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Abstract|In  this paper a Variable Weight OCDMA (VW-
OCDMA) system using KS code with Direct Decoding (DD),
Complementary Subtraction (CS) and AND subtraction de-
tections is proposed. System performance is analyzed us-
ing mathematical approximation and software simulation. In
mathematical analysis, the e ects of Phase-Inducedintensity
Noise, sha noise and thermal noise are taken into account.
Bit Error Rate of dier ent usersis plotted as a function of
receied optical power per chip with varying the bit rates and
number of active users. It has beenshown that for dier ent
bit rates and number of users, system using DD has better
performance than the system applying CS and AND detec-
tion. Using DD sctheme, the number of active users are 100
while this value is 27 and 25 in caseof using CS and AND
detection, respectiely, when the received optical power per
chip is {10 dBm.

Keywords|AND detection,directdetection,QoSdi er entiation,
spectal amplitude coding, variable-weight OCDMA.

1. Introduction

Recenty, Optical Code Division Multiple Access
(OCDMA) system hasbeenconsideredor ber optic com-
municationasit providesasyntironousaccessprivacy, se-
curetransmissiongnd sewice di erentiation capabilityin
metronetwork whereapplicationssud asvideo streaming
and voice over IP require di erent amountof bandwidth
portion [1]. In OCDMA system ead userhasa unigue
signaturecode,which distinguishesone userfrom the oth-
ers. OCDMA systemshave alsoreceiwed attentionin opti-
cal sensometworks[2], [3] andfree spaceoptical commu-
nication [4].

Among the advantages of OCDMA systems, the ability to
suppot applicationwith various dataratesand Quality of
Sevwice (QoS) requirementsmadeit an attractive solution
for metronetworksasit dealswith heterogneoudra c [5].
Physical layer QoS was achievable using OCDMA by sev-
eral meanssud asvarying weight[6[{[8 ], length[9], [10]
or both weight and length [11]. QoS di erentiation with
x ed weight and varying the numberof existing usersin
matiix congructionwasalsorepresentedl12], [13].
SpectralAmplitude Coding (SAC) systemhasbeenconsid-
ered as a candidateto provide QoS by varying the code
weightsfor di erent users[14]. This is dueto the factthat
SAC doesnot require a complicatedprotocol or control.
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Wavelengthcomponentsf optical pulsesare encodedat
the spectralencoderby obgructing or transmittingspeci ¢
wavelengthcomponentsn accordancef a signaturecode.
In receiwer sidea soit of Iters aredeplo/edto extractthe
desiredsignal for ead user SAC was rst introducedby
Zaccain andKavehrad[15], which eliminatesthe Multiple
Accesslnterferenceby appling the right detectionted-
nigues. Expetimentaldemongration of QoSdi erentiation
using SAC-OCDMA for threedi erent sewiceshave been
recenty repoited [16].

ThreeSAC detectiontechniqueshadbeendevelopedto de-
codethe users data,which areDirect Decoding(DD) [17],
Complementar Subtraction(CS) detection[15] and AND
subtractiondetection[18].

VW-SAC system is proposedin this paperand compar
ison of sudh system using three di erent detectiontech-
nigquesis presented.VW-SAC suppots sewice di erenti-
ation by varying the wavelengthcomponentsvhere users
with higherpriority areassignedcigherweightsin orderto
have lower Bit Error Rate (BER).

First VW-OCDMA system is descibed in detail and
VW-code condruction is demonsrated. Then AND sub-
traction, CS and DD techniques are explained in terms
of their arditecture and mathematical representation.
Numeiical analsis is proposedto calculateapprximate
Signal-to-Nvise Ratio (SNR) and BER of usersof dier -
ent weights. Finally, resultsare presentedo evaluatethe
performanceof the proposedsystem basedon numberof
active users,received optical power andbit rate.

2. System Desciption

Thearditectureof a VW-SAC OCDMA systemfor k num-
ber of userswith codeweight of w is depictedin Fig. 1.
For simpli cation purpose,only a pair of transmitterand
receiwer is shown.

At the transmitterside, power from a broadbandsource
(BBS) spectum is split among k users. A seiies of
ber Bragggratings(FBGSs) lter di erent wavelengthsof

codewith weight of w.
A Macdh-Zehndermodulator(MZM) is usedto modulate
theusers binarty data,which formedasNon-Retum-to-Zero
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Transmitter

Fig. 1. Architectureof a VW-SAC OCDMA system.

