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Universal fault diagnosis model of power grids based on fuzzy reasoning
spiking neural P system

Xic Xuan Xiong Guojiang
(The Electrical Engineering College, Guizhou University, Guiyang 550025, China)

Abstract: To improve the adaptability of the models in the power grid with changing topology [requently, based on the
[uzzy reasoning spiking neural P system (FRSNPS). this method takes lines, buses, and transformers as the candidate
[aulty elements and three universal diagnosis models are established. Even with the topology change, the three
universal diagnosis models have invariable structures. Firstly, [uzzy initial values are used to represent the possible
incomplete and uncertain alarm data. Simultaneously, according to topology around the candidate [aulty element and
the operation ol the protective relays and circuit breakers, the input neurons are normalized to reduce the modeling
complexity and enhance the universality. And considering the [ault characteristics of dillerent elements, dillerent rule
neurons are introduced in the matrix reasoning to improve the tolerance rate ol [ault diagnosis. Finally, the three
models are used to diagnose the failure cases in IEEE30-node system. And the model is compared with the traditional
FRSNPS and Petri net methods. The three diagnosis models have simple structure. In the case of abnormal operation
of the protection system, they can still diagnose the faulty elements with 100% efficiency, and the average fault
confidence is 0. 816 1, which is higher than the other two methods, and can effectively adapt to the power grid with
changing topology frequently.

Keywords: fault diagnosis; power systems; membrane computing;spiking neural P system

0 2 = PIAS TR - 1) B R I AY AN BT 37 51, T T Rl P 232 B 4 A

RSP Sk T 2 2% Bt R e R xR 2) M H M

T S AR AE AR IR S MR SCE A M B A PSR AR A A R, BB W T R R R AR —
EENH S EE KA RS RIS, EEAATEN T R AT IS W R 508, S BOS W SRR AL .

W RS H 3 :2021-09-16
* HEIH B R H AR S (51907035 10 H ¥ Hh

« 72



WO F A TR ERTAER A AN LR FERASTHBEA

EI AT e FEIS IT J ok DAJE F AT B AT LT
#% (artificial neural network, ANN)Y %  Petri f-"% I nf-
g T o B AT T L 5 T g R L R
RFETENTE I Bh R A5 BT B Wi R B 2% s ANN B
TR 2D R SR CER B H R R R AR U IR, T B A Pk
B 2% Petri M2 BRI HE P R 8 W] B iy, (H R B BL 2 44
ST A AR 5 DI S0 Do 2% i IR 12 T AR BB TE A G i R 4
PEBJC S T IS W A0 R R 48 07 I A B B A TR M

AR Sf , B BT BT B AN & R , 35 B0MT 2 bk
A 2B 2 48 (fuzzy reasoning spiking neural P systems,
FRSNPS WA B T — & X . FRSNPS & — Bl 45 & K]
HOG R 280 PR SE TSR Al R ASR A TR R AL 2l 25 A
WP 5 ANN 28l B0 A4 Y 0 28 B 9 B #4200
2 6] 14 5 fsh % 32 ok o LA R ok s B ) AT i AR . SCERC 16
KK FRSNDS J T H 0 e e 12 W7 » 12 W o 72 0 55 1
FE A5 1R 107 b 2 A1E R B T 8 L D 4 4 T 4% R I 8 8 2 1) Y
B R L HR A BEAL B 5 B RUE A 52 2 FUR T 8 1Y 5 0L
T B 12 W R 2 57 vl ) ) 0 P 45 A AR L R I T B R T
PGS B BE DRSS . CHRLI7 IS B M BB A B T
FRSNPS (), 16 i 12 Wi, JF 7812 W7 45 28 o 3 m 1 g B
FEHR AR R TSR A M A R R R ) H 212 Wi
TREL A Tt B 2R TR 12 T A5 1 A A5 52 o ) 35 28 A 48 2 8% 4
REI0 L 12 W HE S AT R Y AR RO £ W RCRIR B R B, 3
AL 18 J7E s B2 Wit 1) [ I 48 7S 50 1 1% #8042 L 2 W i T
JI08 M3 B A B D 28 TT TR 12 I AR A [ (I AT A A
Bt Z R AB 212 Wik B 47 77 45 B FR T 4 0 2 1 R 1k A
TR R AR Y T

