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ABSTRACT 

A complete s o l u t i o n to the problem cf p i c k i n g 
randomly o r i e n t e d workp ieces out o f a b i n is p r e ­
sen ted . The geometry o f the workp ieces is a r b i t r a r y , 
the on l y parameters to be known are those of the 
g r a s p e r . The paper i n c l u d e s a d e s c r i p t i o n of the 
3-D sensor and of the a l g o r i t h m i n v o l v e d . 
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INTRODUCTION 

The aim of t h i s paper is a complete d e s c r i p t i o n 
of a system ab le to a c q u i r e workp ieces which are 
ar ranged in an a r b i t r a r y way in a b i n . Th is problem 
i s o f most impor tance i n p r o d u c t i o n au tomat ion f o r 
i t a l l ows workp ieces t o be fed f rom b ins i n t o 
machines i n an au tomat i c way [ 9 ] . K e l l e y and a l l . 
[10] so l ved the problem by u s i n g s imple machine 
v i s i o n techn iques and a su r f ace a d a p t i n g vacuum 
g r i p p e r . B u t , i n many cases, the l i g h t i n t e n s i t y 
i n f o r m a t i o n is i m p r a t i c a b l e (see F igu re 6) and 
the i n f o r m a t i o n con ta ined in the range da ta must be 
p r e f e r r e d . From t h i s i n f o r m a t i o n the proposed method 
i s o l a t e a w o r k p i e c e , or more g e n e r a l l y , a p a r t of 
a workp iece to be handled by a robo t g r a s p e r , 
w i t h o u t r e c o g n i z i n g the w o r k p i e c e . The p r o p o s i t i o n , 
the o r i e n t a t i o n and the a p e r t u r e of the g rasper are 
then c a l c u l a t e d in such a way as to o p t i m i z e the 
success of the p r e h e n s i o n . The workp iece is then 
posed on a t a b l e where i t l ays i s o l a t e d and in a 
s t a b l e p o s i t i o n . In such a case , the r e c o g n i t i o n , 
p r e c i s e o r i e n t a t i o n and t r a n s p o r t toward machines 
are w e l l unders tood problems [1] . 

The paper c o n s i s t s o f th ree s e c t i o n s , r a t h e r 
autonomous, each w i t h independent a p p l i c a t i o n s , bu t 
used t o g e t h e r here to so l ve the g r a s p i n g p rob lem. 
I n s e c t i o n I I the 3-D sensor i s d e s c r i b e d . Th is 
sensor p r o v i d e s the th ree c o o r d i n a t e s of a p o i n t o f 
the su r face o f an o b j e c t , i . e . , p rov ides the z 
c o o r d i n a t e as a f u c t i o n of the x and y c o o r d i n a t e s . 
The 3-D i n f o r m a t i o n is d e r i v e d by means of s t e r e o 
v i s i o n and of a l a s e r beam to avo id the match ing 
problem between the v i e w s . The o r i g i n a l i t y w i t h 
respect t o the use o f l i g h t s t r i p i n g [ 2 ] o r s t r u c ­
t u red l i g h t [ 3 ] f o r range da ta a c q u i s i t i o n i s i n 

the random acces owing to a g r e a t s i m p l i c i t y of 
s o f t w a r e . Sec t i on I I I p resen ts a p a r t i c u l a r contour 
d e t e c t o r a l g o r i t h m u s i n g the range d a t a . I t p rov ides 
the s i l h o u e t t e of a v i s i b l e p a r t of a wo rkp iece . 
Th is s i l h o u e t t e is used in s e c t i o n IV to choose 
the grasp and the parameters of the robot hand. 
Th is method, based on an a p p r o p r i a t e segmental ion 
and p a r a m e t r i s a t i o n of the s i l h o u e t t e , seems to be 
a g e n e r a l s o l u t i o n f o r the match ing problem between 
a hand s t r u c t u r e and an o b j e c t s i l h o u e t t e . No a 
p r i o r i i n f o r m a t i o n about the workp ieces is needed ; 
the o n l y e n t r i e s of the program are the parameters 
o f the g r a s p e r . F i n a l l y , the l a s t s e c t i o n i s devo­
ted to the per formances of the system and to the 
s i m u l a t i o n r e s u l t s . 

