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Abstract: 
Introduction/purpose: In this paper, we propose a novel code construction meth-
od with the zero cross-correlation property, the Flexible Variable Weight Zero 
Cross-Correlation (FVWZCC). This method is simple and flexible, using different 
code weights to support different classes of users according to their transmission 
distance and the quality of services they require (data, audio, and video) in OCD-
MA systems. The use of higher code weights enables the support of higher-
priority application networks, such as long-haul reach networks. The ZCC code 
structure does not have overlapping of bit '1' and can efficiently eliminates the 
MAI interference between users and PIIN noise, thus enhancing the system over-
all performance. Methods: The shifting element position and the concatenation 
matrix process of the three basic matrices denoted as the Right vector, the basic 
matrix, and the Left vector were used for the construction of the proposed 
FVWZCC code. The mathematical analysis and simulations with Matlab and 
Optisystem software were used to evaluate the performance of the proposed 
FVWZCC method in SAC-OCDMA systems using the direct detection. Results: The 
results show a significant improvement in the presented code compared to other 
existing codes in terms of simplicity, flexibility, and cost implementation. The 
method uses either constant or variable weight with the Zero cross-correlation 
property. For a maximum acceptable BER of 10~9 , the simulation results of the 
SAC-OCDMA system using direct detection under OptiSystem software show 
better performance of the proposed code with four users of weight 6 at 10 Gb/s. 
Moreover, it can support up to 60 users simultaneously and reach a fibre distance 
of about 67 km. Consequently, the proposed FVWZCC code can be applied to 
support different Quality of Service (QOS) requirements with low cost and low 
complexity with a direct detection receiver. Conclusion: The findings of this study 
highlight the need for the FVWZCC code to support end-user QoS requirements. 
The new approach to code construction offers low-cost implementation, simplici-
ty, and flexibility. 

Keywords: FVW ZCC code; OCDMA; ZCC; Bit Error Rate BER 

 

INTRODUCTION 

The unprecedented exponential growth in global mobile traffic and the huge development of smart 
devices such as the Internet of Things (IoT) expected for the future 5G/6G communication networks 
has increased the demand for a wide range of applications with substantial improvements to the data 
transfer rates, a huge amount of bandwidth and enhanced Quality of Services (QoS) requirements 
(Dat et al, 2018; Teli et al, 2018; Hakeem et al, 2022). Several multiple access techniques have been 
proposed for future applications with high bandwidth and high performance such as wavelength divi-
sion multiple access (WDMA) (Dixit et al, 2013), time division multiple access (TDMA) (Osadola et al, 
2011), and optical code division multiple access (OCDMA) (Mostafa et al, 2015). The optical OCDMA 
technique can be considered prominent and more suitable technology in the field of optical commu-
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nication and computer networks due its high spectral efficiency, inherent security, low interference 
characteristics, scalability, multiplexing capability, and seamless integration with existing networks 
(Kaur & Sing, 2018; Lu et al, 2021; Pendeza Martinez et al, 2021). Furthermore, OCDMA is used in vari-
ous optical network applications such as optical fiber sensors (Rahimian et al, 2019), metro networks 
(Zhang et al, 2017; Troia et al, 2020), passive optical networks (PONs) (Farghal, 2016; Zhang et al, 2017; 
Pendeza Martinez et al, 2021; Ahmed et al, 2022), and radio-of-fiber (RoF) (Ji & Chang, 2013; Kbashi et 
al, 2021). 

In the spectral amplitude coding SAC-OCDMA system, asynchronous multiple users access the same 
channel medium simultaneously with a high level of security and flexibility. Each user is allocated a 
unique coding sequence which distinguishes the desired information from the other receiving se-
quences. However, it suffers from multiple access interference (MAI) and phase-induced intensity 
noise (PIIN) phenomena at the receiver which reduces the maximum number of allowed optical codes 
(Huang et al, 2008; Kaur & Sing, 2018; Bensaad et al, 2019). A proper choice of codes with maximum 
auto-correlation and minimum cross-correlation known as Zero Cross-Correlation (ZCC) codes or using 
more sophisticated detection techniques can eliminate the MAI and the PIIN effects (Ahmed et al, 
2022; El-Mottaleb et al, 2020; Abd et al, 2011). 

In the literature, various codes with zero-cross correlation have been proposed for SAC-OCDMA such 
as random diagonal code (RD) (Fadhil et al, 2009a), multi-diagonal code (MD) (Imtiaz et al, 2020), and 
zero cross correlation code (ZCC) (Bensaad et al, 2023; Anuar et al, 2009; Nisar et al, 2019). Other 
codes have been proposed that deal with the presence of PIIN effects at the receiver using suitable 
detection processes such as modified double weight code (MDW) (Upadhyay et al, 2020), Flexible 
Cross-Correlation code (FCC) (Rashidi et al, 2014), and diagonal Eigen Unity Code (DEU) (Ahmed & 
Nisar, 2013). 

The above-reported codes were designed with constant code weight (CW) while variable code weight 
(VW) is used to support multimedia services such as voice, video, and image transmission at the physi-
cal layer with different bit rates (Nasaruddin & Tsujioka, 2008; Li et al, 2023). Physical layer QoS was 
made possible for the OCDMA system by varying the weight of the code, the length, or both the 
weight and the length. Higher quality services have been assigned more weights or more wavelengths 
corresponding to higher transmitted power sent by each code. A higher code length transports data 
information at a lower transmission rate (Li et al, 2020; Kumawatn & Maddila, 2017). 

Variable code weights have been proposed by several researchers to provide different quality of ser-
vice (QoS) requirements for the SAC-OCDMA network, among them: variable weight OOC codes for 
multimedia SAC-OCDMA systems (Nasaruddin & Tsujioka, 2008), Variable Weight Zero Cross-
Correlation Code (VW-ZCCC) (Kumawat & Maddila, 2017), service differentiation using Khazani-Syed 
(KS) code (Anas et al, 2009), Variable Weight code for Multimedia Service (Vw-MS) (Kumawat & Ravi 
Kumar, 2018), Variable code weight using Random Diagonal Code (RD) for Spectral Amplitude Coding 
OCDMA Systems (Fadhil et al, 2009b), Zero Cross-Correlation Magic Square Variable Weight Optical 
Orthogonal Code (ZMS-VWOOC) (Lu et al, 2021), Variable Weight Quadratic Congruence Code 
(VWQCC) (Feng et al, 2015), and variable weight Zero Cross-Correlation Code (VZCC) (Nisar et al, 2021). 

In this paper, we proposed a new code construction design method for SAC-OCDMA systems which 
has the following properties: 

- Zero Cross-Correlation ZCC property, which reduces significantly the MAI and PIIN noise ef-
fects, thus improving the performance of the system, 
- The method offers a good flexibility in the choice of any number of users or code weight, 
- It can be used with constant or variable code weight, and 
- The mapping procedure of this method is simple and based on shifting a three elementary 
matrices which can reduce the cost and the system complexity. 
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The remainder of the manuscript is organized as follows: first, we present the need for the proposed 
FVWZCC code for multimedia applications and describe mathematically the code design construction. 
Then, the performance analysis of the code using Direct Detection (DD) is introduced followed by a 
theoretical analysis and performance comparison with other codes from the references to prove the 
efficiency of the proposed code. Next, the performance of the proposed FVWZCC code is validated by 
using simulations under Optisystem software Version 7.0. Finally, a conclusion is given to summarize 
the work. 

FVWZCC CODE FOR MULTIMEDIA APPLICATIONS 

The proposed FVWZCC code can support the diversity of multimedia services where a higher trans-
mission rate is assigned to video applications, since a high video transmission rate provides high video 
quality, the medium data rate is assigned to audio transmission whereas data transmission such as 
image supports low data rate transmission. The FVWZCC code is characterized by the code weight Wi, 
the code length Li, and the number of users Ki, where i ∈ {1, 2, 3} denotes one of the three services: 
audio, video and data. For different quality of services, Wi represents the low-level weight dictated for 
data transmission with low quality of services, Wi+1 represents the medium-level weight dictated for 
audio transmission with medium quality of services, and Wi+2 represents the high-level weight dictated 
for video transmission with high quality of services. Let ki

d, ki
a, and kj

v be constants for the ith data, 
audio, and video services, respectively. The code length for each service can be expressed as: 

(1) 𝐿𝐿𝑑𝑑 = 𝑘𝑘𝑖𝑖𝑑𝑑𝑊𝑊𝑖𝑖   for data transmission 

(2) 𝐿𝐿𝑎𝑎 = 𝑘𝑘𝑖𝑖𝑎𝑎𝑊𝑊𝑖𝑖+1  for audio transmission 

(3) 𝐿𝐿𝑣𝑣 = 𝑘𝑘𝑖𝑖𝑣𝑣𝑊𝑊𝑖𝑖+2  for video transmission 

For the code weight Wi, i ∈ {1, 2, 3} denotes one of the three services: audio (W1), video (W2), and data 
(W3). The subscript (i + 1) or (i + 2) denotes the code weight increment by one for video and data ser-
vices, respectively. 

