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Cevelopment of Fault Detection and Noise Cancellation Algorithm Using Wavelet
Transform on Underground Power Cable Systems

& % -
(Chae-Kyun Jung - Jong-Beom Lee)

Abstract - In this paper, the fault detection and noise cancellation algorithm based on wavelet transform was developed
to ocate the faut more accurately. Specially, noise cancellation algorithm was based on the correlation of wavelet
coefficients at mu.ti-scales. Fault detection, classification and location algorithm were tested by EMTP simulation on real
power cable system. From these results, the faults can be detected and located even in very difficult situations, such as

at cifferent inception angle and fault resistance.
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1 Model of underground power cable system
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Fig. 2 Flow chart for fault detection and classification
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Fig. 3 Analysis results of 4 step approximation in case of
1km single line to ground fault of phase A(Fault
resistance: 0Q, Fault inception angle: 45°)
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(c) E4F Approximation coefficient  (d) C4&b Approximation coefficient
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Fig. 4 Analysis results of 4 step approximation in case of
3km single line to ground fault of phase A(Fault
resistance: 1Q, Fault inception angle :60°)
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2km single line to ground fault of phase B(Fault
resistance: 0.5%Q, Fault inception angle: 30°)
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Fig. 6 Analysis results of 4 step approximation in case of
5km single line to ground fault of phase B(Fault
resistance: 5Q, Fault inception angle: 90°)

a¥ 59 29 62 Z+zt 2km$} Skm BA 14X Za3A|
AN Z 9t 43A 9dlojng W3 F 3=F3 Approximation Al
4 ¥ & VERd FHojth addAXNE mFo| wAF B
oA 2] Approximation o A7t Adelvr Cgol Bl =2
A vebwed, AF AguE BAERAAE 2km LA
o R,= 00385, Ry= 1, RE 00403, X3& 5km ZAZA]e|
vzt R, 0.0470, Rye 1, R 0039022 &4 HAth
durg oz y7go] wAE A8 AF Ase Wl v
) wW son, o dgolrd EMME U HEH
t} &, AMFNA BAysE AEE DA v <))
m ol Fl Approximation AlFAAE AR e=z 2 3k
& RolA "k 178 3 ~ 2% 69 BEHAAE & & 9
o], %ol LAG oAl Hd Approximation AT
Ape UmA Fkel Ao nis) wl$ & g Hol:= F
Ao Ages Audez FE Ge Ho
I 9JE AE & F o gEA nFo] FAE A=
Approximation W A 244 AF F Hdigkol U3
7] &) 34 Hd AgH &2 1Y vhE U R] T A
o] A ASHE&L 00 AL S Fe ge HolA =
o Aoz 349 AfuludA Hd AFu|Ee]l 09
S

2z

2FVYE AL 2 A0 AF BRWEo) FvA Aol
g RATE AL dnjenz o Fa NESUAF
AU RS AEY 5 dow, FA Hu AFugel 1
J 4 nAFen VAR & U