(NRZ) signalto the optical carier. Modulatedsignalsfrom
all usersare then combinedusing a power combiner and
transmittedover the single mode ber (SMF) basedon
ITU G652.

At the receiwer part, one of the detectiontechniques de-
velopedfor SAC-OCDMA may be appliedto extract the
desireddatafor ead user FBGs were usedto lter the
signalsfor all detectiontechniques. Eat techniquewill be
discussedn detail subsegently.

Among di erent codesdevelopedfor sewice di erentia-
tion in SAC-OCDMA systems are Integer Lattice OOC
(IL-O0C) [6], Variable Weight Random Diagonal (VW-
RD) [19] and Variable Weight code using Khazani-Sgd
(VW-KS) code[5]. In this anaysis, VW-KS is useddueto
its ability to maintaina tolerablecodelength comparedo
others.

Tablel
Compaison of di erent variable weight codespropeties
No. of code Code
Code weights No. of users length Rmax
IL-OOC | 4f5;4;3;1g 49 28 7
VW-RD | 4f6;5;4;3g 50 74 5
VW-KS | 4£8;6;4;29 50 168 1

Table 1 presentsthe adwantags and disadwantags of
VW-KS againg its counteparts in terms of code design.
In terms of codesperformance,the evaluation in terms
of mathematicabnaysis will be presentecand elaborated
in Fig. 6 of Section5, subsegently. In this exampleall
codefamilies suppot 50 userswith four di erent weights.
IL-OOCandVW-RD hasshoter codelengthascompared
to VW-KS code, however Rynax canread up to 7 and 5,
respectiely, which might leadto poor Multiple Accesdn-
terferencg MAI) cancelation AlthoughVW-KS haslonger
codelengththanlL -OOCandVW-RD, yetit guaranteethe
maximumcross-corelationof 1 betweendi erent users.
Threeweightsof 6, 4 and 2 are usedto suppot QoS in
VW-OCDMA system which canbe referred to voice, data
andvideo signals,respectiely.
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3. SAC OCDMA DetectionTedniques

The detectiontechniquesAND, CS and DD are descibed
in detail in this section. Thesethreetecniqueswill then
be mathematicajl anal/zed andthe resultsare compared.

3.1. AND Subtraction Technique

AND subtractionusesbalanceddetectionto eliminatethe
e ect of MAI. In this technigue, two decodersarerequired
in asinglereceier, which aretheupperandlower decoders.
Theupperdecodedetectshe desiredcode,x(/ ) while the
lower decoderdetectsbhinary logical AND of desiredand
interfering code x(/ )\ y(I ), with y(/ ) beingtheinterferer
signal of othercodeshaving ovedappingchip with desired
user

3.2. Complementay Subtraction Detection

Most conventional SAC systemsdeploy CS usingbalanced
detectionaswell asAND. In this technique, the upperde-

coderhasthe samestructureasthe encoderat the transmit-
ter sidex(/ ), while the lower decoderis the complement
of the upperdecoderx(/ ). The decodedsignalsare then

detectedoy a balancedeceiwer, which pefforms MAI can-

cellation.

3.3. Direct Decoding Technique

DD is anothersubtractiontechnique, developedfor SAC
systems, where it only deplg/s one decoderunlike AND
detectionwhich reduceghe numberof Iters andreceier
compleity.

DD only detectsthe non-ovefapping code of the desired
signal,which canberepresentedy x(/ ) x(/ )\ y(/ ).

4. VW-CodeCongruction

VW-KS code will be explained as it is adoptedin this
researh. This code was developedbasedon the single
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weight KS code[20]. Firstly, a brief desciption of KS
codeandits congructionis presentedthenvariable weight
implementatiorare descibed in detail.

4.1. Khazani-Syd Code

KS codeis basedon matrix congruction, where the two
sub-codesA = [11( and B = [01]] are usedto congruct
the basic matrix. The structure of this code is causing
that the cross-corelation R betweenead pair of di erent
users codesis zero or one, which resultsin reductionof
MAI e ect.

