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1 ERMREMETHE

1.1 BAMNBN_5E
i F. C. Schweppe % A B B4R 1 4 B A fm A%
B/AZRREMGHER(WVLS) , RENRERS
B REAESE, RUBNME 2 R RFTEz
ZEMEHFMR NI BEENSOGETFED. B
BEEBRBE™HEBRAEESH, X THEESS
AHERAUR,FHHAEARR—BREXTHRERLRE
H. REBWMEIREREMHTPRARNE6
Tz,
BZHBEHBENRENENTBERR:
z=h(x) +v (1)
KPPz RERKB M) EEMEXEBEEH v B
BRRERB BvBABENIT FERS B
EENH. EAE B REMEHEE x REBF
BRI
J(x)=[z-h(x)]'R'[z-h(x)] (2)
BEIB/M x B9E. HERERA R
AI“) = [HT(x(l) )R-lH(x(l) ) ] -IHT(x(I) )R-l
[z-h(x")]
x(lol) =x(l) +Ax(‘)
(3)
K. H(x) =oh(x)/ox REMABHBETHE
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B RBRIEERH, ZERERFS.
1.2 BRESMEE
RESBEC REZF MR D FEH
HE L GERNRGEHY B, BLFIHE
Ih o R LA R TETT WA B B P R A O R
SHRENIFREREMLHHEREELARK:
[H'(x)R'H(x"))Ax" =H"(x'" )R " [z -
h(x")] (4)
BRER «SNHEEHAINEE  ERURE
2 A RAE T, [F) K B B WA B3 A
HHTHBHEL EFERETHRTEMNZ
BEETEENRK, BLOTRENERR, X
F-RBUHESTE, BERETREMITHT
FHEE EAMNEREAEE.
1.3 RUTHE
XEAHAF (AEP) HWHEB S RET
BRI THREMGHEE B XBRARBEUR TSR
It KPR EN R, BIRETRELS
AKX, BASEEMNB /N HEMKE
REEARN BHEEEFEELH MHRALR
BE—WHRAERE KRR ITEEERITEA
FEEULBEESEARBME. SCK(7 -8]
RESHERBUMNRE BEHEUNSHESR
G A B B ) B S B R B, AT R
BEHERTBPORT LESET R BER,
EERABPNAAEEFERMARMEE KRR
B EREAREX MY REBER.
1.4 BRBHEE
pHRsEELtTERVNARREEEHR
LRERYBESMT, B TR RNELRE
BEHENZFRETHE,PABRENERERE
EHEE HTRARERSENERRT , A8
AR ALK REMITRED T EER, Bk
BRYETHE RETIHEEE, HREETRX
HREAM T AR 2B R aE, HAeXE B
B HEELZEHMNH HAEHEBETHRMM
Fﬁ“o]-
BRTERNMEWILARREEHER, EAR
EREMGTEE" H RHERNEET(PMU) 8
REMHEE MR AL %

2 BRMSATMHER

B E PO 3R 5 AR S R K
RRERN, ZBSFIFNEUHENENEER,
St HEBEMG A SR,

2.1 BFFRE

RIFMEREHR U={u,,u,,,u,l, 0%
BERIV="_v,,0,,,0}, WHEAHEL u, FHHE
EEN BT BENER v, ERHBEZEY X IF
BFER o, REE r,, X m MEENGTNEHR
s — A B E RN E R

Tm T2 0T

(5)

KR FRASH U BRE V- MERIXR,
ug(u,,v,) =r, AER o, SHERFR o, KRBE.

ARG FEN B R u, € S EN T 0B w2
E—-MUAERAR, AL IIAFNEREERE
B TFHEA=(a,,0,,,a,) , HF q(0<q=<1)
Fu, MAKKBEE FKAFMER uw, WEEEER
Y8

LM E A MERXRERE R 2 HAt, B
A ER LR B TEEFR, AT :

B=AR-=(b,,b,,b,) (6)
AP« " HEHEFBRV RN HEETF
£

MHF_REMEEER, TUENEINEER
FE u, H—BEUHATIEN  BIBTNERE
#HT—R—REH, BB —REWESIENS
R BREMGE TN LUK HEED .

2.2 EMfisHRER

WHEGREREH—RIEERER, BB H
BRUHEZAHEBOESHRNANLEE, &
Bt B MG T — AN .

(N 2EHEFEM, FRERE AN ST, RA
BERBLCREMA T E XM PERE;

()ESFHERN, EMIERERIEBES
SR EMEHBEEMEE, REEEMORERE;

) A FTHERD, Mg AT LR EK
.G EFEAR RS R SBE.

