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ABSTRACT

This study aims at building the object recognition
system which uses the Coded Boundary Representation
(CBR) method to store shape data in computers. The
CBR method was originally developed as a simple 2-
D CAD model, and it can represent a shape as a sim-
ple form of lists and operate the shape qualitatively in
a non_numerical way!). However, it can't represent a
shape in detail because of these features, it is difficult to
use the method in the object recognition system without
modification.

Therefore this paper describes the modification of
the CBR method (which is called the MCBR method),
the structure of shape models stored in computers, and
shows the system scheme and features. The system con-
sists primarily of two parts, which are called the Im-
age Processing Part and the Shape Understanding Part.
The role of the former is to extract segments from the
original data using Hough transformation. The role of
the latter is to reconstruct the shape using the segments
in the MCBR method. Then we demonstrate the ef-
fectiveness of the MCBR method for object recognition
with some illustrative examples.

INTRODUCTION

Many model based recognition systems which are per-
formed until now, use the B-reps method to represent
the shape stored in computer(?), The B-reps method has
been developed as 3-D solid models for CAD systems.
On the oter hand, the system which is descrived here
uses the CBR method. The fundamental idea of the
CBR method is the same as that of the B-reps method,
except on two points.

One point is that the CBR method represents a shape
in the form of lists. Therefore the CBR method has such
advantages that it is very easy to get rotated, mirrored
or conjugated shapes by simple list operations.
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Another point is that the CBR method utilizes the
idea of Freeman’s directional codes which are frequently
used in the field of image processing. To express it more
concretely, one of the lists shows the direction of the each
line segment. Therefore, it is very simple to extract or
compare the topological features of shapes using the di-
rectional codes lists. Because of these, it is considered
that this method is suitable to develop a flexible model
based object recognition system. For example, it will
be very efficient to make aspect graphs because that the
CBR represents the topological features of shape very
simply and can decrease the number of graphs.

MCBR METHOD

Figure 1 shows the CBR method which uses the 4
directional codes and represents a shape with the edge
name list(n list), the edge start and the edge end vertex
name lists(s list,e list), the edge length list(l list) and
the directional code list(d list) of those edges. In this
method, the shape loop is in the counterclockwise. The
features of this CBR method include that it is easy to
operate the lists for carrying out the figure processing
such as rotating, mirroring, decomposing and compos-
ing; and it is also easy to get the topological features of
a shape using the d list.
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Fig.1 CBR method
(a) Directional codes
(b) Shape example
(c) Shape lists in CBR method



To apply the CBR method to the recognition of ob-
jects, it has to be improved. The CBR method’s di-
rectional codes have been expressed only in 4 values:
s,e,n,w. Although the clear and simple shape represen-
tation is easy for congiyieijsto recognize the features of
shapes and can carry out the shape operations in a non-
numeric way, it is not convenient for recognizing objects
if used without any modification.

Therefore, in the MCBR method, the directional
codes are extended to real numbers (0.0 < D < 8.0)
in Fig.2.
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Fig.2 Directional code in MCBR method

Because of this change, the processing such as mir-
roring, rotating, etc., which used elements of d list, has
also to be modified. Figure 3 shows the 'rotation’ as the
example of figure processing in the MCBR method. In
the CBR method, rotation angle is defined with every
90 degrees. On the other hand, in the MCBR method,
it is defined with all degree. With the edge direction D
and the rotation angle 8, the edge direction D' obtained
after rotation can be described as:

D' = Rm(D + 4_56_6'3'0) (1)
where,
z if(0.0<z<y)
Rm(z,y) = { Rm(z —y,y) if(z>y) (2)

Rm(z +y,y) if(z <0.0)

In this way, with the MCBR method, it is possible
to represent a line in any direction. It is also possible
to express position relations between several lines using
the equalities or the inequalities. Thus, a more flexible
figure processing can be defined.

Fig.3 Figure processing *Rotation’
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SYSTEM

The recognition system presented here is divided into
two parts: Image Processing and Shape Understanding

Part.

The function of Image Processing Part is as follows:
(1) simplifying the original image obtained from a cam-
era into a binary_thin outline image;

(2) transforming the outline image to its Hough Trans-
formed lines;

(3) extracting out image relative line segments from
Hough lines;

(4) integrating the segments to the shape line segments;
(5) sending the data to Shape Understanding Part.

