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Abstract�In this study, a distributed power control 

algorithm is proposed for Dynamic Frequency 
Hopping Optical-CDMA (DFH-OCDMA) system. In 
general, the DFH-OCDMA can support higher 
number of simultaneous users compared to other 
OCDMA techniques. However, the performance of 
such system degrades significantly as the received 
power does lower than its minimum threshold.  This 
may obviously occur in a DFH-OCDMA network 
with near-far problem which consist of different 
fiber lengths among the users, that resulting to 
unequal power attenuation. The power 
misdistribution among simultaneous active users at 
the star coupler would degrade the Bit Error Rate 
(BER) performance for users whose transmitting 
signals with longer fiber lengths. In order to solve 
these problems, we propose an adaptive distributed 
power control technique for DFH-OCDMA to 
satisfy the target Signal to �oise Ratio (S�R) for all 
users. Taking into account the noise effects of 
Multiple Access Interference (MAI), Phase Induced 
Intensity �oise (PII�) and shot noise, the system can 
support 100% of users with power control as 
compared to 33% without power control when the 
initial transmitted power was -1dBm with 30 
simultaneous users. 
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INTRODUCTION 
 
Since mid 1980�s, optical communications have 
became very important in the world wide. Up to this 
date, many techniques have been researched in many 
fields of optical communication due to their attractive 
features such as vast bandwidth, high-speed signal 

processing and reliable security [1-4]. The techniques 
include optical code multiple access (OCDMA), 
introduced due to the fast growing demand of 
transmission bandwidth and system capacity. OCDMA 
provides users with asynchronous access of the medium 
by assigning each particular user with a specific code 
signature. Therefore huge number of simultaneous 
users can be shared optically with high reliability. 
Spectral Amplitude Coding (SAC-OCDMA) [10], Fast 
Frequency Hopping (FFH-OCDMA) [6], Modified 
Frequency Hopping (MFH) [2], and Dynamic 
Frequency Hopping (DFH-OCDMA) [6] are examples 
of OCDMA techniques that offer this high capacity. 
However, due to the multiple access transmission, these 
techniques suffer with the users� interference called as 
multiple access interference (MAI).  The impact 
becomes worst in the system with different fiber 
lengths. The power misdistribution among simultaneous 
active users at the star coupler would degrade the Bit 
Error Rate (BER) performance for some users which 
transmitting signals through longer fiber lengths. 
Therefore there is a need to equalize the power at can 
be achieved by using power control.   

Power control is one of the key technologies that 
increase system capacity and quality effectively. Two 
approaches can be considered, namely, centralized 
power control (CPC) and distributed power control 
(DPC)[8]. Both approaches are used to optimize the 
launched power and maximize network capacity based 
on the number of users satisfying a targeted signal to 
interference (SIR) ratio. 
 

Power control is proposed previously for single-
rate direct detection DS-OCDMA systems by using 
double optical hard-limiter correlation receivers [13]. 
This technique needs two threshold settings for the first 
and second hard limiters. These thresholds are generally 
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dependent   on   the   received   optical   power and the 
number of simultaneous users. In [7], power control is 
also proposed for multimedia networks with time 
hopping-OCDMA, based on diversity receiving with 
hard limiting. 
 It is noted that the power control technique has 
only be discovered for prime code [5] and FFH code [9] 
, [14],[15]even there would be more potential code that 
can be considered. This paper therefore proposes and 
investigates on how much the improvement can be 
obtained in DFH-OCDMA using power control 
especially when such system suffers the effects of near-
far problem. 
 

THE IMPORTANCE OF POWER CONTROL FOR 
DFH-OCDMA 

 
DFH-OCDMA is chosen as the scope of this study 

because of the following considerations. In general, 
DFH-OCDMA has been proposed as a solution to 
provide easy reconfiguration of the transmitter without 
the need for sophisticated encoder [6]. The encoder 
varies the central frequency of optical pulse signal 
according to the functional code set to the controller. It 
can be realized using controlled Tunable Optical Filter 
(TOF) in each encoder and decoder sides with 
sinusoidal function given in Eq. (1) [6]. 

v sin(2 ft i ) i (1,2..,K)F(t)i 2
Δ= π − θ ∈  (1) 

where K = The number of simultaneous users, ∆v = The 
bandwidth of the optical frequency, f  = The optical 
frequency, θ = The phase shift between two successive 
codes.  
 