B ERFEM A XE (1] PEXEMMNE
BEIREMHERFNEGRER RE LK
MR ER” CARER AR E T s
PARABEEIEHER, “ENEN"WHARR
RETERKREMM L, S ERIFEHRAGEH
. FREFNNE NRERARARZEHMENE
R, R RIFE/RIE (Delphi) 3! A7 0 . B — &1
RHNESEFRRENTEERRE, SOkt 5
HAXFEAN_REFNE, ERE L
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Fig.1 Evaluation index system
of state estimation algorithm

3 HEMEMSESR

HEAETRATE 1% , B (H 2 E MR 120% , K5
REERFH 0% ; BMALERABNE ZHA
RENE BN REFRINTSEREMAHX

allel|m| %]+ B RAE.
8] IESRE AL AL 3.2 WEMAEMIE
s LR B L | el ]| B 3 .
gz 5] 17019 =] \2] 13|52 PR R SR AT A 48 60 U RPR 25 48 8
s |y | ([ | (M) [E]] ™ o, A AR Rk B SR B
UL UL U L] emmsomss s mik, 8 204 06 10 288

&2 -~4.

R2HBE b BERBRIRGEEMUZRE
HOHMBEREHNB A m =77, REEHs=20,8
WAAATHER, BWRE S, =1.00, BRI £
BHTURE K=40,5, f1 S, BEMUIREEH

3.1 RBRE FHE,J(x) BERMETHHRFHE P BE&iT
FABRMAREOREEMUAFTE I HRR,  BEHE o REREOWHRAH E, ¥ Bt E
B3 MARMENE I RE t, PR ERUFYERRE K3 PN

(1)4 55 R Y4 STREH 220 kV BY;(2)18
GERLG19 FREH 220 kV R (3)114 E R
%5.135 L EEAY 110 #1220 kVIBES M.

RRREAFEELSEHXTL, BHEL

HHEAEREENFENE ¢ BRS¢, =131+
12N +8m , EAMM BN _FREFEHAMAERE
HRESMEEBEBIN. R4 FNBABFARAE
ST & HEHERKRE

£1 RE/AUNEFNER-GHEENER

Tab.1 Secondary evaluation index weight of state estimation algorithm

fGitEE AERAR EMEERN W
Gk R BiEm xR &6 B ERK txW¥E FEHE f2RER FHEHR
8. ®ix) KE I ! ¥t -1 BifE] 2, YEyEFIE] :,  BYE] ¢,
WE 0.4 0.3 0.3 0.5 0.5 0.4 0.6 0.3 0.4 0.3

£2 REGTNENGSTRERTNHGE

Tab.2 Estimation quality and computation time of state estimation algorithm

b WE EAMBEN_RE  HRESmEE BUERE ZEREEE
fhitiRE S 0.4 0.65 0.66 0.67 0.67
FRES BB J(x) 0.3 44.51 44.60 42.18 47.27
EREK 0.3 2.05 2.95 2.95 9.60
W& HEE ¢, 0.3 0.15 1.10 0.35 0.15
BHE RS AR E AT o, 0.4 2.66 0.38 0.30 0.56
BRI o, 0.3 5.45 1.12 0.89 5.38
£3 REGAHEZNAERRMR
Tab.3 Memory requirement of state estimation algorithm
LAEY REMITER
HEBN XBEE! MNE¥Em BENRBSZRE HRESEER  BRUTHE ZRUEZE
el 22 22 89 2.395 1.697 1.349 1
Bl 114 135 541 2.536 1.768 1.384 1
4 REBTRENSHENYEE
Tab.4 Adaptability of state estimation algorithm
LWEY WEAG REMITERNERRE
ZEEN BB MAEm BAER RXEANMNBSI_FE HRESEER EBUTHRE ZREEE
4 4 17 B 2.01 2.01 2.86 8.86
18 19 77 X B 2.05 2.95 2.95 9.60
114 135 541 b3 4.00 5.90 4.20 -
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3.3 ZBAEH

M ERBREEEESTMAUE R, P,
FERUAEE N, B TFTR—BEEERFARNIT
B L BETREEARR SR AR B, B
ER—TEN EERRNTENER TRRAE R
BitERE, R EBRTNAGTE; “ SRR
BAENSERFARETEERERRB LSS
EFEBOANESTHER. BEKENTAE
SR, FRES.

