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Abstract: Combined with positioning technology and laser
ranging technology, a novel method for transmission lines
fault location is proposed by machine vision. The unmanned
aerial vehicle carries a visible light camera for shooting work
of transmission line. The aerial images are transmitted back
to the ground station in real time for further processing. The
image processing and pattern recognition methods are adopted
to detect and recognize faults on transmission lines, where the
mathematical morphology algorithms are applied in image
processing. The initial positioning is used to obtain the
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longitude and latitude coordinates of unmanned aerial vehicle
by using the inertial measurement system. An airborne laser
ranging module is used to correct the coordinates by
measuring the distance from the fault point to the unmanned
aerial vehicle. Finally, accurate position coordinates of fault
points are calculated after coordinate transformation between
the space geodetic and space rectangular coordinate system as
well as datum transformation between two rectangular
coordinate systems. The positioning accuracy has been greatly
improved and the space rectangular coordinate measurement
accuracy can be as high as 0.11 m.

Key words: machine vision; laser ranging; transmission

line; image processing; fault location
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Fig.1 Flowchart of fault location of transmission line
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Fig.2 Positioning scheme of unmanned aerial vehicle
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Tab.1 Comparison of common ranging methods
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Fig.3 Coordinate system transformation
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Fig.4 Transformation of coordinate datum
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Fig.5 Flowchart of fault recognition of spacer rupture

P15 5 A I8, AR A AR BT H 5 1 el A2 ) PR IX 35K
R AT 5 A B 7 k0 R BR i D4R, &
Jr SR ECH B R B R AR IR ZR R T AR A0 32 1

R A T R .
2.2 [ RE AR AR IR A
2.2.1 PR

(1 EBHabE

PSSR ORI AL fi i 72 o 7= AR MR, R T 0 553 T
PR, T X ERBEAT IR B AL B, P IR SR BB
AWK BEE B B OSSR DA R R
RURBEABR AR HP (B U8 B R T PR AR MR AR
AR FEURBRIETS 5 REEA R E R AR AL ER. A
SCRFIE 6 Bt 7 B AP 8 U8 B A X B4R 2247 F 1 Uk
B, BRI B RN 5X5 WRPBCR T4
Ha R, SRR 2% B 5 1 11 /), S BB 52 4 UB Bk T
M AT A U B SR 8], I AT AR AR B e
LRER A G AR B AUR I F (B U8 e P I — TR 1R
EIATHE G 6 SPBARZ PR,

E6 ETHEERR5x5 hERINE
Fig.6 5 x5 median filter based on sparse template

FREE TR SR ) 4 P EIR AR T RN A

median {d(x,ym»U
kg€ (0,1, £2), | [6—lg] |

d(x+k,yt+g)} D)
K :d(x, ) RIEEB fo (s ) IR G EA.

IR G R T EHATIRME S H S — P AT R
R e B PR R B e v K R 43 IS e B
FrRPER AT, B 245 BIPIE 1 43 H1 RME. 5 50F B Awla]
I E) 5 258K o ) B L8 R T 3 4 P 22 | o e
PR Ty BN 43 . B JE B BE W A ZAE A AL B R
B2 B AR, T BRELR AT 5.

WIKEEGIA LA KERLL, 2, 4,+,L1],
FHEME THEBRWERS AWR: FR B.={1,2,
o, TYMBS: O={(T+1,--,L}. R HHBE
SR wswo s IKEEBEN us - po » B R ERIKEE )
B4 p

BER 434 MUK B S R EA =k (8) , F 4

fm(xay):



E12H

ST A5 HE T AL L ARG BE F i B R 2 oL

+ 1749 -

RANH MANIKBES: @ BT R R B na s
BHHERR pi.

T L
T Zn I 2 n;
wn = 2P = RNt @0 = 20 P T AN

L

T L
wp = Dl o= DVl = Nip (®
i=1 WB i=T+1 @O i=1

BE A T B RSRAGHE 85 BAnr2REJ5 % o°
o = wp(u—pp)? +wou— po)? (€))
B BN THE TR 22, i 7 Fos , 77
2B RAERT , BB B AR B 3. 57.

