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ABSTRACT 
Fiber-optic CDMA is an emerging technology with far more advantages than the conventional TDMA and FDMA 

techniques. The only limitation of FO-CDMA is the multiple access interference among the users simultaneously 

accessing the network. This paper reviews the techniques proposed in the literature for the reduction of multiple access 

interference (MAI) between the users simultaneously accessing the network in fiber-optic CDMA systems. Two 

important techniques: Successive Interference Cancellation and Differential Detection have been discussed in detail. 
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1. INTRODUCTION 

The optical CDMA systems have been an 

increasingly interesting area of research since this 

multiple access technique offers many more 

benefits compared to the conventional multiple 

access techniques of TDMA and FDMA. Optical 

CDMA offers full spectrum to each user for the 

duration of channel access. Other benefits include 

very simple network protocols, gradual degradation 

of signal quality with the increase in number of 

simultaneous users, simultaneous access for users 

with maximum bandwidth, inherent data security 

as unique addresses are allocated to the users. The 

Multiple access interference (MAI) is a 

phenomenon in fiber-optic (FO-CDMA) systems, 

which appears due to non-zero cross-correlation 

between the codes. Many techniques for reduction 

of MAI have been reported. Hui
 
(1985) has shown 

that MAI is reduced with the use of an optical 

hard-limiter placed at the front end of the receiver 

[1]. Chen and Yang, (2001), have studied the 

performance analysis with the hard-limiter using 

prime and extended prime codes [2]. Yim et al. 

(2001) have used time gating alongwith 

superstructured fiber grating coders [3].  

Asymmetric error correction (AEC) codes 

embedded in optical orthogonal codes (OOC) and 

Reed Solomon (RS) codes have been used by 

Kamakura and Sasase (2001) [4]. The codes denote 

the respective users whereas AEC corrects the 

errors occurring due to the presence of MAI. Errors 

not corrected by AEC are corrected by the RS 

code. Ohtsuki (1997) has used double optical hard 

limiter to reduce the effect of MAI [5]. Liu and 

Tsao (2001) have used trellis coding alongwith the 

double optical hard limiters for suppressing the 

MAI [6]. In another scheme, Lin and Wu
 
(2000), 

have used Manchester coding to reduce the effect 

of multiple access interference [7]. FBGs are 

very convenient for inscribing the spectral codes 

in FO-CDMA applications, but due to the non-

flattened incoherent sources and non-ideal FBG 

filters, MAI results. Huang and Yang
 
 (2002) 

have described a scheme for compensation of 

MAI due to such non-flattened incoherent 

sources and non-ideal FBG filters [8]. 

Andonovic et al. (1998) have demonstrated the 

encoding and decoding of phase and frequency 

codes for optical CDMA [9]. Mendez et al. 

(2004) have used guard time with their 2-D 

wavelength/time Matrix codes to reduce MAI 

[10]. Kim et al. (2004) have proposed the use of 

non-linear optical loop mirror (NOLM) for 

reduction of MAI in coherent optical CDMA 

systems [11].  

2. SUCCESSIVE INTERFERENCE 

CANCELLATION  

Eltaif et al. (2009) have used successive 

interference cancellation (SIC) scheme to 

mitigate the multiple access interference [12]. 

Figure 1 shows the block diagram of the SIC 

receiver. The SIC receiver detects and 

demodulates the strongest signal currently 

present in the overall received signal. The 

receiver works with the following algorithm: (i) 

Recognize the strongest signal (the one with the 

maximum correlation value), (ii) Decode the 

strongest signal, (iii) Regenerate the strongest 

signal using its chip sequence, (iv) Cancel the 

strongest signal, (v) Repeat (until all the users 

are decoded or a permissible number of 

cancellations are achieved). 
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Figure 1    Principle of Successive Interference Cancellation Receiver. [Eltaif et al. (2009)] [12]. 

3. DIFFERENTIAL DETECTION 

Differential detection is a very popular means of 

eliminating the MAI in coherent/non-coherent 

and synchronous/asynchronous optical CDMA 

systems. Figure 2 shows the schematic of the 

principle of differential detection. The difference 

of the two detector currents is thus free of the 

MAI which affects the two branches of the 

decoder evenly. If the MAI is not completely 

cancelled, it is significantly reduced.  This can be 

used with on-off keying (OOK) or antipodal 

signaling. The scheme is discussed below. 

Yeon et al. (2005) have used time delay lines and 

filter-groups for encoding/decoding operation 

[13].  Huang and Yang
 
 (2002) and have used m-

orthogonal codes for reducing multiple access 

interference employing differential detection [8]. 

Heo et al. (2004) have utilized differential 

detection with the projected codes wherein only 

the ‘1’ bits are transmitted [14]. Wan and Hu 

(2001) [15] and Yim and Bajcsy (2003) [16] 

have used differential detection with the 

balanced codes for reducing the multiple access 

interference. Wan and Hu (2001) have studied 

prime/OOC codes using tunable brag gratings 

[15].Yim and Bajcsy (2003) [16] have proposed 

balanced codes for differential detection and use 

antipodal signalling/differential detection. Wang 

et al. (2007) have also used balanced detection 

(differential detection). They have used antipodal 

signaling to improve the data security concerns 

[17]. The outputs from the two branches of 

decoders are detected by two photo-diodes. They 

have emphasized the importance of code-shift 

keying from a security point of view. Heo et al. 

(2004) [14] and Huang and Hsu (2000) [18], 

have used OOK with differential detection. The 

MAI reduces due to the subtraction of the signals 

in the two branches in the differential receiver. In 

a U. S. patent for asynchronous systems, Yeon et 

al. (2005) [13] have reported codes derived using 

modified pseudo-random noise codes for 

wavelength-time coding which have zero MAI 

due to cross-correlation when the number of 

users is no more than 2 ( 1)M× − , where M is 

the length of the modified pseudo-random code.  

As differential detection is an established 

technique of reducing the cross-correlation MAI, 

the antipodal signalling can be used with 

differential detection assigning two different 

wavelength/time codes to encode ‘1’s and ‘0’s. 

The threshold level can be set to zero as the 

average MAI is very low. Hence differential 

detection simplifies the receiver design in 

addition to the improvement in the system 

performance. But due to non-zero cross-

correlation between the codes, the MAI may not 

be eliminated completely. 

4. CONCLUSIONS 

Multiple access interference (MAI) has been the 

limiting factor in fiber-optic CDMA systems. In 

this paper, the techniques proposed so far in the 
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literature have been reviewed and two very 

important techniques namely Successive 

Interference Cancellation and Differential 

Detection have been discussed in detail.  

 

PD: Photo-detector Th: Threshold in threshold detector 

Figure 2     Principle of Differential detection. 
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