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Abs t rac t 
A s imp le , model f r ee computer v i s i o n program to 
determine the l o c a t i o n s o f non-over lapp ing pa r t s 
on b e l t conveyors is desc r ibed . This program 
i l l u s t r a t e s a simple and e f f e c t i v e procedure f o r 
segmenting ob jec ts from background in instances 
where simple t h resho ld i ng of a g r a y - l e v e l image 
does no t s u f f i c e . The procedure cons is ts of a 
unique sequence of standard image enhancement 
processes. The r e s u l t a n t image e x h i b i t s 
s i l h o u e t t e s o f the o b j e c t s , which con ta in 
s u f f i c i e n t i n f o rma t i on f o r l o c a t i n g those pa r t s 
whose o r i e n t a t i o n can be determined w i thou t 
observa t ion of i n t e r n a l f ea tu res . The technique 
has been implemented on a la rge research computer, 
as w e l l as a mini-computer coupled to a p ro to type 
b e l t conveyor-robot arm pa r t t r a n s f e r system. The 
technique has been v a l i d a t e d f o r a l a rge v a r i e t y 
of pa r t s and b e l t su r faces . I t can meet 
p roduc t ion ra tes and has the p o t e n t i a l f o r a c t u a l 
p roduc t ion use. 

1 . I n t r o d u c t i o n 
The problem is to sense, r a p i d l y and r e l i a b l y , 
the l o c a t i o n o f a v a r i e t y o f non-over lapp ing pa r t s 
f o r automated t r a n s f e r and/or assembly. These 
pa r t s are o f t e n loca ted on d i r t y surfaces such as 
conveyor b e l t s . In the program descr ibed below, 
ob jec ts are ex t rac ted from the background 
( s i l h o u e t t e d ) through a unique sequence of r a t h e r 
s t r a i g h t f o r w a r d and standard l o c a l and g l o b a l 
enhancement ope ra t i ons . The m o t i v a t i o n f o r 
deve lop ing such a procedure f o l l ows from the 
r e a l i z a t i o n t h a t simple t h resho ld ing of a gray-
l e v e l image w i l l not s u f f i c e f o r segmenting 
ob jec ts from t h e i r background in many i n d u s t r i a l 
envi ronments. (Others have achieved success w i t h 
s t r a i g h t t h r e s h o l d i n g of inpu t images where very 
b r i g h t f l a t pa r t s appear on b lack b e l t s [Rosen, 
1973 ] ) . For example, F igure 1 is a 244 X 256 
d i g i t i z e d image w i t h 64 g r a y - l e v e l s , o f severa l 
automotive pa r t s l y i n g on an o l d conveyor b e l t . 
F igure 2 is the same scene d isp layed at the 
op t ima l f i x e d t h r e s h o l d . The reader w i l l no te 
t h a t severa l ob jec t s are not connected, and there 
i s s i g n i f i c a n t v i s u a l no ise i n the image. 
Threshold ing a t a d i f f e r e n t l e v e l i n order to 
f u r t h e r connect some pa r t s would r e s u l t in the 
background merging i n t o the o ther p a r t s . 

2 . Technique f o r Locat ing Ob jec ts . 
The segmentation process cons is ts of edge 
d e t e c t i o n , smoothing, automatic t h r e s h o l d i n g , gap 
f i l l i n g , ho le f i l l i n g , and no ise removal. 
2 .1 Edge De tec t ion 
The i n t e n t is to enhance the image by inc reas ing 
the values of those p i x e l s along the boundaries 
(edges) of the o b j e c t s . Because of the no i sy 
da ta , some edges may be detected in the background 
wh i le no t a l l r e a l edges on the ob jec t boundaries 
w i l l be. This enhancement is achieved by a 
grad ient ope ra to r . F igure 3 i l l u s t r a t e s the 