For 𝑖𝑖 = 1,𝑊𝑊𝑖𝑖 = 𝑊𝑊1 = 𝑊𝑊 ⇒ 𝐿𝐿1 = 𝐿𝐿𝑑𝑑 = 𝑘𝑘𝑖𝑖𝑑𝑑𝑊𝑊𝑖𝑖 = 𝑘𝑘𝑖𝑖𝑑𝑑𝑊𝑊 

𝑖𝑖 = 2,𝑊𝑊2 = 𝑊𝑊𝑖𝑖+1 = 𝑊𝑊𝑖𝑖 + 1 ⇒ 𝐿𝐿2 = 𝐿𝐿𝑑𝑑 = 𝑘𝑘𝑖𝑖𝑎𝑎𝑊𝑊𝑖𝑖+1 = 𝑘𝑘𝑖𝑖𝑎𝑎(𝑊𝑊 + 1) 

𝑖𝑖 = 3,𝑊𝑊3 = 𝑊𝑊𝑖𝑖+2 = 𝑊𝑊𝑖𝑖 + 2 ⇒ 𝐿𝐿3 = 𝐿𝐿𝑑𝑑 = 𝑘𝑘𝑖𝑖𝑣𝑣𝑊𝑊𝑖𝑖+2 = 𝑘𝑘𝑖𝑖𝑣𝑣(𝑊𝑊 + 2) 

The resulting matrix of the FVWZCC code can support two classes of users according to their trans-
mission distance with different quality of services (data, audio, and video). The first class is the long-
haul reach network of hundreds or thousands of kilometers and the second is the short-haul reach 
network with several tens of kilometers. Note that the weight assigned to each class of users or quali-
ty of services obeys some conditions such as: 

(4) 𝑊𝑊𝑖𝑖+2 > 𝑊𝑊𝑖𝑖+1 > 𝑊𝑊𝑖𝑖 

(5) 𝑊𝑊𝑖𝑖,𝐶𝐶1 > 𝑊𝑊𝑖𝑖+2,𝐶𝐶2 
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Figure 1. 
Example of two classes: the long-haul reach network and the short-haul reach network 

where  𝑊𝑊𝑖𝑖,𝐶𝐶1  and 𝑊𝑊𝑖𝑖,𝐶𝐶2    denotes the code weight of the ith transmission service (audio, data or video) 
used for the corresponding long-haul reach network class of the application zone and the short-haul 
reach network class of the application zone in the descending order of distance (C1 > C2), respectively. 
Figure 1 gives an example for two classes of networks length with a code weight of Wi = 5 and three 
transmission services. 

CONSTRUCTION METHOD OF THE FVWZCC CODE 

The process design construction of the proposed Flexible Variable Weight Zero Cross-Correlation ma-
trix code FVWZCC is described by the following steps. 

Step 1 

Consider a basic matrix denoted by Hb of size  (𝐾𝐾 × 𝐿𝐿)  given by: 

(6) 𝐻𝐻𝑏𝑏=1 = [1 0 1 0
0 1 0 1](𝐾𝐾×𝐿𝐿). 

where K = 2 rows represent the number of users, L = 4 columns represent the minimum code length, 
and the number of one element values W = 2 represents the code weight. Clearly, the cross-
correlation of the proposed basic matrix is zero. 

The basic matrix Hb is formed by the concatenation of three elementary basic compounds as: 

the elementary matrix Md of the size  (2 × 2)  denoted by:  𝑀𝑀𝑏𝑏 = [0 1
1 0](2×2), 

the right vector VR = [1 0 ]T inserted in the right of the elementary matrix Mb, and 

the left vector VL = [0 1 ]T inserted in the left of the elementary matrix Mb. 

Step 2 

Case 1: Consider a fixed number of users K = 2 
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To increase the code weight while maintaining the number of users fixed, the two elementary vectors 
VR and VL are inserted alternatively in the left and the right of the basic matrix Hb leading to a new ma-
trix code characterized by: 

(7) a code weight:  𝑊𝑊𝑁𝑁 = 𝑊𝑊 + 𝑊𝑊𝑣𝑣 = 2 + 𝑊𝑊𝑣𝑣 

(8) a code length: 𝐿𝐿𝑁𝑁 = 𝐿𝐿 + 2𝑊𝑊𝑣𝑣 = 4 + 2𝑊𝑊𝑣𝑣 

where Wv denotes the number of vectors inserted into the left or the right of the basic matrix Hb. 

The resulting new matrix code of weight WN is shown as: 

(9) 𝐻𝐻𝑁𝑁 = [𝑉𝑉𝑅𝑅𝑉𝑉𝐿𝐿 ⋯𝑉𝑉𝑅𝑅𝑉𝑉𝐿𝐿𝐻𝐻𝑏𝑏𝑉𝑉𝑅𝑅𝑉𝑉𝐿𝐿 ⋯𝑉𝑉𝑅𝑅𝑉𝑉𝐿𝐿] 

For instance, the resulting new matrix of the code weight WN= 3 is obtained as: 

(10) 𝐻𝐻𝑁𝑁,𝑊𝑊𝑁𝑁=4 = �01� �
1 0 1 0
0 1 0 1� �

1
0��𝐾𝐾×(𝐿𝐿+2𝑊𝑊𝑣𝑣)�=(2×6)

 

Case 2: Consider a fixed code weight W of the basic matrix Hb 

In this phase, the number of users can be further increased using a particular shifted process for the 
three elementary compounds of the basic matrix Hb. The right vector VR is shifted to the right by some 

positions (or columns) equal to:  [0: (𝐾𝐾
2
− 1)],  where K denotes the number of users. The elementary 

matrix Mb is shifted to the right by some positions (or columns) equal to: [(𝐾𝐾
2
− 1): (𝐾𝐾 − 2)],   and the 

left vector VL is shifted to the left by some positions equal to:  [(𝐾𝐾 − 2): (𝐾𝐾
2
− 1)],  The number of 

shifted positions to the right side is filled with the same number of zeros. In the results, the total 
number of inserted zeros for the three elementary matrix and vector compounds is given below: 

𝑉𝑉𝑅𝑅 → [0: (
𝐾𝐾
2
− 1)] 

𝑀𝑀𝑏𝑏 → ��
𝐾𝐾
2
− 1� : (𝐾𝐾 − 2)� ∪ {𝑉𝑉𝑅𝑅total number of zeros shifted positions} 

⇒ 𝑀𝑀𝑏𝑏 → ��
𝐾𝐾
2
− 1� : (𝐾𝐾 − 2)� ∪ ��0:

𝐾𝐾
2
− 1��𝑉𝑉𝐿𝐿

→ �(𝐾𝐾 − 2): �
𝐾𝐾
2
− 1�� ∪ {𝑀𝑀𝑏𝑏total number of zeros shifted positions} 

⇒ 𝑉𝑉𝐿𝐿 → [(𝐾𝐾 − 2): (
𝐾𝐾
2
− 1)] ∪ [(

𝐾𝐾
2
− 1): (𝐾𝐾 − 2)] ∪ [0: (

𝐾𝐾
2
− 1)] 

For example, let the number of users K = 4, the weight W = 2, and the length code L = 4. 

Following the above strategy, the resulting matrix code is given by: Figure 2 Figure 3 
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Figure 2. 

 
 
Figure 3. 
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(11) ⇒ 𝐻𝐻 = [

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

]. 

where the shifted positions of each elementary matrix are: (0,1), (1,2) and (2,1), respectively. 

Case 3: Consider a fixed number of users K > 2. 

The code weight of the matrix code is increased using the following strategy: 

Odd Code weight: The code weight of the basic matrix Hb is equal to (W = 2). The code weight can be 
increased by using the elementary matrix compound Mb alternatively with the basic matrix Hb to get 
an odd code weight value W0. 

(12) 𝐻𝐻0 = [𝐻𝐻𝑏𝑏][𝑀𝑀𝑏𝑏][𝐻𝐻𝑏𝑏]    [𝐻𝐻𝑏𝑏][𝐻𝐻𝑏𝑏]. 

Even Code weight: For an even code weight value, we choose one of the three possible configura-
tions: 

The basic matrix Hb is used in concatenation one with the other, 

(13) 𝐻𝐻0 = [𝐻𝐻𝑏𝑏][𝐻𝐻𝑏𝑏][𝐻𝐻𝑏𝑏]     [𝐻𝐻𝑏𝑏][𝐻𝐻𝑏𝑏]. 

We use the concatenation of the resulting odd code weight matrix codes H0 obtained from the prece-
dent step. 

(14) 𝐻𝐻0 = [𝐻𝐻0][𝑀𝑀𝑏𝑏][𝐻𝐻0][𝑀𝑀𝑏𝑏] [𝐻𝐻0]. 

We can also use the concatenation of elementary matrix compounds Mb 

(15) 𝐻𝐻0 = [𝑀𝑀𝑏𝑏][𝑀𝑀𝑏𝑏][𝑀𝑀𝑏𝑏]  [𝑀𝑀𝑏𝑏]. 

