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@  Web  registration  measurement  system. 

  Web  register  measurement  apparatus  for  use  with  a  travel- 
ling  web  (30)  carrying  register  marks  (32,  34)  of  a  predeter- 
mined  shape  and  predetermined  spacing  along  the  direction  of 
web  travel  includes  an  optical  reader  head  (10)  which  has  a 
lamp  (20)  for  producing  a  light  spot  on  the  web  (30)  and  a  pho- 
todetector  (45)  for  detecting  light  reflected  from  the  spot  on  the 
web  (30).  The  photodetector  (45)  in  use  produces  an  output 
signal  70  representative  of  the  intensity  of  the  reflected  light. 
A  pattern-recognizing  unit  12,  e.g.  a  computer or  a microproces- 
sor,  is  provided  to  analyse  the  output  signal  70  to  determine  the 
exact  centre  of  the  signal  70,  i.e.  the  moment  of  the  minimum 
value  73  of  the  intensity  of  the  reflected  light  by  fitting  the  best 
slopes  71,  72  to  the  actual  waveform  of the  signal  70.  By  deter- 
mining  the  time  intervals  between  the  occurrences  of  such 
minimum  values,  lateral  and/or  longitudinal  registration  errors 
are  deducible.  A  mask  (24)  is  interposed  either  between  the 
lamp  (20)  and  the  web  (30)  or  between  the  web  (30)  and  the 
photodetector  (45),  the  mask  (24)  carrying  a  pattern  which 
consists  of  at  least  one  light-transmitting  area  (25,  125,  225, 
325,  425)  and  non-transmitting  area(s)  and  which  is  correlated 
with  the  register  marks  (32,  34)  so  as  to  produce  a  well-defined 
transition  in  the  magnitude  of the  photodetector  output  (70,  71, 
72). 



The  p r e s e n t   i nven t ion   r e l a t e s   to  a  web  r e g i s t r a t i o n  

measurensnt system  for  u s e ,  e . g .   in  p r i n t i n g   p r e s s e s   p r i n t i n g  

in  a  p l u r a l i t y   of  co lours   on  a  c o n t i n u o u s l y   moving  web,  such  

a s  p a p e r .  
In  such  p r i n t i n g   p r e s s e s   the  colour   of  the  f i n i s h e d  

p r i n t e d   mat te r   is  the  r e s u l t   of  a  s u p e r i m p o s i t i o n   of  s e v e r a l  

' r uns '   of  p r i n t i n g   with  d i f f e r e n t   co lou r s .   I t   is  c l e a r l y  

ext remely   impor tan t   for  a  s a t i s f a c t o r y   product   tha t   the  s u c c e s -  

sive  runs  should  be  h ighly   a c c u r a t e l y   c o n t r o l l e d   to  e n s u r e  

tha t   s u b s t a n t i a l l y   no  r e l a t i v e   d i sp l acemen t   of  the  p r i n t e d  

images  to  be  super imposed  should  be  p e r c e i v a b l e .  

To  t h i s   end,  webs  have  commonly  been  p rovided   w i t h  

r e g i s t e r   marks  in  the  va r ious   co lours   of  p r i n t i n g .   The  marks 

are  f i r s t   d e t e c t e d   e .g.   by  an  o p t i c a l   scanner   and  the  s e p a r a t i o n  

between  two  marks  is  ob ta ined .   This  s e p a r a t i o n   is  then  compared 

with  a  d e s i r e d   value  and  a  r e g i s t e r   e r ro r   value  is  o b t a i n e d .  

Then  the  e r ro r   is  sought  to  be  c o r r e c t e d .  

R e g i s t e r   e r ro r   may  be  l o n g i t u d i n a l   or  l a t e r a l   or  a  

combinat ion   of  t hese .   L o n g i t u d i n a l   e r ro r   means  t ha t   t h e  

s e p a r a t i o n   of  a  given  pa i r   of  marks  along  the  d i r e c t i o n   o f  

movement  of  the  web  is  i n c o r r e c t   while  l a t e r a l   e r ro r   means 

the  t r a n s v e r s e   d i sp l acemen t   of  one  c o l o u r ,   r e l a t i v e   t o  
a n o t h e r .  

One  known  web  r e g i s t r a t i o n   measurement system  d e s c r i b e d  

in  GB-A-2  065  871,  in  which,  in  one  form,  the  apparatus  is  capable  of  d e  t e c t -  

ing  both  l o n g i t u d i n a l   and  l a t e r a l   e r r o r .   The  web  is  p r o v i d e d  

with  a  s e r i e s   of  r i g h t - a n g l e d   t r i a n g l e - s h a p e d   marks.  A  s i n g l e  

scanning  head  i n c l u d i n g   a  p h o t o d e t e c t o r   p rov ides   a  s i g n a l  

for  each  mark  pass ing   under  i t   while  s i m u l t a n e o u s l y   the  web 

speed  is  measured.  L o n g i t u d i n a l   e r ro r   is  ob ta ined   from 



e l e c t r o n i c   p r o c e s s i n g   c i r c u i t r y   which  measures  the  time  i n t e r v a l  

between  the  passage  of  the  l ead ing   edges  of  a  pa i r   of  marks  

and  which  m u l t i p l i e s   t h e  t i m e   value  with  the  web  speed  v a l u e .  

La t e r a l   r e g i s t e r   e r ro r   is  ob ta ined   by  measuring  t h e  

i n t e r v a l   between  the  l ead ing   and  t r a i l i n g   edges  of  each  mark 

pass ing   the  scanner  and  c a l c u l a t i n g   the  d i f f e r e n c e   be tween  

the  r e s p e c t i v e   values   of  t h i s   i n t e r v a l   for  a  pa i r   of  marks .  

This  d i f f e r e n c e   m u l t i p l i e d   by  web  speed  can  be  shown  to  be  

p r o p o r t i o n a l   to  the  l a t e r a l   r e g i s t e r   e r r o r .  

