
 

    Abstract  -   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. Optical code-division multiple-access (O-CDMA) is 

receiving increased attention due to its potential applications for 

broadband access networks. We analyze a new technique for 

encoding and decoding of coherent ultra short light pulses. In 

particular, we discuss the temporal pseudo noise bursts generated 

by spectral phase coding of ultra short optical pulses.  

 

This paper describes a performance analysis of Spectral Phase 

Encoding optical code-division multiple-access scheme based on 

wavelength/time (W/T) codes and random phase codes. We have 

studied the optical simulator Encoding/Decoding at different fiber 

lengths & gain in terms of Quality factor (Q) and Bit Error Rate 

(BER) performance. We derive the bit error rate (BER) and QoS 

as a function of data rate, number of users, receiver threshold. We 

find that performance improves dramatically with optical power 

normalizer.Ultrashort light pulse CDMA could provide tens to 

hundreds of users with asynchronously multiplexed, random 

access to a common optical channel. The system supports 32 users 

while maintaining bit-error rate (BER) < 10−9 and required QoS 

for the correctly decoded signal at 2.5 Gbits/s bit rate. 
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I. INTRODUCTION 

ue to economic advantages, maturing technology, and 

high information capacity, single-mode fiber- optic 

transmission media will be embedded in future 

telecommunications networks. A desirable feature for these 

future optical networks would be the ability to process  

information directly in the optical domain for purposes of 

multiplexing, demultiplexing, filtering, amplification, and  
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correlation. Optical signal processing would be advantageous 

because potentially it can be much faster than electrical signal 

photon-electron-photon conversions. Several new classes of 

optical networks are now emerging [1]. For example, 

code-division multiple access (CDMA) networks using optical 

signal processing techniques were recently introduced [2]-[9].  

 

CDMA is a type of spread spectrum communications [10] in 

which multiplexing is achieved by assigning different, 

minimally interfering code sequences to different user pairs. In 

fiber optic CDMA, users communicate by imprinting their 

message bits upon their own unique code, which they transmit 

asynchronously (with respect to the other transmitters) over a 

common channel. A matched filter at the receiver end ensures 

that data are detected only when they are imprinted on the 

proper code sequence (see Fig. 1). This approach to 

multiplexing allows transmission without delay and handles 

multi-access interference (contention) as an integral part of the 

multiplexing scheme. 

 
Fig. 1. Block diagram of Optical CDMA Network 

 

In coherent OCDMA, encoding and decoding are performed 

either in time domain or in spectral domain based on the phase 

and amplitude of optical field . In coherent time spreading (TS) 

OCDMA, where the encoding/decoding is performed in time 

domain. In such a system, the encoding is to spread a short 

optical pulse in time with a phase shift pattern representing 

specific codes. The decoding is to perform the convolution to 

the incoming OOC using a decoder, which has an inverse phase 

shift pattern as the encoder and generates high level 

auto-correlation and low level cross correlations. 
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II. NUMERICAL SIMULATION 

 

The encoders use delay line arrays providing delays in terms of 

integer multiples of chip times. The placement of delay line 

arrays and the amount of each delay and phase shifts are 

dictated by the specific of the signatures. PSO matrix codes are 

constructed using a spanning ruler or optimum Golomb ruler is 

a (0,1) pulse sequence where the distances between any of the 

pulses is a non repeating integer,hence the distances between 

nearest neighbors, next nearest 

 

 
Fig.  2. Constructing the four pseudo orthogonal (PSO) matricesM1. . .M4 from 

the single optimum Golomb ruler g(1,7). 

