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ABSTRACT 

 

In this paper, our aim is to design an optically secure CDMA network using the 

simulating software OptSim. Various types of encoders, multiplexers, de multiplexers and 

decoders are used during the course of the simulation process. Various simulation attempts are 

made for wavelength as well as time-slot reuse sequences. The folded optimum Golomb ruler 

method has been used to create User signature codes which give the advantages of high 

cardinality, high per-user data rates and high spectral efficiency. 

  

Eight mode-locked lasers are used to create a dense WDM Multi-frequency light source. 

There are 32 users requiring 32 distinct signature codes. These lasers create a dense source and 

this is passed on to an optical modulator along with the signature code of the individual user 

which is generated from a PRBS generator. This modulated signal is passed through the encoder 

section of the transmitter which filters and shifts it, thus causing spreading of the signal and thus, 

each user is assigned his particular code. These codes are decoded at the receiver end and the 

original information sent is obtained.  

 

 Due to MAI, the signals at the receiver end get mixed within one another for more 

than one user. This problem can be eliminated by using Optical Hard Limiters at the receiver 

section, thus minimizing the MAI. Next, we attempt to study several noise limited systems, 

such as thermal noise and Amplified Spontaneous Emission (ASE) noise. An inherent noise 

adder model called ―Noise Adder‖ in OptSim will be used to simulate the noise levels. A 

comparative analysis is made between the performance of the system at 750 nm and 1550 nm 

wavelengths and the Bit Error Rate (BER) and the eye diagrams are compared. On the basis of 

these comparisons, it is concluded that the Optical CDMA system gives a better performance 

for the higher wavelength i.e. at 1550 nm.  

 

Index Terms—CDMA, WDM, MAI 

______________________________________________________________________________ 
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INTRODUCTION 

 

          Code-division multiple-access (CDMA) communication system allows multiple 

users to access the network simultaneously using unique codes. Optical CDMA has the 

advantage of using optical processing to perform certain network applications, like addressing 

and routing without resorting to complicated multiplexers or de multiplexers. The asynchronous 
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data transmission can simplify network management and control. Therefore, OCDMA is an 

attractive candidate for LAN application.  

 

Particularly, OCDMA can provide a secure network connection providing dynamic 

encoding. The main motivation for Optical CDMA (OCDMA) is the convenience of a fully 

asynchronous communication network and the potential of high throughput (capacity) without 

the overhead required by TDMA or other multiple access systems. In  section2 represents 

CDMA and its principles, section3 represents proposed design, section4 represents simulation 

results, section5 gives performance analysis, section6 gives results and conclusion,section7 gives 

future scope of the work, and finally the reference 

 

2 CODE DIVISION MULTIPLE ACCESS: 

 

The spread spectrum technique is the basic principle used in CDMA (Code Division Multiple 

Access). Each user’s transceiver in the system uses a different spreading code. he signals are 

transmitted with the same power, even though they are presented one above the other in the 

figure. If there where no time multiplexing, all users would transmit at the same time. To make 

this possible, a special code is designated to each user (signal), and this code distinguishes one 

signal from the others. The receiver recovers the desired signal by means of correlation between 

the received signal and the code that is applied at the transmitter.  

 

The desired signal is then filtered and the other signals, now with lower power, appear to 

the receiver as noise. A spread spectrum signal must have two special characteristics. The 

bandwidth is much bigger than the bandwidth of the signal that contains the information. It is 

generated from an independent modulation signal that has to be known by the receiver in order to 

be recovered. This independent signal, in the CDMA case, is each user’s individual spreading 

code.[1][2] 

 

2.1 DIRECT SEQUENCE SPREAD SPECTRUM  

 

The information signal’s spectrum spreading by means of the use of the Direct Sequence 

Spread Spectrum (DSSS) technique consists in multiplying m(t) by a signal of the same shape as 

m(t), but at a much higher bit rate. The signal with these characteristics is called Pseudorandom 

(PN) sequence. The bits in the PN sequence are called chips. The ratio between the bit rate of the 

information signal and the chip rate is defined as the spreading ratio, or the processing gain. 