This  known  appara tus   s u f f e r s   from  seve ra l   d r awbacks .  

The  marks  are  r e l a t i v e l y   small  and  thus  small  spots  of  i l l u m i -  

na t ion   are  r e q u i r e d .   However,  such  small  spots  of  l i g h t  

give  r i s e   to  small  p h o t o d e t e c t o r   output   s i g n a l s   which  may 

change  only  sligntly  with  some  colours (e.g.  yellow)  and  are  very  sens i t ive   t  o  
the  phys i ca l   and  chemical  s t r u c t u r e   of  the  web  and  to  ' n o i s e '  

in  the  c i r c u i t r y .   A  f u r t h e r   s e r i o u s   problem  tha t   t h i s   a p p a r a t u s  

cannot  solve  s a t i s f a c t o r i l y   occurs  when  the  plane  of  t h e  

web  d e v i a t e s   from  i t s   nominal  p lane:   th i s   means  tha t   t h e  

i l l u m i n a t i n g   spot  is  no  longer   in  focus  at  the  t a r g e t ,   so  

the  amount  of  l i g h t   r e f l e c t e d   and  a v a i l a b l e   for  d e t e c t i o n   is  c o n -  

s i d e r a b l y   reduced  and  the  sharpness   of  the  t r a n s i t i o n   reduced.   I f  

the  lateral excursion  of the  web  takes  the  stop  to  one  of  the  tips  of  the  triangu- 
lar  mark,  the  distance  between  its  leading  and  t r a i l i n g   edges  becomes 

comparable  to  the  spot  s i ze ,   caus ing   r e s o l u t i o n   p r o b l e m s .  

Also,  in  tha t   region  the  p resence   of  d i r t   or  a  blemish  on 

the  web  r e s u l t s   in  large  i n a c c u r a c i e s   of  d e t e c t i o n .  

The  p r e sen t   i n v e n t i o n   seeks  to  overcome  the  drawbacks  

of  t h i s   and  other   known  web  r e g i s t r a t i o n   measurement  system  s 

and  to  provide   a  system  which  is  not  a p p r e c i a b l y   s e n s i t i v e  

to:  no i se ,   r e g i s t e r   mark  co lou r ,   the  s t a t e   of  f o c u s s i n g ,  

lack  o f  u n i f o r m i t y   of  i l l u m i n a t i o n   and  the  presence  of  d i r t  

or  b l e m i s h e s .  

According  to  a  f i rs t   aspec t   of  the  p r e s e n t   i n v e n t i o n ,  

there   is  provided  for  use  with  web  r e g i s t e r   measuring  apparatus 



tha t   i nc ludes   means  for  i l l u m i n a t i n g   a  spot  on  a  t r a v e l l i n g   web 

and  d e t e c t i n g   means  which  are  r e s p o n s i v e   to  the  r e f l e c t e d   b r i g h t n e s s  

of  the  spot  which  va r i e s   with  the  passage  of  r e g i s t e r   marks  o f  

a  p rede te rmined   shape  and  spacing  app l i ed   on  the  web  and  which 

are  adapted  to  provide  a  c o r r e s p o n d i n g   e l e c t r i c a l   o u t p u t :  

a  mask  adapted  to  be  i n t e r p o s e d   between  e i t h e r   the  i l l u m i n a t i n g  

means  and  the  web  or  between  the  web  and  the  d e t e c t i n g   means 

and  provided  with  a  p a t t e r n   of  at  l e a s t   one  l i g h t - t r a n s m i t t i n g  

area  and  at  l e a s t   one  n o n - t r a n s m i t t i n g   area,   the  said  p a t t e r n  

being  c o r r e l a t e d   with  the  said  r e g i s t e r   marks  so  as  to  p r o d u c e  

a  w e l l - d e f i n e d   t r a n s i t i o n   in  the  magnitude  of  the  said  o u t p u t  

r e s p e c t i v e l y   e i t h e r   when  the  image  of  said  at  l e a s t   one  l i g h t -  

t r a n s m i t t i n g   area  f a l l s   on  a  said  r e g i s t e r   mark  (or  on  a  p a r t  

t h e r e o f )   or  when  the  image  of  a  said  r e g i s t e r   mark  (or  on  a  p a r t  

t he r eo f )   f a l l s   on  said  at  l e a s t   one  l i g h t - t r a n s m i t t i n g   a r e a .  

According  to  a  second  aspect   of  the  i n v e n t i o n ,   there   is  p r o v i d e d  

web  r e g i s t e r   measurement  appa ra tu s   for  use  with  a  t r a v e l l i n g  

web  c a r ry ing   r e g i s t e r   marks  of  a  p r e d e t e r m i n e d   shape  and  p r e d e t e r -  

mined  spacing  along  the  d i r e c t i o n   of  web  t r a v e l ,   c o m p r i s i n g  

i l l u m i n a t i n g   means  for  i l l u m i n a t i n g   a  spot  on  the  web,  d e t e c t i n g  

means  for  d e t e c t i n g   l i g h t   r e f l e c t e d   from  the  spot  on  the  web 

and  producing  an  output   r e p r e s e n t a t i v e   of  the  i n t e n s i t y   of  t h e  

r e f l e c t e d   l i g h t ,   and  ana lys ing   means  for  ana ly s ing   the  said  o u t p u t  

to  determine  the  exact  moment  of  minimum  value  of  the  i n t e n s i t y  

of  the  r e f l e c t e d   l i g h t   and  for  d e t e r m i n i n g   the  time  i n t e r v a l s  

between  the  occur rences   of  such  minimum  v a l u e s .  

