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1 INTRODUCTION 

The t a c t i l e i n f o r m a t i o n p l a y s a n i m p o r t a n t 
r o l e f o r a n i n t e l l i g e n t r o b o t a c t i v i t y . The m a i n 
a d v a n t a g e o f t h e t a c t i l e i n f o r m a t i o n o v e r t h e 
o p t i c a l one l i e s i n i t s 3 -d c h a r a c t e r . The 
t a c t i l e i n f o r m a t i o n can b e used b o t h f o r a f i n e r 
p o s i t i o n i n g b e f o r e g r i p p i n g t h e o b j e c t and f o r 
t h e shape and d i m e n s i o n r e c o g n i t i o n by 
a s i m u l t a n e o u s h a n d l i n g t h e o b j e c t . 

L e t ' s s o l v e t h e l a t t e r p r o b l e m . 3 -d o b j e c t s 
a r e g r i p p e d b y a n a n t r o p o m o r p h i c f i v e - f i n g e r 
h a n d . The hand c o n s i s t s o f a pa lm to w h i c h t h e 
o b j e c t i s p r e s s e d b y m u l t i j o i n t e d f i n g e r s . The 
a r t i f i c i a l hand model has been d e s i g n e d b y 
C h a l u p a and M a r i k [1 ] [5 ] u n d e r t h e GOALEM 
p r o j e c t [ 2 ] . The complex t a c t i l e i n f o r m a t i o n i s 
o b t a i n e d b o t h f r o m t h e t a c t i l e ( c o n t a c t ) s e n s i n g 
e l e m e n t s s i t u a t e d o n t h e pa lm s u r f a c e and f r o m 
t h e p o s i t i o n s e n s i n g e lemen t s e t (PSES) o n t h e 
f i n g e r j o i n t s . The r e g u l a r r e c t a n g u l a r n e t o f 
t h e o n - o f f t a c t i l e e l e m e n t s i s c a l l e d a t a c t i l e 
s e n s i n g u n i t (TSU) . The TSU m a t r i x c o n s i s t s o f 
16 l i n e s p e r 32 e l e m e n t s i n one l i n e and 7 l i n e s 
p e r 2 1 e l e m e n t s t h e d i s t a n c e between t h e c e n t e r s 
o f n e i g h b o u r i n g ones b e i n g 3 .2 mm and t h e r a d i u s 
of t h e e l e m e n t s b e i n g 1 mm. F o r d e t a i l s see [3] 

1.1 SHAPE RECOGNITION BY MEANS OF TSU 

3) The s t r i n g A is transformed to the 
s t r i n g B by a d i g i t a l f i l t e r : For s i m p l i c i t y we 
have considered the d is tance between two 
adjacent boundary po in ts being h (even i f i t i s 

.h f o r the d i r e c t i o n s 45° + k . 9 0 ° ) . 
I n p r i n c i p l e the response o f the f i l t e r i s 
expressed as a convo lu t ion B = f *A modulo 16 
where f is the impulse response* Having done 
a l o t of experiments we have a r r i v e d at 
conclusions tha t f o r the s t r i n g lengths 
n = 20-70 the t r a n s f e r f unc t i on 

is su i t ab l e f o r the shape recogn i t i on * Our 
experience i s in concordance w i t h the 
t h e o r e t i c a l conclusions of [4] . 

4) Each number in the s t r i n g B is 
considered as a p r i m i t i v e of the s t r u c t u r a l 
( l i n g u i s t i c ) d e s c r i p t i o n . To each p r i m i t i v e the 
t e rm ina l symbol is assigned. Each TSU 
p a t t e r n is descr ibed by a sentence C = c , . . , c , 

5) For the s y n t a c t i c a l ana lys is of C t ree 
grammars G1 and G are employed. G1 and G2 are 
the grammars f o r angular and ova l pa t te rns 
r e s p e c t i v e l y . The shape of the p a t t e r n (angular 
or oval ) is rough ly determined by the grammar 
by means of which the pars ing is success fu l l y 
accomplished. The grammars G1' and G2 have been 
der ived from the desc r i p t i ons of the t y p i c a l 
p a t t e r n s . 

