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Abstract Fatal accidents of young children in the house are serious problems in Japan in 
recent days. Especially a lot of children accidentally get injured by falling down to the 
sharp corners of furniture. Even though there are a lot of sharp corners in the indoor 
environment, it is not easy to be noticed by the parents’ viewpoints. Therefore we propose a 
method for automatic 3D corner detection from the indoor environment just by capturing 
the scene with a handy digital video camera, so that the parents can easily find such sharp 
corners in their rooms for avoiding the accidental injure. 

1 Background 

 Fatal accidents of young children in the house - 
such as degradation, choking by mistake, drowning 
at bathrooms etc. - are serious problems in Japan. 
The numerous efforts to prevent such accidents 
have been researched [1, 2]. We particularly focus 
on the degradation accidents, because a lot of 
young children accidentally get injured by falling 
to sharp corners of furniture. Even though there are 
a lot of sharp corners in the indoor environment as 
shown in Fig.1, it is not easily to be noticed by the 
parents' viewpoints. 

 For avoiding the accidental injury by the 
degradation, it is important to create the safe 
environment for children to help prevent injury 
when they fall down on the floor or fall from the 

high place. However their parents can not easily 
recognize the potential risk behind the room 
environment, because they believe such kind of 
corners are not dangerous for their children. 
 The purpose of this research is automatic 
detection of sharp 3D corners in the indoor 
environment by capturing the scene with a handy 
digital video camera, so that the parents of children 
can easily find such sharp corners in their rooms 
for avoiding the accidental injure of their children. 
The spatial distribution of such sharp corners in the 
room can also be used for behavior analysis of 
children. In this paper, we propose a method for 
automatic 3D corner detection from the room 
environment using the captured video sequence by 
a handy video camera. The points that are 
recognized as shape corners are finally displayed 
onto the input video sequence. Fig.2 shows the 
overview of our system. 

 
Fig.1 Example of Sharp Corners
Existing in the Room Environment

 
Fig.2 System Overview 



   

2 Proposed Method 

2.1 Outline 

 Fig.3 shows the outline of the proposed method. 
The system is divided into two phases, 
“Constructing Feature Point Database Process” and 
“3D Corner Detection Process”. The first process 
detects the candidates of the sharp corners in the 
scene. The second process is employed to 
distinguish the sharp corners from the candidates. 

2.2 Constructing Feature Point Database  

 This section describes the first stage of our 
method, which creates the database of 3D feature 
points. This database keeps information related to 
a number of the reconstructed feature points.  For 
each feature point, the following information is 
preserved: the recovered 3D position of the feature 
point, the positions and orientations of the camera 
frames that track the feature point, and the 2D 
positions of the feature point in the camera frames. 

 To construct the feature point database, 3D 
reconstruction of the environment is required. The 
framework of estimation of 3D coordinate is 
presented in Fig.3 (Left Side). 

 We utilize the AR Tag marker [3, 4] which is the 
fiducial marker system that consists of a library of 
markers and the computer vision software for 
detecting these markers from input images. The 
camera position and orientation in each frame can 
easily be obtained by utilizing the AR Tag marker. 

 On the other hand, the natural feature points are 

detected and tracked by using the KLT 
(Kanade-Lucas-Tomasi) Feature Tracker [5]. In 
addition to the forward-tracking method, the 
back-tracking method is also utilized to reduce the 
miss-corresponding points.  

 Then 3D positions of each feature point can be 
estimated by using the structure from motion 
techniques [6]. If the 3D reconstruction is failed, 
such feature points are not registered in the feature 
database and they are rejected from the candidates 
of the 3D corner points. 

2.3 3D Corner Detection 

 This section describes the method to detect the 
3D corners from whole feature points registered in 
the feature database. 
 The key idea for distinguishing the feature 
points in 3D is to compute the local texture 
fluctuation of the reconstructed feature points. 
 Fig.4 indicates the difference of the visual 
appearance around the feature point depending on 
the camera position and orientation. Fig.4(a) shows 
the positions of the two kinds of the feature points 
existing either on the planar area or on the sharp 
corner. A red circular point indicates the feature 
point extracted from the planar texture on the 
object's side face. A black crossed line indicates 
the 3D corner located at the object's vertex. When 
the camera moves around the objects in the 
direction of the arrow in the figure, the texture 
images around these feature points are changing as 
shown in Fig.4(b) and (c). 

 In case that a feature point exists on the planar 
area, the local texture doesn’t change much as 

 

Fig.3 Outline of Proposed Method 

 
Fig.4 Difference of Visual Appearance 

   (a) Positions of the target feature points. 
   (b) Local texture around the circular point. 
   (c) Local texture around the crossed line. 



   

shown in Fig.4(b). Furthermore, these small 
differences of visual appearance can be 
approximated by the affine transformation. In 
contrast, in case of a 3D feature point such as 
object's vertices, the local texture significantly 
changes as shown in Fig.4(c). These changes of the 
visual appearance can not be approximated by any 
planar transformation. 
 From such observation, we can have an 
assumption as follows. If a feature point exists on 
the planar area, the local texture fluctuation must 
be small. On the other hand, if a feature point is 
located at the 3D corner, the local texture 
fluctuation must be large. Consequently, we can 
distinguish the sharp 3D feature points by checking 
difference of the visual appearance around the 
feature points based on such assumption. 
 To calculate the fluctuation of local textures 
around the feature points, we consider the search 
planar window in 3D space to compare the local 
texture for same areas. The search planar window 
is constructed at a reference frame by projecting 
the local texture image around the feature point to 
the plane which is vertical to the viewing direction 
of the feature point from the camera. The local 
texture around the feature point is projected onto 
the search planar window in every frame. If the 
local shape of the feature point is planar, the 
texture fluctuation on the search planar window 
will be small. Finally the local texture fluctuation 
is calculated and 3D corners can be distinguished 
by finding the feature points whose local texture 
fluctuation is large. 