Then, the size of the resulting matrix is  (𝐾𝐾 × 𝐿𝐿),  where  𝐿𝐿 = 𝐾𝐾 ∗𝑊𝑊  represents the matrix code 
length. For two kinds of services with  𝐾𝐾 = 6,𝑊𝑊 = 4 and  𝐾𝐾 = 3,𝑊𝑊 = 3,  the code matrix is given by: 

 

The total length of the matrix code is:  𝐿𝐿 = 6 × 4 + 3𝑥𝑥3 = 33. 
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PERFORMANCE ANALYSIS USING DIRECT DETECTION (DD) 

In direct decoding (DD), a single input only is used at the receiver compared to other techniques 
which reduce the number of filters required for implementation. For a given user at the receiver using 
direct detection (DD), the number of FBGs that have bandwidths centered at the used wavelength is 
equal to the number of non-overlapping spectra Cf (j) incident on the photodetector. The code corre-
lation function using the DD technique of the FVWZCC can be written as: 

(16) ∑𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝑗𝑗=1 𝐶𝐶𝑓𝑓(𝑗𝑗)𝐶𝐶𝑔𝑔(𝑗𝑗) = {
𝑓𝑓 = 𝑔𝑔, same user with similar weight
𝑓𝑓 ≠ 𝑔𝑔, other users with similar weight
𝑓𝑓 ≠ 𝑔𝑔, other users with distinct weight

 

where Cf(j) represent the jth component of the Cth proposed code sequence. 

The variance of photocurrent due to the detection of an ideally unpolarized thermal light, which is 
generated by spontaneous emission, can be written as the sum of the Phase Induced Intensity Noise  
⟨𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 ⟩,  the shot noise ⟨𝐼𝐼𝑠𝑠ℎ𝑜𝑜𝑜𝑜2 ⟩,  and the thermal noise ⟨𝐼𝐼𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒2 ⟩  (Ahmed et al, 2012; Shi & Gafouri-
Shiraz, 2016; Kumawat & Maddila, 2017): 

(17) ⟨𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛2 ⟩ = ⟨𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 ⟩+ ⟨𝐼𝐼𝑠𝑠ℎ𝑜𝑜𝑜𝑜2 ⟩+ ⟨𝐼𝐼𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒2 ⟩ 

The thermal ⟨𝐼𝐼𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒2 ⟩  is defined as (Ahmed et al, 2012): 

(18) ⟨𝐼𝐼𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
2 ⟩ = 4𝑘𝑘𝑏𝑏𝑇𝑇𝑛𝑛𝐵𝐵

𝑅𝑅𝐿𝐿
 

The shot noise ⟨𝐼𝐼𝑠𝑠ℎ𝑜𝑜𝑜𝑜2 ⟩  is defined as (Ahmed et al, 2012): 

(19) ⟨𝐼𝐼𝑠𝑠ℎ𝑜𝑜𝑜𝑜2 ⟩ = 2𝑒𝑒𝑒𝑒𝑒𝑒 

where e represents the electron charge, B the electrical bandwidth, I the average photocurrent, kb the 
Constant Boltzmann, Tn the receiver noise temperature, RL the receiver load, and the Phase Induced 
Intensity Noise  ⟨𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 ⟩  is given as (Ahmed et al, 2012, 2019): 

(20) ⟨𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 ⟩ = 𝐵𝐵𝐼𝐼2𝜏𝜏𝑐𝑐 

The coherence time  𝜏𝜏𝑐𝑐  of the source can be expressed as (Ahmed & Nisar, 2013; Wei & Ghafouri-
Shiraz, 2002): 

(21) 𝜏𝜏𝑐𝑐 = ∫ 𝐺𝐺2(𝑣𝑣)𝑑𝑑𝑑𝑑∞
0

[∫ 𝐺𝐺(𝑣𝑣)𝑑𝑑𝑑𝑑]∞
0

2 

where G(v) denotes the single sideband power spectral density (PSD) of the source incident at the 
input of the photodiode. 

For mathematical simplicity, the Gaussian approximation is used for all the noise distributions to ana-
lyze the system performance. Furthermore, the assumptions below are adopted for the transmitter 
and the receiver as follows: 
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- The light source is ideally unpolarized and its spectrum is flat for a given bandwidth 
�𝑣𝑣0 −

Δ𝑣𝑣
2

, 𝑣𝑣0 + Δ𝑣𝑣
2
�, where 𝑣𝑣0 is the central optical frequency and Δ𝑣𝑣  is the optical source 

bandwidth, 
- The spectral width is the same for each frequency component, 
- For each user, the bit stream is synchronized, and 
- The same power is received by each user. 

The power spectral density (PSD) of the received optical signals can be written as (Osadola et al, 2011; 
Mostafa et al, 2015): 

(22) 𝑟𝑟(𝑣𝑣) = 𝑃𝑃𝑠𝑠𝑠𝑠
Δ𝑣𝑣
∑𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖=1 𝑑𝑑𝑓𝑓 ∑

𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
𝑖𝑖=1 𝑐𝑐𝑓𝑓(𝑖𝑖). 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑖𝑖) 

where Psr denotes the effective power, df the fth user data bit, KTot is the total number of users and LTot 
is the total code length. The function rect{.) is expressed as (Ahmed et al, 2012; Kumawat & Maddila, 
2017): 

(23) 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑖𝑖) = 𝑢𝑢[𝑣𝑣 − 𝑣𝑣0 −
Δ𝑣𝑣

2𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
(−𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 + 2𝑖𝑖 − 2)]− 𝑢𝑢[𝑣𝑣 − 𝑣𝑣0 −

Δ𝑣𝑣
2𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

(−𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 + 2𝑖𝑖)] = 𝑢𝑢[ Δ𝑣𝑣
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

] 

where u(v) is a step unit function defined as: 

𝑢𝑢(𝑣𝑣) = {1, 𝑣𝑣 ≥ 0
0, 𝑣𝑣 < 0 

The total power at the fth receiver of the proposed flexible variable weight 

for one period is obtained based on Eq. (22), Eq. (23), and using the code correlation property of Eq. 
(16) as: 

�
+∞

0
𝐺𝐺(𝑣𝑣)𝑑𝑑𝑑𝑑 = � [

𝑃𝑃𝑠𝑠𝑟𝑟
Δ𝑣𝑣

�
𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇

𝑓𝑓=1

𝑑𝑑𝑓𝑓 �
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

𝑖𝑖=1

𝑐𝑐𝑓𝑓(𝑖𝑖)𝑐𝑐𝑔𝑔(𝑖𝑖)𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑖𝑖)]

+∞

0

𝑑𝑑𝑑𝑑 ⇒ �
+∞

0
𝐺𝐺(𝑣𝑣)𝑑𝑑𝑑𝑑

= [
𝑃𝑃𝑠𝑠𝑟𝑟
Δ𝑣𝑣

�
𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇

𝑓𝑓=1

𝑑𝑑𝑓𝑓 �
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

𝑖𝑖=1

𝑐𝑐𝑓𝑓(𝑖𝑖)𝑐𝑐𝑔𝑔(𝑖𝑖)]�
𝑣𝑣−𝑣𝑣0−

Δ𝑣𝑣
2𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇(−𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇+2𝑖𝑖−2)

𝑣𝑣−𝑣𝑣0−
Δ𝑣𝑣

2𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
(−𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇+2𝑖𝑖)

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑖𝑖)𝑑𝑑𝑑𝑑

⇒ �
+∞

0
𝐺𝐺(𝑣𝑣)𝑑𝑑𝑑𝑑

=
𝑃𝑃𝑠𝑠𝑠𝑠
Δ𝑣𝑣

Δ𝑣𝑣
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

�
𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇

𝑓𝑓=1

𝑑𝑑𝑓𝑓 �
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
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𝑐𝑐𝑓𝑓(𝑖𝑖)𝑐𝑐𝑔𝑔(𝑖𝑖)
𝑃𝑃𝑠𝑠𝑠𝑠
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

[�
𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇

𝑓𝑓=1

𝑑𝑑𝑓𝑓 �
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

𝑖𝑖=1

𝑐𝑐𝑓𝑓(𝑖𝑖)𝑐𝑐𝑔𝑔(𝑖𝑖)

+ �
𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇

𝑓𝑓≠1

𝑑𝑑𝑓𝑓 �
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

𝑖𝑖=1

𝑐𝑐𝑓𝑓(𝑖𝑖)𝑐𝑐𝑔𝑔(𝑖𝑖)] 

Based on ∑𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇𝑓𝑓=1 𝑑𝑑𝑓𝑓 = 1,   the total power at the fth receiver is given by: 

(24) ⇒ ∫+∞0 𝐺𝐺(𝑣𝑣)𝑑𝑑𝑑𝑑 = 𝑃𝑃𝑠𝑠𝑠𝑠𝑊𝑊𝑖𝑖
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
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Then, the resulting photocurrent due to the incident optical power IFvwzcc is defined as (Kumawat & 
Maddila, 2017): 

(25) 𝐼𝐼𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = ℜ∫+∞0 𝐺𝐺(𝑣𝑣)𝑑𝑑𝑑𝑑 = ℜ𝑃𝑃𝑠𝑠𝑠𝑠𝑊𝑊𝑖𝑖
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

 

where  ℜ =𝜂𝜂.𝑒𝑒/ℎ.𝑣𝑣0  is the responsivity of the photodetectors, η denotes the quantum efficiency, e is 
the electron charge, and h.v0 is the photon energy. Substituting Eq. (25) in Eq. (19), the shot noise 
power is deduced as (Imtiaz et al, 2016; Kumawat & Maddila, 2017): 

(26) �𝐼𝐼𝑠𝑠ℎ𝑜𝑜𝑜𝑜2 � = 2𝑒𝑒𝑒𝑒ℜ�∫+∞0 𝐺𝐺(𝑣𝑣)𝑑𝑑𝑑𝑑� = 2𝑒𝑒𝑒𝑒ℜ�𝑃𝑃𝑠𝑠𝑠𝑠𝑊𝑊𝑖𝑖
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

� 

and the PIIN noise power is given by (Ahmed et al, 2012; Kumawat & Maddila, 2017): 

(27) ⟨𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 ⟩ = 𝐵𝐵𝐼𝐼2𝜏𝜏𝑐𝑐 = 𝐵𝐵ℜ2[∫∞0 𝐺𝐺2(𝑣𝑣)𝑑𝑑𝑑𝑑] 

When all active users are transmitting bit '1', and using the average approximation, the code sequence 
Ck is given by: 

(28) ∑𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘=1 𝐶𝐶𝑘𝑘(𝑗𝑗) = 1
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

∑𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇
𝑖𝑖=1 𝐾𝐾𝑊𝑊𝑖𝑖𝑊𝑊𝑖𝑖 

where  𝐾𝐾𝑇𝑇𝑇𝑇𝑇𝑇 = ∑𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇
𝑖𝑖=1 𝐾𝐾𝑊𝑊𝑖𝑖  denotes the total number of active users with different weights, 𝐾𝐾𝑊𝑊𝑖𝑖   is 

the number of users corresponding to the weight Wi, and WTot is the total number of weights. 

