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Feature selection based on binary particle swarm optimization for transient stability assessment

CHEN Lei, LIU Tian-qi, WEN Jun
(School of Electrical Information, Sichuan University, Chengdu 610065, China)

Abstract: This paper presents a method of feature selection for transient stability assessment based on binary particle swarm
optimization(BPSO). Every particle in the swarm stands for a selected subset of features. The fitness of particle is defined as the
correct classification percentage by least square support vector machine (LS-SVM), which uses the selected subset of features to
classify the corresponding training set. First, this paper uses the BPSO to complete the feature selection, then inputs the selected
features into LS-SVM classifier for transient stability assessment. It is tested on the EPRI-36 bus model of PSASP, the result
indicates that the method can evidently decrease the dimensions of input features while greatly increase the correct classification
percentage.

This project is supported by Grand Project of Natural Science and Technology Foundation(No.50595412 and No0.50377017).

Key words: power system; transient stability assessment; support vector machine; particle swarm optimization; feature

seféction

hESHKE:. TM712 LERARUES: A

0 31§

HAORGEAREIPETSA (Transient
Stability Assessment) B HE D RZELLSREEZET
MEEREZL—. BARERLENREZI KT

(Fln: HELER. UIN. RAMSE) 4R
REARBIFPEITHRERS. AFRNSHESR
BT, MR ¥R MmN .
BEEERREE. YUEBRBES . BERRB
&, AAFETSA HEHH T RER, BREAFEIRE
HWEERESRBEREHER. AMI—EFER
B —Fop e B ARE B TSA Ty 2, ELEE RE RS RE 5 2 A
PASRERE — X F & .

EETB: AARFRAESEXRAD (50595412); ARAFL
£ 8 (50377017)

XERS:

1003-4897(2007)01-0031-06

LA B HLSVM (Support Vector Machine)
HRROBLEES FE B AR R T /MEA . 3E
&, BERRMRERD SELHFRE, RARR
HIZALEE S . XCBR(3, 4] HWKRAZFRENGE S
REHITHORGESRE IS, W8 TREFNH
R, E2HHEFETER, ENRE. BH_F
FFFFEHILS- SWM (Least Square SVM) EixE
XFHEBRHIO—#T B, RARERATFH, ¥
ZIRR R AL R T RRAKRE, BT IHHE
B, MR T SREEED. (B8 aLS-SVMN
RATEERREWATNS, BANEBETESGEE
HEBRSHENMANRTEAE. MEERFTHE M
REFFIEE I RMARE, SHTRHESEEESE, 7
KREL B EHIRERIERLBIL, EREERER,
PR L EX X SR fEA G BT I, R —


http://www.cqvip.com

£ 000 http://www.cqvip.com|

-32- e 2%

AR A BN E SR EER KR . TR
(6] BRI — bR T BEAR AL B IEBPSO  (Binary
Particle Swarm Optimization) N FH TiHEHLMLR
ANBHISIEMRES, RFEHPEMNTRR M
R FIEE, EIdRAPRTZRNEESRES
PAEMBAYE RIESNER, EBRHEEFEN
REE RIS,

A, AICRA R F R IEXTLS-SWM
B REE S E e B RIITRIEERE, T
BEESESRETEHEXNEENFER, FIALIFO0
AR —MFEREENAE, KTFREPEIA
FRE-NFIEENIFEE, GaB/D_FFHR
EVF HZAS X T N BRI IT 432K, 4
RIEMBENZN THRENE. BZRENEEAR
HXEMTIAERENSEMAREPRE —4AE4ER
FHEE A B SR MR M, REHEAEE
N_RZFREIHER > RBRITESTREIT
fti. B/aiEIXIEPRI-36F A RERFEITE, BiE
T ZTERR R

1 BT B/ ZFe s sm RN E S E TS

IZHERENRZ —F20tL200 ERPHLER
KHET AU EIRIPBEI L, BBERHR
AR, LRt U R SRR IRR . Tl
L TR, BRAREBE—EET A,
TEHDHERR S HE T, Nk BIRFKEZHh
fe1. R EHREIFEEESEHITRNER
SYEREES T T3 AR FISWMHIE B &5
SE V42558,

