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Abstract: This  contribution ~ discusses characteristics  ofnodulation techniques utilized at the signal traission in
environmental influences on transmitted signalstlie optical the optical transmission medium. Then, a simulation
transmission me(_1|um. _A main attention is foq_used e program for passing optical signals through theicapt
explanation of simulation methods for substantisedr and transmission medium is introduced.Also, a comparisé

nonlinear negative effectsin the optical fiber présd by the . . .
proposed simulation model. The paper also presdragacteristics these modulation techniques affected by various

of modulation techniques utilized in the opticaartsmission €nvironmental influences will be presented.

medium.Finally, a comparison of different modulatitechniques . . . .
affected by various environmental influences instsimulation 2. Analysis of the optical fiber and it

model is presented. parameters
Keywords:ithe optical transmission medium, parameters of the E@ch optical fiber represents a transmission systérich
optical fiber, OOK, DBPSK and DQPSK modulation teiclues is frequency dependent. A pulse propagation indlie
transmission system can be described by Nonlinear
1. Introduction Schrédinger Equation (NLSE) and this NLSE is degva

) ) .. from Maxwell equations. The solution for the NLSE i
Nowadays, new technologies in telecommunications g, ssian pulse:

electronic and computer science are developed amglal
with the increasing flow of data through the Intstn aa(zt) aa( t) ,Elaa(z’t) .,6’2026(2,'[)
ot

electronic commerce, computer networks, multimedace oz 2 2 a2

traffic, data and video comes a growing need for 5

a transmission medium that offers the possibititgéal with +§ d a(Z,t) + j;)(a(z,t)\za(z,t) @
large amounts of information. Optical fibers, witheir 6 o

relatively infinite transmission bandwidth and the 2
transmission quality, have proved to be a soludod the — )T a\a(z,tx a(z,t)
interest in the signal information transmission otigh Nk ot

optical fibers rapidly increased. Optical transiicissystems

are mainly used for the signal transmission ovee th

backbone network while the optical technology gedyu where(zt) is process of the intensity of the optical siginal
penetrates into the access network. New technaldggeve fibers, z is a distancet is a time,a is the fiber's specific
been developed such as DWDM (Dense Wavelengditenuationpy, ., f; are dispersion coefficients of the first,
Division Multiplex), CWDM (Coarse Wavelength Divisi the second and the third place value arid the nonlinear
Multiplex) and EDFA (Erbium-doped Fiber Amplifieip  coefficient.

order to further increase transmission speeds tee rtfman Each term of the equation sequentially represetitsear
terabit per second. The increasing demand for vegi- attenuation, a dispersion of the first, the secand the third
speed data rates through optical transmission regste not place value, the Kerr effect, the stimulated Rasaattering
workable by the baseband modulation techniques amadd a change of the pulse slope [1].As we can rsem the
deployment of new hardware devices would be eith&chrodinger equation, the optical signal is changedhese
technically unfeasible or costs will be disadvaetagsly. effects classified as:

dalzt) alzt)

_V
a) ot

Therefore, it is possible to think about utilizin§the signal a) linear effects, which are wavelength depended,
conditioning to obtain aresistance to impacts thedstly b) nonlinear effects, which are intensity (power)
degrade the information optical signal and to nuisghands depended.

placed upon it. Such signal conditioning is calle 1 Linear Effects

a modulation. However, there are several possiblé™ o )
modulations characterized by various parameters. _Linear effects represent a majority of losses atdptical
signal transmission signal through the optical rfibEhese

The paper will be focused briefly on negative ipfiges linear effects are mainly caused by the attenuadiod the
of the optical environment.The optical transmissipath ~diSPersion. The attenuation limits a distance @ dptical
contains linear and nonlinear effects degrading dpical Signal  transmission and the dispersion is influence
signal's  transmission.This contribution also coveré distance range of repeaters.
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2.1.1 Attenuation

The most important parameter of optical fibers he t
attenuation that represents a transmission losgrdntical
way, it is a power loss that depends on a lengththef
transmission path. Total signal attenuat#ojuB] is defined
for a particular wavelength, which is defined by:

a[dB] = 1OIoglOE )

0

whereP; is the input power anHy is the output. The specific
attenuation of the optical fiber is marked@and expressed
in units dB/km:

10log,,

v |

aldB/ km| = (3)

a
L

wherd. is the optical fiber’'s length in [km].

