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Abstract - In this paper, three dimensional (3D) SPPDD codes for data encoding in OCDMA has been done and 

comparative performance of the W/T/S and W/T/P three dimensional codes for different distances is carried out. The data 

modulation format is considered non return to zero (NRZ) for space channel S=2. The comparison between W/T/S and 

W/T/P is done by varying the bit error rate (BER) against various parameters like length of fiber, number of users and 

input power. It is found that OCDMA system with W/T/S data format performs better than W/T/P. In this we take 

SPPDD codes with fixed space, but varied wavelength and time channels. As the wavelength and time channels are varied, 

the performance of the system is also varied. It gives better performance for (W>S) and shows large BER for (W≤S). 

 

Index Terms— BER, Q-factor, SPPDD, Distance, NRZ 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Optical Code division multiple access (OCDMA) is one of the upcoming technology for future multiple access networks [1]. We 

can say that OCDMA is a spreading technique in which assigning a code to each user in fiber optic communication. A ‘1’ is 

transmitted by the user in the form of an assigned code and 0 by means of no transmission [2]. Optical CDMA can operate 

asynchronously, without centralized control, and it does not suffer from packet collisions [3]. Two main factors to be consider 

regarding codes are the nature of codes and type of codes. The nature of codes in OCDMA system means that whether codes used 

are unipolar and bipolar. In bipolar (-1, +1) codes, both the positive and negative logic are used to encode the data bit‟1‟ and zero 

logic level is used to encode the data bit ‘0’. In OCDMA system, unipolar codes are used to transmit the information and optical 

power cannot be negative. The type of codes in OCDMA system can be one dimensional, two dimensional and three dimensional, 

out of these three types of codes- three dimensional codes are generally preferable due its performance [4]. Generally used 3D 

code is space/wavelength/time code with single pulse per plane with direct detection (SPDD).  

In OCDMA system, the system performance is determined by the bandwidth efficiency of the optical codes which is closely 

related to the error probability behavior of optical codes in multiple user circumstances as well as code set size dependence on 

code length and also on the modulation format of the input data. Moreover, there are two possible modulation formats, non return-

to-zero (NRZ), in which a constant power is transmitted during the entire bit period, and return-to-zero (RZ), in which power is 

transmitted only for a fraction of the bit period [5], in intensity-modulated direct-detection (IM/DD) optical communication 

systems. The NRZ pulses have a narrow optical spectrum. The reduced spectrum width improves the dispersion tolerance but it 

has the effect of inter symbol interference between the pulses. The narrow spectrum of NRZ pulses yields a better realization of 

dense channel spacing in DWDM systems. The RZ pulse shape enables an increased robustness to fiber non-linear effects and to 

the effects of polarization mode dispersion (PMD) [6]. 

Various 3D codes for the OCDMA systems are proposed and one of them performs well is 3D SPPDD [30] code and this code is 

analyzed for different space channels and find out only those channels are suggested to use which fulfill (W>S) condition and if 

we use W=4, it provides channel S=2 and S=3 are better the comparison of NRZ and RZ format for both of the channels. W/T/S 

and W/T/P codes for three dimensional codes are not compared till now. Now, we present this comparison for W/T/S and W/T/P, 

for 3D single pulse per plane with direct detection (SPPDD). 

II. ANALYTICAL MODEL 

Three dimensional code words are represented by the 3-D matrices that have binary (1or 0) values for their elements. Single pulse 

per plane 3D code having a single ‘1’ element per plane with the three dimensions: wavelengths, time and the space channels and 

hence are the (Wavelength x Time x Space Channels) codes. In case of W/T/P there is third dimension of polarization and 

wavelengths are similar.  Each element represents whether the corresponding point in 3D conceptual space is occupied by optical 

pulse or not. The ‘1’ chips in the code denote that an optical pulse is to be transmitted over the optical channel in the 

corresponding time slot over the respective wavelengths and ‘0’ represents transmitting nothing. 

