÌÕĥÔÕÒÁÂÉÌÉÒȢ "Õ ÎÅÄÅÎÌÅ 
ÙÁÎÓąÙÁÎ ÙÁÎ ÌÏÂ ÓÅÖÉÙÅÓÉÎÄÅËÉ ĥÉÄÄÅÔ ÍÉËÔÁÒÌÁÒąÎą 
ÁÚÁÌÔÍÁË ÉëÉÎ ÁÐÏÄÉÚÁÓÙÏÎ ÔÅËÎÉËÌÅÒÉ 
ÕÙÇÕÌÁÎÍÁËÔÁÄąÒȢ "ÕÎÁ ËÁÒĥąÎ ÕÙÇÕÌÁÎÁÎ ÆÁÒËÌą 
ÁÐÏÄÉÚÁÓÙÏÎ ÔÉÐÌÅÒÉÎÅ ÇĘÒÅ ÂÒÁÇÇ ÄÁÌÇÁ ÂÏÙÕÎÄÁËÉ 
ÙÁÎÓąÍÁÄÁ ÄÁ ÁÚÁÌÍÁ ÇĘÚÌÅÎÍÅËÔÅÄÉÒȢ "Õ ÙİÚÄÅÎ 
ÕÙÇÕÎ ÁÐÏÄÉÚÁÓÙÏÎ ÓÅëÉÍÉ ÙÁÐąÌąÒËÅÎ ÂÒÁgg dalga 
ÂÏÙÕÎÄÁËÉ ĥÉÄÄÅÔ ÁÚÁÌąÍą ÄÁ ÄÉËËÁÔÅ ÁÌąÎÍÁÌąÄąÒ 
[14]. 

5.1 Apodizasyon 

vÚ ÉëÅÒÉÓÉÎÄÅ ÉÌÅÒÌÅÍÅËÔÅ ÏÌÁÎ ąĥąË ÆÉÂÅÒ ÂÏÙÕÎÃÁ 
uniform (apodizasyon olmadan) profilde periyodik 
ÄÅøÉĥÉÍÌÉ ÏÌÁÎ ÂÉÒ ËąÒąÎąÍ ÉÎÄÉÓÉÙÌÅ ËÁÒĥąÌÁĥąÒȢ 
Apodizasyon tekniklerinde ise ÂÕ ËąÒąÎąÍ ÉÎÄÉÓÉ 
ÄÅøÉĥÉÍÉÎÉÎ ąÚÇÁÒÁ ÍÅÒËÅÚÉÎÄÅÎ ÂÁĥÌÁÎÁÒÁË 
ËÅÎÁÒÌÁÒÁ ÄÏøÒÕ ÁÚÁÌÔąÌÍÁÓą ÁÍÁëÌÁÎąÒȢ !ÐÏÄÉÚÅ 
ÅÄÉÌÍÉĥ ËąÒąÎąÍ ÉÎÄÉÓ ÐÒÏÆÉÌÉ ÉÆÁÄÅÓÉȠ 

ὲᾀ ὲ Ўὲὃᾀὲ ᾀ (18) 

ĥÅËÌÉÎÄÅ ÉÆÁÄÅ ÅÄÉÌÉÒȢ "ÕÒÁÄÁ ὲ  ÃÏÒÅ ËąÒąÎąÍ ÉÎÄÉÓÉȟ 
Ўὲ ÍÁËÓÉÍÕÍ ÉÎÄÉÓ ÄÅøÉĥÉÍÉȟ ὲ ᾀ ÉÎÄÉÓ ÄÅøÉĥÉÍ 
fonksiyonu,  ὃᾀ apodizasyon fonksiyonunu temsil 
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ÅÔÍÅËÔÅÄÉÒ ɍρυȟρφɎȢ dÎÃÅÌÅÎ ÁÐÏÄÉÚÁÓÙÏÎ 
ÆÏÎËÓÉÙÏÎÌÁÒą ÉÓÅ ὒ ąÚÇÁÒÁ ÕÚÕÎÌÕøÕ ÏÌÍÁË İÚÅÒÅȠ 

1- Uniform:  

ὃᾀ  ρȟ π ᾀ ὒ (19) 

2-Hamming: 

ὃᾀ πȢυτπȢτφÃÏÓ
ς“ᾀ

ὒ
ȟ     π ᾀ ὒ (20) 

3-Proposed:   

ὃᾀ= ÃÏÓ ρ ȟ   0 ᾀ ὒ (21) 

4-Raised Sine:   

ὃᾀ= ÓÉÎ ȟ   0 ᾀ ὒ (22) 

5-Cones:   

ὃᾀ= ρ ȟ       0 ᾀ ὒ (23) 

6-Barthan: 

ὃᾀ= ὃᾀ=0.62-0.48 πȢυ 

+0.38 ÃÏÓ πȢυȟ        0 ᾀ ὒ 
(24) 

ωȢφ !ÐÏÄÉÚÅ ÅÄÉÌÍÉĥ &"'ȭÌÅÒÄÅ ÙÁÎÓąÍÁ 
ÓÐÅËÔÒÕÍÌÁÒą 

4ÁÓÁÒÌÁÎÁÎ &"'ȭÌÅÒÅ /ÐÔÉ'ÒÁÔÉÎÇ ÐÒÏÇÒÁÍą ÉÌÅ 
ÂÅÌÉÒÔÉÌÅÎ ÆÏÒÍİÌÌÅÒ ÔÁÎąÍÌÁÎÁÒÁË ÆÁÒËÌą 
ÁÐÏÄÉÚÁÓÙÏÎ ÉĥÌÅÍÌÅÒÉ ÕÙÇÕÌÁÎÍąĥÔąÒȢ 3ÏÎÒÁËÉ 
ÁĥÁÍÁÄÁ ÉÓÅ ÕÙgulanan apodizasyonlar OptiSystem 
ÏÒÔÁÍąÎÁ ÁËÔÁÒąÌÁÒÁË ÏÐÔÉÃÁÌ ÓÐÅÃÔÒÕÍ ÁÎÁÌÙÚÅÒ 
ÙÁÒÄąÍąÙÌÁ ÁÎÁÌÉÚÌÅÒÉ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ  

 

¤ÅËÉÌ ρρȢ 5ÎÉÆÏÒÍ  ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕ 

 

¤ÅËÉÌ ρςȢ (ÁÍÍÉÎÇ ÁÐÏÄÉÚÁÓÙÏÎ ÙÁÎÓąÍÁ 
spektrumu 

 

¤ÅËÉÌ ρσȢ 0ÒÏÐÏÓÅÄ ÁÐÏÄÉÚÁÓÙÏÎ ÙÁÎÓąÍÁ 
spektrumu 

 

¤ÅËÉÌ ρτȢ 2ÁÉÓÅÄ 3ÉÎÅ ÁÐÏÄÉÚÁÓÙÏÎ ÙÁÎÓąÍÁ 
spektrumu 
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¤ÅËÉÌ ρυȢ "ÁÒÔÈÁÎ ÁÐÏÄÉÚÁÓÙÏÎ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕ 

 

¤ÅËÉÌ ρφȢ #ÏÎÅÓ ÁÐÏÄÉÚÁÓÙÏÎ ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÕ 

EÌÄÅ ÅÄÉÌÅÎ ÂÕ ÓÏÎÕëÌÁÒÁ ÇĘÒÅ ÓÐÅËÔÒÕÍÌÁÒÄÁËÉ ÍÅÒËÅÚ 
dalgaboyu, ÙÁÒąĥÉÄÄÅÔ ÂÁÎÔ ÇÅÎÉĥÌÉøÉ ÖÅ ÙÁÎ ÌÏÂ 

ÂÁÓÔąÒąÌÍÁÓą ÖÅÒÉÌÅÎÍÉĥÔÉÒȢ 

4ÁÂÌÏ ςȢ !ÐÏÄÉÚÁÓÙÏÎ ÔÉÐÌÅÒÉÎÅ ÇĘÒÅ ÖÅÒÉ ÓÏÎÕëÌÁÒą 

Apodizasyon 
Fonksiyonu  

Merkez 
dalgaboyu 

ÙÁÎÓąÍÁÓąɉÄ"ÍɊ 

9ÁÒąĥÉÄÄÅÔ 
bant 
ÇÅÎÉĥÌÉøÉ 

(nm)  

Yan lob  
ÂÁÓÔąÒąÌÍÁÓą 

(dBm)  

Uniform 98.3483 0.180510 6.46709 
Hamming 97.1022 0.180372 39.1589 
Proposed 96.1916 0.181482 58.2928 
Raised Sine 92.5323 0.160976 30.9647 
Barthan 97.8901 0.159828 10.0981 
Cones 97.1138 0.181794 26.5128 

6 3ÏÎÕë  

)ÚÇÁÒÁ ÔÁÂÁÎÌą ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ ÉÌÅ ÙÁÐąÌÁÎ 
ÓąÃÁËÌąË ĘÌëİÍÌÅÒÉ ąÚÇÁÒÁÌÁÒÄÁÎ ÙÁÎÓąÙÁÎ 
ÓÐÅËÔÒÕÍÌÁÒąÎ ÁÎÁÌÉÚÉÎÅ ÄÁÙÁÎÍÁËÔÁÄąÒȢ "ÒÁÇÇ 
ÄÁÌÇÁ ÂÏÙÕÎÄÁËÉ ÄÅøÉĥÉÍÌÅÒ ëÅÖÒÅÓÅÌ 

parametrelerin elde edilmesine olanak 
ÔÁÎąÍÁËÔÁÄąÒȢ 9ÁÐąÌÁÎ ÂÕ ëÁÌąĥÍÁÄÁ ÂÒÁÇÇ ÄÁÌÇÁ 
ÂÏÙÕÎÄÁËÉ ÄÅøÉĥÉÍÌÅÒÉÎ ÁÎÁÌÉÚÉ ÓÏÎÕÃÕÎÄÁ ÓąÃÁËÌąË 
ĘÌëİÍ ÁÎÁÌÉÚÌÅÒÉ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ vÌëİÍ 
ÁĥÁÍÁÓąÎÄÁ ÈÁÔÁ ÐÁÙąÎąÎ ÅÎ ÁÚÁ ÉÎÄÉÒÉÌÍÅÓÉ ÉëÉÎ 
ÙÁÎÓąÍÁ ÓÐÅËÔÒÕÍÌÁÒąÎÄÁ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ÍÅÒËÅÚ 
ÄÁÌÇÁÂÏÙÕ ÙÁÎÓąÍÁÓąȟ ÙÁÒąĥÉÄÄÅÔ ÂÁÎÔ ÇÅÎÉĥÌÉøÉ ÖÅ 
ÙÁÎ ÌÏÂÌÁÒąÎ ÏÐÔÉÍÉÚÅ ÅÄÉÌÍÅÓÉ ÓÁøÌÁÎÍąĥÔąÒȢ 
5ÎÉÆÏÒÍ ɉÁÐÏÄÉÚÅ ÅÄÉÌÍÅÍÉĥɊ ÏÌÁÎ ÐÒÏÆÉÌÄÅ ÍÅÒËÅÚ 
ÄÁÌÇÁÂÏÙÕ ÙÁÎÓąÍÁÓąÎąÎ ÁÐÏÄÉÚÅ ÅÄÉÌÍÉĥ ąÚÇÁÒÁÌÁÒÁ 
ËąÙÁÓÌÁ ÙİËÓÅË ÏÌÍÁÓąÎÁ ËÁÒĥąÎ ÙÁÎ ÌÏÂÌÁÒąÎ ÄÁ 
ÙİËÓÅË ÏÌÍÁÓą ĘÌëİÍ ÓÏÎÕëÌÁÒąÎąÎ ÄÏøÒÕÌÕË ÐÁÙąÎą 
ĘÎÅÍÌÉ ĘÌëİÄÅ ÅÔËÉÌÅÍÅËÔÅÄÉÒȢ 3ÉÍİlasyon 
ëÁÌąĥÍÁÌÁÒąÎÄÁ ÁÐÏÄÉÚÁÓÙÏÎ ÔÉÐÌÅÒÉ ÉëÉÎÄÅ "ÁÒÔÈÁÎ 
ÅÎ ÙİËÓÅË ÍÅÒËÅÚ ÄÁÌÇÁÂÏÙÕ ÙÁÎÓąÍÁ ÓÅÖÉÙÅÓÉÎÅ ÖÅ 
ÅÎ ÄÁÒ ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÅ ÕÌÁĥÍÁÓąÎą ÓÁøÌÁÍąĥ ÁÎÃÁË 
ÙÁÎ ÌÏÂ ÓÅÖÉÙÅÌÅÒÉÎÉÎ ÁÚÁÌÔąÌÍÁÓąÎÄÁ ÄÉøÅÒ 
ÁÐÏÄÉÚÁÓÙÏÎ ÔÉÐÌÅÒÉÎÅ ËąÙÁÓÌÁ ÙÅÔÅÒÌÉ ÅÔËÉÎÌÉøÅ 
ÕÌÁĥÁÍÁÍąĥÔąÒȢ 2ÁÉÓÅÄ 3ÉÎÅ ÉÓÅ ÄÁÒ ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÅ 
ÖÅ ÄİĥİË ÓÅÖÉÙÅÄÅ ÙÁÎ ÌÏÂÁ ÓÁÈÉÐ ÏÌÍÁÓąÎÁ ËÁÒĥąÎ 
ÍÅÒËÅÚ ÄÁÌÇÁÂÏÙÕ ÙÁÎÓąÍÁÓą ÙĘÎİÎÄÅÎ ÅÔËÉÎÌÉøÉ 
ÄÁÈÁ ÁÚÄąÒȢ #ÏÎÅÓ ÉÌÅ ÙÁÎ ÌÏÂÌÁÒ ÓÅÖÉÙÅÓÉ 
ÂÁÓÔąÒąÌÍÁÓąÎÄÁ ÄÉøÅÒ ÔÉÐÌÅÒÅ ËąÙÁÓÌÁ ÏÒÔÁÌÁÍÁ ÂÉÒ 
ÏÒÁÎ ÙÁËÁÌÁÎÍąĥ ÁÙÒąÃÁ Ùİksek merkez dalgaboyu 
ÙÁÎÓąÍÁÓąÎÁ ËÁÒĥąÎ ĘÚÅÌÌÉËÌÅ ÂÁÎÔ ÇÅÎÉĥÌÉøÉ 
ÁëąÓąÎÄÁÎ ÄÉøÅÒ ÔÉÐÌÅÒÅ ÇĘÒÅ ÖÅÒÉÍÓÉÚ ËÁÌÍąĥÔąÒȢ 
0ÒÏÐÏÓÅÄ ÁÐÏÄÉÚÁÓÙÏÎ ÔÉÐÉ ÉÌÅ ÅÎ ÄİĥİË ÓÅÖÉÙÅ ÙÁÎ 
ÌÏÂ ÅÌÄÅ ÅÄÉÌÍÅÓÉÎÉÎ ÙÁÎą ÓąÒÁ ÍÅÒËÅÚ ÄÁÌÇÁÂÏÙÕ 
ÙÁÎÓąÍÁÓą ÉÌÅ ÂÉÒÌÉËÔÅ ÂÁÎÔ ÇÅÎÉĥÌÉøÉ ÄÅ ÄÉøÅÒ ÔÉÐÌÅÒÅ 
ÇĘÒÅ ÏÒÔÁÌÁÍÁÎąÎ İÚÅÒÉÎÄÅÄÉÒȢ (ÁÍÍÉÎÇ ÉÌÅ ÅÌÄÅ 
ÅÄÉÌÅÎ ÙİËÓÅË ÍÅÒËÅÚ ÄÁÌÇÁÂÏÙÕ ÙÁÎÓąÍÁÓąÎÁ ÓÁÈÉÐ 
ÏÌÍÁÓąÎÁ ÒÁøÍÅÎ ÙÁÎ ÌÏÂ ÓÅÖÉÙÅÓÉ ÐÒÏÐÏÓÅÄ ÉÌÅ 
ËąÙÁÓÌÁÎÄąøąÎÁ ÙÕËÁÒąÄÁ ËÁÌÍąĥÔąÒȢ 

%ÌÄÅ ÅÄÉÌÅÎ ÂÕ ÖÅÒÉÌÅÒ ÄÏøÒÕÌÔÕÓÕÎÄÁȟ 2ÁÉÓÅÄ 3ÉÎÅ 
apodizasyonu uyguÌÁÎÁÎ &"'ÌÅÒÄÅȟ ÄİĥİË ÓÅÖÉÙÅÄÅ 
ÙÁÎ ÌÏÂÌÁÒÁ ÓÁÈÉÐ ÏÌÍÁÓąÎąÎ ÙÁÎąÓąÒÁȟ ÙÁÒąĥÉÄÄÅÔ 
ÂÁÎÔ ÇÅÎÉĥÌÉøÉÎÉÎ ÄÅ ÄÁÒ ÏÌÄÕøÕ ÇĘÒİÌÍİĥÔİÒȢ "Õ 
ÓÁÙÅÄÅ ÄÁÈÁ ÆÁÚÌÁ ĘÌëİÍ ÓÏÎÕÃÕ ÅÌÄÅ ÅÄÅÂÉÌÍÅË 
ÉëÉÎȟ ÂÉÒÉÍ ÙİÚÅÙÅ ÄÁÈÁ ÆÁÚÌÁ &"' ÙÅÒÌÅĥÔÉÒÉÌÍÅÓÉÎÅ 
ÏÌÁÎÁË ÓÁøÌÁÎÍÁËÔÁÄąÒȢ 
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vÚÅÔ 

Fiziksel ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ɉÓąÃÁËÌąËȟ ÂÁÓąÎëȟ ÎÅÍȟ ÖÂȢɊ ÔÅÓÐÉÔ ÖÅ ĘÌëİÍİÎİ ÙÁÐÁÒÁË ÁÌÇąÌÁÎÁÎ ÖÅÒÉÌÅÒÉÎ ÂÉÌÇÉ 
ÔÏÐÌÁÍÁ ÍÅËÁÎÉÚÍÁÓąÎÁ ÁËÔÁÒąÌÍÁÓąÎą ÓÁøÌÁÙÁÎ ÔÅËÎÏÌÏÊÉÙÅ ÓÅÎÓĘÒ ÔÅËÎÏÌÏÊÉÓÉ ÄÅÎÉÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȟ 
ÂÉÌÇÉÙÉ ąĥąËÌÁ ÂÉÒÌÉËÔÅ ÄÉøÅÒ ÓÅÎÓĘÒÌÅÒÅ ÏÒÁÎÌÁ ÄÁÈÁ ÈąÚÌą ÖÅ ÇİÖÅÎÌÉ ÂÉÒ ĥÅËÉÌÄÅ ÉÌÅÔÍÅÓÉ ÉÌÅ ËÕÌÌÁÎąÍ ÁÌÁÎÌÁÒą ÇİÎ 
ÇÅëÔÉËëÅ ÁÒÔÍÁËÔÁÄąÒȢ +İëİË ÂÏÙÕÔÌÁÒÁ ÓÁÈÉÐ ÏÌÍÁȟ ÕÚÁË ÍÅÓÁÆÅÌÅÒÄÅÎ ÙİËÓÅË ÈÁÓÓÁÓÉÙÅÔÌÅ ÖÅÒÉ ÔÁËÉÂÉȟ 
ÅÌÅËÔÒÏÍÁÎÙÅÔÉË ÇÉÒÉĥÉÍÄÅÎ ÅÔËÉÌÅÎÍÅÍÅ ÇÉÂÉ ĘÚÅÌÌÉËÌÅÒ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉ ÄÉøÅÒ ÓÅÎÓĘÒÌÅÒÄÅÎ ÁÙąÒÁÎ ÅÎ 
ĘÎÅÍÌÉ ĘÚÅÌÌÉËÌÅÒÄÉÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÄÅÎ ÂÉÒÉ ÏÌÁÎ ÄÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȠ ÏÐÔÉË ÆÉÂÅÒ İÚÅÒÉÎÄÅ 
ÉÌÅÔÉÌÅÎ ÖÅ ÇÅÒÉ ÓÁëąÌÁÎ ąĥąË İÚÅÒÉÎÄÅ ÏÌÕĥÁÎ ÇÅÒÉÎÉÍȟ ÓąÃÁËÌąË ÖÂȢ ÇÉÂÉ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÁÌÇąÌÁÎÍÁÓąÎÁ ÖÅ 
ÉÎÃÅÌÅÎÍÅÓÉÎÅ ÏÌÁÎÁË ÓÁøÌÁÍÁËÔÁÄąÒȢ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓą ÇÅÒÉÎÉÍ ÖÅ ÓąÃÁËÌąË ÇÉÂÉ ĘÚÅÌÌÉËÌÅÒÉÎ ÆÉÂÅÒ ÏÐÔÉË 
ÂÏÙÕÎÃÁ ÔÅÓÐÉÔÉ ÖÅ ÔÁËÉÂÉÎÄÅ ËÕÌÌÁÎąÌÁÎ ÂÉÒ ÄÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ëÅĥÉÄÉÄÉÒȢ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÄÁËÉ Çİë 
ÄÅøÉĥÉÍÌÅÒÉÎÅ ÅÔËÉ ÅÄÅÎ ÅÆÅËÔÉÆ ÁÌÁÎ ÅÎÅÒÊÉÎÉÎ ÄÁøąÔąÌÄąøą ÖÅ ÅÔËÉ ÅÔÔÉøÉ ÁÌÁÎ ÏÌÁÒÁË ÔÁÎąÍÌÁÎÍÁËÔÁÄąÒȢ "Õ 
ÂÉÌÄÉÒÉÄÅ ÆÁÒËÌą ÅÆÅËÔÉÆ ÁÌÁÎ ÄÅøÅÒÌÅÒÉÎÉÎ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÁ ÏÌÁÎ ÅÔËÉÓÉ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ËÕÌÌÁÎąÌÁÒÁË 
ÁÎÁÌÉÚ ÅÄÉÌÍÉĥÔÉÒȢ 

Anahtar Kelimeler : &ÉÂÅÒ /ÐÔÉË 3ÅÎÓĘÒÌÅÒȟ 2ÁÙÌÅÉÇÈ 3ÁëąÌÍÁÓąȟ %ÆÅËÔÉÆ !ÌÁÎȟ OptiSystem 

Realization of Temperature Sensing with Distributed Fiber Optic Sensors Using 
OptiSystem Program  

Abstract  

The technology that enables the detection and measurement of physical parameters (temperature, pressure, 
humidity, etc.) to be transferred to the information gathering mechanism is called sensor technology. Fiber 
optic sensors are increasing their usage areas day by day, by transmitting information with light faster and 
safer than other sensors. The features such as having small dimensions, tracking data with high sensitivity 
from long distances, and being unaffected by electromagnetic interference are the most important features 
that distinguish fiber optic sensors from other sensors. Distributed fiber optic sensors, one of the fiber optic 
sensors; strain, temperature, etc. generated on the light transmitted and scattered on the optical fiber. It 
enables the detection and analysis of such parameters. Rayleigh scattering is a type of distributed fiber optic 
sensor used to detect and track properties such as strain and temperature throughout the fiber optic. The 
effective area that affects power changes in Rayleigh scattering is defined as the area where energy is 
distributed and acts. In this paper, the effect of different effective field values on Rayleigh scattering was 
analyzed using the OptiSystem program. 

Keywords: Fiber Optic Sensors, Rayleigh Scattering, Effective Area, OptiSystem 
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1 'ÉÒÉĥ 

&ÉÂÅÒ ÏÐÔÉË ÁÌÁÎąÎÄÁ ÙÁÐąÌÁÎ ëÁÌąĥÍÁÌÁÒ ÂÕ ÁÌÁÎÁ 
ÏÌÁÎ ÉÌÇÉÙÉ ÖÅ ËÏÎÕ ÈÁËËąÎÄÁËÉ ÁÒÁĥÔąÒÍÁÌÁÒą ÏÌÄÕËëÁ 
ÁÒÔÔąÒÍąĥÔąÒȢ &ÉÚÉËÓÅÌ ÂİÙİËÌİËÌÅÒ ɉÇÅÒÉÎÉÍȟ ÓąÃÁËÌąË 
ÖÂȢɊ ÈÁËËąÎÄÁËÉ ÂÉÌÇÉÌÅÒÉÎ ÆÉÂÅÒ ÏÐÔÉË ÔÅËÎÏÌÏÊÉÓÉÙÌÅ 
ëÏË ÙİËÓÅË ÈąÚÌÁÒÄÁ ÖÅ ÖÅÒÉÍÌÉ ÂÉÒ ĥÅËÉÌÄÅ ÉÌÅÔÉÍÉ 
ëÏË ÂİÙİË ÁÖÁÎÔÁÊÌÁÒ ÓÁøÌÁÄąøą ÉëÉÎ ÂÕ ËÏÎÕÄÁËÉ 
ëÁÌąĥÍÁÌÁÒ ÇİÎİÍİÚ ÔÅËÎÏÌÏÊÉÓÉÎÅ ąĥąË ÔÕÔÍÁËÔÁÄąÒȢ 
/ÐÔÉË ÅÌÅÍÁÎÌÁÒąÎ ÇİÎ ÇÅëÔÉËëÅ ÄÁÈÁ ËÕÌÌÁÎąĥÌą ÈÁÌÅ 
gelmesi ve fiber optik teknolojisiyle olan uyumu 
ÓÏÎÕÃÕÎÄÁ ÏÒÔÁÙÁ ëąËÁÎ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ ÄÁÈÁ 
ĘÎÃÅ ËÕÌÌÁÎąÌÁÎ ÓÅÎÓĘÒ ëÅĥÉÔÌÅÒÉÎÅ ÇĘÒÅ ÄÁÈÁ 
ÅÌÖÅÒÉĥÌÉ ÂÉÒ ÓÉÓÔÅÍ ÏÌÍÁÓąÙÌÁ ÂÉÒÌÉËÔÅ ÇİÎİÍİÚ 
ÓÅÎÓĘÒ ÔÅËÎÏÌÏÊÉÓÉÎÅ ÙÅÎÉ ëÁÌąĥÍÁ ÁÌÁÎÌÁÒą 
ËÁÚÁÎÄąÒÍÁËÔÁÄąÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÔÅËÎÏÌÏÊÉÓÉÎÉÎ 
ÄÉøÅÒ ÓÅÎÓĘÒ ëÅĥÉÔÌÅÒÉÎÅ ÇĘÒÅ ÄÁÈÁ ËÕÌÌÁÎąĥÌą ÖÅ 
ÅÌÖÅÒÉĥÌÉ ÏÌÍÁÓąÎąÎ ÂÉÒëÏË ÓÅÂÅÂÉ ÖÁÒÄąÒȢ +İëİË 
ÂÏÙÕÔÌÕ ÏÌÍÁÌÁÒąȟ ËÏÒÏÚÙÏÎÁ ËÁÒĥą ÙİËÓÅË ÄÉÒÅÎëÌÉ 
ÏÌÍÁÌÁÒąȟ ÈÁÓÓÁÓÌąË ÓÅÖÉÙÅÓÉÎÉÎ ÙİËÓÅË ÏÌÍÁÓąȟ ëÏË 
ÕÚÁË ÍÅÓÁÆÅÌÅÒÄÅÎ ÁÌÇąÌÁÍÁ ĘÚÅÌÌÉøÉȟ 
ÅÌÅËÔÒÏÍÁÎÙÅÔÉË ÇÉÒÉĥÉÍ ÓÏÎÕÃÕÎÄÁ ÏÌÕĥÁÂÉÌÅÃÅË 
ÂÏÚÕÎÍÁÌÁÒÁ ÉÍËÝÎ ÖÅÒÍÅÍÅȟ ÅÌÖÅÒÉĥÓÉÚ 
ÏÒÔÁÍÌÁÒÄÁ ÖÅÒÉÍÌÉ ÉÌÅÔÉÍ ÓÁøÌÁÍÁȟ ÆÉÚÉËÓÅÌ 
ĘÚÅÌÌÉËÌÅÒÉ ɉÂÁÓąÎëȟ ÓąÃÁËÌąËȟ ÇÅÒÉÎÉÍȟ ËÏÒÏÚÙÏÎȟ Çİëȟ 
ÖÉÂÒÁÓÙÏÎ ÖÂȢɊ ÁÌÇąÌÁÍÁ ÇÉÂÉ ĘÚÅÌÌÉËÌÅÒ ÆÉÂÅÒ ÏÐÔÉË 
ÓÅÎÓĘÒÌÅÒÉ ÄÉøÅÒ ÓÅÎÓĘÒ ëÅĥÉÔÌÅÒÉÎÄÅÎ ÁÙąÒÁÎ ÅÎ 
ÔÅÍÅÌ ĘÚÅÌÌÉËÌÅÒÄÉÒ ɍρ-3]. 

&ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ ¤ÅËÉÌ ρȭÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ İë 
ÆÁÒËÌą ÇÒÕÂÁ ÁÙÒąÌÍąĥÔąÒȢ "ÕÎÌÁÒÄÁÎ ÂÉÒÉ ÏÌÁÎ ÄÁøąÎąË 
ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȠ ÏÐÔÉË ÆÉÂÅÒ İÚÅÒÉÎÄÅ ÉÌÅÔÉÌÅÎ ÖÅ 
ÇÅÒÉ ÓÁëąÌÁÎ ąĥąË İÚÅÒÉÎÄÅ ÏÌÕĥÁÎ ÇÅÒÉÎÉÍȟ ÓąÃÁËÌąË 
ÖÂȢ ÇÉÂÉ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÁÌÇąÌÁÎÍÁÓąÎÁ ÖÅ 
ÉÎÃÅÌÅÎÍÅÓÉÎÅ ÏÌÁÎÁË ÓÁøÌÁÍÁËÔÁÄąÒȢ 3ąÎąÒ 
ÇİÖÅÎÌÉøÉȟ ÂÁÒÁÊÌÁÒȟ ÔİÎÅÌÌÅÒȟ ÈÁÖÁ ÁÒÁëÌÁÒąȟ ÏÔÏÍÏÔÉÖȟ 
ËĘÐÒİÌÅÒ ÇÉÂÉ ÂÉÒëÏË ÁÌÁÎÄÁ ËÕÌÌÁÎąÌÁÎ ÄÁøąÎąË ÆÉÂÅÒ 
ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ ¤ÅËÉÌ ρȭÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ İë ÔÅÍÅÌ 
ÓÁëąÌÍÁÄÁÎ ÏÌÕĥÍÁËÔÁÄąÒȢ "Õ ÓÁëąÌÍÁÌÁÒÄÁÎ ÂÉÒÉ 
ÏÌÁÎ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓą ÇÅÒÉÎÉÍ ÖÅ ÓąÃÁËÌąË ÇÉÂÉ 
ĘÚÅÌÌÉËÌÅÒÉÎ ÆÉÂÅÒ ÏÐÔÉË ÂÏÙÕÎÃÁ ÔÅÓÐÉÔÉ ÖÅ ÔÁËÉÂÉÎÄÅ 
ËÕÌÌÁÎąÌÁÎ ÖÅ ÂÉÒ ÓÁëąÌÍÁ ÔİÒİÄİÒ ɍςɎȢ +ąÓÁ 
ÍÅÓÁÆÅÌÅÒÄÅ ÍİËÅÍÍÅÌ ëĘÚİÎİÒÌİË ÅÌÄÅ ÅÄÉÌÅÎ 
2ÁÙÌÅÉÇÈ ÔÁÂÁÎÌą ÓÁëąÌÍÁ ÓÉÓÔÅÍÌÅÒÉÎÄÅÎ ÂÉÒÉ ÏÌÁÎ 
/ÐÔÉË 3ÁëąÌÍÁ 2ÅÆÌÅËÔÏÍÅÔÒÅ ɉ/"2Ɋ ÙİËÓÅË 
ÈÁÓÓÁÓÉÙÅÔÌÉ ĘÌëİÍÌÅÒÌÅ ÆÉÚÉËÓÅÌ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ 
ÔÁËÉÂÉÎÉ ÓÁøÌÁÍÁËÔÁÄąÒ ɍρɎȢ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÄÁËÉ 
Çİë ÄÅøÉĥÉÍÌÅÒÉ ÆÉÂÅÒ ÏÐÔÉË İÚÅÒÉÎÄÅËÉ ÂÉÒëÏË 
ĘÚÅÌÌÉøÅ ÂÁøÌą ÏÌÁÒÁË ÄÅøÉĥÍÅËÔÅ ÏÌÕÐ ÂÕ 
ĘÚÅÌÌÉËÌÅÒÄÅÎ ÂÉÒÉ ÏÌÁÎ ÅÆÅËÔÉÆ ÁÌÁÎ ÅÎÅÒÊÉÎÉÎ 
ÄÁøąÔąÌÄąøą ÖÅ ÅÔËÉ ÅÔÔÉøÉ ÁÌÁÎ ÏÌÁÒÁË 
ÔÁÎąÍÌÁÎÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁÄÁ /ÐÔÉ3ÙÓÔÅÍ 
ÐÒÏÇÒÁÍą ËÕÌÌÁÎąÌÁÒÁË ÅÆÅËÔÉÆ ÁÌÁÎ ÐÁÒÁÍÅÔÒÅÓÉnin 
2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÁ ÏÌÁÎ ÅÔËÉÓÉ ÉÎÃÅÌÅÎÅÃÅËÔÉÒȢ   

 

¤ÅËÉÌ 2Ȣ&ÉÂÅÒ /ÐÔÉË 3ÅÎÓĘÒÌÅÒÉÎ 3ąÎąÆÌÁÎÄąÒąÌÍÁÓą ɍτɎ 

2 $ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ 

$ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÁëąÌÍÁÌÁÒÄÁ ËÕÌÌÁÎąÌÁÎ ÁÌÇąÌÁÍÁ 
ÙĘÎÔÅÍÉȟ ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅ ÉÌÅÔÉÌÅÎ ÖÅ ÙÁÎÓąÙÁÎ ąĥąøąÎ 
İÚÅÒÉÎÄÅ ÏÌÕĥÁÎ ÓąÃÁËÌąË ÖÅ ÇÅÒÉÎÉÍ ÇÉÂÉ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÁÌÇąÌÁÎÄąøą ÙĘÎÔÅÍÄÉÒȢ "Õ ÁÌÇąÌÁÍÁ 
ÙĘÎÔÅÍÉ ¤ÅËÉÌ ςȭÄÅ ÖÅÒÉÌÄÉøÉ ÇÉÂÉ İë ÆÁÒËÌą ĥÅËÉÌÄÅ 
ÇÅÒëÅËÌÅĥÍÅËÔÅÄÉÒȢ .ÏËÔÁÓÁÌ ÁÌÇąÌÁÍÁȟ ÆÉÂÅÒ ÏÐÔÉË 
ÓÏÎÕÎÄÁËÉ ÓÅÎÓĘÒ ÁÒÁÃąÌąøąÙÌÁ ÓąÃÁËÌąËȟ ÇÅÒÉÎÉÍ ÖÂȢ 
ÇÉÂÉ ÄÅøÉĥÉÍÌÅÒÉÎ ÔÁËÉÐ ÅÄÉÌÍÅÓÉÎÉ ÓÁøÌÁÒȢ 9ÁÒą 
ÄÁøąÎąË ÁÌÇąÌÁÍÁȟ ÂÅÌÌÉ ÁÒÁÌąËÌÁÒÌÁ ÙÅÒÌÅĥÔÉÒÉÌÅÎ ÆÉÂÅÒ 
ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÉÎ ÉÓÔÅÎÉÌÅÎ ÐÁÒÁÍÅÔÒÅÌÅÒÉ ÅÌÄÅ 
ÅÔÍÅÓÉÙÌÅ ÇÅÒëÅËÌÅĥÉÒȢ 4ÁÍ ÄÁøąÎąË ÁÌÇąÌÁÍÁȟ ÆÉÂÅÒ 
ÏÐÔÉË ÂÏÙÕÎÃÁ ÂÉÌÇÉÎÉÎ ÄÅÖÁÍÌą ÏÌÁÒÁË ÔÁËÉÂÉÎÉ 
ÓÁøÌÁÍÁËÔÁÄąÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ ËÕÌÌÁÎąÌÍÁÄÁÎ 
ĘÎÃÅ ÇÅÒÅËÌÉ ÖÅÒÉ ÔÁËÉÂÉ ëÏË ÓÁÙąÄÁ ÓÅÎÓĘÒÅ ÉÈÔÉÙÁë 
ÄÕÙÕÌÁÒÁË ÙÁÐąÌÍÁËÔÁÙÄą ÁÎÃÁË ÂÕ ÄÕÒÕÍ ÍÁÌÉÙÅÔÉÎ 
ÁÒÔÍÁÓąÎÁ ÖÅ ÖÅÒÉ ÔÁËÉÂÉÎÉÎ ÚÏÒÌÁĥÍÁÓąÎÁ ÓÅÂÅÐ 
ÏÌÍÕĥÔÕÒ ɍρȟ ςȟ υɎȢ $ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒÄÅËÉ 
ÁÌÇąÌÁÍÁ ÙĘÎÔÅÍÌÅÒÉ Éstenilen verinin daha ucuz ve 
Åĥ ÚÁÍÁÎÌą ÔÁËÉÂÉÎÉ ÍİÍËİÎ ËąÌÍÁËÔÁÄąÒȢ 

 

¤ÅËÉÌ 3Ȣ$ÁøąÎąË !ÌÇąÌÁÍÁ 9ĘÎÔÅÍÌÅÒÉ ɍρɎ 

$ÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȟ ÅÌÁÓÔÉË ÖÅ ÅÌÁÓÔÉË 
ÏÌÍÁÙÁÎ ÓÁëąÌÍÁ ÔİÒÌÅÒÉ ÏÌÁÒÁË ÉËÉÙÅ ÁÙÒąÌÍÁËÔÁÄąÒȢ 
%ÌÁÓÔÉË ÖÅ ÅÌÁÓÔÉË ÏÌÍÁÙÁÎ ÓÁëąÌÍÁ ÔİÒÌÅÒÉ ÁÒÁÓąÎÄÁËÉ 
ÔÅÍÅÌ ÆÁÒËÌąÌąË ÆÒÅËÁÎÓ ÄÅøÉĥÉÍÉÎÄÅÎ 
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ËÁÙÎÁËÌÁÎÍÁËÔÁÄąÒȢ /ÐÔÉË ÆÉÂÅÒÉÎ ÉëÅÒÉÓÉÎÄÅ 
ilerleyen dalga ile ÏÐÔÉË ÆÉÂÅÒÄÅÎ ÙÁÎÓąÙÁÎ ÄÁÌÇÁ 
ÁÒÁÓąÎÄÁ ÆÒÅËÁÎÓ ÆÁÒËą ÏÌÍÁÍÁÓą ÅÌÁÓÔÉË ÓÁëąÌÍÁÙąȟ 
ÆÒÅËÁÎÓ ÆÁÒËą ÏÌÍÁÓą ÅÌÁÓÔÉË ÏÌÍÁÙÁÎ ÓÁëąÌÍÁ ÔİÒİÎİ 
ÔÅÍÓÉÌ ÅÔÍÅËÔÅÄÉÒȢ "ÒÉÌÌÏÕÉÎ ÖÅ 2ÁÍÁÎ ÓÁëąÌÍÁÌÁÒą 
ÅÌÁÓÔÉË ÏÌÍÁÙÁÎ ÓÁëąÌÍÁÙą ÔÅÍÓÉÌ ÅÄÅÒËÅÎ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÓą ÉÓÅ ÅÌÁÓÔÉË ÓÁëąÌÍÁ ÔİÒİÎİ ÔÅÍÓÉÌ 
ÅÔÍÅËÔÅÄÉÒȢ ¤ÅËÉÌ σȭÄÅ ÇĘÓÔÅÒÉÌÅÎ ÆÒÅËÁÎÓ 
ÓÐÅËÔÒÕÍÕÎÄÁ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎąÎ 2ÁÍÁÎ 
ÓÁëąÌÍÁÓąÙÌÁ ρσ 4(Úȟ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÙÌÁ ρρ '(Ú 
ÆÒÅËÁÎÓ ÆÁÒËą ÏÌÕĥÔÕÒÄÕøÕ ÂÉÌÉÎÍÅËÔÅÄÉÒȢ 2ÁÙÌÅÉÇÈ 
ÖÅ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÌÁÒąÙÌÁ ÇÅÒÉÎÉÍ ÖÅ ÓąÃÁËÌąË 
parametrelerinin izlenmesiyle beraber Raman 
ÓÁëąÌÍÁÓąÙÌÁ ÓÁÄÅÃÅ ÓąÃÁËÌąË ÐÁÒÁÍÅÔÒÅÓÉ 
izlenebilmektedir [2, 6]. 

 

¤ÅËÉÌ 4. Frekans Spektrumu [7] 

3 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓą 

2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąȟ ÆÉÂÅÒÉÎ ÉëÅÒÉÓÉÎÄÅ ÏÌÕĥÁÎ ÖÅ 
ÆÉÂÅÒÉÎ ÈÅÒ ÎÏËÔÁÓąÎÄÁ ÂÕÌÕÎÁÎ ÅÌÁÓÔÉË ÂÉÒ 
ÓÁëąÌÍÁÄąÒȢ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ÅÔËÉÓÉ ÈÅÍ ÇÅÒÉÎÉÍ 
ÈÅÍ ÄÅ ÓąÃÁËÌąË ÉÚÌÅÍÅ ÉëÉÎ ËÕÌÌÁÎąÌÁÂÉÌÉÒɍσɎȢ  
&ÉÂÅÒÉÎ ÏÌÕĥÔÕÒÕÌÍÁÓą ÅÓÎÁÓąÎÄÁ ÄÁÌÇÁÌÁÎÍÁÌÁÒÄÁÎȟ 
ÄİÚÅÎÓÉÚÌÉËÌÅÒÄÅÎ ÖÅ ÈÏÍÏÊÅÎ ÏÌÍÁÙÁÎ ÒÁÓÔÇÅÌÅ 
ÙÁÐąÌÁÒÄÁÎ ÍÅÙÄÁÎÁ ÇÅÌÅÎ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓą ÏÐÔÉË 
ÆÉÂÅÒ İÚÅÒÉÎÄÅËÉ ËÁÙÂąÎ ÂİÙİË ÂÉÒ ËąÓÍąÎą 
ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ $İÚÅÎÓÉÚÌÉËÌÅÒÅ ÂÁøÌą ÏÌÁÒÁË 
ËąÒąÌÍÁ ÉÎÄÉÓÉÎÄÅ ëÅĥÉÔÌÉ ÄÁÌÇÁÌÁÎÍÁÌÁÒ ÍÅÙÄÁÎÁ 
gelmektedir ve bu dalgalanmalara sebep olan 
ÄÅøÉĥÉÍÌÅÒÄÅÎ ÂÉÒÉ ÏÌÁÎ ÙÏøÕÎÌÕËÔÁ ÍÅÙÄÁÎÁ ÇÅÌÅÎ 
ÄÅøÉĥÉÍÌÅÒ ËąÒąÌÍÁ ÉÎÄÉÓÉ ÄÁÌÇÁÌÁÎÍÁÌÁÒąÎą 
tÅÔÉËÌÅÍÅËÔÅÄÉÒȢ 9ÏøÕÎÌÕË ÄÅøÉĥÉÍÌÅÒÉ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÓąÎÄÁ ÂÉÒ ÚÁÙąÆÌÁÍÁ ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ "Õ 
ÚÁÙąÆÌÁÍÁÙÁ ÂÁøÌą ÏÌÁÒÁË 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ËÁÔÓÁÙąÓąȠ 

‎ ψ“Ⱦσ‗ ὲὴ‍ὑὝ (1)  

denklemiyle ifade edilmektedir. Burada ‎ ÓÁëąÌÍÁ 
ËÁÔÓÁÙąÓąȟ ‗ optik dalga boyu, ὴ ÏÒÔÁÍąÎ ÆÏÔÏÅÌÁÓÔÉË 
ËÁÔÓÁÙąÓąȟ  ὑ Boltzman sabiti, ‍ izotermal 
ÓąËąĥÔąÒąÌÁÂÉÌÍÅȟ  ὲ ËąÒąÌÍÁ ÉÎÄÉÓÉȟ  Ὕ ise termal 
ÄÅÎÇÅ ÓąÃÁËÌąøąÄąÒ ɍψɎȢ ɉρɊ ÅĥÉÔÌÉøÉÎÄÅÎ ÇĘÒİÌÄİøİ 
İÚÅÒÅ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ËÁÔÓÁÙąÓąÎąÎ ÚÁÙąÆÌÁÍÁÓą 
optik dalga bÏÙÕÎÕÎ ÄÅøÅÒÉ ÉÌÅ ÏÒÁÎÔąÌą ÏÌÁÒÁË 
ÄÅøÉĥÍÅËÔÅÄÉÒȢ 3ÁëąÌÍÁ ËÁÔÓÁÙąÓąÎÁ ÂÁøÌą ÏÌÁÒÁË 
ÆÉÂÅÒÉÎ ÉÌÅÔÉÍ ËÁÙąÐ ëÁÒÐÁÎą ɉÔÒÁÎÓÖÉÔÉɊ 
bulunabilmektedir [9].               

fl ÅØÐ‎ὒ (2)  

"Õ ÅĥÉÔÌÉËÔÅ fl ÉÌÅÔÉÍ ËÁÙąÐ ëÁÒÐÁÎąÎąȟ ‎ ÓÁëąÌÍÁ 
ËÁÔÓÁÙąÓąÎąȟ ὒ ÉÓÅ ÏÐÔÉË ÆÉÂÅÒÉÎ ÕÚÕÎÌÕøÕÄÕÒȢ "Õ 
ÅĥÉÔÌÉËÔÅÎ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ËÁÙÂąȠ   

‌
Ὠὄ

Ὧά
ρπὰέὫ

ὒ

fl
 (3)  

ɉσɊ ÄÅÎËÌÅÍÉÎÄÅËÉ ÇÉÂÉ ÔÁÎąÍÌÁÎÍÁËÔÁÄąÒ ɍψȟ 

9]. ‌  ËÍ ÂÁĥąÎÁ ÏÌÕĥÁÎ ËÁÙąÐ ÍÉËÔÁÒąÎą 

desibel ile belirtmektedir. 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÌą 
ÄÁøąÎąË ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒȟ ÓąÃÁËÌąË ÖÅ ÇÅÒÉÎÉÍ 
ÉÚÌÅÍÅÌÅÒÉÎÄÅ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁÓąÎąÎ Çİë ÄÅøÉĥÉÍÌÅÒÉ ÓąÃÁËÌąË ÖÅ ÇÅÒÉÎÉÍÅ 
ÂÁøÌą ÏÌÁÒÁË ÄÅøÉĥÉËÌÉË ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 3ąÃÁËÌąË 
ÅÔËÉÓÉÎÉ ÓÁÂÉÔ ÔÕÔÕÐ ÇÅÒÉÎÉÍ ÄÅøÅÒÌÅÒÉÎÉ ÄÅøÉĥtirerek 
ÖÅÙÁ ÇÅÒÉÎÉÍ ÄÅøÅÒÌÅÒÉÎÉ ÓÁÂÉÔ ÔÕÔÕÐ ÓąÃÁËÌąË 
ÄÅøÉĥÉËÌÉËÌÅÒÉÎÉ ÄÅøÉĥÔÉÒÉÌÅÒÅË ÉÓÔÅÎÉÌÅÎ 
parametreler elde edilebilmektedir. Rayleigh 
ÓÁëąÌÍÁÓą "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎÁ ÇĘÒÅ ÄÁÈÁ ËąÓÁ 
ÍÅÓÁÆÅÌÅÒÄÅ ÄÁÈÁ ÅÔËÉÎ ëĘÚİÎİÒÌİËÌÅÒÌÅ ÁÎÁÌÉÚ 
ÙÁÐÍÁËÔÁÄąÒȢ "ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓą ÙÁËÌÁĥąË ÏÌÁÒÁË 
ςππ ËÍ ÕÚÕÎÌÕøÕÎÄÁËÉ ÆÉÂÅÒÄÅ ÁÎÁÌÉÚ ÙÁÐÁÒËÅÎ 
2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓą ËąÓÁ ÂÏÙÌÁÒÄÁËÉ ÆÉÂÅÒÌÅÒÄÅ ÁÎÁÌÉÚ 
ÙÁÐÍÁËÔÁÄąÒ ɍρπɎȢ !ÎÃÁË 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎąÎ 
"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎÁ ÇĘÒÅ ÓąÃÁËÌąË ËÁÔÓÁÙąÓą ÄÁÈÁ 
ÄİĥİË ÏÌÄÕøÕÎÄÁÎ ÓąÃÁËÌąË ëĘÚİÎİÒÌİøİ πȢρ ȍC ve 
ÇÅÒÉÎÉÍ ëĘÚİÎİÒÌİøİ ρА ̤ ÄÅøÅÒÌÅÒÉÎÄÅ ÈÁÓÓÁÓ 
ĘÌëİÍÌÅÒ ÙÁÐąÌÁÂÉÌÍÅËÔÅÄÉÒȢ "Õ ëĘÚİÎİÒÌİË 
ÄÅøÅÒÌÅÒÉ ËąÓÁ ÍÅÓÁÆÅÌÅÒÄÅ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎąÎ 
"ÒÉÌÌÏÕÉÎ ÓÁëąÌÍÁÓąÎÁ ÇĘÒÅ ÄÁÈÁ ÁÖÁÎÔÁÊÌą ÏÌÄÕøÕÎÕ 
ÇĘÓÔÅÒÍÅËÔÅÄÉÒ ɍρȟ τȟ χɎȢ 

    Optik Zaman Alan Reflektrometre (OTDR) ilk 
ËÕÌÌÁÎąÌÍÁÙÁ ÂÁĥÌÁÄąøąÎÄÁ ÔÅÌÅËÏÍİÎÉËÁÓÙÏÎ 
ÁÒąÚÁÓą ÉëÉÎ ÆÉÂÅÒ ÏÐÔÉË ËÁÂÌÏÌÁÒą ÔÅÓÔ ÅÔÍÅËÔÅÙÄÉ 
ɍρρɎȢ &ÉÂÅÒ ÏÐÔÉË İÚÅÒÉÎÅ ÕÙÇÕÌÁÎÁÎ ÄÁÒÂÅÎÉÎ ÆÉÂÅÒ 
ÂÏÙÕÎÃÁ ÙÁÙąÌÍÁÓąÙÌÁ ÂÉÒÌÉËÔÅ ÇÅÒÉ ÓÁëąÌÁÎ ąĥąË 
ÍÉËÔÁÒąÎą ÁÎÁÌÉÚ ÅÄÅÎ ¤ÅËÉÌ τȬÔÅËÉ /4$2 ÙĘÎÔÅÍi, 
2ÁÙÌÅÉÇÈ ÇÅÒÉ ÓÁëąÌÍÁÓąÎąÎ ÙÏøÕÎÌÕË ÄÅøÉĥÉÍÉÎÉ 
ÁÎÁÌÉÚ ÅÄÅÒÅË ÏÌÕĥÁÎ ÚÁÙąÆÌÁÍÁÙą ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 
Sinyal ÂÉÒ ÆÏÔÏÄÅÄÅËÔĘÒ ÉÌÅ ÇİëÌÅÎÄÉÒÉÌÍÉĥ ÖÅ ÄÁÈÁ 
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ÓÏÎÒÁ ÓÁÙąÓÁÌÌÁĥÔąÒąÌÍąĥ ÂÉÒ ÅÌÅËÔÒÉË ÁËąÍąÎÁ 
ÄĘÎİĥÔİÒİÌÍİĥÔİÒ ɍςɎȢ 

 

¤ÅËÉÌ 5Ȣ /4$2 ÔÁÂÁÎÌą 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ÓÉÓÔÅÍÉ ÖÅ ÍÅÓÁÆÅ 
ÚÁÍÁÎ ÇÒÁÆÉøÉ ɍςɎ 

¤ÅËÉÌ υȬÔÅ ÇĘÒİÌÅÎ /ÐÔÉË &ÒÅËÁÎÓ !ÌÁÎ 
Reflektrometre (OFDR) sisteminin milimetre 
ÓÅÖÉÙÅÓÉÎÄÅËÉ ÕÚÁÍÓÁÌ ëĘÚİÎİÒÌİËÔÅ ĘÌëİÍ 
ÙÁÐÁÂÉÌÍÅÓÉ ÖÅ ÍÁÌÉÙÅÔÉÎÉÎ ÄİĥİË ÏÌÍÁÓą ÂÕ /&$2 
ÓÉÓÔÅÍÉÎÅ ÏÌÁÎ ÉÌÇÉÎÉÎ ÁÒÔÔąÒÍąĥÔąÒȢ /4$2 ÔÁÂÁÎÌą 
ÓÉÓÔÅÍÌÅÒÉÎ ÕÚÁÍÓÁÌ ëĘÚİÎİÒÌİøİÎİÎ ÙİËÓÅË 
ÖÅÒÉÍÌÉ ÏÌÍÁÓą ÉëÉÎ ÌÁÚÅÒ ËÁÙÎÁøąÎÄÁÎ ëąËÁÎ ąĥąøąÎ 
ÄÁÒ ÄÁÌÇÁ ÂÏÙÌÕ ÏÌÍÁÓą ÇÅÒÅËÍÅËÔÅÄÉÒȢ "Õ ÄÕÒÕÍ 
ÓÉÎÙÁÌÉÎ ÚÁÙąÆÌÁÍÁÓąÎÁ ÖÅ ÆÉÂÅÒ ÏÐÔÉË İÚÅÒÉÎÄÅËÉ 
ÚÁÙąÆÌÁÍÁÌÁÒą ÇĘÒÍÅË ÉëÉÎ ÐÁÈÁÌą /4$2 ÓÉÓÔÅÍÌÅÒÉ 
kÕÌÌÁÎąÌÍÁÓąÎÁ ÙÏÌ ÁëÍÁËÔÁÄąÒȢ !ÎÃÁË 2ÁÙÌÅÉÇÈ 
ÔÁÂÁÎÌą /&$2 ɉ/"2Ɋ ÓÉÓÔÅÍÌÅÒÉÎÉÎ ÇÅÌÉĥÔÉÒÉÌÍÅÓÉ ÂÕ 
ÄÕÒÕÍÕ ÏÒÔÁÄÁÎ ËÁÌÄąÒÍąĥÔąÒ ɍρȟ ςɎȢ 

 

¤ÅËÉÌ 6Ȣ /&$2 ÔÁÂÁÎÌą 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁ ÓÉÓÔÅÍÉ ɉ/"2Ɋ 
[12]  

4 Efektif alan  

&ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒÌÅÒ ÈÁÔ İÚÅÒÉÎÄÅËÉ ÚÁÙąÆÌÁÍÁÌÁÒąÎ 
ÖÅ ËÁÙąÐÌÁÒąÎ ÄÉøÅÒ ÓÅÎÓĘÒÌÅÒÅ ÏÒÁÎÌÁ ÄÁÈÁ ÄİĥİË 
ÏÌÄÕøÕ ÓÅÎÓĘÒ ëÅĥÉÄÉÄÉÒȢ &ÉÂÅÒ ÏÐÔÉË ÉëÅÒÉÓÉÎÄÅËÉ 
ĘÎÅÍÌÉ ÐÁÒÁÍÅÔÒÅÌÅÒÄÅÎ ÂÉÒÉ ÄÅ ÅÆÅËÔÉÆ ÁÌÁÎÄąÒȢ 
%ÆÅËÔÉÆ ÁÌÁÎąÎ ÄÅøÅÒÌÅÒÉ ÍÉËÒÏ ÍÅÒÅÔÅÂÅÌÅÒÉÎÄÅÄÉÒ 
ve kullÁÎąÌÁÎ ÆÉÂÅÒÅ ÇĘÒÅ ÄÅøÅÒÌÅÒÉ ÄÅøÉĥÉËÌÉË 
ÇĘÓÔÅÒÅÂÉÌÉÒȢ ¤ÅËÉÌ φȭÄÁ ÇĘÒİÌÄİøİ ÇÉÂÉ ÃÏÒÅ ÖÅ 
ÃÌÁÄÄÉÎÇ ÂĘÌÇÅÌÅÒÉÎÉÎ ÁÒÁÓąÎÄÁ ËÁÌÁÎ ÂĘÌÇÅÄÉÒ ɍρσɎȢ 

 

¤ÅËÉÌ 7Ȣ %ÆÅËÔÉÆ !ÌÁÎ 'ĘÒİÎİÍİ ɍρτɎ 

&ÉÂÅÒÉÎ ÅÔËÉ ÅÔÔÉøÉ ÁÌÁÎ ÏÌÁÒÁË ÔÁÎąÍÌÁÎÁÎ ÅÆÅËÔÉÆ 
alan (ὃ ); 

!  
ςʌ᷿ ȿ%ÒȿÒ ÄÒ

᷿ ȿ%ÒȿÒ ÄÒ
 

(4)  

ĥÅËÌÉÎÄÅ ÔÁÎąÍÌÁÎÍÁËÔÁÄąÒȢ %ɉÒɊ ÙÁÒąëÁÐɉÒɊȭÄÁËÉ 
ÆÉÂÅÒÉÎ ÙÁËąÎ ÁÌÁÎ ÇÅÎÌÉøÉÄÉÒ [13, 14]. 

$ÏøÒÕÓÁÌ ÏÌÍÁÙÁÎ ÅÆÅËÔÌÅÒ ÏÐÔÉË ÉÌÅÔÉĥÉÍ 
ÃÉÈÁÚÌÁÒąÎąÎ ÙİËÓÅË ÈąÚ ÖÅ ÄİĥİË ÅÎÅÒÊÉÄÅ ëÁÌąĥÍÁÓą 
ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÏÐÔÉË ÐÁÒÁÍÅÔÒÅÌÅÒÄÅÎÄÉÒȢ +ÕÌÌÁÎąÍ 
ÁÌÁÎÌÁÒąÎÁ ÇĘÒÅ ÄÅøÉĥÉËÌÉË ÇĘÓÔÅÒÅÎ ÂÕ 
ÐÁÒÁÍÅÔÒÅÎÉÎ ÅÆÅËÔÉÆ ÁÌÁÎ ÉÌÅ ÉÌÉĥËÉÓÉȠ 

ɾ  
ÎϜ×Ϛ

Ã!
 (5)  

ĥÅËÌÉÎÄÅ ÔÁÎąÍÌÁÎÍÁËÔÁÄąÒȢ ‎ ÄÏøÒÕÓÁÌ ÏÌÍÁÙÁÎ 
parametre,  ὲϜ ËąÒąÌÍÁ ÉÎÄÉÓÉÄÉÒȢ %ÆÅËÔÉÆ ÁÌÁÎąÎ 
ÁÒÔÍÁÓą ÄÏøÒÕÓÁÌ ÏÌÍÁÙÁÎ ÐÁÒÁÍÅÔÒÅ ÄÅøÅÒÉÎÉ 
ÁÚÁÌÔÍÁËÔÁÄąÒ ɍρσȟ ρυɎ. 

 
 
 
 

DƛǊƛǒ 5ŀǊōŜǎƛ 

Fiber Optik 

{ŀœƤƭƳŀ 
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5 OptiSystem 

&ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÓÉÓÔÅÍÌÅÒÉÎÉÎ ÔÁÓÁÒąÍą ÖÅ ÁÎÁÌÉÚÉ 
ÏÌÄÕËëÁ ËÁÒÍÁĥąË ÏÌÄÕøÕ ÉëÉÎ ÂÕ ĘÌëİÍÌÅÒÉÎ ÙÁÚąÌąÍ 
ÁÒÁëÌÁÒąÙÌÁ ÙÁÐąÌÍÁÓą ÓÁøÌąËÌą ÖÅÒÉÌÅÒÉÎ ÅÌÄÅ 
ÅÄÉÌÍÅÓÉÎÅ ÏÌÁÎÁË ÓÁøÌÁÍÁËÔÁÄąÒȢ 9ÁÚąÌąÍ 
ÁÒÁëÌÁÒąÎÄÁÎ ÂÉÒÉ ÏÌÁÎ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ÏÐÔÉË 
ÂÁøÌÁÎÔąÌÁÒą ÔÁÓÁÒÌÁÙÁÎ ÖÅ ÁÎÁÌÉÚ ÅÄÅÎ ëÏË ÉĥÌÅÖÌÉ ÂÉÒ 
ÓÉÍİÌÁÓÙÏÎ ÐÒÏÇÒÁÍąÄąÒȢ /ÐÔÉ3ÙÓÔÅÍȟ ÆÉÂÅÒ ÏÐÔÉË 
İÚÅÒÉÎÄÅ ÙÁÐąÌÁÎ ÄÅøÉĥÉËÌÉËÌÅÒÉÎ ëÅĥÉÔÌÉ ĘÌëİÍ 
ÙĘÎÔÅÍÌÅÒÉÙÌÅ ɉ/3!ȟ /4$2ȟ /ÓÉÌÏÓËÏÐ ÖÂȢɊ 
ĘÌëİÌÅÂÉÌÍÅÓÉÎÉ ÖÅ ÁÎÁÌÉÚ ÅÄÉÌÍesini 
ËÏÌÁÙÌÁĥÔąÒÍÁËÔÁÄąÒȢ (ÅÍ ÏÐÔÉË ĘÌëİÍÌÅÒ ÈÅÍ ÄÅ 
ÅÌÅËÔÒÉËÓÅÌ ĘÌëİÍÌÅÒ ÙÁÐąÌÁÂÉÌÍÅËÔÅÄÉÒȢ  &ÉÂÅÒ ÏÐÔÉË 
ÉëÅÒÉÓÉÎÄÅËÉ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ɉÓąÃÁËÌąËȟ ÅÆÅËÔÉÆ ÁÌÁÎȟ 
ËąÒąÌÍÁ ÉÎÄÉÓÉ ÖÂȢɊ ÆÉÂÅÒ ÏÐÔÉË ÈÁÔ İÚÅÒÉÎÄÅËÉ 
ÅÔËÉÓÉÎÉÎ /ÐÔÉ3ÙÓÔÅÍ ÐÒÏÇÒÁÍą ËÕÌÌÁÎąÌÁÒÁË 
incelenÍÅÓÉ ÆÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒ ÔÅËÎÏÌÏÊÉÓÉ 
ÈÁËËąÎÄÁËÉ ÁÒÁĥÔąÒÍÁÌÁÒąÎ ÁÒÔÍÁÓąÎÁ ÏÌÁÎÁË 
ÓÁøÌÁÍÁËÔÁÄąÒ ɍρφɎȢ 

6 Materyal ve metod  

/ÐÔÉ3ÙÓÔÅÍ ÓÉÍİÌÁÓÙÏÎ ÐÒÏÇÒÁÍąÎÄÁ 2ÁÙÌÅÉÇÈ 
ÓÁëąÌÍÁ ËÁÙąÐÌÁÒąÎąÎ ÅÆÅËÔÉÆ ÁÌÁÎ ÄÅøÅÒÌÅÒÉÎÅ ÇĘÒÅ 
ÇĘÓÔÅÒÄÉøÉ ÄÅøÉĥÉËÌÉË ¤ÅËÉÌ χȭÄÅËÉ ÓÉÍİÌÁÓÙÏÎ 
ÄÅÖÒÅÓÉÎÄÅ ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ 3ÉÍİÌÁÓÙÏÎ ÄÅÖÒÅÓÉÎÄÅ 

193.416 THz frekans (1550 nm) ve 1 mW (0 dBm) 
ÇİÃÅ ÓÁÈÉÐ #7 ɉ3İÒÅËÌÉ Dalga) Lazer, 1 GHz frekansa 
ÓÁÈÉÐ 3ÉÎİÓ ÄÁÌÇÁ İÒÅÔÅÃÉȟ -ÁÃÈ-:ÅÎÈÄÅÒ ÍÏÄİÌÁÔĘÒȟ 
ÏÐÔÉË ÓąÆąÒÌÁÙąÃąȟ ëÉÆÔ ÙĘÎÌİ ÏÐÔÉË ÆÉÂÅÒ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 
#7 ÌÁÚÅÒ ÓÁÂÉÔ ÇİëÔÅ ÖÅ ÓİÒÅËÌÉ ąĥąÎ ÄÅÍÅÔÉ 
ÙÁÙÍÁËÔÁÄąÒ ÖÅ ÄÁÌÇÁÎąÎ ÇÉÄÉĥ-ÄĘÎİĥ ÓİÒÅÓÉ ÂÉÒËÁë 
ÎÁÎÏÓÁÎÉÙÅ ÄÅøÅÒÉÎÄÅÄÉÒȢ #7 ,ÁÚÅÒ ËÁÙąÐÌÁÒąÎ ÄÁÈÁ 
ËÏÌÁÙ ÔÅÓÐÉÔ ÅÄÉÌÄÉøÉ ÌÁÚÅÒ ëÅĥÉÄÉ ÏÌÄÕøÕ ÉëÉÎ 
ÓÉÍİÌÁÓÙÏÎ ÄÅÖÒÅÓÉÎÄÅ ÔÅÒÃÉÈ ÅÄÉÌÍÉĥÔÉÒȢ -ÁÃÈ-
:ÅÈÎÄÅÒ ÍÏÄİÌÁÔĘÒİ ÇÅÒÉÌÉÍ ËÏÎÔÒÏÌİ ÙÁÐÁÎ ÂÉÒ 
ÍÏÄİÌÁÔĘÒ ëÅĥÉÄÉÄÉÒȢ &ÉÂÅÒ ÏÐÔÉË ÓÅÎÓĘÒİÎ 
ÐÅÒÆÏÒÍÁÎÓąÎą ÁÒÔÔąÒÍÁË ÖÅ ÏÌÕĥÁÎ ËÁÙąÐÌÁÒąÎ 
tesÐÉÔÉÎÉ ÄÁÈÁ ËÏÌÁÙ ÁÌÇąÌÁÍÁË ÉëÉÎ ËÕÌÌÁÎąÌÁÎ -ÁÃÈ-
:ÅÈÎÄÅÒ ÍÏÄİÌÁÔĘÒİ ÓÉÎÙÁÌ ÄÁÌÇÁ İÒÅÔÅÃÉ ÔÁÒÁÆąÎÄÁÎ 
ÍÏÄİÌÅ ÅÄÉÌÍÅËÔÅÄÉÒȢ KÉÆÔ ÙĘÎÌİ ÏÐÔÉË ÆÉÂÅÒ ÉËÉ ÇÉÒÉĥ 
ÖÅ ÉËÉ ëąËąĥ ÎÏËÔÁÓąÎÁ ÓÁÈÉÐÔÉÒ ÖÅ ÏÐÔÉË ÆÉÂÅÒ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉȠ ÕÚÕÎÌÕøÕ ρ ËÍȟ ÓąÃÁËÌąøą σππ +ȟ 
ÚÁÙąÆÌÁÍÁ πȢς Ä"ȾËÍ ÏÌÁÒÁË ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ /ÐÔÉË 
3ÐÅËÔÒÕÍ !ÎÁÌÉÚĘÒİ ɉ/3!Ɋ ÄÅÖÒÅÎÉÎ ëąËąĥ 
ÎÏËÔÁÌÁÒąÎÄÁËÉ ÄÅøÅÒÌÅÒÉÎ ÔÅÓÐÉÔ ÖÅ ÁÎÁÌÉÚ 
ÅÄÉÌÍÅÓÉÎÅ ÙÁÒÄąÍÃą ÏÌÍÁËÔÁÄąÒȢ   /ÐÔÉË ÓąÆąÒÌÁÙąÃą 
ÄÅÖÒÅÄÅ ÔÏÐÒÁËÌÁÍÁ ÇĘÒÅÖÉ ÇĘÒÍÅËÔÅÄÉÒ ÖÅ 
ËÕÌÌÁÎąÌÍÁÍÁÓą ÄÕÒÕÍÄÁ /3! ÇÒÁÆÉËÌÅÒÉÎÄe 
ÈÅÒÈÁÎÇÉ ÂÉÒ ÓÏÎÕë ÇĘÒİÌÍÅÙÅÃÅËÔÉÒȢ 
 

 

¤ÅËÉÌ 8Ȣ2ÁÙÌÅÉÇÈ ¤ÁëąÌÍÁÓą 3ÉÍİÌÁÓÙÏÎ $ÅÖÒÅÓÉ 
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+ÕÌÌÁÎąÌÁÎ #7 ,ÁÓÅÒȭÉÎ ëąËąĥąÎÁ ÂÁøÌÁÎÁÎ /3! 
ɉ#7ͺ,ÁÓÅÒͺ/ÕÔÐÕÔɊ ÉÌÅ ÌÁÚÅÒÉÎ ÎÁÓąÌ ÂÉÒ ëąËąĥ ÖÅÒÄÉøÉ 
¤ÅËÉÌ ψȭÄÅ ÇĘÒİÌÍÅËÔÅÄÉÒȢ  

 

¤ÅËÉÌ 9Ȣ #7 ,ÁÚÅÒ KąËąĥąÎąÎ /3!ȭÄÁËÉ ÇĘÒİÎÔİÓİ 

KÉÆÔ ÙĘÎÌİ ÆÉÂÅÒ ÏÐÔÉË ëąËąĥąÎÄÁËÉ 2ÁÙÌÅÉÇÈ ÖÅ 
"ÒÉÌÌÏÕÉÎ ÄÅøÅÒÌÅÒÉÎÉ ÇĘÒÍÅË ÉëÉÎ devreye (OSA) 
/3!ͺ"2),,/5).ͺ2!9,%)'( ÂÁøÌÁÎÍąĥÔąÒȢ "ÕÒÁÄÁ 
ÇĘÒÍÅË ÉÓÔÅÎÉÌÅÎ ¤ÅËÉÌ ωȭÄÁ ÂÅÌÉÒÔÉÌÄÉøÉ ÇÉÂÉ 2ÁÙÌÅÉÇÈ 
ÖÅ "ÒÉÌÌÏÕÉÎ ÁÒÁÓąÎÄÁËÉ ÆÒÅËÁÎÓ ÆÁÒËą ÏÌÁÎ ρρ '(Ú 
ÄÅøÅÒÉ ÖÅ 2ÁÙÌÅÉÇÈ Çİë ÙÏøÕÎÌÕøÕÎÕÎ "ÒÉÌÌÏÕÉÎȭÁ 
ÇĘÒÅ ÄÁÈÁ ÆÁÚÌÁ ÏÌÄÕøÕ ÇÅÒëÅøÉÄÉÒȢ 

 

¤ÅËÉÌ 10Ȣ /ÐÔÉË ÆÉÂÅÒ ëąËąĥąÎÄÁËÉ 2ÁÙÌÅÉÇÈ ÖÅ "ÒÉÌÌÏÕÉÎ 
'ĘÒİÎÔİÓİ 

$ÅÖÒÅÄÅ ëÉÆÔ ÙĘÎÌİ ÆÉÂÅÒÉÎ ëąËąĥąÎÄÁ ÆÁÒËÌą ÅÆÅËÔÉÆ 
ÁÌÁÎ ÄÅøÅÒÌÅÒÉÎÄÅ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÄÁ ÏÌÕĥÁÎ 
ËÁÙÂąȟ ÆÒÅËÁÎÓą ÖÅ ÄÁÌÇÁ ÂÏÙÕ /3! 
ɉ/3!ͺ&ÉÂÅÒͺ2ÁÙÌÅÉÇÈͺ"ÁÃË3ÃÁÔÔÅÒÉÎÇɊ ÔÁÒÁÆąÎÄÁÎ 
analiz edilebilmekÔÅÄÉÒȢ ¤ÅËÉÌ ρπȭÄÁ ÇĘÓÔÅÒÉÌÅÎ /3! 
ÇÒÁÆÉøÉ ψπ ‘ά ÅÆÅËÔÉÆ ÁÌÁÎ ÄÅøÅÒÉÎÄÅËÉ 2ÁÙÌÅÉÇÈ  
ÇÅÒÉ Çİë ÓÁëąÌÍÁÓąÎą ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ .ÁÎÏ×ÁÔÔ 
ĥÅËÌÉÎÄÅ ÖÅÒÉÌÅÎ ÇÒÁÆÉËÔÅ ÇÅÒÉ ÓÁëąÌÁÎ Çİë Ä"Í 
ÃÉÎÓÉÎÅ ëÅÖÒÉÌÉÒÓÅ Ȱ-ȰɉÅËÓÉɊ ÄÅøÅÒÌÅÒ ÇĘÒİÌÍÅËÔÅÄÉÒ 
ÖÅ ÓÁëąÌÍÁÌÁÒÄÁ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ËÁÙąÐÌÁÒą ÉÆÁÄÅ 
etmektedir.  



 
3rd LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 5ŀǘŀ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ όL/hb5!¢!Ω20), June 25-28, 2020, Istanbul, TURKEY 

 
 

23 
 

 

¤ÅËÉÌ 11Ȣ 2ÁÙÌÅÉÇÈ 'ÅÒÉ 3ÁëąÌÍÁÓąÎąÎ /3!ͻÄÁËÉ 'ĘÒİÎÔİÓİ 

%ÆÅËÔÉÆ ÁÌÁÎ ÐÁÒÁÍÅÔÒÅÓÉ ëÉÆÔ ÙĘÎÌİ ÆÉÂÅÒ ÏÐÔÉË 
ɉ"ÉÄÉÒÅÃÔÉÏÎÁÌ /ÐÔÉÃÁÌ &ÉÂÅÒɊ ÉëÅÒÉÓÉÎÄÅËÉ 
ÐÁÒÁÍÅÔÒÅÌÅÒÄÅÎ ÂÉÒÉÄÉÒ ÖÅ ÅÆÅËÔÉÆ ÁÌÁÎ ÄÅøÅÒÌÅÒÉ 
ÆÉÂÅÒ ÏÐÔÉË ÉëÅÒÉÓÉÎÄÅÎ ÂÅÌÉÒÌÅÎÍÅËÔÅÄÉÒȢ  ¤ÅËÉÌ 
ρρȭÄÅËÉ ÇÒÁÆÉËÔÅ ÆÁÒËÌą ÅÆÅËÔÉÆ ÁÌÁÎ ÄÅøÅÒÌÅÒÉÎÅ ÇĘÒÅ 
(25 ‘ά - 300 ‘ά ) 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÄÁËÉ ÇÅÒÉ 
ÓÁëąÌÁÎ Çİë ÄÅøÅÒÌÅÒÉ ÁÎÁÌÉÚ ÅÄÉÌÍÅËÔÅÄÉÒȢ  

 ¤ÅËÉÌ ρρȭÄÅ ÇĘÒİÌÄİøİ İÚÅÒÅ ÅÆÅËÔÉÆ ÁÌÁÎ ÄÅøÅÒÉÎÉÎ 
ÁÒÔÍÁÓąÙÌÁ 2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓąÎÄÁ ÇÅÒÉ ÓÁëąÌÁÎ Çİë 
ÁÒÔÍÁËÔÁÄąÒȢ 3ÁëąÌÁÎ Çİë ÁÒÔÍÁÓąÙÌÁ ÆÉÂÅÒ ÏÐÔÉË 
İÚÅÒÉÎÄÅËÉ ËÁÙąÐ ÁÒÔÍÁËÔÁÄąÒȢ %ÆÅËÔÉÆ ÁÌÁÎ 
ÄÅøÅÒÌÅÒÉÎÅ ÇĘÒÅ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ÂÕ ËÁÙąÐ ÄÅøÉĥÉÍÉ 
dB ve nanowatt cinsinden heÓÁÐÌÁÎÍÁËÔÁÄąÒȢ 
2ÁÙÌÅÉÇÈ ÓÁëąÌÍÁÓą ÆÉÂÅÒ ÏÐÔÉË İÚÅÒÉÎÄÅ ϷωπȬąÎą 
ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ "Õ ËÁÙąÐÌÁÒ ÆÉÂÅÒ ÉëÅÒÉÓÉÎÄÅËÉ 
homojensizliklerden meydana gelmektedir.  

 

¤ÅËÉÌ ρρȢ 2ÁÙÌÅÉÇÈ ÇÅÒÉ ÓÁëąÌÁÎ ÇİÃİÎ ÅÆÅËÔÉÆ ÁÌÁÎÁ ÇĘÒÅ 
ÄÅøÉĥÉÍÉ 

7 3ÏÎÕë 

"Õ ÂÉÌÄÉÒÉȟ ëÉÆÔ ÙĘÎÌİ ÆÉÂÅÒ ÏÐÔÉË ÉëÅÒÉÓÉÎÄÅËÉ 
ÐÁÒÁÍÅÔÒÅÌÅÒÄÅÎ ÂÉÒÉ ÏÌÁÎ ÅÆÅËÔÉÆ ÁÌÁÎąÎ 2ÁÙÌÅÉÇÈ 
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An Application of Process Mining Technique for Hospital Processes by 

Considering the Lean Principles 

Abstract  

In this study, the process mining technique is realized to improve the hospital processes in 
terms of the lead time. One of the most critical steps applied in this study is to divide the 
performed activities into activities as value-adding and non-adding ones. Process mining is 
aimed to be used in the analysis and improvement phase of patients' processes within the 
hospital. The proposed technique allows us to address the whole system by following the flow 
of patients in the hospital and the path followed by them. Process mining is applied based on 
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the event log records in the databases of transactions. The data inputs are schematized and 
show the accumulation of data to the decision-maker. The process mining technique is an 
effective method to visualize all the system with its current linkages; thereby, it is considered 
to be important to identify problems in the health sector. Since there is scarce number of 
studies regarding the process mining applications in the health sector, it stressed the novelty 
of the current study. In the context of this study, a lean principle-based process mining 
technique is proposed to reduce the time spent by the patients in the hospital. By doing so, it 
enables the realization of service-based customer applications in the hospital. The DISCO 
software, which is used for the process mining applications, is employed to visualize the 
processes by providing the inputs for visual management applications.  The methodology 
proposed in the study comprises of the steps as follows: (i) analyzing the current situation, 
(ii) grouping the collected data, (iii) exploring the data via the process mining methods, (iv) 
comparing current and future states, and (v) solving the encountered problems based on the 
lean principles.  For future studies, this study can be extended in several directions. First, 
some optimization techniques can be included in the methodology. Second, the uncertainty 
nature of the processes can be considered. Last but not least, the methodology can be applied 
in other sectors. 

Keywords: Process Mining, Lean Management, Visual Management, Lean Hospital
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ÓİÒÅëÌÅÒÉÎÄÅ ÈÅÒ ÈÁÓÔÁÄÁ ÄÅøÉĥÉËÌÉË ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 
$ÅøÉĥËÅÎÌÉøÉÎ ÎÅÄÅÎÉȟ ÓİÒÅëÌÅÒÉ ÉÙÉÌÅĥÔÉÒÍÅÄÅ ÅÔËÉÌÉ 
ÂÉÒ ÁÒÁë ÏÌÁÂÉÌÉÒ ɍςɎȢ %øÅÒ ÖÅÒÉÌÅÎ ÈÉÚÍÅÔ ÉÌÅ ÈÁÓÔÁÎÅȟ 
ÈÁÓÔÁ ÄÅÎÅÙÉÍÉ İÚÅÒÉÎÄÅ ËĘÔİ ÅÔËÉ ÂąÒÁËąÒÓÁȟ ÂÉÒÅÙÌÅÒ 
alternÁÔÉÆ ÈÁÓÔÁÎÅÌÅÒ ÓÅëÍÅ ÙÏÌÕÎÁ ÇÉÄÅÃÅËÔÉÒ ɍσɎȢ 
(ÁÓÔÁȟ ÄÅÎÅÙÉÍÄÅÎ ÅÔËÉÌÅÎÅÎ ÏÌÍÁËÌÁ ÂÅÒÁÂÅÒ ÁÙÎą 
ÚÁÍÁÎÄÁ ÄÅÎÅÙÉÍÉ ÅÔËÉÌÅÙÅÎ ÂÉÒ ÆÁËÔĘÒ ÏÌÍÁËÔÁÄąÒȢ 
(ÁÓÔÁÌÁÒąÎ ÈÁÓÔÁÎÅÄÅ ÂÕÌÕÎÍÁ ÓÅÂÅÐÌÅÒÉÎÉÎ 
ÆÁÒËÌąÌąøą ÄÅÎÅÙÉÍÉ ÄÅ ÆÁÒËÌąÌÁĥÔąÒÍÁËÔÁÄąÒȢ 
&ÁÒËÌąÌąËÌÁÒÁ ÓÅÂÅÐ ÏÌÁÎ ÓÏÒÕÎÌÁÒą ëĘÚİÍÌÅÍÅË ÖÅ 
ÈÁÓÔÁÌÁÒąÎ ÈÁÓÔÁÎÅÄÅ ÄÅøÅÒ ËÁÔÍÁÙÁÎ ÆÁÁÌÉÙÅÔÌÅÒÌÅ 
ÇÅëÉÒÄÉËÌÅÒÉ ÓİÒÅÙÉ ÁÚÁÌÔÍÁË ÉëÉÎ ÙÁÌąÎ ÙĘÎÅÔÉÍ 
ÙĘÎÔÅÍÂÉÌÉÍ ÕÙÇÕÌÁÍÁÌÁÒą ÅÓÁÓ ÁÌąÎÁÂÉÌÍÅËÔÅÄÉÒȢ 
9ÁËÌÁĥąË ÏÎ İÌËÅÄÅ ÉÌË ÕÙÇÕÌÁÍÁÌÁÒÄÁÎ ÂÕ ÙÁÎÁ 
ÄÏËÓÁÎą ÁĥËąÎ ÓÁÙąÄÁ ÁËÁÄÅÍÉË ëÁÌąĥÍÁÙÁ 
ÒÁÓÔÌÁÎÍÁËÔÁÄąÒ ɍτɎȢ 9ÁÌąÎȟ ÓÁøÌąË ÈÉÚÍÅÔÌÅÒÉÎÄÅËÉ 
ÈÅÒÈÁÎÇÉ ÂÉÒ ÂİÙİË ÓÏÒÕÎÕ ÄİÚÅÌÔÍÅËÌÅ ÉÌÇÉÌÅÎÍÅÚȠ 
ÈÅÒ ÇİÎ ÈÁÓÔÁÎÅÌÅÒÉÎ İÓÔÅÓÉÎÄÅÎ ÇÅÌÍÅË ÚÏÒÕÎÄÁ 
ËÁÌÄąøą ÙİÚÌÅÒÃÅ ÙÁ ÄÁ ÂÉÎÌÅÒÃÅ ËİëİË ÓÏÒÕÎÕ 
ëĘÚÍÅËÌÅ ÉÌÇÉÌÅÎÉÒȢ +İëİË ÓÏÒÕÎÌÁÒąÎąÎ 
ëĘÚİÍÌÅÎÍÅÓÉȟ ÂİÙİË ÓÏÒÕÎÌÁÒąÎ ÏÒÔÁÄÁÎ ËÁÌËÍÁÓą 
ÙÁ ÄÁ ËÁÒÍÁĥąË ÙÁÐąÓąÎąÎ ÓÁÄÅÌÅĥÍÅÓÉÎÅ ÏÌÁÎÁË 
ÓÕÎÍÁËÔÁÄąÒȢ 3ÁøÌąË ÈÉÚÍÅÔÌÅÒÉÎÄÅ ÙÁÌąÎ ÕÙÇÕÌÁÍÁ 
ĘÒÎÅËÌÅÒÉ ÇÉÄÅÒÅË ÁÒÔÍÁËÔÁÄąÒȢ  

(ÁÓÔÁÌÁÒ ÇİÖÅÎÅÂÉÌÄÉËÌÅÒÉ ëÁÌąĥÁÎÌÁÒÄÁÎ ÖÅ 
ËÕÒÕÍÌÁÒÄÁÎ ÈÉÚÍÅÔ ÁÌÍÁÙą ÔÅÒÃÉÈ ÅÔÍÅËÔÅÄÉÒÌÅÒȢ  
(ÁÓÔÁÌÁÒąÎ ÉëÉÎÄÅ ÂÕÌÕÎÄÕøÕ ÄÕÙÇÕ ÄÕÒÕÍÕȟ 
ÄÅÎÅÙÉÍÉ ÁÌÇąÌÁÍÁ ÖÅ ÄÅøÅÒÌÅÎÄÉÒÍÅÄÅ ÅÔËÉÌÉ ÏÌÄÕøÕ 
ÉëÉÎ ĘÚÅÌÌÉËÌÅ ÂÕ ÄÕÙÇÕÌÁÒą ÏÌÕÍÌÕ ÅÔËÉÌÅÙÅÃÅË 

ĥÅËÉÌÄÅ ÔÁÓÁÒÌÁÎÁÎ ÄÅÎÅÙÉÍÉÎȟ ÈÁÓÔÁÎÅÙÉ ĘÎ ÐÌÁÎÁ 
ëąËÁÒÁÃÁøą ÁĥÉËÝÒÄąÒȢ vÚÅÌÌÉËÌÅ ÄÅøÅÒ ËÁÔÍÁÙÁÎ 
ÆÁÁÌÉÙÅÔÌÅÒÉÎ ÁÚÁÌÔąÌÍÁÓą ÖÅ ÓİÒÅëÌÅÒÉÎ ÁËÓÁÍÁÄÁÎ 
ÉÌÅÒÌÅÙÅÂÉÌÍÅÓÉȟ ÙĘÎÅÔÉÍ ÁÎÌÁÙąĥąÎąÎ ÈÁÓÔÁ ÏÄÁËÌą ÖÅ 
ÓÏÒÕÎ ëĘÚÅÂÉÌÉÒ ÏÌÍÁÓąÎą ÇÅÒÅËÔÉÒÍÅËÔÅÄÉÒ ɍυɎȢ 
-ÅÖÃÕÔ ÅÔÍÅÎÌÅÒÉ ÇĘÚ ĘÎİÎÄÅ ÂÕÌÕÎÄÕÒÁÎ ÂÉÒ 
ÈÁÓÔÁÎÅ ÉëÉÎ ËÁÙÎÁË ËÕÌÌÁÎąÍą ÖÅ ÈÁÓÔÁ ÈÁÒÅËÅÔ ÔÁËÉÐ 
ÓÉÓÔÅÍÌÅÒÉ ÂİÙİË ÂÉÒ ĘÎÅÍ ÁÒÚ ÅÔÍÅËÔÅÄÉÒȢ  
4İÒËÉÙÅȭÄÅ ÙİËÓÅË ÍÉËÔÁÒÄÁ ËÁÙÎÁË ÁÙÒąÌÁÎ ÓÁøÌąË 
ÈÉÚÍÅÔÌÅÒÉÎÄÅȟ ÁËąĥą ÖÅ ËÁÌÉÔÅÙÉ ÁÒÔąÒÁÒÁË ÍÁÌÉÙÅÔÌÅÒÉ 
ÄİĥİÒÍÅÙÅ ëÁÌąĥÍÁË ÙÁ ÄÁ ÈÉÚÍÅÔÌÅÒÄÅËÉ ÄÅøÅÒ 
ËÁÔÁÎ ÖÅ ËÁÔÍÁÙÁÎ ÆÁÁÌÉÙÅÔÌÅÒÉÎ ÄİÚÇİÎÃÅ 
ÁÙÒąĥÔąÒąÌÍÁÓą ÇÅÒÅËÍÅËÔÅÄÉÒȢ ­ÌËÅÍÉÚÄÅËÉ ÓÁøÌąË 
ÈÉÚÍÅÔÌÅÒÉÎÄÅ ÓİÒÅëȟ ÇÅÎÅÌÌÉËÌÅ ÍÁÎÕÅÌ ÖÅÙÁ ĘÚÅÌ 
ÂÉÒÔÁËąÍ ÙĘÎÔÅÍÌÅÒÌÅ ÉÚÌÅÎÍÅËÔÅ ÏÌÕÐ ËÏÎÔÒÏÌ 
ÁÌÔąÎÄÁ ÔÕÔÕÌÍÁÙÁ ëÁÌąĥąÌÍÁËÔÁÄąÒȢ  

(ÁÓÔÁÎÅÌÅÒȟ ÈÉÚÍÅÔ ÔÁÌÅÂÉÎÄÅËÉ ÁÒÔąĥÌÁ ÂÁĥÁ ëąËÍÁË 
ÖÅ ÂÁËąÍ ÈÉÚÍÅÔÉÎÉÎ ÖÅÒÉÍÉÎÉ ÁÒÔÔąÒÍÁË ÉëÉÎ ÓİÒÅËÌÉ 
ÏÌÁÒÁË ÓİÒÅëÌÅÒÉÎÉ ÉÙÉÌÅĥÔÉÒÍÅÙÅ ëÁÌąĥÍÁËÔÁÄąÒȢ 
3ÁøÌąË ÓİÒÅëÌÅÒÉ ÙİËÓÅË ĘÌëİÄÅ ÄÉÎÁÍÉËȟ ËÁÒÍÁĥąËȟ 
ëÏË ÄÉÓÉÐÌÉÎÌÉ ÖÅ ÄÁøąÔąË ÙÁÐąÄÁÄąÒ ɍφɎȢ -ÅÖÃÕÔ 
ËÁÒÍÁĥąËÌąË ÇÅÌÅÎÅËÓÅÌ ÓİÒÅë ÙĘÎÅÔÉÍÉ ÙĘÎÔÅÍÌÅÒÉÎÉ 
ÙÅÔÅÒÓÉÚ ÖÅ ÅÔËÉÓÉÚ ËąÌÍÁËÔÁÄąÒȢ +ÁÒÍÁĥąËÌąøą 
ĘÎÌÅÍÅË ÉëÉÎ ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉȟ ÂĘÌİÍÌÅÒÉÎ 
faaliyetleÒÉÎÉȟ ÂÉÒÂÉÒÌÅÒÉÙÌÅ ÏÌÁÎ ÅÔËÉÌÅĥÉÍÌÅÒÉÎÉ ÖÅ 
ĘÚÅÌÌÉËÌÅÒÉÎÉȟ ÓİÒÅÃÉÎ ÕÚÕÎ ÓİÒÍÅÓÉÎÅ ÓÅÂÅÐ ÏÌÁÎ 
ÆÁÁÌÉÙÅÔÌÅÒÉȟ ÂÅËÌÅÍÅ ÓİÒÅÓÉÎÉ ÁÚÁÌÔÍÁË ÉëÉÎ ËÁÒÁÒ 
ÖÅÒÉÃÉÙÅ ĘÎÅÒÉ ÓÕÎÍÁÙąȟ ÈÁÓÔÁ ÓąËąĥąËÌąøąÎą ÁÚÁÌÔÍÁÙÁ 
ÖÅ ÓÁøÌÁÎÁÎ ÂÁËąÍąÎ ËÁÌÉÔÅÓÉÎÉ ÁÒÔÔąÒÍÁÙÁ ÙÁÒÄąÍÃą 
olacak ÅË ÂÉÌÇÉÌÅÒ ÓÁøÌÁÙÁÎ ÂÉÒ ÙĘÎÔÅÍÄÉÒȢ 3İÒÅë 
ÍÁÄÅÎÃÉÌÉøÉȟ Éĥ ÓİÒÅÃÉ ÙĘÎÅÔÉÍÉ ÉëÉÎ ÎÉÓÐÅÔÅÎ ÙÅÎÉ ÂÉÒ 
ÄÉÓÉÐÌÉÎ ÏÌÁÒÁËȟ ÓÏÎ ÏÎ ÙąÌÄÁ ÇÉÄÅÒÅË ÄÁÈÁ ÐÏÐİÌÅÒ 
ÈÁÌÅ ÇÅÌÍÉĥÔÉÒ ɍχɎȢ 3ÏÎ ëÁÌąĥÍÁÌÁÒ ÓİÒÅë 
ÍÁÄÅÎÃÉÌÉøÉÎÉÎ ÓÁøÌąË ÓÅËÔĘÒİÎÄÅ ÕÙÇÕÌÁÎÍÁÓąÎąÎ 
ÆÁÙÄÁÌÁÒąÎÄÁÎ ÂÁÈÓÅtmektedir[8]. Bu metodoloji, 
ÁÎÁÌÉÚ ÅÄÉÌÅÎ ÇÅëÍÉĥ ÖÅÒÉÌÅÒÉÎ ÁÎÌÁÍÌÁĥÔąÒąÌÍÁÓąȟ 
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ÍÅÖÃÕÔ ÖÅ ÇÅÒëÅËÌÅĥÅÎ ÄÅøÅÒ ÁËąĥ ÈÁÒÉÔÁÌÁÒąÎąÎ 
ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÉëÉÎ ËÁÒÁÒ ÖÅÒÉÃÉÙÅ ÉÍËÝÎ 
ÓÁøÌÁÍÁËÔÁÄąÒȢ "Õ ÓÁÙÅÄÅ ĘÎÇĘÒİÌÅÍÅÙÅÎ ÖÅÙÁ 
ÔÅÓÐÉÔ ÅÄÉÌÅÍÅÙÅÎ ÉĥÌÅÍ ÁÄąÍ ÓİÒÅëÌÅÒÉÎÉȟ ÄÅøÅÒ 
ËÁÔÁÎ ÖÅ ËÁÔÍÁÙÁÎ ÆÁÁÌÉÙÅÔÌÅÒÉÎ ÓÉÓÔÅÍ ÉëÉÎÄÅËÉ 
ĘÎÅÍÉÎÉ ÖÅ ÓąÒÁÓąÎą ËÁÒÁÒ ÖÅÒÉÃÉÙÅ ÁëąË ÂÉÒ ÄÉÌÌÅ ÉÆÁÄÅ 
ÅÔÍÅËÔÅÄÉÒȢ "Õ ëÁÌąĥÍÁÎąÎ ÁÍÁÃąȟ ÙÁÌąÎ ÙĘÎÅÔÉÍ ÖÅ 
ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÕÙÇÕÌÁÍÁÌÁÒąÎą ËÕÌÌÁÎÁÒÁËȟ 
ÈÁÓÔÁÎÅ ÓİÒÅëÌÅÒÉÎÉÎ ÔÅÍÉÎ ÓİÒÅÓÉ ÂÁËąÍąÎÄÁÎ 
ÉÙÉÌÅĥtirilmesi ve sunulan hizmet kalitesinin 
ÁÒÔÔąÒąÌÍÁÓąÄąÒȢ "Õ ëÁÌąĥÍÁÎąÎ ÉËÉÎÃÉ ËąÓÍąÎÄÁ ÓİÒÅë 
ÍÁÄÅÎÃÉÌÉøÉ ÖÅ ÙÁÌąÎ ÙĘÎÅÔÉÍ ÂÁĥÌąËÌÁÒą ÁÌÔąÎÄÁ 
ÌÉÔÅÒÁÔİÒÄÅ ÄÁÈÁ ĘÎÃÅ ÙÁÐąÌÁÎ ëÁÌąĥÍÁÌÁÒÁ ÙÅÒ 
ÖÅÒÉÌÍÉĥÔÉÒȢ KÁÌąĥÍÁÎąÎ İëİÎÃİ ËąÓÍąÎÄÁ ÔÏÐÌÁÎÁÎ 
ÖÅÒÉÌÅÒ ÉÌÅ ÏÌÕĥÔÕÒÕÌÁÎ ÓİÒÅë ÈÁÒÉÔÁÌÁÒą ÓÕÎÕÌÍÕĥ 
ÏÌÕÐ ÁëąËÌÁÍÁÌÁÒą ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ KÁÌąĥÍÁÎąÎ 
ÓÏÎ ÖÅ ÄĘÒÄİÎÃİ ËąÓÍąÎÄÁ ÅÌÄÅ ÅÄÉÌÅÎ ÂÕÌÇÕÌÁÒÁ ÙÅÒ 
ÖÅÒÉÌÍÉĥÔÉÒȢ 

2 ,ÉÔÅÒÁÔİÒ ÔÁÒÁÍÁÓą 

-ÅÖÃÕÔ ÉĥÌÅÙÉĥÉ ÉÙÉÌÅĥÔÉÒÍÅË ÖÅ ÈÁÓÔÁÎÅ ÉÍËÝÎÌÁÒąÎą 
ÄÅÎÇÅÌÉ ÙĘÎÅÔÍÅË ÉëÉÎȠ ËÁÙÎÁË ËÕÌÌÁÎąÍÌÁÒąÎąÎ 
ÏÐÔÉÍÉÚÅ ÅÄÉÌÍÅÓÉÙÌÅ ÂÅËÌÅÍÅ ÓİÒÅÌÅÒÉÎÉ ÁÚÁÌÔÍÁ ÖÅ 
ÚÁÍÁÎąÎÄÁ ÔÅÄÁÖÉ ÉÌÅ ËÌÉÎÉË ÓİÒÅëÌÅÒÉ ÉÙÉÌÅĥÔÉÒÍÅ 
ÁÍÁëÌą ÂÉÒëÏË ëÁÌąĥÍÁ ÙÁÐąÌÍąĥÔąÒȢ  3ÁøÌąË ÓÅËÔĘÒİÎÄÅ 
ĘÒÎÅøÉ ÁÚ ÏÌÁÎ ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÉÌÅ ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÎ 
ÙÁÌąÎ ÙĘÎÅÔÉÍ ÕÙÇÕÌÁÍÁÌÁÒąÎąÎ ĘÒÎÅËÌÅÒÉ İlkemizde 
ÙÅÒ ÁÌÍÁÍÁËÔÁÄąÒȢ 3İÒÅë ÍÁÄÅÎÃÉÌÉøÉȟ ÓÁøÌąË 
ÓÅËÔĘÒİÎÄÅËÉ ÓÏÒÕÎÌÁÒąÎ ÔÅÓÐÉÔÉÎÄÅ ÂİÙİË ÂÉÒ ĘÎÅÍ 
ÁÒÚ ÅÔÍÅËÔÅÄÉÒȢ "Õ ËąÓąÍ ÉËÉ ÁÌÔ ÂÁĥÌąøÁ ÁÙÒąÌÍąĥ ÖÅ 
ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÕÙÇÕÌÁÍÁÌÁÒąÎąÎ ÓÁøÌąË 
ÓÅËÔĘÒİÎÄÅ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥ ÙÁÌąÎ ÙĘÎÅÔÉÍ 
ÕÙÇÕÌÁÍÁÌÁÒą ÉÌÅ ÉÌÇÉÌÉ ëÁÌąĥÍÁÌÁÒÁ ÙÅÒ ÖÅÒÉÌÍÉĥÔÉÒȢ 

2.1. 3İÒÅë ÍÁÄÅÎÃÉÌÉøÉ ëÁÌąĥÍÁÌÁÒą 

3İÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÉÌÅ ÈÁÓÔÁÎÅÌÅÒÄÅ ÇÅÒëÅËÌÅĥÅÎ 
ÓİÒÅë ËÅĥÆÉ ÖÅ ÙÁÌąÎ ÙĘÎÅÔÉÍ ÕÙÇÕÌÁÍÁÌÁÒą ÂÉÒëÏË 
ÁÒÁĥÔąÒÍÁÃąÎąÎ ÉÌÇÉÓÉÎÉ ëÅËÍÉĥ ÖÅ ëÏË ÓÁÙąÄÁ 
ëÁÌąĥÍÁÄÁ ÙÅÒ ÖÅÒÉÌÍÉĥÔÉÒȢ 

,ÉÎ ÖÅ ÄÉø [9] ëÁÌąĥÍÁÓąÎÄÁȟ ÂÅÙÉÎ ÆÅÌÃÉ ÈÁÓÔÁÌÁÒąÎąÎ 
ÉĥÌÅÍÌÅÒÉÎÉ ÐÒÏÓÅÓ ÍÁÄÅÎÃÉÌÉøÉÙÌÅ ÉÎÃÅÌÅÍÉĥÔÉÒ ÖÅ 
ÖÅÒÉ ÍÁÄÅÎÃÉÌÉøÉ ÙĘÎÔÅÍÌÅÒÉÙÌÅ ÙÅÎÉ ÈÁÓÔÁÌÁÒąÎ 
ÙÏÌÕÎÕ ĘÎÇĘÒÍİĥÔİÒȢ -ÁÒÕÓÔÅÒ ÖÅ ÄÉø [ρπɎ ȟ ÓİÒÅë 
ÍÁÄÅÎÃÉÌÉøÉÎÉ ËÕÌÌÁÎÁÒÁË ËÁÒÁÒ ÖÅÒÍÅ ÙĘÎÔÅÍÌÅÒÉÙÌÅ 
Éë ÇĘÒİÌÅÒ ÁÒÁÓąÎÄÁ ÂÁøÌÁÎÔą ËÕÒÁÒÁË ëÉÆÔëÉÌÅÒÉÎ 
ÄÁÖÒÁÎąĥ ËÁÌąÐÌÁÒą ÉëÉÎ ÂÉÒ ËÕÌÌÁÎąÃą ÄÁÖÒÁÎąĥ ÍÏÄÅÌÉ 
ÏÌÕĥÔÕÒÍÕĥÔÕÒȢ "Õ ëÁÌąĥÍÁȟ ÆÁÒËÌą ÈÅÄÅÆ ÇÒÕÐÌÁÒąÎ 
ÁÙÒąÎÔąÌą ÎÁÖÉÇÁÓÙÏÎ ÄÁÖÒÁÎąĥąÎÁ ÉÈÔÉÙÁë ÄÕÙÍÕĥÔÕÒȢ 
$ÁÖÒÁÎąĥ ÍÏÄÅÌÌÅÒÉ ÉëÉÎ ÕÙÇÕÌÁÎÁÎ ÂÉÒ ÂÁĥËÁ ëÁÌąĥÍÁ 
olan Rebuge ve FerrÅÉÒÁ ɍρρɎȟ ÄİÚÅÎÌÉ ÄÁÖÒÁÎąĥȟ 
ÐÒÏÓÅÓ ÄÅøÉĥËÅÎÌÅÒÉ ÖÅ ÉÓÔÉÓÎÁÉ ÔąÂÂÉ ËÏĥÕÌÌÁÒą 
ÔÁÎąÍÌÁÙÁÎ ÐÒÏÓÅÓ ÍÁÄÅÎÃÉÌÉøÉ ÔÅËÎÉËÌÅÒÉ ÉëÉÎ ÂÉÒ 
ÍÅÔÏÄÏÌÏÊÉ ÇÅÌÉĥÔÉÒÍÉĥÔÉÒȢ +ÁÙąÔÌÁÒÄÁ ÁÒÄąĥąË ÉÚÌÅÒÉÎ 
ÄÁÖÒÁÎąĥąÎą ÄÅÒÌÅÍÅË ÉëÉÎ ÄÉÚÉ ËİÍÅÌÅÍÅ ÙĘÎÔÅÍÉ 

ËÕÌÌÁÎąÌÍąĥÔąÒȢ #ÁÒÌÏÓ &ÒÅÄÅÒÉÃÏ 0ÉÎÔÏ ÖÅ ÄÉø [12], 
ÙÁÐÍąĥ ÏÌÄÕøÕ ëÁÌąĥÍÁÄÁ ÄÅøÅÒ ÁËąĥ ÈÁÒÉÔÁÌÁÍÁ 
ËÕÌÌÁÎÁÒÁË İë ÁÎÁ ÓÏÒÕÎ ÔÅÓÐÉÔ ÅÔÍÉĥÔÉÒȢ  "ÕÎÌÁÒȠ 
ËÕÙÒÕË ÏÌÕĥÕÍÕȟ ÇÅÃÉËÍÅÌÅÒȟ ÁĥąÒą ÂÅËÌÅÍÅÌÅÒȟ 
ÔÅÄÁÖÉ ÄİÚÅÌÔÍÅÌÅÒÉ ÖÅ ÄÉøÅÒ ɉÐÌÁÎÌÁÍÁȟ ËÕÒÕÌÕÍ ÖÅ 
ÔÅÄÁÖÉ ÏÄÁÓą ÔÅÍÉÚÌÉøÉɊ ÉĥÌÅÍÌÅÒ ÉëÉÎ mevcut zaman 
ÁÒÁÌąøąÎąÎ ÂÕÌÕÎÍÁÍÁÓąÄąÒȢ !ÎÃÁË ëÁÌąĥÍÁÎąÎ 
ÓÏÎÕÎÄÁ ÈÁÓÔÁ ĥÉËÝÙÅÔÌÅÒÉÎÉÎ ÇÉÄÅÒÉÌÉÐ ÇÉÄÅÒÉÌÍÅÄÉøÉ 
ÈÁËËąÎÄÁ ÈÅÒÈÁÎÇÉ ÂÉÒ ÁÎËÅÔ ÖÂȢ ëÁÌąĥÍÁ 
ÙÁÐąÌÍÁÍąĥÔąÒȢ -ÏÎÔÁÎÉ ÖÅ ÄÉø [13,14], inme 
ÉĥÌÅÍÌÅÒÉÎÄÅ ÓÅÒÖÉÓ ÔÁÌÅÂÉ ÁÌÍÁ ÖÅ ÐÒÏÓÅÓ 
ÍÁÄÅÎÃÉÌÉøÉ ÔÅËÎÉËÌÅÒÉÎÉ ÕÙÇÕÌÁÍąĥÔąÒȢ !ÎÔÏÎÅÌÌÉ ÖÅ 
"ÒÕÎÏ ɍρυɎȟ ÄÅøÅÒ ÁËąĥą ÅĥÌÅÍÅÓÉÎÉ ëÉÚÍÅË ÉëÉÎ 
ÐÒÏÓÅÓ ÍÁÄÅÎÃÉÌÉøÉÎÉ ËÕÌÌÁÎÍąĥÔąÒȢ 0ÁÒÔÉÎÇÔÏÎ ÖÅ ÄÉø 
[ρφɎȟ ÇĘøİÓ ÁøÒąÓą ÏÌÁÎ ÈÁÓÔÁÌÁÒąÎ ÔÅÄÁÖÉÓÉÎÄÅ 
ÆÁÒËÌąÌąËÌÁÒą ĘÌëÍÅË ÉëÉÎ ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉÎÉ 
ÕÙÇÕÌÁÍąĥÔąÒȢ -ÁÁÒÉÆ ɍρχɎȟ ÉÎÓÁÎ ÇİÎÌİË ÁËÔÉÖÉÔÅ 
ÍÏÄÅÌÌÅÒÉÎÉ ÇÒÁÆÉËÓÅÌ ÂÉÒ ÇĘÓÔÅÒÉÍÌÅ ÓÕÎÍÁË ÉëÉÎ 
ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉÎÉ ËÕÌÌÁÎÍąĥÔąÒȢ "Õ ëÁÌąĥÍÁ ÓÁÄÅÃÅ 
ÅÎ ÓąË ÇĘÒİÌÅÎ ÁËÔÉÖÉÔÅ ÄÉÚÉÌÅÒÉÎÉ ÉÎÃÅÌÅÍÉĥÔÉÒȢ $ÏøÁÎ 
ɍρψɎȟ ÐÌÁÎÌą ËÏÎÔÒÏÌ ÉĥÌÅÍÌÅÒÉÎÉ ÁÎÁÌÉÚ ÅÔÍÅË ÉëÉÎ 
ÐÒÏÓÅÓ ÍÁÄÅÎÃÉÌÉøÉ ÔÅËÎÉøÉÎÉ ËÕÌÌÁÎÍąĥÔąÒȢ dĥÌÅÍÌÅÒÌÅ 
ÉÌÇÉÌÉ ÂÉÌÇÉÌÅÒÉ ÏÔÏÍÁÔÉË ÏÌÁÒÁË ëąËÁÒÍÁË ÉëÉÎ ÏÌÁÙ 
ÇİÎÌİËÌÅÒÉÎÉ ËÕÌÌÁÎÍąĥÔąÒȢ "ÁÄÁËÈÓÈÁÎ ÖÅ !ÌÉÂÁÂÁÅÉ 
ɍρωɎȟ ÁÃÉÌ ÄÕÒÕÍ ëÁøÒą ÈÉÚÍÅÔÌÅÒÉÎÄÅ ËÅĥÉÆȟ ÕÙÇÕÎÌÕË 
ËÏÎÔÒÏÌİ ÖÅ ÉÙÉÌÅĥÔÉÒÍÅ ÏÌÍÁË İÚÅÒÅ İë ÔİÒ ÉĥÌÅÍ 
ÍÁÄÅÎÃÉÌÉøÉ ËÕÌÌÁÎÍąĥÔąÒȢ $ÏøÁÎ ɍςπɎȟ ËÕÒÕÍ ÉëÉ 
ÇÅÒëÅË ÚÁÍÁÎÌą ËÏÎÕÍ ÓÅÎÓĘÒİ ÓÉÓÔÅÍÉÎÉ 
kullanarak ÁÌąÎÁÎ ÖÅÒÉÌÅÒÉÎ ÇĘÒÓÅÌÌÅĥÔÉÒÍÅ ÁÒÁ 
ÙİÚÌÅÒÉÎÉ ÏÌÕĥÔÕÒÍÕĥÔÕÒȢ 

2.2.  9ÁÌąÎ ÙĘÎÅÔÉÍ ëÁÌąĥÍÁÌÁÒą 

'İÎİÍİÚÄÅ ÂÉÒëÏË ÓÁøÌąË ÉĥÌÅÔÍÅÓÉ ÙÁÌąÎ 
ÐÒÅÎÓÉÐÌÅÒÉÎ ÂÅÎÉÍÓÅÎÍÅÓÉ ÉÌÅ ÂİÙİË ÂÁĥÁÒąÌÁÒ ÖÅ 
maliyet aÖÁÎÔÁÊÌÁÒą ÅÌÄÅ ÅÔÍÉĥÔÉÒȢ  

9ÁÌąÎÌąøąÎȟ ÓİÒÅëÌÅÒÄÅ ÉÓÒÁÆą ÂÅÌÉÒÌÅÍÅË ÖÅ ÏÒÔÁÄÁÎ 
ËÁÌÄąÒÍÁË ÉëÉÎ ÅÔËÉÌÉ ÂÉÒ ÁÒÁë ÏÌÄÕøÕ ÉÆÁÄÅ 
ÅÄÉÌÍÅËÔÅÄÉÒ ɍςρɎȢ9ÏÕÎÇ ÖÅ ÄÉø [ςςɎ ÓÁøÌąË 
ÈÉÚÍÅÔÌÅÒÉÎÄÅ ÙÁÌąÎ ÉÌËÅÌÅÒÉÎ ÕÙÇÕÌÁÎÍÁÓąÎąÎȟ 
ÂÅËÌÅÍÅ ÓİÒÅÌÅÒÉÎÉȟ ÔÅËÒÁÒÌÁÎÁÎ ÂÅËÌÅÍÅÌÅÒÉȟ 
ÈÁÔÁÌÁÒą ÖÅ ÇÅÒÅËÓÉÚ ÉĥÌÅÍÌÅÒÉ ÏÒÔÁÄÁÎ ËÁÌÄąÒÄąøąÎą 
ÉÆÁÄÅ ÅÔÍÉĥÔÉÒȢ 3ÁøÌąË ÈÉÚÍÅÔÌÅÒÉÎÄÅ ÙÁÌąÎ 
ÕÙÇÕÌÁÍÁÎąÎ ÁÍÁÃą ÖÅ ÆÁÙÄÁÓąȟ ËÕÒÕÍ ÉëÉÎÄÅËÉ 
ÅÓÎÅËÌÉøÉȟ ËÁÌÉÔÅÙÉ ÖÅ ÈąÚą ÉÎĥÁ ÅÄÅÒËÅÎȠ ÇÅÒÅËÓÉÚ 
ÔÁĥąÍÁÌÁÒą ÖÅ ÂÅËÌÅÍÅ ÓİÒÅÌÅÒÉÎÉ ÁÚÁÌÔÁÒÁËȟ ÉÓÒÁÆą 
ÏÒÔÁÄÁÎ ËÁÌÄąÒÍÁËÔąÒ ɍςσɎȢ 9ÁÌąÎ ÇÉÒÉĥÉÍ ÂİÙİË 
ĘÌëÅËÌÉ ÙÁÔąÒąÍÌÁÒÁ ÏÄÁËÌÁÎÍÁÚȟ ÁÎÃÁË ÓÁøÌąË 
ËÕÒÕÌÕĥÌÁÒąÎÁ ÙİËÓÅË ÙÁÔąÒąÍÌÁÒ ÇÅÒÅËÍÅËÓÉÚÉÎ 
ÉÙÉÌÅĥÍÅ ÓÁøÌÁÎÍÁÓą ÙÏÌÕÎÄÁ ÁÌÔÅÒÎÁÔÉÆ ÂÉÒ ÙĘÎÔÅÍ 
ÓÕÎÁÒ ɍςτɎȢ %ÆÅ ÖÅ %ÎÇÉÎɍςυɎȟ ÂÉÒ .ÕÍÕÎÅ %øÉÔÉÍ 
!ÒÁĥÔąÒÍÁ (ÁÓÔÁÎÅÓÉȭÎÉÎ ÁÃÉÌ ÓÅÒÖisini analiz edip 
ÄÅøÅÒ ÁËąĥ ÈÁÒÉÔÁÓą ÏÌÕĥÔÕÒÍÕĥÔÕÒȢ dÌÇÉÌÉ ëÁÌąĥÍÁÄÁȟ 
ÂÅËÌÅÍÅ ÓİÒÅÌÅÒÉÎÉÎ ÖÅ ÇÅÒÅËÓÉÚ ÈÁÒÅËÅÔÌÅÒÉÎ 
ÓÉÓÔÅÍÄÅ ëąËÍÁÚÌÁÒÁ ÙÏÌ ÁëÔąøą ÇĘÒİÌÍİĥÔİÒȢ 9ÁÐąÌÁÎ 
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ÇÅÌÅÃÅË ÄÕÒÕÍ ÁÎÁÌÉÚÉ ÉÌÅ ÓİÒÅëÌÅÒÄÅ Ϸσφȟφ ÏÒÁÎąÎÄÁ 
ÂÉÒ ÉÙÉÌÅĥÔÉÒÍÅ ÓÁøÌÁÎÁÂÉÌÅÃÅøÉ ÉÆÁÄÅ ÅÄÉÌÍÉĥÔÉÒ ɍςυɎȢ 
$ÅøÅÒ ÁËąĥ ÍÁÌÉÙÅÔÌÅÍÅ İÚÅÒÉÎÅ $ÅÒÁÎ ÖÅ "ÅÌÌÅÒ ɍςφɎ 
ÔÁÒÁÆąÎÄÁÎ ÙÁÐąÌÍąĥ ÏÌÁÎ ëÁÌąĥÍÁÄÁȟ ÇÅÌÅÎÅËÓÅÌ 
ÍÁÌÉÙÅÔÌÅÍÅ ÖÅ ÇÅÌÉÒ ÔÁÂÌÏÌÁÒąÎÁ ÎÁÚÁÒÁÎȟ ÄÅøÅÒ ÁËąĥ 
ÍÁÌÉÙÅÔÌÅÍÅÎÉÎ ÄÁÈÁ ÇĘÒİÎİÒ ÖÅ ÎÅÔ ÖÅÒÉÌÅÒ 
ÓÕÎÁÂÉÌÄÉøÉ ÉÆÁÄÅ ÅÄÉÌÍÉĥ ÖÅ ÄÅøÅÒ ÁËąĥ 
maÌÉÙÅÔÌÅÍÅÎÉÎ ÕÙÇÕÌÁÎÍÁÓą ĘÎÅÒÉÌÍÉĥÔÉÒ ɍςφɎȢ 
4İÒËÉÙÅȭÄÅ ÙÁÌąÎ ÙĘÎÅÔÉÍÅ ÙĘÎÅÌÉË ëÁÌąĥÍÁÌÁÒąÎ 
ÁÒÔÁÎ ÂÉÒ ÉÖÍÅ ÉëÅÒÉÓÉÎÄÅ ÏÌÄÕøÕ ÇĘÒİÌÍÅËÔÅÄÉÒȢ 
vÚÅÌÌÉËÌÅ ÌÉÔÅÒÁÔİÒ ÄÏøÒÕÌÔÕÓÕÎÄÁ ÙÁÐąÌÍąĥ 
ÁÎÁÌÉÚÌÅÒÉÎ ÁøąÒÌąËÔÁ ÏÌÄÕøÕ ÉÆÁÄÅ ÅÄÉÌÅÂÉÌÉÒȢ 9ąÌÄąÚ ÖÅ 
Yalman [27], yaptąËÌÁÒą ÌÉÔÅÒÁÔİÒ ÔÁÒÁÍÁÓą ëÁÌąĥÍÁÓą 
ÓÏÎÕÃÕÎÄÁȟ ÙÁÌąÎ ÙĘÎÅÔÉÍÉÎȟ ÉÓÒÁÆ ÖÅ ÍÁÌÉÙÅÔÌÅÒÄÅ 
ÁÚÁÌÍÁȟ ÖÅÒÉÍÌÉÌÉËÔÅ ÁÒÔÍÁȟ ÔÅÄÁÖÉ ÖÅ ÔÅĥÈÉÓ 
ÓİÒÅëÌÅÒÉÎÄÅ ÈąÚÌÁÎÍÁ ÓÁøÌÁÄąøąÎą ÉÆÁÄÅ ÅÔÍÉĥÌÅÒÄÉÒ 
[27]. ,ÉÔÅÒÁÔİÒÄÅÎ ÁÎÌÁĥąÌÄąøą İÚÅÒÅ ÓİÒÅë 
ÍÁÄÅÎÃÉÌÉøÉ ÁÌÁÎąÎÄÁËÉ ëÁÌąĥÍÁ ÓÁÙąÓą ÙÅÔÅÒÉ ËÁÄÁÒ 
ÄÅøÉÌÄÉÒȢ "Õ ëÁÌąĥÍÁÙÌÁ ÂÕ ÅËÓÉËÌÉøÉÎ ÇÉÄÅÒÉÌÍÅÓÉ ÖÅ 
ÌÉÔÅÒÁÔİÒ ÉëÉÎ ÂÉÒ ÙÏÌ ÈÁÒÉÔÁÓą ÓÕÎÕÌÍÁÓą 
ÐÌÁÎÌÁÎÍÁËÔÁÄąÒȢ 

3. 9ĘÎÔÅÍ ÖÅ 4ÅËÎÉËÌÅÒ 

(ÁÓÔÁÎÅÄÅ ÖÅÒÉÌÅÎ ÈÉÚÍÅÔÌÅÒÉÎ ÄÅøÅÒ ËÁÔÁÎ ÖÅ 
ËÁÔÍÁÙÁÎ ÆÁÁÌÉÙÅÔ ÏÌÁÒÁË ÁÙÒąĥÔąÒąÌÍÁÓą ÉëÉÎ ÓİÒÅë 
ÍÁÄÅÎÃÉÌÉøÉÎÉÎ ÇĘÒÓÅÌ ÁÒÁëÌÁÒą ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ "Õ 
ÙĘÎÔÅÍ ÐÒÏÓÅÓÌÅÒÄÅËÉ ÄÅÔÁÙÌÁÒÄÁÎ ëÏËȟ ÈÁÓÔÁÌÁÒąÎ 
ÓÉÓÔÅÍ ÉëÅÒÉÓÉÎÄÅËÉ ÁËąĥą ÖÅ ÉÚÌÅÄÉøÉ ÙÏÌÕ ÔÁËÉÐ ÅÄÅÒÅË 
hizÍÅÔÉÎ ÂİÔİÎİÎİ ÇĘÒÍÅÍÉÚÉ ÓÁøÌÁÒȢ (ÁÓÔÁÌÁÒąÎ 
ÓÉÓÔÅÍ ÉëÅÒÉÓÉÎÄÅËÉ ÓİÒÅëÌÅÒÉÎÉÎ ÁÎÁÌÉÚÉ ÖÅ 
ÉÙÉÌÅĥÔÉÒÉÌÍÅ ÁĥÁÍÁÓąÎÄÁ ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÁÒÁëÌÁÒą 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 3İÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÐÅË ëÏË ÁÌÁÎÄÁ 
ÕÙÇÕÌÁÎÁÂÉÌÍÅËÔÅÄÉÒȢ dĥ ÓİÒÅëÌÅÒÉ ÙĘÎÅÔÉÍÉÎÄÅ 
ÍÏÄÅÌ ÔÁÂÁÎÌą ÓİÒÅë modelleme ve veri merkezli 
ÁÎÁÌÉÚ ÔÅËÎÉËÌÅÒÉ ɉĘÒȢ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉȟ ÖÅÒÉ 
ÍÁÄÅÎÃÉÌÉøÉɊ ÁÒÁÓąÎÄÁ ÉÌÉĥËÉ ËÕÒÍÁËÔÁÄąÒȢ 3İÒÅë 
ÍÁÄÅÎÃÉÌÉøÉÎÅ ÄÁÙÁÌą Éĥ ÓİÒÅëÌÅÒÉ ÙĘÎÅÔÉÍÉȟ 
ÓİÒÅëÌÅÒÉÎ ÉÙÉÌÅĥÔÉÒÉÌÍÅÓÉ ÖÅ ÂÉÌÇÉ ÓÉÓÔÅÍÌÅÒÉÎÉÎ 
ÇÅÌÉĥÔÉÒÉÌÍÅÓÉ ÉëÉÎ ÏÒÔÁË ëÁÌąĥÍÁ ÉÍËÝÎą 
ÓÁøÌÁÍÁËÔÁÄąÒȢ vÎÇĘÒİÌÅÎ ÓİÒÅÃÉÎ ÖÅ ÇÅÒëÅËÌÅĥÅÎ 
ÓİÒÅÃÉÎ ÉĥÌÅÙÉĥÌÅÒÉ ÁÒÁÓąÎÄÁËÉ ÆÁÒËÌÁÒąÎ 
ÔÁÎąÍÌÁÎÍÁÓąÎÁ ÏÌÁÎÁË ÓÁøÌÁÒȢ "ÉÌÇÉ ÓÉÓÔÅÍÌÅÒÉÎÉÎ 
ÓÁøÌÁÄąøą ËÁÙąÔÌÁÒą ËÕÌÌÁÎÁÒÁË ÏÌÕĥÔÕÒÕÌÁÎ ÖÅ ÍÅÖÃÕÔ 
ÄÕÒÕÍÕÎ ÄÅÔÁÙÌą ÁÎÁÌÉÚÉ ÉëÅÒÅÎ ÇÅÒëÅË ÓİÒÅë ÁËąĥąȟ 
ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÙÁÚąÌąÍą ÉÌÅ ÇĘÒÓÅÌÌÅĥÔÉÒÉÌÍÅËÔÅÄÉÒȢ 
+ÕÌÌÁÎąÌÁÎ ÖÅÒÉÎÉÎ ĘÎ ÉĥÌÅÍÅ ÁÄąÍÌÁÒąȟ ÏÌÁÙ ÖÅÒÉÓÉÎÉÎ 
ÏÌÁÙ ÇİÎÌİøİ ÏÌÁÒÁË ÂÉëÉÍÌÅÎÄÉÒÉÌÍÅÓÉȟ ÈÅÒ ÂÉÒ ÓÏÒÕ 
ÉëÉÎ ÆÉÌÔÒÅÌÅÎÍÅÓÉȟ ÓÏÙÕÔÌÁÎÍÁÓą ÖÅÙÁ ËİÍÅÌÅÎÍÅÓÉ 
ÁÌÔ ÉĥÌÅÍÌÅÒÉÎÄÅÎ ÏÌÕĥÕÒȢ 4ÉÐÉË ÂÉÒ ÈÁÓÔÁ ÈÁÒÅËÅÔÉȟ 
hastaÎÅÙÅ ÇÅÌÉĥȟ ËÁÙąÔ ÉĥÌÅÍÉȟ ÍÕÁÙÅÎÅ ÉëÉÎ ÂÅËÌÅÍÅȟ 
ÍÕÁÙÅÎÅ ÓİÒÅÃÉȟ ÔÁÈÌÉÌȟ ÔÁÈÌÉÌ ÓÏÎÕëÌÁÒąÎą ÂÅËÌÅÍÅȟ 
ÄÏËÔÏÒÁ ÏÎÁÙÌÁÔÍÁ ÖÅ ëąËąĥÔąÒȢ (ÁÓÔÁÌÁÒ ÂÕ 
etkinlikleri bir veya birden fazla tekrarlayabilir. Bu 
ÈÁÒÅËÅÔÌÅÒÄÅÎ ÂÁøąÍÓąÚȟ ĘÚÅÌ ÈÁÒÅËÅÔÌÅÒÄÅ 

ÇĘÚÌÅÍÌÅÎÍÅËÔÅÄÉÒ ɉĘÒȢ ÂÁĥËÁ ÐÏÌÉËÌÉÎÉøÅ ÓÅÖËȟ 
ÓÅÒÖÉÓÅ ÓÅÖËȟ ËÁÎ ÁÌÍÁȟ ÒĘÎÔÇÅÎ ÖÂȢɊȢ "Õ ÓİÒÅë 
ÍÏÄÅÌÉÎÄÅ ÂÉÒ ÖÁËÁ ÎÅÓÎÅÓÉȟ ÈÁÓÔÁÄąÒȠ ÏÌÁÙ ÎÅÓÎÅÓÉ 
ÉÓÅ ÈÅÒ ÈÁÓÔÁ ÉëÉÎ İÓÔÌÅÎÉÌÅÎ ÅÔËÉÎÌÉËÌÅ ÂÁøÄÁĥÔąÒąÌąÒȢ 
%ÔËÉÎÌÉËÌÅÒÉÎ ÚÁÍÁÎ ÄÁÍÇÁÓą ÐÅÒÆÏÒÍÁÎÓ ËÒÉÔÅÒÉÎÉ 
ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ dĥÌÅÍ ĥÅËÌÉȟ ÉÌÇÉÌÅÎÅÎ ÄÏËÔÏÒ 
ËÁÙÎÁË ÖÅÒÉÓÉÎÉ ÉÆÁÄÅ ÅÔÍÅËÔÅÄÉÒȢ dÎÃÅÌÅÎÅÎ ÖÅÒÉ 
ËİÍÅÓÉȟ ÁÎÌÁĥąÌÍÁÓą ÖÅ ÙĘÎÅÔÉÌÍÅÓÉ ÚÏÒ ÏÌÁÎ 
ËÁÒÍÁĥąË ÂÉÒ ÓÐÁÇÅÔÔÉ ÄÉÙÁÇÒÁÍąÎÁ ÎÅÄÅÎ 
ÏÌÍÁËÔÁÄąÒȢ  "Õ ÎÅÄÅÎÌÅȟ ÄİĥİË ÓÅÖÉÙÅÄÅËÉ ÔİÍ ÏÌÁÙ 
ÈÁÒÅËÅÔÌÅÒÉ ÔÅË ÂÉÒ ÏÌÁÙ ÏÌÁÒÁË ËÁÂÕÌ ÅÄÉÌÍÉĥ Öe veri 
ÓÏÙÕÔÌÁÎÍąĥÔąÒȢ vÒÎÅË ÏÌÁÒÁË ÔÅË ÂÉÒ ÈÁÓÔÁÎąÎ ÏÌÁÙ 
ÇİÎÌİøİ 4ÁÂÌÏ ρȭ ÄÅ ÖÅÒÉÌÍÉĥÔÉÒȢ KÉÚÅÌÇÅÄÅ ÂÉÒ 
ÈÁÓÔÁÎąÎ ÂÉÒ ÁÙÌąË ÓİÒÅëÔÅ ÓÁÄÅÃÅ ÄÅÐÁÒÔÍÁÎÌÁÒ 
ÁÒÁÓąÎÄÁËÉ ÔÁËÉÐ ÅÔÔÉøÉ ÙÏÌÌÁÒ ÖÅÒÉÌÍÅËÔÅÄÉÒȢ %ÌÅ 
ÁÌąÎÁÎ ÔİÍ ÓÅÎÁÒÙÏÌÁÒȟ ÍÅÖÃÕÔ ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ 
teknikÌÅÒÉ ËÕÌÌÁÎąÌÁÒÁË ÉĥÌÅÔÉÌÍÉĥ ÏÌÕÐ ÅÌÄÅ ÅÄÉÌÅÎ 
$)3#/ ëąËÔąÌÁÒą ¤ÅËÉÌ ρ ÖÅ ¤ÅËÉÌ ς ȬÄÅ ÙÅÒ ÁÌÍÁËÔÁÄąÒȢ 
dÌÇÉÌÉ ÈÁÓÔÁÎÅÎÉÎ ÏÃÁË ÁÙą ÉëÅÒÉÓÉÎÄÅ ÇÅÒëÅËÌÅĥÅÎ 
υυςρψ ÁÄÅÔ ÏÌÁÙ ËÁÙąÔÌÁÒąÎąÎ ÉÎÃÅÌÅÎÍÅÓÉ ÓÏÎÕÃÕÎÄÁ 
ÏÌÕĥÔÕÒÕÌÁÎ ÈÁÓÔÁÎÅ ÓİÒÅë ÈÁÒÉÔÁÓą ¤ÅËÉÌ ςȭ ÄÅ 
ÇĘÒİÎÄİøİ İÚÅÒÅȠ ÈÁÓÔÁÎÅ ÓİÒÅëÌÅÒÉ ËÁÒÍÁĥąË ÖÅ 
ÅÓÎÅË ÙÁÐąÌÁÒÁ ÓÁÈÉÐÔÉÒȢ 9ÁÐąÌÁÎ ÉÎÃÅÌÅÍÅÌÅÒ 
ÓÏÎÕÃÕÎÄÁ ÇÅÎÅÌ ÃÅÒÒÁÈÉ ÓÅÒÖÉÓÉÎÄÅ ÉĥÌÅÍ 
ÙÏøÕÎÌÕøÕÎÕÎ ÆÁÚÌÁ ÏÌÄÕøÕ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ 
/ÒÔÁÌÁÍÁ ÇİÎÄÅ ςρ ÈÁÓÔÁÎąÎ ÙÁÔąÌą ÏÌÁÒÁË ÈÉÚÍÅÔ 
ÁÌÄąøą ÓÅÒÖÉÓÔÅȟ ÂÉÒ ÁÙÄÁ ÔÏÐÌÁÍ ςρυ ÈÁsta tedavi 
ÇĘÒÍİĥ ÏÌÕÐȟ ÙÁÔÁË ËÁÐÁÓÉÔÅÓÉÎÄÅ ϷωπȭÁ ÙÁËąÎ 
ÄÏÌÕÌÕøÕÎ ÏÌÄÕøÕ ÔÅÓÐÉÔ ÅÄÉÌÍÉĥÔÉÒȢ (ÁÓÔÁÌÁÒąÎ ρυς 
ÔÁÎÅÓÉ ÇÅÎÅÌ ÃÅÒÒÁÈÉ ÐÏÌÉËÌÉÎÉøÉÎÄÅÎ ÓÅÖË ÅÄÉÌÍÉĥ 
ÏÌÕÐȟ φπ ÈÁÓÔÁ ÁÃÉÌ ÐÏÌÉËÌÉÎÉøÉÎÄÅÎȟ σ ÈÁÓÔÁ Éë 
ÈÁÓÔÁÌąËÌÁÒą ÖÅ τ ÈÁÓÔÁ ÇĘøİÓ ÈÁÓÔÁÌąËÌÁÒą 
poliklinÉËÌÅÒÉÎÄÅÎ ÓÅÖË ÅÄÉÌÍÉĥÔÉÒȢ 3İÒÅë 
ÈÁÒÉÔÁÌÁÒąÎÄÁȟ ÈÁÓÔÁÌÁÒąÎ ÐÏÌÉËÌÉÎÉË ÉĥÌÅÍÌÅÒÉÎÉÎ ÇİÎ 
ÓÏÎÕÎÄÁ ÔÁÍÁÍÌÁÍąĥ ÏÌÓÁÌÁÒ ÄÁ ÓÅÒÖÉÓÌÅÒÄÅËÉ 
ÈÉÚÍÅÔÉÎ ÇİÎ ÁĥąÒą ÄÅÖÁÍ ÅÄÉÌÍÅÓÉ ËÁÙÎÁË 
ËÕÌÌÁÎąÍąÎąÎ ÓÅÒÖÉÓÌÅÒÄÅ ÙÏøÕÎÌÁĥÔąøąÎą 
ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 3İÒÅë ÈÁÒÉÔÁÌÁÒąÎÄÁÎ ÁÌąÎÁÎ 
ÖÅÒÉÌÅÒÌÅ 'ÅÎÅÌ ÃÅÒÒÁÈÉ ÓÅÒÖÉÓÉÎÄÅ ÉÙÉÌÅĥÔÉÒÍÅ 
ÙÁÐąÌÍÁÓą İÚÅÒÉÎÅ ÙÁÌąÎ ÙĘÎÅÔÉÍ ÁÒÁëÌÁÒąÎÁ 
ÂÁĥÖÕÒÕÌÍÕĥÔÕÒȢ 3İÒÅëÌÅÒÄÅ ÄÅøÅÒ ËÁÔÁÎ ÖÅ 
ËÁÔÍÁÙÁÎ ÆÁÁÌÉÙÅÔÌÅÒÉÎ ÂÉÒÂÉÒÉÎÄÅÎ ÁÙÒąĥÔąÒąÌÍÁÓą 
ÉëÉÎ ÓÅÒÖÉÓÔÅ ÔÅÄÁÖÉ ÇĘÒÅÎ ÈÁÓÔÁÌÁÒÁ ÕÙÇÕÌÁÎąÌÁÎ 
ÉĥÌÅÍÌÅÒÉÎ ÂÅÌÉÒÌÅÎÅÒÅË ÓąÒÁÙÁ ËÏÎÕÌÍÁÓą ÂİÙİË 
ĘÎÅÍ ÁÒÚ ÅÔÍÅËÔÅÄÉÒȢ 
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 Ŝƪƛƭ мн Υ DŜƴŜƭ ŎŜǊǊŀƘƛ ǎŜǊǾƛǎƛ ǎǸǊŜœ ƘŀǊƛǘŀǎƤ 
 
 
 

4ÁÂÌÏ ρȡ φςτ .ÏȭÌÕ ÈÁÓÔÁÙÁ ÁÉÔ ÏÌÁÙ ÇİÎÌİøİÎİÎ ÂÉÒ ÂĘÌİÍİ 

 
 
 
 
 
 
 

Hasta No Olay No "ÁĥÌÁÎÇąë :ÁÍÁÎą "ÉÔÉĥ :ÁÍÁÎą Hareket  

624 3 08.01.2020 08:10:24 08.01.2020 10:50:38 dë (ÁÓÔÁÌąËÌÁÒą 0ÏÌÉËÌÉÎÉøÉ +ÁÙąÔ 

624 4 08.01.2020 10:50:38 08.01.2020 10:51:20 dë (ÁÓÔÁÌąËÌÁÒą 0ÏÌÉËÌÉÎÉøÉ -ÕÁÙÅÎÅ 

624 6 10.01.2020 10:36:33 10.01.2020 10:40:53 'ÅÎÅÌ #ÅÒÒÁÈÉ 0ÏÌÉËÌÉÎÉøÉ +ÁÙąÔ 

624 7 10.01.2020 10:40:53 10.01.2020 15:47:30 'ÅÎÅÌ #ÅÒÒÁÈÉ 0ÏÌÉËÌÉÎÉøÉ -ÕÁÙÅÎÅ 

624 5 11.01.2020 10:28:07 10.01.2020 11:14:12 Endokrin 0ÏÌÉËÌÉÎÉøÉ +ÁÙąÔ 

624 8 11.01.2020 11:14:12 11.01.2020 13:33:11 %ÎÄÏËÒÉÎ 0ÏÌÉËÌÉÎÉøÉ -ÕÁÙÅÎÅ 

624 9 15.01.2020 15:55:40 15.01.2020 16:00:11 'ÅÎÅÌ #ÅÒÒÁÈÉ 0ÏÌÉËÌÉÎÉøÉ +ÁÙąÔ 

624 10 15.01.2020 16:00:11 16.01.2020 10:02:46 Genel Cerrahi 0ÏÌÉËÌÉÎÉøÉ -ÕÁÙÅÎÅ 
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¤ÅËÉÌ 13ȡ (ÁÓÔÁÎÅ ÓÉÓÔÅÍÉÎÉÎ ÓİÒÅë ÈÁÒÉÔÁÓą 

 
$ÅøÅÒȟ ÙÁÔÁÎ ÈÁÓÔÁÌÁÒąÎ ÈÉÚÍÅÔ ÏÌÁÒÁË ÁÌÍÁË ÉÓÔÅÄÉøÉ 
ĘÎÅÍÌÉ ÏÌÁÎ Éĥ ĘøÅÌÅÒÉÎÉȟ ÚÏÒÕÎÌÕ ÉÓÒÁÆȟ ÔÅÄÁÖÉÙÅ ÂÉÒ 
ËÁÔËąÓą ÂÕÌÕÎÍÁÙÁÎ ÁÎÃÁË ÙĘÎÅÔÉÍ ÖÅÙÁ ÓİÒÅë 
ÔÁËÉÐÌÅÒÉ ÉëÉÎ ÙÁÐąÌÍÁÓą ÚÏÒÕÎÌÕ ÏÌÁÎ ÉĥÌÅÍÌÅÒÉȟ ÉÓÒÁÆ 
ÉÓÅ ÄÅøÅÒ ËÁÔËąÓą ÂÕÌÕÎÍÁÙÁÎ ÆÁÁÌÉÙÅÔÌÅÒ ÏÌÁÒÁË 
taÎąÍÌÁÍÁËÔÁÄąÒȢ 4ÅÄÁÖÉ ÉëÉÎ ÓÅÒÖÉÓÔÅ ςτ ÙÁÔÁË ÖÅ σ 
ÈÅÍĥÉÒÅ ëÁÌąĥÍÁËÔÁÄąÒȢ dÌÇÉÌÉ 4ÁÂÌÏ ςȟ ÈÅÍĥÉÒÅÎÉÎ ÇİÎ 
ÉëÅÒÉÓÉÎÄÅ ψ ÏÄÁÙÁ ÄÁ ÈÉÚÍÅÔ ÖÅÒÄÉøÉ ÖÅ ÈÉÚÍÅÔÌÅÒÉÎ 
ÈÅÐÓÉ ÏÒÔÁÌÁÍÁ ÉĥÌÅÍ ÓİÒÅÌÅÒÉÙÌÅ ÂÉÒ ÙÁÒÄąÍ ÁÌÍÁÄÁÎ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÄÉøÉ ÖÁÒÓÁÙąÌÁÒÁË ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ 
4ÁÂÌÏÄÁÎ ÇĘÒİÌÄİøİ İÚÅÒÅ σρ ÉĥÌÅÍÉÎ ψ ÔÁÎÅÓÉ ÄÅøÅÒ 
ËÁÔÁÎ ÆÁÁÌÉÙÅÔ ËÁÌÁÎą ÉÓÅ ÚÏÒÕÎÌÕ ÉÓÒÁÆ ÙÁ ÄÁ ÉÓÒÁÆ 
ÓąÎąÆąÎÁ ÇÉÒÍÅËÔÅÄÉÒȢ ψ ÈÁÓÔÁ ÉëÉÎ σπτ ÄÁËÉËÁ ÄÅøÅÒ 
ËÁÔÁÎ ÆÁÁÌÉÙÅÔ ÉËÅÎ ρφτ ÄÁËÉËÁ ÄÅøÅÒ ËÁÔÍÁÙÁÎ 
ÆÁÁÌÉÙÅÔÌÅÒÄÅÎ ÏÌÕĥÍÁËÔÁÄąÒȢ $ÅøÅÒ ËÁÔÁÎ ÖÅ 
katmayan faÁÌÉÙÅÔÌÅÒÉÎÉÎ ÁÙÒąĥÔąÒąÌÍÁÓąȟ ÍÅÖÃÕÔ 
ÓİÒÅëÔÅ ÈÁÎÇÉ ÎÏËÔÁÌÁÒÄÁ ÉÙÉÌÅĥÔÉÒÉÌÍÅÌÅÒÉÎ 
ÙÁÐąÌÍÁÓą ÇÅÒÅËÔÉøÉÎÉÎ ÂÉÌÇÉÓÉÎÉ ÂÉÚÅ ÓÕÎÍÁËÔÁÄąÒȢ  
(ÉÚÍÅÔ ÖÅÒÅÎ ÈÅÍĥÉÒÅÎÉÎ ÇİÎ ÉëÅÒÉÓÉÎÄÅ ÓÉÓÔÅÍÅ 
ÔÅÄÁÖÉÌÅÒÉ ÇÉÒÍÅÓÉȟ ÈÅÒ ÔÅÄÁÖÉÙÉ ÖÅ ÉÈÔÉÙÁÃą ÉÌÇÉÌÉ 
ÆÏÒÍÁÌÁÒÁ ÙÁÚÍÁÓąȟ ÈÁÓÔÁÎąÎ ÇİÎÌİË ÄÕÒÕÍÕ ÉÌÅ ÉÌÇÉÌÉ 
ÆÏÒÍÌÁÒą ÄÏÌÄÕÒÍÁÓą ÖÅ ÇĘÚÌÅÍ ÆÏÒÍÌÁÒąÎą 
ÄÏÌÄÕÒÍÁÓą ÉëÉÎ ρςφ ÄÁËÉËÁÌąË ÂÉÒ ÖÁËÉÔ ÁÙąÒÄąøą 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ  "Õ ÄÕÒÕÍ ÈÅÒ ÍÅÓÁÉ ÇİÎİÎÄÅ 
ÔÅËÒÁÒÌÁÎÍÁËÌÁ ÂÉÒÌÉËÔÅ ÈÁÓÔÁ ÉëÉÎ ÄÅøÅÒ ËÁÔÍÁÙÁÎ 

ÆÁÁÌÉÙÅÔÌÅÒÉ ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ (ÁÓÔÁ ÉëÉÎ ÕÙÇulanacak 
tedavinin belirlenmesinden sonra bilginin 
ÐÁÙÌÁĥąÍąÎÄÁ ÍÁÎÕÅÌ ÙĘÎÔÅÍÌÅÒ ÉÌÅ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅËÔÅÄÉÒȢ %ÖÒÁËÌÁÒąÎ ÄÏÌÄÕÒÕÌÍÁÓą ÖÅ 
bilgilerin manuel olarak sisteme girilmesi 
ÈÅÍĥÉÒÅÌÅÒ ÉëÉÎ ÆÁÚÌÁ Éĥ ÙİËİÎÅ ÎÅÄÅÎ ÏÌÍÁËÔÁÄąÒȢ 
&ÁÚÌÁ Éĥ ÙİËİÎÅ ÎÅÄÅÎ ÏÌÁÎ ÍÁÎÕÅÌ ÉĥÌÅÒÉÎ ÏÒÔÁÄÁÎ 
ËÁÌÄąÒąÌÍÁÓą ÉëÉÎ ÂİÔİÎÌÅĥÉË ÈÁÓÔÁÎÅ ÂÉÌÇÉ ÙĘÎÅÔÉÍ 
ÓÉÓÔÅÍÉÎÉÎ ËÕÌÌÁÎąÌÍÁÓą ĘÎÅÒÉÌÍÅËÔÅÄÉÒȢ "Õ ÎÏËÔÁÄÁ 
ÈÉÚÍÅÔ ÖÅÒÅÎÌÅÒÉÎ ÔÁÂÌÅÔ ÇÉÂÉ ÅÒÉĥÉÍÉ ËÏÌÁÙ ÁÒÁëÌÁÒ ÉÌÅ 
ÖÅÒÉÌÅÒÉ ÈąÚÌą ÂÉÒ ĥÅËÉÌÄÅ ÍÅÒËÅÚÉ ÂÉÌÇÉ ÙĘÎÅÔÉÍ 
ÓÉÓÔÅÍÉÎÅ ÇÅëÅÂÉÌÍÅÓÉ ÂİÙİË ÂÉÒ ĘÎÅÍ ÁÒÚ 
ÅÔÍÅËÔÅÄÉÒȢ 3ÅÒÖÉÓÔÅ ÔÅÄÁÖÉ ÓİÒÅÃÉÎÉ ÇÅÒëÅËÌÅĥÔÉÒÅÎ 
ÄÏËÔÏÒȟ ÉÌÇÉÌÉ ÔÅÄÁÖÉÎÉÎ ĥÅËÌÉÎÉȟ ÓİÒÅÓÉÎÉ ÖÅ 
ÉÈÔÉÙÁëÌÁÒąÎą ÓÉÓÔÅÍÅ ÇÉÒÄÉ ÏÌÁÒÁË ÅËÌÅÄÉøÉÎÄÅ ÂÉÌÇÉ 
ÓÅÒÖÉÓÉÎȟ ÈÅÍĥÉÒÅÎÉÎ ÖÅ ÅÃÚÁÎÅÎÉÎ ÅËÒÁÎąÎÁ ÉÈÔÉÙÁë 
ÄÕÙÕÌÄÕøÕ ÆÉÌÔÒÅ ÄÅ ÅËÌÅÎÍÅÓÉ ÍİÍËİÎÄİÒ. 
0ÌÁÎÌÁÎÁÎ Éĥ ÅÍÉÒÌÅÒÉ ÖÅÙÁ ÁÌąÎÁÎ !.4 ÓÏÎÕëÌÁÒąÎąÎ 
ÈąÚÌą ÂÉÒ ĥÅËÉÌÄÅ ÓÉÓÔÅÍÅ ÇÅëÉÌÍÅÓÉ ÉÌÅ ÄÏËÔÏÒȟ 
ÓÅÒÖÉÓÔÅËÉ ÈÁÓÔÁÌÁÒąÎ ÄÕÒÕÍÌÁÒąÎą ëÅÖÒÉÍÉëÉ 
ÏÒÔÁÍÄÁÎ ÈąÚÌą ÂÉÒ ĥÅËÉÌÄÅ ÔÁËÉÐ ÅÄÅÒÅË ÈÅÍĥÉÒÅÌÅÒÉÎ 
ÆÁÚÌÁ Éĥ ÙİËİÎİÎ ÏÒÔÁÄÁÎ ËÁÌÄąÒąÌÍÁÓąÎÁ ÖÅ 
faaliyetlerinin  ÄÅøÅÒ ËÁÔÁÎ ÆÁÁÌÉÙÅÔÌÅÒ ÏÌÍÁÓąÎÁ 
ÏÌÁÎÁË ÓÁøÌÁÙÁÒÁË ¤ÅËÉÌ τȭÄÅ ËÉ ÓÏÎ ÈÁÌÉÎÉ ÁÌÍąĥÔąÒȢ 
3ÉÓÔÅÍÄÅ ÙÁÐąÌÁÎ ÄÅøÉĥÉËÌÉËÌÅÒȟ ÄÅøÉĥÉÍÅ ËÁÒĥą 
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ÄÉÒÅÎÃÅ ÎÅÄÅÎ ÏÌÁÃÁøą ÉëÉÎ ÅÓËÉ ÖÅ ÙÅÎÉ ÓİÒÅëÌÅÒÉÎ 
ËÁÄÅÍÅÌÉ ÏÌÁÒÁË ÄÅøÉĥÔÉÒÉÌÍÅÓÉ ÉÌÅ ÅøÉÔÉÍȟ ÔÅëÈÉÚÁÔ 

ÔÅÍÉÎÉ ÖÅ ÙĘÎÅÔÉÍÉ ÓİÒÅëÌÅÒÉÎÄÅ ÆÁÙÄÁ ÓÁøÌÁÎÁÒÁË 
ÄÉÒÅÎëÌÅÒÉ ÅÎ ÁÚ ÅÔËÉÙÌÅ ÁÔÌÁÔąÌÍÁÓąÎą ÓÁøÌÁÍÁËÔÁÄąÒȢ 

 

4ÁÂÌÏ ςȡ 9ÁÔÁÎ ÈÁÓÔÁÌÁÒąÎ ÔÅÄÁÖÉ ÓİÒÅë ÁĥÁÍÁÌÁÒą 

 

 
 

Hareket 

No
TǒƭŜƳ Tǒ ¢ƛǇƛ

1. 

IŜƳǒƛǊŜ

Hareket 

No
Tǒ Tǒ ¢ƛǇƛ

1. 

IŜƳǒƛǊŜ

Hareket 

No
TǒƭŜƳ Tǒ ¢ƛǇƛ

1. 

IŜƳǒƛǊŜ

Hareket 

No
Tǒ Tǒ ¢ƛǇƛ

1. 

