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ABSTRACT

In this study, an 80 km. long fiber-optic data communication system is designed
by using Raman amplifier. Chaotic communication technique is used contrary to
regular data communication principles. The components of the chaotic signal are
the optical noise by AWGN (Additive White Gaussian Noise,AWGN) technique
and ONA (Optical Noise Adder,ONA) in addition to the modulated signal which is
obtained by using external optical modulator. Non-return to zero (NRZ) technique
is selected in the design.

Key Words:Raman amplifier, Chaotic communication, Chaotic modulation, Chaos,
Data communication

RAMAN YUKSELTECI KULLANILARAK
TASARLANMIS KAOTIK VERI HABERLESME SISTEMi

OZET

Bu ¢alisgmada Raman yiikselteci kullanarak 80 km uzunlugunda fiber optik veri
haberlesme sistemi tasarlanmistir. Sistem, geleneksel veri haberlesme sisteminden
farkli olarak kaotik haberlesme teknigi kullanilarak gergeklestirilmistir. Harici
elektro-optik modiilatdér kullanilarak elde edilen modiileli isarete, AWGN
(Additive White Gaussian Noise, AWGN) teknigiyle elde edilen optik giiriiltii ve
optik giiriiltii ekleyici (ONA) (Optical Noise Adder,ONA) ilave edilerek kaotik
isaret elde edilmistir. Ag tasarim teknigi olarak ise sifira doniigsiiz ag sistem
teknigi (NRZ) secilmistir.

Anahtar Kelimeler: Raman yiikselteg, Kaotik haberlesme, Kaotik modiilasyon,
Kaos,Veri haberlesmesi

1. INTRODUCTION
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Son yillarda hizli biilyiiyen internet ve veri haberlesme
trafigi haberlesme sistemlerinde pek ¢ok arastirmayi
baglatmistir. Bu arastirmalar da Ozellikle sistemlerin
band genisligini artirmaya yonelik sekilde yogunlagmustir.
Band genisligini artirmak igin degisik altyapiya sahip ag
sistemleri ve yeni modiilasyon teknikleri
geligtirilmektedir. Mevcut ag altyapisinda ise band
genigligini artirmak i¢in klasik modiilasyon teknikleri
zorlanmakta ve yeni modiilasyon teknikleri uygulanmakta
olup arasgtirmalar devam etmektedir. Bu tekniklerden
baglicalar;; kendinden kaymali faz modiilasyonu (Self
Phase Modulation,SPM), kars1 faz modiilasyonu (Cross
Phase Modulation,XPM) , dort dalga karisimi modiilasyon
(Four Wave Mixing Modulation, FWMM), yogun dalga

In the last few years, rapid increase in the usage of
internet and data communication techniques conduct
different types of researches. These researches are mainly
focused to increase the bandwidths with the help of
different old and newly developed modulation techniques
and different substructure network systems. The limits of
the classical modulation techniques are being forced and
new modulation techniques are under investigation. Some
of these new modulation techniques are self phase
modulation (SPM), cross phase modulation (XPM), four
wave mixing modulation (FWMM), dense wavelength
division multiplexing (DWDM), sub-carrier multiplexed
(SCM), wavelength division multiplexed (WDM), time
division multiplexed (TDM), and discrete wavelength
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uzunlugu bolmeli cogullama (Dense Wavelength Division
Multiplexing, DWDM)), alttagiyicist ¢ogullanmis
(Subcarrier Multiplexed), dalga bolmeli c¢ogullama
(Wavelength Division Multiplexed, WDM), zaman bolmeli
¢ogullama (Time Division Multiplexed, TDM) ve ¢ok
tonlu dalgactk modiilasyonu  (Discrete =~ Wavelet
Multitone, DWMT) olmak {izere siralanabilir. Bu
tekniklerin disinda ¢ok genis band genisligine ve kanal
sayisina sahip olan kaotik haberlesme son yillarda
dikkatleri tiizerine c¢ekmekte ve diger tekniklere gore
bilginin de giivenli sekilde taginmasini temin etmektedir
(1-9).

