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ABSTRACT 

The study presented in this work is an exploratory study on the application of Direct Sequence Code Division 

Multiple Access (DS-CDMA) in optical transmission systems, where data to be transmitted is spread in time. In 

our study we used unipolar codes called Optical Orthogonal Codes (OOC). The performances of a temporal 

coding OOC are evaluated for a Conventional Receiver model with and without Optical Limiter (CR and CR-

OL) as a function Multiple Access Interference (MAI) due to the Unipolar Optical Codes. For validate 

theoretical expression of the Conventional Receiver with Optical Limiter (CR-OL), different simulations were 

run; we cite the bit error rate (BER); as a function of the detection threshold with and without additive 

Gaussian Noise (AWGN) for different SNR (Signal to Noise Ratio). The simulation results presented in this 

paper were obtained by programming MATLAB using. 

KEYWORDS: Conventional Receiver with and without Optical Limiter (CR, CR-OL), Optical Code Division 

Multiple Access (OCDMA), Optical Orthogonal Codes (OOC).  

I. INTRODUCTION 

The multiple access code division or CDMA is a technique that allows multiple users use the same 

frequency band simultaneously. Each user is assigned a signature sequence (spreading code) that 

identifies the destination receveur (Figure 1). Through to the orthogonality property of the codes, it is 

possible to recover the transmitted signal. The application of CDMA techniques, commonly used in 

radio frequency[1], is envisaged for optical transmission system . 

. 

 

 

 

 

Figure 1. Illustration of CDMA technique 

II. DESCRIPTION TIME OCDMA 

The OCDMA system studied is direct sequence (DS-OCDMA), non-coherent and synchronous, the 

Data multiplied by the time-code [2].  The bit time data to be transmitted is divided into a number of 

intervals, called "bins chips" corresponding to the length of the code sequence.  The number of pulses 

or "chips" of unit amplitude in the code sequence is called weight of this code. In the incoherent 

approach the coded information to transmit uses the power of the transmitted signal. The codes will be 

unipolar and quasi-orthogonal.  
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III. UNIPOLAR TIME CODE 

With unipolar codes, we could not have a strict orthogonality. These codes must satisfy the properties 

of "quasi-orthogonality" following [3]: 

 The condition of self-correlation codes: 

𝑍𝐶𝑘,𝐶𝑘
(𝑙) = ∑ 𝐶𝑗

𝑘𝐿−1
𝑗=0 𝐶𝑗+1

𝑘 = {
= 𝑊   𝑓𝑜𝑟 𝐿 = 0
≤ 𝜆𝑎              𝑎𝑙𝑠𝑜

            (1) 

With:  

-  𝐶𝑗
(𝐾)

 is the 𝑗𝑡ℎ  element called'' chip'' code of the 𝑘𝑡ℎ user; 

- The code sequence {𝐶𝑗
(𝐾)

} is for 𝑗 from 0 to 𝐿 − 1; 

- W is the weight of the code sequence{CJ
(k)

}, is a periodic sequence of period L; 

- L is the length of the code sequence OOC; 

- 𝜆𝑎  is the value maximum self-correlation of the codes. 

 The condition of cross-correlation codes: 

 

𝑍𝐶𝑘,𝐶𝑝
(𝑙) = ∑ 𝐶𝑗

𝑘𝐿−1
𝑗=0 𝐶𝑗+1

𝑝
≤  𝜆𝑐    ∀𝑙           (2) 

 With: 

-  𝜆𝑐  is the maximum value of cross-correlation codes; 

-  𝐶𝑗
(𝑃)

 is the 𝑗𝑡ℎ  element called'' chip'' code of the 𝑝𝑡ℎ user. 

 As a minimum the constants  𝜆𝑐and 𝜆𝑐  can be equal to 1. 

Many pseudo-orthogonal codes and their application to unipolar Optical CDMA have been studied 

since 1988 [4]. Amongst these codes be found the Optical Orthogonal Code (OOC). 

3.1. Optical Orthogonal Codes (OOC) 

Standard OOC codes were developed in 1989 by J.A.Salhi [3] These codes are characterized by four 

parameters (L, W, 𝜆𝑎,  𝜆𝑐) : 

 L is the length of the sequence 

 W is the weight of the code, which represents the number of chips to "1" 

 𝜆𝑎 and 𝜆𝑐 are respectively the constraints of self and cross-correlation. 