2.3.1 Creating Search Planar Window 

 The search planar window is defined in the 
reference frame as shown in Fig.5. 
 First, the normal vector of the feature point is 

defined to determine the search planar window. 

This is assumed the unit vector with the direction 

from the feature point to the camera position. The 

plane of the search planar window on is defined as 

the vertical plane to this normal vector. 

 

Next the local texture size on the image plane is 
defined. The local texture size is changed 
depending on the distance between the projection 
center of the camera and the 3D position of feature 
point, because the search planar area size in 3D is 
constant. This local texture image is back projected 
onto the world coordinate system by the camera 
position and orientation in reference frame. Thus 
the search planar window is constructed. 

2.3.2 Projection Local Texture Image 
   onto Search Planar Window 

 Once the search planar windows of each feature 
point are constructed in reference frame, the local 
texture image around the feature point in every 
frame is projected onto the search planar window 
by obtained projection matrix as shown in Fig.6(a). 
Fig.6(b) shows both the position of the local 
texture image on the image plane (Blue area) and 
the projected image onto the search planar window 
(Red Area). 

2.3.3 3D Corner Distinction 

 3D sharp corners are selected from all feature 
points by considering the fluctuation of the local 

 
Fig.5  Constructing the Search Planar Window

 

(a)         (b) 
Fig.6 Projecting Local Texture Image 

 onto the Search Planar Window 



   

texture around each feature point based on our 
assumption. The fluctuation is evaluated by the 
correlation values of the local textures on the 
search planar window between the reference frame 
and the other frames. The zero-mean normalized 
cross-correlation RZNCC can be calculated in Eq.(1). 
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 After the calculation of the correlation values 
against all candidates of sharp corners, the local 
texture fluctuations are checked by using the 
variance of the correlation values. If the variance is 
large, the feature point is determined as the 3D 
corner. On the other hand if the variance is small, 
the feature point is determined as a feature point 
existing on the planar area. 

3 Experiments 

 We have conducted the several experiments in 
the room environment to validate the proposed 
method. We employ one AR Tag marker to obtain 
the camera position and orientation. The world 
coordinate system is attached to this marker 
coordinate system. 
 

 We applied our proposed method to the 
following environments. Scene.1 and 2 are same 
room environments as shown in Fig.7(a) and (b), 
but these two sequences are different from the 

shooting date and time and the camera path of 
captured video sequences are also substantially 
different. Scene.3 is captured in a reception room 
environment as shown in Fig.7(c). These input 
video sequences are captured with a handy video 
camera, SONY DV Handy Cam DCR-TRV-900, 
whose resolution is 720×480 pixels. 
 Fig.8 indicates the input images and the feature 
points detected by KLT Feature Tracker. In this 
experiment, input video sequence consists of 60 
frames in which 60 feature points are detected. The 
blue rectangular points indicate the feature points 
whose 3D coordinate can not be calculated, and the 
red circular points indicate the candidates of sharp 
corner whose 3D coordinate can be reconstructed. 
The total number of the candidates of sharp corner 
is 39 points to which the 3D corner detection 
procedure is applied. 

 Fig.9(a) shows the example of the feature point 

existing on the planar area. In this case, the feature 

point is detected from the texture of the book cover. 

Fig.9(b) shows the example of the 3D sharp corner. 

Fig.9(c) and (d) indicate the result graphs of the 

correlation value fluctuation for Fig.9(a) and (b), 

respectively. The fluctuation of the feature points 

on planar area become small while the one of the 

feature points on 3D sharp corners become large. 

In this way, by considering the result graphs, we 

can distinguish the 3D corners from all candidates 

 

Fig.7 The Experimental Room Environments

 

Fig.8 Detected Feature Points (Scene.1) 



   

of sharp corner. 

 Our system detects six 3D sharp corners out of 
39 candidates of sharp feature points. These points 
recognized as the 3D corners are displayed onto 
the input video sequence as shown in Fig.10. 
 Next, we applied the proposed method to 
Scene.2 and Scene.3. The input image and the 
detected feature points are shown in Fig.11 and 
Fig.13. The white crossed lines and the red circular 
points respectively indicate the unregistered 
feature points and the registered feature points 
which 3D coordinates can be reconstructed 
successfully. The detected 3D corners are 
superimposed onto the input video sequences as 
shown in Fig.12 and Fig.14. Scene.2 consists of 45 
frames and 26 feature points out of 35 detected 
feature points are registered in the feature database. 
At last 8 feature points are recognized as the 3D 
corners. Scene.3 consists of 60 frames. And 19 
feature points out of 45 detected feature points are 
registered in the feature database, and 8 feature 
points are recognized as the 3D corners. 
 

4 Conclusion 

An automatic method for 3D corner detection from 
the room environment using the captured video 
sequence by a handy video camera is proposed in 
this paper.  
 The proposed method utilizes the presupposition 
of the visual appearance difference, which is that 
the local appearance around the 3D corner such as 
the object's corner is drastically changed 
depending on the camera movement. We create the 
feature database by reconstructing the detected 
feature points at first. Then the search planar 
spaces are created in the world coordinate system. 
By comparing the fluctuation of projected search 
windows, we can determine whether the 3D corner 
or not. 
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Fig.9 Correlation Value Change Graph (Scene.1)
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Fig.11 Detected Feature Points by KLT Feature Tracker (Scene.2) 

Fig.12 Detected 3D Corners (Scene.2) 

 
Fig.13 Detected Feature Points by KLT Feature Tracker (Scene.3) 

 
Fig.14 Detected 3D Corners (Scene.3) 



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


