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Abstract
With the increasing growth and demand for capacity in national, 
regional, and even  metropolitan optical networks, high bit 
rate fiber transmission has recently become an  essential part 
of communications. The objective of this paper is, to analyse 
the performance of dispersed managed RZ system, different 
modulation formats and to study the different compensation 
techniques at high bit rate. The return-to-zero (RZ) pulse is efficient 
for long-distance, high-bit-rate, Wavelength Division Multiplexed 
(WDM) transmission dispersion-managed systems. In RZ pulse, 
the power is transmitted only for fraction of bit period. In this 
paper, predictions are made by varying the dispersion parameter 
of single mode fiber in optical communication system. It has 
been reported that the performance of the system is improved 
with increase in the value of dispersion parameter. Using the 
different types of modulation formats, it is predicted that the 
novel modulation formats enhance the overall performance of the 
optical communication systems at high bit rate. The performance 
of Non-Return-to-Zero (NRZ), carrier suppressed return-tozero 
(CSRZ) and do binary modulation format at 10 Gb/s for the optical 
communication system is analyzed.
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I. Introduction
Fiber-optic communication is a method of transmitting information 
from one place to another by sending light through an optical 
fiber. Fiber-optic communication systems have revolutionized 
the telecommunications industry and played a major role in the 
advent of the Information Age. Because of its advantages over 
electrical transmission, the use of optical fiber has largely replaced 
copper wire communications in the developed world. Optical fiber 
is the most common type of channel for optical communications; 
however, other types of optical waveguides are used within 
communications gear, and have even formed the channel of 
very short distance (e.g. chip-to-chip) links in laboratory trials.
With the explosive growth in demand for capacity in national, 
regional, and even metropolitan optical networks,high bit rate 
fiber transmission have recently become an essential part of state-
of-the-art communications. Modern optical networks a re now 
primarily based on 2.5 Gb/s and 10 Gb/s channels. In addition 
to increases in data rate per channel, the number of channels per 
fiber is also increased through Wavelength Division Multiplexing 
(WDM) or dense WDM (DWDM) to further improve overall 
capacity . High-bit rate transmission is attractive for several 
reasons. First, it potentially enables lower capital expenditure 
by sharing transmitter/receiver cost between more data sources 
or users. Second, it eases wavelength management by reducing 
the number of WDM channels. Wavelength management, such 
as reconfigurable optical add/drop multiplexing, is essential to 
making optical networks transparent, scalable, and flexible, which 
ultimately reduces the operational expenditure of such networks. 
Thirdly, high spectral efficiency can be achieved in a WDM system 

that has a common channel grid through the use of high bit rate.

II. The Comparison Of Nrz & Doubinary Modulation 
Formats
Fig. shows the schematic diagram for different modulation 
techniques. The transmitter section consists of NRZ transmitter, 
CSRZ transmitter and Doubinary transmitter. Each transmitter has 
its own configuration to produce the desired modulation format. 
The figure given below show how the NRZ modulation format 
is produced. It consists of Pseudo Random Sequence (PRSB) 
source, NRZ CODER, continuous wave pump, Bessel filter and 
Machzender Modulator(MZM). The light of the continuous wave 
(CW) pump is externally modulated in a MZM. The two inputs 
to the MZM modulator is output of filter and pump. The input 
power is set at -30dB.The output of the modulator is NRZ pulse. 
The figure shows how the CSRZ modulation format is produced. 
It consists of two machezender modulator, continuous wave pump, 
clock generator and NRZ pulse source. The first MZM modulator 
(MZM 1) generates NRZ optical signal by external modulation 
of the CW-pump light. The CSRZ signal forming is realized in 
the second MZM (MZM 2), which is biased at the”zero”point. 
The figure shows how the doubinary signal is Simulation set 
for comparison of different modulation formats produce. For 
duobinary generation, electrical NRZ signals are pre-coded in 
an encoder (EX-OR circuit).The pre-coded binary signals are 
converted pump light. The CSRZ signal forming is realized in the 
second MZM (MZM 2), which is biased at the”zero”point. The 
fig. 2, shows how the doubinary modulation format is produced. 
For duobinary generation, electrical NRZ signals are pre-coded 
in an encoder (EX-OR circuit).The pre-coded binary signals are 
converted to 3-level duobinary signals by band-limiting electrical 
filters. The transmission section consists of amplifiers, filters and 
splitter. The receiver is of ASK type. The various devices are used 
to measure BER, OSNR and eye diagrams.

