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A study on the Precision of RMS value calculation using Mother Wavelet

K.S. Oh*, C.H. Kim*. N.O. Park**, D.J. Lee**
SungKyunKwan University*®, KERI**

Abstract - The wavelet transform(WT) has
been extensively applied in solving many
problems in applied science and engineering
following its introduction in early 1980’s. The
WT analyzes a signal in a changeable frequency
range by employing a moving window whereby
along time window is used to obtain low
frequency information and short time window is
used to obtain high frequency information. In
this paper, after various fault types in 154 KV
transmission system was simulated by using
EMTP, and the RMS values by changing
Mother wavelet was calculated by applying
wavelet transform to the simulated voltage and
current signal(1)(2].
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2. WAVELET TRANSFORM

2.1 o4 sliojHzy Bift

dutE oz A4 ¢olus WL FYaiA HY g
%9l dolel7l d&sn EAANE Hojxing EA}
"ot wgdA 29 g el 712§ scaled shiftS
Ay 2MHe ¢S ggdoz Fiysn, oaf
4L o4 dolBy MBS SaiA FEAT. )& g
olgel WML & 4 (2-1) vehd ¢ Y.

DWT (m, k)=7—a!—,,2n:x(n)g(ﬂ£);i) (2-1)
0

o714, scaled UEllle MFE g,"0) 1 shiftE e}
£ WEE b, ao"'°1ﬁ}.7—i;;% oty golugly 2
3719 AUAE SN 9F iR BT A
olth. E#, g)E ui glolHalol: ki 9 Nz
A EF AEAE Yehhe 4ol

2.2 djojezg He{W

Aoz Ao U HNFH AR NE9 253
E4€ Jehlz 33 8L A5 dif A8 B4
€ Yeldd. delug #HydAE olgt e EAL
Approximation(A)$} Detail(D)E A ¥}H3]). Ap-
proximation 313} 2AYE EdA dolAn N5
AFs RS Uehdd, gaka, o4t golBal 8w
3L 19 "He(D)9 A "E(A)9 271 EE e
Miez AMEc,

Hdeluzl &% (Multiresolution Analysis:MRA
)2 A32E o8 Yo nddy ARESE Uy g3
Al deludy "He Wag A4t &, ASIEHE §
A dojAe Aie £ o0& F /e A9EEH (cAn)
$ ZEFEH(cDn)E ¥z, o] A9 BHE 537
Ase A F ojle dez2 Bdldy, oz 33e
%eﬂta&l AEol & MY HEZ FAHE WX AL F

=

Mz rlo

Imx | Filters | @
CAl cD1
g
cA2 cD2

(ST Fiters =T

lowpass highpasa

cAn cDn
38 1 39 NYUE 2 PHE e W3

a4 12 98 7Ae 298€(D1.D2,D3,,Dn)%
A9 H8(A1,A2,A3,-,An)2 TAE dolHa g
Wag HoFEr A3 Se g A (2-2)% ol AT
4E ¢ 9.
S=D1+D2+D3++Dn+ An (2-2)
ol dlolrg g FAdRE AP AY Ei e g
9 B3 "HE 450, o8 o8 A9 "WeE
SHoE FAY AL doldd "y WAz} g



2.3 Down-samplihg

el 94L& dHolHe % Fol7] A
down- samphng°]3}c 714& AH&3th. Down-sampling
e 39 e A "ejd ¢4Fd doHE o 29A
AzAoitt EHATE dPolvi(4). wekA, sfolrel
e HIAE AHSEe o4t Aoy ¥MEY Y F8
g FH %9 3hte down-samplingS F3A Qdoix|
= ge dagong o ALEA A & 5 gl

