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@  Apparatus  for  inspecting  printed  matters. 
A  printed  matter  (4),  in  which  an  ink  capable  of  reflecting 

electromagnetic  waves  of  wavelengths  outside  the  visible 
range  is  used,  is  irradiated  by  electromagnetic  radiation  from 
a  lamp  (8)  at  least  containing  said  wavelengths  outside  the 
visible  range.  Light  reflected  from  the  irradiated  printed 
matter  (4)  is  coupled  to  a  photoelectric  converter  (12),  the 
output  of  which  is  taken  out  through  an  amplifier  (13).  The 
printed  matter  (4)  is  inspected  in  terms  of  whether  the  level 
of  the  amplified  output  is  high  or  low  for  a  invisible 
wavelength  range. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   f o r  

i n s p e c t i n g   p r i n t e d   m a t t e r s   and ,   more  p a r t i c u l a r l y ,   to  a n  

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

m a t t e r ,   f o r   i n s t a n c e   a  f a l s e   or  c o u n t e r f e i t   bank  n o t e ,  
f rom  the  o r i g i n a l ,   i . e . ,   t he   t r u e   or  a u t h e n t i c   b a n k  

n o t e ,   by  an  o p t i c a l   m e t h o d .  

Up  to  d a t a ,   p r i n t i n g   t e c h n i q u e s   and  c o p y i n g   t e c h -  

n i q u e s   have  been   a d v a n c e d   o u t s t a n d i n g l y ,   and  c o l o r  

c o p i e r s   are   a v a i l a b l e   as  c o m m e r c i a l   p r o d u c t s .   In  t h e s e  

c i r c u m s t a n c e s ,   i t   is  l i a b l e   t h a t   v a l u a b l e   s e c u r i t i e s  

such   as  bank  n o t e s   and  c h e c k s   a re   d e f t l y   c o p i e d   f o r  

i m p r o p e r   u s e .   Bank  n o t e s   a re   m a n u f a c t u r e d   by  e l a b o r a t e  

m u l t i - c o l o r   p r i n t i n g   to  p r e v e n t   m a n u f a c t u r e   of  c o u n t e r -  

f e i t   p a p e r   money.   H o w e v e r ,   t h e r e   a re   a l r e a d y   c a s e s  

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

c o l o r   p r i n t i n g   p r o c e s s e s   or  c o l o r   c o p i e s ,   w h i c h   c o p i e s  

c a n n o t   be  d i s c r i m i n a t e d   from  the  o r i g i n a l s   b y - a   m e r e  

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

An  o b j e c t   of  the   i n v e n t i o n   is  to  p r o v i d e   a  p r i n t e d  

m a t t e r   i n s p e c t i n g   a p p a r a t u s ,   which   can  r e a d i l y   a n d  

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

the   o r i g i n a l   even   if   i t   is  d i f f i c u l t   to  d i s c r i m i n a t e   t h e  

copy  as  such  by  a  v i s u a l   i n s p e c t i o n .  

A c c o r d i n g   to  the   i n v e n t i o n ,   the  a b o v e   o b j e c t   i s  

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

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



an  ink  c a p a b l e   of  r e f l e c t i n g   or  e m i t t i n g   e l e c t r o m a g n e t i c  

waves   of  w a v e l e n g t h s   o u t s i d e   the   v i s i b l e   r a n g e   w i t h  

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

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

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

r e f l e c t e d   or   e m i t t e d   by  the  p r i n t e d   m a t t e r ,   and  m e a n s  

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

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

The  above   and  f u r t h e r   o b j e c t s ,   f e a t u r e s   and  a d v a n -  

t a g e s   of  t he   i n v e n t i o n   w i l l   b e c o m e s   more  a p p a r e n t  f r o m  

t h e   f o l l o w i n g   d e s c r i p t i o n   when  the   same  is  r e ad   w i t h  

r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is   a  g r a p h   f o r   e x p l a i n i n g   the   r e l a t i v e   l u m i -  

n o s i t y   of  m a n ;  

F i g .   2  is  a  g r a p h   s h o w i n g   t he   s p e c t r a l   r e f l e c t i v i t y  

c h a r a c t e r i s t i c   of  an  o r g a n i c   ink  CF  5 , 1 5 0 ,   a  p r o d u c t   o f  

Toyo  Ink  M a n u f a c t u r i n g   Co . ,   L t d ,   in  J a p a n ,   for   e x a m p l e ;  

F i g .   3  is  a  g r a p h   s h o w i n g   the   s p e c t r a l   r e f l e c t i v i t y  

c h a r a c t e r i s t c   of  an  i n o r g a n i c   i n k ;  

F i g .   4  is  a  v iew  s h o w i n g   a  p r i n t   p a t t e r n   of  a  

p r i n t e d   m a t t e r ;  

F i g .   5  is  a  g r a p h   s h o w i n g   the   s p e c t r a l   e n e r g y  
c h a r a c t e r i s t i c   of  a  l i g h t   s o u r c e   of  a  c o l o r   c o p i e r ;  

F i g s .   6  and  7  show  an  e m b o d i m e n t   of  t he   i n v e n t i o n ;  

F i g s .   8  and  9  show  a  d i f f e r e n t   e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  

F i g .   10  is  a  g r a p h   s h o w i n g   t h e   s p e c t r a l   e n e r g y  

c h a r a c t e r i s t i c   of  an  ink   w h i c h   is  e x c i t e d   by  v i s i b l e  

l i g h t   and  e m i t s   n e a r - i n f r a r e d   r a d i a t i o n ;  

F i g .   11  is  a  g r a p h   s h o w i n g   the   s p e c t r a l   e n e r g y  
c h a r a c t e r i s t i c   of  an  ink   w h i c h   is  e x c i t e d   by  n e a r -  

i n f r a r e d   r a d i a t i o n   and  e m i t s   n e a r - i n f r a r e d   r a d i a t i o n ;  

F i g .   12  is  a  s c h e m a t i c   s h o w i n g   of  a  f u r t h e r   e m b o d i -  

ment   of  the   i n v e n t i o n ;  

F i g .   13  is  a  g r a p h   s h o w i n g   the   s p e c t r a l   e n e r g y  

c h a r a c t e r i s t i c   of  an  i n k ,   a  f l u o r e s c e n t   ink  SPD-3S,   a  

p r o d u c t   of  Tokyo  S h i b a u r a   Denki   K a b u s h i k i   K a i s h a ,   f o r  



e x a m p l e ,   wh ich   is  e x c i t e d   by  u l t r a v i o l e t   r a d i a t i o n   a n d  

e m i t s   v i s i b l e   l i g h t ;  

F i g .   14  is  a  g r a p h   s h o w i n g   the  s p e c t r a l   e n e r g y  
c h a r a c t e r i s t i c   of  an  i n k ,   a  f l u o r e s c e n t   ink  S P D - 1 2 0 S ,   a  

p r o d u c t   of  Tokyo  S h i b a u r a   Denki   K a b u s h i k i   K a i s h a ,   f o r  

e x a m p l e ,   wh ich   is  e x c i t e d   by  u l t r a v i o l e t   r a d i a t i o n   a n d  

e m i t s   n e a r - i n f r a r e d   r a d i a t i o n ;  

F i g .   15  is  a  s c h e m a t i c   s h o w i n g   of  a  f u r t h e r   e m b o d i -  

men t   of  the   i n v e n t i o n ;  

F i g .   16  is  a  g r a p h   s h o w i n g   the   s p e c t r a l   r e f l e c -  

t i v i t y   c h a r a c t e r i s t i c   of  a  f u r t h e r   d i f f e r e n t   i n k ;  

F i g .   17  is  a  v iew  s h o w i n g   a  p r i n t   p a t t e r n   of  a  d i f -  

f e r e n t   p r i n t e d   m a t t e r ;  

F i g .   18  is  a  s c h e m a t i c   s h o w i n g   of  a  f u r t h e r   e m b o d i -  

ment   of  the   i n v e n t i o n ;  

F i g .   19  is  a  g r a p h   s h o w i n g   the  t r a n s m i t t a n c e  

c h a r a c t e r i s t i c   of  an  o p t i c a l   f i l t e r ;  

F i g .   20  is  a  g r a p h   s h o w i n g   the  s p e c t r a l   r e f l e c -  

t i v i t y   c h a r a c t e r i s t i c   of  a  f u r t h e r   d i f f e r e n t   i n k ;   a n d  

F i g .   21  is  a  b l o c k   d i a g r a m   s h o w i n g   a  f u r t h e r   e m b o -  

d i m e n t   of  the   i n v e n t i o n .  

Now,  p r e f e r r e d   e m b o d i m e n t s   of  the   i n v e n t i o n   w i l l   b e  

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

d r a w i n g s .   F i g .   1  shows  the   r e l a t i o n   b e t w e e n   the   r e l a -  

t i v e   l u m i n o s i t y   of  t he   eye  of  man  and  the   w a v e l e n g t h .  

As  i s  s e e n   f rom  the   F i g u r e ,   the   v i s i b l e   w a v e l e n g t h   r a n g e  

is   a p p r o x i m a t e l y   f rom  380  nm  to  700  nm.  T h a t   i s ,   t h e  

e l e c t r o m a g n e t i c   waves   of  the   w a v e l e n g t h s   in  t h i s   r a n g e  
c o n s t i t u t e   v i s i b l e   l i g h t ,   wh ich   can  be  s e n s e d   by  the   e y e  
of  man  when  i t   is  r e f l e c t e d   or  r a d i a t e d   by  the  i n k .   An 

i n o r g a n i c   ink  has  a  c h a r a c t e r   t h a t   i t   can  r e f l e c t   o n l y  

l i g h t   in  the  v i s i b l e   r a n g e   as  shown  in  F i g .   3.  H o w e v e r ,  

among  o r g a n i c   i n k s   w h i c h   a re   used   f o r   c o l o r   c o p y i n g  

m a c h i n e ,   f o r   i n s t a n c e ,   t h e r e   is  one  h a v i n g   a  r e f l e c -  

t i v i t y   c h a r a c t e r i s t i c   c o v e r i n g   an  i n v i s i b l e   r a n g e   a s  

shown  in  F i g .   2.  In  t h i s   c h a r a c t e r i s t i c ,   the   r e f l e c -  

t i v i t y   is  h igh   in  the  n e i g h b o r h o o d   of  520  nm  and  in  t h e  



i n f r a r e d   r e g i o n   above   700  nm  w h i l e   i t   is  low  f o r   t h e  

r e s t   of  t he   w a v e l e n g t h   r a n g e .  

The  human  e y e ,   h o w e v e r ,   is  h a r d l y   s e n s i t i v e   t o  

w a v e l e n g t h s   n e a r   i n f r a r e d ,   so  t h a t   w i t h   an  ink  h a v i n g  

the   c h a r a c t e r i s t i c   of  F ig .   2  o n l y   w a v e l e n g t h s   in  t h e  

n e i g h b o r h o o d   of  520  nm  w h i c h   c o r r e s p o n d   to  g r e e n   a r e  

s e e n .   Now,  a  p r i n t e d   m a t t e r   4  as  shown  in  F i g .   4  w i l l  

be  c o n s i d e r e d ,   in  wh ich   a  p o r t i o n   l a b e l e d   A  has  a n  

i m p r e s s i o n   of  an  o r g a n i c   ink  h a v i n g   a  c h a r a c t e r   as  s h o w n  

in  F i g .   2  w h i l e   a  p o r t i o n   l a b e l e d   B  has   an  i n p r e s s i o n   o f  

the   i n o r g a n i c   ink  of  the   c h a r a c t e r   shown  in  F i g .   3.  I n  

t h i s   c a s e ,   of  the   l i g h t   r e f l e c t e d   f rom  the   p o r t i o n   A 

c o m p o n e n t s   in  a  p o r t i o n   A'  in  F i g .   2  a r e   s e e n ,   w h i l e   o f  

the   r e f l e c t e d   l i g h t   from  the   p o r t i o n   B  c o m p o n e n t s   in  a  

p o r t i o n   B'  in  F i g .   3  are   s e e n .   The  p o r t i o n s   A  and  B  a r e  

s e e n   s u b s t a n t i a l l y   as  the   same  c o l o r .   h o w e v e r ,   when  t h e  

p r i n t e d   m a t t e r   of  F ig .   4  is  c o l o r - c o p i e d ,   a  d i f f e r e n t  

c o l o r   r e s u l t s   fo r   the   p o r t i o n   A  t h o u g h   the   same  c o l o r   i s  

r e p r o d u c e d   f o r   the  p o r t i o n   B.  T h i s   r e s u l t s   b e c a u s e   t h e  

l i g h t   s o u r c e   wh ich   is  used  w i t h   a  c o l o r   c o p i e r   has  a  

s p e c t r a l   c h a r a c t e r i s t i c   as  shown  in  F i g .   5,  w i t h   t h e  

e n e r g y   b e i n g   h i g h e r   fo r   the  n e a r - i n f r a r e d   r e g i o n   r a t h e r  

t h a n   f o r   t he   v i s i b l e   r e g i o n   ( i . e . ,   380  to  700  nm).  T h e  

i n o r g a n i c   ink   in  the   p o r t i o n   B  has  no  i n f l u e n c e   on  a  

r e d - s e n s i n g   s e c t i o n   in  t he   c o l o r   c o p i e r ,   bu t   the   o r g a n i c  

ink  in  t he   p o r t i o n   B  has  an  e f f e c t   t h a t   t h i s   p o r t i o n   B 

were   r e d .   F u r t h e r ,   a l l   i n o r g a n i c   c o l o r   i n k s   u s e d   w i t h  

c o l o r   c o p i e r s   have  h igh   r e f l e c t i v i t y   in  t he   i n f r a r e d  

r a n g e ,   and  s u b s t a n t i a l l y   no  ink  h a v i n g   h i g h   r e f l e c -  

t i v i t y   in  an  i n f r a r e d   r e g i o n   above   700  nm  is  used   f o r  

p r i n t i n g   p u r p o s e s .   In  the   c a s e   of  o r g a n i c   i n k ,   t h e  

r e f l e c t i v i t y   in  an  i n f r a r e d   r e g i o n   b e c o m e s   h i g h .   T h u s ,  

by  m a k i n g   use   of  t h e s e   f a c t s ,   r e l i a b l e   j u d g e m e n t   of  a  

p r i n t e d   m a t t e r   as  to  w h e t h e r   i t   is  t r u e   or  f a l s e   can  b e  

o b t a i n e d .  

F i g s .   6  and  7  shows  an  e m b o d i m e n t   of  t he   i n v e n t i o n  

a p p l i e d   to  a  j u d g i n g   a p p a r a t u s ,   wh ich   can  make  a  d e c i s i o n  



as  to  w h e t h e r   a  p r i n t e d   p a p e r   s h e e t   as  shown  in  F i g .   4 ,  

e . g . ,   a  bank  n o t e ,   is  a u t h e n t i c   or  c o u n t e r f e i t .  

