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(g)  A  gripper  loom  for  the  production  of  tufted  carpets 
comprises  a  plurality  of  grippers  and  a  plurality  of  knife 
blocks  (6)  for  cutting  yarn  held  by  the  grippers.  A  yarn 
monitor  comprises  infra-red  sensors  (8)  mounted  on  respec- 
tive  knife  blocks  (6)  and  signal  processing  circuitry  for 
processing  the  sensor  outputs  to  make  it  acceptable  for 
analysis  by  a  computer.  Each  yarn  produces  a  pulse  and  the 
gap  between  each  pair  of  adjacent  pulses  is  compared  by  the 
computer  with  the  average  gap  of  the  eight  preceding  pairs 
to  indicate  whether  the  gap  is  so  large  as  to  signify  a  missing 
yarn.  The  computer  can  be  set  to  alarm  when  a  missing  yarn 
is  detected  so  that  a  fault  in  the  carpet  does  not  result.  The 
monitor  can  be  applied  to  other  types  of  loom  or  indeed  to 
other  apparatus  and  processes  where  a  plurality  of  elements 
are  being  processed. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  a  ' 

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

a  m o n i t o r   f o r   m o n i t o r i n g   t he   p r e s e n c e   of   y a r n s   o r  

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

k n i t t i n g   m a c h i n e s   and  o t h e r   s i m i l a r   such   a p p a r a t u s .  

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

known  in  t h e   U n i t e d   K ingdom.   In  one  s u c h   known  l o o m ,  

w h i c h   is   a  c a r p e t   l o o m ,   a  d e v i c e   i s   p r o v i d e d   f o r  

s c a n n i n g   the   c a r p e t   p r o d u c e d   by  t h e   loom  to  p r o d u c e  

an  e l e c t r i c a l   s i g n a l .   The  s i g n a l   i s   t h e n   e x a m i n e d   a n d  

any  d e v i a t i o n   f rom  t he   norm  i n d i c a t i v e   of  a  f a u l t  

n o t e d .   T h i s   s o l u t i o n   t h e r e f o r e   is  c u r a t i v e   r a t h e r  

t h a n   p r e v e n t i v e   w i t h   a l l   the   d i s a d v a n t a g e s   t h a t   t h a t  

e n t a i l s .   In  a n o t h e r   c a r p e t   loom  known  in  t he   U n i t e d  

K i n g d o m ,   a  m e c h a n i c a l   d e v i c e   i s   e m p l o y e d   to  d e t e c t  

t he   p r e s e n c e   of  y a r n s .   T h i s   s y s t e m   n e c e s s i t a t e s   t h e  

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

and  such   p h y s i c a l   c o n t a c t   can  l e a d   to  p r o b l e m s   w i t h   t h e  

y a r n   and  s h o u l d   be  a v o i d e d   i f   a t   a l l   p o s s i b l e .  

A c c o r d i n g   to  one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   t h e r e  

is  p r o v i d e d   a  m o n i t o r   f o r   m o n i t o r i n g   t he   p r e s e n c e   o f  a  

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

m i t t e r   f o r   e m i t t i n g   a  beam  of  r a d i a t i o n   t o w a r d s   t he   e l e m e n t s ,  

a  r e c e i v e r   f o r   r e c e i v i n g   the   beam  of  r a d i a t i o n ,   s i g n a l  



p r o c e s s i n g   c i r c u i t r y   f o r   p r o c e s s i n g   t h e   o u t p u t   of   t h e  

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

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

in  t h e   e l e m e n t s   b e i n g   m o n i t o r e d .  

A  p r e f e r r e d   e m b o d i m e n t   of   t he   i n v e n t i o n   may  c o m -  

p r i s e   a n y  o n e   or  more  of  t he   f o l l o w i n g   p r e f e r r e d  

f e a t u r e s : -  

(a)   The  t r a n s m i t t e r   and  r e c e i v e r   a r e   i n f r a - r e d  

d e v i c e s .  

(b)  The  t r a n s m i t t e r   is  c o n n e c t e d   to  t r a n s m i t t e r  

c i r c u i t r y   o p e r a t i v e   to   p u l s e   t he   t r a n s m i t t e r  

a t   a  c e r t a i n   f r e q u e n c y .  

(c)  The  s i g n a l   p r o c e s s i n g   c i r c u i t r y   c o m p r i s e s   a  

d i f f e r e n t i a t o r   in   o r d e r   to  d e t e c t   t h e   p r e s e n c e  

of  p u l s e s   in  t h e   s i g n a l   p r o d u c e d   b y  t i e   r e c e i v e r .  

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

t h r e s h o l d   d e v i c e   w h i c h   i s   t r i g g e r e d   o n l y  

by  p u l s e s   above   a  c e r t a i n   a m p l i t u d e   in   o r d e r  

to  c u t   o u t   u n w a n t e d   n o i s e .  

(e)   The  t h r e s h o l d   d e v i c e   of   (d)  c o m p r i s e s   a  

S c h m i t t   t r i g g e r   c i r c u i t .  



( f )   The  s i g n a l   p r o c e s s i n g   means   c o m p r i s e s  

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

d u r a t i o n   on  r e c e i p t   of  an  a p p r o p r i a t e  

t r i g g e r   s i g n a l .  

(g)   The  means   f o r   p r o d u c i n g   p u l s e s   of   ( f )  

c o m p r i s e s   a  m o n o s t a b l e   c i r c u i t .  