Now, we define 3D code mathematically, A (W x T x S, Cw, λa, λc ) represents 3D code, C is a set of binary (0,1) here (S x W x T) 

is a three dimensional matrices, Cw is a code weight and λa,, λc represents the auto-correlation and cross correlation of the code 

respectively. 
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The code auto-correlation and cross-correlation constraints for a general 3-D SPP code family are defined below [7]: 

Auto-correlation constraint: For a 3D SPP code Y (W, T, S) 

Auto-correlation, 

 

 

 

 

 

 

 

 

 

 

Cross-correlation constraint: For any two 3D SPP codes Y&Z (W, T, S) Cross-correlation, 

 

 

 

 

 

 

 

In the above definitions, non-negative integer‟s λa and λc are the peak out-of-phase auto correlation and the peak cross-correlation 

values;  denotes modulo-n addition. The cross correlation constraint guarantees asynchronous operation of the 3D code based 

system. Hence use of direct detection with 3D optical SPP codes improving the bit error rate performance and provides larger 

code set. 

III. SIMULATION SETUP 

The simulation setup for OCDMA system, implementing 3D SPPDD codes for space channel S=2 and P=2 with constant value of 

W=T=4 is shown in figure 1.1 and in figure 1.2 respectively. As S=2, there are two space channels and each channel is having 

four wavelengths, then the number of wavelengths becomes 8. In case of the polarization as third dimension, the wavelengths are 

four. This is due to the fact that the change in the polarization state of same 4 wavelengths two time such as zero degree for first 

four and 90 degree again. Total number of wavelengths are determined by (W x S) in case of W/T/S only. For S=2 there are total 

8 wavelengths and these wavelengths are ranging from 1549 nm to 1551.4 nm and 1555 to1557.4 nm. For P=2 there are total 4 

wavelengths and these wavelengths are ranging from 1549 nm to 1551.4 nm.  

 

Each wavelength differs from another wavelength by .8 nm. These setups having chip spectral width (.01 nm). The random input 

data bit sequence is generated at the rate of 1 Gbps, after that coded light signal modulates the input data. The modulator is driven 

by the modulator driver which decides the input data format and the modulator uses in both setups is Machzender. The input data 

format NRZ. The modulated data is encoded in the encoder, that spreads the data in both wavelength and time domain because 

encoder consists of filter and time delays. Outputs of all encoders of space channels   combine and sent to the single mode optical 

fiber of different length. All the dispersion 17 ps/nm/km and non linear effects are activated and specified according to the typical 

industrial values to simulate the real environment as close as possible.  

 

In W/T/P, the encoder consists of the two polarization states and on there reception these states are extracted by polarization 

splitter. After that decoder is placed which decodes the data, it is just the inverse of the encoder and then receiver is placed, this 

receiver consists of photodiode and filter, this photodiode is use to convert the optical signal to electrical and the filter used is low 

pass Bessel filter. In these setups direct detection technique is used at receive means that only single code is given to each user for 

the transmission of „1‟. At the end, BER tester, eye diagram analyzer and electrical power meter are placed to measure BER, 

pattern of eye diagram and the received power respectively. 
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Figure 1.1 W/T/S 3-D OCDMA simulation setup 

 

 
Figure 1.2 W/T/P 3-D OCDMA simulation setup 

RESULTS AND DISCUSSION 
 

In this we compare the three dimensional data coding with the help of W/T/S and W/T/P and for S=2, P=2 respectively. Using 

simulation setup for both the schemes differently, find out the BER against variation in length, number of users and input power 

and also determine the output signal at receiver, input data signal and eye diagram. Compare the results of WTP and WTS for 

S=2, P=2 and find out which coding gives better results.Figure 1.3-1.4 shows that as the length of the fiber varies, 

correspondingly BER is varied and BER increases with increase in length of the fiber. Firstly, BER is obtained for W/T/S and 

then with W/T/P. Figure 1.3 is for space channel S=2 and figure 1.4 is for polarization channel P=2. By observing both the 

graphs, we find out that W/T/P provides better BER as compare to W/T/S. 
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Figure 1.3: W/T/S for S=2 at different link lengths 

 

 
Figure 1.3: W/T/P for P=2 at different link distance 

 
Figure 1.4: W/T/S and W/T/P for different link 

Comparison of the two codlings has been shown in figure 1.4, that represents the superior performance of the polarization coded 

system as third dimension. 

 

IV. CONCLUSION 

 

In this paper, the design implementation and performance analysis of 3D codes in OCDMA system for space and polarization as 
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third dimension is presented. The comparison of data these dimensions for space channel S=2 and polarization channel P=2 is 

done. It is shown that the W/T/P has lowest BER value and better system performance as compared to W/T/S. Hence, W/T/P data 

modulation in OCDMA can be recommended for 3D codes and for the larger distance in OCDMA at higher bit rates. 
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