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ABSTRACT 

A mode l - based compute r v i s i o n sys tem has been 
d e v e l o p e d w h i c h can d e t e r m i n e 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 s e v e r a l p a r t s i n t h e same s c e n e . 
The p a r t s can b e o f t h e same t y p e o r o f d i f f e r e n t 
t y p e s . F u r t h e r m o r e , t h e sys tem can work w i t h 
v i s u a l l y n o i s y scenes and some o c c l u s i o n . 
A b s t r a c t t w o - d i m e n s i o n a l models a r e fo rmed b y 
h a v i n g t h e sys tem v i e w t h e p a r t s under f a v o r a b l e 
c o n d i t i o n s . P a r t s a re found b y m a t c h i n g t h e 
a b s t r a c t models t o t h e scene d a t a , a f t e r i t has 
been h i g h l y o r g a n i z e d . 

I . INTRODUCTION 

The p r e s e n t wo rk e x t e n d s a n e a r l i e r s y s t e m , w h i c h 
f o u n d s i n g l e p a r t s [ P e r k i n s , 7 7 ] , i n t o a sys tem 
w h i c h can r e c o g n i z e and d e t e r m i n e 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 s e v e r a l p a r t s i n t h e same s c e n e . 
The g e o m e t r i c c o n f i g u r a t i o n o f t h e s e p a r t s must 
a l l o w o n l y a l i m i t e d number o f s t a b l e p o s i t i o n s 
because t h e p rog ram uses t w o - d i m e n s i o n a l m o d e l s . 
The p r o g r a m works w i t h g r a y - l e v e l p i c t u r e d a t a and 
i s n o t s e n s i t i v e t o v i s u a l n o i s e . I t can f i n d 
o b j e c t s w h i c h a r e p a r t i a l l y o u t o f t h e f i e l d o f 
v i e w o r o c c l u d e d b y o t h e r o b j e c t s . 

A l t h o u g h some b l o c k - w o r l d p rograms [ G r a p e , 7 3 ; 
G r i f f i t h , 73 ] c o u l d h a n d l e scenes c o n t a i n i n g 
s e v e r a l b l o c k s and o c c l u s i o n , t h e p r e s e n t sys tem 
can h a n d l e a much g r e a t e r v a r i e t y o f o b j e c t s w i t h 
more complex s h a p e s . However , s i n c e t h e t h r e e -
d i m e n s i o n a l p r o b l e m i s more d i f f i c u l t f o r t h e s e 
o b j e c t s t h a n f o r p o l y h e d r a , t h e p r e s e n t p rog ram 
r e q u i r e s t h a t t h e p a r t s have o n l y a few s t a b l e 
p o s i t i o n s and be a t a known d i s t a n c e f r o m t h e 
camera . 

S e v e r a l o t h e r sys tems have been deve loped f o r 
l o c a t i n g i n d u s t r i a l p a r t s i n s i m i l a r e n v i r o n m e n t s 
[ T s u j i and Nakamura, 7 5 ; Y a c h i d a and T s u j i , 7 5 ; 
B a i r d , 7 6 ] . Each s y s t e m has i t s s t r o n g p o i n t s o r 
a d v a n t a g e s : The sys tem o f T s u j i and Nakamura can 
f i n d o b j e c t s f r o m o b l i q u e v i ews i f a n e l l i p s e o r 
t r a p e z o i d i s p r e s e n t i n t h e s u r f a c e b e i n g v i e w e d ; 
The sys tem o f Y a c h i d a and T s u j i fo rms models by 
v i e w i n g t h e o b j e c t s w i t h a n o p e r a t o r i n t e r a c t i v e l y 
p o i n t i n g o u t f e a t u r e s ; The s y s t e m o f B a i r d has 
s i m p l i c i t y , i s r e l a t i v e l y f a s t , b u t does n o t use 
any s p e c i f i c m o d e l s . 

The p r e s e n t sys tem d i f f e r s f r o m t h e o t h e r s m o s t l y 
i n t h a t i t p e r f o r m s more d e t a i l e d image a n a l y s i s 
( w h i c h i s s i m i l a r t o S h i r a i ' s sys tem [ S h i r a i , 7 5 ] ) 
b e f o r e m a t c h i n g w i t h m o d e l s . I t s s t r o n g p o i n t s 
a r e t h a t i t can h a n d l e p a r t i a l v i e w s and 
o c c l u s i o n ; and i t s models a re fo rmed b y v i e w i n g 
t h e o b j e c t s . 