(h)  The  t r a n s m i t t e r   and  r e c e i v e r   a r e   d i s p o s e d  

r e l a t i v e   to  one  a n o t h e r   so  t h a t   t h e   r e c e i v e r  

r e c e i v e s   t he   s i g n a l   e m i t t e d   by  t h e   t r a n s m i t t e r  

a f t e r   r e f l e c t i o n   by  an  e l e m e n t   b e i n g   m o n i t o r e d .  

( i )   A  c o m p u t e r   is  p r o v i d e d   s e t   to   r e c e i v e   t h e  

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

( j )   The  c o m p u t e r   is  p r o g r a m m e d   to  a n a l y s e   t h e  

o u t p u t   f rom  the   s i g n a l   p r o c e s s i n g   c i r c u i t r y  

in   a c c o r d a n c e   w i t h   a  p r e d e t e r m i n e d   p r o g r a m m e  

and  to  p r o d u c e   an  o u t p u t   when  t h e   a n a l y s i s  

i n d i c a t e s   t he   a b s e n c e   of   an  e l e m e n t   f rom  t h e  

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

(k)  An  a u d i o   or  v i s u a l   a l a r m   is   c o n n e c t e d   to  t h e  

o u t p u t   f rom  t he   c o m p u t e r .  

The  a b o v e   d e f i n e d   m o n i t o r   may  be  i n c o r p o r a t e d   i n  



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

In  s u c h   a  c a s e   t he   s e n s o r   is  m o u n t e d   on  t he   k n i f e  

b l o c k   so  t h a t   t h e   p r e s e n c e   of   y a r n s   is  s e n s e d   t h e r e b y  

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

b e i n g   h e l d   by  t h e   a s s o c i a t e d   g r i p p e r s .   The  loom  may 

h a v e   s e v e r a l   k n i f e   b l o c k s   w i t h   r e s p e c t i v e   s e n s o r s .  

An  a d d i t i o n a l   s e n s o r   may  be  i n c l u d e d   on  a  k n i f e   b l o c k  

to  enab le   t h e   g r i p p e r s .  t o   be  c o u n t e d .  

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

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

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

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

by  t h e   r e c e i v e r   and  a s s e s s i n g   the   p r o c e s s e d   s i g n a l  

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

in  t h e   e l e m e n t s   b e i n g   m o n i t o r e d .  

In   o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more  c l e a r l y  

u n d e r s t o o d ,   one  e m b o d i m e n t   of  the   i n v e n t i o n   w i l l   now 

be  d e s c r i b e d ,   by  way  of   e x a m p l e   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h : -  

F i g u r e s   l a ,   lb  and  l c   show  d i a g r a m m a t i c a l l y   p a r t i a l  

v i e w s   o f   t h e   saw  b a r ,   and  k n i f e   box  o f   a  g r i p p e r   c a r p e t  

l o o m , ( i n   F i g u r e   lc   g r i p p e r   s p a c i n g   has   b e e n   i n c r e a s e d  

f o r   c l a r i t y ) ,  



F i g u r e   2  i s   a  d e t a i l   p a r t i a l   v iew  in   s i d e   e l e v a t i o n  

of  a  s e n s o r   h e a d   of  a  m o n i t o r   a c c o r d i n g   to  t h e   i n v e n -  

t i o n   a d j a c e n t   a  g r i p p e r   in  a  g r i p p e r   c a r p e t   loom  of   ' 

t he   t y p e   shown  i n   F i g u r e   1 ,  

F i g u r e   3  i s   a  c i r c u i t   d i a g r a m   of  t he   r e c e i v i n g  

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

s e n s o r   of  F i g u r e   2 ,  

F i g u r e   4  i s   a  c i r c u i t   d i a g r a m   of  t h e   t r a n s m i t t e r  

c i r c u i t r y   a s s o c i a t e d   w i t h   t h e   s e n s o r   of  F i g u r e   2 ,  

F i g u r e   5  is   a  w a v e f o r m   d i a g r a m   s h o w i n g   t h e  

w a v e f o r m   of   t h e   s i g n a l   a t   v a r i o u s   p o i n t s   in   t h e   c i r c u i t r y  

of  F i g u r e   3  f o r   y a r n   s c a n n e d   as  shown  a t   t h e   h e a d   o f  

t h i s   f i g u r e ,  

F i g u r e   6  is   a  w a v e f o r m   d i a g r a m   of  t h e   e n v e l o p e   o f  

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

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

a  p l u r a l i t y   of   y a r n s   of   d i f f e r e n t   c o l o u r   a r e   s c a n n e d ,   a n d  

F i g u r e   7  shows  c o m p l e t e   p u l s e   t r a i n s   p r o d u c e d   b y  

s e n s o r s   of  t he   t y p e   shown  in   F i g u r e   2 .  

