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Abstract

Abstract

Nowadays, with the fast development of modern technology and economy, power
system is getting widely utilized and also playing a very significant role in people’s
daily life. Power quality, as an important research topic of the power system, is
attracting more and more attention. However, as consumers demanding higher power
volume and the power supply system getting increasingly complex, the power quality
problem is becoming prominent. To guarantee the safe, stable, reliable operation of
power system as well as people’s normal life and the overall benefit of national
economy, it is in need make efficient detection and assesment for power quality just to
find out the causes of this problem and offer effective solutions eventually. For the
transient power quality problem that caused by disturbance, the paper investigates the
wavelet analysis and data cleaning technology respectively for the disturbance
identification and statistical analysis of power quality, only on the basis of the
non-stationary property of disturbance and the inconsistency of the original monitoring
data of power quality.

The goal of data cleaning is to detect errors and inconsistency in data with relative
techniques, and then have them removed or modified in order to improve the data
quality. For the sake of conducting appropriate statistical evaluation of practical power
quality transient events, specific steps of cleaning for power quality monitoring data
are provided based on the analysis aim, and the necessity of this technique in power
quality data analysis is validated through three case studies. Meanwhile, by introducing
an important project experienced during the postdoctoral time, the data cleaning based
statistic analysis for transient events of all the substations in a big domestic city is
implemented and the corresponding status analysis for these substions is provided,
through which the importance of data cleaning technique in pre-processing for power
quality monitoring data is furtherly validated.

According to the characteristic that the lifting wavelet transform can be completed
totally in the time domain and independent of the convolution operation which takes
lots of computing, the symmetrical wavelets constructed through the lifting scheme,
together with the modulus maxima method are applied to the disturbance identification
of power quality transient events, while the effectiveness of this approach is verified by
simulation analysis of three typical transient events that are voltage swell, voltage sag
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and voltage interruption. As for the wavelet selection problem that usually discussed in
the wavelet transform and a sensitive factor i.e. the start and end time of disturbance,
their respective impacts on the disturbance identification results are studied also
through the simulation analysis.

The redundant lifting wavelet can be implemented through the atrous algorithm

which is to make zero-padding between adjacent coefficients of filters layer by layer.
Compared with lifting wavelet, the redundant lifting wavelet is of stationary property
and signal redundancy due to eliminating the split step. Considering this, the redundant
lifting wavelet combined with the modulus maxima method is applied to the
disturbance identification of power quality transient events to discuss its effect in
disturbance detection. Specially, the decomposition scale selection problem as well as
the start and end time of disturbance are taken for simulation analysis of three typical
transient events, so as to investigate their impact on final disturbance identification.

The accurate detection and location of disturbance is of great importance to
efficient solution of power quality problem. Hence, in addition to applying the classic
wavelet, the lifting wavelet and the redundant lifting wavelet to disturbance
identification and making comparison analysis of these transforms, three factors i.e.
the wavelet decomposition scale, the start and end time of disturbance, the redundant
algorithm are especially proposed to explore their respective impact on power quality
disturbance detection, while some conclusions are accordingly made through the
simulation analysis of three typical transient events.

Keywords: Power quality, Classic wavelet, Lifting wavelet, Modulus maxima, Data
cleaning technique



B |
ABSTRACT ..ottt ettt ee s i
BELE  ZETR e 1
(T T = L= TP 1
1.2 BERAMIFTEIAR (oo 2
1.3 BT ZEHE oot 7
F2E BFFBIEIRER ..o 9
25 R 1= TR 9
2.2 FHBBJTUER oottt 9
2.3 UL IIHT oot 11
2.4 BEFFNTEIIHT cooe e 13
2.5 TUARFRTE N T oo 14
2.6 NI RAETTEE oo 16
A€ = 5, NPT 17
y R N 0 N - OO 18
FI3E HERBRRIBEBESARTII s 19
35 1 =T 19
IV €= 7 2 N 19
3.3 HAETEMEIIEIE BT HT oo 20
3.4 HLBESR B M IIEIIETE VG oo 21
B340 EAKIBIR oo 21
342 BRAESZII oot 21
3.5 SEBIIEAE oo 22
T S i 7 TR 22
B.5.2 ST HT T et 25
B.5.3 ST T = ettt 27
3.6 THH SEBIZIHT coovirie e 29
I T B == 11 TP 29



RPN U WLk (8

3.6.2 HETEHEFMHRIDHTIXKIBIEHEIE ST R (e 29
I A =] N PR TRT 37
F4E BETRANDENEBREERIIWDIPEIR oo, 39
A1 Bl ettt 39
4.2 FETIRFFFIEIIINTERIIE (oo 39
B R 2 < TP 39
4.2.2  FTHRAELN S T F R H TR E e, 41
43 FETAFEINEEITBIRI T oo 43
4.4 ANFRAEFENR BIPEBI T IIT (oo 46
I = N OO 50
F5E NMAKARANDEZBRAHRBREESEFSITHIIRA oo 51
TR R 1= OO 51
5.2 TUARTEVE oot 51
5.3 MR ERT TR BITEI oo 52
5.4 PBNE BT AL 23T RERITEEI oo 56
5.5 ZNEL/INGE oottt 59
Fo6E HET/PETHRHBERRENINRAINCEHERSIHR oo 61
Bl Gl ettt ettt 61
8.2 VLT ELAIHIT oo 61
6.3 IENE NG EEHIELIAIR ZL T oo 65
B.3.1 NI EIRIE oo 65
6.3.2  RBHATLEIFTA] oot 67
B.3.3  TUAEEIE oo 75
3T =] N TR 78
B TUHR oo 79
i S = s | = N 7SO OO 85
B B et 87

VI



BlE g

FLIE %R

11 HAERSEX

£, BB AW D A2 G PR A e, B RGHE AT E T
VERTBCR R, e oy — Ml T80 H o TR AN B I REIR, e iz
T B R T A (3 AT AT, AE 0o 1 HE R o B L o e R e B PR
RIEMFRAGAE. P, $ROAEE . PIEEA R o 5 A F RE X T O e e RN HL 3t
@B IBAT UL AR HE AR+ EEE L. Am, BTEAE
E5-1 NIRL I i K TR A 7 N S R R R N [N P | P e N A BN S
PN A5 AU 75 i L BB A K RAE T, DAL R P X i F SR K AN Wy
P, FLRERUE M EUEWT R B H 2 E, A E RGO P g 4
ZUHigtT. FR, BEEUTEN. FERS. B, S b f R
ERURRAE N, FLAE P B R ORI A2 B P s U)o . MU P (9
pp A dlGE L) ME, U2 R R e B A AR IR B A A
&=, R ERNETRIR.

oM HLRE R I AR I SRR, R OUBON R 2%, — o i T R GE R4k
R PUBA B R, B2 31 H 0 3 1 S5 A4 AR R 28 1) P R S8 R 3R 52
Fioh, PR, NSEBELT REANRE B B 2 R 2 F e il 2
1B B 73 R G080 2 B . ISR AR I SR P AR B RO B E AL,
i P ISR A AR IR s 1 B A (R PP ARRS S B I G, T S St e L IS F R
MBS BENLASAL, ISR R SR MR T . A fRfRE I R %A, FRE
Zepr. AIEEIEAT, WEAWSCEAGE BB RGN E, AR
RUGFAY AT TREIRFHE. AR EEAH Mk 1 AT Fp e fie DL 2 B 2R T T IR TF
LR R et B Bt B HOR SCfF . SEINR — H R, W far i i A i s AT A Rk
I, PP ] R ARSI AL RE B A IR A T A, SR A N R
Ji5E,  CLR HL A FL R S R AR A A R )



