Detection of Concrete Surface Cracks using Fuzzy Techniques
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ABSTRACT

In this paper, we propose a detection method that automatically detects concrete surface cracks using fuzzy method in the image of
concrete surface cracks. First, the proposed method detecting concrete surface cracks detects the candidate crack areas by applying R, G, B
channel values of the concrete crack image to fuzzy method. We finally detect cracks by the density information about the detected candidate
areas after we remove the detailed noises on the image of the concrete surface cracks. The experiments using real concrete images showed that
the proposed method is greatly improved of crack detection compared with the conventional methods.
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Fig. 1 Process of proposed crack detection
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(a) A concrete image
(b) Brightness contrast stretching

(c) Local smoothing
(d) The use of the fuzzy method
(e) Noise removal using the density
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Fig. 2 Member function in the first half of the
processing steps
(a) R channel member function
() G channel member function
(c) B channel member function
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Table. 1 Member function interval of Fig. 2

vl 0

v2 R(G,B)/2

v3 R@G,B) * (3/4)

v4 R@G,B) * (5/4)

V5 R@G, B) * (6/4)

v6 255
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Table. 2 Fuzzy inference rule

{Xis R1(G1, B1) and Y is R1(G1, B1) then WA
IF X is R1(G1, B1) and Y is R2(G2, B2) then W is C1

IF X is R1(G1, B1) and Y is R3(G3, B3) then W is C2
IF X is R1(G1, B1) and Y is R4(G4, B4) then W is C3
IF X is R2(G2, B2) and Y is R1(G1, B1) then W is C1
IF X is R2(G2, B2) and Y is R2(G2, B2) then W is C2
IF X is R2(G2, B2) and Y is R3(G3, B3) then W is C2
IF X is R2(G2, B2) and Y is R4(G4, B4) then W is C3
IF X is R3(G3, B3) and Y is R1(G1, B1) then W is C2
IF X is R3(G3, B3) and Y is R2(G2, B2) then W is C3
IF X is R3(G3, B3) and Y is R3(G3, B3) then W is C3
IF X is R3(G3, B3) and Y is R4(G4, B4) then W is C4
IF X is R4(G4, B4) and Y is R1(G1, B1) then W is C2
IF X is R4(G4, B4) and Y is R2(G2, B2) then W is C3

IF X is R4(G4, B4) and Y is R3(G3, B3) then W is C4
{Fiis R4(G4, B4) and Y is R4(G4, B4) then W y
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Fig. 3 Member function in the second half of the
processing steps
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Table. 3 Criteria of the candidate cracks
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Fig. 4 Cracks and noises
(a) Cracks (b) Noises
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Table. 4 Criteria of crack and noise
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Fig. 5 Comparison of the conventional method [5]
and the proposed method
(@) The original image (b) The conventional method

(c) The proposed method
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Fig. 6 Proposed crack detection on a various images

(a) The original image (b) The proposed method

(c) The original image (d) The proposed method
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Fig. 7 Detected cracks
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Fig. 8 Incorrectly detected part

Bo=Fo e gAdE shvete 853 2aE §
W Gl ZAYE A S AFLE FET e
PG A gtalTh AlotE 2APE 7Y 5 WS
FagE FH G4 R, G, B A 7HS A 790 3
435t TR #d J9 & HESAY 18y YR AR
& o] &3to] AlA QA FEE AAT Foll HFTAoR
g 99S &I

1357



AW} A WS A3 B3] ol AT
9129} Fe] Pejol w2 o) 922 shotehi v

S

HO
Ol

[1] G, a2 & st d o) 19l =2 A E5} 3]
3+8] %], Al6 43, 1994,
2] A7 Esd, FAYE T2 HEH7H

o B B A EA A 9] 7k 1999.
3] ZE5, 294, A&, T GG ol ¢k £3
YE T2E Y AR 5 PAEE G =7

7,224, 5-DE, pp.1001- 1010, 2002.

[4] K. B. Kim, K. B. Sim, S. H. Ahn, “Recognition of
Concrete Surface Cracks using The ART1-based RBF
Network,” Lecture Notes in Computer Science, LNCS
3972, Springer, pp.669-675, 2006.

[5] | ﬂ-uu w3 2 “7H A ¥ Max-Min A1 7 45 o] &3
2aRE H9 A4 B RE RS =R,
pp.77-82, 124,23, 2007.

[6] A.Kandel, G. Langholz, Fuzzy Control Systems, CRC
Press, Inc, 1994.

[71 W. Pedrycz, Fuzzy Control and Fuzzy Systems,
Research Studies Press Ltd, 1989.

[8] http://www.color21c.co.kr

1358

R R}

Z &l (Kwang-Baek Kim)

1999 : -4k gkl
x% AR} A AL 1) (0] B EEAL)
19973 ~ & A : At st
AHFE B F o 015
2005 ~ @A : A=rEE | T o] &3] o] A} Bl = A
A999
2005Lﬂ & ) ; kel b A B E 4183 shaz Aol o] AL
FF-oF : Image Processing, Fuzzy Logic, Neural
Networks, Medical Imaging and Biomedical System,
Support Vector Machines

Z A #(Jae-Hyun Cho)

1998\ F-2kuj) 8t
A 2} A Abst (o] shakaly
2001 39 ~A A ¥ P7}Ea




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