The size of basicmattix Cg for KS code(K N) is de-
pendingon the codeweightW (W = 2;4;6;:::), whereK
andN arethe numberof usersandcodelengthrespectiely.
Condructionof basicmatrix for KS codeis summaizedas
following steps[21]:

1. Fill the rst row with sub-codeA until number of
chipsequal to W.

2. Starting from secondrow, diagonaly Il the matrix
with sub-codeB until lag existing column.

3. Fill the emptyspaceswith zeros.

4. Repeatstepsl to 3 staring from the seconduseruntil
all codeseqiencegyet their weight.

The combinationof every threecolumnsneedsto be[121]
in order to be assuredthat the Ryy of one between ead
pair of codeswill be obtained. An example of KS code
congruction with code weight of 4 is depictedin Fig. 2.
It is seenthatwith codeweight of 4, numberof usersand
codelengthare 3 and9 respectiely.

° g S
cl c,[110110
C,| 011
C, 011
Step 2 Step 4
e
© (d) P
C,| 110110 C,|/ 110110000 |~ (Step3)
C,| 011000 C,[ 011000110 |- (Step1)
C;l ooodu C;| 000011011 |« (Step 2)
Step 3

Fig. 2. Condruction of KS [20].

The numberof rows Kg, also known as basic numberof
usersand numberof columnsNg or basiccodelengthare
calculatedby following equations:

@:g+1 1)
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and

=

2
Ng= 33 i: 2)
i=1
Using mappingtecdnique, a large numberof usersK can
be obtainedfrom basicmattix Cg. This is caried out by
repeatingthe basic matiix diagonaly by M times, where
M is the mappingseqience. This increaseghe maximum
numberof usersby MKg. The new large matiix resulted
from appling mappingtecnique is

2
Cegas 0O O O

_fo0 G O oé_
C('\")‘go 0 Cgz 05’

0 0 0 Cgu

where Cg.,y is Cg at the mth mapping seaience, m =

1;2;::: M.

Ead 0 is a seqienceof zeroswith the samesizeof Cg and
C(M) is the codeat cettain mappingnumber M. Mapping
of the basicmatiix, Cg of weighttwo is depictedin Fig. 3,
with M = 3.

Ri,=1
/
le{cl 11/0 000 000 R,= 0
c,| 011 000 000 4—°

_[c[ 000 110 000
M‘Z{g 000 011 000

_(Cs[ 000 000 110
M‘3{c6 000 000 011 1

Fig. 3. Mappingproces®f KS codeof weight2 usingM= 3 [20].

In the mappedmatiix, as shavn in the Fig. 3 the cross-
correlation between eat pair of userswithin the same
mappingseqienceis one; in the meantime,Ryy between
two distinct codesin di erent mappingsis zero.

The maximumnumberof users,Kmax andthe comrespond-
ing code length, Nmax Obtainedwith mapping seaience,
M canbe derived asfollow

KmarM) = M ©
and
W
Nmax(M) = 3M § i @)

i=1

Mapping seqiencesM neededor ary speci c numberof
users,K(M) is given by

& :

v Ko

(5)

NE

4.2. Construction of Variable Weight KS Code

A mappingtednigue canbe usedto combineusersof dif-
ferentsewice requirements. In this method,codesof dif-
ferentweightsis orderedso thatthe Ry, of oneis obtained.
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This methodis using the mappingtechniques,which was
usedfor extensionof single weight KS code. However, in

the VW-codeeadh mappingseaqienceis devotedfor a spe-
ci ¢ weight. Hence, the number of suppotable usersof

a speci c weight should rst to be detemined to gen-
eratesu cient codes.Thesegeneratedcodesof specic

weightwill laterbe mappedogetherto form a setof codes
with variable weights. The generalform of the congructed
variable weight code,Cy is given by

2
CW1:M1 0 0 0
G - 0 G, .o 0 z |
0 0 . 0
0 0 0 Gwm
Cw;;m; is the speci ¢ group of codesgeneratedrom the
j-th weight and mapping, and J is the number of dif-
ferentweightsin a systemwith j = 1;2;:::;J. Each O is
a seqienceof zeroswith the samesize of CWJ M; -

5. MathematicalAnalysis of
VW-OCDMA System

In mathematicahnaysis, the e ects of Phase-Induceth-
tensity Noise (P1IN), shotnoiseand themal noiseis con-
sidered. The noisevariance of a photocurentdueto the
detectionof anideally unpolaiizedthemal light, which is
generatedy spontaneousmissioncanbe written as[22]:

