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ONSOZ
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OZET

Bu ¢alismada Ordu ilindeki bes baz istasyonundan elde edilen 6l¢giim sonuglariyla
COST-231 Walfisch-Ikegami yontemi arasindaki tutarlilik aragtirilmistir. Baz istasyon
yiiksekliginin bina yiiksekliginden biiyiik ve binalar arasi mesafelerin diizenli olmasi
durumunda bu ydéntem ve 8l¢iim sonuglarmin tutarliligi gézlemlenmistir. Olgiim sonuglar
MATLAB kullanilarak ¢izdirilmis ve tablo halinde gosterilmistir. Biitiin dlgtimler direkt

goriis hattt olmaksizin alinmistir.

Anahtar Kelimeler: Bina Dis1 Yontemler, Kiigiik Hiicre, Direkt Goriis Var, Direkt Goriis
Yok, Cost-231 WI, Elektriksel Egim, Mekanik Egim, Gmsk, Tdma



SUMMARY

Adaptation of COST-231 Walfisch-Ikegami Method to Ordu City in GSM 900
Frequency Band

In this study consistency of measurement results obtained for five base stations in
Ordu city and COST-231 Walfisch-Ikegami method is investigated. It is observed that this
method and measurement results are consistent when base station antenna height is higher
than building height and when the distance between buildings is regular. Measurement
result are plotted and tabulated by using MATLAB. All measurements are taken in case of

non line of sight.

Key Words: Outdoor Models, Micro-Cell, Los, Nlos, Cost-231 WI, Electrical Tilt,
Mechanical Tilt, Gmsk, Tdma
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Hyy (hyd)
Hy, (hy.d)

h

base

hRo of

SEMBOLLER DiZiNi

100 MHz-1 GHz frekans araliginda kentsel ortamda uzaklik ve frekansla
zayiflama diizeltme katsayisi

: Belirli kisitlamalar altinda Hata Y6ntemi’nde mobil anten yiiksekligi i¢in

korelasyon faktori

: COST-231 Hata Yontemi’nde ilgilenilen ortama bagli olarak zayiflamaya

eklenen sabit

: Is1g1n bosluktaki hizi

: Alma noktasina yakin yerdeki binalarin ortalama yiiksekligi (5-50 m)

: Alma noktasinin baz istasyonu tarafindaki bina ytiksekligi (20-100 m)

: Baz istasyonu civarindaki binalarin ortalama yiiksekligi

Baz istasyonu anteninin kazang faktoriidiir

Hareketli aracin anten yiikseklik kazanci

: Baz istasyonu anteninin yiiksekligi
: Catinin ytiksekligi

: Baz istasyonu antenlerinin komsu binalarin ¢at1 tepelerinin altinda olmast

durumundaki yol kayb1

: Coklu-ekran kirmim kaybu ile uzaklik arasindaki bagintiy1 ifade eder
: Coklu-ekran kirmim kaybi ile frekans arasindaki baginti

: Yaymim sabiti

: Arazi diiz degilse ve kara-deniz karisimi ise Okumura tarafindan verilen

toplam zayiflama diizeltme faktorii

: Dalgal1 tepeli yerler icin diizeltme faktorii
: Egimli arazideki diizeltme faktorii

: Kara-deniz karisimi (deniz kenari) araziler i¢in diizeltme faktorii

X1



msd

average

max

average

PNlos

AhMobile

Ahbase

4

: COST-231 WI yonteminde ¢oklu ekran kirnim kaybi (dB)
: Son ¢at1 tepesinden bulunulan noktaya olan kirinim ve sagilma kaybi (dB)
: Bulunulan caddeki konumlanis kaybi (dB)

: Baz istasyonu antenlerinin ¢at1 tepe seviyesinin alt1 veya iistii durumuna

bagli olarak kayiplar (dB)

: Bir radyo-linkte alic1 ve verici arasinda hi¢ bir engel yokken ki zayiflama

: Okumura yontemindeki (diiz arazi ve kentsel ortam i¢in)

ortalama yol kaybini logaritmik olarak veren ifade

: Olgiim yapilan nokta, baz istasyonunun hemen altindaki caddede

bulunuyorsa fazladan zayiflama

: Bir 6l¢lim noktasinda alt1 dakikalik siire icinde 6l¢ii aletine gelen elektrik

alanin ortalama degerini 377’e bolerek bulunan manyetik alan ortalamasi

: Bir 6l¢lim noktasinda alt1 dakikalik siire icinde 6l¢ii aletine gelen elektrik

alanin maksimum degeri

: Alicida elde edilen gii¢

: Bir 6l¢clim noktasinda alt1 dakikalik siire icinde 6l¢ii aletine gelen elektrik

alanin ortalama degeri

: Binalar aras1 uzaklik

: Mobilin bulundugu sokagin genisligi
: COST-231 WI Yontemi’nde bulunulan caddede bina ile 6lgiim noktas1

arasindaki yatay (dik) uzaklik

: igaretin zayiflama degeri

: Cat1 yiiksekligi ve mobil arag yliksekligi arasindaki fark

: Baz istasyonu anten yiiksekligi ve cati tepe yliksekligi arasindaki fark

: Bulunulan caddedeki a¢1 (bulunulan noktayla baz istasyonu antenini

birlestiren dogruyla caddedeki hareket dogrultusu arasindaki ag1)

: Antenin normaliyle yapilan yatay ac1

: Yiikselme agis1 (6l¢iim yapilan noktayla baz istasyonu anteni arasindaki

diisey ac1)

: Bulunulan noktayla cati tepe kosesi arasindaki ag1
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CcoSsT

COST - 231w1

CDMA
EIRP
ERP
FDM
GMSK
LOS
MT
NLOS
PCM
TDM
UMTS
WI — MAX

KISALTMALAR DiZIiNi

: Europeon Cooperative for Scientific and Technical

: Europeon Cooperative for Scientific and Technical Walfisch

Ikegami

: (Code Division Multiple Access) Kod Bolmeli Coklama

: Effective Isotropic Radiated Power (Etkin Izotropik Yayilim Giicii)
: Effective Radiated Power (Etkin Yayilim Giicii)

: Frequency Division Multiplexing (Frekans Bélmeli Coklama)
: Gaussian Minimum Shift Keying

: Line of Sight (Direkt Goriis)

: Mobile Terminal (Gezgin Birim)

: Non-Line of Sight (Direkt Goriis yok)

: Pulse Code Modulation (Vurus kodlamali Modiilasyon)

: Time Division Multiplexing (Zaman Bélmeli Coklama)

: Universal Mobile Telecommunications System

: Verici anteninden yaklasik 50 km mesafeye kadar bir etki alan1 ve

75 Mbps indirme hiz1 olmasi planlanan bir ¢esit kablosuz baglanti
sistemidir.
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1. GENEL BiLGILER

1.1. Giris

Giliniimiizde bina dis1 kablosuz iletisimde deneysel verilere dayanarak her hangi bir
noktada olusabilecek zayiflamay1 veren cesitli yontemler kullanilmaktadir. Bu konuda en
eski yontem Okumura Y 6ntemi’dir. Bu yontem yapilan deneysel ¢alismalarin sonucunda
tiretilen grafiklere dayanir. Okumura yontemi mevcut yontemlerin muhtemelen en
yaygin kullanilanidir. Sadece kentsel, varos ve kirsal ortamlart hesaba katmaz, ayrica
degisik tip arazilerin etkisini de aciklar.

Bir bagka yontem de Hata YoOntemi’dir. Okumura teknigini bilgisayarda
gerceklestirmede ve kolayca uygulamada, Hata, Okumura tarafindan gelistirilen grafiksel
veriyi agiklamak i¢in deneysel bir yontem gelistirmistir. Hata, Okumura’nin zayiflamayi
bulmak i¢in verdigi grafiksel yontemi bagintiya dokerek bilgisayar ve matematige daha
uygun bir formata sokmustur.

Hata yonteminin frekans bant genisligini 2 GHz’e kadar genisletmek ve ortama

bagli olarak eklenen bir sabit deger (Cm) ile COST-231 Hata yontemi gelistirilmistir.

Bir digeri de Erceg Yontemi’dir. Bu yontem kablosuz servisler tarafindan 1.9
GHz'de 95 makro hiicreden toplanan deneysel veriler temel alinarak olusturulmustur
(Kavas, Yilmaz ve Cabuk, 2003).

Bu yontemlerden bagka yine Okumura’nin detayli analizine dayanan, kentsel
ortamlar ve mikro hiicreler i¢in gelistirilen Sakagami-Kuboi Y 6ntemi vardir.

Son olarak en zengin parametreli yontem olan COST-231 Walfisch-lkegami
Yontemi’ni de bu listeye dahil edebiliriz. Diger yontemler direkt goriis (LOS) i¢in baginti
gelistirmesine ragmen bu yontemde hem direkt goriis hem de direkt goriisiin olmadig:

(NLOS) durumlar i¢in zayiflamay1 veren bagintilar gelistirmistir.



1.2. Bina Dis1 Zayiflamay1 Veren Yontemler

1.2.1. Okumura Yontemi

Tokyo ve c¢evresindeki bir dizi Ol¢limlere dayanarak, Okumura mobil baz
istasyonundaki ortalama giicli kestirmede deneysel bir yontem ileri siirmiistiir. YOntem,

kentsel ortamdaki (diiz gibi) yer sekli i¢in bos uzaya gore ortalama zayiflamayi, A4, (f,d)

aciklayan bir dizi egriye dayanmaktadir. Toplam kayiplari
Lso:LFS+ARu(fad)"'HTu(hrad)"'HRu(hR»d) (1.1

olarak gosterebiliriz.

Burada, yukarida oldugu gibi, L, bos uzaydaki kayiplardir. Denklem (1.1) deki
birinci diizeltme faktorl, 4, (f,d), Sekil 1.2.1’de 100 MHz-1 GHz araliginda frekansa
bagli bir fonksiyon olarak gosterilmistir ve baz istasyonundan uzaklik, T, 1-100km

araliginda alinmistir. Referans baz istasyon anteninin yiiksekligi 4, =200m, ve referans

hareketli anten yiiksekligi /1, =3m ’dir.

A A)(EB)

Kentsel ortfam

7O . 100
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B0 b h::3m///m
50

50

Fo- "{///‘/'/_,://40
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Sekil 1.2.1. Temel zayiflama katsayis1 A, (f,d) frekans ve antenler aras1 uzaklik grafigi
(Blaunstein, 2000).



(1.1)’deki bagintida ikinci diizeltme faktorii, H,,, (h,,d) ayni referans antenleri
(h, =200m, h, =3m) icin Sekil 1.2.2’de gosterilen baz istasyonu anteninin kazang

faktoriidiir.

H_(h .d)(dB)
O r Kentsel ortam d (k)

20 |

10

o
1o b

20

=05 20 20 S50 70 3100 =00 300 500 700 1000

7, (m)

Sekil 1.2.2. Yiikseklik kazang katsayis1 H,,, (h,,d) verici anten yliksekligi ve antenler
aras1 uzaklik grafigi (Blaunstein, 2000).

(1.1)’deki bagintida igiincli diizeltme faktorii H,, (h,,d) Sekil 1.2.3’te gosterilen

hareketli aracin anten ylikseklik kazancidir.

H:r rh: = ﬁ {/{}FB/}

2000AH= AQQ AL =

b ONDO

Orita dlcelkli = A00ASE=

— Biiviik kent

F_ (n:)s

Sekil 1.2.3. Yiikseklik kazang katsayis1 H (h rod ) alic1 anten yiiksekligi, frekans ve
ortam tipi grafigi (Blaunstein, 2000).



Eger anten ytikseklikleri 4. =200m ve h, =3m ’den daha fazla saparsa Sekil 1.2.2 ve
Sekil 1.2.3’teki biitiin diizeltmeler pozitif ve negatif yonlerde degistirilir.
Tepeler, daglar, bitki Ortiisli, genel egimli arazi kara-deniz karisimi arazi gibi diiz

olmayan (kaba) yer sekline sahip daha karisik kentsel ortamlar i¢in, (1.1)’den L, iizerinde

asagidaki diizeltmeler Okumura tarafindan verilmistir.

Lso = Loy + Lo+ Ly +Lgp+ L, (1.2)

Burada, L, Sekil 1.2.4’de gosterilen varos ve agik alanlar i¢in diizeltme

faktortidir. Sekil 1.2.5’te gosterildigi gibi, L, dalgali tepeli yerler i¢in diizeltme

faktoriidiir. Yer dalgalanmasi olmayan arazi faktorii A4, bir arazi diizensizlik parametresi
olarak, aliciyla verici arasindaki 10km’lik bir mesafe icin tamimlanan belirli bir

yuksekliktir. (Sekil 1.2.5’te gosterilmistir) Egimli arazideki diizeltme faktori, Lg,

Sekil 1.2.6’da gosterilmistir. Ortalama egim parametresi, € agisi, pozitif veya negatif
olabilir ve genellikle egimli arazi i¢in 60km, 10km’den az ve 30km i¢in dl¢iliir. Kara-

deniz karisiml diizeltme faktort, L,

Sekil 1.2.7°de gosterilmistir. Su tarafinda kalan toplam radyo yol uzunlugunun
yiizdesiyle belirlenir. Okumura yaklasimi mevcut yontemlerin muhtemelen en yaygin
kullanilanidir. Sadece kentsel, varos ve kirsal ortamlar1 hesaba katmaz, ayrica degisik tip
arazilerin etkisini de agiklar. Biitiin olgular ve etkiler pratikte iyi hesaplanabilir. Fakat
biitiin diizeltme faktorlerini bilgisayarda gerceklestirmek bu yontemde kiilfetlidir, Clinkii
veri grafiksel formda mevcuttur. Bundan dolayi, bilgisayarda gergeklestirmede veri,
bilgisayar bellegine noktadan noktaya bigiminde girilmek zorundadir ve interpolasyon (ara

degerleri bulma) rutinleri ara hesaplamalar i¢in yazilmalidir (Blaunstein, 2000).

1.2.2. Hata Yontemi

Okumura Yontemi’ni bilgisayarda gerceklestirmede ve kolayca uygulamada, Hata
Okumura tarafindan verilen grafiksel veriyi agiklamak i¢in deneysel bir yoOntem

gelistirmistir. Bu Sekil 1.2.1 ile Sekil 1.2.7 arasindaki sekillerde gosterilmistir. Kentsel,



varos ve kirsal alanlar i¢in Okumura’nin ortalama yol kaybina ait analitik ifadeleri sadece
yaklagik diiz arazilerde uygulanabilir ve bu ifadeler logaritmik olarak giris parametrelerinin

belirli sinirlamalar: tarafindan sinirlandirilir.

Ly, =69.55+26.16log f; —13.82 log &, —a(h, )+(44.9-6.55 log h, ) log d (1.3)

Burada, 150 < f, <1500 MHz, 30<h, <200m, 1< h, <10m,
ve 1<d <20km’dir. Denklem (1.3)’deki biitiin parametreler Okumura Y 6ntemi’ndeki ile
aynmidir. a(h,) fonksiyonu asagidaki gibi hesaplanan mobil anten yiiksekligi icin

korelasyon faktoriidiir.

Orta 6lcekli kentler i¢in
a(h,)=(1.1log f, —0.7)h, —(1.56 £, —0.8) (13.)
biiyiik kentler i¢in;

alh,)=829x(log1.54x h, ) —1.1,  f, <200 MHz

=3.2x(log 11.75x h, ) —4.97, f, >400 MHz (1.3.b)
Varos bolgeler i¢in
f 2
Ly, (suburban) = Ly, (urban)—2| log| 2% || —5.4(dB)
28 (L4)

Acik ve kirsal bolgeler i¢in

Ly (rural) = Ly, (urban)—4.78x [log £, | —18.33x log f; —40.94(dB) (1.5)
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Sekil 1.2.4. Okumura yontemi i¢in diizeltme katsayisi grafigi (Blaunstein, 2000).
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Sekil 1.2.5. Egimli tepe arazisi diizeltme katsayisi-arazi dalgalanma ytikseklik grafigi
(Blaunstein, 2000).

varos ve kirsal alanlar i¢in yapilan diizeltmelerle parametreler arasindaki iligkilerin hata

tarafindan yapildig1 analitik bagintilar1 (1.4) ve (1.5)’yi izleyerek L, (kentsel) (1.3) ve

(1.3.ave 1.3.b)’e gore kentsel alandaki yol kaybin1 gosterir.
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Sekil 1.2.6. Teorik kestirim ve 6l¢iimlerden elde edilen egimli arazi diizeltme katsayisi

grafigi (Blaunstein, 2000).
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Sekil 1.2.7. Kara-deniz diizeltme katsayisi-uzaklik (% olarak) grafigi

(Blaunstein, 2000).
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Sekil 1.2.8. Ortalama yol kaybi-vericiden uzaklik grafigi (Blaunstein, 2000).

Son formiiller, ayrica, diizeltme fonksiyonunun kiigiik, orta ve biiylik sehirler igin
olan farki da agiklar. Farkli alanlar1 i¢in yol kaybi farki Sekil 1.2.8’de gosterilmistir. Bu
sekillerde h. =200m ve h, =3m i¢in 900 MHz’deki ortalama yol kayb1 iki terminal
arasindaki uzakliga (km olarak) bagh olarak ¢izilmistir. Yol kayb1 fark: kiiciik veya biiyiik

kent i¢in ihmal edilebilir ve 1-2 dB’i asmaz.

Hata model
- OQkumura data
’o Kerntsel ortam
so h, = 3m
P 60 kom
B so
~ 20 ko
3 kEm
I e
1 OO0
F(ALH=)

Sekil 1.2.9. Okumura’nin nokta dl¢timleri ile Hata yontemi’nin kestiriminin
karsilagtirilmasi grafigi (Blaunstein, 2000).



Hata yonteminin orijinal Okumura ydntemindeki biitiin spesifik diizeltmeleri
icermedigine dikkat etmeliyiz. Fakat Hata’nin formulasyonlariyla Okumura’nin Orijinal
egrilerinin &, =200m ve h, =3m ig¢in verdigi sonuclar arasindaki fark ihmal edilebilir
diizeydedir ve Sekil 1.2.9’dan da goriilecegi gibi 1-2 dB’i nadiren asar. Ayrica Hata’nin
analitik ifadeleri hesaplamak i¢in veriler bilgisayara kolaylikla girilebilir (Blaunstein,

2000).

P, seld)dB =69.55+26.16log ,(f.)-13.821og,,(%,)
—a(h,)+(44.9-6.551og,,(h, ))log,,(d) (1.6)

Tablo 1.2.1. Hata yontemi’nin getirdigi kisitlamalar (Blaunstein, 2000).

