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Fig. 1. Pseudo code of ABC algorithm.
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Fig. 2. Flow chart of the proposed algorithm.
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Fig. 3. Waveform of source signals and noise free

mixed signals.
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Table 1. Considered parameters of ABC algorithm.
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Fig. 4. Separated signals in noise free case.
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Fig. 5. The convergence attribute of correlation coef-

ficient ¢ in noise free case.
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Table 2. Blind separation performance versus signal length in noise free case.

VAt i RERE
500 1000 2000 3000 4000
ATk 0.9285 0.9939 0.9976 0.9990 0.9969
AHABL 2R 2
FastICA 0.9358 0.9740 0.9753 0.9937 0.9933
3
JADE 0.9607 0.9885 0.9951 0.9907 0.9951
AL TTE: 0.1792 0.0130 0.0060 0.0038 0.0122
PERETREL
FastICA 0.1540 0.1079 0.0814 0.0252 0.0305
PI
JADE 0.0836 0.0503 0.0258 0.0257 0.0259
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Table 3. Total execution time of 100 separations.
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Fig. 6. The convergence attribute when SNR = 25 dB.
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Table 4. Blind separation performance of mixed
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Abstract

The inherent features, such as non-periodic, wide band spectrum, and extremely sensitive to initial values etc. make
it quite a challenge to blindly separate the mixed chaotic signals. A new blind source separation method based on the
artificial bee colony algorithm is proposed in this paper. This method can recover chaotic sources from noisy observations
on their linear mixtures without any prior information about the source equations. The proposed method is structured in
the phase space of the demixed signals, which is reconstructed from the observations by using delay-embedding method.
An objective function in the reconstructed phase space is designed so that the blind source separation problem is
transformed into an optimization problem. The optimal demixing matrix is obtained by maximize the objective function
with an artificial bee colony optimizer and the chaotic sources are then recovered by multiplying the observed mixtures
and the optimal demixing matrix. Before the optimization procedure is made, a pre-whitening should be employed.
Additionally, the parameterized representation of orthogonal matrices through principal rotation is adopted to reduce
the dimension of the optimization procedure so that the proposed blind source separation algorithm can converge quickly.
Different from the traditional independent component analysis approaches which concern mainly the statistical features,
the proposed blind source separation method utilizes the dynamics in the observed mixtures by means of phase space
reconstruction. Therefore, better performance can be achieved when it is used to deal with chaotic signals.

In computer simulation, two cases are taken into consideration: namely, the mixture is noiseless or not contaminated
by noise. The correlation coefficient criterion and the performance index criterion are adopted to evaluate the separation
performances. Simulation result shows that in most cases the proposed approach converges within a few tens of iterations
and the chaotic sources can be accurately recovered. The impact of noise level and signal length on the separation
performance is investigated in detail. The overall performance of the proposed approach is much better than the
traditional independent component analysis approaches. Moreover, the capability of separating the mixed chaotic and
Gaussian signals revealed in the simulation indicates that the proposed approach has the potential to be applied in a

wider range of applications.

Keywords: artificial bee colony algorithm, blind source separation, chaotic signal, phase space recon-

struction
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