The  m o n i t o r   of   t he   i n v e n t i o n   w i l l   be  d e s c r i b e d   a s  



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

l a ,   lb  and  l c ,   in   such   a  loom  l e n g t h s   of   y a r n   1  a r e  

g r i p p e d   and  d rawn   f rom  r e s p e c t i v e   y a r n   c a r r i e r s   ( n o t  

shown)   b e t w e e n   r e s p e c t i v e   p a i r s   of   t e e t h   2  of   a  saw  b a r  

3  by  r e s p e c t i v e   g r i p p e r s   4.  T h e s e   l e n g t h s   of  y a r n   1  

a re   s u b s e q u e n t l y   cu t   by  a  k n i f e   b l a d e   5  m o u n t e d   on  a  

k n i f e   box  6,  to  p r o d u c e   c a r p e t   t u f t s   7  and  t he   t u f t s  

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

( n o t   shown)   by  the   g r i p p e r s   4  b e f o r e   b e i n g   l o c k e d   i n t o  

t he   weave   of  t h e   c a r p e t   by  a  w e f t   s h o t   b e i n g   b e a t e n  

o v e r   i t .   I f   a  t u f t   7  i s   m i s s i n g   t h i s   w i l l   a u t o m a t i c a l l y  

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

m i s s i n g   t u f t   i s   no t   d e t e c t e d   b e f o r e   t he   w e f t   s h o t   c o r r e s -  

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

The  m o n i t o r   of  t h e   i n v e n t i o n   t h e r e f o r e   s e e k s   t o  

m o n i t o r   t he   t u f t s   a t   t h e   t i m e   t h e y   a re   p r o d u c e d .   T o  

t h i s   end  t h e   m o n i t o r   c o m p r i s e s   a  s e n s o r   8  w h i c h   i s  

m o n i t o r e d   on  t he   k n i f e   box   6  d i r e c t l y   a h e a d   o f  

t he   b l a d e   5  i n   t he   c u t t i n g   d i r e c t i o n   t h e r e o f   and  w h i c h  

e f f e c t i v e l y   o p e r a t e s   to  e s t a b l i s h   the   p r e s s e n c e   o f  

y a r n   1  i m m e d i a t e l y   b e f o r e   t h a t   y a r n   1  is  c u t   to  p r o d u c e  

a  t u f t   7 .  

R e f e r r i n g   to  F i g u r e   2,  t h e   s e n s o r   c o m p r i s e s   a  

head   20  m o u l d e d   f rom  " a c e t a l "   s y n t e h t i c   p l a s t i c s   m a t e r i a l .  



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

21  and  a  p h o t o t r a n s i s t o r   22.  The  p o s i t i o n i n g   of   t h e  

d i o d e   and  t r a n s i s t o r   may  be  r e v e r s e d   i f   d e s i r e d .   T h e  

s l i t   is   made  by  a  saw  c u t   and  is  a b o u t   lmm  deep   to   p r o m o t e  

e a s y   c l e a n i n g .   B e h i n d   the   s l i t   a r e   f i r s t   p l a c e d   t w o  

i n f r a - r e d   f i l t e r s ,   one  f o r   e a c h   p h o t o - d e v i c e ,   made  o f  

g e l a t i n   and  t h e n   t he   p h o t o   d e v i c e s   t h e m s e l v e s .   T h e  

f o c a l   l e n g t h   of   t h e   d e v i c e s   is   s u c h   as  to  g i v e   m a x i m u m  

r e f l e c t i o n   a t   5  to  6mm  f rom  t he   t i p   of  t h e i r   l e n s e s   a n d  

t h e s e   a r e   t h e r e f o r e   a r r a n g e d   a t   t h i s   d i s t a n c e   ( ' d '   i n  

F i g u r e   2)  f r o m   t h e   t u f t   b e i n g   v i e w e d .   S p a c e   is  a l s o  

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

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

as  t h e   loom  m o v e s .   The  d i o d e   21  e m i t s   in   t h e   i n f r a - r e d  

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

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

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

such   as  u l t r a s o n i c s .   The  d i s p o s i t i o n   of  t h e   d i o d e   21  a n d  

p h o t o t r a n s i s t o r   22  in  t he   h e a d   20  is  s u c h   t h a t   t h e   i n f r a - r e d  

beam  is   d i r e c t e d   in   a  c o n f i n e d   m a n n e r   t o w a r d s   t h e   y a r n   1  t o  

be  d e t e c t e d   and  r e f l e c t e d   by  t he   y a r n   to  be  r e c e i v e d   by  t h e  

p h o t o t r a n s i s t o r   22.  As  can  be  s e e n   f rom  F i g u r e   2,  t h e  

h e a d   20  moves  c l o s e l y   a d j a c e n t   the   y a r n   1  a t   t h e   p o i n t   a t  

w h i c h   i t   i s   g r i p p e d   by  t h e   c o r r e s p o n d i n g   g r i p p e r   4.  E a c h  

s u c h   g r i p p e r   c o m p r i s e s   a  p a i r   of  j aws   23  p i v o t a l l y   c o n n e c -  

t e d   t o g e t h e r   a t   24.  T h e  s e n s o r   h e a d   20  f o r m s   p a r t   of  a  

t r a n s m i t t e r   and  t h e   c i r c u i t r y   of  t h i s   t r a n s m i t t e r   i s   s h o w n  



in   F i g u r e   4.  The  p u r p o s e   of  t he   c i r c u i t   is  to  p r o v i d e  

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

21.  I t   c o m p r i s e s   two  i n t e g r a t e d   c i r c u i t s   I C 1 ( a )   a n d  '  

I C l ( b )   c o n n e c t e d   in   s e r i e s .   I C 1 ( a )   i s   an  a s t a b l e  

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

The  o u t p u t   of  I C l ( a )   is  i n v e r t e d   by  I C l ( b )   to   p r o d u c e  

a  t r a i n   of  p u l s e s   of  a p p r o x i m a t e l y   6US  d u r a t i o n   and  a m p -  

l i t u d e   8.2  v o l t s   a t   a  f r e q u e n c y   of   a b o u t   16  KHz .  

