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Abstract

This paper proposes a new algorithm that detects and separates the occluding and occluded
objects in a 2D image. An input image is represented by the attributed graph where a node
corresponds to a surface and an arc connecting two nodes describes the adjacency of the nodes in
the image. Each end of arc is weighted by relation value which tells the number of edges connected
to the surface represented by the node in the opposite side of the arc. In attributed graph,
homogeneous nodes pertained to a same object always construct one of three special patterns which
can be simply classified by comparison of relation values of the arcs. The experimental results have
shown that the proposed algorithm efficiently separates the objects overlapped arbitrarily, and that
this approach of separating objects before matching operation reduces the matching time
significantly by simplifying the matching problem of overlapped objects as the one of individual
single object.

I . Introduction
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Occlusion among objects frequently occurs in part
assembly and inspection lines. Many researchers
have proposed various solutions for this problem
categorized two
approaches; one is to use 2D information and the

which can be mainly nto
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other one is to use 3D information from image. Most
of those approaches are based on the model
matching technique which searches for the features
of the object model in the given 2D or 3D images
and decides the object as the model if it contains the
features being searched for.

In the case of using 3D information, the gecmetric
and spatial features such as volumetric primitives,
normal vector of a plane and distances between
faces are being used for detecting the occlusion and
recognizing 3D objects. For example, Dickinson™?
defined an object as a combination of ten volumetric
primitives. Every model was represented by an
aspect hierarchy which was composed of edge, face
and aspect levels. To reduce matching time, the
model database was constructed by observing each
primitives from the different directions, 10 degrees
separated in X, Y, and Z axes. Johnson and Hebert™
proposed spin image which was constructed for all
mesh vertices of the object surface. A spin image
was defined by two distances, one from mesh vertex
along the vertical line and the other one along the
horizontal line, which were used as the criterion for
matching. The spin image created for all mesh
vertices of the object surface was compared with
that in the model library to search the best matching
vertices. The matched vertices are grouped to find
the best matched model object. Those works using
3D information simplify the process of recognizing
3D objects compared to the works using 2D images,
since the representation of 3D objects using 3D
features is much easier than using 2D features.
However, it costs too much to construct and
preprocess 3D image.

On the other hand, 2D image is easier to obtain
and less sensitive to noise compared to 3D images,
though it loses depth information. When using a 2D
image, various features of its boundary image were
used to represent the object and to find the best
matching object model. For example, Edwards and
Murase®” assumed the possible types of occlusions

between objects and made 13 binary masks
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according to those types to select the object area in
an mmage. In the first step, they used the model
primitives with lower resolution to obtain the
correlation with the objects in the image and thus
generated more than one hypotheses on the object’s
models and poses. The resolution of the primitives
was increased and the matching process was iterated
until the number of hypotheses converged to one.
Pikaz and Dinstein®™ proposed the matching
algorithm between two curves, which have the
relation of similarity transformation with each other.
Kach curve was represented by a total curvature
graph in the first step, which is a relation graph
between the distance and the change of gradient
from any point on the contour, and then the gradient
axis of both graphs was sampled periodically. The
matching process between the model and the object
was performed using the rate of two parameters.
One is the length of distance axis that corresponds
to the sampled value on the gradient axis and the
other is the cumulative length on the distance axis
at that point. Performance of these methods using
2D
occlusion between objects In an image increases.
Also, the computation time increases as the number

of object models increases.

information degrades when the amount of

This paper proposes a new approach to the
problem of separating occluding and occluded objects.
The basic idea was originated from the observation
that a human being detects and recognizes the
occluding object on the top first and then assumes
the model of the occluded object based on the shape
of the contour of edges,
overlapped objects. Thus, the proposed algorithm
classifies the relationship between surfaces based on
the shape of shared edges into three types:
‘connected, ‘separated’ and ‘overlapped. To represent
these types of relationships between surfaces, an
attributed graph
represented by a node and their adjacency in 2D

when recognizing the

is used where a surface is

image is by an arc. At each end of an arc, a
relation value is given which is determined by the
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number of edges of the surface cornected to the
surface in the opposite side. Using this classification
of arc types, the homogeneous surfaces pertained to
the same object, called a ‘node set’, can be detected
by testing the patterns that they construct in the
attributed graph. The patterns to be classified as the
homogeneous nodes are ‘basic’, ‘self-occluded’, and
‘equal—position’. The proposed algorithrh has been
evaluated by the experiment, and ils results are
explained.

