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Abstract 

In order to cope with image signal 
variations in imaging devices, a d i r e c t i o n 
coding method is proposed f o r stable scene 
analysis and object recognition. This 
method makes extensive use of macroscopic 
processing of direction-coded images to 
achieve noise-free analysis. Examples 
showing recognition of obliquely-imaged 
box-like objects whose surfaces are rather 
complicated are included. Additional 
e f f o r t s are made to recognize surface 
information of objects by s p a t i a l l y 
transforming the surface image as if it 
were viewed from a v e r t i c a l d i r e c t i o n . 
This method also involves position-
invariant and r o t a t i o n - i n v a r i a n t image 
data transformation techniques, thus 
raising the p o s s i b i l i t y of more e f f e c t i v e 
image analysis in actual application. 

1. Introduction 

Scene analysis techniques in the 
a r t i f i c i a l i n t e l l i g e n c e f i e l d i n t r i n s i c a l l y 
have the p o s s i b i l i t y of being applied to 
the automation of production lines and 
physical d i s t r i b u t i o n systems. Many 
studies have so far been devoted to t h i s 
area, and have led to the development of 
prototype i n t e l l i g e n t robot systems (1)(2) 
(3). In the past, we at Hitachi Central 
Research Laboratory have also made e f f o r t s 
toward developing such robot systems (4) (5) 
as well as toward r e a l i z i n g i n d u s t r i a l 
eyes involving scene analysis c a p a b i l i t i e s 
(6) (7). A number of these have already 
found p r a c t i c a l use in the automation of 
actual assembly and inspection processes 
which required unique application of visual 
technology. 

From t h i s experience, we have noted 
that the v a r i a t i o n of image signals from 
imaging devices is usually the most 
s i g n i f i c a n t problem to be overcome 
whenever we attempt to put scene analysis 
techniques i n t o p r a c t i c a l use. This 
v a r i a t i o n is mainly caused by subtle 
changes i n l i g h t i n g conditions as well as 
by the i n t r i n s i c characteristics of the 
imaging device i t s e l f as affected by 
fluctuations i n power source and 
temperature. This v a r i a t i o n sometimes has 
ci highly s i g n i f i c a n t influence upon the 
effectiveness of the scene analysis 
algorithms, by which objects in the image 
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are ultimately recognized. 
In t h i s paper, to begin with an image 

processing method that can y i e l d stable 
results a l l of the time by minimizing the 
e f f e c t of image var i a t i o n i s proposed. 
Next, an attempt at object recognition by 
t h i s method i s described. The objects 
handled in t h i s study are mainly 
parallelepipeds. However, unlike ordinary 
blocks with blank surfaces, boxes with 
rather complex pattern information on 
t h e i r surfaces were used. The method 
proposed here is concerned with how a l l 
geometric features, such as position and 
posture of the object, can be extracted by 
eliminating the surface information, and 
how t h i s information on the objects 
surface can then be recognized. 

This method attempted to make maximum 
use of macroscopic image processing, such 
as homogeneous processing, frequency 
d i s t r i b u t i o n calculation, etc., as opposed 
to microscopic processing such as edge 
following. Since, i t seems that 
macroscopic image processing is a 
prerequisite for high speed, stable 
recognition hardware to be developed in 
the future. 

2_-_Direction Coding Method 

2.1 Basis of d i r e c t i o n coding 

It has been demonstrated that the 
image signal obtained from an imaging 
device is affected by a variety of factors. 
The form of the observable brightness 
signal g(x,y) is usually expressed as 
follows: 

where the parameters a and b denote the 
contrast and level change respectively. 
In other words, even i f the same scene 
is observed, the same image value i s not 
expected a l l the time. 

Another important c h a r a c t e r i s t i c of 
the image signal is that the value at each 
picture element in an image does not 
possess any specific meaning in the 
geometric sense. Obviously, only the 
relation of the image values of a 
picture element and i t s neighbors can give 
geometric meaning. This implies that to 
extract geometric features from an image 
i t is necessary to provide a means to 
execute comparison with surrounding 
picture elements. 