IŜƳǒƛǊŜ

1

IŜƳǒƛǊŜƴƛƴ 

sistemde kendi 

ǎŀȅŦŀǎƤƴƤ ŀœƳŀǎƤ

israf 12dk 9

!ƭƤƴŀƴ !b¢ 

ŘŜƐŜǊƭŜǊƛƴƛƴ 

gözleme geçilmesi

zrn israf 8dk 17
Iŀǎǘŀ ƻŘŀǎƤƴŘŀƴ 

œƤƪƤǒ
zrn israf 2dk 25

TƭŀœƭŀǊƤƴ ǘŜŘŀǾƛ 

tepsisine 

ƪƻƴǳƭƳŀǎƤ

zrn israf 2dk

2

IŜƳǒƛǊŜƴƛƴ ƻǊŘŜǊƤ 

ƪŜƴŘƛ ǎŀȅŦŀǎƤƴŘŀƴ 

sisteme girmesi

zrn israf 48dk 10

IŀǎǘŀƴƤƴ ƎǸƴƭǸƪ 

ŘǳǊǳƳǳ ƘŀƪƪƤƴŘŀ 

ōƛƭƎƛ ŀƭƤƴƳŀǎƤ

ŘŜƐŜǊ48dk 18
Iŀǎǘŀ ƻŘŀǎƤƴŀ 

ƎƛŘƛǒ
zrn israf 2dk 26

Iŀǎǘŀ ƻŘŀǎƤƴŀ 

ƎƛŘƛǒ
zrn israf 2dk

3

hǊŘŜǊƤƴ Ƙŀǎǘŀ 

gözlemine 

geçilmesi

zrn israf 48dk 11

Hasta ile ilgili 

ƎǸƴƭǸƪ ŦƻǊƳƭŀǊƤƴ 

ŘƻƭŘǳǊǳƭƳŀǎƤ

zrn israf 8dk 19
Hasta gözlem 

ƪŀƐƤŘƤƴƤƴ ŀƭƤƴƳŀǎƤ
zrn israf 2dk 27

¢ŜŘŀǾƛ ƘŀƪƪƤƴŘŀ 

hasta ve hasta 

ȅŀƪƤƴƭŀǊƤƴƤƴ 

bilgilendirilmesi

ŘŜƐŜǊ32dk

4
¢ŜŘŀǾƛƴƛ ŀǊŀōŀǎƤ 

gitmek
zrn israf 2dk 12

Iŀǎǘŀ ƻŘŀǎƤƴŘŀƴ 

œƤƪƤǒ
zrn israf 2dk 20 hŘŀŘŀƴ œƤƪƤǒzrn israf 2dk 28

Tedavinin 

ǳȅƎǳƭŀƴƳŀǎƤ
ŘŜƐŜǊ40dk

5

Tedavi 

ŀǊŀōŀǎƤƴŘŀƴ 

tansiyon 

aleti,pulse 

oksimetre ve 

derecenin 

ŀƭƤƴƳŀǎƤ

zrn israf 2dk 13
¢ŜŘŀǾƛ ŀǊŀōŀǎƤƴŀ 

ƎƛŘƛǒ
zrn israf 2dk 21

¢ŜŘŀǾƛ ƻŘŀǎƤƴŀ 

ƎƛŘƛǒ
zrn israf 2dk 29

IV tedavi 

ǎƻƴǊŀǎƤƴŘŀ Ƙŀǎǘŀ 

ōŀǒƤƴŘŀ ōŜƪƭŜƳŜƪ

ŘŜƐŜǊ48dk

6
Iŀǎǘŀ ƻŘŀǎƤƴŀ 

yürümek
zrn israf 2dk 14

Aletlerin arabaya 

ōƤǊŀƪƤƭƳŀǎƤ
zrn israf 2dk 22

Tedavi saatlerinin 

kontrol edilmesi
ŘŜƐŜǊ8dk 30

Iŀǎǘŀ ƻŘŀǎƤƴŘŀƴ 

œƤƪƤǒ
zrn israf 2dk

7

Hasta ve hasta 

ȅŀƪƤƴƤƴŀ ŘŜǎǘŜƪ 

vermek

ŘŜƐŜǊ32dk 15
Tekrar hasta 

ƻŘŀǎƤƴŀ ƎƛŘƛǒ
zrn israf 2dk 23

Saati gelen 

ƛƭŀœƭŀǊƤƴ ŘƻƭŀǇǘŀƴ 

ŀƭƤƴƳŀǎƤ

zrn israf 4dk 31
¢ŜŘŀǾƛ ƻŘŀǎƤƴŀ 

ƎƛŘƛǒ
zrn israf 2dk

8
IŀǎǘŀƴƤƴ !b¢ϥǎƛƴƛ 

almak
ŘŜƐŜǊ32dk 16

IŀǎǘŀƴƤƴ ƎǸƴƭǸƪ 

ōŀƪƤƳƤƴƤ ȅŀǇƳŀƪ
ŘŜƐŜǊ64dk 24

Saati gelen 

tedavinin 

ƘŀȊƤǊƭŀƴƳŀǎƤ

zrn israf 4dk
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¤ÅËÉÌ 14 ȡ -ÅÖÃÕÔ ÄÕÒÕÍÄÁ ÂÉÒ ÈÅÍĥÉÒÅÎÉÎ ÆÁaliyet 
ÔÁÎąÍÌÁÍÁÌÁÒą ÖÅ ÓİÒÅÌÅÒÉ 

 

      
 

¤ÅËÉÌ 15ȡ 9ÁÐąÌÁÎ ÉÙÉÌÅĥÔÉÒÍÅÌÅÒ ÓÏÎÕÃÕ ÂÉÒ ÈÅÍĥÉÒÅÎÉÎ 
ÆÁÁÌÉÙÅÔ ÔÁÎąÍÌÁÒą ÖÅ ÓİÒÅÌÅÒÉ 

 
 
4. 3ÏÎÕë 
KÁÌąĥÍÁÙÁ ÇĘÒÅȟ ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÔÅËÎÉËÌÅÒÉÎÉÎ 
ÈÁÓÔÁÎÅ ÂÉÌÇÉ ÓÉÓÔÅÍÌÅÒÉ ÉÌÅ ÕÙÇÕÌÁÎÍÁÓąȟ ÓİÒÅëÌÅÒÉÎ 
ËİÒÅÓÅÌ ÂÉÒ ÂÁËąĥ ÁëąÓąÎÁ ÕÌÁĥÍÁÎąÎ ËÏÌÁÙ ÂÉÒ ÙÏÌÕÎÕ 
ÓÕÎÍÁËÔÁÄąÒȢ "Õ ÂÉÌÇÉÌÅÒÌÅ ÓÁøÌąË ÕÚÍÁÎÌÁÒą ÖÅ 
ÙĘÎÅÔÉÃÉÌÅÒÉȟ ÁÎÁÌÉÚ ÅÄÉÌÅÎ ÁÌÁÎÄÁ ĥÕ ÁÎÄÁ ÏÌÁÎ 
sorunlaÒąÎ ÇÅÒëÅË ÂÉÒ ÇĘÒİÎÔİÓİÎİ ÓİÒÅë 
ÍÁÄÅÎÃÉÌÉøÉ ÓÁÙÅÓÉÎÄÅ ÅÌÄÅ ÅÄÉÌÅÂÉÌÍÅËÔÅÄÉÒȢ 3İÒÅë 
ÍÁÄÅÎÃÉÌÉøÉ ÔÅËÎÉËÌÅÒÉÙÌÅ ÏÌÕĥÔÕÒÕÌÁÎ ÓİÒÅë 
ÈÁÒÉÔÁÌÁÒąÎÄÁ ÂÅÌÉÒÌÅÎÅÎ ÓÏÒÕÎÌÁÒ ÙÁÌąÎ ÙĘÎÅÔÉÍ 
ÕÙÇÕÌÁÍÁÌÁÒą ÉÌÅ ÄÁÈÁ ËİëİË Éĥ ÐÁÒëÁÌÁÒąÎÁ 
ÂĘÌİÎÅÒÅË ÉÎÃÅÌÅÎÅÂÉÌÍÅËÔÅÄÉÒȢ  
dĥ ÈÁÒÅËÅÔÌÅÒÉ ÄÅøÅÒȟ ÚÏÒÕÎÌÕ ÉÓÒÁÆ ÖÅ ÉÓÒÁÆ ÏÌÁÒÁË 
ÂĘÌİÎÄİËÌÅÒÉÎÄÅ ÓÉÓÔÅÍÉÎ ÉëÉÎÄÅÙËÅÎ ÆÁÒË 
ÅÄÉÌÅÍÅÙÅÎ ÓÏÒÕÎÌÁÒ ÂÁÓÉÔ ÂÉÒ ĥÅËÉÌÄÅ 
ÉÓÉÍÌÅÎÄÉÒÉÌÅÒÅË ëĘÚİÍ ĘÎÅÒÉÌÅÒÉ 

İÒÅÔÉÌÅÂÉÌÍÅËÔÅÄÉÒȢ 'ÅÒÅËÓÉÚ ËÁÙÎÁË ËÕÌÌÁÎąÍąÎąÎ 
ĘÎÌÅÎÍÅÓÉÎÉ ÈÅÄÅÆÌÅÙÅÎ ÙÁÌąÎ ÓÁøÌąË ÓÅËÔĘÒİ ÉëÉÎ 
ÁÙÒąÌÁÎ ÂİÔëÅÎÉÎ ÄÁÈÁ ÄÉËËÁÔÌÉ ËÕÌÌÁÎąÌÍÁÓą ÉëÉÎ ÉÌÇÉÌÉ 
ÁÌÁÎÄÁ ëÁÌąĥÍÁ ÙÁÐÁÃÁË ÁÒÁĥÔąÒÍÁÃąÌÁÒ ÉëÉÎ ÄÉËËÁÔ 
ÅÄÉÌÍÅÓÉ ĘÎÅÍ ÁÒÚ ÅÄÅÎ ÂÉÒ ÆÅÌÓÅÆÅÄÉÒȢ /ÌÁÙ 
ÇİÎÌİËÌÅÒÉÎÄÅ ÏÌÁÙÌÁÒąÎ ÁÔÌÁÎÍÁÓąȟ ËÁÙąÐ ÏÌÁÙÌÁÒ ÖÅ 
ÈÁÓÔÁ ËÁÙąÔÌÁÒąÎąÎ ÔÅËÒÁÒą ÔÅÓÐÉÔ ÅÄÉÌÍÉĥÔÉÒȢ 3İÒÅÃÉÎ 
ÇÅÃÉËÍÅÓÉȟ ËÁÙÎÁËÌÁÒąÎ ÖÅ ÐÅÒÓÏÎÅÌÉÎ ÅËÓÉËÌÉøÉ ÖÅÙÁ 
ÕÚÍÁÎÌąË ÎÉÔÅÌÉøÉ ÉÌÅ ÉÌÇÉÌÉ ÏÌÁÂÉÌÉÒȢ !ÙÒąÃÁ ÈÁÓÔÁ 
ËÁÂÕÌİ ÓİÒÅÃÉ ÖÅ ÍÕÁÙÅÎÅ ÂÉÔÉĥÉ ÖÅ ëąËąĥą ÉÌÅ ÉÌÇÉÌÉ 
ÔÕÔÁÒÓąÚÌąËÌÁÒ ÄÁ ÇĘÚÌÅÎÍÉĥÔÉÒȢ (ÁÓÔÁ ËÁÙąÔ ËÁÂÕÌ 
ÓİÒÅÃÉÎÄÅȟ ÈÁÓÔÁÎÅ ÂÉÌÇÉ ÓÉÓÔÅÍÉ ÔÁÒÁÆąÎÄÁÎȟ ÖÅÒi 
ÇÉÒÉĥÉ ËÏÎÔÒÏÌÌÅÒÉ ÙÁÐąÌÁÂÉÌÉÒ ÖÅÙÁ ÓÉÓÔÅÍÅ ÂÁÚą 
ËąÓąÔÌÁÒ ÇÅÔÉÒÉÌÅÂÉÌÉÒȢ +ÁÒÍÁĥąË ÙÁÐąÙÁ ÓÁÈÉÐ ÏÌÁÎ 
ÓÁøÌąË ÓÉÓÔÅÍÌÅÒÉ ÓİÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÐÁËÅÔ 
ÐÒÏÇÒÁÍÌÁÒąÙÌÁ ÁÎÌÁĥąÌąÒ ÓİÒÅë ÈÁÒÉÔÁÌÁÒąÎÁ 
ÉÎÄÉÒÇÅÎÅÂÉÌÍÅËÔÅÄÉÒȢ 3İÒÅë ÍÁÄÅÎÃÉÌÉøÉ ÉÌÅ ÇÅëÍÉĥ 
verilerin incelenÍÅÓÉ İÚÅÒÉÎÄÅÎ ÏÌÕĥÔÕÒÕÌÁÎ 
ÈÁÒÉÔÁÌÁÒąÎȟ ÙÁÐąÌÁÎ ÉÙÉÌÅĥÔÉÒÍÅÌÅÒÌÅ ÂÉÒÌÉËÔÅ 
ÇÅÌÉĥÔÉÒÍÅ ÍÏÄİÌİÎİÎ ÔÅÍÅÌÉ ÏÌÁÎ ÙÅÎÉ ÖÅÒÉ ÖÅ ÅÓËÉ 
ÍÏÄÅÌ ÉÌÅ ÔÅËÒÁÒ ÉĥÌÅÎÍÅÓÉ ÇÅÒÅËÍÅËÔÅÄÉÒȢ 9ÅÎÉ 
ÏÌÕĥÁÎ ÓİÒÅë ÈÁÒÉÔÁÓąÎÄÁ ÙÅÎÉ ÄÁÒÂÏøÁÚÌÁÒąÎ ÔÅÓÐÉÔÉ 
ÖÅ ÙÅÎÉ ÉÙÉÌÅĥÔÉÒÍÅÌÅÒÉ ÂÅÒÁÂÅÒÉnde getirecek bir 
ÄĘÎÇİ ÏÌÕĥÁÃÁËÔąÒȢ dÙÉÌÅĥÔÉÒÍÅÌÅÒ ÄÅÖÁÍ ÅÔÔÉËëÅ 
ÓİÒÅëÌÅÒ ÉÓÒÁÆÌÁÒÄÁÎ ÁÒąÎÁÒÁË ÈÁÓÔÁÌÁÒ ÉëÉÎ ÄÅøÅÒ 
ËÁÔÍÁÙÁÎ ÆÁÁÌÉÙÅÔÌÅÒ ÓİÒÅëÌÅÒÄÅÎ ÁÒąÎÍąĥ ÏÌÁÃÁËÔąÒ 
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CO2 Emissions Forecasting for Sustainable Logistics 

!ÙĥÅÎÕÒ BUDAK13 

1Gebze Technical University, Faculty of Engineering, Industrial Engineering, Kocaeli,Turkey 
 

Abstract  

Logistics activities have gradually increased in nowadays. In this context, it is possible to say that sustainability 
should be at the top of the current strategic issues for the logistics industry. Looking at the relationship 
between logistics and sustainability in both ways; logistics activities are among the basic business functions 
that can directly affect our environment and climate changes. It will be possible to minimize this effect with 
an effective logistics management. In this study, it is aimed to forecast the amount of CO2 emissions released 
in truckload transport in the logistics sector. New generation methods such as fuzzy logic and artificial neural 
networks are among the methods frequently used by businesses as decision making method in recent years. 
Therefore, ANFIS (Adaptive Neural-Fuzzy Inference Systems) method is used for forecasting. Forecasting 
performance is compared with MAPE. In this way, sustainable and environmentally correct plans can be made 
in the logistics sector and companies can organize their transportation activities. 
 
Keywords:  Sustainable Logistics, CO2 emission forecasting, ANFIS 
 

3İÒÄİÒİÌÅÂÉÌÉÒ ,ÏÊÉÓÔÉË ÉëÉÎ #O2  Emisyon Tahmini  
vÚÅÔ 

,ÏÊÉÓÔÉË ÆÁÁÌÉÙÅÔÌÅÒÉÎ ĘÎÅÍÉ ÇİÎİÍİÚÄÅ ÇÉÄÅÒÅË ÁÒÔÍÁËÔÁÄąÒȢ 3İÒÄİÒİÌÅÂÉÌÉÒ ÌÏÊÉÓÔÉË ÉÓÅ ÆÉÒÍÁÌÁÒąÎ ËÁÔÍÁ ÄÅøÅÒ 
ËÁÔÁÂÉÌÅÃÅøÉ ÓÔÒÁÔÅÊÉË ËÏÎÕÌÁÒąÎ ÂÁĥąÎÄÁ ÙÅÒ ÁÌÍÁÙÁ ÂÁĥÌÁÍąĥÔąÒȢ 3İÒÄİÒİÌÅÂÉÌÉÒ ÌÏÊÉÓÔÉË ÆÁÁÌÉÙÅÔÌÅÒÉȟ ÈÅÍ 
ëÅÖÒÅÍÉÚÉ ÈÅÍ ÄÅ ÉËÌÉÍ ÄÅøÉĥÉËÌÉËÌÅÒÉÎÉ ÄÏøÒÕÄÁÎ ÅÔËÉÌÅÍÅËÔÅÄÉÒȢ $ÏøÒÕ ÖÅ ÅÔËÉÌÉ ÂÉÒ ÌÏÊÉÓÔÉË ÙĘÎÅÔÉÍÉ ÉÌÅ ÂÕ 
ÂÅËÌÅÎÅÎ ëÅÖÒÅÓÅÌ ÚÁÒÁÒÌÁÒąÎ ÅÎ ÁÚÁ ÉÎÄÉÒÉÌÍÅÓÉ ÍİÍËİÎ ÏÌÁÂÉÌÅÃÅËÔÉÒȢ  "Õ ëÁÌąĥÍÁÄÁ ÌÏÊÉÓÔÉË ÓÅËÔĘÒİÎÄÅ 
ËÁÒÁÙÏÌÕ ÔÁĥąÍÁÃąÌąøąÎÄÁ ÁëąøÁ ëąËÁÎ #π2 ÅÍÉÓÙÏÎ ÍÉËÔÁÒąÎąÎ ÔÁÈÍÉÎ ÅÄÉÌÍÅÓÉ ÁÍÁëÌÁÎÍąĥÔąÒȢ "ÕÌÁÎąË ÍÁÎÔąË 
ÖÅ ÙÁÐÁÙ ÓÉÎÉÒ ÁøÌÁÒą ÇÉÂÉ ÙÅÎÉ ÎÅÓÉÌ ÙĘÎÔÅÍÌÅÒ ÉĥÌÅÔÍÅÌÅÒ ÔÁÒÁÆąÎÄÁÎ ÓÏÎ ÙąÌÌÁÒÄÁ ËÁÒÁÒ ÖÅÒÍÅ ÙĘÎÔÅÍÉ ÏÌÁÒÁË 
ÓąËÌąËÌÁ ËÕÌÌÁÎąÌÁÎ ÙĘÎÔÅÍÌÅÒ ÁÒÁÓąÎÄÁÄąÒȢ "Õ ÙİÚÄÅÎ ÔÁÈÍÉÎ )ëÉÎ !.&)3 ɉAdaptive Neural-Fuzzy Inference 
Systems) ÙĘÎÔÅÍÉ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 4ÁÈÍÉÎ ÐÅÒÆÏÒÍÁÎÓą -!0% ÉÌÅ ËÁÒĥąÌÁĥÔąÒąÌÍąĥÔąÒȢ "Õ ÓÁÙÅÄÅ ÌÏÊÉÓÔÉË 
ÓÅËÔĘÒİÎÄÅ ÓİÒÄİÒİÌÅÂÉÌÉÒ ÖÅ ëÅÖÒÅÓÅÌ ÁëąÄÁÎ ÄÏøÒÕ ÐÌÁÎÌÁÍÁÌÁÒ ÙÁÐąÌÁÂÉÌÅÃÅËȟ ÆÉÒÍÁÌÁÒ ÔÁĥąÍÁÃąÌąË 
ÆÁÌÉÙÅÔÌÅÒÉÎÉ ÄİÚÅÎÌÅÙÅÂÉÌÅÃÅËÌÅÒÄÉÒȢ 
 
Anahtar K elimeler:  3İÒİÄİÒİÌÅÂÉÌÉÒ ,ÏÊÉÓÔÉËȟ #/2 emisyon tahmini, ANFIS 
 

1 Introduction  

It is known that the importance of logistics 
activities have gradually increased in business 
world. When the concept of sustainability is 
considered as a whole, corporate planning, 
environmental management, economic and 
social sustainability should be supported. In this 
context, it is possible to say that sustainability 
should be at the top of the current strategic 
issues for the logistics industry. Companies are 
obliged to monitor sustainability in their 
general operations. Especially the use of non-
renewable energy sources and how to use raw 
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materials puts a great social responsibility on 
companies [1]. 

The necessity of transporting millions of 
products every day and the fact that the 
vehicles/trucks are mostly used with fossil fuels 
increase the emission of CO2. This emission 
problem causes environmental and human 
health threats. In the face of this threat, in order 
to reduce fuel consumption and carbon 
emissions for sustainability, the right choice of 
transportation mode, minimizing 
transportation distances, reducing the traffic 
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created around the store or warehouse, etc.  
should be considered [2]. 

Turkey's sustainable logistics activities are 
increasing. CO2 emissions growth has become 
more important in terms of macro factors such 
as economical and the environmental. In this 
study, based on independent variables with the 
logistics company in Turkey, this study has tried 
to estimate CO2 emissions. Actual and 
forecasted values are compared according to 
the MAPE (Mean Absolute Percentage Error). 

In the continuation of the study, the CO2 
emissions values for 2018-2020 are estimated 
for the sustainable evaluation of a logistics 
company with the ANFIS, which has a high 
predictive success. Thus, it is aimed to make 
estimations in this field with ANFIS for 
sustainable logistics and to analyze whether 
this method is a reliable forecasting method. It 
is an alternative forecasting method to use 
forward predictions in complex, chaotic and 
imprecise data sets. ANFIS method, which has a 
very wide field of application, differs from other 
estimation methods by requiring few data and 
high estimation reliability [3].  

In the second section, the literature study is 
included. The ANFIS method is explained in 
detail in the third section. In the fourth section, 
the data between 2018-2020 are estimated with 
the ANFIS method and the MAPE in the 
estimation are calculated and its reliability is 
tested. Finally, section 5 concludes paper. 

2.Literature  

There are many studies about CO2 emission 
forecasting in the literature. Some of them are given 
ÂÅÌÏ×Ȣ 3ÁÙ ÁÎÄ 9İÃÅÌ ɍτɎ ÄÅÖÅÌÏÐÅÄ Á ÍÏÄÅÌ ×ÈÉÃÈ 
forecast CO2 emission for the years 2006-2015. 

They used regression analysis using the total energy 
expenditure to investigate the development of CO2 
emissions. Yamanoglu [5] analyzed benchmarking 
for Turkey and other countries in terms of CO2 
ÅÍÉÓÓÉÏÎÓȢ 3ĘÚÅÎ ÅÔ ÁÌȢ ɍφɎ ÕÓÅÄ ÁÒÔÉÆÉÃÉÁÌ ÎÅÕÒÁÌ 

networks for CO2 emission. Shin and Tsokos [7] 
forecasted CO2 emission per month from 1981-

2003 by using ARIMA, which is a time series 
method. 

Pao et al. [8] using the Grey method to forecast 
Brazil CO2 emissions, energy consumption and 

economic growth for the years 2008-2013. Chen 
and Wang [9] used the fuzzy logic approach to 
forecast CO2 estimation Baareh et al. [10] used  
artificial neural networks to estimate CO2 
emissions for the world. Saleh et al. [11] estimated 
CO2 emission with SVM (Support Vector Machine).  
Lise [12] used the decomposition method to explain 
the increase in CO2 emissions between 1980-2003. 
As it can be seen in recent studies, CO2 estimations 
have gained importance. The reason for this is to 
keep CO2 emissions under control and to make 
decisions in the light of sustainability. 

When reviewing literature, CO2 emissions 
forecasting approach related to ANFIS has not been 
found in the literature. In addition, most CO2 
emission estimation studies are forecasted with 
greenhouse gas on country basis. No specific study 
has been developed for the logistics sector. This 
study includes a forecasting method of the CO2 
emission that addresses the environmental 
dimension for sustainable logistics. Therefore, the 
study fills the gap in the literature. 

 3. ANFIS (Adaptive Neuro Fuzzy Inference 

System) 

ANFIS is a hybrid method of artificial intelligence 
that integrates with the inference feature in fuzzy 
logic by using the parallelism and learning ability of 
artificial neural networks. It uses ANFIS sugeno 
type fuzzy inference system and hybrid learning 
algorithm. Adaptive networks consist of nodes that 
represent transactions. This network consists of a 
combination of nodes, each placed in layers, to 
perform a certain function. Each node has a weight 
[16]. 

The rules determine how parameters should be 
changed to minimize the difference between the 
output of the entire network and the target value 
[13],[15]. Adaptive networks are used to define 
systems. The system defined by the given input-
output data sets is used in the best modeling 
according to the most suitable network structure 
and parameters. The basic learning rule in adaptive 
networks is the steepest descent method. ANFIS can 
also assign all rules created for the problem or allow 
specialists to assign the rules [3],[19]. 

 

 



 
3rd LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 5ŀǘŀ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ όL/hb5!¢!Ω20), June 25-28, 2020, Istanbul, TURKEY 

 
 

 

 
44 

 

 
 

Figure 2. Sugeno Type ANFIS Structure with 
Two Entries, One Output and 2 Rules [3]. 

 
ANFIS basically consists of 5 layers [17],[18],[20]. 

Layer 1: Input values are divided into fuzzy sets. 
Here the membership function uses the gauss 
activation function. In this layer, the output of 
each node consists of the membership degrees 
that depend on the input values and the 
membership function used. 
Layer 2: The nodes in the layer refer to the rules 
and number created by Sugeno fuzzy logic 
inference system.  
Layer 3: Called the normalization layer. The 
nodes in this layer accept all nodes from the rule 
layer as the input layer and calculate the 
normalized values of the rules. The output of this 
layer is called the normalized level. 
 Layer 4: Clarification layer. Weighted result 
values of a rule given at each node in the 
clarification layer are calculated. The parameters 
in this layer are named as result parameters. 
Layer 5: There is only one node in this layer and 
ÉÓ ÌÁÂÅÌÅÄ ×ÉÔÈ ɫȢ (ÅÒÅȟ ÔÈÅ ÏÕÔÐÕÔ ÖÁÌÕÅ ÏÆ ÅÁÃÈ 
node in layer 4 is summed, resulting in the true 
value of the ANFIS system. 
 

4. Application  

In this study, CO2 emissions in order to ensure 
sustainability for a logistics company in Turkey 

using ANFIS model prediction is realized. The 
company wants to estimate CO2 emissions to carry 
out its sustainability activities. Thus, it will be able 
to take an environmentally friendly approach in the 
future. The data set used for the study is analyzed 
by dividing it into two parts as 70% train and 30% 
testing.  Mean absolute percentage error (MAPE) 
error rate is used to evaluate the prediction model. 
Independent variables are total number of trucks, 

month variable, special days and co2 emission 
quantity. The data used in the table below is shown 
in Table 1. 

Table 1. Data explanation. 

Variables  Type of 
Variables  

Explanation  

Total 
number of 
trucks 

Numeric Number of trucks 
used in that 
month 

Month 
variable 

Binary The month of the 
transportation  

Special days Binary Transportation 
on a special day 
(holidays, new 
year) 

CO2 emission 
quantity per 
month 

Numeric The amount of 
co2  emission 
released in that 
month 

 

Graphical representation of the forecasting results 

is given in figure 2. Estimation is made on monthly 

basis. 

 

Figure 2: Comparison of Actual Values and 

Forecasting results. (Ton). 

In Table 2, estimation results are given with MAPE 

values separately in training and test data. 

Table 2. MAPE results. 

 Dataset MAPE 
ANFIS Train 0.0856 
 Test 0.0575 
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MAPE result of the training data is 0.0956 and the 

result of the test data is 0.0675. Accordingly, the 

MAPE result of the test data is quite low. It is 

possible to say that the error rate of the prediction 

is low. 

5. Conclusion 

In this study, CO2 emissions forecasting between 

2018 and 2020 are analyzed by using ANFIS method 
in a logistics company for sustainability. The results 

of the ANFIS method and the actual values are 
compared with the error rate. It is observed that the 
error value obtained with ANFIS is low and the 
error rate is lower in the test data. In the light of this 
study, ANFIS, which is an effective forecasting 
method, can be used in estimation studies on energy 
and environment areas. This designed model can be 
used in terms of sustainability in the logistics 
industry. 

For future studies, the forecasts can be improved by 
comparing with the forecasting method or hybrid 
methods can be developed such as ANFIS-PSO 
(particle swarm optimization) and ANFIS-GA 
(genetic algorithm). 
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Ukbe 5K!21*4, Figen BALO1 

1&ąÒÁÔ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË &ÁËİÌÔÅÓÉȟ %ÎÄİÓÔÒÉ -İÈÅÎÄÉÓÌÉøÉ "ĘÌİÍİȟ %ÌÁÚąøȟ 4­2+d9% 
vÚÅÔ 
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ËÏÎÕÌÁÒÁ ÙĘÎÌÅÎÄÉÒÉÌÍÅÓÉ ÁÍÁëÌÁÎÍąĥÔąÒȢ 

Anahtar Kelimeler : KÏË +ÒÉÔÅÒÌÉ +ÁÒÁÒ 6ÅÒÍÅȟ !(0ȟ "ÁøąĥąËÌąË 3ÉÓÔÅÍÉÎÉ 'İëÌÅÎÄÉÒÅÎ 4ÁËÖÉÙÅÌÅÒ  

Evaluation of Supplements that Strengthen the Immune System in terms of 
Drug Active Substance Using AHP Method 

Abstract  

Nowadays, intense work tempo, stress, unbalanced diet and the abundance of genetically modified foods 
weaken our immune system and cause many diseases. When our body is not get enough vitamins and minerals 
that it need its, immune system weakens and the body functions are unable to perform their duties in a healthy 
way. As a result, our body is unable to react to viruses and harmful microorganisms and catch various diseases. 
Virus outbreaks and infectious diseases such as Swine Flu, SARS, Covid-19, which have appeared in recent 
years, can precipitate the immune system of people and cause their death. The immune system needs to be 
strong in order to avoid suffering from such diseases and struggle with the diseases that especially like Covid-
19 have not been treated and spread very quickly. In this context, supplement foods containing various 
vitamins and minerals have been developed by health industry to strengthen the immune system. In this 
paper, 10 different immune system-strengthening food supplements, which are consumed intensely by 
humans, have been evaluated using AHP method in terms of various criteria and the ideal food supplement 
has been tried to be determined. Thanks to this study, it is aimed to create awareness about strengthening the 
immune system and fighting diseases and directing the researchers to these issues. 

Keywords: Multi Criteria Decision Making, AHP, Supplements That Strengthen The Immune System  
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1 'ÉÒÉĥ 

'İÎİÍİÚÄÅ ÄİÎÙÁÄÁËÉ ÔİÍ ÉÎÓÁÎÌÁÒąÎ ÍİÃÁÄÅÌÅ 
ÅÔÔÉøÉ ÅÎ ÂİÙİË ÐÒÏÂÌÅÍ ÙÅÎÉ ÔÉÐ +ÏÒÏÎÁÖÉÒİÓ 
(Kovid-ρωɊ ÄİÒȢ "Õ ÈÁÓÔÁÌąËȟ ρρ -ÁÒÔ ςπςπ ÔÁÒÉÈÉÎÄÅ 
$İÎÙÁ 3ÁøÌąË vÒÇİÔİɉ$3vɊ 'ÅÎÅÌ $ÉÒÅËÔĘÒİ 4ÅÄÒÏÓ 
!ÄÈÁÎÏÍ 'ÈÅÂÒÅÙÅÓÕÓ ÔÁÒÁÆąÎÄÁÎ ÐÁÎÄÅÍÉË ÂÉÒ 
ÈÁÓÔÁÌąË ÏÌÁÒÁË ÎÉÔÅÌÅÎÄÉÒÉÌÍÉĥȟ ÖÉÒİÓ ÄİÎÙÁ 
İÚÅÒÉÎÄÅ ÍÉÌÙÏÎÌÁÒÃÁ ÉÎÓÁÎąÎ ÒÁÈÁÔÓąÚÌÁÎÍÁÓąÎÁ ÖÅ 
ÙİÚÂÉÎÌÅÒÃÅ ÉÎÓÁÎąÎ ĘÌÍÅÓÉÎÅ ÎÅÄÅÎ ÏÌÍÕĥÔÕÒ ɍρɎȢ 
ςφȢπυȢςπςπ ÔÁÒÉÈÌÉ $3v ÖÅÒÉÌÅÒÉÎÅ ÇĘÒÅ ÂÕ 
ÈÁÓÔÁÌąËÔÁÎ ÅÔËÉÌÅÎÅÎ ÖÅ ĘÌÅÎ ÉÎÓÁÎÌÁÒąÎ ÓÁÙąÓą ĥÅËÉÌ 
ρȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒ ɍςɎȢ 

 
¤ÅËÉÌ 16Ȣ $3v ÖÅÒÉÌÅÒÉÎÅ ÇĘÒÅ ςφȢπυȢςπςπ ÔÁÒÉÈÌÉ +ÏÖÉÄ-

19 vaka bilgileri [2].  

"Õ ÖÅÒÉÌÅÒÅ ÇĘÒÅȟ ÄİÎÙÁ İÚÅÒÉÎÄÅ υȟτπφȟςψς ËÉĥÉ 
ÈÁÓÔÁÌąøÁ ÙÁËÁÌÁÎÍąĥ ÖÅ στσȟυφς ÂÕ ÈÁÓÔÁÌąËÔÁÎ 
ÄÏÌÁÙą ÈÁÙÁÔąÎą ËÁÙÂÅÔÍÉĥÔÉÒ ɍςɎȢ KÏË ÈąÚÌą ÂÉÒ 
ĥÅËÉÌÄÅ ÙÁÙąÌÁÎ ÖÅ ËÅÓÉÎ ÂÉÒ ÔÅÄÁÖÉ ÙĘÎÔÅÍÉ ÈÅÎİÚ 
ÂÕÌÕÎÁÍÁÙÁÎ ÂÕ ÈÁÓÔÁÌąËÌÁ ÍİÃÁÄÅÌÅ ÅÔÍÅË ÉëÉÎ ÅÎ 
ÅÔËÉÌÉ ÙĘÎÔÅÍ ÂÕ ÈÁÓÔÁÌąøÁ ÎÅÄÅÎ ÏÌÁÂÉÌÅÃÅË 
ÆÁËÔĘÒÌÅÒÉÎ ĘÎİÎÅ ÇÅëÍÅË ÖÅ ÂÁøąĥąËÌąøą ÇİëÌİ 
ÔÕÔÍÁËÔąÒȢ   
,ÁÔÉÎÃÅ ËĘËÅÎÌÉ ÂÉÒ ËÁÖÒÁÍ ÏÌÁÎ +ÏÒÏÎÁÖÉÒİÓ 
ÈÁÓÔÁÌąøą ÉÌË ËÅÚ ρωσπ ÌÕ ÙąÌÌÁÒÄÁ ÏÒÔÁÙÁ ëąËÍąĥ ÖÅ 
ÔÁÖÕËÌÁÒÄÁ ÇĘÒİÌÍİĥÔİÒȢ 'ÅÎÅÌÌÉËÌÅ ËÕĥÌÁÒÄÁ ÖÅ 
ÍÅÍÅÌÉÌÅÒÄÅ ÇĘÒİÌÅÎȟ ÉÎÓÁÎÌÁÒÁ ÂÕÌÁĥÔąøą ÚÁÍÁÎ 
solunum yolu enfekÓÉÙÏÎÌÁÒąÎÁ ÎÅÄÅÎ ÏÌÁÎ ÖÅ 
ĘÌİÍÃİÌ ÅÔËÉÌÅÒ ÄÏøÕÒÁÂÉÌÅÎ +ÏÒÏÎÁÖÉÒİÓȭ İÎ -%23ȟ 
3!23 ÖÅ 9ÅÎÉ +ÏÒÏÎÁÖÉÒİÓ (ÁÓÔÁÌąøą ɉ#/6)$-19) gibi 
ÔİÒÅÖÌÅÒÉ ÂÕÌÕÎÍÁËÔÁÄąÒȢ "ÕÎÁ ÅË ÏÌÁÒÁË 
+ÏÒÏÎÁÖÉÒİÓ ÉÌÅ ÉÌÇÉÌÉ ÈÁÓÔÁÌąËÌÁÒą ÔÁÍ ÏÌÁÒÁË 
ÉÙÉÌÅĥÔÉÒÉÌÅÂÉÌÅÎ ÂÉÒ ÉÌÁë ÙÁ ÄÁ Áĥą ÇÅÌÉĥÔÉÒÉÌÍÅÍÉĥÔÉÒȢ 
"Õ ÈÁÓÔÁÌąËÔÁ ÖÉÒİÓȟ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉ ÚÁÙąÆ ËÉĥÉÌÅÒÉÎ 
ÂİÎÙÅÌÅÒÉ İÚÅÒÉÎÄÅ ÔÁÈÒÉÂÁÔ ÏÌÕĥÔÕÒÍÁËÔÁ ÖÅ 
ĘÌİÍÌÅÒÉÎÅ ÎÅÄÅÎ ÏÌÁÂÉÌÍÅËÔÅÄÉÒȢ 6ÉÒİÓ ÉÌË ÏÌÁÒÁË 
ÖİÃÕÄÁ ÂÉÒ ÈİÃÒÅÄÅÎ ÇÉÒÉĥ ÙÁÐÍÁËÔÁ ÖÅ ÈİÃÒÅÎÉÎ 
ÍÅËÁÎÉÚÍÁÓąÎą ÅÌÅ ÇÅëÉÒÅÒÅË ËÅÎÄÉ ÇÅÎÅÔÉË 
biÌÇÉÌÅÒÉÎÉ İÒÅÔÍÅÓÉ ÉëÉÎ ÖİÃÕÔ ÈİÃÒÅÓÉÎÉ 
ÚÏÒÌÁÍÁËÔÁÄąÒȢ "ÁøąĥąËÌąË ÓÉÓÔÅÍÉ ÚÁÙąÆ ËÉĥÉÌÅÒ 

ÖÉÒİÓÌÅÒÉÎ ÂÕ ÂÁÓËąÓąÎÁ ËÁÒĥą ËÏÙÁÍÁÙąÐ ÖİÃÕÔ 
ÉëÅÒÉÓÉÎÄÅ ëÏË ÓÁÙąÄÁ ÖÉÒİÓİÎ İÒÅÍÅÓÉÎÅ ÎÅÄÅÎ 
ÏÌÍÁËÔÁÄąÒȢ "Õ ÄÕÒÕÍ ÎÅÄÅÎÉÙÌÅ ÖİÃÕÄÕÎ ÓÁÖÕÎÍÁ 
sistemi iflas etmekte ve hastÁÌÁÒąÎ ĘÌİÍİ 
ÇÅÒëÅËÌÅĥÅÂÉÌÍÅËÔÅÄÉÒ ɍσɎȢ  
"ÁøąĥąËÌąË ÓÉÓÔÅÍÉȟ ÄİĥİÎÅÂÉÌÅÎȟ ĘøÒÅÎÅÂÉÌÅÎ ÖÅ 
ÅÄÉÎÍÉĥ ÏÌÄÕøÕ ÔÅÃÒİÂÅÌÅÒÉ ÈÁÆąÚÁÓąÎÄÁ 
ÓÁËÌÁÙÁÂÉÌÅÎ ÖİÃÕÄÕÍÕÚÄÁËÉ ÉËÉ ÓÉÓÔÅÍÄÅÎ ÂÉÒÉÄÉÒȢ 
"ÁøąĥąËÌąË ÓÉÓÔÅÍÉ ÁÔÁÌÁÒÄÁÎ ÁËÔÁÒąÌÁÎ ÇÅÎÅÔÉË 
bilgileri kullanarak mikroplara  ËÁÒĥą ÂÉÒ ÓÁÖÕÎÍÁ 
ÓÉÓÔÅÍÉ ÏÌÕĥÔÕÒÕÐ ÓÁÄÅÃÅ ÉÌÇÉÌÉ ÖÉÒİÓİÎ ÙÁ ÄÁ 
ÍÉËÒÏÂÕÎ ÏÌÄÕøÕ ÂĘÌÇÅÙÅ ÍİÄÁÈÁÌÅ ÅÄÅÎ ÖÅ ÙÏË 
ÅÄÉÎÃÅÙÅ ËÁÄÁÒ ÍİÃÁÄÅÌÅ ÅÄÅÎ ÓÉÓÔÅÍÄÉÒȢ "ÕÎÁ ÅË 
ÏÌÁÒÁËȟ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉ ÖÉÒİÓİ ÙÏË ÅÔÍÅ ÅÓÎÁÓąÎÄÁ 
ÅÌÄÅ ÅÔÔÉøÉ ÔÅÃÒİÂÅÌÅÒÉ ÈÁÆąÚÁÓąÎÄÁ ÓÁËÌÁÍÁËÔa ve 
ÇÅëÍÉĥÔÅÎ ÄÅ ÖÁÒ ÏÌÁÎ ÂÉÌÇÉÌÅÒÉ ÉÌÅ ÓÅÎÔÅÚÌÅÙÅÒÅË 
ÓÏÎÒÁËÉ ÍÉËÒÏÐ ÓÁÌÄąÒąÌÁÒąÎÁ ÄÅÎÅÙÉÍ ËÁÚÁÎÍÁËÔÁ 
ÖÅ ËÁÒĥąÌÁĥÔąËÌÁÒą ÍÉËÒÏÂÁ ÇĘÒÅ ëĘÚİÍÌÅÒ 
ÇÅÌÉĥÔÉÒÍÅËÔÅÄÉÒȢ "ÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉÎ ÔÅÍÅÌ ÁÍÁÃą 
ÂÉÒÅÙÉÎ ĘÚİÎİ ËÏÒÕÍÁË ÖÅ ÍÉËÒÏÐÌÁÒÌÁ ÙÁ ÄÁ 
ÈÁÓÔÁÌąËÌÁÒÌÁ ÍİÃÁÄÅÌÅ ÅÄÅÒËÅÎ ËÅÎÄÉ ĘÚİÎÅ ÚÁÒÁÒ 
ÖÅÒÍÅÄÅÎ ÂÕ ÉĥÌÅÍÌÅÒÉ ÇÅÒëÅËÌÅĥÔÉÒÍÅËÔÉÒȢ 
"ÁøąĥąËÌąË ÓÉÓÔÅÍÉÎ ÚÁÙąÆÌÁÍÁÓą ÖÅ ÙÁÎÌąĥ ĥÅËÉÌÄÅ 
ëÁÌąĥÍÁÓąȟ ÍÉËÒÏÐÌÁÒąÎ ÖİÃÕÔ ÉëÅÒÉÓÉÎÄÅ ÆÁÚÌÁ ÓÁÙąÄÁ 
İÒÅÍÅÓÉÎÅ ÎÅÄÅÎ ÏÌÍÁËÔÁ ÖÅ ÚÁÍÁÎ ÉëÅÒÉÓÉÎÄÅ 
ÂÉÒÅÙÉÎ ÈÁÓÔÁÌÁÎÍÁÓąÎÁ ÖÅ ĘÌÍÅÓÉÎÅ sebebiyet 
verebilmektedir.  [4].  
"ÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ ÅÔËÉÌÅÙÅÎ ÂÉÒëÏË ÆÁËÔĘÒ 
ÂÕÌÕÎÁÂÉÌÍÅËÔÅÄÉÒȢ 6İÃÕÄÕÎ ÙÅÔÅÒÉÎÃÅ ÏËÓÉÊÅÎ ÖÅ ÓÕ 
ÁÌÍÁÓąȟ ÕÙËÕ ÄİÚÅÎÉÎÅ ÄÉËËÁÔ ÅÔÍÅÓÉȟ ÇİÎÅĥ ąĥąÎÌÁÒą 
ÖÅ $ ÖÉÔÁÍÉÎÉÎÄÅÎ ÙÅÔÅÒÉÎÃÅ ÆÁÙÄÁÌÁÎÍÁÓąȟ ÓÔÒÅÓÔÅÎ 
ÕÚÁË ÄÕÒÕÌÍÁÓą ÖÅ ÄÅÎÇÅÌÉ ÂÉÒ ĥÅËÉÌÄÅ ÂÅÓÌÅÎÍÅ ÂÕ 
ÆÁËÔĘÒÌÅÒÄÅÎ ÂÁÚąÌÁÒąÄąÒ ɍτɎȢ 'İÎİÍİÚÄÅËÉ ÙÏøÕÎ ÖÅ 
ÓÔÒÅÓÌÉ ëÁÌąĥÍÁ ÔÅÍÐÏÓÕÎÄÁ ÉÎÓÁÎÌÁÒ ÂÕ ÆÁËÔĘÒÌÅÒÉÎ 
ëÏøÕÎÕ ÔÁÍ ÏÌÁÒÁË ÇÅÒëÅËÌÅĥÔÉÒÅÍÅÍÅËÔÅ ÖÅ ÂÕ 
ÎÅÄÅÎÄÅÎ ÄÏÌÁÙą ÓąËÌąËÌÁ ÈÁÓÔÁÌąËÌÁÒÁ 
ÙÁËÁÌÁÎÁÂÉÌÍÅËÔÅÄÉÒȢ vÚÅÌÌÉËÌÅ ÂÕ ÙÏøÕÎ ÔÅÍÐoda 
ËąÓąÔÌą ÚÁÍÁÎ ÓİÒÅÌÅÒÉÎÄÅÎ ÄÏÌÁÙą ÉÎÓÁÎÌÁÒ ÄÅÎÇÅÌÉ 
ÂÉÒ ĥÅËÉÌÄÅ ÂÅÓÌÅÎÅÍÅÍÅËÔÅ ÖÅ ÖİÃÕÔ ÉëÉÎ ÉÈÔÉÙÁë 
ÄÕÙÕÌÁÎ ÖÉÔÁÍÉÎ ÖÅ ÍÉÎÅÒÁÌÌÅÒ ÙÅÔÅÒÌÉ ÂÉÒ ĥÅËÉÌÄÅ 
ÁÌąÎÁÍÁÍÁËÔÁÄąÒȢ dÌÁë ÅÎÄİÓÔÒÉÓÉ ÔÁÒÁÆąÎÄÁÎ ÂÕ 
ÐÒÏÂÌÅÍÉ ëĘÚÍÅË ÖÅ ÉÎÓÁÎÌÁÒąÎ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ 
ÇİëÌÅÎÄÉÒÍÅË ÉëÉÎ ÆÁÒËÌą ĘÚÅÌÌÉËÌÅÒÄÅ ÂÉÒëÏË ÔÁËÖÉÙÅ 
ÅÄÉÃÉ ÇąÄÁ ÂÕÌÕÎÍÁËÔÁȟ ÂÕ İÒİÎ ëÅĥÉÄÉ ÁÒÁÓąÎÄÁÎ 
ÄÏøÒÕ ÖÅ ÅÔËÉÌÉ ÍÁÌÚÅÍÅÌÅÒÉÎ ÓÅëÉÌÍÅÓÉ ÉÓÅ ĘÎÅÍÌÉ 
ÂÉÒ ËÏÎÕÙÕ ÉÆÁÄÅ ÅÔÍÅËÔÅÄÉÒȢ "Õ ëÁÌąĥÍÁÄÁ ÉÌÁë 
ÅÔËÅÎ ÍÁÄÄÅÌÅÒÉ ÁëąÓąÎÄÁÎ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ 
ÇİëÌÅÎÄÉÒÅÎ ÔÁËÖÉÙÅÌÅÒ ëÅĥÉÔÌÉ ËÒÉÔÅÒÌÅÒ ÁëąÓąÎÄÁÎ 
!ÎÁÌÉÔÉË (ÉÙÅÒÁÒĥÉË 0ÒÏÓÅÓ ɉ!(0Ɋ ÙĘÎÔÅÍÉ 
ËÕÌÌÁÎąÌÁÒÁË ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥ ÖÅ ÉÄÅÁÌ ÔÁËÖÉÙÅ İÒİÎİ 
ÂÅÌÉÒÌÅÎÍÅÙÅ ëÁÌąĥąÌÍąĥÔąÒȢ 
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!(0 ÙĘÎÔÅÍÉ ÈÅÍÅÎ ÈÅÍÅÎ ÈÅÒ ÂÉÌÉÍ ÁÌÁÎąÎÄÁ 
ÓİÒÅËÌÉ ÏÌÁÒÁË ËÕÌÌÁÎąÌÁÎ ÂÉÒ ËÁÒÁÒ ÖÅÒÍÅ ÙĘÎÔÅÍÉ 
olmakÔÁȟ ÌÉÔÅÒÁÔİÒÄÅ ÉÌÇÉÌÉ ÙĘÎÔÅÍÉÎ ËÕÌÌÁÎąÌÄąøą 
ÂÉÒëÏË ëÁÌąĥÍÁ ÂÕÌÕÎÁÂÉÌÍÅËÔÅÄÉÒȢ ,ÉÔÅÒÁÔİÒÄÅ 
ÓÁøÌąË ÁÌÁÎąÎÄÁ !(0 ÙĘÎÔÅÍÉÎÉÎ ËÕÌÌÁÎąÌÄąøą 
ëÁÌąĥÍÁÌÁÒÄÁÎ ÂÁÚąÌÁÒą ÉÓÅ ÔÁÂÌÏ ρ ÄÅ ÉÆÁÄÅ 
belirtilmektedir.  

Tablo 1Ȣ !(0 ÉÌÅ ÉÌÇÉÌÉ ÌÉÔÅÒÁÔİÒÄÅËÉ ëÁÌąĥÍÁÌÁÒÄÁÎ 
ÂÁÚąÌÁÒą 

Yazarlar 9ĘÎÔÅÍ Problem 

Singpurwalla vd [5] AHP 3ÁøÌąË ÈÉÚÍÅÔÌÅÒÉÎÄÅ 
kara verme 

Sloane vd [6] AHP 9ÅÎÉÄÏøÁÎ 
ÖÁÎÔÉÌÁÔĘÒÌÅÒÉÎÉÎ 
ÓÅëÉÌÍÅÓÉ 

Liberatore and Nydick [7] AHP ,ÉÔÅÒÁÔİÒ ÁÒÁĥÔąÒÍÁÓą 

Topacan vd [8] AHP dÄÅÁÌ ÓÁøÌąË ÈÉÚÍÅÔÉ 
ÓÅëÉÍÉ 

!ÙÄąÎ ɍωɎ "ÕÌÁÎąË !(0 (ÁÓÔÁÎÅ ÙÅÒÉ ÓÅëÉÍÉ 

Lai[10] "ÕÌÁÎąË !(0 3İÒÄİÒİÌÅÂÉÌÉÒÌÉË 
ÄÅøÅÒÌÅÎÄÉÒÍÅÓÉ 

"İÙİËĘÚËÁÎ ÖÄ [11] "ÕÌÁÎąË !(0 Hizmet kalite 
ëÅÒëÅÖÅÓÉÎÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

"İÙİËĘÚÌÁÎ ÖÅ KÉÆÔëÉ ɍρςɎ "ÕÌÁÎąË !(0 
ÖÅ "ÕÌÁÎąË 
TOPSIS 

Elektronik hizmet 
kalitesinin 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Pecchia vd [13] AHP "ÉÌÇÉÓÁÙÁÒÌą ÔÏÍÏÇÒÁÆÉ 
ÔÁÒÁÙąÃą ÉëÉÎ ËÕÌÌÁÎąÃą 
gereksinimlerinin 
belirlenmesi 

$ÏøÁÎ ÖÅ 'ÅÎÃÁÎ ɍρτɎ AHP, VZA Hastane 
ÐÅÒÆÏÒÍÁÎÓąÎąÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Ivlev vd [15] AHP Medikal ekipman 
ÙĘÎÅÔÉÍÉ 

Jaberidoost vd [16] AHP, SAW dÌÁë ÔÅÄÁÒÉË ÚÉÎÃÉÒÉÎÄÅ 
ÒÉÓË ÄÅøÅÒÌÅÎÄÉÒÍÅÓÉ 

+ąÄÁË ÖÄ [17] "ÕÌÁÎąË !(0 Hasta isteklerinin 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Delice vd [18] AHP Ergonomik risk 
ÄÅøÅÒÌÅÎÄÉÒÍÅ ÖÅ 
ëÁÌąĥÍÁ ÄÕÒÕĥÌÁÒąÎąÎ 
analizi 

Hillerman vd [19] AHP ve 
ËİÍÅÌÅÍÅ 
analizi 

¤İÐÈÅÌÉ ÓÁøÌąË ÈÉÚÍÅÔÉ 
taleplerinin 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

9ąÌÍÁÚ ÖÅ ¤ÅÎÏÌ ɍςπɎ "ÕÌÁÎąË !(0 
ÖÅ "ÕÌÁÎąË 
TOPSIS 

dĥ ÓÁøÌąøą ÖÅ ÇİÖÅÎÌÉøÉ 
ÒÉÓË ÄÅøÅÒÌÅÎÄÉÒÍÅ 

4Áĥ ÖÄ [21] AHP-TOPSIS Poliklinik 
ÄÅøÅÒÌÅÎÄÉÒÍÅ 

'İÄİË ÖÅ vÎÄÅÒ ɍςςɎ AHP dĥÙÅÒÉ ÉÌÅÔÉĥÉÍÉÎÄÅ 
×ÁÔÓÁÐÐ ËÕÌÌÁÎąÍąÎąÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

%ÒÅÎ ÖÅ 'İÒ ɍςσɎ "ÕÌÁÎąË !(0 Ameliyathane 
ÖÅÒÉÍÌÉÌÉøÉÎÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Rajak ve Shaw [24] AHP ve 
"ÕÌÁÎąË 
TOPSIS 

-ÏÂÉÌ ÓÁøÌąË 
ÕÙÇÕÌÁÍÁÌÁÒąÎąÎ ÓÅëÉÍÉ 
ÖÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

!ÌÁËÁĥ ÖÄ [25] AHP-TOPSIS 
ve AHP-
VIKOR 

!ÍÂÕÌÁÎÓ ÔÅÄÁÒÉËëÉÓÉ 
ÓÅëÉÍÉ 

KÁÎÁËëą ÖÅ !ÒąËÁÎ ɍςφɎ AHP ve 
"ÕÌÁÎąË 
TOPSIS 

Hizmet kalitesi 
ÄÅøÅÒÌÅÎÄÉÒÍÅ 

Korkusuz vd [27] AHP, 
PROMETHEE 
and GRA 

dĥ ÓÁøÌąøą ÖÅ ÇİÖÅÎÌÉøÉ 
ÐÅÒÆÏÒÍÁÎÓ ĘÌëİÍİ 

KÁÌąĥÍÁÎąÎ ÉËÉÎÃÉ ÂĘÌİÍİÎÄÅ ÉÌÇÉÌÉ ÐÒÏÂÌÅÍÉÎ 
ĘÚÅÌÌÉËÌÅÒÉ ÔÁÎąÔąÌÍąĥȟ İëİÎÃİ ÂĘÌİÍÄÅ ËÕÌÌÁÎąÌÁÎ 
ëĘÚİÍ ÙĘÎÔÅÍÉ ÈÁËËąÎÄÁ ÂÉÌÇÉ ÖÅÒÉÌÍÉĥÔÉÒȢ 
$ĘÒÄİÎÃİ ÂĘÌİÍÄÅ ÕÙÇÕÌÁÍÁ ëÁÌąĥÍÁÓą 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥȟ ÓÏÎ ÏÌÁÒÁË ÂÅĥÉÎÃÉ ÂĘÌİÍÄÅ ÉÓÅ 
ëÁÌąĥÍÁÙÁ ÉÌÉĥËÉÎ ÇÅÎÅÌ ÄÅøÅÒÌÅÎÄÉÒÍÅÌÅÒ ÙÁÐąÌÍąĥ 
ÖÅ ÇÅÌÅÃÅË ëÁÌąĥÍÁÌÁÒÁ ÙĘÎÅÌÉË ÂÉÌÇÉÌÅÒ ÖÅÒÉÌÍÉĥÔÉÒȢ 

0ÒÏÂÌÅÍÉÎ 4ÁÎąÔąÍą 

'İÎİÍİÚÄÅ ÆÁÒËÌą ÂÉÌÅĥÅÎÌÅÒÅ ÖÅ ÁÍÁëÌÁÒÁ ÓÁÈÉÐ 
ÂÉÒëÏË ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ ÇİëÌÅÎÄÉÒÅÎ ÔÁËÖÉÙÅ ÅÄÉÃÉ 
ÇąÄÁ ÂÕÌÕÎÍÁËÔÁȟ ÂÕÎÌÁÒąÎ ÁÒÁÓąÎÄÁÎ ÕÙÇÕÎ ÏÌÁÎą 
ÓÅëÍÅË ÏÌÄÕËëÁ ÚÏÒ ÏÌÍÁËÔÁÄąÒȢ "Õ ÇąÄÁÌÁÒ 
ÉëÅÒÉÓÉÎÄÅ ÆÁÒËÌą ÉÌÁë ÅÔËÅÎ ÍÁÄÄÅÌÅÒÉ 
bulundurmakta, bu maddelerin birlikte dikkate 
ÁÌąÎÁÒÁË ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉ ÉëÉÎ ÆÁÙÄÁÌą ÏÌÁÎąÎ 
belirlenmesi gerekmektedir. Aksi durumda, etkisiz 
ÙÁ ÄÁ ÁÚ ÅÔËÉÙÅ ÓÁÈÉÐ ÇąÄÁÌÁÒąÎ ËÕÌÌÁÎąÌÍÁÓąȟ 
ËÕÌÌÁÎąÃąÌÁÒąÎ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÌÅÒÉÎÅ ÅÔËÉ 
etmeÍÅËÔÅ ÖÅ ÆÁÒËÌą ÈÁÓÔÁÌąËÌÁÒÁ ÙÁËÁÌÁÎÍÁÓąÎÁ 
neden olabilmektedir.   
dÌÁë ÅÔËÅÎ ÍÁÄÄÅÓÉȠ ËÉÍÙÁÓÁÌ ÂÉÒÌÅĥÔÉÒÍÅÌÅÒÄÅÎ 
ÖÅÙÁ ÄÏøÁÌ ËÁÙÎÁËÌÁÒÄÁÎ ÅÌÄÅ ÅÄÉÌÅÎȟ ÉÎÓÁÎÌÁÒÄÁ ÖÅ 
ÈÁÙÖÁÎÌÁÒÄÁ ÏÒÔÁÙÁ ëąËÁÂÉÌÅÃÅË ÈÁÓÔÁÌąËÌÁÒąÎ 
ÔÁÎąÍÌÁÎÍÁÓąÎÄÁȟ ÔÅÄÁÖÉ ÅÄÉÌÍÅÓÉÎÄÅ ÖÅ ÈÁÓÔÁÌąøąÎ 
ÉÌÅÒÌÅÍÅÓÉÎÉÎ ÅÎÇÅÌÌÅÎÍÅÓÉÎÄÅ ËÕÌÌÁÎąÌÁÎ ËÉÍÙÁÓÁÌ 
ÉëÅÒÉøÉ ÂÅÌÉÒÌÅÎÍÉĥ ÍÁÄÄÅÌÅÒÅ ÄÅÎÍÅËÔÅÄÉÒ ɍςψɎȢ  
"ÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ ÇİëÌÅÎÄÉÒÉÌÍÅÓÉÎÄÅ ÅÔËÉÌÉ ÏÌÁÎ 
ëÏË ÓÁÙąÄÁ ÔÁËÖÉÙÅ ÅÄÉÃÉ ÍÁÄÄÅ ÂÕÌÕÎÍÁËÔÁȟ ÂÕ 
ëÁÌąĥÍÁÄÁ ÂÅÌÉÒÌÅÎÅÎ ÇąÄÁ ÔÁËÖÉÙÅÌÅÒÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÄÅ ÄÉËËÁÔÅ ÁÌąÎÁÎÌÁÒ ÍÁÄÄÅÌÅÒ 
ÁĥÁøąÄÁ ÖÅÒÉÌÍÅËÔÅÄÉÒ ɍςωɎȟ ɍσπɎȢ  
¶ Vitaminler 
¶ Mineraller 
¶ Beta Glukan 
¶ Omega-3 
¶ Probiyotikler  
¶ dÌÁÖÅ ÂÉÌÅĥÅÎÌÅÒɉ3ÏÙÁ ÌÅÓÔÉÎÉȟ 'ÉÎÓÅÎÇȟ 

Koenzim Q10 vb.) 
"Õ ÍÁÄÄÅÌÅÒ ÁÙÎą ÚÁÍÁÎÄÁ ëÁÌąĥÍÁ ÉëÅÒÉÓÉÎÄÅ 
ÇąÄÁÌÁÒąÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÄÅ ÄÉËËÁÔÅ ÁÌąÎÁÎ 
ËÒÉÔÅÒÌÅÒ ÏÌÍÁËÔÁ ÖÅ ÂÕ ËÒÉÔÅÒÌÅÒÅ ÇĘÒÅ ÁÌÔÅÒÎÁÔÉÆ 
ÇąÄÁ ÔÁËÖÉÙÅÌÅÒÉ ÁÒÁÓąÎÄÁÎ ÉÄÅÁÌ ÏÌÁÎą 
belirlenmektedir.  
6ÉÔÁÍÉÎÌÅÒ ÖÅ ÍÉÎÅÒÁÌÌÅÒ ÉëÅÒÉÓÉÎÄÅ ÂÉÒëÏË ÁÌÔ ÂÁĥÌąøą 
ÂÁÒąÎÄąÒÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁÄÁ ÔÁËÖÉÙÅ ÇąÄÁÌÁÒąÎąÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÄÅ !ȟ "ρ, B2, B3, B4, B5, B6, B7, 
"ψȟ "ωȟ "ρςȟ #ȟ $ȟ %ȟ + ÖÉÔÁÍÉÎÌÅÒÉ ÖÅ "ÁËąÒ
 $ÅÍÉÒ KÉÎËÏȟ +ÁÌÓÉÙÕÍȟ -ÁÇÎÅÚÙÕÍȟ 
-ÏÌÉÂÄÅÎȟ dÙÏÔȟ +ÒÏÍ ,ÕÔÅÉÎȟ "ÏÒȟ -ÁÎÇÁÎȟ 
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Manganez ve Selenyum mineralleri dikkate 
ÁÌąÎÍąĥÔąÒȢ 
"Õ ëÁÌąĥÍÁÄÁ ÐÉÙÁÓÁÄÁ ÅÎ ëÏË ÓÁÔÁÎ ρπ ÆÁÒËÌą ÔÁËÖÉÙÅ 
ediÃÉ ÇąÄÁ ÔÅÓÐÉÔ ÅÄÉÌÍÉĥȟ ÕÙÇÕÌÁÍÁ ëÁÌąĥÍÁ 
ÓÏÎÕÃÕÎÄÁ ÁÎÁÌÉÚ ÓÏÎÕëÌÁÒąÎÁ ÇĘÒÅ ÓÁÄÅÃÅ ÉÌË İë 
ÓąÒÁÄÁ ÂÕÌÕÎÁÎ İÒİÎÌÅÒÉÎ ÉÓÉÍÌÅÒÉ ÂÅÌÉÒÔÉÌÍÉĥÔÉÒ ɍσπɎȢ  
"ÅÌÉÒÌÅÎÅÎ ÁÌÔÅÒÎÁÔÉÆÌÅÒ ÖÅ ËÒÉÔÅÒÌÅÒ ÄÏøÒÕÌÔÕÓÕÎÄÁ 
ÏÌÕĥÔÕÒÕÌÁÎ ËÁÒÁÒ ÁøÁÃą ĥÅËÉÌ ς ÄÅ ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ 

 
  

¤ÅËÉÌ ςȢ +ÒÉÔÅÒÌÅÒÅ ÖÅ ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÉÌÉĥËÉÎ ËÁÒÁÒ ÁøÁÃą 

KĘÚİÍ -ÅÔÏÄÏÌÏÊÉÓÉ 

"Õ ÍÁËÁÌÅÄÅȟ ÉÄÅÁÌ ÇąÄÁ ÔÁËÖÉÙÅÓÉ İÒİÎİÎ 
ÂÅÌÉÒÌÅÎÍÅÓÉÎÄÅ ëÏË ËÒÉÔÅÒÌÉ ËÁÒÁÒ ÖÅÒÍÅ 
ÙĘÎÔÅÍÌÅÒÉÎÄÅÎ !ÎÁÌÉÔÉË (ÉÙÅÒÁÒĥÉË 0ÒÏÓÅÓ ÙĘÎÔÅÍÉ 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ  
!ÎÁÌÉÔÉË (ÉÙÅÒÁÒĥÉË 0ÒÏÓÅÓ ÙĘÎÔÅÍÉȟ 4ÈÏÍÁÓ ,Ȣ 
3ÁÁÔÙȭ ÎÉÎ ÇÅÌÉĥÔÉÒÄÉøÉ ÁÍÁÃąÎȟ ËÒÉÔÅÒÌÅÒÉÎ ÖÅ 
alternatifleriÎ ÂÉÒÌÉËÔÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉ ÁÎÁÌÉÔÉË ÂÉÒ 
ÙĘÎÔÅÍÄÉÒ ɍσρɎȢ  
!(0 ÙĘÎÔÅÍÉ φ ÁÄąÍÄÁÎ ÏÌÕĥÍÁËÔÁ ÖÅ ÂÕ ÁÄąÍÌÁÒ 
ÁĥÁøąÄÁ ÉÆÁÄÅ ÅÄÉÌÍÅËÔÅÄÉÒ ɍσςɎȢ 

1. 0ÒÏÂÌÅÍ ÓÐÅÓÉÆÉËÁÓÙÏÎÌÁÒąÎąÎ ÂÅÌÉÒÌÅÎÍÅÓÉ 
ÖÅ ÐÒÏÂÌÅÍÅ ÉÌÉĥËÉÎ ËÁÒÁÒ ÁøÁÃąÎąÎ 
ÏÌÕĥÔÕÒÕÌÍÁÓą 

2. +ÒÉÔÅÒÌÅÒÉÎ ÂÉÒÂÉÒÌÅÒÉÎÅ İÓÔİÎÌİËÌÅÒÉÎÉ 
ÂÅÌÉÒÌÅÍÅË ÉëÉÎ ÉËÉÌÉ ËÁÒĥąÌÁĥÔąÒÍÁ 
ÍÁÔÒÉÓÌÅÒÉÎÉÎ ÈÁÚąÒÌÁÎÍÁÓą 

3. +ÒÉÔÅÒÌÅÒ ÉëÉÎ ĘÎÅÍ ÄÅøÅÒÌÅÒÉÎÉÎ 
ÈÅÓÁÐÌÁÎÍÁÓą 

4. +ÁÒĥąÌÁĥÔąÒÍÁ ÍÁÔÒÉÓÉ ÉëÉÎ ÔÕÔÁÒÌąÌąË 
ÄÅøÅÒÉÎÉÎ ÔÅÓÐÉÔ ÅÄÉÌÍÅÓÉ 

5. (ÅÒ ÂÉÒ ËÒÉÔÅÒ ÔÁÂÁÎąÎÄÁ ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÁÉÔ 
ĘÎÅÍ ÁøąÒÌąËÌÁÒąÎąÎ ÈÅÓÁÐÌÁÎÍÁÓą 

6. !ÌÔÅÒÎÁÔÉÆÌÅÒÅ ÁÉÔ ÇÅÎÅÌ ÁøąÒÌąË ÄÅøÅÒÌÅÒÉÎÉÎ 
belirlenmesi ve ideal alternatifin tespit 
edilmesi  

5ÙÇÕÌÁÍÁ KÁÌąĥÍÁÓą 

"ĘÌİÍ ς ÄÅ ÂÅÌÉÒÔÉÌÅÎ ËÒÉÔÅÒÌÅÒ ÉÌÅ ÁÌÔÅÒÎÁÔÉÆÌÅÒȟ 
ÂĘÌİÍ σ ÄÅËÉ ÍÅÔÏÄÏÌÏÊÉ ËÕÌÌÁÎąÌÁÒÁË %ØÐÅÒÔ#ÈÏÉÃÅ 
ÐÒÏÇÒÁÍą ÙÁÒÄąÍąÙÌÁ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥÔÉÒȢ dÌË ÏÌÁÒÁË 
ËÒÉÔÅÒÌÅÒÉÎ ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÙÁÐąÌÍąĥ ÖÅ ÅÌÄÅ ÅÄÉÌÅÎ 
ÓÏÎÕëÌÁÒ ĥÅËÉÌ σ ÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

 

¤ÅËÉÌ σȢ +ÒÉÔÅÒÌÅÒ ÉëÉÎ ÁøąÒÌąË ÄÅøÅÒÌÅÒÉ 

¤ÅËÉÌ σȭÅ ÇĘÒÅ ÅÎ ĘÎÅÍÌÉ ËÒÉÔÅÒÌÅÒ ÓąÒÁÓąÙÌÁ 
ÖÉÔÁÍÉÎÌÅÒȟ ÍÉÎÅÒÁÌÌÅÒ ÖÅ ÐÒÏÂÉÙÏÔÉËÌÅÒ ëąËÍąĥÔąÒȢ %Î 
ÄİĥİË ĘÎÅÍÅ ÓÁÈÉÐ ËÒÉÔÅÒ ÉÓÅ ÉÌÁÖÅ ÂÉÌÅĥÅÎÌÅÒ ÏÌÁÒÁË 
ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ -ÁÔÒÉÓÉÎ ÔÕÔÁÒÌąÌąË ÄÅøÅÒÉ ÉÓÅ πȟπτ 
ëąËÍąĥȟ ÂÕ ÄÕÒÕÍ ÙÁÐąÌÁÎ ËÁÒĥąÌÁĥÔąÒÍÁÎąÎ ÔÕÔÁÒÌą 
ÏÌÄÕøÕÎÕ ÇĘÓÔÅÒÍÉĥÔÉÒȢ  
¤ÅËÉÌ σ ÄÅËÉ ËÒÉÔÅÒ ËÁÒĥąÌÁĥÔąÒÍÁ ÓÏÎÕëÌÁÒą ÄÉËËÁÔÅ 
ÁÌąÎÁÒÁË ÁÌÔÅÒÎÁÔÉÆÌÅÒ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥ ÖÅ 
ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÉÌÉĥËÉÎ ĘÎÅÍ ÄÅøÅÒÌÅÒÉ ĥÅËÉÌ τ ÄÅ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

 
 ¤ÅËÉÌ τȢ !ÌÔÅÒÎÁÔÉÆÌÅÒ ÉëÉÎ ĘÎÅÍ ÄÅÒÅÃÅÌÅÒÉ 

¤ÅËÉÌ τ Å ÇĘÒÅ ­ÒİÎσɉ,ÉÇÏÎÅ "ÅÔÁ-Glucan Probiotic 
-ÕÌÔÉÖÉÔÁÍÉÎɊ ÉÄÅÁÌ ÁÌÔÅÒÎÁÔÉÆ ÏÌÁÒÁË ëąËÍąĥËÅÎȟ ÂÕ 
İÒİÎÌÅÒÉ ÓąÒÁÓąÙÌÁ ­ÒİÎψɉ:ade Vital Multivitamin) 
ÖÅ ­ÒİÎςɉ3ÕÐÒÁÄÙÎ !ÌÌ $ÁÙɊ ÔÁËÉÐ ÅÔÍÉĥÔÉÒȢ ­ÒİÎρπ 
ÉÓÅ ÅÎ ÄİĥİË ĘÎÅÍÅ ÓÁÈÉÐ ÏÌÁÎ ÁÌÔÅÒÎÁÔÉÆ ÏÌÁÒÁË 
ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ !ÙÒąÃÁ ÔİÍ ÄÅøÅÒÌÅÎÄÉÒÍÅÌÅÒÄÅ 
ÍÁÔÒÉÓÌÅÒÅ ÉÌÉĥËÉÎ ÔÕÔÁÒÌąÌąË ÏÒÁÎą πȟρ ÄÅÎ ÁÚ ëąËÍąĥ 
ÖÅ ÂÕ ÓÏÎÕë ÙÁÐąÌÁÎ ÁÎÁÌÉÚÉÎ ÔÕÔÁÒÌą ÏÌÄÕøÕÎÕ 
ÇĘÓÔÅÒÍÉĥÔÉÒȢ  
%ÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒȟ ÄÉËËÁÔÅ ÁÌąÎÁÎ ËÒÉÔÅÒÌÅÒÅȟ 
ËÕÌÌÁÎąÌÁÎ ëĘÚİÍ ÙĘÎÔÅÍÌÅÒÉÎÅ ÖÅ ÄÅøÅÒÌÅÎÄÉÒÍÅ 
ÙÁÐÁÎ ÕÚÍÁÎÌÁÒÁ ÇĘÒÅ ÆÁÒËÌąÌąË ÇĘÓÔÅÒÅÂÉÌÍÅËÔÅÄÉÒȢ  

3ÏÎÕëÌÁÒ 

Kovid-ρω ÇÉÂÉ ÓÁÌÇąÎ ÈÁÓÔÁÌąøąÎ ÄİÎÙÁÍąÚą ÅÓÉÒ ÁÌÄąøą 
ÂÕ ÇİÎÌÅÒÄÅ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎ ÇİëÌÅÎÄÉÒÉÌÍÅÓÉ 
ÉÎÓÁÎ ÓÁøÌąøą ÁëąÓąÎÄÁÎ ÂİÙİË ÂÉÒ ĘÎÅÍ ÁÒÚ 
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ÅÔÍÅËÔÅÄÉÒȢ 6İÃÕÄÕÎ ÍÉËÒÏÐÌÁÒÁ ÖÅ ÖÉÒİÓÌÅÒÅ ËÁÒĥą 
ÍİÃÁÄÅÌÅ ÍÅËÁÎÉÚÍÁÓąÎą ÏÌÕĥÔÕÒÁÎ ÂÁøąĥąËÌąË 
ÓÉÓÔÅÍÉÎÉÎ ÚÁÙąÆÌÁÍÁÓą ÄÕÒÕÍÕÎÄÁ ÖİÃÕÔ 
ÈÁÓÔÁÌąËÌÁÒÁ ÁëąË ÈÁÌÅ ÇÅÌÍÅËÔÅÄÉÒȢ 9ÏøÕÎ ëÁÌąĥÍÁ 
ËÏĥÕÌÌÁÒąȟ ÓÔÒÅÓȟ ÄÅÎÇÅÓÉÚ ÂÅÓÌÅÎÍÅ ÖÅ ÄİÚÅÎÓÉÚ 
ÕÙËÕ ÁÌąĥËÁÎÌąøą ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ ÚÁÙąÆÌÁÔÁÎ 
ÆÁËÔĘÒÌÅÒÉÎ ÂÁĥąÎÄÁ ÇÅÌÍÅËÔÅÄÉÒȢ vÚÅÌÌÉËÌÅ ÂÅÓÌÅÎÍÅ 
ÁÌąĥËÁÎÌąøą ÖİÃÕÄÕÎ ÉÈÔÉÙÁë ÄÕÙÄÕøÕ ÖÉÔÁÍÉÎ ÖÅ 
ÍÉÎÅÒÁÌÌÅÒÉÎ ÁÌąÎÍÁÓą ÁëąÓąÎÄÁÎ ÂİÙİË ÂÉÒ ĘÎÅÍÅ 
sahip olmaktÁÄąÒȢ dÎÓÁÎÌÁÒ ÙÏøÕÎ ëÁÌąĥÍÁ 
ÔÅÍÐÏÓÕÎÄÁÎ ÄÏÌÁÙą  ÇİÎ ÉëÅÒÉÓÉÎÄÅ ÇÅÒÅËÌÉ ÖÉÔÁÍÉÎ 
ÖÅ ÍÉÎÅÒÁÌÌÅÒÉ ÙÅÔÅÒÉÎÃÅ ÁÌÁÍÁÍÁËÔÁ ÁÙÒąÃÁ ËÁÐÁÌą 
ÏÒÔÁÍÌÁÒÄÁ ÕÚÕÎ ÓİÒÅ ÖÁËÉÔ ÇÅëÉÒÍÅÌÅÒÉÎÄÅÎ ÄÏÌÁÙą 
ÇİÎÅĥÔÅÎ ÙÅÔÅÒÉÎÃÅ ÆÁÙÄÁÌÁÎÁÍÁÍÁËÔÁÄąÒȢ 
dÎÓÁÎÌÁÒąÎ ÅËÓÉË ÖÉÔÁÍÉÎ ÖÅ ÍÉÎÅÒÁÌ ÉÈÔÉÙÁÃąÎą 
ËÁÒĥąÌÁÍÁË ÖÅ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ ÇİëÌÅÎÄÉÒÍÅË 
ÉëÉÎ ÉÌÁë ÅÎÄİÓÔÒÉÓÉ ÔÁËÖÉÙÅ ÅÄÉÃÉ ÇąÄÁÌÁÒ ÇÅÌÉĥÔÉÒÍÉĥ 
ÖÅ ÉÎÓÁÎÌąøąÎ ÈÉÚÍÅÔÉÎÅ ÓÕÎÍÕĥÔÕÒȢ   
0ÉÙÁÓÁÄÁ ÆÁÒËÌą ÉÌÁë ÅÔËÅÎ ÍÁÄÄÅÓÉÎÅ ÓÁÈÉÐ ÂÉÒëÏË 
ÔÁËÖÉÙÅ ÅÄÉÃÉ ÇąÄÁ ÂÕÌÕÎÍÁËÔÁ ÂÕÎÌÁÒÄÁÎ ÉÄÅÁÌ 
ÏÌÁÎąÎąÎ ÂÅÌÉÒÌÅÎÍÅÓÉ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉÎ 
ÇİëÌÅÎÄÉÒÉÌÍÅÓÉ ÁëąÓąÎÄÁÎ ÂİÙİË ÂÉÒ ĘÎÅÍ ÁÒÚ 
ÅÔÍÅËÔÅÄÉÒȢ "Õ ëÁÌąĥÍÁÄÁ ÐÉÙÁÓÁÄÁ ÙÏøÕÎ ÂÉÒ 
ĥÅËÉÌÄÅ ÓÁÔąÌÁÎ ρπ ÆÁÒËÌą ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ 
ÇİëÌÅÎÄÉÒÉÃÉ ÔÁËÖÉÙÅ ÅÄÉÃÉ ÇąÄÁ φ ÆÁÒËÌą ËÒÉÔÅÒ 
ÁëąÓąÎÄÁÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥ ÖÅ ÉÄÅÁÌ İÒİÎİÎ Ȱ,ÉÇÏÎÅ 
Beta-'ÌÕÃÁÎ 0ÒÏÂÉÏÔÉÃ -ÕÌÔÉÖÉÔÁÍÉÎȱ ÏÌÄÕøÕ 
ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ &ÁÒËÌą ÙĘÎÔÅÍÌÅÒÉÎ ËÕÌÌÁÎąÌÍÁÓąȟ 
ÕÚÍÁÎ ÇÒÕÂÕÎÕÎ ÄÅøÉĥÔÉÒÉÌÍÅÓÉ ÖÅ ÆÁÒËÌą ËÒÉÔÅÒÌÅÒÉÎ 
ÄÉËËÁÔÅ ÁÌąÎÍÁÓąÙÌÁ ÆÁÒËÌą ÓÏÎÕëÌÁÒ ÅÌÄÅ 
ÅÄÉÌÅÂÉÌÍÅËÔÅȟ ÂÕ ëÁÌąĥÍÁ ÉÌÅ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉnin 
ÇİëÌÅÎÄÉÒÅÎ ÔÁËÖÉÙÅ ÅÄÉÃÉ ÇąÄÁÌÁÒąÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÉëÉÎ ÆÁÒËąÎÄÁÌąË ÏÌÕĥÔÕÒÕÌÍÁÓą ÖÅ 
ÁÒÁĥÔąÒÍÁÃąÌÁÒąÎ ÂÕ ÁÌÁÎÌÁÒÁ ÙĘÎÌÅÎÄÉÒÉÌÍÅÓÉ 
ÁÍÁëÌÁÎÍÁËÔÁÄąÒȢ 
'ÅÌÅÃÅË ëÁÌąĥÍÁÌÁÒÄÁ ÁÌÔÅÒÎÁÔÉÆ İÒİÎ ÇÒÕÂÕ ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÍÅ ËÒÉÔÅÒÌÅÒÉ ÇÅÌÉĥÔÉÒÉÌÅÂÉÌÉÒ ÖÅ ÆÁÒËÌą 
ëĘÚİÍ ÍÅËÁÎÉÚÍÁÌÁÒą ËÕÌÌÁÎąÌÁÂÉÌÉÒȢ vÚÅÌÌÉËÌÅ ÈÉÂÒÉÔ 
ëĘÚİÍ ÍÅËÁÎÉÚÍÁÌÁÒąÎąÎ ËÕÌÌÁÎąÌÍÁÓąÙÌÁ ÄÁÈÁ 
ÄÏøÒÕ ÄÅøÅÒÌÅÎÄÉÒÍÅ ÓÏÎÕëÌÁÒąÎÁ ÕÌÁĥąÌÁÂÉÌÉÒȢ 
!ÙÒąÃÁ ÁÒÁĥÔąÒÍÁÃąÌÁÒȟ ÂÕ ÁÎÁÌÉÚÌÅÒÉ ÈÅÒÈÁÎÇÉ ÂÉÒ ÉÌÁë 
ÇÒÕÂÕ ÉëÉÎÄÅ ËÕÌÌÁÎÁÒÁË ÄÏøÒÕ ÉÌÁë ÓÅëÉÍÉ 
konusunda bir karar ÄÅÓÔÅË ÓÉÓÔÅÍÉ ÇÅÌÉĥÔÉÒÅÂÉÌÉÒȢ 

Kaynaklar  

[1]  https://www.aa.com.tr/tr/koronavirus/dunya -
saglik-orgutu-yeni-tip -koronavirusu-kuresel-salgin-
ilan-etti/1762600 (27.05.2020).  

[2]  https://covid19.who.int/ (27.05.2020).  

[3]  !ÌÐÁÇÏȟ (ȟ /ÄÕÎÃÕ !ÌÐÁÇÏȟ $Ȣ Ȱ+ÏÒÏÎÁ 6ÉÒİÓ ÖÅ 
SosyÏÅËÏÎÏÍÉË 3ÏÎÕëÌÁÒȱȢ )"!$ 3ÏÓÙÁÌ "ÉÌÉÍÌÅÒ 
Dergisi, (8) , 99-114, 2020. 

[4]  https://www.memorial.com.tr/saglik -
rehberleri/bagisiklik -sistemi-nedir-bagisikli-
sistemini-guclendirmenin-yollari -nelerdir/ 
(02.06.2020). 

[5]  Singpurwalla, N., Forman, E., ve Zalkind, D. 
Ȱ0romoting shared health care decision making 
ÕÓÉÎÇ ÔÈÅ ÁÎÁÌÙÔÉÃ ÈÉÅÒÁÒÃÈÙ 0ÒÏÃÅÓÓȱȢ 3ÏÃÉÏ-
Economic Planning Sciences, 33(4), 277-299, 1999. 

[6]  Sloane, E. B., Liberatore, M. J., Nydick, R. L., Luo, W., 
ÖÅ #ÈÕÎÇȟ 1Ȣ "Ȣ Ȱ5ÓÉÎÇ ÔÈÅ ÁÎÁÌÙÔÉÃ ÈÉÅÒÁÒÃÈÙ 
process as a clinical engineering tool to facilitate an 
iterative, multidisciplinary, microeconomic health 
ÔÅÃÈÎÏÌÏÇÙ ÁÓÓÅÓÓÍÅÎÔȱȢ #ÏÍÐÕÔÅÒÓ Ǫ /ÐÅÒÁÔÉÏÎÓ 
Research, 30(10), 1447-1465, 2003. 

[7]  ,ÉÂÅÒÁÔÏÒÅȟ -Ȣ *Ȣ ÖÅ .ÙÄÉÃËȟ 2Ȣ ,Ȣ Ȱ4ÈÅ ÁÎÁÌÙÔÉÃ 
hierarchy process in medical and health care 
ÄÅÃÉÓÉÏÎ ÍÁËÉÎÇȡ ! ÌÉÔÅÒÁÔÕÒÅ ÒÅÖÉÅ×ȱȢ %ÕÒÏÐÅÁÎ 
Journal of Operational Research, 189(1), 194-207, 
2008. 

[8]  Topacan, U., Basoglu, A. N., ve Daim, T. U. (2009, 
!ÕÇÕÓÔɊȢ Ȱ!(0 ÁÐÐÌÉÃÁÔÉÏÎ ÏÎ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÈÅÁÌÔÈ 
ÉÎÆÏÒÍÁÔÉÏÎ ÓÅÒÖÉÃÅ ÁÔÔÒÉÂÕÔÅÓȱȢ )%%% In PICMET'09-
2009 Portland International Conference on 
Management of Engineering & Technology, 486-
493, 2009. 

[9]  !ÙÄąÎȟ vȢ Ȱ"ÕÌÁÎąË !(0 ÉÌÅ !ÎËÁÒÁ ÉëÉÎ ÈÁÓÔÁÎÅ ÙÅÒ 
ÓÅëÉÍÉȱȢ $ÏËÕÚ %ÙÌİÌ ­ÎÉÖÅÒÓÉÔÅÓÉ dËÔÉÓÁÄÉ ÖÅ dÄÁÒÉ 
"ÉÌÉÍÌÅÒ &ÁËİÌÔÅÓÉ $ÅÒÇÉÓÉȟ ςτɉςɊȟ ψχ-104, 2009. 

[10]  ,ÁÉȟ (Ȣ &Ȣ Ȱ!ÐÐÌÙÉÎÇ ÆÕÚÚÙ !(0 ÔÏ ÅÖÁÌÕÁÔÅ ÔÈÅ 
sustainability of knowledge-based virtual 
ÃÏÍÍÕÎÉÔÉÅÓ ÉÎ ÈÅÁÌÔÈÃÁÒÅ ÉÎÄÕÓÔÒÙȱȢ )%%% )Î ςπρπ 
7th International Conference on Service Systems 
and Service Management, 1-6, June 2010. 

[11]  "İÙİËĘÚËÁÎȟ 'Ȣȟ KÉÆëÉȟ 'Ȣȟ ÖÅ 'İÌÅÒÙİÚȟ 3Ȣ 
Ȱ3ÔÒÁÔÅÇÉÃ ÁÎÁÌÙÓÉÓ ÏÆ ÈÅÁÌÔÈÃÁÒÅ ÓÅÒÖÉÃÅ ÑÕÁÌÉÔÙ 
ÕÓÉÎÇ ÆÕÚÚÙ !(0 ÍÅÔÈÏÄÏÌÏÇÙȱȢ %ØÐÅÒÔ 3ÙÓÔÅÍÓ 
with Applications, 38(8), 9407-9424, 2011. 

[12]  "İÙİËĘÚËÁÎȟ 'Ȣȟ ÖÅ KÉÆëÉȟ 'Ȣ Ȱ! ÃÏÍÂÉÎÅÄ ÆÕÚÚÙ 
AHP and fuzzy TOPSIS based strategic analysis of 
eÌÅÃÔÒÏÎÉÃ ÓÅÒÖÉÃÅ ÑÕÁÌÉÔÙ ÉÎ ÈÅÁÌÔÈÃÁÒÅ ÉÎÄÕÓÔÒÙȱȢ 
Expert Systems with Applications, 39(3), 2341-
2354, 2012. 

[13]  Pecchia, L., Martin, J. L., Ragozzino, A., 
Vanzanella, C., Scognamiglio, A., Mirarchi, L., ve 
-ÏÒÇÁÎȟ 3Ȣ 0Ȣ Ȱ5ÓÅÒ ÎÅÅÄÓ ÅÌÉÃÉÔÁÔÉÏÎ ÖÉÁ ÁÎÁÌÙÔÉÃ 
hierarchy process (AHP). A case study on a 
#ÏÍÐÕÔÅÄ 4ÏÍÏÇÒÁÐÈÙ ɉ#4Ɋ ÓÃÁÎÎÅÒȱȢ "-# -ÅÄÉÃÁÌ 
dÎÆÏÒÍÁÔÉÃÓ ÁÎÄ $ÅÃÉÓÉÏÎ -ÁËÉÎÇȟ ρσɉρɊȟ ςȟ ςπρσȢ 

[14]  $ÏøÁÎȟ .Ȣ vȢȟ Ǫ 'ÅÎÃÁÎȟ 3Ȣ Ȱ6:!Ⱦ!(0 ÂİÔİÎÌÅĥÉË 
ÙĘÎÔÅÍÉ ÉÌÅ ÐÅÒÆÏÒÍÁÎÓ ĘÌëİÍİȡ !ÎËÁÒÁȭÄÁËÉ ËÁÍÕ 
ÈÁÓÔÁÎÅÌÅÒÉ İÚÅÒÉÎÅ ÂÉÒ ÕÙÇÕÌÁÍÁȱȢ 'ÁÚÉ 5ÎÉÖÅÒÓÉÔÅÓÉ 



 
3rd LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 5ŀǘŀ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ όL/hb5!¢!Ω20), June 25-28, 2020, Istanbul, TURKEY 

 
51 

 

Iktisadi ve Idari Bilimler Fakultesi Dergisi, 16(2), 
88, 2014. 

[15]  )ÖÌÅÖȟ )Ȣȟ +ÎÅÐÐÏȟ 0Ȣȟ ÖÅ "ÁÒÔÁËȟ -Ȣ Ȱ-ÕÌÔÉÃÒÉÔÅÒÉÁ 
decision analysis: a multifaceted approach to 
ÍÅÄÉÃÁÌ ÅÑÕÉÐÍÅÎÔ ÍÁÎÁÇÅÍÅÎÔȱȢ 4ÅÃÈÎÏÌÏÇÉÃÁÌ 
and Economic Development of Economy, 20(3), 
576-589, 2014. 

[16]  Jaberidoost, M., Olfat, L., Hosseini, A., 
Kebriaeezadeh, A., Abdollahi, M., Alaeddini, M., ve 
Dinarvand, R. Pharmaceutical supply chain risk 
assessment in Iran using analytic hierarchy process 
(AHP) and simple additive weighting (SAW) 
methods. Journal of Pharmaceutical Policy and 
Practice, 8(1), 9, 2015. 

[17]  +ąÄÁËȟ ,Ȣ "Ȣȟ !ÒÓÌÁÎȟ %Ȣ 4Ȣȟ ÖÅ "ÕÒÍÁÏøÌÕȟ 3Ȣ  
Ȱ(ÁÓÔÁÎąÎ 3ÅÓÉ $ÕÙÕÌÕÙÏÒ -Õȩ "ÉÒ $ÅÖÌÅÔ 
(ÁÓÔÁÎÅÓÉÎÄÅ "ÕÌÁÎąË !(0 ÉÌÅ !øąÒÌąËÌÁÎÄąÒąÌÍąĥ 
+ÁÌÉÔÅ &ÏÎËÓÉÙÏÎ 'ĘëÅÒÉÍÉ 5ÙÇÕÌÁÍÁÓąȱȢ *ÏÕÒÎÁÌ ÏÆ 
!ÌÁÎÙÁ &ÁÃÕÌÔÙ ÏÆ "ÕÓÉÎÅÓÓȾ!ÌÁÎÙÁ dĥÌÅÔÍÅ &ÁËİÌÔÅÓÉ 
Dergisi, 8(2), 2016. 

[18]  $ÅÌÉÃÅȟ %Ȣ +Ȣȟ !ÙąËȟ dȢȟ !ÂÉÄÉÎÏøÌÕȟ vȢ .Ȣȟ KÉÆÔëÉȟ .Ȣ 
.Ȣȟ ÖÅ 3ÅÚÅÒȟ 9Ȣ %ÒÇÏÎÏÍÉË 2ÉÓË $ÅøÅÒÌÅÎÄÉÒÍÅ 
9ĘÎÔÅÍÌÅÒÉ 6Å !ÈÐ 9ĘÎÔÅÍÉ dÌÅ KÁÌąĥÍÁ 
$ÕÒÕĥÌÁÒąÎąÎ !ÎÁÌÉÚÉȡ !øąÒ 6Å 4ÅÈÌÉËÅÌÉ dĥÌÅÒ dëÉÎ "ÉÒ 
5ÙÇÕÌÁÍÁȢ -İÈÅÎÄÉÓÌÉË "ÉÌÉÍÌÅÒÉ ÖÅ 4ÁÓÁÒąÍ 
Dergisi, 6, 112-124, 2018. 

[19]  Hillerman, T., Souza, J. C. F., Reis, A. C. B., ve 
#ÁÒÖÁÌÈÏȟ 2Ȣ .Ȣ Ȱ!ÐÐÌÙÉÎÇ ÃÌÕÓÔÅÒÉÎÇ ÁÎÄ !(0 
ÍÅÔÈÏÄÓ ÆÏÒ ÅÖÁÌÕÁÔÉÎÇ ÓÕÓÐÅÃÔ ÈÅÁÌÔÈÃÁÒÅ ÃÌÁÉÍÓȱȢ 
Journal of Computational Science, 19, 97-111, 2017. 

[20]  9ąÌÍÁÚȟ .Ȣȟ ÖÅ ¤ÅÎÏÌȟ -Ȣ "Ȣ Ȱdĥ ÓÁøÌąøą ÖÅ ÇİÖRÅÎÌÉøÉ 
ÒÉÓË ÄÅøÅÒÌÅÎÄÉÒÍÅ ÓİÒÅÃÉ ÉëÉÎ ÂÕÌÁÎąË ëÏË ËÒÉÔÅÒÌÉ 
ÂÉÒ ÍÏÄÅÌ ÖÅ ÕÙÇÕÌÁÍÁÓąȱȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ &ÁÃÕÌÔÙ ÏÆ 
Engineering and Architecture of Gazi University, 
32(1), 77-87, 2017. 

[21]  4Áĥȟ #Ȣȟ "ÅÄÉÒȟ .Ȣȟ %ÒÅÎȟ 4Ȣȟ !ÌÁøÁĥȟ (Ȣ -Ȣȟ ÖÅ KÅÔÉÎȟ 
3Ȣ Ȱ!(0-4/03)3 ÙĘÎÔÅÍÌÅÒÉ ÅÎÔÅÇÒÁÓÙÏÎÕ ÉÌÅ 
ÐÏÌÉËÌÉÎÉË ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉȡ !ÎËÁÒÁȭÄÁ ÂÉÒ 
ÕÙÇÕÌÁÍÁȱȢ 3ÁøÌąË 9ĘÎÅÔÉÍÉ $ÅÒÇÉÓÉȟ ςɉρɊȟ ρ-17, 
2018. 

[22]  'İÄİËȟ vȢȟ ÖÅ vÎÄÅÒȟ %Ȣ 3ÁøÌąË ÓÅËÔĘÒİÎÄÅ ÉĥÙÅÒÉ 
ÉÌÅÔÉĥÉÍÉ ÁëąÓąÎÄÁÎ ×ÈÁÔÓÁÐÐ ÕÙÇÕÌÁÍÁÓą 
ËÕÌÌÁÎąÍąÎąÎ !(0 ÙĘÎÔÅÍÉ ÉÌÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉȢ 
Ȱ3ÁøÌąË !ËÁÄÅÍÉÓÙÅÎÌÅÒÉ $ÅÒÇÉÓÉȱȟ υɉςɊȟ ρρω-129, 
2018. 

[23]  %ÒÅÎȟ 4Ȣȟ ÖÅ 'İÒȟ ¤Ȣ Ȱ!ÍÅÌÉÙÁÔÈÁÎÅÌÅÒÉÎ 
ÐÅÒÆÏÒÍÁÎÓÌÁÒąÎÁ ÅÔËÉ ÅÄÅÎ ÆÁËÔĘÒÌÅÒÉÎ ÂÕÌÁÎąË ÁÈÐ 
ÉÌÅ ÄÅøÅÒÌÅÎÄÉÒÍÅÓÉȱȢ (ÁÒÒÁÎ ­ÎÉÖÅÒÓÉÔÅÓÉ 
-İÈÅÎÄÉÓÌÉË $ÅÒÇÉÓÉȟ σɉσɊȟ ρωχ-204, 2018. 

[24]  2ÁÊÁËȟ -Ȣȟ ÖÅ 3ÈÁ×ȟ +Ȣ Ȱ%ÖÁÌÕÁÔÉÏÎ ÁÎÄ ÓÅÌÅÃÔÉÏÎ 
of mobile health (mHealth) applications using AHP 

ÁÎÄ ÆÕÚÚÙ 4/03)3ȱȢ 4ÅÃÈÎÏÌÏÇÙ ÉÎ 3ÏÃÉÅÔÙȟ υωȟ 
101186, 1-17, 2019. 

[25]  !ÌÁËÁĥȟ (Ȣ -Ȣȟ "ÕÃÁËȟ -Ȣȟ ÖÅ +ąÚąÌÔÁĥȟ ¤Ȣ  Ȱ!(0-
TOPSIS ve AHP-6)+/2 9ĘÎÔÅÍÌÅÒÉ ÉÌÅ !ÍÂÕÌÁÎÓ 
4ÅÄÁÒÉË &ÉÒÍÁÓą 3ÅëÉÍÉȱȢ (ÁÒÒÁÎ ­ÎÉÖÅÒÓÉÔÅÓÉ 
-İÈÅÎÄÉÓÌÉË $ÅÒÇÉÓÉȟ τɉρɊȟ ωσ-101, 2019. 

[26]  KÁÎÁËëą 9İËÓÅÌ ȟ dȢ KȢȟ ÖÅ !ÒąËÁÎȟ -Ȣ 3ÁøÌąË 
ÓÅËÔĘÒİÎÄÅ ÈÉÚÍÅÔ ËÁÌÉÔÅÓÉÎÉÎ ëÏË ĘÌëİÔÌİ ËÁÒÁÒ 
ÖÅÒÍÅ ÙĘÎÔÅÍÌÅÒÉ ÉÌÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉȡ !ÎËÁÒÁȭÄÁ 
ÂÉÒ ÕÙÇÕÌÁÍÁȱȢ 5ÌÕÄÁø 5ÎÉÖÅÒÓÉÔÙ *ÏÕÒÎÁÌ ÏÆ 4ÈÅ 
Faculty of Engineering, 24(3), 13-30, 2019. 

[27]  +ÏÒËÕÓÕÚȟ !Ȣ 9Ȣȟ dÎÁÎȟ 5Ȣ (Ȣȟ vÚÄÅÍÉÒȟ 9Ȣȟ ÖÅ 
"ÁĥÌąÇÉÌȟ (Ȣ Ȱ/ÃÃÕÐÁÔÉÏÎÁÌ ÈÅÁÌÔÈ ÁÎÄ ÓÁÆÅÔÙ 
performance measurement in healthcare sector 
using integrated multi criteria decision making 
ÍÅÔÈÏÄÓȱȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ &ÁÃÕÌÔÙ ÏÆ %ÎÇÉÎÅÅÒÉÎÇ ÁÎÄ 
Architecture of Gazi University, 35(1), 81-96, 2020. 

[28]  https://acikders.ankara.edu.tr/pluginfile.php/7
6265/mod_resource/content/0/1_Rasyonel%20ila
%C3%A7%20etken%20madde%20tasar%C4%B1
m%C4%B1%20y%C3%B6ntemlerinin%20%C3%B
6nemi.pdf (09.06.2020) 

[29]  KÅÔÉÎȟ &Ȣ  Ȱ"ÁøąĥąËÌąË 3ÉÓÔÅÍÉ $ÅÓÔÅËÌÅÒÉÎÉÎ 
Besin-dÌÁë %ÔËÉÌÅĥÉÍÉȱȢ dÓÔÁÎÂÕÌ 3ÁÂÁÈÁÔÔÉÎ :ÁÉÍ 
­ÎÉÖÅÒÓÉÔÅÓÉ &ÅÎ "ÉÌÉÍÌÅÒÉ %ÎÓÔÉÔİÓİ $ÅÒÇÉÓÉȟ ςɉρɊȟ 
14-19, 2020. 

[30]  https://www.vitaminler.com/sorununa -
gore/bagisiklik -sistemi-62-1010 (10.06.2020) 

[31]  !ËÄÅÎÉÚȟ (Ȣ !Ȣȟ ÖÅ 4ÕÒÇÕÔÌÕȟ 4Ȣ Ȱ4İÒËÉÙÅȭÄÅ 
ÐÅÒÁËÅÎÄÅ ÓÅËÔĘÒİÎÄÅ ÁÎÁÌÉÔÉË ÈÉÙÅÒÁÒĥÉË ÓİÒÅë 
ÙÁËÌÁĥąÍąÙÌÁ ÔÅÄÁÒÉËëÉ ÐÅÒÆÏÒÍÁÎÓ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉȱȢ $ÏËÕÚ %ÙÌİÌ ­ÎÉÖÅÒÓÉÔÅÓÉ 3ÏÓÙÁÌ 
BÉÌÉÍÌÅÒ %ÎÓÔÉÔİÓİ $ÅÒÇÉÓÉȟ ωɉρɊȟ ρ-17, 2007. 

[32]  5ëÁÒȟ 5 ȟ dĥÌÅÙÅÎȟ 3Ȣ Ȱ(ÁÒÅËÅÔÌÉ (ÅÄÅÆÌÉ - 
(ÅÔÅÒÏÊÅÎ &ÉÌÏÌÕ d(! 2ÏÔÁÌÁÍÁ 0ÒÏÂÌÅÍÉ dëÉÎ 9ÅÎÉ 
"ÉÒ KĘÚİÍ 9ÁËÌÁĥąÍąȱȢ 0ÏÌÉÔÅËÎÉË $ÅÒÇÉÓÉȟ ςς ɉτɊ ȟ 
999-1016, 2019.



 
3rd LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 5ŀǘŀ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ όL/hb5!¢!Ω20), June 25-28, 2020, Istanbul, TURKEY 

 

 
52 

 

KÅĥÉÔÌÉ 3ÁøÌąË +ÒÉÔÅÒÌÅÒÉ !ëąÓąÎÄÁÎ "ÏøÁÚ 0ÁÓÔÉÌÌÅÒÉÎÉÎ KÏË +ÒÉÔÅÒÌÉ +ÁÒÁÒ 6ÅÒÍÅ 
9ĘÎÔÅÍÉ ÉÌÅ $ÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ  

5ËÂÅ 5K!21*, Figen BALO1 

1&ąÒÁÔ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË &ÁËİÌÔÅÓÉȟ %ÎÄİÓÔÒÉ -İÈÅÎÄÉÓÌÉøÉ "ĘÌİÍİȟ %ÌÁÚąøȟ 4­2+d9% 
vÚÅÔ 

"ÏøÁÚ ÅÎÆÅËÓÉÙÏÎÌÁÒąȟ ĘÚÅÌÌÉËÌÅ ÓÏÎÂÁÈÁÒ ÖÅ Ëąĥ ÁÙÌÁÒąÎÄÁ ÙÏøÕÎ ÂÉÒ ĥÅËÉÌÄÅ ÏÒÔÁÙÁ ëąËÁÎȟ ëÅĥÉÔÌÉ ÈÁÓÔÁÌąËÌÁÒÁ 
ÓÅÂÅÐ ÏÌÁÂÉÌÅÎ ÖÅ ÉÎÓÁÎÌÁÒąÎ ÙÁĥÁÍ ËÁÌÉÔÅÓÉÎÉ ÏÌÕÍÓÕÚ ÙĘÎÄÅ ÅÔËÉÌÅÙÅÎ ÒÁÈÁÔÓąÚÌąËÌÁÒÄąÒȢ "ÏøÁÚ ËÁĥąÎÔąÓąȟ ÂÏøÁÚ 
ÁøÒąÓąȟ ÙÕÔËÕÎÍÁ ÚÏÒÌÕøÕȟ ÓÅÓ ËąÓąËÌąøąȟ ÓÏøÕË ÁÌÇąÎÌąøąȟ ÂÕÒÕÎÄÁÎ ÎÅÆÅÓ ÁÌÁÍÁÍÁ ve polen alerjisi, bu 
ÒÁÈÁÔÓąÚÌąËÌÁÒÄÁÎ ÂÁÚąÌÁÒąÄąÒȢ "ÏøÁÚ ÐÁÓÔÉÌÌÅÒÉȟ ÁøąÚ ÖÅ ÂÏøÁÚ ÍÕËÏÚÁÓąÎÄÁËÉ ÔÁÈÒÉÂÁÔąÎ ÅÎÇÅÌÌÅÎÍÅÓÉÎÉ 
ÓÁøÌÁÙÁÒÁË ÂÅÌÉÒÔÉÌÅÎ ÈÁÓÔÁÌąËÌÁÒąÎ ËąÓÁ ÓİÒÅÄÅ ÖÅ ÒÁÈÁÔ ÂÉÒ ĥÅËÉÌÄÅ ÁÔÌÁÔąÌÍÁÓąÎą ÓÁøÌÁÙÁÎ ÔÁËÖÉÙÅ ÅÄÉÃÉ 
ÇąÄÁÌÁÒÄąÒȢ "Õ ÇąÄÁÌÁÒ ÓÁÙÅÓÉÎÄÅ ÈÁÓÔÁÌąË ÂÅÌÉÒÔÉÌÅÒÉ ÈÁÆÉÆÌÅÔÉÌÅÂÉÌÍÅËÔÅ ÖÅ ÄÁÈÁ ÁÚ ÉÌÁë ËÕÌÌÁÎąÌÍÁÓą 
ÓÁøÌÁÎÁÂÉÌÍÅËÔÅÄÉÒȢ dÌÁë ÅÎÄİÓÔÒÉÓÉÎÄÅ ÂÏøÁÚ ÁøÒąÌÁÒąÙÌÁ ÉÌÇÉÌÉ ÆÁÒËÌą ÒÁÈÁÔÓąÚÌąËÌÁÒą ÇÉÄÅÒÍÅË ÉëÉÎ ÇÅÌÉĥÔÉÒÉÌÍÉĥ 
ÂÉÒëÏË ÔÁËÖÉÙÅ ÅÄÉÃÉ ÇąÄÁ ÂÕÌÕÎÁÂÉÌÍÅËÔÅ ÖÅ ÂÕÎÌÁÒ ÂÉÒÂÉÒÌÅÒÉÎÄÅÎ ÆÁÒËÌą ĘÚÅÌÌÉËÌÅÒÅ ÓÁÈÉÐ ÏÌÁÂÉÌÍÅËÔÅÄÉÒȢ "Õ 
ëÁÌąĥÍÁÄÁ ÉÎÓÁÎÌÁÒ ÔÁÒÁÆąÎÄÁÎ ÙÏøÕÎ ÂÉÒ ĥÅËÉÌÄÅ ÔİËÅÔÉÌÅÎ ρπ ÆÁÒËÌą ÂÏøÁÚ ÐÁÓÔÉÌÉ ëÅĥÉÔÌÉ ËÒÉÔÅÒÌÅÒ ÁëąÓąÎÄÁÎ 
!ÎÁÌÉÔÉË (ÉÙÅÒÁÒĥÉË 0ÒÏÓÅÓ ëĘÚİÍ ÍÅÔÏÄÏÌÏÊÉÓÉ ËÕÌÌÁÎąÌÁÒÁË ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥ ÖÅ ÂÏøÁÚ ÒÁÈÁÔÓąÚÌąËÌÁÒąÎąÎ 
ÇÉÄÅÒÉÌÍÅÓÉÎÄÅ ÅÎ ÆÁÚÌÁ ÅÔËÉÌÉ ÏÌÁÎ ÂÏøÁÚ ÐÁÓÔÉÌÉ İÒİÎİ ÔÅÓÐÉÔ ÅÄÉÌÍÅÙÅ ëÁÌąĥąÌÍąĥÔąÒȢ KÁÌąĥÍÁ ÓÁÙÅÓÉÎÄÅ ÂÏøÁÚ 
ÐÁÓÔÉÌÌÅÒÉÎÉÎ ÄÏøÒÕ ÖÅ ÅÔËÉÌÉ ÂÉÒ ĥÅËÉÌÄÅ ËÕÌÌÁÎąÌÍÁÓą ËÏÎÕÓÕÎÁ ËÁÔËąÄÁ ÂÕÌÕÎÕÌÍÁÓą ÁÍÁëÌÁÎÍąĥÔąÒȢ 

Anahtar Kelimeler : "ÏøÁÚ 0ÁÓÔÉÌÉȟ "ÏøÁÚ %ÎÆÅËÓÉÙÏÎÌÁÒąȟ KÏË +ÒÉÔÅÒÌÉ +ÁÒÁÒ 6ÅÒÍÅȟ !(0 

Evaluation of Throat Pastilles by Multiple Criteria Decision Making Method in 
Terms Of Various Health Criteria  

Abstract  

Throat infections are disorders that occur intensely especially in autumn and winter, which can cause various 
diseases and negatively affect people's quality of life. Sore itching, sore throat, difficulty swallowing, 
hoarseness, cold, not breathing in the nose and pollen allergy are some of these disorders. Throat lozenges are 
supplementary foods that ensure the prevention of damage to the mouth and throat mucosa, and ensure that 
the specified diseases are eliminated in a short time and comfortably. Thanks to these foods, disease 
symptoms can be alleviated and less medication can be used. In the pharmaceutical industry, there are many 
supplements that have been developed to relieve different ailments related to sore throats and these may have 
different properties. In this study, 10 different throat lozenges consumed intensely by humans have been 
evaluated using Analytical Hierarchical Process solution methodology in terms of various criteria and the most 
effective throat lozenge product has been tried to be determined in eliminating throat disorders. Thanks to 
the study, it is aimed to contribute to the correct and effective use of throat lozenges. 

Keywords: Multi Criteria Decision Making, AHP, Supplements That Strengthen The Immune System 
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'ÉÒÉĥ 

"ÏøÁÚ ÁøÒąÓąȟ ÉÎÓÁÎÌÁÒąÎ ÈÅÒ ÍÅÖÓÉÍ ËÁÒĥąÌÁĥÔąËÌÁÒą 
ÙÁĥÁÍ ËÁÌÉÔÅÓÉÎÉ ÏÌÕÍÓÕÚ ÅÔËÉÌÅÙÅÎ ÂÉÒ ÈÁÓÔÁÌąË 
ÔİÒİÄİÒȢ 3ÏÎÂÁÈÁÒ ÖÅ Ëąĥ ÁÙÌÁÒąÎÄÁ ÇÅÎÅÌ ÏÌÁÒÁË 
ÖÉÒİÓÌÅÒÄÅÎ ÄÏÌÁÙą ÏÒÔÁÙÁ ëąËÁÎ ÂÏøÁÚ ÁøÒąÓąȟ ÓÏøÕË 
ÁÌÇąÎÌąøą ÖÅ ÇÒÉÐÌÅ ÂÉÒÌÉËÔÅ ËÅÎÄÉÓÉÎÉ ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 
BÁËÔÅÒÉÙÅÌ ÅÎÆÅËÓÉÙÏÎÌÁÒȟ ÐÏÌÅÎ ÖÅ ÈÁÙÖÁÎ ÔİÙİ ÇÉÂÉ 
ÁÌÅÒÊÉË ÅÔËÉÙÅ ÓÁÈÉÐ ÍÁÄÄÅÌÅÒÄÅÎ ÄÏÌÁÙą ÄÁ ÂÏøÁÚ 
ÁøÒąÌÁÒą ÉÎÓÁÎÌÁÒÄÁ ÓąËÌąËÌÁ ÇĘÒİÌÍÅËÔÅÄÉÒȢ  "ÕÎÌÁÒÁ 
ÅË ÏÌÁÒÁË ËÁÐÁÌą ÏÒÔÁÍÌÁÒÄÁ ÕÚÕÎ ÓİÒÅ ëÁÌąĥÍÁË ÖÅ 
Ëąĥ ÁÙÌÁÒąÎÄÁ ËÌÉÍÁ ÖÅ ÅÌÅËÔÒÉËÌÉ ąÓąÔąÃąÌÁÒąÎ ÈÁÖÁÙą 
ËÕÒÕÔÍÁÓąÎÄÁÎ ÄÏÌÁÙą ÂÏøÁÚÄÁ ËÕÒÕÍÁ ÍÅÙÄÁÎÁ 
ÇÅÌÅÂÉÌÍÅËÔÅ ÖÅ ÂÏøÁÚ ÁøÒąÓą ÏÌÕĥÁÂÉÌÍÅËÔÅÄÉÒȢ 3ÏÎ 
ÏÌÁÒÁË ÈÁÖÁ ËÉÒÌÉÌÉøÉ ÖÅ ÓÉÇÁÒÁȟ ÎÁÒÇÉÌÅ ÇÉÂÉ İÒİÎÌÅÒÉÎ 
ËÕÌÌÁÎąÌÍÁÓą ÂÏøÁÚ ÁøÒąÓąÎÁ ÙÏÌ ÁëÁÎ ÎÅÄÅÎÌÅÒ 
ÁÒÁÓąÎÄÁ ÙÅÒ ÁÌÍÁËÔÁÄąÒ ɍρɎȢ  
"ÏøÁÚ ÁøÒąÓąÎÄÁȟ ÉÌÇÉÌÉ ÂĘÌÇede kuruluk meydana 
ÇÅÌÍÅËÔÅ ÖÅ ÈÁÓÔÁ Ï ÂĘÌÇÅ ÉëÅÒÉÓÉÎÄÅ ÂÉÒ ÁøÒą ÖÅ 
ÙÁÎÍÁ ÈÉÓÓÅÔÍÅËÔÅÄÉÒȢ "ÏøÁÚ ÁøÒąÓąȟ ÂÏøÁÚ 
ÉëÅÒÉÓÉÎÄÅ ÒÁÈÁÔÓąÚÌąË ÏÌÁÎ ÂĘÌÇÅÙÅ ÖÅ ÒÁÈÁÔÓąÚÌąøąÎ 
ÓÐÅÓÉÆÉË ĘÚÅÌÌÉËÌÅÒÉÎÅ ÇĘÒÅ ÆÁÒËÌą ÈÁÓÔÁÌąË ÉÓÉÍÌÅÒÉÎÅ 
ÓÁÈÉÐ ÏÌÁÂÉÌÍÅËÔÅÄÉÒȢ !øąÚ ÂĘÌÇÅÓÉÎÉÎ ÁÒËÁ ËąÓÍąÎąÎ 
ÅÔËÉÌÅÎÍÅÓÉ ÖÅ ÂÕ ÂĘÌÇÅÄÅ ÁøÒąÎąÎ ÙÏøÕÎÌÁĥÍÁÓą 
&ÁÒÅÎÊÉÔ ËÁÙÎÁËÌą ÂÏøÁÚ ÁøÒąÓą ÏÌÁÒÁË 
ÎÉÔÅÌÅÎÄÉÒÉÌÍÅËÔÅÄÉÒȢ "ÁÄÅÍÃÉËÔÅ ËąÚÁÒąËÌąË ÖÅ 
ĥÉĥÍÅ ÄÕÒÕÍÕÎÕÎ ÍÅÙÄÁÎÁ ÇÅÌÍÅÓÉ ÏÌÁÒÁË 
ÉÓÉÍÌÅÎÄÉÒÉÌÅÎ 4ÏÎÓÉÌÉÔȟ ÁøąÚ ÂĘÌÇÅÓÉÎÉÎ ÁÒËÁ 
ËąÓÍąÎÄÁ ÂÕÌÕÎÁÎ ÙÕÍÕĥÁË ÄÏËÕÌÁÒÄÁ ÁøÒąÙÁ 
ÓÅÂÅÂÉÙÅÔ ÖÅÒÍÅËÔÅÄÉÒȢ %øÅÒ ÓÅÓ ÔÅÌÌÅÒÉÎÄÅ ÂÉÒ ÁøÒą 
ÖÁÒ ÉÓÅ Ï ÚÁÍÁÎ ÂÕ ÒÁÈÁÔÓąÚÌąË ,ÁÒÅÎÊÉÔ ÏÌÁÒÁË 
ÉÓÉÍÌÅÎÄÉÒÉÌÍÅËÔÅÄÉÒȢ 'ÅÎÅÌ ÏÌÁÒÁË ÂÏøÁÚ ÁøÒąÓąÎÄÁȟ 
ËÏÎÕĥÕÒËÅÎ ÖÅ ÙÕÔËÕÎÕÒËÅÎ ÁøÒą ÖÅ ÚÏÒÌÁÎÍÁ 
ÍÅÙÄÁÎÁ ÇÅÌÍÅËÔÅ ÖÅ ÂÏøÁÚÄÁ ËąÚÁÒąËÌąËÌÁÒ 
ÇĘÚÌÅÍÌÅÎÍÅËÔÅÄÉÒȢ "ÁÚą ÄÕÒÕÍÌÁÒÄÁ 
bademciklerde beyaz lekeler tespit edilmekte, bu 
ÄÕÒÕÍ ÉÌÔÉÈÁÐ ÖÅÙÁ ÂÁËÔÅÒÉÙÅÌ ÂÉÒ ÒÁÈÁÔÓąÚÌąøąÎ 
ÏÌÁÂÉÌÅÃÅøÉÎÉ ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ !ÙÒąÃÁ ÂÕÒÕÎ 
ÔąËÁÎąËÌąøąȟ ÎÅÆÅÓ ÁÌÍÁÄÁ ÇİëÌİËȟ ÙÕÔËÕÎÍÁÄÁ 
ÚÏÒÌÁÎÍÁȟ ĘËÓİÒİËȟ ÈÁÌÓÉÚÌÉËȟ ÉĥÔÁÈÓąÚÌąËȟ ÁÔÅĥ ÖÅ 
ÖİÃÕÔÔÁ ÏÒÔÁÙÁ ëąËÁÎ ÁøÒąÌÁÒ ÂÏøÁÚ ÁøÒąÓą ÉÌÅ ÂÉÒÌÉËÔÅ 
ËÅÎÄÉÎÉ ÇĘÓÔÅÒÅÂÉÌÍÅËÔÅÄÉÒ ɍρɎȢ    
9ÕËÁÒąÄÁËÉ ÂÉÌÇÉÌÅÒÅ ÅË ÏÌÁÒÁË ÌÉÔÅÒÁÔİÒÄÅ ÂÏøÁÚ 
ÁøÒąÓąÎÁ ÎÅÄÅÎ ÏÌÁÂÉÌÅÃÅË ÄÕÒÕÍÌÁÒ ĥÅËÉÌ ρ ÄÅËÉ ÇÉÂÉ 
ÇÒÕÐÌÁÎÄąÒąÌÍąĥÔąÒ ɍςɎȢ 
"ÏøÁÚ ÁøÒąÓąÎąÎ ÔÅÄÁÖÉÓÉ ÖÅ ÏÌÕÍÓÕÚ ÅÔËÉÌÅÒÉÎÉÎ 
ÇÉÄÅÒÉÌÍÅÓÉ ÉëÉÎ ÉÌÁë ËÕÌÌÁÎąÍąÎÁ ÅË ÏÌÁÒÁË ÂÉÒëÏË 
ÁÌÔÅÒÎÁÔÉÆ ÙĘÎÔÅÍ ÂÕÌÕÎÍÁËÔÁÄąÒȢ $ÉÎÌÅÎÍÅ ÖÅ ÂÏÌ 
ÓąÖą ÔİËÅÔÉÍÉȟ ÓÉÇÁÒÁ ÖÂȢ ÏÒÔÁÍÌÁÒÄÁÎ ËÁëąÎąÌÍÁÓąȟ 
ÙÕÍÕĥÁËȟ ÁÓÉÔÓÉÚ ÖÅ ÁÌËÏÌÓİÚ ÉëÅÃÅËÌÅÒÉÎ ÔİËÅÔÉÌÍÅÓÉȟ 
bulÕÎÁÎ ÏÒÔÁÍąÎ ÈÁÖÁÌÁÎÄąÒąÌÍÁÓą ÖÅ  

 

¤ÅËÉÌ ρȢ "ÏøÁÚ ÁøÒąÓąÎąÎ ÎÅÄÅÎÌÅÒÉÎÅ ÉÌÉĥËÉÎ 
bilgiler[2].  
ÎÅÍÌÅÎÄÉÒÉÌÍÅÓÉ ÖÅ ąÌąË ÄÅÒÅÃÅÄÅ ÓąÃÁËÌąøÁ ÓÁÈÉÐ 
ÔÕÚÌÕ ÓÕ ÉÌÅ ÇÁÒÇÁÒÁ ÙÁÐąÌÍÁÓą ÂÕ ÙĘÎÔÅÍÌÅÒÄÅÎ 
ÂÁÚąÌÁÒąÄąÒ ɍςɎȢ "ÏøÁÚ ÐÁÓÔÉÌÌÅÒÉÄÅȟ ÂÏøÁÚ ÁøÒąÌÁÒąÎąÎ 
giderilmesiÎÅ ÙÏøÕÎ ÂÉÒ ĥÅËÉÌÄÅ ËÕÌÌÁÎąÌÁÎ ÁÌÔÅÒÎÁÔÉÆ 
ÙĘÎÔÅÍÌÅÒÄÅÎ ÂÉÒÉ ÏÌÍÁËÔÁȟ ÉÌÁë ÅÎÄİÓÔÒÉÓÉÎÄÅËÉ 
ÇÅÌÉĥÍÅÌÅÒÌÅ ÂÉÒÌÉËÔÅ ÂİÎÙÅÌÅÒÉÎÄÅ ÂÉÒëÏË 
semptomu tedavi edici maddeleri 
ÂÕÌÕÎÄÕÒÁÂÉÌÍÅËÔÅÄÉÒȢ "Õ ÐÁÓÔÉÌÌÅÒȟ ÂÏøÁÚ ÁøÒąÓąÎą 
ÈÁÆÉÆÌÅÔÍÅÎÉÎ ÙÁÎą ÓąÒÁ ÂÁøąĥąËÌąøą ÇİëÌendirme, 
ĘËÓİÒİøİ ÁÚÁÌÔÍÁȟ ÅÎÆÅËÓÉÙÏÎ ÙÁÙąÌąÍąÎą ĘÎÌÅÍÅ ÖÅ 
ÁÔÅĥ ÁÚÁÌÔÍÁ ÇÉÂÉ ÏÌÕÍÓÕÚ ÄÕÒÕÍÌÁÒą ÔÅÄÁÖÉ 
ÅÄÅÂÉÌÍÅËÔÅÄÉÒȢ 'İÎİÍİÚÄÅ ÆÁÒËÌą ĘÚÅÌÌÉËÌÅÒÅ ÓÁÈÉÐ 
ÂÉÒëÏË ÂÏøÁÚ ÐÁÓÔÉÌÉ ÂÕÌÕÎÁÂÉÌÍÅËÔÅȟ ÂÕÎÌÁÒ 
ÁÒÁÓąÎÄÁÎ ÅÎ ÅÔËÉÌÉ ÏÌÁÎąÎąÎ ÂÅÌÉÒÌÅÎÍÅÓÉ ÂİÙİË ÂÉÒ 
ĘÎÅÍ ÁÒÚ ÅÔÍÅËÔÅÄÉÒȢ !ËÓÉ ÄÕÒÕÍÄÁȟ ÂÏøÁÚ ÐÁÓÔÉÌÉ 
ËÕÌÌÁÎąÍąȟ ÎÏÒÍÁÌ ÂÉÒ ĥÅËÅÒ ËÕÌÌÁÎąÍą ÉÌÅ ÁÙÎą ÅÔËÉÙÅ 
sahip olabilmekte ve hastaya herhangi bir fayda 
ÓÁøÌÁÍÁÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁÄÁ ÐÉÙÁÓÁÄÁ ÙÏøÕÎ ÂÉÒ 
ĥÅËÉÌÄÅ ËÕÌÌÁÎąÌÁÎ ÂÏøÁÚ ÐÁÓÔÉÌÌÅÒÉ ÉëÅÒÉÓÉÎÄÅËÉ 
ÍÁÄÄÅÌÅÒ ÁëąÓąÎÄÁÎ ÂÅÌÉÒÌÉ ËÒÉÔÅÒÌÅÒ ÁÌÔąÎÄÁ ÁÎÁÌÉÚ 
ÅÄÉÌÍÉĥ ÖÅ ËÕÌÌÁÎąÃąÌÁÒ ÉëÉÎ ÉÄÅÁÌ ÂÏøÁÚ ÐÁÓÔÉÌÉ 
ÍÁÒËÁÓą ëÏË ËÒÉÔÅÒÌÉ ËÁÒÁÒ ÖÅÒÍÅ ÙĘÎÔÅÍÌÅÒÉÎÄÅÎ 
ÂÉÒÉ ÏÌÁÎ !ÎÁÌÉÔÉË (ÉÙÅÒÁÒĥÉË 0ÒÏÓÅÓ ɉ!(0Ɋ ÙĘÎÔÅÍÉ 
ÉÌÅ ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ   
!(0 ÙĘÎÔÅÍÉȟ ÁÒÁĥÔąÒÍÁÃąÌÁÒą ÌÉÔÅÒÁÔİÒÄÅ ÙÏøÕÎ 
oÌÁÒÁË ÖÅ ÈÅÍÅÎ ÈÅÍÅÎ ÈÅÒ ÁÌÁÎÄÁ ÕÙÇÕÌÁÄąøą ÂÉÒ 
ËÁÒÁÒ ÖÅÒÍÅ ÙĘÎÔÅÍÉÄÉÒȢ "Õ ÍÁËÁÌÅÄÅȟ ÌÉÔÅÒÁÔİÒÄÅ 
ÓÁøÌąË ÁÌÁÎąÎÄÁ !(0 ÙĘÎÔÅÍÉÎÉÎ ËÕÌÌÁÎąÌÄąøą 
ëÁÌąĥÍÁÌÁÒÄÁÎ ÂÁÚąÌÁÒą ÔÁÂÌÏ ρ ÄÅ ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ 
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Tablo 2Ȣ 3ÁøÌąË ÁÌÁÎąÎÄÁ !(0 ÙĘÎÔÅÍÉÎÉÎ ËÕÌÌÁÎąÌÄąøą 
ëÁÌąĥÍÁÌÁÒÄÁÎ ÂÁÚąÌÁÒą 

Yazarlar 9ĘÎÔÅÍ Problem 

Lee ve Kwak vd [3] AHP, Hedef 
Programla
ma 

3ÁøÌąË ÈÉÚÍÅÔÌÅÒÉ ÓÉÓÔÅÍÉ ÉëÉÎ 
"ÉÌÇÉ +ÁÙÎÁøą 0ÌÁÎÌÁÍÁ 

Cho ve Kim [4] AHP Medikal cihaz ve malzeme 
ÓÅëÉÍÉ 

Doloi [5] AHP KÁÌąĥÁÎ ÖÅÒÉÍÌÉÌÉøÉÎÅ ÅÔËÉ 
ÅÄÅÎ ÆÁËÔĘÒÌÅÒÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Hao vd [6] AHP  ve 
FCE 

Elektro-akapunturun 
ÔÅÒÁÐĘÔÉË ÅÔËÉÓÉÎÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Danner vd [7] AHP Antidepresan tedavisinin 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Yuen[8] P_CNP ve 
AHP 

3ÁøÌąË ÈÉÚÍÅÔÌÅÒÉ ÖÅ ÍÅÄÉËÁÌ 
karar verme 

Schmidt vd [9] AHP 3ÁøÌąË ÁÌÁÎąÎÄÁ !(0 ÉÌÅ ÉÌÇÉÌÉ 
ÌÉÔÅÒÁÔİÒ ÁÒÁĥÔąÒÍÁÓą 

Hussain vd [10] AHP 3ÁøÌąË ÈÉÚÍÅÔÌÅÒÉÎÄÅËÉ ÁÔąË 
ÄÕÒÕÍÌÁÒąÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

dÎÃÅ ÖÄ [11] AHS 3ÁøÌąË ËÕÒÕÌÕĥÕ ÙÅÒÉ ÓÅëÉÍÉ 

'ĘÒÅÎÅÒ ɍρςɎ SWOT, 
AHP 

-ÅÄÉËÁÌ ÔÕÒÉÚÍ ÓÅËÔĘÒİÎİÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

KÏÐÕÒ ÖÄ [13] AHP %ÃÚÁÎÅ ëÉÚÅÌÇÅÌÅÍÅ ÐÒÏÂÌÅÍÉ 

Singh ve Prasher [14] "ÕÌÁÎąË 
AHP 

3ÁøÌąË ÈÉÚÍÅÔ ËÁÌÉÔÅÓÉÎÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

(ÏĥÇĘÒ ÖÄ [15] AHP 4İÐ ÂÅÂÅË ÔÅÄÁÖÉÓÉÎÉÎ 
ÂąÒÁËąÌÍÁ ÎÅÄÅÎÌÅÒÉÎÉÎ 
tespiti  

!ÌÁÄÁø ÖÄ [16] AHP vÚÅÌ (ÁÓÔÁÎÅ 3ÅëÉÍÉÎÅ ÅÔËÉ 
eden kriterlerin 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

$ÏøÁÎ ÖÅ 'ÅÎÃÁÎ ɍρχɎ BSC 
temelli B-
AHP 

3ÁøÌąË ÓÅËÔĘÒİÎÄÅËÉ ÓÔÒÁÔÅÊÉË 
ĘÎÃÅÌÉËÌÅÒÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

Improta vd [18] AHP 3ÁøÌąË ÔÅËÎÏÌÏÊÉÌÅÒÉÎÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

KÅÌÉËÂÉÌÅË ɍρωɎ "İÔİÎÌÅĥÉË 
Gri AHPɀ
MOORA 
YÁËÌÁĥąÍą 

3ÁøÌąË ÓÅËÔĘÒİ ÉëÉÎ ÙĘÎÅÔÉÃÉ 
ÓÅëÉÍÉ 

%ÍÅë ÖÅ !ËËÁÙÁ ɍςπɎ NASA-TLX 
ve AHP 

:ÉÈÉÎÓÅÌ Éĥ ÙİËİ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

$ÏøÁÎ ÖÅ !ËÂÁÌ ɍςρɎ AHP 3ÁøÌąË ÓÅËÔĘÒİ ÉëÉÎ ÔÅÄÁÒÉËëÉ 
belirlenmesi 

Esen vd [22] AHP ve 
TOPSIS 

0ÅÒÓÏÎÅÌ ÓÅëÉÍÉ 

Demirci [23] AHS 4ÅÓÉÓ ÙÅÒÉ ÓÅëÉÍÉ 

"ĘËÅÒ ÖÅ KÅÔÉÎ ɍςτɎ ABC-VED, 
AHP ve 
TOPSIS 

3ÁøÌąË ÅÎÄİÓÔÒÉÓÉ ÉëÉÎ ÓÔÏË 
ÓąÎąÆÌÁÎÄąÒÍÁ 

KÁÌąĥÍÁÎąÎ ÉËÉÎÃÉ ËąÓÍąÎÄÁ ÍÁËÁÌÅ ÉëÅÒÉÓÉÎÄÅ ÅÌÅ ÁÌąÎÁÎ 
ÐÒÏÂÌÅÍ ÔÁÎąÍÌÁÎÍąĥȟ İëİÎÃİ ËąÓąÍÄÁ !(0 ÙĘÎÔÅÍÉ 
ÈÁËËąÎÄÁ ÂÉÌÇÉ ÖÅÒÉÌÍÉĥÔÉÒȢ $ĘÒÄİÎÃİ ËąÓąÍÄÁ ÕÙÇÕÌÁÍÁ 
ëÁÌąĥÍÁÓąÎąÎ ÄÅÔÁÙÌÁÒą ÖÅ ÓÏÎÕëÌÁÒą ÐÁÙÌÁĥąÌÍąĥȟ ÂÅĥÉÎÃÉ 
ËąÓąÍÄÁ ÉÓÅ ÍÁËÁÌÅÎÉÎ ÇÅÎÅÌ ÄÅøÅÒÌÅÎÄÉÒÍÅÓÉ ÙÁÐąÌÍąĥÔąÒȢ  

0ÒÏÂÌÅÍÉÎ 4ÁÎąÔąÍą 

9ÏøÕÎ ÖÅ ÓÔÒÅÓÌÉ ëÁÌąĥÍÁ ÔÅÍÐÏÓÕ ÉÎÓÁÎÌÁÒąÎ 
ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉ ÚÁÙąÆÌÁÔÍÁËÔÁȟ ÚÁÙąÆÌÁÙÁÎ 
ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉȟ ÏÌÕÍÓÕÚ ÈÁÖÁ ËÏĥÕÌÌÁÒą ÖÅ 
ÍÉËÒÏÐÌÁÒÁ ÍÁÒÕÚ ËÁÌÄąøąÎÄÁ ÁÌÔ ÖÅ İÓÔ ÓÏÌÕÎÕÍ 

ÙÏÌÕ ÅÎÆÅËÓÉÙÏÎÌÁÒąÎÁ ÎÅÄÅÎ ÏÌÁÂÉÌÍÅËÔedir. Bu 
ÒÁÈÁÔÓąÚÌąËÌÁÒÌÁ ÉÌÅ ÍİÃÁÄÅÌÅ ÅÔÍÅË ÉëÉÎ ÉÌÁë ÔÅÄÁÖÉÓÉ 
ÄąĥąÎÄÁ ÂÉÒëÏË ÁÌÔÅÒÎÁÔÉÆ ÙÏÌ ÂÕÌÕÎÍÁËÔÁȟ ÂÏøÁÚ 
ÐÁÓÔÉÌÌÅÒÉ ÄÅ ÂÕ ÙĘÎÔÅÍÌÅÒÉÎ ÂÁĥąÎÄÁ ÇÅÌÍÅËÔÅÄÉÒȢ 
dëÅÒÉøÉÎÄÅ ÂÕÌÕÎÁÎ ÙÁÒÁÌą ÂÉÌÅĥÅÎÌÅÒ ÓÁÙÅÓÉÎÄÅ 
ÉÎÓÁÎÌÁÒąÎ ÁøąÚȟ ÂÕÒÕÎȟ ÂÏøÁÚ ÖÅ ÁÌÔ ÓÏÌÕÎÕÍ 
yoÌÌÁÒąÎÄÁËÉ ÒÁÈÁÔÓąÚÌąËÌÁÒą ÈÁÆÉÆÌÅÔÅÂÉÌÍÅËÔÅ ÖÅ 
ÇÉÄÅÒÅÂÉÌÍÅËÔÅÄÉÒȢ  0ÉÙÁÓÁÄÁ ÂÉÒëÏË ÂÏøÁÚ ÐÁÓÔÉÌÉ 
İÒİÎİ ÂÕÌÕÎÍÁËÔÁȟ ÂÕ ëÁÌąĥÍÁÄÁ ëÏË ÓÁÔąÌÁÎ ρπ 
ÆÁÒËÌą ÍÁÒËÁȟ ÉëÅÒÉÓÉÎÄÅËÉ ÅÔËÅÎ ÍÁÄÄÅÌÅÒ ÁëąÓąÎÄÁÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅËÔÅÄÉÒȢ 9ÁÐąÌÁÎ ÁÒÁĥÔąÒÍÁÌÁÒ 
sonucunda ilgili ÐÁÓÔÉÌÌÅÒÉÎ ÉëÅÒÉÓÉÎÄÅ ÂÕÌÕÎÁÎ 
ÍÁÄÄÅÌÅÒ ÔÁÂÌÏ ς ÄÅ ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ  

4ÁÂÌÏ ςȢ 0ÁÓÔÉÌÌÅÒÉÎ ÉëÅÒÉÓÉÎÄÅ ÂÕÌÕÎÁÎ ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÍÅÄÅ ÄÉËËÁÔÅ ÁÌąÎÁÎ ÍÁÄÄÅÌÅÒ 

!ÒÁÐ ÚÁÍËą Hindistan cevizi 
ÙÁøą 

/ËÁÌÉÐÔİÓ 

!ÒÄąë dÚÌÁÎÄÁ ÙÏÓÕÎÕ 0ÁÒÌÁÔąÃą 
Aroma verici dÚÏÍÁÌÔ 0ÏÒÔÁËÁÌ ÙÁøą 
Asesulfam 
potasyum 

+ÁÒÁÎÆÉÌ ÙÁøą Potasyum 
monohidrojen 

!ÓÉÔÌÉË ÄİÚÅÎÌÅÙÉÃÉ Karbomer Propolis 
Askorbik asit (C 
vitamini)  

+ąÖÁÍ ÁÒÔąÃą Renklendirici 

Aspartan Klorhekzidin 
ÈÉÄÒÏËÌÏÒİÒ 

Silika 

Bal Ksantan Sitrik asit 
Benzokain Ksilitol  Sitrik asit 
Beta Glukagon Levomentol Sodyum hidrojen 

karbonat 
"ÉÔËÉÓÅÌ ÙÁø Makrogol 3ÏÄÙÕÍ ÈÉÙÁÌİÒÏÎÁÔ 
Cistus ekstresi Maltilol  Sorbitol 
KÉÎËÏ Maltilol  Stevia ekstresi 
Ekinezya  Mannitol ¤ÅËÅÒ 
%ÍİÌÇÁÔĘÒ Mentol Tat 
Enoksolon -ÅÙÁÎ ËĘËİ :ÅÎÃÅÆÉÌ ÖÅ ÚÅÎÃÅÆÉÌ ÙÁøą 
Glikoz Mira ekstresi :ÅÒÄÅëÁÌ 
Gliseril mono 
stearat 

-ÏÄÉÆÉÙÅ ÎÉĥÁÓÔÁ .ÁÎÅ ÙÁøą 

(ÕÒÍÁ ÙÁøą -İÒÒÉÓÉÆÁ ÒÅëÉÎÅ  

"ÅÌÉÒÌÅÎÅÎ ÐÁÓÔÉÌ ÍÁÒËÁÌÁÒąÎąÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 
ÉëÉÎ φ ÆÁÒËÌą ËÒÉÔÅÒ ÂÅÌÉÒÌÅÎÍÉĥ ÖÅ ÂÕ ËÒÉÔÅÒÌÅÒ 
ÁĥÁøąÄÁ ÖÅÒÉÌÍÉĥÔÉÒȢ  

ü %ÎÆÅËÓÉÙÏÎÌÁÒąÎ ÏÌÕĥÕÍÕÎÕ ÅÎÇÅÌÌÅÍÅ 

ü "ÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ ÇİëÌÅÎÄÉÒÍÅ 

ü "ÏøÁÚÄÁËÉ ÁøÒąÙą ÖÅ ËÁĥąÎÔąÙą ÇÉÄÅÒÍÅ 

ü .ÅÆÅÓ ÁÌÍÁÙą ËÏÌÁÙÌÁĥÔąÒÍÁ 

ü vËÓİÒİøİ ÁÚÁÌÔÍÁ ÖÅ ËÅÓÍÅ 

ü 9ÏÒÇÕÎÌÕË ÖÅ ÈÁÌÓÉÚÌÉøÉ ÇÉÄÅÒÍÅ 

"ÅÌÉÒÌÅÎÅÎ ÁÌÔÅÒÎÁÔÉÆÌÅÒ ÖÅ ËÒÉÔÅÒÌÅÒ ÄÏøÒÕÌÔÕÓÕÎÄÁ 
ëÁÌąĥÍÁ ÉëÉÎ ÏÌÕĥÔÕÒÕÌÁÎ ËÁÒÁÒ ÁøÁÃą ĥÅËÉÌ ς ÄÅ 
ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ 
"ÉÒ ÓÏÎÒÁËÉ ÂĘÌİÍÄÅ ÉÌÇÉÌÉ ËÒÉÔÅÒÌÅÒ ÖÅ ÁÍÁë 
ÄÏøÒÕÌÔÕÓÕÎÄÁ ÉÄÅÁÌ ÁÌÔÅÒÎÁÔÉÆÉÎ ÂÅÌÉrlenmesinde 
ËÕÌÌÁÎąÌÁÎ !(0 ÙĘÎÔÅÍÉÎÉÎ ÁÄąÍÌÁÒą ÔÁËÄÉÍ 
edilmektedir. 
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KĘÚİÍ -ÅÔÏÄÏÌÏÊÉÓÉ 

!ÎÁÌÉÔÉË (ÉÙÅÒÁÒĥÉË 0ÒÏÓÅÓȟ ÂÉÒëÏË ÁÌÔÅÒÎÁÔÉÆÉÎ ÖÅ 
ËÒÉÔÅÒÉÎ ÂÕÌÕÎÄÕøÕ ÂÉÒ ËÁÒÁÒ ÖÅÒÍÅ ÐÒÏÂÌÅÍÉÎÄÅ 
ËÁÒÁÒ ÖÅÒÉÃÉ ÇĘÒİĥÌÅÒÉ ÄÏøÒÕÌÔÕÓÕÎÄÁ ËÒÉÔÅÒÌÅÒÉ ÖÅ 
ËÒÉÔÅÒÌÅÒ ÉëÉÎ ÁÌÔÅÒÎÁÔÉÆÉ ÄÅøÅÒÌÅÎÄÉÒÉÐ ÉÄÅÁÌ 
alternatifi karar vericiye sunan Thomas L. Saaty nin 
ÇÅÌÉĥÔÉÒÄÉøÉ ÂÉÒ KÏË +ÒÉÔÅÒÌÉ +ÁÒÁÒ 6ÅÒÍÅ ÙĘÎÔÅÍÉÄÉÒ 
[25, 26]. 