Fiber optik haberlesme sistemleri lazer kaynaklari,
fiberler, yiikseltegler ve diger aktif ve pasif elemanlardan
olusur. Aktif elemanlar arasinda  yaniletken optik
yiikseltegler (Semiconductor Optical Amplifier, SOA),
EDFA fiber (Erbium Doped Fiber Amplifier, EDFA),
raman fiber yiikseltecler (Bidirectional Nonlinear Fiber
Amplifier, RAMAN), TDFA (Thulium Doped Fiber
Amplifiers, TDFA), EDFA/RAMAN melez fiber
yiikseltegler ve coklu dalga boyu pompalanabilir raman
yiikselteglerinden  olusur. EDFA/RAMAN  melez
yiikseltegleri heniiz arastirma asamasinda olup gelecek
icin imit vermektedir (3). Bir diger arastirma siirecinde
olan ise soliton dalgalar1 tastyacak olan soliton fiberler ve
bunlarin aktif ve pasif elemanlardir. Bu yiikselte¢ gurubu
icerisinden Ozellikle son zamanlarda raman yiikseltegleri
one ¢ikmistir (3).

Kaotik haberlesmenin  temel 0zelliklerinden biride
alinan ve verilen mesajin giivenli bir sekilde iletilmesidir.
Bilgi iletim ortaminda tasinirken, bilginin giivenliginin
korunmasi ¢esitli yontemler kullanilarak saglanir. Bilgi
giivenligini saglamanin baska bir teknik yolu da bilgiyi
kaotik dalga sekline gevirmek veya kaotik haberlesme
sistemleri kullanmaktir. Bilgiler bu sistemlerde tasiirken
kodlama veya kriptolama teknikleri  kullanilarak
gonderilecek olan bilginin gizliligi ve giivenligi ilave
olarak  artirthir (4-13). Kaotik haberlesme sistemleri
cesitli sekillerde tasarlanabilir. Klasik telli haberlesme
sistemlerinde kullanilan elemanlar1 lineer olmayan
bolgelerde galistirarak kaotik ortam elde edilir veya kaotik
dalga elde edilerek telli, telsiz veya optik ortamda bilgi
gonderilecek hale getirilir. Bilgi iletimi senkronizasyonlu
ve senkronizasyonsuz kaotik haberlesme yonteminden
birisi tercih edilerek yapilir (6-9). Kullanim alanlari, band
genislikleri ve sistem maliyeti de dikkate alinarak
kullanicr tercihini yapar. Bu ¢alismada ise sayisal olarak
modiile edilmis bilgiye giriiltii bindirilerek tasiyici

ortamda Raman yiikselteci kullanilmistir. Bu teknik
guriiltli  teknigiyle kaotik haberlesme olarak
adlandirilmaktadir.

2. RAMAN ESITLIiKLERI

Tek modlu isaretin yikseltilmesi, tek modlu

pompalamay1 temel kabul ederek asagidaki esitlikler ile
tanimlanmigtir. Bunlar;

dl,
dz

=—a,l,”

A
Ay
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multi-tone (DWMT). Besides these techniques, chaotic
communication which enables higher values of bandwidth
are using by increased attention and the data
communication is securely implemented with in this
method (1-9).

Fiber-optic communication systems are composed of
different groups which are laser sources, fibers, amplifiers
and other active and pasive elements. The names of the
active elements group are semiconductor optical
amplifiers (SOA), erbium doped fiber amplifiers (EDFA),
bi-directional non-linear fiber amplifiers (RAMAN),
thulium  doped fiber amplifiers (TDFA) and
EDFA/RAMAN hybrid fiber amplifiers. EDFA/RAMAN
hybrid amplifiers are still in the research stage and the
expectation for these amplifiers are in the high level for
future developments [3]. Another research topic is the
soliton fibers and their active and passive elements. In this
group RAMAN amplifiers are one of the most popular
elements and these are in the front of the research area (3).

One of the basic properties of the chaotic
communication systems is to achieve secure transmission.
When the data is in the transmission medium, the security
is obtained by using different methods. One of these
methods is realized by converting the data into chaotic
wave or using chaotic communication systems. The
security and the level of secrecy of the data is additionally
increased during the data transmission by using coding
and cryptology techniques (4-13). These systems can be
designed in different ways. The components that can be
used in classical communication systems can be operated
in non-linear regions where the chaotic environment is
achieved. Secondly, chaotic wave is obtained in order to
transmit the data by using classical wire, wireless, or
optical environment. Chaotic data transmission is achieved
by either choosing synchronous or non-synchronous ways
(6-9). The designer make his/her own choice by taking the
area of usage, bandwidth, and the cost of the system in to
consideration. In this study, noise is added to the digitally
modulated data and the Raman amplifier is used in the
transmitting medium. This method is called chaotic
communication by using noise technique.

