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ABSTRACT 

Spreading codes with low cross-correlation values are needed 

to suppress the effect of multiple access interference (MAI). 

The chaotic system can be used to generate very large number 

of sequences due to its sensitive property to initial conditions 

but due to the quasi-orthogonal nature of chaotic sequences 

the MAI between active users is generated which leads to 

degrade the performance of the system. Another type of 

chaotic sequences with zero values of cross-correlation called 

orthogonal chaotic vectors (OCVs) are generated by using 

logistic map and the basic idea of Gram-Schmidt ortho-

normalization process. In this paper, performance of OCVs in 

DS-CDMA system for transmission data for different active 

users over different channels (Rayleigh Flat fading channel 

and Rayleigh Frequency selective channel) is given. 

Simulation results show that the DS-CDMA based on OCVs 

gives better BER performance than other systems. The results 

also show that the system based on OCVs has the same BER 
performance regardless of the number of users under the 

effect of flat fading channel. While at BER=10−3 , number of 

active users =8 and spread factor 160 there is about 6dB 

performance difference between the system based on OCVs 

and system based on Non-OCVs under the effect of time 

invariant frequency selective fading channel and this 

difference is decreased to 1dB when spread factor is 320. 
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1. INTRODUCTION 
Direct sequence-code division multiple access (DS-CDMA) 

technique is used in cellular communication systems where 

users in the cell are separated from each other with their 

individual spreading sequences [1,2]. Spreading sequences 

play an important role in multiple access capacity of DS-

CDMA system. Conventionally, a pseudo random (PN) 

sequences, such as (Gold codes ,Kasami sequences …etc.) , 

generated by linear feedback shift registers (LFSRs)  had been 

used for DS-CDMA communication systems but  the PN code 

has a lot of drawbacks due to the fact that there are limited 

numbers of available PN sequences and they show periodic 

correlation properties [1,2,3,4]. Application of chaotic 

waveforms to digital communication is research interest for 

about two decades and the properties of chaotic waveforms 

such as wide spectrum, sensitive to initial conditions, impulse 

like auto correlation function and very low cross correlation 

values make it very attractive to use as an alternate to 

conventional spreading sequences in spread spectrum 

communication in addition , very  large  number of different 

sequences can be generated simply by changing its initial 

condition [1,2,5,6,7,8]. This makes the number of available 

chaotic sequences for DS-CDMA systems be very large and 

this properties provide advantages to chaotic sequences over 

the conventional PN sequences based multiple access systems 

[1,2]. Another version of chaotic sequences based DS-CDMA 

system with zero cross-correlation values can be generated by 

using the chaotic system and the basic idea of the Gram-

Schmidt ortho-normalization process and those sequences are 

called Orthogonal Chaotic Vectors (OCVs). The use of OCVs 

in DS-CDMA system leads to suppress the effect of co-

channel interference between users and enhance system 

performance due to zero values cross-correlation of these 

sequences. The application of orthogonal chaotic vector for 

multi-level chaotic communication has been previously 

discussed in [9, 10].In this paper performance of OCVs in 

multiuser chaos based DS-CDMA system over fading channel 

is given. At the receiver side a simple active correlator type is 

used for demodulation ,perfect channel estimation for the case 

of transmitted over flat fading channel is assumed and in order 

to simplify the analysis of DS-CDMA system detector , the 

synchronous assumption at the receiver side is made. 

The rest of the paper is organized as follows: Section 2 

introduces logistic map and their properties. Section 3 

describes the generation of OCVs by using Gram-Schmidt 

ortho-normalization process. Computer simulation is 

presented in section 4. Finally, the simulation results and 

conclusions are introduced in sections 5 and 6 respectively.   