 
¤ÅËÉÌ σȢ !(0 ÙĘÎÔÅÍÉÎÉÎ ÁÄąÍÌÁÒą ɍρπȟ ςφɎȢ 

 

¤ÅËÉÌ σȭÄÅ !(0 ÙĘÎÔÅÍÉÎÉÎ ÁÄąÍÌÁÒą 
ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ "Õ ĥÅËÌÅ ÇĘÒÅ !ÎÁÌÉÔÉË (ÉÙÅÒÁÒĥÉË  
 
 
 
 
 
 
0ÒÏÓÅÓ ÙĘÎÔÅÍÉÎÄÅ ÂÁĥÌÁÎÇąëÔÁ ÐÒÏÂÌÅÍÅ ÉÌÉĥËÉÎ 
ĘÚÅÌÌÉËÌÅÒ ÔÁÎąÍÌÁÎÍÁËÔÁ ÖÅ ÖÁÒÓÁÙąÍÌÁÒą ortaya 
ËÏÎÕÌÍÁËÔÁÄąÒȢ 3ÏÎÒÁËÉ ÁĥÁÍÁÄÁ ÐÒÏÂÌÅÍÄÅ 
ÕÌÁĥąÌÍÁË ÉÓÔÅÎÅÎ ÁÍÁëȟ ÂÕ ÁÍÁÃÁ ÅÔËÉ ÅÄÅÃÅË 
ËÒÉÔÅÒÌÅÒ ÖÅ ÂÕ ËÒÉÔÅÒÌÅÒÉÎ ÄÉËËÁÔÅ ÁÌąÎÁÒÁË 
ÄÅøÅÒÌÅÎÄÉÒÉÌÅÃÅøÉ ÁÌÔÅÒÎÁÔÉÆÌÅÒÄÅÎ ÏÌÕĥÁÎ İëÌİ ÂÉÒ 
ÈÉÙÅÒÁÒĥÉË ÙÁÐą ÙÁ ÄÁ ÂÉÒ ËÁÒÁÒ ÁøÁÃą 
ÏÌÕĥÔÕÒÕÌÍÁËÔÁÄąÒȢ dÌÇÉÌÉ ÈÉÙÅÒÁÒĥÉË ÁøÁë 
ÄÏøÒÕÌÔÕÓÕÎÄÁ ËÒÉÔÅÒÌÅÒ ÉëÉÎ ÉËÉÌÉ ËÁÒĥąÌÁĥÔąÒÍÁ 
ÍÁÔÒÉÓÉ ÏÌÕĥÔÕÒÕÌÁÒÁËȟ ËÒÉÔÅÒÌÅÒ ÁÒÁÓąÎÄÁ ĘÎÅÍ 
ÄÅÒÅÃÅÌÅÒÉ ÂÅÌÉÒÌÅÎÍÅÙÅ ëÁÌąĥąÌÍÁËÔÁÄąÒȢ 
/ÌÕĥÔÕÒÕÌÁÎ ËÁÒÁÒ ÍÁÔÒÉÓÉÎÉÎ ÔÕÔÁÒÌąÌąøąÎą ÔÅÓÐÉÔ 
ÅÔÍÅË ÉëÉÎ ÔÕÔÁÒÌąË ÄÅøÅÒÉ ÈÅÓÁÐÌÁÎÍÁËÔÁ ÖÅ 
ÔÕÔÁÒÌąÌąË ÄÅøÅÒÉÎÉÎ πȟρ ÉÎ ÁÌÔąÎÄÁ ÏÌÍÁÓą 
ÂÅËÌÅÎÍÅËÔÅÄÉÒȢ 4ÕÔÁÒÌąÌąË ÄÅøÅÒÉ π ÙÁËÌÁĥÔąËëÁ 
ÙÁÐąÌÁÎ ËÁÒĥąÌÁĥÔąÒÍÁÎąÎ ÔÕÔÁÒÌą ÏÌÄÕøÕÎÕȟ πȟρ ÉÎ 
İÚÅÒÉÎÄÅ ÏÌÍÁÓą ÉÓÅ ËÒÉÔÅÒÌÅÒÅ ÉÌÉĥËÉÎ ÙÁÐąÌÁÎ 
ÄÅøÅÒÌÅÎÄÉÒÍÅÎÉÎ ÔÕÔÁÒÓąÚ ÏÌÄÕøÕÎÕ ÖÅ ÙÅÎÉÄÅÎ 
ËÁÒĥąÌÁĥÔąÒÍÁ ÍÁÔÒÉÓÉÎÉÎ ÏÌÕĥÔÕÒÕÌÍÁÓą ÇÅÒÅËÔÉøÉÎÉ 
ÉÆÁÄÅ ÅÔÍÅËÔÅÄÉÒȢ %øÅÒ ÍÁÔÒÉÓ ÔÕÔÁÒÌą ÉÓÅ ÓÏÎÒÁËÉ 
ÁĥÁÍÁÄÁ ÏÌÁÎ ÈÅÒ ÂÉÒ ËÒÉÔÅÒ ÂÁÚąÎÄÁ ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ 
ÁÉÔ ĘÎÅÍ ÁøąÒÌąËÌÁÒąÎąÎ ÈÅÓÁÐÌÁÎÍÁÓąÎÁ 
ÇÅëÉÌÍÅËÔÅÄÉÒȢ "ÕÒÁÄÁ ÈÅÒ ÂÉÒ ËÒÉÔÅÒ ÔÅÍÅÌÉÎÄÅ 
ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÉÌÉĥËÉÎ ÉËÉÌÉ ËÁÒĥąÌÁĥÔąÒÍÁ ÍÁÔÒÉÓÌÅri 
ÏÌÕĥÔÕÒÕÌÍÁËÔÁ ÖÅ ÅøÅÒ ÔİÍ ÍÁÔÒÉÓÌÅÒÄÅ ÔÕÔÁÒÌąÌąË 
ÅÌÄÅ ÅÄÉÌÍÉĥÓÅ ÓÏÎ ÁĥÁÍÁÙÁ ÇÅëÉÌÍÅËÔÅÄÉÒȢ 3ÏÎ 
ÁĥÁÍÁÄÁ ÉÓÅ ËÒÉÔÅÒ ĘÎÅÍ ÄÅÒÅÃÅÌÅÒÉ ÍÁÔÒÉÓÉ ÉÌÅ 
ËÒÉÔÅÒÌÅÒ ÂÁÚąÎÄÁ ÈÁÚąÒÌÁÎÁÎ ÁÌÔÅÒÎÁÔÉÆ ĘÎÅÍ 
ÄÅÒÅÃÅÌÅÒÉ ÍÁÔÒÉÓÉ ëÁÒÐąÌÁÒÁË ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÉÌÉĥËÉÎ 
ĘÎÅÍ ÓąÒÁÓą belirlenmektedir [26].   
"ÉÒ ÓÏÎÒÁËÉ ÂĘÌİÍÄÅ ÉÌÇÉÌÉ ÙĘÎÔÅÍ ËÕÌÌÁÎąÌÁÒÁË ÉÄÅÁÌ 
ÂÏøÁÚ ÐÁÓÔÉÌÉ ÂÅÌÉÒÌÅÎÍÅÙÅ ëÁÌąĥąÌÍÁËÔÁÄąÒȢ 

 

¤ÅËÉÌ 2. +ÒÉÔÅÒÌÅÒÅ ÖÅ ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÉÌÉĥËÉÎ ËÁÒÁÒ ÁøÁÃą 
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5ÙÇÕÌÁÍÁ KÁÌąĥÍÁÓą 

5ÙÇÕÌÁÍÁ ëÁÌąĥÍÁÓąÎÄÁ %ØÐÅÒÔ#ÈÏÉÃÅ ÐÒÏÇÒÁÍą 
ËÕÌÌÁÎąÌÁÒÁËȟ ÂÏøÁÚ ÐÁÓÔÉÌÉ ÍÁÒËÁÌÁÒąÎąÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÄÅ ËÕÌÌÁÎąÌÁÎ ËÒÉÔÅÒÌÅÒ ÖÅ 

ÁÌÔÅÒÎÁÔÉÆÌÅÒ ÂÉÒÌÉËÔÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÅÒÅËȟ ÍÁÒËÁÌÁÒÁ 
ÁÉÔ ĘÎÅÍ ÁøąÒÌąËÌÁÒą ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ !(0 ÙĘÎÔÅÍÉÎÉÎ 
ÁÄąÍÌÁÒą ÇÅÒÅøÉ ÉÌË ÏÌÁÒÁË ÕÚÍÁÎ ÇĘÒİĥÌÅÒÉÎÅ ÄÁÙÁÌą 
ÏÌÁÒÁË ËÒÉÔÅÒÌÅÒ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥ ÖÅ ËÒÉÔÅÒÌÅÒ ÁÉÔ 
ÁøąÒÌąËÌÁÒ ĥÅËÉÌ τ ÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ

 

 

 

 

 

 

 

 

 

 

 

 

 

 
,¤ÅËÉÌ τȭÅ ÂÁËąÌÄąøąÎÄÁ ȰÅÎÆÅËÓÉÙÏÎÌÁÒąÎ ÏÌÕĥÕÍÕÎÕ 
ÅÎÇÅÌÌÅÍÅȱ ËÒÉÔÅÒÉ ÂÏøÁÚ ÐÁÓÔÉÌ ÍÁÒËÁÌÁÒąÎąÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÅ ÅÎ ÆÁÚÌÁ ÅÔËÉ ÅÄÅÎ ËÒÉÔÅÒ ÏÌÁÒÁË 
ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ "Õ ËÒÉÔÅÒÉ ÓąÒÁÓąÙÌÁ ȰÂÁøąĥąËÌąË 
ÓÉÓÔÅÍÉÎÉ ÇİëÌÅÎÄÉÒÍÅȱ ÖÅ ȰÙÏÒÇÕÎÌÕË ÖÅ ÈÁÌÓÉÚÌÉøÉ 
ÇÉÄÅÒÍÅȱ ËÒÉÔÅÒÌÅÒÉ ÔÁËÉÐ ÅÔÍÉĥÔÉÒȢ vÎÅÍ ÁøąÒÌąøą ÅÎ 
ÄİĥİË ËÒÉÔÅÒ ÉÓÅ ȰÎÅÆÅÓ ÁÌÍÁÙą ËÏÌÁÙÌÁĥÔąÒÍÁȱ ËÒÉÔÅÒÉ 
ëąËÍąĥÔąÒȢ  

 

 

 

 

 

 

 

 

 

"Õ ËÒÉÔÅÒ ÁøąÒÌąËÌÁÒą ÄÏøÒÕÌÔÕÓÕÎÄÁ ÁÌÔÅÒÎÁÔÉÆÌÅÒ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥ ÖÅ ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÁÉÔ ÎÉÈÁÉ ĘÎÅÍ 
ÓąÒÁÓą ĥÅËÉÌ τ ÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ  
¤ÅËÉÌ υ Å ÇĘÒÅȟ Ȱ-ÁÒËÁτȱɉ"ÁÌÅÎ "ÉÔËÉÓÅÌ $ÒÏÐÓɊ ÉÄÅÁÌ 
ÂÏøÁÚ ÐÁÓÔÉÌÉ ÏÌÁÒÁË ÏÒÔÁÙÁ ëąËÍąĥÔąÒȢ 
Ȱ-ÁÒËÁρɉ3ÔÒÅÐÓÉÌÓ (ÅÒÂÁÌ %ËÉÎÅÚÙÁɊȱ ÖÅ Ȱ-ÁÒËÁω 
ɉ3ÁÍÂÕÃÏÌ 0ÌÕÓɊȱ ÉÓÅ ĘÎÅÍ ÁøąÒÌąøą ÅÎ ÙİËÓÅË ÉËÉÎÃÉ 
ÖÅ İëİÎİ ÂÏøÁÚ ÐÁÓÔÉÌÉ ÔİÒÌÅÒÉ ÏÌÍÕĥÔÕÒȢ  
%Î ÄİĥİË ĘÎÅÍÅ ÓÁÈÉÐ ÍÁÒËÁ ÉÓÅ Ȱ-ÁÒËÁυȱ 
ÏÌÍÁËÔÁÄąÒȢ KÁÌąĥÍÁ ÉëÅÒÉÓÉÎÄÅ ÓÁÄÅÃÅ ÉÌË İë ÍÁÒËÁ 
ÂÅÌÉÒÔÉÌÍÅËÔÅȟ ÄÉøÅÒ ÍÁÒËÁÌÁÒąÎ ÉÓÍÉ ÉÆÁÄÅ 
ÅÄÉÌÍÅÍÅËÔÅÄÉÒȢ 4İÍ ÍÁÔÒÉÓÌÅÒ ÉëÉÎ ÔÕÔÁÒÌąË 
ÏÒÁÎąÎąÎ πȟρ ÄÅÎ ÄİĥİË ÏÌÄÕøÕ ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ "ÕÎÁ 
ÅË ÏÌÁÒÁËȟ ÁÌÔÅÒÎÁÔÉÆÌÅÒÅ ÁÉÔ ÓąÒÁÌÁÍÁȟ ÄÉËËÁÔÅ ÁÌąÎÁÎ 
ËÒÉÔÅÒÌÅÒÅȟ ËÁÒÁÒ ÖÅÒÉÃÉÌÅÒÉÎÅ ÖÅ ËÕÌÌÁÎąÌÁÃÁË ëĘÚİÍ 
ÍÅÔÏÄÏÌÏÊÉÌÅÒÉÎÅ ÇĘÒÅ ÄÅøÉĥÉËÌÉË 
ÇĘsterebilmektedir.
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BÕ ëÁÌąĥÍÁÄÁ ÄÏøÒÕ ÉÌÁë ÖÅ ÄÏøÒÕ ÔÁËÖÉÙÅ ÅÄÉÃÉ 
İÒİÎÌÅÒÉÎÉÎ ËÕÌÌÁÎąÍą ÈÁËËąÎÄÁ ÆÁÒËąÎÄÁÌąË 
ÏÌÕĥÔÕÒÕÌÍÁÓą ÁÍÁëÌÁÎÍÁËÔÁÄąÒȢ 

3ÏÎÕëÌÁÒ 

'İÎİÍİÚ ÄİÎÙÁÓąÎÄÁÎ ÉÎÓÁÎÌÁÒąÎ ÅÎ ÆÁÚÌÁ 
ÍİÃÁÄÅÌÅ ÅÔÔÉËÌÅÒÉ ËÏÎÕÌÁÒÄÁÎ ÂÉÒÉ ÓÁøÌąË 
ÐÒÏÂÌÅÍÌÅÒÉÄÉÒȢ vÚÅÌÌÉËÌÅ +ÏÖÉÄ-ρω ÈÁÓÔÁÌąøą ÉÌÅ 
ÂÉÒÌÉËÔÅ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉÎ ÇİëÌÅÎÄÉÒÉÌÍÅÓÉ ÖÅ 
ÈÁÓÔÁÌąËÌÁÒÌÁ ÍİÃÁÄÅÌÅ ÅÄÉÌÍÅÓÉ ÂİÙİË ÂÉÒ ĘÎÅÍ 
ËÁÚÁÎÍąĥÔąÒȢ "Õ ÂÁøÌÁÍÄÁ ÂÉÌÉÍ ÉÎÓÁÎÌÁÒą ÖÅ ÉÌÁë 
ÅÎÄİÓÔÒÉÓÉ ÉÎÓÁÎÌÁÒąÎ ÂÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ 
ÇİëÌÅÎÄÉÒÍÅË ÖÅ ÈÁÓÔÁ ÏÌÍÁÓąÎą ÅÎÇÅÌÌÅÍÅË ÁÄąÎÁ 
ÂİÙİË ÂÉÒ ÍİÃÁÄÅÌÅ ÉëÉÎÅ ÇÉÒÍÉĥ ÖÅ ÂÉÒëÏË İÒİÎ 
ÇÅÌÉĥÔÉÒÉÌÍÉĥÔÉÒȢ "ÏøÁÚ ÐÁÓÔÉÌÌÅÒÉÄÅ ÂÕ İÒİÎÌÅÒÉÎ 
ÂÁĥąÎÄÁ ÇÅÌÍÅËÔÅ ÖÅ ÉëÅÒÉÓÉÎÄÅËÉ ÂÉÌÅĥÅÎÌÅÒÌÅ ÂÏøÁÚ 
ÁøÒąÓą ÂÁĥÔÁ ÏÌÍÁË İÚÅÒÅ ÂÁøąĥąËÌąøąÎ 
ÇİëÌÅÎÄÉÒÉÌÍÅÓÉȟ ÁÔÅĥ ÄİĥİÒİÌÍÅÓÉȟ ÂÏøÁÚÄÁËÉ 
ÔÁÈÒÉĥÉÎ ÁÚÁÌÔąÌÍÁÓą ÖÅ ĘËÓİÒİøİÎ ÈÁÆÉÆÌÅÔÉÌÍÅÓÉ ÇÉÂÉ 
ÂÉÒëÏË ÓÅÍÐÔÏÍÕÎ ÔÅÄÁÖÉ ÅÄÉÌÍÅÓÉÎÄÅ ÅÔËÉÌÉ ÂÉÒ  
ÁÒÁë ÏÌÍÕĥÔÕÒȢ "Õ ëÁÌąĥÍÁÄÁ ÐÉÙÁÓÁ ëÏË ÓÁÔąÌÁÎ ρπ 
ÂÏøÁÚ ÐÁÓÔÉÌÉ ÍÁÒËÁÓąȟ Ȱ%ÎÆÅËÓÉÙÏÎÌÁÒąÎ ÏÌÕĥÕÍÕÎÕ 
ÅÎÇÅÌÌÅÍÅȱȟ Ȱ"ÁøąĥąËÌąË ÓÉÓÔÅÍÉÎÉ ÇİëÌÅÎÄÉÒÍÅȱȟ 
Ȱ"ÏøÁÚÄÁËÉ ÁøÒąÙą ÖÅ ËÁĥąÎÔąÙą ÇÉÄÅÒÍÅȱȟ Ȱ.ÅÆÅÓ 
ÁÌÍÁÙą ËÏÌÁÙÌÁĥÔąÒÍÁȱȟ ȰvËÓİÒİøİ ÁÚÁÌÔÍÁ ÖÅ 
ËÅÓÍÅȱ ÖÅ Ȱ9ÏÒÇÕÎÌÕË ÖÅ ÈÁÌÓÉÚÌÉøÉȱ ÇÉÄÅÒÍÅ 
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ÅÎÇÅÌÌÅÍÅȱȟ ÅÎ ÄİĥİË ĘÎÅÍÌÉ ËÒÉÔÅÒ ÉÓÅ ȰÎÅÆÅÓ ÁÌÍÁÙą  
ËÏÌÁÙÌÁĥÔąÒÍÁȱ ÏÌÁÒÁË ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ 'ÅÒÅË 
ËÒÉÔÅÒÌÅÒÉÎ ÓąÒÁÓą ÇÅÒÅËÓÅ ÄÅ ÁÌÔÅÒÎÁÔÉÆÌÅÒÉÎ ÓąÒÁÓą 
ËÕÌÌÁÎąÌÁÎ ëĘÚİÍ ÙĘÎÔÅÍÉÎÅ ÖÅ ËÁÒÁÒ ÖÅÒÉÃÉÌÅÒÉÎ 
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ÄÅÓÔÅË ÓÉÓÔÅÍÉ ÓÁøÌÁÍÁËÔąÒȢ 'ÅÌÅÃÅË ëÁÌąĥÍÁÌÁÒÄÁ 
ËÒÉÔÅÒÌÅÒÉÎ ÓÁÙąÓą ÁÒÔąÒąÌÁÒÁËȟ ÇÅÎÉĥ ÕÚÍÁÎ ËÁÒÁÒ 
ÖÅÒÉÃÉ ËÁÄÒÏÓÕ ÏÌÕĥÔÕÒÁÒÁË ÖÅ ÆÁÒËÌą ëĘÚİÍ 
ÙĘÎÔÅÍÌÅÒÉ ËÕÌÌÁÎÁÒÁË ÄÁÈÁ ËÁÌÉÔÅÌÉ ÓÏÎÕëÌÁÒąÎ ÅÌÄÅ 
ÅÄÉÌÅÂÉÌÅÃÅøÉ ĘÎÇĘÒİÌÍÅËÔÅÄÉÒȢ !ÙÒąÃÁ ËÕÌÌÁÎąÃą 
ÅÔËÉÌÅĥÉÍÌÉ ÁÒÁÙİÚ ÖÅ ÇÅÎÉĥ ÂÉÒ ĘøÒÅÎÍÅ 
ÍÅËÁÎÉÚÍÁÓąÎąÎ ÔÁÓÁÒÌÁÎÁÃÁøą ÁÌÇÏÒÉÔÍÁÌÁÒÌÁ ÄÁÈÁ 
ÅÔËÉÌÉ ËÁÒÁÒ ÄÅÓÔÅË ÓÉÓÔÅÍÌÅÒÉÎÉÎ ÔÁÓÁÒÌÁÎÁÃÁøą 
tahmin edilmektedir.  
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GSM Baz Ķstasyonu Sinyal Verilerinin Eriĸimine Yºnelik Bir Android Mobil 
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Anahtar Kelimeler : '3- ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒąȟ !ÎÄÒÏÉÄ ÍÏÂÉÌ ÕÙÇÕÌÁÍÁȟ ËÏÎÕÍ ÂÅÌÉÒÌÅÍÅ 

Developing an Android Mobile Application for Accessing GSM Base Station 
Signal Data  

Abstract  

With ever-evolving technology, smart mobile phones are undoubtedly one of the most used technological 
devices of today's people. With the increasing use of mobile devices, the number of newly developed mobile 
applications is constantly increasing. Mobile applications are software specially designed and coded for 
personal mobile devices such as smartphones and tablets. With the widespread use of mobile phones, the 
global system (GSM) and infrastructure for mobile communication, which provides users' cellular access 
services, has improved and its coverage has increased day by day. The GSM base station is technically a radio 
receiver/transmitter that emits and receives electromagnetic signals so that we can access the cellular 
network. In this study, an android mobile application for GSM base stations has been developed. With this 
mobile application, identity information, RF signal measurement values, location information of the GSM base 
station and the data of the mobile user's own location can be obtained. 

Keywords: GSM base stations, android mobile application, positioning 
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 ,ÉÔÅÒÁÔİÒÄÅ !ÎÄÒÏÉÄ Íobil uygulama 
ÇÅÌÉĥÔÉÒÍÅ ÉÌÅ ÉÌÇÉÌÉ #ÈÁÎÄÒÁ ÖÅ ÁÒË [ρɎ ÙÁÐÔąËÌÁÒą 
ëÁÌąĥÍÁÄÁȟ *ÁÖÁ ÔÅËÎÏÌÏÊÉÓÉ ÔÁÂÁÎÌą ÍÏÂÉÌ ÔÅÌÅÆÏÎÌÁÒÁ 
ÙĘÎÅÌÉË '03 ÓÉÓÔÅÍÉ ËÕÌÌÁÎÁÒÁËȟ ÍÏÂÉÌ ÃÉÈÁÚ 
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ÇĘÍİÌİ ÓÉÓÔÅÍ ÁÒÁë ÔÁËÉÐ ÕÙÇÕÌÁÍÁÓą 
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ËÏÎÕÍ ÂÉÌÇÉÌÅÒÉ ÖÅ ÁÙÒąÃÁ ÍÏÂÉÌ ÃÉÈÁÚ ËÕÌÌÁÎąÃąÓąÎąÎ 
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ÉĥÌÅÔÉÍ ÓÉÓÔÅÍÉÄÉÒȢ "Õ ÓÉÓÔÅÍ ÁëąË ËÁÙÎÁË ËÏÄÌÕÄÕÒ 

ÆÁËÁÔ ËÏÄÌÁÒąÎąÎ ÂİÙİË ÂÉÒ ÂĘÌİÍİ İÒÅÔÉÃÉ ÆÉÒÍÁ 
'ÏÏÇÌÅ ÔÁÒÁÆąÎÄÁÎ ËÁÐÁÌąÄąÒ ɍυɎȢ !ÎÄÒÏÉÄ ÐÁËÅÔ 
ÕÚÁÎÔąÓą ɉ!ÎÄÒÏÉÄ 0ÁÃËÁÇÅ-APK) bulunan 
ÐÒÏÇÒÁÍÌÁÒą ëÁÌąĥÔąÒÁÂÉÌÍÅËÔÅÄÉÒȢ 
!ÎÄÒÏÉÄ 3ÔÕÄÉÏȟ !ÎÄÒÏÉÄ ÕÙÇÕÌÁÍÁÌÁÒąÎąÎ 
geÌÉĥÔÉÒÉÌÄÉøÉ 'ÏÏÇÌÅ ÔÁÒÁÆąÎÄÁÎ ÄÁ ĘÎÅÒÉÌÅÎ ÖÅ 
ËÕÌÌÁÎąÌÁÎ ÐÒÏÇÒÁÍÌÁÍÁ ÁÒÁëÌÁÒąÎÄÁÎ ÂÉÒ ÔÁÎÅÓÉÄÉÒȢ 
"Õ ëÁÌąĥÍÁÄÁ ĘÎÅÒÉÌÅÎ ÕÙÇÕÌÁÍÁÎąÎ ÙÁÚąÌąÍąÎąÎ 
ÇÅÌÉĥÔÉÒÉÌÍÅÓÉÎÄÅ ÂÕ ÐÒÏÇÒÁÍÄÁÎ ÙÁÒÁÒÌÁÎąÌÍąĥÔąÒȢ 
!ÎÄÒÏÉÄ 3ÔÕÄÉÏȭÎÕÎ ÙÁÚąÌąÍÃąÌÁÒÁ ÓÕÎÄÕøÕ 
ĘÚÅÌÉËÌÅÒÄÅÎ ÂÁÚąÌÁÒąȡ  
- 'ÒÁÄÌÅ ÔÁÂÁÎÌą ÅÓÎÅË ÐÒÏÊÅ ÉÎĥÁ ÓÉÓÔÅÍÉ 
- &ÁÒËÌą ĘÚÅÌÌÉË ÖÅ ÂÅÌÌÉ ÓİÒİÍÌÅÒÅ ÇĘÒÅ ëÏËÌÕ ÁÐË 
ÕÙÇÕÌÁÍÁÓą 
- 4ÅÍÅÌ ÖÅ ÂÁÓÉÔ ÐÒÏÊÅ ĥÁÂÌÏÎÌÁÒąÎą ËÕÌÌÁÎÁÒÁË ÈąÚÌą 
ÖÅ ËÏÌÁÙ ÐÒÏÊÅ İÒÅÔÅÂÉÌÍÅ 
- %ËÒÁÎ ÔÁÓÁÒąÍÌÁÒąÎÄÁ ËÕÌÌÁÎąÌÁÎ ÓİÒİËÌÅ ÂąÒÁË 
ĘÚÅÌÌÉøÉÎÄÅ ÚÅÎÇÉÎ ÅÄÉÔĘÒ 
- 5ÙÇÕÌÁÍÁÎąÎ ÐÅÒÆÏÒÍÁÎÓąÎą ÄÅøÅÒÌÅÎÄÉÒÅÂÉÌÍÅËȟ 
ËÕÌÌÁÎąÌÁÂÉÌÉÒÌÉøÉÎÉ ÖÅ ÆÁÒËÌą ÓİÒİÍÌÅÒÄÅ ÄÅ 
ëÁÌąĥÁÂÉÌÉÒÌÉøÉÎÉÎ ËÏÎÔÒÏÌ ÅÄÉÌÅÂÉÌÍÅÓÉÎÉ ÓÁøÌÁÙÁÎ 
ÔÅÓÔ ÁÒÁëÌÁÒą ĥÅËÌÉÎÄÅ ÓąÒÁÌÁÎÁÂÉÌÉÒ ɍφɎȢ 

'3- "ÁÚ ÉÓÔÁÓÙÏÎÌÁÒą 

-ÏÂÉÌ ÈÁÂÅÒÌÅĥÍÅÄÅËÉ ÁÒÔÁÎ ÔÁÌÅÂÅ Ãevap 
ÖÅÒÉÌÅÍÅÍÅÓÉ ÄÏÌÁÙąÓąÙÌÁȟ !ÖÒÕÐÁ İÌËÅÌÅÒÉÎÉÎ ÏÒÔÁË 
ËÁÔąÌąÍąÙÌÁ ÔÁÓÁÒÌÁÎąÐ ÇÅÌÉĥÔÉÒÉÌÅÎ ÓÁÙąÓÁÌ ÖÅ ÈİÃÒÅÓÅÌ 
ÂÉÒ ÍÏÂÉÌ ÉÌÅÔÉĥÉÍ ÓÉÓÔÅÍÉ ÏÌÁÎ '3- ɉ'ÌÏÂÁÌ 3ÙÓÔÅÍ 
ÆÏÒ -ÏÂÉÌÅ #ÏÍÍÕÎÉÃÁÔÉÏÎÓɊ ÏÒÔÁÙÁ ëąËÍąĥÔąÒ ɍχɎ 
¤ÅËÉÌ ρȭÄÅ ÈİÃÒÅÓÅÌ ÁøÁ ÂÁøÌą ÂÉÒ ËÕÌÌÁÎąÃą Öe bu 
ËÕÌÌÁÎąÃąÙÁ ÁÉÔ ÍÕÈÔÅÍÅÌ ÉÌÅÔÉĥÉÍ ÃÉÈÁÚÌÁÒą 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

 

¤ÅËÉÌ 17. GSM baz istasyonu mimarisi 

'3- ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒą ÔÅÍÅÌ ÏÌÁÒÁË ÍÏÂÉÌ ÃÉÈÁÚÌÁÒąÎ 
ÈÁÂÅÒÌÅĥÍÅÓÉ ÉëÉÎ ÅÌÅËÔÒÏÍÁÎÙÅÔÉË ÓÉÎÙÁÌÌÅÒ ÙÁÙÁÎ 
veya alan bir anten ile bir radyo vericisi veya 
ÁÌąÃąÓąÎÄÁÎ ÏÌÕĥÕÒȢ 6ÅÒÉÃÉÌÅÒ ÇİÎİÍİÚÄÅ ÂÁÚ 
ÉÓÔÁÓÙÏÎÕ ÏÌÁÒÁË ÄÁ ÁÄÌÁÎÄąÒąÌÍÁËÔÁ ÏÌÕÐȟ ÔİÍ 
ÍÏÂÉÌ ÃÉÈÁÚÌÁÒąÎ ÅÒÉĥÉÍ ÓÁøÌÁÍÁË ÉëÉÎ ÂÉÒ ÖÅÒÉÃÉÙÌÅ 
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ÉÌÅÔÉĥÉÍÄÅ ÏÌÍÁÓą ÇÅÒÅËÉÒȢ  '3- ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒą ÂÁÌ 
ÐÅÔÅøÉ ĥÅËÌÉÎÄÅ ÄÁøąÔąÌÍąĥ ÂÉÒ ÈİÃÒÅ ÓÉÓÔÅÍÉ 
ÙÁÙąÌąÍąÎÁ ÓÁÈÉÐ ÏÌÄÕøÕÎÄÁÎ ÂÕ ÉÌÅÔÉĥÉÍ ÓÉÓÔÅÍÉ 
ÈİÃÒÅÓÅÌ ÉÌÅÔÉĥÉÍ ÓÉÓÔÅÍÉ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌąÒȢ '3- 
ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒą ÂÕÌÕÎÄÕËÌÁÒą ÈÉÚÍÅÔ ÂĘÌÇÅÌÅÒÉÎÅ 
ÇĘÒÅ ÆÁÒËÌą ÖÅÒÉ ËÁÐÁÓÉÔÅÌÅÒÉÎÅȟ ÆÁÒËÌą ÓÉÎÙÁÌ 
ÓÅÖÉÙÅÌÅÒÉÎÅ ÖÅ ÆÁÒËÌą İÒÅÔÉÍ ĘÚÅÌÌÉËÌÅÒÉÎÅ ÓÁÈÉÐ 
olabilmektedirler. Sinyal seviÙÅÓÉ ĘÌëİÍİ ÉëÉÎ ÅÎ 
ĘÎÅÍÌÉ ÕÎÓÕÒ ÂÁøÌą ÏÌÕÎÁÎ ÂÁÚ ÉÓÔÁÓÙÏÎÕÎÕÎ 
ÈİÃÒÅÓÅÌ ÈÁÂÅÒÌÅĥÍÅ ÓÉÓÔÅÍÌÅÒÉÎÄÅÎ ɉ'3-ȟ #$-!ȟ 
7#$-!ȟ ,4% ÖÂȢ ÇÉÂÉɊ ÈÁÎÇÉ ÈİÃÒÅÓÅÌ ÔÅËÎÏÌÏÊÉ 
ĘÚÅÌÌÉøÉÎÅ ÓÁÈÉÐ ÏÌÄÕøÕÄÕÒ ɍψɎȢ (İÃÒÅÓÅÌ ÉÌÅÔÉĥÉÍ 
ÓÉÓÔÅÍÌÅÒÉ ÁÙÎą ÚÁÍÁÎÄÁ ËÕÌÌÁÎąÌÁÎ ÔÅËÎÏÌÏÊÉÎÉÎ 
neslini yani jenerasyonunu (Generation-G) ifade 
ÅÄÅÃÅË ĥÅËÉÌÄÅ ς' ɉ'3-ȟ #$-!ȟ '023ȟ %$'%Ɋȟ σ' 
(WCDMA, UMTS, HSPA) ve 4G (LTE, WI-MAX) 
ÏÌÁÒÁË ÄÁ ÁÄÌÁÎÄąÒąÌąÒȢ 
'3- ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒąÎąÎ ÓÁÈÉÐ ÏÌÄÕËÌÁÒą ÂÕ 
ÔÅËÎÏÌÏÊÉÌÅÒÅ ÂÁøÌą ÏÌÁÒÁË ÆÁÒËÌą ÆÒÅËÁÎÓ ÂÁÎÄąȟ 
ÍÏÄİÌÁÓÙÏÎ ÔÉÐÉȟ ÂÁÎÔ ÇÅÎÉĥÌÉøÉ ÖÅ ÖÅÒÉ ÁËÔÁÒąÍ ÈąÚą 
ĘÚÅÌÌÉËÌÅÒÉ ÂÕÌÕÎÍÁËÔÁÄąÒȢ !ÙÒąÃÁ ÂÕ ÈİÃÒÅÓÅÌ 
ÉÓÔÁÓÙÏÎÌÁÒ ËÕÌÌÁÎÄąËÌÁÒą ÂÕ ÆÁÒËÌą ÔÅËÎÏÌÏÊÉÌÅÒÅ ÇĘÒÅ 
ÈÅÒ ÂÉÒ ÂÁÚ ÉÓÔÁÓÙÏÎÕ ÉëÉÎ ÆÁÒËÌą #ÅÌÌ )$ ɉ(İÃÒÅ 
+ÉÍÌÉË .ÕÍÁÒÁÓąɊ ĘÚÅÌÌÉËÌÅÒÉÎÅ ÓÁÈÉÐÔÉÒ ɍωɎȢ 
"ÕÎÌÁÒąÎ ÙÁÎą ÓąÒÁ ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒą !ÌąÎÁÎ 3ÉÎÙÁÌ 
'İÃİ 'ĘÓÔÅÒÇÅÓÉ ɉ2ÅÃÅÉÖÅÄ 3ÉÇÎÁÌ 3ÔÒÅÎÇÔÈ 
Indicator-233)Ɋȟ !ÌąÎÁÎ 2ÅÆÅÒÁÎÓ 3ÉÎÙÁÌ 'İÃİ 
(Reference Signal Received Power-2320Ɋ ÖÅ !ÌąÎÁÎ 
Referans Sinyal Kalitesi (Reference Signal Received 
Quality-2321Ɋ ÇÉÂÉ ÂÉÒ ÔÁËąÍ ÓÉÎÙÁl parametrelerini 
ÉëÅÒÍÅËÔÅÄÉÒ ɍψɎȢ 

$ÅÎÅÙÓÅÌ ÓÏÎÕëÌÁÒ  

"Õ ëÁÌąĥÍÁÄÁ '3- ÂÁÚ ÉÓÔÁÓÙÏÎÕÎÁ ÁÉÔ ËÉÍÌÉËÓÅÌ 
ÂÉÌÇÉÌÅÒÌÅ ÂÅÒÁÂÅÒȟ '3- ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒąÎąÎ ÙÁÙÄąøą 
ÅÌÅËÔÒÏÍÁÎÙÅÔÉË ÓÉÎÙÁÌ ĘÌëİÍ ÄÅøÅÒÌÅÒÉÎÉ ÖÅ 
ÂÕÌÕÎÄÕøÕ ËÏÎÕÍ ËÏÏÒÄÉÎÁÔÌÁÒą ÂÉÌÇÉÓÉÎÉ ÖÅÒÅÎȟ 
ÁÙÒąÃÁ ÍÏÂÉÌ ÃÉÈÁÚ ËÕÌÌÁÎąÃąÓąÎąÎ ÄÁ ËÏÎÕÍ 
koordinat bilgisini veren bir Android uygulama 
ÇÅÌÉĥÔÉÒÉÌÍÉĥÔÉÒȢ "Õ ÇÅÌÉĥÔÉÒÄÉøÉÍÉÚ ÕÙÇÕÌÁÍÁÙÁ 
ÙĘÎÅÌÉË ÉĥÌÅÍ ÁËąĥ ÄÉÙÁÇÒÁÍą ¤ÅËÉÌ ςȭÄÅ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

 

¤ÅËÉÌ 18Ȣ -ÏÂÉÌ ÕÙÇÕÌÁÍÁ ÁËąĥ ÄÉÙÁÇÒÁÍą 

Bu programda istenilen bilgilerÅ ÅÒÉĥÉÍ ÓÁøÌÁÙÁÂÉÌÍÅÍÉÚ 
ÉëÉÎȟ !ÎÄÒÏÉÄ 3ÔÕÄÉÏ ÐÒÏÇÒÁÍąÎąÎ İÚÅÒÉÎÄÅ ÂÕÌÕÎÁÎ 
0ÒÏÊÅÃÔ ÂĘÌİÍİÎÄÅËÉ ÐÒÏÇÒÁÍ ËÌÁÓĘÒİÎÄÅ ȬÍÁÎÉÆÅÓÔÓȭ 
ÄÏÓÙÁÓąÎąÎ ÉëÉÎÄÅËÉ !ÎÄÒÏÉÄ-ÁÎÉÆÅÓÔȢØÍÌ ÂĘÌİÍİÎÅ 
ÁĥÁøąÄÁ ÂÕÌÕÎÁÎ ËÏÍÕÔ ÓÁøÌÁÙąÃą ËÏÄÌÁÒą ÅËÌÅÎÍÅÌÉÄÉÒȢ 

όίὩίὴὩὶάὭίίὭέὲ ὥὲὨὶέὭὨȡὲὥάὩὥὲὨὶέὭὨȢ 

ὴὩὶάὭίίὭέὲȢὃὅὅὉὛὛὊͅὍὔὉͅὒὕὅὃὝὍὕὔ 

όίὩίὴὩὶάὭίίὭέὲ ὥὲὨὶέὭὨȡὲὥάὩὥὲὨὶέὭὨȢ 

ὴὩὶάὭίίὭέὲȢὃὅὅὉὛὛᾧέὥὶίὩὒͅὕὅὃὝὍὕὔ 

9ÕËÁÒÄÁËÉ ËÏÄÌÁÒą ÉÓÔÅÎÉÌÅÎ ÂÉÌÇÉÌÅÒÅ ÅÒÉĥÉÍ 
ÓÁøÌÁÙÁÂÉÌÍÅË ÁÍÁÃąÙÌÁ ÂÅÌÉÒÔÉÌÅÎ ÂĘÌİÍÅ 
eklememiz gerekmektedir.   
##%33ͺ&).%ͺ,/#!4)/. ËÏÍÕÔ ÓÁøÌÁÙąÃąÓą '03 ÇÉÂÉ 
ÓÅÒÖÉÓÌÅÒÄÅÎ ËÅÓÉÎ ËÏÎÕÍ ÂÉÌÇÉÓÉ ÅÒÉĥÉÍÉÎÉ ÖÅ 
!##%33ͺ#/!23%ͺ,/#!4)/. ËÏÍÕÔ ÓÁøÌÁÙąÃąÓą ÄÁ 
GSM ya da wi-ÆÉ ËÁÙÎÁËÌą ËÏÎÕÍ ÂÉÌÇÉÓÉÎÅ ÅÒÉĥÉÍÉÍÉÚ 
ÉëÉÎ ÍÏÂÉÌ ËÕÌÌÁÎąÃąÄÁÎ ÍÏÂÉÌ ÃÉÈÁÚąÎÁ ÙĘÎÅÌÉË 
ÇÅÒÅËÌÉ ÉÚÎÉ ÁÌÍÁÍąÚą ÓÁøÌÁÙÁÎ ËÏÍÕÔÌÁÒÄąÒȢ Gerekli 
ÉÚÉÎÌÅÒ ÖÅÒÉÌÄÉËÔÅÎ ÓÏÎÒÁ ÐÒÏÇÒÁÍąÎ ÂÉÚÅ ÓÁøÌÁÙÁÃÁøą 
ÖÅÒÉÌÅÒ ÁĥÁøąÄÁËÉ ÔÁÂÌÏÄÁ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 
'ÅÌÉĥÔÉÒÄÉøÉÍÉÚ ÍÏÂÉÌ ÕÙÇÕÌÁÍÁÄÁ ÂÁĥÌÁ ËÏÍÕÔÕÎÕÎ 
ÖÅÒÉÌÍÅÓÉÙÌÅ ÂÉÒÌÉËÔÅ Ï ÁÎ ÂÁøÌą ÏÌÕÎÁÎ ĥÅÂÅËÅÎÉÎ 
ÔÅËÎÏÌÏÊÉË ĘÚÅÌÌÉøÉÎÅ ÇĘÒÅ ɉ,4%ȟ '3-ȟ #$-!ȟ 
7#$-! ÖÂȢɊ ÓÅÒÖÉÓ ÓÁøÌÁÙÁÎ ÂÁÚ ÉÓÔÁÓÙÏÎÕÎÁ ÁÉÔ 
ÈİÃÒÅ ËÉÍÌÉË ÎÕÍÁÒÁÓą ɉ#)$Ɋȟ ÓÉÎÙÁÌ ĘÌëİÍ ÄÅøÅÒÌÅÒÉ 
ÖÅ ËÏÍĥÕ ÂÁÚ ÉÓÔÁÓÙÏÎÌÁÒą ÓÉÎÙÁÌ ĘÌëİÍ ÄÅøÅÒÌÅÒÉ 
ÁÌąÎąÒȢ "ÕÎÕÎ ÙÁÎąÎÄÁ ÂÁĥÌÁ ËÏÍÕÔÕÎÕÎ 
ÖÅÒÉÌÍÅÓÉÙÌÅ ÁÙÎą ÁÎÄÁ ÓÅÒÖÉÓ ÓÁøÌÁÙÁÎ ÂÁÚ 
istasyonunun konumu (enlem ve boylam) ve mobil 
ËÕÌÌÁÎąÃąÎąÎ ÂÕÌÕÎÄÕøÕ ÎÏËÔÁÄÁ '03 ÔÁÒÁÆąÎÄÁÎ 
ÓÁøÌÁÎÁÎ ËÏÎÕÍÕ ɉÅÎÌÅÍ ÖÅ ÂÏÙÌÁÍɊ ÅÌÄÅ ÅÄÉÌÉÒȢ  
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Tablo 3. MobiÌ ÕÙÇÕÌÁÍÁÎąÎ ÓÁøÌÁÄąøą ÖÅÒÉ ÓÅÔÉÎÉÎ ÉëÅÒÉøÉ 

Parametre !ëąËÌÁÍÁÓą 
Cell ID  IǸŎǊŜ ƪƛƳƭƛƪ ƴǳƳŀǊŀǎƤ 
RSSI  !ƭƤƴŀƴ ǎƛƴȅŀƭ ƎǸŎǸ ƎǀǎǘŜǊƎŜǎƛ 
RSRP  !ƭƤƴŀƴ ǊŜŦŜǊŀƴǎ ǎƛƴȅŀƭ ƎǸŎǸ 
RSRQ  !ƭƤƴŀƴ ǊŜŦŜǊŀƴǎ ǎƛƴȅŀƭ ƪŀƭƛǘŜǎƛ 
Serving Cell Latitude  Baz istasyonu enlem bilgisi 
Serving Cell Longitude  Baz istasyonu boylam bilgisi 
User Latitude  aƻōƛƭ ƪǳƭƭŀƴƤŎƤ ŜƴƭŜƳ ōƛƭƎƛǎƛ 
User Longitude  aƻōƛƭ ƪǳƭƭŀƴƤŎƤ ōƻȅƭŀƳ ōƛƭƎƛǎƛ 
PCI  CƛȊƛƪǎŜƭ ƘǸŎǊŜ ƪƛƳƭƛƪ ƴǳƳŀǊŀǎƤ 
ARFCN  aǳǘƭŀƪ ǊŀŘȅƻ ŦǊŜƪŀƴǎƤ ƪŀƴŀƭ 

ƴǳƳŀǊŀǎƤ 
LAC  YƻƴǳƳ ŀƭŀƴ ƪƻŘ ƴǳƳŀǊŀǎƤ 
MCC 
MNC  

aƻōƛƭ ǸƭƪŜ ƪƻŘ ƴǳƳŀǊŀǎƤ 
aƻōƛƭ ǒŜōŜƪŜ ƪƻŘ ƴǳƳŀǊŀǎƤ 

0ÒÏÇÒÁÍ ÂÕ ÖÅÒÉÌÅÒÉ ÁÌÄąËÔÁÎ ÓÏÎÒÁ ÂÕ ÖÅÒÉÌÅÒÉ 
ÕÙÇÕÌÁÍÁ ÇÅÌÉĥÔÉÒÍÅ ÐÌÁÔÆÏÒÍÕ ɉ&ÉÒÅÂÁÓÅɊ ÁÌÁÎąÎÄÁ 
ÏÌÕĥÔÕÒÄÕøÕÍÕÚ ÖÅÒÉ ÄÅÐÏÌÁÍÁ ÂĘÌİÍİÎÅ 
aktararak daha sonra analiz ÅÔÍÅË İÚÅÒÅ 
ËÁÙÄÅÔÍÅËÔÅÄÉÒȢ 'ÅÌÉĥÔÉÒÄÉøÉÍÉÚ ÂÕ ÐÒÏÇÒÁÍ ÔİÍ 
ÉĥÌÅÍÌÅÒÉ ÂÅÌÉÒÌÅÄÉøÉÍÉÚ ÓİÒÅ ÚÁÒÆąÎÄÁ ɉÂÕ ÓİÒÅ 
ÉÓÔÅøÅ ÇĘÒÅ ÄÅøÉĥÔÉÒÉÌÅÂÉÌÉÒɊ ÓİÒÅËÌÉ ÂÉÒ ÄĘÎÇİ ÉëÉÎÄÅ 
ÔÅËÒÁÒÌÁÙÁÒÁË ÇİÎÃÅÌ ÖÅÒÉÌÅÒÉ ÐÒÏÇÒÁÍ ÄÕÒ ËÏÍÕÔÕ 
verilinceye kadar veri deposuna aktarmaya devam 
ÅÔÍÅËÔÅÄÉÒȢ 'ÅÌÉĥÔÉÒÄÉøÉÍÉÚ !ÎÄÒÏÉÄ ÍÏÂÉÌ 
ÕÙÇÕÌÁÍÁÎąÎ ËÕÌÌÁÎąÃą ÍÏÂÉÌ ÃÉÈÁÚąÎÄÁËÉ ÅËÒÁÎ 
ÇĘÒİÎÔİÓİ ¤ÅËÉÌ σȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ  
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GSM Signal Based Positioning  Using Extreme Learning Machine  

Abstract  

The growing interest in mobile communication systems today triggers the development of new technologies 
and applications. Positioning is one of the most important developments in this area. The services developed 
based on positioning aim to estimate the approximate location of people, mobile devices or equipment. Among 
the global positioning systems, GPS has a low margin of error which makes it popular in terms of preference 
and wide usage area. However, considering the costly installation of this system and, more importantly, factors 
such as high buildings, other physical obstacles, and especially in closed areas such as closed areas leading to 
serious signal weaknesses and losses, it is seen that alternative positioning systems are needed. In this context, 
it is a good alternative to make a location prediction using the global mobile communication system (GSM) 
infrastructure, which is used by almost everyone. The ability to receive signals from cellular networks even in 
the worst conditions and in enclosed spaces indicates that this recommended method can be used. In this 
study, a data set was created by recording the GSM signal strength and GPS information measured in closed 
areas in a certain region through an application we developed in the android environment for mobile phones. 
In this simulation environment, a network that will make location estimation has been developed by training 
with artificial machine learning (ELM) from artificial neural networks (ANN) methods. In the tests carried out, 
it has been observed that with a GSM signal-based positioning system, real location information can be 
obtained with minimum error rates of a few meters (m) and approximately 200 meters (m) on average. 

Keywords: GPS, GSM, positioning, extreme learning machine. 
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ÁÌÁÎÌÁÒą ÄÁ ËÁÐÓÁÙÁÃÁË ĥÅËÉÌÄÅ ÈÅÍÅÎ ÈÅÍÅÎ ÈÅÒ 
ÂĘÌÇÅÄÅ ÈÉÚÍÅÔ ÖÅÒÅÂÉÌÍÅËÔÅÄÉÒȢ '03 ÓÉÎÙÁÌÌÅÒÉÎÉÎ 
ÁËÓÉÎÅȟ ËÁÐÁÌą ÁÌÁÎÌÁÒÄÁ '3- ÓÉÎÙÁÌÌÅÒÉÎÉÎ 
ÁÌąÎÁÂÉÌÍÅÓÉ ÂÕ ĘÚÅÌÌÉøÉÎ ËÏÎÕÍ ÔÅÓÐÉÔÉ ÉëÉÎ 
ËÕÌÌÁÎąÌÁÂÉÌÍÅÓÉÎÅ ÏÌÁÎÁË ÓÁøÌÁÍÁËÔÁ ÖÅ '03 
ÓÉÓÔÅÍÉÎÅ ÉÙÉ ÂÉÒ ÒÁËÉÐ ÖÅȾÖÅÙÁ ÄÅÓÔÅËëÉ ÏÌÁÂÉÌÅÃÅøÉÎÉ 
ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 
LitÅÒÁÔİÒÄÅ ËÏÎÕÍ ÂÅÌÉÒÌÅÍÅÙÅ ÙĘÎÅÌÉË ÄÁÈÁ ĘÎÃÅ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥ ÆÁÒËÌą ëÁÌąĥÍÁÌÁÒ ÂÕÌÕÎÍÁËÔÁÄąÒȢ 
+ÁÐÁÌą ÁÌÁÎÄÁ ËÏÎÕÍ ÂÅÌÉÒÌÅÍÅ ÉÌÅ ÉÌÇÉÌÉ 'ÁÌÖÁÎ ÖÅ ÁÒËȢ 
ÙÁÐÔąËÌÁÒą ëÁÌąĥÍÁÄÁȟ ÕÙÇÕÎ ÂÉÒ ÙÁÙąÌÍÁ ÍÏÄÅÌÉ ÅÌÄÅ 
ÅÄÅÒÅË ÁÌąÃąÎąÎ ËÏÎÕÍÕÎÕ ÂÌÕÅÔÏÏÔÈ ÖÅ ×É-fi ile 
birlÅĥÔÉÒÅÎ ÂÉÒ ÁÌÇÏÒÉÔÍÁ ÓÕÎÍÕĥÌÁÒÄąÒ ɍσɎȢ 
$ÏÕÇÈÁÎÇÉ ÙÁÐÔąøą ÔÅÚ ëÁÌąĥÍÁÓąÎÄÁȟ ×É-ÆÉ ÔÁÂÁÎÌą 
ËÏÎÕÍÌÁÎÄąÒÍÁ ÓÉÓÔÅÍÉÎÉ ÅÌÄÅ ÅÔÍÅË ÉëÉÎ İë ÆÁÒËÌą 
ÓÅÎÁÒÙÏ ÔÅÓÔ ÅÔÍÉĥÔÉÒ ɍτɎȢ  
(İÃÒÅÓÅÌ ÁøÌÁÒÄÁ ËÏÎÕÍ ÂÅÌÉÒÌÅÍÅ ÉÌÅ ÉÌÇÉÌÉ 
4İÒËÙąÌÍÁÚ ÙÁÐÔąøą ëÁÌąĥÍÁÄÁȟ ÈİÃÒÅÓÅÌ ÁøÌÁÒ ÉëÉÎ 
ortam-ÂÉÌÉÎëÌÉ ÓÉÎÙÁÌ ÇİÃİ ĘÌëİÍÌÅÒÉÎÅ ÄÁÙÁÌą ÂÉÒ 
ËÏÎÕÍ ÂÅÌÉÒÌÅÍÅ ÙĘÎÔÅÍÉ ĘÎÅÒÍÉĥÔÉÒ ɍυɎȢ vÎÅÒÉÌÅÎ 

ÙĘÎÔÅÍÄÅ '3- ÁøąÎÄÁÎ ÁÌąÎÁÎ ÇÅÒëÅË ĘÌëİÍÌÅÒ 
ËÕÌÌÁÎąÌÁÒÁË ÔÅÓÔÌÅÒ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥȟ ËÏÎÕÍÌÁÍÁ 
ÂÁĥÁÒąÍąÎąÎ ÏÒÔÁÌÁÍÁ ÈÁÔÁ ÖÅ ÓÔÁÎÄÁÒÔ ÓÁÐÍÁ ÇÉÂÉ 
ÂÉÒëÏË ÙĘÎÄÅÎ ÉÙÉÌÅĥÔÉøÉ ÂÅÌÉÒÔÉÌÍÉĥÔÉÒȢ 4ÏÐÌÁÍÄÁȟ 
ÏÒÔÁÌÁÍÁ ÈÁÔÁÎąÎ φτς ÍȭÄÅÎ υχσ ÍȭÙÅ ɉϷρπȟχυ 
ÉÙÉÌÅĥÔÉÒÍÅɊȟ ÓÔÁÎÄÁÒÔ ÓÁÐÍÁÎąÎ φψω ÍȭÄÅÎ τψρ ÍȭÙÅ 
ɉϷσπȟρω ÉÙÉÌÅĥÔÉÒÍÅɊ ÖÅ ÍÁËÓÉÍÕÍ ÈÁÔÁÎąÎ τχφς 
ÍȭÄÅÎ ςφσψ ÍȭÙÅ ɉϷττȟφ ÉÙÉÌÅĥÔÉÒÍÅɊ ËÁÄÁÒ 
ÁÚÁÌÔąÌÄąøą ÒÁÐÏÒ ÅÄÉÌÍÉĥÔÉÒȢ -ÁÇÒÏ ÖÅ ÁÒËȢ ÙÁÐÔąËÌÁÒą 
ëÁÌąĥÍÁÄÁ σ' ÁøÌÁÒąÎÄÁ ËÕÌÌÁÎąÃą ËÏÎÕÍ ÔÁÈÍÉÎÉÎÅ 
ÙÅÎÉÌÉËëÉ ÂÉÒ ëĘÚİÍ ĘÎÅÒÉÓÉ ÓÕÎÍÕĥÌÁÒÄąÒ ɍφɎȢ 
vÎÅÒÉÌÅÎ ÙĘÎÔÅÍÌÅ ÍÅÖÃÕÔ σ' ÍÏÂÉÌ ÃÉÈÁÚÌÁÒą 
ÔÁÒÁÆąÎÄÁÎ ÅÒÉĥÉÌÅÂÉÌÅÎ ÈİÃÒÅ ËÉÍÌÉøÉ ÖÅ ÉÌÅÔÉÌÅÎ ÓÉÎÙÁÌ 
ÇİÃİ ÇÉÂÉ Áø ÂÉÌÇÉÌÅÒÉÎÉ ËÕÌÌÁÎÍąĥÌÁÒÄąÒȢ !ÌÇÏÒÉÔÍÁ 
ÙÁÒą ÇÅÒëÅË ÚÁÍÁÎÌą ëÁÌąĥÁÒÁË ËÕÌÌÁÎąÃąÎąÎ ËÏÎÕÍÕÎÕ 
ÔÁÈÍÉÎ ÅÔÍÅË ÉëÉÎ ÂÉÒ ÇÅÎÅÔÉË ÁÌÇÏÒÉÔÍÁ ÕÙÇÕÌÁÍÁÓą 
ÉÌÅ ÏÐÔÉÍÉÚÅ ÅÄÉÌÍÉĥ ÖÅ ÏÒÔÁÌÁÍÁ τυπ Í ÈÁÔÁ ÐÁÙąÙÌÁ 
ËÏÎÕÍ ÔÁÈÍÉÎÉ ÓÁøÌÁÎÍąĥÔąÒȢ 
+ÕÒÔ ÔÁÒÁÆąÎÄÁÎ ÙÁÐąÌÁÎ ÔÅÚ ëÁÌąĥÍÁÓąÎÄÁȟ ÐÁÒÍÁË ÉÚÉ 
ÙĘÎÔÅÍÉ ËÕÌÌÁÎąÌÁÒÁË ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ÂÉÒ ËÏÎÕÍ 
ÂÅÌÉÒÌÅÍÅ ÓÉÓÔÅÍÉ ĘÎÅÒÉÌÍÉĥÔÉÒ ɍχɎȢ "Õ ËÏÎÕÍ 
ÂÅÌÉÒÌÅÍÅ ÙĘÎÔÅÍÉ ÉëÉÎ dÓÔÁÎÂÕÌ ÖÅ dÚÍÉÒ ĥÅÈÉÒÌÅÒÉÎÉÎ 
ÆÁÒËÌą ÂĘÌÇÅÌÅÒÉÎÄÅËÉ ÍÏÂÉÌ ÉÓÔÁÓÙÏÎÌÁÒÄÁÎ 233 
ɉ!ÌąÎÁÎ 3ÉÎÙÁÌ 'İÃİɊ ÓÉÎÙÁÌ ĘÌëİÍÌÅÒÉ ÔÏÐÌÁÎÍąĥ ÖÅ ÂÕ 
ĘÌëİÍÌÅÒ ÂÉÒ ÖÅÒÉ ÔÁÂÁÎąÎÁ ËÁÙÄÅÄÉÌÍÉĥÔÉÒȢ $ÁÈÁ 
ÓÏÎÒÁ ÓÉÎÙÁÌ ĘÌëİÍÌÅÒÉ ÓÉÎÙÁÌ ÉÚÉ ÆÉÌÔÒÅÌÅÍÅ ÖÅ ÓÉÎÙÁÌ 
ÉÚÉ ÅĥÌÅĥÔÉÒÍÅÄÅ ËÕÌÌÁÎąÌÍąĥÔąÒȢ dÓÔÁÎÂÕÌ ÉëÉÎ ÏÒÔÁÌÁÍÁ 
τσυȟπςπω Í ÖÅ dÚÍÉÒ ÉëÉÎ ÏÒÔÁÌÁÍÁ τπτȟψφυς Í ÈÁÔÁ 
meÓÁÆÅÓÉ ÉÌÅ ËÕÌÌÁÎąÃą ËÏÎÕÍ ÔÁÈÍÉÎÉ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ &ÒÉÔÓÃÈÅ ÖÅ ÁÒËȢ '03 ÂÉÌÇÉÌÅÒÉÎÉÎ 
ËÅÓÉÎÔÉÙÅ ÕøÒÁÍÁÓą ÄÕÒÕÍÕÎÄÁ '3- ĥÅÂÅËÅÓÉ 
İÚÅÒÉÎÄÅÎ ÙÁËÌÁĥąË ËÏÎÕÍ ÂÉÌÇÉÌÅÒÉÎÉÎ ÅÌÄÅ 
ÅÄÉÌÅÂÉÌÍÅÓÉÎÅ ÙĘÎÅÌÉË ÂÉÒ ëÁÌąĥÍÁ ÙÁÐÍąĥÌÁÒÄąÒ ɍψɎȢ 
KÁÌąĥÍÁÄÁȟ '3- ĥÅÂÅËÅÓÉÎÄÅÎ ÁÌąÎÁÎ ĘÌëİÍ ÂÉÌÇÉÌÅÒÉ 
Ȱ+ÁÌÍÁÎ ÆÉÌÔÒÅÓÉȱ ËÕÌÌÁÎąÌÁÒÁË ÉĥÌÅÎÍÉĥ ÖÅ ÈÅÍ '03 
ÈÅÍ ÄÅ '3- ĥÅÂÅËÅÓÉÎÄÅÎ ÁÌąÎÁÎ ĘÌëİÍ ÂÉÌÇÉÌÅÒÉ 
ÙÁÒÄąÍąÙÌÁ ëÁÌąĥÁÎ ÈÉÂÒÉÔ ÂÉÒ ËÏÎÕÍ ÂÅÌÉÒÌÅÍÅ ÓÉÓÔÅÍÉ 
ĘÎÅÒÉÌÍÉĥÔÉÒȢ  
9ÁÐąÌÁÎ ÂÕ ëÁÌąĥÍÁÄÁȟ ÍÏÂÉÌ ÔÅÌÅÆÏÎ ÉëÉÎ ÁÎÄÒÏÉÄ 
ÏÒÔÁÍÄÁ ÇÅÌÉĥÔÉÒÄÉøÉÍÉÚ ÂÉÒ ÕÙÇÕÌÁÍÁÙÌÁȟ 3ÉÉÒÔ ÉÌ 
ÍÅÒËÅÚÉÎÄÅ ÙÅÒ ÁÌÁÎ ÙÅÔÅÒÌÉ ÓÁÙąÄÁËÉ ËÁÐÁÌą ÁÌÁÎ ÖÅ 
ÂÉÎÁ ÉëÌÅÒÉÎÄÅ ĘÌëİÍÌÅÎÅÎ ÇÅÒëÅË '3- ÓÉÎÙÁÌ 
ÄÅøÅÒÌÅÒÉ ÖÅ '03 ËÏÎÕÍ ÂÉÌÇÉÌÅÒÉ ÂÉÒÌÉËÔÅ 
ËÁÙÄÅÄÉÌÅÒÅË ÂÉÒ ÖÅÒÉ ÓÅÔÉ ÏÌÕĥÔÕÒÕÌÍÕĥÔÕÒȢ 
,ÉÔÅÒÁÔİÒÄÅ ÙÁÐąÌÁÎ ÄÉøÅÒ '3- ÂÁÚÌą ËÏÎÕm belirleme 
ëÁÌąĥÍÁÌÁÒąÎÄÁÎ ÆÁÒËÌą ÏÌÁÒÁËȟ ÅÌÄÅ ÅÔÔÉøÉÍÉÚ ÖÅÒÉÌÅÒÉÎ 
ÓÉÍİÌÁÓÙÏÎ ÏÒÔÁÍąÎÄÁ ÏÌÕĥÔÕÒÕÌÁÎ ÁøąÎ ÙÁÐÁÙ ÓÉÎÉÒ 
ÁøÌÁÒą ɉ93!Ɋ ÍÅÔÏÔÌÁÒąÎÄÁÎ ÂÉÒÉ ÏÌÁÎ ÁĥąÒą ĘøÒÅÎÍÅ 
makinesi (ELM-Extreme Learning Machine) metodu 
ÉÌÅ ÅøÉÔÉÌÍÅÓÉ ÓÁøÌÁÎÁÒÁË ÓÁÄÅÃÅ ÁÎÌąË 'SM sinyal 
ĘÌëİÍÌÅÒÉ ËÕÌÌÁÎÁÒÁË ÇÅÒëÅË ËÏÎÕÍ ÔÁÈÍÉÎÉ ÙÁÐÍÁÓą 
ÓÁøÌÁÎÍąĥÔąÒȢ 
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-ÁÔÅÒÙÁÌ ÖÅ ÙĘÎÔÅÍ 

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ÂÕ ëÁÌąĥÍÁÄÁ ÁĥąÒą ĘøÒÅÎÍÅ 
ÍÁËÉÎÅÓÉ ɉ%,-Ɋ ÙĘÎÔÅÍÉ ËÕÌÌÁÎąÌÁÒÁË ÙÁËÌÁĥąË 
ËÏÎÕÍ ÂÉÌÇÉÓÉ ÅÌÄÅ ÅÄÉÌÍÅÙÅ ëÁÌąĥąÌÍąĥÔąÒȢ +ÏÎÕÍ 
ÂÅÌÉÒÌÅÍÅ ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÖÅÒÉ ËİÍÅÓÉÎÉÎ 
ÏÌÕĥÔÕÒÕÌÍÁÓą ÖÅ %,- ÙĘÎÔÅÍÉÎÉÎ ÕÙÇÕÌÁÎÍÁÓą ÁÌÔ 
ÂĘÌİÍÌÅÒÄÅ ÁëąËÌÁÎÍąĥÔąÒȢ  

6ÅÒÉ ËİÍÅÓÉ ɉÄÁÔÁÓÅÔɊ  

"Õ ëÁÌąĥÍÁÄÁ ËÕÌÌÁÎąÌÁÎ ÖÅÒÉÌÅÒ 3ÉÉÒÔ ÉÌ ÍÅÒËÅÚÉÎÄÅ 
ÙÅÒ ÁÌÁÎ ÂÅÌÉÒÌÉ ÂÉÒ ÂĘÌÇÅÄÅËÉ ËÁÐÁÌą ÁÌÁÎÌÁÒÄÁÎ 
ɉÏËÕÌÌÁÒȟ ÃÁÍÉÌÅÒȟ ÁÖÍȭÌÅÒȟ ÂÉÎÁÌÁÒȟ ÉĥÌÅtmeler vb.) 
ÇÅÌÉĥÔÉÒÄÉøÉÍÉÚ ÍÏÂÉÌ ÂÉÒ ÕÙÇÕÌÁÍÁ ÖÁÓąÔÁÓąÙÌÁ ÅÌÄÅ 
ÅÄÉÌÅÎ ÓÉÎÙÁÌ ĘÌëİÍ ËÁÙąÔÌÁÒÄÁÎ ÏÌÕĥÍÁËÔÁÄąÒȢ  

Tablo 4Ȣ 6ÅÒÉ ÓÅÔÉ ÉëÅÒÉøÉ 

Parametre !ëąËÌÁÍÁÓą 
RSSI1 мΦ ōŀȊ ƛǎǘŀǎȅƻƴǳ ǎƛƴȅŀƭ ƎǸŎǸ 
RSSI2 нΦ ōŀȊ ƛǎǘŀǎȅƻƴǳ ǎƛƴȅŀƭ ƎǸŎǸ 
RSSI3 3. baz ƛǎǘŀǎȅƻƴǳ ǎƛƴȅŀƭ ƎǸŎǸ 
Serving cell latitude Baz istasyonu enlem bilgisi 
Serving cell longitude Baz istasyonu boylam bilgisi 
¦ǎŜǊ ƭƻŎŀǘƛƻƴΩǎ ƭŀǘƛǘǳŘŜ aƻōƛƭ ƪǳƭƭŀƴƤŎƤ ŜƴƭŜƳ ōƛƭƎƛǎƛ 
¦ǎŜǊ ƭƻŎŀǘƛƻƴΩǎ  ƭƻƴƎƛǘǳŘŜ aƻōƛƭ ƪǳƭƭŀƴƤŎƤ ōƻȅƭŀƳ ōƛƭƎƛǎƛ 

Bu veri ÓÅÔÉÎÄÅ 4ÁÂÌÏ ρȭÄÅ ÖÅÒÉÌÅÎȟ ËÕÌÌÁÎąÌÁÎ '3- 
ĥÅÂÅËÅÓÉÎÅ ÁÉÔ ĘÌëİÍÌÅÎÅÂÉÌÅÎ ÆÁÒËÌą '3- ÂÁÚ 
ÉÓÔÁÓÙÏÎÌÁÒą ÇÅÒëÅË ÓÉÎÙÁÌ ÓÅÖÉÙÅÌÅÒÉ ɉ233)ρȟ 233)ςȟ 
233)σɊȟ ÂÁøÌą ÏÌÕÎÁÎ ɉÙÁÎÉ Ï ÁÎÄÁ ÈÉÚÍÅÔ ÖÅÒÅÎɊ '3- 
baz istasyonu enlem ve boylam bilgileri (serving cell 
lat. & loÎÇȢɊ ÖÅ ÍÏÂÉÌ ËÕÌÌÁÎąÃąÎąÎ '03 ÉÌÅ ÅÄÉÌÅÎ 
ÇÅÒëÅË ËÏÎÕÍÕÎÁ ÁÉÔ ÅÎÌÅÍ ÖÅ ÂÏÙÌÁÍ ÂÉÌÇÉÌÅÒÉ ɉÕÓÅÒ 
ÌÏÃÁÔÉÏÎȭÓ ÌÁÔȢ Ǫ ÌÏÎÇȢɊ ÁÎÌąË ÏÌÁÒÁË ÂÅÌÉÒÌÉ ÚÁÍÁÎ 
ÁÒÁÌąËÌÁÒąÎÄÁ ËÁÙÄÅÄÉÌÍÉĥÔÉÒȢ 9ÅÔÅÒÌÉ ÓÁÙąÄÁËÉ 
ÌÏËÁÓÙÏÎÄÁÎ ÅÌÄÅ ÅÄÉÌÅÎ ĘÌëİÍÌÅÒ ÕÙÇÕÎ ÂÉÒ ÆÏÒÍÄÁ 
ÄİÚÅÎÌÅÎÍÉĥ ÖÅ ÂĘÙÌÅÃÅ ÖÅÒÉ ÓÅÔÉ ÓÉÍİÌÁÓÙÏÎ 
ÏÒÔÁÍąÎÄÁ ËÕÌÌÁÎąÌÁÂÉÌÅÃÅË ÂÉÒ ÈÁÌÅ ÇÅÔÉÒÉÌÍÉĥÔÉÒȢ 

!ĥąÒą ĘøÒÅÎÍÅ ÍÁËÉÎÅÌÅÒÉ  

!ĥąÒą ĘøÒÅÎÍÅ ÍÁËÉÎÅÓÉ ɉ%,-Ɋ ÓÁÄÅÃÅ ÂÉÒ ÁÄÅÔ ÇÉÚÌÉ 
ËÁÔÍÁÎą ÂÕÌÕÎÁÎ ÉÌÅÒÉ ÂÅÓÌÅÍÅÌÉ ÙÁÐÁÙ ÓÉÎÉÒ ÁøÌÁÒąÎąÎ 
ÅøÉÔÉÍÉÎÄÅ ËÕÌÌÁÎąÌÍÁË İÚÅÒÅ ÇÅÌÉĥÔÉÒÉÌÍÉĥ bir 
ÙĘÎÔÅÍÄÉÒ ɍωɎȢ 9ÁÐÁÙ ÓÉÎÉÒ ÁøąÎąÎ ÉÌÅÒÉ ÂÅÓÌÅÍÅÌÉ ÔÅË 
ÇÉÚÌÉ ËÁÔÍÁÎÌą ÇÅÎÅÌ ĥÅÍÁÓą ¤ÅËÉÌ ρȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 
 
 

 
¤ÅËÉÌ 20Ȣ dÌÅÒÉ ÂÅÓÌÅÍÅÌÉ ÔÅË ÇÉÚÌÉ ËÁÔÍÁÎÁ ÓÁÈÉÐ ÙÁÐÁÙ 

ÓÉÎÉÒ Áøą ÍÏÄÅÌÉ  

dÌÅÒÉ ÂÅÓÌÅÍÅÌÉ ÂÉÒ ÇÉÚÌÉ ËÁÔÍÁÎą ÂÕÌÕÎÁÎ ÙÁÐÁÙ ÓÉÎÉÒ 
ÁøąÎÁ ÁÉÔ ëąËąĥ ÄÅÎËÌÅÍÉȡ  

ὣὴ  ‍ȟὫ ύȟὼ ὦ  (1)  

ÉÌÅ ÈÅÓÁÐÌÁÎÍÁÓą ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅËÔÅÄÉÒȢ "ÕÒÁÄÁ ὼȣ    
ÇÉÒÉĥ ÖÅËÔĘÒÌÅÒÉÎÉȟ ώȣ  ëąËąĥ ÖÅËÔĘÒÌÅÒÉÎÉȟ ‍ȣ  ëąËąĥ 

ËÁÔÍÁÎą ÁøąÒÌąËÌÁÒąÎąȟ ὡȣ ȟȣ  ÇÉÒÉĥ ËÁÔÍÁÎą ÖÅ ÇÉÚÌÉ 
ËÁÔÍÁÎ ÁÒÁÓąÎÄÁËÉ ÂÁøÌÁÎÔą ÁøąÒÌąË ÄÅøÅÒÉÎÉȟ ὦȣ  
ÅĥÉË ÄÅøÉĥËÅÎÌÅÒÉÎÉ ÖÅ ÇȢ aktivasyonunu 
ÂÅÌÉÒÔÍÅËÔÅÄÉÒ ɍρπɎȢ 93!ȭÎąÎ ÂÁĥÁÒąÌą ÂÉÒ ĥÅËÉÌÄÅ 
ĘøÒÅÎÉÍÉÎÉ ÇÅÒëÅËÌÅĥÔÉÒÅÂÉÌÍÅÓÉ ÉëÉÎ ÖÅÒÉÌÅÃÅË 
ÁøąÒÌąËÌÁÒąÎȟ ÔÒÁÎÓÆÅÒ ÆÏÎËÓÉÙÏÎÕ ÖÅ ÅĥÉË ÄÅøÅÒÌÅÒÉ 
ÍÏÄÅÌÌÅÎÅÃÅË ÓÉÓÔÅÍÉÎ ÙÁÐąÓąÎÁ ÅÎ ÕÙÇÕÎ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÓÅëÉÍÉÎÉÎ ÙÁÐąÌÍÁÓą ÉÌÅ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÉÒȢ 'ÒÁÄÙÁÎ ÔÅÍÅÌÌÉ ÙÁËÌÁĥąÍÌÁÒÄÁ 
ÅøÉÔÉÍ ÅÓÎÁÓąÎÄÁ ÏÌÕĥÁÃÁË ÈÁÔÁÙą ÅÎ ÄİĥİË ÓÅÖÉÙÅÙÅ 
ÉÎÄÉÒÍÅË ÉëÉÎ ÖÅÒÉÌÅÎ ÁøąÒÌąË ÄÅøÅÒÌÅÒÉ ÖÅ ÅĥÉË 
ÄÅøÅÒÌÅÒÉÎÉÎ ÅÎ ÕÙÇÕÎ ÄÅøÅÒÌÅÒÉÎÉ ÓÁøÌÁÙÁÎ 
ÐÁÒÁÍÅÔÒÅ ÅÌÄÅ ÅÄÉÌÉÎÃÅÙÅ ËÁÄÁÒ ÄÅøÉĥÔÉÒÉÌÍÅ ÉĥÌÅÍÉ 
ÄÅÖÁÍ ÅÄÅÒȢ "ÕÄÁ ÅøÉÔÉÍÉÎ ÈÁÔÁ ÏÒÁÎąÎąÎ ÙİËÓÅË 
ÄÅøÅÒÌÅÒÅ ëąËÍÁÓąÎÁ ÓÅÂÅÐ ÏÌÍÁËÔÁÄąÒȢ  
%,- ÙĘÎÔÅÍÉÎÄÅ ÇÉÒÉĥ ËÁÔÍÁÎąÎÄÁËÉ ÁøąÒÌąËÌÁÒ ÉÌÅ 
ÅĥÉË ÄÅøÅÒÌÅÒÉ ÒÁÓÔÇÅÌÅ ÖÅÒÉÌÍÅËÔÅȟ ÂÕÎÁ ÂÁøÌą ÏÌÁÒÁË 
ëąËąĥÔÁËÉ ÁøąÒÌąË ÄÅøÅÒÌÅÒÉ ÈÅÓÁÐÌÁÎÍÁËÔÁÄąÒ ɍρρɎȢ Î 
!ÄÅÔ ÇÉÒÉĥ ÎĘÒÏÎÕȟ Í ÁÄÅÔ ÇÉÚÌÉ ËÁÔÍÁÎ ÎĘÒÏÎÕÎÁ 
ÓÁÈÉÐ ÂÉÒ ÙÁÐÁÙ ÓÉÎÉÒ ÁøąÎ ÇÉÒÉĥ ËÁÔÍÁÎą ÁøąÒÌąË 
ÄÅøÅÒÌÅÒÉ   ὡȟ  ve ὦ  ÅĥÉË ÄÅøÅÒÌÅÒÉ   ÒÁÓÔÇÅÌÅ 

ÂÅÌÉÒÌÅÍÅ ÉĥÌÅÍÉ ÇÅÒëÅËÌÅĥÔÉøÉÎÄÅȟ ËÅÓÉkli aktivasyon 
ÆÏÎËÓÉÙÏÎÌÁÒą ÙÁ ÄÁ ÁÔÁÎÍąĥ ÏÌÕÐ ÔİÒÅÖÌÅÎÅÍÅÙÅÎ 
fonksiyonlar da dahil rastgele bir transfer fonksiyonu 
ÇȢ ÉëÉÎ ëąËąĥ ËÁÔÍÁÎąÎąÎ ÇÉÒÉĥ ÄÅÎËÌÅÍÉȡ 

Ὄ
Ὣύȟὼ ὦ

Ὣύȟὼ ὦ

ȣ

ȣ

Ὣύȟὼ ὦ

Ὣύȟὼ ὦ
 (2)  

ÏÌÁÒÁË ÂÕÌÕÎÕÒȢ "ĘÙÌÅÌÉËÌÅ ÅÌÄÅ ÅÄÉÌÅÎ ëąËąĥ ÄÅÎËÌÅÍÉȡ 

ώ Ὄ‍ (3)  

olur. Ὄ ÍÁÔÒÉÓÉÎÉÎ ÔÅÒÓ ÍÁÔÒÉÓÉÎÉÎ ÈÅÓÁÐÌÁÎÍÁ ÉĥÌÅÍÉ 
ÇÅÎÅÌÌÅĥÔÉÒÉÌÍÉĥ -ÏÏÒÅ-Penrose matrisi ile 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÉÒȢ "ÕÎÕÎ ÓÅÂÅÂÉȟ ÇÅÎÅÌÌÉËÌÅ ÅøÉÔÉÍ 
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ËİÍÅÓÉÎÄÅËÉ ĘÚÅÌÌÉË ÓÁÙąÓą ÉÌÅ ÇĘÚÌÅÍ ÓÁÙąÓąÎąÎ 
ÙİËÓÅË ÏÌÁÓąÌąËÌÁ ÂÉÒÂÉÒÉÎÅ ÅĥÉÔ ÏÌÍÁÍÁÓąÄąÒȢ "ĘÙÌÅÃÅ 
ëąËąĥ ÁøąÒÌąËÌÁÒą ‍: 

‍ Ὄ ώ (4)  

ĥÅËÌÉÎÄÅ ÈÅÓÁÐÌÁÎąÒȢ "Õ ÄÅÎËÌÅÍÄÅ Ὄ , 
ÇÅÎÅÌÌÅĥÔÉÒÉÌÍÉĥ ÔÅÒÓ -ÏÏÒÅ-Penrose matrisi ile 
ÈÅÓÁÐÌÁÎÍąĥ Ὄ matrisini ve ‍ ëąËąĥ ËÁÔÍÁÎą 
ÁøąÒÌąËÌÁÒąÎą ÂÅÌÉÒÔÍÅËÔÅdir [12].  

$ÅÎÅÙÓÅÌ ëÁÌąĥÍÁÌÁÒ  

%ÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉ ÓÅÔÉÎÉÎ ÒÁÓÔÇÅÌÅ ÄÁøąÌąÍą 
ÓÁøÌÁÎÄąËÔÁÎ ÓÏÎÒÁȟ ρπ-ËÁÔ ëÁÐÒÁÚ ÄÏøÒÕÌÁÍÁ 

ÙÁÐąÌÁÒÁË ÁøąÎ ÁĥąÒą ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÉÌÅ ÅøÉÔÉÍÉ ÖÅ 
ÔÅÓÔÉ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ 9ÁÐąÌÁÎ ÓÉÍİÌÁÓÙÏÎÌÁÒÄÁ 14 
ÆÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÕ ËÕÌÌÁÎąÌÍąĥ ÖÅ 
ÂÕÎÌÁÒÄÁÎ ÅÎ ÉÙÉ ÂÁĥÁÒąÍÁ ÓÁÈÉÐ φ ÁËÔÉÖÁÓÙÏÎ 
fonksiyonu (symmetric hard-limit, symmetric 
saturating linear, tangent sigmoid, pure linear, 
ÈÙÐÅÒÂÏÌÉÃ ÔÁÎÇÅÎÔ ÖÅ ÍÕÌÔÉÑÕÁÄÒÁÔÉÃɊ ÖÅ ÆÁÒËÌą 
ÓÁÙąÌÁÒÄÁËÉ ÇÉÚÌÉ ÎĘÒÏÎ ÓÁÙąÌÁÒą ɉυ-ρςυɊ ÉëÉÎ ÔÅÓÔÌÅÒ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÒÅË ÅÎ ÉÙÉ ÄÏøÒÕÌÕËÔÁ ëÁÌąĥÁÃÁË Áø 
ÐÁÒÁÍÅÔÒÅÌÅÒÉ ÂÅÌÉÒÌÅÎÍÅÙÅ ëÁÌąĥąÌÍąĥÔąÒȢ "Õ 
ÔÅÓÔÌÅÒÄÅ ÅÌÄÅ ÅÄÉÌÅÎ ÂÁĥÁÒąÍÌÁÒ ÏÒÔÁÌÁÍÁ ÈÁÔÁ 
ËÁÒÅÌÅÒÉ ËĘËİ ɉÒÏÏÔ ÍÅÁÎ ÓÑÕÁÒÅ ÅÒÒÏÒ-RMSE) 
ÙĘÎÔÅÍÉ ÉÌÅ ÈÅÓÁÐÌÁÎÁÒÁË 4ÁÂÌÏ ςȭÄÅ ÖÅÒÉÌÍÉĥÔÉÒȢ

 

Tablo 5Ȣ &ÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒą ÖÅ ÇÉÚÌÉ ÎĘÒÏÎ ÓÁÙąÌÁÒąÎÁ ÇĘÒÅ 2-3% ÄÅøÅÒÌÅÒÉ  

Aktivasyon 
Fonksiyonu 

'ÉÚÌÉ .ĘÒÏÎ 3ÁÙąÓą 
5 10 25 50 75 100 125 Ort. 

Sym. Hard-limit  
Sym. Sat. Linear 
Tangent Sigmoid 
Pure Linear 
Hyp. Tangent 
Multiquadratic  

0,00167 0,00166 0,00165 0,00163 0,00162 0,01708 0,00815 0,00478 
0,00168 0,00167 0,03627 0,02085 0,00160 0,00164 0,00161 0,00933 
0,00167 0,00165 0,00172 0,00164 0,00164 0,00168 0,01059 0,00294 
0,00294 0,00203 0,00203 0,00204 0,00203 0,00203 0,00203 0,00216 
0,00166 0,00166 0,01983 0,00389 0,00444 0,00304 0,00198 0,00522 
0,07592 0,01669 0,00249 0,00176 0,00391 0,02785 0,04680 0,02506 

 

+ÕÌÌÁÎąÌÁÎ ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒą ÉëÅÒÉÓÉÎÄÅ ÅÎ ÉÙÉ 
ÏÒÔÁÌÁÍÁ 2-3% ÄÅøÅÒÌÅÒÉȟ ÓÙÍÍÅÔÒÉÃ ÈÁÒÄ-limit, 
tangent sigmoid ve pure linear aktivasyon 
ÆÏÎËÓÉÙÏÎÌÁÒą ÉÌÅ ÓÁøÌÁÎÍąĥÔąÒȢ 4İÍ ÁËÔÉÖÁÓÙÏÎ 
ÆÏÎËÓÉÙÏÎÌÁÒą ÖÅ ÇÉÚÌÉ ÎĘÒÏÎ ÓÁÙąÌÁÒą ÂÉÒÌÉËÔÅ 
ÉÎÃÅÌÅÎÄÉøÉÎÄÅȟ ÅÎ ÉÙÉ ÂÁĥÁÒąÍą πȟππρφπ 2-3% ÄÅøÅÒÉ 
ÉÌÅ ρςυ ÇÉÚÌÉ ÎĘÒÏÎ ÓÁÙąÓąÙÌÁ ÓÙÍÍÅÔÒÉÃ ÓÁÔÕÒÁÔÉÎÇ 
linear aktivasyon fonksiyonu vermekle birlikte, en iyi 
ÂÁĥÁÒąÍÌÁÒąÎ ɉÏÒÔÁÌÁÍÁ πȟππςρφ 2-3% ÄÅøÅÒÉɊ 
ëÏøÕÎÌÕËÌÁ ÐÕÒÅ ÌÉÎÅÁÒ ÆÏÎËÓÉÙÏÎÕÙÌÁ ÓÁøÌÁÎÄąøą 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ 
!ÙÎą ĥÅËÉÌÄÅ ÆÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒąÎÁ ÖÅ ÇÉÚÌÉ 
ÎĘÒÏÎ ÓÁÙąÌÁÒąÎÁ ÂÁøÌą ÏÌÁÒÁËȟ ÔÁÈÍÉÎ ÅÄÉÌÅÎ ËÏÎÕÍ 
ɉÅÎÌÅÍǪÂÏÙÌÁÍɊ ÉÌÅ ÇÅÒëÅË ËÏÎÕÍ ÁÒÁÓąÎÄÁËÉ 
ÕÚÁËÌąË ÁĥÁøąÄÁ ÖÅÒÉÌÅÎ ÈÁÖÅÒÓÉÎÅ ÆÏÒÍİÌİȠ 

Ὠ ςὶ ὥὶὧίὭὲ

ở

ỞỞ
ờ

ỹ

ίὭὲ
ὰὥὸς ὰὥὸρ

ς
ÃÏÓὰὥὸρÃÏÓὰὥὸς

ίὭὲ
ὰέὲς ὰέὲρ

ς Ợ

ỡỡ
Ỡ

 (5)  

 

ËÕÌÌÁÎąÌÁÒÁË ÈÅÓÁÐÌÁÎÍąĥÔąÒȢ "ÕÒÁÄÁ Ὠ km cinsinden 
ÕÚÁËÌąøąȟ ὶ ÐÁÒÁÍÅÔÒÅÓÉ ÙÅÒËİÒÅÎÉÎ ÙÁÒąëÁÐąÎą ÉÆÁÄÅ 
etmekte olupȟὶ φσχρ ËÍ ÏÌÁÒÁË ÁÌąÎÍąĥÔąÒȢ  ὰὥὸρ ve 
ὰέὲρ ÓąÒÁÓąÙÌÁ ÇÅÒëÅË ËÏÎÕÍÕÎ ÅÎÌÅÍ ÖÅ ÂÏÙÌÁÍąÎąȟ 
ὰὥὸς ve ὰέὲς ÉÓÅ ÓąÒÁÓąÙÌÁ ÔÁÈÍÉÎ ÅÄÉÌÅÎ ËÏÎÕÍÕÎ 

ÅÎÌÅÍ ÖÅ ÂÏÙÌÁÍąÎą ÒÁÄÙÁÎ ɉÒÁÄȢɊ ÃÉÎÓÉÎÄÅÎ ÉÆÁÄÅ 
etmektedir.  
"Õ ÕÚÁËÌąË ÇÅÒëÅË ËÏÎÕÍÄÁÎ ÓÁÐÍÁ ÍÉËÔÁÒąÎąȟ ÙÁÎÉ 
ÈÁÔÁ ÍÉËÔÁÒąÎą ÉÆÁÄÅ ÅÔÍÅËÔÅ ÏÌÕÐȟ ËÕÌÌÁÎąÌÁÎ 
ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÕ ÖÅ ÎĘÒÏÎ ÓÁÙąÓąÎÁ ÂÁøÌą ÏÌÁÒÁË 
ÅÌÄÅ ÅÄÉÌÅÎ ÁÓÇÁÒÉ ÈÁÔÁ ÍÉËÔÁÒÌÁÒą ÍÅÔÒÅ ɉÍɊ 
ÃÉÎÓÉÎÄÅÎ 4ÁÂÌÏ σȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ
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4ÁÂÌÏ σȢ &ÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒą ÖÅ ÇÉÚÌÉ ÎĘÒÏÎ ÓÁÙąÌÁÒąÎÁ ÂÁøÌą Ïlarak elde edilen konum bilgilerine ait minimum 
ÈÁÔÁ ÍÉËÔÁÒÌÁÒą ɉÍɊȢ 

Aktivasyon 
Fonksiyonu 

'ÉÚÌÉ .ĘÒÏÎ 3ÁÙąÓą 
5 10 25 50 75 100 125 Ort. 

Sym. Hard-limit  
Sym. Sat. Linear 
Tangent Sigmoid 
Pure Linear 
Hyp. Tangent 
Multiquadratic  

20 10 7 7 5 9 8 9 
20 4 8 6 8 0,5 10 8 
19 2 2 5 12 7 5 7 
7 2 2 3 3 2 2 3 
10 5 7 12 9 10 2 8 
39 11 8 9 4 3 4 11 

4ÁÂÌÏ σȭÄÅ ÖÅÒÉÌÅÎ ÓÏÎÕëÌÁÒ ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉÎÄÅȟ ÅÎ 
iyi sonucun 0,5 m hata ile symmetric saturating 
linear aktivasyon fonksiÙÏÎÕ ÖÅ ρππ ÎĘÒÏÎ ÓÁÙąÓąÙÌÁ 
ÅÌÄÅ ÅÄÉÌÄÉøÉ ÇĘÒİÌÍÅËÔÅÄÉÒȢ 'ÉÚÌÉ ËÁÔÍÁÎÄÁËÉ ÎĘÒÏÎ 
ÓÁÙąÓąÎÁ ÂÁøÌą ÏÌÁÒÁË ËÕÌÌÁÎąÌÁÎ ÈÅÒ ÂÉÒ ÁËÔÉÖÁÓÙÏÎ 
ÆÏÎËÓÉÙÏÎÕ ÉëÉÎ ÅÌÄÅ ÅÄÉÌÅÎ ËÏÎÕÍ ÈÁÔÁ ÍÅÓÁÆÅÓÉ 
ÁÙÒą ÁÙÒą ëÉÚÄÉÒÉÌÅÒÅË ¤ÅËÉÌ ςȭÄÅ ÇÒÁÆÉËÓÅÌ ÏÌÁÒÁË 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ ¤ÅËÉÌÄÅÎ ÅÎ ÉÙÉ ÓÏÎÕëÌÁÒąÎ ëÏøÕÎÌÕËÌÁ 
ÐÕÒÅ ÌÉÎÅÁÒ ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÕ ÉÌÅ ÅÌÄÅ ÅÄÉÌÄÉøÉ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ

¤ÅËÉÌ 21Ȣ &ÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒą ÖÅ ÇÉÚÌÉ 
ÎĘÒÏÎ ÓÁÙąÌÁÒąÎÁ ÂÁøÌą ÏÌÁÒÁË ÅÌÄÅ ÅÄÉÌÅÎ ÍÉÎÉÍÕÍ 
hata mesafeleri (m) 
 
&ÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒą ÖÅ ÎĘÒÏÎ ÓÁÙąÌÁÒą 
ËÕÌÌÁÎąÌÁÒÁË ëÁÐÒÁÚ ÄÏøÒÕÌÁÍÁÙÌÁ ÅÌÄÅ ÅÄÉÌÅÎ ÔÅÓÔÌÅÒ 
ÓÏÎÕÃÕÎÄÁȟ ÔÁÈÍÉÎ ÅÄÉÌÅÎ ËÏÎÕÍ ÖÅ ÇÅÒëÅË ËÏÎÕÍ 
ÂÉÌÇÉÌÅÒÉ ÁÒÁÓąÎÄÁËÉ ÏÒÔÁÌÁÍÁ ÈÁÔÁ ÍÅÓÁÆÅÌÅÒÉ 4ÁÂÌÏ 
τȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥ ÏÌÕÐ ÂÕÎÁ ÇĘÒÅ ÅÌÄÅ ÅÄÉÌÅÎ ÇÒÁÆÉËÌÅÒ 
¤ÅËÉÌ σȭÄÅ ÖÅÒÉÌÍÉĥÔÉÒȢ 3ÏÎÕëÌÁÒ ÉÎÃÅÌÅÎÄÉøÉÎÄÅ ÅÎ ÉÙÉ 
ortalama hata mesafesinin 160 m ile multiquadratic 
ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÕ ÖÅ υπ ÎĘÒÏÎ ËÕÌÌÁÎąÌÁÒÁËȟ 
ÏÒÔÁÌÁÍÁ ÅÎ ÉÙÉ ÓÏÎÕëÌÁÒąÎ ÄÁ ëÏøÕÎÌÕËÌÁ ÙÉÎÅ ÐÕÒÅ 
ÌÉÎÅÁÒ ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÕÙÌÁ ÅÌÄÅ ÅÄÉÌÄÉøÉ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ 

 

4ÁÂÌÏ τȢ &ÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒą ÖÅ ÇÉÚÌÉ ÎĘÒÏÎ ÓÁÙąÌÁÒąÎÁ ÂÁøÌą ÏÌÁÒÁË ÅÌÄÅ ÅÄÉÌÅÎ ËÏÎÕÍ ÂÉÌÇÉÌÅÒÉÎÅ ÁÉÔ ÏÒÔÁÌÁÍÁ 
ÈÁÔÁ ÍÉËÔÁÒÌÁÒą ɉÍɊȢ 

Aktivasyon 
Fonksiyonu 

'ÉÚÌÉ .ĘÒÏÎ 3ÁÙąÓą 
5 10 25 50 75 100 125 Ort. 

Sym. Hard-limit  
Sym. Sat. Linear 
Tangent Sigmoid 
Pure Linear 
Hyp. Tangent 
Multiquadratic  

224 223 221 219 218 418 301 261 
225 224 672 473 214 218 216 320 
224 222 224 219 219 218 349 239 
304 198 198 198 198 198 198 213 
222 222 484 254 264 240 225 273 

7689 1485 213 160 191 541 860 1591 
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¤ÅËÉÌ 22Ȣ &ÁÒËÌą ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÌÁÒą ÖÅ ÇÉÚÌÉ ÎĘÒÏÎ 
ÓÁÙąÌÁÒąÎÁ ÂÁøÌą ÏÌÁÒÁË ÅÌÄÅ ÅÄÉÌÅÎ ÏÒÔÁÌÁÍÁ ÈÁÔÁ 

mesafeleri (m) 

 
%ÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ ÇÅÎÅÌ ÏÌÁÒÁË 
ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉÎÄÅȟ ÏÒÔÁÌÁÍÁÄÁ ÙÁËÌÁĥąË ςππ Í 
ÈÁÔÁ ÍÅÓÁÆÅÓÉ ÉÌÅ ÌÉÔÅÒÁÔİÒÄÅ ÙÁÐąÌÁÎ ÄÉøÅÒ 
ëÁÌąĥÍÁÌÁÒÄÁÎ ÄÁÈÁ ÉÙÉ ÂÉÒ ËÏÎÕÍÌÁÎÄąÒÍÁ ÂÁĥÁÒąÍą 
ÅÌÄÅ ÅÄÉÌÄÉøÉ ÇĘÒİÌÍÅËÔÅÄÉÒȢ vÎÅÒÉÌÅÎ ÁÌÇÏÒÉÔÍÁÙÌÁ 
pure linear aktivasyon fonksiÙÏÎÕ ÖÅ ÁÚ ÓÁÙąÄÁ 
ÎĘÒÏÎ ËÕÌÌÁÎąÌÁÒÁË ÄÁÈÉ ɉρπ-υπɊ ÂÉÒËÁë ÍÅÔÒÅ ÈÁÔÁ 
ÉÌÅ ëÏË ÉÙÉ ËÏÎÕÍ ÔÁÈÍÉÎÌÅÒÉ ÙÁÐąÌÁÂÉÌÅÃÅøÉ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ "ÕÎÕÎÌÁ ÂÅÒÁÂÅÒȟ ÏÒÔÁÌÁÍÁ ÈÁÔÁ 
ÍÅÓÁÆÅÓÉÎÉÎ ÄÁÈÁ ÙİËÓÅË ëąËÍÁÓąÎąÎ ÎÅÄÅÎÉÎÉÎ 
ÏÌÕĥÔÕÒÕÌÁÎ ÖÅÒÉ ÓÅÔÉÎÄÅËÉ ÕÙÕÍÓÕÚ ÖÅÒÉÄÅÎ 
kaynaklandąøą ÄİĥİÎİÌÍÅËÔÅÄÉÒȢ ¤ĘÙÌÅ ËÉȠ ÂÁÚą 
ÄÕÒÕÍÌÁÒÄÁ ËÕÌÌÁÎąÌÁÎ ÏÐÅÒÁÔĘÒÅ ÁÉÔ ÂÁÚ 
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vÚÅÔ 
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KÉÎͻÉÎ 6ÕÈÁÎ ĥÅÈÒÉÎÄÅ ËÅĥÆÅÄÉÌÍÉĥ ÈÁÓÔÁÌąËȟ ËÅĥÆÉÎÄÅÎ ÂÕ ÙÁÎÁ ÄİÎÙÁ ëÁÐąÎÄÁ ÙÁÙąÌÁÒÁË ςπρω-ςπ ËÏÒÏÎÁÖÉÒİÓ 
ÐÁÎÄÅÍÉÓÉÎÅ ÙÏÌ ÁëÍąĥÔąÒȢ σ -ÁÒÔ ςπςπ ÉÔÉÂÁÒÉÙÌÅ ÄİÎÙÁ ëÁÐąÎÄÁ ĘÌİÍ ÏÒÁÎą Ϸσȟτ ÏÌÁÒÁË ÂÅÌÉÒÌÅÎÅÎ #/6)$-19 
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ÏÎÁÙÌÁÎÁÎ ÖÁËÁ ÖÅ ĘÌİÍ ÓÁÙąÌÁÒą ÉÌÅ ÂÉÒ ÚÁÍÁÎ ÓÅÒÉÓÉ ÁÎÁÌÉÚÉ ÙÁÐąÌÍąĥ ÖÅ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ ÙÏÒÕÍÌÁÎÍąĥÔąÒȢ 

Anahtar Kel imeler:   Zaman Serisi Analizi, COVID-19, RNN 

A Time Series Analysis on the COVID-19 in USA 

Abstract  

Coronavirus disease 2019, in abbreviation COVID-19; It is an infectious respiratory disease caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that affects people. The disease, which was first 
discovered in Wuhan, China in 2019, has spread worldwide since its discovery, causing a 2019-20 coronavirus 
pandemic. As of March 3, 2020, there are 1,328,786 approved cases in the world as of April 6, 2020 for COVID-
19, the worldwide mortality rate of which was 3.4%. As of this date, there were 277,295 cases that recovered, 
while 73,801 patients died due to the virus. In this publication, a study was conducted on the USA, the country 
where COVID-19 was seen the most, on April 6. In the USA, the number of cases and deaths approved for 
COVID-19 and a time series analysis were performed and the results were interpreted. 

Keywords: Time Series Analysis, COVID-19, RNN 
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ÏÒÔÁÙÁ ëąËÍąĥÔąÒȢ ,34-ȭÌÅÒÄÅ ËÌÁÓÉË ĘÚÙÉÎÅÌÅÍÅÌÉ 
ÓÉÎÉÒ Áøą ÍÏÄÅÌÉÎÄÅ ÂÕÌÕÎÍÁÙÁÎ ÕÎÕÔÍÁ ËÁÔÍÁÎą 
ÂÕÌÕÎÍÁËÔÁÄąÒ ɍτɎȢ  LSTM modellerde temel 
ÄİĥİÎÃÅ ÂÉÒ ÂÉÌÇÉÎÉÎ ÂÅÌÌÅËÔÅ ÔÕÔÕÌÕÐ 
tutuÌÍÁÙÁÃÁøąÎÁ ËÁÒÁÒ ÖÅÒÍÅËÔÉÒȢ ,34- ÁøÌÁÒ ¤ÅËÉÌ 
ςȭÔÅ ÖÅÒÉÌÄÉøÉ ÇÉÂÉ ĘÚÅÌ ÂÉÒ ÍÉÍÁÒÉÙÅ ÓÁÈÉÐÔÉÒÌÅÒȢ 

 

 

¤ÅËÉÌ ςȢ ,34- -ÉÍÁÒÉÓÉ 

 

,34-ȭÄÅËÉ ÈİÃÒÅ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌÁÎ ÂÅÌÌÅËÌÅÒ 
ÈÁÎÇÉ ÂÉÌÇÉÌÅÒÉ ÔÕÔÁÃÁøąÎÁ ÖÅ ÈÁÎÇÉ ÂÉÌÇÉÌÅÒÉ 
ÓÉÌÅÃÅøÉÎÅ ËÁÒÁÒ ÖÅÒÉÒȢ $ÁÈÁ ÓÏÎÒÁȟ ÈİÃÒÅÎÉÎ ÁÎÌąË 
ÄÕÒÕÍ ëąËÔąÓąÎą İÒÅÔÍÅË ÉëÉÎ ÉÓÅ ÂÉÒ ĘÎÃÅËÉ ÄÕÒÕÍ 
ëąËÔąÓąȟ ÇİÎÃÅÌ ÂÅÌÌÅË ÂÉÌÇÉÌÅÒÉ ÖÅ ÇİÎÃÅÌ ÇÉÒÄÉ ÁËąÌÌą 
ÂÉÒ ĥÅËÉÌÄÅ ÂÉÒÌÅĥÔÉÒÉÌÉÒ ɍσɎȢ 

 

!ÒÁĥÔąÒÍÁ "ÕÌÇÕÌÁÒą 

9ÁÐąÌÁÎ ÁÎÁÌÉÚÌÅÒ ÉëÉÎ ÄÏøÒÕÌÁÎÍąĥ ÖÁËÁ ÖÅ ĘÌİÍ 
ÏÒÁÎÌÁÒą İÚÅÒÉÎÄÅÎ ÔÁÈÍÉÎÌÅÍÅ ÙÁÐąÌÍąĥÔąÒȢ !ÎÁÌÉÚ 
ÉëÉÎ ςςȢπρȢςπςπ ÖÅ πφȢπτȢςπςπ ÔÁÒÉÈÌÅÒÉ ÁÒÁÓąÎÄÁËÉ 
ÖÅÒÉÌÅÒ ÁÌąÎÍąĥÔąÒȢ ςςȢπρ ɀ ςψȢπσ ÔÁÒÉÈÌÅÒÉ ÁÒÁÓąÎÄÁËÉ 
ÖÅÒÉÌÅÒ ÂÁÚ ÁÌąÎÁÒÁË ÔÁÈÍÉÎÌÅÍÅ ëÁÌąĥÍÁÓą 
ÙÁÐąÌÍąĥÔąÒȢ ¤ÅËÉÌ σȭÔÅ !ÍÅÒÉËÁ ÉëÉÎ φ .ÉÓÁÎ ςπςπ 
ÔÁÒÉÈÉÎÅ ËÁÄÁÒ ÇĘÒİÌÅÎ ÖÁËÁ ÖÅ ĘÌİÍ ÓÁÙąÌÁÒą 
ÖÅÒÉÌÍÉĥÔÉÒȢ 

 

 

¤ÅËÉÌ σȢ !ÍÅÒÉËÁ 6ÁËÁ ÖÅ vÌİÍ 3ÁÙąÌÁÒą  

 

¤ÅËÉÌ σȭÔÅ /ÃÁË ÁÙąÎÄÁ ÂÁĥÌÁÙÁÎ ÖÁËÁÌÁÒąÎ -ÁÒÔ 
ÓÏÎÕ .ÉÓÁÎ ÂÁĥąÎÄÁ ÁÎÉ ÂÉÒ ÙİËÓÅÌÉĥÅ ÇÅëÔÉøÉ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ vÌİÍ ÓÁÙąÌÁÒąÎÄÁ ÉÓÅ ÙÉÎÅ -ÁÒÔ 
ÓÏÎÕ .ÉÓÁÎ ÂÁĥÌÁÒąÎÄÁ ÁÒÔąĥ ÍÅÙÄÁÎÁ ÇÅÌÄÉøÉ 
ÇĘÒİÌÍÅËÔÅdir.  
6ÅÒÉ ÓÅÔÉ İÚÅÒÉÎÄÅ ςς /ÃÁË φ .ÉÓÁÎ ÔÁÒÉÈÌÅÒÉ 
ÁÒÁÓąÎÄÁËÉ ÖÅÒÉÌÅÒ İÚÅÒÉÎÄÅ ÂÉÒ ÚÁÍÁÎ ÓÅÒÉÓÉ ÁÎÁÌÉÚÉ 
ÙÁÐąÌÍąĥÔąÒȢ -ÏÄÅÌÉÎ ÄÏøÒÕÌÕøÕÎÕ ÔÅÓÔ ÅÄÅÂÉÌÍÅË 
ÁÄąÎÁ φ .ÉÓÁÎ ÂÁÚ ÁÌąÎÁÒÁË υ ÇİÎ ĘÎÃÅÓÉÎÅ ÁÉÔ 
ÖÅÒÉÌÅÒ ÖÅ φ .ÉÓÁÎÄÁÎ ÓÏÎÒÁËÉ χ ÇİÎÌİË ÖÅÒÉÌÅÒ 
tahmin edilÍÅÙÅ ëÁÌąĥąÌÍąĥÔąÒȢ  

+ÕÒÇÕÌÁÎÁÎ ,34- ÍÏÄÅÌ 4ÁÂÌÏ ρȭÄÅ ÖÅÒÉÌÍÉĥÔÉÒȢ 
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Tablo 6. Kurgulanan LSTM Model 

Layer (type)    Output Shape Param 
# 

lstm_1 (LSTM) (None, 75) 23100 
dense_1 (Dense) (None, 75) 5700 
dense_2 (Dense) (None, 1) 76 

 
Total params: 28.876 

Trainable params: 28.876 
Non-trainable params: 0 

 

-ÏÄÅÌÉÎ ËÁÔÍÁÎÌÁÒąÎÄÁ ÁËÔÉÖÁÓÙÏÎ ÆÏÎËÓÉÙÏÎÕ 
ÏÌÁÒÁË ÒÅÌÕ ÓÅëÉÌÍÉĥÔÉÒȢ 4ÏÐÌÁÍÄÁ υπ ÅÐÏÃÈ 
ëÁÌąĥÔąÒąÌÁÎ ÍÏÄÅÌÄÅ ȰÁÄÁÍȱ ÏÐÔÉÍÉÚÁÓÙÏÎ 
ÆÏÎËÓÉÙÏÎÕ ËÕÌÌÁÎąÌąÒËÅÎȟ ÌÏÓÓ ÆÏÎËÓÉÙÏÎÕ ÏÌÁÒÁË 
ȰÍÅÁÎ ÓÑÕÁÒÅÄ ÅÒÒÏÒȱ ËÕÌÌÁÎąÌÍąĥÔąÒȢ %ÌÄÅËÉ ÖÅÒÉÌÅÒ 
ÂÁÚ ÁÌąÎÁÒÁË ÙÁÐąÌÁÎ ÔÁÈÍÉÎ ÓÏÎÕëÌÁÒą ¤ÅËÉÌ τ ÖÅ 
¤ÅËÉÌ υȭÔÅ ÖÅÒÉÌÍÉĥÔÉÒȢ 

 

 

¤ÅËÉÌ τȢ dÌÅÒÉÙÅ $ĘÎİË vÌİÍ 4ÁÈÍÉÎ 

 

 
¤ÅËÉÌ υȢ dÌÅÒÉÙÅ $ĘÎİË 6ÁËÁ 4ÁÈÍÉÎ 

 

!ÍÅÒÉËÁ ÉëÉÎ ÄÏøÒÕÌÁÎÍąĥ ÖÁËÁ ÖÅ ĘÌİÍ ÓÁÙąÌÁÒą 
İÚÅÒÉÎÅ ÙÁÐąÌÁÎ ÔÁÈÍÉÎÌÅÍÅ ëÁÌąĥÍÁÓą ÉëÉÎ ÓÏÎÕÃÕ 
ÅÌÄÅ ÅÄÉÌÅÎ ÌÏÓÓ ÄÅøÅÒÌÅÒÉ ¤ÅËÉÌ φ ÖÅ ¤ÅËÉÌ χȭÔÅ 
ÖÅÒÉÌÍÉĥÔÉÒȢ 
 

 

¤ÅËÉÌ φȢ vÌİÍ 4ÁÈÍÉÎ ,ÏÓÓ  

 

 
¤ÅËÉÌ χȢ 6ÁËÁ 4ÁÈÍÉÎ ,ÏÓÓ  

 

3ÏÎÕëÌÁÒ 

!ÌąÎÁÎ ÓÏÎÕëÌÁÒ ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉÎÄÅ ËÕÒÇÕÌÁÎÁÎ 
modelin 2 Nisan ɀ φ .ÉÓÁÎ ÔÁÒÉÈÌÅÒÉ ÁÒÁÓąÎÄÁËÉ ÖÁËÁ 
ÖÅ ĘÌİÍ ÏÒÁÎÌÁÒąÎą Ϸωυ ÂÁĥÁÒą ÉÌÅ ÔÁÈÍÉÎ ÅÔÔÉøÉ 
ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ Bununla birlikte modelin 6 Nisan 
ÓÏÎÒÁÓą χ ÇİÎÌİË ÙÁÐÔąøą ÔÁÈÍÉÎÌÅÒÄÅ ÄÅ ÖÁËÁ 
ÓÁÙąÓąÎąÎ .ÉÓÁÎ ÏÒÔÁÌÁÒąÎÄÁ ρ ÍÉÌÙÏÎÁ ÙÁËÌÁĥÍÁÓą 
ÂÅËÌÅÎÍÅËÔÅÄÉÒȢ 9ÉÎÅ ÁÙÎą ÔÁÈÍÉÎ ÍÏÄÅÌÉÎÄÅ ĘÌİÍ 
ÓÁÙąÓąÎąÎ .ÉÓÁÎ ÏÒÔÁÌÁÒąÎÄÁ υπȢπππȭÉ ÁĥÁÃÁøą 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ  
!ÍÅÒÉËÁ ÉëÉÎ .ÉÓÁÎ ÁÙą ÓÏÎÕÎÄÁ ρȢπχςȢφφχ 
ÄÏøÒÕÌÁÎÍąĥ ÖÁËÁ ÓÁÙąÓą ÖÅ ĘÌİÍ ÓÁÙąÓą φσȢςωρ 
ÏÌÁÒÁË ËÁÙÄÅÄÉÌÍÉĥÔÉÒȢ 'ÅÌÉĥÔÉÒÉÌÅÎ ÍÏÄÅÌÉÎ 
ĘÎÇĘÒÄİøİ ÓÁÙąÌÁÒ ÎÅÔÉÃÅÓÉÎÄÅȠ ÍÏÄÅÌÉÎ ÖÁËÁ ÓÁÙąÓą 
ÖÅ ĘÌİÍ ÏÒÁÎą ÔÁÈÍÉÎÉÎÄÅ ËÁÙÄÁ ÄÅøÅÒ ÓÏÎÕëÌÁÒ 
İÒÅÔÔÉøÉ ÇĘÒİÌÍİĥÔİÒȢ  
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KullaÎąÌÁÎ ÍÏÄÅÌ ÉëÉÎ ÉÌÅÒÌÅÙÅÎ ÄĘÎÅÍÄÅ ÉÙÉÌÅĥÅÎ 
ÖÁËÁ ÓÁÙąÓą ÄÁ ÄÁÈÉÌ ÅÄÉÌÅÒÅË ÆÁÒËÌą İÌËÅÌÅÒ İÚÅÒÉÎÄÅ 
ëÁÌąĥÍÁÌÁÒ ÇÅÌÉĥÔÉÒÉÌÅÃÅËÔÉÒȢ  
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Abstract  

Stock market forecasting has become the most interesting research field to cope with volatile market 
situations. A number of research works have been published in this area and different methods has been 
proposed. Following the success of machine learning techniques in the field of artificial intelligence (AI), they 
have also shown their efficiency in the field of stock market prediction. In this article, three most popular 
machine learning algorithms have been investigated for stock market price prediction. The methods 
investigated include: Artificial Neural Network (ANN), k-Nearest Neighbors (KNN) and Auto-Regressive 
Integrated Moving Averages (Auto ARIMA). The aim of this study is to make a future forecast by looking at the 
historical stock price data. 
 
Keywords: Stock market prediction, machine learning, artificial neural network, k-Nearest Neighbors, Auto ARIMA 
 
 

Introduction  

Stock market forecasting has become the most 
interesting research field to cope with volatile 
market situations.  As many factors are involved 
with the stock market, such as economic balance 
and physical events, therefore, its prediction is a 
very challenging task.  Therefore, developing a 
highly robust stock prediction system can help 
investors to make a better decision about 
investment. However, the development of powerful 
computing technology and state-of-the-art machine 
learning techniques has made it possible to make 
stock market value predictions with high accuracy. 
Most of the recent work is done with artificial 
intelligence applications and machine learning 
techniques. The success rates of these techniques 
are much higher than other statistical models. 
In recent years, the artificial neural network has 
become a hot research field in this domain. Artificial 
neural network (ANN) has strong nonlinear 
approximation ability to nonlinear relation. ANN 
has been successfully applied to learn non-linear 
relationship within complex data. As the stock price, 
volume and other data contains a large number of 
information affecting the stock price changes, ANN 
can learn the historical data of the stock, so as to 

 
1* seydakalyoncu1595@gmail.com 

find the effects of stock prices. Researchers in 
different fields such as computers and businesses 
have also found many researches on stock market 
forecasting [1].These researchers took different 
approaches by trying different algorithms and 
techniques for stock market prediction. In [2] 
authors  predicted the KSE-100 Index, which has 
approximately 3 years of data, using ANN and 
ARIMA in their work. In another study, research 
was conducted to find concrete effects on the 
market using Asian markets [3]. Chirag Modi et al. 
Made an estimation study using ANN stocks of 
companies under the National Stock Exchange 
(NSE). They proved that artificial neural networks 
are successful in stock price estimation [4]. Y. Bing, 
J. Hao and S. Zhang used ANN to predict stock 
market indices [5]. They developed an estimate 
based on the values of the nifty stock over the past 
n days. As a result of this study, they achieved an 
accuracy rate of 96%. 
Similarly, Khalid Alkhatib and colleagues used the k-
NN algorithm to estimate the stock prices of six 
companies in the Jordan market [6]. Results It is 
concluded that the k-NN algorithm has very small 
margins of error and very close values to real data. 
In another k-NN study, the price estimate of the 
LQ45 index in the Indonesian market was made [7]. 
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In the study, the k-NN has achieved a higher 
accuracy rate than the moving average method. 
Patil et al. Estimated the stock prices using the k-NN 
algorithm and back propagation learning technique 
[8]. They have seen that the K-NN algorithm gives 
more realistic results in price prediction. 
Auto ARIMA is a very popular statistical method for 
time series prediction. Historical data is used to 
predict future values. Auto ARIMA has been used 
and developed in many studies. S. Wadi, M. 
Almasarweh and A. Alsaraireh applied the auto 
ARIMA model to the closing prices obtained from 
the Amman Stock Exchange (ASE) from 2010 to 
2018 [9]. As a result, they saw that the model gave 
significant results. Another study showed the 
advantages of the autoregressive integrated moving 
average (ARIMA) model [10]. In his studies, the data 
on the Amman stock exchange in the Jordan market, 
which had daily data from 1993 to 2017, were used. 
As a result, the ARIMA model has been shown to 
yield important results in short-term market 
forecasts. 
In this article, three most popular machine learning 
algorithms have been investigated for stock market 
price prediction. The methods investigated include: 

Artificial Neural Network (ANN), k-Nearest 
Neighbors (KNN) and Auto-Regressive Integrated 
Moving Averages (Auto ARIMA). The aim of this 
study is to make a future forecast by looking at the 
historical stock price data. The dataset used in this 
experiment was obtained from Tata Global 
Beverages Limited. This data is identified by the 
opening, closing, highest, and lowest values of the 
stock between years 2010-2019. 
The rest of the paper is arranged as follows. In 
section 2 we described the algorithms used. Section 
3 describes the proposed methodology and the 
created models. Section 4 presents the 
experimental results. Finally, we complete the 
paper with concluding remarks and future 
perspective in section 5. 

Algorithms  

Machine learning (ML) algorithms are one of the 
most popular approaches in the field of artificial 
intelligence. As the amount of data increases, 
technological advances in machine learning have 
gained speed. ML has long been used in stock 
market prediction. ML algorithms are known to be 
successful in stock market index movements and 
future projections. In this section, we will briefly 
talk about the three most popular machine learning 
algorithms. These are Artificial Neural Network 
(ANN), k-Nearest Neighbor and Auto-Regressive 
Integrated Moving Averages (Auto ARIMA).  

ANN Basics 

Artificial Neural Networks (ANN) collects 
information with examples, historical data and 
makes generalizations. He then decides about those 
samples by using the sample information compared 
to the samples he has never seen. This shows the 
ability to successfully solve complex problems. 
The human brain is probably the most complex 
machine in the world. It is very effective in 
achieving results in record time. The ANN structure 
is therefore very similar to that of the human brain. 
There are various architectures of ANN, but the 
most popular one is the multilayer perceptron 
(Figure 1). The neurons are arranged into three 
layers: input hidden and output layers. The number 
of neurons in the input layer are same as the 
features and the number of neurons at output layer 
are same as number of classes. The neurons in the 
hidden layer can vary depending on the accuracy of 
the classifier. 

 

Figure 2. Computer Neuron 

The computer neuron is created similarly, as shown 
in Figure 2. The parts marked with yellow circles 
are the inputs of the neuron. Neuron emits an 
output signal after a calculation. The input layer is 
the dendrites of the neuron. The output signal is 
axon. Each input signal has a weight (ύ). After this 
weight is multiplied by the input value, the neuron 
stores the weighted sum of all input variables. In the 
nerve learning training stage, these weights are 

Figure 1. MLP Architecture 
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calculated with the concepts of backpropagation 
and gradient landing. The activation function is then 
applied to the weighted summation obtained. It 
then results in the neural output signal of the 
neuron. 

K-NN Basics 

The K-Nearest Neighborhood (k-NN) Algorithm is 
one of the simplest and most widely used 
classification algorithms from machine learning 
algorithms. Although it is used in both classification 
and regression problems, it is mostly used in the 
solution of classification problems in the industry. 
K-NN algorithm is one of the most preferred 
machine learning algorithms because it is resistant 
to noisy data. The algorithm is used by using the 
sample data set with a certain class. After the new 
data to be included in the sample data set has been 
stacked from the existing data, k close neighbors are 
checked. "Euclidean Distance," Manhattan 
"Distance and" Minkowski "Distance functions are 
used for distance calculations. Using K-NN data, it 
classifies new data points according to these 
distance functions. The data is assigned to the 
closest neighbor class. 

Auto ARIMA Basics 

Autoregressive Integrated Moving Averages 
(ARIMA) is a statistical model used to predict and 
analyze time series data. ARIMA has been a good 
acronym to describe the model structure. If we 
examine ARIMA according to its syllables: 
AR: Autoregression. It is the model that establishes 
the relation between some delayed observations 
and an observation. 
I: Integrated. It is the definition of differentiation of 
observation to immobilize time series. 
MA: stands for Moving Average. It is a model that 
uses the dependency between an observation and 
an error left over from the moving average model 
applied to a delayed observation. 
There is a standard representation p, d, q equivalent 
to these components. p is the number of delay 
observations we are talking about. d is the number 
of differentiations of raw observations. q is the size 
of the moving average window. 
A model is created containing the specified terms. A 
value of 0 can be used for the parameter with the 
element that the model will not use. Thus, ARIMA 
model can be configured. 

Proposed Methodology  

This template is the template used in ICONDATA 
conferences. Authors should upload their full-text 

manuscript to the conference system in accordance 
with this template. 

ANN Model 

We have discussed that Artificial Neural Networks 
(ANN) works by learning historical data in the 
future forecast. ANN Models have been the 
preferred method in time series estimates. Our data 
set consists of daily data for 9 years between 2010 
and 2019 by TATA-GLOBAL. We divided our data 
set into 70% train and 30% test data. We 
standardized the data using Min-Max Scaler. If we 
do not standardize, the neural network may 
interfere and give more weight to properties with 
higher average value than others. After the 
standardization process, we proceeded to the 
model building phase. The ANN Model we created 
consists of 6 input parameters (Open-High-Low-
Close-Total Quantity), two hidden layers and an 
output layer. We set the units value of our hidden 
layers to 128. The Units value is the number of 
neurons or nodes in the hidden layer. The neuron in 
the output layer is the stock closing price estimate. 
Neurons in the hidden layer will have different 
weights for each of the six input parameters and 
activation functions to activate these input 
parameters. We used the ReLu activation function 
in our model. The model will then implement a 
weighted addition activation function in the neuron, 
based on the weights it trained to obtain itself, and 
this will be the output value for the particular 
neuron. Similarly, other neurons will have an output 
value based on their individual activation functions 
and weights. Finally, the predicted value of the 
closing price is obtained by summing the output 
values of these neurons. We used the mean squared 
error function for Loss evaluation. We repeated the 
back forward process as 50 Epoch. The ANN model 
we created works in this way for stock price 
estimation. 

K-NN Model 

We implemented the necessary libraries and 
dataset before creating our K-NN model. We 
imported the KNeighborsClassifier from 
sklearn.neighbors and accuracy_score libraries 
from sklearn.metrics so that we can implement the 
K nearest neighbor algorithm. Then we separated 
our data set as 70% train and 30% test data. After 
separating the data set as train and test, we start the 
k closest neighbor algorithm. We have given 25 the 
value of k. K value may vary. Accuracy rates can be 
observed using different k values. Then we fit the 
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train data with the fit process. We calculated train 
and test accuracy using accuracy_score. 

Auto ARIMA Model 

In this section, we will finally discuss how we 
construct a model for time series estimation using 
ARIMA. ARIMA model can give better results in 
short term estimations. Our data set is compatible 
with the ARIMA model. 
In this model, we examined the value of Close in the 
data set. Before analyzing the time series, we 
analyzed the autocorrelation graph of the Close 
value according to a fixed delay time. Looking at the 
results in Figure 3, we see that there are suitable 
data to apply ARIMA. 
Then we divided the data into 70% training and 
30% test sets. We have drawn the training and test 
datasets to see how the time series looks like. 

 

Figure 3. TATAGLOBAL Autocorrelation Graph 

 
Figure 4. TATAGLOBAL Prices 

After analyzing the data set, we need to determine 
p, d, q values to create the ARIMA model. There are 
many methods for determining these values, such 

as looking at correlation graphs or automatic 
correlation graphs. We found the most appropriate 
value for p, d, q using the simple approach, the 
Akaike Information Criterion (AIC) method. AIC is a 
quality model measure for a data set. It is used to 
choose the most suitable one among different 
models. The model with the smallest AIC value is 
chosen as the most suitable model. We made this 
calculation quickly in python with the 
pmdarima.arima library. The p, d, q values of the 
model with the lowest AIC value were determined 
as (1,1,1). We used these values in our model. We 
applied our model from the data sets we separated 
as test and train to the train. 

Experimental Results  

ANN Model Results 

We have achieved quite good results with the ANN 
model we created. The ANN structure makes 
predictions about the future by learning the 
historical data and shows how suitable it is for the 
time series prediction. Our graph comparing close 
values according to the ANN model we obtained is 
as in Figure 5. 

 

Figure 5. TATAGLOBAL ANN Model Results 

The accuracy rate of the ANN model we created has 
a high success as seen in the graphics. We evaluated 
our accuracy rate and the Root Mean Square Error 
(RMSE) and Average Absolute Error (MAE) metrics 
outside the charts. We calculated the RMSE value of 
the ANN model as 0.22 and the MAE value as 0.16. 

K-NN Model Results 

The KNN algorithm is of great importance in 
machine learning algorithms. It has a very high 
success in classification problems. With the k-NN 
algorithm we created, we achieved a lower 
estimation rate compared to the ANN model. 
Although it was lower than the ANN model, we 
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obtained values close to real values. RMSE value of 
the K-NN model as 3.10 and the MAE value as 2.88. 

 

Figure 6. TATAGLOBAL K-NN Algorithm Results 

Auto ARIMA Model Results 

Auto ARIMA Model has shown a high success rate in 
time series in previous studies. We reached the high 
accuracy rate with the values of p, d, q parameters 
calculated with AIC method with the ARIMA model 
we created. We made a comparison of the 
estimation values we created with the original data. 
We drew two different graphs (Figure 6 and Figure 
7) to see how well our prediction matches the test 
data set with which we have real data. 

 
Figure 7. TATAGLOBAL ARIMA Model Result 

 
Figure 8. TATAGLOBAL ARIMA Model Result 2 

We calculated the RMSE value of the ARIMA model 
as 0.096 and the MAE value as 0.51. 

Conclusion 

Stock market forecast is open to many ML 
algorithms. At the same time, there are models with 
high success that can be applied due to their time 
series data. In this study, we applied three 
important machine learning algorithms to our data 
set. Our results are very promising. We can say that 
ANN and ARIMA models are more successful in this 
regard. We hope that our work will shed light on 
investors. The evaluation of our study with other 
ML algorithms by comparing the results can be 
suggested as another research subject. 
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Abstract  

It is the determination of the classification algorithm that works with the highest accuracy and time values 
though a result of examining data by considering time and accuracy criteria of the classification algorithms 
used in machine learning. It is a system design that helps users to choose algorithms based on comparative 
analysis of classification algorithms from classical machine learning methods. 
In our study, the classification performances of Classical Machine Learning (CML) algorithms were analyzed 
on Chronic Kidney Disease data set. In our study, five measurement methods were used, such as Accuracy - 
Error Rate, F-Measure, Recall, Kappa Statistic and Precision to measure the success of the Training Set and 
Cross Validation models on the UCI Chronic Kidney Disease dataset. At the same time, blog writers mood 
biomedical data were used to compare the performance of two classification methods. These methods were 
used as Use Training Set and Cross-validation method k = 10. As a result of the studies, the accuracy of the 
Random Forest (RF) classification algorithm for our data set among the Machine Learning methods has 
shown higher performance than the other four methods. With the study carried out, five machine learning 
methods were evaluated using two datasets and five measurement methods were compared on the chronic 
kidney patient dataset, and information about which classification method and measurement metric 
selection was obtained. 
Keywords:  Machine Learning, Classification Algorithms, Data Set Analysis, Biomedical Data 
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1. Introduction  

Machine Learning is the development of automated 
techniques to learn how to make accurate 
predictions based on previous observations [1]. 
According to another researcher, it is the 
development of systems that automatically 
develop and perform the learning process as a 
result of experiences [2]. 

With the proliferation of researches on machine 
learning, research areas such as artificial neural 
networks, statistics, computational learning theory 
and pattern recognition have been established and 
interdisciplinary subjects have been studied. Along 
with traditional problems, it has started to be 
applied in new fields such as information search, 
information discovery, language processing and 
robot control in databases [3]. 

Algorithms of machine learning are used in the 
discovery and analysis of properties and data [4]. 
The data in the dataset is divided into two as 
labeled and unlabeled. Labeled data is used to train 
an algorithm, and unlabeled data is used to test the 
trained algorithm. For this reason, the data in the 
dataset is also called training and test dataset. 
Systems created with Machine Learning generally 
use two types of learning models. These two 
models are called supervised and unsupervised 
learning models [5]. There are systems in which 
both models (semisupervised learning) are used. 

Supervised Machine Learning is to provide 
learning by training the system using labeled data. 
While the system is being trained, the inputs and 
outputs of each data in the data set are given. In 
Text Classification applications, the input 
represents the content of the text and the output 
represents the category. The test dataset is used to 
ÃÈÅÃË ÔÈÅ ÓÙÓÔÅÍȭÓ ÁÃÃÕÒÁÃÙȢ )Î ÔÈÅ ÖÁÌÉÄÁÔÉÏÎ ÏÆ ÔÈÅ 
system, the learning algorithm category 
determines that any test data that is unknown is 
belonging to any of the outputs in the training data 
[6]. Supervised learning model process takes place 
as given in Figure 1 [7]. 

 The problem in supervised learning is 
classification and it is used for the purpose of 
estimation and recognition of trained system test 
data [4]. Random Forest, Simple Bayesian, Support 
Vector Machine, Multinom Simple Bayesian, 
Artificial Neural Networks, Logistic Regression, k-
Nearest Neighbor and Decision Trees algorithm are 
common methods used when using a supervised 
learning model [8]. 

The methods used for classification can vary 
depending on the difference arising from the 
problem or expected result. Therefore, after 
classification, the results may need to be produced 
as multi-label or single-label. In the single_label 

classification test sample, only one label from the 
current set of labels can be defined, while in the 
multi -label classification many labels can be 
defined. In binary classification, which is a 
exclusive case of single-label classification, 
classification is made by assigning a single label 
between the two existing categories [9]. 

 In the UML (Unsupervised Machine Learning) 
model, the system is learned by using unlabeled 
data while training the system. In unsupervised 
learning, the purpose is not recognition or 
classification, since the results in the data set are 
applied to the input, since the output results are 
unknown. Often, finding relationships between 
attributes, such as clustering, probability density 
estimation, and size reduction, etc. are used for 
purposes. In addition, the results found with the 
unsupervised learning algorithm can be used for 
supervised learning [4]. Fragmentation and 
hierarchical clustering algorithms are the 
algorithms used when creating an unsupervised 
learning model [10]. 

 

Figure 2: Supervised Machine Learning Model 
Process 
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2. Configuration  

2.1.  WEKA 

WEKA is one of softwares used in machine learning 
studies. It is developed on the JAVA language as 
open source and is distributed under the GPL 
license. Consists of initials of the words Waikato 
Environment for Knowledge Analysis. 

WEKA data reads the data from the .csv or .arff file 
and assumes that the scholastic variables on the 
data are numerical or nominal values. It can also 
pull data through the database, but the data is 
expected to be in the form of a file data [11]. 

There are many libraries you need regarding 
machine learning and statistics in the WEKA 
software. Classification, data preprocessing, 
clustering, priming (regression), feature selection 
or feature extraction are some of these. In addition, 
there are visualization tools that allow 
visualization of the results of these processes [12]. 

2.2 Data Set Information  

In this study, UCI Chronic Kidney Disease and Blog 
Authors Mood Data Set was used. 

3. Comparison and Performance Analys is of 
Classification Algorithms Used in Machine 
Learning  

In the study, the data of Chronic Kidney Disease 
dataset was trained with 10 pieces of Cross 
Validation method and then tested. In cross 
validation method, the dataset is first divided by 
the number of subset specified. The number of 
subsets was chosen 10 in this study. The system is 
then trained so that each piece is a test set 1 time 
and then tested with the test set. The success of the 
system is measured by taking the average of the 
test results. The data sets used in Table 5 are 
examples and feature numbers. In this dataset,    
ckd = Chronic Kidney Disease, notckd = refers to 
Persons without Chronic Kidney Disease, 

J48 Decision Tree, Random Forest (RF), IBk (k-
nearest neigbour), Sequential Minimal 
Optimization (SMO) and Naive Bayes (NB)  is used 
in the study. 

3.1 Machine Learning Methods 

NB is a classification method of probabilistic which 
is based on theorem of Bayes and its application is 
simple. It is an approach that calculates the 
probability of whether a newly added data to the 
data set belongs to the existing classification 
groups by using the classified data. In this method, 

qualifications are regarded as independent from 
each other [13]. 

Rather than getting results using the Breiman 
decision tree, RF recommends combining the 
decisions that result from educating each of the 
multiple and multivariate trees with different 
training clusters. It is an algorithm that classifies 
new data by using more than one classifier and 
using the results of the estimates made by them. It 
is taken better in large datasets and there are error 
stabilization methods in the unbalanced dataset 
class. The accuracy of the missing data is mostly 
ensured and is effective in estimating the lost data 
[14]. 

SMO quickly solves the problem of second order 
programming (Quatratic Programming, QP) of 
support vector machine (SVM)  without using all 
numerical second degree programming (QP) 
optimization steps and any extra matrix storage 
[15]. With this method, all lost values are replaced 
with new ones and convert nominal attributes to 
binary ones. It also normalizes all attributes with 
default values. 

IBk  , one of the simplest methods of pattern 
recognition and pattern recognition based on the 
nearest training examples in the attribute space. 
This algorithm classifies according to the class of 
the closest neighbor as much as the given k-value. 
Classification of a vector in the IBk algorithm is 
done by using known vectors. 

J48  is a algorithm of decision tree that originated 
from C4.5 decision tree algorithm. Decision trees 
are a classic way of obtaining information from 
machine learning methods and are a powerful and 
fast way to express data structures. In this method, 
the data classifies it as recursive. It can create 
extreme rules that define only certain behavioral 
characteristics of the data, while providing 
maximum accuracy of educational data [16]. 

3.2 Performance Metrics  

3.2.1 Accuracy-Error Rate  

It is a simple method that is used most frequently 
in measuring model success. It is the percentage of 
samples correctly classified and is shown in 
Equation 1.  

ἋἫἫἽἺἩἫὁ
Ὕὔ Ὕὖ

Ὂὔ Ὕὔ Ὕὖ Ὂὖ
 (1) 
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The error rate is found by dividing the number of 
incorrectly classified samples by the sum of 
samples [17]. Error Rate is shown in Equation 2. 

ἏἺἺἷἺ ἺἩἼἭ
Ὂὖ Ὂὔ

Ὕὖ Ὂὖ Ὂὔ Ὕὔ
 (2) 

3.2.2 Precision 

It shows how many of the values we estimate 
positively are actually positive [17]. Precision is 
shown in Equation 3. 

ἜἺἭἫἱἻἱἷἶ  
Ὕὖ

Ὕὖ Ὂὖ
 (3) 

3.2.3 Recall 

Recall is a metric that shows how much of the 
actions we have to positively estimate from the 
examples [17]. Recall is shown in Equation 4. 

ἠἭἫἩἴἴ  
Ὕὖ

Ὕὖ Ὂὔ
 (4) 

3.2.4 F-Score 

Precision and recall  values alone are not enough to 
draw conclusions. F-score is a measure of the 
accuracy of a test. To evaluate the two criteria 
together, f-score (F) has been defined in order to 
increase the accuracy of the metrics . Harmonic 
mean which is used recall (R) and precision (P) is 
used to measure it [17].F-Score is shown in 
Equation 5. 

ἐ  
ςὈὑ

Ὀ ὑ
 (5) 

  

3.2.5 Kappa Statistics 

Inter -observer variation can be measured in any 
situation where the same information is evaluated 
by more than one independent observer [9].  

Kappa value changes from -1 to +1. When full 
compliance is available, K = 1. Negative Kappa(K 
<0) values are not important in terms of reliability. 
Kappa value can be interpreted between 0 and +1,. 
Results above 0.4 are acceptable [18]. The Kappa 
value is calculated as in Equation 6 [17]. 

+  
0Ï 0Ã

ρ 0Ã
 (6) 

4  Results 

The sample and feature numbers of  Chronic 
+ÉÄÎÅÙ $ÉÓÅÁÓÅ ÁÎÄ "ÌÏÇ !ÕÔÈÏÒȭÓ -ÏÏÄ ÄÁÔÁ ÓÅÔÓ 
are given in TABLE 1. 

 

TABLE 1: Example and Feature Numbers of Data Sets 

 

 

 

With the biomedical data obtained from the UCI 
dataset, five machine learning algorithms on WEKA 
program were run with the 10-fold Cross - 
Validation and Use Training Set . The results of 

study is shown in Table 2.  By looking at these 
results, RF (Random Forest) algorithm gave better 
results compared to other algorithms.  
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TABLE 2: Detailed Accuracy by Class on Chronic Kidney Disease DataSet  
According to Five Machine Learning Classification Methods 

 

 

Information on how accurately people are diagnosed with chronic kidney disease using the confusion matrix 
is shown in Table 3. Use Training Set and 10-fold Cross - Validation are used to create the confusion matrix 
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TABLE 3: Confusion Matrix Information on Chronic Kidney Disease Data Set According to  
Five Machine Learning Classification Methods 

 

Five machine learning classification methods are used in the Chronic Kidney Disease database. Table 4 shows 
the working time spent on modeling and testing on the yield of these methods. 

 

TABLE 4: Creating a Data Model on the Chronic Kidney Disease Data Set According to  
Five Machine Learning Classification Methods and Application Time on the Data Set. 

 

Table 5 shows the statistical information according to the classification method of five machine learning 
algorithms on the Chronic Kidney Disease dataset. 
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TABLE 5: Statistical Information on Chronic Kidney Disease Data Set According to  
Five Machine Learning Classification Methods 

 

 

Table 6 shows the accuracy data on the Chronic Kidney Disease and Blog Authors Mood data set according to 
the five machine learning classification method. 

TABLE 6: !ÃÃÕÒÁÃÙ $ÁÔÁ ÏÎ #ÈÒÏÎÉÃ +ÉÄÎÅÙ $ÉÓÅÁÓÅ ÁÎÄ "ÌÏÇ !ÕÔÈÏÒÓȭ -ÏÏÄ $ÁÔÁ 3ÅÔ 
by Five Machine Learning Classification Methods 
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5 Discussion 

As a result of the study, Machine Learning methods 
were tested on Biomedical data. In the experiment 
carried out, the training and test results of the 
system was measured by using training set and 
cross verification. For cross validation, k = 10 is 
taken. 

In the study carried out, the RF algorithm 
performed the classification with a higher accuracy 
than other machine learning algorithms. 

The use training set or 10-fold cross validation did 
not affect the performance of the RF algorithm 
compared to other machine learning methods. RF 
showed the highest success rate in all methods. 

In our  study, a new method was not advised in 
addition to the methods in the literature, and the 
performance of machine learning methods was 
measured on the dataset. Although a new method is 
not recommended as a result of the work carried 
out, it has formed a basis for similar studies to be 
carried out thereafter and provides data to enable 
us to make comparisons for the machine learning 
algorithm used. 

The high success of the RF algorithm in the last 
study performed will be our main point in future 
studies. 

References 

[1]  Schapire, R.E., The boosting approach to machine 
learning: An overview, in Nonlinear estimation 
and classification. 2003, Springer. p. 149-171. 

[2]  Ayodele, T.O., Introduction to machine learning. 
2010: Citeseer. 

[3]  Dietterich, T.G., Machine-learning research. AI 
magazine, 1997. 18(4): p. 97-97. 

[4]  Chao, W.-L., Machine learning tutorial. National 
Taiwan University, 2011. 

[5]  Gentleman, R. and V. Carey, Unsupervised 
machine learning, in Bioconductor case studies. 
2008, Springer. p. 137-157. 

[6]  Kotsiantis, S.B., I. Zaharakis, and P. Pintelas, 
Supervised machine learning: A review of 
classification techniques. Emerging artificial 
intelligence applications in computer 
engineering, 2007. 160: p. 3-24. 

[7]  Afrin, F. and I. Nahar, Incremental learning based 
intelligent job search system. 2015, BRAC 
University. 

[8]  Caruana, R. and A. Niculescu-Mizil. An empirical 
comparison of supervised learning algorithms. in 
Proceedings of the 23rd international conference 
on Machine learning. 2006. ACM. 

[9]  Sebastiani, F., Machine learning in automated text 
categorization. ACM computing surveys (CSUR), 
2002. 34(1): p. 1-47. 

[10]  Ozgur, A., Supervised and unsupervised machine 
learning techniques for text document 
ÃÁÔÅÇÏÒÉÚÁÔÉÏÎȢ 5ÎÐÕÂÌÉÓÈÅÄ -ÁÓÔÅÒȭÓ 4ÈÅÓÉÓȟ 
dÓÔÁÎÂÕÌȡ "ÏøÁÚÉëÉ 5ÎÉÖÅÒÓÉÔÙȟ ςππτȢ 

[11]  "d,'d.ȟ -Ȣȟ 'ÅÒëÅË 6ÅÒÉ 3ÅÔÌÅÒÉÎÄÅ +ÌÁÓÉË -ÁËÉÎÅ 
vøÒÅÎÍÅÓÉ 9ĘÎÔÅÍÌÅÒÉÎÉÎ 0ÅÒÆÏÒÍÁÎÓ !ÎÁÌÉÚÉȢ 
Breast. 2(9): p. 683. 

[12]  ¤%+%2ȟ ¤Ȣ%Ȣȟ 7%+!Ȣ ςπ09. 
[13]  +!2!+/95.ȟ -Ȣ ÁÎÄ -Ȣ (!#)"%9/X,5ȟ 

"ÉÙÏÍÅÄÉËÁÌ 6ÅÒÉ +İÍÅÌÅÒÉ dÌÅ -ÁËÉÎÅ vøÒÅÎÍÅÓÉ 
3ÉÎÉÆÌÁÎÄÉÒÍÁ !ÌÇÏÒÉÔÍÁÌÁÒÉÎÉÎ dÓÔÁÔÉÓÔÉËÓÅÌ 
/ÌÁÒÁË +ÁÒĥÉÌÁĥÔÉÒÉÌÍÁÓÉȢ $ÏËÕÚ %ÙÌİÌ ­ÎÉÖÅÒÓÉÔÅÓÉ 
-İÈÅÎÄÉÓÌÉË &ÁËİÌÔÅÓÉ &ÅÎ ÖÅ -İÈÅÎÄÉÓÌÉË 
Dergisi, 2014. 16(48): p. 30-42. 

[14]  Breiman, L. and A. Cutler, Random Forests. 
Berkeley. 2005. 

[15]  Platt, J., Sequential minimal optimization: A fast 
algorithm for training support vector machines. 
1998. 

[16]  Gandhi, M. and S. Srivatsa, Classification 
algorithms in comparing classifier categories to 
predict the accuracy of the network intrusion 
detectionɀa machine learning approach. 
Advances in Computational Sciences and 
Technology, 2010. 3(3): p. 321. 

[17]  .ÉÚÁÍȟ (Ȣ ÁÎÄ 3Ȣ3Ȣ !ËąÎȟ 3ÏÓÙÁÌ ÍÅÄÙÁÄÁ ÍÁËÉÎÅ 
ĘøÒÅÎÍÅÓÉ ÉÌÅ ÄÕÙÇÕ ÁÎÁÌÉÚÉÎÄÅ ÄÅÎÇÅÌÉ ÖÅ 
dengesiz verÉ ÓÅÔÌÅÒÉÎÉÎ ÐÅÒÆÏÒÍÁÎÓÌÁÒąÎąÎ 
ËÁÒĥąÌÁĥÔąÒąÌÍÁÓąȢ 8)8Ȣ 4İÒËÉÙÅͻÄÅ dÎÔÅÒÎÅÔ 
+ÏÎÆÅÒÁÎÓąȟ ςπρτȢ 

[18]  Landis, J.R. and G.G. Koch, The measurement of 
observer agreement for categorical data. 
biometrics, 1977: p. 159-174. 



3rd LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 5ŀǘŀ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ όL/hb5!¢!Ω20), June 25-28, 2020, Istanbul, TURKEY 

 

 
86 

 

Proje Yºnetim Yazēlēmlarēnēn Karĸēlaĸtērmalē Olarak Deĵerlendirilmesi 

Cihan KEMENT *1,2, "ÕËÅÔ $/X!.3 10 

1 -ÁÒÍÁÒÁ ­ÎÉÖÅÒÓÉÔÅÓÉȟ &ÅÎ "ÉÌÉÍÌÅÒÉ %ÎÓÔÉÔİÓİȟ dÓÔÁÎÂÕÌȟ  4­2+d9% 
2 !ÌÔąÎÂÁĥ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -ÅÓÌÅË 9İËÓÅËÏËÕÌÕȟ "ÉÌÇÉÓÁÙÁÒ 0ÒÏÇÒÁÍÃąÌąøą 0ÒÏÇÒÁÍąȟ  dÓÔÁÎÂÕÌȟ  4­2+d9% 

3 -ÁÒÍÁÒÁ ­ÎÉÖÅÒÓÉÔÅÓÉȟ 4ÅËÎÏÌÏÊÉ &ÁËİÌÔÅÓÉȟ "ÉÌÇÉÓÁÙÁÒ -İÈÅÎÄÉÓÌÉøÉȟ dÓÔÁÎÂÕÌȟ 4­2+d9% 

vÚÅÔ 

4ÅËÎÏÌÏÊÉÎÉÎ ÇÅÌÉĥÉÍÉÙÌÅ ÂÉÒÌÉËÔÅ ÐÒÏÊÅÌÅÒÉÎ ÄÁÈÁ ËÁÒÍÁĥąË ÏÌÍÁÓą ÖÅ ÄÁÈÁ ÂİÙİË ÅËÉÐÌÅÒÅ ÉÈÔÉÙÁë ÄÕÙÕÌÍÁÓą 
ÎÅÄÅÎÉÙÌÅ ÐÒÏÊÅÌÅÒÉÎ ÙĘÎÅÔÉÍÉ ÄÁÈÁ ÚÏÒ ÏÌÍÁËÔÁÄąÒȢ 0ÒÏÊÅ ÙĘÎÅÔÉÍÉȟ ÐÒÏÊÅ ÙĘÎÅÔÉÃÉÌÅÒÉ ÉëÉÎ ÐÒÏÊÅÎÉÎ ÔÁËÉÂÉÎÉ 
ÄÁÈÁ ËÏÌÁÙ ÈÁÌÅ ÇÅÔÉÒÍÅË ÖÅ  ÐÒÏÊÅ ÉëÉÎ ëÁÌąĥÁÎÌÁÒąÎ ÂÉÒÂÉÒÉÙÌÅ ÉĥÂÉÒÌÉøÉ ÙÁÐÍÁÓąÎą ȟ  ÉÌÅÔÉĥÉÍÉÎ ÓÁøÌÁÎÍÁÓąÎąȟ  
ÓÏÒÕÎÌÁÒąÎ ÔÁËÉÂÉÎÉȟ  ÂİÔëÅÎÉÎ ÙĘÎÅÔÉÍÉ ÇÉÂÉ ÁÌÁÎÌÁÒÄÁ ÁÖÁÎÔÁÊÌÁÒ ÓÁøÌÁÍÁÓąÙÌÁ ÐÒÏÊÅ ÙĘÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ 
ËÕÌÌÁÎąÌÍÁÓą ÚÏÒÕÎÌÕ ÈÁÌÅ ÇÅÌÍÅËÔÅÄÉÒȢ 0ÒÏÊÅ ÙĘÎÅÔÉÍÉ ÙÁÚąÌąÍąÎą ÓÅëÍÅË ÉëÉÎ ÌÉÔÅÒÁÔİÒÄÅ ËÕÌÌÁÎąÌÁÎ ÙÁÚąÌąÍÌÁÒ 
ÉÌÅ ÆÉÎÁÎÃÅÏÎÌÉÎÅ ËÕÌÌÁÎąÃą ÏÙÌÁÍÁÓą ÖÅ 3ÍÁÒÔ3ÃÏÒÅ ËÒÉÔÅÒÌÅÒÉÎÅ ÇĘÒÅ ÂÅÌÉÒÌÅÎÅÎ ÉÌË ÏÎ ÓąÒÁÄÁËÉ ÙÁÚąÌąÍ 
ÓÅëÉÌÍÉĥÔÉÒȢ "Õ ëÁÌąĥÍÁÄÁ ËÏÎÕÙÌÁ ÉÌÇÉÌÉ ÌÉÔÅÒÁÔİÒ ÔÁÒÁÍÁÓą ÖÅ ÉÎÃÅÌÅÍÅ ÁÒÁĥÔąÒÍÁÌÁÒÄÁÎ ÙÁÒÁÒÌÁÎąÌÁÒÁË 
ÂÅÌÉÒÌÅÎÅÎ ςπ ËÒÉÔÅÒ ÁÒÁÃąÌąøą ÉÌÅȟ ÙÁÚąÌąÍ ÐÒÏÊÅ ÙĘÎÅÔÉÍ ÁÒÁëÌÁÒą ËÁÒĥąÌÁĥÔąÒąÌÄąȢ "Õ ËÁÒĥąÌÁĥÔąÒÍÁȟ ĘÚÅÌÌÉËÌÅ  ÐÒÏÊÅ 
ÙĘÎÅÔÉÃÉÌÅÒÉ ÖÅ ÔÁËąÍ ÌÉÄÅÒÌÅÒÉÎÉÎ ÁÒÁë ÓÅëÉÍÉÎÄÅȟ  ÁÒÁëÌÁÒąÎ ÇİëÌİ ÖÅ ÚÁÙąÆ ÙĘÎÌÅÒÉÎÉ ÇĘÓÔÅÒÅÒÅË ÄÁÈÁ ÄÏøÒÕ 
ËÁÒÁÒÌÁÒ ÁÌąÎÍÁÓąÎą ÓÁøÌÁÙÁÃÁËÔąÒȢ  0ÒÏÊÅ !ÎÁÌÉÚÉ Ⱦ 2ÁÐÏÒÌÁÍÁȟ dĥ ÂÉÒÌÉøÉȟ ÇĘÒÅÖ ÙĘÎÅÔÉÍÉȟ ËÁÙÎÁË ÙĘÎÅÔÉÍÉȟ  
ÚÁÍÁÎ ÔÁËÉÂÉȟ ÔÁÈÍÉÎÌÅÍÅȟ  ÒÉÓË ÁÎÁÌÉÚÉȟ ÄÅøÉĥÉÍ ÙĘÎÅÔÉÍÉȟ  ÄÏËİÍÁÎ ÙĘÎÅÔÉÍÉȟ  ÓİÒÅë ÇÅÌÉĥÉÍ ÙĘÎÔÅÍÉȟ  ÐÏÒÔÆĘÙ 
yĘÎÅÔÉÍÉȟ  ÉÌÅÔÉĥÉÍ ÁÒÁëÌÁÒąȟ   ÅÒÉĥÉÍ ËÏÎÔÒÏÌİȟ  ËÁÌÉÔÅ ÙĘÎÔÅÍÉȟ  ×ÅÂ ÔÁÂÁÎÌą ÓÉÓÔÅÍȟ  ÁëąË ËÁÙÎÁË Ⱦ ÌÉÓÁÎÓÌą İÒİÎȟ  
ÓÏÒÕÎ ÔÁËÉÂÉȟ  İÃÒÅÔ ÂÉÌÇÉÓÉ ȟ  ÄÅÎÅÍÅ ÓİÒİÍİ ËÕÌÌÁÎąÍą ÖÅ ËąÓąÔÌą ÓİÒİÍ ÂÉÌÇÉÓÉ ÏÌÍÁË İÚÅÒÅ ÔÏÐÌÁÍ ςπ ËÒÉÔÅÒ 
ÇĘÚ ĘÎİÎÄÅ ÂÕÌÕÎÄÕÒÕÌÁÒÁË ËÁÒĥąÌÁĥÔąÒÍÁÌą ÏÌÁÒÁË ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥÔÉÒȢ 

Anahtar Kelimeler: Proje yĘÎÅÔÉÍÉȟ 0ÒÏÊÅ yĘÎÅÔÉÍ yÁÚąÌąÍ aÒÁëÌÁÒą  ȟ  0-34 

Comparison of Project Management Software  

Abstract  

With the development of technology, the management of the projects becomes more difficult because the 
projects are more complex and larger teams are needed. The use of project management software becomes 
mandatory for project managers, making it easier for project managers to follow up the project and 
providing advantages for the project in collaboration with each other, providing communication, tracking 
problems, and management of the budget. In order to select the project management software, the software 
used in the literature and the top ten software determined according to the financeonline user rating and 
SmartScore criteria were selected. In this study, software project management tools were compared by 
means of the 20 criteria determined by making use of the literature review and research studies on the 
subject. This comparison will provide more accurate decisions by showing the strengths and weaknesses of 
the vehicles, especially in the selection of vehicles of project managers and team leaders. Project Analysis / 
Reporting, Collaboration, Task Management, Resource Management, Time tracking, Forecasting, Risk 
Analysis, Change Management, Document Management, Process Development Method, Portfolio 
Management, Communication tools, Access Control, Quality Method, Web Based System, Open Source / 
Licensed Product, Problem tracking, Fee Information, Trial Version Usage and Restricted Version 
Information were evaluated by considering a total of 20 criteria. 