Bk o, I 0 A I AL I 12 TR Y 5 7 R, B SR
T ST P32 R A SRR S R 6 2 ke B T R LA T T 1 4R b
SR AEE I FL ) 0 £ 2 A I8 A 1 BE D B 55, R BUR RS
BTG, T R I 2 2 W R B RS I VL K R A

FF UG A SCHE FRSNPS B fif I, 42 3 57 91 0912 Wi s
RIGEMARE PN G AR AL ol 2 W R, F 56 MR35
P PR 4K B 5 R T 2 5 2 R B VR I 00 R A R WA
B 25 B I (7 4 0 T (B 10 B PEIR A L S o X S 1R
1P 55 W B AR TE 12 TR B v (1 4 A A LA 2 T AT — R
ARIE NS W U B A6 B 4 B, AT R 2 it R B
FeFREE, [W) I, 25 08 B B R 48 5 5 ¥ 42 I (supervisory
control and data acquisition, SCADA) & 55 ) 45 250 4 H P8y
AR R SR BT TR TR 23 B R I2 W A R SR T DT L 58
TTRCHE X I AN S 1 T A b 2L, 3 | ACAS TD (8 0 0] et 2
TG REE AN EE R, &G, 5 IEEE0 W ERETHA
R BVA G5 &, I 5 B AERIAH 1 R T FRSNPS i j5
LW DL M Petri B (fuzzy reasoning Petri net, FRPN)
TR W M B LB . SRR AR B HUE A 58 5% LA
FEBE B B FZ Wi BN T 4R FNEE 14 225 75 4k Y VL IS
[ J0 T T 4 12 WA B A R A A2 T .

%24 89
1 EHEERPHZERS
FRSNPS % XK.
IT=(A,N,,N,,syn,1,0) [@D)
;E\:I:F‘7

DA = {a} HREMKPES a FmB LR RH
Tk s,

2N, = o0, 0,0 NIFERGETES., Hb,
B ANMBIE G = 1,2, 0) , FBRE i MR,

3N, ={o1s0,2s 50, HRNMEITTES. HP,
0, (G =12, sm) TR FBMBN . A ¥R 3 23
M3 2 0. “AVG HHEM £ 0 . “AND” 5 I £ LM “OR”
ML,

Dsyn CU UV, WERMAEITTHNE R EZES.
LRI ST A, U= (N, X N,} = {u;} . £
NI N, GRESEMMNEIT N, B 7L, 1
V={N,AN,} = {0 }n BN EHREN, WA L.
BT Z M AEAE A W& W ow, (o) = 1, B
uy(v;) =0,

DI =Aops0pse0,.t ARAMBHZTEHEES;
O = {o,, ) FHH A A2 U B EE S,

2 BEMEEERSEER

FEHL P R L R RIS W T A 2 B L B R R AR R A 3
. MRYRHCRRE K IE 0 0 PG5 H AR B B L T i 2% AR R
25 R S A B I8 —A4k 7 B AL B, 4 I ST 18T [ B R G 44 1
ST 2 WA
2.1 IS HTHCEL

MR IE 1T 20 5, 2R By — ML B 3% 2 B A A9 £ R
Lsm(Lrm) i /5 & 049 Lsp(Lrp) AL f5 &R ¥ Lss(Lrs)
LA KO 1 e B 4% CBsx(CBrx) , il 1 i 7R o

H
N

TEN) o o
- Lsm Lrm -Lrs
Al
L1

i A2 i 1 A3 I Ad
CBsTH CBSZ}—\—O CBs3{CBr3 }—\—1 CBr2 H CBrl %
L2 L3

M1 BB E R ER

B LR JF W R R R s E S S E B R m R,
T AND FI 4350 ) W 4 sh VR 15 0 B OR 00
FIWE ZOMET AR VIBRWE, &5H AVG #LN15
TR BT i o ] R . 2R
AL WERME 2 s,

7 B B M 4B 3 MO J5 £ R XA L 02 W AR B 1) 3 R P
B AP T — A i A 2 o R AR — AR R % B
VRIS ML, 1E3:T FRSNPS W B i ™ a2l E L )
IOACE Y 3k, FH— - P 4 0 F2 AF AR I oT 44 26 (G320 I BT

o 73



W F o

F R K

oR8

OR

6RY

OR

P45 B

O #EREZRT
() T
— [T

Bl 2 FRSNPS £ sk i i 2 7

£ 5 &R R S 29 W sh e AL . BAR“ 3 — 4L 1
AR, I (2) VDTS,

Mg X PLs,o + Mg X Dls,c (2)

0(1,»-((11“) =
Ny + .

