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Abstract 

This paper describes an a r t i f i c i a l t a c t i l e sense with 
multi-elements that not only takes the pressure i n f o r 
mation without crushing an object in the hand, but also 
discr iminates one pat tern from another on the surfaces 
being in touch therewi th . 

The eigenvalue of pat tern of stress d i s t r i b u t i o n on 
the surface of the receptor elements is derived from 
the lielmholtz equation. The element spacing of receptor 
is designed by using the re l a t i ve error of the eigen
value of the sampled pat tern as the design spec i f ica
t i o n . 

A simple experiment c lass i f y ing cy l inders , t r igona l 
prism and square p i l l a r was performed by the a r t i f i c i a l 
hand wi th mult i -e lements. As a resu l t , a high percent
age of correct answer is obtained, 

i In t roduct ion 

Some hand-eye systems and manipulators have already 
been constructed. These systems accept the information 
for sa t i s f y ing the request of task s u f f i c i e n t l y , which 
is given by a basic behavioral pat tern of the system or 
re la t ionsh ip between an object and a t i p of f inger . The 
receptors of the a r t i f i c i a l t a c t i l e sense for g iv ing 
the contact information wi th an object are a number of 
micro switches, s t r a i n gauge and conductive rubber. 
These elements are used for detect ing the contact and 
the pressure information without crushing the object in 
the hand. 1 

T.B.Sheridan has developed a prototype touch sensor 
having on i t s surface a deformablc mirror which d is to r ts 
a regular g r i d pa t te rn . The human operator observing the 
re f lec ted image through a closed c i r c u i t te lev is ion can 
i n f e r the point by point pat tern of normal forces on 
the gr ipping surface of the manipulator hand. 

The authors have proposed the t a c t i l e model, whose 
elements convert the stress d i s t r i b u t i o n t o 2 the poten
t i a l d i s t r i b u t i o n , and the VARISHOLD method for c las
s i f y i n g i t s d i s t r i b u t i o n . This paper describes the two-
dimensional pat tern for each threshold and the element 
spacing of the a r t i f i c i a l t a c t i l e sense. 

2. A prototype of the a r t i f i c i a l t a c t i l e sense 

As the grasped object deforms the surface of the ar
t i f i c i a l t a c t i l e sense, i t s stress d i s t r i b u t i o n 
is given by the output of the t a c t i l e receptors. A 
schematic diagram of these receptors is shown in F i g . l . 
The receptor elements or input are arranged at the node 
of regular net on the plane in the e las t i c mater ial of 
the a r t i f i c i a l t a c t i l e sense . Inner po ten t ia l I in 
the receptors is compared wi th the threshold 9. 

In case of the a r t i f i c i a l t a c t i l e sense being ar
ranged close to each other , these inner po ten t ia l of 
the receptors may be considered to be the potent ia l 

d i s t r i b u t i o n V( x ,y ,z ). The threshold is also consid
ered to be the threshold d i s t r i b u t i o n . Moreover, i f 
each threshold 6. of receptors has the same value, the 
threshold d i s t r i b u t i o n P( O i. ) in the a r t i f i c i a l tac
t i l e sense may be regarded Is being a plane. 

Then, comparing the inner po ten t ia l wi th the thresh
old d i s t r i b u t i o n , an obvious geometrical r e l a t i on is 
obtained among them as shown in the next sect ion. 

5. Dupin's i nd i ca t r i x of the potent ia l d i s t r i b u t i o n 

For the threshold d i s t r i b u t i o n P{ B. ) corresponding 
to the hyperplane of the potent ia l d i s t r i b u t i o n V(x,y, 
z ) , the re la t ionsh ip between P{ 0. ) and V{ x ,y ,z ) is 
described by the d i f f e r e n t i a l geometrical concept. 

Let us define a point of contact p between P( 6. ) 
and V( x ,y ,z ). We define the second ?undamental 
d i f f e r e n t i a l form at a point of contact p on the 
threshold d i s t r i b u t i o n . The second fundamental quant i ty 
is derived from i t s near surface of V( x,y,z ) at a 
point of contact p . It is clear that to get the sec-
cond fundamental quant i ty corresponds to d iscr iminat ing 
the pat tern which is proposed by the threshold d i s t r i 
bution P( 0. - A01 ) as shown in F ig .2 . 

