
ISSN   2348 - 2249  
Volume-2, Issue-4, October-December, 2014 

International Journal for Multi Disciplinary Engineering and Business Management 
(IJMDEBM) 

 

© 2013, IJMDEBM, All Rights Reserved                http://www.ijmdebm.org/ 
~ 15 ~ 

Analysis on Dispersion Compensation of DWDM 
System with DCF and Various Modulation Formats 

 
Sumit Pal Singh Karamjit Kaur 

Research Scholar, Department of ECE Department of ECE 
Punjabi University, Patiala Punjabi University, Patiala 

India India 
  

 
 

Abstract – Fiber-optic dispersion and its effect on optical 
transmission system are analyzed. We have analysed the 
dispersion compensation in DWDM network using DCF and 
various modulation formats. The combination of dispersion 
compensating fiber with three different modulation formats is 
applied to overall compensate the dispersion and to obtain the 
minimum BER and highest Q factor. In this paper the 
variation of Q-factor and Bit error rate with respect to the 
system length is analysed and the best format among all is 
selected. This simulation is done for 8-channel transmitter at 
10Gbps data rate and system uses the post compensation 
dispersion compensation scheme for defining the optimum 
results 
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I. INTRODUCTION 
Ever since the ancient times, one of the principal needs of 

the people has been to communicate. This need created 
interest in devising communication systems for sending 
messages from one distant place to another. The basic 
motivation behind development of each communication 
system was to improve the transmission fidelity, to increase 
the data rate so that more information can be sent, or to 
increase the transmission distance between relays. Thus 
optical communication system came into existence which uses 
high carrier frequencies in the visible or near-infrared region 
of the electromagnetic spectrum. [8]Communication may be 
broadly defined as the transfer of information from one point 
to another. When the information is to be conveyed over any 
distance a communication system is usually required. Within a 
communication system the information transfer is frequently 
achieved by superimposing or modulating the information 
onto an electromagnetic wave which acts as a carrier for the 
information signal. This modulated carrier is then transmitted 
to the required destination where it is received and the original 
information signal is obtained by demodulation In recent 
years, with the rapid growth internet business needs, people 
urgently need more capacity and network systems. [1] So the 
demand for transmission capacity and bandwidth are 
becoming more and more challenging to service suppliers. 
Under the situation, with its huge bandwidth and excellent 
transmission performance, optical fiber is becoming the most 
favorable delivering media in information industry [2, 3]. The 
optimal design and applications of optical fiber are very 

important for the transmission quality of optical fiber 
transmission system. Therefore, it is very necessary to 
investigate the transmission characteristics of optical fiber. 
And keeping in mind the main goal of communication systems 
is to increase the transmission distance.  

The 1550-nm window, chromatic dispersion  becomes the 
limiting factor limiting transmission distances at 40 Gbps. 
fiber length at different speeds due to imperfections in the 
fiber geometry. The pulse is dispersed or broadened when 
these modes are accumulated together at the receiver. ISI 
occurs when these modes are summed at the receiver. The 
delay in the traveling time of different modes is called 
differential modal delay (DMD). 

In this study, we implement a DCF compensation Scheme 
in combination with different modulation formats. Simulation 
studies show that CSRZ is the best format. It can greatly 
reduce the influences of the fiber nonlinearity and increase the 
transmission distance. The rest of paper is organized as 
followed. In Section II, the cause of fiber dispersion and its 
effects on optical transmission is introduced. In Section III, 
present Fiber dispersion compensation technology. In Section 
IV, presents the research of DCF dispersion compensation 
scheme. Section V presents transmission system simulation 
with software OPTISYSTEM, analyses and compare each 
kind of modulation format, Section VI concludes the paper. 
 