The rest of this paper is organized as follows:
section 2 defines the attributed graph to be
constructed from a boundary image and illustrates
the classification of relationships between two
surfaces and among three surfaces. Section 3
illustrates how to detect and separate the occluding
and occluded objects from an attributed graph
defined in section 2. In section 4, the performance of
the algorithm is evaluated by the experiments.

IO. Attributed Graph

A 3D polyhedral object is observed as a set of
polygons in a 2D image which shows only the part
of the object located on the viewing direction of the
camera. This image is described by the attribute
graph, where a node represents the face (polygon)
and an arc between two nodes represents their
adjacency in the image. Each arc has two relation
values on both ends. A relation value on one end of
an arc enumerates the shape of adjacency of the

a

(a) Connected (b) Separated
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surface represented by the node with the surface on
the same end. Thus, the relation values at both ends
of an arc may not be the same as can be
conjectured.

1. Types of the relations between two faces

In the image of a polyhedron, the possible relations
between two faces are categorized into three types:
‘connected’, ‘separated’ and ‘overlapped as shown in
Fig 1. ‘Connected type is defined as the case that
two faces are sharing one same edge, and ‘separated’
type is defined when two faces are sharing no edge.
When two faces are not ‘separated and the number
of shared edge is not the same as one, then
‘overlapped type is defined In the case of
‘overlapped type, the edge of the occluding face is
intersected by that of the occluded face. As shown
in Fig 1(c), the edge of occluding face A is
intersected by the edge of occluded face B. All three
relations are described by two nodes and one arc as
shown in Fig. 1(d), and their types are represented
by the relation values on the arcs. Relation value m
which shows the shape of border between two faces

is defined as follows:
m=E+S @

where E is the number of edges whose type is
‘connected, and S is 1/(the number of intersected
points between two faces + 1). For example, if the
arc in Fig. 1(d) is that of Fig. 1(a), then all relation
values a and b become 1. If the arc in Fig. 1(d) is

q

(d) Node and arc

Fig. 1. Types of relations between two faces, and a node and arc representation.
33 1. kxel ofmE o]4q F 1l Alole #A BF
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that of Fig. 1(c), then the relation values a and b
become 0.5 and 1, respectively.

Based on the relation values given on an arc, the
relation type between two faces can be inferred and
Table 1 shows the possible classifications, Typical
cases in Table 1 are depicted in Fig 2.

In Table 1, case .1 occurs when face B occludes
face A generating T or T junctions in the border.
This is one of the most frequently occurring cases
and the typical example is depicted in Fig 2(a). Case
2 occurs when face A is partially occluding face B.

£ 3BE SPIRE F 18 57

Its typical example is depicted in Fig 2(b). In case 3,
two faces, A and B, are adjacent to each other and
sharing more than one ’‘connected’ edges. If two
faces are sharing more than one ’connected’ edges
and also their border forms T or TI junction as
explained in case 1, then they are classified as case
4 and an example is depicted in Fig 2(d). In case 6,
two faces are ‘overlapped’ without sharing any
‘connected’” edges in the image while they are
located in different planes placed perpendicular to the

image plane. Case 7 shows that two faces are

A A
AN
A B8
B - / B
----------- @@
0 5(0.3) 1 1 2
(a) case 1 (b) case 2

A B8
&
2 2

(c) case 7

(d) case 4

Fig. 2. Examples of some cases given in Table 1.

T8 3. % 19 FoiA @Al A

Table 1. Classification of relation types between two surfaces based on the relation values.

B 1. FARY =7 2 gejof| wE 7R -2

Case Relation Relation Value Relation Type
1 a<l, b=1 a: decimal fraction overlapped
2 b a, b: integer overlapped
3 > b: decimal fraction overlapped

b>a>1 2
a: decimal fraction,
4 . connected and overlapped
b: integer
5 a=b-=l connected
6 a a, b<l a, b decimal fraction overlapped
7 a, b: decimal integer included
b a, b>1

8 a, b: decimal fraction connected

(67
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sharing more than one ‘connected’ edges as depicted
in Fig 2(c), and case 8 represents the case where
two faces are sharing more than one 'connected’
edges and also adjacent each other at the same time

as shown in Fig 2(e).

