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Abstract— This project paper aims at detailing procedures to 

estimate and reduce the effect of Chromatic Dispersion, 

which is one of the primary causes for the loss of 

information in optical communication networks. Estimates 

of the optical power for various lengths of optical fibre, as 

well as an analysis of the optical spectrum will be presented, 

along with a comparative analysis of the Bit Error Rate and 

the Eye Pattern in networks with and without mechanisms to 

reduce the effect of Chromatic Dispersion. 
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I. INTRODUCTION 

Dispersion refers to a phenomenon that involves a 

dependence of the phase velocity of a wave on its 

frequency; and all media that possess this property that 

applies to waves propagating through them are termed as 

‘dispersive media’. The phenomenon of dispersion can 

apply to any form of wave motion, as in the case of acoustic 

dispersion for sound waves, and gravity waves. However, 

the most pertinent form of dispersion is Chromatic 

Dispersion, which refers to dispersion occurring in light and 

other forms of electromagnetic radiation. 

In optics, one important and familiar consequence 

of dispersion is the change in the angle of refraction of 

different colours of light, as seen in the spectrum produced 

by a dispersive prism and in chromatic aberration of lenses.  

Dispersion has an important impact on the propagation of 

pulses, because a pulse always has a finite spectral width 

(bandwidth), so that dispersion can cause its frequency 

components to propagate with different velocities. Normal 

dispersion, for example, leads to a lower group velocity of 

higher-frequency components. The frequency dependence of 

the group velocity also has an effect on the pulse duration. If 

the pulse is initially unchirped, dispersion in a medium will 

always increase its duration (dispersive pulse broadening). 

Often, the data that is transmitted via optical 

networks is digital. That is, information is in the form of a 

streams of ones and zeros. This digital data is represented by 

a square wave, where in the higher magnitude (+a) 

represents a one and the lower magnitude (0 or –a, based on 

the line coding technique used) represents a zero. Upon the 

occurrence of pulse broadening due to chromatic dispersion, 

there is an increase in pulse duration, and one symbol 

pervades into another symbol, thus leading to an 

overlapping of symbols, thus causing Inter-Symbol 

Interference (ISI). Beyond a certain permissible level, ISI 

leads to a loss of information, due to the various symbols 

becoming indistinguishable. Hence, increased chromatic 

dispersion is particularly problematic in any optical 

network, and is often amongst the greatest reasons for loss 

of information, following attenuation. Thus, there exists a 

need to estimate and reduce the effect of Chromatic 

Dispersion in optical networks, to prevent faulty 

transmission, and loss of information. 

Techniques have been developed that help 

compensate for the negative effects of chromatic dispersion.  

One method involves pre-compensating the signal for the 

anticipated dispersion before it's sent down the optical fiber.  

Another method calls for using dispersion compensating 

fiber at the end of a length to correct or reverse the 

dispersion that was realized as the signal traversed the 

optical fiber.  As a result, these techniques are widely used 

to help solve the problem of chromatic dispersion. 

II. CIRCUIT DESIGN 

This project involves the construction of two circuits, the 

first one being a basic optical communication network, and 

the second being a more complex network that employs 

Wavelength Division Multiplexing, and methods to reduce 

Chromatic Dispersion; using which chromatic dispersion 

shall be estimated, and eye pattern and Bit Error Rate 

analysed. 

A. Basic Network 

 A Pseudo-Random Binary Sequence generator 

generates a binary message sequence of ones and 

zeros. 

 The message signal is then transferred to an NRZ 

(Non-Return to Zero) Pulse Generator, which 

converts the sequence into an NRZ pulse. 

 
 A laser diode is employed to generate the optical 

carrier signal in the form of directional laser light 

of frequency 193.1 THz and power 10dBm. 

 The carrier signal and the message pulse are inputs 

to a Mach Zehnder Modulator that modulates the 

message signal upon the carrier. The output of this 

modulator, therefore, is a modulated optical pulse. 

 The modulated wave is then launched into an 

optical fibre at an appropriate angle, within the rage 

of angle of acceptance. 

 At the Receiver end, the optical wave travelling 

through the optical fiber is detected by a PIN 

Photodetector, which converts I back into an 

electric (voltage) signal. 

 The signal is then passed through a low pass Bessel 

filter to eliminate higher frequency components 

and regenerate the message signal. 
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 An Optical Power Meter is included at the 

modulator to measure the power carried by the 

modulated signal. 

 An Optical Spectrum Analyser is included at the 

receiver end of the optical fibre. 

 An Oscilloscope is employed at the output of the 

Low Pass Bessel filter, in order to enable the 

visualisation of the received message signal. 