For values of self and cross-correlation 𝜆𝑎= 𝜆𝑐= 𝜆, the number of users (N) is limited by the band 

called Johnson, given by the relation [5]: 

𝑁(𝐿, 𝑊,  𝜆𝑎,  𝜆𝑐) ≤ ⌊
1

𝑊
⌊

𝐿−1

𝑊−1
⌊

𝐿−2

𝑊−2
⌊− − − ⌊

𝐿−𝜆

𝑊−𝜆
⌋ − − −⌋⌋⌋⌋           (3) 

The symbol ⌊𝑋⌋ represents the integer value of a lower value X. 
In the case where 𝜆𝑎and 𝜆𝑐 minimum (𝜆𝑎= 𝜆𝑐=1), J.A.Salehi [3] showed that the maximum number of 

code sequences is: 

𝑁(𝐿, 𝑊, 1,1) ≤ ⌊
𝐿−1

𝑤(𝑤−1)
⌋           (4) 

For limit the impact of the Multiple Access Interference [6], we will use the codes as OOC 𝜆𝑎= 𝜆𝑐=1. 
Several methods of generating OOC codes can be implemented. In this study, we used the method 
"BIBD" (Balanced Incomplete Block Design) [7]. 
This method allows the generation of OOC sequences according to the parity of W and when the 
spreading length (L) is a prime number [7]: 
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 𝑊 𝑖𝑠 𝑒𝑣𝑒𝑛 (𝑊 = 2𝑚) ∶ {
𝑃𝑖,0 = 0                         

𝑃𝑖,𝑗+1 =∝(𝑚×𝑖)+(𝑗×𝑘)           

  (5) 

𝑤𝑖𝑡ℎ: 𝑖 ∈ [0, 𝑁 − 1]; 𝑗 ∈ [0, 𝑊 − 2] 𝑎𝑛𝑑 𝑘 = 2 × 𝑚 × 𝑁 
 

 𝑊 𝑖𝑠 𝑜𝑑𝑑 (𝑊 = 2 × 𝑚 + 1) ∶ {𝑃𝑖,𝑗 = 𝛼(𝑚×𝑖)+(𝑗×𝑘)         (6) 

with: 𝑖 ∈ [0, 𝑁 − 1]; 𝑗 ∈ [0, 𝑊 − 1] 𝑎𝑛𝑑 𝑘 = 2 × 𝑚 × 𝑁 

where ∶  
 𝛼 is the primitive root of the L 

 Pci is the positions of W chips in 1 of the ith code sequence  𝐶𝑖 = [𝑃𝑖,0; 𝑃𝑖,1; … ; 𝑃𝑖,𝑊−1] 

We consider the code (97,4,1,1), length L=97, weight  W=4, such as 𝜆𝑎= 𝜆𝑐=1[6].  

According to (4), N = 8 (number of users) were generated in MATLAB as determined by the BIBD, 

unipolar sequences consisting of 97 chips of which 4 are the to state 1 (Table 1). 

Table 1: Position of Chips 

OOC 

(97,4,1,1) 

N=8 

User Chip 1 Chip 2  Chip 3 Chip 4 

User #1 0 3 35 61 

User #2 0 4 43 50 

User #3 0 17 75 6 

User #4 0 64 9 24 

User #5 0 62 36 96 

User #6 0 54 47 93 

User #7 0 22 91 81 

User #8 0 88 73 33 

IV. CONVENTIONAL RECEIVER WITH AND WITHOUT OPTICAL LIMITER (CR, 

CR-OL) 

For a Conventional Receiver (CR) (Figure 2) [8], the destination receiver has the signature sequence 

to recover the data by correlation. The data are then compared to the S decision threshold of a 

comparator. 

 

 

 

 

 

 

Figure 2.  Conventional Receiver (CR) of the user # 1. 