2. LOGISTIC MAP 
The logistic map is given by the following equation [11] 

x k + 1 = μ x k  1 − x k                                                (1)                                                                                  

Where  is a constant called the bifurcation parameter 

[μ ϵ (0,4)] and   x ϵ  0,1  . The equation of logistic map is a 

key example that shows behavior that is periodic, stable, and 

chaotic and its behavior depends on the value of   . For 

μ ϵ 3.57,4  the sequence generated from this map is chaotic 

[11, 12]. The time series plot for this map at μ = 4 and  

x0 = 0.1 is shown in Figure 1.The concept of sensitivity of 

logistic map to initial conditions is shown in Figure 2.This 

figure shows two such sequences for  =4 with x0 = 0.1 and 

0.100001 respectively. The small difference leads to different 

waveforms after few iterations. The qualitative analysis of 

logistic map can be carried out by the study of its bifurcation 

diagram. The bifurcation diagram represents the asymptotic 

behavior of a discrete dynamical system [13]. It is can be 

described as a record of change in the behavior of a dynamical 

system as parameter changes [14] .Figure 3 shows the 
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bifurcation diagram of the logistic map plotted for x0=0.5 and 

different values of  .From  a detailed analysis of this diagram 

one can conclude that the logistic map has a stable fixed point 

equal to 0 for μ ∈ (0,1) and equal to 
μ−1

μ
 for μ ∈ (1,3).The 

periodic attractors of period 2k  for k=1, 2,… exist for 

μ ∈  3,3.57  and  for μ>3.57 the logistic map has a chaotic 

behavior [13]. Figure 4 describes the Lyapunov Exponent of 

the logistic map for bifurcation parameter  on the interval [0 

4] and from this figure one can note that the chaotic behavior 

of logistic map occurs when μ>3.57 because of the positive 

value of the Lyapunov Exponent which indicates the chaotic 

motion [13].  

 

Fig. 1. The time series plot for the logistic map 

 

Fig. 2.  Chaotic sequence generated for different initial 

conditions for the logistic map 

 

    Fig. 3. The bifurcation diagram of the logistic map  

 

       Fig. 4. The Lyapunov Exponent for the logistic map 

3. GENERATION OF ORTHOGONAL 

CHAOTIC VECTORE (OCVs) 
For DS-CDMA system, the orthogonal chaotic vectors 

(OCVs) can be generated by using Gram – Schmidt ortho-

normalization process in order to make the multiple access 

interference of the  Nu − 1 interfering signals equal to zero. 

Figure 5 shows the block diagram that describes the steps of 

generate OCVs for  Nu  active users by using Gram- Schmidt 

process. 

At first step and in order to generate Nu  different chaotic 

vectors, X  k =  x  k  1 , x  k  2 , ⋯ , x  k  Nu   , for 

Nu  different actives users, the same chaotic map with different 

initial conditions for each active user is used due to their 

sensitivity to initial conditions. The mean value of each 

chaotic vector is made zero in order to avoid transmitting dc 

power components [5]. Then, a set of Nuorthogonal chaotic 

sequences X   k =   x  (k)(1), x  (k)(2), ⋯ , x  (k)(Nu )  , can be 

obtained from a set of Nu  chaotic vectors, X  k , by using the 

idea of the Gram-Schmidt ortho-normalization process so that 

the set of orthogonal chaotic sequences is obtained as 

follows[5,15]: 
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Fig. 5. Orthogonal chaotic vectors Generator

x  (k)(1) =
x (k)(1)

   x (k)(1) 2β

k=1

                                                  (2)                                                                                                         

x  (k)(2) =
x (k)(2)−  x (k)(2)x  (k)(1)β

k =1  x  (k)(1)

   x (k)(2)−  x (k)(2)x  (k)(1)β
k =1  x  (k)(1) 

2β
k =1

           (3)                                                                   

     x  (k)(3) =
x (k)(3)−  x (k)(3)x  (k)(1)β

k =1  x  (k)(1)−  x(k)(3)x  (k)(2)β
k =1  x  (k)(2)

   x (k)(3)−  x  k  3 x  (k)(1)β
k =1  x  (k)(1)−  x (k)(3)x  (k)(2)β

k =1  x  (k)(2) 
2β

k =1

                               

      And in general, the formula for this process is [5] 

x  (k)(p) =
x (k)(p )

   x (k)(p ) 2β
k =1

   For p=1                                 (5) 

And 

x  (k)(p) =
x (k) p −   x (k)(p )x  

β
k =1 (k)(q ) x  

p−1
q =1 (k)(q )

   x (k) p −   x (k) p x  (k)(q )β
k =1

 x  (k)(q )p−1
q =1  

2β
k =1

   For p=2, 

3,…, Nu                                                                          (6)   

Where x   k  i  and x  k  i are the orthogonal chaotic vector and the 

chaotic vector for ith user respectively, Nu  is the number of active 

users and  represents the number of chaos samples transmitted 

during one bit duration and is defined as spreading factor. 

