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Abstract In this paper, we examine the performance

of a Spectral Amplitude Coding-Optical Code Division

Multiple Access (SAC-OCDMA) system using two dif-

ferent codes: m-sequence and Hadamard. Fiber Bragg

Grating (FBG) filters and balanced detection technique

are employed for performance enhancement. The sys-

tem performance is evaluated in terms of Quality fac-

tor (Q), Bit Error Rate (BER) and Signal-to-Noise Ra-

tio (SNR) as a function of number of users and fiber

distance. The achieved results using a co-simulation

Matlab-Optisystem version 17 are considered as im-

provements over previous works found in the litera-

ture. The results corresponding to a first comparative

study of the system performance using the both code

sequences show that using Hadamard code yields a bet-

ter BER performance than using m-sequence code. This
led us to study the performance of the proposed system
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Réda Yahiaoui
NanoMedicine Lab, Therapeutic Imagery, Franche-Comte
University, Besançon, France
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for a larger number of users using the Hadamard code of

length L=32 (m=5). The simulation results reveal that

at a data rate of 100 Mbits/s and a FBG bandwidth of

0.4 nm, the suggested SAC-OCDMA system may sup-

port up to 13 users with a transmission distance of 5

Km. The obtained results also show that a distance of

45 Km can be used for a number of users up to 8 with

BER=9.8E-09, Q=5.82 and SNR=20.71 dBm.

Keywords SAC-OCDMA · m-sequence code ·
Hadamard code · Narrowband filters · Q-factor · BER ·
SNR

1 Introduction

Recently, optical telecommunication systems have seen

the emergence of new technologies, namely: Multiple

Access technologies allowing the sharing of data be-

tween several users with high bandwidths, improved

transmission capacity and high service security [1].

OCDMA is one of the Multiple Access technologies

that has been given special importance compared to

other existing techniques such as: WDM, TDM, FDM...

thanks to their ability to transmit data without re-

quiring any access synchronization necessitating com-

plicated and costly electronic protocols [2,3]. They take

the advantage of an all-optical process, a high level

of service security and the availability of simultaneous

users [4,5]. Indeed, CDMA is a spread-spectrum tech-

nique based on the principle of distributing the power

of the transmitted signal over the entire bandwidth,

which is much wider than that required to transmit the

desired signal [6].

Furthermore, the performance of an OCDMA system

is limited by many kinds of noise, such as shot noise,
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thermal noise and MAI resulting from overlapping sig-

nals of different existing users [7,8]. The SAC-OCDMA

is one of the OCDMA codes that has been implemented

and deserves special attention because of its significant

ability to reduce Multiple Access Interferences (MAI)

[9–11].

The SAC-OCDMA technique is essentially based on en-

coding and decoding the optical signal utilizing a va-

riety of detection techniques and different fixed-phase

cross-correlation code sequences [12,13].

On the one hand, many researches have been focused on

the use of encoding techniques such as SAC-OCDMA

encoding based on arrayed waveguide-gratings (AWGs)

and SAC-OCDMA encoding using optical demultiplex-

ers and multiplexers (WDM)[14,15]. Similarly, detec-

tion techniques such as AND subtraction detection, mod-

ified AND subtraction detection, and balanced detec-

tion approach have been implemented [16,17]. These

techniques contribute significantly to the performance

improvement of SAC-OCDMA systems because they

are based on schemes that minimize the effect of multi-

ple access interference. Each technique is characterized

by a specific operating principle. The balanced detec-

tion technique is based on splitting the received sig-

nal into two branches: the upper branch has the same

spectral response as the encoder, and the lower branch

has the complementary spectral response. Then a sub-

tractor is used to calculate the difference in correlation

between the resulting signals of the two branches. The

AND subtraction detection is based on dividing the re-

ceived signal into two parts, one part that has a filter

structure identical to that of the encoder and the other

part that has AND filter structures. The two signals are

subjected to an AND operation to detect overlapping

wavelengths and then sent to a subtractor to remove

the overlapping wavelengths from the desired code. Fi-

nally, the modified-AND subtraction detection is based

on dividing the received signal into two parts; one part

corresponds to the decoder and the other part corre-

sponds to the AND decoder. The decoder consists of

filters in a parallel structure whose spectral response is

adapted to the active user, and the AND decoder con-

sists of filters with spectral response that corresponds

to the overlapping data of existing interferers.

