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Transient voltage disturbance detection based on modified strong tracking UKF
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Abstract: Strong tracking filter has some problems in terms of power quality disturbances detection, such as inadequate
accuracy in strong nonlinear system, calculation complexity in high dimensional filter model and poor filtering performance.
This paper combines strong tracking filter with unscented Kalman filter and proposes a new method which is based on
modified strong tracking Kalman filter (MSTUKF). When the sudden changes of the state variables occur, it derives the
sufficient conditions for the establishment of the MSTUKF by the suboptimal fading factor which adaptively adjusts the
weights of process noise covariance matrix on the condition that filter residual sequence is orthogonal at different time. The
proposed method improves the filter estimation accuracy of the filter without calculating the Jacobian matrix when compared
with the traditional STF method. Besides, it just needs one UT transformation. Therefore, the computational complexity is
reduced, what’s more, it retains the strong robustness of STF under model mismatch. Simulation results show that the
proposed method is more rapid and has a higher accuracy detection of mutation starting and ending time of voltage sag,
transient pulse and transient harmonic signal, tracking the mutation and mutant amplitude phase, which verifies the modified
MSTUKEF is a good solution for power quality disturbance detection.

This work is supported by China Postdoctoral Science Foundation (No. 2015T80961) and Natural Science
Foundation of Chongqing (No. cstc2016jcyjA0214).
Key words: strong tracking filter; fading factor; power quality disturbance; unscented Kalman filter

0 == e TE, B RE E . Tk
- B AT KRR F g v 1 e % MR 2 Mk S A ()2

HLRE DA I(PQD)E-MAIT e 4x, o M, WL R Ge b M HL RE RSB F Xt i AT
JUERG T AR, EEAAOR T A R
EEWME: +EHIEHFEALTBAA Q158096 ; & JXTHLI RGPIE b Pl b BE ST A ) FA RHIE
KT B AAFEARE (cs1c2016jcyjA0214) SRRSO FIAT YL O 0 AT A 12> 2




- 110 - @ ERIEF B R

=&

HLAE B8N BB RRS I AI R &8 .
FaSh T EA . . NS SRS
A AR T, . B, IR RE
KD o H T H ST ARAS R8T L8 B,
11 LE R AR Bh ) L (R S0 A7 A 2 ) 5 S
P HERAYE. BN ANV SCER T AT s A
HHAT TR RS S5 o ik o
BT B By b 2 B R oy AR AR 7 VAN AR T
RIS 5 2 R o W LA K gl b B, DRt Ad
FAE N S /D TSR N ), ISP 7 2 B A A
B ST N FE, SERRE. H AT IR T
R AR A T 5 S B UM A B (DWT)! L 44k
AN (CWT) RIS A ).

SCHR[6] 157 FH B8 0/ 98 A A8 8ty e G N H
A SN G P ol 11 P S S T B U AN A 6 Rl
5 R SAR p T IA B SAR A B 1K), {HAZ VAL
AEAE RO 75 I 25 3 B0 A8 58748 150 A i AN
i BN B RER I HERA (1 E AL IR S 3h, H
ANRERAE 5 TR . PRGNS R AT
BB N Fh SO ICWT, O & RIS IE REVERf
P FLRE TR BN I R R IE S 4. SCER[ 7R T
SAZ I AE W 745 BT BE R I B AR IE AR L .
SR, ARG R/ N AR el 4 B A e ), T
BRI RAE o AESERR N AR 2 2 A vl e
(0o AT 22 BN AR Al 7 e R 2 g 2%
T TR RS IEN RS O SR AT 5 A Sz
280 S ST A RS, KRS
JEBE AR AT LIRS 2S00, 1 H AT LAZS HH %8
PERIMIELE « A0 SRR AL 7 AR SR i —
AL R 4 AR T A PR R i S %
fH, ST, MARR SN TS AR S Haa bl
TR AR IR 2 G B B BN D AR At L
ANBERG I I PR SR BN A AR I TR) 15, R SRR R
S AN e R ek & s S S E
AR BIRIE . [HR /R 2 g0 BRI A
PRI IEI T SR 1338 H B o R B
A N 20 B BRI, FRH RS E R AR
SEAR ] o PR IE YR A BEPE R R R 2 B A I PR IR e
01, HABERAmFE A I m A (W52 Eh g /N . HB
EREFUE T 28 R AEEKF LA ok ki), RS
D7 REFUUIN 5 FE v H S L BRI B — B RS B, AN
T omargett 240, H STFUR IR 2 p8 Ik 75 2 K i e
Al LERERE, TREEEOR, AR T TR, SCHR[14]

