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Abstract: This paper deals with a modeling of the phaset shi# Differential Phase Shift Keying — DPSK,
keying (PSK) and the possibility of implementingkP@odulations «  Differential Binary Phase Shift Keying - DBPSK,
using Mach-Zehnder modulators in the Matlab simofat Differential Quadrature Phase Shift Keying — DQPSK.

environment. Next, a simulation of selected mudtidl PSK .
modulations utilizing at the signal transmission time optical The fundamental difference between PSK (resp. MPSK)

transmission medium is executed. Finall, a conspari of DPSK (résp. DMPSK) is based in a constellation wiag
modulated optical signals before and after pasaimgodel of the layout. Differential phase shift keying does notvéa
optical transmission path is introduced, using teltaion determined symbols in constellation diagram assitiri
diagrams, signal characteristics, eye diagramsveatdrfall curves common PSK, but it has a table of phase shiftsi¢grees or
of individual signals. radians) where is each phase shift representedavstimbol.
Keywords; optical transmission medium, Phase Shift KeyingVery advantageous PSK formats are multi-level PSK,
QPSK, 8PSK. because one phase shift is represented with 2 o hits (it
1 Introducti is depended from number of modulation levels). A@most
- Introduction known PSK variations belong four-level QPSK and RPS

The optical transmission medium represents an emvient, techniques. These modulation formats are possibteesign
which is suitable for the long distance informatiofith in parallel connected Mach-Zehnder modulators
transmission using optical power signals. The maifMZM). The outgoing signal from each Mach-Zehnder
advantages for utilization of optical fibers arevioosts to Mmodulator is a BPSK signal, which is phase shiftdten
implementation, long operating life and resistancee.g. Nnecessary. The number of used MZM is depended en th
electromagnetic interferences. Since a need fohehnig amount of modulation levels. For construction ofSBRit is
transmission speeds is growing, it is necessarkingofor ~necessary to use 2 MZM with a phase shift/2 between
advanced modulation techniques, which are usablthim them. A schematic connection of QPSK modulatohisas
transmission environment [1-3]. on Fig.1. [6-8].

This paper deals with a modeling of the phase &eifing A constellation of individual symbols in outgoingysal is
(PSK) modulation technique and its multi-level wsions, Shown on Fig. 2, where the letters X, Y, Z and Wresent
which appears to be very resistant to nonlineatsfpresent SYmbols.

in the optical transmission medium [4, 5. Nextnslations 0" the 8PSK design, it is possible to use two QPSK
of the signal transmission using selected multeleRSK modulators (i.e. four MZM modulatorg), with a ph‘*.’*“’“
/4 between them. The 8PSK scheme is shown on Fig.3.

(QP.SK and 8PS.K) var|at|0ns_ in Matlab S”T”.“"“k 2014F;he constellation of symbols by using quad-parallel
environment are introduced. Finally, constellatdiagrams, connection of MZM for 8PSK is shown on Fig.4. Thieaf
signal characteristics, eye diagrams and watectales for 8PSK symbol is represented by combination of'sym[rom
QPSK and 8PSK modulated optical signals before adted two QPSK modulators [16, 17]

passing a model of the optical transmission path a&ymbols with index 1 (squares) are symbols of QPISK
presented. symbols with index 2 (crosses) are symbols of QRS#nd

2. Principlesof the Phase Shift Keying (PSK) I"V?t?]l gesv};niyggggiéat:te”s'(s) are representedhbyiétters

The phase-shift keying technique belongs to grodp . . . .
modulations with carrier wave modulation [6, 7].€eThhase % Simulations of the PSK optical signals

shift keying appears to be very resistant agaiwstiimear The simulations are performed in Matlab Simulink2@nd
effects, because the envelope of signal is constot consist from implementation of modulation formatsrodel
information transmission, a phase modification afrier of optical transmission path [12-15]. In simulatioit is
signal is used. The carrier signal phase is shifiepending assumed with a fiber with length df = 80 [km] and

on transmitted information. The phase shift mustai® \yavelengthy. = 1550 nm, that means the total attenuation is
known to demodulator. The simplest PSK modulatibifts otal = 16,8 [dB] (i.e.aspeciic = 0,21 [dB/km]), other specific
carrier signal phase byfor logical 1 and for logical 0 does y5|yes are PMD = 10 [ps/(nwkm)] and CD = 10 [ps/km].
not shift the carrier signal phase. In practice, e&n meet \jodulation techniques QPSK and 8PSK are chosen for
more often with its equivalents [6-11]: simulating. At the 8-level PSK, three bits are smitted