Following our promising work already carried out on

experimental realizations of Fiber Bragg gratings using

Lithium Niobate by the E-beam lithography technique,

we have been able to realize a waveguide which allows

to have a good reflectivity around 100% and a very

narrow band (< 1 nm) [11]. Therefore, in this work, we

have chosen to rely on Fiber Bragg Gratings for both

encoding and decoding the SAC-OCDMA system using

balanced detection technique. The use of such a filter

allows for achieving good performance in terms of MAI

reduction since FBGs allow the reflection of very spe-

cific wavelengths [18–20].

On the other hand, several signature codes have been

implemented for the encoding and decoding process in

SAC-OCDMA systems. These include the m-sequence

code, Hadamard code, MQC (Modified Quadratic Con-

gruence) Code, EDW (Enhanced Double Weight) code,

MFH (Modified Frequency-Hopping) code, etc [21–25].

However, these codes are limited in terms of certain

parameters such as the code length, the possible code

sequences to be constructed and the maximum cross-

correlation value which usually depends on the code

weight. It’s worth noting that the Hadamard code is of-

ten characterized by its shorter length when compared

to other codes [26].

SAC-OCDMA system performance based on Hadamard

code was investigated in terms of BER and transmis-

sion quality with use of Dispersion Compensation Fiber

Bragg grating (DCFBG) and Erbium Doped Fiber Am-

plifier (EDFA). However, the results presented showed

that the number of users allowing an acceptable BER

is limited to 7 users [27].

The purpose of this work is first to compare the perfor-

mance of the SAC-OCDMA system of ten users using

m-sequence and Hadamard codes, and second to sim-

ulate a larger number of users using the code proving

better performance.

The presented results are obtained using a co-simulation

Matlab-Optisystem and are considered to be an im-

provement over other works found in the literature study-

ing the SAC-OCDMA systems with different encod-

ing/decoding and detection techniques [28,2,20].

The present paper is organized as follows. Section 2 in-

cludes a description of the SAC-OCDMA architecture.

In section 3, a detailed performance analysis of the stud-

ied system is introduced. Next, Section 4 is devoted to

the simulation setup, results and discussions. Finally, a

conclusion is provided in Section 5.

2 SAC-OCMDA architecture

The block diagram of multi-users SAC-OCDMA sys-

tem is illustrated in Fig.1 and consists of two main

blocks: the transmitter and the receiver. Each user’s

transmitter includes an incoherent broadband source

emitting an optical signal that will be modulated by an

external modulator. Then, an encoder is implemented

to filter the modulated signal and realize the SAC-

OCDMA concept by attributing a unique code to each

user. The encoder consists of a series of FBGs having

the same bandwidth but different wavelength value as

illustrated in Fig.2. It filters specific wavelengths that
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are emitted by the incoherent broadband optical source.

The encoded signals are collected using an optical com-

biner and transmitted through the optical fiber. The

receiver block consists of a decoder, a complementary

decoder (c-decoder), two photodiodes (PD and c-PD)

and a subtractor. The received signal is divided into two

branches: the upper branch consisting of a decoder with

a spectral response similar to that of the encoder used

on the transmitter side, and the lower branch consisting

of a c-decoder with a complementary spectral response.

Finally, the decoded signals are transmitted to the two

photodiodes electrically connected in opposition, and

then to the subtractor.

3 Performance analysis

The aim of this section is to develop the BER expression

of a SAC-OCDMA system by calculating the different

required expressions of the mean optical power and the

diverse optical noises related to the receiver signal.

The first step is to calculate the Power Spectral Density

(PSD) reaching the photodiodes in the receiver block

and representing the combination of the different PSDs

emitted by an incoherent source and then filtered by the

various elements used for the coding and decoding pro-

cess. the following calculations are performed according

to the same procedure as in [29].

3.1 Optical Power Spectral Density (PSD)

The calculation of the PSD expressions is examined ac-

cording to a procedure dealing with four different cases

depending on the user’s activity and inactivity. They

are expressed as follow [29,30]:

S0(ν) = S

NI∑
i=1

Yi(ν)HD(ν) (1a)

S0C(ν) = TS

NI∑
i=1

Yi(ν)HCD(ν) (1b)

S1(ν) = S

[
HE(ν)HD(ν) +

NI∑
i=1

Yi(ν)HD(ν)

]
(1c)

S1C(ν) = TS

[
HE(ν)HCD(ν) +

NI∑
i=1

Yi(ν)HCD(ν)