B/ R AENT RARME S BN —
MY . ERRRRBEEREE X HREFTM, #
RALH A ERARENAERAR, BB
HERE, MRKREEE. ACKAHLS-SW#HITE
SREIHMENEAERNEIFTR. BAS3dEa
T2 OREBLA W BN REA KRBT R4
A B AKEBIILS-SWMES #y; @FRILS-SVM £ 4n
$ar HH B RE A 1 H R T REME ARG - 8131

‘ Wiy

SEM v
B &/ TS RYRE
Fig.1 LS-SVM model

WA x R4

o7\t 52 00
BBl LS-SVM

BB IRE— BN REF I, HEFN
AMNGREEBBIRE (x,, v )0, (WA X eR",
oy e {-1,+1}) EHHE, Kb x e R" AR
BAORGRFIERI n BIFEH R, y, € RARTERSR
REESREN—ERE, y, =INRFRAEES
B, y, =-1HRERAEESRE.

{43 B S I T i R 0 T A EF LR

@' P(x)+b2+1if y, =+1
{qua(xk )+b<-1,if y, =-1
XP: OIREER, weR"; b A EE, beR.

EREMTFUTHEERR:

Y [a)T¢9(xk)+b] 21, k=1,..,N 2
XH: @(): R® - R" B—AFEMERE, ©itH
AZE R R BB RS IE S /] . n, ATLARTCIRSE

7ELS-SVM H F R BB FHF KRBT K

Rl fa] R«

. 1 . 1. &,
{%Bj(w,e)=5a) o+=y> e

D

2 (3>
st.yl@ o(x)+bl=1-¢, k=1,...N

R e, € RABE, y>OLETEY, HBA
IR EFTR MR .

HTRRR (3 WARRLEE, REWF
Br4% B F %

N
L(w,b,e;a) =%wTw+%yZe,f -

k=1

N 4)
> a (v @ p(x)+bl-1+e,}
k=1

XP: 20, (k=1,..N) B EBHAEKT,

Suykens AR N STHEE
WRiEBERIE M4, B30T #Karush-Kuhn-

Tucker(KTT) & 4t :

’a—L=O —>w=ia y.9(x,)

dw - k Yk k

oL

N
—=0 =) ay =0
ab kz=] kyk

oL _, —a, =ye,(k=1,..,N)
de,
oL

CLA

(5

=0 >y, [@0"p(x)+bl-1+e, =0


http://www.cqvip.com

£ 000 http://www.cqvip.com|

B £ %5 ET R rRRAEERESEE MRS -33-

ERTEB SN T RERETRE:
1 0 0 -Z'|[ew —g—
00 0 —Y"||b
0 0 yI —I||e| |0 ®
ZY I 0||e f_
N )

Z=[@(x)" Yyes @5y ) YN 1LY =[¥p0ees Yu ),

1=[1,..1],e=le,....ey ), a=[e,...,,]
HEwRe, FTLIEE:

0 v b 0
=\ )]
Y ZZ7+y'1 | | 1

¥ Mercer £MENAT 2=22"18

Qu = 1 09(x, )T¢(x1) =Y yk(x,,x) €.

Bk, X (3) MoRKRBEIRER (D B
LY RAIRS, MBS T SRR KR i
LARREPEHTRE, KEKKTRERE M HRE,
ERERME—R.

BAB/BMLS-SVMA KB EF U FTHER:

y(x)= sgn(zN: o, y.k(x,x,)+b) 9

k=1
BRBERE: k(x,xk)=x,fx (R EO;
k(x,x)=(x+1)? (d HEHRARHL;
k(x,xk)=exp(—||x—xk||§/0'2) (RBF % &K %0 ) ;
k(x,x,)=tanh(tx; x+6) (MLPEEH, L+ 0,1
OHRATAEL-
oAb 8, K FILS-SVMLABL. 5T B 44 7] F

Matlab4RFESCIR, XfPBTHLS-SVMELRYE B [ K115
EZ2¥. BRECRARBFEZ R E, LS-SVMOKBE

EREHMEEESE: yRol. yRIAESH,
REBARER/NMRENEREZ MGEE. o°
RESH, BHRBFEMREE. Wil X#ilikik
#2480 =0.2, y=10.

