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Abstract. Wavelet analysis plays an important role in signal processing because of its good
time-frequency locality and multi-resolution analysis performance. Based on wavelet analysis in
one-dimensional signal denoising are studied, and the principle of threshold and threshold function of
wavelet threshold denoising, the selection of wavelet base, decomposition layers and other related
issues, and the relevant numerical experiments with Matlab software.
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1 Introduction
Usually the wavelet coefficients after wavelet transform, the wavelet coefficients of signal to noise

is greater than the main idea, so wavelet threshold denoising is to find a suitable threshold value as a
threshold, when the wavelet coefficient is greater than the threshold, that the coefficient characterizes
the signal; when the wavelet coefficient is less than the threshold, it is assumed that the the noise
coefficient, so it can be separated by the signal and noise threshold. Wavelet threshold denoising is
the key to quantify the wavelet coefficients, suitable for white noise removal signal processing, can
effectively remove the noise, and retain the signal characteristic spikes.

2 Wavelet threshold denoising related problems
2.1 Wavelet threshold denoising steps
1) decomposition: N layer decomposition of signal.
2) threshold processing: select a suitable threshold and compare it with the wavelet coefficients

after signal transformation. The wavelet coefficients less than the threshold are considered to be
noise.
3) reconstruction: the denoised signal can be obtained by reconstructing the processed wavelet

coefficients.
2.2 Selection of wavelet bases
The wavelet function has orthogonality, symmetry, compact support and other properties, of course,

different wavelet functions have different properties, and with different wavelet bases to decompose
the signal decomposition results are different, so the denoising effect will vary. So according to the
signal characteristics to choose the appropriate wavelet basis function is the primary task of wavelet
denoising, in order to reduce the computation decomposition and reconstruction and possible fidelity
signal, ideally in signal de-noising in general with orthogonality, symmetry, support small length
wavelet.
2.3 Decomposition layer selection
The final effect is also related to the selection of decomposition level of wavelet threshold

denoising, usually thought to be better denoising effect decomposition more, because the
decomposition of more layers, the signal and noise have different features more obvious, which is
conducive to the separation of signal and noise. However, the excessive number of decomposition
will cause the increase of calculation, and will lead to the error of reconstruction is too large, so that
the reconstruction of the signal distortion, so the decomposition of the general layer according to the
actual characteristics of the signal to determine.
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2.4 Threshold selection
In the process of wavelet threshold denoising, threshold selection is also a direct and important
influence factor. Select a different threshold will cause different denoising effect, the threshold of the
main general threshold (VisuShrink threshold), rigrsure threshold (SureShrink threshold), maximum
threshold (Minimax), BayeShrink threshold, the most commonly used is the universal threshold value,
is the threshold by numerical experiments in this paper. In general, the threshold is proposed by
Donoho, is generally defined as:

Nt ln2 , (1)
Which  is the standard deviation of the noise, N is the signal length.
2.5 Threshold function selection

Wavelet transform commonly used threshold function has the following two.
(1)hard threshold function (Hard threshold):
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Which kjt ,
ˆ represents the processed wavelet coefficients, kjt , represents the wavelet coefficients

after wavelet transform,  represents the threshold.
(2)soft threshold function (Soft threshold):
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3 Numerical experiments
The following numerical experiments are carried out under the Matlab software, using the mean

square deviation (MES) to measure the signal denoising effect, the definition of mean square error
generally defined as:
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Which if is the signal after denoising, ig is the original signal, it can be seen, after denoising the
average variance is smaller, the better the denoising effect.
3.1 The first numerical experiment
This experiment uses Haar, db3, sym2, coif1, dmey wavelet base to denoise a sine signal, table 1 is

the mean square error after denoising. Table 1 data can be obtained, the signal is suitable for a wavelet
decomposition with dmey wavelet denoising, figure 1 and Figure 2 gives a section of the signal with
dmey wavelet decomposition of a layer of noise figure.

Table 1 the mean square error of one-dimensional signal using soft wavelet threshold
with different wavelet bases

level

wavelet
1 2 3 4 5

haar 0.7132 0.7428 0.8340 0.9838 1.0090

db3 0.7070 0.7091 0.7722 0.9955 0.9984

sym2 0.7075 0.7150 0.7923 0.9872 0.9955

coif1 0.7073 0.7144 0.7910 0.9902 0.9967

dmey 0.7069 0.7070 0.7083 0.9902 0.9919
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Fig. 1 Original signal

Fig. 2 Signal after denoising

3.2 The second numerical experiment
The one-dimensional signal containing Gauss white noise on a section of the use of db3 wavelet

denoising, the decomposition layer is two,threshold function respectively take soft threshold and
hard threshold function and threshold random, table 2 for the different situations on variance of noise,
by the data in Table 2 can be obtained, for the one-dimensional signal denoising analysis, when the
threshold is small, the better denoising effect; at the same threshold, soft threshold is better than the
hard thresholding denoising.

Table 2 mean variance of different threshold function and threshold denoising
Threshold 0.7000 0.6000 0.5000 0.4000 0.3000 0.2000

Soft
threshold

0.1927 0.1913 0.1886 0.1741 0.1501 0.1135

Hard
threshold

0.1927 0.1816 0.1675 0.1358 0.0921 0.0561

4 Conclusions
Based on wavelet analysis in one-dimensional signal denoising are studied, and the principle of

threshold and threshold function of wavelet threshold denoising, the selection of wavelet base,
decomposition layers and other related issues, and the relevant numerical experiments with Matlab
software.
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