]
(1d)

Where NI represents the number of existing interferers

that varies in the interval [0, K-1]; K is the number of

users. S0(ν) and S0C(ν) represent the received PSDs at

the photodiode (PD) and its complementary (C-PD),

respectively when the required user is inactive. S1(ν)

and S1C(ν) are the received PSDs at the PD and C-

PD, respectively when the required user is active. Yi(ν)

is the transfer function of the encoder corresponding to

the ith arbitrary interferer. HD(ν) and HCD(ν) repre-

sent the transfer functions of the decoder and the c-

decoder of the required user, respectively. HE(ν) repre-

sents the required user encoder transfer function, and

T designates the transmission factor of the attenuator

beside the c-detector.

3.2 Mean optical power

The mean optical power that reaches the photodiodes

is given by:

〈P 〉 =

∫ B0

0

S(ν)dν (2)

Where S(ν) designates the Spectral Power Density (SPD)

expressed in Eq (1), and B0 represents the optical band-

width of the incoherent broadband source.

Based on Eq (1) and replacing the summation term

of NI interferers having the same contribution by NI
times the contribution of one interferer, the Mean Op-

tical Power expressions of the four cases are obtained:

〈P0〉 = SNI

∫ B0

0

YI(ν)HD(ν)dν (3a)

〈P0C〉 = TSNI

∫ B0

0

YI(ν)HCD(ν)dν (3b)

〈P1〉 = S

∫ B0

0

HE(ν)HD(ν)dν+

SNI

∫ B0

0

YI(ν)HD(ν)dν

(3c)

〈P1C〉 = TS

∫ B0

0

HE(ν)HCD(ν)dν+

TSNI

∫ B0

0

YI(ν)HCD(ν)dν

(3d)

The mean optical power corresponding to the required

user after the balanced detection is given by:

〈Puser〉 = 〈P1〉 − 〈P1C〉 (4)

Note that in the case of m-sequence code and Hadamard

code, the attenuator is not required on the c-decoder

side and therefore T is equal to 1. The active user mean

optical power is:

〈Puser〉 = S

∫ B0

0

YI(ν)HCD(ν)dν (5)
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Fig. 1 SAC-OCDMA system block diagram

Fig. 2 Encoder based on narrowband Bragg filters

The characteristics corresponding to m-sequence code

and Hadamard code are presented in Table 1.

FBG encoder and decoder

The fiber Bragg grating is amongst filters that have

been widely implemented in the telecommunication field

and in particular for spectral amplitude coding for OCD-

MA systems.It is a periodic structure that represents a

periodic change of refractive index when exposed to an

intense light source. Therefore, thanks to the refrac-

tive index modulation, the Bragg grating reflects a fre-

quency band around a specific wavelength known as the

Bragg wavelength, according to the following equation

[31]:

2neffΛ = mλB (6)

Where: neff is the effective index, m is the Bragg’s

order and Λ is the Bragg Grating period. As detailed

in [31], the gain and bandwidth settings of the FBGs

used in the simulations of this study are derived from

the transfer function which depends on several opto-

geometric parameters namely the number of periods N,

the period value Λ, the duty cycle r, etc.

On the other hand, the transmission channel used in the

current study is a standard single mode fiber (SMF)

without the use of any amplifiers or dispersion com-

pensators. The attenuation and dispersion factors of

the optical fiber are taken into account and set to 0.25

dB/km and 18 ps/nm km, respectively, according to

the ITU-T G.652 standard.

A broadband incoherent optical source is used to gener-

ate a light spectrum consisting of different wavelengths.

Using the formula relating frequency and wavelength

given by f = c
λ , the width of the frequency spectrum

of the incoherent optical source is defined by [32]:

∆f =
c

λ2
∆λ (7)

Where c: the speed of light in vacuum and λ and ∆λ

are the optical source wavelength and spectral width,

respectively.

The average power spectral density (PSD) of the inco-

herent optical source is expressed as:

PSD =
Paverage
∆f

(8)

Where: Paverage is the average power of the optical

source measured using a power meter component.
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Table 1 Characteristics of m-sequence and Hadamard codes [29]

Code sequence Code length (L) Number of users(K) Weight (w) Cross-correlation(λ)

m-sequence 2m − 1 2m − 1 2m−1 2m−2

Hadamard 2m 2m − 1 2m−1 2m−2

3.3 Optical noise analysis

In addition to the determination of the Mean Optical

Power expression, the analysis of the optical noise is

also required to calculate the BER expression.

