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Abstract
An Analysis of a Synchronous Coherent Optical CBiasion Multiple Access Networks (OCDMA) is
accomplished by analyzing various CDMA code seqeenthe entire essential signal processing which
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AN ANALYSIS OF SYNCHRONOUS COHERENT OPTICAL CODE BISION MULTIPLE ACCESS (OCDMA) NETWORK

1.Introduction

The Code Division Multiple Access (CDMAjs a radically new concept in wireless
communications. It has gained widespread internatiacceptance by cellular radio system
operators as an upgrade that will dramaticallyease both their system capacity and the
service quality. It has likewise been chosen f@lagment by the majority of the winners of
the United States Personal Communications Systé&ls)Bpectrum auctions. It may seem,
however, mysterious for those who aren't familighwt. This site is provided in an effort to
dispel some of the mystery and to disseminateadst la basic level of knowledge about the
technology. The use of CDMA for civilian mobile radapplications is novel. It was
proposed the erotically in the late 1940's, but gnactical application in the civilian
marketplace did not take place until 40 years la&@@®mmercial applications became possible
because of two evolutionary developments. One wasavailability of very low cost, high
density digital integrated circuits, which redube size, weight, and cost of the subscriber
stations to an acceptably low level. The other thasealization that optimal multiple access
communication requires that all user stations r&gutheir transmitter powers to the lowest
that will achieve adequate signal quality. Sinaeddvent of the mid 80.s, single-mode fiber-
optic media were believed to become the main higswaf future telecommunications
networks for transporting high-quality high-volunmeultipurpose information. Hence the
need for an all optical multi-accessing networkdme urgent. An all-optical multi-access
network is a collection of multiple nodes where thieerconnection among various nodes is
via single mode optical fibers. The CDMA is a methaf allowing multiple users on the
same communication channel using same bandwidtleselhusers are given distinct
orthogonal codes, which can be transmitted at éingestime, using the same channel and the
entire available frequency spectrum available. @hta for multiple users are multiplexed
synchronously or asynchronously. Among variouscghptCDMA techniques used to date,
fiber-optic CDMA using optical orthogonal codes (O and their possible variations, have
received much attention due to their simple stm&ctand compatibility with intensity
modulation/direct-detection fiber-optic transmissisystems. Commercially introduced in
1995, CDMA quickly became one of the world's fasg®wing wireless technologies. In
1999, the International Telecommunications Uniodleced CDMA as the industry standard
for new "third-generation” (3G) wireless systemsanyl leading wireless carriers are now
building or upgrading to 3G CDMA networks in order provide more capacity for voice
traffic, along with high-speed data capabilities.

The structure of a typical OCDMA network is showrthe figure (1)
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SOURCE —» CDMA (g OPTICAL m—e{ _ CDM1 T »| RECOVERY
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- 1 1 #N
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1
Fig. 1 Schematic diagrams of an optical code division multiple access (OCDM A) communication system.
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2. Spread Spectrum System
In general, Spread Spectrum communications isngggtshed by three key elements:
1. The signal occupies a bandwidth much greater that which is necessary to send the informatidris
results in many benefits, such as immunity to fetemce and jamming and multi-user access, whicll we
discuss later on.
2. The bandwidth is spread by means of a code whigtdependent of the data. The independenceeofdde
distinguishes this from standard modulation schemewhich the data modulation will always spreaé th
spectrum somewhat.
3. The receiver synchronizes to the code to recthedata. The use of an independent code and eyrals
reception allows multiple users to access the dasgeiency band at the same time.

The bandwidth expansion or spreading is dorté Wie help of a pseudorandom code
sequence at a very high data rate. This also felltvat, the demodulator should have the
same pseudorandom code sequence in order to ddateodu obtain the information signal
at the receiver. This pseudorandom code is usefuiniultiple users in the network, since
each user can be assigned an independent codenseque These CDMA codes are
orthogonal codes and are unique from each otheo. flimctions,a(t) and b(t) are said to be
orthogonal with respect to each other over therval x<t<y , if, they satisfy the equation

y
[ A D)= 0 e e, A)......