According  to  a  t h i rd   aspect   of  the  i n v e n t i o n ,   there   is  p r o v i d e d  

web  r e g i s t e r   measurement  appa ra tu s   for  use  with  a  t r a v e l l i n g  

web  c a r r y i n g   r e g i s t e r   marks  of  a  p r e d e t e r m i n e d   shape  and  p r e d e t e r -  

mined  spacing  along  the  d i r e c t i o n   of  web  t r a v e l ,   c o m p r i s i n g  

i l l u m i n a t i n g   means  for  i l l u m i n a t i n g   a  spot  on  the  web,  d e t e c t i n g  

means  for  d e t e c t i n g   l i g h t   r e f l e c t e d   from  the  spot  on  the  web 

and  producing  an  output   r e p r e s e n t a t i v e   of  the  i n t e n s i t y   of  t h e  

r e f l e c t e d   l i g h t ,   and  a  mask  i n t e r p o s e d   between  e i t h e r   the  i l l u m i n a t -  

ing  means  and  the  web  or  the  web  and  said  d e t e c t i n g   means,  t h e  



said  mask  c a r ry ing   a  p a t t e r n   c o n s i s t i n g   of  at  l e a s t   one  l i g h t -  

t r a n s m i t t i n g   area  and  n o n - t r a n s m i t t i n g   a r e a ( s ) ,   the  said  p a t t e r n  

being  c o r r e l a t e d   with  the  said  r e g i s t e r   marks  so  as  to  p r o d u c e  

a  w e l l - d e f i n e d   t r a n s i t i o n   in  the  magnitude  of  the  said  o u t p u t  

r e s p e c t i v e l y   e i t h e r   when  the  image  of  said  at  l e a s t   one  l i g h t -  

t r a n s m i t t i n g   area  f a l l s   on a   said  r e g i s t e r   mark  (or  a  par t   t h e r e o f )  

or  when  the  image  of  a  said  r e g i s t e r   mark  (or  a  par t   t h e r e o f )  

f a l l s   on  said  at  l e a s t   one  l i g h t - t r a n s m i t t i n g   a r e a .  

P r e f e r a b l y ,   the  said  p a t t e r n   is  g e n e r a l l y   of  diamond  shape  

and  con t a in s   a  p l u r a l i t y   of  diamond-shaped  and/or   r e c t a n g u l a r  

l i g h t - t r a n s m i t t i n g   areas ,   and  wherein  the  c o r r e l a t e d   r e g i s t e r  

marks  are  g e n e r a l l y   chevron-shaped;   said  areas  and  said  r e g i s t e r  

marks  may  extend  at  about  45°  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   o f  

t r a v e l   of  the  web,  the  d e t e c t i n g   means  being  r e spons ive   to  s u b s t a n -  

t i a l l y   complete  e x t i n c t i o n   of  r e f l e c t e d   l i g h t .  

In  a  p r e f e r r e d   embodiment  of  said  second  aspect   of  t h i s   i n v e n -  

t i o n ,   a  mask  is  i n t e r p o s e d   between  e i t h e r   the  i l l u m i n a t i n g   means 

and  the  web  or  between  the  web  and  said  d e t e c t i n g   means,  s a i d  

mask  being  p rovided   with  a  p a t t e r n   of  at  l e a s t   one  l i g h t -  

t r a n s m i t t i n g   area  and  n o n - t r a n s m i t t i n g   a r e a ( s ) ,   the  said  p a t t e r n  

being  c o r r e l a t e d   with  the  said  r e g i s t e r   marks  so  as  to  p roduce  

a  w e l l - d e f i n e d   t r a n s i t i o n   in  the  magnitude  of  the  said  o u t p u t  

e i t h e r   when  the  image  of  said  at  l e a s t   one  l i g h t - t r a n s m i t t i n g  

area  f a l l s   on  a  said  r e g i s t e r   mark  (or  a  pa r t   t h e r e o f ) ,   or  when 

the  image  of  a  said  r e g i s t e r   mark  (or  a  par t   t h e r e o f )   f a l l s   on 

said  at  l e a s t   one  l i g h t - t r a n s m i t t i n g   area,   r e s p e c t i v e l y .  

The  said  d e t e c t i n g   means  may  be  a  p h o t o d e t e c t o r   e f f e c t i v e  

to  produce  at  l e a s t   one  e l e c t r i c   output   pulse  for  each  p a s s a g e  

of  a  r e g i s t e r   mark  and  said  a n a l y s i n g   means  i nc ludes   e l e c t r o n i c  

means  e f f e c t i v e   to  f ind  the  exact  cent re   of  said  p u l s e .  

Advantageous ly ,   the  e l e c t r o n i c   means  is  a  m i c r o p r o c e s s o r  

or  a  computer  programmed  to  f i t   the  best   l i nes   of  the  a n t i c i p a t e d  

t h e o r e t i c a l   shape  to  the  l ead ing   and  t r a i l i n g   edges  of  the  a c t u a l  

output   p u l s e .  



In  one  embodiment,  the  mask  has  a  square  or  rhombic  l i g h t -  

t r a n s m i t t i n g   area  and  the  web  r e g i s t e r   marks  are  g e n e r a l l y  

chevron  or  V-shaped.  E x p e d i e n t l y ,   the  width  of  each  l imb 

of  the  r e g i s t e r   mark  in  the  d i r e c t i o n   of  t r ave l   of  the  web 

equals   the  apex  to  apex  d i s t a n c e   of  the  rhombus  or  s q u a r e  
of  the  l i g h t - t r a n s m i t t i n g   area.   Advantageously ,   the  i n c l u d e d  

angle  between  ad j acen t   s i des   of  the  square  as  well  as  t h e  

inc luded   angle  between  the  limb  of  the  chevron  or  V  may  be  

s u b s t a n t i a l l y   90°  so  tha t   the  s ides   of  the  square  are  i n c l i n e d  

at  45°  to  the  d i r e c t i o n   of  t r a v e l   of  the  web. 

