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Abstract— This  paper  is based on  a  simulation  of  optical  

transmission  system  in  optical  fiber.  Over the recent 

years, fiber Bragg grating have become popular due their 

extremely firm characteristics. The Fiber Bragg Grating 

(FBG) is a periodic structure fabricated inside the core of 

the optical fiber. The periodicity could be mechanical like 

variation of the core diameter or it could be electrical like 

variation of the refractive index of the core. The optical fiber 

is always used in telecommunication system due to its 

characteristics which include small size or dimension, low 

loss and low interferences from outside environment. There 

are various types  of  optical  fiber,  the  Fiber  Bragg  

Grating  (FBG)  is  commonly  chosen  as  important  

components  to compensate  the  dispersion  in  optical  

communication  system.  FBG is very simple, has low cost 

filter for wavelength selection and low insertion loss, it has 

also customized reflection spectrum and wide bandwidth. 

The simulated transmission system will be analyzed on the 

basic of different parameters by using OptiSystem 

simulator. 
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I. INTRODUCTION 

A fiber optic transmitter and receiver, connected by fiber 

optic cable – has great benefits that are not offered by 

traditional copper wire or coaxial cable. These include:  

 It is able to carry much more information and deliver it 

with greater fidelity than either copper wire or coaxial 

cable. Also, Fiber optic cable can support much higher 

data rates, and at greater distances, than coaxial cable, 

making it ideal for transmission of serial digital data. 

 The fiber is immune to virtually all kinds of 

interference, including lightning, and will not conduct 

electricity. It can therefore come in direct contact with 

high voltage electrical equipment and power lines. It 

will also not create ground loops of any kind. 

 Since fiber is made of glass, it will not corrode and 

remains unaffected by most chemicals. It can be buried 

directly in most kinds of soil or exposed to most 

corrosive atmospheres in chemical plants without 

significant concern.  

 Since the only carrier in the fiber is light, there is no 

possibility of a spark from a broken fiber. Even in the 

most explosive of atmospheres, there is no fire hazard, 

and no danger of electrical shock to personnel repairing 

broken fibers.  

 Fiber optic cables are virtually unaffected by outdoor 

atmospheric conditions, allowing them to be lashed 

directly to telephone poles or existing electrical cables 

without concern for irrelevant signal pickup. 

 A fiber optic cable, even one that contains many fibers, 

is usually much smaller and lighter in weight than a 

wire or coaxial cable with similar information carrying 

capacity. It is easier to handle and install, and uses less 

duct space. (It can frequently be installed without 

ducts.) 

 Fiber optic cable is ideal for secure communications 

systems because it is very difficult to tap but very easy 

to monitor. In addition, there is absolutely no electrical 

radiation from a fiber. How are fiber optic cables able 

to provide all of these advantages?  

Fiber optic cable works as a ”light guide,” guiding 

the light incident at one end of the cable through to the other 

end. The light source can either be a light-emitting diode 

(LED) or a laser. The light source is pulsed on and off, and a 

light-sensitive receiver on the other end of the cable 

converts the pulses back into the digital ones and zeros of 

the original signal. Even laser light shining through a fiber 

optic cable is considered to be loss of strength, primarily 

through dispersion and scattering of the light, within the 

cable itself. The faster the laser fluctuates, the greater the 

risk of dispersion. Repeaters which are the Light 

strengtheners, may be necessary to refresh the signal in 

certain applications. While fiber optic cable itself has 

become cheaper over time - a equivalent length of copper 

cable cost less per foot but not in capacity. Fiber optic cable 

connectors and the equipment needed to install them are still 

more expensive than their copper counterparts.  

II. FIBER BRAGG GRATINGS 

Fiber Bragg Grating (FBG) is very simple and low cost filter 

for wavelength selection which has various applications to 

improve the quality and diminish the costs in optical 

networks .FBG executes some operations like reflection and 

filtering with high efficiency and low loses. FBG acts as a 

dispersion compensator in transmission optical system 

which is used to compensate chromatic dispersion. Thus, the 

final expected effect is compression in incident pulse and 

can be appropriate to compensate chromatic dispersion in a 

communication link. FBG is single mode which will expose 

the core to the periodic pattern of intense ultraviolet light. 

The exposure will increase the refractive index and thus the 

refractive index is permanently increased. Then the 

exposure pattern will create a fixed index modulation that 

called grating. When periodic refraction is changed, a small 

reflected light will be produced. Then, the small reflected 

light will be combined into a large reflected light at a certain 

wavelength. The certain wavelength is when the grating 

period is approximately half the input light’s wavelength 

which is called Bragg’s wavelength. The other light (except 

the Bragg’s light) will be transparent. When a light pulse 

propagates down an optical fiber, it is dispersed, that is the 
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width of the pulse broadens because the longer wavelength 

light lags the shorter wavelength light. Consequently, at 

sufficiently high data rates and fiber lengths, the pulses in a 

data stream will begin to overlap. In this way, fiber 

dispersion limits the maximum data that can be transmitted 

through a fiber.  

