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Fig.l1 Trade-off between uncertainty and

representativeness in active learning

T, AR 3 TREAS 1, R HOm A 2R il DARE
MRV ZREE A TR EE , X o0 245 B0 $ THVE T vl BE i
THEA 1o P, AR SO A E PR URVERI 25 &
B R — 0 2 50 38 N A R, LA F2 55 )
FUNZREEAT TR BN

AR SR FHRE A (] 19 B PG B g e AR A AR
Yo FERARIAUH TR Y BT CAREREAR SRR R
S T 1 DA R, B /N U0 I AR A R AT, A
AR BRARBURE G o 2 A AR ] A IR ER B g S

(3)
Lyl) k2 A

Horp X =(a)ah, e n)) Y =(ylhyd, o

AT s n AR R EE RS
X HEARAREREA «,, 5 Y/ A AR TE
FEA IR BB e ME d () 5 BEREA RO 1
d(x,-)= min_ d.,igean (xi, xj) (4)

d () B, U6 RE AR B 14 i) 0 v R AR R
FEA R R
24 SEBEEN

H T BEARFEA R TOAR B W AN P PR R 1
LS A BB 2 M Al A AR R PR R A A
SCR AL B 20K 2 8 bR ss & 19 2125 A 6 b
gs(x.)H:

gB(xi)=Bf(xi)+(1—B)d(xi) (5)

Hrr, pel0, 1] HAUE 7. X 0.5<B< 1, A
FEPEFE AT b7 WA B K R, Y B =1 B, 2R A TR
PRAEI T AN E HERR B 5 24 B=0.5 I, A & Mda b
H5REVEFERAE AR ;2 0<p<0.5 0], Z5 54
b B Qs 1] FAC R MR bR o SR, AT B 2 B 1A HRU(EL
SN TRMERY [ A, HAE R R AR AR S 8 —
EARE, 8 1Y BABEAR ME CRUE7E A2 1k Y 2ok 2 v e 1
FIREA R AER o it AR SO S B IUESE S

{0,0.1, -+, 1}, 24 BHUX 114N [a] B9 {E i 7] LA vk
LA AR REAS , X REAS A7 07 EL bR R FE AT 42
Ko, WXt 1ANREAR bR S5 R TR . 2 B
XA B B AEA BRSO F T, 553 5] H
BUINZRBERY | A 11 A REAS ) AR AT 2 i
AL SRR FE MR o AN SRR bR T S REA ) L SR
TEAR S, 00 E I b 2 2 S SO R MR R R [ 5
AR I bR 7 5 A B LS A [ D00 AT AR o
RERUAERR . 23 BT AR R e R A L A0 v A
WG T R eh e EVICHE T R A R v R
AN ARG B T R B B REAS , 38 t 5 B F b
T JE K M A B AR FEREA I, I8 H R AR IR AR
MR RS BR . BAR R MRS LR A E R BB AT E
THE R RN (B2 AT DL /D B b REAS () 8
DL RR R AR (0108, RO 05 R I 8 in A 1 H
i RN R R R TR S

3 EFCAALMESRAEITGESR

3.1 Bk

HT CAAL AR S A PSR

(D ZRBGS T ECE o 8 B R 4 55 e P4 o
SCADA (Supervisory Control And Data Acquisition)
Z GUIRAS AT Al FRBO R AR AR A s 17 8l
AL B2 4 7 UR AR, Wl i i e L
HEATANFE , K ik SRR VR W0 iR AR AR EEREAS L

() BEFEAVIRREA o XA RAREREA ST K-
means A, EHCRIE hoL IR AEAS B0 — AR b
JEL BRSSP O B RS R S AR E I, W AR AR A T
PR K AR B0 40 CARTEAEAS L, IR AR AR
AL R AZ R , 75 AR EEREAS L I ZR R 7248

(3) Egh ] o RIEATE B BT H ARV ERE
A RN REAR I ER AR AR, et — TR AR
TR TREAE PRI B AR A 5 A1
AR 5, B R R e O REAS , 5 B SR
SETE RS REATR A HOIMA B AR AR A , ORI
MORPRIEREA M P AR BR o 1 SR 5 B E AR AR
L EHII G 2R

(OZ kM. Y F 3o Ik B P % AR
B AR IR BTSN 2R 45 1 I 25, 5 )
FILPR(3),

2 3 2 AR A T AR E PR T L 107 1
AR TR RE e 470 260 , BRI bR T AR A R
AT AR R A A FLIN ], S e BRI R0
32 BN AIHH

R B i AR IE1E O R LR AR SRR AR, vl i
1 SCADA R GERAMGTHARAT , QL4519 A i S
(B AR, A HBLEA i g Eih I, 0y A7 2



%7

JIRSE A SR TR A IE N T8 ) B ) R AT E VA @

PIE SR E SV g5 3 RSB Rk SN/ ] Rl

AR f% i £ DA R 4 R SRR E 0, B AR E

FRfdo R FIEIE LT 3 B B AEE R L AR A -
| _360°- AS,.|

" 3600440, |

Horr AS,, AT 2 &5 & H L] A de R AR X T £ 2% .
L > O BPHE MFGE , L <OBHIE M FR
3.3 BN

M1 R G0 AR PEAL R — A R P 4 2 )
L ROEFEAR — e 2 TR FRREAS , HLIR A AT HiR
FIRMN E . L, B T 2 HER R AN, 5] AR
[l f5 e i T2 0 FUAE Py o F1AE AT EAR RS T2
BRETHGEE R AIRE MR, ik 1 s, K,
L, 43591 Sk F0 kg B A2 B RE AR vp LS 45 I M R
FURFZIIECH 5 Lo FN L 53 5 R 0000 A S AR AR A v
HLEE RO RE AR RS -