This   s i g n a l   i s   u s e d   to  d r i v e   two  NPN  t r a n s i s t o r s  

TR1  and  TR2  w h i c h   a r e   c o n n e c t e d   as  a  d a r l i n g t o n   p a i r  

to   p r o d u c e   a  c u r r e n t   t h r o u g h   t h e   d i o d e   21  w i t h   a  d u t y  

c y c l e   of  a p p r o x i m a t e l y   1  .  
9. 

The  f r e q u e n c y   of  t h e   p u l s e   is  a d j u s t a b l e   by  m e a n s  

of   t h e   100  K  p o t e n t i o m e t e r   P  in   t h e   f e e d b a c k   c i r c u i t   o f  

i n t e g r a t e d   c i r c u i t   I C l ( a ) .  

The  p h o t o t r a n s i s t o r   22  f o r m s   p a r t   of  a  r e c e i v e r   w h i c h  

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

c i r c u i t   of  wh ich   is  shown  i n   F i g u r e   3.  An  e x e m p l a r y   s i g -  

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

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

f o r   i n p u t   to  a  c o m p u t e r   i s   shown  in   F i g u r e   6.  The  s i g n a l  

p r o d u c e d   by  the   p h o t o t r a n s i s t o r   22  on  r e c e i p t   of  t h e  

r e f l e c t e d   s i g n a l   f rom  e a c h   t u f t   b e i n g   v i e w e d   is  a  p u l s e  

of  s u b s t a n t i a l l y   t r i a n g u l a r   s h a p e   and  a t   a  f r e q u e n c y   o f  

a b o u t   16  KHz.  As  t he   k n i f e   b l o c k   w i t h   t he   s e n s o r   a t t a c h e d  

t r a v e r s e s   t he   y a r n s ,   t h e   s e n s o r   " s e e s "   t he   y a r n s   a n d  



p e a k s   and  t r o u g h s   o c c u r   to  m o d u l a t e   t h e   a m p l i t u d e  

of  t h i s   s i g n a l   s u p e r i m p o s e d   on  a  d . c .   l e v e l .   T h i s  

r e s u l t a n t   w a v e f o r m   f o r   a  s e r i e s   of  b l a c k   y a r n s   B 

s c a n n e d   w i t h   one  y a r n   M  m i s s i n g   is  shown  a t   A  on  F i g u r e  

5.  T h i s   s i g n a l   o c c u r s   a t   p o i n t   A  on  t h e   c i r c u i t   o f  

F i g u r e   4.  The  c a r r i e r   s i g n a l   is  r e f e r e n c e d   CS  and  t h e  

D.C.  t h r e s h o l d   l e v e l   DC  on  w a v e f o r m   A.  The  D.C.  l e v e l  

is   d e t e r m i n e d   l a r g e l y   by  t he   a m b i e n t   l i g h t   l e v e l   a n d  

t h e r e   may  a l s o   be  s u p e r i m p o s e d   a  s i g n a l   a t   100  Hz  a  

50Hz  due  to  r e f l e c t i o n   or   ' p i c k - u p '   by  ma ins   o p e r a t e d  

e q u i p m e n t   or  o v e r h e a d   l i g h t s .  

The  o u t p u t   f r o m   t h e   p h o t o t r a n s i s t o r   22  i s   c o n n e c -  

t ed   in  t he   i n p u t   of   an  i n t e g r a t e d   c i r c u i t   o p e r a t i o n a l  

a m p l i f i e r   ICl   741 .   T h i s   a c t s   as  a  h i g h   p a s s   f i l t e r  

w i t h   a  cu t   o f f   b e l o w   a b o u t   10KHz.  At  t he   o u t p u t   of  IC1  7 4 1 ,  

t he   D.C.  and  low  f r e q u e n c y   c o m p o n e n t s   h a v e   b e e n   r e m o v e d  

to  p r o d u c e   a  w a v e f o r m   of   t he   f o rm  shown  a t   B  on  F i g u r e   5 .  

Two  f u r t h e r   i n t e g r a t e d   c i r c u i t s   IC2  531  and  IC3  531  a r e  

p r o v i d e d   to  fo rm  a  n o n - i n v e r t i n g   a m p l i f i e r   c i r c u i t   w i t h  

a  maximum  o v e r a l l   g a i n   of  600 .   The  g a i n   of  IC2  531  i s  

f u l l y   a d j u s t a b l e   by  means   of   a  100  K  p o t e n t i o m e t e r   3 P .  

This   is   n o r n a l l y   p r e s e t   to  g i v e   a  f u l l y   c l i p p e d   o u t p u t  

a t   IC3  531  when  t h e   s e n s o r   is   d i r e c t l y   a b o v e   a  y a r n  

t h a t   is  a t   t he   p o i n t   w h e r e   maximum  r e f l e c t i o n   o c c u r s .  

I n t e g r a t e d   c i r c u i t s   IC2  531  and  IC3  531  have   d i o d e s   i n  

t h e i r   f e e d b a c k   c o n n e c t i o n   so  o n l y   p o s i t i v e   g o i n g   o u t p u t  



p u l s e s   a r e   o b t a i n e d .   The  w a v e f o r m   of   t h e   f u l l y  

c l i p p e d   s i g n a l   a t   IC3  531  is   shown  a t   C  in   F i g u r e  

5 .  

In   o r d e r   to  d e t e c t   t h e   ' e n v e l o p e '   r i s e   and  f a l l  

due  to  t h e   p r e s e n c e   of  p e a k s   and  t r o u g h s   as  t h e   s e n s o r  

t r a v e r s e s   t h e   y a r n s   i t   is  n e c e s s a r y   to   s e p a r a t e   t h e  

m o d u l a t i n g   s i g n a l   f rom  t he   16  KHz  c a r r i e r .  