Keywords : Project Management, Project Management Software Tools, PMST 
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1 'ÉÒÉĥ 

0ÒÏÊÅ ÙÏȃÎÅÔÉÍÉȟ  ÐÒÏÊÅ ÆÁÁÌÉÙÅÔÌÅÒÉÎÉÎ ÐÒÏÊÅ 
ÈÅÄÅÆÌÅÒÉÎÅ ÕÌÁĥÁÂÉÌÍÅÓÉ ÉëÉÎ  ÐÒÏÊÅÎÉÎ ÐÌÁÎÌÁÎÍÁÓąȟ  
ÒÁÐÏÒÌÁÎÍÁÓą ÖÅ ËÏÎÔÒÏÌÕȃÎÄÅÎ ÏÌÕĥÕÒȢ 0ÒÏÊÅ 
ÙÏȃÎÅÔÉÍÉȟ  ÇÕȃÎÕȃÍÕȃÚÄÅ ÐÒÏÊÅÌÅÒÉÎ ÂÁĥÁÒąÙÁ ÕÌÁĥÍÁÓą 
ÉëÉÎ ÏȃÎÅÍÌÉ ÂÉÒ ËÏÎÕÄÕÒȢ 0ÒÏÊÅ ÙÏȃÎÅÔÉÍÉȟ  ĥÉÒËÅÔÌÅÒÉÎ 
ÂÕȃÙÕȃÙÅÎȟ ÇÅÌÉĥÅÎ  ÖÅ ÒÅËÁÂÅÔÉÎ ÁÒÔÔąÇȋą ëÁÌąĥÍÁ 
ÏÒÔÁÍÌÁÒąÎÁ ÕÙÕÍ ÓÁÇȋÌÁÍÁÌÁÒąÎą ÖÅ ÒÅËÁÂÅÔëÉ 
ÏÒÔÁÍÄÁ ÁÖÁÎÔÁÊ ÙÁËÁÌÁÍÁÌÁÒąÎÁ ÄÅÓÔÅËÌÅÍÅËÔÅÄÉÒ 
ɍτɎȢ  

"ÁĥÁÒąÌą ÐÒÏÊÅ ÙÏȃÎÅÔÉÍÉȟ  ÓÏÎÕëÌÁÒÁ ÄÁÈÁ ÁÚ ÍÁÌÉÙÅÔȟ 
Éĥ ÇÕȃÃÕȃ ÖÅ ÚÁÍÁÎÄÁ ÕÌÁĥąÌÍÁÓąÎą ÓÁÇȋÌÁÒȢ 'ÕȃÎÕȃÍÕȃÚÄÅ 
ÐÒÏÊÅ ÙÏȃÎÅÔÉÍÉ ÁÌÁÎąÎÄÁ ÕÚÍÁÎÌÁĥÍąĥ ËÉĥÉÌÅÒÉÎ 
ëÁÌąĥÍÁÓąÎą ÇÅÒÅËÔÉÒÅÎ ÂÉÒ ÁÌÁÎ ÏÌÍÕĥÔÕÒ  ɍρɎȢ 

'ÕȃÎÕȃÍÕȃÚÄÅ ËÕÌÌÁÎąÌÁÎ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ 
ÓÁÙąÓąȟ ÔÅËÎÏÌÏÊÉÎÉÎ ÇÅÌÉĥÍÅÓÉ ÖÅ ÄÁÈÁ ÆÁÚÌÁ ÐÒÏÇÒÁÍ 
ÄÉÌÉÎÉÎ ÏÒÔÁÙÁ ëąËÍÁÓąÙÌÁ ÈąÚÌąÃÁ ÁÒÔÍÁËÔÁÄąÒȢ "Õ 
ÁÒÁëÌÁÒąÎ ÈąÚÌą ÇÅÌÉĥÉÍÉ ÖÅ ëÅĥÉÔÌÅÎÍÅÓÉÙÌÅ ÂÉÒÌÉËÔÅ 
ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉȟ  ÐÒÏÊÅ ÆÁÁÌÉÙÅÔÌÅÒÉÎÉ ÙÏȃÎÅÔÍÅËȟ 
ÔÁËÉÐ ÅÔÍÅË ÖÅ ÄÅÓÔÅËÌÅÍÅË ÉëÉÎ ëÅĥÉÔÌÉ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎą ËÕÌÌÁÎÍÁÙÁ ÂÁĥÌÁÍąĥÔąÒȢ 0ÒÏÊÅ 
ÙÏȃÎÅÔÉÍ ÁÒÁëÌÁÒąȠ ÐÒÏÊÅ ÐÌÁÎÌÁÍÁȟ ÉÚÌÅÍÅȟ ÐÒÏÊÅÄÅ 
ÏÌÕĥÁÎ ÓÏÒÕÎÌÁÒąÎ ÔÁËÉÂÉȟ ÐÒÏÊÅÄÅ ëÁÌąĥÁÎÌÁÒąÎ 
ÉÌÅÔÉĥÉÍÉ ÖÅ ÉĥÂÉÒÌÉÇȋÉÎÉÎ ÓÁÇȋÌÁÎÍÁÓą ÖÅ   ÐÒÏÊÅÙÉ ÁÄąÍ 
ÁÄąÍ ËÏÎÔÒÏÌ ÅÔÍÅ ÁÍÁëÌÁÒąÎÁ ÕÌÁĥÍÁË ÉëÉÎ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ "Õ ÁÒÁëÌÁÒąÎ ÓÁÈÉÐ ÏÌÄÕÇȋÕ 
ÏȃÚÅÌÌÉËÌÅÒ ÙÁÚąÌąÍÌÁÒÄÁÎ ÙÁÚąÌąÍÌÁÒÁ  ÆÁÒËÌąÌąË 
ÇÏȃÓÔÅÒÍÅËÔÅÄÉÒȢ 0ÒÏÊÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉȟ ÙÏȃÎÅÔÔÉËÌÅÒÉ 
ÐÒÏÊÅÌÅÒÉÎÉÎ ÉÈÔÉÙÁëÌÁÒąÎÁ ÖÅ ËÁÒÍÁĥąËÌąÇȋąÎÁ ÕÙÇÕÎ 
ÏÌÁÒÁË ÂÉÒëÏË ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍą ÉëÅÒÉÓÉÎÄÅÎ 
ËÅÎÄÉ ÐÒÏÊÅÓÉ ÉëÉÎ ÅÎ ÕÙÇÕÎ ÏÌÁÎÌÁÒÄÁÎ ÂÉÒÉÎÉ ÔÅÒÃÉÈ 
ÅÄÅÃÅËÔÉÒȢ +ÁÒÍÁĥąË  ÐÒÏÊÅÌÅÒÄÅ ÐÒÏÊÅÎÉÎ ÂÁĥÁÒąÌą ÂÉÒ 
ĥÅËÉÌÄÅ ÐÌÁÎÌÁÎÍÁÓą ÖÅ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅÓÉ ÉëÉÎ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÍ ÁÒÁëÌÁÒą ËÕÌÌÁÎąÌąÒ ɍρɎȢ "Õ ÎÅÄÅÎÌÅȟ  ÐÒÏÊÅ 
ÓÁÈÉÐÌÅÒÉ ÖÅÙÁ ÙÏȃÎÅÔÉÃÉÌÅÒ ÉëÉÎ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍÉ 
ÉÈÔÉÙÁëÌÁÒą ÉëÉÎ ÅÎ ÕÙÇÕÎ ÁÒÁÃą ÖÅÙÁ ÁÒÁëÌÁÒą ÓÅëÍÅË 
ÏȃÎÅÍ ËÁÚÁÎÍÁËÔÁÄąÒȢ 

0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÁÒÁëÌÁÒąÎąÎ ËÕÌÌÁÎąÍąÙÌÁ ÉÌÇÉÌÉ ËÁÒÁÒą 
ÐÒÏÊÅ ÂÏÙÕÔÕÎÁ ÇÏȃÒÅ ÖÅÒÉÌÉÒȢ ρωως ÙąÌąÎÄÁ ÈÁÚąÒÌÁÎÁÎ 
)ȘÎÇÉÌÉÚ ÓÔÁÎÄÁÒÔÌÁÒąÎÄÁÎ "3 φπτφ ÍÁÄÄÅÓÉÎÅ ÇÏȃÒÅ 
ÉĥÌÅÔÍÅÌÅÒȟ ÈÁÎÇÉ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍ ÁÒÁëÌÁÒąÎą  
ËÕÌÌÁÎÍÁË ÉÓÔÅÄÉÇȋÉÎÉ ÁĥÁÇȋąÄÁ ÂÅÌÉÒÔÉÌÅÎ ËÏĥÕÌÌÁÒ 
ëÅÒëÅÖÅÓÉÎÄÅ ËÁÒÁÒ ÖÅÒÉÌÍÅÌÉÄÉÒ ɍςɎȢ 

¶ 0ÒÏÊÅ υππȭÄÅÎ ÁÚ ÅÔËÉÎÌÉË ÉëÅÒÉÙÏÒ ÖÅ ÅÔËÉÎÌÉËÌÅÒ 
ÁÒÁÓąÎÄÁËÉ ËÁÒĥąÌąËÌą ÉÌÉĥËÉÌÅÒ ËąÓÍÅÎ ÄÁÈÁ ÂÁÓÉÔ 

ÉÓÅȟ  ÐÒÏÊÅÎÉÎ ÉÎÓÁÎ ÇÕȃÃÕȃÙÌÅ ÔÁËÉÐ ÅÄÉÌÍÅÓÉ 
ÏȃÎÅÒÉÌÍÅËÔÅÄÉÒ ɍςɎȢ 

¶ 0ÒÏÊÅ υππ ÉÌÅ σπππ ÁÒÁÓąÎÄÁ ÅÔËÉÎÌÉËÔÅÎ 
ÏÌÕĥÕÙÏÒÓÁ ÖÅ ÅÔËÉÎÌÉËÌÅÒ ÂÉÒÂÉÒÉÎÄÅÎ ÆÁÒËÌąÙÓÁ 
ÂÉÌÇÉ ÔÅËÎÏÌÏÊÉ ÙÁÚąÌąÍÌÁÒą ËÕÌÌÁÎąÌÍÁÌąÄąÒ ɍςɎȢ 

¶ 0ÒÏÊÅ σπππ ÄÅÎ ÆÁÚÌÁ etkinlik ÉëÅÒÉÙÏÒÓÁȟ  ÐÒÏÊÅ 
ÄÁÈÁ ËÕȃëÕȃË ÁÌÔ ÐÒÏÊÅÌÅÒÅ ÂÏȃÌÕȃÎÍÅÌÉ ÖÅ ÁÌÔ 
ÐÒÏÊÅÌÅÒÉÎ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅÓÉÎÄÅ ÂÉÌÇÉ 
ÔÅËÎÏÌÏÊÉÌÅÒÉ ËÕÌÌÁÎąÌÍÁÌąÄąÒ [2]Ȣ 

0ÒÏÊÅÌÅÒÄÅ ÂÉÌÇÉ ÔÅËÎÏÌÏÊÉÌÅÒÉÎÉÎ ËÕÌÌÁÎąÍą 
ËÏÎÕÓÕÎÄÁ ËÁÒÁÒ ÖÅÒÉÌÉÒËÅÎ ÅÔËÉÌÉ ÏÌÁÎ ÄÉÇȋÅÒ 
ÆÁËÔÏȃÒÌÅÒ ÁĥÁÇȋąÄÁËÉ ÇÉÂÉÄÉÒ ɍτɎȢ 

ρȢ 3ÏÎÕëÌÁÒąÎ ÄÁÈÁ ÓÏÎÒÁ ÈÁÎÇÉ ÆÏÒÍÄÁ 
ËÕÌÌÁÎąÌÁÃÁÇȋąÎÁ ÂÁÇȋÌą ÏÌÁÒÁËȟ  ÐÌÁÎÌÁÎÁÎ 
ëąËÔąÎąÎ ÈÅÄÅÆÉȟ 

ςȢ 6ÅÒÉ ÇÕȃÎÃÅÌÌÅÍÅÓÉÎÉÎ ÓąËÌąÇȋą ÙÁ ÄÁ ÖÅÒÉÌÅÒÉÎ 
ÁÙÎą ÙÏȃÎÔÅÍÌÅÒÌÅ ÖÅ ÓÕȃÒÅËÌÉ ÉĥÌÅÎÍÅÓÉ ÉÈÔÉÙÁÃąȢ 

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ëÁÌąĥÍÁÄÁ ÏȃÎÃÅÌÉËÌÅȟ  ÙÁÙÇąÎ ÏÌÁÒÁË 
ËÕÌÌÁÎąÌÁÎ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÁÒÁëÌÁÒą ÂÅÌÉÒÌÅÎÄÉȢ $ÁÈÁ 
ÓÏÎÒÁ ÂÕ ÙÁÚąÌąÍÌÁÒ ÂÉÒ ÄÉÚÉ ËÒÉÔÅÒ ËÕÌÌÁÎąÌÁÒÁË 
ËÁÒĥąÌÁĥÔąÒąÌÄą ɍσɎȢ %ÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒąÎ ÂÅÌÉÒÌÅÎÅÎ 
ËÒÉÔÅÒÌÅÒÅ ÇÏȃÒÅ ÄÁÇȋąÌąÍÌÁÒą ÔÁÂÌÏ ÈÁÌÉÎÄÅ 
ÓÕÎÕÌÍÁËÔÁÄąÒȢ KÁÌąĥÍÁÎąÎ ÂÕ ÁÌÁÎÄÁËÉ 
ÁÒÁĥÔąÒÍÁÃąÌÁÒÁ ÖÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉÎÅ ÄÏÇȋÒÕ ÓÅëÉÍ 
ÙÁÐÍÁÌÁÒąÎą ÙÏȃÎÕȃÎÄÅ ËÁÔËą ÓÁÇȋÌÁÍÁÓą 
ÂÅËÌÅÎÍÅËÔÅÄÉÒȢ  

υȢυȢ dÌÇÉÌÉ KÁÌąĥÍÁÌÁÒ 

"Õ ÂÏȃÌÕȃÍÄÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÓÅëÉÍÉÙÌÅ 
ÉÌÇÉÌÉ ÄÁÈÁ ÏȃÎÃÅ ÌÉÔÅÒÁÔÕȃÒÄÅ ÙÅÒ ÁÌÁÎ ÏȃÎÅÍÌÉ 
ëÁÌąĥÍÁÌÁÒ ÓÕÎÕÌÍÁËÔÁÄąÒȢ 

$ÅÍÉÒ ÖÅ ÁÒËÁÄÁĥÌÁÒą ÔÁÒÁÆąÎÄÁÎ ÙÁÐąÌÁÎ ëÁÌąĥÍÁÄÁȟ   
ÁëąË ËÁÙÎÁËÌą ÖÅ ÌÉÓÁÎÓÌą ÂÁÚą ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍąÎąÎ ÏȃÚÅÌÌÉËÌÅÒÉÎÉ ËÁÒĥąÌÁĥÔąÒąÌÍąĥ ÖÅ 
ÄÅÇȋÅÒÌÅÎÄÉÒÉÌÍÉĥÔÉÒȢ 0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ 
ËÁÒĥąÌÁĥÔąÒÍÁÓą ÉëÉÎ ρχ ÁÄÅÔ ËÒÉÔÅÒ  ÂÅÌÉÒÌÅÍÉĥÌÅÒÄÉÒȢ 
"Õ ëÁÌąĥÍÁȠ ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉÎÅȟ  ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍÌÁÒąÎąÎ ÇÕȃëÌÕȃ ÖÅ ÚÁÙąÆ ÙÏȃÎÌÅÒÉÎÉ 
ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÓÉÎÄÅ ÙÁÒÄąÍÃą ÏÌÍÕĥÔÕÒ ɍτɎȢ 

%ÓÁÔÏÇȋÌÕ ÔÁÒÁÆąÎÄÁÎ ÙÁÐąÌÁÎ ÂÕ ëÁÌąĥÍÁÄÁȠ ÂÉÌÉĥÉÍ 
ÔÅËÎÏÌÏÊÉÌÅÒÉ ɉ"4Ɋ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍÉȟ  ÂÉÌÇÉ ÁÌÁÎÌÁÒąȟ  
ÍÅÔÏÄÏÌÏÊÉÌÅÒ ÖÅ ÐÒÏÊÅÌÅÒÉÎ ÂÁĥÁÒąÌą ÏÌÍÁ ËÏĥÕÌÌÁÒą 
ÈÁËËąÎÄÁ ÂÉÌÇÉ ÖÅÒÍÅËÔÅÄÉÒȢ !ÙÒąÃÁ ÂÕ ëÁÌąĥÍÁÎąÎ 
ÓÏÎ ËąÓÍąÎÄÁ  !ÎËÁÒÁȭÄÁËÉ ÙÁÚąÌąÍ ĥÉÒËÅÔÌÅÒÉÎÄÅ 
ëÁÌąĥÁÎ ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉÎÉÎ ÇÏȃÒÕȃĥÌÅÒÉÎÅ 
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ÂÁĥÖÕÒÕÌÁÒÁË ÐÒÏÊÅ ÙÏȃÎÅÔÉÍÉ ÙÁËÌÁĥąÍÌÁÒą ÖÅ ÂÉÌÇÉ 
ÔÅËÎÏÌÏÊÉÌÅÒÉÎÉÎ ÂÁĥÁÒąÌą ÏÌÍÁ ËÏĥÕÌÌÁÒą ÕȃÚÅÒÉÎÅ ÂÉÒ 
ÁÒÁĥÔąÒÍÁȟ  ÄÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÖÅ ÓÏÎÕëÌÁÒąÎÁ ÙÅÒ 
ÖÅÒÉÌÍÉĥÔÉÒ ɍυɎȢ  

%ÒÔÁĥ ÔÁÒÁÆąÎÄÁÎ ÙÁÐąÌÁÎ ÙÕȃËÓÅË ÌÉÓÁÎÓ ÔÅÚ 
ëÁÌąĥÍÁÓąÎÄÁ ÉÓÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍÉÎÉÎȟ  ÐÒÏÊÅÌÅÒÉÎ 
ÂÁĥÁÒąÓąÎÄÁ ÏÙÎÁÄąÇȋą ÒÏÌ ÖÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍÌÁÒąÎąÎ ËÕÌÌÁÎąÍąÎ ÓÁÇȋÌÁÄąÇȋą ËÁÔËą ÏÒÔÁÙÁ 
ËÏÎÕÌÍÕĥÔÕÒȢ "Õ ÕÙÇÕÌÁÍÁÌÁÒąÎ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÁËÔÉÖÉÔÅÌÅÒÉÎÉ ÎÅ ËÁÄÁÒ ÄÅÓÔÅËÌÅÄÉÇȋÉ ÖÅ ÈÁÎÇÉ ËÏÎÕÄÁ 
ÂÕ ÁÒÁëÌÁÒąÎ ÇÅÌÉĥÉÍÅ ÉÈÔÉÙÁë ÄÕÙÕÌÄÕÇȋÕ ÈÁËËąÎÄÁ 
ÂÉÌÇÉ ÖÅÒÍÅËÔÅÄÉÒ ɍφɎȢ 

ς 0ÒÏÊÅ 9ĘÎÅÔÉÍ !ÒÁëÌÁÒąÎąÎ +ÁÒĥąÌÁĥÔąÒąÌÍÁÓą 

φȢυȢ 9ÁÚąÌąÍ !ÒÁëÌÁÒąÎąÎ 3ÅëÉÍÉ 

+ÁÒÍÁĥąË ÐÒÏÊÅÌÅÒÉÎ ÙÏȃÎÅÔÉÍÉÎÉ ËÏÌÁÙÌÁĥÔąÒÍÁË 
ÁÍÁÃąÙÌÁ ËÕÌÌÁÎąÌÁÎ  ÂÉÒëÏË ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÁÒÁÃą 
ÂÕÌÕÎÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁÎąÎ ÁÍÁÃąȟ  ÙÁÙÇąÎ ÏÌÁÒÁË 
ËÕÌÌÁÎąÌÁÎ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍÉ ÙÁÚąÌąÍ ÁÒÁëÌÁÒąÎą ÆÁÒËÌą 
ÁëąÌÁÒÄÁÎ ËÁÒĥąÌÁĥÔąÒÁÒÁËȟ ÍÅÖÃÕÔ ËÁÂÉÌÉÙÅÔÌÅÒÉÎÉÎ 
ÄÁÈÁ ÒÁÈÁÔ ÍÕËÁÙÅÓÅ ÅÄÉÌÍÅÓÉÎÉ ÓÁÇȋÌÁÍÁËÔąÒȢ "Õ 
ËÁÒĥąÌÁĥÔąÒÍÁ ÔÁÂÌÏÓÕ ÂÕ ÁÌÁÎÄÁËÉ ÙÏȃÎÅÔÉÃÉ ÖÅ 
ÁÒÁĥÔąÒÍÁÃąÌÁÒąÎ ÄÁÈÁ ÄÏÇȋÒÕ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÁÒÁÃą 
ÓÅëÍÅÓÉÎÅ ËÁÔËą ÓÁÇȋÌÁÙÁÃÁË ÎÉÔÅÌÉËÔÅÄÉÒȢ 

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ëÁÌąĥÍÁ ÉëÉÎ ËÕÌÌÁÎąÌÁÃÁË ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍ ÁÒÁëÌÁÒąÎą ÓÅëÍÅË ÉëÉÎ ÁĥÁÇȋąÄÁËÉ 
ËÒÉÔÅÒÌÅÒ ÇÅÌÉĥÔÉÒÉÌÄÉ ɍχɎȢ 

¶ ,ÉÔÅÒÁÔÕȃÒÄÅËÉ ëÁÌąĥÍÁÌÁÒ ÉëÉÎÄÅ ËÕÌÌÁÎąÌÍąĥ 
ÏÌÍÁË ɍςρɎȢ  

¶ 9ÁÚąÌąÍ ÁÒÁëÌÁÒąÎą ÇÅÌÉĥÔÉÒÅÎÌÅÒ ÄąĥąÎÄÁ 
ËÕÌÌÁÎąÌÍąĥ ÏÌÍÁÓą ɍχɎȢ 

¶ &ÏÒÕÍȟ ÂÌÏÇ ÖÅ ÒÅÓÍÉ ÏÌÍÁÙÁÎ ×ÅÂ ÓÉÔÅÌÅÒÉÎÅ 
ÇÏȃÒÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÔÏÐÌÕÌÕÇȋÕÎÄÁ ÐÏÐÕȃÌÅÒ 
ÏÌÍÁÓąȢ 

¶ !ÒÁë ÈÁËËąÎÄÁ ÂÉÌÇÉÙÅ ÕÌÁĥąÌÁÂÉÌÍÅ ËÏÌÁÙÌąÇȋąȢ 

9ÕËÁÒąÄÁ ÂÅÌÉÒÔÉÌÅÎ ÓÅëÉÍ ËÒÉÔÅÒÌÅÒÉÎÅ ÕÙÇÕÎ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÓÅëÉÌÅÒÅË ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą 
ÓÁÇȋÌÁÎÍąĥÔąÒȢ "Õ ÙÁÚąÌąÍąÎ ËÕÌÌÁÎąÍą ÉëÉÎ ËÁÙÎÁË 
ÁÒÁĥÔąÒÍÁÓą ÖÅ ÚÁÍÁÎ ÁÙÒąÌÍÁÓą ÇÅÒÅËÌÉÄÉÒȢ 0ÒÏÊÅ 
ÙÏȃÎÅÔÉÃÉÌÅÒÉ ÖÅ ÐÒÏÊÅ ëÁÌąĥÁÎÌÁÒą ÉëÉÎ ËÕÌÌÁÎÁÃÁËÌÁÒą 
ÙÁÚąÌąÍ ÈÁËËąÎÄÁ ÙÅÔÅÒÌÉ ÂÉÌÇÉÙÅ ÖÅ ÄÏËÕȃÍÁÎÁ ÓÁÈÉÐ 
ÏÌÍÁË ȟ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍ  ÁÒÁÃąÎą ÓÅëÍÅÌÅÒÉ ÉëÉÎ 
ÁÖÁÎÔÁÊ ÖÅ ËÏÌÁÙÌąË ÓÁÇȋÌÁÍÁËÔÁÄąÒ Ȣ  

φȢφ   +ÁÒĥąÌÁĥÔąÒÍÁ ËÒÉÔÅÒÌÅÒÉȡ  

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ëÁÌąĥÍÁÄÁ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÁÒÁëÌÁÒąÎąÎ ÄÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÁÍÁÃąÙÌÁȟ ÏȃÎÃÅÌÉËÌÅ 
ÔÅÍÅÌ ÆÏÎËÓÉÙÏÎ ÖÅ ÉĥÌÅÖÌÅÒ ÂÅÌÉÒÌÅÎÍÉĥÔÉÒ ɍρςɎ : 

ρȢ 'ÏȃÒÅÖ 9ÏȃÎÅÔÉÍÉ  
ςȢ +ÁÙÎÁË 9ÏȃÎÅÔÉÍÉ 

σȢ )Șĥ ÂÉÒÌÉÇȋÉ 
τȢ :ÁÍÁÎ ÔÁËÉÂÉ 
υȢ 4ÁÈÍÉÎÌÅÍÅ 
φȢ 2ÉÓË !ÎÁÌÉÚÉ 
χȢ $ÅÇȋÉĥÉÍ 9ÏȃÎÅÔÉÍÉ 
ψȢ 0ÒÏÊÅ !ÎÁÌÉÚÉ Ⱦ 2ÁÐÏÒÌÁÍÁ 
ωȢ $ÏËÕȃÍÁÎ 9ÏȃÎÅÔÉÍÉ 
ρπȢ )ȘÌÅÔÉĥÉÍ ÁÒÁëÌÁÒą 
ρρȢ 3ÕȃÒÅë 'ÅÌÉĥÉÍ 9ÏȃÎÔÅÍÉ 
ρςȢ 0ÏÒÔÆÏȃÙ 9ÏȃÎÅÔÉÍÉ 
ρσȢ %ÒÉĥÉÍ +ÏÎÔÒÏÌÕȃ 
ρτȢ +ÁÌÉÔÅ 9ÏȃÎÔÅÍÉ 
ρυȢ 7ÅÂ 4ÁÂÁÎÌą 3ÉÓÔÅÍ 
ρφȢ !ëąË +ÁÙÎÁË Ⱦ ,ÉÓÁÎÓÌą 5ȄÒÕȃÎ  
ρχȢ 3ÏÒÕÎ ÔÁËÉÂÉ 
ρψȢ 5ȄÃÒÅÔ "ÉÌÇÉÓÉ 
ρωȢ $ÅÎÅÍÅ 3ÕȃÒÕȃÍÕȃ +ÕÌÌÁÎąÍą 
ςπȢ +ąÓąÔÌą 3ÕȃÒÕȃÍ 

ρȢ 'ĘÒÅÖ 9ĘÎÅÔÉÍÉȡ (ÅÒ ÂÉÒ ÁËÔÉÖÉÔÅ ÉëÉÎ 
ÐÌÁÎÌÁÍÁ ÙÁÐąÌÍÁÓąȟ ÂÁĥÌÁÎÇąëȤÂÉÔÉĥ 
ÚÁÍÁÎąÎąÎ ÔÁÎąÍÌÁÎÍÁÓą ÖÅ ÇÏȃÒÅÖ ÔÁËÉÂÉ 
ÙÁÐąÌÍÁÓąÄąÒȢ "Õ ÐÌÁÎÌÁÍÁÎąÎ ÓÏÎÕÃÕ ÏÌÁÒÁË 
ÕÙÇÕÌÁÎÁÂÉÌÉÒ ÂÉÒ ÐÒÏÊÅ ÔÁËÖÉÍÉ ÏÌÕĥÔÕÒÕÌÕÒȢ 
0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ëÏÇȋÕ ÇÏȃÒÅÖ 
ÐÌÁÎÌÁÍÁÓąÎą ÄÅÓÔÅËÌÅÙÅÃÅË ÏȃÚÅÌÌÉËÌÅÒÅ 
ÓÁÈÉÐÔÉÒȢ 'ÏȃÒÅÖ ÙÏȃÎÅÔÉÍÉȠ ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉÎÅ 
ÐÒÏÊÅ ÁËÔÉÖÉÔÅÌÅÒÉÎÉȟ ÏȃÎÅÍÌÉ ÁĥÁÍÁÌÁÒą 
ÉÚÌÅÍÅÓÉ ÖÅ ËÏÎÔÒÏÌÕȃ ÁÌÔąÎÄÁ ÏÌÍÁÓąÎÁ ÙÁÒÄąÍ 
ÅÄÅÒȢ !ÙÒąÃÁȟ ÐÒÏÊÅ ÔÁËÖÉÍÉ ëąËÁÂÉÌÅÃÅË 
ÓÏÒÕÎÌÁÒ ÎÅÄÅÎÉÙÌÅ ÓąË ÓąË ÄÅÇȋÉĥÉËÌÉËÌÅÒ 
ÇÏȃÓÔÅÒÍÅËÔÅÄÉÒȢ "Õ ÎÅÄÅÎÌÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍÌÁÒąȟ ÐÒÏÊÅ ÐÒÏÇÒÁÍąÎÄÁ ÄÅÇȋÉĥÉËÌÉË 
ÙÁÐąÌÍÁÓąÎÄÁ ÖÅ ÐÒÏÊÅ ÕȃÙÅÌÅÒÉÎÉ 
ÂÉÌÇÉÌÅÎÄÉÒÍÅÓÉÎÄÅ ËÏÌÁÙÌąË ÓÁÇȋÌÁÒ ɍτɎ Ȣ 

ςȢ +ÁÙÎÁË 9ĘÎÅÔÉÍÉȡ "Õ ÏȃÚÅÌÌÉËÌÅ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÃÉÌÅÒÉȟ ÐÒÏÊÅ ÇÅÒÅËÓÉÎÉÍÌÅÒÉÎÉ 
ËÁÒĥąÌÁÍÁË ÉëÉÎ ÇÅÒÅËÌÉ ÏÌÁÎ ÅÔËÉÎÌÉË ÖÅ 
ÇÏȃÒÅÖÌÅÒ ÉëÉÎ ÕÙÇÕÎ ËÁÙÎÁËÌÁÒąÎ 
ÐÁÙÌÁĥÔąÒąÌÍÁÓąÎą ÓÁÇȋÌÁÒȢ "Õ ÔÕȃÒ ËÁÙÎÁËÌÁÒ 
ÉëÅÒÉÓÉÎÄÅ ÆÉÎÁÎÓÁÌ ËÁÙÎÁËÌÁÒȟ ÅÎÖÁÎÔÅÒȟ  ÉÎÓÁÎ 
ËÁÙÎÁËÌÁÒąȟ  ÕȃÒÅÔÉÍ ËÁÙÎÁËÌÁÒą ÖÂȢ ËÁÙÎÁËÌÁÒ 
ÓÁÙąÌÁÂÉÌÉÒ ɍςςɎȢ 

σȢ dĥÂÉÒÌÉøÉȡ )ȘĥÂÉÒÌÉÇȋÉȟ ÅËÉÐ ÉëÉ ÇÅÌÉĥÉÍ 
ÆÁÁÌÉÙÅÔÌÅÒÉÎÉ ÙÏȃÎÅÔÍÅË ÉëÉÎ ÏȃÎÅÍÌÉÄÉÒȢ "ÁÚą 
ÁËÔÉÖÉÔÅÌÅÒÉÎ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅÓÉ ÉëÉÎ ÄÉËËÁÔÌÉ 
ÖÅ ÏÒÔÁË ëÁÌąĥÍÁ ÇÅÒÅËÔÉÒÅÎ ëÁÌąĥÍÁÌÁÒą 
ÏÒÔÁÙÁ ëąËÁÒąÒȢ "ÁĥÁÒąÌą ÉĥÂÉÒÌÉÇȋÉ ÐÏÔÁÎÓÉÙÅÌ 
ÅÎÔÅÇÒÁÓÙÏÎ ÓÏÒÕÎÌÁÒąÎą ÔÅÓÐÉÔ ÅÔÍÅ ĥÁÎÓąÎą 
ÖÅÒÉÒȢ !ÙÒąÃÁ ȟ  ÆÉËÉÒ ÁÙÒąÌąËÌÁÒąÎą ÏȃÎÌÅÍÅË ÉëÉÎ 
ÐÒÏÁËÔÉÆ ÏȃÎÌÅÍÌÅÒ ÁÌÍÁÙÁ ȟ ÅÎ ÂÁĥÁÒąÌą ÉĥÂÉÒÌÉÇȋÉ 
ÕÙÇÕÌÁÍÁÌÁÒą ÖÅ ÂÉÌÇÉÎÉÎ ÐÁÙÌÁĥąÌÍÁÓąÎÁ 
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ÙÁÒÄąÍÃą ÏÌÕÒ ɍψɎȢ )ȘĥÂÉÒÌÉÇȋÉȟ ÅÎÔÅÇÒÅ ÐÏÓÔÁȟ  
×ÅÂ ÓÁÙÆÁÌÁÒą ɉÇÉÔÈÕÂɊ ÖÅÙÁ ×ÉËÉ ÓÁÙÆÁÌÁÒąÙÌÁ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÂÉÌÉÒȢ 

τȢ :ÁÍÁÎ ÔÁËÉÂÉȡ 0ÒÏÊÅ ÁËÔÉÖÉÔÅÌÅÒÉÎÅ ÈÁÒÃÁÎÁÎ 
ÚÁÍÁÎąÎ ËÁÙÄÅÄÉÌÍÅÓÉÎÉ ȟ ÁÎÁÌÉÚ ÅÄÉÌÍÅÓÉÎÉȟ  
ÔÁÈÍÉÎ ÅÄÉÌÍÅÓÉÎÉ ÖÅ ÒÁÐÏÒ ÅÄÉÌÍÅÓÉÎÉ ÓÁÇȋÌÁÒȢ 
:ÁÍÁÎ ÔÁËÉÂÉÎÉÎ ÙÁÒÄąÍąÙÌÁȟ ÉĥÖÅÒÅÎÌÅÒÉÎ 
ÚÁÍÁÎ ëÉÚÅÌÇÅÌÅÒÉ ÖÅ ÈÁÒÃÁÍÁÌÁÒą ÙÏȃÎÅÔÉÌÉÒȢ 
/ȄÎÅÍÌÉ ÂÉÒ ÍÁÌÉÙÅÔ ËÁÌÅÍÉ ÏÌÁÎ ÐÅÒÓÏÎÅÌ 
ÍÁÁĥÌÁÒą ÈÅÓÁÐÌÁÎÁÂÉÌÉÒȢ %Ë ÏÌÁÒÁËȟ  ÚÁÍÁÎ 
ÔÁËÉÂÉ ÐÒÏÊÅ ÇÏȃÒÅÖÌÅÒÉÎÉÎ ÄÅÔÁÙÌą ÂÉÒ ĥÅËÉÌÄÅ 
ÄÁÇȋąÌÍÁÓąÎą ÓÁÇȋÌÁÒ ɍςσɎȢ 

υȢ 4ÁÈÍÉÎÌÅÍÅȡ 0ÒÏÊÅ ÉëÉÎ ÇÅÒÅËÌÉ ÏÌÁÎ Éĥ 
ÇÕȃÃÕȃÎÕȃȟ ÍÁÌÉÙÅÔ ÖÅ Éĥ ÐÒÏÇÒÁÍą 
ÈÅÓÁÐÌÁÍÁÌÁÒąÎąÎ ÙÁÐąÌÍÁÓąÎą ÓÁÇȋÌÁÒȢ 0ÒÏÊÅ 
ÙÏȃÎÅÔÉÃÉÌÅÒÉȟ  ÐÒÏÊÅ ÉëÉÎ ÇÅÒÅËÌÉ ÏÌÁÎ ÅÍÅË 
ÔÁÈÍÉÎÌÅÒÉÎÉ ÈÅÓÁÐÌÁÒȟ  ÙÏȃÎÅÔÉÒ ÖÅ 
ÄÏÇȋÒÕÌÁÎÍÁÓąÎą ÓÁÇȋÌÁÒ ɍτɎȢ 

φȢ 2ÉÓË ÁÎÁÌÉÚÉȡ "ÁĥÁÒąÌą ÒÉÓË ÁÎÁÌÉÚÉȟ  ÕÚÕÎ 
ÖÁÄÅÌÉ ÈÁÒÃÁÍÁÌÁÒą ÁÚÁÌÔąÒ ÖÅ ÏÌÁÓą ÐÒÏÊÅ 
ÂÁĥÁÒąÓąÚÌąËÌÁÒąÎą ÏȃÎÃÅÄÅÎ ÏȃÎÇÏȃÒÕȃÌÍÅÓÉÎÉ 
ÓÁÇȋÌÁÒ ɍωɎȢ 2ÉÓË ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÓÉȟ  ÐÒÏÊÅ 
ÙÕȃÒÕȃÔÕȃÌÍÅÓÉ ÂÏÙÕÎÃÁ  ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÓÉÎÅ 
ÏÌÕĥÁÂÉÌÅÃÅË ÒÉÓËÌÅÒÉÎ ÓÁÐÔÁÍÁÓąÎÁȟ ÒÉÓËÌÅÒÅ 
ËÁÒĥą ÁÌąÎÁÃÁË ÏȃÎÌÅÍÌÅÒÉ  ÂÅÌÉÒÌÅÍÅÓÉÎÉ ÖÅ Éĥ 
ÐÒÏÇÒÁÍÌÁÎÍÁÓąÎą ÓÁÇȋÌÁÒ ɍτɎȢ 

χȢ $ÅøÉĥÉÍ 9ĘÎÅÔÉÍÉȡ 0ÒÏÊÅ ÐÌÁÎÌÁÒąÎąÎȟ   
ËÁÙÎÁËÌÁÒąÎąÎȟ  ÕȃÒÕȃÎÌÅÒÉÎÉÎ ÖÅ ÐÒÏÊÅ 
ÇÅÌÉĥÔÉÒÍÅ ÓÕȃÒÅÃÉ ÂÏÙÕÎÃÁ ÏÌÕĥÁÃÁË ÍÁÌÉÙÅÔÉÎ 
ËÏÎÔÒÏÌ ÅÄÉÌÍÅÓÉÄÉÒȢ $ÅÇȋÉĥÉÍ ÙÏȃÎÅÔÉÍÉ 
ÁÒÁÃąÌąÇȋąÙÌÁ ÉÈÔÉÙÁëÌÁÒąÎ ÖÅ ÙÕËÁÒąÄÁËÉ 
ËÏÎÕÌÁÒąÎ ÕȃÚÅÒÉÎÄÅËÉ ÄÅÇȋÉĥÉËÌÉËÌÅÒÉÎ ÅÔËÉÌÅÒÉ 
ËÏÌÁÙÃÁ ÇÏȃÚÌÅÎÉÒ ÖÅ ÙÏȃÎÅÔÉÌÉÒ ɍρρɎȢ 

ψȢ 0ÒÏÊÅ !ÎÁÌÉÚÉ Ⱦ 2ÁÐÏÒÌÁÍÁȡ 'ÁÎÔÔȟ  0%24ȟ  
#%24 ÖÅÙÁ ÄÉÇȋÅÒ ÏȃÚÅÌ ÍÅÔÏÔÌÁÒ ÁÒÁÃąÌąÇȋąÙÌÁ 
ÕȃÒÕȃÎȟ  ÓÕȃÒÅëȟ  ËÉĥÉ ÖÅÙÁ ÏÒÇÁÎÉÚÁÓÙÏÎÌÁ ÉÌÇÉÌÉ 
ÐÒÏÊÅ ÇÅÌÉĥÔÉÒÍÅ ÅÔËÉÎÌÉÇȋÉÎÉÎ ÖÅ ÖÅÒÉÍÌÉÌÉÇȋÉÎÉÎ 
ÁÎÁÌÉÚÉÄÉÒ ɍρχɎȢ 

ωȢ $ÏËİÍÁÎ 9ĘÎÅÔÉÍÉȡ 9ÏȃÎÅÔÉÃÉÌÅÒÅ ÖÅÙÁ 
ÇÅÒÅËÌÉ ÐÒÏÊÅ ÕȃÙÅÌÅÒÉÎÅ ÄÏËÕȃÍÁÎÌÁÒąÎ 
ÓÕȃÒÕȃÍÌÅÒÉÎÉ ÏȃÚÅÌÌÅĥÔÉÒÍÅÓÉÎÉȟ   
ÐÁÙÌÁĥąÌÍÁÓąÎąȟ  ÄÁÇȋąÔąÌÍÁÓąÎąȟ  ËÕÒÔÁÒÍÁ 
ÄÏÓÙÁÌÁÒąÎąÎ ÏÌÕĥÔÕÒÕÌÍÁÓąÎąȟ  ËÉÍÌÉË 
ÄÏÇȋÒÕÌÁÍÁÌÁÒąÎą ȟ  ÇÕȃÖÅÎÌÉÇȋÉÎÉÎ ÓÁÇȋÌÁÎÍÁÓąÎą 
ÖÅ ÙÏȃÎÅÔÉÌÍÅÓÉÎÉ ÓÁÇȋÌÁÒ ɍρψɎȢ 

ρπȢ dÌÅÔÉĥÉÍ !ÒÁëÌÁÒąȡ  9ÁÙąÎÌÁÎÁÎ ÂÅÌÇÅÌÅÒ ÖÅ 
ÐÒÏÊÅÎÉÎ ÄÕÒÕÍÕ ÈÁËËąÎÄÁ ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÓÉÎÉ 
ÖÅ ÐÒÏÊÅ ÕȃÙÅÌÅÒÉÎÉ ÂÉÌÇÉÌÅÎÄÉÒÍÅË ÉëÉÎ 
ËÕÌÌÁÎąÌąÒȢ )ȘÌÅÔÉĥÉÍ ÏÌÁÒÁË ÅȤÐÏÓÔÁ 
ÂÉÌÄÉÒÉÍÌÅÒÉÎÉ ÖÅ ÄÉÇȋÅÒ ÉÌÅÔÉĥÉÍ ÁÒÁëÌÁÒą 

ËÕÌÌÁÎąÌąÒȢ "Õ ÁÒÁëÌÁÒ ÏÒÔÁË ÁËÔÉÖÉÔÅÌÅÒÉÎ 
ÙÁÐąÌÍÁÓąÎąÎ ÔÅÍÅÌÌÅÒÉÎÉ ÏÌÕĥÔÕÒÕÒ ɍρπɎȢ 

ρρȢ 3İÒÅë ÇÅÌÉĥÉÍ ÙĘÎÅÔÉÍÉȡ 3ÕȃÒÅë ÇÅÌÉĥÉÍ 
ÙÏȃÎÅÔÉÍÉÙÌÅ ÇÏȃÒÅÖÌÅÒÉÎ ÓÔÁÎÄÁÒÔ 
ÚÁÍÁÎÌÁÍÁÓą ÓÁÇȋÌÁÎÁÂÉÌÉÒȢ 0ÒÏÊÅ ÙÏȃÎÅÔÉÃÉÓÉȟ  
ÂÕ ÙÏȃÎÔÅÍÌÅÒÉ ËÕÌÌÁÎÁÒÁË ÕȃÒÕȃÎ ÇÅÌÉĥÉÍ 
ÓÕȃÒÅÃÉÎÄÅ ëÅĥÉÔÌÉ ÇÏȃÒÅÖÌÅÒÉ ÖÅ ÅÔËÉÎÌÉËÌÅÒÉ 
ÙÏȃÎÅÔÅÂÉÌÉÒ ɍρωɎȢ 

ρςȢ 0ÏÒÔÆĘÙ ÙĘÎÅÔÉÍÉȡ )ȘĥÌÅÔÍÅÎÉÎ ÇÅÌÅÃÅÇȋÉ ÖÅ 
ÇÅÌÉĥÉÍÉ ÉëÉÎ ÆÁÙÄÁÌą ÕȃÒÕȃÎÌÅÒÉ ÕȃÒÅÔÍÅË ÉëÉÎ 
ÄÏÇȋÒÕ ÐÒÏÊÅÌÅÒÉ ÓÅëÍÅË ÉëÉÎ ËÕÌÌÁÎąÌąÒ ɍρρɎȢ 
!ÙÎą ÚÁÍÁÎÄÁ ÂÉÒÄÅÎ ÆÁÚÌÁ ÉÌÇÉÌÉ ÐÒÏÊÅÎÉÎ 
ÙÏȃÎÅÔÉÌÍÅÓÉÎÉ ÖÅ ÂÕ ÐÒÏÊÅÌÅÒ ÁÒÁÓąÎÄÁ 
ËÁÙÎÁËÌÁÒąÎ ÄÁÇȋąÔąÌÍÁÓąÎą ÓÁÇȋÌÁÒ ɍτɎȢ 

ρσȢ %ÒÉĥÉÍ ËÏÎÔÒÏÌİȡ 9ÅÔËÉÌÅÎÄÉÒÉÌÍÉĥ 
ËÕÌÌÁÎąÃąÌÁÒąÎ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍ ÁÒÁÃąÎÁ 
ÅÒÉĥÉÍÉÎÉ ÖÅ ÙÅÔËÉÓÉÚ ËÕÌÌÁÎąÃąÌÁÒąÎ ÅÒÉĥÉÍÉÎÉÎ 
ËąÓąÔÌÁÎÍÁÓąÎą ÓÁÇȋÌÁÒ ɍςπɎȢ 

ρτȢ +ÁÌÉÔÅ ÙĘÎÅÔÉÍÉȡ 5ȄÒÕȃÎÕȃÎ ËÁÌÉÔÅ ÐÏÌÉÔÉËÁÓąÎąÎ 
ÔÁÎąÍÌÁÎÍÁÓą ÖÅ  ÐÌÁÎÌÁÎÍÁÓą ȟ  ÕȃÒÕȃÎ ËÁÌÉÔÅ   
ÓÅÖÉÙÅÓÉÎÉÎ ËÏÒÕÎÍÁÓąȟ  ÕȃÒÕȃÎ ËÁÌÉÔÅÓÉÎÉÎ  
ËÏÎÔÒÏÌÕȃ ÖÅ ÕȃÒÕȃÎ ËÁÌÉÔÅÓÉÎÉÎ  ÉÙÉÌÅĥÔÉÒÉÌÍÅÓÉ 
ÇÉÂÉ ÉÓÔÅÎÉÌÅÎ  ËÁÌÉÔÅ ÓÅÖÉÙÅÓÉÎÉÎ 
ÓÁÇȋÌÁÎÍÁÓąÎÁ ÉÌÉĥËÉÎ ÔÕȃÍ ÆÁÁÌÉÙÅÔÌÅÒÉÎȟ  
ÇÏȃÒÅÖÌÅÒÉÎȟ  ÂÅÌÇÅÌÅÒÉÎ ÖÂȢ ÙÏȃÎÅÔÉÌÍÅÓÉÎÉ 
ÓÁÇȋÌÁÒ ɍςρɎȢ 

ρυȢ 7ÅÂ 4ÁÂÁÎÌą 3ÉÓÔÅÍȡ "ÁÚą ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍÌÁÒąÎÁ )ȘÎÔÅÒÎÅÔ ÖÅÙÁ ,ÁÎ ÂÁÇȋÌÁÎÔąÓą 
ÇÉÂÉ ÂÉÒ ÎÅÔ×ÏÒËÌÅ ÅÒÉĥÉÌÅÂÉÌÍÅÓÉÄÉÒ ɍςςɎȢ 

ρφȢ !ëąË +ÁÙÎÁË Ⱦ ,ÉÓÁÎÓÌą ­ÒİÎ ȡ 9ÁÚąÌąÍ 
ÁÒÁÃąÎąÎ ÇÅÌÉĥÔÉÒÅÎ ĥÉÒËÅÔÔÅÎ ÌÉÓÁÎÓ ÁÌÁÒÁË 
ÖÅÙÁ ÁëąË ËÁÙÎÁË ËÏÄÌÕ ÏÌÁÒÁË ËÕÌÌÁÎąÌÍÁ 
ÂÉÌÇÉÓÉÄÉÒ ɍρςɎȢ 

ρχȢ 3ÏÒÕÎ ÔÁËÉÂÉȡ 0ÒÏÊÅÙÌÅ ÉÌÇÉÌÉ ÓÏÒÕÎÌÁÒąÎ 
ÌÉÓÔÅÓÉÎÉ ÏÌÕĥÔÕÒÍÁȟ  ëÏȃÚÕȃÍÕȃÎÕȃ ÁÒÁĥÔąÒÍÁ ÖÅ 
ÓÏÒÕÎÌÁÒąÎ ÙÏȃÎÅÔÉÌÍÅÓÉÄÉÒ ɍςςɎȢ 

ρψȢ ­ÃÒÅÔ "ÉÌÇÉÓÉȡ +ÕÌÌÁÎąÌÁÎ ÙÁÚąÌąÍąÎ ÂÅÌÉÒÌÉ ÂÉÒ 
ÕȃÃÒÅÔÉÎÉÎ ÏÌÕÐ ÏÌÍÁÄąÇȋą ÈÁËËąÎÄÁ ÂÉÌÇÉÄÉÒ 
ɍρςɎȢ 

ρωȢ $ÅÎÅÍÅ 3İÒİÍİ +ÕÌÌÁÎąÍą ȡ 9ÁÚąÌąÍąÎ 
ÏȃÚÅÌÌÉËÌÅÒÉÎÉ ÔÁÎąÍÁË ÖÅ ÐÒÏÇÒÁÍ 
ÁÒÁÙÕȃÚÕȃÎÕȃÎ ËÕÌÌÁÎąÍąÎ ÚÏÒÌÕÇȋÕÎÕ ÖÅ   ÐÒÏÊÅ 
ÉëÉÎ ËÕÌÌÁÎąÌÁÂÉÌÉÒÌÉÇȋÉÎÉ ÇÏȃÒÍÅÍÉÚ ÉëÉÎ 
ÙÁÚąÌąÍąÎ ÂÕȃÔÕȃÎ ÏȃÚÅÌÌÉËÌÅÒÉÎÉ ÂÅÌÌÉ ÂÉÒ ÓÕȃÒÅ 
ÉëÉÎ ËÕÌÌÁÎąÌÍÁÓąÄąÒ ɍρσɎȢ 

ςπȢ +ąÓąÔÌą 3İÒİÍ "ÉÌÇÉÓÉȡ 5ȄÃÒÅÔÓÉÚ ÏÌÁÒÁË 
ÙÁÚąÌąÍąÎ ÏȃÚÅÌÌÉËÌÅÒÉÎÉ ÓąÎąÒÌą ÂÉÒ ĥÅËÉÌÄÅ 
ËÕÌÌÁÎąÌÍÁÓąÄąÒȢ 
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σ !ÎÁÌÉÚ 

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ëÁÌąĥÍÁ ÉëÉÎ ςπ ËÒÉÔÅÒ ÁÒÁÃąÌąÇȋąÙÌÁ 
ÈÅÒ ÂÉÒ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍ ÁÒÁÃą ÉëÉÎ ËÒÉÔÅÒÌÅÒÄÅ 
ÂÅÌÉÒÔÉÌÅÎ ÏȃÚÅÌÌÉËÌÅÒÉ ÖÅÙÁ ÉĥÌÅÖÓÅÌÌÉÇȋÉ ÄÅÓÔÅËÌÅÙÉÐ 
ÄÅÓÔÅËÌÅÍÅÄÉÇȋÉÎÉ ÁÒÁĥÔąÒąÌÄą ɍρςɎȢ  

,ÉÔÅÒÁÔÕȃÒÄÅËÉ ëÁÌąĥÍÁÌÁÒ ɍςȟ σȟ τɎ ȟ ËÕÌÌÁÎąÃą 
ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÌÅÒÉ ÖÅ 3ÍÁÒÔ3ÃÏÒÅ ÓÔÁÎÄÁÒÔÌÁÒąÎÁ 
ÂÁÇȋÌą ÏÌÁÒÁË ÏÎ ÁÄÅÔ ÐÒÏÊÅ ÙÁÚąÌąÍ ÁÒÁÃą 
ÄÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅË ÕȃÚÅÒÅ ÓÅëÉÌÄÉȢ +ÕÌÌÁÎąÃą ÖÅ 
3ÍÁÒÔ3ÃÏÒÅ ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÓÉÎÉ 4ÁÂÌÏ ρȭÄÅ 
ÇÏȃÓÔÅÒÉÌÍÉĥÔÉÒ ɍρςɎȢ 

4ÁÂÌÏ ρȡ &ÉÎÁÎÃÅÏÎÌÉÎÅȢÃÏÍ ËÕÌÌÁÎąÃą ÖÅ 
3ÍÁÒÔ3ÃÏÒÅ ÓÔÁÎÄÁÒÔÌÁÒąÎÁ ÇÏȃÒÅ  

ÄÅÇȋÅÒÌÅÎÄÉÒÍÅ ÔÁÂÌÏÓÕ 

0ÒÏÊÅ 9ĘÎÅÔÉÍ 
9ÁÚąÌąÍÌÁÒą 

 Smart 
Score  

+ÕÌÌÁÎąÃą -ÅÎÕÎÉÙÅÔ 
9İÚÄÅÓÉ Ⱦ+ÉĥÉ 

Monday.com 9,8 99/23  

Wrike 9,7 99/41  

Smartsheet 9,4 99/18  

Trello 9,4 97/22  

Jira SoftWare 9,3 97/31  

Asana 9,2 96/15  

ProjectManager 9,2 100/21  

Clarizen 9,1 100/16  

Mavenlink 9,1 99/11  

TaskWorld 9,1 100/14  

0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÍÁÓÁÕȃÓÔÕȃ ȟ  ÍÏÂÉÌ ÖÅ ×ÅÂ ÔÁÂÁÎÌą ÏÌÍÁË ÕȃÚÅÒÅ ÄÅÓÔÅËÌÅÄÉÇȋÉ ÙÁÚąÌąÍ ÐÌÁÔÆÏÒÍÌÁÒą 
4ÁÂÌÏ ςȭÄÅ ÇÏȃÓÔÅÒÉÌÍÅËÔÅÄÉÒ ɍρσɎȢ -ÏÎÄÁÙȢÃÏÍȟ ÐÒÏÊÅÃÔ ÍÁÎÁÇÅÒȟ ÍÁÖÅÌÉÎË ÖÅ ÃÌÁÒÉÚÅÎ ÙÁÚąÌąÍÌÁÒąÎąÎ ,ÉÎÕØ 
ÉĥÌÅÔÉÍ ÓÉÓÔÅÍÉ ÄÅÓÔÅÇȋÉ ÙÏËÔÕÒȢ 4ÒÅÌÌÏȟ ÁÓÁÎÁȟ ÐÒÊÅÃÔ ÍÁÎÁÇÅÒ ÖÅ ÔÁÓË×ÏÒÌÄ ÙÁÚąÌąÍÌÁÒąÎąÎ 7ÉÎÄÏ×Ó ÍÏÂÉÌÅ 
ÉĥÌÅÔÉÍ ÄÅÓÔÅÇȋÉ ÖÁÒÄąÒȢ  

4ÁÂÌÏ ςȡ 0ÒÏÊÅ 9ÏȃÎÅÔÉÍ 9ÁÚąÌąÍÌÁÒąÎąÎ $ÅÓÔÅËÌÅÄÉÇȋÉ 0ÌÁÔÆÏÒÍÌÁÒąÎąÎ ,ÉÓÔÅÓÉ 

0ÒÏÊÅ 9ĘÎÅÔÉÍ 
9ÁÚąÌąÍÌÁÒą Monday 

.com 
Wrike 

Smart 
sheet 

Trello 
Jira 

SoftWare 
Asana 

Project 
Manager 

Clarizen Mavenlink TaskWorld 
Desteklenen 
Cihazlar  
Windows + + + + + + + + + + 

Linux - + + + + + - - - + 
Android + + + + + + + + + + 
dÐÈÏÎÅȾdÐÁÄ + + + + + + + + + + 
Mac + + + + + + + + + + 
7ÅÂ 4ÁÂÁÎÌą + + + + + + + + + + 
Windows Mobil - - - + - + + - - + 

Ϲ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÒ ȟ Ȥ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÍÁÚ 

0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÕȃÃÒÅÔÓÉÚ ÄÅÎÅÍÅ ÓÕȃÒÕȃÍÕȃ ȟ  ÂÅÄÁÖÁȟ  ÁÙÌąË ÏȃÄÅÍÅȟ  ÔÅË ÓÅÆÅÒÌÉË ÏȃÄÅÍÅȟ  ÙąÌÌąË 
ÏȃÄÅÍÅÌÉ ÖÅ ÁÌąÎÔą ÔÁÂÁÎÌą ÆÉÙÁÔÌÁÎÄąÒÍÁ ÍÏÄÅÌÌÅÒÉÎÅ ÇÏȃÒÅ ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÓÉ 4ÁÂÌÏ σȭÔÅ ÇÏȃÓÔÅÒÉÌÍÅËÔÅÄÉÒ ɍρτɎȢ 
"ÕȃÔÕȃÎ ÙÁÚąÌąÍÌÁÒ ÕȃÃÒÅÔÓÉÚ ÄÅÎÅÍ ÓÕȃÒÕȃÍÕȃÎÅ ÓÁÈÉÐÔÉÒȢ *ÉÒÁ ÙÁÚąÌąÍą ÔÅË ÓÅÆÅÒÌÉË ÏȃÄÅÍÅ ÓÅëÅÎÅÇȋÉÎÅ ÓÁÈÉÐ ÔÅË 
ÙÁÚąÌąÍÄąÒȢ 

4ÁÂÌÏ σȡ 0ÒÏÊÅ 9ÏȃÎÅÔÉÍ 9ÁÚąÌąÍÌÁÒąÎąÎ &ÉÙÁÔÌÁÎÄąÒÍÁ -ÏÄÅÌÌÅÒÉÎÅ 'ÏȃÒÅ $ÅÇȋÅÒÌÅÎÄÉÒÍÅ 4ÁÂÌÏÓÕɉɊ 

0ÒÏÊÅ 9ĘÎÅÔÉÍ 
9ÁÚąÌąÍÌÁÒą Monday 

.com 
Wrike 

Smart 
sheet 

Trello 
Jira 

SoftWare 
Asana 

Project 
Manager 

Clarizen Mavenlink TaskWorld 
&ÉÙÁÔÌÁÎÄąÒÍÁ 
Modelleri  

­ÃÒÅÔÓÉÚÅ 
$ÅÎÅÍÅ 3İÒİÍİ 

+ + + + + + + + + + 

Bedava - - - + + + - - - - 

!ÙÌąË vÄÅÍÅ + - + + + + + + + + 

Tek Seferlik 
vÄÅÍÅ 

- - - - + - - - - - 

9ąÌÌąË vÄÅÍÅÌÉ + + + + + + - + + + 

!ÌąÎÔą 4ÁÂÁÎÌą - + + - - - - + + + 

0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÓÅÒÂÅÓÔ ëÁÌąĥÁÎÌÁÒ ÖÅ  ËÕȃëÕȃËȟ  ÏÒÔÁ ÖÅ  ÂÕȃÙÕȃË ÏȃÌëÅËÔÅ ĥÉÒËÅÔÌÅÒÅ ÙÏȃÎÅÌÉË ÈÉÔÁÐ ÅÔÔÉÇȋÉ 
ÍÕȃĥÔÅÒÉ ÔÕȃÒÌÅÒÉÎÅ ÇÏȃÒÅ ÄÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 4ÁÂÌÏ τȭÔÅ ÇÏȃÓÔÅÒÉÌÍÅËÔÅÄÉÒ ɍρυɎȢ 
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4ÁÂÌÏ τȡ 0ÒÏÊÅ 9ÏȃÎÅÔÉÍ 9ÁÚąÌąÍÌÁÒąÎąÎ -ÕȃĥÔÅÒÉ 4ÕȃÒÌÅÒÉÎÅ 'ÏȃÒÅ $ÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

0ÒÏÊÅ 9ĘÎÅÔÉÍ 
9ÁÚąÌąÍÌÁÒą Monday 

.com 
Wrike 

Smart 
sheet 

Trello 
Jira 

SoftWare 
Asana 

Project 
Manager 

Clarizen Mavenlink TaskWorld 

-İĥÔÅÒÉ 4İÒÌÅÒÉ 

+İëİË vÌëÅËÔÅ 
dĥÌÅÔÍÅÌÅÒ 

+ - + + + + + + + + 

/ÒÔÁ vÌëÅËÔÅ 
dĥÌÅÔÍÅÌÅÒ 

+ + + + + + + + + + 

"İÙİË vÌëÅËÔÅ 
dĥÌÅÔÍÅÌÅÒ 

+ + + + + + + + + + 

3ÅÒÂÅÓÔ KÁÌąĥÁÎÌÁÒ - - + + - + - + - + 

Ϲ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÒ ȟ Ȥ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÍÁÚ 

 

0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÂÕÌÕÔ ÔÁÂÁÎÌąȟ  ÙÅÒÉÎÄÅ ÖÅ ÁëąË !0) ÏÌÍÁË ÕȃÚÅÒÅ ÄÁÇȋąÔąÍ ÔÕȃÒÌÅÒÉÎÅ ÇÏȃÒÅ 
ÄÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 4ÁÂÌÏ υȭÔÅ ÇÏȃÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ "ÕȃÔÕȃÎ ÙÁÚąÌąÍÌÁÒ ÂÕÌÕÔ ÔÁÂÁÎÌą ÏÌÁÒÁË ëÁÌąĥÍÁËÔÁÄąÒȢ *ÉÒÁ ÖÅ 
4ÁÓË×ÏÒÌÄ ÙÁÚąÌąÍÌÁÒą ÙÅÒÉÎÄÅ ëÁÌąĥÍÁÙą ÄÅÓÔÅËÌÅÍÅËÔÅÄÉÒȢ 

4ÁÂÌÏ υȡ 0ÒÏÊÅ 9ÏȃÎÅÔÉÍ 9ÁÚąÌąÍÌÁÒąÎąÎ 5ȄÒÕȃÎ $ÁÇȋąÔąÍ 4ÕȃÒÌÅÒÉÎÅ 'ÏȃÒÅ $ÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

0ÒÏÊÅ 9ĘÎÅÔÉÍ 
9ÁÚąÌąÍÌÁÒą 

Monday 
.com 

Wrike 
Smart 
sheet 

Trello 
Jira 

SoftWare 
Asana 

Project 
Manager 

Clarizen Mavenlink TaskWorld 

­ÒİÎ $ÁøąÔąÍ 4İÒÌÅÒÉ 

Bulut 4ÁÂÁÎÌą + + + + + + + + + + 

Yerinde - - - - + - - - - + 

!ëąË !0) + + + + - - - + + - 

Ϲ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÒ ȟ Ȥ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÍÁÚ 

 

0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÅÎÔÅÇÒÅ ÏÌÄÕÇȋÕ ÙÁÚąÌąÍ 
ÓÁÙąÓą ȟ  ÖÅÒÄÉÇȋÉ ÄÉÌ ÄÅÓÔÅÇȋÉ ÓÁÙąÓą ÖÅ 4ÕȃÒËëÅ ÄÉÌ ÄÅÓÔÅÇȋÉ 
ÏÌÕÐ ÏÌÍÁÄąÇȋąÎÁ ÇÏȃÒÅ ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÓÉ 4ÁÂÌÏ φȭÄÁ 
ÇÏȃÓÔÅÒÉÌÉÒȢ %Î ëÏË ÙÁÚąÌąÍÁ ÅÎÔÅÇÒÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍą 3ÍÁÒÔÓÈÅÅÔȭÄÉÒ Ȣ !ëąË ËÁÙÎÁËÌą ÅÎ ëÏË ÄÉÌ 
ÄÅÓÔÅÇȋÉÎÅ ÖÅÒÅÎ ÙÁÚąÌąÍ ÉÓÅ 7ÒÉËÅ ÙÁÚąÌąÍąÄąÒȢ 7ÒÉËÅ 
ÖÅ 3ÍÁÒÔÓÈÅÅÔ ÙÁÚąÌąÍąÎąÎ 4ÕȃÒËëÅ ÄÉÌ ÄÅÓÔÅÇȋÉ ÖÁÒÄąÒȢ 

4ÁÂÌÏ φȡ 0ÒÏÊÅ 9ÏȃÎÅÔÉÍ 9ÁÚąÌąÍÌÁÒąÎąÎ %ÎÔÅÇÒÅ 
/ÌÄÕÇȋÕ 9ÁÚąÌąÍ 3ÁÙąÓą ȟ  $ÉÌ $ÅÓÔÅÇȋÉ 3ÁÙąÓą 6Å 4ÕȃÒËëÅ 

$ÉÌ $ÅÓÔÅÇȋÉ $ÅÇȋÅÒÌÅÎÄÉÒÍÅ 4ÁÂÌÏÓÕ 

0ÒÏÊÅ 9ĘÎÅÔÉÍ 
9ÁÚąÌąÍÌÁÒą 

Entegre 
/ÌÄÕøÕ 
9ÁÚąÌąÍ 
3ÁÙąÓą 

Dil 
$ÅÓÔÅøÉ 
3ÁÙąÓą 

4İÒËëÅ 
Dil 

$ÅÓÔÅøÉ 

Monday.com 12 5 - 

Wrike 26 13 + 

Smartsheet 57 5 + 

Trello 12 10 - 

Jira SoftWare 21 12 - 

Asana 36 6 - 

ProjectManager 49 1 - 

Clarizen 20 1 - 

Mavenlink 12 1 - 

TaskWorld 5 10 - 

 

9ÁÚąÌąÍÌÁÒąÎ ÅȤÐÏÓÔÁ ȟ  ÔÅÌÅÆÏÎ ȟ  ÃÁÎÌą ÄÅÓÔÅË ȟ  ÅÇȋÉÔÉÍ 
ÖÅ ÔÉÃËÅÔ ÇÉÂÉ ÍÕȃĥÔÅÒÉÌÅÒÉÎÅ ÖÅÒÄÉÇȋÉ ÄÅÓÔÅË ÔÕȃÒÌÅÒÉÎÉÎ 
ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÓÉ 4ÁÂÌÏ χȭÄÅ ÇÏȃÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ 4ÒÅÌÌÏ 
ÖÅ !ÓÁÎÁ ÙÁÚąÌąÍÌÁÒą ÍÕȃĥÔÅÒÉÌÅÒÉÎÅ ÂÕȃÔÕȃÎ ÄÅÓÔÅË 
ÈÉÚÍÅÔÌÅÒÉÎÉ ÓÕÎÍÁÍÁËÔÁÄąÒȢ 

4ÁÂÌÏ χȡ 0ÒÏÊÅ 9ÏȃÎÅÔÉÍ 9ÁÚąÌąÍÌÁÒąÎąÎ -ÕȃĥÔÅÒÉ 
$ÅÓÔÅË 4ÕȃÒÌÅÒÉÎÅ 'ÏȃÒÅ $ÅÇȋÅÒÌÅÎÄÉÒÍÅÓÉ 

Proje 
9ĘÎÅÔÉÍ 
9ÁÚąÌąÍÌÁÒą 

-İĥÔÅÒÉ $ÅÓÔÅË 4İÒÌÅÒÉ 

E-
Posta 

Telefon  
#ÁÎÌą 

Destek 
%øÉÔÉÍ Ticket  

Monday.com + + + + + 

Wrike + + + + + 

Smartsheet + + + + + 

Trello + + - + + 

Jira SoftWare + + + + + 

Asana + - - + + 
Project 
Manager 

+ + + + + 

Clarizen + + + + + 

Mavenlink + + + + + 

TaskWorld + + + + + 

Ϲ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÒ ȟ Ȥ ȡ $ÅÓÔÅË ÓÁÇȋÌÁÍÁÚ 
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0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÇÏȃÒÅÖ ÙÏȃÎÅÔÉÍÉȟ  
ËÁÙÎÁË ÙÏȃÎÅÔÉÍÉ ȟ  Éĥ ÂÉÒÌÉÇȋÉ ȟ  ÚÁÍÁÎ ÔÁËÉÂÉ ȟ  
ÔÁÈÍÉÎÌÅÍÅ ȟ  ÒÉÓË ÁÎÁÌÉÚÉ ȟ  ÄÅÇȋÉĥÉÍ ÙÏȃÎÅÔÉÍÉ ȟ ÐÒÏÊÅ 
ÁÎÁÌÉÚÉ ȾÒÁÐÏÒÌÁÍÁ ȟ  ÄÏËÕȃÍÁÎ ÙÏȃÎÅÔÉÍÉ ȟ  )ȘÌÅÔÉĥÉÍ 
ÁÒÁëÌÁÒą ȟ  ÓÕȃÒÅë ÇÅÌÉĥÉÍ ÙÏȃÎÅÔÉÍÉ ȟ  ÐÏÒÔÆÏȃÙ ÙÏȃÎÅÔÉÍÉ 
ȟ  ÅÒÉĥÉÍ ËÏÎÔÒÏÌÕȃ ȟ ËÁÌÉÔÅ ÙÏȃÎÅÔÉÍÉ ȟ  ×ÅÂ ÔÁÂÁÎÌą 
ÓÉÓÔÅÍ ȟ  ÁëąË ËÁÙÎÁËÌą Ⱦ ÌÉÓÁÎÓÌą ÕȃÒÕȃÎ ȟ  ÓÏÒÕÎ ÔÁËÉÂÉ ȟ  

ÕȃÃÒÅÔ ÂÉÌÇÉÓÉ ȟ  ÄÅÎÅÍÅ ÓÕȃÒÕȃÍÕȃ ËÕÌÌÁÎąÍą ÖÅ ËąÓąÔÌą 
ÓÕȃÒÕȃÍ ÇÉÂÉ ςπ +ÒÉÔÅÒÅ ÇÏȃÒÅ ÄÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 4ÁÂÌÏ 
ψȭÄÅ ÇÏȃÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ +ÁÙÎÁË ÙÏȃÎÅÔÉÍÉ ȟ ÐÒÏÊÅ 
ÁÎÁÌÉÚÉ Ⱦ ÒÁÐÏÒÌÁÍÁ ȟ ÄÏËÕȃÍÁÎ ÙÏȃÎÅÔÉÍÉ ȟ ÅÒÉĥÉÍ 
ËÏÎÔÒÏÌÕȃ ȟ ÁëąË ËÁÙÎÁËÌą Ⱦ ÌÉÓÁÎÓÌą ÕȃÒÕȃÎ ÖÅ ÓÏÒÕÎ 
ÔÁËÉÂÉ ËÒÉÔÅÒÌÅÒÉ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÁÒÁÃąÎąÎ ÓÅëÉÍÉÎÄÅ 
ÏȃÎÅÍÌÉ ËÒÉÔÅÒÌÅÒ ÏÌÁÒÁË ÏÒÔÁÙÁ ëąËÁÒȢ 

 

4ÁÂÌÏ ψȡ 0ÒÏÊÅ 9ÏȃÎÅÔÉÍ 9ÁÚąÌąÍÌÁÒąÎąÎ "ÅÌÉÒÌÅÎÅÎ ςπ +ÒÉÔÅÒÅ 'ÏȃÒÅ $ÅÇȋÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

 

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ËÁÒĥąÌÁĥÔąÒÍÁÌą ÄÅÇȋÅÒÌÅÎÄÉÒÍÅ 
ëÁÌąĥÍÁÓąȟ  ÈÉëÂÉÒ ÙÁÚąÌąÍąÎ ÂÅÌÉÒÌÅÎÅÎ ÔÕȃÍ ÏȃÚÅÌÌÉË 
ÖÅÙÁ ÉĥÌÅÖÌÅÒÉ ÄÅÓÔÅËÌÅÍÅÄÉÇȋÉÎÉ ÇÏȃÓÔÅÒÄÉȢ 'ÏȃÒÅÖ 
ÚÁÍÁÎÌÁÍÁÓą ȟ  ËÁÙÎÁË ÙÏȃÎÅÔÉÍÉȟ  ÉĥÂÉÒÌÉÇȋÉ ÖÅ ÂÅÌÇÅ 
ÙÏȃÎÅÔÉÍÉÎÉ ÇÉÂÉ ÏȃÚÅÌÌÉËÌÅÒÉÎ ÂÁÚąÌÁÒą ÂÕȃÔÕȃÎ ÁÒÁëÌÁÒÄÁ 
ÂÕÌÕÎÕÒȢ 9ÁÚąÌąÍÌÁÒąÎ ÂÉÒëÏÇȋÕ ×ÅÂ ÔÁÂÁÎÌą 
ëÁÌąĥÍÁËÔÁÄąÒȢ "Õ ÁÌÁÎÄÁ ëÁÌąĥÍÁ ÙÁÐÁÃÁË 
ÁÒÁĥÔąÒÍÁÃąÌÁÒ ÉëÉÎ ÁëąË ËÁÙÎÁË ËÏÄÌÕ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍ ÁÒÁëÌÁÒą ÄÁ ÂÕÌÕÎÕÒȢ )ȘÎÃÅÌÅÎÅÎ 4ÒÅÌÌÏȟ !ÓÁÎÁ 
ÇÉÂÉ ÁÒÁëÌÁÒ ÁëąË ËÁÙÎÁË ËÏÄÌÕ ÖÅÙÁ ÌÉÓÁÎÓ 
ÇÅÒÅËÔÉÒÍÅÍÅËÔÅÄÉÒȢ !ëąË ËÁÙÎÁË ËÏÄÌÕ ÁÒÁëÌÁÒ 
ÐÒÏÊÅ ÉÈÔÉÙÁëÌÁÒąÎÁ ÇÏȃÒÅ ÄÅÇȋÉĥÔÉÒÉÌÉÒ ÖÅ ÇÅÌÉĥÔÉÒÉÌÉÒȢ 
$ÅÇȋÉĥÉÍ ÙÏȃÎÅÔÉÍÉȟ  ÓÕȃÒÅë ÇÅÌÉĥÉÍ ÙÏȃÎÅÔÉÍÉȟ  ËÁÌÉÔÅ 
ÙÏȃÎÅÔÉÍÉ ÇÉÂÉ ÂÁÚą ÆÏÎËÓÉÙÏÎÌÁÒąÎ ËÁÒĥąÌÁĥÔąÒÍÁÓą 
ÉëÉÎ ÄÁÈÁ ÆÁÚÌÁ ÁÒÁĥÔąÒÍÁ ÙÁÐąÌÍÁÓą ÇÅÒÅËÍÅËÔÅÄÉÒȢ 

 

τ 3ÏÎÕëÌÁÒ ÖÅ 'ÅÌÅÃÅË KÁÌąĥÍÁ 

0ÒÏÊÅ ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍÌÁÒąÎąÎ ÓÁÙąÓą ÇÕȃÎ ÇÅëÔÉËëÅ 
ÁÒÔÁÒËÅÎȟ  ÙÏȃÎÅÔÉÃÉÌÅÒÉÎ ÐÒÏÊÅÌÅÒÉ ÉëÉÎ ÍÁÌÉÙÅÔȟ 
ÐÅÒÆÏÒÍÁÎÓ ÖÅ ËÕÌÌÁÎąÌÁÂÉÌÉÒÌÉË ÂÁËąÍąÎÄÁÎ ÅÎ 
ÕÙÇÕÎ ÁÒÁÃą ÓÅëÍÅÓÉ ÄÁÈÁ ÚÏÒ ÏÌÍÁËÔÁÄąÒȢ  

"Õ ëÁÌąĥÍÁÄÁ ÉÎÃÅÌÅÎ ÙÁÚąÌąÍ ÁÒÁëÌÁÒąÙÌÁ ÉÌÇÉÌÉ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÃÉÌÅÒÉÎÅ ÖÅ ÔÁËąÍ ÕȃÙÅÌÅÒÉÎÅ ÈąÚÌą ÂÉÒ ÉÎÃÅÌÅÍÅ 
ÆąÒÓÁÔą  ÓÕÎÕÌÍÁËÔÁ ÖÅ ÂÕ ÙÁÚąÌąÍÌÁÒąÎ ÇÕȃëÌÕȃ ÖÅÙÁ 
ÚÁÙąÆ ÙÏȃÎÌÅÒÉÎÉ ÉÎÃÅÌÅÍÅÌÅÒÉ ÖÅ ÄÅÇȋÅÒÌÅÎÄÉÒÍÅÌÅÒÉ 
ÓÁÇȋÌÁÎÍÁËÔÁÄąÒȢ !ÙÒąÃÁȟ  ÐÒÏÊÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉÎÅ ÂÁÚą 
ËÒÉÔÅÒÌÅÒ ÓÕÎÕÌÁÒÁË  ËÅÎÄÉÌÅÒÉ ÉëÉÎ ÅÎ ÕÙÇÕÎ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍąÎą ÓÅëÍÅÌÅÒÉÎÅ ÙÁÒÄąÍÃą 
ÏÌÕÎÍÁËÔÁÄąÒȢ  

"Õ ËÁÒĥąÌÁĥÔąÒÍÁ ëÁÌąĥÍÁÓąÎąÎ ÁÒÄąÎÄÁÎȟ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÃÉÌÅÒÉÎÉÎ ËÁÔąÌąÍą ÉÌÅ ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÃÅË ÂÉÒ 
ÁÎËÅÔ ëÁÌąĥÍÁÓą ÉÌÅ ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ ÁÒÁëÌÁÒąÎąÎ ÎÁÓąÌ 
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ÓÅëÉÌÄÉÇȋÉÎÉÎ ÏÒÔÁÙÁ ëąËÁÒąÌÍÁÓą ÐÌÁÎÌÁÎÍÁËÔÁÄąÒȢ 
0ÌÁÎÌÁÎÁÎ ÂÕ ëÁÌąĥÍÁ ÉÌÅ ÙÏȃÎÅÔÉÃÉÌÅÒÉÎ ÉÈÔÉÙÁë 
ÄÕÙÄÕËÌÁÒą ÙÏȃÎÅÔÉÍ ÁÒÁëÌÁÒąÎąÎ ÎÉÔÅÌÉËÌÅÒÉ ÄÁÈÁ 
ÄÏÇȋÒÕ ÂÉÒ ÂÉëÉÍÄÅ ÏÒÔÁÙÁ ËÏÎÕÌÁÂÉÌÅÃÅËÔÉÒȢ  

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ëÁÌąĥÍÁÎąÎ ÓÏÎÕëÌÁÒą ÐÒÏÊÅ ÙÏȃÎÅÔÉÍ 
ÙÁÚąÌąÍ ÁÒÁë ÓÅëÉÍÉ ÉëÉÎ ÂÕ ÁÌÁÎÄÁ ëÁÌąĥÁÃÁËÌÁÒą 
ÄÅÓÔÅËÌÅÙÅÃÅËÔÉÒȢ KÁÌąĥÍÁÍąÚ ËÁÐÓÁÍąÎÄÁ ÐÒÏÊÅ 
ÙÏȃÎÅÔÉÍ ÙÁÚąÌąÍ ÁÒÁëÌÁÒąÎąÎ ÆÁÒËÌą ÙÏȃÎÌÅÒÄÅÎ 
ËÁÒĥąÌÁĥÔąÒÍÁÌą ÁÎÁÌÉÚ ÔÁÂÌÏÌÁÒą ÉÌÅ ÓÕÎÕÌÍÁÓąȟ ÂÕ 
ÁÒÁëÌÁÒąÎ ÓÅëÉÍÉÙÌÅ ÉÌÇÉÌÉ ÄÁÈÁ ËąÓÁ ÚÁÍÁÎÄÁ ÄÏÇȋÒÕ 
ËÁÒÁÒÌÁÒ ÁÌąÎÍÁÓąÎą ÄÅÓÔÅËÌÅÙÅÃÅËÔÉÒȢ 
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Prioritizing Association-Rules for Product Recommendation: A Case Study In E-

Retailing 

dÎÁÎë +!"!3!+!,1*11 

1%ÇÅ 5ÎÉÖÅÒÓÉÔÙȟ &ÁÃÕÌÔÙ ÏÆ %ÃÏÎÏÍÉÃÓ Ǫ !ÄÍÉÎÉÓÔÒÁÔÉÖÅ 3ÃÉÅÎÃÅÓȟ $ÅÐÔȢ ÏÆ "ÕÓÉÎÅÓÓ !ÄÍÉÎÉÓÔÒÁÔÉÏÎȟ dÚÍÉÒȟ 
TURKEY 

Abstract  

E-commerce web sites enable businesses to utilize recommendations that help to increase cross-sales by 
providing relevant products. The traditional Market Basket Analysis relies on finding products often 
purchased together in prior basket data. In such cases, selecting the most appropriate offer requires 
evaluation of association rules through various strategies for rule selection. With an emphasis on the recency 
of transactions, this study presents a slight modification in the Apriori algorithm, which is widely used in 
association rule discovery. Weighted rule mining techniques help to prioritize transactions regarding 
attributes, including the recency, customer, or purchase total. Our study demonstrates a case study where the 
itemset support calculation with a weighted approach favors more recent transactions. The findings indicate 
notable decreases in completion time, while prioritizing more recent transactions with the aim to obtain time-
sensitive and potentially more useful recommendations. 

Keywords: Weighted Association Rule Mining, Frequent Itemset Mining, Market Basket Analysis 

Introduction  

Association Rule Mining is among the unsupervised 
learning techniques in data mining [1] that analyze 
transactional data and extracts useful patterns 
about how items come together. The technique has 
been applied in various problems, where its name is 
ÕÓÅÄ ÁÌÏÎÇ ×ÉÔÈ ÔÅÒÍÓ Ȭ!ÆÆÉÎÉÔÙ !ÎÁÌÙÓÉÓȭȟ ÏÒ Ȭ-ÁÒËÅÔ 
"ÁÓËÅÔ !ÎÁÌÙÓÉÓȭ ÒÅÇÁÒÄÉÎÇ ÔÈÅ ÐÒÏÂÌÅÍ ÄÏÍÁÉÎȢ 
The Apriori algorithm by Agrawal et al [2] has been 
introduced with an emphasis on its ability to scale 
on large datasets and the ease of use for intuitive 
outputs. For more than two decades, the 
conventional algorithm for itemset discovery has 
received intense attention. However, the algorithm 
discards the count of items, and such exclusion was 
noted as a limitation for the use of extracted 
information on some domains where numeric 
attributes in rules might signify important 
conclusions. In this manner, the reduction of item 
co-occurrences into a binary relation was 
underlined as a constraint by various researchers. 
The Apriori algorithm has been extended by various 
studies to adapt to different constraints or 
assumptions. Among such modifications, some 
methods propose adding weights that prioritize 
items, transactions, or even both. These kinds of 
studies often examine transaction and item 

 
11* inanc.kabasakal@gmail.com 

relationships using numerical variables and are 
often described as weighted rule mining techniques. 
This study attempts to present a case study by 
utilizing a slightly modified version of the algorithm 
to discover frequent purchase patterns by analyzing 
recency-based weighted transactions. For this 
purpose, monthly orders were prioritized based on 
their recency. In this manner, our study handles 
basket data as a temporal dataset where purchase 
date corresponds to the temporal attribute.  
Our approach was tested on a dataset obtained from 
an e-retailer (adepo.com), which had been one of 
ÔÈÅ ÌÅÁÄÉÎÇ ÏÎÌÉÎÅ ÇÒÏÃÅÒÉÅÓ ÉÎ dÚÍÉÒȟ 4ÕÒËÅy. The 
basket data analyzed consists of 3163 purchase 
records in 340 categories, ordered in November 
2013. Recency-based weighting was held by 
applying a modification on the calculation of 
item/itemset support on the first phase of the 
original Apriori algorithm. For this purpose, the 
source code was edited in the RuleGenerator 
software, which consists of an Apriori 
implementation along with a graphical user 
interface. The software was previously introduced 
in [3] to discover brand-wise and category-wise 
association rules. A series of tests were held in 
which slightly different coefficients have been used 
to adjust the effect of recency.  
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Our findings present a comparison of the total 
counts of itemsets and rules obtained. Our results 
suggest that analyzing basket data by assigning 
recency-based transaction weights might 
considerably shorten completion time while 
reducing the count of rules in our test data. 

Association Rule Mining  

In data mining, association rule mining techniques 
discover patterns that frequently occur together in 
data. Among the rule mining algorithms, the Apriori 
algorithm [2] efficiently discovers frequent 
itemsets, and generates association rules of the 
form XĄY, which represent co-occurrence of items 
in datasets. 
The technique involves two phases, including 
frequent itemset mining and rule generation [4:98]. 
The first phase relies on finding the count of 
occurrences for items, filtering items that occur 
below a threshold, and generating itemsets 
iteratively. Subsequently, itemsets are decomposed 
into consequent and antecedents to populate rules; 
and those rules that satisfy a confidence threshold 
are assumed potentially interesting. The rules are 
then evaluated by several measures [5] and 
explored for problem-specific purposes. 
As noted in the first phase, the items are directly 
counted in conventional frequent pattern mining. 
The underlying idea in counting was attributed to 
the assumption of equal importance in transactions 
[6]. 

 

Weighted Rule Mining  

Many practices of association rule mining 
necessitate assigning different weights on items or 
transactions. As an example, association rule 
mining is often used for market basket analysis, 
where the significance of customers differs. 
Accordingly, such differences might be brought into 
attention by weighting transactions [7]. More 
generally, such practice in market basket analysis is 
ÏÃÃÁÓÉÏÎÁÌÌÙ ÅØÐÒÅÓÓÅÄ ×ÉÔÈ ÔÈÅ ȰÕÔÉÌÉÔÙ ÍÉÎÉÎÇȱ 
notion, which corresponds to mining rules 
regarding both item prices and counts purchased 
[8]. 
In one of the earlier studies, Ramkumar et al [9] 
discussed several approaches in weighted rule 
mining. The authors suggested that counting the 
transactions, which include the item(s), is sufficient 
for the calculation of the support measure in an 
unweighted configuration. By this means, weighting 

transactions is usually simpler than weighting items 
[9]. 
Another motive to weight transactions depends on 
the effect of time. Weighted frequent-itemset 
mining algorithms can find time-sensitive results if 
transactions are weighted appropriately [10]. Gan 
et al [11] noted that taking the recency of data is 
crucial to properly measure the interestingness of 
patterns in databases where observations in data 
are sensitive to time. Moreover, the authors 
explained such necessity by mentioning the market 
basket data and noted that the recency of 
transactions should be considered to extract up-to-
date patterns rather than out-of-date results. As a 
further notice on market basket analysis, Lin et al 
[12] noticed the importance of recency from a 
decision-ÍÁËÅÒÓȭ ÐÅÒÓÐÅÃÔÉÖÅ ÁÎÄ ÎÏÔÅÄ ÔÈÁÔ ÒÕÌÅÓ 
occasionally demonstrate shopping patterns that 
vary over time, and identification of such patterns 
in more recent data is crucial for decision-makers. 
With such justification, both studies [11] [12] have 
proposed customized techniques that take recency 
of transactions into account during frequent 
itemset mining.  
Weighting transactions is still relevant considering 
the effect of prices on purchase decisions. 
Regarding the prices set for the products, prior 
purchase records might be described as 
nonstationary time series because of the typical 
increases in the price level due to inflation [4:465]. 
From this perspective, it might be argued that the 
importance of out-of-date transactions should be 
reduced in market basket analysis due to the 
increasing probability of price changes over time. In 
addition to the previous reasons, Ramkumar et al 
[9] noted that contextual factors such as the profit 
or the significance of the customer might justify the 
application of association rule mining with 
transaction weights.  
Item-based weighting is another approach in 
weighted association rule mining. Sun and Bai [6] 
introduced an alternative rule mining technique 
where items are weighted according to the link 
structure across transactions and items. The motive 
in that approach was described as items of high 
importance are included in many transactions, and 
transactions with high importance involve items 
with high importance. Furthermore, Vo et al [13] 
proposed alternative methods for frequent 
weighted itemset mining, where items have 
weights, and transactions are weighted as the 
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average weight of items included. Another study 
that develops an extended rule mining technique 
with weighted items was proposed by Wang et al 
[14]. The weighting approach was described using a 
market basket analysis scenario, where purchased 
volumes correspond to weights. Moreover, the 
study also explores the range of volumes and 
ÉÎÃÌÕÄÅÓ Á ÎÏÖÅÌ ȰÄÅÎÓÉÔÙȱ ÍÅÁÓÕÒÅ ÔÏ ÓÅÌÅÃÔ ÔÈÅ 
appropriate interval that results in higher 
confidence scores achieved in the extracted rules.  
Sun [15] proposed a modification of the classical 
Apriori algorithm by implementing weights for 
items and transactions, which results in 
accomplishing improved execution time while 
reducing memory requirements in comparison with 
the original algorithm. Specifically, the idea in the 
proposed method was replacing the binary 
relations among transactions and items with a 
weight matrix. The calculation of weights 
incorporates a strategy which slightly increases the 
supports calculated for rare items and works the 
other way for frequent items. The authors argued 
this capability due to its potential use in extracting 
valuable but rare findings. 

 

Methodology  

As in many weighted rule mining techniques, our 
study involves assigning weights into transactions. 
As noted in the prior section, the inclusion of 
recency is possible by assigning weights into 
transactions. In this way, more recent transactions 
are given higher importance, while the importance 
of older transactions degrades in proportion to the 
recency factor. 
In contrast with several approaches in weighted 
rule mining, our solution includes minimal 
modification in the original Apriori algorithm. The 
only change was made within the procedure for the 
calculation of support for items and item-sets. 
Rather than counting the total count of transactions 
that involve an item or itemset, our update relies on 
simply adding the weights of such transactions. 
However, this step relies on adjusting appropriate 
weights for transactions beforehand. 
The process needs to be detailed for the basket data 
in our case study. A recency-based transaction 
weighting of basket data results in higher 
prioritizing of more recent purchase decisions. 
Moreover, older purchase records that might still 

have relevance are accounted for, despite their 
weaker priority.  
Each transaction was assigned weights to apply the 
recency effect on transactional data. In fact, weights 
solely depend on the date, and the weight for the 
present date is initialized as 1 in the first step. Next, 
prior periods are weighted with a recursive 
approach by multiplication with a periodic rate. By 
this means, our approach is analogous to net 
present value calculation in finance, where the 
interest rate is used to adjust cash flows occurring 
at different times. Accordingly, it was assumed that 
prior transactions lose their significance by a rate 
each period; thus, a coefficient, namely ȬÒÁÔÅ ÏÆ 
ÄÉÍÉÎÉÓÈÍÅÎÔȭ is defined. 
Using the rate of diminishment, the weights for 
transactions are calculated as in the following: 

 

,ÅÔ Òȡ 2ÁÔÅ ÏÆ ÄÉÍÉÎÉÓÈÍÅÎÔ where 0<r<1 (1) 

,ÅÔ 4ȡ ÉÔÒÁÎÓÁÃÔÉÏÎ    (2)  

,ÅÔ 2ȡ! ÓÃÁÌÁÒ ÆÕÎÃÔÉÏÎ ×ÈÅÒÅȡ   (3)  

24 4ÏÔÁÌ ÄÁÙÓ ÁÆÔÅÒ 4   (4)  

Accordingly, 

×4 ρ Ò     (5)  

 

Unsurprisingly, setting r=0 would result in identical 
support scores with the Apriori algorithm. The 
difference was in support calculation that takes 
summarization of transaction weights, instead of 
transaction counts.  
Letting r as the rate of diminishment and assuming 
t for today, the weights for transactions will be 
calculated as in the following: 

Table 1. Comparison of Iterations 

Day Weights for transactions 
t 1 

t-1 (1-r)  
t-2 (1-r) 2 
t-3 (1-r) 3 
t-4 (1-r) 4 
t-5 (1-r) 5 

 

A major benefit of weighted rule mining was 
reported in previous studies was the significant 
reduction in the count of association rules and 
frequent patterns. This is promising in order to 
examine purchase behaviors by reducing 
uninteresting rules. Moreover, weighted rule 
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mining is reported to improve performance in 
terms of the time required for analysis. For such 
reason, the application of the weighted rule mining 
technique might help to try analyses using lower 
support thresholds on the same duration. 

Findings  

Our dataset involves the same dataset in [3] 
obtained from an e-retailer. The basket data 
consists of monthly purchase transactions recorded 
in November 2013. Therefore, it should be noted 
that a dataset captured in a more extended period 
would have been more useful for recency-based 
transaction weighting, and the one-month period of 
purchases is a major limitation for our study.  
This section presents several tests that have been 
conducted where the recency effect is increased by 
incrementing the rate of diminishment. In each test, 
rule extraction from the basket data was held using 
the parameters below: 

- Support:  2% 

- Confidence:  25% 

The durations, count of itemsets, and rules 
extracted with our approach incorporate 
differences from the original Apriori algorithm. 
After each execution, the count of itemsets and rules 
were noted. Accordingly, a comparison of the 
results obtained in consecutive tests was presented 
in Table 2. 

Table 2. Comparison of Iterations 

Rate of 
Diminishment 

(%) 

Itemset 
Count 

Rule 
Count 

Duration 
(Sec) 

0 919 1070 115.64 
1 651 708 78.82 
2 503 534 47.09 
3 371 407 37.30 
4 268 291 22.81 
5 206 204 17.62 
6 167 160 14.55 
7 126 112 10.55 
8 101 89 9.44 
9 86 64 8.70 

10 72 55 8.15 

 

The findings in Table 2 demonstrate a decrease in 
itemset and rule counts. The underlying factor in 
this decrease might be attributed to the reduced 
weights of less recent transactions. In this way, old 

purchase records will be given less importance over 
time.  
Another noticeable finding is the gradual decrease 
in completion time as the rate increases from 0% to 
10%. The 10% reduction in periodic weights might 
be excessively high, especially for our case where 
each period corresponds to a day. Nevertheless, the 
improvement from 0% to 2% still demonstrates a 
59.27% improvement in execution time. As a 
further note, tests for rule mining were conducted 
using the RuleGenerator software on a moderate 
laptop with an Intel i5 CPU (8265u).  

The decrease in the total rules and itemsets was depicted 
in Figure 1. 

 

Figure 1. Count of rules and itemsets obtained with tests 
with rates of diminishment in [0, 10]. 

As demonstrated in the figure, increasing the rate of 
diminishment leads to a decrease in total rules and 
itemsets. However, the slope of the curve signals 
slightly lower rates of decrease in every increase. 
Moreover, support calculation with leveraging the 
rate of diminishment also decreases total execution 
times. Figure 2 demonstrates the completion times 
in tests where the rate of diminishment was 
gradually increased from 0% to 10%. 
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Figure 2. The durations (sec.) obtained in tests 

Although the decrease in total completion times 
ÌÏÏËÓ ÐÒÏÍÉÓÉÎÇȟ ÔÈÅ ÒÁÔÅÓ ȰÄÕÒÁÔÉÏÎȾÒÕÌÅȱ ÁÎÄ 
ȰÄÕÒÁÔÉÏÎȾÉÔÅÍÓÅÔȱ ÓÕÇÇÅÓÔ ÔÈÅ opposite. The graph 
in Figure 3 does not imply a consistent decline, as in 
the previous figure. Nevertheless, the total 
execution times still greatly benefit from weighting 
transactions by recency.  

 

 

Figure 3. Durations (sec.) / rule count 

 

In prior research, Wang et al [14] reported an 
increase in the rule confidence scores upon the 
application of weighted rule mining. The study 
differs with an item-based weighting approach and 
the density measure that was included to assess 
itemsets. For this reason, there is no reason to 
expect an improvement in our approach regarding 
the interestingness of rules in terms of confidence 
measure. Even so, the average confidences obtained 
in our tests are demonstrated in Figure 4. According 
to our test results, the average confidence scores 
vary within the range of 43.11%-46.75%. 

 

Figure 4. Averages of rule confidences obtained in tests 

 

Conclusion 

Weighted frequent itemset mining methods are 
specialized forms of frequent pattern mining 
techniques. Such techniques might either 
differentiate items or transactions relevant, or even 
both.  
Using weighted itemset mining might help to 
extract useful results in market basket analysis by 
providing the opportunity to assign weights on 
data. The weights have been adjusted regarding the 
volume and price of products or recency of 
transactions in prior studies. Variations of the 
Apriori algorithm have been proposed with the 
inclusion of weights or weight matrices. 
Our study follows prior research on weighting 
transactions to differentiate purchase records by 
recency. Moreover, our approach depends on using 
a coefficient, namely the rate of diminishment, 
which devaluates transactions within the support-
calculation procedure. Our case study on monthly 
basket data demonstrates significantly reduced 
counts in both rules and item-sets being discovered. 
Additionally, modification in the algorithm was 
possible due to the existence of RuleGenerator 
software, which had been introduced by the author 
in prior studies. 
As demonstrated in our case study, recency-based 
weighting in rule mining offers several benefits. The 
most significant one is the decrease in overall 
duration for analysis. Our study attempts to 
demonstrate the benefits with a minor revision in 
the support-calculation step of the original 
algorithm. Moreover, the same principle might be 
applied to the FP-Growth algorithm, which also 
incorporates a support-calculation step similar to 
the Apriori algorithm. Furthermore, it might be 
argued that the proposed approach might facilitate 
market basket analysis by allowing quicker tests on 
datasets that span purchase records in more 
extensive periods. 
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Bilecik Ķlinde Ortaºĵretimden Liseye Ge­iĸ Sēnavlarēnda Makine ¥ĵrenmesi 

Yºntemleri ile ¥ĵrenci Baĸarēsēnēn Tahmini 

!ÙĥÅÇİÌ 3%,6d1*,12Salim CEYHAN 

1 "ÉÌÅÃÉË ¤ÅÙÈ %ÄÅÂÁÌÉ ­ÎÉÖÅÒÓÉÔÅÓÉ &ÅÎ "ÉÌÉÍÌÅÒÉ %ÎÓÔÉÔİÓİȟ "ÉÌÅÃÉËȟ 4­2+d9%  
2 "ÉÌÅÃÉË ¤ÅÙÈ %ÄÅÂÁÌÉ ­ÎÉÖÅÒÓÉÔÅÓÉ "ÉÌÇÉÓÁÙÁÒ -İÈÅÎÄÉÓÌÉøÉȟ "ÉÌÅÃÉËȟ 4­2+dYE  

vÚÅÔ 

dÙÉ ÂÉÒ ĘøÒÅÔÉÍ ÓİÒÅÃÉ ĘøÒÅÎÃÉÌÅÒÉÎ ÉÈÔÉÙÁëÌÁÒąÎąÎ ËÁÒĥąÌÁÎÍÁ ÇÅÒÅËÌÉÌÉøÉ ÉÌÅ ÄÏøÒÕ ÏÒÁÎÔąÌąÄąÒȢ "Õ ÁÎÌÁÍÄÁ 
ĘøÒÅÎÃÉÌÅÒÉÎ ÁËÁÄÅÍÉË ÂÁĥÁÒąÌÁÒąÎąÎ ÔÁÈÍÉÎ ÅÄÉÌÍÅÓÉ ÄÅ ÅøÉÔÉÍ ËÕÒÕÍÌÁÒą ÉëÉÎ ĘÎÅÍ ÁÒÚ ÅÔÍÅËÔÅÄÉÒȢ 3ÏÎ 
ÙąÌÌÁÒÄÁ İÌËÅÍÉÚÄÅ ÂÉÒëÏË ÁÌÁÎÄÁ ÏÌÄÕøÕ ÇÉÂÉ ÅøÉÔÉÍ ÁÌÁÎąÎÄÁ ÄÁ ÆÁÒËÌą ÐÒÏÊÅÌÅÒÉÎ ÈÁÙÁÔÁ ÇÅëÉÒÉÌÍÅÓÉÙÌÅ ĘøÒÅÎÃÉ 
ÂÁĥÁÒąÌÁÒąÎÄÁ ÁÒÔąĥ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ vÚÅÌÌÉËÌÅ 4İÒËëÅȟ -ÁÔÅÍÁÔÉË ÖÅ &ÅÎ "ÉÌÇÉÓÉ ÄÅÒÓÌÅÒÉÎÄÅËÉ ÂÁĥÁÒą ÁÒÔąĥą ÅÌÅ 
ÁÌąÎÄąøąÎÄÁȟ ÅøÉÔÉÍÉÎ ËÁÌÉÔÅÓÉÎÉ ËÏÒÕÍÁË ÖÅ ÇÅÌÉĥÔÉÒÍÅË ÉëÉÎ ĘøÒÅÎÃÉÌÅÒÅ ÁÉÔ ĘÎÅÍÌÉ ÖÅÒÉ ÖÅ ÂÉÌÇÉÌÅÒ ÄİÚÅÎÌÉ 
ÏÌÁÒÁË ÔÏÐÌÁÎąÐ ëÏË ÓąÎąÆÌą ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÌÅÒÉ ËÕÌÌÁÎąÌÁÒÁË ëąËÁÒąÌÁÎ ÓÏÎÕëÌÁÒ ÏËÕÌ ÙĘÎÅÔÉÍÌÅÒÉÎÃÅ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÌÉÄÉÒȢ "Õ ëÁÌąĥÍÁÄÁ ĘøÒÅÎÃÉ ÐÅÒÆÏÒÍÁÎÓąÎą ÅÔËÉÌÅÍÅÓÉ ÂÅËÌÅÎÅÎ ÄÅøÉĥËÅÎÌÅÒ ÏÌÁÎ ëÅĥitli 
ÄÅÍÏÇÒÁÆÉËȟ ÓÏÓÙÁÌ Ⱦ ÄÕÙÇÕÓÁÌ ÖÅ ËÁÐÁÌą ÕëÌÕ ÓÏÒÕÌÁÒ ÉëÅÒÅÎ σς ÓÏÒÕÌÕË ÁÎËÅÔȟ ςπρω ÙąÌąÎÄÁ ÓąÎÁÖ ÐÕÁÎąÙÌÁ 
ĘøÒÅÎÃÉ ÁÌÁÎ τ ÆÁÒËÌą ÌÉÓÅ ÇÒÕÂÕÎÄÁËÉ ωȢÓąÎąÆ ÖÅ ÈÁÌÅÎ ÏÒÔÁÏËÕÌ ψȢÓąÎąÆÔÁ ÏËÕÙÁÎ ĘøÒÅÎÃÉÌÅÒÅ ÕÙÇÕÌÁÎÍąĥÔąÒȢ +ÝøąÔ 
ÓÁÙÆÁÌÁÒÁ ÄÁÙÁÎÁÎ ĘøÒÅÎÃÉ ÁËÁÄÅÍÉË ÂÉÌÇÉÌÅÒÉ ÉÌÅ ÁÎËÅÔ ÓÏÎÕëÌÁÒą İÚÅÒÉÎÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉÌÅÒ ÂÉÒÌÅĥÔÉÒÉÌÉÐ ëÏË 
ÓąÎąÆÌą ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÌÅÒÉ ÉÌÅ ÍÏÄÅÌ ÏÌÕĥÔÕÒÁÒÁË ÂÁĥÁÒą ÔÁÈÍÉÎÉ ÙÁÐąÌÍąĥÔąÒȢ vÎÃÅÌÉËÌÅ ÖÅÒÉÌÅÒÅ 
ĘÚÎÉÔÅÌÉË ëąËÁÒÍÁ ÙĘÎÔÅÍÉ ÕÙÇÕÌÁÎÁÒÁË ÂÁĥÌÁÎÇąëÔÁËÉ ĘÚÎÉÔÅÌÉËÌÅÒÉÍÉÚÉÎ ÅÎ ÉÙÉ ÂÉÌÇÉ ÖÅÒÅÎ ÂÉÒ ÁÌÔ ËİÍÅÓÉ ÅÌÄÅ 
ÅÄÉÌÍÉĥÔÉÒȢ "Õ ÆÉÌÔÒÅÌÅÎÍÉĥ ĘÚÎÉÔÅÌÉËÌÅÒÌÅ ÏÌÕĥÔÕÒÕÌÁÎ ëÏË ÓąÎąÆÌą ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÍÏÄÅÌÌÅÒÉ ËÁÒĥąÌÁĥÔąÒąÌÁÒÁËȟ 
2ÁÎÄÏÍ &ÏÒÅÓÔ ÙĘÎÔÅÍÉÎÉÎ ÅÎ ÉÙÉ ÓÏÎÕÃÕ ÖÅÒÄÉøÉ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ 

Anahtar Kelimeler : %øÉÔÉÍÓÅÌ ÖÅÒÉ ÍÁÄÅÎÃÉÌÉøÉȟ ëÏË ÓąÎąÆÌą ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉȟ ËÁÒÁÒ ÁøÁëÌÁÒą ÁÌÇÏÒÉÔÍÁÌÁÒąȟ ĘÚÎÉÔÅÌÉË 
ÓÅëÉÍÉȟ ÓąÎąÆÌÁÎÄąÒÍÁȟ ÔÁÈÍÉÎ 

Predicting Student Achievement with Machine Learning Methods In Transition 
From Secondery To High School Exams In Bilecik Provi nce 

Abstract  

A good teaching process is directly proportional to the needs of students. In this sense, estimating students' 
academic success is also important for educational institutions. In recent years, as in many fields in our 
country, an increase in student achievements has been observed with the implementation of different projects 
in the field of education. Especially considering the increasing success in Turkish, Mathematics and Science 
courses, in order to maintain and improve the quality of education, important data and information belonging 
to students should be collected regularly and the results obtained by using multi-class machine learning 
methods should be evaluated by school administrations. In this study, a 32-question questionnaire with 
various demographic, social / emotional, and closed-ended questions, which are the variables expected to 
affect student performance, was applied to students studying in the 9th grade and 8th grade in 4 high schools 
that received students with an exam score in 2019. Achievement estimation has been made by combining 
student academic information based on paper pages and data obtained from the survey results and by creating 
a model with multi-class machine learning methods. First of all, by applying the feature extraction method, a 
subset of our initial attributes giving the best information was obtained. By comparing multi-class machine 
learning models created with these filtered attributes, it was observed that Random Forest method gave the 
best result. 

Keywords: Educational data mining, multi-class machine learning, decision trees algorithms, feature selection, 
classification, prediction 
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'ÉÒÉĥ 

%øÉÔÉÍȟ ÂÉÒÅÙÌÅÒÉÎ ÔÏÐÌÕÍÌÁ Éë ÉëÅ ÙÁĥÁÍÄÁ ÙÅÒ 
ÅÄÉÎÅÂÉÌÍÅÌÅÒÉ ÉëÉÎ ÇÅÒÅËÌÉ beceri, bilgi ve 
ÁÎÌÁÙąĥÌÁÒą ËÁÚÁÎÍÁÌÁÒąÎÁȟ ÏËÕÌ ÄąĥąÎÄÁ ÖÅÙÁ ÏËÕÌ 
ÉëÉÎÄÅȟ ÄÏøÒÕÄÁÎ ÖÅÙÁ ÄÏÌÁÙÌą ÙÁÒÄąÍ ÅÄÅÒÅË 
ËÉĥÉÌÉËÌÅÒÉÎÉ ÇÅÌÉĥÔÉÒÍÅ ÓİÒÅÃÉÄÉÒ ɍρɎȢ %øÉÔÉÍÉ ÇÅÌÅÃÅøÉ 
ËÕÒÍÁËȟ ÇÅÌÅÃÅøÅ ÙÁÔąÒąÍ ÙÁÐÍÁË ÏÌÁÒÁË 
ÄİĥİÎİÒÓÅË ÅøÉÔÉÍ ÓÉÓÔÅÍÉÎÄÅ ÏÌÕĥÁÂÉÌÅÃÅË ÂÉÒ 
proÂÌÅÍ ÉÌÅÒÉÄÅ ÏÌÕĥÁÂÉÌÅÃÅË ÔÏÐÌÕÍÓÁÌ ÂÉÒ 
ÐÒÏÂÌÅÍÉÎ ÅÒËÅÎ ÇĘÓÔÅÒÇÅÓÉÄÉÒȢ "Õ ÁÎÌÁÍÄÁ ςππσ 
ÙąÌąÎÄÁÎ ÂÅÒÉ 4İÒËÉÙÅȟ %ËÏÎÏÍÉË dĥÂÉÒÌÉøÉ ÖÅ 
+ÁÌËąÎÍÁ vÒÇİÔİ  ɉ/%#$Ɋ ÔÁÒÁÆąÎÄÁÎ ÙÁÐąÌÁÎ 0)3! 
(Programme for Internatinal Student Assessment) 
ÔÅÓÔÌÅÒÉÎÅ ËÁÔąÌÍÁËÔÁÄąÒȢ ρυ ÙÁĥ ÇÒÕÂÕÎÄÁËÉ 
ĘøÒÅÎÃÉÌÅÒÉÎ ÏËÕÍÁ ÂÅÃÅÒÉÌÅÒÉȟ ÍÁÔÅÍÁÔÉË ÖÅ ÆÅÎ 
ÏËÕÒÙÁÚÁÒÌąøą ÁÌÁÎÌÁÒąÎÄÁ ËÁÚÁÎÄąËÌÁÒą ÂÉÌÇÉ ÖÅ 
ÂÅÃÅÒÉÌÅÒÉ ÄÅøÅÒÌÅÎÄÉÒÅÎ ÔÅÓÔÉÎ ÙÅÄÉÎÃÉ ÄĘÎÇİÓİ 
ÏÌÁÎ 0)3! ςπρψ ÓÏÎÕëÌÁÒąÎÁ ÇĘÒÅ İÌËÅÍÉÚÉÎ ÏËÕÍÁ 
ÂÅÃÅÒÉÌÅÒÉ ÁÌÁÎąÎÄÁËÉ ÏÒÔÁÌÁÍÁ ÐÕÁÎą ςπρυ ÖÅÒÉÌÅri 
ÉÌÅ ËąÙÁÓÌÁÎÄąøąÎÄÁ σψ ÐÕÁÎÌąË ÁÒÔąĥÌÁ τφφͻÙÁȟ ÆÅÎ 
ÏËÕÒÙÁÚÁÒÌąøą ÁÌÁÎąÎÄÁËÉ ÏÒÔÁÌÁÍÁ ÐÕÁÎą τσ ÐÕÁÎÌąË 
ÁÒÔąĥÌÁ τφψͻÅ ÖÅ ÏÒÔÁÌÁÍÁ ÍÁÔÅÍÁÔÉË ÐÕÁÎą ÉÓÅ στ 
ÐÕÁÎÌąË ÁÒÔąĥÌÁ τυτͻÅ ÙİËÓÅÌÍÉĥÔÉÒ ɍςɎȢ 'ĘÒİÌİÙÏÒ ËÉ 
ÁÒÁĥÔąÒąÌÁÎ ÈÅÒ ÁÌÁÎÄÁ 4İÒËÉÙÅͻÎÉÎ ÐÕÁÎÌÁÒą ÂÉÒ 
ĘÎÃÅËÉ ÄĘÎÇİÙÅ ÇĘÒÅ ÁÒÔąĥ ÇĘÓÔÅÒÍÉĥÔÉÒȢ 
6ÅÒÉ ÍÁÄÅÎÃÉÌÉøÉ ÖÁÒ ÏÌÁÎ ÖÅÒÉÌÅÒÉ ÁÎÁÌÉÚ ÅÄÅÒÅËȟ 
ÉÌÉĥËÉÌÅÒ ëąËÁÒÍÁ ÖÅ ÅÌÄÅËÉ ÖÅÒÉÌÅÒÄÅÎ ÁÎÌÁÍÌą 
ÂÉÌÇÉÌÅÒ ÏÒÔÁÙÁ ÓÕÎÍÁË ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÂÉÒ ÔÅËÎÉËÔÉÒ 
ɍσɎȢ %øÉÔÉÍ ÁÌÁÎąÎÄÁ ĘøÒÅÎÃÉ ÂÁĥÁÒąÌÁÒąÎą ÔÁÈÍÉÎ 
ÅÔÍÅË ÉëÉÎ ÉÓÅ ÅøÉÔÓÅÌ ÖÅÒÉ ÍÁÄÅÎÃÉÌÉøÉ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 9ÁÐąÌÁÎ ëÁÌąĥÍÁÌÁÒÄÁ ÅøÉÔÓÅÌ ÖÅÒÉ 
ÍÁÄÅÎÃÉÌÉøÉ ÉÌÅ ÉÌÇÉÌÉ ÂÉÒëÏË ÙĘÎÔÅÍȾÁÌÇÏÒÉÔÍÁ 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ "Õ ÙĘÎÔÅÍÌÅÒ ÇÅÎÅÌÌÉËÌÅ ÉÓÔÁÔÉÓÔÉËÓÅÌ 
ÔÁÂÁÎÌą ÏÌÍÁËÌÁ ÂÉÒÌÉËÔÅȟ ÖÅÒÉ ÍÁÄÅÎÃÉÌÉøÉ 
ÍÏÄÅÌÌÅÒÉÎÉ ÇÅÎÅÌ ÏÌÁÒÁË ËİÍÅÌÅÍÅȟ ÓąÎąÆÌÁÎÄąÒÍÁ 
ÖÅ ÂÉÒÌÉËÔÅÌÉË ËÕÒÁÌÌÁÒą ÏÌÁÒÁË ÓÁÙÁÂÉÌÉÒÉÚ ɍτɎȢ 
+İÍÅÌÅÍÅ ÍÅÔÏÄÕÎÄÁ ÖÅÒÉÌÅÒ ÂÉÒÂÉÒÉÎÅ ÂÅÎÚÅÙÅÎ 
ÎÅÓÎÅÌÅÒÄÅÎ ÏÌÕĥÁÎ ÖÅ ÁÄąÎÁ ËİÍÅ ÄÅÎÉÌÅÎ 
ÇÒÕÐÌÁÒÄÁÎ ÏÌÕĥÕÒȢ +İÍÅÌÅÍÅ ÍÅÔÏÄÕÎÄÁ ÇÒÕÐÌÁÒ 
ÏÌÕĥÔÕÒÕÌÕÒËÅÎ ËİÍÅÌÅÒ ÂÅÎÚÅÒÓÉÚȟ ËİÍÅ ÉëÉÎÄÅËÉ 
veriler birbiri  ÉÌÅ ÅÎ ÂÅÎÚÅÒÌÅÒÉ ÓÅëÉÌÉÒȢ (ÉÙÅÒÁÒĥÉË 
ÙĘÎÔÅÍÌÅÒȟ ąÚÇÁÒÁ ÔÁÂÁÎÌą ÙĘÎÔÅÍÌÅÒȟ ÂĘÌİÍÌÅÍÅ 
ÙĘÎÔÅÍÌÅÒÉȟ ÙÏøÕÎÌÕË ÔÁÂÁÎÌą ÙĘÎÔÅÍÌÅÒ ÖÅ ÍÏÄÅÌ 
ÔÁÂÁÎÌą ÙĘÎÔÅÍÌÅÒ ÅÎ ëÏË ËÕÌÌÁÎąÌÁÎ ËİÍÅÌÅÍÅ 
ÙĘÎÔÅÍÌÅÒÉÄÉÒȢ 3ąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÄÕÎÄÁËÉ ÔÅÍÅÌ 
ÁÍÁë ÉÓÅ ÖÅÒÉ ËİÍÅÓÉÎÅ ÙÅÎÉ ÂÉÒ ËÁÙąÔ ÅËÌÅÍÅË 
ÉÓÔÅÎÄÉøÉÎÄÅ ËİÍÅÙÉ ÁÎÁÌÉÚ ÅÄÅÒÅË ÂÕ ËÁÙÄą 
ÍİÍËİÎ ÏÌÄÕøÕÎÃÁ ÅÎ ÄÏøÒÕ ÓąÎąÆÁ ÙÅÒÌÅĥÔÉÒÍÅËÔÉÒȢ 
9ÁÐÁÙ ÓÉÎÉÒ ÁøÌÁÒąȟ ËÁÒÁÒ ÁøÁëÌÁÒąȟ ÂÁÙÅÓ 
ÓąÎąÆÌÁÎÄąÒąÃąȟ Ë-ÅÎ ÙÁËąÎ ËÏÍĥÕ ÙĘÎÔÅÍÉȟ ÇÅÎÅÔÉË 
ÁÌÇÏÒÉÔÍÁÌÁÒ ÖÅ ÄÅÓÔÅË ÖÅËÔĘÒ ÍÁËÉÎÅÌÅÒÉ ÅÎ ëÏË 
ËÕÌÌÁÎąÌÁÎ ÓąÎąÆÌÁÎÄąÒÍÁ ÙĘÎÔÅÍÌÅÒÉÄÉÒ ɍτɎȢ 

"ÉÌÇÉÓÁÙÁÒ ÓÉÓÔÅÍÌÅÒÉ ÖÅÙÁ ËÝøąÔ ÓÁÙÆÁÌÁÒ ÉÌÅ 
ÈÁÚąÒÌÁÎÁÒÁË ÙÁÐąÌÁÎ ÁÎËÅÔÌÅÒÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉÌÅÒ 
ÔÅË ÂÁĥąÎÁ ÁÎÌÁÍ ÉÆÁÄÅ ÅÔÍÅÚÌÅÒȢ &ÁÒËÌą ÙĘÎÔÅÍ ÖÅ 
ÍÅÔÏÄÌÁÒ ÉÌÅ ÉĥÌÅÎÅÎ ÖÅÒÉÌÅÒ ÁÎÌÁÍ ËÁÚÁÎÍÁÙÁ 
ÂÁĥÌÁÒÌÁÒ ÖÅ ÉĥÌÅÎÅÎ ÖÅÒÉye bakarak konu ile ilgili 
ÔÁÈÍÉÎÌÅÒ ÙÁÐąÌąÒȢ "ÕÒÁÄÁÎ ÙÏÌÁ ëąËÁÒÓÁË ÍÁËÉÎÅ 
ĘøÒÅÎÍÅÓÉ ÄÁÈÁ ĘÎÃÅËÉ ÇĘÚÌÅÍÌÅÒÅ ÂÁËÁÒÁË 
ÙÁÐąÌÁÂÉÌÅÃÅË ÅÎ ÄÏøÒÕ ÔÁÈÍÉÎÉ ĘøÒÅÎÅÂÉÌÍÅË 
ÁÍÁÃąÙÌÁ ÍÏÄÅÌ ÏÌÕĥÔÕÒÁÂÉÌÍÅËÔÉÒȢ -ÁËÉÎÅ 
ĘøÒÅÎÍÅÓÉ ËÕÌÌÁÎąÌÁÒÁË ÏÌÕĥÔÕÒÕÌÁÎ ÙÁÐąÌÁÒÄÁ 
genellikle ÄÅÎÅÔÉÍÌÉ ĘøÒÅÎÍÅ ÖÅ ÄÅÎÅÔÉÍÓÉÚ 
ĘøÒÅÎÍÅ ÏÌÍÁË İÚÅÒÅ ÉËÉ ĘøÒÅÎÍÅ ÍÏÄÅÌÉ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒ ɍυɎȢ 
Veri setleri etiketli veri seti ve etiketsiz veri seti 
ÏÌÍÁË İÚÅÒÅ ÉËÉ ÔİÒÄÅÎ ÏÌÕĥÍÁËÔÁÄąÒȢ %ÔÉËÅÔÌÉ ÖÅÒÉ 
ÓÅÔÉ ÍÏÄÅÌÉ ÅøÉÔÍÅËȟ ÅÔÉËÅÔÓÉÚ ÖÅÒÉ ÓÅÔÉ ÉÓÅ ÅøÉÔÉÌÍÉĥ 
mÏÄÅÌÉ ÔÅÓÔ ÅÔÍÅË ÉëÉÎ ËÕÌÌÁÎąÌąÒȢ "Õ ÖÅÒÉ ÔÉÐÌÅÒÉ 
ÅøÉÔÉÍ ÓÅÔÉ ÖÅ ÔÅÓÔ ÓÅÔÉ ÏÌÁÒÁË ÉÓÉÍÌÅÎÄÉÒÉÌÉÒȢ 
$ÅÎÅÔÉÍÌÉ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÍÏÄÅÌÉÎ ÅÔÉËÅÔÌÉ 
ÖÅÒÉÌÅÒÉÎ ËÕÌÌÁÎąÌÁÒÁË ÅøÉÔÉÌÍÅÓÉ ÉÌÅ ĘøÒÅÎÍÅÙÉ 
ÓÁøÌÁÒËÅÎȟ ÄÅÎÅÔÉÍÓÉÚ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉÎÄÅ ÉÓÅ 
etiketsiz veriler kuÌÌÁÎąÌÁÒÁË ĘøÒÅÎÍÅ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÉÒ ɍυɎȢ 
-ÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÓÁÙÅÓÉÎÄÅ ÅÌ ÙÏÒÄÁÍąÙÌÁ 
ÙÏÒÕÍÌÁÎÍÁÓą ÚÁÍÁÎ ÁÌÁÎ ÖÅ Çİë ÏÌÁÎ ÖÅÒÉÌÅÒ ÄÁÈÁ 
ËÏÌÁÙ ÁëąøÁ ëąËÁÒȢ "Õ ÎÅÄÅÎÌÅ İÌËÅÍÉÚÄÅ -ÁËÉÎÅ 
vøÒÅÎÍÅÓÉ ÉÌÅ ÉÌÇÉÌÉ ëÁÌąĥÍÁÌÁÒąÎ ÓÁÙąÓą ÇİÎ ÇÅëÔÉËëÅ 
ÁÒÔÍÁËÔÁÄąÒ [6]'da yazar ëÁÌąĥÍÁÓąÎÄÁȟ ĘøÒÅÎÃÉÌÅÒÉÎ 
sosyo-ÅËÏÎÏÍÉË ËÏĥÕÌÌÁÒąÎąÎ ĘÚÅÌÌÉËÌÅ -ÁÔÅÍÁÔÉË 
ÖÅ 4İÒËëÅ ÄÅÒÓÌÅÒÉÎÉÎ ÙÁÎą ÓąÒÁ ÙąÌÓÏÎÕ ÇÅÎÅÌ 
ÏÒÔÁÌÁÍÁÌÁÒąÎÁ ÅÔËÉÌÅÒÉÎÉ ÁÎÁÌÉÚ ÅÔÍÅË ÁÍÁÃąÙÌÁȟ 
ÂÅÌÌÉ ĘÌëİÔÌÅÒÅ ÄÁÙÁÎÁÒÁË ÈÁÚąÒÌÁÍąĥ ÏÌÄÕøÕ ÁÎËÅÔÉ 
ÏÒÔÁĘøÒÅÔÉÍÉÎ ÔİÍ ËÁÄÅÍÅÓÉÎÄÅËÉ Ęørencilere 
ÕÙÇÕÌÁÍąĥÔąÒȢ !ÎËÅÔ ÓÏÎÕÃÕÎÄÁ ÅÌÄÅ ÅÔÔÉøÉ 
ÖÅÒÉÌÅÒÄÅÎ ÙÁÒÁÒÌÁÎÁÒÁË ĘøÒÅÎÃÉÌÅÒÉÎ ÄĘÎÅÍ ÓÏÎÕ 
ÇÅÎÅÌ ÂÁĥÁÒą ÏÒÔÁÌÁÍÁÌÁÒąÎą ÓąÎąÆÌÁÎÄąÒÍÁ 
ÁÌÇÏÒÉÔÍÁÌÁÒą ÖÅ ÒÅÇÒÅÓÙÏÎ ÉÌÅ ÔÁÈÍÉÎ ÅÔÍÉĥÔÉÒȢ 
9ÁÚÁÒ ÂÁÚą ÎÉÔÅÌÉËÌÅÒÉÎ ĘøÒÅÎÃÉ ÂÁĥÁÒąÓąÎą ÄÏøÒÕÄÁÎ 
ÅÔËÉÌÅÄÉøÉÎÉ ÄİĥİÎÄİøİÎÄÅÎȟ ÖÅÒÉ ÓÅÔÉÎÄÅËÉ 
niteliklerin hepsini kullanmak yerine daha iyi temsil 
ÅÄÅÃÅË ÎÉÔÅÌÉËÌÅÒÉ ËÏÒÅÌÁÓÙÏÎ ÔÁÂÁÎÌą ĘÚÎÉÔÅÌÉË ÁÌÔ 
ËİÍÅÓÉ ÓÅëÍÅ ÙĘÎÔÅÍÉÎÉ ËÕÌÌÁÎÁÒÁË ÂÅÌÉÒÌÅÍÉĥÔÉÒȢ 
9ÁÚÁÒ ÄÅÎÅÙÓÅÌ ÓÏÎÕëÌÁÒ ÉëÉÎ 7ÅËÁ ÙÁÚąÌąÍąÎą 
ËÕÌÌÁÎÍąĥÔąÒ [7]'de yazarlaÒ ëÁÌąĥÍÁÌÁÒąÎÄÁ 
0ÁÍÕËËÁÌÅ ­ÎÉÖÅÒÓÉÔÅÓÉ -İÈÅÎÄÉÓÌÉË &ÁËİÌÔÅÓÉͻÎÅ 
ËÁÙąÔ ÙÁÐÔąÒÁÎ ĘøÒÅÎÃÉÌÅÒÉÎ ÂÉÒ ËąÓÍąÎą ÒÉÓËÌÉ ÇÒÕÐ 
ÏÌÁÒÁË ÂÅÌÉÒÌÅÍÉĥÌÅÒÄÉÒȢ !ÒÁĥÔąÒÍÁÄÁ ÄÅÓÔÅË ÖÅËÔĘÒ 
ÍÁËÉÎÅÌÅÒÉ ÙĘÎÔÅÍÉ ÉÌÅ ρτυ ĘøÒÅÎÃÉÎÉÎ ÖÅÒÉÓÉÎÉ ÔÅÓÔ 
ÉëÉÎȟ ςψω ĘøÒÅÎÃÉÎÉÎ ÖÅÒÉÓÉÎÉ ÉÓÅ ÍÁËÉÎÅÙÉ ÅøÉÔÍÅË 
ÉëÉÎ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 9ÁÚÁÒÌÁÒ ÖÅÒÉÓÉ ÅøÉÔÉÍÅ ËÁÔąÌÁÎ 
ĘøÒÅÎÃÉÌÅÒÄÅÎ ϷψφͻÓąÎąÎ ÌÉÓÅ ÍÅÚÕÎÉÙÅÔ ÎÏÔÌÁÒąÎąÎ 
ÙÁÎą ÓąÒÁ 4İÒËëÅȟ -ÁÔÅÍÁÔÉË ÖÅ &ÅÎ "ÉÌÉÍÌÅÒÉ 
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ÔÅÓÔÌÅÒÉÎ ÓÏÎÕëÌÁÒąÎąÎ -ÁÔÅÍÁÔÉË ) ÄÅÒÓÉÎÄÅËÉ 
ÂÁĥÁÒąÌÁÒąÎą ÄÏøÒÕ ÔÁÈÍÉÎ ÅÔÔÉøÉÎÉ ÇĘÒÍİĥÌÅÒÄÉÒ 
[ψɎͻÄÅ ÙÁÚÁÒÌÁÒ ÇÅÒëÅËÌÅĥÔÉÒÄÉËÌÅÒÉ ÁÒÁĥÔąÒÍÁÌÁÒąÎÄÁ 
!ÎËÁÒÁ ­ÎÉÖÅÒÓÉÔÅÓÉ %øÉÔÉÍ "ÉÌÉÍÌÅÒÉ 
&ÁËİÌÔÅÓÉͻÎÄÅËÉ σȢ ÓąÎąÆÔÁ ÏÌÁÎ τρω ĘøÒÅÎÃÉ ÉÌÅ 
ëÁÌąĥÍąĥÌÁÒÄąÒȢ !ÒÁĥÔąÒÍÁÃąÌÁÒ ÖÅÒÉ ÓÅÔÉÎÉ ÏÌÕĥÔÕÒÁÎ 
ËÉĥÉÌÅÒÅ ÂÁÚą ÁËÁÄÅÍÉË ÖÅ ËÉĥÉÓÅÌ ÓÏÒÕÌÁÒÄÁÎ ÏÌÕĥÁÎ 
bir anket uyÇÕÌÁÍąĥÌÁÒÄąÒȢ !ÎËÅÔ ÓÏÎÕëÌÁÒąÎą 
ÙÏÒÕÍÌÁÍÁË ÉëÉÎ 9ÁÐÁÙ 3ÉÎÉÒ !øÌÁÒą !ÎÁÌÉÚÉ ÖÅ 
,ÏÊÉÓÔÉË 2ÅÇÒÅÓÙÏÎ !ÎÁÌÉÚÉ ËÕÌÌÁÎÍąĥÌÁÒÄąÒȢ ,ÏÊÉÓÔÉË 
2ÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉ ËÕÌÌÁÎąÌÁÒÁË ÙÁÐąÌÁÎ 
ÓąÎąÆÌÁÎÄąÒÍÁ ÄÁ ÂÁĥÁÒą ÏÒÁÎą ϷφφȢρπͻÄÕÒȢ 9ÁÐÁÙ 
3ÉÎÉÒ !øÌÁÒą ÍÏÄÅÌÉ ÉÌÅ ÙÁÐąÌÁÎ ÅøÉÔÉÍ setindeki 
ÓąÎąÆÌÁÎÄąÒÍÁ ÏÒÁÎą ϷχρȢτπ ÉËÅÎ ÔÅÓÔ ÓÅÔÉÎÄÅËÉ ÂÕ 
ÏÒÁÎ ϷχωȢτπͻÔąÒȢ "Õ ÓÏÎÕëÌÁÒÁ ÂÁËÁÒÁË ÙÁÚÁÒÌÁÒ 
ÉÌÅÒÉËÉ ÙąÌÌÁÒÄÁ ÔÅÓÔÅ ÄÝÈÉÌ ÅÄÉÌÅÂÉÌÅÃÅË ÙÅÎÉ ÂÉÒ 
ĘøÒÅÎÃÉÎÉÎ ÂÁĥÁÒąÓąÎą ÙÁÐÁÙ ÓÉÎÉÒ ÁøÌÁÒą ÉÌÅ ÄÁÈÁ 
ÄÏøÒÕ ÂÉÒ ÔÁÈÍÉÎÄÅ ÂÕÌÕÎÁÂÉÌÅÃÅËÌÅÒÉÎÉ ϷχπȢρφͻÌąË 
ÏÒÁÎ ÉÌÅ ÇĘÒÍİĥÌÅÒÄÉÒ [ωɎͻÄÁ ÉÓÅ ÙÁÚÁÒ ëÁÌąĥÍÁÓąÎÄÁ 
0ÁÍÕËËÁÌÅ ­ÎÉÖÅÒÓÉÔÅÓÉ -ÅÓÌÅË 9İËÓÅË /ËÕÌ 
ÐÒÏÇÒÁÍÌÁÒąÎÁ ςππω-ςπρς ÙąÌÌÁÒą ÁÒÁÓąÎÄÁ ËÁÙąÔ 
ÙÁÐÔąÒÁÎ ρσψχ ĘøÒÅÎÃÉÎÉÎ ÂÉÌÇÉÌÅÒÉ ÉÌÅ ÁËÁÄÅÍÉË 
ÂÁĥÁÒą ÔÁÈÍÉÎ ÅÔÍÅÄÅ ÅÎ ÉÙÉ ÓÏÎÕÃÕ ÖÅÒÅÎ ÓąÎąÆÌÁÍÁ 
ÁÌÇÏÒÉÔÍÁÓąÎą ÓÅëÍÅÙÅ ëÁÌąĥÍąĥÔąÒȢ  *τψ ÖÅ .ÁÉÖÅ 
"ÁÙÅÓ ÁÌÇÏÒÉÔÍÁÌÁÒą ÍÅÚÕÎÉÙÅÔ ÙąÌÌÁÒąÎÁ ÇĘÒÅ ÅÎ ÉÙÉ 
ÓÏÎÕÃÕ ÖÅÒÉÒËÅÎȟ ÎÏÔ ÏÒÔÁÌÁÍÁ ÂÁøąÍÌą ÄÅøÉĥËÅÎÉÎÅ 
ÇĘÒÅ ÉÓÅ ÅÎ ÉÙÉ ÂÁĥÁÒąÍ ÔÁÈÍÉÎÉ 3ąÒÁÌą -ÉÎÉÍÕÍ 
/ÐÔÉÍÉÚÁÓÙÏÎ ÁÌÇÏÒÉÔÍÁÓąÎąÎ ÖÅÒÄÉøÉ ÇĘÒİÌÍİĥÔİÒ 
[ρπɎͻÄÁ ÙÁÚÁÒąÎ ëÁÌąĥÍÁÓąÎÄÁ ËÕÌÌÁÎÄąøą ÖÅÒÉ ÓÅÔÉ 
0ÏÒÔÅËÉÚÌÉ ÂÉÒ ĘøÒÅÎÃÉÎÉÎ -ÁÔÅÍÁÔÉË ËÕÒÓÕ ÖÅ 
0ÏÒÔÅËÉÚÃÅ ÄÉÌ ËÕÒÓÕÎÁ ÁÉÔ ÖÅÒÉÌÅÒÉ ÉëÅÒÅÒÅË σς 
ĘÚÅÌÌÉËÔÅÎ ÖÅ ρπττ ĘÒÎÅËÔÅÎ ÏÌÕĥÍÁËÔÁÄąÒȢ 6ÅÒÉ ÓÅÔÉ 
-ÉÎÈÏ ­ÎÉÖÅÒÓÉÔÅÓÉͻÎÄÅËÉ 0ÁÕÌÏ #ÏÒÔÅÚ ÖÅ !ÌÉÃÅ 3ÉÌÖÁ 
ÔÁÒÁÆąÎÄÁÎ ÔÏÐÌÁÎÍąĥ ÖÅ ÁÎÁÌÉÚ ÅÄÉÌÍÉĥÔÉÒȢ 9ÁÚÁÒ 
ëÁÌąĥÍÁÓąÎÄÁ *τψȟ 2ÅÐ4ÒÅÅ ÖÅ (ÏÅÆÆÄÉÎÇ 4ÒÅÅ ÏÌÍÁË 
İÚÅÒÅ İë ÆÁÒËÌą ËÁÒÁÒ ÁøÁÃą ÁÌÇÏÒÉÔÍÁÓąÎą 7%+! σȢψȢπ 
ÁÒÁÃą ÉÌÅ ÕÙÇÕÌÁÍąĥ ÖÅ ÓÏÎÕëÌÁÒą ÌÉÓÔÅÌÅÙÅÒÅË 
ËÁÒĥąÌÁĥÔąÒÍąĥÔąÒȢ /ÌÕĥÔÕÒÕÌÁÎ ÍÏÄÅÌÌÅÒ ÓÏÎÕÃÕÎÄÁ 
*τψ ÁÌÇÏÒÉÔÍÁÓąÎąÎ ĘøÒÅÎÃÉÎÉÎ ÅÙÌÅÍÉÎÉ tahmin 
ÅÔÍÅËÔÅ ÖÅ ÓąÎąÆÌÁÎÄąÒÍÁËÔÁ ÙÏÌ ÈÁÒÉÔÁÓą ÏÌÁÒÁË 
ËÕÌÌÁÎąÌÁÂÉÌÅÃÅË ÅÎ ÉÙÉ ËÁÒÁÒ ÁøÁÃą ÁÌÇÏÒÉÔÍÁÓą 
ÏÌÄÕøÕ ÇĘÒİÌÍİĥÔİÒȢ  

6ÅÒÉ ÔÁÎąÍÌÁÍÁ ÖÅ ÉĥÌÅÍÅ  

Veri seti 

KÁÌąĥÍÁÄÁ ËÕÌÌÁÎąÌÁÎ ÖÅÒÉ ÓÅÔÉ "ÉÌÅÃÉË ¤ÅÙÈ %ÄÅÂÁÌÉ 
­ÎÉÖÅÒÓÉÔÅÓÉ "ÉÌÇÉÓÁÙÁÒ -İÈÅÎÄÉÓÌÉøÉ "ĘÌİÍİ ve 
"ÉÌÅÃÉË dÌ -ÉÌÌÉ %øÉÔÉÍ -İÄİÒÌİøİͻÎİÎ ÏÒÔÁË 
ëÁÌąĥÍÁÓą ÓÏÎÕÃÕ ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ 6ÅÒÉ ÓÅÔÉ ÔÅÍÅÌ 
ÏÌÁÒÁË ÉËÉ ËÁÙÎÁËÔÁÎ ÏÌÕĥÍÁËÔÁÄąÒȢ "ÉÒÉÎÃÉ ËÁÙÎÁË 
ËÝøąÔ ÓÁÙÆÁÌÁÒÁ ÄÁÙÁÎÁÎ ĘøÒÅÎÃÉ ÁËÁÄÅÍÉË ÂÉÌÇÉÌÅÒÉ 
ɉφȢ ÖÅ χȢÓąÎąÆ 4İÒËëÅȟ -ÁÔÅÍÁÔÉËȟ &ÅÎ "ÉÌÇÉÓÉ ÖÅ 'ÅÎÅÌ 

"ÁĥÁÒą /ÒÔÁÌÁÍÁÌÁÒąɊ ÄÉÒȢ dËÉÎÃÉ ËÁÙÎÁË ÉÓÅ 'ÏÏÇÌÅ 
&ÏÒÍÓ ËÕÌÌÁÎąÌÁÒÁË ÏÌÕĥÔÕÒÕÌÍÕĥ σς ÓÏÒÕÌÕË ÁÎËÅÔ 
ëÁÌąĥÍÁÓąÄąÒȢ !ÎËÅÔȟ ĘøÒÅÎÃÉ ÐÅÒÆÏÒÍÁÎÓąÎą 
ÅÔËÉÌÅÍÅÓÉ ÂÅËÌÅÎÅÎ ÄÅøÉĥËÅÎÌÅÒ ÏÌÁÎ ëÅĥÉÔÌÉ 
ÄÅÍÏÇÒÁÆÉËȟ ÓÏÓÙÁÌȾÄÕÙÇÕÓÁÌ ÖÅ ËÁÐÁÌą ÓÏÒÕÌÁÒ ÉÌÅ 
ÔÁÓÁÒÌÁÎÍąĥÔąÒȢ (ÁÚąÒÌÁÎÁÎ ÁÎËÅÔ "ÉÌÅÃÉË ÉÌÉÎÄÅ ÓąÎÁÖ 
ÐÕÁÎąÙÌÁ ĘøÒÅÎÃÉ ÁÌÁÎ ÖÅ ÅÔÉËÅÔ ËİÍÅÓÉÎÉ ÏÌÕĥÔÕÒÁÎ 
τ ÆÁÒËÌą ÌÉÓÅ ÔİÒİÎÄÅ ɉ2ÅÆÉË !ÒÓÌÁÎ vÚÔİÒË &ÅÎ ,ÉÓÅÓÉȟ 
%ÒÔÕøÒÕÌÇÁÚÉ ,ÉÓÅÓÉȟ -ÅÓÌÅËÉ ÖÅ 4ÅËÎÉË !ÎÁÄÏÌÕ 
,ÉÓÅÓÉȟ +ąÚ !ÎÁÄÏÌÕ dÍÁÍ (ÁÔÉÐ ,ÉÓÅÓÉɊ ÏËÕÙÁÎ ωȢ 
ÓąÎąÆ ĘøÒÅÎÃÉÌÅÒÉÎÅ ÕÙÇÕÌÁÎÍąĥÔąÒȢ !ÎÃÁË ÖÅÒÉ ÓÅÔÉÎÉ 
ÄÁÈÁ ÄÏøÒÕ ËąÌÁÂÉÌÍÅË ÁÄąÎÁ -ÅÓÌÅËÉ ÖÅ 4ÅËÎÉË 
!ÎÁÄÏÌÕ ,ÉÓÅÓÉ ÉÌÅ +ąÚ !ÎÁÄÏÌÕ dÍÁÍ (ÁÔÉÐ ,ÉÓÅÓÉ 
-ÅÓÌÅË ,ÉÓÅÓÉ ÁÄą ÁÌÔąÎÄÁ ÔÏÐÌÁÎÍąĥÔąÒȢ 6ÅÒÉ ÓÅÔÉȟ ρρχ 
ĘÒÎÅË ÖÅ σφ ĘÚÎÉÔÅÌÉËÔÅÎ ÏÌÕĥÍÁËÔÁÄąÒȢ 6ÅÒÉ ÓÅÔÉÎÄÅ 
ËÕÌÌÁÎąÌÁÎ ĘÚÎÉÔÅÌÉËÌÅÒ ÖÅ ÁëąËÌÁÍÁÌÁÒą 4ÁÂÌÏ ρͻÄÅ 
ÖÅÒÉÌÍÉĥÔÉÒȢ  

4ÁÂÌÏ ρ 6ÅÒÉ ÓÅÔÉÎÄÅ ËÕÌÌÁÎąÌÁÎ ĘÚÎÉÔÅÌÉËÌÅÒ ÖÅ 
ÁëąËÌÁÍÁÌÁÒą 

Nitelik  !ëąËÌÁÍÁ 
Mezuniyet mƐǊŜƴŎƛƴƛƴ aŜȊǳƴ hƭŘǳƐǳ hǊǘŀƻƪǳƭ  
Cinsiyet mƐǊŜƴŎƛƴƛƴ /ƛƴǎƛȅŜǘƛ  
Yas mƐǊŜƴŎƛƴƛƴ ¸ŀǒƤ 
K_Say  
O_K_Say 
Oda_Sa  

YŀǊŘŜǒ {ŀȅƤǎƤ 
hƪǳȅŀƴ YŀǊŘŜǒ {ŀȅƤǎƤ  
Kendisine Ait Oda 

Ders_Ca_Al  
Ku_Gi_Al 
Sos_Et   
San_De   
Tak_De   
Uy_Su   
Int_Ku_Su 
Tv_Iz_Su
  
Ders_Ca_Su
Oku_Ul 
Ev_Du   
Isi 
A_S_M   
B_S_M   
A_O_M   
B_O_M 
An_Ca 
Ba_Ca 
A_O_D   
B_O_D 
Su_Ra 
Ay_Ge 
O_Turk   

5ǸȊŜƴƭƛ 5ŜǊǎ 4ŀƭƤǒƳŀ !ƭƤǒƪŀƴƭƤƐƤ 
5ǸȊŜƴƭƛ YǸǘǸǇƘŀƴŜȅŜ DƛǘƳŜ !ƭƤǒƪŀƴƭƤƐƤ 
TƭƎƛƭŜƴŘƛƐƛ {ƻǎȅŀƭ 9ǘƪƛƴƭƛƪ 
{ŀƴŀǘ 5ŜǊǎƭŜǊƛƴŜ .ŀƪƤǒ !œƤǎƤ 
¢ŀƪǾƛȅŜ 5ŜǊǎ !ƭƳŀǎƤ 
IŀŦǘŀ Tœƛ DǸƴƭǸƪ ¦ȅƪǳ {ǸǊŜǎƛ 
IŀŦǘŀ Tœƛ DǸƴƭǸƪ TƴǘŜǊƴŜǘ YǳƭƭŀƴƤƳ {ǸǊŜǎƛ  
IŀŦǘŀ Tœƛ DǸƴƭǸƪ ¢ŜƭŜǾƛȊȅƻƴ TȊƭŜƳŜ {ǸǊŜǎƛ 
5ŜǊǎ 4ŀƭƤǒƳŀ {ǸǊŜǎƛ 
hƪǳƭŀ ¦ƭŀǒƤƳ 5ǳǊǳƳǳ  
¸ŀǒŀŘƤƐƤ 9Ǿƛƴ 5ǳǊǳƳǳ 
9Ǿƛƴ LǎƤƴƳŀ ¢ǸǊǸ  
!ƴƴŜ {ŀƐ aƤΚ 
.ŀōŀ {ŀƐ aƤΚ 
!ƴƴŜ mȊ aǸΚ 
 .ŀōŀ mȊ aǸΚ  
!ƴƴŜ 4ŀƭƤǒƤȅƻǊ aǳΚ  
.ŀōŀ 4ŀƭƤǒƤȅƻǊ aǳΚ  
!ƴƴŜ mƐǊŜƴƛƳ 5ǳǊǳƳǳΚ 
.ŀōŀ mƐǊŜƴƛƳ 5ǳǊǳƳǳΚ  
{ǸǊŜƪƭƛ wŀƘŀǘǎƤȊƭƤƪ 5ǳǊǳƳǳ  
!ƛƭŜƴƛƴ !ȅƭƤƪ hǊǘŀƭŀƳŀ DŜƭƛǊƛ  
сΦ ǾŜ тΦ {ƤƴƤŦ ¢ǸǊƪœŜ hǊǘŀƭŀƳŀǎƤ 
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O_Turk_Sis
   
O_Mat   
O_Mat_Sis
   
O_Fen   
O_Fen_Sis
   
Ort_Bas
   
LiseTur  

сΦ ǾŜ тΦ {ƤƴƤŦ ¢ǸǊƪœŜ hǊǘŀƭŀƳŀǎƤ рϥƭƛƪ 
Sistemdeki Notu 
сΦ ǾŜ тΦ {ƤƴƤŦ aŀǘŜƳŀǘƛƪ hǊǘŀƭŀƳŀǎƤ 
сΦ ǾŜ тΦ {ƤƴƤŦ aŀǘŜƳŀǘƛƪ hǊǘŀƭŀƳŀǎƤ рϥƭƛƪ 
Sistemdeki Notu 
сΦ ǾŜ тΦ {ƤƴƤŦ CŜƴ .ƛƭƎƛǎƛ hǊǘŀƭŀƳŀǎƤ 
сΦ ǾŜ тΦ {ƤƴƤŦ CŜƴ .ƛƭƎƛǎƛ hǊǘŀƭŀƳŀǎƤ рϥƭƛƪ 
Sistemdeki Notu 
сΦ ǾŜ тΦ {ƤƴƤŦ ¸Ƥƭǎƻƴǳ DŜƴŜƭ .ŀǒŀǊƤ 
hǊǘŀƭŀƳŀǎƤ 
YŀȊŀƴƤƭŀƴ [ƛǎŜ ¢ǸǊǸ 

vÎ ÉĥÌÅÍÅ ÖÅ ĘÚÎÉÔÅÌÉË ÓÅëÍÅ 

Veri seti ĘøÒÅÎÃÉÌÅÒÉÎ ÂÁĥÁÒąÌÁÒąÎą ÅÔËÉÌÅÙÅÎ ÂÉÒëÏË 
ĘÚÎÉÔÅÌÉË ËÕÌÌÁÎąÌÁÒÁË ÈÁÚąÒÌÁÎÍąĥÔąÒȢ !ÎÃÁË ÔÁÈÍÉÎ 
ÐÅÒÆÏÒÍÁÎÓąÎą ÉÙÉÌÅĥÔÉÒÍÅËȟ ÄÁÈÁ ÈąÚÌą ÓÏÎÕë ÁÌÍÁË 
ÖÅ ÓİÒÅÃÉÎ ÄÁÈÁ ÉÙÉ ÁÎÌÁĥąÌÍÁÓą ÉëÉÎ ÂÁÚą 
ĘÚÎÉÔÅÌÉËÌÅÒÉÎ ÖÅÒÉ ÓÅÔÉÎÄÅÎ ëąËÁÒąÌÍÁÓą ÓĘÚ ËÏÎÕÓÕ 
ÏÌÁÂÉÌÉÒȢ "Õ ÙİÚÄÅÎ ÏÌÕĥÔÕÒÕÌÁÎ ÍÏÄÅÌÌÅÒ ÓÏÎÕÎÄÁȟ 
ĘøÒÅÎÃÉÎÉÎ ÁÎÎÅ ÖÅ ÂÁÂÁÓąÎąÎ ÓÁø ÖÅ ĘÚ ÏÌÍÁÓą ÇÉÂÉ 
ÂÁÚą ĘÚÎÉÔÅÌÉËÌÅÒ ÎÅÒÅÄÅÙÓÅ ϷρππͻÎİÎ ÅÖÅÔ ÄÅøÅÒÉ 
ÖÅÒÍÅÓÉÎÄÅÎ ÄÏÌÁÙą ÁÔąÌÍąĥÔąÒȢ "Õ ÉĥÌÅÍ ÉëÉÎ 
ÄÅÎÅÔÉÍÌÉ ĘøÒÅÎÍÅÄÅ ÄÁÈÁ ÙİËÓÅË ÓąÎąÆÌÁÎÄąÒÍÁ 
ÄÏøÒÕÌÕøÕ İÒÅÔÅÎ ÂÉÒ ĘÚÎÉÔÅÌÉË ÁÌÔ ËİÍÅÓÉ ÂÕÌÍÁË 
ÁÍÁÃąÙÌÁ ÉÌÅÒÉ ĘÚÅÌÌÉË ÓÅëÉÍÉ ɉÆÏÒ×ÁÒÄ ÆÅÁÔÕÒÅ 
ÓÅÌÅÃÔÉÏÎɊ ÆÉÌÔÒÅÌÅÍÅ ÙĘÎÔÅÍÉ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 
"ĘÙÌÅÌÉËÌÅ ÖÅÒÉ ÓÅÔÉÎÉ ÏÌÕĥÔÕÒÁÎ ÔİÍ ĘÚÎÉÔÅÌÉËÌÅÒÉ 
ËÕÌÌÁÎÍÁË ÙÅÒÉÎÅ ÖÅÒÉ ÓÅÔÉÎÉ ÄÁÈÁ ÇİëÌİ ËąÌÁÒÁË 
ÄÁÈÁ ÉÙÉ ÔÁÈÍÉÎ ÙÁÐÁÂÉÌÅÃÅË ρυ ĘÚÎÉÔÅÌÉË ÁÌÔ ËİÍÅÓÉ 
ÏÌÕĥÔÕÒÕÌÍÕĥÔÕÒȢ 

9ÁÐąÌÁÎÄąÒÍÁ 

KÁÌąĥÍÁ ÄÁ ÍÏÄÅÌ ÏÌÕĥÔÕÒÍÁË ÖÅ ÍÁËÉÎÅ ÅøÉÔÉÍÉ 
ÙÁÐÍÁË ÉëÉÎ +.)-% !ÎÁÌÙÔÉÃÓ 0ÌÁÔÆÏÒÍ 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ +ÎÉÍÅ ÔÁÍÁÍÅÎ İÃÒÅÔÓÉÚ ÏÌÁÎ ÁëąË 
ËÁÙÎÁË ËÏÄÌÕ ÂÉÒ ÖÅÒÉ ÍÁÄÅÎÃÉÌÉøÉ ÙÁÚąÌąÍąÄąÒȢ 
0ÒÏÇÒÁÍÄÁ .ÏÄÅ 2ÅÐÏÓÉÔÏÒÙ ÉëÅÒÉÓÉÎÄÅ ÂÕÌÕnan 
ÎÏÄÅͻÌÁÒ ÁÒÁÓąÎÄÁ ÉÌÉĥËÉÌÅÎÄÉÒÍÅÌÅÒ ÙÁÐąÌÁÒÁË 
ÖÅÒÉÎÉÎ ÉĥÌÅÎÍÅÓÉȟ ÙÏÒÕÍÌÁÎÍÁÓąȟ ÇĘÒÓÅÌÌÅĥÔÉÒÍÅÓÉ 
ÖÅ ÒÁÐÏÒÌÁÎÍÁÓą ÇÅÒëÅËÌÅĥÔÉÒÉÌÉÒȢ 

-ÏÄÅÌ 0ÅÒÆÏÒÍÁÎÓ vÌëİÍÌÅÒÉ 

-ÏÄÅÌ ÂÁĥÁÒąÓą ÔÅÓÔ ÓÏÎÕÃÕÎÄÁ ÄÏøÒÕ ÖÅ ÙÁÎÌąĥ 
ÏÌÁÒÁË ÓąÎąÆÌÁÎÄąÒąÌÁÎ ÄÅøÉĥËÅÎÌÅÒÉÎ ÓÁÙąÓą ÉÌÅ 
hÅÓÁÐÌÁÎąÒȢ 4ÁÂÌÏ ςȭÄÅ ÉËÉ ÓąÎąÆÌą ÂÉÒ ÖÅÒÉ ËİÍÅÓÉÎÄÅ 
ÏÌÕĥÔÕÒÕÌÍÕĥ ÂÉÒ ÍÏÄÅÌÉÎ ÈÁÔÁ ÍÁÔÒÉÓÉ ÖÅÒÉÌÍÉĥÔÉÒ 
[9]. 

Tablo 2 Hata matrisi. 

 4ÁÈÍÉÎ %ÄÉÌÅÎ 3ąÎąÆ 
3ąÎąÆЀρ 3ąÎąÆЀς 

'ÅÒëÅË 
3ąÎąÆ 

3ąÎąÆЀρ TP FP 
3ąÎąÆЀ π FN TN 

 

nxn boyutunda bir hata ÍÁÔÒÉÓÉÎÄÅ ÓÁÔąÒÌÁÒ ÔÅÓÔ 
ËİÍÅÓÉÎÄÅËÉ ĘÒÎÅËÌÅÒÅ ÁÉÔ ÇÅÒëÅË ÓÁÙąÌÁÒą ÉÆÁÄÅ 
ÅÄÅÒËÅÎȟ ÓİÔÕÎÌÁÒ ÉÓÅ ÍÏÄÅÌ ÔÁÈÍÉÎÌÅÍÅÓÉÎÉ 
ÇĘÓÔÅÒÉÒȢ 4ÁÂÌÏÄÁ ςͻÄÅ 4ÒÕÅ 0ÏÓÉÔÉÖÅ ɉ40Ɋ ÖÅ 4ÒÕÅ 
.ÁÇÁÔÉÖÅ ɉ4.Ɋ ÄÅøÅÒÌÅÒÉ ÄÏøÒÕ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ 
ĘÒÎÅË ÓÁÙąÌÁÒąÄąÒȢ &. ɉ&ÁÌÓÅ .ÅÇÁÔÉÖÅɊ ÐÏÚÉtif yani 
ρ ÓąÎąÆąÎÄÁÙËÅÎ ÎÅÇÁÔÉÆ ÙÁÎÉ π ÏÌÁÒÁË ÔÁÈÍÉÎ 
ÅÄÉÌÍÉĥ ĘÒÎÅËÌÅÒÉÎ ÓÁÙąÓąÎą ÉÆÁÄÅ ÅÄÅÒËÅÎȟ  &0 
ɉ&ÁÌÓÅ 0ÏÓÉÔÉÖÅɊ ÁÓÌąÎÄÁ ÎÅÇÁÔÉÆ  ɉπɊ ÓąÎąÆąÎÄÁÙËÅÎ 
ÐÏÚÉÔÉÆ ɉρɊ ÏÌÁÒÁË ÔÁÈÍÉÎÌÅÎÍÉĥ ĘÒÎÅËÌÅÒÉÎ 
ÓÁÙąÓąÄąÒ ɍωɎȢ 
/ÌÕĥÔÕÒÕÌÁÎ ÍÏÄÅÌÉÎ ÂÁĥÁÒąÍąÎą ÄÅøÅÒÌÅÎÄÉÒÍÅË 
ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÔÅÍÅÌ ËÁÖÒÁÍÌÁÒ ÄÏøÒÕÌÕË ÏÒÁÎąȟ 
ËÁÐÐÁ ÉÓÔÁÔÉÓÔÉøÉȟ &-ĘÌëİÔİȟ ËÅÓÉÎÌÉË ÖÅ 
ÄÕÙÁÒÌąÌąËÔąÒȢ 

$ÏøÒÕÌÕË ÏÒÁÎą 

-ÏÄÅÌ ÂÁĥÁÒąÓąÎąÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÄÅ 
ËÕÌÌÁÎąÌÁÎ ÅÎ ÂÁÓÉÔ ÖÅ ÙÁÙÇąÎ ÙĘÎÔÅÍȟ ÄÏøÒÕÌÕË 
ÏÒÁÎąÎÁ ÂÁËÍÁËÔąÒȢ $ÏøÒÕ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ĘÒÎÅË 
saÙąÓąÎąÎ ɉ4ÒÕÅ 0ÏÓÉÔÉÖÅ Ϲ 4ÒÕÅ .ÅÇÁÔÉÖÅɊ ÔÏÐÌÁÍ 
ĘÒÎÅË ÓÁÙąÓąÎÁ ɉ4ÒÕÅ 0ÏÓÉÔÉÖÅ Ϲ 4ÒÕÅ .ÅÇÁÔÉÖÅ Ϲ 
&ÁÌÓÅ 0ÏÓÉÔÉÖÅ Ϲ &ÁÌÓÅ .ÅÇÁÔÉÖÅɊ ÂĘÌİÎÍÅÓÉÙÌÅ 
ëąËÁÎ ÓÏÎÕëÔÕÒȢ (ÁÔÁ ÏÒÁÎą ÉÓÅ ÙÁÎÌąĥ 
ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ĘÒÎÅË ÓÁÙąÓąÎąÎ ÔÏÐÌÁÍ ĘÒÎÅË 
ÓÁÙąÓąÎÁ ÂĘÌİÎÍÅÓÉ ÉÌÅ ÂÕÌÕÎÕÒȢ $ÉøÅÒ ÂÉÒ ÉÆÁÄÅ ÉÌÅ 
ÈÁÔÁ ÏÒÁÎą ÄÏøÒÕÌÕË ÏÒÁÎąÎą ρͻÅ ÔÁÍÁÍÌÁÙÁÎ 
ÄÅøÅÒÄÉÒ ɍυɎȢ 

 

ÄÏøÒÕÌÕË
4. 40

&. 4. 40 &0
 

 

ÈÁÔÁ ÏÒÁÎą
&0 &.