7 che,o X Qs + nepe X PCPs.c (3

aepslace) =
" ’ Meneo T Meps,e

Hpyny, (a0 FREIE R B 5 % R4
B nereo (e T . @10 (@red) T @eneo (@en.) 5331 R 2k
BE3% (32D It (19 5 & DR 4P FURE I T i 285 3V R BI7E) 14 A R
TG EAE .
2.2 BRiSHTHRR

FL R RPN RER R &RY, U E/AP B )5
BRI Bs FIAH 4B S B8 b R7 W B 4% CBx # AL, W 3
R

A 3

L EFREH

£ WS Bro BAE  AH 408 S i L 5 I 3 BE 2R A IR % AR
xR Bk . 5 B 2 AR, 8 R AR S8 2 ) Y R
RSN Bs AR, JT B IT AH R 7 3% 2% , B S bl R B K
HRIL A LR T B I R P 2 B B MR D& AE N T B PH .
Actm.o X @ctmo T Actm,e X Qe

e N ¢m.o + M ¢Bm,c )

_ Mo X PPs.o + g, X (2 5

oo Npeo T Npge v
Mo X P Chs,o0 + T enee X Ds,e

acns = (6)

M ¢ps,0 + M Cps,c

;H\:EP ’ 71(‘Jsm.u(ntzum,c) 1&%%5]“5 (ﬂiijj'ﬂz) i3] H‘S%Tﬁﬁﬁj
E"J%ﬁﬁ%%ﬁﬁﬁi » MpooCpe ) T 7.0 (Mcpy.o) Iﬁlfio SDBWQDBS.C)
%” 90(‘]!5.0(90(‘1’.:,c) 4)'%'”t%%&gj% *ﬂ@ﬁi%ﬁﬁ%ﬁ?}ﬁfﬂﬂ‘ﬁﬁj

o T4 .

Witk 2% S A CR 304 B9 i L 2 on A RO WIME . 8 T2 i
BEHL L TE 4 BT,

Bm @ sR1 oR3
(@)

Bs @ oR2
AND @

& 4 TFRSNPS &} £ i &5 12 s gl

2.3 LEHRICHEE
AR A I AR AP, B 9E E Y Tsm(Trm) JJE )5 &R
3 Tsp(Trp) ML j5 & R 47 Tss (Trp) LL K A8 )V B BE &%
CBsx(CBrx) , & 5 f7R .
EW(s) )

Tss oy Im oy Trs

Al T LI A2 | A3 L3 | A4
FCBSIHCBQ Cl}s.@l—@—{CArS CBI‘ZHCB:'H——}
T
I
I
I_

IR RS R B

A 5

Forb Gl J5 A DR AP B W B A 9 A B 5 2 B PRl A 2
WA B AD) . A8 e 2 ik IR 0 P2 WA B, T ] 6 s

Bl 6 FRSNPS AF [ #% i b 38 F 12 Wi f A

3 EHSHIEE

3.1

R T
1E S BRiz 17 s SCADA 7 Gt 422 W B iy AR b 4% & 30 1F
HEE R B SRR,
o T BEREASKE A R 52 4 B o 8 BN L 2 T B A0 R
RO b B, BRE A% (7 22 B ) S AR AT AR BE AR D8 i A i A
LIUHIYHE, RIP & SIE S & . H U EZE AR 2015
ORI B ARG & R R B IE A S 1R R AR
R FERIPDVETFRE " HoAb R 8 0 Sh 1R wl 5
LUE
3.2 HMMEET
TERMMMETH Z DN SH P EW MRS B
A2, LRGSR BRE A, o HT 38 R R i 220X B HY
BRI T T fe 05 Wi 4 SR 1) SR BE S & R 0 53 L
METHME S,



