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@  Edge  grinding  method  and  apparatus. 

  A  method  for  grinding  an  edge  portion  of  a  spectacle 
lens  comprising  steps  of  digitally  measuring  a  shape  of  a 
spectacle  frame  to  which  the  lens  is to  be  fitted  to  obtain  first 
digital  values  of  measurement,  and  grinding  the  edge  por- 
tion  of  the  lens  based  on  the  digital  values  to  obtain  a  pe- 
ripheral  configuration  of  the  lens  which  conforms  to  the 
shape  of  the  spectacle  frame. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   a n d  

a p p a r a t u s   f o r   e d g i n g   a  s p e c t a c l e   l e n s   so  t h a t   i t   f i t s   to  a  

s p e c t a c l e   f r a m e .   More  s p e c i f i c a l l y ,   t h e   p r e s e n t   i n v e n t i o n  

r e l a t e s   t o  a   m e t h o d   and  a p p a r a t u s   f o r   g r i n d i n g   the   edge   p o r -  

t i o n   of  a  s p e c t a c l e   l e n s   in  a c c o r d a n c e   w i t h   t he   s h a p e   of  a  

s p e c t a c l e   f r a m e .  

D e s c r i p t i o n   of   P r i o r   A r t  

C o n v e n t i o n a l l y ,   a  s p e c t a c l e   l e n s   i s   g r o u n d   a t   t h e   e d g e  

p o r t i o n   b e f o r e   i t   i s   f i t t e d   to  a  s p e c t a c l e   f r a m e   so  t h a t   i t s  

p e r i p h e r a l   c o n f i g u r a t i o n   c o n f o r m s   to  t h e   s h a p e   of  t h e   f r a m e .  

For   t h e   p u r p o s e ,   a  t e m p l a t e   i s   u s u a l l y   p r e p a r e d   m o d e l i n g   t h e  

s p e c t a c l e   f r a m e   and  t h e   l e n s   edge   i s   g r o u n d   c o p y i n g   t h e   t e m -  

p l a t e .   In  an  a l t e r n a t i v e   p r o c e d u r e ,   t h e   l e n s   i s   g r o u n d  

d i r e c t l y   c o p y i n g   t h e   s p e c t a c l e   f r a m e .   In  s u c h   known  p r o c e -  

d u r e s ,   t h e r e   i s   no  means   f o r   m e a s u r i n g   t h e   a c c u r a c y   of  t h e  

g r i n d i n g   o p e r a t i o n ,   so  t h a t   t h e   o n l y   way  of  c o n f i r m i n g   t h a t  

t h e   l e n s   has   b e e n   e d g e d   to  a  s a t i s f a c t o r y   e x t e n t   is   to   t r y   t o  

f i t   t he   l e n s   to  t h e   s p e c t a c l e   f r a m e .   F u r t h e r ,   when  i t   i s  

f o u n d   t h a t   t h e   e d g i n g   work  i s   i n c o m p l e t e ,   i t   has   b e e n   v e r y  

d i f f i c u l t   to  d e t e r m i n e   t he   p o r t i o n   and  t he   a m o u n t   of  a d d i -  

t i o n a l   g r i n d i n g   r e q u i r e d   f o r   c o m p l e t i n g   t h e   e d g i n g   w o r k .  

T h u s ,   in  t he   c o n v e n t i o n a l   m e t h o d s ,   s k i l l s   and  e x p e r i e n c e s   o f  

workmen   have   b e e n   r e q u i r e d   and  i t   has   been   d i f f i c u l t   to  m a i n -  



t a i n   t h e   a c c u r a c y   of  t h e   e d g i n g .   P a r t i c u l a r l y ,   in  t he   m e t h o d  

w h e r e i n  t h e   e d g i n g   work  is   p e r f o r m e d   c o p y i n g   t h e   s p e c t a c l e  

f r a m e   d i r e c t l y ,   i t   i s   r e q u i r e d   to  r e m o v e   t he   s p e c t a c l e   f r a m e  

f rom  t h e   g r i n d i n g   m a c h i n e   e a c h   t i m e   when  t h e   r e s u l t   of  t h e  

g r i n d i n g   work  i s   to  be  i n s p e c t e d .   When  i t   i s   f o u n d   t h a t   a  

f u r t h e r   g r i n d i n g   i s   n e c e s s a r y ,   t h e   s p e c t a c l e   f r a m e   has   to  b e  

m o u n t e d   on  t h e   m a c h i n e   b u t   i t   i s   v e r y   d i f f i c u l t   to  l o c a t e   t h e  

s p e c t a c l e   f r a m e   e x a c t l y   a t   t h e   same  p o s i t i o n   w h e r e   i t   w a s  

l o c a t e d   b e f o r e   i t   was  r e m o v e d .   T h e r e f o r e ,   t h e r e   i s   a  h i g h  

p o s s i b i l i t y   of  w o r k i n g   e r r o r s   b e i n g   p r o d u c e d   due  to   e r r o r s   i n  

l o c a t i n g   t h e   s p e c t a c l e   f r a m e .  

OBJECT  OF  THE  INVENTION 

I t   i s   t h e r e f o r e   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  s p e c t a c l e   l e n s   e d g i n g   m e t h o d   and  a p p a r a t u s   t h e r e f o r  

w h i c h   can   p e r f o r m   an  a c c u r a t e   e d g i n g   w o r k .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e  

a  m e t h o d   and  a p p a r a t u s   f o r   e d g i n g   a  s p e c t a c l e   l e n s ,   in  w h i c h  

a c c u r a c y   of  t h e   e d g i n g   work  can   be  r e a d i l y   m e a s u r e d .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t he   a b o v e   a n d  

o t h e r   o b j e c t s   can   be  a c c o m p l i s h e d   by  a  m e t h o d   fo r   g r i n d i n g   a n  

edge   p o r t i o n   of  a  s p e c t a c l e   l e n s   c o m p r i s i n g   s t e p s   of  d i g i t a l l y  



m e a s u r i n g   a  s h a p e   of  a  s p e c t a c l e   f r a m e   to   w h i c h   t h e   l e n s   is   t o  

be  f i t t e d  t o   o b t a i n   f i r s t   d i g i t a l  v a l u e s   of  m e a s u r e m e n t ,   a n d  

g r i n d i n g   t he   edge   p o r t i o n   of  t he   l e n s   b a s e d   on  the   d i g i t a l  

v a l u e s   to  o b t a i n   a  p e r i p h e r a l   c o n f i g u r a t i o n   of  t h e   l e n s   w h i c h  

c o n f o r m s   to  t he   s h a p e   of  t he   s p e c t a c l e   f r a m e .   A c c o r d i n g   t o  

a n o t h e r   a s p e c t   of  t he   p r e s e n t   i n v e n t i o n ,   f u r t h e r   s t e p s   a r e  

c a r r i e d   o u t   f o r   d i g i t a l l y   m e a s u r i n g   t h e   p e r i p h e r a l   c o n f i g u r a -  

t i o n   of  t h e   l e n s   w h i c h   has   b e e n   g r o u n d   to  o b t a i n   s e c o n d  

d i g i t a l   v a l u e s   of  m e a s u r e m e n t   and  c o m p a r i n g   t h e   f i r s t   a n d  

s e c o n d   d i g i t a l   v a l u e s   to  j u d g e   a c c u r a c y   of  t he   g r i n d i n g .   T h e  

p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   an  a p p a r a t u s   f o r   p e r f o r m i n g  

t he   a f o r e m e n t i o n e d   m e t h o d .  

A c c o r d i n g   to  a  s p e c i f i c   a s p e c t   of  t he   p r e s e n t   i n v e n -  

t i o n ,   t h e r e   i s   p r o v i d e d   an  a p p a r a t u s   f o r   g r i n d i n g   an  e d g e  

p o r t i o n   of  a  s p e c t a c l e   l e n s   c o m p r i s i n g   a  g r i n d i n g   w h e e l   r o t a t -  

a b l e   a b o u t   a  f i r s t   a x i s ,   d r i v i n g   means   f o r   r o t a t i n g   t h e   g r i n d -  

ing  w h e e l   a b o u t   s a i d   f i r s t   a x i s ,   a  c a r r i a g e   i n c l u d i n g   l e n s  

h o l d i n g   means   f o r   h o l d i n g   t h e   l e n s   and  r o t a t i n g   i t   a b o u t   a  

s e c o n d   a x i s ,   s h i f t i n g   means   f o r   c o n t r o l l i n g   a  s p a c i n g   b e t w e e n  

s a i d   f i r s t   and  s e c o n d   a x e s   in  a c c o r d a n c e   w i t h   an  a n g l e   o f  

r o t a t i o n   of  s a i d   l e n s ,   f i r s t   m e a s u r i n g   means   i n c l u d i n g   a  

r o t a t i n g   arm  r o t a t a b l e   a b o u t   a  e n t e r   of  r o t a t i o n   and  a  f e e l e r  

p r o v i d e d   on  s a i d   arm  and  a d a p t e d   to  be  moved  a l o n g   a  s h a p e   o f  

a  s p e c t a c l e   f r a m e   to  w h i c h   t h e   l e n s   is   to  be  f i t t e d   so  as  t o  

m e a s u r e   d i g i t a l l y   t h e   s h a p e   of  t he   s p e c t a c l e   f r a m e   in   t e r m s   o f  

a  d i s t a n c e   f rom  s a i d   c e n t e r   of  r o t a t i o n   of  t h e   r o t a t i n g   a r m  

and  an  a n g l e   of  r o t a t i o n   of  s a i d   r o t a t i o n   arm,   m e m o r i z i n g  



means   f o r   m e m o r i z i n g   v a l u e s   o b t a i n e d   by  m e a s u r e m e n t s   of  s a i d  

f i r s t   m e a s u r i n g   m e a n s ,   c o n t r o l   means   f o r   c o n t r o l l i n g   t h e   a n g l e  

of   r o t a t i o n   of  s a i d   l e n s   and  t h e   s p a c i n g   b e t w e e n   s a i d   f i r s t  

and  s e c o n d   a x e s   in  a c c o r d a n c e   w i t h   t h e   v a l u e s   m e m o r i z e d   i n  

s a i d   m e m o r i z i n g   m e a n s ,   s e c o n d   m e a s u r i n g   means   i n c l u d i n g   a  

s e c o n d   f e e l e r   a d a p t e d   to   be  c o n t a c t e d   w i t h   a  p e r i p h e r y   of  s a i d  

l e n s   f o r   m e a s u r i n g   d i g i t a l l y   t h e   p e r i p h e r a l   c o n f i g u r a t i o n   o f  

s a i d   l e n s   in  t e r m s   of  a  r a d i a l   d i s p l a c e m e n t   of  t h e   s e c o n d  

f e e l e r   in  r e l a t i o n   to  t he   r o t a t i o n   of  t he   l e n s ,   c o m p a r a t o r  

means   f o r   c o m p a r i n g   t h e   v a l u e s   m e m o r i z e d   in  s a i d   m e m o r i z i n g  

means   w i t h   v a l u e s   o b t a i n e d   by  m e a s u r e m e n t s   of  s a i d   s e c o n d  

m e a s u r i n g   m e a n s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  p e r s p e c t i v e   v i ew   s h o w i n g   t h e   l e n s   e d g i n g  

a p p a r a t u s   in  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e   p r e s e n t   i n -  

v e n t i o n ;  

F i g u r e   2A  i s   an  e x p l o d e d   p e r s p e c t i v e   v i ew   s h o w i n g   t h e  

s p e c t a c l e   f r a m e   m e a s u r i n g   m e a n s ;  

F i g u r e   2B  i s   an  p e r s p e c t i v e   v i ew   s h o w i n g   t h e   f r a m e  

h o l d i n g   m e a n s ;  

F i g u r e   3  i s   a  s i d e   v i e w   p a r t l y   in  s e c t i o n   s h o w i n g   a  

d e t e c t o r   f o r   m e a s u r i n g   t h e   e y e g l a s s   f r a m e ;  

F i g u r e   4  i s   a  p e r s p e c t i v e   v i ew   s h o w i n g   a  l e n s  

p e r i p h e r y   m e a s u r i n g   m e a n s ;  



F i g u r e s   5,  6A  and  6B  a r e   e x p l a n a t o r y   v i e w s   f o r  

e x p l a i n i n g   an  o p e r a t i o n   of  t h e   f r a m e   m e a s u r i n g   m e a n s ;  

F i g u r e   7  i s   an  e x p l a n a t o r y   v i e w  f o r   e x p l a i n i n g   a n  

o p e r a t i o n   of  an  l e n s   p e r i p h e r y   m e a s u r i n g   m e a n s ;  

F i g u r e   8  i s   an  e x p l a n a t o r y   v i ew   f o r   e x p l a i n i n g   l e n s  

e d g i n g ;  

F i g u r e   9  is   a  p e r s p e c t i v e   v i ew  s h o w i n g   a  l e n s   m e a s u r -  

ing  m e a n s ;  

F i g u r e   10  i s   a  t op   v i ew   s h o w i n g   t h e   l e n s   m e a s u r i n g  

m e a n s ;  

F i g u r e   11  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   s h o w i n g   t h e  

l e n s   m e a s u r i n g   m e a n s ;  

F i g u r e   12  i s   a  s e c t i o n a l   v i e w   of  a  c o n t a c t   p o r t i o n   o f  

t h e   l e n s   m e a s u r i n g   means   a l o n g   a  l i n e   X I I - X I I   in  F i g u r e   1 0 ;  

F i g u r e   13  i s   a  s e c t i o n a l   v i e w   of  a  c o n t a c t   p o r t i o n   o f  

t h e   l e n s   m e a s u r i n g   means   a l o n g   a  l i n e   X I I I - X I I I   in  F i g u r e   1 0 ;  

F i g u r e   14  i s   an  e x p l a n a t o r y   v i ew  fo r   e x p l a i n i n g  

m e a s u r e m e n t   of  c o n f i g u r a t i o n   of  an  e d g e d   l e n s ;  

F i g u r e   15  i s   a  p e r s p e c t i v e   v i ew   s h o w i n g   an  e d g e d   l e n s ;  

F i g u r e   16  i s   a  p l a n e   v i ew   of  t he   l e n s   m e a s u r i n g   m e a n s  

fo r   e x p l a i n i n g   m e a s u r e m e n t   of  a  p e r i p h e r y   t h i c k n e s s   of  l e n s ;  

F i g u r e   17  i s   a  s c h e m a t i c   v i ew   of  l e n s   fo r   s h o w i n g   g e o -  

m e t r i c   v a l u e   t h e r e o f ;  



F i g u r e   18  i s   a  b l o c k   d i a g r a m   of  o p e r a t i o n   and  c o n t r o l  

u n i t ;   a n d  

F i g u r e   19  i s   a  f l o w   c h a r t   s h o w i n g   w h o l e   o p e r a t i o n s   o f  

t h e   p r e s e n t   e m b o d i m e n t .  