I. A 3D sensor 

The sensor used is a sensor which g i ves the z 
c o o r d i n a t e of a p o i n t on the s u r f a c e of an o b j e c t 
as a f u n c t i o n of the x and y c o o r d i n a t e s . 

I t i s based on the " A c t i v e S te reoscopy" p r i n ­
c i p l e : s te reoscopy because i t uses at l eas t two 
cameras to g i ve images f rom d i f f e r e n t p o i n t s o f 
v iew ; a c t i v e because the d i f f i c u l t problem in 
s t e r e o v i s i o n o f match ing the two views is avoided 
by a s t r o n g l i g h t i n g of one p o i n t of the su r face 
to be observed . 

1 . General p r i n c i p l e 

The s t r o n g l i g h t i n g is p rov ided by a l ase r 
beam which can he swerved in two d i r e c t i o n s x and 
y. The d e f l e c t i o n system is c o n t r o l l a b l e and so 
the sensor is a random access one. The l a s e r beam 
c r e a t e s a l i t t l e spot on the su r f ace which i s , by 
d i f f u s i o n , a secondary source of l i g h t and so c r e a ­
tes two images on both cameras. I t is then p o s s i b l e 
to c a l c u l a t e f rom the p o s i t i o n of these images on 
bo th r e t i n a s and f r o m the g e o m e t r i c a l parameters o f 
the cameras, the th ree c o o r d i n a t e s x y z of the 
b r i g h t l y l i t p o i n t . Th is i s done by means o f the 
same s imple geome t r i ca l fo rmu las as in c l a s s i c a l 
s t e reoscopy . 

2. The system under development 

The p r i n c i p l e of the sensor is ve r y s imple ; 
the r e a l i s a t i o n is more t ed ious and needs the 
d e t e r m i n a t i o n and c o o r d i n a t i o n o f f o u r d i s t i n c t 
systems : the r e t i n a s , the o p t i c s of the cameras, 
the l a s e r , the l o g i c a l u n i t . 
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Because o f t h e i r poor r e s o l u t i o n and g e o m e t r i ­
c a l d i s t o r t i o n , the v i d i c o n type cameras o r the 
i m a g e - d i s s e c t o r s cannot be used e a s i l y and do no t 
g i v e good r e s u l t s . S o l i d phase r e c e p t o r s have been 
p r e f e r e d . But i n t h i s c a t e g o r y , the 2-D r e c e p t o r s 
are expens ive and o f poor r e s o l u t i o n ( a t l e a s t 
as t h i s paper is w r i t t e n ) . Th is is why the cameras 
have pho tod iode a r r a y . Note t h a t each camera i n ­
d i c a t e s one p lane c o n t a i n i n g the o v e r l i g h t e d p o i n t . 
At l e a s t t h ree cameras are needed. 

b) The optics od the cameras 

I n a d d i t i o n t o r e q u i r i n g the enough l i g h t on 
the r e t i n a s , we a l s o need an anamorphoseur system 
to observe on a r e c t a n g u l a r photod iode a r r a y , a 
scene which looks g e n e r a l l y l i k e a square . That i s 
the reason why c y l i n d r i c a l lenses are used. 

c) The o p t i c s o f the l a s e r 

Th is system has two f u n c t i o n s . F i r s t l y , the l a ­
ser beam must be swerved in bo th the x and y d i r e c ­
t i o n s . Th i s can be done by means of an op to e l e c ­
t r o n i c d e v i c e , bu t a system composed of m i r r o r s 
s t e e r e d by ga lvanometers is p r e f e r r e d . These are 
the on l y moving p a r t s o f the whole a p p a r a t u s . 
Second ly , the beam must be f ocussed . The o p t i c s 
a re ar ranged so as to m a i n t a i n the d iamete r of the 
l a s e r beam cons tan t and min ima l in the whole p r o ­
blem domain ; t h i s arrangement a l s o depends on the 
parameters o f the l a s e r . 

d) The_logical__uni_t 

Each camera is a s s o c i a t e d w i t h a m ic rop rocesso r 
wh ich e s s e n t i a l l y de te rmines the s i g n i f i c a n t l y 
l i g h t e d d iodes and per fo rms an i n t e r p o l a t i o n to 
o b t a i n a p o s i t i o n which i s accu ra te to l / 8 t n o f a 
d iode w i d t h . A second m ic rop rocesso r c o n t r o l s the 
whole sys tem, in p a r t i c u l a r the ga lvanomete rs , and 
per forms the t r i a n g u l a t i o n f rom the data p rov i ded 
by each camera. 

