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Health condition assessment for relay protection system based on the induced ordered
weighted evidential reasoning method under incomplete information

DUAN Jiajun, YING Liming, LUO Xiancheng, XU Yun
(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: The monitoring data of a relay protection system in practical application is generally confused, dynamic,
incomplete and inaccurate, which belongs to the ‘incomplete information’. This paper researches condition assessment of
relay protection system which includes incomplete information. Based on evidence reasoning methods, a comprehensive
evaluation for relay protection system without attribute value is provided. By introducing the induced ordered weighted
operator, the weight of system status information is determined based on the sequence of each attribute’s performance,
ensuring that weight coefficient of the state evaluation model is consistent with system status at any moment. Compared with
traditional fuzzy evaluation method by calculation example, Induced Ordered Weighted Evidence Reasoning (IOWER)
Method for relay protection systems with incomplete information proves more effective, which could be more specific to
reflect system’s degradation.
This work is supported by Scientific and Technological Project of China Southern Power Grid (No. GZ2014-2-0049).

Key words: Induced Ordered Weighted Average (IOWA) operator; evidential reasoning (ER); DS evidence theory;
incomplete information; condition evaluation; relay protection
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ARV T EER ) W R R T is AT &
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Fig. 1 Simplified status information model of relay protection
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Table 1 Status information table of protection equipment

—% . . N . I IBRAH eRpAE
o 2L =Y dEbR AL RIFEEE
fRbx TR OER 4 A 43 Ay As
By TR Ly 1 0~70% — 95% 0.05 0.06 0.08 0.1 0.2
st W L, BEHIE L \Y 4.9~5.1 4.5 5.5 4.8 5 5.1 52 52
HRARIELE Ly T 5~30 -10 60 0 20 30 40 35
12; L L, FEEWIE Ly \Y% 4.9~5.1 4.5 5.5 4.9 5 5.1 52 525
. BEE NS Lo T 5~30 -10 60 25 25 30 35 38
(T L HET BTN Ly dBm -25~-14 -31 — -16 -20 22 24 -29
N RIEINZ Ly, dBm -18~-14 -20 — -16 -20 -18 -16 -14

3.1 IEMBIETRALE
WAL 1 FH AR 2.2 /AN AR iEdL
J7iE, WHHEARRIWER 2 PR bR AELFE bR .
% 2 BBRRIPRFNTEBRELER
Table 2 Normalized index of relay protection devices’

status information
SEDUMEL A A — AR FR(S AN A )

A A A; n As
T L, 1 1 1 1 1
REHREL, 0.75 1 1 0.75 0.75
PRARIESE L, 0.67 1 1 0.67 1
PEEWE L, 1 1 1 0.75 0.625
e EH NI L, 1 1 1 1 0.8
SN L, 1 1 1 1 0.33
HEFRIELH L, 1 0 1 1 1

MRt e 5 o (25)— R (28) 15 2 3¢ g FE A
e o S B FEE BE AT R OR R E VRO &
H={H,H, H, H, 6} : HFEKFFERFN bz
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BB M Bk, #3201 3 Pros & il
FERR PO A5 2o Forh -5 (K A 2 vl 0 B i
Bt N TS ARG 5 M) A5 J DR 0 32 13 PR sk K
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N T BREPRATH O HERaE, R D) sListre
KA K WSS, BUEA A R A e BLK
IR B RS, WO M AR EE BE 25 A7 AN
AR 7 My, OEAHHE R, Wk 3
RS TR B “(HoHy)” RIZREATE#IR
MBIV EIRGE Hyy BV 4352 Hyo
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Table 3 Equipment condition assessment information (‘*’for incomplete information data)

{5 BEFERAE(S AN 30)

A4 A, A3 As As
L, H, H, Hy Hy Hy
L Hi(0.854) - I Hi(0.854) Hi(0.854)
: H3(0.146) T T H3(0.146) H3(0.146)
Hy(0.273 Hy(0.273
. 4(0273) " " 40273) i
Hy(0.727) H3(0.727)
Hi(0.854) Hi(0.038)
Ly, *(Hy~Hy) Hy *(H3~Hy)
H5(0.146) H3(0.962)
Ly, H, *(H\~Hs) H, *(Hy~Hy) H,
H(0.727)
L” H, H, Hy Hy
: H(0.273)
LJZ H4 Hl H4 H4 H4

ARGy — B2 fabs L(j=11,12,---, 32)
IR [ E N : @=(0.154 252, 0.079 955, 0.110 701,
0.120 6, 0.125 952, 0.201 573, 0.206 965).