4. COMPUTER SIMULATION 

Computer simulations are carried out to evaluate the Bit Error 

Rate (BER) performance of synchronous DS-CDMA system 

under the effect of Rayleigh Flat fading channel and Rayleigh 

Frequency selective channel. Logistic Map which was given 

in Equations (1) is used in this paper in order to generate the 

chaotic sequences with different initial conditions assigned to 

Nu  different active users to generate different chaotic signals.  

At the transmitter 10,000 bits are sent from each user. Then, 

the number of erroneous bits received by each user are noted 

and divided by the total number of transmitted bits to 

calculate the BER per user. For simulation purposes and in 

order to keep the bit energy of the transmitted signal for each 

user constant, the non-orthogonal chaotic sequences used in 

DS-CDMA communication system as spreading sequences 

are normalized before modulation. For the purpose of 

comparison, the system parameters are shown in Table 1. 

The software program that has been used for computer 

simulation is MATLAB 7.12.0 (R2011a). 

 

Table 1. System Parameters  

OCVs: Orthogonal Chaotic Vectors, Non-OCVs: Non- 

Orthogonal Chaotic Vectors, BPSK: Binary Phase-Shift-Keying 

system 

5. SIMULATION RESULTS AND 

DISSCUTIONS 
The simulated BERs performance of multiuser DS-CDMA 

communication system which uses OCVs, Non-OCVs and 

conventional spreading sequences as spreading codes under 

the effect of Flat fading channel and Frequency selective 

channel are introduced in this section as follows: 

5.1 Simulated BERs performance of DS-

CDMA system under the effect of flat 

fading channel 
Under the effect of flat fading channel the following aspects 

of BER performance evaluation for DS-CDMA system are 

introduced as follows: 

Parameter Value / Type 

No. of transmitted 

bits 
10,000 bits 

Data rate 192kbps 

Chip rate * data rate 

Doppler frequency  40 HZ 

Spreading code 
OCVs , Non-OCVs , Gold 

codes , Kasami  codes 

Modulation BPSK 

Detection Active Simple Correlator 

Channel used 
flat fading channel,  frequency 

selective channel 

Propagation fading 

channel model 

Rayleigh fading channel,Jakes 

model 

Eb/No  (0-30) dB for fading channel 

(4)                                                                   
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5.1.1 Variation of BER verses number of active 

users 𝑁𝑢  for Eb/No =20dB and spread factor 

𝛽=64 under the effect of flat fading channel 
The BER performance of multiuser DS-CDMA 

communication system verses number of active users Nu  for 

Eb/No =20dB and spread factor =64 under the effect of flat 

fading channel is shown in Figure 6 .From this figure it can be 

seen that the BER performance of multiuser DS-CDMA 

system which uses OCVs as spreading sequences is almost 

constant and is not affected by increasing the number of users.  

The system will only suffer from the effect of flat fading 

channel due to the fact that using OCVs in the system leads to 

cancelation the effect of MAI between active  users since the 

chaotic sequences for all active users in the system are 

orthogonal to each other due to the use of the Gram-Schmidt 

ortho-normalization process .While in the case of using Non-

OCVs and conventional spreading sequences as spreading 

codes the performance of the system is affected by the effect 

of flat fading channel and also by increasing the number of  

active users, where the increase in the number of active users 

leads to increase the value of MAI between active users 

therefore the performance of the system is worsen with the 

increase of the number of active users. One can also note from 

this figure that because of the good cross-correlation property 

for small set of Kasami sequences the performance of the 

system that uses these sequences is better than the 

performance of the system that uses Non-OCVs, Gold codes 

and large set Kasami sequences and approaches the 

performance of the system which uses OCVs. But in spite of 

this, this set cannot be used in practice in order to increase the 

capacity of system because the number of sequences available 

in this set is very small compared with the number of 

sequences that can be generated by using chaotic system.  

