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the  coin  set  through  the  detector  (10)  in  a  predetermined 
manner. 
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A r t i c l e   d e t e c t i o n   and  r e c o g n i t i o n  

This  Inven t ion   r e l a t e s   to  a r t i c l e   d e t e c t i o n   and 

r e c o g n i t i o n   and  In  p a r t i c u l a r ,   but  not  s o l e l y ,   a  t r a i n a b l e  

device  for  r e c o g n i s i n g   a  coin  or  m e t a l l i c   t o k e n .  

Coin  d e t e c t o r s   are  wel l -known.   However,  as  the  d e t e c t i o n  
5  1s  1n  general   done  by  mechanical   means  the  d e t e c t o r s   have  t h e  

fo l lowing   d i s a d v a n t a g e s :  

1.  Coins  are  g e n e r a l l y   so r t ed   by  s i z e ,   weight  or  t h i c k n e s s  

and  as  the  mechanisms  are  p r i m a r i l y   of  a  mechanical   n a t u r e  
the  mechanism  Is  prone  to  jamming  when  an  I r r e g u l a r   o b j e c t  

10  1s  I n s e r t e d .   For  example,  the  mechanical   d e t e c t o r s   a r e  
e a s i l y   fouled  by  n o n - s t a n d a r d   a r t i c l e s ,   such  as  can  t e a r  

t abs ,   b o t t l e   tops,   paper  c l i p s   or  w a s h e r s .  

2.  The  mechanical   uni ts   u s u a l l y   r e ly   on  g r av i t y   f o r  

d e t e r m i n a t i o n   of  the  weight  of  the  a r t i c l e   and  a r e  

15  c o n s e q u e n t i a l l y   are  of ten  s e n s i t i v e   to  p h y s i c a l  

o r i e n t a t i o n ,   some  uni ts   being  u n r e l i a b l e   If  placed  only  a 
few  degrees   from  v e r t i c a l .  

3.  As  the  coin  is  de t ec t ed   m e c h a n i c a l l y ,   d e l i c a t e   ha rdware  

a l t e r a t i o n s   are  necessa ry   to  reprogram  the  d e t e c t o r   f o r  

20  d i f f e r e n t   coin  denomina t ions   or  s e t s .   If  the  new  c o i n s  

are  of  a  s u b s t a n t i a l l y   d i f f e r e n t   size  s u f f i c i e n t  

a l t e r a t i o n   may  not  be  p o s s i b l e .  

4.  Due  to  the  mechanical   na tu re   of  the  d e t e c t i o n   method  o n l y  

a  l imi ted   number,  two  or  t h r e e ,   coins  can  be  de t ec t ed   by  a 

25  s ing le   d e t e c t o r .  

6.  Most  mechanical   d e t e c t o r s   wil l   not  r e j e c t   Inval id   o b j e c t s  
without   the  need  for  a  r e j e c t   lever  or  button  and  will   n o t  

r e j e c t   coins  1n  power-off   c o n d i t i o n s .  

6.  The  s e n s i t i v i t y   of  the  d e t e c t o r   Is  u sua l ly   I n s u f f i c i e n t   t o  

30  d i s t i n g u i s h   between  a  washer  and  a  coin  or  token  of  a 
s i m i l a r   s ize  and  w e i g h t .  

There  are  however  a  few  types  of  e l e c t r o n i c   coin  r e c o g n i t i o n  
uni ts   a v a i l a b l e   which  overcome  some  of  the  d i s a d v a n t a g e s  
o u t l i n e d   above.  However  they  tend  to  be  d i f f i c u l t   to  r e p r o g r a m  

35 
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for  o ther   coin  sets  and  do  not  u sua l ly   accommodate  coins  o r  
tokens   tha t   are  s u b s t a n t i a l l y   d i f f e r e n t   1n  s i ze ,   weight  o r  

shape  from  the  coins  or  tokens  for  which  they  were  o r i g i n a l l y  

d e s i g n e d .  

It  Is  t h e r e f o r e   an  ob jec t   of  the  p resen t   i n v e n t i o n   t o  

5  p rov ide   an  a r t i c l e   d e t e c t o r / r e c o g n i t i o n   uni t   and  a s s o c i a t e d  

methods  which  go  at  l eas t   some  way  to  overcoming  some  of  t h e  

above  ment ioned  d i s a d v a n t a g e s   or  at  l eas t   provide  the  p u b l i c  
with  a  u se fu l   c h o i c e .  

A c c o r d i n g l y   in  a  f i r s t   aspect   the  i nven t ion   c o n s i s t s   in  an 

10  e l e c t r o m a g n e t i c   a r t i c l e   d e t e c t o r   c o m p r i s i n g :  

a  source  of  magnetomotive  force  which  produces  t i m e  

va ry ing   magnet ic   flux  through  at  leas t   one  magnet ic   f lux  p a t h ;  

magnet ic   flux  sensing  means  which  produce  an  ou tput   which 

is  a  f u n c t i o n   of  at  leas t   part   of  said  time  varying  m a g n e t i c  

15  f l u x ;   end 

an  a r t i c l e   sensing  region  in  said  time  vary ing   m a g n e t i c  
f lux  th rough  which,  in  use,  an  a r t i c l e   1s  p a s s e d ;  

in  use  the  passage  of  said  a r t i c l e   through  said  s e n s i n g  
reg ion   d i s t u r b s   the  time  varying  magnetic  f l ux ,   caus ing  a 

20  change  1n  the  output  of  said  sensing  means.  
In  a  second  aspect  the  inven t ion   c o n s i s t s   1n  an  a r t i c l e  

d e t e c t i o n   method  inc lud ing   the  steps  o f :  

g e n e r a t i n g   a  time  varying  magnetic  flux  in  at  l e a s t   one 
f lux  path;   and 

H  d e t e c t i n g   the  change  1n  the  flux  through  at  l e a s t   said  one 
f lux  path  due  to  the  presence  of  an  a r t i c l e   1n  par t   of  said  one 
f lux  p a t h .  

In  a  t h i r d   aspect   the  inven t ion   c o n s i s t s   in  an  a r t i c l e  

r e c o g n i t i o n   unit   inc luding   an  e l e c t r o m a g n e t i c   a r t i c l e   d e t e c t o r  

2£,  as  d e f i n e d   above  f u r t h e r   i n c l u d i n g :  

data  d e r i v a t i o n   means  which  der ive  data  c h a r a c t e r i s t i c   o f  

a r t i c l e s   which  are  to  be  r ecogn i sed   from  said  magnet ic   f l u x  

s ens ing   means  o u t p u t ;  

ar  i n fo rma t ion   s tore  which  s to res   i n f o r m a t i o n  

~-  c h a r a c t e r i s t i c   of  a r t i c l e s   which  are  to  be  r e c o g n i s e d ,   s a i d  
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In fo rma t ion   being  comparable  with  said  data;   and 
comparison  means  which  de te rmine   whether  there   Is  a 

s u b s t a n t i a l   co r r e spondence   between  said  derived  data  and  s a i d  
s tored   I n f o r m a t i o n .  

5  In  a  fou r th   aspect   the  Inven t ion   c o n s i s t s   1n  an  a r t i c l e  
r e c o g n i t i o n   method  Inc lud ing   an  a r t i c l e   d e t e c t i o n   method  as 
def ined  above  f u r t h e r   Inc lud ing   the  s teps  o f :  

d e r i v i n g   data  from  said  d e t e c t e d   change  1n  the  f lux;   and 
comparing  said  der ived   data  with  s tored  i n f o r m a t i o n ;  

10  said  in fo rmat ion   c h a r a c t e r i s t i c   of  a r t i c l e s   which  are  t o  
be  r e cogn i s ed   being  comparable  with  said  data  to  d e t e r m i n e  
whether  the re   1s  a  s u b s t a n t i a l   cor respondence   between  said  d a t a  
and  said  s to red   Informat ion   c h a r a c t e r i s t i c   of  one  of  s a i d  
a r t i c l e s   which  are  to  be  r e c o g n i s e d .  