RPN U WLk (8

1.2 BRI RIAR

XTI R, HEZUES = AT A A I EER AR
Sy NIV SR AN AR e ik = M — R R Bk . %A
A 3% o S 35 7 LR P X L R i ) AL 5 P S LR AT T . R
Broride 2R R T AR R B R R A, R R T A
I BAE RGP AT . = RIS 5% BN AL AR e, JE
I} Fourier 224, /NEARHEE . Fi4h, AU HLRE T SREAT SEIN LI, SeIlAE
LR AT B ST N R Ve AT R A O BCA Y, XERARAS 2R FELRE
R EAS S BAERATER G 0 s IR XS AN R 1 FLRE B R R, R G P RE R
RO TE B, 2 IR LA il AT PP AN LAE -

FEXT HLRE T B EER HEAT 0 T A B I AR 2 iR, i B AR O N o)
AR RIEARI M 5% SR, B A e 1) S Sl I X HE 5 5 = A ek U
RIS, R S OISR R E . T NREE TN E S 5 =M%
ZIARAVE R — R R, HE, X sebarh O R AR RS T, T =
BB B AR AN B RE T 2 o T I /5 2. AR FU AR, N tr AL B &
Ry RIS, N FLRE TR AT R O 1 — R CON A R 2

FAE = A d), AN AR CAD IR R, R 5 — e Hok AT A

YIRS KA L2 (R) R0 (8] 1K) — 40 3 . 1980 4F, 6 [ [ Bk FE T REIT Morlet

FE M By, H RS TN X B . 1989 4, Mallat R i+ LA
A R 1 2 RUE 3 BT ARSI NN AT ISR H 2 o HE e AT B G . AR IX B
W, XERNBCHEAT (45 AP 52 AT A5 T 45 1K 20 A /N R A RN W] AR 1 Bl 2 I 0
Mo R T RIS, BRI 1] B A2 50 MR B AR 78, MR R ft i, i&
T B PREIRIE 5 (0045 2 R DR 78N, /NJBE AR I 8] A8 7 T A
HARTE, WEpPERGE s, EHTARFREIE SR, B, NECER
SRS PR 55 R A R AL RE ST TR “ B Rt .« HEIMAE 2 7238
B Ve SL Al EATE R AL BN BT, Mallat 32 255 S URR R &, S 73
A RGN A L —Mallat S35 B, LR RIS A 2 4 L e B
A B AR (FFT) . X — B EWFFUENE O TS 7 Rk, I8 —Fb
BN R E AR Z A E RN T, T B TE 5 0. BHRAL L
TEHURRE EE RS G HR BRI UM B & s i2 W5 ik, 1992 4F,

2



BlE g

Coifman A1 Wickerhauser 7 /N AR (5L a4 F, $2 /N #r B, @i/
DE AR RN SRS T AT, SEIL T SR RS A S AL B

B PR BB b, R TN R R BT, FEE RS S EUR
I ESa FEME. 23 2R DL K FLRE T S P8l A I A e 7 S5 D7 THT o 75 S /N 23 B ade
ITEAR IR TR, FEA =M M 1992 4 Mallat £ 5 5 A R R
Hh PR, KA S A gy vk Y, 3% R P A 5 R P E AR R R AT /N 2
firi A ANFI A e GRS Lipschitz $8E0#AR):  BUE 5 (1) /N AR stk K {H BE
JBE R SEINTIHG R, W 7 (1) /N5 7 H A A KA PR S A DR A R 55 2 I U (1) 3G
IO/, 3 I AR KA AE A [R] RUBE IS R R 1 ) X — A KA R S 5™
A3 R A P A, T DR BEAS 5 T L SR DR AR At T 25 i gt 5 6 82 PR ASEAR KA
o FERAAE B R R R B I BRI ORAR i HEAT B A AT A5 21 P 5 115 5 o
ERZBRERTEER A, RS WSS, AR s s S1% ik r N
%23 7 —E M JRIBR I /NB PR 5 M58 02 Xu - 1994 AE4 t 1) 75 480 5%
Rk O, %O R AR T B S /N R B R B BRI G, T g
FE T PR /N R BAE  BE TR B R I AH G E . BRI R /N R BEEAN R RS B
X L R AL B R SR A 2 12 FR BN LT 538 A2 e 78 NI AT By o 1% 73T
2 AEIRAS B ()N R B E AR EAE S MC TR M EA S, (Al T2 Tk
AT E RGO, JF H 520 & R B S g OG5 7 2 E AT il 1t .
o =N R g i AR K24 LA Donoho A I — AN SRR SR ) /N i
e B vk UVB) LSRR AE 1 /03 6 MRS R X A BT IR A6 1E R, AR
5T AR RS LN IS PO R T A 2R I, BN S 2R 25 ) M i Bt A RO P B4 AR P
HIRAE, MEKETREAIEEREE RERIGMEAAL, FR, 9 E5E4E
HE DB LA N R L, IREEBOR, TR A 5 S o A 2R T A 1) /N R 30T,
MR /N o DRI, P 29 R0 L B 50 R e o) {1 R 5, e LI FH IR %) 28 /N Ui AR 4645
FIE NG RBCHAT AR LR M AL, T 2 AR H /N AR B ) B 15 3 R S A
T N R R B R LSBT B R RS R TR I . 7
JSEFH /N o3 BT SIS R 48 7 T, S RGO ERS, (55 R AR
[ THOEZAE S RAM K AERE . NlREERNIE L, B FERAB ST
SREEBER, T AT 0 & SR . 24 e K p s =) i B o0 BB R, ANME
oK) G FH BdiE, T HAR 2 G s s E i PH 2, DR, RN A A
T RSB 5 A B R RR 3 LA S BOHE B R4 o R FH /DN i AR 465> fiff A B
FIRREE, I HE SR DA B R R AR i T/ — S R b, SRS

3



RPN U WLk (8

{EX REGHATARLE AL FNG K & R ECE A TR A D EIIER RE, AKX
WD EE A i, AT A BB R 4 1 E i RO 2 N AT s 4 2
JiTH, Karimi 53 H — R TN TR LR R Al I 7 v, I N AR 415 E)
PDFs {f: R E 45 & B R 0 M KR B B 12578 T2, Santoso 254834 T —Fli/)s
WA 8s, il FRAE PRI 25T 2 ) ) B A RFAE TR 1 DA B R R ke o R s
BB 40 2 W31, Zhu S5 7 — FhSeam 3ok /N AR SR B 43 A 1R N RHAE
PR AR BN B AT 3 R SR HEER 1 e B R SR T, RIS Pt sh S iE
TR A ReE B, Dy SeBL L BE R BB IR, Lin 4R b 8 RN
2 W%, B Morlet /N SR EURFAE FE45 & 15 38 AR A 22 X 28 BEAT P sh iR ) T,
Brodzinski 25 5 i /N A28 53 S 9% SEHIL T SoF B R R PR B AR Bl AR A 4335 O,
Uyar Z58& H T —Fh5E T/ N Ea E0i R E S S WNN AHES A 107772, FH BASEEL
St R R EN 202 BT, Eristi Z55R F /N W RS R L, iRk v
REAESRE . 75 AT P B AN ] S Al = = BDD IR H ) RS IR BhdEAT
4y UL sz pl st e fE R S0 0 3, Eristi 050 7 — R Bl AL . HF
TESRIL 3 RN AT V0 RN R S8, AN R F BB T i &R
i PEREHEAT T IR ). Milchevski 2557 93 b B i/ N e A8 4 DA R B — Wk
A0 SR L B LSBT B R AN R P S AR AL AR A2y 2 01, Biswal Al Mishra
1 e N AER ) /N B RE LB (S S AT AL, FHE I MR A
ZERNT Z TN FIRBHAT 2, FRZ R S Y] Fr /NS R A IR AR R AR 4
(R R R AT T 5 B B,

