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Abstract

In this paper a new approach is proposed for enhancement of the data
transmission optical communication systems by applying CDMA technique based
error detection and correction code. This paper includes the study and analysis of
the different important variables for opticll CDMA system, and focuses on
increasing the system performance by selecting the optimum values for different
variables to reduce the multiple access interference problems and also by applying
error detection and correction code with selecting of the best polynomial. The
detected and corrected code technique is more active because the sdection of the
optimum values from the variables network helps to decrease the interference
sources and noise to lower value. The sdection of optimum values heps in
reducing the number of the added correct bits in the transmit code word
consequence enhancement of the system performance because the channd is
exploited to transmit the information. The results show enhancement in system
performance when sdecting optimum value of received power (2u Watt), where
the enhancement ratio is equal to (23%). Also this paper proves the use of error
correction technique became very active with the optimum values of received
power (2 pWatt), so the improvement ratio with applying ECC is equal to (22%).

Keywords: OCDMA, optical communication Systems, forward error correction
code

¢ oAl anudilly aaial) 5 padl) Jlaiy) daghiia £ Cpauad
Sdal) Uadl) poaal 43085 ) adiuly

-

AadAl
ipa ) Jua W Aol 8 el J8 cpeatd 385k ) Sal ~ 58
Oy ol el maaaa s CalS Aol gy (5 il iy saxiall JuatV) A olaatiuly
6l iy saxiall Juai¥) olail degall <l puaial) Calide dalatig Al o sl sl
Cad €A dae Gabihy SIS rendiuall a3 Ganey Jhant 3 Jalal) S (Wl Congy
el bVl masia g 23S A ) L (as0ad) Baxia) 38 Juadl il g oUadY) masa
Jlis e el g HUall el al Jiel) HEAY) G el S Canpidl
e JlE o daele Bl 4l lad) o) QNS el 8 ) elia gall g Jalail) dlCae
sl elaf a5 (codeword)s i Al e Al el (bit:s? gl 55e)
&J\ ‘)1_)3;\ Qe C\_a.a\j wnﬁc\_‘am‘ Q)@.k\ k;ILAjSMS\ Jaal slaall eyl ey [ERET
Aaai o) Jal Gl il Lead (123%) D dasbie eatl A calS Gua | B
65— 2 JCally sl dpapenail) ol ciadie) 13 dllad FST ol Uadll proma 4

Lot pmai 408 Bkt vie Gl s ilS 13gd g Jla Juadly 2 glaiad) Jantt o

* Electromechanical Engineering Department, University of Technology / Baghdad
2429

2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http:/creativecommons.org/licenses/by/4.0


http://www.pdffactory.com
http://www.pdffactory.com
https://doi.org/10.30684/etj.27.13.12
https://orcid.org/0000-0003-3725-4402

Eng.& Tech. Journal ,Vol.27, No.13,2009

Improvement of the Perfor mance of
OCDMA By Using Error
Correction Code

1.Introduction

Optical signal processing would
be advantageous since it can
potentially be much faster than
eectrical signal processing and the
need for photoe ectron-photon
conversion would be obviated. Code
division multiple access (CDMA)
is a multiple access protocol which is
efficient with low traffic and has zero
access delay [1]. OCDMA offers an
interesting  alternative for LANS
because neither time management nor
frequency management of all nodes is
necessary [2]. OCDMA can operate
asynchronously, without centralized
control, and does not suffer from
packet Collisions (in case of wdl
designed codes with reduced multi-
user interference); therefore, very low
latencies can be achieved. Dedicated
time or wavelength slots do not have
to be allocated, so satistical
multiplexing gains can be high [3].
Also Optical Code Division Multiple-
Access. Enabling Future LANS is an
excelent candidate for future LANS.
It may provide concurrent access by a
large number of users without access
deay [4].

There are three  important
objectives in this paper, the first
objective is design and
implementation of the simulation
readlistic modd for optical code
division multiple access in local area
network. The second objective is
study and analysis of the system
behavior with different variables such
as codeword weight, codeword
length, threshold of detector, and
transmitted power. Also this research
studies the effect of multiple access
interference problems (MAI) with
different numbers of supported users
(N) based on two cases of code word
weight (w).

Thirdly, error correction code
technique is applied to three types of
polynomial in forward error
correction technique.

2. System Model

To realize the aims of this paper in
clear and organized form there must
be description of all variables and
data and what follows from
processing and outcome within
system Figure ( 1 ) having alternate
relationship between dements. The
following step illustrates these
procedures which contain:

1-Summation and analysis  of
information.