The attenuation of optical fibers is mainly caudeyl
material absorption losses, radiation scatteringl diy
bending losses.Attenuation curve of the opticaleffibis
shown on Figure 1 [2],[3].

100
50

Experimental Infrared
absorption_

=
-

Loss (dB/km)

T . O O |

T Rayleigh = =~
ayleig
0.5 scattering 74
\§ Uit let
[~ -~ raviolel
oal- Absorption T——— /:_
- -~ Waveguide 7 = —_—
0.05 imperfections —
_______ \_Eb _,___._.__L_-__/.{_ —_———
- \‘_ .
0.01 1 . 1 A —~—

1 I
1.2 1.4
Wavelength (um)

Figure 1.Characteristics of attenuation components

212 Digpersion

The mode dispersion occurs in multi-mode fibers thue
unequal propagation constants of different modés. Mode
dispersion is presented only in multi-mode fibend &ighly
impacts the signal transmission rates. Our wodkisnted to
the single-mode fiber and long-haul transmissiasteys, so

the mode dispersion is not considered. The chramati

dispersion is caused by the fact that it is imgduedio create
a completely monochromatic source of the light.
chromatic dispersion depends on spectral widtthefpulse,
length and is changing with the change of wavelengtthe
pulse. The smaller the width is, the less dispersi®
occurred. The chromatic dispersion is not importamhulti-

mode fibers. An effect of the chromatic dispersioainly

appears in single-mode fibers. The overall dispersin

single-mode fibers is significantly less than ihattypes of
fiber [3].

The chromatic dispersion is caused by differenetohthe
spreading wave through fiber for a different wangkh and
it depends on the spectral width of the pulse. Astioned
before, optical fiber represents the transmissymtesn. Then
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the system has transfer functibig(w)given by equation (4).
We assume th&{}(w)| = 1 and we can expand phase into the
Taylor series as is given by equation (5). If wasider first
two coefficients, then we can write transfer fuantas given
by equation (6).

H, (o)

H, (w).e 719 @)

¢(a}):{¢0+jz(w—%)+;:ﬁ(w_%)z 1d3¢(w_a6)3m} (5)

+- 7
6da/

d?g

_ide. i 32
J-dw(w wo).e J-dwz(w @)

H,(w)=e " e

(6)

wherdHy(w)is a transfer functiopeis an initial phase of the
system and, is an initial angular frequency

After few operations, we can obtain tintefrom the
transfer function, which represents the travel tiofethe
pulse through the fiber, the signal phase shiftand the

Group Velocity Dispersion coefficient GYD). These
parameters are described by two equations:
)
149
2 df
(8)
2
GVD = 1dg
2 df 2

The chromatic dispersion causesbroadening and phase
changing of the signal. Then pulses at the end ptical
fibers may start to overlap and this effect is exlas the
Inter Symbol Interference (ISI).

The chromatic dispersion consists of the material
dispersion and the waveguide dispersion [3],[4].e Th
equation between chromatic dispersion, materigbedtison
and waveguide dispersion is defined:

9
Dep = Dyar +D,,

Another dispersion that occurs in the single-madberfis
called polarization mode dispersion (PMD). This P40

Theome extend a random phenomenon. Due to birefroggen

the light is spread in waveguide to the two modegwo
planes, which are orthogonal. Due to the effect of
inhomogenity and noncircularity of the core, lightthe two
planes has different rates. The fact, that indi@idnodes are
spread in two planes with different rates leada tione delay

— Differential Group Delay (DGD). The PMD is deswd

by the parameteDpyp. The Dpyp parameter is measured in
units of ps/km and is given by the equation:

(10)
AT = Dpyp/L

The resulting overall dispersion is composed obuoiatic
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dispersion and polarization mode dispersion patt &n
given by the resulting relation [2],[3],[4],[5]:

D= VDSD +DSMD

a, =0 ta,ta, (13)

(11)

As we can see from the equation (13), nonlinear
interaction generates new frequency componentshef t
material polarization vector, which can interferghwinput
fields if a phase matching condition is obtain. Timest
frequency components fall away from our original
bandwidth or near it. Frequency components thatctiy
overlap with bandwidth will cause an interferencéhw
original waves as we can see on Figure 2.