2 ITHNFEHOANEE
L F BEL AL E % 2 B Kennedy Fl Eberhart i 1+
F1995 FERMK—FRUEES BR—FETFRE

RET BB EER . BRI Rk
KM MU ASERREN T I RERE

FARBRRR T (A), XERFERRZRU—E
HIEE T, HRENTFEGH ITER LR
FIKITERX B AR WITEE TS RE, e
MR FRITIBER T B S &4 A 1E RN B4
B LA RBANBAEZS N IE R BRI E R
HUEIE B CHIRTEEH mAER KD, B3R
MEOXIK, BABEEMIRTEMRTAE.
2.1 FRAERIF ML ME"

TERFRIME ST, NFRALERRESFNR
1R R IR, B FHRMIESEEREFHR
1L H AR R S e BN, MR F RN
B R E H AT T AR KN,

RZRE—A D EW BIFRETE, KFHEIAL
EERENEIE— AN m MR F AR R, B
ARLFHIALE X(RA ) BB 3 R D) W 3R A (X
X, s xip)s REIACADAL B AR R SRl LAR &Y
B, FAREGEZENRSYE: HNKITEE v, 7
RARA, V2, v TEB—RIERIRES, K
FEEREARMREREN B CREENCE: —
MEERKF B HIES A IEFTRRIINRNME, B
/l\ﬁq&{ﬁ P;, i;ﬁﬂj {P,‘] s Di2 »°°° PiD}; %—’/l\*&
ERBARIZS AL RIINERNE, BIERRkE
Py RARHpe1,Pg2 >, Pep}o

Bk, 728 k1l WERTHER, RF iR
BT RN E FrE RN E

(- k+1 _ k k k k k
Via =WV ton(py —x,)+c,npy, —X,)
cp o k+ K+l _ .

v, >V, Vg =Veus

< (10)
K+l e+l

v, <vu, Vi =V

X =+
KF:i=1,2,m; d=1,2,.D; w RIBHEERF: c-
c; RIGEEF: riv r, RS FAHED01XE _LH
BEHLEG viaxs Vmin RIEERRE

IR E SR A B RIS R BB R T B i
AR BRI BN B W R B AEENE R BE.

2.2 TR TR EY

HIRHALEEBRYVIREER FRRESES
B RIRAL I B, Kennedy 8§11 Eberhart i+ F
1997 4RI T T BITRLFBLE I, ATFR®
AL ] R .

bR F B, R ERIGR
RAZ#&m, RN FMNENS—E>EHREA
0 B 1: KFHEEHEM N ETIER, B


http://www.cqvip.com

£ 000 http://www.cqvip.com|

- 34- s

HTEENE—#2BERRBNNAMESL S BE
F O 1 FMER, BT HEEET Sigmoid RELY
RE|X [E[0,1]1 k.

Bk, RGN T I AL E 5
wr:

K+l k
Vi —va+c1'i(p.d x;d)"'czrz(pgd %)

if  (rand()<S(v,))
then x, =1;

an

else x,=0
S(v,)=1/(A+exp(-v,))

KRF: rand() R 55 AE X E[0,1] £ FIBEVLEL
S(vi) R Sigmoid W ¥; HESHMAE N HELR N
FRRALE AR

AXEFF, VAR EEEREITHEHEXNE
fEARFIER, FIHIR0S BIRR—AMFIERERER
ik, RMFHPEMTFRRE-—MrEFNFE
£, BEdrEE MR TFRENEHEEFSRRNME
P SABARMEP. EIBAPRFZEINEESE
SRR RS RAEER, REREERS
REFHNFIELE.

