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Abstract: 

With the discovery of optical fiber there was a widespread revolution in the field of communication. Opt ical fiber communication 

offers high data rate, security, flexib ility, higher bandwidth etc. However factors such as dispersion, attenuation, scattering etc., 

greatly hamper its performance. Moreover it ’s dispersion that severely damages the high speed data transmission in optical fiber. 

Dispersion causes the pulse to spread as it travels along the fiber and causing interference. There are various methods for d ispersion 

compensation. This research is done to emphasize the effect of dispersion and how to overcome it by using FBG. Fiber Bragg Gra ting  

is one of the widely used technologies to compensate dispersion in optical fiber communication and here we have used FBG to  

compensate dispersion in a 80Gb/s WDM network using NRZ modulator at trans mitter side and the results thus obtained are 

compared. The value of Q-factor, eye height and bit error rate (BER) is determined for each and every channel and their values are 

compared. 

 

1. INTRODUCTION 

 

Fiber-optic communicat ion is a way of transmitting information 

from one place to another by sending pulses of light through an 

optical fiber. The light forms an electromagnetic carrier wave 

which is modulated to carry informat ion. Fiber is preferred over 

electrical cabling when high bandwidth, long distance, or 

immunity to electromagnetic interference are needed. Using fiber 

optic cable, optical communicat ions have enabled 

telecommunications links to be made over longer distances and 

with less attenuation in the transmission medium and possibly 

much higher data rates. Optical fiber is used by many 

telecommunications companies to transmit telephone signals, 

Internet communication, and cable television signals. 

Researchers at Bell Labs have reached internet speeds of over 

100 petabit × kilometer per second using fiber-optic 

communicat ion. The process of communicating using fiber-optics 

involves the following basic steps: 

 

1. Creat ing the optical signal involving the use of a 

transmitter, usually from an electrical signal 

2. Relaying the signal along the fiber, ensuring that the 

signal does not become too distorted or weak 

3. Receiv ing the optical signal 

4. Converting it into an electrical signal 

 

 
Figure.1. Optical Communication System 

Fiber Bragg gratings (FBGs ) have been widely applied in optical 

Sensors and optical communications due to the promising 

Performances with electro-magnetic immunity, compactness, 

remote sensing, ease of fabrication and wavelength selectivity. 

OptiSystem is an optical communication system simulation 

package for the design, testing, and optimization of virtually any 

type of optical link in the physical layer of a broad spectrum of 

optical networks, from analog video broadcasting systems to 

intercontinental backbones. A system level simulator based on 

the realistic modeling of fiber-optic communication systems, 

OptiSystem possesses a powerful simulation environment and a 

truly hierarchical defin ition of components and systems. Its 

capabilit ies can be easily expanded with the addition of user 

components and seamless interfaces to a range of widely used 

tools. OptiSystem is compatible with Optiwave's OptiAmplifier. 

OptiSystem serves a wide range of applications, from 

CATV/WDM network design and SONET/SDH ring design to 

map design and transmitter, channel, amplifier, and receiver 

design. OptiSystem contains a MATLAB component that enables 

the user to call MATLAB within its environment to incorporate 

new components or models into the software. OptiSystem uses 

the MATLAB .dll files to evaluate the MATLAB script in the 

component to perform the calculations. 

 

2. THEORY 

 

2.1 FIBER BRAGG GRATING AS 

 

A DISPERS ION COMPENSATOR 

Fiber Bragg Gratings have been vital in the phenomenal growth 

of some of optical components and are recognized as one of the 

most significant enabling technologies for fiber optic 

communicat ions in the last decade. Since their market 

introduction in 1995, the use of optical Fiber Bragg Gratings in 

commercial products has grown exponentially, largely in the 

fields of telecommun ications and stress sensors. A "Bragg 
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Grating" is a periodic or aperiodic perturbation of the effective 

absorption coefficient and/or the effective refractive index of an 

optical waveguide. In the periodic structure of the FBG the 

coupling of energy between different co-propagating and 

counter-propagating modes of the fiber takes place. The mode 

coupling phenomenon is a strong function of wavelength. A 

Bragg Grat ing can reflect a predetermined narrow or broad range 

of wavelengths of light incident on the grating, while passing all 

other wavelengths of the light. The capability to photo-imprint 

gratings in optical fibers requires that the glass be photosensitive. 