Using Eq. (27), the variance of PIIN noise is determined as follows: 

�𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 � = 𝐵𝐵ℜ2 ��
∞

0
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∞

0
�
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Δ𝑣𝑣
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𝑐𝑐𝑓𝑓(𝑖𝑖)𝑐𝑐𝑔𝑔(𝑖𝑖)𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑖𝑖)�
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𝑃𝑃𝑠𝑠𝑠𝑠
Δ𝑣𝑣�
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�
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2
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= 𝐵𝐵ℜ2 𝑃𝑃𝑠𝑠𝑟𝑟2
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇Δ𝑣𝑣
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⇒ �𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 � = 𝐵𝐵ℜ2 𝑃𝑃𝑠𝑠𝑟𝑟2
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇Δ𝑣𝑣

��𝑐𝑐𝑔𝑔(𝑖𝑖) ��
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Substituting Eq. (28), one obtains: 

(29) ⟨𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 ⟩ = 𝐵𝐵ℜ2 𝑃𝑃𝑠𝑠𝑟𝑟2
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇Δ𝑣𝑣

[𝑊𝑊𝑖𝑖][ 1
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

∑𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇
𝑖𝑖=1 𝐾𝐾𝑊𝑊𝑖𝑖𝑊𝑊𝑖𝑖] 

As a result, the variance of PIIN noise is given by: 

(30) ⟨𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 ⟩ =
𝐵𝐵ℜ2𝑃𝑃𝑠𝑠𝑟𝑟2
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇2 Δ𝑣𝑣

[∑𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇
𝑖𝑖=1 𝐾𝐾𝑊𝑊𝑖𝑖𝑊𝑊(𝑖𝑖)]𝑊𝑊𝑖𝑖 
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For each user, the probability of transmitting bit ‘1’ and ‘0’ is the same at any time; then the photocur-
rent noise can be written as: 

(31) ⟨𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛2 ⟩ = 𝐵𝐵ℜ2𝑃𝑃𝑠𝑠𝑠𝑠2

2𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇2 Δ𝑣𝑣
[∑𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇

𝑖𝑖=1 𝐾𝐾𝑊𝑊𝑖𝑖𝑊𝑊(𝑖𝑖)]𝑊𝑊𝑖𝑖 + 𝑒𝑒𝑒𝑒ℜ[𝑃𝑃𝑠𝑠𝑠𝑠𝑊𝑊𝑖𝑖
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

] + 4𝑘𝑘𝑏𝑏𝑇𝑇𝑛𝑛𝐵𝐵
𝑅𝑅𝐿𝐿

 

Since the probability of transmitting bit '1' at any time for each user is half, then the average Signal to 
Noise Ratio SNR for a particular weight Wi used for evaluating the FVWZCC code in the SAC-OCDMA 
system can be expressed as (Shi & Ghafouri-Shiraz, 2016): 

(32) 𝑆𝑆𝑆𝑆𝑆𝑆 = (𝐼𝐼𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹)2

⟨𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
2 ⟩

 

Substituting Eq. (25) and Eq (30) in Eq. (31), the average SNR is deduced as: 

(33) 𝑆𝑆𝑆𝑆𝑆𝑆 =
(ℜ+𝑃𝑃𝑠𝑠𝑠𝑠𝑊𝑊𝑖𝑖

𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
)2

𝐵𝐵ℜ2𝑃𝑃𝑠𝑠𝑠𝑠2

2𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
2 Δ𝑣𝑣

[∑𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇
𝑖𝑖=1 𝐾𝐾𝑊𝑊𝑖𝑖𝑊𝑊𝑖𝑖]𝑊𝑊𝑖𝑖+𝑒𝑒𝑒𝑒ℜ

𝑃𝑃𝑠𝑠𝑠𝑠𝑊𝑊𝑖𝑖
𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇

+4𝑘𝑘𝑏𝑏𝑇𝑇𝑛𝑛𝐵𝐵𝑅𝑅𝐿𝐿

 

Based on the Gaussian approximation, the Bit Error Rate BER or the probability of error Pe,i of a partic-
ular weight Wi is calculated from the SNR as (Kaur & Singh, 2018; Wei et al, 2001): 

(34) 𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑃𝑃𝑒𝑒,𝑖𝑖 = 1
2

erfc(�𝑆𝑆𝑆𝑆𝑆𝑆
8

) 

CODE COMPARISON AND DISCUSSIONS 

In this section, simulations with the Matlab program were achieved for analysis and performance 
comparison between the proposed code and other reported codes. 

The main parameters shown in Table 1 were fairly selected to provide a reasonable results compari-
son. 

Table 1. Table of parameters 

Symbol Parameters Values 

 Responsivity of the photodiode 1 

B Electrical equivalent noise bandwidth of the receiver 311 MHz 

Kb Boltzmann constant 1.38 x 10
-23

J/K 

RL Resistance load 1030 Ω 

Tb Temperature of noise at the receiver 300 K 

Prc Effective power at the receiver —10 dBm 

e Charge of electron 1.6 x 10
-19

C 
 

 

The BER curve variation as a function of the number of active users for each code weight service tak-
ing into account the PIIN effects is shown in Figure 4. 
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Figure 4. 
BER as a function of the number of users for the three code weighs services (WLo = 4, WMe = 5 and, WHi = 6 ) 

The number of users is varied for each of the three code weights WLo = 4 (4,5,6), WMe = 5 (4,5,6) and, 
WHi = 6 (4,5,6) assigned to video, audio and data services, respectively. The BER curve is plotted by 
varying the number of users for one code weight service while the other weights are kept constant to 
40 users. The BER performance of the three code weights decreases as the total number of simulta-
neous users increases which can be referred to as the amount of noise level collected from an addi-
tional number of users leading to the degradation of the system performance. Moreover, up to the 
threshold value of 60 users, the total number of active users has fewer and low effects on the system 
performance for all weight codes. The BER performance of the system is better from high to low 
weight for some users fewer than 60 users and moderate up of this number of users which gives a 
good way for the choice of the range of the number of users with an appropriate quality of service in 
terms of the minimum desired bit error rate BER. 

Figure 5 illustrates the BER performance comparison of the proposed FVWZCC code with and without 
PIIN consideration for the high-weight service WHi = 6 (4,5,6). 

 
Figure 5. 
BER performance comparison of the proposed FVWZCC code with and without PIIN consideration as a function of the 
number of active users of the high-weight service 
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The number of users of the high weight is set to KHi = 15,25, and 30 while it is kept constant to 40 users 
for low and medium weights services (KLo =KMe = 40). As it can be concluded, the BER performance of 
the system is better with neglecting the term of PIIN effects and increases as the number of users for 
the high-weight service decreases which decreases the code length. Meanwhile, taking as reference 
the number of accommodated users with and without the PIIN term effects at the maximum ac-
ceptable BER (10-9), the difference is large enough (13 users) to consider the hypothesis of neglecting 
the PIIN term effects may be worst. For example, with KHi = 15, the number of accommodated users is 
50 users without the PIIN term effects while it is only 37 with them. 

Consequently, the performance comparison of the codes in the case presented in this work will be 
done by taking into account the PIIN term effects. Moreover, the BER performance of the system 
experiences the same behavior when the number of users of the low and medium weights exceeds 
approximately 80 users with a high BER value. 

The performance comparison between the proposed flexible constant weight FCWZCC code and oth-
er reported codes with PIIN consideration such as MQC, MFH, Hadamard, CWZCCC, and RD versus the 
number of active users is plotted in Figure 6. 

 
Figure 6. 
BER as a function of the number of users for different codes in the SACOCDMA system 

The proposed FCWZCC code gives the best and the same BER performance as the reported CWZCCC 
code while it outperforms all the other reported codes. The BER performance is better although with 
a lower code weight value (W = 4) compared to others codes with code weight values (W = 7,12) tak-
ing into account the PIIN effects. Given two code sequences X = (x1, x2,...,xn) and Y = (y1,y2,...,yn), the 
,cross-correlation is defined as    When λ = 0, the code is said to the have zero cross-correlation prop-
erty. It is obvious that since the FCWZCC code has the property of zero cross-correlation (λ = 0), the 
MAI and PIIN interference effects, which are the major sources of performance degradation, can be 
eliminated effectively. For a maximum acceptable BER of 10-9, the number of accommodated users for 
the proposed FCWZCC is 71 users which is the same number of users as the reported CWZCCC code, 53 
for the RD code, 40 for the MQC code, 27 for the MFH code and 19 for the Hadamard code, respective-
ly. 