2. RAMAN EQUATIONS

To amplify the single mode signal based on the single
mode pumping, the equations that are written below are
defined for Raman amplifier;

g W T, ]
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dl,
dz

esitliklerde gecen [ » pompalama yogunlugu, / ¢ lsaret
yogunlugu, g, (ﬂ,) malzeme tiiriine bagl olarak raman

kazang sabiti, &, ve » isaretin dalga boyuna bagl
kayiplar olarak tanimlanmigtir. Raman kazang sabiti
g.(A) fiber gapma ve degisik ozelliklerdeki katki

maddelerine bagli olarak degisebilir (3). Raman
yiikseltecindeki radyal ve eksenel parcalardaki yogunluk
bozulmast ise:

——a. 1.+g,WI,1, 21

where [ » is the pump density, J ¢ is the signal density,
gr (ﬂ,) is the Raman gain constant based on the
material type, & and p are defined as the losses due

to the signal wavelength. g, (ﬂ) can be varied
according to fiber diameter and different doping materials
(3). In the Raman amplifier, the density deterioration in
the radial and axial particles are defined as:

1 =1"(0)e]"() 3]

seklinde tanimlanmistir. Bu nedenle optik giiciin ifadesi:

P(z)= 27zT 1(r,O)dr =(I(r,0))

seklinde tanimlanmigtir. Bu esitligin aginimi:

ap,_

ar,

e =-a, P~

seklinde yapilir. Ifade de gegen

o )

Ae,.ff - < [:u/ [:ad>

ile tanimlanmistir. Isaret giicii yeteri kadar diisiik ise
raman sag¢ilmasi ihmal edilerek Es.5

dP,

dz a,p,
seklinde sadelesir. Giig ise

P,=P,0)¢"

ap,
dz

ve esitlik (10)’u z lizerine integre edilirse ,

a,P,-
dz A Af/f

For this reason the expression for the optical power is:

(4]
The expansion of this equality:
A (5]
V4 s
g,W [6]
Iflk P,P,
eff
where A e’; is defined as:
(7]

If the signal power is sufficiently low, the raman scattering
is ignored and the Eq.5 is simplified as:

Then the power is:

—gp -8V P, e P, [10]

R

Atﬁ

The integration of equation (10) with respect to variable z
results in:

M[Pp(o)Lfff'_asL ] [11]
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L= l-e™)

a,

seklinde verilmistir. Ifadede gegen L o fiberin etkin
uzunlugu olarak tanimlanmustir.

Giiriilti, G kazangh iki uglu eleman igin, her iki igaretin
elektriksel degerleri dikkate alindiginda giris isaretinin
giirtiltii oran1 (SNR;), ¢ikis isaretinin giiriiltii oran1 (SNR,)
olarak tanimlanirsa:

(@)
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[12]

where L of is defined as the effective fiber lengthlf the

electrical values of the two signals are taken into
consideration for a bilateral element with gain G, both the
input signal to noise ratio (SNR;) and output signal to
noise ratio (SNR,) are defined as:

s, =V PP [13]
o, 2PhvB, 2hvB,
ile verilir. Bu ifade elektriksel band genisligi olarak This expression (SNR;) is also defined as the electrical
tanimlanmigtir. Cikis isaretinin giiriiltii oran1 (SNR,) ise: bandwidth.
2 2 2 2
ov, -\ _P._G'P; [14]
o, O, O,
2
SNR; o, [15]

Fy

Isaretin yiikseltilmis kendiliginden 1s1mali (Amplified
Spontaneous Emission, ASE) durumunda ve giiriiltiiniin
baskin halinde:

O.=4P,P, +2P hvB,

Ifade de gegen
P USE = ﬂsp (G - l)hVB . oOlarak tammlanms ve

seklinde tanimlanmustir.

