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Abstract— In the fibre optic communication, the signal 

degradation in transmission signal occurs with the increase in 

distance. The signal compensate signal degradation are 

improved by electronic regenerators based on optical 

technology. Now with the advent of optical amplifier the 

problem can be reduced [1]. In optoelectronic regenerators, 

firstly the optical signal is converted into electric signal and 

then again converted into electrical signal from the optical 

signal at the receiver. But the configuration of regenerators is 

very complex and generally very expensive for wavelength 

division multiplexing systems when designed for long 

distance optical communication. Because of this the 

reliability of WDM networks is reduced with the use of 

regenerator as an active device. Hence it is required to 

upgrade multichannel WDM system optical amplifiers are 

require to compensate the chromatic dispersion. In this paper 

we analyse the impact of chromatic dispersion in WDM 

system and different chromatic dispersion schemes. This 

paper also deals with the techniques to improve bit error rate 

and quality factor. For this purpose, different techniques are 

analysed and compare. The optical amplifier is majorly use 

for WDM (Wavelength division multiplexing) light wave 

systems because all channels can amplify simultaneously 

with less error probability. 
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I. INTRODUCTION 

The basic function of optical fibre channel is to transfer 

optical information from source such as computer or 

telephone to another destination with accuracy. An optical 

fibre communication system consists of three important 

blocks Transmitter, transmission path and receiver. 

 In the transmitter side the input signal is generated 

by a data source. Data source is generally a transducer which 

convert non electrical message into electrical signal. The 

optical source is a Laser source or LED source which 

generates optical light signal at a certain wavelength. Some 

characteristics of LED are Low cost, Low output power, 

Wide emission having spectral width between 50 to 100nm 

that’s why preferred in MM fibre, Incoherent output, Digital 

modulation, Analog modulation when forward voltage is 

maintained above the band gap. 

 
Fig. 1.1: Basic WDM System 

 Single mode fibre utilized a LASER source it is 

similar to edge emitting LED. Because of coherent light 

LASER is superior in long transmission. For high speed long 

distance communication, a single mode laser is required. To 

reduce the length of cavity such laser is constructed. Some 

characteristics of laser are highly coherent, highly 

monochromatic and highly focused. The optical sources are 

also known as optical oscillator which provides single 

frequency waves with sufficient power for long distance 

communication. The data source and the optical signal are 

transferred to the modulator. The modulator performed 

majorly two main function firstly it converts electrical signal 

into optical signal and second it impresses the incoming 

signal onto the wave generated by carrier source. In optical 

communication two distinct category of modulation are used 

i.e. Analog modulation and Digital modulation. The 

Transmission path is the path between transmitter and 

receiver. Desirable characteristics of transmission path 

include low attenuation and large acceptance cone angle [2]. 

For long distance communication Amplifiers are needed to 

provide sufficient power to the receiver. When we come to 

digital system Repeaters are lifelines. Another important 

property of transmission channel is the propagation time of 

the wave travelling along it. A signal propagating along the 

fibre normally consist a range of optic frequency and divides 

it power along several ray path this results in a distortion of 

propagating signal. In digital system distortion appears as a 

spreading which result that adjacent pulse are overlap and 

became unrecognized. 

 At the receiver side the optical signal is detected 

through an optical detector. For a frequency response in 

microwave range transimpedence amplifier is required. In 

fibre optic system the optic wave is converted into electrical 

current by photodetector. The current developed by the 

photodetector is proportional to the power incident on the 

photodetector. Generally, PIN and avalanche photodiode are 

used. The detected signal then passes through the 

demodulator to get the desired output signal. Optical fibre is 

immune to electrical interference hence does not suffer from 

Electromagnetic Interference as they carry light. Optical 

Fibre Cables have small size and low weight which offer 

distinct advantage over bulky wire cable and are flexible and 

easy to install. Optical fibres are less affected by fire. In 

Optical Fibre Cables signal can propagate longer 

transmission distances like 50km or more (Single Mode fibre 

cables) without the need to regenerate the signal anywhere in-

between. 

A. Performance Parameters of WDM 

To analyse the optical channel performance, some parameters 

are used. The variation in output occurs due to the noise and 

interference. In digital system output voltage is exceed the 

threshold voltage for Logic 1 and less than threshold Logic 0. 
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These deviation occurs due to the dispersion occurs in optical 

channel in long distance communication. Optical fibre 

support bandwidth of up to 40Gbps to 100Gbps. Even if many 

fibres run alongside each other, the chances of cross talk are 

very less and hence the signal loss is less compared to Copper 

Cables. Optical fibre can be easily upgradable for higher 

speed and high bandwidth. Optical Fibre Cables support 

duplex communications, bidirectional transmission from 

Transmitter to Receiver and vice versa The Optical fibre 

cables have wider bandwidth than copper cable hence does 

not have speed limitations or bandwidth limitations. They can 

support variable speed and bandwidth depending only on 

optics quality used at both end. 

1) BER 

It is defined as the number of error occurs during the interval 

to the number of pulse transmitted during the interval. High 

BER indicate that slower data rate actually improved slower 

data rate would actually improve overall transmission time 

for transmitted data hence the reduced BER also reduced the 

no. of packets that had to be present. BER is improved by 

using the strong signal strength. It is also known as error rate. 

