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Abstract. Radio over Fiber (ROF) has the advantages of low transmission loss, huge 
bandwidth, resistance to electromagnetic interference and so on. It becomes a research hotspot 
in recent years. In this paper, the ROF system with suppression of odd sidebands based on 
Maher-Zehnder modulator (MZM) is proposed. The system uses Eight Hexadecimal Phase 
Shift Keying(8PSK) and Sixteen Hexadecimal Phase Shift Keying(16PSK) to modulate. Under 
different frequencies of RF signal, the spectrum diagram and constellation diagram are 
obtained after the transmission of 20km single-mode fiber(SMF). By analyzing the 
constellation  characteristics of the received signal, it is proved that compared with the 16PSK 
signal, the 8PSK signal reduces the frequency of the modulated signal, saves the spectrum 
resources better, increases the capacity of the communication signal, and realizes the stable 
transmission. 

1.  Introduction 
Radio over Fiber (ROF), which has the characteristics of high frequency radio wave and low loss of 
optical fiber, has realized high speed and large capacity broadband transmission, and can give full play 
to dozens of spectrum resources, which has become the research focus of many scholars in recent 
years. The generation of optical millimeter wave is one of the key technologies of ROF, while the 
optical carrier suppression modulation phase has higher bandwidth utilization and receiver sensitivity 
than single and bilateral band modulation, and it can avoid periodic fading and achieve stable 
transmission of the system. In order to meet the increasing large capacity requirements of users, 
multilevel signals with  high spectrum utilization, can get more communication capacity than binary 
signals in the same bandwidth, and have been widely used. At present, low frequency band resources 
are scarce. How to reduce RF signals and transmit them effectively is also one of the research 
directions of ROF. 

In view of the above problems, this paper proposes a suppression of odd-sideband ROF system 
based on Mach-Zehnder  modulator(MZM). The system uses the Eight Hexadecimal Phase Shift 
Keying( 8PSK) and the sixteen phase shift keying (16PSK) modulation. After the transmission of 
20Km single mode fiber (SMF), the spectral map and constellation of the two modulation signals are 
compared under different frequencies of RF signal. By analyzing the constellation characteristics of 
the received signal, it is proved that compared with the 16PSK signal, the 8PSK signal reduces the 
frequency of the modulated signal, saves the spectrum resources better, increases the capacity of the 
communication signal, and realizes the stable transmission. 

http://creativecommons.org/licenses/by/3.0
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2.  Analysis of system principle 

2.1. Odd side band carrier suppression 
The principle block diagram of the ROF system is shown in Figure 1. At the center station, the CW 
laser output from the light source is )exp()t(0 tjwE c= , CW  is laser frequency. V1 is a DC bias 
voltage of the upper arm of the MZM, V2 is the DC bias voltage of the lower arm of the MZM, V3 is 
the amplitude of the RF voltage in the upper arm, V4 is the amplitude of the lower arm RF voltage, 
and θ is the phase difference between the two arms. Take V1=0， V2=π ， V3=V4， θ=0, Therefore, 
the signal after MZM modulation is: 
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Whereα is the optical insertion loss, A is the optical carrier amplitude, and J is the Bessel function. 

2.2 8PSK signal modulation and demodulation 
MPSK modulation is a kind of absolute phase shift modulation, which represents the input signal 
according to the M different  phases of the carrier. The 8PSK modulation means that the upper 
sideband signals of the two first-order sidebands suppressed by the carrier , are averagely divided into 
8 phases and then synthesized. As shown in Figure 2, the upper and lower two signals are orthogonal 
to each other, but the amplitude is different. On the demodulator, the orthogonal coherent 
demodulation is used. 

 
Fig. 1 Schematic diagram of the ROF system 
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Figure 2 8PSK modulation and demodulation block diagram 

2.3 16PSK signal modulation and demodulation 
As shown in Figure 3, 16PSK modulation refers to make the signal data information (each symbol 
containing 4bit information) with the lower sideband of the carrier suppressed to carry out code 
transformation, and the serial-parallel conversion. Then the same two phases are used to map the 
constellation. Finally, the two output values are multiplied and added to get the 16PSK modulation 
signal. At the demodulation side, the demodulation process is the inverse of the modulation process. 
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Figure 3 16PSK modulation and demodulation block diagram 

3.  system design and simulation results 
In this paper, Optiwave is used to build a ROF system based on carrier suppression, as shown in 
Figure 1. At the center station, the center frequency of the continuous laser source is 193.1THz and the 
polarization angle is 45 degrees. The MZM with an extinction ratio of 30 GHz is driven by a 15 GHz 
and 20 GHz RF signal. The two DC bias voltages of the MZM are set to 0V, 4V, respectively, the 
modulation voltage is πV, and the RF voltage is 1V, so that the odd-subband side modulation signal is 
suppressed. The spectrum of this signal is shown in Figure 4(a). Under 15GHz RF signal conditions, 
the center frequencies of the two signals are 193.085 THz and 193.115 THz, respectively. In the 20 
GHz RF signal conditions, the center frequencies of the two signals are 193.08 THz and 193.12 THz, 
respectively. Wave demultiplexer is used to separate the first-order sideband signals, and the data 
information modulated by 16PSK and 8PSK are respectively loaded, and then the multiplexer 
transmits the one-way transmission signal to the base station through a 20Km single-mode optical 
fiber. The spectrum is shown in Figure 4. (b) . At the base station side, two signals are filtered out 
through the Bessel bandpass filter. Coherent demodulation restores the original data. 
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（a）                                             （b） 