WO F A TR ERTAER A AN LR FERASTHBEA

5 24 #1

®1 RIPEFIMECRKHE)TEERE

Ry : \ N
g EE ek o5 R

. ZKHLAR 0.999 9€0.2) 0.978 5(0.4) 0.984 7(0.4)
F R
P % PR 0. 983 3(0.2) 0. 983 3(0.2) 0.983 3(0. 2)

FEs YR 0.80.2) - 0.75¢0. 4
BRI e 0.85(0.2) — 0.8(0.2)
W g AEEAE 0.7(0.2) 0.7€0.4) 0.7€0.4)
B Wigsss 0.75(0.2)  0.75(0.2)  0.75(0.2)

A5 A R SR N B 3 PR AT MR BE L, — "SRR IR TL
ARBCE MR
— Tt

RIEZIT LA, R ESERR  REERES
R, 5 RAT LAY A AR 2 0 A 14 A AL B0 e 22 T
Lo, VR 0,997, FERY M FHAES B REERMN, Bk
t, % UE . 1 R — B B 23 3 R 0. 95 Fn 0. 9™, AR
UM TR 248 kL BB A, I 6 T S A A A R T ek 22
JGRI AL, REA 0.5, FA R AR 22000 A, AT A5 9
B e A 2 on R E
4 BERICERE
4.1 EHISHIIES

2L FRSNPS R AR H#AE T B AR s S 97 sh /B B Ac 5

2R AN A 7 BN . R R A AR RN L ST R A
FEL IR B ¥ N A R T B B X NS T T AR R

Sl

1 i

AR R REE = (TN

o pmm e |

W o Wae ¥ Ty hotl 0,0, [ BRANFRE TS B
B = fire{ Ty * 6, 0,1, 47 )

, _ ¥
BRI ETCp = fire(@p O Ap )

AL TR R R e R e

E‘J%R}I$jﬁ*"(b"(i+]/ = ﬁre(l,ﬂ,;,i,)

AR R R
Bk IR

| B =diag(h,)

[byi = fire(1,8,,4,)
B =diag(h,)

d
L A R L R S e R 22 T

¥
2 i KRR 70 1 i e R (R 28 72

Rk

i%ﬂi"?ﬂ’j{amm = update(a,,,,: | ,lvgr'(”l}';'.")
KA

(@, = update( 0,50, 3,

[ le = updare( (),m ,I)],, , /15{)

A AR T R T

PATIHEFRSN PRGEREE | | | G
|
|

i
j ¥
| mlE R

v
SRR 0 R B 1 B
(@i = s @{(Fra O ) +(Wro © B )+ (Wee # 1))
Briroty = O + ({Wra + Wro+ e V*B i)

" (a0 =2 @[ (V' * B O B ]
i ﬂpufx» = 9,7, + (VT “Byi ) *by

A peae— [ L —— /

- /\
TR TRt T AR N
fEREH AR - :
v :

| msumiesRr |

G ~—

EF I o, 6,

TN T e

|
i
!
|
!
§
!
{001y =update(B,11 1,911, % ) |
i
!
é
%
f
i

B 7 T FRSNPS Hi [ i et i T2 i A2

FEVUINL AT il oA 2R AL S, e BT 4 28 B 4T A
WA 4 T0 I I8 — "B . BUAT R N AR 4R B
PR, 5 2035 15 0 0T 1 B A BE R T 051 I S
B 5 B2 22 I T A T B B
4.2 JEREMEEMN

Y B FRSNPS 0 400580, 72 52 b i FH R 4R
PR EE ) FRSNPS #iik 5k 187 4% 28 R0 1 28 70 38 & 2000
SN ISR E A E AL

DERERREF®:C... =A,, OB
, = max{a;.b,;}

DEETO:C. =A,. OB,
; = max{a, » b, (1<{r<s)
DEEFO:.C., =A., OB,
= min{a, * b, (1 <r<s)

C:

C;

Cij

LHERT @:C.

= Ar><.\®B.s><z ’
ey = Dda, b, ) /(A< r<s)

5)FH S HL I .

