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Abstract: Problem statement: In this study, a distributed power control algomit is proposed for
Dynamic Frequency Hopping Optical-CDMA (DFH-OCDMAYystem.Approach: In general, the
DFH-OCDMA can support higher number of simultaneaisers compared to other OCDMA
techniques. However, the performance of such systegrades significantly as the received power
does lower than its minimum thresholesults: This may obviously occur in a DFH-OCDMA
network with near-far problem which consist of difint fiber lengths among the users, that resulting
to unequal power attenuation. The power misdistidibuamong simultaneous active users at the star
coupler would degrade the Bit Error Rate (BER) pernfance for users whose transmitting signals with
longer fiber lengths. In order to solve these peold, we propose an adaptive distributed power
control technique for DFH-OCDMA to satisfy the tatdSignal to Noise Ratio (SNR) for all users.
Conclusion: Taking into account the noise effects of Multiplecass Interference (MAI), Phase
Induced Intensity Noise (PIIN) and shot noise, flystem can support 100% of users with power
control as compared to 33% without power controémthe initial transmitted power was -1dBm with
30 simultaneous users.
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INTRODUCTION different fiber lengths. The power misdistributiamong
simultaneous active users at the star coupler would
Since mid 1980’s, optical communications havedegrade the Bit Error Rate (BER) performance foneso
became very important in the world wide. To datp, U users which transmitting signals through longeterfib
to this date, many techniques have been reseainhed lengths. Therefore there is a need to equalizgptiveer
many fields of optical communication due to their at can be achieved by using power control.
attractive features such as vast bandwidth, higredp Power control is one of the key technologies that
signal processing and reliable secitity The increase system capacity and quality effectivelwoT
techniques include Optical Code Multiple Accessapproaches can be considered, namely, Centralized
(OCDMA), introduced due to the fast growing demandPower Control (CPC) and Distributed Power Control
of transmission bandwidth and system capacity(DPC®. Both approaches are used to optimize the
OCDMA provides users with asynchronous access ofaunched power and maximize network capacity based
the medium by assigning each particular user with @n the number of users satisfying a targeted Signal
specific code signature. Therefore huge number ofnterference Ratio (SIR).
simultaneous users can be shared optically witth hig Power control is proposed previously for single-
reliability. Spectral Amplitude Coding (SAC- rate direct detection DOCDMA systems by using
OCDMA)!9 " Fast Frequency Hopping (FFH- double optical hard-limiter correlation receiV&ls
OCDMA)"®, Modified Frequency Hopping (MFH)  This technique needs two threshold settings foffitae
and Dynamic Frequency Hopping (DFH-OCDMHA) and second hard limiters. These thresholds arergigne
are examples of OCDMA techniques that offer thighhi dependent on the received optical power and the
capacity. However, due to the multiple accesshumber of simultaneous usersinpower control is
transmission, these techniques suffer with the stiser also proposed for multimedia networks with time
interference called as ‘multiple access interfeeérr  hopping-OCDMA, based on diversity receiving with
MAI. The impact becomes worst in the system withhard limiting.
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Table 1: Comparison of DFH-OCDMA and other OCDMA |.7 G 4.‘
techniqgues for BER degradation due to receiver @,
sensitivity

Code Change of Pr. BER change

FFH -40- 0 10° - 10732 gy

SAC-Hadmard -40- 0 10" - 0.5x107"

SAC-MQC -40- 0 10* - 10*

SAC-MFH -40- 0 10* - 10*

Ptuserk
DFH-OCDMA -40- 0 10* - 10%?

G;,: Gain path for user j fromnode n

It is noted that the power control technique hagig. 1: Star Network at Different Fiber Lengths 16r
only be discovered for prime cdde and FFH users: (a): At transmitter side; (b): At receiver
codé®'**®! even there would be more potential code side
that can be considered. This study therefore pegpos
and investigates on how much the improvement can b order to solve these problems, distributed power
obtained in DFH-OCDMA using power control control technique for DFH-OCDMA is proposed that

especially when such system suffers the effectseaf- ~ Would strongly satisfy the target Signal to NoisatiR
far problem. (SNR) for all users.