T h i s   i s   done  in   t h r e e   s t a g e s .   F i r s t   of   a l l   a t   t p l  

t he   d i o d e   Dl  and  .01  pF  c a p a c i t o r   CP  d e m o d u l a t e   t h e  

s i g n a l   and  d e c o u p l e   mos t   of   t h e   16  KHz  s i g n a l .   T h e  

p r o p o r t i o n   of  16  KHz  r e m a i n i n g   h o w e v e r   i s   s t i l l   t oo   h i g h  

and  t h e   s i g n a l   t h e n ,   p a s s e s   t h r o u g h   two  f u r t h e r   i n t e g r a t e d  

c i r c u i t s   IC4  (a)   and  I C 4 ( b ) .   Each  of   t h e s e   c i r c u i t s  

c o n s t i t u t e   o f   a  348  i n t e g r a t e d   c i r c u i t .   T h e s e   s t a g e s  

c o m p r i s e   a  low  p a s s   f i l t e r   w i t h   a  c u t   o f f   of  1 1 . 2 5   KHz 

and  a  t u n e d   n o t c h   f i l t e r   w i t h   f o ≏ 1 6   KHz  r e s p e c t i v e l y .  

The  f r e q u e n c y   of   t h e   o s c i l l a t o r   p r o v i d e d   by  I C l ( a )  

a l r e a d y   d e s c r i b e d   i n   t h e   t r a n s m i t t e r   c i r c u i t   ( F i g u r e   4 )  

is   a d j u s t e d   to  be  e x a c t l y   e q u a l   to   t h a t   a t   w h i c h   m a x i m u m  

a t t e n u a t i o n   o c c u r s   in   t he   n o t c h   f i l t e r .   The  fo rm  of  t h e  

s i g n a l   a t   t h e   o u t p u t   of  I C 4 ( b )   w i t h   t h e   c a r r i e r   s i g n a l  

r e m o v e d   is   shown  a t   D  in  F i g u r e   5 .  

B e c a u s e   t h e   o u t p u t   f rom  d i f f e r e n t   t h i c k n e s s e s   o r  

d i f f e r e n t   c o l o u r s   of   y a r n s   or  t h r e a d s   v a r i e s   i t   is  n o t  



s u f f i c i e n t   to  d e t e c t   t h e i r   p r e s e n c e   s i m p l y   by  t h e i r  

a m p l i t u d e   of   t he   s i g n a l s   wh ich   t h e y   p r o d u c e .   Too  h i g h  

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

w h i c h   h a v e   a  low  r e f e l e c t i v i t y   to   be  m i s s e d .   A c c o r d i n g l y  

t h e   p u l s e s   w h i c h   e m e r g e   f rom  i n t e g r a t e d   c i r c u i t   I C 4 ( b )  

a re   d i f f e r e n t i a t e d   in   a  f u r t h e r   i n t e g r a t e d   c i r c u i t   I C 4 ( c )  

w h i c h   g i v e s   an  o u t p u t   wh ich   is  p r o p o r t i o n a l   to  t he   r a t e  

of  c h a n g e   of  t h e   i n p u t   s i g n a l .   I C 4 ( c )   c o n s t i t u t e s   a  

f u r t h e r  ¼   of   t h e   p r e v i o u s l y   m e n t i o n e d   348.  The  r a t e   o f  

c h a n g e   of  t h e   i n p u t   i s   z e r o   o n l y   a t   t h e   p e a k s   and  t r o u g h s  .  

S i n c e   I C 4 ( c )   a l s o   i n v e r t s   t h e   s i g n a l   i t s   o u t p u t   goes   f r o m  

z e r o   in   a  p o s i t i v e   d i r e c t i o n   i m m e d i a t e l y   a f t e r   a  peak   h a s  

o c c u r r e d   t h a t   i s   a f t e r   a  y a r n   has   b e e n   d e t e c t e d .   T h e  

w a v e f o r m   of  t h e   s i g n a l   at   t h e   o u t p u t   of  I C 4 ( c )   is  s h o w n  

a t   E  on  F i g u r e   5.  T h i s   p o s i t i v e   g o i n g   s i g n a l   is  d e t e c t e d  

by  a  S c h m i t t   t r i g g e r   c i r c u i t  -   I C 4 ( d )   w h i c h   c o n s t i t u t e s   t h e  

f o u r t h   of  t h e   348  p r e v i o u s l y   d e s c r i b e d .   I n t e g r a t e d  

c i r c u i t   I C 4 ( d )   i s   p r o v i d e d   w i t h   a  s e n s i t i v i t y   o r  

' t h r e s h o l d '   c o n t r o l   be low  w h i c h   i t   w i l l   n o t   r e s p o n d .  

T h i s   i s   n e c e s s a r y   to  p r e v e n t   a c c i d e n t a l   o p e r a t i o n   d u e  

to  t he   p r e s e n c e   of   u n w a n t e d   n o i s e   on  t h e   s i g n a l .   T h e  

o u t p u t   f rom  I C 4 ( d )   is  n o r m a l l y   a t   a p p r o x i m a t e l y   +12V 

and  when  t r i g g e r e d   by  a  t h r e a d   i t   goes   to  a p p r o x i m a t e l y  

- 1 2 V .  