N2 = Wi+ N3N+ Nemai ; (6)

wherelghg denotegheshotnoise,lpn representshe PIIN
andlihemal is thethemal noise. The coherencdime of the
themal source,t. is given by [23]:
Zy
G2(v)dv
te= 22—, (7)
G2(v)dv
0

where G(v) is the sourcepower spectraldensity (PSD).
The crossalk from adjacentoptical channelsis ignored
as chips spacingis assumedo be su cientl y wide [24].
This methodgives an upperboundfor the system peifor-
mance [23], meansthe simulation and hardware results
mug be betterthan the numeical resultscalculatedwith
this method.

This analsisis madewith the following assumptions:

ead power spectralcomponentasidenticalspectral
width,

ead userreceies equal power per chip at the re-
ceiver,

ead bit streamfrom ead useris syncronized.
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The PSD of the received signalscan be written as[25]:

(=" 3 4.4 ai)P(); ®)
k— i=1

where Py, is the e ective power of sourceat receiwer, Dv
is the bandwidthof optical source,K and N are number
of usersandcodelengthrespectiely, di is the information
bit of k-th active userwhich is either\1" or \0" (dxe0; 1),
ck(i) is thei-th elementof the k-th KS codeseqienceand
P (i) is a functionde ned as:

P@i=uv v %( N+2i 2)
Dv .
uv v m( N+ 2i) = 9
—u X
SN

andu[Vv] is the unit step function expresseds:

1, v 0,

M= 5 <o

(10)

The following subsectiongxplain and expandthe anaysis
with respecto threedi erent detectionschemesAND, CS
and DD schemes.

5.1. AND Subtraction Detection

The VW-KS codepropeties for upperand lower arms of
AND subtractiontechnique canbe written as:

8
N < W; k=1
Acala=_ 1, k6 W=W (11)
i=1 "0 k6 LW W
and
8
N <W=2; k=1
aaial ali)=. L k6Lw=W (12
i=1 "0 k6 L:WEW

respectiely, whereW is theweightof k-th user The num-
ber of userswith sameweightin a basic matiix, Kg,, is
given by

W
KBW: 7+ 1: (13)

Subdituting Egs.(11) and(12) in (8) andintegrating them
resultsinto the total power incidentat the upperandlower
photodetectorsPIN 1 and PIN 2, respectiely which can
be written as:

2 Z¥ py £
Gi(v)dv= Dy & dka k(i) (i)
0 0 k=1 =1
Dv
YN dvl (14)

= %V\&dl‘* éK. dk&

=1
k&l
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and
Z¥ Zv b &
Gy(v)dv = Dy a dka ck(i)(ci (i)
0 k_ i=1
w %Vl v

Psr%*dl + EOIK dl&

=1
k6|

Let I; and |, be the photocurent at PIN 1 and PIN 2,
respectiely. The photocurentl, therebre,is given by:

Zy Zy
Gi(v) Gy(v) =
0 0

R APy W,
l,= A
2 2N,

=11 d|, (16)

whereA = he=hv is the photodioderesponsivity Here h
is quantume ciency, eis theelectronchamge, h is Plank's
congant,andyv is the centralfrequencyof optical sources
spectra.k in Eqg. (16) representshe desireduser with re-
spectto the occurenceof otherusersof di erent weights.
Users of dierent weightsis denotedby j = 1;2;:::;J
where J is the total numberof di erent weightsin the
sysem and Ny is the codelength of variable weight users
de ned as[21]:

J
Ny= & Ngmj; (17)
i1

where NBJ. and m; is the numberof userin basic matrix
andthe numberof seqiencewith weight j.
The noisepower of shotnoisecanbe written as:

124 = 2eB(l1+ 1) =
z ¥ z ¥

2eBA Gi(V)+ Gy(v) =
0 0

(18)
_ 5eBARW
N

where B is half of the bit rate, which denotesthe noise-
equivalentelectical bandwidthof the receier.

In orderto calculatethe varianceof PIIN, the meansquared
power of both PIN 1 andPIN 2 is rst obtainedby inte-
grating G2(v) and G3(v), sud as[23]:
Z ¥ Z ¥"
G2(v)dv = .