2. Types of the relations among three faces
This paper deals with the polyhedra
vertices where three edges and three faces intersect.

having

Therefore, three faces sharing the same vertex
should be able to observed in the occluding object.
In the attributed graph, this case is represented by
three nodes connected by the arcs of 'connected’
type. The proposed algorithm searches those nodes
satisfying the above case in the attributed graph at
first and calls this node shape a 'node set’. If all
node sets are found in the attributed graph, those
nodes not included in the node sets are called 'free
nodes’, each of which is later tested to find the node
set that it can be pertained to.

The types of the relationships that any three faces
can make can be categorized on the basis of the
relation types between two faces. Since three faces
(A, B, and C) may be grouped by two in three
different ways (AB, BC, AC) and each group can
have any of three relation types, the total number of
possible cases that three surface can make becomes
3X3X3=27. By ignoring the sequence of nodes, we
can reduce the number of possible cases from 27 to
10. Ten possible cases are summarized in Table 2.

Table 3 shows the node patterns of the cases
summarized in Table 2. In Table 2, the surface in

o
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the starting side of an arrow occludes the surface in
the ending side of the arrow. The case where both
ends of an arc is arrowed occurs when one surface
shares more than one ’connected’ edges with the
surface on the opposite side of the arc as depicted in
Fig 2(c). In Table 2, the last case where any two
among three surfaces is ’separated’ can be discarded
from the list, since the nodes

from each other.

are entirely isolated

3. Patterns of the homogeneous nodes

To separate the occluding and occluded objects,
each node in the attributed graph is tested first
whether it can be grouped with other nodes as those
of the same object. If a set of nodes in the
attributed graph are pertained to the same object,
then they are called the 'homogenecus’ nodes. In
Table 3, each pattern of relation among three nodes
can be further classified by considering relation
values of an arc. The conditions for the nodes in
each pattem in Table 3 to be homogeneous is
defined in this section. For convenience, the relation
patterns are categorized into three groups: ’basic’,
'self-occluded’, and ‘equal-position’.

1) 'Basic’ Pattern

As mentioned above, the homogeneous nodes have
a pattern where three nodes are ’connected’ by the
arcs whose relation values are all 1. For example,
the same object is observed from different views and
depicted in Fig. 3(a) and (b). They generate the
same node pattern, although the relation values are
different. In the figures, the following sets of nodes

Table 2. Ten possible cases of relations among three faces, based on relation types between two

surfaces.

£ 2. A 708} node AtelellA AR F Sl 1071X]9) A

cases AB BC CA cases AB BC CA
1 connected connected connected 6 connected separated separated
2 connected connected overalpped overalpped overalpped overalpped
3 connected connected separated overalpped overalpped separated
4 connected overalpped overalpped 9 overalpped separated separated
5 connected overalpped separated 10 separated separated separated
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are forming the basic pattemns: {A, B, C}, {C, D, E},
GHIL, { K.

E
- =)
B F

(a) 'Basic' pattern

G K
J
TS
1
©

(b) 'Selt-occluded’ pattern

Fig. 3. 'Basic’ and ’self-occluded’ patterns.
a3 3. 718w 2pA A =

2) 'Self-occluded’ pattern

This pattern can be found in the image of the
objects including concave polygons, one of which
For this pattern to be
homogeneous, occlusion should be 'self-occluded’. As

occludes another one.

can be found in Table 2, the arc connecting two
nodes with an ‘overlapped’ relation type may have
is the

various relation values. However, there

£3BE SPlE £1H 59

common feature in the 'self-occluded’ patterns that
the occluding or occluded surface is sharing at least
more than one 'connected’ edges with its counterpart
besides ‘overlapped’ edges. For example, surfaces F
and L in Fig. 3 are occluded by surfaces C and I,
respectively. Fach surface set, {F, C} and {L, I},
shares more than one edges. Therefore, the relation
value of the arc connecting these two nodes in the
attributed graph becomes larger than or equal to 1.
This feature can be formulated as the condition of
deciding the self-occluded pattern as follows:

Condition 1: O(I%I—nzlSDS, nl,n22l
Condition 2! |5, —ny| =0, ny,7n551

where nl and n2 are the relation values of the arc
connecting the nodes N1 and N2 respectively.
'Condition 1’ formulates the case where there is at

Table 3. The node patterns of the cases summarized in Table 2.