As  shown  in  F i g .   6,  a  bank  n o t e   4,  the   p r i n t i n g   o f  
w h i c h   is  done  in  t he   m a n n e r   as  shown  in  F i g .   4,  is  c o n -  

v e y e d   on  a  c o n v e y o r   b e l t   (no t   shown)   in  the   d i r e c t i o n  

of  a r r o w   7.  The  bank  n o t e   4  is  i l l u m i n a t e d   by  l i g h t ,  

w h i c h   is  p r o j e c t e d   f rom  an  i l l u m i n a t i o n   lamp  8.  T h e  

i l l u m i n a t i o n   l i g h t   c o n t a i n s   e n e r g y   in  the   v i s i b l e   r a n g e  
and  a l s o   in  the   i n f r a r e d   r a n g e .   L i g h t   r e f l e c t e d   by  t h e  

bank  n o t e   4  is  c o u p l e d   t h r o u g h   a  f o c u s i n g   l e n s   9,  a  

n e a r - i n f r a r e d   f i l t e r   10,  w h i c h   p a s s e s   w a v e l e n g t h s   o f  

n e a r - i n f r a r e d   r e g i o n ,   and  an  a p e r t u r e   u n i t   11  to  a  p h o -  

t o e l e c t r i c   c o n v e r t e r   12.  The  a p e r t u r e   of  the   a p e r t u r e  

u n i t   11  s e r v e s   to  d e t e r m i n e   the   r e s o l u t i o n   in  t he   d i r e c -  

t i o n   of  t r a n s p o r t   of  t he   bank  n o t e ,   t h e   r e s o l u t i o n   i n  

the   d i r e c t i o n   p e r p e n d i c u l a r   to  the   d i r e c t i o n   of  t r a n s -  

p o r t   of  the   bank  n o t e   and  a  f i e l d   of  v i e w .   A  l i g h t  

s o u r c e   14  and  a  l i g h t   r e c e i v e r   15  a re   p r o v i d e d   on  t h e  

o p p o s i t e   s i d e s   of  t he   p a t h   of  the   bank  n o t e   4  r e s p e c -  

t i v e l y .   The  l i g h t   s o u r c e   14  and  l i g h t   r e c e i v e r   15 

c o n s t i t u t e   a  bank  n o t e   p a s s a g e   d e t e c t o r ,   wh ich   s e r v e s   t o  

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

t o e l e c t r i c   c o n v e r t e r   12.  The  o u t p u t   s i g n a l   of  t he   b a n k  

n o t e   p a s s a g e   d e t e c t o r   14,  15  is  fed  to  a  s e q u e n c e  

c o n t r o l   c i r c u i t   16  w h i c h   w i l l   be  d e s c r i b e d   l a t e r   i n  

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

v e r t e r   12  is  a m p l i f i e d   by  an  a m p l i f i e r   13  to  be  fed  t o  

a n a l o g   m e m o r i e s   17  and  17'  as  shown  in  F i g .   7._  Of  t h e  

o u t p u t   of  the   a m p l i f i e r   13,  d a t a   r e p r e s e n t i n g   the   q u a n -  

t i t i e s   of  r e f l e c t e d   l i g h t   from  the   p o r t i o n s   A  and  B  o f  

the   bank  no t e   4,  f o r   i n s t a n c e ,   a re   s t o r e d   in  the   a n a l o g  

m e m o r i e s   17  and  17'  u n d e r   the   c o n t r o l   of  a  s i g n a l   p r o -  

d u c e d   from  the   c o n t r o l   c i r c u i t   16  in  a  t i m e d   r e l a t i o n   t o  

t he   p a s s a g e   of  the   bank  n o t e   4  t h r o u g h   the  bank  n o t e  

p a s s a g e   d e t e c t o r   14,  15.  The  o u t p u t   of  the   a n a l o g  

memory  17  is  fed  to  a  d i f f e r e n c e   c i r c u i t   21  and  a l s o   t o  

a  c o m p a r a t o r   19.  The  o u t p u t   of  the   a n a l o g   memory  1 7 '  



i s   fed  to  the  d i f f e r e n c e   c i r c u i t   21  and  a l s o   to  a  c o m -  

p a r a t o r   1 9 ' .   An  o u t p u t   s i g n a l   of  r e f e r e n c e   l e v e l  

g e n e r a t o r   18  is  s u p p l i e d   to  the  c o m p a r a t o r s   19  and  1 9 ' .  

The  o u t p u t   of  the   d i f f e r e n c e   c i r c u i t   21  and  the   o u t p u t s  
of  t he   c o m p a r a t o r s   19  and  19'  a re   fed  to  a  j u d g e m e n t  

c i r c u i t   2 0 .  

The  o p e r a t i o n   of  t he   c o n s t r u c t i o n   of  F i g s .   6  and  7 

as  d e s c r i b e d   a b o v e   w i l l   now  be  d e s c r i b e d .   When  t he   b a n k  

n o t e   4  p a s s e s   t h r o u g h   the   bank  n o t e   p a s s a g e   d e t e c t o r   1 4 ,  

15,  t he   d a t a   r e p r e s e n t i n g   the  q u a n t i t y   of  i n f r a r e d  

r a d i a t i o n   r e f l e c t e d   from  the   p o r t i o n   A  of  t he   b a n k  

n o t e   4  is  s t o r e d   in  the   a n a l o g   memory  17,  w h i l e   t h e  

d a t a   r e p r e s e n t i n g   the  q u a n t i t y   of  i n f r a r e d   r a d i a t i o n  

r e f l e c t e d   f rom  t he   p o r t i o n   B  of  the  bank  n o t e   4  i s  

s t o r e d   in  the   a n a l o g   memory  1 7 ' .   When  the   w r i t i n g   o f  

d a t a   in  t he   a n a l o g   m e m o r i e s   17  and  17'  is  c o m p l e t e d ,  

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

m e m o r i e s   17  and  17'  is  c a l c u l a t e d   in  the   d i f f e r e n c e   c i r -  

c u i t   21.  I f   the   bank  n o t e   4  is  an  a u t h e n t i c   one ,   i n  

w h i c h   the   p o r t i o n   A  has  an  i m p r e s s i o n   of  o r g a n i c   i n k ,  

a  l a r g e   q u a n t i t y   of  n e a r - i n f r a r e d   r a d i a t i o n   is  r e f l e c t e d  

f rom  the   p o r t i o n   A,  w h i l e   s u b s t a n t i a l l y   no  n e a r - i n f r a r e d  

r a d i a t i o n   is  r e f l e c t e d   from  the  p o r t i o n   B.  In  t h i s  

c a s e ,   an  o u t p u t   f rom  the   d i f f e r e n c e   c i r c u i t   21  c a l c u -  

l a t i n g   the   o u t p u t   d i f f e r e n c e   of  the  m e m o r i e s   17,  1 7 '  

b e c o m e s   "1" .   I f   the   bank  no t e   4  is  wha t   is  c o p i e d   w i t h  

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

a r e   r e f l e c t e d   f rom  b o t h   the   p o r t i o n s   A  and  B,  a n d   t h e  

d i f f e r e n c e   c i r c u i t   21  p r o d u c e s   a  "0"  o u t p u t .   I f   t h e  

bank  n o t e   4  is  a  c o u n t e r f e i t   one  o b t a i n e d   by  p r i n t i n g ,  

s u b s t a n t i a l l y   no  i n f r a r e d   r a d i a t i o n   or  h i g h   i n f r a r e d  

r a d i a t i o n   is  r e f l e c t e d   f rom  bo th   the   p o r t i o n s   A  and  B,  

and  the   d i f f e r e n c e   c i r c u i t   21  a g a i n   p r o d u c e s   a  "0"  o u t -  

p u t .   The  j u d g i n g   c i r c u i t   20  t h u s   j u d g e s   the   d e t e c t e d  

bank   n o t e   4  to  be  an  a u t h e n t i c   one  when  ane  on ly   w h e n  

the   o u t p u t   of  the   d i f f e r e n c e   c i r c u i t   21  is  " 1 " .  

The  o u t p u t s   of  the   a n a l o g   m e m o r i e s   17  and  17'  a r e  



fed   to  the   r e s p e c t i v e   c o m p a r a t o r s   19  and  19'   f o r   l e v e l  

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

f rom  the   r e f e r e n c e   l e v e l   g e n e r a t o r   18.  In  the   c o m -  

p a r a t o r   19,  the   l e v e l   of  t he   i n f r a r e d   r a d i a t i o n   q u a n t i t y  

f rom  the   p o r t i o n   A  is  c h e c k e d   as  to  w h e t h e r   i t   is  w i t h i n  

a  l e v e l   r a n g e   U  in  F i g .   2.  If   i t   is  d e t e c t e d   t h a t   t h e  

l e v e l   is  w i t h i n   the   l e v e l   r a n g e   U,  the   bank  n o t e   4  i s  

j u d g e d   to  be  an  a u t h e n t i c   one .   In  the  c a s e   o f ,   f o r  

i n s t a n c e ,   a  c o u n t e r f e i t   bank  no t e   p r o d u c e d   by  p r i n t i n g  

u s i n g   i n o r g a n i c   i n k ,   l e s s   i n f r a r e d   r a d i a t i o n   i s  

r e f l e c t e d   so  t h a t   the   c o m p a r e d   l e v e l   is  b e l o w   the   l e v e l  

r a n g e   U.  In  t h i s   c a s e ,   the   c o u n t e r f e i t   bank  n o t e   t h u s  

is   j u d g e d   to   be  as  s u c h .   In  the  c o m p a r a t o r   1 9 ' ,   t h e  

l e v e l   of  t he   i n f r a r e d   r a d i a t i o n   q u a n t i t y   f rom  the   p o r -  
t i o n   B  is  c h e c k e d   as  to  w h e t h e r   i t   is  w i t h i n   t h e   l e v e l  

r a n g e   L  in  F i g .   3.  I f   i t   is  d e t e c t e d   t h a t   t h e   l e v e l   i s  

w i t h i n   the   l e v e l   r a n g e   L,  the   bank  no t e   is  j u d g e d   to  b e  

an  a u t h e n t i c   one .   In  t he   c a s e   of ,   fo r   i n s t a n c e ,   a  c o u n -  

t e r f e i t   bank  n o t e   p r o d u c e d   by  c o p y i n g   w i t h   a  c o l o r  

c o p i e r   or  t h a t   p r o d u c e d   by  o r g a n i c   ink  p r i n t i n g ,   m o r e  

t h a n   p r o p e r   q u a n t i t y   of  i n f r a r e d   r a d i a t i o n   is  r e f l e c t e d  

f rom  the   p o r t i o n   B,  so  t h a t   the   c o m p a r e d   l e v e l   is  a b o v e  

t h e   l e v e l   r a n g e   L.  In  t h i s   c a s e ,   the   c o u n t e r f e i t   b a n k  

n o t e   t h u s   is  j u d g e d   to  be  as  s u c h .  

In  t h e   m a n n e r   as  d e s c r i b e d   a b o v e ,   c o u n t e r f e i t   b a n k  

n o t e s   such   as  t h o s e   p r o d u c e d   by  p r i n t i n g   or  by  c o p y i n g  

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

F i g s .   8  and  9  show  a  d i f f e r e n t   e m b o d i m e n t   of  t h e  

i n v e n t i o n .  

As  shown  in  F ig .   8,  a  bank  n o t e   4,  a  p r i n t   of  w h i c h  

is   a g a i n   as  shown  in  F i g .   4  w i t h   i t s   p o r t i o n   A  h a v i n g   a  

g r e e n   i m p r e s s i o n   of  an  o r g a n i c   ink  and  i t s   p o r t i o n   B 

h a v i n g   a  g r e e n   i m p r e s s i o n   of  an  i n o r g a n i c   i n k ,   is  c o n -  

v e y e d   on  a  c o n v e y o r   b e l t   ( no t   shown)  in  t he   d i r e c t i o n   o f  

a r r o w   7.  The  bank  n o t e   4  is  i l l u m i n a t e d   by  l i g h t   o r  

e l e c t r o m a g n e t i c   wave  p r c j e c t e d   from  an  i l l u m i n a t i o n   l a m p  

8  and  c o n t a i n i n g   e n e r g y   in  the   v i s i b l e   and  i n f r a r e d  



r a n g e s .   L i g h t   r e f l e c t e d   f rom  t he   bank  n o t e   4  is  c o u p l e d  

t h r o u g h   a  f o c u s i n g   l e n s   9  to  a  b l u e   d i c h r o i c   m i r r o r   3 6 .  

The  b l u e   d i c h r o i c   m i r r o r   36  r e f l e c t s   o n l y   b l u e   l i g h t  

w h i l e   a l l o w i n g   l i g h t   of  the   o t h e r   w a v e l e n g t h s   to  p a s s .  

L i g h t   t r a n s m i t t e d   t h r o u g h   the   b l u e   d i c h r o i c   m i r r o r   36  i s  

c o u p l e d   to  a  g r e e n   d i c h r o i c   m i r r o r   37,  w h i c h   r e f l e c t s  

o n l y   g r e e n   l i g h t .   L i g h t   t r a n s m i t t e d   t h r o u g h   the   g r e e n  

d i c h r o i c   m i r r o r   37  is  c o u p l e d   to  a  red   d i c h r o i c   m i r r o r  

38,  w h i c h   r e f l e c t s   o n l y   red  l i g h t   of  600  to  650  nm. 

L i g h t   t r a n s m i t t e d   t h r o u g h   the   red   d i c h r o i c   m i r r o r  

38  is   c o u p l e d   t h r o u g h   a  n e a r - i n f r a r e d   f i l t e r   30,  w h i c h  

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

an  a p e r t u r e   u n i t   31  to  a  p h o t o e l e c t r i c   c o n v e r t e r   3 2 .  

L i g h t   r e f l e c t e d   by  the   b l u e   d i c h r o i c   m i r r o r   36  i s  

c o u p l e d   t h r o u g h   a  b l u e   f i l t e r   39  and  an  a p e r t u r e   u n i t   40 

to   a  p h o t o e l e c t r i c   c o n v e r t e r   41.  L i g h t   r e f l e c t e d   by  t h e  

g r e e n   d i c h r o i c   m i r r o r   37  is  c o u p l e d   t h r o u g h   a  g r e e n  

f i l t e r   43  and  an  a p e r t u r e   u n i t   44  to  a  p h o t o e l e c t r i c  

c o n v e r t e r   45.  L i g h t   r e f l e c t e d   by  the   red   d i c h r o i c  

m i r r o r   38  is  c o u p l e d   t h r o u g h   a  red   f i l t e r   47,  w h i c h  

t r a n s m i t s   w a v e l e n g t h s   of  600  to  650  nm,  and  an  a p e r t u r e  

u n i t   48  to  a  p h o t o e l e c t r i c   c o n v e r t e r   50.  The  a p e r t u r e  

u n i t s   31,   40,  44  and  48  s e r v e   to  d e t e r m i n e   the  r e s o l u -  

t i o n s   and  f i e l d   of  view  as  in  t he   p r e c e d i n g   e m b o d i m e n t .  