2.2 Nonlinear Effects

These effects play an important role in a transioissf
optical pulses through the optical fiber. We caassify
nonlinear effects:

a) Kerr nonlinearities, which is a self-induced effect in

that the phase velocity of waves depends on the 4,

wave’'s own intensity. The Kerr effect describes

a change in the refractive index of the opticakfib

due to an electrical perturbation. Due to the Kerr

effect, we are able to describe following effects :

- Self-Phase Modulation (SPM) - the effect that§'
changes the refractive index of the transmissiong
media caused by an intensity of the pulse.

- Four Wave Mixing (FWM) - the effect, in which g
mixing of optical waves rise the fourth wave that, & 4
can occur in the same wavelength as one of mixed
waves. 2

- Cross-Phase Modulation (XPM) - the effect where
a wave of the light can be changed by the phase of
another wave of the light with different
wavelengths. This effect causes a spectral
broadening.

Scattering nonlinearities, which occur due to an

inelastic photon scattering to the lower energytpho

We can say that energy of the light wave is

transferred to another wave with different

wavelengths. Two effects appear in the opticalrfibe

- Stimulated Brillion and Raman scattering - effects )
that change a variance of the light wave into The power of new generated waves can be obtain by

different waves when intensity reaches certaifiolving coupled propagation equations of four iatéing
threshold. waves. We assume that the new generated FWM wave is
mainly depended on three nearest waves of the, ligghthe
221 TheFour Wave Mixing effect (FWM) powerA/Z at the frequency, = w; + w,- wsis given by [6]:

The FWM is a parametric interaction among waves (14)
satisfying a particular phase relationship called phase
matching. This nonlinear effect occurs only in eps$ that
carry more wavelengths through the optical fibed é@nis
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Figure 2.lllustration of the FWM effect

A =anytd LA A e

classified as a third-order distortion phenomenbm.this

where factory is the FWM efficiency,y is the nonlinear

case, we are assuming that three linearly polarizeefficient,Lds the effective lengthh?(2), A%(2), A(2) are

monochromatic waves with angular frequencigg =1,2,3)
are propagating. If we consider the third-orderapahtion

powers of input waves| is the fiber length,a is the
attenuation and, the so-called degeneracy factor (equal to 3

vector P given by equation (12) that characterizes th#é the degenerative FWM is considered, 6 otherwise)

medium and it is a function of the electrical fieldnd

The power of the FWM represents sum of the partial

(12)

simplified it, we obtain his components: three comgnts power from interacting waves, which degeneratesifjeal.
frequencywy given by equation (13). change with the parameter of interacting signals.
As we can see from the equation (14), the nonlieffact
P=£0{/\J’])_E+/€’2) :E_E+/ﬁ35EEI%} signals and the shape of the FWM effect dependshen
modulation and the bit rate of these signals. plutnpowers
third-order susceptibility aritepresent vector of electrical transmission would not be possible. However, tratedng
field of mode. nonlinearities are not presented. The power algends on

have the frequencies of the input field, the otheage and This power of the FWM is different for each chanaeid
FWM is mainly rising with increasing powers of iraeting
where/!? is linear susceptibility,(2),x(2) is second and of signals are too high, the scattering nonlingsibccur and
the channel spacing and on the dispersion. If veenggative
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dispersion fibers, the FWM effect will be more imééve and
the SNR will fall to values unsuitable to transnfiitwe used
standard fibers, we can decrease the FWM effedt,wsu
cannot use high bit rates due the dispersion [[/[II8

3. Characteristics of modulation techniques

In a case of digital modulations, we must ensundimg
digital information into the analog form and bacldiscern
digital data from the analog transmission. The nfetihg
signal is represented by time sequences of symaots
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change of phase [2],[10].