E 3 %29 7 23l A3 Ansge
#case Node and Arc pattern
1 I
et
e
T i eTiete
5
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least one adjacent edge shared by two surfaces and
the border has a shape of either T-junction or TI
—junction. Surfaces L and I in Fig. 3 are pertained to
this case. 'Condition 2’ considers the case where two
surfaces are including each other. As surfaces F and
C in Fig. 3, two surfaces are sharing 'connected’
edges larger than 1. In order for two nodes having
"self-occluded” pattemn to be homogeneous, the third
node that both nodes are commonly adjacent to is to
be considered. Fig. 3(b) shows the examples of this
case. That is, the third node adjacent to each of two
nodes should have the ‘connected’ type. Those nodes
included in the ’self-occluded’ pattern are considered
as homogeneous.

3) 'Equal-position’ pattern

For two adjacent surfaces sharing a 'connected’
edge to be homogeneous, they have to be located in
3D space at a close distance with reference to the
third surface which is commonly adjacent to both
surfaces. Thus, the nodes satisfying this condition
form a 'equal-position’ pattern. For example, F and
G are occluded by surface C which are adjacent to
both surfaces F and G, in Fig. 4(a). It can be
conjectured from this scene that surfaces F and G
are located close to surface C. The patterns in case
4 in Table 3 are the examples of this case.

Fig. 4. Examples of occlusions.
a8 4. FAHA EAY 4

Based on this
adjacent‘ nodes sharing ‘connected’ arc is tested by
comparing the relation values of the arcs connected
to the third node from each node, if there exists an
'equal-position’ pattern in 2D image. That is, the
homogeneity of two nodes can be conjectured from
the fact that the two nodes are pertained to an

idea, the homogeneity of two

A A BAS ERls) A WA §A

(60)
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ohject different from the one to which the third node
is pertained. For example, by confirming that two
surfaces, F and G, are pertaining to different object
from the one to which surface C is pertained, the
homogeneity of two adjacent surfaces F and G can
be determined. For this purpose, the type of
occlusion (T-junction TT—junction)
between surfaces F and C, and G and C is searched.
The relation values to construct the simple occlusion
type have to satisfy the following condition, where

relation or

nl and n2 are respectively the relation values of
arbitrary nodes N1 and N2:

Condition 3: |7L1—n2'>0.5, ny, n9=<l

Two nodes satisfying the above ‘condition 3’ are
pertained to different objects.

4) Isolation Condition

When the types of arcs connecting three nodes are
all ‘overlapped’ or more than one ’'separated’, the
homogeneity of the nodes cannot be determined
directly from the node pattern and extra conditions
for nodes which can be used as the criteria in the
node merging process. For example, in Fig. 4(b), it
node Db H and G as

homogeneous since two nodes D and H satisfy

is possible to classify

'simple occlusion’ condition about the third node G.
However, nodes _D and H do not form ’equal-
position” pattern since they are occluding each other.
In this case, it is impossible to determine from the
node pattern whether the nodes are homogeneous or

Fig. b. Isolation condition.
g 5 zgzA
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not. Other examples are given in Fig. 5 where there
exists at least one arc of ’‘separated’ type and thus
extra conditions should be applied to.

A node is defined as ‘isolated’ if only one node is
adjacent to. In Fig. 5 nodes D, F, and J are
‘isolated’ ones with reference to nodes E, C, and H.
These nodes correspond to the surfaces forming the
contour of the image. 'Isolated’ node can be merged
as one node set with its adjacent node if the relation
values of the arc satisfy 'condition 1’ or 'condition
2’, although the type of the arc is not 'connected’.
For example, in Fig. 5, since there is no adjacent
surface except surface C for surface F, surface F
satisfies the isolation condition about surface C. In
this case, if the relation values of the arc connecting
nodes C and F satisfy ’condition 1’, nodes C and F

can be merged as one node set.

M. Separation of Occluding and
Occluded Objects

Fig. 6 shows the flow of the process of separating
occluding and occluded objects using an attributed
graph. The algorithm extracts the list of the node

sets, each of which is a set of homogeneous

input : Edge image of
overlapped objects

. Extraction of node sets
‘ Attributed Graph H with three nodeng

-

C f
|

output : node sets

Fig. 6. Flow of the algorithm.
a8 6. dxEEY Mg

Extraction of node sets
with two nodes

)

Node set + Free node

Free node + Free node Node set + Node set

Er
B
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surfaces, from the attributed graph. The remained
nodes are called 'free nodes’ and tested in the next
step to see whether they can be merged with any
node set or with other 'free nodes’ to construct a

new node set.

