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Automatic Tower Recognition Method Based on LSD Algorithm

and Hough Transform in Aerial Transmission Line Image "
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Abstract ;: The inspection of transmission lines can ensure the safe operation of the power grid. The use of drone im-
ages to accurately and quickly achieve 3D modeling of overhead lines and corridors is an effective measure to pro-
mote the construction of smart grids. Considering that none of the current three-dimensional modeling methods have
effectively modeled the line towers, this paper proposes an automatic extraction method for the towers based on drone
images ,which can effectively identify the line towers from the complex background image. First,the RGB threshold
is used to roughly extract the line towers,and the connected domain is used to remove the image background ;then
the line segmentation detection and intersection operation are performed on the towers through the LSD algorithm ; fi-
nally, the straight line segments are grouped according to the line tower geometry feature design of tower extraction
algorithm. From the UAV image test,it can be seen that the automatic extraction method of the line tower proposed
in this paper can effectively eliminate the interference of the complex background information of the image and real-
ize the accurate identification of the line tower.

Key words :tower extraction ; RGB threshold ; LSD algorithm ; Hough transform

EEACC:6135;8130F ;8130H doi:10.3969/j.issn.1005-9490.2021.05.031

At & LSD Hix5 Hough 3T #k 1 fin 30 50 BB 2% B
Bl EB3RA T E"
KOREEE, Frok'  KER

(LT HEBMAE BRI A T TR R, &R 1007 5290003270 T 3B AR L T4 1L 529000)

T 0 R S RE S B G R 1) 22 I AT , 1 FH TE KL PR {5 i i DR o i S IR 2 R B S R ) = e AR
B REHL B A S . 5 I8 T = AR I A R X LR AT RS A T O PRI A SCHR R T — R T AMLER Y
FEES A SR 2, Bt N2 2 18 S MG S8 IOV R BRFE 5 A 20U . 1528, R RGB (B X 4R B FF 95 HEA TR ER B, I
2EG 1 T S RS S AT 22 BR ;SR A 3d LSD( Line Segment Detector) ELERAG I A2 X AT 8 AT B A B I N AS iB B B
JE 454 Hough ZRHX BAR B AT andH , AR IE R PR AT I LR AE 30T T AP IS SR AL . By JC A ML 56 v 0, 2 SO 4t s 1
LRPEFTIE B SRS L BB A ACHERR BUR B 2% 5 i B0 T4, SER R BR AT IS n iR IR 51

SRR  FTIEH I RCB B ; LSD % ; Hough A5t

FE 225 . TP751; TM752 XERFRIRAD : A X EHS:1005-9490(2021) 05-1210-05

PEREA [ R T B PR W T L BE R i —
A, RS LR R RUBLE TG R, s Rk %
AbT SRS A S EANE I X H A5 B S 2%, KT
FFIRAS B 2 Jo i I R, SEGERN T
HOAHAG A 5 AR L , T ADLIEAG AN AT AGH I Fig A 1
NGB, i 5ol Lol S =4k, il
ALYy SRR 25 TR LA B AR 25 R R AE IR, AR

B SRIR:) A H WA RTHEA d R H (030700KK52180149)

%8 B #8:2020-10-14 &24 B H#5.2020-12-30

RARSE e N TG A A SR B, PR BT 5 i P 26
e = B AR B —E IR

UTAER , B N ARxE T e AHLALAA RR AT = 4
HBUL R RFFE BT . FIHTC AL R A FRAHAE
A D TRE 512 i e 7 ) — AR (AN A 75 SR 2 i A
B IEARAL S RS . I O 5 R A
RN KGR TRz 45, kLU G 5 ik s T



%58 K 4R, RHIRE %A LSD Hk 5 Hough T MM v Z R AEAF R AR FTE 1211

PCBEAT AL, S ATl A B 2 i AT B A A A
AR

FURG FE NS AT TR RT3 8 = e AT 1
VFZHETE, SCRRL7 ] i T — R B B 3 0t
LA AT B AT 3 M A A F R A
Mz o AR 7 )RR AL, R e AT 1 07 1), SC
TRT 8 ] 41 Hh i b X AN [v) S L iy i A3 19 BRAT — 4
WU PEAT o0 At | S AT B B0 e R ALY I
S BRI v (A TR 4L BE S AR L I 7 B 4 G
ZAZPHE, SCHR[9 48 —Fhah 335 2R a5t i1 73
AT S HFHEAETY & al AR T AT A R 35 2R 4
SR L, SCHR[ 10 ] 2T Z LAt
FIFFs =g,