Fig. 1:

Fig. 2:

Performance Evaluation of Modulation Format 
for Optical System

1Varun Marwaha, 2Ankur Singhal, 3Satinder Pal Ahuja
1,2Dept. of ECE, MMEC, Mullana, Ambala, Haryana, India

3Dept. of CSE, IGCE, Abhipur, Mohali, Punjab, India



IJECT Vol. 3, IssuE 1, Jan. - MarCh 2012ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g  InternatIonal Journal of electronIcs & communIcatIon technology  191

Fig. 3:

III. Results
The above fig. show the eye diagram for BER vs. OSNR for 
the different modulation format used. It can be analyzed that the 
eye opening is more for CSRZ modulation format as compared 
to the NRZ and doubinary modulation format. The worst case 
can be seen for the doubinary modulation format. The OSNR 
can be understood as a measure of the ratio of the signal to 
noise power in an optical channel. Due to the narrow spectrum 
of the doubinary system, the intersymbol interference has quite 
a large effect on the doubinary modulation format. The effect 
of intersymbol interference reduces the OSNR of the doubinary 
modulation format. Due to this effect the optical communication 
systems with dobinary modulation format has some limitation 
while using for long distance at high bit rates. The CSRZ format 
has the maximum eye opening values so it can be considered for 
the optical communication system for long distance at high bit 
rates since it provided the best OSNR value. It is observed that the 
NRZ modulation format has a better OSNR than the doubinary 
so it can be used for small distance et high bit rates but not for 
large distance due to other limitations.

Fig. 4:

Fig. 5:

Eye diagram of doubinary modulation format for BER vs. OSNR            
BER vs. OSNR for NRZ modulation format 

Fig. 6:

Fig. 7:

BER vs. OSNR for Doubinary modulation format  Eye diagram 
of doubinary modulation format for BER vs. OSNR It can be 
seen from all the three graphs that the value of BER is decreased 
with increase in the OSNR value. The value of BER for the 
NRZ, CSRZ doubinary modulation format at OSNR value of 16 
is91e−,141e−,51e− respectively. The CSRZ modulation format 
has the best BER value from the entire different modulation format 
at. a given value of OSNR where as doubinary has the worst BER 
value. Hence the doubinary system requires a high input power to 
achieve the desired BER value which limits the performance of 
the doubinary modulation format to some extent. It is observed 
that the CSRZ provides a good performance at high bit rate. The 
CSRZ modulation can be used for long distance communication 
system at high bit rates.

IV. Conclusion 
The performance of NRZ, CSRZ and doubinary modulation format 
at 10 Gb/s for the optical communication system is analyzed. It 
is observed that the CSRZ modulation format has the edge over 
the NRZ and doubinary modulation format. It is shown that the 
CSRZ has the lowest BER value. It is reported that the Doubinary 
modulation format provides the higher dispersion tolerance among 
the three modulation formats. The doubinary modulation format 
can be recommended for long distance communication systems 
at high bit rates but its performance are limited by the low OSNR 
value. It is observed that the NRZ modulation format has the 
worstperformance in terms of dispersion tolerance. It is reported 
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that the NRZ modulation format has a better OSNR value than the 
doubinary modulation format. The NRZ modulation format can 
be used for small distance communication system a high bit rates. 
It is concluded that the CSRZ modulation format is best for the 
long distance optical communication system due to its low value 
of BER and tolerance to the dispersion at high bit rates.
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