1. Extraction of node sets

The procedure of extracting node sets from
attributed graph consists of two steps, as explained
in the following:

Step 1: Extraction of 'basic’ pattern (Refer to Fig.
7(a))

1) Select a node as Nref connected to N1 and N2.

2) If all arcs are of ‘connected’ type, three nodes
Nref, N1, and N2 are determined as a node set.

3) Repeat the above procedure for all nodes in the
attributed graph.

Step 2: Extraction of ’equal-position’ pattern (Refer
to Fig. 7(b))

1) Select a node as Nref having one arc of
‘connected’ type, connected to NI.

2) Search the third node N2 which is commonly
adjacent to Nref and N1 with a same relation type.

3) If the relations between Nref and N2, and
between N1 and N2 are ‘overlapped’ type and the
relation values satisfy ’condition 3, then construct a
node set with two nodes Nref and NI1.

4) Repeat above procedure for all nodes in the
attributed graph.

2. Merging of nodes
The algorithm extracts node sets by considering

patterns of any three nodes in attributed graph. Node

®— [G&—®

.
H

Nrel N1

o

(a) 3—Node Set

Fig. 7. Extraction of node sets from attributed graphs.

& 7. Attributed Graphell4] node set®] F&
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sets are different or some node are 'free’, it is also
possible that some node sets or 'free’ nodes are of
the same object. This section explains the procedure
of finding and merging 'free’ node and 'free” node,
"free’ node and node set, and node set and node set.
The merging procedure selects a 'free’ node as a
reference Nref and tests whether it can be merged

into other 'free’ nodes or node sets.

Merging of a free node and a node set

Step 1: Among nodes connected to Nref, eliminate
those nodes connected by the arcs generating T- or
TM-junction since they can be considered to be
pertained to a different object. Those nodes are
occluded by Nref and the relation values of the arc
connecting these nodes with Nref satisfy 'condition
3.

Step 2: Find the number of arcs cornected to each
of the extracted node sets.

Step 3: Test the isolation condition of the node set
NST with reference to Nref. If satisfies, then merge
Nref to NST.

Step 4 If the number of arcs connected to NST is

Ni N2

3
(4

Node Set

RLE

equal to or greater than 2, test whether any three
nodes including Nref and two from NST make a
new node set. If it constructs a ‘basic’ or
"self-occluded’ pattern, then it forms a new node set.
(See Fig. 8(a).)

Step 5 If the number of arcs comnected to NST is
equal to 1, make a group of three nodes including
Nref, one node N1 from NST, and the third node N2
which is connected to both of Nref and N1. If these
three nodes construct a ‘basic’ or 'self-occluded’
pattern, then they form a new node set. (See Fig.
8(c) and (e).) If the relation types between Nref and
N1, and between N1 and N2 are all 'occluded’, then
test if they satisfy ‘equal-position’ pattern. If they
do, then they form a new node set. (See Fig. 8(b)
and (d).)

If there lefts no 'free’ node or 'node sets’ to be
merged, test whether different node sets are
pertained to the same object. Here each node set
becomes a reference node set  NSref in turn.

Merging two node sets (Refer to Fig. 9)

Step 1 Count the number of arcs connecting two

(a) Node set + Free Node N, (b) Node Set + Free node N ; (c) Node set + Free node N

(Self—occiuded)

(d) Node set + Free node N
(Equal-position)

Fig. 8. Merging of a node set and a 'free’ node.
1% 8. Node set¥ %3 noded} A%

(62)

(Equal-position)

{Self-occlued)

(e) Node set + Free node N
(Setf-occluded)
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node sets, NSref and NS1. Any node of NSref is
comnected to any node of NSI, then the connecting
arc is counted. However, if the relation values of
this arc satisfy condition 3, then it cannot be
counted in.

Step 2. If the number of arcs connecting NSref and
NS1 is equal to or greater than 2, test whether any
homogeneous pattern can be constructed among three
connected nodes. (See Fig. 9(a).) If found, then
merge those two node sets.

