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Abstract: The stable operation of distribution lines can effectively improve the order of power systems. Vulnerable line defects

are the main cause of cascading failures and blackouts in distribution networks. The artificial recognition method has obvious defects.

With the help of unmanned aerial vehicle (UAV), an automatic detection method of the fragile line defect image is designed. Based on

the comprehensive vulnerability index of transmission lines, the vulnerable lines of distribution network are identified by constructing

the vulnerable line data set. The classification standard of vulnerable line defect characteristics in distribution network is established,

and an image enhancement technology is used to improve the imaging effect of the vulnerable line defect images. A contrast-limited a-

daptive histogram equalization method is used to balance the color and contrast of the fragile line defect image, and a wavelet trans-

form is used to denoise the balanced fragile line defect image. A convolution neural network is used to input the denoised fragile line

defect image into the convolution layer to complete the automatic detection of the fragile line defects. Through the experimental test,

it is found that the highest recall rate of the proposed method is 89. 32% . the highest accuracy rate is 98. 20% , and the lowest error

detection rate is 0. 98%. It can identify the vulnerable line defects in the minimum range, which fully proves that the proposed algo-

rithm has a high detection efficiency.

Keywords: distribution network; cascading failure; fragile line; defect detection; convolutional neural network (CNN); wavelet

denoising

0 5|5

IS LB L 9 B TR ) R G B T AR
3800 T 2R G2 3 A AT 0 B 52 e P L R e I G Y
T HL IR, S 2 3 B 5 v P M R 1 R BT X
T ) B B e B PR R R R R
T 553 2% S v 20 A7 A T D0 2 B A ML W R AR
T 5 B0 HL 3 2R 1 4B SR R H o R O R O T o A 5
Le P LA OB X, AT DLW ) A . e
S 5 51 P 258 72 2 IR 6 S il o 5 % A

R EHE 2023 -02-21; {&EHH:2023-02-28,
ELWB : 5 WA BR AR H (202054420001,

LAT S5 AP HE R ] 26 8 ] 125 B W5 I M A9 5k 6% 7 1)
TN T ¥, JE A L 0 R O =2 ) B4 iR i RN I e s 5 I
J HL I 2 () M £ S0 BB U] (R O IR AR TS A A
LR BRI R, A W URE B I A R —
AR, B ZE 5N 5] A PageRank F5 74 #4) i 55 28 % B
PUREAY R 48 4 R 2R I o 70 o7 I8 3 9 B B RE 1 43 A e L £
FEMEE . A, TR SR AR, BB R &
B I i 5 S A TR BRI B A G 5 R S Bk I R ) 4
Dl TR HBARR A B HEG, A E PN R /Y n)

PE& B F1 - SRR (1985 - . 55 . S M SO R AR TR Dl o 32 58 Ik vl J 20808 1o 11 O 1 F) BF 5
SIRME R TR e 55 1L A . — ol g 55 2 B e s e R R RE AR I A YR BEIH LT T 3 SN ek 545 . 2023.31(7) . 107 - 111,121,

BB MU www. jsjclykz. com



- 108 - LI i 5 4

%31 &

Tkl LA A AT 2 A oK

7 T8 B e 55 £ I e B A S B PR R B o AT e o
R, DRI A v M 5 R B BB 1 S AR T OCR . R T
AR SO T AT 1) TR FEL O 322 e A5 L 114 G 53 4k B Sk B 11 )
AN o e S R A SRR Al L K T BT A XS
ABE A R i T i v R R NG 5 R 2 S R AR R, AR B
S5 R PRSP e 5 2k B . DA E 55 kI B R AE AR A
X S0 A e 0 M 5 A B AT R 2028, TR R 5l R X
G2 S I e 55 £ B e B TR R AT RO M i . as X e
JBE 32 R 3 R L V] 49 A 9 0 o R R Y M 558 4k I
B R HEAT (ORI S 22 1 2 B AR AR B, 45 5 /D I 22 36 5E Al
Jife 553 2 5 I P A MR SR T A AR B 22 R 2% o W TR S ) e
S5 24 S B T AR R AT 4 BLAE 3, O PR i A 3 4 BUZ AR IR
i 553 £ 6 R o PP AIE 18] J i Reelu 30T o K070 BEOAR IRy
YERFAE ) A, 3 5R E BUZ B R 1, A6 BRURUZ A A B
Pl 8 e i 58 MG 55 4 B sk B 11 sl A 0
1 e384 B aRPA B Zh &N 77 %
1.1 PHRED A ) Bfe 55 2 B