15  In  a  f  1fth  asPect   the  i nven t ion   c o n s i s t s   1n  a  t r a i n a b l e   o r  
programmable  a r t i c l e   r e c o g n i t i o n   unit   i n c l u d i n g :  

an  a r t i c l e   d e t e c t o r   with  an  a r t i c l e   sensing  region  which 
produces  an  output   when  an  a r t i c l e   capable  of  being  de t ec t ed   1s 
p resen t   1n  said  sens ing  r e g i o n ;  

20  a  m i c r o p r o c e s s o r   means  connected  to  the  output  of  s a i d  
a r t i c l e   d e t e c t o r ;  

memory  a c c e s s i b l e   by  said  m ic rop roces so r   for  s t o r i n g   d a t a  
der ived  from  said  d e t e c t o r   output   on  a r t i c l e s   to  be  r e c o g n i s e d ;  

said  m i c r o p r o c e s s o r   means  having  an  output  for  s i g n a l l i n g  
25  the  type  of  a r t i c l e   r e c o g n i s e d ;  

t r a i n i n g / r e c o g n i t i o n   s e l e c t i o n   means  to  s e l e c t   e i t h e r  
t r a i n i n g   or  r e c o g n i t i o n   modes  of  o p e r a t i o n   for  the  u n i t ;  

said  m i c r o p r o c e s s o r   being  conf igured   such  that   when  t h e  
t r a i n i n g   mode  1s  s e l e c t e d   by  said  t r a i n i n g / r e c o g n i t i o n  

30  s e l e c t i o n   means  said  m i c r o p r o c e s s o r   eva lua t e s   data  con ta ined   in  
the  d e t e c t o r   output   ob ta ined   by  pass ing   one  or  more  a r t i c l e s  
through  said  a r t i c l e   sensing  region  and  s to res   I n f o r m a t i o n  
c a l c u l a t e d   from  said  data  In  said  memory  c h a r a c t e r i s t i c   of  one 
or  more  of  said  de t ec t ed   a r t i c l e s   for  use  In  s u b s e q u e n t  

35  r e c o g n i t i o n ;  

said  m i c r o p r o c e s s o r   being  f u r t h e r   conf igured   such  t h a t  
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when  sa id   r e c o g n i t i o n   mode  is  s e l e c t e d   by  s a i d  

t r a i n i n g / r e c o g n i t i o n   s e l e c t i o n   means,  said  m i c r o p r o c e s s o r  

e v a l u a t e s   the  d e t e c t o r   output   ob t a ined   by  pass ing   an  a r t i c l e  

th rough   said  a r t i c l e   sensing  reg ion   to  produce  r e c o g n i t i o n   d a t a  
6  and  compares  said  r e c o g n i t i o n   data  with  said  s tored   I n f o r m a t i o n  

to  de t e rmine   whether  there   1s  a  s u b s t a n t i a l   c o r r e s p o n d e n c e  
between  said  data  and  said  s t o r ed   I n f o r m a t i o n   c h a r a c t e r i s t i c   o f  

one  of  the  a r t i c l e s   which  are  to  be  r e c o g n i s e d .  
In  a  s ix th   aspect   the  I nven t ion   c o n s i s t s   In  a  method  o f  

10  t r a i n i n g   an  a r t i c l e   r e c o g n i t i o n   uni t   compr is ing   the  steps  o f :  

c o n f i g u r i n g   said  a r t i c l e   r e c o g n i t i o n   unit   Into  a  t r a i n i n g  
mode ,  

pass ing   one  or  more  a r t i c l e s   through  an  a r t i c l e   d e t e c t o r  

which  1s  part   of  said  a r t i c l e   r e c o g n i t i o n   u n i t ;  
IS  $a1d  a r t i c l e   r e c o g n i t i o n   unit   s u b s e q u e n t l y   a u t o m a t i c a l l y  

e v a l u a t i n g   data  c o l l e c t e d   t h e r e b y ;   and 

s t o r i n g   Informat ion   c h a r a c t e r i s t i c   of  one  or  more  of  s a i d  

a r t i c l e s   for  use  1n  subsequent   a r t i c l e   r e c o g n i t i o n .  
The  Invent ion  c o n s i s t s   1n  the  f o r e g o i n g   and  also  e n v i s a g e s  

20  c o n s t r u c t i o n s   of  which  the  f o l l o w i n g   gives  e x a m p l e s .  
The  p r e f e r r e d   forms  of  the  I nven t i on   will   now  be  d e s c r i b e d  

with  r e f e r e n c e   to  the  accompanying  drawings  In  which :  

Figure   1  1s  a  plan  view  of  an  a r t i c l e   d e t e c t o r .  

F igure   1A  is  a  c i r c u i t   diagram  of  the  a r t i c l e   d e t e c t o r   o f  
25  F igure   1 .  

F igure   2  Is  a  block  diagram  of  an  a r t i c l e   r e c o g n i t i o n   u n i t  

i n c l u d i n g   the  a r t i c l e   d e t e c t o r   of  Figure  1. 

Figure   3  1s  a  flow  diagram  of  the  sof tware   used  in  t h e  

a r t i c l e   coin  r e c o g n i t i o n   unit   of  Figure   2 .  

30  The  a r t i c l e   d e t e c t o r   of  the  p r e sen t   inven t ion   de t ec t s   a 
coin  or  token  or  other  a r t i c l e   by  the  e f f e c t   of  th is   a r t i c l e   on 

a l t e r n a t i n g   magnetic  f lux .   The  a r t i c l e   d e t e c t o r   is  d e s c r i b e d  

by  way  of  example  with  r e f e r e n c e   to  i ts   use  in  a  coin  or  t o k e n  

r e c o g n i t i o n   unit   to  be  used  in  a  vending  machine,   t e l e p h o n e  
3S  ca l l   box,  change  giver  or  the  l i k e .  
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The  sensor  comprises   a  symmetrical   laminated  Iron  core  11 
with  I d e n t i c a l   a i r   gaps  18  and  20  between  each  of  the  o u t e r  
limbs  12  and  16  and  the  cen t re   11mb  14.  E l e c t r i c a l   w i n d i n g s  
22,  24  and  26  are  loca ted   on  each  of  the  th ree   Iron  limbs  12 ,  

6  14  and  16  of  the  d e t e c t o r   10.  The  number  of  turns  and  w i n d i n g  
geometry  of  the  c o l l s   22  and  26  on  the  outer  limbs  1s 
I d e n t i c a l .  

The  arrangement   of  the  core  11  and  the  co l l s   22,  24  and  26 
Is  not  unlike  tha t   of  a  t r a n s f o r m e r   1n  that   an  a l t e r n a t i n g  

10  cu r ren t   flowing  through  coll   24  will   Induce  a  vo l tage   In  c o l l s  
22  and  26.  In  use  a  low  vol tage   (2  volt  RMS)  2.9  kHz 

a l t e r n a t i n g   vo l tage   1s  app l ied   to  the  c en t r a l   coll  24.  The 

r e s u l t i n g   cur ren t   Induces  a  symmetric  a l t e r n a t i n g   m a g n e t i c  
f i e l d   passing  through  coll   24  when  air  gaps  18  and  20  a r e  

15  empty.  The  magnet ic   flux  In  th i s   magnetic  f i e l d   may  be  t h o u g h t  
of  as  being  genera ted   1n  magnetic   c i r c u i t s   23  and  25  which  a r e  
e q u i v a l e n t   when  a i r   gaps  18  and  20  are  empty.  However  due  t o  
the  air   gaps  18  and  20  In  the  flux  path  the re   1s  at  l e a s t   some 
leakage  of  the  magnet ic   c u r r e n t   flux  from  the  m a g n e t i c  

20  c i r c u i t s .  

Coils  22  and  26  are  connected  In  s e r i e s   o p p o s i n g  
c o n f i g u r a t i o n   as  shown.  With  the  placement  of  the  co l l s   22,  24 
and  26  s u i t a b l y   a d j u s t e d   the  vol tage   Induced  across   co l l s   22 
and  26  1s  app rox ima te ly   zero  when  gaps  18  and  20  are  empty .  

25  This  1s  because  the  magnet ic   c i r c u i t s   23  and  25  are  e f f e c t i v e l y  
1n  p a r a l l e l   and  have  equal  amounts  of  magnetic  flux  g e n e r a t e d  
t h e r e i n   Inducing  equal  vo l t ages   1n  co l l s   22  and  26.  

However,  when  a  coin  1s  p r e sen t ,   for  example  1n  air   gap 
18,  the  e f f e c t i v e   r e l u c t a n c e   of  the  magnetic  c i r c u i t   23  I s  

30  changed.  This  1s  due,  1n  pa r t ,   to  the  r e l u c t a n c e   and  t h e  

c o n d u c t i v i t y   of  the  coin.   If  the  r e l u c t a n c e   of  the  coin  1s 
d i f f e r e n t   from  air   the  r e l u c t a n c e   of  c i r c u i t   23  wil l   be 

changed.  Also  coins  are  1n  general   conduct ive   e d d y - c u r r e n t s  
are  Induced  1n  the  coin  and  these  cu r r en t s   in  turn  Induce  a 

35  f i e l d   which  tends  to  oppose  the  ex te rna l   f i e l d   accord ing   t o  
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Lenz's   Law.  The re fo re ,   ts  1n  gene ra l ,   the  e f f e c t i v e   r e l u c t a n c e  

of  magnet ic   c i r c u i t   23  Is  Inc reased ,   a  smaller   magnetic   f l u x  

passes  through  c i r c u i t   23  and  as  a  consequence  a  l a r g e r  

magnet ic   flux  flows  through  p a r a l l e l   c i r c u i t   2B  which  now  has  a 
B  r e l u c t a n c e   lower  than  that   of  c i r c u i t   23.  Therefore   t h e  

vo l t ages   Induced  across  col ls   22  and  26  by  the  flux  are  in  

genera l   d i f f e r e n t   when  a  coin  1s  p resen t   air   gap  18,  and  t h e  

r e s u l t i n g   output   s ignal   which  1s  the  vo l tage   across  co l l s   22 

and  26  1s  changed,  ( i . e .   is  n o n - z e r o ) .  

