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Operation Fault Identification Method of AC Transmission Line

Based on Multifractal Spectrum
ZHU Ling', LI Guo-giang’, LIU Qi', ZHOU Hua-min’
( 1. Guangdong Power Grid Co., Ltd., Guangzhou 510000 China;
2. Machine Patrol Management Center of Guangdong Power Grid Co., Ltd., Guangzhou 510000 China )

Abstract: The manual method has a huge workload when checking whether the transmission line has operational faults, and it is very easy to

cause casualties. Therefore, based on the multifractal spectrum, the operation fault identification method of the AC transmission
line is designed. The pixel value is processed by the mean filtering algorithm, and the noise in the AC transmission line image is
removed. The multifractal theory is used to extract the denoised AC Transmission line image features. According to the results of
image feature extraction, the Euclidean distance between faulty nodes is calculated, the minimum distance discriminant function is
used to determine whether the node is faulty, and the AC transmission line operation fault classification and recognition model is
established. The results show that this method can complete the operation fault identification of AC transmission lines. Compared

with others, the fault nodes are consistent, so this method can accurately identify the fault nodes in AC transmission lines.

Keywords: multifractal spectrum; AC transmission line; fault identification

0 5%

o 2512 S UL i P B P Y T B EE , h T
HARKMRETRERT, BN, 5. KNERIH
BBEIR , 1T ELAE T M X & oA A TS, ARG Al JBE e % 3o 44
G YT CBER , T I P B A A R A PRI e L
HEH) TAERE T, L5 28 bt 54K 3] © 240 I0 B RIRF 510
A2 T, ORI i R 2B B0 I BE DA B v B, (4 A A
BRI AAUE K, HTAERR R, B o T fi 4 i
BT HOEE R B R A SRR 1 1 R 3 4B ) — 35

T i P B A A P T 2 A L 22 S0 4 AUl
THGREIT T A LWL 70448, HATE R Ty T U5 Sk
JRR, A A28 80 4F A H AR i A AT T 2T

A B H: 2023-08-16

44 | Techniques of Automation & Applications

28 T A BT FEL 8 SRS S, T P B ) A L
HI R B RS [ 2K 359 SR P S R A% SRR BRI A5 BR
S B R IO e ) S RS, A A2 5 T A B 5 R
W, EAA —ERIBFF R . TEAMERIBF S, FhER "
SENWFFE 7 H T X KA M 45 1 LD R 08 SR
SE PG 7, B R 07 FSE LR R SE i e
S, O ] F A T2 W 25 TR 0 FL R AR AR, S
AL B RS B I % i 2 B TR AN I A B v PR A 1Y HE B %
X R R 7 IR AT BRAR R B R B ROR  (BHAT R
HEIR R R, 2R AR T ETRES
TR 22 0 245 1 i L B 077 55 R 7 SR 01 5 e e A ) 7
5, B SCA 8 B A S A OR HL T R R I BEAL 454, SR )
i 22 ROZE N G 0 RS AR S BGEEAT IR B MERR SR 1T 58, 3%
7 VR AT Bt b 5 I PR R R — B O AL A TR 1R R



=HIEe 5 M H

Control Theory and Applications

(BMHRARSRAY 2025 F5544 B2 1]

o ABHAFAE —E JRy KR4, P A B0 2, 3 P 18 g R
PR 2 . R NS PR T BT R B R
R ALE MY FREATL AR 4 i FEL B A 28 00 R, i — AR H
TR RER T, F5 BT A FRAERE A HE Y, DAL R AL B 36
B K AR YR R i SE B R AN R, AT RS 14 52
TR 1 R A (LA A A ) B T R Y
MG, ST EdRITREAN R, A SR R T 2 EH K
P 2 i P B aa AT R B 7 A 1% T TR B Sl i i
S BB R SR i R AR B ATl e

1 EFZESHIBRITRRMBELKESITH
BEIR% 7 %
1.1 TmH s ERRE LR

T BRI RS B A [ Bl A ORI, &
T B S T A MERR I, R A TR 5 P AR R A
B SR, 7 B2k IR A i P A R 2 AT IR P RS .
CE A UE DA 2 AR R A T AR a8 iR 3R
{E, U RASF]— A N, < N, IE S B ER, HEHR R
MIEEFIR N Nox NS, R, ARG R P —
AR AT AFRE] -

A(ab)=—— Y H(ab)

NuXNb a.beR, (1)
K, A (a, D)3 7 %1 1AL 1S 1918 2 (E 50 Ha,
b5 V- AL TR A 18 22 (450 s NL AR NG U367 7 T
T K BB,

