26 HE 111 € 0 & & i 8 B Vol.26 No.11
@ 2006 &£ 11 B Electric Power Automation Equipment Nov.2006

AT A 5 Ad o R
L ‘%‘ Iﬂi 'Ik 7TUN ﬁg —H‘

wEEm L2 xEx 12 Bl A2 gEAI2
(1. EAXF LA THEFER, €K 400044;
2. ERKRF S AL IHBAKFTIHRELERT , FK 400044)

7] & ¢

WME. A% DR ERLEBHF ERITHBRKEMETE KBRAEMNERAFTERTHNET, RE
KB AKX BGBEERFTRE LT HERE HEFTX RATMNEXAZALFAHH, #
h—FATESTHAEINETHRERSE T FAEIRKTA AT B EABRRSERIT T MY S
% TAERERSIEZSTUMNFEATHRAAKE T BRT M ETLGEL, YL IEEE 30 7 .5
%...emwu,z%m Bl EHFEMNZTIRNHEER AT ENNEALE, 5 A Matlab & T F 4
45 (SVD)M R DK EHBRFHTHE,

S REA, A SVD Hikst 247k REME

NEHRS. 1006-6047(2006)11 - 0028 - 04

BRARLH
XEE. Wk, RIZFEKRSMET, BFHAENETEL, FRIEASHE
RESES. TM 711 S ERFRIR AT

0 58

HAORSGEPIEEREROEC 253

R ERREREE N B K E‘J HEERE, T

EENFCEE KMEEME—-TTHHE
BE 7 B XF e P A ) 3 U ﬁ?é%u‘“ X ]

7 :TRIN

R, X
H, X

AVE IR B BBAHEAT R BT AL T hﬁﬁk—ﬂﬂlﬁiﬁ g, Y

0 [ R

T BOIR S A BB 2 BT R RO A BB B AV IR B AL

20 42 80 /UK Heydt LA RELRSM 1T
NEF T B RS B TRBRESMAITHRE,

IR EAELAD, FAEER, B,
WA P.Q.U T AETE
X AR AR m? 3 B,

FELERBIATRENKE, FENBNRERE

e[ 2

a. TERBE BREERRSE R EHRAE

{E R IE SRR
b. RREITHEMHFEEHEIFMLHT

c. B NRER-TRALEFH=MNERS,

*1%‘&%133$XEX717£54%¥U%

TR P Q BLARELE 9 B W B # 4T k-5,

, B LA
i H.

Ny Eﬂﬁﬁﬁk%ﬁ@ﬁﬁ:*ﬁ%%éﬂﬁfﬂ:%
EXHRREST , EXRIEL T HITREM T, FE
WMEMHBTRSHFEHRUE, ZT2REMERSR

(GPS) By #H B U & #.5T (PMU) 3 & £ AR 7]

ISR = HIEE B E B/ Es), mE

LA 7] B
2 ) irf

BIRZE /DT 1 ps, TUNRAE P EBEFGERESMAIT

AR AR R

W B R4 .2005-12-28 ;16 B ¥ .2006 - 04 - 25

1 RGBS T

EFBR/DN_FENERIERRESMEITREENT
BB,

l_n'

Zh)=ARXHR)+E(h) (1)

AP ZAWHANEBHME AN AVNEERE . XKW)H

TR RER B, EWINBRSME A KR

BRI E,

MeEdERAMENESHMATREMB X
A INBHET R RY SIBB R E, WA 3HER,

a. BMEETRENEEBER I, TaBE
Uy ST ESFHRERE YWHERA

In(h) =Yy (h)Ux(h) (2)
b. BN &AW S HENSE
Un(h)=1Ux(h) (3)

P T ARMERE,
c. BN RN ERERERMNE I, WA
HE U SENEE Y NHXERN
I.(h)=Yx(h)Uy(h) (4)
P Y=Y AT HP Y AR ESAEME A NRE
R
2 BRI 1 157 A s B TR 8% YR 50 B 18 hn A EE I P
ﬁaﬁﬁikkﬁﬁm&(ﬁﬁa o B 2 0 B T L o
REBBLERE BTFERIFEEEZTRER, B
7 10~ 50 mﬂﬁ?ﬁ@ﬂﬁiﬂﬁ%ﬁ 13 R LBk
E2LABERAN AU ERXRBENERT EHFT
REA VB H AR %:Mm B BE A% 5B 4 b B E B ) A
i R A& 2
mﬁiﬁ(l)mﬁiﬁﬁl%mﬁﬁﬁﬂﬁﬁﬁiﬁ 73
RER (P RS HAR W EE RS T
BRI el e FTARDRE H AR A TR RIIE &




118

BEE S ETHRESBN BN RERBORSM 29

EEE B AERXN T SHEJESRE 2 f . IR IRE
AT EHBE Uy, MAJEER B RE AT S HBE Uss,
B, X R A RN Iy, M Iy, BP

Uno ] Iy
Us=| g |+ D= ||
Hp I,=0, M)A AT A

Ino Ynonvo  Ynons Uno
= 5
[INS Ynsvo  Ynsns H Uns l (3)
Al A8 E) .
UN0= - Y;:JNO YNUNS UNS (6)
Ins=YnsnoUno+ Ysns Uns (7)
KA (6)(7)A18.
Ins=(—Ynsno Y&LNO Ynons + ¥nsns ) Uns (8)
NB#EX(2)4) 15 .
Is= (Yysns Yin ), (9)

HAXNFRENMENBRZMS , & T A ERE
X B ER A K, Fr LAXT 37 B m%ﬁﬁa i B ) &
R SEPRAI 4Ty, 720 2 3850 ) 32 B B T &R 43
FH R EEBRER , BEXR6)(8)(9) 3 MXFEE
BNV RMEAEEBER URETT S8 S
e 14 3B 57 B B 1B U LI

