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Extensions of Identifier Matrices for Aspect and Feature Point
Correspondences to Self-occlusion of Polyhedra

TAKASHI NOYORIt and HIROYASU SAKAMOTO't

It is one of the most important issues of three-dimensional model based computer vision
from monocular images to determine feature point correspondences between the models and
observed images. The authors of the present paper have proposed a method which employs
identifier matrices for the feature point correspondences and aspect of the object in the images.
In this paper, the method is extended for the following two problems which are accompanied
with two types of self-occlusion of polyhedra : (1) failures in feature point detection where
optical axis of the camera is coplanar with one or more faces of polyhedron, (2) self-occlusion
of concave polyhedron. The problems are resolved by regarding a region of aspect boundary
as a new distinct aspect and by raising dimensions of feature point coordinates’ subspace. Nu-
merical experiments using synthetic images and real images show the validity of the proposed
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method.
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Fig.1 Perspective image (shaded planes with white lines)
with its nonlinear distortion components (arrows)

compared to weak perspective image (black lines).
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Fig.2 Real images of two kinds of self-occlusion. (a) Self-
occlusion at aspect boundary, (b) Self-occlusion of

concave polyhedron.
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Fig.3 Two kinds of boundary aspect (synthesized images).
(a) Ordinary aspect, The optical axis is (b) coplanar
with a face, or (¢) coplanar with an edge.
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Fig.4 An example of boundary aspect whose circumferen-
tial vertices has the same order as of ordinary as-
pect. (a) Boundary aspect, (b) Ordinary aspect.
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Fig.5 Self-occlusion of concave polyhedron. When (a) a
pair of edges overlaps, (b) two pairs do, (c) two par-

allel edges (thick line) overlap with the other edge.
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Fig.6 An example set with the same face visibility but
with different circumferential vertex orders.
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Fig.7 Models employed in numerical experiments.

00 1m20300b0000o0o00000oooao
goooooooboooob 200000000000
goboooo4000000000000O0O0O00OO0
gooooooobo 140000000000000
goboooocooooooooboooooooboooo
goooooobooooooooooooboonoo
gooobobooooboo 3oooboboooboobo
gobooooooooob 2600000000000
000000000000 000ooonD ad0bO0O
goboooooooboooboocobobOoooboooo
gb0 200000000000

oobooboboooboooocoooooooooo
goooobooooooooooobO1100000
obobooooooooboooobooooooobooon 2
obobooboboo 1400000000000 0O00O0
gbooboooooooboooboooooobooo
000000oooD a0bOOO0O0O0O0O0OOODOO
gboooooboooooboooobooooooboon
goboooooooooboooooboooooon
ood

4.2 0OO00O0OO0OOOOOOO

2120000000000000000C0O0O0OO
211 00000000000 LOOOOODOLO
gboobooboobooooooboooooobooboo
goooooooobooooobooooooboooo
0000000000000 R=35[em]00000



Vol. 44 No. SIG 17(CVIM 8)

01 00000000o

Table 1 Dimensions of models.
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Table 2 Numbers of aspects.
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Fig.8 Range of boundary aspect. (a) Upper face is invis-
ible (lower limit), (b) Aspect boundary, (c) Visible
(upper limit).
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Fig.9 Comparison between conventional method (x ) where

boundary aspects are not involved and the proposed
method (O ) which identifies boundary aspects. Bro-
ken lines: the minimum of the evaluation factors A
is not correct, Real lines: two minimum evaluation
factors do not contain the correct answer.

00000000000 2000000000000
0000000000000000000 00000
00000000 100000000000000x
0000000000000000000000000
O00000000000000000000000
0000000
00000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000 1400000000000
000000000000000000000000
0000 Necker 100000000000000O0
00000 ADODODOOOO0OO0O0O0O0000 20
00000000000000000000000O0
000000000000 5%00000000000
0000000000000000000000000
000000 200000000000000000
ooo
21.100000000000000000000
000000000002120000000000
0000000000000000000000000
0oOo0DO0oooooo?o
0000000000000000000x 000
0000000000 O0000000000000 2
000000000000000000000000
000000000000000000000000
00000000000000000000000
01000000000000000-300000
000D000000000000000000000
00000000 3000x00000000000

R [cm]
010 00000000 O0OOOOOO0OO0OO0DOOOCOOOOO0
oo o0mioom2000M30x 0
Fig.10 Comparison between different ranges of boundary
aspect. The ranges are equivalent to: 0(0), 1 (0),
2(0), 3(x ) [pixel].
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Fig.11 Comparison between different strength of noises

(modell-4). The noises have standard deviation
of: 0(0),1(@), 2(0), 3(x) [pixel].

gooooooooooooooooooboonoo
gboooodoooooobooooooooooobood
gbooooooooooboooon

d1odoooooooocoooboogoo-3000
goooobooocoooboooboooooooobooobo
gooboobooo1bobcooooboooooooon
000 5%00000000000D000O0OO0 2
oooboooooooooboooobooooooooo
jooooboooooboooobooooboboooDbbOo
ooooogoo

000000 a0bO0O00OOOOCODOCOOOO0OOOO
oooooboooooboo,seo00bboooon 3,000
gooboooooooboooooboooo120000
gboboobodoboil10o0ooooooocoobooboooon
o3000b00oobooooooooobooboooono
02000000000 1400000 23000
ooboooooooobooooooobooooooo
oooobooooooooooooobonO 50ecm 00O
oooooooooboooobooDbo

ooboooboooobboOoooboooooooo



Vol. 44 No. SIG 17(CVIM 8) gbdboooooooooobooooooobooooooooooo 85

E.[cm]
012 0000000000 000000 a0bMOOO0O00O0
joooooomoo0@1ibo m200@m3gx 0O
Fig.12 Comparison between different strength of noises
(model a, b). The noises have standard deviation
of: 0(0),1(@), 2(0), 3(x) [pixel].
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Fig. 13 Edge and feature point detection in real images.
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Fig.14 Results at aspect boundary. (a) Real image, (b)

A case of failure of point detection, (c) A case of
succeeded detection.
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Fig.15 Self-occlusion of concave polyhedron.
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Fig.16 Two kinds of self-occlusion occur simultaneously.

(a) Real image, (b) A case of failure of point de-

tection, (c) A case of succeeded detection.
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