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__________________________________________________________________________________________ 

Abstract: In the detection of Inter-harmonics in power network, short-time Fourier transform 

(STFT) is gradually replaced by other algorithms because of its difficulty in ensuring both time 

and frequency resolution. Wigner distribution (WVD) has high time-frequency resolution 

theoretically in time-frequency analysis. However, because WVD is a bilinear transformation 

and does not satisfy the superposition principle, there exists cross-interference term. The 

results of interference analysis. A method of detecting Inter-harmonics by STFT and WVD is 

proposed, which can effectively suppress the cross-interference of WVD in time-frequency 

analysis and maintain good time-frequency clustering. The simulation results show that this 

method can achieve good time-frequency effect. 
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__________________________________________________________________________________________ 

1. INTRODUCTION 

In modern society, with the extensive application of power equipment, harmonic sources and 

inter-harmonics sources are flooded in the existing power grid, resulting in the impact of power 

quality. Because of the size of harmonic and inter-harmonic in the signal, the signal distortion 

process can be reflected from one side, so it is very important to detect them [1]. The 

parameters that can be detected can be roughly divided into amplitude, phase and frequency, of 

which frequency detection is the most important one. There are many methods to detect 

Inter-harmonics, such as IEC [2, 3], FFT [4, 5], Prony [6, 7], spectral estimation [8, 9] and 

neural network [10, 11]. As the first method proposed by IEC organization to detect 

Inter-harmonics, IEC method has some problems, such as spectrum leakage, low resolution 

and low detection accuracy, and is no longer popular. Prony algorithm does not need sample 

autocorrelation function. And it has high identification accuracy, which is more popular now, 

but the anti-jamming ability of Prony Algorithm for noise is poor. How to improve the 

anti-noise ability of Prony algorithm remains to be studied. The FFT algorithm can obtain high 

measurement accuracy by windowed interpolation, but there are still fence effect and spectrum 

leakage. MUSIC algorithm commonly used in spectral estimation has high frequency 

resolution and good anti-noise performance, but its computation is too large. ESPRIT 
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algorithm has the advantage of less computation than MUSIC algorithm, and does not need to 

search spectral peaks, but its anti-noise performance is insufficient. If the time-frequency 

characteristics of Inter-harmonics are analyzed, WVD has the highest time-frequency 

resolution in time-frequency analysis, but as a bilinear transformation, there are 

cross-interference terms, which interfere with the analysis results. In the literature [12,13], 

Gabor transform and WVD are combined to weaken the cross-interference term through the 

overlapping part of Gabor transform and WVD, but the time-frequency aggregation is reduced. 

Because of its characteristics, STFT transform does not have cross-interference terms, but its 

time-frequency resolution is low. 

This paper proposes a new method to detect Inter-harmonics, namely STFT-WVD. The idea is 

to screen out the cross-interference items in WVD by using STFT interference threshold and 

multiply them by zero to eliminate the cross-terms and improve the time-frequency resolution 

of detecting inter-harmonics by WVD. 

2. PROPERTIES 

2.1 Short-time Fourier transform (STFT) 

Short-time Fourier Transform (STFT) [14] is the most commonly used time-frequency analysis 

method, which is a natural extension of Fourier Transform. It represents the signal 

characteristics at a certain time through a signal in the time window. According to the 

uncertainty principle, the time resolution and frequency resolution of STFT can’t be reduced at 

the same time, so there is a lower bound of time width and bandwidth. Therefore, the 

time-frequency aggregation of STFT is limited. 

The basic idea of STFT is to divide the signal into many small times intervals and process each 

time interval with Fourier transform in order to determine the signal frequency in that time 

interval. The spectrum of the signal outside the window function is also eliminated. 

The STFT transform of the signal is defined as: 
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 as window function, is the signal, respectively represent frequency and time, 

 represents the energy distribution of  at time t, frequency is f. The existence of 

window function makes STFT transform has local characteristics. It is not only a time function, 

but also a frequency function. For a given times t, it can be regarded as the spectrum of the time, 

i. e. "local spectrum". 

In STFT, when the window function is determined, the size of the window is completely 

unchanged. t, f can only move the position of the window on the plane, and it is difficult to 

change the size and shape of the window. The resolution of short-time Fourier transform 

remains unchanged. If you want to change the resolution, the window function must be 
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re-selected. The selection of different window functions has different effects on the output of 

STFT, so it is necessary to select the appropriate window function. 

By comparing different window functions in literature [15], it is concluded that Hanning 

window has the best effect. Similarly, the choice of window width affects the time-frequency 

analysis rate under the same window function. Different window widths are selected under the 

condition of Hanning window, and different time-frequency results are obtained by simulation. 

As shown in Figure 1-4: 

 

          

Figure 1. STFT width 32 contour map    Figure 2. STFT width 128 contour map 

 

         

Figure 3. STFT width 256 contour map   Figure 4. STFT width 512 contour map 

 

The simulation results show that different window widths have different time-frequency 

resolutions, of which window width 32 has the worst time-frequency resolution and window 

width 256 has the best time-frequency resolution. It can be concluded that the time-frequency 

resolution of STFT increases with the increase of window width, as shown in Figure 1-3. 