Figure 6 shows the BER performance system comparison of the proposed FVWZCC code with other 
published variable weight codes such as VWQCC, VWZCCC, and VWKS. The BER curve is plotted as a 
function of the number of users for medium and high weights (W = 4,6) while varying the high-weight 
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users from 0 to 100. The number of users for the medium weight is set to 30 users. The proposed 
code's BER performance is better than that of the reported VWZCCC code and outperforms all the 
remainder reported codes. 

The improvement in the system performed of the proposed code derives from the good correlation 
property and a shorter code length which is the same as the reported VWZCCC code while it is large 
compared to other codes. The VWKS code experiences the same system performance as the code 
proposed in this work when the total number of users exceeds 60 users corresponding to a bit error 
rate of approximately ≈10-7. 

SYSTEM DESCRIPTION AND THE SIMULATION RESULTS 

The simulation of the proposed FVWZCC code design was carried out using Optisystem version 7.0. 
The block diagram with 5 users and the code weight value W = 6 is shown in Figure 7 Figure 8. 

 
Figure 7. 
BER as a function of the number of users for different variable weight codes in the SAC-OCDMA system 

 
Figure 8. 
Simulation design of the proposed VFWZCC scheme for 4 users of code weight 6 
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In the transmission part, a series of W number of laser light sources were used each of them with a 
power of 0.417 mW. Multiplexers and Demultiplexers for encoding optical signals, a pseudo-random 
bit sequence (PRBS) generator, and a non return-zero (NRZ) pulse generator are used to generate the 
data signal. Then, the electric data of each user is modulated by the external intensity modulator 
Mach-Zehnder. The bit rate of 10 Gbps was adopted for simulations over a fiber optic distance varying 
in the range of 20 km to 90 km. The ITU-T G.652 standard single mode optical fiber with all the non-
linearity effects was considered, attenuation of 0.2 dB/km, dispersion of 16.75 ps/nm/km and a spectral 
width of 0.8 nm for each chip were also adopted. 

At the receiver part, Fiber Bragg grating FBGs corresponding to a unique wavelength from a specified 
code sequence followed by photo detectors PDs were used to decode the signal. Finally, the detected 
signal is passed through a low-pass filter to remove the remaining noise. The performance of the sys-
tem was analyzed using the BER and the eye patterns. 

Figure 9 a) and 9 b) show the eye diagram and the BER values of the proposed FVWZCC code in the 
OCDMA system at 10 GBps data rates through two different optical fiber distance lengths (30 km, and 
67 km), respectively. 

 
Figure 9. 
Eye diagram for the proposed FVWZCC code at 10 GBps for two optical fiber distances a) 30 km, and b) 50 km, respec-
tively 

As it can be seen, the eye diagram clearly illustrates that the proposed code gives better performance 
for fiber distance length shorter than 67 km corresponding to the basic required bit error rate value 
for acceptable system performance (10-9). A shorter fiber distance provides low attenuation and dis-
persion which decreases the bit error rate and thus improve the performance of the system. The more 
the eye closes, the more difficult it is to distinguish between ones and zeros in the signal which can be 
deduced from Figure 8 a) and 6 b). The height of the eye-opening at the specified sampling time 
shows the noise margin or immunity to noise. The BER value of 1.62 x 10_9 was obtained for a fiber 
distance of 67 km while it is about 7 x 10_42 for 30 km which is much better and prove the feasibility 
of the code for optical applications with a data rate of 10 GBps. 

CONCLUSION 

A new FVWZCC code design is proposed for multimedia applications in SAC-OCDMA systems. The de-
sign procedure is flexible and can be used for any constant or variable code weight number with any 
number of users based on an appropriate shifting manner of three elementary matrices. The cross-
correlation property of value zero between any pairs of users reduces the PI IN interference effects 
leading to the improvement of the system performance. The performance comparison shows that the 
proposed code with a good correlation property and a shorter code length which is the same as the 
reported VWzCcC gives better performance over other constant or variable reported weight codes. 
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Moreover, the good simulation results obtained in terms of the BER and eye diagram of the proposed 
code design for OCDMA systems at 10 Gb/s with direct detection clearly depict a strong possibility to 
be used for multimedia applications diversity. The proposed code gives better performance until the 
fiber distance length value of 67 km corresponds to the basic required bit error rate for the accepta-
ble system performance (10-9). On the other hand, changing code weights (CW or VW) provides better 
BER from high to low weight for several users fewer than 60 users and moderate up of this amount of 
users which gives a good way for the choice of the range of number of users with an appropriate qual-
ity of service in terms of the minimum desired bit error rate BER. The low complexity and the low-cost 
design of the receiver using direct detection is another important factor for the implementation of 
the proposed FVWZCC code. 

REFERENCES 

Abd, T.H., Aljunid, S.A., & Fadhil, H.A. (2011). A New Technique for Reduction the Phase Induced Intensity Noise in 
SAC-OCDMA Systems. Journal of Optical Communications, 32(4), 263-267. [Crossref] [Google Scholar] 

Ahmed, H.Y., & Nisar, K.S. (2013). Diagonal Eigenvalue Unity (DEU) code for spectral amplitude coding-optical code 
division multiple access. Optical Fiber Technology, 19(4), 335-347. [Crossref] [Google Scholar] 

Ahmed, H.Y., Zeghid, M., Imtiaz, W.A., & Sghaier, A. (2019). Two dimensional Fixed Right Shift (FRS) code for SAC-
OCDMA systems. Optical Fiber Technology, 47, 73-87. [Crossref] [Google Scholar] 

Ahmed, H.Y., Zeghid, M., Sharma, T., Imtiaz, W.A., & El-Mottaleb, S.A.A. (2022). An efficient algorithm to provide tri-
ple play services in passive optical network (PON)-OCDMA network. Optical and Quantum Electronics, 54, 
art.number:351. [Crossref] [Google Scholar] 

Ahmed, N., Aljunid, S.A., Ahmad, R.B., Fadil, H.A., & Rashid, M.A. (2012). Novel OCDMA Detection Technique based on 
Modified Double Weight Code for Optical Access Network. Elektronika Ir Elektrotechnika, 18(8), 117-121. [Crossref] 
[Google Scholar] 

Anas, S.B.A., Abdullah, M.K., Mokhtar, M., Aljunid, S.A., & Walker, S.D. (2009). Optical domain service differentiation 
using spectral amplitude-coding. Optical Fiber Technology, 15(1), 26-32. [Crossref] [Google Scholar] 

Anuar, M.S., Aljunid, S.A., Saad, N.M., & Hamzah, S.M. (2009). New design of spectral amplitude coding in OCDMA 
with zero cross-correlation. Optics communications, 282(14), 2659-2664. [Crossref] [Google Scholar] 

Bensaad, A., Bensaad, Z., Garadi, A., & Beloufa, A. (2019). An efficient zero cross-correlation codes for OCDMA net-
works. In: 2019: International Conference on Advanced Electrical Engineering (ICAEE), Algiers, Algeria, pp.1-4, Novem-
ber 19-21. [Crossref] [Google Scholar] 

Bensaad, A., Garadi, A., Beloufa, A., & Bensaad, Z. (2023). New Zero Cross-Correlation Codes Based on Zech Method's 
for OCDMA Systems. Gazi University Journal of Science, 36(1), 238-247. [Crossref] [Google Scholar] 

Dat, P.T., Kanno, A., Yamamoto, N., & Kawanishi, T. (2018). Seamless convergence of fiber and wireless systems for 
5G and beyond networks. Journal of Lightwave Technology, 37(2), 592-605. [Crossref] [Google Scholar] 

Dixit, A., Lannoo, B., Das, G., Colle, D., Pickavet, M., & Demeester, P. (2013). Flexible TDMA/WDMA passive optical 
network: Energy efficient next-generation optical access solution. Optical Switching and Networking, 10(4), 491-506. 
[Crossref] [Google Scholar] 

El-Mottaleb, S.A.A., Fayed, H.A., Ismail, N.E., Aly, M.H., & Rizk, M.R.M. (2020). MDW and EDW/DDW codes with AND 
subtraction/single photodiode detection for high performance hybrid SAC-OCDMA/OFDM system. Optical and 
Quantum Electronics,, 52, art.number:239. [Crossref] [Google Scholar] 

Fadhil, H.A., Aljunid, S.A., & Ahmad, R.B. (2009). Performance of random diagonal code for OCDMA systems using 
new spectral direct detection technique. Optical Fiber Technology, 15(3), 283-289. [Crossref] [Google Scholar] 

Fadhil, H.A., Aljunid, S.A., & Badlisha, R. (2009). Triple-play Services using Random Diagonal Code for Spectral Ampli-
tude Coding OCDMA Systems. Journal of Optical Communications, 30(3), 155-159. [Crossref] [Google Scholar] 

Farghal, A.E.A. (2016). Performance Analysis of Core-Multiplexed Spectral Amplitude Coded OCDMA PON. Journal of 
Optical Communications and Networking, 8(9), 666-675. [Crossref] [Google Scholar] 