In the case of a synchronous system for a CR Receiver, the probability of error is given by (5) [8]: 

𝑃𝑒_𝐶𝑅 =
1

2
∑ 𝐶𝑁−𝐼

𝑖 (
𝑊2

2𝐿
)

𝑖

(1 −
𝑊2

2𝐿
)

𝑁−1−𝑖

 𝑁−1
𝑖=𝑆       (7) 

Where ∶ 
 N: Number of Users; 
 S: Decision threshold; 

 
W2

2L
 : Probability of having a chip unit between two OOC codes; 

 L is the length of the code sequence OOC; 

∫ 



International Journal of Advances in Engineering & Technology, Sept. 2013. 

©IJAET                                                                                                          ISSN: 22311963 

1497 Vol. 6, Issue 4, pp. 1494-1504  

 

Correlation  

 𝑏1
ˆ (𝑡) 

𝑟(𝑡) 

Threshold for 

Decision 
𝐶1(𝑡) 

 

𝑟𝑐𝑜𝑟𝑟(𝑡) 

 
Tb 

Z1 

Integration 

Estimated 

Data 
Received 

signal 

Comparator 

 

 W is the weight of the code, which represents the number of chips to "1". 

To diminish the importance of MAI we can use an optical limiter (OL) [9] to clipping the received 
signal (figure3): 
The OL function is defined by (8): 

𝑓(𝑥) = {
1             𝑠𝑖   𝑥 ≥ 1
0      𝑠𝑖   0 ≤ 𝑥 < 1

         (8) 

Where∶ 𝑥 is the amplitude of the received signal. 

 

 

 

 

 

 

Figure 3. Conventional Receiver (CR-OL) with Optical Limiter of the user # 1 

 
The probability of error is given by (9) [8]: 

𝑃𝑒_𝐶𝑅−𝑂𝐿 =
1

2
𝐶𝑊

𝑆 ∏ (1 − 𝑞𝑁−1−𝑖)𝑆−1
𝑖=0           (9) 

Where ∶   𝑞 = (1 −
𝑊

2𝐿
) 

V. THE PERFORMANCES OF  THE OOC CODE 

We studied the evolution of the probability of error as a function of the parameters of the code at 

know the Weight , time Length  and the Number of active users (W,L and N) for the CR and CR-OL 

Receivers. 

First of all, we justify the optimal choice of optimal threshold S = W 

5.1. Performances as a Function of  the Detection Threshold S 

To justify the choice of the optimal threshold 𝑆𝑜𝑝 = 𝑊, we plotted the evolution of the probability of 

error as a function the detection threshold. 

According to the expressions (9) and (7), for correctly detect the chip'' 1'' and'' 0'' it need that 

 0 < 𝑆 ≤ 𝑊 [10] 

We considers the code OOC (97,4,1,1), with a number of users N = 8, (Figure 4). 

OL ∫ 
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Figure 4. The probability of error of CR and CR-OL as a function of the Decision threshold, S. code OOC 

(97,4,1,1), N = 8 

According to Figure 4, we see that the CR-OL Receiver gives better performance compared to CR 

receiver when the threshold increases, and the optimal choice of detection threshold S is equal to W. 

5.2. Performances as a Function of the Number of User, N 

The evolution of the probability of error as a function of the Number of user N, is shown in figure 5 

with weight of code W = 4, a time length L = 97, and a number of active users between 5 and 30 in 

steps of 5 (Figure5). 

Figure 5. The probability of error of CR and CR-OL as a function of Number of users N with OOC (97,4,1,1). 

According to Figure 5, we observe that the best performance is obtained with a small number of users 

for the CR and CR-OL Receiver, that is to say, the multiple access interference increases with the 

number of active users. 
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We note that the performances of the CR Receiver are improved with the addition of the Optical 

Limiter (OL). 

5.3. Performances as a Function of Weight of Code W  

We consider the code OOC time length L=97, the number of active users N=8,   Decision threshold  
𝑆 = 𝑊 𝑎𝑛𝑑 𝑆 = 4  
We traced the evolution of the probability of error as a function of the weight of the code W (figure 6) 

Figure 6. The probability of error of CR and CR-OL as a function of Weight of code W with (97,4,1,1), N=8 

When the weight W or the number of chips to "1" increases knowing that S = W, the two error 

probabilities decrease, by against when the threshold is fixed at S = 4, the performance of both 

receivers (CR, CR-OL) degrade.  