2 EBCRSAG T BRIk

2.1 —MKRBEAHE
MR L FNEREBERTFREZEHNEE, A
BERITTRME N RERET 20 WA, 5 &
ATA REHRE U H— BB T ERE,
T FER Z=AX, %1 I /D LR BER .
X=(ATA)'A"Z (10)
HE NTKNMESSBMEEzERZE L, mAN
BHASRL, '
2.2 BARESM(SVD)
HAORGRESEBBEHEBIAENDLERZHEEENA
Mg, —M], — 1PN RERE R MR, A BEHAT
RS L% TGN EHWELTIEY
ﬁﬂﬂl%iﬁﬁﬁﬁ?lﬁ SIEH RGEAR] WE BT, tizz*dt%
UR(DOEKESHE A™A BT FEH, BT LA
I EEFETRAM 0, B SVD 7:?%‘%‘3'1* /rEIJrHT—I
UATEX RS ﬁ‘_IXMﬁ!' KB imMCIER RIS
B A ] g
SVD LT & pr R, -
A=UZVH (11)
AR DPHERE(mxn) ;3 3 H B (nx
n), RTEBMRTETFE BEMEHWNETRHE,
B2 ATA FIEEBIER LT RE; U(mxn)
M Vinxn)B A BEHEE.VE R V B Hermite £
% (nxn),
B SVD H ik, ATA FRHNHNFRZ=4AX
73K & ] 15 .
X=V3'U'Z (12)
MR > TLRBRTFZF AT LIANRER
G R7T 20 W, IEEARESMITEREERND,

j -

;T;Qc:

3 {FESLE M SVD BELH

3.1 {AEXE

M 2R 1EEE30%=3%§6 THEH1~30% 1.2,
5.7.8.11.13 16 28 A EEHEIEE AN &, Hik
AR IBEFEREAT A, X, H%@J%E@ﬁ%
&2 A EEBERAY SWEFEREE, 23k
Matlab 12T SVD W&/D ZRMITEBFHITHE,

&l 1 B~ A IEEE 30 "R RGE , HHF 30 1~
RBPEFEER) 4 FPREEXH,6 ZBRE
AX (6 MHLIm e Al A R Bl ), 26 4% A fa S BR
(26 M), 4 N EKTTREEERNS AEANHEES R
TRAGHE,

g 9 3 g 24
40 ji[@l_glﬁ{ =21] 4 03 |#
17

) T, -
| ()2 JI 38 —
37 39
*_|® 30
1 IEEE30 TR R&EH
Fig.1 IEEE 30-bus system
] Matlab BEHULPRRAEFEF , WA 1 s 1%

Mgk m B R] ERMRAMIERAET A 19,
sz%ﬁ&A%&%&%m%Emizﬁrw
FE R KRB .

800 SOO'I
2 4 6 8 10

(a) A 19 (b) K29
H2 TRI19.29FANFEERSTR

Fig.2 Injection of harmonic currents

into bus 19 and 29

HEERUNE I 4 (BFR N, T HE N,
F RS LR 1~ 4 4 BIXTNE 3 .5.7.9 (RigE JEF) .
3.2 SVD ®i%

IEEE 30 WA TR REAR 26 M AT 9
MTERIBEERY A, AF—BREMITHUESR 30
A ABEEENER 41 FEEHBIE KRS RN
B 6—74%5 {JE}:%%{E:H MME 26 7577 7 3% B L
& 3t 103 ME, BB SVD B, ﬁ%wﬁ%}
fiﬂﬁﬁ@}%‘& F, ﬁﬁﬁlﬁ;ﬁﬁﬁ? SR R AT O
b, IR WIE 5~7 B,

T 400 F
Wty

0 1 | d ] | 0




¢ 2 @

¢ L & & % 26 %

1/kA

1/kA

0.6

0.6 v~

0.3 q.-—*"

B

B3 &#PRERBE

Fig.3 Bus harmonic voltages

4 FXBIETAR

Fig.4 Branch harmeonic currents

BHsS SVD BT RIBEBREMITE

Fig.5 Bus harmonic voltages
by SVD-based estimation

-k

- “"

L

e

4
)

!
f

¥
’

—

- LY
-

oy

A
i

!

I
|
|
|
1
]
-
I
|
]
]

. U

¥
—m G A e e mmE e —— =
fy

!

e
r

— e e e o EE B o omm ol = e o o = = o o a

01
B 6 {5 IETH N K BRI RE

Fig.6 Injected bus harmonic currents
measured for simulation
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Fig.7 Injected bus harmonic currents

estimated by SVD
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Power system harmonic state estimation based on
-singular value decomposition
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Abstract: Traditional and advanced LSE (Least Squares Estimation) methods are mostly to measure
harmonics asynchronously and then to solve the giant overdetermined linear equations,which has low
estimation accuracy,tiremendous calculations and measurements,and high cost. A harmonic state
estimation method based on synchronous phasor measurements is presented,and ill-conditioned linear
equations with complex variables are solved by the CSVD(Complex Singular Value Decomposition),
which makes the estimation still effective when the system is partial observable and reduces the
measurement redundancy degree. Taking the IEEE 30-bus system as an example,branch harmonic
currents and bus harmonic voltages are synchronously measured with phasor measurement units.
Simulations are carried out with Matlab and the SVD-based LSE program respectively. Results show
that the harmonic state estimation based on SVD reflects the system harmonic state more accurately.
Key words: harmonic; the least square estimation; synchronous phasor measurement unit; singular

value decomposition
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