The importance of power control for DFH- MATERIALSAND METHODS
OCDMA: DFH-OCDMA is chosen as the scope of this
study because of the following considerations. In
general, DFHOCDMA has been proposed as a solution

to provide easy reconfiguration of the transmitter . o ;

with%ut the ne()e/d for sgphisticated enc@erthe &t decoder side for K users can be divided into two

encoder varies the central frequency of opticakeul parts: the S|g_nal coming frorff éiser which include the
data and noise and second part represented the MAI

signal according to the functional code set to the hich f th K-1 wh K is thaltot
controller. It can be realized using controlled &bie which come from other users ®-1, where & IS thafto

Optical Filter (TOF) in each encoder and decodeesi activ_e USErs. In DFH-OCDMA case, the received digna
with sinusoidal function given in Eq®t (Sr)is given by:

Distributed power control method: To apply power
control with DFH-OCDMA, we need to initially
analyze the noisy received signal. The receivedasig

Sr = Sjesire + MAI (2)

F(t) = 5 sin(2rft- ie) i0@L2..,K) 1) ‘
where QesiredS the desired signal, while MAI is the
Where: interference signal found from the Ef!:3
K = The number of simultaneous users
Av = The bandwidth of the optical frequency p v, S
f = The optical frequency MAL, = T.Av j%lbi i:1( (BW(TS' (.)-% ("J))
0 = The phase shift between two successive codes € D) 3)
_ _ - [ [FO-F@|d)
Another advantage of DFH-OCDMA is that, it can S (i)

accommodate simultaneous users as maximum as

169% in average, twice as much as compared to otheihere:

OCDMA techniques. Nevertheless, the BERPr The received power

deteriorated rapidly with the small reduction ofth Av The bandwidth of the optical frequency, T
threshold received power compared to other bit time duration

techniques. The comparison of BER degradatioBW Bandwidth of the TOF

between DFH-OCDMA and other techniques isS and E = The start and end interference time kmtwe

tabulated in Table 1. It is shown that, a littleange of i and j users respectively

threshold received power (from -10 dBm to -12 dBm)F, i = The functions in (Eq. 1) of users i and ]

yields great BER degradation from™100° while the respectively

other techniques did not show significant changéss ~ Nij = The intersecting points between users i and
phenomenon may significantly occur in a DFH-OCDMA j which is depend on phase shift between
network with near-far problem as shown Fig. 1. the users
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This code was extensively discusséd.in where, MAL, MAI, and MAl are the multi access
MAI in Eqg. 3 is the major problem in OCDMA as interference for first user, second user and lasir u
it limits the network at lower SNR. Instead of MAI, respectively and K is number of simultaneous users.
PIIN and shot noises also affect on the value dRSN Noted that, the value of MAI for any user i is fauto
Basically, the photocurrent variance due to PEN i be linearly proportion with Pr at another decodehiis

given by*%: the Eq. 3 can be simplified as the MAI of useriveg

by:
0|2=||N = IZ[cB (4)

MAIj=AXPrj (9)
Where:
| = The average photocurrent, where, A is a constant representing the design
1. = The coherence time of the source parameters of DFH-OCDMA in Eq. 3. The value of A
B = The noise equivalent electrical bandwidth depends on the bandwidth of the system, light speed

bandwidth of TOF and code size of the function of
In DFH-OCDMA, the PIIN variance for K users is users defined in Eq. 1.

represented BY: In the same way, the value of PIIN and shot noise
variances in Egq. 5 and 7 respectively will take new
pr P 2 equations as follows:
PIIN = BDZ[A_f/ +A_\JI]
(5)  PIN, = B~1(Pr + P;r)2 + B‘Z( Fi’r)2 (10)

BW —|F (t)-F (t)|+ Bmz(P—rijz F()-F(t
( | : ) Av | J 1 o’sh= C1.Pr (11)

Meanwhile the basic variance of shot noise is\Nhere:
represented as the followi:

2
o’shot=+/ 2eBlI (6) B71= il\]/z (BW‘|E M-F (tj)
2
Where: B™2= 552 ( F()-F (tj)
e = The electronic charge Av
B = The noise equivalent electrical bandwidth c = Ze% DBWJ
| =The average photocurrent Av
_ 20eBBW
The value of | in DFH-OCDMA also depends on ¢! T Ay

the received power over the bandwidth of TOF,ABx/
and therefore, the shot noise variance in DFH-OCDMA |t is clear now: the MAI, PIIN and shot noises for

is considered as: all users are affected by received power of ottsers

and varies linearly with Pr. Since thgiRrEqg. 9 and 10

o’sh= | 2¢] eBIBWE" (7)  are different based on near-far problem, we neeakie
Av the sum average of Hor all users. Rearranging Eq. 9-

) 11, the variance of each of MAI, PIIN and shot rois
The Eq. 3, 5 and 7 [fh assume that the received can be represented by:

power is equally-value for all users. This is tamdy if

all users transmit the signals at the same paththen )
Although the other parameters can be remained as 1 &

i i 2MAI, =A1| —— > Pr, (12)
constant since the bandwidth of TOF does not chang€ M~ K-14 |
with the power misdistribution, as far as the niar- 21
problem is concerned, the Pr value in Eqg. 3 canbeot
considered uniform. So the MAI for simultaneousrase 2
are not similar, or: K

o?PIIN, =B —Kl 12 Pr 13)

MAI, ZMAI , Z2MAI (8) =
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2 _ . 2
o?sh= Clx py; (24) SNR = I 17)
1 K
where, Al, B1 and C1 are constants that lead &afin (AL+B1) K _1;'35 + C1Rr+a” th
proportion relationship between MAI, PIIN and shot =

noises and Pr respectively.