HRUEOUT » THC H P DR TRT AR A5 HL 2l G 55 4 B e s
FIRRIEHERAE R, B L 2B iz, 5| & &
BB A H B DRI v TR I PR IO 55 A A ) L
(Y HTHR 5 B e e 55 AR B R D, T
Pt s AR R 4, BEFIEWA R, — R &gt
WG ABE S . i i v ke T BT X T L R G 3 R R .
SEPETEAY L . i P R TT WA M R g O L o0 i 55 1 ) 5
i 2 ) JG A 8 56 25 3k Dy M 555 4 B A T R T — E 1 I
RE o ARSI R A T H I S AR IR R SR 6 = (&)L =
Lo2eee oy TC R OO 5359 4 B8 RS o 2 1 500

& =& Xé& Q)]

XD g FRon i i i 2 i 1 s & RN
JEC L 0B R R D AR (. B &, e U FL IR e
SR BN . AP RINT

A BR— DS B E W 0 A S R v A ) SR R AR
WA IR B ITh . THEAX .
Lg = Li/U,
PIPBE
L,="“>" (2)
L
U, = ;n,lnq,

X (@) Lo FRMIRPIG AL ER G REA Ly £
I8 R TRC H P 25 R 38055 UL RN ISR IR 5 o RN 2
R 2 XN SRR s L R 1t T PR IR R R 2
BB 5 o 2R3 I A P 2R B 1 67 AR A T P L B B R
9 i b

HBR T OB T T T TE R BEAT . R I A e e D A T
ARUE I X BC R G 55 2k % A T R AT
LM R;

AR = RIEL RSP I RAR. Sami
SRR A L ORI B0 X R R 0
PEATI. AU

& :M+R(l—#,>[ (3)
(116[

KB PRI AEFRRESR 3 R i g
LRk L A B R R s o R B0 GG A A 0 KR
S AL AR R T R AU s ) AN B e
BT I D R AL

ARV - AR R B T TR . 0 T T IS B R AR A
AT, RS A R BT AR OOk, TR
PR R R E R A . IR AU

S = W R,R, X Lg 4)
X 4 1, R, §R, TRMWEH LB L o5

i

AR RIS R =5 PRI EREN 6 5 &, K
P (D it v 4R O G 59 TR 2R 18 b &0 SRR s
AL el T HES . BRSO SR & o i G 5 £ B
K AR LR BT TERS 42
L2 MESH&BEEANREEGHLE

3% e b T 255 2K s 5 B A5 T LA AR S T G 5 R B
V14 200 ot ke B 8 G+ Ay A St Bl ARG 0 4R I R O L G
2L I R 0 ST BT B Y i A B G 58 I R AT AR KR
DRI i S5 A SR 98 R AE b SCE 58 2% i L
Senb b R R & Hb IR G 5 AR I % R BB R AR AT 20 26
Jife 55 2 B R B 2 R DU, AR RN AR AR 1 TR .