M u l t i p l e o b j e c t s i n t h e f i e l d o f v i e w a re l o c a t e d 
a s f o l l o w s : The p rog ram i s shown o b j e c t s 
i n d i v i d u a l l y , and i t fo rms a model o f e a c h . Then 
a s c e n e , composed o f an unknown number o f o b j e c t s , 
i s shown t o t h e p r o g r a m ; i t i s asked t o f i n d one 
o r a l l o f t h e o b j e c t s i n t h e s c e n e . (The p r o g r a m 
i s n o t e x p e c t e d t o f i n d o b j e c t s w h i c h i t has n o t 
p r e v i o u s l y s e e n . ) 

The p rog ram p u t s t h e model and image d a t a in a 
h i g h l y o r g a n i z e d f o rm [ P e r k i n s , 77] w h i c h i s 
e s s e n t i a l f o r any r e a s o n a b l e e f f i c i e n c y i n 
m a t c h i n g s e v e r a l models to a complex s c e n e . The 
b a s i c d a t a s t r u c t u r e i s a s e t o f connec ted c u r v e s 
( s t r a i g h t l i n e s and c i r c u l a r a r c s ) c a l l e d 
" c o n c u r v e s " [ P e r k i n s , 7 7 ] . These c o n c u r v e s 
u s u a l l y f o r m t h e p h y s i c a l b o u n d a r i e s o f t h e 
o b j e c t . On ly a few concu rves a re needed to 
d e s c r i b e a m o d e l . 

To f i n d an o b j e c t , t h e p rog ram must match mode l 
concu rves t o image c o n c u r v e s . For f i v e o b j e c t s 
t h e r e may be 500 p o s s i b l e c o m b i n a t i o n s o f mode l 
and image c o n c u r v e s , and o n l y 10 c o r r e c t o n e s . 
S ince o n l y a few o f t h e c o m b i n a t i o n s need to be 
t e s t e d i n d e t a i l , i t i s i m p o r t a n t t h a t t h e p r o g r a m 
o r d e r t h e s e a r c h p r o c e s s . The p rog ram o r d e r s t h e 
c o m b i n a t i o n s f r o m most l i k e l y t o l e a s t l i k e l y b y 
compa r i ng g e n e r a l p r o p e r t i e s o f t h e c o n c u r v e s . 
T h i s o r d e r e d l i s t o f c o m b i n a t i o n s i s used f o r 
d e c i d i n g b o t h t h e o r d e r i n w h i c h models w i l l b e 
matched and t h e o r d e r i n w h i c h concu rves f o r a 
p a r t i c u l a r model w i l l b e m a t c h e d . 

For a p a r t i c u l a r model t h e p rog ram p roceeds down 
t h e l i s t o f c o m b i n a t i o n s u s i n g one o r two 
c o m b i n a t i o n s a t a t i m e to d e t e r m i n e a t e n t a t i v e 
t r a n s f o r m a t i o n f r o m model t o image c o o r d i n a t e s . 
A f t e r t h e p r o g r a m has d e t e r m i n e d a p o s s i b l e 
l o c a t i o n f o r a m o d e l , i t can v e r i f y o r r e j e c t t h i s 
c h o i c e b y c o m p a r i n g a r e p r e s e n t a t i o n o f t h e mode l 

w i t h t h e image d a t a . 

I f a p a r t i s f o u n d , t h e p rog ram s t o r e s 
i n f o r m a t i o n a b o u t i t ( such a s i t s l o c a t i o n ) and 
marks any image concu rves w h i c h were used up in 
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the matching process. I f the program is asked to 
f i n d a l l p a r t s , i t w i l l cont inue matching each 
model against the ava i lab le image data u n t i l i t 
f a i l s to f i n d one of each model a f t e r t e s t i n g a 
reasonable number ( s i x times the number of model 
concurves) of combinat ions. 

I I . METHOD 

The programs are w r i t t e n in PL / I and run on an IBM 
370/168 Computer. D i g i t i z e d p i c tu res (256 x 256 x 
32 i n t e n s i t y l e ve l s ) are obtained w i t h a c losed-
c i r c u i t TV camera [ B a i r d , 7 5 ] . 