RS TBIC DR R IR 5 T AT EA 1Y
MERFARI, $2 HH—Ff [ Sh#e 0T %, %075 AT RGB
{75 | LSD $3%: 1 Hough A2 8, Xof 48 P AT 85 2R AT i
B ARG BEATIE LT R X BB AL 73 F , BE
PR O SE RO Z AT FIRR Y =

1 HEBMEIESR

BB BRI 1 PR, A SO EE
FR PG TS s i v RT3 O M A AR B, B B R e o
K RGB BEXT TATRE FR SRR A TR R B, 145
B FE I E RO S AT KRR . R X
FrE& e 2s (A g B 25 B AIE | 8 3 LSD 3 sk vt B 4k Bt
WA AR SR LSD vk il b R 2 SR AT A
5, e il it Hough 28 f0 K B2 Be iy — A4
ST 2 AR [ 4550 v 2 B A T A sl N e R B K
T B E R AT R A R A — 2, TR
o, LR B P R R AT I A, LA A
AN SRR TN BT AT LRI S R AR B AT

PRI e
TS

RGBI[f
AL

Hough”F{k

LB AL

e

LSD
ELRTE PRI
B1 EFigitRmRE
2 hGeNEEZ&EIRE
2.1 RGB F{EBREATEE
SCHR[ 114399038 353 4387 Phong S RERLHRY % BY

FERA R Xk = A8 R GlGE N R Z, G il
IR Z,B A TR D, XS TR T 2 X
W st ASCR AR T B XX — &
PE B XA RCB SEARSEA T U R I —fbAb 22 .
., R
:R+G+B
G
¢ RvceB (D
, B
:R+G+B
KA R .G BN RGB 208, R' .G B4y
H—{LJ5 19 RGB i, 3 Ay I 09 43 B vl A1, i+
FEBSE Xk B 3d 18 JK BT KeAs 5D, B LAFE B 4y it
rh I X R R e IR R G, Sl By
S PR B 2 B0 7 1R — N 5 1 B Bk PT
DS BRI B3 DB, H AR SEAR %) O 5 €2 4
YIE B4yt A AR e R R A, 75 DRk 2 X 35
MBS 2ok, SEF B0, A SCEEJR AR ) B 4 ]
AT —ABHERBER A I RS . R
B sy i THASE  JFE B s IR T A H(E
AR X 3, A BAAG I B A BRI X 8
WK 2 FiR, SE ML E G ERA &K
R R S R R R, )R S AR R T DA HEBR R 4y
A5 B R NS | LR SRR 22 513K
(S 5, AN AR BESE . AR PR A RGB BIE
2%, 8 A R R RN A B BRI 5 R A
B FIHERR R &= 5 (5 B B,

(a) FIART (b) RGBHIHHL
2 [RIAFFEEFN RGB BB E %

22 EBEEERE=

FH T JCAE 4 0 R b SR R - B T 45 o S e B K
(M Ty RGP RRE FR s LB AL, B —2
ol FH 3 T AR LA I B 45 SR SRAT R A AT R
W REL, HEXMERELSHE FLFERE
FHLE KA B O i, BB AR5 /N X, k%
BB R Z PR R R AR R
— AR, AR AR AR DX 35837 3 1 10 O S 0 OIS S B K
R R EBORINTE R ) 38 A IX SR A T 2B, e R BR B



1212 v f & M % 44 %
SRS 2 T S0 ., T 3 R
v
3 i HEF 4%
NP
N .
(2) RGBS (b) T HTBRAIL w
Y
E 3 RGB BE&NE FiEFEESRNEE® EFHRNOT
2.3 LSD EEELHNIEE M biclinoson s
. . N . i H/NTEE
LSD B3k i) A JEREU R AGH I P45 v st B AR Al A5 fiRogiontii
N . HIHER
KGR S R fi ARG D202 K B R 5
T B2 P65 rh o DA B 3] 1 e M 1 2 BE AR AR 1% pr— o
T -

ok, PUABILELR MR I 1] PN 3RO AR 08 B2 9 42 B
Rl keE

LSD # e 3] 2 A HEAHE 3 A6 B2 R 5% 114 2k vfe
2, 4 s, LSD St R IMEER SR EL A e
P LR MEL ) SR R DX A (KRR 5 01 7
J7E R — B R R 1 8] — RV SR, WAL 5
IR s R AE X S A TR R A T P U 2R B