1], ise kendiliginden 151ma faktoridir. 77, = 1 durumu
igin

_SNR;, _ o,

T GNR . 2G°PB,

when the noise is dominant, under the amplified

spontaneous emission (ASE) signal 0" g is equal to:
[16]
where PASE =1y (G - l)hVBe and Ny is the

spontaneous emission factor.
When 77, >1 then:

[17]

E SNR . 2G°RhB, 2G*PhvB,

Sase (v)=(G-1)hv

seklinde tanimlanmistir. Giic pompalanmadigt zaman
raman ylikselteclerindeki ASE giiriiltiisii  yeteri kadar
diisiiktiir. ASE gii¢ spektral yogunlugu:

128,,0)

G hv+l

ile tamimlanmstir. Ifadelerde gecen ve tamm verilmeyen
diger terimler ise bilinen degiskenlerdir. Raman
yiikselteglerinde dort onemli giiriiltii tiiri vardir. Bunlar;

NF =

1.Isaretin kendi darbesinden dolay1 olusan giiriiltii
2.Pompalama isaretinin ¢apraz karigmadan (crosstalk)

_ 4P P +2PhvB,

L (G -1, +1]

1| 2P,
G G

+1
G| B, }
In the absence of power pumping ASE noise is sufficiently
low. The ASE power spectral density is given as:

[18]

NZ_NI

where N 5 and N | represents the upper and lower level
population inversions respectively. The noise is then
defined as:

[19]

The parameters in the expressions which are not
mentioned are the known ones.
In Raman amplifiers there are four primary sources of
noise;

1.Signal spontaneous beating.
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3.Pompalama ortamu isaret capraz karigmast
4.Coklu yol girisimlerinden dolay1 olusan giiriiltii olarak
tanimlanmugtir (1-3).

3. SISTEMIN ANALIZi

Sekil 1’de Raman yiikseltecinin dalga boyuna bagh
olarak  kazang degisimini gostermektedir. Yiikselte¢
1550nm’lik dalga boyunda en yiiksek kazanca sahiptir.
Lazer kaynagi olarak 1550nm’lik kaynak kullanilmistir.

2.Pump signal crosstalk.
3.Pump-mediated signal crosstalk.
4 Multiple path interference (1-3).

3. ANALYSIS OF THE SYSTEM

Figure 1 shows the gain variation of the Raman
amplifier as a function of wavelength. The peak gain is
also obtained at the mentioned wavelength. In the
amplifier, 1550 nm laser source is used. In the case of a

Cok-modlu  lazer kaynagi kullanildiginda  beklenen multi-mode laser, the expected system efficiency can not
sistem veriminden uzak degerler elde edilir. be achieved.
i
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Figure 1. Gain variation in Raman amplifier with respect to wavelength

Sekil 1. Raman yiikseltecinin dalga boyuna bagh kazang degisimi

ASE’nin etkisi ise Sekil 2 de goriilmektedir. ASE’nin
degeri yaklasik 1538-1562nm  dalga boyunda yaklasik
ayni degerleri almaktadir. Bu aralik aymi zamanda
1550nm’lik WDM uygulamalarinda kanal bosluklart
olarak alinir. WDM yapili ag sistemlerinde 4nm’lik
araliklarla 6 kanal ag sistemine cevap verilmektedir.
Kanal araligi 3nm alinirsa 8 kanalli WDM ag sistemini
karsilar.  'WDM sistemleri son yillardaki ¢aligmalarla
kanal araliklari daraltilmig ve gelistirilmis olup 160 kanal
sayisina kadar ¢ikartilmistir (3). WDM ag sistemlerinde
kanal sayisini artirmanin diger yolu ise DWDM teknigini

uygulamaktir. Kanal sayisimin  artmasi, ticari ag
isletmelerinin band genisliklerini artirarak ve daha ¢ok
kullaniciya hizmet vermekte, isletme giderlerini

diistirmekte ve ag sistemini kar eden yatirima doniismesini
ve hizmetin devamliligini saglamaktadir.