5
dea c(i)ai(i)
i=1

0

=g I

ES;
2
u
" # (19)
c (i) ka#])dkck(l)

é dmem(i)

m=1

2 N

Psr 2
= a
DvN'J 1
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and .
Z¥ ‘¥ po £ N
(V)dv= Eadkack(l)(cm) ck(i))
k=1 i=
2
u DWV dv=
A ."5d Foe
= BN 91 ci(i) c(i) 21 kCk(i)
#)
& .
a dmcm(i)
m=1

In VW-KS codewhenall usersare transmittingbit 1, the
codeseaiencecy canbe apprximatedas:
A 19
ac T akWw: (21)
k=1 Ny iy
Using appraximationin Eq. (21), the varianceof PIIN can
be written as:

Zy Zy
By =BA G+ GV =
. SBAvaka - (22)
2D\/|\@ i1 )Y
The themal noiseis given as:
4K, TB
Ithermal = RLn ; (23)

wherekKj, is Boltzmanns condant, T, is received noisetem-
peratureand R_ representshe receiwer load resigor.

Noting that the probability of sendingbit 1 at ary time for
ead useris % the SNR of the VW-KS system deplgying
AND technique for userswith weight k can be expressed
as:

(I 12
MRE Tz =
AZP2W?
_ AN2 .
5eBAPer[< 5BAP2W, 4K, TB
KW, +
N, avg Q0T TR
(24)

Therebre,usingGaussiarapprximation,the BER of users
with weightk for a multiple weight system s given by
r 1!

1 NR
Po = serfc e (25)
5.2. Complementay Subtraction Detection

The cormrelation propeties of the VW-KS code basedon
CS detectionsmemeuseéscan be written as:

N <W; k=1
Aaa=. 1 k6 W=W (26)
i=1 "0 k& I;W.8 W
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and

E 0; k=1

N
A aGl) = We 1 k6 LWe=W :
=1 TOW; k8 1L;W B W

(27)

In orderto achieve propercancelatiorof MAI, the comple-
mentcross-corelationd < ; ck(i)¢ (i) is neededo be mul-
tiplied by 12\, 1. Thisis becauseveightof the comple-
mentsignal(27)is 12\, 1 timesof the actualsignal (26)
whency is di erent with ;.

Therebre, the subtractioncan be written as:

\ 1 @ _
a aa() p—ra wial=
i=1 i=1
EWK; k=1 (28)
= 0 k&6IW=W:
"0, k6 I;W.6 W

Equation (28) shaws that a strong autocorelation of the
intendedusets codeweight W is obtained. The MAI is
alsoeliminatedastheweightzerois attainedwvhenthecode
seqiencess unmatded.

The total power incident at the upperphotodetectoPIN 1
is calculatedin (14). PIN 2 canbe derived by subsituting
Eq. (27)in Eqg.(8) as

2 ¥ g ¥ 1 Py K4
G = =
Gz 1ka§10klglckil)
(29)
. . Dv P
al) ad) u= dv= NS‘% de

kSI

Let I; and I, be the photocurent at PIN 1 and PIN 2,
respectiely. Therebre,the photocurent! is given by:

Zy Zy

=1 lb=A Ga(v) Ga(V)

) 0 0 (30)
_ AP d:
Ny
The varianceof shotnoisein the photocurentcanbe cal-
culatedas:

124 = 2eB(I1+ 1) =

Zy Zy
= 2eBA Gi(v) + Gy(v) =
0 1( ) 0 2( ) (31)
_ 4eBAPer\4<_
N,

The meansquaredpower of PIN 1 is obtainedin Eq. (19)
and the mean squared power of PIN 2 is calculatedby
integrating G3 5(v):
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Zx Z¥ 1 p KN
G5(v)dv = W 1Dy a da ci)e(i
k=1 i=1
2
u %’ dv=
( " #
B2 a0 & ddd)
W DZDWNEG, TG e
K #)
a dmem(i)
m=1
(32)

UsingappraimationEg. (21), powverof PIIN canbewritten
as:

Zy Zy
Gi(W+ Gi(v) =
0
BAPZ & 3

_ w3 Wk
=g &N Wk 2 D'

s
lpin = BA

(33)
Kiw

(D 1); |
W 17 A

Noting thatthe probability of sendingbit 1 at ary time for
ead useris % SNR of system usingCS canbe written as:

‘ﬁ Qoc,

(In 12?2
NR, = ——= =
Re H2i
AZR2w2
_ NG
4eBAPW, , BAP2 o 4K, TB
TN g 8 KW Wt ey + R

(34)

BER of userscan be calculatedby subgituting SNRy in
Eq. (34) into Eq. (25).