01]—~“‘ 1Y 2& Y¥9e AZE 394 Edde
FA oAl o]A gfolBl Wl down-sampling®] 7
Qe vepdz (5], 98 A% Va= hle 19 B
HE £33 W(D19 hog A9 "UeE 3%
V,(ADZ Eaism o2t HAA down-sampling
o] =®ch Vy(AD)Ee oAl 3y ¥ W,(DDs
Az AR V,(A2)eE B9, HFHoz W (D3)

s Vo(A3) Aol @A et

23 2. Down-samplingel 7HEdx

@)

% A ¥, #;

ad 3 Fo+ diy

a9 32 19 2414 4 AEEY Fug dge o
ez ok, AA AEY FA7)f[HE B W,
B f2~fJAHAMAAY ABEE JdEn, W&
fJA~FJ8[Hz), Wy f/8~fJ16[ Hz] 8 ¥& Erd

o,
2, n@AZA $HHRE W Detail A7 vhehd

= Fog Ec gg 4(2-3)8 2.
D= 5; “'F—T[HZ] (2-3)

3. AlEgjold 2nt A nF

3.1 A2ao|M Wy
3.1.1 2% 19
a3 4 B =RdA 293 =Y AFEoid.
154(KV)e 3Y< 7l £2& 100(MVAJelth,
" 160 Km ‘|z
| *

@ﬂ. i

Relay

g 4, 2¥ HER

ag 49 =2d A9 e FRAA AF 4% @
%34 a3, 2AA0 ,90°) B 3FAd
(10%.,50%.90%)7F Z7t E}E— % 187]'7‘]9] T
EMTPE o] &3t =g, oW =g Q&Y &
g—g% 7680(Hz), & & F71% 1284 %2 4EY 3

3.1.2 gojban &3 W Aax| AN
EMTPZ R2¥ ¢ 45 o2y W
AHg3te #¥ 82 ApproximationA 48 DetailAls
2 23, %l‘“"—‘]"i Nze AFEgy JEL 1 A
D‘-—] AR 5AE VX, aFy JEL 1 A3
a) A g E"ﬁa 7]"‘]‘4 a%7] W29 Approximation
AreE JiAn AEXNE ALt
qq—"“"\]ﬂ"ﬂ’ﬂ AAA A FHL G3HG-D)FH 2

[l tveerae
Vi §) = | T (3-1)

o2 AZbelA ¥ F719] AE 7t SALD W 4B
g Adddte AL oS4 (3-2)¢ #9(4).

> (V(n-81?
Vo(n) = k=0

S (3-2)

dAQ Ag AR mdoA AHEs= 23 Butter
Worth Low Pass ¥E (cutoff frequency @ 360 Hz,
sampling frequency : 8760 Hz)E& Ah&3e F3
AEXNE 1&g 2 FFT. o] 71834 deojra ¥
82 A1gdte 2F g v s AR ofy ¢
oluy & P},

2%
& Butterworth —’B RMS
A Low Pass At

Filter 1%

EERE]
HIR e WOI22
o3

qoj=y RMS
Oy " S

Oy 5 HH ojd goj=d MY Y

3.1.3 #H ol -‘-’4|0|_'=.’.§9-| MH

ot delBde diRE #n IAFFHA @-ri’ﬂ Y
gtol 0ol%, <kEeilA :‘Zis] Zyste g iR,
o]# 3l vttt dolugx @ AFee] FAMEE ¥t
dojugl ML FPsA At delBelde o A
9] uir] golEgle] ZAZ B =FAM FHLE =id
4o]B¥ &  Haar,Daubechies(db N),Coiflets(Coif
N).Symlets(Sym N),Biorthogonal(Bior N)¢ % 28
74 9] wle golBH & A143le] F 1871A19 2o o
& AAAE ATt

a3 62 19 49 2EASAAN 232490 | FA
gl 10%2 34z d& dEXE F& A}, 1
gz 2 7 29 69 U AuexE: 7} 1Yo
th d7|A 2E A4 S E B ouE o A
FYF o] oA gt o] o QE*JEH 71t e
okzte] QA7 WA sle RS & F vk 1A B =

