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Abstract:In this paper, an efficient technique for initial condition estimation of chaotic map in binary 
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named maximum autocorrelation estimation (MACE). The proposed scheme reduces the complexity of 
the chaotic demodulator thereby minimizing the hardware implementation cost. Simulation results 
confirm that the proposed technique outperforms the conventional technique used in direct sequence 
spread spectrum (DS-SS) system. In AWGN channel and at bit error rate (BER) of 10
showed that the proposed BPSK
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1. Introduction 

Recently, chaotic signals are used in communication systems due to their unique 
characteristics such as wide bandwidth, low power spectral density and low cross
correlation values[1]. Different c
these systems exploit different properties of a chaotic dynamical system to obtain the 
aim of spread spectrum (SS) transmission. One of the most important chaotic 
modulation systems is chaotic parameter mo
information signal is modulated by merging it into the chaotic map parameters to 
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In this paper, an efficient technique for initial condition estimation of chaotic map in binary 

phase shift keying initial condition modulation (BPSK-ICM) scheme is proposed. This technique is 
named maximum autocorrelation estimation (MACE). The proposed scheme reduces the complexity of 
the chaotic demodulator thereby minimizing the hardware implementation cost. Simulation results 

rm that the proposed technique outperforms the conventional technique used in direct sequence 
SS) system. In AWGN channel and at bit error rate (BER) of 10

showed that the proposed BPSK-ICM scheme achieves a gain in Eb/N0 of 1.5 dB over DS
with the same value of the processing gain for both systems. 

haotic communication, parameter modulation, BPSK Modulation, maximum 
autocorrelation estimation 


�ام ط	��� �����  ���� ا��	ط ا����ا�� ا�����ي ����
  �$ر "�ط ا�!ا �

�� ا������� �� ������ ����� ا�
�� ا�
	�ا��� ذات ھ,ا ا�&:? �� ����
�� ا�
	�ا��� ��� ����ا%	"اح ط"�
� !� ة �	
�*�ر� ��(�Cح ا��
���� ا�ر�&)ط ا'!&" . D�8E�(BPSK-ICM) ا�� �
�"*
 �
���� ھ,ه ا�*"�� �� �
و�

���������� ا�&�)ء ا��)دي �! 5��
� ��(	�(
�� و	�5 �� �9
���� 78ل ا�	���� ا�����ي �� ا���
� �8"	
ا��
 �����
�� ا��&)F"ة ا�	����(
 "G	ا��� D�*ا� ������ H�B (Iق �� أدا���	�8 �"	
(SSا�*"�
� ا��

�&� %�رة اFL)رة ا�H %�رة ا����)ء �
)ر>� 
��)م �
 5&� (DS-SS)د�
�7M� N ا���)����< �����ام %��� ر
O ا��9	P(
 .�� %�)ة !)وس ا����)��� و

Recently, chaotic signals are used in communication systems due to their unique 
characteristics such as wide bandwidth, low power spectral density and low cross

. Different chaotic modulation systems have been proposed
these systems exploit different properties of a chaotic dynamical system to obtain the 
aim of spread spectrum (SS) transmission. One of the most important chaotic 
modulation systems is chaotic parameter modulation (CPM). In CPM schemes, the 
information signal is modulated by merging it into the chaotic map parameters to 
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In this paper, an efficient technique for initial condition estimation of chaotic map in binary 
oposed. This technique is 

named maximum autocorrelation estimation (MACE). The proposed scheme reduces the complexity of 
the chaotic demodulator thereby minimizing the hardware implementation cost. Simulation results 

rm that the proposed technique outperforms the conventional technique used in direct sequence 
SS) system. In AWGN channel and at bit error rate (BER) of 10-3, the results 

of 1.5 dB over DS-SS system 
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Recently, chaotic signals are used in communication systems due to their unique 
characteristics such as wide bandwidth, low power spectral density and low cross-

haotic modulation systems have been proposed[2-8], 
these systems exploit different properties of a chaotic dynamical system to obtain the 
aim of spread spectrum (SS) transmission. One of the most important chaotic 

dulation (CPM). In CPM schemes, the 
information signal is modulated by merging it into the chaotic map parameters to 
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achieve the aim of SS transmission for both analog and digital communication [9]. 
The chaotic signal parameters that are usually need to be estimated are the bifurcation 
factor and the initial condition. CPM schemes offer several benefits in comparison 
with traditional SS systems based on spreading codes, these are: CPM systems does 
not require synchronization process for data demodulation and has potential of higher 
system capacity compared to the traditional SS techniques. However, in general CPM 
systems, the problem is how to make accurate parameter estimation at the receiver 
thereby retrieving the transmitted information signal in an optimal manner. Therefore, 
CPM schemes need a demodulator which has an ability to estimate and track the 
parameters of a chaotic map. Many estimators include various adaptive filtering 
algorithms such as least mean square (LMS), recursive least square (RLS) and 
extended Kalman filter (EKF) are found not working efficiently in high noise level 
situation thereby cannot guarantee to build a reliable and practical communication 
system[10]. Hence, a new chaotic estimation technique is necessary to be developed. 

