
European  Patent  Office  ©  Publication  number:  0  1 0 1   1 1 5  
Office  europeen  des  brevets  J \ 1  

®  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83201073.0  ©  Int.  CI.3:  G  07  D  7 /00  

©  Date  of  filing:  20.07.83 

®  Priority:  20.07.82  NL  8202920  @  Applicant:  NEDERLANDSE  CENTRALE  ORGANISAT1E 
VOORTOEGEPAST-NATUURWETENSCHAPPELUK 

^   ONDER20EK 
(«)  Date  of  publication  of  application:  Juliana  van  Stolberglaan  148 

22.02.84  Bulletin  84/8  NL-2595  CLThe  Hague(NL) 
©  Designated  Contracting  States:  ©  Inventor:  Havens,  William  Howard 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE  3012,  Rickard  Briggs  Road 
Skaneateles  N.Y.  131520JS) 

©  Inventor:  Klumper,  Jan  Willem,  Jr. 
Raadhuisstraat  69 
NL-2751  AWMoerkapella(NL) 

@  Inventor:  Koppenaal,  Alexander  Leopold  Ehrhard,  Jr. 
Vrijburgstraat23 
NL-2275BXVoorburg(NL) 

©  Representative:  Mommaerts,  Johan  Htndrlk, 
Dlpl.-Phys. 
Octrooibursau  Lux  Willem  Wttsenplaln  4 
NL-2596  BK  Den  Haag(NL) 

©  A  device  for  recognising  and  examining  bank-notes  or  the  like. 

in 

©  A  device  for  recognising  and  examining  bank-notes  (20) 
or  the  like,  in  which  a  bank  note  is  transported  through  a 
transverse  light  curtain,  and  the  transmission  fluctuations 
caused  by  the  printed  patterns  are  detected  by  means  of  a 
row  of  light-sensitive  cells,  (10)  the  output  signals  thereof 
being  stored  in  a  matrix  buffer  memory  (30)  as  a  digital 
picture  of  the  bank-note,  said  picture  being  compared  with 
corresponding  data  relating  to  a  reference  banknote  of  the 
same  value  permanently  stored  in  one  of  a  plurality  of  partial 
memories,  (36a..d),  the  comparison  results  of  at  least  a 
substantial  part  of  the  bank-note  being  statistically  proces- 
sed,  all  this  irrespective  of  the  orientation  of  the  bank-note. 
Moreover  the  dimensions,  colour  and  ultra-violet  remission 
of  the  bank  note  are  determined,  at  least  one  of  the  first  two 
measurements  being  suitable  for  determining  the  value  of 
the  bank-note.  Since  the  picture  of  the  bank-note  is  tempor- 
arily  held  in  the  buffer  memory  (30),  a  repeated  comparison 
is  possible,  in  particular  in  respect  of  different  orientations  of 
the  bank-note.  In  particular  the  partial  memories  contain  only 
a  sample  relating  to  discrete  parts  arbitrarily  distributed  over 
at  least  a  substantial  part  of  the  reference  bank-note. 
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There  e x i s t s   a  g rowing   need  for   d e v i c e s   for   r e c o g n i s i n g  

and  e x a m i n i n g   b a n k - n o t e s   and  s i m i l a r   v a l u a b l e   s h e e t - l i k e   o b j e c t s ,  

in  p a r t i c u l a r   for   a u t o m a t i c   mach ines   such  as  unmanned  p e t r o l -  

s t a t i o n s ,   p a r k i n g   houses   e t c . ,   for   money  chang ing   m a c h i n e s ,   money  

c o l l e c t o r s   for   banks   a f t e r   o f f i c e   h o u r s ,   and  s i m i l a r   p u r p o s e s .  

From  DE-A  2 8 2 4 8 4 9   a  d e v i c e   of  t h i s   k ind   is  known,  com- 

p r i s i n g   g u i d i n g   means  wi th   d r i v i n g   means  for   t r a n s p o r t i n g   a  b a n k -  

note   to  be  e x a m i n e d ,   a  l i g h t   sou rce   p r o d u c i n g   a  l i g h t   beam  a c r o s s  

the  t r a n s p o r t   p a t h   of  the  b a n k - n o t e ,   a  row  of  l i g h t - s e n s i t i v e   c e l l s  

at  the  o t h e r   s i d e   of  s a i d   p a t h ,   the  l e n g t h   of  s a i d   row  b e i n g   a t  

l e a s t   e q u a l   to  the  l a r g e s t   o c c u r r i n g   w i d t h   of  b a n k - n o t e s ,   means  f o r  

p r o c e s s i n g   the  o u t p u t   s i g n a l s   of  s a id   l i g h t - s e n s i t i v e   c e l l s   a n d  

compar ing   s a i d   s i g n a l s   w i th   r e f e r e n c e   v a l u e s   s t o r e d   in  a  memory , : and  

means  for   d e t e r m i n i n g   at  l e a s t   one  d i m e n s i o n   of  the  b a n k - n o t e   a n d  

of  i t s   c o l o u r .  

This   known  d e v i c e   is   p r o v i d e d   wi th   means  for   m e a s u r i n g  

the  l e n g t h   and  w id th   of  the  b a n k - n o t e s ,   which  m e a s u r e m e n t   can  b e  

used  to  s e l e c t   s p e c i f i c   a r e a s   to  be  examined  on  the  p r e s e n c e   o f  

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

c h a r a c t e r i s e d   b y  c o - o r d i n a t e s   in  two  d i r e c t i o n s ,   a d d i t i o n a l   means  

be ing   p r o v i d e d   for   s u p p r e s s i n g   unwanted  a r e a s   h a v i n g   m i r r o r   s y m m e t r y  

in  r e s p e c t   of  the  s e l e c t e d   o n e s .  

This   known  d e v i c e   does  not  make  use  of  a  p a r t i c u l a r  

g e n e r a l   a d v a n t a g e   of  the  measuremen t   of  the  t r a n s m i t t e d   l i g h t ,  

namely  t h a t   the  p a t t e r n s a t   both   s i d e s   of  a  b a n k - n o t e   which  a r e  

d i f f e r e n t   and  do  not  r e g i s t e r   can  be  examined  in  o n e  s c a n n i n g   o p e r a t i o n ,  

and  the  s p e c i f i c   r e l a t i o n s h i p   be tween   both   p a t t e r n s   p r o v i d e s  a   d e -  

p e n d a b l e   c r i t e r i o n   for   t e s t i n g   whe the r   a  b a n k - n o t e   is  g enu ine   o r  

f o r g e d .   Moreover   t h i s   known  dev ice   is  not  s u i t a b l e   for   e x a m i n i n g  

the  v a l i d i t y   of  s o i l e d   and  worn  as  wel l   as  b r a n d - n e w   b a n k - n o t e s ,  

and  i t s   o p e r a t i o n   depends   on  the  e x i s t e n c e   of  s p e c i f i c   a r e a s   w h i c h  

can  be  c o n s i d e r e d   as  be ing   r e p r e s e n t a t i v e   for  the  v a l i d i t y   of  t h e  

b a n k - n o t e .   The  b a n k - n o t e s  a r e   to  be  i n t r o d u c e d   in  an  o r i e n t a t i o n  

which  c o r r e s p o n d s   to  the  c o - o r d i n a t e s   of  s a id   a r e a s   as  s t o r e d   i n  

the  d e v i c e .  



From  FR-A  2 2 1 8 5 7 9   a  d e v i c e   i s   known  which  is  a d a p t e d   t o  

examine  p a r t i c u l a r   a r e a s   of  a  b a n k - n o t e   p r o v i d e d   w i th   a  s p e c i f i c  

p r i n t   i n d i c a t i n g   i t s   v a l u e ,   in  which  one  p h o t o - e l e c t r i c   s e n s o r   i s  

used  fo r   s c a n n i n g   the  l i n e   in  q u e s t i o n   u s i n g   r e f l e c t e d   l i g h t .  

Such  a  d e v i c e   can  only   be  used  for   b a n k - n o t e s   of  a  s p e c i f i c   c o u n t r y  

h a v i n g   p r i n t e d   p a t t e r n s   which  are  s u i t a b l e   for   b e i n g   a n a l y s e d   i n  

t h i s   m a n n e r ,   and,   m o r e o v e r ,   r e q u i r e s   the  b a n k - n o t e s   to  be  i n t r o -  

duced  in   a  g i v e n   o r i e n t a t i o n .  

