
RECOGNITION OF AN OBJECT IN A STACK OF INDUSTRIAL PARTS 

Saburo T s u j i and Akira Nakamura 
Department of Control Engineering 

Osaka Un i v e r s i t y 
Toyonaka, Osaka, Japan 

ABSTRACT our purpose. 

This paper describes a method f o r ana
l y z i n g an input scene of a stack of indus
t r i a l parts i n order to recognize an ob
j e c t which is not obscured by others. 
Detecting a simple f a m i l i a r pattern such 
as an e l l i p s e in a set of strong feature 
points, an analyzer selects models of the 
machine parts from the a t t r i b u t e s of other 
feature points around the pattern under 
the constraints of the proposed models. 
F i n a l l y one of the models i s v e r i f i e d 
through processes of matching the d e t a i l e d 
structures of the models to the less obvi
ous feature points. 

INTRODUCTION 

Analysis of a scene of a stack of ob
j e c t s i s one of the most important and 
d i f f i c u l t problems i n the studies on the 
machine v i s i o n . Since Guzman found suc
cessful h e u r i s t i c s f o r decomposing scenes 
i n t o o b j e c t s 1 , many excellent papers have 
been published on developing b e t t e r seg
mentation procedures.2 3 4 Most of them, 
however, dealt with perfect line drawings 
of blocks, and a beautiful extension by 
Falk was necessary for applying Guzman's 
idea to input pictures of rather complex 
blocks worlds where the usual line finders 
would be likely to make serious errors5. 

This paper describes an attempt of 
augmenting the automatic scene analyzer 
to handle not only the blocks world but 
also complicated-shaped objects such as 
industrial parts. The final goal of our 
research is to develop procedures for seg
menting scenes into objects and deducing 
names and locations of partly hidden ob
jects, but we began the research aiming at 
a much simpler subgoal: classify and lo
cate an object which is not hidden by 
others. Since shapes of industrial parts 
are much more complex than those of blocks 
and the light intensity distribution on 
their sufaces are not uniform but have 
significant noise, the usual preprocessors 
f a i l to get a reliable line drawing of a 
stack of the industrial parts. Because 
of the d i f f i c u l t i e s in finding correct 
labels for vertices in the noisy line 
drawing, neither the recently proposed 
method for segmenting the scene into curv
ed objects6, nor i t s modification along 
Falk's approach seem to be promising for 
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We propose an alternative approach 
along an extension of top down picture 
processing which could locate less obvi
ous parts of the objects utilizing both 
a priori knowledge and information about 
more obvious parts.7 8 Our analyzer de
t e c t s a simple f a m i l i a r pattern in the 
strong feature p o i n t s , and selects promis
ing models from a t t r i b u t e s of the feature 
points around the pattern under c o n s t r a i n t 
of the proposed models. Then one of the 
models i s v e r i f i e d through processes of 
matching selected sets of weaker feature 
points of the object to corresponding parts 
of the models. The emphasis of the re
search i s l a i d on the processes of hypoth
es i z i n g and v e r i f i c a t i o n of the models 
which must overcome the d i f f i c u l t i e s i n 
reasoning about v a r i a b l e perspective views 
of complex three dimensional bodies. 

INFERRING MODELS OF OBJECTS 

Input Scene 
This paper describes a method f o r ana

ly z i n g an input scene of a stack of parts 
of small i n t e r n a l combustion engines. 
Fig.1 shows two examples of 128 by 128 
d i g i t i z e d input scenes: one part leans on 
the other part in each p i c t u r e . In order 
t o s i m p l i f y the analysis, we make the 
f o l l o w i n g assumptions on the input p i c 
tures: 1) at l e a s t one object in the p i c 
ture is not hidden by others, 2) i t s top 
(or bottom) face is observable. These 
assumptions guarantee that there e x i s t 
enough information in the input scene to 
c l a s s i f y the object. The meaning of the 
f i r s t assumption i s obvious: we can f i n d 
in the scene any important feature of the 
object unless the object i t s e l f obscures 
the feature. 

Considering the c h a r a c t e r i s t i c s of the 
engine p a r t s , we introduce the second as
sumption. Observation of Fig.2, perspec
t i v e views of three examples of the engine 
parts, gives us the knowledge that top 
views of the engine parts are r i c h in fea
tures to characterize them, while t h e i r 
side views are in most cases very poor in 
d i s t i n g u i s h a b l e features. Thus the second 
assumption assures that some of the impor
tant features of the parts are detectable. 