P RUKFS STRE Gt k, Pl —ppk TuTA
) 5 PR e 0 2 (STUKF) S0k o SR UTARHA R sk
il AR 2R R B VM T LU RE R, A LSRG R T %y
ERTARZME RG G 50 A ALK FE LU STFE 5. (H
EINVETAT ZIRUTA, TS HuEpARfE
IEARKEFE TP AN — 58 BEARAER S TN Wy 22 40 B 1E 58
M, RSEIRIARRE . S SO T A N B
HERRAN, SR [17785 R et 97 5 HRUKE
A STUKFH TUKFHS 73, fif ek T i LS TUKF Y2
o IR R i N1 22 1) SRR S B0 25 Py 22 B A
P, AT 2 TR A AT (7]

ASCAEIXLE LA |, AR i BRI 5 () IE AL
PRI, 254 fai b UKFER: S A a5 l™), 5
S T ORI ERUKF I 7850 4, $eth 7 —F&E i 1+
FHL BE T P s A I () ek st B B UK R VL . 5L 40
SEEREFUKFAH L, $EH FIMSTUKF J5 7% R s vk
AT—IRUTA e, (#3127 SR A, S bE e
Uf o SEEGSE R WPRZ kN T L fe TUE B
WM BEAAFRLUF U
1 SRIRERIER 23

e N TR AE L B RS

Yo = [ () +w, (1)

Zi =R () + Ve (2)
X b EEO AR x, e RTOWIREE; WE
i f, ():R" > R M h (1):R" —> R" 53 Bl Ry 2%
PERGEIPARZS 7 REFIRI 75 72 o L FEME 75w, FOALI
WS P HASKH DG I E I i (e s, L4t
a3,

E(w,)=0, E(wkwf )=0,9,
E(Vk) = 0 N E(vkv}-):Rké‘kj Zk c Rm (3)
E(wv;))=0

Kb @ MARVUER B R, W IEERFE: 6, N
Kronecker-& PRA%Y .
1.1 SBEREFIEIN S B AR

SREREEUE a2 — PR TR T RSN
FEZWi IS5 T ik, EREY R RIR 2 IER 5
(RILAE oA e R 1Y), JERLAE P, HH S I NI AR (KT
THRT Ay FEESEN TG T HIE, T AEANA]
I 2 i 22 PP AR L IEAT, k22 e A A 38U
g K. STF AERACRC G &0 F HA 1R
SR ERETE, X RADRE R A BRI EREERE ). 4



E%}X}’%

HeT R B UKE 1L B s Kl - 111 -

SR PRERE A AR 7302 a0 R AN S

D) E[(x = X (X — X )" ]=min

2) Elyy Vi 1=0,k=0,1,, j=1,2,--
Hy, y R ERA, y, =z, -5 0 SRS
BRI SR A AU T PR RE AR R S50F2) 2K
AR 2055 ZE PP VAR FRIEAS s BT AR i 0 1 e P
FE BB

SRR RS A B A LR S P B O RS
BT @ — RS T T 22 s B PRI 2 s
@ R&FAAG T © RS T 2B IR
WA T, ST E AR R

5‘/(+1|k = F;c+l|k5ek 4)

P = AP B B + O Q)
Kp =P (H By H + R (6)
X = X + Ko Gy = Zeiye) )
By =U =K H )E ®)

Ko, A, KARHREE T, LR ).
Ay =diag(4, 4,,--, 4,)

ad a.d, >1
A o=d ik ik =12, 9
N 1,
itq:‘r dk :—n r(Nk+1) o
Z%M,-,-,k+1
J=1
N, =V, _Hk+1QkaT+1 _:BRk+1 (10)
M., = F'kJrI\dekEf’l;l\kHl;rHHkH (11)
?/1?/1Tnk = 1
Vk‘*'lz ka+7/k+1}/I;[+l’k21 (12)
1+p
0 oh
iﬁl‘l‘l: F;c+l|k: f(Xk) _a 5 Hk+1: kH(XkH) _2z
o X =X, Xy X = Xk

