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Abstract: To solve the problem of underdetermined blind source separation (UBSS), an UBSS method based on wavelet packet hybrid
optimization is presented. The method, adopting wavelet packet transform, decomposes the observed signal, expands the dimension of
the observed signal, and removes redundant signal components with the cross-correlation value, transforming the problem of UBSS.
Then, with the singular value decomposition method under the Bayesian information criterion, the number of source signals is estimated,
and the signal dimension is reduced through the whitening process. At last, the spiral bubble net hunting behavior and levy flight strategy
in the whale optimization algorithm ( WOA) are introduced to improve the gray wolf optimization algorithm, and the improved hybrid gray
wolf optimization algorithm is integrated with the independent component analysis algorithm to separate the reconstructed positive definite
whitening signals, and rewarding separation performance is achieved. The performance of the algorithm is tested by simulation
experiments, and the results show the feasibility and effectiveness of the proposed method.
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IMF; 3 750~4 500 0.3243 0.001 3
IMF; ¢ 4500~5 250 0.057 1 0.224 5
IMF; 5 250~6 000 0.168 2 0.053 4
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Table 4 Correlation coefficients between source,

observed and separated signals

FES  WIES 1 WES2  ElES TEES
FfES1 0 03170 0.613 0 0. 800 4 0.9127
JfES2  0.5658 0.561 2 0.701 2 0.843 1
JfES3 0.2925 0.276 6 0.755 3 0.907 5

INBERLES S I NT LA 53 BT (WP-ICA ) /INBEALZS 5 ARAR
PRI 2k ST 43 43 T (WP-GWO-ICA ) R/ AL IR &
Al (WP-HGWO-ICA ) 3 Fh 3307k YR & 5 M AT 9 1
B s HE 16 ¥ J5 3% 2% ( normalized mean square,
NMSE) " LK £ B fif 2% ( angular deviation , ang) *' i Fif

BRRAYE LA

2 Z (a,; = %)2

NMSE(A,A,) = 10lg| (28)
3 S
180 (A,A,)
ANG(A,A,) = —arccos(—————)  (29)
™ Al - 1A
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TR SR, A NI RREHERE , a, , Fl a,; 2350
N B EAR TR A B AR S RS 4758 5 4 B
JCE ., DFEIB AT AR HE AL 22 1 25 A B i 25 (BB
AN R AR E M,
IR A FERE RSS2 3 A A9 AG TR A 48 1 4
iR
4 _ {0.912 4 0.6201 0.386 2}
10,0271 0.2299  0.6722
0.9041 0.6109 0.397 4
0.0254 0.2303 0.685 4}
4 _ {0. 9028 0.6105 0.392 2}
PPRHEWOIC 10,0213 0.2417 0.673 1
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Table 5 Comparison of evaluation
indexes of three algorithms
] FER %/ ()
Sk ANG(A,A,) ANG(A,A,) ANG(A Ay) NMSE

WP-ICA 0.673 5 0.820 2 0.540 3 -36.518 2
WP-GWO-ICA  0.5815 0.506 6 0.313 6 —38.346 8
WP-HGWO-ICA  0.323 8 0.436 5 0.190 7 -44.717 4
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Table 6 Comparison of similarity coefficient

p;

values of three algorithms

Bk PR HEES 1 FRES 2 HBES3

i =1 0.610 9 0.704 1 0.757 17

WP-ICA i=2 0.856 5 0.8753 0.593 1
i=3 0.692 9 0.607 0 0.609 0

i =1 0.844 7 0.747 2 0.745 1

WP-GWO-ICA i=2 0.900 4 0.828 9 0.530 8
i=3 0.898 0 0.7557 0.546 7

i =1 0.948 3 0.976 4 0.959 1

WP-HGWO-ICA i =2 0. 966 1 0.927 5 0.990 8
i=3 0.9352 0.918 5 0.987 2
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