TERLF /N AT RN AN e A 7 T = H AT, Ande] 5 B RE IR B AT A R 5K
I M I DA A R IBS 42 A M e — SR R R () B R Rl . FEFL I R, AR E
AR AW RS, Hrhg s i AR 2 7] 3 BRI U o
DAI S MBS G . 75 LRESEPR, A5 I H I o508 TE B B R 5 H 11 S 78 Ha 6
R, P RRE M-SR AL AR TR IR . i, 7RSI A AR
EPBEATRES P, AT ORIEXT P AR B . G R R R AR, HiB)
W51 RAE S RAR, PR A ] 345 5 B JR 0 R AR AU AT A RICR: I S P 3l U 1Y
K NS HHEN— P N S 77, A 2 50 P IR A s € ) 7
SEPERTINRE 7, PRI AT 4 1 SRS A Lk B[R] AT R SRR I o A X — R,
WEZ R CJRIF) 20, Mallat 555 R0l T /Nl i 5155 KA 2 (7]
F 2 28 LA S S St /N AR B KB SR A 15 5 i 2 S 1 A 2B R T
WA AR KA AE 2 R ERIR IS Lipschitz $850aI 6 5, IH48 /NS e D

4



BlE g

WA RS A o () 57 P 2481 131, Gaouda 2548 HY —FhoE NI B ) R G AN
PBNATARI . A3 SRAIPEAL ) RS T, FERI /N AR Ht 1) o 350 A4 e A 5 gt 7
PR o B AR IS AT I A B, F R /N BB AE B ) R A TR ST
LRI . A R S e L Ak R S R L SR TN 5
W72 (0 2 B R SR AT T AT AU b 2L, X T SR AN AR 15 5 5
AR AT AL TR IR, FRaa o B AL AE B RISE T /N AR e JERRAS B
R 1 20 R D281, ik 25 ¥4 b Sz i/ INiple A 2 B/ NI AE F B SR BT SR AN 5 7 2
BT AR IR AT TIRER, IF3R H IR T BN i AR 1) 22 RS g il 28 U7 vk LAl
St iR L A SR BRSNS 5 002 T, F MRk N AR AR K T VR TS S
BN AT 27 S5 SR , A7 B W IGAIE 1 7 kA S o (0 &k 281, Brodzinski
SRR — PN 2 > 8%, I LLSZEUN e Ay 2 B TS T A s Bk I AN 432 1291,
NSNS, Gao GIN—FhEEF/NE M, @ T E T RO/ RS
S 3R Y L S B s R B0, Huang 11 Hsieh 37 FH Coiflet /N A8 it A 35 4R %
A R BRI R P WIE N 1 RS T T, IRk
2735 5 AR AT Morlet /N A8 (K 70 M BCR #E4T 7 %t B BY. Gaouda 2542
H—Fh R G577 10 CALE /NSO R R (6 e ) R G sh AT AR L Ay A&, gt
T3 SR R R 1 Ak FER R /) 9 ) 5ot Mg 75 15 5% 11 PR 25 2R S D) RN L TR BT B A AT e
fir, e TRz B, Gao F1 Ning 33T /NI B2 23 HE 43 Wt T 3 s
RGN f R S EOEAT 0T, Sl 501 S 36 A /N B ORI 4 i LB 11
VEH A AT T 3918 B3, Sadeghi &4 H — b 325 A LAIR i o 1 %5 B 1) o A I %)
FALE, W8I R BN AR e [R]iE F 1E A SIS 5 34T 20 T o Al
FRIZH Y 15 5 22 S e fl o Hh T B 1y o 2R i 221 B9, o T it /N, s ot 78 7
RS FRSIEL, R EROR, SeR YRR RN, ETI/NR A I I
TESISAT, B BT B AR R s B T, WiE R B Ak, IF
HRZ WECE W B R E T TR . B0 4 /N X S
2, 1994 4F, Bell S5 3 (1) Sweldens 18 -2 i — Mg T 5k, HILIGIE BA K
SEHE RN R /N R B ), B A SR B TN AR e X R TR AR
TH =250 R IOFRTH N AR e, I8t T ML R bR vk B0, SR TH SR A 15 /N il A8
WAFLLSE ATER AT, BHMES T RER S, JFHNE G E R R g, K
A RIE Z TN RV e, ARG AN A i 4y 2y Je I . AL
SEHR R /NI IR B MR RTINS A KA AR 5 6 B 7 v, St ] 1 M 75 A
A5 5 AR s BT, R e P R TN T 3 A T A e 3 [X Ak FRAS B ) e

5



RPN U WLk (8

BESR AR ST BIE N AR, T SEBDS PEsh A e i 7028 PR AR L 1
T I O g R PR TN ) E IR SRS B A 5 5 0 R HE (Y e R

JE
HAARIRAZE T HARFRN A S8/, R FRTHNBA Bt

Jik o B S ARG B S BRI A R A S, IF S M I A AT T
bt B0, RIS SR 3 4R T /DN A AT Stz 1 1] X R B SR A AT R
It T LL DSP AT ARM Jyi% a7 L RE 7 BEAS I A4 i 100, 3 P 4 S il 5
FHRAT A SRR A AL BESRAS S R U ANE S L%, A G /N R T VR AR
BE N, SEEL T X BN i 1] 14 20E 7 M. Min Li %26 Daubechies (9/7)
TSN TR RS BRSPS A BRI, N A5 B AR 7575
FEIF R (RO R IR J 2. o R B 155 20T LA B 0 S L S
TSR IR F Haar /DRSS KB IG5 A = L, H 5144 Haar /M)
IR BEAT T AT EE, B8AIF T 3R TT Haar /NEETE 2 Hr b BBt 3. Chen 5| A&
NSRRI FLRE  EPUA AT A . e s, BAAISE, R T AR
PrE LR M, Yilimaz ZE5E B3 T3 TH I/ N B R BB M 32, IR
{1 B 45 BLIGUE T R FH T 1) DA /N AE B AR 15 ] A 2804 41 L i 78Y e B o
A RIBERRRAE,  DLAZ T V5 AR 2 SN AR i B B PR S A S T B RS 5
(RIS O, Liu S8Rt 252 TN AR 3 T 1510 /NI 28 B8R BN AR SR A0 A < o7
SIHN, FEAHRTH K Db2 /N AN ZE SN A TSRS T HEAT T BT HOL. Chen
SER 2T ) Db4 /N T 2 M M R B AR B 0 LT S LI [R) R A IR E 7, I
T T EL RS 2prE 2 AR B, Zhou 28R IR TH N RN B R 870 . H
JE ARG B v WA S (R A e AT AN, FEE 430 R B T /N R ST
A A5 B 115 LG5 SR Bk AT T 6 Lo R



BlE g

1.3 £EVLH

et LR 0 g R B 5T R [ R W FURE B, R BRI IR TN A B
YRR VBRI o BE o S S T Ve s iR sl 1] RN GE v 20 A7 1m) AT 1 R
WHFt. S EWAIEAEZHI R

1 BB—w. 250, Wik TIREHT AR SRS, ks [ Py 4 7 iR
IO AT AL 2, SRR AR T (1 1 BT U 2

2. TR WIAURIERIG. HeNd TR ER A S Ak, K
Rz T @M RTVEE . TURIETHNB T INBAR AR AR T3 ¥ AL
PEIR VLRI A R 18

3. W=HE. WAHERMBIEHETEARM . £OEFRBoRINE®R
Beati b, SRV 7 e RE B R R B TE VeI Se BT, )8 = 2 AR ) L R
JiRE TRE S B I B8 T B AR SE B R BETE e P 3R, DL REE TS Tl oy
— A R AE TRAL BT B FL AR R AR Sr i o o B B [, S5 R
DI R0 HL R o SR AR BT ST S AR R (I SE], SERk 1 T EAE TR
AR el LR o R S AR ST T e b, IS T AR 220KV AT 110KV A2 Lk (1)
W R, D USIE T BIRIEBEBORLE H A a0 FAL B s EE A

4. FEPUE: FTHRETHNEM R B o St 7T, K2k TR THESE
FE) 3 AR R /N B P =P 7R P e it B S SR OB R o R T/ INEAR
e rP /N o K ) DA K BBl AR ) r (1 L B TR — BB AR, o i A
[R5 SR, SR T I %% E R i A R R

5. FILE: JURRTHINBARHAE B RE RS S FA I L. %1 IU
ARARTTINB PR AN AR AME B AR, R - S A i e o B S AT
RIZP AT TC o B0 AR B R r ) A RS SR R 1) DA S R sl L B ()X — Uk A
2, EE A FE RO ESER], BHE TP S BT T AR AR .