PR 1 Pz e S DA, R R L2 A
AHP 21 A AL ) B8 Ak BE 7 v 15 2 1 25 R N
(H, H,, H,, H,)=(0,0.018 4,0.084 9, 0.896 7).
3.2 I0WER ZEEIFMN AL

1) A R 2 R I B 8t 1 FE A T {5 B 2«
W3 2 PRSIV SEN “H” (=1, 2, -+, 4F1E DS-
AHP IR BRI ER 0 = {H,, H,, H,, H,} -

SRR e 47 MANTEARAE BFEREAS 2154
IR (T AR R T 4,G=1, 2,---, 5)

AR —THAESE @~ AN G FE ek R S AR v {E
JEBL myj=1,2,---,5), F¥GAWTRIR 4,(=1,2,---,5)
T T YA AT [ R i R A [ 1 B A RN TR —
AT, WFE—FEIT,

2) B RGMAFPRESE B L LA RN B
A; (s, R g B FE PR AR, Pk 2R 1)
RSMEL R AKX ([a, b], 1)

3) H—4b it , JE A R e i AR
o 4 BN AE u(H,) =025, u(H,) =0.5,
u(H,)=0.75, u(H,)=1. FHX(G). X(6) T+ 1557
o, FERER()IEE ER G, R R 4
FioR.

* 4 BIEYRAMEIEF ER 3
Table 4 Expected utility orderly weighted ER vector

AR ER SHRE(S AN 359)

A4, A, A3 As As
! () () () () ()
2 (L{(z.0)) (L{(m.)) ({0 (L{e.0)) (L{Crn)
3 (i) (L{)) (L{(,) (i) (L))
4 (L{(H,.1)}) (L{(H.0)}) (L{(H,0)}) <0.963 S{E: gfzz;}> <0 963 S{E:gfjgb
5 <0.963 S{EZig?ng (0.5.{([,~#.].1)}) (L{(H,.1)}) <0.963 S{EZ;‘gfz;D <0 759 s{g‘;ggzzb
o om0 o) st (sl o)

7 (0.75.{([#, ~ 1,1.1)})

(0.25.{(r1,.1)}) <0.875, ([, ~H4],1)}> <0.75,{([H2~H4],1)}> <0.431 75{((1:11;);3;))}>

K HC B — 18 B W IR bs BE ) R
o =(0,0,,0,,0,,0,0,0,)=(0.15,0.08,0.11, 0.12,
0.13,0.20,0.21). RIAREVFOIF, XTHHERH K

ANASRIRUE S A SRR BE AN R AL 1) 58 23 3144
BEFP AT AHER? 20 45 SIS I BAOLH B
HAE BRSO &
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% 5 IOWER FEHIEMEREMRRBRKTE)
Table 5 Evaluation results of IOWER method

(attaches great importance to the advantage status)

Wi IOWER P/ 454

JE I H H, H; H, @]
4, 0 0 0.068 0.884 0.048
A, 0.060 0 0 0.788 0.151
A3 0 0 0 0.887 0.113
Ay 0 0 0.083 0.868 0.049
As 0.143 0.016 0.107 0.758 0.076

% 6 IOWER AZEBIFMEREM S KT
Table 6 Evaluation results of IOWER method

(attaches great importance to attention status)

Wk IOWER PP/ 45

i H, H, H; H, o
4, 0 0 0.155 0.696 0.149
A 0.222 0 0 0.502 0.276
A3 0 0 0 0.706 0.294 0
Ay 0 0 0.175 0.675 0.15
As 0.154 0.058 0.162 0.463 0.163