The two above facts are drawbacks 
associated with usual image processing 
when a brightness image it s e l f is used as 
an input image. They sometimes make the 
image processing very complicated. 
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C o n s e q u e n t l y , t h e i n p u t b r i g h t n e s s image 
i s f i r s t t r a n s f o r m e d i n t o what we c a l l a 
" d i r e c t i o n - c o d e d image" o n w h i c h a l m o s t 
a l l s u b s e q u e n t p r o c e s s i n g i s b a s e d . I n 
t h i s image e a c h p i c t u r e e l e m e n t has a 
g e o m e t r i c m e a n i n g . 

S i m i l a r t o t h e methods t h a t a r e d e a l t 
w i t h i n p r e v i o u s p a p e r s ( 8 ) ( 9 ) , a 
d i r e c t i o n - c o d e d image i s one whose v a l u e 
a t each p i c t u r e e l e m e n t c o r r e s p o n d s t o t h e 
t a n g e n t i a l d i r e c t i o n o f b r i g h t n e s s change 
i n t h e o r i g i n a l image. T h a t i s , t h e 
d i r e c t i o n - c o d e d image A ( x , y ) i s o b t a i n e d 
b y p e r f o r m i n g t h e f o l l o w i n g t r a n s f o r m a t i o n 
o n t h e o r i g i n a l b r i g h t n e s s image g ( x , y ) : 

i d e n t i c a l image A ( x , y ) . 

2.2 T r a n s f o r m i n g i n t o a d i r e c t i o n - c o d e d 
image 

I n o r d e r t o t r a n s f o r m t h e b r i g h t n e s s 
image g ( x , y ) i n t o a d i r e c t i o n - c o d e d image 
b y d i g i t a l c o m p u t e r , t h e f o l l o w i n g 
c a l c u l a t i o n i s a d o p t e d f o r t h e d i g i t a l 
image. H e r e , t h e d i f f e r e n t i a l v a l u e s i n 
eq. (2) a r e r e p l a c e d b y t h e d i f f e r e n c e s 
u s i n g a d j a c e n t 3x3 p i c t u r e e l e m e n t s a s 
shown i n F i g . 2 ( a ) : 

I n o u r c o m p u t e r s i m u l a t i o n , a d i g i t a l 
image o f 256x256 p i c t u r e e l e m e n t s , each 
o f w h i c h was o f 6 - b i t b r i g h t n e s s (64 l e v e l s 
) , was used t o y i e l d a d i r e c t i o n - c o d e d 
image whose p i c t u r e e l e m e n t s c o n s i s t e d o f 
6 - b i t d i r e c t i o n v a l u e s ( 6 4 d i r e c t i o n s ) a s 
shown i n F i g . 2 ( b ) . I n t h i s image, t h e 
numbers 0 t h r o u g h 6 3 a r e a s s i g n e d f o r t h e 
6 4 d i r e c t i o n s , and t h e number 6 4 i s 
a s s i g n e d f o r 

I f t h e t h r e s h o l d v a l u e i s t o o 
s m a l l , t h e d i r e c t i o n - c o d e d image A ( x , y ) 
i s n o t u n i q u e a s i t i s a f f e c t e d b y t h e 
n o i s e i n v o l v e d i n t h e image. I f i s t o o 
l a r g e , even t h e n e c e s s a r y i n f o r m a t i o n w i l l 
b e e l i m i n a t e d . T h e r e f o r e , a n a d e q u a t e 
t h r e s h o l d v a l u e s h o u l d b e c a r e f u l l y c h o s e n 
o r a u t o m a t i c a l l y c o n t r o l l e d b y t h e image 
i t s e l f . I n F i g . 3 t h e t o t a l number o f 
p i c t u r e e l e m e n t s whose v a l u e s a r e n o t 
i s p l o t t e d f o r a n a c t u a l l a b o r a t o r y scene 
b y c h a n g i n g t h e t h r e s h o l d v a l u e a s a 
p a r a m e t e r . A s t e e p i n c r e a s e i s seen i n 
t h e c u r v e where i s l e s s t h a n 2 0 . 
T h i s i s m a i n l y due t o t h e n o i s e e x i s t i n g 
i n t h e b r i g h t n e s s image. From t h i s f i g u r e , 
i t can b e s a i d t h a t t h e optimum t h r e s h o l d 
v a l u e i s , i n g e n e r a l , somewhere between 1 5 
and 20, a l t h o u g h i t o f c o u r s e depends o n 
t h e imaged o b j e c t s and t h e c h a r a c t e r i s t i c s 
o f t h e i m a g i n g d e v i c e u s e d . 

