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Current situation and development of the methods on bad-data detection and identification of power system
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(1. Shenyang Institute of Engineering, Shenyang 110136, China; 2. Shenyang Ligong University, Shenyang 110159, China)

Abstract: Power system bad data can reduce convergence efficiency of state estimation, even can result in state estimation failure. This
paper firstly reviews the current situation and development of the detection and identification of bad data from home and abroad.
Then starting from the chronological study and categories of various methods of the detection and identification of bad data, it divides
it into two categaries, which are based on the traditional methods and new theoretical methods, and describes their differences in
detail. And the characteristics of each algorithm, as well as inadequacy, are analyzed. Finally, this paper prospects the problems of
worth studying in this area.

Key words: power system; bad data; detection; identification; state estimation
g 3T TMTI SCHRAR RIS A

WHEHT: 1674-3415(2010)05-00143-05

KIEERGRPNZ REE, KBUMHERR IR RAT £

0 35l5

H ) R G A R AR R, H Ty 2% R 45
A AT A AR AT %, AT HLRE ) i
LI AT Il SEVER PR I T S A 2R, Xl
R, I A S SR AN E] D — 3, H
SR ARG T ZHEA S G, JURER,
Jon b T A A A D DR, DA ZBURE I I e A A T AN
R (R Y, ) R G AN KK T RE
SO L S A R I P, ey ) R 4T
MIEH AT, R BB A B RGN % 4.
Pl 4 TR REIREE 7 4is T, AR
B PR b PEAT A AR R E LR

PR AN W Kt 5 (02 I R 3R 22 AR ORI
o A REGE RIS UL ) R GUIRS AT
LYfeL —, HINBERAEIRAPIRS A THE LA

EEME: AMTemN Y54 ZLFREHRAA
(1072032-1-00)

P AR L DB R, DABR meIR S AT (1
SRR SR T AN 2 2 IR SO, Atk
MUK B DU BB N 18 T, IFES
HL R GER i, AERIE AN R EE A 5 R
AT T KRBT, €4 010, A RGN S
HEIX P 5 TS 7O R, ARTATS A AN i)
RAFENZEME, B B RGBT K,
HL ) M BEAAR TR AN T ) T 3 ARt s AN R K
(RIALBEAT T B (U ER, Alp BLE HUBT B AN
L, D SRR A T AN RS (R S R U A1
T fE ARSI LTI R A R A A D5 R B
WREKFEIAT T 5018, IFRNZ ST
) AT R 2 o

1 FREGERARIK

AN R ESCHE FRVRS WU 55 9 O RS A T 45 SR IE
PR R OCHEAEH], Rk, — BN E A Aha BTk
FEM UTHA, A I O T B ARy v i



- 144 - N EREFEBH

AR TN T ISR N T TR, X Rk a
MR ATEL . BRI BEHLI SRR 4L
P P EREUER . AR T ERAR K LA E 115 R
XA, A TS SR IR . A
Pl A5 BT ARSI . ARG, T2, Hdl
FEIRBOR B HUR RN HAE TR R G,
HRAEAS R EE O AE P EEL TR 2 (KB 5 A
Bigs Hir, ARBIEEECLM—DATR
A, EASNEZGE T 2R KRR R
Jriks REG AL

(1) ALGEMIAS R BTN 7 VEAT H b pR B AE
Rl DB ZE Ry AR BARAEALIRZE R, A6
ML MERRAATIMIESE . ALGHIA R AN
JHEFBAT AR R AR IRAENITE . T 22Tk
(RIR SAt PR

(2) FHRE A G5 ¥ — S 37 B RoB 7 vk 2 A 3k
THAAZI BB MM EE. BRI
P BRGTHES .