(DA, g = fire(a0,1) -

Blz{a” 0’:’1",1':1,2,---,;; %
O’ ai<kf

(OEBFN . B = update(a,0,1) :
0, 6. =084 =2,
{a,, g <X,
Hm, g = [8;:8:: 8,1
0 =10130:530,1,4 = [A13225354, 1.
4.3 HEEERAE
HL P R F G A R A R A, BT FRSNPS 1y i, o g B
i 2 Wi B TR R 2 R [ L 4 SRR R AR, A R A

o 75

s 1= 1, ,p (8)

i

[0(1 ;az;"';ap]’



Ak

W F o

¥ o K

SRR T i A B HEAT R ARS8 — 7 b3S BV AT T2 W
WORETE A . AR s 45 5 AR 2 0, LR B ol A B A ], 2
8 2 T 2 Y (6] 58 4540 B B0 P LA

Roo Oy O O O
Wea = s Weo =

,
Of%XTO Of%><9 02><TO SZXG O?Xf%}
06><16 OG><2 O6><l 06><l(7 EGXG O6><3
Were = V= >
_O3><16 Z3><2 O3><1 . O3><10 OSXG P3><3

7Qf‘;><f‘; OHXS OHXS
Ty = O szz O

Osxs Ogs Eg
1 1100 0 Lo
Hr, §,,= [o 0o 1 J Zoe = [0 0|,
0 o]
0 00 1 0.95 0 0]
P, = |1 0 0|.Qu, = 0 0.997 0 |,
01 0 0 0 0.9
m 1 0 00 0 0 0 0 0
01 1000000 0
0000110000 0 .
Row =0 0 6001 1 0 0 o PR f
000000110 0
00 0000O0GO0T1 1

M, O, HEEE , Wi We Fl Wy 2051 5 i 8 £ 50
H“AND"# %50 . “OR"# £ JC LA B “AVG# £ TT Iy KBk
SRR, T AN ETEGEFERE, V AR & TE
3% iy AP 2 U Y S BR AR B

2R 12 Wl A A v A R A SR R

A, = [1;15051515150515051515151515151515151]

A, =12;2;0.5;2;2;0.5;2;3;3]

6, =[1;151;1:151;1;1;1;1;05050;0;030;0;030]

., = [05030;0;0;0;0;0;0]

6., =1[050;0;0;0;0;0;0;0]

Hei, A, Q) A0k & i CIND # & e & i 2
) Bk B 5 5 9,0 AT 0,0 3 A W1 IRARES TN @ A P 40T
TR B R ) e R ST R AR RO . X £k O
RIRY AR RS AN L S bR e R H — " b S i AR &
JCEABIE M 0 0 o

5 EHIsHh

R R ZER AT AT TEAL A 2. 10 GHz
o 8 GBI E N MATLAB R2016a BR48 R E .

AT % 4B 8 s TEEE30 35 s &4, i B 45
R, 4 A SR Y [F] FRSNPS™ 2 i 458 2 A1 FRPN
WIS R A ER ) 7 5 R R AE AR 19 O SR AE R M, Ay A A
AR, WS SCADA 25 REFWETERD
FEIED RE LT BRI 2 R,

o« 76 o

o3ty
CBosos R

CBogsos
e

Bog Bzi Boo
- L 1 ST
R

Los2

L0628

Byy hh o

Losr =
= L L
Lo2ee L 1203 Laeirl

o L,
Boss Boro o Lot b b Dot o o bz L
- Lot Lot IRy L Big L

Lotos 5

.
i
1
tLoss Bo Ligi
LB Lar T B~
] 27 L T {l o DTS L
um 2729 2930 11 iB5 B2
§ {} tHH [HD30 24
Baof2 (-1 0 30 4 Ligs Liss
T H) 2 1 L
. Lasyr By HI By %