S p e c i a l - p u r p o s e h a r d w a r e f o r 
t r a n s f o r m i n g a b r i g h t n e s s image i n t o a 
d i r e c t i o n - c o d e d image can b e c o n s t r u c t e d 
a s shown i n F i g . 4 . I n t h i s c o n s t r u c t i o n , 
t h e t h r e s h o l d v a l u e i s d e t e r m i n e d b y t h e 
image v a l u e i n t h e p r e v i o u s s c a n n i n g f r a m e 
of t h e TV camera by u s i n g a m o d i f i e d 
v e r s i o n o f eq. ( 3 ) . T h i s t h r e s h o l d v a l u e 
h o l d s f o r t h e p r e s e n t f r a m e p e r i o d . Thus, 
t h e d i r e c t i o n - c o d e d image can b e o b t a i n e d 
i n a r e a l t i m e mode by s y n c h r o n i z i n g i t 
w i t h o r i g i n a l i n p u t b r i g h t n e s s image f r o m 
a TV camera. 
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3. Recognition Algorithm 
of a P a r a l l e l e p i p e d 

3.1 P r i n c i p l e s of r e c o g n i t i o n 

Among a c t u a l three-dimensional 
o b j e c t s , there are q u i t e a number of box­
l i k e o b j e c t s , since f a c t o r i e s make 
extensive use of boxes in packing f i n i s h e d 
products f o r shipment- Therefore, from 
the viewpoint of the a c t u a l a p p l i c a t i o n of 
scene a n a l y s i s techniques, e s p e c i a l l y to 
p h y s i c a l d i s t r i b u t i o n systems, i t i s 
extremely important t o r e f i n e the 
r e c o g n i t i o n a l g o r i t h m o f p a r a l l e l e p i p e d s . 

For s i m p l i c i t y , the r e c o g n i t i o n 
a l g o r i t h m of a b o x - l i k e o b j e c t viewed from 
the top i s f i r s t described. I n the 
d irection-coded image, each p i c t u r e 
element represents the t a n g e n t i a l d i r e c t i o n 
of brightness change. Therefore, q u i t e a 
few p i c t u r e elements w i t h almost the same 
d i r e c t i o n code are arranged on the l i n e a r 
edge l i n e of an o b j e c t , as long as a 
brightness d i f f e r e n c e e x i s t s on the edge 
l i n e - Figure 5(a) shows a simple example 
of a rectangular shape, which corresponds 
to the top view of a b o x - l i k e o b j e c t . In 
t h i s case, the frequency d i s t r i b u t i o n o f 
each d i r e c t i o n code gives f o u r peaks f o r 
e v e r y a n g l e d i f f e r e n c e , a s shown i n 
F i g . . Therefore, when the f o u r 
values at are added, 
the d i s t r i b u t i o n curve gives a higher peak 
a t a s shown i n F i g . 5 ( c ) . This 
ang rresponds to the p r i n c i p a l 
d i r e c t i o n of the r e c t a n g l e , namely the 
posture of the b o x - l i k e o b j e c t -

Even when some other f i g u r e s l i k e 
t r i a n g l e s o r c i r c l e s also e x i s t i n the 
same image as a background, the p o s i t i o n 
of the highest peak in the frequency 
d i s t r i b u t i o n curve i n F i g . 5(c) i s not 
u s u a l l y a f f e c t e d , as the d i r e c t i o n s of the 
edge l i n e s o_f these f i g u r e s do not possess 
a p i t c h of . The s i t u a t i o n is q u i t e 
the same when there are some characters or 
markings on the rectangular surface. 
Therefore, i t i s possible t o a c c u r a t e l y 
detect the o r i e n t a t i o n of the r e c t a n g l e 
from the peak p o i n t in the frequency 
d i s t r i b u t i o n curve of the d i r e c t i o n - c o d e d 
image. 