Another advantage of DFH-OCDMA is that, it can 
accommodate simultaneous users as maximum as 169 
[6], in average, twice as much as compared to other 
OCDMA techniques. Nevertheless, the BER 
deteriorated rapidly with the small reduction of the 
threshold received power compared to other techniques. 
The comparison of BER degradation between DFH-
OCDMA and other techniques is tabulated in Table 1. It 
is shown that, a little change of threshold received 
power (from -10 dBm to -12 dBm) yields great BER 
degradation from 10-9 to 10-6 while the other techniques 
did not show significant changes.  This phenomenon 
may significantly occur in a DFH-OCDMA network 

with near-far problem as shown in Fig. 1. In order to 
solve these problems, distributed power control 
technique for DFH-OCDMA is proposed that would 
strongly satisfy the target Signal to Noise Ratio (SNR) 
for all users.  
 

Table 1: Comparison of DFH-OCDMA and other OCDMA 
techniques for BER degradation due to receiver sensitivity 

Code Change of Pr. BER change 

FFH        -40  � 0 10-3    � 10-3.2
 (≈ Fix )

SAC-Hadmard  -40  � 0 10-1 � 0.5x10 -1 
SAC-MQC  -40  � 0 10 -1 � 10-4 
SAC-MFH -40  � 0 10 -1 � 10-4 
DFH-OCDMA  -40  � 0 10-1 � 10 -12 

DISTRIBUTED POWER CONTROL METHOD 
 

To apply power control with DFH-OCDMA, we 
need to initially analyze the noisy received signal. The 
received signal at decoder side for K users can be 
divided into two parts: the signal coming from ith  user 
which include the data and noise and second part 
represented the MAI which come from other users K-1, 
where K is the total active users. In DFH-OCDMA 
case, the received signal (Sr) is given by: 
 

MAIS desiredS r += (2) 
where Sdesired is the desired signal, while MAI is the 
interference signal found from the Eq. 3[6]: 

( ( )
Ni, j (i, j)Ek ipr BW( (i, j) (i, j) (t) (t) dt)SMAI b E F Fi i j iijTb j 1, j i i 1 (i, j)Si

τ
= τ −τ − −∑ ∑ ∫Δν = ≠ = τ

(3) 

where  Pr is the received power, ∆v is the bandwidth of 
the optical frequency, Tb bit time duration, BW is the  
Bandwidth of the TOF, S and E are the start and end 
interference time between i and j users respectively, Fj,
Fi are the functions in (Eq. 1) of users i and j 
respectively, Ni, j is the intersecting points between 
users i and j which is depend on phase shift between the 
users. This code was extensively discussed in[6]. 
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Los 1n

Gjn : gain path for user j from node n 
 

Fig. 1: Star Network at Different Fiber Lengths for K users: (a) at Transmitter Side, (b) at Receiver Side. 

MAI in Eq. 3 is the major problem in OCDMA as 
it limits the network at lower SNR. Instead of MAI, 
PIIN and shot noises also affect on the value of SNR.  
 
Basically, the photocurrent variance due to PIIN is 
given by [10]: 
 

2 2I BcPIIN =σ τ  (4) 
where I is the average photocurrent, τc is the coherence 
time of the source, B is the noise equivalent electrical 
bandwidth. 
 