Step 3: If the number of arcs connecting NSref and
NS1 is equal to 1, then make a group of three
nodes, one node N1 from NSref, one node N2 from
NS1, and the third one from other node set which is
adjacent to both of N1 and N2. Test whether any of
three homogeneous patterns can be constructed

NS, /0 Ns
(b)

Fig. 9. Merging two node sets.
3] 9. Node set¥®} node set®] 2%
among these three connected nodes. (See Fig. 9(b).)

F£3% SPHRE B 1W 63

If found, then merge those two node sets.
Finally,
nodes. If two 'free’ nodes satisfy the merging
condition to be explained, then they construct a new
node set.
Merging two 'free’ nodes
Step 1: Count the number of arcs connecting a 'free’
node Nref to other 'free’ nodes.
Step 20 If Nref satisfies the isolation condition with
another 'free’ node NI, then construct a new node
set with these two nodes.
Step 3 If the number of arcs connected to Nref is
equal to or greater than 2, then make a group of
three nodes including Nref and two connected nodes.
If these three nodes construct any homogeneous
patterns, then merge those nodes to make a new
node set. (See Fig. 10(a) and (b).) If the relation
types among these nodes are all ‘overlapped’, then
test if they satisfy 'equal—position' pattem. If they
do, then they form a new node set. (See Fig. 10(a)
and (b))

test merging conditions among 'free’

(a) (b) ()

Fig. 10. Merging two ’free’ nodes.
a3 10. 7 59 node® Z¥

IV. Experiment and Discussion

To evaluate the proposed algorithm, the vision
system shown in Fig. 11 has been implemented. It is
composed of a CCD camera, a frame grabber and a
Pentium PC. Fig. 12 shows the polyhedral objects
used in the experiment. As mentioned in the context,

Region
Growing

Contour Extraction
of Each Face

Region
Merging

Pentium PC

!

Attributed Graph

Line Linking

Line Detection

—

Relation Matrix

Fig. 11. The hardware system and the block diagram of the algoritm.
38 11, Agelx] A8 Alad 9 GAAE] 53
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the algorithm is effective when there exists no
empty space between the overlapped objects in a test
mmage. When the complete boundary image is not
acquired from the given input image, algorithm that
recovers the lost edges such as given in [12] is
applied before following the procedure.

1. Preprocessing of input image

The proposed algorithm uses boundary images as
input. To obtain boundary images from an input
image, the faces are segmented by a region growing
algorithm in the first step. The segmented regions
are merged based on the Mahalanobis distance,
proximity between them, and the existence of an
edge. Mahalanobis distance was defined in [10] as
follows:

dp{ Cr{ X a), Cr{ X3))
‘/ or( X+ 0,( Xp)

dM( Xa, XB)=

where XA and XB represent segmented regions A
and B, respectively, and CR(X) is the averaged grey
level of region X. dE and oR(X) represent Euclidean
distance and the standard deviation of region X,
respectively.

Kb B

@ ) ©

(d) (e) 63

(g (h) )

)]
Fig. 12. Object models used in the experiment.
33 12, Aged AMgg ohofat $5-9] obA 2

Original Image Region Growing

Region Merging
Iteration=1

Region Merging

lteration=2 Edge Image

Fig. 13. Original input images and their segmented boundary images.
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Fig. 13 shows three images of overlapped objects
and the process of extracting their edge mmages. In
general, the input bmage is over segmented by the
region growing algorithm and the coherent regions
are merged in a couple of iterations of a merging
procedure.  From  the segmented image, the
boundaries are extracted by Hough Transform. Each
boundary segment is linked and vectorized in such a
way that the surface bounded by the boundary
segment should be located on the right side of the

boundaty segment.