However, it must be noted t h a t the two 
assumptions do not guarantee by any means 
that the usual l i n e finders or curve f i t 
t e r s give a r e l i a b l e l i n e drawing of these 
engine p a r t s , because the shapes of the 
parts are complicated. Thus the top down 
type processing is necessary to decide 
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t h e s e f e a t u r e s a s w e l l a s t h e i r r e l a t i o n 
s h i p s . 

S i m p l e F a m i l i a r P a t t e r n a s C l u e s f o r I n 
t e r p r e t a t i o n 

W e a l r e a d y know t h a t enough i n f o r m a 
t i o n o f t h e o b j e c t s e x i s t s i n t h e i n p u t 
p i c t u r e , however i t i s n o t easy t o deduce 
w h i c h f e a t u r e s b e l o n g s t o t h e o b j e c t i n 
q u e s t i o n . S i n c e t h e u s u a l p r e p r o c e s s o r 
f a i l s t o o b t a i n a p e r f e c t l i n e d r a w i n g o f 
t h e i n p u t p i c t u r e , t h e s e g m e n t a t i o n and 
r e c o g n i t i o n p r o c e s s e s must use i n p u t d a t a 
and k n o w l e d g e o f t h e w o r l d t o s u g g e s t and 
t e s t h y p o t h s e s o n t h e c l a s s e s o f t h e ob
j e c t s a s w e l l a s t h e i r r e l a t i o n s h i p s . 
F a l k a p p l i e d t h e above i d e a t o t h e b l o c k s 
w o r l d where s t r o n g c o n s t r a i n t s e x i s t s o n 
t h e t y p e s o f v e r t i c e s . F i n d i n g c l u e s f o r 
s e g m e n t a t i o n such as Y, L, o r ARROW j o i n t s 
i n t h e i m p e r f e c t l i n e d r a w i n g s , h i s ana
l y z e r d e t e r m i n e s k e r n e l s o f b o d i e s , t h e n 
one o f t h e p r o t o t y p e s o f b l o c k s i s h y p o t h 
e s i z e d f o r each k e r n e l . U n f o r t u n a t e l y , 
w e c a n n o t d e t e r m i n e s c o r r e c t l a b e l s o f 
v e r t i c e s i n o u r c o m p l i c a t e d n o i s y l i n e 
d r a w i n g s , and some c l u e s must be f o u n d 
i n s t e a d o f Y, L o r ARROW j o i n t s . 

When a human b e i n g sees a c o m p l i c a t e d 
scene, h e u n c o n s c i o u s l y s e a r c h e s f o r some 
s i m p l e f a m i l i a r p a t t e r n s a s cues f o r i n 
t e r p r e t a t i o n o f t h e s c e n e . A l s o h i s v i 
s i o n s y s t e m t r a n s f o r m s t h e o b s e r v e d p a t 
t e r n s i n t o s i m p l e r o r i g i n a l shapes u t i l i z 
i n g r a n g e i n f o r m a t i o n and knowledge o f t h e 
w o r l d . For example, a n e l l i p s e and a t r a 
p e z o i d i n a t h r e e d i m e n s i o n a l scene, a r e 
p e r c e i v e d a s a t i l t e d c i r c l e and a t i l t e d 
r e c t a n g l e , r e s p e c t i v e l y . Our v i s i o n s y s 
tem a d o p t s s i m i l a r mechanism. F i n d i n g 
f e a t u r e p o i n t s o f t h e o b j e c t b y s i m p l e 
p r e p r o c e s s i n g , t h e a n a l y z e r s e a r c h e s a 
s e t o f t h e s t r o n g f e a t u r e p o i n t s f o r a 
s i m p l e f a m i l i a r p a t t e r n such a s a n e l l i p s e 
o r diamond shape. I f a n e l l i p s e i s f o u n d , 
i t s u g g e s t s a p o w e r f u l h y p o t h e s i s t h a t i t s 
o r i g i n a l p a t t e r n w o u l d be a c i r c l e . Then 
c o e f f i c i e n t s o f a l i n e a r t r a n s f o r m a t i o n 
o f i t i n t o a c i r c l e i s d e t e r m i n e d . They 
g i v e u s v a l u a b l e i n f o r m a t i o n such a s t h e 
a n g l e o f i n c l i n a t i o n o f t h e key p l a n e o n 
w h i c h t h e key p a t t e r n , t h e s i m p l e f a m i l i a r 
p a t t e r n e x i s t s . The a n a l y z e r a p p l i e s t h e 
t r a n s f o r m a t i o n t o o t h e r f e a t u r e p o i n t s , 
and c o n v e r t s t h e i r p a t t e r n s i n t o o r i g i n a l 
shapes i f t h e y a r e o n p l a n e s p a r a l l e l t o 
t h e key p l a n e . 