4 BEGBEMEEL

(b) KLk (c) &3 Fk
5 GXEEHRER

LSD Sk AR WA 6 Fis, 40t LSD £ HE 1L
VAR ER  ATAS T A RN S 2 BERE ST I A2 A i
BRI 7 R

{HJ2 LSD AP IR AE7E— 2L a8, — 5
AT, 7EELSE MG A4 ph T P R A 45 5 ), B0l
HRAR A BN IR 55— D5, A LSD 14
KA I E R 22 0 0] DU S 3XRp 3k O
BB T, 0 HoAl 4 45 04 2 34, ol B s 4y ¢
A B R 5N SR B e LA A 2

(a) iR

E7 LSDBEEALEER
24 TIEHERIUKE
LSD AR phe e (B2 2 Ak ok HE
Ky sl sz, A 1LSD 58k i £k Bk I 45
SR M R R SR IR R T 2 i
RI— MR AP BTG T BRI R AT 2k
ERMEE E AR, sCER R IR R AN 8 FR .,

8 HRIEHAEHER

2.5 ETF Hough TR ERA

Hough ELAT R 47 iy He ek i, vl 5 A A ) 4
TiE B4 LA PRI DA 8 T 4% Hp s i ot g2 8
BT SRR MR S B LR AT, AR AR R T



58 K 4R, RHIRE A4 LSD k5 Hough T #HMMibim & X% AEAFR AR FE 1213

HETFRERN .
p=xcosf+ysinf (2)
ST EL A AR R AR s AR AR (), XTI
THW AR R N A KL (p, 0) B IE 52 T 28, 1 B A
PARER T B T — R B E s fE A bR R R 23
A, o, HE L 0e[0,180),p FKm N ALFR
JR R BNZ LR FE R IR 4 R AR R B — A a5 («,
y) KB 6 (0K p TR it 2T A (p,
6) W] LARAS fe 2 Y RUAH, O £ Ho s R AL, 121 A,
(p,0) o WA, (p,0) IR TBCER A, Bl AT LA
BN H A AR R B AL E . Hough A2t J5 1 4
Branil 9 firs .,

9 Hough TTH#/HIE

H LA A mT i, E A I Y Hough ZF 1] L)
TE XN

N-1 1
H(Pq ,0,,): .ZOAOCL' ,}’,-) Ipq_?sxicosgp-'r
i,j=

y;sinf, <p, +?

¢=0,1---,0-1;p=0,1,---P-1 (3)
A (wy,y) RS B ME R KA, Q 72
KT p W EIRFEASL, POE PTG HLY 0 S8, —(H
PRI sE SOl N
¥4 Hough 728401 T T 5 T RGB BI{E 5 1Y — (A
FI&, & 10 Frs, BTG EUR h i el B
—, HICHAB LT 4, 7T LUF 248 Hough 22
P BEAS [ — Lo b T A0 [F) B4k 1 R 2 BeAR 21 1 R
B (HX AT S BRI AR S T AR I
U T I 58 B AT 35 A5 A A BRI 20 B BUS i 2k

E 10 Hough T —{HE G E LR

B At — A b
4 SCIGIGAIF

SRS UEAS SR FH DA B3 BE A5 AR S IR T4
BUR 52 2278 50 N BT, SE g0 5 X T A AL
i FL AT I8 5 B R A SO 32 1 i B
S ARFT IS T IS AT L AT A L, R
AT AR SRR NS LA & 11 fIfR

() T
B 11 SBERNT

F 1 it o AT RS S 5 AR A A A KR
25 AT LR KOO 22 5 KANCK 0.132 m, T FL 0 22
e KALHK 0.268 m, [ W AT 5T = 4 1 8 1Y) 57 A A
RURE BE ARG, DL B4 Rl UGB Y R 53y
sof BB 2 il A S i T R Bk A
B 11(b) 11 () Fim, B & B 2 B AT 35 32 85 54
BT IREIN, e BA5 B 2 BT UG E R i o, HL
A BRGS0 T % 55 BE 8 S B R 2% 1 s IR
TR EEFT A I HERA SR A PRI, A R TR S L 2k
PRV AR = AR A S, vl o — 20 Y A
BB RN