 A Bit Error Rate analyser is included to enable 

estimation of the effect that Chromatic Dispersion 

has had on the network, by generating a graph 

plotted with Q factor, and production of Eye 

Pattern to estimate the occurrence of Inter-Symbol 

Interference. 

B. Wavelength Division Multiplexed Circuit 

Wavelength division multiplexing is a technique where 

optical signals with different wavelengths are combined, 

transmitted together, and separated again. It is mostly used 

for optical fiber communications to transmit data in several 

(or even many) channels with slightly different wavelengths. 

In this way, the transmission capacities of fiber-optic links 

can be increased strongly, so that most efficient use is made 

not only of the fibers themselves but also of the active 

components such as fiber amplifiers. 

 

 The circuit comprises of a Wavelength Division 

Multiplexed (WDM) Transmitter, which generates 

optical signals of varying wavelengths. 

 These signals are input into a WDM Multiplexer, 

which multiplexes them into a single stream of 

transmission. 

 The multiplexed optical signal is then coupled into 

a complex optical fiber network comprising of two 

single mode optical fibers of 50 km length each, 

and an Erbium Doped Fiber Amplifier (EDFA). An 

optical amplifier is a device that amplifies an 

optical signal directly, without the need to first 

convert it to an electrical signal.  

 At the receiver end, the optical signal is de-

multiplexed by a WDM Demultiplexer. 

 The optical signal is detected by a PIN 

Photodetector, which reconverts it back to a 

voltage signal. 

 Similar to the previous circuit, a low pass filter 

filters out the higher frequency components to 

obtain the message signal. 

 A 3R Regenerator is included to reamplify, reshape 

and retime the pulse. 

 An Optical Power Meter is included at the 

demultiplexer to measure the power carried by the 

received signal. 

 An Optical Spectrum Analyser is included at the 

receiver end of the optical fibre. 

 An Oscilloscope is employed at the output of the 

Low Pass Bessel filter, in order to enable the 

visualisation of the received message signal. 

 A Bit Error Rate analyser is included to enable 

estimation of the effect that Chromatic Dispersion 

has had on the network, by generating a graph 

plotted with Q factor, and production of Eye 

Pattern to estimate the occurrence of Inter-Symbol 

Interference. 

III. RESULTS AND GRAPHS 

The analysis of both the networks shall be undertaken by 

observing the readings obtained from the Optical Power 

Meter, Spectrum Analyser, Oscilloscope and BER Analyser, 

and by observing the Eye Pattern. 

A. Optical Power Meter: 

 Basic Circuit: 

The value of optical power of the modulated signal 

ready be input into the optical fiber is observed to 

be 6.148dBm. 

 

 Wavelength Division Multiplexed Circuit: 

The value of input optical power is estimated to be 

6.781dBm. 

 

B. Optical Spectrum Analyser: 

The Optical Spectrum Analyser is positioned at the 

receiving end of the optical fiber network in both circuits. 

 Basic Circuit: 

 

 Wavelength Division Multiplexed Circuit: 
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C. Oscilloscope 

 Basic Circuit: 

 
 Wavelength Division Multiplexed Circuit: 

 

D. Bit Error Rate Analysis 

 Basic Circuit: 

 
 Wavelength Division Multiplexed Circuit: 

 

E. Eye Pattern Analysis: 

 Basic Circuit: 

 
 Wavelength Division Multiplexed Circuit: 
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IV. INFERENCES 

Upon drawing a comparative analysis of the two circuits, the 

following observations were made in relation with resistance 

and susceptibility to the effect of Chromatic Dispersion. 

 There is lesser overlapping of spectral components 

of the received optical signal in the WDM circuit, 

which employed a more complex optical fiber 

network, as well as an optical amplifier, which all 

lead to a reduction in Chromatic Dispersion. This is 

an implication of lower Inter Symbol Interference. 

 The readings of the oscilloscope show that the 

pulse broadening is lesser in the second circuit due 

to the Chromatic Dispersion Compensation 

mechanisms that it possesses. 

 The Eye Pattern analysis implies lower Chromatic 

Dispersion in the second circuit. 

 The BER Analyser shows that a lower value of Q 

factor is scaled in the basic circuit. The quality 

factor, Q, of a resonant system is considered to be 

high if the system loses little energy over time 

compared to the energy in the system. 

V. RESULT 

Chromatic Dispersion constitutes one of the major reasons 

for the loss of information within optical networks, due to 

pulse broadening and Inter-Symbol Interference, and should 

hence be controlled. The circuit employed in this project 

utilizes Wavelength Division Multiplexing, and an optical 

fiber network with an amplifier in order to reduce the effect 

of Chromatic Dispersion by making the optical signal less 

susceptible to variations in refractive indices. The results 

observed by making various measurements and 

visualisations all imply a considerable reduction in 

Chromatic Dispersion, in comparison with a regular optical 

network. 
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