Parametreler Aralik degerleri
Frekans [100,1000]MHz
BS yiiksekligi [30,200]m

MT yiiksekligi [1,10]m

BT ile MT arasindaki mesafe [1,20]km

1.2.3. COST-231 Hata Yontemi

Europeon Cooperative for Scientific and Technical (COST) un, Hata Y&ntemi’nin
frekans bant genisligini 2 GHz’e kadar genisletmek i¢in yapilan diizeltme sonucu elde

edilen yontemdir.

P, puld)dB =46.3+33.9log,,(f.)-13.82lod, (1, )

—a(h,)+(44.9-6.551log,,(h, ))log,,(d)+C, (1.7)

Normal Hata Yontemi’nden farki ilgilenilen ortama bagli olarak tanimlanan C,
parametresidir. Burada, C, yar1 kentsel alanlarda ve orta biiytikliikteki sehirlerde 0 dB’dir

ve biiyiik kentler ve alanlarda 3 dB’dir. Diger parametreler bir 6nceki ile aynidir. Bu

yontem parametrelerin asagidaki araligi i¢in kisitlanmustir.
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Tablo 1.2.2. COST-231 Hata Y6ntemi’nin getirdigi kisitlamalar
(Blaunstein, 2000).

Parametreler Aralik degerleri
Frekans [1500,2000]MHz
BS ytiksekligi [30,200]m

MT ytiksekligi [1,10]m

BT ile MT arasindaki mesafe [1,20]km

Burada f, :tastyic1 frekansi (MHz), d :baz istasyonuyla mobil arasindaki uzaklik
(km), h,:baz istasyonu anteninin yiiksekligi (m), A, :mobilin yerden yiiksekligi (m)

cinsinden alinir (Blaunstein, 2000).
1.2.4. Sakagami-Kuboi Yontemi

Okumura sonuglarinin detayli analizine dayali 450 MHz-2200 MHz frekans
araliginda gecerli kentsel ortamlar i¢in kii¢iik hiicreleri planlamada kullanilabilecek

yontemlerden biridir (Stewart, 2010).

Bu yontemde logaritmik olarak yol kaybini veren baginti:

L,(dB)=100—7.1x log(#) +0.023 x (¢) + 1.4 x log(h ) + 6.1 x log(H )

~{24.37-37 x(%j}x log(h, ) (1.8)

+{43.42 - 3.1xlog(h, )} x log(d) + 20 x log( 1) + el eetr1323]

Burada;

W : Alma noktasindaki yolun genisligi (5-50 m)

¢ : Baz istasyon yoniine gore (konumlanma agis1) yolun oryantasyonu (0-90°)
h, : Alma noktasinin baz istasyonu tarafindaki bina yiiksekligi (20-100 m)
(H): Alma noktasina yakin yerdeki binalarin ortalama yiiksekligi (5-50 m)

H : Baz istasyonu civarindaki binalarin ortalama yiiksekligi
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Sekil 1.2.10. Sakagami-Kuboi yontemi’nde kullanilan parametrelerin gosterimi
(Stewart, 2010).

1.2.5. COST-231 Walfisch-Ikegami Yontemi

Bina dislar1 i¢in [Corro7] iki yontem onerilir, COST-231 Okumura-Hata Yontemi
ve COST-231-Walfish Ikegami Yontemi. Okumura-Hata [Hata80] ve Okumura [OkOh 68]
yontemlerine  dayanir ve  Walfish-lkegami, = Walfish-Bertoni  [WaBe88] ile
Ikegami[IkY084]'nin kombinasyonunun sonucudur. Bunlar kentsel, kent dis1 ve kirsal
ortamlar i¢in gelistirilmislerdir. Okumura-Hata uzak mesafeler i¢indir, genellikle 5 km’den
daha biiyiik mesafeler icindir. Walfisch-lkegami hem kentsel, hem de kent dis1 (kent
cevresi) ortamlarda mesafenin 5 km’den daha az oldugu durumlarda kullanilir. Yol kayip

tahmini i¢in bu yontemin parametreleri; binalarin yiiksekligi 4, ; yollarin genisligi W,

binalar aras1 mesafe (W,) ve yolun direkt radyo dalga yoluna gére konumlanis1 ¢ dir.

L,=Ly+L,,+L, (1.9)
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Sekil 1.2.11. COST-231 WI yontemi’nde kullanilan parametrelerin gésterimi
(Margues, 2008).
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Sekil 1.2.12. Olg¢iim yapilan caddede baz istasyonundan gelen elektromanyetik dalgann
gelis acisina bagli olarak zayiflamanin degisimi (Margues, 2008).
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Sekil 1.2.11 ve Sekil 1.2.12°de gosterildigi gibi. Bu yontemin bir 6zelligi vardir,
LOS’u NLOS’tan ayirir. LOS yaymimi i¢in (¢ = 0) kayip (1.10) bagintisiyla hesaplanir.

NLOS yaymimt i¢in kayip ii¢ terimden olusur: bos uzay kaybr (L,), ¢oklu ekran kirmim

kayb1 (L, ,), ve cat1 tepesinden caddeye olan kirinim ve sacilma kayb1 (L, ), Bu ylizden
NLOS’ta tahmin denklem (1.11) bagintisiyla ile hesaplanir.
L a5 = 426+ 261og(d},,.1 )+ 2010g( f111 ) d 2 0.02 m (1.10)
1 Vs F Letas + Laan) L Lipsa >0 (1.11)
p[dB] LO[dB] Lrts + Lmsd < O .
Bos uzay kaybi
Logas) = 32.4 +20log(dp,1 )+ 2010g( fi,.1) (1.12)

ile verilir. L terimi temel olarak en son cat1 tepesi ile MT (Mobile Terminal) arasindaki

kaybr agiklar. Bu parametre Ikegami yontemine dayanir (cadde konumlanist ve cadde
genisligini hesaba katarak). Fakat Ikegami’den baska COST-231 farkli bir cadde

konumlandirma fonksiyonu kullanir.

L, a5 =—16.9-10 log(ws[m] )+ 10 log(f[MHz] )+ 20 log(Ahmobile{m] )"’ L, jan (1.13)

Burada :

Ah,, .- catt yiiksekligi ve mobil arag yiiksekligi arasindaki fark (1.14) bagintistyla
Ay ropitdm] = Proosim] — Patoitdm] (1.14)

L,,.: cadde konumlanis (oryantasyon kaybi) (1.15) bagintisiyla



14

~10+0.354x gy 0'<p<35
Lopgan) =12:5+0.075x (g =35) 35 < <55 (1.15)
4.0-0.114x (g, ~55) 55 <@ <90

L, ,: parametresi temel olarak BS (base station, baz istasyonu) antenleri ve son ¢at1 tepesi

ve mobil terminal arasindaki kaybir agiklar. Walfish ve Bertoni Orjinal Yontemi (COST-
231)’nin baz istasyonu antenlerinin yiliksekliginin ¢at1 tepe yiiksekliginden asagida oldugu

durumda Ol¢limlere dayali deneysel fonksiyonu kullanarak (uzantisi) ortaya ¢ikar.
L, itan) = Logifan) Tk, + k4 % log(d [fom] )"‘ k, x log(f[MHz] )_ 9 log(Wb[m]) (1.16)

Burada:

L, ,: Baz istasyonu antenlerinin cat1 tepesi seviyesinin alt1 veya iistii durumlarina bagh

olan kayiplar.

3 —18 log(l + Ahbase[m]) hbase > hROOf (1 17)
bshldB] — 0 hbm < hRoof .

Ah, .- Baz istasyonu anten yiiksekligi ve cati tepe yiiksekligi arasindaki fark (1.44)

base*

Ahbasa{m] = hbase{m] - hRoaf[m] (1 . 1 8)

k,: Baz istasyonu antenlerinin komsu binalarin ¢ati tepelerinin altinda olmasi

durumundaki yol kaybinin artigini temsil eder.

54 hbase > hRoof
k,=:54-08xAh,,, d>0.5km ve  h,,, <hg,, (1.19)
S4—1.6x Al xdy,  d <0.5km ve by, <hy,,



15

k, : coklu-ekran kirinim kaybz ile uzaklik arasindaki bagintiy1 ifade eder.

18 h >h

base roof
ki =918 15x Mbase by <h,, (1.20)
roof
k ; : ¢oklu-ekran kirmim kaybu ile frekans arasindaki bagimti.
Jon I
—4+0.7x 95 1 Orta bityiikliikteki sehir
k, = (1.21)

! fi
[MHz]
—4+1.5x% (E - 1j}\/]etropoller i¢in

Eger yap1 ortam bilgisi bilinmiyorsa asagidaki degerler onerilir.

M) = 3% {kat sayisi}+ catryuksekligi;,

Om...catiduzise

3m...catiegimli i
catiy uksekligir,| ={ m....catiegimli lse}

Wy =20...50-- -(binalar arasi uzaklik )

/4

s[m

1= Wy1/2-- .(Mobilinbulundugu sokagin genisligi )

@ =90" Tablo 1.2.3’{in gdsterdigi gibi, COST-231 WI Yontemi’nin simirlamalari vardar.

Onlardan biri, 6nceden belirtilmistir, kisa mesafe tahminidir, digeri UMTS frekanslari i¢in
olan smirlamadir, yani sistem frekans (2000 MHz ve yukarisi) tayfi onu tamamen

kapsamaz. Bu yontemde, standart sapma [4-7] dB civarinda degerler alir ve #,,.,, A, ‘@

[Corr(7] gore azaldiginda hata artar.
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Tablo 1.2.3. COST-231 WI Yontemi’nin getirdigi kisitlamalar

(Margues, 2008).
Parametreler Aralik degerleri
Frekans [800, 2000]MHz
BS yiiksekligi [4,50]m
MT yiiksekligi [1,3]m
BT ile MT arasindaki mesafe [0.02,5]km

Bazen baz istasyonu binanin tepesinde oldugunda ve bina mobil terminale komsu
oldugunda yol kaybi hesabi (1.22)’e gore yapilir. Fazladan zayiflama [WaACO3]’e
baglidir ve catidan mobil terminale olan kirinim yiiziinden olan zayiflamayi temsil eder.

Bu (1.23)’1 kullanarak hesaplanabilir.

L a1 = Lofas] + L peurafas] (1.22)
Burada L, ,,: Fazladan zayiflama, bu terimde (1.23) denklemiyle verilir;
1 1 1
Lpyirafan) =—20l0g - (1.23)
PextraldB] \/ﬂ-xer[m] (H[rad] Zﬂ—g[md] }

0: Sekil 1.2.13.de gosterildigi gibi, (1.24) ile tanimlanan mobil terminal ve gati tepe

kosesi arasindaki agi.

Ahmn ildm
Oy = tan” [MJ (1.24)

Hn]

k: (1.25)’ de verilen yaymnim sabiti
r: Sekil 1.2.13.’de gosterilen ve (1.52) bagmtistyla verilen ¢at1 tepeleri ile mobil terminal

arasindaki uzaklik.

k= 2><7Z'><f[MHz]

1.25
300 (123)
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] = \/ (AhMobile{m] J+ Xl (1.26)

Ah,, ... Cat1 yiiksekligiyle mobil terminal yiiksekligi arasindaki fark.

x : Mobil terminal ile kirinim kenarlar1 arasindaki yatay uzaklik.

Sekil 1.2.13. Olgiim yapilan caddede dndeki bina tepesiyle durma noktasindaki aginin
gosterilmesi (Margues, 2008).

Bina dislari i¢in, 3GPP, [3GPP98] tarafindan Onerilen bir bagka yontem vardir. Bu yontem,
kentsel ortamlardaki [ XiBe94] bazi 6nlem ayarlamalariyla [WaBe88]’e dayanir. Bu yiizden
bu yontem i¢in tahmin edilen kayip soyle ifade edilir (Margues, 2008):

2 2
L [dB] :—IOIOg —ﬂ/m —IOIOg ﬂgm] L - !
P 4><7Z'Xd[m] 2xX 7T XV[m] g[md] 27Z'+0[md]

1.8
2.35° Wylm]
—10log i A00i8,0] (Ahwse[m] T (1.27)

m]

Burada A :dalga boyu

Bu yontem, COST-231 WI’deki gibi ii¢ par¢aya boliinebilir. (1.27)’in ilk parcasi
L,’1 temsil eder, ikincisi L, ’yi ve sonuncusuda L, ’yi temsil eder. Bu yontemin
sinirlamalar1 vardir. BS anten yiiksekliginin ¢ati-tepe seviyesinin iizerinde oldugunu kabul

base

eder, her hangi bir sart altinda L 2o Lo ’dan daha az olmayacaktir, Ak, ,0—50m arasinda
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olmalidir ve binalarin hemen hemen ayni yiikseklikte oldugu durumlarin disindaki, kent
dis1 alanlardaki test senaryolarina uygulanabilir olmalidir.

COST-231 WI Yontemi ITU-R tarafindan kabul edilmistir ve rapor 567-4’e dahil
edilmistir. Path Loss’un kestirimi (tahmini) cat1 tepe seviyesinin yukarisindaki istasyon

anten yiikseklikleri i¢in olan dl¢iimlerde (4, > fy,,,) uyumludur. Kestirim hatasi

base

(Myuse >> hg,op) durumlanyla kargilagtinldiginda (4, = hg,,,) i¢in hata biyik olur.

base base

Ayrica (h,,,, <<hy,,,) igin yontemin performansi zayiftir. Tahminin giivenirliligi yer

base

Ortiisii, bina yiiksekligi, bina aras1 genislik ve caddenin genisligi homojen olmadiginda

diiser (Margues, 2008).



2. YAPILAN CALISMA VE BULGULAR

Ol¢me islemine baslamadan dnce sehir merkezinde TV vericisi, FM vericisi, telsiz
vericisi ve GSM 900 bandini kullanan diger operatorlerden uzak ve her sektérde yalnizca
tek anteni bulunan bes baz istasyonu segilerek dlgme islemine baslanmistir. Olgmeye GPS
Olcii aletini bes GPS uydusunu gorecek sekilde ayarlayarak, baz istasyonu anteninden uzak
herhangi bir noktadan baslayarak yontemin kisitlamalarindan biri olan baz istasyonu
antenine 20m’lik bir uzaklik kalacak sekilde (uzaktan yakina) 183 direkt goriistin olmadigi
noktada 6l¢iim yapilmistir. Olgiim yapilan her noktayla baz istasyonu arasinda kalan
binalarin yiikseklikleri, binalar arasi genislik, iki bina orta noktasi arasindaki uzaklik
lazermetreyle olgiilmiistiir. Olgiim yapilan her noktadaki enlem ve boylam bilgisi not
edilmistir. Olgiim esnasinda cep telefonu gibi alan meydana getiren aletlerin kapali
tutulmasina dikkat edilmis, 6lcii aletiyle 6 dakika boyunca elektrik alan probu kullanilarak
alan dl¢iilmiis ve akabinde 6lcii aleti sifirlanmistir. Olgme islemi konusma trafiginin yogun
oldugu (saat: 10:00-15:00) saatlerde yapilmis ve Olgmenin yapildigi zaman bilgisi
kaydedilmistir. Yine ol¢ii aleti yerden 1.36 m yiiksekte bir standin iizerine konularak
Olciim yapilmistir. Arazide GPS’le enlem ve boylam bilgisi alinan 6l¢lim noktasi ve baz
istasyonunun koordinat bilgileri Google Earth’e yerlestirilerek 6l¢iim noktasiyla baz
istasyonu arasindaki uzaklik, baz istasyonu anteniyle yapilan yatay a¢1 ve 6l¢lim noktasinin
kuzeyle yaptig1 (azimuth agis1) a¢1 Google Earth’ten yararlanarak bulunmustur. Google
Earth tlizerine her 6l¢iim noktasinda 6l¢iim noktasiyla ilgili 6l¢tim degerleri (elektrik alanin
ortalamasi, maksimum degeri, bina yiiksekligi vs.) etiket olarak kaydedilmistir.

Her ol¢tim noktasi baz istasyonunun yakin alanindan uzak (yontemin kisitlamasi)
oldugu icin elektrik alan ve manyetik alan arasindaki iliski dogrusaldir Bu 6zellikten
faydalanarak once 6l¢timle bulunan elektrik alanin ortalama degerinden hareketle manyetik
alan, gii¢ yogunlugu, giic ve zayiflama degerleri bulunduktan sonra bunlarin uzakliga bagl
olarak MsExcel’den faydalanarak grafikleri ¢izilmistir. Olgiim yapilan yerdeki 6lgii
aletinin ne kadar yiikseklikte tutuldugu bilgisi ve baz istasyonu anteninin yiiksekliginden
faydalanarak diiseyle (ylikselme) yapilan agiyla, Google Earth’ten yararlanarak bulunulan

noktanin baz istasyonu anteninin normaliyle yapilan yatay (azimuth) a¢1 dikkate alinarak
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antenin kazancindaki azalma bulunarak baz istasyonu anteninden yayinlanan gii¢ (EIRP)
bulunmustur.

Olgiim noktasinda dlgiilen ve yontem icin gerekli olan degerler Matlab kullanilarak
Olclim noktasindaki zayiflama, bos uzay yol kaybi gibi degerler hesaplatilmis ve
cizdirilmistir. Her baz istasyonu 6l¢iim degerlerini kullanarak bulunan degerlerle, yontemi
kullanarak bulunan degerlerin aritmetik ortalamasiyla standart sapmasi hesaplanarak

bulunmustur.

