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Abstract— Optical communication finds lot of new 

technology for the processing of signals by using optical 

fibers. Optical code division multiple access (OCDMA) is a 

branch of optical communication, which finds application in 

many communication systems. It has a bright future in 

communication because of its speed, efficiency, security and 

unlimited band width. The major advantage of OCDMA is 

its effective utilization of bandwidth as well as the multiuser 

communication capabilities. OCDMA requires spectral 

amplitude coding (SAC) to eliminate multiuser interference 

and also suppress the effect of phase induce intensity noise 

(PIIN) with fixed in phase cross-correlation. From past few 

decades work is going on rapidly for the generation and 

implementation of new SAC so that the problems of 

multiuser interference and different type’s attenuation and 

noises can be eliminated. There are many codes available 

which has their own reliability and advantages over the 

other. This paper presents a review on various codes on 

SAC OCDMA system which can be efficiently used in 

optical communications. 

Key words: SAC-OCDMA, PIIN Noise, MAI, Codes, Fiber 

Bragg Gratting 

I. INTRODUCTION 

The CDMA network became more popular in early 1995 

and provides a much faster data rate and capacity as 

compared to normal analog network. In general WDM fulfill 

the requirement based on increasing the capacity of optical 

fibers and in solving different network related job. Since the 

WDM technology are frequently used, but reduces its 

performance in terms of flexibility and it also show the four-

wave mixing which limits the channels. TDMA is another 

option for data transmission by using optical networks. It 

suits digital data streams and has good data handling 

capacity but it requires strict synchronization and 

equalization which increases cost and complexity of the 

system because of slot allocation [1]. 

CDMA system is based on encoding the signals in 

time domain with the help of pseudorandom sequence and 

has applications in radio frequency communication 

especially in 2G and 3G networks. It utilizes its bandwidth 

so efficiently that multiple user can transmit information 

with the same data rate, over the same bandwidth. CDMA is 

a spread spectrum technology which utilizes the same time 

and frequency allocation as in the given band space. CDMA 

stands for  Code Division Multiple Access, the name itself 

suggests the character of this technology i.e. it assign unique 

code to different user or the communication links , so that 

each user or communication links will distinguish each other 

in the same spectrum. 

In optical communication, information which is in 

the form of electrical signal is converted into optical domain 

by transmitting it through optical transmission medium. The 

optical modulation of the electrical signal takes place by the 

method called as intensity modulation.[28] The non-zero 

intensity should always be positive and it does not possess 

any negative value. Figure 1 shows the general block 

diagram of SAC-OCDMA system. 

 
Fig. 1: An OCDMA system 

 
Fig. 2: below shows the general block diagram of SAC-

OCDMA 

The main characteristics of the strictly positive 

spectrum spreading code is that it should have Ideal In-

Phase cross correlation. These ideal In-Phase cross 

correlation reduces the intensity as well as Multiuser 

interference very effectively since it cancels the 

complementary spectrum and gives the required spectrum at 

decoder side. In this paper a review of different codes 

assigned for the multiple user has been studied and the 

comparison between these codes has been made.  

II. EVOLUTION OF CODES FOR SAC-OCDMA  

In 1995 M. Kavehrad et al [1] proposed a new type of 

Frequency encoded CDMA (FE-CDMA) which is based on 

the new encoding technique in frequency domain and not in 

spectral domain. This technique uses the incoherent sources 

to modulate the signal. The advantages of LED over Laser is 

also presented in this paper. It also shows that this method is 

suitable for the basic Hadamard and bipolar codes with the 

proposed transmitter and receiver structure. Furthermore the 

application of FE-CDMA and its use as a routing technique 

for ultra-fast synchronous transfer mode ATM switches. 

In 1997 Kenneth O. Hill et al. [2] gave the fundamental of 

the FBG and defined the term diffraction grating and 

photosensitivity in terms of characteristics. Grating 

fabrication technique by the use of internal writing and 

holographic techniques are discussed with drawback of 

phase masking. The technique of phase masking is extended 

to the fabrication of chirped fiber grating. Another method 

for the grating fabrication called point by point technique 



Comparative Study of Codes for Spectral Amplitude Code Optical CDMA System 

 (IJSRD/Vol. 4/Issue 01/2016/399) 

 

 All rights reserved by www.ijsrd.com 1443 

with property of the reflection of diffracted optical wave is 

described briefly. The application of FBG is also broadly 

classified in terms of code sequences in this paper. 