So t h i s sensor is r e l a t i v e l y autonomous. The 
connec t i on w i t h another l o g i c a l u n i t , whose s i z e 
depends on the a p p l i c a t i o n , is assumed by the 
second m i c r o p r o c e s s o r . The exchanges between bo th 
are ve ry few : the l o g i c a l u n i t sends to the sensor 
the two parameters of the d i r e c t i o n of the beam and 
r e c e i v e as feedback the th ree c o o r d i n a t e s x y z of 
the measured p o i n t . Wi th the s p e c i f i c a t i o n s , the 
t ime of a measure is a p p r o x i m a t e l y 1 ms. 

I I . How to use the sensor to p i c k up workp ieces 
f rom a b i n 

As we b r i e f l y ment ionned , we do no t want to 
recogn ize the workp ieces i n the b i n and to c a l c u ­
l a t e t h e i r o r i e n t a t i o n . Th is would i n v o l v e g r e a t 
d i f f i c u l t i e s , and , i n p a r t i c u l a r , would r e q u i r e the 
c o n s t r u c t i o n of a 3-D model of the w o r k p i e c e s , which 
i s i t s e l f an open p rob lem. 

Moreover , the workp iece p robab ly s l i d e s a l i t ­
t l e r e l a t i v e t o the g r i p p e r d u r i n g the p r e h e n s i o n , 

and so i t does no t seem reasonab le to r e q u i r e a 
ve ry accu ra te o r i e n t a t i o n o f the workp iece a t t h i s 
s t a g e . Thus we d i s t i n g u i s h two s teps in f e e d i n g 
workp ieces f rom b i n s i n t o machines : we p i c k up a 
workp iece f rom the b i n and put i t on to a t a b l e , 
and then we are ab le to so l ve the c l a s s i c a l prob lem 
o f f i n d i n g the o r i e n t a t i o n o f a workp iece p lace i n 
a s t a b l e p o s i t i o n . The aim o f t h i s paper i s to 
p resen t a method which uses the above sensor , to 
so l ve the f i r s t s t e p . The second s tep i s w i d e l y 
exposed i n the l i t t e r a t u r e [ 1 ] . 

I n s t e a d of r e c o g n i z i n g a w o r k p i e c e , we j u s t 
want to e x t r a c t some i n f o r m a t i o n which seems 
reasonab ly s u f f i c i e n t t o i s o l a t e one workp iece n o t 
wedged b y o t h e r - t h i s i s the o b j e c t o f s e c t i o n I I -
and to c a l c u l a t e the p laces where to pu t the f i n ­
gers o f the g r i p p e r sys tem- t h i s i s the o b j e c t o f 
s e c t i o n I I I - . 

T h e r e f o r e , we want a t f i r s t to f i n d a p a r t o f 
a workp iece which is on the top of the b i n and t h a t 
the r o b o t cou ld g r a s p . Th is i s per formed by the 
a l g o r i t h m b r i e f l y d e s c r i b e d below which looks f o r 
the "b reak p o i n t s " ( i . e . , the p o i n t s where the re i s 
a l a r g e g r a d i e n t Az in z) around a g i ven p o i n t : 

i ) Choose n a r b i t r a r y p o i n t s i n the b i n , mea­
sure t h e i r c o o r d i n a t e s and keep the one whose z is 
the l a r g e s t , c a l l e d the o r i g i n i n the f o l l o w i n g . 
Th is assures t h a t we work on a workp iece on the 
top of the b i n presumed no t to be wedged by o t h e r s . 

i i ) Cloose a n a r b i t r a r y d i r e c t i o n . 

i i i ) G o f rom the o r i g i n i n t h i s d i r e c t i o n u n t i l 
you f i n d a l a r g e Az. I f the b r e a k p o i n t i s f a r t h e r 
than d f rom the o r i g i n , go to v ) . 

i v ) F o l l o w the break by measur ing s u c c e s i v e l y 
top and bo t tom p o i n t s u n t i l no break p o i n t i s f o u n d . 

v ) C a l c u l a t e the p o l a r ang les o f the end p o i n t s 
o f the break wh ich d e f i n e an observed s e c t o r . I f 
i i i ) f a i l e d , t h i s i s one a n g l e . 

v i ) I f t he re are o b s e r v a t i o n s f o r enough d i r e c ­
t i o n s : end . I f no t choose the b i s s e c t i n g o f the 
l a r g e s t non-observed s e c t o r and r e t u r n t o i i i ) . 