In DFH-OCDMA, the PIIN variance for K users is 
represented by [6]: 
 

2
Pr jPri2PIIN B v v

2
Pri2BW (t) (t) B (t) (t)F F F Fi j i jv

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

⎛ ⎞⎛ ⎞⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

= +ℜ Δ Δ

− − + −ℜ Δ

(5) 

 
Meanwhile the basic variance of shot noise is 

represented as the following [11]: 
 

eBIshot 22
σ (6) 

 
where e is the electronic charge, B = noise equivalent 
electrical bandwidth, I is the average photocurrent. 
 The value of I in DFH-OCDMA also depends on 
the received power over the bandwidth of TOF, (Pr/Δυ)
and therefore, the shot noise variance in DFH-OCDMA 
is considered as:  
 

v
pr iBWeBshi Δ

ℜ= ..22
σ

(7) 

 
The Eq. 3, 5 and 7 in [6] assume that the received  

power is equally-value for all users. This is true only if 
all users transmit the signals at the same path length. 
Although the other parameters can be remained as 
constant since the bandwidth of TOF does not change 
with the power misdistribution, as far as the near-far 
problem is concerned, the Pr value in Eq. 3 can not be 
considered uniform. So the MAI for simultaneous users 
are not similar, or: 
 
MAI MAI MAI1 2 K≠ ≠ (8) 
 
where MAI1, MAI2 and MAIK are the multi access 
interference for first user, second user and last user 
respectively and K is number of simultaneous users. 
Noted that, the value of MAI for any user i is found to 
be linearly proportion with Pr at another decoder j, thus 
the Eq. 3 can be simplified as the MAI of user i, given 
by:  
 

Pr jMAIi = Α ⋅ (9) 
where A is a constant representing the design 
parameters of DFH-OCDMA in Eq. 3. The value of A 
depends on the bandwidth of the system, light speed, 
bandwidth of TOF and code size of the function of 
users defined in Eq. 1. 
 In the same way, the value of PIIN and shot noise 
variances in Eq. 5, 7 respectively will take new 
equations as follows: 
 

( ) ( )
2 2

~ ~P IIN P r P r P ri j ii B B1 2= + +
 (10) 

 

Pr.12
iCshi =σ (11) 

where  

90

Iraq J. Electrical and Electronic Engineering المجلة العراقية للهندسة الكهربائية والالكترونية

________________________________________________________________________________________________________________________
Vol.7 No.2, 2011 مجلد7, العدد2, 2011



2v

2B~1 BW (t) (t)B F Fi j
⎛ ⎞
⎜ ⎟Δ ⎝ ⎠

ℜ= − − ,

2v

2B~2 (t) (t)B F Fi j
⎛ ⎞
⎜ ⎟Δ ⎝ ⎠

ℜ= − , and  ⎟
⎠
⎞

⎜
⎝
⎛
Δ

ℜ=
v

BWeBC 21

It is clear now; the MAI, PIIN and shot noises for 
all users are affected by received power of other users 
and varies linearly with Pr. Since the Prj in Eq. 9, 10 are 
different based on near-far problem, we need to take the 
sum average of Prj for all users. Rearranging Eq. 9, 10 
and 11, the variance of each of MAI, PIIN and shot 
noise can be represented by:  

j 1
j i

K12 A1( )2M AIi Pr jK 1 =
≠

σ = ∑−
(12)  

j 1
j i

K12 B1( )2P IIN i P r jK 1 =
≠

σ = ∑
−

(13) 

2 sh C1 Priσ = ⋅  (14) 
where A1, B1 and C1 are  constants that lead to  linear 
proportion relationship between MAI, PIIN and shot 
noises, and Pr respectively.  

The SNR in OCDMA can now be represented by: 
2ISNRi

22 2 2MAI PIIN sh th
=

σ+ + +σ σ σ

 (15)

 
where σ2MAI, σ2PIIN, σ2sh are the variances of MAI, 
PIIN, and shot noises as shown in Eq. 13, 14 and 15 
respectively and σ2th is the thermal noise  which is 
equal to : 

4 T B2 K bth LR
=σ

(16) 

where Kb is the Boltzmann's constant, T is the Absolute 
receiver noise temperature, TB is the noise equivalent 
electrical bandwidth of  receiver, RL is the receiver 
load resistor. 
 