Horb, o, AT A, BRI REL TR R AR
DU, o, B 1L BRFEF Iy, = 20 — Zpager 0<p <1
M, WEE =095, BT .
1.2 STF EMNMARNIES

RGN R 2 67, RT3 2 B 7
ZEFAIEN By o HWNTTZEN P, SRR 2 B
JiZERERE N P WS

1)kl+1\k = E[(x,., — )%k+1\k )Xy — )’ek+l|k )=

Froi B Fo + O (13)

Py = B[00 = %) = Z) 1=
EN(% 1 = X ) H oy (X = T )1+
E[(X = Xy Ve =
PLoH + (X = R )V

Pl = El(Z = 2 )Zs = Ze) ' 1=

EM(H, oy = Hy X = Vi)

(HyiFop = HeXn —Vin)' 1= (15)

H ME[(fch - X, )(fc,ﬁuk —-X, )T ]H,{T+1

H, P H +R

(14)

+ E[vk+lvlll-+1 ] =

k+17 k+1k"F k+1 k+1
HF X, - Kot v BT, A1) EE
1)xlz,k+l = Pkln\kaTﬂ (16)
¥Baa4). RASHRAR (6T
Kk+l = })le (le,k+1)7l (17)
5300 T PHLA T P T
P;l,kﬂKkTH = Hk+1Pkl+1|k (18)
H5RABYRAR(S), MR )T ES Y
Pkl+1 = Bclﬂ\k - Kk+1})zl,k+1KI;r+l (19)

2  UEHRYSEIRER UKF &%

SR R U U A AE HEKFSLIA R R R IY, R
B T EKFUE A A7 0 (W B R R BV . STRAET AR
2 R RO il 2R 8 A U TR T Bir e AL
BT, AR AR LM s Bt o et B, L
i LV e LR R o DRI E ST R FE A7 45 45 EKF I
B, R AR R B I8 H EIE B — B RS
HHT, UKFAEL RSt R S5 e T 4k e A1 2k
PERGAL, MR RGRSRRRI SR
WARRIER G, EIATHIEREY] AL TEKF,

SCHR[ 1478 H R HIUT A AR S I Le v b 4
HESE EERERE , UTAZ IO i 50 SN B 7 22 B AU
FEw FEKF, HIJow vhOfE T LUAR RS, AT SeBlLfi
o AEIRR SV B =0 TA e, AN R R
Oy 1 T R 22 By 7 2 M AR IE e o SCRR[18]45
H = R 7 O S o AR v e A ELIN By RE A i
I, PPRFUKEFIE SR AT Ak, B S
I AN R sigmani o BEG T HERAE 2 UCKRAR
DU TR0 Ty RS A R e A SO B IR PR e
JRCEE DB ACT I I A AR U 5 R DAy e M AL 3K
A, P e SESTUKFEAT T AL itk «
BEAh, SCRR[2 1195 i R e 7 R 22 W) 5 2 R K QAU
D s R T B g ZEFE R KNIl R A6 R IR 8
JED A At v S R ITMEAOW IS I FESE . R



-112 - @ ERIEF B R

SRR IR TR B T BORS, BEn
JEE AL 45 R 2k n) THOB A . [, Y
ORI, JEPA Al v 45 B = B B 22 TPt
Bre, [RZIMK. RYGUIRSZ KA R H Il —
T RGBT SO, AR Re SR K A A
PLBhIE, AEARAG T E 5 22 52 I B AR 5 M o5 B B
UFROR . PIHESDFT ARSI B B, R
AR A, 3 KIS N P QIR A4S Ak T {E b )
T . BRSO R 2. 045, 227, LS
Peshiy, Wk A=1, QUEMFIAE, HRAEY
A, A>1, OHMEZIA. H T IR AR
T ZEME— DT T R A AR AR, R EDRE S A
VTR R, A A3 o R D U BRIk 22 P S A HLIEAS
2.1 tqitt s ERER UKF R E L RTE
FET R4 ME 240(1), MSTUKF Bk an v
Pk
1) ¢ B R e 7 oy 7 2 R R @, RN M 75 )
JIZEHRER, , WGtk x, P, .
Xy = E(x,) (20)
Po :E[(xo _)Aco)(xo _fco)T] (21)
D)X T ke =1,2,-, n SEHUPIRMT Prik.
@ 1 x, M P, T sigma s 5y, (RSCRHIRHR
KFETRIG).
X =155 +((J(n+ DB, % —(((n+ )F),] (22)
@ BEAT I 1) S, VARSI %, AR
ASTINRZE D7 2250 P o
/%k+l|k =f () (23)