Equation (1) is used to test the orthogonalftjunctions. This zero result implies that the
functions are .independent. of each other. Withlarge network of users, if the spreading
sequences are all orthogonal, then it would allcanyrusers to use the same frequency range
and this would not cause interference. Hence, esystutilizing this method of transmission
are calledcode division multiple acce€DMA) systems. Large redundancy inherent in
spread spectrum signals is required to overcome stheere levels of interference in
transmission of digital information over radio asatellite channels.

The spread spectrum signals are used for:

1. Combating or suppressing the detrimental effetinterference due to jamming, interferenceirgisfrom
other users in the channel, and self interferglugeto multipath propagation.

2. Hiding a signal and transmitting it at a lowwss level, thus making it difficult to be detectéd the
presence of background noise by an unintendechéistend achieving message privacy.

3.Spread Spectrum Techniques
There are four main ways to spread a signal. Taia techniques used af@irect Sequence
Spread Spectrunand Frequency Hopping Spread Spectruin addition to these, there are
hybrid formats, such ashirp andTime Hopping But the latter two are not as popular. They
are mainly restricted for military use.

For spread spectrum three types of modulatienuged. These ar@hase shift keying
(PSK), frequency shift keyin@FSK) andon off keying(OOK). PSK is used where a phase
coherence can be maintained between the transnsitg@dl and received signal. FSK is
generally used where such phase coherence cannotab#ained mainly due to time
varying effects on the communication link, and O@generally used for optical CDMA.

3.1 Direct Sequence Spread Spectrum (DSSS)
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In spread spectrum systems, the spreading codeallsd pseudo nois€PN) sequence,
which consists of periodic coded sequence of ahd 0.s. The binary bit stream is

designed to appear random with approximately equahtber of 1.s and 0.s. This binary
sequence can be generated at the receiver anttati@mitter and receiver must be

synchronized. The bit rate for these sequensesuch higher than the bit rate of the
message sequence to be transmitted. This will asereéhe bandwidth of the modulated
message signal by a factor N, called the proceggiing Direct Sequence Spread Spectrum

shown as given below.
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3.2 Frequency Hopping Spread Spectrum

Another form of spread spectrum is callEdequency Hopping Spread Spectrukiere the
carrier frequency of the signal is altered méames, in a pseudo andom fashion. The
result is an increase in the effective bandwidtthefsignal over time.

P owvweer

£ " T g r £

frequency

I

e el O

Y
L

-

Fig. 3 Frequency Hopping Sequence Spread Spectrum

Transmitted Time

Slots (& bits)

l4— One Fra me—b/ M = time slots in
each frame; :=T./M

Fig.4 Time Hopping Sequence Spread Spectrum

In this scheme, the FSK signal is generatetithe frequency of this signal is shifted by
an amount that is determined by a PN code. Atrélceiver the frequency synthesized is
controlled by an identical PN sequence, to genesatpreading sequence similar to the
sequence used at the receiver.

In addition to the above mentioned spreading tegles, we also hav€hirp and Time
Hopping along with some othddybrid systems.
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Chirp . This method employs a carrier that is swept ovearge of frequencies. At the
beginning of each transmitted pulse, the carrieequency is modulated, causing an
additional spreading of the carrier.

The primary application of this method is in radsystems where the uniqueness of each
part of the spread spectrum system increases gswution allowing accurate measurement
of the time a signal takes to return.

Time Hopping. In time hopping systems the period of the duygle of the pulsed RF
carrier varied in a pseudo random manner. Thalso mainly a military application.
Hybrid Systems. Hybrid systems employ a combination of two orrenof theabove
methods. Typically, hybrid systems combine thest of two or more of these spread
spectrum systems.

4. Coherent And Incoherent System
An Optical communication receiver can be dividethi2 major categories: direct detection
and coherent detection systems.

