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Abstract— This paper discusses a comparative study of three 

coding techniques in optical CDMA. Likes wireless CDMA 

in optical CDMA also each user is assigned with a unique 

signature sequence called code word. MUI is the main reason 

for system degradation in optical CDMA. The coding can be 

done on either amplitude called spectral amplitude coding 

optical CDMA (SAC-OCDMA) or in phase called spectral 

phase coding optical CDMA (SPC-OCDMA) or in frequency 

called frequency encoded optical CDMA (FE-OCDMA), 

comparative study of these coding techniques are carried out 

here. The effect of MUI, PIIN and other noises on system 

performance are different for each coding technique. 

Keywords: SAC-Optical CDMA, FE-Optical CDMA, SPC-

Optical CDMA, MUI, PIIN 

I. INTRODUCTION 

Telecommunication networks based on optical fiber      

technology have become a main information system. The 

increase in demand for higher speed and advanced services 

are satisfied by the optical fiber technology by provides an 

extremely high bandwidth compared to traditional media.          

Multiple access and multiplexing are the two   

important techniques used in communication system. 

Multiple access allow different users to share the 

communication media where as multiplexing is the 

combination of signals into single transmission signal. 

Frequency division multiple access(FDMA),Time division 

multiple access(TDMA) and Code division multiple 

access(CDMA) are the three basic multiple access technique 

present. In traditional fiber optic communication systems to 

allocate bandwidth among multiple users they make the use 

of either TDMA or WDMA. But unfortunately both the 

method posses disadvantage that have limited bandwidth for 

each user. This is significant in local area systems acquiring 

large number of users.             

TDMA technique allows multiple users to access a 

channel by allocating time slots to each user within each 

channel. WDMA allows each user to access the channel by 

allocating frequency or wavelength to each user. Where as in 

CDMA technique each user require neither time slots nor the 

frequency/wavelength slots can use the entire bandwidth with 

the help of unique code assigned for individual user. So that 

significant performance gain can be achieved through 

multiplexing. Optical CDMA is the latest multiple access 

technique has been proposed during the last twenty years. 

Like wireless CDMA in OCDMA also each user is assigned 

with unique signature sequence called code word. An 

intelligent construction of code word is the key to any 

successful Optical CDMA system.   

The key advantage of the OCDMA is that it can be 

encoded and decoded in optical domain without converting 

the signal to electrical domain unless it needed to be. 

 
              Fig. 1: Block diagram of OCDMA network [28] 

Multi user interference (MUI) is the main limit in 

OCDMA system performance. It will increases with increase 

in the number of users so it limit the system capacity. MUI 

can be cancelled by using balanced detection or any other 

efficient detection schemes. The different detection schemes 

used are  direct detection, complimentary detection, AND 

detection ,NAND detection[19] .To suppress both Multi user 

interference (MUI) and phase induced intensity noise(PIIN) 

a suitable code word with low cross-correlation is so 

important. Using this intelligent codes we can code either 

amplitude or phase or frequency of the optical spectrum. So 

that spectral amplitude coding optical cdma(SAC-OCDMA), 

spectral phase coding optical cdma(SPC-OCDMA) and 

frequency encoded optical cdma(FE-OCDMA) are exist. 

II. SPECTRAL AMPLITUDE CODING OPTICAL CDMA  

Here the intensities or amplitudes of the                spectral 

components for each user pulses are modulated using 

different coding sequences. 

Spectral-amplitude-coding optical code-division 

multiple-access (OCDMA) systems are limited by 

interference between incoherent sources. In 1998 Elwyn D. J. 

Smith, Richard J. Blaikie and Desmond P. Taylor conducted 

a  detailed analysis of this limit for a system with a balanced 

receiver [1] .To improve the system performance additional 

pulse-position modulation (PPM) coding is used and a  simple 

and robust PPM decoding structure is proposed, and the 

performance  the whole PPM-OCDMA system is analysed. If 

the number of simultaneous users is of the order of the PPM 

word length or large then the interference-limited the 

performance of PPM-OCDMA system   superior to that of the 

original system. If  bipolar codes are used  then the network 

capacity is inversely proportional to the number of 

simultaneous users. 

In 2001 Zou Wei, H. M. H. Shalaby and H. 

Ghafouri-Shiraz [2]  have constructed a series of new code 
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families with a fixed in-phase cross correlation value of 1 for 

the spectral-amplitude-coding optical code-division multiple- 

access (CDMA) system. They also invented a  new 

transmitter and receiver structures based on tunable chirped 

fiber Bragg gratings (FBGs) and  compared the performance 

of this system with that of a former system that use a 

hadamard code.  The new code families suppress the intensity 

noise effectively and improve the system performance 

significantly. When the effective power is large  the intensity 

noise is the main factor that limits the system performance. 