&. 4. 40 &0
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1)  

 

 

(2)  

+ÁÐÐÁ ÉÓÔÁÔÉÓÔÉøÉ ɉ#ÏÈÅÎ΄Ó +ÁÐÐÁɊ 

/ÌÕĥÔÕÒÕÌÁÎ ÍÏÄÅÌ ÓÏÎÕÃÕÎÄÁËÉ ÔÁÈÍÉÎÉÎ ÄÏøÒÕÌÕË 
ĘÌëİÓİ ÏÌÁÒÁË ÉÆÁÄÅ ÅÄÉÌÉÒȢ +ÁÐÐÁ ÉÓÔÁÔÉÓÔÉøÉ ÓÏÎÕëÌÁÒą 
ɍπȟρɎ ËÁÐÁÌą ÁÒÁÌąøąÎÄÁ ÄÅøÉĥÉÒȢ $ÅøÅÒ πȟτ ÉÌÅ πȟφ 
ÁÒÁÌąøąÎÄÁ ÉÓÅ ÏÒÔÁ ÓÅÖÉÙÅÄÅ ÕÙÕÍ ÓĘÚ ËÏÎÕÓÕ ÉËÅÎȟ 
πȟφ ÉÌÅ πȟψ ÁÒÁÓąÎÄÁ ÉÓÅ ÉÙÉ ÓÅÖÉÙÅÄÅ ÂÉÒ ÕÙÕÍ ÖÁÒÄąÒȢ 
πȟψ ÉÌÅ ρ ÁÒÁÌąøąÎÄÁ ëąËÁÎ ÓÏÎÕëÌÁÒ ÉëÉÎ ÉÓÅ ëÏË ÉÙÉ 
ÓÅÖÉÙÅÄÅ ÂÉÒ ÕÙÕÍ ÖÁÒÄąÒ ÄÅÎÉÌÉÒ ɍωɎȢ 

Kesinlik (Precision)  

$ÏøÒÕ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ÐÏÚÉÔÉÆ ĘÒÎÅËÌÅÍ ɉ40Ɋ 
ÓÁÙąÓąÎąÎȟ ÓąÎąÆą ÐÏÚÉÔÉÆ ÏÌÁÒÁË ÔÁÈÍÉÎ ÅÄÉÌÍÉĥ ÔÏÐÌÁÍ 
ĘÒÎÅËÌÅÍ ÓÁÙąÓąÎÁ ÂĘÌİÎÍÅÓÉ ÉÌÅ ÂÕÌÕÎÕÒȢ 3ÏÎÕë 
ɍπȟρɎ ÁÒÁÌąøąÎÄÁ ëąËÁÒ ɍωɎȢ 
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ËÅÓÉÎÌÉË
40

40 &0
 (3)  

$ÕÙÁÒÌąÌąË ɉ2ÅÃÁÌÌɊ 

$ÏøÒÕ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ÐÏÚÉÔÉÆ ĘÒÎÅËÌÅÍ ɉ40Ɋ 
ÓÁÙąÓąÎąÎȟ ÔÏÐÌÁÍ ÐÏÚÉÔÉÆ ĘÒÎÅËÌÅÍ ÔÏÐÌÁÍąÎÁ 
ÂĘÌİÎÍÅÓÉ ÉÌÅ ÂÕÌÕÎÕÒȢ 3ÏÎÕë ɍπȟρɎ ÁÒÁÌąøąÎÄÁ ëąËÁÒ 
[9]. 

ÄÕÙÁÒÌąÌąË
40

40 &.
 (4)  

F-ĘÌëİÔİ ɉ&- Measure) 

$ÏøÒÕ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ÐÏÚÉÔÉÆ ĘÒÎÅËÌÅÍ ɉ40Ɋ 
ÓÁÙąÓąÎąÎȟ ÔÏÐÌÁÍ ÐÏÚÉÔÉÆ ĘÒÎÅËÌÅÍ ÔÏÐÌÁÍąÎÁ 
ÂĘÌİÎÍÅÓÉ ÉÌÅ ÂÕÌÕÎÕÒȢ 3ÏÎÕë ɍπȟρɎ ÁÒÁÌąøąÎÄÁ ëąËÁÒ 
[9]. 

Æ ĘÌëİÔİ
ςz ËÅÓÉÎÌÉËÄzÕÙÁÒÌąÌąË

ËÅÓÉÎÌÉËÄÕÙÁÒÌąÌąË
 (5)  

$ÅÎÅÙÓÅÌ 3ÏÎÕëÌÁÒ 

vøÒÅÎÃÉÌÅÒÉÎ ÈÁÎÇÉ ÌÉÓÅ ÔİÒİÎİ ËÁÚÁÎÁÃÁøąÎą ÔÁÈÍÉÎ 
ÅÄÅÒËÅÎ ÓÏÎÕÃÕ ÅÔËÉÌÅÙÅÃÅøÉÎÉ ÄİĥİÎÄİøİÍİÚ ÖÅ 
ÅÎ ÆÁÚÌÁ ÂÉÌÇÉ ÖÅÒÄÉøÉ ÇĘÒİÌÅÎ ͼ-ÅÚÕÎÉÙÅÔͼȟ 
ͼ#ÉÎÓÉÙÅÔͼȟ ͼ$ÅÒÓ KÁÌąĥÍÁ !ÌąĥËÁÎÌąøąͼȟ ͼ3ÏÓÙÁÌ 
%ÔËÉÎÌÉËÌÅÒÅ "ÁËąĥ !ëąÓąͼȟ ͼ4ÁËÖÉÙÅ $ÅÒÓ !ÌąÐ 
!ÌÍÁÍÁ $ÕÒÕÍÕͼȟ ͼ (ÁÆÔÁ dëÉ 'İÎÌİË dÎÔÅÒÎÅÔ 
+ÕÌÌÁÎąÍ 3İÒÅÓÉͼȟ ͼ(ÁÆÔÁ dëÉ 'İÎÌİË 4ÅÌÅÖÉÚÙÏÎ 
dÚÌÅÍÅ 3İÒÅÓÉͼȟ ͼ $ÅÒÓ KÁÌąĥÍÁ 3İÒÅÓÉͼȟ ͼ/ËÕÌÁ 
5ÌÁĥąÍͼȟ ͼ %ÖÉÎ )ÓąÎÍÁ 4İÒİͼȟ ͼ!ÎÎÅ 3Áø -ąͼȟ ͼ"ÁÂÁ 
vÚ -İͼȟ ͼ!ÎÎÅ vøÒÅÎÉÍ $ÕÒÕÍÕͼȟ !ÙÌąË 'ÅÌÉÒͼȟ ͼφȢ ÖÅ 
χȢ 3ąÎąÆ -ÁÔÅÍÁÔÉË /ÒÔÁÌÁÍÁÓą υͻÌÉË 3ÉÓÔÅÍÄÅËÉ .ÏÔÕ 
ÏÌÁÎ ρυ ĘÚÎÉÔÅÌÉË ÁÌąÎÄąȢ "Õ ĘÚÎÉÔÅÌÉËÌÅÒ İÚÅÒÉÎÄÅ 
ÖÅÒÉ ÓÅÔÉÎÉÎ ÅøÉÔÉÍÉ ÉëÉÎ ÌÉÔÅÒÁÔİÒÄÅ ÅÎ ëÏË ËÕÌÌÁÎąÌÁÎ 
J48, PNN, Random Forest, Decision Tree, RapTree 
ÖÅ (ÏÅÆÆÄÉÎÇ 4ÒÅÅ ëÏË ÓąÎąÆÌą ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ 
ÙĘÎÔÅÍÌÅÒÉ ËÕÌÌÁÎąÌÄąȢ (ÅÒ ÂÉÒ ÁÌÇÏÒÉÔÍÁ ÉÌÅ 
ÏÌÕĥÔÕÒÕÌÁÎ ÍÏÄÅÌÌÅÒÉÎ ÂÁĥÁÒąÌÁÒąȠ ÄÏøÒÕÌÕË ÏÒÁÎą 
##) ɉÄÏøÒÕ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ĘÒÎÅËÌÅÒɊȟ )#) ɉÙÁÎÌąĥ 
ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ĘÒÎÅËÌÅÒɊȟ ËÅÓÉÎÌÉË ɉÐÒÅÃÉÓÉÏÎɊȟ 
ÄÕÙÁÒÌąÌąË ɉÒÅÃÁÌÌɊȟ Æ-ĘÌëİÔİ ɉÆ-measure) ve kappa 
ÉÓÔÁÔÉÓÔÉøÉ ɉÃÏÈÅÎͻÓ ËÁÐÐÁɊ ËÁÖÒÁÍÌÁÒą ÉÌÅ 
ËÁÒĥąÌÁĥÔąÒąÌÄąȢ 

 

¤ÅËÉÌ 1. J48 makÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ ÁÉÔ ÓąÎąÆ 
ÉÓÔÁÔÉÓÔÉøÉȢ 

 

¤ÅËÉÌ φ. *ψό ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ ÁÉÔ 
ËÁÒąĥąËÌąË ÍÁÔÒÉÓÉȢ 

 

¤ÅËÉÌ χ. 0.. ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ ÁÉÔ ÓąÎąÆ 
ÉÓÔÁÔÉÓÔÉøÉȢ 

 

¤ÅËÉÌ ψ. 0.. ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ ÁÉÔ 
ËÁÒąĥąËÌąË ÍÁÔÒÉÓÉȢ 

 

¤ÅËÉÌ ω. RÁÎÄÏÍ ÆÏÒÅÓÔ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ 
ÙĘÎÔÅÍÉÎÅ ÁÉÔ ÓąÎąÆ ÉÓÔÁÔÉÓÔÉøÉȢ 

 

¤ÅËÉÌ ϊ. 2ÁÎÄÏÍ ÆÏÒÅÓÔ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ 
ÙĘÎÔÅÍÉÎÅ ÁÉÔ ËÁÒąĥąËÌąË ÍÁÔÒÉÓÉȢ 

 

¤ÅËÉÌ ϋ. $ÅÃÉÓÉÏÎ ÔÒÅÅ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ 
ÁÉÔ ÓąÎąÆ ÉÓÔÁÔÉÓÔÉøÉȢ 

 

¤ÅËÉÌ ό. $ÅÃÉÓÉÏÎ ÔÒÅÅ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ 
ÁÉÔ ËÁÒąĥąËÌąË ÍÁÔÒÉÓÉȢ 

 

¤ÅËÉÌ ύ. 2ÁÐ ÔÒÅÅ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ ÁÉÔ 
ÓąÎąÆ ÉÓÔÁÔÉÓÔÉøÉȢ 

 

¤ÅËÉÌ υτ. 2ÁÐ ÔÒÅÅ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ ÁÉÔ 
ËÁÒąĥąËÌąË ÍÁÔÒÉÓÉȢ 
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¤ÅËÉÌ υυ. (ÏÅÆÆÄÉÎÇ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ 
ÁÉÔ ÓąÎąÆ ÉÓÔÁÔÉÓÔÉøÉȢ 

 

3ÏÎÕëÌÁÒ 

J48, PNN, Random Forest, Decision Tree, RapTree 
ÖÅ (ÏÅÆÆÄÉÎÇ 4ÒÅÅ ëÏË ÓąÎąÆÌą ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ 

ÁÌÇÏÒÉÔÍÁÌÁÒą ÉÌÅ ÏÌÕĥÔÕÒÕÌÁÎ ÍÏÄÅÌÌÅÒÉÎ ÂÁĥÁÒąÌÁÒąȠ 
ÄÏøÒÕÌÕË ÏÒÁÎą ##) ɉÄÏøÒÕ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ 
ĘÒÎÅËÌÅÒɊȟ )#) ɉÙÁÎÌąĥ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ĘÒÎÅËÌÅÒɊȟ 
kesinlik (precÉÓÉÏÎɊȟ ÄÕÙÁÒÌąÌąË ɉÒÅÃÁÌÌɊȟ Æ-ĘÌëİÔİ ɉÆ-
ÍÅÁÓÕÒÅɊ ÖÅ ËÁÐÐÁ ÉÓÔÁÔÉÓÔÉøÉ ɉÃÏÈÅÎͻÓ ËÁÐÐÁɊ 
ËÁÖÒÁÍÌÁÒą ÉÌÅ ËÁÒĥąÌÁĥÔąÒąÌÄąøąÎÄÁ ÅÎ ÙİËÓÅË ÓÏÎÕÃÕ 
ÖÅÒÅÎ ÓąÎąÆÌÁÎÄąÒÍÁ ÁÌÇÏÒÉÔÍÁÓąÎąÎ 2ÁÎÄÏÍ &ÏÒÅÓÔ 
ÏÌÄÕøÕÎÕ ÇĘÒİÙÏÒÕÚȢ 4ÁÂÌÏ σͻÔÅ ÆÉÌÔÒÅÌÅÎÍÉĥ 
ĘÚÅÌÌÉËÌÅÒÌÅ ÈÅÒ ÂÉÒ  ÁÌÇÏÒÉÔÍÁÎąÎ ##)ȟ )#)ȟ ËÅÓÉÎÌÉËȟ 
ÄÕÙÁÒÌąÌąË ÖÅ Æ-ĘÌëİÔİ ÄÅøÅÒÌÅÒÉ ÖÅÒÉÌÍÉĥÔÉÒȢ

¤ÅËÉÌ υφ. (ÏÅÆÆÄÉÎÇ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ ÙĘÎÔÅÍÉÎÅ ÁÉÔ ËÁÒąĥąËÌąË ÍÁÔÒÉÓÉȢ 

Algoritma CCI ICI $ÕÙÁÒÌąÌąË Kesinlik F-vÌëİÔİ Kappa 
dÓÔÁÔÉÓÔÉøÉ 

J48 %70,8 %29,2 0,72 0,68 0,69 0,56 
PNN %75 %25 0,77 0,76 0,76 0,61 
Random Forest %83,3 %16,7 0,88 0,84 0,83 0,75 
Decision Tree %70,8 %29,2 0,72 0,69 0,69 0,55 
RapTree %70,8 %29,2 0,69 0,72 0,70 0,53 
Hoeffding Tree %45,8 %54,2 0,33 0,15 0,21 0 

 

4ÁÂÌÏ σ ÉÎÃÅÌÅÎÄÉøÉÎÄÅ ÓĘÚ ËÏÎÕÓÕ ÁÌÇÏÒÉÔÍÁÌÁÒÄÁÎ 
2ÁÎÄÏÍ &ÏÒÅÓÔ ÁÌÇÏÒÉÔÍÁÓąÎąÎ ÄÏøÒÕ 
ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ĘÒÎÅËÌÅÍ ÙİÚÄÅÓÉ Ϸψσȟσ ÏÌÁÒÁË ÅÎ 
ÙİËÓÅË ÉËÅÎ ÙÉÎÅ 2ÁÎÄÏÍ &ÏÒÅÓÔ ÁÌÇÏÒÉÔÍÁÓąÎąÎ 
ÙÁÎÌąĥ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ĘÒÎÅËÌÅÍ ÙİÚÄÅÓÉ ÉÓÅ Ϸρφȟχ 
ÏÌÁÒÁË ÅÎ ÄİĥİËÔİÒȢ  +ÁÐÐÁ ÉÓÔÁÔÉÓÔÉøÉ πȟψ ÉÌÅ ρ 
ÁÒÁÓąÎÄÁ ëąËÁÎ ÓÏÎÕëÌÁÒ ÉëÉÎ ÙİËÓÅË ÓÅÖÉÙÅ ÕÙÕÍ 
ÏÌÄÕøÕ ÂÉÌÉÎÄÉøÉÎÅ ÇĘÒÅ ÔÁÂÌÏÄÁ ÂÕ ÄÅøÅÒÅ ÅÎ ÙÁËąÎ 
ÓÏÎÕë ÙÉÎÅ 2ÁÎÄÏÍ &ÏÒÅÓÔ ÁÌÇÏÒÉÔÍÁÓą ÉÌÅ ÅÌÄÅ 
ÅÄÉÌÍÉĥÔÉÒȢ  
KÁÌąĥÍÁÎąÎ ÄÅÖÁÍąÎÄÁ ÅÎ ÙİËÓÅË ÄÏøÒÕÌÕøÁ ÓÁÈÉÐ 
olan Random Forest modeli ËÕÌÌÁÎąÌÁÒÁË ςπρω-2020 
ÅøÉÔÉÍ-ĘøÒÅÔÉÍ ÄĘÎÅÍÉÎÄÅ ψȢÓąÎąÆÔÁ ÏËÕÙÁÎ ÖÅ ςπςπ 
ÙąÌąÎÄÁ ÙÁÐąÌÁÃÁË ÏÌÁÎ ,'3ͻÎÁ ɉÌÉÓÅ ÇÅëÉĥ ÓąÎÁÖąɊ 
ÇÉÒÅÃÅË ÁÎËÅÔÅ ÃÅÖÁÐ ÖÅÒÍÉĥ ρφπ ĘøÒÅÎÃÉ ÉëÉÎÄÅ 
ÂÁĥÁÒą ÔÁÈÍÉÎÉ ÙÁÐąÌÁÃÁËÔąÒȢ 
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A Novel CNN Model for Landmine Detection in Ground Penetrating Radar Images 
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Abstract  

The presence of buried landmines and improvised explosive devices is a serious threat in many areas around 
the world especially for armies. Despite the fact that various techniques have been proposed and improved in 
the literature to detect and classify buried objects, automatic and easy to use systems providing high accuracy 
performance are still under research. Convolutional Neural Networks (CNNs) have recently shown 
outstanding performance on image classification and object detection tasks. The availability of large amount 
of data and improvement in hardware technology has accelerated the research in CNN, and in the recent times 
deep CNN architectures have been introduced. Moreover, CNNs are also used for the detection of buried 
objects with the help of ground penetrating radar (GPR). GPR is one of the most studied modalities for buried 
threat detection. A GPR sends short pulses in time domain to detect buried objects by recording the reflected 
signal. GPR traces acquired at different positions in space are combined together to form B scan images. The 
presence of an object produces hyperbolic fluctuations in B scan images that depend on the shapes and depth 
of the sensed object and on the properties of the medium. The data used in study was collected using a vehicle 
mounted GPR system. The experimental data set comprised of 8664 positive and 8596 negative GPR images. 
This paper proposes a novel CNN architecture for the detection of buried threats in GPR data. The classification 
has been carried out with 5 fold cross validation and 10 fold cross validation by means of the proposed CNN 
and it has been recorded 98 percent overall accuracy in average. 

Keywords: CNN, GPR, Mine Detection, image recognition, Buried Object Detection 

 

Yere N¿fuz Eden Radar Gºr¿nt¿lerinde Mayēn Tespiti i­in Yeni bir ESA Modeli 
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ÎÅÇÁÔÉÆ 9.2 ÇĘÒİÎÔİÓİÎÄÅÎ ÏÌÕĥÍÁËÔÁÄąÒȢ "Õ ÙÁÚąȟ 9.2 ÖÅÒÉÌÅÒÉÎÄÅ ÇĘÍİÌİ ÔÅÈÄÉÔÌÅÒÉÎ ÔÅÓÐÉÔÉ ÉëÉÎ yeni bir ESA 
mimariÓÉ ĘÎÅÒÍÅËÔÅÄÉÒȢ vÎÅÒÉÌÅÎ %3! ÉÌÅ ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ÓąÎąÆÌÁÎÄąÒÍÁÄÁ υ ËÁÔ ÖÅ ρπ ËÁÔ ëÁÐÒÁÚ ÄÏøÒÕÌÁÍÁ 
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Anahtar Kelimeler : %3!ȟ 9.2ȟ  -ÁÙąÎ 4ÅÓÐÉÔÉȟ 'ĘÍİÌİ -ÁÙąÎ 4ÅÓÐÉÔÉ  

Introduction  

Landmines and explosive remnants of war (ERW)ɂ
including improvised types that act as 

 
13* Corresponding author e-mail : ozsoy.nihat@gmail.com 

antipersonnel mines (also called improvised 
mines), cluster munition remnants, and other ERW 
pose a serious and ongoing threat to civilians and 
armies. The figures of casualties due to landmines 
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are not precisely known but in 2018 6,897 people 
were killed or injured by mines/ERWɂ3,059 
people were killed, 3,837 people were injured, and 
for one casualty the survival status was unknown 
[1]. Therefore, detection of landmines and 
improvised explosive devices (IED) are very 
important for armies and countries. Ground 
Penetreating Radar (GPR) is one of the most well 
studied and successful modalities for buried threat 
detection [2]. GPR is a nonintrusive and 
nondestructive sensing modality, which has been 
used in many civilian and military applications, 
including mine detection [3]. For the detection of 
landmines and IEDs, the GPR system transmits 
electromagnetic waves to sense electrical 
inhomogeneities exhibited by the buried targets. In 
addition to the target reflections, radar signals 
returning from the ground surface and subsurface 
soil layering are also received by the antenna array 
[4]. Signal processing and image reconstruction 
techniques have been widely used to enhance the 
definition of target objects in GPR data [5]. On the 
other hand, it requires highly trained expert people 
to interpret GPR data since empirical judgments are 
needed to recognize underground objects in the 
GPR data, which involves a lot of experimental 
noises and environmental complexities [6].  In 
addition, scanning manually entire of GPR data by 
the naked with an analyst is time-consuming and 
difficult. Therefore, fast and accurate automatic GPR 
data interpretation techniques are developed. In 
Fig. 1, that is shown detection steps of buried 
objects [7]. 

 

Figure 1. Buried objects detection steps [7] 

The buried objects can be pinpointed by detecting a 
hyperbola or an inverted U-shape (hereafter 
hyperbola) in a GPR B-scan image, that is, the key of 
GPR data interpretation for detecting underground 
objects. Thus, many studies have executed for 
automatic hyperbola detection [8]. Despite the fact 

that various techniques have been proposed in the 
literature to detect and classify buried objects, 
automatic and easy to use systems providing high 
accuracy performance are still under research. For 
this purpose, some models have been proposed. 
These are; mixture of hidden Markov models [9], 
new object detection algorithms, Adapting boosting 
algorithms [10, 11, 12], analyses of GPR images by 
making use of Hough transform [13].  However in 
recent years, due to the rapid development of deep 
learning methods, in particular Convolutional 
Neural Networks (CNNs), new solutions on image 
classification and object detection tasks have been 
provided. The availability of large amount of data 
and improvement in hardware technology has 
accelerated the research in deep learning and in the 
recent times many deep CNN architectures have 
been reported. In this paper, we take into 
consideration the development of CNN 
architectures for the detection of buried threats by 
using GPR data. To that end, a novel CNN 
architecture is proposed for landmine detection by 
utilizing the analysis of GPR B-scans (i.e., 2D images 
of vertical underground slices) and comparing it 
with different CNN architectures. 

The organization of paper is given as follows;  

in the  second section, the details of some 
background information are explained. Then in the 
third section, the proposed model is presented. In 
the last part, experimental results are given. 

Background Information  

GPR Data Acquisition 

For a given spatial position above the ground, a GPR 
transmit antenna emits an electromagnetic pulse 
(wave) into the ground which is reflected back from 
the buried objects to the receiver antenna. This 
single waveform recorded by the GPR with 
antennas at a given fixed position is referred as A-
scan. The structure of an A-scan is strongly affected 
by the medium through which the radiation 
propagates signals. If the medium contains regions 
with different dielectric constants, the A-scan will 
exhibit complex reflections at the region interfaces. 
Signals generated at different positions of the radar 
are combined to form 2-dimensional B-scan images. 
Shortly, a B-scan is an image representing a vertical 
slice of the ground in which pixel intensities 
represent the amplitude of the received signal. 
Therefore, comparing to A- scans, B-scans provide 
more effective means for visualizing and 
characterizing subsurface environments. Two 
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different patterns can be observed in a B-scan the 
first is hyperbola signatures which are shown in Fig. 
2 that derive from the reflection of the 
electromagnetic signal on small buried targets, and 
the second is linear segment due to the stationary 
situation of impedance between soil layers is shown 
in Fig. 3 [7,14,15]. 

 

 
Figure 2. Hyperbola signatures 

 

Figure 3. Linear segments 

Convolutional Neural Networks  

A CNN is a deep learning architecture, which is 
designed to classify to the 2D images. The 
architecture consists of a number of convolutional 
layers fused with a subsampling process, pooling 
layers, flatten layers and then followed by a number 
of fully connected layers as observed in a multi-
layer Perceptron (MLP) structure. 

Many of these operations depend on a number of 
numeric parameters that can be tuned based on 
experience, so that the model is able to classify 
complex buried images. This is done by the output 
of the last layer of the network called as softmax.  
CNN weights (e.g., the values of the filters in the 
convolutional layers, etc.) are tuned so that the CNN 
learns how to automatically classify images. 

In order to train the CNN model for a particular 
image classification task, it is first needed to design 
the CNN architecture and then some parameters of 
the designed architecture, such as number of layers, 
number of filters, activation functions etc.,  should 
be optimized [14]. 

Proposed Model  

The goal of the proposed system in CNN 
architecture, which is shown in Fig. 4, to detect 
whether a B-scan obtained through GPR 
acquisitions contains traces or hyperboles for the 
detection of landmines.  

If there is an embedded object, it usually appears as 
hyperbolic traces. If there is only a layer of soil, as 
the image contains linear traces, mostly. 

 

Figure 4. The proposed CNN architecture 

 

The proposed CNN structure showed in Fig. 4 has 
two convolutional layers, two max pooling layers 
and, three ReLu layers. Additionally, in order to 
avoid from overfitting, two dropout operations, 
each of which have rates of 0.25 and 0.5 are added. 

  

Since, the size of most of the GPR images in the 
dataset are 48x48, CNN input is built to match this 
size. Other images which have sizes of 50x50 and 
51x51 are also cropped to fit this input size.  

The fully connected block consists of two layers, a 
convolutional layer followed by a soft-max layer. All 
network has been trained using Adam optimizer 
until a decrease in validation loss up to 5 iterations 
[16]. After this point, the training stops. 

 Experimental Results  

In this section, a number of experiments have been 
conducted by utilizing the proposed CNN model. 
Experimental data set used in experiments 
comprised of 8664 positive and 8596 negative GPR 
images. To evaluate the classification performance, 
metrics such as accuracy, precision, recall, f-
measure are used. The results of classification are 
obtained by k-fold cross validation. The k is selected 
5 and 10, and classification results are shown in 
tables below, respectively. As shown in Table 1; the 
average accuracy of our proposed model is 0.980 
and in Table 2, the average accuracy of our 
proposed model is 0.984. This score is compatible 
with precision recall f-measure score. Hence, our 
proposed model gives remarkable and successful 
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results. When the results in Table 1 and Table 2 are 
compared, no considerable difference is observed in 
terms of average accuracy performance. 

 
Table 1. Classification performance with 5-fold validation 

 

Table 2. Classification performance with 10-fold 
validation 

Kth 
fold 

Accuracy Precision Recall F-
Measure 

Train 
Time (s) 

1 0.982 0.992 0.970 0.981 193.680 

2 0.984 0.987 0.979 0.983 193.293 

3 0.984 0.992 0.975 0.984 195.979 

4 0.986 0.987 0.986 0.986 200.093 

5 0.986 0.987 0.984 0.985 199.218 

6 0.982 0.985 0.978 0.982 201.803 

7 0.986 0.992 0.979 0.986 202.745 

8 0.983 0.989 0.977 0.983 206.745 

9 0.990 0.990 0.989 0.990 207.986 

10 0.986 0.991 0.980 0.986 214.51 

Avg. 0.984 0.989 0.979 0.984 201.605 

 

Conclusion 

In conclusion, this study addressed a landmine 
detection problem by proposing a CNN model for 
the buried objects dataset. It is observed from the 
experimental results that the average detection 
performance is above %97 in terms of accuracy. In 
addition, the proposed model has simple 
architecture when compared to the other 
pretrained CNN models such as VGG-16, which 
makes it require less memory and train faster. For 
future works, the proposed CNN model is planned 
to be tested with other. 
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 Raspberry Pi ile Ger­ek Zamanlē Trafik Ķĸareti Tanēma ve Uyarē Sistemi  
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Anahtar Kelimeler : 'ĘÒİÎÔİ dĥÌÅÍÅȟ /ÐÅÎ#6ȟ 2ÁÓÐÂÅÒÒÙ 0Éȟ 4ÒÁÆÉË dĥÁÒÅÔÌÅÒÉ 

 Real-Time Traffic Sign Recognition and Warning System With Raspberry Pi 

Abstract  

There are many factors that drivers should pay attention to while traveling. One of them is traffic signs. 
Unfortunately, the attention given to traffic signs decreases on long journeys. This causes many accidents. As 
a result of many of the traffic accidents, the drivers stated that they could not follow the traffic signs and that 
the accident happened. At this point, a system requirement has emerged that can recognize real time traffic 
signs to assist drivers. In order to minimize driver-related accidents, vehicles are made with various 
technological designs. One of these is traffic sign detection systems. The purpose of the traffic sign detection 
is to prevent the drivers from not seeing or recognizing traffic signs due to distraction and to minimize 
accidents. Drivers who do not drive for a long time ignore the signs they do not know while driving, since they 
forget the meaning of some traffic signs. This causes danger in traffic. In this study, traffic sign recognition 
system was trained by using German Traffic Sign Recognition Benchmark Data Set containing 42 different 
traffic signs and more than 50000 images. In the study, by processing real-time images, traffic signs are 
detected in many weather conditions (snow, fog, bright and dark) and the driver is informed about the traffic 
sign. OpenCV, an open source library, is used in this study with Raspberry Pi 4. Therefore, its cost is less and 
faster.  

Keywords: Image Processing, OpenCV, Raspberry Pi, Traffic Sign
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ÔÁÂÁÎÌą ÖÅ ĘøÒÅÎÍÅ ÔÁÂÁÎÌą ÏÌÁÒÁË ÉÆÁÄÅ ÅÄÉÌÅÂÉÌÉÒȢ "Õ 
ÍÁËÁÌÅÄÅ ÂÕ İë ÙĘÎÔÅÍ ÅÌÅ ÁÌąÎÍąĥ ÖÅ ÂÕÎÌÁÒąÎ ÎÁÓąÌ 
ÕÙÇÕÌÁÎÄąøą ÇĘÓÔÅÒÉÌÍÉĥÔÉÒ ɍφɎȢ 

*ÁÌÅ .ÕÒ -ÅÒÔÏøÌÕȭÎÕÎ ÈÁÚąÒÌÁÍąĥ ÏÌÄÕøÕ ëÁÌąĥÍÁÄÁ 
ËÁÓÉÓ ÔÅÓÐÉÔÉ ÖÅ ÈąÚ ÔÁÂÅÌÁÓą ÔÅÓÐÉÔÉ ÉÌÅ ÔÒÁfik 
ËÁÚÁÌÁÒąÎąÎ ÅÎ ÁÚÁ ÉÎÄÉÒÇÅÎÍÅÓÉ ÈÅÄÅÆÌÅÎÍÉĥÔÉÒȢ ωπ 
ÔÁÎÅ ËÁÓÉÓ ÒÅÓÍÉÎÉÎ ψπ ÔÁÎÅÓÉÎÉ ÂÁĥÁÒą ÉÌÅ ÔÅÓÐÉÔ 
ÅÔÍÅËÔÅ ÏÌÁÎ ÓÉÓÔÅÍ ÔÅÓÐÉÔ ÅÄÅÍÅÄÉøÉ ρπ ÒÅÓÍÉÎ 
ĘÎİÎÄÅ ÂÉÒ ÎÅÓÎÅ ÂÕÌÕÎÍÁËÔÁÄąÒȢ ωπ ÒÅÓÉÍ İÚÅÒÉÎÄÅ 
ÙÁÐąÌÁÎ ÔÅÓÔ ÁĥÁÍÁÓą ϷψψȢψȭÌÉË ÂÉÒ ÂÁĥÁÒą ÓÁøÌÁÍąĥÔąÒ 
[7]. 

(ÏÕÂÅÎȟ 3ÔÁÌÌËÁÍÐȟ 3ÁÌÍÅÎȟ 3ÃÈÌÉÐÓÉÎÇ ÖÅ )ÇÅÌȭÉÎ 
ÙÁÐÍąĥ ÏÌÄÕøÕ ëÁÌąĥÍÁÄÁ ÔÒÁÆÉË ÉĥÁÒÅÔÌÅÒÉÎÉÎ ÇÅÒëÅË 
ÚÁÍÁÎÌą ÔÅÓÐÉÔÉ ÙÁÐąÌÍąĥÔąÒȢ "İÙİË ÂÉÒ ÖÅÒÉ ÓÅÔÉ 
ËÕÌÌÁÎąÌÁÒÁË ÙÁÐąÌÁÎ ÂÕ ëÁÌąĥÍÁÄÁ !ÌÍÁÎ 6ÅÒÉ 3ÅÔÉ 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ "ÉÒ ×ÅÂ ÁÒÁÙİÚİ ÔÁÓÁÒÌÁÎÁÎ ÓÉÓÔÅÍÄÅ 
ÁÎąÎÄÁ ÇÅÒÉ ÂÉÌÄÉÒÉÍ ÓÁøÌÁÎÍąĥÔąÒ ɍψɎȢ 

%ÓÃÁÌÅÒÁȟ -ÏÒÅÎÏȟ 3ÁÌÉÃÈÓ ÖÅ !ÒÍÉÎÇÏÌ ëÁÌąĥÍÁÓąÎÄÁ 
ËÁÒÁÙÏÌÕ ÁÒÁëÌÁÒą ÉëÉÎ ÙĘÎÌÅÎÄÉÒÍÅ ÓÉÓÔÅÍÉÎÉÎ İë ÁÎÁ 
ÒÏÌİ ÏÌÁÃÁøąÎą ÂÅÌÉÒÔÍÅËÔÅÄÉÒȢ "ÕÎÌÁÒÄÁÎ ÉÌËÉ ÙÏÌ 
ÔÅÓÐÉÔÉȟ ÉËÉÎÃÉÓÉ ÅÎÇÅÌ ÔÅÓÐÉÔÉ ÖÅ İëİÎÃİÓİ ÉĥÁÒÅÔ 
ÔÁÎąÍÁÄąÒȢ "ÕÎÌÁÒąÎ ÉëÉÎÄÅ ÔÒÁÆÉË ÉĥÁÒÅÔÉ ÔÁÎąÍÁÎąÎ ÅÎ 
ÁÚ ëÁÌąĥąÌÍąĥ ÁÌÁÎ ÏÌÄÕøÕÎÕ ÓÁÖÕÎÁÎ ÂÕ ëÁÌąĥÍÁÄÁ 
ÔÒÁÆÉË ÉĥÁÒÅÔÌÅÒÉÎÉÎ ÔÁÎąÎÍÁÓąÎąÎ ÓİÒİÃİÌÅÒ ÉëÉÎ 
ËÏÌÁÙÌąË ÓÁøÌÁÙÁÃÁøąÎą ÖÅ ÇİÖÅÎÌÉ ÓİÒİĥ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÃÅøÉÎÉ ÖÕÒÇÕÌÁÍÁËÔÁÄąÒȢ +ÕÌÌÁÎąÌÁÎ 
ÁÌÇÏÒÉÔÍÁÎąÎ ÉËÉ ÁÎÁ ÐÁÒëÁÓą ÖÁÒÄąÒȢ "ÕÎÌÁÒÄÁÎ ÂÉÒÉÓÉ 
ÔÅÓÐÉÔ ÉëÉÎ ÇĘÒİÎÔİ ÖÅ ĥÅËÌÉ ÁÎÁÌÉÚ ÅÔÍÅËȟ ÉËÉÎÃÉÓÉ ÉÓÅ 
ÓÉÎÉÒ Áøą ËÕÌÌÁÎąÌÁÒÁË ÓąÎąÆÌÁÎÄąÒÍÁËȢ +ĘĥÅÌÅÒÉ 
ÔÁÎąÍÌÁÙÁÒÁË ÉĥÁÒÅÔÉÎ ĥÅËÌÉ ÈÁËËąÎÄÁ ÂÉÌÇÉ ÓÁÈÉÂÉ 
ÏÌÕÎÁÎ ÓÉÓÔÅÍ #05ȭÄÁ ëÁÌąĥÁÒÁË ρȢς ÓÁÎÉÙÅÄÅ 
ëÁÌąĥÍÁÓąÎą ÇÅÒëÅËÌÅĥÔÉÒÉÒ ɍ9]. 

"ÁÈÌÍÁÎÎ ÖÅ ÁÒËÁÄÁĥÌÁÒąÎąÎ ĘÎÅÒÄÉøÉ ÓÉÓÔÅÍ ÉÓÅ  ÉËÉ 
ÂÉÌÅĥÅÎÄÅÎ ÏÌÕĥÍÁËÔÁÄąÒȢ dÌË ÏÌÁÒÁËȟ ÉĥÁÒÅÔÌÅÒ !ÄÁ-
"ÏÏÓÔ ÅøÉÔÉÍÉÎÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÂÉÒ ÄÉÚÉ (ÁÁÒ ÄÁÌÇÁÃąË 
ĘÚÅÌÌÉøÉ ËÕÌÌÁÎąÌÁÒÁË ÔÅÓÐÉÔ ÅÄÉÌÉÒȢ dËÉÎÃÉ ÂÉÌÅĥÅÎ ÉÓÅ 
"ÁÙÅÓ İÒÅÔËÅÎ ÍÏÄÅÌÌÅÍÅ ËÕÌÌÁÎąÌÁÒÁË ÓąÎąÆÌÁÎÄąÒÍÁ 
ÐÅÒÆÏÒÍÁÎÓą ÇÅÒëÅËÌÅĥÔÉÒÉÌÉÒȢ dÚÌÅÍÅ ÂÉÌÇÉÓÉ 
ËÕÌÌÁÎąÌÁÒÁË ÈÉÐÏÔÅÚÌÅÒ ÂÉÒÄÅÎ ëÏË ëÅÒëÅÖÅÄÅ 
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ÂÉÒÌÅĥÔÉÒÉÌÉÒȢ $ÅÎÅÙÌÅÒ ÙİËÓÅË ÁÌÇąÌÁÍÁ ÖÅ ÔÁÎąÍÁ 
ÄÏøÒÕÌÕøÕÎÕ ÖÅ ÓÔÁÎÄÁÒÔ ÂÉÒ ÂÉÌÇÉÓÁÙÁÒÄÁ ÓÁÎÉÙÅÄÅ 
ÙÁËÌÁĥąË ρπ ËÁÒÅ ÈąÚąÎÄÁ ÇĘÓÔÅÒÉÒ ɍρπɎȢ  

Shopa, 3ÕÍÉÔÈÁ ÖÅ 0ÁÔÒÁȭÎąÎ ëÁÌąĥÍÁÓąÎÄÁ /ÐÅÎ#6 
ËÕÌÌÁÎąÌÁÒÁË ÇÅÒëÅË ÚÁÍÁÎÌą ÔÒÁÆÉË ÉĥÁÒÅÔÉ ÔÅÓÐÉÔÉ 
ÁÍÁëÌÁÎÍąĥÔąÒȢ 4ÒÁÆÉË ÉĥÁÒÅÔÉ ÔÅÓÐÉÔÉ ÉÌÅ ÓİÒİÃİÙİ 
ÕÙÁÒÍÁË ÖÅ ÓİÒİÃİÎİÎ ÙİËİÎİ ÁÚÁÌÔÍÁÎąÎ 
ÈÅÄÅÆÌÅÎÄÉøÉ ÂÕ ëÁÌąĥÍÁÄÁ ÓİÒİĥ ÇİÖÅÎÌÉøÉ ÄÅ 
ÈÅÄÅÆÌÅÎÍÅËÔÅÄÉÒȢ KÁÌąĥÍÁÄÁ ÇĘÒİÎÔİÌÅÒ ĘÎÉĥÌÅÍÅ 
ÔÁÂÉ ÔÕÔÕÌÕÒ ÖÅ ÄÁÈÁ ÓÏÎÒÁ ÔÒÁÆÉË ÉĥÁÒÅÔÉ ÔÅÓÐÉÔ ÅÄÉÌÉÒȢ 
"Õ ëÁÌąĥÍÁÄÁ ÅĥÉË ÔÅËÎÉøÉȟ 'ÁÕÓÓ ÆÉÌÔÒÅÌÅÍÅÓÉȟ ËÅÓËÉÎ 
ËÅÎÁÒ ÔÅÓÐÉÔÉ ÇÉÂÉ ÇĘÒİÎÔİ ÉĥÌÅÍÅ ÔÅËÎÉËÌÅÒÉ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒ ɍρρɎȢ 

9ÁÐÁÙ 3ÉÎÉÒ !øÌÁÒą 4ÅËÎÉøÉ ËÕÌÌÁÎąÌÁÒÁË 4ÒÁÆÉË dĥÁÒÅÔÉ 
TanąÍÁ 3ÉÓÔÅÍÉ ÔÁÓÁÒÌÁÙÁÎ ,ÏÒÓÁËÕÌ ÖÅ 3ÕÔÈÁËÏÒÎ 
ÅĥÉË ÔÅËÎÉËÌÅÒÉȟ 'ÁÕÓÓ ÆÉÌÔÒÅÓÉȟ #ÁÎÎÙ ËÅÎÁÒ 
ÁÌÇÏÒÉÔÍÁÓą ÇÉÂÉ ÔÅËÎÉËÌÅÒ ËÕÌÌÁÎÍąĥÔąÒȢ υς ÔÅÓÔ ÉĥÁÒÅÔÉ 
ÇĘÒİÎÔİÓİ ËÕÌÌÁÎąÌÁÒÁË ëÁÌąĥÔąÒąÌÁÎ ÓÉÓÔÅÍ ÏÒÔÁÌÁÍÁ 
ÏÌÁÒÁË ËÁÒÅ ÂÁĥąÎÁ σχȟςχ ÍÉÌÉÓÁÎÉÙÅÄÅ ÉĥÌÅÍ 
ÙÁÐÍÁËÔÁÄąÒ ɍ12]. 

KÁÌąĥÍÁ 

+ÕÌÌÁÎąÌÁÎ ÂÁÚą ËİÔİÐÈÁÎÅÌÅÒ ÖÅ  ÙÁÚąÌąÍ ÄÉÌÉ 

/ÐÅÎ#6 +İÔÐÈÁÎÅÓÉȡ 

/ÐÅÎ#6 ɉ!ëąË +ÁÙÎÁË "ÉÌÇÉÓÁÙÁÒÌą 'ĘÒÍÅ 
+İÔİÐÈÁÎÅÓÉɊȟ ÁëąË ËÁÙÎÁËÌą ÙÁÚąÌąÍ 
ËİÔİÐÈÁÎÅÓÉÄÉÒȢ /ÐÅÎ#6ȟ ÂÉÌÇÉÓÁÙÁÒ ÇĘÒÍÅ 
ÕÙÇÕÌÁÍÁÌÁÒą ÉëÉÎ ÏÒÔÁË ÂÉÒ ÁÌÔÙÁÐą ÓÁøÌÁÍÁË ÖÅ ÔÉÃÁÒÉ 
İÒİÎÌÅÒÄÅ ÍÁËÉÎÅ ÁÌÇąÓąÎąÎ ËÕÌÌÁÎąÍąÎą ÈąÚÌÁÎÄąÒÍÁË 
ÉëÉÎ ÔÁÓÁÒÌÁÎÍąĥÔąÒȢ BSD (Berkeley Software 
$ÉÓÔÒÕÂÉÔÉÏÎɊ ÌÉÓÁÎÓÌą ÂÉÒ İÒİÎ ÏÌÁÎ /ÐÅÎ#6ȟ ËÏÄÕ 
ÄÅøÉĥÔÉÒÉÌÅÒÅË ËÕÌÌÁÎąÌÍÁÓąÎÁ ÏÌÁÎÁË ÓÁøÌÁÍÁËÔÁÄąÒȢ 
+İÔİÐÈÁÎÅȟ ÂÉÌÇÉÓÁÙÁÒ ÇĘÒÍÅ ÖÅ ÍÁËÉÎÅ ĘøÒÅÎÍÅ 
ÁÌÇÏÒÉÔÍÁÌÁÒąÎąÎ ËÁÐÓÁÍÌą ÂÉÒ ÓÅÔÉÎÉ ÉëÅÒÅÎ ςυππͻÄÅÎ 
fazla algoritmaya sahiptir. "Õ ÁÌÇÏÒÉÔÍÁÌÁÒ ÙİÚÌÅÒÉ 
ÁÌÇąÌÁÍÁË ÖÅ ÔÁÎąÍÁËȟ ÎÅÓÎÅÌÅÒÉ ÔÁÎąÍÌÁÍÁËȟ 
ÖÉÄÅÏÌÁÒÄÁËÉ ÉÎÓÁÎ ÅÙÌÅÍÌÅÒÉÎÉ ÓąÎąÆÌÁÎÄąÒÍÁËȟ 
kamera hareketlerini izlemek, hareketli nesneleri 
izlemek, nesnelerin 3B modellÅÒÉÎÉ ëąËÁÒÍÁËȟ ÓÔÅÒÅÏ 
ËÁÍÅÒÁÌÁÒÄÁÎ σ" ÎÏËÔÁ ÂÕÌÕÔÌÁÒą ÏÌÕĥÔÕÒÍÁËȟ ÙİËÓÅË 
ëĘÚİÎİÒÌİË İÒÅÔÍÅË ÉëÉÎ ÇĘÒİÎÔİÌÅÒÉ ÂÉÒÌÅĥÔÉÒÍÅË 
ÉëÉÎ ËÕÌÌÁÎąÌÁÂÉÌÉÒ ɍρσɎȢ 

.ÕÍÐÙ +İÔİÐÈÁÎÅÓÉȡ 

"ÉÌÉÍÓÅÌ ÈÅÓÁÐÌÁÍÁÌÁÒÄÁ ËÕÌÌÁÎąÌÁÎ ÂÕ ËİÔİÐÈÁÎÅ 
ÔÒÁÆÉË ÉĥÁÒÅÔÌÅÒÉÎÉÎ ÔÅÓÐÉÔÉÎÄÅ ËÕÌÌÁÎąÌÁÎ ÉĥÌÅÍÌÅÒÄÅ 
ëÏË ÓÁÙąÄÁ ËÕÌÌÁÎąĥÌą ĘÚÅÌÌÉË ÓÕÎÍÁËÔÁÄąÒȢ #ϹϹ ÄÉÌÉÎÄÅ 
ËÏÄÌÁÎÁÎ ÂÕ ËİÔİÐÈÁÎÅ ËÕÌÌÁÎąÃąÙÁ ÙİËÓÅË 
ÐÅÒÆÏÒÍÁÎÓ ÓÁøÌÁÍÁËÔÁÄąÒȢ 

0ÁÎÄÁÓ +İÔİÐÈÁÎÅÓÉȡ 

6ÅÒÉ İÚÅÒÉÎÄÅ ĘÎÉĥÌÅÍÅ ÖÅ ÁÎÁÌÉÚ ÙÁÐÍÁË ÉëÉÎ 
ËÕÌÌÁÎąÌÁÎ ÂÕ ËİÔİÐÈÁÎÅ ÈąÚÌą ÖÅ ËÏÌÁÙ ÂÉÒ ĥÅËÉÌÄÅ ÖÅÒÉ 

ÉĥÌÅÍÅȟ ÖÅÒÉ ÙĘÎÅÔÍÅ ÖÅ ÇĘÒÓÅÌÌÅĥÔÉÒÍÅ 
ÓÁøÌÁÍÁËÔÁÄąÒȢ 

SciKit-,ÅÁÒÎ +İÔİÐÈÁÎÅÓÉȡ 

-ÁÔÅÍÁÔÉË ÉĥÌÅÍÌÅÒÉÎÉ ÙÏøÕÎ ÏÌÁÒÁË ËÕÌÌÁÎÁÎ ÂÕ 
ËİÔİÐÈÁÎÅ ÍÁËÉÎÅ ĘøÒÅÎÉÍ ÁÌÇÏÒÉÔÍÁÌÁÒą ÉëÉÎ ÂÁÓÉÔ 
ÂÉÒ ÁÒÁÙİÚ ÓÕÎÁÒÁË ËÕÌÌÁÎąÍ ËÏÌÁÙÌąøą ÖÅ ÙİËÓÅË 
ÐÅÒÆÏÒÍÁÎÓ ÓÁøÌÁÍÁËÔÁÄąÒȢ  

+ÅÒÁÓ +İÔİÐÈÁÎÅÓÉȡ 

9ÁÐÁÙ ÓÉÎÉÒ ÁøÌÁÒą ÏÌÕĥÔÕÒÍÁË ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÁëąË 
ËÁÙÎÁË ËÏÄÌÕ ÂÉÒ ËİÔİÐÈÁÎÅ ÏÌÁÎ +ÅÒÁÓ ÁÒËÁ ÐÌÁÎÄÁ 
4ÅÎÓÏÒ&ÌÏ× ËÕÌÌÁÎÍÁËÔÁÄąÒȢ +ÕÌÌÁÎąÃą ÄÅÎÅÙÉÍÉÎÉ ĘÎ 
ÐÌÁÎÄÁ ÔÕÔÁÎ +ÅÒÁÓ ËÕÌÌÁÎąÃą ÅÙÌÅÍÌÅÒÉÎÉÎ ÓÁÙąÓąÎą ÅÎ 
ÁÚÁ ÉÎÄÉÒÅÒÅË ËÕÌÌÁÎąÃą ÈÁÔÁÓąÙÌÁ ÉÌÇÉÌÉ ÁëąË ÖÅ 
ëĘÚİÍÓÅÌ ÇÅÒÉ ÂÉÌÄÉÒÉÍ İÒÅÔÍÅËÔÅÄÉÒȢ  

-ÁÔÐÌÏÔÌÉÂ +İÔİÐÈÁÎÅÓÉȡ 

dËÉ ÂÏÙÕÔÌÕ ÇÒÁÆÉË ëÉÚÉÍÌÅÒÉ ÅÌÄÅ ÅÔÍÅË ÉëÉÎ ËÕÌÌÁÎąÌÁÎ 
ÂÕ ËİÔİÐÈÁÎÅ ëÁÌąĥÍÁÍąÚÄÁ İÒÅÔÉÌÅÎ ÄÏøÒÕÌÕËȟ ÈÁÔÁ 
ÏÒÁÎą ÇÉÂÉ ÇÒÁÆÉËÌÅÒÉ ëÉÚÍÅÍÉÚÄÅ ÅÔËÉÌÉ ÏÌÕÒËÅÎ ÁÙÎą 
ÚÁÍÁÎÄÁ ÇĘÒÓÅÌÌÅĥÔÉÒÍÅ ÏÌÕĥÔÕÒÁÒÁË ÙÁÐąÌÁÎ 
ëÁÌąĥÍÁÌÁÒÄÁ ÄÁÈÁ ÂÁÓÉÔ ÖÅ ÁÎÌÁĥąÌąÒ ÇÒÁÆÉËÌÅÒ 
ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ 

0ÙÔÈÏÎ 9ÁÚąÌąÍ $ÉÌÉȡ 

.ÅÓÎÅ ÙĘÎÅÌÉÍÌÉȟ ÂÉÌÉÍÓÅÌ ÖÅ ÅÔËÉÌÅĥÉÍÌÉ ÂÉÒ 
proÇÒÁÍÌÁÍÁ ÄÉÌÉ ÏÌÁÎ 0ÙÔÈÏÎȟ ÇÉÒÉÎÔÉÌÅÒÅ ÄÁÙÁÌą ÂÁÓÉÔ 
ÂÉÒ ÓĘÚÄÉÚÉÍÉ ÉÌÅ ÂÁĥÌÁÎÇąë ÓÅÖÉÙÅÓÉÎÄÅ ËÏÄÌÁÍÁ 
ÙÁÐÍÁË ÉÓÔÅÙÅÎÌÅÒ ÉëÉÎ ëÏËëÁ ÔÅÒÃÉÈ ÅÄÉÌÅÎ ÂÉÒ ÄÉÌÄÉÒȢ 
ρωωρ ÙąÌąÎÄÁ ëąËÁÎ ÂÕ ÄÉÌ ÈÅÍÅÎ ÈÅÍÅÎ ÈÅÒ ÔİÒÌİ 
ÐÌÁÔÆÏÒÍÄÁ ëÁÌąĥÁÂÉÌÍÅËÔÅÄÉÒ ɍρτɎȢ  

Veri seti 

Alman TÒÁÆÉË dĥÁÒÅÔÉ 4ÁÎąÍÁ 3ÉÓÔÅÍÉ ɉ'432"ɊȭÎÄÅ 
ÂÕÌÕÎÁÎ τσ ÆÁÒËÌą ÓąÎąÆÔÁ υππππȭÄÅÎ ÆÁÚÌÁ !ÌÍÁÎ ÙÏÌ 
ÉĥÁÒÅÔÉÎÉÎ ÇĘÒİÎÔİÌÅÒÉ ÓąÎąÆÌÁÎÄąÒąÌÁÒÁË ÔÅÓÔ ÅÄÉÌÅÎ 
ÖÅÒÉ ÓÅÔÉ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 3ÉÓÌÉȟ ÇİÎÅĥÌÉȟ ËÁÒÌąȟ ÙÁøÍÕÒÌÕ 
ÇÉÂÉ ÈÁÖÁ ËÏĥÕÌÌÁÒąÎÄÁ ÖÅ ÇÅÃÅȟ ÇİÎÄİÚ ÇÉÂÉ ąĥąË 
ËÏĥÕÌÌÁÒąÎÄÁ ëÅËÉÌÅÎ ÔÒÁÆÉË ÔÁÂÅÌÁÌÁÒą ÉÌÅ ÈÁÚąÒÌÁÎÁÎ 
ÖÅÒÉ ÓÅÔÉ ÉÌÅ ÓÉÓÔÅÍÉÎ ÅøÉÔÉÌÍÅÓÉ ÙİËÓÅË ÄÏøÒÕÌÕË ÏÒÁÎą 
ÓÁøÌÁÍÁËÔÁÄąÒ ɍρυɎȢ 

3ÉÓÔÅÍÉÎ ÓąÎąÆÌÁÎÄąÒąÌÍÁÓą 

6ÅÒÉ ÓÅÔÉÍÉÚÉÎ ÂÕÌÕÎÄÕøÕ ËÌÁÓĘÒ ÉëÅ ÁËÔÁÒąÌÁÒÁË 
ÔÏÐÌÁÍ ËÁë ÓąÎąÆ ÏÌÄÕøÕ ÔÅÓÐÉÔ ÅÄÉÌÉÒȢ #36 ÕÚÁÎÔąÌą 
doÓÙÁÍąÚÄÁËÉ ÓąÎąÆÌÁÒ ÉÌÅ ÇĘÒİÎÔİÌÅÒÉÎ ÅÔÉËÅÔÌÅÒÉ 
ËÁÒĥąÌÁĥÔąÒąÌÁÒÁË ÔİÍ ÇĘÒİÎÔİÌÅÒ ÓąÎąÆÌÁÎÄąÒąÌąÒȢ 
!ÒÄąÎÄÁÎ ¤ÅËÉÌ ςȭÄÅ ÇĘÒİÌÅÎ ÔÁÂÌÏ ÍÁÔÐÌÏÔÌÉÂ 
ËİÔİÐÈÁÎÅÓÉ ÙÁÒÄąÍą ÉÌÅ ÅËÒÁÎÄÁ ÇĘÓÔÅÒÉÌÉÒȢ "Õ 
ÔÁÂÌÏÄÁ ÖÅÒÉ ÓÅÔÉÍÉÚÄÅ ÂÕÌÕÎÁÎ ÇĘÒİÎÔİÌÅÒÉÎ ËÁë 
ÓąÎąÆÁ ÁÙÒąÌÄąøą ÖÅ ÈÅÒ ÓąÎąÆÁ ÁÉÔ ÇĘÒİÎÔİ ÓÁÙąÓą 
ÇĘÓÔÅÒÉÌÉÒȢ 'ÒÉÙÅ ÄĘÎİĥÔİÒİÌÅÎ ÇĘÒİÎÔİÌÅÒ ëÅĥÉÔÌÉ 
ÏÒÔÁÍÌÁÒÄÁ ëÅËÉÌÄÉøÉ ÉëÉÎ ÁÙÄąÎÌÁÔÍÁÙą 
ÓÔÁÎÄÁÒÔÌÁĥÔąÒÁÒÁË ÄÅøÅÒÌÅÒ ÎÏÒÍÁÌÉÚÅ ÅÄÉÌÉÒȢ 4İÍ 
ÇĘÒİÎÔİÌÅÒ σςØσς ÐÉËÓÅÌ ÄÅøÅÒÉÎÄÅ ÙÅÎÉÄÅÎ 
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ÂÏÙÕÔÌÁÎÄąÒąÌąÒȢ %ÖÒÉĥÉÍÓÅÌ 3ÉÎÉÒ !øą ɉ#..Ɋ modeli 
ÏÌÕĥÔÕÒÕÌÕÒ ÖÅ ËÁÔÍÁÎ ÉĥÌÅÍÌÅÒÉ ÇÅÒëÅËÌÅĥÔÉÒÉÌÉÒȢ 4İÍ 
ÂÕ ÉĥÌÅÍÌÅÒÉÎ ÁÒÄąÎÄÁÎ ÓÉÓÔÅÍ ÅøÉÔÉÌÅÒÅË ÄÏøÒÕÌÕË 
ÔÁÂÌÏÓÕ ÏÌÕĥÔÕÒÕÌÕÒ ɉ¤ÅËÉÌ ρɊȢ  

 

¤ÅËÉÌ 1ȡ $ÏøÒÕÌÕË 4ÁÂÌÏÓÕ 

 
¤ÅËÉÌ ρȭÄÅ ÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ÓÉÓÔÅÍ ρπ ËÅÚ ÅøÉÔÉÌÍÉĥ 
ÖÅ ÈÅÒ ÅøÉÔÉÍ ÓÏÎÕÎÄÁ ÄÏøÒÕÌÕË ÏÒÁÎą ÔÁÂÌÏÄÁ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ %øÉÔÉÍ ëÉÚÇÉÓÉÎÉÎ ÓÏÎÕÎÁ ÂÁËÔąøąÍąÚÄÁ 
Ϸωυ ÄÏøÒÕÌÕË ÉÌÅ ÅøÉÔÉÌÄÉøÉ ÇĘÒİÌÍİĥÔİÒȢ 

2'" ÇĘÒİÎÔİÎİÎ ÇÒÉÙÅ ÄĘÎİĥÔİÒİÌÍÅÓÉ 

RGB renk modelinde, her renk birincil spektrumunda 
ËąÒÍąÚą ÙÅĥÉÌ ÖÅ ÍÁÖÉ ÒÅÎËÔÅ ÇĘÒİÎİÒȢ "ÉÒ ÐÉËÓÅÌÉÎ 
ÒÅÎÇÉ İë ÂÉÌÅĥÅÎÄÅÎ ÏÌÕĥÕÒȠ ËąÒÍąÚąȟ ÙÅĥÉÌ ÖÅ ÍÁÖÉ 
ɉ2'"ɊȢ 2ÅÎË ÂÉÌÅĥÅÎÌÅÒÉȟ ÒÅÎË ËÁÎÁÌÌÁÒą ÖÅÙÁ ÒÅÎË 
ÄİÚÌÅÍÌÅÒÉ ÏÌÁÒÁË ÄÁ ÂÉÌÉÎÉÒȢ 2'" ÒÅÎË ÍÏÄÅÌÉÎÄÅȟ 
ÒÅÎËÌÉ ÂÉÒ ÇĘÒİÎÔİ ÙÏøÕÎÌÕË ÉĥÌevi ile temsil edilebilir.  

) &&&  

'ÒÉ ÔÏÎÌÁÍÁÌą ÇĘÒİÎÔİ Ðiksel olan uint8, uint16, int16, 
ÔÅË ÖÅÙÁ ëÉÆÔ ÓąÎąÆ ÄÉÚÉÓÉ ÄÅøÅÒÌÅÒÉ ÙÏøÕÎÌÕË 
ÄÅøÅÒÌÅÒÉÎÉ ÂÅÌÉÒÔÉÒȢ 4ÅË ÖÅÙÁ ëÉÆÔ ÄÉÚÉÌÅÒ ÉëÉÎȟ ÄÅøÅÒÌÅÒ 
ɍπȟ ρɎ ÁÒÁÓąÎÄÁ ÄÅøÉĥÉÒȢ 5ÉÎÔψ ÉëÉÎ ÄÅøÅÒÌÅÒ ɍπȟςυυɎ 
ÁÒÁÓąÎÄÁ ÄÅøÉĥÉÒȢ 5ÉÎÔρφ ÉëÉÎ ÄÅøÅÒÌÅÒ ɍπȟ φυυσυɎ 
ÁÒÁÓąÎÄÁ ÄÅøÉĥÉÒȢ IÎÔρφ ÉëÉÎ ÄÅøÅÒÌÅÒ [-32768, 32767] 
ÁÒÁÌąøąÎÄÁÄąÒ [16].  
 

'ÒÁÙÓÃÁÌÅ2 ' "Ⱦσ  [17]. 

 

Sistemin test edilmesi 

+ÁÍÅÒÁÄÁÎ ÁÌąÎÁÎ ÇĘÒİÎÔİ ÇÒÉÙÅ ÄĘÎİĥÔİÒÍÅ ÖÅ 
ÐÁÒÌÁËÌąË ÅĥÉÔÌÅÍÅ ÉĥÌÅÍÌÅÒÉÎÅ ÔÁÂÉ ÔÕÔÕÌÄÕËÔÁÎ ÓÏÎÒÁ 
σςØσς ÐÉËÓÅÌ ÂÏÙÕÔÕÎÄÁ ÂÏÙÕÔÌÁÎÄąÒąÌÁÒÁË ÈÁÎÇÉ 
ÓąÎąÆÁ ÁÉÔ ÏÌÄÕøÕ ÔÁÈÍÉÎ ÅÄÉÌÉÒȢ ϷχυÔÅÎ ÂİÙİË 
ÄÏøÒÕÌÕË ÄÅøÅÒÉÎÅ ÓÁÈÉÐ ÉÓÅ ÇĘÒİÎÔİÎİÎ ÈÁÎÇÉ ÓąÎąÆÁ 
ÁÉÔ ÏÌÄÕøÕ ÅËÒÁÎÄÁ ÙÁÚÄąÒąÌąÒȢ  

¤ÅËÉÌ ςȡ %øÉÔÉÍ ÖÅÒÉ ËİÍÅÓÉÎÉÎ ÄÁøąÔąÍą 
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¤ÅËÉÌ σȡ +ÁÍÅÒÁÄÁÎ ÁÌąÎÁÎ ÇĘÒİÎÔİÌÅÒ ÖÅ ÓÉÓÔÅÍÉÎ ëąËÔąÓą 

3ÏÎÕëÌÁÒ 

τς ÆÁÒËÌą ÔÒÁÆÉË ÉĥÁÒÅÔÉ ÖÅ υππππȭÄÅÎ ÆÁÚÌÁ ÇĘÒİÎÔİ 
ËÕÌÌÁÎąÌÁÒÁË ÅøÉÔÉÌÅÎ 4ÒÁÆÉË dĥÁÒÅÔÉ 4ÁÎąÍÁ 3ÉÓÔÅÍÉ 
Ϸωυ ÂÁĥÁÒą ÏÒÁÎą ÉÌÅ ÅøÉÔÉÌÍÉĥÔÉÒȢ "İÙİË ÂÉÒ ĘÌëİÄÅ 
ÔÒÁÆÉË ÉĥÁÒÅÔÌÅÒÉÎÉ ÔÁÎąÙÁÎ ÓÉÓÔÅÍ ÓİÒİÃİÌÅÒÅ ÓİÒİĥ 
ÅÓÎÁÓąÎÄÁ ÂİÙİË ËÏÌÁÙÌąË ÓÁøÌÁÙÁÃÁË ÖÅ ÇİÖÅÎÌÉ ÂÉÒ 
ÓİÒİĥ ÓÁøÌÁÙÁÃÁËÔąÒȢ 5ÎÕÔÕÌÁÎ ÔÒÁÆÉË ÉĥÁÒÅÔlerini 
ÇĘÒÍÅÚÄÅÎ ÇÅÌÅÒÅË ÔÒÁÆÉËÔÅ ÓÏÒÕÎÌÁÒÁ ÙÏÌ ÁëÍÁÎąÎ 
ĘÎİÎÅ ÇÅëÉÌÅÃÅË ÂÕ ÓÉÓÔÅÍ ÇÅÒëÅË ÚÁÍÁÎÌą ÏÌÁÒÁË 
ÓİÒİÃİÙİ ÕÙÁÒÁÃÁËÔąÒȢ  

4ÅĥÅËËİÒ 

"Õ ÐÒÏÊÅÎÉÎ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅÓÉÎÄÅȟ 45"d4!+ ςςπω-
! ­ÎÉÖÅÒÓÉÔÅ vøÒÅÎÃÉÌÅÒÉ !ÒÁĥÔąÒÍÁ 0ÒÏÊÅÌÅÒÉ $ÅÓÔÅøÉ 
ËÁÐÓÁÍąÎÄÁ ρωρω"πρρωπρυφτ ÎÏÌÕ ÂÁĥÖÕÒÕ 
ÎÕÍÁÒÁÓą ÏÌÁÎ ÐÒÏÊÅÍÉÚÉ ÄÅÓÔÅËÌÅÙÅÎ 45"d4!+ȭÁ 
ÓÏÎÓÕÚ ÔÅĥÅËËİÒÌÅÒÉÍÉÚÉ ÓÕÎÁÒąÚȢ  
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3!ÔąÌąÍ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË &ÁËİÌÔÅÓÉȟ "ÉÌÇÉÓÁÙÁÒ -İÈÅÎÄÉÓÌÉøÉ "ĘÌİÍİȟ !ÎËÁÒÁȟ 4­2+d9% 

 
vÚÅÔ 

Son ÙąÌÌÁÒÄÁ mobil ÔÅËÎÏÌÏÊÉ ÁÌÁÎąÎÄÁ ÇÅÒëÅËÌÅĥÅÎ ÇÅÌÉĥÉÍ ÖÅ ËÕÌÌÁÎąÍ ÓÁÙąÓąÎÄÁËÉ ÁÒÔąĥ ÁËąÌÌą ÔÅÌÅÆÏÎÌÁÒąÎ 
ÅøÌÅÎÃÅ ÖÅ ÉÌÅÔÉĥÉÍ ÄąĥąÎÄÁ ÙÅÎÉ ÁÌÁÎÌÁÒÄÁ da ËÕÌÌÁÎąÌÍÁÓąÎÁ ÏÌÁÎÁË ÓÁøÌÁÍąĥÔąÒȢ vÚÅÌÌÉËÌÅ ÓÏÎ ÙąÌÌÁÒÄÁ 
ÎÅÓÎÅÌÅÒÉÎ ÉÎÔÅÒÎÅÔÉ ëÅÒëÅÖÅÓÉÎÄÅ ÁËąÌÌą ÔÅÌÅÆÏÎÌÁÒ ÖÅ ÂÅÎÚÅÒÉ ÃÉÈÁÚÌÁÒ ËÕÌÌÁÎąÌÁÒÁË ÓÁøÌąË ÓÅËÔĘÒİÎÄÅ ÔÁÎąȟ 
ÔÅÄÁÖÉȟ ÔÁËÉÐȟ ÖÅ ÙĘÎÅÔÉÍ ÇÉÂÉ ËÏÎÕ ÂÁĥÌąËÌÁÒą ÁÌÔąÎÄÁ ëÅĥÉÔÌÉ ÕÙÇÕÌÁÍÁÌÁÒ ÇÅÌÉĥÔÉÒÉÌÍÅËÔÅ ÖÅ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 
"Õ ëÁÌąĥÍÁ ÆÉÚÙÏÔÅÒÁÐÉ ÁÌÁÎąÎÄÁȟ ÔÅÄÁÖÉ ÓİÒÅÃÉÎÉÎ ÔÁËÉÂÉ ÖÅ ÙĘÎÅÔÉÍÉÎÉ ËÏÌÁÙÌÁĥÔąÒÍÁËȟ ÁÙÎą zamanda 
ÆÉÚÙÏÔÅÒÁÐÉÓÔÉÎ ÔÅÄÁÖÉ ÓİÒÅÃÉÎÄÅËÉ ÄÅøÅÒÌÅÎÄÉÒÍÅÌÅÒÉÎÅȟ ÔÏÐÌÁÎÁÎ ÖÅ ÉĥÌÅÎÅÎ ÖÅÒÉ ÖÅ ÂÕ ÖÅÒÉÎÉÎ ÁÎÌÁĥąÌÁÂÉÌÉÒ ÂÉÒ 
ĥÅËÉÌÄÅ ÇĘÒÓÅÌÌÅĥÔÉÒÉÌÍÅÓÉ ÉÌÅ ËÁÔËąÄÁ ÂÕÌÕÎÍÁÓąÎÁ ÙĘÎÅÌÉË ÂÉÒ ëĘÚİÍ ÇÅÌÉĥÔÉÒÍÅÙÉ ÁÍÁëÌÁÒȢ KÁÌąĥÍÁ ÔÅÍÅÌ 
ÏÌÁÒÁË ÇİÎİÍİÚÄÅ ÁÌÔ ÓÅÇÍÅÎÔ ÁËąÌÌą ÔÅÌÅÆÏÎÌÁÒÄÁ ÄÁÈÉ ÂÕÌÕÎÁÎ ÈÁÒÅËÅÔ ÓÅÎÓĘÒÌÅÒÉÎÄÅÎ ÇÅÌÅÎ ÖÅÒÉÙÉ 
ËÕÌÌÁÎÍÁËÔÁÄąÒȢ %Ë ÂÉÒ ĘÚÅÌÌÅĥÔÉÒÉÌÍÉĥ ÃÉÈÁÚ ÇÅÒÅËÓÉÎÉÍÉ ÏÌÍÁÄÁÎ ÈÁÓÔÁÌÁÒąÎ ÔÅÄÁÖÉÎÉÎ ÅÖÄÅËÉ ÓİÒÅÃÉÎÉ ÄÁÈÁ 
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Tedavi 

A Mobile Application for Remote Control of Physiotherapy Treatment Process 

Abstract  

In recent years, rapid developments and rising popularity of mobile technologies have enabled possibilities to 
use mentioned technologies in fields other than entertainment and communication. Especially during these 
last few years, as part of the internet of things, various applications on diagnosis, treatment, tracking and 
management of the treatment process in the health sector are being developed by using smartphones and 
related devices. The aim of this study is to facilitate the tracking and management of the treatment process in 
ÔÈÅ ÐÈÙÓÉÏÔÈÅÒÁÐÙ ÆÉÅÌÄ ÁÎÄ ÔÏ ÄÅÖÅÌÏÐ Á ÓÏÌÕÔÉÏÎ ÔÏ ÃÏÎÔÒÉÂÕÔÅ ÔÏ ÐÈÙÓÉÏÔÈÅÒÁÐÉÓÔȭÓ ÅÖÁÌÕÁÔÉÏÎÓ ÄÕÒÉÎÇ ÔÈÅ 
treatment process by visualizing the gathered and processed data in a comprehensible way. The study is using 
the data collected from motion sensors which can even be found in low-end smartphones today. The objective 
is to ensure that the patients are performing the home treatment practices in a more effective way, without 
the need of an additional specialized device and to facilitate the management and tracking of physiotherapy 
ÐÒÏÃÅÓÓÅÓ ÖÉÁ ÔÈÅ ÓÙÓÔÅÍ ×ÈÉÃÈ ÃÁÎ ÂÅ ÒÅÍÏÔÅÌÙ ÃÏÎÔÒÏÌÌÅÄ ÂÙ ÔÈÅ ÐÈÙÓÉÏÔÈÅÒÁÐÉÓÔȢ 2ÅÌÅÖÁÎÔ ÄÁÔÁȭÓ 
accessibility, accuracy and frequency are dependent on the hardware used. To address and reduce any 
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difference in data that may occur due to hardware variance, a comparative approach based on data models 
was implemented aiming to increase the accessibility and applicability of the study. Accelerometer, gyroscope, 
orientation sensor and related motion and orientation measuring sensors are being used in this study. Related 
ÓÅÎÓÏÒÓȭ ÃÁÌÉÂÒÁÔÉÏÎ ÁÎÄ ÁÃÃÕÒÁÃÙ ÄÅÔÅÒÍÉÎÁÔÉÏÎ ÁÒÅ ÅØÃÌÕÄÅÄ ÆÒÏÍ ÔÈÅ ÓÃÏÐÅ ÏÆ ÔÈÉÓ ÓÔÕÄÙ ÁÎÄ ÒÅÌÁÔÅÄ 
parameters are taken into consideration within assumptions. Devices used for the study are limited to 
smartphones running Android OS Lollipop (v5) (API Level 21) and the versions above. The aim of the study is 
to provide feedback to the physiotherapist and to the patient by measuring the accuracy of the exercise by the 
evaluation of the data by processing with predetermined algorithms, as a result of processing the momentarily 
collected data at a near- real time level, by using previously produced models according to appropriate 
criterion.  
 
Keywords: Physiotherapy, Medical Application, Smartphone Application, Near-Real Time Data Processing, Remote 
reatment 
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ÂÉÌÇÉÌÅÒÉÎÉ ÔÏÐÌÁÙÁÎ ÓÅÎÓĘÒÌÅÒ ÙÁÒÄąÍąÙÌÁ ÈÁÓÔÁ 
ÄÕÒÕÍÕ ÔÁËÉÂÉ ÓÁøÌÁÎÍąĥÔąÒȢ !ÙÎą ëÁÌąĥÍÁÄÁ ÅÖÄÅ 
ÔÅÄÁÖÉ ËÏÎÓÅÐÔÉÎÅ ÄÅøÉÎÉÌÍÉĥÔÉÒ ɍψɎȢ 
"ÕÎÕÎ ÙÁÎąÎÄÁ ëÅĥÉÔÌÉ ÓÁøÌąË ÓÐÏÒ ÕÙÇÕÌÁÍÁÌÁÒą 
ËÕÌÌÁÎąÃąÌÁÒąÎ Æiziksel aktivitelerini, mobil 
ÃÉÈÁÚÌÁÒÄÁ ÂÕÌÕÎÁÎ ÓÅÎÓĘÒÌÅÒ ÖÅ ÇĘÒİÎÔİ ÉĥÌÅÍÅ 
ÔÅËÎÉËÌÅÒÉ ÙÏÌÕÙÌÁ ÔÅÓÐÉÔ ÅÄÉÐȟ ÔÁÎąÍÌÁÙąÐȟ ÉÈÔÉÙÁë 
ÄÕÙÕÌÁÎ ÓÏÎÕëÌÁÒą İÒÅÔÍÅËÌÅ ÂÉÒÌÉËÔÅ ËÕÌÌÁÎąÃąÌÁÒÁ 
ÔÁÌÅÐ ÅÔÔÉËÌÅÒÉ ÇÅÒÉ ÂÉÌÄÉÒÉÍÌÅÒÉ ÓÕÎÍÁËÔÁÄąÒȢ  

9ĘÎÔÅÍ 

Fiziksel aktivitenin ÔÁÎąÍÌÁÎÁÂÉÌÍÅÓÉ ÖÅ 
ÄÏøÒÕÌÕøÕÎÕÎ ĘÌëİÌÍÅÓÉ ÉëÉÎ ÇÅÒÅËÅÎ ÖÅÒÉ ÔÏÐÌÁÍÁȟ 
ÖÅÒÉ ÉĥÌÅÍÅ ÔÅËÎÉËÌÅÒÉ ÌÉÔÅÒÁÔİÒÄÅ ËÁÂÕÌ ÇĘÒÍİĥȟ 
ÁÌÇÏÒÉÔÍÁ ÖÅ ÙÁËÌÁĥąÍÌÁÒÁ ÉÈÔÉÙÁë ÄÕÙÍÁËÔÁÄąÒȢ 
9ÁÐąÌÁÎ ëÁÌąĥÍÁÌÁÒÄÁ ÇĘÒİÌÅÂÉÌÅÃÅøÉ İÚÅÒÅȟ ÙÁÐÁÙ 
ÚÅËÁȟ ÇĘÒİÎÔİ ÉĥÌÅÍÅ ÔÅËÎÉËÌÅÒÉ ÖÅ ÓÉÎÙÁÌ ÉĥÌÅÍÅ 
teknikleri aktif olarak bu konuda problemleri 
ëĘÚÍÅË ÉëÉÎ ĘÚÅÌÌÅĥÔÉÒÉÌÅÒÅËȟ ÂÉÒÌÉËÔÅ ÖÅÙÁ ÂÁøąÍÓąÚ 
ĥÅËÉÌÄÅ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁÄÁ ÖÅÒÉÎÉÎ 
ÔÏÐÌÁÎÁÂÉÌÍÅÓÉ ÉëÉÎȠ ÍÏÂÉÌ ÃÉÈÁÚÌÁÒÄÁ ÄÁÈÉÌÉ ÏÌÁÒÁË 
ÂÕÌÕÎÁÎ ÈÁÒÅËÅÔ ÖÅ ÙĘÎÅÌÉÍ ĘÌëÅÎ ÓÅÎÓĘÒÌÅÒ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥÔÉÒȢ  
dÌÇÉÌÉ ÓÅÎÓĘÒÌÅÒÉÎ ÓÁøÌÁÄąøą ÖÅÒÉÌÅÒÅ ÂÁøÌą ÏÌÁÒÁËȟ ÅÎ 
ÕÙÇÕÎ ÓÅÎÓĘÒ ÓÅëÉÌÍÉĥȟ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉȟ ÈÅÄÅÆÌÅÎÅÎ 
ëąËÁÒąÍÌÁÒąÎ ÙÁÐąÌÁÂÉÌÍÅÓÉ ÉëÉÎ ÇİÒİÌÔİ ÇÉÄÅÒÍÅ 
ÉĥÌÅÍÉÎÄÅÎ ÇÅëÉÒÉÌÍÉĥȟ ĘÒÎÅË ÖÅÒÉ ÉÌÅ 
ËÁÒĥąÌÁĥÔąÒąÌÁÂÉÌÉÒ ÈÁÌÅ ÇÅÔÉÒÉÌÄÉËÔÅÎ ÓÏÎÒÁ ÂÕ 
ÉĥÌÅÍÌÅÒ ÎÅÔÉÃÅÓÉÎÄÅ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕë 
ÙÏÒÕÍÌÁÎÍąĥȟ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ ÔÁÎąÍÌÁÎÍÁÓą ÖÅ 
ÄÏøÒÕÌÕøÕÎÕÎ ÓÁÐÔÁÎÍÁÓą ÂÕ ÁËąĥ ÉÌÅ ÓÁøÌÁÎÍąĥÔąÒȢ 
6ÅÒÉ ÔÏÐÌÁÍÁË ÉëÉÎ ÅÎ ÁÌÔ ÓÅÇÍÅÎÔ ÔİËÅÔÉÍ 
İÒİÎÌÅÒÉÎÄÅ ÄÁÈÉ ÕÌÁĥąÌÁÂÉÌÉÒ ÏÌÁÎ ÁËąÌÌą ÔÅÌÅÆÏÎÌÁÒÄÁ 
bulunan hareket ve yĘÎÅÌÉÍ ĘÌëÅÎ ÓÅÎÓĘÒÌÅÒÄÅÎ 
ÙÁÒÁÒÌÁÎąÌÍąĥÔąÒȢ dÌÇÉÌÉ ÓÅÎÓĘÒÌÅÒÉÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 
ÖÅ ÓÅëÉÍÌÅÒÉ ÓąÒÁÓąÎÄÁȟ ÃÉÈÁÚąÎ ÖÅ ÓÅÎÓĘÒÌÅÒÉÎ 
ÈÁÓÓÁÓÉÙÅÔÉȟ ËÁÌÉÂÒÁÓÙÏÎ ÄÕÒÕÍÌÁÒąȟ ÆÁÒËÌą ÃÉÈÁÚÌÁÒ 
ÁÒÁÓąÎÄÁËÉ ÈÁÓÓÁÓÉÙÅÔ ÖÅ ËÁÌÉÔÅ ÆÁÒËÌÁÒą ÂÕ ëÁÌąĥÍÁÄÁ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÙÅ ÁÌąÎÍÁÍąĥÔąÒȢ 
KÁÌąĥÍÁÄÁ ÒÅÆÅÒÁÎÓ ÏÌÁÒÁË ÕÙÇÕÌÁÎÁÎ ÆÉÚÉËÓÅÌ 
ÅÇÚÅÒÓÉÚÉÎ ÂÅÌÉÒÌÅÎÍÅÓÉ ÉëÉÎ !ÔąÌąÍ ­ÎÉÖÅÒÓÉÔÅÓÉ 
3ÁøÌąË "ÉÌÉÍÌÅÒÉ &ÁËİÌÔÅÓÉ &ÉÚÙÏÔÅÒÁÐÉ ÖÅ 

2ÅÈÁÂÉÌÉÔÁÓÙÏÎ !ÎÁÂÉÌÉÍ $ÁÌąÎÄÁÎ ÒÅÈÂÅÒÌÉË 
ÉÓÔÅÎÍÉĥȟ $ÒȢ vøÒȢ ­ÙÅÓÉ .ÁÉÍÅ 5,5X ÖÅ !ÒĥȢ 'ĘÒȢ 
dÌËÅÍ '­:%, ÔÁÒÁÆąÎÄÁÎ ÖÅÒÉÌÅÎ ĘÎÅÒÉÌÅÒ 
ÄÏøÒÕÌÔÕÓÕÎÄÁ ÂÅÌÉÒÌÅÎÍÉĥ ÅÇÚÅÒÓÉÚȟ ëÁÌąĥÍÁÄÁ 
ÒÅÆÅÒÁÎÓ ÅÇÚÅÒÓÉÚ ÏÌÁÒÁË ËÕÌÌÁÎąÌÍąĥÔąÒȢ 
!ÍÁëȟ ÓÅëÉÌÍÉĥ ÓÅÎÓĘÒ ÖÅÙÁ ÓÅÎÓĘÒÌÅÒÄÅÎ ÔÏÐÌÁÎÁÎ 
ÖÅÒÉ ÉÌÅ ÏÌÕĥÔÕÒÕÌÁÃÁË ĘÒÎÅË ÍÏÄÅÌ ËÕÌÌÁÎąÌÁÒÁËȟ 
ÙÉÎÅ ÉÌÇÉÌÉ ÓÅÎÓĘÒÌÅÒÄÅÎ ÁÎÌąË ÏÌÁÒÁË ÅÌÄÅ ÅÄÉÌÅÎ 
ÖÅÒÉÎÉÎ ÕÙÇÕÎ ÙĘÎÔÅÍÌÅÒ ËÕÌÌÁÎąÌÁÒÁË 
ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÖÅ ÕÙÇÕÌÁÎÁÎ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ 
ÔÁÎąÍÌÁÎąÐȟ ÄÏøÒÕÌÕøÕÎÕÎ ĘÌëİÌÍÅÓÉÄÉÒȢ 

3.υ 6ÅÒÉÎÉÎ 4ÏÐÌÁÎÍÁÓą 

dÈÔÉÙÁë ÄÕÙÕÌÁÎ ÖÅÒÉȟ !ÎÄÒÏÉÄ ÉĥÌÅÔÉÍ ÓÉÓÔÅÍÉ ÉëÉÎ 
ÕÙÇÕÌÁÍÁ ÇÅÌÉĥÔÉÒÍÅËÔÅ ËÕÌÌÁÎąÌÁÎ &ÒÁÍÅ×ÏÒËȭİÎȟ 
ÓÅÎÓĘÒÌÅÒÄÅÎ ÖÅÒÉ ÏËÕÍÁ ÉĥÌÅÍÉ ÙÁÐÍÁÙą ÓÁøÌÁÙÁÎ 
ËİÔİÐÈÁÎÅÓÉ ɍωɎ ËÕÌÌÁÎąÌÁÒÁË ÔÏÐÌÁÎÍąĥÔąÒȢ vÌëİÌÅÎ 
ÈÁÒÅËÅÔÉÎ ÖÅÒÉ ÏÌÁÒÁË ÏËÕÎÍÁÓą ÓÅÎÓĘÒÌÅ ÄÏøÒÕÄÁÎ 
ÉÌÅÔÉĥÉÍ ËÕÒÍÁË ÙÅÒÉÎÅȟ ÓÅÎÓĘÒİ ËÏÎÔÒÏÌ ÅÄÅÎ 
ÉĥÌÅÔÉÍ ÓÉÓÔÅÍÉÎÉÎ ÓÁøÌÁÄąøą ÆÏÎËÓÉÙÏÎÌÁÒ ÓÁÙÅÓÉÎde 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ 
KÁÌąĥÍÁÎąÎ ÐÌÁÔÆÏÒÍ ÏÌÁÒÁË ËąÓąÔÌÁÎÄąøą !ÎÄÒÏÉÄ 
ÉĥÌÅÔÉÍ ÓÉÓÔÅÍÉÎÅ ÓÁÈÉÐ ÍÏÂÉÌ ÃÉÈÁÚÌÁÒÄÁ ËÏÌÁÙÌąËÌÁ 
ÂÕÌÕÎÁÂÉÌÅÎ ÓÅÎÓĘÒÌÅÒ ÈÁÒÅËÅÔȟ ÐÏÚÉÓÙÏÎ ÖÅ ëÅÖÒÅ 
ÓÅÎÓĘÒÌÅÒÉ ÇÉÂÉ ËÁÔÅÇÏÒÉÌÅÒÅ ÁÙÒąÌÍÁËÔÁÄąÒȢ "Õ 
ÓÅÎÓĘÒÌÅÒÉÎ ÖÅÒÉ ÓÁøÌÁÍÁ ÙĘÎÔÅÍÉ ÙÁÚąÌąÍÓÁÌ ÖÅ 
ÄÏÎÁÎąÍÓÁÌ ËÁÙÎÁËÌą ÏÌÁÒÁË ÉËÉÙÅ ÁÙÒąÌÍÁËÔÁÄąÒȢ "Õ 
ëÁÌąĥÍÁ ÉëÉÎȟ ÉÖÍÅĘÌëÅÒ ÖÅ ÊÉÒÏÓËÏÐ ÓÅÎÓĘÒÌÅÒÉ ÖÅ ÂÕ 
ÓÅÎÓĘÒÌÅÒÉÎ ÓÁøÌÁÄąËÌÁÒą ÖÅÒÉÌÅÒÉÎȟ ÂÅÌÉÒÌÅÎÅÎ 
ÁÍÁëÌÁÒą ÂÁĥÁÒÍÁËÔÁ ËÕÌÌÁÎąÌÁÂÉÌÉÒ ÏÌÕÐ ÏÌÍÁÄąøą 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥÔÉÒȢ 
KÁÌąĥÍÁÄÁ ÄÅøÅÒÌÅÎÄÉÒÉÌÅÎ ÓÅÎÓĘÒÌÅÒÄÅÎȟ ÊÉÒÏÓËÏÐ 
ÙĘÎ ĘÌëİÍİȟ ÉÖÍÅĘÌëÅÒ ÉÓÅ ÃÉÈÁÚÁ ÕÙÇÕÌÁÎÁÎ 
ÉÖÍÅÎÉÎ ÙĘÎİÎİ ÖÅ ĥÉÄÄÅÔÉÎÉ ÂÅÌÉÒÌÅÍÅÙÅ ÙÁÒÁÒȢ 
!ÎÄÒÏÉÄ ÉĥÌÅÔÉÍ ÓÉÓÔÅÍÉÎÉÎȟ ÓÅÎÓĘÒÌÅÒÄÅÎ ÔÏÐÌÁÄąøą 
ÖÅÒÉÌÅÒÉ ÄÅøÅÒÌÅÎÄÉÒÉÒËÅÎ ÔÅÍÅÌ ÁÌÄąøą İë ÅËÓÅÎ ¤ÅËÉÌ 
1ȬÄÅ ÂÅÌÉÒÔÉÌÄÉøÉ ÇÉÂÉÄÉÒȢ  
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¤ÅËÉÌ ρȢ !ÎÄÒÏÉÄ ÉĥÌÅÔÉÍ ÓÉÓÔÅÍÉȟ ÓÅÎÓĘÒ ÅËÓÅÎÌÅÒÉȢ 

-ÅÖÃÕÔ ÓÅÎÓĘÒÌÅÒ ÁÒÁÓąÎÄÁȟ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ 
ÔÁÎąÍÌÁÎÍÁÓą ÖÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÉ ÓÁøÌÁÙÁÃÁË 
ÖÅÒÉÎÉÎȟ ÉÖÍÅĘÌëÅÒ ÉÌÅ ÅÌÄÅ ÅÄÉÌÅÂÉÌÄÉøÉ ÓÁÐÔÁÎÍąĥȟ 
ÁÙÎą ÚÁÍÁÎÄÁ ÄÁÈÁ ĘÎÃÅ ÙÁÐąÌÍąĥ ëÁÌąĥÍÁÌÁÒ ÇĘÚ 
ĘÎİÎÄÅ ÂÕÌÕÎÁÒÁË ÂÉÒÉÎÃÉÌ ÖÅÒÉ ËÁÙÎÁøą ÉÖÍÅĘÌëÅÒ 
ÓÅÎÓĘÒİ ÏÌÁÒÁË ËÁÂÕÌ ÅÄÉÌÍÉĥÔÉÒȢ *ÉÒÏÓËÏÐ ÖÅÒÉÓÉÎÉÎ 
ÄÏøÒÕÌÕËȟ ÔÕÔÁÒÌąÌąË ÖÅ ÖÅÒÉÎÉÎ ÙÁÐąÓą ÎÅÄÅÎÉÙÌÅ 
ËÕÌÌÁÎąÌÍÁÓąÎÁ ÇÅÒÅË ÏÌÍÁÄąøąÎÁ ËÁÒÁÒ ÖÅÒÉÌÍÉĥÔÉÒȢ  
&ÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ ÔÁÎąÍÌÁÎÍÁÓą ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÉëÉÎȟ ÍÅÄÉËÁÌ ÖÅ ÆÁÒËÌą ÁÌÁÎÌÁÒÄÁ 
ÉÖÍÅĘÌëÅÒ ÓÅÎÓĘÒİ ÖÅÒÉÓÉÎÄÅÎ ÙÁÒÁÒÌÁÎąÌÍÁËÔÁ ɍτȟ φȟ 
ψȟ ρπȟ ρρɎȟ ÉÌÇÉÌÉ ÓÅÎÓĘÒİÎ ÖÅÒÉÓÉ ÇÅÒÅË ÔÅË ÂÁĥąÎÁȟ 
ÇÅÒÅË ÆÁÒËÌą ÓÅÎÓĘÒÌÅÒÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉÌÅÒ ÉÌÅ 
ÙÏÒÕÍÌÁÎąÐ ÓÏÎÕëÌÁÒÁ ÕÌÁĥąÌÍÁËÔÁÄąÒȢ 
¤ÅËÉÌ ςȟ ¤ÅËÉÌ σ ÖÅ ¤ÅËÉÌ τȭÔÅ !ÎÄÒÏÉÄ ÉĥÌÅÔÉÍ 
ÓÉÓÔÅÍÉÎÅ ÓÁÈÉÐ ÂÉÒ ÃÉÈÁÚ ÉÌÅ ÉÖÍÅĘÌëÅÒ ÓÅÎÓĘÒİÎÄÅÎ 
ÅÌÄÅ ÅÄÉÌÍÉĥȟ ÆÉÚÙÏÔÅÒÁÐÉÄÅ Ȱ/ÍÕÚ &ÌÅËÓÉÙÏÎÕȱ 
ÁÄąÙÌÁ ÂÉÌÉÎÅÎ ÅÇÚÅÒÓÉÚÉÎ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅÓÉ 
ÓąÒÁÓąÎÄÁ 8ȟ 9 ÖÅ : ÅËÓÅÎÌÅÒÉÎÄÅ ÏÌÍÁË İÚÅÒÅ İë 
ÅËÓÅÎÄÅȟ ÉËÉ ĘÒÎÅË ÖÅÒÉ ÇÒÕÂÕ ÏÌÁÒÁË ÔÏÐÌÁÎÁÎ 
verÉÎÉÎ ÇÒÁÆÉøÉ ÖÅÒÉÌÍÅËÔÅÄÉÒȢ 
 
+ÁÙÄÅÄÉÌÅÎ ÖÅÒÉÌÅÒÉÎ 8 ÅËÓÅÎÉÎÄÅËÉ ÇĘÒİÎÔİÓİ 
ÁĥÁøąÄÁËÉ ÇÉÂÉÄÉÒ ɉÂËÚȢ ¤ÅËÉÌ ςɊȢȠ 

 

¤ÅËÉÌ ςȢ /ÍÕÚ &ÌÅËÓÉÙÏÎÕ ÓąÒÁÓąÎÄÁ ËÁÙÄÅÄÉÌÍÉĥ 
dÖÍÅĘÌëÅÒ ÖÅÒÉÓÉ X Ekseni 

 
+ÁÙÄÅÄÉÌÅÎ ÖÅÒÉÌÅÒÉÎ 9 ÅËÓÅÎÉÎÄÅËÉ ÇĘÒİÎÔİÓİ 
ÁĥÁøąÄÁËÉ ÇÉÂÉÄÉÒ ɉÂËÚȢ ¤Åkil 3).; 

 
¤ÅËÉÌ σȢ /ÍÕÚ &ÌÅËÓÉÙÏÎÕ ÓąÒÁÓąÎÄÁ ËÁÙÄÅÄÉÌÍÉĥ 

dÖÍÅĘÌëÅÒ ÖÅÒÉÓÉ 9 %ËÓÅÎÉ 

 
+ÁÙÄÅÄÉÌÅÎ ÖÅÒÉÌÅÒÉÎ : ÅËÓÅÎÉÎÄÅËÉ ÇĘÒİÎÔİÓİ 
ÁĥÁøąÄÁËÉ ÇÉÂÉÄÉÒ ɉÂËÚȢ ¤ÅËÉÌ τɊȢȠ 

 
¤ekil 4Ȣ /ÍÕÚ &ÌÅËÓÉÙÏÎÕ ÓąÒÁÓąÎÄÁ ËÁÙÄÅÄÉÌÍÉĥ 

dÖÍÅĘÌëÅÒ ÖÅÒÉÓÉ Z Ekseni 

"ÅÌÉÒÔÉÌÅÎ ĥÅËÉÌÌÅÒÄÅ ÇĘÒİÌÄİøİ İÚÅÒÅȟ ÅÇÚÅÒÓÉÚÅ ÁÉÔ 
ÉÖÍÅĘÌëÅÒ ÉÌÅ ÅÌÄÅ ÅÄÉÌÍÉĥ ÖÅÒÉÌÅÒÉÎ ËÁÒÁËÔÅÒÉÓÔÉøÉȟ 
ÈÅÒ ÅËÓÅÎ ÉëÉÎ ÁÙąÒÔ ÅÄÉÌÅÂÉÌÍÅËÔÅ ÖÅ ĘÒÎÅË ÖÅÒÉÌÅÒ 
ÁÒÁÓąÎÄÁËÉ ÂÅÎÚÅÒÌÉËÌÅÒ ÇĘÚÌÅÍÌÅÎÍÅËÔÅÄÉÒȢ 
"ÅÎÚÅÒÌÉË ÖÅ ËÁÒÁËÔÅÒÉÓÔÉË ÁÙÒąÍąÎ ÙÁÎąÎÄÁȟ 
ÉÖÍÅĘÌëÅÒ ÓÅÎÓĘÒİÎÄÅÎ ÔÏÐÌÁÎÁÎ ÖÅÒÉÎÉÎ ëÅÖÒÅÓÅÌȟ 
ÙÁÚąÌąÍÓÁÌ ÖÅ ÄÏÎÁÎąÍÓÁÌ ÅÔËÅÎÌÅÒ ÎÅÄÅÎÉÙÌÅ 
ÉëÅÒÄÉøÉ ÇİÒİÌÔİȟ ÖÅÒÉÎÉÎ ËÁÌÉÔÅÓÉÎÉ ÄİĥİÒÍÅËÔÅ ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÍÅÎÉÎ ÄÏøÒÕÌÕË ÏÒÁÎąÎą ÏÌÕÍÓÕÚ 
etkilemektedir. 
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dÖÍÅĘÌëÅÒ ÓÅÎÓĘÒİÎÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉ ëÅĥÉÔÌÉ 
ëÅÖÒÅÓÅÌȟ ÙÁÚąÌąÍÓÁÌ ÖÅ ÄÏÎÁÎąÍÓÁÌ sebeplerden 
ÄÏÌÁÙą ÇİÒİÌÔİ ÉëÅÒÍÅËÔÅÄÉÒ ÖÅ ÂÕ ÇİÒİÌÔİȟ ÔÏÐÌÁÎÁÎ 
ÖÅÒÉÎÉÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÉ ÏÌÕÍÓÕÚ ÅÔËÉÌÅÍÅËÔÅ 
ÏÌÕÐ ÓÏÎÕëÌÁÒąÎ ÄÏøÒÕÌÕË ÏÒÁÎąÎą 
ÄİĥİÒÅÂÉÌÍÅËÔÅÄÉÒȢ 
KÁÌąĥÍÁÄÁ ÔÏÐÌÁÎÁÎ ÖÅÒÉÙÅ ÕÙÇÕÌÁÎÁÂÉÌÅÃÅË ÇİÒİÌÔİ 
ÇÉÄÅÒÍÅ ÙĘÎÔÅÍÉȟ ÖÅÒÉÎÉÎ ÄİĥİË ÆÒÅËÁÎÓ ÁÌÁÎąÎÄÁ 
ÂÕÌÕÎÁÎ ÂÉÌÇÉÎÉÎȟ ÅÇÚÅÒÓÉÚ ÔÁÎąÍÌÁÍÁ ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÍÅ ÉëÉÎ ĘÎÅÍ ÁÒÚ ÅÔÍÅÓÉ ÎÅÄÅÎÉÙÌÅ ɍρςɎ 
ÖÅ ÉÌÇÉÌÉ ÐÒÏÂÌÅÍÉÎ ëĘÚİÍİÎÄÅ ÅÔËÉÌÉ ÂÉÒ ËÕÌÌÁÎąÍą 
ÏÌÍÁÓą ÎÅÄÅÎÉÙÌÅ ɍρσɎ Ȱ,Ï× 0ÁÓÓ &ÉÌÔÅÒȱ ÏÌÁÒÁË 
ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ ,Ï× 0ÁÓÓ &ÉÌÔÅÒ ÈÁÖÁÃąÌąËȠ ÉÎÓÁÎÓąÚ 
ÈÁÖÁ ÁÒÁëÌÁÒąÎÄÁ ÙĘÎ ÖÅ ÎÁÖÉÇÁÓÙÏÎ ÓÉÓÔÅÍÌÅÒÉȟ 
ÍÅÄÉËÁÌ ÕÙÇÕÌÁÍÁÌÁÒÄÁȠ ëÅĥÉÔÌÉ ÓÉÎÙÁÌÌÅÒÉÎ 
ÇİÒİÌÔİÄÅÎ ÁÒąÎÄąÒąÌÍÁÓą ÁÍÁÃąÙÌÁ ÁËÔÉÆ ÏÌÁÒÁË 
ËÁÂÕÌ ÇĘÒÍÅËÔÅ ÖÅ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ  
 
dÖÍÅĘÌëÅÒÄÅÎ ÔÏÐÌÁÎÁÎ ÖÅÒÉÎÉÎ ÙİËÓÅË ÆÒÅËÁÎÓÔÁ 
ÂÕÌÕÎÁÎ ËąÓÍą ëÏøÕÎÌÕËÌÁ ÙİÒİÙİĥ ÖÅ ËÏĥÍÁ Çibi 
ÁËÔÉÖÉÔÅÌÅÒÉ ÉĥÁÒÅÔ ÅÄÅÎ ÂÉÌÇÉÌÅÒÉ ÉëÅÒÉÒËÅÎ ɍςɎ ȟ ÄİĥİË 
ÆÒÅËÁÎÓÔÁ ÂÕÌÕÎÁÎ ËąÓÍą ÉÓÅȟ ÈÁÒÅËÅÔÉÎ ÙÅÒëÅËÉÍÉ 
ÅÔËÉÓÉÎÅ ÂÁøÌą ÏÌÕĥÔÕÒÄÕøÕ ÂÉÌÇÉÙÉ ÉëÅÒÍÅËÔÅ ÄÏÌÁÙąÓą 
ÉÌÅ ÖÅÒÉÎÉÎ ÅÇÚÅÒÓÉÚÉÎ ÔÁÎąÍÌÁÎÍÁÓą ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÉëÉÎ ÉÈÔÉÙÁë ÄÕÙÕÌÁÎ ÈÁÍ ÂÉÌÇÉȟ 
ÄİĥİË ÆÒÅËÁÎÓÌą ÁÌÁÎÄÁ ÂÕÌÕÎÍÁËÔÁÄąÒȢ $İĥİË 
ÆÒÅËÁÎÓÔÁËÉ ÖÅÒÉÎÉÎ ÆÉÌÔÒÅÌÅÎÍÅÓÉ ÖÅ ÇİÒİÌÔİÄÅÎ 
ÁÒąÎÄąÒąÌÍÁÓą ÉëÉÎ ,Ï× 0ÁÓÓ &ÉÌÔÅÒ ÕÙÇÕÌÁÎÍÁÓą 
ÇÅÒÅËÍÅËÔÅÄÉÒȢ KÁÌąĥÍÁÄÁ ÕÙÇÕÌÁÎÁÎ ,Ï× 0ÁÓÓ 
&ÉÌÔÅÒ ÉëÉÎ ÇÅÒÅËÅÎ ËÕÌÌÁÎąÌÁÎ Ȱɻȱ ÓÁÂÉÔÉ ȰπȢπσυψȱ 
ÏÌÁÒÁË ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ !ĥÁøąÄÁ ÄÁÈÁ ĘÎÃÅ ÂÅÌÉÒÔÉÌÍÉĥ 
ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÌÅÒÄÅÎ ÔÏÐÌÁÎÍąĥ ÖÅÒÉÎÉÎ ,Ï× 0ÁÓÓ 
&ÉÌÔÅÒ ĘÎÃÅÓÉ ÖÅ ÓÏÎÒÁÓąȟ : ÅËÓÅÎÉÎÄÅ ¤ÅËÉÌ υȭÄÅ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ "ÅÎÚÅÒ ĥÅËÉÌÄÅ ÇİÒİÌÔİ ÇÉÄÅÒÍÅ 
ÉĥÌÅÍÉȟ ÄÉøÅÒ ÅËÓÅÎÌÅÒÅ ÕÙÇÕÌÁÎÄąøąÎÄÁȟ ÇİÒİÌÔİ 
ËÁÙÎÁËÌą ÄÁÌÇÁÌÁÎÍÁ ÇÉÄÅÒÉÌÍÅËÔÅȟ ÄÁÈÁ ÐİÒİÚÓİÚ 
ÇÅëÉĥÌÉ ÂÉÒ ÖÅÒÉ ÅÌÄÅ ÅÄÉÌÍÅËÔÅÄÉÒȢ 

 

¤ÅËÉÌ υȢ dÖÍÅĘÌëÅÒ ÖÅÒÉÓÉ : ÅËÓÅÎÉ (ÁÍ ÖÅ 'İÒİÌÔİ 
'ÉÄÅÒÍÅ ÓÏÎÒÁÓąȢ 

6ÅÒÉÎÉÎ dĥÌÅÎÍÅÓÉ ÖÅ $ÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ 

&ÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ ÔÁÎąÍÌÁÎÍÁÓą ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÉëÉÎ İë ĘÎÅÍÌÉ ÁÄąÍ 
ÂÕÌÕÎÍÁËÔÁÄąÒȢ "ÉÒÉÎÃÉ ÁÄąÍȟ ÂÅÌÉÒÌÅÎÍÉĥ ÆÉÚÉËÓÅÌ 
ÁËÔÉÖÉÔÅÎÉÎ ÕÙÇÕÌÁÎÍÁÓą ÓąÒÁÓąÎÄÁȟ ÔÁÎąÍÌÁÍÁ ÖÅ 
ÄÅøÅÒÌÅÎÄÉÒÍÅ ÉëÉÎ ÉÈÔÉÙÁë ÄÕÙÕÌÁÎ ÖÅÒÉÎÉÎ 
ÇİÒİÌÔİÄÅÎ ÁÒąÎÄąÒąÌÍąĥ ÖÅ ÁÍÁëÌÁÒÁ ÕÌÁĥÍÁÙą 
ÓÁøÌÁÙÁÃÁË ÂÉÌÇÉÙÉ ÉëÅÒÅÃÅË ĥÅËÉÌÄÅ ÔÏÐÌÁÎÍÁÓąÄąÒȢ 
dËÉÎÃÉ ÁÄąÍ ÔÏÐÌÁÎÍąĥ ÅÇÚÅÒÓÉÚ ÖÅÒÉÓÉÎÉÎ 
ÄÏøÒÕÌÕøÕÎÕÎ ËÁÒĥąÌÁĥÔąÒąÌÁÂÉÌÍÅÓÉ ÉëÉÎ ÂÉÒ ÒÅÆÅÒÁÎÓ 
ÖÅÒÉ ÍÏÄÅÌÉÎÉÎ ÏÌÕĥÔÕÒÕÌÍÁÓą ÇÅÒÅËÍÅËÔÅÄÉÒȢ 3ÏÎ 
ÏÌÁÒÁË İëİÎÃİÓİ ÉÓÅȟ ÅÇÚÅÒÓÉÚ ÓąÒÁÓąÎÄÁ ÅÌÄÅ ÅÄÉÌÅÎ 
ÖÅÒÉÎÉÎȟ ÏÌÕĥÔÕÒÕÌÍÕĥ ÒÅÆÅÒÁÎÓ ÖÅÒÉ ÍÏÄÅÌÉ ÉÌÅ 
ÕÙÇÕÎ ÙĘÎÔÅÍÌÅÒ ËÕÌÌÁÎąÌÁÒÁË ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÖÅ 
ÓÏÎÕë ÅÌÄÅ ÅÄÉÌÍÅÓÉÄÉÒȢ 

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ ÔÁÎąÍÌÁÎÍÁÓą 
ÉëÉÎ ÏÌÕĥÔÕÒÕÌÁÃÁË ÒÅÆÅÒÁÎÓ ÖÅÒÉ ÍÏÄÅÌÉȟ ËÏÎÔÒÏÌÌİ ÖÅ 
ÇĘÚÅÔÉÍ ÁÌÔąÎÄÁ ÕÙÇÕÌÁÎÁÎ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎȟ 
ÙÕËÁÒąÄÁ ÂÅÌÉÒÔÉÌÍÉĥ ÖÅ ÂÅÌÉÒÌÅÎÍÉĥ ÓÅÎÓĘÒÌÅÒ ÖÅ 
ÙĘÎÔÅÍÌÅÒ ÉÌÅ ËÁÙąÔ ÁÌÔąÎÁ ÁÌąÎÁÒÁË ÉĥÌÅÎÍÅÓÉ ÉÌÅ 
ÏÌÕĥÔÕÒÕÌÍÕĥÔÕÒȢ 

%ÇÚÅÒÓÉÚ ÓąÒÁÓąÎÄÁ ÔÏÐÌÁÎÍąĥ ÖÅÒÉÎÉÎȟ ÄÁÈÁ ĘÎÃÅÄÅÎ 
ËÏÎÔÒÏÌÌİ ÂÉÒ ĥÅËÉÌÄÅ ÙÁÒÁÔąÌÍąĥ ÍÏÄÅÌ ÉÌÅ 
ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÖÅ ÂÅÎÚÅÒÌÉËȾÄÏøÒÕÌÕË ÏÒÁÎąÎąÎ 
ĘÌëİÌÅÂÉÌÍÅÓÉ ÉëÉÎ İë ÂÏÙÕÔÌÕ ÉËÉ ÄÉÚÉÎÉÎ ÙİËÓÅË 
ÇÅÒëÅË-zamaÎ ÐÅÒÆÏÒÍÁÎÓą ÇĘÓÔÅÒÅÎ ÂÉÒ ÙĘÎÔÅÍ ÉÌÅ 
ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÇÅÒÅËÍÅËÔÅÄÉÒȢ !ÙÎą ÚÁÍÁÎÄÁ 
ÍÏÄÅÌ ÉÌÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÅÃÅË ÖÅÒÉÎÉÎ ÚÁÍÁÎ 
ÕÙÕÍÓÕÚÌÕøÕÎÕÎȟ ÅÌÄÅ ÅÄÉÌÅÃÅË ÓÏÎÕë İÚÅÒÉÎÄÅ 
ÏÌÕĥÔÕÒÁÂÉÌÅÃÅøÉ ÏÌÕÍÓÕÚ ÅÔËÉÎÉÎ ÄÅ ÇÉÄÅÒÉÌÍÅÓÉ 
ÇÅÒÅËÍÅËÔÅÄÉÒȢ "Õ ÂÁøÌÁÍÄÁȟ ËÁÒĥąÌÁĥÔąÒÍÁ 
ÁÍÁÃąÙÌÁ ÙÁÐÁÙ ÚÅËÁ ÙÁËÌÁĥąÍÌÁÒą ÔÅÍÅÌÌÉ 
ÙÁËÌÁĥąÍÌÁÒ ÖÅÙÁ ëÅĥÉÔÌÉ ÓąÎąÆÌÁÎÄąÒÍÁ ÍÏÄÅÌÌÅÒÉȟ 
ÓÉÎÙÁÌ ÉĥÌÅÍÅ ÔÅËÎÉËÌÅÒÉ ÖÅ ÍÁÔÅÍÁÔÉËÓÅÌ ÙĘÎÔÅÍÌÅÒȠ  
ÂÕ ÖÅ ÂÕÎÁ ÂÅÎÚÅÒ ÐÒÏÂÌÅÍÌÅÒÉÎ ëĘÚİÍİÎÄÅ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒ ɍφȟ χȟ ρπȟ ρσȟ ρτɎȢ 
Bu gereksinimlere uygun olaraË ÌÉÔÅÒÁÔİÒÄÅ ÂÉÒëÏË 
ÙÁÐÁÙ ÚÅËÁ ÄÅÓÔÅËÌÉ ÖÅ ÓąÎąÆÌÁÎÄąÒÍÁ ËÁÙÎÁËÌą 
ÙÁËÌÁĥąÍÌÁÒ ÂÕÌÕÎÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁ ÉëÉÎ ÔÅÒÃÉÈ 
ÅÄÉÌÅÎ ëĘÚİÍ ÉÓÅ ĘÚÅÌÌÉËÌÅ ÈąÚ ÖÅ ÚÁÍÁÎÁ ÂÁøÌą 
ÖÁÒÙÁÓÙÏÎÁ ËÁÒĥą ÐÅÆÏÒÍÁÎÓą ÎÅÄÅÎÉÙÌÅ ɍτȟρυɎ 
Dynamic Time Warping(DTW)  ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌÁÎ 
ÁÌÇÏÒÉÔÍÁÄąÒȢ 
$47 ÁÌÇÏÒÉÔÍÁÓąȟ ÚÁÍÁÎÁ ÂÁøÌą ÉËÉ ÖÅÒÉ ÓÅÒÉÓÉÎÄÅÎ 
ÂÉÒÉÎÉȟ ÇÅÒÅËÌÉ ĥÅËÉÌÄÅ ȰÂİÚÅÒÅËȱ ÙÁ ÄÁ ȰÇÅÒÅÒÅËȱ 
ÈÉÚÁÌÁÙąÐȟ ÁÒÁÌÁÒąÎÄÁ ÅÎ ÕÙÇÕÎ ÚÁÍÁÎ ÅĥÌÉøÉÎÉ 
ÓÁøÌÁÙÁÒÁË ÁÒÁÌÁÒąÎÄÁËÉ ÆÁÒËąÎ ÄÏÌÁÙąÓą ÉÌÅ 
ÂÅÎÚÅÒÌÉøÉÎ ĘÌëİÌÅÂÉÌÍÅÓÉÎÉ ÓÁøÌÁÍÁËÔÁÄąÒȢ 
+ÏÎÕĥÍÁ ÔÁÎąÍÌÁÍÁȟ ÖÅÒÉ ÍÁÄÅÎÃÉÌÉøÉȟ ÍÉÍÉË 
ÔÁÎąÍÌÁÍÁȟ ÒÏÂÏÔÉËȟ İÒÅÔÉÍ ÖÅ ÍÅÄÉËÁÌ ÁÌÁÎÌÁÒÄÁ 
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ËÁÂÕÌ ÇĘÒÍİĥ ÏÌÕÐ ÖÅ ÁËÔÉÆ ÏÌÁÒÁË ËÕÌÌÁÎąÌÍÁËÔÁÄąÒ 
[16,17]. 
¤ÅËÉÌ φȭÄÁ -ÏÄÅÌ-%ÇÚÅÒÓÉÚ ÖÅÒÉÓÉ ÏÌÁÒÁËȟ İë ÁÙÒą 
ÅËÓÅÎÄÅ ÅÌÄÅ ÅÄÉÌÍÉĥ ÖÅÒÉÌÅÒÉÎ 9 ÅËÓÅÎÉÎÄÅ $ÙÎÁÍÉÃ 
Time Warping sÏÎÒÁÓą ÉËÉ ÖÅÒÉ ÁÒÁÓąÎÄÁËÉ ÆÁÒËąÎ 
ÎÏÒÍÁÌÉÚÅ ÅÄÉÌÍÉĥ ÇĘÓÔÅÒÉÍÉȟ ÁÙÎą ÅËÓÅÎÄÅËÉ ÉËÉ 
ĘÒÎÅË ÖÅÒÉÎÉÎ ÈÁÍ ÖÅ ÆÉÌÔÒÅÌÅÎÍÉĥ ÇĘÓÔÅÒÉÍÌÅÒÉÙÌÅ 
ÂÉÒÌÉËÔÅ ÇĘÒİÌÅÂÉÌÍÅËÔÅÄÉÒȢ 

 

¤ÅËÉÌ 6Ȣ dÖÍÅ vÌëÅÒ ÖÅÒÉÓÉ Y %ËÓÅÎÉȟ ÉËÉ ÖÅÒÉ ĘÒÎÅøÉ, 
'İÒİÌÔİ 'ÉÄÅÒÍÅ ÖÅ $47 ÕÙÇÕÌÁÎÍÁÓą ÓÏÎÒÁÓą ÖÅÒÉÎÉÎ 

ÇĘÒÓÅÌÌÅĥÔÉÒÉÌÍÅÓÉ 

¤ÅËÉÌÄÅ ÇĘÚÌÅÍÌÅÎÅÎ ÅËÓÅÎ ÉëÉÎ ÂÅÌÉÒÔÉÌÍÉĥ ÍÅÓÁÆÅȟ 
ÁÙÎą ÅËÓÅÎÄÅËÉ ÉËÉ ÖÅÒÉÎÉÎ ÂÉÒÂÉÒÉÎÅ ÏÌÁÎ ÕÚÁËÌąË 
ÄÅøÅÒÉÎÉ ÇĘÓÔÅÒÅÎ ÄÅøÅÒÉÎ ÈÅÓÁÐÌÁÎÍÁÓąÎÄÁ 
ÁĥÁøąÄÁ ÂÅÌÉÒÔÉÌÍÉĥ ÆÏÒÍİÌ ËÕÌÌÁÎąÌÍąĥÔąÒȠ 

ЎÄÉÓÔÁÎÃÅ
ÎÏÒÍÁÌÉÚÅÄ$ÉÓÔÁÎÃÅ ÏÆ !ØÉÓρzππ

ÓÉÚÅ%ØÅÒÃÉÓÅ $ÁÔÁÓÅÔ ÏÆ !ØÉÓ
 

%ÌÄÅ ÅÄÉÌÅÎ ÈÁÍ ÎÏÒÍÁÌÉÚÅ ÅÄÉÌÍÉĥ ÍÅÓÁÆÅ ÖÅÒÉÓÉÎÉ 
ÁÎÌÁÍÄąÒÍÁË ÖÅ ÄÅøÅÒÌÅÎÄÉÒÍÅË ÉëÉÎ ÕÙÇÕÌÁÎÁÎ 
ÔİÒÅÔÉÌÍÉĥ ÆÏÒÍİÌÄÅ ÁÍÁë ȰÎÏÒÍÁÌÉÚÅÄ$ÉÓÔÁÎÃÅ ÏÆ 
!ØÉÓȱ ÉÌÅ ÂÅÌÉÒÔÉÌÍÉĥ ÉÌÇÉÌÉ ÅËÓÅÎÄÅËÉ ÎÏÒÍÁÌÉÚÅ ÅÄÉÌÅÎ 
ÕÚÁËÌąË ÄÅøÅÒÉÎÉ ρππ ÉÌÅ ÇÅÎÉĥÌÅÔÍÅËȟ ÓÏÎÒÁÓąÎÄÁ 
ÕÙÇÕÌÁÎÍąĥ ÅÇÚÅÒÓÉÚÉÎ ÉÌÇÉÌÉ ÅËÓÅÎÄÅ ÉëÅÒÄÉøÉ ÖÅÒÉ 
ÓÁÙąÓąÎÁ ÂĘÌÅÒÅËȟ ĘÌëİÍÌÅÎÍÉĥ ÉÖÍÅ ÖÅÒÉÓÉ ÂÁĥąÎÁ 
ÏÒÔÁÌÁÍÁ ÍÅÓÁÆÅ ÆÁÒËą ÏÌÁÎ ЎÄÉÓÔÁÎÃÅ  ÄÅøÅÒÉÎÅ 
ÕÌÁĥÍÁËÔąÒȢ 
%ÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕë ÅÇÚÅÒÓÉÚÉÎ ÅËÓÅÎ ÂÁĥąÎÁ ÄÏøÒÕÌÕË 
ÏÒÁÎąÎą ÄÅøÅÒÌÅÎÄÉÒÍÅË ÉëÉÎ ËÕÌÌÁÎąÌąÒȟ ÔÁÂÁÎ ÓąÎąÒ 
ÏÌÁÒÁË ɍπȢππȟ πȢπυɎ ÁÒÁÌąøąÎÄÁȟ ÈÅÒ ÅËÓÅÎ ĘÚÅÌÉÎÄÅ 
ÁÙÒą ÄÅøÅÒÌÅÎÄÉÒÉÌÅÒÅË ÄÏøÒÕ ËÁÂÕÌ ÅÄÉÌÍÅËÔÅÄÉÒȢ 
­ë ÅËÓÅÎÄÅ ÄÅ ÔÅÍÅÌ ÔÁÂÁÎ ÓąÎąÒ ÖÅ ÖÁÒ ÉÓÅ 
ÂÅÌÉÒÔÉÌÍÉĥ ÔÏÌÅÒÁÎÓ ÙİÚÄÅÓÉ ÇĘÚ ĘÎİÎÄÅ 
ÂÕÌÕÎÄÕÒÕÌÁÒÁË ÅÌÄÅ ÅÄÉÌÅÎ ÍÅÓÁÆÅ ÄÅøÅÒÉÎÉn 
ÉÓÔÅÎÅÎ ÓąÎąÒÌÁÒ ÉëÅÒÉÓÉÎÄÅ ÏÌÕÐ ÏÌÍÁÄąøąÎÁ ÂÁøÌąȟ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ÅÇÚÅÒÓÉÚÉÎ ÄÏøÒÕÌÕøÕ ÖÅ ÄÏøÒÕÌÕË 
ÏÒÁÎą ĘÌëİÌÍÅËÔÅȟ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅËÔÅÄÉÒȢ 

4ÁÒÔąĥÍÁ 

&ÉÚÉËÓÅÌ ÅÇÚÅÒÓÉÚÌÅÒÉÎȟ ÔÅË ÂÉÒ ÎÏËÔÁÄÁÎ ÉÖÍÅĘÌëÅÒ ÉÌÅ 
ĘÌëİÌİÐ ÔÁÎąÍÌÁÎÍÁÓąÎąÎ ÍİÍËİÎ ÏÌÄÕøÕ 
ÇĘÒİÌÍÅÓÉÎÅ ÒÁøÍÅÎ ĘÌëİÍİÎ ÖÅ ÙÁÐąÌÁÎ ëąËÁÒąÍąÎ 
ÄÏøÒÕÌÕË ÏÒÁÎą ÖÅ ÔÕÔÁÒÌąÌąøą ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÙÅ ÖÅ 
ÓÅÎÓĘÒİÎ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÙÉ ÇÅÒëÅËÌÅĥÔÉÒÅÎ ËÉĥÉÎÉÎ 
İÚÅÒÉÎÄÅËÉ ÙÅÒÌÅĥÉÍÉÎÅ ÂÁøÌą ÏÌÁÒÁËȠ ÖÅÒÉÎÉÎ 
ÅÇÚÅÒÓÉÚ ÈÁËËąÎÄÁ ÉëÅÒÄÉøÉ ÄÅÔÁÙą ÅÔËÉÌÅÙÅÃÅøÉÎÄÅÎ, 
ÓÏÎ ÄÅÒÅÃÅ ĘÎÅÍÌÉÄÉÒȢ 
9ÉÎÅ ÂÉÒëÏË ëÁÌąĥÍÁÄÁ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ 
ÔÁÎąÍÌÁÎÍÁÓą ÉëÉÎ ÉÖÍÅĘÌëÅÒ ÓÅÎÓĘÒİ ÄąĥąÎÄÁ ÅË ÖÅÒÉ 
ÓÁøÌÁÙÁÃÁË ÂÁĥËÁ ÖÅÒÉ ËÁÙÎÁËÌÁÒą ÄÁ ÓÁøÌÁÎÍąĥȟ 
ÔÏÐÌÁÎÁÎ ÖÅÒÉ ÂİÔİÎÃİÌ ÂÉÒ ĥÅËÉÌÄÅ ÍÏÄÅÌÌÅÎÉÐ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÉÐȟ ÓÏÎÕëÌÁÒąÎ ÖÅ ëąËÁÒąÍąÎ ÄÏøruluk 
ÏÒÁÎą ÁÒÔąÒąÌÍÁÙÁ ëÁÌąĥąÌÍąĥÔąÒȢ  
"ÁÚą ÄÕÒÕÍÌÁÒÄÁ ÉÓÅȟ ÅÇÚÅÒÓÉÚÉÎ ÄÏøÁÓą ÇÅÒÅøÉȟ 
ÂÉÒÄÅÎ ÆÁÚÌÁ ÉÖÍÅĘÌëÅÒ ÓÅÎÓĘÒİ ÉÌÅ ÔÏÐÌÁÎÁÎ ÖÅÒÉ 
ÄÁÈÉȟ ëąËÁÒąÍ ÙÁÐÍÁË ÉëÉÎ ÙÅÔÅÒÓÉÚ ÏÌÁÂÉÌÍÅËÔÅÄÉÒ 
[3]. 
5ÙÇÕÌÁÎÁÎ ÅÇÚÅÒÓÉÚÉÎ ÉëÅÒÄÉøÉ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅȠ 
ÓÅÎÓĘÒÄÅÎ ÅÌÄÅ Ådilebilecek verinin kalitesi ve 
ÓÅÎÓĘÒİÎ ÓÁøÌÁÄąøą ÅÇÚÅÒÓÉÚ ÖÅÒÉÓÉ ÄÅÔÁÙąÎÁ ÅË 
ÏÌÁÒÁËȟ ÄÏøÒÕÌÕË ÈÅÓÁÐÌÁÍÁÓąÎÄÁ ëÅĥÉÔÌÉ ÅÔËÅÎÌÅÒ 
ËÁÙÎÁËÌą ÏÌÕĥÁÂÉÌÅÃÅË ÔİÍ ÔÕÔÁÒÓąÚÌąËÌÁÒȟ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÅÃÅË ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÎÉÎ ÂÕ ëÁÌąĥÍÁÄÁ 
ËÕÌÌÁÎąÌÁÎ ÙĘÎÔÅÍÌÅÒÌÅ ÄÅøÅÒÌÅÎÄÉÒilebilecek 
ĥÅËÉÌÄÅ ÕÙÁÒÌÁÎÍÁÓą ÓÏÎÒÁÓąÎÄÁ ÇÉÄÅÒÉÌÅÂÉÌÉÒ ÖÅ 
ÔÅÄÁÖÉ ÉëÉÎ ÕÙÇÕÌÁÎÁÎ ÆÉÚÉËÓÅÌ ÁËÔÉÖÉÔÅÌÅÒÉÎ ÍÏÂÉÌ 
ÃÉÈÁÚÄÁ ÂÕÌÕÎÁÎ ÔÅË ÂÉÒ ÉÖÍÅĘÌëÅÒ ÓÅÎÓĘÒİ 
ÙÁÒÄąÍąÙÌÁ ÙİËÓÅË ÄÏøÒÕÌÕËÔÁ ÔÁÎąÍÌÁÎÍÁÓąȟ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÖÅ ÓİÒÅÃÉÎ ÔÁËÉÐ ÅÄÉÌÅÂÉÌÍÅÓÉ 
ÓÁøÌÁÎÁÂÉÌÉÒȢ 
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υ 3ÏÎÕëÌÁÒ 

KÁÌąĥÍÁȟ ÆÉÚÉË ÔÅÄÁÖÉ ÓİÒÅÃÉÎÉÎ ÕÚÁËÔÁÎ ÙİÒİÔİÌÍÅÓÉ 
ÉëÉÎ ÇÅÒÅËÌÉ ÖÅÒÉÌÅÒÉÎ ÔÏÐÌÁÎÁÂÉÌÅÃÅøÉÎÉȟ ÔÏÐÌÁÎÁÎ 
ÖÅÒÉÌÅÒÉÎ ÄÏøÒÕÌÕË ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÉÎ ÏÔÏÍÁÔÉË 
ÂÉÒ ĥÅËÉÌÄÅ ÙÁÐąÌÁÂÉÌÅÃÅøÉÎÉ ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 
vÚÅÌÌÉËÌÅ ÍÁÌÉÙÅÔ ÅÔËÉÎÌÉË ÖÅ ÓİÒÄİÒİÌÅÂÉÌÉÒÌÉË 
ÁëąÓąÎÄÁÎ ÇİëÌİ ÏÌÁÎ ÂÉÒ ÙÁËÌÁĥąÍ ĘÎÅÒÅÎ ÂÕ ëÁÌąĥÍÁ 
ÉÌÅ ÆÉÚÉË ÔÅÄÁÖÉ ÓİÒÅÃÉÎÉÎ ÕÚÁËÔÁÎ ÙĘÎÅÔÉÍÉ ÖÅ 
ÙİÒİÔİÌÍÅÓÉ ÓÁøÌÁÎÍÁË ÉÌÅ ÂÉÒÌÉËÔÅȟ ÔÅÄÁÖÉÎÉÎ ÖÅÒÉÍÉ 
ÁÒÔąÒąÌÁÂÉÌÉÒȟ ÉÌÇÉÌÉ ÓÁøÌąË ÈÉÚÍÅÔÉÎÅ ÅÒÉĥÉÍ 
ËÏÌÁÙÌÁĥÔąÒąÌÁÂÉÌÉÒȢ !ÙÎą ÚÁÍÁÎÄÁ ÓÁøÌÁÎan geri 
ÂÉÌÄÉÒÉÍÌÅÒ ÓÁÙÅÓÉÎÄÅ ÔÅÄÁÖÉ ÓİÒÅÃÉÎÉ ÙİÒİÔÅÎ ÖÅ 
ÙĘÎÅÔÅÎ ÆÉÚÙÏÔÅÒÁÐÉÓÔÌÅÒÉÎ Éĥ ÙİËİ ÈÁÆÉÆÌÅÔÉÌÅÂÉÌÉÒȢ  
KÁÌąĥÍÁÄÁ ËÕÌÌÁÎąÌÁÎ ÓÅÎÓĘÒÌÅÒÅ ÅË ÏÌÁÒÁË 
ËÕÌÌÁÎąÌÁÂÉÌÅÃÅË ÄÉøÅÒ ÔÅËÎÉËÌÅÒÄÅÎ ÅÌÄÅ ÅÄÉÌÅÃÅË 
ÖÅÒÉ ÉÌÅ ÄÏøÒÕÌÕË ÏÒÁÎÌÁÒą ÁÒÔÔąÒąÌÁÂÉÌÉÒ ÖÅ ëÁÌąĥÍÁÄa 
ÂÅÌÉÒÌÅÎÍÉĥ ÖÅ ÓąÎąÒÌÁÎÍąĥ ÆÉÚÉËÓÅÌ ÅÇÚÅÒÓÉÚ ËÁÐÓÁÍą 
ÇÅÎÉĥÌÅÔÉÌÅÂÉÌÉÒȢ  
KÁÌąĥÍÁÄÁËÉ ÄÅÎÅÍÅ ÖÅ ÓÏÎÕëÌÁÒÄÁ ÇĘÒİÌÄİøİ 
İÚÅÒÅȟ ÄÁÈÁ ĘÎÃÅ ÂÅÌÉÒÔÉÌÍÉĥ ÓąÎąÒÌÁÒ ÖÅ ËąÓÔÁÓÌÁÒ 
ÄÁÈÉÌÉÎÄÅȟ ÔÕÔÁÒÌąȟ ÄÏøÒÕÌÕË ÏÒÁÎą ÙİËÓÅË ëąËÁÒąÍÌÁÒ 
ÙÁÐąÌÁÂÉÌÍÅËÔÅȠ ÔÅÄÁÖÉÎÉÎ ÕÚÁËÔÁÎ ËÏÎÔÒÏÌİ ÖÅ 
ÅÒÉĥÉÍÅ ÏÌÁÎ ËÏÌÁÙÌąøąÎ ÁÒÔąÒąÌÁÂÉÌÅÃÅøÉ ÁëąË ÂÉÒ 
ĥÅËÉÌÄÅ ÇĘÒİÌÅÂÉÌÍÅËÔÅÄÉÒȢ 

4ÅĥÅËËİÒ 

9ÁÐąÌÁÎ ëÁÌąĥÍÁÎąÎ ÆÉÚÉË ÔÅÄÁÖÉ ÓİÒÅÃÉ ÈÁËËąÎÄÁ ÈÅÍ 
ÔÅÒÁÐÉÓÔ ÈÅÍ ÈÁÓÔÁ ÙĘÎİÎÄÅÎ ÇÅÒÅËÓÉÎÉÍ ÖÅ 
ÂÅËÌÅÎÔÉÌÅÒÉÎ ÎÅÔ ÂÉÒ ĥÅËÉÌÄÅ ÁÎÌÁĥąÌÍÁÓąÎą ÓÁøÌÁÙąÐȟ 
ëÏËÌÕ ÄÉÓÉÐÌÉÎÅ ÂÁøÌą ÂÕ ëÁÌąĥÍÁÄÁȟ ÆÉÚÙÏÔÅÒÁÐÉ ÖÅ 
ÒÅÈÁÂÉÌÉÔÁÓÙÏÎ ÁÌÁÎąÎÄÁ ÒÅÈÂÅÒÌÉËÔÅ ÂÕÌÕÎÁÎ 3ÁÙąÎ 
$ÒȢ vøÒȢ ­ÙÅÓÉ .ÁÉÍÅ 5,5X ÖÅ 3ÁÙąÎ !ÒĥȢ 'ĘÒȢ dÌËÅÍ 
'­:%,ȭÅ ËÁÔËąÌÁÒąÎÄÁÎ ÄÏÌÁÙą ÔÅĥÅËËİÒ ÅÄÅÒÉÚȢ 
KÁÌąĥÍÁÎąÎ ÙÁÚÁÒÌÁÒą ÏÌÁÒÁË ÂÕ ëÁÌąĥÍÁÙąȟ ÂÁĥÔÁ 
­ÌÇÅÎ KÅÔÉÎ ÖÅ $ÕÙÇÕ !ÓÁÌ ÏÌÍÁË İÚÅÒÅȟ ËÁÎÓÅÒ ÉÌÅ 
ÓÁÖÁĥÁÎ ÖÅ ÓÁÖÁĥÍąĥ ÈÅÒËÅÓÅ ÁÄąÙÏÒÕÚȢ 
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Tēp ve Saĵlēk Bilimleri Fizyoloji Eĵitiminde Artērēlmēĸ Ger­eklik ve Ķnteraktif 

Etkileĸim Destekli Mobil Uygulama ile Uzaktan Eĵitim 

!ÓÌą ¤ÁÎ D!X,) G­,1,  dÓÍÁÉÌ "ÁÒąĥ "/:+5¤*216 

1(ÁÃÅÔÔÅÐÅ ­ÎÉÖÅÒÓÉÔÅÓÉȟ 4ąÐ &ÁËİÌÔÅÓÉȟ  &ÉÚÙÏÌÏÊÉ !ÎÁÂÉÌÉÍ $ÁÌąȟ !ÎËÁÒÁȟ 4­2+d9% 
2!ÔąÌąÍ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË &ÁËİÌÔÅÓÉȟ  9ÁÚąÌąÍ -İÈÅÎÄÉÓÌÉøÉ "ĘÌİÍİ ɉ,ÉÓÁÎÓ vøÒÅÎÃÉÓÉɊȟ !ÎËÁÒÁȟ 4­2+d9% 

 
vÚÅÔ 

4ąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉÎÄÅ ÔÅÏÒÉË ÉëÅÒÉË ËÁÄÁÒ ÕÙÇÕÌÁÍÁÌÁÒ ÖÅ ÉÎÔÅÒÁËÔÉÆ ĘøÒÅÎÍÅ ÏÒÔÁÍÌÁÒąÎąÎ ÖÁÒÌąøą 
ÄÁ ĘÎÅÍ ÔÁĥąÍÁËÔÁÄąÒȢ 2ÅËÌÁÍ ÖÅ ÅøÌÅÎÃÅ ÓÅËÔĘÒİÎÄÅ ÓąËÃÁ ËÕÌÌÁÎąÌÁÎ !ÒÔąÒąÌÍąĥ 'ÅÒëÅËÌÉË ÔÅËÎÏÌÏÊÉÌÅÒÉ ÖÅ ÂÉÒ 
ëÏË ÁÌÁÎÄÁ ÁËÔÉÆ ÏÌÁÒÁË ËÕÌÌÁÎąÌÁÎ ÍÏÂÉÌ ÔÅËÎÏÌÏÊÉÌÅÒÉÎ ÓÁøÌÁÄąøą ÉÎÔÅÒÁËÔÉÆ ÅÔËÉÌÅĥÉÍ ÏÌÁÎÁøąȟ ÇİÎİÍİÚÄÅ ÍÏÂÉÌ 
ÔÅËÎÏÌÏÊÉÎÉÎ ÔİËÅÔÉÍ ÓÅÖÉÙÅÓÉÎÄÅ ËÕÌÌÁÎąÃąÌÁÒÁ ËÏÌÁÙÌąËÌÁ ÕÌÁĥÁÂÉÌÍÅËÔÅÄÉÒȢ "Õ ëÁÌąĥÍÁÄÁ ÁÍÁëÌÁÎÁÎȠ ÂÕ 
ÔÅËÎÏÌÏÊÉÌÅÒÉÎ ÓÁøÌÁÄąøą ÉÍËÁÎÌÁÒȟ ÖÅÒÉ ÖÅ ÖÅÒÉ ÉĥÌÅÍÅ ÙĘÎÔÅÍÌÅÒÉ ÉÌÅȟ ÔąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉÎÄÅ !ÒÔąÒąÌÍąĥ 
'ÅÒëÅËÌÉË ÖÅ dÎÔÅÒËÁÔÉÆ %ÔËÉÌÅĥÉÍ ÙĘÎÔÅÍÌÅÒÉ ÉÌÅ ÄÅÓÔÅËÌÅÎÍÉĥ -ÏÂÉÌ 5ÙÇÕÌÁÍÁ ÙÏÌÕÙÌÁ ÕÚÁËÔÁÎ ÅøÉÔÉÍ 
ÓÁøÌÁÍÁËÔąÒȢ "ÕÎÕÎ ÙÁÎąÎÄÁ ÉÌÇÉÌÉ ÙĘÎÔÅÍÌÅÒÉÎ ËÕÌÌÁÎąÍą ÓÁÙÅÓÉÎÄÅ ÓÁøÌÁÎÁÃÁË ÅøÉÔÉÍÉÎȟ ÇÅÌÅÎÅËÓÅÌ ÅøÉÔÉÍÉÎ 
ĘÔÅÓÉÎÅ ÇÅëÍÅÓÉȟ ÁËąÌÄÁ ËÁÌąÃąÌąøąÎąÎ ÖÅ ÁÎÌÁĥąÌÁÂÉÌÉÒÌÉøÉÎÉÎ ÉÙÉÌÅĥÔÉÒÉÌÍÅÓÉ ÁÍÁëÌÁÎÍąĥÔąÒȢ 'ÅÎÉĥ ÂÉÒ ÙÅÌÐÁÚÅÄÅ 
ÕÙÇÕÎÁÌÁÂÉÌÅÃÅË ÙÁËÌÁĥąÍ ÉÌÅ ÇÅÌÉĥÔÉÒÉÌÅÎ ÕÙÇÕÌÁÍÁȟ ÂÕ ëÁÌąĥÍÁ ÉëÉÎ ÆÉÚÙÏÌÏÊÉ ÅøÉÔÉÍÉÙÌÅ ÂÁøÌÁÎÔąÌąȠ "ÉÌÇÉÓÁÙÁÒÌą 
4ÏÍÏÇÒÁÆÉɉ"4Ɋ ÖÅ ÆÏÎËÓÉÙÏÎÅÌ -ÁÎÙÅÔÉË 2ÅÚÏÎÁÎÓ dÎÃÅÌÅÍÅ ɉÆ--2)Ɋ ÓÉÍİÌÁÓÙÏÎÌÁÒąÎÉȟ ÁÒÔąÒąÌÍąĥ ÇÅÒëeklik 
ÙÏÌÕ ÉÌÅ ÕÙÇÕÌÁÎÁÎ ÁÎÁÔÏÍÉË ËÁÓ ÇÒÕÐÌÁÒą ÇĘÒÓÅÌÌÅÒÉÎÉÎ ÐÒÏÊÅËÓÉÙÏÎÌÁÒąȟ ëÅĥÉÔÌÉ ÏÒÇÁÎÌÁÒąÎ ÆÉÚÙÏÌÏÊÉË İë ÂÏÙÕÔÌÕ 
ÇĘÓÔÅÒÉÍÌÅÒÉÎÉ ÖÅ ÂÕ ÇĘÓÔÅÒÉÍÌÅÒÉÎ ÈÏÌÏÇÒÁÍ ÐÒÏÊÅËÓÉÙÏÎÕÎÁ ÉÍËÁÎ ÓÕÎÁÎ ÍÏÄİÌİ ËÁÐÓÁÙÁÃÁøą ĥÅËÉÌÄÅ 
ÓąÎąÒÌÁÎÄąÒąÌÍąĥÔąÒȢ dÌÇÉÌÉ ÍÏÄİÌ ÖÅ ÁÒÁëÌÁÒąÎ ÙÁÎąÎÄÁȟ ÕÚÁËÔÁÎ ÅøÉÔÉÍ ÉëÉÎ ÉëÅÒÉË ÉÌÅ ÂÁøÌÁÎÔąÌą ÙÁÚąȟ ÔÅÓÔȟ ÍÁËÁÌÅ 
ÇÉÂÉ ÅøÉÔÉÍ ÍÁÔÅÒÙÁÌÌÅÒÉ ÄÅ ÕÙÇÕÌÁÍÁÎąÎ ÉëÉÎÄÅ ÂÁÒąÎÄąÒąÌÍÁËÔÁÄąÒȢ 4ÅËÎÉË ÂÁøÌÁÍÄÁ ÂÕ ëÁÌąĥÍÁ ÉëÉÎ 
ÕÙÇÕÌÁÍÁÎąÎ ÇÅÌÉĥÔÉÒÉÌÅÃÅøÉ ÐÌÁÔÆÏÒÍ !ÎÄÒÏÉÄ dĥÌÅÔÉÍ 3ÉÓÔÅÍÉ ÏÌÁÒÁË ÓąÎąÒÌÁÎÄąÒąÌÍąĥÔąÒȢ KÁÌąĥÍÁ ÂÁÈÓÉ ÇÅëÅÎ 
ÙĘÎÔÅÍ ÖÅ ÔÅËÎÉËÌÅÒÉ ËÕÌÌÁÎÁÒÁËȟ ÓąÎąÒÌÁÎÄąÒąÌÍąĥ ËÏÎÕ ÁÌÁÎąÎÄÁ ÕÚÁËÔÁÎ ÅøÉÔÉÍ ÙÏÌÕÙÌÁ ÇİëÌÅÎÄÉÒÉÌÍÉĥ 
ÙÅÎÉÌÉËëÉ ÂÉÒ ÅøÉÔÉÍ ÙĘÎÔÅÍÉ ÓÕÎÍÁÙą ÈÅÄÅÆÌÅÍÅËÔÅÄÉÒȢ 
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Remote Medical and Health Sciences Education in Physiology Field with Augmented 

Reality and Interactive Interaction Supported Mobile Application 

Abstract  

The existence of interactive learning environments is important as much as theoretical content in Medicine 
and Health Sciences education. Augmented reality technology that has been used in entertainment and 
advertising fields and the ability of interactive interaction provided by mobile technology, easy to reach for 
everyone with consumer-level mobile devices. This study aims to provide remote education tool that is 
enhanced with augmented reality and interactive interactions for Medical andHealth Science Education 
Physiology Field on the mobile platform, by using mobile devices along with augmented reality, data, data 
processing methods.  Alongside this, it is aimed that with the help of said technologies and methods, the goal 
is going beyond traditional education methods in this field and achieve a more effective and efficient 
education process. Despite the approach may be applied to a wide range of topics of education, in this study 
it is limited with the scope of physiology field education-related topics. Thus, the tools of this study going to 
provide limited such as Computed Tomography (CT) Scan and Functional Magnetic Resonance 
Imaging(fMRI) simulations, augmented reality supported anatomical muscle visuals projections, interactive 
3D visualizations of various of organs and a module that provides hologram projection of said visualizations. 
Education materials such as articles, text, or tests related to established modules and tools are also are 
provided within the application. Technically, the study limits the platform of application with Android OS. 
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The study aims to provide an enhanced and innovative remote education approach, by using stated methods, 
technologies, and techniques in a predetermined limited scope field. 
 
