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DETECTION AND CLASSIFICATION OF POWER
QUALITY BASED ON INTELLIGENT ALGORITHM

ABSTRACT

The power quality is denoted by the deviation of voltage, current or frequency,
which makes electric equipments not work proper. Due to the non-liner, fluctuating
and unbalanced loads, many problems such as voltage sags, voltage swells, voltage
interrupts, oscillation transients and harmonics, are produced. Those problems result
in inestimable economic loss to consumers and providers. At the some time, some
intelligent electrical devices stipulate more rigorous requirement for the power quality.
The problem of how to improve the power quality becomes hotspot in the field of
power quality. It is important to detect and analyze the power quality, which is the
precondition and foundation for improving and governing the power quality.

The concept, classification, standards, causes and hazards of power quality are
introduced in this paper, and they are followed by the traditional ways of the power
quality. Aim at the problem of power quality disturbances, an approach based on
S-transform and intelligent algorithm is presented in this paper, which identifies the
classification of power quality disturbances. For the most serious problem in the
disturbances, a method based on S-transform and GA-SVM is combined to classify
the source of voltage sags. The classification system of power quality disturbances is
achieved on the DSP and Matlab, the details are as follows:

(1) After analyzing the characteristics of every power quality disturbance, an
approach based on S-transform and intelligent algorithm is presented in this paper.
Power quality disturbances mainly include harmonics, voltage sags, voltage swells,
voltage interrupts, flickers, oscillation transients, voltage sags with harmonic and

voltage swells with harmonic. The signal of power quality disturbances is produced

Il



by simulation models, features of every power quality disturbance extracted by
S-transform are applied to relevance vector machine, support vector machine and
neural network for automatic classification of the power quality disturbances. The
results of experiment show that the approach based on S-transform and relevance
vector machine can effectively detect and classify the power quality disturbances.
This approach has the advantages of the short test time and higher correctness, and
can be applied to real-time power quality detection system.

(2) Voltage sags are the most serious problems in power quality disturbances.
The causes for voltage sags are the short circuit, the transformer energizing and the
motor starting. It is significant to identify the source of voltage sags. A new approach
based on S-transform, genetic algorithm and support vector machine is presented in
this paper. Some characteristics related to voltage sags are extracted by S-transform.
Genetic algorithm is used for optimizing the extracted feature, which can be utilized
to effectively classify the voltage sags source with support vector machine. The
experiment results confirm that this approach is efficient to classify the voltage sags
source.

(3) A system used for classifying the power quality disturbances based on DSP
and Matlab is proposed in this paper, after analyzing the technology of power quality
detection system both at domestic and foreign. The system is composed of DSP and
Matlab. DSP is mainly included sensor, signal processing, ad conversion, serial
communication and DSP system, which is used for collecting the power data and
calculating the essential parameter of power. Matlab can communication with DSP by
the serial port, after receiving the power data, the algorithms such as S-transform and
relevance machine are running on Matlab, which are applied to analyze and classify

the power quality disturbances.

KEYWORDS: power quality disturbances; intelligent algorithm; voltage

sags; detection; classification; relevance vector machine
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Fik, FENELIIRAGRETH. FHABRI, XEGELTHARENE
AT R RIE 26012 57T, RRBAEFENENREE. BARE S
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97 545 FLK 4 FIPSPICE. SPICER I FHIH KM TRARKRMR L, C
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MIEEM, B RIDEMEMNEE BRI —FAE T, FIRSEH M AN E O R A%
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T3 v R 5T SRR RE A, B (BT LA 48 38 DR PR LB TR e F
BB, T LEH AT KSR RN A AN R0k,
B0 TR B B S) I R, ASCIR AT S A0 A S 0 WL B R A 4D M
SI77i%. Wit Matlab 07 EF= R bR F% . i, FIESEE). LT 2T HE % i SR
BRAIES, A S THAMEEE R bR BRI EREA, R H BIEMX
R T B b, o8 I 40 2 43 26 30 1 LS &AM AERE AR HEAT I 45 A K, 7851
AR LB A
3.1 STk

1996 £, Stockwell 21T S ™, & &l BHNBIMITTIE, R
AN BRI 8 S i AR B B 25 A R IR I, B RIFHIR M RE ),
RESG IR A LRI FAE 5 IR S0, IS4 R 55 s() M S T e
X

A 5 o120 gy (3.1)
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T 4 A 1A R
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S AHATLUE MR MEE RN —FARABIE, BT AR AR B 3 10
ke BBUFS () gRHE X W T

W(a,d)= s(z)w(’—j;‘i)dt (33)

1
iy

fh, wHBNE: o, dAFAHESHEANBSE. MEB A EHE
B — AR R B i e U BE Mgk, B

f F
W(I,f)=72—‘;€ L (34

HREHMCAETLUEZBRNES () 1 S BH.