2 REMA REIEENSPHATTE

EERAR G AN R A I 53, STHRR[3THE LK
PRy P S A DR 0 S AR AN
XETFIETIR, HW, (A ILERME, AR A
R TSR AR, AFLEREL CHP S5 gl A
TONAS BEHE) A CEV A a5 il A
HRD TR T R, T SCHR[41 BT ) STHR[3] 0 7V 1) ik
R B I SRS TG &5 Aok DL s IR L 5
T HE IR T AT AR I 20 g 2 £ M AR
ELAT— W 2 ) A s v RE, SCER[STwRs ik ST
HR[3-411 PR Tl 7 V245 Gl RAEAS [ B S PR AH B
(ARSI 7 ¥ o

o 2 AL ) S A B MR 22 A VA 45 A 1
Jiik, ekt oA g, P BUEEH TR, Jf
7E IEEE118 715 sl 2 AT T 30AE, %7745 R
UL 1%V S IRAFAE S AR S (PR A, MO
T IR IOAE DL, A RS I AN B, R TR
BAGTREE R EEME.

TR SRR HRR TR B 2 Ry, B A
IR ZE Ry AN RFAEAE, RIS PR, 4%
W — 8 P EAS ACTEI e — AT THRAE, AR5 0=l %
BREAT “HESERIE " 1 24N . 1979 4, 3
[ SCHR[7-8143 3 A a7 M4 T AN KB f Al )
Jiiks, nHTFZ2AA REAR 4T, XL TR
TR B ARBA A EE B AR, {HJR A AR
— B o SCHR[9-141 T AR 1 J7 V2 R 36 IR B s it 2 1R
AT g TR 2575 Y RN TR ZE M RIS, AT 36 Fes A

MK, fEHIZ A R B s 0T, Al H XA
TIRE R AR HFRILE, m T HHRRCR .
H T3 LA R A HE R SR AR e ik 22
TiRE, HRRE R S 2 YORS AT, R
TR WANR G AR ZTTRE, IR
FIBUREH BRI 7 AE R SR ANV HEL, T R
PR s e B, RGP VAT S AT AR K

SRS N [P AN = AR Gl b WA r st AT
50, R TP A MR . B T
DA 22 5 W00 P 7 V5 e AR v e 8 PR AR
B, RN TIEAE, HERARE, HETIE
DB 2 AT N 77 4, T A e S ks ) 55 R A i
ZAAAHRA R, FH 38 25 55 B 00 7 R A R
B 1E R BB EARAS RS, bR 1207 VR T8
EERFSCHERIT0TH B AE kAL, N PUE GivenS
AR, KD N 2 A B R AR T, PTRL
FH 8 25 e 250 19 B T ADUAORR TR AR ZE 1)~ 7, A7
TR ZE RS . SCHR[ 19130 5 43 A7 012
FERIHRZEIISE M R, AT J3 i e e 22 () AL A X
B, DA R4 R G A IR RS R 358, FH Ry
B HEAT AL R, HFG VH R EOA & )5k 2 R
Mgt . RIRXTEE T DA I sk 22 7 v il deadt, e
MR T %7k SRR Rk

1990 45 5] 2 5 AR A pa 3 4 NV 0 i
PR R 2 A U AT TR R, R AR 22 B
RN R FR,  FH BRIk 22 R 0B A v 5
T EARZE AT, SKAT IS A PO SR8 A S A
AT T Gk, BRI R A T R,
F et 38 A 77 ok S0 S 22 (AL v-{E, 43 mT
SEM AL TR, ATEEE k2 R
FEREICER, WATEERAG T, ROk T 5o
J o Mili 2 N ORI B 3 2 2R A o o
W ZE AL R, PR TR R 5 A R
(hypothesis testing identification, 4’5~ HTD)) 7
%, JFREUEIIIZ SR ZEM T AR, 1991 4
vemPatiN %5 N\ PR ] 1E A8 45 4 44T b B 5 1 9 418
FohF SCHR[9-10]71 ¥ HTI J7vkdEAT 1o, HTI J5
VR B ) SRR R g A AN R IR A N AT SR A
Yen 7RSI ERGE . ARG AL 4 ] SEE
(A B S A PR T VR
3 MBILEAREUERNSHHIP IR A

AN R B 1R A B — F 2 RS T % N S
e, JEH AT 2 R AS R E s A7 A5 I S A A,
VF 2 2 2 B B A eI L e 2, Bt
FR L, R R B ARSI R AR ) R Ge b i)



