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ABSTRACT

Future telecommunication systems and networks are expected to provide a variety of
integrated broadband services to the customers. There has been a tremendous interest in
applying Code Division Multiple Access (CDMA) techniques to fiber optic communication
systems. This technique is one of the multiple access schemes that is becoming popular
because of the flexibility in the allocation of channels, ability to operate asynchronously,
enhanced privacy and increased capacity in bursty networks. This project is focusing on
designing 2D OCDMA system with the hardware implementation of design using FPGA. The
coding techniques in OCDMA are time versus wavelength and amplitude versus phase. 2D
OCDMA coding incorporates both wavelength selection and time distribution. The data bit
would be encoded as consecutive chips with various wavelengths. The code architecture
seeks to produce codes with high autocorrelation and low cross-correlation properties. Code
length is an essential aspect of code and device architecture for coding characteristics. The
hardware implementation of the system is designed by using FPGA Del-SoC. The FPGA have
the abilities to enhance the transmission of data to the receiver in a short period of time. The
performance of 2D OCDMA system is expected to surpass 1D OCDMA system in terms of BER
and the number of simultaneous users that can be supported. The system encoder and
decoder were designed using optical switch, splitter, combiner and modulator. The
performance of 2D OCDMA system in terms of time spreading and wavelength spreading is
also compared which shown a huge difference in the results. The best performance of the
system is when the number of wavelength (M) is fixed to 18 and the number of times
spreading (N) is 31 which can support 350 more simultaneous users.

Keywords: Optical Code Division Multiple Access (OCDMA), Multiple Access Interference
(MAI), Flexible Cross-Correlation code (FCC), Field Programming Gate Array (FPGA), Bit
Error Rate (BER)

1. INTRODUCTION

Optical networks are expected to provide variety of broadband services to the customers. The
network must require an increase bandwidth as well as the throughput. The advanced in
development of fibre optics has made all of this possible in transmission of data for modern
communication technologies. Currently, all communication systems rely on fibre optic
backbones. Increasing bandwidth demands mean more traffic to local antennas, making fibre
more appealing. Most cellular users are upgrading older copper-wired [1] or wireless antenna
[2,3] to fibre. A multiple access system is a communication system that allow a multiple user to
share a common transmission medium to transmit the message into the specific destination.
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Optical Code Division Multiple Access (OCDMA) is one of the most important technologies
nowadays. This OCDMA system can increase the number of transmission capacity of an optical
fiber. OCDMA supports wide and narrow bandwidth application on the same network. The optical
network supports various types of media transmission such as video, image and voice. Figure 1
shows the illustration of OCDMA system where OLT is Optical Line Terminal and ONU is Optical
Network Units [4,5].
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Figure 1. [llustration of OCDMA System [4].

In OCDMA systems, each user is assigned with a sequence code that serves as its address. The
principle of OCDMA encoding involves multiplying the data bit by a code sequence either in the
time domain or in the wavelength domain or known as 1D coding. On the other hand, a
combination of both can also be used which is referred to as 2D coding. There are 2 types of
OCDMA system which is 1D and 2D. One dimensional (1D) systems OCDMA use frequency domain
or time as signal encoding while Two dimensional (2D) systems OCDMA use both time and
frequency domain to encode the signals [6].

2. THE IMPLEMENTATION 2D OCDMA

This project is focusing on designing 2D OCDMA system with the hardware implementation of
design using FPGA. The coding techniques in OCDMA are time versus wavelength and amplitude
versus phase. 2D OCDMA coding incorporates both wavelength selection and time distribution.
The data bit would be encoded as consecutive chips with various wavelengths. The code
architecture seeks to produce codes with high autocorrelation and low cross-correlation
properties. Code length is an essential aspect of code and device architecture for coding
characteristics. The larger the code length, the similarity properties between codes also increases,
thereby increase the device efficiency in terms of MAI, bit error rate (BER) and throughput. The
key to an effective OCDMA system is the choice of efficient address codes with good or almost
zero correlation properties for source encoding. This property can easily distinguish each
codeword from any other sequence of addresses [7].