DESCRIPTIONS  OF  THE  PREFERRED  EMBODIMENT 

[ G e n e r a l   e x p l a n a t i o n   o f   l e n s   e d g i n g   a p p a r a t u s ]  

R e f e r r i n g   to   F i g u r e   1,  t h e r e   i s   shown  a  g r i n d i n g   s e c -  

t i o n   in  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e   l e n s   e d g i n g  

a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n .   In  a  g r i n d i n g   room  2  of  a  

h o u s i n g   1  t h e r e   i s   p r o v i d e d   a  g r i n d i n g   w h e e l   3  c o m p r i s i n g   a  

r o u g h i n g   w h e e l   3a ,   a  b e v e l i n g   w h e e l   3b  h a v i n g   a  l a r g e   V - s h a p e d  

g r o o v e   in  i t s   p e r i p h e r y ,   and  a  c y l i n d r i c   p r e c i s i o n   g r i n d i n g  

w h e e l   3c ,   and  t h e   w h e e l   3  i s   s e c u r e d   on  a  s h a f t   5  h a v i n g   a  

p u l l e y   4.  The  p u l l e y   4  i s   c o n n e c t e d   w i t h   a  g r i n d i n g   m o t o r   6 

t h r o u g h   a  b e l t   7  so  t h a t   t h e   w h e e l   3  i s   r o t a t e d   by  t h e   m o t o r  

6 .  

In  t he   h o u s i n g   1  t h e r e   a r e   p r o v i d e d   w i t h   b e a r i n g   mem-  

b e r s   10,   11  w h i c h   a r e   a d a p t e d   to   r o t a t i o n a l l y ,   a x i a l l y - m o v a b l y  

h o l d   a  c a r r i a g e   s h a f t   12.   One  end  of  t h e   c a r r i a g e   s h a f t   12  i s  

r o t a t i o n a l l y   m o u n t e d   on  a  b e a r i n g   member   21a  p r o v i d e d   on  a  

l a t e r   m e n t i o n e d   t r a n s f e r   s t a t i o n   20.  T h e r e   i s   p r o v i d e d   w i t h   a  

c a r r i a g e   13  arm  m e m b e r s   14,   15  o f  w h i c h   a r e   s e c u r e d   on  t h e  

s h a f t   12.  On  o t h e r   arm  m e m b e r s   16,   17  of  t h e   c a r r i a g e   13  

t h e r e   is   p r o v i d e d   w i t h   a  work  h o l d i n g   s h a f t   18  c o m p r i s i n g   a  



p a i r   of  s h a f t s   18a ,   18b  fo r   h o l d i n g   a  l e n s   LE  to  be  e d g e d .  

The  s h a f t   18a  has   an  o p e r a t i o n   h a n d l e   19  a t   i t s   end ,   and  b y  

r o t a t i o n   of  t he   h a n d l e   19  t h e   s h a f t   18a  i s   s l i d e d   a l o n g   i t s  

a x i s   so  t h a t   t he   s h a f t s   18a ,   18b  s u p p o r t s   t h e   l e n s   LE  b e t w e e n  

t h e m .  

T h e r e   i s   p r o v i d e d   w i t h   a  l e n s   m e a s u r i n g   means   30  m e n -  

t i o n e d   l a t e r ,   an  arm  p o r t i o n   31  of  w h i c h   i s   m o u n t e d   on  t h e  

s h a f t   12  so  as  to  s w i n g   on  an  a x i s   in  common  w i t h   one  of  t h e  

c a r r i a g e   1 3 .  

A  b a s e   p l a t e   21  of  t he   s t a t i o n   20  has   a  p a i r   of  w h e e l s  

22  w h i c h   a r e   a d a p t e d   to  r o l l   on  r a i l s   23  s e c u r e d   on  t he   h o u s -  

ing   1  so  t h a t   t he   s t a t i o n   20  i s   p o s s i b l e   to  move  a l o n g   t h e  

r a i l s   23.  The  s t a t i o n   20  has   a  f e m a l e   s c r e w   24  to  be  e n g a g e d  

w i t h   a  t r a n s f e r   m a l e   s c r e w   41,  w h i c h   i s   r o t a t e d   by  a  m o t o r   40  

so  t h a t   t he   s t a t i o n   20  i s   moved  in  b o t h   d i r e c t i o n s   as  shown  b y  

an  a r r o w   25.  The  s h a f t   12,  as  m e n t i o n e d   a b o v e ,   is   r o t a t i o n a l -  

ly  m o u n t e d   on  t he   member  21a ,   and  t h e r e f o r e   t he   c a r r i a g e   13  

h o r i z o n t a l l y   moves   s i m u l t a n e o u s l y   w i t h   t h e   s t a t i o n   2 0 .  

The  b a s e   p l a t e   21  has   two  v e r t i c a l   s h a f t s   26,   2 6 '  

p a r a l l e l   to  e a c h   o t h e r ,   w h i c h   m o v a b l e   moun t   a  s t o p p i n g   m e m b e r  

27.  The  s t o p p i n g   member  27  has   a  f e m a l e   s c r e w   28  to  be  e n -  

g a g e d   w i t h   a  t r a n s f e r   m a l e   s c r e w   43,   w h i c h   i s   r o t a t e d   by  a  Z -  

a x i s   m o t o r   40  so  t h a t   t h e   s t o p p i n g   member  27  is   u p w a r d   o r  

d o w n w a r d   moved .   The  c a r r i a g e   13  a l s o   has  an  arm  p o r t i o n   1 6 a  

w h i c h   m o u n t s   a  r o t a t i o n   w h e e l   1 6 b  a t .   i t s   end ,   and  t h e   r o t a t i o n  

w h e e l   16b  i s   p l a c e d   on  an  u p p e r   s u r f a c e   of  t he   s t o p p i n g   m e m b e r  



27  so  t h a t   t h e   c a r r i a g e   13  i s   p o s s i b l e   to  s w i n g   in  r e s p o n s e   t o  

a  v e r t i c a l   m o t i o n   of  t h e   s t o p p i n g   m e m b e r .  

[ E y e g l a s s   f r a m e   m e a s u r i n g   m e a n s ]  

R e f e r r i n g   to   F i g u r e   2A,  t h e r e   is   shown  means   f o r  

d i g i t a l l y   m e a s u r i n g   a  c o n f i g u r a t i o n   of  t he   e y e g l a s s   f r a m e   or  a  

l e n s   p a t t e r n   p r e v i o u s l y   made  in  a c c o r d a n c e   w i t h   t he   e y e g l a s s  

f r a m e .   The  s h a f t   18b  i s   s u p p o r t e d   by  a  b e a r i n g   member   50  

f o r m e d   on  t he   c a r r i a g e   13.  The  s h a f t   18b  m o u n t s   a  d e t e c t i n g  

arm  51  a t   i t s   end  1 8 c ,   and  a  l o n g   s i d e   f r a m e   52  of  t h e   d e t e c t -  

ing   arm  51  i s   m o u n t e d   on  an  end  p o r t i o n   18c  of  t he   s h a f t   1 8 b  

a t   r i g h t   a n g l e   to   a  r o t a t i o n   a x i s   of  t h e   s h a f t   18b .   A  d e -  

t e c t o r   54  i s   p r o v i d e d   on  a n o t h e r   l o n g   s i d e   f r a m e   53  to   b e  

moved  t h e r e o n   and  b i a s e d   to   t h e   end  p o r t i o n   of  t h e   f r a m e   53  b y  

a  p r e s s u r e   s p r i n g   59  c o i l e d   a r o u n d   t h e   f r a m e   53.   On  s h o r t  

s i d e   f r a m e s   55,   56  of  t h e   arm  51  t h e r e   a r e   r o t a t i o n a l l y   p r o -  

v i d e d   w i t h   p u l l e y s   57,   58,   r e s p e c t i v e l y .  

w h i l e ,   t h e   s h a f t   18b  r o t a t i o n a l l y   s u p p o r t s   a  p u l l e y   60  

w h i c h   i s   u n i t e d   w i t h   a  code   d i s c   62  of  an  e n c o d e r   61.  A  d e -  

t e c t i n g   head   62a  of  t h e   e n c o d e r   61  i s   s e c u r e d   to   an  o u t s i d e   o f  

t h e   arm  16.  A  f i r s t   w i r e   80  i s   wound  a r o u n d   t h e   p u l l e y   60  a n d  

s e c u r e d   to   t h e   d e t e c t o r   54  t h r o u g h   t h e   p u l l e y   57  and  t h e   s i d e  

of  t he   p u l l e y   60  a t   t h e i r   e n d s ,   r e s p e c t i v e l y .   A  s e c o n d   w i r e  

81  i s   w o u l d   a r o u n d   t h e   p u l l e y   60  in  an  o p p o s i t e   d i r e c t i o n   t o  

t h e   f i r s t   w i r e   80  and  s e c u r e d   to   t h e   d e t e c t o r   54  t h r o u g h   t h e  

p u l l e y   60  and  t h e   s i d e   of  t h e   p u l l e y   60  a t   t h e i r   e n d s ,   r e s p e c -  

t i v e l y ,   t h e r e b y ,   d i s p l a c e m e n t   of  d e t e c t o r   54  on  t he   f r a m e   53  



may  be  d e t e c t e d   as  r o t a t i o n   a n g l e   of  t he   p u l l e y   60  or  t h e   d i s c  

6 2 .  

The  d e t e c t o r   54,   as  shown  in  F i g u r e   3,  c o m p r i s e s   a  

s l i d i n g   s e a t   541  m o v a b l y   m o u n t e d   on  t h e   f r a m e   53,  a  s l i d i n g  

r o t a t i o n e d   s h a f t   543  r o t a t i o n a l l y   s u p p o r t e d   by  the   s e a t   5 4 1 ,  

and  a  d e t e c t i n g   f e e l e r   542  s e c u r e d   to  t h e   s h a f t   543.   The  d e -  

t e c t i n g   f e e l e r   542  has   a  l e n s   p a t t e r n   f e e l e r   544  and  an  e y e -  

g l a s s   f r a m e   c o n t a c t i n g   w h e e l   546 .   The  f e e l e r   542  is   a  p o r t i o n  

of  t h e   s h a f t   543 ,   w h i c h   i s   p a r t i o n a l l y   c u t   down  so  as  to  f o r m  

a  s e m i c i r c u l a r   c r o s s   s e c t i o n .   The  w h e e l   546  is   r o t a t i o n a l l y  

p r o v i d e d   on  an  end  of  a  U - s h a p e d   arm  member  545  w h i c h   i s  

m o u n t e d   on  t h e   s h a f t   543 .   A  c o n t a c t i n g   s u r f a c e   544a   of  t h e  

f e e l e r   544  and  a  c o n t a c t i n g   p e r i p h e r y   546a   of  t he   w h e e l   5 4 6  

a r e   l o c a t e d   so  as  to  i n c l u d e   an  a x i s   0,  of  t h e   s h a f t   543 .   On 

a n o t h e r   end  of  t he   s h a f t   543  a  p i n   547  i s   i n s e r t e d   so  as  to  b e  

p a r a l l e l   to  t h e   s u r f a c e   5 4 4 a ,   and  t h e   p i n   547  e n g a g e s   w i t h   a  

s t o p p i n g   member  548  f i x e d   on  t h e   f r a m e   52  on  i t s   s i d e   s u r f a c e  

when  t h e   d e t e c t o r   54  i s   on  t h e   f i r s t   p o s i t i o n .  

R e f e r r i n g   now  to  F i g u r e   2A,  in  t h e   c a r r i a g e   13  t h e r e  

a r e   p r o v i d e d   w i t h   a  m o t o r   70  f o r   r o t a t i n g   t h e   s h a f t s   18,   1 8 a  

and  s p r o c k e t   w h e e l   s h a f t   71  h a v i n g   a  p a i r   of  s p r o c k e t   w h e e l s  

to  be  r o t a t e d   by  t h e   m o t o r   70  a t   i t s   o p p o s i t e   e n d s .   T h e  

s h a f t s   18,   18a  have   s p r o c k e t   w h e e l s   74,   75,   r e s p e c t i v e l y .  

C h a i n s   76,   77  l i n k   b e t w e e n   t h e  s p r o c k e t s   72,   74,   t h e   s p r o c k e t s  

73,  75,   r e s p e c t i v e l y ,   so  t h a t   t h e   s h a f t s   18,   18a  a r e   r o t a t e d  

by  t he   m o t o r   7 0 .  



In  t he   h o u s i n g   1,  t h e r e   i s   f u r t h e r   p r o v i d e d   w i t h   a n  

e y e g l a s s   f r a m e   h o l d i n g   means   90,   a  s t a t i o n   91  of  w h i c h   i s  

l o c a t e d   p a r a l l e l   to  l o n g i t u d i n a l   d i r e c t i o n   of  t h e   arm  m e m b e r  

16  a t   t h e   t i m e   when  t h e   c a r r i a g e   13  i s   on  t h e   f i r s t   p o s i t i o n .  