» In direct detection (DD) systems the optical sigisaprocessed by an optical front

end. The front end is composed of primarily passievices, such as, lenses,
directional couplers, polarizers, etc. The sigaahen detected by a photodiode or a
group of diodes. Direct detection systems are byhia simplest configurations.
In DD systems, at the transmitter the informatiggnal is intensity modulated to
produce a series of optical pulses. While at #eeiver the received signal is
detected by a photodiode, which converts the dpdigaal into an electric baseband
signal. The information, which is coded intotiogl energy, can be retrieved. A
DD or Incoherent system is shown in figure 5.

» In coherent optical systems the optical signal fittve fiber is mixed with a signal
generated by a laser (optical local oscillator)e Thixing operation translates the
received optical signal, using heterodyne detectiesulting in a baseband signal
followed by a standard electronic receiver to psscthe signal. This is shown in

figure 6.
Pulse Optical Star Optical __...-* ’
laser encoder Coupler, decoder
4 .
Data .". s snnllnn
Fig.5 Incoherent OCDMA
Jun 3dB coupler
Optical L NI/ st r(t) T
encoder coupler '—@: . -
oM ‘
-| Code and e [P
ol corricr . (O D) |
] R O B Clock |

Fig.6 Coherent OCDMA
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5.Auto Correlation and Cross Correlation
Typically a correlation circuit consists of a mixamnd a low pass filter. The Correlation can
be defined as the measurement of how much two Isigma alike. It is a measurement of the
similarity of two signals. Correlation is used fietecting spread spectrum signals. However
autocorrelation refers to the degree of correspocelebetween a sequence and a phase
shifted replica of itself.

In a direct sequence spread spectrum systeralaton is used to identify a signal that
has been coded with a PN sequence. The low pass Hhndles averaging and removing
noise which is outside the bandwidth of informatsgnals |. Essentially the two incoming
signals are multiplied together (in a mixer) and tiroduct will be checked. The average
value from the mixer will result in the averageeliess of the two signals. After mixing, the
interference signals are spread out (since thegmble noise) while the desired signal is de-
spread to its narrow band. As mentioned beforeic&ypautocorrelation plots show the
number of agreements minus the number of disagmsnfer the overall length of the
sequences being compared. If c(r) is a perioditsgopwaveform representing a PN sequence,
we refer to each fundamental pulse as a PN sequambol or chip.[2] The normalized
autocorrelation function is expressed as follows;

L] : . 3
R (t)=—[mmiber of agreements — number of disogreements) (2)
=T 2 .

[}

I' =27 =1 chaps.

Q

The Agreement and Disagreement with refereegeences are as given below.

Shift Sequence Agreement (A) | Disagreement (D) A-D

| 0111001 3

2 | 1011100 3

3 [ 0101110 3

4 0010111 3 |

5 1001011 3

Slala]lala] e
|

t 1100101 3

0 1110010 7 ’ 0 7
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Fig.7 Auto correlation of athree stage linear feedback shift register

The normalized autocorrelation function ivv(x) gperiodic wavefornx(t) with periodTOis
given as:

Tpi2

| 1 :
REitjl=——— ()l + 1) for —e <tz (3)
T { B ‘
Where.
e
R(0)=— [ x*(ndr
0 =Fi2

The cross correlation function between two signélsandz(t), is defined as the con elation
between two different dsnsxgt) ands(t) and is given by,

R(1)= i X(P)z{r+ 1)t for —eo<1>ec (4)
Ay
We have focused 011 the performance analysis oD@DMA network using certain
sequence codes as mentioned before in previousethay this thesis, hi order to achieve
this, certain PN codes ate generated and analyiedcodes that have heen studied for this
purpose arei-sequences. Gold codes, Prime caddModified Prime€odes.