Now h y p o t h e s e s of a few p r o m i s i n g mod
e l s f o r t h e o b j e c t s a r e p o s s i b l e f r o m 
t h e s e t r a n s f o r m e d p a t t e r n s : w e can compare 
t h e a t t r i b u t e s o f t h e p a t t e r n s w i t h t h o s e 
o f p r o t o t y p e s o f t h e e n g i n e p a r t s , and 
e a s i l y e x c l u d e ones whose s t r u c t u r e s s e r i 
o u s l y c o n t r a d i c t w i t h t h o s e o f p a t t e r n s 
w h i c h l i k e l y b e l o n g t o t h e o b j e c t . F i n a l 
l y t h e t e c h n i q u e s o f t o p down p i c t u r e p r o 
c e s s i n g a r e a p l l i e d t o t h e v e r i f i c a t i o n 
p r o c e s s o f t h e models. D i f f e r e n t s e t s o f 
weaker f e a t u r e p o i n t s i n t h e scene a r e 

s e q u e n t i a l l y s e l e c t e d and t e s t e d w h e t h e r 
t h e y c o i n c i d e w i t h t h o s e o f t h e p r o p o s e d 
m o d e l s , u n t i l one c a n d i d a t e i s s e l e c t e d . 

Models o f t h e O b j e c t s 

S i n c e o u r v i s i o n system r e p e a t e d l y 
uses t h e models o f t h e e n g i n e p a r t s , w e 
must c a r e f u l l y d e s i g n t h e i r d a t a s t r u c t u r e . 
A g i n and B i n f o r d p r o p o s e d a n e x c e l l e n t 
scene a n a l y z e r w h i c h u t i l i z e d d e p t h i n f o r 
m a t i o n t o sampled p o i n t s o n t h e o b j e c t s , 
and a u t o m a t i c a l l y r e p r e s e n t e d complex 
c u r v e d o b j e c t s b y g e n e r a l i z e d c y l i n d e r s . 9 

Some o f t h e i r i d e a s a r e u s e f u l f o r o u r 
p u r p o s e , however o u r s y s t e m d e a l s w i t h 
m o n o c u l a r i n p u t s and any a t t e m p t o f a u t o 
m a t i c g e n e r a t i o n o f t h e models has n o t 
been s t u d i e d i n t h i s r e s e a r c h . A t p r e s 
e n t , w e m a n u a l l y measure t h e g e o m e t r i c a l 
p a r a m e t e r s o f t h e p a r t s , and g i v e a com
p u t e r t h e s t r u c t u r e s and p a r a m e t e r s o f t h e 
m o dels. 

S i n c e a l l o b j e c t s a r e p a r t s o f r o t a t 
i n g m a c h i n e s , i t seems c o n v e n i e n t t o de
s c r i b e them i n a c y l i n d r i c a l c o r d i n a t e 
s y s t e m whose z a x i s i s a p e r p e n d i c u l a r t o 
t h e u p p e r s u r f a c e t h r o u g h t h e c e n t e r o f 
t h e b i g h o l e i n i t . W e can a p p r o x i m a t e 
t h e m a j o r p o r t i o n s o f t h e p a r t b y p i e c e s 
o f c y l i n d r i c a l s u f a c e s and h o r i z o n t a l 
p l a n e s . A s m e n t i o n e d b e f o r e , t h e s i d e s o f 
t h e e n g i n e p a r t s a r e p o o r i n d i s t i n g u i s h 
a b l e f e a t u r e s , and w e pay a t t e n t i o n t o 
d e s c r i p t i o n o f t h e h o r i z o n t a l p l a n e s . 

