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An Algorithm of Detecting Insulator Piece Missing

Based on Periodic Structural Features
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Abstract: At present, target detection has been widely used in the fields of aircraft positioning and navigation. auto vehicle driv-

(Wuhan Nanri Limited Liability Company, State Grid Electric Power Research Institute, Wuhan

ing. industrial automation control and product quality monitoring. However, it still faces great challenges for detecting some targets
with various texture and geometric shape as well as different translation, scale, rotation, and illumination. According to the distance
invariance between two adjacent umbrellas in an insulator, this paper presents a novel algorithm of detecting the lost umbrellas of an
insulator. Firstly, an image of insulator regions is extracted using an adaptive histogram —based segmentation method (ACHS), and
its horizontal tilt is corrected. Secondly, the periodic parameters of the geometric structure of insulators are estimated by gray normal-
ized correlation matching method. Finally, gray normalized correlation matching method is also used to detect the position of missing
pieces of insulators. This proposed method is tested on 809 data set captured from unmanned aerial vehicle inspectation, the accuracy
and recall of the insulator drop detection are 95. 8% and 91. 9%, respectively. Compared with the existing methods of fault detection,
the advantage of this method is that there is no need to use large samples for statistical learning in advance and it has strong adaptabil-
ity to the changes of scale, rotation, illumination, background and the variety of insulators.

Keywords: periodic structure characteristics; horizontal geometric correction; color histogram matching; insulator defect detec-

tion

0 31F

o 2% T R i H 2k B T GE 28 G i ARl T
K TAE TSR . HUMNL g, 158 ROl S A& 5
WEL. BN R . R . 4 BT R TS
INAEBAR, PR M MR S, e, A sl
THIMRABIR S Bt e BLAE % 1 5, RS R et i ri IR0 4% )
Painty BA EE M HME.

LRI 46 2 1~ R B A DN 0 7 32 20 (0 20 I /g 4k
PP, Hodr, fELRAG N 22 A S ANk b i L H i D
P R R U U T A IR T YA R B AR

Wi EHHEE:2018-01-18; {EEHHE:2018-02-23,
EFE® A TWEHQI77 -, B AR CHE N, &\ T, EEMN
5 Ky v 28 I T PR W 5 4 5 R B A R R I E 5 N R N AR

ML AR GE . SRR T 4 7 Y AT R s A 0 A fE s,
TELAT I 2 G UL 38 B O B P AR 5 T g A D) 60 4%
WL WUTR A A i L B LA I 95 L B g 0 A A
Wk LU SRR IN . RN R AR I L R AR O
ZWWIRS . FELEZE . HESR A KRR
ARG | TR S DA B N KT PRGOS T 0 A, B R
R AN ARG A o O A A T LB e A
FAAE—E M Al B ARk, BB UL R I
AL HLERASE AR KL R AL B B P K e, BT H
THOLER TG ABL R ) S e i A R 48 . W R4 v 1 i Az i
PERCR . SRMTSEBR N TR TR KL . 451 7%,
PR JCIRLL B T Ak 3R B 5 T 28 . A 5% 1 e HL B 11 R
B A Z A0 A5 T SRBE 5 H R R BE AR, X T
MAn Y g 7R AR . A7 32 BERE N AT 4 G 1 5 6 M SR
WAL . A RE AL R EE AR, TR, AT AR %
LR SV S U AN (R NEOR R TR CR” S s o Al s e A Y 53