XHT, S5 ) RGN BRI S BRI R RS - 145 -

SEBRN LK, AR Z 87 ks N AR H ) R GEA R
AETE iR AL
3.1 BMERHETERAERSNREIEFHILN A

1996 4EX PR IE BRI TR HE T —Fh
FRTIAS B Bh A RETTVE, ek T hriE
BR7E Ry FHPAH QI RAE I 21 = 0 s 2218 Az, A
HPIANFHEREA TR SR IS 04T, A R e iRk T 5k 2
VIR ZEHE W I G SCHR[23]0Y FH ORI 28 28 23 #r
J7i% ISODATA, 3K R #dis FiAs A 1 R 2K
L, JRERE Ry A Az AMRRIEAE, BT SR
WA SREE, FFLL0. S E N ek, Puadl. Y
PR AN R . SCHR[2418T 0 LR JT iR
BN TRT VT EEARE — R 2 50 AE ) =5 e R
LIRRSHL, Ay BINERREH | WU 73 KA EEE
SR Fi R T 2R ISR WD) 25 AF A EAT MK U 5
W, HEHWRESE BN A ks B, T
RRFLET AR BRI AL RE S H b R 2T
SRR, WRFAEEVFZ Rl e . PItIas 5>
HE R R L RN FR R 45 RAT BRI

1975 4, &M Michigan K22/ Holland #(#%
IR BHESTTE (genetic algorithm, GA), %5
ERLEAT 2 SR A8 2 e R B i P s S5y AT 52
BIARAEFAGEN, I HAE ) REWIITH15 2
TP SCk[25]7E SCHR[23]ISODATA (LRt 1,
A Epurt 3 AP SIS R L R s SN S S EP LU i L3 (S
HATIAOE R, BZRM R uig, T T
HERRIAS BRI, R T IR R R O 72K
25 R
3.2 MR RES RBIEAE DI A

BEAE AN I R I, H T RAT b PR AR S P
N IR RIBE ST, &SR Bk 25 9 A ]
RT75 . SCHR[27IR3E T — A I AL R 2 T i 2%,
M AR BER, B R 2 MBS 2,
ARG BN RN, SR S 00 ) TE A S 4
PN R AL R 2 I 28 (RN e AR, DA S fh
25 BE 1E A DU R RO R B4 s SCmR (28] 2% T
Kohonen [1] 412 Bf} (self organizing map, SOM)
IIEAR B, FOA R ARSI 1 D)5 22 e )
15 B =R N AR B DXOIA REERIRET), R IE
5 & T4 DR AS Al vh 28 1 s e B By, 2 HE
AN R B i N R B, it | — AN T
(group method of data handling, GMDH) FJ#£ 70
W25, BRI DU B D i A A A T AR AN
REdE. R0, PR RN R Z TE T =
PG ZE RN RIE R, DIGRFEA R I 8 S HARE
¥ EBSm J5 HRR AR, BEEHT A RK
TN, ATAF SR WY H B N A o

BRI M2 W 4 7 IR R 2 A, 2000 4
TibshiriniR., waltherGP & Hi T 18] B 45 v 10 B 12
P57 (Gap Statistic Algorithm, GSA) , {Hj&
IR Z 7 A A T35 5e3, TIHEAESHH
P AL 1) = A )l R WA — MR 58 1 IS R
Shyh-Jier Huang 25 A\ P75 2002 4Egkiz /[ T GSA 5
RGN KB 3EAT T A0 FE, {H2 2003 4E7E IEEE
Bz I T 2T GSA J7 v N B8 3, Ui B IX FR 5
PAH N HNE. Hir GSA Hikeaw) 2
WFFER, SeBR[32]48 H GAP &l H T 5824y
MreR i, T DA oAl v s SR B A idE I SR 2
g, el —ANSH N E, M5
55 R B 1) SR 2K B BB R AT LA, T Y
F 2B gap H, $238 B BEsAE 20 4L W I e i
ERRMAIGEE . S5 B % B 45 1)
WA E L, (R AR R RN 2 i R R IROK,
AR RS A — Pl o PR a1 S kel fe IX PP LK
Tihk, FEOQZANAR B R I @A H A
REGEHBU DL T, .4l GSA Tk T )1 R4
AR BN S HBLREACY, FE 2005 45 K%
BPEESCBR[31] 1) GSA BLvERSERE b SR
T AW R RN T iE——5E T GSA 1l
TEHG,  FF45 GV I3 Je s v Do 1 S i ) i g 304 T
{1 B3 M7, S5 BRIk 7 IR T GSA HyLH LK
R, HARE AR AT R, THEEE R
IRKHIR =, X R GSA ki m s . i
GSA J7ikm, [RIBTE P SCHER[33-34] 4 Y T8
GSA RISH DI EEAZ I B A f A #2828 R
FERBRFLERL A, N T RGEA R EIR 19
R, SAEGEPPRES T VAL, 7 v Tk
BRIETG YRR ZE eI S o AN, FEALEEAS R A
iE P ZEA T S 0 H AT AN D22 IE LRSI