 

neighbors, etc., can be depicted as a difference triangle with 

unique integer entries. The ruler-to-matrix transformation 

increases the cardinality (code set size) from one (1) to four(4) 

and the ISD (=Cardinality/CD)from 1/26 to 4/32=1/8. The ISD 

translates to bit/s/Hz when the codes are associated with a data 

rate and the code dimension is translated into the bandwidth 

expansion associated with the codes as follows: 

 

      
            

                    
 

 

  
                       

 
 
  

                      
 

 
       

       
 

 
   

    
 

 

The enhanced cardinality and ISD, while preserving the OOC 

property, are general results of the ruler-to-matrix 

transformation. We can convert the PSO matrices to 

wavelength/time (W/T) codes by associating the rows of the 

PSO matrices with wavelength (or frequency) and the columns 

with time-slots, as shown in Table I. The matricesM1….M32 

are numbered 1…32 in the table, with the corresponding 

assignment of wavelengths and time-slots. For example, code 

M1 is (λ1 ; λ1 ; λ3; λ1 ) and M9 is ( λ1,λ4;0;λ7,λ8;0); here the 

semicolons separate the timeslots in the code. (The codes M1 

and M9 are shown in bold numerals.)We focus on codes like 

M1 because it shows extensive wavelength reuse, and on codes 

likeM9 because it shows extensive time-slot reuse. It is the 

extensive wavelength and time-slot reuse that gives these 

matrix codes their high cardinality and high potential ISD. 

Four mode-locked lasers are used to create a dense WDM 

multi-frequency light source. Pseudo-orthogonal (PSO) matrix 

codes [3] are popular for OCDMA applications primarily 

because they retain the correlation advantages of PSO linear 

sequences while reducing the need for bandwidth expansion. 

PSO matrix codes also generate a larger code set. An  

interesting variation is described in [1] where some of the 

wavelength/time (W/T) matrix codes can permit extensive 

wavelength reuse and some can allow extensive time-slot reuse. 

In this example, extensive time-slot reuse sequence is used. 

There are four time slots used without any guard-band giving 

the chip, period of 100 ps. Code1,code 5,code3  

and code9 codes are used for time spreading. Code set to  

apply binary phase shift mapped as M1:{1;0;1;0;1;1;1;1} 

M2:{1;0;1;1;1;1;1;1}…………………. M32:{0;0;1;1;1;1;1;0}  

(1 represents as a π phase shift, 0 represents as no phase shift)  

 
TABLE I  

THE 32 PSO MATRIX CODES INTERPRETED AS W/T MATRIX CODES 
Wavelengths 

(W) 

Time slots (S) 

1 2 3 4 

λ1 
1,9, 

17,25 

1,14, 

29 

19,24, 

26 

1,7,10, 

11,20,32 

λ2 
2,10, 

18,26 

2,15, 

17,30 

20,25, 

27 

2,8,11, 

12,21 

λ3 
3,11, 

19,27 

3,16, 

18,31 

1,21, 

26,28 

3,12, 

13,22 

λ4 
4,9,12, 

20,28 

4,19,  

32 

2,22, 

27,29 

4,13, 

14,23 

λ5 
5,10,13, 

21,25,29 
5,20 

3,23, 

28,30 

5,14, 

15,24 

λ6 
6,11,14, 

22,26,30 
6,21 

4,17,24, 

29,31 

6,15, 

16 

λ7 
7,12,15, 

23,27,31 

7,17, 

22 

5,9,18, 

30,32 
7,16 

λ8 
8,13,16, 

24,28,32 

8,18, 

23,25 

6,9,10, 

19,31 
8 

 

 
TABLE II   

SPE O-CDMA SYSTEM PARAMETERS USED FOR SIMULATION 

Parameter Value 

Code length 8 

Channel spacing 0.4 nm 

Wavelength 4 at 1550,1550.4,1550.8,1551.2 nm 

Chip time 4 

Chip rate 1.25E-10 

Bit rate 2.5 Gbits /s 

Modulation 

Format 

NRZ and RZ 

Fiber length 60 to 180  km 

Measurements Eye diagram, Bit error rate and Quality 

factor 
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III.  PROPOSED SCHEME SPE O-CDMA 

 

1) Lasers (mode locked laser)2) Encoders 3) Multiplexers 4) 