Generally, in a SAC-OCDMA system, there are three

types of optical noises, namely: Intensity noise, thermal

noise and shot noise.

– The intensity noise expression (B0 � Be) is calcu-

lated by:

σin =
2Be
Npol

∫ B0

0

[S(ν)]
2
dν (9)

Where Npol represents the number of polarizations of

the optical source that is equal to 2 for unpolarized

sources, and Be refers to the electrical bandwidth of

the balanced detector.

By substituting the terms of S(ν) given in eq (1) into

eq (9), and by taking into account the intensity noise

dependency on NI , the intensity noise expression cor-

responding to each case is:

σ2
P0|NI = NIσ

2
PID +NI(NI − 1)

〈
σ2
PijD

〉
(10a)

σ2
P0C |NI = NIσ

2
PIC +NI(NI − 1)

〈
σ2
PijC

〉
(10b)

σ2
P1|NI = σ2

PED + 2NIσ
2
PIED +NIσ

2
PID+

NI(NI − 1)
〈
σ2
PijD

〉 (10c)

σ2
P1C |NI = σ2

PEC + 2NIσ
2
PIEC +NIσ

2
PIC+

NI(NI − 1)
〈
σ2
PijC

〉 (10d)

Where σ2
PID, σ

2
PijD, σ

2
PED and σ2

PIED are the noise

component from an interferer alone, two interferers beat-

ing together, the desired user alone and the desired

user and an interferer beating together, respectively.

σ2
PIC , σ

2
PijC , σ

2
PEC and σ2

IPEC are the complementary

noise components.

σ2
PID =

σ2
0

B0

∫ B0

0

[Yi(ν)HD(ν)]
2
dν (11a)

σ2
PijD =

σ2
0

B0

∫ B0

0

Yi(ν)Yj(ν) [HD(ν)]
2
dν (11b)

σ2
PED =

σ2
0

B0

∫ B0

0

[HE(ν)HD(ν)]
2
dν (11c)

σ2
PIED =

σ2
0

B0

∫ B0

0

Yi(ν)HE(ν) [HD(ν)]
2
dν (11d)

Where σ2
0 represents the reference noise component that

is defined by:

σ2
0 =

2B0BeS
2

Npol
= B0BeS

2 (12)

The total intensity noise can be calculated by:

σ2
in = σ2

P0
+ σ2

P1
(13)

– The variance of thermal noise is given by [33]

σ2
th =

4κβTnBe
RL

(14)

Where κβ is the Boltzmann’s constant, Tn is the re-

ceiver noise temperature and RL is the receiver load

resistance.

– The variance of shot noise is defined by:

σ2
sh = 2eBe 〈Puser〉 < (15)

Where < is the photodiode responsivity (< = ηe
hν ) [34].

Finally, the total optical noise of a SAC-OCDMA sys-

tem is computed by summing equations (13), (14) and

(15).

σ2
T = σ2

in + σ2
th + σ2

sh (16)
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3.4 SNR and BER expressions

The Signal to noise ratio is defined by:

SNR =
〈Puser〉2

σ2
T

(17)

Based on the approximation of Gaussian distribution,

the Bit Error Rate (BER) is related to the SNR via the

following equation [29,35]

BER =
1

2
erfc

(√
SNR

2

)
(18)

Where erfc is the complementary error function.

Table 2 summarizes the corresponding expressions of

the mean optical power (〈Puser〉), the total optical noise

(σ2
T ) and the Signal to Noise Ratio (SNR) of m-sequence

code and Hadamard code.

4 Simulation setup and results

4.1 System description

The proposed SAC-OCDMA system shown in Fig.3 is

composed of three blocs: transmitter bloc, transmission

channel and receiver bloc.

The transmitter consists of an optical source (White

Light Emitting Diode) emitting an optical power, a

PRBS (Pseudo Random Bit Generator) generating the

information signals using the NRZ coding and an ex-

ternal Mach-Zehnder modulator used to modulate the

generated signal. The encoder connected to the output

of the MZN modulator consists of different FBGs hav-

ing different wavelengths values. It is used to encode

users constituting the SAC-OCDMA system by allo-

cating a unique code sequence to each one. The coded

information signals are then transmitted over an optical

fiber linked to the output of an optical combiner. The

receiver bloc is made up of different decoders where the

received signal corresponding to each decoder is divided

into two parts: the upper part is filtered out using a de-

coder similar to the encoder at the transmitter and the

lower part is filtered out using the complementary de-

coder. The decoded information signals are passed to

two photodiodes converting them to an electrical signal

then to a subtractor and a low pass filter in order to

retrieve the signal corresponding to each user. Finally,

a BER analyzer is placed at the output of the SAC-

OCDMA system to analyze its performance by indi-

cating the quality factor and the bit error rate (BER)

values.