The  s t a t i o n   91  has   a  p a i r   of  r a i l s   92,   93  p a r a l l e l   to  t h e  

l o n g i t u d i n a l   d i r e c t i o n   of  t h e   arm  member  16,   w h i c h   m o v a b l y  

s u p p o r t   e y e g l a s s   f r a m e   s u p p o r t i n g   m e m b e r s   94,   95.  The  s u p -  

p o r t i n g   m e m b e r s   94,  95  a r e   a l w a y s   b i a s e d   by  a  s p r i n g   96  t o w a r d  

e a c h   o t h e r .   The  s u p p o r t i n g   member  95  has   a  s c r e w   p o r t i o n   a t  

i t s   l e g   p o r t i o n   9 5 a ,   w h i c h   e n g a g e s   w i t h   a  t r a n s f e r   s c r e w   9 7 a  

p r o v i d e d   on  a  s h a f t   of  a  Y - a x i s   m o t o r   97.  The  s u p p o r t i n g   mem- 

b e r s   94 ,   95  have   f i t t i n g   member  9 4 c ,   95c  a t   u p p e r   p o r t i o n s   o f  

arms  94b ,   95b  in  o r d e r   to  f i t   an  e y e g l a s s   f r a m e   h o l d i n g   m e m b e r  

1 0 0 .  

The  h o l d i n g   m e m b e r ,   as  shown  in  F i g u r e   2B,  has   a  b a s e  

p l a t e   101  p r o v i d i n g   a  c i r c l e   o p e n i n g   102  a t   i t s   c e n t e r ,   e y e -  

g l a s s   f r a m e   h o l d i n g   arms  103 ,   104  p r o v i d e d   on  t he   p l a t e   1 0 1  

b e i n g   o p p o s i t e   to  e a c h   o t h e r ,   and  a  p r e s s u r e   member   105  f o r  

p r e s s i n g   an  e y e g l a s s   f r a m e   2 0 0 .  

The  arms  103 ,   104  h o l d   u p p e r   and  l o w e r   l i m b s   of  t h e  

e y e g l a s s   f r a m e   200  and  t h e   p r e s s u r e   member   105  p r e s s e s   t h e  

l e n s   f r a m e   200 ,   so  t h a t   t h e   e y e g l a s s   f r a m e   200  i s   s e c u r e d   o n  

t h e   o p e n i n g   102  of  t he   member  100 .   At  t h i s   t i m e ,   a  f o r e   e n d  

105a   and  a  r e a r   end  105b  of  t h e   p r e s s u r e   member  105  a r e   p r o -  

j e c t e d   f rom  c o n c a v i t i e s   1 0 3 a ,   104a   of  t h e   arms  103 ,   1 0 4 ,  

t h e r e b y   a  f o r e   end  101a   and  a  r e a r   end  101b  ( n o t   shown  i n  

F i g u r e s )   of  t h e   p l a t e   101  a r e   on  t h e   same  p l a n e   w i t h   t h e   e n d s  



1 0 5 a ,   1 0 5 b ,   r e s p e c t i v e l y .   The  member  100  h o l d i n g   the   e y e g l a s s  

f r a m e   200  is  s u p p o r t e d   by  t he   m e m b e r s   9 4 c ,   9 5 c .  

The  b a s e   p l a t e   101 ,   t he   p r e s s u r e   member  105  and  t h e  

c o n c a v i t i e s   1 0 3 a ,   104a   a r e   d e s i g n e d   so  t h a t   an  u p p e r   edge   o f  

t he   r e a r   and  106b  and  a  l o w e r   edge   of  t he   r e a r   end  101b  a r e  

p o s i t i o n e d   a t   t he   same  d i s t a n c e   d  f rom  a  c e n t e r   a x i s   of  a  V -  

s h a p e d   g r o o v e   of  t he   l o w e r   l i m b .   The  s u p p o r t i n g   m e m b e r s   9 4 c ,  

95c  have   V - s h a p e d   g r o o v e s   94d ,   95d ,   r e s p e c t i v e l y .   T h e r e b y ,  

when  the   h o l d i n g   member  100 ,   as  shown  in  F i g u r e   2C,  i s  

s u p p o r t e d   by  t h e   s u p p o r t i n g   m e m b e r s   9 4 c ,   9 5 c ,   t he   u p p e r   e d g e  

of  t he   r e a r   end  105b  and  t he   l o w e r   edge   of  t he   r e a r   end  1 0 1 b  

s l i d e   on  s u r f a c e s   of  t h e   V - s h a p e d   g r o o v e s   94d ,   95d  so  t h a t   a  

c e n t e r   b e t w e e n   t h e   u p p e r   edge   and  t h e   l o w e r   edge   b e c o m e s   c o i n -  

c i d e n t   w i t h   a  c e n t e r   of  t h e   V - s h a p e d   g r o o v e .   In  t h i s   way  a  

c e n t e r   201b  of  a  V - s h a p e d   g r o o v e   of  t he   l o w e r   l i m b   c o i n c i d e s  

w i t h   t h e   one  of  t h e   s u p p o r t i n g   m e m b e r s   9 4 c ,   9 5 c .  

A  t e m p l a t e   h o l d i n g   member  110 ,   as  shown  in  F i g u r e   4 ,  

is   u s e d   in  t h e   c a s e   of  t h a t   a  l e n s   t e m p l a t e   210  i s   s u p p o r t e d  

by  t he   s u p p o r t i n g   m e m b e r s   94,   95.  The  member  110  c o m p r i s e s   a  

h o l d i n g   f r a m e   111 ,   p o l e   m e m b e r s   112 ,   113  s e c u r e d   on  an  o p p o -  

s i t e   e n d s   of  t he   h o l d i n g   f r a m e   111 ,   a  t e m p l a t e   h o l d i n g   p o l e  

l l l a   f i x e d   to  t he   f r a m e   111  a t   i t s   c e n t e r ,   and  p i n s   114 ,   1 1 5 ,  

116  p r o j e c t e d   f rom  t he   t e m p l a t e   h o l d i n g   p o l e   l l l a   a t   i t s   e n d .  

The  p a t t e r n   210  has  t h r e e   h o l e s   to  be  e n g a g e d   w i t h   t h e   p i n s  

114 ,   115 ,   1 1 6 .  



[ O p e r a t i o n   of  e y e g l a s s   f r a m e   m e a s u r i n g   m e a n s ;  

H e r e i n a f t e r ,   t h e r e   is   shown  t h e   o p e r a t i o n   of  t he   e y e -  

g l a s s   f r a m e   m e a s u r i n g   means   d e s c r i b e d   a b o v e .   The  e y e g l a s s  

h o l d i n g   member  100  is   h e l d   b y  t h e   s u p p o r t i n g   m e m b e r s   94,   9 5 ,  

and  t he   c a r r i a g e   13  i s   moved  by  r o t a t i o n   of  t he   Z - a x i s   m o t o r  

40  in  a  d i r e c t i o n   of  an  a r r o w   A  ( shown  in  F i g u r e   1)  by  t h e  

p r e d e t e r m i n e d   d i s p l a c e m e n t .   In  a c c o r d a n c e   w i t h   r o t a t i o n   o f  

the   Y - a x i s   m o t o r   97  t h e   e y e g l a s s   h a n d l i n g   member  100  i s   m o v e d  

a l o n g   t h e   r a i l s   92,   93  by  the   p r e d e t e r m i n e d   d i s p l a c e m e n t   a n d  

t he   e y e g l a s s   f r a m e   200  is   moved  to  t he   f i r s t   s e t   p o s i t i o n   s o  

t h a t   t he   c e n t e r   201b  of  t he   V - s h a p e d   g r o o v e   of  t he   l o w e r   l i m b  

is   in  c o n t a c t   w i t h   t he   c o n t a c t i n g   w h e e l   546  in  t h e   same  p l a n e ,  

and  t he   r o t a t i o n   a x i s   01  of  t he   d e t e c t i n g   arm  51  is   l o c a t e d   i n  

t he   e y e g l a s s   f r a m e   200 .   At  t h i s   t i m e   t he   w h e e l   546  is  e n g a g e d  

w i t h   t h e   V - s h a p e d   g r o o v e   of   t he   l o w e r   l i m b ,   and  the   p i n   547  i s  

r e l e a s e d   f rom  t h e   s t o p p i n g   member  548  to  make  the   s h a f t   5 4 3  

f r e e   of  r o t a t i o n .   D i s p l a c e m e n t   of  t he   d e t e c t o r   54  a l o n g   t h e  

f r a m e   53  i s   c o n v e r t e d   i n t o   r o t a t i o n   a n g l e   to  be  m e a s u r e d   b y  

t he   e n c o d e r   61  t h r o u g h   t h e   w i r e s   80,  8 1 .  

When  t h e   c a r r i a g e   13  and  t h e   d e t e c t i n g   arm  51  a r e  

l o c a t e d   a t   t he   f i r s t   p o s i t i o n   as  shown  in  F i g u r e   2A  and  t h e  

d e t e c t o r   54  is   l o c a t e d   a t   t h e   f i r s t   p o s i t i o n   as  shown  i n  

F i g u r e   5  w h e r e   t h e   d e t e c t o r   54  i s   p r e s s e d   by  t he   s p r i n g   59  n o t  

to  a b u t   on  t he   e y e g l a s s   f r a m e   200 ,   an  o r i g i n   O  is  t a k e n   to  b e  

on  t he   a x i s   01  and  a  d i s t a n c e   b e t w e e n   t he   o r i g i n   O  and  t h e  

r o t a t i o n   a x i s   02  of  t h e   arm  51  is   t a k e n   to  be  . .   The  a s s u m p -  

t i o n   is   f u r t h e r   made  t h a t   t h e   e n c o d e r   61  c o u n t s   c o u n t i n g   v a l u e  



Cn  in  a c c o r d a n c e   w i t h   s a i d   p r e d e t e r m i n e d   d i s p l a c e m e n t   of  t h e  

e y e g l a s s   f r a m e   200  and  t h e   r o t a t i o n   of  t he   d e t e c t i n g   arm  5 1 ,  

the   e n c o d e r   61  has   e ° / p u l s e   r e s o l u t i o n ,   t he   d e t e c t o r   54  has   d  

( m m ) / p u l s e   r e s o l u t i o n   in  r e s p o n s e   to  t h e   r e s o l u t i o n   of  t h e  

e n c o d e r   61,  and  r o t a t i o n   a n g l e   @n  of  t h e   d e t e c t i n g   arm  51  i s  

0 °  w h e n   t he   d e t e c t i n g   arm  51  i s   p o s i t i o n e d   a t   t he   f i r s t   s t a n d -  

a rd   p o s i t i o n   or  p a r a l l e l   to  t h e   arm  member  16  of  t he   c a r r i a g e  

13.  Under   t he   p r e s e n t   e m b o d i m e n t ,   when  t he   d i s p l a c e m e n t   o f  

t he   d e t e c t o r   54  a l o n g   t he   d e t e c t i n g   arm  51  i s   m e a s u r e d   by  t h e  

e n c o d e r   61,   a  r a d i u s   v e c t o r   ρn  of  t h e   d e t e c t i n g   arm  51  b e i n g  

a t   t he   r o t a t i o n   a n g l e   @n  i n c l u d e s   r o t a t i o n   of  t he   d e t e c t i n g  

arm  51,   and  t h e r e f o r e  

When  t h e   d e t e c t i n g   arm  51  i s   p o s i t i o n e d   a t   t he   s t a n d a r d   p o s i -  

t i o n   or  @n  =   0,  t h e   r a d i u s   v e c t o r   Po  i s   p r e s e n t e d   f rom  t h e  

e q u a t i o n   (1)  as  f o l l o w s ;  

In  t h i s   way  d i g i t a l   v a l u e s   (Pn,   @n)  ( n  =   0,  1,  2,  . . . ,  

N)  of  a  c o n f i g u r a t i o n   of  t he   e y e g l a s s   f r a m e   200  a b o u t   t he   a x i s  

02  is   o b t a i n e d   t h r o u g h   t he   r o t a t i o n   of   t he   d e t e c t i n g   arm  5 1  

a l o n g   a  w h o l e   p e r i p h e r y   of  t he   e y e g l a s s   f r a m e   2 0 0 .  