. 214 . T HLIN a5 P

% 26 &

B ST B Bt FHE A5
1 MHEXHRIIE

VTAESR, 4 2% F Te FL i B AR I B R BT 58 2 il BN
S 7 R GE A L B9 ) AR . 48 2 - S H B ER R
W 3= B0 56 4 2 T I LBk BR RR AR R B B, H AR 4 F R
PO 4 AP TR B X R BG4 2 T B
BRI 1 H bR oy 2 m B, 2B TR FERBIEML L T
DX 35 43 5 3 F W o Ak 22 IR B B A M 4% (D—DBND 4
GF MR RIS G OB 4y 2K IR R A B
92.98%, @ TAL TR B, RE. EEAEMk
R P, LB SR AR BTN 45 A S TR A B
PR 240 2% T4 R W LM 5 W ke a3 —FhILF
Hough #  F1 46 B8 C — V#5584 1 4 2% F &1 1% B [ 43 %) O
%S B, FIH Hough Ml ik, ot 544+
HRG % )RR, SRS . FIAT SLIC AR E 43I f GHT |~
R C—V BRI, &a, MEngas 1
FEHEWUZ M 56 &, R SE Tt B C—V BRI 24 2% 7
PR E0 5 s, W T S AR DL R A R D AR T
s BRT-AR 4 2 7 X B SO AL SR8, BT —
Tl T RS 4R Adaboost 23 JE 4% 10 48 4% T 78 A LK T4
A 4 2% WK R BE B 00 B B R AT, AT B RUBLG
G 0 A 3R B 87065 R DR AR 5 4 2% T TR AR W U B e e
BRAE, $2HT — i 40 B R A 2 T8 B 2 W45 R T
WL BRI A A SURRAE M R 4, B % T X
WA, SRS . TE AR R A R A R DAY 4 2% T
AL, PR MG T R RO IR S, A% R
MR BE 36 900 LA By R e B TR i %6 5k 85 0 L |,
X LLANEMG A F RN B, SCilk (8] B T 4L AR IR
JE BRSSP R PR & TR O B, SR 4 OR
BENT 93 MRS s SCik (9] FIH FPGA i i 52 Bl
AR, BT —FE R % FHEMILE ARG RS, 5T
a2k TR AR s SCER D100 #FXTALAR KL, SR A HOG
FRAE . LBP $RAEA PCA T4 ST, & TR Em &
ML G F RS, 3808 T 2 243 50 T 19 40 27 16 I fig
pesk . ek (110 FIF 2 RO R FRARAE fn 2 R RGO, 42
T — RO R B G B R A G AN T vk . BRI R T
Brpi A 4 2 F At ab i 56, 800, M. BERUKGCEE
Fe Ay, o T o FLBBE I SRR 3 R AE L T AR T Ak
TR A G T G ISR A 1 45 TR ME S 46 2% 7 BRI A DU 79
IEfREM, FRESENR TLE T RHIGERZRER
A T B8 H By o A3 T 4 2% 17 B HL e 6 1% 8 4R AIE 1 448
Gk BB R 2 A LA R S B T N B A 1 B A

2 SCH MR AR 4 25 T 45 A B K R I R s A (] B A R 0
BAREE. . SR RE Z AR TR, 2l —
Ml TR €0 B 100 i PR 2R I 3 s R 4 % T 4 3 R i
. B, RHATRAE BN EEN B3, R
He 2 T X E G, IEHT KA E. K5, FIAH—

A H T B VSIS 5 i, AT 4 2 7 LA 25 44 1) Jo] 391 14 2
e . FE R 68 7 B R R, R 2 2
TR AR E, DRI R, KM, M. BEL
R o7 A 1Y 3 A
2 ETHEEFENEZTHIEMBARERR

Mg TR, ribiws. WA, ZBUNOLHE
SRR ZBE, G T R ER SC A LA TR 2 2 i BLAR
RS . DT ey R S o A el 2 DRI R0 26 2% 1 1 R
EANERE, © &M ESEFT RN R GAME R, %
ST MU IE e b, FRATT R B A 4 2 T 1 A M A
[, XEREERKFIES, HEGRSA AR A
e, mH, SHBETRAEARRGZERE, Fik, &
SCHEAR AR B RUBE . e e OGS R B By H — L R 8 B
TGt R AE . R AR T 0 B B N R Y 4 5 i
FEL b 42 W2 2% 1 DI, SRS BE T B IBORY 4 2 - X
it AR IE 248 2 T BRI AT R R B, DL R 4 2% 7 F
X, REE. efe. JCIRDL R S50 N & F i G
iRl ERE ey TR IR S o
2.1 EEEFEBEUETEGEE

B Hys H, 2351 0 WA B B gt faE. H, =
{hivs higs ooy hants Hy="{hys hyy =+ hoyt » HYEE
¥ N, HEE A — 05 2 57 KR PO IR ), %%
FEMBEBRAT M, MH, SHERAFAAEEBEN
2, HIMA SR AR MEE— AL A 2, RiTAwW
F A4 7 1 1] (4 A UL PE 2 A

Sy = k) o —hy)

ZUW—%YZUM—EV

(@Y

D =dis{H,, H,} =

2.2 ETREEFEAGENELENBZFIINER
2.2.1 5T T XEWE T ERIR
WE 1R, —BER N e TR KT 4. B
Y% T EMR A BE R TE B 3 o Lo AW, B Oy E St T
RNy d Xd , RN,
., LW
d = mm{I, I} (2)
¥4 % 7 % (4 R 1 RGB 3 fE 482 8 L4 i1 43 B
&Y PN g S S N A N E S i D
E IR VS 5 N N - sl B A W S
Bl 32, W XU & 7 I GE il 13 8] 32 X 3 = 96 4k
HIRFAE R B, DA% 1T IEG .0 4 T8 AL B, C, DAE
hy ot G 1 DX e e - B, LT T B T R AE (BT 9
T8 P Ak RS AF Ry 2 5 7 XU GE T H R AE Ay DL HCBE S I
K ER T Y B I B G R EVE & R AR IE 7, o
2.2.2 FETROHEERIEEWENREMWULES T /85
WA, VAR Ay AR, IS E T BARE TR A 2 T A