* Multi-level PSK — MPSK (wher#/ is number of levels),  through transmission medium at once, sinte=3. At the
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QPSK two bits are transmitted at once, since=24.
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On next figure (Fig.12), constellation diagrams ttee 8PSK

Individual symbols are possible to express as cewplare shown before passing through a model of théaipt

numbers, thus, as a combination of imaginary aadl parts
or with combination of magnitude and phase tow#odzero.

transmission path (IN) and after passing through rttodel
(OUT). As can be seen on Fig.12, the signal afeessimg

Symbols are located with phase shift between them at through the optical transmission path is attenuaded
8PSK and withn/2 shift at QPSK. The benefit of 8PSKdispersed (following attenuation, dispersion andlinear

modulation is higher transmission rate, since dmesp shift
is
Disadvantage of the multi-level PSK is a smallerageh
distance between symbols, which can lead to higirer rate
by comparison with modulation techniques with

effects on the transmission path) and phase sh(fiddwing

represented by three bits entering the modulatatispersion and nonlinear effects on the transmisgiath).

The received phase shift is approaching the detisiels of
the 8PSK demodulator (0 tg -n/2 ton/2, n/4 to 3n/4 and —

les8.n/4 to «/4), overshoot of this levels causes increase of

modulation levels. The complete model of the opticaerror rate.

transmission path accommodated for the 8PSK uiitimaat
the signal transmission is displayed on Fig.5.

A model consists of next fundamental parts:

e Source of data signal - red

e Source of optical signal (CW) - green

e Modulator 8PSK (MZM 8PSK) - blue

» Model of optical transmission path (SMF) - orange

» Demodulator 8PSK - violet

» Block for BER calculating - yellow

A source of data signal consists of the BernoulinaBy
Generator block, which represents a informatiom flavhich
is after next processing modulated. Further, itsgia of
Buffer and the Encoder block. A complete data didphack
that is entering the modulator is shown on Fig.6.

A task of the Encoder block is preparing from comtius
information bit flow single bits, which are dividedith
demultiplexor. These bits are processed with mastieal
operations so they can control branches 11, QAni2Q2 in
the QPSK modulators. An internal connection ofEmeoder
block is shown on Fig.7.

The CW block represents a source of carrier sigmhich
enters the modulator. It is a basic block for satioh of
optical modulation techniques and its output sitaga
optical signals needed for information transmissibime CW
block consists of several sine generators, whieh sat to
generate many signals at the same time, sincd aceae of
optical emissions is not monochromatic (i.e. it has only
one carrier wavelf, but there are more wavesti) ). The
CW block is shown on Fig. 8.

An output of the Data signal block is connected alufator

For comparison of multi-level PSK variations, cefistion
diagrams for the QPSK are included. Constellatiagmms
for the QPSK before passing through a model ofoyhigcal
transmission path (IN) and after passing through rttodel
(OUT) are shown on Fig.13. In the same manner,
influence of negative effects in the optical traission
medium is observable. As can be seen on Fig.13QP8K
modulation can be used for longer distances tharBH#SK,
since the phase distance between individual symimls
greater (decision levels of the QPSK demodulaterfiom O
to « for the first bit and from=/2 ton/2 for the second bit).
On Fig.14, 8PSK optical signals are shown. Thet firart
(DATA) shows a data flow converted from a binarynfat to
integer one. The second and third parts represesgepshifts
of the carrier signal in radians as follows: MODULBR
represents a phase shift of the outgoing signamfro
a modulator and DEMODULATOR represents a phasé shif
of the signal after passing through a model of dipécal
transmission path. The last part (DATA) represents
a demodulated data signal (also in a integer fgrmat

In the same manner, QPSK optical signals are shomn
Fig.15.