 

 In optical systems, on-off modulation of the PN sequence can be realized by means of an 

EOR (exclusive OR) operation of the signal and the data pulse train. This new sequence can 

modulate an optical carrier. Despreading is obtained by multiplying the receiver signal by the 

same PN sequence used in the generation of the spread signal, delayed by a period of Td 

seconds, relative to the delay suffered by the signal propagation in the communication channel. 

Therefore, it is essential to maintain a synchronism between transmitters and receivers. 
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 2.2 OPTICAL CODE DIVISION MULTIPLE ACCESS:  

 

At first, optical CDMA (OCDMA) or fiber optic CDMA (FO-CDMA) was proposed 

considering that the optical fiber has an available bandwidth in the order of 25 THz for 

information transmission. However, the processing capacity of electronic devices used in the 

electric-optic electric conversion reduces the throughput of data in an optical network. This 

problem can be minimized if both signal spreading and correlation are realized in the optical 

domain.[1][4] 

 

Optical CDMA is most suitable to be applied to high speed LAN to achieve contention-

free, zero delay access, where traffic tends to be bursty rather than continuous. Compared with 

TDMA, CDMA is attractive in other points. Channel assignment is much easier with CDMA. 

CDMA isolates irregular channels so that they do not influence other channels, while with 

TDMA, even one irregular channel, such as continuous emission from a transmitter, causes the 

failure of all other channels. Furthermore, CDMA can be efficiently used in conjunction with 

TDMA and WDMA on multimedia communication networks where multiple services with 

different traffic requirements are to be integrated.[2] 

 

 In optical CDMA, incoherent systems using narrow pulse laser sources are mainly 

implemented, since optical links have vast bandwidth and the optical components can produce 

very narrow pulse precisely in time and offer extra-high optical signal processing. Thus, in 

optical CDMA, intensity-modulation/direct-detection (IMDD) is mainly used, where other 

arriving pulse sequences having positive pulses happen to overlap a pulse of the desired 

sequence, and produce multiple access interference (MAI). Since MAI is dominant compared to 

shot noise, dark current and thermal noise to degrade the performance, the suppression of MAI is 

the key issue in optical CDMA. 

 

3.PROPOSED DESIGN 

 

  3.1 Wavelength Division Multiplexing:  

 

Until the late 1980s, optical fiber communications was mainly confined to transmitting a 

single optical channel. Because fiber attenuation was involved, this channel required periodic 

regeneration, which included detection, electronic processing, and optical retransmission. Such 

regeneration causes a high-speed optoelectronic bottleneck and can handle only a single 

wavelength. After the new generation amplifiers were developed, it enabled us to accomplish 

high-speed repeater less single-channel transmission.  

 

To increase the system capacity we can transmit several different independent wavelengths 

simultaneously down a fiber to fully utilize this enormous fiber bandwidth. Therefore, the intent 

was to develop a multiple-lane highway, with each lane representing data traveling on a different 

wavelength. Thus, a WDM system enables the fiber to carry more throughputs. By using 

wavelength-selective devices, independent signal routing also can be accomplished. 
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3.2 BASIC OPERATION  

 

WDM enables the utilization of a significant portion of the available fiber bandwidth by 

allowing many independent signals to be transmitted simultaneously on one fiber, with each 

signal located at a different wavelength. Routing and detection of these signals can be 

accomplished independently, with the wavelength determining the communication path by acting 

as the signature address of the origin, destination or routing.  

 

Components are therefore required that are wavelength selective, allowing for the 

transmission, recovery, or routing of specific wavelengths. In a simple WDM system, each laser 

must emit light at a different wavelength, with all the lasers light multiplexed together onto a 

single optical fiber. After being transmitted through a high-bandwidth optical fiber, the combined 

optical signals must be demultiplexed at the receiving end by distributing the total optical power 

to each output port and then requiring that each receiver selectively recover only one wavelength 

by using a tunable optical filter.  