Sekil 3 ve 4 de ise geri yansiyan ve ilerleyen gii¢
goriilmektedir. Sekil 3 geri yansiyan giiciin dalga boyuna
bagli olarak dBm tiiriinden kazancini gostermektedir.
Raman yiikseltecte, isaret artt pompalama giicii
1550nm’lik  dalga boyunda maksimum  deZere
ulagmaktadir. Buna karsilik giiriiltii miktar1 -70dBm daha
diisik  degerdedir. Dalga boyu biiyiidiiglinde giiriiltii
miktar1 —200dBm’den daha asagilara diismektedir.
Sekil.4’de ilerleyen ¢ikis IAP giiciin 1550nm’lik dalga
boyunda yine maksimum kazanca ulagmaktadir. Raman
yiikselteci 1450nm dalga boyunda CW lazer ile
pompalanmistir. flerleyen IAP toplam gii¢ ile giiriiltii
arasinda yaklasik olarak 100nm’lik bosluk bulunmaktadir.
Raman yiikseltecinde pompalamaya baslandiktan sonra
once giriiltli olugsmakta ve daha sonra ise ylikseltecin

The effect of ASE is shown in Figure 2. The value of
ASE (Amplified Spontaneous Emission, ASE) is
approximately the same between the wavelength range
1538-1562nm. This interval is selected as channel
spacings for WDM applications at 1550 nm. In WDM
network systems, 4 nm. intervals meet the need for 6
channel network systems. If the channel space is taken as
3nm., this corresponds to 8 channel WDM network
systems. In recent years, the channel spaces are reduced in
size and the number of channels is increased to 160 (3).
Another method to increase the number of channels in
WDM systems is to apply DWDM technique. By
increasing the number of channels, the bandwidths are
increased for commercial network companies enabling
them much more users. This means a profitable investment
and continuous service providing.

Backward reflected and forward powers are shown in
figures 3 and 4 respectively. In Figure 3, gain of the
backward reflected power is shown in terms of dBm. In
Raman amplifier, signal plus pumping (SPP) power is
maximized at 1550 nm. The corresponding noise level is -
70 dBm. lower. If the wavelength is increased, the noise
value is decreased below -200 dBm. The forward power
which is shown in fig. 4 is also maximized like SPP power
at the value of 1550 nm. The Raman amplifier is pumped
by a CW laser at 1450 nm. There are 100 nm. space
between forward SPP total power and the noise. When the
Raman amplifier is pumped, noise is firstly formed. When
the working wavelength is achieved in the amplifier, SPP
power starts to increase. If the laser source is not a single-
mode one or the wavelength is not stable, excessive noise
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cahsma dalga boyuna geldiginde AP  giiciinii
yiikseltmektedir. Eger kullanilan lazer kaynaklarinin
dalga boylar1 tek modlu degilse veya kullanilan kaynagin
dalga boyu kararsiz ise asir1 giiriiltii olusmaktadir. Sonug
olarak  sistemin bagil siddet giiriiltii degeri standart
degerlerden uzaklasarak isaret giiriiltii oran1 da biiyiir. Bu
nedenle kaynagin dalga boyu kararli ve tek modlu
olmalidir. Etkin giiriiltii kazanc1 dalga boyuna bagli olarak
Sekil.5 de goriildiigh gibi 1550nm de maksimum degerine
ulagsmaktadir. Bunun nedeni ise, raman, isareti
yiikseltirken giiriiltiiyii de beraberinde yiikseltmekte ve en
biiyiik degerine ulastirmaktadir. Yiikselen giiriiltii miktar
optik ve elektronik silizgegler kullanilarak makul
seviyelere indirilebilir.