Thus o u r model o f a n e n g i n e p a r t i s a 
s e t o f h o r i z o n t a l s u f a c e s . Each p l a n e i s 
c h a r a c t e r i z e d b y i t s h e i g h t f r o m t h e base, 
a n o u t e r b o u n d a r y , i n n e r b o u n d a r i e s and 
a n i n d e x o f o b s e r v a b l e d i r e c t i o n ( t o p o r 
b o t t o m ) . B o t h t h e o u t e r b o u n d a r y and t h e 
i n n e r b o u n d a r y o f t h e b i g h o l e a r e de
s c r i b e d b y a r c s o r l i n e segments, and 
t h e i n n e r b o u n d a r i e s o f s m a l l h o l e s a r e 
c h a r a c t e r i z e d b y t h e i r a r e a s and t h e p o s i 
t i o n s o f t h e i r c e n t e r s . A n o t h e r d i s t i n 
g u i s h a b l e f e a t u r e , t h e h o r i z o n t a l r o d s o f 
p a r t A and p a r t C i n F i g . 2 , i s d e s c r i b e d 
b y t h e i r h e i g h t s and p o s i t i o n s o f b o t h end 
p o i n t s . These f e a t u r e s a r e a r r a n g e d i n a 
t a b l e w h i c h i s s t o r e d i n a d i s k memory. 
O t h e r f e a t u r e s such a s c o l o r s o r t e x t u r e s 
o f t h e s u r f a c e s have n o t been i m p l e m e n t e d 
yet. 

SYSTEM DESCRIPTION 

Flow o f P r o c e s s i n g 

F i g . 3 , a n o v e r a l l d i a g r a m o f t h e scene 
a n a l y z e r , d i s p l a y s t h e f l o w o f p r o c e s s i n g 
a s w e l l a s t h e e x p e r i m e n t a l r e s u l t s o f 
s e p a r a t e modules i n i t t o t h e i n p u t scene 
o f F i g . 1 ( b ) . 

Two d i f f e r e n t modules EDGE FINDER and 
HOLE FINDER a r e d e s i g n e d f o r p r e p r o c e s s i n g 
128 b y 128 d i g i t i z e d i n p u t p i c t u r e s . 
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EDGE FINDER uses a simple g r a d i e n t opena 
t o r to f i n d edge p o i n t s which are memori
zed in an array FP (FEATURE POINT). The 
other module HOLE FINDER i s a s p e c i a l i s t 
t o search f o r obvious holes. PATTERN 
FINDER i s f o r f i n d i n g the simple f a m i l i a r 
p a t t e r n , however only a procedure f o r de
t e c t i n g a n e l l i p s e o f considerable size i n 
the set of the obvious holes. 

In order to f i n d c i r c u l a r edges of the 
o b j e c t , some q u a l i f i e d p o i n t s i n FP are 
mapped on TF (TRANSFORMED FEATURE) by a 
l i n e a r t r a n s f o r m a t i o n whose c o e f f i c i e n t s 
are evaluated from rough parameters of the 
e l l i p s e . ARC FINDER f i r s t searches f o r 
arcs in TF by a c l u s t e r i n g method, then 
evaluate a t t r i b u t e s o f the r e l i a b l e arcs, 
which are compared w i t h those of models 
by MODEL SELECTOR. F i n a l l y MODEL VERIFI
ER matches d e t a i l e d s t r u c t u r e s of models 
recommended by MODEL SELECTOR t o the cor
responding p a r t s of the o b j e c t , and choos
es the most promising one. 

The system is programmed in FORTRAN 
and SABR (an assembler language), and the 
t y p i c a l computing time on a mini-computer 
PDP8/E (12kw of core memory, 28kbytes of 
b u f f e r memory, and 1.8Mw d i s k memory) is 
about 15 minutes. 

Preprocessing 

We have not paid much a t t e n t i o n t o de
sign a good preprocessor in t h i s research. 
EDGE FINDER applies a l o c a l gradient oper
ator and t h r e s h o l d i n g at every p o i n t in 
the p i c t u r e , and stores i t s absolute v a l 
ue and angle in FP. 