- Th is a l g o r i t h m produces a cha in o f p o i n t s in 
FT ( t he break p o i n t s ) wh ich d e f i n e s in some sense 
the s i l h o u e t t e of a w o r k p i e c e . Th is s i l h o u e t t e may 
be a c l osed curve or more g e n e r a l l y s e v e r a l curves 
co r respond ing to the reg ions w i t h a w e l l d e f i n e d 
b reak . Of c o u r s e , we are not sure t h a t the s i l h o u ­
e t t e i s the s i l h o u e t t e o f o n l y one workp iece and 
t h a t the workp iece i s not wedged, bu t the r i s k i s 
m i n i m i z e d . 

F i n a l l y a p iecew ise l i n e a r app rox ima t i on o f 
the s i l h o u e t t e i s s t o r e d f o r f u r t h e r i n v e s t i g a t i o n s . 
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111. Posi t ioning the f ingers of the grasper 

This section is devoted to the determination 
of the possible ways to grasp the workpiece assumed 
to be defined by i t s s i l houe t te . To gr ip securely 
the workpiece we need f i r s t to put the grasper in 
a stable pos i t ion along the s i lhouet te and then to 
guarantee that the workpiece w i l l stay in the gras­
per and not f a l l down or stay in the b i n . The f i r s t 
problem and more d i f f i c u l t , is the subject of th is 
sect ion. The second one is solved, if necessary,by 
the heur is t ics described in section IV. 

To pos i t i on , without s l i d i n g , a grasper of a 
defined type along a s i lhouet te is a matching pro­
blem complicated by a mechanical problem : the 
d e f i n i t i o n of s t a b i l i t y . The matching problem has 
been extensively studied [ 4 ] but the methods used, 
even the most sophis t icated, l i ke re laxat ion 
in [ 6 ] , are too slow to be e f f i c i e n t in robot ics . 
On the other hand, the more special ised problem of 
stable prehension of an unknown object has received 
very l i t t l e a t ten t ion and only in pa r t i cu la r cases 
[ 5 ] . [ 7 ] , [11], [ 1 2 ] . 

The approach presented here is based on three 
simple ideas : 

i) If we analyse loca l l y the behaviour of the 
grasper, the problem becomes easier ; more precise­
l y , we sha l l see that the d i f f e ren t cases reduce to 
three. 

i i ) We choose a parametrisation of the s i lhouet ­
te more e f f i c i e n t that the chain of cartesian 
coodinates of i t s ve r t i ces . The parametrisat ion 
provides a simple analy t ic so lu t ion and a fast 
a lgor i thm. Moreover, though the p r inc ip le of the 
method is presented for a plane s i lhouet te and a 
two f ingers grasper, the method may eas i ly be 
generalized to a number of graspers and to non-
planar s i lhouet tes [ 8 ] . 

i i i ) The s t a b i l i t y condi t ion w i l l be essen t ia l ­
ly geometrical and is re la ted to the fac t that the 
grasper can only close, i . e . , the f ingers can only 
be brought closer together. 

As mentionned in section I I , the s i lhouet te is 
composed of one or more non-crossing polygonal 
l i nes . By convention, the s i lhouet te w i l l be 
oriented in such a way that the normal points to 
the workpiece ( i . e . , the external contour is 
clockwise, the holes counter-clockwise). 

The grasper is defined as an ordered set of 
f ingers whose re la t i ve posi t ions and d i rect ions of 
t ightening ve r i f y some constra ints . 

A pos i t ion of the grasper along the s i lhouet te 
is said to be stable i f , when t ightening ( i . e . , 
when the f ingers tend to move along the i r d i rec­
t ions of t igh ten ing) , it does not leave the 
workpiece. 