As a result, the SNR in DFH-OCDMA at various 
Pr with constant values of A1, B~1, B~2 and C1 is: 

2ISNRi K1 2(A1 B1)( ) C1 thPriPr jK 1 j 1
j i

=
+ + +∑ σ− =

≠

(17) 

 The main purpose of applying power control is to 
reduce all these noises by adjusting appropriate 
transmitted power of certain users in such a way that all 
users may obtain the target SNR.  
 

The SNR for ith user in Eq. 17 represents the first 
parameter for PC algorithm in Eq. 18 and this value 
will be compared with  target SNR (SNRtar) to estimate 
appropriate transmitted power for the next iteration (if 
any), shown as follows [12]. 
 

)(Pr)(
arg)1(Pr ninS�Ri

S�Rtni =+ (18) 

 
where n is the number of iteration of PC. The 
transmitted power is updated by scaling the current 
power level by the ratio between the target SNR and the 
current SNR. In the DFH-OCDMA case, the SNRtarg 
must be equal to 16 dB to achieve BER =10-9 . If for 
example, the obtained SNR for ith user is 15 dB at nth 
iteration, then the Pti (n+1) = 1.06× Pti at (n+1)th 
iteration, considering that the power vector does not 
exceed the initial transmitted power. A flowchart shown 
in Fig. 2 summarizes the power control algorithm. 
 

RESULTS AND DISCUSSION 
 

Numerical simulation has been conducted using 
Matlab® to model the proposed algorithm. The 
parameters used are: BW = 1.65 nm, f = 1550 nm, ∆v =
30 nm.  The number of users considered is 100, starting 
with fiber length of 0.2 km for the first user, up to 20 
km for the last user. In this case, the difference of fiber 
length among adjacent user is 0.2 km. The system is 
considered as fully supported if the system can support 
all simultaneous users. In Fig. 2, it was observed that 
without power control, the system was not fully 
supported (i.e only 77 out of 100 users managed to 
obtain BER of 10-9). After the application of power 
control in the first iteration, the system has improved to 
support 94 number of users. It is then gradually 
supported 100 percent of users after the second 
iteration.   
 

91

Iraq J. Electrical and Electronic Engineering المجلة العراقية للهندسة الكهربائية والالكترونية

________________________________________________________________________________________________________________________
Vol.7 No.2, 2011 مجلد7, العدد2, 2011



Input  CIR targ
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Fig. 2: Flowchart to Apply Power Control with DFH-CDMA 
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Fig. 3: Supported 100% Users in the System with Power Control 
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Fig. 4: (a) Random  path length for 30 users (b) Received power without Power Control (c) Received power with  
Power Control (d) SNR with Power Control (e) SNR without Power Control  

 
Meanwhile the distribution of random path length 

for 30 users is shown in Fig. 4(a), resulting to unequal 
received power, shown in Fig. 4(b). Note that, some 
users have Pr less than -10dBm and therefore affected 
these users to have SNR lower than 16 dB (shown in 
Fig. 4(c)). Then it is depicted in Fig. 4(d-e) that, all 
users satisfy the target received power, resulting to 
SNR that less than 16 dB (where the BERs are at 
acceptable value of 10−9). Taking into account the noise 
effects of Multiple Access Interference (MAI), phase 
induced intensity noise (PIIN), and shot noise, the 
system could support 100 percent of users with power 
control compared to 33percent without power control 
when the initial transmitted power was -1dBm among 
30 simultaneous users. 
 

CONCLUSION 

The DFH-OCDMA is a new technique which 
increases the capacity of the network, but it has severe 
near-far problem. To control solve this problem, the 
power control method has been proposed to achieve 
optimum value for signal to noise ratio for all user. 
Using power control, the unwanted noises from other 
users could be reduced significantly. From the results, it 
has been shown that the system could maintain on 
supporting high number of users although despite of the 
near-far problem. 
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