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ABSTRACT

The present paper proposes an automatic extraction technique
of moving objects using x-means clustering. The proposed
technique is an extended k-means clustering and can deter-
mine the optimal number of clusters based on the Bayesian
Information Criterion(BIC). In the proposed method, the fea-
ture points are extracted from a current frame, and x-means
clustering classifies the feature points based on their estimated
affine motion parameters. A label is assigned to the seg-
mented region, which is obtained by morphological water-
shed, by voting for the feature point cluster in each region.
The labeling result represents the moving object extraction.
Experimental results reveal that the proposed method pro-
vides extraction results with the suitable object number.

Index Terms— moving object extraction, x-means clus-
tering, watershed algorithm, voting method

1. INTRODUCTION

The extraction of moving objects is an important technique
for obtaining semantic feature information in a video se-
quence. The moving object information benefits new content-
based applications such as object-based video coding in
the MPEG-4 standard and retrieval and/or editing of video
scenes. Several approaches for moving object extraction have
been proposed[1]-[5]. However, a number of these methods
require constraint conditions to be satisfied. As a result, a
general purpose technique with high accuracy for moving
object extraction has not yet been established.

Techniques based on spatio-temporal information often
extract moving objects from a still background[3]. Knowledge-

based techniques extract objects based on given rough shapes[4].

A moving object extraction method based on region merg-
ing has been proposed[5]. This method merges the image re-
gions having homogeneous motion based on the assumption
that the object is rigid. The still background condition is not
required for this method. However, it is difficult to discrim-
inate the number of objects from the motion similarity be-
tween neighboring regions under the influence of noise in an
image.

In the present paper, we propose a moving object extrac-
tion technique that can automatically determine the number of
extracted objects. First, a current frame is segmented into re-
gions by the morphological watershed algorithm. The feature
points are selected from the segmented regions and the affine
motion parameter is estimated for each point. In the next step,
the feature points are classified by x-means clustering applied
to their estimated motion parameters. A label is assigned to
the segmented region by voting for the feature point cluster in
each region. The labeling result represents the moving object
extraction. As a result, the proposed method automatically
determines the number of object by x-means clustering and
voting for the motion parameter of the feature point.

2. X-MEANS CLUSTERING

X-means clustering[6] provides the optimal number of clus-
ters based on the Bayesian Information Criterion(BIC)[7].
The algorithm continues to divide the cluster into two new
clusters by k-means clustering, and the iteration of division is
stopped by BIC estimation.

The x-means clustering algorithm[8] is summarized as
follows:

1. Set the initial number of clusters to be kg, which should
be sufficiently small.

2. Apply k-means algorithm to all data, while setting k =
ko. The divided clusters are designated C', Ca, - - - , Cl, .

3. Repeat the procedure from Step 4 to Step 9 by setting
i=1,2,--- ko.

4. For a cluster C;, apply k-means algorithm by setting
k = 2. The divided clusters are designated C}!, CZ.

5. We assume the following p-dimensional normal distri-
bution for the data x; contained in C;:

f(0s%x) =
— WV (x —
(om) Vil Heap |- “")VQZ' G i)
e))
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then calculate the BIC as
BIC = 7210gL(9Ai;x € C;) + qlogn, 2)

where 0; = 4, Vz] is the maximum likelihood esti-
mate of the p-dimensional normal distribution, p; is p-
dimensional means vector, and V; is p X p dimensional
variance-covariance matrix. In addition, ¢ is the num-
ber of dimensions of the parameters and becomes 2p if
we assume that the covariance components of V; are
zeros. Finally, n; is the number of elements contained
in C; and L(-) is the likelihood function.

6. We assume p-dimensional normal distributions with
parameters 6} and 67 for C} and C?, respectively. The
probability density function of this two-division model
becomes

9(61,67:%) = ci f(01; 0] [F(07: %)), (3)
where «; is a constant that is approximated as follows:
0.5/K () “

where [3; is a normalized distance between the two clus-
ters and is given by

[l — pol?
Bi = ; &)
V1| + | V2|
and K (-) indicates the lower probability of a normal

distribution. The BIC for this model is
BIC' = 7210gL’(9A§;X € Cy) + ¢ logn;, (6)

Q; =

where ¢’ is given by 2 x 2p = 4p.

7. If BIC > BIC’, we prefer the two-division model and
decide to continue the division. We set C; «— C}. As
the procedure for C?, we push the p-dimensional data,
the cluster centers, the log likelihood, and the BIC onto
the stack and return to Step 4.