The  l e a d i n g   edge   of  t he   n e g a t i v e   g o i n g   s i g n a l   i s  



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

of   i n t e g r a t e d   c i r c u i t s   I C 5 ( b )   and  ( c ) .   The  m o n o s t a b l e  

p r o d u c e s   one  p u l s e   of   f i x e d   d u r a t i o n   f o r   e v e r y   i n p u t  

t r i g g e r   p u l s e .   I n t e g r a t e d   c i r c u i t   I C 5 ( d )   i n v e r t s   t h e  

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

0  to   +12V.  Th i s   p u l s e   s e t   f o r   a  d u r a t i o n   of  7 0 0 y s ,   f o r  

e x a m p l e ,   is  s u i t a b l e   f o r   t r a n s m i s s i o n   by  c a b l e   to  t h e  

c o m p u t e r   and  i t s   w a v e f o r m   is  shown  a t   F  i n   F i g u r e   5.  T h e  

i n t e g r a t e d   c i r c u i t s   I C 5 ( a )   to  (d)  c o n s t i t u t e   f o u r   q u a r t e r s  

o f   a  4011B.   An  a l t e r n a t i v e   o u t p u t   i s   p r o v i d e d   by  I C 5 ( a ) .  

T h i s   g i v e s   p u l s e s   of   v a r y i n g   d u r a t i o n   d e p e n d i n g   on  t h e  

w i d t h   of  the   t h r e a d   and  t h e   s p e e d   of   t r a v e r s e   of   t h e   s e n s o r s .  

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

w h i c h   i t   can  be  a s s e s s e d   by  a  c o m p u t e r ,   t h e   p r o c e s s e d  

s i g n a l   is  t h e n   s a m p l e d   e v e r y   300  m i c r o s e c o n d s   by  t h e  

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

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

p u l s e   is  m i s s e d .   In  t h e   p a r t i c u l a r   c a r p e t   loom  u n d e r  

c o n s i d e r a t i o n ,   t h e r e   a r e   1008  g r i p p e r s   d i v i d e d   i n  

e i g h t   g r o u p s .   E i g h t   k n i f e   b l o c k s   6  a r e   p r o v i d e d   f o r  

r e s p e c t i v e   g r o u p s   and  e i g h t   s e n s o r s   8  a r e   m o u n t e d   o n  

r e s p e c t i v e   b l o c k s   6.  T r a n s m i t t e r   and  r e c e i v e r   c i r c u i t r y  

as  d e s c r i b e d   a b o v e   i s   a s s o c i a t e d   w i t h   e a c h   s e n s o r   8 .  

In  a d d i t i o n   to  t h e   y a r n   s e n s o r s   an  a d d i t i o n a l   s e n s o r  

i s   m o u n t e d   on  one  of  t h e   k n i f e   b l o c k s   6  in   o r d e r   to  c o u n t  

t h e   g r i p p e r s   of  t h e   a s s o c i a t e d   g r o u p .   Thus  t h e   c o m p u t e r  

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



The  c o m p u t e r   a s s e s s e s   t he   i n p u t   s i g n a l s   fed   t o  

i t   in  o r d e r   to  d e t e c t   m i s s i n g   y a r n s .   T h i s   is   a c h i e v e d '  

by  p r o g r a m m i n g   the   c o m p u t e r   w i t h   an  a l g o r i t h m   or  s e t   o f  

i n s t r u c t i o n s .   These   " t e l l "   t he   c o m p u t o r   to  c o m p a r e  

t h e   gap  b e t w e e n   a d j a c e n t   p u l s e s   w h i c h   r e p r e s e n t   t h e  

gap  b e t w e e n   a d j a c e n t   y a r n s   w i t h   t h e   a v e r a g e   of  t he   g a p s  

of  s ay   e i g h t   p r e c e d i n g   p a i r s   of  a d j a c e n t   p u l s e s .   I f  

a  gap  g r e a t e r   t h a n   1 .8   t i m e s   t h i s   a v e r a g e   i s   d e t e c t e d  

t h i s   i n d i c a t e s   a  m i s s i n g   y a r n .   Of  c o u r s e   t h e   1 .8  r a t i o  

can   be  a l t e r e d   as  d e s i r e d   to  f i t   d i f f e r i n g   s e t s   of  c i r -  

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

be  u sed   s a t i s f a c t o r i l y   f o r   t h o s e   p u l s e s   p r o d u c e d   a t   t h e  

b e g i n n i n g   and  end  of  t h e   t r a v e l   of  t he   k n i f e   b l o c k s  

b e c a u s e   t he   p u l s e   gap  is   a f f e c t e d   by  t h e   a c c e l e r a t i o n  

and  d e c l e r a t i o n   of  t he   b l o c k   and  an  a c c e p t a b l e   c o m p a r i s o n  

c a n n o t   be  made.   The  e f f e c t   on  the   p u l s e   t r a i n s   of  t h i s  

a c c e l e r a t i o n   and  d e c e l e r a t i o n   can   be  s e e n   a t   t he   b e g i n -  

n i n g   and  end  of  t h e   t r a i n s   shown  i n   F i g u r e   7.  At  t h e  

b e g i n n i n g   and  end  of  t h e - D u l s e   t r a i n ,   h o w e v e r ,   t h e  

c o m p a r i s o n   of  t he   gap  b e t w e e n   a d j a c e n t   p u l s e s   is  made  

w i t h   t he   gap  b e t w e e n   s i m i l a r   p u l s e s   on  t h e   p r e c e d i n g  

s h o t   or  c u t t i n g   s t r o k e .  

