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Abstract: Due to the interference such as sea waves, ships and light, it is difficult to accurately detect the
sea-sky-line of the visible light maritime image. To improve the detection accuracy and robustness, a sea-sky-line
detection method based on local Otsu segmentation and Hough transform is proposed. Firstly, high-frequency noise
such as light spot in the gray image is rapidly suppressed by longitudinal median filter. Then, according to the image
features, the gray image is divided into image blocks in longitudinal to compensate for inhomogeneity of illumination
and limit the interference scope of ships to some image blocks. Afterwards, local Otsu segmentation is performed on
the gray image to obtain the binary image where edge pixels are extracted, which suppresses the interference of
waves. Finally, Hough transform is used to fit edge pixels to complete the sea-sky-line detection. Experimental re-
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sults show that the proposed method is relatively accurate, robust and real-time. The detection accuracy of the
proposed method is 93.0%, which is significantly higher than that of three representative sea-sky-line detection
methods.
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Fig. 1 Flowchart of sea-sky-line detection based on local Otsu segmentation and Hough transform
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Fig. 2 Analysis and filter of high frequency noise such as light spot. (a) Original images; (b) The profile plot of
the gray image single column; (c) The median filter result of Fig. 2(b)
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Fig. 3 Segmentation results comparison of typical maritime images. (a)~(d) Original images; (e)~(h) Results
of global Otsu segmentation; (i)~(l) Results of local Otsu segmentation
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Fig. 4 Edge detection results comparison of typical maritime images. (a)~(d) Edge detection results of Canny with low
gradient threshold; (e)~(h) Edge detection results of Canny with high gradient threshold; (i)~(I) Edge detection results

based on local Otsu segmentation
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Fig. 5 Sea-sky-line detection results of the proposed method on typical maritime images. (a)~(d) Images with
many waves; (e)~(h) Blurred images; (i)~(I) Images with sea reflection; (m)~(p) Images with close target
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Fig. 6 Sea-sky-line detection results comparison of three methods. (a)~(d) Results of Prasad method; (e)~(h)
Results of Fefilatyev method; (i)~(I) Results of Kristan method
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Table 1 Sea-sky-line detection result comparison of 100 frames test images

Prasad method Fefilatyev method Kristan method Proposed method
Detection rate/% 77.0 72.0 64.0 93.0
Time consumed per frame/ms 685 370 267 216
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Fig. 7 Failure cases. (a) The image that sea-sky line is shaded; (b) The local Otsu segmentation results of
image 7(a); (c) The image that sea-sky region is blurred; (d) The local Otsu segmentation results of image 7(c)
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Flowchart of sea-sky-line detection based on local Otsu segmentation and Hough transform

Overview: Unmanned surface vehicle (USV) has a great potential to play an important role in the near future, such as
sea environmental monitoring and maritime rescue. USV obtains information about surrounding sea surface environ-
ment by processing the visible light maritime image from the camera mounted on the USV. Sea-sky-line detection is
useful in the visible light maritime image processing. It can provide important reference for the target detection and
image calibration. Existing sea-sky-line detection methods are mainly used in infrared maritime images with simple
scenes and less interference. In contrast, there are few studies on sea-sky-line detection in complex visible light maritime
images. There are two main methods for the detection of sea-sky-line, namely the method based on line extraction from
edge pixels and the method based on image segmentation. However, the former method is susceptible to the gradient
change of sea waves and sea-sky-line, while the latter is limited by the accuracy of image segmentation. Due to the inter-
ference such as sea waves, ships and light, it is difficult to accurately detect the sea-sky-line of the visible light maritime
image. To improve the detection accuracy and robustness, a sea-sky-line detection method based on local Otsu segmen-
tation and Hough transform is proposed. Firstly, high-frequency noise such as light spot in the gray image is rapidly
suppressed by longitudinal median filter. Then, according to the image features, local Otsu segmentation is performed
to obtain binary images where edge pixels are extracted. Finally, Hough transform is used to fit edge pixels to complete
the sea-sky-line detection. In the proposed method, image block processing compensates for the inhomogeneity of illu-
mination and limits the interference scope of ships to some image blocks, which makes the local Otsu segmentation
more accurate than the global Otsu segmentation. In addition, compared with the edge detection of the sea-sky-line
based on the gradient, the edge detection of the sea-sky-line based on image segmentation can better adapt to the
change of the image gradient and suppress the interference of the wave edge. Hough transform can ensure the accurate
fitting of the sea-sky-line from the edge pixel if the number of edge pixels extracted of the sea-sky-line is more than half
of the image width. Experimental results show that the interference of sea waves, ships and light can be effectively sup-
pressed by the proposed method, which is relatively accurate, robust and real-time. The sea-sky-line detection accuracy
of the proposed method is 93.0%, which is significantly higher than that of three representative sea-sky-line detection
methods.

Citation: Dai Y S, Liu B W, Li L G, et al. Sea-sky-line detection based on local Otsu segmentation and Hough trans-
form([J]. Opto-Electronic Engineering, 2018, 45(7): 180039

Supported by National Natural Science Foundation of China (61401111), National Key R&D Plan (2017YFC1405203),
National Marine Public Welfare Industry Research Projects (201505005-2), and Special Funds for Basic Scientific Re-
search Operations of Central Universities (16CX06053A)

* E-mail: 1194701821@qq.com

180039-9




<<
  /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
  ]
  /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 <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