We s h a l l i l l u s t r a t e the method by f o l l ow ing the 
ana lys is of the program f o r the i d e a l case (a 
h igh -con t ras t scene w i t h dark par ts on a whi te 
sheet o f paper) shown in F i g . l a . S im i la r 
analyses f o r v i s u a l l y noisy cond i t ions are 
presented i n Sect ion I I I . 

The f i v e models shown in F i g . 2 were formed by 
having the program view the par ts under favorable 
cond i t ions as described in [Perk ins , 77 ] . These 
f i v e cast ings are a un i ve rsa l yoke, connecting 
rod , compressor body, b racke t , and gear b lank . 

F i g . 1. High cont rast scene w i t h two connecting 
rods and a un ive rsa l yoke, (a) D i g i t i z e d 
P i c t u r e , (b) Edge Po in t s , (c) Concurves. 
(d) Models superimposed on g ray - l eve l 
p i c t u r e . 

F i g . 2. Five models. (a) Universal yoke, 
(b) Connecting rod . (c) Compressor body, 
(d) Bracket , (e) Gear b lank . 

At the top l e v e l a model has the f o l l ow ing set of 
p r o p e r t i e s : 1) name, 2) r o t a t i o n a l symmetry ( n -
f o l d v a l u e ) , 3) number of concurves (connected 
boundary cu rves ) , A) number of mu l t i sec to rs (a set 
of v e c t o r s , equa l l y spaced along the concurves 
w i t h d i r e c t i o n s perpendicular to the concurves) , 
and 5) po in te rs to concurve and mu l t i sec to r da ta . 

The above p rope r t i es re fe r to the model and are 
not modi f ied in processing images. Tokens are 
used to descr ibe p a r t i c u l a r instances of an ob ject 
in an image [Anderson and Bower, 7 3 ] . Tokens have 
a l l the general p rope r t i es of the model w i t h some 
s p e c i f i c p roper t i es tha t depend upon the image 
data such as : l o c a t i o n ( x , y , θ ) , scale f a c t o r , and 
a po in te r to a p a r t i c u l a r set of m u l t i s e c t o r s . 
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Each of these mu l t l sec to rs has a number i n d i c a t i n g 
whether i t found a match w i t h the image data and, 
i f so, which image concurve i t matched. 

The concurves themselves have a set of p roper t ies 
which are used in comparing model and Image: 

1) Simple desc r i p t i on ( c i r c l e , a r c , 
complex c u r v e , . . . ) ; 

2) To ta l leng th or radius of a rcs ; 
3) Magnitude of t o t a l angular change; 
4) Number of s t r a i g h t l i n e s ; 
5) Number of a rcs ; 
6) Bending energy (curvature f unc t i on 

[Chang, 7 6 ] ) . 

And If both concurves are c losed, the system uses 
i n a d d i t i o n : 

7 ) I n t e n s i t y d i r e c t i o n ( i f given f o r model) ; 
8) Area i ns ide outer border ; 
9) Area of I n t e r n a l ho les ; 

10) Compactness (area / pe r ime te r * ) ; and 
11) Rat io of minimum to maximum moment of 

i n e r t i a . 

Proper t ies such as these can be used f o r 
c l a s s i f i c a t i o n [Duda, 7 6 ] . The program ca lcu la tes 
a l i k e l i h o o d f o r each combination of one model 
concurve and one image concurve from a comparison 
of the above p r o p e r t i e s . Table I shows the seven 
combinations f o r the un ive rsa l yoke model and the 
image concurves of F i g . lc and the 21 combinations 
f o r the connecting rod model and the image 
concurves o f F i g . l c . 

From an average of the highest l i k e l i h o o d fo r a l l 
concurves of each model, the program can ob ta in a 
l i k e l i h o o d f o r each model being present in the 
scene. This is used to set the order in which 
models are matched against the image da ta . This 
o rder ing can save considerable t ime, espec ia l l y i f 
the program has severa l models and is asked to 
recognize which ob jec t is in the scene 
( c l a s s i f i c a t i o n ) . 