F u r t h e r ,   l i k e   the   p r e c e d i n g   e m b o d i m e n t   a  l i g h t   s o u r c e   14 

and  a  l i g h t   r e c e i v i n g   e l e m e n t   15  a r e   p r o v i d e d   to  c o n s t i -  

t u t e   a  bank   n o t e   p a s s a g e   d e t e c t o r   w h i c h   s e r v e s   to  d e t e r -  

mine   t he   t i m i n g   of  r e a d i n g .  

The  o u t p u t s   of  the   p h o t o e l e c t r i c   c o n v e r t e r s   32,  4 1 ,  

45  and  49  a re   a m p l i f i e d   by  r e s p e c t i v e   a m p l i f i e r s   33,  4 2 ,  

46  and  50  to  d e t e c t   r e f l e c t e d   i n f r a r e d ,   b l u e ,   g r e e n   a n d  

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

s i g n a l s   of  the   a m p l i f i e r s   32,  42,  46  and  50  a re   fed  t o  

a n a l o g   m e m o r i e s   51  to  58  shown  in  F i g .   9.  More  p a r -  

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

r a d i a t i o n   f rom  the   p o r t i o n s   A  and  B  a re   s t o r e d   in  t h e  

r e s p e c t i v e   a n a l o g   m e m o r i e s   51  and  52,  t h o s e   of  r e d  



r a d i a t i o n   f rom  the   p o r t i o n s   A  and  B  a re   s t o r e d   in  t h e  

a n a l o g   m e m o r i e s   53  and  54,  t h o s e   of  g r e e n   r a d i a t i o n   f r o m  

the   p o s i t i o n s   A  and  B  a re   s t o r e d   in  the  a n a l o g   m e m o r i e s  

55  and  56,  and  t h o s e   of  b l u e   r a d i a t i o n   from  the  p o r t i o n s  

A  and  B  a re   s t o r e d   in  the   a n a l o g   m e m o r i e s   57  and  5 8 .  

A f t e r   the   w r i t i n g   of  d a t a   in  t h e s e   a n a l o g   m e m o r i e s  

51  to  58  is  c o m p l e t e d ,   j u d g e m e n t   as  to  w h e t h e r   t h e  

bank   n o t e   is  a u t h e n t i c   or  c o u n t e r f e i t   is  done  in  t h e  

f o l l o w i n g   way.  D i f f e r e n c e   c i r c u i t s   61  to  64  c o m p a r e   t h e  

q u a n t i t e s   of  r a d i a t i o n   r e f l e c t e d   f rom  the   A  and  B  p o r -  
t i o n s   fo r   t he   r e s p e c t i v e   c o l o r s .   For  the   i n f r a r e d   c o m -  

p o n e n t   of  l i g h t ,   l i k e   the   p r e c e d i n g   e m b o d i m e n t ,   t h e  

q u a n t i t y   of  r a d i a t i o n   f r o m  t h e   p o r t i o n   A  is  l a r g e   w h i l e  

t h a t   f rom  t he   p o r t i o n   B  is  s m a l l   i f   the   bank  n o t e   is  a n  

a u t h e n t i c   one .   Wi th   an  a u t h e n t i c   bank  n o t e   the   d i f -  

f e r e n c e   c i r c u i t   61  t h u s   p r o d u c e s   a  "1"  o u t p u t ,   so  t h a t   a  

j u d g i n g   c i r c u i t   74  j u d g e s   the   bank  n o t e   to  be  a u t h e n t i c .  

In  c a s e   of  a  c o u n t e r f e i t   bank  n o t e   o b t a i n e d   by  c o p y i n g  

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

r a d i a t i o n s   a re   f e l e c t e d   from  b o t h   the   p o r t i o n s   A  and  B.  

T h u s ,   the   d i f f e r e n c e   c i r c u i t   61  p r o d u c e s   t h i s   t ime   a  " 0 "  

o u t p u t   so  t h a t   the   j u d g i n g   c i r c u i t   74  j u d g e s   the  b a n k  

n o t e   to  be  a  c o u n t e r f e i t   one .   In  c a s e   of  a  c o u n t e r f e i t  

bank  n o t e   o b t a i n e d   by  p r i n t i n g   u s i n g   i n o r g a n i c   or  o r g a -  

n i c   i n k ,   l e s s   or  l a r g e   q u a n t i t i e s   of  i n f r a r e d   r a d i a t i o n  

a r e   r e f l e c t e d   f rom  b o t h   the   p o r t i o n s   A  and  B.  T h u s ,   t h e  

d i f f e r e n c e   c i r c u i t   61  a g a i n   p r o d u c e s   t h i s   t ime  a  " 0 "  

o u t p u t   so  t h a t   the   j u d g i n g   c i r c u i t   74  j u d g e s   the   b a n k  

n o t e   to  be  c o u n t e r f e i t .  

The  d i f f e r e n c e   c i r c u i t   62  c a l c u l t e s   the   d i f f e r e n c e  

b e t w e e n   the   q u a n t i e s   of  the   red  c o m p o n e n t   of  l i g h t  

r e f l e c t e d   from  the   p o r t i o n s   A  and  B.  With  an  a u t h e n t i c  

bank  n o t e ,   n e i t h e r   A  nor  B  p o r t i o n   r e f l e c t s   any  red   c o m -  

p o n e n t   of  l i g h t ,   where   the  i n k s   used   fo r   t h e s e   p o r t i o n s  

a re   of  the   c h a r a c t e r i s t i c s   of  F i g s .   2  and  3,  in  b o t h   o f  

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

r e g i o n .   In  t h i s   c a s e ,   the   d i f f e r e n c e   c i r c u i t   62  t h u s  



p r o d u c e s   a  "0"  o u t p u t   so  t h a t   t he   j u d g i n g   c i r c u i t   74 

j u d g e s   the  bank  n o t e   to  be  a u t h e n t i c .   Wi th   a  c o u n t e r -  

f e i t   bank  n o t e   o b t a i n e d   by  c o p y i n g   w i t h   a  c o l o r   c o p i e r  

u s i n g   an  ink  wh ich   has  a  s p e c t r a l   r e f l e c t i v i t y   peak   i n  

the   red  r e g i o n ,   h o w e v e r ,   the   p e a k   is  s h i f t e d   t o w a r d   t h e  

r e d   r e g i o n   f o r   the   p o r t i o n   A  a l t h o u g h   t he   same  red   c o l o r  

as  in  the  o r i g i n a l   can  be  r e p r o d u c e d   f o r   t h e   p o r t i o n   B .  

In  t h i s   c a s e ,   t h e r e f o r e ,   t he   d i f f e r e n c e   c i r c u i t   62  p r o -  
d u c e s   a  "1"  o u t p u t .  

The  d i f f e r e n c e   c i r c u i t   63  c a l c u l a t e s   the   d i f f e r e n c e  

b e t w e e n   the   q u a n t i t i e s   of  t he   g r e e n   c o m p o n e n t   of  l i g h t  
r e f l e c t e d   f rom  the   p o r t i o n s   A  and  B.  Wi th   an  a u t h e n t i c  

bank   n o t e ,   t h e r e   is  no t   d i f f e r e n c e   b e t w e e n   the   q u a n -  
t i t i e s   of  r e f l e c t e d   g r e e n   l i g h t   f rom  t h e   p o r t i o n s   A  a n d  

B,  as  is  s e e n   f rom  F i g s .   2  and  3.  In  t h i s   c a s e ,   t h e  

d i f f e r e n c e   c i r c u i t   63  t h u s   p r o d u c e s   a  "0"  o u t p u t .   W i t h  

a  c o u n t e r f e i t   bank  n o t e   o b t a i n e d   by  c o p y i n g   w i t h   a  c o l o r  

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

a l t h o u g h   the   c o l o r   of  the   p o r t i o n   B  is  the   same  as  i n  

the   o r i g i n a l   as  is  r e c o g n i z a b l e   even   by  the   v i s u a l  

i n s p e c t i o n .   T h a t  i s ,   the   s p e c t r a l   r e f l e c t i v i t y   peak  i s  

s h i f t e d   f rom  the   g r e e n   r e g i o n   t o w a r d   red   ( i . e . ,   t o w a r d  

t h e   r i g h t   s i d e   in  F i g .   2 ) .   C o n s e q u e n t l y ,   a  d i f f e r e n c e  

i s   d e t e c t e d   b e t w e e n   the   q u a n t i t i e s   of  r e f l e c t e d   g r e e n  

l i g h t   from  t he   A  and  B  p o r t i o n s ,   c a u s i n g   t he   d i f f e r e n c e  

c i r c u i t   63  to  p r o d u c e   a  "I"   s i g n a l   so  t h a t   t he   j u d g i n g  

c i r c u i t   74  j u d g e s   the  c o u n t e r f e i t   bank  n o t e   as  s u c h .  

The  d i f f e r e n c e   c i r c u i t   64  d e t e c t s   a  d i f f e r e n c e   f o r  

t h e   b l u e   c o m p o n e n t   of  l i g h t .   A g a i n   w i t h   an  a u t h e n t i c  

bank   n o t e ,   t h e r e   is  nod  d i f f e r e n c e   in  t he   r e f l e c t e d   r e d  

l i g h t   b e t w e e n   the   p o r t i o n s   A  and  B.  Wi th   a  c o u n t e r f e i t  

bank   no t e   o b t a i n e d   by  c o p y i n g   w i t h   a  c o l o r   c o p i e r ,   i n  

w h i c h   case   the   s p e c t r a l   r e f l e c t i v i t y   peak   is  s h i f t e d  

t o w a r d   red  as  m e n t i o n e d   e a r l i e r ,   a  d i f f e r e n c e   in  t h e  

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

f e r e n c e   c i r c u i t   64  to  p r o d u c e   a  "1"  o u t p u t   so  t h a t   t h e  

j u d g i n g   c i r c u i t   74  j u d g e s   the   c o u n t e r f e i t   bank  n o t e   a s  



s u c h .  

A  r e f e r e n c e   l e v e l   g e n e r a t o r   65  and  c o m p a r a t o r s   66 

and  67  r e s p e c t i v e l y   have  the   same  c o n s t r u c t i o n   and  f u n c -  

t i o n   as  the  r e f e r e n c e   l e v e l   g e n e r a t o r   18  and  c o m p a r a t o r s  
19  and  19'  in  the   p r e c e d i n g   e m b o d i m e n t   of  F i g .   7,  s o  
t h e s e   c o m p o n e n t s   a re   no t   d e s c r i b e d .  

W h i l e   the   a b o v e   e m b o d i m e n t s   have  c o n c e r n e d   w i t h   t h e  

c a s e   where   a  g r e e n   o r g a n i c   ink  in  w h i c h   the   r e f l e c t i v i t y  

is   h i g h   in  the   n e i g h b o r h o o d   of  520  nm  and  in  the   n e a r -  

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

o b t a i n e d   in  c a s e   of  an  o r g a n i c   ink  of  any  o t h e r   c o l o r   s o  

l o n g   as  the  r e f l e c t i v i t y   is  h i g h   in  the   i n f r a r e d   r e g i o n .  

F u r t h e r ,   an  o r g a n i c   ink  h a v i n g   a  r e f l e c t i v i t y  

c h a r a c t e r i s t i c   in  w h i c h   the   r e f l e c t i v i t y   is  h i g h   in  a  

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

b e e n   c o n c e r n e d ,   t h i s   is  by  no  means  l i m i t a t i v e .   F o r  

e x a m p l e ,   in  c a s e   of  an  i n k ,   the   r e f l e c t i v i t y   of  w h i c h   i s  

h i g h   f o r   a  c e r t a i n   c o l o r   r e g i o n   and  in  t he   long   w a v e -  

l e n g t h   r e g i o n   in  t he   v i s i b l e   r e g i o n ,   s h o r t   w a v e l e n g t h  

r e g i o n ,   or  the   u l t r a v i o l e t   r e g i o n ,   i t   is  p o s s i b l e   t o  

make  j u d g e m e n t   s i m i l a r   to  the  above   e m b o d i m e n t s .   I n  

c a s e   of  u s i n g   the   u l t r a v i o l e t   r e g i o n ,   the   j u d g e m e n t   may 
be  done  by  m a k i n g   the   d e t e c t i o n   of  the   q u a n t i t y   o f  

r e f l e c t e d   l i g h t   in  the   n e i g h b o r h o o d   of  400  nm  or  by  

m a k i n g   use  of  the   f a c t   t h a t   a  s h i f t   t o w a r d   v i o l e t  

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

e f f e c t s   a c c o r d i n g   to  t he   i n v e n t i o n   can  be  o b t a i n e d   i n  

c a s e   of  any  i n k ,   the   r e f l e c t i v i t y   of  w h i c h   is  h i g h   i n  

t h e   i n v i s i b l e   r e g i o n s   or  in  a  low  l u m i n o s i t y   r e g i o n   i n  

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

p r i n t e d   m a t t e r ,   f o r   w h i c h   two  d i f f e r e n t   k i n d s   of  i n k  

w h i c h   have  s u b s t a n t i a l l y   the  same  s p e c t r a l   r e f l e c t i v i t y  

c h a r a c t e r i s t i c   in  the   v i s i b l e   r a n g e   but   have  d i f f e r e n t  

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

or  low  l u m i n o s i t y   r a n g e ,   is  j u d g e d   by  d e t e c t i n g   t h e  

q u a n t i t i e s   of  r e f l e c t e d   l i g h t   from  t h e s e   two  i n k s .  



T h u s ,   a  f a l s e   or  c o u n t e r f e i t   p a p e r   s h e e t   o b t a i n e d   by  

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

as  such   due  to  l a c k   in  the   f i d e l i t y   of  c o l o r   r e p r o d u c -  

t i o n .   F u r t h e r ,   c o l o r   c o p i e s   can  be  r e l i a b l y   j u d g e d   a s  

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

r e g i o n .   F u r t h e r ,   a  r e p l i c a   o b t a i n e d   by  p r i n t i n g   can  b e  

r e l i a b l y   d i s c r i m i n a t e d   as  s u c h .  

F u r t h e r ,   no t   o n l y   t he   j u d g e m e n t   of  the   a u t h e n t i c i t y  

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

m a t t e r   can  be  o b t a i n e d   by  v a r y i n g   the   p l a c e   of  p r e s e n c e  
of  ink  or  t he   c o l o r   of  i n k .  