And when the effective power is not sufficiently large, 

thermal and shot noise sources become the main limiting 

factors and the effect of thermal noise is much larger than that 

of shot noise. 

In 2002 [3]  two new codes with ideal in-phase CC 

are constructed by  Zou Wei  and H. Ghafouri-Shiraz. They 

first reviewed the old BIBD code and then modified quadratic 

congruence code and modified frequency hopping codes 

generated. Both of these  codes are obtained by modifying 

former codes quadratic congruence code and frequency 

hopping code  with ideal CC. On using codes with ideal in-

phase CC the system performance can be improved 

significantly than that of  Hadamard code. For multiuser 

interference cancellation these codes can be used in 

synchronous optical CDMA systems also. 

In the same year [4]  Sangwook Han studied about 

the optical CDMA communication techniques with optical 

orthogonal codes. The use of optical orthogonal codes 

enables a large number of asynchronous users to transmit 

information efficiently and reliably. The lack of a network 

synchronization requirement enhances the flexibility of the 

system. The auto correlation and cross-correlation property 

of the optical orthogonal codes are given  as 

Auto correlation property is 

n-1 

 Xt Xt+τ    λa 

t0 

for any XC and integer t,0tn 

Cross correlation property is 

n-1 

 Xt Yt+τ      λc 

t0 

for any X  ,YC and integer 

The desired properties of theses codes and their use 

in optical CDMA are reported in [10]. In 2012   Mrs. Anita 

Borude and Prof. Shobha Krishnan also conduct a study on 

OOCs.  These optical orthogonal codes (OOC) set are 

constructed by using difference set methods.  OOCs reduce 

interference due to other users and channel noise. Probability 

of error can be reduce by selection of proper weight (w), 

length (n) & cardinality(C) of OOCs. 

In 2006  F.N. Hasoon, S.A. Aljund, M.K. Abdullah 

and S. Shaari  developed a  new code structure for spectral 

amplitude coding optical code division multiple access 

systems based on double weight (DW) code families [5].  The 

Double Weight has a fixed weight of two. Enhanced double-

weight (EDW) code is a variation of  DW code family that 

can has a variable weight greater than one. They found that 

EDW code possesses ideal cross-correlation properties λ =1 

and exists for every natural number n and also provides  much 

better performance compared to the existing code such as 

Hadamard and Modified Frequency-Hopping (MFH) codes. 

They have  simple encoder/decoder design, easy and efficient 

code construction  and low BER. The  simulation results 

shows  that  the eye pattern of one of the three EDW coded 

carriers running at 10 Gbps via a communication-standard 

fiber has achieved BER of 10-12. 

In 2008 Ratna Sahbudin, Syed Aljunid, Mohd 

Abdullah, Mohd bin Abdul Samad, Mohd Mahdi, and 

Mahamod Ismail done a comparative study on two detection 

schemes based on subtraction detection technique [6]. This 

system is good against interference and is much more 

spectrally efficient. SAC-OCDMA systems completely 

eliminate multi access interference by using code sequences 

with fixed in-phase cross correlation.  Double weight code  is 

used here for SAC-OCDMA system.  AND subtraction 

detection technique improve the system performance 

significantly. 

In 2009 [7] Hassan Yousif Ahmed, Ibrahima Faye, 

N.M.Saad and S.A. Aljined carried out an extensive studied 

about  the system performance specified by MUI and PIIN. 

For that they adopted Vectors Combinatorial (VC) codes 

families  as a signature sequence.  When the received power 

increases, the PIIN noise for all the codes increases linearly. 

The effect of PIIN can be minimized by increasing the code 

weight by  preserving the adequate signal to noise ratio over 

bit error probability. Here  both transmitter and receiver 

sections  have been designed using FBG groups. The 

advantages of the codes are any positive integer number of 

weights can be used, large flexibility in choosing the number 

of users (free cardinality) over other codes like MQC and 

MFH, simplicity of code construction , maximum cross 

correlation is one and exists for a practical code length. The  

VC families using small values of W  and give better 

performance than MQC and MFH codes in many 

perspectives. 

In 2010 H.A. Fadhil, S.A. Aljunid and R.B. Ahmad 

analysed  a new code of optical code division multiple access 

(OCDMA) based on spectral amplitude coding (SAC) [8]. 

That coding technique is called random diagonal (RD) code. 

SAC–OCDMA systems are the low-cost solutions for fibre to 

the home, local and metro area networks. LEDs can be used 

as cheap incoherent sources combined with coherent source 

for good performance, especially for lightly loaded networks. 