2.1. ORMEH

Ordu Merkez Bahgelievler Mahallesi Mehmetcik Bulvari {izerinde bulunan Ormeh
adli baz istasyonunun kapsam alani i¢cinde kalmak kaydiyla direkt goriisiin olmadig1 49
noktada Olg¢ii aletinin elektrik alan probu kullanilarak Ol¢iim yapilmig bu Olglim
degerlerinin maksimumu 0.6992 (V/m), 49 noktada yapilan 6l¢liim degerlerinin ortalamasi
0.210007692 (V/m) standart sapmasi 0.134035667 (V/m) olmasma ragmen ii¢ noktada
Olcii aleti sifir degerini gostermistir. Baz istasyonu anteni 9 metre yukarida, iki sektdrden
olusan ve her sektdrde birer X polarizasyonlu antenin bulundugu, her iki sektorde de
antene verilen giiclin 11.74 watt oldugu, iki hiicrede toplam olarak dokuz degisik frekansin
kullanildigi, 72 kisinin ayn1 anda konusabildigi yaklasik 500 metre yarigapli bir baz

istasyonu.
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2:40:53 pm

CX(0. 67Mim)

Sekil 2.1.2. Mehmetgik Bulvari’nda 6l¢iim yapilan alanin resmi
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Tablo 2.1.1. Mehmetgik Bulvari’ndaki baz istasyonunun 6zellik ve 6l¢tim degerleri

telefon sayisi

Site Ad1 ORD Turgut Ozal Bulvart
Site NO 42411
Sistem Koordinat o o
Bilgileri 40.983806°N 37.891611°E
Cell1(0°) Cell2(100°)
(ﬂiﬁ':i'?i') 936.4(7),940.8(29),944(45), 938'2&62)’89(‘;29')4(37)’
944.4(47), 944.8(49) 945.8(54)
Bir anda
konusabilecek 5.8=40 4.8=32

Anten tipi kazanci
ve uzunlugu(mm)

739632(15dBi) (1296 mm)

739684(15dBi) (1296 mm)

Yatay 3dB acikhig: 65° 65°
Diisey 3dB acikhg 15° 14°
Anten Yeri GiYDIRME GiYDIiRME
Anten Yiiksekligi om 9m
Anten Agis1 90° 240°
Anten Tilt Agisi 8° 6°
Feeder Tipi s 19— LCF % inch(12m)-
LCF % inch(12m)-7/100%12=0.84dB 7/100%12=0.84dB
Power Splitter Tipi
ve sayisi var var
Hybrid Combiner var var
Giivenlik 8.34m 8.34m
mesafesi(m)
Verici giicii(W) 11.74 11.74

Kanal basina diisen
alan(m®)

(R=500m,7.R*=282743.3m’, 785000m*/72 kanal=10902 m’/kanal




Tablo 2.1.1.’in devami

23

Nokta Azimuth Antenden Emax
adi Enlem(®) Boylam(°) ac1si°) uzakhk (V/m)
(km)

A 40.983790°N 37.891370°E 266.23 0.0206 1.0948
B 40.983510°N 37.891220°E 225.27 0.04795 1.0948
AX 40.983340°N 37.892284°E 76.09 0.07609 0.6164
G 40.983086°N 37.891109°E 263.17 0.09026 0.2852
F 40.983110°N 37.890960°E 207.71 0.09464 0.4968
C 40.983570°N 37.890500°E 215.09 0.09653 1.15
E 40.983130°N 37.890640°E 254.51 0.11044 0.3772
BX 40.983132°N 37.892749°E 121.5 0.1215 0.276
H 40.983010°N 37.890590°E 227.42 0.12288 0.3404
D 40.983170°N 37.890350°E 126.99 0.12699 0.4508
h 40.982734°N 37.890845°E 135.13 0.13513 0.8924
K 40.983285°N 37.889948°E 224.05 0.15095 0.5796
j 40.982751°N 37.890470°E 236.31 0.15138 0.874
M 40.983550°N 37.889824°E 208.7 0.15266 0.6532
J 40.983075°N 37.889936°E 257.91 0.16248 0.3772
L 40.983208°N 37.889833°E 247.54 0.16331 0.4416
DX 40.983198°N 37.893433°E 167.30 0.1673 0.322
g 40.982445°N 37.890615°E 272.43 0.17245 0.46
R 40.982946°N 37.889808°E 256.31 0.17892 0.4324
[ 40.982829°N 37.889894°E 239.84 0.18005 0.7636
0] 40.983130°N 37.889585°E 246.06 0.18532 0.4324
N 40.983291°N 37.889508°E 252.09 0.18569 0.414
f 40.982286°N 37.890623°E 206.37 0.18719 0.46
c 40.982436°N 37.890272°E 216.59 0.18862 0.5612
X 40.982967°N 37.889488°E 242.36 0.18884 0.4324
S 40.982795°N 37.889791°E 233.75 0.18944 0.4508
P 40.982959°N 37.889644°E 240.32 0.1902 0.4508
JX 40.982265°N 37.892633°E 191.98 0.19198 0.69
k 40.982607°N 37.889932°E 226.73 0.193 0.3956
EX 40.982870°N 37.893563°E 194 0.194 0.2944
HX 40.982087°N 37.892097°E 196.24 0.19624 0.276
z 40.982842°N 37.889466°E 239.38 0.2091 0.4048
Vv 40.982632°N 37.889618°E 232.11 0.21152 0.6532
T 40.982531°N 37.889742°E 227.99 0.21155 0.46
b 40.982261°N 37.890103°E 216.68 0.21301 0.4416
d 40.982138°N 37.890307°E 210.71 0.21455 0.3864
e 40.982000°N 37.890600°E 203.04 0.21719 0.46
MX 40.983192°N 37.889163°E 251.55 0.2175 0.276
Y 40.982701°N 37.889455°E 23591 0.21846 0.322
a 40.982286°N 37.889912°E 220.21 0.22061 0.414
NX 40.983224°N 37.888977°E 253.68 0.23095 0.3588
W 40.982509°N 37.889448°E 231.97 0.23197 0.4968
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FX 40.982533°N 37.893928°E 2413 0.238 0.1196
LX 40.981729°N 37.890588°E 200.31 0.24641 0.1932
RX 40.983285°N 37.888749°E 256.31 0.24825 0.3128
XX 40.983302°N 37.888480°E 257.91 0.26964 0.644
X 40.983395°N 37.888002°E 260.72 0.30661 0.2576
KX 40.981647°N 37.890788°E 246.91 0.32748 0.1932
zX 40.983479°N 37.887587°E 263.78 0.34091 0.9292
WX 40.983405°N 37.887172°E 263.17 0.37623 0.506
10,4 40.983501°N 37.886873°E 265.1 0.39997 0.2944
UX 40.983972°N 37.886525°E 272.43 0.42837 0.3404
Ortalama Ortalama
0.195986731 0.486538462
Standart Standart
Sapma Sapma
0.079964745 0.229962163
Nokta
wi' | Ewersge | Hiverage | Paverage Pr(W) Pr(aBm)
A 0.6992 0.001854642 0.001296766 1.07381E-05 -19.69071763
B 0.3956 0.001049337 0.000415118 3.43746E-06 -24.63762036
AX 0.4232 0.001122546 0.000475062 3.93384E-06 -24.05183284
G 0.184 0.000488064 8.98037E-05 7.43637E-07 -31.28638956
F 0.3956 0.001049337 0.000415118 3.43746E-06 -24.63762036
C 0.414 0.001098143 0.000454631 3.76466E-06 -24.2427392
E 0.2116 0.000561273 0.000118765 9.8346E-07 -30.07243275
BX 0.092 0.000244032 2.24509E-05 1.85909E-07 -37.30698947
H 0.2116 0.000561273 0.000118765 9.8346E-07 -30.07243275
D 0.2484 0.000658886 0.000163667 1.35528E-06 -28.67971419
h 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
K 0.3956 0.001049337 0.000415118 3.43746E-06 -24.63762036
j 0.2668 0.000707692 0.000188812 1.5635E-06 -28.05902951
M 0.3864 0.001024934 0.000396034 3.27944E-06 -24.84200366
J 0.2668 0.000707692 0.000188812 1.5635E-06 -28.05902951
L 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
DX 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40502867
g 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
R 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
I 0.2392 0.000634483 0.000151768 1.25675E-06 -29.00752251
0) 0.2668 0.000707692 0.000188812 1.5635E-06 -28.05902951
N 0.2944 0.000780902 0.000229898 1.90371E-06 -27.20398991
f 0.2484 0.000658886 0.000163667 1.35528E-06 -28.67971419
c 0.1564 0.000414854 6.48832E-05 5.37278E-07 -32.69801104
X 0.2576 0.000683289 0.000176015 1.45753E-06 -28.36382884
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S 0.2852 0.000756499 0.000215753 1.78659E-06 -27.4797556
P 0.2484 0.000658886 0.000163667 1.35528E-06 -28.67971419
JX 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
k 0.2208 0.000585676 0.000129317 1.07084E-06 -29.70276464
EX 0.0276 7.32095E-05 2.02058E-06 1.67318E-08 -47.76456438
HX 0.0552 0.000146419 8.08233E-06 6.69273E-08 -41.74396446
Z 0.3036 0.000805305 0.000244491 2.02455E-06 -26.93671067
A" 0.1932 0.000512467 9.90086E-05 8.1986E-07 -30.86260358
T 0.3036 0.000805305 0.000244491 2.02455E-06 -26.93671067
b 0.2576 0.000683289 0.000176015 1.45753E-06 -28.36382884
d 0.2116 0.000561273 0.000118765 9.8346E-07 -30.07243275
e 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
MX 0.0184 4.88064E-05 8.98037E-07 7.43637E-09 -51.28638956
Y 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
a 0.2484 0.000658886 0.000163667 1.35528E-06 -28.67971419
NX 0.0552 0.000146419 8.08233E-06 6.69273E-08 -41.74396446
w 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
FX 0 0 0 0 0
LX 0.0736 0.000195225 1.43686E-05 1.18982E-07 -39.24518973
RX 0.0828 0.000219629 1.81853E-05 1.50587E-07 -38.22213928
XX 0.046 0.000122016 5.61273E-06 4.64773E-08 -43.32758939
X 0 0 0 0 0
KX 0 0 0 0 0
X 0.1288 0.000341645 4.40038E-05 3.64382E-07 -34.38442876
WX 0.0552 0.000146419 8.08233E-06 6.69273E-08 -41.74396446
(0,4 0.0828 0.000219629 1.81853E-05 1.50587E-07 -38.22213928
UX 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40502867
Ortalama Ortalama Ortalama Ortalama Ortalama
0.210007692 0.00055705 0.000164639 1.36332E-06 -29.7169694
Standart Standart Standart Standart Standart
Sapma Sapma Sapma Sapma Sapma
0.134035667 0.000355532 0.000202804 1.67936E-06 9.731142137
Aciya bagh .
Nokta | o Kuzangtaki | & (antenin
adi (Pratik)(dB) toplam azalma yapilan yatay PLO(dB) hRoof(m)
Son EIRP
(dB) acl)
A -61.52611763 -13.8546 23.8
B -79.32832036 -0.9993 14.73
AX -75.36573284 -4.3761 42.35
G -84.40808956 -2.5683 32.29 70.879566 7.5<(hb=9m)
F -78.71992036 -1.6077 2491 71.291154 7.5<hb
C -79.4074392 -0.5253 14.41 71.462905
E -85.15793275 -0.6045 12.58 72.632187 11
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BX -88.71408947 -4.5789 38.31 73.461185 15.5
H -84.93363275 -0.8288 15.95 73.559283 11
D -83.91431419 -0.4554 3.69 73.845049 11
h -82.2193893 -2.8188 313 74.384695 7.5<hb
K -79.74632036 -0.5813 7.54 75.346321 19
] -82.30342951 -1.4456 20.47 75.371029 11
M -79.18520366 -1.3468 19.4
J -83.33572951 -0.4133 0.16 75.985657 12.66
L -84.5302893 -0.5079 6.06 76.029915 12.5

DX -93.39332867 -3.1595 23.9 76.239578 11.75
g -82.2193893 -2.8188 31.12 76.502923 11.5
R -84.2603893 -0.7778 2.29 76.822837 12.33
I -83.80152251 -0.896 6.97 76.877521 13.5
o -82.88712951 -0.8619 6.22 77.128105 17.5
N -81.75008991 -1.1439 12.09 77.145429 19
f -80.74051419 -3.6292 33.63 77.215312 9.5
c -86.26491104 22.1231 23.41 77.281414 14
X -83.27602884 -0.7778 2.36 77.291539 13.93
S -82.3078556 -0.8619 6.25 77.319093 16
P -83.60241419 -0.7673 0.32 77.353869 14.56
JX -74.9323893 -10.7713 63.5 77.434779 12
k -84.18406464 -1.2087 13.27 77.480805 15

EX -99.09616438 -5.0239 32.48 77.525694 15.5

HX -86.06636446 -12.0331 71.8 77.62541 13
V4 -81.85681067 -0.7699 0.62 78.17674 14.125
v -85.61730358 -0.9353 7.89 78.276688 17
T -81.48281067 -1.1439 12.01 78.27792 16.38
b -81.93072884 -2.1231 23.32 78.337659 13.83
d -82.87593275 -2.8865 29.29 78.400229 12.6
e -82.9150893 -2.1231 22.81 78.506455 19

MX -105.8922896 -1.0841 11.46 78.518844 19
Y -84.2287893 -0.8094 4.09 78.557098 16.33
a -82.57011419 -1.7996 19.79 78.642163 16

NX -96.15546446 -1.2785 13.59 79.040018 19
W -84.1028893 -0.9353 8.36 79.078295 16.1
FX -50.7031 -5.6524 36.42 79.301198 18

LX -90.48168973 -4.4535 39.12 79.602826 13

RX -92.39463928 -1.5175 16.53 79.667444 19

XX -97.41078939 -1.6068 17.99 80.385345 19

X -53.3253 -2.3647 21.46 81.501385 13.75

KX -49.8859 -5.8041 43.61 82.073355 21

7ZX -87.48952876 -2.5849 23.38 82.422454 8.5<hb

WX -94.84906446 -2.5849 23.17 83.278727 12.25

(0)¢ -91.08943928 -2.8227 25.11 83.810207 16

UXx -92.31172867 -3.7833 32.48 84.40604 10
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Ortalama Ortalama Ortalama
-82.90669055 -2.5659673 20.57807692
Standart Standart Sapma Standart
Sapma Sapma
10.38173727 2.806966981 15.09403999
Nokta | ¢(°)(Caddedeki
adi konumlanma W(m) b(m) Lori(dB) Lrts(dB)
acisi)
A
B
AX
G 120 9.78 82 0 18.644808
F 125 9.78 82 0 18.644808
C 0 0 0 -10 65535
E 140 17 ]2 0 20.161881
BX 36 44 64 2.575 21.934291
H 140 17 82 0 20.161881
D 143 47 82 0 15.745392
h 113 59 72 0 10.839677
K 20 5.5 20 2.92 27.391174
] 127 64 92 0 14.40457
M
J 24 27 58 -1.504 18.028761
L 90 26 68 0.01 19.5828
DX 88 20 63 0.238 20.34484
g 118 60 78 0 15.124076
R 52 33 7 3.775 22.178823
1 90 60 85 0.01 16.697691
O 101 5.8 25 0 29.30862
N 69 16 42 2.404 28.077601
f 120 32 45 0 15.945818
c 123 42 87.75 0 18.587278
X 59 26 34 3.544 24.165802
S 49 23 44 3.55 26.028373
P 148 17.5 29 0 22.765928
IX 13 40 80 -5.398 11.905062
k 141 41 101 0 19.353278
EX 59 15 65 3.544 27.576905
HX 100 30 60 0 19.332677
Z 60 26 34 3.43 24.185512
Vv 138 32 55 0 21.618065
T 44 38 57 3.175 23.695392
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b 90 36 91 0.01 19.149134
d 100 24 45 0 19.998043
e 20 30 40 2.9 20.023589
MX 100 13.125 38.89 0 26.533808
Y 50 26 34 3.625 25.764532
a 100 30 61 0 21.324438
NX 100 11.7 33.24 0 27.032942
W 47 26 34 3.4 25.405046
FX 55 20 25 4 28.197596
LX 100 12 34 0 23.312077
RX 100 10.75 30.792 0 27.400716
XX 100 13.09 28.49 0 26.545405
TX 100 14.49 30.99 0 23.035572
KX 100 10 30 0 28.647659
X 100 24.83 37 0 15.909027
WX 100 17.73 34.77 0 21.0383
0X 100 14.15 20 0 24.588087
UX 100 20 40 0 18.504804
Ortalama Ortalama Ortalama
81 23.792788 48.633115
Standart Standart Standart
Sapma Sapma Sapma
43.581342 16.162493 27.175247
Nokta
adi Lbsh(dB) ka(dB) kd(dB) kf(dB) Lmsd(dB)
A
B
AX
G -7.1629202 54 18 -3.9962162 -1.0510286
F -7.1629202 54 18 -3.9962162 -0.6805994
C -18 54 18 -3.9962162 65535
E 0 54.353408 20.727273 -3.9962162 5.4330035
BX 0 55.2636 24.290323 -3.9962162 4.909343
H 0 54.393216 20.727273 -3.9962162 6.4336202
D 0 54.406368 20.727273 -3.9962162 6.7429301
h -7.1629202 54 18 -3.9962162 2.6119197
K 0 56.4152 25.894737 -3.9962162 11.57933
J 0 54.484416 20.727273 -3.9962162 7.9526821
M
J 0 54.951483 22.336493 -3.9962162 9.5899691
L 0 54.914536 22.2 -3.9962162 9.0881398
DX 0 54.73612 21.510638 -3.9962162 9.9762574
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g 0 54.6898 21.26087 -3.9962162 9.5690447
R 0 54.953286 22.051095 -3.9962162 9.8949039
1 0 55.29636 23 -3.9962162 8.9429319
O 0 56.520352 25.285714 -3.9962162 13.565084
N 0 56.97104 25.894737 -3.9962162 11.564568
f 0 54.149752 18.789474 -3.9962162 13.734714
c 0 55.50896 23.357143 -3.9962162 9.2368355
X 0 55.48957 23.308686 -3.9962162 12.970262
S 0 56.121728 24.5625 -3.9962162 11.720852
p 0 55.692019 23.728022 -3.9962162 13.564829
IX 0 54.921504 21.75 -3.9962162 10.341812
k 0 55.8528 24 -3.9962162 8.8045834
EX 0 56.0176 24.290323 -3.9962162 10.539154
HX 0 55.255936 22.615385 -3.9962162 11.395993
Z 0 55.71462 23.442478 -3.9962162 14.136025
\4 0 56.707456 25.058824 -3.9962162 12.275593
T 0 56.497982 24.758242 -3.9962162 12.130822
b 0 55.646141 23.238612 -3.9962162 10.545017
d 0 55.235808 22.285714 -3.9962162 13.596831
e 0 57.47504 25.894737 -3.9962162 14.021442
MX 0 57.48 25.894737 -3.9962162 14.152441
Y 0 56.562099 24.733007 -3.9962162 14.57677
a 0 56.470832 24.5625 -3.9962162 12.417958
NX 0 57.6952 25.894737 -3.9962162 15.656016
W 0 56.635179 24.614907 -3.9962162 15.369333
FX 0 57.4272 25.5 -3.9962162 17.085753
LX 0 55.577024 22.615385 -3.9962162 16.173133
RX 0 57.972 25.894737 -3.9962162 17.044176
XX 0 58.31424 25.894737 -3.9962162 18.619618
TX 0 56.330236 23.181818 -3.9962162 19.144679
KX 0 60.287616 26.571429 -3.9962162 22.248592
zX -3.1696427 54 18 -3.9962162 16.441357
WX 0 55.956396 21.979592 -3.9962162 20.891494
OX 0 58.479664 24.5625 -3.9962162 25.132493
UX 0 54.685392 19.5 -3.9962162 21.224624
Yatay
(horizontal) Diisey (vertical)
Nokta . ¥ aciya bagh acitya bagh
PNLos (Teorik) ¥ ) (tilti
adt (dB) (yiikselme acisi) cikarilmis olarak . olarak .
hali) kazanctaki kazanctaki
azalma azalma(dB)
(dB)
A 0 20.3485 14.34849696 -1.4589 -12.3957
B 0 9.05299 3.052990462 -0.5723 -0.427
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AX 0 5.733704 2.27 -4.1993 -0.1768
G -88.47334532 4.838232 1.161768151 -2.5405 -0.0278
F -89.25536261 4.615306 1.384693971 -1.5799 -0.0278
C 0 4.52532 1.47467986 -0.4975 -0.0278
E -98.2270714 3.957293 2.042706672 -0.4277 -0.1768