The function of Shape Understanding Part is:
(1) understanding simply;
(2) understanding using mending rules.

Image Processing Part

The role of the Image Processing Part is to make the
lists, in the MCBR method, of line segments of the shape
from the original image data picked up with a camera.
The procedure of this part is shown in Fig.4.

[ Sisplify ilaﬁ {camera _thin)

ood result
Y

ood result
Y

Fig.4 Procedure in Image Processing Part

After simplifying, Hough transformation is executed
and the line components are extracted. In the 'Extract
segment’ routine, the system rejects some of Hough lines
that have a little relation with the outline image. And
all the crossed points of one Hough line (it is crossed
by all other Hough lines, except a small angle that less
than a compiling constant number) are obtained and cut
in pieces. In the 'Integrate segment’ routine, the useful
segments from thes lines are picked out.



In this part, the relationship rates RR(S), between
Hough line segment S and outline image, is used. First,
p(z,y) is a point on a segment S of Hough line. And
pl(z,y) is a point beside the point p(z,y), it is defined
as

pl(z,y) € P(NEAR,z,y) (3)

,where
N EAR is a compiling constant, and should belong to
{1,4,8}.

P(l,z,y) = @

P(4,z,y) = {P(2+1‘!J).P(l‘.!l+ 1),
F‘z = l.y),p(z,y = 1)}

P(8,z,y) = P(4,z,y)U

{plz + 1,y +1),p(z - 1,y + 1),
P(J: i = l)tp(z -1,y— 1)}

And G(p) is the gray level of the outline image on
the point p(z,y), then the relativity r(p) on the point
plz,y) is defined as:

1 if(G(p) #0)
r(p) =14 0.5 if(G(p) =0but G(p1) #0) (4)
0 else

The relativity R(S) of the segment S is defined as

R(S)= 3. r(p)

ponS

(8)

Furthermore, the relative rate is defined. A segment
S(ps, pe) starts from p(zs,ys), ends at p(ze,ye). Then
pixels piz(S) is as:

piz(S) = maz{|ze — zs|, |ye — ys|}

(piz($) > 0) i
And then the Relative Rate RR(S) is defined as:
_ R(S)
RR(S)= —rs (0< RR(S)<1) ()

The system decides whether it accepts the segment S
or rejects by this number RR(S).

The shape line segments obtained from the segments
extraction routine are reconstructed in the segment in-
tegration routine. If two segments are in parallel or ap-
proximately in parallel, very near each other, then they
are considered to be one cluster. And if two clusters are
considered that they are connected at the same point
then the ends of these clusters are remained.

Shape Understanding Part
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The Shape Understanding Part reconstructs and rec-
ognizes the shape with the segment cluster data ob-
tained from the Image Processing Part.

The data obtained from the Image Processing Part
are not completely correct. In other words, the data
sometimes include some excess information and don’t
include any necessary information. So, in this part, the
system can delete some noisy information and add some
necessary.

The data structure obtained from the Image Process-
ing Part is expressed in the form of:

line(N;, D;, L;, [Sei, Syis Eeiy Eyi)

,where

N; : identity line segment number

D; : directional code (defined in Fig.2)
(0.0 < Di < 8.0)

L; : segment length

(S, S,:) : start point coordinate
(E., B,.): end point coordinate

Now here is an example of an image of rectangular
solid obtained from a camera. Figures 5(a)(b) are the
two patterns from the image which has a couple of face
loop. We show the structure of the shape model stored
in computers in Fig.5. At first each face loop on the
rectangular solid is assigned with a quadrilateral type,
then it is represented in the MCBR method as:

nlist (Loop;, [Nu, Na, Na, Ny ))
slist (Loop;, [Va, Va, Vi, Vi ))
elist (Loop;, [Via, Vi, Vi, Va )
dlist (Loop;, [Di, Di, Di, Diy ))
llist (Loop;, [Li, Liay Lisy, Lis ])
(=12, 3,)
,where

’—N,;;' means opposite to 'N,;’

Loop; : identity loop number or name

(if Loop; = 'shape’, they show the outside loop of the
shape)

face ace
loopl loopl
ace
loop
face face
loop3 loap2
outer loop outer laop
(a) (b)

Fig.5 Two image patterns of rectangular solid
(a) 3 loops pattern
(b) 2 loops pattern