4.2 Results and discussion

The described model of SAC-OCDMA system shown

in Fig.3 is simulated using Optisystem software version

17 for two different code sequences, namely: m-sequence

code and Hadamard code.

First, the simulations were performed comparing the

performance presented by the m-sequence code of length

L=15 and the Hadamard code of length L=16, by inves-

tigating the effect of the fiber distance on the BER for

different number of users. Then, based on the obtained

results, we tried to rely on the code showing better per-

formance to simulate the proposed system for a larger

number of users.

4.2.1 Comparative simulation of BER performance as

a function of fiber distance using the m-sequence

and the Hadamard code

The variation of BER versus fiber distance at differ-

ent number of users using m-sequence and Hadamard

codes is respectively demonstrated in Fig.4 and Fig.5.

The bit rate and the bandwidth are set at 100 Mbits/s

and 0.3 nm,respectively. According to the both Figures,

it is clear that as the fiber distance and the number of

users increase the BER increases as well.

Figure 4 shows that at a fiber distance of 5 Km, the

number of possible users with an acceptable BER of

9E-09 can be up to 9 users. Similarly, a system of 7

users performs well over a fiber distance of up to 25

Km where the corresponding BER is about 4.33E-09

. Then, for L=45 Km, the studied system is still per-

forming well for 5 users with a BER= 1.5E-10.

Regarding the variation of BER versus fiber distance

using the Hadamard code (Fig.5), and performing a

similar study to that performed using the m-sequence

code, it can be observed that at L=5Km and L=25

Km, the number of users offering good performance is

respectively, 9 users with BER=1.51E-09 and 8 users

with BER=1.44E-09. Moreover, the possible fiber dis-

tance for a SAC-OCDMA system of 7 users can be up

to 35 km instead of the 25 km achieved with the m-

sequence code. Finally, the studied system is indeed

able to provide good BER performance for a distance

up to 55 km with 5 active users. Based on the obtained

results and by comparing the curves in Fig.4 and Fig.5,

it can be deduced that the use of Hadamard code pro-

vides good performance and longer transmission dis-

tance compared to the m-sequence code. Thus, a larger

number of users is achievable with a long transmission

distance. For example, using the m-sequence code, the

maximum fiber distance achieved for a system of 8 users

is 10 km with a BER of 5.02E-09. However, using the
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Table 2 〈Puser〉 , σ2
T and SNR expressions for m-sequence code and Hadamard code

Code sequence 〈Puser〉 σ2
T SNR

m-sequence SB0

L

(
L+1

2

)
B0BeS2L+1

8L
(K2 + 3K + 2) +

4kβTnBe
RL

+ 2eBeS
B0

L

(
L+1
2

)
<

S2B2
0

L2
(L+1

2 )
2

BeB0S
L (L+1

2 )
[
S(K2+3K+2)

4 +2e<
]
+

4kβTnBe

RL

Hadamard
SB0

2
B0BeS

2

2
K2 +

4kβTnBe
RL

+ eBeSB0<
S2B2

0
4

B0BeS(SK
2

2 +e<)+
4kβTnBe

RL

Fig. 3 SAC-OCDMA system model using FBGs filters and balanced detection technique

5 10 15 20 25 30 35 40 45 50 55 60 65

Fiber distance (Km)

10-20

10-15

10-10

10-5

100

B
E

R

10 users

9 users

8 users

7 users

6 users

5 users

Fig. 4 BER variation versus fiber distance for different num-
ber of users for a SAC-OCDMA system using m-sequence
code (L=15)

Hadamard code, a good transmission performance can

be achieved over a longer distance, up to 25 Km, with

a BER of 1.44E-09.