Since the background of the stack is 
dark, HOLE FINDER e a s i l y f i n d the outer 
boundary of the stack. Then an adaptive 
t h r e h o l d i n g technique is applied to the 
region surrounded by the outer boundary, 
and several dark domains are obtained. 
Testing whether each boundary p o i n t of the 
domain or one of i t s neighbours has a s i g 
n i f i c a n t g r a d i e n t , HOLE FINDER excludes 
some dark domains which are considered as 
shades. Some small holes, however, are 
m i s c l a s s i f i e d as shades because of lack of 
sharp l i g h t i n t e n s i t y change on i t s boun
dary, such as a small hole at the lower 
r i g h t corner of the o b j e c t in Fig.1 (b) 
(see HOLE i n F i g . 3 ) . 

Transformation i n t o O r i g i n a l Shapes 

An a f f i n e t r a n s f o r m a t i o n of the e l 
l i p s e found by HOLE FINDER and PATTERN 
FINDER i n t o i t s a u x i l i a r y c i r c l e , i s use
f u l t o s i m p l i f y the hypothesizing and v e r i 
f i c a t i o n process. The distance from the 
input TV camera to the o b j e c t s is much 
l a r g e r than the sizes of the o b j e c t s , 
t h e r e f o r e our v i s i o n system has l i t t l e 
p a r a l l a x , and the t r a n s f o r a m t i o n r u l e s be
come very simple: 

(1) p a t t e r n on p a r a l l e l planes tc the e l 
l i p s e are transformed i n t o t h e i r o r i g i n a l 
shapes, 
(2) the r o t a t i n g axis of the object (z 
axis of the model) coincides w i t h the mi
nor axis of the e l l i p s e , 
(3) a p a r a l l e l l i n e to the r o t a t i n g axis 
is mapped on i t s extension whose length 
is where a: length of the ma
j o r a x i s , b: length of the minor a x i s , 
t: a c t u a l length of the l i n e . 

C l u s t e r i n g Method f o r Detecting Arc 

We use a c l u s t e r i n g method, an exten
sion of Duda and Hart's method,to search 
f o r r e l i a b l e arcs in a set TF of the 
transformed f e a t u r e p o i n t s . In order to 
f a c i l i t a t e the d e t e c t i o n , the analyzer 
f i r s t s e l e c t s promising feature p o i n t s t o 
be elements of arcs, then c l a s s i f i e s them 
i n t o two groups TF and TF_. If a fea
t u r e p o i n t i s a n element o f a n arc, i t 
must have a gradi e n t whose r a d i a l compo
nent g has a s i g n i f i c a n t value. There
f o r e ar f e a t u r e p o i n t whose |gr| i s l a r g 
er than a t h r e s h o l d i n g value is t r a n s 
formed i n t o TF or TF depending on the 
sign of g . This c l a s s i f i c a t i o n is 
e f f e c t i v e f o r preventing confusion be
tween two adjacent arcs. Since the pur
pose of arc f i n d i n g is f o r d e t e c t i n g the 
c i r c l u l a r edges of the o b j e c t , f e a t u r e 
p o i n t s which e x i s t on the boundaries of 
detected small holes are excluded fromTF. 
Fig.4 i l l u s t r a t e s the feature p o i n t s i n 
F i g . l (a) and p o i n t s selected from them 
f o r TF and TF_. 

Duda and Hart suggested t h a t t h e i r me
thod i s a p p l i c a b l e t o f i n d c i r c l e s i n the 
scene.10 If one wishes to adopt t h e i r me
thod f o r d e t e c t i n g c i r c l e s , searching f o r 
c l u s t e r s in a three dimensional space on 
which every f e a t u r e p o i n t is mapped, is 
necessary. F o r t u n a t e l y , we have the know
ledge t h a t centers of a l l arcs are on the 
r o t a t i n g a x i s , t h e r e f o r e we look f o r c l u s 
t e r s in a simpler two dimensional space. 