XTLE 3.1 /N, IRPEE s, R LRI
BIALFRAS B RS VPN 45 R . M LUAR STV s
K& H, 5 0.896 7, FIH IOWER /55438 H,
(RSP LA« EERLOL A5 BN 0.8374:0.087 4
(0.087 4 I AENEE): FHEMBAAE BN 40.604 -
0.206 4(0.206 4 AAHEAELE), 55 IHE EAREE
0.77 B MAHFT . i IOWER J7 7 BEMS 447 s Ab 3 A
SEAE BT SV S SR, RS AN
SEARFERAN, BN S i 2R G A7 1) AU o

4 i

WSO T A IBGIE 4 HE# 7 N T A
56 &5 B4k AR RGOSV . DU
YER T, MR THERESRIEAE, IS
FB4 )2 IR 53 Wi (Analytic Hierarchy Process, AHP)+
BRBOEII BRI PR 45 RAHXT B, 43t BLUF 4518

D) 7ERE PP LT SN IOWA 57, AR
PP BRI 0K (BLFE AN E 15 2 & TR bR
HEMBE ., 7ER s URBES R N5 S m &,
B L R TH/ B HE S o 1 S Br N Hh np R 75 25
o SR 3% M I M5 ) R R, B LA R
TET

2) 1T RGUIRAS L AR o3 I B AR Ak T R4 LA
RSP, I RS RIS E R,

B R GRS R, BASEHIOME.

3) IOWER J7 i&HIPET 45 RAN L SEPIRaS A
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NI U Rl N 2P
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(11 B3R, GEAARG RSN T7 15 R LAER B AT 1)

D] ER: PR, 2012.

HOU Aijun. The state evaluation method of relay protection

and its use in maintenance decision[D]. Chonggqing:

Chonggqing University, 2012.

[2] HE Jinghan, LIU Lin, LI Wenli, et al. Development and
research on integrated protection system based on
redundant information analysis[J]. Protection and Control
of Modern Power Systems, 2016, 1(1): 108-120. DOI
10.1186/s41601-016-0024-y.

(3] SR, SLPEAE, WIFFW, 4. AR TBOMIES A SRR i
gk i QRGBS EARSVRIT[T]. H I R GRS SR,
2012, 40(5): 48-52.

WU Jiang, CAI Zexiang, HU Chunchao, et al. Status

evaluation of protective relays based on the membership

function in fuzzy normal distribution[J]. Power System

Protection and Control, 2012, 40(5): 48-52.

(4] 85, o, FHNIFL XK AR 5 i
WrE AR SRIR[I]. A1, 2016, 45(10): 1-5.

ZHAO Yong, HAN Bin, FANG Gangli. Investigation on

condition monitoring and fault diagnosis of wind

turbine[J]. Thermal Power Generation, 2016, 45(10): 1-5.
(6] BRALH, fE/MR, S, & R T4k iRy oREe

VRO R HH R 5 7000, P E LR, 2015,

35(3): 538-548.

CHEN Xingtian, XIONG Xiaofu, QI Xiaoguang, et al. A

big data simplification method for evaluation of relay

protection operation state[J]. Proceedings of the CSEE,

2015, 35(3): 538-548.

(6] FRM, B €M, 2. e nTFEME 2R I 4 iRy
PR WP BRI WO RGER S, 2016,
44(10): 49-53.

WANG Yucai, LU Feipeng, HE Kui. Preventive

maintenance model for relay protection device based on

reliability requirements[J]. Power System Protection and

Control, 2016, 44(10): 49-53.

(7] XRE#E #HAN, HEE, & AN RE&EEH SN
SERUEB IR ) RG A SEMEVEAL (D], B ARG RS
5, 2017, 45(3): 69-74.

DENG Aopan, HU Zhijian, HU Meiyu, et al. Power

system reliability evaluation considering deterioration

and imperfect maintenance of equipment[J]. Power System



- 112 -

@ ERIEF B R

(8]

(9]

[10]

[11]

[12]

[13]

Protection and Control, 2017, 45(3): 69-74.