2n
)%k+1\k = ZWimZku\k,i (24)
i=0

2n
})k1+1\k = ZW,C (an\k,i - )’Ek+l\k )(Zk+1|k,i - ')%k+1|k )+ 0, (25)
=0

ﬁﬁ?ﬁéiﬁ(u)\ (36)~ (37)~ (38) (39)iIA M
T Ay HFHESIANEN TR K B,

2n
~ ~ ~ ~ T
I)k+l\k = A (ZW,C (Zk+l\k,i = Xk )(an\k,i _xk+l\k) + 01)
i=0

(26)
@ HEAT I B MR R e, O EAE
UT 484,

Py =By, @7)

Py =H  FyHe, + Ry, (28)
Ky =PeyaPii (29)
)2-k+1\k+l = )%k+1\k + K, (20— £k+l|k) (30)

Fa= Ec+1|k - Kk+1Pz,k+1KkT+1 (31)

Sigma FAUETHEUWIT:

. (x KPR AL
n+A
We=w"+(1-a’+p) (P AR RRLE)
. 1 X
¢ _ m_ IJ_:l‘
Wy =W, i h) (FA] FBLER)

Kb n BRERENLEL: o f A0 UKF

WIS Jor DB, W ot DB,
5 i 5o
2.2 MSTUKF RAf#iE EF I E
SCHR[14)45 A T ORUE SR PR ER DS A 1) ik 22
FPHNEAS, BMEAF 1.1 Hracft DAL, 4552 I
AR SR B K, AEAS R 20T
Pkln\kaTﬂ -K. V=0 (32)
I, AT AAT 5 IR AT P S 2
K A@RAKXB2) 1
Bc+1|kle-+1 - Pk+1\kH1;r+1(Hk+1Pk+1\kHI;r+l + Rk+l)_ll/k+l

Pk+1|kaT+1 (- (Hk+1Pk+1|kaT+1 +R, )71 Vi) =0

I
(e

(33)
MBI WAL — AN 78 70 45 A
I- (Hk+11)k+l\kHl-(r+l + Rk+l)7l Ve =0
Hk+1Pk+1\kaT+1 =Via —Ri (34)
SINHHE R 7 AR 5, X@HTES A
ﬂ“ H Pl H;+1:Vlf+l_ﬂRk+l

k+17 " k+17 k+1|k

Ay = Vi _lﬁR]HT1 35
Hy B
X
N =Via —BR, (36)
M, = Hk+1Pkl+1\kaT+1 (37)

K@ ETGH A, M, =N, AIHHLK
B AR ALHTI R -k 2

ﬂ, — A’kﬂ’ ﬁ’k+1 21 (38)
o, 4, <1
ﬂ, — ZLr[]vk+l] (39)
k+1 ZLV[MkH]

Hrp, v, A2 AR

R FIA A5, ASCH$EH ) MSTUKF &
TEALTTIH PR 7 B8 3 O i R e 7 )y =R Q
IR SAE T, R IEAS M R FEHE SR 1
PERERIIRE AL 1.1 75 rh R ER BRI SE 28 T AN 4
o PR R R AERARIS, 8 AR 25 W) )y 22
5 Q, 1AL T4 A 208 T U8 s R B



E%ﬁ:%

HET O R B UKE B LS 27 AP s Rl - 113 -

P T R ER RN AR AE AN e T DU T S
Hfaett, TRtk UKF 5N, {38k ik
VRN .
3 IEIKEERE
AN R R I R A S S O AR IA
XA
s(k) = f Al sin(jw, kAt + ¢ (40)