The l i k e l i h o o d f o r a un ive rsa l yoke being in the 
scene is taken to be the h ighest l i k e l i h o o d f o r 
i t s one concurve being in the scene, namely 97 
(see Table I ) . The l i k e l i h o o d f o r a connect ing 
rod being in the scene is taken to be the average 
o f the h ighest l i k e l i h o o d s f o r a l l i t s concurves ■ 
(108 + 9 4 + 8 7 ) / 3 - 96. 

I f we compare a l l f i v e models w i t h the analyzed 
image data of F i g . 1, we ob ta in the ordered l i s t 
o f l i ke l i hoods shown i n Table I I . I f the program 
were asked t o f i n d a l l o b j e c t s . I t would s t a r t 
w i t h the most l i k e l y model and proceed down the 
l i s t (see Table I I ) . Then f o r each model i t would 
proceed down l i s t s such as those of Table I. 
A f t e r the program f i nds an ob jec t in the scene 
(which involves matching one or two combinations 
of model and image concurves to determine the 

t ransformat ion from model to image coordinates and 
a v e r i f i c a t i o n process [Perk ins , 7 7 ] ) , the program 
marks image concurves tha t are used up. This 
reduces the choices f o r the next search process 
and keeps the program from wast ing time w i t h 
consumed image da ta . 

I d e n t i c a l ob jec ts cause some new problems. 
Suppose we are t r y i n g to f i n d a l l connect ing rods 
in F i g . 1 . I f no precaut ions were taken, the 

TABLE I. 

L i ke l ihood o f 

Combinations 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

D i f f e ren t 

L i ke l ihood 

97 
62 
53 

-49 
- 5 1 
-62 
-62 

108 
107 

94 
87 
84 
78 
60 
19 
17 
11 
10 

-44 
-47 
-47 
-48 
-49 
- 5 1 
-51 
-53 
-62 
-62 

L i ke l i hood 

rABLE 

Combinations 

Model No. 

1 
1 
1 
1 
1 
1 
1 

2 
2 
4 
3 
4 
3 
2 
3 
3 
4 
4 
4 
4 
4 
2 
3 
3 
2 
3 
2 
2 

I I . 

(yoke) 
(yoke) 
(yoke) 
(yoke) 
(yoke) 
(yoke) 
(yoke) 

(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
( rod) 
( rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 
(rod) 

of D i f f e r e n t Models 

Image No. 

2 
1 
3 
4 
7 
6 
5 

3 
1 
7 
6 
4 
5 
2 
4 
7 
5 
6 
2 
1 
3 
7 
2 
3 
4 
1 
6 
5 

L i ke l i hood 

97 
96 
76 
59 
52 

Model Name 

un ive rsa l yoke 
connecting rod 
bracket 
gear b lank 
compressor body 
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program would keep f i n d i n g the same connect ing rod 
over and over aga in . To avoid t h i s undesi rable 
occurrence, the program u t i l i z e s two changes tha t 
i t makes a f t e r i t f i nds a connecting r o d : 1) the 
in fo rmat ion tha t I t s tores about t h i s token, and 
2) the i n fo rmat ion concerning concurves tha t have 
been used up. In determining t e n t a t i v e 
t ransformat ions on subsequent searches f o r 
connect ing rods , the program works only w i t h image 
concurves tha t have not been consumed. A f t e r the 
program has determined a t e n t a t i v e l o c a t i o n f o r an 
ob jec t in the scene, t h i s l o c a t i o n is compared 
w i t h tha t o f p rev ious ly found tokens. I f a l l o f 
the coordinates ( x , y , 0 ) of t h i s new l o c a t i o n are 
w i t h i n c e r t a i n l i m i t s of the coordinates of any 
token, the t e n t a t i v e model t rans format ion is 

r e j e c t e d . 