5.3. Direct Decoding

DD schemeonly detectsthe non-ovelappingspectrausing
a singlereceiwer, thusonly half of the weight assignedor
a patrticular useris detected(%). It is assumedhat cy(i)
denotesthe i-th elementof the k-th KS code seqience
therebre the code propeties for the KS code using this
technique canbe written as:

N
o . . =2; k=1
& adal= " K (35)
i=1 '
Using the samemathematicalinaysisasin Subsectiorb.1
the PSD at the input of the photodetectoiGyq(V) can be
expresseds:
P & 8 Dv
Guwa(v) = = a dka ck(i)a(i u — 36
dd (V) kac’ill kia k(i)ai (i) N (36)

=1
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Therebre, the photocurent of the desiredusets signalis

Zy <
~ AP.
lag = A . Gga(V)dv= Zsr\M(

d| . (37)

Sinceonly the non-overappingchip is Itered for DD tedh-
nigue, PIIN is negligible. The total noise hereis consid-
eredto be only the sum of shot noise and themal noise
sud as:

|2 — zeBldd+ 4KanB — eBA\Psr\M + 4KanB

R Ny R

Noting that the probability of sendingbit 1 at ary time
for ead useris % , the SNR of the VW-KS system deploy-
ing DD technigue for userswith weight k can be expres-
sedas

(38)

AZp2aw?
_ (Idd)2 _ 4N\% . 39
NRe= TE eBARMW  4KxThB (39)
2Ny R

BER of userscanbe derived using Eq. (25).

6. Resultsand Discussion

The parametersisedin mathematicabknaysis arelisted in
Table 2, aspublishedby otherresearbers[18], [23].

Table2
Typical parametersisedin the anaysis
‘ Symbol‘ Parameter ‘ Value ‘
h Photodetectoguantume ciency 0.6
Dv Linewidth of broadbandsource 3.75THz
Psr Received optical power {10 dBm
B Electiical bandwidth 622 MHz
) Operatingwavelength 1550nm
Th Receiwer noisetemperature 300K
R Receiwer load resigor 1030W
e Electronchamge 1.6 10 1°C
h Pland's congant 6:66 10 * Js
K, | Boltzmanns congant 1:38 10 28 J/K

In all anayses,the numberof active userswith di erent
weightsarealmog the same,i.e. ead sewice (voice, data
andvideo) hasthe sameportion of total users.

Figure 4 illustratesthe probability of error for userswith
di erent weightsversusnumberof active usersusing IL -
OOC, VW-RD andVW-KS, respectiely, whereCS is ap-
plied asdetectiontechnique. The SNR equationfor multi-
wavelengthlL -OOC and VW-RD are extractedfrom [26],
[27] and[19], [28], respectiely. It is shavn that even the
codeweights of VW-KS users(8, 6 and 2) are lessthan
IL-OOC and VW-RD (22, 13 and5), KS «ill outpeform

56

them. This shaws thatalthoughthe codelengthof KS code
familiesarelonger thanothers,performanceof the codeis
betterdueto smallercross-corelation.

Log of probability of errarP,
AR
o

KN
N

-14 U= — - - : :
20 40 60 80 100 120 140
Number of active users

Weight Weight Weight
IL-OOC —e—22  VW-RD -~ 22  VW-KS o8
m=33 —e—13 -8 13 @ 6
——5 el e 4

Fig. 4. Probability of eror versusnumberof usersfor di erent
codefamilies.
(Seecolor picturesonline at www.nit.eu/publications/joural-jtit)

Figure 5 shaws the probability of errors for userswith dif-
ferent weights versusnumberof active users,emplgying
CS, AND and DD tedchniques. The total code length is
increasedby the increaseof total numberof usersin the
system, which reducesBER of all users. Moreover, per
formanceof system deplg/ing AND and CS is decreased

0
2r
A B A g
g ap fa e
[}
©
Z 6T
3 .
8 J
s -8
s
S
o -l0r
o
|
-12
14 [ N s , N ,
20 40 60 80 100 120 140
Number of active users
--@-- CS(W6) --e-— AND (W6) —e— DD (W6)
@ CS(W4) & AND (W4) —e— DD (W4)
s CS(W2) AND (W2) —a— DD (W2)

