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Fig. 2. Change rules of adaptive factors.
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Fig. 3. Atoms with different time frequency parameters: (a) v1 = (20, 100, 1/2, 1/2); (b) v2 =

(60,100, 7, 7); (c) 3 = (20,150, 30, 40).
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Fig. 4. Simulation of ultrasonic echo signal: (a) Simu-

lation of ideal ultrasonic echo signal; (b) simulation of

noisy ultrasonic signal.
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Xpmin = [0,0,0,0]
Vinax = [5, 5, 1/100, 211/200]
LIRSS UL
Viin = [—5, —5, —1/100, —21/200]
T KRB iter = 500
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Table 2. Evaluation index of de-noising effect and ex-

perimental results.

RAEETYY PSO APSO
MSE 0.0225 0.0027
NCC 0.7636 0.9802
SNR 9.3298 16.8581
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Fig. 5. Stability of evaluation index.
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Fig. 7. De-noising results with noise variance 2 = 0.3: (a) Original signal; (b) power spectrum of the original

signal; (c) signal contaminated by noise; (d) power spectrum of signal contaminated by noise; (e) de-noising

result of contaminated signal; (f) power spectrum of the de-noising signal.
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Table 3. Comparison of denoising results obtained by
different methods

SNR/dB A& Db6  Symb Coif3

MSE 0 0 0 0
25 dB
NCC 1.000 1.000 0.999 1.000
MSE 0 0.004 0.004 0.002
5dB
NCC 1.000 0.945 0.930 0.976
MSE 0 0.008 0.008 0.008
—0.5dB
NCC 1.000 0.875 0.887 0.885
MSE 0 0.022 0.017 0.012
—4 dB
NCC 0.998 0.602 0.755 0.809

ME 10 7] U H, 2415 8 LE FEIK S —4 dB I,
AT IEATY AT DA 5 WA -5 BUAS 0 2 1) A T 3R
B 7N B e 7 AR B ) 45 S B ™ B 2R

6 SLIfE R

7 5206 = b I RITEC 2 & 4 7% i) RITEC
RAM-5000-SNAP i 75 far Jll 5 45 K 5 1 FH 38 56
D 4 S ) A A 9 5 S 6 ) i 000 7 s [l 1
ST, WE LR, BEE S REREH
RAM-SNAP &% VLHAC L BH | 52 Jakas (R 3 2%
HeRE AT AN A DL ST LA K. st ik E

RAM-SNAP RGHUK M5 MHz. JASHECH 7
FI KIS 5, 20 DT R PR 3 968 15k 2% A% a2 460
Reds b, T 4R 2005 H M5 5 T 40 Pl 7 U R 4 3
Bl I 4z A RS, R R DA A DA P A R 2
IR R 5 R A2 S, 37 G 10 e 75 U0 o e B 4
WG BB RS S, B)ERIREINE SAE kRS
FRIR. ARSI 0 H R SR AR S I S S S
T 3 SR FH AR ST 0t S e R R A S AT R
BRI IR AR SC 7 ¥ T LA R R o g s
() S R A

K11 @ErfE S RERE

Fig. 11. Ultrasonic signal acquisition device.
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Abstract

In order to solve the problem of extracting ultrasonic signals from strong background noise, a novel method,
which is termed APSO-SD algorithm and based on improved adaptive particle swarm optimization (APSO) and sparse
decomposition (SD) theory, is proposed in this paper. This method can convert the ultrasonic signal denoising problem
into optimizing the function on the infinite parameter set. First, based on the sparse decomposition theory and the
structural characteristics of ultrasonic signal, the objective function of particle swarm optimization algorithm and the
reconstruction algorithm of the denoised signal are constructed, so that particle swarm optimization and ultrasonic signal
denoising can be combined. Second, in order to improve the robustness of the proposed approach, an APSO algorithm
is proposed. What is more, because particle swarm optimization algorithm can be used to optimize in continuous
parameter space, and according to the empirical characteristics of the ultrasonic signals used in practical engineering, a
continuous super complete dictionary for matching ultrasonic signals is established. Since the super complete dictionary
is continuous, there are an infinite number of atoms in the established dictionary. The redundancy of dictionaries is
enhanced by the method in this paper. Based on the fact that the inner product of the optimal atom and the ultrasonic
signal is one and the inner product of the noise and the optimal atom is zero in the established dictionary, the objective
optimization function of APSO-SD algorithm is established. Finally, the optimal atom is determined based on the
optimization result of the objective function. In this way, the denoising ultrasonic signal can be reconstructed by using
the optimal atom according to the reconstruction algorithm. The processing results of simulated ultrasonic signals
and measured ultrasonic signals show that the proposed method can effectively extract weak ultrasonic signals from
strong background noise whose signal-to-noise ratio is lowest, as low as —4 dB. In addition, compared with the adaptive
threshold based wavelet method, the proposed method in this paper shows the good denoising performance. In this
paper, it is demonstrated that the problem of ultrasonic signal denoising can be transformed into the optimization of
constraint functions. Furthermore, the ability of the proposed APSO-SD algorithm to accurately recover signals from

noisy acoustic signals is better than that of the common wavelet method.
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