Journal of Image and Signal Processing B8 5155403, 2023, 12(2), 169-179 Hans X
Published Online April 2023 in Hans. https://www.hanspub.org/journal/jisp
https://doi.org/10.12677/jisp.2023.122017

A IS5 E RS E RS T HIER
RIS FERNTTZMR

SRR, BT, TR B RS EIML T WS K gL BoREY

MEACH R AR S H T TR, 0
PE WYL EIRA R, BRIk, TP R

Wk HiA: 202343 H26H; A HEM: 20234F4H16H; KA H: 20234F4H28H

R

BT EEE DA FERBUR T FR R I 40 2% F SEB KRR IR, SXEXERTAIELE
R4 TFANIE B B SR E R TUR, BET LS A/ EEE B A, HTFaster-RCNNIRE %]
P &% BRI AT G R 45 T, Kl R1598.3%; T 4% TR 55N SAHE % K Sobel Z TRl
B FIN%; P4 TR B RIGME. B ERHMESL BT A N NIRREBIE; MARFRGR
T4 AR Nt 5ASNRG RIS R, SSIASNE G FNERI. X110 kVAI220 KVAZ T
BATSEBFERENE, A58 ERIRR A TNEREHRINEHELLZ T, LA RFNAEREME
Rtk

K"

a5rER, FEALZT, WESE, DEEN, BERK

Research on Temperature Extraction of
Porcelain Insulator Steel Cap and Zero
Insulator Detection Based on Visible Light
Image and Infrared Image

Jiachen Zou?, Xiangyu Yang?, Linxuan He}, Jing Hu2, Wenbin Wang?, Fan Li2, Zhong Zheng},
Youping Tu?*
'School of Electrical and Electronic Engineering, North China Electric Power University, Beijing

*Electric Power Research Institute, State Grid Jiangxi Electric Power Co., Ltd., Nanchang Jiangxi

Received: Mar. 26”’, 2023; accepted: Apr. 16”’, 2023; published: Apr. 28th, 2023
EEE

XEFIH: AR, BT, BOARE, R, o0, 20, WE, BYE. IS O ER R A B R A 2% AN IE IR
FEREL S B AT R ). B% 515 S A, 2023, 12(2): 169-179. DOI: 10.12677/jisp.2023.122017


https://www.hanspub.org/journal/jisp
https://doi.org/10.12677/jisp.2023.122017
https://doi.org/10.12677/jisp.2023.122017
https://www.hanspub.org/

SIEE I

Abstract

Obtaining the temperature distribution of porcelain insulator steel cap is a key link in the patrol
inspection of zero-value defects of transmission and distribution line insulators. It is difficult to
obtain the temperature of insulator steel cap automatically in infrared image under complex
background. Combining the respective advantages of visible and infrared images, insulator strings
in visible light images are detected based on Faster-RCNN deep learning network algorithm, with a
detection rate of 98.3%. The improved Sobel operator is used to detect the insulator edge based
on the insulator strength edge feature. The rectangular shape feature and gradual spacing feature
of insulator steel caps are used to extract and correct all steel caps. The coordinate conversion re-
lationship between visible light and infrared image of insulator in the same scene is studied, and
the steel cap extraction in infrared image is realized. When detecting zero-value defects of 110 kV
and 220 kV insulators, this method can accurately extract the temperature of insulator steel cap
and find zero-value insulators, which has good effectiveness and practicability.

Keywords

Infrared Image, Zero-Value Insulator, Segmentation of Steel Cap, Edge Detection, Temperature
Extraction

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BATHIVRE L T30 WU ) AR, TR IR 482 1 [1], FRfReisk
T ER BRI, S T R IS AT % 42 (2] [3] [4] - ZLAMRB BT LU Rk I £ 2% 1% (L BRI [5] [6] [7]
[8], A TAbFXEeAn 2 12U A FUGBERAFAEFES K, MERIRACEE M, B T4 R BRI AR E
JRONE G T ARSI R B B B [9] [10], BA RGN, RORE . AR, ARTIE R R4 A
& AT 405 T AR R 3 5 R AT TR M

¥ A AMITE FU 7 2k T LD AR I A 285 7R Tk LTI T 2 07T, AR ARIE 4 T8 X
BRI o A o B T AT, S LA R AT IR IR, S8 AR ST AN AN AR T A 0 B [11]; IR
FESE N Floodfill SLRAEFTIE TS 5t R RIARS 7 X8, PR 20 7K B30 S L 248 25 1 N i AT T 1
FEH, 220 KV 4510y BIRIDNEE 93% [12]; DL B J5 i sl 1 246 21BN ME RN A T O 4R L, (H I RAE R 2%
BRI, ISR NI IR R4 2 T AN IR S SR AR AR I A L AR I A B 7 VR AE LA
BrhZE R T A, R R RS HOR G, AR SRR BALSEIIAFS R REEE . 2 TRIE
FETIFAALAS T A [13]; Xiao 58 NRME R, AL I ERRASMNAG 45 1 1
AN, TG iR R A e, R FTRESR 22 M 2% (PNN) 0L TR FAE 48 2 72 Wi [14], A
A5 1 LA R TS S LU 49 X = G55 NAE Sl & A it 7 8 et Al s TI0H & 218
2T LN NI RS, YT FN-8s ZEM I 46 AR 28 I 25 (FCN)IEAT U 5, 255 ROt
BEBARER 7 R UE 2y 89.23%, X ANFNG A, MBI B A W R [15]. IIA A2 140 4h%
RE A RRFEE, ML, FERR, 5R, FIEEEHETI HAreea 28 5o ln s 12445