6. F/NE: BT/NEAR N FAE SRS R M D K A . S
SN BTN RTTUARSR TN AR BB A b1 S [m 1, R AT B SR =
HAEHRRERTE SN P RCR AT T XS e s[RI, OySeBUEE RSP Eh E
B, 3B N il RUBE S PSS LR I TR AU AR B = A I R & A4 2R
HISCIEEAT 7 VR 7E, IR 8] 747 mipIb aiit.



RPN U WLk (8




H2E WRTHIEL A

H2FE HIUKERER

21 3§

W& RGEN AP H s s, A 0ot i HE RE o B N
R GF R R I HEARAE 4 1R L HL 32 BIPRS00 M0 e S i e s
MBS, Kea b I AT M AT AT 1R ™ B, &S iR br R At =
Mt BB E R

R PLENE S RARNE, BA RS M e S AN Ay S A BE 7 1) /N AL
PR AT A TR o ST HINB A B A o — b S g PRadAT RN o M i
WU T 58 A AE I IEAT, B AT SEILR AL T SR HU N AR SR e T
T 2% o R EEAS BB AL RE BB IR a2t , el RE S A A A8 HHREER 1
el D SEDUNT SRR Bodls A B AR B, BRISBER — AT b B
AT

VRS I ZEE FEXS B, AT HL BE B (A DR BE 7 DL T A EliE . 1M
PRI Ja SR BT W SO, AN ER N AT DA SR TS Ve oR I A B 1
AT T VLR

2.2 HEFRE

HRES &, ARV SERR F I S E AR R IR T A 2= (R SO 2%, B35 1R
6. BB AL, MR Tt P s R KL S & . IEEE FriEAL i)
A R MIEXCKH “power quality” iX—ARiE, IR HAHBIEEARE X: &
HLRE 5 R 1M 1 4 BBURR B A5 SR AL I L D AN B e R i E & T
IR TAF.

RS, HEER RS EZ I PR RS S R Fl RE b & iR
TEEAFE ARG RS SN WA SRS DL AR DL
FEMRAR N FFALE (R TRIE MBI S G 12 2 L B o B i) A B i )
LR A S M S IR o — MR, PR R FL i R i o s o A ) 25
PBE 5 5 . HIRE Ve, BT BOE R, AT KR B BE

9



RPN U WLk (8

A WA T A R, A SR T TR IR ALy |EEE SCC 22 #2 Hi R LU IEC el

[F) FRL R R B 1 920 R % 2-1 B B9,

*2-1 HREFEDRIIR
Table 2-1 Classification list of power quality

S FEFE RS FRSEmT [A] AR IR {E
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NP <5kHz 0.3-50ms 0-4pu
IR eI 5-500kHz 20us 0-8pu
E T 0.5-5MHz 5us 0-4pu
N Siy 0.5 J&}-1min 1.1-1.8pu
H1 AR AL R HRIRRE 0.5 J&}H-1min 0.1-0.9pu
H 1 0.5 J&}H-1min <0.1pu
FHL YA A 8 ) ThiE . B <10s
Hinfw Fads 0-0.1%
=t 0-100" fads 0-20%
HA, S BT Wi A% 12185793 0-6kHz Fads 0-2%
Fea ik EEN
M ik s 0-1%
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Fig. 2-1  Four typical disturbance signals of power quality
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Fig. 2-2  Structure diagram of two channel filter banks
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(1) o BHIEEE S x 0 NBEEA x_,, FIZFREAS Xy PIEBST

Xeven (1) ={X(2i),1 € Z},  Xp4y () ={X(21 +1),i € Z} (2-6)

(2) T RS TARASAEAR Z (A AR S ME, DUBFEARSE & TN+ P KT
MFFFEAR Xogg » FEHIM R Z AATTE 5 d -

d(i) = Xogq (i) = P -[Xgyen ()] (2-7)

(3) S ST U X d AT SRR B R X, P9 BRI 5

a(l) = Xgyen (1) +U -[d ()] (2-8)
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Fig. 2-3 Forward processes of lifting wavelet transform
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Fig. 2-4 Inverse processes of lifting wavelet transform
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Fig. 2-5 Forward processes of redundant lifting wavelet transform
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Fig. 2-6  Inverse processes of redundant lifting wavelet transform
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W2 (s,x) = f *02(x) = f +(s?-d20, /dx")(x) =57 -d?(f #6,)(x)/dx" (2-18)
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Fig.2-7 Schematic diagram of wavelet analysis for signal singularity detection
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Fig. 2-8 Schematic diagram of methods classification aiming at field cleaning and duplicate
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Fig. 3-2 Implementation of analysis software for power quality transient events
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Fig. 3-3 Statistic results of monitoring data one of power quality before cleaning
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(Statistic Analysis of Power Quality Transient Events of a Central Station in Shenzhen during 2010 to 2012)
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Fig. 3-4 Statistic results of monitoring data one of power quality after cleaning
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Table 3-1 Contrast analysis results of monitoring data one before and after cleaning

s g ER
B EFLISY 110kV 220kV <ITI 110kV 220kV
ZH 349 275 74 253 192 61
)G 232 185 47 174 136 38

M 3-3. & 3-4 fizk 3-1 o, BT R T EBIREEEA, MK 3-3 4
349 I FEAF AL, B 3-4 W AR BB R 232 IR, TR T ITI B34 a4
H F 6-3 A1) 253 Yk oA 3-4 HRR 174 YRk, JEH 110KV F1 220kV R B SH
gt O B —BU AL B
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Fig. 3-5 Statistic results of monitoring data two of power quality before cleaning
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(Statistic Analysis of Power Quality Transient Events of a Central Station in Shenzhen during 2010 to 2012)
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Fig. 3-6  Statistic results of monitoring data two of power quality after cleaning
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Table 3-2 Contrast analysis results of monitoring data two before and after cleaning

s HHFEIHER
AR EFLISY 110kV 220kV >ITI 110kV 220kV
Z Al 904 63 841 876 58 818
)G 282 8 274 281 7 274

MK 3-5. K] 3-6 F13 3-2 AT A1, TR T HIEEBEEOR, ML 3-5 904
R, B 3-6 IS s b oy 282 Ik, T T 1T A E s i
Kl 6-5 H111) 876 YkiE/b I 3-6 HH 281 Yk, I H 110kV 1 220kV T [ A AF
Gt U R I — B S T ARSI RS B AT S T S R =
VAR B 1] R, )2 p 0T 5T = A FR S PR S SR B 3 2R AN [E i S RS 1)
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353 B T=