LW, S ST RMTESS

HRFAE B 26 2% B R I B vk . 215

(b) ELJ7 B Gevt 7 X 3kl 537 7

(a) R 4H R
:
([/
4 / |
///
alattlbu,
(c) 4%k T X 35 (d) da% 7 X 3k 5 7
(e) T H X 45k (f) I S Xk B 7 B

B 4% 7RSS T KIEUE T B GE TR AE 43 A

=RIEZEF O m, . m,
m; = Jmh,,(x)dr
0

"255 (3)
m, :J h,(x)dx
B R FIAN TR A
Th, =|m; —m, | /4 4)

P45 BR & F KBGO AT R4 R ZE i, R
D, =dis{h,, h,} F1D, =dis{h,s h,} /NF Th, , WHEZ
FIRIBHIW /NGRS R D, = dis{h,, h,} M1 D, =
dis{h,s h,} 3KTF Th, » WHZF KIHIW N A3 KTIX,
WG, BXAC RN TFRMEEFES, BRIENE
W hyshy, smis my 5 8R)G, BRSBEF RGBS BT X,
FEXT A 2% T BG4 AR 0 7 KBTI SRR 2 o b,
WD, <D,, BxTFXEHERETFLLEFXE, &0
XK. B2 TR E B BGR S N R 4 g T
Sy ENSE R B

0000000000

[] ‘ﬂf,r‘((z,{,_‘(,rm‘(

K2 BETEOHTE @

P 2T o FI AL IE 45

2.3 AETFREMNERMGEITERERE

BEXE E b 4R R 2 Zx 1 XS0 B 45 0 M) O G 00y
Mrorik. $RIUR K I % XK. R, R RN HE
Tiik s ATH4E % T KR /N ME R Y (9 b A bR K

56 BEAUK AR AR 07, B PR e A 4 2 5K
(5) FIRRIY 2248 J7 1 AT AR P ABURHR AL IE . 1 3 W A
NSEUE R SN

{x = xcosf + ysind [ cosf sinOJ |:I:| (5
y' = —xsind + ycosd - sinf  cosf

K3 MOER IS T %GR IE

3 EFk
Bik

3.1 BETFFRIBEGRMNBEL

BRI MRIEEMA%GFE ARG, TEREAETE
GATRHE s R, WAL TR ORBGKEHE 5 HA T B
X, B Bk 5 B 58 TR AE B AR LY B AR SR DS L Y
ST XA, B4 4T IE & KOS GG O R GG B R
METHE.

ER—HUHEXCEHBETFEREN

(a) 1 DX 45k B 45 (b) &k DX 45k 45
m&. .kﬂhmum. .
(c) IEH X H 77 & (d) e s X 42k Pl 452 L7 T

B4 G AR ER L BT G iR

3.2 BEFIRER—CHE K EE R E

HE. WRZH 7 XEN TG RE A, R
FEXARCIE G M4 G TR AR b, AF ISR 2 2% R AR T K
-5 ) HEAT AR DG UC BE . Al 3 K P 5 1) B4 5 1R DG BE By A OG
BRI 2R (o) s MG RRBRTTIR ¢, O 0.8, FF4% R X
(6) 13K R B HIZR ¢, () s

c(x) olx)>1t,
c,(x) = (6)
0 c(x) <t,

XTI BN 2R ), (o) HEAT V-0 UR P AL B, A5 3P
TG RIM LR B ZR. B 6 () NIEH FHERE 5 & T
BLAHSCR A 2, &1 6 (b) b 53 FHEME H Oy BT g
MR CRR A M k. INIETP AT LR . HIE® FHML, %
(DR EPTER A € SN (T =i N (N R =R S (P o
S FR R R AR KA R DN T 12, 3 W LIRS A A A AR
AR SR 2 18] A R B, 0 T A 3 A S U A ) %) Jo1 0 24 46T o,



- 216 - LI 5 P

% 26 &

be’FjﬂJ—Jﬁﬂ

1. 05
1.00
0.95
0.90 F
0.85
0.80 r
0.75 F
0.70

R TR .

1 19 37 55 73 91 109 127 145 163 181 199 217 235
(a) TEH 7 SR AR YA — 4 FLAH 5 o b 2%

1.05 1
1.00 f
0.95
0.90
0.85 F
0.80
0.75 +
0.70

1 19 37 55 73 91 109 127 145 163 181 199 217 235
(b) 57 7 BRIy V3 — P A 5% R 4 2%

Pl 6 E T 7 &1 DG IE Fr R O R 5 2k

3.3 #ZFELEEERHRERD
T, MR m, BN, SRR S R T I 2 % 1
Yo, Ria, HHRAHARAH G RIEE 4, . JFLL 4, T HME
m g NER UG F AR E IR F T ¢, » BV, 20 = 1.5 m,
Frd >, MAIWHZ AL E B4 2 5 4 0] BE A ) 55
Pl 7 3 F 1 Pl UG B e o A6 0 285
00000

