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The Detection of Voltage Sag using Wavelet Transform
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( Chul-Hwan Kim - Young-Hun Ko)

Abstract - Wavelet transform is a new method for electric power quality analysis. Several types of mother wavelets
are compared using voltage sag data. Investigations on the use of some mother wavelets, namely Daubechies, Symlets,
Coiflets, Biorthogonal, are carried out. On the basis of extensive investigations, optimal mother wavelets for the detection
of voltage sag are chosen. The recommended mother wavelet is 'Daubechies 4(db4)’ wavelet. 'db4’, the most commonly
applied mother wavelet in the power quality analysis, can be used most properly in disturbance phenomena which occurs
rapidly for a short time. This paper presents a discrete wavelet transform approach for determining the beginning time
and end time of voltage sags. The technique is based on utilising the maximum value of dl{at scale 1) coefficients in
multiresolution analysis(MRA) based on the discrete wavelet transform. The procedure is fully described, and the results
are compared with other methods for determining voltage sag duration, such as the RMS voltage and STFT(Short-Time
Fourier Transform) methods. As a result,
method for detecting and measuring voltage sags in power quality disturbance analysis.
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10 0.0499 0.0479
2 0.4695 0.0540
3 0.0483 0.0358
Symlets 4 0.0511 0.0398
5 0.0414 0.5029
6 0.0511 0.0428
8 0.0538 0.0421
2 0.0511 0.0375
Coiflets 3 0.0538 0.0421
4 0.0538 0.0421
5 0.0566 0.0431
13 2.2360 4.0520
2.6 0.0511 0.0376
Biorthogonal 3.1 0.0419 0.0383
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Table 2 Detection results using STFT

WA A 29 AR
. . . 2 & Al g
B Nz 2H 2.3 MY Z4 A
{ms] leyele] Ims] leyclel Leyelel

1 298.6405 0.1345 439.1159 0.0638 8.429

2 196.6657 0.0687 330.8979 0.0419 8.054

3 94.6909 0.0498 404.7775 0.0287 18.605

4 121.7454 0.0195 222.679% 0.0539 6.056

5 176.8950 0.0681 364.1957 0.1365 11.238

6 331.9384 0.0575 4287103 0.0918 5.806

7 232.0447 0.0543 4287103 0.0918 11.800

8 190.4233 0.0374 422.4670 0.0760 13,923

9 143.5972 0.0514 405.8180 0.0755 15733

10 194.5846 0.0531 313.2083 0.0413 7117

11 73.8797 0.0029 247.6531 0.1328 10.426

12 144.6377 0.0359 396.4530 0.0596 15.109
13 2247608 0.0229 3725202 0.0744 8.866
14 130.0699 0.0510 404.7775 0.0755 16.482
15 260.1398 0.0864 392.2908 0.0595 7.929
16 281.9915 0.0403 445.3593 0.0456 9.802
17 211.2335 0.0692 4141425 0.0914 12175
18 258.0587 0.0863 353.7901 0.0894 5.744
19 161.2867 0.0520 444.3187 0.1702 16.982
20 238.2880 0.0233 352.7495 0.1518 6.868

E:Ria 0.0532 EeRia 0.0826
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Table 3 Detection results using RMS voltage
A A% 29 Azt A &
AF | Al 23 R AzZF 3A X A7k
Ims) lcvelel [ms) levele]l | [eyclel
1 302.3438 0.3566 435.9375 0.2546 9.000
2 202.3438 0.4094 326.8229 0.2026 | 18473
3 110.1563 0.9778 392.9688 06793 | 17.953
4 127.0833 0.3398 218.7500 0.1818 6.484
5 178.6458 0.1731 360.6771 0.0746 | 11.906
6 335.4167 0.2662 426.5625 0.0371 6.453
7 2375000 0.3816 420.8333 03808 | 11.984
8 193.48% 0.2214 4195313 0.1001 14.547
9 145.5729 0.1699 402.8646 0.1017 | 16422
10 | 2005208 0.4092 310.6771 0.1106 7.594
11 765625 0.2102 244.0104 0.0858 | 11.031
12 152.0833 0.4826 392.4479 0.1807 | 15.406
13 | 2273438 0.1778 369.2708 0.1205 9.500
14 134.8958 0.3405 402.3438 0.0706 | 17.031
15 | 2617188 0.1811 386.7188 0.2749 8.484
16 | 2859375 0.2770 443.2202 0.0823 | 10422
17 | 2135417 0.2077 410.9375 0.1009 | 12.828
18 | 2617188 0.3059 349.7396 0.1536 6.266
19 166.9271 0.3904 436.7188 02856 | 17172
20 | 243489 0.3354 3453125 0.2945 7.094
iy 0.3307 gt 0.1887
2.3 [evele] LA [cycle]
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Table 4 Detection results using wavelet transform

ey Az x" A al | s
By Alzray o | NzrzA % A= ALY
FFA ek 2.4 RMS
[ms] [cycle] {ms] [cycle] [pul feycle]
1 | 2971354 | 0.0441 | 441.1458 | 00579 | 0536 | 8641
2 | 1960938 | 0.0344 | 3296875 | 00151 | 0.624 [ 8016
3 | 945313 | 00403 | 4039063 | 00236 | 0.878 | 18.562
4 | 1218750 | 00273 | 221.0938 | 00412 | 0536 | 5953
5 | 1765625 | 0.0482 | 361.1979 | 00433 | 0.396 | 11.078
6 | 3320313 | 00631 | 427.8154 | 00381 | 0376 | 5781
7 | 2317708 | 00378 | 427.8154 | 00381 | 0748 | 11.797
8 | 1906250 | 00495 | 4208333 | 00220 | 0307 | 13.182
9 | 1434896 | 00449 | 4039063 | 00392 | 0279 | 15625
10 | 1945313 | 00499 | 3117188 [ 00481 [ 0469 | 7.031
11| 736079 | 0.0383 | 2463542 [ 00549 | 0.342 | 10.359
12 | 1445313 | 00295 | 3963542 { 00536 [ 0713 | 15.109
13 | 2250000 | 00372 | 370.8333 | 0.0268 | 0.442 | 8750
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