Let us suppose the surface of the object is convex 
or concave w i th in the region of surface of the t a c t i l e 
sense and V{ x,y,z ) is described by the fo l lowing 
parameter representat ion, 

V = V( u,v ) ( 1 } 

The second fundamental d i f f e r e n t i a l form of V(u,v) 
at a point of contact p can be expressed as the f o l 
lowing equation. 

II = Ldu2 + Mdudv + Ndv2 ( 2 ) 

where L = V . e, M = V . e and N = V . e, uu uv vv ' 
3 V V = —- , e is a normal vector. 
3 u 

L, M and N represent the second fundamental quant i ty 
of the parameter representat ion u and v. Then, we have 
the fo l lowing theorem from the shape of po ten t ia l d i s 
t r i b u t i o n for the second fundamental quant i ty L, M and 
N. 

Theorem 

I) At a point of contact p of the threshold d i s t r i 
but ion PC 9, ), the points of V( u,v ) being near to 
the point pQ are on one side of the threshold d i s t r i b u 
t i on PC 6 ). If the point of contact p is the e l l i p 
t i c po in t , the fo l lowing equation is establ ished. 

L > 0, LN - M2 > 0 ( 3 ) 
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2) A t a p o i n t o f c o n t a c t p o f t he t h r e s h o l d d i s t r i 
b u t i o n P( 9 ) , t he p o i n t s o f V( u ,v ) b e i n g near to 
t he p o i n t p are o n b o t h s i d e o f t he t h r e s h o l d d i s t r i 
b u t i o n P ( 0? ) . I f t he p o i n t o f c o n t a c t p i s t h e h y 
p e r b o l i c p o i n t , t he f o l l o w i n g e q u a t i o n i s e s t a b l i s h e d . 

[ 4 ) 

3 } I f a p o i n t o f c o n t a c t p i s t h e p a r a b o l i c p o i n t 
and s a t i s f i e s t he c o n d i t i o n 1 ) . The f o l l o w i n g e q u a t i o n 
i s e s t a b l i s h e d . 

C 5 ) 

I t i s c l e a r f rom t h e theorem t h a t t h e s u r f a c e shape 
o f t h e o b j e c t a t a p o i n t o f c o n t a c t p i s i d e n t i f i e d 
a p p r o x i m a t e l y b y d i s c r i m i n a t i n g t h e t w o - d i m e n s i o n a l l y 
shaded p a t t e r n as shown in F i g . 2 . 

T h e r e f o r e , as t h e t h i c k e l a s t i c rubbe r coa ted on 
t h e r e c e p t o r e lements p l ays a n i m p o r t a n t r o l e f o r g i v 
i n g t h e p a t t e r n based upon t h e t h r e s h o l d change A8 , 
we have developed a p r o t o t y p e a r t i f i c i a l t a c t i l e sense 
c o n s i s t i n g o f t he s i m p l e touch s e n s i t i v e o n - o f f s w i t c h 
e s , wh ich i s s u f f i c i e n t t o d i s c r i m i n a t e t he p a t t e r n o f 
t h e s u r f a c e shape o f o b j e c t . 

C 7 ) 

where R and C a re t he connected domain and i t s 
boundary of pattern X , respectively. 

As the a r t i f i c i a l t a c t i l e senses a re ar ranged by a 
f i n i t e number o f r e c e p t o r e l e m e n t s , t h e ou tpu t o f r e 
c e p t o r e lements expresses o n l y t he samp l i ng v a l u e o f 
d i g i t i z e d p a t t e r n . To solve t h e above e q u a t i o n u s i n g 
t h e d i g i t i z e d va lues o f p a t t e r n i s t o use the f i n i t e 
d i f f e r e n c e method f o r Eqs. (6) and ( 7 ) . As t he e i g e n 
v a l u e s o f p a t t e r n depend o n the a r e a , t h e p a t t e r n i s 
n o r m a l i z e d b y the f o l l o w i n g , 

4. Design method fo r spacing the receptor elements 

The surface of the object touching wi th the a r t i f i 
c i a l t a c t i l e sense has some pat tern of shape. Then, the 
pat te rn of shape is d iscr iminated as a two-dimensional 
pat tern which is received by the receptors as shown in 
F ig .2 . The two-dimensional pa t te rn is regarded as a 
c i r c l e , square or i t s mod i f i ca t ion . I t i s desirable 
that the pat tern can be discr iminated prec ise ly by as 
few receptors as poss ib le . The problem of spacing and 
sampling of the two-dimensional patterns have not been 
subjected to such extensive inves t iga t ions . G.C.Cheng 
and R.S. Ledley discussed the error ana lys is , that i s , 
the normalized mean-square er ror etc. f o r the two-d i 
mensional d i g i t i z e d p ic ture of a chromosome image on a 
photomicrograph. 