2-Presentation of the outcome of the
system.

3-Applying eror detection and

correction code.

4-Evaluation of outcome and limiting

available modifications.

21 Simulation Of Convolution

Optical COMA LAN System
Depending on procedures of this

work, the optimum values of the

system can be calculated according to

following:

2.1.1 System I nput

Choose the receiver type of detector

which is limited by the following

equation [9]:

=P =Ry (Arper ) D)

R, = % Amper / Watt..................... (2)

Where

al .: Arrival rate of incident photon
due to chip (1) transmission in the
signature sequence.

h : the PIN quantum efficiency of the
photo detector.

P.: receved power at optical

correlate.
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h-:

f: the optical carrier frequency.
g : magnitude of eectron charge.

the Plank 's constant .

Rd : Responsively of photo detector

h.f : the photon energy.

down link wave length=1.55um.

up link wave length= 1.3um.

2.1.2 Choose the Type of Desirable
Design Area

-LAN has a transmission distance
relatively short (< 10 Km) [10].

-Fiber losses as well as the dispersive
and non linear effects occurring inside
fiber are not of much concern for
LANSs.
2.1.3 Optical Power Budget or Loss
Budget

If the signal is too weak when it
reaches the far end of the system the
data will be difficult to separate from
the background noise [10].
2.1.4 Limitation on the Received
Power

The receiver power
high
enough to keep the BER to a low
value, and the received power must be
low enough to avoid damage to the
receiver [10].
2.15 Limitation
Transmitted Power

On cost and safety it is good to
keep the transmitter power to the
minimum acceptable value [10].
216 Calculation Of
Transmitter Power

The following steps show the
caculation a the transmitter
power[10]:
To find the minimum power losses for
the system which is dueto the:
1-Fiber
2-connector
3-Splices.
4-Aging losses.

must be

On The

The

2431

5-Repairs.
6-Spare.

The vaues of these items are
obtained from the manufacturer
catalog [7].

-The attenuation of the fiber will

contribute approximately 0.5 dB over

1Km or 5dB over 10Km. Other losses

in connector and optical filtering are

assumed to be 5 dB.

-For a system with 32 users the losses

in the optical splitter will be at least

15 dB. To make up for the losses on

optical amplifier can be added after

the spreading at the sender.

-The summation of all power losses is
equal to (25) dB.

Figure (3) illustrates the block

diagram of losses in optical CDMA

LAN system for star topology.

2.1.7 Calculation of the Minimum

Received Power

The transmitter must supply enough
power to overcome the worst case
losses and still meet minimum power
level requirement of the receiver, the
receiver minimum power levd is a
large negative number decibds. This
means that the power levd is very
small. The transmitter output must be
greater than this level and therefore
the numerical value of decibds must
be less negative [10].The minimum
received power can be determined
where receiver need it to operate
rdiably with BER bedow a specified
value or (10°), which is equal (1.61
micro watt) or (-57.13) dB depending
on equation (1).

2.1.8 Calculation Of The Minimum
Transmitter Power
The minimum transmitter power
minimum receiver power + losses
e (3)
which is equal to (460.25) u watt or

(-33.37) dB. The light source with

the nearest value of output power

availableis 500 p watt or (-33 dB).
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2.1.9 Calculation Of The Maximum
Receiver Power
To cdculate the maximum
receiver power the following
equation is used [10]:
(Transmitter  power minimum
losses) or (5.88 micro watt)
-52.3dB 4
The benefit of this value is to
know how much power would be
received without damaging the
receiver. The values of multiple
access interference is calculated
with the different values of number
simultaneous users for two cases of
code word weight i.e ( w=5 ,w=7)
with four values of threshold ( 16,
17, 18, 22) and fixed value of code
word length (L=255) By using the
equation ( 5)[8],

g g mid
" i:ogi' 2'—6 gZLB

where:
N: number of simultaneous user.

i: threshold of detector.

w: codeword weight.

L: codeword length.

Depending on the equation (1) it
is possible to generate the
information matrix with dimension
of (255,247). The values of multiple
access interference are added to
each chip with the effect that the
thermal noise and shot noise is
obtained by using equation ( 6 ),
(7) respectivey[9].

2 _ AT

S; = _FrDXf ... (6)
2 =2q
S¢, =20IB A7)
where
Kg: Boltzmann’s constant.
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T: absolute temperature.

Fn: noisefigure.

Ay the dectrical bandwidth.

R.: receiver resistance.

Q: dectron charge.

I: light intensity.

