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Abstract: This study proposes a crack identification algorithm to analyze the surface condition of porcelain insulators and
to efficiently visualize cracks. The proposed image processing algorithm for crack identification consists of two primary
steps. In the first step, the brightness is eliminated by converting the image to the lab color space. Then, the background
is removed by the K-means clustering method. After that, the optimum image treatment is applied using morphological
image processing and median filtering to remove unnecessary noise, such as blobs. In the second step, the preprocessed
image is converted to grayscale, and any cracks present in the image are identified. Next, the region properties, such
as the number of pixels and the ratio of the major to the minor axis, are used to separate the cracks from the noise.

Using this image processing algorithm, the precision of crack identification for all the sample images was approximately

80%, and the F1 score was approximately 70. Thus, this method can be helpful for efficient crack monitoring.
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Fig. 2. Images of porcelain insulators with various cracks. (a)
Crack caused by lightning, (b) crack caused by impulse load,
and (c) crack caused by fatigue stress.
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Fig. 4. Result of the proposed image processing.
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Fig. 5. Comparison of pixel images for cracks and noises.

Table 1. Comparison of feature values extracted from cracks and noises.

Area MajorAxis length MinorAxis length Eccentricity
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Table 2. Results for precision, recall, and F1 score using evaluation

criterion.
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75%
55%
94%

F1 score
77%
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92%

Precision
79%
92%
91%

Image 1
Image 2
Image 3

L

o m

o | &
3 L0
J"“mR_mE
Mo =

oo
o
T
ot

—_

Kl
a
g

el

2

ot

—_

)
o &

oy
—_
wn
Q
(@]
3
L o
S

of ofa]x|o|A] oF 70% ol4
Zolox] Ap7|ojAte)
olu]x] Me]7]¥ol 7
hoAlerE olojAl AMe]7ue
7}7ko] oju|x|] chat

gxlgr, 1

i
A e
o

£ oy A

o
T
i)
2
N
Mo o
2
i)

o|l‘ mE

oL g

% H o

T

EN]
ne.
1%
neE

o Atg 7

=)
1
i
| ﬂ‘

)
i)
(e
o

e O
oX K
i
A
rO\'

>,
i
m
ol
—=-1

- X
o4l
E% E—‘ll

opi
fin)

o J

J

oY, oX.
B Pt Ho s 1o

i)

r
0,

Pt owlr =
rY rlo 2
Mo
=,
bl
o
fu
O
T
)
NSRRI
)

d
oA AviRlor =2 Aetes 7MIth:
Aoy, Hro] metule &7 glo] &&
2 Abedo

Nopd 0P MYl pe X g hu
o

or 2 o i x 2 rE 1o 4 32

ol ol Q,
= = = o

PAN)
lo

4. 2 E

2 AolM e st +E9 PR Hol, viE =
A, Y 270] thE o]ulA]of] tisiA lab A, K-
means clustering, morphological image processing
% ofer WEE Algslol APlolxt BRe) cioke
Felo] FAS AEely] 93t et A1ASS HE

stick. olo] me ZAutg Aejsty ot 2.

1) Lab M%) ®1gF 3 g2 Al7stes WYHs A&
stol ololx] &G Al Y xAo gt A=
=9 4 9J911, K-means clustering®] 7] &
G2 AGsHAl 2Astol, A7|ofAtet wide
S5tA Zeletol wet vl 270 oot A @
AHE &Y 4 AT EIE Ot ko]= AIA
B S A 835t region propertyoA ot
w39 54+ 125to], area 50 o4, oldE
0.99] B4Us ML, ol Sl #F AlE



A7 1A 2 5te]=wA], AI33H Al42 pp. 303-309, 20201 7%:

Y
S
R

>,

T

N

)
Il‘

ol
o
?R o>‘

lo
=
Pt
Loy

4 # Apold A8H olojH Mg Bl B
B8l ololxolot, YA 29 9T BE v
8% mast

;

Al

sfol %

9
TE‘>|{J

ojmAlof s A

oret

Sz

Al

=
SER-EE

wg 0%
i

ORCID

Tae-Keun Oh
Young-Geun Yoon

8ll precision2 79~92%% =
L}EMM Aote dye]Eo]

ﬁO] Z]4 1 mm
=2 =S Al
FIE A 7bs

!
ol A5 3 7301 oo clart Akl o

|;o I
£
cE B
i)
[e]
)
i)
=
_FE
i
iTh
oX
ol
o
~N

https://orcid.org/0000-0003-3848-6248
https://orcid.org/0000-0002-2846-9332

309

ﬂ
re
)
oln

REFERENCES

[1] J.S.T. Looms, Insulators for High Voltages (IET, United
Kingdom, 1988) p. 1.

[2] S. Jeon, I. H. Choi, T. Kim, Y. J. Lee, J. B. Koo, J. A. Son,
and J. Yi, J Korean Inst. Electr. Electron. Mater. Eng., 33,
56 (2020). [DOI: https://doi.org/10.4313/JKEM.2020.33.1.56]

[3] A. Rawat and R. S. Gorur, [EEE Trans. Dielectr. Electr. Insul.,
16, 107 (2009). [DOI: https://doi.org/10.1109/TDEI.2009.4784557|

[4] L. H. Choi, J. A. Son, T. K. Oh, and Y. G Yoon, J. Korean
Inst. Electr. Electron. Mater. Eng., 32, 122 (2019). [DOI: https:/
doi.org/10.4313/JKEM.2019.32.2.122]

[5] M. J. Chae and D. M. Abraham, J. Comput. Civ. Eng., 15, 4
(2001). [DOI: https://doi.org/10.1061/(ASCE)0887-3801(2001)15:1(4)]

[6] I. Abdel-Qader, O. Abudayyeh, and M. E. Kelly, J. Comput.
Civ. Eng., 17, 255 (2003). [DOI: https://doi.org/10.1061/(ASCE)
0887-3801(2003)17:4(255)]

[7] W. Guo, L. Soibelman, and J. H. Garrett Jr, Autom. Constr., 18,
587 (2009). [DOI: https://doi.org/10.1016/j.autcon.2008.12.003]

[8] W. Zhang, Z. Zhang, D. Qi, and Y. Liu, Sensors, 14, 19307
(2014). [DOI: https://doi.org/10.3390/s141019307]

[9] P. Prasanna, K. J. Dana, N. Gucunski, B. B. Basily, H. M. La,
R. S. Lim, and H. Parvardeh, IEEE Trans. Autom. Sci. Eng., 13,
591 (2016). [DOI: https://doi.org/10.1109/TASE.2014.2354314]

[10] T. Nishikawa, J. Yoshida, T. Sugiyama, and Y. Fujino, Comput.-
Aided Civ. Infrastruct. Eng., 27, 29 (2012). [DOL: https://doi.org/

10.1111/j.1467-8667.2011.00716.x]

[11] H. H. Bock, Clustering Methods: A History of k-Means
Algorithms (Aachen, Germany, 1983) p. 161.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