Feng, G., Cheng, W.-.Q., & Chen, F.-.J. (2015). Design of variable-weight quadratic congruence code for optical CDMA. 
Infrared Physics & Technology, 72, 281-285. [Crossref] [Google Scholar] 

Hakeem, S.A.A., Hussein, H.H., & Kim, H. (2022). Vision and research directions of 6G technologies and applications. 
Journal of King Saud University-Computer and Information Sciences, 34(6), Part A, 2419-2442. [Crossref] [Google 
Scholar] 

Huang, J.-.F., Yen, C.-.T., & Li, T.-.Y. (2008). Nonlinearity effect of electro-optical modulator response in double spread 
CDMA radio-over-fiber transmissions. Optical Fiber Technology, 14(3), 247-258. [Crossref] [Google Scholar] 

https://doi.org/10.1515/joc.2011.054
https://scholar.google.com/scholar_lookup?author=Abd+T.H.&author=Aljunid+S.A.&author=Fadhil+H.A.&publication_year=2011&title=A+New+Technique+for+Reduction+the+Phase+Induced+Intensity+Noise+in+SAC-OCDMA+Systems&journal=Journal+of+Optical+Communications&volume=32&pages=263-267
https://doi.org/10.1016/j.yofte.2013.04.001
https://scholar.google.com/scholar_lookup?author=Ahmed+H.Y.&author=Nisar+K.S.&publication_year=2013&title=Diagonal+Eigenvalue+Unity+(DEU)+code+for+spectral+amplitude+coding-optical+code+division+multiple+access&journal=Optical+Fiber+Technology&volume=19&pages=335-347
https://doi.org/10.1016/j.yofte.2018.11.021
https://scholar.google.com/scholar_lookup?author=Ahmed+H.Y.&author=Zeghid+M.&author=Imtiaz+W.A.&author=Sghaier+A.&publication_year=2019&title=Two+dimensional+Fixed+Right+Shift+(FRS)+code+for+SAC-OCDMA+systems&journal=Optical+Fiber+Technology&volume=47&pages=73-87
https://doi.org/10.1007/s11082-022-03714-8
https://scholar.google.com/scholar_lookup?author=Ahmed+H.Y.&author=Zeghid+M.&author=Sharma+T.&author=Khan+A.N.&author=Imtiaz+W.A.&author=Abd+E.S.A.&publication_year=2022&title=An+efficient+algorithm+to+provide+triple+play+services+in+passive+optical+network+(PON)-OCDMA+network&journal=Opt+Quantum+Electron&volume=54&pages=art.number:351
https://doi.org/10.5755/j01.eee.18.8.2638
https://scholar.google.com/scholar_lookup?author=Ahmed+N.&author=Aljunid+S.A.&author=Ahmad+R.B.&author=Fadil+H.A.&author=Rashid+M.A.&publication_year=2012&title=Novel+OCDMA+Detection+Technique+based+on+Modified+Double+Weight+Code+for+Optical+Access+Network&journal=Electronics+and+Electrical+Engineering&volume=18&pages=117-121
https://doi.org/10.1016/j.yofte.2008.04.001
https://scholar.google.com/scholar_lookup?author=Ahmad+A.S.B.&author=Abdullah+M.K.&author=Mokhtar+M.&author=Aljunid+S.A.&author=Walker+S.D.&publication_year=2009&title=Optical+domain+service+differentiation+using+spectral-amplitude-coding&journal=Optical+Fiber+Technology&volume=15&pages=26-32
https://doi.org/10.1016/j.optcom.2009.03.079
https://scholar.google.com/scholar_lookup?author=Anuar+M.S.&author=Aljunid+S.A.&author=Saad+N.M.&author=Hamzah+S.M.&publication_year=2009&title=New+design+of+spectral+amplitude+coding+in+OCDMA+with+zero+cross-correlation&journal=Opt+Commun&volume=282&pages=2659-2664
https://doi.org/10.1109/icaee47123.2019.9014798.49
https://scholar.google.com/scholar_lookup?author=Bensaad+A.&author=Bensaad+Z.&author=Garadi+A.&author=Beloufa+A.&publication_year=2019&title=An+efficient+zero+cross-correlation+codes+for+OCDMA+networks
https://doi.org/10.35378/gujs.994461
https://scholar.google.com/scholar_lookup?author=Bensaad+A.&author=Garadi+A.&author=Beloufa+A.&author=Bensaad+Z.&publication_year=2023&title=New+Zero+CrossCorrelation+Codes+Based+on+Zech+Method's+for+OCDMA+Systems&journal=Gazi+University+Journal+of+Science&volume=36&pages=238-247
https://doi.org/10.1109/jlt.2018.2883337
https://scholar.google.com/scholar_lookup?author=Dat+P.T.&author=Kanno+A.&author=Yamamoto+N.&author=Kawanishi+T.&publication_year=2018&title=Seamless+convergence+of+fiber+and+wireless+systems+for+5G+and+beyond+networks&journal=J+Lightwave+Technol&volume=37&pages=592-605
https://doi.org/10.1016/j.osn.2013.03.001
https://scholar.google.com/scholar_lookup?author=Dixit+A.&author=Lannoo+B.&author=Das+G.&author=Colle+D.&author=Pickavet+M.&author=Demeester+P.&publication_year=2013&title=Flexible+TDMA/WDMA+passive+optical+network:+Energy+efficient+next-generation+optical+access+solution&journal=Optical+Switching+and+Networking&volume=10&pages=491-506
https://doi.org/10.1007/s11082-020-02357-x
https://scholar.google.com/scholar_lookup?author=El-Mottaleb+S.A.A.&author=Fayed+H.A.&author=Ismail+N.E.&author=Aly+M.H.&author=Rizk+M.R.M.&publication_year=2020&title=MDW+and+EDW/DdW+codes+with+AND+subtraction/single+photodiode+detection+for+high+performance+hybrid+SAC-OCDMA/OFDM+system&journal=Opt+Quantum+Electron&volume=52&pages=art.number:239
https://doi.org/10.1016/j.yofte.2008.12.005
https://scholar.google.com/scholar_lookup?author=Fadhil+H.A.&author=Aljunid+S.A.&author=Ahmad+R.B.&publication_year=2009&title=Performance+of+random+diagonal+code+for+OCDMA+systems+using+new+spectral+direct+detection+technique&journal=Optical+Fiber+Technology&volume=15&pages=283-289
https://doi.org/10.1515/joc.2009.30.3.155
https://scholar.google.com/scholar_lookup?author=Fadhil+H.A.&author=Aljunid+S.A.&author=Badlisha+R.&publication_year=2009&title=Triple-play+Services+using+Random+Diagonal+Code+for+Spectral+Amplitude+Coding+OCDMA+Systems&journal=Journal+of+Optical+Communications&volume=30&pages=155-159
https://doi.org/10.1364%2Fjocn.8.000666
https://scholar.google.com/scholar_lookup?author=Farghal+A.E.A.&publication_year=2016&title=Performance+Analysis+of+Core-Multiplexed+Spectral+Amplitude+Coded+OCDMA+PON&journal=Journal+of+Optical+Communications+and+Networking&volume=8&pages=666-675
https://doi.org/10.1016/j.infrared.2015.08.008
https://scholar.google.com/scholar_lookup?author=Feng+G.&author=Cheng+W.&author=Chen+F.&publication_year=2015&title=Design+of+variable-weight+quadratic+congruence+code+for+optical+CDMA&journal=Infrared+Phys+Technol&volume=72&pages=281-285
https://doi.org/10.1016/jJksuci.2022.03.019
https://scholar.google.com/scholar_lookup?author=Hakeem+S.A.A.&author=Hussein+H.H.&author=Kim+H.&publication_year=2022&title=Vision+and+research+directions+of+6G+technologies+and+applications&journal=Journal+of+King+Saud+UniversityComputer+and+Information+Sciences&volume=34&pages=2419-2442
https://scholar.google.com/scholar_lookup?author=Hakeem+S.A.A.&author=Hussein+H.H.&author=Kim+H.&publication_year=2022&title=Vision+and+research+directions+of+6G+technologies+and+applications&journal=Journal+of+King+Saud+UniversityComputer+and+Information+Sciences&volume=34&pages=2419-2442
https://doi.org/10.1016/j.yofte.2007.12.007
https://scholar.google.com/scholar_lookup?author=Huang+J.&author=Yen+C.&author=Li+T.&publication_year=2008&title=Nonlinearity+effect+of+electro-optical+modulator+response+in+double+spread+CDMA+radio-over-fiber+transmissions&journal=Optical+Fiber+Technology&volume=14&pages=247-258


Flexible Variable Weight Zero Cross-Correlation (FVWZCC) investigations for... 