The next step i s t o e l i m i n a t e a l l 
d i r e c t i o n codes except the neighbors of 

Thus, the edge 
l i n e s of the rectangle are enhanced 
because a l l other background noise and 
f i g u r e s are considerably reduced. This 
processing may be c a l l e d " d i r e c t i o n code 
f i l t e r i n g " . Further processing i s done 
as shown in F i g . 5(d). That i s , the 
p i c t u r e elements w i t h d i r e c t i o n codes of 

are p r o j e c t e d on the l i n e 
L whose angle is and are counted 
to y i e l d a frequency curve q. Then, the 
peaks in the frequency d i s t r i b u t i o n are 
detected, and the s t r i p e regions are 
generated so t h a t each region contains an 
edge l i n e . The regions f o r the remaining 

l i r e c t i o n codes are 
are also detected in 

the same manner. These regions are then 

3.2 R e c o g n i t i o n o f o b l i q u e l y imaged 
p a r a l l e l e p i p e d s 

When a p a r a l l e l e p i p e d p l a c e d on a 
t a b l e i s v i e w e d f r o m above a t o b l i q u e 
a n g l e , t h e p e r i o d i c i t y o f t h e a n g l e 
d i f f e r e n c e s among t h e edge l i n e s i n t h e 
image d i s a p p e a r s . However, b y e x t e n d i n g 
t h e a b o v e - m e n t i o n e d a l g o r i t h m u n d e r t h e 
f o l l o w i n g t h r e e p r e m i s e s , t h e r e c o g n i t i o n 
o f a p a r a l l e l e p i p e d becomes p o s s i b l e : 

(1) The i m a g i n g d e v i c e i s p l a c e d f a r 
f r o m t h e o b j e c t compared t o t h e 
s i z e o f t h e o b j e c t s o t h a t t h e 
d i s t o r t i o n o f t h e image c a u s e d b y 
p r o j e c t i o n becomes n e g l i g i b l e . 

(2) The o b j e c t i s p l a c e d o n a 
h o r i z o n t a l p l a n e . 

(3) The a n g l e J between t h e v e r t i c a l 
l i n e and t h e o p t i c a l a x i s o f t h e 
i m a g i n g d e v i c e must be known. 
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used t o f i l t e r o u t a l l o t h e r p i c t u r e 
e l e m e n t s , t h u s e n a b l i n g t h e edge l i n e s t o 
become more p r o n o u n c e d . A f t e r t h i s 
f i l t e r i n g o p e r a t i o n , t h e d e t e r m i n a t i o n o f 
t h e edge l i n e s becomes much e a s i e r , and 
t h e o r d i n a r y method o f l i n e d e t e r m i n a t i o n 
can b e e a s i l y a p p l i e d . Examples o f t h e s e 
p r o c e s s e s a r e shown i n F i g . 6 . 



4.1 S p a t i a l t r a n s f o r m a t i o n 

T o r e a d and r e c o g n i z e s u r f a c e 
i n f o r m a t i o n o n a n o b l i q u e l y imaged 
p a r a l l e l e p i p e d , t h e image s h o u l d f i r s t be 
c o n v e r t e d t o t h e n o r m a l i z e d image h a v i n g 
n o r e l a t i o n t o t h e p o s i t i o n and 
o r i e n t a t i o n o f t h e o b j e c t . T h i s can b e 
e f f e c t e d b y a d e q u a t e e x p a n s i o n , 
c o n t r a c t i o n , s h i f t and r o t a t i o n . 

A s shown i n F i g . 9 , t h e l o z e n g e -
shaped image p o r t i o n c o r r e s p o n d i n g t o t h e 
u p p e r s u r f a c e o f t h e o b j e c t i s t r a n s f o r m e d 
i n t o a s q u a r e image s o t h a t t h e edge 
p o i n t s A, B, C and D c o r r e s p o n d to t h e 
edge p o i n t s A1, B', C and D' r e s p e c t i v e l y 
T h i s i s done b y l i n e a r c o o r d i n a t e 
t r a n s f o r m a t i o n b y n e g l e c t i n g t h e 
p r o j e c t i o n d i s t o r t i o n o f t h e i m a g i n g 
s y s t e m . T h a t i s , t h e r e e x i s t s t h e 
f o l l o w i n g r e l a t i o n s h i p between t h e 
p r e - t r a n s f o r m e d c o o r d i n a t e s ( x , y ) and t h e 
p o s t - t r a n s f o r m e d c o o r d i n a t e s (X,Y) ; 