The organisat ion of the section is the f o l ­
lowing ; f i r s t , we define a segmentation of the 

These de f i n i t i ons y i e l d the t r i v i a l proposi­
t i on : a f inger wi th a lenght less than L can only 
touch the s i lhouet te at points belonging to one 
p r i m i t i v e . 

We now introduce a parametrisation of the 
pr imi t i ves which corresponds to the i n t u i t i v e idea 
that posi t ion ing the f inger D on to a p r im i t i ve P 
requires three condit ions : D must be near P, must 
not in tersect wi th the workpiece and must be cor­
rec t l y or iented. 

Four parameters are s u f f i c i e n t to define each 
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p r i m i t i v e . Thus the convex and concave p r i m i t i v e s 
are c h a r a c t e r i s e d b y t h e i r a s s o c i a t e d o r i e n t e d 
segment. So in every case , the p a r a m e t r i s a t i o n o f 
a p r i m i t i v e i s e q u i v a l e n t t o the p a r a m e t r i s a t i o n 
o f an o r i e n t e d segment. 

Le t {R} denote a r e f e r e n c e frame whose o r i g i n 
is 0. We c a l l the parameters of an o r i e n t e d segment 
V the 4 - t u p l e ( l , a , d , h ) where l i s the e u c l i d i a n 
norm of V, a i t s o r i e n t a t i o n d and h the c o o r d i ­
na tes o f i t s m idd le M expressed in the frame {R} 
b y the r o t a t i o n ( 0 , a ) . 

2 . S tab le p o s i t i o n i n g o f a grasper a long the 
s i l h o u e t t e 

The prob lem i s , now, the p o s i t i o n i n g o f the 
d i f f e r e n t f i n g e r s o f the g rasper a long the s i l h o u ­
e t t e . We r e s t r i c t our s tudy to the case of a g r a s ­
per w i t h two i d e n t i c a l f i n g e r s (see F i g u r e 2 ) . The 
g e n e r a l i s a t i o n t o o t h e r types o f g raspe rs i s 
s t r a i g h t f o r w a r d [ 8 ] . 

The parameters o f the o r i e n t e d segment a s s o c i ­
a ted w i t h the p r i m i t i v e P a re c a l l e d the parame­
t e r s of P and we w r i t e P - ( l , a , d , h ) . 

S i m i l a r l y , the parameters o f the f i n g e r D are 
those o f i t s edge o r i e n t e d in such a way t h a t i t 
forms w i t h the d i r e c t i o n o f t i g h t e n i n g a d i r e c t 
f rame. I t i s noted D - ( L , 6 , 6 , E . 

A p o s i t i o n o f the g rasper w i l l be s a i d s t a b l e 
i f the f i n g e r s are i n s t a b l e p o s i t i o n i n the sense 
of §1 and i f the d i s tancebe tween them passes t h r o u ­
gh a l o c a l minimum d i f f e r e n t f rom 0 . Th is d e f i n i ­
t i o n i m p l i e s t h a t a grasp a s s o c i a t e s two p r i m i t i v e s , 
and t h a t some a s s o c i a t i o n s o f p r i m i t i v e s cannot 
y i e l d a s t a b l e g rasp . We o n l y have to c o n s i d e r the 
f o l l o w i n g cases : the " t r a p e z o i d " ( S , S ) , the 
" t r i a n g l e " ( S , V ) , the " b u t t e r f l y " (C,C), the 
" t u n n e l " (S,C) 

The s t a b l e p o s i t i o n i n g of a f i n g e r P on to a 
p r i m i t i v e I ' i n v o l v e s th ree c o n d i t i o n s : the o r i e n ­
t a t i o n o f D toassure the s t a b i l i t y , the l a t e r a l po ­
s i t i o n i n g to assure t h a t V w i l l reach F , and the 
p o s i t i o n i n g normal t o the o r i e n t a t i o n o f the p r i m i ­
t i v e of D to assure t h a t P does no t i n t e r s e c t w i t h 
the w o r k p i e c e . I t i s proved in [8 ] t h a t , f o r the 
th ree types o f p r i m i t i v e s , the f i r s t c o n d i t i o n i s a 
f o n c t i o n of 0 e x c l u s i v e l y , the second one of 6 and 
6 , the t h i r d one o f 6,6 and £ . Th is p r o p e r t y w i l l 
y i e l d an a n a l y t i c a l s o l u t i o n i n the case o f 
s e v e r a l coup led f i n g e r s . 