Optical fiber of 60 to 180 km length 5) De multiplexers 6) 

Decoders 7) Receiver 8)BER analyzer 9) Eye Diagram 

analyzer 10) Signal analyzer The simulation setup for Spectral 

Phase Encoding Optical CDMA is shown in figure 3. The MLL 

is used to generate four wavelengths, range from1550 nm to 

1551.2 nm, with 0.4nm wavelength spacing, this carrier signal 

is used to modulate the pseudo random bit sequence (PRBS) 

data of the user. An intensity modulator which is External 

Modulator uses on-off keying modulation to modulate the 

multiplexed 4 wavelengths according to the NRZ and RZ 

electrical data. For analysis, Eye Diagram analyzer, Beat Error 

tester and Signal analyzer is used. 

 

IV.  SIMULATION OF SPE O-CDMA SYSTEM ONE USER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  3.   Simulation setup for SPE O-CDMA Transmitter and Receiver of User1 

 

Figure 4 shows dense wavelength spectrum for four  

wavelengths respective encoders, which have been assigned a 

unique W/T code respective to each encoder. 

 
Fig. 4. Wavelength Spectrum for Spectral Phase Encoding Optical CDMA for 

32 Users 

 

 

 
 

Fig. 5. Modulated data before encoder of User 1 

 

Figure 5 shows modulated data before encoding. 

The encoded data from all users are multiplexed by Optical 

MUX and then passed through a 60 km and 180 km span of 

standard single mode optical fiber followed by a loss 

compensating optical amplifier which is Opt Amp. The output 

signal from a fiber span is then passed through OptSplit1 to 

split the signal and routed to the user’s decoder. The decoder 

uses optical filters and inverse delay line arrays providing 

delays in terms of integer multiples of chip times and phase 

shift pattern. The decoded signal finally arrives at optical 

receiver (Receiver), BER Test and Eye Diagram. Eye diagram 

analyzer has been used to take the plot of Eye pattern at the 

receiver end. Bit error rate values for different number of 

transmitting users have been taken from BER Tester.  

 

The system has been redesigned for different number of users. 

In spite of the use of orthogonal codes, the main effect limiting 

the effective signal-to-noise ratio of the overall system is the 

interference resulting from the other users transmitting at the 

same time, which is called Multiple Access Interference (MAI). 

MAI is the major source of noise in OCDMA systems. System 

performance is tested at 2.5 Gbits/s bit rate, NRZ and RZ data 

modulation format, BER and quality factor at different data 

modulation format noted. Eye diagram observed at different 

fiber length. 
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V. PERFORMANCE ANALYSIS 

 

 

 

 
Fig. 6. BER and Quality factor at User1 using Optical Power Normalizer 

 

 

 
Fig. 7. BER and Quality factor at User16 using Optical Power Normalizer 

 

 

 
Fig. 8. BER and Quality factor at User32 using Optical Power Normalizer 

 

 

 

 
Fig. 9. BER and Quality factor at User1 using Optical Attenuator 
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Fig. 10. BER and Quality factor at User16 using Optical Attenuator  
 

 

 

 
Fig. 11. BER and Quality factor at User32 using Optical Attenuator 

 

 

Figure 6,7, 8, 9,10 and 11 shows BER and Quality factor of  

SPE O-OCDMA system using optical attenuator and optical 

power normalizer at User1,User8,User16 and User32 

respectively. As active number of users increases system 

performance degrades. System performance is analyzed at 2.5 

Gb/s bit rate, -20 dB received power and 60km to 180 km fiber 

span. System performance is extremely good by using optical 

power normalizer. Spectral phase encoding O-CDMA system 

using optical attenuator and optical power normalizer system 

supports 32 users at 2.5Gb/s and offer s low Bit Error Rate and 

good quality of service.  