FREEF MY, A S5 BORYI X 0t 2010 4F % 2012 A HL R
BFE F R R R I H R A T = b R BRI B S RV E A L S AT . B
s Ve B AR SL D R R

(1) FEERER. Bk, BARETZPOMKEEICR TSR Hik, K
G [ E A JE Y AN — 23 Y [ DA B a1 4T 50 %

() FHHH. BLLPE (1 AH GRS NS —FONHBEY
FHEEAE, A FON R R R DL L TR WA, IR 28 i — B St
3T

(3) FHAGTE . K [F— A H ik B[R] — BRZR T A [F) — B 21 & 2E B PR AR B = AR
BAFMEL N —IK,

ARSI H o0 BE SEAT IR B R S 3 B 45 SR o il an R 1 3-7 AR 1] 3-8 P

ITI (CBEMA) Curve (Revised 2000)
ITI (CBEMA) Amplitude——Time Distribution Map
(Statistic Analysis of Power Quality Transient Events of a Central Station in Shenzhen during 2010 to 2012)

250 Total Events: 321
110:274;220: 47
225 < Rated Voltage: 261
110: 215; 220: 46
200
> Rated Voltage: 60
110:59;220:1
175
<ITI:171
110:134;220: 37
> |Tl: 54
110:53;220:1
(9]
[=2]
8
S
2 o 110kV
g . 220kV
G
c
Q
8 o
) >3
) ﬂ |
10° 10? 10 10° 10" 10°

Duration in Seconds (s)

Kl 3-7  FL A M B =T e BT RO SE T B 4
Fig. 3-7 Statistic results of monitoring data three of power quality before cleaning
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ITI (CBEMA) Curve (Revised 2000)
ITI (CBEMA) Amplitude——Time Distribution Map
(Statistic Analysis of Power Quality Transient Events of a Central Station in Shenzhen during 2010 to 2012)

250 Total Events: 189
110:164;220: 25
225 < Rated Voltage: 178
110:153; 220: 25
200
> Rated Voltage: 11
110:11;220:0
175
<ITl: 112
110:94;220: 18
>ITE11
110:11;220:0
(9]
[=2]
8
S
2 o 110kV
g . 220kV
k)
<
Q
IS4
[
o
10° 10? 10" 10° 10" 10°

Duration in Seconds (s)

K3-8  HIfE R M EE =8 JE M gE it o trai R

Fig. 3-8 Statistic results of monitoring data three of power quality after cleaning

P 3-7 AT 3-8 H A AH O B A 45 SR 0 3K 3-3 P
*3-3 RS E I BE =iE Ve Jm B B A A R

Table 3-3 Contrast analysis results of monitoring data three before and after cleaning

s g ER
B G RTHERESM S THUE B s <ITI >ITI
ZH 321 261 60 171 54
)G 189 178 11 112 11

HASEBI /Tl k0. 3R 3-3 IS TR b RIH A g KT8 R
. ETAE BRIEFEE RT T F4MET T FAE R B dsE o 5t
TEVERTA Brs/b, IF HAA T8RS T B 110kV A 220kV KRB A FHA: St 2 00 H
—HU &S . T DA E AN AT R R ST AT B AR AN E R, R A
B 775 e ) AR SE B T B e 2 AN . (B IE[R 22 Ab e Rl S i vt
T BeFAF T A ROFIHERA I 0 AT 45
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3.6 T H %645

36.1 BHERMEN

HAT, EEARRRRAT RR T, BEE AR e AR AR 1K
A T A AT RO AN BT R 0 DR K 7 i i D B e (2 A, R R LR SO R )
IEH#R W, I OB aH B RGN B L a2 5 Ia AT U (an
S NI b R S A T=P A W =< A L EV TR L N 2 a7 67 NG Vi 2 A O
NIIPEIDAER A & S

WRYNTTAE 4 258 YA i T3 s, AR R RS — M EEa 4
I AR R, fEIX A 2020 V05~ Bt B, 7K%K 1 1315 5T L9 fi
Hrp A R R BRI . TEER, ST R EYES. R
g Ak, BURBRRE. efiol. BEAT . KREHEE O SE U BRI
HL R 0 4L F L RE S R T R R K

RSN, “RIIE M R R R LA IR BT U S DA JUH + 2012 4F
7 HIERUASN, IR IR 2014 4 12 H 4505 ZIH i — D 5T
VR RN 22 5Fn AT B X R BE BT B 4R SR T 3 B 58 il — PR,
5 EE IR IN ) SEBRG DL A, o BT DX I B rL I DU BEAT R B AN G ot 20 b, 7
fipp 2 A R I Pty D g SR TR B A, 5 SR P R (3 e LR B R 2
WK, Oy RE R I £R A iR BN S Vi X 5 R s LR A5 B R A ARG

362 ETEIEHSGTITRIXEBEEER TR

EEXHZITE , SRR BT R b S R ) SEBRE L, 45 BT AL BRAE, TR
YIITH 2010 £ 2 2012 F3 =4 K HL AL o 27 2 A 10 0 K kAT 4 (i e vt 23
B, HEPESCEERL Y B AT 2 A N X A T e B TR Lok
BRI A T 1455 PRl 23 Bl P 25 B P AT 2 X B ORI £t
RS B RGPS R, HATCEH AN, WOk, SIS, D). .
Wk, B R KDL FES . RUAERS 2 o), Bk, Bk
Gt Sy Wit R AR W9 A s 1 25 BRORAR VAT
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(1) AN EBRALT R T BRI T A, R A R
) 3-4 O,

(2)  XFEE g A P AR H e T R AR AT AN S i, KB RN
PP EE K] 3-4 N 110KV 25 H i

3.6.2.1 HLIEESEHSIT

Rz, DLROs A BAL, B —XHRIITT SA 0k T A AR (O
4 220kV 1 110KV AN S S5 250 ) 1) A 8 TS A P e 3 B AR g AT B T 8
THBEHARBIG 4T, AR B ™ B ) = B ARGk B3 i s ol
WK 3-4 Fios:
3-8 FETHURBEVEMRYIT E A b O AR B S HE ST

Table 3-4  Statistic analysis based on data cleaning for power quality transient events of main
center stations in Shenzhen

L3k = Y SN K N ¥ TS 4k
< BiEHRE 2253(598,1655) 1485(334,1151) 1412(441,971) 890(317,573)  499(427,72)
> FUEHBE  419(250,169) 352(21,331) 282(8,274) 63(11,52) 336(336,0)
<ITI 2018(512,1506) 1293(268,1025) 1203(353,850)  714(254,460) 362(311,51)
> Tl 409(245,164) 351(20,331) 281(7,274) 62(11,51) 334(334,0)

AR  2427(757,1670) 1644(288,1356) 1484(360,1124) 776(265,511) 696(645,51)
HAERB  2672(848,1824) 1837(355,1482) 1694(449,1245) 953(328,625) 835(763,72)

X 3-4 PHIGETHES AT VRN M, 45 G U RE T A R A E M E
B2t AIRYIESSRT:

1. #C BB IEEE trvE (500%) MHEEFMG T ILita — At
TR R AT Z A B ARG TR 220KV H AR FL G AR SR
131 IR B F A

2. HUEHREE S GBI 250%) MHEEFASE T ILiHE AL T rAE
B R A iz . o PRI RO R 1 220KV BRI AR s R AR I S 1
WHNZZRFAE; RIF 3L R 220KV 2= AR sk & AR it 9 IRz 14

3. R BB FAE R AR B AT = O S R O IR 2253
(598, 1655). Mk 1485 (334, 1151) F/K Uldrtaiih 1412 (441, 971);

30



3 E HLRERE M RS YRR

4, HEE EFACT 1T B RIREUR 2 AT = A0 R OO BRI sk
2018 (512, 1506). Akt 1293 (268, 1025) AlZK Dl 1203 (353,
850);