Now,  a  d i f f e r e n c e   e m b o d i m e n t   f o r   d i s c r i m i n a t i n g   a  

c o u n t e r f e i t   p r i n t e d   m a t t e r   o b t a i n e d   by  a  p r i n t i n g   p r o -  

c e s s   w i l l   be  d e s c r i b e d .   G e n e r a l l y ,   l i g h t   e m i t t e r s   w h i c h  

a b s o r b   l i g h t   e n e r g y   of  c e r t a i n   w a v e l e n g t h s   and  e m i t  

e n e r g y   of  t he   o t h e r   w a v e l e n g t h s   a re   known.   T h e s e   l i g h t  

e m i t t e r s   i n c l u d e   t h o s e ,   w h i c h   a re   e x c i t e d   by  v i s i b l e  

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

a r e   e x c i t e d   by  n e a r - i n f r a r e d   r a d i a t i o n   of  c e r t a i n   w a v e -  

l e n g t h s   and  e m i t   n e a r - i n f r a r e d   r a d i a t i o n   of  o t h e r   w a v e -  

l e n g t h s .  

F i g .   10  shows  a  s p e c t r a l   c h a r a c t e r i s t i c   of  a  l i g h t  

e m i t t e r   i n k ,   w h i c h   is  e x c i t e d   by  v i s i b l e   l i g h t   and  e m i t s  

n e a r - i n f r a r e d   r a d i a t i o n .   F i g .   11  shows  a  s p e c t r a l  

c h a r a c t e r i s t i c   of  a  l i g h t   e m i t t e r   i n k ,   w h i c h   is  e x c i t e d  

by  n e a r - i n f r a r e d   r a d i a t i o n   o f  c e r t a i n   w a v e l e n g t h s   a n d  

e m i t s   n e a r - i n f r a r e d   r a d i a t i o n   of  o t h e r   w a v e l e n g t h s .  

W i t h   e i t h e r   of  t h e s e   l i g h t   e m i t t e r s ,   the   r a d i a t i o n   i s  

no t   s e n s i t i v e   to  the   human  eye  b e c a u s e   i t   is  in  a  n e a r -  

i n f r a r e d   w a v e l e n g t h   r a n g e   a b o v e   the   u p p e r   l i m i t   of  t h e  

v i s i b l e   w a v e l e n g t h   r a n g e .   Wi th   a  p r i n t e d   m a t t e r ,   i n  

w h i c h   a  m i x t u r e   of  e i t h e r   of  such   i n k s   and  an  i n o r g a n i c  

ink   is  u s e d   f o r   p r i n t i n g   in  t he   p o r t i o n   A  w h i l e   t h e  

i n o r g a n i c   ink  h a v i n g   the   c h a r a c t e r i s t i c   of  F i g .   3  i s  

u sed   f o r   t he   p o r t i o n   B  as  in  F i g .   4,  bo th   t he   p o r t i o n s   A 

and  B  a r e   s e e n   to  the   human  eye  t h a t   t h e y   a r e   e n t i r e l y  

of   the   same  c o l o r .   H o w e v e r ,   when  the   p r i n t e d   m a t t e r   i s  



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

f o r   the   p o r t i o n   A  t h o u g h   the  same  c o l o r   is  r e p r o d u c e d  
f o r   the   p o r t i o n   B.  T h i s   r e s u l t s   f rom  the   g r o u n d   a s  

d e s c r i b e d   e a r l i e r .   If   the  copy  of  the   p r i n t e d   m a t t e r   i s  

a  c o u n t e r f e i t   p a p e r   money,   i t   can  t h u s   be  d i s c r i m i n a t e d  

as  such   by  the   human  eye.   F i g .   12  shows  a  f u r t h e r   e m b o -  

d i m e n t   of  the   i n v e n t i o n   a p p l i e d   to  a  c o u n t e r f e i t   b a n k  

n o t e   d i s c r i m i n a t i n g   a p p a r a t u s   f o r   a  bank  n o t e   u s i n g   a  
b l e n d   ink  c o n t a i n i n g   a  n e a r - i n f r a r e d   e m i s s i o n   ink  in  a  

p a t t e r n   of  F i g .   4  as  n o t e d   a b o v e .  

As  shown  in  F i g .   12,  a  bank  n o t e   4,  w h i c h   has   a  

p r i n t   p a t t e r n   as  shown  in  F i g .   4,  is  c o n v e y e d   on  a  c o n -  

v e y i n g   b e l t   ( n o t   shown)   in  the   d i r e c t i o n   of  a r r o w   7 .  

The  bank  n o t e   is   i l l u m i n a t e d   by  l i g h t   f rom  an  i l l u m i n a -  

t i o n   l i g h t   s o u r c e   80.  Where  the   n e a r - i n f r a r e d   e m i s s i o n  

ink   has  a  c h a r a c t e r   as  shown  in  F i g .   10,  t he   l i g h t  

s o u r c e   p r o j e c t s   o n l y   v i s i b l e   l i g h t   of  520  nm  p e a k .  

Where   the   n e a r - i n f r a r e d   e m i s s i o n   ink  is  of  a  c h a r a c t e r  

as  shown  in  F i g .   11,  the  l i g h t   s o u r c e   p r o j e c t s   o n l y  
r a d i a t i o n   in  t he   i n f r a r e d   e x c i a t i o n   w a v e l e n g t h   r a n g e   o f  

800  nm  to  900  nm.  When  the  p o r t i o n   A  of  the   bank  n o t e  

is   i l l u m i n a t e d   by  l i g h t   from  the   l i g h t   s o u r c e   80  s h o w n  

in  F i g .   10  or  F i g .   l l ,   i t   e m i t s   n e a r - i n f r a r e d   r a d i a t i o n  

of  700  to  900  nm  or  700  to  800  nm.  The  n e a r - i n f r a r e d  

r a d i a t i o n   f rom  the   bank  n o t e   4  is  c o u p l e d   t h r o u g h   a  

f o c u s i n g   l e n s   81,  a  n e a r - i n f r a r e d   f i l t e r   82,  w h i c h  

a l l o w s   o n l y   t h e   n e a r - i n f r a r e d   c o m p o n e n t s   to  p a s s ,   and  a n  

a p e r t u r e   u n i t   83  to  a  p h o t o e l e c t r i c   c o n v e r t e r  8 4 .   T h e  

a p e r t u r e   of  t he   a p e r t u r e   u n i t   83  s e r v e s   to  d e t e r m i n e   t h e  

r e s o l u t i o n   in  t he   d i r e c t i o n   of  t r a n s p o r t   of  t he   b a n k  

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

the   d i r e c t i o n   of  t r a n s p o r t   of  the   bank  n o t e   and  t h e  

f i e l d   as  m e n t i o n e d   e a r l i e r .   F u r t h e r ,   a  l i g h t   s o u r c e   14 

and  a  l i g h t   r e c e i v e r   15  form  a  bank  n o t e   p a s s a g e   d e t e c -  

t o r   s e r v i n g   to  d e t e r m i n e   the   t i m i n g   of  r e a d i n g   d a t a   f r o m  

the   p h o t o e l e c t r i c   c o n v e r t e r   84.  The  o u t p u t   s i g n a l   f r o m  

the   bank  n o t e   p a s s a g e   d e t e c t o r   is  fed  to  a  c o n t r o l  



c i r c u i t   85  to  be  d e s c r i b e d   l a t e r   is  d e t a i l .   The  o u t p u t  

s i g n a l   of  t he   p h o t o e l e c t r i c   c o n v e r t e r   84  is  a m p l i f i e d   by  

an  a m p l i f i e r   86  to  be  fed  to  an  a n a l o g   memory  87.  Of  

t h e   o u t p u t   of  the   a m p l i f i e r   86,  d a t a   r e p r e s e n t i r g   t h e  

q u a n t i t y   of  n e a r - i n f r a r e d   r a d i a t i o n   f rom  the   p o r t i o n   A 

of  t he   bank  n o t e   4  is  s t o r e d   in  the   a n a l o g   memory  87  i n  

a  t i m e d   r e l a t i o n   to  the   p a s s a g e   of  t he   bank   n o t e   4 

t h r o u g h   t he   bank  n o t e   p a s s a g e   d e t e c t o r   14,  15.  The  o u t -  

p u t   of  t he   a n a l o g   memory  87  is  fed  to  a  c o m p a r a t o r   8 8 .  

An  o u t p u t   f rom  r e f e r e n c e   l e v e l   g e n e r a t o r   89  is  s u p p l i e d  

to  t he   c o m p a r a t o r   88,  and  the   o u t p u t   t h e r e o f   is   fed  to  a  

j u d g i n g   c i r c u i t   9 0 .  

The  o p e r a t i o n   of  the   c o n s t r u c t i o n   of  F i g .   12 

d e s c r i b e d   a b o v e   w i l l   now  be  d e s c r i b e d .   When  the   b a n k  

n o t e   4  p a s s e s   t h r o u g h   t he   bank   n o t e   p a s s a g e   d e t e c t o r   1 4 ,  

15,   t h e   d a t a   r e p r e s e n t i n g   t he   q u a n t i t y   cf  n e a r - i n f r a r e d  

r a d i a t i o n   f rom  the   p o r t i o n   A  of  the   bank   n o t e   is  s t o r e d  

in  t he   a n a l o g   memory  87.  The  o u t p u t   of  the   a n a l o g  

memory  87  is   c o m p a r e d   in  the   c o m p a r a t o r   88  w i t h   t h e  

r e f e r e n c e   l e v e l   p r o v i d e d   f rom  the   r e f e r e n c e   l e v e l  

g e n e r a t o r   89.  More  p a r t i c u l a r l y ,   t he   c o m p a r a t o r   88 

makes   a  c h e c k   as  to  w h e t h e r   t he   l e v e l   of  the   q u a n t i t y   o f  

n e a r - i n f r a r e d   r a d i a t i o n   f rom  the   p o r t i o n   A  is  above   a  

p r e d e t e r m i n e d   l e v e l .   I f   the   c o m p a r e d   l e v e l   i s   above   t h e  

p r e d e t e r m i n e d   l e v e l ,   the   bank  n o t e   is   j u d g e d   to  be  a n  

a u t h e n t i c   one .   Wi th   a  c o u n t e r f e i t   bank   n o t e   o b t a i n e d   by  

p r i n t i n g ,   no  n e a r - i n f r a r e d   r a d i a t i o n   i s   d e t e c t e d   so  t h a t  

t h e   c o m p a r e d   l e v e l   is  b e l o w   the   p r e d e t e r m i n e d   l e v e l .   I n  

t h i s   c a s e ,   t he   c o u n t e r f e i t   bank  n o t e   is  t h u s   j u d g e d   a s  

s u c h .   Wi th   a  c o u n t e r f e i t   bank  n o t e   o b t a i n e d   by  c o p y i n g  

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

r ay   f rom  the   c o l o r   t o n e r   is  a g a i n   b e l o w   the   l e v e l   of  t h e  

n e a r - i n f r a r e d   r ay   r a d i a t e d   by  the   e x c i t a t i o n   so  t h a t   t h e  

bank   n o t e   is  j u d g e d   to  be  c o u n t e r f e i t .  

As  has   been   shown,   w i t h   t he   a p p a r a t u s   of  the   a b o v e .  

e m b o d i m e n t   i t   is  p o s s i b l e   to  r e l i a b l y   d e t e c t   a  c o u n t e r -  

f e i t   bank   n o t e   o b t a i n e d   by  c o p y i n g   w i t h   a  c o l o r   c o p i e r  



or  t h a t   o b t a i n e d   by  p r i n t i n g .  

Among  the   l i g h t   e m i t t e r s ,   t h e r e   a re   a l s o   t h o s e  

w h i c h ,   u n l i k e   t h o s e   d e s c r i b e d   in  c o n n e c t i o n   w i t h   t h e  

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

r a d i a t i o n   and  e m i t   v i s i b l e   l i g h t   or  a re   e x c i t e d   by  
u l t r a v i o l e t   r a d i a t i o n   and  e m i t   n e a r - i n f r a r e d   r a d i a t i o n .  

F i g .   13  shows  a  s p e c t r a l   c h a r a c t e r i s t i c   of  a  l i g h t  
e m i t t e r   i nk ,   w h i c h   is  e x c i t e d   by  u l t r a v i o l e t   r a d i a t i o n  

of  300  to  400  nm  and  e m i t s   v i s i b l e   l i g h t   of  450  t o  

550  nm.  F i g .   14  shows  a  s p e c t r a l   c h a r a c t e r i s t i c   of  a  

l i g h t   e m i t t e r   i n k ,   w h i c h   is  e x c i t e d   by  u l t r a v i o l e t  

r a d i a t i o n   of  150  nm  peak   and  e m i t s   n e a r - i n f r a r e d  

r a d i a t i o n   of  680  to  900  nm.  A  p r i n t e d   m a t t e r ,   in  w h i c h  

a  m i x t u r e   of  e i t h e r   of  t h e s e   i n k s   w i t h   an  i n o r g a n i c   i n k  

h a v i n g   the   c h a r a c t e r i s t i c   of  F i g .   3  is  u sed   f o r   p r i n t i n g  
in  the   p o r t i o n   A  in  F i g .   4,  w i l l   now  be  c o n s i d e r e d .  

When  such  a  p r i n t e d   m a t t e r   or  bank   n o t e   is  p r i n t e d   u s i n g  

an  u l t r a v i o l e t   r a d i a t i o n   s o u r c e   s u c h   as  a  c o m m e r c i a l l y  
a v a i l a b l e   m e r c u r y   l amp,   the   p o r t i o n   A  e m i t s   v i s i b l e  

l i g h t   so  t h a t   one  can  r e c o g n i z e   t h a t   the   p r i n t i n g   i n k  

f o r   the  p o r t i o n   A  c o n t a i n s   a  l i g h t   e m i t t e r   c a p a b l e   o f  

e m i t t i n g   v i s i b l e   l i g h t .   H o w e v e r ,   one  c a n n o t   r e c o g n i z e  

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

c a p a b l e   of  e m i t t i n g   n e a r - i n f r a r e d   r a d i a t i o n .   In  o t h e r  

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

p u r p o s e   of  c a m o u f l a g i n g .   F i g .   15  shows  a  f u r t h e r   e m b o -  

d i m e n t   of  t he   i n v e n t i o n   a p p l i e d   to  a  c o u n t e r f e i t   b a n k  

n o t e   d i s c r i m i n a t i n g   a p p a r a t u s   f o r   a  bank  n o t e   u s i n g   a  

b l e n d   ink  as  n o t e d   a b o v e .  

As  shown  in  F i g .   15,  a  bank  n o t e   4,  which   has  a  
p r i n t   p a t t e r n   as  shown  in  F i g .   4,  is  c o n v e y e d   on  a  c o n -  

v e y o r   b e l t   ( n o t   shown)   in  the   d i r e c t i o n   of  a r r o w   7.  T h e  

bank  n o t e   4  is  i l l u m i n a t e d   by  l i g h t   f rom  an  i l l u m i n a t i o n  

l i g h t   s o u r c e   91  ( e . g . ,   a  low  p r e s s u r e   m e r c u r y   l a m p ) .  