- 266 -



oA E 27N F WY Alole] AdeaE A
Aetn o BEUAE Fach

() B Welitiow Pass WE 018)

[[] Rms meriismorzst 018)

Timels]

a8 6. 342D IR0 " REHL 0% hE MEA
Retative Errore]

00z 0.04 0.06 008 01 012 0.4

Timejs}
I8 7, 3D E(DEZR0 RFHEI0% el Mol A

E 1& 23 ZA7e st dejne] REUAES
yepdigler, E 194 28 db4 sto] gojdEle] s
@ RFEAAE 7D U, 28EE J4F5A Al
Bpd $48 W8 Aasle v delrdlle dbd
Jolugdolete H& € 4 vk E 1904 vbeid nisd
%ol vy %ll°lE§191 54 55 29, Ag"e v
o dolualel wat HEA Aate] okztel zojr} WA
gt webA HEA AAtel 8@ vy dolEde M
Aoe o] FALTIE Fadich

E 1, 2 o yol=de) BREUX

harr 3.762799195! coifb 4.581051708
db2 3.912364143] sym2 3.912364143
db3 3.780793097] sym3 3.780793097
db4 3.6627245791 sym4 4.014928537
dbs 3.8005049921 sym5 4.693686652
dbé 4.162132918] sym6 4.330696868
db7 4.738157691] sym7 4.238096707
db8 5.05519146{ sym8 4.542700879
dbg 4.934498368] bior1.3 4.379554653
dbi10 4.590811178{ bior2.2 3.900042483
coift 3.701271828] biord. 3 4.111159611
coif2 3.891134791] bior4.4 3.735068889
caif3 4.209803732] bior5.5 3.848680017
coif4 4.428413506] bior6.8 4.126301547

4.8 B

dojuzl AFHL TH B0 AR FE B3 dgg
FopollA 2AL AFsdn de °l%°l"—}. o]g & o}
By AgS Uy AgAF 359 edE HE,
¥{/ aea 23 24§ Fagld,

B eE2 o#E deojude ookdt &&¥okFdA,
EMTPE o] &3ld 154 kv A% S =dydsin 29
& 2AAY BNgS dojuyg €IS AMgEd oy I
A g A Hd HdEAANE APt 18z,
ojd wiy glojr o] HojHelg o] &F HARA ALt
7V BAERAE AAEct

#HAt2 2
LR ATE '?!i‘ﬂlrﬂlﬂ‘?l»l 54712 22a9E¢ $¢ A
%1°E ojFojgan] old FAE =Yunt

H2es

{1} M. Kawada. Z.I. Kawasaki, K. Matsu-Ura,
“Time-Frequency analysis of E-M signals emitted
from a partial discharge ocecurring in GIS using
wavelet transform” , Conference Record of the
1998 IEEE International Symposium on Electrical
Insulation, pp. 57-60, June 1998.

(2] C.H. Kim., R.K. Aggarwal, Wavelet Transforms

in Power System, Part 1. General Introduction to

the Wavelet Transforms . Power FEngineering

Journal, IEE, Vol. 14, No. 2, pp. 81-87, April.

2000.

M. Misiti, G. Oppenheim, "Wavelet Toolbox”, The

MATH WORKS Inc. 1996.

[4} S. Santos, "Power Quality Distance Data Compression
using Wavelet Transform Methods”, IEEE Trans. on
Power Delivery, Vol.12, pp. 1250-1257, July 1997.

(5} C. Sidney Burrus, Ramesh A. Gopinath, Haitao

Guo, ‘Introduction to Wavelet and Wavelet

Transform”, Prentice hall, 1998.

David C. Robertson, Octavia I. Camps, Jeffrey S.

Mayer, William B. Gish, “Wavelet and

Electomagnetic Power System Transients” , IEEE

Trans. on Power Delivery, Vol. 11, No. 2, pp.

1050-1058. 1996,

(3

!

(6

Mot

- 267 ~