LZSZ(\

B8 IEEE30 ¥ i &%

K2 HBATEMEEARE

™
.0 S 5 0 4 e
pIvEs
Lozor s Logpy P s CBozoy » CByga » CByyes Lozos
Tos0s > Lioos §5 Lanng 5 CBrsos » CB1oos » CBiyoe Toss
BUG m 7CB()G(]2 ’CBUG()7 7CB()503 ’(jBOGUQ ’CBOSH) ’CB()623 B[)G
4 Bosmy Lyios 85 CBsio6 s CBusuz » CBusor » CBugos 5 B
CBsos s CBus1o s CBugas "
Bioms Tioos ms Ligzom » Lizio 85 Ligso 55 CBroge » B
5 CBs10 » CBioos s CBigz1 s CBuz1o s CBirozz s CBysno » Tioes

w o=l W

CBH]Z() ’CBU)Z() Ll()Z()

Biom, Tioge miy Lygeo s Lygyg s5 Lygne 85 CBrgos s By
6 CBUGH] 9CB1()()9 7CB|02| ’CB’ZZH) 7CB17|0 ’(jBl(]ZU ’ Tl()UG
CBi 450 Lioso

iDLy ¥l Ly

FEAR 1.2.3 FEAE AR 9P/ 7 B 25 410 3)) 153 3l o 25 2 B0 ik
4 AR A, AR SO R FRSNPS R FRPN 45 B S 57
ZFpIE I B LT TR RS 12 W A R B A R R e,
3w,

R3 SSMERMNEEYERARRISE S L

Fe MWt AIERE FRSNPS'™  FRPN
1 Loz 0.589 9 0.099 8 0.684 0
2 Tos00 0.671 2 0.720 0 0.571 0
3 By, 0.868 8 0.094 7 0.7817

T AR 3 HUA e 1 e £ B oz mo i I A R R R
BUF R AT L WA RO R T

PIREAR 3 W REER Bos Dy ], % A SO AL 2 W i 72 647
VLA« W A A I S B R DR B B AR B T A
CBosoz » CBusor » CBogos » CBosos » CBusio » CBosas » Bk 8] 477 B fif 82,
B CBows BRI . BELR Bos FE T SEFF I I0 1 sk 2 BE 2%
BORRAS WA 0 o AR G o B A AT R Rl AL B oy
# LA, Bog o, B4R H 3R 57 X0 BB B A Rl 28O0 HLE



i)

B F R TR IR A2

JE A GG b B3R RS A A %24 89

apm = 0. 978 5, HA LR 3 Ko W7 B 25 6 R 9 iy A 48 T LA
HAEHRBER (D~ HEEN.

aemm = (6X0.98334+1X0.2)/7=0.8714

ap = (0X0.74+7X0.4)/7=0.4

aen = (0X0.754+7X0.2)/7=0.2

WAMEITTEHE FARLR SRR, PATE 7 TR
FEHEIR AL, i =0 W), 0,, = [151;1;1;0;0:0],a,, =
[0.978 5;0.871 4;0.4;0.2;0;0;0], 5% i WRIEER. Y
i=10f, 8, = [030;050:1;1;0],e,, = [0;0;0;0;0.868 8;
0.18;07;%: =2}, 0,, =[0;0;050;030;1],e,, = [0;0;
0;03;0;0;0. 868 8], RIBEZk By, B i B B 15 & X N7 iy 5 Af
ZTC 6, = 0.868 8> 0.5, FIW Akl i=30f,0, =
[0505030;0;0;0],@,, = [0;0;0;0;0;0;0], FL-£E B, AIHE
BROC Y, AR I B A SR AR . WIBE, AT LI MEBR R AR 1.2 AR
7T B B A 1

) ZEHENHE

HeA 5 RAATE M IO R B E B/ R 3 Al SCADA £ %5t
BERAR RS RA Z E R 12WE % gk 4 BT

R4 SZEWMEBMERS KIS TR H X

FE fHigWoct AU FRSNPS'S  FRPN
By, 0.850 2 0.720 0 0.844 3
5 Tro0s 0.980 4 0.851 9 0.855 0
Loz 0. 805 2 0.720 0 0.823 0

3) W I ek AR AL

BEAS A g THRMY B B,y MR Lo IMAR
GiJn HBLAYEMAREAS 3 AU BRE . FHEAS 6 IR Lo
BB TR BB 175 BB R AR 5 pE . HEATAR
L2 W o R X LG RO I 28 40 Fh S5 4 A2 K, 30 R 5 Bis 2
Wrshie — 2.