(a)
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2. Separation of occluding and occluded aobjects

From the segmented boundary image, its attributed
graph is constructed and stored in the database
array. The relation values of the arcs are determined
with reference to the relative positions between
nodes, using Fg. (1. Fg 14 shows the attributed
graphs of the images given in Fig. 13 as examples.
The intermediate results of each step of the
algorithm applied to the attributed graph given in
Fig. 14(a) are summarized in Table 4 to show how
it works. It extracts the node sets which have

{b) ()

Fig. 14. Attributed graphs of the images given in Fig. 13.
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(a) Node Set Extraction/
1st lteration

{b) 2nd iteration

(c) Result

Fig. 15. The results of the algorithm applied to the input images given in Fig. 13(b) and Fig. 13(c).
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Table 4. Intermediate results of the algorithm applied to the input image given in Fig. 14(a).
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step graph Node Pattern
node set Basic : C,D.E
extraction and o 2 Self-Occluded :
1st Iteration Egual-Position:8,C.E
Isolated node :
A&B satisfy the isolation
0.5 0.3 condition
B node set + node set+ free node+
free node node set free node
1.5 2 A+B
i Basic : C,D.E
2 terat e
nd fteration 2| 2 Self~Occiuded : F.{A,B}
( D E F Equal-position :8,C.E
> Isolated node :
G&{A,B} satisfy the isolation
\! 0.3 condition
2 1.5
@ B ) ( : ) node set+ node set+ free node+
free node node set free node
{ABY+G
{A.B}+F

Result
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'basic’ pattern or 'equal-position’ pattern. The node
set {C, D, E} is an example that forms a ’'basic’
pattern. In the first iteration, it found that node A
satisfied the isolation condition with node B and their
relation values also satisfied ’‘condition 1’ so that
they could be merged as a node set. In the second
iteration, it found that node G satisfied the isolation
condition about the node set {A, B} and their
relation values also satisfied ’condition 1’ so that
they could be merged as a new node set. It could
also be found that three nodes, E, B, and F, formed
a comnected graph where the relation values of the
arcs connecting two node pairs, F and E, and F and
B, satisfied ‘condition 1 and 2'. However, the node
pair, F and E, do not have a third node which is
adjacent to both nodes and thus they do not satisfy
the conditions to make a node set. Therefore, the arc
connecting node F and the node set {C, D, E} could
be elininated. In other words, node F was isclated
from the node set {A, B} and satisfied the sufficient
condition to be 'self-occluded’ pattemn with the node
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set {A, B}, these three nodes could be merged as a
new node set.
m

The results of the algorithm applied to the input
images given in Fig 14(b) and (c) are illustrated in
Fig. 15, and Fig. 16 shows in the second row the
occluding object and in the first row the occluded
object, separated by the algorithm.

3. Evaluation

For evaluation of the performance of the algorithm,
time complexity is calculated as a function of the
number of surfaces, n. The proposed algorithm
selects every surface as a reference one and tests its
relationship with those surfaces adjacent to the
reference surface. If the average number of adjacent
surfaces to be tested is m, the time complexity of
the proposed algorithm can be represented by O(mm).
In practice, the time spent by the algorithm in the
cases of those images in Fig. 13 did not exceed
25ms when using the Penttium T PC which is less
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First input image Second input image Third input image
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Fig. 16. Results of the separation operation.
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than 5% of the total preprocessing time to segment
the object image.

The proposed algorithm has been applied to two
algorithms summarized in Section 1 to show that it
The
algorithm proposed by Pikaz[5] represents an object

reduces the recognition time significantly.

by a total curvature graph where each curve is
represented by discontinuing points and tangential
angles at those points. If the number of surfaces in
the object image in n and the number of surfaces of
the object model to be searched is p, then this
algorithm requires the searching time proportional to
O(pn2). If the proposed algorithm is applied to this
Pikaz’' algorithm, then the time complexity is reduced
to 1/4 times since the number of surfaces, n, in the
object image is reduced by a half on average. The
time spent by the proposed algorithm to separate the
from the occluded
proportional to O(mn), is much smaller compared to
the time saved by applying the proposed algorithm,
proportional to O(pn2). In the case of applying to the
Tsang’s algorithm[8], the proposed algorithm
improved the recognition time by the
proportion as Pikaz's algorithm did. Both cases have
shown that the proposed algorithm saves the

occluding  object object,

same
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recognition time significantly.

V. Conclusionb

This
separating an occluding object from the occluded

paper proposed a noble approach of

one(s). By separating the occluding and occluded
objects, the matching problem of multiple overlapped
objects is simplified as a matching task of individual
single object. The proposed algorithm uses surface
level information not edge level one as the unit of
representation and the relationship between surfaces
is enumerated for ease manipulation of the relations.
The experimental results have shown that the
proposed algorithm efficiently separates the objects
overlapped arbitrarily, and this of
separating objects before matching operation reduces
the matching time significantly.

approach
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