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Abstract 
A unique attribute of optical CDMA is the use of optical processing, which can circumvent electronics bottlenecks and which potentially can implement directly in the optical domain certain network operations, such as addressing and security, which traditionally have been performed electronically. There has been a recent upsurge of interest in applying Code Division Multiple Access (CDMA) techniques to optical networks . In this paper proposed and simulate a technique to generate bipolar encoder for  multiple access communications systems like UWB bipolar code that experimentally proposed .This technique based  on electro-optic phase modulation and phase to intensity modulation conversion depend on fiber Bragg grating .  a bipolar code are generated with code length  of 4 was achieved  
الخلاصة
الخاصية الانفرادية لانظمة CDMA البصريه هي استخدام المعالجة البصرية والتي تتجاوز الاختناقات الالكترونية. لقد كان هناك  اهتمام  كبير حديثا بتطبيق تقنيات تقسيم الرموز متعددة المحاور بالشببكات البصرية.في هذا البحث تم اقتراح ومحاكاة نظريا لتقنية انشاء مشفر قطبي   بصري لانظمة الاتصالات متعددة المحاور يشبه تقنيه منفذه عمليا لانظمة UWB.هذه التقنية تعتمد على مضمن طور كهروبصري و ومحول تضمين من الطور الى الشده معتمد على   (FBG)تم انشاء  الرمز القطبي بطول رمزي مقداره 4.

I. Introduction 

Optical code division multiple access (OCDMA) has been recognized as one of the most important technologies for supporting many simultaneous users in shared media, and in some cases can increase the transmission capacity of an optical fiber [Weiner & Heritage,1988]. OCDMA has distinctive features that include possibility of full asynchronous communication, enhanced security and a soft variation of the system properties to the number of users. However, for improperly designed codes, the maximum number of simultaneous users and the performance of the system can be seriously limited by the crosstalk from other users. For this reason, various code families have been suggested, from the one-dimensional (1D) optical orthogonal code (OOC) to the recent two-dimensional (2D) codes [Castro & Geraghty 2006]. 
In Code Division Multiple Access (CDMA) has been widely used as a multichannel access technology in wireless networks such as the cellular phone system for several years because of its resilience to multiuser interference and graceful degradation under heavy load. Its use on an optical link has been studied extensively [Denns  et al., 1999]. However, several concerns have been expressed about the use of spread spectrum on an optical link However, several concerns have been expressed about the use of spread spectrum on an optical link due to low network throughput. The primary difference between wireless and optical CDMA is that optical fiber is an intensity medium. A pulse of light is used to transmit a signal .
Code-division multiple-access (CDMA) is a spread spectrum technique, which has been well researched and implemented in mobile radio communications employing electrical signal processing. In this approach each receiver on the network is assigned a unique ‘address’ sequence that is approximately orthogonal to the sequences assigned to all other receivers. Data bits to be transmitted are then modulated by the assigned sequence of the targeted receiver before being sent. The targeted receiver in turn detects the incoming data by correlating it to its own ‘address’ sequence. It is (Thus, making it) possible for a number of users to simultaneously access the network as long as the total sum of the cross-correlations of the approximately orthogonal sequences to the targeted receiver is not excessive. 