When  the   bank  n o t e   4  is  i l l u m i n a t e d   by  l i g h t   from  t h e  

l i g h t   s o u r c e   91,  the   p o r t i o n   A  e m i t s   v i s i b l e   l i g h t  
and  n e a r - i n f r a r e d   r a d i a t i o n .   The  v i s i b l e   l i g h t   a n d  



n e a r - i n f r a r e d   r a d i a t i o n   f rom  the   bank  n o t e   a re   c o u p l e d  

t h r o u g h   a  f o c u s i n g   l e n s   92  to  a  d i c h r o i c   m i r r o r   9 3 ,  

w h i c h   r e f l e c t s   o n l y   v i s i b l e   l i g h t .   V i s i b l e   l i g h t  

r e f l e c t e d   by  the   d i c h r o i c   m i r r o r   93,  is  c o u p l e d   t h r o u g h  

an  o p t i c a l   f i l t e r   94,  w h i c h   t r a n s m i t s   o n l y   v i s i b l e   l i g h t  

e m i t t e d   by  the   l i g h t   e m i t t e r   as  m e n t i o n e d   a b o v e ,   and  a n  

a p e r t u r e   u n i t   95  to  a  p h o t o e l e c t r i c   c o n v e r t e r   96.  L i g h t  

t r a n s m i t t e d   t h r o u g h   the   d i c h r o i c   m i r r o r   93  is  c o u p l e d  

t h r o u g h   an  o p t i c a l   f i l t e r   97,  w h i c h   t r a n s m i t s   o n l y   n e a r -  

i n f r a r e d   r a d i a t i o n ,   and  an  a p e r t u r e   u n i t   98,  to  a  p h o -  

t o e l e c t r i c   c o n v e r t e r   99.  The  bank  n o t e   p a s s a g e   d e t e c t o r  

14,   15  has  the   same  r o l e   as  the   one  in  the   p r e c e d i n g  

e m b o d i m e n t   of  F i g .   12,  and  i t s   o u t p u t   s i g n a l   is  fed  to  a  

c o n t r o l   c i r c u i t   100  to  be  d e s c r i b e d   l a t e r   in  d e t a i l .  

The  o u t p u t s   of  the   p h o t o e l e c t r i c   c o n v e r t e r s   96  and  99 

a r e   a m p l i f i e d   by  r e s p e c t i v e   a m p l i f i e r s   ?01  and  102  to  b e  

fed   to  r e s p e c t i v e   a n a l o g   m e m o r i e s   103  and  104.   The  o u t -  

p u t s   of  t he   a m p l i f i e r s   101  and  102 ,   d a t a   r e p r e s e n t i n g  

t he   q u a n t i t i e s   of  v i s i b l e   l i g h t   and  n e a r - i n f r a r e d  

r a d i a t i o n   f rom  the   p o r t i o n   A  of  t he   bank  n o t e   4  a r e  

s t o r e d   in  t he   r e s p e c t i v e   a n a l o g   m e m o r i e s   103  and  1 0 4  

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

c i r c u i t   100  in  t i m e d   r e l a t i o n   to  t he   p a s s a g e   of  the   b a n k  

n o t e   4  t h r o u g h   the   bank  n o t e   p a s s a g e   d e t e c t o r   14,  1 5 .  

The  o u t p u t s   of  the   a n a l o g   m e m o r i e s   103  and  104  a re   f e d  

to  r e s p e c t i v e   c o m p a r a t o r s   105  and  106.   An  o u t p u t   o f  

r e f e r e n c e   l e v e l   g e n e r a t o r   107  is  fed   to  t he   c o m p a r a t o r s  

105  and  106 ,   and  the   o u t p u t s   t h e r e o f   a r e   fed   to  a  

j u d g i n g   c i r c u i t   1 0 8 .  

The  o p e r a t i o n   of  t he   c o n s t r u c t i o n   of  F i g .   15 

d e s c r i b e d   a b o v e   w i l l   now  be  d e s c r i b e d .   When  the   b a n k  

n o t e   4  p a s s e s   t h r o u g h   the   bank  n o t e   p a s s a g e   d e t e c t o r   1 4 ,  

15,   the   q u a n t i t i e s   of  v i s i b l e   l i g h t   and  n e a r - i n f r a r e d  

r a d i a t i o n   f rom  t he   p o r t i o n   A  of  t he   bank  n o t e   4  a r e  

s t o r e d   in  t he   a n a l o g   m e m o r i e s   103  and  104.   The  o u t p u t s  

of  the   a n a l o g   m e m o r i e s   103  and  104  a re   c o m p a r e d   in  t h e  

c o m p a r a t o r s   105  and  106  w i t h   the   r e f e r e n c e   l e v e l   p r o v i d e d  



f rom  the   r e f e r e n c e   l e v e l   g e n e r a t o r   107.   More  p a r -  

t i c u l a r l y ,   t he   c o m p a r a t o r   105  c o m p a r e s   the   l e v e l   of  t h e  

v i s i b l e   l i g h t   q u a n t i t y   f rom  the   p o r t i o n   A  w i t h   a  c e r t a i n  

f i x e d   l e v e l ,   w h i l e   the   c o m p a r a t o r   106  c o m p a r e s   t he   l e v e l  

of  the  n e a r - i n f r a r e d   r a d i a t i o n   f rom  t he   p o r t i o n   A  w i t h   a  

c e r t a i n   f i x e d   l e v e l .   I f   bo th   the   c o m p a r e d   l e v e l s   a r e  

a b o v e   the   r e s p e c t i v e   f i x e d   l e v e l s ,   t he   bank  n o t e   i s  

j u d g e d   to  be  an  a u t h e n t i c   bank  n o t e .   Wi th   a  c o u n t e r f e i t  

bank  n o t e   in  w h i c h   n e i t h e r   v i s i b l e   l i g h t   n e a r - i n f r a r e d  

r a d i a t i o n   is  e m i t t e d   f rom  the   p o r t i o n   A  o r ,   in  t he   w o r s t  

c a s e ,   o n l y   v i s i b l e   l i g h t   is  e m i t t e d   f rom  the   p o r t i o n   A, 

t he   c o n d i t i o n s   m e n t i o n e d   above   a re   n o t e   s a t i s f i e d ,   s o  

t h a t   the   c o u n t e r f e i t   bank  n o t e   is  j u d g e d   as  s u c h .  

F u r t h e r ,   a  c o u n t e r f e i t   bank  n o t e   o b t a i n e d   by  c o p y i n g  

w i t h   a  c o l o r   c o p i e r   is  j u d g e d   as  such   s i n c e   n e i t h e r  

v i s i b l e   l i g h t   nor   n e a r - i n f r a r e d   r a d i a t i o n   is  e m i t t e d  

f rom  the   p o r t i o n   A. 

As  has  been   shown,   w i t h   the   a b o v e   e m b o d i m e n t   i t   i s  

p o s s i b l e   to  r e l i a b l y   d e t e c t   a  c o u n t e r f e i t   bank  n o t e  

o b t a i n e d   by  p r i n t i n g   or  t h a t   o b t a i n e d   by  c o p y i n g   w i t h   a  

c o l o r   c o p i e r .  

W h i l e   the   a b o v e   e m b o d i m e n t   c o n c e r n e d   w i t h   a  p r i n t e d  

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

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

the   form  of  a  m i x t u r e   w i t h   the   o r d i n a r y   i n k ,   w h e r e   t h e  

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

f e r e n t   p o s i t i o n s ,   the   same  e f f e c t s   may  be  o b t a i n e d   b y  

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

c i r c u i t   100  s u c h   t h a t   the   s a m p l e   p u l s e   c o r r e s p o n d s   t o  

the  a f o r e - m e n t i o n e d   p o s i t i o n s .   F u r t h e r ,   w h e r e   an  i n k  

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

c o m p o n e n t   p a r t s   f o r   the  n e a r - i n f r a r e d   r a d i a t i o n   may  b e  

u s e d .  

F u r t h e r ,   in  a d d i t i o n  t o   the   i n s p e c t i o n   of  b a n k  

n o t e   fo r   t he   a u t h e n t i c i t y   t h e r e o f ,   d i s c r i m i n a t i o n   o f  

d i f f e r e n t   k i n d s   of  bank  n o t e s   may  a l s o   be  done  b y  

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



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

a r e   c o v e r e d .  

The  p r e c e d i n g   e m b o d i m e n t   has   c o n c e r n e d   w i t h   a  c a s e  
w h e r e   two  d i f f e r e n t   i n k s   w h i c h   have  d i f f e r e n t   s p e c t r a l  

r e f l e c t i v i t y   c h a r a c t e r i s t i c s   f o r   the   n e a r - i n f r a r e d  

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

t e r i s t i c   is  the   same  a r e   u s e d .  A m o n g   the   l i g h t   e m i t t e r  

i n k s ,   t h e r e   is  one ,   w h i c h   has   a  s p e c t r a l   r e f l e c t i v i t y  

c h a r a c t e r i s t i c   as  shown  in  F i g .   16.  H e r e ,   t h e r e   is  a  

r e f l e c t i v i t y   peak   in  a  c e r t a i n   p o r t i o n   of  the   v i s i b l e  

w a v e l e n g t h   r e g i o n   and  a l s o   the   r e f l e c t i v i t y   is  i n c r e a s e d  

on  the   l ong   w a v e l e n g t h   s i d e   of  the   peak   n o t e d   a b o v e  

and  is  h i g h   fo r   n e a r - i n f r a r e d .   ( In   t h i s   c a s e ,   i t   i s  

n e c e s s a r y   t h a t   the   r e f l e c t i v i t y   h2  is  i n c r e a s e d   o n  

t he   l ong   w a v e l e n g t h   s i d e   of  n e a r   700  nm  b e y o n d   t h e  

v i s i b l e   r e g i o n   peak   k l . )   A  p r i n t e d   m a t t e r ,   w h i c h   h a s  

an  i m p r e s s i o n   of  s u c h   ink  in  a  p o r t i o n   A  of  a  s h e e t   4 

as  shown  in  F i g .   17,  w i l l   now  be  c o n s i d e r e d .   ( T h e  

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

c h a r a c t e r i s t i c   of  F i g .   3,  w i t h   the   r e f l e c t i v i t y   b e i n g  

low  f o r   l o n g   w a v e l e n g t h s   in  t he   v i s i b l e   r e g i o n   and  a l s o  

in  t he   n e r a - i n f r a r e d   r e g i o n . )   When  t h i s   p r i n t e d   m a t t e r  

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

f o r   t he   p o r t i o n   A  to  a  g r e a t e r   e x t e n t   t h a n   t h a t   w h i c h  

may  r e s u l t   in  c a s e   of  an  i n o r g a n i c   i n k .   T h i s   r e s u l t s  

b e c a u s e   t he   l i g h t   s o u r c e   u sed   w i t h   the   c o l o r   c o p i e r  

p r o v i d e s   h i g h e r   e n e r g y   f o r   t he   long  w a v e l e n g t h   s i d e   t h a n  

f o r   t he   s h o r t  w a v e l e n g t h   s i d e   so  t h a t   the   r e d - s e n s i t i v e  

s e c t i o n   is  a f f e c t e d   to  a  g r e a t e r   e x t e n t   by  the   ink  i n  

the   p o r t i o n   A  t h a n   by  the   i n o r g a n i c   i n k .  

F i g .   18  shows  a  f u r t h e r   e m b o d i m e n t   of  the   i n v e n t i o n  

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

a p p a r a t u s   fo r   a  bank  n o t e   such   as  t h a t   shown  in  F i g .   1 7 .  

As  shown  in  F i g .   18,  a  bank  n o t e   4  w h i c h   is  l i k e  

t h a t   shown  in  F i g .   17  is  c o n v e y e d   on  a  c o n v e y o r   b e l t  

( n o t   shown)   in  the   d i r e c t i o n   of  a r r o w   7.  The  bank  n o t e  

4  is  i l l u m i n a t e d   by  l i g h t   f rom  an  i l l u m i n a t i o r   lamp  1 0 9 .  



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

r e g i o n   and  i n f r a r e d   r e g i o n .   L i g h t   r e f l e c t e d   f rom  t h e  

bank   n o t e   4  is  c o u p l e d   t h r o u g h   a  f o c u s i n g   l e n s   110  to  a n  

o p t i c a l   f i l t e r   l l l .   The  o p t i c a l   f i l t e r   111  r e f l e c t s  

w a v e l e n g t h s   l o n g e r   t h a n   a  w a v e l e n g t h   in  the   n e i g h b o r h o o d  

of  a  w a v e l e n g t h  λ 3   in  F i g .   16.  C o m p o n e n t s   of  t he   i n c i -  

d e n t   l i g h t   o n l y   in  the   n e i g h b o r h o o d   of  the   w a v e l e n g t h  

λ3,  t h e s e   b e i n g   r e f l e c t e d   by  the   o p t i c a l   f i l t e r   1 1 1 ,  

a r e   c o u p l e d   t h r o u g h   a  f i l t e r   112  and  an  a p e r t u r e   u n i t  

113  to  a  p h o t o e l e c t r i c   c o n v e r t e r   114.  M e a n w h i l e ,   l i g h t  

t r a n s m i t t e d   t h r o u g h   the   o p t i c a l   f i l t e r   111  is  c o u p l e d   t o  

a  s e c o n d   o p t i c a l   f i l t e r   115.   The  o p t i c a l   f i l t e r   115  

r e f l e c t s   w a v e l e n g t h s   l o n g e r   t h a n   X2  in  F i g .   16  to  be  

c o u p l e d   t h r o u g h   a  f i l t e r   116  and  an  a p e r t u r e   u n i t   117  t o  

a  p h o t o e l e c t r i c   c o n v e r t e r   118.   L i g h t   t r a n s m i t t e d  

t h r o u g h   the  o p t i c a l   f i l t e r   115  is  c o u p l e d   t h r o u g h   a  

t h i r d   o p t i c a l   f i l t e r   119,   w h i c h   t r a n s m i t s   o n l y   w a v e -  

l e n g t h s   in  the   n e i g h b o r h o o d   of  λ1  in  F i g .   16,  and  a n  

a p e r t u r e   u n i t   120  to  a  p h o t o e l e c t r i c   c o n v e r t e r   1 2 1 .  

F i g .   19  shows  the  t r a n s m i t t a n c e   c h a r a c t e r i s t i c s   X,  Y  a n d  

Z  of  the   o p t i c a l   f i l t e r s   112,   116  and  119.   The  a p e r t u r e  

u n i t s   113,  117  and  120  s e r v e   to  d e t e r m i n e   the   r e s o l u t i o n  

in  the   d i r e c t i o n   of  t r a n s p o r t   of  the  bank  n o t e ,   t h e  

r e s o l u t i o n   in  the   d i r e c t i o n   p e r p e n d i c u l a r   to  the  d i r e c -  

t i o n   of  t r a n s p o r t   of  the   bank   n o t e .   A  l i g h t   s o u r c e   14 

and  a - l i g h t   r e c e i v e r   15  c o n s t i t u t e   a  bank  n o t e   p a s s a g e  
d e t e c t o r   h a v i n g   the  same  f u n c t i o n   as  in  t he   p r e v i o u s  

e m b o d i m e n t s .   The  o u t p u t   f rom  the   d e t e c t o r   i s - f e d   to  a  

c o n t r o l   c i r c u i t   128  to  be  d e s c r i b e d   l a t e r   in  d e t a i l .  