The new form of equation ( 1) will be

I5=|SO+§+\,S2th+sth+S|Zg--(8)

where

| « . thechip transmitter.
I: is the multiple access interference.

S%h ,s%, S?2 thethermal, shot
noise and interference in form of
additive white Gaussian noise.

In each case the received power
(Prec) Variesin three casesi.e. (2, 3, 5)
pwatt and is calculated the following:

1. Calculating the Signal to Noise
Ratio (SNR)

In this section, the signal to noise
ratio is calculated and the effects of
increasing power transmit on the
system performance can be seen, and
to determine the optimum power
which operates the suggested system
with the best case, depends on the
following equation [9]:

AR = 4Q? .. (9)
where Q: factor which equals
Q=Ll ...(10)

G1+ g

When logic zero is received, no MAI
appears i.e s, =0, and when logic
oneis received the MAI appears, and
the dignity of equation (10) will be
(s,+s,+s,), then the Q factor

can be calculated by the new propose
form of equation ( 11):
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Recompense to the equation (9)
yieds

l, +1 2
NR=4 (L0 Y2 (12)

S,*tS, S,
where 11=2Ry4 P ..... (12-1)
61= (6% +o’n) Y2 .. (12-2)
=0 ... (12-3)
00=C  eeen (12-4)

2. Calculating the Bit Error
Rate (BER)

In this section, the bit error rateis
calculated, to show how the
performance of optical CDMA
networks is enhanced by applying the
al different states. The value of BER
can be calculated depending on
equation (13) as follows [9]:

_1 . @Q 6 expl-Q2/2).(13)
BER = —erfcc——+» — <~/
27 2 Qv2p

The procedures of all steps of
present work are shown in block
diagram, Figures (4) and (5).

2.2 Applying the Error Correction
Code

In this section, forward error
correction code technique is applied
to see the important error correction
code in optical CDMA system.

2.2.1 Encoding
Applying of forward error
correction  code  technique is

accomplished corresponding to three
types of polynomials which are a

(255,247), a (255,239), and a
(255,223)[10][11].By these
polynomials the correct bits are

generated and added to the message
bits as follows:

The first polynomial (255,247)
can generate the code from, The
polynomial generates correct bits
equal to (8), where this polynomial is
not loaded on the channd, this means
ability to exploit the channd to
transmit high data rate. The principle

2433

of choosing this polynomial is
supported at the first system analysis
when we choose the optimum power
(2uwatt), in addition to the other
variables which yidd low interference
value. Also the system has high data
rate which means that the receved
data must be received with low error
and ability to apply error detection
and correction technique.

The technique which is applied in
this work is known as forward error
correction (FEC) Figure (2) [10, 11].
The codes are generated by program
and added to the message to form
codeword that is provided to transmit.
Same steps are conducted with the
second and third  polynomials
(255,239), (255,223) but with correct
bits equa to (16) and (32)
respectively.

2.2.2 Channel Transmitter

After  generating code by
program and adding the message to it,
the channd transmit is also generated
by program.

The noise and the source of
interference are added to the code
transmit in addition to adding the
attenuation values which result in al
parts of the system. All noise source
and interference that happen during
transmitter and the attenuation are
shown in detail in section (2.1.6).

2.2.3 Receiver

After the code word is received
from the transmit channd, the data is
sent to the detection system.

In this section the error is caused
by the noise and interference which
leads to change the information
detected and corrected.

The following steps show the
procedure of detecting and correcting
code[11]:
1-Compute the syndromeof r, r.H"
2-Locate the coset leader @ whose

syndrome is equal tor.H' theng
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is assumed to be the error pattern

caused by the channel.
3-decode the received vector r into

the codeword v*=r+¢
Appendix (A) shows the flowchart for
al cases covered in the presented
work.
3. Simulation Results

The simulation results for the

suggested system are divided into two
main parts, the first part demonstrates
enhancement of the performance of
the optica CDMA system by
sdection of the optimum values of
variables such as transmitted power,
code word weight, code word length,
and threshold value of detector. The
second part focuses on the results of
the opticaa CDMA with error
detection and correction code using
three types of polynomials with the
measured Bit Error Rate depending
also on investigating the following
point: code word weight, receved
power, and four values of threshold
detector. First, the results show the
effect of the rdationship between
numbers of users versus BER on the
behavior of OCDMA system for three
values of code word weight, and show
the effect of code word length with
three values of code word length.
Second, they show the effect of
relationship between the number of
users versus SNR (dB) for two cases
of code word weight and for four
values of detector threshold with
varying the received power. Thirdly,
they show the reationship between
the number of users versus BER with
two values of weght (w=5 ,w=7),
fourthly, eror  detection and
correction code technique are applied
to three types of polynomials at
optimum received power
(2pwatt). The results in Figure ( 6 )
show that the code word weight has a
great effect on the system

2434

performance, where the error ratio is
equal to (10°) when varying the word
weight from (9) to (5) for the same
number of users.