One of The important properties of the codes are  that the 

cross-correlation at data segment is always zero, which means 

that phase intensity induced noise (PIIN) is reduced, no cross-

correlation in data level which minimised λ and reduced PIIN, 

data level can be replaced with any type of codes and 

flexibility in choosing N, K parameters. From the 

construction of RD code sequence, the authors can see that 

the RD code is constructed using code segment and data 

segment. Using this code property, RD code is implemented 

using coherent source (multi-laser) and incoherent source 

(light emitting diode) for the code segment and data segment, 

respectively.   System using RD codes not only suppresses 

PIIN, but also allows a larger number of active users 

compared with other codes. 

In the same year Amirhossein Ghazisaeidi and 

Leslie Ann Rusch present a new performance analysis of 

spectral amplitude coded optical code-division multiple 

access (SAC-OCDMA) systems using a multi canonical 

Monte Carlo algorithm, and examine the efficiency of 

semiconductor optical amplifier (SOA)-based on intensity 
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noise suppression in SAC-OCDMA as the number of users  

increased [9]. Noise distribution is approximated as Gaussian. 

Contrary to behaviour in spectrum-sliced wavelength-

division-multiplexed systems the  noise mitigation offered by 

SOA rapidly degrades as the number of users increases. 

In 2012 [11] H.M.R. Al-Khafaji ,S.A. Aljunid and  

H.A. Fadhil conducted a study on  spectral efficiency (SE) of 

bipolar spectral-amplitude coding optical code-division 

multiple-access (SAC-OCDMA) systems operating with 

incoherent sources. The analytical results show that the 

intensity noise as the primary source of noise. Four different 

SAC codes were used to evaluate and compare the SE against 

the number of active users and code length for a bit-error rate 

(BER) of 10−11  . The codes used for the investigation are 

Hadamard, modified quadratic congruence (MQC), balanced 

incomplete block design (BIBD) and zero cross-correlation 

(ZCC). ZCC code has the ability to support more users at a 

high data rate up to 2.5 Gbps and offers significant SE 

enhancement in bipolar SACOCDMA system over other 

SAC codes under investigation.  Bipolar encoding improves 

the SE compared with unipolar technique. Furthermore, when 

BER requirement of the system decreases, the SE can be 

increased. 

Hossam M. H. Shalaby investigate the spectral-

amplitude-coding optical code-division in terms of the mean 

and variance, of the decision current in SAC-OCDMA 

receivers in 2012 [12]. Multiple-access (SAC-OCDMA) 

technique is a vital candidate for future optical networks. 

Until 2012, there has been no exact analysis for the 

performance of systems using these techniques, and most 

researchers use upper and/or lower bounds to obtain the bit-

error rate (BER) of these systems.  SAC- OCDMA techniques 

are evaluated  based on the Gaussian approximation method.  

The derived BER is evaluated numerically for two different 

types of SAC-OCDMA codes.  In 2014 Mohammad Ali 

Sedaghat, Ralf R. Müller and  Farokh Marvasti studied  the 

performance of a spectral-amplitude-coding optical code 

division multiple access (SAC-OCDMA) system in the 

asynchronous regime  using a Gaussian approximation of the 

decision variable for codes with fixed cross-correlation [13] . 

The authors consider the effect of phase-induced intensity 

noise (PIIN), thermal noise and shot noise. Moreover, the 

validity of the Gaussian approximation is confirmed by a 

Kolmogorov–Smirnov fitness test.  SAC-OCDMA system 

without any time management for the users, that is, the 

asynchronous regime, has a better performance than the 

synchronous SAC-OCDMA when PIIN effect exists. 

In the same year[14] Ahmed I. Abd El-Rahman, 

Sherif I. Rabia, and Hossam M. H. Shalaby examined the 

technical superiority of spectral amplitude coding optical 

code-division multiple-access (SAC-OCDMA) systems over 

traditional wavelength division multiplexing (WDM) 

systems in optical burst switched (OBS) networks. They 

combines both MAC and physical layer capabilities by 

introducing a new burst error loss rate parameter. The effect 

of phase-induced intensity noise on the number of active 

users in OBS/SAC-OCDMA systems introduces a burst error 

rate (BurstER) in the multiple-access interference 

cancellation operation. BurstER is an increasing function of 

the number of active users and hence would suppress the 

system MAC layer performance. So there is a  limitation on 

the number of simultaneous active users. When the number 

of tolerated bits in error per burst exceeds a certain value 

OBS/SACOCDMA performance outperforms that of 

OBS/WDM.  