4. Simulation of optical modulation techniques

The presented simulation model comes out from the
simulation model for optical communications intradd in
[11]. A modeling was performed in Matlab SimulinR1D
and GUI. The whole program is controlled by a m&ireen,
where user is able to perform adequate operatiogs it
required only basic knowledge about optical fibers.
A program has two mainly functions (calculation and

pulses, where each symbol hdsfinite states. Each symbol simulation) representing two independent systembie T
representsy information bits which are given by equationcalculation part is used for calculating a powethaf FWM

(15). A change of states is discrete, respectiwghped.
(15)
q[bit/wmbol] =log, M

There are several digital techniques that can balet
into two basic groups:

* line codes (in the baseband)

» modulations

3.1 Linecodes

Line codes are used for modulation in the baseliand
relatively short distances. We can divide them imto kinds
— unipolar and bipolar.

We can consider only unipolar signals when usinticap
transmission because within the bipolar signal \ae o
consider the negative light which is not feasilddaysical
properties are mainly affected in optical transioissn the
baseband so we will only consider the optical tnaiasion in
the shifted band. We will look at types of modwdati
techniques used around wavelength 1550 nm. Theatensy
are implemented in a real life or in test modenathieoretical
plane [2],[10].

3.2 Modulations

effect with inserted fiber parameters. This nordineffect
occurs only in WDM systems, so we occurred that our
system is using a WDM system with three opticahalg
transmitted in the fiber. This part of the progranincluded
into the main screen interface. The simulation panulates
an optical medium with linear and chosen nonlineffects
with different modulation techniques. This partbising set
by parameters that were inserted in a main screeh a
calculated in the calculated part. The simulatiart s using
the Communication Blockset and Communication tdols
simulate and create the optical transmission platithese
tools, already created blocks as modulators, gersia
blocks with operation functions and scope blocles ased.
This program does not include designed blocks aukite
some of the linear or nonlinear effects in the agitfiber, but
the AWGN block partially compensates their function

As we mentioned before, a whole program starts with
main screen, which is shown on Figure 3. The catmn
output is the FWM power for one channel and itaklated
from inserted parameters of the optical fiber bingsthe
NLSE equation (14).

The simulation part allows simulating different
modulation techniques at the signal transmissioough the
optical fiber with given parameters and system
performances. To run the simulation part, inputapsaters

When using modulations, we change our usable s&mal and the FWM power parameter must be set. In thiicse

that it will adapt to the transmission media. Wearle the
usable signal by the carrier signal and therefoeeget new

a signal of adequate modulation technique changgd b
passing through the optical system is showing. #is

signal called modulated signal which is suitabler fOpurpose, we will consider these system parametbrg;e

transmission via the optical interface. There arer foasic

channels with source generators that generate gowakr

physical attributes that can be adapted to opyicall mw at wavelengths of 1550 nm, 1550,5 nm, 1551 the,

transmitted data (carrier modulations) — intensiphase,
frequency and polarization. According to the usathmeter
which the optical signal has been modulated, wediaide
modulations:

- ASK — OOK Amplitude Shift Keying, On/Off

Keying

- PSK Phase Shift Keying

- FSK Frequency Shift Keying

- PolSK Polarization Shift Keying

- DUOBINARY modulation

The OOK is characterized by an output signal of the

optical flux from the optical generator for logic¢al’ and the
absence of an optical signal for a logical “0". PS$K
characterized by phase change in point of chanlgigigal
level. The simplest PSK is in a change of the plgsealue
n. The information is not hidden in amplitude but the

fiber length 10 km, the dispersion coefficient X(pm.km),
the attenuation 0,21 dB/km. The simulation program
includes the FWM effect, dispersion and attenuation

4.1 Simulation of the On/Off Shift Keying (OOK)
modulation

The OOK modulation as the simplest type of M-AM
modulation can be represented by two signals:

s,(t) = Acod27f t)
s,(t)=0

where logical units “1” and “0” are binary data eacd
uncorrected with the exactly same probability. Tohenplex
OOK signal’s envelope is for a time axis equal to:

O0<t<Tfor 1 (16)

O0<t<Tfor O (17)
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—o<t<o for

st) =2 Acplt -kt)

k :<—oo,oo> (18)

where) is from the range {0,A}p(t) is the rectangular pulse

with amplitude equal to one. The representationtvad
possible states of the modulated signal is showrigure 4.

