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Abstract 

 

The main objective of this paper is to design and performance analyses of 16 users OCDMA (optical code division multiple access) 

encoding system using ultrashort pulses. In optical code division multiple access system, many users share the same transmission 

medium by assigning unique pseudo-random optical code (PRBS) to each user. O-CDMA systems results to indicate the significant 

improvement in term of Bit Error Rate (BER) and very high quality factor are in the form of Q-value. Thus the simulations are 

done in OPTSIM Rsoft tool. In this Optsim to generate the ultrashort pulses using with and without compression techniques. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

In particular we see about the CDMA is a Code Division Multiple Access allows several users to share a band of frequencies. 

CDMA is a type of spread spectrum communications in which multiplexing is achieved by assigning different, minimally 

interfering code sequences to different user pairs. Similarly the ultra-short pulses having some characteristics such as Bit Error 

Rate (BER), Signal to Noise Ratio (SNR), Pulse Repetition Rate (PR) and Pulse Duration (PD).In this we see general term BER 

can be defined as the no of error received as per the total bits transmitted.  

Higher will be the bit error rate, lower will be the speed of data. If BER is reduced, the probability of getting higher data rates 

increases Therefore to find the errors in a system it become necessary to monitor such parameter.  

The main cause of error bits is noise which is generated randomly in the system. By reducing the bandwidth, errors can be 

reduced but one can’t do that because bandwidth required to transmit the signal is limited. Other factor that reduces BER 

performance is quantization errors. The way to reduce these quantization errors is to use higher power transmission so as to increase 

the energy per bit but this option is also limited as there is a chance to lose system capacity. These errors occur during reconstructing 

a digital waveform. 

In this paper the performance of 2-D and Spectral Phase Encoding O-CDMA System in time domain is compared 2.5Gb/s for 

60 km length.SPE O-CDMA systems results indicate significant improvement in term Beat Error Rate (BER) and very high quality 

factor in the form of Quality of Service (QoS) at -18dBm received power. The simulations are carried out using OptSim (RSOFT) 

[1]. 

This paper focuses on the effect on BER, Q-Factor for a four user OCDMA communication system with varying Jitter. 

Performance of the OCDMA communication system has been evaluated in terms of bit error rate and Q factor with jitter varying 

from 0 pico-seconds to 3.0 pico-seconds in steps of 0.5 pico-seconds. Simulations were carried out using commercially available 

simulator from Rsoft, OPTSIM as mentioned in [2]. 

As discussed in [3] The Multiple access techniques are required to meet the demand for high-speed and large-capacity 

communications in optical networks, which allow multiple users to share the fiber bandwidth. O-CDMA (optical code-division 

multiple-access) is receiving increased attention due to its potential applications for LAN optical networks. This technique is 
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proved to be much effective to handle 32 users at 4 GB/s bit rate and 60 km SMF (single mode fiber) transmission used for SPE 

O-CDMA system. 

The spectral phase encoding O-CDMA system is designed for 32 users at 2.5Gbits/s bit rate using optical attenuator. The 

performance of 32-User SPE O-CDMA system is analyzed by using NRZ data modulation format, this data modulation format 

offers extremely good performance. The SPE O-CDMA system has been successfully demonstrated at system capacity of 80 

Gbits/s over 140 km of fiber length and -15 dB received power at receiver as mentioned in [4]. 

To find a Pseudo-noise bursts generated by ultrashort pulses. To examine the temporal and statistical behaviour of pseudo noise 

bursts generated by spectral phase coding of ultrashort pulse as mentioned in [5]. Then we apply the statistical results derived here 

to perform a BER analysis of the proposed USP CDMA  

II. OCDMA SCHEME 

The principle of this paper is to designing the optical code division multiple access using with optical components in OPTSIM. 

After designing the OCDMA we analyze the eye diagram and evaluate the performance of bit error rate and Q-value in OPTSIM. 

In this paper we have two cases, and two compressions. One is without compression and another one is with compression. So 

we compared the BER and Q-values depending upon the different optical fiber cable length in both compressions. 

Here we use some procedures for to follow the aim of our principle they are, 

1) OCDMA Design 

2) Input generation 

3) Design of optical fiber length 

4) BER Analysis 

 OCDMA Design 

 
Fig. 1: Designing OCDMA in OPTSIM 

This fig.1 block diagram shows that the 16 user-OCDMA. Data access security and ability to support asynchronous, bursty data 

transmission are two of the main driving forces behind a lot of interest in the OCDMA techniques. On the other hand, the poor 

spectral efficiency of OCDMA systems demand appropriate choice of coding techniques and multi-access interference (MAI) is 

often a limiting factor. It consists of variety of components such as wavelengths, encoder, data, fiber, amplifier spans, decoder, 

and receiver. 
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It also consists of several components such as mode lock laser, is nothing but one of the laser source generating the ultrashort 

pulses. Generating the short pulse we must need peak power, wavelength, pulse width, pulse repetition rate. Combiner can be used 

to combining the multiple values and produce output to other blocks. PRBS is one of the digital sources to generate the data into 

electrical signal generator. Electrical signal generator converts the digital data (PRBS) into electrical signal. However we using 

optical fiber cable. 