Keywords: Medicine Education, Remote Education, Augmented Reality, Image Processing, Mobile Application 

'ÉÒÉĥ 

4ąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉ ÄÉøÅÒ ÁÌÁÎÌÁÒÌÁ 
ËÁÒĥąÌÁĥÔąÒąÌÄąøąÎÄÁȟ ÇÅÌÅÎÅËÓÅÌ ÅøÉÔÉÍÅ ÄÁÈÁ ÂÁøÌą 
ÙÅÎÉÌÉËëÉ ÙÁËÌÁĥąÍÌÁÒÁ ÎÁÚÁÒÁÎ ÄÁÈÁ ËÁÐÁÌą ÂÉÒ ÁÌÁÎ 
ÏÌÁÒÁË ËÁÒĥąÍąÚÁ ëąËÍÁËÔÁÄąÒȢ %øÉÔÉÍÉÎ ËÏÎÕÓÕ ÖÅ 
ÁÌÁÎą ÇÅÒÅøÉ ÃÉÄÄÉÙÅÔÉȟ ÉÈÔÉÙÁëÌÁÒą ÖÅ ÈÁÔÁ ÔÏÌÅÒÁÎÓą 
gİÎİÍİÚÄÅ ÄÁÈÉ ÙÅÎÉ ÙÁËÌÁĥąÍÌÁÒąÎ ËÁÂÕÌ ÅÄÉÌÍÅÓÉ 
ÖÅ ÕÙÇÕÌÁÎÍÁÓą ËÏÎÕÓÕÎÄÁ ÚÏÒÌÕËÌÁÒ 
ÙÁĥÁÎÍÁËÔÁÄąÒȢ vÒÎÅøÉÎ (ÅËÉÍÌÅÒÉÎ ÅøÉÔÉÍÉÎÄÅ 
ËÕÌÌÁÎąÌÍÁË İÚÅÒÅ )$ÏÃ ÐÒÏÊÅÓÉ ËÁÐÓÁÍąÎÄÁ 
'ÁÌÌÅÒȭÄÅ ÙÁĥÁÙÁÎ ÇÅÎë ÈÅËÉÍÌÅÒÅ ÖÁËÁ ÁÎÁÌÉÚÌÅÒÉ 
ÙÁÐÍÁË ÉëÉÎ ÓÕÎÕÌÁÎ ÂÉÒ ÃÅÐ ÔÅÌÅÆÏÎÕ steteskop kiti 
ÕÙÇÕÌÁÍÁÓąÎąÎ ÈÅËÉÍÌÉËÔÅ ÕÚÍÁÎÌÁĥÍÁ ÓİÒÅÃÉÎÅ 
ÙÁÒÄąÍÃą ÏÌÄÕøÕ ÇĘÒİÌÍİĥȟ ÁÎÃÁË ÇÅÎë ÈÅËÉÍÌÅÒ 
ËÌÉÎÉËÔÅ ÈÁÓÔÁ ĘÎİÎÄÅ ÃÅÐ ÔÅÌÅÆÏÎÕ ÉÌÅ 
ÐÒÏÆÅÓÙÏÎÅÌÌÉøÉÎ ËÁÙÂąÎÁ ÉÌÉĥËÉÎ ËÁÙÇąÌÁÒąÎą 
ÂÅÌÉÒÔÍÉĥÌÅÒÄÉÒ ɍρɎȢ "ÕÎÕÎ ÙÁÎąÎÄÁ ÇÅÌÅÎÅËÓÅÌ 
ÅøÉÔÉÍÉÎ ÁÖÁÎÔÁÊÌÁÒą ËÁÄÁÒȟ ÅÔËÉÌÅĥÉÍÉÎ ÚÁÙąÆÌąøąȟ 
ÅøÉÔÉÍÌÅ ÉÌÇÉÌÉ ÍÁÔÅÒÙÁÌÉÎ ÔİËÅÔÉÃÉÓÉ ÔÁÒÁÆąÎÄÁÎ 
ÖÅÒÉÍÌÉ ÂÉÒ ĥÅËÉÌÄÅ ÔİËÅÔÉÌÅÍÅÍÅÓÉ ÇÉÂÉ 
ÄÅÚÁÖÁÎÔÁÊÌÁÒȠ ĘÎÃÅÌÉËÌÅ ÇÅÎÅÌ ÏÌÁÒÁË ÅøÉÔÉÍ 
ÁÌÁÎąÎÄÁ ÓÏÎÒÁÓąÎÄÁ ÔąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÁÌÁÎąÎÄÁ 
ÅøÉÔÉÍÃÉÌÅÒÉ ÙÅÎÉ ÙÁËÌÁĥąÍ ÖÅ ÙĘÎÔÅÍ ÁÒÁÙąĥÌÁÒąÎÁ 
ÉÔÍÉĥÔÉÒȢ 
&ÁÒËÌą ÄÉÓÉÐÌÉÎ ÖÅ ÁÌÁÎÌÁÒÄÁ ÍÏÄÅÒÎ ÚÁÍÁÎąÎ ÅÎ 
ÅÔËÉÌÉ ÁÒÁëÌÁÒąÎÄÁÎ ÂÉÒÉ ÏÌÁÎ ÂÉÌÇÉÓÁÙÁÒ ÙÏÌÕ ÉÌÅ 
ÏÌÕĥÔÕÒÕÌÁÎ ëĘÚİÍ ÖÅ ÙÁËÌÁĥąÍÌÁÒ ÈÅÍ ÇÅÎÅÌ ÏÌÁÒÁË 
ÇÅÌÅÎÅËÓÅÌ ÅøÉÔÉÍÄÅ ÈÅÍ ÄÅ ÔąÐ ÅøÉÔÉÍÉÎÄÅ ÖÅÒÉÍÌÉ 
ËÕÌÌÁÎąÍ ÁÌÁÎÌÁÒą ÂÕÌÍÕĥȟ ÙÅÎÉ ÆąÒÓÁÔÌÁÒąÎ ËÁÐąÌÁÒąÎą 
ÁÒÁÌÁÍąĥÔąÒȢ "ÕÎÁ ÒÁøÍÅÎ ĘÚÅÌÌÉËÌÅ ÔąÐ ÖÅ ÓÁøÌąË 
ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉÎÄÅËÉ ËÁÌÉÔÅ ÖÅ ÉëÅÒÉË 
ÇÅÒÅËÓÉÎÉÍÌÅÒÉÎÉÎ ÙİËÓÅË ÏÌÍÁÓąȟ ÄÁÈÁ ĘÎÃÅ 
ÂÁÈÓÅÄÉÌÄÉøÉ ÇÉÂÉ ÈÁÔÁ ÔÏÌÅÒÁÎÓąÎąÎ ÄİĥİË ÏÌÍÁÓąȟ 
ÇÅÎÅÌ ÏÌÁÒÁË ÆÉÙÁÔ ÅÔËÉÎ ëĘÚİÍÌÅÒ İÒÅÔÉÌÍÅÓÉÎÉ 
ÚÏÒÌÁĥÔąÒÍąĥ ÖÅ ÔÅËÎÏÌÏÊÉÎÉÎ ÔąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ 
ÅøÉÔÉÍÉÎÄÅ ÄÁÈÁ ÅÔËÉÎ ÂÉÒ ĥÅËÉÌÄÅ ËÕÌÌÁÎąÌÍÁÓąÎą ÙÅÒ 
ÙÅÒ ÚÏÒÁ ÓÏËÍÕĥÔÕÒȢ 
!ÙÒąÃÁȟ ÇÅÎÅÌ ÏÌÁÒÁË ÔąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉ 
ÉëÉÎ ÇÅÌÉĥÔÉÒÉÌÅÎ ÁÒÁëÌÁÒąÎ ÓÁÄÅÃÅ ÓÁÎÁÌ ÇÅÒëÅËÌÉË 
ÕÙÇÕÌÁÍÁÌÁÒą ÏÌÍÁÓąȟ ÂÕ ÁÒÁëÌÁÒą ËÕÌÌÁÎÁÒÁË ÅøÉÔÉÍ 
ÁÌÁÎ ĘøÒÅÎÃÉÌÅÒ İÚÅÒÉÎÄÅ ÇÅÒëÅËÌÅ ÂÁøÄÁĥÔąÒÍÁȟ 
ÚÁÙąÆ ÅÔËÉÌÅĥÉÍ ÇÉÂÉ ÐÒÏÂÌÅÍÌÅÒÅ ÓÅÂÅÐ 
olabilmektedir.  
$ÉøÅÒ ÂÉÒ ÙÁÎÄÁÎ ÉÌÇÉÌÉ ÁÌÁÎÌÁ ÉÌÇÉÌÉ ÅøÉÔÉÍÉÎ ÓąÎąÆ 
ÄąĥąÎÄÁ ÓİÒÄİÒÅÂÉÌÉÒÌÉøÉ ËÏÎÕÓÕÎÄÁ ÄÁ ÙÁÚąÌą 
ÍÁÔÅÒÙÁÌ ÖÅ ÖÉÄÅÏ ÇÉÂÉ ÍÕÌÔÉÍÅÄÙÁ ÉëÅÒÉËleri 
ÄąĥąÎÄÁ ÍÁÔÅÒÙÁÌ ËÏÌÁÙÌąËÌÁ ÂÕÌÕÎÁÍÁÍÁËÔÁÄąÒȢ "Õ 

ËÏÎÕÄÁËÉ ÐÒÏÂÌÅÍ ÉëÅÒÉøÉÎ ÖÁÒÌąøą ÄąĥąÎÄÁ ÉëÅÒÉøÉÎ 
ËÅÎÄÉÓÉÎÅ ÕÌÁĥÍÁË ÖÅ ÓİÒÄİÒİÌÅÂÉÌÉÒÌÉË ÙĘÎİÙÌÅ ÄÅ 
ÁÙÒą ÉËÉ ÄÁÌ ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ 
"Õ ëÁÌąĥÍÁ ÇÅÌÅÎÅËÓÅÌ ÔąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ 
ÅøÉÔÉÍÉÎÅ ÐÁÒÁÌÅÌ ÏÌÁÒÁË ËÕÌÌÁÎąÌÁÂÉÌÅÃÅË ÈÅÍ ÄÅ 
ÇİÎİÍİÚÄÅ ÙÁĥÁÄøąÍąÚ ÓÁÌÇąÎ ÙÏÌÕÙÌÁ ÔÅËÒÁÒ 
ÈÁÔąÒÌÁÄąøąÍąÚ ÕÚÁËÔÁÎ ÅøÉÔÉÍÉÎÉÎ ĘÎÅÍÉÎÉ ÖÅ 
ÍÅÃÂÕÒÉ ĥÁÒÔÌÁÒ ÁÌÔąÎÄÁ ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÅÓÉÎÉÎȠ ÙÉÎÅ 
ÔąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÁÌÁÎąÎÄÁ ÓÁøÌÁÎÍÁÓąȟ 
ÉÙÉÌÅĥÔÉÒÉÌÍÅÓÉ ÖÅ ÇÅÌÉĥÔÉÒÉÌÍÅÓÉ ÉëÉÎ ÂÉÒ ÙÁËÌÁĥąÍ ÖÅ 
SD-Fizyo isimli platform ile bir uygulama 
İÚÅÒÉÎÅÄÉÒȢ  
KÁÌąĥÍÁÎąÎ ÈÅÄÅÆ ÅøÉÔÉÍ ÁÌÁÎą ÏÌÁÎ ÔÅÍÅÌ ÔąÐ 
ÂÉÌÉÍÌÅÒÉ ÁÒÁÓąÎÄÁ ÙÅÒ ÁÌÁÎ Ȱ&ÉÚÙÏÌÏÊÉȱ ÂÉÌÉÍÉ 
ÃÁÎÌąÌÁÒąÎ ÈİÃÒÅȟ ÄÏËÕȟ ÏÒÇÁÎÌÁÒąÎąÎ ÉĥÌÅÖÌÅÒÉÎÉ ÖÅ ÂÕ 
ÉĥÌÅÖÌÅÒÉÎ ëÁÌąĥÍÁ ÍÅËÁÎÉÚÍÁÌÁÒąÎą ÉÎÃÅÌÅÍÅËÔÅdir. 
&ÉÚÙÏÌÏÊÉÎÉÎ ÁÌÔ ÄÁÌÌÁÒąÎÄÁÎ ÂÉÒÉ ÏÌÁÎ Ȱ4ąÂÂÉ 
&ÉÚÙÏÌÏÊÉȱ ÄÅ ÉÎÓÁÎ ÖİÃÕÄÕÎÕÎ ÉĥÌÅÖÌÅÒÉÎÉ 
ÁÒÁĥÔąÒÍÁË ÖÅ ÁëąËÌÁÍÁË İÚÅÒÅ ËÕÒÕÌÍÕĥÔÕÒȢ "Õ 
ÍÏÂÉÌ ÕÙÇÕÌÁÍÁȟ ÔąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ 
ĘøÒÅÎÃÉÌÅÒÉÎÉÎ ëÅĥÉÔÌÉ ÐÁÔÏÌÏÊÉÌÅÒÉ ÁÎÌÁÙÁÂÉÌÍÅÓÉÎÅ 
ÔÅÍÅÌ ÏÌÕĥÔÕÒÁÎ ÓÁøÌąËÌą insan fizyolojisini 
ÁÎÌÁÍÁÌÁÒąÎą ËÏÌÁÙÌÁĥÔąÒÍÁË ÉëÉÎ ÔÁÓÁÒÌÁÎÄąȢ 4ąÂÂÉ 
ÂÉÌÉÍÌÅÒ ÈİÃÒÅ ÉëÉ ÏÒÇÁÎÅÌÌÅÒÄÅÎ ÏÒÇÁÎÉÚÍÁÎąÎ ëÏË 
ëÅĥÉÔÌÉ ÈÁÓÔÁÌąËÌÁÒąÎÁ ËÁÄÁÒ ÏÌÄÕËëÁ ÇÅÎÉĥ ÂÉÌÇÉ 
ÉëÅÒÉËÌÅÒÉÎÉ ËÁÐÓÁÄąøąÎÄÁÎ ÂÕ ÕÙÇÕÌÁÍÁÎąÎ 
ËÏÎÕÌÁÒąÎą ÇÅÎÅÌ ÖÅ ÎĘÒÏÆÉÚÙÏÌÏÊÉ ÁÌÁÎÌÁÒą Éle 
ÓąÎąÒÌÁÎÄąÒÄąËȢ "ÕÎÁ ÇĘÒÅ ĘøÒÅÎÃÉ ÕÙÇÕÌÁÍÁÄÁ 
ÇÅÚÉÎÉÒËÅÎ ĘÎÃÅÌÉËÌÅ ÇÅÎÅÌ ÖÅÙÁ ÎĘÒÏÆÉÚÙÏÌÏÊÉ ÁÌÁÎąÎą 
tercih ederek ilgili konuya gidebilmekte ve bu 
ÁÌÁÎÄÁ σ ÂÏÙÕÔÌÕ ÈÏÌÏÇÒÁÍ ÕÙÇÕÌÁÍÁÓąÎÁȟ 
ÂÉÌÇÉÓÁÙÁÒÌą ÔÏÍÏÇÒÁÆÉȟ ÆÏÎËÓÉÙÏÎÅÌ ÍÁÎÙÅÔÉË 
rezonans inceleme ve gÅÒëÅË ÚÁÍÁÎÌą ËÁÓ 
ÈÁÒÅËÅÔÌÅÒÉ ÓÉÍİÌÁÓÙÏÎÌÁÒąÎÁ ÁÙÒąÃÁ ÙÁÚąÌą ÍÅÔÉÎÌÅÒ 
ÖÅ ÅøÉÔÉÍ ÖÉÄÅÏÌÁÒąÎą ÉëÅÒÅÎ ÔÅÏÒÉË ĘøÒÅÎÍÅ 
ÍÁÔÅÒÙÁÌÌÅÒÉÎÅ ÕÌÁĥÁÂÉÌÍÅËÔÅÄÉÒȢ vøÒÅÎÃÉȟ ËÏÎÕÌÁÒą 
ĘøÒÅÎÍÅ ÓİÒÅÃÉÎÉÎ ÈÅÒÈÁÎÇÉ ÂÉÒ ÁÎąÎÄÁ ËÅÎÄÉ ÂÉÌÇÉ 
ÖÅ ÙÏÒÕÍÌÁÍÁ ÓÅÖÉÙÅÓÉÎÉ ÔÅÓÔÌÅÒÌÅ ÓąÎÁÙÁÂilme ve 
ÈąÚÌą ÇÅÒÉ ÂÉÌÄÉÒÉÍ ÁÌÍÁ ÉÍËÁÎąÎÁ ÓÁÈÉÐÔÉÒȢ 

,ÉÔÅÒÁÔİÒ 4ÁÒÁÍÁÓą 

"Õ ÁÌÁÎÄÁ ÇÅÌÅÎÅËÓÅÌ ÙÁËÌÁĥąÍąÎ ÄąĥąÎÄÁ ÍÏÄÅÒÎ 
ÁÒÁëÌÁÒąÎ ËÕÌÌÁÎąÍą ÆÉËÒÉ İÚÅÒÉÎÅ ÂÉÒëÏË ÂÅÎÚÅÒ ÖÅ 
ÆÁÒËÌą ëÁÌąĥÍÁ ÙÁÐąÌÍąĥ ÖÅ ÂÉÒ ËąÓÍą ËÕÌÌÁÎąÍÁ 
ÓÕÎÕÌÍÕĥÔÕÒȢ 4ąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉtiminde de 
ëÅĥÉÔÌÉ ÂÉÌÇÉÓÁÙÁÒ ÐÒÏÇÒÁÍÌÁÒąȟ ÓÉÍİÌÁÓÙÏÎÌÁÒȟ ÍÏÂÉÌ 
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ÕÙÇÕÌÁÍÁÌÁÒ ÄİÎÙÁÎąÎ ÂÉÒëÏË İÎÉÖÅÒÓÉÔÅÓÉÎÄÅ 
ÄÅÎÅÎÍÉĥ ÖÅ ÖÅÒÉÍÌÉ ÓÏÎÕëÌÁÒ ÁÌąÎÍąĥÔąÒ ɍςɎȢ 
-ÏÂÉÌ ĘøÒÅÎÍÅÎÉÎ ÔąÐ ĘøÒÅÎÃÉÌÅÒÉ İÚÅÒÉÎÄÅËÉ 
ÅÔËÉÓÉÎÉ ÉÎÃÅÌÅÍÅË ÁÍÁÃąÙÌÁ 9ÏÏ ÖÅ ÁÒËȢ (2015), 
kardiyopulmÏÎÅÒ ÓÉÓÔÅÍ ÅøÉÔÉÍÉ ÉëÉÎ ÍÏÂÉÌ 
ÕÙÇÕÌÁÍÁ ËÕÌÌÁÎÁÒÁËȟ ÙİËÓÅË ËÁÌÉÔÅÌÉ ÂÉÒ ÉÎÓÁÎ ÈÁÓÔÁ 
ÓÉÍİÌÁÔĘÒİ ÉÌÅ ÍÏÂÉÌ ÕÙÇÕÌÁÍÁÙą ËÁÒĥąÌÁĥÔąÒÍąĥÌÁÒ 
ÖÅ ĘøÒÅÎÍÅÄÅËÉ ÅÔËÉÎÌÉøÉÎÉÎ ÂÅÎÚÅÒ ÏÌÄÕøÕÎÕ 
ÂÕÌÍÕĥÌÁÒÄąÒ ɍσɎȢ 
4Å×Ó ÖÅ ÁÒËȢȭÎąÎ ÔąÐ ĘøÒÅÎÃÉÌÅÒÉÎÉÎ ÈÁÓÔÁÌÁÒą ÉÌÅ 
ÇĘÒİĥÍÅÄÅÎ ĘÎÃÅ ÍÏÂÉÌ ĘøÒÅÎÍÅ ÖÉÄÅÏÌÁÒą 
ÉÚÌÅÔÉÌÅÒÅË ÓÕÎÕÍ ÐÅÒÆÏÒÍÁÎÓÌÁÒąÎą ÖÅ ÁÌÇąÌÁÒąÎą 
ÄÅøÅÒÌÅÎÄÉÒÍÅË ÉëÉÎ ÙİÒİÔÔİËÌÅÒÉ ÂÉÒ 
ëÁÌąĥÍÁÄÁ  ÖÉÄÅÏ ÉÚÌÅÙÅÎ ĘøÒÅÎÃÉÌÅÒÉÎ 
ÐÅÒÆÏÒÍÁÎÓÌÁÒąÎÄÁ ÉÓÔÁÔÉÓÔÉËÓÅÌ ÏÌÁÒÁË ÁÎÌÁÍÌą ÂÉÒ 
ÉÙÉÌÅĥÍÅ ÏÌÄÕøÕÎÕ ÂÅÌÉÒÔÍÉĥÌÅÒÄÉÒ ɍτɎȢ 
ςπρς ÙąÌąÎÄÁ $ÁÖÉÓ ÖÅ ÁÒËȢ ÎąÎ ÙÁÐÔąËÌÁÒą ëÁÌąĥÍÁÄÁ 
ÔąÐ ĘøÒÅÎÃÉÌÅÒÉÎÉÎ ÇĘøİÓ ÔİÐİ ÙÅÒÌÅĥÔÉÒÍÅ ÍÏÂÉÌ 
ĘøÒÅÎÍÅ ÖÉÄÅÏÌÁÒąÎą ÉÚÌÅÒËÅÎ ÄÅÎÅÙÉÍ 
ÐÅÒÆÏÒÍÁÎÓąÎą ÉÎÃÅÌÅÍÉĥ ÖÅ ÖÉÄÅÏ ÉÚÌÅÙÅÎ 
ËÁÔąÌąÍÃąÌÁÒąÎ ÂÅÃÅÒÉ-ËÏÎÔÒÏÌ ÄÅøÅÒÌÅÎÄÉÒÍÅÓÉÎÄÅ 
ËÏÎÔÒÏÌ ÇÒÕÂÕÎÁ ÇĘÒÅ ÄÁÈÁ ÉÙÉ ÐÕÁÎ ÁÌÄąËÌÁÒąÎą 
ÇĘÓÔÅÒÍÉĥÌÅÒÄÉÒ ɍυɎȢ 
Bangor Augmented Reality Education Tool for 
!ÎÁÔÏÍÙ ɉ"!2%4!Ɋ ÐÌÁÔÆÏÒÍÕ ëÁÌąĥÍÁÓąÎÄÁȟ 
ÁÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉË ÔÅËÎÏÌÏÊÉÓÉÎÄÅÎ ɉ!ÕÇÍÅÎÔÅÄ 
2ÅÁÌÉÔÙɊ ÙÁÒÁÒÌÁÎąÌÁÒÁËȟ ĘøÒÅÎÃÉÌÅÒÅ ÖÅÒÉÌÅÎ ÉÎÓÁÎ 
ÁÎÏÔÏÍÉÓÉÎÄÅ ÖÅÎÔÒÉËİÌÅÒ ÓÉÓÔÅÍ ËÏÎÕÓÕ İÚÅÒÉÎe 
ÂÉÒ ÅøÉÔÉÍ ÁÒÁëą ÏÌÕĥÔÕÒÕÌÍÕĥÔÕÒȢ KÁÌąĥÍÁÎąÎ 
ÈÉÐÏÔÅÚÉȟ !ÒÔąÒąÌÍąĥ 'ÅÒëÅËÌÉËɉ!'Ɋ ÙÁËÌÁĥąÍąÎąÎ 
ÁÎÁÔÏÍÉ ÅøÉÔÉÍÉÎÄÅ ĘøÒÅÎÃÉÌÅÒÉÎ ĘøÒÅÎÍÅ ÓİÒÅÃÉÎÅ 
ÙÅÎÉ ÆÏÎËÓÉÙÏÎÌÁÒ ËÁÚÁÎÄąÒÁÒÁË ÄÅøÅÒ ËÁÔÁÃÁøą 
İÚÅÒÉÎÅÄÉÒ ɍφɎȢ 
"ÉÒ ÂÁĥËÁ ëÁÌąĥÍÁÄÁȟ ÙÉÎÅ !' ÄÅÓÔÅËÌÉȟ İë ÂÏÙÕÔÌÕ 
ÁËÃÉøÅÒ ÄÉÎÁÍÉËÌÅÒÉ İÚÅÒÉÎÅ ÏÄÁËÌÁÎÍąĥ ÂÉÒ 
ÁÍÅÌÉÙÁÔ ÐÌÁÎÌÁÍÁ ÁÒÁÃą ËÏÎÓÅÐÔÉ İÚÅÒÉÎÅ 
ÅøÉÌÉÎÍÉĥÔÉÒ ɍχɎȢ 
ÍÉÒÒÁÃÌÅ ÁÄąÙÌÁ ÇÅÌÉĥÔÉÒÉÌÍÉĥ ÓÉÓÔÅÍÄÅ ÉÓÅȟ ëÁÌąĥÍÁ 
ÁÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉË ÖÅ -ÉÃÒÏÓÏÆÔ +ÉÎÅÃÔ ÓÅÎÓĘÒİÎİÎ 
ÙÁÒÄąÍąÙÌÁ ÓÁÎÁÌ ÁÎÁÔÏÍÉË ÙÁÎÓąÔÍÁÌÁÒ ÙÁÒÄąÍąÙÌÁ 
aÎÁÔÏÍÉ ÅøÉÔÉÍÉÎÅ ËÁÔËąÄÁ ÂÕÌÕÎÍÁÙą 
ÁÍÁëÌÁÍÁËÔÁÄąÒ ɍψɎȢ 
3ÉÍİÌÁÓÙÏÎ ÔÅÍÅÌÌÉ ÅøÉÔÉÍ ëÁÌąĥÍÁÌÁÒąÎÄÁÎ ÂÉÒ 
ÄÉøÅÒÉ ÉÓÅȟ 3ÉÍÕÌÁÓÙÏÎ 4ÁÂÁÎÌą #ÅÒÒÁÈÉ %øÉÔÉÍ 
0ÒÏÇÒÁÍÌÁÒą ÖÅ %Ì 0ÅÒÆÏÒÍÁÎÓą ÁÄÌą ëÁÌąĥÍÁ ÉÌÅ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ dÌÇÉÌÉ ëÁÌąĥÍÁÎąÎ ÈÅÄÅÆÌÅÒÉ 
mevcut ÃÅÒÒÁÈÉ ÅøÉÔÉÍ ÐÒÏÇÒÁÍÌÁÒąÎą 
ÚÅÎÇÉÎÌÅĥÔÉÒÍÅË ÁÍÁÃąÙÌÁ ĘÚÅÌÌÉËÌÅ ÓÉÍİÌÁÓÙÏÎÁ 
ÄÁÙÁÌą ÙİËÓÅË ÔÅËÎÏÌÏÊÉ ÓÉÓÔÅÍÌÅÒÉÎ ÔÁÓÁÒÌÁÎÍÁÓąȟ 
ÅÌÄÅ ÅÉÄÌÅÎ ÓÏÎÕëÌÁÒÌÁ ÂÕ ÁÌÁÎÄÁËÉ ëÁÌąĥÍÁÌÁÒÁ 
ËÁÙÎÁË ÖÅ ËÁÔËą ÓÁøÌÁÍÁËÔąÒ ɍωɎȢ 

9ĘÎÔÅÍ 

-ÏÂÉÌ ÔÅËÎÏÌÏÊÉÌÅÒÉÎ ÓÏÎ ÙąÌÌÁÒÄÁ ÈąÚÌÁ ÇÅÌÉĥÍÅÓÉ ÖÅ 
ÅÒÉĥÉÌÅÂÉÌÉÒÌÉøÉÎ ÁÒÔÍÁÓąÙÌÁ ÂÉÒÌÉËÔÅ ȰÍÏÂÉÌ ĘøÒÅÎÍÅȱ 
ÔÅÒÉÍÉ ÄÅ ÙÁĥÁÍąÍąÚÄÁ ÙÅÒ ÁÌÍÁÙÁ ÂÁĥÌÁÄąȢ Ȱ-ÏÂÉÌ 
ĘøÒÅÎÍÅȱ ÍÏÂÉÌ ÃÉÈÁÚÌÁÒ ÙÁÒÄąÍąÙÌÁ ÈÅÍÅÎ ÈÅÒ 
ÚÁÍÁÎ ÖÅ ÈÅÒ ÙÅÒÄÅ ÅÓÎÅË ĘøÒÅÎÍÅ ÉÍËÁÎą 
ÓÁøÌÁÍÁËÔÁÄąÒ ɍρπɎȢ vÒÎÅøÉÎ ,ÉÓÁÎÓ ÄĘÎÅÍÉ 
ÈÅÍĥÉÒÅÌÉË ÅøÉÔÉÍÉÎÄÅ ËÉĥÉÓÅÌ ÄÉÊÉÔÁÌ ÙÁÒÄąÍÃą ɉ0$!Ɋ 
ËÕÌÌÁÎąÍąÎąÎ ÂÉÌÇÉÌÅÒÉÎ ÔÕÔÕÌÍÁÓąȟ ËÌÉÎÉË ÅÌÅĥÔÉÒÅÌ 
ÄİĥİÎÍÅȟ ÉÌÅÔÉĥÉÍ ÙÅÔÅÎÅËÌÅÒÉ ÖÅ ÈÁÓÔÁ ÂÁËąÍ 
ËÁÌÉÔÅÓÉ ÐÁÒÁÍÅÔÒÅÌÅÒÉ ÁëąÓąÎÄÁÎ ÏÌÕÍÌÕ ÅÔËÉÌÅÒÉ 
ÂÉÌÄÉÒÉÌÍÉĥÔÉÒ ɍρρɎȢ  
KÁÌąĥÍÁÄÁ ÏÒÔÁÙÁ ËÏÎÁÎ ËÏÎÓÅÐÔ ÕÙÇÕÌÁÍÁ ÉëÉÎȟ 
ÓąÎąÒÌÁÎÍąĥ ËÏÎÕ ÁÌÁÎą ÉëÉÎ ËÕÌÌÁÎąÌÁÃÁË ÁÒÁëÌÁÒȠ 
ÙÁÚąÌą ÍÁÔÅÒÙÁÌȟ ÙÁÚąÌą ÍÁÔÅÒÙÁÌÉ ÄÁÈÁ ÅÔËÉÎ ÈÁÌÅ 
ÇÅÔÉÒÅÃÅË !' ÕÙÇÕÌÁÍÁÌÁÒąȟ ÌÉÍÂÉË ÓÉÓÔÅÍÉÎ ÈÅÍ 
ÔÁÍÁÍÉÙÌÅ ÓÁÎÁÌ ÍÏÄÅÌÌÅÍÅÓÉ ÖÅ ËąÓÍÉ ÓÉÍİÌÁÓÙÏÎÕ 
ÂÕÎÕÎ ÙÁÎąÎÄÁ ÉÌÇÉÌÉ ÓÁÎÁÌ ÍÏÄÅÌÌÅÍÅÎÉÎ !' ÙÏÌÕ ÉÌÅ 
ëÅĥÉÔÌÉ ÅÔËÉÌÅĥÉÍÌÅÒÅ ÁëąË ÈÁÌÅ ÇÅÔÉÒÉÌÍÅÓÉȟ ÙİÚ 
ËÁÓÌÁÒąÎąÎ !' ÖÅ ÇĘÒİÎÔİ ÉĥÅÌÅÍÅ ÁÒÁëÌÁÒą 
ËÕÌÌÁÎąÌÁÒÁË ÙÁËąÎ-ÇÅÒëÅËÚÁÍÁÎÌą ÐÒÏÊÅËÓÉÙÏÎÕ ÖÅ 
ÂÕ ÁÒÁëÌÁÒąÎ ËÉĥÉÓÅÌ ÕÚÁËÔÁÎ ÅøÉÔÉÍÄÅ ËÕÌÌÁÎąÍą 
ÄąĥąÎÄÁ ÓąÎąÆ ÏÒÔÁÍąÎÄÁ ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ÅøÉÔÉÍÄÅ ÄÅ 
ËÕÌÌÁÎąÌÁÂÉÌÍÅÓÉÎÉ ÓÁøÌÁÙÁÃÁË ÆÏÒÍÌÁÒą ÏÌÁÒÁË 
ÂÅÌÉÒÌÅÎÍÉĥÔÉÒȢ  
!ÒÁëÌÁÒąÎ ÐÒÏÔÏÔÉÐÌÅÎÍÅÓÉ ÉëÉÎ ÇÅÌÉĥÔÉÒÍÅ ÁÒÁÃą ÖÅ 
ÏÒÔÁÍą ÏÌÁÒÁËȟ ÉÈÔÉÙÁë ÄÕÙÕÌÁÎ ÆÏÎËÓÉÙÏÎÌÁÒÁ ÓÁÈÉÐ 
ÏÌÍÁÓą ÖÅ ÐÒÏÔÏÔÉÐÌÅÍÅË ÉëÉÎ ËÕÌÌÁÎąĥÌą ÁÒÁëÌÁÒÁ 
ÓÁÈÉÐ ÏÌÍÁÓą ÇÉÂÉ ÔÅÍÅÌ ÓÅÂÅÐÌÅÒÄÅÎ ÄÏÌÁÙą ÏÙÕÎ 
ÍÏÔÏÒÕ 5ÎÉÔÙσ$ȭÎÉÎ ËÕÌÌÁÎąÌÍÁÓąÎÁ ËÁÒÁÒ 
ÖÅÒÉÌÍÉĥÔÉÒȢ 

!ÒÔąÒąÌÍąĥ 'ÅÒëÅËÌÉË 

!ÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉËȟ ÇÅÒëÅË ÄİÎÙÁ ÇĘÒİĥİÎİÎ ÖÅ 
ÇÅÒëÅËÌÉË ÁÌÇąÓąÎąÎȟ ÙÁËąÎ-ÇÅÒëÅË ÚÁÍÁÎÌą ÏÌÁÒÁËȟ 
ÂÉÌÇÉÓÁÙÁÒ ÉÌÅ İÒÅÔÉÌÍÉĥ ÂÉÌÇÉÎÉÎ ÙÁÒÄąÍąÙÌÁ 
ÚÅÎÇÉÎÌÅĥÔÉÒÉÌÍÅÓÉ Ⱦ ÇÅÎÉĥÌÅÔÉÌÍÅÓÉÎÉ ÓÁøÌÁÙÁÎ 
ÙĘÎÔÅÍÅ ÖÅ ÔÅËÎÏÌÏÊÉÙÅ ÖÅÒÉÌÅÎ ÁÄÄąÒȢ !ÒÔąÒąÌÍąĥ 
ÇÅÒëÅËÌÉË ÁËÔÉÆ ÖÅÙÁ ÐÁÓÉÆ ĥÅËÉÌÄÅ ÓÁÎÁÌ ÏÂÊÅÌÅÒ ÉÌÅ 
ÇÅÒëÅË ÏÂÊÅÌÅÒÉÎ ÅÔËÉÌÅĥÉÍÌÅÒÉÎÅ ÏÌÁÎÁË ÓÁøÌÁÒ ÖÅ ÉËÉ 
ÇÅÒëÅËÌÉøÉ ÂÉÒÌÅĥÔÉÒÉÒȢ 0ÁÕÌ -ÉÌÇÒÁÍ ÖÅ &ÕÍÉÏ 
+ÉÓÈÉÎÏ ÔÁÒÁÆąÎÄÁÎ ÙÁÒÁÔąÌÁÎ -ÉÌÇÒÁÍȭąÎ 'ÅÒëÅËÌÉË-
3ÁÎÁÌÌąË 3İÒÅÃÉÎÄÅȟ ÇÅÒëÅËÌÉøÅ ÙÁËąÎÓÁÙÁÒÁËȠ ÇÅÒëÅË 
ëÅÖÒÅ ÖÅ ÓÁÎÁÌ ëÅÖÒÅÎÉÎ ÏÒÔÁÓąÎÄÁ ÙÅÒ ÁÌÍÁËÔÁÄąÒ 
[12,13]. 
%øÉÔÉÍ ÔÅËÎÏÌÏÊÉÌÅÒÉÎÄÅ ĘÚÅÌÌÉËÌÅ ÁÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉË 
ÁÎÌÁÍÌą ĘøÒÅÎÍÅ ÖÅ ÂÉÌÇÉ ÔÒÁÎÓÆÅÒÉÎÉÎ ÓÁøÌÁÎÍÁÓą 
ÂÁËąÍąÎÎÄÁÎ ÕÍÕÔ ÖÁÁÄÅÄÉÃÉ ÇĘÒİÌÍÅËÔÅÄÉÒȢ 
"ÁĥÌąÃÁ ÁÖÁÎÔÁÊÌÁÒąȠ ÁÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉËÔÅËÉ ÓÁÎÁÌ 
ÇÅÒëÅËÌÉøÉÎȟ ÇĘÒİÌÅÍÅÙÅÎÉ ÇĘÒİÌİÒ ËąÌÍÁÓąȟ ÇÅÒëÅË 
ÚÁÍÁÎÌą ÅÔËÉÌÅĥÉÍÌÉ ÄÏøÁÓąȟ ÁÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉøÉÎ 
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ĘøÒÅÎÅÎÅ ÁËÔÉÆ ÖÅ ÇÅÒëÅË ÚÁÍÁÎÌą ÇÅÒÉÂÉÌÄÉÒÉÍ 
ÓÁøÌÁÍÁ ÐÏÔÁÎÓÉÙÅÌÉ ÏÌÁÒÁË ÂÅÌÉÒÔÉÌÅÂÉÌÉÒ ɍρτɎȢ 
,ÉÔÅÔİÒ ÔÁÒÁÍÁÓąÎÄÁ ÂÅÌÉÒÔÉÌÅÎ ÄÁÈÁ ĘÎÃÅ ÙÁÐąÌÍąĥ 
ëÁÌąĥÍÁÌÁÒÄÁ ÄÁ ÇĘÒİÌÅÂÉÌÅÃÅøÉ İÚÅÒÅȟ ÁÒÔąÒąÌÍąĥ 
ÇÅÒëÅËÌÉË ÔÅËÎÏÌÏÊÉÓÉ ÖÅ ÙĘÎÔÅÍÌÅÒÉ ÅÔËÉÎ ÂÉÒ ĥÅËÉÌÄÅ 
ÔąÐ ÅøÉÔÉÍÉ ÖÅ ÔąÐ ÁÌÁÎąÎÄÁ ËÕÌÌÁÎąÌÁÂÉÌÉÒ ËÁÂÕÌ 
ÅÄÉÌÍÅËÔÅ ÖÅ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ  
4ÅËÎÏÌÏÊÉÎÉÎ ÓÏÎ ÙąÌÌÁÒÄÁËÉ ÇÅÌÉĥÉÍÉȟ ÁÒÔąÒąÌÍąĥ 
ÇÅÒëÅËÌÉË ÙĘÎÔÅÍÌÅÒÉÎÉÎ ÖÅ ÕÙÇÕÌÁÍÁÌÁÒąÎąÎ ÉÈÔÉÙÁë 
ÄÕÙÄÕøÕ ÄÏÎÁÎąÍÓÁÌ ÇÅÒÅËÓÉÎÉÍÌÅÒÉÎȠ ÁËąÌÌą ÔÅÌÅÆÏÎ 
ÏÌÁÒÁË ÔÁÂÉÒ ÅÄÉÌÅÎ ÇİÎÄÅÌÉË ËÕÌÌÁÎąÍÄÁ ÈÁÙÁÔąÍąÚąÎ 
ÉëÉÎÄÅ ÂÕÌÕÎÁÎ ÃÉÈÁÚÌÁÒ ÔÁÒÁÆąÎÄÁÎ ËÁÒĥąÌÁÎÁÂÉÌÉÒ 
ÈÁÌÅ ÇÅÌÍÅÓÉÎÉ ÓÁøÌÁÍąĥ ÖÅ ÅÒÉĥÉÍ ÏÒÁÎąÎą 
ÁÒÔąÒÍąĥÔąÒȢ KÁÌąĥÍÁ ÂÕ ÔÅËÎÏÌÏÊÉÙÉȟ ÁËąÌÌą 
ÔÅÌÅÆÏÎÌÁÒÄÁ ÅøÉÔÉÍ ÉÈÔÉÙÁëÌÁÒąÎą ËÁÒĥąÌÁÙÁÃÁË 
ÁÒÁëÌÁÒąÎ ÕÙÇÕÌÁÍÁ ÏÌÁÒÁË ÕÙÁÒÌÁÎÍÁÓą ÏÌÁÒÁË 
ËÕÌÌÁÎÍÁÙą ÈÅÄÅÆÌÅÍÉĥÔÉÒȢ 
¤ÅËÉÌ ρȭÄÅ ÇĘÒİÌÅÂÉÌÄÉøÉ İÚÅÒÅȟ ÁÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉË ÖÅ 
ÇĘÒİÎÔİ ÉĥÌÅÍÅ ÙĘÎÔÅÍÌÅÒÉ ËÕÌÌÁÎąÌÁÒÁËȟ ÙİÚ 
kaslÁÒąÎą ÉëÅÒÅÎ ÂÉÒ ËÁÐÌÁÍÁȟ ÙÁËąÎ-ÇÅÒëÅË ÚÁÍÁÎÌą 
ÏÌÁÒÁË ËÕÌÌÁÎąÃąÎąÎ ÙİÚİÎÅ ÙÁÎÓąÔąÌÍÁËÔÁÄąÒȢ 

 

¤ÅËÉÌ ρȢ 0ÒÏÔÏÔÉÐ ÙİÚ ËÁÓą ËÁÐÌÁÍÁÓąÎąÎȟ !ÒÔąÒąÌÍąĥ 
'ÅÒëÅËÌÉË ÖÅ ÇĘÒİÎÔİ ÉĥÌÅÍÅ ÙĘÎÔÅÍÌÅÒÉ ÉÌÅ ËÕÌÌÁÎąÃąÎąÎ 

ÙİÚİÎÅ ÙÁÎÓąÔąÌÍÁÓąȢ 

!ÙÒąÃÁ ÙÁÚąÌą ÄÅÒÓ ÍÁÔÅÒÙÁÌÉ ÏÌÁÒÁË ËÕÌÌÁÎąÌÁÎ 
materyallerin de bu teknoloji yolu ile 
ÚÅÎÇÉÎÌÅĥÔÉÒÉÌÍÅÓÉ ÍİÍËİÎÄİÒȢ 
!ÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉË ÉÌÅ ëÁÌąĥÍÁÎąÎ ÏÒÔÁÙÁ ËÏÙÄÕøÕ 
ËÏÎÓÅÐÔÔÅËÉ ÕÙÇÕÌÁÍÁÌÁÒÄÁÎ ÂÉÒ ÄÉøÅÒÉ ÉÓÅȟ 
ÏÌÕĥÔÕÒÕÌÍÕĥ ÓÉÍİÌÁÓÙÏÎ ÙÁ ÄÁ İë ÂÏÙÕÔÌÕ ÍÏÄÅÌÉÎȟ 
ÒÅÆÅÒÁÎÓ ÉĥÁÒÅÔÌÅÒ ÙÁÒÄąÍą ÉÌÅ ÇÅÒëÅË ÏÂÊÅÌÅÒ ÖÅ ÓÁÎÁÌ 
ÏÂÊÅÌÅÒÉÎ ÅÔËÉÌÅĥÉÍ ËÕÒÁÂÉÌÅÃÅøÉ ĥÅËÉÌÄÅ ÕÙÇÕÌÁÍÁ 
ÉëÉÎÄÅ ÇĘÓÔÅÒÉÍÉ ÖÅ ÅÔËÉÌÅĥÉÍÌÅÒ ÓÁøÌÁÍÁËÔąÒȢ  

3ÉÍİÌÁÓÙÏÎÌÁÒ 

3ÉÍİÌÁÓÙÏÎÌÁÒȟ ÔÁÍÁÍÉÙÌÅ ÓÁÎÁÌ ÏÌÁÒÁË ÈÝÌÉÈÁÚąÒÄÁ 
ÈÅÍ ÔąÐ ÅøÉÔÉÍÉÎÄÅȟ ÈÅÍ ÔąÐ ÂÉÌÉÍÉÎÄÅȟ ÈÅÍ ÄÅ 
uygulamada aktif olarak ËÕÌÌÁÎąÌÁÎ ÁÒÁëÌÁÒÄąÒ ɍφȟ χȟ 
8]. 
KÁÌąĥÍÁ ĘÚÅÌÉÎÄÅ ÔÁÎąÍÌÁÍÁË ÇÅÒÅËÉÒÓÅȟ 
ÓÉÍİÌÁÓÙÏÎȠ ÅøÉÔÉÍÅ ËÏÎÕ ÏÌÁÎ ÂÉÒ ÓÉÓÔÅÍÉÎȟ ÓÉÓÔÅÍÉ 
ÖÁÒ ÅÄÅÎ ËÕÒÁÌÌÁÒ ÖÅ ÉĥÌÅÙÉĥ ÔÅÍÅÌÉÎÄÅ ÓÁÎÁÌ ÏÌÁÒÁË 
ÙÁÒÁÔąÌÍÁÓąȟ ÉĥÌÅÔÉÌÍÅÓÉ ÖÅ ËÏÎÔÒÏÌ ÅÄÉÌÍÅÓÉ 
ÓİÒÅÃÉÎÉÎ ÂİÔİÎİÄİÒȢ 9ÁÒÁÔąÌÁÎ ÓÉÍİÌÁÓÙÏÎ 
ÁËÔÁÒąÌÍÁË ÉÓÔÅÎÅÎ ÉëÅÒÉøÉÎ ÂİÔİÎ ÄÉÎÁÍÉËÌÅÒÉÎÉ 
ËÁÐÓÁÙÁÂÉÌÉÒ ÖÅ ÉÌÇÉÌÉ ÓÉÓÔÅÍÉÎ ËÕÒÁÌÌÁÒąÎąÎ ÖÅ 
ÉĥÌÅÙÉÎÉÎ ÄÏøÒÕ ĥÅËÉÌÄÅ ÔÅÍÓÉÌÉ ÏÌÍÁÌąÄąÒȢ 
KÁÌąĥÍÁÄÁ ËąÓąÔÌÁÎÍąĥ ÁÌÁÎ ÉëÉÎ ÌÉÍÂÉË ÓÉÓÔÅÍÉÎ İë 
ÂÏÙÕÔÌÕ ÇĘÓÔÅÒÉÍÉȟ ëÅĥÉÔÌÉ ëÁÌąĥÍÁÌÁÒÁ ÄÁÙÁÎÁÒÁËȠ 
limbik sÉÓÔÅÍÉÎ ÉĥÌÅÙÉĥÉ ÈÁËËąÎÄÁ ëÅĥÉÔÌÉ ÇĘÓÔÅÒÉÍÌÅÒÉ 
ÓÁøÌÁÍÁË ÁÍÁÃąÙÌÁ ÅÌÄÅËÉ ÌÉÍÂÉË ÓÉÓÔÅÍ ÍÏÄÅÌÉ 
ËÕÌÌÁÎąÌÁÒÁË ÐÒÏÔÏÔÉÐ ÂÉÒ ÓÉÍİÌÁÓÙÏÎ ÁÒÁë 
ÈÅÄÅÆÌÅÎÍÉĥÔÉÒȢ "Õ ÐÒÏÔÏÔÉÐÉÎ ÁÒÁÃąÎ ÈÅÍ ÓÁÎÁÌ 
ÇÅÒëÅËÌÉË ÈÅÍ ÁÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉË ÉÌÅ 
ÅÔËÉÌÅĥÅÂÉÌÍÅÓÉ ÁÍÁëÌÁÎÍąĥÔąÒȢ  ¤ÅËÉÌ ςȭÄÅ ÐÒÏÔÏÔÉÐ 
ÆÏÒÍÕÎÄÁȟ ÍÏÄÅÌÉÎ ÉÎÃÅÌÅÎÍÅÓÉÎÉ ÓÁøÌÁÙÁÃÁË 
ÅÔËÉÌÅĥÉÍÌÅÒÅ ÓÁÈÉÐ ÂÉÒ ÓÉÍİÌÁÓÙÏÎÕÎ ÁÒÁÙİÚİ 
ÇĘÒİÌÅÂÉÌÍÅËÔÅÄÉÒȢ  

 

¤ÅËÉÌ ςȢ ,ÉÍÂÉË ÓÉÓÔÅÍÉÎ ÐÒÏÔÏÔÉÐ İë ÂÏÙÕÔÌÕ ÔÅÍÓÉÌÉÎÉÎ 
ëÅĥÉÔÌÉ ËÏÎÔÒÏÌÌÅÒ ÖÅ ÅÔËÉÌÅĥÉÍÌÅÒ ÉÌÅ ÉÎÃÅÌÅÎÍÅÓÉÎÅ 

imkan veren ÕÙÇÕÌÁÍÁ ÁÒÁÙİÚİȢ 

"ÉÒ ÄÉøÅÒ ÓÉÍİÌÁÓÙÏÎ ÔÅÍÅÌÌÉ ÁÒÁë ÉÓÅȟ ÈÅÍ ÕÚÁË 
ÅøÉÔÉÍ ÈÅÍ ÄÅ ÙİÚÙİÚÅ ÅøÉÔÉÍÄÅȟ ÌÉÍÂÉË ÓÉÓÔÅÍÉÎ İë 
ÂÏÙÕÔÌÕ ÏÌÁÒÁË ÙÉÎÅ ÆÁÒËÌą ÅÔËÉÌÅĥÉÍÌÅÒ ÖÅ ËÏÎÔÒÏÌÌÅÒ 
ÉÌÅ ÉÚÉÎ ÖÅÒÅÎȟ ÕÙÇÕÌÁÍÁÎąÎ ÙÁÎąÎÄÁ ÂÁÓÉÔ ÂÉÒ 
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ÐÌÅËÓÉÇÌÁÓ ÄİÚÅÎÅøÉÎÅ ÉÈÔÉÙÁë ÄÕÙÁÎ ÈÏÌogram 
ÇĘÓÔÅÒÉÍ ÁÒÁÃąÄąÒȢ ¤ÅËÉÌ σȭÄÅ ÉÌÇÉÌÉ ÁÒÁÃąÎ ÓąÎąÆ ÅøÉÔÉÍÉ 
ÉëÉÎ ÏÌÕĥÔÕÒÕÌÍÕĥ ÆÏÒÍÕÎÕÎ ÔÅÓÔÉ ÖÅ ĥÅËÉÌ τȢȭÄÅ 
ÕÙÇÕÌÁÍÁ ÉëÉÎÄÅËÉ ÐÒÏÔÏÔÉÐ ÁÒÁÙİÚİ ÇĘÒİÌÅÂÉÌÉÒȢ 

 

 
¤ÅËÉÌ σȢ "ÁÓÉÔ ÐÌÅËÓÉÇÌÁÓ ÄİÚÅÎÅøÉ ËÕÌÌÁÎąÌÁÒÁËȟ ÏÐÔÉË 
ÔÅËÎÉË ÙÁÒÄąÍąÙÌÁ İë ÂÏÙÕÔÌÕ ÌÉÍÂÉË ÓÉÓÔÅÍ ÈÏÌÏÇÒÁÍąȢ 

 
¤ÅËÉÌ τȢ ,ÉÍÂÉË ÓÉÓÔÅÍÉÎ ÈÏÌÏÇÒÁÍ ÏÌÁÒÁË 

ÙÁÎÓąÔąÌÁÂÉÌÍÅÓÉ ÉëÉÎ ÐÒÏÔÏÔÉÐ ÍÏÂÉÌ ÕÙÇÕÌÁÍÁ ÁÒÁÙİÚİȢ 

4ÁÒÔąĥÍÁ 

+ÏÎÓÅÐÔ ÂÁĥÌą ÂÁĥąÎÁ ÂÁøąÍÓąÚ ÂÉÒ ÙÁËÌÁĥąÍ 
ĘÎÅÒÍÅË ÙÅÒÉÎÅȟ ÇÅÌÅÎÅËÓÅÌ ÅøÉÔÉÍ ÙÁËÌÁĥąÍąÎą 
ÚÅÎÇÉÎÌÅĥÔÉÒÉÐ ËÁÔËą ÓÁøÌÁÍÁÙą ÁÙÎą zamanda ilgili 

ÅøÉÔÉÍÉÎȟ ÕÚÁËÔÁÎ ÓÁøÌÁÎÍÁÓąÎą ÄÁÈÁ ÖÅÒÉÍÌÉ ÈÁÌÅ 
ÇÅÔÉÒÍÅÙÉ ÈÅÄÅÆÌÅÍÅËÔÅÄÉÒȢ +ÕÌÌÁÎąÌÁÎ ÔÅËÎÏÌÏÊÉÌÅÒ 
ÖÅ ÙĘÎÔÅÍÌÅÒÄÅÎ ËÁÙÎÁËÌą ÏÌÁÒÁË ÂÉÒ ÔÁËąÍ ÏÌÕÍÓÕÚ 
ÇĘÒİĥÌÅÒ ÖÅ ÓİÒÄİÒİÌÅÂÉÌÉÒÌÉË ÁëąÓąÎÄÁÎ ËÁÙÇąÌÁÒ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ 
vøÒÅÎÍÅ ËÏÎÕÓÕÎÄÁȟ ĘøÒÅÎÃÉÌÅÒÉÎ ÍÁÒÕÚ ËÁÌÄąËÌÁÒą 
ÓÁÎÁÌ ÇÅÒëÅËÌÉË ÏÒÔÁÍąÎÄÁ ÉëÅÒÉË ÖÅ ÅÔËÉÌÅĥÉÍ 
ÙİËİÎİÎ ÙÏøÕÎÌÕøÕ ÖÅ ÂÕÎÕÎ ÙÁÎąÎÄÁȟ ÓÁÎÁÌ 
ÇÅÒëÅËÌÉË ÏÒÔÁÍąÎą ËÕÌÌÁÎÍÁË ÉëÉÎ ÙĘÎÅÔÍÅË 
ÚÏÒÕÎÄÁ ËÁÌąÎÁÎ ÔÅËÎÏÌÏÊÉË ÁÒÁëÌÁÒ ËÁÙÎÁËÌą 
ĘøÒÅÎÃÉÌÅÒÉÎ ȰÂÏøÕÌÄÕøÕȱ ÖÅ ËÁÆÁ ËÁÒąĥąËÌąøą 
ÙÁĥÁÄąøą ÒÁÐÏÒ ÅÄÉÌÍÉĥÔÉÒ ɍρυɎȢ 
dÌÅÒÉ ÔÅËÎÏÌÏÊÉ İÒİÎÌÅÒÉÎÉÎ ÖÅ ÔÅËÎÉËÌÅÒÉÎÉÎ ÅøÉÔÉÍ 
ÁÌÁÎąÎÄÁ ËÕÌÌÁÎąÍąÎÁ ĘÚÅÌÌÉËÌÅ ËÕÒÕÍÌÁÒ ÂÁÚąÎÄÁ ÖÅ 
ÁÙÒąÃÁ ËÉĥÉÓÅÌ ÏÌÁÒÁË ÏÌÕÍÓÕÚ ÙÁËÌÁĥąÌÍÁÓąÎÁ ÓÅÂÅÐ 
ÄÉøÅÒ ÂÉÒ ÅÔËÅÎ ÉÓÅȟ ÈÅÍ ÇÅÌÉĥÔÉÒÍÅ ÈÅÍ ÄÅ ËÕÌÌÁÎąÍ 
ÁĥÁÍÁÌÁÒąÎÄÁ ÅÚÉÃÉ ÍÁÌÉÙÅÔÌÅÒÉÎ ÓĘÚ ËÏÎÕÓÕ ÏÌÍÁ 
ÉÈÔÉÍÁÌÉ ÖÅ ÂÕÎÁ ÂÁøÌą ÏÌÁÒÁË ÂÉÒ ÁÒÁë ÏÌÁÒÁË 
ÓİÒÄİÒİÌÅÂÉÌÉÒÌÉøÉÎÉ ÙÉÔÉÒÍÅÓÉÄÉÒȢ 
-ÏÂÉÌ ĘøÒÅÎÍÅÙÌÅ ÉÌÇÉÌÉ ÄİÎÙÁ ÇÅÎÅÌÉÎÄÅËÉ ÔİÍ 
ÏÌÕÍÌÕ ëÁÌąĥÍÁÌÁÒÁ ÒÁøÍÅÎ ÇÅÎëÌÅÒÄÅ ÔÅËÎÏÌÏÊÉ 
ÂÁøąÍÌąÌąøąȟ ÄÉËËÁÔ ÄÁøąÔÍÁ ÐÏÔÁÎÓÉÙÅÌÉ ÖÅ ÔąÐ 
ÅøÉÔÉÍÉÎÄÅ ËÌÉÎÉË ÍÕÈÁËÅÍÅÎÉÎ ÙÅÒÉÎÅ ÇÅëÍÅÓÉ ÇÉÂÉ 
ÅÎÄÉĥÅÌÅÒ ÄÅ ÂÕÌÕÎÍÁËÔÁÄąÒ ɍρφɎȢ 
'ÅÌÉĥÅÎ ÔÅËÎÏÌÏÊÉÎÉÎ ÖÅ ÔİËÅÔÉÃÉ ÓÅÖÉÙÅÓÉÎÄÅËÉ 
ÙİËÓÅË ÔÅËÎÏÌÏÊÉ İÒİÎÌÅÒÉÎÉÎ ÐÏÔÁÎÓÉÙÅÌ ÉĥÌÅÍ ÇİÃİ 
ÉÌÅ ÂÅÒÁÂÅÒÉÎÄÅ ÇÅÔÉÒÄÉøÉ ËÁÐÁÓÉÔÅ ÖÅ ÙÅÔÅÎÅËȟ ÉÌÅÒÉ 
ÙİËÓÅË ÔÅËÎÏÌÏÊÉ İÒİÎÌÅÒÉÎÉÎ ÍÁÓÒÁÆ ËÁÙÎÁËÌą 
ÓİÒÄİÒİÌÅÂÉÌÉÒÌÉË ÐÒÏÂÌÅÍÉÎÅ ÂİÙİË ÏÒÁÎÄÁ ëĘÚİÍ 
ÇÅÔÉÒÍÅËÔÅȟ ÄÁÈÁ ĘÎÃÅÌÅÒÉȟ ÇÅÒëÅËÌÅĥÔÉÒÅÂÉÌÍÅË 
ÇÅÒÅË ÄÕÙÕÌÁÎ ÉĥÌÅÍ ÇİÃİÎÅ ÅÒÉĥÍÅÙÉ ÓÁøÌÁÙÁÃÁË 
ÂİÔëÅÎÉÎ ÂİÙİË ËÕÒÕÍÌÁÒ ÉëÉÎ ÂÉÌÅ ÓÁøÌÁÎÍÁÓą 
ÚÏÒËÅÎȟ ÇİÎİÍİÚÄÅ ËÉĥÉÓÅÌ ÏÌÁÒÁË ËÕÌÌÁÎąÌÍÁËÔÁ 
ÏÌÁÎ ÁËąÌÌą ÔÅÌÅÆÏÎ ÇÉÂÉ ÃÉÈÁÚÌÁÒȟÂÕ  ëÁÌąĥÍÁÄÁ ÏÒÔÁÙÁ 
ËÏÙÕÌÁÎ ÁÒÁëÌÁÒąÎ ÖÅ ËÏÎÓÅÐÔÉÎ ÕÙÇÕÌÁÎÁÂÉÌÍÅÓÉ ÖÅ 
ËÕÌÌÁÎąÌÁÂÉÌÍÅÓÉ ÉëÉÎ ÆÁÚÌÁÓąÙÌÁ ÙÅÔÅÒÌÉÄÉÒȢ  
%øÉÔÉÍ ÖÅ ĘøÒÅÎÉÃÉ ÙĘÎÌİ ËÁÙÇąÌÁÒąÎ ÉÓÅ ëÁÌąĥÍÁÌÁÒąÎ 
ÉÌÅÒÌÅÔÉÌÉÐ ÇÅÎÉĥÌÅÔÉÌÍÅÓÉ ÖÅ ÄÅÒÉÎÌÅĥÔÉÒÉÌÍÅÓÉ ÉÌÅ 
ÅÒÉĥÉÌÅÂÉÌÅÃÅË ëĘÚİÍÌÅÒÉÎ ÙÁÒÄąÍąÙÌÁ 
ÇÉÄÅÒÉÌÅÂÉÌÅÃÅøÉ ÄİĥİÎİÌÍÅËÔÅÄÉÒȢ  
!ÙÒąÃÁ ËÁÙÇąÌÁÒąÎ ÙÁÎąÎÄÁȟ ëÁÌąĥÍÁÄÁ ÓÕÎÕÌÁÎ 
ÙÁËÌÁĥąÍÁ ÂÅÎÚÅÒ ÙÁËÌÁĥąÍÌÁÒąÎ ÁËÔÉÆ ÆÁÙÄÁÌÁÒą ÄÁ 
ÇĘÒİÌÅÂÉÌÍÅËÔÅÄÉÒȢ 
3ÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉÎÄÅ ÇÉÄÅÒÅË ÁÒÔÁÎ ÇÅÒëÅË 
ÚÁÍÁÎÌą ÓÉÍİÌÁÓÙÏÎÌÁÒ ÖÅ ÓÁÎÁÌ ÈÁÓÔÁ ÕÙÇÕÌÁÍÁÌÁÒą 
ÖÁËÁ ÓÅÎÁÒÙÏ ëÅĥÉÔÌÉÌÉøÉÎÉ ÁÒÔÔąÒÍÁ ÉÍËÁÎą 
ÓÁøÌÁÍÁËÔÁÄąÒȢ !ÒÔąÒąÌÍąĥ ÇÅÒëÅËÌÉË ÖÅ σ ÂÏÙÕÔÌÕ 
ÏÒÔÁÍÌÁÒąÎ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉÎÄÅ ÄÅ ÙÅÒÉÎÉ 
ÁÌÍÁÓąÙÌÁ İÎÉÖÅÒÓÉÔÅÌÅÒÉÎ ÇÅÒëÅË ÖÁËÁ ÂÁøąÍÌąÌąøą 
ve  ĘøÒÅÎÃÉÌÅÒÉÎ ÖÁËÁÌÁÒÁ ÅÒÉĥÉÍ ËąÓąÔÌąÌąøą 
azalmaktaÄąÒ ɍρχɎȢ 
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9ÉÎÅ ÄÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉÎÅ ÂÉÌÇÉÓÁÙÁÒ ÖÅ 
ÍÏÂÉÌ ÃÉÈÁÚÌÁÒ ÙÁÒÄąÍąÙÌÁ ĘøÒÅÎÍÅÎÉÎ ÁÖÁÎÔÁÊÌÁÒą 
ÁÒÁÓąÎÄÁ ÄİĥİË ÍÁÌÉÙÅÔÌÅ  ÂÉÌÇÉÌÅÒÉ ËÁÌąÃąÌÁĥÔąÒÍÁÙÁ 
ÙÁÒÄąÍÃą ÏÌÍÁËȟ ÄÁÈÁ ÁÚ ĘøÒÅÔÍÅÎ ÇÅÒÅËÓÉÎÉÍÉȟ 
ĘøÒÅÎÍÅ ÓİÒÅÃÉÎÄÅ ÈąÚÌą ÇÅÒÉ ÂÉÌÄÉÒÉÍÉÎ ÓÁøÌÁÎÍÁÓą 
ÖÅ ÓÉÍİÌÁÓÙÏÎÌÁÒ ÁÒÁÃąÌąøąÙÌÁ ÈÁÓÔÁÌÁÒąÎ ÚÁÒÁÒ ÇĘÒÍÅ 
ÒÉÓËÉÎÉÎ ÁÚÁÌÍÁÓą ÓÁÙąÌÁÂÉÌÉÒ ɍρψɎȢ 
4İÒËÉÙÅȭÄÅ 3ÅÎÅÒ ÖÅ ÁÒËȢ ÎąÎ ψρ ÄÉĥ ÈÅËÉÍÌÉøÉ 
ĘøÒÅÎÃÉÓÉÎÉÎ ÍÏÂÉÌ ĘøÒÅÎÍÅ ÁÌąĥËÁÎÌąËÌÁÒąÎą 
ÉÎÃÅÌÅÄÉËÌÅÒÉ ÁÒÁĥÔąÒÍÁÙÁ ÇĘÒÅ ÄÉÚİÓÔİ ÂÉÌÇÉÓÁÙÁÒą 
ÏÌÁÎ ĘøÒÅÎÃÉÌÅÒÉÎ ÏÒÁÎą (% 85.20) bir ÁËąÌÌą 
ÔÅÌÅÆÏÎÄÁÎ ɉϷ ωχȢυπɊ ÄÁÈÁ ÄİĥİË ÏÌÄÕøÕÎÄÁÎ ÖÅ 
ëÏøÕ ĘøÒÅÎÃÉÎÉÎ ÍÏÂÉÌ ÉÎÔÅÒÎÅÔ ÐÁËÅÔÌÅÒÉ ɉϷ ωψȢψπɊ 
ÏÌÄÕøÕÎÄÁÎȟ ĘøÒÅÎÃÉÌÅÒÉÎ ÉÎÔÅÒÎÅÔÅ ÂÁøÌÁÎÍÁË ÉëÉÎ 
ÅÎ ëÏË ÁËąÌÌą ÔÅÌÅÆÏÎÌÁÒą ÔÅÒÃÉÈ ÅÔÔÉøÉ ÏÒÔÁÙÁ 
ËÏÎÍÕĥÔÕÒȢ 9ÁÐąÌÁÎ ÄÅøÅÒÌÅÎÄÉÒÍÅÄÅ ĘøÒÅÎÃilerin 
Ϸψφȟω ȬÕÎÕÎ ÄÅÒÓÌÅÒÄÅ ÍÏÂÉÌ ĘøÒÅÎÍÅÙÅ ÙĘÎÅÌÉË 
ÏÌÕÍÌÕ ÔÕÔÕÍÌÁÒą ÏÌÄÕøÕÎÕ ÇĘÓÔÅÒÍÉĥÌÅÒÄÉÒ ɍρωɎȢ 
%+' ȬÎÉÎ ÕÙÇÕÌÁÍÁ ÖÅ ÙÏÒÕÍÌÁÎÍÁÓąÎÄÁÎȟ 
ÈÉÓÔÅÒÅÓËÏÐÉ ÖÅ ÌÁÐÁÒÏÓËÏÐÉ ÅøÉÔÉÍÌÅÒÉÎÅȟ 
ÄÅÒÍÁÔÏÐÁÔÏÌÏÊÉË ÐÒÏÂÌÅÍ ëĘÚİÍÌÅÒÉÎÅ ËÁÄÁÒ 
ÓÉÍİÌÁÓÙÏÎÌÁÒ ÅøÉÔÉÍ ÁÍÁëÌą ÄÅÎÅÎÍÉĥ ÖÅ ÂÁĥÁÒąÌą 
ÓÏÎÕëÌÁÒ ÁÌąÎÍąĥÔąÒ ɍςπɎȢ 

3ÏÎÕë 

4ąÐ ÖÅ ÓÁøÌąË ÂÉÌÉÍÌÅÒÉ ÅøÉÔÉÍÉȟ ÓİÒÅËÌÉ ÇİÎÃÅÌÌÅÎÅÎ 
bilgiler sebebiyle  ÌÉÓÁÎÓȟ ÕÚÍÁÎÌąË ÅøÉÔÉÍÉ ÖÅ 
ëÁÌąĥÍÁ ÈÁÙÁÔą ÄÁ ÄÁÈÉÌ ÏÌÍÁË İÚÅÒÅ ÙÁĥÁÍ ÂÏÙÕ 
ĘøÒÅÎÍÅÙÉ ËÁÐÓÁÍÁÌąÄąÒȢ -ÏÂÉÌ ÕÙÇÕÌÁÍÁÌÁÒąÎ ÂÉÒÁÚ 
ĘÔÅÓÉÎÄÅ ÙÁÐÁÙ ÚÅËÁÎąÎ ĘøÒÅÎÍÅ ÍÏÄÅÌÌÅÒÉÎÅ 
ÕÙÇÕÌÁÎÍÁÓą ÙÅÒ ÁÌÍÁËÔÁÄąÒȢ ςπππȭÌÉ ÙąÌÌÁÒÁ ËÁÄÁÒ 
ÔąÐ ÅøÉÔÉÍÄÅ ÙÁÐÁÙ ÚÅËÁÙÁȟ !44%.$).' ÖÅ '5)$/. 
ÇÉÂÉ ÐÒÏÊÅÌÅÒ ÄąĥąÎÄÁȟ ëÏË ÁÚ ÒÁÓÔÌÁÎÍÁËÌÁ ÂÉÒÌÉËÔÅ 
ÓÏÎ ςπ ÙąÌÄÁ ÇÉÔÔÉËëÅ ÁÒÔÁÎ ÂÉÒ ÉÖÍÅ ÉÌÅ ËÁÒĥąÍąÚÁ 
ëąËÍÁËÔÁÄąÒ ɍςρɎȢ 
'ÅÌÅÎÅËÓÅÌ ÅøÉÔÉÍÉÎ ÙÁÎąÎÄÁ ÍÏÄÅÒÎ 
ÙÁËÌÁĥąÍÌÁÒąÎÄÁ ÔąÐ ÅøÉÔÉÍÉÎÄÅ ËÕÌÌÁÎąÌÍÁÓąȟ ĘÒÎÅË 
ëÁÌąĥÍÁÌÁÒÄÁÎ ÄÁ ÁÎÌÁĥąÌÁÂÉÌÅÃÅøÉ ÖÅ ÇĘÒİÌÅÂÉÌÅÃÅøÉ 
İÚÅÒÅ ÏÌÕÍÌÕ ÅÔËÉÌÅÒ ÙÁÒÁÔÍÁËÔÁÄąÒȢ 9İËÓÅË 
ÔÅËÎÏÌÏÊÉ ÁÒÁëÌÁÒąÎąÎ ÖÅ ëÅĥÉÔÌÉ ÔÅËÎÉËÌÅÒÉÎ ÙÁÒÄąÍą 
ile geleneksel teknolojinin yeterli verimlilikle 
ÁËÔÁÒÁÍÁÙÁÃÁøą ÅøÉÔÉÍÉÎ ÖÅ ÂÉÌÇÉÎÉÎȟ ÂÕ ÙÏÌÌÁ 
ÁËÔÁÒąÌÍÁÓąÎąÎ ÍİÍËİÎ ÏÌÄÕøÕ ÄİĥİÎİÌÍÅËÔÅÄÉÒȢ  
KÁÌąĥÍÁÙÁ ËÏÎÕ ÏÌÁÎ ÐÒÏÔÏÔÉÐ ÕÙÇÕÌÁÍÁ ÖÅ 
ËÏÎÓÅÐÔÔÅ ÄÁÈÁ ĘÎÃÅ ÄÅ ÂÅÌÉÒÔÉÌÄÉøÉ ÇÉÂÉ ÔÅÍÅÌ ÁÌąÎÁÎ 
ÙĘÎÔÅÍ ÖÅ ÈÅÄÅÆÌÅÒÉÎ ÕÙÇÕÌÁÎÍÁÓą ÖÅ ËÕÌÌÁÎąÌÍÁÓą 
ÉëÉÎ ÇÅÒÅË ÄÕÙÕÌÁÎ ÐÌÁÔÆÏÒÍÕÎȟ ÇİÎÄÅÌÉË ÈÁÙÁÔąÎ ÂÉÒ 
ÐÁÒëÁÓą ÏÌÁÎ ÁËąÌÌą ÔÅÌÅÆÏÎÌÁÒ ÖÅ ÂÕ ÃÉÈÁÚÌÁÒąÎ 
ÐÏÔÁÎÓÉÙÅÌ ÅÔËÉÌÅĥÉÍÌÅÒÉ ÄİĥİÎİÌÄİøİÎÄÅȠ ÈÅÍ ÂÕ 
ëÁÌąĥÍÁ ÉëÉÎ ÈÅÍ ÄÅ ëÁÌąĥÍÁÎąÎ ËÏÎÕ ÁÌÄąøą ÔąÐ 
ÅøÉÔÉÍÉÎÄÅ ÕÚÁËÔÁÎ ÅøÉÔÉÍȟ ÙİËÓÅË ÔÅËÎÏÌÏÊÉÎÉÎ ÖÅ 
tekÎÉËÌÅÒÉÎ ÔąÐ ÅøÉÔÉÍÉÎÄÅ ËÕÌÌÁÎąÌÍÁÓą ËÏÎÕÌÁÒąÎÄÁ 

ÍÁÌÉÙÅÔ ÅÔËÉÎ ÖÅ ÓİÒÄİÒİÌÅÂÉÌÉÒ ÁÒÁëÌÁÒ 
ÓÁøÌÁÙÁÂÉÌÅÃÅøÉ ÁëąË ÂÉÒ ĥÅËÉÌÄÅ ÇĘÒİÌÅÂÉÌÍÅËÔÅÄÉÒȢ 
%øÉÔÉÍ ÙĘÎÔÅÍÌÅÒÉ ÖÅ ÁÌąĥËÁÎÌąËÌÁÒ ËÁÙÎÁËÌą 
ÏÌÕĥÁÂÉÌÅÃÅË ÏÌÕÍÓÕÚ ÅÔËÅÎÌÅÒÉÎȟ ËÏÎÕ İÚÅÒÉÎÅ 
ÙÁÐąÌÁÃÁË ëÁÌąĥÍÁÌÁÒąÎ ÓÏÎÕÃÕÎÄÁ ÇÉÄÅÒÉÌÅÂÉÌÅÃÅøÉȟ 
ÁÙÒąÃÁ ÈÅÒ ÙÅÎÉ ÎÅÓÌÉÎ ÙİËÓÅË ÔÅËÎÏÌÏÊÉ ÁÒÁëÌÁÒą ÖÅ 
ÙĘÎÔÅÍÌÅÒÉ ÉÌÅ ÏÌÁÎ ÁÒÔÁÎ ÅÔËÉÌÅĥÉÍÉ ÇĘÚ ĘÎİÎÄÅ 
ÂÕÌÕÎÄÕÒÕÌÄÕøÕÎÄÁȟ ËÏÎÓÅÐÔÉÎ ÖÅ ÁÒÁëÌÁÒąÎ ÙÅÒ ÙÅÒ 
ÏÌÕÍÓÕÚ ÇĘÒİÌÅÎ ÙĘÎÌÅÒÉÎÉÎ ÏÒÔÁÄÁÎ ËÁÌËÁÃÁøą 
ÄİĥİÎİÌÍÅËÔÅÄÉÒȢ 9ÉÎÅ ÓĘÚËÏÎÕÓÕ ÁÒÔan ve 
ÇİëÌÅÎÅÎ ÅÔËÉÌÅĥÉÍȟ ÉÎÔÅÒÎÅÔÉÎ ÓÁøÌÁÄąøą ÂÉÌÇÉÙÅ 
ÅÒÉĥÉÍ ĘÚÇİÒÌİøİ ÖÅ ÐÏÔÁÎÓÉÙÅÌÉ ÇĘÚ ĘÎİÎÄÅ 
ÂÕÌÕÎÄÕÒÕÌÄÕøÕÎÄÁȟ ÇÅÌÅÎÅËÓÅÌ ÅøÉÔÉÍÉÎ ÙİËÓÅË 
ÔÅËÎÏÌÏÊÉ ÉëÅÒÅÎ ÁÒÁëÌÁÒÌÁ ÇÅÎÉĥÌÅÔÉÌÍÅÓÉ ÖÅ 
ÚÏÒÕÎÌÕÌÕË ÄąĥąÎÄÁ ÄÁÈÉ ÕÚÁËÔÁÎ ÅøÉÔÉÍÉÎ 
ÓÁøÌÁÎÍÁÓą ÖÅ ÉÙÉÌÅĥÔÉÒÉÌÍesi de verimli, 
ÓİÒÄİÒİÌÅÂÉÌÉÒ ÖÅ ÁÎÌÁÍÌą ÅøÉÔÉÍ ÙÁËÌÁĥąÍą ÉëÉÎ ÂÉÒ 
ÉÈÔÉÙÁëÔąÒȢ 

4ÅĥÅËËİÒ 

4ÁÓÁÒÌÁÄąøąÍąÚ ÖÅ ÂÕ ëÁÌąĥÍÁÎąÎ ĥÅËÉÌÌÅÎÍÅÓÉÎÄÅ 
ÂİÙİË ÅÔËÅÎ ÏÌÁÎ $ÕÙÇÕÌÁÒ ÖÅ -ÉÍÉËÌÅÒ 3ÅÒÇÉÓÉȭÎÉÎ 
ÆÉËÉÒ ÓÁÈÉÂÉ ¤ÅÙÍÁ 9­:­!+ȭÁȟ ÇÅÌÉĥÔÉÒÉÌÅÎ ËÏÎÓÅÐÔ ÖÅ 
ÁÒÁëÌÁÒąÎ ÏÒÔÁÙÁ ëąËÍÁÓąÎÄÁËÉ ĘÎÅÍÌÉ ËÁÔËąÌÁÒąÎÄÁÎ 
ÄÏÌÁÙą ÔÅĥÅËËİÒ ÅÄÅÒÉÚȢ 
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!ÙÄąÎ !ÄÎÁÎ -ÅÎÄÅÒÅÓ ­ÎÉÖÅÒÓÉÔÅȟ &ÅÎ-%ÄÅÂÉÙÁÔ &ÁËİÌÔÅÓÉȟ -ÁÔÅÍÁÔÉË "ĘÌİÍİȟ  
!ÙÄąÎȟ 4­2+d9% 

vÚÅÔ 

3ÏÎ ÙąÌÌÁÒÄÁ ÂÉÌÇÉÓÁÙÁÒ ÖÅ ÉÎÔÅÒÎÅÔ ÔÅËÎÏÌÏÊÉÌÅÒÉÎÄÅ ëÏË ÂİÙİË ÇÅÌÉĥÍÅÌÅÒ ÏÌÍÁËÔÁÄąÒȢ !ÒÔąË ëÏøÕÍÕÚ ÙÁÚąÌą ÖÅÙÁ 
ÇĘÒÓÅÌ ÈÅÒ ÔİÒÌİ ÖÅÒÉÙÅ ÅÒÉĥÅÂÉÌÍÅËÔÅÙÉÚȢ &ÁËÁÔȟ ĘÚÅÌÌÉËÌÅ ÄÉÊÉÔÁÌ ÍÅÔÉÎÌÅÒÉÎ ëÏË ÁÒÔÍÁÓąȟ ÂÕ ÖÅÒÉÌÅÒÅ ÅÒÉĥÉÍÄÅ 
ÙÁÖÁĥÌąøÁ ÓÅÂÅÐ ÏÌÍÁËÔÁÄąÒȢ !ÙÎą ÚÁÍÁÎÄÁ ÄÏøÒÕ ÖÅÒÉÙÅ ÕÌÁĥÍÁÍąÚą ÄÁ ÇİëÌÅĥÔÉÒÍÅËÔÅÄÉÒȢ "Õ ÓÅÂÅÐÌÅ ÍÅÔÉÎ 
ÖÅÒÉÌÅÒÉÎÉÎ ÓąÎąÆÌÁÎÄąÒąÌÍÁÓą ÂÉÒ ÚÏÒÕÎÌÕÌÕË ÈÁÌÉÎÅ ÇÅÌÍÉĥÔÉÒȢ "ĘÙÌÅÃÅ ÍÅÔÉÎ ÖÅÒÉÌÅÒÉÎÅ ëÏË ÈąÚÌą ÖÅ ÄÏøÒÕ ÂÉÒ 
ĥÅËÉÌÄÅ ÕÌÁĥÁÂÉÌÉÒÉÚȢ $ÏøÁÌ ÄÉÌ ÉĥÌÅÍÅÄÅ ÅÎ ÔÅÍÅÌ ÇĘÒÅÖÌÅÒÄÅÎ ÏÌÁÎ ÍÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁȟ ÄÏËİÍÁÎÌÁÒąÎ ÏÔÏÍÁÔÉË 
ÏÌÁÒÁË ĘÎÃÅÄÅÎ ÂÅÌÉÒÌÅÎÍÉĥ ÍÅÔÉÎ ÓąÎąÆÌÁÒąÎÁ ÁÔÁÎÍÁÓą ÉĥÌÅÍÉÄÉÒȢ 3ąÎąÆÌÁÎÄąÒÍÁ ÐÒÏÂÌÅÍÌÅÒÉÎÄÅ ÍÅÔÉÎ ÖÅÒÉÌÅÒÉ 
ÉÌË ÏÌÁÒÁË ÅøÉÔÉÍ ÖÅ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ ÏÌÍÁË İÚÅÒÅ ÉËÉ ËąÓÍÁ ÂĘÌİÎİÒȢ %øÉÔÉÍ ÖÅÒÉ ÓÅÔÉ ÉÌÅ ÓąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÔÌÁÒą 
ÅøÉÔÉÌÄÉËÔÅÎ ÓÏÎÒÁ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ ÉÌÅ ÅøÉÔÉÌÍÉĥ ÓÉÓÔÅÍÉÎ ÂÁĥÁÒąÓą ÔÅÓÐÉÔ ÅÄÉÌÉÒȢ -ÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁȟ ĘÎ ÉĥÌÅÍÅȟ 
ĘÚÎÉÔÅÌÉËÌÅÒÉÎ ëąËÁÒąÌÍÁÓąȟ ÓÉÓÔÅÍÉÎ ÅøÉÔÉÌÍÅÓÉ ÖÅ ÔÅÓÔ ÅÄÉÌÍÅÓÉ ÏÌÍÁË İÚÅÒÅ ÄĘÒÔ ÓÁÆÈÁÄÁÎ ÏÌÕĥÍÁËÔÁÄąÒȢ vÎ 
ÉĥÌÅÍÅÄÅȟ ÅÔËÉÓÉÚ ÓĘÚÃİËÌÅÒÉÎ ÄÏËİÍÁÎÌÁÒÄÁÎ ÁÔąÌÍÁÓą ÖÅ ÂİÙİË ÈÁÒÆÌÅÒÉÎ ËİëİË ÈÁÒÆÌÅÒÅ ÄĘÎİĥÔİÒİÌÍÅÓÉ ÇÉÂÉ 
ÄÏËİÍÁÎ ÙÁÌąÎÌÁĥÔąÒÍÁ ÉĥÌÅÍÌÅÒÉ ÙÁÐąÌąÒȢ vÚÎÉÔÅÌÉËÌÅÒÉÎ ëąËÁÒąÌÍÁÓą ÓÁÆÈÁÓąÎÄÁ ÉÓÅ ÈÅÒ ÄÏËİÍÁÎȟ ÔÅÒÉÍ ÆÒÅËÁÎÓ-
ÔÅÒÓ ÄÏËİÍÁÎ ÆÒÅËÁÎÓ ÄÅøÅÒÌÅÒÉÎÄÅÎ ÏÌÕĥÁÎ ÖÅËÔĘÒÌÅÒÅ ÄĘÎİĥÔİÒİÌİÒȢ 'ÅÒÅËÉÒÓÅȟ ÓÉÓÔÅÍÉÎ ÂÁĥÁÒąÓąÎą ÖÅ ÈąÚąÎą 
ÁÒÔąÒÍÁË ÉëÉÎ ÂÕ ÖÅËÔĘÒÌÅÒÉÎ ÂÏÙÕÔÌÁÒą ÁÚÁÌÔąÌÁÂÉÌÉÒȢ %øÉÔÉÍ ÁĥÁÍÁÓąÎÄÁ ÖÅÒÉ ÍÁÄÅÎÃÉÌÉøÉ ÙĘÎÔÅÍÌÅÒÉ ÂÕ 
ÖÅËÔĘÒÌÅÒÌÅ ÅøÉÔÉÌÉÒȢ 3ÉÓÔÅÍ ÅøÉÔÉÌÄÉËÔÅÎ ÓÏÎÒÁ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉÎÄÅËÉ ÄÏËİÍÁÎÌÁÒąÎ ÈÁÎÇÉ ÓąÎąÆÁ ÁÉÔ ÏÌÄÕËÌÁÒą 
beliÒÌÅÎÅÂÉÌÉÒ ÖÅ ÓÉÓÔÅÍÉÎ ÂÁĥÁÒąÓą ÈÅÓÁÐÌÁÎÁÂÉÌÉÒȢ 3ÉÓÔÅÍÉÎ ÅøÉÔÉÌÍÅÓÉÎÄÅ ÖÅ ÔÅÓÔ ÅÄÉÌÍÅÓÉÎÄÅ ÍÅÒËÅÚ ÔÁÂÁÎÌą 
metotlardan 3ÔÁÎÄÁÒÔ -ÅÒËÅÚ 4ÁÂÁÎÌą -ÅÔÏÔȟ 9ÁËÌÁĥÔąÒ-5ÚÁËÌÁĥÔąÒ -ÅÔÏduȟ 'ÅÎÉĥ -ÅÓÁÆÅ 9ÁËÌÁĥÔąÒ-5ÚÁËÌÁĥÔąÒ 
Metodu ÖÅ KÅËÉÍ -ÏÄÅÌÉ ÉÌe $ÅÓÔÅË 6ÅËÔĘÒ -ÁËinesi , Naive Bayes ve K-%Î 9ÁËąÎ +ÏÍĥÕ ÍÅÔÏÔÌÁÒą 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ "Õ ÍÅÔÏÔÌÁÒąÎ ÂÁĥÁÒąÌÁÒą 4İÒËëÅ ÖÅÒÉ ÓÅÔÌÅÒÉ İÚÅÒÉÎÄÅȟ +-+ÁÔ KÁÐÒÁÚ 'ÅëÅÒÌÉÌÉË ÙÁÐąÌÁÒÁËȟ 
$ÏøÒÕÌÕË ÖÅ &ρ-vÌëİÓİ ÍÅÔÒÉËÌÅÒÉ ÉÌÅ ÈÅÓÁÐÌÁÔąÌÍąĥ ÖÅ ËÁÒĥąÌÁĥÔąÒąÌÍąĥÔąÒȢ  

 

Anahtar Kelimeler : MetiÎ 3ąÎąÆÌÁÎÄąÒÍÁȟ -ÅÒËÅÚ 4ÁÂÁÎÌą 3ąÎąÆÌÁÎÄąÒÍÁȟ $ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅÓÉȟ .ÁÉÖÅ "ÁÙÅÓȟ +-EYK 

Centroid -Based Categorization on Turkish Text Data  

Abstract  

In recent years there have been dramatically huge developments in computer and internet technologies. Most 
of us are now able to access almost all types of written or visual data. However, especially the increase in the 
number of digital texts causes slow access to these data. Furthermore, it obstructs access to accurate data. For 
this reason, the classification of text data has become essential. Thus, we can access the text data very quickly 
and accurately. Text classification, which is one of the most basic tasks in Natural Language Processing, the 
process of automatically assigning documents to text classes according to its content. In classification 
problems, first of all, the text data is divided into two parts as the training and test data set. After training the 
classification methods with the training data set, the success of the system is determined with the test data 
set. The text classification consists of four stages: preprocessing, feature extraction, training, and testing of the 
system. In pre-processing, document cleaning is done, such as removing stop words from documents and 
converting upper case letters to lower case. In the phase of feature extraction, each document is converted 
into feature vectors consisting of the term frequency-inverse document frequency values. If necessary, the 
dimensions of these vectors can be reduced to increase the success and speed of the system. In the training 
phase, data mining methods are trained with these vectors. After the training stage, the class of the documents 
in the test data set can be determined, and the success of the system can be calculated. In training and testing,  
we have used the centroid methods as Standard Centroid-Based Method, Drag-Push Method, Large Margin 
Drag Push Method, Gravitational Model, and we have compared with the methods as K-Nearest Neighbor, 
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Naive Bayes, and Support Vector Machine. The effectiveness of the systems has been tested with K-Fold Cross 
Validation, and the achievements of these methods have been computed on Turkish data sets according to 
Accuracy and F1-measure metrics. 

Keywords: Text Categorization, Centroid-Based Categorization, Support Vector Machine, Naive Bayes, K-NN 

'ÉÒÉĥ 

'İÎİÍİÚÄÅ ÂÉÌÇÉÓÁÙÁÒ ÔÅËÎÏÌÏÊÉÌÅÒÉÎÉÎ ëÏË ÈąÚÌą 
ÇÅÌÉĥÍÅÓÉÎÄÅÎ ÄÏÌÁÙą ÍÅÔÉÎ ÖÅÒÉÌÅÒÉ ëÏË ÂİÙİË 
ĘÌëİÄÅ ÁÒÔÍąĥÔąÒȢ "Õ ÖÅÒÉÌÅÒÉ ÂÉÒÅÙÓÅÌ ÏÌÁÒÁË ËÏÎÔÒÏÌ 
ÅÔÍÅËȟ ÉÎÃÅÌÅÍÅË ÖÅÙÁ ÓąÎąÆÌÁÎÄąÒÍÁË ÁÒÔąË 
ÍİÍËİÎ ÄÅøÉÌÄÉÒȢ KİÎËİ ÂÕÎÕ ÙÁÐÍÁË ÉëÉÎ ÈÅÍ ëÏË 
zaman gerekir, heÍ ÄÅ ÂÕ ÉĥÌÅÍȟ ÉÎÓÁÎÌÁÒ ÉëÉÎ ëÏË 
ÓąËąÃą ÖÅ Çİë ÂÉÒ ÄÕÒÕÍÄÕÒȢ !ÙÎą ÚÁÍÁÎÄÁ ÂÅÌÉÒÌÉ 
ÍÅÔÉÎÌÅÒÉÎ ÓąÎąÆÌÁÎÄąÒąÌÍÁÓą ËÉĥÉÙÅ ÇĘÒÅ ÄÅøÉĥÅÂÉÌÉÒ 
yani objektif olmayabilir. Bu sebeple metinlerin 
ÏÔÏÍÁÔÉË ÏÌÁÒÁË ÓąÎąÆÌÁÎÄąÒąÌÍÁÓą ÇÅÒÅËÍÅËÔÅÄÉÒȢ 
"ĘÙÌÅÃÅ ëÏË ÄÁÈÁ ÈąÚÌąȟ ëÏË ÄÁÈÁ ÂÁĥÁÒąÌą ÖÅ ÏÂÊÅËÔÉÆ 
ÂÉÒ ÓąÎąÆÌÁÎÄąÒÍÁ ÙÁÐąÌÍąĥ ÏÌÕÒȢ  

-ÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁ [1, 2, 3, 4, 5], metin 
ÄÏËİÍÁÎÌÁÒąÎ ĘÎÃÅÄÅÎ ÂÅÌÉÒÌÅÎÍÉĥ ÓąÎąÆÌÁÒÁ 
ÏÔÏÍÁÔÉË ÏÌÁÒÁË ÁÔÁÎÍÁÓą ÉĥÌÅÍÉÄÉÒȢ /ÔÏÍÁÔÉË 
ÓąÎąÆÌÁÎÄąÒÍÁȟ ÂİÙİË ÍÉËÔÁÒÄÁËÉ ÖÅÒÉÌÅÒÄÅÎ ĘÎÅÍÌÉ 
bilgilere ÅÒÉĥÉÍ, ÈąÚÌą ÏÌÁÃÁøąÎÄÁÎ ÏÌÄÕËëÁ 
ÆÁÙÄÁÌąÄąÒȢ -ÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁÙą ÂÁĥÁÒąÙÌÁ 
ÇÅÒëÅËÌÅĥÔÉÒÍÅËȟ ÖÅÒÉ ÓÅÔÌÅÒÉÎÄÅËÉ ÂİÙİË 
miktardaki  ÄÏËİÍÁÎÌÁÒÄÁÎȟ ÄÏËİÍÁÎÌÁÒÄÁËÉ 
ĘÚÎÉÔÅÌÉËÌÅÒÉÎ ëÏË ÆÁÚÌÁ ÏÌÍÁÓąÎÄÁÎ ÖÅ ëÏË ÓÁÙąÄÁ 
ÓąÎąÆÌÁÒąÎ ÏÌÁÂÉÌÍÅÓÉÎÄÅÎ ÄÏÌÁÙą ÚÏÒ ÂÉÒ ÓİÒÅëtir.  

-ÅÒËÅÚ  ÔÁÂÁÎÌą ÓąÎąÆÌÁÎÄąÒąÃąÌÁÒ [6, 7, 8, 9, 10, 11]  
ÍÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÔÌÁÒą ÁÒÁÓąÎÄÁ ëÏË ÔÅÒÃÉÈ 
ÅÄÉÌÅÎ ÍÅÔÏÔÌÁÒÄÁÎÄąÒȢ KİÎËİ ÄÉøÅÒ ÍÅÔÏÔÌÁÒÁ ÇĘÒÅ 
ÏÌÄÕËëÁ ÈąÚÌąÄąÒÌÁÒȢ %øÉÔÉÍ ÁĥÁÍÁÓąÎÄÁ ÁÌÇÏÒÉÔÍÁ 
ËÁÒÍÁĥąËÌąøą ÄÏøÒÕÓÁÌÄąÒȢ "Õ ÙİÚÄÅÎ ëÏË ÂİÙİË 
boyuttaki metinleri n ÓąÎąÆÌÁÎÄąÒąÌÍÁÓąÎÄÁ ĘÎÅÍÌÉ 
ÒÏÌ ÏÙÎÁÒȢ -ÅÒËÅÚ ÔÁÂÁÎÌą ÓąÎąÆÌÁÎÄąÒąÃąÌÁÒÄÁ ÂÉÒ 
ÄÏËİÍÁÎąÎ ÅøÉÔÉÍ ÓÅÔÉÎÄÅËÉ ÓąÎąÆÌÁÒąÎ ĘÎÃÅÄÅÎ 
ÂÅÌÉÒÌÅÎÍÉĥ ÍÅÒËÅÚÌÅÒÉÎÅ ÏÌÁÎ ÕÚÁËÌąËÌÁÒą 
ÂÅÌÉÒÌÅÎÅÒÅË ÂÕ ÄÏËİÍÁÎÁ ÅÎ ëÏË ÂÅÎÚÅÙÅÎ ÓąÎąÆ 
belirlenir.  

'İÎİÍİÚÅ ËÁÄÁÒ ÂÉÒ ëÏË ÆÁÒËÌą ÍÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁ 
ÍÅÔÏÔÌÁÒą ÇÅÌÉĥÔÉÒÉÌÍÉĥ ÖÅ ÕÙÇÕÌÁÎÍąĥÔąÒ [3, 5, 12, 13, 
14, 15]. $ÏËİÍÁÎ  ÓąÎąÆÌÁÎÄąrmada ÅÎ ëÏË ËÕÌÌÁÎąÌÁÎ 
ÍÅÔÏÔÌÁÒ -ÅÒËÅÚ 4ÁÂÁÎÌą 3ąÎąÆÌÁÎÄąÒÍÁ [6, 7, 8, 9, 
10, 11, 16, 17], K-%Î 9ÁËąÎ +ÏÍĥÕ [5, 18, 19], Naive 
Bayes [4, 20]ȟ $ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅÓÉ [21], Yapay 
3ÉÎÉÒ !øÌÁÒą [22] ve +ÁÒÁÒ !øÁëÌÁÒą [23] ÍÅÔÏÔÌÁÒąÄąÒȢ 

¤ÅËÉÌ ρȭÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ÍÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁÎąÎ 
ÔÅÓÔ ÁĥÁÍÁÓąÎÄÁ ÉÌË ÏÌÁÒÁË vÎÉĥÌÅÍÅ, ikinci olarak  
vÚÎÉÔÅÌÉË KąËÁÒÍÁ ÖÅ ÓÏÎ olarak ÄÁ 3ąÎąÆÌÁÎÄąÒÍÁ 
ÉĥÌÅÍi ÕÙÇÕÌÁÎąÒȢ  

vÎÉĥÌÅÍÅȭÄÅ ÇÉÒÄÉ ÏÌÁÒÁË ÁÌąÎÁÎ ÄÏËİÍÁÎąÎȟ ÈÁÎÇÉ 
ÄÉÌÄÅ ÉÓÅ Ï ÄÉÌÅ ÁÉÔ ÈÁÒÆÌÅÒÉ ÁÌąÎÍÁËÔÁÄąÒȢ (ÁÒÆÌÅÒ 
ÄąĥąÎÄÁËÉ ÄÉøÅÒ ËÁÒÁËÔÅÒÌÅÒ ÁÔąÌÍÁËÔÁÄąÒȢ 4İÍ 
ÈÁÒÆÌÅÒ ËİëİË ÈÁÒÆÌÅÒÅ ÄĘÎİĥÔİÒİÌİÒȢ 3ĘÚÃİËÌÅÒ 
ÁÒÁÓąÎÄÁËÉ ÆÁÚÌÁ ÂÏĥÌÕËÌÁÒ ÓÉÌÉÎÅÒÅË ÈÅÒ ÓĘÚÃİË 
ÁÒÁÓąÎÄÁ ÓÁÄÅÃÅ ÂÉÒ ËÁÒÁËÔÅÒÌÉË ÂÏĥÌÕË ÂąÒÁËąÌÍÁÓą 
ÓÁøÌÁÎąÒȢ  

vÚÎÉÔÅÌÉË KąËÁÒÍÁȭÄÁ ÉÓÅ ĘÎÉĥÌÅÍÄÅÎ ÇÅëÉÒÉÌÅÎ 
ÄÏËİÍÁÎÌÁÒ ÓÁÙąÓÁÌ ÖÅÒÉÌÅÒÅ ÓÁÈÉÐ ÖÅËÔĘÒÌÅÒÅ 
ÄĘÎİĥÔİÒİÌİÒȢ "ÕÒÁÄÁ ÈÅÒ ÂÉÒ ÓĘÚÃİøİÎ ÄÏËİÍÁÎ 
ÉëÉÎÄÅËÉ ÆÒÅËÁÎÓą ɉ4&Ɋ ɉ$ÏËİÍÁÎ ÉëÉÎÄÅ ËÁë ÄÅÆÁ 
ÇÅëÔÉøÉɊ ÓÏÎÒÁÓąÎÄÁ ÓĘÚÃİË-frekans-ters-ÄÏËİÍÁÎ 
ÆÒÅËÁÎÓą ɉ4&-IDF) (Term-Frequency-Inverse-
$ÏÃÕÍÅÎÔ &ÒÅÑÕÅÎÃÙɊ ÄÅøÅÒÌÅÒÉ ÈÅÓÁÐÌÁÎąÒȢ 
$ÏËİÍÁÎ ÆÒÅËÁÎÓąȟ ÂÉÒ ÓĘÚÃİøİÎ ÂÉÒ ÓąÎąÆÔÁËÉ ËÁë 
ÄÏËİÍÁÎÄÁ ÇÅëÔÉøÉ ÁÎÌÁÍąÎÁ ÇÅÌÍÅËÔÅÄÉÒȢ "Õ 
ÄÅøÅÒÌÅÒÅ ÓÁÈÉÐ ÖÅËÔĘÒÌÅÒ ÅÎ ÓÏÎ ÏÌÁÒÁË ÎÏÒÍÁÌÉÚÅ 
edilirler.  

En soÎ ÁĥÁÍÁÄÁ ÖÅËÔĘÒÌÅÒ ĥÅËÌÉÎÄÅ ÔÅÍÓÉÌ ÅÄÉÌÅÎ 
ÄÏËİÍÁÎÌÁÒąÎȟ ÓąÎąÆ ÍÏÄÅÌÌÅÒÉ ËÕÌÌÁÎąÌÁÒÁË ÈÁÎÇÉ 
ÓąÎąÆÁ ÁÉÔ ÏÌÄÕËÌÁÒą ÔÅÓÐÉÔ ÅÄÉÌÉÒȢ "ÕÒÁÄÁ ÂÉÒ ÖÅÙÁ 
ÂÉÒËÁë ÓąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÄÕÎÁ ÉÈÔÉÙÁë ÄÕÙÕÌÕÒȢ 
&ÁËÁÔ ÉÌËÉÎ ÂÕ ÓąÎąÆ ÍÏÄÅÌÌÅÒÉÎÉÎ ÙÉÎÅ ÁÙÎą 
ÓąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÄÕ ÉÌÅ ÅøÉÔÉÍ ÁĥÁÍÁÓąÎÄÁËÉ ÖÅÒÉ 
ÓÅÔÉ ËÕÌÌÁÎąÌÁÒÁË vÎÉĥÌÅÍÅ ÖÅ vÚÎÉÔÅÌÉË KąËÁÒÍÁ 
ÉĥÌÅÍÉ ÙÁÐąÌÁÒÁË ÏÌÕĥÔÕÒÕÌÍÁÓą ÇÅÒÅËÌÉÄÉÒȢ  

 

¤ÅËÉÌ ρȢ -ÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁ ÇÅÎÅÌ ÙÁÐąÓą 

Bu ëÁÌąĥÍÁÎąÎ ÉËÉÎÃÉ ÂĘÌİÍİÎÄÅ ÍÅÒËÅÚ ÔÁÂÁÎÌą 
ÓąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÔÌÁÒąȟ $ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅsi, 
Naive Bayes ve K-%Î 9ÁËąÎ +ÏÍĥÕ ÍÅÔÏÔÌÁÒą 
ÁëąËÌÁÎÍąĥÔąÒȢ ­ëİÎÃİ ÂĘÌİÍÄÅ, ÂÕ ÍÅÔÏÔÌÁÒąÎ 
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ÂÁĥÁÒąÌÁÒą ÐÅÒÆÏÒÍÁÎÓ ĘÌëİÌÅÒÉÎÅ ÇĘÒÅ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥÔÉÒ ÖÅ ËÁÒĥąÌÁĥÔąÒąÌÍąĥÔąÒȢ Sonu 
ÂĘÌİÍİÎÄÅ ise ÔİÍ ÓÉÓÔÅÍÌÅÒÉÎ ÂÁĥÁÒąÌÁÒą ĘÚÅÔ 
ÏÌÁÒÁË ÉÆÁÄÅ ÅÄÉÌÍÉĥÔÉÒ. 

Metotla r  

"Õ ÂĘÌİÍÄÅ Standart Merkez TÁÂÁÎÌą Metot 
(SMTM), -ÅÒËÅÚ 4ÁÂÁÎÌą 9ÁËÌÁĥÔąÒ-5ÚÁËÌÁĥÔąÒ 
(DragPush) Metodu (MTYUM), MÅÒËÅÚ 4ÁÂÁÎÌą 
'ÅÎÉĥ -ÅÓÁÆÅ 9ÁËÌÁĥÔąÒ-5ÚÁËÌÁĥÔąÒ ɉ,ÁÒÇÅ -ÁÒÇÉÎ 
DragPush) Metodu (MTGMYUM) ve MÅÒËÅÚ 4ÁÂÁÎÌą 
KÅËÉÍ -ÏÄÅÌÉ ɉ'ÒÁÖÉÔÁÔÉÏÎ -ÏÄÅÌɊ ɉ-4K-Ɋ 
metotlarąÎÄÁÎ bahsedilecektir. Buna ek olarak K-En 
9ÁËąÎ +ÏÍĥÕ ɉ+-EYK), Multinomial Naive Bayes 
(MNB) ÖÅ $ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅÓÉ ɉ$6-Ɋ ÍÅÔÏÔÌÁÒą 
ÁëąËÌÁÎÁÃÁËÔąÒȢ 

3ÔÁÎÄÁÒÔ -ÅÒËÅÚ 4ÁÂÁÎÌą -ÅÔÏÔ 

-ÅÒËÅÚ ÔÁÂÁÎÌą ÍÅÔÏÔÌÁÒąÎ [6, 7, 8, 9, 10, 11, 16, 17] 
ÓąÎąÆÌÁÎÄąÒąÌÍÁÓąÎÄÁȟ ÖÅÒÉ ÓÅÔÉÎÄÅ ÂÕÌÕÎÁÎ 
ÄÏËİÍÁÎÌÁÒ 6ÅËÔĘÒ 5ÚÁÙą -ÏÄÅÌÉ (65-Ɋ ĥÅËÌÉÎÄÅ 

temsil edilirler. Bu modelde her Äᴆ ÄÏËİÍÁÎą ÔÅÒÉÍ 
ÕÚÁÙąÎÄÁËÉ ÂÉÒ ÖÅËÔĘÒ ÏÌÁÒÁË ËÁÂÕÌ ÅÄÉÌÉÒȢ #, nȢ ÓąÎąÆą 

ifade etmektedir.  #ᴆ ve  #ᴆ ÓąÒÁÓąÙÌÁ nȢ ÓąÎąÆÁ ÁÉÔ 
ÄÏËİÍÁÎÌÁÒąÎ ÔÏÐÌÁÍą ÖÅ ÄÏËİÍÁÎÌÁÒąÎ ÔÏÐÌÁÍąÎąÎ 
ÎÏÒÍÁÌÉÚÅ ÅÄÉÌÍÉĥ ÖÅËÔĘÒÌÅÒÉÎÉ ÔÅÍÓÉÌ ÅÔÍÅËÔÅÄÉÒȢ 

$ÅÎËÌÅÍ ρ ÖÅ ςȭÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ÉÌË ÏÌÁÒÁËȟ  ÈÅÒ # 
ÓąÎąÆąÎÁ ÁÉÔ ÄÏËİÍÁÎ ÖÅËÔĘÒÌÅÒÉÎÉÎ ÔÏÐÌÁÍą 

ÈÅÓÁÐÌÁÎÄąËÔÁÎ ÓÏÎÒÁ  #ᴆ ÖÅËÔĘÒİ ς-ÎÏÒÍȭÕÎÁ 

ÂĘÌİÎÅÒÅË ÎÏÒÍÁÌÉÚÅ Ådilir ve #ᴆ olarak temsil 
edilir.  

#ᴆ Äᴆ 

ᶰ

 (1) 

#ᴆ
#ᴆ

#ᴆ
 (2) 

$ÅÎËÌÅÍ σȭÔÅ ÂÅÌÉÒÔÉÌÄÉøÉ İÚÅÒÅ Äᴆ ÖÅËÔĘÒİ ÉÌÅ # ÓąÎąÆą 

ÁÒÁÓąÎÄÁËÉ ÂÅÎÚÅÒÌÉËȟ Äᴆ ÖÅËÔĘÒİ ÉÌÅ #ᴆ ÖÅËÔĘÒİÎİÎ 
ÎÏËÔÁÓÁÌ ëÁÒÐąÍą ÉÌÅ ÂÕÌÕÎÕÒȢ "ÕÒÁÄÁËÉ ÎÏËÔÁÓÁÌ 

ëÁÒÐąÍ ÉĥÌÅÍÉ ËÏÓÉÎİÓ ÂÅÎÚÅÒÌÉøÉÎÅ ÄÅÎËÔÉÒȢ KİÎËİ Äᴆ 
ÄÏËİÍÁÎ ÖÅËÔĘÒİȟ $ÅÎËÌÅÍ υȭÔÅ ÇĘÓÔÅÒÉÌÅÎ TF-IDF 
ÄÅÎËÌÅÍÉ ËÕÌÌÁÎąÌÁÒÁË ÖÅ ÓÏÎÒÁÓąÎÄÁ ς-ÎÏÒÍȭÁ ÇĘÒÅ 
ÎÏÒÍÁÌÉÚÅ ÅÄÉÌÅÒÅË ÈÅÓÁÐÌÁÎÍÁËÔÁÄąÒȢ $ÅÎËÌÅÍ 
4ȭÔÅËÉ $ȟ ÅøÉÔÉÍ ÓÅÔÉÎÄÅËÉ ÔÏÐÌÁÍ ÄÏËİÍÁÎ ÓÁÙąÓąÄąÒȢ 

Í  ise Ô ÔÅÒÉÍÉÎÉ ÉëÅÒÅÎ ÄÏËİÍÁÎ ÓÁÙąÓąÄąÒ.  4&ÔȟÄᴆ, 

Äᴆ ÄÏËİÍÁÎąÎÄÁËÉ Ô ÔÅÒÉÍÉÎÉÎ ÓąËÌąøąÎą ÔÅÍÓÉÌ 
etmektedir. ʀ ÄÅøÅÒÉ ÄÅ 0.πρ ÏÌÁÒÁË ÁÌąÎÍąĥÔąÒȢ 

ÓÉÍÄᴆȟ# ÄᴆϽ#ᴆ (3) 

× ÔȟÄᴆ 4&ÔȟÄᴆ ÌÏÇ $ȾÍ  ʀ (4) 

7 ÔȟÄᴆ
4&ÔȟÄᴆ ÌÏÇ $ȾÍ  ʀ

В 4&ÔȟÄᴆ ÌÏÇ $ȾÍ  ʀᶰᴆ

 (5) 

# ÁÒÇÍÁØÄᴆϽ#ᴆ (6) 

$ÅÎËÌÅÍ φȭÙą ËÕÌÌÁÎÁÒÁË Äᴆ ÖÅËÔĘÒİÎÅ ÅÎ ëÏË 
benzeyen # ÓąÎąÆą ÈÅÓÁÐÌÁÎąÒȢ 

 -ÅÒËÅÚ 4ÁÂÁÎÌą 9ÁËÌÁĥÔąÒ-5ÚÁËÌÁĥÔąÒ Metodu 

3ÔÁÎÄÁÒÔ ÍÅÒËÅÚ ÓąÎąÆÌÁÎÄąÒÍÁ ÙÁÐąÌąÒËÅÎȟ ÖÅÒÉ 
ÓÅÔÌÅÒÉÎÅ ÂÁøÌą ÏÌÁÒÁË ÍÅÒËÅÚÌÅÒÉ ÔÅÓÐÉÔ ÅÄÉÌÄÉøÉÎÄÅ 
ÈÅÍ ÔÅÓÔ ÈÅÍ ÄÅ ÅøÉÔÉÍ ÓÅÔÉÎÉÎ ÄÏøÒÕÌÕË ÂÁĥÁÒą 
ÏÒÁÎą ÄİĥÅÂÉÌÍÅËÔÅÄÉÒȢ "Õ ÐÒÏÂÌÅÍÉ ëĘÚÍÅË ÉëÉÎ ÅÎ 
ÄÏøÒÕ ÙÏÌ ÅøÉÔÉÍ ÓÅÔÉÎÄÅËÉ ĘÒÎÅËÌÅÒ ÉÌÅ ÍÅÒËÅÚÌÅÒÉ 
ÙÅÎÉÄÅÎ ÁÙÁÒÌÁÍÁËÔąÒȢ 9ÁËÌÁĥÔąÒ-5ÚÁËÌÁĥÔąÒ ɍρχɎ 
metodu ÍÅÒËÅÚÌÅÒÉ ÁÙÁÒÌÁÙÁÒÁË ÓąÎąÆÌÁÎÄąÒÍÁ 
ÂÁĥÁÒąÓąÎą ÁÒÔąÒÍÁÙą ÁÍÁëÌÁÒȢ "ĘÙÌÅÃÅ ÈÅÍ ÅøÉÔÉÍ 
ÈÅÍ ÄÅ ÔÅÓÔ ÓÅÔÉÎÄÅËÉ ÄÏøÒÕÌÕË ÏÒÁÎąÎą ÉÙÉÌÅĥÔÉÒÍÅË 
ÍİÍËİÎ ÏÌÕÒȢ 

"Õ ÙÁËÌÁĥąÍÄÁ ÉÌË ÏÌÁÒÁË ÉÔÅÒÁÓÙÏÎ ÓÁÙąÓą 
ɉ-ÁËÓÉÍÕÍ dÔÅÒÁÓÙÏÎɊ ÖÅ ĘøÒÅÎÍÅ ÏÒÁÎąÎąÎ ɉɻɊ ËÁë 
ÏÌÁÃÁøąÎą ÂÅÌÉÒÌÅÍÅË ÇÅÒÅËÉÒȢ $ÅÖÁÍąÎÄÁ ÈÅÒ # 

ÓąÎąÆą ÉëÉÎ #ȟᴆ ve  #ȟᴆ ɉÎȢ ÓąÎąÆąÎ ÔÏÐÌÁÍ ÖÅ ÔÏÐÌÁÍ 
ÎÏÒÍÁÌÉÚÅ ÖÅËÔĘÒÌÅÒÉɊ ÖÅËÔĘÒÌÅÒÉ ÈÅÓÁÐÌÁÎąÒȢ πȟ ÉÌË 
iterasyonu ifade etmektedir. πO ρ ise bir sonraki 
ÉÔÅÒÁÓÙÏÎ ÁÎÌÁÍąÎÁ ÇÅÌÍÅËÔÅÄÉÒȢ (ÅÒ ÉÔÅÒÁÓÙÏÎda 
ÅøÉÔÉÍ ÓÅÔÉÎÄÅËÉ ÄÏËİÍÁÎÌÁÒąÎ ÈÅÒ ÂÉÒÉ 
ÓąÎąÆÌÁÎÄąÒąÌąÒȢ &ÁÒÚ ÅÄÅÌÉÍ ËÉ, ! ÖÅ " ÏÌÍÁË İÚÅÒÅ ÉËÉ 

ÓąÎąÆ ÏÌÓÕÎȢ ! ÓąÎąÆąÎÁ ÁÉÔ ÂÉÒ Äᴆ ÄÏËİÍÁÎąȟ " ÓąÎąÆą 
ÏÌÁÒÁË ÙÁÎÌąĥ ÓąÎąÆÌÁÎÄąÒąÌÍąĥ ÏÌÓÕÎȢ $ÅÎËÌÅÍ χȟ ψȟ ω 

ÖÅ ρπȭÄÁ ÇĘÒİÌÄİøİ İÚÅÒÅ ! ÓąÎąÆąÎąÎ ÍÅÒËÅÚÉ Äᴆ 
ÄÏËİÍÁÎąÎÁ ĘøÒÅÎÍÅ ÏÒÁÎą ËÁÔÓÁÙąÓąÎÁ ÇĘÒÅ 
ÙÁËÌÁĥÔąÒąÌąÒȢ " ÓąÎąÆąÎąÎ ÍÅÒËÅÚÉ ÉÓÅ ÁÙÎą ÏÒÁÎÄÁ 

ÕÚÁËÌÁĥÔąÒąÌąÒȢ "ÕÒÁÄÁ Äᴆ ÄĘËİÍÁÎąÎąÎ ÈÅÒ ĘÚÎÉÔÅÌÉË 
ÄÅøÅÒÉ ÓąÆąÒÄÁÎ ÂİÙİË ÏÌÄÕøÕ ÄÅøÅÒÄÅ ÁĥÁøąÄÁËÉ 
ÉĥÌÅÍÌÅÒ ÇÅÒëÅËÌÅĥÔÉÒÉÌÉÒȢ 

#ȟO ᴆ #ȟᴆ ɻ Äᴆ (7) 

# ȟO ᴆ #ȟᴆ

#ȟᴆ
 (8) 

#ȟO ᴆ #ȟᴆ ɻ Äᴆ  (9) 
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# ȟO ᴆ #ȟᴆ

#ȟᴆ
 (10) 

$ÅÎËÌÅÍ ωȭÄÁ Ø  ÉÆÁÄÅÓÉ Ø ÓąÆąÒąÎ ÁÌÔąÎÄÁ ÂÉÒ ÄÅøÅÒÅ 
ÓÁÈÉÐ ÏÌÕÒÓÁ π ÄÅøÅÒÉÎÉ ÖÅÒÉÒȠ πȭÄÁÎ ÂİÙİË ÄÅøÅÒ 
ÉëÅÒÉÒÓÅ Ï ÄÅøÅÒÉ ëąËÔą ÏÌÁÒÁË ÖÅÒÉÒȢ 9ÁÎÉ Ø

ÍÁØ πȟØ olarak ifade edilir. Denklem 7 ve 8, Äᴆ 
dokİÍÁÎą ÙÁÎÌąĥ ÓąÎąÆÌÁÎÄąÒąÌÄąøąÎÄÁ ÙÁÎÉ ! 

ÓąÎąÆąÎÄÁËÉ Äᴆ ÄÏËİÍÁÎą "  ÓąÎąÆą ÏÌÁÒÁË 
ÓąÎąÆÌÁÎÄąÒąÌąÒÓÁ ! ÓąÎąÆąÎÁ ÙÁËÌÁĥÔąÒąÌÁÃÁøąÎą ÉÆÁÄÅ 

etmektedir. Denklem 9 ve 10 ise yine Äᴆ ÄÏËİÍÁÎą 

ÙÁÎÌąĥ ÓąÎąÆÌÁÎÄąÒąÌÄąøąÎÄÁ ÙÁÎÉ ! ÓąÎąÆąÎÄÁËÉ Äᴆ 
ÄÏËİÍÁÎą " ÓąÎąÆą ÏÌÁÒÁË ÓąÎąÆÌÁÎÄąÒąÌąÒÓÁ " 
ÓąÎąÆąÎÄÁÎ ÕÚÁËÌÁĥÔąÒąÌÁÃÁøąÎą ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 

-ÅÒËÅÚ 4ÁÂÁÎÌą 'ÅÎÉĥ -ÅÓÁÆÅ 9ÁËÌÁĥÔąÒ-
5ÚÁËÌÁĥÔąÒ Metodu 

'ÅÎÉĥ ÍÅÓÁÆÅ ÙÁËÌÁĥÔąÒ-ÕÚÁËÌÁĥÔąÒ ÍÅÔÏÄÕÎÄÁËÉ 
ÍÅÓÁÆÅ ÄİĥİÎÃÅÓÉȟ ÄÅÓÔÅË ÖÅËÔĘÒ ÍÁËÉÎÅÓÉÎÄÅËÉ 
[24]  ÓąÎąÆÌÁÒ ÁÒÁÓąÎÄÁËÉ ÍÅÓÁÆÅÄÅÎ ÅÓÉÎÌÅÎÅÒÅË 
ÏÒÔÁÙÁ ÁÔąÌÍąĥÔąÒȢ %øÉÔÉÍ ÓÅÔÉÎÄÅËÉ ÓąÎąÆÌÁÒą ÁÙąÒÁÎ 
ÄİÚÌÅÍÉÎ ÓąÎąÆÌÁÒÁ ÏÌÁÎ ÍÅÓÁÆÅÓÉÎÉÎ ÅÎ ÕÙÇÕÎ 
ÓÅÖÉÙÅÄÅ ÏÌÍÁÓą ÁÍÁëÌÁÎąÒȢ 

9ÁËÌÁĥÔąÒ-ÕÚÁËÌÁĥÔąÒ ÍÅÔÏÄÕ ÓąÎąÆÌÁÎÄąÒÍÁ 
ÙÁÐÁÒËÅÎ ÇÅÎÅÌÌÅĥÔÉÒÍÅ ÙÁÐÁÂÉÌÍÅËÔÅÄÉÒȢ &ÁËÁÔ 
ÇÅÎÅÌÌÅĥÔÉÒÍÅÙÉ ÇÁÒÁÎÔÉÌÅÙÅÍÅÍÅËÔÅÄÉÒȢ 3ÁÄÅÃÅ 
ÅøÉÔÉÍ ÓÅÔÉÎÉÎ ÓąÎąÆÌÁÎÄąÒÍÁ ÈÁÔÁÓąÎą ÁÍÁë 
fonksiyonunun kriteri olarak kabul etmektedir. Bu 
ÓÅÂÅÐÌÅ ÙÁËÌÁĥÔąÒ-uzaËÌÁĥÔąÒ ÍÅÔÏÄÕÎÕÎ ÂÁĥÁÒąÓąÎą 
ÁÒÔąÒÍÁË ÉëÉÎ $6-ȭÄÅËÉ ÍÅÓÁÆÅ ÄİĥİÎÃÅÓÉ ÂÕ 
ÁÌÇÏÒÉÔÍÁÙÁ ÄÁÈÉÌ ÅÄÉÌÍÉĥÔÉÒȢ 

"Õ ÍÅÔÏÔȟ ÈÅÒ ÅøÉÔÉÍ ĘÒÎÅøÉ ÉëÉÎ ÈÉÐÏÔÅÚ-mesafe ya 
ÄÁ ÙÁËÌÁĥąË ÍÅÓÁÆÅÎÉÎ ÈÅÓÁÐÌÁÎÍÁÓąÎÁ ÉÈÔÉÙÁë 
duyar. Hipotez-ÍÅÓÁÆÅ ÉÌÅ ÈÉÐÏÔÅÚ ÓąÎąÆ İÚÅÒÉÎÄÅ ÂÉÒ 
uzakląË ĘÌëİÓİ ÂÅÌÉÒÌÅÎÍÅËÔÅÄÉÒȢ "ÉÒ ĘÒÎÅøÉÎ 
hipotez-ÍÅÓÁÆÅÓÉȟ ËÅÎÄÉ ÓąÎąÆąÎÄÁËÉ ÖÅ ÄÉøÅÒ 
ÓąÎąÆÌÁÒÄÁËÉ ÅÎ ÙÁËąÎ ĘÒÎÅËÌÅÒ ÁÒÁÓąÎÄÁËÉ ÍÅÓÁÆÅ 
ÏÌÁÒÁË ÉÆÁÄÅ ÅÄÉÌÉÒȢ $ÅÎËÌÅÍ ρρȭÄÅ Øᴆ ĘÒÎÅøÉÎÉÎ 

ËÅÎÄÉ ÓąÎąÆąÎÄÁËÉ ÅÎ ÙÁËąÎ ĘÒÎÅøÉ Øᴆ ÖÅ ÄÉøÅÒ 
ÓąÎąÆÌÁÒÁ ÏÌÁÎ ÅÎ ÙÁËąÎ ĘÒÎÅk Ø  ÏÌÍÁËÔÁÄąÒȢ 

(- Øᴆ
ρ

ς
Øᴆ Øᴆ Øᴆ Øᴆ  (11) 

$ÅÎËÌÅÍ ρρȭÅ ÂÅÎÚÅÒ ĥÅËÉÌÄÅ $ÅÎËÌÅÍ ρςȭÙÉ ÉÆÁÄÅ 
edebiliriz. Bir Øᴆ ĘÒÎÅøÉÎÉÎ # merkez 
ÓąÎąÆÌÁÎÄąÒąÃąÓąÎÁ ÇĘÒÅ ÈÉÐÏÔÅÚ ÍÅÓÁÆÅÓÉ ÁĥÁøąÄÁËÉ 

ÇÉÂÉ ÈÅÓÁÐÌÁÎąÒȢ "ÕÒÁÄÁ #ᴆ, Øᴆ ĘÒÎÅøÉÎÉÎ ËÅÎÄÉ 

ÓąÎąÆąÎąÎ ÍÅÒËÅÚÉÄÉÒȢ #ᴆ ise Øᴆ ĘÒÎÅøÉÎÉÎ ÆÁÒËÌą 
ÓąÎąÆÌÁÒąÎ ÍÅÒËÅÚÌÅÒÉÎ ÅÎ ÙÁËąÎ ÍÅÒËÅÚÉ ÏÌÍÁËÔÁÄąÒȢ 

(- Øᴆ 3ÉÍØᴆȟ#ᴆ 3ÉÍØᴆȟ#ᴆ  (12) 

%øÉÔÉÍ ÈÁÔÁÓąÎąÎ ÔÁÎąÍąÎÁ ÕÙÇÕÎ ÏÌÁÒÁË ÈÅÒ ĘÒÎÅË 
ÉëÉÎ ÇÅÎÅÌÌÅĥÔÉÒÉÌÍÉĥ ÈÁÔÁ ÙÁÎÉ Ȱ-ÅÓÁÆÅ(ÁÔÁȱ 

ÔÁÎąÍÌÁÎąÒȢ &ÁÒÚ ÅÄÅÌÉÍ ËÉ, bir Äᴆ ĘÒÎÅøÉÎÉÎ ÈÉÐÏÔÅÚ-
ÍÅÓÁÆÅÓÉ ÓąÆąÒÄÁÎ ÄÁÈÁ ÂİÙİËÓÅ ÖÅ π.πυ ÇÉÂÉ ëÏË 
ËİëİË ÂÉÒ ÓÁÂÉÔ ÓÁÙąÄÁÎ ËİëİËÓÅ ÍÅÒËÅÚ 

ÓąÎąÆÌÁÎÄąÒąÃąÓą Äᴆ ĘÒÎÅøÉÎÅ ÇĘÒÅ Ȱ-ÅÓÁÆÅ(ÁÔÁȱ 
ÏÌÕĥÔÕÒÍÕĥÔÕÒȢ "Õ ËİëİË ÓÁÂÉÔ ÄÅøÅÒ 
Ȱ-ÉÎÉÍÕÍ-ÅÓÁÆÅȱ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌąÒȢ "Õ ÄÕÒÕÍÄÁ 

Äᴆ ĘÒÎÅøÉ ÍÉÎÉÍÕÍ ÍÅÓÁÆÅÄÅÄÉÒ ÄÅÎÉÒȢ %øÅÒ Äᴆ ĘÒÎÅøÉ 
minimum mesafede ise Denklem 7 ve 9, Denklem 13 
ÖÅ ρτȭÔÅËÉ ÇÉÂÉ ÏÌÁÃÁË ĥÅËÉÌÄÅ ÒÅÖÉÚÅ ÅÄÉÌÉÒȢ 

#ȟO ᴆ #ȟᴆ -ÅÓÁÆÅ!øąÒÌąËÄᴆ (13) 

#ȟO ᴆ #ȟᴆ -ÅÓÁÆÅ!øąÒÌąËÄᴆ  (14) 

-ÅÒËÅÚ 4ÁÂÁÎÌą KÅËÉÍ -ÏÄÅÌÉ 

KÅËÉÍ ÍÏÄÅÌÉ ɉ'ÒÁÖÉÔÁÔÉÏÎ -ÏÄÅÌ-GM), merkez 
ÔÁÂÁÎÌą ÓąÎąÆÌÁÎÄąÒąÃąÌÁÒąÎ ɉ#"#Ɋ ÄÅÎÇÅÓÉÚ ÓąÎąÆ ÖÅÒÉ 
ÓÅÔÌÅÒÉÎÄÅËÉ ÅËÓÉËÌÉøÉÎÉ ÇÉÄÅÒÍÅË ÉëÉÎ ÏÒÔÁÙÁ ÁÔąÌÍąĥ 
ÂÉÒ ÍÅÔÏÔÔÕÒȢ "Õ ÍÏÄÅÌȟ #"#ȭÄÅÎ ËÁÙÎÁËÌÁÎÁÎ 
ÅËÓÉËÌÉøÉ ÁÚÁÌÔÍÁË ÉëÉÎ ÓąÎąÆÌÁÎÄąÒąÃą ÈÉÐÅÒ ÄİÚÌÅÍÉ 
daha iyÉ ÄÕÒÕÍÁ ÇÅÔÉÒÍÅË ÉëÉÎ ÁÙÁÒÌÁÍÁÌÁÒ ÙÁÐÁÒȢ 
-4K-ȟ ÄÁÈÁ ĘÎÃÅËÉ ëÁÌąĥÍÁÌÁÒÄÁÎ ÏÌÄÕËëÁ ÆÁÒËÌąÄąÒȢ 
vÎÃÅËÉ ÍÏÄÅÌÌÅÒȟ ÍÏÄÅÌ ÏÌÕĥÔÕÒÕÌÕÒËÅÎ ÔÅÒÉÍ 
ÁøąÒÌąËÌÁÒąÎą ÁÙÁÒÌÁÙÁÒÁË ÙÁ ÄÁ ÅøÉÔÉÍ ÁĥÁÍÁÓąÎÄÁ 
ÓąÎąÆ ÍÅÒËÅÚÌÅÒÉÎÉÎ ÐÏÚÉÓÙÏÎÌÁÒąÎą ÄÅøÉĥÔÉÒÅÒÅË ÓąÎąÆ 
merkezlerini bulur.  

KÅËÉÍ ÍÏÄÅÌÉȟ .Å×ÔÏÎȭÕÎ ÅÖÒÅÎÓÅÌ ëÅËÉÍ 
ÙÁÓÁÓąÎÄÁÎ ÅÓÉÎÌÅÎÉÌÅÒÅË ÔÁÓÁÒÌÁÎÍąĥÔąÒȢ .Å×ÔÏÎ 
ÙÁÓÁÓąÎÁ ÇĘÒÅ ÅÖÒÅÎÄÅËÉ ÈÅÒ ÎÅÓÎÅ ÂÉÒÂÉÒÉÎÉ ÂÉÒ 
ËÕÖÖÅÔÌÅ ëÅËÍÅËÔÅÄÉÒȢ dËÉ ÎÅÓÎÅ ÁÒÁÓąÎÄÁËÉ ëÅËÉÍ 
kuvveti Denklem ρυȭÔÅ ÇĘÒİÌÄİøİ ÇÉÂÉ 
ÈÅÓÁÐÌÁÎÍÁËÔÁÄąÒȢ "ÕÒÁÄÁ ', yÅÒëÅËÉÍÉ ÓÁÂÉÔÉȠ -, 
ÂÉÒÉÎÃÉ ÎÅÓÎÅÎÉÎ ËİÔÌÅÓÉȠ Í ise ikinci nesnenin 
ËİÔÌÅÓÉÄÉÒȢ Òȟ ÉËÉ ÎÅÓÎÅ ÁÒÁÓąÎÄÁËÉ ÕÚÁËÌąøą ÉÆÁÄÅ 
ÅÔÍÅËÔÅÄÉÒȢ "Õ ÄÅÎËÌÅÍ ĥÕÎÕ ÉÆÁÄÅ ÅÔÍÅËÔÅÄÉÒȡ dËÉ 
ÎÅÓÎÅ ÁÒÁÓąÎÄÁËÉ ëÅËÉÍ ËÕÖÖÅÔÉȟ ÉËÉ ÎÅÓÎÅÎÉÎ 
ËİÔÌÅÌÅÒÉÎÉÎ ëÁÒÐąÍą ÉÌÅ ÄÏøÒÕ ÏÒÁÎÔąÌąÄąÒ; fakat 
ÏÎÌÁÒ ÁÒÁÓąÎÄÁËÉ ÕÚÁËÌąøąÎ ËÁÒÅÓÉ ÉÌÅ ÔÅÒÓ ÏÒÁÎÔąÌąÄąÒȢ 

&
'-Í

Ò
 (15) 
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¤ÅËÉÌ ςȢ " ve $ ÓąÎąÆÌÁÒąÎąÎ ÉÙÉÌÅĥÔÉÒÉÌÍÉĥ ÍÅÒËÅÚÌÅÒÉ 

Farz edelim ki, -  ve  -  ÓąÒÁÓąÙÌÁ ! ve " 
ÎÅÓÎÅÌÅÒÉÎÉÎ ËİÔÌÅÌÅÒÉ ÏÌÓÕÎȢ ! ve " nesnelerinin 
ÏÒÔÁÓąÎÄÁ ÂÕÌÕÎÁÎ 3 ÎÅÓÎÅÓÉÎÉÎ ËİÔÌÅÓÉ ÄÅ Í olsun. 
Ò ve Ò ÓąÒÁÓąÙÌÁ 3 nesnesinin ! ve " nesnelerine 
ÏÌÁÎ ÕÚÁËÌąËÌÁÒąÄąÒȢ 3 nesnesi ile ! ve " nesneleri 
ÁÒÁÓąÎÄÁËÉ ëÅËÉÍ ËÕÖÖÅÔÉÄÅ ÓąÒÁÓąÙÌÁ &  ve & dir. 
¤ÅËÉÌ 3ȭtÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ëÅËÉÍ ÙÁÓÁÓąÎÁ ÇĘÒÅ ! ve " 
ÎÅÓÎÅÌÅÒÉÎÉ ÂÉÒÌÅĥÔÉÒÅÎ ÄÏøÒÕ İÚÅÒÉÎÄÅ 3 Lagrange 
ÎÏËÔÁÓą ÂÕÌÕÎÍÁËÔÁÄąÒȢ "Õ ÎÏËÔÁÄÁ &  ve & ëÅËÉÍ 
ËÕÖÖÅÔÌÅÒÉ ÂÉÒÂÉÒÉÎÅ ÅĥÉÔÔÉÒȢ %øÅÒ 3 nesnesi, 3 
ÎÏËÔÁÓąÎąÎ ÓÏÌÕÎÄÁ ÂÕÌÕÎÕÒÓÁ " nesnesinin 3 
ÎÅÓÎÅÓÉÎÅ ÕÙÇÕÌÁÄąøą ëÅËÉÍ ËÕÖÖÅÔÉ ! nesnesinin 3 
ÎÅÓÎÅÓÉÎÅ ÕÙÇÕÌÁÄąøą ëÅËÉÍ ËÕÖÖÅÔÉÎÄÅÎ ËİëİË 
olur. Yani & & dir. Bu sebeple 3 nesnesi ! 
ÎÅÓÎÅÓÉÎÅ ÄÏøÒÕ ÈÁÒÅËÅÔ ÅÄÅÃÅËÔÉÒȢ 4ÅÒÓÉ ÏÌÕÒÓÁ " 
ÎÅÓÎÅÓÉÎÅ ÄÏøÒÕ ÈÁÒÅËÅÔ ÅÄÅÃÅËÔÉÒȢ 

 

¤ÅËÉÌ σȢ ! ve " ÁÒÁÓąÎÄÁËÉ 3 ëÅËÉÍÓÅÌ ÄÅÎÇÅ 

ÎÏËÔÁÓą 

! ve " nesneleri, ! ve " ÓąÎąÆÌÁÒą ÇÉÂÉ ÄİĥİÎİÌÅÂÉÌÉÒȢ 

3 ÎÅÓÎÅÓÉ ÄÅ ÖÅËÔĘÒ ÕÚÁÙąÎÄÁËÉ Äᴆ ĘÒÎÅøÉ ÇÉÂÉ ËÁÂÕÌ 

edilebilir. Äᴆ ĘÒÎÅøÉÎÉÎ ÈÁÎÇÉ ÓąÎąÆÁ ÁÉÔ ÏÌÁÃÁøąȟ ! ve " 
ÓąÎąÆÌÁÒąÎąÎ ëÅËÉÍ ËÕÖÖÅÔÌÅÒÉÙÌÅ ÈÅÓÁÐÌÁÎÁÂÉÌÉÒȢ %øÅÒ 

Äᴆ ĘÒÎÅøÉ ,ÁÇÒÁÎÇÅ 3 ÎÏËÔÁÓąÎąÎ ÓÏÌÕÎÄÁ ËÁÌąÒsa Äᴆ 
ĘÒÎÅøÉ & & ÏÌÄÕøÕÎÄÁÎ ! ÓąÎąÆą ÏÌÁÒÁË 

ÓąÎąÆÌÁÎÄąÒąÌÁÃÁËÔąÒȢ  %øÅÒ Äᴆ ĘÒÎÅøÉ ,ÁÇÒÁÎÇÅ 3 

ÎÏËÔÁÓąÎąÎ ÓÁøąÎÄÁ ËÁÌąÒÓÁ Äᴆ ĘÒÎÅøÉ & &  
ÏÌÄÕøÕÎÄÁÎ " ÓąÎąÆą ÏÌÁÒÁË ÓąÎąÆÌÁÎÄąÒąÌÁÃÁËÔąÒȢ 

KÅËÉÍ ÍÏÄÅÌÉÎÄÅËÉ ÓąÎąÆÌÁÎÄąÒÍÁ ÈÉÐÅÒ ÄİÚÌÅÍÉȟ 
ÍÅÒËÅÚ ÔÁÂÁÎÌą ÓąÎąÆÌÁÎÄąÒąÃąÄÁ ÏÌÄÕøÕ ÇÉÂÉ ! ÖÅ " 

ÓąÎąÆÌÁÒąÎąÎ ÓąÎąÆÌÁÎÄąÒąÌÁÃÁË Äᴆ ĘÒÎÅøÉÎÅ ÁÙÎą 
ÂÅÎÚÅÒÌÉøÉ ÐÁÙÌÁĥÁÎ ÈÉÐÅÒ ÄİÚÌÅÍÄÅÎ ÆÁÒËÌąÄąÒȢ 
6ÅËÔĘÒ ÕÚÁÙąÎÄÁ ÉËÉ ÓąÎąÆ ÁÒÁÓąÎÄÁËÉ ,ÁÇÒÁÎÇÅ ÈÉÐÅÒ 
ÄİÚÌÅÍÉȟ $ÅÎËÌÅÍ ρφȭÄÁËÉ ÇÉÂÉÄÉÒȢ 

-

Ò

-

Ò
 (16) 

$ÅÎËÌÅÍ ρφȭÄÁ Ò ve Ò ÓąÒÁÓąÙÌa Äᴆ ĘÒÎÅøÉÎȟ ! ve " 
ÓąÎąÆÌÁÒąÎąÎ ÍÅÒËÅÚÌÅÒÉÎÅ ÏÌÁÎ ÕÚÁËÌąËÌÁÒą ÉÆÁÄÅ 

etmektedir.  ve ,  Äᴆ ĘÒÎÅøÉ ÉÌÅ  ! ve " ÓąÎąÆÌÁÒą 

ÁÒÁÓąÎÄÁËÉ ÂÅÎÚÅÒÌÉË ĘÌëİÓİ ÇÉÂÉ ËÁÂÕÌ ÅÄÉÌÅÂÉÌÉÒȢ 
"ĘÙÌÅÃÅ $ÅÎËÌÅÍ ρφȟ ÔÅËÒÁÒ ÙÁÚąÌąÒÓÁ $ÅÎËÌÅÍ ρχ 
ÇÉÂÉ ÏÌÁÃÁËÔąÒȢ 

- 3zÉÍÄᴆȟ#ᴆ - 3zÉÍÄᴆȟ#ᴆ (17) 

3ÉÍÄᴆȟ#ᴆ ve 3ÉÍÄᴆȟ#ᴆ ÓąÒÁÓąÙÌÁȟ Äᴆ ĘÒÎÅøÉ ÉÌÅ  ! ve 
" ÓąÎąÆÌÁÒąÎąÎ ÍÅÒËÅÚÌÅÒÉ ÁÒÁÓąÎÄÁËÉ ÂÅÎÚÅÒÌÉk 
ÄÅøÅÒÌÅÒÉÄÉÒȢ -  ve -  ÉÓÅ ÅøÉÔÉÍ ÓÅÔÉÎÄÅÎ 
ĘøÒÅÎÉÌÅÂÉÌÅÎ ËİÔÌÅ ÄÅøÉĥËÅÎÉÄÉÒȢ 5ÙÇÕÎ ËİÔÌÅ 
ÄÅøÉĥËÅÎÉÎÉ ÂÕÌÍÁË ÁÓąÌ ÁÍÁëÔąÒȢ "ÕÒÁÄÁȟ 
ÓąÎąÆÌÁÎÄąÒÍÁ ÈÁÔÁÓąÎą ÅÎ ËİëİË ÓÅÖÉÙÅÙÅ ÇÅÔÉÒÍÅË 
ÉëÉÎ ÅÎ ÕÙÇÕÎ ÈÉÐÅÒ ÄİÚÌÅÍÉ ÂÕÌÍÁË ÁÍÁëÌÁÎąÒȢ 4ÅÓÔ 

ÁĥÁÍÁÓąÎÄÁ ÉÓÅ ëÅËÉÍ ÍÏdeli, Äᴆ ĘÒÎÅøÉ ÉÌÅ  ÈÅÒ 
ÓąÎąÆąÎ ÍÅÒËÅÚÉ ÉÌÅ ÏÌÁÎ ëÅËÉÍ ËÕÖÖÅÔÉ $ÅÎËÌÅÍ 
ρψȭÄÅ ÇĘÓÔÅÒÉÌÄÉøÉ ÇÉÂÉ ÈÅÓÁÐÌÁÎąÒȢ 

&Äᴆȟ#ᴆ - 3zÉÍÄᴆȟ#ᴆ (18) 

-, Êɴ ρȟȿ#ȿ ÏÌÁÃÁË ĥÅËÉÌÄÅ ÊȢ ÓąÎąÆąÎ ËİÔÌÅ 

ÄÅøÉĥËÅÎÉÎÉ ÔÅÍÓÉÌ ÅÔÍÅËÔÅÄÉÒȢ Äᴆ ĘÒÎÅøÉÎÉÎ ÓąÎąÆą ÉÓÅ 
$ÅÎËÌÅÍ ρωȭÄa ÇĘÒİÌÄİøİ ÇÉÂÉ ÅÎ ÙİËÓÅË ëÅËÉÍ 
ËÕÖÖÅÔÉ ÈÁÎÇÉ ÓąÎąÆÁ ÁÉÔÓÅ Ï ÓąÎąÆ ÏÌÁÃÁËÔąÒȢ 

3ąÎąÆÄᴆ ÁÒÇÍÁØ &Äᴆȟ#ᴆ (19) 

KÅËÉÍ ÍÏÄÅÌÉ ÔÁÒÁÆąÎÄÁÎ ÓÕÎÕÌÁÎ ËİÔÌÅ ÄÅøÉĥËÅÎÉȟ 
ÅøÉÔÉÍ ÓÁÆÈÁÓąÎÄÁ ÓąÎąÆ ÄÁøąÌąÍąÎą ÂÅÌÉÒÌÅÍÅÄÅ 
ËÕÌÌÁÎąÌąÒȢ $ÅÖÁÍąÎÄÁ ÄÁ ÓąÎąÆą ÂÉÌÉÎÍÅÙÅÎ 
ĘÒÎÅËÌÅÒÉÎ ÓąÎąÆąÎąÎ ÎÅ ÏÌÄÕøÕÎÕÎ ÂÕÌÕÎÍÁÓąÎÄÁ 
ÕÙÇÕÌÁÎąÒȢ 

¤ÅËÉÌ 3ȭtÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ÂİÙİË ÓąÎąÆ ÙÁÎÉ #  ÓąÎąÆą 
ÉëÉÎ ÏÎÕÎ ĘÒÎÅËÌÅÒÉ ÖÅËÔĘÒ ÕÚÁÙąÎÄÁËÉ ÇÅÎÉĥ 
ÄÁøąÌąÍąÎÄÁÎ ÄÏÌÁÙą ÈÁÔÁÌą ÂÉÒ ĥÅËÉÌÄÅ ËÏÍĥÕ 
ÓąÎąÆÌÁÒÁ ÁÔÁÎÁÃÁËÔąÒȢ 3ÉÓÔÅÍ ÄÅøÅÒÌÅÎÄÉÒÍÅ 
ĘÌëİÌÅÒÉÎÄÅÎ 'ÅÒÉ KÁøąÒÍÁ ɉ2ÅÃÁÌÌɊ ĘÌëİÓİÎÅ ÇĘÒÅ 
ÂÁĥÁÒą ÄİĥÍİĥ ÏÌÁÃÁËÔąÒȢ #  ve #  ÇÉÂÉ ËİëİË 
ÓąÎąÆÌÁÒÁ ÇĘÒÅ ÉÓÅ ËÏÍĥÕ ÓąÎąÆÌÁÒąÎ ĘÒÎÅËÌÅÒÉȟ ËİëİË 
ÄÁøąÌąÍ ÁÌÁÎąÎÄÁÎ ÄÏÌÁÙą ÂÕ ÓąÎąÆÁ ÁÔÁÎąÒÌÁÒȢ 9ine bu 
ÄÕÒÕÍȟ ÓÉÓÔÅÍ ÄÅøÅÒÌÅÎÄÉÒÍÅ ĘÌëİÌÅÒÉÎÄÅÎ 
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$ÕÙÁÒÌąË ɉ0ÒÅÃÉÓÉÏÎɊ ĘÌëİÓİÎİ ÄİĥİÒÅÃÅËÔÉÒȢ 
3ąÎąÆÌÁÒą ÄÅÎÇÅÓÉÚ ÏÌÁÎ ÖÅÒÉ ÓÅÔÌÅÒÉÎÄÅ Standart 
Merkez TÁÂÁÎÌą Memetot yukarda bahsedilen 
ÓÅÂÅÐÌÅÒÄÅÎ ÄÏÌÁÙą ÓÉÓÔÅÍÉÎ ÐÅÒÆÏÒÍÁÎÓą ÚÁÙąÆ 
ÏÌÁÃÁËÔąÒȢ &ÁËÁÔ ÂÕ ÓÉÓÔÅÍÅ ËİÔÌÅ ÄÅøÉĥËÅÎÉ ÄÁÈÉÌ 
ÅÄÉÌÉÒÓÅ ÐÒÏÂÌÅÍ ËÏÌÁÙ ÂÉÒ ĥÅËÉÌÄÅ ëĘÚİÌÍİĥ  
ÏÌÁÃÁËÔąÒȢ "ÉÒ ÍÅÒËÅÚÉÎ ÉëÅÒÄÉøÉ ÂĘÌÇÅ ëÅËÉÍ 
ÍÏÄÅÌÉÎÄÅ ÅĥÉÔ ÏÌÁÒÁË ÇÅÎÉĥÌÅÙÅÃÅËÔÉÒȢ 

-ÕÌÔÉÎÏÍÉÁÌ .ÁÉÖÅ "ÁÙÅÓ ÓąÎąÆÌÁÎÄąÒąÃą 

"ÉÒ ÓąÎąÆÌÁÎÄąÒąÃąȟ ÆÁÒËÌą ÎÅÓÎÅÌÅÒÉ ÂÅÌÌÉ ĘÚÅÌÌÉËÌÅÒÅ 
ÇĘÒÅ ÁÙąÒÍÁË ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ 
modelidir. 

"ÉÒ .ÁÉÖÅ "ÁÙÅÓ ÓąÎąÆÌÁÎÄąÒąÃąÓą [4, 20] ÓąÎąÆÌÁÎÄąÒÍÁ 
ÉĥÉ ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÏÌÁÓąÌąËÓÁÌ ÂÉÒ ÍÁËÉÎÅ ĘøÒÅÎÍÅÓÉ 
ÍÏÄÅÌÉÄÉÒȢ 3ąÎąÆÌÁÎÄąÒąÃąÎąÎ ÍÁÎÔąøą "ÁÙÅÓ 
ÔÅÏÒÅÍÉÎÅ ÄÁÙÁÎąÒȢ 

0!ȿ"
0"ȿ!Ȣ0!

0"
 (20) 

Denklem 20ȭÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ "ÁÙÅÓ ÔÅÏÒÅÍÉÎÉ 
kullanarak, B ÏÌÁÙą ÇÅÒëÅËÌÅĥÔÉËÔÅÎ ÓÏÎÒÁ AȭÎąÎ 
ÇÅÒëÅËÌÅĥÍÅ ÏÌÁÓąÌąøąÎą ÂÕÌÁÂÉÌÉÒÉÚȢ "ÕÒÁÄÁ B ËÁÎąÔ 
ve A ÈÉÐÏÔÅÚÄÉÒȢ "ÕÒÁÄÁËÉ ÖÁÒ ÏÌÁÎ ĘÚÎÉÔÅÌÉËÌÅÒ 
ÂÉÒÂÉÒÉÎÄÅÎ ÂÁøąÍÓąÚÄąÒȢ 9ÁÎÉ ÂÉÒÉÎÉÎ ÖÁÒÌąøą 
ÄÉøÅÒÌÅÒÉÎÉ ÅÔËÉÌemez. 

"ÁÙÅÓ ÔÅÏÒÅÍÉ ÁĥÁøąÄÁËÉ ÇÉÂÉ ÙÅÎÉÄÅÎ ÙÁÚąÌÁÂÉÌÉÒȢ 

0Ùȿ8
08ȿÙȢ0Ù

08
 (21) 

Ù ÄÅøÉĥËÅÎÉ ÖÅÒÉÌÅÎ ËÏĥÕÌÌÁÒÁ ÂÉÒ ÏÌÁÙąÎ ÇÅÒëÅËÌÅĥÉÐ 
ÇÅÒëÅËÌÅĥÍÅÄÉøÉÎÉ ÂÅÌÉÒÔÅÎ ÓąÎąÆ ÄÅøÉĥËÅÎÉÄÉÒȢ 8 
ÄÅøÉĥËÅÎÉ ÐÁÒÁÍÅÔÒÅÌÅÒÉ ÇĘÓÔÅÒÉÒȢ 

8 ØȟØȟØȟȣȟØ  (22) 

Denklem 22ȭde ØȟØȟØȟȣȟØ 8ȭÉÎ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉ 
ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ 8ȭÉ ÙÅÒÉÎÅ ÙÁÚąÐ ÁëÁÒÓÁË ÚÉÎÃÉÒ 
ËÕÒÁÌąÎą ËÕÌÌÁÎÁÒÁË $ÅÎËÌÅÍ ς3 elde edilir. 

0ÙȿȟØȟØȟȣȟØ
0ØȿÙ0ØȿÙȣ0ØȿÙ0Ù

0Ø 0Ø ȣ0Ø
 (23) 

Veri setine bakarak ve denklemde yerine yazarak 
ÈÅÒ ÂÉÒÉ ÉëÉÎ ÄÅøÅÒÌÅÒ ÅÌÄe edebiliriz. Veri setindeki 
ÔİÍ ÇÉÒÄÉÌÅÒ ÉëÉÎ ÐÁÙÄÁ ÄÅøÉĥÍÅÄÅÎ ËÁÌąÒȢ "Õ ÙİÚÄÅÎ 
Denklem 2τȭÔÅËÉ ÇÉÂÉ ÐÁÙÄÁ ËÁÌÄąÒąÌÁÂÉÌÉÒȢ 

0ÙȿȟØȟØȟȣȟØ 0Ù 0ØȿÙ (24) 

3ąÎąÆÌÁÎÄąÒÍÁ ÐÒÏÂÌÅÍÌÅÒÉ ÉËÉÌÉ ÄÅøÅÒÌÅÒÅ ÓÁÈÉÐ ÄÅ 
ÏÌÁÂÉÌÉÒȢ 9ÁÄÁ ëÏÎ ÓąÎąÆÌą ÐÒÏÂÌÅÍÌÅÒÄÅ ÏÌÁÂÉÌÉÒȢ Bu 

ÓÅÂÅÐÔÅÎ ÄÏÌÁÙą ÂÕÒÁÄÁËÉ Ù ÓąÎąÆąÎąÎ ÍÁËÓÉÍÕÍ 
ÏÌÁÓąÌąøąÎą ÈÅÓÁÐÌÁÍÁË ÇÅÒÅËÉÒȢ $ÅÎËÌÅÍ ςυȭÔÅ 
ÇĘÒİÌÄİøİ ÇÉÂÉ ÅÎ ÙİËÓÅË ÏÌÁÓąÌąøÁ ÓÁÈÉÐ ÓąÎąÆ 
bulunabilir.  

Ù ÁÒÇÍÁØ0Ù 0ØȿÙ (25) 

$ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅÓÉ 

$ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅÓÉȟ ÈÅÍ ÓąÎąÆÌÁÎÄąÒÍÁ ÈÅÍ ÄÅ 
ÒÅÇÒÅÓÙÏÎ ÐÒÏÂÌÅÍÌÅÒÉÎÄÅ ËÕÌÌÁÎąÌÁÎ ÙİËÓÅË 
ÄÏøÒÕÌÕË ÏÒÁÎąÎÁ ÓÁÈÉÐ ÂÉÒ ÍÅÔÏÔÔÕÒ [21] . Fakat 
ÇÅÎÅÌÄÅ ÓąÎąÆÌÁÎÄąÒÍÁ ÁÍÁÃąÙÌÁ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 

Destek VÅËÔĘÒ MakinesiȭÎÉÎ ÁÍÁÃąȟ ÂÉÒ .-boyutlu 
ÕÚÁÙÄÁËÉ ĘÒÎÅËÌÅÒÉ ÄÏøÒÕ ÂÉÒ ĥÅËÉÌÄÅ ÓąÎąÆÌÁÎÄąÒÁÎ 
ÈÉÐÅÒ ÄİÚÌÅÍ ÂÕÌÍÁËÔąÒȢ 

¤ÅËÉÌ 4ȭÔÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ĘÒÎÅËÌÅÒÄÅÎ ÏÌÕĥÁÎ ÉËÉ 
ÓąÎąÆą ÖÅËÔĘÒ ÕÚÁÙąÎÄÁ ÂÉÒÂÉÒÉÎÄÅÎ ÁÙąÒÍÁË ÉëÉÎȟ 
ÓÅëÉÌÅÂÉÌÅÃÅË ÂÉÒëÏË ÏÌÁÓą ÈÉÐÅÒ ÄİÚÌÅÍ ÖÁÒÄąÒȢ !ÍÁë 
ÂÕÒÁÄÁËÉ ÈÉÐÅÒ ÄİÚÌÅÍÌÅÒÄÅÎ ÅÎ ÕÙÇÕÎÕÎÕ ÙÁÎÉ ÈÅÒ 
ÉËÉ ÓąÎąÆÁ ÅÎ ÕÚÁË ɉÍÁËÓÉÍÕÍ ÍÅÓÁÆÅÄÅɊ ÏÌÁÎ ÂÉÒ 
ÈÉÐÅÒ ÄİÚÌÅÍÉ ÂÕÌÍÁËÔąÒȢ "Õ ĥÅËÉÌÄÅ ÓąÎąÆÌÁÒ ÄÁÈÁ ÉÙÉ 
ÁÙÒąÌąÒ ÖÅ ÂÕ ÓąÎąÒÄÁ ÏÌÁÂÉÌÅÃÅË ĘÒÎÅËÌÅÒ ÄÁÈÁ ÄÏøÒÕ 
ÂÉÒ ĥÅËÉÌÄÅ ÓąÎąÆÌÁÎÄąÒąÌąÒÌÁÒȢ 

 

¤ÅËÉÌ 4. $ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅÓÉ ÈÉÐÅÒ ÄİÚÌÅÍÌÅÒÉ 

K-%Î 9ÁËąÎ +ÏÍĥÕ 

K-EYK [25]  ÁÌÇÏÒÉÔÍÁÓą ÓąÎąÆÌÁÎÄąÒÍÁ 
ÍÅÔÏÔÌÁÒąÎÄÁÎÄąÒȢ +-EYK, ''Benzer veriler birbirine 
ÙÁËąÎÄąÒͻͻ ÍÁÎÔąøąÎÁ ÄÁÙÁÎÍÁËÔÁÄąÒȢ "ÅÎÚÅÒÌÉËÌÅÒȟ 
ÖÅÒÉÌÅÒÉÎ ÁÒÁÓąÎÄÁËÉ ÕÚÁËÌąËÌÁÒąÎ ÈÅÓÁÐÌÁÎÍÁÓąÙÌÁ 
bulunur. EÎ ëÏË ËÕÌÌÁÎąÌÁÎ ÍÅÔÒÉË vËÌÉÄ ÍÅÔÒÉøÉÄÉÒȢ 

¤ÅËÉÌ 5ȭtÅ İëÇÅÎ ÖÅ ËÁÒÅ ÓąÎąÆÌÁÒą ÏÌÍÁË İÚÅÒÅ ÉËÉ ÓąÎąÆ 
ÂÕÌÕÎÍÁËÔÁÄąÒȢ +-%9+ ÍÅÔÏÄÕÎÁ ÇĘÒÅ ÈÁÎÇÉ ÓąÎąÆÔÁ 
ÏÌÄÕøÕ ÂÉÌÉÎÍÅÙÅÎ ÙÕÖÁÒÌÁË ĘÒÎÅøÉ ÓąÎąÆÌÁÎÄąÒąÌÍÁË 
istenirse + σ ÁÌąÎÄąøąÎÄÁ İëÇÅÎ ÄÉÙÅ 
ÓąÎąÆÌÁÎÄąÒąÌÁÃÁËÔąÒȢ KİÎËİ ÙÕÖÁÒÌÁË ĘÒÎÅøÉÎÅ ÅÎ 
ÙÁËąÎ İë ĘÒÎÅËÔÅÎ ÂÉÒÉ ËÁÒÅȟ ÄÉøÅÒ ÉËÉÓÉ İëÇÅÎ 
ÓąÎąÆąÎÄÁÎÄąÒȢ KÏøÕÎÌÕË ÙÁËÌÁĥąÍąÎÁ ÇĘÒÅ İëÇÅÎ 
ÓąÎąÆąÎÄÁ ÏÌÁÃÁËÔąÒȢ &ÁËÁÔ + υ ÁÌąÎÄąøąÎÄÁ ÉÓÅ ËÁÒÅ 
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ÏÌÁÒÁË ÓąÎąÆÌÁÎÄąÒąÌÁÃÁËÔąÒȢ "Õ ÄÕÒÕÍÄÁ ÅÎ ÙÁËąÎ ÂÅĥ 
ĘÒÎÅËÔÅÎ İëİ ËÁÒÅ ÓąÎąÆąÎÄÁ ÏÌÄÕøÕÎÄÁÎ ëÏøÕÎÌÕË 
ÙĘÎÔÅÍÉÎÅ ÇĘÒÅ ËÁÒÅ ÄÉÙÅ ÓąÎąÆÌÁÎÄąÒąÌąr. 