where Ax , Ay ,..., Dx $ Dy d e n o t e t h e x 
and y c o o r d i n a t e s of t h e edge p o i n t s A, B, 
C, and D in t h e o b l i q u e image, and w 
c o r r e s p o n d s t o t h e l e n g t h o f t h e edge l i n e 
o f t h e s q u a r e i n t h e t r a n s f o r m e d image. 
From t h i s e q u a t i o n , a p i c t u r e p o i n t (X,Y) 
i n t h e new image i s o b t a i n e d f r o m t h e 
o r i g i n a l image b y a v e r a g i n g t h e p i c t u r e 
e l e m e n t d a t a a t ( x , y ) o r i t s v i c i n i t y , o r 
b y o t h e r i n t e r p o l a t i n g methods. F i g u r e 
10 shows an example o f t h i s s p a t i a l 
t r a n s f o r m a t i o n , i n w h i c h t h e image i s 
t r a n s f o r m e d a s i f i t w e r e v i e w e d f r o m t h e 
t o p o f t h e o b j e c t . I n t h i s n o r m a l i z e d 
s q u a r e image, t h e number o f p i c t u r e 
e l e m e n t s i s s t a n d a r d i z e d a t 64x64. A s t h i s 
image i s n o r m a l i z e d a c c o r d i n g t o i t s 
p o s i t i o n and t h e s i z e o f i t s s u r f a c e , a 
p a t t e r n m a t c h i n g method w i t h s t a n d a r d 
p a t t e r n s i s a p p l i c a b l e . T h i s w i l l b e 
f u r t h e r c o v e r e d i n t h e n e x t s e c t i o n . 

I n t h e above e x a m p l e , a method o f 
t r a n s f o r m i n g a n o r i g i n a l b r i g h t n e s s image 
i n t o a n o r m a l i z e d b r i g h t n e s s image o f t h e 
s u r f a c e i s d e s c r i b e d . However, i t i s a l s o 
easy t o c o n v e r t d i r e c t l y f r o m t h e 
d i r e c t i o n ~ c o d e d o b l i q u e image i n t o t h e 
d i r e c t i o n - c o d e d n o r m a l i z e d s q u a r e image o f 
t h e s u r f a c e . T h a t i s , t h e d i r e c t i o n code 
a t (X,Y) i s computed a s f o l l o w s : F i r s t , t h e 
c o o r d i n a t e ( x , y ) i s computed f r o m e q . ( 6 ) , 
and t h e d i r e c t i o n code a t ( x , y ) i s 
d e t e r m i n e d f r o m t h e d i r e c t i o n - c o d e d 
o r i g i n a l image b y a s u i t a b l e a v e r a g i n g o r 
i n t e r p o l a t i n g method. Then, t h e d i r e c t i o n 
code i s c o n v e r t e d i n t o u s i n g e q * ( 5 ) . 
F i n a l l y , t h e p r i n c i p a l d i r e c t i o n ( see 
F i g . 5 ( a ) } i s s u b t r a c t e d . 

4.2 I n f o r m a t i o n c o m p r e s s i o n and 
r e c o g n i t i o n 

The t w o - d i m e n s i o n a l n o r m a l i z e d image 
o f t h e s u r f a c e d i s c u s s e d i n t h e above 
s e c t i o n i s s t i l l t o o r e d u n d a n t t o d i r e c t l y 
p e r f o r m p a t t e r n m a t c h i n g w i t h s t a n d a r d 
p a t t e r n s . A l s o , i n t h i s c a s e , t h e l a r g e 
v o l u m e o f image d a t a w o u l d n e c e s s i t a t e a n 
enormous memory c a p a c i t y f o r s t a n d a r d 
p a t t e r n s . T h e r e f o r e , t h e f o l l o w i n g d a t a 
c o m p r e s s i o n i s p e r f o r m e d : 

(1) From t h e d i r e c t i o n - c o d e d , 
n o r m a l i z e d s q u a r e image o f t h e 
s u r f a c e , p i c t u r e e l e m e n t s w i t h a 
c e r t a i n d i r e c t i o n code a r e 
e x t r a c t e d and p r o j e c t e d o n t h e l i n e 
L p e r p e n d i c u l a r t o t h e d i r e c t i o n 
code t o y i e l d t h e f r e q u e n c y 
d i s t r i b u t i o n c u r v e q a s shown i n 
F i g . 1 1 ( a ) . 