BAR S H R /TR K REIN, BRETR T MRS EME AR
7 s G B AT AL S, B RTE T RN BN,

T s(f) § S ZHAE R M B X(f) ZBIFEDT XA
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Se.N=[ X(f+v)e 7 e?™dv (3.5)
Ref f20. HOSHRATUHE S BHRAEBHRA:
ST, 2= Nz_l)([m'*'"]e]”n#e’z’;ﬂ (3.6)
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{58 s() % s THREGE—NELIFEE, 120 S REE, EHFIRBLRAEH

ol 5, ATRERURAE, % S HEIEIAEAE S MK, HIURRERTE A

IR R, AT B RN ME S R — SRR R AL
3.2 BEERENL R

TN RETHE DO R BRI EEARE. Bk BEKS). BEER.
RUEEF, RGP, EARY. WRERRENEHE. 23081 Matlab #
BT R AR F R SRS MR ARRAES . i ETEES R
BARE Y S0Hz, REEHE N 6.4KHz, HP FWIEBIEE, RILHEIEE. RF
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Y =sin(@,l) + a sin(Swgt) + a, sin(Twyt) + a,, sin(l1w,f) (3.8)
A, gy @ o) MHREER. SR T WA il Rt 3
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0.0 0.t 02 03 04

I @] (s)

B 3.2 A%
(3) HIEEF)
L5 2 R LR AL X A BB o 1B P T8 ) O LR R
H:




3 WRER B BN W L

y =1+ asin(fout))sin(w,t) (3.9
AF, BIEEa #0.08~0.22, SRFE)RE LN 0.1~0.5. HFE LA 3.3

Fi7R

i (pu)

T T v T
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B33 e EAHES
@) BEEH
RILE T RIGREHE BEE AN B A RAA ZHEEN 110%~190%, F4E
B 0.5:30 M. IR,
y=+a@(t-1)~u(t -1,)))sin(w!) (3.10)
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B 3.6 9EPRES

(7) B&&KH
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X 3.10-3.18 MBS IR TR ST LURIL, A llfs 5 B4R (H 2k
B R FIHEAE bR TR 5415 5 B BRIV &4 (M A AR 18 th 2 R T & A,
BA A PR ERAEEM. mEh, IR B i & N1
BB T M aR b, BAT LA o R 4500 (AL % R FL G BT P BRI R P+ T e
AR . I T LA R KR R A H AR IR B R AR MR
M2 T ULE BB R, RAE ARG BIBEERKRARS, THERE
fy P B TR AR B AR A IR D o B AREIE 5 BT £ R AAY T LA B K A
M KHE, EAEEZES. GRS, REGR, BEEAMBETET,
FERSHEH, THEORDGR T ERL S EREREBHEFRT .
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3 AR s SR K U L U

3.3.2 BEEREMFIEIRE

WL BE R B IS MR SRR R R B A3 B 3R A A9 AU SR A AR, 15 EHREX
SR E B IRRI B R . b T R R REMR e )R
B, AU S B g RPRHEE TE S AMHERA TREEAKBKAERI. #h5
LM% 4 K FF R BN R 2 Ko

(1) BEBERTHD , &R EH AT 7 FOHF 75 R E 5 R R A U
Pl . A B R R R R AR ) S E R RO, XA
RFAERAESHHAEEMRS . HE 3.10-3.18 F RN SREE &R B AMH
BRZE AT LA S BB TR I R A5 5 o B B K IR A, T L
MAERRERYT SRS BN RIS BREMHERR 2-10 KRN
WEE T LL1R 2

2 ... 2
JMhﬂi%L%. (3.18)

KA, U, U,s U, ABIRRER. 2 T 10 KiESAEEENE.

Y THD A KR, TTHIIGE S A Y et g 7t

U THD BN, TS S A UL E M. HEE P el e .

() WHMBE A, 15 AL R T MR el LT T BT AOWRE . el 18 3.10-3.18
RIEATIEE M T LRI, W TF RS Wi R ARG SRt 1
SEFRAIR AR, T E LM AR R BN E)FEIE S R A B SR 1 o 2R i Bl EL A
Ko 25 SOR 5 A6 IR B e [ B A B S00R £ 30 5 5K R A 4R 3 e BB O B AR fE 0L
WL A AR A, it H 2.

) .
l__.?(fo,i) J#1 3.19)

KA, S(f,,j) BRERBIE B BRI ESREIME, S(.0) AREERZIE

TR B B AT A 3508
RIEMERERDE N, H0.1<A<090, B EEET B2 IFEEEN

10%~90%, RAKREBLEERE; U11<A<1968, BEEEEANEEEN

110%~190%, R &KABELF: 44 <0.1 5, BIEREERA FEEER 0%-10%,
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3 WRERE AR SR

KR RIS
(3) BEBIREMET,, HAHARLHN:

U= ZS(fo,n) (3.20)

AH, Vn HIESIRLME, N ARHEAS.