P r e f e r a b l y ,   the  r e g i s t e r   marks  include  an  ex t ra   mark 

shaped  d i f f e r e n t l y   from  the  remain ing   r e g i s t e r   marks  and  s e r v i n g  

both  to  l oca t e   the  remaining  r e g i s t e r   marks  and  to  e n a b l e  

a  c a l c u l a t i o n   of  web  t r a v e l   speed  to  be  made;  t h i s   e x t r a  

mark  may  be  a  s o l i d   p a r a l l e l o g r a m   or  rhomboid  the  s h o r t e r  

s ides   matching  in  length   and  angle  one  side  of  one  limb  o f  

the  chevron  or  V. 
Other  p r e f e r r e d   embodiments  inc lude  cases  where  a)  

the  mask  has  a  c i r c u l a r   l i g h t - t r a n s m i t t i n g   area  and  the  web 

r e g i s t e r   marks  are  also  c i r c u l a r ;   b)  the  mask  has  a  c i r c u l a r  

l i g h t - t r a n s m i t t i n g   area  and  the  web  r e g i s t e r   marks  are  shaped  

as  t r i a n g l e s ;   or  c)  the  mask  has  a  c i r c u l a r  

l i g h t - t r a n s m i t t i n g   area  and  the  web  r e g i s t e r   marks  are  a l s o  

c i r c u l a r ,   the  l a t t e r   being  grouped  for  each  colour  into  a  

s e r i e s   of  i d e n t i c a l   marks,  i d e n t i c a l l y   c o l o u r e d .  

The  i n v e n t i o n   is  d e s c r i b e d ,   merely  by  way  of  example ,  

with  r e f e r e n c e   to  the  accompanying  pure ly   schematic  d r a w i n g s ,  

w h e r e i n :  

Figure  1  is  a  block  diagram  of  appara tus   a c c o r d i n g  

to  the  i n v e n t i o n ;  

Figure  2  is  a  d iagrammatic   r e p r e s e n t a t i o n   of  the  p a r t  

of  the  appa ra tus   comprised  in  the  f i r s t   block  of  the  d iagram 

of  Figure  1; 

Figure  3  is  a  d iagrammatic   r e p r e s e n t a t i o n   of  a  mask 

for  use  with  the  appara tus   acco rd ing   to  Figures   1  and  2; 

Figure  4  is  a  d iagrammatic   r e p r e s e n t a t i o n   of  r e g i s t e r  

con t ro l   marks  on  a  web  for  use  with  the  appara tus   a c c o r d i n g  

to  Figures   1  and  2  and  the  mask  accord ing   to  Figure  3; 



Figure  5  is  a  d iagrammatic   vo l tage   waveform  o b t a i n e d  

in  use  of  the  appara tus   accord ing   to  F igures   1  to  4;  

Figure  6  is  an  en la rged   d e t a i l   of  the  waveform  a c c o r d i n g  
to  Figure  5,  and 

Figures   7  to  10  r e p r e s e n t   four  a d d i t i o n a l   and  a l t e r n a t i v e  

embodiments  of  r e s p e c t i v e   ' t r i p l e t s '   of  mask  shape,  web  r e g i s t e r  
con t ro l   mark  shape  and  vo l tage   waveforms.  

Re fe r r i ng   f i r s t   to  F igures   1  to  6,  web  r e g i s t e r   c o n t r o l  

appara tus   comprises  as  s u b - u n i t s   a  block  10  i nc lud ing   an 

o p t i c a l   read ing   head  and  a  d e t e c t o r ;   an  a m p l i f i e r   uni t   11; 

a  p a t t e r n   r e c o g n i z i n g   uni t   12  and  a  d i sp lay   uni t   13.  

The  block  10  is  i l l u s t r a t e d   in  Figure  2.  I t   c o m p r i s e s  

a  lamp  20,  a  lens  22  which  c o l l e c t s   l i g h t   from  the  lamp  20 

and  passes   i t   to  a  mask  24.  The  mask  24  has  an  a p e r t u r e  

or  a  l i g h t - t r a n s m i t t i n g   area  25  shaped  as  a  square  i n c l i n e d  

at  45°  to  the  h o r i z o n t a l   (Figure  3 ) .  

The  l i g h t   from  the  mask  24  passes   through  lenses   26,  

27  which  image  i t   as  a  t i l t e d   square  spot  on  the  s u r f a c e  

of  a  web  30,  e .g .   paper  t r a v e l l i n g   in  long  cont inuous   l e n g t h s  
in  a  colour  p r i n t i n g   press   (not  shown)  in  which  d i f f e r e n t l y  

coloured  images  must  be  a c c u r a t e l y   superimposed  or  p l a c e d  

r e l a t i v e   to  each  other   to  produce  a  des i r ed   f i na l   image.  
To  a s s i s t   in  ach iev ing   t h i s ,   the  web  30  is  provided  w i t h  

a  p l u r a l i t y   of  web  r e g i s t e r   c o n t r o l   marks  32  of  i d e n t i c a l  

shape  but  ( u sua l ly )   of  d i f f e r e n t   colour   spaced  apar t   by  p r e d e -  

termined  equal  d i s t a n c e s .   In  a d d i t i o n ,   for  a  purpose  d e s c r i b e d  

l a t e r ,   a  f u r t h e r   s o l i d .   p a r a l l e l o g r a m - s h a p e d   con t ro l   mark 

34  is  provided  at  the  beg inn ing   ( r e l a t i v e   to  the  d i r e c t i o n  

of  web  t r a v e l )   of  the  s e r i e s   of  the  marks  32.  These  marks 

32,  34  could  be  rhombic  and  rhomboidal ,   r e s p e c t i v e l y .  

In  use,  l i g h t   r e f l e c t e d   from  the  web  30  is  c o l l e c t e d  

by  a  lens  40  and  passes   through  a  colour   f i l t e r   42  to  a  p h o t o -  

d e t e c t o r   45  e f f e c t i v e   to  produce  an  e l e c t r o n i c   output   s i g n a l  
which  is  an  analogue  of  the  i n t e n s i t y   of  t h e  

l i g h t   r e f l e c t e d   from  the  web  30  and  r each ing   i t .  