R EEEETEREERE

Table 1 Confusion matrix of transient

(6)

stability assessment

, TR
N ﬂ Qi

BMER e HRRNE
= Ly Iy
9% i%l IH\ I'['V\

R 3 AR 38 P R LI 45 5 5 HL S 45 2R
AHIA] R REA LG 5], B
ITP +]TN
:]TP+IFP+IFN+]TN (7
KGR P ARSI g 2 A A A v T30
IR EE] . A 115 Py, o EUSEES RO R AR A R
A N TE A A EO B o RSB SRR R A B 2

Ace

I AL L F1 {5 % 180 2 MR B F LA
AR Y HE AT
ITN
P, = ]
Precision ]FN + [Tl\ ( )
['n\
: 9
Recall [Tl\'+ ]FP ( )
2p ision P eca
Pn: Precis Recall (10)

PPI'E‘('iSiOn +PRE‘('H|]

TESHRH G N R T TS AR A I A
R RN RS A Y IANER (RS BN
MIREA BEATAR U . fERRRERAUR TR AT e
14 73 TR AN F LA, I 22 i HE B AR B )
AR

FHBTA REAS YNGR L, 45 2] A R 5 N A8 Rl
T HTREA S i B RR, B B o B2 1 5 A
ik B B RR AR A SRR F 1 BRI T A A A
R R 8 I BRI TERE

4 BB

4.1 HIEEHE

BRI CEPRI 36 11 ARG, 2 RS 361
958 B A HL ML 26 A% Hi FEL S, 2R G0 2k TR DL S
SETPEIAL

FIFH L T 2R B 5y B 5 FE Y PSASP A= B8 4
£, 25 B AR far 7K V- AE JEUE 5771 119 60 %0~140 % 2 8] B
PLBUE, A= R TR R e 2. Zead e , 6 1 2 2%
RAMBE G 5 T EE BRI LR AC,, FTAC,,, I
BRFSEE PP AL, 7R 2R 1 150 T — R ot B e,
e 7 57 TR PR A 1 20 % A 5 P A ] 4% B
J0.2 s MTEBK N3 s, AKRT 2214 DA,
Ho BORE 145 1684 N E REAR FI 530 4k Fa ke
A HBE 2615 1658 P FUE FEAS I 556 MR FaAEA
BEICH Y 20 % FrlRAEAS , Fol A BEAAE il ik
A R A I ARAREAREAS A AR AR ERE A
42 BRI

A SO 0 43 2840 2 SR I AL, SR AR ) A
PRVERC , 38 3 AT A8 SR E A R A 4 R TR S R e
LI S S50, B A HUESTT R B0 100, 4% [ 56 pR K
SHCH0.01, 78 BEBOIZRRE A T AR I, X
NI R | e o N R [ S i Y e e I o 2
ST A RT3 . AR CAAL S
Fifi 1125 $% (Random ) | 38 T4 {5 A 8 22 14 9 1% (Unc)
FARMEATRI R RIS H BN T 8h2% > Jrik (AAL) A
FEH o T 5 LA ) a2 AR U B 45 T 1k A M o
BEE WG CAREREAR B N 504>, AEE kAR £
IAEEAR AT RR T, A YB3 R 50 AT 100 1K .
He B 1 T B 2 4 50 YRR 100 YR 324 o o SR I 1%
FRUREL R AR A i 253 n 1] 2 FE 3 s o

P2 R 3 H i e 2 T A DR FEAR 22 3] Jm
AN ) A R, H O A AR I A R AR L HER R 1) L
Bt B AT L, CAAL 2 A I f i fE i e v
HAth 7 X Ue Il 2 R BEFE L P IR AR B
— B WA, HBEMLSE PR 0T AR FEAS 19 7 3 4T i
2 AR A & Y R Bh2E ) B9 1 (CAAL R AAL) 76
EAC TR B B REAS e BN M RN | L

9
8
»
¥ 87
£
&
78 I E— ]
0 25 50 0 50 100

B LK
(a) 50 Wikt (b) 100 KL
@D CAAL, @ AAL,® Unc, @ Random
B2 MEIWSREREHL

Fig.2 Classification accuracy rate curves of Fault 1
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Transient stability assessment of power system based on
clustering adaptive active learning

LU Donghao', WANG Li*,ZHANG Shaofan®,CAI Yanchun*,CHEN Jinfu'
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,School of Electrical and
Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Guangzhou Power Supply Bureau Co.,Ltd.,Guangzhou 510620, China)

Abstract:In order to solve the problems that large number of samples and long simulation time are needed
by machine learning method in transient stability assessment of power system,an active learning method is
proposed. In order to reduce the redundancy of sample selection in active learning progress,a clustering
adaptive active learning selection strategy is proposed. The initial samples are selected by clustering, which
makes the initial samples representative and speeds up the active learning process. The two indicators of
uncertainty and representativeness are combined to adaptively select the weight parameters, which makes
the redundancy of the selected samples low. The simulative results of CEPRI 36-bus system show that the
active learning method can significantly reduce the needed number of samples while ensuring the accuracy,
which saves much simulation time,and the adaptive parameter selection strategy greatly improves the training
efficiency compared with the traditional uncertainty strategy.

Key words: machine learning; active learning; clustering algorithms; adaptive weight; electric power systems;

transient stability assessment
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