(2) T h i s f r e q u e n c y d i s t r i b u t i o n c u r v e 
i s t r a n s f o r m e d i n t o t h e F o u r i e r 
s e r i e s and t h e m a g n i t u d e s o f t h e 
l o w e r f o u r h a r m o n i c s ( f r o m 1 s t 
t h r o u g h 4 t h ) a r e computed. 

(3) The above two p r o c e s s e s a r e 
p e r f o r m e d f o r a l l o f t h e d i r e c t i o n 
c o d e s , t h u s g i v i n g a d a t a t a b l e 
w i t h 6 4 d i r e c t i o n s t i m e s 4 
h a r m o n i c s a s shown i n F i g . 1 1 ( b ) . 

(4) The d a t a t a b l e t h u s o b t a i n e d shows 
how t h e f o u r m a g n i t u d e s o f t h e 
l o w e r h a r m o n i c s change w i t h t h e 
d i r e c t i o n change. T h e r e f o r e , b y 
r e g a r d i n g t h e f o u r rows o f t h e 
t a b l e a s f o u r w a v e f o r m s , t h e s e c a n 
b e t r a n s f o r m e d i n t o t h e F o u r i e r 
s e r i e s . 

(5) The l o w e r e i g h t h a r m o n i c s ( f r o m 
1 s t t h r o u g h 8 t h ) a r e chosen t o 
compute each m a g n i t u d e , t h u s g i v i n g 
a f i n a l t a b l e w i t h 8x4 m a g n i t u d e 
d a t a a s shown i n F i g . 1 1 ( c ) . 

By t h e above d a t a c o m p r e s s i o n , a 
n o r m a l i z e d image i s e x p r e s s e d a s 
i n f o r m a t i o n w i t h 8x4 (=32) w o r d s . I n o t h e r 
w o r d s , a n image o f t h e s u r f a c e c o r r e s p o n d s 
t o a p o i n t i n a 3 2 - d i m e n s i o n a l space. 
T h e r e f o r e , t h e d i s t a n c e s i n t h e 32-
d i m e n s i o n a l space between t h e unknown 
image p a t t e r n and t h e p r e - d e t e r m i n e d 
s t a n d a r d p a t t e r n s a r e computed. The 
p a t t e r n w i t h t h e minimum d i s t a n c e i s 
d e t e r m i n e d a s t h e b e s t m a t c h . 

The a l g o r i t h m m e n t i o n e d above has 
t h e f o l l o w i n g f e a t u r e s ; i t i s (1) 
i n v a r i a n t t o t h e p a t t e r n r o t a t i o n , and (2) 
i n v a r i a n t t o t h e p a t t e r n s h i f t . These 
f e a t u r e s a r i s e f r o m t h e f o l l o w i n g f a c t s : 

(1) The f r e q u e n c y d i s t r i b u t i o n o f each 
d i r e c t i o n code i s t r a n s f o r m e d i n t o 
t h e F o u r i e r s e r i e s . 

(2) The m a g n i t u d e change of each 
h a r m o n i c i n r e l a t i o n t o t h e 
d i r e c t i o n change i s t r a n s f o r m e d 
i n t o t h e F o u r i e r s e r i e s . 

(3) O n l y t h e m a g n i t u d e d a t a a r e u s e d , 
and t h e phase d a t a a s w e l l a s d.c. 
component a r e n e g l e c t e d . 

T h e r e f o r e , even when t h e s p a t i a l 
t r a n s f o r m a t i o n i n F i g . 1 0 g i v e s a n u p s i d e -
down image, t h e s u b s e q u e n t m a t c h i n g 
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p r o c e s s g i v e s t h e c o r r e c t answer. For 
example, t h e symbols and 
a s w e l l a s A w i t h any a r b i t r a r y a n g l e 
w i l l l e a d t o t h e same r e s u l t T h i s 
c h a r a c t e r i s t i c i s e x t r e m e l y u s e f u l when 
t h e p o s t u r e o f a p a t t e r n can n o t b e 
s p e c i f i e d b e f o r e h a n d . T a b l e 1 shows an 
example o f some e x p e r i m e n t a l d a t a w h i c h 
r e p r e s e n t t h e r e l a t i v e d i s t a n c e s i n 32-
d i m e n s i o n a l space between some s i m p l e 
example p a t t e r n s . I t can b e seen f r o m 
t h e t a b l e t h a t t h e same p a t t e r n s g i v e 
s m a l l e r d i s t a n c e s r e g a r d l e s s o f t h e 
p a t t e r n i n c l i n a t i o n s . 