The  f i l t e r   42  a s s i s t s   in  e q u a l i s i n g   the  magnitude  o f  



the  output   s i g n a l s   for  d i f f e r e n t l y   co loured   webs  and/or  r e g i s t e r  

marks .  

The  marks  32  are  g e n e r a l l y   so l id   V-shaped  or  c h e v r o n -  

shaped.  The  two  limbs  of  the  V  are  at  90°  to  each  o t h e r  

and  45°  to  the  axis  of  t r a v e l .   Each  limb  is  of  a  p r e d e t e r m i n e d  

t h i c k n e s s   which  cor responds   to  the  length   of  each  side  o f  

the  square  ape r tu r e   or  t r a n s m i t t i n g   area  25  of  the  mask  24,  

or  the  o p t i c a l   system  (to  be  de sc r ibed )   is  such  tha t   t h e  

square  image  has  such  length   of  s i d e s .   In  th i s   way  the  whole 

of  the  image  can  f a l l   on  a  wholly  so l id   par t   of  the  mark 

to  produce  a  very  sharp  r e d u c t i o n   (or  e x t i n c t i o n )   of  t h e  

amount  of  l i g h t   r e f l e c t e d   from  the  mark  32.  

The  mark  34  is  a  l o c a t o r   mark  of  p a r a l l e l o g r a m   o u t l i n e  

the  s h o r t e r   s ides   of  which  are  equal  in  length  to  the  s i d e s  

of  the  chevrons  (area  3 2 ) .  

F igures   5  and  6  show  the  waveforms  of  the  output   p u l s e s .  

The  upper  h o r i z o n t a l   l ine   50  r e p r e s e n t s   100%  l i g h t   t r a n s m i s s i o n  

while  the  lower  h o r i z o n t a l   l ine   52  r e p r e s e n t s   0%  l i g h t   t r a n s m i s -  

s ion .   I t   wil l   be  seen  tha t   as  the  mark  34  passes   under  t h e  

mask  the  co r r e spond ing   waveform  60  e x h i b i t s   a  g e n e r a l l y  

t r a p e z o i d a l   dip  in  the  s i g n a l ,   due  to  the  passage  of  t h e  

l ead ing   and  t r a i l i n g   edges  of  the  mark,  i n c l i n e d   at  45°  (135°)  

to  the  d i r e c t i o n   of  t r a v e l   of  the  web.  The  pulse  60  s e r v e s  

to  l oca t e   the  other   marks  32  on  the  web  and  from  the  s e p a r a t i o n  

of  i t s   f l anks   an  approximat ion   of  the  web  v e l o c i t y   can  be 

d e d u c t e d .  

The  passage  of  each  mark  32  under  the  mask  24  p r o d u c e s  

a  double -peaked   waveform  62,  i . e .   two  e s s e n t i a l l y   t r i a n g u l a r  

pu lses   63,  64  one  of  which  is  shown  en la rged   in  Figure  6 .  

It  wil l   be  ev ident   tha t   by  comparing  the  s e p a r a t i o n  

of  the  peaks  of  a  pa i r   of  pulses   63,  64  with  the  c o r r e s p o n d i n g  

s e p a r a t i o n   for  a  r e f e r e n c e   pa i r   of  masks  (usua l ly   b l a c k ) ,  

the  l a t e r a l   r e g i s t e r   e r ro r   can  be  deduced,  given  knowledge 

of  t h e   web  t r a v e l   v e l o c i t y .   It   wi l l   also  be  ev ident   t h a t  



the  averaged  p o s i t i o n   of  the  c e n t r e  o f   each  pa i r   of  p u l s e s  

can  be  used  as  the  measure  of  l o n g i t u d i n a l   r e g i s t e r   e r r o r  

since  the  time  ( d i s t ance )   between  the  same  point   on  s u c c e s s i v e  

pulses   is  p r o p o r t i o n a l   to  th i s   e r ro r   for  cons t an t   web  v e l o c i t y .  

The  web  v e l o c i t y   can  be  determined  a c c u r a t e l y   from  a  knowledge 

of  the  s e p a r a t i o n   between  the  most  widely  s e p a r a t e d   of  marks 

32,  these  two  being  of  the  same  colour   (u sua l ly   b l a c k ) .  

In  r e a l i t y   and  as  shown  in  dot ted   l ines   in  F i g u r e  

6  the  ac tua l   output   s igna l   70,  a f t e r   a m p l i f i c a t i o n ,   w i l l  

e x h i b i t   an  i r r e g u l a r   shape  due  to  no ise .   Hence  the  u n i t  

12  is  employed  to  f i t   the  best   s t r a i g h t   l ines   71,  72  to  t h e  

no i sy   po in t s   of  the  curve  70  and  in  t h i s   way  the  exact  c e n t r e  

poin t   73  of  the  dip  in  the  curve  70  is  ob ta ined .   The  u n i t  

12  i nc ludes   a  m ic rop roces so r   or  a  computer,  using  a  programme 

c o n t a i n i n g   i n fo rma t ion   s to red   about  mark  co lour ,   s h a p e s ,  

s e p a r a t i o n ,   sequence  of  colours   e t c . ,   to  obta in   the  b e s t  

match.  In  th i s   way  the  accuracy  o b t a i n a b l e   is  10-100  t i m e s  

b e t t e r   than  the  width  of  the  dip  in  the  s igna l   70.  Moreover ,  

r e l i a b l e   r e s u l t s   can  be  ob ta ined   even  if   the  mask  a p e r t u r e  

or  the  area  25  is  not  well  focussed   on  the  web  and/or   i f  

the  i l l u m i n a t i o n   is  not  uniform  and/or   if   the  image  is  r o t a t e d  

or  p a r t l y   obscured  and/or   if  b lemishes   occur  on  the  web. 