G.U. J. Sci., 17(4):39-51 (2004)/ Remzi YILDIRIM*, Fatih V. CELEBI

is formed. Consequently, the relative intensity noise is far
away from the standard values and SNR value is
increased. For this reason, the source must be single-
modeand wavelength stable. As shown in Fig. 5 effective
noise gain is also maximized at 1550 nm. The reason is
due to the amplified signal which also amplifies the noise
together to the peak value. The amplified noise can be
reduced to an acceptable level by using optical and
electronic filters.
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Figure 2. Gain variation of the ASE noise in Raman amplifier
Sekil 2. Raman yiikseltecinin ASE giiriiltiisiiniin frekansa bagli kazang degisimi
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Figure 3. Backward power spectral density
Sekil 3. Geriyansiyan ¢ikis spektral yogunlugu
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Sekil 4. .Ilerleyen ¢ikis spektral yogunlugu
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Figure 5. Effective noise gain.
Sekil 5. Etkin giirtiltiiniin etkiledigi dalga boyu
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Figure 6. Photon variation in the Raman amplifier
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Raman yiikseltecinde uzunluga bagl olarak foton yada
gic degisimi  Sekil.6 da goriilmektedir. Yikseltec de
ilerleyen gii¢, geriye yansiyan gili¢ ve akan gii¢ olmak
iizere ii¢ degisik glic durumu mevcuttur. Geriye yanstyan
giic pompalama giiciinden dolay1 uzunluga bagli olarak
artmaktadir. Bu artis ise ASE’nin artmasina sebep olur.
ASE giiriiltiisii artikga sistemdeki toplam giiriiltii artigini
etkileyerek isaret giiriiltii oranin1 degistirebilir. Akan gii¢
ise uzunluga bagli olarak zayiflama gosterir. Raman
yiikseltecin uzunlugu, ¢ok uzun tutuldugunda  diger
giiclere oranla kiiciikk degerlere diigerek ihmal edilecek
seviyeye gelebilir. Ileri dogru akan giicte ise fiber
uzunluguna bagli olarak kisa mesafelerde pek degisiklik
goriinmez. Sekil.7 de ise isaret giicliniin uzunluga bagh
olarak degisimi goriilmektedir. Teorik olarak ilerleyen
isaret raman yiikseltecin uzunlugu artikg¢a, isaret giiciiniin
arttigi anlamma gelir. Bu durumdan faydalanarak son
yillarda 800 km gibi uzun fiber optik haberlesme
sistemleri kurulurken raman yiikseltecin bu 6zelligi de
dikkate alindigindan tercih edilmektedir (9). Bundan
dolay1r fiber optik haberlesme sistemlerinin altyapi
maliyetlerinde ciddi diislis saglamakta ve EDFA’ dan
daha ¢ok tercih edilmektedir. Bir diger avantaji ise
uzunluk artmasina ragmen ilerleyen ve geriye yansiyan
giirtiltli miktarinda hemen hemen hi¢ artma olmay1p sabit
degerde goriilmesidir.
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Power or photon variation in the Raman amplifier in
terms of distance is shown in fig. 6. There are three kinds
of power in the amplifier which are forward, backward
reflected, and propagating powers. Due to the pumping
power, backward reflected power is increased due to the
length which also increase the ASE. The increase in ASE
affects the total noise in the system which may change the
SNR ratio. The propagating power is reduced in terms of
length which can be neglected for longer amplifier lengths
compared to the other powers. The change in the forward
power is not noticeable for smaller lengths dependent on
the length of the fiber. Figure 7. shows the signal power
variation as a function of distance. When the length of the
Raman amplifier is increased, this means that the signal
power is also increased due to the theoretically forwarding
signal. In recent years, by taking this property of the
Raman amplifiers in to consideration, fiber optic systems
are built up to 800 kilometers (9). For this reason, the cost
of the substructure in fiber optic systems is significantly
reduced and more preferable than EDFAs. Another
advantage of the Raman amplifiers is the almost constant
value of forward and backward reflected powers even
though the length is increased.
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Figure 7. Signal power variation

Sekil 7. Raman yiikseltecinde uzunluguna bagli olarak gii¢ degisimi

Sekil 8 de isaret giiriiltii oran1 goriilmektedir. Giirilti
orani, normal degerinden yaklasik olarak 160dB daha
yiiksektir. Normal olarak isaret giiriiltii oran1 —110 dB dir.
Sekil 8 de ise bu oran ¢ok yiiksektir. Bunun anlami ise
giiriiltiiniin genligi isaretin genliginden 10> kadar kiigiik
olmasindandir. Giiriiltii kullanilarak yapilan bu kaotik
haberlesme c¢alismasinda, giirliltiiniin  genligi isaretin
genliginden 10° kat daha biyiiktir. Béylece kaotik
haberlesme elde edilmistir. Kaotik haberlesme  ¢ok
degisik yollarla ve degisik tekniklerle elde edilebilir. Bu
tamamen tasarimcinin tercihine ve  sistemin altyap:
maliyetinin karsilanmasina baglidir.