6) At the semantical ana lys is stage the 
r i g h t i n t e r p r e t a t i o n of the chain A is looked 
f o r . For example corner p o s i t i o n s , edge lengths 
and the angle of edges are computed f o r the 
angular p a t t e r n s , centers and symetry ax is 
lengths are evaluated f o r ova l ones. Then we 
r e f i n e the shape c l a s s i f i c a t i o n i ns i de the 
basic two classes ( rec tang le , square, t r i a n g l e , 
. . . . , c i r c u l a r l i n e , e l l i p s e , . . . ) . The 
semant ical ana lys is can be expressed in terms 
of a spec ia l grammar f o r semantical ana lys is 
GSA [ 5 ] . 
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The p o s i t i o n i n f o r m a t i o n has o b v i o u s l y t h e 
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3 - d c h a r a c t e r . Each f i n g e r I s a k - l i n k e d p l a n e 
mechan i sm. The f i n g e r p l a n e s a r e p l a n p a r a l l e l , 
e q u i d i s t a n t and p e r p e n d i c u l a r w i t h r e s p e c t t o 
t h e p a l m . The f i n g e r s a p p r o x i m a t e t h e s u r f a c e 
o f t h e o b j e c t b y p l e c e w l s e l i n e a r c u r v e s . The 
a p p r o x i m a t i o n depends o n t h e c o n t r o l p r i n c i p l e s 
o f t h e g r i p p i n g a c t i v i t y w h i c h have been s i m i l a r 
t o t h o s e o f Okada and T e u c h l y a [ 6 J : The g r i p p i n g 
a c t i o n i s a l w a y s c a r r i e d o u t o n l y f o r one j o i n t 
a l l t h e j o i n t s b e i n g s u c c e s s i v e l y changed 
s t a r t i n g f r o m t h e n e a r e s t o n e . The a c t i o n o f 
t h e g i v e n j o i n t i s f i n i s h e d when t h e r e s t o f 
t h e f i n g e r c o n t a c t s t h e o b j e c t o r when t h e 
j o i n t a n g l e r e a c h e s t h e maximum v a l u e * 

I f t h e k l n e m a t l o - g e o m e t r l o a l a n a l y s i s f o r 
t h e 3 - l i n k e d meonanism i s e m p l o y e d , t h e 6 t y p e s 
o f a p p r o x i m a t i o n s can be d i s t i n g u i s h e d £>J • 
These a p p r o x i m a t i o n s a r e t a k e n a s t h e d e s c r i p t i o n 
p r i m i t i v e s . L e t ' s l a b e l them q , j ■ 1 , • • • • , 6 , 
Q * { q 1 ] • The a l g o r i t h m f o r the* ' p r o c e s s i n g o f 
t h e 3 PSES I n f o r m a t i o n ( t h e 4 f i n g e r e w i t h o u t 
t h e thumb a r e c o n s i d e r e d ) i s e x p r e s s e d i n t h e 
f o l l o w i n g way i 

1 ) F o r x - t h f i n g e r , x - 1 , 2 , 3 , 4 t h e 
d e s c r i p t i o n p r i m i t i v e i s d e t e r m i n e d b y means 
o f B a y e s i a n a d a p t i v e o l a s s i f i e r s . 

2) To eaoh p r i m i t i v e q € Q t h e t e r m i n a l 
J 

s y m b o l e t € V T i s a s s i g n e d and t h u s t h e 

i n f o r m a t i o n p r o v i d e d b y PSES I s d e s c r i b e d a s 
a s t r i n g o f t h e l e n g t h m ■ 4 . 

3 ) The s y n t a c t i c a l a n a l y s i s o f t h e s t r i n g 
I s e x e c u t e d w i t h r e s p e c t t o t h e grammar w h i c h 
was I n f e r r e d f r o m a l a r g e s e t o f s y n t a c t i c a l l y 
c o r r e c t w o r d s . The c o r r e c t i o n o f t h e d e s c r i p t i o n 
f r o m t h e s y n t a c t i c a l p o i n t o f v i e w may b e 
c a r r i e d o u t i f n e c e s s a r y . 