Fig. 5. Probability of error versusnumberof users.
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further becauseof PIIN which have signi cant e ect for
lower weights. It is shovn that performance of sys-
tem deplgying DD is mud better than the system with

AND and CS. The performanceof userswith di erent

weightsis much more di erentiated emplgying DD tech-

nique. With referenceto the BER of 10 3,10 ° and10 12
for voice, dataandvideo, respectiely, the maximumnum-
berof active usersthatcanbe suppotedin a VW-OCDMA

is 27, 25 and 100 deplgying CS, AND and DD, res-
pectively.

Figure 6 illustratesthe probability of error as a function
of probeoptical received power per chip when numberof

active usersis 11 and bit rateis 1.25 Gb/s. The number
of userswith weight 6, 4 and 2 is 4, 3 and 4, respec-
tively andthe total codelengthis 33. Figure 6 revealsthat
performanceof systemswith AND and CS detectionsis

limited even with increaseof receiwed optical power. This
is due to the PIIN noise, as pefformanceof system with

DD dramaticaly increaseswith gaining more power be-
causeDD detectsonly non-osedapping signalsand avoid

the PIIN.
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-
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-30 -25 -20 -15 -10
E! ective power at receiver [dBm]
CS (W6) AND (W6) DD (W6)
CS (W4) AND (W4) DD (W4)
CS(W2) AND (W2) DD (W2)

Fig. 6. Probability of emor versuse ective power per chip at
receiwer.

Figure7 shavstheplot of probabilityof error for thesystem
using DD detectionversusnumberof simultaneouaisers
for bit ratesof 2.5,5 and 10 Gb/s,wherePs, is {10 dBm.
It is shawvn in Figs. 5 and7 thatthe numberof suppotable
usersfor VW-OCDMA system using DD tednique is 46,

30, 24 and 20 for bit ratesof 1.25,2.5, 5 and 10 Gb/s,
respectiely, for BER of 10 ° andall userswith di erent

weights.

Performance of a VW-OCDMA system with 11 active

usersis also analzed using OptiSystem version11 simu-
lation software. The performanceof system is invegigated
basedon received optical powver. In software simulation

32016

JOURNAL OF TELECOMMUNICATIONS
AND INFORMATION TECHNOLOGY

-10

Log of probability of errarP,

-12

-14
20 40 60 80 100 120 140
Number of active users

2.5 Gbls (W6) 5 Gb/s (6) 10 Gbis (6)
2.5 Gbis (W4) 5 Gb/s (W4) 10 Gbls (W4)
2.5 Gbis (W2) 5 Gb/s (W2) 10 Gbls (W2)

Fig. 7. Probability of emor versusnumberof active usersfor
di erent bit ratesfor DD technique.

the parameteraused are the sameas parameterausedin
numeical anaysis. The chip spacingis chosenas0.8 nm
to avoid crossalk betweenchannels.
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Fig. 8. BER versuse ective power per chip at receiwer.

Figure 8 shawvs the BER of userswith di erent weightsfor

the CS, AND and DD tedhniques. As mentioned,math-
ematical anaysis appraimatesthe upper bound for sys-

tem performance. The simulation results proves this fact
and also suppots the numeical anaysis. As depictedin

Fig. 8, DD outpeformsthe otherdetectionausingbalanced
receiwverin which PIIN signi cantly reduceghe systemper

formance.
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7. Conclusion

In this paperperformanceof a VW-OCDMA system using
AND, CD and DD techniqueswas numeically anayzed
and comparedto simulation result. E ects of di erent

parametersincluding number of users, optical received
power and bit rate was invegigated. It has beenshavn

that peformanceof sysem emplg/ing DD technique is

much better than system with CS and AND subtraction.
The obtainedresultsshaved that whenreceived power per
chip is {10 dBm, system deploying DD cansuppot up to

100 userswhile this amountis 25 and 27 for the system
with CD and AND detections,respectiely. The dier-

encebetweennumberof suppotableusersusingCS, AND

and DD becomedurther di erentiated by the increaseof

received pover. VW-OCDMA with DD tedhnique with

reducedcompleity andnumberof Iters o ers agreatpo-
tentialin sewice di erentiation in physical layer.
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