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Shape Segmentation Using Multiple Eigenvectors Based on Visual
Naturality for Training Set Generation

MAKOTO SATOH!

Abstract: This paper presents an extended shape segmentation method using multiple eigenvectors of graph
Laplacians, which is an extension of the previously proposed segmentation method based on the shape fea-
tures to represent visual naturality. The shape segments generated by using the method, are used to select
regions intuitively for transforming base shapes. The similar shapes generated from the base shapes, using
non-uniform similarity transformation, will be used as learning sets in machine learning.
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Table 3 Notation of clusters.

cluster No. (Eq. 12) ‘ notations

1 large open blue circle

large green cross

large open magenta triangle
large open orange rectangle
small open blue circle

small green cross

small open magenta triangle

0 J O Ut oW N

small open orange rectangle
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Table 4 The adjusted parameters used in the segmentation
in Fig. 1. The parameters are rounded off to three

decimal places.
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Table 5 The adjusted parameters used in the segmentation
in Fig. 2. The parameters are rounded off to three

decimal places.
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Table 6 The adjusted parameters used in the segmentation
in Fig. 3. The parameters are rounded off to three

decimal places.
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Table 7 The adjusted parameters used in the segmentation in
Fig. 4, 5. The parameters are rounded off to three

decimal places.

figures ap ar agc
Fig. 4 || 0.088 | 0.100 | 0.235
Fig. 5 || 0.063 | 0.100 | 0.185
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B 1 BikEZ AT =g DX
Fig. 1 Each step of shape segmentation. First row(from left to right): a base shape(solid

lines), its sampled points(large solid blue circles), and the segmentation results

using the eigenvectors: the second, the second and the third, and the second,

the third, and the fourth eigenvector. Second row(from left to right): the eigen-

values, the second, the third, and the fourth eigenvector.

Eigenvalues

7
&

2nd eigenvector

3rd eigenvector 4th eigenvector

03 031 am 0.08 F G CRuwm oo
60
@D
-0.08 - @® ﬂ -0.3 04

2 E#THRESNZBERO® S AT —va

Fig. 2 Segmentation of the shape constructed of lines. First row(from left to right):

the segmentation results using the eigenvectors: the second, the second and the

third, and the second, the third, and the fourth eigenvector. Second row(from

left to right): the eigenvalues, the second, the third, and the fourth eigenvector.
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Eigenvalues

20.0 :
2nd eigenvector 3rd eigenvector 4th eigenvector

0.2 0.1 - 0.2
, -
o
200 -
0.0 - 200 200
-_— -0.1 -0.07 -_—

200 -0.07

B 3 #hi TR ENIBROE I AT =g
Fig. 3 Segmentation of the shape constructed of curves. First row(from left to right):
the segmentation results using the eigenvectors: the second, the second and the
third, and the second, the third, and the fourth eigenvector. Second row(from

left to right): the eigenvalues, the second, the third, and the fourth eigenvector.

Eigenvalues
5.0
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Fig. 4 Segmentation of intersecting shapes(a straight line and a curve). First row(from
left to right): the segmentation results using the eigenvectors: the second, the
second and the third, and the second, the third, and the fourth eigenvector.
Second row(from left to right): the eigenvalues, the second, the third, and the
fourth eigenvector.
it 3 27z, SE X
TS DA% OBBITIY, BHRER» e DR ' 7 [1]  Fiedler, M.: Algebraic connectivity of graphs, Czechoslo-
AV NDER, MOF 5775 AZ Y v FE~OWEA, vak Mathematical Journal, Vol. 23, No. 98, pp. 298-305
N - (1973).
L N 2 N S NI
TLT, PRI AT = a v LR — MR R E v [2] Forsey, D. R. and Bartels, R. H.. Hierarchical
T DT DT — X ARRICEET 222875 Z & B-spline refinement, SIGGRAPH ’88: Proceed-

ings of the 15th annual conference on Com-
puter graphics and interactive techniques, New
York, NY, USA, ACM, pp. 205-212 (online), DOL

MTE 5.

© 2014 Information Processing Society of Japan 7



BFRLEZHRIRE
IPSJ SIG Technical Report

(6]

(7]

(8]

(9]

(10]

(1]

(12]

Vol.2014-CVIM-191 No.23

Eigenvalues

200 2nd eigenvector 3rd eigenvector 4th eigenvector

0.2 0.3 0.4 Py

R 00

oo

oo

70
70 0
0.0
70 -0.1 -0.3 -0.2

5 AETBIAROE S A LT — g v (i e )

Fig. 5 Segmentation of intersecting shapes(curves). First row(from left to right): the

segmentation results using the eigenvectors: the second, the second and the
third, and the second, the third, and the fourth eigenvector. Second row(from

left to right): the eigenvalues, the second, the third, and the fourth eigenvector.

2014/3/4

http://doi.acm.org/10.1145/54852.378512 (1988).
Fowler, B. and Bartels, R.: Constraint-based curve
manipulation, Computer Graphics and Applications,
IEEE, Vol. 13, No. 5, pp. 43-49 (online), DOL:
10.1109/38.232098 (1993).

Katz, S. and Tal, A.: Hierarchical mesh decomposition
using fuzzy clustering and cuts, ACM SIGGRAPH 2003
Papers, SIGGRAPH ’03, New York, NY, USA, ACM,
pp. 954-961 (online), DOIL: 10.1145/1201775.882369
(2003).

Lewis, J. P., Fong, N., XueXiang, X., Soon, S. H.
and Feng, T.: More optimal strokes for NPR sketch-
ing, Proceedings of the 3rd international conference
on Computer graphics and interactive techniques in
Australasia and South Fast Asia, GRAPHITE ’05,
New York, NY, USA, ACM, pp. 47-50 (online), DOI:
10.1145/1101389.1101398 (2005).

R E AR ARSICESL YT 775 RF ) T
ERWEIIRE S A T — a v O O EEHRD /X
T A — 2RI, WAL EBTEHS, Vol. 2014-CG-154.
ek A7 IR — RIS A W TR ERL D 72D
UIT0TAGY TR DR T AT a s,
WAL 2 FE A, Vol. 2013-HCI-155, No. 7, pp. 1-8
(2013).

i 5 FE T — 2 ERO T DO/ 57 LR E
TT70TAZ) TR DR E T AT —va s, 1
RAEA AR, Vol. 2014-1CS-173, No. 6, pp. 1-8
(2014).

ERE 15, Zdmak = RS R o IEB—
R IG5 < dhBRVERRAL IS, T SRQ B 2SR,
Vol. 2011-CG-142, No. 12, pp. 1-6 (2011).

ek A5, =imef_ Vi s R BRI L D 72 8D O BEEL
7 MV OIEE ARSI & A 7o S Bras e, 1
WHLFRZ AW FR R, Vol. 2012-CG-146, No. 34, pp. 1-6
(2012).

Mohar, B.: The Laplacian spectrum of graphs, Graph
Theory, Combinatorics, and Applications, Wiley, pp.
871-898 (1991).

Mohar, B.: Some applications of Laplace eigenvalues of

© 2014 Information Processing Society of Japan

[13]

graphs, Graph Symmetry, NATO ASI Series, Vol. 497,
Springer Netherlands, pp. 225-275 (1997).

Ng, A. Y., Jordan, M. I. and Weiss, Y.: On Spectral
Clustering: Analysis and an algorithm, ADVANCES
IN NEURAL INFORMATION PROCESSING SYS-
TEMS, MIT Press, pp. 849-856 (2001).



