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Smart status evaluation and early warning approach for highly-reliable protection

systems based on GAN model and random forest algorithm
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Abstract: To improve the status evaluation accuracy of protection systems, a smart status evaluation method based on
GAN model and random forest algorithm is proposed. Firstly, a system state indicator set is established in combina-
tion of the field conditions and expert opinions. To address the problem of the imbalance of relay protection equip-
ment state data, a state data generation method is proposed based on the generation countermeasure network. Then,
a comprehensive evaluation model of protection systems based on random forest is established. Finally, combining
with the preceding state evaluation results, the health index curve of the equipment and its deterioration trend are giv-
en to provide corresponding state early-warning. The real-data experimental results show that this method can more
accurately evaluate the system status, and has reference value for rationally arranging the maintenance cycle and for-
mulating the maintenance plan.

Key words: protective device;state evaluation;state early-warning; generating adversarial network;random forest

5 B #7 :2020-05-04 ; & [E] H #§ : 2020-08-01
EE£mA : EHZRK o MARA GBI H (SGHEBD0O0KZ]S1800301)
BASEE GEME (1980, I 1 Bl FENFH B RGP 5L 2B 5T ; E-mail : zhdai@ncepu. edu. cn



5536 &5 6 W

ik &

4T GAN BURLS BALAR MG 2 09 R 4P R TR BER S PR 5 Bl 105

Wt 5 7 75 F, g 0 Bk TR S R R R R L Ak L (R
A% T AR IR 25 B S 2R R AE B in . (R R B0
. ﬁrmbﬁﬁﬁ B, AT BT RE 3 B P 2 S 22
S AR R BT S BUAE 4> I 2 AF 4k
LR RGVIRE TR AR 8 ISR dk R B R G485
TR AL 1 B R L

LA SR, AR LR P R G L5 B TR BSOS TR
JE S RO SR (5 1A X B i A BE AR R o Tk %
R A TR 2 )RR 25 4 VA 1 X R A
FEARZS VEAR  SCHRL6 TR 1T 58 M 17 A 25 51 T e
WV KA TR s SCHR 7 4 Hh— i 56 B0 S
Ti] d AL R BB A, AR Ak R 1Y D7 S B AT B
il 5 PP AR O 45 4 Y TS AT B R AT 7R AT
W A5 BN AR AR 25 B Y {32 AR SCIRE8 TR T
— o B T AR AL R T 2 B (1 R IR A R A

REASOR 255 PP 15, O SR 2 0K 43 BT 0k R A8 A3
T S BLIAR 8 A5 AL 1 B 2548 1F 5 SCHkL9 38 K 68
TS N R A 10 IR 25 PR AG B Y L SR FH K €6 T
P IVEAGREAS , 255 )2 W o W vk 0 R 4 R A
FEVPA s SCHR[ 1015k I 38 L % WA 3 AH 45 A 1 12
R FH S5 B A D0 155 8 %o R 5 % fle BRI B A7 25 A O
filio AR b, B E6 4k i R 3 OIR S VAL O R B F 5
B0 B AR AT SR M A AN AR = X 2R
S ZE AR ), S 80 H AT 2 B0k T ORRE AR B
B8 5 TR I TPA 45 B ASRE 43 1 0 b S B £ 47 1R
AR

PCEE A I 1 BRGSO L T gk
Eﬁﬁébﬂfééﬁm*hﬁﬁ ﬁh%%u%éﬁﬂ:*w/\
HERECIERET COERTERTL A E R, BT
Wb F TR 5 A IR A B RE AR BOHE BT o L A
JIN R 5 A PR A B8 O 7 S ST RO
RS A B N R TR 2 5 e T AR A PR R L X
X — ) L, e, R P a1 A B B 0 45 2 K
(R AR AR L 26 BIE 1% 07 v 2E 10 B0 5 L S B0
O AR A — B, T AL Ak R R G L5 A TR AR R I 25
M ZER s SR T 7 T BEHLAR AR 1 4 07 R Fe 45 50T
BT K H R A AR B i A B BT o R AT I 2
2 B REA IO L 32 7 A5 B 0 DT 45 L 11 1 1
AJ LA R R i 2 A TR 0 T R AS T A 25 SR

U4 L A 0 A 0 A 2 L T AR 0 9 i
R A S b A O 28 AR R R A B e

1 e PRI RGUIRE S br 5

R CAk R R SRS S NN S L RE
50 LA K o B0 37 51 B A7 50 1 1 A9 25 3R, 3k BBCHT T e sk
PR RGUIRS TR PR A, QR 1 s, H 2 5 %
B gl S AR AR AR S B T 2R
Sk R AP B A IR A . Horb L 3 FORAE =
AL T IE AT N GO B EAT 18 A7 A L Ml R I
KA B 5 048 br AR A 1 ) 38 o A B T A
B, T R i 5 25 7 R 2 B4 b AR X a4

K1 LRy EFAKRSHFE

Table 1 State index set of relay protection system
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Figure 1 Generative adversarial network structure

GAN R0 AR R IE 2 > 22 R 285 . 2R e
G MFVRIES T Az s 4 52 BE AL 75 ] & = R4 ™)
YL AN RIE2 R AP RV NI s 44 B R e
B 73 AT BOAREAS 5 1) 1) 45 B9 N 2 H A 2 R e k] fig
P iy A B R LSRR I T A A

I 2 A R 0 265 1) o R A 2 AS DB 32 5 DI A
T 55 0 ) e 1 2 AR AR L B S T A i I
Joll 5 o FER T E ) O g DI R A RS R PR AR A —
KA A S AL A 391 8% 78 158 E 2 ok IROMERY  HL
TEHARRAROELT 5 FBGEUE, — BRI
TN R k=1 WHIN A5 Z J5 » I ZR— WA A 7Y
M . AR AR T Rl A M R X R S A,
IRKEN AT H A 0 00 45 K T 1 XA R B RE AR R A
LS A S A A A R B L I A R A Y
Or AT 5 HSREAR T A A ]

2.1.2 Bk AE R 4
P 2 B GAN A5 B A7 78 (10 )1 25 IR o L 25

ANFasE A A ), SOk (14 48 1 T WGAN
(wasserstein GAN) BLAY, fifi il Wasserstein 2t
B TS WU e Al i 2 >4 2 ) B R B s SCERL15 )7
HEERE E T WGAN-GP (WGAN with gra-
dient penalty) #5, H tt WGAN, WGAN-GP [ %%
PR 43 A B8 457, YN i A2 o R L BE S DRl 8, i
S 1R 6 4T R 4% (conditional generative adver-
sarial nets, GAND" R e T GAN A 45 R A %2
) 4 1) R 3 Ao R AR AR A AR ey, B AT AR R A
SRR 38 2o 1 A B A A P A AR A I L
BT AR A B2 SR b A R )RR AE R AS Y L A
WOz SR G WGAN-GP 5 cGAN BRI 254 , A2 B
XFHTRIE%, Il 2 iR,

z(noise) G zly)

B2 iteyM&sH

Figure 2 Improved network architecture
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Figure 3 Structure of random forest
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Figure 4 Flow chart of status warning
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Table 4 Generated sample evaluation results
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