1193



BREGHMNE 56% 75 2007F 78

E: 1 2834dE 9 TF B 3N IE A A)
Table 1 Discrimination results of fault detection and faulty phase(Faulty phase : A)
A 0Q 01 058 1Q 58
J_—’Zo]"?‘] /g —T’—;g-}] E] Ha Rb Rc Ra Rb Ra Rb Rc Ra Rb Rc Ra Rb Rc
1km 1000 0.0537 | 0.0513 1.000 0.0532 | 0.0509 1.000 0.0505 | 0.0485 1.000 0.0449 | 0.0431 1.000 0.0197 | 0.0164
2km 1.000 0.0459 | 0.0447 1.000 0.0457 | 0.0445 1.000 0.0433 | 0.0421 1.000 0.0376 | 0.0367 1.000 0.0255 | 0.0213
30° 3km 1.000 0.0436 | 0.0362 1.000 0.0432 | 0.0360 1.000 0.0409 | 0.0337 1.000 0.0352 | 0.0280 1.000 0.0270 | 0.0303
4km 1.000 0.0349 | 0.0302 1000 0.0346 | 0.0299 1.000 0.0324 | 0.0280 1.000 0.0269 | 0.0255 1.000 0.0360 | 0.0370
Skm 1.000 0.0278 | 0.0243 1.000 0.0278 | 0.0243 1.000 0.0253 | 0.0223 1.000 0.0203 | 0.0216 1.000 0.0450 | 0.0499
1km 1.000 0.0533 | 0.0512 1.000 0.0523 | 0.0512 1.000 0.0483 | 0.0482 1,000 0.0429 | 0.0431 1.000 0.0217 | 0.0189
2km 1.000 0.0460 | 0.0446 1.000 0.0454 | 0.0440 1.000 0.0423 | 0.0409 1.000 0.0367 | 0.0358 1.000 0.0277 | 0.0241
45° 3km 1.000 0.0434 | 0.0360 1.000 0.0429 | 0.0355 1.000 0.0398 | 0.0324 1.600 0.0343 | 0.0273 1,000 0.0291 | 0.0332
4km 1.000 0.0351 | 0.0303 1.000 0.0345 | 0.0300 1.000 0.0317 | 0.0270 1.000 0.0266 | 0.0219 1.000 0.0388 | 0.0397
Skm 1.000 0.0477 | 0.0474 1.060 0.0276 | 0.0244 1.000 0.0254 | 0.0222 1.000 0.0278 | 0.0242 1000 0.0477 | 0.0474
1km 1.000 0.0519 | 0.0504 1.000 0.0510 | 0.0493 1.000 0.0466 | 0.0449 1.000 0.0397 | 0.0385 1000 0.0245 | 0.0233
2km 1.000 0.0447 | 0.0435 1.000 0.0435 | 0.0427 1.000 0.0391 | 0.0385 1.000 0.0326 | 0.0321 1.000 0.0294 | 0.0269
60° 3km 1.000 0.0426 | 0.0355 1.000 0.0418 | 0.0348 1.000 0.0374 | 0.0309 1.000 0.0308 | 0.0243 1.000 0.0302 | 0.0344
4km 1.000 0.0343 | 0.0295 1.000 0.0338 | 0.0288 1.000 0.0298 | 0.0251 1.000 0.0232 | 0.0202 1.000 0.0393 | 0.0407
Skm 1.000 0.0268 | 0.0234 1.000 0.0269 | 0.0235 1.000 0.0227 | 0.0231 1.000 0.0256 | 0.0265 1.000 0.0256 | 0.0265
Tkm 1.000 0.0436 | 0.0407 1,000 0.0452 | 0.0423 1.000 0.0487 | 0.0456 1.000 0.0456 | 0.0419 1.000 0.0293 | 0.0253
2km 1.000 0.0355 { 0.0337 1.000 0.0376 | 0.0359 1.000 0.0402 | 0.0386 1.000 0.0369 | 0.0355 1.000 0.0329 | 0.0324
90° 3km 1000 | 00341 | 0.0242 | 1.000 | 00361 | 0.0260 | 1.000 | 0.0378 | 00279 | 1.000 | 0.0343 | 0.0254 | 1.000 | 0.0347 | 00381
Akm 1.000 0.0253 | 0.0184 1.000 0.0271 | 0.0198 1.000 0.0281 | 0.0217 1.000 0.0263 | 0.0208 1.000 0.0420 | 0.0435
5km 1.000 | 00196 | 0.0206 | 1.000 | 0.0196 | 0.0207 | 1.000 | 0.0241 | 00255 | 1000 | 0.0239 | 0.0254 | 1.000 | 0.0503 | 0.0513
E 2 nFAE ¢ oA oy ZalDE A B)
Table 2 Discrimination results of fault detection and faulty phase(Faulty phase : B)
A A F o 018 058 1Q 50
g9 | aFZAY Rq Ry R. Ra R Ra Ry R. Ra R, R. Ra Ry R,
tkm 0.0517 1.000 0.0336 | 0.0509 1.000 0.0526 | 0.0465 1.006 0.0485 | 0.0399 1.000 0.0419 | 0.0221 1.000 0.0244
2km 0.0441 1.000 0.0456 | 0.0433 1.000 0.0448 | 0.0391 1.000 0.0402 | 0.0326 1.000 0.0337 | 0.0267 1.000 0.0291