The SNR in OCDMA can now be represented by: The main purpose of applying power control is to
reduce all these noises by adjusting appropriate
2 transmitted power of certain users in such a way aH
SNR = T oPIIN 2 0%h * oih (15)  users may obtain the target SNR.

The SNR for f user in Eq. 17 represents the first
5 ) ) _ parameter for PC algorithm in Eq. 18 and this value
where,c"MAI, ¢°PIIN, 6°sh are the variances of MAI, il be compared with target SNR (SNRto estimate

PIIN and shot noises as shown in Eq. 13-15ppropriate transmitted power for the next iteratfis
respectively and’th is the thermal noise which is equal any), shown as follow<!:

to:
SN

Pr (n+ D= 50 pr (n (18)
. 4 TB SNR (n)
o’th= % RL (16)

where, n is the number of iteration of PC. The
Where: transmitted power is updated by scaling the current
K, = Boltzmann's constant power level by the ratio between the target SNR and
T = Absolute receiver noise temperature the current SNR' ": the EFH'OCE)_MA case,_ﬁthe
B = The noise equivalent electrical bandwidth ofSNF‘)"clrg must be equal to 16 dB to achieve BER =10

. If for example, the obtained SNR fdtiser is 15 dB
at nth iteration, then the P{n+1) = 1.06 x Rtat
(n+1)th iteration, considering that the power vecto

_ _ does not exceed the initial transmitted power. A
As a result, the SNR in DFH-OCDMA at various flowchart shown in Fig. 2 summarizes the power

Pr with constant values éf1, B'1, B2 and C1 is: control algorithm.

|

ﬁ# CIR (n)=CIR (n+1)

receiver
R, = The receiver load resistor

Input CIR tar
Input [ P ] vectol

JL

Calculate

No
_"BER >
R g o oRae e

Yes

K=k-1 CRi = CR
(fix )

Fig. 2: Flowchart to Apply Power Control with DFHEGIA
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RESULTSAND DISCUSSION resulting to SNR that less than 16 dB (where th&@BE
are at acceptable value of 0 Taking into account
Numerical simulation has been conducted usinghe noise effects of Multiple Access Interference
Matlab® to model the proposed algorithm. The(MAI), Phase Induced Intensity Noise (PIIN) and sho
parameters used are: BW =1.65 nm, f= 1550 nnhoise, the system could support 100% of users with
AV :- 30 n-m. The number Of users ConSIdeI‘_ed IS 10%0wer control Compared to 33% without power
starting with fiber length of 0.2 km for the firger,  control when the initial transmitted power was Bnd
up to 20 km for the last user. In this case, theamong 30 simultaneous users.
difference of fiber length among adjacent user.s 0
km. The system is considered as fully supportatef ) With and swithont PC
system can support all simultaneous users. InFid. —e R
was observed that without power control, the system —— Bttaston e
was not fully supported (i.e., only 77 out of 10ets —— ™ §
managed to obtain BER of T). After the application 1 st
of power control in the first iteration, the systdras -
improved to support 94 number of users. It is then z = =
gradually supported 100% of users after the second~
iteration. = s
Meanwhile the distribution of random path
length for 30 users is shown in Fig. 4a, resultiag
unequal received power, shown in Fig. 4b. Note,that .. ‘ | L |
some users have Pr less than -10 dBm and thereforc = % 7 . Y0 7vome W
affected these users to have SNR lower than 16 dB
(shown in Fig. 4c). Then it is depicted in Fig. dd- Fig. 3: Supported 100% users in the system withgrow

that, all users satisfy the target reeei power, control

AN
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Fig. 4: (a): Random path length for 30 users; Bgceived power without power control; (c): Receiyaxver
with power control; (d): SNR with power control){&NR without power control
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CONCLUSION 7.

The DFH-OCDMA is a new technique which
increases the capacity of the network, but it lke®e
near-far problem. To control solve this probleme th

power control method has been proposed to achiev@.

optimum value for signal to noise ratio for all use

Using power control, the unwanted noises from other

users could be reduced significantly. From theltssit

has been shown that the system could maintain of.

supporting high number of users although despithef
near-far problem.
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