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ABSTRACT: Aiming at the problem that detection of
stationary and transient harmonics is easily disturbed by noise,
a harmonic detection method for power system based on
fractional wavelet transform (FRWT) is proposed. First, the
frequency of each spectrum is detected by fast Fourier
transform (FFT), and the decomposition level is determined
according to the frequency. Then, FRWT is used to decompose
and reconstruct the signal, and the fundamental wave and each
harmonic component in the signal are separated. Finally,
Hilbert transform (HT) is performed on each harmonic
component to obtain the frequency and amplitude detection
results of each component and the start-end time of transient
disturbance. The simulation results of various harmonic signals
show that FRWT method can effectively detect the steady-state
and transient harmonics in noisy signals and the detection
accuracy of each result can be guaranteed even if the
signal-to-noise ratio is low. It is proved that FRWT method is
an effective new method to detect harmonics.

KEY WORDS: fractional wavelet transform; wavelet
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Fig. 2 Short-time harmonic and
decomposition results of FRWT(Syr=30dB)
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decompositionresults of FRWT(Syr=30 dB)
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Table 6 Detection results of
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Fig. 5 Location results of time-varying harmonic
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With the
components and equipment in the power grid, the harm

increasing application of nonlinear

of harmonics to the power grid is becoming more and
more serious. In order to suppress harmonic pollution,
accurate detection of harmonics must be realized.
However, most of the traditional harmonic detection
methods are easily disturbed by noise, resulting in poor
detection accuracy of harmonics in a noisy background.
Fractional wavelet transform (FRWT) is a new
time-frequency analysis method which has been
proposed in recent years. At present, it has been widely
used in image processing and signal processing, but

there are few applications in power harmonic

detection. Its definition is based on fractional Fourier
transform and wavelet transform, and extends
multi-resolution analysis to the time-generalized

frequency domain. It is more flexible in analyzing and
processing signals, and has a better processing effect on
noise than wavelet transform.

Therefore, a harmonic detection method based on
FRWT is proposed. The core idea of the method is to use
the FRWT's excellent noise processing and signal
decomposition capabilities to detect harmonics. FRWT
can decompose harmonic signals into different sub-bands
in the fractional domain by multi-resolution analysis.
Since the noise is uniformly distributed, and the energy
of the signal will be gathered in certain sub-bands, by
filtering the coefficients in other sub-bands, the impact
of noise on the useful signal can be reduced while
retaining the signal characteristics. Then the processed
coefficients can be reconstructed back to each harmonic
signals. High precision test results can be obtained by
detecting these harmonic signals.

Finally, the detection performance of the method
under noisy environment is verified by simulation tests.
In the test, steady-state harmonic, short-time harmonic

S2

and time-varying harmonic are detected by the proposed
method, and the results with high accuracy are obtained.
The decomposition results of short-time harmonic under
30dB noise are shown in Fig. 1, and the detection results
are shown in Table 1.
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Fig.1 Short-time harmonic and
decomposition results of FRWT (SNR=30dB)

Table 1 Detection results of short-time harmonic (SNR=30dB)

Harmonic  Theoretical — Detection Error/  Theoretic Detection  Error/

number  amplitude/pu amplitude/pu % frequency/Hz frequency/Hz %
Fundamental 1.0 09996  0.040 50 50.0105 0.021
3 05 05039 0.780 150 150.2789 0.186
5 0.4 03976  0.600 250 250.0492 0.020

In Fig 1, CA5 is the fundamental, CD5 is the 3rd
harmonic, and CD4 is the 5th harmonic. The waveform
of each component is relatively smooth, which visually
reflects the frequency and amplitude of each harmonic.

It can be seen from Table 1 that the average
detection error of amplitude is 0.47%, and the average
detection error of frequency is 0.08%. In addition, the
localization error of transient disturbance is less than
1.6 ms. The simulation results show that the proposed
method, which is an effective new method for power
harmonic detection, can be used to precisely identify
each harmonic's harmonic characteristics as well as the
beginning and finish points of transient disturbances in
noisy environments.