25 WEMEMBENRLEER

Tab.5 Preprocessing result of algorithm performance data

REMITHEE
FHEE EXANNERE HRES BT BKE
N_Ferk BRE BB Wk
iRk 1.209 1.484 1.470  3.503
HEERE 2.744 0.818 0.482 1.883
HEEL 2.466 1.733  1.367 1.000
BRAEN 0.921 0.864 0.311  0.637

BWEENMEV =1{v,,0,,0,,v, ] , HP v, IR
AIA T /D Ttk v, ARFSHEE 0, HEE

ko, AIBKEES RASHERE, MA
e X 1 05 43 A R B 7 R B R K
1 (x=<a)

“(x)_{m (x>a,a>0,B>0)
(7)
HEFHE , Sa=a=8=1H1N()EHE
BEMNERORRE . EVEENAE KIS
EHER:
0.827 0.674 0.680 0.285
0.179 0.601 1.000 O0.261
~10.406 0.577 0.732 1.000
0.921 0.864 0.311 0.637
HMARBEHRERSHITHENMEMNE
K,H Delphi EHERRLERTROINEA=(4,,
Ay, A) JHEP s =3, RAMBFEHEE.
B=AR = (b,b,,b)"
{ . (8)
b, = Za,. + by, (j =1,2,-,n)

HITEBZ &R, BRZSFHER, A6

26 REMLEHMEESLARETHRR

Tab.6 Performance of state estimation algorithm in different power system

HENE REMGITEE

RGEH &t HE W &N  EEmaEs  HkEs BERE B WA

FR EE  HR #h M Tk 1 B %3

AME N RS 0.2 0.4 0.1 0.3 0.554 0.703 0.692 0.453

XHBBMUAERNREE 0.2 0.4 0.15 0.25 0.528 0.678 0.724 0.471

NEIW A 0.4 0.1 0.1 0.4 0.758 0.733 0.570 0.495

3.4 M oE KK R R,

ﬂiti&&ﬁﬁﬂﬁﬁ?&fﬁﬁﬁ&i&ﬁ%% &R, M FRE B REREMEHHE,
SRATBEMTSER: BRRESBERENEE BT HRERZ , EAR

(1) ZeA hm AR B /I = e vk 49 £ o B B 038 L
BB B AT AR RS M IO S SR iR B S He A,
MAEEE BRSARFS HEEER, &
FERTREBHREH LA REM T
QBRESBRENRAB N PR E, ER
T RBMENENREFHFELT, EEFH
WRRITEREE BOAF SRR, BEE MR
BN _REAERERR,B—FRELANEZE.
GBUEHREETBEETERALE,
WESRARD BEEEE, BREEULESR
EARBNE EMEXE BEXHRBRNERR
BIRENZRGT KERAABEFN R
HEKBEESAAFRD ENENR
W AT REE GHEEES, U8 RE N Y
MAREMEBRERNITAER, BERTFER

AR B/N _REMBR B R E  EXHEN
BERGTARENEAT BREREMNREH
AREHHEE MENHBARENGE, LR
BEAMB/D Tk hBABE.

4 Hik

B RGCR A THE ML B 0 R BN 425 OF
MBS ITER G M, I BT LB AW
MEREREHINEE REESAKBNREER
ROBRMEE AAZFNRAERAFK BRI R
GRGT X R E RS BTN S
WOBREREREE BE T HERRR, B
BHELRRENEERBERBESE A —EN
BELEX. Ay RZEM RENEREE RE
EEMH T RERNETERET -2 TN E
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Fuzzy Synthetic Evaluation and Analysis for Power System State Estimation Algorithm

WANG Ke-wen,JIANG De-long,SUN Li

(School of Electrical Engineering,Zhengzhou University, Zhengzhou 450001, China)

Abstract; Algorithm of state estimation is the core of power system state estimation. Many algorithms have
been proposed with different advantages. Fuzzy mathematics theory is introduced to evaluate state estimation.
Fuzzy synthetic evaluation model is built for state estimation, which will be used to evaluate and compare ob-
jectively those algorithms. And then the best algorithm of state estimation will be found for a specific power
system. In different power systems, the proposed evaluation system is used to evaluate some common algo-
rithms of state estimation and found the best one. The calculation results show that the evaluation system is cor-
rect and can quantify the qualitative-analysis of algorithm evaluation. It can give effective reference to choose
algorithm for actual power system.

Key words: power system; state estimation; algorithm evaluation; fuzzy synthetic evaluation