5 10 15 20 25 30 35 40 45 50 55 60 65

Fiber distance (Km)

10-25

10-20

10-15

10-10

10-5

100

B
E

R

10 users

9 users

8 users

7 users

6 users

5 users

Fig. 5 BER variation versus fiber distance for different num-
ber of users for a SAC-OCDMA system using Hadamard code
(L=16)

4.2.2 Performance simulation of the SAC-OCDMA sys-

tem using the Hadamard code (L=32)

In this section, we are particularly interested in study-

ing the SAC-OCDMA system using the Hadamard code

of length L=32 (m=5).
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The Hadamard code is one of the main codes offering

good orthogonality conditions between different code

sequences. It is constructed using the Hadamard ma-

trix, an n × n square matrix whose columns and rows

are orthogonal to each other [23]. The code sequences

are represented by the matrix rows composed of 1 and

-1 or 1 and 0.

The Hadamard matrix of order n is given by [23]:

H2n =

[
Hn Hn

Hn −Hn

]

With H1 = [1] and H2 =

[
1 1

1 −1

]
Therefore, by replacing the -1’s by 0’s, the matrix cor-

responding to the Hadamard code (L=32) is defined

by:

H32 =

[
H16 H16

H16 −H16

]
(19)

With:

H16 =



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0

1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1

1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0

1 0 1 0 0 1 0 1 1 0 1 0 0 1 0 1

1 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1

1 0 0 1 0 1 1 0 1 0 0 1 0 1 1 0

1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

1 0 1 0 1 0 1 0 0 1 0 1 0 1 0 1

1 1 0 0 1 1 0 0 0 0 1 1 0 0 1 1

1 0 0 1 1 0 0 1 0 1 1 0 0 1 1 1

1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1

1 0 1 0 0 1 0 1 0 1 0 1 1 0 1 0

1 1 0 0 0 0 1 1 0 0 1 1 1 1 0 0

1 0 0 1 0 1 1 0 0 1 1 0 1 0 0 1


Moreover, the optical source used in our simulations is

an incoherent white light source emitting a light spec-

trum of spectral width B equal to 12.62 nm, as shown

in Fig.6. In order to encode the signal corresponding to

each user and associate it with a unique code sequence,

the spectrum emitted by the optical source is divided

into several wavelengths, equivalent to the code length,

of different values. Consequently, the spacing between

adjacent wavelengths is determined by the spectrum

width B divided by the length of the code (L=32) [36].

∆λ =
B

L
=

12.68

32
= 0.39nm (20)

The code sequences consisting of the different wave-

lengths assigned to each user at the encoder and de-

coder are shown in the Table 3. It should be noted that

Fig. 6 Spectral band of the incoherent white light source

the code sequence corresponding to a user’s encoder

and decoder is the same, while that corresponding to

the complementary decoder is the complementary code

sequence.

Figure 7 represents the optical signal at the output of

the first user’s encoder. It indicates the 16 peaks corre-

sponding to the 16 wavelengths constituting the user’s

specific code sequence.

Fig. 7 Optical signal at the output of the first user’s encoder

4.2.2.1 BER variation versus FBG bandwidth

for different users

The first simulations regarding the investigation of the

SAC-OCDMA system using the Hadamard code of length

L=32, have been performed by studying the variation of

the BER as a function of the bandwidth of FBGs used

for signal encoding and decoding. For this purpose, we

set the number of users, the data rate and the fiber dis-

tance to 11 users, 100 Mbps and 10 Km, respectively.

The results shown in Fig.8 indicate that the BER corre-

sponding to the different users decreases for bandwidth

values between 0.1 nm and 0.4 nm, and then increases
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Table 3 Code sequences of each user at the encoder and the complementary decoder

Code sequences

Encoder Complementary decoder

User 1 λ1λ3λ5λ7λ9λ11λ13λ15λ17λ19λ21λ23λ25λ27λ29λ31 λ2λ4λ6λ8λ10λ12λ14λ16λ18λ20λ22λ24λ26λ28λ30λ32

User 2 λ1λ2λ5λ6λ9λ10λ13λ14λ17λ18λ21λ22λ25λ26λ29λ30 λ3λ4λ7λ8λ11λ12λ15λ16λ19λ20λ23λ24λ27λ28λ31λ32

...
...

...

User 32 λ1λ4λ6λ7λ10λ11λ13λ16λ18λ19λ21λ24λ25λ28λ30λ31 λ2λ3λ5λ8λ9λ12λ14λ15λ17λ20λ22λ23λ26λ27λ29λ32

for values from 0.4 nm to 0.6 nm. This leads us to de-

duce that the optimal value of the bandwidth providing

a good BER performance would be 0.4 nm. The corre-

sponding BERs for users 2, 4, 9 and 11 are 2.80E-26,

1.48E-19, 1.87E-16 and 1.86E-14, respectively.