Ruchita Bajpai and Dr. Neelam Srivastava  

investigate the influence of  single photodiode in cancelling 

PIIN and MAI effects in the optical domain in spectral 

amplitude coding optical code-division multiple-

access(SAC-OCDMA) systems in the same year [15] . Single 

photodiode is cost effective  instead of two in other detection 

techniques. SPD technique is superior over MODIFIED-

AND subtraction detection technique in suppressing 

interference effects. As a result BER performance of SPD 

technique is better than other detection schemes.  

In 2014 Miss. Snehal Iranna Upwar and Mr. 

Abhishek Shevde studied the difficulties in the selection of 

spreading code of a CDMA system [16] . In order to support 

a high capacity CDMA system if we increase the number of 

codes, it  will result an  undesirable effect in higher cross 

correlation value between the code members. The generated 

code can serve both the purpose of capacity and efficiency of 

spread spectrum system simultaneously. The BER 

performance of the proposed code looks very much assenting 

irrespective of the channel and user conditions. 

In 2015 Shin-Pin Tseng studied and  designed a fast 

frequency hopping (FFH) code family suitable for application 

in spectral amplitude-coding (SAC) optical code-division 

multiple-access (CDMA) networks [17]. The system use 

simple optical encoders/decoders with fiber Bragg gratings 

(FBGs) and a set of optical securers using two arrayed-

waveguide grating (AWG) demultiplexers (DeMUXs). The 

FFH code family can effectively suppress the effects of 

multiuser interference. Additional codes were developed as 

secure code words for enhancing the security of the network. 

Bit error rate (BER) and spectral efficiency (SE) of SAC 

optical CDMA networks are evaluated based on a Gaussian 

approximation.  The proposed SAC optical CDMA network 

exhibited favourable performance. 

In the same year [18] A. O. Aldhaibani, S. A. 

Aljunid, M. S. Anuar and A R Arief combine sac-ocdma with 

OFDM, operate at high data rates and propagate with high 

fidelity over fiber links.Here the system use Multi diagonal 

code(MD) which give good performance based on bit error 

rate (BER) and long performance.  The BER improved 10^-4 

for the OFDM-OCDMA than conventional OCDMA systems 

at distance 100 Km, as well as the data rate reached to 10 

Gbps with desired bit error rate (BER). 

In 2015 [19] Ila Rao and Deshraj Rana generated 

different detection techniques in spectral amplitude coding 

optical CDMA. The experiment is conducted with enhanced 

double weight codes which possess ideal cross-correlation 

property and weight can be any odd number which is greater 

than one. Simulation results shows that AND and NAND 

subtraction detection techniques gave better performance 

than both direct and complimentary detection techniques. 

NAND detection techniques can support some extra active 

users and offer better performance compared to other 

detection techniques.   

III.   FREQUENCY ENCODED OPTICAL CDMA  

In 2005 Simon Ayotte, Martin Rochette, Julien Magne, Leslie 

A. Rusch, and Sophie LaRochelle  conduct an  experimental 

demonstration  of  frequency-encoded optical code-division 
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multiple-access (FE-OCDMA) system using broad-band 

incoherent source, superimposed fiber Bragg gratings for 

encoding/decoding of unipolar m -sequence codes, and 

balanced detection [20]. A good MAI rejection is obtained 

using balanced  photo detection. This system is limited by the 

intensity noise inherent to the incoherent FE-OCDMA. To 

improve the performance of an FE-OCDMA system codes 

with  low fixed cross-correlation is combined with FBGs in 

transmission for using  the whole optical bandwidth. These 

optimized parameters can significantly reduce the effect of 

intensity noise but cannot eliminate it completely. 

In the same year [21]  Martin Rochette, Simon 

Ayotte and Leslie A. Rusch studied about the spectral 

efficiency of frequency-encoded (FE) optical code-division 

multiple-access (OCDMA) systems with incoherent sources. 

The spectral efficiency of five code families compatible with 

FE-OCDMA is calculated as a function of the number of 

users.  The spectral efficiency for m-sequence, bipolar 

Hadamard, MQC, BIBD, and PSE code families are  

evaluated for a BER=10^-10 . The spectral efficiency of m-

sequence, bipolar Hadamard, and PSE systems are calculated 

using averaged noise equations. Systems using codes with 

low in-phase cross-correlation and with high contrast perform 

the best. Among the code families considered, the modified 

quadratic congruence code leads to the maximum achievable 

spectral efficiency. 