 

  Fig. 6. Variation BER verses number of active users for 

Eb/No =20dB and β =64 Using OCVs, Non-OCVs and 

Conventional Spreading Codes under the effect of flat 

fading channel 

5.1.2 BERs performance of multiuser DS-CDMA 

system with OCVs and small set of Kasami 

sequences for 40 active users and two different 

values of spread factor 𝛽 =(50 and 64) under the 

effect of flat fading channel 
From Figure 7a one can note that the BER performance of 

DS-CDMA system which uses small set of Kasami sequences 

approaches the performance of system which uses OCVs for 

the case of using spreading factor  equal to 64. But when 

spread factor  is decreased to 50 the performance of both 

systems will diverge from each other and it becomes bad in 

the system that uses small set of Kasami sequences as shown 

in Figure 7b. This is because that the system performance 

which uses conventional codes to spread the data bits is 

affected by spread factor  and to improve the system's 

performance, the spread factor must be increased .While in 

the case of using OCVs there is no need to increase  and in 

order to enhance the system's performance, it is enough that  

is greater than the number of active users to ensure the 

orthogonality between the chaotic sequences after using the 

Gram-Schmidt ortho-normalization process.  

 

Fig.7a. BER verses Eb/No for spread factor β =64 and 

number of active users 𝐍𝐮=40 

 

Fig.7b. BER verses Eb/No for spread factor β =50 and 

number of active users 𝐍𝐮=40 

Fig.7 (a-b). Variation of BER verses Eb/No of DS-CDMA 

system for number of active 𝐍𝐮 =40 and different values of 

spread factor using OCVs and small set of Kasami seq. 

under flat fading channel 

10 15 20 25 30 35 40 45 50 55 60
10

-4

10
-3

10
-2

10
-1

10
0

Nu 

B
E

R

 

 

OCV

Non-OCV

Small set of Kasami seq.

Large set of Kasami seq.

Gold code



International Journal of Computer Applications (0975 – 8887)  

Volume 114 – No. 3, March 2015 

12 

5.2 Simulated BERs performance of DS-

CDMA system under the effect of 

frequency selective fading channel 
Under the effect of frequency selective fading channel the 

following aspects of BER performance evaluation for DS-

CDMA system are introduced as follows: 

5.2.1 BERs performance of multiuser DS-CDMA 

system with different spreading codes families and 

two different values of spread factor under the 

effect of time varying frequency selective fading 

channel 
The BER performance of multiuser DS-CDMA system verses 

Eb/No with different spreading codes families for 8 active 

users and two different values of spread factor β (40 and 80) 

under the effect of time varying frequency selective fading 

channel is shown in Fig.8a and Fig.8b, where the channel's 

impulse response to any signal transmitted over it will change 

with time otherwise if the response of the channel does not 

change with time the fading channel will be called time 

invariant channel [15].From these figures it can be seen that 

because of the fast time varying nature of the multipath 

channel, the multiuser system failed to achieve good BER 

performance regardless of the type of spreading codes and the 

values of spread factor β  where the multiuser DS-CDMA 

systems have the same BER performance for all different 

types of codes regardless of the spread factor under the effect 

of time varying frequency selective channel in the case of 

using conventional receiver like simple correlator for de-

spreading process. In order to enhance the performance of the 

system, special type of receiver must be used like Rake 

receiver that has a bank of correlators that multiplied the 

received signal with shifted version of local generated codes 

used at the transmitter side to spread the data bit of active 

users .To use the Rake receiver, the parameter of channel 

(delay time, attenuation and phase shift) must be known at the 

receiver side. 

 

                                             Eb/No 

Fig. 8a. BER verses Eb/No for spread factor β =40 and 

number of active users 𝐍𝐮=8 

 

 

                                                      Eb/No 

Fig. 8b . BER verses Eb/No for spread factor β =80 and 

number of active users 𝐍𝐮=8 

Fig.8 (a-b) . Variation of BER verses Eb/No of DS-CDMA 

system for number of active users 𝐍𝐮=8 and different 

values of β using  OCVs, Non-OCVs and Conventional 

Spreading Codes under time varying frequency selective 

fading channel. 

