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Abstract:Radio over fiber (RoF) systems have the unique ability to connect fiber optic connections and free space in the radio. Fiber 

based wireless access facilitates the rapid delivery of capable multimedia services. In this research paper, the RoF system is simulate

d in the presence of fiber disturbances such as Polarization Mode Distribution (PMD), Crossed Phase Modulation (XPM) and Four 

Wave Mixing (FWM) with the help of OptiSystem simulation tool. Changes in quality (Q factor) and bit error (BER) of the input si

gnal with a wavelength of 1552 nm and a bit rate of 10 Gb/s were analyzed live in the presence of lines and in the absence of any da

mage to the fiber. 
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I. INTRODUCTION 

Radio over Fiber (RoF) is an innovating technology which combines wired and wireless networks together to provide a solution for 

the demand of increasing bandwidths of the communication systems. In this technology, the light is modulated by a radio frequency 

signal. Its lower transmission losses and increased bandwidth along with reduced sensitivity to noise and electromagnetic (EM) 

interference makes it economically advantageous over other wireless transmission systems. In the RoF systems, the wireless signals 

are transported using fiber optic from a central station to a number of base stations and then radiated through the air, as shown in 

figure 1. The advantages of RoF system, namely large bandwidth, low attenuation loss, immunity to RF interference, low power 

consumption, etc., makes it useful in the application of video distribution systems (VDSs), cellular network, satellite control and 

wireless LANs among many others. 
 

 

Figure 1: Radio over Fiber (RoF) system 

 

The RoF system offers many features like attenuation loss, increased bandwidth, less interference, etc., which has improved the 

reliability of the system and helps in achieving high data rates. Nonetheless, it is affected by linear and non-linear fiber impairments, 

resulting in signal distortion. 

A. Polarization Mode Dispersion (PMD) 
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It is one of the linear fiber impairments affecting the transmission signal. In this case, two polarized light waves which were supposed 

to travel at the same speed, due to the presence of imperfections and asymmetries in the fiber, now travel at different speeds. The 

difference gives rise to differential transit time or differential group delay for the propagated stream of data. This results in the 

broadening of the pulse of the output data, thereby causing degradation in the performance through inter-symbol interference.  

Cross Phase Modulation (XPM) 

It is non-linear fiber impairment caused due to the effect of one light wave on the phase of another light wave through the optical Kerr 

effect, i.e. a change caused in the refractive index of a material in the presence of an applied electric field. In a WDM system, the 

intensity or fluctuations in the power of an optical signal passing through an optical fiber, causes modulation in the other signals 

propagating with it through the phenomenon of Cross phase modulation. The XPM finds its application in areas like passive mode- 

locking, ultrafast optical switching, demultiplexing of OTDM channels, wavelength conversion of WDM channels, etc. 

B. Four-Wave Mixing (FWM) 

It is the modulation of two or more signals having different frequencies, caused by nonlinearities or time variance in a system. In 

WDM system using angular frequencies, the dependency of refractive index on the intensity causes shifts in phases of the waves as 

well as gives rise to signals at new frequencies. This is known as four-wave mixing. During FWM, the energy of the photons is not 

lost. The efficiency of a process is greatly affected by the phase of the signal, thus making this process a phase-sensitive one. The 

applications of FWM include parametric amplification, Vacuum ultraviolet light generation, generating single photons, etc. 

II. SIMULATION TOOL USED 

The simulation tool being used is OptiSystem 19 by OptiWave. It is an optical communication system simulation package which is 

used for the designing, testing and optimizing virtually any optical link present in the physical layer of the optical networks or systems. 

Being a system level simulator based on realistic modeling of fiber optic, it contains a powerful simulation environment. OptiSystem 

is used in a number of applications, e.g., CATV/WDM network design, SONET/SDH ring design, transmitter design, map design, etc. 

III. SIMULATION LAYOUT AND PARAMETER SETTING 

A. PMD 

It can cause serious problems in high bit-rate transmissions. Here, the PMD component demonstrates the distortions caused due to 

PMD effects in a signal. The simulation model is shown in figure 2. 
 

Figure 2: PMD Simulation Model 

 

The sequence of signal pulses is simulated by the system at the rate of 10 Gb/s in a high PMD fiber. During the simulation, the 

attenuation and dispersion values are taken as 0. The parameters of the various components are set as in figures 3(a), 3(b), 3(c), 3(d) 
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and 3(e) respectively.  

 
Figure 3(a): CW Laser parameters Figure 3(b): MZ Modulator Analytical parameters 

 

Figure 3(c): PMD Emulator parameters Figure 3(d): NRZ Pulse Generator parameters 
 

Figure 3(e): Low Pass Gaussian Filter parameters 
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B. XPM and FWM 

The simulation layout (figure 4) and component values (figure 5(a)-5(f)) are displayed below. 

Figure 4: Layout for XPM and FWM 
 

Figure 5(a): User Defined Bit Sequence Generator parameters Figure 5(b): CW Laser parameters 
 

Figure 5(c): User Defined Bit Sequence Generator 1 parameters Figure 5(d): MZ Modulator Analytical parameters 
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Figure 5(e): Optical fiber parameters Figure 5(f): PIN Photodiode parameters 

 

IV. INPUT WAVEFORMS 

A. PMD 

The User Defined Bit Sequence Generator is used to generate a bit sequence as displayed using Binary Sequence Visualizer in figure 

6(a). The input signal is a sequence of NRZ pulses after passing through a Low Pass Gaussian Filter as shown in figure 6(b) with the 

help of an Oscilloscope Visualizer. 

 
Figure 6(a): Bit sequence generated by the User Defined Bit Sequence Generator Figure 6(b): Input sequence of pulses 

 

B. XPM and FWM 

Two Binary Sequence Visualizers are used to generate two different bit sequences for inputs. The generated sequence is then passes 

to MZ Modulator Analtyical for the further processing steps. 

 
Figure 7(a): Bit sequence generated for input 1 Figure 7(b): Bit sequence generated for input 2 
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V. RESULTS 

A. PMD 

The simulations are carried out for the polarized optical signal and the resultant sequence is obtained. Figure 8(a) shows the resultant 

output signal as observed by using an Oscilloscope Visualizer. Figure 8(b) shows the output of BER Analyzer displaying Q factor and 

minimum BER values. 
 

Figure 8(a): The resultant output signal Figure 8(b): The result of BER Analyzer for PMD 

 

The presence of excess of power at 1’s and the presence of energy at 0’s in the resultant output of PMD is due to the imperfect 

cancellation of the pulses combining together on the orthogonal axis. The distortion effect is caused due to the depolarization rate 

coefficient, since the polarization chromatic dispersion is too small to create a substantial deformation of the output signal. There is 

also broadening of signal in this case. 

B. XPM and FWM 

The resultant output is with some distortions in the signal caused due to the interference of cross phase modulation and four-wave 

mixing in the transmitted signal. 

 
Figure 9(a): The resultant output signal Figure 9(b): The result of BER Analyzer for XPM and FWM 

 

VI. CONCLUSION 

In this paper, the simulation and analyzation of the RoF system in the presence of PMD, XPM and FWM fiber impairments for 1552 

nm wavelength at 10 Gb/s bit rate has been performed. It is observed that XPM and FWM model causes less dispersion and distortion 

as compared to the PMD model and also offer a greater Q factor and less BER value than the latter. 
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