8. If BIC < BIC/, we prefer not to divide further clusters
and decide to stop. We extract the stacked data that is
stored in Step 7 and set C; «— C?. We then return to
Step 4. If the stack is empty, go to Step 9.

9. The two-division procedure for C; is completed. We
renumber the cluster identification such that it becomes
unique in C;.

10. The two-division procedure for initial ko divided clus-
ters is completed. We renumber the identifications of
all clusters such that the identifications become unique.

11. Output the cluster identification number to which each
element is allocated, the center of each cluster, and the
number of elements in each cluster.

3. MOVING OBJECT EXTRACTION USING
X-MEANS CLUSTERING

We next describe the proposed moving object extraction
method using x-means clustering.

3.1. Region Segmentation by the Watershed Algorithm

In the first step of the proposed method, a current frame is
segmented by the morphological watershed algorithm.

The watershed algorithm is a region-growing algorithm
for region segmentation[9]. The boundary of the segments
obtained by the watershed algorithm is in accordance with the
edge of the object. However, the influence of noise and the
lighting condition lead to over-segmentation. The morpho-
logical watershed algorithm is a modified algorithm in which
morphological processing is included for the prevention of
over-segmentation[10][11].

3.2. Feature Point Selection and Motion Estimation

The feature points are extracted in each region of the seg-
mented image for precise motion estimation. We select the
feature points having high intensity variance in the block cen-
tered at each point, but the minimum distance between the
neighboring feature points is constrained to be more than [,,,;,,
shown in Eq.(7).

Sy
lmin = log, 1—00, @)

where S, denotes the area of the region. The number of fea-
ture points in one region is constrained to be less than P, .
In the present paper, we set the maximum number of feature
points P4, to 100.

Next, we estimate the affine motion parameter for each
feature point. In the first step, a translation motion vector of
the feature point is estimated by the block matching method.
The objective function for the block matching is defined as

DBD(P)= Y {I(P)—IL1(P+d)}? (8)
P;eB(P)

where I; and I;_; are the intensity in the current and previ-
ous frames, respectively, and d = (d,, dy) denotes the dis-
placement of the translation motion vector. In the proposed
method, the block size B is set to 15 x 15 pixels, and the
searching range is set to £7 pixels.

In the second step, the affine motion parameter of the fea-
ture point is calculated by the Gauss-Newton iterative algo-
rithm starting with the obtained translation vector as the ini-
tial vector. The displacement (v, (z,y), vy(x, y)) of the affine
motion model is given as

v (7, y) = ar + by +c,
vy(x,y):dx+ey+f, (9)

where (z,y) denotes the image coordinates, a,b,d and e
denote rotation and scaling parameters, and ¢ and f denote
translation parameters.

An inaccurate affine motion parameter has an adverse in-
fluence on the clustering process. Thus, the feature points
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Fig. 1. Spatial segmentation result (121 regions).

Fig. 2. Feature points and translation motions.

having low intensity variance or high prediction error are ex-

cluded from the data for clustering. The exclusion conditions
for the proposed method are given as

DBD(P) > pe + oc,

( peoe

where pi. and o, denote the mean and standard deviation of
the prediction error, respectively, and o7 denotes the intensity
variance of the block centered at the feature point.

3.3. X-menas Clustering and Region Labeling

The feature points are clustered by x-means clustering for the
estimated affine motion parameters. The dimension p of the
affine motion parameter is 6.

Since the BIC is calculated based on the assumption of a
p-dimensional normal distribution for the data, it is difficult
to obtain the optimal cluster number from data that contains
a great deal of noise. In the clustering process, we delete
clusters containing less than the average number of feature
points in one region.

Finally, a label is assigned to the segmented region ob-
tained by the morphological watershed algorithm. The label is
decided by voting for the feature point cluster in each region.
The labeling result represents the moving object extraction.
If the region does not include a sufficient number of feature
points, then the region is designated as an unlabeled region.
We merge the unlabeled region with the circumference region
having the longest contact with the unlabeled region.

Table 1. X-menas clustering result for feature points.

Clus. | Data Clus. | Data Clus. | Data
No. Num. No. Num. No Num.
1 3482 7 43 13 41
2 12 8 22 14 23
3 36 9 161 15 45
4 16 10 7 16 12
5 63 11 73 17 45

6 50 12 417 18 1082

Fig. 3. Moving object extraction result by the proposed
method (Penguin and Dog).

4. SIMULATION AND RESULTS

The moving object extraction of the proposed method was
investigated by computer simulations. The ‘“Penguin and
Dog” (grayscale image) was used as a test sequence. The
sequence includes two different motion objects, where the
penguin moves toward the right and the disk of the dog ro-
tates clockwise in the sequence.