F i n d i n g a grasp f o r the grasper i s e q u i v a l e n t 
t o f i n d i n g the c o n d i t i o n s under which two p r i m i t i v e s 
f o rm ing one of the above c o n f i g u r a t i o n s , make a 
g r a s p . These c o n d i t i o n s are o b t a i n e d by w r i t i n g the 
c o n d i t i o n s o f the s t a b l e p o s i t i o n i n g o f each f i n g e r 
and by r e d u c i n g the number of v a r i a b l e s owing to 
the c o n s t r a i n t s o f the g rasp . I t i s shown in [8 ] 
t h a t f o r each c o n f i g u r a t i o n the s o l u t i o n i s s imp le 
and a n a l y t i c . A few t e s t s on the parameters of the 
p r i m i t i v e s a l l o w t o know i f two p r i m i t i v e s c o n s t i t ­
u te a g r a s p , and , i f so , the p o s s i b l e p o s i t i o n s f o r 
the g r a s p e r . As an example, we g i v e the t r i v i a l 
case of the t r a p e z o i d f o r wh ich the c o n d i t i o n s are : 
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In t h a t a p p l i c a t i o n the sensor is used as a f a s t 
edge d e t e c t o r , a l l o w i n g to i s o l a t e a workp iece o r 
p a r t of a workp iece on the top of the b i n . Then a 
genera l a l g o r i t h m d e f i n e s the p o s s i b l e grasps a long 
the s i l h o u e t t e (a r e p r e s e n t a t i o n of the o b j e c t to 
be hand led is not r e q u i r e d ) ; i t may be used to 
so l ve many o t h e r problems of au toma t i c p r e h e n s i o n , 
when the o b j e c t is unknown or when a p a r t i c u l a r 
o r i e n t a t i o n o f the o b j e c t i s no t needed. 
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I V . EXPERIMENTAL STUDY 
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one of 0 . 3 mm in x and y. Th is is s u p e r f u l o u s in 
the f o l l o w i n g example, where the maximum l e n g t h of 
the workp ieces are about 20 cm : in t h i s case, 
s i m u l a t i o n shows t h a t a p r e c i s i o n of 3 mm is 
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A 100 mwatt l a s e r is used , w i t h a d iamete r 
equa l to 1.3 mm hav ing a d i ve rgence of 0 .6 mrad. 
The o p t i c s composed of f o u r lenses keep the 
d iamete r cons tan t and equa l to 0 .7 mm on the e n t i r e 
b i n . 

F i gu re 2 shows a pho tograph of the b i n . One 
n o t i c e s t h a t i n t e n s i t y da ta does no t p e r m i t e x t r a c ­
t i o n o f o u t l i n e s o f w o r k p i e c e s . I n F i g u r e 3 ( a ) , 
the d o t t e d l i n e s r e p r e s e n t the l a s e r beam's course 
f rom an o r i g i n to a b r e a k p o i n t , and the a long the 
o u t l i n e of a workp iece on the top of the b i n . The 
con t inuous l i n e i s the p iecew ise l i n e a r approx ima­
t i o n o f the s i l h o u e t t e . F i g u r e 3 ( b ) , ( c ) , (d) shows 
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c r i t e r i a used t o o r d e r the grasps i s the c r i t e r i a 
d e f i n e d i n s e c t i o n I I I 2 added w i t h some h e u r i s t i c s 
t h a t p reven t the workp iece t o f a l l down o r s t a y i n 
the b i n , based on the r e l a t i v e p o s i t i o n o f the 
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w o r k p i e c e . 
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F i g u r e 2 . Aview o f the b i n . 

The workp iece w i t h a s t a r i s the f i r s t wo r k -
p iece taken i n t o account by the sensor . 

F i gu re 3 . E x t r a c t i o n o f a workp iece s i l h o u e t t e 
( t h e one w i t h an s t a r on F i g u r e 2 ) (a ) and th ree 
p o s s i b l e grasps (b) , ( d ) . 

802 