In CDMA systems, the transmitted spectrum of CDMA signals is broader, than the spectrum of the original data. In order to accommodate many subscribers and a large number of simultaneous users, long sequences or large spreading factors are required. However, the available bandwidth in radio channels is normally strictly limited by regulatory authorities, hence, the use of long sequences is not possible. Although copper cables are not subject to this restriction, their bandwidth is generally insufficient for large networks. In contrast, single-mode optical fibers have enormous bandwidths and the limitations of radio and copper-cable CDMA systems are effectively eliminated. Therefore, in such optical systems, spreading factors can, in principle, be increased to very high values [Rosas et al., 2004]. Hence, CDMA techniques can be implemented in fiber optic networks with a large number of users to provide ultra-fast communications and achieve very high throughput. Therefore we proposed a technique to implement all optical bipolar coding for multi-access CDMA communications the encoding is implement using an electro-optic phase modulator to perform phase modulation and fiber bragg grating (FBG)arry as multichannel frequency discriminator to perform phase-modulation to intensity modulation (PM-IM) conversion [Meel 1999]. By locating the phase modulated light waves at the opposite slopes of the FBG reflection spectra, PM-IM conversion leading to the generation pulses with opposite polarities would be realized. The chip number and the chip period of the code are determined by the number of FBGs in the array and the physical separation between two adjacent FBGs. By tuning the optical carriers at the left or right slopes of the FBGs, a bipolar code with a predefined code pattern is generated. 
II. System Description
However, several OCDMA implementations which use unipolar coding codes can not provide all the mentioned advantages. Prime codes [C. Broeke, etal  2005], for example can not increase the maximum number of users (code cardinality) that can be obtained using orthogonal schemes such as TDMA or WDMA. Balance incomplete block designs (BIBD) [Nguyen & Azhang 1995] can increase the code cardinality for a given bandwidth at the cost of significant reduction in the number of simultaneous users. In addition these codes provide very little security [Dong & Zhang 2007]. Spectral phase encoding on the other hand can provide a significant increase in the maximum number of users, low multi-user interference (MUI) and critical improvements on security. 
The experimental diagrame of the proposed bipolar encoding system is shown in Fig. 1 [Wang &  Yao  2008] was simulated numerically using matlab and OptiSystem package . The encoding operation is to map a low bit-rate electrical data sequence to a high bit-rate optical data sequence with a specific code for each user. In our proposed encoding system, the light waves from a laser array with N wavelengths are phase modulated by a low bit-rate electrical data sequence at an EOPM and then sent to an FBG array that consists of N cascaded uniform FBGs, with each wavelength being located at the left or right slope of the corresponding FBG. The FBG array in the system has two functions: (1) to serve as a multichannel frequency discriminator to perform PM-IM conversion, and (2) to serve as an optical  delay-line to spread each data symbol into N pulses. 
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Figure (1) diagram of the proposed bipolar encoding system. TLS, tunable laser source; PC polarization controller EOPM, electro-optic phase modulator; FBG, fiber Bragg grating;, PD, photo detector;, EDFA, erbium-doped fiber amplifier;

III. System Analysis 

Mathematically, a phase-modulated light wave can be expressed as [Agrawal 2005] 
[image: image2.png]A(t) = expU@ct+iBeym(e)]



                                                                                ----(1)
Where:  A(t) phase-modulated light wave, m(t) is the electrical modulation signal, βPM is the phase-modulation index, and [image: image4.png]


  is the angular frequency of the optical carrier. When the phase modulated light is sent to an FBG with the optical carrier located at one slope of the reflection spectrum of the FBG, PM-IM conversion is performed. 
At the output of a photo detector (PD), an electrical signal is obtained which is given                          by [Weiner & Heritage 1988 ]
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                                                                     ---(2)  
Where: I(t) the output of a photo detector (PD),  R is the responsivity of the PD, K  is the steepness factor of the filter slope, and [image: image8.png]


  is the angular frequency at which [image: image10.png]Hy(w)



= 0. Note that Eq. (2) is obtained by neglecting the dc and higher-order terms, which is valid for small  signal  modulation [Salehi 1990] . From Eq. (2), it is clearly seen that the photocurrent at the output of the PD is proportional to the first-order derivative of the applied electrical modulating signal. 
Therefore, if the modulation signal is a square (gaussian)  pulse, a first derivative would be generated at the output of the system. In addition, the sign of [image: image12.png]Ip(t)



 is dependent on the sign of [image: image14.png](@, — @)



 which can be adjusted by changing the location of the optical carrier at the left [image: image16.png](@, < wyp)



  or right [image: image18.png](@, > @)



 slope of the reflection spectrum of the corresponding FBG. Therefore, a pulse with either a positive or negative sign is generated by locating the optical carrier at the right or left slope of the FBG reflection spectrum. In the proposed  encoding system, this important feature is used to generate bipolar codes with the first derivative of the electrical modulation signal and its inverted version representing a “+1” and a “−1,” respectively, in the code sequence. At the output of the system, each square (gaussian)  pulse is mapped to N first derivative pulses with binary codes (+1 and −1). 
The optical intensity of the coded sequence is [Wang & Yao  2008]
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where T denotes the time-delay difference between two adjacent chips in the code sequence, which is determined
Determined by the physical spacing between two adjacent FBGs, and an [image: image22.png]