TR FREETRIEE F o, . o, BERN
2, BEAE w B ORIE ST HE A3 X HaT R AR
W'Y, EHE wE[ 08, 1.2] Z [APSOH &H K
SO . BKH w R LLINIRPSON & /IR AL S,
BN w BE N8B SRR 880 . BRI, W] LAZE AR
FERw=w__  EERIEFESH/N EHE
W= Wy o IXAHEPSOMEZETF IR B
R [, B2 & &R F, £F BRI
i X IR AT SR A A R LA el o T, (B2
FeiR i) 1R B v R, ZEHAPSO EEREHE
RERENFE, FBARRRIERNRAE. £
ZXEHD, BEREER, ERKRH, £w=085,

c, =28, PSOF FE I SUEE .

3 BAFRNoRIFEBHE SN TH

AL W% RS AR I

BT i TR A E RN SRE TR
AFFIERFENERTER, HTFRPEMTRE
— A GRS, FEB/ D ZRIFER B
R RSN Brxd L B A SR AT 20 36, 4r K IER
FEDZRTFHOENE. MH N TRRALE
%, RHXH-AREAES, X—HARERENE
HEEBBRK. REWELEHRREE B/ — 5z

FrRIEVLRRIA .
3.1 MR

H AR M E SR e R ARFIERT L5 k2
#U3, @ BT, AFRERBIMIIA. B
. BIEY%, {EXHRYUSIER RBRAREMA
BLERGMERR KL pEm, HIR “4
Bk” BE, FEBAKRKRENBES: @ R4
FRIE, @S E A S REHREZTERER,
REEAERAEAENIBKNEN, EBERRK
HiREST. AXEEZEREHPRAXER[12] ~
(141 ERE E, 23 KBHEE, EE20/MRFE
mEENESBREEREA x, . WRIFR.

R BIAFE

Tab.1 Input features

P BARHE R &
x, REH i
x, REH 5B
x, REXH S
x, REES R
x; REH AR
X REXS M
x, REBREERAM
X RERREER/ME
X RERRHETHE
X, MR L% T I R K
x, B LA I P
X, B LR 7 2
Xy REUASRTRE B SRRUIRR R A
PN
X, BB AR R S HLRT I T F
X5 MR TR B T
X6 HREIRRE R B T F
X, MEIRRE, B SOHIRE K AL T8
Xg MREIRRE, SRS K AL P
Xo MRS, B SONRIE R HLA  R
Xy MR TR R B 8 P94
3.2 ¥R

wmﬁ&%uﬁfﬁﬁﬁkﬁﬁ 1) FA Fob B¢
SRR AN B LR (E R HIE SR AT B AR R
—BENERERHERRET®TR. FXH
LS-SVM 4 K315 RIEHEIEN EMFIEERE
NE. HRAMNBT>REREFTER -BRAANE.
HARS . EXHENES. A THRIAREHTHE
EME, RHHERSE (k-folds Cross-


http://www.cqvip.com

£ 000 http://www.cqvip.com|

B E, % BTN TRACHEENESEEMEISILES -35-

Validation) RMGTHSMEEMFREHRE. ST
KRS, BREREY—BHEARREL
£, BTHRRNGEREEE, BILS-SMFRKER
F—RINEHE, BENTFHEIREHENIER
R, KX, EmEBEEH, B8R
K. GEERITERE. REUEEERM, FX
k= 5. BRI R IEREENFER TR
VR BB RSB R

3.3 HFEfiETER

ACFF Matlab SaflE SR EEMARIE
EEER, SEEFLREAUTSEREM.:

1) PSO #atk.. WEMERTF ¢ M cpn B
B w. HWRE. RFRERE. NFKE., £F
XEFIT, Blci=c=2, w=0.85. WTFKEIF
EHIRFE /N EED 20, LSRN 200, KIT
FhBESCR 20. BENLAIZRIL R 7B, BEVI=AEE.

2) THEEN R . X B E N R K
AR AR BT RIEHE,

3) MERNQDEFHFHOEENLCE, ~EH
FIRh#. MBS MR TRENEHE, EHRTFHS
RERE FIARTFENENBRRE) HE5HR2E
REREH#THR, WREXNERLYTEILR
BNE, EXNRFEIERBRRRT, TUREF
LREREDPE; NEMLTF, HUENEMEK
F iR TR EAMEBRME, WHER SRTE R iR
FAMEBRNE, ZhF ARSI F .