BER = 
Ne

Nt
 

2) Q –Factor 

Quality factor generally known as Q- factor is the ratio of 

relative input power. To reduce costly and time consuming 

test period Q- factor technique is used. Q- Factor determined 

by divide the existing Q-factor with maximum value of Q-

factor. Hence increased quality factor shows that the link is 

error free and optical fibre link is good for communication. 

Therefore, to increase the quality factor we can maximize the 

output power for a constant value of input. This happens 

because the output power is attenuated due to splice loss and 

connection losses. Hence if we maximize the q factor that 

indicated that losses are minimum. 

B. Chromatic Dispersion Compensation Techniques 

Dispersion is serious issue when we talk about the single 

mode fiber. So dispersion compensation is required in long 

distance communication. The dispersion effect increases with 

the length of fiber. As we know that for long distance 

communication single mode fiber is used. There are different 

methods for dispersion compensation. 

 First method is known as Electronic dispersion 

mechanism. In this method we can convert the optical signal 

into electrical signal. Than we can compensate the nonlinear 

effect and then again converted into optical signal, hence it 

slows down the speed of communication. 

 Second technique to reduce the dispersion is to use 

fiber Bragg grating as discussed earlier. Generally chirped 

fiber grating is used. Grating is a process in which periodic 

perturbation is created in a material of fiber. This variation in 

material led to reflection and transmitting light in desired 

direction depend upon the wavelength. Fiber Bragg grating is 

a periodic perturbation of refractive index along the fiber 

length. The fiber Bragg grating can be used as an optical 

wavelength selector filter of light wave. To compensate the 

difference in arrival time chirped fiber Bragg grating is used. 

In chirped grating, grating spacing varies linearly with the 

length of optical fiber. If fiber spacing linearly decreases, it 

indicates that the wavelength decreases along the grating 

length. 

 
Fig. 1.2: Principle Operation of FBG 

 The third technique for fiber compensation is to 

utilize digital filters. It gives a facility for fixed as well as 

variable dispersion compensation. Hence it finds application 

in the modern WDM network. 

 The fourth technique is to use dispersion 

compensation fiber. When a fiber loop inserted into the 

optical link the dispersion is minimized. This process is 

known as dispersion compensation and the fiber loop is 

known as dispersion compensating fiber. DCF is used in three 

different ways are as follows: 

 
Fig. 1.3: Dispersion Compensating Fibre (DCF) Method 

1) Pre-Ccompensation 

In pre compensation technique, DCF is used in the Single 

mode fiber just before the optical amplifier. In this technique 

DCF is used for dispersion compensation before the signal 

travel through the fiber. After compensation the signal is 

amplified and the signal is fed to single mode fiber for final 

dispersion compensation. 

2) Post Compensation 

In post compensation technique the DCF is installed after the 

single mode fiber. In post compensation technique Single 

mode fiber (SMF) is used at the transmitter side and then the 

signal is amplified with the help of EDFA amplifier and then 

dispersion compensated fiber (DCF) is used to compensate 

the dispersion of optical signal. Because the dispersion 

mechanism used after SMF hence called Post compensation 

3) Symmetric Compensation 

It is also known as mixed compensation in which both pre 

and post compensation is used to compensate dispersion. 

Firstly, signal is compensated using DCF then passes through 

pair of SMF & EDFA is used to amplify the signal and finally 

over. After all, signal at last is dispersion compensated using 

DCF. 
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Fig. 1.3: Compensation Techniques 

 dispersion compensating fibres (DCF), chirped fibre 

Bragg gratings (FBG), and high-order mode (HOM) fibre in 

DCF technique broadened and chirped by a transmission line 

signal is compensated by the second part of the fibre with an 

equal and opposite dispersion length product. 

 Conventional single mode fiber is characterized by 

large (~ 5-6μm) core radii and zero dispersion occurs around 

1300 nm [3, 4]. Operation around λ0 at 1300nm thus leads to 

very low pulse broadening, but the attenuation is higher than 

at 1550 nm. Thus, to exploit the low-loss window around 

1550 nm, new fiber designs were developed that had zero 

dispersion around 1550 nm wavelength region. These fibers 

are called Dispersion Shifted Fibers (DSF). Using DSFs 

operating at 1550nm, one can achieve zero dispersion as well 

as minimum loss in silica-based fiber. Compensation of 

dispersion at a wavelength around 1550 nm in a 1310 nm 

optimized single mode fiber can be achieved by specially 

designed fibers whose dispersion coefficient is negative and 

large at 1550nm. These types of fibers are known as 

Dispersion Compensating Fibers (DCFs). 

 
Fig. 1.4: Dispersion Shifted Fibre 

 In this method, chirped fibre Bragg gratings are 

implemented instead of using dispersion compensated fibre. 

A spatial refractive pattern forms a grating structure within 

the fibre [5,6]. 

 

 
Fig. 1.5: Chirped Fibre Bragg Grating (CFBG) Method 

 The refractive index perturbation leads to the 

reflection of light (propagating along the fibre) in a narrow 

range of wavelengths, for which a Bragg condition is satisfied 

as 

 

 Where η is the refractive index of the grating in fibre 

core and Λ is the grating period [7]. 

II. CONCLUSION 

In this paper the effect of chromatic dispersion on WDM 

system is studied and various dispersion compensation 

techniques are studied well. The fiber Bragg grating is used 

to compensate the effect of dispersion on bit error rate [8, 9]. 

Another advantage of using fiber Bragg grating is that it can 

be used as a sensor Advantages of FBG are that it helps in 

minimizing the overall cost of the fibre and also it also has 

low insertion loss. 
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