B,
4 g

ME R FE Y AR HL T 2R AN R B A 5 7
JHRERBLRA el g, W RGEA AR
Rl SRS, BRI G PRSAN T A S
G IEEFaE T RS BE 7O

(1) SCEERXHEGEI AN KA I 5 72 00 H b
PR EARAB A TS . PRI IR ZE RN :55, DA SOAN
BB R 1 AT B ZE R AR ORI
MV FREE AT T R A TR R R . Horh—
BB VR IR R gt A2 AR T e H BB 225 BRI 22 e
BB, ANIMTE A AR A, XM LA )
Be R AR AR A 2T /e, PR R P



- 146 -

® A ELEYEEH

T2 YCIRSA IO, DI R, RSk
] EAFAEAN AL o

() SAEGIIA REER PR R, — 2
LR L o B CTTE P K RES A e 1S SRR TR
T R XV A T LR AT B e 90 LA A
BRI GE Ty, W T GSAMERIEER X )
ARG BB AT IR AR, A Rk e 1%
LRI 2 S PN Do R ST AT 6 ok i E 5 @ NVAGE
FER I RGN REHRAR AN 2 b, AR

ﬁﬁ%o
5 MIRAERE

HLJ R GEAN BB R ER T R A IR
IR, Jf HIS TR R, B B e
BERBIAKHIL, 2B T TR A2 785 b A
W ST, AU AT RAS R B AT IR 2 1n) i 15
WA BTN NAELL T JLASJ5 T 5 25T
IKIER

(1) FrEMIEIEPIRN T o) RGA - H
R AR 2t — 2509

(2) HARIE T dn 129 FIGS A IR B F1 40 b
T R GEA R A AR 07 EL 4 R L AP
R XU R ST LE A R B 5T
TR LN FHAE SR 2 o, ORI At — 2B,
FUAT AR 2R i RS Al VA STk, PR,
A UF B GSA 5 W) REUIRSG IS &, T
) RGN R P AN

(3) HErfH 17— R ik—R T AR
H(fk-means S HVELO, AT L% RpLR R TR N
FEHLI R GEA R BRI AR 2, R a5 R
AL MO R B GSAREZ R (E, 1 HAAR &
B,

(4) B RIS N AE HE ) R GEAS R A I A
PRI BN M SE AL AT AT T 9T . JF Hix et
PRSI AE 22 Bl RN 22 AN AR SAS R 2 Rkl A+
HERIIHEL
S50k
[1] M B Do Cutto Filho, et al. Bibliography on Power

System State Estimation(1968-1989)[J]. IEEE Trans on

Power System, 1990, 5(3).

[2] Huang Shyh-Jier. Enhancement of Anomalous Data
Predicting-Aided State

Estimation[J]. IEEE Trans on power Systems, 2004,

19(1): 610-619.

[3] Baldick R, Clements K A, Pinjo-Dazigal Z, et al.

Implementing Non-Quadratic Objective Functions for

Mining in Power System

State Estimation and Bad Data Rejection[J]. IEEE Trans
on Power Systems, 1997,12(1).

(4] Sl AREAE TP AS R TR A A R (0],
THARZRE, 1999, 11(6): 18-20.

LIU Hao. Hybrid Detection and Identification Method
of Bad Data in State Estimation[J]. Electro Technical
Journal, 1999, 11(6): 18-20(in Chinese).