F igures   7  to  10  show  t r i p l e t s   of  mask  shape,  r e g i s t e r  

con t ro l   marks  and  output  s igna l   waveforms.  These  t r i p l e t s  

are  a l t e r n a t i v e s   to  the  embodiment  de sc r ibed   so  far ,   and 

the  same  r e f e r e n c e   numbers  will   be  used,  apar t   from  b e i n g  

augmented  by  100,  200,  300  and  400,  r e s p e c t i v e l y .  

Figure  7  shows  a  c i r c u l a r   mask  ape r tu r e   or  l i g h t -  

t r a n s m i t t i n g   area  125  c o r r e l a t e d   with  c i r c u l a r   r e g i s t e r   marks 

132.  This  combinat ion  gives  r i s e  t o   a  g e n e r a l l y   s i n u s o i d a l  

waveform  162.  Although  th i s   embodiment  is  f e a s i b l e ,  

f i nd ing   the  exact  bottom  of  the  curve  is  r e l a t i v e l y   d i f f i c u l t .  

Figure   8  shows  a  smal ler   c i r c u l a r   mask  ape r tu re   o r  

l i g h t - t r a n s m i t t i n g   area  225  with  a  wedge-shaped  or,  more 

p r e c i s e l y ,   r i g h t - a n g l e d   t r i a n g l e - s h a p e d   r e g i s t e r   mark  232,  

known  per  se.  The  s igna l   waveform 262  is  w e l l - d e f i n e d   when  t h e  



' s po t '   f a l l s   in  the  c e n t r a l   area  of  the  mark  232  but  i t s  

ampl i tude  f a l l s   away  sharply   when  the  ' s po t '   f a l l s   to  t h e  

narrower  apex  area  of  the  mark. 

Figure   9  shows  (on  a  sca le   g r e a t l y   e n l a r g e d  

r e l a t i v e   to  F igures   7,  8  and  10)  a  mask  with  a  rhombic 

o u t l i n e   f i l l e d   with  a  complex  p a t t e r n   of  rhombic  and  rhom- 

boida l   l i g h t - t r a n s m i t t i n g   areas  325  of  d i f f e r i n g   s i z e s  

c o r r e l a t e d   with  g e n e r a l l y   chevron-shaped   r e g i s t e r   marks 

332.  Each  limb  of  the  V  is  i n c l i n e d   at  45°  to  the  d i r e c t i o n  

of  web  t r a v e l   and  comprises  a  p l u r a l i t y   of  p a r a l l e l ,   a l t e r n a t -  

ing  white  ( l i g h t - r e f l e c t i n g )   and  black  ( l i g h t - a b s o r b i n g )  

bands  of  d i f f e r e n t   t h i c k n e s s e s .   A  s u p e r i m p o s i t i o n   of  t h e  

two  r e s u l t s   in  an  extremely  w e l l - d e f i n e d   sharp  peak  i n  

the  waveform  362  or  t r a n s i t i o n   in  the  l eve l   of  the  i n t e n s i t y  

of  r e f l e c t e d   l i g h t .   The  advantage  of  the  w e l l - d e f i n e d  

output   s igna l   is  however  somewhat  o f f s e t   by  the  d i f f i c u l t y  

of  an  o p t i c a l   ar rangement   tha t   would  opera te   s a t i s f a c t o r i l y  

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

F i n a l l y ,   Figure  10  shows  a  c i r c u l a r   mask  a p e r t u r e  

or  l i g h t - t r a n s m i t t i n g   area  425  a s s o c i a t e d   with  a  g roup 
of  e .g.   four  c i r c u l a r   r e g i s t e r   marks  432,  a l l   of  the  same 

colour ,   there   being  s i m i l a r   groups  (not  shown)  for  t h e  

o ther   c o l o u r s .   The  r e s u l t i n g   waveform  462  is  a  r e l a t i v e l y  
'pure '   s ine  wave  when  one  c i r c l e   c rosses   another   in  e x a c t  

ove r l ap ,   i . e .   a  t o t a l   ' e c l i p s e '   occurs .   The  phase  of  t h e  

sine  wave  al lows  l o n g i t u d i n a l   e r r o r s   to  be  deduced.  As 
the  image  moves  off  the  des i r ed   l ine   the  waveform  462  f l a t t e n s  

out  and  by  matching  each  dip  to  a  p a r t - s i n e   wave  the  l a t e r a l  

e r ro r   can  be  deduced .  

S e l f - e v i d e n t l y   other   s h a p e / c o n f i g u r a t i o n   c o m b i n a t i o n s  
of  mask  a p e r t u r e   and  r e g i s t e r   marks  are  p o s s i b l e .   F u r t h e r m o r e ,  
the  o p t i c a l   a r rangement   of  Figure  2  could  be  r eve r sed   by 

exchanging  the  p o s i t i o n s   of  the  lamp  and  d e t e c t o r ,   i . e .  

so  tha t   the  mask  is  over  the  d e t e c t o r .  



1.  Web  r e g i s t e r   measurement  appa ra tu s   for  use  w i t h  

a  t r a v e l l i n g   web  (30)  c a r ry ing   r e g i s t e r   marks  (32,  34)  of  a  p r e d e -  
termined  shape  and  p rede te rmined   spacing  along  the  d i r e c t i o n  

of  web  t r a v e l ,   compris ing  i l l u m i n a t i n g   means  (20,  22,  26,  27) 

for  i l l u m i n a t i n g   a  spot  on  the  web,  d e t e c t i n g   means  (45)  f o r  

d e t e c t i n g   l i g h t   r e f l e c t e d   from  the  spot  on  the  web  and  p r o d u c i n g  

an  output   (70,  71,  7 2 )  r e p r e s e n t a t i v e   of  the  i n t e n s i t y   of  t h e  

r e f l e c t e d   l i g h t ,   c h a r a c t e r i s e d   in  tha t   ana ly s ing   means  (12)  a r e  

provided  for  ana ly s ing   the  said  output   (70,  71,  72)  to  d e t e r m i n e  

the  exact  moment  of  the  minimum  value  (73)  of  the  i n t e n s i t y   o f  

the  r e f l e c t e d   l i g h t   a n d  f o r   de te rmin ing   the  time  i n t e r v a l s   be tween  

the  occu r rences   of  such  minimum  va lues ,   l a t e r a l   and/or   l o n g i t u d i n a l  

r e g i s t r a t i o n   e r r o r s   being  deduc ib le   from  sa id   time  i n t e r v a l s .  