The  i n v e n t i o n   p r o v i d e s   a  d e v i c e   of  t h i s   k ind   which  i s  

u n i v e r s a l l y   a p p l i c a b l e , a n d   does  not   r e q u i r e   to  i n s e r t   a  b a n k - n o t e  

to  be  e x a m i n e d   in  a  s p e c i f i c   o r i e n t a t i o n .   The  d e v i c e   p r o v i d e s ,  

f u r t h e r m o r e ,   an  e x t r e m e l y   d e p e n d a b l e   e x a m i n a t i o n   of  b a n k - n o t e s   o r  

the  l i k e ,   and  n e v e r t h e l e s s   a l l o w s   for   the  wide  v a r i a t i o n   in  q u a l i t y  

b e t w e e n   new  and  used  b a n k - n o t e s .  

The  d e v i c e   a c c o r d i n g   to  the  i n v e n t i o n   is  c h a r a c t e r i s e d  

in  t h a t   the  p r o c e s s i n g   means  c o m p r i s e   a  m a t r i x   b u f f e r   memory  h a v i n g  

as  many  l i n e s   as  t h e r e   are  l i g h t - s e n s i t i v e   c e l l s ,   the  number  o f  

co lumns   c o r r e s p o n d i n g   to  the  number  of  t i m e s   t h a t   the   t r a n s v e r s e  

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

a r e a   of  a  b a n k - n o t e   to  be  examined ,   each   memory  c e l l   b e i n g   a d a p t e d  

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

d i f f e r e n t   l i g h t   i n t e n s i t i e s   m e a s u r e d   by  the  l i g h t - s e n s i t i v e   c e l l s ,  

t h i s   in  such   a  manner   t h a t   t h i s   b u f f e r   memory  w i l l   form  a  d i g i t a l  

p i c t u r e   of  the  t r a n s m i s s i o n   p a t t e r n   of  the  b a n k - n o t e ,   s a i d   memory 

c o n t e n t s ,   i r r e s p e c t i v e   of  the  o r i e n t a t i o n   of  the  b a n k - n o t e ,   t h e n  

b e i n g   compared   in  a  c o m p a r a t o r   w i t h   the  c o r r e s p o n d i n g   c o n t e n t s   o f  

p a r t i a l   memor i e s   each  c o m p r i s i n g   a  s t a n d a r d   p a t t e r n   for   a  s p e c i f i c  

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

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

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

the  c o l o u r   a n d / o r   u l t r a v i o l e t   r e f l e c t i o n   over   a  l a r g e r   a r e a ,   s a i d  

c o r r e l a t i o n   c i r c u i t   be ing   a d a p t e d   to  emit  an  a c c e p t a n c e   s i g n a l   a t  

a  s u f f i c i e n t   c o r r e s p o n d e n c e   of  b o t h   p a t t e r n s .  

By  u s i n g   a  m a t r i x   b u f f e r   memory  a  d i g i t a l   p i c t u r e   of  t h e  

b a n k - n o t e   to  be  examined  is  p r e s e n t   in  the  d e v i c e   which  can  be  

r e p e a t e d l y   r e a d   o u t ,   thus   a l l o w i n g   a  g r e a t   number  of  c o m p a r i s o n s  

to  be  made  s u c c e s s i v e l y ,   and,  m o r e o v e r ,   each  memory  c e l l   of   t h i s  

b u f f e r   memory  can  c o n t a i n   the  d i g i t a l   e q u i v a l e n t   of  a  l a r g e   n u m b e r  

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



v a r i a t i o n s   in  the  p r i n t e d   p a t t e r n .   S ince   a  comple t e   p i c t u r e  i s  

made,  the  d e v i c e   is   i n d e p e n d e n t   of  the  k ind   of  b a n k - n o t e s ,   t h e  

v a r i a b l e   e l e m e n t s   b e i n g   the  r e f e r e n c e   memor ies   which  are  to  be  

a d a p t e d   to  the  k i n d   of  b a n k - n o t e s   to  be  examined ,   and  the  l a t t e r  

can  be  p r o v i d e d   in  any  number  in  the  d e v i c e .  

I n v e s t i g a t i n g   the  c o l o u r - o f   the  b a n k - n o t e s   by  s p e c t r a l  

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

can  be  u s e d ,   m o r e o v e r ,  f o r   d e t e r m i n i n g   the  k ind   or  va lue   of  a  b a n k -  

note   as  w e l l   as  i t s   degree   of  s o i l i n g .  

In  o r d e r   to  s i m p l i f y   the  e x a m i n a t i o n   of  a  b a n k - n o t e  

i r r e s p e c t i v e   of  i t s   o r i e n t a t i o n ,   each  p a r t i a l   memory  w i l l   p r e f e r a -  

b ly   c o n s i s t   of  at  l e a s t   four   submemor ie s   c o r r e s p o n d i n g   to  d i f f e r e n t  

b a n k - n o t e   o r i e n t a t i o n s .   I f   the  v a l u e   of  the  b a n k - n o t e   can  be  d e -  

t e r m i n e d   from  o t h e r   c h a r a c t e r i s t i c s   such  as  d i m e n s i o n s   a n d / o r   c o l o u r ,  

the  s p e c i f i c   p a r t i a l   memories   to  be  used  can  be  s e l e c t e d   on  t h e  

b a s i s   of  such  c h a r a c t e r i s t i c s .  

The  r e a d i n g   s equence   c o n t r o l   of  the  b u f f e r   memory  can  b e  

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

by  one  or  more  l i n e s   a n d / o r   columns  so  as  to  a l l ow  fo r   v a r i a t i o n s  

in  the  p o s i t i o n   of  the  p a t t e r n   on  b a n k - n o t e s   a n d / o r   in  the  o r i e n t a -  

t i o n   of  the  b a n k - n o t e s   in  r e s p e c t   of  the  l i g h t - s e n s i t i v e   c e l l s .  

The  p a r t i a l   memories   p r e f e r a b l y   c o n t a i n   s t a n d a r d   i n -  

f o r m a t i o n   r e l a t i n g   to  m e a s u r i n g   p o i n t s   which  are  d i s t r i b u t e d   s u b -  

s t a n t i a l l y   a r b i t r a r i l y   over  at  l e a s t   a  p a r t   of  a  b a n k - n o t e ,   t h e  

c o m p a r i s o n   t a k i n g   p l a c e   s o l e l y   in  t h e s e   p o i n t s .   These  p o i n t s   w i l l ,  

in  p a r t i c u l a r ,   be  chosen  so  t h a t   an  o p t i m a l   e x a m i n a t i o n   w i l l   b e  

o b t a i n e d   w i th   a  minimum  number  of  m e a s u r i n g   p o i n t s .   Sa id   p o i n t s   c an  be  

d i f f e r e n t   for   d i f f e r e n t   b a n k - n o t e s .   The  a r b i t r a r y   and  v a r i a b l e  

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

w i l l   c o n c e n t r a t e   on  such  examined  r e g i o n s   as  may  be  the  case  i n  

the  known  d e v i c e s   m e n t i o n e d   a b o v e .  

The  c o r r e l a t i o n   o p e r a t i o n   c o m p r i s e s ,   in  p a r t i c u l a r ,   a  

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

v a l u e s ,   t h i s   in  such  a  manner  tha t  a   c o n s i s t e n t   r e l a t i v e   d e v i a t i o n  

over  the  whole  a r e a   of  measurement   can  be  c o n s i d e r e d   as  b e i n g  

a c c e p t a b l e ,   t hus   a l l o w i n g   for  wear  and  s o i l i n g   of  old  b a n k - n o t e s .  

C o m p a r i s o n   o p e r a t i o n   in  the  c o m p a r a t o r   can,  in  p a r t i c u l a r ,  

r e l a t e   to  a  p o r t i o n ,   and  in  p a r t i c u l a r   one  h a l f ,   of  the  b a n k - n o t e ,  

and  can  be  r e p e a t e d ,   a .g .   with  d i f f e r e n t   s t a n d a r d s , f o r   a n o t h e r   p o r t i o n  



i f   the  f i r s t - m e n t i o n e d   o p e r a t i o n   i s   not  s u f f i c i e n t l y   d e c i s i v e ,   s o  
t h a t   p a r t i a l l y   damaged  b a n k - n o t e s   can  be  n e v e r t h e l e s s   a c c e p t e d .  

C o m p a r i s o n   o p e r a t i o n   w i l l ,   in  p a r t i c u l a r ,   be  p e r f o r m e d  

o n l y   i f   the  d i m e n s i o n s ,   the   c o l o u r ,   the  u l t r a v i o l e t   r e f l e c t i o n  

o r · t h e   l i k e   of  a  b a n k - n o t e   comply  wi th   the  s t a n d a r d s   which  w i l l  

save  time  in  the  case   of  o b v i o u s l y ' u n a c c e p t a b l e   b a n k - n o t e s .  

