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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 M a simple 2- 
D CAD model, and it can represent a shape as 8 sim- 
ple form d Ests and operate the shape qualitatively in 
a nonnumtrical way('). However, it can't represenk a 
shape in detail because of these features, it  is  difficult to 
use the m e t h d  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 cornpoten, and 
shows the system scheme and features. The system con- 
sists primarily of two parts, which are cdled the h- 
age Processing Part gnd 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 wing the segments 
in the MCBR method. Then we demonstrate the ef- 
fectir~ncss of the MCBR method for object recognition 
with some illustrative exmples. 

INTRODUCTION 

Many model based recognition systems which arc per- 
formed until now, use the B-reps method to represent 
the ehape stored in The B-reps method has 
been developed arr 3-D solid modela for CAD system. 
On the ottr hand, the system which is descrived here 
uses the CBR mcthod. The fundamental idea of the 
CBR method is the same as that of the B-reps method, 
except on two points. 

One point i s  that the CBR method represents a shape 
in the form of liata. Therefore the CBR method has such 
advantages that i t  i s  very easy 20 get rotated, mirrored 
or conjugated shapes by simpIe list operet ions. 

Another point is that the CBR method utillscs the 
idea of hetrnsn's directional codes which arc frequently 
used in the field of image processing. To express i t  more 
concretely, one of the lists shows the direction of the each 
line segment. Therefore, i t  is very simple ta extract or 
compare the topological features of shapes using the di- 
rectional codes l i t s .  Because of these, i t  is ronsidaed 
that this method is suitable to develop a flexible model 
based object recognition system. For exmple, it will 

be very efficient to make aspect graphs because that the 
CBR represents the topological features of shape very 
simply m d  can decrease the number of graph. 

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 Ests(slist,elist), the edge length list(l1st) and 
the directional code list(dJist) of those edges. In this 
mcthod, 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 
mch g8 rotating, mirroring, decomposing and compos- 
ing; and it is also easy to get the topological features of 

a shape using the dJist. 
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Fig.1 CBR method 
(a) Dittctional codes 

(b) Shape example 
(c )  Shape l i t s  in CBH method 



To ~pply  the CBR method to the recognition of o b  
j t c ts ,  it has to be improved. The CBR method's di- 
rectional: codes have been expressed only in 4 values: 

a,e,n,w. Although the clear and simple shape represcn- 
tation is easy for c o m U f C d o  rccomize the features of 
shapes and can carry out the shape operations in a non- 
numeric way, it h not convenient lor recognizing objrcts 
if used without any modification. 

Therefore, in the MCBR method, the directional 
codts are extended to real numbers (0.0 < D < 8.0) 

in Fig.2. 
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Fig.2 Directional code in MCBR methad 

Because of this change, the processing such as rnir- 
roring, rotating, etc., which used elements of dlist, has 
also t o  be modifitd. Figure 3 shows the 'rotation" the 
rxampIc of figure processing in the MCBR method. 'In 
the CBR method, rotation angle is defined with every 

90 degrees. On the othcr hand, in the MCBR method, 
it is defined with all degree, With the cdge direction D 
and the rotation angle 8, the cdge direction Df  obtained 
d e t  rotation can be described as: 

6' D' = Rm(D + -, 8.0) 
45.0 ( 1 )  

where, 

I x i f (0 .0  5 x < y) 

RmEz, Y) = Rm(2 - Y, Y) if ( r  l 9 )  (2) 
Rm(x + y, y) if(= < 0.0) 

In this way, with the MCBR method, it i s  possible 

to represent a line in any direction. It is d so  possible 
to express position relatiom between several lines using 
the equalities or the inequalities. Thus, a more flexible 
figure processing can be defined. 

Fig.3 Figure processing 'Rotation' 

SYSTEM 

The recognition system presented here is divided into 
two parts: h a g e  Processing and Shape Understanding 

Part. 

The function of Image Proceseing Part in ae follows: 
(1) simplifying the original image obthintd from a cam- 
era into a binary-thin outline image; 
(2) transforming the outline image to i t 8  Bough Rms- 
formed Lines; 
(3) extracting out imagerdative line eagmcnta from 

Rough lines; 
(4) integrating the segments to the shape line s e p n t n ;  
(5)  sending the data to Shape Underatmding Part. 

The fmttion of Shape Understanding Part Is: 
(1) understanding simply; 
(2) understanding using mending rules, 

Image Processing Part 

The role of the Image Procesning Part is to maln the 
l is ts ,  in the MCBR method, of h e  segmcnt~ of khe shape 
horn the original image data picked up with a camera. 
The procedure of this part in shewn in Fig.4. 

ood r r s u l t .  k-e=- 
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Fig.4 Proccdnre in Image Processing Part 

Mttr simplifying, Bo11gh transformation ia executcil 

and the line components arc extracted. In the "xtract 
segment' routine, the sy~ttrn rejects some of Heugh limes 
that have a little relation with the outlint image. And 
all the crossed pointn of one Rough line (it 1a crossed 
by all other Rough lines, txcept a small angIe that less 
than a compiling constant number) arc obtained md cut 

in pieces. In the 'Integrate ecgrntnt' routine, tllc useful 
segments from thes lines art picked out. 



h this part, the relationship rates RRIS) ,  between 
Hougl~ line segment S and outline image, is used. First, 
pCz, y) i s  a point on a segment S of Hough line. And 
pltx, is a point beside the paint p(z, y), it is dehtd 
88 

pl(z,y) f PINEAR, z,y) (3) 

,where 
N E A R  is a cornpiling constant, and should belong to 

{ I N  4181. 

