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Abstract: The current method of classifying the overall hydrophobicity of composite insulator spray images based on convolutional
neural network does not pay enough attention to the local water repellency of the images, so this paper proposes a method to
discriminate the water repellency of composite insulator surface based on target detection algorithm. Firstly, 5 800 water spray
images with different morphologies are sampled, and the classification criteria for water droplets are proposed according to their
morphology. After that, Faster R-CNN with SE-Resnet as the backbone network is used to classify the surface water droplets, and 21
local feature parameters of water droplets based on the target detection algorithm are obtained. In order to take into account the
global characteristics of the image, 12 global parameters related to the bright spots and morphology of water droplets are also
constructed based on digital image processing. Finally, a BP neural network-based 26-parameter hydrophobicity automatic
classification model is constructed after feature screening, which realizes the automatic classification process. The accuracy of the
model reached 99.13% with +1 error tolerance.
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Fig. 1 Uncertainty in classification of hydrophobicity for
the whole picture
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Fig. 3 Composite insulator hydrophobic classification
process
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Fig.7 Water droplet classification result
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Table 6 Evaluation metrics value of 26-parameter model

and 33-parameter model under test dataset

£

% Full Hit Tolerant Lower Hit Higher Hit Wrong
# Acc/% Acc/% Rate/% Rate/% Rate/%

33

W

74.07 98.19 11.11 13.01 1.81



26

% 77.09 99.13 11.19 10.8 0.86
%

4 2R

SIS HT T A ARSI, s KR R R
ANTREREEIAT I 70 9, M T A8 21 NS HKER
IARHES B R IE Iy BIGRAETE, ik
BT 42 R MR AE S 4, 12 30, i 5 o &R AIE 10 Uk
PEIIHT LA S B S R iy AR RS, AR
BT 21 KBRS RS 5 ATy M R Ak
A JRERES . E1% 26 FHES B ELA L,
i H] BP #HZ M2 HC SR BkAT 7 2 %R, 4
SEIL T MK I &L R B 0 AT R 2 505 1 BT K 1 55 2%
(1 B SR, XA LUR S i

DAL G T R FLERE S H 1 5 — R IE S 4L
AR CLFESE K B A IR A R4, D9 1 XK ER 20 A
FAEBEAT SR, ORI T RG4S 1K 7 ZibR
s KIKER AT LI~LS LAY, N H bR

22 3k :

(1 % % v & m i@ k&SN GBT
24622—2022[S].2022.
Guidance on the measurement of wettability of insulator
surfaces: GB/T 24622—2022[S].2022.

[2] BERG M, THOTTAPPILLIL R, SCUKA V. Hydrophobicity
estimation of HV polymeric insulating materials.
Development of a digital image processing method[J]. IEEE
Transactions on Dielectrics and Electrical Insulation, 2001,
8(6): 1098-1107.

[3] TOKORO T, OMOTO Y, KOSAKI M. Image analysis of
hydrophobicity of polymer insulators using PVM[C]//2001
Annual Report Conference on Electrical Insulation and
Dielectric Phenomena). Kitchener: IEEE, 2001: 581-584.

[4] TOKORO T, NAGAO M, KOSAKI M. Image analysis of
hydrophobicity of silicone rubber insulator[C]//1999
Annual Report Conference on Electrical Insulation and
Dielectric Phenomena. [S.1.]: IEEE, 1999: 763-766.

(5] X %, 3EOCHE, T/, A HET O ZER: Canny
FEM A5 T WK E B IR ] RS, 2022,
58(1): 162-169.

LIU Biao, YUAN Wenhai, DONG Xiaoshun, et al.

Research on hydrophobic image segmentation of insulator

SRR bR

2)ffi F L SE-ResNet 1E A H 48 W 2% (1) Faster
R-CNN H A5 S % o0 oK BRHEAT 2 DA 43 2 1R
EA BAKAE R, SO T S AR
FUMIDEI 21 FhR SRS 5L, FEE IS B A,
PB4 SR I S R B AR S M O 12 FhRIES
Ho JE K ST & S B UR S ATR B, AN
Moy BG AL k LE, 3EF BARKG I 53115 4
TIEZ B0 fit 5 40 1 2 o 7K 328 PR PR o 7 1

MR T 3 2 BP #AMESIKERM S
BOSGMKSERZ KR, &7 PR E
(i P RPN SR bR, T T KERFRIES BE A
A 42 J5 S B AL TR AR Ko, & E T 21
MRS IS 5 MRS H 26 SHEA ML
W33 SR, 26 B A RIEE T
4.08%, HHA W ZE ) h 2 EIL 99.13%, ERMFE
SEBR TRER 7K

based on improved edge connection canny algorithm[J].
High Voltage Apparatus, 2022, 58(1): 162-169.