In 1998 Elwyn et al. [3] analyzed SAC-OCDMA in 

terms of interference between incoherent sources which 

limits its performance. This has been analyzed in detail with 

the discipline in OCDMA system using Hadamard Code, in 

terms of intensity noise. A combination of Pulse-Position 

Modulation (PPM) with OCDMA, a new coding scheme is 

proposed with slots per words and greater than two slots per 

words for the synchronous and asynchronous case. The 

performance of PPM-OCDMA is compared without PPM 

OCDMA and conclusion has been made that there is good 

amount of increase in spectral efficiency by using proposed 

method. 

In 2000 Jen-Fa Huang et al. [4] incorporated the 

SAC-OCDMA system with FBG and passed the orthogonal 

M- Sequence code with the suitable wavelength. Here 

maximum sequence code is used to reduce the multiple user 

interference which frequently arises in fiber optics 

OCDMA. FBG based Encoder and Decoder has been 

designed optimally and the M-Sequence codes implemented 

in this system properly. By doing so, the information data 

rate are directly mapped into high rate address codes to get 

random asynchronous communication. Hence with such 

design, multiuser interference is eliminated and 

orthogonality between the user with In Phase cross 

correlation has been achieved. 

In 2001 Zou Wei et al. [5] invented a new series of 

SAC OCDMA coding which satisfies the In-Phase cross 

correlation between the user and is found to be exactly equal 

to one. The proposed new code is the modified version of 

the existing orthogonal Quadratic Code and hence named as 

Modified quadratic Congruence (MQC) code. Here they 

first construct an integer number sequence which is the 

element of a finite field GF(p) spread over the odd prime 

numbers and hence by using mapping rule code is 

constructed and in general it is given as {(p2+1),(p+1),1}. 

The decoder and encoder structure for the MQC code by 

using FBG is also proposed and performance analysis for 

SNR shows that this code suppress the intensity noise and 

improves the system efficiency. 

In 2002 Zou Wei et al. [6] invented another family 

of code which is obtained by modifying the existing 

frequency hopping code and named it as Modified 

Frequency Hopping code. The same author invented MQC 

code in 2001 and he finds the similarity between Frequency 

Hopping code and Quadrature congruent code and hence he 

modified it in the same way as it is done in MQC coding. 

The construction MFH code is based on finite field of 

element q. the MFH code is based on the prime power q of 

finite field GF(q). The MFH code is given as 

{(q2+1),(q+1),1}. Comparisons between MFH, MQC, 

Hadamard, and BIBD is done and shows that system 

performance has been improved with reduction in intensity 

noise. One disadvantages found is that MFH requires large 

Weight to improve its SNR. 

In 2003 Bong Kyu Kim et al. [7] modified the PN 

sequence for the Radio over Fiber (ROF) system. The 

modified sequence has been constructed by shifting and 

putting stuffing bits at a suitable place in popular pseudo 

Random Noise (PN) sequence. Here stuffing bit is assumed 

as bit ‘0’ and put at last of all the PN sequence. The 

performance analysis is also done and finds that 

interference- free OCDMA can be achieved using this code. 

By comparison with PN sequence code with modified PN 

sequence code it give improved BER. 

In 2004 S.A. Aljunid et al. [8] invented a new code 

family named as Double weighted (DW) and Modified 

double Weighted (MDW) codes. The DW codes are 

constructed by using a KxN, where K row represents 

number of users and N column represents minimum code 

length. The maximum weight for this code is restricted to 

two. The Modified Double Weighted (MDW) code is also a 

KxN matrix, with code weight which can be any even 

number greater than two and exist for any natural number 

‘n’. The MDW retains the basic structure of basic DW code 

with slight variation. It has been found that this codes has 

Ideal In-Phase cross correlation with simple encoder 

decoder design with easy, efficient code construction and 

has high SNR and reduced Multiple Access Interference 

(MAI). 

In the same year, Yang C.C [9] gives other code 

family by modifying the Legendre and is known as the 

Modified Legendre (ML) sequence. This code is strongly 

recommended for the low power SAC-OCDMA system. 

The ML sequence is generated from the quadratic residue 

sequence, the code is written in general form as, 

 
Where, V defines the length of ML Sequence and it 

is a prime number. It improves the performance by 

suppressing the thermal noise. The major disadvantages is 

that it increases the splitting loss by increasing the code 

length , comparison is done and it shows that MQC and M-

sequence code shows worse BER in comparison with ML 

Sequence Code.  