 
 

Fig. 12. Eye Diagram analysis at User32 using Optical Power Normalizer over 

60 km fiber span 
 

Figure 12 and 13 shows System performance degrades as fiber 

length increases .The SPE O-CDMA system offers High 

Quality factor and extremely less BER at  -20 dBm received 

power and over 60km to 180 km fiber length. 

Eye opening is good using optical power normalizer as 

compare to optical attenuator. Eye diagram analysis is carried 

out at 60 km fiber span and at 180 km fiber span.SPE OCDMA 

system using optical power normalizer performance is good as 

compare to optical attenuator over 60km and180 km fiber span.   

 

 
 

Fig.13. Eye Diagram analysis at User32 using Optical Power Normaliszr 
over180 km fiber span  
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Fig. 14. Eye Diagram analysis at User32 using Optical Attenuator  over 60 km 

fiber span  
 

 Fig. 15. Eye Diagram analysis at User32 using Optical Attenuator  over 

180 km fiber span 

Figure 12,13,14 and 15 shows System performance degrades as fiber length increases .The SPE O-CDMA system offers high 

Quality factor and extremely less BER at  -20 dBm received power and over 60 km to 180 km fiber length using optical power 

normalizer. 

 

 

 
Fig. 16. BER and Quality factor at User1 using Optical  Attenuator for RZ data modulation format 

 

Figure 16, 17 and 18 shows SPE O-CDMA system performance of RZ data modulation format, Results indicates enhancement in 

BER and quality factor for NRZ data modulation format as compared to RZ data modulation. 

 

 

 
Fig.  17. BER and Quality factor at User16 using Optical Attenuator for RZ data modulation format 

 

 

 

 
Fig. 18. BER and Quality factor at User 32 using Optical Attenuator for RZ data modulation format 
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Fig.  19. System performance  for RZ  and NRZ data modulation format for 

32Users 
 Fig. 20. System performance using Optical Power Normalizer  and  Optical 

Attenuator in terms of Quality factor   for 32 Users   

                  
 

Figure 19 and 20 represents graphical representation of Beat 

Error rate and Quality factor of SPE O-CDMA 

system .System performance is analyzed for NRZ and RZ 

data modulation format and using optical attenuator and 

optical power normalizer for 32 numbers of active users. 

Results indicates enhancement in BER and quality factor for 

NRZ data modulation format as compared to RZ data 

modulation format, low BER and high Quality of service 

using optical power normalizer.Beat Error Rate of SPE 

OCDMA system using Optical Power Normalizer  at User1 

and User32  is 1.00E-70 and 1.00E-16 respectively, while 

SPE OCDMA system using Optical Attenuator at User1 and 

User32  is 1.00E-49 and 1.00E-13 respectively, for NRZ and 

RZ data modulation format BER for NRZ is at User1 and 

User32  is 1.00E-49 and 1.00E-13 respectively, for RZ 

format  at User1 and User32  is 1.00E-17 and 1.00E-09 

respectively.                                                                                                                                                                                                                                                                                                                       

V. CONCLUSION 

The multiple access interference effect was also seen at the 

optical receiver end in optical CDMA which degraded the 

efficiency of system by increasing bit error rate. Use of 

spectral phase encoding O-CDMA system reduced the MAI 

as seen in the bit error rate performance and quality factor. 

The spectral phase encoding O-CDMA system performance 

is good for 32 users at 2.5Gbits/s bit rate using optical power 

normalizer. The performance of SPE O-CDMA system is 

analyzed by using NRZ and RZ data modulation format, 

while NRZ data modulation format offers extremely good 

performance than RZ data modulation format. The SPE 

O-CDMA system has been successfully demonstrated at 

system capacity of 80 Gbits/s over 180 km of fiber length. 

This newly designed SPE O-CDMA offers high Quality 

factor and less Beat Error Rate <10
-9

 .Moreover these results 

are more realistic as practical impairments have been 

considered with -15 dB and -20 dBm received power for 

optical attenuator, optical power normalize respectively and 

for permissible BER of 10
-9

. 