For the scene of F i g . 1 and the f i v e models of 
F i g . 2, the program f i r s t looked f o r and found a 
un i ve rsa l yoke. A f te r s t o r i n g the token 
i n fo rma t ion and marking the consumed image 
concurve, the program t r i e d to f i n d another 
un i ve rsa l yoke and f a i l e d . Next i t found the two 
connect ing rods . At t h i s po in t a l l the image 
concurves were used up so it was unnecessary f o r 
i t to t r y matching any more of the combinat ions. 
Thus the program worked w i t h only 9 of the 63 
poss ib le combinations (one to f i n d the un i ve rsa l 
yoke, s i x to f i n d tha t a second yoke was not 
p resent , one to f i n d each of the two connecting 
r o d s ) . This is an i dea l case, but the same k ind 

F i g . 3. Six par ts on a conveyor b e l t , (a) D i g i t i z e d P i c t u r e . (b) Edge 
Po in t s . (c) Concurves. (d) Models superimposed on g ray - leve l 
p i c t u r e . 
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of economy occurs in v i s u a l l y no isy scenes. The 
CPU time f o r f i n d i n g the three pa r t s in F i g . 1 was 
18.2 seconds (image a n a l y s i s , 16.9 sec; match ing, 
1.3 s e c ) . 

view w i t h severa l d i f f e r e n t pa r t s and an unknown 
number of each, 2) ob jec ts which are p a r t i a l l y out 
of the f i e l d of v iew, and 3) severa l occluded 
pa r t s in the same scene. 

I I I . RESULTS 

The r e s u l t s f o r v i s u a l l y no isy cond i t i ons are 
presented in t h i s s e c t i o n . In these scenes the 
dark gray pa r t s were placed on a dark conveyor 
b e l t t y p i c a l o f those used i n i n d u s t r i a l 
environments. The l i g h t i n g cons is ted of room 
l i g h t s on ly ( f l uo rescen t bulbs i n the c e i l i n g ) . 
The scenes chosen i l l u s t r a t e the c a p a b i l i t i e s of 
the system to f i n d : 1 ) a l l pa r t s i n the f i e l d o f 

A. F ind ing Several Par ts in the F i e l d o f View 

The program was asked to f i n d a l l the pa r t s in 
F i g . 3a us ing i t s f i v e models shown in F i g . 2 . 
Since there is an unknown number of each 
p a r t i c u l a r type of p a r t , the program must do a 
reasonable search f o r one more of each type than 
e x i s t in the scene. (This means eleven searches 
in the case of F i g . 3.) We have a lso made the 
problem a l i t t l e more d i f f i c u l t by us ing two 
connect ing rods tha t d i f f e r f rom the one used in 
forming the model. One has a square-shaped 

F i g . 4 . P a r t i a l view o f f i v e pa r t s on conveyor b e l t . (a) D i g i t i z e d 
P i c t u r e , (b) Edge P o i n t s , (c) Concurves. (d) Models superimposed 
on g r a y - l e v e l p i c t u r e , (e) Disp lay of models. 
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"sp rue" p r o j e c t i o n 
d i f f e r e n t i n shape 
ho le punched o u t . 

wh i l e the o ther i s s l i g h t l y 
and does not have the la rge 

Figure 3a shows the d i g i t i z e d p i c t u r e wh i l e 
F i g . 3b shows the edge po in t s obta ined us ing the 
Hueckel opera tor [Hueckel , 73] and F i g . 3c shows 
the analyzed image data (31 concurves) . The 
r e s u l t s o f matching the f i v e models to the 
analyzed image data are shown in F i g . 3d. The CPU 
time f o r f i n d i n g the s i x pa r ts was 42.7 seconds 
(image a n a l y s i s , 32.8 sec; matching, 9.9 s e c ) . 

B. F ind ing Objects from P a r t i a l Views 

The program is again asked to f i n d a l l the 
p a r t s , but the pa r t s in F i g . 4a are only p a r t i a l l y 
i ns ide the f i e l d of v iew. The edge po in ts and the 
analyzed image data are shown in F i gs . 4b and 4c 
r e s p e c t i v e l y w i t h the r e s u l t s o f matching shown in 
F i g s . 4d and 4e. This f i g u r e c l e a r l y i l l u s t r a t e s 
tha t the matching techniques employed by the 
program [Pe rk i ns , 77] work w e l l even w i t h p a r t i a l 
image da ta . Dur ing the v e r i f i c a t i o n process the 
program takes account of the f a c t t ha t an ob jec t 

(a) (b) 

(c) (d) 

F i g . 5 . Six pa r ts on conveyor b e l t w i t h considerable occ lus ion , 
(a) D i g i t i z e d P i c t u r e . (b) Edge P o i n t s . (c) Concurves. 
(d) Models superimposed on g r a y - l e v e l p i c t u r e . 
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i s p a r t l y o u t s i d e t h e f i e l d o f v i e w (some o f t h e 
t r a n s f o r m e d m u l t i s e c t o r s l i e o u t s i d e t h e v i e w i n g 
w indow) i n a c c e p t i n g a m a t c h . The CPU t i m e f o r 
f i n d i n g t h e f i v e p a r t s was 2 2 . 2 seconds ( image 
a n a l y s i s , 1 5 . 3 s e c ; m a t c h i n g , 6 . 9 s e c ) . 