2000 m
& N
1500
<
= 1000
K
*
500
. E—
1 1 | !
0 0.2 0.4 0.6 0.8 1.0
B{E

T HEREBETLHLE
Fig.7 Inter-class variance change along with threshold

AR R RS HORE IR 2 PR
£2 WEHENRESH

Tab.2 Intermediate parameters of threshold calculation

T wB 20 B 7o) o
0. 34 0.253 4 0.746 6 379 1394 1948.0
0. 35 0.257 1 0.742 9 386 1397 1948.7
0. 36 0.2593 0.7407 391 1398 1948.1
0.37 0.262 9 0.737 1 398 1 400 1945, 7

(2) BEEA b

BEE TS 2F UTEAS a5 AR 17 43 B F Ak
gk AERAER BRIt ER (R & JE
A R G it —E s B s T R 5 &
& W AR ELVE A DT B % R AT 2 B A
U B . R 20525 AT A B R BE , BR 25 AH
TR, T B E BRI A T AR AFE.

2 b(x, ) AEEITCER WK ETE A2 0 I ik
58 43 ) 8 SLANE

(g @b)(syt)=max{g(s—xst—y)+b(x,y)

| s—2), t—y) ED,; (x,3) €ED,} 10
(g®b) (sst)=min{g(s+z,t+y)—b(x,y)
| s+2), t+3) ED, 3 (x,v) €D, ) 1D

KA D, M Dy 53500 g (s ) F b2, ) B RE LI
FEEBEG—2) G— B (s+2) . (t+y) FifEg(x,
W RE BN ;2 Fly TAE b (x5 ) € SCHRA.

FizFRE—NEEMEEKY SR, CRAMH
R4/ NI, 26 2F 40 40 53 B AR A SR R Ak 5
FHER. MR EEKEEmNEE, ER
A FEY IR N A /INES T 7 4 S0 W AR R0 S8 i R
WIFER. FIZHITR o, D XER g (x, ) HEATFFIE
B BEE, AR RK g-b Mg« b, HEX
ﬁu_F:

gob=@E@RXRXL Db
g b=(gDbR>b

(3) BARRELS 44k

R B 2R R BUR PR R I B A5 e B L &
RICER, L B Ao ARt B Ar it 401k, 405 1
Hir R 2R R 5. B FrsERE B Andt, #1H
DIRERIUR 28 o o0 B SRR E R/NIIR R B 1 R
fiE, X5 B b5 A W7 JEE 1ok 4 4, B 2 T i B0 A BE R ok
(BRI NS 2 ER B 2R,

RARIRER p 1 3X 3 LRIRG5H an &l 8 Fraw , I 4
BB R BB ZE 0 4 O L e T AR
BE AR 1 AEREY. EEAS A, X Ta—
MEE p, MR TR LT 6 44, WXt H it
rbmic. 78 40k AR B ot , e A dnic R R
FPER T FE. R FE R AR AR
TEA MBEIEZE R, RIS BN 0, BiFE R 1,3X 6
NZER o A LB p REB & 212525 27 AE
WA Loy ~xs . BDH 2400 1;p 9 8 HEIRS
BOh LiBRIR xs EEbricMiBR, ARAY x5 2 0 B, p
) 8 BB RS ECh 11815 x5 B LA MR, B84 2Y4
x5 K 0 B, p H9 8 BRGEERESECH 1.

(12)
(13)

8 S-4MEtRicERTERE
Fig.8 Schematic of 8- neighborhood markup search

4 B HEEPEH

R 8-4R AR ICHE T R (B R 15 o Y 7 4R 3
HGETEBIA BRI A B R R TR, A=
EHRB A BACH 1 />5% 8 <R, %8B gR R m
BRUIT o5 i — 1 P 50 T R B 4916 i — R L R (AR 5



¢ 1750 -

Il ¥ K % % ROH R B % 8O

46 %

Lo Ay = S A DAL 345 ONEE: 1|
BRI 200~490) , WA B AR T2 , 75 ) 2R .
BEXTIE 8 B 7w [al it , R AR ANE 3.

®3 EBEEBRNER

Tab.3 Detection results of connected domain
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Fig.9 Image processing of broken spacer bar
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Tab.4 Measurement results of latitude and

longitude in different ways (@)
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. N 31. 296 4 31. 296 351 07 31. 296 35
M 4
E 121.2113  121.211 339 42  121.211 34
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Fig.12 Curves of measuring error of the two methods
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