Figure (7) shows the optimum
sdection of code word length has
given the best improvement of the
system performance, where it can be
noticed that the ratio of improvement
when the length is changed from
(500) to (1500) is equal to (13%) for
the same number of usersit is
necessary to take into account the
quality of optical detector, Figure (8)
and Figure (9) show the improvement
in performance. Also it can be noticed
that the ratio of improvement
increases when the value of threshold
increases, this means that the ability
of detector to detect, the results show
when the threshold increases from
(16) to (17), the ratio of improvement
is equal to (17%), aso when the
threshold value is changed from (17)
to (18), the ratio of improvement is
equal to (22%), and from (16) to (22)
the ratio of improvement becomes in
the best case and gives the big
enhancement of the performance.
The sdlection of optimum transmitted
power is considered very important,
and it is limited to MAI problem
during transition process. So it can be
noticed in Figures (10, 11, 12, 13), the
optimum power transmit gives the
best performance, which leads to
apply the ECC with good effective as
in exploiting the transmission channdl
and the ability to correct, where it can
be noticed the rate of improvement of
SNR is equal to (23%) when changing
the value of received power from (5)
to (2) pyw. The sdection of suitable
number of users is limited by power
transmit. It can be noticed in Figures
(14, 15, 16, 17) the increasing of the
number users leads to increasing the
average eror with increasing the
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transmitted power. So by decreasing
the transmitted power, the system
performance will be improved. From
results the improvement is conducted
with decreasing the transmitted power
where the ratio of improvement is
equal to (23%) when changing the
power from (5) to (2) pw, in entering
the weight and threshold value it can
be observed that the system
performance is the best.

Figure (18) shows the average
value of error at (N=10) for incorrect
case equal to (8*10%) compared with
the correct case (first polynomial)
(255,247) which equal to (109).
Figure (19) shows the best
performance compared with Figure
(18) because of increasing the
threshold value of detector to (22). In
the othe case when (w=b),
threshold= (16, 22) as in Figures (20,
21), the system performance is given
the best performance compared with
that in Figure (18,19) for example at
N=10 the BER=10" and 5*10°. This
appears the successful sdection of
system variables.

5. Conclusions

The proposed system shows
enhancement in the performance of
the data transition in the optical
communication system by using
OCDMA based on ECC technique.
The optimum selection of variables
leads to the ability of applying the
ECC technique successfully to forms.
So instead of additional correcting
bits to enhance the performance of the
system, where the improvement is
accomplished by the optimum
sdecting of variable which in turn
leads to optimum exploitation of the
channd, thus the additional correcting
bits become vey effective and
proportional with the average error
results from the random interference,
This shows the importance of the

2435

optical system design independently
(without applying ECC), dso this
includes sdlecting the optimum values
of variables for example, transmit
power, code word length, code word
weight and threshold value, where the
sdection of the better values gives a
positive result which leads to the
enhancement of the  system
performance, for this reason applying
of ECC becomes very effective. The
optimum sdection for polynomial
alow transmitting data at high rate,
this is because of exploiting the
channd capacity to transmit the
information instead of correct bits,
where the base of comparison is based
on the balance between the range of
utilization of additional correct bits
and average of transmit information.
This appears in the results, where the
difference is observed using three
types of polynomial based on correct
bits and this is due to the system
peformance  which  must be
acceptable and the ability to sdect the
optimum  value which  allow
transmitting a high data rate with
maintaining the acceptable correct
process where the ratio of
improvement valueis equal to (22%).
References

[1] G. Mahlke, P. Gossing, "Fiber
Optic Cables, Fundamentals Cable
Engineering System Planning”,, 3
Edition, MCD Velag, Erlangen,
1997.

[2] C. Andeson, M. Minas,
"Mastering Local Area Networks',
Sybex, Network Press, 1999.

[3] T. James, "LAN Wiring",
Second Edition, New York: McGraw-
[4] J. A. Salehi, C. A.  Hill, 2000.
Brackett, "Code Division Multiple
Access Techniques in Optical Fiber
Networks-Part I System
Performance Analysis', IEEE TRAN.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.27, No.13,2009

Improvement of the Perfor mance of
OCDMA By Using Error
Correction Code

On Communication, VOL. 37, No. 8,
August, 1989.