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

p e r f o r m   an  i n t e g r a t i o n   over   a  s u b s t a n t i a l   p a r t   of  the  width  of   a  

b a n k - n o t e   to  be  e x a m i n e d ,   i t   b e i n g   u n d e r s t o o d   t h a t   a  d e t a i l e d  

e x a m i n a t i o n   of  the  c o l o u r   is   not  r e q u i r e d .  

F i n a l l y   the  c o l o u r   m e a s u r i n g   means  can  be  a d a p t e d   t o  

c a l i b r a t e   the  l i g h t   i n t e n s i t y   m e a s u r e m e n t   on  the  b a s i s   of  a n  

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

the  b a n k - n o t e .   In  t h i s   manner   ag ing   phenomena  of  the  l i g h t   s o u r c e  

can  be  c o m p e n s a t e d .  

The  i n v e n t i o n   w i l l   be  e l u c i d a t e d   b e l o w .  i n   more  d e t a i l  

by  r e f e r e n c e   to  a  d r a w i n g ,   showing  i n :  

F ig .   1  a  s i m p l i f i e d   d i a g r a m m a t i c a l   r e p r e s e n t a t i o n   i n  

p e r s p e c t i v e   wi th   p a r t s   b r o k e n   away  of  a  d e v i c e   a c c o r d i n g   to  t h e  

i n v e n t i o n ;  

F i g .   2  two  d i a g r a m m a t i c a l   v iews  of  a  b a n k - n o t e ;   a n d  

F ig .   3  a  h i g h l y   s i m p l i f i e d   b l o c k   d iag ram  of  the  p r o -  

c e s s i n g   p a r t   of  such  a  d e v i c e .  

The  d e v i c e   a c c o r d i n g   to  the  i n v e n t i o n   d i a g r a m m a t i c a l l y  

shown  in  F i g .   1  c o m p r i s e s   a  g u i d i n g   p l a t e   1  fo r   s u p p o r t i n g   a  b a n k -  

no t e   to  be  e x a m i n e d .   At  the  l e f t - h a n d   s i de   t h i s   p l a t e   j o i n s   a n  

i n t r o d u c t i o n   s l o t ,   not   shown,  of  an  a u t o m a t i c   d e v i c e   from  w h i c h  

the  p r e s e n t   d e v i c e   forms  a  p a r t ,   and  b e t w e e n   s a i d   s l o t   and  t h e  

p l a t e   1  m e c h a n i c a l   o r i e n t a t i o n   means,   not  shown,  are  p r o v i d e d   w h i c h  

e n s u r e   t h a t   an  i n t r o d u c e d   b a n k - n o t e   is  s u p p l i e d   s t r a i g h t   a g a i n s t   a  

g u i d i n g   r i d g e   2  of  the  p l a t e   1.  In  the  p l a t e   1  d r i v i n g   wheels   3  a r e  

i n c l u d e d   which  are  c o n n e c t e d   to  s h a f t s   4,  the  l a t t e r   be ing   c o u p l e d  

w i th   a  m o t o r ,   not  shown,  v i a   s t r i n g s ,   t o o t h e d   b e l t s ,   c h a i n s   or  t h e  

l i k e .   I f   n e c e s s a r y   one  or  more  d r i v e n   p r e s s i n g   b e l t s   or  the  l i k e  

can  be  p r o v i d e d   above  the  p l a t e ,   in  o r d e r   to  a l l ow   to  g r ip   a  s u p p l i e d  

b a n k - n o t e   u n a m b i g u o u s l y .   In  the  p l a t e   1  a  s e n s o r   5,  in  p a r t i c u l a r  

an  e l e c t r o n i c - o p t i c   s e n s o r ,   is   a r r a n g e d   which  is   a d a p t e d   to  s w i t c h  

on  the  d r i v i n g   motor   a n d / o r   to  p e r f o r m   o t h e r   s w i t c h i n g   o p e r a t i o n s  

at  the  a r r i v a l   of  a  b a n k - n o t e   on  the  p l a t e   1 .  



At  some  d i s t a n c e   of  the  s e n s o r   5  a  lamp  6  is  a r r a n g e d  
above  the  p l a t e   1  which  is   m e t a l l i s e d   or  is   mounted  b e f o r e   a  m i r r o r  

7,  and,   i f   n e c e s s a r y ,   a  hea t   f i l t e r   can  be  p r o v i d e d .   I f   r e q u i r e d  

a  c o n d e n s o r   l e n s   8  can  be  mounted  below  the  lamp  6 .  

Below  the  lamp  6  a  s l o t   9  is   p r o v i d e d   in  the  p l a t e   1 

p a s s i n g   the  l i g h t   e m i t t e d   by  the  lamp  6.  Below  the  s l o t   9  a  s e r i e s  

of  l i g h t - s e n s i t i v e   c e l l s   10,  such  as  p h o t o - d i o d e s ,   is  a r r a n g e d  

which  are  p l a c e d   as  c l o s e l y   to  one  a n o t h e r   as  p o s s i b l e ,   each  c e l l  

b e i n g   e n c l o s e d   in  a  t u b u l a r   e n c l o s u r e   11  o p e r a t i n g   as  a  c o l l i m a t o r  

fo r   d e f i n i n g   an  a s s o c i a t e d   m e a s u r i n g   s u r f a c e .  

Beyond  the  s l o t   9  and  w i t h i n   the  l i g h t   beam  from  the  l a m p  

6  a  s econd   s l o t   12  is  p r o v i d e d   which  is  n a r r o w e r   than   the  f i r s t   one  

in  o r d e r   to  e x c l u d e   m a r g i n a l   a r e a s   of  the  b a n k - n o t e   which  may  be  

damaged.   Behind  t h i s   s l o t   12  an  o p t i c a l   sys tem  13,  d i a g r a m m a t i c a l l y  

shown,  is  a r r a n g e d   which  d i r e c t s   the  p a s s e d   beam  t owards   t h r e e  

s e n s i t i v e   c e l l s   14,  two  of  which  b e i n g   p r o v i d e d   wi th   a s s o c i a t e d  

c o l o u r   f i l t e r s   15  hav ing   m u t u a l l y   d i f f e r e n t   s p e c t r a l   t r a n s m i s s i o n  

r a n g e s .   By  means  of  t h e s e   c e l l s   the  c o l o u r   of  the  b a n k - n o t e   p o r t i o n s  

s i t u a t e d   above  the  s l o t   12  can  be  d e t e r m i n e d ,   and  the  c e l l   not  p r o -  

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

i n t e n s i t y   in  the  p a r t i a l   r a n g e s   t r a n s m i t t e d   by  the  f i l t e r s   1 5 .  

A  p a r t   of  the  l i g h t   e m i t t e d   by  the  lamp  6  c o m p r i s i n g  

u l t r a v i o l e t   r a d i a t i o n   is  d i r e c t e d ,   by  means  of  an  o p t i c a l   sys tem  1 6 ,  

t o w a r d s   an  a r e a   17  of  the  p l a t e   1.  The  r e m i t t e d   r a d i a t i o n   is  c o l -  

l e c t e d   by  a  s e n s i t i v e   c e l l   18  wi th   an  u l t r a v i o l e t   a b s o r b i n g   f i l t e r  

1 9 .  

As  soon  as  the  a r r i v a l   of  a  b a n k - n o t e   has  been  e s t a b l i s h e d  

by  the  s e n s o r   5,  the  d r i ve   of  the  whee l s   3  and  p o s s i b l y   a s s o c i a t e d  

p r e s s i n g   b e l t s   is  s w i t c h e d   on.  I f   the  lamp  6  does  not  burn ,   i t   i s  

s w i t c h e d   on  or  an  e c o n o m i s i n g   c i r c u i t   is   s w i t c h e d   o f f .   F u r t h e r m o r e  

p r o c e s s i n g   c i r c u i t s   to  be  d e s c r i b e d   below  are  a c t i v a t e d .   The  b a n k -  

note   p a s s e s   below  the  lamp  6  so  t h a t   the  e m i t t e d   l i g h t   p a s s e s   t h r o u g h  

the  b a n k - n o t e ,   and  i s ,   c o r r e s p o n d i n g   to  the  p r i n t e d   p a t t e r n ,   a b -  

s o r b e d   or  t r a n s m i t t e d ,   and,  in  c o r r e s p o n d e n c e   wi th   the  t r a n s l a t i o n  

v e l o c i t y ,   a  s l o t - w i s e   s c a n n i n g   over   the  w i d t h   of  the  b a n k - n o t e   i n  

t r a n s m i s s i o n   t akes   p l a c e .   The  i n t e n s i t y   of  the  t r a n s m i t t e d   l i g h t  

i n f l u e n c e s   the  ou tpu t   s i g n a l   of  the  d i f f e r e n t   c e l l s   1 0 .  