Imtiaz, W.A., Ahmed, H.Y., Zeghid, M., & Sharief, Y. (2020). Two-dimensional optimized enhanced multi-diagonal code 
for OCDMA passive optical networks. Optical and Quantum Electronics, 52, art.number:33. [Crossref] [Google Schol-
ar] 

Imtiaz, W.A., Ilyas, M., & Khan, Y. (2016). Performance optimization of spectral amplitude coding OCDMA system us-
ing new enhanced multi-diagonal code. Infrared Physics & Technology, 79, 36-44. [Crossref] [Google Scholar] 

Ji, W., & Chang, J. (2013). The radio-on-fiber-wavelength-division-multiplexed-passive-optical network (WDM-RoF-
PON) for wireless and wire layout with linearly-polarized dual-wavelength fiber laser and carrier reusing. Optics & 
Laser Technology, 49, 301-306. [Crossref] [Google Scholar] 

Kaur, S., & Singh, S. (2018). Review on developments in all-optical spectral amplitude coding techniques. Optical engi-
neering, 57(11), art.number:116102. [Crossref] [Google Scholar] 

Kbashi, H.J., Sharma, V., & Sergeyev, S. (2021). Dual-wavelength fiber-laser-based transmission of millimeter waves 
for 5G-supported Radio-over-Fiber (RoF) links. Optical Fiber Technology, 65, art.number:102588. [Crossref] [Google 
Scholar] 

Kumawat, S., & Maddila, R.K. (2017). Development of ZCCC for multimedia service using SAC-OCDMA systems. Optical 
Fiber Technology, 39, 12-20. [Crossref] [Google Scholar] 

Kumawat, S., & Ravi Kumar, M. (2018). Design of variable weight code for multimedia service in SAC-OCDMA systems. 
IET Optoelectronics, 12(2), 56-64. [Crossref] [Google Scholar] 

Li, X., Ding, Q.A., Nie, B., Liu, C., Wang, X., Song, J., & Zhang, L. (2023). Development and performance improvement 
of a novel zero cross-correlation code for SAC-OCDMA systems. Journal of Optical Communications, 44(s1), s1327-
s1339. [Crossref] [Google Scholar] 

Lu, Z., Lu, Y., & Li, C. (2021). Design of zero cross-correlation variable weight codes for multimedia services based on 
magic square in SAC-OCDMA systems. Optoelectronics Letters, 17(9), 539-545. [Crossref] [Google Scholar] 

Mostafa, S., Mohamed, A.E.-.N.A., El-Samie, F.E.A., & Rashed, A.N.Z. (2015). Eradication of Multiple Access Interfer-
ence Using a Modified Multi-service Code for SAC-OCDMA. Wireless Personal Communications, 83, 855-872. 
[Crossref] [Google Scholar] 

Nasaruddin, N., & Tsujioka, T. (2008). Design of strict variable-weight optical orthogonal codes for differentiated 
quality of service in optical CDMA networks. Computer Networks, 52(10), 2077-2086. [Crossref] [Google Scholar] 

Nisar, K.S., Ahmed, H.Y., Zeghid, M., Imtiaz, W.A., Sarangal, H., & Thapar, S.S. (2021). The multi-service schemes for 
SAC-OCDMA systems with variable code weight. Optical and Quantum Electronics, 53, art.number:293. [Crossref] 
[Google Scholar] 

Nisar, K.S., Sarangal, H., & Thapar, S.S. (2019). Performance evaluation of newly constructed NZCC for SAC-OCDMA 
using direct detection technique. Photonic Network Communications, 37(1), 75-82. [Crossref] [Google Scholar] 

Osadola, T.B., Idris, S.K., Glesk, I., & Kwong, W.C. (2011). Network Scaling Using OCDMA Over OTDM. IEEE Photonics 
Technology Letters, 24(5), 395-397. [Crossref] [Google Scholar] 

Pendeza Martinez, C.A., Abrao, T., & Martinez, A.L.M. (2021). Energy and spectral efficiency trade-off in OCDMA-PON 
assisted by non-linear programming methods. Computer Networks, 189, art. number: 107920. [Crossref] [Google 
Scholar] 

Rahimian, F.P., Seyedzadeh, S., & Glesk, I. (2019). OCDMA-based sensor network for monitoring construction sites 
affected by vibrations. Journal of Information Technology in Construction, 24, 299-317. Retrieved from 
http://www.itcon.org/2019/16 on 15 April 2024. [Google Scholar] 

Rashidi, C.B.M., Aljunid, S.A., Ghani, F., Fadhil, H.A., Anuar, M.S., & Arief, A.R. (2014). Cardinality enrichment of flexible 
cross correlation (FCC) code for SAC-OCDMA system by alleviation interference scheme (AIS). Optik, 125(17), 4889-
4894. [Crossref] [Google Scholar] 

Shi, F., & Ghafouri-Shiraz, H. (2016). Performance Analysis of Two New Code Families for Spectral-Amplitude-Coding 
Optical CDMA Systems. Journal of Lightwave Technology, 34(17), 4005-4014. [Crossref] [Google Scholar] 

Teli, S.R., Zvanovec, S., & Ghassemlooy, Z. (2018). Optical internet of things within 5G: Applications and challenges. In: 
2018 IEEE International Conference on Internet of Things and Intelligence System (IOTAIS), Bali, Indonesia, November 
01-03. (pp. 40-45). [Crossref] [Google Scholar] 

Troia, S., Cibari, A., Alvizu, R., & Maier, G. (2020). Dynamic programming of network slices in software-defined metro-
core optical networks. Optical Switching and Networking, 36, art. number: 100551. [Crossref] [Google Scholar] 

Upadhyay, K.K., Shukla, N.K., & Chaudhary, S. (2020). A high speed 100 Gbps MDM-SAC-OCDMA multimode transmis-
sion system for short haul communication. Optik, 202, art.number: 163665. [Crossref] [Google Scholar] 

Wei, Z., & Ghafouri-Shiraz, H. (2002). Codes for spectral-amplitude-coding optical CDMA systems. Journal of Light-
wave Technology, 20(8), 1284-1291. [Crossref] [Google Scholar] 

