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Power quality disturbance analysis based on dual-scale fractal box counting dimension

YANG Geng-huang', ZHANG Ze-hui', CAI Jian-xiong?, WEN Bo-ying'

(1. College of Information & Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. Shishi Power Company, Shishi 362700, China)

Abstract: A new time-domain based method for power quality (PQ) analysis is brought forward. Fractal dimension is a mean to
characterize the abnormity and complexity of PQ disturbance. The producers of PQ disturbance are different which result in the
difference of abnormity and complexity, so fractal analysis is potential for PQ disturbance analysis. Traditional fractal box counting
dimension is based on the square which confuses the coordinate physical meaning. The dual-scale fractal box counting dimension is
based on the rectangle in which time and range of PQ disturbance are included. The formulae for fractal scaleless range is developed
based on the periodic or approaching periodic characteristic of PQ disturbance. The effectiveness of formulae is tested by simple
waveform. Fractal box counting dimension of typical PQ disturbances depict the PQ disturbances well especially in identification.
After simple statistics, the dimension can act as the input vector of ANN for PQ classification.

Key words: dual-scale; power quality; fractal; box dimension; signal processing

FEGHES. TM744 CERARIRES: A NERS:  1003-4897(2007)08-0055-06

ETRSTHARRZESR . RICRHTIREHR

0 5l

HLAE TR AT BRI bR R Xt e D R
BARMESUERE ., BRE)HITOIEE . BEEHR
BT H R RER MBS BIEHITHHR, LE
SERGUEA I PR IR RIRE UL R
M. BEERENDE S TED I LER
THR. BHRAMATEEE. NRIFEETHE
BEUN, WREA TR TR .

SR —TTUR M FY AR AT R HER
FYRREMRRE, TENAT &S,
F5atht, PRELEEES AR R EER
Fabr, B4R T SAR X R T AR B2 N
RSN EELEHR TR SRR E
E. RGNS R EERRTIEN RS, B

WEMMEEER, N _HfESHITEELI.

HY T A RUBEARA SR ERX, ZX
B E R ERECTE R, Hfie fiEEEE.
MR AZBRRED, =R BEaE RS LRk
wEFET ., NEEHEBRARE, LR=MEE
HMAFHEHME, AN TEBIRNEES, X
HEFAEANLE, FERNELE ROHEMTEA
MRS, BESAINE, BEMNLERESSE,
BT CAEL 2 O TCAR B XA AR, HEZE RS
EXRAATRER, BHEIES B IRAD T
B, TREEENAPAGEES R, 3t PQ
WE S RS R R, AR T R E
X RETHEER A

33 % PSCAD/EMTDC 15 L # 8 PQ 15 5 3k


http://www.cqvip.com

- 56 -

P 000 http://www.cqvip.com]

e R

ITRRED TGS E, 4RFH, WG SR
WFHRHXL PQ FNES .

1 SREBIES S

11 SBEKFEE

SHEBREETHYBRGEEHANTTRE
B AU AR T3 SR B, X AP AR TR A AR
BAUERISE T B RESTRER, £& F
AR EXERRE AR, pORIFIBA
(W=,

B®)=r"p(r1) 6))
Kfr HBMUTRET, B 0, H 5454
FHSH A H>0.

& x()) MEERRT A dy , PQRBNESHE
FHOANT LR 22— EH, FEBER,
EHEMK, X, dy T LR PQ F S HIAM
TR0 FFR R
1.2 BRESSHEN—BEZE

REEES () X . XAnERKFTHR" L
FIFIEE. ¥ R" XIS ARTTREZ M A MG, BN, 2
PR BT A BB ] L&A X BT EL W
EEHENA:

d; = lAi_Ig(— IlgN,/1gA) )

BT EBES x()) MNRES PR REEE

A, iU R KRR IE B R AT fetE H e P
A—OWE., EhHE P — BB IR L.
BRI ER: BANBRERBE DN, B
KA kA PIAR(k 2 IEREH). &N, , AP EER
kA RIBSHEE R RS X MBS, TN, #ITE
ZRG) @ O)FiR.

p= max{xk(j—1)+1’ X j=1)425 09 xk(j—1)+k+1} 3

Py =miN{X, s X iiaseees xk(j—1)+k+1} “)
Ny/k

P(kA) = dlp-p,l (5)

j=1
Kep: j=1,2,,N,/k, k=12, K AK <N,,
P(kA) A— SR A A RELERE. WES
x(j) BIPIARTHHON

" N,, = P(kA)/(kA) +1 (6)
fElgkA ~1g N, Bl & T —BRIENE
SEARER, BHRQFEN,, ~ (kA)* HXR,

R TR X ARG SR IR SRR Rk, k,
WZEZX A lg kA | 1g N, , R 2 &t B AR,

Bl
IgN,, =—d,lgkA+b (7

Reb: k <k<k,.