 

 

¤ÅËÉÌ 5. K-%9+ ĘÒÎÅøÉ 

Terim -&ÒÅËÁÎÓą 4ÅÒÓ-$ÏËİÍÁÎ-&ÒÅËÁÎÓą ɉ4&-
TDF) 

TF-T$& ÁøąÒÌąøąȟ ÓąËÌąËÌÁ ÙÁÐÁÙ ÚÅËÝ ËÏÎÕÌÁÒąÎÄÁ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ "Õ ÁøąÒÌąËȟ ÂÉÒ ÓĘÚÃİøİÎ ÖÅÒÉ 
setindeki bir ÄÏËİÍÁÎ ÉëÉÎ ÎÅ ËÁÄÁÒ ĘÎÅÍÌÉ 
ÏÌÄÕøÕÎÕ ÔÅÓÐÉÔ ÅÔÍÅÄÅ ËÕÌÌÁÎąÌÁÎ ÉÓÔÁÔÉÓÔÉËÓÅÌ ÂÉÒ 
ĘÌëİÄİÒȢ "Õ ÁøąÒÌąøąÎ ĘÎÅÍÉ ÂÉÒ ÓĘÚÃİøİÎ ËÅÎÄÉ 
ÓąÎąÆąÎÄÁËÉ ÄÏËİÍÁÎÌÁÒÄÁËÉ ÆÒÅËÁÎÓąÙÌÁ ÄÏøÒÕ 
ÏÒÁÎÔąÌą ÏÌÁÒÁË ÁÒÔÁÒËÅÎ ÂÁĥËÁ ÓąÎąÆÌÁÒÄÁ ÂÕÌÕÎÁÎ 
ÄÏËİÍÁÎÌÁÒÄÁËÉ ÆÒÅËÁÎÓąÙÌÁ ÔÅÒÓ ÏÒÁÎÔąÌąÄąÒȢ "Õ 
ÁøąÒÌąËÌÁÒ ×ÅÂ ÓÁÙÆÁÌÁÒąÎąÎ ÁÒÁĥÔąÒąÌÍÁÓąÎÄÁ 
ËÕÌÌÁÎąÌÁÎ ÁÒÁÍÁ ÍÏÔÏÒÌÁÒąÎÄÁ ÄÁ ëÏË 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 6ÅÒÉÌÅÎ ÂÉÒ ÓÏÒÇÕÎÕÎȟ ÂÉÒ ×ÅÂ 
ÓÁÙÆÁÓąÎąÎ ÉëÅÒÉøÉ ÉÌÅ ÎÅ ËÁÄÁÒ ÉÌÇÉÌÉ ÏÌÄÕøÕÎÕ 
ÂÅÌÉÒÌÅÒȢ %Î ÂÁÓÉÔ ÓąÒÁÌÁÍÁ ÆÏÎËÓÉÙÏÎÌÁÒąÎÄÁÎ ÂÉÒÉ 
her bir sorgu teriminin TF-T$& ÁøąÒÌąøąÎąÎ 
ÔÏÐÌÁÎÍÁÓąÙÌÁ ÈÅÓÁÐÌÁÎąÒȢ "Õ ÁøąÒÌąËÌÁÒȟ ÍÅÔÉÎ 
ĘÚÅÔÌÅÍÅ ÖÅ ÓąÎąÆÌÁÎÄąÒÍÁ ÄÝÈÉÌ ÂÉÒ ëÏË ÁÌÁÎÄÁ 
ÅÔËÉÓÉÚ ËÅÌÉÍÅÌÅÒÉÎ ÆÉÌÔÒÅÌÅÎÍÅÓÉÎÄÅ ÂÁĥÁÒąÙÌÁ 
ËÕÌÌÁÎąÌąÒȢ 

TF-T$& ÁøąÒÌąøą ÉËÉ ÔÅÒÉÍÄÅÎ ÏÌÕĥÍÁËÔÁÄąÒȢ "ÉÒÉÎÃÉÓÉ 
ÎÏÒÍÁÌÉÚÅ ÅÄÉÌÍÉĥ ÔÅÒÉÍ ÆÒÅËÁÎÓąÎą ÈÅÓÁÐÌÁÒȢ dËÉÎÃÉ 
ÔÅÒÉÍ ÉÓÅ ÔÅÒÓ ÄÏËİÍÁÎ ÆÒÅËÁÎÓąÄąÒȢ 9ÁÎÉ ÖÅÒÉ 
ÓÅÔÉÎÄÅËÉ ÄÏËİÍÁÎÌÁÒąÎ ÓÁÙąÓąÎąÎȟ ÓĘÚÃİøİÎ 
ÇĘÒİÎÄİøİ ÄÏËİÍÁÎÌÁÒąÎ ÓÁÙąÓąÎÁ ÂĘÌİÎİÐ 
ÌÏÇÁÒÉÔÍÁÓą ÁÌąÎÁÒÁË ÈÅÓÁÐÌÁÎąÒȢ !ĥÁøąÄÁ Ó 
ÓĘÚÃİøİÎİÎ 4& ÖÅ T$& ÄÅøÅÒÌÅÒÉÎÉÎ ÎÁÓąÌ 
ÈÅÓÁÐÌÁÎÄąøą ÖÅÒÉÌÍÉĥÔÉÒȢ 

TF(Ó)  =  (Ó ÓĘÚÃİøİÎİÎ ÂÉÒ ÄÏËİÍÁÎÄÁËÉ ÆÒÅËÁÎÓąɊ 
Ⱦ ɉ$ÏËİÍÁÎ ÉëÉÎÄÅËÉ ÔÏÐÌÁÍ ÓĘÚÃİË ÓÁÙąÓąɊ 
TDF(Ó)  =  ÌÏÇɉ4ÏÐÌÁÍ ÄÏËİÍÁÎ ÓÁÙąÓą Ⱦ Ó 
ÓĘÚÃİøİÎİ ÉëÅÒÅÎ ÄÏËİÍÁÎÌÁÒąÎ ÓÁÙąÓąɊ 

"ÕÌÇÕÌÁÒ ÖÅ ÔÁÒÔąĥÍÁ 

"Õ ÂĘÌİÍÄÅ ÍÅÒËÅÚ ÔÁÂÁÎÌą ÍÅÔÏÔÌÁÒÌÁ ÂÉÒÌÉËÔÅ +-
%9+ȟ .ÁÉÖÅ "ÁÙÅÓ ÖÅ $ÅÓÔÅË 6ÅËÔĘÒ -ÁËÉÎÅÓÉ 
ÓąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÔÌÁÒąÙÌÁ ÙÁÐąÌÁÎ ÕÙÇÕÌÁÍÁÌÁÒąÎ 
ÄÅÎÅÙÓÅÌ ÓÏÎÕëÌÁÒą ÖÅÒÉÌÍÉĥÔÉÒ ÖÅ ÂÕ ÓÏÎÕëÌÁÒ 
ÔÁÒÔąĥąÌÍąĥÔąÒȢ  

Veri setleri  

Tablo 1ȭÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ÄĘÒÔ ÆÁÒËÌą ÖÅÒÉ ÓÅÔÉ 
İÚÅÒÉÎÄÅ uygulamalar ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ "İÔİÎ 
veri setleri dengelidir. Veri seti1 (VS1), gazetelerin 
×ÅÂ ÓÁÙÆÁÌÁÒąÎÄÁÎ ÅÌÄÅ ÅÄÉÌÍÉĥ ÖÅ φ ÓąÎąÆÔÁÎ 
ɉȰ%øÉÔÉÍȱȟ Ȱ%ËÏÎÏÍÉȱȟ Ȱ+İÌÔİÒ-3ÁÎÁÔȱȟ Ȱ/ÔÏÍÏÂÉÌȱȟ 
Ȱ3ÁøÌąËȱȟ Ȱ3ÐÏÒȱɊ ÏÌÕĥÍÁËÔÁÄąÒȢ (ÅÒ ÂÉÒ ÓąÎąÆ χυ 
ÄÏËİÍÁÎÄÁÎ ÏÌÕĥÍÁËÔÁÄąÒȢ $ÉøÅÒ ÖÅÒÉ ÓÅÔÌÅÒÉ ÉÓÅ 
9ąÌÄąÚ 4ÅËÎÉË ­ÎÉÖÅÒÓÉÔÅÓÉÎÉÎ ÖÅÒÉ ÓÅÔÌÅÒÉÎÄÅÎ ÅÌÄÅ 
ÅÄÉÌÍÉĥÔÉÒȢ 6ÅÒÉ ÓÅÔÉς ɉ63ςɊȟ ÖÅÒÉ ÓÅÔÉσ ɉ63σɊ ÖÅ ÖÅÒÉ 
seti4 (VS4) [26]  ÓąÒÁÓąÙÌÁ χȟ ω ÖÅ ρρ ÓąÎąÆÔÁÎ 
ÏÌÕĥÍÁËÔÁÄąÒ ÖÅ ÈÅÒ ÂÉÒ ÓąÎąÆ ÉëÉÎÄÅ φππ ÄÏËİÍÁÎ 
ÂÕÌÕÎÍÁËÔÁÄąÒȢ 6ÅÒÉ ÓÅÔÌÅÒÉÎÉÎ ÉëÉÎÄÅËÉ ÓĘÚÃİË 
bilgilÅÒÉ ÁĥÁøąÄÁ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 63ςȟ 63σ ÖÅ 63τ 
ÓąÒÁÓąÙÌÁ ɉȰ%ËÏÎÏÍÉȱȟ Ȱ+İÌÔİÒ-3ÁÎÁÔȱȟ Ȱ-ÁÇÁÚÉÎȱȟ 
Ȱ3ÁøÌąËȱȟ Ȱ3ÉÙÁÓÅÔȱȟ Ȱ3ÐÏÒȱȟ Ȱ4ÅËÎÏÌÏÊÉȱɊȟ ɉȰ$İÎÙÁȱȟ 
Ȱ%ËÏÎÏÍÉȱȟ Ȱ+İÌÔİÒ-3ÁÎÁÔȱȟ Ȱ-ÁÇÁÚÉÎȱȟ Ȱ3ÁøÌąËȱȟ 
Ȱ3ÉÙÁÓÅÔȱȟ Ȱ3ÐÏÒȱȟ Ȱ4ÅËÎÏÌÏÊÉȱȟ Ȱ9ÁĥÁÍȱɊ ÖÅ ɉȰ$İÎÙÁȱȟ 
Ȱ%ËÏÎÏÍÉȱȟ Ȱ'ÅÎÅÌȱȟ Ȱ'İÎÃÅÌȱȟ Ȱ+İÌÔİÒ-3ÁÎÁÔȱȟ 
Ȱ-ÁÇÁÚÉÎȱȟ Ȱ3ÁøÌąËȱȟ Ȱ3ÉÙÁÓÅÔȱȟ Ȱ3ÐÏÒȱȟ Ȱ4ÅËÎÏÌÏÊÉȱȟ 
Ȱ9ÁĥÁÍȱɊ ÓąÎąÆÌÁÒąÎą ÉëÅÒÍÅËÔÅÄÉÒȢ 

Tablo 1. KÁÌąĥÍÁÄÁ ËÕÌÌÁÎąÌÁÎ ÖÅÒÉ ÓÅÔÌÅÒÉ. 

Veri 
Setleri {ƤƴƤŦ {ŀȅƤǎƤ 

Toplam 
5ƻƪǸƳŀƴ 
{ŀȅƤǎƤ 

CŀǊƪƭƤ 
{ǀȊŎǸƪ 
{ŀȅƤǎƤ 

Toplam 
{ǀȊŎǸƪ 
SayƤǎƤ 

VS1 6 450 71884 497842 

VS2 7 4200 111953 1037946 

VS3 9 5400 125478 1247258 

VS4 11 6600 141813 1527203 

Performans ĘÌëİÌÅÒÉ 

-ÅÔÉÎ ÓąÎąÆÌÁÎÄąÒÍÁ ÕÙÇÕÌÁÍÁÌÁÒąÎąÎ ÂÁĥÁÒąÌÁÒąÎą 
ÄÅøÅÒÌÅÎÄÉÒÍÅË ÉëÉÎ $ÏøÒÕÌÕË ɉ!ÃÃÕÒÁÃÙɊ ÖÅ &ρ-
vÌëİÓİ ËÕÌÌÁÎąÌÍąĥÔąÒȢ &ρ-vÌëİÓİȟ ÁĥÁøąÄÁËÉ 
Denklem ςχȟ ςψ ÖÅ ςωȭda ÇĘÒİÌÄİøİ ÇÉÂÉ 'ÅÒÉ 
KÁøąÒÍÁ ɉ2ÅÃÁÌÌɊ ÖÅ $ÕÙÁÒÌąË ɉ0ÒÅÃÉÓÉÏÎɊ 
ÄÅøÅÒÌÅÎÄÉÒÍÅ ĘÌëİÌÅÒÉ Âir denklemde 
ÂÉÒÌÅĥÔÉÒÉÌÅÒÅË ÈÅÓÁÐÌÁÎÍÁËÔÁÄąÒȢ &ÁÒËÌą ÓąÎąÆÌÁÒ ÉëÉÎ 
F1-vÌëİÌÅÒÉȟ &ρ-vÌëİÌÅÒÉÎÉÎ -ÁËÒÏ ÏÒÔÁÌÁÍÁÌÁÒą 
ÁÌąÎÁÒÁË ÇÅÎÅÌÌÅĥÔÉÒÉÌÍÉĥÔÉÒ. 3ÉÓÔÅÍÉÎ $ÏøÒÕÌÕË 
ÄÅøÅÒÌÅÒÉÎÉÎ ÎÁÓąÌ ĘÌëİÌÄİøİ ÉÓÅ $ÅÎËÌÅÍ ςφȭÄÁ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ 

$ÏøÒÕÌÕË 
$ÏøÒÕ ÔÁÈÍÉÎÌÅÒÉÎ ÓÁÙąÓą

"İÔİÎ ĘÒÎÅËÌÅÒÉÎ ÓÁÙąÓą
 (26) 
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'ÅÒÉ KÁøąÒÍÁ
$ÏøÒÕ ÐÏÚÉÔÉÆ ÔÁÈÍÉÎÌÅÒÉÎ ÓÁÙąÓą

0ÏÚÉÔÉÆ ĘÒÎÅËÌÅÒÉÎ ÓÁÙąÓą
 (27) 

$ÕÙÁÒÌąË 
$ÏøÒÕ ÐÏÚÉÔÉÆ ÔÁÈÍÉÎÌÅÒÉÎ ÓÁÙąÓą

0ÏÚÉÔÉÆ ÔÁÈÍÉÎÌÅÒÉÎ ÓÁÙąÓą
 (28) 

&ρvÌëİÓİ
ς 'ÅÒÉ KÁøąÒÍÁ  $ÕÙÁÒÌąË 

'ÅÒÉ KÁøąÒÍÁ $ÕÙÁÒÌąË 
 (29) 

'ÅÒëÅËÌÅĥÔÉÒÉÌÅÎ uygulamalarda sistemlerin 
ÐÅÒÆÏÒÍÁÎÓÌÁÒąÎą ÄÅøÅÒÌÅÎÄÉÒÍÅÄÅ ÄÁÈÁ ÄÏøÒÕ ÖÅ 
ÏÂÊÅËÔÉÆ ÓÏÎÕëÌÁÒ ÅÌÄÅ ÅÄÉÌÍÅÓÉ ÉëÉÎ +-Katman 
KÁÐÒÁÚ-$ÏøÒÕÌÁÍÁ ɉ+-Fold Cross-Validation) 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ "ÕÒÁÄÁËÉ + ÄÅøÉĥËÅÎÉ ÉëÉÎ 
uygÕÌÁÍÁÌÁÒąÍąÚÄÁ 5 ÓÅëÉÌÍÉĥÔÉÒȢ +-+ÁÔÍÁÎ KÁÐÒÁÚ-
$ÏøÒÕÌÁÍÁȭÄÁ ÂİÔİÎ ÖÅÒÉ ÓÅÔÉ υ ÅĥÉÔ ÐÁÒëÁÙÁ ÂĘÌİÎİÒ 
ÖÅ ÉÌË ÐÁÒëÁ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÄÉøÅÒ ÄĘÒÔ ÐÁÒëÁÓą ÄÁ 
ÅøÉÔÉÍ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ËÕÌÌÁÎąÌąÒ ÖÅ ÓÉÓÔÅÍÉÎ ÂÁĥÁÒąÓą 
ĘÌëİÌİÒȢ 3ÏÎÒÁ ÐÁÒëÁÌÁÒÁ ÂĘÌİÎÍİĥ ÖÅÒÉ ÓÅÔÉÎÉÎ 
ikÉÎÃÉ ÐÁÒëÁÓą ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÖÅ ÄÉøÅÒ ÐÁÒëÁÌÁÒ ÉÓÅ 
ÅøÉÔÉÍ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ËÕÌÌÁÎąÌąÒȢ !ÙÎą ĥÅËÉÌÄÅ ÓÉÓÔÅÍÉÎ 
ÔÅËÒÁÒ ÂÁĥÁÒąÓą ĘÌëİÌİÒȢ "ÅÎÚÅÒ ĥÅËÉÌÄÅ σȢ, 4. ve 5. 
ÐÁÒëÁÌÁÒ ÉëÉÎ ÄÅ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ ÏÌÁÒÁË ÂÁĥÁÒąÌÁÒą 
ÈÅÓÁÐÌÁÎąÒȢ 4ÁÂÌÏÌÁÒÄÁ ÇÅëÅÎ " ÈÁÒÆÉȟ ÂÉÎ olarak 
temsil edilmektedir. 

Tablo 2. VS1 tÅÓÔ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÅÎ ÂÁĥÁÒąÌą ÍÅÔÏÔÌÁÒ 
ÖÅ ÄÅøÅÒÌÅÒÉ. 

Metotlar 
mȊƴƛǘŜƭƛƪ  
{ŀȅƤǎƤ 

5ƻƐǊǳƭǳƪ 
F1-mƭœǸǎǸ 

Makro 

SMTM 5000 0.971 0.97 

MTYUM 5000 0.984 0.984 

MTGMYUM 5000 0.984 0.984 

a¢4a 5000 0.98 0.979 

MNB 5000 0.976 0.975 

DVM 30000 0.982 0.982 

K-EYK 5000 0.969 0.968 

 

Tablo 3. VS2 tÅÓÔ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÅÎ ÂÁĥÁÒąÌą ÍÅÔÏÔÌÁÒ 
ÖÅ ÄÅøÅÒÌÅÒÉ. 

Metotlar 
mȊƴƛǘŜƭƛƪ  
{ŀȅƤǎƤ 

5ƻƐǊǳƭǳƪ 
F1-mƭœǸǎǸ 

Makro 

SMTM 20B ve 30B 0.884 0.884 

MTYUM 20B ve 30B 0.899 0.899 

MTGMYUM 20B ve 30B 0.899 0.899 

a¢4a 20B ve 30B 0.884 0.883 

MNB 20000 0.899 0.899 

DVM 30000 0.9 0.9 

K-EYK 5000 0.81 0.812 

Tablo 4. VS3 tÅÓÔ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÅÎ ÂÁĥÁÒąÌą ÍÅÔÏÔÌÁÒ 
ÖÅ ÄÅøÅÒÌÅÒÉ. 

Metotlar 
mȊƴƛǘŜƭƛƪ  
{ŀȅƤǎƤ 

5ƻƐǊǳƭǳƪ 
F1-mƭœǸǎǸ 

Makro 

SMTM 30000 0.816 0.814 

MTYUM 30000 0.842 0.841 

MTGMYUM 20B ve 30B 0.842 0.841 

a¢4a 5B ve 30B 0.818 0.818 

MNB 20000 0.835 0.833 

DVM 30000 0.843 0.843 

K-EYK 5000 0.735 0.734 

Tablo 5. VS4 tÅÓÔ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÅÎ ÂÁĥÁÒąÌą ÍÅÔÏÔÌÁÒ 
ÖÅ ÄÅøÅÒÌÅÒÉ. 

Metotlar 
mȊƴƛǘŜƭƛƪ  
{ŀȅƤǎƤ 

5ƻƐǊǳƭǳƪ 
F1-mƭœǸǎǸ 

Makro 

SMTM 30000 0.686 0.674 

MTYUM 30000 0.725 0.715 

MTGMYUM 30000 0.726 0.716 

a¢4a 20B ve 30B 0.675 0.675 

MNB 30000 0.707 0.678 

DVM 30000 0.717 0.711 

K-EYK 5000 0.609 0.607 

Tablo 6Ȣ -ÅÔÏÔÌÁÒąÎ eøÉÔÉÍ ÖÅ test toplam SİÒÅÌÅÒÉ 
(Saniye) ɉvÚÎÉÔÅÌÉË sÁÙąÓąȡ υπππɊ. 

Metotlar VS1 VS2 VS3 VS4 

SMTM 0.98 3.69 4.56 5.62 

MTYUM 1.22 5.66 8.12 13.79 

MTGMYU
M 

1.19 7.94 11.56 22.17 

a¢4a 1.08 4.36 6.21 7.07 

MNB 0,89 3.55 4.36 5.52 

DVM 0.94 12.46 23.37 35.17 

K-EYK 2.12 93.74 147.03 247.59 

 

6ÅÒÉ ÓÅÔÌÅÒÉÎÉÎ ĘÚÎÉÔÅÌÉË ÂÏÙÕÔÌÁÒąÎÁ ÇĘÒÅ 
ÂÁĥÁÒąÌÁÒąÎą ÄÅøÅÒÌÅÎÄÉÒÄÉøÉÍÉÚÄÅ 63ρ ÉëÉÎ ÅÎ 
ÙİËÓÅË ÂÁĥÁÒą ÇÅÎÅÌÄÅ υπππȭÄÅ ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ 
&ÁËÁÔ ÄÉøÅÒ ÖÅÒÉ ÓÅÔÌÅÒÉÎÄÅ ÉÓÅ ĘÚÎÉÔÅÌÉË ÂÏÙÕÔÕ 
σππππ ÏÌÄÕøÕÎÄÁ ÅÎ ÉÙÉ ÂÁĥÁÒąÙÁ ÕÌÁĥąÌÍąĥÔąÒȢ 

Tablo 2ȭÄÅ 63ρȭÉÎ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ ÂÁĥÁÒą ÄÅøÅÒÌÅÒÉ 
ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ "Õ ÄÅøÅÒÌÅÒÅ ÇĘÒÅ ÅÎ ÂÁĥÁÒąÌą ÔÅÓÔ 
ÍÅÔÏÔÌÁÒą -495- ÖÅ -4'-95- ÏÌÍÕĥÔÕÒȢ 
vÚÎÉÔÅÌÉË ÓÁÙąÓą υπππ ÏÌÄÕøÕÎÄÁ ÂİÔİÎ ĘÌëİÌÅÒÉÎ 
ϷωψȟτȭÌİË ÂÁĥÁÒąÙą ÙÁËÁÌÁÄąËÌÁÒą ÇĘÒİÌÍÅËÔÅÄÉÒȢ 
-ÅÔÏÔÌÁÒąÎ ëÏøÕ ĘÚÎÉÔÅÌÉË ÓÁÙąÓą υπππ ÏÌÄÕøÕÎÄÁ ÅÎ 
ÙİËÓÅË ÂÁĥÁÒąÙÁ ÅÒÉĥÔÉÌÅÒȢ  
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Tablo 3ȭtÅ ÇĘÓÔÅÒÉÌÄÉøÉ ÇÉÂÉ 63ςȭÎÉÎ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ 
ÂÁĥÁÒą ÄÅøÅÒÌÅÒÉÎÅ ÇĘÒÅ ÅÎ ÂÁĥÁÒąÌą ÔÅÓÔ ÍÅÔÏÔ 
$6-ȭÄÉÒȢ vÚÎÉÔÅÌÉË ÓÁÙąÓą σππππ ÏÌÄÕøÕÎÄÁ ÂİÔİÎ 
ĘÌëİÌÅÒÄÅ ϷωπȭÌąË ÂÁĥÁÒąÙą ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ 
-ÅÔÏÔÌÁÒąÎ ëÏøÕ ĘÚÎÉÔÅÌÉË ÓÁÙąÓą ÇÅÎÅÌÄÅ σππππ 
ÏÌÄÕøÕÎÄÁ ÅÎ ÙİËÓÅË ÂÁĥÁÒąÙÁ ÕÌÁĥÔąÌÁÒȢ -495- ÖÅ 
-4'-95-ȭÎÉÎ ÂÁĥÁÒąÌÁÒąÎÁ ÂÁËąÌÄąøąÎÄÁ $6-ȭÎÉÎ 
ÄÅøÅÒÉÎÅ ëÏË ÙÁËąÎ ÏÌÄÕøÕ ÇĘÒİÌİÒȢ 9ÁÎÉ 63ς ÉëÉÎ ÅÎ 
ÂÁĥÁÒąÌą ÍÅÔÏÔÌÁÒąÎ $6-ȟ -495- ÖÅ -4'-95- 
ÏÌÄÕøÕ ÓĘÙÌÅÎÅÂÉÌÉÒȢ 

Tablo 4ȭte gĘÓÔÅÒÉÌÄÉøÉ ÇÉÂÉ 63σȭİÎ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ 
ÂÁĥÁÒą ÄÅøÅÒÌÅÒÉÎÅ ÇĘÒÅ ÅÎ ÂÁĥÁÒąÌą ÔÅÓÔ ÍÅÔÏÔ $6- 
ÏÌÍÕĥÔÕÒȢ vÚÎÉÔÅÌÉË ÓÁÙąÓą σππππ ÏÌÄÕøÕÎÄÁ ÂİÔİÎ 
ĘÌëİÌÅÒÄÅ Ϸψτ.τȭÌİË ÂÁĥÁÒąÙą ÙÁËÁÌÁÍąĥÔąÒȢ 
-ÅÔÏÔÌÁÒąÎ ëÏøÕ ĘÚÎÉÔÅÌÉË ÓÁÙąÓą ÇÅÎÅÌÄÅ σππππ 
ÏÌÄÕøÕÎÄÁ ÅÎ ÙİËÓÅË ÂÁĥÁÒąÙÁ ÕÌÁĥÔąÌÁÒȢ 63ςȭÄÅ 
ÏÌÄÕøÕ ÇÉÂÉ -495- ÖÅ -4'-95-ȭÎÉÎ ÂÁĥÁÒąÌÁÒą 
$6-ȭÎÉÎ ÄÅøÅÒÉÎÅ ÏÌÄÕËëÁ ÙÁËąÎÄąÒȢ "Õ ÖÅÒÉ ÓÅÔÉÎÄÅ 
ÄÅ ÅÎ ÂÁĥÁÒąÌą ÍÅÔÏÔÌÁÒ $6-ȟ -495- ÖÅ 
-4'-95-ȭÄÉÒȢ 

Tablo 5ȭtÅ 63τȭİÎ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉ ÂÁĥÁÒą ÄÅøÅÒÌÅÒÉ 
ÇĘÓÔÅÒÉÌÍÅËÔÅÄÉÒȢ "Õ ÄÅøÅÒÌÅÒÅ ÇĘÒÅ ÅÎ ÂÁĥÁÒąÌą ÔÅÓÔ 
ÍÅÔÏÄÕ ÅøÉÔÉÍÄÅ ÏÌÕøÕ ÇÉÂÉ -4'-95- ÏÌÍÕĥÔÕÒȢ 
vÚÎÉÔÅÌÉË ÓÁÙąÓą σππππ ÏÌÄÕøÕÎÄÁ $ÏøÒÕÌÕË ÉëÉÎ  
%72.6 ve F1-vÌëİÓİ -ÁËÒÏ ÉëÉÎ ÉÓÅ Ϸχρ.φȭÌąË ÂÁĥÁÒą 
ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ 63τȭİÎ ÈÅÍ ÅøÉÔÉÍ ÈÅÍ ÄÅ ÔÅÓÔ ÖÅÒÉ 
ÓÅÔÉÎÉÎ ÅÎ ÂÁĥÁÒąÌą ÍÅÔÏÄÕÎ -4'-95- ÏÌÄÕøÕ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ -ÅÔÏÔÌÁÒąÎ ëÏøÕ ĘÚÎÉÔÅÌÉË ÓÁÙąÓą 
σππππ ÏÌÄÕøÕÎÄÁ ÅÎ ÙİËÓÅË ÂÁĥÁÒąÙÁ ÅÒÉĥÔÉÌÅÒȢ  

"İÔİÎ ÖÅÒÉ ÓÅÔÌÅÒÉÎÅ ÇĘÒÅ ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉÎÄÅ ÅÎ 
ÂÁĥÁÒąÌą ÍÅÔÏÄÕÎ -4'-95- ÏÌÄÕøÕ ÓĘÙÌÅÎÅÂÉÌÉÒȢ 
3ÏÎÒÁËÉ ÂÁĥÁÒąÌą ÍÅÔÏÔÌÁÒ -495- ÖÅ $6- 
ÏÌÍÁËÔÁÄąÒȢ %Î ÂÁĥÁÒąÓąÚ ÍÅÔÏÄun K-%9+ ÏÌÄÕøÕ 
ÇĘÒİÌÍÅËÔÅÄÉÒȢ %Î ÂİÙİË ÂÁĥÁÒąÌÁÒ ÇÅÎÅÌÄÅ 
ĘÚÎÉÔÅÌÉË ÓÁÙąÓą σππππ ÏÌÄÕøÕÎÄÁ ÅÌÄÅ ÅÄÉÌÄÉȢ 3ÁÄÅÃÅ 
63ρ ÖÅÒÉ ÓÅÔÉÎÄÅ ĘÚÎÉÔÅÌÉË ÓÁÙąÓą υπππ ÏÌÄÕøÕÎÄÁ ÅÎ 
ÙİËÓÅË ÂÁĥÁÒąÙÁ ÕÌÁĥąÌÍąĥÔąÒȢ (ąÚ ÂÁËąÍąÎÄÁÎ 
ÄÅøÅÒÌÅÎÄÉÒÄÉøÉÍÉÚÄÅ 4ÁÂÌÏ φȭÄÁ ÇĘÓÔÅÒÉÌÄÉøÉ ÇÉÂi 
ÅøÉÔÉÍ ÖÅ ÔÅÓÔ ÔÏÐÌÁÍ ÓİÒÅÌÅÒÉ ÂÁËąÍąÎÄÁÎ ÅÎ ÈąÚÌą 
ÁÌÇÏÒÉÔÍÁÌÁÒ ÓąÒÁÓąÙÌÁ -."ȟ 3-4-ȟ -4K-ȟ -495-ȟ 
MTGMYUM, DVM ve K-%9+ ÏÌÍÕĥÔÕÒȢ 

3ÏÎÕëÌÁÒ 

Bu ëÁÌąĥÍÁÄÁȟ -ÅÒËÅÚ 4ÁÂÁÎÌą 3ąÎąÆÌÁÎÄąÒÍÁ 
ÍÅÔÏÔÌÁÒąȟ +-%Î 9ÁËąÎ +ÏÍĥÕȟ $ÅÓÔÅË 6ÅËÔĘÒ 
-ÁËÉÎÅÓÉ ÖÅ .ÁÉÖÅ "ÁÙÅÓ ÓąÎąÆÌÁÎÄąÒÍÁ ÍÅÔÏÔÌÁÒą ÉÌÅ 
ÉÌÇÉÌÉ ÕÙÇÕÌÁÍÁÌÁÒ ÇÅÌÉĥÔÉÒÉÌÍÉĥÔÉÒ ÖÅ ÅÌÄÅ ÅÄÉÌÅÎ 
ÓÏÎÕëÌÁÒ ËÁÒĥąÌÁĥÔąÒąÌÍąĥÔąÒȢ  

63ρȭÉÎ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉÎÅ ÇĘÒÅ ÉÓÅ ÅÎ ÂÁĥÁÒąÌą ɉϷωψ.4) 
ÔÅÓÔ ÍÅÔÏÔÌÁÒą -495- ÖÅ -4'-95- ÏÌÍÕĥÔÕÒȢ 
&ÁËÁÔ 63ςȭÎÉÎ ÔÅÓÔ ÖÅÒÉ ÓÅÔÉÎÅ ÇĘÒÅ ÉÓÅ ÅÎ ÂÁĥÁÒąÌą 

ɉϷωπɊ ÔÅÓÔ ÍÅÔÏÔ $6-ȭÄÉÒȢ 63σȭİÎ test veri setine 
ÇĘÒÅ $6- ÅÎ ëÏË ÂÁĥÁÒąÌą ÏÌÍÕĥÔÕÒȢ &ÁËÁÔ -495- 
ÖÅ -4'-95- ÍÅÔÏÔÌÁÒąÎąÎ ÂÁĥÁÒąÓą $6-ȭÙÅ ëÏË 
ÙÁËąÎÄąÒȢ 63τ test ÖÅÒÉ ÓÅÔÉÎÉ ÄÅøÅÒÌÅÎÄÉÒÄÉøÉÍÉÚÄÅ 
ÅÎ ÂÁĥÁÒąÌą -4'-95- ÍÅÔÏÄÕÄÕÒȢ "Õ ÍÅÔÏÔȟ Ϸχς.6 
ÔÅÓÔ ÂÁĥÁÒąÓą ÅÌÄÅ ÅÔÍÉĥÔÉÒȢ 

'ÅÎÅÌ ÏÌÁÒÁË ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉÎÄÅ ÅÎ ÂÁĥÁÒąÌą 
ÍÅÔÏÄÕÎ -4'-95- ÏÌÄÕøÕ ÇĘÒİÌÅÂÉÌÉÒȢ 3ÏÎÒÁÓąÎÄÁ 
-495- ÖÅ $6- ÍÅÔÏÔÌÁÒą ÇÅÌÍÅËÔÅÄÉÒȢ %Î ÂÁĥÁÒąÓąÚ 
metot ise K-%9+ȭÄÉÒȢ 5ÙÇÕÌÁÍÁÌÁÒÄÁËÉ ÅÎ ÙİËÓÅË 
ÂÁĥÁÒąÌÁÒ ĘÚÎÉÔÅÌÉË ÓÁÙąÓą σππππ ÏÌÄÕøÕÎÄÁ ÅÌÄÅ 
ÅÄÉÌÄÉȢ &ÁËÁÔ 63ρ ÖÅÒÉ ÓÅÔÉÎÄÅ ÅÎ ÙİËÓÅË ÂÁĥÁÒą 
ĘÚÎÉÔÅÌÉË ÓÁÙąÓą υπππ ÏÌÄÕøÕÎÄÁ ÙÁËÁÌÁÎÍąĥÔąÒȢ (ąÚ 
ÂÁËąÍąÎÄÁÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉøÉÎÄÅ ÅÎ ÙÁÖÁĥ ÍÅÔÏÔÌÁÒ 
K-EYK ve DVM olmÁËÔÁÄąÒȢ -ÅÒËÅÚ ÔÁÂÁÎÌą ÍÅÔÏÔÌÁÒ 
ÏÌÄÕËëÁ ÈąÚÌąÄąÒȢ 

3ÏÎÒÁËÉ ëÁÌąĥÍÁÌÁÒÄÁ ÆÁÒËÌą ÍÅÔÏÔÌÁÒ ÉÌÅ ÍÅÔÉÎ ÖÅÒÉ 
ÓÅÔÌÅÒÉÎÄÅ ÕÙÇÕÌÁÍÁÌÁÒ ÇÅÌÉĥÔÉÒÉÌÅÃÅËÔÉÒ ÖÅ 
ËÁÒĥąÌÁĥÔąÒąÌÁÃÁËÔąÒȢ -ÅÒËÅÚ ÔÁÂÁÎÌą ÍÅÔÏÔÌÁÒÄÁ ÙÅÎÉ 
ÙÁËÌÁĥąÍÌÁÒ ÂÕÌÕÎÍÁÙÁ ëÁÌąĥąÌÁÃÁËÔąÒȢ 
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vÚÅÔ 

dÎÔÅÒÎÅÔ ÓÉÔÅÌÅÒÉÎÉ ËÕÌÌÁÎąÃąÌÁÒ ÔÁÒÁÆąÎÄÁÎ ÇĘÒİÎİÒ ÏÌÁÂÉÌÍÅÓÉ ÉëÉÎ ÁÒÁÍÁ ÍÏÔÏÒÌÁÒą ĘÎÅÍÌÉ ÂÉÒ ÒÏÌ 
ÏÙÎÁÍÁËÔÁÄąÒȢ !ÒÁÍÁ ÍÏÔÏÒÌÁÒąÎÄÁ İÓÔ ÓąÒÁÌÁÒÄÁ ÙÅÒ ÁÌÁÂÉÌÍÅË ÉëÉÎ ÈÅÒ ÁÒÁÍÁ ÍÏÔÏÒÕÎÕÎ ËÅÎÄÉÓÉ ÔÁÒÁÆąÎÄÁÎ 
ÂÅÌÉÒÌÅÎÅÎ ÁÌÇÏÒÉÔÍÁÌÁÒ ÄÅÖÒÅÙÅ ÇÉÒÍÅËÔÅÄÉÒȢ 'ÅÎÅÌ ÏÌÁÒÁË ÅÌÅ ÁÌÄąøąÍąÚÄÁ ÉÎÔÅÒÎÅÔ ÓÉÔÅÓÉÎÉ ÏÌÕĥÔÕÒÁÎ ÉëÅÒÉøÉÎ 
ĘÚÇİÎÌİøİȟ ËÕÌÌÁÎąÌÁÎ ÆÏÔÏøÒÁÆÌÁÒąÎ ĘÚÇİÎÌİøİȟ ÉÎÔÅÒÎÅÔ ÓÉÔÅÓÉÎÉÎ ÁëąÌÍÁ ÓİÒÅÌÅÒÉȟ ËÕÌÌÁÎąÃąÌÁÒąÎ ÉÎÔÅÒÎÅÔ 
ÓÉÔÅÓÉÎÄÅ ËÁÌÍÁ ÓİÒÅÌÅÒÉȟ ËÕÌÌÁÎąÃąÌÁÒąÎ ÂÉÒ ÉÎÔÅÒÎÅÔ ÓÉÔÅÓÉ ÉëÅÒÉÓÉÎÄÅ ÚÉÙÁÒÅÔ ÅÔÔÉËÌÅÒÉ ÓÁÙÆÁ ÓÁÙąÓą ÇÉÂÉ ÖÅÒÉÌÅÒ ĘÎ 
ÐÌÁÎÁ ëąËÍÁËÔÁÄąÒȢ 4ÉÃÁÒÉ ÁÎÌÁÍÄÁ ÏÌÕĥÔÕÒÕÌÁÎ ÉÎÔÅÒÎÅÔ ÓÉÔÅÌÅÒÉ ÉÓÅ ÔİÍ ÂÕÎÌÁÒÁ ÅË ÏÌÁÒÁË ÒÅËÌÁÍ ÈÁÒÃÁÍÁÌÁÒą 
ÉÌÅ ÄÁÈÁ ëÏË ÔİËÅÔÉÃÉÙÉ ÉÎÔÅÒÎÅÔ ÓÉÔÅÌÅÒÉÎÅ ëÅËÍÅÙÅ ëÁÌąĥÍÁËÔÁÄąÒÌÁÒȢ KÁÌąĥÍÁÍąÚÄÁ !ÌÅØÁ ÆÉÒÍÁÓą ÔÁÒÁÆąÎÄÁÎ 
ÓÕÎÕÌÁÎ ÖÅÒÉÌÅÒ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 4İÒËÉÙÅ ĘÚÅÌÉÎÄÅËÉ ÓÉÔÅÌÅÒ ÉÎÃÅÌÅÍÅÙÅ ÔÁÂÉÉ ÔÕÔÕÌÁÒÁË ÉÌË υπ ÓąÒÁ ÄÉËËÁÔÅ 
ÁÌąÎÍąĥÔąÒȢ πρȢρπȢςπρω ɀ 01.01Ȣςπςπ ÔÁÒÉÈÌÅÒÉ ÁÒÁÓąÎÄÁ ÓÕÎÕÌÁÎ ÖÅÒÉÌÅÒ ÉÌÅ ςπȢπσȢςπςπ-20.06.2020 tarihleri 
ÁÒÁÓąÎÄÁËÉ ÖÅÒÉÌÅÒ ËąÙÁÓÌÁÎÍąĥÔąÒȢ !ÎÁÌÉÚÌÅÒ ËÕÌÌÁÎąÃąÌÁÒąÎ ÉÎÔÅÒÎÅÔ ÓÉÔÅÌÅÒÉÎÄÅ ÇÅëÉÒÄÉËÌÅÒÉ ÏÒÔÁÌÁÍÁ ÚÁÍÁÎ ÖÅ 
ÂÉÒ ÉÎÔÅÒÎÅÔ ÓÉÔÅÓÉ ÉëÅÒÉÓÉÎÄÅ ÚÉÙÁÒÅÔ ÅÔÔÉËÌÅÒÉ ÏÒÔÁÌÁÍÁ ÓÁÙÆÁ ÓÁÙąÓą ÁëąÓąÎÄÁÎ ÇÅÒëÅËÌÅĥÍÉĥÔÉÒȢ dÎÃÅÌÅÍÅÌÅÒ 
ÓÏÎÕÃÕÎÄÁ ËÕÌÌÁÎąÃąÌÁÒąÎ ÉÎÔÅÒÎÅÔ ÓÉÔÅÌÅÒÉÎÄÅ ËÁÌÍÁ ÏÒÔÁÌÁÍÁ ÓİÒÅÌÅÒÉ ÉÌÅ ÚÉÙÁÒÅÔ ÅÔÔÉËÌÅÒÉ ÏÒÔÁÌÁÍÁ ÓÁÙÆÁ 
ÓÁÙąÌÁÒąÎąÎ ÁÒÔÔąøą ÇĘÒİÌÍİĥÔİÒȢ 3ÏÎ σ ÁÙÄÁ ĘÚÅÌÌÉËÌÅ ÅÔËÉÌÉ ÏÌÁÎ ÐÁÎÄÅÍÉ ÉÎÓÁÎÌÁÒąÎ ÉÎÔÅÒÎÅÔ İÚÅÒÉÎÄÅ 
ÇÅëÉÒÄÉËÌÅÒÉ ÓİÒÅÙÉ ÁÒÔąÒÍÁËÌÁ ÂÅÒÁÂÅÒ ÉÎÔÅÒÎÅÔ ÔÁÓÁÒąÍÃąÌÁÒąÎąÎ ÁÒÔąË ËÕÌÌÁÎąÃą ÄÏÓÔÕ ÉëÅÒÉË ÙÁÒÁÔÍÁÙÁ ÄÁÈÁ 
ëÏË ĘÎÅÍ ÖÅÒÍÅÌÅÒÉ ÇÅÒÅËÔÉøÉÎÉ ÏÒÔÁÙÁ ËÏÙÍÕĥÔÕÒȢ  

Anahtar Kelimeler : 6ÅÒÉ "ÉÌÉÍÉȟ dÎÔÅÒÎÅÔ !ÒÁëÌÁÒąȟ 4İËÅÔÉÃÉ $ÁÖÒÁÎąĥÌÁÒąȟ dÎÔÅÒÎÅÔÔÅ 'İÎÃÅÌ 'ÅÌÉĥÍÅÌÅÒ 

A Research on the Change in Website User Behavior Based on Current 

Developments 

 
Abstract  

Search engines play an important role in making websites visible to users. The algorithms determined by each 
search engine itself come into play in order to rank high in search engines. Generally, data such as the 
originality of the content that creates the website, the originality of the photographs used, the opening time of 
the website, the duration of the users' website, the number of pages visited by the users in a website come to 
the fore. In addition to all these, commercially created websites try to attract more consumers to their 
websites with their advertisement expenses. In our study, the data provided by Alexa company were used. 
Examining the top 50 web sites in Turkey are taken into account as well. The data presented between 
01.10.2019 ɀ 01.01.2020 and the data between 20.03.2020-20.06.2020 were compared. The analyzes were 
carried out in terms of the average time users spent on their website and the average number of pages they 
visited within a website. As a result of the examinations, it was observed that the average duration of the users 
and the number of pages they visited increased. The pandemic, which has been particularly effective in the 
last 3 months, has increased the amount of time people spend on the internet, and it has revealed that internet 
designers should pay more attention to creating user-friendly content. 
 
Keywords: Data Science, Internet Tools, Consumer Behavior, Current Developments in the Internet
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Introduction  

Search engines play an important role in the 
availability of any website that operates worldwide. 
It is critical that the information provided by the 
website meets the demander. Considering this 
informatio n, search engine optimization (SEO) has 
become a remarkable subject for all online content 
servers. Internet sites aim to be on the first page of 
their search engines by trying to do SEO [1].  Being 
in the top rank in search engines will create an effect 
on chaining and will attract more visitors to the 
website. In addition to all these efforts, ensuring 
that users who visit the website spend long periods 
on the website requires a separate study. In this 
context, the process is divided into two as preparing 
the website for the visit and keeping the user on the 
website during the visit.  

Internet sites are changing, just like living beings. 
Both the development of technology and the 
increase in consumer expectations have forced 
websites to change [2]. As the said developments 
increased, customer expectations increased in 
parallel. Thus, the intense competition environment 
has affected the visits of the users to the websites. 
Firms' efforts to rank high in search engines, using 
internet tools intensively in advertising activities, 
and making website advertisements from 
traditional media tools have accelerated the 
reaction times of consumers [3]. 

Our study analyzes the increase in the duration of 
the users and the number of pages they visit on the 
website depending on the increase in the time they 
spend on the internet. 

Literature Review  

Researchers suggest website creators that an 
website should be loaded in an average of 8 seconds 
to be user friendly [4]. Otherwise, users who visit 
the website may be able to leave the website before 
the website is opened. This shows that the first step 
for users to extend the time they spend on their 
website is to open the website quickly and 
accurately. In addition to all these, it is seen that the 
websites are now located in different online 
platforms. These platforms can be computer, mobile 
phone and tablet computer based. That's why 
website designers are trying to make sure that a 
website appears correctly on every platform. There 
are analysis websites that serve to determine 
whether a website is functioning properly. The 

websites that provide this service visit the website 
to be analyzed just like a user and share real-time 
data. Thus, website designers can also detect 
unseen problems. 

 

 

 
Picture 1: ebay.com performance report by GTMetrix 
Website 

Although website performance reports play an 
important role in seeing whether a website is 
functioning properly, it is not the only factor. 

 

 
Picture 2: hepsiburada.com performance report by 
GTMetrix Website 

When we compare the picture 1 and the picture 2, it 
is seen that the picture 2 is loaded in a much longer 
time compared to the picture 1. Despite this, the 
owner of the internet site shown in Figure 2 is 
known to be Turkey's highest turnover of e-
commerce site [5]. This brings to mind that there 
may be other factors. 

Developments in Online Consumer Behavior 

The fact that people can use most of the service they 
need on Internet tools has played an important role 
in the development of technology. Online platforms 
are like business for people 24 hours a day [6]. 

The history of the websites is mainly examined in 3 
main sections. These are known as Web 1.0, Web 2.0 
and Web 3.0. Web 1.0 basically represents the 
primitive form of websites operating on the online 
platform. With Web 1.0, websites have become 
unilaterally visible. User interaction is not yet 
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possible in Web 1.0. With Web 2.0, users were able 
to interact with websites. One example of this is that 
users can comment on the articles on websites 
defined as blogs. Interactive tools are now available 
with Web 3.0. Users have been able to communicate 
with each other and websites simultaneously [7]. 

Today, websites are facing another change. Due to 
the infectious disease known as COVID-19 and 
causes pandemic, people started to spend their time 
on the internet more. These changes can be listed as 
follows [8].: 

- With quarantine applications, people have become 
more interested in internet tools. 

- They have started to use internet tools in order to 
receive the developments in the world more 
efficiently. 

- Since people could not physically come together, 
they started to communicate more actively with 
internet tools. 

- People started to shop more on the internet 
because they could not physically go to shops to 
shop. 

- While many sectors shrank, the e-commerce 
sector expanded. 

- People discovered many things they can do at 
home, and went to learn them with interactive tools 
over the internet. 

- With the interruption  of physical education, 
distance education applications started to be used 
more frequently. 

-People have started to receive more education over 
the internet. 

In addition to the factors mentioned above, the time 
people spend on the internet has increased for 
many reasons. 

 Materials and Methods  

Alexa.com brand is an artificial intelligence 
company created with the subsidiary of 
Amazon.com. Alexa offers the following services: 

-Check Backlinks 

-Keyword Research 

-Competitive Website Analysis 

-SEO Analysis 

-Target Audience Analysis 

-API 

Alexa.com actively shares data from websites 
around the world. While some of these shares are 
free, a wider part is based on paid data. Turkey's 
private data in our study were considered. The 
publicly available data from Alexa.com is limited to 
the top 50 websites. The data presented between 
01.10.2019 - 01.01.2020 and the data between 
20.03.2020-20.06.2020 were compared. 

 

Picture 3: Screenshot of presented data by alexa.com for 
Turkey between 01.10.2019 - 01.01.2020 

 

 

Picture 3: Screenshot of presented data by alexa.com for 
Turkey between 20.03.2020-20.06.2020. 

As seen in the Picture 3 and Picture 4 Alexa.com has 
collected Daily Time on Site, Daily Pageviews per 
Visit, % of Traffic From Search, Total Sites Linking 
in data. In this research we only focused on 
collected Daily Time on Site, Daily Pageviews per 
Visit data. Alexa.com shares calculating metod like 
below: 

-Daily Time on Site is estimated daily time on site 
(mm:ss) per visitor to the site. Updated daily based 
on the trailing 3 months.  

-Daily Pageviews per Visitor is estimated daily 
unique pageviews per visitor on the site. Updated 
daily based on the trailing 3 months.  

 

 

Results 

In the data presented between 01.10.2019 - 
01.01.2020, the arithmetic average of the first 50 
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websites collected Daily Time on Site, Daily 
Pageviews per Visit was taken. 

According to the results, Daily Time on Site average 
is 6,45 minutes. Also, Daily Pageviews per Visit 
average is 5,63 pages. 

Considering the data presented between 
20.03.2020-20.06.2020, the following averages are 
obtained for the top 50 websites. 

According to the results, Daily Time on Site average 
is 7,07 minutes. Also, Daily Pageviews per Visit 
average is 6,14 pages. 

According to the results, when the data between 
01.10.2019 - 01.01.2020 and 20.03.2020-
20.06.2020 are compared, there is an increase of 
9.61 percent in the Daily Time on Site period. 

According to the results, when the data between 
01.10.2019 - 01.01.2020 and 20.03.2020-
20.06.2020 are compared, an increase of 9.05 
percent is observed in the Daily Pageviews per Visit 
duration. 

 Conclusion 

The time spent on the website and the number of 
pages visited in one website per individual user can 
now be seen. Based on this data, it can be 
interpreted that people tend to spend more time on 
their websites. There are several reasons for such a 
high rate of increase in the data received every 3 
months. One of these is that people show more 
interest in internet tools because of their tendency 
to be in isolated environments. Therefore, this 
situation has provided a unique application area to 
web page designers. As the time spent on the 
websites increases, the importance that people 
place on the designs of the internet sites is expected 
to increase. People want to spend more time on 
sites designed for them. The user friendliness of a 
website is seen as an element that allows the user to 
spend time on the website. From this point of view, 
it is seen that the technical developments on the 
internet site cannot be sufficient alone.  

The fact that users visit more pages in a website 
brings different elements to the fore. Ease of 
navigation between pages facilitates users' visits 
between pages. In addition, the fact that each page 
on the website contains related items is more 
interesting for the consumer. Therefore, switching 
from one page to the other becomes attractive for 
the user. The point to be aware of is that they should 
not use distractions to direct users from one page to 
another. A limited data set was examined in the 

study. The analyzed data support current 
developments. Further expansion of the data 
examined is a useful method to reveal the behavior 
of website users. In this context, bounce rates from 
the website, organic and paid users are just a few of 
the areas that can be analyzed according to the 
backlink numbers of the website. 

In this study, it was aimed to reveal the sharp 
website user behavior change that took place in a 
short period of time and to consider the reasons for 
this. 

A limited data set was examined in the study. The 
analyzed data support current developments. 
Further expansion of the data examined is a useful 
method to reveal the behavior of website users. In 
this context, bounce rates from the website, organic 
and paid users are just a few of the areas that can be 
analyzed according to the backlink numbers of the 
website. 

In this study, it was aimed to reveal the sharp 
website user behavior change that took place in a 
short period of time and to consider the reasons for 
this. 
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2ÏÂÏÔÌÁÒÄÁÎ 'ĘÒÅÖ vøÒÅÎÅÎ dÎÓÁÎÌÁÒÄÁ %øÉÔÉÍ $İÚÅÙÉ &ÁËÔĘÒİÎİÎ !ÎÁÌÉÚÉ 

+ÅÍÁÌ %2$/X!.1*, Rahime CEYLAN 118 

1+ÏÎÙÁ 4ÅËÎÉË ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË ÖÅ $ÏøÁ "ÉÌÉÍÌÅÒÉ &ÁËİÌÔÅÓÉȟ %ÌÅËÔÒÉË ɀ %ÌÅËÔÒÏÎÉË -İÈÅÎÄÉÓÌÉøÉ "ĘÌİÍİȟ 
+ÏÎÙÁȟ 4­2+d9% 

 
vÚÅÔ 

"Õ ëÁÌąĥÍÁÄÁȟ ÉÎÓÁÎąÎ ÂÅÌÉÒÌÉ ÂÉÒ ÇĘÒÅÖÉ ÒÏÂÏÔ ÅÔÍÅÎÄÅÎ ĘøÒÅÎÍÅÓÉ ÓąÒÁÓąÎÄÁ ÅøÉÔÉÍ ÓÅÖÉÙÅÓÉ ÆÁËÔĘÒİÎİÎ ÎÅ 
ËÁÄÁÒ ÅÔËÉÌÉ ÏÌÄÕøÕ İÚÅÒÉÎÅ ÁÒÁĥÔąÒÍÁ ÙÁÐąÌÍąĥÔąÒȢ $ÁÈÁ ĘÎÃÅÄÅÎ ÇÅÌÉĥÔÉÒÉÌÍÉĥ ÂÉÒ dÎÓÁÎ 2ÏÂÏÔ %ÔËÉÌÅĥÉÍÉ ÄÅÎÅÙ 
ÄİÚÅÎÅøÉÎÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉÌÅÒ ÁÎÁÌÉÚ ÅÄÉÌÍÉĥÔÉÒȢ "Õ ÄÅÎÅÙ ÄİÚÅÎÅøÉÎÄÅ ÂÅÌÉÒÌÉ ÁÌÔ ÇĘÒÅÖÌÅÒÄÅÎ ÏÌÕĥÁÎ 
ËÁÒÍÁĥąË ÂÉÒ ÇĘÒÅÖ ÒÏÂÏÔ ÅÔÍÅÎ ÉÌÅ ËÕÌÌÁÎąÃąÙÁ ĘøÒÅÔÉÌÍÅÙÅ ëÁÌąĥąÌÍąĥÔąÒȢ $ÅÎÅÙ ÄİÚÅÎÅøÉÎÄÅ İë ÆÁÒËÌą ÎÅÓÎÅ 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ .ÅÓÎÅÌÅÒ ÄÉËÄĘÒÔÇÅÎ ÐÒÉÚÍÁ ĥÅËÌÉÎÄÅ ÓÅëÉÌÍÉĥÔÉÒ ÖÅ ÈÅÒ ÂÉÒÉ ÆÁÒËÌą ÂÏÙÕÔ ÖÅ ÒÅÎÇÅ ÓÁÈÉÐÔÉÒȢ 
+ÕÌÌÁÎąÃąÌÁÒȟ ÒÏÂÏÔ ÅÔÍÅÎÉÎ ÈÁÒÅËÅÔÌÅÒÉÎÉ ÇĘÚÌÅÍÌÅÙÅÒÅË ÎÅÓÎÅÌÅÒÉÎ ÈÁÎÇÉ ÓąÒÁÙÌÁ ÄÉÚÉÌÅÃÅøÉÎÉ ëĘÚÍÅÙÅ 
ëÁÌąĥÍąĥÔąÒȢ ςπ ËÁÔąÌąÍÃąÙÌÁ ÇÅÒëÅËÌÅĥÔÉÒÉÌÅÎ ÄÅÎÅÙÌÅÒ ÓÏÎÕÃÕÎÄÁ ÅÌÄÅ ÅÄÉÌÅÎ ÖÅÒÉ ÓÅÔÉ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 
+ÁÔąÌąÍÃąÌÁÒąÎ ÅøÉÔÉÍ ÄİÚÅÙÉÎÉÎȟ ÇĘÒÅÖÌÅÒÉ ÒÏÂÏÔ ÅÔÍÅÎÄÅÎ ĘøÒÅÎÅÒÅË ëĘÚÍÅÄÅËÉ ÂÁĥÁÒą ÏÒÁÎąÎÁ ÅÔËÉÓÉ ÁÎÁÌÉÚ 
ÅÄÉÌÍÉĥ ÖÅ ÓÏÎÕëÌÁÒ ÇĘÓÔÅÒÍÉĥÔÉÒ ËÉ ÅøÉÔÉÍ ÓÅÖÉÙÅÓÉÎÉÎ ÙİËÓÅË ÏÌÍÁÓą dÎÓÁÎ-2ÏÂÏÔ %ÔËÉÌÅĥÉÍÉÎÄÅËÉ ÂÁĥÁÒą 
ÏÒÁÎąÎą ÏÌÕÍÌÕ ÙĘÎÄÅ ÅÔËÉÌÅÙÅÍÅÍÅËÔÅÄÉÒȢ 

Anahtar Kelimeler : dÎÓÁÎ - -ÁËÉÎÅ %ÔËÉÌÅĥÉÍÉȟ dÎÓÁÎ - 2ÏÂÏÔ %ÔËÉÌÅĥÉÍÉȟ d-%ȟ d2% 

Analysis of Education Level Factor on Hum ans Learning a Task from Robots  

Abstract  

In this study, research was studied on how effective the education level factor is when learning a particular 
task from a robot agent. Data obtained from a previously developed Human Robot Interaction experiment 
setup were analyzed. In this experimental setup, a complex task consisting of certain subtasks is tried to be 
taught to the user with a robot factor. Three objects were used in the experimental setup. Objects were chosen 
in the shape of rectangular prism and each has different size and color. Users have tried to figure out the order 
in which the objects will be sorted by observing the movements of the robot. The data set obtained as a result 
of experiments which were realized with 20 participants. The effect of the education level of the participants 
on the success rate in solving the tasks by learning from the robot agent has been analyzed and results show 
high level of education cannot positively affect the success rate of Human-Robot Interaction.  

Keywords: Human ɀ Robot Interaction, Human - Machine Interaction, HRI, HMI 
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Introduction  

Human Robot Interaction (HRI) has become a 
popular field in recent years and it aims to analyze 
the relationship between robot and human. It is not 
a study field only on robots; it also includes other 
technological auxiliary devices or software in our 
daily life.  This study field effects life of people in a 
positive manner and man-machine collaboration 
title grows up rapidly under this research title.  

HRI studies and applications deals with health care, 
elderly care, child care, education, daily life assistive 
applications, military developments, space 
exploration, occupational safety and work 
efficiency or entertainment [1]. Using robots in 
education system or as teaching agent roles are 
getting important topics in HRI. This study has 
analyzed some factors of a previous research which 
was also aiming to teach people using a robot agent 
[2].  

Using robots in education system or as teaching 
agents does not mean robots are used only instead 
of teachers. Robots are also used as a guide in places 
like museum, shopping center or building tours [3-
6]. Sometimes special humanoid ones could be 
chosen as guiding purposed robots. But also 
systems could be built-up with sensors and a simple 
monitor, projector or a robotic arm instead of 
advanced robots. 

Using technological devices instead of educators is 
also a social topic. Engineers generally do not mind 
this aspect. But in this study, a social aspect of HRI 
has been analyzed. In previous experiments success 
rates of a robot teaching agent were studied. In that 
study human was trying to learn a complex task 
from a robot agent. The particular task was formed 
up of sub-tasks. Human was trying to learn how to 
solve sub-tasks by observing movements of robot to 
reach to the final stage. Experimental setup consists 
of a robotic arm, and three different sized and 
colored rectangular objects which are standing on a 
black plane as shown in Figure 1. The biggest 
rectangular box is yellow; the smallest rectangular 
box is the white one. The medium sized one is the 
red colored. Users are wanted to pile the objects on 
each other with a particular order. At this time they 
could get hint from the movements of the robotic 
arm.  These experiments were realized with 20 
people [2]. 

 

 

 

 

Figure 1 Experimental setup and a participant.  

 
In this study it is analyzed that whether the 
education levels of these people could affect the 
success rate of the learning experiment. 

Materials and Method  

In the experimental study participants are wanted 
to arrange the objects with a particular order. They 
were told that they could get hint from the 
movements of the robot. The complete task is 
formed up from 3 stages. These stages are assessed 
as sub-tasks. Algorithm of the robotic arm is 
observing the position of the boxes and decides 
which stage is completed by human. The main goal 
is to teach to the human all these sub-tasks and 
finally whole complex task. To achieve this goal, a 
Finite State Machine (FSM) based algorithm was 
developed which is shown in Figure 2. 



 
3rd LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 5ŀǘŀ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ όL/hb5!¢!Ω20), June 25-28, 2020, Istanbul, TURKEY 

 

 
148 

 

 

 

Figure 2 Finite State Machine model for the 
algorithm of robotic arm actions  

 

According to the algorithm robot starts to show 
objects in a sequence. If the participant chooses and 
takes the right object, robot understands that stage 
1 has been completed and it proceeds to next stage. 
Movement path of the robot changes in every stage. 
Robot does not show any next object directly. It is 
wanted to establish an interaction between human 
and the robot. 

These experiments were realized with 20 people. 
First 10 of these people are graduated from high 
school level or below and this group is called as low-
level educated group. Remaining 10 people are 
selected from minimum undergraduate level of 
education and these are called as the high-level 
educated group. Previous research was realized 
with 15 people in total [2]. But to obtain a balanced 
education groups as 10 to 10, extra experiments 
were added later. All of these people were asked to 

find the same particular order of the objects. All 
experiments were recorded and then analyzed. Also 
all participants are asked to report their opinions 
with an interview in the end of experiments. 

Results and Conclusion 

According to the analyses of video records and 
interviews, results were obtained. Some 
participants could not reach to the final stage and 
they gave up. Some of them were lucky and found 
the correct order by chance. These participants did 
not counted as successful ones. If a participant could 
understand and explain the movements of the 
robotic arm, then that experiment was counted as 
having a successful HRI.  

Graphs which are given in Figure3 were plotted 
according to these analyses. Education level of the 
first 10 people are high school or below. 
Participants who are numbered from 11 to 20 are 
having a degree of undergraduate or graduate level. 
All these people were participated to the 
experiments with a mixed order, but they are 
arranged neatly while showing on graphs. 

6 people from low-level educated group 
successfully understood the algorithm of the robot 
and they made a successful interaction. So the 
success rate of this group was occurred as 60%. 
High-level educated group had only 4 people who 
are having a successful interaction with the robot 
and this group had a 40% of success rate. 

Actually results are shaped very close to each other. 
The general feeling could be high-level educated 
group would be higher success rates before getting 
the results but our experiments show that higher 
level of education does not show highly successful 
HRI would occur. 
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Figure 3 Graphs showing the education levels and the success rates of the 20 participants  
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vÚÅÔ 

3ÁÙąÌÁÒÁË ÅÌÄÅ ÅÄÉÌÅÎ ÆÒÅËÁÎÓ ÔÉÐÉ ÖÅÒÉÌÅÒÉÎ ÁÎÁÌÉÚÉÎÄÅ ëÅĥÉÔÌÉ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÌÅÒÉ ËÕÌÌÁÎąÌÁÂÉÌÍÅËÔÅÄÉÒȢ 5ÙÇÕÎ 
ÍÏÄÅÌÉÎ ÓÅëÉÍÉÎÄÅȟ ÖÅÒÉÌÅÒÄÅËÉ ÁĥąÒą ÙÁÙąÌąÍ ÖÅȾÖÅÙÁ ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎ ÙÏøÕÎÌÕøÕ ĘÎÅÍÌÉ ÒÏÌ ÏÙÎÁÒȢ "Õ 
ëÁÌąĥÍÁÄÁȟ ÂÁøąÍÌą ÄÅøÉĥËÅÎÉÎ ÆÒÅËÁÎÓ ÔÉÐÉ ÖÅÒÉÌÅÒÄÅÎ ÏÌÕĥÔÕøÕ ÖÅ ëÏË ÓÁÙąÄÁ ÓąÆąÒ ÄÅøÅÒÉ ÉëÅÒÄÉøÉ ÄÕÒÕÍÌÁÒÄÁ 
ËÕÌÌÁÎąÌÁÎ ÉÓÔÁÔÉÓÔÉË ÍÏÄÅÌÌÅÒÉÎ ËÁÒĥąÌÁĥÔąÒÍÁÌą ÏÌÁÒÁË ÉÎÃÅÌÅÎÍÅÓÉ ÁÍÁëÌÁÎÄąȢ KÁÌąĥÍÁÄÁȟ ÐÏÉÓÓÏÎ ÒÅÇÒÅÓÙÏÎȟ  
Negative Binomial Regresyon, zero-inflated Poisson (ZIP), zero-altered Poisson  (ZAP), zero-inflated Negative 
Binomial Regresyon (ZINB) ve zero-ÁÌÔÅÒÅÄ .ÅÇÁÔÉÖÅ "ÉÎÏÍÉÁÌ 2ÅÇÒÅÓÙÏÎ ɉ:!."Ɋ ÍÏÄÅÌÌÅÒÉ ËÁÒĥąÌÁĥÔąÒÍÁÌą 
ÏÌÁÒÁË ÁÎÌÁÔąÌÁÃÁËÔąÒȢ :)." ÖÅ :!." ÍÏÄÅÌÌÅÒÉȟ ÓąÆąÒ ÄÅøÅÒÌÅÒÉ ÓąÆąÒ ÏÌÍÁÙÁÎÌÁÒÁ ËÁÒĥą ÍÏÄÅÌÌÅÍÅË ÉëÉÎ 
ÂÉÎÏÍÉÙÁÌ ÓİÒÅÃÉ ɉÚÅÒÏ-ÉÎÆÌÁÔÉÏÎɊ ÖÅ ÓąÆąÒ ÏÌÍÁÙÁÎ ÖÅÒÉÌÅÒ ÉëÉÎ ÏÖÅÒ-ÄÉÓÐÅÒÓÉÏÎ ÄÕÒÕÍÕÎÕ ɉÖÁÒÙÁÎÓąÎ 
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ÓÉÍİÌÅ ÖÅÒÉ ÓÅÔÉ ËÕÌÌÁÎąÌÁÒÁË 34!4! ÐÒÏÇÒÁÍąÎÄÁ ÁÎÁÌÉÚÌÅÒ ÙÁÐąÌÍąĥÔąÒȢ 3ąÆąÒ ÄÅøÅÒÌÅÒÉÎÉÎ ÙÏøÕÎ ÏÌÄÕøÕ ÆÒÅËÁÎÓ 
ÔİÒİ ÖÅÒÉÌÅÒÉÎ ÁÎÁÌÉÚÉÎÄÅ ÕÙÇÕÎ ÍÏÄÅÌÉÎ ÓÅëÉÍÉ ÂİÙİË ĘÎÅÍ ÔÁĥąÒȢ "Õ ÎÅÄÅÎÌÅ ÍÏÄÅÌÌÅÍÅ ÓİÒÅÃÉÎÄÅ ÖÅÒÉ 
ÙÁÐąÓąÎąÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÖÅ ÆÁÒËÌą ÍÏÄÅÌ ÓÏÎÕëÌÁÒąÎąÎ ËÁÒĥąÌÁĥÔąÒąÌÍÁÌą ÏÌÁÒÁË ÉÎÃÅÌÅÎÍÅÓÉ ÇÅÒÅËÉÒȢ 
9ĘÎÔÅÍÌÅÒ ÂĘÌİÍİÎÄÅ ÔÁÎąÍÌÁÎÁÎ ÍÏÄÅÌÌÅÒȟ ÓÉÍİÌÅ ÖÅÒÉÌÅÒ İÚÅÒÉÎÄÅ ÍÏÄÅÌ ÕÙÕÍÌÕÌÕøÕÎÕ ÇĘÓÔÅÒÅÎ ĘÌëİÔÌÅr 
ÙÁÒÄąÍąÙÌÁ ËÁÒĥąÌÁĥÔąÒÍÁÌą ÏÌÁÒÁË ÉÎÃÅÌÅÎÄÉ ÖÅ ÅÎ ÉÙÉ ÓÏÎÕÃÕ ÖÅÒÅÎ ÍÏÄÅÌÉÎ :)." ÏÌÄÕøÕ ÇĘÒİÌÄİȢ 9ÁÐąÌÁÎ 
ëÁÌąĥÍÁÌÁÒÁ ÇĘÒÅ ÆÒÅËÁÎÓ ÔÉÐÉÎÄÅ ÔÁÎąÍÌÁÎÁÎ ÓÏÎÕë ÄÅøÉĥËÅÎÉÎÄÅȟ ÓąÆąÒ ÂÕÌÕÎÍÁ ÏÌÁÓąÌąøą Ϸςπȭ ÙÉ ÁĥąÙÏÒÓÁ ÖÅ 
ÖÁÒÙÁÓÙÏÎ ÂİÙİË ÉÓÅ :) ÍÏÄÅÌÌÅÒÉÎ ÄÁÈÁ ÉÙÉ ÓÏÎÕëÌÁÒ ÖÅÒÄÉøÉ ÂÉÌÄÉÒÉÌÍÉĥÔÉÒȢ !ÙÒąÃÁ ëÏË ÄİĥİË ÏÒÁÎÄÁ ÓąÆąÒ ÄÅøÅÒÉ 
ÉëÅÒÅÎ ÖÅÙÁ ÈÉë ÉëÅÒÍÅÙÅÎ ÆÒÅËÁÎÓ ÖÅÒÉÌÅÒÉÎÉÎ ÁÎÁÌÉÚÉÎÄÅ ÖÁÒÙÁÎÓ ÏÒÔÁÌÁÍÁÄÁÎ ÄÁÈÁ ÂİÙİË ÉÓÅ ÎÅÇÁÔÉÆ 
ÂÉÎÏÍÉÙÁÌ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÉÎ ÂÁĥÁÒąÌą ÓÏÎÕëÌÁÒ İÒÅÔÔÉøÉ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ "ÕÎÁ ËÁÒĥąÎȟ ÓąÆąÒ ÄÅøÅÒÌÅÒÉ ÉëÅÒÅÎ 
ÆÒÅËÁÎÓ ÖÅÒÉÌÅÒÉÎÅ ÌÏÇÁÒÉÔÍÉË ÔÒÁÎÓÆÏÒÍÁÓÙÏÎ ÓÏÎÒÁÓą ÄÏøÒÕÓÁÌ ÒÅÇÒÅÓÙÏÎ ÁÎÁÌÉÚÉ ÕÙÇÕÌÁÎÄąøąÎÄÁ ÒÅÇÒÅÓÙÏÎ 
ËÁÔÓÁÙąÌÁÒąÎąÎ ÙÏÒÕÍÌÁÍÁÓą ÚÏÒÌÁĥÍÁËÔÁ ÖÅ 4ÉÐ-ρ ÈÁÔÁ ÁÒÔÍÁËÔÁÄąÒȢ 

Anahtar Kelimeler : SąÆąÒ ÄÅøÅÒ ÁøąÒÌąËÌą ÍÏÄÅÌÌÅÒȠ (urdle model; Negatif binomiyal regresyon; Poisson regresyon; Logit 
modeller 

Analysis of Frequencies Type Data w ith Zero Inflation  

Abstract  

Various regression models can be used in the analysis of frequency type data. Overdispersion and/or zero 
values in frequency data plays a role in the selection of the appropriate model. In this study, it is aimed to 
comparative investigate the statistical models used in cases where the dependent variable consists of 
frequency type data and contains a large number of zero values. In this study, Poisson Regression, Negative 
Binomial Regression, zero-inflated Poisson (ZIP), zero-altered Poisson (ZAP), zero-inflated Negative Binomial 
Regression (ZINB) and zero-altered Negative Binomial Regression (ZANB) were examined comparatively. The 
ZINB and ZANB models are two-stage. In order to illustrate the application results of the described models, 
analyzes were performed in the STATA program using a simulated dataset that was assumed to be obtained 
from control individuals and Parkinson's disease. The models described in the Methods section were 
examined comparatively with the criteria showing the model compatibility on simulated data and it was found 
that the model with the best results was ZINB. According to the studies, when the ratio of zero values exceeds 
20% in frequency data and over dispersion is found, ZI models have been reported to give better results. In 
addition, negative binomial regression model has been shown to produce successful results if the zero ratio is 
low in the frequency data and / or the variance is greater than the mean. However, when linear regression 
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analysis is applied to the frequency data containing zero values after logarithmic transformation, regression 
coefficients are difficult to interpret and Type-1 error increases. 

Keywords: Zero inflated model; Hurdle model; Negative binomial regression; Poisson regression; Logit models 

'ÉÒÉĥ 

5ÙÇÕÌÁÍÁÎąÎ ÈÅÒ ÁÌÁÎąÎÄÁ ÓÁÙąÍÁ ÂÁøÌą ÏÌÁÒÁË ÅÌÄÅ 
ÅÄÉÌÅÎ ÖÅ ÎÅÇÁÔÉÆ ÏÌÍÁÙÁÎ ÔÁÍÓÁÙąÌÁÒÄÁÎ ÏÌÕĥÁÎ 
ÓÏÎÕë ÄÅøÉĥËÅÎÌÅÒÉ ÉÌÅ ÓąËÌąËÌÁ ËÁÒĥąÌÁĥąÌÍÁËÔÁÄąÒȢ "Õ 
tip veriler frekans verileri veyÁ ÓÁÙąÍÁ ÂÁøÌą ÖÅÒÉÌÅÒ 
(ÃÏÕÎÔ ÄÁÔÁɊ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌąÒ ɍ1]. 3ÁøÌąË 
ÁÒÁĥÔąÒÍÁÌÁÒąÎÄÁȟ ÂÉÒ ÁÙ ÉëÉÎÄÅ ÁÃÉÌÅ ÂÁĥÖÕÒÕÌÁÎ ÇİÎ 
ÓÁÙąÓąȟ ρ ÙąÌÄÁ ÈÁÓÔÁÎÅÙÅ ÙÁÔąĥ ÓÁÙąÓąȟ ρ ÈÁÆÔÁ ÉëÉÎÄÅ 
ÈÁÓÔÁÌąËÌą ÇÅëÉÒÉÌÅÎ ÇİÎ ÓÁÙąÓąȟ ÙÁÚ ÁÙÌÁÒąÎÄÁ 
ÇÅëÉÒÉÌÅÎ ÓÏøÕË ÁÌÇąÎÌąøą ÓÁÙąÓąȟ ÈÁÓÔÁÌÁÒąÎ ÉÄÒÁÒ 
ËİÌÔİÒİÎÄÅ İÒÅÙÅÎ ÂÁËÔÅÒÉ ÓÁÙąÓą ÇÉÂÉ ÓÁÙąÌÁÒÁË ÅÌÄÅ 
edilen veriler bu gruba girer. Genellikle frekans 
ÖÅÒÉÌÅÒÉÎ ëÅĥÉÔÌÉ ÄĘÎİĥİÍÌÅÒÌÅ ɉÅÎ ÓąË ÌÏÇÁÒÉÔÍÉË 
ÄĘÎİĥİÍ ËÕÌÌÁÎąÌąÒɊ ÎÏÒÍÁÌ ÄÁøąÌąÍÁ ÙÁËąÎÓÁÍÁÓą 
ÓÁøÌÁÎÁÒÁËȟ ÇÅÎÅÌÌÅĥÔÉÒÉÌÍÉĥ ÄÏøÒÕÓÁÌ modeller 
ÉëÉÎÄÅ ÙÅÒ ÁÌÁÎ ëÅĥÉÔÌÉ ÁÌÔÅÒÎÁÔÉÆ ÍÏÄÅÌÌÅÒÌÅ ÁÎÁÌÉÚÉ 
ÙÁÐąÌąÒȢ "ÕÎÕÎ ÙÁÎą ÓąÒÁ ËÁÔÅÇÏÒÉÚÅ ÅÄÉÌÅÒÅË ÂÉÌÉÎÅÎ 
ÔÅË ÄÅøÉĥËÅÎÌÉ ÔÅÓÔÌÅÒÌÅ ÄÅ ëĘÚİÍÌÅÍÅÓÉ 
ÙÁÐąÌÍÁËÔÁÄąÒ ɍ2]. !ÙÒąÃÁ ÂÕ ÔÉÐ ÖÅÒÉÌÅÒÉÎ ÁÎÁÌÉÚÉÎÄÅ 
0ÏÉÓÓÏÎ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉ ÙÁÙÇąÎ ÏÌÁÒÁË kullanąÌÁÎ 
ÂÉÒ ÄÉøÅÒ ÙĘÎÔÅÍÄÉÒ ɍ3]. Poisson regresyon 
ÍÏÄÅÌÉÎÉÎ ÅÎ ĘÎÅÍÌÉ ËąÓąÔÌąÌąøąȟ ÆÒÅËÁÎÓ ÖÅÒÉÌÅÒÉÎÉÎ 
ortalama ile varyansąÎąÎ ÅĥÉÔ ÏÌÍÁÓą ÇÅÒÅËÌÉÌÉøÉÄÉÒ 
[4]. "Õ ÔÉÐ ÖÅÒÉÌÅÒÄÅ ÖÁÒÙÁÎÓąÎ ÏÒÔÁÌÁÍÁÄÁÎ ÂİÙİË 
ÏÌÄÕøÕ ÁĥąÒą ÙÁÙąÌąÍ ɉÏÖÅÒ-ÄÉÓÐÅÒÓÉÏÎɊ ÖÅÙÁ ËİëİË 
oldÕøÕ ÄİĥİË ÙÁÙąÌąÍ ɉÕÎÄÅÒ-dispersion) 
ÄÕÒÕÍÌÁÒąÎÄÁ ÖÅ ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÉÎ ÙÏøÕÎ ÏÌÄÕøÕ 
ËÏĥÕÌÌÁÒÄÁ 0ÏÉÓÓÏÎ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÉÎ ÕÙÇÕÎ 
ÏÌÍÁÄąøą ÙĘÎİÎÄÅ ÌÉÔÅÒÁÔİÒÄÅ ÆÉËÉÒ ÂÉÒÌÉøÉ 
ÏÌÕĥÍÕĥÔÕÒ ɍ1-4]. &ÒÅËÁÎÓ ÔİÒİ ÖÅÒÉÌÅÒÄÅ ÏÒÔÁÌÁÍÁ 
ÖÅ ÖÁÒÙÁÎÓ ÁÒÁÓąÎÄÁËÉ ÉÌÉĥËÉ ÓÁøÌÁÎÍÁÄąøą ÔÁËÄÉÒÄÅ 
ÍÏÄÅÌ ÐÁÒÁÍÅÔÒÅÌÅÒÉ ÖÅ ÖÁÒÙÁÎÓÌÁÒą ÙÁÎÌą ÔÁÈÍÉÎ 
ÅÄÉÌÍÅËÔÅ ÖÅ ÓÏÎÕëÌÁÒÄÁËÉ 4ÉÐ-) ÈÁÔÁ ÏÌÁÓąÌąøą 
ÁÒÔÍÁËÔÁÄąÒȢ  

&ÒÅËÁÎÓ ÔÉÐÉÎÄÅËÉ ÖÅÒÉÌÅÒÄÅ ÓąÆąÒ ÄÅøÅÒÉ ÁÒÔÔąøą 
ÚÁÍÁÎ ÄÁøąÌąÍȟ ÓÏÌÁ ÙÁÔąË ɉÓÁøÁ ëÁÒÐąËɊ ÂÉÒ ĥÅËÉÌ ÁÌąÒ 
ÖÅ ÇÅÎÅÌÌÉËÌÅ Ϸςπȭ ÓÉÎÄÅÎ ÆÁÚÌÁÓą ÓąÆąÒ ÉÓÅ ÏÒÔÁÌÁÍÁ 
ÖÁÒÙÁÎÓÁ ÇĘÒÅ ÄÁÈÁ ËİëİË ëąËÁÒ ÖÅ ÄÁøąÌąÍ ĥÅËÌÉ 
poissÏÎ ÄÁøąÌąÍąÎÄÁÎ ÕÚÁËÌÁĥąÒ ɍ4]. "Õ ĥÁÒÔÌÁÒ 
ÁÌÔąÎÄÁ ÁÌÔÅÒÎÁÔÉÆ ÂÉÒ ÍÏÄÅÌ ÏÌÁÒÁË ÙÁÙÇąÎ ÂÉÒ ĥÅËÉÌÄÅ 
negatif binomiyal regresyon modeli tercih 
ÅÄÉÌÍÅËÔÅ ÖÅ ÂĘÙÌÅÃÅ ÏÖÅÒ-dispersion ÁÄą ÖÅÒÉÌÅÎ 
ÖÁÒÙÁÎÓ ÂİÙİËÌİøİ ÍÏÄÅÌÄÅ ÄÉËËÁÔÅ ÁÌąÎÁrak etkisi 
elemine edilmektedir [5]. 0ÏÉÓÓÏÎ ÄÁøąÌąÍąÎąÎ ÔÅË 
ÐÁÒÁÍÅÔÒÅÓÉ ÏÌÍÁÓąÎÁ ËÁÒĥąÎ ÎÅÇÁÔÉÆ ÂÉÎÏÍÉÙÁÌ 
ÄÁøąÌąÍȟ ÁĥąÒą ÄÁøąÌąÍą ÔÁÎąÍÌÁÍÁË ÉëÉÎ ÉÌÁÖÅ ÂÉÒ 
ÙÁÙąÌąÍ ɉÄÉÓÐÅÒÓÉÏÎɊ ÐÁÒÁÍÅÔÒÅÓÉÎÅ ɉËɊ ÓÁÈÉÐÔÉÒ. 

!ÎÃÁË ÈÅÎİÚ ÓąÆąÒÌÁÒąÎ ëÏËÌÕøÕÎÄÁÎ ËÁÙÎÁËÌÁÎÁÎ 
ÅÔËÉ ÍÏÄÅÌÅ ÁÌąÎÍÁÍąĥÔąÒȢ "Õ ÅÔËÉÙÉ ÉÎÃÅÌÅÙÅÎ 
ÍÏÄÅÌÌÅÒȟ (ÕÒÄÌÅ ÍÏÄÅÌÌÅÒ ÖÅ ÓąÆąÒ ÄÅøÅÒ ÁøąÒÌąËÌą 
(zero-ÉÎÆÌÁÔÅÄɊ ÍÏÄÅÌÌÅÒ ÁÄą ÁÌÔąÎÄÁ ÙÅÒ ÁÌąÒȢ "Õ 
ÂÁĥÌąËÌÁÒ ÁÌÔąÎÄÁ ÌÉÔÅÒÁÔİÒÄÅ ÅÎ ÇÅÎÉĥ ËÕÌÌÁÎąÍ ÁÌÁÎą 
ÂÕÌÍÕĥ τ ÍÏÄÅÌ ÓąÒÁÓąÙÌÁȟ 3ąÆąÒ ÄÅøÅÒ ÁøąÒÌąËÌą 
0ÏÉÓÓÏÎ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉ ɉ:)0Ɋȟ  3ąÆąÒ ÄÅøÅÒ ÁøąÒÌąËÌą 
Negatif Binomiyal regresyon modeli (ZINB), 
Poisson Hurdle (Engel) regresyon modeli (PH veya 
ZAP) ve Negatif Binomiyal Hurdle regresyon (NBH 
veya ZANB) modelidir [1-5].  

"Õ ëÁÌąĥÍÁÎąÎ ÁÍÁÃąȟ ÆÒÅËÁÎÓ ÔÉÐÉ ÖÅÒÉÌÅÒÉÎ 
ÁÎÁÌÉÚÉÎÄÅ ÁÌÔÅÒÎÁÔÉÆ ÏÌÁÒÁË ËÕÌÌÁÎąÌÁÎ ÍÏÄÅÌÌÅÒÉ 
ÔÁÎąÍÌÁÍÁË ÖÅ ÄÏøÒÕ ÍÏÄÅÌ ÓÅëÉÍÉÎÄÅ ÄÉËËÁÔ 
ÅÄÉÌÅÃÅË ËÏÎÕÌÁÒą ÔÁÒÔąĥÍÁËÔąÒȢ !ÙÒąÃÁ ÓÉÍİÌÅ ÅÄÉÌÅÎ 
ÂÉÒ ÖÅÒÉ ÓÅÔÉ İÚÅÒÉÎÄÅ ÍÏÄÅÌÌÅÒÉÎ ËÁÒĥąÌÁĥÔąÒąÌÍÁÌą 
olarÁË ÉÎÃÅÌÅÎÍÅÓÉ ÖÅ ÕÙÇÕÎ ÍÏÄÅÌ ÓÏÎÕëÌÁÒąÎąÎ 
ÙÏÒÕÍÌÁÎÍÁÓą ÈÅÄÅÆÌÅÎÄÉȢ 

2 'ÅÒÅë ÖÅ ÙĘÎÔÅÍÌÅÒ 

2.1 Poisson regresyon modeli (PR) 

0ÏÉÓÓÏÎ ÍÏÄÅÌÉÎÉÎ ÏÒÔÁÌÁÍÁ ÖÅ ÖÁÒÙÁÎÓą ÂÉÒÂÉÒÉÎÅ 
ÅĥÉÔ ÏÌÕÐ ÖÅÒÉ ÓÅÔÉÎÄÅ ÏÖÅÒ-ÄÉÓÐÅÒÓÉÏÎ ÖÅ ÓąÆąÒ ÄÅøÅÒ 
ÙÏøÕÎÌÕøÕ ÏÌÄÕøÕ durumlarda tercih edilmez. 
Poisson regresyon modelinde, over-dispersion 
ÖÁÒÌąøąȟ ,ÁÇÒÁÎÇÅ ëÁÒÐÁÎą ÉÓÔÁÔÉÓÔÉøÉ ÉÌÅ ÉÎÃÅÌÅÎÉÒ ɍ4]. 
 
2.2 Negatif binomial regresyon modeli (NB) 

Negatif binomial regresyon modeli (NB) Poisson 
ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÉÎ ĘÚÅÌ ÂÉÒ ÄÕÒÕÍÕ olup veri 
ÉëÉÎÄÅ ÖÁÒÙÁÎÓ ÏÒÔÁÌÁÍÁÄÁÎ ÄÁÈÁ ÂİÙİË ÄÅøÅÒ 
ÁÌÄąøą ÄÕÒÕÍÌÁÒÄÁ ɉÏÖÅÒ-dispersion) tercih edilir. 
Over-ÄÉÓÐÅÒÓÉÏÎȟ ÄÉËËÁÔÅ ÁÌąÎÍÁÙÁÎ ÆÁËÔĘÒÌÅÒÄÅÎ 
ÖÅȾÖÅÙÁ ÚÁÍÁÎÓÁÌ ÂÁøąÍÌąÌąË ÎÅÄÅÎÌÅÒÉÙÌÅ ÏÒÔÁÙÁ 
ëąËÍąĥ ÉÓÅ ÂÕ ÍÏÄÅÌ ÔÅÒÃÉÈ ÅÄÉÌÍÅÌÉȟ ÁÎÃÁË ÁĥąÒą ÓąÆąÒ 
ÖÁÒÌąøąÎÄÁÎ ËÁÙÎÁËÌÁÎąÙÏÒ ise NB modeli 
ËÕÌÌÁÎąÌÍÁÍÁÌąÄąÒ ɍ6]. 
Negatif binomiyal regresyon modelinde, over-
ÄÉÓÐÅÒÓÉÏÎ ÖÁÒÌąøąȟ Ô-ÉÓÔÁÔÉÓÔÉøÉ ÉÌÅ ÉÎÃÅÌÅÎÉÒȢ /ÖÅÒ-
dispersion etkisi ise k ile sembolize edilir [7]. Bu 
ÍÏÄÅÌÉÎ ÂÅËÌÅÎÅÎ ÄÅøÅÒÉ %ɉ9iɊЀʈi ve varyanÓą 6ɉ9i)= 
ʈÉɉρϹËʈiɊ ÏÌÕÐ ËЀπ ÉÓÅ ÄÁøąÌąÍ 0ÏÉÓÓÏÎ ÏÌÕÒȢ  
 
2.3 3ąÆąÒ dÅøÅÒ ÁøąÒÌąËÌą modeller  

&ÒÅËÁÎÓ ÖÅÒÉÌÅÒÉÎÉÎ ÁÎÁÌÉÚÉÎÄÅ ËÕÌÌÁÎąÌÁÎ ÓÔÁÎÄÁÒÔ 
ÍÏÄÅÌÌÅÒȟ ÓąÆąÒÌÁÒąÎ ÖÅ ÓąÆąÒ ÏÌÍÁÙÁÎÌÁÒąÎ 
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ɉÐÏÚÉÔÉÆÌÅÒÉÎɊ ÁÙÎą ÖÅÒÉ İÒÅÔÍÅ ÓİÒÅÃÉÎÄÅÎ ÇÅÌÄÉøÉÎÉ 
varsayar. Ancak sąÆąÒ ÄÅøÅÒ ÁøąÒÌąËÌą ÍÏÄÅÌÌÅÒȟ ÖÅÒÉ 
İÒÅÔÍÅ ÓİÒÅÃÉÎÉ ÉËÉ ÁĥÁÍÁÄÁ ÉÎÃÅÌÅÒȢ "ÉÒÉÎÃÉ 
ÁĥÁÍÁÄÁ ÙÁÌÁÎÃą ÓąÆąÒÌÁÒąÎ ɉÓÁÍÐÌÉÎÇ ÚÅÒÏÓȟ ÒÁÎÄÏÍ 
ÚÅÒÏÓȟ ÆÁÌÓÅ ÚÅÒÏÓɊ ÔÅÓÁÄİÆÅÎ ÇÅÒëÅËÌÅĥÔÉøÉÎÉ 
varsayan Poisson (veya negatif binom) 
ÄÁøąÌąÍąÎÄÁÎ ÁÌąÎÍąĥ ÏÌÍÁ ÏÌÁÓąÌąøą ÁÒÁĥÔąÒąÌąÒȢ "ÉÒ 
ÂÁĥËÁ ÉÆÁÄÅÙÌÅ ÇÅÒëÅË ÓąÆąÒÌÁÒ ɉÓÔÒÕÃÔÕÒÁÌ ÚÅÒÏÓ ÖÅÙÁ 
ÔÒÕÅ ÚÅÒÏÓɊ ÉÌÅ ÙÁÌÁÎÃą ÓąÆąÒÌÁÒ ÁÒÁÓąÎÄÁËÉ ÆÁÒËÌąÌąË 
,ÏÇÉÔ ÆÏÎËÓÉÙÏÎ ɉÐÒÏÂÉÔ ÇÉÂÉ ÆÁÒËÌą ÌÉÎË ÆÏÎËÓÉÙÏÎÌÁÒą 
ÄÁ ËÕÌÌÁÎąÌÁÂÉÌÉÒɊ ÉÌÅ ÉÎÃÅÌÅÎÉÒ ÖÅ ÆÁÒËąÎ ÁÎÌÁÍÌą 
ÏÌÍÁÄąøą ÄÕÒÕÍÄÁ ÔİÍ ÓąÆąÒÌÁÒąÎ ÇÅÒëÅË ÓąÆąÒ ÏÌÄÕøÕ 
ÓÏÎÕÃÕÎÁ ÖÁÒąÌąÒȢ !ÎÃÁË ÆÁÒË ÁÎÌÁÍÌą ÉÓÅ ÓąÆąÒÌÁÒąÎ 
ËÁÙÎÁøą ÆÁÒËÌąÄąÒ ÖÅ ÙÁÌÁÎÃą ÓąÆąÒÌÁÒąÎ 0ÏÉÓÓÏÎ ɉÖÅÙÁ 
ÎÅÇÁÔÉÆ ÂÉÎÏÍɊ ÄÁøąÌąÍąÎÄÁÎ ÁÌąÎÄąøą ÓĘÙÌÅÎÉÒȢ 
"ĘÙÌÅÃÅ ÒÉÓË ÁÌÔąÎÄÁ ÏÌÁÎ ɉÙÁÌÁÎÃą ÓąÆąÒ ÄÅøÅÒÉ ÁÌÁÎ 
ÇĘÚÌÅÍÌÅÒɊ ÖÅ ÏÌÍÁÙÁÎ ÐÏÐİÌÁÓÙÏÎÌÁÒ ɉÇÅÒëÅË ÓąÆąÒ 
ÄÅøÅÒÉ ÁÌÁÎ ÇĘÚÌÅÍÌÅÒɊ ÁÙÒąĥÔąÒąÌÍąĥ ÏÌÕÒȢ %øÅÒ 
ÂÉÒÉÎÃÉ ÁĥÁÍÁÄÁ ÁÎÌÁÍÌą ÆÁÒËÌąÌąË ÂÕÌÕÎÍÁÚ ÉÓÅ 
ÉËÉÎÃÉ ÁĥÁÍÁÄÁ ,ÏÇ ÆÏÎËÓÉÙÏÎ ÙÁÒÄąÍąÙÌÁ ÓÁÄÅÃÅ 
ÐÏÚÉÔÉÆ ÆÒÅËÁÎÓÌÁÒą ÅÔËÉÌÅÙÅÎ ÆÁËÔĘÒÌÅÒ ÁÒÁĥÔąÒąÌąÒȢ 
"ÕÎÁ ËÁÒĥąÎ ÂÉÒÉÎÃÉ ÁĥÁÍÁÄÁ ÆÁÒËÌąÌąË ÁÎÌÁÍÌą 
ÂÕÌÕÎÄÕ ÉÓÅ ÐÏÚÉÔÉÆ ÆÒÅËÁÎÓÌÁÒąÎ ÏÌÄÕøÕ ÖÅÒÉ ÓÅÔÉÎÅ 
ÙÁÌÁÎÃą ÓąÆąÒ ÄÅøÅÒÌÅÒÉ ÄÅ ÉÌÁÖÅ ÅÄÉÌÅÒÅË ,ÏÇ 
fonksiÙÏÎ ÙÁÒÄąÍąÙÌÁ ÁÎÁÌÉÚ ÅÄÉÌÉÒ ɍ1,8]. vÒÎÅøÉÎȟ 
ĘøÒÅÎÃÉÌÅÒ İÚÅÒÉÎÄÅ ÓÏÎ ρ ÈÁÆÔÁÄÁ ÉëÉÌÅÎ ÓÉÇÁÒÁ 
ÓÁÙąÓąÎą ÅÔËÉÌÅÙÅÎ ÆÁËÔĘÒÌÅÒ ÉÎÃÅÌÅÎÍÅË ÉÓÔÅÎÉÒÓÅ Öe 
Ȱπȱ ÃÅÖÁÂąÎą ÖÅÒÅÎ ĘøÒÅÎÃÉÌÅÒ ÇÅÒëÅËÔÅÎ ÈÉë ÓÉÇÁÒÁ 
ËÕÌÌÁÎÍąÙÏÒ ÉÓÅ ÂÕ ÓąÆąÒÌÁÒ ÇÅÒëÅË ÓąÆąÒ ÏÌÁÒÁË 
ÁÄÌÁÎÄąÒąÌąÒȟ ÁÎÃÁË ËÏÒËÕ ÎÅÄÅÎÉÙÌÅ ÓÁËÌÁÍÁ ÉÓÔÅøÉ 
ÖÅÙÁ ÎÁÄÉÒ ÉëÉÃÉ ÏÌÄÕøÕ ÉëÉÎ ÓÏÎ ρ ÈÁÆÔÁ ÈÉë ÓÉÇÁÒÁ 
ÉëÍÅÍÉĥ ÏÌÍÁÓą ÇÉÂÉ ëÅĥÉÔÌÉ ÎÅÄÅÎÌÅÒÌÅ Ȱπȱ ÄÅÍÉĥ ÉÓÅ 
ÂÕ ÓąÆąÒÌÁÒ ÙÁÌÁÎÃą ÓąÆąÒ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌąÒȢ !ÓÌąÎÄÁ 
ÂÕ ËÉĥÉÌÅÒ ÒÉÓË ÁÌÔąÎÄÁ ÏÌÁÎ ÐÏÐİÌÁÓÙÏÎÁ ÁÉÔ 
ËÉĥÉÌÅÒÄÉÒȢ 
 
2.4 3ąÆąÒ dÅøÅÒ aøąÒÌąËÌą poisson regresyon modeli 
(ZIP) 
3ąÆąÒ dÅøÅÒ aøąÒÌąËÌą poisson regresyon modeli (ZIP) 
ÍÏÄÅÌÉȟ ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÉÎ ÂÏÌÌÕøÕ ÎÅÄÅÎÉÙÌÅ ÔÅÒÃÉÈ 
edilir [ 9]. -ÏÄÅÌ ÉËÉ ÁĥÁÍÁÌą ÏÌÕÐ ÇÅÎÅÌÌÉËÌÅ ,ÏÇÉÔ ÖÅ 
,ÏÇ ÆÏÎËÓÉÙÏÎÌÁÒą ËÕÌÌÁÎąÌąÒ [7,10]. 'ÅÒëÅË ÓąÆąÒ ÏÌÍÁ 
ÏÌÁÓąÌąøą ʌ ÖÅ 0ÏÉÓÓÏÎ ÄÁøąÌąÍąÎÄÁÎ ÇÅÌÅÎ ÓąÆąÒ 
ɉÙÁÌÁÎÃą ÓąÆąÒɊ ÏÌÍÁ ÏÌÁÓąÌąøą ÉÓe ρ ʌ dir. ZIP 
ÍÏÄÅÌÉÎÉÎ ÏÒÔÁÌÁÍÁÓąȠ %ɉ9ɊЀɉρ-ʌɊАiȟ ÖÁÒÙÁÎÓąȠ 
V(Yi)=(1-ʌɊАi(1+ ʌАi) dir. ʌ= 0 ise ZIP model 
0ÏÉÓÓÏÎ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÅ ÄĘÎİĥİÒȢ :)0 
modelindeki over-ÄÉÓÐÅÒÓÉÏÎ ÖÁÒÌąøąÎąÎ ÎÅÄÅÎÉ ÖÅÒÉ 
ÓÅÔÉÎÄÅ ëÏË ÍÉËÔÁÒÄÁ ÇÅÒëÅË ÓąÆąÒ ÂÕÌÕÎÍÁÓąÄąÒ 
ʌ πȢ  
:)0 ÍÏÄÅÌÉȟ ÎÅÙÉÎ ÍÏÄÅÌÌÅÎÄÉøÉÎÅ ÂÁøÌą ÏÌÁÒÁË 
ÙÏÒÕÍÌÁÎąÒȢ 4ąÂÂÉ ÁÒÁĥÔąÒÍÁÌÁÒÄÁ ÂÕ ÍÏÄÅÌÉÎ ÚÅÒÏ-

ÉÎÆÌÁÔÅÄ ÂĘÌİÍİÎÄÅȟ ÒÉÓË ÁÌÔąÎÄÁ ÏÌÁÎ ÇÒÕÂÕÎ 
ɉÙÁÌÁÎÃą ÓąÆąÒɊ ÒÉÓË ÁÌÔąÎÄÁ ÏÌÍÁÙÁÎ ÇÒÕÂÁ ɉÇÅÒëÅË 
ÓąÆąÒɊ ÇĘÒÅ /ÄÄÓȭ Õ ÈÅÓÁÐÌÁÎąÒȢ 
 
2.5 SąÆąÒ ÄÅøÅÒ aøąÒÌąËÌą negatif binomial 
regresyon modeli (ZINB) 
 
!ĥąÒą ÓąÆąÒ ËÁÖÒÁÍą ÇÅÒëÅË ÓąÆąÒÌÁÒ ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÂÉÒ 
ÔÁÎąÍÌÁÍÁÄąÒȢ :)." ÍÏÄÅÌÉ ÁĥąÒą ÙÁÙąÌąÍ ÖÅ ÓąÆąÒ 
ÄÅøÅÒÌÅÒÉÎÉÎ ÂÏÌÌÕøÕ ÎÅÄÅÎÉÙÌÅ ËÕÌÌÁÎąÌąÒ ÖÅ ." 
ÍÏÄÅÌÉÎÉÎ ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÉÎ ÂÏÌ ÏÌÍÁÓą durumuna 
ÇÅÎÅÌÌÅÎÍÉĥ ÆÏÒÍÕÄÕÒȢ :)." ÍÏÄÅÌÉÎÄÅËÉ ÏÖÅÒ-
ÄÉÓÐÅÒÓÉÏÎ ÎÅÄÅÎÉȟ ÖÅÒÉ ÓÅÔÉÎÄÅ ëÏË ÍÉËÔÁÒÄÁ ÇÅÒëÅË 
ÓąÆąÒ ÂÕÌÕÎÍÁÓąȟ ÄÉËËÁÔÅ ÁÌąÎÍÁÙÁÎ ÆÁËÔĘÒÌÅÒ 
ÖÅȾÖÅÙÁ ÚÁÍÁÎÓÁÌ ÂÁøąÍÌąÌąË ÏÌÁÂÉÌÉÒȢ :)." ÍÏÄÅÌÉ 
ÄÅ :)0 ÍÏÄÅÌÉ ÇÉÂÉ ÓÏÎÕë ÄÅøÉĥËÅÎÉÎÉȟ ÐÏÚÉÔÉf 
ÔÁÍÓÁÙąÌÁÒÄÁÎ ÏÌÕĥÁÎ .ÅÇÁÔÉÆ ÂÉÎÏÍÉÙÁÌ ÄÁøąÌąÍÌą 
ÖÅÒÉ ÖÅ ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÉ ÉëÅÒÅÎ ÖÅÒÉ ÏÌÍÁË İÚÅÒÅ ÉËÉ 
ÇÒÕÂÁ ÁÙąÒąÒȢ 4ÅË ÆÁÒËȟ ÏÖÅÒ-dispersion nedeniyle ilk 
grup verinin Negatif ÂÉÎÏÍÉÙÁÌ ÄÁøąÌąÍ 
ÇĘÓÔÅÒÍÅÓÉÄÉÒ ɍ7,10].  
'ÅÒëÅË ÓąÆąÒ ÏÌÍÁ ÏÌÁÓąÌąøą ʌ ve Negatif binomiyal 
ÄÁøąÌąÍÄÁÎ ÇÅÌÅÎ ÓąÆąÒ ɉÙÁÌÁÎÃą ÓąÆąÒɊ ÏÌÍÁ ÏÌÁÓąÌąøą 
ρ ʌ ÄÉÒȢ "Õ ÍÏÄÅÌÉÎ ÂÅËÌÅÎÅÎ ÄÅøÅÒÉ %ɉ9iɊЀАi ve 
ÖÁÒÙÁÎÓą 6ɉ9iɊЀАÉɉρ-ʌɊɍρϹАÉ ɉʌϹËɊɎ ÄąÒȢ 
:)0 ÍÏÄÅÌÉÎÄÅ ÏÌÄÕøÕ ÇÉÂÉ :)." ÍÏÄÅÌÉÎÄÅ ÄÅȟ 
ÎÅÙÉÎ ÍÏÄÅÌÌÅÎÄÉøÉÎÅ ÂÁøÌą ÏÌÁÒÁË ÓÏÎÕëÌÁÒ 
ÙÏÒÕÍÌÁÎąÒȢ 
 
2.6 Hurdle modeller (PH ve NBH) 
Hurdle modeller ilk olarak Mullahy (1986) 
ÔÁÒÁÆąÎÄÁÎ ÅÌÅ ÁÌąÎÍąĥ ÖÅ ÐÒÁÔÉË ÕÙÇÕÌÁÍÁÌÁÒÄÁ 
Poisson Hurdle (PH) ve Negatif Binomial Regresyon 
Hurdle (NBH) modeller olarak ÙÁÙÇąÎ ËÕÌÌÁÎąÍ 
ÁÌÁÎą ÂÕÌÍÕĥÔÕÒ ɍ11]. Bu modeller, ZIP ve ZINB 
ÍÏÄÅÌÌÅÒÉÎÄÅÎ ÆÁÒËÌą ÏÌÁÒÁË ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÉÎ 
ÔÁÍÁÍąÎą ÙÁÌÁÎÃą ÓąÆąÒ ÏÌÁÒÁË ËÁÂÕÌ ÅÄÅÒȢ !ÙÒąÃÁ ÉËÉ 
ÆÁÒËÌą ÄÁøąÌąÍ ĘÚÅÌÌÉøÉ ËÕÌÌÁÎąÌÁÒÁË ÉËÉ ÁÙÒą ÍÏÄÅÌ 
ÔÁÈÍÉÎÉ ÙÁÐąÌąÒȢ -ÏÄÅÌÌÅÍÅÎÉÎ ÂÉÒÉÎÃÉ ÁĥÁÍÁÓąÎÄÁȟ 
ÓąÆąÒ ÄÅøÅÒÌÅÒÅ ɉπɊ ËÁÒĥą ÓąÆąÒÄÁÎ ÆÁÒËÌą pozitif 
dÅøÅÒÌÅÒ ÁÎÁÌÉÚ ÅÄÉÌÉÒ ɍ10]. "Õ ÁĥÁÍÁÄÁ ëÅĥÉÔÌÉ 
ÂÁøÌÁÎÔą ÆÏÎËÓÉÙÏÎÌÁÒą ɉÌÏÇÉÔȟ ÐÒÏÂÉÔȟ 
complemantary log-ÌÏÇɊ ËÕÌÌÁÎąÌÁÂÉÌÉÒ ÖÅ 
ËÏÖÁÒÙÁÔÌÁÒ ÁëąÓąÎÄÁÎ ÓąÆąÒ ÖÅ ÐÏÚÉÔÉÆ ÄÅøÅÒ ÉëÅÒÅÎ ÉËÉ 
ÇÒÕÐ ÁÒÁÓąÎÄÁ ÁÎÌÁÍÌą ÆÁÒËÌąÌąË ÂÕÌÕÎÄÕøÕ ÚÁÍÁÎȟ 
ÖÅÒÉ ÓÅÔÉÎÄÅÎ ÓąÆąÒÌÁÒ ëąËÁÒąÌąÒȢ "ÉÒÉÎÃÉ ÁĥÁÍÁÄÁȟ ÂÉÒ 
ÏÌÁÙąÎ ÍÅÙÄÁÎÁ ÇÅÌÍÅ ÏÌÁÓąÌąøąÎąÎȟ ÅÎÇÅÌÉÎ ɉÈÕÒÄÌÅɊ 
ÁÌÔąÎÁ ÄİĥİÐ ÄİĥÍÅÄÉøÉ ÁÒÁĥÔąÒąÌąÒȢ %øÅÒ ÅÎÇÅÌ 
ÁĥąÌąÒÓÁ ɉÓąÆąÒ ÖÅ ÐÏÚÉÔÉÆ ÓÁÙąÌÁÒ ÁÒÁÓąÎÄÁ ÁÎÌÁÍÌą ÆÁÒË 
ÂÕÌÕÎÕÒÓÁɊ ÉËÉÎÃÉ ÁĥÁÍÁÄÁȟ ÓÁÄÅÃÅ ÐÏÚÉÔÉÆ 
ÆÒÅËÁÎÓÌÁÒ ÄÉËËÁÔÅ ÁÌąÎÁÒÁËȟ ,ÏÇ ÂÁøÌÁÎÔą 
ÆÏÎËÓÉÙÏÎÕ ÙÁÒÄąÍąÙÌÁ ÅÔËÉÌÉ ÆÁËÔĘÒÌÅÒ ÉÎÃÅÌÅÎÉÒȢ 
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!ÎÃÁË ÂÉÒÉÎÃÉ ÁĥÁÍÁÄÁ ÁÎÌÁÍÌą ÆÁÒËÌąÌąË 
ÂÕÌÕÎÍÁÄąÙÓÁ ÙÁÎÉ ÅÎÇÅÌ ÁĥąÌÍÁÄąÙÓÁ ÐÏÚÉÔÉÆ 
ÓÁÙąÌÁÒÁ ÓąÆąÒ ÄÅøÅÒÌÅÒÉ ÉÌÁÖÅ ÅÄÉÌÅÒÅË ÉËÉÎÃÉ ÁĥÁÍÁÙÁ 
ÇÅëÉÌÉÒȢ dËÉÎÃÉ ÁĥÁÍÁÄÁ ÅÎÇÅÌÉÎ İÚÅÒÉÎÄÅ ËÁÌÁÎ 
frekaÎÓÌÁÒ İÚÅÒÉÎÅ ÅÔËÉÌÉ ÆÁËÔĘÒÌÅÒÉ ÉÎÃÅÌÅÍÅË 
ÁÍÁÃąÙÌÁ ÇÅÎÅÌÌÉËÌÅ ÔÒÕÎÃÁÔÅÄ-at-zero count model 
ɉÔÒÕÎÃÁÔÅÄ 0 ÖÅÙÁ ÔÒÕÎÃÁÔÅÄ ." ÍÏÄÅÌɊ ËÕÌÌÁÎąÌąÒȢ  
%øÅÒ ÐÏÚÉÔÉÆ ÆÒÅËÁÎÓÌÁÒ 0ÏÉÓÓÏÎ ÄÁøąÌąÍą ÇĘÓÔÅÒÉÙÏÒ 
ÉÓÅ ÂÕ ÁĥÁÍÁÄÁ (ÕÒÄÌÅ 0ÏÉÓÓÏÎ ÍÏÄÅÌÉȟ .ÅÇÁÔÉÆ 
"ÉÎÏÍÉÙÁÌ ÄÁøąÌąÍ ÇĘÓÔÅÒÉÙÏÒ ÉÓÅ (ÕÒÄÌÅ .ÅÇatif 
"ÉÎÏÍÉÙÁÌ ÍÏÄÅÌ ËÕÌÌÁÎąÌąÒ ɍ12]. 
 
2.7 Uygun model sÅëÉÍÉ 
4ÁÎąÍÌÁÎÁÎ ÍÏÄÅÌÌÅÒÄÅ ÓÁÂÉÔ ÔÅÒÉÍȟ ÐÏÚÉÔÉÆ ÔÁÍ 
ÓÁÙąÌÁÒÄÁÎ ÏÌÕĥÁÎ ÖÅÒÉ ËİÍÅÓÉÎÉ ÍÏÄÅÌÌÅÒËÅÎ ,ÏÇ 
ÆÏÎËÓÉÙÏÎ ÉëÉÎÄÅ ËÕÌÌÁÎąÌąÒ ÉÓÅȟ ÍÏÄÅÌ ËÁÔÓÁÙąÌÁÒą %- 
ÁÌÇÏÒÉÔÍÁÓą ËÕÌÌÁÎąÌÁÒÁË %Î KÏË /ÌÁÂÉÌÉÒÌÉË 
ɉ-ÁËÓÉÍÕÍ ,ÉËÅÌÉÈÏÏÄɊ ÙĘÎÔÅÍÉ ÉÌÅ ÔÁÈÍÉÎ ÅÄÉÌÉÒȢ 
"ÕÎÁ ËÁÒĥąÎ ÍÏÄÅÌÌÅÍÅ ÓİÒÅÃÉÎÄÅ ÈÅÒ ÉËÉ ÆÏÎËÓÉÙÏÎ 
ÉëÉÎÄÅ ÄÅ ÓÁÂÉÔ ÔÅÒÉÍ ÙÅÒ ÁÌąÒÓÁ ÍÏÄÅÌ ËÁÔÓÁÙąÌÁÒą 
Newton-2ÁÐÈÓÏÎ ÁÌÇÏÒÉÔÍÁÓą ÉÌÅ ÔÁÈÍÉÎ ÅÄÉÌÉÒȢ 
KİÎËİ .Å×ÔÏÎ-2ÁÐÈÓÏÎ ÁÌÇÏÒÉÔÍÁÓą ÄÁÈÁ ÈąÚÌą 
ÙÁËąÎÓÁÒ ÖÅ ÔİÍ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÓÔÁÎÄÁÒÔ ÈÁÔÁÓąÎą 
ËÏÌÁÙÌąËÌÁ ÈÅÓÁÐÌÁÒ ɍ5]. 
Veri seti ile uyumlu ve en iyi tahmin yapan modeli 
ÓÅëÍÅË ÉëÉÎ ÂÁÚą ÙĘÎÔÅÍÌÅÒ ËÕÌÌÁÎąÌąÒȢ %Î ÙÁÙÇąÎ 
ÍÏÄÅÌ ÓÅëÉÍ ËÒÉÔÅÒÌÅÒÉ !ËÁÉËÅ "ÉÌÇÉ +ÒÉÔÅÒÉ ɉ!)#Ɋ ÖÅ 
Bayesian Bilgi KriÔÅÒÉ ɉ")#Ɋ ÄÉÒȢ !)# ÖÅ ")# ÄÅøÅÒÉ ÅÎ 
ËİëİË ÏÌÁÎ ÍÏÄÅÌÌÅÒ ÅÎ ÉÙÉ ÔÁÈÍÉÎ ÙÁÐÁÎ ÍÏÄÅÌÌÅÒ 
ÏÌÁÒÁË ÓÅëÉÌÉÒȢ 
!ÙÒąÃÁ 6ÕÏÎÇ ÔÅÓÔÉȟ ÎÅÓÔÅÄ ÏÌÍÁÙÁÎ ÍÏÄÅÌÌÅÒÉÎ 
ËÁÒĥąÌÁĥÔąÒąÌÍÁÓąÎÄÁ ËÕÌÌÁÎąÌąÒȢ :)0 ÍÏÄÅÌ ÖÅ 0( 
modeli Poisson regresyon model ile 
ËÁÒĥąÌÁĥÔąÒąÒËÅÎȟ :)." Íodel ve NBH modelini 
Negatif binomiyal regresyon modeli ile 
ËÁÒĥąÌÁĥÔąÒąÌąÒȢ "Õ ËÁÒĥąÌÁĥÔąÒÍÁÌÁÒÄÁȟ ÁĥąÓą ÓąÆąÒ 
ÓÁÙąÓąÎÄÁÎ ÄÏÌÁÙą ÏÖÅÒ-ÄÉÓÐÅÒÓÉÏÎ ÖÁÒÌąøą ÉÎÃÅÌÅÎÉÒȢ 
!ÙÒąÃÁ :)0 ÍÏÄÅÌÉ ÉÌÅ 0( ÍÏÄÅÌÉ ÖÅ :)." ÉÌÅ ."( 
ÍÏÄÅÌÉ ÄÅ 6ÕÏÎÇ ÔÅÓÔÉ ÉÌÅ ËÁÒĥąÌÁĥÔąÒąÌÁÂÉÌir ve bu 
ËÁÒĥąÌÁĥÔąÒÍÁ ÓÏÎÕÃÕÎÄÁ ÓąÆąÒÌÁÒąÎ ËÁÙÎÁøą ÏÒÔÁÙÁ 
ëąËÁÒȢ !ÒÁÌÁÒąÎÄÁ ÁÎÌÁÍÌą ÆÁÒË ÂÕÌÕÎÄÕøÕÎÄÁȟ 
ÓąÆąÒÌÁÒąÎ ÇÅÒëÅË ÓąÆąÒ ÏÌÄÕøÕ ËÁÂÕÌ ÅÄÉÌÉr [5].  
 
2.8 Veri  
4ąÂÂÉ ÁÒÁĥÔąÒÍÁÌÁÒÄÁ -ÉËÒÏÂÉÙÏÔÁ İÚÅÒÉÎÄÅ ÙÏøÕÎ 
ëÁÌąĥÍÁÌÁÒ ÙÁÐąÌÍÁËÔÁ ÖÅ ÍÅÖÃÕÔ ëÅĥÉÔÌÉÌÉøÉn ve 
ÂÏÌÌÕøÕÎ ÉÎÓÁÎ ÓÁøÌąøą İÚÅÒÉÎÅ ÅÔËÉÌÅÒÉ 
ÁÒÁĥÔąÒąÌÍÁËÔÁÄąÒȢ -ÉËÒÏÏÒÇÁÎÉÚÍÁÌÁÒ ëÅĥÉÔÌÉ 
ÄİÚÅÙÌÅÒÄÅ ÔÁËÓÏÎÏÍÉË ÓąÎąÆÌÁÍÁÙÁ ÔÁÂÉ ÔÕÔÕÌÍÁËÔÁ 
ÖÅ ÓÁÙąÓą ÂÉÎÌÅÒÌÅ ÉÆÁÄÅ ÅÄÉÌÅÎ ÔİÒÌÅÒ İÚÅÒÉÎÄÅ 
ëÁÌąĥąÌÍÁËÔÁÄąÒȢ !ÎÃÁË ÂÉÒëÏË ÔİÒÄÅ ÖÅÙÁ ÃÉÎÓÔÅ ÂÏÌ 
ÍÉËÔÁÒÄÁ ÓąÆąÒ ÄÅøÅÒÉ ÂÕÌÕÎÍÁËÔÁ ÖÅ ÆÒÅËÁÎÓ ÖÅÒÉÌÅÒÉ 

ëÅĥÉÔÌÉ ÄĘÎİĥİÍÌÅÒÅ ÔÁÂÉ ÔÕÔÕÌÁÒÁË 0ÏÉÓÓÏÎ 
ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉ ÖÅÙÁ ÄÉøÅÒ ÄÏøÒÕÓÁÌ ÍÏÄÅÌÌÅÒ ÉÌÅ 
analiz edilmektedir.  
(ÁÅÍÏÐÈÉÌÕÓ ÃÉÎÓÉ ÂÁËÔÅÒÉÌÅÒÉ ÔİÒÌÅÒÉÎÄÅÎ ÂÁÚąÌÁÒą 
ÎĘÒÏÌÏÊÉË ÈÁÓÔÁÌąËÌÁÒÄÁ ÒÏÌ ÏÙÎÁÄąøą ÇĘÓÔÅÒÉÌÄÉøÉ ÉëÉn, 
ÂÕ ëÁÌąĥÍÁÄÁ ÓĘÚ ËÏÎÕÓÕ ÂÁËÔÅÒÉ ÃÉÎÓÉÎÉÎ ÂÏÌÌÕøÕ 
ÂÁËąÍąÎÄÁÎ 0ÁÒËÉÎÓÏÎ ÈÁÓÔÁÌÁÒą ÖÅ ÓÁøÌąËÌą 
bireyleÒÉÎ ËÁÒĥąÌÁĥÔąÒąÌÍÁÓą ÐÌÁÎÌÁÎÄą ɍ13]. Bu 
ÁÍÁëÌÁ ëÅĥÉÔÌÉ ÁÒÁĥÔąÒÍÁÌÁÒ ÉÎÃÅÌÅÎÄÉ ÖÅ ÂÕÌÕÎÁÎ 
ÔÁÎąÍÌÁÙąÃą ÉÓÔÁÔÉÓÔÉËÌÅÒ ÙÁÒÄąÍąÙÌÁȟ σπ 0ÁÒËÉÎÓÏÎ 
ÈÁÓÔÁÓą ÖÅ σπ ÓÁøÌąËÌą ÂÉÒÅÙ ÉëÅÒÅÎ ÓÉÍİÌÅ ÅÄÉÌÍÉĥ ÂÉÒ 
ÖÅÒÉ ÓÅÔÉ ÈÁÚąÒÌÁÎÄąȢ (ÁÅÍÏÐÈÉÌÕÓ ÃÉÎÓÉ ÂÁËÔÅÒÉÌÅÒÉÎ 
ÓąËÌąøą ÁÄÅÔ ÃÉÎÓÉÎÄÅÎ İÒÅÔÉÌÄÉȢ !ÙÒąÃÁ ÈÅÒ ÂÉÒÅÙÄÅ 
ÆÁÒËÌą ÓÁÙąÄÁ ÔÏÐÌÁÍ ÂÁËÔÅÒÉ ÓÁÙąÓą ÏÌÁÃÁøą ÂÉÌÇÉÓÉÙÌÅ 
ÔÏÐÌÁÍ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒą ÄÁ ÖÅÒÉÙÅ ÉÌÁÖÅ ÅÄÉÌÄÉȢ "Õ ÉËÉ 
ÂÉÌÇÉÄÅÎ ÈÁÒÅËÅÔÌÅȟ (ÁÅÍÏÐÈÉÌÕÓ ÃÉÎÓÉÎÉÎ ÇĘÒİÌÍÅ 
ÓÁÙąÓąȟ ÔÏÐÌÁÍ ÂÁËÔÅÒÉ ÓÁÙąÓąÎÁ ÂĘÌİÎÅÒÅË ÂÕ ÃÉÎÓÉÎ 
ÂÏÌÌÕøÕ ÈÅÓÁÐÌÁÎÄąȢ !ÙÒąÃÁ ÈÁÓÔÁ ÖÅ ÓÁøÌąËÌą 
ÂÉÒÅÙÌÅÒÉÎ ÙÁĥ ÖÅ ÃÉÎÓÉÙÅÔ ÂÉÌÇÉÌÅÒÉ ÄÅ ÖÅÒÉ ÓÅÔÉÎÅ 
eklendi. Bu durumda kurulacak modellerde, frekans 
ÂÁøąÍÌą ÄÅøÉĥËÅÎ ɉÔÏÐÌÁÍ ÂÁËÔÅÒÉ ÓÁÙąÓąÎąÎ 
ÌÏÇÁÒÉÔÍÁÓą ɉÏÆÆÓÅÔ ÄÅøÉĥËÅÎɊɊ ÖÅ ËÏÖÁÒÙÁÔÌÁÒ ɉÇÒÕÐȟ 
ÃÉÎÓÉÙÅÔ ÖÅ ÙÁĥɊ ÙÅÒ ÁÌÄąȢ 
(ÅÓÁÐÌÁÍÁÌÁÒÄÁ 34!4! ɉÖÅÒȢρτɊ ÐÒÏÇÒÁÍą 
ËÕÌÌÁÎąÌÄą ÖÅ ÉÓÔÁÔÉÓÔÉË ÁÎÌÁÍÌąÌąË ÄİÚÅÙÉ ÏÌÁÒÁË 
P<0.05 kabul edildi. 
 
3 Bulgular  

­ÒÅÔÉÌÅÎ σπ ÈÁÓÔÁȟ σπ ËÏÎÔÒÏÌ ÖÁËÁÓąÎÄÁ 
(ÁÅÍÏÐÈÉÌÕÓ ÃÉÎÓÉ ÂÁËÔÅÒÉÌÅÒÉÎ ÇÒÕÐÌÁÒÁ ÇĘÒÅ 
ÄÁøąÌąÍą 4ÁÂÌÏ ρȭ ÄÅ ÖÅÒÉÌÄÉȢ 4ÁÂÌÏ ÉÎÃÅÌÅÎÄÉøÉÎÄÅȟ 
ÔÏÐÌÁÍ φπ ËÉĥÉÎÉÎ ςφȭ ÓąÎÄÁ ɉϷτσȢσɊ (ÁÅÍÏÐÈÉÌÕÓ 
ÃÉÎÓÉ ÂÁËÔÅÒÉÙÅ ÒÁÓÔÌÁÎÍÁÄąøą ÖÅ ÔÅÓÐÉÔ ÅÄÉÌÅÎ 
ËÉĥÉÌÅÒÄÅ ÉÓÅ ÅÎ ÁÚ ρȟ ÅÎ ÆÁÚÌÁ ρπσς ÁÄÅÔ ÏÌÄÕøÕ 
ÇĘÒİÌİÒȢ 3ąÆąÒ ÄÅøÅÒÉÎÉÎ ÔİÍ ÖÅÒÉÄÅËÉ ÏÒÁÎąÎąÎ Ϸςπȭ 
ÄÅÎ ÆÁÚÌÁ ÏÌÍÁÓą ÁĥąÒą ÓąÆąÒ ÐÒÏÂÌÅÍÉÎÉ ÁÎÁÌÉÚ ÅÔÍÅÙÉ 
ÇÅÒÅËÌÉ ËąÌÁÒȢ !ÙÒąÃÁ ÈÁÓÔÁÌÁÒÄÁ ÇĘÒİÌÍÅÍÅ ÓąËÌąøą 
ɉϷφπɊ ÓÁøÌąËÌą ÂÉÒÅÙÌÅÒÅ ÇĘÒÅ ɉϷςφȢχɊ ÄÁÈÁ ÙİËÓÅË 
ÇĘÚÌÅÎÍÅÓÉȟ ÖÅÒÉ ÓÅÔÉÎÄÅ ÖÁÒ ÏÌÁÎ ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÉÎ 
ÙÁÌÁÎÃą ÓąÆąÒ ÖÅ ÇÅÒëÅË ÓąÆąÒ ÏÌÁÒÁË ÁÙÒąÌÁÂÉÌÅÃÅøÉÎÉ 
ÄİĥİÎÄİÒÍÅËÔÅÄÉÒȢ %øÅÒ ÂÕ ÆÁÒË ÁÎÌÁÍÌą ÂÕÌÕÎÕÒÓÁ 
ÓÁøÌąËÌą ÂÉÒÅÙÌÅÒÄÅËÉ ÓąÆąÒÌÁÒąÎ ĘÒÎÅËÌÅÍÄÅÎ 
ËÁÙÎÁËÌÁÎÁÎ ÒÁÓÔÇÅÌÅ ÓąÆąÒ ɉÙÁÌÁÎÃą ÓąÆąÒɊ ÏÌÁÃÁøą 
ÓÏÎÕÃÕÎÁ ÖÁÒąÌÁÃÁËÔąÒȢ !ÎÃÁË (ÕÒÄÌÅ ÍÏÄÅller 
ÓąÆąÒÌÁÒ ÁÒÁÓąÎÄÁ ÂÉÒ ÁÙÒąĥÔąÒÍÁ ÙÁÐÍÁÄÁÎ ÔİÍ 
ÓąÆąÒÌÁÒą ÒÁÓÔÇÅÌÅ ËÁÂÕÌ ÅÄÅÒÅË ÖÅÒÉ ÁÎÁÌÉÚÉ 
ÙÁÐÍÁËÔÁÄąÒ 
 
4ÁÂÌÏ ρȢ (ÁÅÍÏÐÈÉÌÕÓ ÃÉÎÓÉ ÂÁËÔÅÒÉÌÅÒÉÎ ÇĘÒİÌÍÅ 

ÓąËÌąËÌÁÒąÎąÎ ÇÒÕÐÌÁÒÁ ÄÁøąÌąÍą 

3ÁøÌąËÌą 
Parkinson 
ÈÁÓÔÁÓą 

Toplam  
N 
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Haemophilus 
ÇĘÒİÌÍÅ 
ÓÁÙąÓą n % n % 
0 8 26.7 18 60.0 26 
1 1 3.3 1 3.3 2 
2 4 13.3 1 3.3 5 
3   1 3.3 1 
4   1 3.3 1 
7 1 3.3 1 3.3 2 
8 1 3.3   1 
10 1 3.3   1 
11   1 3.3 1 
12   1 3.3 1 
18   1 3.3 1 
19 1 3.3   1 
20 1 3.3   1 
25 1 3.3   1 
26 1 3.3   1 
30 1 3.3   1 
35   1 3.3 1 
40 1 3.3   1 
60 2 6.7   2 
62   1 3.3 1 
68 1 3.3   1 
77   1 3.3 1 
79 1 3.3   1 
93 1 3.3   1 
140 1 3.3   1 
344 1 3.3   1 
615 1 3.3   1 
1032   1 3.3 1 
Toplam  30  30   

 
 Vuong testi ile nested modeller ËÁÒĥąÌÁĥÔąÒąÌÄąøąÎÄÁȟ 
ZIP model ile Poissson regresyon modelinin uyumu 
ÁÒÁÓąÎÄÁ ÁÎÌÁÍÌą ÆÁÒË ÏÌÄÕøÕ ÖÅ :)0 ÍÏÄÅÌÉÎÉÎ 02 
ÍÏÄÅÌÉÎÅ ÇĘÒÅ ÄÁÈÁ ÉÙÉ ÓÏÎÕë ÖÅÒÄÉøÉ ÇĘÒİÌÄİ 
ɉÚЀρȢφω ÖÅ 0ЀπȢπτυɊȢ !ÙÒąÃÁ :)." ÍÏÄÅÌ ÉÌÅ ." 
ÍÏÄÅÌÉ ËÁÒĥąÌÁĥÔąÒąÌÄąøąÎÄÁ ÉÓÅ ÈÅÒ ÎÅ ËÁÄÁÒ ZINB 
ÍÏÄÅÌÉÎÉÎ ÕÙÕÍÕ ÄÁÈÁ ÉÙÉ ÇĘÒİÌÓÅ ÄÅ ÂÕ ÉËÉ ÍÏÄÅÌ 
ÁÒÁÓąÎÄÁ ÁÎÌÁÍÌą ÆÁÒË ÏÌÍÁÄąøąȟ ÁÎÃÁË 0 ÄÅøÅÒÉÎÉÎ 
ÄÅ ÂİÙİË ëąËÍÁÄąøą ÇĘÒİÌÄİȢ "Õ ÓÏÎÕë ÄÁÈÁ ÂİÙİË 
ĘÒÎÅËÌÅÍÌÅÒÄÅ ÖÅÙÁ ÂÉÒËÁë ÔÁÎÅ ÓąÆąÒ ÄÅøÅÒÉÎÉÎ 
ÅËÌÅÎÍÅÓÉ ÖÅÙÁ ëąËÁÒąÌÍÁÓą ÄÕÒÕÍÕÎÄÁ ÓÏÎÕÃÕ 
daha net bir ĥÅËÉÌÄÅ ÇĘÓÔÅÒÅÃÅøÉÎÉ ÄİĥİÎÄİÒÄİ 
ɉÚЀρȢςσȟ 0ЀπȢρπωɊȢ !ÙÒąÃÁ ÈÅÍ ." ÍÏÄÅÌÉÎÄÅ ÈÅÍ 
ÄÅ :)." ÍÏÄÅÌÉÎÄÅ ÄÉÓÐÅÒÓÉÏÎ ËÁÔÓÁÙąÓąÎąÎ ÁÎÌÁÍÌą 
ÂÕÌÕÎÍÁÓą ÖÅÒÉÄÅ ÏÖÅÒ-ÄÉÓÐÅÒÓÉÏÎ ÏÌÄÕøÕÎÕ 
ÇĘÓÔÅÒÄÉȢ 
'ÒÕÐÌÁÒ ÁÒÁÓą ÆÁÒËȟ ÃÉÎÓÉÙÅÔÌÅÒ ÁÒÁÓą ÆÁÒË ÖÅ ÙÁĥ 
ÅÔËÉÓÉÎÉ ÄÅøÅÒÌÅÎÄÉÒÍÅË ÁÍÁÃąÙÌÁ ËÕÒÕÌÁÎ φ ÆÁÒËÌą 
ÍÏÄÅÌÉÎ ÕÙÇÕÎÌÕøÕÎÕ ÇĘÓÔÅÒÅÎ !)#ȟ ")# ÖÅ ,ÏÇ-
,ÉËÅÌÉÈÏÏÄ ÉÓÔÁÔÉÓÔÉËÌÅÒÉ 4ÁÂÌÏ ςȭ ÄÅ ÖÅÒÉÌÄÉȢ 0( ÖÅ 
."( ÍÏÄÅÌÌÅÒÉÎÉÎ ÃÏÕÎÔ ÐÁÒÔ ɉÓąÆąÒÄÁÎ ÆÁÒËÌą 
ÆÒÅËÁÎÓÌÁÒąÎ ÁÎÁÌÉÚ ÅÄÉÌÄÉøÉ ÉËÉÎÃÉ ÁĥÁÍÁɊ ÓÏÎÕëÌÁÒą 
ile PR, NB, ZIP ve ZINB modellerinÉÎ ÓÏÎÕëÌÁÒą 
ÉÎÃÅÌÅÎÄÉøÉÎÄÅȟ  ÕÙÕÍ ÉÙÉÌÉøÉ ÅÎ ÉÙÉ ÏÌÁÎ ɉσ 

ÉÓÔÁÔÉÓÔÉøÉÎÄÅ ÅÎ ÄİĥİË ÄÅøÅÒ ÁÌÄąøą ÄÕÒÕÍɊ ÍÏÄÅÌÉÎ 
."( ÖÅ ÂÕÎÕ :)." ÍÏÄÅÌÉÎÉÎ ÔÁËÉÐ ÅÔÔÉøÉ ÇĘÒİÌÄİȢ  
 
4ÁÂÌÏ ςȢ -ÏÄÅÌÌÅÒÉÎ ÕÙÕÍ ÉÙÉÌÉøÉ 

Model  AIC* BIC* Log-
Likelihood  

Poisson -3933.8 7114.1 7122.5 
Negatif 
Binomiyal  

-201.1 412.1 422.6 

ZIP -2340.9 4697.8 4714.6 
ZINB -197.1 410.3 427.1 

PRH 

Zero 
part  

-37.3 82.7 91.1 

Count 
part  

-2303.6 4615.1 4621.2 

NBH 

Zero 
part  

-37.3 82.7 91.1 

Count 
part  

-161.9 333.8 341.5 

*: AIC: Akaike information criterion;  BIC: Bayesian information criterion 

 
dÎÃÅÌÅÎÅÎ φ ÍÏÄÅÌÉÎ ÔÁÈÍÉÎÌÅÒÉÎÅ ÁÉÔ ÈÉÓÔÏÇÒÁÍÌÁÒ 
¤ÅËÉÌ ρȭ ÄÅ ÔÏÐÌÕÃÁ ÖÅÒÉÌÄÉȢ ¤ÅËÉÌ ÉÎÃÅÌÅÎÄÉøÉÎÄÅȟ 
ĘÚÅÌÌÉËÌÅ ÓąÆąÒ ÓÁÙąÌÁÒąÎą ÖÅ ÄİĥİË ÆÒÅËÁÎÓÌÁÒąÎ 
ÔÁÈÍÉÎÄÅ :)." ÍÏÄÅÌÉÎÉÎ ÅÎ ÂÁĥÁÒąÌą ÓÏÎÕë ÖÅÒÄÉøÉ 
ÖÅ ."( ÍÏÄÅÌÉÎÉÎ ÇÅÎÅÌ ÄÁøąÌąÍą ÔÁÎąÍÌÁÍÁÄÁ 
ÂÁĥÁÒąÌą ÏÌÄÕøÕ ÓĘÙÌÅÎÅÂÉÌÉÒȢ 
'ĘÚÌÅÎÅÎ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒąÎąÎ ÖÅ φ ÍÏÄÅÌ ÙÁÒÄąÍąÙÌÁ 
ÔÁÈÍÉÎ ÅÄÉÌÅÎ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒąÎąÎ ÔÁÎąÍÌÁÙąÃą 
ÉÓÔÁÔÉÓÔÉËÌÅÒÉ 4ÁÂÌÏ σȭ ÔÅ ÖÅÒÉÌÄÉȢ !ÙÒąÃÁ ÇĘÚÌÅÎÅÎ 
ÂÁËÔÅÒÉ ÓÁÙąÌÁÒąȟ Èer bir bireydeki toplam bateri 
ÓÁÙąÓąÎÁ ÂĘÌİÎÅÒÅË ρππππȭ ÄÅ ÇĘÒÅÃÅÌÉ ÓąËÌąËÌÁÒą 
ɉÂÏÌÌÕøÕɊ ÈÅÓÁÐÌÁÎÄąȢ "Õ ÄÅøÅÒÌÅÒÉÎ ÔÁÎąÍÌÁÙąÃą 
ÉÓÔÁÔÉÓÔÉËÌÅÒÉ ÄÅ 4ÁÂÌÏ σȭ ÔÅ ÙÅÒ ÁÌÍÁËÔÁÄąÒȢ "ÕÎÕÎ 
ĘÔÅÓÉÎÄÅȟ ÇĘÚÌÅÎÅÎ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒąÎÄÁÎ ÈÅÒ ÂÉÒ 
ÍÏÄÅÌÉÎ ÔÁÈÍÉÎ ÅÔÔÉøÉ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒą ëąËÁÒąÌÁÒÁË 
ÍÏÄÅÌÌÅÒÉÎ ÈÁÔÁ ÍÉËÔÁÒÌÁÒą ÈÅÓÁÐÌÁÎÄą ÖÅ 
ÔÁÎąÍÌÁÙąÃą ÉÓÔÁÔÉÓÔÉËÌÅÒÉ 4ÁÂÌÏ σȭ ÔÅ ÖÅÒÉÌÄÉȢ 4ÁÂÌÏ 
ÉÎÃÅÌÅÎÄÉøÉÎÄÅȟ ÇĘÚÌÅÎÅÎ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒąÎąÎ 
ÏÒÔÁÌÁÍÁÓą τψȢφςȟ ÖÁÒÙÁÎÓą ÉÓÅ ςυρςχȢψ ÏÌÄÕøÕ 
ÇĘÒİÌİÒȢ 6ÁÒÙÁÎÓąÎ ÏÒÔÁÌÁÍÁÙÁ ÏÒÁÎą υρφȢψ ÏÌÕÐ 
ÏÌÄÕËëÁ ÙİËÓÅËÔÉÒ ÖÅ ¤ÅËÉÌ ρȭ ÄÅ ÇĘÒİÌÄİøİ İÚÅÒÅ 
ÆÒÅËÁÎÓ ÄÁøąÌąÍąÎ ÓÁøÁ ëÁÒÐąË ÂÉÒ ÈÁÌ ÁÌÍÁÓąÎÁ 
ÎÅÄÅÎ ÏÌÍÕĥÔÕÒȢ "Õ ÄÕÒÕÍ ÏÖÅÒ-dispersionun bir 
ÎÅÄÅÎÉ ÏÌÁÒÁË ÏÒÔÁÙÁ ëąËÁÒȢ 
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¤ÅËÉÌ ρȢ 'ĘÚÌÅÎÅÎ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒą ÖÅ ÉÎÃÅÌÅÎÅÎ ÍÏÄÅÌÌÅÒÉÎ 

ÔÁÈÍÉÎ ÅÔÔÉøÉ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒąÎąÎ ÄÁøąÌąÍą 
 
4ÁÂÌÏ σȢ 'ĘÚÌÅÎÅÎ ÖÅ ÔÁÈÍÉÎ ÅÄÉÌÅÎ ÂÁËÔÅÒÉ ÓÁÙąÌÁÒąÎąÎ 

ÔÁÎąÍÌÁÙąÃą ÉÓÔÁÔÉÓÔÉËÌÅÒÉ 

 N Ort  Varyans Min  Max 

'ĘÚÌÅÎÅÎ 
(ÁÅÍÏÐÈÉÌÕÓ ÆÒÅËÁÎÓą 

60 48,62 25127,8 0 1032 

pr 60 48,62 1883,7 5,45 187,5 

nb 60 35,37 1154,3 3,67 160,8 

zip 60 44,21 1704,4 4,42 163,1 

zinb 60 33,76 970,99 4,01 138,1 
tpr  

60 78,55 4900,2 6,47 
331,5

1 

tnb 60 42,81 989,8 7,44 130,9 

'ĘÚÌÅÎÅÎ 
(ÁÅÍÏÐÈÉÌÕÓ "ÏÌÌÕøÕ 
(10000' de) 

60 9,10 486,6 0 137,8 

02 ÍÏÄÅÌÉÎÅ ÇĘÒÅ 
tahmin edilen 
!ÎÁÅÒÏÓÔÉÐÅÓ "ÏÌÌÕøÕ 
(10000' de) 

60 19,62 232,3 2,18 82,6 

." ÍÏÄÅÌÉÎÅ ÇĘÒÅ 
tahmin edilen 
Anaerostipes 
"ÏÌÌÕøÕɕ  

60 14,50 160,6 1,64 71,2 

:)0 ÍÏÄÅÌÉÎÅ ÇĘÒÅ 
tahmin edilen 
Anaerostipes 
"ÏÌÌÕøÕɕ 

60 17,62 199,54 1,87 69,4 

:)." ÍÏÄÅÌÉÎÅ ÇĘÒÅ 
tahmin edilen 
Anaerostipes 
"ÏÌÌÕøÕɕ 

60 13,84 113,8 1,74 49,9 

02( ÍÏÄÅÌÉÎÅ ÇĘÒÅ 
tahmin edilen 
Anaerostipes 
"ÏÌÌÕøÕɕ 

60 32,36 584,5 2,78 106,7 

."( ÍÏÄÅÌÉÎÅ ÇĘÒÅ 
tahmin edilen 
Anaerostipes 
"ÏÌÌÕøÕɕ 

60 18,51 134,4 3,04 53,3 

02 ÍÏÄÅÌÉÎÉÎ ÈÁÔÁÓą 60 0 19889,0 -148,5 887,7 

." ÍÏÄÅÌÉÎÉÎ ÈÁÔÁÓą 60 13,25 21557,8 -114,3 964,7 

:)0 ÍÏÄÅÌÉÎÉÎ ÈÁÔÁÓą 60 4,41 20091,97 -148,7 891,2 

ZINB modelinin 
ÈÁÔÁÓą 

60 14,86 21537,69 -105,1 958,7 

02( ÍÏÄÅÌÉÎÉÎ ÈÁÔÁÓą 60 -29,9 18538,2 -331,5 723,2 

."( ÍÏÄÅÌÉÎÉÎ ÈÁÔÁÓą 60 5,8 20971,3 -124,1 919,2 

*: 10000' de 

"Õ ÄÅøÅÒÌÅÎÄÉÒÍÅÌÅÒ ÓÏÎÕÃÕÎÄÁ ÓÅëÉÌÅÎ ÅÎ ÉÙÉ ÉËÉ 
ÍÏÄÅÌ ÓąÒÁÓąÙÌÁ ."( ÖÅ :)." ÍÏÄÅÌÌÅÒÉÄÉÒȢ dËÉ 
ÍÏÄÅÌÄÅ ÐÏÚÉÔÉÆ ÆÒÅËÁÎÓÌÁÒąÎ ÎÅÇÁÔÉÆ ÂÉÎÏÍÉÙÁÌ 
ÄÁøąÌąÍÁ ÕÙÄÕøÕÎÕ ÖÕÒÇÕÌÁÍÁËÔÁÄąÒȢ !ÙÒąÃÁ ÖÅÒÉ 
setinde over-ÄÉÓÐÅÒÓÉÏÎ ÖÁÒÌąøą ÎÅÄÅÎÉÙÌÅ ÙÉÎÅ ÉËÉ 
negatif binomiyaÌ ÍÏÄÅÌ ÄÁÈÁ ÉÙÉ ÓÏÎÕë ÖÅÒÍÉĥÔÉÒȢ 
(ÅÒ ÎÅ ËÁÄÁÒ ÂÕ ÉËÉ ÍÏÄÅÌ ÉÌÅ ËÁÒĥąÌÁĥÔąÒąÌÄąøąÎÄÁ 
ÁÎÌÁÍÌą ÆÁÒË ÂÕÌÕÎÍÁÓÁ ÄÁ 0 ÄÅøÅÒÉÎÉÎ πȢπυȭ Å ÙÁËąÎ 
ÏÌÍÁÓą ÎÅÄÅÎÉÙÌÅ ." ÍÏÄÅÌÉ ÅÎ ÉÙÉ ÍÏÄÅÌÌÅÒ ÁÒÁÓąÎÁ 
ÁÌąÎÍÁÍąĥÔąÒȢ !ÎÃÁË ÓąÒÁÌÁÍÁÄÁ İëİÎÃİ ÓąÒÁÄÁ 

gelmektedir. ZINB ve NB( ÍÏÄÅÌÌÅÒÉÎÉÎ ."ȭ ÙÅ ÇĘÒÅ 
ÄÁÈÁ ÉÙÉ ÐÅÒÆÏÒÍÁÎÓÌą ÏÌÍÁÓąȟ ÖÅÒÉÄÅ ÄÉøÅÒ 
ÎÅÄÅÎÌÅÒÌÅ ÏÒÔÁÙÁ ëąËÁÎ ÏÖÅÒ-ÄÉÓÐÅÒÓÉÏÎȭ Á ÉÌÁÖÅÔÅÎ 
ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÄÅÎ ËÁÙÎÁËÌą ÏÖÅÒ-dispersionun da 
ÅËÌÅÎÍÉĥ ÏÌÍÁÓąÎÄÁÎ ËÁÙÎÁËÌÁÎąÒȢ .ÉÈÁÙÅÔÉÎÄÅ ÅÎ 
ÉÙÉ ÂÕÌÕÎÁÎ ÉËÉ ÍÏÄÅÌÉÎ ȰÚÅÒÏ ÐÁÒÔȱ ÖÅ ȰÃÏÕÎÔ ÐÁÒÔȱ 
ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌÁÎ ÉËÉ ÁĥÁÍÁÓąÎÄÁÎ ÅÌÄÅ ÅÄÉÌÅÎ 
ËÁÔÓÁÙąÌÁÒ 4ÁÂÌÏ τȭ ÔÅ ÖÅÒÉÌÄÉȢ 
 
4ÁÂÌÏ τȢ 4ÁÈÍÉÎÉ ÂÁĥÁÒąÌą ÏÌÁÎ ÉËÉ ÍÏÄÅÌÉÎ ËÁÔÓÁÙą 

tahminleri  
Modelle
r  

Risk 
ÆÁËÔĘÒÌÅÒÉ 

Zero Part  Count Part  
/2ϻ3% P )22ϻ3% P 

ZINB Parkinson / 
Kontrol  

ρρȢψπϻρψχȢ
6 

0.95
0 

ρȢπχσϻπȢφψ
9 

0.91
3 

%ÒËÅËȾ+ÁÄą
n 

--- --- πȢτχπϻπȢςφ
6 

0.18
3 

9Áĥ  πȢπφψϻπȢπφ
3 

0.28
1 

ρȢπρσϻπȢπσ
8 

0.74
1 

Sabit terim  -ρφȢχϻρψχȢχ 0.92
9 

πȢςφψϻπȢφπ
8 

0.56
2 

NBH Parkinson / 
Kontrol  

πȢςχσϻπȢρχ
9 

0.04
6 

ρȢρφσϻπȢχφ
7 

0.81
8 

%ÒËÅËȾ+ÁÄą
n 

πȢφωωϻπȢσω
2 

0.52
4 

πȢυςφϻπȢσρ
8 

0.28
8 

9Áĥ  πȢωωσϻπȢσπ
6 

0.81
6 

πȢωωψϻπȢπτ
0 

0.96
5 

Sabit terim  τȢψυϻψȢως 0.38
9 

πȢφπχϻρȢτψ
3 

0.83
8 

/2ϻ3%ȡ /ÄÄÓ 2ÁÔÉÏ ϻ 3ÔÁÎÄÁÒÔ %ÒÒÏÒ ÏÆ /2 Ƞ )22ϻ3%ȡ )ÎÃÉÄÅÎÃÅ 2ÁÔÅ 2ÁÔÉÏ ϻ 
Standart Error of IRR; ---: +ÁÔÓÁÙąÓą ÂÁĥÁÒąÌą ÔÁÈÍÉÎ ÅÄÉÌÅÍÅÄÉ 

 
4ÁÂÌÏ τȭ ÔÅ ÓąÆąÒ ÄÅøÅÒÌÅÒÉÎÉÎ ÁÎÁÌÉÚ ÅÄÉÌÄÉøÉ Ȱ:ÅÒÏ 
ÐÁÒÔȱ ÁĥÁÍÁÓąÎÄÁ ÓÁÄÅÃÅ ."( ÍÏÄÅÌÉÎÄÅȟ 
0ÁÒËÉÎÓÏÎ ÈÁÓÔÁÌÁÒąÎÄÁ (ÁÅÍÏÐÈÉÌÕÓ ÃÉÎÓÉ ÂÁËÔÅÒÉ 
ÖÁÒÌąøąÎąÎ πȢςχσ ËÁÔ ÄÁÈÁ ÄİĥİË ÏÌÄÕøÕ ÇĘÒİÌÄİ 
ɉ0ЀπȢπτφɊȢ "Õ ÓÏÎÕë ÂÉÒÉÎÃÉ ÁĥÁmada engelin 
ɉÈÕÒÄÌÅɊ ÁĥąÌÄąøąÎą ÖÅ ÉËÉÎÃÉ ÁĥÁÍÁÄÁ ÐÏÚÉÔÉÆ 
ÆÒÅËÁÎÓÌÁÒąÎ ÓąËÌąøąÎą ÅÔËÉÌÅÙÅÎ ÆÁËÔĘÒÌÅÒÉÎ 
ÉÎÃÅÌÅÎÅÂÉÌÅÃÅøÉÎÉ ÇĘÓÔÅÒÄÉȢ 
dËÉÎÃÉ ÁĥÁÍÁ ÓÏÎÕëÌÁÒą ȰÃÏÕÎÔ ÐÁÒÔȱ ÂĘÌİÍİÎÄÅ ÙÅÒ 
ÁÌÍÁËÔÁÄąÒȢ "Õ ÁĥÁÍÁÄÁ ÈÅÍ :)." ÈÅÍ ÄÅ ."( 
modelinde, Haemophilus bakteri cinsine ait 
ÆÒÅËÁÎÓÌÁÒąÎȟ 0ÁÒËÉÎÓÏÎ ÖÅ ÓÁøÌąËÌą ÂÉÒÅÙÌÅÒ ÁÒÁÓąÎÄÁ 
ÁÎÌÁÍÌą ÆÁÒËÌąÌąË ÇĘÓÔÅÒÍÅÄÉøÉȟ ÃÉÎÓÉÙÅÔÌÅÒÅ ÇĘÒÅ 
ÁÎÌÁÍÌą ÄÅøÉĥÉÍ ÏÌÍÁÄąøą ÖÅ ÙÁĥ ÉÌÅ ÁÎÌÁÍÌą ÉÌÉĥËÉÓÉ 
ÂÕÌÕÎÍÁÄąøą ÓÏÎÕÃÕÎÁ ÖÁÒąÌÄąȢ 
 
τ 4ÁÒÔąĥÍÁ 

,ÉÔÅÒÁÔİÒÄÅ ÙÅÒ ÁÌÁÎ ÂÉÒ ÓÉÍİÌÁÓÙÏÎ ëÁÌąĥÍÁÓąÎÄÁȟ 
ÖÅÒÉ ÓÅÔÉ ÓąÆąÒ ÉëÅÒÍÅÄÉøÉ ÚÁÍÁÎ ÖÅ ÁĥąÒą ÙÁÙąÌąÍ 
ÂÕÌÕÎÍÁÄąøąÎÄÁ ÐÏÉÓÓÏÎ ÒÅÇÒÅÓÙÏÎ ÍÏÄÅÌÉÎÉÎ ÅÎ 
ÉÙÉ ÓÏÎÕë ÖÅÒÄÉøÉ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ !ÙÒąÃÁȟ ÏÒÔÁ ÖÅÙÁ 
ÁĥąÒą ÄİÚÅÙÄÅ ÙÁÙąÌąÍ ÏÌÄÕøÕ ÚÁÍÁÎ ÎÅÇÁÔÉÆ 
ÂÉÎÏÍÉÙÁÌ ÍÏÄÅÌ ÄÁÈÁ ÇİëÌİ ÓÏÎÕëÌÁÒ ÖÅÒÍÉĥÔÉÒȢ 
"ÕÎÕÎ ÙÁÎą ÓąÒÁ ÅÎ ÁÚ Ϸςπ ÏÒÁÎąÎÄÁ ÓąÆąÒ 
ÂÕÌÕÎÄÕÒÁÎ ÖÅ ÙÁÙąÌąÍąÎ ÄİĥİË ÄİÚÅÙÄÅ ÏÌÄÕøÕ 
ÄÕÒÕÍÌÁÒÄÁ :)0 ÍÏÄÅÌÉÎÉÎ ÄÁÈÁ ÉÙÉ ÏÌÄÕøÕ 
ÇĘÒİÌÍİĥÔİÒȢ "ÕÎÁ ËÁÒĥąÎ ÁĥąÒą ÙÁÙąÌąÍ 
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ÄÕÒÕÍÌÁÒąÎÄÁ :)." ÍÏÄÅÌÉ ÄÁÈÁ ÉÙÉ ÓÏÎÕëÌÁÒ 
ÖÅÒÍÉĥÔÉÒȢ !ĥąÒą ÙÁÙąÌąÍÁ ÉÌÁÖÅÔÅÎ ÓąÆąÒ ÄÅøÅÒÌÅÒÉ ÄÅ 
fazla ÏÌÄÕøÕ ËÏĥÕÌÌÁÒÄÁȟ :)." ÖÅ ."( ÍÏÄÅÌÌÅÒÉ 
ÂÅÎÚÅÒ ÓÏÎÕëÌÁÒ ÖÅÒÍÉĥ ÖÅ ÓÏÎÕëÌÁÒąȟ 0ÏÉÓÓÉÏÎ 
regresyon, ZIP ve PH modellerinden daha iyi 
ÂÕÌÕÎÍÕĥÔÕÒȢ 3ÏÎÕë ÄÅøÉĥËÅÎÉÎÅ ÔÒÁÎÓÆÏÒÍÁÓÙÏÎ 
ÕÙÇÕÌÁÙÁÒÁË ÅÎ ËİëİË ËÁÒÅÌÅÒ ÔÁÈÍÉÎ ÄÅÎËÌÅÍÉ 
ËÕÒÕÌÄÕøÕ ÚÁÍÁÎ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëlar Poisson 
ÍÏÄÅÌÌÅÒÉÎÅ ÂÅÎÚÅÒ ëąËÍąĥ ÁÎÃÁË ÔÒÁÎÓÆÏÒÍÅ 
ÄÅøÅÒÌÅÒÅ ÁÉÔ ÒÅÇÒÅÓÙÏÎ ËÁÔÓÁÙąÌÁÒąÎąÎ ÚÏÒ 
ÙÏÒÕÍÌÁÎÍÁÓą ÎÅÄÅÎÉÙÌÅ ÔÅÒÃÉÈ ÅÄÉÌÍÅÄÉøÉ 
ÖÕÒÇÕÌÁÎÍąĥÔąÒ [3].  
6ÅÒÉ ÙÁÐąÓą ÖÅ ÖÁÒÙÁÓÙÏÎÁ ÇĘÒÅ ÕÙÇÕÎ ÍÏÄÅÌ 
ÓÅëÉÍÉÎÉÎ ÙÁÎą ÓąÒÁ ëÁÌąĥÍÁÎąÎ ÁÍÁÃą ÄÁ ÍÏÄÅÌ 
ÓÅëÉÍÉÎÄÅ ĘÎÅÍÌÉ ÂÉÒ ËÒÉÔÅÒÄÉÒȢ %øÅÒ ÁÒÁĥÔąÒÍÁÄÁËÉ 
ÁÍÁëȟ ÂÉÒ ÔÁÈÍÉÎ ÍÏÄÅÌÉ ÇÅÌÉĥÔÉÒÍÅË ÉÓÅ ÈÁÎÇÉ 
ÍÏÄÅÌÉÎ ËÕÌÌÁÎąÌÁÃÁøą ĘÎÅÍ ÔÁĥąÍÁËÓąÚąÎ ÚÅÒÏ-
inflated veya hurdle modellerden birisi 
ËÕÌÌÁÎąÌÁÂÉÌÉÒȢ "ÕÎÁ ËÁÒĥąÎ ëÁÌąĥÍÁÎąÎ ÁÍÁÃąȟ ÓÏÎÕë 
ëąËÁÒÍÁ ÙÁÎÉ ÂÉÒ ÓÏÎÕÃÁ ÕÌÁĥÍÁË ÉÓÅ ÄÅÎÅÙ ÔÁÓÁÒąÍą 
ÖÅ ÖÅÒÉ ÙÁÐąÓąÎÁ ÕÙÇÕÎ ÍÏÄÅÌÉÎ ÓÅëÉÍÉ ĘÎÅÍ ÔÁĥąÒȢ 
vÒÎÅøÉÎ ȰÓÏÎ σπ ÇİÎ ÉëÉÎÄÅ ËÁë ÇİÎ ÁøÒą ËÅÓÉÃÉ ÂÉÒ 
ÉÌÁë ËÕÌÌÁÎÄąÎąÚȩȱ ÓÏÒÕÓÕÎÁ Ȱπȱ ÃÅÖÁÂą ÖÅÒÅÎÌÅÒ ÅøÅÒ 
ÈÉëÂÉÒ ËÏĥÕÌÄÁ ÁøÒą ËÅÓÉÃÉ ÉÌÁë ÁÌÍÁÙÁÎÌÁÒ ÉÓÅ ÂÕ ÓąÆąÒ 
ÄÅøÅÒÉ ÙÁÐąÓÁÌ ÖÅÙÁ ÇÅÒëÅË ÓąÆąÒ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌąÒȢ 
!ÎÃÁË ÙÉÎÅ Ȱπȱ ÃÅÖÁÂą ÖÅÒÅÎ ÄÉøÅÒ ÂÁÚą ËÉĥÉÌÅÒ ÁÒÁÄÁ 
ÂÉÒ ÁøÒą ËÅÓÉÃÉ ÉÌÁë ÁÌÁÎ ÁÎÃÁË ÓÏÎ σπ ÇİÎ ÉëÉÎÄÅ 
ÉÈÔÉÙÁë ÄÕÙÍÁÄąøą ÉëÉÎ ÁÌÍÁÍąĥ ËÉĥÉÌÅÒ ÉÓÅ ÂÕÎÌÁÒąÎ 
ÃÅÖÁÂą ÒÁÎÄÏÍ ÖÅÙÁ ÙÁÌÁÎÃą ÓąÆąÒ ÏÌÁÒÁË ÁÄÌÁÎÄąÒąÌąÒȢ 
"Õ ÄÕÒÕÍÄÁ ÁÒÁĥÔąÒąÃąȟ ÐÏÚÉÔÉÆ ÓÁÙąÌÁÒąÎ ÄÁøąÌąÍąÎą 
da dikkate alarak uygun zero-inflated modellerden 
ÂÉÒÉÎÉ ÓÅëÍÅÓÉ ÇÅÒÅËÉÒȢ "ÕÎÁ ËÁÒĥąÎ ÁÒÁĥÔąÒÍÁÙÁ 
ÁÌąÎÁÃÁË ËÉĥÉÌÅÒ ÓÁÄÅÃÅ ÒÉÓË ÇÒÕÂÕÎÄÁÎ ÏÌÕĥÕÙÏÒÓÁ 
ÙÁÎÉ ÁøÒą ËÅÓÉÃÉ ËÕÌÌÁÎąÍą ËÏÎÕÓÕÎÄÁ ëÅËÉÎÃÅ 
ÙÁĥÁÍÁÙÁÎ ÖÅÙÁ ÉÈÔÉÙÁë ÁÎąÎÄÁ ÁøÒą ËÅÓÉÃÉ ËÕÌÌÁÎÁÎ 
ËÉĥÉÌÅÒÉ ÉëÅÒÉÙÏÒÓÁȟ ÂÕ ÄÕÒÕÍÄÁ ÖÅÒÉÌÅÒ ÈÕÒÄÌÅ 
regresyon modellerinden biri ile analiz edilmelidir. 
!ÙÒąÃÁ ÖÅÒÉ ÉëÉÎÄÅ ÓÁÄÅÃÅ ÙÁÌÁÎÃą ÓąÆąÒÌÁÒąÎ ÏÌÄÕøÕ 
ËÅÓÉÎ ÏÌÁÒÁË ÂÉÌÉÎÄÉøÉ ÚÁÍÁÎ ÖÅÒÉÌÅÒ ÓÔÁÎÄÁÒÔ 
Poisson veya Negatif Binomiyal regresyon 
modelleri ile analiz edilebilir [3,5,6].  
Zero-inflated ve/veya hurdle modeller, 
ÇĘÚÌÅÎÍÅÙÅÎ ÈÅÔÅÒÏÊÅÎÌÉË ÅÔËÉÓÉÎÉÎ ÙÁÎą ÓąÒÁ ÓąÆąÒ 
ÄÅøÅÒÌÅÒÉÎÉÎ ÁĥąÒą ÄİÚÅÙÄÅ ÏÌÍÁÓąÎÄÁÎ ËÁÙÎÁËÌÁÎÁÎ 
over-ÄÉÓÐÅÒÓÉÏÎ ÐÒÏÂÌÅÍÉÎÉ ÄÅ ëĘÚÍÅËÔÅÄÉÒ ɍφɎȢ  
,ÉÔÅÒÁÔİÒÄÅ ÚÅÒÏ-inflated ve hurdle regresyon 
modellerinin bir uzantąÓą ÏÌÁÎ ÖÅ ËÏÒÅÌÁÓÙÏÎÌÕ 
ÖÅÒÉÌÅÒ ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÓÕÂÊÅÃÔ-specific ve marjinal 
modeller de mevcuttur [6,14].  
"Õ ëÁÌąĥÍÁÄÁ ËÕÌÌÁÎąÌÁÎ ÓÉÍİÌÅ ÖÅÒÉ ÓÅÔÉÎÉÎ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÓÏÎÕÃÕÎÄÁ ÄÁȟ ÇÅÎÅÌ ÏÌÁÒÁË 
ÕÙÇÕÌÁÍÁ ÌÉÔÅÒÁÔİÒİÎÄÅ ÕÌÁĥąÌÁÎ ÓÏÎÕëÌÁÒ ÇÉÂÉ :)." 

ve NBH ÍÏÄÅÌÌÅÒÉ ÅÎ ÉÙÉ ÓÏÎÕÃÕ ÖÅÒÍÉĥÔÉÒȢ dÎÃÅÌÅÎÅÎ 
ÍÏÄÅÌÌÅÒÉÎ ÔÁÍÁÍąÎąÎȟ ëÏË ÙÁÙÇąÎ ËÕÌÌÁÎąÌÁÎ 
ÉÓÔÁÔÉÓÔÉË ÐÁËÅÔ ÐÒÏÇÒÁÍÌÁÒąÎÄÁ ÙÅÒ ÁÌÍÁÍÁÓą ÖÅ 
ÍÏÄÅÌÌÅÒÉÎ ÕÙÇÕÌÁÍÁȾÙÏÒÕÍÌÁÍÁ ÁĥÁÍÁÓąÎÄÁ ÅÎ 
ÁÚ ÏÒÔÁ ÄİÚÅÙ ÉÓÔÁÔÉÓÔÉË ÂÉÌÇÉÓÉ ÇÅÒÅËÔÉÒÍÅÓÉ 
ÎÅÄÅÎÌÅÒÉÙÌÅȟ ÓĘÚ ËÏÎÕÓÕ ÍÏÄÅÌÌÅÒ ËÕÌÌÁÎąÍ ÓąËÌąøą 
ÁëąÓąÎÄÁÎ ÈÁË ÅÔÔÉøÉ ÄİÚÅÙÅ ÕÌÁĥÁÍÁÍąĥÔąÒȢ  
 

υ 3ÏÎÕë 

&ÒÅËÁÎÓ ÔİÒİ ÖÅÒÉÌÅÒÉÎ ÏÒÔÁÌÁÍÁ ÖÅ ÖÁÒÙÁÎÓą ÆÁÒËÌąÌąË 
ÇĘÓÔÅÒÉÙÏÒÓÁ ÖÅȾÖÅÙÁ ÖÅÒÉÌÅÒ ÉëÉÎÄÅ ÓąÆąÒ ÏÒÁÎą Ϸρπ-
Ϸςπȭ ÎÉÎ İÚÅÒÉÎÅ ÉÓÅ ÓąÒÁÓąÙÌÁ ."(ȟ :)." ÖÅ ." 
ÍÏÄÅÌÌÅÒÉÎÉÎ ËÕÌÌÁÎąÌÍÁÓą ĘÎerilir. NB modelleri her 
ÎÅ ËÁÄÁÒ ÂÕ ËÏĥÕÌÌÁÒÄÁ ÉÙÉ ÓÏÎÕëÌÁÒ İÒÅÔÓÅ ÄÅ 
ĘÚÅÌÌÉËÌÅ ÓąÆąÒ ÖÁÒÌąøąÎÄÁ ÓąÆąÒ ÍÅËÁÎÉÚÍÁÓąÎą ÄÉËËÁÔÅ 
almaz. Kovaryat etkileri incelenecek ise zero-
ÉÎÆÌÁÔÅÄ ÍÏÄÅÌÌÅÒÉÎ ÔÁÈÍÉÎÌÅÒÉ ÄÁÈÁ ÇİëÌİÄİÒȢ 
KİÎËİ ÚÅÒÏ-ÉÎÆÌÁÔÅÄ ÍÏÄÅÌÌÅÒ ÓąÆąÒÌÁÒą ÇÅÒëÅË ÓąÆąÒ ÖÅ 
ÙÁÌÁÎÃą ÓąÆąÒ ÏÌÁÒÁË ÁÙÒą ÍÏÄÅÌÌÅÒȢ "ÕÎÁ ËÁÒĥąÎ 
(ÕÒÄÌÅ ÍÏÄÅÌÌÅÒ ÓąÆąÒÌÁÒąÎ ÔÁÍÁÍąÎą ÙÁÌÁÎÃą ÓąÆąÒ 
olarak kabul eder. Poisson regresyon modeli ise, bu 
ÓÁÙąÌÁÎ ËÏĥÕÌÌÁÒąÎ ÔÅÒÓÉ ÄÕÒÕÍÌÁÒąÎÄÁ ÉÙÉ ÓÏÎÕëÌÁÒ 
ÖÅÒÍÅËÔÅÄÉÒȢ 9ÁÎÌąĥ ÍÏÄÅÌ ÓÅëÉÍÉ ÂÉÒÉÎÃÉ ÔÉÐ ÈÁÔÁ 
ÙÁÐÍÁ ÉÈÔÉÍÁÌÉÎÉ ÁÒÔąÒÁÃÁøą ÉëÉÎȟ ÇÅÒëÅËÔÅ ÏÌÍÁÙÁÎ 
ÉÌÉĥËÉÌÅÒ ÖÁÒÍąĥ ÇÉÂÉ ÇĘÓÔÅÒÉÌÅÂÉÌÉÒȢ  
3ÏÎÕë ÏÌÁÒÁË ÆÒÅËÁÎÓ ÔÉÐÉÎÄÅËÉ ÓÏÎÕë ÄÅøÉĥËÅÎinin 
ÏÒÔÁÌÁÍÁ ÖÅ ÖÁÒÙÁÎÓą ÁÒÁÓąÎÄÁËÉ ÉÌÉĥËÉ ÖÅ ÓąÆąÒ 
ÄÅøÅÒÌÅÒÉÎÉÎ ÏÒÁÎą ÄÉËËÁÔÅ ÁÌąÎÁÒÁË ÖÅÒÉ ÁÎÁÌÉÚÉÎÄÅ 
ÕÙÇÕÎ ÍÏÄÅÌ ÓÅëÉÌÍÅÌÉÄÉÒȢ 
 
Finansal Kaynak  
"Õ ëÁÌąĥÍÁ ÓąÒÁÓąÎÄÁȟ ÙÁÐąÌÁÎ ÁÒÁĥÔąÒÍÁ ËÏÎÕÓÕ ÉÌÅ 
ÉÌÇÉÌÉ ÄÏøÒÕÄÁÎ ÂÁøÌÁÎÔąÓą ÂÕÌÕÎÁÎ ÈÅÒÈÁÎÇÉ ÂÉÒ ÉÌÁë 
firmÁÓąÎÄÁÎȟ ÔąÂÂÉ ÁÌÅÔȟ ÇÅÒÅë ÖÅ ÍÁÌÚÅÍÅ ÓÁøÌÁÙÁÎ 
ÖÅȾÖÅÙÁ İÒÅÔÅÎ ÂÉÒ ÆÉÒÍÁ ÖÅÙÁ ÈÅÒÈÁÎÇÉ ÂÉÒ ÔÉÃÁÒÉ 
ÆÉÒÍÁÄÁÎȟ ëÁÌąĥÍÁÎąÎ ÄÅøÅÒÌÅÎÄÉÒÍÅ ÓİÒÅÃÉÎÄÅȟ 
ëÁÌąĥÍÁ ÉÌÅ ÉÌÇÉÌÉ ÖÅÒÉÌÅÃÅË ËÁÒÁÒą ÏÌÕÍÓÕÚ 
etkileyebilecek maddi ve/veya manevi herhangi bir 
ÄÅÓÔÅË ÁÌąÎÍÁÍąĥÔąÒ. 
 