HEE. ACeEAER R TR RGN TS
PEWFFUD]. TEBH: ARAEKRE, 2010.

PAN Yuhou. The research on multi-attribute comprehensive
evaluation methods with incomplete and uncertainty
information[D].
2010.
IRUNGU G K, AKUMU A O, MUNDA J L, et al.

Application of fuzzy logic and evidential reasoning

Shenyang: Northeastern University,

methodologies in transformer insulation stress assessment[J].

IEEE Transactions on Dielectrics & Electrical Insulation,
2016, 23(3): 1444-1452.

S5 A BT AR B AN 2 T R ST VAR
FU[D]. PEH: ARAEK2#, 2010.
FU Yanhua. Researches on uncertain multi-attribute decision
making based on evidential reasoning[D].
Northeastern University, 2010.

Trgt, KR, VFEK, . SR TR BT BRI
A RIS B X R DY 2RI A Y [T). W) R G
{4 5 i), 2014, 42(19): 114-121.
QIAO Liang, ZHANG Lu, XU Yi, et al. Wind power

short-term forecast model based on maximum- minimum

Shenyang:

approach degree and induced ordered weighted operator[J].
Power System Protection and Control, 2014, 42(19):
114-121.

Jeste, B, BEW, & ETHEREFMBCrEH
ERLEVNIPS: UL S PR s U )
HL A, 2010, 34(3): 150-156.

LONG Ruihua, MAO Yi, MAO Lifan, et al. A
combination model for medium and long-term load
forecasting based on induced ordered weighted averaging
operator and Markov chain[J]. Power system Technology,
2010, 34(3): 150-156.

T2V, OB, BRIRAL, 5. VAR B T
I Je R BETH(T]. #‘Mﬁ;z Hi, 2016, 45(12): 56-61.

[14]

[15]

[16] #

[17]

WAN Anping, GU Xinjian, CHEN Jianhong, et al. Study
on the state maintenance decision-making model and
system design of gas turbine[J].
Generation, 2016, 45(12): 56-61.

YANG J B, WANG Y M, XU D L, et al. The evidential
reasoning approach for MADA under both probabilistic

Thermal Power

and fuzzy uncertainties[J]. European Journal of Operational
Research, 2006, 171(1): 309-343.

YANGER R R, FILEV D P. Induced ordered weighted
averaging operators[J]. IEEE Transactions on Systems
Man & Cybernetics Part B, 2011, 29(2): 141-150.

MR, BREH, AE %, & 40 LRY RGOS
Eﬁﬁ% K] DR 5HE, 2014, 42(5): 51-58.
XIONG Xiaofu, CHEN Xingtian, ZHENG Changsheng,
et al. Overview of research on state evaluation of relaying
protection system[J]. Power System Protection and
Control, 2014, 42(5): 51-58.

HRAFIK, SR, O, A%, B TRDR SR [ AL 4k
HL R AP IRASTE L PPN [I]. TR RGP 5451, 2016,
44(20): 70-74.

CAO Haiou, ZHANG Peichao, GAO Xiang, et al. Online
condition evaluation of relay protection based on fuzzy
support vector machine[J]. Power System Protection and
Control, 2016, 44(20): 70-74.

Yk HER: 2017-03-03;

{&[E HEY: 2017-05-24

EEEN:

ME B AR EKRE

BEW(1994—), F, #@feeH, mEant, £&
s S MIE L5 @ AF R . E-mail:

duanjiajun@whu.edu.cn

7
#.

BA(1965—), K, thE, %, A3,
A8 AR RERAE S HIES . AR ER //?"“"
E-mail: LMYing@whu.edu.cn

(%% #)NT0)



	DOI: 10.7667/PSPC170289 
	基于诱导有序加权证据推理方法的不完全信息下 
	继电保护系统健康状态评价 
	Health condition assessment for relay protection system based on the induced ordered  
	weighted evidential reasoning method under incomplete information 