0° 3km 0.0356 1.000 0.0422 | 0.0349 1.000 0.0414 | 0.0311 1.000 0.0370 | 0.0249 1.000 0.0304 | 0.0337 1.000 0.0310
4km 0.0300 1.000 0.0313 | 0.0291 1.000 0.0303 | 0.0258 1.000 0.0274 | 0.0233 1.000 0.0253 | 0.0469 1.000 0.0372
Skm 0.0221 1.000 0.0214 | 0.0231 1.000 0.0221 | 0.0248 1.000 0.0231 | 0.0271 1.000 0.0226 | 0.0519 1.000 0.0446
1km 0.0459 1.000 0.0487 | 0.0452 1.000 0.0482 | 0.0443 1.000 0.0474 | 0.0469 1.000 0.0440 | 0.0257 1.000 0.0273
2km 0.0410 1.000 0.0427 | 0.0393 1.000 0.0411 | 0.0385 1.000 0.0403 | 0.0349 1.000 0.0365 | 0.0321 1.000 0.0325
30° 3km 0.0347 1.000 0.0402 | 0.0336 1.000 0.0414 | 0.0309 1.000 0.0371 | 0.0276 1.000 0.0334 | 0.0291 1.000 0.0312
4km 0.0300 1.000 0.0313 | 0.0302 1.000 0.0316 | 0.0275 1.600 0.0290 | 0.0243 1.000 0.0264 | 0.0459 1.000 0.0383
Skm 0.0256 1.000 0.0249 | 0.0258 1.000 00255 | 0.0232 1,000 0.0228 | 0.0261 1.000 0.0225 | 0.0532 1.000 0.0468
lkm 0.0493 1.000 0.0532 | 0.0487 1.000 0.0520 | 0.0469 1.000 0.0494 | 0.0431 1.000 0.0449 | 0.0300 1.000 0.0306
2km 00435 | 1.000 | 00487 | 0.0424 | 1.000 | 00447 | 00405 | 1.000 | 0.0426 | 0.0363 | 1.000 | 00374 | 0.0356 | 1.000 | 0.0349
45° 3km 0.0353 1.000 0.0419 | 0.0343 1.000 0.0406 | 0.0322 1.000 0.0393 | 0.0281 1.000 0.0342 | 0.03%0 1.000 0.0359
4km 0.0319 1.000 0.0331 | 0.0302 1.000 0.0318 | 0.0281 1.000 0.0299 | 0.0242 1.000 0.0265 | 0.0448 1.000 0.0403
5km 0.0267 1.000 0.0262 | 0.0264 1.000 0.0261 | 0.0233 1.000 0.0232 | 0.0235 1000 0.0204 | 0.0494 1.000 0.0446
1lkm 0.0516 1.000 0.0347 | 0.0516 1.000 0.0346 | 0.0485 1.000 0.0510 | 0.0439 1.000 0.0464 | 0.0314 1.000 0.0307
2km 0.0447 1.000 0.0462 | 0.0446 1.000 0.0459 | 0.0418 1.000 0.0429 | 0.0374 1.000 0.0383 | 0.0352 1.000 0.0343
60° 3km 0.0363 1.000 0.0427 | 0.0362 1.000 0.0424 | 0.0367 1000 0.0420 | 0.0289 1.000 0.0346 | 0.0396 1.000 0.0374
4km 0.0342 1.000 0.0342 | 0.0325 1000 0.0322 | 0.0296 1.000 0.0314 | 0.0243 1.000 0.0264 | 0.0423 1.000 0.0393
5km 0.0276 1.000 0.0270 | 0.0277 1.000 0.0269 | 0.0238 1.000 0.0230 | 0.0214 1.000 0.0194 | 0.0474 1.000 0.0423
1km 0.0530 1.000 0.0357 | 0.0526 1.000 0.0553 | 0.0504 1.000 0.0528 | 0.0448 1.000 0.0468 | 0.0207 1.000 0.0211
2km 0.0454 1.000 0.0469 | 0.0448 1.000 0.0463 | 0.0430 1.000 0.0442 | 0.0375 1.000 0.0384 | 0.0228 1.000 0.0239
90° 3km 0.0379 1.000 0.0427 | 0.0363 1.000 0,0423 | 0.0342 1.000 0.0403 | 0.0286 1.000 0.0346 | 0.0277 1.000 0.0255
4km 0.0320 1.000 0.0321 | 0.0309 1.000 0.0317 | 0.0283 1.000 0.0302 | 0.0236 1.000 0.0256 | 0.0422 1.000 0.0326
Skm 0.0237 1.000 0.0230 | 0.0233 1.000 0.0244 | 0.0210 1.000 0.0209 { 0.0194 1.000 0.0168 | 0.0470 1.000 0.0390
E 17 & 20AME 72 AYT BAYOA 14X S A0] HAh ol A2 HY, B =FdA AN A2 1
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Fig. 8 D1 signal in the case of 4km single line to ground
fault of phase A(Fault inception angle:90°)
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