The  v a l u e s   (pn ,   @n)  a r e   t h o s e   in  t he   c a s e   w h e r e   t h e  

r o t a t i o n   c e n t e r   02  of  t he   d e t e c t i n g   arm  51  is   l o c a t e d   a t   a n y  

p o s i t i o n   in  t he   e y e g l a s s   f r a m e   200  and  n o t   in  t he   c a s e   w h e r e  

the   r o t a t i o n   c e n t e r   02  is   l o c a t e d   a t   a  g e o m e t r i c   c e n t e r   of  t h e  



e y e g l a s s   f r a m e   200.   R e f e r r i n g   to   F i g u r e s   6A  and  6B  t h e r e   i s  

shown  a  m e t h o d   to   i n v e r t   t h e   f o r m e r   i n t o   t h e   l a t t e r .   L o c a t i n g  

t he   c a r r i a g e   13  a t   t he   f i r s t   p o s i t i o n ,   a  Y - a x i s   i s   t a k e n   to  b e  

l i n e   c o n n e c t i n g   b e t w e e n   t h e   r o t a t i o n   c e n t e r   02  and  a  s w i n g  

c e n t e r   0  of  t he   c a r r i a g e   13,  and  a  X - a x i s   is   t a k e n   to   be  o n e  

c r o s s i n g   t he   Y - a x i s   a t   a  r i g h t   a n g l e .   On  t h e   c o n d i t i o n s   m e n -  

t i o n e d   a b o v e ,   t h e   e y e g l a s s   f r a m e   d a t a   (pn,   @n)  u n d e r   r e c -  

t a n g u l a r   c o o r d i n a t e   a r e   c o n v e r t e d   i n t o   t h o s e   (xn,   yn)  u n d e r  

p o l a r   c o o r d i n a t e   t h r o u g h   t h e   f o l l o w i n g   t r a n s f o r m i n g   e q u a t i o n s  

( 3 ) ;  

From  t h e   e y e g l a s s   f r a m e   d a t a   (xn ,   yn)  t h e   minimum  c o o r d i n a t e  

p o i n t   A  (xa ,   ya)  and  t h e   maximum  c o o r d i n a t e   p o i n t   C  (xc ,   y c )  

in  t h e   X - a x i s   d i r e c t i o n   and  t h e   min imum  c o o r d i n a t e   p o i n t   D 

(xd,   yd)  and  t h e   maximum  c o o r d i n a t e   p o i n t   B  (xb ,   yb)  in  t he   Y -  

a x i s   d i r e c t i o n   a r e   s e l e c t e d ,   c o o r d i n a t e   v a l u e s   03  (x3 ,   y3)  o f  

t h e   g e o m e t r i c   c e n t e r   03  of  t h e   e y e g l a s s   f r a m e   200  a r e   c a l -  

c u l a t e d   f rom  t h e   f o l l o w i n g   e q u a t i o n   ( 4 ) ;  

T h e n ,   d i f f e r e n c e s   Δ x ,  Δ y   b e t w e e n   t h e   r o t a t i o n   c e n t e r  

02  (x0 ,   y0)  u n d e r   t h e   f i r s t   p o s i t i o n   and  t h e   03  (x3 ,   y3)  a r e  

c a l c u l a t e d   f rom  e q u a t i o n s  A x   =  x 0  -   x3,   ΔY =   y 0  -   y3.   S h i f t  

of  Δy  i s   c a r r i e d   o u t   so  t h a t   t h e   f r a m e   h o l d i n g   means   90  i s  

moved  by  Δy  by  t h e   Y - a x i s   m o t o r   97.   W h i l e ,   s h i f t   of  Δx  i s  



c a r r i e d   o u t   so  t h a t   t he   c a r r i a g e   13  i s   swung  by  g o i n g   up  a n d  

down  t he   s t o p p i n g   member  27  by  h.  Under   t he   p r e s e n t   e m b o d i -  

ment   a  sw ing   r a d i u s   M  of  t he   d e t e c t i n g   arm  51  is   t w i c e   as  l o n g  

as  a  s w i n g   r a d i u s   m  of  t h e   w h e e l   1 6 b ,  

The  o p e r a t i o n   m e n t i o n e d   a b o v e   l e a d s   to  make  the   r o t a t i o n  

c e n t e r   of  t he   d e t e c t i n g   arm  51  c o i n c i d e n t   w i t h   t he   g e o m e t r i c  

c e n t e r   03  of  t h e   e y e g l a s s   f r a m e   200 .   S u b s e q u e n t l y ,   t h e   d e -  

t e c t i n g   arm  51  is   r o t a t e d   by  an  a n g l e   β  in  o r d e r   to  s h i f t   a  

p o s i t i o n   of  t he   o r i g i n .   In  t he   p r e s e n t   c o n d i t i o n ,   t he   d e t e c t -  

ing  arm  51  is   r o t a t e d   a l o n g   the   w h o l e   p e r i p h e r y   of  t he   l e n s  

f r a m e   200  a g a i n ,   so  t h a t   t he   d i g i t a l   c o n f i g u r a t i o n   v a l u e s   ( P n ,  

@n)  of  t he   e y e g l a s s   f r a m e   200  a r e   o b t a i n e d   and  m e m o r i z e d .  

[ L e n s   t e m p l a t e   m e a s u r i n g   m e a n s j  

R e f e r r i n g   to  F i g u r e   7,  t h e r e   i s   shown  a  m e t h o d   f o r  

m e a s u r i n g   the   l e n s   t e m p l a t e   w h i c h   is  u s e d   i n s t e a d   of  t he   e y e -  

g l a s s   f r a m e .   In  F i g u r e   7  e l e m e n t s   c o r r e s p o n d i n g   to  t h o s e  

shown  in  F i g u r e   5  a r e   w i t h   t he   same  r e f e r e n c e   n u m e r a l s   and  e x -  

p l a n a t i o n s   t h e r e o f   a r e   o m i t t e d .   To  m e a s u r e   a  c o n f i g u r a t i o n   o f  

t he   l e n s   t e m p l a t e   210  t h e   f e e l e r   544  is  moved  to  be  in  c o n t a c t  

w i t h   a  p e r i p h e r y   of  the   l e n s   t e m p l a t e   210  and  the   d e t e c t i n g  

arm  51  i s   r o t a t e d .   The  d e t e c t i n g   arm  51  i s   s h i f t e d   f rom  t h e  

o r i g i n   0  by  the   p r e d e t e r m i n e d   d i s t a n c e   to  l o c a t e   t he   r o t a t i o n  



a x i s   02  t h e r e o f   in  t he   l e n s   p a t t e r n   210 .   In  c a s e   w h e r e   t h e  

d e t e c t i n g   arm  51  i s   r o t a t e d   by  a n g l e   On  f rom  t h e   f i r s t   s t a n d -  

a rd   p o s i t i o n   t h e r e o f ,   a  r a d i u s   v e c t o r   t ρn   is   r e p r e s e n t e d   a s  

f o l l o w s ;  

w h i l e ,   in  c a s e   w h e r e   t h e   d e t e c t i n g   arm  51  is   p o s i t i o n e d   a t   t h e  

f i r s t   s t a n d a r d   p o s i t i o n ,   a  r a d i u s   v e c t o r   tρo   i s   r e p r e s e n t e d   a s  

f o l l o w s ;  

In  t he   same  m e t h o d   as  t h a t   of  m e a s u r i n g   of  t he   e y e -  

g l a s s   f r a m e   m e n t i o n e d   a b o v e ,   t h e   g e o m e t r i c   c e n t e r   of  t h e   l e n s  

t e m p l a t e  2 1 0   i s   c a l c u l a t e d   f rom  l e n s   p a t t e r n   c o n f i g u r a t i o n  

( t P n ,   en)  (n  =  0,  1,  2 ,  . . . ,   N) ,   t he   r o t a t i o n   c e n t e r   02  of  t h e  

d e t e c t i n g   arm  51  is   moved  to   t he   g e o m e t r i c   c e n t e r   and  r o t a t e d  

a l o n g   the   w h o l e   p e r i p h e r y   of  t h e   l e n s   p a t t e r n   210 ,   and  t h e  

m e a s u r e d   v a l v e s   a r e   m e m o r i z e d .  

In  t h i s   e m b o d i m e n t   a  c o n t a c t   p o i n t   546a   b e t w e e n   t h e  

g r o o v e   of  t he   e y e g l a s s   f r a m e   200  and  t h e   c o n t a c t i n g   w h e e l   5 4 6  

and  t h e   c o n t a c t i n g   s u r f a c e   5 4 4 a ,   as  shown  in  F i g u r e   3,  a r e  

a d a p t e d   to  be  l o c a t e d   on  t h e   a x i s   0,  of  t h e   s h a f t   543 ,   a t   t h e  

m e a s u r i n g   t i m e   t h e   c o n t a c t i n g   w h e e l   546  and  t h e   f e e l e r   5 4 4  

s u p p o r t e d   by  t h e   U - s h a p e d   arm  member  545  a r e   p r e s s e d   a g a i n s t  

t he   g r o o v e   of  t h e   e y e g l a s s   or  t he   l e n s  t e m p l a t e ,   and  t h e   m e m b e r  

545  i s   t u r n e d   to  a  l i n e   p e r p e n d i c u l a r   to  a  c o n t a c t   s u r f a c e  

b e t w e e n   t h e   w h e e l   546  and  t h e   g r o o v e   or  t he   f e e l e r   544  and  t h e  



l e n s   p a t t e r n .   C o n s e q u e n c l y ,   t he   m e a s u r e m e n t   m e n t i o n e d   a b o v e  

is   a l w a y s   c a r r i e d   o u t   w i t h   p r e c i s i o n .  

[ E d g i n g   means   and  o p e r a t i o n   t h e r e o f ]  

R e f e r r i n g   to  F i g u r e   8,  t h e r e   i s   shown  an  e d g i n g   m e a n s  

fo r   e d g i n g   p r e - e d g e d   l e n s   LE  in  a c c o r d a n c e   w i t h  t h e   v a l u e s   o b -  

t a i n e d   by  t he   a b o v e   m e n t i o n e d   m e a s u r i n g   means   and  t h e   o p e r a -  

t i o n   t h e r e o f .   The  p r e - e d g e d   l e n s   i s   m o u n t e d   by  t he   s h a f t s   1 8 ,  

18a  ( r e f e r   to  F i g u r e   1 ) ,   and  t he   m o t o r   6  i s   e n e r g i z e d ,   so  t h a t  

t he   p r e - e d g e d   l e n s   f a l l s   on  t h e   w h e e l   3  by  i t s   g r a v i t y   i n  

o r d e r   to  be  e d g e d   t h e r e b y .  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   t he   p r e - e d g e d  

LE  is   e d g e d   on  t h e   b a s i s   of  t h e   v a l u e   (pn ,   @n)  ( n  =   0,  1,  2 ,  

. . . ,   N)  m e n t i o n e d   a b o v e .   D i s p l a c e m e n t   of  t he   c a r r i a g e   13  i s  

m e a s u r e d   by  t h e   l i n e a r   e n c o d e r   610 ,   w h i c h   c o m p r i s e s   a  s c a l e  

611  p r o v i d e d   on  a  s i d e   of  t h e   arm  p o r t i o n   31  of  t h e   l e n s  

m e a s u r i n g   means   30  so  as  to  r o t a t e   i t   a b o u t   a  p i v o t a l   p o i n t   P ,  

and  a  d e t e c t o r   head   612  p i v o t e d   on  t h e   s i d e   of  t he   c a r r i a g e  

13.  A  r o t a t i o n   a n g l e   y  of  t h e   c a r r i a g e   13  in  r e s p o n s e   to   d i s -  

p l a c e m e n t   f rom  t he   c e n t e r   03  to  t h e   c e n t e r   02  i s   t he   same  a s  

t he   r o t a t i o n   a n g l e   y'  of  t h e   d e t e c t o r   h e a d   612 .   The  r o t a t i o n  

a n g l e   y'  b e i n g   e q u a l   to  one  of  t h e   c a r r i a g e   13  is   r e a d   o u t   o n  

t h e   s c a l e   611.   S i n c e   t h e   s c a l e   611  i s   p i v o t e d   on  t h e   arm  p o r -  

t i o n   31  a t   t he   p i v o t a l   p o i n t   P,  a  d i s t a n c e   b e t w e e n   e,  a n d  k 2  

is   s u b s t a n t i a l l y   e q u a l   to  a  l e n g t h   c  b e t w e e n   e ' 1   and  e 2 .  

W h i l e ,   t he   p r e s e n t   e m b o d i m e n t   is   d e s i g n e d   so  t h a t ,   s u p p o s e  

t h a t   a  r a d i u s   is   e q u a l   to   t h e   l e n g t h   b e t w e e n   t he   s h a f t   12  a n d  



t h e   p o i n t   P  and  an  i n c l u d e d   a n g l e   is  e q u a l   to  a  r o t a t i o n   a n g l e  

of  t he   c a r r i a g e   13,  a  h y p o t e n u s e   P  in  r e s p o n s e   to  an  a r c   6 1 3  

b e c o m e s   e q u a l   to  t he   l e n g t h   C.  T h e r e b y ,   t he   v a l u e   r e a d   by  t h e  

e n c o d e r   610  b e c o m e s   e q u a l   to  t he   h y p o t e n u s e   P  in  t he   c a s e  

w h e r e   t h e   c a r r i a g e   13  i s   r o t a t e d   by  a n g l e   T,  and  the   l e n g t h   e n  

b e c o m e s   t w i c e   as  much  as  t he   a b o v e   v a l u e .   In  t h i s   way,  w h i l e  

e a c h   p o r t i o n   of  t he   p e r i p h e r y   in  r e s p o n s e   to  e v e r y   r a d i u s  

v e c t o r   ρ0  i s   m e a s u r e d ,   t he   e a c h   p o r t i o n   is   e d g e d   u n t i l   t h e  

f e m a l e   s c r e w   28  of  t he   s t o p p i n g   member  27  is   in  c o n t a c t   w i t h  

t h e   r o t a t i o n   w h e e l   16b .   S u b s e q u e n t l y ,   t he   m o t o r   70  is  e n e r -  

g i z e d   by  the   same  p r e d e t e r m i n e d   a n g l e   as  one  on  m e a s u r i n g   l e n s  

f r a m e   to  make  t h e   l e n s   LE  r o t a t e   by  an  a n g l e   e ' n ,   and  the   l e n s  

LE  is   e d g e d   u n t i l   i t   has   a  r a d i u s   v e c t o r   ρ ' n .   The  o p e r a t i o n  

m e n t i o n e d   a b o v e   i s   c a r r i e d   o u t   on  e v e r y   e y e g l a s s   f r a m e   v a l u e  

(bn ,   n )   (n  =  0,  1,  2,  . . . ,   N),   so  t h a t   w h o l e   p e r i p h e r y   of  t h e  

l e n s   LE  is   e d g e d   upon  t he   e y e g l a s s   f r a m e   v a l u e s .  