BX -100.3048185 3.598059 4.41941 -3.5019 -1.077
H -100.1547842 3.557756 2.442244399 -0.652 -0.1768
D -96.33337113 3.442891 2.557108689 -0.0284 -0.427
h -87.83629096 3.235952 2.764047752 -2.3918 -0.427
K -114.3168255 2.897427 3.102573371 -0.1543 -0.427
] -97.72828147 2.88921 3.110789644 -1.0186 -0.427
M 0 2.865026 3.134974118 -0.9198 -0.427
J -103.6043869 2.692132 3.30786823 0.0137 -0.427
L -104.7008541 2.678469 3.321530633 -0.0809 -0.427

DX | -106.5606757 2.614679 5.385321 -1.4589 -1.7006
g -101.1960437 2.536699 3.463301223 -2.3918 -0.427
R -108.8965633 2.445082 3.554918422 0.0032 -0.781
I -102.5181441 2.429755 3.570245389 -0.115 -0.781
O -120.0018094 2.360738 3.639261728 -0.0809 -0.781
N -116.7875983 2.35604 3.643960354 -0.3629 -0.781
f -106.8958432 2.337181 3.662818865 -2.8482 -0.781
¢ -105.1055274 2.319482 3.680518498 -1.3421 -0.781
X -114.4276023 2316782 3.683217765 0.0032 -0.781
S -115.0683178 2.309452 3.690547589 -0.0809 -0.781
P -113.6846256 2.300234 3.699765752 0.0137 -0.781
IX' 1 -99.68165299 2.27893 5.75107 -8.2879 -2.4834
k -105.6386668 2.266898 3.733101956 -0.4277 -0.781

EX | -115.641753 2.255225 5.744775 -2.5405 -2.4834

HX | -108.3540794 2.229509 5.770491 -9.5497 -2.4834
Z -116.4982765 2.092516 3.907483891 0.0111 -0.781
Vv -112.1703452 2.068597 3.931403446 -0.1543 -0.781
T -114.1041334 2.068303 3.93169654 -0.3629 -0.781
b -108.0318096 2.054139 3.945860792 -1.3421 -0.781
d -111.9951039 2.039407 3.960592525 -2.1055 -0.781
e -112.5514862 2.014639 3.985361492 -1.3421 -0.781

MX | -119.2050929 2.011769 3.988230569 -0.3031 -0.781
Y -118.8984 2.002936 3.997063867 -0.0284 -0.781
a -112.384559 1.983432 4.016568224 -1.0186 -0.781

NX | -121.7289772 1.894697 4.10530339 -0.4975 -0.781
W -119.8526738 1.886371 4.113628567 -0.1543 -0.781

FX | -124.5845467 1.838611 6.161389 -3.169 -2.4834

LX | -119.0830354 1.7759 4.224099808 -3.6725 -0.781

RX | -124.1123363 1.762746 4.237254237 -0.7365 -0.781

XX | -125.550368 1.622989 4377011312 -0.8258 -0.781
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TX | -123.6816365 1.427381 4.57261931 -1.1219 -1.2428
KX | -132.9696058 1.336449 4.663550859 -4.5613 -1.2428
ZX | -114.7728378 1.283818 4716181706 -1.3421 -1.2428
WX | -125.2085207 1.16333 4.836670119 -1.3421 -1.2428
OX | -133.5307868 1.094298 4.905701606 -1.5799 -1.2428
UX | -124.1354681 1.021765 4.978235285 -2.5405 -1.2428
Ortalama Ortalama Ortalama Ortalama Ortalama
-106.8663121 2.937097 4.002405846 -1.49357 -1.07239423
Standart Sapma Standart Standart Standart Standart Sapma
Sapma Sapma Sapma
28.76238995 2.7929199 1.809403794 1.9158926 1.704758917
ORMEH
0.8
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Sekil 2.1.3. Ormeh’in elektrik alanin ortalama degerinin uzaklikla degisimi
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Sekil 2.1.4. Ormeh’in 6l¢iilen giiclin ortalamasinin uzaklikla degisimi
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Sekil 2.1.5. Ormeh’in 6l¢iilen zayiflama degerinin uzaklikla degisimi
2.2. ORMIG
Ordu Merkez Akyazi Mahallesi Ahmet Cemal Magden Caddesi iizerinde bulunan

Ormig adli baz istasyonunun kapsam alani i¢inde kalmak kaydiyla direkt goriisiin olmadigi

45noktada Ol¢ii aletinin elektrik alan probu kullanilarak 6l¢iim yapilmis bu o6lgiim
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degerlerinin maksimumu 0.9752 (V/m), minimumu 0.046(V/m), 45 noktada yapilan 6l¢iim
degerlerinin ortalamasi 0.168666667 (V/m), standart sapmas1 0.165763 (V/m)’dir.

Baz istasyonu antenleri 14 metre yukarida, li¢ sektdrden olusan ve her sektdrde
birer X polarizasyonlu antenin bulundugu, birinci sektdrde bulunan antene verilen giiclin
17.78 watt, ikinci ve liglincli sektdrde bulunan antenlere verilen giiciin 11.74 watt oldugu
her ii¢ hiicrede toplam olarak on degisik frekansin kullanildigi, 80 kisinin ayni anda

konusabildigi yaklasik 300 metre yaricapl bir baz istasyonu.

10 Oca 2005 _2:40:53 pm

b()og[e'

3
=
3
o)
of
] 1 148 m

Gariintll Tarihi: 3 Oca'2004 Enlem 40897921 i g Bakis irtifas) 550 m

Sekil 2.2.1. Ormig baz istasyonunun Google Earth goriintiisii
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Tablo 2.2.1. Ormig baz istasyonunun 6zellik ve 6l¢lim degerleri

Site Ad1 Ordu Migros
Site NO 23549
Sistem 40.979135°N 37.902536°E
Koordinat
Site ID ORMIG
Cell1(0°) Cell2(100°) Cell3(260°)
Frekansi 935.2(1),946(55), 939.2(21),939.6(23), 937.8(14),945(50),
(kanal no) 943.2(41) 945.6(53) 942(35)
940.4(27)
Bir anda
konusabilecek 3.8=24 4.8=32 3.8=24
telefon sayis1
Anten tipi, 739684(15dBi) 739632(15dBi) 739632(15dBi)
kazanci ve (1296 mm) (1296 mm) (1296 mm)
uzunlugu
Yatay 3dB 65° 65° 65°
acikhigi
Diisey 3dB 14° 15° 15°
acikhgi
Anten Yeri CATI CATI CATI
Anten 14m 14m 14m
Yiiksekligi
Anten Acis1 0° 100° 260°
Anten Tilt Acisi 10° 6° 6°
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Feeder Tipi LCF % inch(25m) LCF % inch(25m) LCF % inch(25m)
Power Splitter var var var
Tipi ve sayisi
Hybrid var var var
Combiner
Giivenlik 9.24 m 7.51 m 7.51 m
mesafesi(m)
Verici giicii(W) 17.78 11.74 11.74

Kanal basmna
diisen alan(m®)

(R=300m,n.R*=282743.3m’, 282743.3m?/80 kanal=3534 m’/kanal

NZZ” Enlem (°) Boylam (°) AZiml(l::l agist d(km) F\?;;);
X2 40.979056°N 37.902689°E 123.64 0.0155 1.104
A2 40.979276°N 37.902553°E 5 0.01673 1.2512

Ww2X 40.978898°N 37.902497°E 186.55 0.02601 0.276
72 40.979160°N 37.902037°E 275.14 0.04168 1.288
W2 40.979005°N 37.903009°E 109.63 0.04265 0.4508

K2X 40.978734°N 37.902661°E 166.52 0.04601 0.4048
A2X 40.978912°N 37.902056°E 238.02 0.04664 0.3404
M2 40.979467°N 37.903059°E 49.75 0.05836 0.4968
C2 40.979639°N 37.902784°E 20.72 0.06033 0.46
12X 40.978558°N 37.902530°E 180.33 0.06387 0.4232
N2 40.979355°N 37.903239°E 67.39 0.06478 0.368
Y2 40.979330°N 37.901790°E 289.83 0.06621 0.3588
02 40.978812°N 37.903229°E 121.8 0.06808 0.3956
B2X 40.978689°N 37.901947°E 224.65 0.06942 0.368
V2 40.979719°N 37.902129°E 332.86 0.0737 0.4048
P2 40.979823°N 37.902445°E 354.6 0.07734 0.4232
D2 40.979852°N 37.902918°E 22.12 0.08677 0.3404
L2 40.979782°N 37.903215°E 38.42 0.09276 0.3312
c2X 40.978463°N 37.901858°E 217.41 0.09293 0.598
E2 40.979969°N 37.902549°E 0.94 0.093 0.6072
02 40.978749°N 37.903523°E 117.03 0.09305 0.3312
H2X 40.978185°N 37.902419°E 185.28 0.10577 0.3404

12 40.979130°N 37.903796°E 90.17 0.10608 0.2852
R2 40.980037°N 37.902112°E 340.92 0.10708 0.3404
L2X 40.979692°N 37.903596°E 55.21 0.10732 0.5428
G2X 40.978195°N 37.902191°E 195.23 0.10775 0.322
D2X 40.978253°N 37.901807°E 211.75 0.1153 0.4416
G2 40.980100°N 37.903038°E 21.56 0.11608 0.5244
K2 40.980014°N 37.903293°E 33.06 0.11709 0.3404

M2X 40.979541°N 37.903853°E 67.88 0.11862 0.4048

F2 40.980186°N 37.902792°E 10.55 0.119181 0.46
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T2 40.980122°N 37.901825°E 332.02 0.12573 0.3404
F2X 40.977996°N 37.902096°E 196.13 0.13186 0.3864
S2 40.980275°N 37.902066°E 342.98 0.13291 0.9752
E2X 40.978046°N 37.901739°E 208.94 0.13791 0.4324
02X 40.977888°N 37.902493°E 181.39 0.13869 0.3404
N2X 40.979501°N 37.904186°E 73.89 0.14292 0.276
S2X 40.980525°N 37.902423°E 356.92 0.15315 0.322
T2X 40.979208°N 37.904415°E 87.38 0.15752 1.6652
R2X 40.980553°N 37.902270°E 352.26 0.15757 0.2944
G2 40.978639°N 37.904317°E 110.29 0.15951 0.8096
Vv2X 40.980735°N 37.901745°E 339.91 0.18915 0.4232
72X 40.980934°N 37.902570°E 1.16 0.19942 0.322
H2 40.980837°N 37.903279°E 18.3 0.19964 0.3128
X2X 40.980934°N 37.902137°E 350.76 0.202 0.368
Ortalama Ortalama Ortalama
162.362 0.103201578 0.495368889
Standart Standart Standart Sapma
Sapma Sapma
118.7148044 0.047724237 0.296671784
Nokta Eav
adi (V/m) Hav(A/m) Pavera(W/m?) Pr(W) Pr(dBm)
X2 0.782 0.002074271 0.00162208 1.34319E-05 -18.71861
A2 0.9752 0.002586737 0.002522586 2.08888E-05 -16.80087
Ww2X 0.0552 0.000146419 8.08233E-06 6.69273E-08 -41.74396
z2 0.2944 0.000780902 0.000229898 1.90371E-06 -27.20399
w2 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20154
K2X 0.0736 0.000195225 1.43686E-05 1.18982E-07 -39.24519
A2X 0.184 0.000488064 8.98037E-05 7.43637E-07 -31.28639
M2 0.3036 0.000805305 0.000244491 2.02455E-06 -26.93671
C2 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20154
12X 0.0828 0.000219629 1.81853E-05 1.50587E-07 -38.22214
N2 0.1932 0.000512467 9.90086E-05 8.1986E-07 -30.8626
Y2 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22459
02 0.0828 0.000219629 1.81853E-05 1.50587E-07 -38.22214
B2X 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22459
V2 0.2116 0.000561273 0.000118765 9.8346E-07 -30.07243
P2 0.1288 0.000341645 4.40038E-05 3.64382E-07 -34.38443
D2 0.1104 0.000292838 3.23293E-05 2.67709E-07 -35.72336
L2 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20154
Cc2X 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22459
E2 0.1932 0.000512467 9.90086E-05 8.1986E-07 -30.8626
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02 0.1748 0.00046366 8.10479E-05 6.71132E-07 -31.73192
H2X 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22459
i2 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22459
R2 0.1196 0.000317241 3.79421E-05 3.14187E-07 -35.02812
L2X 0.0736 0.000195225 1.43686E-05 1.18982E-07 -39.24519
G2X 0.092 0.000244032 2.24509E-05 1.85909E-07 -37.30699
D2X 0.1288 0.000341645 4.40038E-05 3.64382E-07 -34.38443
G2 0.1564 0.000414854 6.48832E-05 5.37278E-07 -32.69801
K2 0.1012 0.000268435 2.71656E-05 2.2495E-07 -36.47914
M2X 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40503
F2 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516
T2 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20154
F2X 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20154
S2 0.1196 0.000317241 3.79421E-05 3.14187E-07 -35.02812
E2X 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516
02X 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40503
N2X 0.1196 0.000317241 3.79421E-05 3.14187E-07 -35.02812
S2X 0.0736 0.000195225 1.43686E-05 1.18982E-07 -39.24519
T2X 0.2024 0.00053687 0.000108662 8.99801E-07 -30.45854
R2X 0.092 0.000244032 2.24509E-05 1.85909E-07 -37.30699
G2 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20154
V2X 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40503
72X 0.046 0.000122016 5.61273E-06 4.64773E-08 -43.32759
H2 0.1196 0.000317241 3.79421E-05 3.14187E-07 -35.02812
X2X 0.1012 0.000268435 2.71656E-05 2.2495E-07 -36.47914
Ortalama Ortalama Ortalama Ortalama Ortalama
0.168666667 0.000447392 0.000146724 1.21498E-06 -33.9373
Standart Standart Standart Standart Standart
Sapma Sapma Sapma Sapma Sapma
0.165763 0.000434776 0.000428721 3.55011E-06 5.0320877
Aciya bagh
Nokta . Kazanctaki
adi PNL%SBI;M‘]‘ toplam :zalma o) PLO(dB) hRoof(m)
Son EIRP
(dB)
X2 -77.97861096 -31.3176 100 55.669191 14=hb
A2 -76.06087217 -20.3152
W2X | -65.63046446 -33.6035 100 60.1653641 18
72 -77.34698991 -7.347 100 64.2611113 15
W2 -82.66843937 -7.0231 100 64.4609378 18.5
K2X -83.62898973 -13.1062 100 65.1196017 18.25
A2X -83.23338956 -5.543 135 65.2377279 18
M2 -78.56651067 -5.9082 55.14 67.1848627 16
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C2 -79.14763937 -10.5439 20 67.4732236 16
J2X -84.01343928 -11.6987 100 67.9684954 17.33
N2 -84.41720358 -3.9354 48 68.0913759 17
Y2 -87.22498982 -3.4896 100 68.2810288 14.5
02 -93.23953928 -2.4726 100 68.522948 20.25
B2X -86.92658982 -3.788 100 68.6922493 17.66
\ -78.03443275 -9.5464 100 69.2119068 15
P2 -91.79462876 -0.1055 70 69.6306404 14.83
D2 -91.80676455 -1.4546 20 70.629949 13<hb
L2 -86.01283937 -3.7267 100 71.2097719 14=hb
c2X -86.15843932 -4.5561 100 71.2256758 17.5
E2 -88.18690358 -0.2137 20 71.232216 13.75<hb
02 -88.30861745 -0.9133 100 71.2368846 15.5
H2X -80.74748982 -9.9671 100 72.3498072 16.25
2 -90.43838982 -0.2762 100 72.3752273 15
R2 -91.17132243 -1.4323 100 72.4567243 14=hb
L2X -91.96238973 -4.7728 100 72.4761704 17
G2X -86.30938947 -8.4876 100 72.5109026 16.5
D2X -86.59122876 -5.2832 100 73.0991432 16.4
G2 -88.17721104 -2.1502 20 73.1577051 13<hb
K2 -90.49553577 -3.613 100 73.2329532 14.6
M2X -95.37622867 -2.5188 100 73.3457155 18
F2 -90.19106429 -1.2235 20 73.3866976 13<hb
T2 -86.94243937 -2.8885 100 73.8513354 15
F2X -81.37583937 -8.3157 100 74.2648185 16.75
S2 -90.53882243 -2.1903 100 74.3337102 13.16<hb
E2X -85.37376429 -5.9014 100 74.6544722 15.33
02X -87.50012867 -10.3949 100 74.70346 15.16
N2X -90.78512243 -1.733 42 74.9644172 18
S2X -95.48238973 -1.4638 100 75.5648971 13.4<hb
T2X -87.49303586 -0.4555 102 75.8092711 16
R2X -93.39988947 -1.6081 90 75.8120278 12.5<hb
G2 -89.41533937 -0.2762 100 75.9183154 19.5
V2X -95.05852867 -3.1391 100 77.398684 12<hb
72X -99.01078939 -2.1094 100 77.8579313 17.28
H2 -89.87442243 -2.9463 87 77.8675083 13<hb
X2X -91.95243577 -2.3193 100 77.9695845 12.16<hb
Ortalama ortalama Ortalama Ortalama Ortalama
-83.21398981 -5.912766667 87.02590909 14.26590909 15.615
Standart Standart Standart Standart Standart
Sapma sapma Sapma Sapma Sapma
6.277421961 7.113342295 28.23281056 14.11893173 2.047271466
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Nokta .
adt | ¥ NL(()dSl;r)e"“k W(m) b(m) Lori(dB) Lrts(dB)
X2 -88.51603113 16 21 0 22.82502
A2 0
W2X -95.6519136 7 18 0 28.803365
72 -92.10114298 12 27 0 24.735753
w2 -93.25167741 8.42 23 0 28.258374
K2X -98.39128054 5 16 0 30.394171
A2X -98.58493317 5 16.5 0 30.264645
M2 -103.4400503 6.5 32 3.98404 31.997007
C2 -94.89610469 10 35 -2.92 23.2221
12X -104.2222364 5 17.5 0 29.907677
N2 -98.98678525 22 34 3.475 26.766787
Y2 -100.5034392 11.5 26 0 24.596207
02 -102.0061175 8 23 0 29.325018
B2X -102.6085686 9 20 0 27.532606
V2 -97.73199334 17 52 0 23.223077
P2 -106.7459622 6 37 2.29 29.927118
D2 -94.9700468 11.5 35 -2.92 20.62336
L2 -105.4763946 11.5 32 0 24.259242
C2X -106.9523947 10 23 0 26.989349
E2 -99.24692152 16 32 -2.92 19.731505
02 -108.0951287 8 23 0 26.809367
H2X -108.4555175 10.33 27.66 0 26.148169
i2 -115.2278836 4 14.5 0 29.506966
R2 -105.1793885 17 41 0 22.561731
L2X -107.7211486 10 37 0 26.716014
G2X -103.5664142 18.5 55 0 23.762079
D2X -113.019337 6.2 225 0 28.452318
G2 -97.36946172 20 35 2.92 18.220038
K2 -107.9613808 14.26 35.14 0 23.727843
M2X -106.1296248 20 42 0 24.244045
F2 -100.6255561 12 30 2.9 20.438526
T2 -112.9013764 10 20 0 25.527566
F2X -107.8007373 20 435 0 23.565751
S2 -107.0371129 12.83 22 0 23.186652
E2X -115.7067757 6.66 23.12 0 27.500464
02X -113.806636 9 275 0 26.086435
N2X -111.8018978 22 47 3.025 26.855118
S2X -106.0719073 20 43.27 0 21.433508
T2X -116.0622598 10 25 0 26.1421
R2X -101.0952051 26 45 0.01 19.629249
G2 -112.9926169 14 50 0 26.542744
V2X -105.9690732 16 30 0 21.328911
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72X -118.7717112 12 3375 0 26.078327
H2 -98.49700022 100 100 0.352 14.502338
X2X -109.3437887 11.5 27.8 0 22.892775
Ortalama Ortalama Ortalama
104.4430212 14.26590909 32.28954545
Standart Standart Standart
Sapma Sapma Sapma
7.086043382 14.11893173 14.44981613
Nokta
adi Lbsh(dB) ka(dB) kd(dB) kf(dB) Lmsd(dB)
X2 0 54 18 -3.9886486 -2.3327655
A2
W2X 0 54.166464 21.333333 -3.9886486 -2.8000901
72 0 54.066688 19 -3.9886486 3.1042782
W2 0 54.30708 21.648649 -3.9886486 0.5323657
K2X 0 54.312868 21.493151 -3.9886486 2.8775073
A2X 0 54.298496 21.333333 -3.9886486 3.0825603
M2 0 54.186752 19.875 -3.9886486 4.2581811
C2 0 54.193056 19.875 -3.9886486 4.200781
12X 0 54.340299 20.882285 -3.9886486 6.3460642
N2 0 54.310944 20.647059 -3.9886486 4.1286226
Y2 0 54.052968 18.517241 -3.9886486 7.6262029
02 0 54.6808 22.62963 -3.9886486 4.1581516
B2X 0 54.406524 21.10872 -3.9886486 6.3837139
V2 0 54.11792 19 -3.9886486 5.2970098
P2 0 54.102708 18.839514 -3.9886486 7.1882038
D2 -5.4185399 54 18 -3.9886486 3.716738
L2 0 54 18 -3.9886486 10.007381
C2X 0 54.520408 21 -3.9886486 8.7373698
E2 -1.7443802 54 18 -3.9886486 8.2832006
02 0 54.22332 19.451613 -3.9886486 10.048877
H2X 0 54.380772 20.076923 -3.9886486 9.9575411
12 0 54.169728 19 -3.9886486 13.34569
R2 0 54 18 -3.9886486 10.160933
L2X 0 54.515136 20.647059 -3.9886486 8.5289647
G2X 0 54.431 20.272727 -3.9886486 7.2934328
D2X 0 54.442752 20.195122 -3.9886486 11.467875
G2 -5.4185399 54 18 -3.9886486 5.9917185
K2 0 54.112406 18.616438 -3.9886486 11.000585
M2X 0 54.759168 21.333333 -3.9886486 8.5398643
F2 -5.4185399 54 18 -3.9886486 6.8003328
T2 0 54.201168 19 -3.9886486 13.522475
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F2X 0 54.580184 20.462687 -3.9886486 9.9701679
S2 -4.7667208 54 18 -3.9886486 9.5167505
E2X 0 54.293472 19.30137 -3.9886486 13.551839
02X 0 54.257409 19.147757 -3.9886486 13.016741
N2X 0 54.914688 21.333333 -3.9886486 9.9823624
S2X -3.6741597 54 18 -3.9886486 9.0735019
T2X 0 54.504064 19.875 -3.9886486 14.110889
R2X -7.1629202 54 18 -3.9886486 5.6539285
G2 0 55.403688 22.230769 -3.9886486 10.531558
V2X -8.5881826 54 18 -3.9886486 7.2414779
22X 0 55.046556 20.847222 -3.9886486 14.835453
H2 -5.4185399 54 18 -3.9886486 6.1271538
X2X -8.1597301 54 18 -3.9886486 8.481429
9(°)
Nokta (anten.in ¥ ©)
adi x(m) komsu Lpextra normaliyle .
yapilan yatay (yiikselme acisi)
acy)