10  It  has  been  found  that   the  phase  of  the  vol tage   i nduced  

across   c o l l s   22  and  26  r e l a t i v e   to  the  vol tage   appl ied   a c r o s s  
coil   24  In  genera l   changes  when  an  a r t i c l e   1s  p resen t   in  t h e  

sens ing  r eg ion .   This  phase  change  when  used  with  the  a m p l i t u d e  

chenge  gives  a  remarkably  accura te   I n d i c a t o r   as  to  the  i d e n t i t y  
16  of  an  a r t i c l e   in  the  sensing  r e g i o n .  

The  phys ica l   arrangement   of  the  d e t e c t o r   may  be  var ied   in  

numerous  ways  which  would  be  apparent   to  those  s k i l l e d   in  t h e  

a r t .   However,  It  1s  p r e f e r r e d   that   the  output   s ignal   from  t h e  

d e t e c t o r   be  zero  when  an  a r t i c l e   Is  not  p resen t   in  the  s e n s i n g  
20  reg ion .   The  e s s e n t i a l   f e a t u r e s   are  the  p roduc t ion   of  an 

a l t e r n a t i n g   magnetic   f i e l d   and  the  d e t e c t i o n   of  a  change  in  t h e  

magnetic   f i e l d   due  the  presence  of  a  coin  or  token  or  o t h e r  

a r t i c l e   and  p a r t i c u l a r l y   Its  physica l   d imens ions ,   r e s i s t a n c e ,  

r e l u c t a n c e   e t c .  

25  In  the  roost  simple  v a r i a t i o n   of  the  above  arrangement   t h e  

e x i c i t a t i o n   vo l tage   is  connected  across  the  combinat ion  o f  

co i l s   22  and  26  and  the  de tec ted   vol tage   1s  the  vo l tage   i nduced  

in  coi l   24.  S i m i l a r l y   1n  th i s   arrangement  if  there  is  no  c o i n  

1n  e i t h e r   of  a i r   gaps  18  or  20  the  output  s ignal   from  coil   24 
30  will   bs  s u b s t a n t i a l l y   z e r o .  

The  d e t e c t o r   is  c a l i b r a t e d   on  assembly  by  soft   moun t ing  
the  co i l s   22,  24  and  26  and  making  the  connec t ions   as  shown  in  

Figure  1A.  Coil  24  1s  connected  to  a  f unc t ion   gene ra to r   19 

producing  an  a l t e r n a t i n g   vol tage   output  of  3.14  vol ts   at  2 . 9  

35  kHz.  The  co i l s   22  and  26  are  connected  to  e i t h e r   a  d i g i t a l  
volt  meter  or  an  o s c i l l o s c o p e   s i g n i f i e d   by  21  in  Figure  1A. 

The  r e l a t i v e   p o s i t i o n i n g   of  the  co i l s   is  t h e n  
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a d j u s t e d   to  provide   a  minimum  output   vol tage   front  co l l s   22  and 
26  as  read  on  the  d i g i t a l   volt   meter  21  and  the  co l l s   f ixed  In 

p o s i t i o n .   This  minimum  vol tage   should  be  s u b s t a n t i a l l y   z e r o  
( p r e f e r a b l y   less  than  about  6  m i l l i v o l t s   RMS). 

6  In  d e t e c t i o n   use  the  d e t e c t o r   10  may,  for  example,  be 

I n c o r p o r a t e d   In  a  coin  r e c o g n i t i o n   unit  as  shown  In  Figure  2 .  
The  coi l   24  1s  supp l ied   with  an  e x c i t a t i o n   vol tage   and  t h e  

r e s u l t i n g   vo l tage   Induced  1n  the  combinat ion  of  co l l s   22  and  26 
1s  d e t e c t e d .   When  a  coin  or  the  l ike  1s  p resen t   1n  the  air   gap 

10  the  output   s igna l   from  col l s   22  and  26  changes.   This  o u t p u t  
s ignal   can  be  compared  with  r e f e r e n c e   values  and  used  to  d e t e c t  
and  I d e n t i f y   the  a r t i c l e .  

In  the  embodiment  shown  the  parameters   of  the  o u t p u t  
vo l tage   used  for  a r t i c l e   r e c o g n i t i o n   are  the  ampli tude  of  t h e  

IB  output   s igna l   of  the  d e t e c t o r   10  and  the  phase  of  the  o u t p u t  
s ignal   from  d e t e c t o r   10  r e l a t i v e   to  the  e x c i t a t i o n   v o l t a g e  
appl ied   across   winding  24.  

These  values  are  der ived  for  each  coin  that   passes  t h r o u g h  
the  d e t e c t o r   10  and  compared  with  s tored   values  con ta ined   1n 

20  e l e c t r i c a l l y   e r a s a b l e   read  only  memory  (EEROM)  36  by 
m i c r o p r o c e s s o r   34  to  determine  whether  the  a r t i c l e   d e t e c t e d  

cor responds   to  those  which  the  d e t e c t o r   1s  programmed  t o  

r e c o g n i s e .   Output  l ines  44  provide  Informat ion   to  the  v e n d i n g  
machine  or  the  l ike  as  to  whether  the  de t ec t ed   a r t M c l e   1s  a 

25  coin  of  a  denominat ion  which  the  d e t e c t o r   Is  programmed  t o  

r e c o g n i s e .  

A  t e rmina l   I n t e r f a c e   38  Is  also  provided  to  f a c i l i t a t e  

development  and  main tenance .   Terminal  I n t e r f a c e   38  Is  used  t o  
connect  a  t e rmina l   40  to  the  device .   A  watch-dog  timer  42  I s  

30  also  provided  to  r e se t   the  m i c r o p r o c e s s o r   If  an  u n f o r s e e n  
c o n d i t i o n   a r i s e s .  

The  ampl i tude  parameter   1s  measured  using  the  a m p l i t u d e  
d e t e c t i o n   c i r c u i t r y   30  which  Includes  an  e1gh t -b1 t   analog  t o  

d i g i t a l   c o n v e r t e r   (A/D).  The  low  vol tage   AC  s ignal   produced  by 
35  co l l s   24  and  26  1s  r e c t i f i e d   and  smoothed  to  provide  a  s t a b l e  

DC  vo l t age   for  the  A/D.  The  A/D  1s  also  provided  with  a 
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r e f e r e n c e   vol tage   Input  which  1s  used  to  make  the  output   of  t h e  

ampli tude  d e t e c t i o n   c i r c u i t r y   30  s u b s t a n t i a l l y   Independent   o f  

the  o s c i l l a t o r   e x c i t a t i o n   vo l t age   and  s u b s t a n t i a l l y   I ndependen t  

of  t empera tu re   and  ageing  e f f e c t s .  
&  The  phase  d e t e c t i o n   c i r c u i t r y   32  Includes  a  counter   which 

1s  used  to  count  the  d u r a t i o n   between  zero  c r o s s i n g s   of  t h e  

e x c i t a t i o n   vol tage   and  the  output   s i g n a l .   The  counte r   o p e r a t e s  
when  both  s ignal   and  r e f e r e n c e   vo l t ages   are  p o s i t i v e .   The 

counter   Is  dr iven  by  a  1.6  megahertz  s ignal   and  Is  t h e r e b y  
10  s u f f i c i e n t   to  give  0.1°  sampling  u n c e r t a i n i t y .  

The  output  s i g n a l s   from  the  ampli tude  d e t e c t i o n   c i r c u i t r y  
30  and  the  phase  d e t e c t i o n   c i r c u i t r y   32  are  fed  to  t h e  

mic rop roces so r   34.  The  m i c r o p r o c e s s o r   34  Is  used  to  p r o c e s s  
the  in format ion   provided  by  the  d e t e c t i o n   c i r c u i t r y   30  and  32.  

15  The  m i c r o p r o c e s s o r   de te rmines   phase  and  ampl i tude   v a l u e s  

for  each  coin  pass ing  through  the  coin  s lo t   20.  These  v a l u e s  

in  v%9  are  compared  with  «  set  of  phase  and  ampl i tude   v a l u e s  

s tored  1n  EEROM  36  to  de te rmine   whether  the  d e t e c t e d   "coin"  I s  

of  the  c o r r e c t   "denomina t ion"   or  I d e n t i t y .   The  m i c r o p r o c e s s o r  
20  a f t e r   de te rmin ing   whether  the  "coin"  is  val id   then  provides   an 

output  s ignal   on  output   l ines   44  i n d i c a t i n g   the  type  of  " c o i n "  

de tec ted   or  whether  the  "coin"  1s  I n v a l i d .  