00~ 40000
H ’m}m (LI

P75 DG JC I e B ) 24 2

4 XBHEREHH
FEATEE XS IR A 7] S5 38 T A B R 4R 21 1 809
5K o 251 B Y P RO . LRI AS SCHR R B Ik R AT 4
Gor kBRI T, WE e, MARTR AT AN
LW U L1 03 ) 006 BEAT 4 2% 7 RS o0 0. O 1 4 2%
F DX BURHAG T 5 R I R 4 2k 1 X R AT K LA
REBIE AN 3 7R s BRI . MR IE I i) 4 2% 1 IX 4]
Be ., by AR 3 AT CE 4 BT . F a5
A 3 AT BN LB A 82 S il s ep 0. A 2% TR 15
—ACAHSCVE I B MU A TR PR A TR e E
FAOC R ZR (AN 6 ), A3 AN AH 56 il 2k v 32t % S5 10
PR 1 D i v . P AR 8 UF — 1k AR 5 pR B30k 26 A 3 AR
SBHH W -2 IBIE d 5 e s R IR B A Bk DL 3 1]
Wi o A% AR S 4 2% 7 DI 5 2 R A8 K EE R S W (i
Z I B EER T 15 A5 3 Bl d i A R I AR 4T K
FH O 2 18] B0 4 2% 1 RSO3 A S o A X LR AS [] 3 5%
TR TC A ML R B 2 809 K 7 4 2k T BRI A B R B
o BRI AGIN M B 775 5K, e 34 5K, MERR A AN A ] R

AR T 95. 8% A 91. 9%, HfEG I T4 4 T e H B
W 1 2 e R AIE N 3% T 3 ROy 2 R 3 T o 2% I LR
TR B FRAE 1 408 2% 7 R I8 A DU O v AR EL R SCHR | 1 O R A
FH T 46 2% <-4 ) S 1) ) 0 M R B R R A, A6 % F BRI
R0 A U K R A, AU R L ERE . JLHR DL R ARk
HA RIS B, hi HL RS W] 28 A o4 2% 7 1 S0 R R
AL A AR AT A8 R, RIS R B P AR I A s

o o7 FH AR 5 22
1 AL AR A R T H %
WEH % [l 2%

k3] 92 —
kLS 87 —
Sckle] 85 —
AT 95.8 91.90

5 #ig

AR SR H5 240 2% 1 45 KA 119 68 5 A 80 b I B ] 00 L
AR Jiehe . SEM LR SRR B R A, 4R 0 —Fh
TRAHTENE S TR A%, 8%, RAET
ROHETTE N AE N rF7  SRIE T KIE& . I
BEAT KPR AL TE . SR G M 268 S <pe 4 ] B ) ) S0 4
SRR AL, AT — A% @K BE I IE 7 % flit 4% 1L
LS 25 wm . A H 1R @ffﬁ%@
Fe B SR e . R A I 4 % 1 4 O OB A R
ﬁ%%%ﬂ%ﬁ#ﬁﬁﬁ%ﬁ%ﬂ»%ﬂ@%ﬁ%%%?ﬁ
FrRALE L R B A Ak PR R ORS L. AR R TR
JE L BEEE . DG TSRS LA AT T 4 G T R A DY 3
PE. T H X e T R 2R A Sr B AR S 2 AR A R AR
94t B3 IO

S &k
(1R B, 2DPHE. i, 2% 78RN E0ICRS 2R [T].
ML S, 2006, 214 (6): 13-17.

(2] Shtttfh, 5k 2B, YWD, &, W4 G 7Rl Oy i KO R
PR [J7. Eebkes RS K2 24, 2013, 33 (6): 456 -460.

(31 P B, B F M B4 4 2 7 1 50 5 ARS8 W 77 k m 5¢
[D]. dext. fedbd Jj R4, 2016.

(4] @4k Le, FF Hough &A1 C _ V I i 4 % 7 B sh U [
oI [1]. AR, 2016, 37 (2). 395 -403.

(5] MiRY. RETHERAS T EMS BB aN [T b7
S5 EW, 2017, 31 (6): 844 849,

(6] BR  PC. Midhdn sk 7 46 B 2 W 25 ke DU K B R R I F o ],
L0 S AER 2F ). 2017, 31 (6): 942 -953.

[7] Toussaint G. Solving geometric problems with the rotating cali-
pers [ A]. Proceedings of IEEE MELECON’ 83 [C]. Athens.
Greece, 1983: 1-38.

[8] Zhao Z B, Fan X Q, Xu G Z, et al. Aggregating deep convolu-
tional feature maps for insulator detection in infrared images

[J]. IEEE Access, 2017, 5. 21831 - 21839.
CREE5 221 30O