https://doi.org/10.1007/s11082-019-2145-9
https://scholar.google.com/scholar_lookup?author=Imtiaz+W.A.&author=Ahmed+H.Y.&author=Zeghid+M.&author=Sharief+Y.&publication_year=2020&title=Two-dimensional+optimized+enhanced+multi-diagonal+code+for+OCDMA+passive+optical+networks&journal=Opt+Quantum+Electron&volume=52&pages=art.number:33
https://scholar.google.com/scholar_lookup?author=Imtiaz+W.A.&author=Ahmed+H.Y.&author=Zeghid+M.&author=Sharief+Y.&publication_year=2020&title=Two-dimensional+optimized+enhanced+multi-diagonal+code+for+OCDMA+passive+optical+networks&journal=Opt+Quantum+Electron&volume=52&pages=art.number:33
https://doi.org/10.1016/j.infrared.2016.09.006
https://scholar.google.com/scholar_lookup?author=Imtiaz+W.A.&author=Ilyas+M.&author=Khan+Y.&publication_year=2016&title=Performance+optimization+of+spectral+amplitude+coding+OCDMA+system+using+new+enhanced+multi-diagonal+code&journal=Infrared+Phys+Technol&volume=79&pages=36-44
https://doi.org/10.1016/j.osn.2019.100551
https://scholar.google.com/scholar_lookup?author=Ji+W.&author=Chang+J.&publication_year=2013&title=The+radio-on-fiber-wavelength-division-multiplexedpassive-optical+network+(WDM-RoF-PON)+for+wireless+and+wire+layout+with+linearly-polarized+dual-wavelength+fiber+laser+and+carrier+reusing&journal=Opt+Laser+Technol&volume=49&pages=301-306
https://doi.org/10.1117/loe.57.11.116102
https://scholar.google.com/scholar_lookup?author=Kaur+S.&author=Singh+S.&publication_year=2018&title=Review+on+developments+in+all-optical+spectral+amplitude+coding+techniques&journal=Opt+Eng&volume=57&pages=art.number:116102
https://doi.org/10.1016/j.yofte.2021.102588
https://scholar.google.com/scholar_lookup?author=Kbashi+H.J.&author=Sharma+V.&author=Sergeyev+S.&publication_year=2021&title=Dual-wavelength+fiber-laser-based+transmission+of+millimeter+waves+for+5G-supported+Radio-over-Fiber+(RoF)+links&journal=Optical+Fiber+Technology&volume=65&pages=102588
https://scholar.google.com/scholar_lookup?author=Kbashi+H.J.&author=Sharma+V.&author=Sergeyev+S.&publication_year=2021&title=Dual-wavelength+fiber-laser-based+transmission+of+millimeter+waves+for+5G-supported+Radio-over-Fiber+(RoF)+links&journal=Optical+Fiber+Technology&volume=65&pages=102588
https://doi.org/10.1016/j.yofte.2017.09.015
https://scholar.google.com/scholar_lookup?author=Kumawat+S.&author=Maddila+R.K.&publication_year=2017&title=Design+of+variable+weight+code+for+multimedia+service+in+SAC--OCDMA+systems&journal=Optical+Fiber+Technology&volume=39&pages=12-20
https://doi.org/10.1049/iet-opt.2017.0046
https://scholar.google.com/scholar_lookup?author=Kumawat+S.&author=Ravi+K.M.&publication_year=2018&title=Design+of+variable+weight+code+for+multimedia+service+in+SAC--OCDMA+systems&journal=IE+T+Optoelectronics&volume=12&pages=56-64
https://doi.org/10.1515/joc-2020-0086
https://scholar.google.com/scholar_lookup?author=Li+X.&author=Ding+Q.A.&author=Nie+B.&author=Liu+C.&author=Wang+X.&author=Song+J.&author=Li+C.&author=Zhang+L.&publication_year=2024&title=Development+and+performance+improvement+of+a+novel+zero+cross-correlation+code+for+SAC-OCDMA+systems&journal=Journal+of+Optical+Communications&volume=44&pages=s1327-s1339
https://doi.org/10.1007/s11801-021-0198-z
https://scholar.google.com/scholar_lookup?author=Lu+Z.&author=Lu+Y.&author=Li+C.&publication_year=2021&title=Design+of+zero+cross+correlation+variable+weight+codes+for+multimedia+services+based+on+magic+square+in+SAC-OCDMA+systems&journal=Optoelectron+Lett&volume=17&pages=539-545
https://doi.org/10.1007/s11277-015-2430-2
https://scholar.google.com/scholar_lookup?author=Mostafa+S.&author=Mohamed+A.E.A.E.&author=El-Samie+F.E.&author=Rashed+A.N.Z.&publication_year=2015&title=Eradication+of+Multiple+Access+Interference+Using+a+Modified+Multi-service+Code+for+SAC-OCDMA&journal=Wirel+Pers+Commun&volume=83&pages=855-872
https://doi.org/10.1016/j.comnet.2008.02.014
https://scholar.google.com/scholar_lookup?author=Nasaruddin+N.&author=Tsujioka+T.&publication_year=2008&title=Design+of+strict+variable-weight+optical+orthogonal+codes+for+differentiated+quality+of+service+in+optical+CDMA+networks&journal=Photonic+Network+Communications&volume=37&pages=75-82
https://doi.org/10.1007/s11082-021-02932-w
https://scholar.google.com/scholar_lookup?author=Nisar+K.S.&author=Ahmed+H.Y.&author=Zeghid+M.&author=Imtiaz+W.A.&author=Sarangal+H.&author=Thapar+S.S.&publication_year=2021&title=The+multi-service+schemes+for+SAC-OCDMA+systems+with+variable+code+weight&journal=Opt+Quantum+Electron&volume=53&pages=art.number:293
https://doi.org/10.1007/s11107-018-0794-4
https://scholar.google.com/scholar_lookup?author=Nisar+K.S.&author=Sarangal+H.&author=Thapar+S.S.&publication_year=2019&title=Performance+evaluation+of+newly+constructed+NZCC+for+SAC-OCDMA+using+direct+detection+technique&journal=Photonic+Network+Communications&volume=37&pages=75-82
https://doi.org/10.1109/lpt.2011.2179924
https://scholar.google.com/scholar_lookup?author=Osadola+T.B.&author=Idris+S.K.&author=Glesk+I.&author=Kwong+W.C.&publication_year=2011&title=Energy+and+spectral+efficiency+trade-off+in+OCDMA-PON+assisted+by+non-linear+programming+methods&journal=IEEE+Photonics+Technol+Lett&volume=24&pages=395-397
https://doi.org/10.1016/j.comnet.2021.107920
https://scholar.google.com/scholar_lookup?author=Pendeza+M.C.A.&author=Abrao+T.&author=Martinez+A.L.M.&publication_year=2021&title=Energy+and+spectral+efficiency+trade-off+in+OCDMA-PON+assisted+by+non-linear+programming+methods&journal=Computer+Networks&volume=189&pages=art.%20number:%20107920
https://scholar.google.com/scholar_lookup?author=Pendeza+M.C.A.&author=Abrao+T.&author=Martinez+A.L.M.&publication_year=2021&title=Energy+and+spectral+efficiency+trade-off+in+OCDMA-PON+assisted+by+non-linear+programming+methods&journal=Computer+Networks&volume=189&pages=art.%20number:%20107920
http://www.itcon.org/2019/16
https://scholar.google.com/scholar_lookup?author=Rahimian+F.P.&author=Seyedzadeh+S.&author=Glesk+I.&publication_year=2019&title=OCDMA-based+sensor+network+for+monitoring+construction+sites+affected+by+vibrations&journal=Journal+of+Information+Technology+in+Construction&volume=24&pages=299-317
https://doi.org/10.1016/j.ijleo.2014.04.035
https://scholar.google.com/scholar_lookup?author=Rashidi+C.B.M.&author=Aljunid+S.A.&author=Ghani+F.&author=Fadhil+H.A.&author=Anuar+M.S.&author=Arief+A.R.&publication_year=2014&title=Cardinality+enrichment+of+flexible+cross+correlation+(FCC)+code+for+SAC-OCDMA+system+by+alleviation+interference+scheme+(AIS)&journal=Optik+(Stuttg)&volume=125&pages=4889-4894
https://doi.org/10.1109/JLT.2016.2586527
https://scholar.google.com/scholar_lookup?author=Shi+F.&author=Ghafouri-Shiraz+H.&publication_year=2016&title=Performance+Analysis+of+Two+New+Code+Families+for+Spectral-Amplitude-Coding+Optical+CDMA+Systems&journal=J+Lightwave+Technol&volume=34&pages=4005-4014
https://doi.org/10.1109/iotais.2018.8600894
https://scholar.google.com/scholar_lookup?author=Teli+S.R.&author=Zvanovec+S.&author=Ghassemlooy+Z.&publication_year=2018&title=Optical+internet+of+things+within+5G:+Applications+and+challenges&pages=40-45
https://doi.org/10.1016/j.osn.2019.100551
https://scholar.google.com/scholar_lookup?author=Troia+S.&author=Cibari+A.&author=Alvizu+R.&author=Maier+G.&publication_year=2020&title=Dynamic+programming+of+network+slices+in+software-defined+metro-core+optical+networks&journal=Optical+Switching+and+Networking&volume=36&pages=art.%20number:%20100551
https://doi.org/10.1016/j.ijleo.2019.163665
https://scholar.google.com/scholar_lookup?author=Upadhyay+K.K.&author=Shukla+N.K.&author=Chaudhary+S.&publication_year=2020&title=A+high+speed+100+Gbps+MDM-SAC-OCDMA+multimode+transmission+system+for+short+haul+communication&journal=Optik+(Stuttg)&volume=202&pages=art.number:%20163665
https://doi.org/10.1109/jlt.2002.800301
https://scholar.google.com/scholar_lookup?author=Wei+Z.&author=Ghafouri-Shiraz+H.&publication_year=2002&title=Codes+for+spectral-amplitude-coding+optical+CDMA+systems&journal=Journal+o+f+Lightwave+Technology&volume=20&pages=1284-1291


Bensaada, A. et al. 

Wei, Z., Ghafouri-Shiraz, H., & Shalaby, H.M.H. (2001). Performance analysis of optical spectral-amplitude-coding 
CDMA systems using a super-fluorescent fiber source. IEEE Photonics Technology Letters, 13(8), 88-889. [Crossref] 
[Google Scholar] 

Zhang, Y., Gan, C., Gou, K., & Hua, J. (2017). GPON-and-EPON transmission based on multi-standard OLT management 
structure for VPON in metro-access optical network. Optical Switching and Networking, 25, 24-32. [Crossref] [Google 
Scholar] 

 

 

Investigaciones de correlación flexible cruzada cero de 
peso variable (FVWZCC) para aplicaciones multimedia 

 

 

 

Resumen:  
Introducción/objetivo: En este artículo, proponemos un método novedoso de construc-
ción de código con la propiedad de correlación cruzada cero, la correlación cruzada cero 
de peso variable flexible (FVWZCC). Este método es simple y flexible, utiliza diferentes 
pesos de código para soportar diferentes clases de usuarios según su distancia de trans-
misión y la calidad de los servicios que requieren (datos, audio y video) en sistemas OC-
DMA. El uso de pesos de código más altos permite el soporte de redes de aplicaciones de 
mayor prioridad, como redes de largo alcance. La estructura del código ZCC no tiene 
superposición del bit '1' y puede eliminar eficientemente la interferencia MAI entre usua-
rios y el ruido PIIN, mejorando así el rendimiento general del sistema. Métodos: Para la 
construcción del código FVWZCC propuesto se utilizó la posición cambiante del elemento 
y el proceso de matriz de concatenación de las tres matrices básicas denominadas vector 
derecho, matriz básica y vector izquierdo. El análisis matemático y las simulaciones con 
los software Matlab y Optisystem se utilizaron para evaluar el desempeño del método 
FVWZCC propuesto en sistemas SAC-OCDMA utilizando la detección directa. Resultados: 
Los resultados muestran una mejora significativa en el código presentado en compara-
ción con otros códigos existentes en términos de simplicidad, flexibilidad y costo de 
implementación. El método utiliza un peso constante o variable con la propiedad de 
correlación cruzada cero. Para una BER máxima aceptable de 10~9 , los resultados de la 
simulación del sistema SAC-OCDMA que utiliza detección directa bajo el software OptiS-
ystem muestran un mejor rendimiento del código propuesto con cuatro usuarios de peso 
6 a 10 Gb/s. Además, puede admitir hasta 60 usuarios simultáneamente y alcanzar una 
distancia de fibra de unos 67 km. En consecuencia, el código FVWZCC propuesto se pue-
de aplicar para soportar diferentes requisitos de Calidad de Servicio (QOS) con bajo costo 
y baja complejidad con un receptor de detección directa. Conclusión: Los hallazgos de 
este estudio resaltan la necesidad de que el código FVWZCC admita los requisitos de QoS 
del usuario final. El nuevo enfoque para la construcción de código ofrece implementación 
de bajo costo, simplicidad y flexibilidad. 
 
Palabras claves: código FVWZCC, OCDMA, ZCC, tasa de error de bits BER 
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