Jj=1
R Al jw g SRR (=) S i
(j = D) INARR L, SR AL MO IESZ By
K Ar O PAERIRG s & OOER kAR R
BCEAREREA
x, = A, sin(w,At + ;)
x; = Ay cos(w, At + @)

M = A sin(Mw, At + @) (‘D)
M = A4 cos(Mw,At + ")
2M+1
X =w,
RS A% RE BRI AR R 23 9] Ay
a 0 - 0
0 a, - 0
F=, . | H=[L01010100] (42)
0 0 0 1
. cos(iw At)  sin(iw,At)
quji ai = . . . o
—sin(iw,At) cos(iw, At)

HT T R A S B B EE AR /S, BT AR
FEPG =IRIEBG TGN -G UOE AT s,
JEPRIHERC 9x9 o B M AN M=0, HFEJ)
WA IR Y = (™) + () o 3 M AN
WAL EAL af | dg T

{ﬁd_k} _ [sin(kaT) cos(Mw,T) }{x/f’u‘l} 43)
i, cos(Mw,T) —sin(Mw,T) || x"

T = w RN B
V_’kHSin(MX:MH” cosm:Mﬂﬂ}rfMﬂ}ztz;)

i cos(Mx"'Ty  —sin(Mx"'T) || x

Xy
W EE M AU B 1 SE AR A AL VHE A ¢ =

q.k

u’\dk i U
arctan(—==) ; FEPAA f, ="E—
Uy, 2n

4 HESH
A F Matlab 320 # ULIK) HBE B sl (5 itk

TS . PUafe 5 BE B . kP& &
WSS . REESIZE H6400 Hz, HLAE TS S MA
30 dBMEGS o 5 B HURAE S IR AEAR L fH01.0 pou., A
450 Hzo MSTUKFZ I E N : RS R EVILAE
X, =[00000000100m]" , ARAFM 5207
FEREREMIUAAE P, =101, » R0 P bl Jy 22 SR
0=10"1,,,, WL EYJT 2 FER=0.001, 1A
T p=095; UKFZH&EN: a=10", =2, k=0,
A ST HE FIMSTUKE J7 75 5 4% 4 1) it PR B D8
VEREAT LR A BT LABGAIE 122 7 V1A 28500, ELAE3RRAS
FM R Zf PR BN SR EES
MSTUKFHZHAH A .
4.1 AL R T Y BE & &
T AR SR BT B A5 5 T N s 2
sin(2n50kAt) else
x(n) = . (45)
{0.5 sin(2n50kAf —30)  700<k <1400
S T B 4R B TH) 240.1095~0.2188 s,

BIRBE R 50%, AHALBEAR N -307, I WE 1(a)iT
TN I DRl R AS T SR R BB B v LU I B i
T, A T HERR M E AR PR RN R, X B E AL
KF p=1.8, HESHFE L. E1GFME1C)DHH
STEFIMSTUKFA 4 B A5 5 (1) EX 5, i A
THAAAPRSERAZN KT 1, FAR%%5T 1. STF,
MSTUKF & 4 B Z1) F12¢ 111 %1 43 51 43 701,1401 5
701,1401 . TX LW PR RN 751 REAE HbFE 78 A1
HEC LRI, 32 DR A P R RV A A iR R R R
(% ZE P FEASYE S . A T S AR P T R R
o w SCRIUFIRIG R BRI R e br . 28
PP T 0 KR 25 B b, R 2 R WIMSTUKF A 8
B T 4y 3 A2 b Bl A ) 1) 5 00 2 1) [A) 3K T STF 7
o X R R A AMSTUKF 4 LUSTF

2 T T T - .
S . . . . .
0 500 1000 1500 2000 2500 3000
(a) WU REAR
100 . : ,
50t
N N
0 500 1000 1500 2000 2500 3000
(b) STFH 4 A1
100 . . ,
50+ \ \
0 n n I n n
0 500 1000 1500 2000 2500 3000
(c) MSTUKF#iii K 7