F1 PSR EREEAER

R B 2 ) R B3 2 AiE R B3 2 )

B G AN R 7 1)K BE B R
BB A s L — i | R 5 R 2 B AR
JE SRR AT B b ) BB SR S | AR R o ke L E
(AL T 3 8% 2 B i e

B 5507 2 0 R
LRI IR
5 5

ek Iy o) LTS s PR IR | 0 S 5 24 07 M %%

ST | A s B ARl s | P b SR 2 B
BRI | BT (R R I | W T W 2
N N VS L RN
R T AL T Ly T
g | M OB 5 9 50 4| TR 2
U e IR ATy T

WA | L IR B T 5

3 = ‘%/—\—»
TR | B VX B £ ziﬁ%%MMLE

kB Ll

E T R 19 G 555 2k B R B R R 0 S AR P, SR AL
TRAT ARG 559 2 S B B 1l 15 AR Hl ke I K8 1) S B 5
RBRERIE R Oy TR L. DEMBRE . WRIAFEZL
b D2 0 R A R R R AR R . RO
G kRS IR L i g RN TR SR 70 1R R 373 S
WA R LS B TR S BT M S kB B IR B RS

BB MU www. jsjclykz. com



%7

KU, AF . — e 5 AR B I Y TR RE A B BT < 109 -

R, TGRSR AT K o A b 2 B2 T g 5
2R KB B SR R RET L DR, N P AR O
PR, . Bese. Ak, B SE Tk X APLR &
IR R BEAT Y & . O I 20 e 55 4 B R B 11 sl s AR
P LAME 5 S A P S B R S . R P AR Y 5
R T PR G 555 B AT % SR B [ (R A 1 1 PR

T

£ &
P15 2R AT 3 5 L B I ] 5 9% 5t B AR L s 491 ]

TS VR0 5 AR I B T 5 2k B R LR AR RIOCR
W HA R PG AR, 2t S gl
1.3 EFHRMME M ERRE S & RERMEB s

A 55 2 B e LA e R A B R b N B 4
G 2 2 4E FE =5 (B) .l BEAL Y 7 008 UG B, ¥
MM & B R G A Z SR E M, ZS B m
BRIBHARN -

, blo

’:]fo (5

L@ L b R RPN GG RL. o KR
JERAE SR M FoR SR K. f 3t B g R
.o Relu il R 8a =08

X

Retu(yy — [0 270 6)

0, y<<O
BRI Ml gt B, @3N EHZEBE ), B
SRM—KEREH ., #BTBRRZE P T RAEERE, fiiks
A TR i L I 5 R I RS ARE . T oRAEERIITT R A .
p— d()w!
T bRelu(y)

LD W d) FoR iR T RAERAE. RURZ 9L
A T w; 65 R TR R B TR D
KA N -

7

PS
D=

X @) W, S RN R BRMUZ S j A6 B 1 2B 8%
2 W 5 G Ry th R A SR S BE . DAL 58 e 53
LR BRI B SR . B IR .

AR A 3 IR 45 R T H TR G s kB R

(8

HIER R amg ., Wl ERZER, R
% S50 B PR FRAE 14 5

B DI TR 15 30 09 B bE BG RRAE B O Bl AR
PRI B T R P M 55 R B Y 2 Ak X, 3l O Ak B
15943 558 w8 DX I HE AT IR AE 5

YR = DB AR B 05 1R XU AR, PR U
DXIARRAE . X e g A b B, R A5 O A 1 i R
P 15 4R FEAE 7] £ 5

BRI . K TR AR AR Y R A R AR 1) 0 AR R A 2
Fe, TPERRAEE TR R S B R ME SR, DL AR D e 55 4R it
BRBA S AR 5

BRI A AL B A e B S 0 AR AE (9 4% 2k X, DA
1P DA T 34 0 e 5 L R Pl DO e G 5 4R I S B D A A1 L AE
WA EAE A

L TR, MK S AU 2 R 45 S BTG 55 4R I BRI
B SR, T R AR A2 AT R AL S A SR A B .
L4 BTN T 100 B 55 25 BR 6k Bh B 15 PR IR 4L 12