EEROM  36  1s  used  to  s t o r e   phase  and  ampli tude  I n f o r m a t i o n  

for  the  coin  set  for  which  the  uni t   1s  programmed.  Three 
2&  i d e n t i c a l   look-up  t a b l e s   are  used  so  that   c o r r u p t i o n   of  up  t o  

two  of  the  t ab les   will  not  e f f e c t   the  co r r ec t   o p e r a t i o n   of  t h e  

d e t e c t o r .   EEROM  36  p rov ides   a  n o n - v o l a t i l e   a l t e r a b l e   form  o f  

memory.  It  1s  d e s i r a b l e   to  have  the  s tored  phase  and  a m p l i t u d e  

Informat ion   s tored  in  a  n o n - v o l t e t 1 l e   device ,   but  e r a s a b l e  

30  under  program  con t ro l   1n  the  t r a i n i n g   mode. 

It  should  be  a p p r e c i a t e d ,   however  that   numerous 

a l t e r n a t i v e s   to  an  EEROM  are  p o s s i b l e   Including  RAH  w i t h  

b a t t e r y   back-up.  An  EPROK,  PROM  or  a  bank  of  swi tches   may  a l s o  

be  used,  but  s e l f -p rogramming   of  the  c i r c u i t r y   would  then  be 
35  less  p r a c t i c a b l e   if  not  I m p o s s i b l e .  
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The  m i c r o p r o c e s s o r   34  is  an  In te l   8031  which  has  I n t e r n a l  

RAM  and  a  UART  on  board  r e q u i r i n g   only  an  ex t e rna l   11ns  d r i v e r  

38  for  t e rmina l   communicat ion.   The  te rminal   40  1$  not  needed 

In  normal  o p e r a t i o n ,   but  may  be  useful   If  m o d i f i c a t i o n   of  t h e  

5  unit   1s  l i k e l y   1n  the  f u t u r e   or  for  t e s t i n g   f a u l t y   boards  o r  

for  v e r i f y i n g   the  s u i t a b i l i t y   of  new  coin  s a t s .  

When  a  te rminal   Is  connected  to  the  coin  r e j e c t o r   b o a r d  

the  RXD  ( r ece ive   data)   l ine  1s  high  and  1n  the  q u i e s c e n t  

(non- send ing)   s t a t e .   When  a  t e rmina l   1s  not  p r e s e n t ,   the  RXD 

10  l ine  1s  low  in  s teady  s t a t e   c o n d i t i o n s .   When  th i s   cond i t ion   1s 

de t ec t ed   the  board  r e v e r t s   a u t o m a t i c a l l y   to  a  p e r i o d i c  

s e l f - c h e c k i n g   mode. 

Watch-dog  r e s t a r t   c i r c u i t r y   42  Is  provided  to  r e se t   t h e  

system  1f  the  program  becomes  locked  up.  This  "Iock1ng-up"  may 
16  r e s u l t   from  severa l   c o n d i t i o n s   Including  brown-out  due  to  low 

power  supply  vo l t age ,   e l e c t r i c a l   noise  which  might  c o r r u p t  

I n s t r u c t i o n s   from  memory  and  sof tware   bugs  that   have  not  been 

c o r r e c t e d .   If  any  of  the  above  cond i t i ons   occur  a  vend ing  

machine  which  I n c o r p o r a t e s   the  present   Invent ion   should  be  l e f t  

20  in  an  Idle  s t a t e   un t i l   a  s e r v i c e p e r s o n   f ixes   the  f a u l t .   The 

watch-dog  timer  42  Includes  a  s ing le   chip  CMOS  o s c i l l a t o r   and 

r ipp le -down  counter  and  1s  set  for  time  out  of  about  1  s e c o n d .  

The  advantage  of  th is   type  of  c i r c u i t   1s  that   It  will   o p e r a t e  

down  to  three   vol ts   wi thout   locking  up  I t s e l f   and  will   keep  

26  a t t empt ing   to  r e s t a r t   the  p r o c e s s o r .   Also,  1n  normal 

o p e r a t i o n ,   the  m ic rop roces so r   f r e q u e n t l y   r e se t s   the  c o u n t e r .  

There  are  f ive  output  l ines   44  provided,   one  for  e ach  

coin,   one  of  which  1s  s t robed   ac t ive   low  for  200  m i l l i s e c o n d s  

when  a  val id   coin  1s  r e c o g n i s e d .   These  output  l ines   a l s o  

30  I n d i c a t e   when  a  non-va l id   "coin"  Is  de tec ted   and  provide  e r r o r  

messages.   LED's  are  also  connected  to  the  output   l ines   44  and 

are  used  In  the  t r a i n i n g   mode  desc r ibed   be low.  

formal  O p e r a t i o n  

In  normal  o p e r a t i o n   the  coin  r e c o g n i t i o n   unit   Is  I n s t a l l e d  

35  Ins ide  a  vending  machine,  runs  Independen t ly ,   and  s igna l s   t h e  

type  of  coin  recognised   to  the  vending  machine  c o n t r o l  
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m i c r o p r o c e s s e r   through  the  f ive  output   l ines  44 .  

A  r e s e t   46  Is  executed  on  power-up  and  may  also  be  Induced  

by  the  watch-dog  timer  42  or  a  r e s e t   func t ion   from  the  t e r m i n a l  

40.  Af te r   a  r e s e t   46  the  system  Is  i n i t i a l i s e d   48  and  v a r i o u s  

5  s e l f - t e s t s   are  performed  50.  

During  the  s e l f - t e s t   50  the  program  ROM  con ten t s   a r e  

check-summed.  The  EEROM  Is  checked.   If  the  EEROM  has  not  been 

programmed  the  m ic rop roces so r   wai ts   for  t r a i n i n g   or  p rogramming 

I n s t r u c t i o n s   as  desc r ibed   below.  If  the  EEROM  has  been  

10  programmed  the  look-up  tab le   Is  check-summed  and  a  copy  of  t h e  

look-up  t a b l e   Is  copied  Into  RAM. 

As  the  economic  v i a b i l i t y   of  the  coin  vending  mach ine  

depends  on  the  s e c u r i t y   of  the  data  s tored  in  the  t a b l e   in  t h e  

EEROM  1t  is  d e s i r a b l e   to  ensure  tha t   proper  data  is  m a i n t a i n e d  
15  t h e r e i n .   Therefore   f r equen t   v e r i f i c a t i o n   of  the  d a t t   I s  

pe r fo rmed .   Three  copies  of  the  in fo rmat ion   for  a  coin  set  a r e  

s t o r ed   in  the  EEROM  36  and  the  f i r s t   co r rec t   t ab l e   Is  c o p i e d  

into  RAM.  Any  f a u l t y   t ab l e s   in  EEROM  36  found  dur ing  the  check  

are  r e w r i t t e n   to  the  EEROM  36 .  

28  The  o p e r a t i o n   of  the  A/D  is  a lso  checked  and  a  check  i s  

done  on  the  core  noise  to  de termine   whether  there   is  an  o b j e c t  

lodged  in  the  core  or  whether  the  t r a n s f o r m e r   is  out  of  b a l a n c e  

or  the  leads  broken  e tc .   The  phase  c i r c u i t r y   1s  also  c h e c k e d .  

A  check  66  for  a  t e rminal   1s  made  at  power-up  and  f r e q u e n t l y  
2B  dur ing   normal  o p e r a t i o n .  

If  a  t e rmina l   is  p resen t   the  UART  on  the  8031  i s  

c o n f i g u r e d   and  a  f lag  set  a l lowing   messages  to  be  sent  when 

r e q u e s t e d   during  program  e x e c u t i o n .   Operat ion  with  t h e  

t e r m i n a l   connected  d i s ab l e s   the  p e r i o d i c   s e l f - c h e c k i n g  
30  r o u t i n e .   If  a  terminal   is  not  connec ted ,   the  board  r a t e   t i m e r  

r e g i s t e r   1s  used  for  p e r i o d i c   s e l f - c h e c k i n g   of  the  EEROM 

c o n t e n t s   (every  45  seconds) ,   and  message  t r a n s m i s s i o n   I s  

d i s a b l e d .  

In  the  main  program  loop  the  fo l lowing   c o n d i t i o n s   a r e  

";i  c o n t i n u a l l y   p o l l e d .  
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-  a  s i ng l e   c h a r a c t e r   r e c e i v e d   68  from  the  t e r m i n a l .  

-  the  p resence   54  of  a  coin  In  the  t r a n s f o r m e r   64.  