The  l i g h t   p a s s i n g   t h r o u g h   the  second   s l o t   12  a r r i v e s   a t  

the  c e l l s   14,  and  the  c e l l   w i t h o u t   a  f i l t e r   15  can  d e t e r m i n e   t h e  



t o t a l   t r a n s m i t t e d   l i g h t   i n t e n s i t y   w i t h i n   a  b road   s p e c t r a l   r a n g e ,  
and  the  two  o t h e r   c e l l s   d i v i d e   the  s p e c t r u m   in  p a r t i a l   r a n g e s .  

The  lamp  6  is   a  lamp  h a v i n g   a  r a d i a t i o n   s p e c t r u m   e x -  

t e n d i n g   i n t o   the  near   u l t r a v i o l e t ,   and  i s ,   for   i n s t a n c e ,   a  h a l o g e n  

lamp.   The  o p t i c a l   sy s t em  16  d i r e c t s   u l t r a v i o l e t   r a d i a t i o n   t o w a r d s  

the  moving  b a n k - n o t e ,   which  r a d i a t i o n   can  give  r i s e   to  f l u o r e s c e n c e  

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

r a d i a t i o n   i s ,   t h e n ,   d e t e r m i n e d   by  the  c e l l   18.  I t   has  a p p e a r e d   t h a t  

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

for   b a n k - n o t e s ,   do  not  or  on ly   weak ly   f l u o r e s c e ,   so  t h a t   in  t h i s  

manner   f a l s i f i c a t i o n s   on  o t h e r   p a p e r   can  be  d e t e c t e d .  

The  r i g h t - h a n d   end  of  the  p l a t e   1  j o i n s   a u x i l i a r y   m e a n s ,  

not  shown,  for   d i r e c t i n g   a c c e p t e d   b a n k - n o t e s   t o w a r d s   a  p r o t e c t e d  

c o l l e c t i n g   v e s s e l ,   and  r e f u s e d   b a n k - n o t e s   are  r e t u r n e d ,   as  u s u a l ,  

t o w a r d s   a  r e t u r n   s l o t   or  the  l i k e .  

S ince   a  b a n k - n o t e   t o  b e   examined   is  t r a n s i l l u m i n a t e d ,  

the  p r i n t   at  bo th   s i d e s   of  the  b a n k - n o t e   w i l l   i n f l u e n c e   the  t r a n s -  

m i t t e d   l i g h t   i n t e n s i t y .   S i n c e   the  p r i n t ,   at  l e a s t  i n   a  s u b s t a n t i a l  

p a r t ,   can  c o n s i s t   of  complex   p a t t e r n s ,   and  the  p a t t e r n s   at  b o t h  

s i d e s ,   w i l l ,   g e n e r a l l y ,   not  r e g i s t e r   for   a  s u b s t a n t i a l   p a r t ,   a  u s e -  

f u l   e x a m i n a t i o n   on  a c c e p t a b i l i t y   can  be  o b t a i n e d   when  u s i n g   a  

s u f f i c i e n t   l a r g e   number  of  c e l l s   1 0 .  

S ince   s c a n n i n g   t a k e s   p l a c e   over   a  p o s s i b l y   l a r g e   w i d t h  

of  the  b a n k - n o t e ,   p a r t i a l   a r e a s   in  which  the  most  c h a r a c t e r i s t i c  

p o r t i o n s   of  the  p r i n t i n g   p a t t e r n   and  w a t e r m a r k s   are  s i t u a t e d   w i l l  

be  s c a n n e d   w i th   c e r t a i n t y .   Moreover   i t   can  be  a c c o m p l i s h e d   t h e n  

t h a t   l o c a l   damages  of  the  b a n k - n o t e   need  not  l e a d   to  r e j e c t i o n .   To 

t h a t   end  the  m e a s u r e m e n t   s i g n a l s   of  the  c e l l s   s h o u l d   be  s t a t i s t i c a l -  

ly  p r o c e s s e d   in  such  a  manner   t h a t   a  s a f e   d i s c r i m i n a t i o n   t h r e s h o l d  

can  be  a p p l i e d ,   i . e .   t h a t   from  a  g iven   number  of  l o c a l   o o r r e s p o n -  

d e n c e s   w i t h   a  s t a n d a r d   which  has  been  f i x e d   on  the  b a s i s   of  r e a l  

b a n k - n o t e s   a c c e p t a n c e   w i l l   f o l l o w .  

Apar t   t h e r e f r o m   i t   s h o u l d   be  e n s u r e d   t h a t   an  e x a m i n a t i o n  

can  t ake   p l a c e   i r r e s p e c t i v e   of  the  o r i e n t a t i o n   in  which  a  b a n k - n o t e  

has  been  i n t r o d u c e d .   A l t h o u g h ,   in  t r a n s i l l u m i n a t i o n ,   i t   i s   i r r e l e v a n t  

which  s i d e   is   above ,   the  p r i n t i n g   p a t t e r n s   are  g e n e r a l l y   a s y m m e t r i c  

to  such  an  e x t e n t   t h a t   the  c o m p a r i s o n   of  the  m e a s u r i n g   s i g n a l s   w i t h  

the  s t a n d a r d   v a l u e s   w i l l   be  i n f l u e n c e d   by  the  o r i e n t a t i o n   of  t h e  

b a n k - n o t e .   F u r t h e r m o r e   the  v a l u e   of  the  b a n k - n o t e   i s ,   g e n e r a l l y ,   t o  



be  a s c e r t a i n e d ,   s i n c e   the  use  of  d i f f e r e n t   i n t r o d u c t i o n   s l o t s   f o r  
d i f f e r e n t   v a l u e s   or  s e p a r a t e l y   to  be  a c t u a t e d   s e l e c t i o n   b u t t o n s   i s  

g e n e r a l l y   c o n s i d e r e d   as  b e i n g   o b j e c t i o n a b l e ,   a l t h o u g h   the  i n v e n t i o n  

does  n o t  e x c l u d e   the  use  of  such  means  which  might  s i m p l i f y   t h e  

s t r u c t u r e   of  the  p r o c e s s i n g   c i r c u i t s .  

The  manner   in  which,   a c c o r d i n g   to  the  i n v e n t i o n ,  

r e c o g n i t i o n   and  e x a m i n a t i o n   of  a  b a n k - n o t e   is   p e r f o r m e d   w i l l   now 

be  d e s c r i b e d   in  more  d e t a i l .   T h e r e t o   r e f e r e n c e   w i l l   be  made  to  a  

N e t h e r l a n d s   b a n k - n o t e   of ,   s a y ,  f   2 5 , - -   as  d i a g r a m m a t i c a l l y   s h o w n  

in  F ig .   2  at  20  in  two  d i f f e r e n t   v i e w s .   This   b a n k - n o t e   ha s ,   at  b o t h  

s i d e s ,   a  s u b s t a n t i a l l y   u n p r i n t e d   wide  margin   21,  where  v a l u e   i n d i -  

c a t i n g   p r i n t s   22,  at  one  s ide   a  t a c t i l e   mark  for   b l i n d   p e o p l e ,   a n d  

at  the  o t h e r   s i d e   a  s e r i e s   number  are  p r e s e n t ,   and  in  the  p a p e r   a  

w a t e r m a r k   25  is   p r o v i d e d .   The  l a t e r a l   m a r g i n s   26  are  u n p r i n t e d ,   a t  

one  s ide   c o m p l e t e l y ,   and  at  the  o t h e r   s ide   for   the  g r e a t e r   p a r t ,  

and  the  o t h e r   t e r m i n a l   m a r g i n  2 7  w h i c h   is  r e l a t i v e l y   na r row  is   u n -  

p r i n t e d   t o o .   The  i n t e r m e d i a t e   a r ea   28  is  p r o v i d e d   w i th   a  c o m p l e x  

l i n e   g r i d  p a t t e r n   which  is  d i f f e r e n t   at  bo th   s i d e s .   T h e , c o l o u r   i s  

c h a r a c t e r i s t i c   for   the  v a l u e .   All  N e t h e r l a n d s   b a n k - n o t e s   have  t h e  

same  w id th   but  t h e i r   l e n g t h   i n c r e a s e s   wi th   the  v a l u e .   The  p a p e r  

c o m p r i s e s   s u b s t a n t i a l l y   no  components   which  give  r i s e   to  a  s u b -  

s t a n t i a l   u l t r a v i o l e t   f l u o r e s c e n c e .  