[ L e n s   m e a s u r i n g   m e a n s ]  

R e f e r r i n g   to  F i g u r e s   9  t h r o u g h   13  t h e r e   is   shown  t h e  

l e n s   m e a s u r i n g   means   30  d i s c l o s e d   in  F i g u r e   1.  S h a f t s   3 0 2 ,  

303  a r e   f i x e d   on  a  b a s e   301  n o r m a l l y   p r o j e c t e d   f rom  the   a r m  

p o r t i o n   31  and  p i v o t   l i n k   arms  304 ,   305  a t   t h e i r   e n d s ,   r e s p e c -  

t i v e l y .   Arm  m e m b e r s   309 ,   310  a r e   m o u n t e d   on  a  l i n k   ba r   306  a t  

i t s   e n d s   and  p i v o t e d   by  t h e   l i n k   arms  304 ,   305  a t   t h e i r   o t h e r  

ends   t h r o u g h   s h a f t   307 ,   308 ,   r e s p e c t i v e l y .   The  l i n k   arms  3 0 4 ,  

305  t h e   l i n k   bar   306  and  t he   b a s e   301  form  a  l i n k   m o t i o n .   T h e  

arm  m e m b e r s   309 ,   310  have   s h a f t s   311 ,   312  l y i n g   p a r a l l e l   t o  



t he   l i n k   bar   306  t h r o u g h   d e f o r m e d   e l l i p t i c a l   f r a m e s   317 ,   3 1 8 .  

O t h e r   d e f o r m e d   e l l i p t i c a l   f r a m e s   313 ,   314  p i v o t   t h e   s h a f t s  

311 ,   312  a t   t h e i r   e n d s ,   r e s p e c t i v e l y .   A  U - s h a p e d   arm  p o r t i o n  

315a   of  a  s h a f t   member  315  i s   m o v a b l y   e n g a g e d   w i t h   t he   s h a f t  

311  a t   i t s   m i d d l e   p o r t i o n   and  t he   s h a f t   member  315  i s   m o v a b l y  

e n g a g e d   w i t h   a  b e a r i n g   p o r t i o n   316a   of  a  m o v i n g   member  3 1 6 .  

The  m o v i n g   member  316  has   a  p i n   319  on  i t s   u p p e r   s u r f a c e   w h i c h  

is   m o v a b l y   e n g a g e d   w i t h   a  s l i t  3 2 0 a   of  an  arm  member  320 .   T h e  

arm  member  320  i s   p i v o t e d   by  a  s h a f t   321  p r o j e c t e d   f rom  t h e  

b a s e   301  a t   i t s   end .   In  t h e   same  way,   a  U - s h a p e d   arm  p o r t i o n  

322a  of  a  s h a f t   member  322  i s   m o v a b l y   e n g a g e d   w i t h   t he   s h a f t  

312  a t   i t s   m i d d l e   p o r t i o n   and  t h e   s h a f t   member  322  i s   m o v a b l y  

e n g a g e d   w i t h   a  b e a r i n g   p o r t i o n   323a   of  a  m o v i n g   member  3 2 3 .  

The  m o v i n g   member  323  has  a  p i n   319  on  i t s   u p p e r   s u r f a c e   w h i c h  

is   m o v a b l y   e n g a g e d   w i t h   a  s l i t   325a   of  an  arm  member  325.   T h e  

arm  member  325  is   p i v o t e d   by  a  s h a f t   326  p r o j e c t e d   f rom  t h e  

b a s e   301  a t   i t s   e n d .  

The  b a s e   301  m o u n t s   an  arm  m o t o r   330  a  r o t a t i o n   s h a f t  

of  w h i c h   is   p r o v i d e d   w i t h   an  arm  p l a t e   331.   The  arm  p l a t e   3 3 1  

has   r o t a r y   w h e e l s   332 ,   333  a t   i t s   o p p o s i t e   e n d s ,   w h i c h   a r e  

p r e s s e d   to  e a c h   s i d e   of  t he   arm  m e m b e r s   320 ,   325 .   The  a r m  

member  320  m o u n t s   a  d e t e c t i n g   head   335  of  an  e n c o d e r   334  a t  

i t s   m i d d l e   p o r t i o n ,   and  a  s c a l e   337  of  t he   e n c o d e r   334  p a s s e s  

t h r o u g h   t he   d e t e c t i n g   head   335.   The  b a s e   301  p i v o t s   a  s c a l e  

337  a t   i t s   end .   In  t he   same  way,  a  d e t e c t i n g   head   339  i s  

m o u n t e d   on  t he   arm  member  325  a t   i t s   m i d d l e   p o r t i o n ,   and  a  

s c a l e   340  of  t h e   e n c o d e r   334  p a s s e s   t h r o u g h   the   d e t e c t i n g   h e a d  

3 3 9 .  



Two  r a i l   m e m b e r s   341 ,   342  p a s s i n g   t h r o u g h   f r a m e s   3 1 3 ,  

314  a r e   s u p p o r t e d   by  f r a m e s   317 ,   318  p a r a l l e l   to  t h e   l i n k   b a r  

306  so  as  to  s u p p o r t   t he   f r a m e s   313 ,   314.   The  f r a m e   313  i s  

e n g a g e d   w i t h   a  c y l i n d r i c   member  345  a t   i t s   end  i n t o   w h i c h   a  

c y l i n d r i c   member  343  i s   r o t a t i o n a r y   i n s e r t e d   on  a  common  a x i s  

t h e r e o f .   The  U - s h a p e d   arm  p o r t i o n   315a   of  t h e   s h a f t   m e m b e r  

315  i s   m o v a l l y   e n g a g e d   w i t h   a  g r o o v e   343a   f o r m e d   on  an  o u t e r  

p e r i p h e r y   of  t h e   c y l i n d r i c   member  343 .   In  t he   same  way,  t h e  

f r a m e   314  i s   e n g a g e d   w i t h   a  c y l i n d r i c   member  345  a t   i t s   e n d  

i n t o   w h i c h   a  c y l i n d r i c   member  346  i s   r o t a t i o n a l l y   i n s e r t e d   o n  

a  common  a x i s   t h e r e o f .   The  U - s h a p e d   arm  p o r t i o n   322a   of  t h e  

s h a f t   member  322  i s   m o v a b l y   e n g a g e d   w i t h   a  g r o o v e   346a   f o r m e d  

on  an  o u t e r   p e r i p h e r y   of  t he   c y l i n d r i c   member  343 .   A  r i n g   3 4 7  

h a v i n g   a  b e v e l   347a   and  a  r i n g   348  h a v i n g   a  b e v e l   348  a r e  

m o v a b l y   m o u n t e d   on  t h e   c y l i n d r i c   member  345.   The  c y l i n d r i c  

member  345  has   a  g r o o v e   345a   p a r a l l e l   to  an  a x i s   t h e r e o f ,   a n d  

a  p i n   349  c o n n e c t s   t he   r i n g   347  w i t h   t he   c y l i n d r i c   member  3 4 3  

and  a  p i n   350  c o n n e c t s   t h e   r i n g   348  w i t h   t he   c y l i n d r i c   m e m b e r  

346 .   P i n s   351 ,   352  p u l l e d   by  s p r i n g   353 ,   as  shown  in  F i g u r e  

11,   p e n e t r a t e s   i n t o   t h e   c y l i n d r i c   m e m b e r s   3 4 3 ,   346 ,   t h e r e b y  

t h e   c y l i n d r i c   m e m b e r s   343 ,   346  a r e   f o r c e d   to  be  p u l l e d   t o w a r d  

e a c h   o t h e r   and  t h e   r i n g s   347 ,   348  l i n k e d   to  t he   c y l i n d r i c   mem-  

b e r s   343 ,   346  a r e   a l s o   f o r c e d   to   be  p u l l e d   t o w a r d   e a c h   o t h e r .  

; O p e r a t i o n   of   l e n s   m e a s u r i n g   m e a n s ]  

R e f e r r i n g   to  F i g u r e s   14  t h r o u g h   18,  t h e r e   i s   s h o w n  

o p e r a t i o n s   of  t he   l e n s   m e a s u r i n g   means   m e n t i o n e d   a b o v e .   I n  



F i g u r e   14  t h e   c a r r i a g e   13  i s   r e t u r n e d   to   t he   f i r s t   p o s i t i o n   s o  

t h a t   t h e   e d g e d   l e n s   LE  is   b r o u g h t   to  t h e   p r e d e t e r m i n e d  

p o s i t i o n .   S u b s e q u e n t l y ,   an  e c c e n t r i c   cam  360  is   r o t a t e d   by  a  

d r i v i n g   means   ( n o t   shown  in  F i g u r e )   so  t h a t   t h e   l e n s   m e a s u r i n g  

means   i s   t u r n e d   a b o u t   t he   s h a f t   12  to   make  t he   c y l i n d r i c  

member   345  c o n t a c t   w i t h   t h e   p e r i p h e r y   of  t he   e d g e d   l e n s   L E .  

N e x t ,   t h e   r o t a r y   work  h o l d e r   18  i s   s t e p w i s e   r o t a t e d   by  t h e  

p r e d e t e r m i n e d   a n g l e   in  t h e   same  m a n n e r   as  e d g i n g   t h e   l e n s ,   a n d  

t h e   r a d i u s   v e c t o r   p'  of  t he   e d g e d   l e n s   i s   m e a s u r e d   a t   e a c h  

s t e p p e d   a n g l e .   The  e n c o d e r   610  u s e d   on  e d g i n g ,   as  shown  i n  

F i g u r e   8,  was  u t i l i z e d   f o r   m e a s u r i n g   t h e   r a d i u s   v e c t o r   p l .  

H o w e v e r ,   in  c a s e   of  e d g i n g ,   t h e   r a d i u s   v e c t o r   is   r e a d   o u t   b y  

t h e   d e t e c t i n g   head   612  m o v i n g   on  t h e   s c a l e   611  in  r e s p o n s e   t o  

s w i n g   of  t h e   c a r r i a g e   13 ,   w h i l e   on  m e a s u r i n g   t h e   r a d i u s   v e c t o r  

of  t h e   e d g e d   l e n s   t h e   r a d i u s   v e c t o r ,   as  shown  F i g u r e   14,   i s  

r e a d   o u t   on  t h e   s c a l e   611  moved  in  r e s p o n s e   to  t h e   sw ing   o f  

t h e   arm  p o r t i o n   31  by  t h e   d e t e c t i n g   head   612  m o u n t e d   on  t h e  

f i x e d   c a r r i a g e   1 3 .  

R e f e r r i n g   to   F i g u r e s   15  t h r o u g h   17  t h e r e   is   s h o w n  

m e a s u r i n g   of  c u r v a t u r e   and  p e r i p h e r a l   t h i c k n e s s   of  l e n s   by  t h e  

l e n s   m e a s u r i n g   means   30.  The  m o t o r   330  i s   e n e r g i z e d   no t   t o  

make  t h e   arm  p l a t e   331  p r e s s   t h e   arm  m e m b e r s   320 ,   325 ,   so  t h a t  

t h e   c y l i n d r i c   m e m b e r s   343 ,   346  a r e   moved  t o w a r d   e a c h   o t h e r   b y  

t h e   s p r i n g   353 .   T h e r e b y ,   t h e   p e r i p h e r y   of  t h e   l e n s   LE  is   g o t  

b e t w e e n   t he   r i n g s   347 ,   348  l i n k e d   w i t h   t he   c y l i n d r i c   m e m b e r s  

343 ,   346 .   At  t h i s   t i m e   t h e   c y l i n d r i c   m e m b e r s   343 ,   346  m a k e  

t he   arm  member  320 ,   325  s w i n g ,   and  t h e   r o t a t i o n   a n g l e   of  t h e  



arm  m e m b e r s   320 ,   325  or  t h e   d i s p l a c e m e n t   of  t he   r i n g s   347 ,   3 4 8  

a r e   m e a s u r e d   by  t h e   e n c o d e r s   334 ,   338 .   By  e n e r g i z i n g   t h e  

m o t o r   70  t h e   l e n s   LE  is   s t e p w i s e   r o t a t e d ,   and  the   d i s p l a c e m e n t  

of  t h e   r i n g s   347 ,   348  a r e   m e a s u r e d   a t   e a c h   r o t a t i o n   a n g l e   o f  

t h e   l e n s   L E .  

R e f e r r i n g   to  F i g u r e   17,   s u p p o s e   t h a t   fZA  and  fZB  m e a n  

r e a d i n g s   m e a s u r e d   t h r o u g h   t h e   r i n g   347  a t   p o s i t i o n   A  and  B ,  

r e s p e c t i v e l y ,   ρ'A  and  ρ'B  mean  r a d i u s   v e c t o r s   a t   the   p o s i t i o n  

A  and  B,  r e s p e c t i v e l y ,   and  Rf  means   c u r v a t u r e   r a d i u s   of  a  

f r o n t   s u r f a c e   h a v i n g   a  c u r v a t u r e   c e n t e r   fZ0  on  t he   r o t a t i o n  

a x i s   of  t h e   l e n s   L E ,  

S u p p o s e ,   f u r t h e r ,   t h a t   n  means   a  r e f r a c t i v e   i n d e x   of  l e n s   o r  

u s u a l l y   1 . 5 2 3 ,   and  Cf  means   a  c u r v e   v a l u e   of  t he   f r o n t   s u r f a c e  

of  t h e   l e n s ,  

T h e n ,   t he   c u r v a t u r e   r a d i u s   Rf  i s   c a l c u l a t e d   f rom  t h e   e q u a t i o n  

(8)  and  t h e   c u r v e   v a l u e   Cf  i s   c a l c u l a t e d   f rom  t he   e q u a t i o n   ( 9 )  

u s i n g   t h e   a b o v e   r a d i u s   R f .  