Consider orthogonal cordinates (x fz) 
on the transformed plane, where x and y 
axes coincide w i t h the major and minor 
axes of the e l l i p s e E. The f i r s t stage 
of c l u s t e r i n g is to t e s t a hypothesis t h a t 
there e x i s t an arc A(r,0,z) on the plane, 
where r is the radius of the arc and (0,z) 
are the cordinates of i t s center. 
N ( r , 0 , z ) , number of f e a t u r e p o i n t s in TF+ 
(or TF_) which s a t i s f y the hypothesis, 
i s mapped on PLUS r z (or MINUS rz) plane. 
If a sharp peak should e x i s t on t h i s 
plane, i t would i n d i c a t e v e r i f i c a t i o n o f 
the hypothesis. The experimental r e s u l t s , 
however, do not have a sharp peak but me
dium mountain ridges in most cases, be
cause the e s t i m a t i o n of the parameters of 
E is rough. 

Since the e s t i m a t i o n of a,b is more 
accurate than t h a t of the o r i e n t a t i o n of 
the p r i c i p a l axis of E, the secoviJ 3l_age 
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u n t i l the center p o i n t comes t o a stand
s t i l l a t the highest peak. When the peak 
is found, the f e a t u r e p o i n t s belonging t o 
the best arc are excluded from TF (or 
TF_) and the h i l l c l i mbing process* i s r e 
peated. Fig.5 shows an experimental r e 
s u l t of the above mentioned procedures 
whose i n p u t is a set of f e a t u r e p o i n t s 
i l l u s t r a t e d i n Fig.4. The c o r r e c t d i r e c 
t i o n o f the r o t a t i n g a x i s i s estimated b y 
the m a j o r i t i e s of the c l u s t e r s . Some
times a few c l u s t e r s are located f a r from 
the corrected a x i s , because the arcs are 
not r e a l edges of the o b j e c t but borders 
of the shadows p r o j e c t e d on the o b j e c t . 

Next the arc f i t t i n g process i s per
formed which decides r e l i a b l e p o r t i o n s of 
arcs. Kernels of c i r c u l a r teamenL» of 

considerable length are determined f i r s t 
on which the f e a t u r e p o i n t s desely e x i s t , 
then the kernels are extended to f e a t u r e 
p o i n t s which are located at the neigh
bour hoods of t h e i r end p o i n t s . Fig.6 
shows the r e s u l t s of the arc f i t t i n g pro
cess whose i n p u t s are transformed f e a t u r e 
p o i n t s i n two p i c t u r e s o f F i g . l . 

S e l e c t i o n of Models 

MODEL SELECTOR u t i l i z e s a t t r i b u t e s of 
arcs and small holes on the transformed 
plane to choose and rank a few promising 
models i n the l i s t of prototypes of the 
engine p a r t s . 

Since the v i s i o n system uses the mono
c u l a r TV camera, we can evaluate only the 
r e l a t i v e sizes of the o b j e c t s . Thus the 
system normalizes measured geometrical 
parameters by the radius of the key c i r c l e 
C, which is transformed from the e l l i p s e 
E. The detected arcs have the f o l l o w i n g 
valuable i n f o r m a t i o n : 
(1) the normalized radius and l e n g t h of 
the c i r c u l a r edge of the o b j e c t , 
(2) the normalized height from the plane 
i n c l u d i n g C, 
(3) the arc belongs to the o b j e c t in ques
t i o n i f i t s center i s o n the r o t a t i n g a x i s 
and the r e l a t i v e h e i g h t has a reasonable 
value. 

MODEL SELECTOR checks whether these 
a t t r i b u t e s of the arcs are acceptable to 
each p r o t o t y p e . Table 1 shows a p a r t of 
arcs i n the l i s t of prototypes. Observ
i n g Table 1, we know t h a t there are p l u r a l 
candidates f o r the key hole C in a s i n g l e 
view of one engine p a r t (Part B bottom 
view has two candidates). Thus MODEL SE
LECTOR repeatedly t e s t s the hypothesis 
t h a t each candidate i n every prototype i s 
r e a l l y the key c i r c l e , by comparing nor
malized r a d i i , heights and angles of de
t e c t e d arcs w i t h those of prototype, and 
e a s i l y exclude many prototypes from the 
l i s t o f promising prototypes. 