II. THE EFFECT OF FIBER-OPTIC DISPERSION ON 
OPTICAL TRANSMISSION 

Loss and dispersion are the major factor that affect the 
application of fiber-optical .The EDFA is the gigantic change 
that happened in the fiber-optical communication system; the 
loss is no longer the major factor to restrict the fiber-optical 
transmission. Since EDFA works in 1550 nm wave band, the 
average Single Mode Fiber (SMF) dispersion value in that 
wave band is very big, about 15-20ps / ( nm. km-I). It is easy 
to see that the dispersion become the major factors that restrict 
long distance fiber-optical transfers [6]. Dispersion is defined 
as because of the different frequency or mode of light pulse in 
fiber transmits at different rates, so that these frequency 
components or models receive the fiber terminals at different 
time. It can cause intolerable amounts of distortions that 
ultimately lead to errors. In single-mode fiber performance is 
primarily limited by chromatic dispersion (also called group 
velocity dispersion ), which occurs because the index of the 
glass varies slightly depending on the wavelength of the light, 
and light from real optical transmitters necessarily has nonzero 
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spectral width (due to modulation)[7,8]. Polarization mode 
dispersion , another source of limitation, occurs because 
although the single-mode fiber can sustain only one transverse 
mode, it can carry this mode with two  Different polarizations, 
and slight imperfections or distortions in a fiber can alter the 
propagation velocities for the two polarizations. This 
phenomenon is called birefringence. 

 Mode birefringence (Bm) is defined by the following 
Formula: 

 
nx, ny are the effective refractive of the two orthogonal 

polarizations. For a given Bm, its fast axis and slow axis 
components will be formed the phase difference after the light 
waves transmission L Km. 

 
If the Bm is a constant, through the light waves in 

transmission process the phase difference between its fast axis 
and slow axis will periodicity repetition. The power exchange 
also periodically. The length that it leads to a phase difference 
of 2  or power periodic exchange is called polarization beat 
length:   

 
If the incident light has two polarization components, due 

to refractive difference between the fast axis and slow axis, the 
transmit rate of two polarization components will be different. 
Because the randomness of fiber birefringence changes, the 
group velocity of different polarization direction is also 
random, this will result in the output pulse broadening. Degree 
of pulse broadening can be expressed by different group delay 

 
 

 
From the equations present that the initial pulse is 

broadened by the transmission. The longer the optical signal 
transmission distance, the greater the fiber dispersion 
coefficient, the more pulse broaden. The two adjacent pulse 
result overhearing, error judgment will be generated [9].The 
influence of dispersion on system performance is also 
reflected in the optical fiber nonlinear effects. Dispersion 
increased the pulse shape distortion caused by the self-phase 
modulation dispersion (SPM); the other hand, dispersion in 
WDM systems can also increase the cross-phase modulation, 
four-wave mixing( FWM) and other nonlinear effects[ 10,11]. 
 

III. DISPERSION COMPENSATION TECHNOLOGY 
In order to improve overall system performance and 

reduce dispersion as much as possible, so as to increase the 
transmission performance. Several dispersion compensation 
technologies are proposed [12]. Amongst the various 
techniques proposed in the literature, the ones that appear to 
hold immediate promise for dispersion compensation and 
management could be broadly classified as: dispersion 

compensating fibers (DCF), chirped fiber Bragg gratings 
(FBG), and high-order mode (HOM) Fiber[13].The idea of 
using dispersion compensation fiber for dispersion 
compensation was proposed as early as in 1980 but, until after 
the invention of optical amplifiers, DCF began to be 
widespread attention and study.  DCF are more mature, stable, 
not easily affected by temperature, wide zero bandwidth, DCF 
has become a most useful method of dispersion compensation 
and has been extensively studied. DCF is the standard solution 
to compensate for the chromatic dispersion accumulated in 
long-haul optical transmission systems. It yields color less, 
slope-matched dispersion cancellation with negligible 
cascading impairments. These are specially designed fibers 
with negative dispersion. The high value of negative 
dispersion is used to compensate for positive dispersion over 
large lengths of ordinary fiber. The total negative dispersion 
compensates for the total positive dispersion.DCF has a 
smaller core effective area (~30 ) & different core index 
profile in comparison to SSMF.  
 

