
 

 

 

    Abstract— In this paper, OCDMA-ROF system incorporating 

Pseudo-orthogonal coding at data rate of Tb/s is presented. We use 

OCDMA encoders and decoders in order to obtain a preferable 

performance of proposed OCDMA-RoF system. Linewidth of 

transmitted signal is adjusted in order to obtain minimum interference 

and preferable results are obtained. The effect of narrow band 

interference in the OCDMA spectrum is investigated through 

simulation and simulation results are experimentally confirmed. 

    Keywords— DPSK (Differential Phase shift Key), OCDMA 

(Orthogonal code division multiple access),  RoF (Radio over fiber). 

I. INTRODUCTION 

ITH the increase in wired and wireless digital media     

having multimedia applications such as mobiles and 

high definition (HD) TV has increased the demand of 

bandwidth in access networks but integration of optical and 

RoF has removed this limitation of bandwidth [1]. In RoF 

radio base stations(RBS) are connected with central control 

stations(CS) through optical fiber and with OCDMA scheme 

we can assign different codewords to the different RBS which 

provides high transmission security [2]. In OCDMA same 

wavelengths can be shared by different users and operate 

asynchronously. OCDMA is cost effective, protocol 

transparent, bandwidth efficiency and sensitive to MUI 

(multiple user interface)[3]. Traditional RoF system problems 

are overcome by 60 GHz ROF system [4]. In OCDMA there 

are spectral encoding CDMA, two-dimensional (2-D), 

coherent coding CDMA, time spreading CDMA. For radio 

signal transmission coherent CDMA and two-dimensional (2-

D) are complicated, time spreading CDMA need carrier 

synchronization but on other side spectral encoding CDMA 

needs no synchronization [5]. Interference free RoF system 

was proposed using optical spectral encoding having bipolar 

capacity constructed without sampling technique [6]. With the 

help of pseudo random noise (PN) codes bipolar capacity is 

enhanced [7].       
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Multiple access interference can also be reduced with the 

proposed (PN) codes in which at the end of each PN code 

stuffing bit of‗0‘ is inserted which always make the number of  

‗1‘ equal to the number of ‗0‘ [8]. For optimum optical 

communication systems performance proper matching of 

EDFA power and length of fiber is required [9]. Proposed 

hybrid system which is combination of RoF and OCDMA 

technique is known as intensity modulation –direct detection 

(IM-DD). In IM-DD intensity of light source directly 

modulates with RoF signal. But it suffers from chromatic 

dispersion [10].We have already achieved good results with in 

MIMO-OFDM system with OADM recently for optical-

OFDM system and Monitoring and Compensation of Optical 

Telecommunication Channels [11-16]. 

II. SYSTEM SETUP 

In order to evaluate the performance of hybrid OCDMA-

ROF the detailed simulation setup is illustrated in figure 1. In 

this hybrid system we used four Laurent lasers with different 

line width and the generated optical signal is provided to ten 

data channels with data rate of 9.987 Gb/s, for simplicity we 

have shown only two channels i.e. data channel 1(IF1) and 

data channel 2(IF2). Pseudo orthogonal coding is modulated 

by different modulation formats and propagational delay of 

optical signal by time shift of signal waveform. Modulated 

data is delayed by 0.02ns with respect to the first data delay. 

Similarly in the second data channel the data is also modulated 

by DPSK modulator and delayed by the difference of 0.02ns, 

but it have additional LO (local oscillator). At the decoder part 

the power is equally splitted by splitters and supplied to each 

output port through filters and delays which is inverse of 

encoder. In case of second data source the LO phase is 

recovered and result is displayed on output ports. 

III. RESULTS AND DISCUSSIONS 

In this section, the performance evaluation results based on 

theoretical analysis and simulation experiments are presented 

according to the typical system parameters. We have 

demonstrated a novel OCDMA-ROF system based on pseudo 

orthogonal coding. Further simulation aids in the selection of 
optimal code sets and provides guidance for appropriate 

modulation formats to optimize system performance in the 

presence of MUI and transmission impairments. Eye diagram 

is measured at receiver end for different choice of modulation 

formats.  
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 Fig. 1   detailed simulation setup of proposed hybrid rof-ocdma based on pseudo orthogonal coding 

 

Data transmitting for data source 1 before encoding and 

after encoding is shown in figure 2.The figure 2(a) shows 

relative power varies with respect to time for different 

wavelength. For analyzing the performance of system 

autocorrelation relative power vary for different wavelength. 

The figure 2(b) shows wavelength-time coded output at data 

source 1.In these signal magnitudes vary with respect to time. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                          

 

 

 

 

 

(a) Spectrum before encoding at data source 1  
 

 

 
(b) Wavelength-Time coded output at data source 1 

Fig. 2 (a) Data transmitting before encoding (b) after encoding for 

data source 1 

 

Fig.3. shows that the external modulation has less power 

loss as compare to direct modulation. After comparing the 

response from different modulation formats we get appropriate 

results with DPSK (Differential Phase shift Key) as shown in 

Fig 4. 
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Fig.3 Optical spectrum comparison for Direct modulation (Red) 

and external modulation (Green) 

 

 
Fig.4 Eye diagram of hybrid Rof-OCDMA 

 

 
Fig.5  Optical spectra at different scopes 

 

Figure 5 shows the superimposed optical spectrum at 

different scopes and instantaneous power observed at different 

instant of times is shown in Fig 6. 

 

 

 

 
Fig.6  Instantaneous phase variation for DPSK modulated signal 

IV. CONCLUSIONS 

It is observed that DPSK modulated signal for a hybrid Rof-

OCDMA system with different modulation formats based on 

Pseudo orthogonal encoding and decoding help to achieve 

error free transmission for number of users transmitting 

simultaneously at data rate of about 1 Tb/s, It is considerably 

immune to the MAI (Multiple access interference) which is a 

one of the limiting factor. It also provides features like high 

data security, cost effectiveness of remote BSs and also 

enhance the performance. It can be widely used for the 

ultrafast optical access networks and for highly secure wireless 

access networks. Pseudo-orthogonal coding format is reported 

to be best with adequate bandwidth compression. 
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