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Abstract

Recently many studies have been carried out regarding state estimation problems in
an electrical power system. However in designing a dynamic state estimator a difficulty
exsists ; namely the formulation of the model for the time-behavior of the state vector is
problematic.

The authors, in an attempt to grasp the tendency of the state variation accurately,
introduced a trend-factor into a simple dynamic model proposed by Debs et al., in which
they considered the change of the state vector as a Gaussian system noise. This tech-
nique, proposed by the authors, has a drawback in that the estimation is delayed when
the tendency of the state vector changes suddenly.

In the Kalman filter applied to the state and observation equation, it is well known
that the innovation process defined as a measured value minus a predicted value is a
white Gaussian process. But when the tendency of the state vector changes suddenly
the process shifts from the distribution caluculated theoretically.

In this paper, therefore, for both cases of using and not using the trend-factor, the
innovation process was detected to obtain on-line information as to whether there is a
gross error in the state equation or not. An example using a 5-node model system shows
that the correspondence between the shift of the distribution of the innovation process
and the deterioration of the accuracy of the estimator is clear.

Lastly it appears that, in the practical application of the dynamic state estimation,
on-line judgements as to whether the trend-factor should ke included or removed become

possible.
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HSE ek (Weighted Least Squares Method) 12445 < BAIREEHEE ©H B Y 25, H:HI
R BT ABAICICLP AN E S, —FH, SBROBETH HHIVIREEE L
K OPRALNTHBYY, HEGBEOHREEZRICANALS L 0 BBESNEIN, ¥
IS — 22 R (Redundancy) # 0 8 E Ui & & EFLEA L LY,

BHARFEO BB, RELHAAHAUELTHD L ZADAMATNC X hkEX
A7, EMEBTENEZES PR TH L LICRBERER 7 ) v F il i)
B B D, T, MEARTHT B F AL 5 T 500N RERMETH B2,
Debs G513, REBAROLLBEL RO E L THEBEL, H 50 S0 KRB AT S o IRAE M
DAL M »7c b D EFE2 ATEELREL T30, LarLZoP TR, REEHOE
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WEEHERE Y, 7)) v O a b a0 REEROBMEEHEET 508 % & > T b5, BHAKD
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T I CELHFY, HEOREHE LSV EL 2T DEN, 70 v FHoEEE T
HETFHEOMA B & L, Debs IKEDFARALIT Trend-Factor #BA LKLY, D i .1~
Voa VARG L Y, KO L S e R T HF o T, o F 0, RIELER O A A
B AEENAES & LRI BN EETH L, REXTIX, Hr~vv 7 44 %0 Innova-
tion MFAD FHMET ALK LD, AV IAVTHADSERD e LW IFRBRELNEL &
YL T 5, M, RO EGTHEOREYRIET S &b §, Trend-Factor %
NI TFHRICH L CL B ETH S, BHBECHTEY v —v a VEBRLALETHRE
T5,

2. Trend-Factor # AW =#HKEEEDER{L
WREHIITXTo /7 — FOEIEORE I EMEATH D, N EBRARMICHL T
X = [Vb VZ, “ee, VN, [}2’ e O(V:I'F ( 1 >
feh n=2N—1) RIL~7 b A TH5D, i, /—F LIIMERRTH Y ZOMBALETHS &
T5, ERREBEROEM X' 1%, $ATAVY G x L7 ) v Fy X LGB Ih5,
x! = x+x" (2)
THRYIREEEE L, x TilVe x WL TRITEhD, P L% 4 £ L HROMMBRY
zm%H@w@+gmoKmﬁ?éﬁﬁﬁvfw%kf%bu REEBOERCHL TRD
I 3icEFAALT B,
X1 =X+ CptHw; (3)
Z =T Trend-Factor e, V1 (k—1) Wi & k B ool G (Ho B AL, W& x> & T
HT &
ckz[ﬁr—xb{yhdﬂn_l (4)
b, XROMNEL we ik v AG xR OWBERS 2 PATHY, KOL S KHETHEEY
FoboeRETH.
Ii{um}::ﬂ (5)
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cov {wﬁ} =E {wk w'/{} = Qy (6)

Efwal} =0, k= (7)

@zMWM&%&ﬂ (8)

i m:u\E dlﬁ ’ (9)
DO A, RIEEHOBLEAN 2 LA 4 0 i BROBHTHS, FRMT i LBFEO S
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Trend-Factor #EA Lz &k b, RELBOBENKELEEC L wr &/ X fEic(f
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WCBNERII m BIE<2 Y vz TEHENS,

z = [Tij, Uiz, Ki, Li, V5 etc.]vr (10)
22T, Ty U2/ = Fidb s = F j~ORBINENHCH Y, Ky Litk/ —Fiic

K HEDEHTEATICTH B, REEH x &z OFGHRE, Bl BEry m KL~<7 v
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2 = h(x)+v, (1D
BBl J7 N L vRE A, Re) i o ROCIERIPIB N 7 L LT B, XM ve ik, KO X
S50 g AN ik omafEEo <2 r v ARET 5,

E {U/:} = (12)

cov {vk} =[ {v;;v}f} = R, (13)
E{mv?}:o, kel (14)
R, = diag {024-,1'} (15)