Im
&

thresheld decision

.'I Re
AP

00K

Figure 4.Distribution of symbols for the OOK modulation

This distribution of symbols can be seen in a modedre
possible linear and nonlinear effects are low. iroutate
a signal transmission over the optical fiber, weechdo
generate a sequence of digital data {0, 1} and thedulate
it with an appropriate modulation. The modulateghai is
changed after the transmission (shape, magnitudesepetc.)
due to linear and nonlinear effects and, therefare,can
obtain a modulated signal with the noise. A demaiaul
demodulates this signal into a sequence of digitad and
then a decision block can decide what data werestnéted.
The OOK modulation schema is shown on Figure 5.

As a source, we can use the Bernoulli generator thi_.

generates two pulses “1” and “0”. This generataugsd for
all possible analyzed modulation techniques. Topzma the
input signal with the output one, both signals mbst
brought to the corrector to compensate delaysbetwlesm.
A representation of the ideal generated signal vite
involvement scheme is shown on Figure 6.

ORI

P [mwW]
—

T z 3 4 5 & 7 8§ 3 1w

t[ns] =—
Figure 6.The ideal signal generated by the Bernoulli
generator

After being generated, the ideal signal is moddldtg the
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appropriate OOK modulator/demodulator blocks shawan
Figure 7 and the OOK modulated is shown on Figure 8

LI

General - In1

QAM

AL

General

QAM

OutZ

¥

Owptical Fiber
{filter, dispersion, attenuation, FWM)

Medulator SOK Demaodulator SOK

Figure 7.Modulator and demodulator blocks

Assuming a finite bandwidth, we can filter a sigmath
the appropriate filter block shown on Figure 9. The
simulation program involves two options for filteg. The
first filtration (Figure 10) changes a signal witte higher
rise and fall edge. This kind of the filtered sigisamostly
generated with expensive sources used in core netwdhe
second option showed on Figure 11represents alsigtia
the slower rise and fall edge. This kind of théefiéd signal
can be generated with LED diodes.

T2

: L
o

[T S B N S

i L L L i i
a 1 2 3 4 5 B 7 a 9 10
t[ns] —

Figure 10.The OOK signal filtered for laser diodes

S T
[« %

ng
0e

t[ns] —

Figure 11.The OOK signal filtered for LED diodes

After filtering, we use a dispersion block that sasl an
expansion of the original signal in the time domaind
moreover a phase shift is occurred due to the chtiom
dispersion. For all possible analyzed modulatiarhméques,
the dispersion schema is shown on Figure 12. lhidpstem,
the value of dispersion is given by 18 ps/(nm.kihe
influence of the dispersion on the OOK signal isveh on
Figure 13. In this figure, magnitudes betweenOOK
modulated signals without and withdispersionare ganmad.
The power level of OOK signals is attenuated due to
bordering of pulses.

For attenuating, a block as the part of the MATLAB
Simulink environment is used. For all possible wred
modulation techniques, the attenuation schemaadsviston
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Figure 14. In real systems, the attenuation deesclevels of
the signal magnitude. In our example,
attenuation factor is set to
A comparison of OOK signals with and without attation
is shown on Figure 15.

Cut2
-2.1 dB
I e lub
e Y B gl P
i1 Complex to Magnitude-Angle Out1
Magnitude-Angle to Complex

Figure 14.Theattenuation schema for all modulations

After blocks of linear effect, the FWMblock is imsed
into the transmission path. This FWM effect ocdar§VDM
systems and therefore we must generate additiogaals
modulated with the same modulation technique. Matgal
signals are brought into the FWM block where ahsils are
mixed and the new generated FWM signal is creafddthe
power level given by parameters introduced in thainm

the specific
the 0,21 dB/km value
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P [mW]

t[ns] =—

Figure 18.The OOK signal (slow rise/fall edge)withthe
FWM effectfor the SSMF

Many optical transmission systems for long haul
transmissionsare using Non-Zero Dispersion Shifted
(NZDSF) optical fibers where dispersion valuesfaoen 0,1
to 6 ps/(nm.km) range. The FWM effect in these Kirud
fibers has more negative influence than in SSMErébThe
FWM effect in NZDSF fibers on the OOK modulatedrsiy
with the quick rise/fall edge is shown on Figuredtd the
OOK modulated signal with the slow rise/fall edgeshown
on Figure 20. The signal shape is depending on the
modulation format used by interacting signals andtleir
transmission rates.

screen. The FWM schemas shown on Figure 16areasimil

for all modulation techniques.