On  t he   o t h e r   h a n d ,   s u p p o s e   t h a t   iZA,  rZB  mean  r e a d i n g s  

m e a s u r e d   t h r o u g h   t h e   r i n g   348 ,   and  Rr  means   c u r v a t u r e   r a d i u s  

of  a  r e a r   s u r f a c e   h a v i n g   a  c u r v a t u r e   c e n t e r   r Z 0 ,  



S u p p o s e   t h a t   Cr  means   a  c u r v e   v a l u e   of  t he   r e a r   s u r f a c e ,  

The  p e r i p h e r a l   t h i c k n e s s e s  A A ,  A B   of  t he   l e n s   LE  i s  

c a l c u l a t e d   f rom  t h e   f o l l o w i n g   e q u a t i o n ;  

[ C o n t r o l   c i r c u i t ]  

R e f e r r i n g   now  to  F i g u r e   18,   t h e r e   i s   shown  a  b l o c k  

d i a g r a m   of  c o n t r o l   c i r c u i t   f o r   t h e   a f o r e m e n t i o n e d   l e n s   e d g i n g  

a p p a r a t u s .   The  c o n t r o l   c i r c u i t   i n c l u d e s   an  o p e r a t i o n   and  c o n -  

t r o l   c i r c u i t   1500  c o m p r i s i n g   a  m i c r o - p r o c e s s o r   f o r   c a r r y i n g  

o u t   v a r i o u s   o p e r a t i o n s   and  p r o g r a m   c o n t r o l ,   a  m o t o r   c o n t r o l  

c i r c u i t   1 2 0 0 ,   a  c o u n t i n g   c i r c u i t   1100  f o r   c o u n t i n g   o u t p u t  

s i g n a l s   of  t he   e n c o d e r s   61,   334 ,   338  and  610 ,   a  f r a m e   c o n -  

f i g u r a t i o n   memory  1300  f o r   m e m o r i z i n g   v a l u e   s i g n a l s   of  t h e  

e y e g l a s s   f r a m e   and  t h e   l e n s   p a t t e r n   p r o d u c e d   by  t he   c i r c u i t  

1 5 0 0 ,   a  b e v e l   edge   i n p u t   and  o u t p u t   s y s t e m   1400  h a v i n g   an  i n -  

p u t   k e y b o a r d   1 4 0 1 ,   a  l i q u i d   c r y s t a l   d i s p l a y   d e v i c e   1402  and  a n  

i n t e r f a c e   1 4 0 3 ,   and  a  b e v e l   edge   d a t a   memory  1 6 0 0 .   The  m o t o r  

c o n t r o l   c i r c u i t   1200  is   a d a p t e d   to   c o n t r o l   t he   Y - a x i s   m o t o r  

97,   t he   m o t o r   70  f o r   r o t a t i n g   t h e   l e n s   s h a f t   18,  t he   m o t o r  

1208  f o r   r o t a t i n g   t he   l e n s   m e a s u r i n g   means   30,  t he   Z - a x i s  

m o t o r   40  f o r   m o v i n g   t h e   c a r r i a g e   13  in  t h e   Z - a x i s ,   t h e   X - a x i s  

m o t o r   42  f o r   m o v i n g   t he   s t o p p i n g   member  27  in  t he   X - a x i s   a n d  

t h e  g r i n d i n g   m o t o r   6 .  



[ W h o l e   o p e r a t i o n   of  t h e   l e n s   e d g i n g   a p p a r a t u s ]  

R e f e r r i n g   to  F i g u r e   19  t h e r e   i s   shown  t h e   w h o l e   o p e r a -  

t i o n   of  t he   a f o r e m e n t i o n e d   l e n s   e d g i n g   a p p a r a t u s .  

(1)  E y e g l a s s   f r a m e   m e a s u r i n g   s t e p  

S t e p   1 - 1 :   H a v i n g   r e c e i v e d   s t a r t i n g   i n s t r u c t i o n s ,  

t h e   o p e r a t i o n   and  c o n t r o l   c i r c u i t   1500  makes   t he   m o t o r  

c o n t r o l   c i r c u i t   1200  o p e r a t e   in  a c c o r d a n c e   w i t h   t he   p r o -  

gram  m e m o r i z e d   in  a  p r o g r a m   memory  to  e n e r g i z e   t h e   m o t o r  

40,   so  t h a t   t he   d e t e c t o r   54  f i x e d   on  t h e   c a r r i a g e   13  i s  

moved  to   t h e   e y e g l a s s   f r a m e   h o l d i n g   p o s i t i o n .  

S t e p   1 - 2 :   The  m o t o r   c o n t r o l   c i r c u i t   1200  e n e r -  

g i z e s   t h e   Y - a x i s   m o t o r   97  so  t h a t   t h e   e y e g l a s s   f r a m e   2 0 0  

i s  m o v e d   to  be  in  c o n t a c t   w i t h   t h e   d e t e c t o r   54  and  f u r -  

t h e r   to  i n c l u d e   t h e   r o t a t i o n   c e n t e r   of  t h e   d e t e c t i n g   a r m  

51  i n  t h e   e y e g l a s s   2 0 0 .  

S t e p   1 - 3 :   The  m o t o r   c o n t r o l   c i r c u i t   1200  e n e r -  

g i z e s   t h e   m o t o r   70  u n d e r   c o n t r o l l e d   by  c l o c k   p u l s e s   CP 

g e n e r a t e d   by  a  c l o c k   p u l s e   g e n e r a t i n g   c i r c u i t   1501  i n -  

c l u d e d   in  t h e   c i r c u i t   1 5 0 0 ,   so  t h a t   t h e   d e t e c t i n g   arm  5 1  

is   r o t a t e d .   The  d e t e c t o r   54  i s   moved  a l o n g   t h e   p e r i p h e r y  

of  t h e   e y e g l a s s   f r a m e   200  so  as  to   be  moved  on  t h e   d e -  

t e c t i n g   arm  51  by  t he   r a d i u s   v e c t o r   P,  and  d i s p l a c e m e n t  

of  t h e   d e t e c t o r   54  is   m e a s u r e d   by  t h e   e n c o d e r   61  t h e   o u t -  

p u t s   of  w h i c h   a r e   c o u n t e d   by  t h e   c o u n t i n g   c i r c u i t   1 1 0 0 .  

S i n c e   t h e   c o u n t i n g   c i r c u i t   1100  is   c o n n e c t e d   w i t h   an  o u t -  



p u t   of  t he   c l o c k   p u l s e   g e n e r a t i n g   c i r c u i t   1501  to  r e c e i v e  

t he   c l o c k   p u l s e s   t h e r e f r o m ,   so  t h a t   t h e   c i r c u i t   1 1 0 0  

c o u n t s   t h e   r a d i u s   v e c t o r   p  u n d e r   s y n c h r o n i z i n g   w i t h   t h e  

c l o c k   p u l s e s   or  r e s p o n d i n g   to  t h e   r o t a t i o n   a n g l e   e  of  t h e  

d e t e c t i n g   arm  51.  A  s e t   of  v a l u e   s i g n a l s   of  t he   r a d i u s  

v e c t o r   (Pn,   en)  in  a  r o t a t i o n   of  t h e   d e t e c t i n g   arm  51  a r e  

g i v e n   to  t he   f r a m e   c o n f i g u r a t i o n   memory  1300  t h r o u g h   t h e  

o p e r a t i o n   and  c o n t r o l   c i r c u i t   1500  and  m e m o r i z e d   in  t h e  

memory  1 3 0 0 .   The  p r e s e n t   s t e p   i s   c a l l e d   a  p r e - m e a s u r i n g  

s t e p   of  a  c o n f i g u r a t i o n   of  e y e g l a s s   f r a m e .  

S t e p   1 - 4 :   A f t e r   t h e   p r e - m e a s u r e d   v a l u e s   u n d e r  

t he   r e c t a n g u l a r   c o o r d i n a t e   m e m o r i z e d   in  t he   memory  1 3 0  

a r e   c o n v e r t e d   i n t o   t he   one  u n d e r   t he   p o l a r   c o o r d i n a t e  

t h r o u g h   t h e   e q u a t i o n   ( 3 ) ,   t h e   g e o m e t r i c   c e n t e r   of  t h e  

e y e g l a s s   f r a m e   200  i s   c a l c u l a t e d   f rom  t he   e q u a t i o n   ( 4 ) .  

The  m o t o r   c o n t r o l   c i r c u i t   1200  e n e r g i z e s   t h e   X - a x i s   m o t o r  

42,  t h e   Y - a x i s   m o t o r   42  and  t h e   m o t o r   70  to   l e t   t h e  

r o t a t i o n   c e n t e r   of  t he   d e t e c t i n g   arm  51  l o c a t e   a t   t h e  

g e o m e t r i c   c e n t e r   of  t he   e y e g l a s s   f r a m e   2 0 0 .  

S t e p   1 - 5 :   The  same  o p e r a t i o n   as  t h a t   of  t h e   s t e p  

1-3  is   c a r r i e d   o u t   to  g e t   t h e   r a d i u s   v e c t o r   (pn ,   8 n )  i n  

t he   c a s e   w h e r e   t h e   r o t a t i o n   c e n t e r   of  t he   d e t e c t i n g   a r m  

51  i s   p o s i t i o n e d   on  t he   g e o m e t r i c   c e n t e r   of  t he   e y e g l a s s  

f r a m e .   The  r e a d i n g s   a r e   m e m o r i z e d   in  t h e   memory  1 3 0 0 .  

The  p r e s e n t   s t e p   is   c a l l e d   a  f i n a l   m e a s u r i n g   o f   f r a m e  

c o n f i g u r a t i o n .  



(2)  R o u g h i n g   s t e p  

S t e p   2 - 1 :   The  m o t o r   c o n t r o l   c i r c u i t   1200  e n e r -  

g i z e s   t he   g r i n d i n g   m o t o r   6 .  

S t e p   2 - 2 :   The  m o t o r   c o n t r o l   c i r c u i t   1200  e n e r -  

g i z e s   t h e   Z - a x i s   m o t o r   40  so  t h a t   t h e   p r e - e d g e d   l e n s  

s u p p o r t e d   by  t h e   c a r r i a g e   13  i s   moved  to   be  p o s i t i o n e d   o n  

t h e   r o u g h i n g   w h e e l   3 a .  

S t e p   2 - 3 :   The  m o t o r   70  f o r   r o t a t i n g   the   l e n s  

s h a f t   18  i s   e n e r g i z e d   in  r e s p o n s e   to   t h e   c l o c k   p u l s e   CP 

g e n e r a t e d   in  t h e   p u l s e   g e n e r a t i n g   c i r c u i t   1501  in  o r d e r  

to  make  t h e   s h a f t   18  g e t   in  t h e   s t a n d a r d   p o s i t i o n   ( 8 = 0 ) .  

T h e n ,   t h e   X - a x i s   m o t o r   42  i s   e n e r g i z e d   to   l o w e r   t h e   s t o p -  

p i n g   member  27,   t h e r e b y   t h e   c a r r i a g e   13  i s   swung  so  t h a t  

t he   p r e - e d g e d   l e n s   LE  s u p p o r t e d   by  t he   c a r r i a g e   13  i s  

c o n t a c t   w i t h   t h e   r o u g h i n g   w h e e l   3a  to  be  r o u g h e d   t h e r e b y .  

W h i l e ,   t h e   o p e r a t i o n   and  c o n t r o l   c i r c u i t   1500  r e c e i v e s  

t h e   r a d i u s   v e c t o r   ρ@  (8=0)  as  a  s t a n d a r d   v a l u e   f rom  t h e  

memory  1 3 0 0 .  

S t e p   2 - 4 :   W h i l e   t h e   o p e r a t i o n   and  c o n t r o l   c i r -  

c u i t   1500  is   c o m p a r i n g   t h e   r a d i u s   v e c t o r   p  m e a s u r e d   b y  

t h e   e n c o d e r   610  and  t h e   c o u n t i n g   c i r c u i t   1100  w i t h   t h e  

s t a n d a r d   v a l u e   p0,  t h e   l e n s   LE  i s   r o u g h e d   by  t h e   r o u g h i n g  

w h e e l   3a  p o s i t i o n e d   a t   t h e   r o t a t i o n   a n g l e   @=0  u n t i l   t h e  

v a l u e   p  b e c o m e s   t h e   s t a n d a r d   v a l u e   ρ0 .   When  t h e   v a l u e  

b e c o m e s   t h e   s t a n d a r d   v a l v e   ρ0,   t h e   X - a x i s   m o t o r   42  i s  

e n e r g i z e d   to   r a i s e   t h e   s t o p p i n g   member  27  so  t h a t   t h e  

c a r r i a g e   13  i s   r a i s e d   to  s t o p   r o u g h i n g   t h e   l e n s   L E .  



S t e p   2 - 5 :   The  m o t o r   70  is   e n e r g i z e d   so  t h a t   t h e  

l e n s   LE  is   r o t a t e d   to  g e t   in  t he   d i r e c t i o n   12.  W h i l e ,  

t he   o p e r a t i o n   and  c o n t r o l   c i r c u i t   1500  r e c e i v e s   t h e  

r a d i u s   v e c t o r  ρ   1  (@=@1)  as  t h e   s t a n d a r d   v a l u e   f rom  t h e  

memory  1 3 0 0 .   The  X - a x i s   m o t o r   42  i s   e n e r g i z e d   to  l o w e r  

t he   s t o p p i n g   member  27,  t h e   c a r r i a g e   13  is  s w i n g e d   s o  

t h a t   t he   l e n s   LE  is   in  c o n t a c t   w i t h   t he   r o u g h i n g   w h e e l  

3a.   W h i l e   t h e   c i r c u i t   1500  is   c o m p a r i n g   t h e   r a d i u s  

v e c t o r   ρ  t h u s   m e a s u r e d   w i t h   t he   s t a n d a r d   v a l u e   ρ1,  t h e  

l e n s   LE  is   r o u g h e d   by  t he   r o u g h i n g   w h e e l   3a  p o s i t i o n e d   a t  

t h e   r o t a t i o n   a n g l e   @=@1  u n t i l   t he   v a l u e   ρ  b e c o m e s   t h e  

v a l u e   ρ 1 .   When  t he   v a l u e   ρ  b e c o m e s   t h e   v a l u e   ρ1 ,   t he   X -  

a x i s   m o t o r   42  i s   e n e r g i z e d   to  r a i s e   t he   s t o p p i n g   m e m b e r  

27  so  t h a t   t h e   c a r r i a g e   13  i s   r a i s e d   to  s t o p   r o u g h i n g   t h e  

l e n s   L E .  

