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Abstract: The ever growing broadband internet applications have increased the traffic capacity and demand for wide 
network coverage. Radio over fiber (ROF) is a combination of Wireless as front end and Optical Fiber Communication as 
Back-haul networks. ROF network provides mobility for users with high quality bandwidth and better geographical access. In 
this paper, we analyze Q-factor, BER & eye patterns for various Modulation schemes such as MSK, DPSK, OQPSK, CPFSK 
and Q-CPFSK (Quadrature) by means of Bit-rate and fiber length. Our Simulation results shows that Q-CPFSK gives better 
performance compared to other schemes at Optical Carrier Frequency of 193.1THz. 
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Introduction 
ROF radiates RF signal from central station to remote antennas via Base station and back to Central station with high 
bandwidth and data rates. ROF possess wide bandwidth, low loss and low attenuation. It is immune to Radio frequency 
interference, provides multiple services and Resource allocation. It is widely used for internet applications like VOIP, 
streaming videos and Video-on-Demand which results in high burst traffic issues. ROF consists of a Duplex-link (for both 
upward and downward) transmission down the length for high efficient bandwidth [1]. 
A Real-time ROF system is as shown in fig 1. During Down-link transmission, the RF signal is intensity modulated by the 
laser diode and sent to the base station via an Optical fiber. At the base station, the signal is demodulated using a photodiode 
which is later amplified and radiated in all directions by using an antenna. 
In Up-link transmission, the opposite process takes place. The laser diode modulates the RF signal which is received from the 
antenna and is then sent to the Central station over an optical fiber. At the Central station, the signal is demodulated using a 
photodiode and the signal is processed further.[2][3]. The various types of Modulation schemes are DPSK, OQPSK, MSK, 
CPFSK and Q-CPFSK respectively. 
 

 
 

Fig 1. A Real-time ROF System 
 

ROF Working Design 
The base-band signal fb from the PRBS generator is modulated using a high frequency RF carrier wave fc and is then 
electrically modulated using DPSK, OQPSK, MSK, CPFSK and Q-CPFSK schemes respectively. The unwanted Frequency 
components of the modulated signal is removed by the Band Pass Filter.The resulting signal is then optically modulated 
using a laser diode of frequency fo and Mach-Zehnder Modulator (MZM). Due to Optical Modulation, the upper sideband 
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frequency of the resulting signal now becomes (fo+fc). The Lower and Upper frequencies of this upper sideband becomes 
( ௢݂ + ௖݂ ± ௕݂ଵ) and ( ௢݂ + ௖݂ ± ௕݂ଶ)[4] . The upper sideband is then filtered using Optical Band Pass Filter (OBPS) which has 
frequency (fo+fc) and bandwidth of (1.5 * fb (Bit Rate)).  
The signal is then sent through and APD (Avalanche Photo diode) and LPF (Low Pass filter) where the optical signal is 
demodulated and converted back to the baseband signal. The LPF removes the high frequency component and the output is 
visualized on an Optical Spectrum Analyzer to obtain the BER and Eye diagram [5], [6]. 
 
Simulation Setup 
The simulation setup for MSK, DPSK, OQPSK, CPFSK and Q-CPFSK Modulation schemes are as shown in fig 2(a), 2(b), 
2(c), 2(d), 2(e) & 2(f). The system is designed for two users in which two PRBS generators are used for modulating the 
digital signals.  
 
MSK Modulation Scheme 
 

 
 

Fig 2(a).  ROF Modulation using MSK 
 
MSK is a kind of Binary CPFSK with modulation index being h= 1/5. The data from two PRBS generator is fed to two MSK 
Modulators operating at 250 Ghz and 255 Ghz. It is then fed to Optical Bandpass filter and then coupled to Mach-Zehnder 
Modulator for external modulation. A laser diode of Optical Carrier Frequency 193.1THz is used for Optical Modulation 
This modulated signal is later amplified and passed through a splitter[7] at two different frequencies. The optical signals are 
filtered using Band-pass filter with frequencies 193.119 THz and 193.120 THz at Bandwidth = 1.5 * fb (Bit Rate) 
respectively. The Low Pass Filter with Cut-off frequency = 0.75 * Bit Rate (Hz) is used for filtering the High Frequency 
Components. The resulting output is visualized on an Optical Spectrum Analyzer[8], [9], [10]. 
 