(6] Ziffite. JET FMRAL BRI 5 & 2 S 7 TG K ML ) 7 VAT
D). &¥b: WIEEKEE, 2018.

YAN Weitao. Research on the discrimination method for the
hydrophobicity of composite insulators based on image
processing[D]. Changsha: Hunan University, 2018.

(7] BREXK, T/, & 8, & BT -ZENEXIE
RIE G5 T BOK EHURALEE S5 K IR RE R[], &
HLERAR, 2020, 46(9): 3008-3017.

QIU Zhibin, YU Xiaobin, HUO Feng, et al. Spray image
processing of composite insulators based on interval
classification of uniformity measure and intelligent
identification of  hydrophobicity[J].
Engineering, 2020, 46(9): 3008-3017.
[8] GIRSHICK R, DONAHUE J, DARRELL T, et al. Rich

High  Voltage

feature hierarchies for accurate object detection and
semantic segmentation[C]//2014 IEEE Conference on
Computer Vision and Pattern Recognition.[S.1.]: IEEE,
2013: 580-587.

[9] GIRSHICK R. Fast R-CNNJ[C]//Proceedings of the IEEE
International Conference on Computer Vision.[S.1.]: IEEE,
2015: 1440-1448.

[10]REN Shaoqing, HE Kaiming, GIRSHICK R, et al. Faster



R-CNN: Towards real-time object detection with region
proposal networks[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2017, 39(6): 1137-1149.

[IBKE, £ ¥ BRHEMNKES S5 TR
AR A IR T]. s R, 2022, 48(2): 603-611.
YANG Qiuyu, WANG Dong. Application of convolutional
neural network in intelligent classification  of
hydrophobicity of composite insulators[J]. High Voltage
Engineering, 2022, 48(2): 603-611.

(127 %, HEF, AN, 5. JETE 5 I AR R
BIE G LT MK R M TT ] BB,
2021, 45(10): 3964-3971.

XIE Jun, XIAO Chaoxuan, ZHANG Sigang, et al. A
determination method for hydrophobicity class of
composite insulator based on transfer learning and feature
fusion[J]. Power System Technology, 2021, 45(10):
3964-3971.

[I3JVESRIR, KR, T RGO ARE 2R & 4%

TR R ], R TRRRZEFR, 2021, 43(5):
580-585.
WANG Ranran , LOU Liantang. Hydrophobicity
classification of composite insulators based on image
analysis and deep learning[J]. Journal of Wuhan Institute of
Technology, 2021, 43(5): 580-585.

(1418 A, FETUREES ST ST /K PR3 55 e b Ul
JIEWTAD]. Kib: WIFR, 2021.

HUANG lJie. Research on hydrophobicity recognition and
fault detection of insulators based on deep learning[D].
Changsha: Hunan University, 2021.

[I5]HU Jie , SHEN Li , ALBANIE S , et al
Squeeze-and-Excitation networks[J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2020, 42(8):
2011-2023.

[16] 3T, AR, 2 IR, 5. R T ORENASGER
BB 5 #1J7ET]. ALRT BRI 22 R 524, 2015, 23(4): 76-78.
BU Wenbin, YOU Fucheng, LI Quan, etal. An improved
image segmentation method based on Otsu[J]. Journal of
Beijing Institute of Graphic Communication, 2015, 23(4):
76-78.

(71K 3, (R, & 1&. 3T Sobel BHEHRINZ R
L SE B R SR T VR D). LA SR, 2018,
51(23): 199-202.

SONG Shuang, REN Honge, GUAN Jun. Multi-threshold

and read-time edge detection method based on Sobel

gradient Engineering  and
Applications, 2015, 51(23): 199-202.

(185K E L, F B, Efl, 5. FETERRHESRIS BP
FRZE P 25 (26 2% TR KPR DT VA D). "R EEIR,
2014, 40(5): 1446-1452.

ZHANG Chongyuan, YAN Kang, WANG Fochi, et al.

template[J].  Computer

Insulator hydrophobic identification based on image feature

extraction and BP neural network[J]. High Voltage
Engineering, 2014, 40(5): 1446-1452.

[19]1XIAO He, YU Wang, YEQIANG Deng, et al
Hydrophobicity classification of composite insulators based
on faster R-CNN object detection algorithm[C]//2022 IEEE
International Conference on High Voltage Engineering and

Applications. [S.l.]: IEEE, 2022: 1-4.

il §%(1999—), 5B, WIEAFFAE, AR S
A% (E-mail: He_xiao@whu.edu.cn).