RS MIMEREURENISEEH T

5 fpipliocfE  ARSEA# FRSNPSTY- FRPN
4 Bus 0.785 1 0.094 7 0.740 1
B, 0.824 1 0.720 0 0.842 2

6 Tro0s 0.980 4 0.851 9 0.855 0
Lio 0. 805 2 0.720 0 0.823 0

LG0T, AR SRS Y A R TR T R B R R R
0.816 1, @ F FRPN R K& W B £ [y 0.781 9 A
FRSNPS"™ il &2 Wi 8 % 0. 559 3, 7EM B BRHE A EH 3
FERYIE B ARG 100 %68 FO2 W B B o4, B8 8 @
B E,

R B R I, AR SO R FRPN H BE 2 I 1 R 12
W IE B G R (HR A SO R AR Y P S R A R
F FRDN # i2 W7, B A SRR G /N F 55 40 T Fh it
BB Wi (LR 3 S, AR U R R S Wi AR AL i A
W25 TT 4R B ) 2 B 7 < 3, FRSNPS™'™ #1 FRPN %y A 4 P
YR 44> 22) T FRSNPSY™ #5532 W7 , 1 T4 B 3% 3k
AH 4 57 % B AR B shAE 1B B0 B9 B 1 55, TE IR 12 W SCADA
ARG EEHARHR T SR B MmN M2 E R
BA R R e A SRR B AF 7R SCADA R G4 400 At
W7 | e 2% B 7 5L T A% B S B I AT B A2 W, HLi2 A
RURLPE AN (B 4 S A M U B S 4R S RE A 3 MR,
T X3 5 o A T P R TR B R A AR R R BT ML
J 50X 25),

BUG 0 3 R B W R BRI AT T R4, Nk 6 T
N o THT 17 A L PR RIT F ) I 728 b F P O, A SR TR A R T
Jst FRSNPS ' [ 558 fif 12 Wi 13 B2  AS T 32 el ) AL 11 L 09
NG R L A I T AR T At T 28 AR 8 O A Y 3 B
Re I RIS E5 3R,

£ 6 AHEEI 5 FRSNPS #1 FRPN &5 [& 12 B 44 2 59 %t b

kKA AR SRR

FRSNPS-'* FRPN

KM R S R B AT S WA R, U Rl

LU g I X 338, P Jey 78 b, DO 4 4 A

Z A ZHEMMEEE 2.2k FRSNPS

8 - Gy : 2 B B A 2 R : 2
WHHE NI B AR AL 2 BRI G
BENRES o SRR T W
e BGCRMARRE.AERXAN B 98 B 0 42 B 2R R
T I B B ot
ST 5 R LS AR 2. SN %% FRSNPS
S« PRS0 OB B OB 5 — Bt [ B L 2 B
12 W 45 4 7% Gl % . — % . 2% FRSNPS
LR M5 HE AR IE A AGY 5L Bef ks
o 5w o 3 7 2 0 B B2 1 T 3275 4 0 - W10 3
A

Bt FRSNDS i F 12 e 15 B 00 3 41 45 4 28 % 2 AL RY

PR B AR SCTEAE 48 FRSNPS 585 19 2Ll &, 5 1 4n
N 1D X A R AR AR W B AR AT R —

o« 77 .



Ak W F o

F R K

AR B, SR — i B M 22 T R AL AR AR SO B A — AR/

W B 4% 5 2) 76 J2 16] $E LT AR A AND-OR” B B 2 55

RAEZ ARG/ Wi e 25 B VR 1 B0 IR 51 A B AVG B (H 1 2

TCRAF 28 B /728 F 25 3% (32) W 00 9 50 B B) B 1 0 » i e 4

BUFS 35 e {5 BB 2R AR Th] G 72 TF 9 A B 43 BT LB O 14

MIESL . £ MATLAD i3 {5 BE 5, LR AR R &

RRB 2 H fa] B o0 A HE R 48 /D s SRS M 2 R B LB I, LA

A6 DU A Pl 2 T R I AR BB R AR s X T R /T R R E

B R ECE BB sk R R O, RA B AR

T E S HOCE B E N TR AR IUE . KRR

SR B AR AL IR B, — P R R AR A A

&% 30k

(1] ESpms. Rt b R B2 Wi B 50 45k 5 A0 5t
B d RS AFHE,2017,41(19) :164-175,

[2] SOBHY M A, ABDELAZIZ A Y, EZZAT M, et al.
Artificial bee colony optimization algorithm for fault
section estimation [ J]. Artificial Intelligence and
Evolutionary Computations in Engineering Systems,
2017, 1(1):127-139.