The  o u t p u t   s i g n a l s   of  the   p h o t o e l e c t r i c   c o n v e r t e r s   1 1 4 ,  

118  and  121  a re   a m p l i f i e d   by  r e s p e c t i v e   a m p l i f i e r s   1 2 3 ,  

124  and  125  to  be  fed  to  r e s p e c t i v e   a n a l o g   m e m o r i e s   1 2 5 ,  

126  and  127.   The  q u a n t i t i e s   of  the   λ3,  λ2  a n d  λ 1   w a v e -  

l e n g t h   c o m p o n e n t s   of  l i g h t   r e f l e c t e d   from  the   p o r t i o n   A 

of  the  bank  n o t e   4  a re   s t o r e d   in  the  a n a l o g   m e m o r i e s  

125,   126  and  127  u n d e r   tne   c o n t r o l   of  a  s i g n a l   p r o v i d e d  

f rom  a  c o n t r o l   c i r c u i t   128  in  a  t i m e d   r e l a t i o n   to  t h e  



p a s s a g e   of  t he   bank  n o t e   4  t h r o u g h   the   bank  n o t e   p a s s a g e  
d e t e c t o r   14,  15.  The  o u t p u t   of  the   a n a l o g   memory  1 2 5  

is   fed  to  d i f f e r e n c e   c i r c u t s   129  and  130  and  a l s o   to  a  

c o m p a r a t o r   132 .   The  o u t p u t   of  t he   a n a l o g   memory  126  i s  

fed   to  d i f f e r e n c e   c i r c u i t s   130  and  131  and  a l s o   to  a  

c o m p a r a t o r   133 .   The  o u t p u t   of  t he   a n a l o g   memory  127  i s  

f ed   to  d i f f e r e n c e   c i r c u i t s   129  and  131  and  a l s o   to  a  

c o m p a r a t o r   134 .   An  o u t p u t   s i g n a l   of  r e f e r e n c e   l e v e l  

g e n e r a t o r   135  is  s u p p l i e d   to  t h e   c o m p a r a t o r s   132 ,   133  

and  134.   The  o u t p u t s   of  t he   d i f f e r e n c e   c i r c u i t s   129  t o  

131  and  the   o u t p u t s   of  t he   c o m p a r a t o r s   132  to  134  a r e  

f ed   to  a  j u d g i n g   c i r c u i t   1 3 6 .  

The  o p e r a t i o n   of   t he   c o n s t r u c t i o n   of  F i g .   18  

d e s c r i b e d   a b o v e   w i l l   now  be  d e s c r i b e d .   When  the   b a n k  

n o t e   4  p a s s e s   t h r o u g h   t he   bank   n o t e   p a s s a g e   d e t e c t o r   1 4 ,  

15,   the   q u a n t i t i e s   of  t he   a3,  λ2  and  λ1  c o m p o n e n t s   o f  

l i g h t   r e f l e c t e d   f rom  the   bank   n o t e   4  a re   s t o r e d   in  t h e  

a n a l o g   m e m o r i e s   126  to  127.   The  d i f f e r e n c e   c i r c u i t   129  

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

a n a l o g   m e m o r i e s   125  and  126.   If   t he   bank  n o t e   i s  

a u t h e n t i c ,   more  À3  c o m p o n e n t   of  l i g h t   is  r e f l e c t e d   f r o m  

t h e   p o r t i o n   A  t h a n   λ1  c o m p o n e n t .   In  t h i s   c a s e ,   t he   d i f -  

f e r e n c e   c i r c u i t   129  t h u s   p r o d u c e s   a  "1"  o u t p u t .   In  t h e  

c a s e   of  an  i n o r g a n i c   i n k ,   more  λ1  c o m p o n e n t   of  l i g h t   i s  

r e f l e c t e d   t h a n   x3  c o m p o n e n t ,   so  t h a t   t he   d i f f e r e n c e   c i r -  

c u i t   120  p r o d u c e s   a  "0"  o u t p u t .   The  j u d g i n g   c i r c u i t   136  

t h u s   j u d g e s   t he   bank  n o t e   to   be  an  a u t h e n t i c   one  w h e n  

t h e   o u t p u t   of  t he   d i f f e r e n c e   c i r c u i t   129  is  " 1 " .  

The  d i f f e r e n c e   c i r c u i t   131  c a l c u l a t e s   the   d i f -  

f e r e n c e   b e t w e e n   the   o u t p u t s   of  t he   a n a l o g   m e m o r i e s   126  

and  127.  I f   t he   bank  n o t e   is  a u t h e n t i c ,   more  λ1  c o m -  

p o n e n t   of  l i g h t   is  r e f l e c t e d   t h a n   λ1  c o m p o n e n t .   In  t h i s  

c a s e ,   the   d i f f e r e n c e   c i r c u i t   131  t h u s   p r o d u c e s   a  " 1 "  

o u t p u t .   The  j u d g i n g   c i r c u i t   136  j u d g e s   the   bank  n o t e   t o  

be  an  a u t h e n t i c   one  when  and  o n l y   when  b o t h   the   d i f -  

f e r e n c e   c i r c u i t s   129  and  131  p r o d u c e   a  "1"  o u t p u t .   T h a t  

i s ,   the   bank  n o t e   id  j u d g e d   to  be  a u t h e n t i c   when  a n d  



o n l y   when  the   q u a n t i t y   of  t h e  λ 1   c o m p o n e n t   of  l i g h t  

r e f e l c t s   is  g r e a t e r   t h a n   the  q u a n t i t y   of  t h e  X 2   c o m -  

p o n e n t   and  l e s s   t h a n   t h e  λ 3   c o m p o n e n t .  

As  has  been   shown,   w i t h   the  above   e m b o d i m e n t   a  
c o u n t e r f e i t   bank  n o t e   can  be  r e l i a b l y   d e t e c t e d .  

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

of  d e t e c t i o n   w i t h   r e s p e c t   to  a  s i n g l e   k i n d   of  i n k .   I n  

c a s e   w h e r e   a  p l u r a l i t y   of  d i f f e r e n c e   i n k s   in  w h i c h   t h e  

w a v e l e n g t h s   λ1,  X2  a n d  X 3   shown  in  F i g .   16  a r e   d i f -  

f e r e n t ,   h i g h e r   p e r f o r m a n c e   of  d e t e c t i o n   can  be  r e a l i z e d  
w i t h   an  e l e c t r o n i c   c i r c u i t   as  shown  in  F i g .   18  by  p r o -  

v i d i n g   an  i n c r e a s e d   number   of  p h o t o e l e c t r i c   c o n v e r t e r s  

in  the   o p t i c a l   s y s t e m   in  c o r r e s p o n d e n c e   to  the   number   o f  

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

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

r e f e r e n c e   to  F i g s .   20  and  21.  Among  l i g h t   e m i t t e r   i n k s ,  
t h e r e   is  one  h a v i n g   a  s p e c t r a l   r e f l e c t i v i t y   c h a r a c -  

t e r i s t i c   as  shown  in  F i g .   20.  I f   a  p r i n t e d   m a t t e r ,  

w h i c h   u s e s   such   ink  fo r   a  p o r t i o n   A  as  shown  in  F i g .   4 ,  

is  r e p r o d u c e d ,   by  c o p y i n g   w i t h   a  c o l o r   c o p i e r   or  by  

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

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

t h a t   of  the   o r i g i n a l   due  to  the  p h o t o s e n s i t i v e  

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

of  t o n e r   or  d e p e n d i n g   upon  the   k i n d s   of  i n k s   used   f o r  

p r i n t i n g   a l t h o u g h   i t   may  be  more  or  l e s s   s i m i l a r   to  t h e  

o r i g i n a l   c o l o r .   In  t h i s   e m b o d i m e n t ,   a  s p e c t r a l   r e f l e c -  

t i v i t y   c h a r a c t e r i s t i c   p a t t e r n   f o r   a  c e r t a i n   p o r t i o n   o r  

p o r t i o n s   of  the   w a v e l e n g t h   r a n g e   is  p r e v i o u s l y   o b t a i n e d  

from  the  a u t h e n t i c   bank  n o t e ,   and  the  s p e c t r a l   r e f l e c -  

t i v i t y   p a t t e r n   r e a d   out   from  the  bank  n o t e   t e s t e d   i n  

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

b e t w e e n   the   two  p a t t e r n s   is  w i t h i n   a  c e r t a i n   v a l u e ,   t h e  

bank  n o t e   is  j u d g e d   to  be  an  a u t h e n t i c   o n e .   F i g .   12 

shows  the   c i r c u i t   c o n s t r u c t i o   of  t h i s   e m b o d i m e n t .   T h e  

c i r c u i t   i n c l u d e s   p h o t o e l e c t r i c   c o n v e r t e r s   151  to  1 5 8 .  

L ike   the  e m b o d i m e n t   of  F ig .   8,  n e a r - i n f r a r e d   ( N I ) ,   r e d  



( R ) ,   o r n a g e   (O),   y e l l o w   (Y),   g r e e n   (G),   b l u e   ( B ) ,  

m a g e n t a   (M)  and  v i o l e t   (V)  c o m p o n e n t s   of  r e f l e c t e d  

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

t h e   m e n t i o n e d   o r d e r   t h r o u g h   d i c h r o i c   m i r r o r s ,   a r e  

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

r e s p e c t i v e   p h o t o e l e c t r i c   c o n v e r t s   151  to  158.   The  o u t -  

p u t s   of  t he   p h o t o e l e c t r i c   c o n v e r t e r s   151  to  158  a r e  

a m p l i f i e d   by  r e s p e c t i v e   a m p l i f i e r s   161  to  168  to  b e  

s t o r e d   in  an  a n a l o g   memory  170.   I f   the   bank   n o t e   i s  

i n s p e c t e d   f o r   t h r e e   d i f f e r e n t   p o r t i o n s ,   d a t a   f rom  t h e s e  

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

memory  170 .   L ike   the   p r e v i o u s   e m b o d i m e n t   of  F i g .   8,  t h e  

w r i t i n g   is  done  u n d e r   the   c o n t r o l   of  a  t i m i n g   s i g n a l  

p r o d u c e d   f rom  a  c o n t r o l   c i r c u i t   171  a c c o r d i n g   to  a  

s i g n a l   f rom  bank  n o t e   p a s s a g e   d e t e c t o r   14,  1 5 .  

When  t h e   w r i t i n g   of  t he   s p e c t r a l   r e f l e c t i v i t y  

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

of  t he   bank   n o t e   in  the   a n a l o g   memory  170  is  c o m p l e t e d ,  

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

i n s p e c t i o n   a r e a   is  r e a d   ou t   f rom  t he   a n a l o g   memory  170  

and  fed   to  a  d i f f e r e n c e   c i r c u i t   172  u n d e r   t he   c o n t r o l   o f  

a  t i m i n g   s i g n a l   from  the   c o n t r o l   c i r c u i t   171.   At  t h i s  

t i m e ,   d a t a   f o r   the   n e a r - i n f r a r e d   c o m p o n e n t   f rom  t h e  

f i r s t   i n s p e c t i o n   a r e a ,   wh ich   has  been   o b t a i n e d   f rom  t h e  

a u t h e n t i c   bank   n o t e   in  a d v a n c e   s t o r e d   in  a  r e f e r e n c e  

s p e c t r a l   r e f l e c t i v i t y   p a t t e r n   memory  173,   is  r e a d   o u t  

and  s u p p l i e d   to  the   d i f f e r e n c e   c i r c u i t   172  u n d e r   t h e  

c o n t r o l   of  t i m i n g   s i g n a l   f rom  the   c o n t r o l   c i r c u i t   1 7 1 .  

The  d i f f e r e n c e   c i r c u i t   172  c a l c u l a t e s   the   d i f f e r e n c e  

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

des   t h e   a b s o l u t e   v a l u e   of  t he   d i f f e r e n c e   t h u s   o b t a i n e d .  

The  o u t p u t   of  the   d i f f e r e n c e   c i r c u i t   172  is  s e t   in  a n  

a d d e r   174.   S u b s e q u e n t l y ,   d a t a   of  the   red  c o m p o n e n t   f r o m  

t h e   f i r s t   i n s p e c t i o n   a r e a ' i s   r e a d   ou t   f rom  t h e   a n a l o g  

memory  170  and  fed  to  the   d i f f e r e n c e   c i r c u i t   172.  A t  

t h e   same  t i m e ,   the  red  c o m p o n e n t   d a t a   fo r   t h e   f i r s t  

i n s p e c t i o n   a r e a   is  r e a d   ou t   f rom  t he   r e f e r e n c e   s p e c t r a l  



r e f l e c t i v i t y   p a t t e r n   memory  173  and  s u p p l i e d   to  the   d i f -  

f e r e n c e   c i r c u i t   172.   The  d i f f e r e n c e   c i r c u i t   172  a g a i n  

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

t h e r e o f   is  a d d e d   to  the   d i f f e r e n c e   d a t a   f o r   t he   n e a r -  

i n f r a r e d   c o m p o n e n t   in  the   a d d e r   174.   L i k e w i s e ,   t he   d i f -  

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

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

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

t he   r e f e r e n c e   s p e c t r a l   r e f l e c t i v i t y   p a t t e r n   a re   a l s o  

o b t a i n e d ,   and  t h e i r   a b s o l u t e   v a l u e s   a re   a c c u m u l a t e d   i n  

t he   a d d e r   174 .   When  t he   a b o v e   p r o c e s s i n g   of  the   c o m -  

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

the   d a t a   of  the   a d d e r   174  is  fed  to  a  j u d g i n g   c i r c u i t  

175 .   The  j u d g i n g   c i r c u i t   175  j u d g e s   w h e t h e r   t he   t o t a l  

d i f f e r e n c e   d a t a   f rom  the   a d d e r   174  is  w i t h i n   a  p r e d e t e r -  

m i n e d   v a l u e .  

When  the   j u d g e m e n t   f o r   t he   f i r s t   i n s p e c t i o n   a r e a   i s  

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

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

f o r   the  s e c o n d   i n s p e c t i o n   a r e a   is  c a u s e d   to  c o m m e n c e  

w i t h   the   n e a r - i n f r a r e d   c o m p o n e n t   f i r s t .   At  t h i s   t i m e ,  

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

s e c o n d   i n s p e c t i o n   p o i n t   a re   of  c o u r s e   p r o v i d e d   f rom  t h e  

r e f e r e n c e   s p e c t r a l   r e f l e c t i v i t y   p a t t e r n   memory  1 7 3 .  

