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Abstract— For high capacity transmission such as broadband 

we require high speed. Therefore a combination of radio 

frequency with optical fiber is proposed known as radio over 

fiber. [1, 2] With the advent of this technique the system cost 

reduces because there is no need to design uplink and 

downlink. The application of radio over fiber includes cable 

television, network design, and uplink and downlink design 

and in satellite base station. In this paper we discuss the 

different modulation schemes for radio over fiber system. 
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I. INTRODUCTION 

In radio over fiber system, we can utilize optical cable for 

transmission purpose incorporate with the radio signal. It 

combines the advantages of wireless radio system and 

optical communication system. In this technique light is 

modulated by radio signal and after modulation it is 

transmitted over a communication link generally an optical 

fiber link.  

 
Fig. 1:  Basic ROF system 

As shown in figure Different base station are 

connected with the central station with optical fiber. The 

application of radio over fiber includes cable television, 

network design, and uplink and downlink design and in 

satellite base station. This is so called radio over fiber when 

it is used for wireless communication. The base station 

converts the optical signal into electrical signal and 

electrical signals into optical signals. The transmitter and 

receiver are connected in the base station via antenna which 

transmit or receive the signal. All the signal conditioning 

like modulation and demodulation is performed by control 

station. 

Radio over fiber technology is breakthrough in the 

field of optical communication. It is some time as known as 

intermediate frequency over fiber (3,4). If the frequency of 

input Radio frequency signal is greater than 10 GHz than it 

is known as RF over fiber whereas when input frequency is 

less than 10 GHz it is known as IF over fiber. In both 

systems high frequency radio signal is modulated with light 

signal generated by coherent laser sources. At the 

transmitter side, this modulated light is transmitted to the 

optical fiber. At the receiver side, the optical signal 

containing RF frequency is converted into electrical signal 

at different base station. Hence this architecture reduced the 

transmitter and receiver design cost as they don’t require an 

up/down converters. There are four configurations as shown 

in figure: 

 
Fig. 2: RF Modulated Signal 

The base station is user end hence in all of the 

obove confriguartion the modulation and demodulation is 

performed by the  central station. Each signal whether it is 

base band or IF utilised a laser diode for modulation 

purpose.The modulated signal is travel through the optica 

fiber. 

 
Fig. 3: IF Modulated signal 

 
Fig. 4: Base Band Modulated signal 

At the base station signal is recovered by the the 

photodetecter diode.hence at the base station opto electrical 

conersion takes place whether it is uplink or down link.After 

demodulation athe incoming signal is upgraded to RF or IF 

depend upon the incoming modulated input.The 

disadvantage of rf over fiber is chromatic dispersion.Hence 

to handle chromatic dispersion we utilised IF over fiber but 

it required additional hardware at the base station. The base 

station converts the optical signal into electrical signal and 
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electrical signals into optical signals. The transmitter and 

receiver are connected in the base station via antenna which 

transmit or receive the signal. All the signal conditioning 

like modulation and demodulation is performed by control 

station. Hence the type of configuration depends upon the 

operating frequency and the modulation scheme utilized in 

the transmitter and receiver design. 

 
Fig. 5: Direct Modulated signal 

II. MULTIPLEXING SCHEMES FOR ROF 

A. Subcarrier Multiplexing Scheme 

When multiple signals are multiplexed in RF domain and 

transmitted in the form of single wavelength then scheme is 

known as Optical carrier multiplexing scheme (5). In this 

scheme we utilized the microwave devices for modulation 

and demodulation purpose. With the utilization of 

microwave oscillator and filter the system is more stable and 

the detection of noise is easier is easier. In this scheme, we 

utilized any modulation scheme and generally used in cable 

television. 

 
Fig. 6: Subcarrier multiplexing scheme 

B. WDM Multiplexing Scheme 

The WDM scheme is the same as frequency division 

multiplexing. The use of WDM offers a boost in the fiber 

transmission capacity. The basis of WDM is to use multiple 

sources operating at slightly different wavelengths to 

transmit several independent information streams 

simultaneously over the same optical fiber. In WDM 

transmitter end we utilized several independently modulated 

light sources. Each light source is independent and emitting 

signal at a unique wavelength. Here a multiplexer is needed 

to combine this optical output into a single continuous 

spectrum of signals so that it can be passing through the 

single optical fiber link. When WDM technique used in 

radio over fiber system we achieve a communication speed 

in terabyte range. Practically we get the speed of 40Gbps per 

single channel. Sometime DWDM is also used to enhance 

the bandwidth of single optical channel. Demultiplexer is 

required at the receiving end in order to separate the optical 

signals After appropriate detection it is divided into different 

channels for  further signal processing. 