Ora bt R WEE L HFHOBNMEDOBEHEEMTH Y, Xo & w, ORI n&ET S,
e

@f?«jﬁ‘:ﬂl Xpr1 = XptCrtws } 16
WA zen = Rc)tor
RO E AL~y T s 2O RERT LI VBB R, Ko—llo LD,
Rpgrz = NptHCr (17)
Pryr=Pr+Q (18)
Gipy= Py Hi [Rk“l‘Hk-H Prie H%H:I_‘ (19)
Rpa1 = Xzsp+ G [ZA--n-l“h(vﬁ/.-+1l/:)] (20)
Py = [1— Gy H£‘+1:! Py, (21)
Xps kO HEEE Rppre; (RH1) Mg T-JIE
P, HEEMESL S AT Py TN BIT5
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BRT D C ENMEERORGEILE I D, O O Cm G oM E il & 13Ny ik (Minimum Va-
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J=E{[ti—x] [} (22)

Lk T FALVD YL v— s VTELRREBEEMY X TEHT &, 22) 1

J =B [ =F0—ee—%0) | (80— F0)— (0 —F0) ]}
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3. Innovation ;Bi2DKT

A Bz i~ 72 Trend-Factor ##E A4 5% 7 /L
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Tiobb, F5 2 MR B 1S AT~ o BE % Eﬁ//
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E{n}=0 (25)
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L7 L Trend-Factor ®FiC#HERH B0,  HEEITIT (25), 260 X045 ix L Txkh¥, 4
R O BER N EET A OEEIIREL D,
T NTO L T, kA X D Innovation SRR HET B,

e Zaos,; (27)
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1) EFARBERIERLIZE /7~ FT75vFRTHY, HERBIZ/ —F1THS,
FEEEHOERIELVCRLTHHH, XIR L3 Llco Twb, i, SEELOARIRELHL
Twb,

2) RETHIRHEToRE X LMHEATIMETH Y, BINERILE /) — KISk 5EY
$ERDEA TR & R TEMI A R 1T 5 AR IR B EIET 38 M & L,

3) REELAHERCBEZEROEME, HELLARMEEND» v AW A F A L5 Emat
H® TR,

4) R & RE L - EIHEE R U o B R A M A B0 IR BEL A CRUBE L, BN
BB i L CERME R ERL I,

5) BAEIREE:S T UARBECRE IS L O (Snapshot) & U, B&fx 20, & 3 2 v
— g VIS — A 20[BIFT\ S F O SEEHEEE A R o, i Innovation @B OHETAEE L 1T - 72,

(rad.) [ >

o

B3 = 5 o R #H

1.06
F1 BBR7FizvA v
(p.u) M
. . FEIRVAD 0.98} oy
77T J o~ F iy K &= (p.u.) ki . . L )
~0.02 ©) =FLC
1 —2 15.8114 P =
2 13 3.9528 (rad )T P
3 23 5.2705 “0.10 Vi
LY
4 2—4 5.2705 1.06
I ———
5 2—5 7.9057 () ) Vd .
"
6 3—4 31.6228 098;' I |4| 1 L1 1 2
7 4—5 3.9528 S 10 15

M4 REEROEHz 7L
4.2 REEROEBHETIL
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3) EFAC—eF A B L, & 10 0FE TP LT, bl Vi ko TAH
b, '

#iwe, Trend-Factor B UARFEL, ThiaB I RKOTEDOW I Ty I av—2a vk
TFotody, WHxEFAL AL B, BEF3e5r AL Crivi,

Raoa) R THML L5 ZDEF A Cll, V, DEBZEEINM / —~ FOF i T
NE s, F 2T VS L Tk Trend-Factor % E B L 7eh »1c, O F DATFHEOERS 7 %
RO LS CEELE2BRD,

{xk—H,l = Zp, 14 Wi,

. (29)
Zr41,4 = T b Crit Wi, =2, <+, 9

N, RELAEOBEMDE r b, 72O XN THEIALED 2L Lic, M, =F a4 Bkt
LTh r LR CH B, —TTEROTEDOERTBRLKRANTH S,

Xpp1 = Xp W (30)
rix, EFALATTOREFOEFHMLALY, 740 CCREIOKREE COX A/ E L

2 v ial—vav O

REEROEY | = 7 o4 A e 7 o B e 54 C
Trend-Factor o454 | XK F [P Wk o Kok N F b7 ok o Jiok
E /1| | R #* 3 # 3 #* 3 # 5
9} #  Trend %3 — # 3 —
om e A % # 4 # 4 % 4 % 6
- T (29) 5% (30) 3% (29) 3% (30) 5%

i, 5% 5% 5% 2%
w 1.5 3.0 1.5 10.0

£ 3 =Fa A, BiowdsaiE

WIED K F X (p.u.) ] A JiE] i (rad.)
s b w10 HE E E 1 # W Trend o HE ' # M Trend
1 1.05990 - 0.0 —
2 1.04117 —0.0012 —0.03812 —0.0019
3 1.01847 —0.0024 —0.06909 —0.0035
4 1.01729 —0.0024 —0.07374 —0.0037
5 1.01269 ~0.0027 —0.08581 —0.0044
&4 =FaA Bioxd s wmildiai &5 =7 CRdBHIE
79 o B H fis /=¥ |BEOAES (pou) f2 M (rad)
|
BEOKRE S XBEOKF = 2X10-5 . 1.05990 0.0
WEORE S XM # A 1X10-8 2| 1.04214 —0.03641
B faxdr M f 5X10-5 3| 102049 —0.06597
4 1.01934 —0.07041
5 1.01500 —0.08191
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