When  the   p r o c e s s i n g   of  d a t a   f o r   the   s e c o n d   i n s p e c t i o n  

a r e a   is  c o m p l e t e d ,   the   t o t a l   d i f f e r e n c e   d a t a   o b t a i n e d   i n  

t he   a d d e r   174  is  fed  to  the   j u d g i n g   c i r c u i t   175 ,   w h e r e b y  

w h e t h e r   i t   is  w i t h i n   a  p r e d e t e r m i n e d   v a l u e   is  j u d g e d .  

L i k e w i s e ,   f o r   the   t h i r d   i n s p e c t i o n   a r e a   the   t o t a l   d i f -  

f e r e n c e   d a t a   is  o b t a i n e d   and  fed  to  the  j u d g i n g   c i r c u i t  

175  fo r   j u d g e m e n t   as  to  w h e t h e r   i t   is  w i t h i n   a  p r e d e t e r -  

mined   v a l u e .  

When  the   j u d g e m e n t   f o r   a l l   the   i n s p e c t i o n   a r e a s   i s  

c o m p l e t e d ,   the   j u d g i n g   c i r c u i t   175  e x e c u t e s   a  f i n a l  

j u d g e m e n t   as  to  w h e t h e r   t h e r e   a re   two  or  more  i n s e p e c -  

t i o n   a r e a s ,   fo r   w h i c h   th.2  t o t a l   d i f f e r e n c e   d a t a   a r e  

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



two  or  more  such   i n s p e c t i o n   a r e a s ,   the   j u d g i n g   c i r c u i t  

175  j u d g e s   the   bank  n o t e   to  a  c o u n t e r f e i t   one .   T h e  

a b o v e   j u d g e m e n t   o p e r a t i o n   is  e f f e c t i v e   f o r   e l i m i n a t i n g  

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

j u d g i n g   an  a u t h e n t i c   bank  n o t e   to  be  a  c o u n t e r f e i t   o n e  

in  s u c h   a  c a s e   as  when  the   s p e c t r a l   r e f l e c t i v i t y   c h a r a c -  

t e r i s t i c   is  c h a n g e d   by  c o n t a m i n a t i o n .   For   m o r e  

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

may  be  i n c r e a s e d ,   and  the   f i n a l   j u d g e m e n t   to  be  a n  

a u t h e n t i c   bank  n o t e   may  be  r e n d e r e d   when  and  o n l y   w h e n  

t h e   d a t a   f o r   a l l   t he   i n s p e c t i o n   s p o t s   a re   w i t h i n   r e s p e c -  
t i v e   p r e d e t e r m i n e d   v a l u e s .   F u r t h e r ,   whe re   v e r y  

s t r i n g e n t   i n s p e c t i o n   i s   n e c e s s a r y   s u c h   as  when  a  l a r g e  

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

j u d g e m e n t   l e v e l   of  the   j u d g i n g   c i r c u i t   175,   i . e . ,   t h e  

l e v e l   to  w h i c h   the   l e v e l   of  t he   o u t p u t   of  t he   a d d e r   1 7 4  

i s   c o m p a r e d   ( i . e . ,   t h e   p r e d e t e r m i n e d   v a l u e s   in  the   p r e -  
v i o u s   d e s c r i p t i o n )   may  be  made  s e l e c t a b l e   to  one  of  a  

p l u r a l i t y   of  d i f f e r e n t   l e v e l s .  

F u r t h e r ,   d i s c r i m i n a t i o n   of  d i f f e r e n t   k i n d s   of  b a n k  

n o t e s   can  be  s i m u l t a n e o u s l y   e f f e c t e d   by  p r o v i d i n g  

r e f e r e n c e   s p e c t r a   r e f l e c t i v i t y   c h a r a c t e r i s t i c   p a t t e r n s  

f o r   t he   i n d i v i d u a l   k i n d s   of  bank   n o t e s   and  by  a r r a n g i n g  

s u c h   t h a t   t he   mos t   s i m i l a r   r e f e r e n c e   p a t t e r n   may  b e  

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

p a t t e r n s   w i t h   t he   p a t t e r n   o b t a i n e d   f rom  each   i n s p e c t e d  

b a n k   n o t e .  

As  has  been   shown ,   w i t h   t he   a b o v e   e m b o d i m e n t  

r e l i a b l e   j u d g e m e n t   can  be  o b t a i n e d .  

W h i l e   some  p r e f e r r e d   e m b o d i m e n t s   of  the   i n v e n t i o n  

h a v e   been  d e s c r i b e d   a b o v e ,   t h e y   may  be  used   e i t h e r   i n d e -  

p e n d e n t l y   or  in  s u i t a b l e   c o m b i n a t i o n s .   In  the   l a t t e r  

c a s e ,   more  r e l i a b l e   and  a c c u r a t e   j u d g e m e n t   can  b e  

o b t a i n e d .   A l s o ,   a  v a r i e t y   of  c o m b i n a t i o n s   a re   p o s s i b l e  

f o r   v a r i o u s   p u r p o s e s .  

As  has  been   d e s c r i b e d   in  d e t a i l   in  the   f o r e g o i n g ,  

a c c o r d i n g   to  the   i n v e n t i o n   a  p r i n t e d   m a t t e r ,   in  w h i c h   a n  



i nk   f e a r u t i n g   a  r e f l e c t i v i t y   c h a r a c t e r i s t i c   or  e m i t t a n c e  

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

v i s i b l e   r a n g e   is  u s e d ,   can  be  r e l i a b l y   i n s p e c t e d   f o r   i t s  

a u t h e n t i c i t y   by  i r r a d i a t i n g   the   p r i n t e d   m a t t e r   w i t h  

e l e c t r o m a g n e t i c   w a v e s .  



1.  An  a p p a r a t u s   f o r   i n s p e c t i n g   p r i n t e d   m a t t e r s  

c o m p r i s i n g   means  (8,  80)  f o r   i r r a d i a t i n g   a  p r i n t e d  

m a t t e r   (4)  h a v i n g   an  ink  c a p a b l e   of  r e f l e c t i n g   o r  

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

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

p r e d e t e r m i n e d   w a v e l e n g t h   r a n g e ,   means   (12)   f o r   f o r m i n g  

an  e l e c t r i c   s i g n a l   a c c o r d i n g   to  t he   e n e r g y   d i s t r i b u t i o n  

of   e l e c t r o m a g n e t i c   waves   r e f l e c t e d   or  e m i t t e d   from  s a i d  

p r i n t e d   m a t t e r ,   and  means   (20)   f o r   i n s p e c t i n g   t h e  

p r i n t e d   m a t t e r   (40)  a c c o r d i n g   to  s a i d   e l e c t r i c   s i g n a l .  

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

a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   p r i n t e d  

m a t t e r   (4)  i n c l u d e s   a  f i r s t   p r i n t   s e c t i o n   (A)  b e a r i n g   a n  

i m p r e s s i o n   of  a  f i r s t   ink   h a v i n g   at  l e a s t   one  r e f l e c -  

t i v i t y   p e a k   in  a  v i s i b l e   r e g i o n   and  h i g h   r e f l e c t i v i t y   i n  

t h e   i n v i s i b l e   r e g i o n   and  a  s e c o n d   p r i n t   s e c t i o n   (B)  

b e a r i n g   an  i m p r e s s i o n   of  a  s e c o n d   ink   h a v i n g   at  l e a s t  

one   r e f l e c t i v i t y   peak   in  t h e   v i s i b l e   r e g i o n .  

3.  The  a p p a r a t u s   a c c o r d i n g   to  c l a i m   2,  c h a r a c -  

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

a r e a   (17)   f o r   s t o r i n g   an  o u t p u t   s i g n a l   r e p r e s e n t i n g   t h e  

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

s e c t i o n   (A) ,   a  r e f e r e n c e   l e v e l   g e n e r a t o r   (18)   f o r  

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

(19)   f o r   c o m p a r i n g   the   l e v e l   of  a  c o m p o n e n t   of  t h e  

s i g n a l   s t o r e d   in  s a i d   memory  a r e a   (17)  w i t h   t h e  

r e f e r e n c e   l e v e l ,   and  j u d g i n g   means  (20)  f o r   j u d g i n g   t h e  

p r i n t e d   m a t t e r   (14)  by  d e t e c t i n g   w h e t h e r   t h e   l e v e l   of  a n  

o u t p u t   f rom  s a i d   c o m p a r a t o r   (19)  e x c e e d s   t he   r e f e r e n c e  

l e v e l .  

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

a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t :  

s a i d   i n s p e c t i n g   means   i n c l u d e s   a  memory  a r e a   ( 1 7 ' )  

f o r   s t o r i n g   an  o u t p u t   s i g n a l   r e p r e s e n t i n g   the   l e v e l  

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



s e c t i o n   (B) ,   a  r e f e r e n c e   l e v e l   g e n e r a t o r   f o r   g e n e r a t i n g  

(18)   a  s i g n a l   of  a  r e f e r e n c e   l e v e l ,   a  c o m p a r a t o r   ( 1 9 ' )  

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

s t o r e d   in  the   memory  a r e a   ( 1 7 ' )   w i t h   the   r e f e r e n c e  

l e v e l ,   and  j u d g i n g   means   (20)  f o r   i n s p e c t i n g   the   p r i n t e d  

m a t t e r   (4)  by  d e t e c t i n g   w h e t h e r   t he   l e v e l   of  an  o u t p u t  
f rom  s a i d   c o m p a r a t o r   ( 1 9 ' )   e x c e e d s   the   r e f e r e n c e   l e v e l .  

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

a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t :  

s a i d   i n s p e c t i n g   means   i n c l u d e s   a  f i r s t   memory  a r e a  

(17)   f o r   s t o r i n g   a  f i r s t   o u t p u t   s i g n a l   r e p r e s e n t i n g   t h e  

l e v e l   of  i n v i s i b l e   l i g h t   r e f l e c t e d   f rom  s a i d   f i r s t   p r i n t  
s e c t i o n   (A),   a  s e c o n d   memory  a r e a   ( 1 7 ' )   f o r   s t o r i n g   a  

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

l i g h t   r e f l e c t e d   f rom  s a i d   s e c o n d   p r i n t   s e c t i o n   ( B ) ,  

means   (21)  f o r   o b t a i n i n g   the   d i f f e r e n c e   b e t w e e n   t h e  

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

s i g n a l s   s t o r e d   in  s a i d   f i r s t   and  s e c o n d   memory  a r e a s  

(17 ,   1 7 ' )   r e p r e s e n t i n g   the  r e s p e c t i v e   r e f l e c t i v i t y ,  

and  a  j u d g i n g   means   (20)  f o r   e f f e c t i n g   i n s p e c t i o n   of  t h e  

p r i n t e d   m a t t e r   (4)  a c c o r d i n g   to  the   o u t p u t   of  s a i d   d i f -  

f e r e n c e   o b t a i n i n g   means   ( 2 1 ) .  

6.  The  a p p a r a t u s   fo r   i n s p e c t i n g   p r i n t e d   m a t t e r s  

a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t :  

s a i d   i n s p e c t i n g   means  i n c l u d e s   a  f i r s t   memory  a r e a  

( 1 7 ) - f o r   s t o r i n g   a  f i r s t   o u t p u t   s i g n a l   r e p r e s e n t i n g   t h e  

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

s e c t i o n   (A),   a  s e c o n d   memory  a r e a   ( 1 7 ' )   f o r   s t o r i n g   a  

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

l i g h t   r e f l e c t e d   f rom  s a i d   s e c o n d   p r i n t   s e c t i o n   (B) ,   a  

r e f e r e n c e   l e v e l   g e n e r a t o r   (18)  f o r   g e n e r a t i n g   r e f e r e n c e  

l e v e l   s i g n a l s ,   f i r s t   and  s e c o n d   c o m p a r a t o r s   (19 ,   1 9 1 )  

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

and  s e c o n d   s i g n a l s   s t o r e d   in  the   f i r s t   and  s e c o n d   m e m o r y  

a r e a s   (17,   1 7 ' )   w i t h   the   r e f e r e n c e   l e v e l   s i g n a l s ,  

r e s p e c t i v e l y ,   and  j u d g i n g   means   (20)  f o r   i n s p e c t i n g   t h e  

p r i n t e d   m a t t e r   (4)  a c c o r d i n g   to  the  o u t p u t s   of  s a i d  



f i r s t   and  s e c o n d   c o m p a r a t o r s   (19 ,   1 9 ' ) .  

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

a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t :  

s a i d   i n s p e c t i n g   means   i n c l u d e s   a  f i r s t   memory  a r e a  

(17)  for   s t o r i n g   a  f i r s t   o u t p u t   s i g n a l   r e p r e s e n t i n g   t h e  

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

s e c t i o n   (A),   a  s e c o n d   memory  a r e a   ( 1 7 ' )   f o r   s t o r i n g   a  

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

l i g h t   r e f l e c t e d   f rom  s a i d   s e c o n d   p r i n t   s e c t i o n   ( B ) ,  

means   (21)  f o r   o b t a i n i n g   the   d i f f e r e n c e   b e t w e e n   t h e  

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

s i g n a l s   s t o r e d   in  s a i d   f i r s t   and  s e c o n d   memory  a r e a s  

(17 ,   1 7 ' ) ,   a  r e f e r e n c e   l e v e l   g e n e r a t o r   (18)  f o r  

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

c o m p a r a t o r s   (19,   1 9 ' )   f o r   c o m p a r i n g   the   l e v e l s   of  t h e  

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

r e f e r e n c e   l e v e l   s i g n a l s ,   r e s p e c t i v e l y ,   and  j u d g i n g   m e a n s  

(20)  fo r   i n s p e c t i n g   the   p r i n t e d   m a t t e r   (4)  a c c o r d i n g   t o  

t h e   o u t p u t s   of  s a i d   d i f f e r e n c e   o b t a i n i n g   means  (21)  a n d  

f i r s t   and  s e c o n d   c o m p a r a t o r s   (19 ,   1 9 ' ) .  