(6] SKIFBL M. D RGURSM TR & A R8s
RLJTELT]. RER, 2001, 25(10): 17-20.
ZHANG Hai-bo, LI Lin-chuan. A Hybrid Approach for
Detection of Bad Data in Power System State
Estimation[J]. Power System Technology, 2001, 25(10):
17-20(in Chinese).

[6] Wu F F. Power System State Estimation: a Survey[J].
Electrical Power& System, 1990, 12(2).

(7] AHAEAE, EH, TURER ) RGREM T IA

R AL THRANED]. AR REEWR, 1979, 194):
1-19.
XIANG Nian-de, WANG Shi-ying, YU Er-keng. The
Estimation-Identification Approach of Bad Data in Power
System State Estimation[J]. Journal of Tsinghua
University, 1979, 19(4): 1-19(in Chinese).

(8]  ThaGsm. ARGUHT P L5 AN R B ) F A v U ],
HMEAR, 1979, 3(2): 66-79
MA Zhi-qgiang. The System Observability and Bad Data
Identification of the Re-estimation[J]. Power System
Technology, 1979, 3(2): 66-79(in Chinese).

[9] Mili L, Chenial M G, Rousseeuw P J. Robust State
Estimation of Electrical Power Systems[J]. IEEE
Transaction on Circuits and Systems(1): Fundamental
Theory and Applications, 1994, 41(5).

[10] MiliL, Chenial M G, Viachare N'S, et al. Robust State
Estimation Based on Project Statistic[J]. IEEE Trans on
Power Systems, 1996, 11(2).

[11] Holten L, Gjesvik A, Anm S, et al. Comparison of
Different Methods for State Estimation[J]. IEEE Trans
on Power Systems, 1988, 3(4).

[12] Handschin E, Kliokys E. Transformer Tap Position
Estimation and Bad Data Detection Using Dynamic
Signal Modeling[J]. IEEE Trans on Power Systems,
1995, 10(2).

[13] Celik M K, Abur Ali. A Robust WLAV State Estimator
Using Transformations[J]. IEEE Trans on
Systems, 1997, 12(1).

[14] Charytoniuk W, Chen M S, Kotas P, et al. Demand
Forecasting in Power Distribution Systems Using

Power

Nonparametric Probability Density Estimation [J]. IEEE
Trans on Power Systems, 1999, 14(4): 1200-1206.

[15] F/RER. L RGURAATHM]. dbst: ACH L) Hiki
Ak, 1985.



XF], A&

HL ) B GEAN B A D5 B R T VA DR 5 R i

-147 -

[16]

[17]

[18]

[19]

[20] Zhang B M,

YU Er-Keng. State Estimation of Power System[M].
Beijing: Hydraulic and Electric Power Press, 1985(in
Chinese).

BEE, W RGOREM TP A REFEHHRD]. &
R BAREIARR, 2001, 19(1): 49-51.

LI Zhao-nian. Identification of Bad Data of Electric
Power System State  Estimation[J].
Qinghai University, Natural Science Edition, 2001,

19(1): 49-51(in Chinese).

X, W RGEREAN T R A R[] T RFE K
HHBMbEEH, 1999, 11(4): 36-38.

LIU Hao. State
Identification of Power System[J]. Proceedings of the
EPSA, 1999, 11(4): 36-38. (in Chinese).

Xk, HEE. Ry W SRESTUGAR S G A A
WHFRIE]. ARG IE AR, 2001, 13(2):
39-43.

LIU Hao, CUI Wei. The Detection and Identification
Method of Bad Data Combined Ry Detection and State
Forecast[J]. Proceedings of the EPSA, 2001, 13(2):

39-43. (in Chinese).

Koglin H J, Neisius T. Beifler G, et al. Bad Data
Detection and Identification[J].
Energy Systems, 1990, 12(2).

Journal of

Estimation and Detection and

Electrical Power &

LoKL. A Resursive Measurement Error
Estimation Identification Method for Bad Data Analysis
in Power system State Estimation[J]. IEEE Trans on
Power & Systems, 1991, 6(1).

[21] Vempati N, Shoults R R. Sequential Bad Data Analysis in

[22]

[23]

[24]

State Estimation Using Orthogonal Transformation[J].
IEEE Trans on Power Systems, 1991, 6(1).

