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ABSTRACT:

The coexistence of wild animals with people needs proper conservation. And conservation of wild animals needs adaptive
management. And population size estimation of wild animals is essential to understand the results by adopting measures. However,
there is not enough the population size information of large-sized mammals. Therefore, it is required to develop a new index of the
population size variation that could be applied with wide area and used with other indexes. Besides, it is expected to increase the
ecological knowledge through the wild animal monitoring using remote sensing. In this situation, we developed algorithm to detect
automatically moving wild animals in the snow in airborne remote sensing images with 60% image overlap. And we survey wild

animals using this algorithm.

1. INTRODUCTION

Conservation of wild animals needs adaptive management
which is a systematic process for continually improving
management policies and practices by learning from monitoring
results. Particularly, monitoring of the population size change is
essential. However, there is not enough the population size
information of large-sized mammals (Teruo et al., 1997). This
is partly because many of the mammals are nocturnal, and it is
difficult to observe the large-sized mammals because of their
large habitat area (Seiki et al., 2008). Therefore in Japan the
population size of large mammals has been estimated using
both direct and indirect methods, although these estimated
population sizes have non-negligible errors. Accordingly
indexes of the population size have been used instead of their
absolute numbers. And multiple indexes are often used together
to improve estimation accuracy. Under these circumstances, it
is required to develop a new index of the population size
variation that could be applied with wide area and used with
other indexes. Estimation of the population size of large
mammals over a wide area using remote sensing is one of
promising methods for this purpose (Yu et al., 2009b). However
it costs hard labor to find directly wild animals by visual
examination of remote sensing images. In addition, we may
overlook some wild animals because remote sensing image is
taken from above, not from side. To solve these problems we
developed “Computer aided Detection of the Moving Wild
Animals Algorithm (DWA)” (Yu and Ttsuneo, 2009a).

In this study, we applied DWA algorithm to a survey of wild
animals in the snow in airborne remote sensing images. This is
the first report on automatic detection of wild animals from
remote sensing images except infrared thermal imagery in
Japan.
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2. MATERIAL
The study area is Sarufutsu Village in northern Hokkaido, Japan.

We used airborne remote sensing images taken in the Sarufutsu
River basin (45°12°N, 142°2’E Fig.1).
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Figure 1. The study area in Sarufutsu, Hokkaido in Japan
(gray rectangle is the area of aerial photographs)

Fig. 2 shows birds-eye view of the taken area from the Okhotsk
Sea. A geographical feature of this area could be as follow: 100
+ 60 m above the sea, low difference of elevation, many
meandering flows of rivers, and an artificial forest.

The 68 airborne remote sensing images used in this study were
collected May 3, 2006 at an altitude of 750 m with 60 % image
overlap at an interval of 3 seconds. The pixel resolution of the
imagery was about 8 cm. The imaged area was about 600 m by
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1 km per scene. And these images have four bands in the visible
— near infrared region.
The target species in this study are brown bear, sika deer, fox,

and human which can be recognized in 8 cm resolution imagery.
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Figure 2. Birds-eye view from the Okhotsk Sea
(a black rectangle is the area of aerial photographs)
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3. METHODS

Fig. 3 shows flowchart of algorithm to detect the moving
animals in airborne remote sensing images stereo pairs.
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Figure 3. Flowchart of algorithm to detect the moving animals
in airborne remote sensing images stereo pairs

The processing of DWA algorithm could be as follow:
1) Register two overlapping images with Triangulation method
in ENVI4.7.
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2) Convert images to BMP format by converting minimum DN
value to 0, maximum DN value to 255, and linearly
interpolating between them.

3) Make a mask image of trees and rivers with NDVI
(normalized difference vegetation index).

4) Calculate an average image from four-band images.

5) Make a binary image by Laplacian-histogram method with
moving window function, P-tile method, and Otsu method.

6) Classify moving animal candidates according to their areas
and circularities. The area is determined from size of target
animals and circularity is determined from circularity of the
form which was considered as moving animals by visual
inspection.

7) Subtract a mask image from moving animal candidate image.
8) Compare two overlapping images. Step1), the tips of a tree in
an image are not same as those of a same tree in another image
in a position and form. However, the position of the root of a
tree is same. In case the position of a part of a mass is
superimposed between overlapping images, this mass is
regarded as a non-moving object. Therefore we rejected it.
Step2), we compared the animal candidate mass and those
within the possible moving range in another image. And in case
two compared masses resemble closely, we extracted the
masses as moving animal candidates.

9) Extend moving animals candidate masses: The moving
animal masses are clear. However, shadows of tree branches
that cause many “dummy masses” (false detection of moving
animals) are obscure. In other words, DN values of dummy
masses are close to surrounding DN values but DN values of
the moving animal masses are not. Therefore when surrounding
DN values are closer to DN values of masses, we extended the
masses.

10) Classify moving animal candidates according to their
circularities. The extended dummy masses have low circularity.

4. EXPERIMENTAL RESULTS
4.1 Detection Accuracy Test of DWA Algorithm

Since we found a walking human in images used in this study
by visual observation, we applied developed algorithm to two
images of 2000x2000 pixels including the human. Fig. 4 shows
input images, human images taken from input images, and the
human extracted in a result image.
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(e)

Figure 4. Input images and a result image
(a) Input image 1 (b) A human in input image 1
(c) Input image 2 (d) A human in input image 2
(e) A result image with an extracted human

DWA algorithm could extract the walking human from a total
of 2192 masses. However 2 dummy masses are extracted as
moving animal candidates.

4.2 Survey of Wild Animals by Using DWA Algorithm

The survey of wild animals by applying this algorithm to 68
airborne remote sensing images has carried out and is still
continuing. And we discovered an another walking human in 3
images. Fig. 5 shows 3 images with an extracted human.
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Figure 5 A discovered walking human in 3 images

5. CONCLUSION

The survey of wild animals using DWA algorithm is still
continuing. By the result we discovered a walking human in 3
images. And only 20 dummy masses are extracted as moving
animal candidates in 13000x4000 pixel images. Therefore
DWA has a no problem of accuracy as aerial image
interpretation support system of moving wild animals.

500

6. REFERENCES

Seiki, T., Juichi Y. et al, 2008. Mammalogy in Japan.
University of Tokyo Press, Tokyo, p.472 (in Japanese).

Teruo, D., Toshitaka, 1., Shingo, M., and Hiroshi, 1., 1997.
Ecology of Mammals. University of Tokyo Press, Tokyo, p.261
(in Japanese).

Yu, O. and Tsuneo, M., 2009a. Automatic detection of the
moving wild animals in the snow in multi-temporal airborne
remote sensing images. Proceedings of the 47" Autumn
Conference of the Remote Sensing Society of Japan, pp.69-70
(in Japanese).

Yu, O., Tsuneo, M., and Osami N., 2009b. Automatic detection
of the tracks of wild animals in the snow in airborne remote
sensing images and its use. Journal of the Remote Sensing
Society of Japan, 30(1), pp.19-30.

ACKNOWLEDGEMENT

The authors would like to thank Michio, F., Tetsu. K., and
Hiroto. S. for providing airborne images and for their helpful
comments, Hiroya. Y., Hiroyuki. O. for their helpful comments,
and for all other help and cooperation of the people who live in
Sarufutsu Village.




<<
  /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