Modulator is a semiconductor device.  It is used for modulating the intensity of a laser beam via a electrical voltage. It is used 

for controlling the amplitude of an optical value. EDFA is nothing but Erbium Doped Fiber Amplifier. Erbium doped fiber amplifier 

have attracted most because they operate in the wavelength region near 1.55Mm. Nonlinear fiber has different length. The main 

objective is to analyze the BER performance depends upon the changing the optical fiber cable length. 

In telecommunication, an eye pattern, also known as an eye diagram, is an oscilloscope display in which a digital signal from a 

receiver is repetitively sampled and applied to the vertical input, while the data rate is used to trigger the horizontal sweep. The 

BER performance analysis is very important. Because in optical communication the BER is wide use. So in our paper BER value 

can reduce by using ultrashort pulse in ocdma. 

 Input Generation 

The input of this paper is ultrashort pulses. Ultrashort pulses have a broadband optical spectrum, and can be created by mode lock 

laser.        

 
Fig. 2: a Input component Mode Lock Laser 

The above component is defined the properties of mode lock laser. The important parameters of the mode lock laser such as 

1) Wavelength 

2) Pulse width 

3) Pulse repetition rate 

4) Peak power 

 
Fig. 2: b Properties of Mode Lock laser 

https://en.wikipedia.org/wiki/Telecommunication
https://en.wikipedia.org/wiki/Oscilloscope
https://en.wikipedia.org/wiki/Digital_signal
https://en.wikipedia.org/wiki/Optical_spectrum
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Wavelengths are in different way that is represents λ1, λ2, λ3 etc… Normally the wavelengths are 850nm, 1310nm, 1550nm… 

Here we use the wavelength range is 1550nm. Because in optical communication they have use the range is 1550nm. 

The pulse width section is one of the main functions. The ultrashort pulse is normally the width of the pulse is very short (10^-12 

or less). Here we use the pulse width range with 10^-12 or less. They are two compression techniques. One is with compression 

and second one is without compression. In without compression they have two cases, the pulse range for the first case is 0.5820ps, 

and second case is 0.7275ps. In with compression first case is 0.1607ps and second case is 0.5786ps. 

When the laser is running in pulsed mode the number of pulses per second or frequency of pulses is known as the Pulse Repetition 

rate (PRR). The term PRR and pulse frequency are commonly used. In our Paper the pulse repetition rate is 2.5Gbp/s. pulse 

repetition rate is in many ways like 1Gbp/s, 1.5Gbp/s. 

The peak power of an optical pulse is the maximum occurring optical power. Due to the short pulse durations which are possible 

with optical pulses, peak powers can become very high even for moderately energetic pulses. They are different peak power for 

different cases. The formula for to calculate the peak power is given below, 

Peak = E tot x 1.763/2*FWHM 

Before calculate the peak power we must know energy of the pulse (E tot), full width half maximum (FWHM). After using this 

formula we have the peak power for all cases. The peak power for first case of without compression is 180 W. Similarly the second 

case of without compression is 149 W. Then the peak power for first case of without compression is 625 W. Similarly the second 

case of without compression is 186 W. 

 Design of optical fiber length 

The nonlinear fiber has different length. The main objective is to analyze the BER performance depends upon the changing the 

optical fiber cable length. Here we use different optical fiber cable length such as 1km, 5km, 10km, 100km. 

 
Fig. 3: Optical fiber cable 

The length of the fiber having some important parameters such as, 

 Loss of the fiber 

 Dispersion of the fiber 

 Loss of the fiber (fiber loss) 

For single mode fiber, the loss is about 0.5 dB per km for 1310 nm sources, 0.4 dB per km for 1550 nm. (1.0 dB/km for premises/0.5 

dB/km at either wavelength for outside plant max per EIA/TIA 568)This roughly translates into a loss of 0.1 dB per 600 (200m) 

feet for 1310 nm, 0.1 dB per 750 feet (250m) for 1300 nm. 

 Dispersion of the fiber 

In optics, dispersion is the phenomenon in which the phase velocity of a wave depends on its frequency. Media having this common 

property may be termed dispersive media. Sometimes the term chromatic dispersion is used for specificity. 
Table – 3 

Fiber loss and dispersion. 

Length of the fiber (km) Fiber loss(dB) Dispersion (ps/nm.km) 

1 0.4 17 

5 2.0 85 

10 4.0 170 

100 40 1700 

The above tabulation representing the different optical fiber cable length in km, fiber loss in db and dispersion of the fiber in 

ps/km.nm correspoding to the fiber length. 

 BER Analysis 

In Eye diagram analysis telecommunication, an eye pattern, also known as an eye diagram, is an oscilloscope display in which a 

digital signal from a receiver is repetitively sampled and applied to the vertical input. 