 

Each laser is modulated at a given speed, and the total aggregate capacity being 

transmitted along the high-bandwidth fiber is the sum total of the bit rates of the individual 

lasers. An example of the system capacity enhancement is the situation in which ten 2.5-Gbps 

signals can be transmitted on one fiber, producing a system capacity of 25 Gbps. This 

wavelength-parallelism circumvents the problem of typical optoelectronic devices, which do not 

have bandwidths exceeding a few GHz unless they are exotic and expensive. The speed 

requirements for the individual optoelectronic components are, therefore, relaxed, even though a 

significant amount of total fiber bandwidth is still being utilized. 

 

  3.3 MODE LOCKING:  

Mode locking is a technique in optics by which a laser can be made to produce pulses of 

light of extremely short duration, on the order of picoseconds or femto seconds. The basis of the 

technique is to induce a fixed phase relationship between the modes of the laser's resonant 

cavity. The laser is then said to be phase-locked or mode-locked. Interference between these 

modes causes the laser light to be produced as a train of pulses. Depending on the properties of 

the laser, these pulses may be of extremely brief duration, as short as a few femto seconds. 

3.4 MODE LOCKED LASERS: 

A mode-locked laser is a laser to which the technique of active or passive mode locking 

is applied, so that a periodic train of ultrashort pulses is emitted. As ultrashort pulses have a 

certain bandwidth, mode-locked lasers for short pulses (particularly in the sub-picosecond 

region) require a gain medium with a large gain bandwidth. Other desirable features are a not to 

high nonlinearity and dispersion, and (particularly for passive mode locking) high enough laser 

cross sections in order to avoid Q-switching instabilities.  

Semiconductor lasers also have a broad gain bandwidth, but until recently they were 

nevertheless not that successfully used for mode locking, except in the area of optical fiber 

communications. More recently, optically pumped passively mode-locked VECSELs have been 
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demonstrated which can rival other solid state lasers, particularly if a combination of relatively 

high output power, a multi-GHz pulse repetition rate, and possibly a short pulse duration is 

required.   

3.5 Basic Setup: 

 

The basic set up for the design of the tree network is indicated in the figure below:  

 

 

3. 6 BRIEF DESCRIPTION OF WORKING: 

 

Eight mode-locked lasers are used to create a dense WDM multi-frequency light source. 

There are 32 users requiring 32 distinct signature codes. These lasers create a dense source and 

this is passed on to an optical modulator along wit the signature code of the individual user 

which is generated from a PRBS generator. This modulated signal is passed through the encoder 

section of the transmitter which filters it and shifts it thus causing spreading of the signal and 

thus, each user is assigned his particular code. Using the designated 32 codes, we input them for 

simulation in OptSim, and get the desired outputs at the BER  and  Eye diagram plot. 

 

3.7 DESIGN OF MATRIX CODES 

 

The basic requirement of any OCDMA system is the designing of the codes which are 

used to transmit the information through the system. The primary area of concern is the design of 

these codes.[5] These codes used id two-dimensional (2-D) and higher dimensional codes. We 

have used, in this paper, Folded optimum Golomb ruler type of 2-D codes as the means of 

transmitting information.The 2-D codes typically combine wavelength and time as the two 

dimensions of the codes. 2-D codes based on ON–OFF keying (OOK) have better spectral 

efficiencies than one-dimensional (1-D) codes of the same cardinality. Thus, 2-D codes make 

better utilization of the bandwidth expansion associated with the codes.  
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4. Simulation: 

 

Simulation performed at wavelength of 1550 nm (High Wavelength) 

 
 

 

The figure1 shows the eye diagram at User 1 when 5 users transmit their codes simultaneously. 

The degradation of the Eye pattern indicates the addition of noise at each level and also the 

substantial effect of MAI.  

 
The figure2 shows the eye diagram at User 1 when 20 users transmit their codes simultaneously. 