In  a d d i t i o n   to  d e t e c t i n g   a  m i s s i n g   y a r n ,   the   p o s i -  

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



u s i n g   t h e   most   e x t r e m e   r i g h t   h a n d   y a r n ,   w h i c h   i s   t h e  

f i r s t   y a r n   " c o u n t e d "   by  t h e   s e n s o r   on  the   r i g h t   h a n d  

k n i f e   b l o c k ,   as  a  r e f e r e n c e .   I t   may  h a p p e n   t h a t   t h e  

k n i f e   b l a d e s   may  n o t   a c c u r a t e l y   d i v i d e   t h e   1 0 0 8  

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

s o r s ,   some  z e ro   e r r o r   c o r r e c t i o n   may  be  n e c e s s a r y   u s i n g  

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

In  a d d i t i o n   the   g r i p p e r   s e n s o r   can   be  e m p l o y e d   to  g i v e  

an  i n d i c a t i o n   in  t h e   t r a v e l   of   t h e   k n i f e   b l a d e s   ( s i n c e  

t h e y   a l l   have   t he   same  t r a v e l )   w h e r e   t h e   m i s s i n g   y a r n  

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

way  t h r o u g h   the   t r a v e l   o f   t h e   t h i r d   b l a d e   f rom  t h e   r i g h t  

t h e   f a c t   t h a t   t he   b l a d e   has   t r a v e l l e d   h a l f   i t s   f u l l  

t r a v e l   can  be  c h e c k e d   as  t he   g r i p p e r   s e n s o r   w i l l   h a v e  

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

H a v i n g   i d e n t i f i e d   w h i c h   end  is  m i s s i n g   t h e   s y s t e m   c a n  

be  p r o g r a m m e d   e i t h e r   to   o p e r a t e   a  w a r n i n g   to   t h e   w e a v e r  

or   to  s t o p   the   m a c h i n e   a f t e r   a  p r e d e t e r m i n e d   number   o f  

m i s s e s   of  a  p a r t i c u l a r   end  or   g r o u p   of   e n d s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   above   d e s c r i b e d  

a r r a n g e m e n t   e n a b l e s   a  m i s s i n g   y a r n   to  be  d e t e c t e d   e a r l y  

on  the   w e a v i n g   p r o c e s s   and  b e f o r e   a  c o r r e s p o n d i n g  

f a u l t   is   p r o d u c e d   in   t h e   c a r p e t   b e i n g   woven  t h u s   e n a b l i n g  

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

c o s t   s a v i n g s .   The  s y s t e m   d e s c r i b e d   may  a l s o   be  u s e d  

on  o t h e r   t y p e s   of  loom  t h a n   g r i p p e r   looms  and  on  o t h e r  



p r o c e s s e s   when  n u m b e r s   of  e l o n g a t e   e l e m e n t s   a re   a n  

e s s e n t i a l   p a r t   of  t he   p r o c e s s .   I t   w i l l   a l s o   b e  

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

d a t a   l o g g i n g .   R e c o r d s   can  be  m a i n t a i n e d   and  l a t e r  

p r i n t e d   ou t   of  t h e   d u r a t i o n   and  n a t u r e   of  loom  s t o p -  

p a g e s   due  to  m i s s i n g   e n d s .   The  s y s t e m   is  c a p a b l e   o f  

e x p a n s i o n   to  h o l d   in  memory  p r e d e t e r m i n e d   p a t t e r n s  

of  m i s s i n g   ends   in   v a r i o u s   s e c t o r s   of  the   c a r p e t  

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

or  w a r n i n g   or  s t o p   c i r c u i t s .   F u r t h e r m o r e ,   t h e r e   i s  

no  p h y s i c a l   c o n t a c t   b e t w e e n   t h e   s e n s o r s   and  the   e n d s  

b e i n g   d e t e c t e d   w h i c h   is   mos t   i m p o r t a n t   p a r t i c u l a r l y  

w h e r e   damage  to  t he   y a r n   is   a  p o s s i b i l i t y .  



1.  A  m o n i t o r   f o r   m o n i t o r i n g   the   p r e s e n c e   of  a  ' 

p l u r a l i t y   of  e l e m e n t s   c o m p r i s i n g   a  s e n s o r   ( 8 )  

c o m p r i s i n g   a  t r a n s m i t t e r   (21)   f o r   e m i t t i n g   a  b e a m  

of  r a d i a t i o n   t o w a r d s   t h e   e l e m e n t s ,   a  r e c e i v e r   ( 2 2 )  

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

c i r c u i t r y   ( F i g u r e   3)  f o r   p r o c e s s i n g   t he   o u t p u t   of  t h e  

r e c e i v e r   and  means   f o r   a s s e s s i n g   t h e   p r o c e s s e d   s i g -  

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

e l e m e n t   in   t h e   e l e m e n t s   b e i n g   m o n i t o r e d .  

2.  A  m o n i t o r   as  c l a i m e d   in   C l a i m   1,  in   w h i c h   t h e  

t r a n s m i t t e r   (21)   and  r e c e i v e r ( 2 2 )   a r e   i n f r a - r e d  

d e v i c e s .  

3.  A  m o n i t o r   as  c l a i m e d   in  C l a i m   1  or  2,  in   w h i c h   t h e  

t r a n s m i t t e r   (21)   is  c o n n e c t e d   to  t r a n s m i t t e r   c i r c u i t r y  

( F i g u r e   4)  o p e r a t i v e   to  p u l s e   t he   t r a n s m i t t e r   a t   a  

c e r t a i n   f r e q u e n c y .  