4) WELREME, MEHLEREE, Wikik
HREHR: FUERHSB)EHFTHTE. £8%
4 93 B B ALK

5) BERINBRFTEEEIBRD R
HEVNESBRE MR KB

4 WHHNK

4.1 ESREIREHMIBERE

2 3% B B TSAS IR R 45 HEPRI-36 F A &
%, WE2FR, FASAERF (PSASP) {HKAE
BRI FREIMGHERE. RBFBER
RS aER, RO N=HEN, ®EFERN
f8240. 2 s, BBEHERRE RGNS £90%,
100%F1110% HIZAE R AKFET, BEHLRESFA
FKREE SR, ZR0NMTFEMNHMES, 3t
B FI300/NERFEZA . BEVIIMEN 240N EE A YNGRl />
IRIFAEN, HAR60ANARAR. TR

A204~, WRIFR.

(RS2

@2 EPRI-36F MR %
Fig.2 EPRI-36 bus system

4.2 ZHNTFRISEERERRE O
SEIS MIEHTI0R, 10RIERHMBRIGER—
%, %[00000000010010011100],

BRERBNENEEAN0.984 2. HILATLIER
(Xior Xi30 Xigr X7 Xg) ARRSEAS.
K, X0~ X5~ X6 AR RGSFERRFLER, X, .
X ARTFBEIISERIER, RNEBTHEIRS

EX BB e RN RGN E. BTER
BEVLEIGR LT 8, FTUBRINERIBERAR
[F. 10RE8F, BIRES A HBLAEE40. 46, 27,
48. 64. 84. 51. 35. 62. 804L. HEEUETER
RE—K (BB BIEE2TR) BBLRBRE
R RE AL, i 2% B A B SFR R
09; Aoy

SERREAE A

50 150 200

BIRE
H3 ENEE LR

Fig.3 Fitness variation curve

4.3 ESREMMEER

FAAR I AT B 20N RFAE R 2 /5 195 R AE 43 51
EALS-SWESREIPMEEKNEA, TRRH
1001k, EREGRMR2FR.


http://www.cqvip.com

£ 000 http://www.cqvip.com|

- 36- st ve 2%
F2 REFFESRBETEERMEE
Tab.2 Comparison of TSA results before and after selection
(2N FREBR PR a) e 4y 38utia) (5]
SEHHE/ (%) /s /s

{RIE I 20 88.1 0.218 0 0.031 2
Faix X

RIESS 5 97.7 0.305 7 0.019 5
HEFFIE

AT ARG IS EFFAEE RN, A&
E4RRERI25%, TEARE ISR BERHE
BETI.6%, KFN97.7%: BRIILHEIE—E
WK, {HR5KefR4EEEIFEKRK62. 5%, FEILAT
PASE i s R EE R Y I8 B R E K,

5 &it

it R REBINE, AT

1) AXH RS BENRNSFTAS,
KA BERNF RS R ERE, HEE
REIEETI7. % . H—FHTHERFRFRNIE
R EARMSET S KBR T, RIBM®
HERBERESY, RESKBIONE.

2) EEAREWE D, EENEE—H
RA B — X F & AR K ERER
RIEF, 43>8 4543 T BERM62. 5%, W27
BESREERTE L WER, hEREARET
ERGET H R,

3) AT SHEHERFPHRBEHBR
F2 R, S BE AR 5 VR 7E SERR o R i b B L
H, £F—$HITED, NEELENBENRL,
KPR i R B AR 3 18 S B

Sk

[1]1 Vapnik V. The Nature of Statistical Learning Theory[M].New
York: Springer-Verlag, 1995.

(21 Gunn S R. Support Vector Machines for Classification
and Regression [R].Faculty of Engineering and Applied
Science Department of Electronics and Computer
Science, University of Southampton, 1998.