TR L A7 B 3 N R A R R L TR R A
AR, X F 1 e 55 £ e 66 T AR T L BB 1 1Y SR RN 4 R
BIEP, (1) BRI LR . 78 HSV (hue, satura-
tion, value) M@ HE, KH(HAMMWEH TR RE
A, B EG ORAR ., o R R S R A
i AR T EAR s, T K B R i B RGBS @ 2
FEYL (2) EBREEBIE: £ RGB sy, HEN
PB4 S {25 4 X, (0 % 255), AR S O RB ERUR. ¥
i 55 2 S Lo Tl G AT R DL RO [E)  RR AS [) B E
TEMG ISR, REERMRZEMER SR, /i3,
SR X LY 32 R IS N L R A O AL B R RN R 25
I s 559 2 I e B T o 3 e SO L E R R R 4
75 A AR I . BRI T B A — Ak g RS A A
BRI Z B G R KN E, @ H B m
X, ORI R 258K M 55 4k Bk B i G, RTHR 2
WRA T, WK 2 iR,

\\\\\, \\¥
B2 7 A 4

AR A 2w A, BT U X I b i 60K PR BT 4, KO
R 25 BRI AT 52 Bk B 1] 5 249 A A Ak B L 4 T 20 A S Y Bk
B P 5 SR i A A BE T ) T SR (EL R kI AT B P AT A
WP, X A A e 5 A B IR AR AT R

Tl B o s R O 9 BR VR IXORE A9 BB, BV IE 5 B ) A
SRl SLVE R X RE S (O o /N L R AT
AR R MR 7 FF QR AL AP FE B0 05 5 T A £ 5 B9 03
RAFWMT. fE/NEET, ARFESHREEE T EDER

BB MU www. jsjclykz. com



« 110 - P A 5 45

%31 &

oy SR MRS TE AR AR B AL R SEA /N Bl 2 i
Bur.

ST /NP A WA A s R SCIETB B B R T RE
PRACH -

E(p)

:&%ﬂ+mx@ )
1

XL (O PLoARBWBHMEE, BT HE H>0;
L, (@) FR IR EMGOLIRBR A o RORE B Z40G Al
FORMEIRG ST RRAE & . A SCME 55 2 i Gl B 1&1 45 A% 1T
IR BB 0N

T, = c+sgn(G, X [(x,y)) (10)

3 10) i, o IR A S e 55 4k i Bk B P AR AR 1% 3R
sgn (*) RINWEMNSEE; G, RRWERMEZE N0 WL
AT 35 Bl 56 R X 3R s B T, y) BRI IR,

HRAE & 430 9SG IR AR, B Al 45 4 o B IR R
B SR FH /DN D A8 e 22 RLBE R AE 43381 O 0 0f TR AR il 5 1) B
YRR BRI AT MR, 50 IO 58 L I Bk o LR I R Ak B, 3t
AN
E@»%EH&WWJH

Ji= 1T:><F

X AD P, JRIRR/DERE, N RN REMN
BIRUBE . R RN MR EREBIE . H.G FRMEIE
A E SR A Y, R MR E MR, F RN E R RME.

gt bR 5 v o8 B 55 4R B e I AR I R AL L 3 R
Tk B H AT
2 ZIWEERSW

R R AR TR Y ME 5 L B BE B SR Bk, R
THRAESE R 530k [2] Jrik (A New Method of Fault
Direction Identification for Different Types of Renewable En-
ergy Source Integrations) . CEK [3] HiE (FT PageRank
SR ) e v o 3 B R G S8 £ R R 0 T I RE 2 S
L 60 MATLAB{FE., Z5R 500 BmT.
2.1 RBIMEEE

TENfE S 2 B pa B SR B b, X EHLR S CPU
PRI TEE ISR, P HERMAMS WL, CPUEN A S
MIAL RS- 6 o SR T T R S 3 0 75 5K 5 IR B 2 ST I 2% 1 oL T
AHEESE R ESH Bk 2 s,

F2 LRERHESHKER

(11

3k A SRR E
CPU i7—7700 K
B 4.2 GHz
T B0 05 M7 16 GB
A T 11 Gbps
T g % 1582 MHz
BAERG Ubuntu 16. 04 64
A PR I WG T C++
R 2 2 HE 3R TensorFlow