1 BEERESRINEE T
Fig. 1 Voltage sag signal and fading factor



-114 -

@ ERIEF B R

i 2R AE BT PR TT AR FE s R BEY, R SE il 5 ks

PR, Wl 2. AR E 7T, STF

[ By AHA T 4l 2 0 0.804, 1 MSTUKF %

0.559. HMAI%N, MSTUKF 74 Hi s 85 A6 ) 58 A

Wi 7 Fof TF0) R K 5 7 TS RS AR 46 48 STF Jik
=1 EHEILEIBIRMEX

Table 1 Definition of comparable performance indicators

teki HebiE X
R A, RO W 4
e
AW gm0 oA
g, VR, KL

ANIHORIFE SR RE PR3 Yo %72l A ST I ]
TEBAE IS, RSN (K5 5 W {5 S o e e ML T

ARG o -
P RRE I, AL (035 0l K 7 5 SI2 B R B ARA T
R o ;J/J});;ii‘ HERI () BB 15 S B BB 1)
)V 22 o

% 2 WA IERNIERRAT L
Table 2 Comparison of performance indicators between

two detection methods
. PIREITIRIE R BRI R
[ioRIPARFR oilpu.  oxpu.
1/ms t/ms t/ms 1/ms
STF 3.28 7.81 6.09 7.34 0.014 0.804

MSTUKF 2.50 6.87 5.62 7.34 0.013 0.559

1000 1500 2000
(a) HE R

500 1000 1500 2000
(b) ZEPAHAL

B 2 5SS EIRIEEERER
Fig. 2 Detection of magnitude and phase angle jump of

fundamental voltage for sag signal

4.2 ESERESHM

— ANkt A T i PR

) {cos(ZnSOkAt) +0.5¢ TN 770<k <776
cos(2n50kAr) else

Jikh R A= N TRIAE SRR A 770~776, Rk & AR I
[i1) Bt Y BT TS 1) B KRN 1.4952 pu.. HLBE
Kt 3@)iras. B 3(b)h PR ELEER BRI (5
WA I = ]

ST A B ki & A I ) B P e K ki e 1

(46)

9 1.4884 p.u. HHE 3(b)rI %0, STF Al 21 1) HE3
JEAE k=813 I A FIEAH 1.5749 p.u.iff MSTUKEF &
() L 8 I B AE k=810 I IA B U 1.5093 p.u.
MSTUKF XJ Rk s o B iR R S L STF S 42 1
FRRAE, H A SR B S

2

1t 1
0
_l_ B

720 5(|)0 10|00 15100 20|00 25|00 3000
(a) ki e

1.2¢ . b

1.0 .

08}

0.6500 6(I)0 7(I)O 8(I)0 9(I)0 lOIOO 11I00 12.00 l3lOO 14‘001500
(b) FE I RE
B 3 ppES RANHET
Fig. 3 Impulse signal and fading factor

4.3 ESIE M
B RS BRI AN s, —A
AR T @ RE.
sin(2nS0kAt) + 0.4sin(6n50kAL) +
x(n) =1<0.3sin(10w50kA¢)0.2 sin(14w50kAt) 1100<k <1800
sin(2n50kAt) else

(47)
A 3 KBS 40%, 5 IKISIEE 30%:; 7
UOBPE TR 20%, 1P RFEEN ] 0.1720~0.2813 s,
BIC WK 4R, BCERLKET =8, Kl 4(b).
Bl 4(c)5r3 A STF J5¥2:F1 MSTUKF J5 A (5
SR PRI I (AR 1 P 2 RN o )
#1101 F1 1801, KA 7L RePud e £ 11
PR AR IR Z . B S Sy B A I ) A5V
R LI 5, BT ] MSTUKE 7 PR 4% Vit

2 v T r r v

) . , , X .
0 500 1000 1500 2000 2500 3000
(a) WHE T
1000 .
500+ ‘ ‘
0 . . . . .
0 500 1000 1500 2000 2500 3000
(b) STF# M+
1000 . . .
500} ‘ ‘
0 . . . . .
0 500 1000 1500 2000 2500 3000
(c) MSTUKF#I K+

B 4 ERIES RANHET

Fig. 4 Harmonic signal and fading factor



T3, % AT OOl RERER UKF B A - 115 -
power-quality  disturbances classification[J]. IEEE