IV. DISPERSION COMPENSATION SCHEME 
The dispersion compensation system in the DWDM in 

combination with different modulation formats is studied in 
this paper. Based on optical transmission, considering the 
various types of nonlinear effects and the impact of EDFA. 
EDFA is used to compensate the power loss generating by 
SMF and the DCF signal. The placement of the EDFA is 
considered after the single mode fiber (SMF) so overcome the 
dispersion which is accumulated during passage through the 
fiber. Different location of DCF in the system will generate 
different nonlinear effects. Dispersion compensation is 
achieved with DCF.  
 

V. SIMULATION SETUP 
To achieve high-capacity, high speed wavelength division- 

multiplexing (WDM) transmission, the embedded standard 
single-mode fiber (SMF) should be upgraded to compensate 
the dispersion. For this purpose, some dispersion 
compensation scheme must be used periodically in the link. 
There are several different methods that can be used to 
compensate for dispersion, including dispersion compensating 
fiber(DCF),fiber Bragg gratings, optical phase conjugation 
and electrical dispersion compensation. Simulation model use 
Mach-Zehnder external modulator to modulate the CW Laser. 
Eight different center frequency wavelength of the light carrier 
were produced. The center frequency range of Laser is 192.6-
194.01 THZ. Transmission code is the NRZ, RZ, and CSRZ. 
8- Channel WDM bandwidth is 100GHZ. The system modeled 
in the figure 1 is created using optisystem 7 .The figure 
illustrates the use of dispersion compensation in long haul 
DWDM system using different modulation formats and 
various lengths. It is investigated here that post-compensation 
technique using different modulation formats results in greatly 
reducing the dispersion in long-haul WDM system. In the 
post- compensation scheme, the DCF is placed after the SMF. 
First we simulate a single channel link then an eight channel 
WDM system as shown in Figure1. For that we use continuous 
wave (CW) laser sources externally-modulated with Pseudo-
Random Binary Sequence (PRBS) at 10Gbps. In this link 
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performance analysis is carried out with three different 
modulation formats named as NRZ, RZ, and CSRZ. The two 
formats a available in the software whereas as the third is 
generated as follows in this modulation format, the NRZ 
signal is first given to the Mach-Zehnder Modulator and then 
it is given to the phase modulator. The phase modulator is 
steered by a sine wave generator at a frequency which is half 
of the bit rate and between two adjacent bits pi phase shift is 
introduced. The main reason for doing this is to suppress the 
central peak at the carrier frequency. The laser output power is 
0 dBm. In the case of the WDM system, the Eight channels 
are 100 GHz apart and are multiplexed in the SMF fiber using 
an optical multiplexer. The simulation uses SMF fiber with 
attenuation coefficient of 0.25dB/km. The SMF fiber is 60km 
long. Each span has a 12 dB gain EDFA module with a 
saturation power of 18 dBm, and a DCF with an attenuation 
coefficient of 0.5 dB/km. The DCF length is 12 km. The 
length of the system is increased using loop control .Fiber 
nonlinearities and EDFA noises are taken into consideration. 
The BER and the Q factor for different modulation formats 
and length upto 3000kms are calculated and performances are 
compared. In the receiver the signal is demultiplexed, detected 
by PIN detector, passed through the filter. The filtered 
electrical signal connected directly to the BER analyzer which 
is used as a visualize to generate graphs and results such as 
eye diagram, BER, Q value, eye opening etc. The parameters 
used in simulation are given in Table 1 
 