-  programming  switch  set  on  6 0 .  

-  a  check  66  on  the  t e rmina l   connec t ion   s t a t u s   66 .  

5  -  a  check  64  to  v e r i f y   the  EEROM  coin  parameter   t ab l e   1s 

performed  1f  t e rmina l   Is  not  c o n n e c t e d .  

For  the  purposes  of  a c q u i r i n g   da ta ,   a  "frame"  of  e i g h t  

cycles  of  the  e x c i t a t i o n   vo l t age   1s  de f ined .   For  each  of  e i g h t  

cycles  of  the  2.928  kHz  e x c i t a t i o n   vo l tage   an  ampli tude  v a l u e  

10  1s  read  from  the  A/D.  At  the  end  of  the  e ight   cyc l e s ,   t h e  

ampli tude  values  are  averaged  with  rounding  in  the  l e a s t  

s i g n i f i c a n t   b i t .   During  these  e igh t   cycles   a  count  1s  made  by 
the  phase  c i r c u i t r y   to  provide  data  on  the  r e l a t i v e   phase  o f  

the  e x c i t i n g   ( r e f e r e n c e )   and  induced  ( s i g n a l )   waveforms .  

16  Coins  are  de t ec t ed   on  an  ampl i tude   t h r e shho ld   bas is   w i t h  

some  delay  being  used  (about  1  msec)  to  reduce  s e n s i t i v i t y   t o  

noise  sp ikes .   (52  of  the  fu l l   sca le   value  for  about  1 

m i l l i s e c o n d   1s  used  which  cor responds   to  approx imate ly   9 

success ive   A/D  samples) .   From  l a b o r t a r y   t e s t   work  1t  has  been 
20  determined  tha t   when  the  coin  1s  In  the  cent re   of  the  core  t h e  

ampli tude  value  1s  at  a  maximum.  The  phase  value  however  1s 

r e l a t i v e l y   cons t an t   while  any  par t   of  the  coin  1s  in  the  c o r e .  

Amplitude  values  are  acqui red   In  r o u t i n e   56  un t i l   a  maximum  i s  

found.  Subsequen t ly   ampl i tude  and  phase  I n f o r m a t i o n  

25  c h a r a c t e r i s t i c   of  the  coin  Is  r e co rded .   To  determine  an 

ampli tude  value  eight   values  are  read  from  the  A/D  and 

averaged.   This  averaging  reduces  the  e f f e c t s   of  noise  and 

rounding  1s  used  during  the  a r i t h m e t i c   o p e r a t i o n s   to  r e d u c e  

t r u n c a t i o n   e r r o r .   The  phase  value  Is  also  determined  by 

30  averaging  e ight   values  with  rounding  in  the  f ina l   b i t .  

Fur ther   frames  are  p rocessed   un t i l   the  ampl i tude  d r o p s  
below  the  coin  d e t e c t i o n   t h r e s h h o l d .   Thereby  two  c o n d i t i o n s  

may  be  checked  for  (1)  a  "coin"  pass ing   through  the  core  t o o  

quickly   ( n o i s e ) ;   (2)  a  "coin"  s tuck  wi th in   the  core.  In  b o t h  

35  these  cases  the  phase  and  ampl i tude   date  values  are  r e j e c t e d .  
The  check  54  to  determine  whether  there   1s  a  coin  1n  t h e  
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core  is  performed  by  checking  the  amplitude  va lue .   If  t h e  

ampl i tude   value  exceeds  the  t h r e s h h o l d   value  for  more  t h a n  

about  1  m i l l i s e c o n d   a  coin  1s  deemed  to  be  p re sen t   In  the  c o r e ,  

thus  t r a n s f e r r i n g   program  con t ro l   to  the  coin  p r o c e s s i n g  

5  r o u t i n e   56 .  

In  r o u t i n e   56  the  ampl i tude   value  1s  read  from  t h e  

ampl i tude   c i r c u i t r y   30  and  a  peak  ampli tude  value  wai ted  f o r .  

When  a  peak  value  has  been  r ece ived   the  ampl i tude   and  p h a s e  

values   are  de te rmined   as  o u t l i n e d   above.  

10  The  ampl i tude   (An)  and  phase  (Pn)  values  ob ta ined   a r e  

compared  58  with  the  f ive   e n t r i e s   c u r r e n t l y   s to red   in  the  RAM 

parameter   t ab l e   ( A r ( i ) ,   P r ( 1 ) .   1  -  I,  2,  3,  4,  6).  The  c l o s e s t  

match  is  found  acco rd ing   t o :  

15  y  -  rein  {k!.  mod|An  -  Ar(1)l  *  k2.  mod|pn  -  P r ( i ) |   }  1  <  1  <  5 

ki  -  1 . 0  

k£  »  0 . 5  

The  value  y  1s  then  compared  to  a  t h r e s h o l d   of  7  which 

r e p r e s e n t s   a  " r ad iu s "   around  the  r e fe rence   va lue .   If  y  i s  

20  below  the  t h r e s h o l d ,   the  coin  1s  accepted,   an  o u t p u t  

c o r r e s p o n d i n g   to  c l o s e s t   match  value  of  1  then  appears   on  t h e  

output   l ines   44.  Otherwise   the  coin  is  ignored  and  the re   is  no 

change  on  the  s i g n a l l i n g   l ines   44.  The  d e t e c t i o n   t h r e s h o l d  

al lows  for  v a r i a t i o n s   of  a  few  bi ts   e i t h e r   way  1n  b o t h  

25  ampl i tude   and  phase.  It  should  be  noted  tha t   the  formula  used  

above  for  measuring  the  degree  of  cor respondence   between  t h e  

data  ob ta ined   and  the  in fo rmat ion   s tored  may  be  r e a d i l y  

m o d i f i e d .  

If  the  coin  is  in  the  core  for  more  than  612  f rames,   which 

30  co r r e sponds   to  a p p r o x i m a t e l y   1.6  seconds,  then  the  coin  i s  

assumed  to  be  s tuck ,   and  an  a p p r o p r i a t e   s ignal   appears   on  l i n e s  

4 4 .  

T ra in ing   Mode 

There  is  a  t r a i n i n g   switch  41  provided  with  t h e  

35  m i c r o p r o c e s s o r   34  which  is  read  in  r ou t ine   60  and  1*  used  t o  
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I n d i c a t e   whether  the  unit  U  to  be  In  normal  o p e r a t i o n   or  1n 

t r a i n i n g   mode  62.  The  s t a t e   of  programming  twi tch   41  I t  

checked  with  a  20  m i l l i s e c o n d   debounce.  Tra in ing   Is  c a r r i e d  
out  when  the  uni t   1s  switched  on  for  the  f i r s t   time  or  can  be 

5  done  at  any  time  to  a l t e r   the  data  s to red   1n  EEROM  36.  

In  t r a i n i n g   mode  62  the  coin  accep to r   Is  " t r a i n e d "   t o  

r e c o g n i s e   a  coin  se t .   This  1s  done  by  simply  t u rn ing   t h e  

t r a i n i n g   switch  41  on  and  pass ing  a  coin,   of  each  d e n o m i n a t i o n  

compr is ing   the  s e t ,   four  times  through  the  sensing  reg ion .   The 
10  coin  r e c o g n i t i o n   unit   may  be  programmed  to  r ecogn i se   a  set  o f  

coins  c o n t a i n i n g   up  to  f ive  d i f f e r e n t   denominat ions   a l t h o u g h  
th i s   number  1s  e a s i l y   varied  by  changing  the  s o f t w a r e .  

The  ampl i tude   and  phase  values  r e p r e s e n t a t i v e   of  each  c o i n  
denomina t ion   are  then  a u t o m a t i c a l l y   s tored   1n  EEROM  36.  When 

15  the  programming  switch  41  is  turned  off  normal  o p e r a t i o n  

resumes  with  the  coin  acceptor   " t r a i n e d "   for  the  new  coin  s e t .  
In  t r a i n i n g   mode  62  an  LED  c o r r e s p o n d i n g   to  the  coin  b e i n g  

programmed  1s  l i t .   This  LED  goes  off  when  the  coin  p a s s e s  
through  the  core.   If  the  coin  gets  stuck  all   LED's  a r e  

20  i l l u m i n a t e d   and  the  coin  1s  Ignored.   To  ensure  that   t h e  

ampl i tude   and  phase  values  ob ta ined   are  r e p r e s e n t a t i v e   of  t h e  

type  of  coin ,   the  coin  has  to  be  en te red   four  t imes,   and  f o u r  
c o n s e c u t i v e   c lose   matchings  must  be  ob t a ined .   The  c r i t e r i a   f o r  

a  close  match  1s  the  same  as  tha t   used  In  the  dec i s ion   r o u t i n e  
26  68.  If  four  c o n s e c u t i v e   close  matches  are  not  found  t h e  

counter   r e s e t s   and  four  new  coins  must  be  i n s e r t e d   complying  t o  
the  c r i t e r i a   mentioned  above.  This  p reven t s   p o s s i b l e   e r r o r s  
due  to,  for  example,  three   f ive  cent  coins  and  one  ten  c e n t  

coin  being  I n s e r t e d .  