In 2005 S.A. Aljunid et al. [10] gave a new design 

of encoder and decoder by using parallel and series 

configuration of FBG and implemented the same with 

MDW code with code weight 4. The scheme which used at 

receiver for detection is AND-Subtraction technique. FBG 

sets into different wavelengths to provide parallel and serial 

arrangement and to construct code for transmission. The 

analysis is done, BER shows that the parallel configuration 

is good for long distance transmission as compared to serial 

configuration, but at the same time serial configuration 

shows better performance for higher bit rate which require 

for any communication. 

In 2006 F.N. Hasoon et al. [11] invented a new 

code for SAC-OCDMA which is based on the proposed 

Double Weighted (DW) in 2004. A slight modification has 

done in DW code and hence another version of DW code 

sequence is formed called Enhanced Double Weighted 

(EDW) code. EDW code is a Variable weighted code and 

exists for any natural number ‘n’. The basic EDW codes 

uses the matrix KxN with number of users in row and the 

length of code in column. The weight W of EDW code can 

be any odd number which must be greater than one. The 

comparison has been performed between MFH, Hadamard 
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code and EDW code and found that EDW code has better 

SNR and produced a BER of 10-12 at 10Gbps. 

In 2007 Julien Penon et al. [12] generates a new 

method for the optimization of FBG numerically to improve 

the capacity of SAC-OCDMA system. FBG plays an 

important role for the transmission of the signature sequence 

from encoder to decoder. They develop a new architecture 

which provides moderate bitrate that are suitable for 

different application. By optimizing the FBGs at encoder 

numerically, provides the BIBD codes, hence the 

performance of the system increase with the reduction in 

cost, MAI and intensity noise. 

In the same year S.A. Aljunid [13] invented a new 

detection technique called AND-Subtraction technique with 

DW code for the analysis purpose. This method uses the 

AND operation of two different user assigned codes, and 

then finding the Phase cross correlations between these two. 

Comparison between AND and subtraction technique using 

the same DW code shows that both are able to cancel MAI 

but the architecture of AND-Subtraction method is less 

complex because it requires very less number of filters in 

decoder and it also improves the performance, provides 

higher bitrate than complementary system due to less power 

loss and reduces the overall cost of the system. 

In 2008 K. Cui et al. [14] invented a new class of 

optical signature code based on combinatorial methodology. 

The new optical signature code is based on Mutual 

Orthogonal Latin Square (MOLS). A Latin square of side 

‘n’ is defined as it is the arrangement of such n symbols, so 

that each symbol appears exactly once at every row and 

exactly once at every column. Latin squares are Orthogonal 

if every set of squares are orthogonal to each other. These 

MOLS can be constructed with the use of Galois field 

algebra and with that an array of MOLS can be constructed. 

These codes do not have exactly In-Phase cross correlation, 

to achieve this a padding bit has been added so that the 

complete family has the cross correlation as one. The 

padding bit which is to be added is determined as per the 

network capacity. The performance analysis shows that it 

has greater flexibility with the improvement in BER as 

compared to other unipolar codes. 

In 2009 Hilal Adnan Fadhil et al. [15] invented a 

new family of code for SAC-OCDMA called as Random 

Diagonal (RD) code. The methods for creating this code 

sequence is that whole code sequence is divided into two 

groups first is the Data Segment and another is the Code 

Segment. The segment is a matrix which has Zero cross 

correlation, hence it defines as the KxK identity matrix. For 

Code Segment the total weight of four is divided into two 

parts basic part [B] and weight matrix part [M] this two 

matrix has In-Phase cross correlation. To increase the 

number of user, repeating of each row of both matrix [B] 

and [M] can be done. The implementation of this code uses 

both coherent and incoherent sources and hence by 

combining the two divided segments gives the Random 

Diagonal (RD) codes. The performance analysis show that 

RD codes improves BER significantly for high data rate. 

In 2010 Mohammed Noshad et al. [16] invented a 

new code family which is based on Segmentation of the 

code and is constructed by dividing the codes into two sets 

called Marked set for transmitting the users data and other is 

the detection set for detecting the received signals. In this 

scheme the two split sets is received by the two decoders as 

normal and complemented spectrum. This code family is 

known as Extended Perfect difference (EPD) code because 

it utilizes the difference of two sets of spectrum to get 

output. The advantage of this code is that the number of user 

can be increase without increasing the weight of the code 

and this can be done by extending the decoding spectrum 

pattern. This code can be used to reduce MAI and also it 

shows improved performance because of In-Phase cross 

correlation.   