C . F i n d i n g O c c l u d e d P a r t s 

F i g u r e 5 shows an image w i t h c o n s i d e r a b l e 
o c c l u s i o n . The d i g i t i z e d p i c t u r e o f F i g . 5 a i s 
t r a n s f o r m e d t o edge p o i n t s ( F i g . 5b) and t h e n t o 
c o n c u r v e s ( F i g . 5 c ) . No te t h a t some o f t h e 
c o n n e c t e d c u r v e s a r e b o u n d a r i e s o f s e v e r a l 
d i f f e r e n t p a r t s . The r e s u l t s o f t h e m a t c h i n g 
p r o c e s s a r e shown i n F i g . 5 d . T h i s f i g u r e 
i l l u s t r a t e s t h a t t h e m a t c h i n g t e c h n i q u e s work i n 
t h e p r e s e n c e o f s e r i o u s b a c k g r o u n d i n t e r f e r e n c e . 
The CPU t i m e f o r f i n d i n g t h e s i x p a r t s was 3 1 . 6 
seconds ( image a n a l y s i s , 2 5 . 4 s e c ; m a t c h i n g , 
6 . 2 ) . 

I V . CONCLUSIONS 

We have d e m o n s t r a t e d a v i s i o n s y s t e m w h i c h can 
f i n d 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 a l l p a r t s i n 
a s c e n e , even i f t h e y a r e p a r t l y o u t s i d e t h e f i e l d 
o f v i e w o r p a r t i a l l y o c c l u d e d . T h i s s y s t e m was 
c r e a t e d b y a d d i n g some h i g h - l e v e l o r g a n i z a t i o n t o 
a s y s t e m w h i c h f o u n d s i n g l e p a r t s [ P e r k i n s , 7 7 ] . 

An a t t e m p t was made to d e v e l o p an e f f i c i e n t 
s y s t e m b y h a v i n g t h e m a t c h i n g o c c u r a t a h i g h -
l e v e l and b y u s i n g a n i n t e l l i g e n t c o n t r o l 
s t r u c t u r e t o o r d e r t h e s e a r c h p r o c e s s . T h i s 
me thod t e n d s t o make t h e i m a g e - a n a l y s i s t i m e 
l o n g e r and t h e m a t c h i n g t i m e s h o r t e r , r e s u l t i n g i n 
s h o r t e r t o t a l t i m e s f o r comp lex s c e n e s . 

F o r most o f t h e s e scenes t h e r e c o u l d have been a 
f u r t h e r r e d u c t i o n i n m a t c h i n g t i m e s i f g r o u p s o f 
c o n c u r v e s had been r e c o g n i z e d a s s e p a r a t e o b j e c t s 
[ B a i r d , 7 6 ] . However , i f t h e p a r t s a r e c l o s e l y 
packed o r t h e r e i s o c c l u s i o n ( see F i g . 5 ) , i t i s 
n o t p o s s i b l e t o s e p a r a t e t h e d i f f e r e n t p a r t s u n t i l 
t h e y have been r e c o g n i z e d . 

The method o f h a v i n g a f i n i t e number o f mode ls 
and m a t c h i n g them t o t h e image d a t a u n t i l t h e y 
have a l l f a i l e d o r t h e image d a t a i s used u p i s 
s a t i s f a c t o r y f o r most a p p l i c a t i o n s . Howeve r , i f 
t h e number o f mode l s i s l a r g e , t h e method c o u l d b e 
e x t e n d e d b y u s i n g a c o n t e x t - d i r e c t e d s e a r c h , such 
a s i n Group T e c h n o l o g y [ O p i t z , 7 0 ] , w i t h t h e image 
d a t a b e i n g c o n v e r t e d t o a number t h a t p o i n t s t o 
mode ls w h i c h have s i m i l a r p r o p e r t i e s . 
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