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

Bandwidth (nm)

10-30

10-25

10-20

10-15

10-10

10-5

100

B
E

R

User 2

User 4

User 9

User 11

Fig. 8 BER variation versus FBG bandwidth for different
users

4.2.2.2 BER, Q factor and SNR variations ver-

sus number of users for different fiber

distances

This section aims to study the performance of the SAC-

OCDMA system for a larger number of users. Based on

the previous comparison of the obtained results in sec-

tion 4.2.1 for both used codes, we have concluded that

the use of the Hadamard code allows a good BER per-

formance compared to the m-sequence code.

In this case, we are interested in studying the proposed

system performance using Hadamard code of length

L=32 (m=5) at a bit rate of 100 Mbits/s and a FBG

bandwidth of 0.4 nm. Figure 9 and Fig.10 show re-

spectively the BER and the Q factor as a function of

the number of users for different fiber distances. It is

clearly demonstrated that as the number of users and

fiber distance increase, the BER increases and the Q

factor decreases. Taking the first transmission distance

L=5 Km, we can see that the number of possible users

meeting an acceptable BER value is around 13 active

users with BER=4.71E-09 and Q=6.76. Also, a good

BER performance is achieved for a SAC-OCDMA sys-

tem of 10 users using a fiber length of about 25 Km,

the corresponding BER and Q factor values are 1.02E-

09 and 7.24, respectively. At L=45 Km, the studied

SAC-OCDMA system still provides good transmission

performance for a total number of about 8 active users

with a BER of 9.8E-09 and a Q factor of 5.82.

6 7 8 9 10 11 12 13 14 15 16

Number of users

10
-25

10
-20

10
-15

10
-10

10
-5

10
0

B
E

R

5 Km

15 Km

25 Km

35 Km

45 Km

Fig. 9 BER variation versus number of users for different
fiber distances for a SAC-OCDMA system using Hadamard
code (L=32)
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6 7 8 9 10 11 12 13 14 15 16

Number of users

2

4

6

8

10

12

14

Q
 f

a
c
to

r

5 Km

15 Km

25 Km

35 Km

45 Km

Fig. 10 Q-factor versus number of users for different fiber
distances for a SAC-OCDMA system using Hadamard code
(L=32)

Finally, Fig.11 shows the SNR variation against the

number of active users for different fiber distances. It is

obviously clear that the SNR varies non-proportionally

with the number of users as well as with the fiber dis-

tance. Therefore, as the number of active users increases,

the resulting noise increases and the SNR decreases.

The SNR achieved at L=5 km with 6 users is about

41.11 dBm, while with 13 users it is about 27.5 dBm.

Similarly, for the maximum distance of 45 km providing

a good BER for up to 8 users, the SNR is also satisfac-

tory and estimated to be around 20.71 dBm.

6 7 8 9 10 11 12 13 14 15 16

Number of users

5

10

15

20

25

30

35

40

45

S
N

R
 (

d
B

m
)

5 Km

15 Km

25 Km

35 Km

45 Km

Fig. 11 SNR variation versus number of users for different
fiber distances for a SAC-OCDMA system using Hadamard
code (L=32)

Table 4 summarizes the different simulation results

corresponding to m-sequence code and Hadamard code

in terms of achieved fiber distance, number of users,

BER, Q-factor and SNR.

5 Conclusion

The present paper investigates the performance of SAC-

OCDMA system using two different code sequences,

namely: m-sequence code and Hadamard code with use

of balanced detection technique. The proposed SAC-

OCDMA system performance was evaluated in terms of

Q factor, BER and SNR as a function of number of ac-

tive users and fiber distances. The first part of obtained

results, comparing the both used code sequences for a

system of 10 active users, indicates that the Hadamard

code allows good BER performance and longer trans-

mission distances compared to the m-sequence code.

Then, the second part of results corresponding to the

Hadamard code of length L=32, shows that the studied

system remains performing for 13 active users at L= 5

Km with a bit rate of 100 Mbits/s. Also, good and ac-

ceptable Q factor, BER and SNR values are achieved

for a total number of active users equals to 8 using

a transmission distance of up to 45 Km. In view of

these achieved performances, the proposed system can

be adapted to different Multiple Access applications to

meet the demands for high speeds and fast, secure ser-

vices.
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