R, X L RO A AR AL VAN R B A I
W RN I HOD R G RILE A 344, 1996, 8(3):
50-57.

LIU Hao, LIU Yu-tian. The Application of Fuzzy
Mathmatics at Bad Data Detection and Identifaction of
State Estimation[J]. Proceedings of the EPSA, 1996,
8(3): 50-57 (in Chinese).

PEA&, Kok, HET. ISODATA JiALERC IR A
livE A REAR AR P N AI)). iR 224, 2002,
30(2): 97-100.

WEI Zhi-nong, ZHANG Yun-gang, ZHENG Yu-ping.
The Application of ISODATA Bad Data
Identification of the State Estimate of the Distribution
Power System[J]. Journal of Hohai University, 2003, (2):
97-100(in Chinese).

SVERE, AR, GEAR. BT ML RIEINBIAS RS
LN R LML E 5L, 1999, 19(10): 108-116
DAI Xiao-hui, LI Min-giang, KOU Ji-song. A Dynamic
Clustering Method Based on Genetic Algorithms[J].

in the

[25]

[26]

[27] Salehfar H,

[28]

System Engineering Theory & Practice, 1999, 19(10):
108-116(in Chinese).

mrl, RIS, AL SEA I R K ILAENLA S 5
MR HT]. E L CRER SR, 2001, 21(3): 45-48.
GAO Shan, SHAN Yuan-da. Advanced Genetic
Algorithm Approach to Unit with
Searching Optimization[J]. Proceedings of the CSEE,
2001, 21(3): 45-48(in Chinese).

WA, KRB, RN T E I 5 AR AR A I T
JHED]. PR AL R, 2002, 22(6): 34-37.
WEI Zhi-nong, ZHANG Yun-gang, ZHENG Yu-ping.
The Improvement of Measurement Suddenly-change
Detection Method[J]. Proceedings of the CSEE, 2002,
22(6): 34-37(in Chinese).

Zhao R. A Neutral Network Pre-estimation
Filter for Bad Data Detection and Identification in Power

Commitment

System State Estimation[J]. Electric Power System
Research, 1995, 34: 127-134.

Souza J C S, Leite da Silva A M, Alves da Silva A P.
Information Debugging in Forecasting-Aided State
Estimation using a Pattern Analysis Approach[A]. in: 12"

PSCCI[C]. Dresden: 1996. 1214-1220.

[29] Tibshiriul R, Walther G, Hastie T. Estimating the Number

[30]

[31]

[32]

[33]

[34]

of Clusters in a Dataset via the Gap Statistic[R].
Unpublished Technical Report: Stanford University,

2000.
Jeu H J. Min Lin. Enhancement of Power System Data
Debugging  Using  GSA-based Data-mining

Technique[J]. IEEE Trans on Power System, 2002,
17(11): 1022-1029.

FKAk. FET GSA I BHEIZHAE fi ) RGEA R HE N
N HID]. Bat: RERCEETIRAE, 2003

ZHANG Bin. Application of GSA-based Data Mining for
Identifying Bad Data of Power System[D]. Nanjing:
Nanjing University of Science and Technology, 2003(in
Chinese).

Bk T GSA ML RGN REGEAHR LRI
[D]. Faat: FISUERIR%, 2005

GE Cheng. Study of Power
Using GSA-based Data-mining Technique[D]. Nanjing:

System Data Debugging

Nanjing University of Science and Technology, 2005(in
Chinese).

With, #HE, REE. T GSA M RSA RERE
PHRELIL[D]. 4k, 2005, 33 (22) : 41-44.
YANG Wei, HU Jun, WU Jun-ji. The Identification
Algorithm of Bad Data in Power System Based on
GSA[J]. Relay, 2005, 33 (22) : 41-44(in Chinese).
REIL, W, B, % AT GSA MINEAH AT
L) R G B HHR[]. P E LR 2R, 2006,
26(22): 23-28.

(T4 % 152 W continued on page 152)



- 152 -

® A ELEYEEH

[12]

[13]

[14]

[15]

[16]

[17]

(E#EF 14T R

[35]

[36]

HU Lin-xian, DU Wan-sen, LI Jian-xin. A New Fault
Recorder Based on DSP+MCU Double CPUS[J]. Relay,
2005, 34 (9): 54-57.