X2 5.47 1 32.84684 23.57 39.19669
A2 0 0 37.0721
W2X 4 1 35.48655 73.45 25.91822
72 0 15.14 16.87061
W2 0 9.63 16.50802
K2X 0 66.52 15.36149
A2X 0 21.98 15.16361
M2 0 50.25 12.22075
C2 0 79.28 11.83313
12X 0 79.67 11.1943
N2 0 32.61 11.04094
Y2 0 29.83 10.80816
02 0 21.8 10.518
B2X 0 35.35 10.31937
V2 0 72 9.731894
P2 0 5.4 9.282026
D2 0 22.12 8.28812
L2 0 38.42 7.759653
C2X 0 42.59 7.745631
E2 0 0.94 7.739871
02 0 17.03 7735763
H2X 0 74.72 6.81479
12 0 9.83 6.795061
R2 0 19.08 6.732188
L2X 0 44.79 6.717271
G2X 0 64.77 6.690708
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D2X 0 48.25 6.256185
G2 0 21.56 6.214477
K2 0 33.06 6.161286
M2X 0 32.12 6.082415
F2 0 10.55 6.053997
T2 0 27.98 5.740821
F2X 0 63.87 5.475599
S2 0 17.02 5.432601
E2X 0 51.06 5.236755
02X 0 78.61 5.207466
N2X 0 26.11 5.054151
S2X 0 3.08 4.718126
T2X 0 12.62 4.5878
R2X 0 7.74 4.58635
G2 0 10.29 4.530803
V2X 0 20.09 3.823122
72X 0 1.16 3.626773
H2 0 18.3 3.622787
X2X 0 9.24 3.580572
Yatay ..
. Diisey
Y (©) (horizontal)aciy .
Nodi” | (@it gikarims | a bagh olarak | (1 260
hali) ka::;;;’::kl kazanctaki
(dB) azalma(dB)
X2 33.1966888 -1.4589 -29.8587
A2 27.0721043 0.0137 -20.3289
W2X 19.9182194 -9.6855 -23.918
72 10.8706069 -0.5723 -6.7747
W2 10.5080205 -0.2484 -6.7747
K2X 9.36148907 -8.793 -4.3132
A2X 9.16360527 -1.2298 43132
M2 2.22074647 -5.6834 -0.2248
c2 1.83312544 -10.3671 -0.1768
12X 5.19430212 -10.4559 -1.2428
N2 5.04094018 -2.6926 -1.2428
Y2 4.80815504 -2.2468 -1.2428
U2 4.51799502 -1.2298 -1.2428
B2X 431937195 -3.007 -0.781
V2 0.26810593 -9.5497 0.0033
P2 0.71797356 -0.052 -0.0535
D2 1.71188024 -1.2298 -0.2248
L2 2.2403468 -3.5019 -0.2248
C2X 1.74563068 -4.3793 -0.1768
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E2 2.26012867 0.0111 -0.2248
02 1.73576271 -0.7365 -0.1768
H2X 0.81478955 -9.9393 -0.0278
2 0.79506102 -0.2484 -0.0278
R2 3.26781162 -0.9198 -0.5125
L2X 0.7172709 -4.745 -0.0278
G2X 0.69070767 -8.4598 -0.0278
D2X 0.2561852 -5.3049 0.0217
G2 3.78552324 -1.2298 -0.9204
K2 3.83871427 -2.6926 -0.9204
M2X 0.08241499 -2.5405 0.0217
F2 3.94600259 -0.3031 -0.9204
T2 4.25917853 -1.9681 -0.9204
F2X 0.5244007 -8.2879 -0.0278
S2 4.56739857 -0.7365 -1.4538
E2X 0.76324493 -5.8736 -0.0278
02X 0.79253434 -10.3671 -0.0278
N2X 0.94584923 -1.7052 -0.0278
S2X 5.28187439 -0.01 -1.4538
T2X 1.41220035 -0.4277 -0.0278
R2X 5.41364994 -0.1543 -1.4538
G2 1.46919659 -0.2484 -0.0278
VX 6.17687811 -1.0186 -2.1205
722X 6.37322669 0.0111 -2.1205
H2 6.37721269 -0.8258 -2.1205
X2X 6.41942756 -0.1988 -2.1205
ortalama ortalama ortalama
5.059465617 -3.22864 -2.684122222
Standart Standart Standart
sapma sapma sapma
6.646215941 3.567433 6.24635865
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Sekil 2.2.3. Ormig’in elektrik alanin ortalama degeriyle uzakligin degisimi
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Sekil 2.2.4. Ormig’in ortalama manyetik alaninin uzaklikla degisimi
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Sekil 2.2.5. Ormig’in giiciiyle uzakligin degisimi
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Sekil 2.2.6. Ormig‘in 6l¢iilen zayiflama degerinin uzaklikla degisimi
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2.3. ORDTU

Ordu Merkez Subasi Mahallesi Turgut Ozal Bulvari iizerinde bulunan Ordtu adh
baz istasyonunun kapsam alani i¢inde kalmak kaydiyla direkt goériisiin olmadig1 38 noktada
Olcii aletinin elektrik alan probu kullanilarak o6l¢lim yapilmis bu 6l¢iim degerlerinin
maksimumu 1.0856 (V/m), minimumu 0.0644 (V/m) yapilan 38 O6lgiimiin ortalamast
0.324663158 (V/m), standart sapmasi 0.239729326 (V/m)’dir.

Baz istasyonu antenleri 18 metre yukarida, li¢ sektdrden olusan ve her sektdrde
birer X polarizasyonlu antenin bulundugu, ii¢ sektérdede bulunan antenlere verilen giiciin
11.74 watt oldugu, her ii¢ hiicrede toplam olarak on dort degisik frekansin kullanildigi, 112
kisinin ayn1 anda konusabildigi yaklasik 300 metre yarigapli bir baz istasyonu.

.-:.;,_.Loogle'

)DigitalGlobe
ulting
® yOkseklik 2m Bakig irtifasi 526.m

Sekil 2.3.1. Ordtu’nun Google Earth goriintiisii
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Sekil 2.3.2. Ordtu’da 6l¢iim yapilan alanin resmi

Tablo 2.3.1. Ordtu’nun 6zellik ve dl¢iim degerleri

Site Ad1 ORD Turgut Ozal Bulvari
Site NO 42411
Sistem
Koordinat 40.977097°N 37.895903°E
Site ID ORDTU
Cell1(0°) Cell2(120°) Cell3(280°)
Frekansi 938.6(18),940.4(27) 935.8(4),942.4(37)
(kanal no) 943.6(43),946(55) 937.2(11),945(50), 943.2(41),
941.201) 942(35),939.8(24) 945.6(53)
: 944.4(47)
Bir anda
konusabilece _ 5 _
k telefon 5.8=40 4.8=32 5.8=40
sayisi
Anten tipi,
L P 739633/732448 739632(15dBi) 739633(15dBi)
wzunlugu (15dBi/15.5dBi) (1296mm) (1296mm)
Yatay 3vdB 65°/65° 650 -
acikhigy
Diisey 3vdB 16°/13° 150 160
acikhigy
Anten Yeri CATI CATI CATI
Anten
Yiiksekligi 18m 18m 18m
Anten Agisi 0° 120° 280°
Anten Tilt 120 6 120