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

(a) 3UIEP A
0.2} / s \;ﬁ .
0 . —— MSTUKF

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
(b) SUCHE B I i

<eee- STF L,
MSTUKF

10001100 1200 1300 1400 1500 1600 1700 1800 1900 2000
() TR PG

5 BRIEKIEE

Fig. 5 Amplitude curve of harmonic

PEHRAELIS b STF J7v2: B e tsiA B8 RS . STF
K 3 VRIS L 5 VRIS L 7 VR IR I 1 7 A5 25 4y
2k 0.23%. 0.13%-. 0.05%. MSTUKF il 3 ki
B 5 YW T U BRI 7R 22 50 5N 0.16%
0.075%- 0.026%. LK P MSTUKF X189 [
MRS E =T STF Ttk

5 it

AT R 5t PR R YR A LA DU L RE B BN
HAFERIAE AR Z AL, Bovh 73T o A i iR R
i UKF 4RI 77 %, 45ih 7 MSTUKF [1)Jife
R R T IR AR A $EH 1R FHDE D 2 B
RUPORLI T R e, AHRL STUKF R4 4 Ak
L, Ik UT A8 fe, o 7TibssE, 51
TEMEAEF- 52, #4& H %) MSTUKF 45 STF 43l
Mg BTk i AT 05 LA UE . 05 F PRt
HI TR TSIk h AR A W =R sl S AT
WK, (525 LW, X STF, MSTUKF e
DNEF AP BN IS o 73 5 SR pRE, - REHEA V1 58 A
ZH, AR . ARSI EAEE— 8 A
AL, HARERERRAS R B RA P S AR — 2 I
IS ISt B U E B VAT REE /€PN 7 7 e
LUCINSBRINATEREE /e APS IR bt S 2 SN
B30
(1] SCHEME, WiEas, @B, & T dbd /N v pd g

AR TR PRI e L[], RGO S

i, 2015, 43(8): 102-106.

GUAN Weiguo, YAO Qingzhi, GAO Yang, et al. Transient

power quality detection and location of distribution

network based on db4 wavelet transform[J]. Power
System Protection and Control, 2015, 43(8): 102-106.
[2] LEE C Y, SHEN Y X. Optimal feature selection for

[3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Transactions on Power Delivery, 2011, 26(4): 1250-1257.
UYAR M, YILDIRIM S, GENCOGLU M T. An expert
system based on S-transform and neural network for
automatic classification of power quality disturbances[J].
Expert Syst Appl, 2009, 36(3): 5962-5975.

T, ORRA, FBE, A BHUEAS S AL HLE T
AR PN BRG], 2015,
43(17): 93-97.

WANG Yu, ZHAO Qingsheng, GUO Hehong, et al.
Application of discrete orthonormal S-transform in detection
of power quality disturbances[J]. Power System Protection
and Control, 2015, 43(17): 93-97.

RLRAE, $E(0. JETT X S 45 PSO-PNN [ HLfE
BRG], F1 RG], 2016, 44(15):
11-17.

QIN Xingfu, GONG Renxi. Power quality disturbances
classification based on generalized S-transform and
PSO-PNN[J]. Power System Protection and Control,
2016, 44(15): 11-17.

RIOUAL P P, MEUNIER M. New signal processing tools
applied to power quality analysis[J]. IEEE Transactions
on Power Delivery, 1999, 14(2): 561-566.

ZHAO Fengzhan, YANG Rengang. Power quality
disturbance recognition using S transform[J]. IEEE
Transactions on Power Delivery, 2007, 22(2): 944-207.
REDDY J, DASH P K, SAMANTARAY R, et al. Fast
tracking of power quality disturbance signals using an
optimized unscented filter[J]. IEEE Transactions on
Instrum Meas, 2009, 58(12): 3493-3952.
ABDELSALAMA A, ELDESOUKY A A, SALLAM A A.
Classification of power system disturbances using linear
Kalman filter and fuzzy-expert system[J]. Int J Elect
Power Energy Syst, 2012, 43(1): 688-695.

HE S, LI K, ZHANG M. A new transient power quality
disturbances detection using strong trace filter[J]. IEEE
Transactions on Instrumentation and Measurement, 2014,
63(12): 2863-2871.