8.  The  a p p a r a t u s   fo r   i n s p e c t i n g   p r i n t e d   m a t t e r s  

a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t :  

bo th   s a i d   f i r s t   and  s e c o n d   i n k s   a re   of  c h r o m a t i c   o r  

a c h r o m a t i c   c o l o r ;  

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

a  b l u e   r e f l e c t i o n   m i r r o r   (36)  to  w h i c h   l i g h t   r e f l e c t e d  

by  s a i d   p r i n t e d   m a t t e r   (4)  is  c o u p l e d ,   a  f i r s t   p h o -  

t o e l e c t r i c   c o n v e r t e r   (41)  f o r   f o r m i n g   an  e l e c t r i c   s i g n a l  

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

t i o n   m i r r o r   ( 3 6 ) ,   a  g r e e n   r e f l e c t i o n   m i r r o r   (37)  t o  

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

m i r r o r   (36)  is  c o u p l e d ,   a  s e c o n d   p h o t o e l e c t r i c   c o n v e r t e r  

(45)  fo r   f o r m i n g   an  e l e c t r i c   s i g n a l   r e p r e s e n t i n g   t o  

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

( 3 7 ) ,   a  red  r e f l e c t i o n   m i r r o r   (38)  to  w h i c h   l i g h t  

t r a n s m i t t e d   t h r o u g h   s a i d   g r e e n   r e f l e c t i o n   m i r r o r   (37)  i s  

c o u p l e d ,   a  t h i r d   p h o t o e l e c t r i c   c o n v e r t e r   (49)  f o r  



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

r e f l e c t e d   by  s a i d   red  r e f l e c t i o n   m i r r o r   ( 3 8 ) ,   a  n e a r -  

i n f r a r e d   f i l t e r   (30)  to  wh ich   l i g h t   t r a n s m i t t e d   t h r o u g h  

s a i d   red   r e f l e c t i o n   m i r r o r   (38)  is  c o u p l e d ,   and  a  f o u r t h  

p h o t o e l e c t r i c   c o n v e r t e r   (33)  f o r   f o r m i n g   an  e l e c t r i c  

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

t h r o u g h   s a i d   n e a r - i n f r a r e d   f i l t e r   ( 3 0 ) ;   a n d  

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

m e m o r i e s   (57 ,   55,  53,  51)  in  w h i c h   d a t a   in  t he   o u t p u t  

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

(41 ,   45,  49  and  32)  f o r   s a i d   f i r s t   p r i n t   s e c t i o n   (A)  a r e  

r e s p e c t i v e l y   s t o r e d ,   f i f t h   to  e i g h t h   m e m o r i e s   (58 ,   5 6 ,  

54,   52)  in  w h i c h   d a t a   in  t h e  o u t p u t   s i g n a l s   of  s a i d  

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

p r i n t   s e c t i o n   (B)  a r e   r e s p e c t i v e l y   s t o r e d ,   f i r s t   t o  

f o u r t h   d i f f e r e n c e   c i r c u i t s   (64 ,   63,  62,  61)  f o r   f o r m i n g  

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

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

s a i d   s e c o n d   and  s i x t h   m e m o r i e s ,   b e t w e e n   the   t h i r d   a n d  

s e v e n t h   m e m o r i e s   and  b e t w e e n   the   f o u r t h   and  e i g h t h  

m e m o r i e s ,   a  r e f e r e n c e   l e v e l   s i g n a l   g e n e r a t o r   (68)  f o r  

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

c o m p a r a t o r s   (56,   57)  to  wh ich   the   o u t p u t s   of  s a i d  

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

l e v e l   s i g n a l s   a r e   s u p p l i e d ,   and  j u d g i n g   means   (74)  t o  

w h i c h   the   o u t p u t s   of  s a i d   d i f f e r e n c e   c i r c u i t s   (64 ,   6 3 ,  

62,  61)  and  the   o u t p u t s   of  s a i d   c o m p a r a t o r s   (56,   57)  a r e  

s u p p l i e d .  

9.  The  a p p a r a t u s   fo r   i n s p e c t i n g   p r i n t e d   m a t t e r s  

a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   p r i n t e d  

m a t t e r   (4)  i n c l u d e s   a  f i r s t   p r i n t   s e c t i o n   (A)  b e a r i n g   a n  

i m p r e s s i o n   of  a  f i r s t   ink  h a v i n g   at  l e a s t   one  r e f l e c -  

t i v i t y   peak   in  t he   v i s i b l e   r e g i o n   and  at  l e a s t   o n e  

r e f l e c t i v i t y   peak   in  the  i n v i s i b l e   r e g i o n   and  a  s e c o n d  

p r i n g   s e c t i o n   (B)  b e a r i n g   an  i m p r e s s i o n   of  a  s e c o n d   i n k  

h a v i n g   at  l e a s t   one  r e f l e c t i v i t y   peak   in  the   v i s i b l e  

r e g i o n .  



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

a c c o r d i n g   to  c l a i m   9,  c h a r a c t e r i z e d   in  t h a t :  

s a i d   means   f o r   i r r a d i a t i n g   the   p r i n t e d   m a t t e r   w i t h  

e l e c t r o m a g n e t i c   r a d i a t i o n   is  a  lamp  (18)   f o r   p r o d u c i n g  

e l e c t r o m a g n e t i c   r a d i a t i o n   in  a  w a v e l e n g t h   r e g i o n   c o r r e -  

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

f i r s t   i n k ;  

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

a  n e a r - i n f r a r e d   f i l t e r   (82)  to  w h i c h   l i g h t   r e f l e c t e d   a n d  

l i g h t   e m i t t e d   by  s a i d   p r i n t e d   m a t t e r   (4)  a r e   c o u p l e d ,  

and  a  p h o t o e l e c t r i c   c o n v e r t e r   (84)  f o r   g e n e r a t i n g   a n  
e l e c t r i c   s i g n a l   c o r r e s p o n d i n g   to  l i g h t   f rom  s a i d   f i l t e r  

( 8 2 ) ;   a n d  

s a i d   i n s p e c t i n g   means   i n c l u d e s   a  memory  (87)  f o r  

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

v e r t e r   ( 8 4 ) ,   a  r e f e r e n c e   l e v e l   g e n e r a t o r   (89)  f o r  

g e n e r a t i n g   a  r e f e r e n c e   l e v e l   s i g n a l ,   a  c o m p a r a t o r   ( 8 8 )  

to   w h i c h   the   o u t p u t   s i g n a l   f rom  s a i d   memory  (87)  a n d  

s a i d   r e f e r e n c e   l e v e l   s i g n a l   a r e   s u p p l i e d ,   and  j u d g i n g  

means   (90)  to  w h i c h   the   o u t p u t   of  s a i d   c o m p a r a t o r   ( 8 8 )  

i s   s u p p l i e d .  

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

a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   p r i n t e d  

m a t t e r   (4)  i n c l u d e s   a  f i r s t   p r i n t   s e c t i o n   (A)  b e a r i n g   a n  

i m p r e s s i o n   of  a  f i r s t   ink  h a v i n g   a  l i g h t   e m i s s i o n  

c h a r a c t e r i s t i c   h a v i n g   a t   l e a s t   one  p e a k   in  the  v i s i b l e  

r e g i o n   and  a l s o   a t   l e a s t   one  p e a k   in  t he   i n v i s i b l e  

r e g i o n .  

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

a c c o r d i n g   to  c l a i m   11,  c h a r a c t e r i z e d   in  t h a t :  

s a i d   means   f o r   i r r a d i a t i n g   the   p r i n t e d   m a t t e r   w i t h  

e l e c t r o m a g n e t i c   r a d i a t i o n   is  a  lamp  (91)  f o r   e m i t t i n g  

u l t r a v i o l e t   r a d i a t i o n   in  a  w a v e l e n g t h   r e g i o n   c o r r e -  

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

f i r s t   i n k ;  

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

a  d i c h r o i c   m i r r o r   (93)  to  w h i c h   l i g h t   f rom  s a i d   f i r s t  



p r i n t   s e c t i o n   (A)  is  c o u p l e d   and  wh ich   r e f l e c t s   o n l y  

v i s i b l e   l i g h t ,   a  f i r s t   p h o t o e l e c t r i c   c o n v e r t e r   (96)  f o r  

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

l i g h t   from  s a i d   d i s c h r o i c   m i r r o r   ( 9 3 ) ,   and  a  s e c o n d   p h o -  

t o e l e c t r i c   c o n v e r t e r   (99)  f o r   f o r m i n g   an  e l e c t r i c   s i g n a l  

c o r r e s p o n d i n g   to  n e a r - i n f r a r e d   r a d i a t i o n   t r a n s m i t t e d  

t h r o u g h   s a i d   d i c h r o i c   m i r r o r   ( 9 3 ) ;   a n d  

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

m e m o r i e s   ( 103 ,   104)  f o r   s t o r i n g   the   o u t p u t   s i g n a l s   f r o m  

s a i d   r e s p e c t i v e   p h o t o e l e c t r i c   c o n v e r t e r s   (96,   9 9 ) ,   a  

r e f e r e n c e   s i g n a l   g e n e r a t o r   (107)   fo r   g e n e r a t i n g  

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

( 1 0 5 ,   106)  to  w h i c h   t h e   o u t p u t   s i g n a l s   of  s a i d   r e s p e c -  

t i v e   f i r s t   and  s e c o n d   m e m o r i e s   (103 ,   104)  and  s a i d  

r e f e r e n c e   l e v e l   s i g n a l s   a r e   s u p p l i e d ,   and  j u d g i n g   m e a n s  

(105)   to  w h i c h   the   o u t p u t   s i g n a l s   of  s a i d   f i r s t   a n d  

s e c o n d   c o m p a r a t o r s   ( 1 0 5 ,   106)   a re   s u p p l i e d .  

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

a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   p r i n t e d  

m a t t e r   (4)  i n c l u d e s   a  p r i n t   s e c t i o n   (A)  b e a r i n g   a n  

i m p r e s s i o n   of  an  ink  h a v i n g   a  r e f l e c t i v i t y   peak   in  a  

w a v e l e n g t h   r e g i o n   (λ1)   in  the   v i s i b l e   r a n g e ,   h i g h e r  

r e f l e c t i v i t i e s   t h a n   s a i d   r e f l e c t i v i t y   peak  in  a  w a v e -  

l e n g t h   r e g i o n   (X3)  in  the   i n v i s i b l e   r a n g e   and  l o w e r  

r e f l e c t i v i t i e s   t h a n   s a i d   r e f l e c t i v i t y   peak   in  a  w a v e -  

l e n g t h   r e g i o n   (a2)   b e t w e e n   s a i d   two  w a v e l e n g t h   r e g i o n s .  

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

a c c o r d i n g   to  c l a i m   13,  c h a r a c t e r i z e d   in  t h a t :  

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

f i r s t   e x t r a c t i n g   means   ( 1 1 1 ,   112)  for   e x t r a c t i n g   a  h i g h  

r e f l e c t i v i t y   c o m p o n e n t   of  a  f i r s t   w a v e l e n g t h   (X3)  i n  

s a i d   i n v i s i b l e   r e g i o n   f rom  the  l i g h t   r e f l e c t e d   f rom  s a i d  

p r i n t   s e c t i o n   (A),   a  f i r s t   p h o t o e l e c t r i c   c o n v e r t e r   ( 1 1 4 )  

f o r   o b t a i n i n g   an  e l e c t r i c ' s i g n a l   c o r r e s p o n d i n g   to  s a i d  

f i r s t   w a v e l e n g t h   (X3)  c o m p o n e n t ,   s e c o n d   e x t r a c t i n g   m e a n s  

( 1 1 5 ,   116)  fo r   e x t r a c t i n g   a  c o m p o n e n t   of  a  s e c o n d   w a v e -  

l e n g t h   (X2)  from  s a i d   r e f l e c t e d   l i g h t ,   a  s e c o n d  



p h o t o e l e c t r i c   c o n v e r t e r   ( 118 )   f o r   o b t a i n i n g   an  e l e c t r i c  

s i g n a l   c o r r e s p o n d i n g   to  s a i d   s e c o n d   w a v e l e n g t h   (X2)  c o m -  

p o n e n t   from  s a i d   s e c o n d   e x t r a c t i n g   means   ( 1 1 5 ,   1 1 6 ) ,  

t h i r d   e x t r a c t i n g   means   ( 1 1 5 ,   119)  f o r   e x t r a c t i n g   a  c o m -  

p o n e n t   of  a  t h i r d   w a v e l e n g t h   ( a l )   f rom  s a i d   r e f l e c t e d  

l i g h t ,   and  a  t h i r d   p h o t o e l e c t r i c   c o n v e r t e r   (121)   f o r  

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

w a v e l e n g t h   (Xl)   c o m p o n e n t   f rom  s a i d   t h i r d   e x t r a c t i n g  

means   (115 ,   1 1 9 ) ;   a n d  

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

m e m o r i e s   ( 125 ,   126 ,   127)  f o r   s t o r i n g   t he   o u t p u t   s i g n a l s  

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

t e r s   (114 ,   118,   1 2 1 ) ,   f i r s t   to  t h i r d   d i f f e r e n c e  

o b t a i n i n g   means  ( 1 2 9 ,   130 ,   131)  f o r   f o r m i n g   d i f f e r e n c e  

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

s i g n a l s   of  s a i d   f i r s t   to  t h i r d   m e m o r i e s   ( 1 2 5 ,   126,   1 2 7 ) ,  

a  r e f e r e n c e   l e v e l   g e n e r a t o r   (135)   f o r   g e n e r a t i n g  

r e f e r e n c e   l e v e l   s i g n a l s ,   c o m p a r a t o r s   ( 1 3 2 ,   133,   134)  t o  

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

t h i r d   m e m o r i e s   ( 1 2 5 ,   126 ,   127)  and  s a i d   r e f e r e n c e   l e v e l  

s i g n a l s   a re   s u p p l i e d ,   and  j u d g i n g   means   (136)   to  w h i c h  

the   o u t p u t s   of  s a i d   d i f f e r e n c e   c i r c u i t s   (129  to  131)  a n d  

the   o u t p u t s   of  s a i d   c o m p a r a t o r s   (132  to  134)  a r e  

s u p p l i e d .  

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

a c c o r d i n g   to  c l a i m   13,  c h a r a c t e r i z e d   in  t h a t :  

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

a  p l u r a l i t y   of  p h o t o e l e c t r i c   c o n v e r t e r s   (151  to  158)  f o r  

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

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

m a t t e r   ( 4 ) ;   a n d  

s a i d   i n s p e c t i n g   means   i n c l u d e s   a  f i r s t   memory  ( 1 7 0 )  

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

c o n v e r t e r s   (151  to  1 5 8 ) ,   a  s e c o n d   memory  (173)   in  w h i c h  

d a t a   r e p r e s e n t i n g   a  r e f e r e n c e   s p e c t r a l   r e f l e c t i v i t y  

c h a r a c t e r i s t i c   of  s a i d   p r i n t e d   m a t t e r   (4)  a re   s t o r e d ,  

means  (172)   f o r   o b t a i n i n g   a  d i f f e r e n c e   s i g n a l   b e t w e e n  



two  s p e c t r a l   r e f l e c t i v i t y   d a t a   s u c c e s s i v e l y   r e a d   o u t  

f r o m   s a i d   r e s p e c t i v e   f i r s t   and  s e c o n d   m e m o r i e s   ( 1 7 0 ,  

1 7 3 ) ,   means  (174)   f o r   a c c u m u l a t i n g   the   o u t p u t   of  s a i d  

d i f f e r e n c e   o b t a i n i n g   means   ( 1 7 2 ) ,   and  j u d g i n g   m e a n s  

( 1 7 5 )   to  w h i c h   the   o u t p u t   of  s a i d   a c c u m u l a t i n g   m e a n s  

( 1 7 4 )   is  s u p p l i e d .  
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