4.  A  m o n i t o r   as  c l a i m e d   in  C l a i m   1,  2  or   3,  in   w h i c h  

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

a  d i f f e r e n t i a t o r   ( I C 4 ( c ) )   in   o r d e r   to  d e t e c t   t h e  

p r e s e n c e   of  p u l s e s   in   the   s i g n a l   p r o d u c e d   by  t h e   r e c e i v e r .  

5.  A  m o n i t o r   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m ,   i n  

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



d e v i c e   ( I C 4 ( d ) )   which   is  t r i g g e r e d   o n l y   by  p u l s e s  

a b o v e   a  c e r t a i n   a m p l i t u d e   in  o r d e r   to  c u t   o u t   u n -  

w a n t e d   n o i s e .  

6.  A  m o n i t o r   as  c l a i m e d   in  C l a i m   5,  in   w h i c h   t h e  

t h r e s h o l d   d e v i c e   C C 4 ( d ) )   c o m p r i s e s   a  S c h m i t t   t r i g g e r  

c i r c u i t .  

7.  A  m o n i t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,   i n  

w h i c h   t he   s i g n a l   p r o c e s s i n g   means   ( F i g u r e   3)  c o m p r i s e s  

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

( I C 5 ( b )   and  I C 5 ( c ) )   on  r e c e i p t   of   an  a p p r o p r i a t e   t r i g g e r  

s i g n a l .  

8.  A  m o n i t o r   as  c l a i m e d   in  C l a i m   7,  in   w h i c h   t h e  

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

c i r c u i t   ( I C 5 ( b )   and  I C 5 ( c ) ) .  

9.  A  m o n i t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,   in   w h i c h  

t h e   t r a n s m i t t e r   (21)   and  r e c e i v e r   (22)   a r e   d i s p o s e d  

r e l a t i v e   to  one  a n o t h e r   so  t h a t   t he   r e c e i v e r   r e c e i v e s  

t he   s i g n a l   e m i t t e d   by  t he   t r a n s m i t t e r   a f t e r   r e f l e c t i o n  

by  an  e l e m e n t   b e i n g   m o n i t o r e d .  

10.   A  m o n i t o r   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m   c o m -  

p r i s i n g   a  c o m p u t e r   s e t   to  r e c e i v e   t he   o u t p u t   f rom  t h e  

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

11.  A  m o n i t o r   as  c l a i m e d   in  C l a i m   10,   in   w h i c h   the   c o m -  



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

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

p r e d e t e r m i n e d   p r o g r a m m e   and  to  p r o d u c e   an  o u t p u t  

when  t h e   a n a l y s i s   i n d i c a t e s   t he   a b s e n c e   of   an  e l e m e n t  

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

12.   A  m o n i t o r   as  c l a i m e d   in  C l a i m   11,   in   w h i c h   a n  

a u d i o   or   v i s u a l   a l a r m   is  c o n n e c t e d   to   t h e   o u t p u t   f r o m  

t h e   c o m p u t e r .  

13 .   A  g r i p p e r   loom  f o r   the   p r o d u c t i o n   of   t u f t e d   c a r p e t s  

c o m p r i s i n g   a  m o n i t o r   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m ,  

in   w h i c h   t h e   s e n s o r   (8)  is  m o u n t e d   on  t he   k n i f e   b l o c k  

so  t h a t   t h e   p r e s e n c e   of  y a r n s   is   s e n s e d   t h e r e b y   p r i o r   t o  

c u t t i n g   to  p r o d u c e   t h e   t u f t s   and  w h i l s t   b e i n g   h e l d   b y  

t h e   a s s o c i a t e d   g r i p p e r s .  

14.   A  g r i p p e r   loom  as  c l a i m e d   i n   C l a i m   13 ,   in   w h i c h  

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

on  r e s p e c t i v e   k n i f e   b l o c k s .  

15 .   A  g r i p p e r   loom  as  c l a i m e d   i n   C l a i m   13  o r   14 ,   i n  

w h i c h   an  a d d i t i o n a l   s e n s o r   i s   m o u n t e d   on  one  k n i f e   b l o c k  

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

t r a v e l   o f   t h a t   k n i f e   b l o c k .  



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

of  e l e m e n t s   i n c l u d i n g   t he   s t e p s   of  s c a n n i n g   t h e  

e l e m e n t s   w i t h   a  s e n s o r   (8)  c o m p r i s i n g   a  t r a n s m i t t e r  

(21)   and  r e c e i v e r ( 2 2 )   p r o c e s s i n g   t h e   o u t p u t   p r o d u c e d  

by  t he   r e c e i v e r ' ( 2 2 )   and  a s s e s s i n g   t h e   p r o c e s s e d   s i g n a l  

in  o r d e r   to   d e t e r m i n e   t he   a b s e n c e   of  a  m i s s i n g   e l e m e n t  

in  the   e l e m e n t s   b e i n g   m o n i t o r e d .  

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

of  e l e m e n t s   as  c l a i m e d   in  C l a i m   16,   i n   w h i c h   t h e   e l e m e n t s  

b e i n g   m o n i t o r e d   a r e   t he   y a r n s   i n   a  g r i p p e r   loom  a n d  

t he   s e n s o r   is  u s e d   to  s c a n   t h e s e   e l e m e n t s   d i r e c t l y  

b e f o r e   t h e   y a r n s   a r e   cu t   to  p r o d u c e   t u f t s .  
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