2.1 2D OCDMA Code Construction

The 2D OCDMA code were designed by using Spectral/Spatial Coding scheme. The 2D OCDMA
system shows an enhanced performance to 1D OCDMA system in term of low power lost, high
cardinality, high data transfer rate, minimum cross-correlation and high autocorrelation with
minimum side-lobes. Many codes have been introduced in 2-D to overcome the problem faced in
1-D OCDMA code. The construction of the code is focused on designing an efficient code and
architecture of the system to suppress the influence of Multiple Access Interference (MAI) and
Phase Induced Intensity Noise (PIIN) [7 - 9]. To minimize the MAI and obtain high SNR, a code
has been constructed and owned by both 1-D FCC [11] and 1-D MDW [12]. The combination of
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this code formed 2D FCC-MDW OCDMA code. The construction of the code begins with
determining the codes for wavelength and time-spreading patterns. The code use 1D MDW as
wavelength encoding pattern while 1D FCC code is sequenced as time spreading pattern. Given
thatX = {x0,x1,....... ,XxM — 1} represents 1-D MDW code sequences while 1-D FCC code
sequences represented by Y = {y0,y1,....... ,yN — 1} [6-11].

Next, the length of the code, code weight and the number of users must be determined. This code
is denoted by (M x N, w, Aa, Ac) with the number of wavelengths M, temporal code length N, code

weight w, Aa is auto-correlation and Ac is a cross correlation. the code lengths of X and Y are
k1

represented by M =3 Z}Zl jand N = K k2 - (K —1). Therefore, the basic code sequences for 1-

D MDW with [000011011], [011000110] and [110110000] is a wavelength encoding pattern.
Furthermore, the time-spreading patterns employ the basic code sequences of 1-D FCC with [110]
and [011]. Table 2 show the basic code construction for 2D FCC-MDW for k1=4, k2=2 where k is
the code weight [6,8-12].

Table 1 Basic Code Construction 2D FCC-MDW for k1=4, k2=2 [6]

Agn | [000011011] [011000110]  [110110000] X,

1 000011011 | | 011000110 110110000

1 000011011 | | 011000110 110110000
0 000000000 | | 000000000 000000000

1 000011011 | | 011000110 | 110110000
1 000011011 | 011000110 | 110110000

0 000000000 | | 000000000 [ 000000000]

3. TECHNIQUE AND METHODS

The OCDMA system design consist of transmitter (LED, Encoder, Modulator) and receiver
(Decoder, Receiver) as shown in Figure 2. This system uses the basic flow system of Optical CDMA
but with some improvement of the output devices. The code generator uses FPGA to generate
code to the optical switch as implemented in one of our group implementation on quantum
system [13]. The optical switch is presents in encoder and decoder.
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Figure 2. 2D OCDMA System Block Diagram
OCDMA are operated by code, instead of by using time slot or frequency. Since no synchronization

between transmitter and receiver required in OCDMA system so there is no waiting time for its
turn to transmit data signal. Figure 3 shows the illustration of the OCDMA code. Wavelength and
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time domain are used for developing the 2-dimensional coding area. Each wavelength channel in
rows Nw, one-bit period is divided into time slots, Lt and it is indicated the number of chips
available in the bit period per wavelength. The W of the code is the number of chips in which a
light pulse.

One bit period

Nw

| ¥

Figure 3. Illustration of OCDMA code

4. RESULTS AND DISCUSSION

The results are obtained by analyzing the performance of 2D OCDMA System using Optisystem
software, FPGA clock performance and practical results.