Acisi
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Feeder Tipi 14»=7(dB/100m)15m=1.05dB %”=7(dB/100m)15m=1.05 1/z”=7(dB/1(:;)];n)15m=1.05
Power
Splitter Tipi var var
ve sayisl
Hybrid
Combiner var Var(3dB)
Giivenlik 8.14m 6.46m
mesafesi(m)
Verici
giicii(W) 11.74 11.74 11.74
Kanal basmna
diisen (R=300m,7.R*=282743.3m’, 282743.3m*/112 kanal=2524 m*/kanal
alan(mz)
Nokta .
adi Enlem(°) Boylam(°) ‘;Zc‘l‘s‘:?ot)h ufz‘a‘i;‘iﬁ‘(ilf:l‘l) RI“/‘;’;
Al 40.977061°N 37.895690°E 258.12 0.0187 1.1684
dl 40.977268°N 37.895885°E 355.14 0.01978 1.4076
cl 40.977340°N 37.896117°E 333 0.03322 0.552
Bl 40.976864°N 37.895554°E 229.45 0.03822 1.5272
Wi 40.976998°N 37.896407°E 103.43 0.04367 0.4324
Ul 40.976750°N 37.896264°E 141.62 0.04855 0.322
Cl 40.976746°N 37.895451°E 224.77 0.05456 1.3616
al 40.977420°N 37.896578°E 57.56 0.06714 0.4232
(0] 40.976473°N 37.896130°E 164.77 0.07163 0.368
AlX 40.976906°N 37.895078°E 252.88 0.07204 0.9568
Dl 40.976503°N 37.895449°E 210.16 0.07538 1.2696
B1X 40.976923°N 37.894765°E 258.45 0.09638 0.8464
El 40.976366°N 37.895251°E 214.03 0.09813 0.6532
bl 40.977354°N 37.897073°E 73.82 0.10264 0.782
C1X 40.976983°N 37.894424°E 263.92 0.12365 0.5796
F1 40.976079°N 37.895103°E 210.81 0.13029 0.7268
N1 40.975904°N 37.895702°E 187.03 0.13227 0.46
DIX | 40.977431°N 37.894326°E 285.73 0.13686 0.46
Gl 40.975958°N 37.895159°E 206.47 0.14077 0.3956
G1X | 40.976553°N 37.894367°E 245.15 0.14242 0.3956
E1X 40.976993°N 37.894139°E 265.53 0.1489 0.3312
HI 40.975860°N 37.895127°E 205.56 0.15169 0.4048
Y1 40.975698°N 37.896016°E 176.53 0.1551 0.506
M1 40.975614°N 37.895600°E 188.69 0.16576 0.4508
J1 40.975773°N 37.894968°E 208.18 0.16632 1.058
F1X 40.976673°N 37.893942°FE 254.42 0.17087 0.4876
L1 40.975465°N 37.895558°E 189.07 0.18359 0.4508
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11 40.975519°N 37.895025°E 202.85 0.18987 0.4048
R1 40.975459°N 37.896578°E 162.66 0.19025 0.3588
K1 40.975415°N 37.895387°E 192.84 0.19186 0.4232
Vi1 40.975304°N 37.895868°E 180.59 0.19855 2.5116
S1 40.975424°N 37.896913°E 155.46 0.20449 0.322
T1 40.975242°N 37.896087°E 175.57 0.2065 0.4232
Z1 40.975196°N 37.896285°E 171.41 0.21255 0.3588
X1 40.975183°N 37.896513°E 166.4 0.21821 0.4416
H1X 40.975123°N 37.895798°E 182.37 0.21904 0.368
L1X 40.975069°N 37.897053°E 156.85 0.24388 0.368
K1X 40.974902°N 37.896344°E 171.58 0.24603 0.138
Ortalama Ortalama
0.134467368 0.655136842
Standart Standart
Sapma Sapma
0.065493828 0.458390369
Nokta
ad E‘?\V,;’;f;ge H?X/”;f)ge P&:,‘;;fge PrAv(dBw) PrAv(dBm)
Al 0.5152 0.001366578 0.000704061 5.83011E-06 -22.34322893
dl 1.0856 0.002879576 0.003126067 2.5886E-05 -15.86934933
cl 0.3956 0.001049337 0.000415118 3.43746E-06 -24.63762036
B1 0.8372 0.00222069 0.001859161 1.53951E-05 -18.12616163
W1 0.2484 0.000658886 0.000163667 1.35528E-06 -28.67971419
Ul 0.1104 0.000292838 3.23293E-05 2.67709E-07 -35.72336455
Cl1 0.9016 0.002391512 0.002156187 1.78547E-05 -17.48246796
al 0.3588 0.000951724 0.000341479 2.82768E-06 -25.48569733
o1 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20153937
AlX 0.6164 0.001635013 0.001007822 8.34547E-06 -20.78549342
D1 0.7728 0.002049867 0.001584138 1.31178E-05 -18.82140375
BIX 0.5796 0.001537401 0.000891077 7.37874E-06 -21.32017848
El 0.4692 0.001244562 0.000583949 4.8355E-06 -23.15558595
bl 0.2116 0.000561273 0.000118765 9.8346E-07 -30.07243275
C1X 0.2852 0.000756499 0.000215753 1.78659E-06 -27.4797556
F1 0.4876 0.001293369 0.000630647 5.22219E-06 -22.82147208
N1 0.2392 0.000634483 0.000151768 1.25675E-06 -29.00752251
DIX 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516429
Gl 0.1932 0.000512467 9.90086E-05 8.1986E-07 -30.86260358
GIX 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516429
E1X 0.1288 0.000341645 4.40038E-05 3.64382E-07 -34.38442876
H1 0.2944 0.000780902 0.000229898 1.90371E-06 -27.20398991
Y1 0.2392 0.000634483 0.000151768 1.25675E-06 -29.00752251
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Ml 0.2392 0.000634483 | 0.000151768 1.25675E-06 -29.00752251
J1 0.3128 0.000829708 | 0.000259533 2.14911E-06 -26.67741113
F1X 0.138 0.000366048 | 5.05146E-05 4.18296E-07 -33.78516429
L1 0.3128 0.000829708 | 0.000259533 2.14911E-06 26.67741113
11 0.276 0.000732095 | 0.000202058 1.67318E-06 -27.76456438
R1 0.1932 0.000512467 | 9.90086E-05 8.1986E-07 -30.86260358
K1 0.2484 0.000658886 | 0.000163667 1.35528E-06 -28.67971419
V1 0.2484 0.000658886 | 0.000163667 1.35528E-06 -28.67971419
S1 0.138 0.000366048 | 5.05146E-05 4.18296E-07 -33.78516429
T1 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20153937
Z1 0.1932 0.000512467 | 9.90086E-05 8.1986E-07 -30.86260358
X1 0.1932 0.000512467 | 9.90086E-05 8.1986E-07 -30.86260358
H1X 0.092 0.000244032 | 2.24509E-05 1.85909E-07 -37.30698947
L1X 0.1104 0.000292838 | 3.23293E-05 2.67709E-07 -35.72336455
K1X 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40502867
Ortalama Ortalama Ortalama Ortalama Ortalama
0.324663158 | 0.000861175 | 0.000432033 3.57753E-06 -28.32429633
Standart Standart Standart Standart Standart
Sapma Sapma Sapma Sapma Sapma
0.239729326 | 0.000635887 | 0.000671425 5.55987E-06 5.730349504
Aciya bagh
Nokta PNlos Kii;lll:rt: ¥
adi Pratik(dB) azalma PLO(dB) hRoof(m) komsu
Son EIRP
(dB)
Al -57.73872893 -19.0584 57.29939 17.17<(hb=18m) 1
dl -53.74424933 -17.8151 57.78708 20.32 0
cl -67.46442036 -12.8632 62.29055 20.32 0
Bl -62.49366163 -10.6091 63.50837 17.19<hb 1
2! -71.23751419 -13.1322 64.66622 9.45<hb 0
Ul -81.85456455 -9.5588 65.58634 16.12<hb 0
Cl | -65.75586796 -7.3413 66.60004 15.86<hb 1
al -73.94639733 -7.2293 68.40218 17.66<hb 0
0l -81.32863937 -6.5629 68.96446 16.12<hb 0
A1X | -74.66259342 -1.8361 69.01403 12<hb 0
D1 -65.27150375 -9.2631 69.40768 15.5<hb 1
BIX | -75.353378438 -1.6254 71.5423 18=hb 0
El -69.79028595 -9.0239 71.69859 15.86<hb 1
bl -80.40513275 -5.3573 72.08889 18.5 0
C1X | -81.2749556 -1.7615 73.70644 18=hb 0
Fl -68.15867208 -10.2195 74.16078 16<hb 1
NI -75.87672251 -8.8208 7429178 16.12<hb 0
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DIX | -88.15146429 -1.1904 74.58809 5.5<hb 0
Gl -74.91920358 -11.4266 74.83276 17<hb 1
GI1X | -84.65026429 -4.6181 74.93398 26.5 0
E1X | -87.75902876 -2.1086 75.32045 14.16<hb 0
H1 -71.26058991 -11.4266 75.4817 17<hb 0
Y1 -77.70532251 -6.9922 75.67479 18=hb 0
M1 | -75.55972251 9.1378 76.25215 16.12<hb 0
J1 -70.30371113 -11.7656 76.28145 17<hb 0
F1X | -85.25596429 -3.9211 76.51587 14.16<hb 0
L1 -73.22961113 -9.1378 77.13954 17<hb 0
11 -70.77336438 -12.3831 77.43168 16.97<hb 0
R1 -82.14550358 -4.4071 20 17.6<hb 0
K1 -74.65641419 -9.7133 230 16.54<hb 0
V1 -76.58711419 -7.7826 19 18.33 0
S1 -86.29136429 -3.1838 21 18=hb 0
T1 -80.88953937 -7.002 19 16.6<hb 0
Z1 -77.33780358 -8.8049 20 16.6<hb 0
X1 -81.44550358 -5.1071 25 16.8<hb 0
HIX | -84.88508947 8.1119 18 17.22<hb 0
L1X | -87.90256455 -3.5108 13 16.1<hb 0
KI1X | -89.85402867 -6.241 16 16.06<hb 0
Ortalama Ortalama Ortalama
Ortalama
-75.997907 | -7.896060526 25.59132 16.56447368
S;andart Stan Sapma Standart Standart
apma Sapma Sapma
8.42539413 | 4208430831 34.73256 3.059116399
¢(°)(caddede
Nokta Ki
adi konumlanma W(m) b(m) Lori(dB) Lrts(dB)
acisi)
Al 82 10 5 0.922 27.73192
d1 28 10 14.76 -0.088 28.30005
cl 77.27 16 14.76 1.46122 27.80807
Bl 20 10 67 -2.92 23.9009
W1 100 7 19 0 22.53927
Ul 120 10 16.66 0 26.21301
Cl 20 10 73 -2.92 23.13864
al 58.64 17 15.07 3.58504 28.35558
01 140 7.14 11.66 0 27.67602
AIX 90 30 50 0.01 18.6089
D1 20 10 73 -2.92 22.92027
B1X 55.29 28 18 3.96694 26.7497
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El 20 20 63 -2.92 20.12834
bl 36.38 18 16 2.6035 27.56227
C1X 58.47 22.33 18.5 3.60442 27.36988
Fl 10 20 73 -6.46 16.6718
N1 150 20 9 0 23.20271
DIX 79.31 20 13 1.22866 13.38965
Gl 100 26 140 0 22.56628
GIX 40 25 25 2.875 29.73418
E1X 61 21.5 16.66 3.316 24.96709
HI1 100 26 140 0 22.56628
Y1 22.12 20 19 -2.16952 22.07453
Ml 20 33 9 -2.92 18.10787
J1 7 43 63 -7.522 12.85933
FIX 50.24 21.5 16.66 3.643 25.29409
L1 11.23 20 16.5 -6.02458 17.68113
11 100 50 111 0 19.70964
R1 40 20 12.5 2.875 26.9077
K1 90 230 57 0.01 12.84944
Vi 76 19 13.83 1.606 26.24338
S1 46.7 21 12.5 3.3775 27.40965
T1 66 19 15.6 2.746 26.44944
Z1 65 20 16 2.86 26.34068
X1 36 25 13.75 2.575 25.19982
H1X 21 18 13.8 -2.566 21.71862
L1X 46.06 13 13.75 3.3295 28.39129
K1X 31 16 13.83 0.974 25.11043
Ortalama Ortalama Ortalama Ortalama Ortalama
57.75552632 25.59132 34.46816 0.214176 23.5381
Standart Standart Standart Standart Standart
Sapma Sapma Sapma Sapma Sapma
36.46081362 34.73256 35.10505 2981112 4.565993
Nokta
adi Lbsh(dB) ka(dB) kd(dB) kf(dB) Lmsd(dB)
Al 0 54.00509 18.14851 -3.98865 4.492086
dl 0 54.10507 20.45079 -3.98865 -3.11898
cl 0 54.17646 20.45079 -3.98865 1.557383
Bl 0 54.01162 18.16579 -3.98865 -0.03563
W1 -16.7754 54 18 -3.98865 -10.6196
Ul -4.93484 54 18 -3.98865 2.562728
Cl -5.94745 54 18 -3.98865 -3.31238
al 0 54.0709 18.56059 -3.98865 9.837201
01 -4.93484 54 18 -3.98865 6.997818
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AlX -14.0067 54 18 -3.98865 -7.71989
D1 -7.16292 54 18 -3.98865 -2.00098
BIX 0 54.15421 18.83333 -3.98865 11.86308
El -5.94745 54 18 -3.98865 1.852157
bl 0 54.24634 19.21622 -3.98865 12.55174
C1X 0 54 18 -3.98865 14.39619
F1 -8.58818 54 18 -3.98865 0.851549
N1 -8.26906 54 18 -3.98865 9.470295
DIX -20.346 54 18 -3.98865 -3.77728
Gl -5.41854 54 18 -3.98865 2.080727
GI1X 0 55.93691 22.81132 -3.98865 12.18853
E1X -12.3272 54 18 -3.98865 3.931051
H1 -5.41854 54 18 -3.98865 2.66477
Y1 0 54 18 -3.98865 16.06347
Ml -8.26906 54 18 -3.98865 11.23463
J1 -5.41854 54 18 -3.98865 6.505633
F1X -12.3272 54 18 -3.98865 5.006931
L1 -5.41854 54 18 -3.98865 12.51462
11 -5.53493 54 18 -3.98865 5210616
R1 -2.6303 54 18 -3.98865 16.66659
K1 -7.03683 54 18 -3.98865 6.395252
V1 0 54.10483 18.27005 -3.98865 19.15072
S1 0 54 18 -3.98865 19.86114
T1 -6.8438 54 18 -3.98865 12.22787
Z1 -6.8438 54 18 -3.98865 12.35466
X1 -6.16361 54 18 -3.98865 13.83265
HIX -4.50756 54 18 -3.98865 15.50419
L1X -8.32316 54 18 -3.98865 12.54252
K1X -8.43025 54 18 -3.98865 12.48137
Ortalama Ortalama Ortalama Ortalama Ortalama
-5.46907 54.07399 18.33967 -3.9886486 6.954352
Standart Standart Standart Standart Standart
Sapma Sapma Sapma Sapma Sapma
5.032283 0.315648 0.949931 4.5005E-16 7.507759
9(°)
Nokta Lpextra (anten‘in ‘P ©) . ¥ PNlosTeorik
ad (dB) normaliyle (yiikselme | (tilti Qlki}l‘llml@ (dB)
yapilan yatay agis1) hali)
acn)
Al 32.0390451 21.88 39.90788 27.90788488 -89.83085561
dl 4.86 38.33334 26.33334011 -82.96814578
cl 33.3 25.21109 13.21109015 -91.65599817
Bl 32.0216739 50.55 22.25486 10.25486064 -96.05006815
Wl 16.57 19.70451 13.70450769 -76.58585206
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Ul 21.62 17.85594 11.85593623 -94.362075
Cl1 30.4899034 55.23 15.99531 3.995314767 -98.42487313
al 57.56 13.11298 1.112978314 -106.5949662
01 44.77 12.3169 6.316900326 -103.6382981
AlX 27.12 12.24892 0.248923543 -79.90304144
DI 33.945676 69.84 11.72154 0.278462801 -101.0247152
B1X 21.55 9.217289 2.782711454 -110.1550803
El 33.6400889 65.97 9.05566 2.944339992 -100.5102257
bl 46.18 8.663928 2.663927603 -112.2029004
C1X 16.08 7.208835 4.7911646 -114.9138386
Fl 33.6461618 69.19 6.845028 5.154972329 -107.8069406
N1 67.03 6.743513 0.743512559 -106.9647845
D1X 5.73 6.519329 5.480670532 -84.20045043
Gl 32.9592786 73.53 6.339745 5.66025498 -107.7920379
GIX 34.85 6.266884 5.733116005 -116.8566863
E1X 14.47 5.996186 6.003813772 -104.218595
HI1 74.44 5.886681 6.113318622 -100.7127466
Y1 56.73 5.758137 0.241862758 -113.8127856
M1 68.69 5.390087 0.60991253 -105.5946436
J1 71.82 5.372045 6.627954621 -95.64640886
F1X 25.58 5.2298 6.770199786 -106.8168977
L1 69.07 4.869261 1.130739091 -107.3352956
11 77.15 4.708945 7.291054623 -102.3519371
R1 42.66 4.699582 1.300417967 -121.0233363
K1 72.84 4.66032 1.339680238 -96.76693338
V1 60.59 4.503951 1.496049107 -123.2140551
S1 35.46 4.373636 1.626364132 -125.3467954
T1 55.57 4331227 1.668772811 -116.8382749
Z1 51.41 4.208393 7.791607011 -117.1071126
X1 46.4 4.099611 1.900388524 -117.6725232
H1X 62.37 4.08413 1.91587036 -115.8958304
L1X 36.85 3.669348 2.330652128 -120.5398962
KI1X 51.58 3.637369 2.362631259 -117.274115
Ortalama Ortalama Ortalama Ortalama
46.76553 10.02637 5.518319969 -105.0160531
Standart Standart Standart Standart Sapma
Sapma Sapma Sapma
21.43117 8.80725 6.275622769 12.14586518
Nokta Yatay Diisey
ady (horizontal)a (vertical)
ciya bagh actya bagh
olarak olarak
kazanctaki kazanctaki
azalma(dB) | azalma(dB)
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Al -1.2298 -17.8286
dl -0.052 -17.7631
cl -2.6926 -10.1706
Bl -5.8736 -4.7355
Wi -0.7365 -12.3957
Ul -1.2298 -8.329
Cl -6.6356 -0.7057
al -7.2015 -0.0278
Ol -4.745 -1.8179
AlX -1.8346 -0.0015
DI 9.2616 -0.0015
B1X -1.2298 -0.3956
El -8.6283 -0.3956
bl -4.9303 -0.427
CIX -0.652 -1.1095
F1 9.11 -1.1095
NI -8.793 -0.0278
DIX -0.0809 -1.1095
Gl -9.8155 -1.6111
GIX -3.007 -1.6111
EIX -0.4975 -1.6111
HI -9.8155 -1.6111
Yl -7.0139 0.0217
Ml 9.11 -0.0278
J1 -9.5497 -2.2159
F1X -1.7052 2.2159
L1 9.11 -0.0278
11 -10.1672 -2.2159
RI -4.3793 -0.0278
K1 -9.6855 -0.0278
Vi -7.7548 -0.0278
S1 -3.007 -0.1768
Tl -6.8252 -0.1768
Z1 -5.8736 2.9313
X1 -4.9303 -0.1768
HIX -7.9351 -0.1768
LIX -3.334 -0.1768
K1X -6.0642 -0.1768
Ortalama Ortalama
-5.38151 -2.51455
Stan Sapma | Stand.Sap
3.394825 4.60286654
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Sekil 2.3.3. Ordtu’nun elektrik alanin ortalama degerinin uzaklikla degisimi
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Sekil 2.3.4. Ordtu’nun manyetik alaninin ortalama degerinin uzaklikla degisimi
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Sekil 2.3.5. Ordtu’nun gii¢ yogunlugunun ortalama degerinin uzaklikla degisimi
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Sekil 2.3.6. Ordtu’nun 6l¢iilen giiclin uzaklikla degisimi
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Sekil 2.3.7. Ordtu’nun 6lgiilen zayiflamanin logaritmik olarak uzaklikla degisimi

2.4. OSINA

Ordu Merkez Sahincili Mahallesi Ibn-i Sina Caddesi iizerinde bulunan Osina adli
baz istasyonunun kapsam alani i¢inde kalmak kaydiyla direkt goriisiin olmadig1 28 noktada
Ol¢ii aletinin elektrik alan probu kullanilarak oOl¢iim yapilmis bu olglim degerlerinin
maksimumu 0.3036 (V/m), minimumu 0.0368 (V/m) yapilan 28 Ol¢iimiin ortalamasi
0.141614286 (V/m), standart sapmasi 0.058514319 (V/m)’dir.

Baz istasyonu antenleri 16 metre yukarida, {i¢ sektorden olusan ve her sektorde
birer X polarizasyonlu antenin bulundugu, birinci sektdorde bulunan antene verilen giiciin
8.29 watt, ikinci sektdrde bulunan antene verilen giiciin 13.16 watt, {iglincii sektdrde
bulunan antene verilen giiciin 13.18 watt oldugu, her ii¢ hiicrede toplam olarak on ii¢
degisik frekansin kullanildigi, 104 kisinin ayn1 anda konusabildigi yaklasik 300 metre

yarigapli bir baz istasyonu.



{0.18Vim i3
Bakis irtifas|

Sekil 2.4.2. Osina’da 6l¢iim yapilan alanin resmi
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Tablo 2.4.1. Osina’nin 6zellik ve 6l¢lim degerleri

Site Ad1 ibni Sina Caddesi
Sistem
Koordinat 40.9977992°N 37.885552 °E
Site ID OSINA
Cell1(0°) Cell2(120°) Cell3(220°)
Frekansi 936.8(9),939.6(23),945.2( 937.4(12),940.8(29),
(kanal no) 51), 938'15&? ’69(‘;(;'4(27)’ 942(35),943.8(44),
941.2(31) ’ 945.8(54),940(25)
Bir anda
konusabilecek 4.8=32 3.8=24 6.8=48
telefon sayisi
Anten tipi,
kazancl ve 739632/(15dBi) 739632/(15dBi) 739632/(15dBi)
Yatay 3dB ° ° °
Aciklig 65 65 65
Diisey 3dB o o o
Aciklin 15 15 15
Anten Yeri CATI CATI CATI
Anten
Yiiksekligi 16m 16m 16m
Anten Agisi 0° 120° 2200
Anten Tilt Acis1 90 6° 0°

Feeder Tipi

¥27=7.2(dB/100m)16m

¥7=17.2(dB/100m)16m

17=7.2(dB/100m)16m

Power Splitter

Tipi ve sayisi var var var
Hybrid
Combiner var var var
Giivenlik 6.76m 8.52m 8.52m
mesafesi(m)
Verici giicii(W) 8.29 13.16 13.18

Kanal basina
diisen alan(m®)

(R=300m,7.R*=282743.3m’, 282743.3m?/104 kanal=2718 m’*/kanal
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NZ‘IZa Enlem (°) Boylam (°) Azimugh agis1 | Antenden uzakhk Emax(V/m)
©) (km)
A4 40.978053°N 37.885340°E 291° 0.01868 0.644
Y4 40.977735°N 37.885359°E 208.23° 0.03185 0.506
B4 40.978022°N 37.885058°E 274.85° 0.04113 0.3128
C4 40.978139°N 37.885053°E 291.56° 0.04467 0.4508
D4 40.978357°N 37.885201°E 324.9° 0.04993 0.3772
74 40.977550°N 37.885715°E 163.84° 0.05085 0.322
C4 40.978332°N 37.884929°E 305.6° 0.06477 0.3588
T4 40.978282°N 37.886209°E 59.67° 0.06494 0.2944
S4 40.978458°N 37.886034°E 38.26° 0.0663 0.368
04 40.978144°N 37.886357°E 75.68° 0.07041 0.3588
X4 40.977358°N 37.885268°E 198.2° 0.07319 0.322
U4 40.977942°N 37.886585°E 93.51° 0.08723 0.9844
U4 40.977781°N 37.886658°E 104.11° 0.0965 0.2484
14 40.977308°N 37.886397°E 136.74° 0.10406 0.3404
W4 40.977099°N 37.885029°E 203.59° 0.10729 0.2576
F4 40.978322°N 37.884289°E 289.27° 0.11203 0.276
S4 40.978829°N 37.886381°E 36.8° 0.11618 0.4324
i4 40.977195°N 37.886558°E 136.34° 0.12226 0.4508
G4 40.978540°N 37.884257°E 299.56° 0.12435 0.3588
V4 40.979777°N 37.884834°E 343.34° 0.12444 0.7176
E4 40.979777°N 37.884834°E 343.34° 0.1556 0.3312
K4 40.979777°N 37.884834°E 343.34° 0.16806 0.3312
J4 40.979777°N 37.884834°E 343.34° 0.16928 0.322
P4 40.979777°N 37.884834°E 343.34° 0.17024 1.196
R4 40.979777°N 37.884834°E 343.34° 0.17335 0.3772
G4 40.979777°N 37.884834°E 343.34° 0.17497 0.3588
N4 40.979777°N 37.884834°E 343.34° 0.17902 0.276
M4 40.979777°N 37.884834°E 343.34° 0.20726 0.2116
Ortalama Ortalama