In t h i s sec t ion , we discuss a design method fo r 
spacing the receptor elements by using the concept of 
the eigenvalue sa t i s f y i ng the Helmholtz equation. 
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5. Pattern c l a s s i f i c a t i o n of the grasped 

object by the a r t i f i c i a l hand 

Pattern c l a s s i f i c a t i o n of the grasped object is car
r i ed out by the a r t i f i c i a l hand wi th the a r t i f i c i a l 
t a c t i l e senses. An important funct ion of a r t i f i c i a l 
t a c t i l e sense is to c lass i f y the surface shape of the 
grasped object by the a r t i f i c i a l hand, This section 
describes a prototype of the a r t i f i c i a l t a c t i l e sense 
which is designed according to Sec.4.2 and an exper i 

ment of the pat tern c l a s s i f i c a t i o n of the grasped ob
ject by the a r t i f i c i a l hand. 

I t is necessary that the a r t i f i c i a l t a c t i l e sense is 
small-sized on a f inger t i p of the a r t i f i c i a l hand and 
consists of multi-elements fee l ing a small f inger t i p 
pressure for c lass i fy ing the grasped object . In t h i s 
sect ion, we describe a prototype of the a r t i f i c i a l tac
t i l e sense developed under the above condi t ion. One of 
the t r i a l a r t i f i c i a l t a c t i l e senses arranges the 20 
elements in 5 rows by 4 columns as shown in F ig .8 . The 
whole size is 20mm in wid th , 25mm in length and 5mm in 
thickness, and an element is 3min in diameter, and the 
spacing is h = 4mm. Therefore, in case of the c i r cu la r 
pat tern , the re la t i ve error is = 0.26. 

As shown in F ig .8 , the elements are s imi la r to on-
o f f switches and a point of contact is closed by app l i 
ed pressure of about 20-40 g/cm". 

The a r t i f i c i a l hand with the a r t i f i c i a l t a c t i l e 
sense described above is contro l led sequent ia l ly by the 
fo l lowing steps( F i g . 9 ) . 

( 1 J The object is set up. 
( 2 ) The thumb and the index f inger grasp 

the object . 
f 3 ) The middle, the t h i r d and the l i t t l e 

f ingers grasp sequent ia l ly . 
C 4 ) The f ingers grasp the object f i rm l y . 

The output pattern of the a r t i f i c i a l t a c t i l e sense 
are given by the point of contact with the grasped ob
j e c t . By a feature extract ion of the output pa t te rn , 
i t s output is given to the input of a t ra inab le pattern 
c l a s s i f i e r as shown in Fig.10. 

The grasped object is a t r i gona l prism( 90mm on a 
side 1, a square p i l l a r ( 75mm on a side ) or a column 
( 80mmf100mm in diameter J, The 16 output patterns are 
used in the learning process as shown in F i g . l l . We 
have t r i ed a pattern c l ass i f i ca t i on by using the above 
adjusted weights of the t ra inab le pattern c l a s s i f i e r 
and gotten the result of Table 1, 

6. Conclusion 

In t h i s paper , we have proposed a des ign method f o r 
the r e c e p t o r e lements o f the a r t i f i c i a l t a c t i l e sense. 
Th is method i s an a p p l i c a t i o n o f the e igenva lue s a t i s 
f y i n g t he I leJmhol tz e q u a t i o n . We t h i n k t h i s method w i l l 
have a wide a p p l i c a t i o n . 

P a t t e r n c l a s s i f i c a t i o n o f an o b j e c t i v e shape has 
been done by us ing the a r t i f i c i a l hand w i t h t he a r t i f i 
c i a l t a c t i l e sense which c o n s i s t s o f m u l t i - e l e m e n t s . A 
h i gh percentage o f c o r r e c t c l a s s i f i c a t i o n s have been 
o b t a i n e d . 
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