SNR ratio is shown in Fig. 8. The value of noise is 160
dB. higher than its normal value which is -110 dB. This
ratio is extremely high which is shown in Fig. 8. This
means that the noise amplitude is 10>° times smaller than
the signal amplitude. In this study, the noise amplitude is
10® times higher than the signal amplitude which is
necessary to obtain chaotic communication by using noise.
Chaotic communication technique can be obtained by
using different ways and techniques. This is completely
depends on the designers selection and the cost of the
substructure.
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Figure 8. Signal to noise ratio
Sekil 8. Isaret giiriiltii orani

Sekil 9 da ise pompalama spektral yogunlugunun dalga
boyuna gore degisimi goriilmektedir. Spektral yogunlugu
1450nm ve 1550nm de yogunlasmaktadir. Geri yansiyan
giic 1450nm de ilerleyen gii¢ ise 1550nm de olusmaktadir.
llerleyen giiciin 1550nm de olusmasi ise kullamlan
kaynagin aymi dalga boyunda se¢ilmesindendir. Raman
yiikselteglerinin belli bir rezonans frekans: yoktur (3). Bu
ozelliginden dolayr raman yiikseltecleri veri iletimi ag
tasariminda genis olarak kullanilmakta ve tercih
edilmektedir.

Figure 9 shows the pumping spectral density variation
as a function of wavelength. This variation becomes dense
at the wavelength values of 1450 and 1550 nanometers.
Backward reflected and propagating powers occur at 1450
nm. and 1550 nm. respectively. Forward power occurs at
1550 nm. due to the same wavelength with the source.
There is no specific frequency in Raman amplifiers (3).
Due to this property, Raman amplifiers are widely used
and preferred in data communication network design.
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Figure 9. Pumping spectral density variation
Sekil.9. Pompalama durumuna gére akis giigleri

Kaotik dalganin elde edilmesi degisik teknikler
kullanilarak yapilir. Bunlardan bazilart kaos kaydirma
anahtarlama, kaos maskeleme ve ilave kaos modiilasyon
teknigidir

Chaotic wave is obtained by using different techniques.
Some of these techniques are chaos shift keying, chaos
masking, and additional chaos modulation technique.
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Figure 10. Input eye diagram
Sekil 10. Giris igaretinin goz-sekli

Optik sistemlerde kaotik dalga seklini elde etmek igin
¢ degisik lazer sistemi  kullanilir. Bunlar: optik
injeksiyon, optoelektronik ve optik geribeslemeli lazer
sistemleridir. Bu sistemler kaotik dalgayr kaynakta
iretirler (5-6,12). Kaynak disinda elde edilen kaotik
dalgalar ise harici modiilator kullanilarak yapilir.

Bu c¢alismada ise harici  elektro-optik modiilator
yardimi ile modiilasyon yapilmistir. Modiile edici kaynak
olarak ise 1550nm dalga boyunda siirekli dalgali ¢ok-yollu
(CW multipath laser) lazer kullanilmistir. Elde edilen
isaretin Sekil 10 da goz, Sekil 11 de ise girig isareti
goriilmektedir. Ozellikle Sekil 10 daki goz-sekli analiz
edildiginde veri bit uzunlugu, isaret art1 giiriiltii, giiriilti,
gecis (jitter), iyi Ornekleme periyodu, giiriiltii sinirlari
(marj1) ve tepe bozulmasi (peak distortion) gibi goz analiz
Olgiilerinin normal oldugu goriilmektedir. Elektro-optik
modiilator ¢gikigindan elde edilmis bu isaret optik giiriiltii
ekleyici yardimiyla, modiileli igarete AWGN teknigiyle
dretilmis optik giriiltii ilave edilmistir. Glriltii art1
modiileli dalganin  goz-sekli ise Sekil 12 de
goriilmektedir. Raman yiikseltece girmeden Once isaretin
g0z-seklinde tamamen bozulma ve giiriiltii hakimdir. Veri
hi¢bir sekilde segilecek durumda olmadigindan kaotik
isaret elde edilmistir. Bu isaret sifira doniigsiiz (NRZ)
80km  uzunlugunda Raman yiikselteci kullanilarak
tasarlanmis  ag sistemine uygulanmistir. Kullanilan
Raman ytikseltecin tipik karakteristikleri: etkin 6z alan1 55
pm? , raman kazang sabiti 0.7.10"° mW, kayip 0.2 dB/km
(0.046/km) dir. Raman yiikseltecini pompalamak i¢in ise
1450nm’lik ¢ok-yollu CW lazer kullanilmgtir.