By irradiating the fiber with an intensive pattern that has a 

periodic or aperiodic distribution, a corresponding index 

perturbation is permanently induced in the core of the waveguide. 

The result is an index grating that is photo imprinted in the 

optical waveguide. As a result, the Bragg Grat ing becomes a very 

selective spatial reflector in the core of the fiber. A FBG consists 

of a periodic modulation of the index of refraction along the core 

of an optical fiber as shown in Figure.  

 

 
Figure.2. Principle of operation of FBG 

 

FBGs  are created by exposition of a photosensitive fiber to an 

intensity pattern of UV light. In its basic form, the resulting 

grating reflects selectively the light guided by the optical fiber at 

the Bragg wavelength λ = 2nΛ, where n and Λ are the effective 

index of refraction of the fiber and the pitch of the grating in the 

fiber respectively. 

 

 
Figure.3. A Fiber Bragg Grating Structure, with refractive 

index profile and s pectral response 

 

2.2 DES CRIPTION OF COMPONENTS 

Non-return-zero (NRZ) pulse generator is used in producing the 

electrical data signal for the modulation process. It has the ability 

to fix the bits in the state as the voltage is  changing. Therefore, it 

is easy to indicate where the bits should start and s top. Besides, 

the NRZ pulse generator has an advantage on controlling 

bandwidth. This is due to the characteristic of the generator that 

the returning signals to zero between bits will not wasting the 

bandwidth of the data signal. Pseudo-random bit sequence 

generator is used to scramble data signal in terms of bit rate. 

Operation mode controls the algorithm used to generate the bit 

sequence. Mach Zehnder Modulator (MZ) has two inputs (optical 

signal and electrical signal) and one output (optical). Then the 

input signal is modulated with semiconductor laser that is 

represented by Continuous Wave (CW) laser Frequency 193.1 

THz through Mach-Zehnder modulator. The input signal contains 

electrical data that is represented by 0’s and 1’s has been 

generated by a non-return-zero (NRZ) pseudo random binary 

sequence. Then the input signal is modulated with semiconductor 

laser that is represented by Continuous Wave (CW) laser through 

Mach- Zehnder modulator. The optical fiber used is single mode 

fiber because single mode fiber can y ield h igher data rate, less 

dispersion and also can operate in long distance, so it is suitable 

to be used as transmission link. The Photo detector (PIN) Diode 

is used to translate the optical signal into an electrical signal. In 

order to operate as the optical transmission system: Input power 

10dBm, Reference wavelength 1550nm, and fiber length 50km. 

By taking the fiber length of 10 Km, the link survives at 

maximum attenuation of cable at 4dB/km. Table shows the 

simulation parameters for the analysis of the link at 50 km of 

fiber length with min imum attenuation at the cable section. The 

results are achieved by varying attenuation at the cable section 

from 0.2 to 4dB/km. 

 

C/W Input Power 10dBm 

   

C/W laser 193.1THZ 

Frequency   

   

Reference  1550 nm 

Wa v el en gth    

  

Mach-Zehnder 7dB 

modulator with  of  

extinction ratio   

   

F iber  len gth   10 km 

  

Attenuation at cable 4dB/km 

section   

  

EDFA length 5m 

   

FBG length  6mm 

   

 

3. LITERATURE REVIEW 

 

The polarizat ion related and nonlinear impairments have 

become a major obstacle to increase the transmission rates in 

WDM systems. The work done by different authors is reviewed 

is given below. 

 

3.1 Dispersion In Optical Fiber  

 Gnanam Gnanagurunathan, Faidz Abd. Rahman gave 

their ideas towards the grating device seems to be the better 
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compensating solution for the long haul narrowband 

transmission. 

 D.S Gasper, P. F. Wysocki, W. A. Reed, and A. M. 