The extreme degradation of the Eye pattern indicates the addition of more noise at each level and 

also the substantial effect of MAI which hampers the transmission even further. 
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The Noise Adder model in OptSim is used to treat the optical noise in two ways 

 

(a) InNoiseBins mode where the incoming ASE is sampled over a coarser grid and we can use 

quasi-analytical (QA) approximation at the BER Tester 

 

 (b) InSignal mode where, in order to account for fiber non-linear effects on ASE, the noise is 

stochastically added into the signal and we must use Monte Carlo (MC) method for BER 

estimation. We used the InNoiseBins method to add noise in the system and the simulation was 

performed to study the affect of noise.  

 

6. PERFORMANCE ANALYSIS 

The following were the results obtained from the above described procedure 

 
The figure3 shows the eye diagram at User 1 when 5 users transmit their codes simultaneously. 

The degradation of the Eye pattern indicates the addition of noise at each level and also the 

substantial effect of MAI 

 

 
The figure4 shows the eye diagram at User 1 when 20 users transmit their codes simultaneously. 

The extreme degradation of the Eye pattern indicates the addition of more noise at each level and 

also the substantial effect of MAI which hampers the transmission even further. 
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6. RESULTS AND DISCUSSION: 

In this section, we analyze and compare the results we obtained. We will compare the eye 

patterns for the Low and High Wavelengths and draw the necessary conclusions. We will also 

compare the Bit  

 

 
From the table we see that the amount of noise increases with an increasing number of users 

which is indicated by the column wise increase in the values.  

 

The corresponding values for the Low wavelength are higher than that for the High wavelength 

and thus we can conclude that the use of High wavelength for this experiment should give the 

utmost efficiency.  

 

 

The above table for the comparison of the Bit Error Rates (BER) indicates that the BER 

increases as the number of users increases and the values of the BER for the low wavelength are 

much higher than those for the higher wavelength .Thus, from the above two tables, we can 

conclude that the higher wavelength is much more suited for the network applications of the 

Optical CDMA network 

NO. OF USERS 

BIT ERROR RATE 

 

 

 
HIGH 

( 1550 nm ) 

LOW 

(  750 nm ) 

 

1 4.636 e-32 1.4572 e-16 

2 3.3088 e-14 1.2637 e-9 

4 1.3453 e-10 1.4567 e-7 

8 6.1353 e-7 1.3867 e-4 
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Error Rates and then come to the conclusion regarding which wavelength is better for 

transmission. From the table we see that the amount of noise increases with an increasing 

number of users which is indicated by the column wise increase in the values. The corresponding 

values for the Low wavelength are higher than that for the High wavelength and thus we can 

conclude that the use of High wavelength for this experiment should give the utmost efficiency. 

In this section, we analyze and compare the results we obtained. We will compare the eye 

patterns for the Low and High Wavelengths and draw the necessary conclusions. We will also 

compare the Bit Error Rates and then come to the conclusion regarding which wavelength is 

better for transmission.  

 

    7. CONCLUSION  

 

7.1 SCOPE FOR FURTHER WORK  

 

The OOK-CDMA system with optical hard-limiters (OHLs) can be developed using schemes of 

transmitting optical pulses with two-level intensities. The system can be applied to both cases 

with single OHL and double OHLs. In the system, a frame corresponding to a bit time is divided 

into two frames, where the low intensity pulses are transmitted in the weighted positions at the 

former frame, and high ones are transmitted in the weighted positions at the latter frame. At the 

receiver, in each weighted positions of low intensity level, the ability of MAI cancellation by 

OHL is equal to that of the conventional systems. However, in each weighted position of high 

intensity level, the OHL with higher-level threshold value can easily eliminate MAIs with low-

intensity, while the MAIs are not eliminated in the conventional system. As a result, the ability 

of MAI cancellation by OHL is significantly increased. When OHL is used in the proposed 

system, the optimum combinations of the values of low-level weights and low-level intensity 

ratio depend on the received laser power. This means that deploying dynamic control of the 

values of low-level weights and low-level intensity ratio is an imperative requirement in the 

proposed system with single OHL. On the other hand, when using double OHLs, the optimum 

combinations of the values of low-level weights and low-level intensity ratio are always 

constant. The systems using double OHLs is more effective and practical than the one with 

single OHL depending on the received 
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