KąËÁÒ KÁÔąĥÍÁÓą 
"Õ ëÁÌąĥÍÁ ÉÌÅ ÉÌÇÉÌÉ ÏÌÁÒÁË ÙÁÚÁÒÌÁÒąÎ ÖÅȾÖÅÙÁ ÁÉÌÅ 
ÂÉÒÅÙÌÅÒÉÎÉÎ ëąËÁÒ ëÁÔąĥÍÁÓą ÐÏÔÁÎÓÉÙÅÌÉ ÏÌÁÂÉÌÅÃÅË 
ÂÉÌÉÍÓÅÌ ÖÅ ÔąÂÂÉ ËÏÍÉÔÅ İÙÅÌÉøÉ ÖÅÙÁ İÙÅÌÅÒÉ ÉÌÅ 
ÉÌÉĥËÉÓÉȟ ÄÁÎąĥÍÁÎÌąËȟ ÂÉÌÉÒËÉĥÉÌÉËȟ ÈÅÒÈÁÎÇÉ ÂÉÒ 
ÆÉÒÍÁÄÁ ëÁÌąĥÍÁ ÄÕÒÕÍÕȟ ÈÉÓÓÅÄÁÒÌąË ÖÅ ÂÅÎÚÅÒ 
ÄÕÒÕÍÌÁÒą ÙÏËÔÕÒȢ 
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An Application of Risk Evaluation For Herniated Disc 

Emre KALYON*11 

1MEF University, Faculty of Science, Information Techonologies, ISTANBUL, TURKEY 
Abstract  

The purpose of this study is to create an application which helps people to evaluate the risk that whether they 
have herniated disc or not.  With a few feature inputs from the screen, users can evaluate the risk themselves 
whether they are sick or not. Purpose of this study is to prevent loss of efficiency in health sources in healthy 
cases and direct the patient to hospital early to prevent the sickness to become much worse.  
 
Keywords: Herniated Disc, Risk Evaluation, Machine Learning 

Introduction  

Our spine consists of 32-33 bones arranged on top of 
each other and constitutes the most important 
support element of our movement system. These 
bones are tightly connected to each other through 
ÌÉÇÁÍÅÎÔÓ ÁÎÄ ÉÎÃÌÕÄÅ ÃÁÒÔÉÌÁÇÅÓ ÃÁÌÌÅÄ ȰÄÉÓÃÓȱȢ  
Thanks to its interesting structure, the spine 
supports us while sitting or standing and allows us to 
make the hardest and sudden movements. When 
looked sagitally, there are three curvatures in the 
spine. These curves gain us resistance to impacts and 
weightlifting. Discs between the vertebrae increase 
flexibility during movements. Thus, we can carry out 
many tasks during our daily life. However, in some 
cases, this system in the spine can cause problems 
and painful conditions. For example, as the muscles 
in the neck and waist region remain in the same 
position for a long time, the internal tension of the 
muscles increases and the curvature of the spine 
begins to decrease gradually. Spasms develop in the 
muscles due to compelling positions such as sitting 
or working in the same position for a long time, 
leaning forward and lifting heavy, causes the 
pressure inside the discs to increase. Thus, flattening 
occurs in the waist and neck region. The flattening of 
the spine leads to the disruption of the discs in that 
region in the long term. After some time more serious 
painful disorders such as disc hernia may occur. 

Nowadays, lumbar and cervical hernias have started 
to be seen very frequently. With the effect of various 
factors in the home and work environments, 
especially inactivity, spinal disorders have increased 
and become a major health problem. Lumbar hernias 
are more common since the center of gravity of our 
body is close to the lumbar spine. In such cases, a 
specialist should be consulted as soon as possible and 
necessary examinations should be done. Clinical 
examination is very important in the diagnosis of 

 
1* Corresponding author e-mail : emre.kalyon@softtech.com.tr 

hernia. The application prepared with this study can 
be used both as a decision support system in clinical 
examination and can advise people who hesitate to 
go to hospital. After the examination, a number of 
examinations may be requested. Nowadays, the most 
widely used imaging method is Magnetic Resonance 
Imaging (MRI). With MRI, it is possible to obtain 
detailed information about the location, level and 
degree of hernia.  This study also aimed to reduce 
unnecessary MRI scans. The application will take 
some feature inputs from the user interface and 
evaluate the risk of having hernitated disc. The 
features which are entered form the user interface 
will be very easy to maintain.  Users can maintain 
ÔÈÅÓÅ ÆÅÁÔÕÒÅÓ ÂÙ ÔÈÅÍÓÅÌÖÅÓ ÂÕÔ ÈÁÖÉÎÇ Á ÆÒÉÅÎÄȭÓ 
help in this process would be better to have more 
accurate measures.  The application will help to 
prevent loss of efficiency in health sources by 
eliminating the need for seeing a doctor for those 
who has a low probability to be sick.  Human and 
equipment resources are very valuable in health 
sector. This application can help to filter who needs 
to see a doctor and take MRI or X-ray films. In the 
future as the number of applications like these 
increase resources in health services will be used 
more efficient.  Application will also help prevent the 
sickness to become much worse for those who is 
carrying high risk to have herniated disc.  The 
application will use machine learning methods to 
determine the risk. Because rules of making 
diagnostics on this illness cannot be coded directly 
with if ɀ else commands.  Evaluating the risk for this 
sickness is based on recognizing a pattern like 
doctors do.  Five machine learning methods are 
tested. The method with the highest accuracy is 
implemented on the application. The methods are 
tested with the default parameters and with hyper 
tuned parameters. Microsoft Azure Machine 
Learning Studio is used to determine the best 
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algorithm.  In this study I will work with Prof. M.D. 
4ÕÎë !ÌÐ +ÁÌÙÏÎ ×ÈÏ ÉÓ Á ÓÐÅÃÉÁÌÉÓÔ ÉÎ 0ÈÙÓÉÃÁÌ 
Medicine and Rehabilitation who helped to 
determine the features necessary and tag the labels. 

Proposed System 

We need some features to calculate the probability of 
herniated disc. The relevant features are determined 
×ÉÔÈ ÔÈÅ ÈÅÌÐ ÏÆ 0ÒÏÆȢ $ÒȢ 4ÕÎë !ÌÐ +ÁÌÙÏÎȟ -$Ȣ ×ÈÏ 
is a specialist in Physical Medicine and 
Rehabilitation. 

Data  

Due to personal information protection law, special 
permissions are necessary to work with the real data. 
So data has to be generated. 

To create data first features for cases are filled 
ÒÁÎÄÏÍÌÙ ÁÎÄ ÔÈÅÎ ÃÁÓÅÓ ÁÒÅ ÌÁÂÅÌÅÄ ÂÙ 0ÒÏÆȢ 4ÕÎë 
Alp Kalyon MD.  

 
Table 1. Header and first rows of dataset that is used for 
this study for train and test 

 

Table 2. Statistics for Herniated Disc (Label) 

Features 

In literature Herniated Disc Diagnosis techniques are 
usually done by magnetic resonance imaging (MRI) 
Scans or radiographs using computer vision 
techniques.  

$ÒȢ 4ÕÎë !ÌÐ +ÁÌÙÏÎ ɍρɎ ÉÎÄÉÃÁÔÅÓ ÔÈÁÔ -2) 3ÃÁÎ ÉÓ 
commonly used  because MRI is the best way for 
ÄÉÁÇÎÏÓÉÓȢ 2ÁÄÉÏÇÒÁÐÈȭÓ ÉÍÁÇÅ ÃÁÎÎÏÔ ÇÉÖÅ ÕÓ ÅÎÏÕÇÈ 
information about the illness.  

-ÁÎÄÁÌȭÓ ɉςπρυɊ ɍςɎ  ÓÔÕÄÙ ÉÓ ÏÎÅ ÏÆ ÔÈÅ Æew which 
uses radiographs. A new ensemble consisting of 
Bayesian network optimized by Tabu search 
algorithm as a classifier and Haar wavelets as the 
projection filter is used for relevant feature selection 
ÁÎÄ ÁÔÔÒÉÂÕÔÅȭÓ ÒÁÎËÉÎÇȢ  

da Rocha Neto A.R., Sousa R., de A. Barreto G., 
Cardoso J.S. (2011) [3] studied on a computer aided 
diagnosis system called SINPATCO (System for 
Diagnosis of Pathologies of Vertebral Column ). This 
study is to help medical workers. Because medical 
workers are affected by stress, tiredness and can 
have less knowledge in the field. When this system 
labels the case as the opposite of the medical worker 
they intent to analyse the case more carefully and 
take suggestions. Also their study suggests that 
machine learning works well on non complex 
ÓÙÓÔÅÍÓ ÁÎÄ ÌÁÂÅÌÓ ÌÉËÅ ȰÎÏÒÍÁÌȱ ÁÎÄ ȰÁÂÎÏÒÍÁÌȱȢ 

Koh, J., Chaudhary, V. & Dhillon, G. Int J CARS (2012) 
[4] used MRI scans to help to clinical workers. They 
achieved %99 accuracy and speeded up %30 the 
diagnostic process.  

KAPANDJI [5] says with a prolapsed disc, moderate 
elevation of the lower limb will become painfull 
because of the trapped nerve roots. This sign is called 
,ÁÓðÇÕÅȭÓ ÓÉÇÎȢ 4ÈÅ ÆÅÁÔÕÒÅ ÃÁÌÌÅÄ 3ÔÒÁÉÇÈÔ ,ÅÇ 
Raising test will be used in this study to evaluate the 
risk of the herniated disc.  

Lee JH, Lee SH [6] indicates that straight leg raising 
test is a critical feature for predicting disc herniation. 

Dutta S, Bhave A, Patil S [7] indicates MRI scan 
sensitivity and specificity for determining surgically 
significant levels was 100% and 94.94%, 
respectively. Straight leg raising test was positive in 
74% of patients, with 85%, 43%, and 75% for 
paracentral, central, and foraminal levels, 
respectively.  

Kido T, Okuyama K, Chiba M, Sasaki H, Seki N, Kamo 
K, Miyakoshi N, Shimada Y [8] finds out pain is useful 
for appropriate level diagnosis. 

David J. Magee  [9] indicates The Straight Leg Raise 
(SLR) test is a neurodynamic test. Neurodynamic 
tests check the mechanical movement of the 
neurological tissues as well as their sensitivity to 
mechanical stress or compression. These tests, along 
with relevant history and decreased range of motion, 
are considered by some to be the most important 

 

ID SLR - R SLR ς L 
Bragard 

Test 
VAS 

Achille 
Reflex 

Herniated Disc    
(Label) 

1 40 70 True 6 Normal True 

2 60 70 True 5 Diminished True 

3 30 70 True 7 Lost True 

4 70 30 True 9 Lost True 

5 70 45 False 2 Diminished True 

. . . . . . . 

. . . . . . . 

. . . . . . . 

336 70 70 False 3 Normal False 

337 60 60 True 3 Normal False 

338 60 70 False 2 Normal False 

339 70 70 False 3 Normal False 

340 70 70 False 3 Normal False 

 

Mean 0.7029 

Median 1 

Min 0 

Max 1 

Standard Deviation 0.4576 

Unique Values 2 

Missing Values 0 

Number of Cases without 

Herniated Disc 

101 

Number of Cases with Herniated 

Disc 

239 
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physical signs of disc herniation, regardless of the 
degree of disc injury. 

van der Windt DA [10] finds out better results are 
obtained combining imaging and Straight Leg Raising 
(SLR) test. 

Majlesi J[11] says the SLR test may especially help 
identify patients who have herniations with root 
compression requiring surgery. 

The application prepaped with this study will collect 
information about the following features decscribed 
below. 

If the lower limb is elevated with the knee extended 
as shown in figure 4, at an elevation degree a pain is 
felt on the posterior aspect of the thigh. This degree 
of feeling pain for both left and right legs are  features 
for us. 

 

Image 1. Straight Leg Raising (SLR) Test 

This test is done with the side of leg which pain is felt 
in the SLR test. 

The angle of the leg is lowered to maximum angle 
which the pain felt on SLR test is lost. Then the foot 
ankle is bended upside as shown in Image 2.  

If there is pain after the bending this is featured as 
true, else false.  

 

 

 

Image 2. Bragard Test 

The patient is asked to evaluate his level of pain 
between 1 and 10. 

The output of this feature is an integer between 1 and 
10. 

 

 

Figure 1. Visual Analog Scale 

To test the Achilles Reflex, you need to locate the 
!ÃÈÉÌÌÅÓ ÔÅÎÄÏÎȢ 4ÈÁÔȭÓ ÔÈÅ ÔÅÎÄÏÎ ÔÈÁÔ ÃÏÎÎÅÃÔÓ ÙÏÕÒ 
heel with the rest of your leg. To test the reflex, you 
would use a soft hammer or your fingertips and you 
×ÏÕÌÄ ÐÕÓÈ ÔÈÅ ÐÅÒÓÏÎȭÓ ÆÏÏÔ ÓÌÉÇÈÔÌÙ ÆÏÒ×ÁÒÄ ÁÔ ÔÈÅ 
toes towards up so that the Achilles tendon comes 
tight. Then you will tap and note any movement in 
the foot. The achilles reflex level on the side which 
had pain on SLR test is compared with the side which 
had no pain  This test will give us the achilles reflex 
level feature data as normal, diminished or lost 
compared with the healthy side.  
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Image 3. Achilles Reflex Test 

3 Machine Learning Methods 

3.1 Evaluation of Methods Used In This Study 

Two following class binary machine learning 
methods are tested. The method with the highest 
accuracy is implemented on the application. The 
methods are tested with the default parameters and 
with hyper tuned parameters. Microsoft Azure 

Machine Learning Studio is used to determine the 
best algorithm.  

i)  Two-Class Support Vector Machine 

ii) Two-Class Boosted Decision Tree 

iii) Two -Class Logistic Regression 

iv) Two-Class Bayes Point Machine 

v) Two-Class Averaged Perceptron 

 

My project for data analysis on Microsoft Azure 
Machine Learning Studio 

Risk Evaluation for Herniated Disc - Microsoft Azure 
Experiment [12] 

https://gallery.cortanaintelligence.com/Experiment
/Risk-Evaluation-for-Herniated-Disc 

Combining all these 5 methods with 2 default and 
hyper tuned combination we have 10 different 
algorithms to compare.  Results are shown in Table 3.  

 

Table 3. Result of Machine Learning Methods used in this Project 

Algorithm Training Accuracy Precision Recall F-Score 
Average Log 

Loss 

SVM normal 0.882353 0.922078 0.922078 0.922078 0.256436 

SVM tuned 0.921569 0.948052 0.948052 0.948052 0.191873 

Boosted 
Decision Tree 

normal 0.901961 0.924051 0.948052 0.935897 0.283791 

Boosted 
Decision Tree 

tuned 0.941176 0.961039 0.961039 0.961039 0.155978 

Logistic 
Regression 

normal 0.941176 0.961039 0.961039 0.961039 0.186079 

Logistic 
Regression 

tuned 0.911765 0.925 0.961039 0.942675 0.237186 

Bayes Point 
Machine 

normal 0.911765 0.935897 0.948052 0.941935 0.212191 

Bayes Point 
Machine 

tuned 0.911765 0.935897 0.948052 0.941935 0.212191 

Avaraged 
Perceptron 

normal 0.843137 0.896104 0.896104 0.896104 0.282806 

Avaraged 
Perceptron 

tuned 0.911765 0.935897 0.948052 0.941935 0.20104 
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As shown in Table 3 the best methods for this data 
is Boosted Decision Tree (Hyper Tuned) or Logistic 
Regression. 

Application  

The application will take feature inputs from the 
user interface and evaluate  

the risk of having herniated disc. Although the 
features which are entered form the user interface 
is very easy to maintain, some features can be 
obtained with the help of a partner of the user.   

The necessary features are Straight Leg Raising Test 
(SLR), Bragard Test, Evaluation of Pain in VAS 
(Visual Analog Scale) and Achilles Reflex. 

Detailed video explanation can be found at the link 
below.  

http://tuncalpkalyon.com/ml/  

4.1 User Interface 

The user interface of the application is shown in 
Image 4. 

 

Image 4. User Interface of  Risk Evaluation for Herniated 
Disc Application 

Conclusion 

This study shows that with the features, Straight 
Leg Raising Test (SLR), Bragard Test, Evaluation of 
Pain in VAS (Visual Analog Scale) and Achilles 
Reflex, the consistency  in  diagnosis of herniated 
disc is actually high. Due to legal issues ,  evaluation 
of this application cannot replace the evaluation of 
a doctor and can only be used for an initial advice.  

The results of this application can be used for 
people who is not sure to go hospital for their 

complaint. The application can also be used to 
prevent unnecessary visits of the hospitals. 

This study also shows that such applications with 
machine learning can help maintain health services 
to classify the cases of disc herniation. What 
machine learning does is recognizing the pattern of 
a case, which is what doctors actually do in 
establishing the diagnosis. 

Lumbar disc herniation is a disease that physical 
examination, symptoms, and findings on imaging 
technique do not always correlate with each other. 
So that some other instruments are needed in the 
diagnosis. 

An accurate and specific diagnosis prevents the 
recurrences of low back pain and chronic spinal 
pain.  In addition, it helps to differentiate the cases 
who do not require any surgical approach. 

On the other hand some auxiliary methods are 
necessary for  those  patients who  hesitate to refer 
a  doctor . This handy and practical application can 
help those people. 

The application prepared with this study can be 
used both as a decision support system in clinical 
examination and can advise people who hesitate to 
go to hospital. 

On the basis of my findings  in this  study I conclude 
that applications  with machine learning prepared 
with some simple parameters can be easily applied 
to most of the illnesses. These applications can help 
most people to refer a doctor in a cost- effective 
manner. 

Thanks 

4ÈÁÎËÓ ÔÏ 0ÒÏÆȢ -Ȣ$Ȣ 4ÕÎë !ÌÐ +ÁÌÙÏÎ ÆÏÒ ÈÉÓ 
support.  
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+ÏÄÌÁÙąÃą $ÅÒÉÎÌÉøÉ ÖÅ &ÁÒËÌą 2ÅÎË +ÁÎÁÌÌÁÒąÎąÎ 3ÅÇ.ÅÔ "ĘÌİÔÌÅÍÅ 
0ÅÒÆÏÒÍÁÎÓąÎÁ %ÔËÉÓÉ 

.ÕÒÕÌÌÁÈ ¤!(d.1*21, Nuh ALPASLAN2 

1dÎĘÎİ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË &ÁËİÌÔÅÓÉȟ"ÉÌÇÉÓÁÙÁÒ -İÈÅÎÄÉÓÌÉøÉȟ -ÁÌÁÔÙÁȟ 4­2+d9% 
2"ÉÎÇĘÌ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË ÖÅ -ÉÍÁÒÌąË &ÁËİÌÔÅÓÉȟ"ÉÌÇÉÓÁÙÁÒ -İÈÅÎÄÉÓÌÉøÉȟ "ÉÎÇĘÌȟ 4­2+d9% 

 
vÚÅÔ 

-ÅÌÁÎÏÍ ÅÎ ĘÌİÍÃİÌ ÃÉÌÔ ËÁÎÓÅÒÉ ÔİÒÌÅÒÉÎÄÅÎ ÂÉÒÉ ÏÌÕÐȟ  ÙÁÐąÓÁÌ $.! ÈÁÓÁÒąÎÄÁÎ ËÁÙÎÁËÌą ÈİÃÒÅÌÅÒÉÎ ÁÎÏÒÍÁÌ 
ÂÉëÉÍÄÅ ÂİÙİÍÅÓÉ ÏÌÁÒÁË ÔÁÎąÍÌÁÎąÒȢ -ÅÌÁÎÏÍ ÔÅÓÐÉÔÉÎÄÅ ÌÅÚÙÏÎ ÂĘÌÇÅÓÉÎÉÎ ÄÏøÒÕ ÂÉëÉÍÄÅ ÂĘÌİÔÌÅÎÍÅÓÉ 
ÂİÙİË ĘÎÅÍÅ ÓÁÈÉÐÔÉÒȢ !ÎÃÁË ÇÅÌÅÎÅËÓÅÌ ÙĘÎÔÅÍÌÅÒ ÉÌÅ ÔİÍ ÃÉÌÔ ÌÅÚÙÏÎ ÔİÒÌÅÒÉÎÅ ÕÙÇÕÌÁÎÁÂÉÌÅÃÅË ÇÅÎÅÌ ÂÉÒ 
ÂĘÌİÔÌÅÍÅ ÙĘÎÔÅÍÉ ÂÕÌÕÎÍÁÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁÄÁ ÌÅÚÙÏÎ ÂĘÌÇÅÓÉÎÉÎ ÄÏøÒÕ ÂÉÒ ÂÉëÉÍÄÅ ÂĘÌİÔÌÅÎÅÂÉÌÍÅÓÉ 
ÉëÉÎȟ ÇİÎÃÅÌ ÄÅÒÉÎ ĘøÒÅÎÍÅ ÙĘÎÔÅÍÉ ÏÌÁÎ 3ÅÇ.ÅÔ Áø ÍÉÍÁÒÉÓÉ ËÕÌÌÁÎąÌÍąĥÔąÒȢ vÎÅÒÉÌÅÎ ëÁÌąĥÍÁ ÉËÉ ÁÎÁ 
ÁĥÁÍÁÄÁÎ ÏÌÕĥÍÁËÔÁÄąÒȢ "ÉÒÉÎÃÉ ÁĥÁÍÁÄÁ ÇĘÒİÎÔİ İÚÅÒÉÎÄÅ ÈÉëÂÉÒ ĘÎÉĥÌÅÍÅ ÙÁÐąÌÍÁÄÁÎ ÓÁÄÅÃÅ ÆÁÒËÌą 
ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉËÌÅÒÉÎÉÎ 3ÅÇ.ÅÔ ÍÉÍÁÒÉÓÉÎÉÎ ÂĘÌİÔÌÅÍÅ ÂÁĥÁÒąÓą İÚÅÒÉÎÄÅËÉ ÅÔËÉÌÅÒÉ ÇĘÚÌÅÍÌÅÎÍÉĥtir. 
KÁÌąĥÍÁÎąÎ ÉËÉÎÃÉ ÁĥÁÍÁÓąÎÄÁ ÉÓÅȟ 2'" ÒÅÎË ËÁÎÁÌąÎÁ ÅËÌÅÎÅÎ ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒąÎąÎ 3ÅÇ.ÅÔ ÁøąÎąÎ 
ÂĘÌİÔÌÅÍÅ ÐÅÒÆÏÒÍÁÎÓąÎÁ ÏÌÁÎ ÅÔËÉÓÉ ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ 2'" ËÁÎÁÌą ÉÌÅ ÆÁÒËÌą ËÁÎÁÌÌÁÒą ËÕÌÌÁÎÄąøąÍąÚÄÁ ÇÅÎÅÌÌÉËÌÅ 
ÅÎ ÉÙÉ ÓÏÎÕëÌÁÒąÎ ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ υ ÉËÅÎ ÅÌÄÅ ÅÄÉÌÄÉøÉ ÇĘÚÌÅÎÍÉĥÔÉÒȢ !ÙÒąÃÁȟ ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒąÎÁ ÁÉÔ 
ÓÏÎÕëÌÁÒ ÉÎÃÅÌÅÎÄÉøÉÎÄÅȟ ÅÎ ÉÙÉ ÓÏÎÕÃÕÎȟ 2'"Ϲ(Ϲ)Ϲ' ËÁÎÁÌąÎÄÁ ÅÌÄÅ ÅÄÉÌÄÉøÉ ÇĘÒİÌÍİĥÔİÒȢ 
 
 Anahtar Kelimeler :  GĘÒİÎÔİ dĥÌÅÍÅȟ Derin vøÒÅÎÍÅȟ GĘÒİÎÔİ BĘÌİÔÌÅÍÅȟ Melanom Tespiti, Segnet 

Effect of Different Color Channels and Encoder Depth on Segmentation 
Performance of SegNet 

Abstract  

Melanoma is one of the most deadly types of skin cancer and it is defined as abnormal growth of cells due to 
structural DNA damage. Accurate segmentation of the lesion has great importance in the detection of 
melanoma. However, there is no general segmentation method that can be applied to all skin lesion types 
with traditional methods. In this study, SegNet network architecture, is used to accurately segment the 
lesion region. The proposed study consists of two main stages. In the first stage, only the effects of different 
encoder depths on segmentation performance of SegNet architecture were observed without any 
preprocessing on image. In the second stage, the effect of different color channels added to RGB color 
channel on segmentation performance of SegNet network was examined. It is observed that the best results 
were obtained when the encoder depth was 5 when we used different channels with RGB channel. In 
addition, when the results of different color channels were examined, it was seen that the best results was 
obtained in RGB + H + I + G channel. 
Keywords: Image Processing, Deep Learning,  Image Segmentation,  Melanom Detection,  Segnet
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'ÉÒÉĥ 

-ÅÌÁÎÏÍȟ ÃÉÌÔ ËÁÎÓÅÒÉ ÔİÒÌÅÒÉ ÉëÅÒÉÓÉÎÄÅȟ ĘÌİÍÌÅÒÉÎ 
ÙÁËÌÁĥąË ϷψπȭÉÎÉ ÏÌÕĥÔÕÒÁÎȟ ÅÎ ĘÌİÍÃİÌ ÃÉÌÔ ËÁÎÓÅÒÉ 
ÔİÒÌÅÒÉÎÄÅÎ ÂÉÒÉÄÉÒȢ $ÅÒÍÏÓËÏÐÉȟ ÃÉÌÔ ÂİÔİÎÌİøİÎİ 
ÂÏÚÍÁÄÁÎȟ ÖÅ ÄİĥİË ÍÁÌÉÙÅÔ ÉÌÅ ÍÅÌÁÎÏÍ ÔÅÓÐÉÔÉÎÄÅ 
ËÕÌÌÁÎąÌÁÎ ÅÔËÉÎ ÂÉÒ ÙĘÎÔÅÍÄÉÒ ɍρɎȢ $ÅÒÍÏÓËÏÐÉȟ 
ÌÅÚÙÏÎÕÎ ÓąÎąÒ ÂÉÌÇÉÓÉȟ ÌÅÚÙÏÎ ÁÌÁÎąÎąÎ 
ÄİÚÅÎÓÉÚÌÉøÉÎÉÎ ÔÅÓÐÉÔÉȟ ÁÓÉÍÅÔÒÉȟ ÍÁÖÉ ÂÅÙÁÚ Álanlar, 
ÇÌÏÂİÌÌÅÒ ÇÉÂÉ ÌÅÚÙÏÎÌÁ ÉÌÇÉÌÉ ËÌÉÎÉË ÂÉÌÇÉÌÅÒÉÎ ÅÌÄÅ 
ÅÄÉÌÅÂÉÌÍÅÓÉ ÉëÉÎ ÏÌÄÕËëÁ ĘÎÅÍÌÉÄÉÒ ɍςɎȢ "ÕÎÕÎÌÁ 
ÂÉÒÌÉËÔÅ ÌÅÚÙÏÎ ÂĘÌÇÅÓÉÎÄÅËÉ ÄİĥİË ËÏÎÔÒÁÓÔ 
ÄÅøÅÒÌÅÒÉȟ ëÅĥÉÔÌÉÌÉË ÇĘÓÔÅÒÅÎ ÃÉÌÔ ÔÉÐÌÅÒÉȟ ÃÉÌÔÔÅËÉ 
ËąÌÌÁÒȟ ÈÁÖÁ ËÁÂÁÒÃąËÌÁÒąȟ ÙÁø ËÁÂÁÒÃąËÌÁÒąȟ ëÅĥÉÔÌÉÌÉË 
ÇĘÓÔÅÒÅÎ ÌÅÚÙÏÎ ĥÅËÉÌÌÅÒÉȟ ÂÏÙÕÔÌÁÒą ÖÅ ÒÅÎËÌÅÒÉȟ 
ÆÁÒËÌą ąĥąË ËÁÙÎÁËÌÁÒą ÁÌÔąÎÄÁ ÅÌÄÅ ÅÄÉÌÅÎ ÌÅÚÙÏÎ 
ÇĘÒİÎÔİÌÅÒÉȟ ÃÉÌÔ ÌÅÚÙÏÎÌÁÒąÎąÎ ÄÏøÒÕ 
ÂĘÌİÔÌÅÎÍÅÓÉÎÄÅ ĘÎİÍİÚÅ ÃÉÄÄÉ ÂÉÒ ÐÒÏÂÌÅÍ ÏÌÁÒÁË 
ëąËÍÁËÔÁÄąÒȢ ¤ÅËÉÌ ρȭÄÅ ÆÁÒËÌą ÃÉÌÔ ÌÅÚÙÏÎ ÔİÒÌÅÒÉ 
ÇĘÒİÌÍÅËÔedir. 

'ÅÌÅÎÅËÓÅÌ ÙĘÎÔÅÍÌÅÒ ÃÉÌÔ ÂĘÌİÔÌÅÍÅÓÉÎÄÅ ËÁÒĥąÍąÚÁ 
ëąËÁÎ ÐÒÏÂÌÅÍÌÅÒÅ ÓÐÅÓÉÆÉË ëĘÚİÍÌÅÒ ÂÕÌÁÂÉÌÍÅËÌÅ 
ÂÅÒÁÂÅÒȟ ÔİÍ ÃÉÌÔ ÌÅÚÙÏÎ ÔİÒÌÅÒÉ İÚÅÒÉÎÄÅ ÅÔËÉÌÉ 
ÏÌÁÍÁÍÁËÔÁÄąÒȢ "Õ ÎÅÄÅÎÌÅȟ ÓÏÎ ÙąÌÌÁÒÄÁ ÄÅÒÉÎ 
ĘøÒÅÎÍÅ ÍÉÍÁÒÉÌÅÒÉÎÄÅ ÍÅÙÄÁÎÁ ÇÅÌÅÎ ÇÅÌÉĥÍÅÌÅÒ 
ile cilt  ÌÅÚÙÏÎÌÁÒąÎąÎ ÂĘÌİÔÌÅÍÅÓÉÎÄÅ ÄÅÒÉÎ ĘøÒÅÎÍÅ 
ÔÁÂÁÎÌą ÕÙÇÕÌÁÍÁÌÁÒ ÈąÚÌÁ ÙÁÙąÌÍÁÙÁ ÂÁĥÌÁÍąĥÔąÒȢ 
,ÉÎ (ÕÁÎÇ ÖÅ ÁÒËÁÄÁĥÌÁÒą ÎÅÓÎÅ ĘÌëÅË ÏÄÁËÌą 
ÔÁÍÁÍÅÎ  ÅÖÒÉĥÉÍÌÉ ÓÉÎÉÒ ÁøÌÁÒąÎÁ ÄÁÙÁÎÁÎ ÙĘÎÔÅÍ 
ÓÕÎÍÕĥÔÕÒ ɍσɎȢ !ÌÉ 9ÏÕÓÓÅÆ ÖÅ ÁÒËÁÄÁĥÌÁÒą ÃÉÌÔ ÌÅÚÙÏÎ 
ÓÅÇÍÅÎÔÁÓÙÏÎÕ ÉëÉÎ ÄÅÒÉÎ ÅÖÒÉĥÉÍÓÅÌ ÐÉËÓÅÌ ÔÁÂÁÎÌą 
ÅÔÉËÅÔÌÅÍÅÙÅ ÄÁÙÁÎÁÎ ÂÉÒ ÙĘÎÔÅÍ ÓÕÎÍÕĥÔÕÒ ɍςɎȢ 
+ÈÁÌÉÄ -Ȣ (ÏÓÎÙ ÖÅ ÁÒËÁÄÁĥÌÁÒą !ÌÅØ-Net mimarisi 
ÖÅ ÖÅÒÉ ÂİÙİÔÍÅÙÅ ÄÁÙÁÌą ÂÉÒ ÙĘÎÔÅÍ ÓÕÎÍÕĥÔÕÒ ɍτɎȢ  
3ÈÒÕÔÈÉ - ÖÅ $ÒȢ !ÎÕÓÕÙÁ 3Ȣ ÄÅÒÉÎ ĘøÒÅÎÍÅ ÔÁÂÁÎÌą 
tam otomatik bir cilt lÅÚÙÏÎ ÓÅÇÍÅÎÔÁÓÙÏÎ ÙĘÎÔÅÍÉ 
ĘÎÅÒÍÉĥÌÅÒ ɍυɎȢ 8ÉÁÎÇ ,É ÖÅ ÁÒËÁÄÁĥÌÁÒą 2'" 
ÇĘÒİÎÔİÙÅ ÄÅÒÉÎÌÉË ÂÏÙÕÔÕÎÕÎ ÅËÌÅÎÍÅÓÉÎÉÎ 
ÓÅÇÍÅÎÔÁÓÙÏÎ ÂÁĥÁÒąÍąÎą ÁÒÔÔąÒÄąøą ÆÉËÒÉÎÉ 
ÓÕÎÍÕĥÔÕÒ ɍφɎȢ !ÌÅØ +ÅÎÄÁÌÌ ÖÅ ÁÒËÁÄÁĥÌÁÒąȟ ëąËÔąÓą 
ÏÌÁÓąÌąËÓÁÌ ÂĘÌİÔÌÅÍÅ ÓÏÎÕëÌÁÒą ÏÌÁÎ "ÁÙÅÓ 
ÙĘÎÔÅÍÉÎÅ ÄÁÙÁÌą ÂÉÒ ÓÉÎÉÒ ÁøÌÁÒą ÍÅÔÏÄÕ ĘÎÅÒÍÉĥÔÉÒ 
[7]. 0ÅÎÇ 4ÁÎÇ ÖÅ ÁÒËÁÄÁĥÌÁÒąȟ ÁÙÒąĥÔąÒąÌÁÂÉÌÉÒ 
ÅÖÒÉĥÉÍÓÅÌ ÂÌÏËÌÁÒÄÁÎ ÏÌÕĥÁÎ ÂÉÒ 5-Net modeli 
ĘÎÅÒÍÉĥÔÉÒ ɍψɎȢ 0ÒÁÓÈÁÎÔ "ÒÁÈÍÂÈÁÔÔ ÖÅ ÁÒËÁÄÁĥÌÁÒąȟ 
ikili cross-ÅÎÔÒÏÐÙ ÙĘÎÔÅÍÉÎÅ ÄÁÙÁÎÁÎ ÖÅ 
ËÁÔÍÁÎÌÁÒą ÙÅÎÉÄÅÎ ÄİÚÅÎÌÅÎÍÉĥ ÂÉÒ 3ÅÇ.ÅÔ ÍÏÄÅÌÉ 
ĘÎÅÒÍÉĥÔÉÒ ɍωɎȢ 

"Õ ëÁÌąĥÍÁÄÁ 3ÅÇ-Net mimarisi kullanarak cilt 
ÌÅÚÙÏÎÌÁÒąÎą ÙİËÓÅË ÄÏøÒÕÌÕËÌÁ ÂĘÌİÔÌÅÙÅÂÉÌÅÎȟ 
ÄİĥİË ËÏÎÔÒÁÓÔ ÄÅøÅÒÌÅÒÉÎÅ ËÁÒĥą ÈÁÓÓÁÓȟ ÌÅÚÙÏÎ 

ëÅÖÒÅÓÉÎÄÅËÉ ËąÌȟ ÈÁÖÁ ËÁÂÁÒÃąøą ÙÁø ËÁÂÁÒÃąøą ÖÅ 
ÆÁÒËÌą ąĥąË ËÁÙÎÁËÌÁÒąÎÄÁÎ ÏÌÕĥÁÂÉÌÅÃÅË ÇİëÌİËÌÅÒÅ 
ËÁÒĥą ÄÉÒÅÎëÌÉ ÂÉÒ ÂĘÌİÔÌÅÍÅ ÙĘÎÔÅÍÉ ÓÕÎÕÌÍÕĥÔÕÒȢ 
vÎÅÒÉÌÅÎ ëÁÌąĥÍÁ ÉËÉ ÁÎÁ ÁĥÁÍÁÄÁÎ ÏÌÕĥÍÁËÔÁÄąÒȢ 
"ÉÒÉÎÃÉ ÁĥÁÍÁÄÁ 2'" ÇĘÒİÎÔİ İÚÅÒÉÎÄÅ ÈÉëÂÉÒ 
ĘÎÉĥÌÅÍÅ ÙÁÐąÌÍÁÄÁÎ 3ÅÇ.ÅÔ ÍÉÍÁÒÉÓÉ ËÕÌÌÁÎąÌÁÒÁË 
ÂĘÌİÔÌÅÍÅ ÂÁĥÁÒąÍą ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ "Õ ÁĥÁÍÁÄÁ 
ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ τ-5-φ ÁÌąÎÁÒÁË 3ÅÇ.ÅÔ 
ÍÉÍÁÒÉÓÉÎÉÎ ÆÁÒËÌą ÄÅÒÉÎÌÉËÌÅÒÄÅËÉ ÂÁĥÁÒąÍą 
ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ KÁÌąĥÍÁÎąÎ ÉËÉÎÃÉ ÁĥÁÍÁÓąÎÄÁ 2'" 
ÇĘÒİÎÔİÌÅÒÅ ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒą ÅËÌÅÎÅÒÅË 
ÂĘÌİÔÌÅÍÅ ÐÅÒÆÏÒÍÁÎÓą ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ 2'" ËÁÎÁÌą ÉÌÅ 
ÆÁÒËÌą ËÁÎÁÌÌÁÒą ËÕÌÌÁÎÄąøąÍąÚÄÁ ÇÅÎÅÌÌÉËÌÅ ÅÎ ÉÙÉ 
ÓÏÎÕëÌÁÒ ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ υ ÉËÅÎ ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ 
!ÙÒąÃÁȟ ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒąÎÁ ÁÉÔ ÓÏÎÕëÌÁÒ 
ÉÎÃÅÌÅÎÄÉøÉÎÄÅȟ ÅÎ ÉÙÉ ÓÏÎÕÃÕÎȟ 2'"Ϲ(Ϲ)Ϲ' 
ËÁÎÁÌąÎÄÁ ÅÌÄÅ ÅÄÉÌÄÉøÉ ÇĘÒİÌÍİĥÔİÒȢ Eklenen 
kanallar ile elde edilen performansąÎ ÎÏÒÍÁÌ 2Ϲ'Ϲ" 
ËÁÎÁÌąÎÁ ÇĘÒÅ ϷρȢτ ÐÅÒÆÏÒÍÁÎÓ ÁÒÔąĥą ÓÁøÌÁÄąøą 
ÇĘÒİÌÍİĥÔİÒȢ 

 

¤ÅËÉÌ ρȢ KÅĥÉÔÌÉ ÃÉÌÔ ÌÅÚÙÏÎ ÔÉÐÌÅÒÉÎÅ ÁÉÔ ÇĘÒİÎÔİÌÅÒ 

 

Materyal ve Metot  

9ÁÐąÌÁÎ ëÁÌąĥÍÁÄÁ ÖÅÒÉ ÓÅÔÉ ÏÌÁÒÁË ρχσ ËĘÔİ ÈÕÙÌÕȟ 
χςχ ÉÙÉ ÈÕÙÌÕ ÏÌÍÁË İÚÅÒÅ ÔÏÐÌÁÍ ωππ ÃÉÌÔ ÌÅÚÙÏÎÕ 
ÇĘÒİÎÔİÓİ ÉëÅÒÅÎ )3")ςπρφ ÖÅÒÉ ÓÅÔÉ ÖÅ ψπ ÁÄÅÔ ÔÉÐÉË 
ÏÌÍÁÙÁÎ ÂÅÎ ψπ ÁÄÅÔ ÙÁÙÇąÎ ÂÅÎ ÖÅ τπ ÁÄÅÔ 
ÍÅÌÁÎÏÍ  ÇĘÒİÎÔİÓİ ÏÌÍÁË İÚÅÒÅ ÔÏÐÌÁÍ ςππ ÃÉÌÔ 
ÌÅÚÙÏÎÕ ÇĘÒİÎÔİÓİ ÉëÅÒÅÎ 0(ς ÖÅÒÉ ÓÅÔÉ 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ 'ĘÒİÎÔİÌÅÒÉÎ ϷχπȭÉ ÅøÉÔÉÍȟ ϷσπȭÕ ÉÓÅ 
ÔÅÓÔ ÉëÉÎ ËÕÌÌÁÎąÌÄąȢ KÁÌąĥÍÁ Éυ ψσππÈ ÉĥÌÅÍÃÉÌÉ ÖÅ 
'48 ρπυπÔÉ ÅËÒÁÎ ËÁÒÔąÌą ÂÉÌÇÉÓÁÙÁÒ İÚÅÒÉÎÄÅ 
ÇÅÒëÅËÌÅĥÔÉÒÉÌÍÉĥÔÉÒȢ  



3rd LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 5ŀǘŀ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ όL/hb5!¢!Ω20), June 25-28, 2020, Istanbul, TURKEY 
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¤ÅËÉÌ ςȢ %øÉÔÉÍ !ĥÁÍÁÓą 

¤ÅËÉÌ ς ÇĘÒİÎÔİÌÅÒÉÎ ĘÎÉĥÌÅÍÅ ÔÁÂÉ ÔÕÔÕÌÍÁÓą ÖÅ 
ÆÁÒËÌą ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉËÌÅÒÉ ËÕÌÌÁÎąÌÁÒÁËȟ ÌÅÚÙÏÎ ÖÅ 
ÌÅÚÙÏÎ ÏÌÍÁÙÁÎ ÂĘÌÇÅÌÅÒ ĥÅËÌÉÎÄÅ ÅÔÉËÅÔÌÅÎÍÉĥ 
ÇĘÒİÎÔİÌÅÒ ÙÁÒÄąÍą ÉÌÅ  3ÅÇ.ÅÔ ÁøąÎąÎ ÅøÉÔÉÌÍÅÓÉ 
ÁÄąÍÌÁÒąÎą ÇĘÓÔÅÒÍÅËÔÅÄÉÒȢ -ÅÌÁÎÏÍ ÔÅÓÐÉÔÉ ÉëÉÎ 
ÅÌÄÅ ÅÄÉÌÅÎ ÃÉÌÔ ÌÅÚÙÏÎÕ ÖÅÒÉ ÓÅÔÌÅÒÉ ëÅĥitli 
ëĘÚİÎİÒÌİËÌÅÒÄÅ ÇĘÒİÎÔİÌÅÒ ÉëÅÒÍÅËÔÅÄÉÒȢ 'ÅÒÅË 
3ÅÇ.ÅÔ ÁøąÎÁ ÕÙÇÕÎ ÇÉÒÄÉ ÂÏÙÕÔÌÁÒą ÅÌÄÅ ÅÔÍÅË 
ÇÅÒÅËÓÅ ÈÅÓÁÐÌÁÍÁ ËÁÒÍÁĥąËÌąøąÎą ÁÚÁÌÔÍÁË ÉëÉÎ 
ÇĘÒİÎÔİÌÅÒ ρωςØςυφ ÂÏÙÕÔÕÎÁ ÉÎÄÉÒÇÅÎÍÉĥÔÉÒȢ  

$ÁÈÁ ÓÏÎÒÁȟ ÒÅÎË ËÁÎÁÌÌÁÒą ÉÌÅ ÉÌÇÉÌÉ ÙÁÐąÌÁÎ 
ëÁÌąĥÍÁÄÁ 2'" ÒÅÎË ÕÚÁÙąÎąÎ ÙÁÎą ÓąÒÁ (36 
ÕÚÁÙąÎÄÁÎ ( ËÁÎÁÌąȟ #)% ,ÁÂ ÕÚÁÙąȟ (3) ÕÚÁÙąÎÄÁÎ 
ÉÓÅ ) ËÁÎÁÌą ËÕÌÌÁÎąÌÁÒÁË ÂÕ ËÁÎÁÌÌÁÒąÎ ÉÌÅ ÂĘÌİÔÌÅÍÅ 
İÚÅÒÉÎÄÅËÉ ÅÔËÉÌÅÒÉ ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ 3ÏÎ ÏÌÁÒÁËȟ 
ÂĘÌİÔÌÅÎÍÉĥ ÇĘÒİÎÔİ İÚÅÒÉÎÄÅ ÂÏĥÌÕË ÄÏÌÄÕÒÍÁ ÖÅ 
ËİëİË ÁÌÁÎÌÁÒąÎ ÓÉÌÉÎÍÅÓÉ ÁÄąÍÌÁÒą ÕÙÇÕÌÁÎÍąĥÔąÒȢ 

3ÅÇ.ÅÔȟ #ÁÍÂÒÉÄÇÅ ­ÎÉÖÅÒÓÉÔÅÓÉȟ ÂÉÌÇÉÓÁÙÁÒ ÇĘÒÍÅÓÉ 
ÖÅ ÒÏÂÏÔÉË ÇÒÕÂÕ İÙÅÌÅÒÉ ÔÁÒÁÆąÎÄÁÎ ÇÅÌÉĥÔÉÒÉÌÅÎȟ 
ÄÏøÒÕÓÁÌ ÏÌÍÁÙÁÎ ëÏË ÓąÎąÆÌą ÐÉËÓÅÌ ÔÁÂÁÎÌą 
ÓÅÇÍÅÎÔÁÓÙÏÎ ÉëÉÎ ÄÅÒÉÎ ÂÉÒ ËÏÄÌÁÙąÃą-ËÏÄ ëĘÚİÃİ 
ÍÉÍÁÒÉÓÉÄÉÒȢ -ÉÍÁÒÉȟ ÂÉÒ ÄÉÚÉ ÄÏøÒÕÓÁÌ ÏÌÍayan 
ÉĥÌÅÍÅ ËÁÔÍÁÎąÎÄÁÎ ɉËÏÄÌÁÙąÃąÌÁÒɊ ÖÅ ËÁÒĥąÌąË ÇÅÌÅÎ 
ÂÉÒ ËÏÄ ëĘÚİÃİ ËİÍÅÓÉÎÄÅÎ ÖÅ ÁÒÄąÎÄÁÎ ÐÉËÓÅÌ 
ÏÌÁÒÁË ÓąÎąÆÌÁÎÄąÒąÃąÄÁÎ ÏÌÕĥÕÒȢ (ÅÒ ËÏÄÌÁÙąÃąȟ ÙąøąÎ 
ÎÏÒÍÁÌÉÚÁÓÙÏÎÕȟ ÂÉÒ 2Å,5ȟ ÄÏøÒÕÓÁÌ ÏÌÍÁÙÁÎ ÂÉÒ 
ÖÅÙÁ ÄÁÈÁ ÆÁÚÌÁ ÅÖÒÉĥÉÍÓÅÌ ËÁÔÍÁÎÄÁÎ ÏÌÕĥÕÒȟ ÂÕÎÕ 
İÓÔ İÓÔÅ ÂÉÎÍÅÙÅÎ ÍÁËÓÉÍÕÍ ÈÁÖÕÚÌÁÍÁ ÖÅ ÁÌÔ 
ĘÒÎÅËÌÅÍÅ ËÁÔÍÁÎÌÁÒą ÉÚÌÅÒȢ +ÏÄ ëĘÚİÃİÌÅÒ ÇÅÎÅÌÄÅ 
ËÏÄÌÁÙąÃąÌÁÒÁ ÂÅÎÚÅÒÌÅÒ ÖÅ ÉËÉÓÉ ÁÒÁÓąÎÄÁËÉ ÔÅÍÅÌ 
ÆÁÒËȟ ÄÏøÒÕÓÁÌ ÏÌÍÁÌÁÒąÄąÒȢ +ÏÄ ëĘÚİÃİÌÅÒ 
kendilerine gelen girdiyi maksimum havuzlama 
ÉÎÄÅËÓÌÅÒÉ ËÕÌÌÁÎÁÒÁË ÙÕËÁÒą ÙĘÎÄÅ ĘÒÎÅËÌÅÒÌÅÒȢ +ÏÄ 
ëĘÚİÃİÌÅÒÉÎ ÙÕËÁÒą ĘÒÎÅËÌÅÍÅ ÙÁÐÁÒËÅÎ ÉÎÄÅËÓÌÅÒÉ 
ËÕÌÌÁÎÍÁÓąȟ ÂĘÌİÔÌÅÒÅ ÁÙÒąÌÍąĥ ÇĘÒİÎÔİÌÅÒÄÅ ÙİËÓÅË 
ÆÒÅËÁÎÓ ÄÅøÅÒÌÅÒÉÎÉÎ ËÏÒÕÎÍÁÓąÎą ÖÅ ÔÏÐÌÁÍ 
ÅøÉÔÉÌÅÂÉÌÉÒ ÐÁÒÁÍÅÔÒÅ ÓÁÙąÓąÎąÎ ÁÚÁÌÍÁÓąÎą ÓÁøÌÁÒȢ 
3ÏÎ ËÏÄ ëĘÚİÃİÄÅÎ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëȟ softmax 

ËÁÔÍÁÎąÎÁ ÖÅÒÉÌÅÒÅË ÎÉÈÁÉ ëąËÔą ÅÌÄÅ ÅÄÉÌÉÒ ɍρπɎɍρρɎȢ 
¤ÅËÉÌ σ 3ÅÇ.ÅÔ ÍÉÍÁÒÉÓÉ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

   
¤ÅËÉÌ σȢ 3ÅÇÎÅÔ -ÉÍÁÒÉÓÉ 

$ÅÎÅÙÓÅÌ 3ÏÎÕëÌÁÒ 

"Õ ÂĘÌİÍÄÅ ĘÎÅÒÉÌÅÎ ÙĘÎÔÅÍȟ )3")ςπρφ ÖÅ 0(ς 
ÖÅÒÉÓÅÔÌÅÒÉÎÅ  ÕÙÇÕÌÁÎÁÒÁË ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ 
ÄÅøÅÒÌÅÎÄÉÒÉÌÍÉĥÔÉÒȢ %øÉÔÉÍ ÓÅÔÉÎÄÅ ÙÅÒ ÁÌÁÎ 
ÇĘÒİÎÔİÌÅÒÉÎ ϷχπȭÉ ÅøÉÔÉÍ ÖÅ ϷσπȭÕ ÔÅÓÔ ÁÍÁëÌą 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ 3ÅÇÎÅÔ ÁøąÎą ÅøÉÔÍÅË ÉëÉÎ ËÕÌÌÁÎąÌÁÎ 
ÅøÉÔÉÍ ÓÅëÅÎÅËÌÅÒÉ 4ÁÂÌÏ ρȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

Tablo 1.  SegNÅÔ Áøą ÅøÉÔÉÍ ÐÁÒÁÍÅÔÒÅÌÅÒÉ. 
Parametre  Optimizer  MaxEpochs 

$ÅøÅÒ Adam 100 

Parametre  InitialLearnRate  MiniBatchSize  

$ÅøÅÒ 5e-4 8 

Parametre  LearnRateDropFactor  LearnRateDropPeriod  

$ÅøÅÒ 0.95 5 

%øÉÔÉÍ ÁĥÁÍÁÓąÎÄÁ ÏÐÔÉÍÉÚÁÓÙÏÎ ÁÌÇÏÒÉÔÍÁÓą 
ÏÌÁÒÁËȟ ÓÏÎ ÚÁÍÁÎÌÁÒÄÁ ÂÉÌÇÉÓÁÙÁÒ ÇĘÒÍÅ ÖÅ ÄÏøÁÌ 
dil ÉĥÌÅÍÅÄÅ ÄÅÒÉÎ ĘøÒÅÎÍÅ ÕÙÇÕÌÁÍÁÌÁÒą ÉëÉÎ ÄÁÈÁ 
ÇÅÎÉĥ ÂÉÒ ĥÅËÉÌÄÅ ÂÅÎÉÍÓÅÎÍÉĥ ÏÌÁÎ ÖÅ ÅøÉÔÉÍ 
ÖÅÒÉÌÅÒÉÎÅ ÄÁÙÁÎÁÒÁËȟ Áø ÁøąÒÌąËÌÁÒąÎą ÇİÎÃÅÌÌÅÍÅË 
ÉëÉÎ ËÌÁÓÉË ÓÔÏËÁÓÔÉË ÇÒÁÄÙÁÎ ÉÎÉĥ ÐÒÏÓÅÄİÒİ ÙÅÒÉÎÅ 
ËÕÌÌÁÎąÌÁÂÉÌÅÃÅË ÂÉÒ ÏÐÔÉÍÉÚÁÓÙÏÎ ÁÌÇÏÒÉÔÍÁÓą ÏÌÁÎ 
ADAM optimiÚÁÓÙÏÎ ÙĘÎÔÅÍÉ ÖÅ  2%,5ȟ ÁËÔÉÖÁÓÙÏÎ 
ÆÏÎËÓÉÙÏÎÕ ËÕÌÌÁÎąÌÍąĥÔąÒȢ !øąÎ ëąËąĥ ËÁÔÍÁÎą ÏÌÁÎ 
ÐÉØÅÌ ÔÁÂÁÎÌą ÂĘÌİÔÌÅÍÅ ËÁÔÍÁÎąÎÄÁ ëÁÒÐÒÁÚ ÅÎÔÒÏÐÉ 
ËÕÌÌÁÎąÌÍąĥÔąÒȢ %øÉÔÉÍ ÁĥÁÍÁÓąÎÄÁ ËÏÄÌÁÙąÃą 
ÄÅÒÉÎÌÉËÌÅÒÉÎÉÎ ÅÔËÉÓÉÎÉ ÉÎÃÅÌÅÍÅË ÁÍÁÃąÙÌÁ σ ÆÁÒËÌą 
ɉτȟυȟφɊ ÄÅøÅÒÌÅÒÉ ËÕÌÌÁÎąÌÍąĥÔąÒȢ 

Tablo 2. "ĘÌİÔÌÅÍÅ ÉëÉÎ ÐÅÒÆÏÒÍÁÎÓ ËÒÉÔÅÒÌÅÒÉ ÖÅ 
ÈÅÓÁÐÌÁÎÍÁÓą 

Doĵruluk (Accuracy) 

YNDNYPDP

DNDP
AC

+++

+
=  

Hassasiyet (Sensitivity) 

YNDP

DP
SE

+
=  

Dice katsayēsē: 

YNYPDP

DP
DI

++
=

*2

*2  

Jaccard indeks: 

YNYPDP

DP
JA

++
=  

"ĘÌİÔÌÅÍÅ ÐÅÒÆÏÒÍÁÎÓ ÄÅøÅÒÌÅÎÄÉÒÍÅÓÉ ÉëÉÎ 4ÁÂÌÏ 
ςȭÄÅ ÇĘÒİÌÅÎ ÍÅÔÒÉËÌÅÒ ËÕÌÌÁÎąÌÍąĥÔąÒȢ "Õ ÍÅÔÒÉËÌÅÒ 
ÐÉËÓÅÌ ÓÅÖÉÙÅÓÉÎÄÅ ÈÅÓÁÐÌÁÎÍąĥÔąÒȢ  "ÕÒÁÄÁȟ $0ȟ 
ÇÅÒëÅËÔÅ ÌÅÚÙÏÎ ÏÌÁÎ ÖÅ ÌÅÚÙÏÎ ÏÌÁÒÁË ÂÅÌÉÒÌÅÎÅÎ 
ÐÉËÓÅÌ ÓÁÙąÓąÎąȠ 9.ȟ ÇÅÒëÅËÔÅ ÌÅÚÙÏÎ ÏÌÁÎ ÈÁÔÁÌą 
ĥÅËÉÌÄÅ ÌÅzyon olmayan olarak belirlenen piksel 
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ÓÁÙąÓąÎąȠ 90ȟ ÇÅÒëÅËÔÅ ÌÅÚÙÏÎ ÏÌÍÁÙÁÎ ÖÅ ÈÁÔÁÌą 
ĥÅËÉÌÄÅ ÌÅÚÙÏÎ ÏÌÁÒÁË ÂÅÌÉÒÌÅÎÅÎ ÐÉËÓÅÌ ÓÁÙąÓąÎąȠ $.ȟ 
ÇÅÒëÅËÔÅ ÌÅÚÙÏÎ ÏÌÍÁÙÁÎ ÖÅ ÌÅÚÙÏÎ ÏÌÍÁÙÁÎ ÏÌÁÒÁË 
ÂÅÌÉÒÌÅÎÅÎ ÐÉËÓÅÌ ÓÁÙąÓąÎą ÉÆÁÄÅ ÅÔÍÅËÔÅÄÉÒȢ  

Tablo 3. &ÁÒËÌą ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉËÌÅÒÉÎÉÎ 3ÅÇ.ÅÔ 
ÁøąÎąÎ ÂĘÌİÔÌÅÍÅ ÐÅÒÆÏÒÍÁÎÓąÎÁ ÅÔËÉÓÉ 

+ÏÄÌÁÙąÃą 
DÅÒÉÎÌÉøÉ 

$ÏøÒÕÌÕË Hassasiyet Dice Jaccard 

4 0,905 0,839 0,819 0,7255 

5 0,920 0,886 0,855 0,768 

6 0,925 0,906 0,867 0,783 

"Õ ëÁÌąĥÍÁÄÁ 3ÅÇ.ÅÔ ÁøąÎąÎ ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉÎÉÎ 
ÖÅ ĘÎÉĥÌÅÍÅ ÉÌÅ ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒąÎąÎ ÂĘÌİÔÌÅÍÅ 
ÂÁĥÁÒąÓąÎÁ ÏÌÁÎ ÅÔËÉÌÅÒÉ ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ dÌË ëÁÌąĥÍÁÄÁȟ 
2'" ÇĘÒİÎÔİ ÖÅÒÉ ÂİÙİÔÍÅ ÖÅ ĘÎÉĥÌÅÍÅ ÁÄąÍÌÁÒą 
ÕÙÇÕÌÁÎÍÁÄÁÎȟ ÓÁÄÅÃÅ ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉÎÉÎ ÅÔËÉÓÉ 
ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ +ÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ ÏÌÁÒÁk 4, 5, 6 
ËÕÌÌÁÎąÌÍąĥ ÖÅ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ 4ÁÂÌÏ σȭÄÅ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

Tablo 4. 2'" ËÁÎÁÌąÎÁ ÅËÌÅÎÅÎ ÆÁÒËÌą ÒÅÎË 
ËÁÎÁÌÌÁÒąÎąÎ 3ÅÇ.ÅÔ ÁøąÎąÎ ÂĘÌİÔÌÅÍÅ 

ÐÅÒÆÏÒÍÁÎÓąÎÁ ÅÔËÉÓÉ 

2ÅÎË +ÁÎÁÌÌÁÒą 
+ÏÄÌÁÙąÃą 
$ÅÒÉÎÌÉøÉ 

$ÏøÒȢ Has. Dice Jac. 

RGB 5 0,942 0,904 0,898 0,827 

RGB+H 5 0,942 0,912 0,897 0,826 

RGB+I+G 5 0,941 0,878 0,894 0,819 

RGB+H+I+G 5 0,948 0,917 0,906 0,838 

RGB+HSV+L 5 0,943 0,896 0,900 0,829 

RGB+LAB 5 0,938 0,896 0,889 0,814 

dÌË ëÁÌąĥÍÁÄÁ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒÄÁ ËÏÄÌÁÙąÃą 
ÄÅÒÉÎÌÉøÉ υ ÖÅ φ ÁÌąÎÄąøąÎÄÁ ÐÅÒÆÏÒÍÁÎÓ ÄÅøÅÒÌÅÒÉÎÉÎ 
ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ τȭÅ ÇĘÒÅ ÁëąË ĥÅËÉÌÄÅ ÙİËÓÅË 
ÏÌÄÕøÕ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ "Õ ÎÅÄÅÎÌÅ ÓÏÎÒÁËÉ 
ëÁÌąĥÍÁÄÁ ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ ÏÌÁÒÁË υ ÖÅ φ ÉëÉÎ 
ÐÅÒÆÏÒÍÁÎÓ ÄÅøÅÒÌÅÒÉ ÉÎÃÅÌÅÎÄÉȢ "ÕÎÕÎ ÙÁÎąÎÄÁȟ 
ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ ÏÌÁÒÁË φȭÎąÎ ÅÎ ÉÙÉ ÏÌÄÕøÕ 
ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ 

4ÁÂÌÏ υȢ )3")ςπρφ ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÌÉÔÅÒÁÔİÒ ËąÙÁÓÌÁÍÁÓą 
ÓÏÎÕëÌÁÒą 

ISBI 2016 Dice Jaccard Hassasiyet $ÏøÒÕÌÕË 

Team ɀ CUMED[12] 89.70 82.90 91.10 94.90 

Team - Rahman 89.50 82.22 88.00 95.20 
Team - SFU 88.50 81.11 91.50 94.40 

Team - TMU 88.80 81.10 83.20 94.60 
MSCA[13] 75.88 66.19 78.30 85.68 

SSLS[14] 69.97 57.20 70.04 84.67 
FCN[15] 88.64 81.37 91.70 94.13 

vÎÅÒÉÌÅÎ 9ĘÎÔÅÍ 90.61 83.80 91.74 94.80 

dËÉÎÃÉ ëÁÌąĥÍÁÄÁ ÉÓÅȟ ÇĘÒİÎÔİ İÚÅÒÉÎÄÅ ÖÅÒÉ ÂİÙİÔÍÅ 
ÖÅ ĘÎÉĥÌÅÍÅ ÁÄąÍÌÁÒą ÕÙÇÕÌÁÎÄąËÔÁÎ ÓÏÎÒÁȟ 2'" 

ÒÅÎË ËÁÎÁÌąÎÁ ÅËÌÅÎÅÎ ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒąÎąÎ 
3ÅÇ.ÅÔ ÁøąÎąÎ ÂĘÌİÔÌÅÍÅ ÐÅÒÆÏÒÍÁÎÓąÎÁ ÏÌÁÎ ÅÔËÉÓÉ 
ÉÎÃÅÌÅÎÍÉĥÔÉÒȢ %ÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ 4ÁÂÌÏ τȭÄÅ 
ÓÕÎÕÌÍÕĥÔÕÒȢ 2'" ËÁÎÁÌą ÉÌÅ ÆÁÒËÌą ËÁÎÁÌÌÁÒą 
ËÕÌÌÁÎÄąøąÍąÚÄÁ ÇÅÎÅÌÌÉËÌÅ ÅÎ ÉÙÉ ÓÏÎÕëÌÁÒ ËÏÄÌÁÙąÃą 
ÄÅÒÉÎÌÉøÉ υ ÉËÅÎ ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ 4ÁÂÌÏ τ 
ÉÎÃÅÌÅÎÄÉøÉÎÄÅ ÅÎ ÉÙÉ ÓÏÎÕëÌÁÒąÎ 2'"Ϲ(Ϲ)Ϲ' 
ËÁÎÁÌąÎÄÁ ÅÌÄÅ ÅÄÉÌÄÉøÉ ÇĘÒİÌÍÅËÔÅÄÉÒȢ ( ËÁÎÁÌą (36 
ÒÅÎË ÕÚÁÙąÎÄÁËÉ (ÕÅ ɉÒÅÎË ÔÏÎÕɊ ËÁÎÁÌąÎąȟ  (3) ÒÅÎË 
ËÁÎÁÌąÎÄÁÎ  )ÎÔÅÎÓÉÔÙ ɉÙÏøÕÎÌÕËɊ ËÁÎÁÌąÎą ÖÅ 2'" 
ÒÅÎË ÕÚÁÙąÎÄÁÎ ÅÌÄÅ ÅÔÔÉøÉÍÉÚ ÇÒÉ ËÁÎÁÌą ÉÆÁÄÅ 
ÅÔÍÅËÔÅÄÉÒȢ #ÉÌÔ ÌÅÚÙÏÎÕ ÂĘÌİÔÌÅÍÅÓÉÎÄÅ ÆÁÒËÌą ÒÅÎË 
ÕÚÁÙÌÁÒą ËÕÌÌÁÎąÌÍąĥ ÏÌÍÁÓąÎÁ ÒÁøÍÅÎ ÅÎ ÉÙÉ ĥÅËÉÌÄÅ 
ÂĘÌİÔÌÅÍÅ ÉëÉÎ ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒąÎąÎ ËÕÌÌÁÎąÌÍÁÓą 
ile elde edilen kesin ve net bir kanal kombinasyonu 
ÉÌÅ ÉÌÇÉÌÉ ÙÁÐąÌÁÎ ÂÉÒ ëÁÌąĥÍÁ ÍÅÖÃÕÔ ÄÅøÉÌÄÉÒȢ "ÕÒÁÄÁ 
2'" ÒÅÎË ÕÚÁÙąÎÁ ÆÁÒËÌą ÒÅÎË ÕÚÁÙąÎÄÁÎ ÅÌÄÅ ÅÄÉÌÅÎ 
ËÁÎÁÌÌÁÒ ÅËÌÅÎÅÒÅË ÈÁÎÇÉ ËÁÎÁÌÌÁÒąÎ ÂÁĥÁÒąÍą 
ÁÒÔÔąÒÁÃÁøą ÇĘÚÌÅÍÌÅÎÍÉĥ ÏÌÕÐ ( ÖÅ ) ËÁÎÁÌÌÁÒąÎąÎ 
ÂÁĥÁÒąÍą ÁÒÔÔąÒÄąøą ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ 
4ÁÂÌÏ φȢ 0(ς ÖÅÒÉ ÓÅÔÉ ÉëÉÎ ÌÉÔÅÒÁÔİÒ ËąÙÁÓÌÁÍÁÓą 

ÓÏÎÕëÌÁÒą 

PH2 Dice Jaccard Hassasiyet $ÏøÒÕÌÕË 

SCDRR [16] 86.00 76.00 - - 

DT[17]  - - 80.24 89.66 

JCLMM[18] 82.85 - - - 

MSCA[13] 81.57 72.33 79.87 88.75 

SSLS[14] 78.38 68.16 75.32 84.85 

FCN[15] 89.38 82.15 93.14 93.48 

vÎÅÒÉÌÅÎ 9ĘÎÔÅÍ 89.72 82.17 83.90 94.51 

4ÁÂÌÏ υ ÖÅ φȭÄÁ ÓąÒÁÓąÙÌÁ )3")ςπρφ ÖÅ 0(ς ÖÅÒÉÓÅÔÌÅÒÉ 
İÚÅÒÉÎÄÅ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ ÌÉÔÅÒÁÔİÒ ÉÌÅ 
ËąÙÁÓÌÁÎÍąĥÔąÒȢ +ąÙÁÓÌÁÍÁ ÉëÉÎ ÅÎ ÉÙÉ ÓÏÎÕëÌÁÒąÎ 
ÁÌąÎÄąøą 2'"Ϲ(Ϲ)Ϲ' ËÁÎÁÌąÎÄÁÎ ÅÌÄÅ ÅÄÉÌÅÎ 
ÓÏÎÕëÌÁÒ  ËÕÌÌÁÎąÌÍąĥÔąÒȢ 4ÁÂÌÏ υ ÖÅ φȭÄÁ ÙÅÒ ÁÌÁÎ 
ËÁÒĥąÌÁĥÔąÒÍÁ ÓÏÎÕëÌÁÒą ÉÎÃÅÌÅÎÄÉøÉÎÄÅ ÆÁÒËÌą ÒÅÎË 
ËÁÎÁÌÌÁÒąÎąÎ ËÕÌÌÁÎąÌÄąøą ĘÎÅÒÉÌÅÎ ÙĘÎÔÅÍÉÎ  0(ς ÖÅ 
)3")ςπρφ ÖÅÒÉ ÓÅÔÌÅÒÉ İÚÅÒÉÎÄÅ ÂİÔİÎ ÐÅÒÆÏÒÍÁÎÓ 
ËÒÉÔÅÒÌÅÒÉÎÄÅ ÄÉøÅÒ ëÁÌąĥÍÁÌÁÒÄÁÎ ÄÁÈÁ ÉÙÉ 
ÂĘÌİÔÌÅÍÅ ÓÏÎÕÃÕ ÅÌÄÅ ÅÔÔÉøÉ ÇĘÒİÌÍİĥÔİÒȢ %ÌÄÅ 
ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒąÎ ÇÅÌÅÃÅË ëÁÌąĥÍÁÌÁÒ ÉëÉÎ İÍÉÔ ÖÅÒÉÃÉ 
ÏÌÄÕøÕ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ 2ÅÎË ÕÚÁÙÌÁÒą ÒÅÎË 
ËİÍÅÓÉÎÉ ÔÁÎąÍÌÁÍÁË İÚÅÒÅ ËÅÎÄÉÌÅÒÉÎÅ ĘÚÇİ 
ÙÁÐąÌÁÒÁ ÓÁÈÉÐÔÉÒȢ 9ÁÐąÓÁÌ ĘÚÇİÎÌİËÌÅÒÉÎÄÅÎ ÄÏÌÁÙą 
ÆÁÒËÌą ÒÅÎË ÕÚÁÙÌÁÒąÎąÎ ËÕÌÌÁÎąÍÁ ÇĘÒÅ ÂÉÒÂÉÒÌÅÒÉÎÅ 
ÇĘÒÅ İÓÔİÎ ÖÅ ÚÁÙąÆ ÙÁÎÌÁÒą ÖÁÒÄąÒȢ "Õ ëÁÌąĥmada, bu 
ÙÁÐąÓÁÌ ÆÁÒËÌąÌąËÌÁÒą ËÕÌÌÁÎÁÒÁË  3ÅÇ.ÅÔ ÁøąÎÄÁ ÆÁÒËÌą 
ÒÅÎË ËÁÎÁÌÌÁÒąÎÄÁÎ ÆÁÒËÌą ĘÚÅÌÌÉË ëąËÁÒąÌÁÂÉÌÅÃÅøÉ ÖÅ 
ÂĘÙÌÅÃÅ ÄÁÈÁ ÂÁĥÁÒąÌą ÂÉÒ ÂĘÌİÔÌÅÍÅ ÐÅÒÆÏÒÍÁÎÓą 
ÅÌÄÅ ÅÄÉÌÅÂÉÌÅÃÅøÉ ÇĘÒİÌÍİĥÔİÒȢ KÏËÌÕ ÒÅÎË ËÁÎÁÌą 
ËÕÌÌÁÎąÌÁÎ ÇÉÒÄÉ ÇĘÒİÎÔİÌÅÒÉ ÉëÉÎ  ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ 
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υ ÉËÅÎ ÄÉøÅÒ τ ÖÅ φ ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉËÌÅÒÉÎÅ ÇĘÒÅ 
ÄÁÈÁ ÙİËÓÅË ÂĘÌİÔÌÅÍÅ ÂÁĥÁÒąÍą ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ 

 
$ÅÒÉÎ ĘøÒÅÎÍÅ ÔÁÂÁÎÌą ÙĘÎÔÅÍÌÅÒÄÅȟ ÉÌË ËÁÔÍÁÎ 
ËÅÎÁÒÌÁÒ ÇÉÂÉ ëÏË ÔÅÍÅÌ ĥÅÙÌÅÒÉ ÔÁÎąÍÁË ÉëÉÎ ËÅÎÄÉÎÉ 
ÅøÉÔÉÒËÅÎȟ ËÁÔÍÁÎ ÄÅÒÉÎÌÉøÉ ÁÒÔÔąËëÁ ÂÉÒ ÓÏnraki 
ËÁÔÍÁÎȟ ÄÁÈÁ İÓÔ ÄİÚÅÙ ĘÚÅÌÌÉËÌÅÒÉ ĘøÒÅÎÍÅË ÉëÉÎ 
ËÅÎÄÉÎÉ ÅøÉÔÉÒȢ 9İÚ ÔÁÎąÍÁÙą ĘÒÎÅË ÖÅÒÅÃÅË ÏÌÕÒÓÁË 
ÂÉÒ ÄÅÒÉÎÌÉËÔÅ ÅøÉÔÉÌÍÉĥ ÂÉÒ ÓÉÓÔÅÍÅ ÂÉÒ ËÁÒÅ ÂÉÒ 
ÙÕÍÕÒÔÁ ÂÉÒ ÉÎÓÁÎ ÙİÚİ ÖÅÒÉÒÓÅË  ÉÎÓÁÎ ÙİÚİÎİ ÖÅ 
ÙÕÍÕÒÔÁÙą ÉÎÓÁÎ ÙİÚİȟ ËÁÒÅÙÉ ÉÓÅ ÉÎÓÁÎ ÙİÚİ ÄÅøÉÌ 
dÉÙÅ ÅÔÉËÅÔÌÅÙÅÃÅËÔÉÒȢ $ÅÒÉÎÌÉË ÁÒÔÔąËëÁ ÙİÚÄÅËÉ 
ËÕÌÁËȟ ÂÕÒÕÎȟ ÇĘÚ ÇÉÂÉ ÕÚÕÖÌÁÒą ÔÁÎąÍÁË İÚÅÒÅ 
ËÅÎÄÉÎÉ ÅøÉÔÅÃÅË ÖÅ ÁÒÔąË ÉÎÓÁÎ ÙİÚİÎİ ëÏË ÄÁÈÁ 
ËÏÌÁÙ ÁÙąÒÔ ÅÄÅÂÉÌÅÃÅËÔÉÒȢ $ÅÒÉÎÌÉË ÄÁÈÁ ÄÁ ÁÒÔÔąËëÁ 
ÄÁÈÁ ÙİËÓÅË ĘÚÅÌÌÉËÔÅËÉ ÙÁÐąÓÁÌ ÖÅ ÄÏËÕÓÁÌ 
ĘÚÅÌÌÉËÌÅÒÉ ĘøÒÅÎÍÅË İÚÅÒÅ ËÅÎÄÉÎÉ ÅøÉÔÅÃÅËÔÉÒ 
ÁøąÍąÚ ÖÅ ÉÎÓÁÎÌÁÒą ÂÉÒÂÉÒÉÎÄÅÎ ÁÙąÒÔ ÅÄÅÂÉÌÅÃÅË 
ÎÏËÔÁÙÁ ÇÅÌÅÃÅËÔÉÒȢ "ĘÙÌÅÃÅ ÄÅÒÉÎÌÉË ÁÒÔÔąËëÁ ÈÅÍ 
ÄİĥİË ĘÚÅÌÌÉËÌÅÒÉ ÈÅÍ ÙİËÓÅË ĘÚÅÌÌÉËÌÅÒ ÔÁÎąÍÁË ÉëÉÎ 
ÅøÉÔÉÌÍÉĥ ÖÅ ÇÅÎÅÌÌÅÍÅ ÙÅÔÅÎÅøÉ ÏÌÁÎ ÂÉÒ ÂÉÒ Áø ÅÌÄÅ 
edilmesi beklenir. AncÁË ÂÕ ÔÁÍ ÏÌÁÒÁË ÂĘÙÌÅ 
ÄÅøÉÌÄÉÒȟ ÂÅÌÉÒÌÉ ÂÉÒ ÙÅÒÄÅÎ ÓÏÎÒÁ Áø ÄÅÒÉÎÌÅĥÔÉËëÅ 
ÅøÉÔÉÌÍÅÓÉ ÚÏÒÌÁĥąÒȟ ÐÅÒÆÏÒÍÁÎÓ ÁÒÔąĥą ÈąÚÌą ĥÅËÉÌÄÅ 
ÄİĥÅÒ ÖÅ ÁĥąÒą ĘøÒÅÎÍÅ ÅøÉÌÉÍÉ ÁÒÔÁÒȢ "Õ ëÁÌąĥÍÁÄÁ 
ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ ÁÒÔÔąÒÁÒÁË ÇÅÎÅÌ ÏÌÁÒÁË 
ÄÏ×ÎÓÁÍÐÌÉÎÇ ɉÓÅÙÒÅË ĘÒÎÅËÌÅÍÅɊ  ve upsampling 
ɉÓąË ĘÒÎÅËÌÅÍÅɊ ÍÏÄÅÌÉÎÅ ÇĘÒÅ ëÁÌąĥÁÎ 3ÅÇ.ÅÔ 
ÁøąÍąÚÄÁ ÐÅÒÆÏÒÍÁÎÓ ÉÎÃÅÌÅÎÄÉøÉÎÄÅ ËÏÄÌÁÙąÃą 
ÄÅÒÉÎÌÉøÉÍÉÚÉ τȭÔÅÎ υȭÅ ëąËÁÒÔÔąøąÍąÚÄÁ ÐÅÒÆÏÒÍÁÎÓÔÁ 
ÃÉÄÄÉ ÉÙÉÌÅĥÍÅ ÇĘÚÌÅÎÉÒËÅÎ υȭÔÅÎ φȭÙÁ 
ëąËÁÒÔÔąøąÍąÚÄÁ ÐÅÒÆÏÒÍÁÎÓ ÁÒÔąĥąÎąÎ ÁÚÁÌÄąøą ÖÅ 
ëÏËÌÕ ÒÅÎË ËÁÎÁÌÌÁÒąÎÄÁ ÄİĥÔİøİ ÇĘÚÌÅÍÌÅÎÍÉĥÔÉÒȢ  

3ÏÎÕëÌÁÒ 

-ÅÌÁÎÏÍ ÔÁÎąÓąÎÄÁ ÈÅËÉÍÅ ÔÅĥÈÉÓ ÁĥÁÍÁÓąÎÄÁ 
ÙÁÒÄąÍÃą ÏÌÍÁË ÖÅ ÄÉËËÁÔÓÉÚÌÉËÔÅÎ ËÁÙÎÁËÌą 
ÈÁÔÁÌÁÒąÎ ĘÎİÎÅ ÇÅëÅÂÉÌÍÅË ÁÄąÎÁȟ ÂÉÌÇÉÓÁÙÁÒ 
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ÁÒÔÍÁËÔÁÄąÒȢ "Õ ëÁÌąĥÍÁÄÁ ËÏÄÌÁÙąÃą ÄÅÒÉÎÌÉøÉ ÖÅ 
ÆÁÒËÌą ÒÅÎË ËÁÎÁÌÌÁÒąÎąÎ 3ÅÇ.ÅÔ ÁøąÎąÎ ÂĘÌİÔÌÅÍÅ 
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ÄÅÒÉÎÌÉøÉ ÁÒÔÔąÒąÌÄąøąÎÄÁ ÁøąÎ ÐÅÒÆÏÒÍÁÎÓąÎÄÁ 
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ËÁÎÁÌąÎÁ ÇĘÒÅ ϷρȢτ ÐÅÒÆÏÒÍÁÎÓ ÁÒÔąĥą ÓÁøÌÁÄąøą 
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Pelet Geometrisinin Termoelektrik Soĵutucu Mod¿l Performansē ¦zerindeki 

Etkilerinin Ķncelenmesi: Benzetim ve Deneysel ¢alēĸma 

A. Hakan YAVUZ1*22 

14ÏËÁÔ 'ÁÚÉÏÓÍÁÎÐÁĥÁ ­ÎÉÖÅÒÓÉÔÅÓÉȟ -İÈÅÎÄÉÓÌÉË ÖÅ $ÏøÁ "ÉÌÉÍÌÅÒÉ &ÁËİÌÔÅÓÉȟ %ÌÅËÔÒÉË %ÌÅËÔÒÏÎÉË ÍİÈÅÎÄÉÓÌÉøÉȟ 
4ÏËÁÔȟ 4İÒËÉÙÅ 

 
vÚÅÔ 

"Õ ëÁÌąĥÍÁÄÁȟ ÔÅÒÍÏÅÌÅËÔÒÉË ɉ4%Ɋ ÍÏÄİÌÌÅÒÉÎ ÖÅ ÓÉÓÔÅÍÌÅÒÉÎ ÐÅÒÆÏÒÍÁÎÓÌÁÒąÎą ÁÎÁÌÉÚ ÅÔÍÅË ÉëÉÎ ÄÅÎÅÙÓÅÌ ÂÉÒ 
ÙĘÎÔÅÍ ĘÎÅÒÉÌÍÉĥ ÖÅ ÔÅÓÔ ÅÄÉÌÍÉĥÔÉÒȢ 'ÅÌÅÎÅËÓÅÌ ÙĘÎÔÅÍÌÅÒ ÙÁÒąÉÌÅÔËÅÎÌÅÒÉÎ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉ ÓÁÂÉÔ ËÁÂÕÌ 
ÅÔÍÅËÔÅ ÖÅÙÁ ÓÁÄÅÃÅ ÓąÃÁËÌąË ÄÅøÉĥÉÍÌÅÒÉÎÉ ĘÎÇĘÒÍÅËÔÅÄÉÒȢ "Õ ÓÅÂÅÐÌÅȟ 4% ÍÏÄİÌÌÅÒÉÎ ÐÅÒÆÏÒÍÁÎÓ 
ÈÅÓÁÐÌÁÍÁÌÁÒą ÖÅ ÄÅøÅÒÌÅÎÄÉÒÍÅÌÅÒÉ ÈÁÔÁÌą ÏÌÍÁËÔÁÄąÒȢ "ÕÎÁ ËÁÒĥąÌąËȠ 4% ÍÏÄİÌİÎ ÐÅÒÆÏÒÍÁÎÓąÎą ÅÔËÉÌÅÙÅÃÅË 
Éë ÖÅ Äąĥ ÂİÔİÎ ÆÁËÔĘÒÌÅÒÉÎ ÔÏÐÌÁÍ ÅÔËÉÌÅÒÉȟ ëÁÌąĥąÒ ÄÕÒÕÍÄÁËÉ ÍÏÄİÌÄÅÎ ÄÏøÒÕÄÁÎ ĘÌëİÌÅÒÅË ÅÌÄÅ ÅÄÉÌÅÎ 
ÄÅÎÅÙÓÅÌ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉÎ ËÕÌÌÁÎąÌÍÁÓąÎÁ ÄÁÙÁÎÁÎ ÙÅÎÉ ÙĘÎÔÅÍÌÅ ÏÔÏÍÁÔÉË ÏÌÁÒÁË ÈÅÓÁÂÁ ËÁÔąÌÍÁËÔÁÄąÒȢ 
Performans analizi iëÉÎ ËÏÌÁÙÃÁ ĘÌëİÌÅÂÉÌÉÒ ÐÁÒÁÍÅÔÒÅÌÅÒÅ ÄÁÙÁÌą !()3+! ÙĘÎÔÅÍÉ ËÕÌÌÁÎąÌÁÒÁË ÂÉÒ ÂÅÎÚÅÔÉÍ 
ÍÏÄÅÌÉ ɉ-!4,!"Ɋ ÇÅÌÉĥÔÉÒÉÌÍÉĥÔÉÒȢ -ÏÄÅÌÉÎ ÄÏøÒÕÌÕøÕ ÄÅÎÅÙÓÅÌ ÏÌÁÒÁË ÔÅÓÔ ÅÄÉÌÍÉĥÔÉÒȢ -ÏÄÅÌ ËÕÌÌÁÎąÌÁÒÁË 
ÇÅÏÍÅÔÒÉË ĘÚÅÌÌÉËÌÅÒÉÎ ÍÏÄİÌ ÐÅÒÆÏÒÍÁÎÓąÎÁ ÅÔËÉÌÅÒÉ ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉȢ 9ÅÎÉ ÙĘÎÔÅÍÅ ÇĘÒÅ ÅÌÄÅ ÅÄÉÌÅÎ ÂÅÎÚÅÔÉÍ 
ÓÏÎÕëÌÁÒąÎąÎ ÄÅÎÅÙÓÅÌ ÍÅÔÏÔÌÁÒÌÁ ÅÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒÁ ÙÁËąÎ ÏÌÄÕøÕ ÇĘÒİÌÍİĥÔİÒȢ     

Anahtar Kelimeler : 4ÅÒÍÏÅÌÅËÔÒÉË ÍÏÄİÌȟ ÇÅÒëÅË ëÁÌąĥÍÁ ÐÁÒÁÍÅÔÒÅÌÅÒÉȟ ÙÁÒąÉÌÅÔËÅÎ ÍÁÌÚÅÍÅÌÅÒȟ ÇÅÏÍÅÔÒÉË ÏÐÔÉÍÉÚÁÓÙÏÎȢ 

Investigation of The Effects of Pellet Geometry on Thermoelectric Cooler 
Module Performance: Simulation and Experimental Study  

Abstract  

In this study, an experimental method has been suggested and tested in order to analyse performances of 
thermoelectric (TE) modules and systems.  Traditional method assumes parameters of semiconductors either 
ÃÏÎÓÔÁÎÔ ÏÒ ÏÎÌÙ ÔÅÍÐÅÒÁÔÕÒÅ ÄÅÐÅÎÄÅÎÔȢ 4ÈÁÔȭÓ ×ÈÙȠ ÃÁÌÃÕÌÁÔÉÏÎ ÁÎÄ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÐÅÒÆÏÒÍÁÎÃÅ ÏÆ 4% 
modules are misleading. On the other hand, with utilization of experimental parameters attained via direct 
measurements on an operating module enables the new method to take into account the total effects of all 
internal and external factors over the module. A simulation model (MATLAB) was developed using the AHISKA 
method based on easily measurable parameters for performance analysis. The accuracy of the model was 
tested experimentally. Using the model, the effects of geometric properties on module performance were 
evaluated. The simulation results obtained according to the new method were found to be close to the results 
obtained by experimental methods. 

Keywords: Thermoelectric module, real work parameters, semiconductor materials, geometric optimization. 
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'ÉÒÉĥ 

4ÅÒÍÏÅÌÅËÔÒÉË ɉ4%Ɋ ÍÏÄİÌÌÅÒ ÓÅÓÓÉÚȟ ËÁÒÁÒÌą ÖÅ 
ÇİÖÅÎÉÌÉÒ ÙÁÐąÙÁ ÓÁÈÉÐÔÉÒÌÅÒȢ $ÏøÒÕ ÁËąÍ ɉ$!Ɋ ÉÌÅ 
ëÁÌąĥÔąËÌÁÒąÎÄÁÎ ÓąÃÁËÌąË ËÏÎÔÒÏÌÌÅÒÉ ëÏË ËÏÌÁÙ ÂÉÒ 
ĥÅËÉÌÄÅ ÙÁÐąÌÁÂÉÌÍÅËÔÅÄÉÒȢ 4ÅÒÍÏÅÌÅËÔÒÉË ÍÏÄİÌÌÅÒ 
ɉ4%-Ɋ ÈÅÍ ąÓąÔÍÁ ÖÅ ÓÏøÕÔÍÁ ÁÍÁëÌą ÈÅÍ ÄÅ Çİë 
İÒÅÔÉÍÉÎÄÅ ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ 4%-ȭÌÅÒ Ð ÖÅ Î ÔÉÐÉ 
ÙÁÒąÉÌÅÔËÅÎÌÅÒÉÎ ÅÌÅËÔÒÉËÓÅÌ ÏÌÁÒÁË ÓÅÒÉ ÔÅÒÍÁÌ ÏÌÁÒÁË 
ÐÁÒÁÌÅÌ ÂÁøÌÁÎÍÁÓą ÉÌÅ ÅÌÄÅ ÅÄÉÌÉÒȢ 4% ëÉÆÔÌÅÒ ÓÅÒÁÍÉË 
ÐÌÁËÁÌÁÒ ÁÒÁÓąÎÁ ÙÅÒÌÅĥÔÉÒÉÌÉÒȢ 4% ÃÉÈÁÚÌÁÒ ÖÅ ÁÙÇąÔÌÁÒ 
ÍÏÄİÌ İÒÅÔÉÃÉÌÅÒÉ ÔÁÒÁÆąÎÄÁÎ ÓÁøÌÁÎÁÎ ÐÅÒÆÏÒÍÁÎÓ 
ÅøÒÉÌÅÒÉÎÅ ÇĘÒÅ ÄÉÚÁÙÎ ÅÄÉÌÉÒ ɍρ-4].  

4%-ȭÌÅÒÉÎ ÐÅÒÆÏÒÍÁÎÓą ÕÙÇÕÌÁÎÁÎ $!ȭÁ ÇĘÒÅ 
ÙİÚÅÙÌÅÒ ÁÒÁÓąÎÄÁ ÅÌÄÅ ÅÄÉÌÅÎ ÍÁËÓÉÍÕÍ ÓąÃÁËÌąË 
ÆÁÒËą ɉɝ4maxɊ ÙÁ ÄÁ ÍÏÄİÌİÎ ÓÏøÕË ÙİÚÅÙÉÎÄÅÎ 
ÅÍÉÌÅÎ ÍÁËÓÉÍÕÍ ąÓą ÙİËİ ɉÓÏøÕÔÍÁ ËÁÐÁÓÉÔÅÓÉȟ 
QCmax) ile ifade edilir [5]. QC ÁÙÎą ÚÁÍÁÎÄÁ ąÓą 
ÐÏÍÐÁÌÁÍÁ ËÁÐÁÓÉÔÅÓÉ ÏÌÁÒÁË ÔÁ ÔÁÎąÍÌÁÎąÒȢ 4% 
ÍÏÄİÌÌÅÒÉÎ ÐÅÒÆÏÒÍÁÎÓ ÅøÒÉÌÅÒÉ ÓÁÂÉÔ ÔÅÒÍÁÌ 
ĥÁÒÔÌÁÒÄÁȟ ÓÁÂÉÔ ÇÅÏÍÅÔÒÉ ÉëÉÎ ÖÅ ÙÁÒąÉÌÅÔËÅÎ 
ÍÁÌÚÅÍÅ ĘÚÅÌÌÉËÌÅÒÉÎÉÎ ÄÅøÉĥÍÅÄÉøÉ ÖÁÒÓÁÙąÌÁÒÁË 
ÅÌÄÅ ÅÄÉÌÉÒȢ 4% ÍÏÄİÌİÎ ÇÅÒëÅË ëÁÌąĥÍÁ ĥÁÒÔÌÁÒąÎÄÁ 
ÙÁÒąÉÌÅÔËÅÎ ÍÁÌÚÅÍÅ ĘÚÅÌÌÉËÌÅÒÉ ÔÅÒÍÁÌ ÉÌÅÔËÅÎÌÉËȟ Ëȟ 
3ÅÅÂÅÃË ËÁÔÓÁÙąÓąȟ ɻȟ ÅÌÅËÔÒÉËÓÅÌ ÄÉÒÅÎë ʍ ÖÅ 
ÐÅÒÆÏÒÍÁÎÓ ËÁÔÓÁÙąÓą Ú ÄÅøÉĥÍÅËÔÅÄÉÒȢ $ÏÌÁÙąÓąÙÌÁ 
İÒÅÔÉÃÉ ÆÉÒÍÁ ÔÁÒÁÆąÎÄÁÎ ÖÅÒÉÌÅÎ ÅøÒÉÌÅÒ ÈÁÔÁÌÁÒÁ ÙÏÌ 
ÁëÍÁËÔÁÄąÒ ɍφɎȢ ɻȟ ʍȟ Ë ÖÅ Ú ÇÉÂÉ ÐÁÒÁÍÅÔÒÅÌÅÒ 
ÓąÃÁËÌąøÁ ÂÁøÌą ÏÌÄÕøÕ ÇÉÂÉ ÙÁÒąÉÌÅÔËÅÎÌÅÒÉÎ ÆÉÚÉËÓÅÌ 
ĘÚÅÌÌÉËÌÅÒÉÎÅ ÄÅ ÄÏøÒÕÄÁÎ ÂÁøÌąÄąÒȢ !ÎÃÁË ÂÕ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÍÏÄİÌ ëÁÌąĥąÒËÅÎ ĘÌëİÌÍÅÓÉ ÏÌÄÕËëÁ 
ÚÏÒÄÕÒȢ +ÌÁÓÉË ÙĘÎÔÅÍÌÅÒ ÂÕ ÎÅÄÅÎÌÅ ÙÅÔÅÒÓÉÚ 
ËÁÌÍÁËÔÁÄąÒȢ -ÏÄİÌ ÔÁÓÁÒąÍąÎÄÁ ÇÅÏÍÅÔÒÉË 
ĘÚÅÌÌÉËÌÅÒ ÖÅ ÔÅÒÍÁÌ ĥÁÒÔÌÁÒ ÄÉËËÁÔÅ ÁÌąÎÁÒÁË ÄÁÈÁ 
ÄÏøÒÕ ÐÅÒÆÏÒÍÁÎÓÌÁÒąÎ İÒÅÔÉÍÄÅÎ ĘÎÃÅ ÄÏøÒÕ 
ÔÁÈÍÉÎ ÅÄÉÌÍÅÓÉ ĘÎÅÍÌÉÄÉÒȢ 0ÅÒÆÏÒÍÁÎÓ ÅøÒÉÌÅÒÉ 
deneysel metotlar ile elde edilen veriler ile 
ËÁÒĥąÌÁĥÔąÒąÌÄąøąÎÄÁ ĘÎÅÍÌÉ ÈÁÔÁÌÁÒ ÓĘÚ ËÏÎÕÓÕÄÕÒȢ 
0ÅÒÆÏÒÍÁÎÓ ÁÎÁÌÉÚÉ İÚÅÒÉÎÄÅ ÙÁÐąÌÁÎ ëÁÌąĥÍÁÌÁÒ 
TEM geometrisinin benzetilmesine ve deneysel 
ÏÌÁÒÁË ËÏÎÔÒÏÌ ÅÄÉÌÍÅÓÉÎÅ ÏÄÁËÌÁÎÍąĥÔąÒȢ KİÎËİ 
4%- ÇÅÏÍÅÔÒÉÓÉ ÄÅøÉĥÔÉøÉÎÄÅ ÍÏÄİÌ ÐÁÒÁÍÅÔÒÅÌÅÒÉ 
ÔÁÍÁÍÅÎ ÄÅøÉĥÍÅËÔÅÄÉÒ ɍυ-ρςɎȢ -ÏÄİÌ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉÎ ÓąÃÁËÌąËÌÁ ÄÅøÉĥÉÍÉ ĥÅËÉÌ ρȭÄÅ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ  

 

¤ÅËÉÌ ρȢ -ÏÄİÌ ÐÁÒÁÍÅÔreleri  

¤ÅËÉÌ ρȭÄÅ ÇĘÒİÌÄİøİ ÇÉÂÉ ÐÁÒÁÍÅÔÒÅÌÅÒ ËÁÙÄÁ ÄÅøÅÒ 
ÂÉÒ ĥÅËÉÌÄÅ ÄÅøÉĥÍÅËÔÅÄÉÒȢ !()3+! ÍÅÔÏÄÕ 
ÍÏÄİÌÌÅÒÉÎ ÇÅÒëÅË ëÁÌąĥÍÁ ĥÁÒÔÌÁÒą ÁÌÔąÎÄÁ ËÏÌÁÙ 
ĘÌëİÌÅÂÉÌÉÒ ÓąÃÁËÌąËȟ ÁËąÍ ÖÅ ÇÅÒÉÌÉÍ ÇÉÂÉ 
ÐÁÒÁÍÅÔÒÅÌÅÒÅ ÄÁÙÁÎÍÁËÔÁÄąÒȢ "Õ ÙĘÎÔÅÍ ËÏÎÔÁË 
ÄÉÒÅÎëÌÅÒÉȟ ÌÅÈÉÍ ÆÁÒËÌąÌąËÌÁÒą ÖÅ ÇÅÏÍÅÔÒÉË 
ÆÁÒËÌąÌąËÌÁÒą ÍÅÖÃÕÔ ÔÅÒÍÁÌ ĥÁÒÔÌÁÒą ÄÁ ÉëÉÎÅ 
ÁÌÍÁËÔÁÄąÒȢ  

"Õ ëÁÌąĥÍÁÄÁ !()3+! ÙĘÎÔÅÍÉÎÅ ÇĘÒÅ ÇÅÏÍÅÔÒÉË 
ĘÚÅÌÌÉËÌÅÒÉÎ ÍÏÄİÌ ÐÅÒÆÏÒÍÁÎÓą İÚÅÒÉÎÄÅËÉ ÅÔËÉÌÅÒÉ 
-!4,!" ÏÒÔÁÍąÎÄÁ ÈÁÚąÒÌÁÎÁÎ ÂÉÒ ÂÅÎÚÅÔÉÍ 
ëÁÌąĥÍÁÓą ÉÌÅ ÅÌÄÅ ÅÄÉÌÍÉĥÔÉÒȢ "ÅÎÚÅÔÉÍ ÓÏÎÕëÌÁÒą 
deneysel olarak elde edilen veriler ve katalog 
ÖÅÒÉÌÅÒÉ ÉÌÅ ËÁÒĥąÌÁĥÔąÒąÌÍąĥ ÖÅ ÙÏÒÕÍÌÁÎÍąĥÔąÒȢ 
KÁÌąĥÍÁ #0 ρȢπ-127-πυ, ÔÉÃÁÒÉ ÍÏÄİÌ ÂÁÚ ÁÌąÎÁÒÁË 
ÉĥÌÅÍ ÙÁÐąÌÄąȢ #0 ρȢπ-127-05L (G = 0,079 cm; h = 3,2 
ÍÍ Ɋ ĘÚÅÌÌÉËÌÅÒÉÎÅ ÓÁÈÉÐ ÂÉÒ ÍÏÄİÌÄİÒȢ  

Materyal ve metot  

AHISKA metodu  

!()3+! ÔÁÒÁÆąÎÄÁÎ ÇÅÌÉĥÔÉÒÉÌÅÎ ÂÕ ÍÅÔÏÔ ÈÅÍ ÔÅÏÒÉË 
ÈÅÍ ÄÅ ÄÅÎÅÙÓÅÌ ÏÌÁÒÁË ËÌÁÓÉË ÙĘÎÔÅÍÌÅÒÅ ÄÁÈÁ 
ÐÒÁÔÉË ÖÅ ÄÁÈÁ ËİëİË ÙİÚÄÅÌÉ ÈÁÔÁÌÁÒÁ ÓÁÈÉÐ ÏÌÁÎ ÂÉÒ 
ÙĘÎÔÅÍÄÉÒ ɍφɎȢ 9ÅÎÉ ÙĘÎÔÅÍÄÅ ËÕÌÌÁÎąÌÁÎ 
ÐÁÒÁÍÅÔÒÅÌÅÒ ÍÏÄİÌ ÔÁÒÁÆąÎÄÁÎ ëÅËÉÌÅÎ ÁËąÍ ɉ)Ɋȟ 
ÍÏÄİÌÅ ÕÙÇÕÌÁÎÁÎ ÇÅÒÉÌÉÍ ɉ6Ɋȟ ÍÏÄİÌÅ ÖÅÒÉÌÅÎ ÁËąÍ 
ËÅÓÉÌÄÉøÉÎÄÅ ÍÏÄİÌ ÕëÌÁÒąÎÄÁ ÉÎÄİËÌÅÎÅÎ 
ÔÅÒÍÏÅÍË ɉ%Ɋ ÖÅ ÙİÚÅÙ ÓąÃÁËÌąËÌÁÒąÎ ÈÅÒÈÁÎÇÉ 
birinin (T H veya TCɊ ĘÌëİÌÍÅÓÉÎÅ ÄÁÙÁÎÍÁËÔÁÄąÒȢ "Õ 
ÐÁÒÁÍÅÔÒÅÌÅÒ ÅÌÅËÔÒÉËÓÅÌ ÏÌÁÒÁË ËÏÌÁÙ ĘÌëİÌÅÂÉÌÅÎ 
parametÒÅÌÅÒ ÏÌÕÐȟ ÍÏÄİÌÅ ÅÔËÉ ÅÄÅÎ ÔİÍ ÆÉÚÉËÓÅÌ 
ÅÔËÅÎÌÅÒÉ ÉëÅÒÉÓÉÎÄÅ ÂÁÒąÎÄąÒÍÁËÔÁÄąÒȢ !ÙÒąÃÁ ÍÏÄİÌ 
ëÁÌąĥąÒËÅÎ ËÏÌÁÙÃÁ ĘÌëİÌÅÂÉÌÉÒɍρςɎȢ  

AHISKA metodunun temel parametreleri Imax, Vmax 
ve EmaxȭÔąÒȢ "Õ ÐÁÒÁÍÅÔÒÅÌÅÒ ÙİËÓİÚ ëÁÌąĥÁÎ ÂÉÒ 4%- 
ÉëÉÎ ÔÏÐÌÁÍ ąÓąÌ ÙİË 1L=0ȟ ÖÅ ÍÏÄİÌİÎ ÓÏøÕË 
ÙİÚÅÙÉÎÄÅÎ ÅÍÉÌÅÎ ÅÎÅÒÊÉȟ 1C=0 iken elde edilir. Bu 
ĥÁÒÔÌÁÒ ÁÌÔąÎÄÁ ÍÉÎÉÍÕÍ ÓÏøÕË ÙİÚÅÙ ÓąÃÁËÌąøą 4Cmin 
ÖÅ ÍÁËÓÉÍÕÍ ÓąÃÁËÌąË ÆÁÒËą ɝ4max elde edilir. Bu 
ĥÁÒÔÌÁÒą ÏÌÕĥÔÕÒÁÎ ÁËąÍ )max, gerilim Vmax ve emk Emax 
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ÏÌÁÒÁË ÁÌąÎąÒȢ $ÅÎÅÙÓÅÌ ÏÌÁÒÁË ĘÌëİÌÅÎ ÂÕ ÄÅøÅÒÌÅÒ 
ËÕÌÌÁÎąÌÁÒÁË Denklem (1)-ɉυɊ ÉÌÅ ÖÅÒÉÌÅÎ ÆÏÒÍİÌÌÅÒ 
elde edilir [12]. 

4%-ȭÉÎ ÄÉÒÅÎÃÉ ɱ ÃÉÎÓÉÎÄÅÎȡ 
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4%-ȭÉÎ ËÁÌÉÔÅ ÆÁËÔĘÒİ +-1: 
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4%-ȭÉÎ ÓÏøÕË ÙİÚÅÙ ÓąÃÁËÌąøą +ȡ 
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vÌëİÌÅÎ ÂÕ ÐÁÒÁÍÅÔÒÅÌÅÒÅ ÇĘÒÅ ÍÏÄİÌÅ ÁÉÔ 
ÙÁÒąÉÌÅÔËÅÎ ÍÁÌÚÅÍÅ ĘÚÅÌÌÉËÌÅÒÉ ÉÓÅ Denklem (6) ile 
verilir.  
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"ÕÒÁÄÁȟ 'ЀÁȾÈ ɉ4% ÙİÚÅÙ ÁÌÁÎąȾÕÚÕÎÌÕËȟ ÃÍɊ 
ÇÅÏÍÅÔÒÉË ÆÁËÔĘÒ . ÉÓÅ ÍÏÄİÌÄÅËÉ ÔÅÒÍÏÅÌÅÍÅÎÔ 
ÓÁÙąÓąÄąÒȢ 9ÅÎÉ ÙĘÎÔÅÍÄÅ ËÌÁÓÉË ÙĘÎÔÅÍÌÅÒÅ ÇĘÒÅ 
ÁÖÁÎÔÁÊą ËÏÌÁÙÌąËÌÁ ĘÌëİÌÅÂÉÌÅÎ % ÖÅ ) ÄÅøÅÒÉÎÅ ÂÁøÌą 
olarak performans parametreleri 
ÈÅÓÁÐÌÁÎÁÂÉÌÍÅËÔÅÄÉÒȢ -ÏÄİÌ ÔÁÒÁÆąÎÄÁÎ İÒÅÔÉÌÅÎ 
emek Denklem (7)ȭÄÅȟ 4%-ȭÉÎ ÓÏøÕË ÙİÚÅÙÉÎÅ ÇÅÌÅÎ 
ÔÏÐÌÁÍ ąÓą ÙİËİ Denklem (8)ȭÄÅȟ 4%- ÔÁÒÁÆąÎÄÁÎ 
ÈÁÒÃÁÎÁÎ Çİë $ÅÎËÌÅÍ ɉωɊȭÄÁ ÖÅ 4%-ȭÉÎ 
ÐÅÒÆÏÒÍÁÎÓ ËÁÔÓÁÙąÓą Denklem (10)ȭÄÁ 
ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 
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"Õ ëÁÌąĥÍÁÄÁ 4%-ȭlerin performans analizinin 
ÙÁÐąÌÍÁÓą ÖÅ İÒÅÔÉÌÅÃÅË ÍÏÄİÌ ÐÅÒÆÏÒÍÁÎÓ 
ÅøÒÉÌÅÒÉÎÉÎ ÅÌÄÅ ÅÄÉÌÅÂÉÌÍÅÓÉ ÉëÉÎ -!4,!" 
ÏÒÔÁÍąÎÄÁ ÂÉÒ ÍÏÄÅÌ ÇÅÌÉĥÔÉÒÉÌÄÉȢ 4ÉÃÁÒÉ ÏÌÁÒÁË ÔÅÍÉÎ 
ÅÄÉÌÅÂÉÌÅÎ ÖÅ ÇÅÏÍÅÔÒÉ ÂÉÌÇÉÓÉÎÅ ÓÁÈÉÐ ÏÌÄÕøÕÍÕÚ 
CP 1.0-127-πυ,ȟ ÍÏÄİÌ ÂÁÚąÎÄÁ ÂÅÎÚÅÔÉÍ ëÁÌąĥÍÁÓą 
ile elde edilen bulgular, deneysel yolla elde edilen 
ÂÕÌÇÕÌÁÒ ÖÅ ËÁÔÁÌÏÇ ÖÅÒÉÌÅÒÉ ËÁÒĥąÌÁĥÔąÒąÌÄąȢ 0ÅÌÅÔ 
ÇÅÏÍÅÔÒÉÓÉÎÉÎ ÍÏÄİÌ ÐÅÒÆÏÒÍÁÎÓą İÚÅÒÉÎÄÅki 
etkileri incelendi. 

"ÅÎÚÅÔÉÍ ëÁÌąĥÍÁÓą 

"ÅÎÚÅÔÉÍ ëÁÌąĥÍÁÓąÎąÎ ÔÅÍÅÌÉÎÉ İÚÅÒÉÎÄÅ ÁÒÁĥÔąÒÍÁ 
ÙÁÐąÌÁÃÁË ÏÌÁÎ ÍÏÄİÌÌÅÒÉÎ %max, Imax, Vmax 
parametrelerinin deneysel olarak elde edilmesi, 
ÇÉÒÉĥ ÐÁÒÁÍÅÔÒÅÓÉ ÏÌÁÒÁË ÁÌąÎÍÁÓąȟ 4( ÓąÃÁËÌąøąÎÁ 
ÂÁøÌą ÏÌÁÒÁË ÙÁÒąÉÌÅÔËÅÎ ÍÁÌÚÅÍÅÌÅÒÉÎ ĘÚÅÌÌÉËÌÅÒÉÎÉÎ 
ÔÅÓÐÉÔ ÅÄÉÌÍÅÓÉ ÖÅ ÓąÃÁËÌąøÁ ÂÁøÌą ÂÕ ÐÁÒÁÍÅÔÒÅÌÅÒ 
ËÕÌÌÁÎąÌÁÒÁË ÍÏÄİÌİÎ ÐÅÒÆÏÒÍÁÎÓ ÅøÒÉÌÅÒÉÎÉÎ ÅÌÄÅ 
edilÍÅÓÉ ÏÌÕĥÔÕÒÍÁËÔÁÄąÒȢ ¤ÅËÉÌ ςȭÄÅ ÇĘÓÔÅÒÉÌÅÎ 
3)-5,).+ ÔÁÓÁÒąÍą ËÕÌÌÁÎąÌÁÒÁË Denklem 1-10 ile 
verilen performans parametreleri 
hesaplanabilmektedir.  

 

¤ÅËÉÌ ςȢ 3)-5,).+ ÔÁÓÁÒąÍą 

 

Deneysel Kurulum 

-ÏÄİÌ ÔÅÓÔÉ ÉëÉÎ ËÕÌÌÁÎąÌÁÎ ÄİÚÅÎÅøÉÎ ÐÒÅÎÓÉÐ 
ĥÅÍÁÓą ¤ÅËÉÌ σȭÄÅ ÖÅÒÉÌÍÉĥÔÉÒȢ 4%- ÐÅÒÆÏÒÍÁÎÓ 
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ÁÎÁÌÉÚ ÓÉÓÔÅÍÉ ÂÉÌÇÉÓÁÙÁÒ ËÏÎÔÒÏÌÌİ ÏÌÁÒÁË 
ëÁÌąĥÍÁËÔÁÄąÒȢ +ÏÎÔÒÏÌ ÄÅÖÒÅÓÉ 4%-ȭÅ ÕÙÇÕÌÁÎÁÎ 
ÁËąÍą ÁÎÁÈÔÁÒÌÁÍÁÌą ÍÏÄÌÕ ÂÉÒ Çİë ËÁÙÎÁøąÎąÎ 
ɉ3-033Ɋ ËÏÎÔÒÏÌ ÇÉÒÉĥÉ ËÕÌÌÁÎąÌÁÒÁË ÁÙÁÒÌÁÍÁËÔÁÄąÒȢ 
)Óą ÂÏÒÕÌÕ ÆÁÎ ÓÏøÕÔÍÁÌą ąÓą ÔÒÁÎÓÆÅÒ sistemini on/off 
ÍÏÄÕÎÄÁ ËÏÎÔÒÏÌ ÅÄÉÌÅÒÅË 07- ÓÉÎÙÁÌ ÄĘÎİĥÌÅÒÉ ÉÌÅ 
ąÓą ÔÒÁÎÓÆÅÒ ÓÉÓÔÅÍÉÎÉÎ ëÁÌąĥąÐ ëÁÌąĥÍÁÄąøą ÔÅÓÐÉÔ 
ÅÄÉÌÍÅËÔÅÄÉÒȢ %øÅÒ ÐÒÏÂÌÅÍ ÖÁÒÓÁ ÍÏÄİÌİ ËÏÒÕÍÁË 
ÁÍÁÃąÙÌÁ ÍÏÄİÌÅ ÕÙÇÕÌÁÎÁÎ ÁËąÍ ÏÔÏÍÁÔÉË ÏÌÁÒÁË 
ËÅÓÉÌÍÅËÔÅÄÉÒȢ -ÏÄİÌ ÙİÚÅÙÌÅÒÉÎÄÅËÉ ÓąÃÁËÌąklar K 
ÔÉÐ ÔÅÒÍÏËÕÐÌ ËÕÌÌÁÎąÌÁÒÁË ĘÌëİÌÍÅËÔÅÄÉÒȢ )ÓąÔąÃą 
ÁËąÍ ËÏÎÔÒÏÌİ ÄÅ ËÏÎÔÒÏÌ ÄÅÖÒÅÓÉ ÔÁÒÁÆąÎÄÁÎ 
ÙÁÐąÌÍÁËÔÁÄąÒȢ $ÅÎÅÙ ÄİÚÅÎÅøÉÎÄÅ ÔÅÍÅÌ ÏÌÁÒÁË ς 
ÔÅÓÔ ÐÒÏÓÅÄİÒİ ÏÔÏÍÁÔÉË ÏÌÁÒÁË ÉĥÌÅÔÉÌÍÅËÔÅÄÉÒȡ ɉÉɊ 
TCmin ëÁÌąĥÍÁ ÒÅÊÉÍÉȟ ɉÉÉɊ 1Cmax ëÁÌąĥÍÁ ÒÅÊÉÍÉȢ 4Cmin 
ëÁÌąĥÍÁ ÒÅÊÉÍÉ ÕÙÇÕÌÁÎÁÎ ÁËąÍ ÖÅ ÇÅÒÉÌÉÍ ÄÅøÅÒÉÎÄÅ 
4%- ÙİÚÅÙÌÅÒÉ ÁÒÁÓąÎÄÁËÉ ÍÁËÓÉÍÕÍ ÓąÃÁËÌąË 
ÆÁÒËąÎą ËÁÄÅÍÅ ËÁÄÅÍÅ ĘÌëÅÒÅË ËÁÙÄÅÔÍÅËÔÅÄÉÒȢ 
4ÅÓÔ ÎÅÔÉÃÅÓÉÎÄÅ ÍÏÄİÌÅ ÁÉÔ ɝ4max, Imax, Emax, Vmax 
parametreleri tespit edilmektedir. QCmax rejiminde 
ise uygulanan ÁËąÍ ÖÅ ÇÅÒÉÌÉÍÄÅ ÓÉÓÔÅÍ ąÓąÌ ÄÅÎÇÅÙÅ 
ÇÅÌÄÉøÉÎÄÅ ąÓąÔąÃą ËÕÌÌÁÎąÌÁÒÁË ËÁÄÅÍÅ ËÁÄÅÍÅ ąÓąÌ 
ÙİË ÕÙÇÕÌÁÎÍÁËÔÁÄąÒȢ ɝ4Ѐπ ÏÌÁÃÁË ĥÅËÉÌÄÅ ÄÅÎÇÅ 
ÓÁøÌÁÎÄąøąÎÄÁ ÕÙÇÕÌÁÎÁÎ ÁËąÍ ÖÅ ÇÅÒÉÌÉÍÅ ËÁÒĥąÌąË 
ÇÅÌÅÎ ąÓąÌ ÙİË 1Cmax olarak kaydedilmektedir. 
Kaydedilen QCmaxȭÌÁÒ ÉëÅÒÉÓÉÎÄÅÎ ÅÎ ÂİÙİË ÏÌÁÎ 
4%-ȭÉÎ ÍÁËÓÉÍÕÍ ÓÏøÕÔÍÁ ÇİÃİÎİ ÇĘÓÔÅÒÅÎ 1Cmax 
ÏÌÁÒÁË ÁÌąÎÍÁËÔÁÄąÒȢ  

 

 ¤ÅËÉÌ σȢ $ÅÎÅÙÓÅÌ ËÕÒÕÌÕÍ ÐÒÅÎÓÉÐ ĥÅÍÁÓą 

 

4%- ÁÎÁÌÉÚ ÓÉÓÔÅÍÉ ÍÏÄİÌ ÔÅÓÔÌÅÒÉÎÉÎ ÇÅÒëÅË ëÁÌąĥÍÁ 
ĥÁÒÔÌÁÒąÎÄÁËÉ ÁÎÁÌÉÚÉÎÉ ÙÁÐÍÁË ÉëÉÎ ÄÅ 
ËÕÌÌÁÎąÌÍÁËÔÁÄąÒȢ -ÁËÓÉÍÕÍ Ðarametreler tespit 
ÅÄÉÌÄÉËÔÅÎ ÓÏÎÒÁ ÔÅÒÍÏÅÍË ÖÅ ÁËąÍÁ ÂÁøÌą 
ÐÁÒÁÍÅÔÒÅÌÅÒ ĘÌëİÌÅÂÉÌÍÅËÔÅ ÖÅ ÖÅÒÉ ÔÁÂÁÎąÎÁ 
kaydedilmektedir.   

"ÕÌÇÕÌÁÒ ÖÅ 4ÁÒÔąĥÍÁ 

"Õ ÂĘÌİÍÄÅ ÇÉÒÉĥ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉÎ 4%- 
ÐÅÒÆÏÒÍÁÎÓą İÚÅÒÉÎÄÅËÉ ÅÔËÉÌÅÒÉÎÉ ÉÎÃÅÌÅÍÅË İÚÅÒÅ 
benzetim ÖÅ ÄÅÎÅÙÓÅÌ ëÁÌąĥÍÁÌÁÒ ÙÁÐąÌÄą ÖÅ 
ËÁÒĥąÌÁĥÔąÒąÌÄąȢ %Îȟ ÂÏÙȟ ÙİËÓÅËÌÉËȟ ÇÅÏÍÅÔÒÉË ÆÁËÔĘÒȟ 

ÔÅÒÍÏëÉÆÔ ÓÁÙąÓąÎąÎ ëąËąĥ ÐÁÒÁÍÅÔÒÅÌÅÒÉ İÚÅÒÉÎÄÅËÉ 
etkileri incelendi ve irdelendi. CP1.0-127-05L, 
­ÒÅÔÉÃÉ ÆÉÒÍÁ ÔÁÒÁÆąÎÄÁÎ ÖÅÒÉÌÅÎ ÇÅÏÍÅÔÒÉË ÖÅÒÉÌÅÒ 
Tablo ρȭÄÅ ÇĘÓÔÅÒÉÌÍÉĥÔÉÒȢ 

TabÌÏ ρȢ -ÏÄİÌÌÅÒÉÎ ÇÅÏÍÅÔÒÉË ĘÚÅÌÌÉËÌÅÒÉ 

-ÏÄİÌ h, cm G, cm ɻ k ʍ 

CP1.0 

127-
05L 

0,32 0,079 2e-
4 

1.51e-
2 

1.01e-
3 

Bu veriler TH=25  ÉëÉÎ ÖÅÒÉÌÅÎ ÖÅÒÉÌÅÒÄÉÒȢ dÌË ÏÌÁÒÁË 
ÍÏÄİÌÌÅÒÉÎ ÇÅÒëÅË ëÁÌąĥÍÁ ĥÁÒÔÌÁÒąÎÄÁËÉ ÍÁËÓÉÍÕÍ 
ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÉ ÔÅÓÐÉÔ ÅÔÍÅË ÉëÉÎ ÂÉÌÇÉÓÁÙÁÒÌą 4%- 
ÐÅÒÆÏÒÍÁÎÓ ÁÎÁÌÉÚ ÓÉÓÔÅÍÉ ËÕÌÌÁÎąÌÄąȢ 4%- ÁÎÁÌÉÚ 
sistemi TCmin ÒÅÊÉÍÉÎÄÅ ëÁÌąĥÔąÒąÌÄąȢ 3ÉÓÔÅÍ 
ÉëÅÒÉÓÉÎÄÅËÉ $! ËÁÙÎÁøą ËÕÌÌÁÎąÌÁÒÁË ÍÏÄİÌÅ 
ÓąÆąÒÄÁÎ ÂÁĥÌÁÙÁÒÁË ËÁÄÅÍÅÌÉ ÏÌÁÒÁË ÁËąÍ 
ÕÙÇÕÌÁÎÄąȢ )Óą ÂÏÒÕÌÕ ÆÁÎÌą ąÓą ÔÒÁÎÓÆÅÒ ÓÉÓÔÅÍÉ 
ËÕÌÌÁÎąÌÁÒÁË 4H 25 ȭÄÅ ÓÁÂÉÔÌÅÎÄÉȢ (ÅÒ ÁËąÍ ÄÅøÅÒÉ 
ÉëÉÎ ÙİÚÅÙÌÅÒ ÁÒÁÓąÎÄÁËÉ ÓąÃÁËÌąË ÆÁÒËą ɉɝ4Ɋ 
ÓÁÂÉÔÌÅÎÉÎÃÅÙÅ ËÁÄÁÒ ÂÅËÌÅÎÄÉ ÖÅ ɝ4 ÖÅÒÉ ÔÁÂÁÎąÎÁ 
ËÁÙÄÅÄÉÌÄÉȢ "ÅÌÉÒÌÉ ÂÉÒ ÁËąÍ ÄÅøÅÒÉÎÄÅÎ ÓÏÎÒÁ ɝ4 
ÁÚÁÌÍÁÙÁ ÂÁĥÌÁÄąøąÎÄÁ ÉĥÌÅÍ ËÅÓÉÌÄÉȢ 6ÅÒÉ 
ÔÁÂÁÎąÎÄÁÎ ɝ4ȭÙÉ ÍÁËÓÉÍÕÍ ÙÁÐÁÃÁË ÁËąÍ ÁËąÍ 
Imax, gerilim Vmaxȟ ÈÅÓÁÐÌÁÎÁÎ ɝ4 ÉÓÅ ɝ4max olarak 
kaydedildi. Denge durumundaki sisteme uygulanan 
ÁËąÍ ËąÓÁ ÓİÒÅÌÉøÉÎÅ ËÅÓÉÌÅÒÅË ÍÏÄİÌ ÔÁÒÁÆąÎÄÁÎ 
İÒÅÔÉÌÅÎ ÔÅÒÍÏÅÍË ĘÌëİÌÄİ ÖÅ %max olarak 
kaydedildi (Tablo 2). 

Tablo 2. TCmin ÒÅÊÉÍÉ ÓÏÎÕëÌÁÒą 

ɝ4max( ) Vmax, V Imax, A Emax, V 

58 14,1 3,8 2,71 

  

-ÏÄİÌİÎ 1Cmax ÒÅÊÉÍÉÎÄÅ ÔÅÓÔ ÅÄÉÌÍÅÓÉ ÉëÉÎ $! 
ËÁÙÎÁøą )ÍÁØ ÏÌÁÃÁË ĥÅËÉÌÄÅ ÁÙÁÒÌÁÎÄą ÖÅ ÓÉÓÔÅÍÉÎ 
dengeye gelmesi beklendi. TEM performans analiz 
ÓÉÓÔÅÍÉÎÄÅËÉ ąÓąÔąÃą ËÕÌÌÁÎÁÒÁË ɝ4Ѐπ ÙÁÐÁÎÁ ËÁÄÁÒ 
ÍÏÄİÌÅ ËÁÄÅÍÅÌÉ ÏÌÁÒÁË ąÓąÌ ÙİË ÕÙÇÕÌÁÎÄąȢ ɝ4Ѐπ 
ÙÁÐÁÎ ąÓąÌ ÙİË 1Cmax olarak ÖÅÒÉ ÔÁÂÁÎąÎÁ ËÁÙÄÅÄÉÌÄÉȢ 
CP1.0-127-πυ, ÍÏÄİÌİ ÉëÉÎ ÅÌÄÅ 1Cmax rejim 
ÓÏÎÕëÌÁÒą Tablo σȭÔÅ ÇĘÓÔÅÒÉÌÄÉȢ  

Tablo 3. QCmax ÒÅÊÉÍ ÓÏÎÕëÌÁÒą 

I,A V,V TH, K TC,K E,V QC,W 

3,8 14,1 299,2 241,2 2,69 0,35 

3,8 14,1 299,5 252 2,23 5,77 
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3,8 14,1 300,5 262,5 1,78 11,08 

3,8 14,1 301,5 275,2 1,15 18,5 

3,8 14,1 302,8 292,4 0,4 27,34 

3,8 14,1 302,2 302,2 0 31,94 

Deneysel olarak elde edilen veriler katalog verileri 
ÉÌÅ ËÁÒĥąÌÁĥÔąÒąÌÄąøąÎÄÁ ÆÁÒËÌąÌąËÌÁÒ ÇĘÒİÌÍÅËÔÅÄÉÒȢ 
9ÅÎÉ ÍÅÔÏÄÁ ÇĘÒÅ ÈÅÒÈÁÎÇÉ ÂÉÒ ÁÎÄÁ -ÏÄİÌÅ 
ÕÙÇÕÌÁÎÁÎ ÁËąÍ ÖÅ ÅÍÅË ÄÅøÅÒÉÎÉÎ ĘÌëİÌÍÅÓÉ 
ÍÏÄİÌÅ ÁÉÔ ÂİÔİÎ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎ ÈÅÓÁÐÌÁÎÍÁÓą ÉëÉÎ 
yeterlidir. Bu ÐÁÒÁÍÅÔÒÅÌÅÒ ÍÏÄİÌİÎ ÇÅÏÍÅÔÒÉË 
ÙÁÐąÓąȟ ëÅÖÒÅ ÓąÃÁËÌąøąȟ ËÏÎÔÁË ÄÉÒÅÎëÌÅÒÉȟ ąÓą ÔÒÁÎÓÆÅÒ 
ÓÉÓÔÅÍÉÎÉÎ ÐÅÒÆÏÒÍÁÎÓą ÇÉÂÉ ÂİÔİÎ ÄÅøÉĥËÅÎÌÅÒÉ 
ËÁÐÓÁÍÁËÔÁÄąÒȢ $ÏÌÁÙąÓąÙÌÁ ÇÅÒëÅË ëÁÌąĥÍÁ 
ĥÁÒÔÌÁÒąÎÄÁËÉ ÇİÎÃÅÌ ÐÁÒÁÍÅÔÒÅÌÅÒÅ ÇĘÒÅ ÓÉÓÔÅÍÉÎ 
ÐÅÒÆÏÒÍÁÎÓ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉÎÉÎ ÙÁÐąÌÍÁÓą ÄÁÈÁ 
ÄÏøÒÕ ÅøÒÉÌÅÒ ÅÌÄÅ ÅÄÉÌÍÅÓÉÎÅ ÎÅÄÅÎ ÏÌÍÁËÔÁÄąÒȢ  

Deneysel olarak elde edilen parametreler 
ËÕÌÌÁÎąÌÁÒÁË 4%-ȭÉÎ ÇÅÏÍÅÔÒÉÙÅ ÂÁøÌą 
ÐÅÒÆÏÒÍÁÎÓąÎąÎ ÄÅøÅÒÌÅÎÄÉÒÉÌÍÅÓÉ ÉëÉÎ ÂÅÎÚÅÔÉÍ 
ëÁÌąĥÍÁÓą ËÕÌÌÁÎąÌÄąȢ $ÅÎÅÙÓÅÌ ÐÁÒÁÍÅÔÒÅÌÅÒ ÓÉÓÔÅÍÅ 
girilerek CP1.0-127-05L 

-ÏÄİÌİÎÅ ÁÉÔ ÐÅÒÆÏÒÍÁÎÓ ÄÅøÅÒÌÅÎÄÉÒÉÌÄÉȢ ­ÒÅÔÉÃÉ 
ÆÉÒÍÁ ÔÁÒÁÆąÎÄÁÎ ÖÁËÕÍÌÕȟ ÓÁÂÉÔ ÔÅÒÍÁÌ ĥÁÒÔÌÁÒ 
ÁÌÔąÎÄÁ ÖÅÒÉÌÅÎ ÐÁÒÁÍÅÔÒÅÌÅÒ ÉÌÅ ÈÅÓÁÐÌÁÍÁ 
ÙÁÐąÌÄąøąÎÄÁ ÂÅÎÚÅÔÉÍ ëÁÌąĥÍÁÓąÎÄÁ Tablo τȭÔÅ 
ÖÅÒÉÌÅÎ ÓÏÎÕëÌÁÒ ÅÌÄÅ ÅÄÉÌÄÉȢ "Õ ÓÏÎÕëÌÁÒÁ ÇĘÒÅ 
katalog veriÌÅÒÉÎÅ ÙÁËąÎ ÓÏÎÕëÌÁÒ ÅÌÄÅ ÅÄÉÌÄÉȢ 

 

Tablo 4. TH=25  ÉëÉÎ ÂÅÎÚÅÔÉÍ ÓÏÎÕëÌÁÒą 

ɝ4max( ) Vmax, V Imax, A Emax, V 

69,61 15,24 3,6 3,45 

 

CP1.0-127-πυ, ÍÏÄİÌİ ÉëÉÎ ÇÅÏÍÅÔÒÉË ÆÁËÔĘÒ ÖÅ 
ÙİËÓÅËÌÉË ÂÉÌÇÉÓÉ ÂÉÌÉÎÄÉøÉÎÄÅÎ ÐÅÌÅÔ ÁÌÁÎą πȢςυςψ ÃÍ 
olarak ÈÅÓÁÐÌÁÎÄąȢ 'ÅÏÍÅÔÒÉË ÆÁËÔĘÒ ϻ πȢπρ ÃÍ 
ÁÒÁÌąËÌÁÒąÎÄÁ ÄÅøÉĥÔÉÒÉÌÅÒÅË ëąËąĥ ÐÁÒÁÍÅÔÒÅÌÅÒÉÎÅ 
ÅÔËÉÓÉ ÉÎÃÅÌÅÎÄÉȢ 'ÅÏÍÅÔÒÉË ÆÁËÔĘÒİÎ ÁÒÔąĥąÙÌÁ 
ÂÅÒÁÂÅÒ 2 ÄÅøÅÒÉÎÄÅ ÁÚÁÌÍÁȟ + ÄÅøÅÒÉÎÄÅ ÁÒÔÍÁ 
ÇĘÚÌÅÎÉÒËÅÎ ÅÎ ÂÅÌÉÒÇÉÎ ÁÒÔąĥąÎ )max ve QCmax 
ÄÅøÅÒÌÅÒÉÎÄÅ ÏÌÄÕøÕ ÇĘÒİÌÍÅktedir. CP1.0-127-05L 
ÍÏÄİÌİÎİÎ ÐÅÒÆÏÒÍÁÎÓ ÅøÒÉÌÅÒÉÎÉ ÅÌÄÅ ÅÔÍÅË İÚÅÒÅ 
' ÄÅøÅÒÌÅÒÉ ÓąÒÁÓąÙÌÁ πȟ069 cm, 0,079 cm, 0,089 cm 
ÁÌąÎÁÒÁË ÍÏÄİÌ ÐÁÒÁÍÅÔÒÉË ÅøÒÉÌÅÒÉ ÅÌÄÅ ÅÄÉÌÄÉȢ 
ɝ4Ѐυπ Ј#ȭÄÅ ÓÁÂÉÔ ÔÕÔÕÌÁÒÁË ÄÅøÉĥËÅÎ ÇÅÏÍÅÔÒÉË 
ÆÁËÔĘÒ ÄÅøÅÒÌÅÒÉÎÄÅ ÁËąÍÁ ÂÁøÌą ÄÅøÅÒÌÅr benzetim 

ëÁÌąĥÍÁÓą ËÕÌÌÁÎąÌÁÒÁË ÅÌÄÅ ÅÄÉÌÄÉ ÖÅ ÇÒÁÆÉËÌÅÒ ĥÅËÉÌ 
τȭÄÅ ÇĘÓÔÅÒÉÌÄÉȢ 

 

¤ÅËÉÌ τȢ 'ȭÙÅ ÂÁøÌą )-QC grafikleri 

 

CP1.0-127-πυ, ÍÏÄİÌİ ËÏÌ ÙİËÓÅËÌÉøÉ πȟσς ÃÍȭÄÉÒȢ 
9İËÓÅËÌÉøÉÎ ÐÅÒÆÏÒÍÁÎÓ ÅøÒÉÌÅÒÉ İÚÅÒÉÎÄÅ Åtkisini 
ÉÎÃÅÌÅÍÅË İÚÅÒÅ ÈȭÎÉÎ πȟρς ÃÍȟ 0,32 cm ve 0,52 cm 
ÄÅøÅÒÌÅÒÉ ÉëÉÎ ɝ4ЀυπЈ#ȭÄÅ ÐÅÒÆÏÒÍÁÎÓ ÁÎÁÌÉÚÉ 
ÙÁÐąÌÄąȢ %ÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ ¤ÅËÉÌ υȭÄÅ ÇĘÓÔÅÒÉÌÄÉȢ 

 

¤ÅËÉÌ υȢ 9İËÓÅËÌÉøÅ ÂÁøÌą )-QC grafikleri 

4ÅÒÍÏëÉÆÔ ÓÁÙąÓą .ȭÎÉÎ ëąËąĥ ÐÅÒÆÏÒÍÁÎÓ ÅøÒÉÌÅÒÉ 
İÚÅÒÉÎÄÅËÉ ÉÎÃÅÌÅÍÅË İÚÅÒÅ σρȟ χρ ÖÅ ρςχ ÄÅøÅÒleri 
ÉëÉÎ ÂÅÎÚÅÔÉÍ ÙÁÐąÌÄąȢ 3ÏÎÕëÌÁÒ ĥÅËÉÌ φȭÄÁ ÇĘÓÔÅÒÉÌÄÉȢ 
ɝ4ЀυπЈ# ÉëÉÎ ÐÅÒÆÏÒÍÁÎÓ ÅøÒÉÌÅÒÉ ÅÌÄÅ ÅÄÉÌÄÉȢ 

 

¤ÅËÉÌ φȢ .ȭÙÅ ÂÁøÌą )-QC grafikleri 

%ÌÄÅ ÅÄÉÌÅÎ ÓÏÎÕëÌÁÒ ÉÎÃÅÌÅÎÄÉøÉÎÄÅ ËÁÔÁÌÏÇ ÖÅÒÉÌÅÒÉ 
ÉÌÅ ÇÅÒëÅË ëÁÌąĥÍÁ ÁÎąÎÄÁËÉ ÖÅÒÉÌÅÒ 
ĘÒÔİĥÍÅÍÅËÔÅÄÉÒȢ !ÎÁÌÉÚ ÅÄÉÌÅÎ ÍÏÄİÌÌÅÒ ÉëÉÎ 
































































































































































































































