The  a f o r e m e n t i o n e d   o p e r a t i o n   is   r e p e a t e d   w h i l e  

t he   v a l u e  ρ   as  m e a s u r e d   i s   b e i n g   c o m p a r e d   w i t h   t he   v a l u e  

pn  m e m o r i z e d   in  t he   memory  1 3 0 0 .  

S t e p   2 - 6 :   A f t e r   t he   w h o l e   p e r i p h e r y   of  t he   l e n s  

LE  is   r o u g h e d ,   t h e   X - a x i s   m o t o r   42  is  e n e r g i z e d   to  l e t  

t he   c a r r i a g e   13  r e t u r n   to  i t s   o r i g i n a l   p o s i t i o n   and  t h e  

r o t a t i o n   of  t h e   g r i n d i n g   m o t o r   6  is   s t o p p e d .  

(3)  F i r s t   l e n s   m e a s u r i n g   s t e p  

S t e p   3 - 1 :   In  a c c o r d a n c e   w i t h   i n s t r u c t i o n s   f r o m  

the   o p e r a t i o n   and  c o n t r o l   c i r c u i t   1 5 0 0 ,   t he   m o t o r   1208  i s  

e n e r g i z e d   by  t he   m o t o r   c o n t r o l   c i r c u i t   1200  to  r o t a t e   t h e  



e c c e n t r i c   cam  360 ,   t h e r e b y   t h e   c y l i n d r i c   member  345  i s  

p l a c e d   on  t h e   e d g e d   l e n s   LE  b y  i t s   g r a v i t y .  

S t e p   3 - 2 :   The  arm  m o t o r   330  i s   e n e r g i z e d   by  t h e  

m o t o r   c o n t r o l   c i r c u i t   1200  to  make  the   arm  m e m b e r s   3 2 0 ,  

325  f r e e ,   so  t h a t   t he   r i n g s   347 ,   348  a r e   p l a c e d   on  t h e  

p e r i p h e r y   of  t h e   l e n s   L E .  

S t e p   3 - 3 :   The  m o t o r   70  i s   e n e r g i z e d   to  r o t a t e  

t h e   l e n s   LE  r o u g h e d   in  t h e   way  of  t h e   a f o r e m e n t i o n e d  

s t e p s .   The  e n c o d e r   610  m e a s u r e s   t he   r a d i u s   v e c t o r   ρ ' n   a t  

e a c h   r o t a t i o n   d i r e c t i o n   of  t he   l e n s   s h a f t   18,   f o r   e x a m -  

p l e ,   r e f e r r i n g   to  F i g u r e   17,   t he   r a d i u s   v e c t o r   ρ ' A   i s  

m e a s u r e d   a t   t h e   r o t a t i o n   a n g l e   @A.  The  o u t p u t s   of  t h e  

e n c o d e r   610  a r e   c o u n t e d   by  t he   c o u n t i n g   c i r c u i t   1100  a n d  

t h e   r a d i u s   v e c t o r   ρ 'A   t h u s   c o u n t e d   is  fed   to  t h e   o p e r a -  

t i o n   and  c o n t r o l   c i r c u i t   1 5 0 0 .  

The  e n c o d e r   334  m e a s u r e s   t he   p o s i t i o n   of  t h e  

f r o n t   p e r i p h e r y   of  t h e   e d g e d   l e n s   LE  or  t he   v a l u e   fZa  a t  

t he   r o t a t i o n   a n g l e   tA  as  shown  in  F i g u r e   17.  The  o u t p u t s  

of  t h e   e n c o d e r   334  a r e   c o u n t e d   by  t he   c o u n t i n g   c i r c u i t  

1100  and  t he   c o u n t e d   v a l u e   fZa  i s   fed   to  t he   c i r c u i t  

1 5 0 0 .   In  t he   same  way,   t he   e n c o d e r   334  m e a s u r e s   t h e  

p o s i t i o n   of  t he   r e a r   p e r i p h e r y   of  t he   e d g e d   l e n s   LE  o r  

the   v a l u e   rZa  a t   t he   r o t a t i o n   a n g l e   @A.  The  o u t p u t s   o f  

t h e   e n c o d e r   334  a r e   c o u n t e d   by  t he   c o u n t i n g   c i r c u i t   1 1 0 0  

and  t he   c o u n t e d   v a l u e   rZa  i s   f ed   to  t he   c i r c u i t   1 5 0 0 .  

As  a  r e s u l t ,   t h e   c i r c u i t   1500  r e c e i v e s   t he   v a l u e s  

fZn ,   r A n  o f   t h e   p o s i t i o n s   of  t h e   f r o n t   and  r e a r  



p e r i p h e r i e s   of  t h e  e d g e d   l e n s   LE,  and  t h e   r a d i u s   v e c t o r  

p ' n   a t   e a c h   r o t a t i o n   a n g l e   @n,  t h e   c u r v e   v a l u e s   Cf ,   C r ,  

of  t he   f r o n t   and  r e a r   s u r f a c e s   and  t h e   p e r i p h e r a l   t h i c k -  

n e s s   An  a r e   c a l c u l a t e d   f rom  t he   e q u a t i o n   8  t h r o u g h   12  ( n  

=  0 ,  1 ,  2 ,   . . . ,   n ) .  

S t e p   3 - 4 :   The  m o t o r   1208  is   e n e r g i z e d   by  t h e  

m o t o r   c o n t r o l   c i r c u i t   1200  to  make  t h e   l e n s   m e a s u r i n g  

means   30  r e t u r n   to  t he   o r i g i n a l   p o s i t i o n .  

(4)  I n p u t   s t e p   of  c u r v e   v a l u e   and  b e v e l   edge   p o s i t i o n  

S t e p   4 - 1 :   W h e a t h e r   an  o u t p u t   d i s p l a y   of  a  V -  

s h a p e d   b e v e l   edge   c o n f i g u r a t i o n   i s   d e t e r m i n e d   by  an  a u t o -  

m a t i c   c a l c u l a t i o n   or  by  a  r e s u l t   c a l c u l a t e d   a c c o r d i n g   t o  

an  o p e r a t o r ' s   o p t i o n a l   i n p u t   i s   s e l e c t e d   by  t h e   k e y b o a r d  

1 4 0 1 .  

S t e p   4 - 2 :   In  r e v i e w i n g   t he   c u r v e   v a l u e s   Cf ,   C r  

and  t h e   p e r i p h e r a l   t h i c k n e s s   An  c a l c u l a t e d   in  t h e   s t e p   3 -  

3,  t h e   b e s t   c u r v e   v a l u e s   and  t h e   b e s t   p e r i p h e r a l   t h i c k -  

n e s s   a r e   s e l e c t e d .   B a s e d   on  t h e   b e s t   o n e s   m e n t i o n e d  

a b o v e ,   t h e   c r o s s   s e c t i o n s   of  t h e   b e v e l   e d g e s   of  t h e  

t h i c k e s t   and  t h i n e s t   p e r i p h e r a l   p o r t i o n s   a r e   d i s p l a y e d   b y  

the   d i s p l a y   d e v i c e   1 4 0 2 .   A  c u r v e   v a l u e   of  t he   b e v e l  

e d g e ,   a  s h i f t   l e n g t h   of  t h e   b e v e l   edge   or  a  d i s t a n c e  

b e t w e e n   t he   f r o n t   p e r i p h e r y   and  a  t op   of  t h e   b e v e l   e d g e ,  

and  t h e   l i k e   as  d e s i r e d   as  a l s o   d i s p l a y e d   t h e r e b y .  

S t e p   4 - 3 :   The  s e l e c t e d   c u r v e   v a l u e s   and  s h i f t  

l e n g t h   of  t he   b e v e l   edge   a r e   f ed   t h r o u g h   t h e   k e y b o a r d  

1 4 0 1 .  



S t e p   4 - 4 :   The  i n p u t   f ed   t h r o u g h   t he   k e y b o a r d  

1401  is   t r a n s f e r r e d   to  t h e   c i r c u i t   1500  t h r o u g h   t he   i n -  

t e r f a c e   1 4 0 3 .   B a s e d   on  t he   c u r v e   v a l u e   Cf ,   Cr ,   t h e   p e r i -  

p h e r a l   t h i c k n e s s   An,  and  t h e   c u r v e   v a l u e   and  s h i f t   of  t h e  

b e v e l   e d g e ,   t h e   c i r c u i t   1500  c a l c u l a t e s   t he   c r o s s  

s e c t i o n s   of  t h e   t h i c k e s t   and  t h i n e s t   p e r i p h e r a l   p o r t i o n s  

w h i c h   a r e   d i s p l a y e d   by  t he   d i s p l a y   d e v i c e   1402  in  t h e  

ways  of  p i c t u r e   i m a g e s   and  n u m e r a l s .  

(5)  B e v e l i n g   s t e p  

S t e p   5 - 1 :   In  t he   c a s e   w h e r e   an  o p e r a t o r   a d m i t s  

t h a t   t he   b e v e l   edge   d i s p l a y e d   by  t h e   d e v i c e   1402  is   p r o -  

pe r   a  b e v e l i n g   s t a r t i n g   b u t t o n   on  t he   k e y b o a r d   1401  i s  

d e p r e s s e d ,   and  in  a c c o r d a n c e   w i t h   t h e   i n s t r u c t i o n s   g i v e n  

t h e r e b y ,   t h e   g r i n d i n g   m o t o r   6  is   e n e r g i z e d   by  t h e   m o t o r  

c o n t r o l   c i r c u i t   1 2 0 0 ,   and  a t   t h e   same  t i m e ,   t h e   b e v e l  

edge   d a t a   memory  1600  m e m o r i z e s   t he   f i n a l l y   s e l e c t e d  

v a l u e   of  b e v e l   e d g e ,   f o r   e x a m p l e ,   t h e   c u r v e   v a l u e   and  t h e  

s h i f t   as  r e l a t e d   w i t h   t h e   r a d i u s   v e c t o r   ( p ' n ,   8 n ) .  

S t e p   5 - 2 :   The  Z - a x i s   m o t o r   40  i s   e n e r g i z e d   b y  

t he   c i r c u i t   1200  to   l e t   t h e   e d g e d   l e n s   LE  s u p p o r t e d   b y  

t h e   c a r r i a g e   13  p l a c e   on  t h e   b e v e l i n g   w h e e l   3 b .  

S t e p   5 - 3 :   The  X - a x i s   m o t o r   42  i s   e n e g i z e d   by  t h e  

c i r c u i t   1200  to  l o w e r   t h e   s t o p p i n g   member  27,   so  t h a t   t h e  

l e n s   LE  s u p p o r t e d   by  t h e   c a r r i a g e   13  i s   d o w n w a r d   s w i n g e d  

to  be  p l a c e d   on  t he   b e v e l i n g   w h e e l   3b  and  t h e n   t h e   b e v e l -  

ing   s t a r t s .  



The  c i r c u i t   1500  c o n t r o l s   t he   c i r c u i t   1200  i n  

such   a  way  t h a t ,   w h i l e   t h e   c o u n t i n g   c i r c u i t   1100  i s  

c o u n t i n g   t he   o u t p u t   of  t he   e n c o d e r   610 ,   t h e   Z - a x i s   m o t o r  

40  and  t h e   X - a x i s   m o t o r   42  a r e   e n e r g i z e d   u n t i l   t he   b e v e l -  

ing  w h e e l   3b  p e r f o r m s   t h e   c u r v e   v a l u e   and  the   s h i f t   o f  

t h e   b e v e l   edge   a t   t h e   r a d i u s   v e c t o r   ( p ' n ,   8n)  m e m o r i z e d  

by  t h e   memory  1 6 0 0 .   The  o p e r a t i o n   is   r e p e a t e d   a t   e v e r y  

r a d i u s   v e c t o r   a n g l e   @n. 

S t e p   5 - 4 :   A f t e r   f i n i s h i n g   t he   b e v e l i n g   a t   e v e r y  

r a d i u s   v e c t o r   a n g l e   @n,  t h e   X - a x i s   m o t o r   42  is   e n e r g i z e d  

to  r e t u r n   t he   c a r r i a g e   13  to  t h e   f i r s t   p o s i t i o n   and  t h e  

r o t a t i o n   of  t h e   g r i n d i n g   m o t o r   6  i s   s t o p p e d .  

(6)  S e c o n d   l e n s   m e a s u r i n g   s t e p  

S t e p   6 - 1 :   The  a f o r e m e n t i o n e d   s t e p s   3-1  t h r o u g h  

3-4  a r e   c a r r i e d   o u t   to  m e a s u r e   t he   r a d i u s   v e c t o r   ( p " n ,  

@n)  of  t he   b e v e l e d   l e n s .  

S t e p   6 - 2 :   By  t he   c i r c u i t   1500  t he   r a d i u s   v e c t o r  

( p " n ,   @n)  d e t e c t e d   in  t h e   s t e p   6-1  is   c o m p a r e d   w i t h   t h e  

r a d i u s   v e c t o r   (pn ,   @n)  m e m o r i z e d   by  t h e   memory  1 3 0 0 .   I n  

c a s e   b o t h   t he   r a d i u s   v e c t o r s   a r e   t he   same  as  e a c h   o t h e r ,  

t he   d i s p l a y   d e v i c e   1402  d i s p l a y   " f i n i s h   e d g i n g " .   I n  

a n o t h e r   c a s e ,   t h e   s t e p s   5-2  and  b e l o w   a r e   c a r r i e d   o u t   t o  

b e v e l   t he   l e n s   a g a i n .  

The  i n v e n t i o n   has   t h u s   been   shown  and  d e s c r i b e d   w i t h  

r e f e r e n c e   to  a  s p e c i f i c   e m b o d i m e n t ,   h o w e v e r ,   i t   s h o u l d   b e  



n o t e d   t h a t   t he   i n v e n t i o n   is   in  no  way  l i m i t e d   to  t he   d e t a i l s  

of  t he   i l l u s t r a t e d   s t r u c t u r e s   b u t   c h a n g e s   and  m o d i f i c a t i o n s  

may  be  made  w i t h o u t   d e p a r t i n g   f rom  t he   s c o p e   of  t he   a p p e n d e d  

c l a i m s .  