On Fig.16, waterfall curves for the QPSK and 8PSK a
shown based on the presented simulation paramefaes.
8PSK curve is shown with a red dashed line andQRSK
curve with a blue continuous line. As can be s#enQPSK
needs less N as the 8PSK for a successful transmission of
payload with lower BER (e.g. at the BER =%0the
difference between QPSK and 8PSK is approximat@&ydB

of Ey/Ny).

On Fig.17, an eye diagram for the 8PSK after trassion

an

block. The modulator block consists of two QPSIﬂhrough a model of the optical transmission path foe

modulators and their output signals are summedFiQr®,
internal connections of the 8PSK modulator bloak gtrown.

demodulator input) is shown.
In the same manner, an eye diagram for the QP SKaen

Each of QPSK modulator blocks consists of two MZIV[)n Fig.18

modulators that are divided according to that éytlzontrol

| or Q branch of the outgoing signal. The mutuatrection

of the MZM modulators in the QPSK 1 modulator bldsk
on Fig.10.

After the optical transmission path, a modelingasg on by
a demodulator block, in which the signal after pags
through the optical path model is entering [12-16].task is

to isolate a phase from the incoming signal andidoide

what kind of bits is received. These bits are cedplvith

a multiplexor block to a single signal (i.e. to $yots), which

is compared in the BER calculator block with orain
transmitted signal. An internal connection of thES&

demodulator block is on Fig.11.

4. Conclusions

Modeling of QPSK and 8PSK modulation techniques and
their possible utilization at the signal transnossiin the
optical transmission medium using MATLAB SimulinR™4
environment is presented. These modulation teclkesigure
performed using parallel connections of MZM modoitat
Next, a complete presentation of simulation bldcksQPSK
and 8PSK modulators and demodulators with detailed
descriptions are introduced. Finally, QPSK and 8PSK
modulation formats are compared with each othengusi
constellation diagrams, signal waveforms, eye diagr and
waterfall curves from a viewpoint of negative effepresent

at the signal transmission in the optical transioiss
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environment. The QPSK is more resistant to negatié4] R. ROKA, F.CERTIK, “Simulation Tools for Broadband
influences degrading the signal transmission then8PSK. Passive Optical Networks, Simulation Technologies i
On the other hand, the 8PSK is transmitted 3 bits wne Networkir,\’g and Communications: Selecting the Bestl T@mo
phase shift, which means higher possible transamissites. E;h7eg Iejgzzcgsigpéess’ New York, 2015, P.337-364, ISBN
Thanks to the modeling and simulations, it is gassio find '

: . ; [15] R. ROKA, F.CERTIK, “Simulation and Analysis of the Signal
appropriate  modulation techniques and consequettly Transmission in the Optical Transmission Medium,”

execute advanced analysis of their utilizationdeployment SIMULTECH 2015, Scitepress, P.219-226, ISBN 978-989-
in the real optical transmission systems. 758-120-5.
[16] T. SAKAMOTO, A. CHIBA, T. KAWANISHI, “Electro-Optic
5. Acknowledgement Synthesis of 8PSK by Quad-Parallel Mach-Zehnder
. . . Modulator,” Optical Fiber Communication Conference&/O
This work is a part of research activities condddaie Slovak Technical Digest, 2009, paper OTuG4.

University of Technology Bratislava, Faculty of Efecal [17]L. GuO-WEI, S. TAKAHIDE, K. TETSUYA, “Rectangular
Engineering and Information Technology, Institutd o QPSK for Generation of Optical 8-ary Phase-Shifyikeg,”
Telecommunications, within the scope of the projEGA OPTICS EXPRESS, Vol.19, No.19 pp.18479-18485]11.
No. 039STU-4/2013 “Utilization of Web-based Traigiand

Learning Systems at the Development of New Educatio

Programs in the Area of Optical Transmission Media”
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