(3] =M, BRICHE AR A5, T 70 MR O i B B vk iy T
R [ e X B e A [T . Fl T R, 2019, 12(22)
81-85.

(1] Bl KRB E, mER . i RS &ER
BRI BE 1) o R B W AR R LT ). L ) R G R
H,2021,19(4) :28-36.

(5] sk, X 8. o 4o 428 D) 45 A0 BEL I o s W) P2 32 B 7
BFFELT]. [ AR T 0B 3 AR ,2021,40(0) 1 121-124.

(6] HZE,BEETVL, P &, 45, AT 48 ]k R 4 1 25 ) 2%
FIASHA R 4 B 0 F 43 OB e T [T ). s E s HL
TR ,2011,34(4) :562-569.

(7] ¥k, 7okt BT AT 29 309 43 R A0 Peurd M1
Bl Pk EIZ W (T]) B RGERT 5 &R, 2020,
48(2) :99-106.

(8] k. BEHEE,FL% I, S, B ] 24 59 ot 43 2 4
Petri [ L L 90 608812 7 5 v LT ] A8 70 4k 5 10 4%
48 ,2020,34(3) : 126-134,

[9] TANM Y, LIJ M, XU G Y, ct al

intuitionistic [uzzy inhibitor arc petri net with crror

A novel

back propagation algorithm and application in fault
diagnosis [ J ]. IEEE Access, 2019, 7 (1):
115978-115988.

[10] Z=—ut, AR, & T, 5. 5T U0 307 ) 2% A o R 2

¢« 78

T B R L] B RE R Y 5L 2020,
48(4) :57-63.

BN B A T ST A5 1 78 A DL - 3T ) 4% e, 8
WO WL WA, 2015,39(9) :2658-2664.

FIF O R R THREE S BB WA H
R B e i [T, 4 #% 10 R % 4R, 2014, 35 (12):
2700-2708.

EELXIELRE, —METRAZEBHNZ Hirii
B[] A3k 7R .2014,40(3) ;431-438.

BART . EERELHNE . & it B e T RE ]
WA T A2 2% 4% .2019,55(12) :222-232,

PENG H, WANG J. PEREZJIMENEZ M J, et al

[11]

[12]

(13]

[14]

[15]
Fuzzy reasoning spiking neural P system for fault
diagnosis[ ] ]. Information Sciences, 2013, 235 (1):
106-116.

XIONG G J, SHID Y, CHEN ] F. A new approach

to [ault diagnosis ol powecr systems using [uzzy

[16]

reasoning piking neural P systems[J]. Mathematical
Problems in Engineering, 2013:815352. 1-815352. 13,
WANG T, ZHANG G X, ZHAO ] B, et al. Fault
diagnosis of electric power systems based on fuzzy
systems [ J |]. IEEE
2015, 30 (3):

[17]

rcasoning spiking ncural P
Transactions on Power Systems,
1182-1194.

WANG T, WEI X G, HUANG T, et al.
fault propagation paths in power systems:

SNP

(18] Modeling
A new
event with

[ramework based on systems

ncurotransmitter concentration [ J]. IEEE Access,
2019, 7(1):12798-12808.
TR, EAARL X W AR, S F KM 220 kV LA
AR T AEE AT AT LT ] AR, 2017, 41(5)
1654-1659.
RERIVL A AR SRR, . BT R B R & 45 1Y
F, DS RET T iz W LT 0. W O R B B Bk, 2014,
38(5):59-65.
fEZ &
WL LRI A, FEMR M T HEREEY
oA I 12 T Y I
E-mail : xicxuanc(@ 126. com
REENTGUEIER, M+ Bl . FEHE M AL S
REARAIZEAT 5 RERL A

E-mail : gjxiongee(@ foxmail. com

(19]

[20]