Table 1 Arcs in Prototypes of Top View 
of Part A and Bottom View of Part B. 
C ; outer boundary, I : inner beundary. 
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Two examples o f s e t s o f a r c s i l l u s 
t r a t e d i n F i g . 6 , have common p r o m i s i n g 
p r o t o t y p e s , b o t t o m v i e w o f P a r t B and t o p 
v i e w o f P a r t A , because t h e s e l e c t i o n must 
b e c o n s e r v a t i v e t o a l l o w f o r t h e e r r o r s o f 
t h e a r c f i n d i n g and f i t t i n g p r o c e s s . 

Now MODEL SELECTOR uses t h e i n f o r m a 
t i o n o f t h e s m a l l h o l e s t o compute s c o r e s 
o f m a t c h i n g o f t h e o b j e c t t o t h e s e l e c t e d 
p r o t o t y p e s - I f a n a r c b e l o n g s t o t h e ob
j e c t , t h e n a f a n - s h a p e d a r e a w h i c h i s de-
t e m i n e d b y t h e c i r c u l a r segment and i t s 
c e n t e r , i s c o n s i d e r e d a s a p o r t i o n o f t h e 
o b j e c t . When a s m a l l h o l e i s l o c a t e d i n 
t h e f a n - s h a p e d a r e a s o r t h e i r n e i g h b o u r 
hoods, t h e a n a l y z e r examines w h e t h e r each 
p r o m i s i n g p r o t o t y p e has t h e c o r r e s p o n d i n g 
h o l e o r n o t . And a p r o t o t y p e whose s t r u c 
t u r e s a t i s f i e s a l l q u a l i f i e d s m a l l h o l e s 
a s members o f t h e o b j e c t , i s c o n s i d e r e d 
as t h e most p r o m i s i n g one. F i g . 7 shows 
a l l d e t e c t e d h o l e s i n F i g . l (a) by HOLE 
FINDER. S i x o f seven h o l e s i n t h e t o p 
v i e w o f P a r t A i s f o u n d , and f i v e s m a l l 
h o l e s a r e q u a l i f i e d as t h e members o f t h e 
p r o t o t y p e i f t h e s e l e c t i o n i s c o r r e c t , 
w h i l e a wrong s e l e c t i o n o f t h e b o t t o m 
v i e w o f P a r t B s a t i s f i e s t h r e e s m a l l h o l e s 
a t most, because o f t h e s i z e c o n d i t i o n o f 
t h e h o l e s . 

V e r i f i c a t i o n o f S e l e c t e d Model 

The f i n a l s t a g e o f t h e a n a l y s i s i s f o r 
MODEL VERIFIER t o v e r i f y one o f t h e p r o 
posed models by MODEL SELECTOR. We use 
a model g u i d e d p r o c e s s i n g f o r e v a l u a t i n g 
m a t c h i n g o f t h e o b j e c t t o t h e most p r o 
m i s i n g p r o t o t y p e w h i c h s u g g e s t s a f e a t u r e 
t o examine n e x t a s w e l l a s i t s l o c a t i o n . 
A t p r e s e n t , t h e method i s a p p l i e d t o exa
mine t h e f e a t u r e s o n t h e t o p f a c e o f t h e 
o b j e c t . 

The a n g l e o f r o t a t i o n o f t h e o b j e c t 
i s h y p o t h e s i z e d f r o m t h e s t r u c t u r e o f t o p 
f a c e o f t h e m o d e l , t h e p o s i t i o n o f t h e 
r o t a t i n g a x i s o n t h e t o p f a c e o f t h e ob
j e c t , and d e t e c t e d a t t r i b u t e s such a s 
p o s i t i o n o f s m a l l h o l e s and a r c s . I f a 
s m a l l h o l e i n t h e model's t o p f a c e has 
n o t been d e t e c t e d , HOLE FINDER re-exam
i n e s t h e c o r r e s p o n d i n g a r e a u t i l i z i n g a 
l o w e r t h r e s h o l d v a l u e f o r t e s t i n g t h e 
g r a d i e n t s t h a n t h a t used f o r t h e i n i t i a l 
h o l e d e t e c t i o n . ( F i g . 3 FINAL MODEL shows 
no.10 s m a l l h o l e i s d e t e c t e d b y t h i s r e 
e x a m i n a t i o n . ) 