5. C o n c l u s i o n 

The a l g o r i t h m d i s c u s s e d i n t h i s 
paper i s summarized a s f o l l o w s . F i r s t , 
t h e edge l i n e s o f a p a r a l l e l e p i p e d a r e 
e x t r a c t e d based o n t h e d i r e c t i o n - c o d e d 
image. N e x t , t h e p o s i t i o n o f t h e o b j e c t 
i s d e t e r m i n e d i r r e s p e c t i v e o f t h e 
e x i s t e n c e o f a n o i s y b a c k g r o u n d o r t h e 
e x i s t e n c e o f s u r f a c e i n f o r m a t i o n o f 
c o n s i d e r a b l e c o m p l e x i t y . Then, b y u s i n g 
t h e edge p o i n t d a t a o f t h e d e t e c t e d 
o b j e c t , t h e s u r f a c e image i s p r o j e c t e d a s 
a n o r m a l i z e d s q u a r e image a s i f i t were 
b e i n g v i e w e d f r o m a d i r e c t i o n 
p e r p e n d i c u l a r t o t h e s u r f a c e . F i n a l l y , 
t h e d o u b l e F o u r i e r t r a n s f o r m a t i o n i s 
p e r f o r m e d o n t h e d i r e c t i o n - c o d e d image 
o f t h e n o r m a l i z e d s q u a r e image. One o f 
t h e F o u r i e r t r a n s f o r m a t i o n s i s i n 
c o n j u n c t i o n w i t h t h e a x i a l d i r e c t i o n i n 
o r d e r t o f i n d t h e d i s t r i b u t i o n o f t h e 
d i r e c t i o n code, and t h e o t h e r i s w i t h 
r a d i a l d i r e c t i o n t o d e t e r m i n e m a g n i t u d e 
v a r i a t i o n . A s a r e s u l t , a n image i s 
l a r g e l y r e d u c e d a s t o i t s q u a n t i t y o f 
i n f o r m a t i o n and i s t r a n s f o r m e d i n t o 
p o s i t i o n - i n v a r i a n t and r o t a t i o n - i n v a r i a n t 
d a t a f o r e a s i e r p a t t e r n m a t c h i n g . 

The main c h a r a c t e r i s t i c s o f t h i s 
method a r i s e f r o m t h e f a c t t h a t t h e 
d i r e c t i o n - c o d e d image i s p r e f e r e n t i a l l y 
used. I t i s p o s s i b l e t o r e g a r d t h i s 
d i r e c t i o n - c o d e d image a s t h e image i n 
w h i c h t h e m i c r o s c o p i c f e a t u r e s i n t h e 
o r i g i n a l b r i g h t n e s s image a r e d i s t r i b u t e d . 
For t h e s e m i c r o s c o p i c f e a t u r e s o f t h e 
o r i g i n a l image, m a c r o s c o p i c t r e a t m e n t 
such a s f r e q u e n c y d i s t r i b u t i o n c a l c u l a t i o n 
and F o u r i e r t r a n s f o r m a t i o n i s p e r f o r m e d . 

T h e r e f o r e , t h i s method i s h a r d l y e f f e c t e d 
b y b a c k g r o u n d n o i s e o r l o c a l n o i s e w h i c h 
sometimes e x i s t s i n t h e image. Such 
m a c r o s c o p i c p r o c e s s i n g o f m i c r o s c o p i c 
f e a t u r e s i s one o f t h e most e f f e c t i v e 
methods o f a c t u a l l y a p p l y i n g image 
p r o c e s s i n g t o i n d u s t r i a l u s e . 
F u r t h e r m o r e , t h i s method seems t o h o l d 
p r o m i s e o f e f f e c t i v e a p p l i c a t i o n i n more 
c o m p l i c a t e d scene a n a l y s i s and p a t t e r n 
r e c o g n i t i o n p r o b l e m s . 
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