A T5 15 8 23 (9 M 55 2 B R AR R B AR TE S5 2R LA
MR 2% . X HSHE BULE . I 2. K e
552 P 1S A I 2R A 19 8 UM 2 M 4 b, BEALIE$E 10
UMARREA AT g SEIR X R, 58 JRUYE 55 46 B ok s 1) 11 Sl ARGz
BRZEEHM 2 EMPNE L. BESHENES

FR
#3 BRESHRER

EYiGas it el
1 K L2 Y PN
2 S 1 3h 5
3 B HER
4 Ne LIPNEECSTRER §
5 Nf i Y {5 3 T

B ARAE B 2516 3¢ Actor-Critic, @3t Actor S 3h1E .
g Critic Sk S fE R B & i&. 76 Actor g A — 1R,
— D EVER— AR, L Critic HORI 2515 2 i8] 22 43 (4R
Bl%5 Actor, 58 8RBT BB ISR A BT 0T . 45 FR bl 2 ) 2%
WE 3 R 2, BRI M 55 ROR GG A SRR, &
25 9 2% 45 T2 il 22 T BRI TR0 TN 3R 4 TR

R4 BRMAMEM LTS BE

AR BAE | RORIZE 1| RURIZ 2 | RORZE 3 | MHE
Actor 10 140 340 220 8
Critic | 240 70 20 10 2

2.2 ZWIFMIERER
IR ST R B [0 8L R A 238 5 4 A 32 oy I 55 2 i
[(ERSRoIR alllEy & iR Y
B ] E 4 7 SC bR oA 1E 1Y 2R I MG 55 R R AR Hb g A
RHIEREA ML A . AR, U W VR A e 5 4R B
Madkaim ., HitEAX N
TP

ieg TR R Al B SR e o N R O A R N
BRI B R B SRR, B kR D A S R G Bk
BB . HOTH A0

TP

Precision = TP - P 12
R R A 1R R L AR A G G 55 2 I i B YRR AR AR
B ABAR . 0B T R I £ % B b M R R A . HOTE A
E2
FP

FalseAlarmrate = N (13)

2 (A1 ~ 3) 1, TP . FN FP N 75 £ xR & I
(N S-S N CRRESEE NSy /6
2.3 ZBEMKE ST

T TC P PO % B R4S LR T . BEATE S AR BRI A
RIS Y, HARSCRR A R Hrid B AN E .

i 1 S5 AR A S AN PR AR B A 5~7 PR .

BB MU www. jsjclykz. com



%7

KU, AF . — e 5 AR B I Y TR RE A B BT < 111 -

5 A MR

WHAREA P55 | sclkl2dords | Scsksd oy ik P
01 63.84% 65.12% 78.56 %
02 57.23% 56.20% 80.15%
03 52.75% 50.11% 84. 44 %
04 55.74% 59. 48 % 85.61%
05 54.02% 52.13% 89.32%
06 56.87% 57.22% 87.20%
07 53.66% 56.10% 79.23%
08 51.90% 50. 23 % 78.50%
09 50.29% 49.25% 80.00%
10 49.03% 51.03% 81.23%

WA PS5 | Sclik(2] 3k | sclik(3] ik P
01 73.29% 75.23% 89.56%
02 71.83% 70.12% 85.20%
03 69.89% 70.00% 90.00%
04 68.63% 71.19% 90.12%
05 70.16% 75.40% 86. 66 %
06 73.96% 76.31% 84.79%
07 72.48% 76.10% 89.35%
08 73.22% 70.33% 91.23%
09 74.02% 74.91% 95.46 %
10 70.19% 72.90% 98.20%

FTOHTR R

WA PS5 | scilik(2]5 3k | scik(3] ik P
01 10.25% 10.23% 3.00%
02 9.78% 9.56% 2.01%
03 9.02% 8.24% 1.32%
04 8.97% 9.23% 1.45%
05 10.21% 11.20% 1.69%
06 9.58% 8.64% 1.00%
07 8.53% 7.25% 0.98%
08 7.45% 6.50% 1.32%
09 6.68% 4.32% 1.10%
10 5.87% 5.60% 1.91%