The FWM effect differs depending on a power leviethe
fourth wave and transmission rates of mixed signalse
FWM effect on the OOK modulated signal with the akui
rise/fall edge is shown on Figure 17 and the OOKlntated
signal with the slow rise/fall edge is shown onuUfeg18. We
can assume that the FWM effect affects only a ntadaiof
the OOK signal. We can observe that if the dispersi
coefficient value of Standard Single-Mode (SSMF}ica
fibers used for long distances is higher than
10 ps/(nm.km) and the channel spacing is more thamm,
then the FWM signal power is negligible comparedhe
optical signal power and the transmission ratechennel is
limited to 1 - 10 Gbit/s.

(TSR

P [mw]

0 1 2 3 4 5 & 1 % § W
t[ns] =

Figure 17.The OOK signal (quick rise/fall edge)with
theFWM effect for the SSMF

the

P [mW]

t [n§] =—

Figure 19.The OOK signal (quick rise/fall edge)with
theFWM effect for the NZDSF

t[ns] —

Figure 20.The OOK signal (slow rise/fall edge)withthe
FWM effectfor the NZDSF

A signal passing through the optical fiber is gugiti
a delay. To compare input and output signals, lsighals
must be delayed with the same time. For this reasercan
add the corrector block that delays the originaluinsignal
and then the comparison block can compare bottalsigRor
all possible analyzed modulation techniques, theparison
schema is shown on Figure 21. The simulation allaiss
the Bit Error Rate (BER) measurement for the systgm
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comparing original input with
sequences bit by bit. This option can be set in rtfen
screen of the simulation program.

4.2 Simulation of the Differential Binary Phase Shift
Keying(DBPSK) modulation

This modulation is created by using a differentiatoding
for the BPSK modulation. The DBPSK can be demoediat
by a coherent demodulation or a differential denfatiton.
The differential demodulator uses the previous syinds
a reference for demodulating of the current symbot. this
modulation, a front bandpass filter that reduceseajobut
preserves the signal phase is used. The DBPSKIdigisa
a constant magnitude during the whole transmisaiwh its
phase is changed decently on bits. There are twionspof
initial signal phase that are 0° or 90° as on FediR.

Im

Im

DBPSK DBPSK

Re Re

Figure 22.Two options for the DBPSK symbol distribution

The DPBSK simulation design is similar to the OOK
design and the DBPSK modulation schema is shown o
Figure 23. After generating a digital data sequemee can
modulate it with the DBPSK modulation (Figure 2A% we
can see, the DBPSK signal has a constant valuehef t
magnitude and bits are represented by phase shifts.
DBPSK signal constellation is shown on Figure 25.

Cluadrature Amplitude

Cuadrature Amplitude

0s

045
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received output datdo the constant magnitude. The comparison of signal
constellations before and after the dispersionkbleshown
on Figure 26.

DBPSK without phase shift

Ilm

0.4

045

— -*—
Re
05 0 0.5 1
In-phase Amplitude
DBPSK with phase shift
Ilm
_*.
—
Re
05 a 04 1

In-phase Amplitude

Figure 26.A comparison of signal constellations without and
with the dispersionfor theDBPSK modulation

1
Ilm

[
T 05
%-
=
N +
2
i Re
T 05
i

-1

1 05 0 05 1

In-phase Amplitude
Figure 25.The DBPSK signal constellation

Because the DBPSK signal has a constant value eof tt
magnitude, the filter block has no impact on it.wéwer,
alinear effect of the dispersion has a differamtuence
compared to the OOK signal. In this case, only slgmal
phase shift occurs and the signal broadening isetia due

A linear effect of the attenuation decreases a tamhs

Quadrature Amplitude

-0.1
-0.2
-0.3
-0.4
-0.5

value of the magnitude as shown on Figure 27. Then,
DBPSK signal constellation is shown on Figure 28.