DPSK Modulation scheme 

 

 
 

Fig 2(b). ROF Modulation using DPSK 
 
DPSK is a non-coherent version of PSK scheme. The received signal is a combination of two operations which is the 
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(1) Binary Input with Differential Encoding and (2) Phase shift keying. 
To send symbol ‘0’, the carrier is phase shifted by 1800 and to send symbol ‘1’, the carrier phase remains unchanged over the 
duration0 ≤ ݐ ≤ 2ܾܶ.  
The data from two PRBS generator is fed to two DPSK Modulators operating at 250 Ghz and 255 Ghz. It is then fed to 
Optical Bandpass filter and then coupled to Mach-Zehnder Modulator for external modulation. A laser diode of Optical 
Carrier Frequency 193.1THz is used for Optical Modulation This modulated signal is later amplified and passed through a 
splitter at two different frequencies. The optical signals are filtered using Band-pass filter with frequencies 193.119 THz and 
193.120 THz at Bandwidth = 1.5 * fb (Bit Rate) respectively. The Low Pass Filter with Cut-off frequency = 0.75 * Bit Rate 
(Hz) is used for filtering the High Frequency Components. The resulting output is seen on an Optical Spectrum Analyzer . 
                     
OQPSK Modulation Scheme 
 

 
 

Fig 2(c). ROF Modulation using OQPSK 
 
OQPSK is a type of QPSK in which the signal is transmitted without amplitude modulation. The incoming signal in the 
modulator is consists of two types  namely I and Q which are transmitted by shifting it by an interval of half symbol duration. 
There is no phase shifting of 1800 during Zero crossing as in the case of standard QPSK. 
 The data from two PRBS generator is fed to two OQPSK Modulators operating at 250 Ghz and 255 Ghz. It is then fed to 
Optical Bandpass filter and then coupled to Mach-Zehnder Modulator for external modulation. A laser diode of Optical 
Carrier Frequency 193.1THz is used for Optical Modulation This modulated signal is later amplified and passed through a 
splitter at two different frequencies. The optical signals are filtered using Band-pass filter with frequencies 193.119 THz and 
193.120 THz at Bandwidth = 1.5 * fb (Bit Rate) respectively. The Low Pass Filter with Cut-off frequency = 0.75 * Bit Rate 
(Hz) is used for filtering the High Frequency Components. The resulting output is visualized on an Optical Spectrum 
Analyzer. 
 
CPFSK Modulation Scheme 
 

 
 

Fig 2(d).  ROF Modulation using CPFSK 
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CPFSK is memory based modulation scheme in which phase is maintained continuous. The data from two PRBS generator is fed to 
two CPFSK Modulators operating at 250 Ghz and 255 Ghz. It is then fed to Optical Bandpass filter and then coupled to 
Mach-Zehnder Modulator for external modulation. A laser diode of Optical Carrier Frequency 193.1THz is used for Optical 
Modulation This modulated signal is later amplified and passed through a splitter at two different frequencies. The optical 
signals are filtered using Band-pass filter with frequencies 193.119 THz and 193.120 THz at Bandwidth = 1.5 * fb (Bit Rate) 
respectively. The Low Pass Filter with Cut-off frequency = 0.75 * Bit Rate (Hz) is used for filtering the High Frequency 
Components. The resulting output is seen on an Optical Spectrum Analyzer. 

 
Q-CPFSK Modulation Scheme 
 

 
 

Fig 2(e)  Quadrature Modulator 
 

In this method, two different message signals m1(t) and m2(t)  from CPFSK Modulator are fed to a Quadrature Modulator as 
input. The Carrier Cos(ct) is phase shifted by 900  to give Sin(ct) which are Orthogonal to each other. Since m1(t) and m2(t) 
are two identical CPFSK signals, the Carrier Modulated signal can be expressed as    

(ݐ)ݒ                = ට2ܾܧ
்್
ݐ௖߱]ݏ݋ܿ + (2݆ − 1) గ

ସ
+φ(ܣ;ݐ) + ∅௢]	                                                                  (1) 