30  When  four  c o n s e c u t i v e   close  matches  have  been  ob ta ined   t h e  

ampl i tude   and  phase  values  are  averaged,   with  rounding,   and  t h e  

r e s u l t   1s  placed  1n  a  coin  t ab le   In  RAM.  On  complet ion  of  t h e  

t r a i n i n g   p rocedure   th i s   tab le   is  w r i t t e n   Into  the  EEROM  30  in  

t r i p l i c a t e .   Thus  reprogramming  of  the  EEROM  occurs  a f t e r   f i v e  
35  coin  types  have  been  entered  or  when  the  t r a i n i n g   switch  41  I s  

turned  o f f .  
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If  the  t r a i n i n g   switch  41  1s  turned  off  during  t h e  

t r a i n i n g   process  to  abort   the  p r o c e d u r e ,   the  e f f e c t   on  t h e  

EEROM  36  depends  on  the  s tage  of  coin  e n t r y .   If  no  coins  have  

been  en tered   no  change  1s  made  to  the  coin  t a b l e   In  the  EEROM 

6  36.  If  one  to  three   coins  have  been  e n t e r e d   updates  are  o n l y  

made  to  the  EEROM  36  when  va l id   data  has  been  acqu i red .   I . e .  

If  the  switch  41  1s  turned  off  before   data  for  the  f i r s t   c o i n  

was  f i n a l i s e d   the  EEROM  36  1s  c l e a r e d .   In  t h i s   cond i t ion   it  I s  

not  poss ib l e   to  match  any  coins .   This  c o n d i t i o n   may  be  u s d f u l  

10  in  d i s a b l i n g   a  f a u l t y   machine  for  I n s t a n c e .   If  four  to  seven  

coins  have  been  en te red   the  i n fo rma t ion   1s  updated  for  one  c o i n  

and  the  l o c a t i o n s   for  the  other   four  coins  are  c leared   t o  

zero.   If  e ight   to  eleven  coins  have  been  en te red   t h e  

in fo rmat ion   for  the  f i r s t   two  coins  1s  updated  and  t h e  

15  remaining  three   l o c a t i o n s   for  coin  i n f o r m a t i o n   are  c leared   t o  

zero.   The  reprogramming  of  the  EEROM  1s  s i m i l a r   for  twelve  t o  

f i f t e e n ,   s ix t een   to  n ine teen   and  twenty  to  t w e n t y - f o u r   c o i n s  

e n t e r e d .   Each  time  the  t r a i n i n g   mode  is  en te red   t r a i n i n g  

begins  a  new.  Tra in ing   does  not  recommence  from  where  it  has  

20  been  l e f t .   To  s e l e c t i v e l y   a l t e r   one  va lue ,   a  spec ia l   mode  77 

can  be  used  when  a  te rminal   is  connected  to  the  board  as 

o u t l i n e d   be low.  

When  a  t e rmina l   40  Is  connected  a  r e c e i v e d   cha rac t e r   I s  

analysed  68  to  determine  what  ac t ion   1s  to  be  taken  by  t h e  

25  p r o c e s s o r .   If  an  X  is  r ece ived   a  system  r e s e t   46  r e s u l t s .   I f  

a  P  1s  rece ived   program  con t ro l   Is  t r a n s f e r r e d   to  s e t t i n g  

r o u t i n e   70.  If  a  V  is  r ece ived   program  con t ro l   is  t r a n s f e r r e d  

to  view  rou t ine   72.  If  any  other  c h a r a c t e r   Is  rece ived   t h e  

t e rmina l   d i sp l ays   a  ques t ion   mark  (?)  and  con t ro l   Is  r e t u r n e d  

30  to  the  main  p rogram.  

The  s e t t i n g   r o u t i n e   70  1s  used  to  wr i t e   data  for  a 

s p e c i f i c   coin  Into  EEROM  36.  The  view  r o u t i n e   72  is  used  t o  

d i s p l a y   the  con ten t s   of  the  EEROM  t a b l e   and  the  RAM  t a b l e .  

It  is  p o s s i b l e   to  t r a i n   the  uni t   with  the  t e r m i n a l  

3?  connected.   Tra in ing   proceeds  in  a  s i m i l a r   f a sh ion   to  t h a t  

de sc r i bed   p r e v i o u s l y   and  the  ampl i tude   and  phase  values  a r e  

»>i. 
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d i s p i a y e d   on  the  t e rmina l   screen  with  s u i t a b l e   I d e n t i f y i n g  

I n d i c i a .  

It  Is  also  p o s s i b l e   to  r ecogn i se   coins  with  the  t e r m i n a l  

connected  and  the  r e s u l t i n g   phase  and  ampl i tude  data  1s 

5  d i sp l ayed   t o g e t h e r   with  the  match  value  which  is  a  measure  o f  

co r r e spondance   between  the  value  ob ta ined   for  the  coin  and  t h e  

n e a r e s t   match.  Also  1f  the  match  value  is  less  than  t h e  

t h r e s h o l d   value  the  coin  type  which  is  r ecogn i sed   is  a l s o  

d i s p l a y e d .  

10  The  hardware  used  1n  the  coin  d e t e c t o r   r e c o g n i t i o n   unit   o f  

the  p resen t   Inven t ion   Is  given  by  way  of  example  and  may  be 

e a s i l y   r ep l aced   by  c i r c u i t r y   adapted  for  a  p a r t i c u l a r  

a p p l i c a t i o n .   Also  the  sof tware   used  may  also  be  e x t e n s i v e l y  

modif ied  wi thout   d e p a r t i n g   from  the  scope  of  the  p r e s e n t  

15  I n v e n t i o n .  

For  example  the  s p e c i f i c   phase  and  ampli tude  p a r a m e t e r s  

c a l c u l a t e d   may  be  r ep l aced   by  any  s u i t a b l e   parameter ,   or  

combinat ion  of  p a r a m e t e r s ,   ob ta ined   from  the  output  of  t h e  

d e t e c t o r   10  which  e f f e c t i v e l y ,   un ique ly ,   I d e n t i f y   a  c o i n .  

20  S i m i l a r l y   the  formula  used  for  o b t a i n i n g   a  measure  of  t h e  

degree  of  co r re spondence   between  the  data  ob ta ined   d u r i n g  

d e t e c t i o n   and  the  In format ion   s to red   may  also  be  rep laced   by 

any  other   s u i t a b l e   formula .   For  example,  numerous  s u i t a b l e  

formulae  are  a v a i l a b l e   from  var ious   branches  of  m a t h e m a t i c s  

25  such  as  s t a t i s t i c s ,   c a l c u l u s   of  e r r o r s ,   geometry  e t c .  

The  a r t i c l e   d e t e c t o r   of  the  p resen t   Invent ion   has  numerous 

uses  in  d e t e c t i n g   and  r e c o g n i s i n g   a r t i c l e s   which  will  a l t e r   t h e  

magnet ic   flux  in  the  magnet ic   c i r c u i t s   23  and  25.  T h e r e f o r e  

t h i s   inven t ion   Is  not  l imi t ed   to  a  coin  a ccep to r ,   but  could  be 

30  used  for  r e c o g n i s i n g   tokens  or  for  example  d e t e c t i n g   and 

I d e n t i f y i n g   a r t i c l e s   on  a  p roduc t ion   l ine  with  a  view  t o  

s o r t i n g   or  some  other   o p e r a t i o n .   The  inven t ion   Is  not  l i m i t e d  

to  conduct ing   a r t i c l e s   as  a r t i c l e s   made  of  subs tances   w i t h  

magnetic  p r o p e r t i e s   could  also  be  d e t e c t e d .  

35  The  output   s igna l   from  the  coin  acceptor   of  the  p r e s e n t  

inven t ion   would  normally  be  used  to  gate  a  coin  to  an 
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t p p r o p r i a t e   c o l l e c t i o n   r e c e p t a c l e   1n  a  vending  machine  or  t h e  
l ike .   Coins  that   are  not  I d e n t i f i e d   w in   p r e f e r a b l y   be  a l l o w e d  
to  f a l l   into  a  r e j e c t   shoot  and  be  r e tu rned   to  the  p u r c h a s e r .  
It  should  also  be  noted  that   coins  must  enter   the  core  one  at  a 

5  time.  The  output  s igna l   would  p r e f e r a b l y   be  used  to  provide   a 
count  value  for  the  coin  towards  the  purchase  pr ice   of  an  I t em.  