Time (5] aman (5]

In order to obtain the chaotic wave in optical systems,
there are three different laser systems are used. These are
optical injection, optoelectronic, and optical feedbacks.
These systems produce the chaotic wave at the source (5-
6,12). The other chaotic waves outside the source are
obtained by using an external modulator.

In this study, the modulation is performed by using an
external electro-optics modulator. The modulated source is
a CW multi-path laser operating at 1550 nm. The input
eye diagram of the signal obtained is shown in fig. 10 and
the input signal is shown in Fig. 11. When the eye diagram
is specifically analyzed, data-bit length, signal plus noise,
noise, jitter, sampling period, noise margin, and peak
distortion values are in the normal range. With the help of
the optical noise adder, optical noise is added to the signal
that is coming from the output of external optical
modulator which is produced by AWGN technique. The
eye diagram of the noise plus modulated wave is shown in
Figure 12. The eye diagram of the signal at the input of the
Raman amplifier is completely distorted and noise is
dominant. The data cannot be selected at any way and
therefore the chaotic signal is obtained. This signal is
applied to the designed network system of 80 km. which is
composed of a Raman amplifier with NRZ technique. The
typical characteristics of the Raman amplifier used in the
analysis are as follows: effective core area is 55 pm?® ,
RAMAN gain constant is 0.7.10™"* mW, and losses are 0.2
dB/km. (0.046/km). The pumping is achieved by a multi-
path CW laser at 1450 nm.
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Figure 11. Raman input signal
Sekil.11. Raman giris isareti
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Figure 12. Eye diagram of the noise plus modulated wave
Sekil 12. Modiile edilmis isaretin kaotik isarete doniigmiis sekli
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Figure 13. Amplified eye diagram at the Raman output
Sekil.13. Raman yiikseltecin ¢ikisindaki yiikseltilmis goz-sekli
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Figure 14. Filtered eye diagram at the Raman output
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Sekil.14. Raman ¢ikisindaki kaotik isaretin siiziildiikten sonraki goz-sekli

Sekil 13°de Raman yiikseltecin ¢ikigindaki g6z-seklinin
yiikseltilmis hali Sekil 14’de raman yiikseltecin = goz-
seklinin siiziildikkten sonraki ve Sekil’15 de ise Raman
cikigindaki isaret genliginin aliciya girmeden onceki son
hali goriilmektedir.

Figure 13 shows the amplified eye diagram at the output
of the Raman amplifier. The filtered eye diagram of the
signal at the output of the Raman amplifier is shown in
Fig. 14. Finally, the signal amplitude at the output of the
Raman amplifier before arriving to the receiver is shown
in Fig. 15.
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Figure 15. Signal amplitude at the Raman output

Sekil 15. Raman ¢ikisindaki kaotik isaretin alictya girmeden 6nceki son hali

4. SONUCLAR VE TARTISMA

Bu caligmada Raman yiikselteci kullanilarak 80 km
uzunlugunda ve sifira doniigsiiz veri haberlesmesi ag
sistemi  tasarlanmistir. Ag c¢ikisinda  gliriiltii uygun
siizgegten gegtikten sonra elde edilen goz-seklinde belirli
seviyede giriiltii  goriilmiistiir.  Giirilti  tamamen
stiziilememekle birlikte kabul edilebilir bir seviyeye
indirilmigtir. Giiriiltli, ardisik siizgegler kullanilarak daha
diisiik seviyeye indirilebilir ancak optik giiciin kaybi
artabilir. Cikig da elde edilen go6z-sekli, goz analiz
Olgiileri, smir degerleri igerisindedir. Bu nedenle bilgi
secilebilmekte ve goz Olgiileri standart degerler arasinda
kalmaktadir.

4. RESULTS AND DISCUSSION

In this study, data communication network system with
NRZ which is 80 km. is designed by using a Raman
amplifier. A definite noise level is seen in the eye pattern
after the filtering process at the network output. Although
the noise cannot be eliminated completely, the noise level
is reduced to an acceptable level. The noise can be
reduced further by using cascaded filters but the loss in
optical power will increase. The values obtained in terms
of eye diagram, and eye analysis measurements are in
acceptable levels. For that reason, the original data can be
selected at the output of the system.
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