5.2.2 BERs performance of multiuser DS-CDMA 

system with OCVs and Non-OCVs for 8 active 

users and different values of spread factors β 

under the effect of time invariant frequency 

selective fading channel 
The BER performance of multiuser DS-CDMA system verses 

Eb/No with OCVs and Non-OCVs for 8 active users and 

different values of spread factors β under the effect of time 

invariant frequency selective fading channel is shown in 

Figure 9. The channel impulse response for time invariant 

frequency selective fading is given by [17]:   

h k = 0.6742δ k + 0.6030δ k − 1 + 0.4264δ(k − 2)(7)                                                  

From  this figure one can note that under the effect of time 

invariant frequency selective fading channel, the BER 

performance of the DS-CDMA system which uses OCVs and 

Non-OCVs as spreading codes will be improved as the length 

of spread factor β is increased . But in spite of this the BER 

performance of system which uses OCVs is still better than 

the performance of other system which uses non-OCVs. This 

is because that whenever the length of OCVs is greater than 

the number of active users the MAI between active users is 

eliminated due to the use of the Gram-Schmidt ortho-

normalization process and the only factor that affects on the 

performance of the system will be the multipath interference 

which is produced due to the multipath nature of the channel 

and this factor is reduced as spread factor β is increased. 

While the system which uses non-OCVs is affected by two 

factors, the MAI and the multipath interference. From Fig.9 it 

can be seen that for 8 users and spread factor β=160 there is 

about 6dB difference performance at BER=10−3between the 

system based on OCVs and system based on Non-OCVs and 

this difference is decreased to 1dB at BER=10−3 between 

these two systems when the spread factor is increased to 320. 

 

 

 

Eb/No(dB) 
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Fig. 9. Variation of BER verses Eb/No of DS-CDMA 

system for number of active users 𝐍𝐮=8 and different 

values of β using OCVs, Non-OCVs under time invariant 

frequency selective fading channel. 

5.2.3 Variation of BER verses number of active 

users 𝑁𝑢  for Eb/No =15dB and spread factor 

𝛽=100 for multiuser DS-CDMA system under the 

effect of time invariant frequency selective fading 

channel 
Figure 10 shows the BER performance for DS-CDMA system 

using OCVs as spreading codes and a comparison of the 

performance of this system with the performance of the 

systems that use Non-OCVs and conventional codes like 

small set of Kasami sequences under the effect of time 

invariant frequency selective channel at Eb/No =15dB for 

different number of active users and spread factor  equal to 

100. The same channel impulse response for time invariant 

frequency selective fading channel which is given in 

Equation. 7 is used in this section.From this figure one can 

note that the performance of DS-CDMA based on OCVs is 

better compared with the rest of the systems that use Non-

OCVs and small set of Kasami sequences because the 

orthogonality between the active users codes achieved by 

using the Gram-Schmidt ortho-normalization process. 

 

Fig.10. Variation BER verses number of active users for 

Eb/No =15dB and β =100 using OCVs, Non-OCVs and 

small set of Kasami sequences under the effect of time 

invariant frequency selective fading channel. 

6. CONCLUSIONS 
The performance of DS-CDMA depends on using spreading 

sequences with zero cross correlation value to reduce mutual 

interference and to make it unaffected by number of user’s. In 

this paper orthogonal chaotic vectors generated using logistic 

map and Gram-Schmidt ortho-normalization process are used 

as spreading codes in DS-CDMA system in order to eliminate 

the effect of MAI. The multiuser DS-CDMA system which 

uses OCVs gives better BER performance than the other 

systems which use Non-OCVs and conventional spreading 

codes (Kasami sequences and Gold codes) under the effect of 

flat fading channel and its performance will not be decreased 

as the number of active users in the system is increased. 

Because the MAI between active users in the system was 

eliminated due to the use of OCVs as spreading codes and the 

only factor that affects on the performance of the system is the 

fading factor due to the nature of the channel. Because of 

using simple correlator receiver, for de-spreading process the 

BER performance of DS-CDMA system for all type of 

spreading codes is the same under the effect of time varying 

frequency selective channel. To enhance the system's 

performance and reduce the effect of multipath interference 

special type of receiver like Rake receiver must be used. 

Under the effect of time invariant  frequency selective 

channel, the BER performance of DS-CDMA system is 

getting better as the value of spread factor is increased and the 

performance of the system which uses OCVs is better than the 

performance of the system which uses Non-OCVs for the 

same value of spread factor. At BER=10-3, number of active 

users =8 and spread factor 160 there is about 6dB 

performance difference between the system based on OCVs 

and system based on Non-OCVs under the effect of time 

invariant frequency selective fading channel and this 

difference is decreased to 1dB when spread factor  is 

increased to be equal to320.  
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