5.4. Performances as a Function of Length of Code L  

We Consider the Number of active users N = 8, W = weight of code 4 detection threshold S = W, The 

evolution of the probability of error as a function of the length of the code is given in Figure 7 

Figure 7. The probability of error of CR and CR-OL as a function of Length of code L with OOC (L,4,1,1), 

N=8. 
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According of the Figure 7, when the length of the code increases the performance improves and the 

addition of Optical Limiter (OL) that has the effect of limiting the MAI (Multiple Access 

Interference). 

VI. VALIDATION OF THE THEORETICAL EXPRESSION OF THE PROBABILITY 

OF ERROR 

To validate the theoretical study and optimize the system by analysing the impact of various 

parameters on performance, we verified by simulation that the expression (9) is correct, why we have 

considered the OOC code (97,4,1,1) and receiver CR-OL. A program (MATLAB) was realized such 

that: 

 The issuance of N binary data users is random and equiprobable, data are spread by unipolar OOC 

codes (97,4,1,1) [Table 1]; 

 Simulate asynchrony between users in bit time; 

 The users are synchronous in chip time; 

   The reception data from a user is carried out by an amplitude limiter 1 followed by the 

conventional method; 

   The multiplication of received signal by the code and then correlation (correlation, integration); 

   The decision outlet by comparison of the value obtained with S. 

We first check by simulation and with the theoretical formula, the optimal choice of detection 
threshold S is equal to W (Figure 8). 

 

Figure 8. BER (Bit Error Ratio) theory and simulated as a function the decision threshold S, with OOC 

(97,4,1,1), Number of users N = 8 for the CR-OL 

We can see from Figure. 8 that the use of the theoretical formula (9) leads to the same results as the 

simulation therefore, the results of the simulation validate the theoretical expression for the 

probability of error for the conventional receiver with optical limiter (CR-OL). 

VII. INFLUENCE OF ADDITIVE WHITE GAUSSIAN NOISE (AWGN) 

Different noises associated in particular with the use of electronic and optoelectronic components may 

also introduce detection errors like (Beat noise, shot noise, Thermal noise ...) [11] 

In previous simulations we considered the only limitation is the multiple access interference (MAI), 

however the additive Gaussian noise or AWGN (Additive White Gaussian Noise) can disrupt the 

signal transmitted through the channel. 

To evaluate the impact of Gaussian noise (AWGN) we studied the conventional receiver with optical 

limiter (CR-OL). 
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To simplify the analysis of errors, the OL function only applies on the signal and not on the perturbed 

signal by the noise [12]. 

The expression of the error probability of the CR receiver with optical limiter is given by (10) [10]: 
 

𝑃(𝐶𝑅−𝑂𝐿)𝐴𝑊𝐺𝑁 =
1

4
𝑒𝑟𝑓𝑐 (

𝑤 − 𝑠

𝜎𝑛√2
) +

1

2
∑ 𝐶𝑤

𝑖

𝑤

𝑖=0

(1 −
𝑊2

2𝐿
)

(𝑁−1−𝑖)(𝑤−𝑖)

× 

1

2
𝑒𝑟𝑓𝑐 (

𝑠−𝑖

𝜎𝑛√2
) ∏ (1 − (1 −

𝑊2

2𝐿
)

𝑁−1−𝑖

)𝑖
𝑚=1   (10) 

Where:  

 The theoretical expression was expressed in the case of a chip power normalized to 1W, 

  𝜎𝑛 represents the variance of the Gaussian white noise AWGN. 

7.1. Validation of the Theoretical Expression of the Probability of Error 

We consider the signal to noise ratio (SNR: Signal to Noise Ratio) defined by (11): 

𝑆𝑁𝑅(𝑑𝐵) = 10𝑙𝑜𝑔 (
𝑃𝑠𝑖𝑔𝑛𝑎𝑙

𝑃𝑛𝑜𝑖𝑠𝑒
)             (11) 

The received signal has an amplitude A, therefore a power of the chip Pc = A2 [13] 

𝑆𝑁𝑅(𝑑𝐵) = 10𝑙𝑜𝑔 (
𝑃𝑐

𝑃𝑛𝑜𝑖𝑠𝑒
) = 10𝑙𝑜𝑔 (

𝐴2

𝜎2
𝑁

)          (12) 

With power chip (𝑃𝑐) normalized to 1, it takes a variance 𝜎2
1 such that [13] : 

We consider that the power of a chip is normalized to 1W 

𝑆𝑁𝑅(𝑑𝐵) = 10𝑙𝑜𝑔 (
1

𝜎2
𝑁

)                 (13) 

We have verified that the expression of theoretical probability of error in the presence of noise of the 

CR-OL Receiver is correct (figure 9.). 