A r c s o f t h e t o p f a c e a r e a l s o r e - e x a 
mined a t e s t i m a t e d a r e a s f r o m p a r a m e t e r s 
o f t h e model's a r c s and t h o s e o f r e l i a 
b l y d e t e c t e d a r c s i n t h e o b j e c t . S i m i l a r 
p r o c e d u r e s a r e a p p l i e d t o f i n d l i n e a r 
edges o f t h e o b j e c t . A s e t o f t r a n s f o r m 
e d f e a t u r e p o i n t s whose a b s o l u t e v a l u e s 
o f t h e i r g r a d i e n t a r e l a r g e r t h a n 1/2 o f 
t h e t h r e s h o l d used i n t h e f i r s t a r c f i n d 
i n g , i s used f o r t h e s e r e - e x a m i n a t i o n 
p r o c e s s t o t e s t weaker f e a t u r e p o i n t s . 
FINAL MODEL o f F i g . 3 shows most p a r t s o f 

t h e t o p f a c e a r e d e t e c t e d , however some 
p o r t i o n s o f c i r c u l a r o r l i n e a r edges a r e 
n o t d e t e c t e d because o f l i t t l e change i n 
b r i g h t n e s s a t t h e s e p o r t i o n s . 

DISCUSSION 

A method i s p r o p o s e d f o r r e c o g n i z i n g 
complex-shaped e n g i n e p a r t s w h i c h a r e n o t 
o b s c u r e d b y o t h e r s . The r e s u l t s a r e s a t 
i s f a c t o r y f o r t h e i l l u s t r a t e d examples, 
however t h e s y s t e m has s e v e r a l d i f f i c u l t i 
e s w h i c h must overcome i n near f u t u r e . 

W e use o n l y t h e e l l i p s e a s t h e s i m p l e 
f a m i l i a r shape, w h i c h i s i m p o t a n t c l u e o f 
p r o c e s s i n g . S i m p l e f i g u r e s such a s a p a r 
a l l e l o g r a m or a diamond shape, must be 
used a s t h e c u e s . W e can f i n d t h e p a r a l 
l e l o g r a m b y Hough t r a n s f o r m a t i o n , however 
a d i f f i c u l t y e x i s t s t h a t t h e r e a r e i n f i 
n i t e r e c t a n g l e s a s t h e o r i g i n a l shapes o f 
t h e p a r a l l e l o g r a m . T h e r e f o r e t h e s y s t e m 
must s e a r c h t h e l i s t o f p r o t o t y p e s f o r a 
r e c t a n g l e , and c a l c u l a t e t h e c o e f f i c i e n t s 
o f t h e a f f i n e t r a n s f o r m a t i o n w h i c h con
v e r t s t h e p a r a l l e l o g r a m i n t o t h e r e c t a n 
g l e , and c o m p u t i n g t i m e w o u l d i n c r e a s e 
c o n s i d e r a b l y . 

We assume t h e e x i s t e n c e of a p e r f e c t 
o r near p e r f e c t e l l i p s e i n t h e i n p u t p i c 
t u r e , however sometimes a p a r t o f t h e 
e l l i p s e i s h i d d e n by some p a r t o f t h e ob
j e c t . Thus we have t o m o d i f y PATTERN 
FINDER t o e v a l u a t e more a c c u r a t e p a r a 
m e t e r s i n most cases. 

A t p r e s e n t , o u r system does n o t use 
i n f o r m a t i o n o f a s i d e v i e w o f t h e o b j e c t , 
w h i c h i s u s e f u l f o r t h e p a r t s whose t o p 
f a c e s have s m a l l f l a t p o r t i o n s . The s y s 
tem does n o t use c o l o r o r t e x t u r e i n f o r 
m a t i o n e i t h e r , however w e can e a s i l y 
i m p l e m e n t them i n t h e a n a l y z e r . There 
i s a t e c h n i c a l l i m i t a t i o n o f s i z e measure
ment b y m o n o c u l a r v i s i o n i n p u t , and t h e 
r a n g e f i n d e r w o u l d augment o u r system c o n 
s i d e r a b l y . 9 

F i n a l l y c o n t e x t - s e n s i t i v e p r o c e s s i n g 1 1 

must b e used a t t h e v e r i f i c a t i o n p r o c e s s 
where some p o r t i o n s o f edges o f t h e p r o 
posed model a r e n o t d e t e c t a b l e b y t h e 
s i m p l e c h a n g i n g t h r e s h o l d v a l u e . 
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