I f   such  a  b a n k - n o t e   is  t r a n s p o r t e d   under   the  lamp  6,  t h e  

c e l l s   10  w i l l   p r o d u c e   a  more  or  l e s s   s t r o n g   s i g n a l   d e p e n d i n g   on  

the  l o c a l   t r a n s m i t t i v i t y ,   and  the  c e l l s   14  w i l l   p r o d u c e   a  s i g n a l  

r e p r e s e n t i n g   the  a v e r a g e   t r a n s m i t t i v i t y ,   in  p a r t i c u l a r   in  t h e  

s p e c t r a l   r a n g e s   d e t e r m i n e d   by  the  f i l t e r s   15,  for   a  p a r t   of  t h e  

wid th   of  the  b a n k - n o t e .  

As  d i a g r a m m a t i c a l l y   shown  in  F ig .   3,  the  s i g n a l s   of  t h e  

c e l l s   10  are  s u p p l i e d ,   by  means  of  a  d i s c r i m i n a t o r   29  which  i s  

a d a p t e d   to  d i v i d e   the  s i g n a l   i n t e n s i t i e s   in  a  p l u r a l i t y   of  g r o u p s  

and to   emit  d i g i t a l   s i g n a l s   a c c o r d i n g l y ,   to  a  b u f f e r   or  i n t e r m e d i a r y  

memory  30  h a v i n g   c e l l s   31  which  a r e ,   for   example ,   d i v i d e d   i n t o   r o w s  

and  co lumns .   V r i t i n g   the  s i g n a l s   i n t o   s u c c e s s i v e   columns  is  d o n e  

under  c o n t r o l   of  a  s e n s o r   32  c o n n e c t e d   to  the  d r i v i n g   means  of  t h e  

wheels   4  so  t h a t   t h i s   w i l l   take  p l a c e   in  c o r r e s p o n d e n c e   wi th   t h e  

t r a n s p o r t   v e l o c i t y   of  the  b a n k - n o t e .   A f t e r   the  b a n k - n o t e   has  b e e n  

c o m p l e t e l y   s c a n n e d ,   the  c o n t e n t s   of  the  c e l l s   31  form  a  p i c t u r e   o f  

the  b a n k - n o t e   in  the  form  of  a  g r i d ,   the  p r i n t i n g   p a t t e r n s   at  b o t h  



s u r f a c e s   of  the  b a n k - n o t e   o v e r l a p p i n g   each  o t h e r   of  c o u r s e .   The 

c o n t e n t s   of  the   memory  c e l l s   31  are ,   t h e n ,   a  measure   fo r   the  t r a n s -  

m i t t i v i t y   d e t e r m i n e d   by  the  m e a s u r i n g   c e l l s   10.  The  memory  c e l l s  

can,  in  p a r t i c u l a r ,   each  have  a  c a p a c i t y   of  28  so  t h a t   a  f i n e  

d i v i s i o n   in  the  m e a s u r e m e n t   v a l u e s   can  be  o b t a i n e d .  

The  d i s t r i b u t i o n   of  t h e s e   measu remen t   v a l u e s   over   t h e  

c e l l s   31  d e p e n d s   on  the  o r i e n t a t i o n   of  the  b a n k - n o t e   when  i n s e r t e d ,  

t h e r e   b e i n g   s e v e r a l   p o s s i b i l i t i e s   such  as  a b o v e / b e l o w   and  l e f t /  

r i g h t .   From  a  p r o v i s i o n a l   scan   of  the  memory  c e l l s   c o r r e s p o n d i n g  

to  the  m a r g i n a l   a r e a s   2 5  a n d   27  of  the   b a n k - n o t e   the  p o s i t i o n   o f  

t h e s e   a r e a s   can  be  d e t e r m i n e d ,   and  from  the  p o s i t i o n   of ,   f o r   i n -  

s t a n c e ,   the  v a l u e   p r i n t   22  and,  fo r   i n s t a n c e ,   the  t a c t i l e   marks  23  

i t   can  be  a s c e r t a i n e d   which   s i d e   i s   d i r e c t e d   u p w a r d s .  

The  b u f f e r   memory  30  can  be  s canned   by  means  of  row  a n d  

column  c o n n e c t i o n s   33  and  34  r e s p .   By  making  the  s c a n n i n g  

s u c c e s s i o n   in  the  rows  and  columns  d e p e n d e n t   on  the  o r i e n t a t i o n  

of  the  b a n k - n o t e   as  d e t e r m i n e d ,   a  s p e c i f i c   memory  c e l l   w i l l   be  i n  

i t s   t u r n   a lways   in  the  same  p o i n t   of  the  s c a n n i n g   s e q u e n c e   i r r e s -  

p e c t i v e   of  the  o r i e n t a t i o n   of  the  b a n k - n o t e   on  the  p l a t e   1 .  

The  r e f e r e n c e   v a l u e s   used  for   c o m p a r i s o n   are  s t o r e d   i n  

d i g i t a l   form  in  a  p l u r a l i t y   of  memor ies   3 6 a . . d ,   each  c o r r e s p o n d i n g  

to  a  g iven   b a n k - n o t e   v a l u e ,   the  number  t h e r e o f   d e p e n d i n g   on  t h e  

number  of  v a l u e s   to  be  r e c o g n i s e d ,   e . g .  f   5 , - - ,  f   1 0 , - - ,  f   2 5 , - -  

a n d  f   1 0 0 , - - .   The  d a t a   r e a d   in  s e r i e s   from  the  b u f f e r   memory  30  a r e  

b e i n g   compared   in  a  c o m p a r a t o r   37,  e . g .   a c c o r d i n g   to  a  c o r r e l a t i o n  

p r o c e d u r e ,   w i t h   the  c o r r e s p o n d i n g   v a l u e s   which  are  r e ad   out  c e l l -  

b y - c e l l   from  the  a p p r o p r i a t e   memory  3 6 .  

In  o r d e r   to  s w i t c h   on  the  c o r r e c t   memory  36  t h e r e f o r e ,  

the  va lue   of  the  b a n k - n o t e   i s   to  be  d e t e r m i n e d   f i r s t .   In  the  c a s e  

of  N e t h e r l a n d s   b a n k - n o t e s   t h i s   can,   for   i n s t a n c e ,   be  done  b y  

m e a s u r i n g   the  l e n g t h   of  the  b a n k - n o t e .   This   can  f o l l o w   from  t h e  

c o n t e n t s   of  the  columns  in  the  m a t r i x   of  c e l l s   31.  To  t h a t   end  t h e  

l a s t   column  t e r m i n a l s   3 4 '  i n   F i g .   3  are  c o n n e c t e d   to  a  c o u n t e r   3 8  

which  can  send  a  se t   s i g n a l   to  the  c o m p a r a t o r   37  so  as  to  a c t i v a t e  

the  c o n n e c t i o n s   wi th   the  a s s o c i a t e d   memory  36  a c c o r d i n g l y .   I t   i s  

a l so   p o s s i b l e   to  measure   the  l e n g t h   of  the  b a n k - n o t e   by  means  o f  

the  s e n s o r   5  and  a  t ime  m e a s u r i n g   c i r c u i t   39,  as  has  been  d i a g r a m m a -  

t i c a l l y   i n d i c a t e d   ae  w e l l ,   the  t i m i n g   be ing   p r o v i d e d   t h e r e i n   by  t h e  

s e n s o r   32,  and  a l so   a  d i r e c t   c o u p l i n g   be tween  the  c e l l s   10  or  t h e  



c i r c u i t   29  and  the  c o u n t i n g   c i r c u i t   39  can  be  u s e d .  

The  va lue   d e t e r m i n a t i o n   can  a l so   be  done  by  means  of  t h e  

c o l o u r   m e a s u r e m e n t .   The  c e l l s   14  are  coup l ed   w i t h   a  c i r c u i t   40  w h i c h  

is  a d a p t e d   to  d e t e r m i n e   the  i n t e n s i t y   r a t i o s   and  to  d e r i v e   t h e r e -  

from  c o l o u r   i n f o r m a t i o n .   The  l a t t e r   c i r c u i t   can  be  c o n n e c t e d   to  a n  

a u x i l i a r y   c i r c u i t   40  which ,   i f   n e c e s s a r y   a f t e r   i n t e g r a t i o n   over   t h e  

whole  a r e a ,   can  pe r fo rm  a  c o m p a r i s o n   wi th   s t a n d a r d   v a l u e s   s t o r e d  

in  a  memory  42.  The  c i r c u i t   41  can  have  the  form  of  a  b u f f e r   memory 

which  is   a d a p t e d   to  memorise   the  i n f o r m a t i o n   r e l a t i n g   to  a  n u m b e r  

of  s t r i p s   of  the  b a n k - n o t e ,   and  to  compare  t h i s   i n f o r m a t i o n   w i t h  

c o r r e s p o n d i n g   i n f o r m a t i o n   from  the  memories   42.  The  c o l o u r   m e a s u r e -  

ment  or ,   i f   d e s i r e d ,   only  t h a t   of  the   b a n k - n o t e   p o r t i o n s   e x a m i n e d  

f i r s t ,   can  be  used  as  a  va lue   c h a r a c t e r i s t i c   which  is   sent   to  t h e  

c i r c u i t   37  v i a   a  c o n n e c t i o n   43  in  o r d e r   to  b r i n g   about   the  v a l u e  

a d j u s t m e n t .   I t   is  a l so   p o s s i b l e   to  use  bo th   va lue   c h a r a c t e r i s t i c s ,  

v i z .   l e n g t h   and  c o l o u r ,   t o g e t h e r ,   and  then   a  c h o i c e   among  t h e  

memor ies   36  w i l l   only  be  made"af   a  s u f f i c i e n t   c o r r e l a t i o n   b e t w e e n  

b o t h .  