In 2011 Cheng-Mu Tsai a and Tsair-Chun Liang 

generated a wavelength/spatial (W/S) coding system with 

fixed in-phase code (FIPC) matrix in the optical code-

division multiple-access (OCDMA) network [22]. The 

encoder/decoder in the W/S OCDMA network is fully able to 

eliminate the multiple-access-interference (MAI) at the 

balanced photo-detectors (PD), according to fixed inphase 

cross correlation. The phase-induced intensity noise (PIIN) 

related to the power square is markedly suppressed in the 

receiver by spreading the received power into each PD while 

the net signal power is kept the same.  The W/S OCDMA 

network based on the FIPC matrices cannot only completely 

remove the MAI but effectively suppress the PIIN to upgrade 

the network performance. 

IV.   SPECTRAL PHASE CODING OPTICAL CDMA 

In 2004 S. Galli, R. Menendez, P. Toliver, T. Banwell, J. 

Jackel, J. Young and S. Etemad develop  a WDM compatible 

spectrally phase encoded Optical CDMA (OCDMA) system 

that uses 16 phase-locked laser lines within an 80-GHz 

tunable window and an ultrahigh frequency resolution 

encoder/decoder [23] . The described system differs from 

conventional OCDMA systems. MA properties of spreading 

sequences used as phase masks depend on their IFT and not 

directly on the sequences themselves. Amplitude/phase 

encoded CDMA offers the unique capability of conveying 

broadband signals over non-contiguous frequency bands 

while maintaining waveform  orthogonality. This allow to 

transmit several OCDMA channels in the unused bandwidth 

of a single WDM channel when a SONET signal is present. 

[24]  Bing Long and Wu Pan  analyzes the temporal 

behaviour of pseudo-random code and the effects on a 

spectral phase-encoded time-spreading OCDMA System. 

The system’s performance was simulated under the different 

pseudo-random phase codes. The OCDMA system’s 

performance would be better if the phase codes have equal 

amount of 1 and -1 and improved by increasing phase code 

length. By analysing  the Bit Error Rates (BER) the system 

performance is evaluated . 

In 2005 S. Galli, R. Menendez, P. Toliver, T. 

Banwell, J. Jackel, J. Young and  S. Etemad conduct an 

experimental study on a new modulation scheme  based on a 

powerful property of spectrally phase-encoded OCDMA 

signals [25]. Which is a novel method for transmitting several 

OCDMA channels in the unused bandwidth of a single WDM 

channel, thus allowing the OCDMA and SONET signals to 

share the same WDM channel. The operation of spectral 

phase encoding allows  to convey broadband signals over a 

disjoint  frequency support.  This property does not impair 

signal orthogonality. so that it can be exploited in  both  

synchronous and asynchronous OCDMA. 

In 2008 Mohammad J. Emadi  and Jawad A. Salehi 

studied about the benefit of enhanced security in Spectrally 

Phase Encoded Optical CDMA (SPE-OCDMA) systems 

[26]. The degree of security can be determined by  measure 

the resistance capability of the system against various 

jammers attacks. Here they model  three types of Jammers 

namely Pulse Jammer, Partialband Jammer, and Follower 

Jammer and mathematically analyze the effects of the above 

jammers on the performance of the SPE-OCDMA systems 

that use On-Off keying (OOK) modulation scheme.  Under 

certain conditions  the performance of the system can be 

dramatically degraded due to the jamming signals.  The 

strongest jammer is  follower jammer. 

In 2013 Zhen Fei, PU Tao,Wei Zhihu,FANG 

Tao,Chen Yinfang, Zheng Jilin and  SUN Dan combine the 

optical steganography to public differential phase-shift 

keying (DPSK) transmission by transmitting a stealth 

spectral-phase-encoded (SPE) OCDMA signal through a 

DPSK link[27]. By properly adjusting the power of the 

amplified spontaneous emission (ASE) noise, the stealth 

signal can hide well in the public channel with producing 

minimal influence on the public DPSK signal. The SPE 

OCDMA approach can provide high spectral efficiency 

performance.  At the receiver, the stealth signal is 

successfully recovered by a balance detector.  And the stealth 

signal and ASE noise produce minimal effect on the DPSK 

channel. 

V. CONCLUSION 

This paper presents a review on various coding techniques  

and different type of codes used. As the data rate increases 

BER also increases. MUI is the main reason for system 

degradation in optical CDMA.  In phase and frequency 

coding for a data rate of 2Gb/s the BER is about 10−2 while 

for SAC-OCDMA the same BER is for a data rate of about 

10Gb/s for the same number of users. The effect of MUI , 

PIIN and other noises on system performance are different for 

each coding technique. Different detection schemes used in 

SAC-OCDMA are direct detection, complimentary detection, 

AND and NAND detection. 
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