4.1 2D OCDMA System Performance

The performance of 2D OCDMA systems is based on the output of receiver (Bit Error Rate) by
using Optisystem software. Bit Error Rate (BER) obtained has passed the minimum value of 10-°
[14]. Figure 4(a) shows the eye diagram for the receiver receives information from transmitter.
The BER is 9.78436x10-42 which is lower than 10-9. Figure 4(b) shows the Q factor graph for this
system. Q factor is an important parameter which determines the reliability of the
communication. Q factor must be greater than six for error free optical communication. The value
of Q factor for the first receiver is 13.4795.
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Figure 4. (a) Eye Diagram from the Receiver and (b) Q factor versus time

The wavelength spreading or number of wavelengths is represented by M, while the number of
time spreading is represented by N. A suitable combination of code size (M x N) contributes an
important feature to the code and system design.
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The effect for the number of simultaneous users caused by the changes in the number of
wavelengths and time spreading is shown in Figure 5(a). The curves in Figure 5(a) shows the
variations combination of M and N of 2D FCC-MDW which include (M =9, N=10), (M =30, N=9)
and (M =45, N=12). The data transmission rate is at 622Mbps and the effective power, Psr at -
10dBm. The effect of varied wavelength and time spreading has been done separately. Figure 5(b)
shows the graph with the number of wavelengths M, varies at 18, 30 and 84 while the number of
time spreading, N is kept fix to 4. It can be observed that the varying value of number of
wavelengths, M only makes a small difference in the number of simultaneous users. The BER
against the number of simultaneous users for 2D FCC-MDW with the number of wavelengths, M
fixed at 18 and variations of time spreading at 4, 10 and 31 is shown in Figure 5(c).
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Figure 5. (a) Performance of BER against the number of simultaneous users for 2D FCC-MDW with the
different number M and N, (b) Performance of BER against the number of simultaneous users for 2D
FCC-MDW with the different number M and N and (c) Performance of BER against the number of
simultaneous users for 2D FCC-MDW with the fixed value of M
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4.2 2D OCDMA System with FPGA as Code Generator

Code Generation for 2D FCC-MDW OCDMA is generated by using FPGA which based on 50 MHz
clock signal which is shown in Figure 6(a). This clock signals are used to determine the switching
speed of optical switch for data transmission and receiver. The FPGA is used to enhance the
performance of data transmission with its massive parallel processing, fast and efficient system
and ideal for real time applications. The FPGA shows a promising result by generating a code
based on 50 MHz clock. This code is supplied to optical switch which presence at encoder and
decoder. Figure 6(b) shows the encoder and decoder for 2D OCDMA system. The LED has a
bandwidth of 30 nm is used for data transmission. The encoder and decoder consist of optical
switch for channel selection. The selection is based on code generated by FPGA with 50 MHz clock
signal. This enhances the security and speed of data transmission to the receiver. Each user is
assigned by different code which data can transmit securely. The modulator is used to modulate
the signal and carry to the optical fibre. A 50 km of optical fibre wire is used for testing. Figure
6(c) shows the eye pattern for the system by using Oscilloscope (Practical Testing).
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Figure 6. (a) Practical Results for FPGA as Code Generator, (b) 2D OCDMA Encoder and Decoder
and (c) Eye Diagram for 2D OCDMA System Using Oscilloscope

5. CONCLUSION

In OCDMA systems, each user is assigned with a sequence code that serves as its address. An
OCDMA user modulates its code (or address) with each data bit and asynchronously initiates
transmission. Hence, this modifies its spectrum appearance, in a way recognizable only by the
intended receiver. The advantages of CDMA technique over other multiple access scheme such as
TDMA and WDMA are numerous 2D OCDMA codes have been introduced to overcome the
problem faced in 1D OCDMA code in terms of low power lost, high cardinality, high data transfer
rate, minimum cross- correlation and high autocorrelation with minimum side-lobes. By using
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FPGA as code generator (encode/decode), the transmission data speed has been increased. The
clock generated by FPGA is 50 MHz which is for code generation in 2D OCDMA system. The
performance of 2D OCDMA system in terms of time spreading and wavelength spreading is also
compared which shown a huge difference in the results. The best performance of the system is
when the number of wavelength (M) is fixed to 18 and the number of times spreading (N) is 31
which can support 350 more simultaneous users.
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