The fundamental principle behind the operation of 

an FBG is Fresnel reflection, where light traveling between 

media of different refractive indices may both reflect and 

refract at the interface. The reflected wavelength (λb), called 

the Bragg wavelength, is defined by the relationship.  

λb = 2neɅ 

Where, ne = effective refractive index of the grating in the 

fiber core Ʌ = the grating period  

 
Fig. 1: Principle of bragg’s light 

III. OPTISYSTEM SOFTWARE 

OptiSystem is a comprehensive software design suite that 

enables users to plan, test, and simulate optical links in the 

transmission layer of modern optical networks. It is a system 

level simulator based on the realistic modeling of fiber-optic 

communication systems. A comprehensive Graphical User 

Interface (GUI) controls the optical component layout and 

netlist, component models, and presentation graphics. 

OptiSystem allows for the design automation of virtually 

any type of optical link in the physical layer, and the 

analysis of a broad spectrum of optical networks, from 

Long-Haul Networks, Metropolitan Area Networks (MANs) 

and Local Area Networks (LANs). OptiSystem includes an 

extensive library of sample optical design (.osd) files that 

can be used as templates for optical design projects or for 

learning and demonstration purposes. OptiSystem 

capabilities can be extended with the addition of user 

components, and can be seamlessly interact with a wide 

range of tools. 

A. OptiSystem -Main Features 

1) Component Library: 

The OptiSystem Component Library includes hundreds of 

components, all of which have been   carefully validated in 

order to deliver results that are comparable with real life 

applications.  

2) User-defined components:  

The user can create new components based on subsystems 

and user-defined libraries, or use co-simulation with a third 

party tool such as MATLAB or Simulink. 

3) Mixed signal representation:  

OptiSystem handles mixed signal formats for optical and 

electrical signals in the Component Library.  

IV. DESIGN CONSIDERATION  

The system is operated with the basic optical 

communication which consists of a transmitter, transmission 

link and a receiver. The system transmits information using 

optical carrier wave from transmitter to receiver via optical 

fiber. The input signal contains electrical data that is 

represented by 0’s and 1’s has been generated by a non-

return-zero (NRZ) pseudorandom binary sequence. Then the 

input signal is modulated with semiconductor laser that is 

represented by Continuous Wave (CW) laser through Mach- 

Zehnder modulator. CW laser supplies input signal with 

1550 nm wavelength and input power of 5dBm which is 

externally modulated at 10 Gbits/s with a non-return-zero 

(NRZ) pseudorandom binary sequence in a Mach-Zehnder 

modulator with 5 dB of extinction ratio. The optical fiber 

used is single mode fiber because single mode fiber can 

yield higher data rate, less dispersion and also can operate in 

long haul distance, so it is suitable to be used as 

transmission link.For the dispersion compensator, the fiber 

Bragg grating will be used. The length grating that will be 

used is 6 mm since the most proper length for proposed 

model is equal to l = 6 mm by try and error method. After 

dispersion compensation the signal will pass through optical 

amplifier that represented by  

 

Erbium-doped fiber amplifier (EDFA). Optical 

amplification is required to overcome the fiber loss and also 

to amplify the signal before receive by Photo detector PIN at 

the receiver part. order to operate as the optical transmission 

system: Input power 5Db, Reference wavelength 1550nm, 

fiber length 15km, Attenuation coefficient of cable 

0.2dB/km. 

 
Fig. 2: Optical system components 
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Fig. 3: The designed model of simulated system 

Input power 5Db 

Reference wavelength 1550nm, 

fiber length 15km 

Attenuation coefficient of cable 0.2dB/km. 

Table 1 

V. RESULTS AND DISCUSSIONS 

It is important to say that all measurements were done using 

Optisystem 8 software. The process was quite interactive, 

with many changes in the system code. This procedure was 

adopted in order to improve the program efficiency and to 

improve its implementation. 

 

 
Fig. 4: Project Layout for dispersion compensation with 

Fiber Bragg grating component in OptiSystem 

 
Fig. 5: Initial Gaussian pulse 

 
Fig. 6: Gaussian pulse after 10 km propagation in SMF 

The result of dispersion compensation performed 

from this fiber grating component is obtaining of a pulse 

with approximately 20 ps width. 

 
Fig. 7: Pulse after dispersion compensation with fiber 

grating with uniform apodization and linear chirp 

http://optiwave.com/wp-content/uploads/2013/06/Optical-System-Figure-2-Initial-Gaussian-pulse.jpg
http://optiwave.com/wp-content/uploads/2013/06/Optical-System-Figure-3-Gaussian-pulse-after-10-km-propagation-in-SMF1.jpg
http://optiwave.com/wp-content/uploads/2013/06/Optical-System-Figure-5-Pulse-after-dispersion-compensation-with-fiber-grating-with-uniform-apodization-and-linear-chirp.jpg
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VI. CONCLUSION  

This project demonstrate a very important concept. If a FBG 

can be easily characterized in order to its rectivity and 

transmissivity with a white light source, a circulator and a 

Optical Spectrum Analyzer, the group delay cannot be 

measured this way. For the group delay there is the phase-

shift setup, and, with our system, the measurement of the 

group delay is automated. Besides that, we believe that this 

method has greater accuracy in the calculus of the rectivity 

and transmissivity, because there is no risk of losing 

linearity due the white light source. Also, the method used 

by the setup that we developed is useful not only to 

characterize has the group delayed of FBG, but as well as 

the group delay of others optical devices. 