1214 LA % 44 %
R1 HBOMERESSTN A
S S AR %/ m
Frig
X(KTF) Y(EH) X(IKF) Y(EH) dX(7KF) dY(HEH)
AT 17 527.039 -5 468.498 17 526.907 -5 468.390 0.132 0.108
T 16 757.518 -5 295.791 16 757.397 -5 296.059 0.121 0.268
PENYN tection for UAV Based Routing Inspection [ C ]//2013 IEEE/
5 Zatle ASME International Conference on Advanced Intelligent Mecha-

ARSCETT T — R T ANLEMR LA A
SRR | REAS M S A% 10 7 55 [R5 b 58 L B AT
B ROR G, PR A B 4R A R Bk, EEk
RGB B (B4 & % i@ O EHR h AT 85 HEAT ) 20 S R
PR LSD 5k B 2 HIAG I A A2 iz 55 o Jim il i
Hough 8452k Be g 2H G I B 26 58 MU B AT 35 AR B2 X
AR SIS AS A AT R 1% T VR AR S A O 55 5 R
O SRR T, ELHE TR PR AT I R s R IR AT
G DS T R BT RS | SE AR I, 1R
UE T 7 R A R
B2
WA 08, RB35 22 240K, 45 R RE L B AR ZRR [ T]. e 4
A ,2009,33(8) :1-7.

XUSC, R UK. A B AR IR RFIELEIR[ ],
HRGHY 5#H,2012,40( 10) - 120-126.

. T OO0 AL S I A 114 B8 7 i ) 2 i = A S R A
MR SRAID]. J-M AERTHL TR ,2019.

XUBRIE , By, H I 3As e A ML e AR BIFSE [ )], H 7D
AR ,2019,42(13) :1-5.

FOZR, TRZER), e, AF . TC DL ST 4R IR 2 4 s )
FOTEL]. BARE TR ,2020,43(5) :146-149,154.

Cao W,Zhu L, Han J, et al. High Voliage Transmission Line De-

W B (1982—), B, m A TR, A
—+ WG E Sy E R T AR i b K
EHTAE,

FEHRAE (1986—) , 5, i g T AR, il
o W55 1 S v T TR A P
VOB A B A

[10]

[11]

[12]

[13]

[14]

tronics , Wollongong, Australia, 2013 :554-558.
ROCHE, B K BRI, A5 AR Zh 1 O i R AT
BRI 3D AL (], e ERGE RS, 2020,27(1) 1 127-132.
AW, BRoth, F 4T, 45, I T A AR PR 1y v 4 BT
B s m R AL T]. TR E J1,2017,30(6):94-
97,131.

Li X,Li F,Liu P,et al. Modeling Approach for Short-Transmission
Lines on the Same Tower with Different Wire Parameters and Tower
Structure [ C ]//2018 International Conference on Power System
Technology(POWERCON) , Guangzhou , China. 2018 :376-383.
Araujo A R J, Kurokawa S. A Tutorial About Tower Transmission
Models for the Analyses and Prediction of Backflashovers [ J].
IEEE Latin America Transactions,2017,15(8) :1432-1438.
Huang Jianjun, Xie Weixin, Tang Liang. Detection of and Compen-
sation for Shadows in Colored Urban Aerial Images [ C ]//Fifth
World Congress on Intelligent Control and Automation ( IEEE Cat.
No.04EX788) , Hangzhou , China, 2004 ,4:3098-3100.

BOL Y. HE T ARG A SRS B ARSI ST [T ], @ i
5+,2020,27(3) :91-92.

Wi, . & F I3 —1k RGB (R A A 1) BH 5% A0 3 )y v
[J]. JLH T2 ,2007(12) :92-96.

Wi, A PR A v 2 B DG SR A P e B P U T ik [ D ]
PRAE AL 1R, 2019.

TR H e 2 B R R BRSO BORBFSE (D] B At
FMAERIRKEE,2012.

Fett3E (1975—) , 5, m Rk TR, 48
b WFFE 7 1) R W TR BE T 434 B
BT AE,

R (1987—) , B B LR, Al
- ST ) A R R A T A