JRAEA, FEEE, skZs. FET RN R Ge I i s ik
PEVEUE[I]. k2%, 2005, 33 (3): 62-65.

ZHANG Yan-dong, JIAO Yan-jun, ZHANG Ju. Design
of Fault Recorder Based on Embedded System[J]. Relay,
2005, 33 (3): 62-65.

MR, DR, BT FET RN RGN L)
SKPARI]. RBAR /s, 2008(1): 47-49.
YAN Gui, JIA Cun-liang, HUANG Wen-fang. Power
Fault Embedded System[J].
Instrument Technique and Sensor, 2008(1): 47-49.
PR oA IR SR I R e )] RS H B,
2001, 25(20): 59-62.

LUO Yi. Distributed Fault System[J].
Automation of Electric Power Systems, 2001, 25(20):
59-62.

B IEW], X5, KA. AR B R ).
M EA, 2006, 30(10): 499-504.

LIU Ji, ZHANG Chang-yin. The
Technology Development of Substation Digitization[J].
Power System Technology, 2006, 30(10): 499-504.
AL A, TGS AR sk B S AL R ST B[]
4krfdE, 2004, 32 (6): 40-43.

XU Li-bao. Discussion of Open Digitalized Substation
Automation System[J]. Relay, 2004, 32 (6): 40-43.
XUTF. 62 WL HRE AT 4k HLORAP R ST WA T[]
MEA, 2005, 29 (1): 11-15.

Recorder Based on

Recorder

LU Guo-gang ,

LIU Qing. Research on the Influence of Optical Current

Transducer on Protective Relaying System[J]. Power

System Technology, 2005, 29 (1): 11-15.

BeRLe, JRE, MUkbR, 4. 55T IEC 61850 (R

JEERICHEI]. B R A8, 2007, 31 (7):

85-89.

LIANG Xiao-bing, ZHOU Jie, YANG Yong-biao, et al.

Development of a New Type of Merging Unit Based on

IEC 61850[J]. Automation of Electric Power Systems,

2007, 31 (7): 85-89.

Viskbs, T4, T, 4. 2T 1EC 61850 (47

Ao bk s IBERI]. D RS A Bk, 2008, 32
(13): 58-61.

YANG Yong-biao, DING Xiao-hua, HUANG Guo-fang,

et al. Development of Digital Fault Recorder Based on

IEC 61850[J]. Automation of Electric Power Systems,

2008, 32 (13): 58-61.

[18]

[19]

Wis B#A: 2009-03-20;
EH BN

MR (1986-), %, AR A, AEXLFHARAL
ERAHEGT AL ERRA G @GR IA; E-mail:
haolinchen 0@126.com

REJR (1969-), %, 4, alds, MELF0H, K
FRFPRBLAEL ) RZG T BR 5% SR F @R
TAE;

AL (1961-), %, i, &%, HEAFIH, AF
HREFRARBEA G D) BT R ABRE ) & G5 dx4|
B A TAE

&E HH: 2009-10-12

continued from page 147 )

WU Jun-ji, YANG Wei, GE Cheng, et al. Application of
GSA-based Elbow Judgement on Bad-data Detection of
Power System[J]. Proceedings of the CSEE, 2006,
26(22): 23-28(in Chinese).

Korres G N, Contaxis G L. A Reduced Model for Bad
Data Processing in State Estimation[J]. IEEE Trans on
Power Systems, 1991, 6(2).

A, B, SRE. AMEARIIRSS Th A& N R RS
HIRFSE[I]. BT 5T, 2007(12).

GAO Li-jun, WANG Hui, ZHANG Wang. Research
on Automatically Clustering Algorithm in Web

Personalize Service[J]. Microelectronics & Computer,
2007(12)(in Chinese).

Y5 HEA: 2009-00-00;
EE BN

x| F (1963-), %, %, WtE, TEMAFTEA
WA RGN E IS Bl Aok, FRERELHZLT
8RR ;

BB (1984-) , F, BMEHRAE, TE2HRFEH
W R GRS FREARER A A% 69 A . E-mail:
zdh11123@126.com

& H&3: 2009-00-00