DOI: 10.12677/jisp.2023.122017 170 EUE 5155 A2


https://doi.org/10.12677/jisp.2023.122017
http://creativecommons.org/licenses/by/4.0/

SIEE I

Sy AT S R AS N 5 T A

AR T — M TR WO S AR RE & I S TANIR IR R O %, TR . TR KM
SR RGP L G T ANIE RO HER E A SR SR R T R LG TR T A SEEILREAR I .
fER WGBS AR Faster-RCNN AN 28218, RIFIIAZARIN . RFAEBRIEE T iR AE 48 2% 1 SR AL AE
RIS T AN, I S UM S5 AR SEEL AR 3R BU S A8 1, S I AR BRIk S R ST A BB v 4
ST ANIE AP, SR IDGIR B 5 AR Z(E AU S B R A% 7 5N A8 2% 1 S E R FE 10 & BRI -

2. BF Faster-RCNN B4a% T 457

WS EEART LA EUG A = 3 KA AR B, T DU TE 2 48 14015 5 4RAE, (HHE
AEZ I XL R T N IR 1 5, IR 5 X018 2 MK BB IE R B AR 35 5 48 2 X3 A8
£, SRR BT WG EUG 5 B b B B i UG AL B AR I B A % 1 MEFEAR K, HERRAR N . 3
BR[16]2K F Faster-RCNN + Se-ResNet I 5 2 =] BVETE o] D6 MG A s sl 4 1 5 ksl , S M o 22 04
F|'7 95.8%, {HAETE R WG EMG H BRI B — i 42 T ARG AU if A . Sk, SO Faster-RCNN
ST AT WG BT T AR EE, 58 s n] W' MG Hh R R A 2 AR

2.1. Faster-RCNN %543

Faster-RCNN 524581 & RCNN £ 1[17] [18] [19] [20]203 AN W7 ek 1) e 58 3 1 50925, &4 H b
FRAESREL, MRIEHEAE . H AR RAENVAE B — M, KRR 8RB 1 ik
Faster-RCNN &L 45 8 €] . Faster-RCNN W28 1] 73 VU AR 73: 55— 30 /0 NRFAESE N 4%, F2 B H T3 HL
BIG H HFAE, A2 BCREAE B FOR R IE 3L 2 T Ja 2R it . 88 302 N IX 484 O 46 RPN, RPN %]
EOAENTRE S A H AR B A A H AR I FHEH HLAG RN AR E G, AE i e i i 0 % 1 X A
HE S HE — DAL EE . 55 =40 ROI Pooling /2, ROIARFRMGEHEERFAE B LA E, &t —Fherxt
3 DX SRR 2 B0 50T 4 N TR /NAS [ P R i P A X AT UH — A A B, 73 381 [ 2 /MR R AIE P
SRV o ZERN RN, %355 FFH RO Pooling JZ i H 1 [ 5 FRUH4RRAE BEIEAT E FR 28 51 0 W A7 B 47 1

2K [EH

i

Rol Pooling
4

X 350 24 J X 4% @ gnaz

Figure 1. Faster-RCNN structure diagram
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Figure 2. Detection results of insulator strings in visible images
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Figure 4. The steel cap segmentation process in the insulator external
histogram. (a) Insulator external histogram; (b) Edge extraction; (c)
Adaptive filtering and image filling; (d) Steel cap division
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Figure 5. Positioning results of insulator steel caps. (a) Positioning results of steel caps with Missed seg-
mentation at low voltage ends; (b) Positioning results of steel caps with Missed segmentation at high vol-
tage ends; (c) Positioning results of steel caps with Missed segmentation at middle position; (d) Positioning
results of steel caps with Missed segmentation at both high voltage ends and low voltage ends
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Figure 6. Positioning results of insulator steel cap in infrared image and its local enlargement. (a) 110 kV insulator steel cap
positioning results; (b) 220 kV insulator steel cap positioning results
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Figure 7. Temperature distribution curve of insulator string steel cap extracted by intelligent extraction and manual extrac-
tion. (a) Infrared picture of a 110 kV insulator string; (b) Temperature distribution curve of 110 kV insulator string; (c)
Infrared picture of a 220 kV insulator string; (d) Temperature distribution curve of 220 kV insulator string
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