1.  A  m e t h o d   f o r   g r i n d i n g   an  edge   p o r t i o n   of  a  s p e c t a c l e  

l e n s   c o m p r i s i n g   s t e p s   of  d i g i t a l l y   m e a s u r i n g   a  s h a p e   of  a  

s p e c t a c l e   f r a m e   to  w h i c h   the   l e n s   i s   to  be  f i t t e d   to  o b t a i n  

f i r s t   d i g i t a l   v a l u e s   of  m e a s u r e m e n t ,   and  g r i n d i n g   t he   e d g e  

p o r t i o n   of  t h e   l e n s   b a s e d   on  t he   d i g i t a l   v a l u e s   to  o b t a i n   a  

p e r i p h e r a l   c o n f i g u r a t i o n   of  t he   l e n s   w h i c h   c o n f o r m s   to  t h e  

s h a p e   of  t he   s p e c t a c l e   f r a m e .  

2.  A  m e t h o d   in  a c c o r d a n c e   w i t h   c l a i m   1  w h i c h   f u r t h e r   i n -  

c l u d e d   s t e p s   of  d i g i t a l l y   m e a s u r i n g   t he   p e r i p h e r a l   c o n f i g u r a -  

t i o n   fo  t h e   l e n s   w h i c h   has  b e e n   g r o u n d   to  o b t a i n   s e c o n d  

d i g i t a l   v a l u e s   of  m e a s u r e m e n t   and  c o m p a r i n g   the   f i r s t   a n d  

s e c o n d   d i g i t a l   v a l u e s   to  j u d g e   a c c u r a c y   of  t h e   g r i n d i n g .  

3.  A  m e t h o d   in  a c c o r d a n c e   w i t h   c l a i m   1  in  w h i c h   s a i d  

f i r s t   v a l u e s   of  m e a s u r e m e n t   a r e   o b t a i n e d   by  m e a s u r i n g   d i r e c t l y  

t h e   s p e c t a c l e   f r a m e .  

4.  A  m e t h o d   in  a c c o r d a n c e   w i t h   c l a i m   1  in  w h i c h   s a i d  

f i r s t   v a l u e s   of  m e a s u r e m e n t   a r e   o b t a i n e d   by  m e a s u r i n g   a  t e m -  

p l a t e   of  t he   s p e c t a c l e   f r a m e .  

5.  An  a p p a r a t u s   fo r   g r i n d i n g   an  edge   p o r t i o n   of  t h e  

s p e c t a c l e   l e n s   c o m p r i s i n g   f i r s t   m e a s u r i n g   means   fo r   d i g i t a l l y  

m e a s u r i n g   a  s h a p e   of  a  s p e c t a c l e   f r a m e   to  w h i c h   t he   l e n s   i s   t o  

be  f i t t e d   and  p r o v i d i n g   f i r s t   d i g i t a l   v a l u e s   of  m e a s u r e m e n t ,  

and  g r i n d i n g   means   f o r   g r i n d i n g   t he   l e n s   by  means   of  a  d i g i -  

t a l l y   c o n t r o l   in  a c c o r d a n c e   w i t h   t he   f i r s t   d i g i t a l   v a l u e s   o f  

m e a s u r e m e n t .  



6.  An  a p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m   5  w h i c h   f u r t h e r  

i n c l u d e s   s e c o n d   m e a s u r i n g   m e a n s   f o r   d i g i t a l l y   m e a s u r i n g   a  

p e r i p h e r a l   c o n f i g u r a t i o n   of  t he   l e n s   to  p r o v i d e   s e c o n d   d i g i t a l  

v a l u e s   of  m e a s u r e m e n t ,   c o m p a r a t o r   means   f o r   c o m p a r i n g   t h e  

f i r s t   and  s e c o n d   v a l u e s   of  m e a s u r e m e n t .  

7.  A p p a r a t u s   f o r   g r i n d i n g   an  edge   p o r t i o n   of  a  s p e c t a c l e  

l e n s   c o m p r i s i n g   a  g r i n d i n g   w h e e l   r o t a t a b l e   a b o u t   a  f i r s t   a x i s ,  

d r i v i n g   means   f o r   r o t a t i n g   t he   g r i n d i n g   w h e e l   a b o u t   s a i d   f i r s t  

a x i s ,   a  c a r r i a g e   i n c l u d i n g   l e n s   h o l d i n g   means   f o r   h o l d i n g   t h e  

l e n s   and  r o t a t i n g   i t   a b o u t   a  s e c o n d   a x i s ,   s h i f t i n g   means   f o r  

c o n t r o l l i n g   a  s p a c i n g   b e t w e e n   s a i d   f i r s t   and  s e c o n d   a x e s   i n  

a c c o r d a n c e   w i t h   an  a n g l e   of  r o t a t i o n   of  s a i d   l e n s ,   f i r s t  

m e a s u r i n g   means   i n c l u d i n g   a  r o t a t i n g   arm  r o t a t a b l e   a b o u t   a  

e n t e r   of  r o t a t i o n   and  a  f e e l e r   p r o v i d e d   on  s a i d   arm  and  a d a p t -  

ed  to   be  moved  a l o n g   a  s h a p e   of  a  s p e c t a c l e   f r a m e   to  w h i c h   t h e  

l e n s   i s   to  be  f i t t e d   so  as  to  m e a s u r e   d i g i t a l l y   t he   s h a p e   o f  

the   s p e c t a c l e   f r a m e   in   t e r m s   of  a  d i s t a n c e   f rom  s a i d   c e n t e r   o f  

r o t a t i o n   of  t h e   r o t a t i n g   arm  and  an  a n g l e   of  r o t a t i o n   of  s a i d  

r o t a t i o n   arm,   m o m o r i z i n g   means   f o r   m e m o r i z i n g   v a l u e s   o b t a i n e d  

by  m e a s u r e m e n t s   of  s a i d   f i r s t   m e a s u r i n g   m e a n s ,   c o n t r o l   m e a n s  

f o r   c o n t r o l l i n g   t h e   a n g l e   of  r o t a t i o n   of  s a i d   l e n s   and  t h e  

s p a c i n g   b e t w e e n   s a i d   f i r s t   and  s e c o n d   a x e s   in  a c c o r d a n c e   w i t h  

t h e   v a l u e s   m e m o r i z e d   in  s a i d   m e m o r i z i n g   m e a n s ,   s e c o n d   m e a s u r -  

ing  means   i n c l u d i n g   a  s e c o n d   f e e l e r   a d a p t e d   to  be  c o n t a c t e d  

w i t h   a  p e r i p h e r y   of  s a i d   l e n s   f o r   m e a s u r i n g   d i g i t a l l y   t h e  

p e r i p h e r a l   c o n f i g u r a t i o n   of  s a i d   l e n s   in  t e r m s   of  a  r a d i a l  

d i s p l a c e m e n t  o f   t he   s e c o n d   f e e l e r   in  r e l a t i o n   to  t h e   r o t a t i o n  



of  the   l e n s ,   c o m p a r a t o r   means   f o r   c o m p a r i n g   the   v a l u e s  

m e m o r i z e d   in  s a i d   m e m o r i z i n g   means   w i t h   v a l u e s   o b t a i n e d   b y  

m e a s u r e m e n t   of  s a i d   s e c o n d   m e a s u r i n g   m e a n s .  

8.  An  a p p a r a t u s   f o r   g r i n d i n g   an  edge   p o r t i o n   of  a  

s p e c t a c l e   l e n s   c o m p r i s i n g   a  s e t   of  c o a x i a l   g r i n d i n g   w h e e l s  

i n c l u d i n g   a t   l e a s t   a  r o u g h   g r i n d i n g   w h e e l   and  an  edge   s h a p i n g  

w h e e l   w h i c h   a r e   r o t a t a b l e   a b o u t   a  f i r s t   a x i s ,   a  c a r r i a g e  

h a v i n g   means   fo r   h o l d i n g   t h e   l e n s   r o t a t a b l y   a b o u t   a  s e c o n d  

a x i s ,   a c r r i a g e   m o v i n g   means   f o r   m o v i n g   the   c a r r i a g e   w i t h  

r e s p e c t   to  t he   g r i n d i n g   w h e e l s   so  t h a t   one  of  s a i d   g r i n d i n g  

w h e e l s   i s   p l a c e d   in  e n g a g e m e n t   w i t h   s a i d   l e n s ,   means   f o r  

c o n t r o l l i n g   t h e   s p a c i n g   b e t w e e n   t h e   f i r s t   and  s e c o n d   a x e s   i n  

r e l a t i o n   to  an  a n g l e   of  r o t a t i o n   of  t he   l e n s ,   l o c a t i n g   m e a n s  

fo r   l o c a t i n g   a  s p e c t a c l e   f r a m e   or  a  t e m p l a t e   h a v i n g   a  

p e r i p h e r a l   s h a p e   i d e n t i c a l   to  t h e   s h a p e   of  t he   f r a m e ,   f i r s t  

m e a s u r i n g   means   i n c l u d i n g   a  r o t a t a b l e   arm  r o t a t a b l e   a b o u t   a  

c e n t e r   of  r o t a t i o n   and  a  f i r s t   f e e l e r   a d a p t e d   to  be  e n g a g e d  

w i t h   t h e   f r a m e   or  t h e   t e m p l a t e   to  m e a s u r e   d i g i t a l l y   t he   s h a p e  

in  t e r m s   of  a  d i s t a n c e   f rom  t he   r o t a t a b l e   arm  and  p r o d u c e  

f i r s t   d i g i t a l   v a l u e s   of  m e a s u r e m e n t ,   m e m o r i z i n g   means   f o r  

m e m o r i z i n g   t h e   f i r s t   d i g i t a l   v a l u e s   of  m e a s u r e m e n t ,   f i r s t  

c o n t r o l   means   fo r   c o n t r o l l i n g   t h e   r o t a t i o n   of  the   l e n s   a n d  

t h e   s p a c i n g   b e t w e e n   t h e   f i r s t   and  s e c o n d   a x e s   in  a c c o r d a n c e  

w i t h   t he   f i r s t   d i g i t a l   v a l u e s   of  m e a s u r e m e n t   m e m o r i z e d   in  s a i d  

m e m o r i z i n g   means   so  t h a t   t he   l e n s   is   g r o u n d   by  s a i d   r o u g h  

g r i n d i n g   w h e e l ,   l e n s   m e a s u r i n g   means   i n c l u d i n g   a  s e c o n d   f e e l e r  

a d a p t e d   to  c o n t a c t   w i t h   t he   o u t e r   p e r i p h e r y   of  the   l e n s ,   a  



t h i r d   f e e l e r   a d a p t e d   to  c o n t a c t   w i t h   t he   f r o n t "  e n d   of  t h e  

p e r i p h e r y   of  t he   l e n s ,   a  f o u r t h   f e e l e r   a d a p t e d   to  c o n t a c t   w i t h  

t h e   r e a r   end  of  t he   p e r i p h e r y   of  t he   l e n s ,   s e c o n d   m e a s u r i n g  

means   fo r   d i g i t a l l y   m e a s u r i n g   t h e   m o v e m e n t   of  t h e   s e c o n d  

f e e l e r ,   t h i r d   m e a s u r i n g   means   f o r   d i g i t a l l y   m e a s u r i n g   t h e  

m o v e m e n t   of  t h e   t h i r d   f e e l e r   and  f o u r t h   m e a s u r i n g   means   f o r  

d i g i t a l l y   m e a s u r i n g   the   m o v e m e n t   of  t he   f o u r t h   f e e l e r ,  

c a l c u l a t i n g   means   f o r   o b t a i n i n g   v a l u e s   of  t h e   r a d i u s   and  t h e  

a n g l e   of  r o t a t i o n   of  t he   l e n s   f rom  t he   m o v e m e n t   of   t he   s e c o n d  

f e e l e r   and  c a l c u l a t i n g   t he   t h i c k n e s s   a n d / o r   c u r v a t u r e   of  t h e  

l e n s   f rom  s a i d   r a d i u s   and  t h e   a n g l e   of  r o t a t i o n   of  t he   l e n s  

and  t he   m o v e m e n t s   of  t he   t h i r d   and  f o u r t h   f e e l e r s   to  t h e r e b y  

c a l c u l a t e   t h e   r e q u i r e d   a m o u n t   of  g r i n d i n g   work  a t   e a c h   a n g u l a r  

p o s i t i o n   of  t he   l e n s ,   s e c o n d   c o n t r o l   means   f o r   c o n t r o l l i n g   t h e  

g r i n d i n g   work  of  t he   l e n s   in  a c c o r d a n c e   w i t h   t h e   r e s u l t s   o f  

t h e   c a l c u l a t i o n   by  t h e   c a l c u l a t i n g   m e a n s ,   c o m p a r i n g   means   f o r  

o b t a i n i n g   s e c o n d   d i g i t a l   v a l u e s   of  m e a s u r e m e n t   r e l a t i n g   to  t h e  

r a d i u s   and  t h e   a n g l e   of  r o t a t i o n   of  t h e   w o r k e d   l e n s   f rom  t h e  

m o v e m e n t   of  the   s e c o n d   f e e l e r   and  c o m p a r i n g   t he   s e c o n d   d i g i t a l  

v a l u e s   w i t h   t he   f i r s t   d i g i t a l   v a l u e s   of  m e a s u r e m e n t   m e m o r i z e d  

in  t h e   m e m o r i z i n g   m e a n s .  

9.  An  a p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m   8  w h i c h  

f u r t h e r   i n c l u d e s   d i s p l a y   means   f o r   d i s p l a y i n g   t he   p e r i p h e r a l  

s h a p e   of  the   l e n s   a t   e a c h   a n g u l a r   p o s i t i o n   in  a c c o r d a n c e   w i t h  

t h e   c a l c u l a t i o n   of  t he   c a l c u l a t i n g   m e a n s .  
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