In 2011 C.B.M Rashidi et.al [17] invented the 

construction of a new code of family called Modified Zero 

Cross correlation (MZCC) code which has a feature of non-

overlapping bit 1 in the code sequence which considerably 

reduces Phase Induced Intensity Noise (PIIN). The code 

construction based on the matrix known as code matrix 

BKW which is a combination of another matrix called unit 

code UK and is given as, 

BK
W = (UK: UK : UK …………. )KxWK 

Where K is the number of user and W is the 

Weight of the given code. Proposed code evaluation and the 

comparison between different codes has been studied in 

terms of code of code length, Code weight and noise 

performance and found that MZCC code shows better result 

as compared to other codes. 

In the same year a comparative study of Zero 

Vector combinatorial Code (ZVCC) and Zero Cross 

Correlation code (ZCC) is done by Swati Sharma et al [18]. 

The study has been done in terms of BER and Noise and 

shows that ZVCC has better performance for the variation of 

bitrate and extended code length. 

F. A. Aziz invented [19] another family of code in 

the same year. The new code family is called Manchester 

Coded Modified-Legendre code (MCMLC), which is 

obtained by applying Manchester coding to the ML 

sequence. This code is a 1 D ML sequence code and hence 

provide high Quality of service (QoS). For the code 

construction author uses Manchester code to represent each 

bit, to do so they represents 01 for chip 0 and 10 for chip 1. 

The normal coding is used to transmit 1 and complement is 

used to transmit 0. The MCMLC code is given as, 

CVJ = (C1J, C2J…C2VJ) 

Where, V is the length of the ML sequence and J 

belongs to (1, 2, 3,…..V). The encoder structure uses two 

optical encoder for encoding bit 0 and bit 1. In decoder side 

we have an optical hard Limiter which reduces the effect of 

MAI. By using MCMLC code the BER performance is 

improved if the number of user N increased, conclusion has 

been made that the proposed sequence is good for both 

single rate and multirate system. 

In 2012 Thanna et al. [20] invented a new code 

family with zero In-Phase cross correlation. The new SAC-

OCDMA code is called the Multi Diagonal (MD) code and 

the code is constructed by using diagonal matrix. The MD 

sequence consist of both odd and even number of diagonal 

matrix and are combined to form the MD code. The BER is 

derived from the basic concept of Gaussian Approximation. 

The transceiver system is based on the direct detection 

technique and hence the complexity of the receiver 

decreases up to the great extent with improved BER. 

In the same year C.B.M. Rashidi et al. [21] 

invented another code design for SAC-OCDMA known as 
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Flexible Cross Correlation (FCC) code. This code has the 

Flexible In-Phase cross correlation and the code matrix is 

given as, 

AKW ={aij = 0 or 1 , I = 1, 2, 3 …. K & j = 1,2,… 

N} where, K is the number of user in the row and N is the 

Length of the code as column. The main advantage of this 

code is that it has flexible cross correlation and because of 

this, code provides the superior performance in terms of 

BER, good receiver power and it does not need any 

amplification of the signal at the output and this makes it 

suitable for FTTH and LAN networks.    

In 2013 Hamza M.R. et al. [22] gives a detection 

scheme at receiver using single photo diode. This can 

eliminate the effect of MAI and PIIN in SAC-OCDMA 

system, by cancelling the interfering signal in optical 

domain. MDW code has been used as a coding sequence for 

this system. The block diagram of transmitter and the SPD 

based receiver is described. The analysis of the system has 

been carried out with and without optical hard limiter and 

concluded that BER is improved for desired receiver when 

optical hard limiter is used. 

In the same year A. Djebbari et al. [23] gave a new 

code which has Zero Cross Correlation and it is based on the 

well-known Block Incomplete Block Design (BIBD) code. 

The basic concept of BIBD 1-D code it utilizes and has been 

extended to get a new 2-D code family with Zero cross 

correlation. The matrix of the newly proposed code consist 

of the binary coefficient with the position of bit 1 at, 

Pij = {α(i+jN) mod C} with 0 ≤ i ≥ N-1 and 0 ≤ j ≥ 

W-1 here, N is the length of the code and W is the weight of 

the code. The main advantage of this code are its shortest 

length and easy construction. 

Yet again a new code family was invented by M.H. 

