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Abstract: This paper focuses on the BER, Q-Factor, Eye Height for a four user OCDMA with varying jitter. Performance
of the OCDMA communication system has been evaluated in terms of bit error rate, Q-factor and eye closure with jitter
varying from 0 Unit-Interval to 0.7 Unit-Interval in steps of 0.1 Unit-Interval. Simulations were carried out using

commercially available simulator from Gigasoft, OPTIWAVE.
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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. 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 [1]. 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
[2]. 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 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
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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 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 [3]. 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. As
discussed earlier, the roots of OCDMA are found in spread
spectrum communication techniques. Spread spectrum
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technology is based on the idea of spreading the spectrum of
the narrow band message over a much wider frequency
spectrum by means of digital codes. Due to the spreading,
the transmitted signal arrives at the receiver as a noise like
signal[11]. And message recovery is impossible unless the
original code is known. The received signal is correlated by
the authorized receiver with a local code, which is a replica
of a transmission code.

Il. TIMINGJITTER

The timing jitter is a problem in optical communication
systems, which has been observed to have great impact on
an optical link design for higher data rate. Timing jitter
refers to the short term varations of significant instants of a
digital signal from their ideal position in time here short
term implies phase oscillation of frequency greater than or
equal to 10hz.Timing jitter may lead to crosstalk and
distortation of the orginal analog signal and is potential
source of slips at the input port of the digital system.Jitter
can cause undesirable effects in a OCDMA system and
amount of tolerable jitter depends on the affected
application. During the last two decades, two books were
published with significant space dedicated to jitter
analysis.[5], [6] During that time, most communication
architectures operated at a data rate of less than 1 Gb/s. Jitter
was not as serious then as it is today, when most leading
communication links are running at rates of 1 to 10 Gb/s.
The book by Trischitta & Varma[5] in 1989 was mostly
focused on the accumulated jitter in a network system and
jitter related to some specific components in an optical
network at the time, including regenerators, retimers, and
multiplexers. The book by Takasaki[6] in 1991 treated
digital transmission design and jitter in the same context.
The major point of Takasaki on jitter classification is that
there are two types of jitter: random and systematic.
However, it has no quantitative math model discussion on
the jitter classification scheme. The discussion of jitter
accumulation is largely based on the repeater component in a
network. In the past 15 years, significant progress has been
made in the field of understanding jitter, and related new
theory, definition, analysis methods, and measurement tools.
In particular, more rigorous definition of and theory about
jitter and its associated jitter components have been
developed (such as [4], [7], and [8], to name a few). Now
jitter and noise component concepts have been widely
accepted and adopted by many serial data communication
standards.

I11. SIMULATION OF FOUR USER
SYSTEM

OCDMA

Simulation set-up for four user OCDMA system has been
developed using Optiwave tool. The tool is useful in
analyzing nonlinear effects with respect to dispersion, noise,
jitter etc. Performance of four user OCDMA system will be
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analyzed by using BER, Eye Height and Q-Factor
parameters by using Optiwave tools like spectrum analyzer,
scopes (electrical and optical) and signal analyzer.
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Fig.1: Screen shot of four user OCDMA system

IV. RESULTS AND DISCUSSIONS

Two optical fibers with following parameters have been
taken to study the effect of timing jitter.

Optical Fiber 1 with reference wavelength=1550 nm,
attenuation=0.2  dB/km, dispersion=16.67  ps/nm/km,
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dispersion  slope=0.075 ps/nm"%/k, differential group
delay=0.2 ps/km. BER VS Jitter for L=20 km
. . . . 5.00E-02
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Fig 4: Variation of BER with Jitter for L=40 km
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From Figures 2-5 and Table 1 as the value of jitter is 0
increased from O unit-interval to 0.7 unit-interval, the value 0 02 04 06 08
of BER varies from 2.34E-24 to 4.42E-02 and 1.17E-25 to Titter(UD)
2.21E-02 for L=20 km, from 4.40E-17 to 1.00E+00 and
1.26E-44 to 6.29E-03 for L=30 km, from 3.90E-08 to
1.00E+00 and 3.11E-16 to 2.80E-03 for L=40 km and from Fig 6: Variation of Q-Factor with jitter for L=20 km
0.000134 to 1 and 4.20E-45 to 1.62E-02 for L=50 km for
Optical Fiber 1 and Optical Fiber 2 respectively.
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Fig 9: Variation of Q-Factor with Jitter for L=50 km

From Figures 6-9 and Table 2 as the value of jitter is O unit-
interval to 0.7 unit-interval, the value of Q-Factor varies
from 10.11dB to 1.67dB and 10.39dB to 2.00dB for L=20
km, from 8.31dB to 0dB and 13.96dB to 2.49dB for L=30
km, from 5.37dB to 0dB and 8.07dB to 2.75dB for L=40 km
and from 3.62dB to 0dB and 14.03dB to 2.12dB for L=50
km for Optical Fiber 1 and Optical Fiber 2 respectively.