0.10603 0.4209

Standart Standart

Sapma Sapma

0.051904157 0.216229709
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Nokta

ai | FAversge | Haverage | Paverage Pr(W) Pr(dBm)
A4 0.3036 0.000805305 0.000244491 2.02455E-06 -26.93671067
Y4 0.2392 0.000634483 0.000151768 1.25675E-06 -29.00752251
B4 0.0736 0.000195225 1.43686E-05 1.18982E-07 -39.24518973
C4 0.2116 0.000561273 0.000118765 9.8346E-07 -30.07243275
D4 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20153937
74 0.1104 0.000292838 3.23293E-05 2.67709E-07 -35.72336455
Cc4 0.2024 0.00053687 0.000108662 8.99801E-07 -30.45853586
T4 0.1564 0.000414854 6.48832E-05 5.37278E-07 -32.69801104
S4 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
04 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
X4 0.092 0.000244032 2.24509E-05 1.85909E-07 -37.30698947
U4 0.1104 0.000292838 3.23293E-05 2.67709E-07 -35.72336455
U4 0.0552 0.000146419 8.08233E-06 6.69273E-08 -41.74396446
14 0.1196 0.000317241 3.79421E-05 3.14187E-07 -35.02812243
w4 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40502867
F4 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516429
S4 0.2208 0.000585676 0.000129317 1.07084E-06 -29.70276464
i4 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
G4 0.1748 0.00046366 8.10479E-05 6.71132E-07 -31.73191745
V4 0.1012 0.000268435 2.71656E-05 2.2495E-07 -36.47913577
E4 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
K4 0.1104 0.000292838 3.23293E-05 2.67709E-07 -35.72336455
J4 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516429
P4 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516429
R4 0.2024 0.00053687 0.000108662 8.99801E-07 -30.45853586
G4 0.1196 0.000317241 3.79421E-05 3.14187E-07 -35.02812243
N4 0.092 0.000244032 2.24509E-05 1.85909E-07 -37.30698947
M4 0.0368 9.76127E-05 3.59215E-06 2.97455E-08 -45.26578965

Ortalama Ortalama Ortalama Ortalama Ortalama
0.141614286 0.000375635 6.22773E-05 5.15699E-07 -34.37504457

Standart Standart Standart Standart Standart

Sapma Sapma Sapma Sapma Sapma

0.058514319 0.00015521 5.13254E-05 4.2501E-07 3.950296804
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Aciya bagh
Nokta PNLOS ¥ (°) Kazanctaki
adi Pratik(dB) (tilti (;1k2frllm1§ toplam azalma PLO0(dB) hRoof(m)
hali) Son EIRP
(dB)
A4 -61.49051067 -9.2399
Y4 -63.56132251 24.6860958 -17.9162 61.9247458 15<(hb=16m)
B4 -61.16158973 19.5929106 -30.5536
C4 -69.27563275 9.14587065 -13.2668 64.8628761 19
D4 -78.98853937 7.34169081 -5.683 65.8297884 19
74 -79.88316455 10.0614062 -10.0102 65.9883762 12<hb
C4 -77.40213586 3.73657314 -7.2264 68.090035 19
T4 -78.51481104 3.70431481 -8.3532 68.1128028 14.25<hb
S4 -83.46568982 3.45192278 -3.9289 68.2928276 12<hb
04 -85.27358982 5.74586512 -2.121 68.815244 13.5<hb
X4 -83.47248947 11.3114379 -8.0045 69.151592 16.16
U4 -87.40716455 3.52728338 -2.4862 70.6758745 14<hb
U4 -94.83496446 2.62655262 -1.079 71.5531033 13.5<hb
14 -88.28482243 2.00827209 -0.9133 72.2082335 14<hb
w4 -90.58182867 7.77017043 -3.9932 72.473742 18
F4 -78.66836429 1.55481801 -9.2868 72.8492438 19
S4 -80.36196464 1.8179355 -3.5108 73.1651845 14.125<hb
4 -79.79458982 0.82835901 7.6 73.6082449 15<hb
G4 -77.26531745 2.28535118 -8.6366 73.7554729 19
V4 -88.08083577 0.70983681 -2.5683 73.7617571 14<hb
E4 -79.32658982 5.37498782 -8.068 75.7027489 13.75<hb
K4 -80.65256455 4.02143245 -9.2408 76.3718443 14.5<hb
J4 -77.91256429 4.05713456 -10.0426 76.4346701 14<hb
P4 -84.00516429 4.08487093 -3.95 76.4837893 12.9<hb
R4 -81.60073586 4.17263072 -3.0278 76.641034 13.25<hb
G4 -81.31972243 4.78288228 -7.8784 76.7218289 12.5<hb
N4 -89.77618947 4.32483652 -1.7008 76.9205881 15.5<hb
M4 -97.45648965 4.95957102 -1.9793 78.1928669 15.5<hb
Ortalama Ortalama
-80.70783386 -7.94503571
Standart Standart
Sapma Sapma

8.632863022

7.390264648
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Noita (Plg)n(lc::r(lil:f:z:l Lori(dB)

ady acist) W(m) b(m) Lrts(dB)
A4

Y4 65 15 15 2.86 26.6266534
B4

C4 79 20 32 1.264 26.0149502
D4 300 60 80 0 19.9797376
Z4 64 15 35 2.974 24.5831985
c4 200 30 45 0 22.9900376
T4 85 16 34 0.58 23.5751371
S4 104 14 35 0 21.9088307
04 7 15 36 -7.522 15.2327397
X4 14 29 41 -5.044 16.5685329
U4 42 16.66 22.66 3.025 25.67447
U4 122 12 32 0 23.7238398
14 7 20 40 -7.522 14.3339201
W4 90 30 40 0.01 22.4931324
F4 10 50 70 -6.46 14.3115501
S4 103 17.66 41.25 0 22.4817879
14 7 25 40 7522 14.0261659
G4 200 45 85 0 21.229125
V4 30 20 50 0.62 22.4759201
E4 200 50 70 0 17.7030046
K4 140 50 80 0 18.2134858
J4 140 50 75 0 17.87652
P4 100 30 55 0 19.3041822
R4 100 60 75.5 0 16.5534031
G4 250 50 70 0 16.7792823
N4 120 70 100 0 17.3892863
M4 20 55 83 2.92 15.5166398
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Nokta

ads Lbsh(dB) ka(dB) kd(dB) kf(dB) Lmsd(dB)
A4

Y4 -5.4185399 54 18 -3.9886486 -0.8061538
B4

C4 0 54.214416 20.368421 -3.9886486 1.3122603
D4 0 54.239664 20.368421 -3.9886486 -1.259228
Z4 -12.58146 54 18 -3.9886486 -7.6235976
¢4 0 54.310896 20.368421 -3.9886486 3.362784
T4 -7.9079885 54 18 -3.9886486 -0.92484
S4 -12.58146 54 18 -3.9886486 -5.5495914
04 -9.7932248 54 18 -3.9886486 -2.4012915
X4 0 54.018737 18.148515 -3.9886486 7.0364052
U4 -8.5881826 54 18 -3.9886486 2.2877016
U4 -9.7932248 54 18 -3.9886486 0.5231546
14 -8.5881826 54 18 -3.9886486 1.4456239
W4 0 54.343328 19.666667 -3.9886486 9.0003575
F4 0 54.537744 20.368421 -3.9886486 6.7095407
S4 -8.2554813 54 18 -3.9886486 2.5193054
14 -5.4185399 54 18 -3.9886486 5.8752768
G4 0 54.59688 20.368421 -3.9886486 6.9327115
V4 -8.5881826 54 18 -3.9886486 1.971605
E4 -9.2139005 54 18 -3.9886486 1.7776274
K4 -7.1629202 54 18 -3.9886486 3.908866
14 -8.5881826 54 18 -3.9886486 2.7924054
P4 -11.030109 54 18 -3.9886486 1.606973
R4 -10.332563 54 18 -3.9886486 1.2077814
G4 -11.757825 54 18 -3.9886486 0.1508746
N4 -3.1696427 54 18 -3.9886486 7.5238229
M4 -3.1696427 54 18 -3.9886486 9.397171
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9(°)
Nokta (anten'in ¥ )
adi normaliyle x(m) komsu Lpextra(dB) .
yapilan yatay (yiikselme acisi)
agl)

A4 69.78 0 38.08672
Y4 11.77 6 1 33.12789952 24.6861
B4 54.85 0 19.59291
C4 68.44 0 18.14587
D4 36 0 16.34169
74 43.84 0 16.06141
C4 54.4 0 12.73657
T4 59.67 0 12.70431
S4 38.26 0 12.45192
04 11.11 0 11.74587
X4 21.8 0 11.31144
U4 26.49 0 9.527283
U4 15.89 0 8.626553
14 16.74 0 8.008272
W4 16.41 0 7.77017
F4 69.27 0 7.445182
S4 36.8 0 7.182064
i4 60.44 0 6.828359
G4 64.86 0 6.714649
V4 31.54 0 6.709837
E4 56.17 0 5.374988
K4 64.86 0 4.978568
J4 69.82 0 4.942865
P4 36.06 0 4.915129
R4 30.28 0 4.827369
G4 5471 0 4.782882
N4 19 0 4.675163
M4 16.66 0 4.040429
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(h .Yatt:q;) Diisey
ot | Qe | erteabana | gy o
adi . bagh olarak .
kazanctaki . Teorik(dB)
azalma kazanctaki
(dB) azalma(dB)
Ad 9.2616 0.0217
Y4 -0.3629 -17.5533 -95.052645
B4 -6.6356 -23.918 0
c4 -8.9536 -4.3132 -92.190087
D4 -3.169 -2.514 -84.550298
Z4 -4.5613 -5.4489 -82.947977
C4 -6.4454 -0.781 -94.442857
T4 -7.5722 -0.781 90.7631
54 -3.5019 -0.427 -84.652067
04 -0.3031 -1.8179 -81.646692
X4 -1.2298 -6.7747 -92.75653
u4 -1.7052 -0.781 -98.638046
U4 -0.652 -0.427 295.800098
14 -0.7365 -0.1768 -87.987777
w4 -0.652 -3.3412 -103.96723
F4 9.11 -0.1768 -93.870335
S4 -3.334 -0.1768 -98.166278
14 7.5722 -0.0278 293.509688
G4 -8.4598 -0.1768 -101.91731
va -2.5405 -0.0278 -98.209282
E4 -6.8252 -1.2428 -95.183381
K4 -8.4598 -0.781 -98.494196
J4 9.2616 -0.781 -97.103595
P4 -3.169 -0.781 -97.394944
R4 -2.2468 -0.781 -94.402219
G4 -6.6356 -1.2428 -93.651986
N4 -0.9198 -0.781 -101.8337
M4 -0.7365 -1.2428 -103.10668
Ortalama Ortalama Ortalama
-4.4647464 -3.4802893 -94.31688439
Standart Standart Standart
Sapma Sapma Sapma
3.2984894 6.3040363 6.036634049
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Sekil 2.4.3. Osina’in elektrik alanin ortalama degerinin uzaklikla degisimi

0.00035
0.0003
0.00025
0.0002

0.00015

PAverage(W/m?)

0.0001
0.00005

O

OSINA

| a1

0.05

0.1 0.15 0.2 0.25

Sekil 2.4.4. Osina’in gii¢ yogunlugunun ortalama degerinin uzaklikla degisimi
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Sekil 2.4.5. Osina’in giicliniin uzaklikla degisimi
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Sekil 2.4.6. Osina’in giiclinlin uzaklikla logaritmik olarak degisimi
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Sekil 2.4.7. Osina’in Ol¢iilen zayiflama degerinin uzaklikla degisimi

2.5. SUBAM

Ordu Merkez Subas1 Mahallesi Ziibeyde Hanim Caddesi iizerinde bulunan Subam
adli baz istasyonunun kapsam alani i¢inde kalmak kaydiyla direkt goriisiin olmadig 23
noktada Olgii aletinin elektrik alan probu kullanilarak O6lgiim yapilmis bu Olgiim
degerlerinin maksimumu 0.4416 (V/m), minimumu 0.0644 (V/m) yapilan 23 6l¢iimiin
ortalamasi 0.1608 (V/m), standart sapmas1 0.081788019 (V/m)’dir.

Baz istasyonu antenleri 17 metre yukarida, ii¢ sektérden olusan, birinci ve tigiinci
sektorde ikiser anten bulundugu i¢in EIRP’yi hesaplama giicliigiinden dolay1 dikkate
alinmadig1 sadece ikinci sektorde bir X polarizasyonlu antenin bulundugu ve bu sektorde
bulunan antene verilen giiciin 14.12 watt, oldugu, her ii¢ hiicrede toplam olarak on beg
degisik frekansin kullanildigi, 120 kisinin ayn1 anda konusabildigi yaklasik 300 metre
yaricapli bir baz istasyonu (Mutlu ve Cavdar, 2010).
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ﬂ:l

G3(0.1v

15 m Bakig iitifas)

Sekil 2.5.2. Subam’da 6l¢iim yapilan alanin resmi
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Tablo 2.5.1. Subam’1in 6zellik ve 6l¢iim degerleri

Site Ad1 Subas1 Mah.
Sistem 40.975861°N 37.889916°F
Koordinat : :
Site ID SUBAM
Cell1(40°) Cell2(190°) Cell3(295°)
Frekansi 938.8(19),941(30), 939.2(21),945.6(53),
(kanal no) 941.4(32),943.4(42), 945.2(51),941.8(34), 9393?((3())’)9;:62(%)’
940.6(28),946(55) 939.6(23) g
Bir anda
konusabilecek 6.8=48 5.8=40 4.8=32
telefon sayis1
Anten tipi,
kazanci ve 732448/739622 739622/(15dBi) 739620/730360
uzunlugu (15.5dBi/15dBi) (1296 mm) (9dBi/12.5dBi)
(mm)
Yatay 3dB 0/6=0 o °
Aciklin 65°/65 65 65
Dﬁsey 3dB o o o o o]
Akl 13°/15 15 27°/27
Anten Yeri TERAS TERAS TERAS
Anten
Yiiksekligi 17m 17m 16m
Anten Acisi 40° 190° 2950
Anten Tilt
Acist 7° 0° 5°
Feeder Tipi 7/8” =4(dB/100m)25m LCF % inch7/100(15m) LCF % inch7/100(15m)
Power
Splitter Tipi yok yok yok
ve sayisl
Hybrid
Combiner yok yok yok
Guven.llk 8.92 m
mesafesi(m)
Verici
giicii(W) 14.12-14.12 14.12 15.88

Kanal basina
diisen
alan(m?)

(R=300m,7.R*=282743.3m’, 282743.3m*/120 kanal=2356 m*/kanal




Tablo 2.5.1.’in devami

73

NZ‘IZ “ Enlem(°) Boylam(°®) Itlzglll;?ot)h ui::ﬁ;:?;::l) Enax(V/m)
Z3 40.975637°N 37.890089°E 150.02 0.02835 0.6256
03 40.976087°N 37.890305°E 52.09 0.04149 0.3772
U3 40.976216°N 37.889732°E 339.53 0.04276 0.4784
03 40.976267°N 37.890039°E 12.81 0.04655 0.3772
C3 40.975439°N 37.889680°E 202.46 0.04987 0.368
C3 40.975483°N 37.889568°E 214.56 0.05007 0.3772
I3 40.975869°N 37.890554°E 88.57 0.05383 0.3772
U3 40.976388°N 37.889669°E 340.79 0.06253 0.3128
E3 40.975340°N 37.889401°E 216.49 0.07203 0.3312
F3 40.975786°N 37.888979°E 264.02 0.07925 0.322
S3 40.976564°N 37.889627°E 342.96 0.08177 0.322
i3 40.975449°N 37.890816°E 120.94 0.08811 0.4784
G3 40.975790°N 37.888830°E 265.28 0.0915 0.3128
S3 40.976775°N 37.889335°E 334.51 0.11249 1.1592
I3 40.976464°N 37.888716°E 303.85 0.12083 0.368
R3 40.976766°N 37.889035°E 323.93 0.12497 0.4508
H3 40.976132°N 37.888467°E 284.32 0.12524 0.3772
G3 40.975910°N 37.888326°E 272.36 0.13359 0.3312
K3 40.976278°N 37.888205°E 288.07 0.15096 0.3772
L3 40.976386°N 37.888052°E 290.63 0.16711 0.2116
P3 40.977081°N 37.888586°E 320.57 0.1758 1.1776
M3 40.976780°N 37.888106°E 304.09 0.18329 0.3128
N3 40.977040°N 37.888087°E 310.75 0.20217 2.0884
Ortalama Ortalama
0.099328696 0.518
Standart Standart
Sapma Sapma
0.050295479 0.409791362
Nokta
adi EAvefa§e(V/ ™1 Have(A/m) P(:V‘,‘/’;fzg)e Pr(W) Pr(dBm)
Z3 0.4416 0.001171353 0.000517269 4.28335E-06 -23.68216472
03 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40502867
U3 0.2116 0.000561273 0.000118765 9.8346E-07 -30.07243275
03 0.092 0.000244032 2.24509E-05 1.85909E-07 -37.30698947
C3 0.1748 0.00046366 8.10479E-05 6.71132E-07 -31.73191745
C3 0.2208 0.000585676 0.000129317 1.07084E-06 -29.70276464
I3 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
u3 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
E3 0.1564 0.000414854 6.48832E-05 5.37278E-07 -32.69801104
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F3 0.1012 0.000268435 2.71656E-05 2.2495E-07 -36.47913577
S3 0.1012 0.000268435 2.71656E-05 2.2495E-07 -36.47913577
i3 0.276 0.000732095 0.000202058 1.67318E-06 -27.76456438
G3 0.092 0.000244032 2.24509E-05 1.85909E-07 -37.30698947
S3 0.1564 0.000414854 6.48832E-05 5.37278E-07 -32.69801104
J3 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
R3 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
H3 0.1656 0.000439257 7.2741E-05 6.02346E-07 -32.20153937
G3 0.138 0.000366048 5.05146E-05 4.18296E-07 -33.78516429
K3 0.1196 0.000317241 3.79421E-05 3.14187E-07 -35.02812243
L3 0.0644 0.000170822 1.1001E-05 9.10955E-08 -40.40502867
P3 0.23 0.00061008 0.000140318 1.16193E-06 -29.3481893
M3 0.0736 0.000195225 1.43686E-05 1.18982E-07 -39.24518973
N3 0.1472 0.000390451 5.74744E-05 4.75928E-07 -33.22458982
Ortalama Ortalama Ortalama Ortalama Ortalama
0.1608 0.000426525 8.63287E-05 7.14862E-07 -33.41682294
Standart Standart Standart Standart Standart
Sapma Sapma Sapma Sapma Sapma
0.081788019 0.000216944 0.000103757 8.59182E-07 4.030802694
9 (°) Aciya bagh
Nokta (anten.in Kazanctaki
Wi | praia®) | yaplanyatay | asalma PLO(B) hRoof(m)
ac) Son EIRP
(dB)
Z3 | -56.15276472 39.98 -24.0194 60.913618 14.06<(hb=17m)
03 -96.93042867 0.0354
U3 | -86.59783275 0.0354
03 -93.83238947 0.0354
C3 -63.29661745 12.46 -24.9253 65.819344 18.5
C3 | -60.05046464 24.56 -26.1423 65.854109 18
13 -85.8735893 0.0354
U3 -89.74998982 0.0354
E3 | -79.15381104 26.49 -10.0342 69.012825 18
F3 -93.00453577 0.0354
S3 -93.00453577 0.0354
I3 ] -69.69566438 69.06 -14.5589 70.763061 13.28<hb
G3 -93.83238947 0.0354
S3 -89.22341104 0.0354
J3 -89.74998982 0.0354
R3 -89.74998982 0.0354
H3 -88.72693937 0.0354
G3 | -90.31056429 0.0354
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K3 -91.55352243 0.0354
L3 -96.93042867 0.0354
P3 -85.8735893 0.0354
M3 -95.77058973 0.0354
N3 -89.74998982 0.0354
Ortalama ortalama
-85.60060989 -4.306213043
Standart
Sapma standart
sapma
11.5492013 8.964048075
Nokta (p(°)(§l?idded
@t | Konumlanm W(m) b(m) Lori(dB) Lrts(dB)
a acisi)
Z3 -10.718932 6 30 0.01 27.13584
03
U3
03
¢3 0 6 30 0.01 29.739982
C3 0 6 30 0.01 29.482832
13
U3
E3 0 10 30 0.01 27.264345
F3
S3
i3 -12.130956 11 33 0.01 23.952877
G3
S3
J3
R3
H3
G3
K3
L3
P3
M3