REFERENCES 

[1] X. Wang and K. Kitayama, “Analysis of beat noise in 

coherent and incoherent time-preading OCDMA,” 

J.Lightwave Technol 22, 2226-2235, (2004). 
[2] T. H. Shake, “Confident performance of –encoded optical 

CDMA”, J. Lightwave Technol.23, 1652– 1663, (2005). 

[3] AntonioMendez Senior Member, IEEE, Robert M. 

Gagliardi,Fellow, IEEE, Vincent J.Hernandez J.“Design and 

performance analysis of Wavelength/Time (W/T) matrix 

codes for optical CDMA”. Journal of lightwave technology 
Vol.21November 2003. 

[4]  D. E. Leaird, Z Jiang, and A. M. Weiner,“Experimental 

investigation of security issues inOCDMA: a code-switching 
scheme”, Electron. Lett.41, 817-819, (2005). 

[5] X. Wang, N. Wada, T. Miyazaki, and K. Kitayama,“Coherent 

OCDMA system using DPSK data format with balanced 
detection”, IEEE Photonic Technol.Lett. 18, 826-828, (2006). 

[6] Stock and E. H. Sargent, “The role of optical CDMA in access 
networks”, IEEE Communication Magazine40, 83- 87 

(2002). 

[7] Z. Gao, X Wang, N. Kataoka and N. Wada,“Demonstration of 
time-domain spectral phase encoding/DPSK data modulation 

using single phase modulator”, presented in LEOS Summer 

Topical 2009, New port, CA, USA, 2009. 
[8] Z. Jiang, D. Seo, S. Yang, D. E. Leaird, R. V.Roussev, C. 

Langrock, M. M. Fejer, and A. M.Weiner, “Four-user 

10-Gb/s spectrally phase-codedO-CDMA system operating at 
~ 30 fJ/bit” IEEEPhotonics Technol. Lett., 17, 705-707, 

(2005). 

[9] Xu Wang and Naoya Wada “Reconfigurable Time Domain 
Spectral Phase Encoding/Decoding Scheme Using Fibre 

Bragg Gratings for Two-dimensional Coherent OCDMA”, 

ECOC’08, P.3.11, September Brussels, Belgium, 2008. 
[10] Xu Wang and Naoya Wada, "Spectral phase encoding of 

ultra-short optical pulse in time Domain for OCDMA 

application", Optics Express15(12):7319-7326 (2007). 
[11] Stok and E. H. Sargent, “The role of optical CDMAin access 

networks,” IEEE Commun. Mag., vol. 40,no. 9, pp. 83–87, 

Sep. 2002. 

[12] Jawad A. Salehi “Emerging Optical CDMA Techniques and 

Application” International Journal of Optics and 

Photonics,Voll.No.1,June2007.  
[13] A. J. Mendez, R. M. Gagliardi, V. J. Hernandez, C.V. Bennet 

and W. J. Lennon, “High-Performance optical CDMA system 

based on 2-D optical orthogonal codes,” IEEE  Journal of 
Lightwave Technology, vol. 22, pp. 2409-2419, Nov. 2004. 

1.00E-49 

1.00E-45 

1.00E-41 

1.00E-37 

1.00E-33 

1.00E-29 

1.00E-25 

1.00E-21 

1.00E-17 

1.00E-13 

1.00E-09 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 

RZ Modulation format 

NRZ Modulation format 

               Active Users 
 B

E
R

  

1.00E-70 

1.00E-65 

1.00E-60 

1.00E-55 

1.00E-50 

1.00E-45 

1.00E-40 

1.00E-35 

1.00E-30 

1.00E-25 

1.00E-20 

1.00E-15 

1.00E-10 
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 

Optical Attenuator 

Optical Power Normalizer 

 B
E

R
 

          Active Users 

ICACT Transactions on Advanced Communications Technology (TACT) Vol. 1, Issue 1, July 2012 39

Copyright ⓒ  GiRI (Global IT Research Institute)



 

[14] Z. Jiang, D. S. Seo, S.-D. Yang, D. E. Leaird, A. M.Weiner, R. 