4 ) The s e m a n t i c a l a n a l y s i s b y means o f t h e 
due GSA I s d o n e . I n t h e c o u r s e o f t h i s a n a l y s i s 
t h e c o n t e x t u a l v e r i f i c a t i o n o f t h e d e s c r i p t i o n 
i s c a r r i e d o u t and some p a r a m e t e r s f o r t h e 2 n d 

l e v e l a r e e v a l u a t e d . 
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. s t 
nd The 2 p r o c e s s i n g l e v e l u s e s t h e 

d e s c r i p t i o n s and o t h e r r e s u l t s o f t h e b o t h 1 " 
l e v e l a l g o r i t h m s d e s c r i b e d a b o v e . The p r o c e s s i n g 
o n t h e 2™* l e v e l c o n s i s t s o f t h r e e h i e r a r c h i c a l 
s t a g e s : 
a ) t h e g e n e r a t i n g o f t h e d e s c r i p t i o n , 
b ) i t s s y n t a c t i c a l a n a l y s i s , 
c ) I t s s e m a n t i c a l a n a l y s i s . t 

The 2 n d l e v e l s e r v e s t o s y n t h e t i s e t h e 1 l e v e l 
r e s u l t s and t o r e f i n e t h e t o t a l r e c o g n i t i o n 
r e s u l t s . 

v EXfHt tMEMT^ JBESiajB. ABB gQNCWSJJQ^ 

I n t h e case o f t h e f i r s t a l g o r i t h m ( C h a p . I I ) 

t h e c o r r e c t n e s s o f t h e c l a s s i f i c a t i o n i n t o 1 2 
shape c l a s s e s ( i n c l u d i n g convex shapes) was 
n e a r l y 100%. The n u m e r i c a l e r r o r s i n t h e 
d i m e n s i o n r e c o g n i t i o n we re s m a l l e r t h a n t h e 
d i s t a n c e b e t w e e n two a d j a c e n t t a c t i l e e l e m e n t s . 

The d e s c r i p t i o n s p r o d u c e d b y t h e second 
a l g o r i t h m ( C h a p . I l l ) were c o r r e c t i n 96% oases 
f o r 5 t y p e s o f o b j e c t s . 

The shape r e c o g n i t i o n o f p r i s m s , c o n e s , 
p y r a m l d e s , c y l i n d e r s and s p h e r e s i n a l l t y p e s 
o f t h e g r i p s a s w e l l a s t h e r e c o g n i t i o n o f t h e i r 
o r i e n t a t i o n w i t h r e s p e c t t o t h e hand was 
s u c c e s s f u l l i n 97% m a k i n g u s e o f t h e b o t h 
l e v e l s . The f u n d a m e n t a l d i m e n s i o n s a n d / o r t h e 
n u m e r i c a l p a r a m e t e r s were o b t a i n e d w i t h 
n u m e r i c a l e r r o r s n o t e x c e e d i n g 8%. The 
p r o c e s s i n g t i m e on o u r s l o w M 6000 c o m p u t e r 
was a l w a y s l e s s t h a n 6 s e o , b u t i n t h e most 
cases even l e s s t h a n 1 s e c . The w o r s t r e s u l t s 
were a c h i e v e d f o r p r i s m a t i c o b j e c t s . 

U s i n g t h e comp lex t a c t i l e i n f o r m a t i o n (TSU 
and PSES d a t a ) and t h e s p e o i a l grammars v e r y 
good c l a s s i f i c a t i o n r e s u l t s a r e o b t a i n e d . The 
o n l y r e s t r i c t i o n a r e t h e o b j e c t d i n e n s i o n s 
w h i c h have t o b e s u i t a b l e f o r g r i p p i n g . The 
r e s u l t s a c h i e v e d b y t h e f o r m a l grammar a p p r o a c h 
a r e much b e t t e r t h a n t h o s e o f f e a t u r e methods 

[1] W . 
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