2.  Web  r e g i s t e r   measurement  appa ra tus   for  use  w i t h  

a  t r a v e l l i n g   web  (30)  c a r ry ing   r e g i s t e r   marks  (32,  34)  of  a  p r e d e -  

termined  shape  and  p r ede t e rmined   spacing  along  the  d i r e c t i o n  

of  web  t r a v e l ,   compris ing  i l l u m i n a t i n g   means  (20,  22,  26,  27) 

for  i l l u m i n a t i n g   a  spot  on  the  web  (30)  and  d e t e c t i n g   means  (45)  

for  d e t e c t i n g   l i g h t   r e f l e c t e d   from  the  spot  on  the  web  (30)  and 

producing  an  output   (70,  71,  72)  r e p r e s e n t a t i v e   of  the  i n t e n s i t y  
of  the  r e f l e c t e d   l i g h t ,   c h a r a c t e r i s e d   in  t ha t   a  mask  (24)  i s  

i n t e r p o s e d   e i t h e r   between  the  i l l u m i n a t i n g   means  (20,  22,  26,  

27)  and  the  web  (30)  or  between  said  web  (30)  and  said  d e t e c t i n g  

means  (45),  the  said  mask  (24)  c a r r y i n g   a  p a t t e r n   c o n s i s t i n g  
of  at  l e a s t   one  l i g h t - t r a n s m i t t i n g   area  (25,  125,  225,  325,  425) 

and  n o n - t r a n s m i t t i n g   a r e a ( s ) ,   the  said  p a t t e r n   being  c o r r e l a t e d  

with  the  sa id   r e g i s t e r   marks  (32,  34)  so  as  to  produce  a  w e l l -  

de f ined   t r a n s i t i o n   in  the  magnitude  of  the  sa id   output   (70,  71 ,  

72)  e i t h e r   when  the  image  of  said  at  l e a s t   one  l i g h t - t r a n s m i t t i n g  

area  (25,  125,  225,  325,  425)  f a l l s   on  a  said  r e g i s t e r   mark  (32)  

(or  a  pa r t   t h e r e o f )   or  when  the  image  of  said  r e g i s t e r   mark  (32)  

(or  a  par t   t h e r e o f )   f a l l s   on  said  at  l e a s t   one  l i g h t - t r a n s m i t t i n g  

area  (25,  125,  225,  325,  425),  r e s p e c t i v e l y .  



3.  For  use  with  web  r e g i s t e r   measuring  a p p a r a t u s  

that   i nc ludes   means  (20,  22,  26,  27)  for  i l l u m i n a t i n g   a  s p o t  

on  a  t r a v e l l i n g   web  (30)  and  d e t e c t i n g   means  (45)  which  are  r e s p o n -  

sive  to  the  r e f l e c t e d   b r i g h t n e s s   of  the  spot  which  va r i e s   w i t h  

the  passage  of  r e g i s t e r   marks  (32,  34)  of  a  p rede te rmined   s h a p e  

and  spacing  app l i ed   on  the  web  (30)  and  which  are  adapted  t o  

provide  a  c o r r e s p o n d i n g   e l e c t r i c a l   output   (70,  71,  7 2 ) ,  

a  mask  (24)  adapted  to  be  i n t e r p o s e d   between  e i t h e r  

the  i l l u m i n a t i n g   means  (20,  22,  26,  27)  and  the  web  (30)  or  be tween  

the  web  (30)  and  the  d e t e c t i n g   means  (45),  said  mask  (24)  b e i n g  

provided  with  a  p a t t e r n   of  at  l e a s t   one  l i g h t - t r a n s m i t t i n g   a r e a  

(25,  125,  225,  325,  425)  and  at  l e a s t   one  n o n - t r a n s m i t t i n g   a r e a ,  
the  said  p a t t e r n   being  c o r r e l a t e d   with  the  said  r e g i s t e r   marks 

(32,  34)  so  as  to  produce  a  w e l l - d e f i n e d   t r a n s i t i o n   in  the  magn i tude  

of  the  said  output   (70,  71,  72)  e i t h e r   when  the  image  of  s a i d  

at  l e a s t   one  l i g h t - t r a n s m i t t i n g   area  (25,  125,  225,  325,  425) 

f a l l s   on  a  said  r e g i s t e r   mark  (32,  34)  (or  on  a  par t   t h e r e o f )  

or  when  the  image  of  a  said  r e g i s t e r   mark  (32,  34)  (or  a  p a r t  

t he r eo f )   f a l l s   on  said  at  l e a s t   one  l i g h t - t r a n s m i t t i n g   a r e a  

(25,  125,  225,  325,  425),  r e s p e c t i v e l y .  

4.  Apparatus  accord ing   to  claim  2,  c h a r a c t e r i s e d  

in  tha t   (see  Figure  9)  the  said  p a t t e r n   is  g e n e r a l l y   of  diamond 

shape  and  c o n t a i n s   a  p l u r a l i t y   of  diamond  shaped  and/or   r e c t a n g u l a r  

l i g h t - t r a n s m i t t i n g   areas  (325);  tha t   the  c o r r e l a t e d   r e g i s t e r  

marks  (332)  are  g e n e r a l l y   chevron-shaped ;   and  tha t   p r e f e r a b l y  

said  areas   (325)  and  said  r e g i s t e r   marks  (332)  extend  at  s u b s t a n -  

t i a l l y   45°  to  the  l o n g i t u d i n a l   d i r e c t i o n   of  t r a v e l   of  the  web 

( 3 0 ) .  