(3] ¥, WAk, I, % ETSHEIEREES

REGSBREWH I PEEMNIREFER, 2003,
23(11): 51-55.
XU Tao, HE Ren-mu, WANG Peng,et al. Power System
Transient Stability Assessment Based on Statistic
Learning Theory[J]. Proceedings of the CSEE, 2003,
23(11): 51-55.

(4] 5 %, BHLA, XIXH, ¥ SRAFTERENAE
XEFHNBIEAREESRETHEI]. PERENT
R4, 2005, 25(6): 17-23.

MA Qian, YANG Yi-han, LIU Wen-ying.et al. Power

{el

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

System Transient Stability Assessment with Combined
SVM Method Mixing Multiple Input Features[J].
Proceedings of the CSEE, 2005, 25(6): 17-23.
WIER, x| T. EFNEEHRMES R FR R
MEfe hafmmAl J 1. BEMEAR, 2005
29(13) :60-64.

YANG Yan-xi, LIU Ding. Short-Term Load Forecasting
Based on Wavelet Transform and Least Square Support
Vector Machines[ J ]. Power System Technology, 2005,
29(13):60-64.

Wi, Y, TITR. ETBPSO—SYMIIM&Z AR
FREEFRRN (). vHEHL TR, 2006, 32(8): 37-
39.

GAO Hai-hua, YANG Hui-hua, WANG Xing-yu.
Selection and Detection of Network Intrusion Feature
Based on BPSO-SVM[J].Computer Engineering, 2006,
32(8):37-39.

Suykens J A K, Van Gestel T, de Brabanter Jet al.Least
Squares Support Vector Machines[M].World Scientific,
2002.

Kennedy J, Eberhart R C.Particle Swarm Optimization
[A]. In: Proceedings of IEEE International Conference
on Neural Networks[C]. 1995.1942-1948.

Kennedy J, Eberhart R C. A Discrete Binary Version of
the Particle Swarm Algorithm[A]. In: Proceedings of the
IEEE International Conference on Systems, Man and
Cybernetics[C]. 1997.4104-4108.

Shi Y H, Eberhart R C. Parameter Selection in Particle
Swarm Optimization[A]. In: Annual Conference on
Evolutionary Programming[C]. San Diego: 1998.
R8T, WL AT RN E I ZERCH M M SRR AL 3T
RIPHIRAT]. 4ke238, 2006, 34(6):29-33.

XU Zhen-xia, GU Jie. Application of Particle Swarm
Optimization Algorithm to Distribution Network
Planning [J]. Relay, 2006,34(6):29-33.

BUEF, k3CEA. #ETFTabu MERARNESIEETHE
MEMBMMARIEERET]. PEENIEER,
2002, 22(7): 66-70.

GU Xue-ping, ZHANG Wen-chao. Feature Selection by
Tabu Search for Neural-network Based Transient
Stability Classification[J]. Proceedings of the CSEE,
2002, 22(7): 66-70.

ST, AKX, KX ETHEIMEESRET
HHFEE—FFRE]. FEEATRER,
2000, 20(4) : 77-83.

GU Xue-ping, CAO Shao-jie, ZHANG Wen-qin. A New
Framework for Transient Stability Assessment Based on
Neural Networks(J]. Proceedings of the CSEE, 2000,
20(4): 77-83.

F2ZUL, BEE BEHEEYSIEEITERAFIE
EFEFHINAL T ], 4kd38, 2004, 32(1):16-20.
YU Zhi-hong ,GUO Zhi-zhong. Feature Selection Based
on Genetic Algorithm for Transient Stability Assessment
[T 1. Relay, 2004, 32(1):16-20.