6. Coherent Correlation Detection
In a coherent correlation detection, multiplying ihcoming signal with the designated user
code, which is generated chip by-chip, carriescolierent correlation detection. The product
of the multiplication is then integrated over tloele length.
The incoming signal C{”and the local code C}"” can be represented with the cross-correlation function,

I
[ c(t)ex (t = D)t =T.6, , (m) + (t—mT,) 6, ,(m+1)— 6, ,(m) | (5)

0
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Where 1is the code phase shift between the incoming signal and the local code,

m :LT.-’T(J :
N4

8}.'_.' (m) i Z C,E'kJC,Ii"w'-m ( 6)
J=0

With | t/7. |defined as the largest integer less than or equal to t/T.. 6,,(m) is the
discrete periodic cross-correlation function & (m). at k=1, represents the periodic auto-
correlation function.

The two primary correlation conditions needed fonwti-user system like CDMA are,

*» The autocorrelation function between the codekitsntime shifted code should be low comparedhéo t
autocorrelation peak value.

* The cross correlation function between two caddhke set should be low compared to the autocatiosi
peak value.

7.Hardware Description of OCDMA System

An Optical fiber networking is one of the main daua path to meet the growing demands of
the information society with respect to the pramisiof a range of telecommunication
services. The most desirable aspect of the OCDM#héshuge bandwidth inherent with
single mode optical fiber transmission. A singledm@ptical fiber can support transmission
capacity in the range of Terabits per second. @btiaultiplexing techniques have to be
employed to exploit full system transmission cafyaciCode division multiple access
(CDMA) is a multiple access scheme that is adoptddcal area networks (LAN) so that the
users in the network can access the same netwarknehwithout delay or scheduling but
with high transmission security. CDMA is one tedue that simultaneously,
asynchronously or synchronously, multiplexes mlgtiysers in the same frequency band and
timeslot through unique signature codes.

In the above Fig. 1 shows a typical fiber oZiDMA network. Each information source
provides am information bit for a laser based @ti@OK modulator, every T second. Pulses
generated by optical OOK modulator have durafion T/F, where F is CDMA code length
or processing gain of the network. In an opticalMd®encoder, energy of pulse generated
gets split into K (code weight) equal parts. Eaalt pndergoes a specified delay and then
recombines to form the CDMA code pattern at thepouof a CDMA
encoder. This process is performed using opticaplars and optical tapped delay lilies. We
assume the OOC codes with minimum auto and cragslabon is assigned to each user's
encoder .

In the diagram shown. N is the maximum numbeaative users of the network and by
Nmax the maximum number of allowable users. This méaatNmax is the size of the star
coupler, Under conditions of minimum auto and crosselation,Nmax is limited to(F-1
YK (K-I).
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Data Recovery System
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"
A Synchronizatison Syzem
[
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=
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bl Tp———
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e

Fig.8 Qi Orthogonal Codes CDMA Networks

The star coupler distributes the signal equithyn each input port to its A7ma;. Output
ports. At the receiver the desired signal alonghwlie interference from all other N-I users
will be received. The receiver has to be ablegaide which bit of the desired user has been
sent. Bit Error Rate performance of the receivehighly affected by the architecture of
CDMA decoder.

8. Match Filter
In an OCDMA match filter is an important paramedtaroptimization analysis. A general
matched filter is illustrated in the figure below.

J'{():JLI)_J”'(!} Matched Filter J‘:({)=-S:_(!)_'_fl:(f)

- h(r)
H(f)

Fig.9 Match Filter

Let the input be denoted by s (t) and the ousyrtal by S(0). Similar notation is used for
noise. This filter is used in applications where fignal may or may not be present. Firstly,
the signal is assumed to be tune limited betweenrttervals (0, T) and is zero otherwise.
The Power Spectral Density (PSD) of the additiveutnnoisen(t) will also be known. In
order to determine the filter characteristics stnat the instantaneous output signal power is
maximized atp, we need to find the filter impulse resporg8, such that the signal to noise
ratio will be maximum at = 1.
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(§)_s,(t)
iu

= .._-"
m () 7)
And the transfer function of the matched fiiegiven by
-S*)
Hif)=K——=c¢ "™ (8)
E(f)

where S(f)= F[s(r)] 15 the Fourier transform of the input signal s(7)of duration T
seconds. P,(f) 1is the PSD of the mput noise. 7, is the sampling time when (S/N),,, 1s

evaluated, and K is an arbitrary real non zero constant.