 
 

Fig 2(f)  ROF Modulation using Q-CPFSK 
 
Where C is the Carrier frequency, bis the Symbol Energy, b is the Symbol period, o is an arbitrary constant phase offset 
and φ(ܣ;ݐ) represents the time- varying carrier phase given by  
 

φ(ܣ;ݐ) = ℎන෍ߨ2 ߬)݌௡ܫ − ݊ܶ)݀߬
௡

௧

଴

																																																																														(2) 

 
Where h is the Modulation Index given by h = m/ n , 
( m and n being positive integers) and p(t) being a Rectangular pulse of width T given by  
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(ݐ)݌																																													 = 	 ൝
ݐ

2ܶ
0

								0 ≤ ݐ ≤ ܶ
ݐ							 > ܶ 																																																																																													(3)	 

 
As shown in the circuit diagram, two CPFSK Modulators are connected to a Quadrature Modulator and then to a Band pass 
filter which is in turn connected to Mach-Zehnder Modulator for external modulation. The remaining working procedure is 
same as CPFSK Modulator scheme. 
 
Simulation Result 
The Quality factor, Bit Error Rate Analysis and Eye diagram for MSK, DPSK, OQPSK, CPFSK and   Q-CPFSK schemes has 
been shown in figs 3(a), 3(b), 3(c), 3(d) & 3(e) respectively. The RF Spectrum Analysis for MSK, DPSK, OQPSK, CPFSK 
and Q-CPFSK schemes has been shown in figs 4(a), 4(b), 4(c), 4(d) & 4(e) respectively. The same has been summarized in 
Table 1.1.Higher the Q-Factor, more will be the number of users in the system. The result analysis shows that Q-CPFSK 
Modulation scheme is the best for ROF system in terms of high Q-Factor and Minimum BER. The eye height of Q-CPFSK is 
higher compared to other schemes. 
 

  
 

Fig 3(a). BER Analysis for ROF using MSK                                      Fig 3(b). BER Analysis for ROF using DPSK 
 

  
                 

Fig 3(c). BER Analysis for ROF using OQPSK                                         Fig 3(d). BER Analysis for ROF using CPFSK 
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        Fig 3(e). BER Analysis for ROF using Q-CPFSK                  Fig 4(a). RF Spectrum Analysis for ROF using MSK 
 

  
 

      Fig 4(b). RF Spectrum Analysis for ROF using DPSK            Fig 4(c). RF Spectrum Analysis for ROF using OQPSK 
 

  
 

    Fig 4(d). RF Spectrum Analysis for ROF using CPFSK         Fig 4(e). RF Spectrum Analysis for ROF using Q-CPFSK 
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From the RF spectrum analysis, we see that Power density of CPFSK and Q-CPFSK are much narrower compared to MSK 
and other schemes. A narrow spectrum is more advantageous compared to broader spectrum in terms of speed and 
bandwidth. Hence Q-CPFSK is more preferable than others. Also the power spectrum decays exponentially with increase in 
frequency. 
 

Table 1.1 Simulation Results of various ROF Modulation Schemes 
 

                                                                                        Modulation Schemes 

Parameter 
 MSK DPSK OQPSK CPFSK Q-CPFSK 

Maximum  
Q- Factor 2.66 3.61 2.03 33.64 110.4 

Minimum 
   BER 0.021 0.64 

x10-3 
0.123 
x10-3 

0.229 
x10-247 0 

 
Threshold 

 
0.0078 0.0077 0.0088 0.0098 0.0092 

 
Eye Height 

 
-0.00097 -0.00024 0.00032 0.0038 0.018 

 
Conclusion 
The ROF was designed and simulated using commercially available Optisystem 14.0 Software and the parameters such as Q-
Factor, BER and eye diagrams were compared for different Modulation Schemes such as MSK, DPSK, OQPSK, CPFSK and 
Q-CPFSK. Form these, Q-CPFSK has shown better performance compared to others thereby eliminating the need for 
electrical demodulation at the receiver section. Optical signal is directly converted into baseband signal using only one 
Optical Demodulator thereby making it cheaper and more economical compared to conventional methods. 
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