Figure 4 (a) Spectral diagrams of odd-order sideband suppression signals  
for RF signals at 15 and 20 GHz, respectively; 

                    (b) spectrum diagrams of the two modulated signals arriving at the base station  
when the RF signals are respectively 15 and 20 GHz; 

Figure 5 shows the corresponding constellation diagram of 8PSK and 16PSK modulated signals 
when the RF signals are 15GHz (a) and 20GHz (b), respectively. From Figure 5(a), it can be seen that 
the 16PSK constellation is fuzzy and cannot transmit the useful signal normally. Although the 8PSK 
constellation point is slightly degraded, it can still effectively and reliably transmit data information; 
As can be seen from Figure 6 (b), the 16PSK constellation map has a phase ambiguity when the 
OSNR is less than 25, and cannot properly transmit useful signals. When the OSNR is greater than 
25dB, the constellation phase is gradually clear and the phase has slightly error, but can be transmitted 
normally; 8PSK constellation points is obviously better than 16PSK signal, and its constellation map 
can achieve error-free transmission requirements; 

4.  Conclusion 
In this paper, the ROF system with suppression of odd sidebands based on Maher-Zehnder modulator  
is proposed. The system uses Eight Hexadecimal Phase Shift Keying and Sixteen Hexadecimal Phase 
Shift Keying to modulate. Under the 15GHz and 20GHz RF signals conditions, the spectrum diagram 
and constellation diagram  are obtained after the transmission of 20km single-mode fiber. By 
analyzing the constellation characteristics of the received signal, it is proved that compared with the 
16PSK signal, the 8PSK signal reduces the frequency of the modulated signal, saves the spectrum 
resources better, increases the capacity of the communication signal, and realizes the stable 
transmission. 
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Figure 5(a) 8PSK, 16PSK signal constellation at 15GHz 

 

 

 

 

         
Figure 5(b) 8PSK, 16PSK signal constellation at 20GHz 

Acknowledgement  
This work is partially supported by the National Natural Science Foundation of China (No.61107064), 
Innovation Program of Shanghai Municipal Education Commission (No.15ZZ101), Leading 
Academic Discipline Project of Information and Communication Engineering (No.XXKZD1605), 
School Foundation (No.EGD18XQD23) of Shanghai Polytechnic University, School Foundation of 
Shanghai Polytechnic University(N0.EDG17YJ0049), School-level innovation project of Shanghai 
Polytechnic University (2018-xjkj-258), Connotation construction project of Shanghai Polytechnic 
University (No.A11NH170301). 

References 
[1] Wang Hui, Liu Kaixian, Chen Xinqiao. Optical full-duplex wireless full-duplex system that   

transmits multiband signals at the same time [J]. Optical Communication Technology, 2018 
(1). 

[2] Yao Xiaoli, Qin Huibin. Simulation research of MPSK communication system based on Matlab [J]. 
Internet of Things Technology, 2017, 7(6):25-26. 

[3] Zhang Xinyue, Wu Baojian, Xi Yong, et al. Study on the Reproducibility of MPSK Signal Based 
on Phase Sensitive Amplification [J]. Optoelectronics·Laser, 2017(8). 

[4] Feng Tianyu, Yang Jiabiao. Research on the realization of 8PSK modulation and demodulation 
technology[J]. Journal of Chongqing University of Posts and Telecommunications (Natural 
Science Edition), 2005, 17(4): 440-443. 

[5] Shao Yufeng, Li Jia, Cheng Lili, et al. 100 Gbit/s transmission of four cascaded differential phase 
modulation codes [J]. China Laser, 2009, 36(3): 574-580. 

[6] Shao Yufeng, Wang Anrong, Chen Hao, et al. Wired-and-wireless-optical-transmission-based 



6

1234567890‘’“”

AEMCME 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 439 (2018) 052027 doi:10.1088/1757-899X/439/5/052027

 
 
 
 
 
 

double-polarization differential quadrature phase shift keying access apparatus:, CN 
105790846 A[P]. 2016. 

[7] Zou Shumin, Wang Yiguang, Shao Yufeng, et al. Generation of coherent optical multi-carriers 
using concatenated, dual-drive Mach-Zehnder and phase modulators[J]. Chinese Optics 
Letters, 2012, 10(7):19-23. 

[8] Shao Yufeng, He Zhixue, Chi Nan. 100Gbit/s transmission of two cascaded interleaved phase 
modulation return codes[C]//National Integrated Optics Conference. 2009:1315-1319. 

[9] Xingping J I, Shao Y, Wang J, et al. Research on The Performance of a Novel Dual –an Optical 
Access Passive Optical Network System with ODB and NRZ Downstream Signals[J]. 
2017(iceiti). 

[10] Millar D, Kojima K, Parsons K, et al. Investigation of low code rate DP-8PSK as an alternative to 
DP-QPSK[C]// Optical Fiber Communications Conference and Exhibition. IEEE, 2016. 

[11] Wang J, Yang J Y, Wu X, et al. 40-Gbaud/s (120-Gbit/s) Octal and 10-Gbaud/s (40-Gbit/s) 
Hexadecimal Simultaneous Addition and Subtraction Using 8PSK/16PSK and Highly 
Nonlinear Fiber[C]// Optical Fiber Communication Conference and Exposition. IEEE, 
2011:1-3. 