In the proposed method, we first verified the results of
each processing. Figure 1 shows the region segmentation
results obtained by the morphological watershed algorithm.
The number of segmented regions was 121.

Figure 2 shows the extracted feature points and the trans-
lation vectors of the affine motion parameter. The total num-
ber of feature points was 6,254, and the number of unreliable
feature points was 624. Figure 2 shows that the distribution
of the feature points was uniform in each region and that ac-
curate motion was obtained for most of the feature points.

Next, we verified the results of clustering by x-means
clustering for the affine motion paramters of the feature
points. Table 1 shows the number of data for each cluster. In
addition, Table 1 shows that the number of clusters was 18.

Figure 3 shows the result of the region labeling by voting
for the cluster in each region. The labeling result represents
the moving object extraction result of the proposed method.
The number of labels is four. Although incorrect labels were
assigned to a few regions as a result of inaccurate motion es-
timation in uncovered background region, the objects were
accurately constructed in most of the regions.

Figure 4 shows the “Foreman” test sequence and the ex-
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— R
(b) Moving object extraction result by the proposed method

Fig. 4. Moving object extraction result (Forman).

traction result obtained by the proposed method. The number
of feature points was 5,385, the number of cluster obtained by
x-means clustering was 10, and the number of the assigned
labels was four. Figure 4(b) shows that accurete labels as-
signed to most of the the regions. The results showed that the
proposed method enabled the extraction of a suitable object
number of objects, with the exception of a few error regions.

The results indicate that the proposed method extracts a
suitable number of the moving objects.

5. CONCLUSION

In the present paper, we proposed a moving object extraction
method using x-means clustering. In the proposed method,
the affine motion parameters of feature points were classi-
fied by x-means clustering. Labels are assigned to the seg-
mented regions, which are obtained by the morphological wa-
tershed algorithm, by voting for the feature point cluster in
each region. The simulation results revealed that the proposed
method enables moving object extraction for a suitable num-
ber of objects.

In the future, we intend to improve the label assignment
for the regions with inaccurate motion, such as uncovered
background regions.

6. REFERENCES

[1] T.Schoenemann, and D. Cremers: “Near Real-time Mo-
tion Segmentation Using Graph Cuts”, Springer, LNCS,
Vol.4174, pp.455-464, 2006.

[2] W. Yang, K.-F. Loe, T. Tan, and W. Jian-Kang: “Spa-
tiotemporal Video Segmentation based on Graphical
Models”, IEEE Trans. Image Process., Vol.14, No.7,
pp-937-947,2005.

[3] L.-H. Chen, Y.-C. Lai, C.-W. Su, and H.-Y.M. Liao:
“Extraction of Video Object with Complex Motion”,
Pattern Recognition Letters, Vol.25, No.11, pp.1285-
1291, 2004.

[4] M. Rousson, N. Paragios: “Prior Knowledge, Level
Set Representations and Visual Grouping. International
Journal of Computer Vision”, Vol.76, No.3, pp.231-
243, 2008.

[5] F. Mochieni, S. Bhattacharjee, M. Kunt: “Spatiotem-
poral Segmentation Based on Region Merging”, IEEE
Trans. Pattern Anal. Machine Intell., Vol.20, No.9,
pp-897-915, 1998.

[6] D. Pelleg, A. Moore: “X-means: Extended K-menas
with Efficient Estimation of the Number of Clusters”,
Proc. of the 17th International Conference on Machine
Leaning, pp.727-734, 2000.

[7]1 J.M. Jolion, P. Meer and S. Bataouche: “Robust Cluster-
ing with applications in computer vision”, IEEE Trnas.
Pattern Anal. Machine Intell., Vol.13, No.8, pp.791-
802, 1991.

[8] T. Ishioka,T.: “An Expansion of X-means for Automat-
ically Determining the Optimal Number of Clusters”,
Proc. of The 4th IASTED International Conference on
Computational Intelligence, pp.91-96, 2005.

[9] L. Vincent and P. Soille: “Watersheds in Digital Spaces:
An Efficient Algorithm Based on Immersion Simu-
lations”, IEEE Trans. Pattern Anal. Machine Intell.,
Vol.13, No.6, pp.583-598, 1991.

[10] D. Cortez et al.: “Image Segmentation Towards New
Image Representation Methods”, Signal Processing:
Image Communication, Vol.6, pp.485-498, 1995.

[11] D. Vincent: “Morphological Grayscale Reconstruc-
tion in Image Analysis: Applications and Efficient Al-
gorithm”, IEEE Trans. Image Process., Vol.2, No.2,
pp.177-201, 1993.

- 249 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