RIEHR D —FETUKREBES x(j) BA%H

H:

dy =k, —k, +1)Z(lgkxlg N, )-

D IgkD 1gN,, 1k, —k +1) )

Dg k-(Q lgk)’]

Rk, <k <k, MEEFAB D _RIEUSEL
RIRt R MG THE dj -
1.3 EHN—MEEEFEREE
1.3. 1 IEH M RIEE

TREFNAS, P E#RE S 4R
REFESERHYERURNE, UPQMtsIES
St R ROEE g R RD, e R Ok B ER BRI
8, FHPQIENESRERNNRE, HEALKHD
kA BIIEH B RS PQIE ST B a5, EEHIAM
IF] A2 i (R R R (A A BN, BAMER T | —5
REEBHATIIE, 28R T0E IE A I B T B B S R
FREX .
1.3.2 EhRE RS

%%%ﬁﬁ&%ﬁﬁﬁﬁ@ﬁ%ﬁ&ﬁ@,%
N EEBHTEIEFWEESH. &
IgkA~1g N, , B e i ERXEEEH T E K
KB, THEFIEE TR E X #E 7 SRR B
MRABRDBEREEBIRE AR, ®RE%
P 0 1 — BRSO AGE AT A SRR ES, A BT
MHE ZH B A EREX . WRTRE X FEE
ERVE BN A R R B, 3 1 F PR EL 4o A48,
B, HERERBMREFTSRIFIZ, &5
B X BANFH AT LUEIRE, BT8R
ZHRIEN AR A REUR, TR EX ARG
AWEER, REESTEEBTEHIBRKRE,
BT AR R R EUR I0 1R 3E F T S 4 SR B B A
it

EPLBUSEIEEIEAS A L. L. L=EA
o, BIBBBEEENER KNS BUEESR
MBREN, HREMB/NN, BERMIRSANT
PR X AR GG SRR 1 L BN L A S SRR X .


http://www.cqvip.com

P 000 http://www.cqvip.com]

BE, & ETRURESEEERNRERENE SR -57-

HL b, HRAHFA—ESER L. L. L K3
A, HBEEE S PR REKN, PQESTIRE
A HIRTHREX LA F I Lio

BAERALE R BRI A DL R ZE AN
B/NIAR A R AR E X RS S A2k N,
FTIEHE S8 =B, AREN T =B
KUEEHANE. BE, PHRENR/PHIX AR
—EMBRTHAEX, XER[18]ET Bk, *tF
AL DA 3 B B IR 1) LA T U A
2 MRESHHE X
2.1 EF—RREEa00H
2. 1.1 SRR

3t 1.3 1 PRRHEBRE, TRURAEE M
BRIEF MM, HA 5 A 58 B = 47
of I B TR) R — 4k J5 1 B R B R MR (B . AN
IR N EEMEES A FA, 4 P(kA) KN
BEAES x(J) # N, k AXA[(j-DEKA,, jkA,]
(=12, Ny/k) 1 5+ R ¥ g 2 50, 7
kA, kA, B 5 TE 5 x(j) B M5
N, FTEMEE A

N,, = P(kA,)/I(kA,)+1 ©)

2. 1.2 PN 5 ARE XA E ik

PQ 35 S RILH A RSN AR, Bl
X B INE RS K IESZ A5 504, Wl 1 B, ATRA3R
BT X 25 3

AVAVAVAV.

0.06 0.08 <0  0.02 004
(b)

L o . . . N
bl | | .| ol
-2

N o ™

<

0.02 0.04
(a)

NN
R W B WY

0 0.02 0.04 0.06 0.08 “0
(e}

B BEFRETELESHNEES

Fig.1 Gridding for sine wave added by white noise
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Tab.1 Fractal box dimension of typical PQ disturbances
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Fig. 5 Fractal box dimension of typical PQ disturbances
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