The  d e t e c t o r   10  of  the  p r e s e n t   Invent ion  when  used  with  a 
vending  machine  may  be  mounted  1n  any  o r i e n t a t i o n   which 
provides   a  s t ab l e   r e p e a t a b l e   and  bounce  free  passage  for  t h e  

10  coins  through  one  gap  18  or  20.  E i the r   gap  may  be  used,  b u t  
reprogramtiino  wil l   be  n e c e s s a r y   if  for  some  reason  the  o t h e r  
gap  1s  used.  For  proper  o p e r a t i o n   the  de t ec to r   10  should  be 
placed  away  from  magnet ic   f i e l d s   and  magnetic  ob jec t s   s h o u l d  
not  be  placed  1n  c lose   p r o x i m i t y   to  the  gap.  

15  If  tokens  are  used  care  should  be  taken  to  ensure  tha t   t h e  
tokens  are  produced  wi th in   s t r i c t   t o l e r a n c e s   so  that   r e l i a b l e  
d e t e c t i o n   by  the  p resen t   d e t e c t o r   is  p o s s i b l e .  

The  advantages   of  the  coin  d e t e c t o r   of  the  p r e s e n t  
inven t ion   are  i ts  accuracy  in  d e t e c t i o n   and  its  a b i l i t y   t o  

20  r e j e c t   a  wide  v a r i e t y   of  common  o b j e c t s   such  as  washers ,   p a p e r  
c l i p s ,   t ea r   t abs ,   b o t t l e   tops  etc  wh i l s t   r e l i a b l y   r e c o g n i s i n g   a 
r e l a t i v e l y   large  number  of  co ins .   This  Is  pos s ib l e   as  the  c o i n  
i d e n t i f i c a t i o n   is  done  by  a  n o n - c o n t a c t   process  and  t h e r e f o r e  
mechanism  is  less  l i k e l y   to  be  fou led   by  n o n - s t a n d a r d  

25  a r t i c l e s .   The  s ize   of  the  s l o t   is  advantageous  as  t h e  
p o s s i b i l i t y   of  non -va l i d   a r t i c l e s   b locking  the  sensing  r e g i o n  
1s  reduced.   It  is  also  an  advantage   that   the  accuracy  of  t h e  
presen t   d e t e c t o r   does  not  depend  on  the  o r i e n t a t i o n   of  t h e  
d e t e c t o r   i . e .   the  d e t e c t i o n   t e chn ique   does  not  re ly   on 

30  g r a v i t y .   It  is  a  f u r t h e r   advantage   tha t   r eprograrming   of  t h e  
unit  for  a  new  set  of  coins  may  be  done  by  simply  r e t r a i n i n g  
the  unit   and  does  not  r e q u i r e   the  use  of  spec ia l   too ls   o r  
a l t e r i n g   the  programming  of  the  m i c r o p r o c e s s o r .   This  
r e p r o g r a m m a b i l i t y   is  unique  to  the  p resen t   coin  d e t e c t o r   and  1s 

36  due  In  par t   to  the  accuracy   of  the  d e t e c t i o n   method  used.  A l so  
due  to  the  large  s lo t   s ize   and  the  method  of  d e t e c t i o n   a  s i n g l e  
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coin  s lo t   can  be  used  for  all   coins  or  tokens .   The  s lo t   1s 

large  enough  to  accept  a  New  Zealand  f i f t y   cent  piece  which  1s 

one  of  the  l a r g e s t   coins  In  the  w o r l d .  

The  accuracy  of  the  coin  d e t e c t o r   of  the  p r e s e n t  
I nven t ions   Is  such  tha t   1t  1s  able  to  d e t e c t   the  d i f f e r e n c e  

between  a  New  Zealand  2  cent  piece  and  an  A u s t r a l i a n   2  c e n t  

p i e c e .  

10 

15 

20 

25 

30 

35 
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C l a i m s :  

1.  An  e l e c t r o m a g n e t i c   a r t i c l e   d e t e c t o r   c o m p r i s i n g :  
a  source  of  magnetomotive  force  (24 ,28)   which  p r o d u c e s  

time  va ry ing   magnetic  flux  through  at  l e a s t   one  magnet ic   f l u x  

path  ( 2 3 ) ;  

magne t ic   f lux  sensing  means  (22,26)   which  produce  an 

5  ou tpu t   which  is  a  func t ion   of  at  l e a s t   par t   of  said  t i m e  

va ry ing   magnet ic   f lux;   and 

an  a r t i c l e   sensing  region  (18)  in  said  time  v a r y i n g  

magnet ic   f lux  through  which,  in  use,  an  a r t i c l e   is  p a s s e d ;  
in  use  the  passage  of  said  a r t i c l e   through  said  s e n s i n g  

10  reg ion   (18)  d i s t u r b s   the  time  varying  magnet ic   f lux ,   causing  a 
change  in  the  output  of  said  sensing  means  ( 2 2 , 2 6 ) .  

2.  An  e l e c t r o m a g n e t i c   a r t i c l e   d e t e c t o r   as  claimed  in  claim  1 
wherein   said  source  of  magnetomotive  force   (24,28)   produces  a 

15  s u b s t a n t i a l l y   s p e c i a l l y   symmetric  time  vary ing   magnetic  f i e l d  

compr i s ing   two  s u b s t a n t i a l l y   e q u i v a l e n t   magnet ic   flux  p a t h s  
(23 ,25)   when  no  a r t i c l e   1s  p resen t   in  said  a r t i c l e   s e n s i n g  
r eg ion   (18)  and  said  sensing  region  (18)  is  d isposed  1n  one  o f  
said  magnet ic   flux  paths  ( 2 3 , 2 5 ) .  

20 
3.  An  e l e c t r o m a g n e t i c   a r t i c l e   d e t e c t o r   as  claimed  in  claim  2 
wherein   said  magnetic   flux  sensing  means  (22,  26)  is  adapted  t o  
sense  any  d i f f e r e n c e   between  the  f lux  in  each  of  s a i d  

e q u i v a l e n t   magnet ic   flux  paths  (23,  25)  r e s u l t i n g   when  an 

25  a r t i c l e   is  p r e sen t   in  said  sensing  region  ( 1 8 ) .  

4.  An  e l e c t r o m a g n e t i c   a r t i c l e   d e t e c t o r   as  claimed  in  any  one 
of  c la ims  1  to  3  wherein  magnetic  f lux  path  shaping  means  ( 1 2 ,  
14,  16)  form  part   of  said  magnetic  f lux  p a t h s .  
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5.  An  e l e c t r o m a g n e t i c   a r t i c l e   d e t e c t o r   as  claimed  1n  claim  4 

wherein  said  magnetic  flux  path  shaping  means  (12 ,14 ,16)   Is  a 

t r a n s f o r m e r -   like  core  ( 1 1 , 1 2 , 1 4 , 1 6 ) ,   said  source  o f  

magnetomotive  force  Is  one  or  more  c o l l s   (24)  wound  on  s a i d  

6  core  (11),   and  said  magnetic   f lux  sens ing   means  ( 2 2 , 2 6 )  

comprises  one  or  more  co l l s   (22 ,26)   wound  on  said  core  ( 1 1 ) .  

6.  An  a r t i c l e   d e t e c t i o n   method  Inc lud ing   the  steps  o f :  

g e n e r a t i n g   a  time  varying  magnet ic   flux  In  at  l eas t   one 

10  flux  path  (23);  and 

d e t e c t i n g   the  change  1n  the  f lux  through  at  leas t   said  one 

flux  path  (23)  due  to  the  p resence   of  an  a r t i c l e   1n  part  (18)  

of  said  one  flux  p a t h .  

16  7.  An  a r t i c l e   d e t e c t i o n   method  as  claimed  1n  claim  6  whe re in  

said  time  varying  magnetic  f i e l d   1s  produced  through  two 

s u b s t a n t i a l l y   s p a t i a l l y   symmetric  f lux  paths  (23,25)  and  s a i d  

sensing  region  (18)  1s  d isposed  1n  one  of  said  paths  ( 2 3 ) .  

20  8.  An  a r t i c l e   d e t e c t i o n   method  as  claimed  1n  claim  7  w h e r e i n  

the  d i f f e r e n c e   of  the  flux  through  each  of  said  two  flux  p a t h s  

(23,25)  1s  d e t e c t e d .  