And GEp) is the p a y  level of the outline h g e  on 

the point p(xl y), then the relativity rip) on the point 
p l x  , y) is defined as: 

1 if(G(p) # 0) 
0.5 i f  (G(p) = O but G(pI) # 0) (4) 
O else 

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

R ( S )  = C tip) 
p a 5  

( 5 )  

Furthermare, the relative rate i s  defined. A segment 
SIPS, pe) start8 from p(zs ,  ya), ends at p(ze,  ~ e ) .  Then 
pixels piz(S) is BS: 

And then the Relahive Rate R R ( S )  is defined as: 

R(S' (0 < R R ( S )  c 1) ( I )  R R ( S )  = - 
P ~ S )  

The system decides whether it accepts the segment S 
or rejects by this m b e r  RR(S) .  
The shape Iine segments obtained horn the segrnenta 

extraction routine are reconstructed in the segment in- 
tegration routine. Zi two segments are in parallel or ap- 
proximately in parallel, very near each other, then they 
arc comidered to be one cluster. And if two clusters are 
considered that they are connecked at the s a m e  point 
then the ends of these clusters are remained. 

Shape Understanding Part 

The Shape Understanding Part recamtructs and sec- 

ogniees the shape with the segment cluster data ab- 

tained from the h a g e  Processing Part. 
The data obtained fiom the h a g e  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 t& part, the 
system can delete some noisy information and add some 
necessary. 

The data structure obtained from the h a g e  Process- 
ing Part is expressed in the form of: 

N, : identity be: segment number 

IT : directional code (defined in Fig.2) 
(0.0 5 Di < 8.0) 

L; : segment length 
(S,;, S,,) : atart point coordinate 
( E m ,  E,;): end point coordinate 

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

n-list ( L ~ w ,  [Nit, Nm$, Na3, Ni4 1) 
a-l is t  (Loop,, Ih, K2, K3, Ka I) 
enat  ( L m ,  (V,, K3, K4, KI 1) 
d - h t  (Lw, [%, D,ll D,s, D,4 I) 
I-li~t ( L a ,  \Llj La2,  Li4 1) 

( i  = 1,2, 3, ...) 

,where 
'-N3' means opposite to 'N;,' 
Loopi : identity loop number or name 
(if L q  = 'shape', they show the outside loop of the 
shape) 

( a )  ( b )  

Fig.5 Two image patterns of reciati+= solid 
(a) 3 Ioops pattern 

(b) 2 loops pattern 



All the l oop  arc the tetragons md they nhould be 
nearly in the shape of parallelogram. The conditions 
of one tetragonal Iaop k i n g  a parallelogram c a n  be dc- 
scribed as: 

In Figs,S(a)(b) the numbers of face pacallelogrm 
loops ere 3 and 2 correspondingly, and the condition 
oi s rectangular solid is that these pardtIagrams must 
contact each other, These conditions c a n  be described 
M: 

' i E [ 1 , 2 , 3  ,..., J ] , j = ( i + l ) m o d f + l ,  
%, n t h d  IY;, E [Nir] h ,  N j m  f lfljr]h (91 
make H;, = - N,, 

The Shape Understanding Part% role is Btnost to con- 

struct loop clustm. This procedure is shown in Fig.6. 

Fig.6 Procedure in Shape Under~landig Part 

In thc divide scgments routine, these lines which crms 
another line are divided at crossing point. However, 

since some lines are divided owing to noise lines, they 
should be reinstated M temporal lines in database in 
their originaI forms. And if a temporal line is useful 
in some shape Ioop, i t s  divided lines Kill be deleted, 
and will be remembered as an in-temporal line. In the 
make opposite negmcnts rbutinc, the aptern rnakea o p  

posite segment for tech segment. In the construct in- 

ner Ioop routine, the system connects the a t p e n t s  a d  
constructa the closed inner Ioop which form is shown 

above, and in the c o ~ t r u c t  shapc Ioop routine, the sys- 

tem constructa the outer loop to recognixe the shape. I£ 
the system fails to recognire the shape, it jnitidiees the 
data and tries to recognixe again. This means that the 
data sometimes can be interpreted FE multiple shape. 

EXAMPLE IN APPLICATION 

Figure 7 show the examples of recognition using this 
sy~tcm, (a) is origimal image, (b) is the result of Image 

Processing Part and (c) is the result of Shapt Under- 
standing Part, ( d )  is the shape  list^ in MCBR method. 
It shows that the sys tm can extract the cubic shapes 
tolerable correctly in spite of not so good original imagc. 
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Fip.7 Example (a) 

In thin system, the data flow from the h g c  Proccss- 
ing Part to the Shape Undcrstmding Part is one way. 
If the system that is  required better rrndttl, it is netd 
that the systtm hss the intimate relation 'between these 
parts. In other words, when the Shape Understanding 
Part can't rccognisc the shapc using only the data ob 
taincd drom the Image Proc~ssing Part, the system CM 

requite the additionel data to Image Processing Part. 
Furthermore, the idea of Computrr Geometry will be 

helpful to the recognition, and the MCBR method may 
be suitable to use thia idea. 
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