[5] M. Kulkarni, R. K.Sinha," System

performance Comparison of Turbo

and Trdlis Code Opticad CDMA

systems, “International Journal of
Signal Processing, Volum3, No.3,
2006.

[6] J. Crisp, "Introduction to Fiber
Optics',2™ Edition, John Crisp, ,
2001.

[7] M. Palmer, R. B. Sinclair,” Design
and Implementing Local and Wide
Area Networks', Second edition,
Course Technology, Division of
Thomson Learning. Inc, 2003.

[8] J A. Saehi, "Code Division
Multiple Access Techniques in
Optical Fiber Networks, Part |:
Fundamental Principles’, IEEE Trans.
on Communication, VOL. 37, No. 8,

August, 1989.
[99 G. Agrawal,” Light wave
Technology: Teecommunication

Systems "', A John Wiley & Sons, Inc,
2005.

10 J. Crisp, "Introduction to Fiber
Optics',2™ Edition,  John Crisp,
2001.

[11] J. C. Morera, P. G. Farrdl,"
Essentials of Error-Control Coding",
John Wiley & Sons, Ltd, 2006.

2436

[12] S. L. Danid, J. Costdlo," Error
Control Coding Fundamentals and
Applications’, Second Edition,
Pearson Prentice Hall, 2004.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.27, N0.13,2009 Improvement of the Performance of OCDMA
By Using Error Correction Code

ONU

OLT

Up- Down Link

10Km

Figure (1) Thetopology of a PON with an optical lineterminal (OLT),
a passive splitter and several optical networ king units (ONU)

Gn(f)=No/2

|

r =ry Re=k/n r=ry/Rc

4I|> Encoder P transmitt »{ Channe —>®——> Receiver »{ Decoder {9
Figure (2) Block diagram of an FEC system
Attenuatio L osses(- Optical PIN
—»{ Source | | n(-5dB) —»| 5dB) P Splitter —»| detector |[—»
(LED) A5 dR

Figure (3) illustration of the model of lossesin optical
communication for star topology
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Prec=2uWatt

Applying
Prec=3uWatt L ECC for
threetype
of
Prec=5uWatt polvnomial
Prec=2pWatt
Applying
ECC for
->| Th=17 Prec=3uWatt | p threetype
of
polynomial

W=7
Prec=2uWwatt | Applying
ECC for
| threetype
Prec=3pWatt of _
polynomial

Prec=5uWatt

Prec=2uWatt
Applying
ECC for
->| Th=22 Prec=3uWatt I g;feetype
polynomial

Prec=5uWatt

Figure (4) Theflow chart of the resear ch procedure (case one)
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A 4

!
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—-— Prec=3pWatt polynomial

Prec=5uWaitt

!

!

|

Prec=2pWatt Applying
| L_,| ECCforthree

types of
Prec=3uWatt polynomial

—»
L—p| Prec=5uWaitt

= Applying
—> Prec=2uW

eoenwat > ECC for three

types of
—p|  Prec=3uWatt polynomial

L—p| Prec=5pWatt

Figure (5 The flow chart of the research
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Figure (20) Thereation between the number of simultaneous
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Appendix (A) $ Sart

Input: g, n, h, Ay, Ag, T, 1, 0, LOS.SIP,
N, L, x=16, I=1, w=5, 7

A 4
Choose the type of desirable design area

A 4

A\ 4
Calculate the total Losses

v
Cal CU| ate Ptra min (3)

A 4

Calculate Pr max (4)

A 4

Calculate Thermal, Shot Noise eg.(6),(7)

I <7 X=1
No SR
X <N-1
No

y
Calculate |, (5)

v A 4
I=1+1 At Prec=2uWatt
Calculate s (8)

(&
A 4

Calculate I+, I,
@ G0, O1, O]
v y
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(3)

|

Calculate Q.,
SNR,, BER; at
Selecte the Prec=2pWalt
ontimum SNR
A\ 4
! At Poc=3uWatt
Convert Prec to Calculate ) (8)
Codeword
A\ 4
v Cdlculate |1, |o, 0o,
Compute S=r.H' oL Ol
fori=1, 2....2t
NO Yes A\ 4
Calculate Qs,
SNRs, BER;3 at
Prec=3uWett
A\ 4
At Poc=buWatt
v Calculate A< (8)
Locatethe Error
No Error Y
| Event Calculate I+, 1o, oo,
Correct the error on o
(o) '
'y Calculate Qs,
SNRs, BERs at
Prec=5HWaitt
A
X=xX+1

Flow chart for that all followed in the
presented work
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