(4) BBEORAEBBNKEN -, A ICE LB REN |, g 5450 1 2 b A
A K ASLSFE £ i 2e vT LUR B U BB B I g %, Fk R e f&
JREFE. AR W, R RS RE T,

() RATRU,, MERERERIESHRMS &, NSRS %+
TR R AR E S IGTER ENBIN B, FEBRKMELS, il Eks) &M
AT ELEN, BTCA AT R BGRRBL Y BR K g ARG AL E R, LA EA
AA:

iS(ﬁ,j) (3.21)

k
I
U —
o= (l+k+l)*Vn,§nj=,

A Vn AR SHRAAE, SO, J) A EARBIRE, i=1,-k(1=256, k=512)
KRB I E . "

KT L 5 MHEF ] LU P BIHRINE R, ENEE T £ MHimE
HAFTFA IR EGE R, BESSRAFAO T RBR M B MBI % 5 K H R
sHLHIIE RS,

3.4 ETEEZNBAERENIINZ

34.1 EFXBKEEH R BEERSHINZ

Tipping 4% 1 #I %< BEf) B KL RVM) B —FP BT M2 S 3, SIREN
LR DL S HE ik S B S F R B S R EBE SRR, THT®R
BMAS22, RUTZEREN, RVM B R L.

yxsw)=) o.¢,(x)+a, (3.22)
=i

Kb, g (x) DEEHBER, o, HEBIRE.
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3 WRE R s I L)

BRA TRANSIE X = {x,, %, xy OB K BIR R =0, 00 )
t, € {01} % y(x) {8 Logistic sigmoid EHE R & o(y) = ]—_I:l?_—y- , H& Pt x) R
MEFI A, MEARE IR RECH:
N
P W) =]Jolex,wi [l - oy, mil ™ (3.23)
n=1
T EEMBEIBE, BRI B 5 & 12
1. BEHMa, KH“BRTRENEw,, - BA p(w|t,a) < P(t|w)p(w|a),
FUAEE p(w|t,a) L FRBKHK wBH FLEP@ | w)p(w|a) FREKE, BIEEH
FE:

log{P | Wp(w )= D [, logy, + (-1, )log1-y)]-w'aw  (324)

tRRBAME. XF, y, =o{yx,;w)}, 4=diag(a,,a,,.a,).
2. $ T R R S SUR S B R BT B, #ER(3.24)
WMk E R
V.V, logp(w|t,)l,, =~(®' BO+4) (3.25)
R B =diag(B,, By By) & By = o{y(x 1 - ofy(x, || Mt b, X
G2)ENI GG H K, BEHTERRE:

Z= (®"BD+ 4)™ (3.26)

3. BB 8 a LA FRREH B 2):

}_1‘_2”_ (3.27)

2
Wap

new

7
a" ==
' B

R, Y, RWHFERENS i MALTE, pRE i DERTHN.
B, XFOTIE ", RYM KBIE T K w,, 0(x") o« EREEEF, HEa B

HERRK, MBLAIE K 0, TS BUR I FB o
T Z4%KK RVM, BEFHE 8 4 RVM RLHUbMEFLE S RAELE R,
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3 WRER R R0 S U

HIEET, BIEFE. BERE . BA&RS. E. BRERAEREH 9 b
RRRENZESHE. ET RVM KRR AERZ R EWE 3.19 FiR.

lﬂ‘ ERH9 (1. 0] aE Pl FHaR

RVMI RVIB RVMS RVM? eEoR

QEWH E2 SHER aFNA

B 319 K F RWM 6 & a6/ S p it 42

T RVM HIrE e &3R50 IR 3 BRI SRR DB,

(1) BEIZ

H G, M RVMI %f 9 M Befs 5T K%, WREHHETFZES, U
B 1, TR 0; SR/ RVM2 SR A9 8 Rt SEAREI1S B 17 4 26 U125,
MR M A 1, WY 0; FIFE, AT RVM3 \RVM4, RVMS. RVMS,
RVM7. RVMS, KscBLT 3w HfE R & 452 1 5 K 5.

) BEARR

KA A MA BN LR M RVM o, ARG 45 R AT i ae F B IR E) KB
HIiRA], BMBEKT 0 RARVIIHFT N FEL, AT oMER SN HERRES,
RVMI ftli KT 0 SN A ROR A hrdE IF3%05 5, /AN F 0 Xt REFEA R b B
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n, =2n +1 (3.28)
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00, 0001, 0010, 0011, 0100, 0101, 0110, 0111, 1000], IF3%
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0.0122 0.0122 0.9500 0.9581 0.0010 0.0010 0.9740 0.9972 0.0507
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AL TR 270 MIGEEAR 270 ANIEREAEAT IR, MG HIME

32 FiR4 R
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R 77 R 3L (%)
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WS | 100 100 96.66
WkEH | 100 93.33 100
WRER | 96.66 100 100
WK | 96.66 100 96.66
gAY | 100 76.66 93.33
EHEH | 100 100 100
e | 9333 100 90
Biln®E | 98.51 96.66 97.4
I E)(s) | 0.018 0.016 3.5000
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