Several system performance measures can be derived by analyzing the display. If the signals are too long, too short, poorly 

synchronized with the system clock, too high, too low, too noisy, or too slow to change, or have too much undershoot or overshoot, 

this can be observed from the eye diagram. An open eye pattern corresponds to minimal signal distortion. Distortion of the signal 

waveform due to inter-symbol interference and noise appears as closure of the eye pattern  

https://en.wikipedia.org/wiki/Telecommunication
https://en.wikipedia.org/wiki/Oscilloscope
https://en.wikipedia.org/wiki/Digital_signal
https://en.wikipedia.org/wiki/System
https://en.wikipedia.org/wiki/Noise_(physics)
https://en.wikipedia.org/wiki/Overshoot_(signal)
https://en.wikipedia.org/wiki/Distortion
https://en.wikipedia.org/wiki/Waveform
https://en.wikipedia.org/wiki/Intersymbol_interference
https://en.wikipedia.org/wiki/Noise_(physics)
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Already we know in this paper having 2 cases and 2 compressions. Here I analyze the eye diagram of case 1, with compression 

and the length is 1 km.  

 
Fig 4: a. Eye Diagram Analysis 

In, BER analysis the bit error rate (BER) is the number of bit errors per unit time. The bit error ratio (also BER) is the number 

of bit errors divided by the total number of transferred bits during a studied time interval. BER is a unitless performance measure, 

often expressed as a percentage. Aready we know in this paper having 2 cases and 2 compressions. Here I analyze the eye diagram 

of case 1, with compression and the length is 1 km. 

 
Fig 4: b. BER Analysis 

III. RESULT & ANALYSIS 

 Input Parameters: 

Table – A 

Input for case 1 
Functions Without compression With compression 

Peak power (w) 180 625 

Wavelength (nm) 1550 1550 

Pulse width (ps) 0.5820 0.1607 

Fiber length (km) 1 5 10 100 1 5 10 100 

Fiber loss (db) 0.4 2.0 4.0 40 0.4 2.0 4.0 40 

Dispersion (ps/nm.km) 17 85 170 1700 17 85 170 1700 

Table – A 

Input for case 2 

Functions Without compression With compression 

Peak power (w) 149 186 

Wavelength (nm) 1550 1550 

Pulse width (ps) 0.7275 0.5786 

Fiber length (km) 1 5 10 100 1 5 10 100 

Fiber loss (db) 0.4 2.0 4.0 40 0.4 2.0 4.0 40 

Dispersion (ps/nm.km) 17 85 170 1700 17 85 170 1700 
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 Output Values: 

Table – b 

Output value for case 1 

Fiber length(km) 
Without compression With compression 

BER Q-value BER Q-value 

1 5.7895e-39 2.2282e+1 1.6007e-40 2.2461e+1 

5 7.0600e-37 2.2029e+1 1.0127e-37 2.2334e+1 

10 6.0940e-2 3.7894 6.0921e-2 3.7903 

100 8.1176e-2 2.9052 8.1176e-2 2.9052 

Table – b 

Output values for case 2 

Fiber length(km) 
Without compression With compression 

BER Q-value BER Q-value 

1 5.7973e-39 2.2282e+1 5.7968e-39 2.2282e+1 

5 7.0830e-37 2.2029e+1 7.0585e-37 2.2029e+1 

10 6.0940e-2 3.7894 6.0939e-2 3.7894 

100 8.1176e-2 2.905 8.1176e-2 2.9052 

Table A. shows the input parameters value of both cases. In case 1 we have two compressions with and without similarly in case 

2. The Peak power, wavelength, pulse width values are different in both cases. But the fiber length, fiber loss, dispersions are same 

for both cases. So finally we analyze and compare the BER performance and Q-value for different fiber length with respect to 

input. Outputs are given in table B.  

 Graph Analysis:  

Here we analyzing the graph of  all the cases is given below. In case 1, without compression the BER is linearly increasing with 

respect to different fiber cable length such as 1km, 5km, 10km, 100km. But the Q-value is linearly decreasing depends upon the 

BER value. Similarly the same for with compression in case 1 and both cases of in case 2. 

 Case 1 

Without compression 

 
Fig. C: BER vs Km     Fig. C: BER vs Q-value 

With compression 

 
Fig. C: BER vs Km    Fig. C: BER vs Q-value 
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 Case 2 

Without compression 

 
Fig. C: BER vs Km    Fig. C: BER vs Q-value 

With compression 

 
Fig. C: BER vs Km    Fig. C: BER vs Q-value 

IV. CONCLUSION 

The characteristics and applications of ultrashort pulses are successfully analyzed using O-CDMA encoding system. In particular 

we discussed O-CDMA technique, the performance of BER and  Q-value are aimed to investigate the those parameters using 

OPTSIM. Thus the result is analyzed and compared with fiber length, bit error rate and Q value by using various graph. Furthermore 

we study and design the other applications such as wavelength division multiplexing (WDM), Optical time division multiplexing 

(OTDM) using OPTSIM tool. 
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