5. L B A AR U 2 BT = AN O s AR IR O s RN R Gk 419(250,
169). ME#krhtag 352 (21, 331)) AW .Culh 336 (336, 0);

6. HLEE I FHAE T T AR XU 2 IR =AY Gl
409 (245, 164)). Mgbhr.Camb 351 (20, 331) AL 0ol 334 (334, 0);

7. BEEFEMF YA GREAER AN kAR IREUR 2 R = A0 ik
e RN GG 2672 (848, 1824). MgAkH LG 1837 (355, 1482) Fl/K Il
D3 1694 (449, 1245).,

3.6.2.2 THIFESEMHRT 5T

H T F R B B A S R I P X e e i ) — /N AR R, T E R TR
(1) 162 NAF LS, (F324 220KV A1 110KV PIAN B R S8 2)0) 1 LR B P A gk AT 25 T
HETE TR AR G 4T . RS, 454 3.6.2.1 F5 i s ip Ol I e it 40 45
75 31 ) A A 7 R 1) AR LS PR G LR D 4 9 i R R 354 3-6 JTR:
(1) 220KV AZ ik
%35 FETHIRBELARYITT 220KV 5 22 bk o 2 W S G A

Table 3-5 Statistic analysis based on data cleaning for voltage sag of 220kV main substations in

Shenzhen
AF HL U < HEBME <ITI(CBEMA) FrEH.Louh I=Re N B A
N - PRI I 1 DX AT ) 146 2k

220kV 2= Bk 1093 1001 bl T
220KV G 795 779 BRAR X quéf (R

e e TRINT e < XA e KR
220KV f&i ek 562 505 I 2l e 2
220KV % &3 374 348 1) e SR AL D S I it

bR ) 5590 1030
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(2) 110kV AZHL
%36 HETHIRHEVMEIIT 110KV B 5SS i sk b 2 e R 1 55 T4 b

Table 3-6  Statistic analysis based on data cleaning for voltage sag of 110kV main substations in
Shenzhen

AR LV < BUEHRE <ITI(CBEMA) FiRHL¥h g B VA

110kV IRz & sk 231 204 I AYITIEH %%mﬁ i
NN . TRIITE I8 54 X Fe V5 1 21 7
110KV 5B A 3k 208 179 S| TEVbEE (Ph s )
- TRIINTE I8 54 X <) 1 18 it
110kV 43 ik 86 75 I 3 T B
110kV K il #h3k 68 61 S 3k Z il
110kV 7K H 3k 73 53 iR T E I

A F3% 3-5. 3 3-6 MG Aras R, i DL RE T &3 I 0 kA IR B i
Z 1 [X 220KV Z5 B3k FIAE FH X 220KV HH it DL A 45 4 P #5007 AR 9T ) 45 S
HEHLU R X 220KV 22 AR s 3L v = AN AR B b g B A X s FF58 FE 6 B i AR
HL3t R ) 10KV e i — 2 BIR AN Z3Ar, D R Ay G A7 far FITC FL ) PR SO B 25
EIRHLE B WIS HE MR, DU iR 2 R o B S AT (1) FUR 8 1 1) i
SR X I L I R 25 A TR B

JIride 220kV Z=BAuG . R DL & 2 B R 10KV BEZEAE LA -

(1) ZERAuE: A AIM. 2M. 3M 1 4M 4% 10kV £k,

(2) vk LA AML 2M. 3AM A1 3BM %% 10kV BEZE

(3) ZFEKiuh: it 1M, 2AM il 2BM =%k 10kV £Ek.

$f Eid =N EEE T 10kV BE2k E 2010 4R 2012 £ =F N HAE R EESHE
5y AT G0 M, S BIF N ITI(CBEMA)E 3-9 & 3-16 T R -
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Im (CBEMA) Curve( Revised 2000)
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T K CBAR Jy B 47D

Kl 3-9 Z=BHuE 10kVIM BEZL [ ITI(CBEMA) K
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{E FITIH #: 307
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*  110kV
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Fig. 3-9 ITI(CBEMA) chart of 10kV 1M bus of Lilang substation

I (CBEMA) Curve( Revised 2000)
I (CBEMA) l@O0--0O0# %0
C YB20kV 25 B 36 10kV 2M £F 28 20104E 5 H 3H 25 20124 11 25H )

T E %223
110:0; 220: 223
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F K CLAR Dy 84D
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Fig. 3-10 ITI(CBEMA) chart of 10kV 2M bus of Lilang substation
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ITI (CBEMA) Curve( Revised 2000)
(CBEMA) lBO0--O00% 0
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K 3-11  ZERAuG 10kV3M BEZ (1) ITI(CBEMA) K
Fig. 3-11 ITI(CBEMA) chart of 10kV 3M bus of Lilang substation

ITI (CBEMA) Cune( Revised 2000)
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HAERE 144
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E FITIH 4 66
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& FITIE 4 63
110:0;220:63
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Fig. 3-12 ITI(CBEMA) chart of 10kV 4M bus of Lilang substation
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ITI (CBEMA) Curve( Revised 2000)
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{E FITHEE#: 779
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Fig. 3-13 ITI(CBEMA) chart of 10kV 3AM bus of Zhonghang substation

ITI (CBEMA) Curve( Revised 2000)
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Fig. 3-14 ITI(CBEMA) chart of 10kV 1M bus of Hongtu substation
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m (CBEMA) Curve( Revised 2000)
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Fig. 3-15 ITI(CBEMA) chart of 10kV 2AM bus of Hongtu substation
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Fig. 3-16 ITI(CBEMA) chart of 10kV 2BM bus of Hongtu substation
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FIREAA R & 10kV BEZR E) ITI(CBEMA) K] H H & 8 PR AR ) S it
MR AN R 3-7 fios:
%37 ETHEELRTEIITT 100kV 5 AR Bk B TR 2 AR S T

Table 3-7 Statistic analysis based on data cleaning for voltage sag of 110kV main substations in
Shenzhen

A5 B oG B4 <BiEHE  <ITI(CBEMA) FrEH bbb Bk 8

1M 79 72 - \
b X 5 e ok X
220kV ZKuG 2AM 168 157 I 3 EPPRR L) 5%
ilif
2BM 110 102
1M 328 307
g 1 186 . PRI 49 A
220kV 2= B ik Sl il
3M 439 398 ES U
4M 79 66
1M 0 0
2M 0 0 - N
Ny . =] X g
220KV HH LG wp bk %a; BHE Elﬂjinﬁ% 46
3AM 795 779 5 (i H At HR)
3BM 0 0

HT FTI%E 1) 220KV 2= Bt L AR sl R 22 e 10KV REZR b 1) F R 8 P AR 11
Gitt T aE A . e N A 10kV3AM R B AR R R R %, H
HINFAE HL R AR E] 795 W, T/NT ITADBEMA) I HAF AR 779 K. 5
Ab, T ZZ ST 10KV 1) 1M BEZR TS 11 F19 12k A1 2BM BEZR T 1 F20 12643 7
N 2 IR VFIE I BIEE SRS (RN A PR A = FRII7 ER R AR A
AR R B AR R, AR TR, /N TAUE U I R B R A
W2 79 YA 110 7%, /N T ITI(DBEMA) I ZEAE 4351 )9 72 YA 102 K.