Kakaee et al. [24] in the same year called Multi service 

(MS) code. These code is the flexible basic code with fixed 

code weight. The construction method of the code are as 

follows, let NB be the number of user in the basic code 

sequence which varies between 1 to W and W is the weight 

of the code. The code matrix for MS sequence code is 

defined by, 

 
The position which does not contain 1 is filled with 

0. Here in code matrix ij is the position if jth as 1 in the Cth 

code, for constructing the code sequence for different other 

users they consider the position which will be in the first 

position and there should not be any overlapping with the 

previous code and in that position bit 1 is inserted to get In-

Phase cross correlation and the remaining code is shifted 

one unit to the right position. Hence by using the mapping 

sequence the number of users can be extended. The AND 

Subtraction detection scheme is used and the Encoder as 

well as the Decoder structure is proposed for this MS codes. 

After analysis conclusion is made that the newly generated 

code not only suppress the MAI but also improves BER due 

to IN-Phase cross correlation. 

In 2014 Kaushal kumar et al. [25] did analysis for 

reducing dispersion by using FBG. The eye diagram is 

plotted by using Optisystem software with and without FBG 

and also with the variation of different parameter such as 

Optical Fiber Cable length, different values of input power 

and attenuation constant and conclusion has been made that 

these all parameter are responsible for the different types of 

noise. 

In the same year Rasim Azeez Kadhim et al. [26] 

provided a new code family based on 1-D MD code and the 

new code is referred to as the 2-D MD code and it is 

developed to enhance the performance of the non-coherent 

OCDMA system. The 2D MD code is given as, Ag,h = YhT 

Xg and it has Zero cross correlation property. The 

transmitter and the receiver structure is also proposed for 

this code fade family which has a pair of FBG and utilizes 

the AND detection technique at receiver. The BER for 2-D 

MD code is defined by considering PIIN, Shot Noise, and 

thermal noise and comparison has made which shows that 2-

D MD code provides better BER for such noise. 

In 2015 Fu-Jun Chen [27] invented new detection 

scheme by modifying the existing Triple Branch Single 

Detection (TBSD) scheme. The FBG based balanced TBSD 

is very efficient for the elimination MUI with the fixed cross 

correlation. They gives the schematic diagram of encoder 

and decoder. In encoder the signal is split into two groups 

by the FBG decoder. The desired signal is again split into 

two parts by 2:1 splitter and hence the complementary signal 

and the split signal is added and transmitted through fiber 

cable. At decoder Double Weight Quadratic Congruence 

code (DWQCC) is used in the modified TBSD. The 

performance analysis shows that the input spectrum without 

interference and the eye of an eye diagram is widely open. 

Hence the conclusion made that MTBSD scheme give better 

performance for unfixed phase cross correlation codes. 

CODES 

Parameters of comparison 

Existen

ce 
Length 

Weigh

t 

In-Phase 

cross 

correlati

on 

M- 

sequence 

code 

N = 2m-

1 
N 

(N+1)/

2 
2(m-2) 

Hadamar

d 
N = 2m N N/2 2(m-2) 

BIBD All GF q2 + q + 1 q+1 1 

MQC Primes p2 + p P+1 1 

MFH All GF q2 + q q+ 1 1 

MDW All odd 
3k+8/3{sin(kπ/

3)2} 
4 1 

EDW 
All 

even 
N 3 1 

Padded 

orthogon

al 

Q Q2+Q+1 Q+1 1 

RD All K+5 4 Variable 

MD All 2K 2 0 

FCC All K+1 2 ≤1 

MS All K 4 1 

Table 1. 

III. COMPARISION OF DIFFERENT CODES FOR SAC-OCDMA 

m = number of user; Q = Prime power; p = prime number; 

q = power of prime number; K= Number of users. 
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IV. CONCLUSION 

Optical fiber cable shows better performance than the 

metallic cables due to its high transmission data rate, 

flexibility, easy to implement, cost efficient and less 

attenuation. The performance of the optical communication 

is suppressed due to Multi Access Interference (MAI), and 

some noise which is available in the decoder side. Optical 

CDMA is the best way for multiuser communication with no 

collision and it requires some coding technique to assign 

bandwidth to multiple user. In Spectral Amplitude Coding 

(SAC) the amplitude or the phase component is modulated 

as per the assigned code. The different SAC codes have 

been studied in this paper for Optical CDMA. The steps for 

the construction of the different codes is also defined with 

several advantages and disadvantages and also on the basis 

of the construction method a comparison has been made 

which will conclude the superiority of the codes in different 

parameters.  
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