0.5
0.4
0.3
0.z
0.1

u]

Ilm

Re

-0.5

0 0.5
In-phase Amplitude

Figure 28.The DBPSK signal constellation after attenuating
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The FWM effect changes a magnitude of the signa. W Due this fact, a modulator is almost same as ffar t

can use same parameters as for the OOK modulafios.
magnitude of PSK modulation formats doesn’t chaagd,

therefore, we can insert a noise to interactinghaigy The
impact of the FWM effect on the DBPSK signal in 8@MF

fibers is shown on Figure 29 and in the NZDSF fber

shown on figure 30. As we can see, the FWM effect
negligible for SSMF fibers and is visible for NZD$bBers.

04a
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0z +

0.4

0.3

0.1

-0.1 Re

Quadrature Amplitude

021+

-0.3

-0.4

0.5

05 04 03 02 01 0 01

In-phase Amplitude
Figure 29.The DBPSK signal withthe FWM effect
for the SSMF
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0.4
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06 -0.4 0.2 u] 02 0.4 06 08

In-phase Amplitude

Figure 30.The DBPSK signal withthe FWM effect
for the NZDSF

4.3 Simulation of the Differential Quaternary Phase
Shift Keying(DQPSK) modulation

QPSK. Adifference is that the DQPSK includes two
differential coders that must be in each channeh O
Figure 31, two options of distribution of symbolshe first
has the initial phase equal to 0° and the secoriDto- are
shown.
[

Im Im

DOPSK DQPSK

Re Re

Figure 31.Two options for the DQPSK symbol distribution

The DQPSK simulation design schema is shown onrEigu
32. The DQPSK modulation changes a digital dataesece
into four levels and information bits are represénby the
signal phase and the signal magnitude is constanthie
whole transmission. This can raise a system capdnit
decreases the signal-to-noise ratio. The DQPSKakign
shown on Figure 33. The DQPSK signal constellati®n
shown on Figure 34.
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The DQPSK is the four level version of the DBPSK

modulation. In the DQPSK, a symbol information iceded

as the phase change from one symbol period to ¢éx n

rather than as the absolute phase. In this caseretteiver
has to detect phase changes and not an absolut ofathe

phase, which avoids the need for a synchronize@lloghe phase shift occurs.

carrier.Compared to the QPSK, the phase differdrmm
one symbol period to the next is a function of thput
symbol and not an absolute value of the phasd.itsel

Figure 34.The DQPSK signal constellation

As in a case of the DBPSK, the filter block hasefii@ct
on the DQPSK signal. The dispersion changes the SXQP
modulated signal in the same way as in the DBP8Kyndy
The comparison of signal
constellations before and after the dispersionkblscshown
on Figure 35.
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Figure 35.A comparison of signal constellations without and 0E

with the dispersion for the DQPSK modulation

The attenuation affects the DQPSK signal as is shomw
Figure 36 and, then the DBPSK signal constellaitiashown

on Figure 37.
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Figure 38.The DQPSK signal withthe FWM effect
for the SSMF
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Figure 39.The DQPSK signal withthe FWM effect
for the NZDSF

5. Conclusion

This contribution analyzes basic features of thal re
transmission environment of optical fibers and ents
possibilities for modeling and simulating of thdoirmation
signal transmission in this environment by meansasfous
modulation techniques. We focus on the determinasiod
the analysis of concrete characteristics for sulistalinear
and nonlinear effects in the optical transmissi@dimm and
on the representation of their influences on tratteth
information signals. For realizing of individual ohel
blocks, we can concentrate on the choice of apjatepr
parameters so that these blocks could be adjusted a
modified for future demands. Also, characteristio$
modulation techniques utilized at the signal traissian in
the optical transmission medium are introducedalfin a

Figure 37.The DQPSK signal constellation after attenuating;omparison of different modulation techniques afdcby
The impact of the FWM effect on the DQPSK signal iryarious environmental influences in this simulatinodel is

the SSMF fibers is shown on Figure 38 and in théORE
fibers is shown on figure 39. As we can see, theviFgffect

presented by means of the proposed simulation mbu#ie
near future, other techniques of the optical sigmatessing

has same characteristics as in a case of the DBBGK, can be included in our created simulation programnfiore

a system capacity is larger in the DQPSK.

complex analysis of the information signal transiais.
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