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Abstract 

Considering the advantage that microwave radar is not easily affected by weather and can work 

around the clock, it is widely used in military and civilian fields. However, because microwave 

radar will be affected by multipath interference and internal noise during operation, the noise 

in the radar signal will cause the Signal-to-Noise-Ratio (SNR) to decrease so that useful 

information is drowned in the noise. In order to denoise the microwave radar noise, this paper 

selected a more mature wavelet denoising method. However, the classic hard threshold function 

and soft threshold function have their own shortcomings, which is not conducive to accurate 

signal reconstruction. Therefore, an adapted threshold function based on Discrete Wavelet 

Transform (DWT) was proposed. To verify its effectiveness, three sets of simulations were 

performed for the microwave radar signal by MATLAB, the results verified the effectiveness. 

Keywords  

Wavelet Denoising, Microwave Radar Signal, DWT. 

1. Introduction 

The microwave radar is suitable for complex environment (day and night, fog, rain and snow), 

because that the microwave has longer wavelength than other electromagnetic waves, such as infrared 

rays, so microwave has better penetration. Therefore, the microwave radar is extensively applied to 

detect the targets in military applications and civil aviation. However, due to the complexity of the 

working environment, the radar signal contains various noise jamming that would affect the 

extraction of effective information from the radar signal. In order to eliminate noise contained in the 

beat signal, the wavelet denoising was considered in the paper. 

There’s a lot of related work related to using wavelet transform for denoising. SR Messer [1] proved 

that wavelet denoising can be used to remove white noise in heart sounds. Giaouris, D. et al. [2] used 

the wavelet transform to distinguish noise in the actual current signal and modulate motor speed. Yi 

Hu et.al [3] proposed the use of low-variance spectral estimators based on wavelet thresholding the 

multiple spectra for speech enhancement to suppress “musical noise”. Debin et al. [4] identified weak 

characteristic signals in the gearbox vibration signals by using a local adaptive algorithm based on 

wavelet. Madhur Srivastava et al. [5] proposed a new threshold formula to denoise 1-D experimental 

signals, which can increase the SNR by more than 32dB without distorting the signal. CUI Hua et al. 

[6] posed a new threshold function, simulation experimental results indicated that the new method 

gave better SNR gains than hard and soft thresholding methods.  

In this paper, in order to reduce the impact of noise on effective information, wavelet denoising 

method with the adapted threshold function was considered. The simulation results by MATLAB can 

verify the effectiveness of this algorithm. 
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2. Wavelet Denoising 

2.1 Noise Sources Analysis 

The noise here can be classified into two types according to their source, the external noise and the 

internal noise [7]. The external noise is incited by external interference factors, such as multipath 

interference, and noise signals enter the components of radar through the receiving antenna. The 

internal noise mainly includes weather interference and industrial interference. The entire noise signal 

is random, and the amplitude and phase are always changing in a random manner, although its 

waveform is continuous in the time domain. In the actual analysis, it often regarded as Gaussian noise. 

It is well known that the power spectral density of Gaussian white noise is uniformly distributed, and 

its amplitude is subject to a Gaussian distribution. If the SNR is low, the following situation may 

occur: the amplitude of the noise signal is much higher than the maximum value be pre-set, but at this 

point, the system treats it as a target, which produces a false target. Therefore, it is necessary to 

perform denoising processing on the radar signal, and after filtering and denoising, a purer beat signal 

can be obtained. The Wavelet Transform (WT) is suitable for analyzing abrupt signal and non-

stationary signal. In addition, WT has the characteristics of multi-resolution analysis and bandpass 

filter, and can be implemented by fast algorithm, so it is often used for filtering and denoising. Thus, 

the paper studied the denoising of microwave radar signal based on DWT. 

2.2 Discrete Wavelet Transform 

The basic idea of wavelet transform is to use wavelet basis functions to represent or approximate the 

signal. When processing noisy signal using WT, it is necessary to discretize the wavelet and use the 

DWT. The DWT is a batch method, which can analyse a finite-length time-domain signal at different 

frequency bands and different resolutions by successive decomposition into coarse approximation 

and detail information [8].  

Fig.1 indicates DWT decomposition process of the discrete-time radar signal (X). Among them, cJ is 

the detailed coefficients and dJ is the approximation coefficients. In return, approximate coefficients 

information is low frequency component, detailed coefficients information is high-frequency 

component. At the end of decomposition, no matter what decomposition levels it is, there has a 

wavelet decomposition tree, each layer has two branches, one is detail and another is approximation 

which has their own coefficients. Formula (1) is an example of 4-layer decomposition, 

X = d1 + d2+d3+d4+c4                                                             (1) 
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Fig. 1 The Decomposition Process of DWT 

Discrete beat noisy signal of microwave radar is expressed by, 

X i= Sbi+ni                                                             (2) 

Where, Xi is measured signal including with white noise, Sbi is useful beat signal to extract range 

information, ni is white noise, i is sampling order. However the white Gaussian noise is not continue 

in the time domain, therefore the wavelet coefficients have strong randomness after DWT, that is, the 

coefficients corresponding to the noise still satisfy the Gaussian distribution. 