G I 008 9 A0 74 T DA S 3 sl 9 1
EI, fE L A R A R R, T DA
LT gla) B R BRI 2 RS B L E , ILE S
B % R G 23 S o T~ g () T3, AT
Sy BB 2ot /NS I, VR h/INBE B B A T R BE S8, e
PN BB, ARSI R o S MU, 7T DA
L BN F () BT o), WL—3, () iE S
7 SR 1 g (), BER RT3 5 2 FAM TG 58 LR «

g(a,)=¢le(a,)} = e(a, +a 1) (2)
A, 0B R /ME . TEAS S T /N R B R
JE SRR TIETOS5 . DA A — 2k s 4 o3 7 3
i, AT LA B /NG 2 O TR T s, B4

]'}[k =f[/c .2—pk (3)
Ao, FER R Gt AR B A 4 /N R OR
BESH 2 A DAE L0 8 B A R

15 2 G)HEA B M b R D AR T
Pt , FEBCE BT 12
1.2 EF£EHRIELHERIFERR

AR b3 e 1 25 I MR 75 I 1 32 0 6 R B 1R, SR

M2 E o LSRRG RHE, EVHZESEHIRZ
B, 5 ZL B 2 5 TR W LA 25 0], iskon 2 h 4ERRA 25
() 7 3053, AT DA 38 4 RUBE R 43 4 A FR 1 000 /3 B T
(X—ue), I8 LERITTZ B FREG G, XA h 4Erg i
FESEAT] DAE A -

" (X ~p,)=limn " (X ~p) (4)
o, 9" (X)) TR i 5t oR B0 2 850 TR i RF AR E . )
(X—w)MFRRTES h 2 2 H TSR IR, TE TN
e, AT A E AR B — A X B 4L E X

g(é’n)zing{w },i_t)rgloinfzn:(hauGi )fzo} (5)

A, (hauG) FRTER fHER AT 71 v, i SR oy R
BT, HITESIAT 4RO )5, W] AR 2T
P& 2 COEEENRIER

- ln;k,.”(wn)
w—l!}% _lnw
K(w,)=1" , ' (6)
2k (w,) Ik} (w,)

. i=1

lim £ wo=1
> n
w0 Inw

X, wo R n TG A S &« K(wa) W3R8 X
WS RN AR KRR AES h B B 5 14>
o a4 3(6) ] LATS B i 5 B A K R B R AR 2
B AEAHIN M., x No B K B E B, aTPALE H(a, D)
T K RBIVBRE, MR R R Z RGP T IR R A -

w, %1

Zn:Zm:u(a,b)xg(a,b)
Glat)- T )
1

)= Ty ®)
i, Gla, D) TR HOR 6 QA O I B
(. D) AT B ML P 7 T8 3 B 0 5 u
D)FR . AR L, T DA i S () H S8 8, et
25 T3 T 25 52 L B P R R
AT DL S 0) 3.
l{iﬁwﬂ .
) -—E ©
oy (W) B & T AT A LRI |- O
ETH,

DA 1A R, A S U L B
16 36 T AT HORES SR RFAL (8, WAL AF IR A0 Iy V5 AR
R, JEERC e B (3,

1.3 iR ERIEI TR IR AR E
FEVA L BRI T RO T B A o, T DA

Techniques of Automation & Applications | 45



(BiitEARSHAEY 2025 FE4BF2H

ZHIEIE S M A

Control Theory and Applications

AIE T) 5 D B 45 28R R (4 IR G B 85, 30 o R G P 3
IXEEPE G Ay JEAb S, R BGHEAS ,  n
R ER, gt 2 B TSR IS K W 5355 Wy, /]
Ay IS Ty 22 TR T3, WIAE SRARIX > TJ5 22 1) o 72
Hr, w] AR (10,

> (7 -W,)

2 _ =l
Tx_
n

i(Wv _Wﬂ)z

TZ — _i=l

y

n
S, W, AT DAE R K WL 9 W, 7E n MR
T, T e/ N B3 SR S 7N«
ld, -, - (d.-m)

T (d, )
S, o TR FERR BRSO o, B By Pl 2
SO A (27 16 4 5 183« L 2 7% A 80 5 B0 01 K G B
B+ d, T v BB L R K R .

HRR K — K P s, T B3 PRI o A 2R,
BT 2795 A 75 L R A, Ry P BB T
e LI A hE S w
(w.+m,)

Wy =i (12)

2, Wi 37 A2 Ui il P 26 12 AT i o 3 28 TR 3 485
Dy Fm IEFEBOR A ERAE x -5 v Bl P 9 R 50 2

(11)

2 KBS

SRRSO SC AP BT B B e AT R A O i R
T B SE 5, S35 P SO T iR n IR RIOCR . o R AR
P A B 00 A A 5 A B DA B R A B K2, 4.
S s ST 73S LB A BRI A e 28, AR S B
LR s AT P A BRI