r e s u l t o f app ly ing the Sobel operator to F igure 1 . 
The implementat ion a l lows any one of 12 standard 
edge operators to be used, most of which produce 
acceptable r e s u l t s . 
2.2 Smoothing 
The o b j e c t i v e a t t h i s step in the processing is 
to "remove" i s o l a t e d edges corresponding to no ise 
in the background, and to " i n s e r t " more edges 
along the ob ject boundar ies. Th is is accomplished 
by smoothing the data by r ep l ac i ng the va lue of 
every p i x e l w i t h the average o f the values in i t s 
3 X 3 neighborhood. F igure 4 i l l u s t r a t e s the 
r e s u l t o f smoothing Figure 3. 
2 .3 . Automatic Threshold Se lec t i on 
At t h i s po in t the preprocessed image is made 
b ina ry by t h r e s h o l d i n g . That i s , p i x e l s g rea te r 
or equal to a th resho ld T are set to 1, and a l l 
o the r p i x e l s are set to 0. The th resho ld T is 
based on the h is togram of the smoothed edge data 
as shown in F igure 5. T is computed by by f i n d i n g 
the po in t on the r i g h t shoulder of the h is togram 
where the second d e r i v a t i v e is maximum. ( I t was 
determined exper imen ta l l y t h a t t h i s method 
produced cons is ten t and acceptable r e s u l t s . ) 
F igure 6 i l l u s t r a t e s the r e s u l t o f a u t o m a t i c a l l y 
t h r e s h o l d i n g F igure 4. In one implementa t ion , 
t h resho ld s e l e c t i o n is set manually once dur ing 
se tup , s ince a wide range of t h resho ld values 
produces acceptable r e s u l t s in the preprocessed 
image. 
2 . 4 . Gap F i l l i n g 
We now wish to assure t h a t the boundaries of a l l 
pa r t s are indeed c losed in the b inary image, so 
t h a t they may be segmented from the background in 
the next s tep . This is done by connect ing every 
two p i x e l s w i t h i n (a Eucl idean d is tance o f ) th ree 
p i x e l s of each o the r . F igure 7 shows the s p a t i a l 
c o n f i g u r a t i o n s o f a l l poss ib le p a i r s o f po in t s 
(gaps) which we wish to connect , and the manner in 
which we choose to connect them. This gap f i l l i n g 
process is performed by the f o l l o w i n g procedure: 
For each p i x e l not a l ready equal to 1 in the 
image, examine i t s neighborhoods as shown in 
F igure 8. Replace tha t p i x e l w i t h a 1 ( a f t e r 
examining the e n t i r e image) i f the c o n d i t i o n holds 
t h a t there e x i s t s a t l e a s t one p i x e l having value 
1 in each of the complementary neighborhoods 
Nor th -Sou th , or East-West, or N.E.-S.W, or N.W.-
S.E. Figure 9 i l l u s t r a t e s the r e s u l t s o f f i l l i n g 
gaps in F igure 6. 

2.5 Hole F i l l i n g through Connec t i v i t y Ana lys is 
We now wish to complete the s i l h o u e t t e s of the 
pa r t s i n the image b y f i l l i n g i n a l l " h o l e s " 
i n s i d e connected reg ions. This is accomplished by 
4 - c o n n e c t i v i t y ana lys is of the scene. Regions (o f 
0 ' s ) which are not connected to the image boundary 
are set to l ' s . Then, the only remaining 0 ' s in 
the image correspond to the r e a l background. 
O p t i o n a l l y , a t t h i s t i m e , reg ions touch ing the 
image boundary (not completely in the f i e l d o f 
v iew) or o f less than a s p e c i f i e d s ize (no ise or 
o ther reg ions not corresponding to expected 
ob jec t s ) may a l so be removed (se t to 0 ' s ) . F igure 
10 i l l u s t r a t e s the r e s u l t s o f f i l l i n g ho les and 
removing very smal l reg ions in Figure 9. The 
reader i s r e f e r r e d to K e l l y [1970] f o r an 
a l g o r i t h m f o r e f f i c i e n t l y l a b e l i n g 4-connected 
reg ions in an image. 
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2 . 6 . Cha rac te r i za t i on o f Object Locat ion 
For many o b j e c t s , l o c a t i o n ( p o s i t i o n and 
o r i e n t a t i o n ) i n f o rma t i on is e a s i l y computed from a 
s i l h o u e t t e . One way to p a r t i a l l y cha rac te r i ze 
l o c a t i o n is to compute the center o f area and ax is 
of minimum moment of i n e r t i a . F igure 10 
i l l u s t r a t e s t h i s r e s u l t . 
2.7 De tec t i ng Moving Par ts 
A method f o r de termin ing when to process an 
e n t i r e image from a moving conveyor b e l t has been 
developed which is based on searching f o r 
s i g n i f i c a n t edge a c t i v i t y in a p o r t i o n o f the 
image r e l a t e d to search t ime and b e l t v e l o c i t y . 
2.8 O v e r a l l System Con f i gu ra t i on 
The v i s i o n technique has been i n teg ra ted i n t o a 
p ro to type pa r t t r a n s f e r system employing a moving 
conveyor b e l t , b e l t p o s i t i o n and v e l o c i t y 
d e t e c t o r , and a smal l robot man ipu la to r . 

3. Performance 
The v i s i o n program has been tes ted on severa l 
hundred scenes. The accuracy w i t h which i t 
segmented reg ions out of the images depended on 
the image r e s o l u t i o n , o b j e c t s , backgrounds, and 
l i g h t i n g c o n d i t i o n s . In cases where the scene 
v i o l a t e d design c o n s t r a i n t s ( e . g . , over lapp ing 
pa r t s or pa r t s almost touching) the program 
produced meaningless s i l h o u e t t e s . However, the 
system has the o p t i o n a l c a p a b i l i t y o f i g n o r i n g 
such segmentations based on matching them to very 
simple models of pa r t s expected. The system 
appears to be s u f f i c i e n t l y robust f o r a c t u a l 
p roduc t ion l i n e use. The speed of the program 
depends upon the implementat ion and image 
r e s o l u t i o n . Meet ing p roduc t ion cyc le t ime 
requirements of severa l seconds, however, appears 
to pose no problem. The program performed 
s a t i s f a c t o r i l y on images of r e s o l u t i o n 50 X 50 , 
100 X 100, 128 X 128, and 244 X 256, as produced 
by a v a r i e t y of cameras. 
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