5.  Apparatus  accord ing   to  claim  4,  c h a r a c t e r i s e d  

in  tha t   the  d e t e c t i n g   means  (45)  is  r e spons ive   to  s u b s t a n t i a l l y  

complete  e x t i n c t i o n   of  r e f l e c t e d   l i g h t .  

6.  Apparatus  accord ing   to  claim  1,  c h a r a c t e r i s e d  

in  tha t   a  mask  (24)  is  i n t e r p o s e d   between  e i t h e r   the  i l l u m i n a t i n g  

means  (20,  22,  26,  27)  and  the  web  (30)  or  between  the  web  (30) 

and  the  d e t e c t i n g   means  (45),   said  mask  (24)  being  p rov ided   w i t h  



a  p a t t e r n   of  at  l e a s t   one  l i g h t - t r a n s m i t t i n g   area  (25,  125,  225, 

325,  425)  and  n o n - t r a n s m i t t i n g   a r e a ( s ) ,   the  said  p a t t e r n   b e i n g  

c o r r e l a t e d   with  the  said  r e g i s t e r   marks  (32,  34)  so  as  to  p roduce  

a  w e l l - d e f i n e d   t r a n s i t i o n   in  the  magnitude  of  the  said  o u t p u t  

(70,  71,  72)  e i t h e r   when  the  image  of  said  at  l e a s t   one  l i g h t -  

t r a n s m i t t i n g   area  (25,  125,  225,  325,  425)  f a l l s   on  a  s a i d   r e g i s t e r  

mark  (32)  (or  a  par t   t he r eo f )   or  when  the  image  of  a  said  r e g i s t e r  

mark  (32)  (or  a  par t   t he reo f )   f a l l s   on  said  at  l e a s t   one  l i g h t -  

t r a n s m i t t i n g   area  (25,  125,  225,  325,  425),  r e s p e c t i v e l y .  

7.  Apparatus  according   to  claim  1  or  6,  c h a r a c t e r i s e d  

in  tha t   said  d e t e c t i n g   means  is  a  p h o t o d e t e c t o r   (45)  e f f e c t i v e  

to  produce  at  l e a s t   one  e l e c t r i c   output   pulse  (70)  for  each  p a s s a g e  
of  a  r e g i s t e r   mark  (32)  and  said  ana lys ing   means  inc ludes   e l e c t r o n i c  

means  (12)  e f f e c t i v e   to  f ind  the  exact  centre   (73)  of  said  p u l s e s .  

8.  Apparatus  accord ing   to  claim  7,  c h a r a c t e r i s e d  

in  tha t   the  e l e c t r o n i c   means  is  a  mic roprocessor   or  a  computer  

programmed  to  f i t   the  ac tua l   waveforms  producted  to  the  c o r r e s p o n d -  

ing  t h e o r e t i c a l   shapes  for  the  p a r t i c u l a r   mask  and  r e g i s t r a t i o n  

mark  shapes  u s e d .  

9.  Apparatus  accord ing   to  claim  6  or  any  claim  appendan t  

t h e r e t o ,   c h a r a c t e r i s e d   in  tha t   the  mask  (24)  has  a  square  l i g h t -  

t r a n s m i t t i n g   area  (25)  and the  web  r e g i s t e r   marks  (32)  are  g e n e r a l l y  

chevron  or  V-shaped,  and  f u r t h e r   c h a r a c t e r i s e d   in  tha t   the  i n c l u d e d  

angle  between  ad jacen t   s ides   of  the  square  as  well  as  the  i n c l u d e d  

angle  between  the  limb  of  the  chevron  or  V  is  p r e f e r a b l y   s u b s t a n -  

t i a l l y   9 0 ° .  

10.  Apparatus  according   to  claim  9,  c h a r a c t e r i s e d  

in  that   the  width  of  each  limb  of  the  r e g i s t e r   mark  (32)  in  t h e  

d i r e c t i o n   of  t r a v e l   of  the  web  (30)  equals  the  apex- to -apex   d i s t a n c e  

of  the  squa re - shaped   l i g h t - t r a n s m i t t i n g   area  (25);  and  in  t h a t ,  

o p t i o n a l l y ,   the  width  of  each  limb* of  the  r e g i s t e r   mark  ( 3 2 ) ,  

taken  in  the  d i r e c t i o n   t r a n s v e r s e   to  the  d i r e c t i o n   of  t r a v e l  

of  the  web  (30),  equals  the  apex- to -apex   d i s tance   of  the  s q u a r e -  

shaped  l i g h t - t r a n s m i t t i n g   area  ( 2 5 ) .  



11.  Apparatus  according  to  any  of  claims  6  to  10,  

c h a r a c t e r i s e d   in  tha t   the  r e g i s t e r   marks  include  an  ex t ra   mark 

(34)  shaped  d i f f e r e n t l y   from  the  remaining  r e g i s t e r   marks  (32) 

and  se rv ing   both  to  loca te   the  remaining  r e g i s t e r   marks  (32) 

and  to  enable  a  c a l c u l a t i o n   of  web  t r a v e l   speed  to  be  made,  and 

f u r t h e r   c h a r a c t e r i s e d   in  tha t   the  said  ext ra   mark  (34)  is  p r e f e r -  

ably  a  so l id   mark  of  rhomboidal  or  p a r a l l e l o g r a m   s h a p e .  

12.  Apparatus  according   to  claim  6  or  claim  7  o r  

8  when  appendant  to  claim  6,  c h a r a c t e r i s e d   in  tha t   the  mask  (24) 

has  a  c i r c u l a r   l i g h t - t r a n s m i t t i n g   area  (125,  225,  425),  p r e f e r a b l y  

in  the  form  of  an  ape r tu re   in  the  mask  (24)  and  the  web  r e g i s t e r  

marks  are  also  c i r c u l a r   (132,  432)  or  are  t r i a n g u l a r   ( 2 3 2 ) .  
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