YUK K C, WATSON N R, ARRILLAGA J. An adaptive
Kalman filter for dynamic harmonic state estimation and
harmonic injection tracking[J]. IEEE Transactions on
Power Delivery, 2005, 20(2): 1577-1584.

AJAEI F B, AFSHARINIA S, KAHROBAEIAN A, et al.
A fast and effective control scheme for the dynamic
voltage restorer[J]. IEEE Transactions on Power Delivery,
2011, 26(4): 2398-2406.

WRIGE R, 2Rk, 5KW), 45, BT omBPRIERuEE & i i s
PRI B EEOR, 2015, 41(10): 3454-3463



- 116 -

@ ERIEF B R

[14]

[15] #

[16]

[17]

CHEN Xiaojing, LI Kaicheng, ZHANG Ming, et al.
Voltage sag detection based on strong tracking filter[J].
High Voltage Engineering, 2015, 41(10): 3454-3463.
F/NE, BBk, B, 4 3T Unscented AR 5%
ERERDEUEAS[I]. #EH5 YK, 2010, 25(7): 1063-1068.
WANG Xiaoxu, ZHAO Lin, XIA Quanxi, et al. Strong
tracking filter based on unscented transformation[J]. Control
and Decision, 2010, 25(7): 1063-1068.

TR, SR, B, — Al R ER UKF §53%
LA SINS KI5 A7 SRAME A4k e i R HI[T]. o
7247, 2014, 35(1): 203-214.

GUO Ze, LIAO Lingjuan, ZHAO Hongsong. An improved
strong tracking UKF algorithm and its application in
SINS initial alignment under large azimuth misalignment
angles[J]. Acta Aeronautica et Astronautica Sinica, 2014,
35(1): 203-214.

HER, B, ®RR. T HEEM STUKF HLERE
R JrR]. RO AR (A RBIERR), 2016, 40(4):
51-57.

CHENG Zhiyou, YANG Tao, YUAN Haochen. A method
of voltage sag detection based on improved STUKF[J].
Journal of Anhui University (Natural Science Edition),
2016, 40(4): 51-57.

P, EAAE, JKIOAE, SF Sl iR ERER P R UKF
TR SRR RE TR B TFHA, 2015,
37(8): 1858-1865.

LI Min, WANG Songyan, ZHANG Yingchun, et al. Satellite

autonomous navigation filtering algorithm based on

improved strong tracking square-root[J].
Engineering and Electronics, 2015, 37(8): 1858-1865.

(18] FeASt, fR1ER. Ak UKF BT SINS KRUEM AT
XAEH RN (3], o E BB R F 4Rk, 2008, 16(3):
253-264.

YAN Gongmin, XU Demin. Application of simplified

Systems

UKF in SINS initial alignment for large misalignment
angles[J]. Journal of Chinese Inertial Technology, 2008,
16(3): 253-264.

ZHOU Donghua, XI Yugeng, ZHANG Zhongjun. A

suboptimal multiple fading extended Kalman filter[J].

Acta Automatica Sinica, 1991, 17(6): 689-695.

[20] ZHOU D H, WANG Q L. Strong tracking filtering of
nonlinear systems with colored noise[J].
Beijing Institute of Technology, 1997, 17(3): 321-326.

[21] ALRAWASHDEH H, SUMADU J A. The Kalman filter
performance for dynamic change in system parameters[J].
International of Electrical
Engineering, 2013, 3(6): 713.

[19]

Journal of

Journal and Computer

YrkS EHHEE: 2016-09-07;
EE &I
F O%0981—), ¥, #HtE,
e, ez RkERr%, 125
wangyi81@cqupt.edu.cn
) 48 (1991—), F, AL, BAG 6 ARG
BIE4E A . E-mail: 1367805879@qq.com

(%% 2#m)

{&EI HH7: 2016-12-25

BHIK, ARFEANT
> A5 4 3 ; E-mail:

SRS



	DOI: 10.7667/PSPC161472 
	基于改进强跟踪UKF的电压暂态扰动检测 
	Transient voltage disturbance detection based on modified strong tracking UKF 
	[21] ALRAWASHDEH H, SUMADU J A. The Kalman filter performance for dynamic change in system parameters[J]. International Journal of Electrical and Computer Engineering, 2013, 3(6): 713. 