Vengsarkar, gave their ideas towards the small deviations from 

perfect circular symmetry in the core region of single mode 

fibers cause the optical pulses to become broadened as they 

propagate and causes inter symbol interference. They had also 

identified the three dimensional polarization vectors and 

characterize the polarizat ion effects in narrowband sources. 

 

 According to the paper given in ,Ling Wei Guo, Ying-Wu 

Zhou, Zu Jie  

Fang gave their ideas towards the pulse broadening of optical 

signals in a single mode fiber was studied theoretically in 

presence of PMD, PDL, Chromatic dispersion and spectral 

chirping. Analytical expressions were derived for the parameters 

of the pulse broadening characteristics without simplification 

assumption w.r.t. the pulse shape and to the order of dispersion 

Misha Brodsky, Elizabeth C. George, Cristian Antonelli, Mark 

Shtaif provided their ideas toward higher-order dispersion. New 

expressions induced pulse broadening and its compensation. In 

this paper they derived new expressions for the PMD vector 

including the second-and third order effects. 

 

3.2 Dispersion Mapping  

 In John M. Sen ior, p rovides the background material 

and the mathematical tools needed for understanding the various 

nonlinear effects. Starting from the Maxwell’s equation, the wave 

equation in a nonlinear dispersive medium is used to discuss the 

fiber modes and to obtain the basic propagation equation. 

 

 Wei ZHAO has presented a numerical study of the 

performance of 40 Gbps return-to-zero differential phase-shift 

keying (RZ-DPSK)transmission with different dispersion maps. 

The optimum d ispersion mapping for RZ-DPSK format are 

discussed and compared with those for on-off key ing (OOK). 

Two pseudo-linear transmission systems, one using standard 

single-mode fiber and the other nonzero dispersion-shifted fiber, 

are investigated, respectively. 

 

 

 Hayashi, M. B. Panish, P. W. Foy and S. Sumski 

analyzed the 10-Gbps non dispersion managed and dispersion-

managed wavelength-division multiplexed (WDM) systems that 

use pre-compensation, post-compensation, or dual-compensation 

of each channel to minimize d ispersion and nonlinear effects. 

 

3.3 NRZ and RZ Modulation Format 

 Kwok, Chow, Tsang and Bjarklev had theoretically and 

experimentally the conversion bandwidth of the cross-

polarization-modulat ion based wavelength conversion scheme 

with a dispersion-flattened highly nonlinear photonic-crystal 

fiber for signals with a nonreturn-to-zero (NRZ)modulation 

format. It was showed that the conversion bandwidth can be 

extended to cover a very wide band, including S-, C-, and L-

bands for 10 Gbit/s NRZ signals (a total bandwidth of 120 nm is 

experimentally demonstrated). It was studied the theoretical 

bandwidth limit for 40 Gbit/s NRZ signals. A significant 

extension of the conversion bandwidth using the cross -

polarization-modulat ion approach compared with the four-wave 

mixing approach previously reported is demonstrated. 

 

 Mob, Fiirst, Geiger and Flscher theoretically and 

experimentally analyses advantages of nonlinear RZ over NRZ 

on 10 GB/s single-span links. Griffin, Walker, and Johnstone 

demonstrated a four-stage integrated module for 10 Gb/s chirped 

return-to-zero  modulation using GaAs/AIGaAs electro-optic 

guided wave technology and its performance is verified by 

dispersion-managed test bed transmission over 3000 km. Hodzic, 

Konrad, and Petermann had proposed alternative modulation 

formats in N 40 Gb/s WDM standard fiber RZ-trans mission 

systems. 

 

4. SIMULATION 

 

In this paper, simulations have been performed on optisystem 7.0 

using a cw laser source having power of 10db and a NRZ 

modulator with d ifferent transmission power levels and different 

SMF lengths and grating length .Table no.1 contains Simulation 

parameters utilized in this analysis work and Table no. 2 g ives 

details regarding various fiber parameters used in this simulat ion. 

