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Abstract: In practice, collected signals often contain impulse noise, and have low signal-to-noise ratio. In this
case, when the correlation function is use to represent the similarity between signals, problems of low accuracy and
robustness will occur. In terms of these problems, a similarity detection method for weaker signals with impulse noise
is proposed, 1i.e., the nonlinear transformation correlation method. In this method, the Alpha stable distribution is
adopted to describe the signals with impulse noise. First, Sigmoid mapping is performed on the collected signals with
noise to reduce the interference of the pulse noise to the signal similarity detection. Then, the correlation function of the
mapped signals is used to obtain the similarity information between the signals. This method is simple, requires a little
computation, does not need to adjust parameters, and can effectively reduce the effect of impulse noise on the signal
similarity estimation. The method can be applied to the estimation of time different of arrival (TDOA) for signals in
position system. With the comparison of the simulation results of signals at low signal-to-noise ratio with impulse
noise, it is known that the estimation accuracy of the nonlinear transformation correlation method is higher than that of
the co-variation method. The experimental results show that the nonlinear transform correlation method can be used to
detect the weak signal similarity not only in the Gaussian noise environment but also in strong impulse noise
environment. It has a wide range of applications and good robustness.
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Fig.1 Time domain waveform of typical impulse noise
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Fig.6 Detection results of the similarity of signals with noise by the nonlinear transformation method when M= 0 dB

[\

[l

(=}
T

SigmoidW i 5 A%
Sigmoid LS} fE A 2%

[\

[

(=]
T

=200 =200

1970198019902 000201020202 030 1970198019902 000201020202 030

I ZEE / bit I EEKSE / bit
(a) @=2.0 (b) «=1.8
K 200+ K200 F
= z
s \z
%§ B 0 W" :
5 S ‘
=} o
5 —200 | £ -200 |
.(75 1 1 1 1 1 5 1 1 1 1 1
1970 1980 1 990 2 000 2 010 2 020 2 030 1970 1980 1990 2 000 2 010 2 020 2 030
I IEKC A / bit IFIEKCFE / bit
(c) a=1.6 (d) a=14

Bl7 Mu=—5dBHRESKBIEXMTHRBXFTENESHUAENKRNER

Fig.7 Detection results of the similarity of signals with noise by the nonlinear transformation method when M,=—5 dB
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