(F4#%50% continued on page 50)


http://www.cqvip.com

£ 000 http://www.cqvip.com|

e

-50-
RERMK 2 i
&2 SOEiRRZit&2
Tab.2 Statistics of SOE record
Fe  EBHPE SOE (h: min: s::ms) MR WRBR
1 Hil 09: 13: 00::120 & 0—~1
2 H¥k2 09: 13: 00::072 & 0—~1
3 Hi%3 09: 13: 00::000 & 01
4 Fiik 4 09: 13: 00::072 & 0—~1
c. JALR3

VY& Wi ERE ZRERERN 130ms, A
EERME 54N SOE. EHTENE R SOE 2

REFWE 3 i,
#*3 SOEiDFEZiItHE3
Tab.3 Statistics of SOE record
Y  EH A SOE (h: min: s:: ms) A BB
1 1 09: 29: 00::120 & 0—~1
2 FiE 2 09: 29: 00::000 & 0—~1
3 FH¥E3 09: 29: 00::000 & 0—1
4 Tk 4 09: 29: 00::000 & 0—~1

M ERPRGE R4, BARERS ZH R
—3, HERARNKGZEEESSBARFEK SOE
WRER, TRREZSETN, WATREF I SOE 2
FONEAA—2, £1E2REFR, RABSEHS
¥ 2, SOE REEF4H—%. FK, EFRRERE
ZHHEER T, WEERENBHESREGRE
FRX, b3 AAREPRCR TR,

5 LRE

LR, HEETHSAFNLREPRASA
T RXKRERHEE, BEMNHESRENTER—
3, BENfEERRA GPS MEHXTRY, tHIE:SEH SOE i
SRR AR HE . — BT, SOE i@ % 5k
RERITCHR THWRERN R, BEHEEBHES,
AERSTREEWKE. HFEEXRSLHFRER
A LERshfER MFEERE, £—CEE LW

RENZLIELT, FNBARRER TN REHHOHE
7M., B SOE D RMAEHatE. Hik, £
SZABIURGEP, FEG—BREEH &L,
XEEA RS ERICRIF RN EETMEHF, RiE
SOE AR . AR

e pd

(1] E#E, FHKR £ SOE 5 BETHITITI. Kb
B HHAR, 2005, (2) :25-28.
WANG Hong-zhe, WANG Rong-mao. A Discussion on
Enhancing SOE Information Faithfulness[J]. North-
eastern Electric Power Technology,2005,(2):25-28.

(21 FRRA, BEEEAE. BTSN E BREN SRS 1.

#kE188, 2003, 31 (4) :73-75.
CHEN Gang,CAI Ze-xiang.Analysis and Improvement
of Remote Information Collection in Substation[J].Relay,
2003,31(4):73-75.

(3] EMXE FHE AU REBFBIEBETHTI.
AL ER, 2005, (6) :23-25.
WANG Peng-ju. The Operation Analysis on
Teleindication and Telecontrol Device Used to

-Dispatching  Automation  System[J]. Northeastern

Electric Power Technology,2005,(6):23-25.

(4] BRIEE.C/CHEFRITEREM. bR - HEBETFHR
#t. 2002.
CHEN Wei-wei.C/C++ Program Design[M].Beijing:Publishing
House of Hope Electronics,2002.

(51 ZEm4E, sk3Tt, BIKF5. B H R % Bzhik GPS Kmxt
REIRRER TR (J]. k88, 1999, 27 (5) :31-32.
LI Rui-sheng,ZHANG Ke-yuan,FENG Qiu-fang Solution
Scheme of GPS Accurate Time Setting for Power System
Automation[J].Relay, 1999,27(5):31-32.

K BHA: 2006-08-30;
EE®/N:

OFW9IS), B, TR, ERAFEREHIHL
RE AR Ao K T4E; Bmail: guojinaritech. cn

HEA| (1964-), §F, HERIALE, T E2NET L
DR E QAR AT L E B T4

ERFU95-), 4, HEIARN, TEAET LA
SHL R G ARt B T 45,

#E B R: 2006-11-20

(L3#% 36 B continued from page 36)

W BHA: 2006-07-03; . $$EIRHA: 2006-08-15
ERBT:

M & (1983-), &, HEHEL, HRFAILH
RAMX 54, A EGARE G L,

E-mail: lei_chen@163.com
AP (1962-), %, H+, #ik, HAFaHLH
Roo it Bk e, SALARS. AL L L,
X 4R (1982~), %, HMEHRA, IO LAH

AoAR L. LAHRRRTHIH,


http://www.cqvip.com