N3
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Nokta
adi Lbsh(dB) ka(dB) kd(dB) kf(dB) Lmsd(dB)
73 -10.718932 54 18 -3.9886486 -9.7258305
03
U3
03
¢3 0 54.119688 19.216216 -3.9886486 3.9442341
C3 0 54.080112 18.833333 -3.9886486 4.4359696
I3
U3
E3 0 54.115248 18.833333 -3.9886486 7.4455636
F3
S3
i3 -12.130956 54 18 -3.9886486 -2.6458902
G3
S3
13
R3
H3
G3
K3
L3
P3
M3
N3
Yatay
(horizontal) .. .
Nokta | ¥ (%) agtya bagh agl;ieﬁ;;ﬁrﬁﬁ??k PNLosTeorik
adr (tilti clk?rllmls olarak . kazanctaki azalma (dB)
hali) kazangtaki (dB)
azalma
(dB)
73 28.8844446 -3.8457 -20.1737 -95.5823
03 0.0137 0.0217 0
U3 0.0137 0.0217 0
03 0.0137 0.0217 0
¢3 17.4122281 -0.3629 -24.5624 -99.5036
C3 17.3468571 -1.5799 -24.5624 -99.7729
I3 0.0137 0.0217 0
U3 0.0137 0.0217 0
E3 12.2505727 -1.7052 -8.329 -103.723
F3 0.0137 0.0217 0
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S$3 0.0137 0.0217 0
I3 10.0654688 9.11 -5.4489 -92.07
G3 0.0137 0.0217
S3 0.0137 0.0217
J3 0.0137 0.0217
R3 0.0137 0.0217
H3 0 0.0137 0.0217
G3 0 0.0137 0.0217
K3 0 0.0137 0.0217
L3 0 0.0137 0.0217
P3 0 0.0137 0.0217
M3 0 0.0137 0.0217
N3 0 0.0137 0.0217
ortalama ortalama Ortalama
-0.71118 -3.59503 -98.13030279
standart standart Standart Sapma
sapma sapma
2.041474 8.021035 4.446304585
0.6
— 05
E \
= 04 \
@ 0.3 \ n
g 02 A A
Z WL~/
01 ¥ - NT v/
0
0 0.05 0.1 0.15 0.2 0.25
d{km)

Sekil 2.5.3. Subam’n elektrik alanin ortalama degeriyle uzakligin degisimi
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Sekil 2.5.4. Subam’in manyetik alanin ortalama degerinin uzaklikla degisimi
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Sekil 2.5.5. Subam’n gii¢ yogunlugunun ortalama degerinin uzaklikla degisimi
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SUBAM
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£ |
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Sekil 2.5.6. Subam’1n giicilin uzaklikla degisimi
SUBAM
0
-5 0.05 0.1 0.15 0.2 0:25
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Sekil 2.5.7. Subam’n giiclin uzaklikla logaritmik olarak degisimi
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Sekil 2.5.8. Subam’in 6l¢iilen zayiflama degerinin uzaklikla degisimi

2.6. Ol¢iim Yapilan Baz istasyonlarindaki Elektromanyetik Dalganin Yere
Inme Mesafesi

ORMEH Hiicre](739632) Disey acikli(15%)
Elektriksel tlt (8°) antenin normeli (90°)

b=
s ) 36m
A& A o Ma A
B3 /K:.Aallm 8 { : f\\
— \ | ! | 0875 45m)
B(54.36m)

A7 $4m)

Sekil 2.6.1. Ormeh hiicre1’in yere inme mesafesi
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ORMEH Hiicre2(739684) Diisey aciklik(15°)
Elektriksel tilt(6°) antenin normali (240%)

X e ] §0
hb=%m
. = .
A(31.82m) B(72.68m)
Sekil 2.6.2. Ormeh hiicre2’in yere inme mesafesi
ORDTU Hiicre2(739632) Diisey acikhk (15°)
Elektriksel tilt(6°) antenin normali (120%)
T T
hb=18m
' 6 F
T

B(158.319
A(69.31m) ( m)

Sekil 2.6.3. Ordtu hiicre2’in yere inme mesafesi
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ORDTU Hiicre3 (739633) Diisey acikhi(16%)
Elektriksel tlt(12°) antenin normali(280°)

hm=1.36m

hb=18m

3 ¥ Fr\\'\
: ‘ = } Cosse

A@4578m)  BU8-28m)

Sekil 2.6.4. Ordtu hiicre3’in yere inme mesafesi

OSINA Hiicrel (739632)Diisey aciklik(15%)
Elektriksel tlt (9°) antenin normali(0°)

| 165 (-,,'/)T ge II___,H 1. ?\\_\

| | | | C(559.07m)
A(4942m DOZAm)

hm=1.36m

hb=16m

i
(=] =

Sekil 2.6.5. Osina hiicrel’in yere inme mesafesi
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OSINA Hiicre2 (739632) Dusey aciklik (15°)
Elektriksel tilt(6°) antenin normali (120°)

hb=16m

|

A(60.97m) B(139.29m)

Sekil 2.6.6. Osina hiicre2’nin yere inme mesafesi

OSINA  Hiicre3(739632)Diisey aciklic(15°)
Elektriksel tilt(0°) antenin normali(220°)

hb=16m

‘ / A(111.2m)

Sekil 2.6.7. Osina hiicre3’{in yere inme mesafesi
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ORMIG Hiicre1(739684) Diisey aciklik(14.5°)

Elelktriksel ilt(10°) antenin normali(0%)

hm=1.36m

hb=14m

= ],m L .
10°

17,250 e e 5750
| | K 1
C(263.14m)
A(40.707m) B(71.68m)
Sekil 2.6.8. Ormig hiicre1’in yere inme mesafesi
ORMIG Hiicre2(739632)Diisey acikdik(15%)
Elektriksel tilt (6°) antenin normali(100°)
X g 158
hb=14m
. - .
A(52 64m) B(120.26m)

Sekil 2.6.9. Ormig hiicre2’nin yere inme mesafesi
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ORMIG Hiicre3(739632) Diisey aciklik(15%)
Elektriksel tilt(6°) antenin normali(260%)

13.5¢ ({'
r \'-.

hb=14m

7 5%
T

Y o bm=1.36m ﬁr

A(32.64m) B(120.26m)

Sekil 2.6.10. Ormig hiicre3’ilin yere inme mesafesi

SUBAM Hiicre2(739622) Diisey aciklk(15%)
Elektriksel ilt(0°) antenin normali(190°)

hb=1Tm

’ A(118.79m)

Sekil 2.6.11. Subam hiicre2’nin yere inme mesafesi
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2.7. Ol¢me Isleminde Kullanilan Olcii Aletleri

EMR 300 Radyasyon Metre E-Field 100kHz-3GHz,2244/90.20 Z-0016,TYPE 8.2
RS=1.061 NARDA.

Sekil 2.7.1. EMR 300 cihazi

MAGELLAN SporTrak COLOR BN 895107 GPS Cihaz1.

Sekil 2.7.2. GPS 6l¢tim cihaz1
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BOSCH PLR 30,3603K16000,Lazerle uzaklik 6lger.

Sekil 2.7.3. Uzaklik (lazermetre) dlger

2.8. Ol¢iim Yapilan Tiim Baz Istasyonlarimin Haritasi ve Resimleri

Sekil 2.8.1. Baz istasyonlarinin Google Earth goriintiisii




ORMEH ORMIG

Sekil 2.8.3. Baz istasyonu antenlerinin resimleri
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Sekil 2.8.4. Olgiim yapilan alandaki resimler




3. TARTISMA

ZATIFLAMA

a
$ 20 40 &0 g0

& - = Prlos(pratik)
— Pnlos(teorik)

-100

-120

-140

Sekil 3.1 Teorik ve pratik zayiflama degerlerinin degisimi

Giliniimlizde, bina dis1 kablosuz iletisimde herhangi bir noktada olusabilecek
zayiflamayi, elektrik ve manyetik alanini, gii¢ yogunlugunu ve degerini yapilan 6lgiimlere
dayali gelistirerek teorik olarak veren cesitli yontemler kullanilmaktadir. 1960’11 yillarda
Okumura’nin grafiksel analizlerinden baslayarak COST-231 WI'ye kadar devam eden sz
konusu yontemlerin tamami 6l¢iim araliginin baslangi¢ noktasini1 baz istasyonundan 1 km
uzakliktan baslatmaktadirlar, bu nedenle bu yontemleri kiiclik veya c¢ok kiiclik hiicrelerin
bulundugu (kapsama yaricapt 1km’den kiiciik olan hiicreler) sehir ortamlarinda kullanmak
neredeyse imkansizdir.

Bu sebep ile en zengin parametreli COST-231 Walfisch-lkegami YoOntemi’'ni
kullandik. Bu yontemin avantajlari, frekansin 2000 MHz’e c¢ikarilabilmesi, baz
istasyonuyla mobil arasindaki o6l¢iim mesafesinin 20 m’den baslatilabilmesi, baz
istasyonuyla ilgilenilen nokta arasinda bulunan binalarin yiikseklik ve genisliklerinin
parametre olarak hesaba katilabilmesi olarak sayilabilir. Diger biitiin yontemler direkt

goriis (LOS) icin baginti gelistirmelerine ragmen direkt goriisiin olmadigi (NLOS)
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durumlar i¢in baginti gelistirememektedirler. COST-231 WI yonteminde ise hem direkt
goriisiin hem de direkt gorlisiin olmadigi durumlar icin zayiflamay1 veren bagmtilar
mevcuttur. Tiirkiye’de bina dis1 kablosuz iletisime iliskin literatiir tarandiginda bu alanda
cok fazla bir caligmanin olmadigi, 6zellikle direkt goriisiin olmadig: alanlarla ilgili 6l¢gtim
ve sonuglarinin yontemlerle tutarliliginin testinin birkag lokal 6l¢iim disinda yapilmadigin
sOylemek miimkiindiir. Direkt goriisiin oldugu alanlarda ise bir noktadaki herhangi bir
deger yontemi kullanilarak teorik bulgular elde edilmistir. Bu Ol¢limler, sadece baz
istasyonundan gelen isaretin frekansi ve baz istasyonu anteninden olan uzaklik dikkate
alarak hesaplandigi i¢in gorece olarak kolaydir. Ancak, direkt goriisiin olmadigi
alanlarda bir noktadaki deger yontemi kullanilarak teorik olarak bulunurken baz istasyonu
anteninin bulundugu yiikseklik, baz istasyonu ve 6l¢iim noktasi arasinda bulunan binalarin
arasindaki uzaklik, binalarin orta noktalar1 arasindaki uzaklik, baz istasyonu antenin 6l¢iim
yapilan noktayla arasinda bulunan binalardan asagi veya yukarida bulundugu bilgisi,
Ol¢iim noktasindaki konumlanis acist gibi kente 6zgii birden c¢ok parametre dikkate
alinmasi gerekliliginden dolay1 karmasa ve zorluk daha da artmaktadir. Bu yilizden, deneye
dayali gelistirilen COST-231 WI yonteminin Ordu il merkezinde olabildigince diizgiin
yapilagmasi olan ve FM, TV ve diger operatorlerden uzak ve bir sektorde tek anteni
bulunan bes baz istasyonunda direkt goriisiin olmadigi 183 noktada yapilan Ol¢iim
sonuclarina dayali zayiflama degerleriyle, yontem kullanilarak bulunan zayiflama degerleri
arasindaki iligkinin degisim grafigine bakildig1 zaman dogrusal bir iliski i¢inde oldugunu
gormekteyiz (Sekil 3.1). Ayrica, Ol¢limle bulunan zayiflama degeri degisiminin baz
istasyonu anteninin normaliyle yapilan yatay ve diisey aciyla dogrusal oldugu, alan ve gii¢
degerlerinin ise bu parametrelerle ters orantili bir degisim i¢inde oldugu bunun da olmasi
gereken bir durum oldugu, pratik ile teorinin oOrtiistiigii ve yontemin kiigiik (mikro)
hiicreler i¢in de kullanilabileceginin miimkiin oldugu sonuglar1 elde edilmistir. Olgiim
yaparak her baz istasyonunda bulunan degerlerin baz istasyonundan olan uzakliga, baz
istasyonu anteninin normaliyle olan yatay ve diisey aciya bagli degisiminin hem teoriye
hem de literatiire uydugu her bir baz istasyonu Olgiim tablosundan sonra cizdirilen

grafiklerden gérmek miimkiindiir.



4. SONUCLAR

Bu ¢alismada bes mikro hiicreli baz istasyonunda direkt goriisiin olmadig1 herhangi
bir noktada dlgmeyle bulunan zayiflama degerinin degisimiyle, hangi yontem kullanilarak
teorik olarak bulunan zayiflama degerinin degisimi arasinda bir tutarliligin olup
olmadigma bagli olarak bu yontemin mikro hiicreler i¢in uygulanabilirliginin ortaya
konulmasi hedeflenmistir. Yapilan 6lgiimlerden elde edilen veriler ve ¢izdirilen grafikle,
COST-231 WI yontemi kullanilarak bulunan veri ve ¢izdirilen grafiklerden goriilebilecegi
gibi pratik ve teorik olarak elde edilen veri ve grafiklerin degisimlerinin paralellik
sergiledigini, bu sonucta yontemin GSM 900 bandinda mikro hiicreler i¢in kullanilabilir

oldugunu gostermektedir.



5. ONERILER

Ozellikle, modern sehir planlamasi projelerinin giderek gelistigi giiniimiizde sehir
topolojisini bildigimiz bir alanin i¢inde bulunan her hangi bir baz istasyonunun herhangi
bir noktada meydana getirecegi alan veya gii¢ degerinin COST-231 WI yontemiyle
bulunabilmesi bize kurulacak olan baz istasyonlarinin daha iyi kapsama ve insanlarin daha
az baz istasyonunun radyasyonuna maruz kalacagi noktalarin tespit edilip o noktaya
kurulmasina, benzer mantikla okul, ¢ocuk parki, hastane vs. toplu olarak yararlanilan
alanlarin daha diisiik radyasyona maruz kalacagi yerlerin tespit edilmesine olanak verecegi
icin yontem kullanilarak baz istasyonunun yeri giicii ve egimi bilindikten sonra bulunacak
olan sehir radyasyon haritasindan radyasyonun daha diisiik oldugu yerler tespit edilip bu
haritaya bagl kalarak insanlarin daha az radyasyona maruz kalacaklar1 alanlarda herkesin
yararlanacagi alanlarin bu yerlere yapilmasinda veya baz istasyonlarinin uygun yerlere
yapilmasinda yarar vardir. Yine ¢ogu biiyiik sehirlerde sehir planlamasi yapilirken belediye
baskanlarinin bu konular1 bilen danismanlarinin oldugunu gérmemiz bu konunun ne kadar
ciddi oldugunu ve ydntemi kullanarak sehirdeki topolojiyi bilen belediyelerin sehrin
radyasyon haritas1 ¢ikarilarak yazilabilecek bir Matlab programinda sehir topolojisiyle
ilgili veriler yerine yazildiktan sonra bulunmasi ¢ok kolaydir. Ancak, herhangi bir alanda
bulunan binalarla ilgili bilgiler hem o6l¢iiliirken (bina yiiksekligi, binalar arasi genislik,
Olctim noktasindaki koordinatlar vs.) hem de Google Earth’e tasinirken ne kadar dikkat
edilirse sonuglarda o kadar tutarli olur. Sonug olarak; giinlimiizde sehirler gittikce site tipi
olmaya bagladig1 icin bu yontemi kullanarak daha diizgiin yapilagsmasi olan alanlardaki
radyasyon haritalarmin ¢ikarilmasi ve bu haritaya bagh kalinarak toplu kullanilacak yap1

ve alanlarin yerlerinin se¢ilmesinin giin gectikce daha ¢cok 6nem kazanacagi ortadadir.
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