The processes of DWT are, at first, choose a suitable mother wavelet. There have common mother 

wavelets which can support DWT and suit for actual signal denoising, as showed in Table 1, 



International Journal of Science Vol.7 No.5 2020                                                             ISSN: 1813-4890 

 

128 

 

Table 1 Common Mother Wavelet 

Name Haar Daubechies Coiflets Symlets 

Representation haar dbZ coifZ symZ 

 

Wavelet basis functions are formed by scaling and translating transforms based on mother wavelets. 

Fig.2 presents examples of common wavelet basis function that are characterized by orthogonality. 

 

Fig. 2 Examples of Wavelet Basis Function 

Next step is to determine the number of decomposition layers J. In general, the larger J is, the easier 

it is to distinguish between signal and noise, and the better the denoising effect, but the larger the 

reconstruction error. The microwave radar signal is usually decomposed into 3-5 levels [9, 10]. In the 

jth level, the formula (3) is used to calculated wavelet coefficients of cj and dj by orthogonal DWT 

[11] 
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Where, h and g are orthogonal filter banks to each other. The cj,k is the kth detailed coefficient, dj,k is 

the kth approximate coefficient. And k=1, 2, …K. 

2.3 Adapted Threshold Function 

As the classical threshold function of the DWT, the soft and the hard threshold denoising methods 

are widely used in practice, they all have some shortcomings [12]. The hard threshold is discontinuous 

in the whole wavelet domain and there are interrupted points in the place of ±λ, as shown in Fig 3. So 

the signal f′(k) which has been reconstructed by d′j,k may appear some oscillation. In the soft 

thresholding function, there is a constant deviation between d′j,k and dj,k when abs(d′j,k)>=λ. This will 

causes a deviation between the reconstructed signal f′(k) and the real signal [13]. 
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Fig. 3 Adapted Threshold Function and Compering with Classic Functions 
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Fig. 4 The Flow Chart of Wavelet Denoising based on Adapted Threshold Function 
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Thus, an adapted threshold function is proposed in this paper. And this function as shown in Fig. 3. 
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From Fig. 3, it can be seen obviously that the adapted threshold function has improved compared 

with the hard threshold function and the soft threshold function in terms of hopping and fixed 

difference. The flow chart of wavelet denoising based on the adapted threshold function is shown in 

Fig. 4. 

3. Simulatin Results 

The simulations were carried out in MATLAB. Assuming that a pure radar signal, which sample time 

3ms, sample frequency 50kHz, modulated frequency 500Hz, as shown in Fig 5, and set SNR to 20dB. 

Fig. 6 and Fig. 7 are the examples of wavelet denoising by using a hard threshold function, a soft 

threshold function and the adapted threshold function respectively, in addition, the wavelet using in 

this example is ‘sym6’. 

 

Fig. 5 Radar Signal and Noisy Radar Signal 

 

Fig. 6 Hard Threshold Denoising and Soft Threshold Denoising 

 

Fig. 7 Adapted Threshold Denoising 

The SNR after wavelet denoising based on hard threshold function, soft threshold function and 

adapted threshold function respectively are extracted and compered with each other. The result is 

shown in Fig. 8, Fig. 9 and Fig. 10. 
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Fig. 8 Wavelet Denoising of 3 Decomposition Levels 

 

Fig. 9 Wavelet Denoising of 4 Decomposition Levels 

 

Fig. 10 Wavelet Denoising of 5 Decomposition Levels 
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From Fig. 8, Fig. 9 and Fig. 10, it can be seen clearly that the adapted threshold function compared 

with the hard threshold function denoising and soft threshold function denoising has been improved. 

Therefore, the proposed adapted threshold function denoising is feasible and can be selected for 

microwave radar signal. 

4. Conclusion 

In the process of wavelet denoising of the microwave radar signal, in order to make up for the 

shortcomings of the hard threshold function and the soft threshold function, an adapted threshold 

function is studied in the paper. First simulated the real microwave radar signal and add noise 

interference by MATLAB, and then used the adapted threshold function based on DWT to calculate 

the denoised SNR, and compared with the results of the hard threshold function and the soft threshold 

function to verify the validity of the adapted threshold function. In the future, this method can be 

considered in real microwave radar denoising. 
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