 

Figure.4.Simulation setup used in this analysis  
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At first we have used a pseudo-random bit generator which 

transmits a sequence of 0’s and 1’s which are fed into the input 

stage of NRZ modulators. This string of 0’s and 1’s is converted 

into electrical pulses which are fed to input of Mach Zehnder 

Modulator which modulates the signal with a continuous wave 

cantered at frequency 193.1 THz. The signal is then fed to an 

SMF of length 50km. An EDFA is used to compensate loss due 

to large span of single mode fiber. Then the signal is passed 

through the FBG for compensation. The optical information 

signal is then retrieved by PIN photo diode which converts 

optical signal to electrical signal. Th is signal is passed through an 

LPF in order to remove all high-frequency noise. Finally, the 

signal is analysed by BER which determines various performance 

parameters such as BER, Q-factor, Eye Height. 

 

 

Table.1. Simulations Parameters 

 

Table.2. Fiber Parameters 

 

5. RES ULTS  

 

Table. 3. Output at different values of fiber length 

Fiber Q-Factor Min BER Eye Height 

Length (km)    

    

40 16.0662 2.03957e-058 0.0718715 

    

50 14.7804 9.66824e-050 0.0435374 

    

60 14.7017 3.09933e-049 0.0263722 

    

70 13.0998 1.58242e-039 0.0153568 

    

80 10.2781 4.34685e-025 0.00846705 

    

90 7.99155 6.62807e-016 0.0044709 

    

100 6.14055 4.1098e-010 0.00217927 

    

PARAMETERS  SMF VALUES  

   

Length 50  (km) 

  

Attenuation 0.2 (dB/km) 

   

Dispersion 16  (ps/nm/km) 

  

Dispersion slope 0.08 (ps/nm2/km) 

 

  

   

PARAMETERS  SMF VALUES  

  

Bit rate  10e+009 

  

Sequence length 128 

  

Sample per bit  64 

  

Central frequency 193.1THz 

  

Extinction rat io 30 dB 
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The simulation and optimizat ion of the design is done by Opt 

system simulat ion software. Figure below shows the eye diagram 

received at Eye Diagram Analyzer by taking the simulation 

parameters tabulated. Eye diagram or also known as eye pattern 

in telecommunicat ion is an old technique used in order to 

evaluate the received signal. Totally opened eye pattern 

represents the lowest level of distortion. BER analyzer shows eye 

diagrams by making a pseudo random arrangement of 1s and 0s 

in a symmetric rate but in an arbitrary manner. In Opti-system, 

eye diagram, which can be found in the BER analyzer show 

various traces of modulated signal in order to create an eye 

diagram. Because of the shape of the pattern that looks as if it is 

an eye, it is called an eye diagram. 

 

 
Figure.6. Eye diagram for the system using dis persion              Figure.7. Eye diagram for the system using dis persion 

compensation  at  trans mitter  end  for  50  k m             compensation  at  receiver  end  for  50  km 

 

6. FUTURE S COPE 

 

This project leaves a lot of ideas about the advancements which 

can be implemented in future days with further development in 

the optical fiber. Fiber optic transmission has found a vast array 

of applications in computer systems. Some design considerations 

depends largely on the applications. For certain terminal to 

terminal applications, crucial factors including maximizing 

transmission speeds and distance and min imizing fiber and 

splice loss. Hence, we can say that it’s not an end to the software 

field but a start and it will definitely reach much higher levels in 

the future, which are unpredictable in the present.  system has 

been modeled by using Opti System simulator as shown in 

Figure in order to investigate different parameters of the system. 

From the simulation result, we can conclude that the attenuation 

coefficient is inversely proportional to the Q-Factor. The Q-

Factor is the measure of the system performance. We have 

analyzed the dispersion compensation using Fiber Bragg Grating 

at different fiber lengths. By simulating a model of 

communicat ion system and using the most suitable settings of 

the system which include input power (dBm), fiber cable length 

(km), FBG Length (mm) and attenuation coefficient (dB/km) at 

cable section and extinction ratio of MachZehnder Modulator, 

Q-Factor is investigated at receiver.  
 

7. CONCLUS ION 
 

Based on the research, the transmission system has been 

designed which consists of laser light as the source, modulator, 

single mode optical fiber as the channel, Fiber Bragg grating 

(FBG) as the dispersion compensator. Then, the optical 

transmission 
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