 
2. Binary Phase Shift Keying Chaotic Initial Condition Modulation (BPSK-ICM) 

Scheme 
In this section, a spread spectrum (SS) chaotic modulation scheme named BPSK-

ICM is proposed for data demodulation. This scheme is a special case of the our 
proposed scheme in[11]where instead of using quadrature amplitude modulation 
(QAM) in M-ary ICM system, BPSK modulation as signal constellation is applied to 
reduce system complexity. The constellation diagram of BPSK modulation is 
illustrated in Fig.1. 

 

 

 
2.1.  Design of BPSK-ICM Transmitter 

Fig.2 shows the block diagram of BPSK-ICM scheme. At the transmitter side, a 
binary information signal is first constellation mapped using BPSK modulation. 
Hence, the resulted information is mapped to "+1" and "-1" symbols. In M-ary ICM 
scheme, the two output vectors produced from the in phase and quadrature channels 
are used as initial conditions to the two chaotic generators. In fact, the output obtained 

 

Figure 1.Constellation mapping for BPSK modulation 
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from the constellation mapping of BPSK modulation consists of the real part only. 
Hence, only one chaos generator is used. Therefore, the main advantage of this 
technique is its simplicity. After the chaotic sequence is multiplied by a weight w to 
increase the system security, this chaotic sequence is sent to the radio frequency (RF) 
modulator for wireless transmission.  

 
2.2.  Design of BPSK-ICM Receiver 

At the receiver side, the received sequence r(n), n=1,....,N, is observed after RF 
demodulator, where η(n) is the additive channel noise component. As the estimation 
problem is not required to estimate large number of possible states, but only two 
values as "+1" and "-1". Therefore, maximum autocorrelation estimation (MACE) 
technique is applied to obtain the estimated vectors that have maximum 
autocorrelation value with the received noisy signal. After the estimated vectors are 
found, the initial condition can be retrieved accurately; thereby, determining the 
original information. In this simulation, cubic chaotic map as chaotic sequence 
generator is used. The processing gain of this scheme is 32 chaotic samples.  

 

 
 

3. Simulation Results of BPSK-ICM in AWGN Channel 

In this section, the BER performance of the BPSK-ICM system in AWGN channel 
is evaluated. The same cubic chaotic map is used to generate the chaotic sequence. 
Fig.3 shows the simulation results of BPSK-ICM in comparison with conventional 
DS-SS BPSK system in AWGN channel. DS-SS BPSK system uses imperfect 
channel estimation with ML estimation technique, while BPSK-ICM uses MACE 
technique for data demodulation. From the simulation results shown in Fig.3, it is 
clear that at BER = 10-3, the Eb/N0 level of BPSK-ICM system is about 9.5 dB. 
BPSK-ICM achieves a gain in Eb/N0 of about 1.5 dB, as compared with conventional 
DS-SS system. But the performance of DS-SS BPSK system is better when using 
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Figure 2. Block diagram of BPSK-ICM scheme 
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perfect channel estimation as shown in Fig.4. The main advantage of the BPSK-ICM 
scheme is the elimination of the synchronization process; hence, its demodulator is 
very simple. 

 
  
 

 
 
 

From the simulation results shown in Fig.4, it is clear that, at BER =10-3, the 
Eb/N0 level of DS-SS BPSK system is about 6.7 dB. DS-SS BPSK system achieves a 
gain in Eb/N0 of about 2.8 dB, as compared with BPSK-ICM system. Hence, BER 

 

 

Figure 3. BER performance comparison of conventional DS-SS BPSK and BPSK-ICM 

systems in AWGN channel (using MACE estimation). 

 

Figure 4. BER performance comparison of conventional DS-SS BPSK and BPSK-ICM 

systems in AWGN channel (using perfect channel estimation). 
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performance of DS-SS BPSK system is better than BPSK-ICM system only when 
using perfect channel estimation. 

 
4. Conclusions 

In this paper, a new binary phase shift keying initial condition modulation (BPSK-
ICM) scheme is proposed for data demodulation. The main advantage of BPSK-ICM 
scheme is that it involves a simple parameter estimation algorithm without need for 
synchronization process, which reduces the complexity of the demodulator. 
Simulation results show that, BPSK-ICM outperforms the conventional DS-SS BPSK 
system when channel estimation error is negligible due to the superior cross-
correlation properties of chaotic sequences. However, in the presence of perfect 
channel estimation, the performance DS-SS BPSK becomes relatively better than the 
proposed due the digital nature of the PN sequence used in DS-SS BPSK. This is due 
to Therefore, BPSK-ICM scheme is a good substitution to the conventional DS-SS 
system in AWGN channel. 
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