C a l i b r a t i n g   the  dev i ce   can  be  done,   for   i n s t a n c e ,   j u s t  

b e f o r e   the  b a n k - n o t e   has  r e a c h e d   the  s l o t   9,  and  the  l i g h t   i n t e n s i t y  

m e a s u r e d   ( w i t h o u t   a  b a n k - n o t e )   can  be  used  as  a  s t a n d a r d   v a l u e   by  

r e f e r e n c e   to  which  the  measu remen t   r e s u l t s   can  be  u p d a t e d ,   for   i n -  

s t a n c e   when  the  l i g h t   i n t e n s i t y   of  the  lamp  6  d e c r e a s e s .   When  a  

b u f f e r   memory  42  is  used ,   the  s u i t a b l e   va lue   can  be  d e r i v e d   t h e r e -  

from  at  the  c o r r e c t   momen t .  

The  c i r c u i t   37  sends   the  c o m p a r i s o n   r e s u l t s   t owa rds   a  

p r o c e s s i n g   and  d e c i s i o n   c i r c u i t   44  in  which  t h e s e   r e s u l t s   are  p r o -  

c e s s e d .   Also  the  c o m p a r a t o r   c i r c u i t   41  for   the  c o l o u r   m e a s u r e m e n t s  

is  c o n n e c t e d   to  the  c i r c u i t   44  in  o r d e r   to  a l l ow  to  i n c l u d e   a l s o  

the  r e s u l t s   of  the  c o l o u r   measu remen t   i n t o   the  j u d g e m e n t .   The 

m e a s u r i n g   c e l l   18  is  c o n n e c t e d   to  a  p r o c e s s i n g   c i r c u i t ,   which  c a n ,  

a g a i n ,   be  in  the  form  of  a  b u f f e r   memory,  the  l a t t e r   c i r c u i t   a l s o  

b e i n g   c o n n e c t e d   to  the  c i r c u i t   4 4 .  

In  the  c i r c u i t   44  a  d e c i s i o n   is   made  on  the  b a s i s   of  t h e  

i n f o r m a t i o n   s u p p l i e d   t h e r e t o ,   and  at  the  o u t p u t   46  a  c o n t r o l   s i g n a l  

w i l l   be  p r o d u c e d   which  can  be  used  to  a c t u a t e   a  g a t i n g   means  f o r  

d i r e c t i n g   the  b a n k - n o t e   e i t h e r   to  a  c o l l e c t i n g   v e s s e l   or  ta   a  r e t u r n  

s l o t ,   and  in  the  f i r s t   case  the  f u r t h e r   o p e r a t i o n   of  the  m a c h i n e ,  

such  as  d i s p e n s i n g   goods,   open ing   a  g a t e ,   r e t u r n i n g   change  money  e t c . ,  



can  be  i n i t i a t e d .  

The  memor ies   36  and  41  (and  45  as  the  case  may  be)  c a n  
be  a d j u s t e d   as  f o l l o w s .   Of  the  v a r i o u s   c o n s i d e r e d   b a n k - n o t e s   t h e  
d i f f e r e n t   m e a s u r e m e n t   v a l u e s   a re   d e t e r m i n e d   and  t r a n s f o r m e d   i n t o  

n u m e r i c a l   v a l u e s .   Moreove r ,   and  in  p a r t i c u l a r   in  r e s p e c t   of  t h e  

c o l o u r   v a l u e ,   the  e x i s t i n g   d e v i a t i o n s   be tween   new  and  s t i l l  

a c c e p t a b l e   used   b a n k - n o t e s   can  be  d e t e r m i n e d .   These  da t a   are  s t o r e d  
in  a  s u i t a b l e   memory  from  which  the  memor ies   of  the  d e v i c e s   c a n  
be  f i l l e d .   Thus  a d a p t e d   memor ies   f o r   d i f f e r e n t   c o u n t r i e s   can  b e  

made  which  can  be  i n s e r t e d   as  n e e d e d   i n t o   d e v i c e s   to  be  d e l i v e r e d .  

D u r i n g   the  s t a t i s t i c a l   p r o c e s s i n g   in  the  d e v i c e ,   t h e  

c o r r e l a t i o n   b e t w e e n   the  v a l u e s   m e a s u r e d   in  d i f f e r e n t   p o i n t s   a n d  

the  c o r r e s p o n d i n g   s t o r e d   v a l u e s   i s   d e t e r m i n e d   over   the  whole  a r e a ,  

and,  as  r e q u i r e d ,   the   w id th   of  the   a l l o w e d   v a r i a t i o n   range  can  b e  

f i x e d .   Th i s   w i d t h   s h o u l d   be  such  t h a t   l o c a l   damages ,   f o l d s ,   i n -  

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

l e a d   to  r e j e c t i o n ,   but  b a n k - - n o t e s   m i s s i n g   c o n s i d e r a b l e   p a r t s   a r e  

to  be  r e j e c t e d .   I f   d e s i r e d   d i f f e r e n t   we igh t   f r a c t o r s   can  be  u s e d  

in  the  p r o c e s s i n g   of  d i f f e r e n t   a r e a s   so  as  to  give  a r e a s   w i t h  

i m p o r t a n t   p a t t e r n   e l e m e n t s   a  g r e a t e r   i n f l u e n c e   on  the  e x a m i n a t i o n  

r e s u l t s .  

The  e x a m i n a t i o n   programme  can,   for   i n s t a n c e ,   be  s t r u c t u r e d  

as  f o l l o w s .   When,  a f t e r   hav ing   p a s s e d   the  s e n s o r ,   the  b a n k - n o t e  

r e a c h e s   the  l i g h t   beam  w i t h i n   a  g i v e n   t ime ,   and,  for   i n s t a n c e ,   t h e  

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

m e a s u r e m e n t   t a k e s   p l a c e ,   and  s u b s e q u e n t l y   a  c o l o u r   measu remen t   o v e r  

the  whole  s u r f a c e .   I f   t h e s e   m e a s u r e m e n t s   have  been  s u c c e s s f u l ,   t h e  

w a t e r m a r k   and,  s u b s e q u e n t l y ,   the  p a t t e r n   can  be  examined .   I f   one  o f  

the  p r e c e d i n g   c r i t e r i a   s h o u l d   a l r e a d y   l e a d   to  r e j e c t i o n ,   the  s u b -  

s e q u e n t   m e a s u r e m e n t s   can  be  o m i t t e d ,   and  the  b a n k - n o t e   is  i m m e d i a t e l y  

r e t u r n e d   t o w a r d s   the  r e t u r n   s l o t .   Of  c o u r s e   the  o r d e r   of  i m p o r t a n c e  

can  be  c h a n g e d .  

I t   w i l l   be  c l e a r   t h a t   the   v a r i o u s   c i r c u i t s   of  the  b l o c k  

d iagram  of  F i g .   3  can  be  r e a l i s e d   in  many  ways,  and,  in  p a r t i c u l a r ,  

can  be  composed  of  p a r t i a l   c i r c u i t s   w i th   s p e c i f i c   t a s k s   a n d / o r  

o p e r a t i o n s ,   and  a d d i t i o n a l   c r o s s - l i n k s   be tween   t h e s e   c i r c u i t s   c a n  

be  p r o v i d e d   i f   a  m u t u a l   d e p e n d e n c y   or  f e e d - b a c k   is  d e s i r e d .  