Working in this project, I acquired greater 

sensibility in matters as optical transmission in single-mode 

fibers, in the subject of attenuation and dispersion, and 

methods to compensate these problems. More precisely, the 

use of chirped 

FBG for dispersion compensation, allowed to 

further understand this method and all effects produced, and 

above all, the importance of the characterization of these 

devices. 

With my system accomplishing most of requested 

tasks, it was possible, in early stages of development, to test 

it with other projects in development. This interaction 

allowed us to be more sensitive to the actual/future user 

requests to further improve our system for a higher 

satisfaction level. It also allowed us to invest all knowledge 

already acquired in the process of development of this 

project. 

REFERENCES 

[1] Agilent Technologies, Inc., 10 Hints for Making Better 

Network Analyzer Mea-surements, 2001 

[2] Agilent Technologies, Inc., Agilent 11896A 

Polarization Controller – Operating Manual 

[3] Anderson, D., Living with Dispersion in 

FiberOpticSystems, 

http://www.commsdesign.com/csdmag/sections/feature

article/showArticle.jhtml articleID=16503594, 01 

November 2001. 

[4] Asano, R., Generated Learning Software: 

MultiMediaModule Optical Waveguide, 

http://it.tud.uni-essen.de, December 2002. 

[5] Department of Physics and Astronomy (Georgia State 

University), HyperPhysics:Dispersion, 

http://hyperphysics.phyastr.gsu.edu/hbase/geoopt/disper

sion.html,2003. 

[6] Force, Incorporated, The  Effects  of  

Dispersion  on  High-speed  Fiber  Optic  Data  

Transmission: Fiber  Bandwidth  isn’tInfinite 

http://www.fiberoptics.info/articles/dispersion.htm, 

2004. 

[7] Giozza, W. et al. Fibras Opticas: Tecnologias e 

Projectos de Sistemas, McGraw-Hill, 1991. 

[8] Gowar, J., Optical Communication Systems, 2nd ed., 

Prentice Hall, 1993. 

[9] Hewlett Packard, HP 8753A Network Analyzer - 

Operating and Programming Reference 

[10] K.D. Muller-Glaser, "Systems and Software 

Engineering" http://www-itiv.etec.uni-

karlsruhe.de/opencms/opencms/en/study/lectures/sse/in

dex.html,University at Karlsruh .   

[11] Keiser, G., Optical Fiber Communications, 3rd ed., 

McGraw-Hill, 2000. Lauzon, J. et al., "Implementation 

and Characterization of fiber Bragg gratings linearly 

chirped by a temperature gradient" Optics Letters, Vol. 

19, No. 23, De-cember 1994McAdams, L., IP over 

DWDM, http://www.nanog.org/mtg-

9905/ppt/mcadams/, 20 May 1999. 

[12] New Focus, Inc., 6427 Vidia-Discrete laser - Operating 

Manual Mendes, S. et al., Web based FBG Reflection 

Spectrum and Dispersion Measure-mentVER DATA E 

A CONFERENCIA 

[13] P.S.Andre, "Componentes Optoelectronicos para Redes 

Fotonicas de Alto Debito", University of Aveiro, Ph.D. 

Thesis, 2002 

[14] Ribeiro, J., Comunicacoes Opticas, Editora Erica, 2003. 

[15] Senior, J. M. Optical Fiber Communications: Principlis 

and Practice, 2nd ed., Prentice Hall, 1992. 

[16] Sumitomo Osaka Cement Co., LTD LiNbO3 Optical 

Modulators - Inspection PassSheet, December 2001 

[17] Sumitomo Osaka Cement Co., LTD LiNbO3 Optical 

Modulators - Operating Manual, PSNTDE01-02, 2000 

[18] Volanthen, M. et al.,"Low coherence technique to 

characterise reflectivity and time delays as a function of 

wavelength within a long fiber grating" Electronics 

Letters,Vol. 32, No. 8, 11th April 1996 

[19] Williams, J.A.R. et al.,"Fiber Bragg Grating Fabrication 

for Dispersion Compen-sation" IEEE Photonics 

Technology Letters, Vol. 8, No. 9, september 1996 

[20] METER MANUAL DO LABVIEW 

http://www-itiv.etec.uni-karlsruhe.de/opencms/opencms/en/study/lectures/sse/index.html,University
http://www-itiv.etec.uni-karlsruhe.de/opencms/opencms/en/study/lectures/sse/index.html,University
http://www-itiv.etec.uni-karlsruhe.de/opencms/opencms/en/study/lectures/sse/index.html,University

