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State Evaluation and Risk Assessment for Relay Protection System
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Abstract : In order to improve the evaluation accuracy of the relay protection system and the adaptability of the evaluation method,

a risk evaluation model of the relay protection system based on the semi-supervised Mahalanobis distance machine learning algorithm is

proposed. First, according to the network topology of the smart substation, the evaluation indicators of the relay protection system are

analyzed; second, on the basis of the analytic hierarchy process, the evaluation results are used as the training set for fuzzy

comprehensive evaluation. The performance of supervised multiple regression analysis algorithm and unsupervised k-means algorithm is

compared with that of the new algorithm proposed in this paper in terms of accuracy, processing time and feasibility. The comparison

results show that the proposed algorithm has better evaluation accuracy and stronger adaptability compared to the other two algorithms.
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Tab.1 Evaluation indicator of line protection

b fbrE R
1 ROM it i 5
2 RAM & 5
3 FEAH A F L 4
4 FAFH 4
5 PT Wisk 4 2
6 CT Wik 54 2
7 MMS i {5 7 2
8 £ LS RIS 3
9 SV U 3
10 SV HEE 2
11 PR AKT i 1
12 b B L 1
13 GOOSE 21t i 3
14 GOOSE #2544 2
15 Flash #itf 5
16 [[A=RER 53732 4
17 AD F A 4 5
18 AR R 3
19 FL L 3
20 RE R 3
21 Xof I i 1

N TGS o NMEPREY X XF Y BRI R
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Tab.3 Index value of average random consistency

N RI N RI N RI

1 0 11 1.52 21 1.6385
2 0 12 1. 54 22 1.6403
3 0.58 13 1. 56 23 1.646 2
4 0.90 14 1.58 24 1.6497
5 1.12 15 1.59 25 1.6556
6 1.24 16 1.5943 26 1.658 7
7 1.32 17 1.6064 27 1.663 1
8 1.41 18 1.6133 28 1. 6670
9 1.46 19 1.6207 29 1. 669 3
10 1.49 20 1.6292 30 1.6724

IR 1< 0. 1, A 53 A EL A 36 0 A — X
P, BERBHAEE 73 50 2 45 BRAY 5 705 DU 5 2298 8 40 ) o
B, BRI A — 2

o) GRAFE I PR 2 e O 7 S L ) W R
A3 AR A A (8)

1 1 3 3 9
1 1 3 3 9
0.33 0.33 1 1 7
A= (8)
0.33 0.33 1 1 7
_0 11 O 11 0 14 0. 14 b 1 1 x21

TR Y P RIZE PR ORI B 18 PR A 4N 3k 4
iR, A,. =21.9221,C1=0.046 1 <0. 1,

R4 REBERPHERETE

Tab.4 Index weight calculations ofline protection

FFs & P &
1 0.1250 12 0.008 1
2 0.1250 13 0.0330
3 0. 066 8 14 0.0155
4 0. 066 8 15 0.1250
5 0.0155 16 0. 066 8
6 0.0155 17 0.1250
7 0.0155 18 0.0330
8 0.0330 19 0.0330
9 0.0330 20 0.0330
10 0.0155 21 0.008 1
11 0.008 1 — —
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ig. 3 Operating state assessment diagram of line protection
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Tab.5 Data standardisation criteria of protection device

Py BE v, X i oot Conin_opt
1 0.1250 1 0 0 0
2 0.1250 1 0 0 0
3 0.0668 1 0 0 0
4 0.0668 1 0 0 0
5 0.0155 1 0 0 0
6 0.0155 1 0 0 0
7 0.0155 1 0 0 0
8§ 0.0330 -10 -40 -9 -37
9 0.0330 1 0 0 0
10 0.0155 10 0 0 0
11 0.0081 1 0 0 0
12 0.0081 10 0 0 0
13 0.0330 1 0 0 0
14 0.0155 10 0 0 0
15 0.1250 1 0 0 0
16  0.0668 1 0 0 0
17 0.1250 1 0 0 0
18 0.0330 5 0 0 0
19 0.0330 5.5 4.5 5.25 4.75
20 0.0330 70 25 55 35
21 0.0081 50 0 0 0
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Tab. 6 Assessment result of protective devices

DA S i) bR 1 febR21 1943
2020. 05. 15 0 4 94.99
2020. 06. 11 0 10 90.93
2020. 06. 28 0 5 88.36
2020. 12. 15 0 20 94.29
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Fig. 5 Flow chart of calculation
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cov (v, ,x; ) AAH IR 1 22 8] AR AH DG | TTAS 32 48 2 1Y)
SO e EAL B 225 v R AR 2 A A HE S
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o L EA AT R R 7 %) W B ) Bk o IE R
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SN, BRI BB, N B2 B
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RO £ = [0y  B92hsiT R
it C S A 3 28w, = [, ooy, 17K
AT RIS 2 18 0 AR 0 b,
W RS @ WIUE IS 8, =
(B By B ] WISRIR A A 50 7 15 2 I A
Bt BT RN, R BE A B
[y oo 1T YRR 1 = (1,017
x ARICREAR Rt
SR A 5t (22) R AY B:
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min Co-
w;:bi By 0 o , or
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FRICERE

BURREAR GFECH m =21, F 4R REAS 1 2

(I = [ o, g ] BAREAS G 5 A

FEAR X = [, 12,0+, 250 )" ZIHIEG MD S

P(X,6)=(X-p)" T(X-p) "' (23)
PR 8 FR 2 (B P 7 254
Oy O 0 Oy,
o o N i
2=(0) =] . L (24)
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IS NN
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Fig. 6 ROC evaluation curve
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N HLAS 2 2] O i HLA o s p T v R, il A
SYMTARAL, A W Z2 00 | A 4 A7 BBk 1 AUC {5 R
0.6084 e (0.5,1) JTTIES AL T REHL T, BA
—EWNSEZE Y, ET ED WL E K-means Bk
) AUC {E°}0. 4952 ~0. 5, B 7 2% S 25 0) Tt AL
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AUC fH°H0. 946 4 ~ 1, RIS (Y 0000 45 S 3E 5 4,
GERBCRUER, T R T 3 MRELAERS R HER
JEE FTA] FEE AT L A B2
®7 BBREPEBITHER

Tab.7 Assessment result ofline protection

‘ WA
Bk YIZhAE B /% AUC
EVEEYA 83. 69 84. 56 0. 608 4
iR 63. 56 61.31 0.4952
MD 94. 56 93. 06 0.946 4

H 2 6 Al 55 TR B MD 2= ) Bkl
o, A W i) 2 ool 3 43 A A AN B T ED R i
Bt K-means B35 I MERR R 22 (K F 3L T2 W B 19 MD
22 B (AUC {HAE 0.95 A2 4, 1 B4k T HA
T o
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Fig.7 Machine learning algorithm comparison analysis
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