 

Figure 9. BER theory and simulated as a function the decision threshold S, with OOC (97,4,1,1), Number of 

users N = 8 for SNR=10dB and 35dB of the CR-OL Receiver 

We can find that, the theoretical and simulated values are confounded; therefore; we can validate 

theoretical expression (10) that describes the impact of noise on the probability of error for the CR-

OL Receiver.  

We plotted in Figure 10. the evolution of BER simulated of CR-OL in the presence of noise as a 

function decision threshold S, for OOC code (97,4,1,1) and Number of users L= 8, for different SNR.  
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Figure 10. BER simulated as a function the decision threshold S, with OOC (97,4,1,1), Number of users N = 8 

for SNR=10dB,15dB,20dB,25dB,30dB and 35dB of the CR-OL Receiver 

We observe from the figure 10 that the optimal threshold is equal to 3 (in the presence of noise). 

For OOC (97,4,1,1) with N=8 and S=3 (optimal threshold),  We may find that from a SNR greater 

than 15dB, the impact of noise (AWGN) is negligible compared to the MAI ; and we find the 

performance of CR-OL Receiver without noise. By against, when the SNR is less than 15dB, the 

noise degrades the performances. 

VIII. CONCLUSIONS AND FUTURE WORK 

In this work, we were interested to the multiple access technique Code division to Direct Sequence 

optical transmission systems (DS-OCDMA) using incoherent sources for family code called: Optical 

Orthogonal Codes (OOC). 

We then studied the performance of these codes generated on the detection single-user, in case 

particular the Conventional Receiver with and without Optical Limiter (CR, CR-OL), where Multiple 

Access Interference (MAI) was the only cause of degradation in performance of a receiving system 

Comparative study between the probability of error of CR and CR-OL Receivers as a function of the 

parameters of OOC code shows that the system is optimal when: 

- Optimal threshold is equal to the weight of the code (S=W); 

- The code length L is the most greatest as possible; 

- The weight of the code W is the most greatest as possible. 

The performances obtained with the CR receiver are limited; therefore for to limit the multiple access 

interference (MAI) and to improve performance, we used an Optical Limiter (OL) upstream of the CR 

receiver.  
The performances degradation of DS-OCDMA are mainly related to two phenomenon’s [12]: 

- The presence of Multiple Access Interference (MAI due to the superposition on the desired signal, 
signals other users). 
    -The presence of noise (in our study the additive white Gaussian noise AWGN) from electronic and 

optoelectronic components. 

A numerical simulation of a DS-OCDMA chain has been developed to the receiver CR-LO with OOC 

code (97,4,1,1) and 8 active users in the cases with and without additive white Gaussian noise AWGN 

for different SNR(Signal to Noise Ratio). 

The results obtained allow validating the theoretical error probabilities of structure receiving (CR-OL) 

with and without additive Gaussian noise (AWGN). 

In the presence of the noise (AWGN), when the SNR is high (𝑆𝑁𝑅 > 15𝑑𝐵 ) and the threshold is 

optimal (S=3), the probability of error of the CR-OL Receiver, with and without Noise are identical, 
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the Multiple Access Interference (MAI) is predominant on the noise. By against, when the SNR 

decreases (𝑆𝑁𝑅 ≤ 15𝑑𝐵 ), the performances degrades. 

Finally, the future research is to study the performances of DS-OCDMA for Multi-User Detection 

(MUD) by considering the presence of noise and the effects of the components of the transmission 

chain such as chromatic dispersion and nonlinear effects, as well as the system validation and the 

implementation realistic of an O-CDMA network. 
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