I f   b a n k - n o t e s   h a v i n g   a  d i f f e r e n t   p a t t e r n   s t r u c t u r e   a r e  

to  be  e x a m i n e d ,   c o r r e s p o n d i n g   d a t a   are  to  be  i n t r o d u c e d ,   but  t h e  



s t r u c t u r e   of  the  d e v i c e   does  not  need  to  be  m o d i f i e d .   I f ,   for   i n -  

s t a n c e ,   b a n k - n o t e s   of  d i f f e r e n t   v a l u e s  h a v e   the  same  d i m e n s i o n s  

and  c o l o u r ,   such  as  US  d o l l a r   b i l l s ,   the  va lue   is   c o m p l e t e l y   t o  

be  d e r i v e d   from  the  p a t t e r n   e x a m i n a t i o n .   I f ,   however ,   t h e s e   b a n k -  

n o t e s   are  p r o v i d e d   wi th   a  m a g n e t i c   m a r k i n g ,   an  a d a p t e d   s e n s o r   c a n  

be  added  to  the  d e v i c e   in  the  u s u a l   way.  I f   the  b a n k - n o t e s ,   as  i n  

the  case  of  (German)  DM  b a n k - n o t e s  o f   d i f f e r e n t   v a l u e s ,   d i f f e r   n o t  

on ly   in  l e n g t h   but  a l so   in  w i d t h ,   a  measu remen t   of  the  l e n g t h / w i d t h  

r a t i o   can  be  used  i f   d e s i r e d .  

I f   a  d e t e c t i o n   of  the  o r i e n t a t i o n   is   not  p o s s i b l e   or  n o t  

d e s i r e d ,   each  p a r t i a l   memory  36  can  be  d i v i d e d   i n t o   fou r   s u b m e m o r i e s  

each  c o r r e s p o n d i n g   to  a  s p e c i f i c   o r i e n t a t i o n   of  the  b a n k - n o t e ,   s a i d  

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

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

w i l l   be  u s e d .   At  the  b e g i n n i n g   of  the  c o m p a r i s o n   i t   w i l l   a l r e a d y  

a p p e a r   which  submemor ie s   are  not  to  be  used ,   which  can  be  s w i t c h e d  

o f f   t h e n .   The  same  can  a l so   b e  d o n e  i n   the  case  of  d i f f e r e n t   v a l u e  

p a t t e r n s ,   and  then   a l l   the  p a r t i a l   memories   36  w i l l   be  a c t i v a t e d  

u n t i l   the  v a l u e   has  been  a s c e r t a i n e d .  

I f ,   as  s t a t e d   b e f o r e ,   the  p a t t e r n   e x a m i n a t i o n   is   to  b e  

s u p p r e s s e d   i f   one  of  the  c o l o u r   and  u l t r a v i o l e t   t e s t s   or  bo th   a r e  

n e g a t i v e ,   a  s u i t a b l e   c o n n e c t i o n   47  s h o u l d   connec t   the  c i r c u i t   45 

w i t h   a  c o n t r o l   i n p u t   of  c o m p a r a t o r   37,  and  the  c o n n e c t i o n   43  can  be  

used  for   t h a t   p u r p o s e   as  f a r   as  the  c o l o u r   measu remen t   i s   c o n c e r n e d .  

It  i s ,   g e n e r a l l y ,   not  n e c e s s a r y   to  compare  the  c o m p l e t e  

c o n t e n t s   of  the  b u f f e r   memory  30  wi th   c o r r e s p o n d i n g   r e f e r e n c e   v a l u e s  

in  a  memory  36.  In  p r a c t i c e   two  g roups   of  16  c o m p a r i s o n   p o i n t s ,  

each  at  one  s i de   of  a  c e n t r e   l i n e  4 8   ( F i g .   2)  w i l l   be  used ,   s a i d  

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

q u e s t i o n .   The  d i s t r i b u t i o n   can  be  d i f f e r e n t   for   d i f f e r e n t   b a n k - n o t e  

v a l u e s ,   or  can  even  be  changed  at  t i m e s .   This   d i s t r i b u t i o n   i s  

d e t e r m i n e d   s o l e l y   by  the  memory  c o n t e n t s ,   and  the  s t r u c t u r e   of  t h e  -  

o t h e r   c i r c u i t s   r ema ins   the  s a m e .  

In  p r a c t i c e   the  c o m p a r i s o n   w i l l   g e n e r a l l y   be  done  in  o n l y  

one  h a l f   of  the  b a n k - n o t e .   However,  i f   the  r e s u l t s   are  dub ious   o r  

n e g a t i v e ,   the  c o m p a r i s o n   w i l l   be  r e p e a t e d   in  the  o t h e r   h a l f ,   i f  

d e s i r e d   wi th   a  d i f f e r e n t   c o r r e l a t i o n   t h r e s h o l d ,   and  f i n a l   r e j e c t i o n  

w i l l   f o l l o w   i f   the  second  c o m p a r i s o n   r e s u l t s   are  i n s u f f i c i e n t  

t o o .   However ,   i f   the  d e v i c e   is  used  for   c h e c k i n g   the  q u a l i t y   of  u s e d  



b a n k - n o t e s ,   e . g .   by  the   i s s u i n g   c e n t r a l   bank,   i t   may  be  d e s i r a b l e  
to  e x t e n d   the  e x a m i n a t i o n   over   the  whole  s u r f a c e ,   and  u s i n g   a  

l a r g e r   number  of  r e f e r e n c e   p o i n t s   may  be  a d v i s a b l e   t h e n .  

F u r t h e r m o r e   i t   i s   p o s s i b l e   to  use  a  l a r g e r   number  o f  

s u b m e m o r i e s   in  the  m e m o r i e s   36  c o m p r i s i n g   the  same  i n f o r m a t i o n   b u t  

r e l a t i n g   to  b a n k - n o t e s   s h i f t e d   in  r e s p e c t   of  the  d e s i r e d   p o s i t i o n .  

This   may,  fo r   i n s t a n c e ,   be  u s e f u l   i f   the  l o c a t i o n   of  the  p a t t e r n  

can  v a r y ,   and  only   the   c o m p a r i s o n   wi th   the  b e s t   c o r r e l a t i o n   r e s u l t s  

w i l l   be  u s e d .   A l so   in  the  case  of  used  b a n k - n o t e s   w h i c h  

have  been  s t r e t c h e d ,   e . g .   by  f o l d i n g ,   a  r e p e t i t i o n   of  the  c o m p a r i s o n  

in  a  s h i f t e d   p o s i t i o n   can  be  u s e f u l .   The  c o n t r o l   c i r c u i t   35  c a n  

a l s o   be  used   to  t h a t   end,   in  p a r t i c u l a r   for   c o r r e c t i n g   l a r g e r  

d e v i a t i o n s   or  skew  a n g l e s .  

The  c o r r e l a t i o n   o p e r a t i o n   can  a l s o   be  p e r f o r m e d   on  t h e  

r a t i o   b e t w e e n   the  i n d i v i d u a l   measu remen t   and  r e f e r e n c e   v a l u e s ,   w h i c h  

is   a  b e t t e r   c r i t e r i o n   in  the  case  of  s o i l e d   b a n k - n o t e s .   I f ,   as  a  

whole ,   a  c o n s i s t e n t   r a t i o   c o r r e l a t i o n   is   o b t a i n e d ,   the  b a n k - n o t e   c a n  

be  s a f e l y   a c c e p t e d .  

I t   w i l l   be  c l e a r   t h a t   such  a  d e v i c e   can  a l s o   be  used  f o r  

r e c o g n i s i n g   s h e e t   m a t e r i a l   o t h e r   than  b a n k - n o t e s ,   e . g .   cheques   a n d  

the  l i k e .   Moreove r ,   fo r   f o r m i n g   the  l i g h t   c u r t a i n   a n d / o r   fo r   c o n -  

d u c t i n g   the  t r a n s m i t t e d   l i g h t ,   l i g h t   g u i d e s   can  be  a d v a n t a g e o u s l y  

u s e d ,   which  a l l ow   to  d i r e c t   the  l i g h t   a c c u r a t e l y   t o w a r d s   the  d e s i r e d  

p o i n t ,   e . g .   for   a v o i d i n g   l i g h t   l o s s e s   a n d / o r   i n t e r a c t i o n s   b e t w e e n  

n e i g h b o u r i n g   m e a s u r i n g   p o i n t s ,   or  for   e n a b l i n g   to  a r r a n g e   the  m e a s u -  

r i n g   c e l l s   in  a  more  f a v o u r a b l e   p o i n t .   By  a d a p t i n g   the  means  f o r  

s c a n n i n g   the  b u f f e r   memory  30  and  making  the  l a t t e r   s u f f i c i e n t l y  

wide  an  e x a m i n a t i o n   can  s t i l l   take  p l a c e   a l s o   at  a  skew  i n t r o d u c t i o n  

of  the  b a n k - n o t e ,   but  t h i s   w i l l ,   of  c o u r s e ,   c o m p l i c a t e   the  s t r u c t u r e .  