However, too large window width will lead to the inaccurate resolution of time-frequency 

characteristic curve, as shown in Figure 4. 

2.2 Wigner distribution (WVD) 

STFT belongs to linear time-frequency distribution, and there exists the problem of selecting 

window function in linear transformation. People try to describe the signal characteristics by 

designing the function of time and frequency. By transforming the quadratic representation of 
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the signal, the joint function of the time and frequency of the signal, i.e. bilinear time-frequency 

distribution, is obtained. It is used to describe the energy distribution of signals in 

two-dimensional time-frequency plane. 

Wigner distribution (WVD) [16, 17] is the most basic and important method to characterize the 

quadratic time-frequency distribution of signal energy distribution. 

WVD is defined as: 

 

                             (2) 

 

S (w) is the spectral function of s (t), and S* (t) is the complex conjugate form of s (t). WVD 

has many advantages, such as good time-frequency focusing and high resolution. But WVD is 

a bilinear transformation that does not satisfy the superposition principle. For composite 

signals that have two or more component signals, there are two vector cross terms inside the 

WVD transform. The cross terms of WVD are unavoidable, and when the number of signal 

items increases, the cross terms are severely indistinguishable. Signal terms and cross terms. 

The grid signal is usually much more complicated than the simulated signal, and the 

interference term in the Wigner distribution is completely possible to flood the unused 

information.  

2.3 Joint algorithm of short-time Fourier and Wigner distribution (STFT-WVD) 

According to the time-frequency characteristics of STFT and WVD, because STFT is a linear 

transformation and there is no cross-interference term, it can correctly reflect the information 

of each component of the signal, but the time-frequency aggregation is not good and the 

resolution is low, while WVD has good time-frequency aggregation and high time-frequency 

resolution, but there are serious cross-interference terms. Therefore, the joint calculation of the 

two methods can be carried out. Combining the characteristics of the two methods, the 

time-frequency characteristic maps without cross-interference term and with high 

time-frequency resolution can be obtained [18, 19]. 

According to the literature deduction [20]. STFT-WVD distribution is defined as: 

 

                                     (3) 

 

                                   (4) 

 

                                          (5) 

 

Formula 3 takes the smaller values in STFT spectrum and WVD. By this way, the cross-terms 

in WVD are replaced by the corresponding values in STFT spectrum to eliminate the 

cross-terms.  
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In formula 4, C is the cross-term elimination threshold of STFT spectrum. When the value of 

STFT spectrum is less than the threshold, it returns 0; if it is greater than the threshold, it 

returns 1. In WVD, the value of the cross term corresponding to the STFT spectral part must be 

less than the threshold value, and the cross term is eliminated by multiplying the number 0 with 

WVD. 

In formula 5, A and B are called power regulation coefficients. The function of this formula is 

to enhance the value of the two transformations and weaken the part with cross terms. With the 

increase of a and b, the time-frequency aggregation of STFT-WVD transform increases. 

Experiments show that a and B are not easy to get too high values. A range from 1.5 to 3.5, and 

B ranges from 0.3 to 1. The second method is used in the simulation experiment, which can 

achieve better results. 

3. RESULTS AND DISCUSSION 

The simulation signals are selected as follows: f(t)=10sin(2*pi*65+pi/3) + 3sin (2*pi 

*135+pi/6) +30sin (2*pi *185+pi/4) +8sin (2*pi *223+pi /5). The signal consists of four 

frequency components, each frequency being respectively, 65 Hz,135 Hz,185 Hz,223 Hz. 

Sampling frequency 1000Hz, sampling point 512. Adding 20dB white noise to analog signal. 

STFT uses 256 Hanning-window, Hamming and Blackman windows. C takes 60. 

characteristic diagram is clear, but the resolution is not high. Figure 5 shows the inter-harmonic 

signal of WVD distribution. It can be seen the time-frequency distribution is relatively clear, 

but the cross-interference term is serious, and other frequency signal interference occurs. 

Figure 6 shows the time-frequency diagram of STFT (Blackman) - WVD, which can clearly 

show the frequency distribution of the signal. Time-frequency characteristics are good, but 

there is still some interference. Figure 7 shows STFT (hamming) - WVD time-frequency 

diagram, which has better characteristics than Blackman window, but slightly interferes with 

Figure 8 STFT (Hanning) - WVD time-frequency diagram. The simulation results show that 

the combination of STFT and WVD with Hanning window is the best. 

 

               

Figure 5. WVD time-frequency diagram      Figure 6. STFT (Blackman window) –WVD  

                                                                            time-frequency diagram 
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Figure 7. STFT (Hanning window) –      Figure 8. STFT (Hamming window) –    

WVD time-frequency diagram                   WVD time-frequency diagram                       

4. CONCLUSION 

When calculating the time-frequency spectrum of harmonic and inter-harmonics signals, STFT 

has low time-frequency resolution, while WVD has cross-term interference and can not get the 

correct time-frequency characteristic results, which brings difficulties to analysis. The 

combination of STFT-WVD overcomes the above problems, and compares the time-frequency 

characteristic maps of STFT under different window widths and different window functions, 

and obtains the best combination. By changing the threshold of eliminating cross-terms, the 

time-frequency characteristic map with high resolution and eliminating cross-terms is 

obtained. 
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