All the loops are the tetragons and they should be
nearly in the shape of parallelograms. The conditions
of one tetragonal loop being a parallelogram can be de-
scribed as:

D; Rm(D.-; + 4.0,80)

D; Rm(D;, + 4.0,8.0)

In Figs.5(a)(b) the numbers of face parallelogram
loops are 3 and 2 correspondingly, and the condition
of a rectangular solid is that these parallelograms must
contact each other. These conditions can be described

(8)

]

Vi€ 1,2,3,00),5 = (i +1) mod I +1,
im,n that Nim € [N, Njn € [Njala
make N,'m = —N_,',,

(%)

The Shape Understanding Part’s role is almost to con-
struct loop clusters. This procedure is shown in Fig.6.

Construct sh:pe Toop I_leuJquL—l
[.m_umurm_mu_' LRead ip divi
L_ﬁ.%l e loor L _dake opososite soments |

(_End )

Fig.6 Procedure in Shape Understanding Part

Sort s by |

In the divide segments routine, these lines which cross
another line are divided at crossing point. However,
since some lines are divided owing to noise lines, they
should be reinstated as temporal lines in database in
their original forms. And if a temporal line is useful
in some shape loop, its divided lines will be deleted,
and will be remembered as an in_temporal line. In the
make opposite segments routine, the system makes op-
posite segment for each segment. In the construct in-
ner loop routine, the system connects the segments and
constructs the closed inner loops which form is shown
above, and in the construct shape loop routine, the sys-
tem constructs the outer loop to recognize the shape. If
the system fails to recognize the shape, it initializes the
data and tries to recognize again. This means that the
data sometimes can be interpreted as multiple shape.
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EXAMPLE IN APPLICATION

Figure 7 shows the examples of recognition using this
system, (a) is original image, (b) is the result of Image
Processing Part and (c) is the result of Shape Under-
standing Part, (d) is the shape lists in MCBR method.
It shows that the system can extract the cubic shapes
tolerable correctly in spite of not so good original image.

K7 =
' |
(b) (<)
n_tist (i), [1.2.3.4)).
s_List {11, [vi. v, v3, vd])
u_Llist (11, [v2, v3, va, vi) ),

I_list(1y,
d_list{ll,
n_list(l2,
s_list(l2,
e_list (12,
I_list {12,
d_List (12,
n_list (13,
s_list (13,
e_list (13,

140, 108, 120, 128) )

[1.807721, 2. 868190, 5. 754500, 6. 757030] )
[5.-2.6,. 1)

[v6, ¥3, v2. v6])

[w3, va. vé, v8])

[206, 109, 208, 109] )

|4. 104836, 6. BEB190, 0. 104826, 7. B68160] ).
[8.8, -6, -1]).

[vl, w7, vB, v2] ).

[wl. v6, v2.v1]).

I_Llist (I3, (206, 140, 206, 140] ).

d_list (13, [0. 104836, 1. 807721, &. 104825, & Bor21]).
n_list (shape, [-7, -9, -8, -4, -3, -5])

s_list (shape, [v5, vB, vT, w1, v, v3]),

e_list (shape, [v6, vT, w1, vd, v3, v5])

1_list (shape, [109, 140, 206, 126, 120, 206 |

d_list (shape, [B. BEA190, 0, 104836, &, 104836, 2. 1570230, 1 154000, 0. 104836] ) .

Fig.7 Example (d)

CONCLUSION

In this system, the data flow from the Image Process-
ing Part to the Shape Understanding Part is one way.
If the system that is required better results, it is need
that the system has the intimate relation between these
parts. In other words, when the Shape Understanding
Part can’t recognize the shape using only the data ob-
tained from the Image Processing Part, the system can
require the additional data to Image Processing Part.

Furthermore, the idea of Computer Geometry will be
helpful to the recognition, and the MCBR method may
be suitable to use this idea.

REFERENCES:

1) Shuichi Fukuda, A New Shape Model: Coded
Shape Representation, Proc. The 3rd Computational
Mechanics Conference, JSME, No.900-69(1990), pp.183-
184(in Japanese).

2) For example, Masahiko Koizumi, Fumiaki Tomita,
Qualitative and Quantitative Matching of Solid Mod-
els and Image of 3D Objects, IP1] Technical Rept. on
Computer Vision 54-5(1988), (in Japanese).