{1,−1} is determined by the locations of the nth wavelength with respect to the slopes of the FBG reflection spectrum. The proposed approach is numerically investigated. 
Based on the theory of direct-sequence communications, to accommodate N users the code length should be at least N [Sun and Leeson 2008 ]. To demonstrate the concept, an all-optical bipolar CDMA encoding system with a code length of 4 to provide multiple access for four users is numerically investigated. In the simulation, four tunable laser sources (TLSs) are used as the laser array. The data sequence applied to the EOPM .The FBG array consists of four uniform FBGs, The center reflection wavelengths of the four FBGs are 1549.53, 1550.38, 1551.36, and 1552.31 nm, each with a reflectivity higher than 90%. In the FBG writing process, a high-precision translation stage is used to scan the laser beam along the fiber, so that the physical spacing between two adjacent FBGs can be accurately controlled[Djordjevic Bane Vasic 2003].                                              

V. Results and Discussion

In the simulation,  the experimental system [Wang &Yao  2008] was implemented. The physical spacing between two adjacent FBGs is 35 mm, which corresponds to a time-delay difference of about 350 ps Bipolar encoding is realized by locating the wavelength of each TLS at the right or left slope of the corresponding FBG, to generate a positive or a negative monocycle pulse that represents a+1 or−1 in the code sequence. In the simulation, Walsh–Hadamard codes are selected as the orthogonal codes 
For a code length of  4, the four orthogonal codes are
{(1,1,1,1),(1,-1,-1,1),(1,-1,1,-1),(1,1,-1,-1)}
Therefore , the corresponding CDMA codes are {C1,C2,C3,C4} = {(C,C,C,C), (C,-C,      -C,C), (C,-C,C,-C),   (C,C,-C,-C)}.
where C: denotes a single pulses. In the simulation, the CDMA code C1 is generated by tuning the wavelengths of the four TLSs to the right slopes of the four FBGs; another CDMA code C2 is generated by tuning the wavelengths of TLS2 and TLS3 to the left slopes of FBG2 and FBG3 The waveforms of the two codes are shown in Figs. 2(a) and 2(b). To demonstrate the feasibility, an example is given by considering two users, User1 and User2, with codes C1 and C2 as their signature codes. Two data sequences, User1 D1=“101001” and User2 D2=“100101,”was shown in Fig.(3 a, b) and then  encoded by using the signature codes C1 and C2. The waveforms of the two coded sequences (CS1 and CS2) are shown in Figs. (4 a, b). At the receiver, CDMA decoding is realized by implementing the correlation between the received signals and the signature codes that are prestored at the receiver. For simplicity, in our simulation take only back-to back transmission, which means that the coded sequences at the transmitter end are directly used as the received signals for decoding. In this example,  show that a data sequence can be recovered through correlation with the same signature code that is used to make encoding. Figure 5 shows the correlation between CS2 and C2. As can be seen, the original data sequence  is successfully recovered. The correlation results can be improved by extending the code length with the use of more wavelengths and FBGs. In the simulation , the light sources are tunable lasers with narrow linewidth. The use of lasers may cause instability owing to the optical interferences. This problem can be solved by replacing the laser array with a low-coherence multi wavelength light source such as a sliced amplified spontaneous emission (ASE) source.
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Figure (3) Represent the  data  a) for  user1  b) For  user 2


Figure (4) coded sequences  a) CS1 and   b) CS2

Figure 5  shows the correlation  between CS2 and C2
IV. Conclusion
The all-optical bipolar direct-sequence coding for multiple access CDMA communications was proposed and simulated numerically. The bipolar encoding was realized based on optical phase modulation and PM-IM conversion in an FBG-based multichannel frequency discriminator, to generate complementary CDMA  pulses, with the code pattern determined by the locations of the optical wavelengths at the left or right slopes of the FBG reflection spectra. Like that in direct sequence UWB. Bipolar encoding with a code length of 4 was numerically achieved foe CDMA Users as shown in the results above . as the same theoretically and practically applications with more users, the code length should be extended, which requires more laser sources. A simple solution is to a use sliced amplified-spontaneous-emission (ASE) source. The use of a sliced ASE source will also solve the interference problem but with noise can be compensated.
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 Figure (2) Bipolar code with a) C1= (C,C,C,C),  b) C2=(C,-C,-C,C)
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