different lengths

TABLE 3: Variation of Eye Height with Jitter for different fibers with
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Fig 10: Variation of Eye Height with Jitter for L=20 km
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Fig 11: Variation of Eye Height with Jitter for L=30 km

Eye Height vs Jitter for 1=40 km
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Fig 12: Variation of Eye Height with Jitter for L=40 km

Eye Height vs Jitter for L=50 km
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Fig 13: Variation of Eye Height with Jitter for L=50 km

From Figures 10-13 and Table 3 it can be concluded that as
the value of jitter is increased from 0 unit-interval to 0.7
unit-interval, the value of Eye Height varies from 2.07E-06
to -3.50E-06 and 5.23E to -5.47E-07 for L=20 km, from
1.12E-06 to 0 and 5.62E-06 to -2.12E-07 for L=30 km, from
4.96E-07 to 0 and 4.62E-06 to -9.69E-08 for L=40 km and
from 1.25E-07 to 0 and 5.74E-06 to -4.46E-06 for L=50 km
for Optical Fiber land Optical Fiber 2 respectively. Thus
from comparison of the overall performance of both the
fibers, it can be concluded that although in some cases
Optical Fiber 1 show better results but overall Optical Fiber
2 shows more consistent performance.

V. CONCLUSION

With advantages like ability to increase the transmission
capacity of an optical fiber optical code division multiple
access (OCDMA) has been recognized as one of the most
important technologies for supporting many simultaneous
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users in shared media. Jitter is an important factor, which
degrades the overall performance of OCDMA system. In this
paper performance of the OCDMA communication system
has been evaluated by jitter varying from O unit-interval to
0.7 unit-interval in steps of 0.1 unit-intervals. From
simulation results it has been concluded that although in
some cases Optical Fiber 1 show better results but overall
Optical Fiber 2 shows more consistent performance.

ACKNOWLEDGEMENT

We are thanking to our management for their continuing
support and encouragement for completing this work and we
are thanking our head of the department for his valuable
suggestions.

REFERENCES

[1] Weiner, A. M., Heritage, J. P. and Salehi, J. A.: Encoding and decoding
of femtosecond pulse. Optics Letters, Vol.13, No.4, May 1988, pp300 —
302.

[2] Castro, J.M. Geraghty D, “Spectral phase encoders for optical CDMA
using anti-symmetric” Optical Society of America, pp. 1214-1218, 2006 .
[3] Denns T. et al., “Demonstration of all optical CDMA with bipolar
code”lEEE , 1997.

[4] S. V. Maric: New family of algebraically designed optical orthogonal
codes for use in CDMA fiber-optic networks. IEE Electronics Letters,
Vol.29, No.6, Feb./Mar./Apr. 1993, pp538 - 539

[5] Eugene Park, Antonio J. Mendez, and Elsa M. Garmire:
Temporal/spatial optical CDMA networks-design, demonstration, and
comparison with temporal networks. IEEE Photonics Technology Letters,
Vol. 4, No.10, Oct. 1992, pp1160 - 1162

[6] Tancevski L., Andonovic |.: Wavelength hopping/time spreading code
division multiple access systems. IEE Electronics Letters, Vol. 30 No. 17,
August 1994, pp1388 — 1390

[7] L. Tancevski, and I. Andonovic: Hybrid wavelength-hopping/time-
spreading schemes for use in massive optical networks with increased
security. IEEE/OSA Journal of Lightwave Technology, Vol.14, No.12 , Dec.
1996, pp2636 - 2646

[8] G. C. Yang, W. C. Kong: Performance comparison of multiwavelength
CDMA and WDMA+CDMA for fiber-optic networks. IEEE Trans. on
Communications Vol.45, No.11, Nov. 1997, pp1426 - 1434

[9] Sangin. Kim, Kyungsik Yu and Namkyoo Park: A new family of
space/wavelength/time spread three-dimensional optical code for OCDMA
networks. IEEE/OSA Journal of Lightwave technology, vol.18, No.4, April
2000, pp502 - 511

[10] Naser G. Tarhuni, Timo O. Korhonen, Edward Mutafungwa,
Mohammed S. Elmusrati: Multiclass Optical Orthogonal Codes for
Multiservice Optical CDMA Networks. IEEE/OSA Journal of Lightwave
Technology, Vol.24, No.2, Feb. 2006, pp694 — 704.

[11] Deepinder Singh, Jagtar Singh, “Performance Evaluation Of OCDMA
Communication System Under The Effect Of Jitter”. International Journal
of Engineering Research and Applications, Vol.2, No.5, Sept-Oct. 2012,
pp.204-209.

www.ijireeice.com 69


http://www.ijireeice.com/