M S5~7 HAR B, ScEk (2] F kM A I REE R
A 49.03% ~ 63.84%, A W R B HE L B A 68.63% ~
74.02%, FEMEBIRIEE K 5.87% ~10.25%; Cik [3]
05 8 SR AR G L 49. 252 ~65. 12% . K s S AU S
Bl fg 70.00% ~ 76.31% ., B # R ¥4 0 Bl N 4.32% ~
11.20% 5 424 75 B I R E05 56 B ok 78. 509 ~89. 32X,
K A B S L R 84. 79 %6 ~98. 202, At e B Y L Ry
0.98%~3.00%,

W RS BRI, S Ocmk (3] kAR
B RMTIEM G, R ROE S A AR R R
%, PRI M 52 38 H T 7 ik R R, 7840 R S8 T 42
H Ok B ST N R

TEARIC b 20 25 R g Sl b, b 7T E— 2D SRR 4
TIERI S A R AE 10 LI BN A b BE L e 1 AR B AT 3
B EBPE, SRR, AR, L% T
CEHRT BB PR IR G AR ICHR T i 10 e 5
B G BB I AR 45 R . SER S R WA 3 B .

X (k) : 524236. 7347
Y (4%) : 2564086. 4168

X (dk) :2368. 5693
Y (%%) :-78013. 7028

(a) LR FTBS 1 SLERIG

X(k) :535523. 1749 | P74
Y (%) :457711. 8956 | A

(b) P LR W BRI

X(Jk) :-638. 5642
Y (%) :457396. 4791

\ L\ 4
(c) LT BRI () BT “ BRE” B
3 4 HH Uk 10 M S R 0 L 5 sk o G D 45 2R

HRAEIEL 3 A0, 4 7 B % A AR I I 59 R K ok I
BEIG I 50 B0 BE 55 4R % G 0 S Fa Am . 1 S5 B R A A
e B BULAE A, 42 7 ok 7E S B I R s 47 0o B P LA
BRI BT AR o AT A R 3 B 5 v S R A
3 HERIE

T TIC L 00 3 B 0 B 050 R B BT L I WRIE 9 0 ME  R
BB 1 BRIy R 4R T T e R A 5 e o e
SRS R A R BN B A E R SRR, BRI TR, Y
Sy SR B R AR A B AR SRR S, RS O 4k B PR R
B —ENEESS %, ATUE—ERE EXRH
IR 325 A I 4 L R AT A BB

SE

(1] 5 1. sksc—. SREHL 55T oo HITS 58k 0 W i 55 5
A EIA ). B R R A g, 2020, 32 (4.
145 - 150.

[2] LAI Q, ZHANG Z, XU K, et al. A New Method of Fault Di-
rection Identification for Different Types of Renewable Energy
Source Integrations [J]. IEEE Transactions on Power Delivery,
2022, 37 (4). 2932 -2941.

(3] Bz, J 4. RWH. . T PageRank B vk i Hi i 1 %
B M s R B BRI L. R E Ry, 2021, 54 (5). 74 -82.

(4] RBeWE. o JE, XIZEH, 5. 5T 8 RES I 09 TC 159 2 AR 12 b ik
BEER (00, @ 8hfk, 2020, 42 (3). 53-55, 83.

(5] MM, & IR, BT IR T (G BC A 19 28 2 2Rk i 10 3 A
ks ). Ak AR 5 R A, 2020, 39 (1). 148 - 151,
163.

(6] )& 1. W r., E55. 5. ETHERLNHEME XL
WREASHRHER [J]. A A SN AH, 2022, 41 (8):
109 - 112.

(7] BEY. W B HNIE. 5. BT LeaderRank H kA9
o 32 AT e O B R B R D i (D). W R EOR, 2021, 47
(12). 4265 -4273.

CREE5 121 7O

BB MU www. jsjclykz. com