 
Fig. 7:  WDM scheme 

C. Optical Frequency Multiplexing Scheme 

This scheme is basically used in wireless system it has 

several advantages over other scheme includes flexibility 

and economical its application includes cellular and mobile 

systems (6). This scheme enhances the cell capacity, 

monitors local oscillator, helps in controlling of remote 

areas antenna and also help in dynamic allocation of 

channel. One of the major advantages of utilizing the optical 

frequency multiplexing technique is that it can easily 

worked with the other optical communication network like 

CATV and WDM public networks. By using this scheme we 

can generate the microwave signals with single laser source. 

This scheme is cost effective and efficient method also 

having less dispersion with respect to other scheme. 

 
Fig. 8:  Optical frequency multiplexing scheme 

III. QUALITY PARAMETER FOR ROF 

A. Attenuation 

Attenuation is a wavelength dependent parameter. 

Attenuation plays a major role to analyze the maximum 

distance at which signal travels with minimum BER. Causes 

of attenuation in optical fiber are absorption, scattering and 

sometimes radiative losses. Attenuation is defined as the 

power decreases exponentially with distance. The 

attenuation is expressed in unit of decibels per kilometer 

(db/km) 

B. Dispersion 

Dispersion is the spreading of optical pulse in the time 

domain. Dispersion occurs because optical pulses have 

different spectral components and each and every 

component has its own velocity and travel through different 

path hence each component reaches the exit end of optical 

fiber at different interval of time hence group velocity is 

changed and dispersion occurs. There are three types of 
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dispersion namely Modal Dispersion, Polarization mode 

dispersion and Chromatic dispersion. Here we discuss 

chromatic dispersion. Chromatic dispersion is caused by 

delay differences among the group velocity of the different 

wavelengths occur during the formation of source spectrum. 

This is also called group velocity dispersion, since the 

dispersion is a result of the group velocity being a function 

of wavelength [9]. As chromatic dispersion depends upon 

the wavelength hence its effect on signal distortion increases 

as the spectral width of light source is changed with respect 

to distance. The spectral width is the band of wavelength 

over which the source emits the light. The chromatic 

dispersion occurs due to Material Dispersion, arises due to 

the variation of refractive index of core material as a 

function of wavelength it is similar to the effect by which a 

prism spread out the spectrum. Waveguide Dispersion, 

arises because the fraction of light power propagating in the 

cladding travel faster than the core as the refractive index of 

core is greater than that of cladding. The amount of 

waveguide dispersion depends on the fiber design it is 

generally ignored in multimode fiber, but it is significant in 

single mode fiber. 

C. 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 over all 

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
 

D. Advantages of ROF Technology  

The advantages and benefits of the RoF technology includes 

Low Attenuation Loss this is because  Electrical distribution 

of high-frequency signals such as microwave signals  is 

always very expensive and disturbed. Hence by sending 

these high frequency radio signals optically over long 

distances is in expensive and easy. The next important 

advantage is Larger Bandwidth avaibility. One of the 

biggest advantages of using Optical Fibers is bandwidth in 

the transmission windows of 850 nm, 1310 nm, and 1550 

nm wavelengths. The third advantage of radio over fiber is 

Immunity to Radio Frequency Interference because signals 

are transmitted in the form of light through the Fiber hence 

EM interference doesn’t occurs Because of this immunity, 

fiber cables are preferred even for short connections at mm-

waves. Optical Fiber Cables have small size and low weight 

which offer distinct advantage over bulky wire cable and are 

flexible and easy to install. Optical fibers are less affected 

by fire. In Optical Fiber Cables signal can propagate longer 

transmission distances like 50km or more (Single Mode 

fiber cables) without the need to regenerate the signal 

anywhere in-between. The Optical fiber 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. Optical fiber can be easily 

upgradable for higher speed and high bandwidth. Optical 

Fiber Cables support duplex communications, bidirectional 

transmission from Transmitter to Receiver and vice versa. 

Optical fiber support bandwidth of up to 40Gbps to 

100Gbps. ROF support Multi-Operator and Multi-Service 

Operation system. Intensity Modulation and Direct 

Detection (IM-DD) technique can be directly used in ROF 

hence it enhances the transparency of the scheme. 
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