The output is given by,

solte) = [ H(F)S(f)e'df (9)

The average power of output noise is,
n2(0) =R, (0)= [|[H(N BN (10)

The signal to noise ratio at the output is given by.

g _i'HLﬂ-‘a’if‘if“""‘r!fi

"5 So (5
l% =|°E"]_ = (11)
Wil g Lr) . ;
L S O RAY
Usmg the Schwarz mequality . we obram,
. - g 2

oy JHU RO | }f'—‘?l.df
|| s=—— = A (12)
N [ 7] Bondr
Smee P(f) 15 a non negarive real funetion. Hence.

sy _zlsenf

—| = | 13
I 7 nd e
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9.Prime Sequence Codes
The typical receiver output in a CDMA system iswhan the equation (14) below. Where
each data bit is encoded into the wavefafm), which consists of a signature sequence of N
chips. This signature sequence represents thendisti address of that bit. Individual
receivers correlate their own addregs) with the received signai(n)
The resulting outpug(n)is:

N
q{n_}=Zs(f;Ja{k—n]

k=1

If s(n)= a(n) then the signal has arrived at the correct receigad the equation (14)
represents an autocorrelation function. The prdipalbif error can be calculated with respect
to the number of users on a system, with the usbeokignal to noise ratio. From the auto
correlation and cross correlation analysis theaigmnoise ratio for these types of sequences
can be approximated by

Here K is the number of users transmitting simultaneoublythis equation the SNR is
directly proportional to the square of the numbkchips (P) per code sequence. It is also
true from the equation that, for a given chip lénfgir a code sequence, the signal to noise
ratio decreases as the number of simultaneous, ksénsreases. Hence it can be said that,
larger the number of users in the network, at aemitime, the poorer the system
performance. This degradation in the SNR leads to@ease in the probability of error.

The probability of error &G , assuming Gaussian distributed interference, isrghwy the

__(—J/5NR ]_ [ ¢
P.,G—Q[ . _—Q\EWJ
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where Q(x) _ 1 Ieldy 15 the cumulative distribution function. The above
Jim s, 2

approximation is valid for large values of K where, by the central limit theorem. the

mnterference component approaches a Gaussian distribution.

Table Mapping of S, and C_ for P=5

Group i
x 01234 sequences code sequences
0 0O00Co So Cy= 10000 10000 10000 10000 10000
1 01234 S C;= 10000 01000 00100 00010 00001
2 02413 S, C,= 10000 00100 00001 01000 00010
3 03142 S C,= 10000 00010 01000 00001 00100
4 04321 Sy C,= 10000 00001 00010 00100 01000

ncobwerent Pome-codes
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Fig.9Probability of error Vs Number of simulation ser for Prime codes
(In coherent detection scheme) for P=7 to P73
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10. Conclusion
The primary task of this paper has been to studlyamalyze the different spreading code sequemcadiber
optic CDMA Local Area Network. For this purpose wesigned and simulated an OCDMA Local Area
Network using certain spreading code sequences.cdtie sequences we considered for our evaluatommar
.sequences, Gold sequences, prime sequences aiifiechpdme codes. The performance of these codés a
their probabilities or error versus the number sérs are evaluated from simulation and plottethes€ are
shown in the figures in the previous chapters.aialyzed, both coherent OCDMA and incoherent OCDMA
In a CDMA system, we have a transmitter and a veceiln the receiver, information is retrieved @gin
Matched filter detection (MFD) and Coherent Catiein detection (CCD). There is a need for aofofuture
research work to be performed on OCDMA systemstiquéarly in the area of development and
implementation of all optical systems. Theingdand other simulations were performed using Matl
However, future research work can be carried eingu better software tools and simulation safevsuch as
coding using Visual C++, or even maybe more advanegsions of Matlab.
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