3.7 AE/MT

HLAE D R 2R G A ) it R Ph 22 R DA A D e R — SR S U T
FAAERRR R, FLARTREF AR T A N BENT L AE B M I B AT A R B
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ANGH R, A TCT2 RS s R S o P B Jo 2 1 1) 7™ LA

Rlt, AR B 3 A i Ve BoR IR N - fa e st s T B O AR B, DU
S Ja it — B o B B BUE et S5 S URYIHL M A SR PR 0, SRR FLRE I
W AR G A SR, Ok e P R AR AT TIRABE T, FFE I SEBr =1 0 i
BN BIETE VAT G MRORXT L, 38k 1 B iE v 220, i oy LRESEbrr
HLRE o R R R — 2D AR B BRI T AT 2R 2
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B A4E ETRIVNERERREERSIRN
TR

41 55

HLRE S B BN D R GE P ) — TR R, 1R 2 BCRGB 2 ) A
Mo e, HEl 51 R I T A R TR SR 22 HH AR SR L e A, A,
AERA IR PSR 81 25 L RE o ) AL A RO O B 0 BB

FETHINBAL A, MENZ M/ NRRESENUR g, W] 58 4R INHEadE 47 T AN 40 4R
THEEBRWEGRIZE, MMNEIERE SR At 7R AR 5. [F
I, SETHHESR P ST T (0 S N RS O . RIE, AT
B M 2 SR BT IR 5 2

ST PRI N BT LIRS AL AR TR S /NP KA VR A 4 AR S
Xt FLRE SR E TN AL FEIHTIERE e S it /NI pR B ORI P ke 1 i 1) i
AN PRI ZR 20 R AR S 45 SR A R0 ) o, e P R T R AT R
HRL s R T = i R P A S AR I SR e i, AT TR R T

4.2 FETRAFZR/DE G

421 RIHELR
gla B, gk — LT IRUE S ka8 .00, g0, G [, IR AT 4
PR, FTARE— LA PROUE A Bk 284 |, R, g, § |

h(w) = h (W) + s(2w) § (w) (4-1)

g(w) =9°(w)-s"(2w)h(w) (4-2)
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b, sw) AZAETN, WHRIET . Bk 2 ST,
We B DA G U3 SR TERTARIRD: TS h A g K R 2 s

FIEE, 4 508 0 R AUE AW A .0, 00, ) st — R4 Tt
AT — 4L 14 B IE A8 B e 241 .1, 9, G |-

h(w) = h°® (w) +s(2w)g (W) (4-3)

G(w)=g"(w)—s"(2w)h(w) (4-4)

3 4-4 10, s (w) ARHBIRFHE T, DIk, SR, JEuEEh Rl g
U5 5 PR TH AR s T 58 h A § KRB
RTHEZE B 45— AIIARE A R B B BRI {0, 60,0 °,9° | I

R RR, IR W IE A R RN {0, 0, v, TR

w(X) =y’ (x)- D s p(x—kK) (4-5)
7() =23 h°5(@2x-K)+ s 7 (x—K) (4-6)
w(x)=2>3,p(2x—k) (4-7)

PLEARKH, Xfs, iERIESR. B (4-5) TUEH: @A E, RE

B p(x) HARKAEAR, B, @ExEs Attt ME g 5271 )5 197Nk
BRSO RAT SRS TR IR QN /N (R ¥ S R B e At /B S R R PRI
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422 ETIHEHNDHFNEFAEFE TR

/NI AR e (R A SE AR T P2 315 5 Bl 18] PR AR S AT #4215 5 B A i
fiE 1, 2000 4, Sweldens %5 7EBF 74 B 41 43 i 7 Hh (KT AR TA0I i LN} 28 144
2R CRIFEA R R — 2 ORI, 2] 538 1 2 T R (8 T 45 20 1) /N8
FHONE, JFAEm RGN 18 1N LA ) BMEIREA B 40 KIS
AT AU I B A U0, 2 A R = AR 1 Se DL AR R ] 4-1 o

i v
Y ) linear interpolation '\ W +* cubic interpolation
v v,
. ' h LI '
| : U ' ; « » ;

]
f : linear mrerpohnon ! ‘ cubic mterpclatum
# '

‘II(
‘ || l" ‘

a) TE’E{E b) _/ﬁﬁﬂ‘aﬁ
K41 EdENrER

Fig. 4-1 Diagram of interpolation process

Lagrange i £ Wik . #e$y = £ (x) X8 [a,b] LA & X, HEHLES
as< Xy <X, <--<Xy <b EMHAY,, Vi) Yy o BAALE—NREAEIE N 12 T

L (x)=a, +ax+---ax", fHHiHL:

L () =Yy 1201 N @)
TR L, (x) A f(x) n ¥k Lagrange fffE 2 W, FRAx (i=0,1,---, N) AffifE

, PR 4-8 JAGfE %A, R HA:
N
I—n (X) = Z yi I—n,i (X) (4'9)
i=0
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ALy (x) = ﬁ

i=0 k_X
izk

HRHE Lagrange JifE € B, X T —DNOAIMIEHE S X, Ly, (x) 255, SR
By, o5, MR x 5T LA R B2 CL RN N + LN R EE y,, y,, oo, Yy BIZRMEAL
Ho AP =Ly, (X)), xR EENY, WA:

N
y= Z PiYi (4-10)
i—0

AR B 0 R U 2 i R — AL R AE AR 2. AR (E 40 70 1T A2
o, 952 o SRR AR R — 2 IEOR B SR BURT AEAS SAL IR A . AEAS

eI T R, A CRREAR TN X, Xy, Xy o HS REAS SN
Vi You Yy o FEHM =2m,me N NFER 8. A B AR NS RIRE 352
A, % NAERIERIBALE, W RAEA S x AL TR AR A S e A B
X =X +@+M)/2, MITAEFME 5 T P

LX) = 1—[(M +1)/2—i

~ (4-12)

|¢k

ST B AT, AHKEEIM s WM > M I, ST T 2%
DL A 45 3 S B T R 5 B0,
FRHE Lagrange Jf{E 5%, 2 BB A 7 FIEE B T KR (2, 2) « (4, 4)
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Fig. 4-2 Four lifting wavelets constructed based on Lagrange interpolation
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Table 4-1 Start and end time parameters of three simulation signals
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Fig. 4-3 Three simulation signals of typical power quality transient events with distinct start and
end time: (a) Voltage swell; (b) Voltage sag; (c) Voltage interruption
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Fig. 4-4  Analysis results of (4,4) wavelet for three typical transient events
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Table 4-2  Disturbance location results of (4, 4), (8, 8) wavelets for three transient events
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(8, 8)/Nk 0.5643 0.07092 0.7057 0.05772

H3% 4-2 B a5 nr . RO P RIS 3 K0 (4, 4). (8, 8)
FITRa) 36 B PR b/ NS L8 1 = A B B B e T R S AT b, EXTHLBh
IERS T e AL by P ATl R 58 4 — 80 (BAEXT LBl 1k i 1) 2 A7 A i i
F, WERSIERN SRR SRS, MA (4, 4) NEEIRE I E L SR
EHERKTNHH (8, 8) /NEIRAFMEN silwlE . L AI15 2% 05 B S5 1y] 5 45
WA (4, 4). (8, 8) /MNEIEXPANITH e EBA—SH oIt H1E
Xof B AR b 1) 2 A AR A B 22 031 o

4.4 AFRE LR ETRsIR A 2

X H BN L B TR FR) AR e 7 2 L e S E B iR I B AR R IR A, RAE
FIGE SRLEAS [F) B (8] () FI0 3l %o T L i £ TR0 A 300 S 55 AR 0 K 5 2 15 = A B i il
We.? AT RIEFXIX — [ R, FhIE e LA B /N A8 4 45 A AR R AR 7 VAR FL R
Th U PRGN A e v O = b R B S A B A A, IR DA LIS [RDG f Z8 A
BRI &5 R FE o

Rk B, 2 R RENLIE I A BA AR (kI (Rl 8 2h DU AT
b= s ) TR 1 S D) 18 Vo O = i P o031 Gt B v R = s s L A TR S
1M 45 RN (R A A — 20 DU RSN AR IS (A1 308 0.2581s 1T &5 BRI 8] 43 731
N 0.3215s. 0.3225s. 0.3235s fl 0.3245s, IR (2-1) A4 3| =FE & F1F
LA T & B K07 545 550 & 4-6 21K 4-8 fis:

46



B a4 FETHRTH/ N R RE SR LSl A 2 F 7T

K46 H—4Ms FHREE I EES

Fig. 4-6 Simulated signals of voltage swell for the first group of disturbance
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Fig. 4-7 Simulated signals of voltage sag for the first group of disturbance
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Fig. 4-9  Analysis results of simulated signals of voltage swell for the first group of disturbance
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Fig. 4-10 Analysis results of simulated signals of voltage sag for the first group of disturbance
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Fig. 5-2  Analysis of voltage swell event: (a) Time domain chart of voltage swell simulation signal;
(b) Analysis result of dq; (c) Analysis result of d,
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Table 5-1  Analysis result of distinct decomposition scale for voltage swell event

FFLEET [ (5) SETRT ] (5) FREERT ] (5)

EMUNN 0.1235 0.243 0.1195
dy 0.1235 0.243 0.1195
FEXT % 2 0 0 0
d, 0.1238 0.2432 0.1194
FEXT R 2 0.2429% 0.0823% 0.0837%
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Fig. 5-3 Analysis of voltage sag event: (a) Time domain chart of voltage sag simulation signal;
(b) Analysis result of dq; (c) Analysis result of d,

1P 5-3 AT 15 d, « d, 70 AT PSS 45 SR AN 5 SEBR TS DL AR 1R 2, W13 5-2:

R 5-2 A[E A RBENS HL S P S (R 0 4 R

Table 5-2  Analysis result of distinct decomposition scale for voltage sag event

FFLEET [ (5) SETRT ] (5) FREERT ] (5)
EMUN N 0.05575 0.1165 0.06075
dy 0.0555 0.1163 0.0608
FEX % 2 0.4484% 0.1717% 0.0823%
d, 0.05525 0.116 0.06075
FEX R 2 0.8969% 0.4292% 0
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Table 5-3  Analysis result of distinct decomposition scale for voltage interruption event

FFLEET 8] (s) SEIRETIA] (s) FEEEET A (s)
EMUN N 0.0845 0.12625 0.04175
dy 0.0845 0.126 0.0415
FEXF R ZE 0 0.198% 0.5988%
d, 0.08475 0.1258 0.04105
FAXF IR 22 0.2959% 0.3564% 1.6766%
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Table 5-4 Selection of two distinct disturbances

FFaaEFE (s) 5B IE](s) FREERTIE] (s)
Hean 1 0.137 0.177 0.04
Hzh 2 0.091 0.2245 0.1335
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Fig. 5-6 Analysis chart based on redundant lifting wavelet for simulation signals of power quality
transient events with disturbance 1: (a) Voltage swell; (b) Voltage sag; (c) Voltage interruption
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Fig. 5-8 Analysis chart based on redundant lifting wavelet for simulation signals of power quality
transient events with disturbance 2: (a) Voltage swell; (b) Voltage sag; (c) Voltage interruption
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Fig. 6-1 Wavelet analysis of voltage swell for disturb 1: (a) Time domain chart of voltage swell
simulation signal; (b) Analysis result of classic wavelet; (c) Analysis result of lifting wavelet; (d)
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Fig. 6-2 Wavelet analysis of voltage sag for disturb 1: (a) Time domain chart of voltage sag
simulation signal; (b) Analysis result of classic wavelet; (c) Analysis result of lifting wavelet; (d)

Analysis result of redundant lifting wavelet.
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Fig. 6-3 Wavelet analysis of voltage swell for disturb 2: (a) Time domain chart of voltage swell
simulation signal; (b) Analysis result of classic wavelet; (c) Analysis result of lifting wavelet; (d)
Analysis result of redundant lifting wavelet.
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Fig. 6-4 Wavelet analysis of voltage sag for disturb 2: (a) Time domain chart of voltage sag
simulation signal; (b) Analysis result of classic wavelet; (c) Analysis result of lifting wavelet; (d)
Analysis result of redundant lifting wavelet.
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Fig. 6-5 Disturbance location analysis with classic wavelet at distinct scale: (a) Time domain
chart of voltage sag simulation signal; (b) Analysis result of d1; (c) Analysis result of d2; (d)

Analysis result of d3.
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Fig. 6-6 Disturbance location analysis with lifting wavelet at distinct scale: (&) Time domain chart
of voltage sag simulation signal; (b) Analysis result of d1; (c) Analysis result of d2; (d) Analysis

result of d3.
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Fig. 6-7 Disturbance location analysis with redundant lifting wavelet at distinct scale: (a) Time
domain chart of voltage sag simulation signal; (b) Analysis result of d1; (c) Analysis result of d2; (d)

Analysis result of d3.
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Table 6-2 Comparison analysis for disturbance location of wavelet modulus maxima with three
wavelet transforms at distinct scale
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Fig. 6-8 Location analysis with classic wavelet for the first group of disturbance: (a) Analysis
result for disturbance 1; (b) Analysis result for disturbance 2; (c) Analysis result for disturbance 3;
(d) Analysis result for disturbance 4.
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Fig. 6-9 Location analysis with lifting wavelet for the first group of disturbance: (a) Analysis
result for disturbance 1; (b) Analysis result for disturbance 2; (c) Analysis result for disturbance 3;
(d) Analysis result for disturbance 4.
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Fig. 6-10 Location analysis with redundant lifting wavelet for the first group of disturbance: (a)
Analysis result for disturbance 1; (b) Analysis result for disturbance 2; (c) Analysis result for
disturbance 3; (d) Analysis result for disturbance 4.
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Fig. 6-11 Location analysis with classic wavelet for the second group of disturbance: (a) Analysis
result for disturbance 1; (b) Analysis result for disturbance 2; (c) Analysis result for disturbance 3;
(d) Analysis result for disturbance 4.
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Fig. 6-12 Location analysis with lifting wavelet for the second group of disturbance: (a) Analysis
result for disturbance 1; (b) Analysis result for disturbance 2; (c) Analysis result for disturbance 3;
(d) Analysis result for disturbance 4.

2 01 . . . . , , ,

°

2 0.05f r0.1006(0.09863) 0.3641 (0.02995) E
=0l 00 0% 0009y
< 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
> () Time/s
S 01 . . . . . . . .

E

£ 0.05¢ r0.1018(0.08558) 0.3641 (0-02995)\;‘ 1
g o . . ) . . . .

< 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
> (b) Time/s
S 01 . . . . . , , ,

E

= 0.05f 1\0.103(0.06051) 0.3641 (0.02995)\‘ b
[=%

g . . X . . . . .

< 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
> (c) Time/s
S 01 . . . . . . . .

°

2 0.05F 0.1042(0.02694 0.3641 (0.02995 b
O I i S B

< 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

(d) Time/s

6-13  TURFETHINEON 28 —HIAHIE AL HT: (8) PEsh 1 K42k (b) $iah 2 Kb
g8 (o) $i3h 3 Mt ai R (d) $h3h 4 B b4
Fig. 6-13 Location analysis with redundant lifting wavelet for the second group of disturbance: (a)
Analysis result for disturbance 1; (b) Analysis result for disturbance 2; (c) Analysis result for
disturbance 3; (d) Analysis result for disturbance 4.
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Fig. 6-14 Analysis results of simulated signals of compound transient events
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Table 6-4 Data comparison for Analysis results of simulated signals of compound transient events
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Fig. 6-15 Lifting wavelet analysis with the first data sample corresponding to odd sample: (a)
Time domain chart of voltage sag simulation signal; (b) Analysis result of disturbance location.
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Fig. 6-16 Lifting wavelet analysis with the first data sample corresponding to even sample: (a)
Time domain chart of voltage sag simulation signal; (b) Analysis result of disturbance location.
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Fig. 6-17 Redundant lifting wavelet analysis with the first data sample corresponding to odd
sample or even sample: (a) Time domain chart of voltage sag simulation signal; (b) Analysis result
of disturbance location.
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