9.  An  a r t i c l e   r e c o g n i t i o n   unit   Inc lud ing   an  e l e c t r o m a g n e t i c  

26  a r t i c l e   d e t e c t o r   (10)  as  claimed  In  any  one  of  claims  1  to  6 

f u r t h e r   I n c l u d i n g :  

data  d e r i v a t i o n   means  (30,32)   which  der ive   d a t a  

c h a r a c t e r i s t i c   of  a r t i c l e s   which  are  to  be  recognised   from  s a i d  

magnetic  flux  sensing  means  (22,26)   o u t p u t ;  

30  an  Informat ion   s tore   (36)  which  s to re s   I n f o r m a t i o n  

c h a r a c t e r i s t i c   of  a r t i c l e s   which  are  to  be  r ecogn i sed ,   s a i d  

In format ion   being  comparable  with  said  da ta ;   and  compar i son  

means  (34)  which  determine  whether  the re   Is  a  s u b s t a n t i a l  

co r respondence   between  said  de r ived   data  and  said  s t o r e d  

36  I n f o r m a t i o n .  
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10.  An  a r t i c l e   r e c o g n i t i o n   uni t   as  claimed  1n  claim  9  w h e r e i n  

sa id   data  d e r i v a t i o n   means  (30,32)   inc ludes   ampl i tude   means 

(30)  which  der ive   ampli tude  data  from  said  magnet ic   f l u x  

s ens ing   means  (22,26)  ou tpu t ,   and  phase  means  (32)  which  d e r i v e  

5  phase  data  from  the  r e l a t i v e   phase  d i f f e r e n c e   between  a  v o l t a g e  

p roduc ing   said  magnetomotive  fo rce   and  the  output   of  s a i d  

magnet ic   f lux  sensing  means  ( 2 2 , 2 6 ) ;  

said  in format ion   s tore   (36)  inc ludes   a  p h a s e / a m p l i t u d e  

i n f o r m a t i o n   s tore   (36)  which  s t o r e s   phase  and  a m p l i t u d e  
10  i n f o r m a t i o n ,   c h a r a c t e r i s t i c   of  a r t i c l e s   which  are  to  be 

r e c o g n i s e d ,   said  phase  and  ampl i tude   In format ion   b e i n g  

comparable   with  said  phase  and  ampl i tude   da ta ;   and 

said  comparison  means  (34)  is  c o n f i g u r e d   so  as  t o  

de t e rmine   whether  there   is  a  s u b s t a n t i a l   co r respondence   between 

15  sa id   phase  and  ampli tude  data  and  at  l e a s t   par t   of  said  s t o r e d  

phase  and  ampli tude  in fo rmat ion   which  par t   is  c h a r a c t e r i s t i c   o f  

one  of  said  a r t i c l e s   which  are  to  be  r e c o g n i s e d .  

11.  An  a r t i c l e   r e c o g n i t i o n   method  Inc lud ing   an  a r t i c l e  

20  d e t e c t i o n   method  as  claimed  in  any  one  of  claims  6  to  8  f u r t h e r  

i n c l u d i n g   the  steps  o f :  

d e r i v i n g   data  from  said  d e t e c t e d   change  in  the  f lux;   and 

comparing  said  der ived  data  with  s tored   i n f o r m a t i o n ;  

st1d  in format ion   c h a r a c t e r i s t i c   of  a r t i c l e s   which  are  t o  

25  be  r e c o g n i s e d   being  comparable  with  said  data  to  d e t e r m i n e  

whether   there   1s  a  s u b s t a n t i a l   co r r e spondence   between  said  d a t a  

and  said  s to red   in fo rmat ion   c h a r a c t e r i s t i c   of  one  of  s a i d  

a r t i c l e s   which  are  to  be  r e c o g n i s e d .  

30  12.  An  a r t i c l e   r e c o g n i t i o n   method  as  claimed  in  claim  11 

wherein  said  data  Includes  data  on  the  ampl i tude   of  t h e  

d e t e c t e d   change  in  flux  and  data  on  the  phase  of  the  d e t e c t e d  

f lux  r e l a t i v e   to  a  vol tage   producing  said  f l u x ;  

said  in format ion   inc ludes   phase  and  ampl i tude   i n f o r m a t i o n  

35  for   each  of  said  a r t i c l e s   which  are  to  be  r ecogn i sed   which  i s  
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comparabie  with  said  phase  and  ampli tude  data  r e s p e c t i v e l y ;   and 

said  comparison  1s  made  between  said  der ived  phase  and 

ampl i tude   data  and  said  s tored  phase  and  ampl i tude   I n f o r m a t i o n  

r e s p e c t i v e l y .  

6  13.  A  t r a i n a b l e   or  programmable  a r t i c l e   r e c o g n i t i o n   u n i t  

I n c l u d i n g :  

an  a r t i c l e   d e t e c t o r   (10)  with  an  a r t i c l e   sens ing   r e g i o n  

(18)  which  produces  an  output  when  an  a r t i c l e   capable   of  b e i n g  

de t ec t ed   1s  p r e sen t   1n  said  sensing  region  ( 1 8 ) ;  

10  a  m i c r o p r o c e s s o r   means  (34)  connected  to  the  output   o f  

said  a r t i c l e   d e t e c t o r   ( 1 0 ) ;  

memory  (36)  a c c e s s i b l e   by  said  m ic rop roces so r   (34)  f o r  

s t o r i n g   data  der ived   from  said  de t ec to r   (10)  output  on  a r t i c l e s  

to  be  r e c o g n i s e d ;  

15  said  m i c r o p r o c e s s o r   means  (34)  having  an  output   f o r  

s i g n a l l i n g   the  type  of  a r t i c l e   r e c o g n i s e d ;  

t r a i n i n g / r e c o g n i t i o n   s e l e c t i o n   means  (41,34)  to  s e l e c t  

e i t h e r   t r a i n i n g   or  r e c o g n i t i o n   modes  of  ope ra t i on   for  the  u n i t ;  

said  m i c r o p r o c e s s o r   (34)  being  conf igured   such  tha t   when 

20  the  t r a i n i n g   mode  1s  s e l e c t e d   by  said  t r a i n i n g / r e c o g n i t i o n  

s e l e c t i o n   means  (41)  said  m ic rop roces so r   (34)  e v a l u a t e s   d a t a  

con ta ined   In  the  d e t e c t o r   output  obta ined  by  pass ing   one  o r  

more  a r t i c l e s   through  said  a r t i c l e   sensing  region  (18)  and 

s to res   In fo rmat ion   c a l c u l a t e d   from  said  data  1n  said  memory 

26  (36)  c h a r a c t e r i s t i c   of  one  or  more  of  said  de t ec t ed   a r t i c l e s  

for  use  1n  subsequent   r e c o g n i t i o n ;  

said  m i c r o p r o c e s s o r   (34)  being  f u r t h e r   conf igured   such  

tha t   when  said  r e c o g n i t i o n   mode  1s  s e l e c t e d   by  s a i d  

t r a i n i n g / r e c o g n i t i o n   s e l e c t i o n   means  (41),  said  m i c r o p r o c e s s o r  

30  (34)  e v a l u a t e s   the  d e t e c t o r   output  obta ined  by  pass ing   an 

a r t i c l e   through  said  a r t i c l e   sensing  region  (18)  to  p r o d u c e  

r e c o g n i t i o n   data  and  compares  said  r e c o g n i t i o n   data  with  s a i d  

s tored  In fo rmat ion   to  determine  whether  there   1s  a  s u b s t a n t i a l  

co r respondence   between  said  data  and  said  s tored   I n f o r m a t i o n  

35  c h a r a c t e r i s t i c   of  one  of  the  a r t i c l e s   which  are  to  be 

r e c o g n i s e d .  
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14.  A  t r a i n a b l e   or  progammabie  a r t i c l e   r e c o g n i t i o n   unit   a s  
claimed  in  claim  13  wherein  said  a r t i c l e   d e t e c t o r   (10)  i$  t h e  

a r t i c l e   d e t e c t o r   (10)  claimed  1n  any  one  of  claims  1  to  6 .  

5  IB.  A  t r a i n a b l e   or  programmable  a r t i c l e   r e c o g n i t i o n   unit   as  
claimed  1n  claim  13  or  claim  14  wherein  said  memory  (36)  i s  
n o n - v o l a t i l e .  

16,  A  method  of  t r a i n i n g   an  a r t i c l e   r e c o g n i t i o n   unit   as 
10  claimed  in  any  one  of  claims  9,  10,  13,  14  or  15  compris ing  t h e  

s teps   o f :  

c o n f i g u r i n g   said  a r t i c l e   r e c o g n i t i o n   unit   into  a  t r a i n i n g  
mode, 

pass ing   one  or  more  a r t i c l e s   through  an  a r t i c l e   d e t e c t o r  
15  (10)  which  is  part   of  said  a r t i c l e   r e c o g n i t i o n   u n i t ;  

said  a r t i c l e   r e c o g n i t i o n   unit   s u b s e q u e n t l y   a u t o m a t i c a l l y  
e v a l u a t i n g   data  c o l l e c t e d   t he reby ;   and 

s t o r i n g   in format ion   c h a r a c t e r i s t i c   of  one  or  more  of  s a i d  
a r t i c l e s   for  use  in  subsequent   a r t i c l e   r e c o g n i t i o n .  

20 
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