(a) FEmER (b) REE®R
1 BEERRERR
TESEIR A, SRR i P B AN ) e 1 Tl FA AR 3L 100
ik, Hod 50 5RAE S YN GRAEAS , F80 4% SO 3KAR R Il AR AR
FERT P IEAT TOAL B, PR A 5 A e e ) 52 7 i FEL 4
B 46 B A0 & 1(a) BT 7R , 72 Matlab (9 BR35 T #5147 Bl

AL B, QA 1(0) B 7R , F5 H AR 256 < 256 4% 1 K
BEBEB, VAT B AR AR H A AR LIRS

AR 17 S i P A B e ) A BRI 8, DA
VA B IEAT T IR S RS g . P 2L @AY T HE 2
s i P B ) 46 2 o, AR o 1R R 1 B E T
PREIM A I 4528, T B AR R AR T . B 1
(D) IR B ZR mi A (a, b), MIFEREAR A 1 25 M AL R A,
PIER H AR R R AEZ R AR E L

h{asb) = 2= 20)

D, xD,

X, ha, )RR Gt R B R 1B R AR ta, D)
FT AR R Y TR BE AR B A A AR D ta, D) IR B
ABEFAEAIA DI Dy R LA MR R N LAY IE T B
FEa  bPIATT A

Py A IR B AU A IR R S, AT <5 2
LR PR IR A PR
2.2 RBERSESTIEHHIE

RGO, Wi 2 B A o B I ST
R BRI ME, 2 308 -

In p,

a,(p)=lim-- .

K, an(p) RN 5T J o p MG T I Z ARG
VHE :p R 5 15K A I B8 A R - w0 5 1
PRBEARE, 1 (14) T AT R Z E 2y AR FRIE R

In m,

(13)

(14)

g(@,)=p.-a(p)- (15)

Inu,
A, p BRI A B 3 : o FOR S L1 T 4R AN
HESR 1, RR TARIE K TR R

et EARUEIN LA g (o WHE(R , A4 g () >0
HOAE AT R i, F () OG- SRARAIT IR
M, A AR R A E (L B 1 )
B/ MHE Grin(et) o

2r —o HETHA

—o— HETFHB

5 08 —o M THC
S 04

&l

R 0
04

1.0 12 14 1.6

A,
2 ZEHSMIEHMLE
WWHE R =5 T B2 E L, (]
Matlab 445 2 =/ IR , 1581 2 B e, ~
g o)y L ANIE 2 BT 7

46 | Techniques of Automation & Applications



=HIFEIE SN H

Control Theory and Applications

(EMEARSMAY 2025 FE 44552 1A

LGB AT, 2437 FA850N 1.085 I 2 40 TR
S 0.814, ZF FAEHCH 1.538 i), L E AT ES T
H—0.176, TE4iZ BB, & F840CH 1.091 If 2 H 7y
TGS 820 0.723, 7 RARECH 1. 541 It 2 H AP 1ES
LR —0.293, FEAZ T C B R 4R8N 1.065,
F]HRHA 1,536, ICEEO B 1) 2 B4 TR A5 2 8045 7R 0. 488
F—0.096, A FEEETH, IE =AM TR, =N
T HRIER AR 2 B TR IG AR E R, # 2 IH
7 X R Z E AL A B B3, Hg
i /N T o, HZFHYIRT 0, Guin0) IR T Ga(),

Guin(e)¥J/NF 0, FHBL AT L, 25 270 B3 A 58 R0 52 7
HLAR s TR R IR
2.3 IR

T S o B i P e A 00 o, mT DA I A TR 7
XTI E A 2 B A 7 YR IR B o,
THEGAR AT, 10 AR A T £
O TR AL SR, 0 3 R

i 3 W] LA, AR SCT7 TR BRI 58 B PRI T A AR
SEB A AT 5 SCRIRE R R B AR . T SCRRI6]AY 77
FRIEATRT HEAR S, X L R AN 4 B

—ba-q
25

24

2.34
=
Z22

21

2

i

: ‘_ X ’ 19 L ey
(a) IRBIXHE1 (b) ZEHEEEFHE (c) RAKXE2
*«a{m 7«35,31
(d) ZBESEERIBHFHE2 (e) IRAKH3 () ZEFEEIEFHES

B3 s R iExt Bz 43 o o 2k

(e) XFELiRA () FriR A& (9) XFEEIRA (h)  FrR7A3: (i)  XFEEIRA
Xid6 1271 X 13 6 Xig 7 A X5, 7 X138

(9) FRRAE
R X 15 8

(k)  XFEEIRA
X159

== ? ¥\ iy
4 T
4 r?g{‘q

() FriEssing)
X159

‘\‘\

1 2
i i

[ AL

R ¥

El4 e LB pE iR 5

(m) FPELiRg (n) BRI
i 10 5 10
(FEEEE 51 H)

Techniques of Automation & Applications | 47