Using  a  g u i d i n g   l e d g e   2  i s ,   t h e r e f o r e ,   to  be  p r e f e r r e d ,   the  more  s o  

as  the  f u r t h e r   t r a n s p o r t   of  a  b a n k - n o t e   at  a  s t r a i g h t   i n t r o d u c t i o n  

is  s i m p l i f i e d   t h e r e b y .  

S ince   the  s p e c i f i c   s t r u c t u r e   of  the  v a r i o u s   e l e c t r o n i c  

c i r c u i t s   d i a g r a m m a t i c a l l y   shown  as  b l o c k s   in  F i g .   3  does  not  f o r m  

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

r e q u i r e d ,   the  more  so  as  such  c i r c u i t s   are  known  per   se  or  can  be  

composed  from  known  and  c o m m e r c i a l l y   a v a i l a b l e   componen t s   by  a  

s k i l l e d   p e r s o n .  



1.  A  d e v i c e   fo r   r e c o g n i s i n g   and  e x a m i n i n g   b a n k - n o t e s   o r  

s i m i l a r   o b j e c t s ,   c o m p r i s i n g   g u i d i n g   means  wi th   d r i v i n g   means  f o r  

t r a n s p o r t i n g   a  b a n k - n o t e   to  be  examined ,   a  l i g h t   sou rce   p r o d u c i n g  

a  l i g h t   beam  a c r o s s   the  t r a n s p o r t   p a t h   of  the  b a n k - n o t e ,   a  row  o f  

l i g h t - s e n s i t i v e   c e l l s   at  the  o t h e r   s i d e   of  s a i d   p a t h ,   the  l e n g t h  

of  s a i d   row  b e i n g   at  l e a s t   equa l   to  the  l a r g e s t   o c c u r r i n g   w i d t h  

of  b a n k - n o t e s ,   means  fo r   p r o c e s s i n g   the  o u t p u t   s i g n a l s   of  s a i d  

l i g h t - s e n s i t i v e   c e l l s   and  compar ing   s a i d   s i g n a l s   wi th   r e f e r e n c e  

v a l u e s   s t o r e d   in  a  memory,  means  for   d e t e r m i n i n g   at  l e a s t   o n e  

d i m e n s i o n   of  the  b a n k - n o t e   and  of  i t s   c o l o u r ,   c h a r a c t e r i s e d   in  t h a t  

the  p r o c e s s i n g   means  comprises   a  m a t r i x   b u f f e r   memory  (30)  h a v i n g  

as  many  rows  as  t h e r e   are  l i g h t - s e n s i t i v e   c e l l s   ( 1 0 ) ,   the  number  o f  

columns  c o r r e s p o n d i n g   to  the  number  of  t i m e s   t h a t   the  t r a n s v e r s e  

d i m e n s i o n ;   of  s a i d   c e l l s   (10)  is  c o m p r i s e d   in  the  l e n g t h   of  t h e  

l a r g e s t   a r e a   of  a  b a n k - n o t e   (21)  to  be  e x a m i n e d ;   each  memory  c e l l  

(31)  be ing   a d a p t e d   to  c o n t a i n   a  p l u r a l i t y   of  d i g i t a l   v a l u e s   c o r r e s -  

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

s e n s i t i v e   c e l l s   ( 1 0 ) ,   t h i s   in  such  a  manner   t h a t   the  b u f f e r   memory 

(30)  w i l l   form  a  d i g i t a l   p i c t u r e   of  the  t r a n s m i s s i o n   p a t t e r n   of  t h e  

b a n k - n o t e   (21 ) ,   s a i d   memory  c o n t e n t s ,   i r r e s p e c t i v e   of  the  o r i e n t a t i o n  

of  the  b a n k - n o t e   ( 2 1 ) ,   then   be ing   compared  in  a  c o m p a r a t o r   (37)  w i t h  

the  c o r r e s p o n d i n g   c o n t e n t s   of  p a r t i a l   memor ies   (36)  each  c o m p r i s i n g  

a  s t a n d a r d   p a t t e r n   for   a  s p e c i f i c   b a n k - n o t e   v a l u e ,   s a i d   c o m p a r a t o r  

(37)  be ing   c o n n e c t e d   to  a  c i r c u i t   (44)  a d a p t e d   to  p e r f o r m   a  s t a -  

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

c o n n e c t e d   to  c o m p a r a t o r   c i r c u i t s   (41,  45)  for   m e a s u r i n g   the  c o l o u r  

a n d / o r   u l t r a v i o l e t   r e f l e c t i o n   over  a  l a r g e r   a r e a ,   s a i d   c o r r e l a t i o n  

c i r c u i t   (44)  be ing   a d a p t e d   to  emit  an  a c c e p t a n c e   s i g n a l   at  a  s u f f i -  

c i e n t   c o r r e s p o n d e n c e   of  both   p a t t e r n s .  

2.  The  d e v i c e   of  c la im  1,  c h a r a c t e r i s e d   in  t h a t   each  p a r t i a l  

memory  (36)  c o n s i s t s   of  at  l e a s t   four   s u b m e m o r i e s   c o r r e s p o n d i n g   t o  

d i f f e r e n t   b a n k - n o t e   o r i e n t a t i o n s .  

3.  The  d e v i c e   of  c laim  1  or  2,  c h a r a c t e r i s e d   in  t h a t   a  c o n t r o l  

c i r c u i t   (35)  is  a d a p t e d   for   c o n t r o l l i n g   the  r e a d i n g   o p e r a t i o n   of  t h e  

b u f f e r   memory  (30)  in  c o n f o r m i t y   wi th   d i f f e r e n t   o r i e n t a t i o n s .  

4.  The  d e v i c e   of  any  one  of  c l a i m s   1 - . 3 ,   c h a r a c t e r i s e d   in  t h a t  

the  p a r t i a l   memories   (36)  each  c o n t a i n   s t a n d a r d   v a l u e s   r e l a t i n g   t o  



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

a  p a r t   of  the  b a n k - n o t e ,   the  c o m p a r i s o n   t a k i n g   p l a c e   s o l e l y   in  t h e s e  

p o i n t s .  

5.  The  d e v i c e   of  any  one  of  c l a i m s   1 . . 4 ,   c h a r a c t e r i s e d   i n  

t h a t   the  c o r r e l a t i o n   o p e r a t i o n   c o m p r i s e s   a  c o r r e l a t i o n   o p e r a t i o n  

on  the  r a t i o s   of  i n d i v i d u a l   m e a s u r e m e n t   v a l u e s .  

6.  The  d e v i c e   of  any  one  of  c l a i m s   1 . . 5 ,   c h a r a c t e r i s e d   i n  

t h a t   the   c o m p a r i s o n   o p e r a t i o n   of  the   c o m p a r a t o r   (37)  r e l a t e s   to  a  

p o r t i o n ,   and  in  p a r t i c u l a r   one  h a l f ,   of  the  b a n k - n o t e ,   and  i s   r e -  

p e a t e d   w i t h   a  d i f f e r e n t   t h r e s h o l d   fo r   a n o t h e r   p o r t i o n   i f   the  f i r s t -  

m e n t i o n e d   o p e r a t i o n   is   not  s u f f i c i e n t l y   d e c i s i v e .  

7.  The  d e v i c e   of  any  one  of  c l a i m s   1 . . 6 ,   c h a r a c t e r i s e d   i n  

t h a t   the  c o m p a r i s o n   o p e r a t i o n   is   p e r f o r m e d   only   i f   the  d i m e n s i o n s ,  

c o l o u r ,   u l t r a v i o l e t   r e f l e c t i o n   or  the  l i k e   of  a  b a n k - n o t e   c o m p l y  

wi th   the  s t a n d a r d s .  

8.  The  d e v i c e   of  any  one  of  c l a i m s   1 . . 7 ,   c h a r a c t e r i s e d   i n  

t h a t   the  c o l o u r   m e a s u r i n g   means  ( 1 2 . . 1 5 )   are  a d a p t e d   to  p e r f o r m  

an  i n t e g r a t i o n   over   a  s u b s t a n t i a l   p a r t   of  the  w id th   of  a  b a n k - n o t e  

to  be  e x a m i n e d .  

9.  The  d e v i c e   of  any  one  of  c l a i m s   1 . . 8 ,   c h a r a c t e r i s e d   i n  

t h a t   the   c o l o u r   m e a s u r i n g   ( 1 4 , 1 5 ,   4 0 . . 4 2 )   are  a d a p t e d   to  c a l i b r a t e  

the  l i g h t   i n t e n s i t y   m e a s u r e m e n t s   on  the  b a s i s   of  an  i n t e n s i t y  

m e a s u r e m e n t   of  the  l i g h t   s o u r c e   (6)  b e f o r e   the  a r r i v a l   of  the  b a n k -  

note   ( 2 1 ) .  
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