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A Coiflets wavelet method for real-timely detecting and locating transient surges of network voltage
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Abstract: A technique based on Coiflets wavelet analysis for real-timely detecting and locating transient surges of network
voltage is proposed. Such a wavelet method holds both the ability in the local time-frequency multi-resolution analysis and
the fast algorithm for general wavelet method. Most interesting, the top-level scale coefficient is exactly the single-point
sampling value of voltage signal, with no need for numerical integration required in general wavelet method. This operation
can effectively reduce the calculation amount, save the consuming time, and improve real-time performance. By
quantitatively studying four typical kinds of transient surges of network voltage, the results demonstrate that the proposed
wavelet method is capable of accurately identifying various transient surges of network voltage, and the relative error of
location can reach one thousand which is obviously better than that of existing methods. More important, this accuracy of
location is insensitive to the type and amplitude of voltage surge, leading to an excellent reliability of analysis result in the
practical application.
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Table 1 Coefficient p; of Coiflets wavelet with N=4 and M|=5

k Dk k Pk

0 3.67971131364147E-02 6 2.38059669115279E-01

1 —6.70045345967957E-03 7 —4.18418103608398E-02
2 —1.93465866829234E-01 8 9.35901149918644E-04

3 1.53612098054586E-02 9 3.90619626733592E-02

4 6.26863205073584E-01 10 —2.08324045941577E-03
5 7.12666476561508E-01 11 -1.14406040332596E-02
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Table 2 Value of scaling function ¢(x) at integer points

x #(x) x #(x)
0 3.67971131364147E-02 6 2.38059669115279E-01
1 ~6.70045345967957E-03 7 -4.18418103608398E-02
2 —1.93465866829234E-01 8 9.35901149918644E-04
3 1.53612098054586E-02 9 3.90619626733592E-02
4 6.26863205073584E-01 10 —2.08324045941577E-03
5 7.12666476561508E-01 11 -1.14406040332596E-02
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Fig. 1 Scaling function ¢(x) and wavelet function y(x)
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Fig. 2 Frequency spectrums of scaling and wavelet functions
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Table 3 Four typical kinds of transient surge of network voltage
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Fig. 3 Voltage wave f{f) and its wavelet component Q; /(¢) for

the case of voltage sag
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Fig. 4 Voltage wave f{f) and its wavelet component Q, ; f(¢) for

the case of voltage interruption
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0,1 f(¢) for the case of transient impulse
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Table 4 Measured values of transient surge for the case of voltage sag

LRI IWARER Coiflets Daubechies!'¥
PREZIES 2'%=1.024 kHz 2''=2.048 kHz 2'%=4.096 kHz 5.000 kHz
PG H S/ M2 pRIlLEN LiERORVE S S /s iR RS S /s ARXT
LRI 0.1589 0.713% 0.1595 0.303% 0.1598 0.103% 0.1596 0.250%
ZERIN %) 0.2390 0.430% 0.2406 0.257% 0.2399 0.036% 0.2402 0.083%
FFELI ] 0.0801 0.136% 0.0811 1.376% 0.0801 0.098% 0.0806 0.750%
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Fig. 6 Voltage wave f{f) and its wavelet component Q; ; f(¥) for

the case of voltage rise
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Table 7 Measured values of transient surge for the case of

voltage rise
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Table 5 Measured values of transient surge for the case of voltage interruption
LRI IWARER Coiflets Daubechies!"¥
PRESIES 2'%=1.024 kHz 2!'=2,048 kHz 2'2=4.096 kHz 5.000 kHz
PG H SEMAE/s AR5 2 SR /s AR SEME/s AR5 2 SME/s AR
HCIA I ZY 0.1589 0.703% 0.1595 0.303% 0.1598 0.103% 0.1600 0.000%
4RI Z 0.2390 0.436% 0.2406 0.257% 0.2399 0.036% 0.2402 0.083%
FREEIN A) 0.0801 0.098% 0.0811 1.376% 0.0801 0.098% 0.0802 0.250%
% 6 BRRtBkip R T B9RRETE shil £ &
Table 6 Measured values of transient surge for the case of transient impulse
LRI IWRER Coiflets Daubechies!"¥
PRESIES 2'%=1.024 kHz 2!=2,048 kHz 22=4.096 kHz 5.000 kHz
PG H S/ AR R 2 SEAE/s AXF iR SME/s AR5 2 SME/s AxF iR
Rk 0.1718 1.040% 0.1713 0.744% 0.1708 0.493% 0.1696 0.230%
3 Rk 0.2518 0.732% 0.2494 0.256% 0.2497 0.128% 0.2508 0.320%
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