V. Roussev, C. Langrock, and M. M.Fejer, “Four user, 2.5 

Gb/s, spectrally coded OCDMA system demonstration using 

low power nonlinear processing,” in Optical Fiber 

Communication Conference, 2004Technical Digest Series 
(Optical Society of America, 2004), paper PDP29. 

[15] Ryan P. Scott, Wei Cong, Vincent J. Hernandez,Kebin Li, 

Brian H. Kolner,Jonathan P. Heritage, and S. J. Ben Yoo, “An 
Eight-User Time-Slotted SPECTS O-CDMA Testbed: 

emonstration and Simulations,” , Journal of Lightwave 

Technology VOL. 23, NO. 10   “High-Performance optical 
CDMA system based on 2-D optical orthogonal codes,” IEEE  

Journal of Lightwave Technology, vol. 22, pp. 2409-2419, 

Nov. 2004. 
[14] Z. Jiang, D. S. Seo, S.-D. Yang, D. E. Leaird, A. M.Weiner, R. 

V. Roussev, C. Langrock, and M. M.Fejer, “Four user, 2.5 

Gb/s, spectrally coded OCDMA system demonstration using 
low power nonlinear processing,” in Optical Fiber 

Communication Conference, 2004Technical Digest Series 

(Optical Society of America, 2004), paper PDP29. 
[15] Ryan P. Scott, Wei Cong, Vincent J. Hernandez,Kebin Li, 

Brian H. Kolner,Jonathan P. Heritage, and S. J. Ben Yoo, “An 

Eight-User Time-Slotted SPECTS O-CDMA Testbed: 
emonstration and Simulations,” , Journal of Lightwave 

Technology VOL. 23, NO. 10   OCTOBER 2005. 

 
 

Savita R.Bhosale Research Scholar Dr.Babasaheb 

Ambedkar Technological University Lonere 

(MS) ,India.Savita R.Bhosale received the B.E. 

degree in electronics and Telecommunication 

engineering from Dr.Babasaheb Ambedkar 

Maratwada University, India  in 1993, and finished 

the M.Tech. degree course in electronics  and 

Telecommunication  

Engineering from Dr.Babasaheb Ambedkar 

Technological University Lonere (MS), India in 2006. Since 1998, She was 

worked as Lecturer and from 2006 working as Assistant Professor till date 

in MGM’s college of Engineering and Technology, India. Her  research 

interests include Telecommunication and, optical fiber communication, 

optical networking, wireless and mobile communication. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shankar B. Deosarkar  

Shankar B. Deosarkar Received his graduate degree 

in electronics engineering in the year 1988 from 

Amravati University, his M.Tech and Doctorate 

degree in the area of Microwave Communication in 

the year 1990 and 2004 respectively from S.G.G.S. 

Institute of Engineering and Technology, Nanded. 

At present he is guiding three Research Scholars in 

the area of EMI / EMC and Microstrip Antenna 

Design. Presented his research contribution at IEEE International 

Conferences at IIT’S, USA, UK, CANADA, ITALY and 

SINGAPOORE.He had delivered invited talks at McGill University, 

Montreal, Canada, Electromagnetic Research Center Ottawa, Government 

of Canada and Princeton University, New Jersey, USA and UGC / AICTE 

refresher courses. He is also been member of  the programme committee at 

the various international conferences and reviewer of few books of McGraw 

Hill and PHI publications in the area of Microwave Communication as well 

reviewer of several national and international IEEE Conferences in the area 

of Microwave Communication,optical fiber communication. 

ICACT Transactions on Advanced Communications Technology (TACT) Vol. 1, Issue 1, July 2012 40

Copyright ⓒ  GiRI (Global IT Research Institute)