Table 1. Parameters used in simulation 

PARAMETERS VALUE 
Bit-Rate  80Gbps(8ch. *10) 
Length of SMF  60 Km 
Length of DCF  12Km 
Dispersion coefficient of SMF  16 ps/nm/km 
Dispersion coefficient of DCF  -80 ps/nm/km 
Gain of Inline EDFA  12db 
Gain of Inline EDFA  6db 
Attenuation factor of SMF  0.2 db/km 
Attenuation factor of DCF  0.5 db/km 
Line width of laser 0.1 MHz 
Modulation Format NRZ, RZ ,CSRZ 
No. of spans 1,2,3,4……...50 
PIN Diode Responsivity 1 A/W 
Threshold Quality Factor 6 
Min Acceptable BER 10

9−

 
 

 
Figure 1.DWDM SYSTEM 

SIMULATION RESULTS 
The performance of non return-to-zero (NRZ), return-to-

zero (RZ) & carrier-suppressed return-to-zero (CSRZ) 
modulation format for DWDM optical communication system 
are analyzed in terms of the Q-factor & Bit Error Rate (BER). 
The bit rates considered is 10 GB/s, eight channels of different 
wavelengths at bit rate of 10 Gbps are combined to make a 
DWDM system. Below are the graphical representations 
showing the eye diagrams of all the modulation formats for  
post DCF scheme at the input power level of 0 dBm at the 
transmission distance of 3000 km. 
 

  
Figure 2: Eye diagrams for NRZ format 

 
Figure 3: Eye diagrams for RZ format 

 
Figure 4: Eye diagrams for CSRZ format 

 
From eye diagrams of the entire three configuration as a 

function of different transmission distance it can be noticed 
that as the transmission distance increases Q value starts 
decreasing and approaches zero in some cases. Thus 
deteriorating the BER spectrum .Figure shows at the largest 
eye diagram opened, the Q-factors of the eight channels 
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achieved is about 45. The figure shows this system has the 
ability to compensate different channel's chromatic dispersion. 

The following graph depicts the various Q factor values 
that have been obtained for 10Gbits after simulation, it clearly 
depicts that CSRZ modulation format is best suited for the 
optical system designed. Across y axis is the Q factor values 
are plotted and that along x axis values for link length of SMF 
in kilometers is plotted. The graph depicts that CSRZ format is 
best suited for long distance communication optical link as it 
undergoes least dispersion in a dispersion compensated system 
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Figure 5: Comparison graph between different modulation 

formats 
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Figure6: Comparison graph between different modulation 

formats 
 

From Fig 5 and Fig 6 it becomes lucid that among all three 
modulation formats, CSRZ scheme yields the best results at 0 
dBm input power. In case of RZ the Q-Factor is zero and BER 
is as high as 1 which is absolutely not desirable, while the 
CSRZ gives improved value of Q-Factor, upto a distance of 
3000kms. 
 

CONCLUSIONS 

On the basis of comparison and analysis of the three 
modulation formats results conclusions are as follows. Using 
DCF in combination with EDFA, with CSRZ modulation 
format for dispersion compensation in 80 GB/s DWDM 

system is an effective solution. The major conclusion drawn 
from comparison of RZ vs. NRZ is that an RZ data signal 
produces better BER value than NRZ data signal operating at 
the same bit rate. Even the bandwidth requirements of RZ is 
double than that of NRZ but its shape enables an increased 
robustness to optical fiber non linear effects and broader 
spectrum so it produces better results as compared to NRZ 
format with a moderate length of single mode fiber. RZ 
modulation format is also found to be less susceptible to inter-
symbol interference (ISI), and typically achieves better 
performance compared to NRZ. Two more benefits of RZ 
modulation format exist, first, that this modulation method is 
self-synchronized, and the second, laser life time is prolonged. 
However, CSRZ modulation format shows improved results 
because of its higher tolerance to nonlinearities at higher bit-
rates. The CSRZ signal is far less sensitive to fiber nonlinear 
effects and provides better robustness against transmission 
impairments and offers high spectral efficiency and chromatic 
dispersion tolerance. It is shown that CSRZ has the lowest bit 
error rate BER value. It is reported that CSRZ modulation 
format has the edge over NRZ and RZ modulation format. 
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