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©  A  method  and  an  apparatus  for  checking  objects  to  be  checked  for  authenticity. 

©  A  number  of  high-permeability  magnetic  ele- 
ments  (12)  are  dispersed  in  a  scanning  region  (13) 
of  a  checking  object  (10).  A  core  (41)  of  a  process- 
ing  apparatus  (20)  is  provided  with  an  exciting  coil 
(31)  and  a  sensor  coil  (32).  When  a  bias  magnetic 
field  is  applied  to  the  core  (41),  and  the  scanning 
region  (13)  is  passed  in  the  vicinity  of  a  gap  (42),  the 
permeability  of  the  gap  (42)  varies  depending  on  the 

CM  density  of  the  magnetic  elements  (12),  so  that  a 
^   magnetic  flux  passing  through  the  core  (41) 
Ifi  changes.  A  detection  signal  corresponding  to  the 
OJ  change  of  the  magnetic  flux  is  detected  by  means  of 
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the  sensor  coil  (32).  This  detection  signal  is  con- 
verted  into  a  cipher  code  and  then  recorded  in  a 
code  indicator  section  of  the  checking  object  (10).  In 
checking  the  authenticity  of  the  object  (10),  a  detec- 
tion  signal  obtained  by  scanning  the  scanning  region 
(13)  by  means  of  the  processing  apparatus  (20)  and 
a  code  for  collation  obtained  by  decoding  the  cipher 
code  recorded  in  the  code  indicator  section  are 
compared,  and  it  is  concluded  that  the  checking 
object  (10)  is  real  when  the  detection  signal  and  the 
collation  code  correspond  to  each  other. 
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The  present  invention  relates  to  a  method  and 
an  apparatus  for  checking  important  documents, 
securities,  paper  money,  cards,  art  objects,  and 
other  checking  objects  which  should  be  checked 
for  authenticity. 

A  checking  method  and  apparatus  utilizing  mi- 
crowaves  are  conventionally  known  as  measures 
for  checking  the  authenticity  of  documents  and  the 
like,  as  described  in  U.S.  Pat.  No.  4,820,912.  Ac- 
cording  to  this  prior  art,  microwaves  are  applied  to 
a  number  of  particles  which  are  distributed  at  ran- 
dom  in  each  document,  and  a  proper  digital  mark 
responsive  to  a  response  microwave  bundle  are 
recorded  in  a  suitable  region  of  the  document 
according  to  specific  rules.  In  checking  the  au- 
thenticity  of  the  document,  microwaves  are  applied 
to  the  document,  and  the  response  microwave  bun- 
dle  is  collated  with  the  digital  mark.  The  document 
is  judged  to  be  real  when  the  microwave  bundle 
and  the  mark  agree  with  each  other. 

According  to  the  prior  art  checking  means 
based  on  the  microwaves,  however,  measuring  the 
response  microwave  bundle  is  susceptible  to  exter- 
nal  noises,  so  that  a  satisfactory  signal-to-noise 
ratio  cannot  be  enjoyed.  Used  to  oscillate  the  mi- 
crowaves,  moreover,  the  aforesaid  prior  art  appara- 
tus  may  possibly  constitute  a  source  of  noises. 
Generally,  furthermore,  a  microwave  transmitter 
and  receiver  are  large-sized,  and  entail  high  costs. 

Accordingly,  the  object  of  the  present  invention 
is  to  provide  an  arrangement  such  that  the  au- 
thenticity  of  checking  objects  can  be  checked  with- 
out  producing  a  source  of  noises,  by  means  of  a 
low-cost  compact  apparatus  with  a  high  signal-to- 
noise  ratio. 

A  first  checking  method  according  to  the 
present  invention,  developed  in  order  to  achieve 
the  above  object,  is  a  method  for  checking  the 
authenticity  of  a  checking  object  which  includes  a 
base  formed  of  a  non-magnetic  material  and  a 
number  of  high-permeability  magnetic  elements 
dispersed  in  a  scanning  region  of  the  base,  com- 
prising:  a  manufacturing  process  for  manufacturing 
the  checking  object;  and  a  collating  process  for 
checking  the  checking  object,  the  manufacturing 
process  including  an  excitation  step  of  applying  a 
bias  magnetic  field  and  moving  the  scanning  region 
relatively  to  the  magnetic  field,  a  step  of  picking  up 
a  change  on  standing  of  a  magnetic  flux,  which 
varies  depending  on  the  distribution  of  the  mag- 
netic  elements,  thereby  detecting  a  detection  signal 
for  the  change  of  the  magnetic  flux,  as  the  scan- 
ning  region  passes  through  the  magnetic  field,  a 
step  of  obtaining  a  cipher  code  by  enciphering  the 
detection  signal,  and  a  step  of  recording  the  cipher 
code  in  a  code  indicator  section  of  the  checking 
object,  and  the  collating  process  including  the  ex- 
citation  step,  the  detection  step,  a  step  of  reading 

the  cipher  code  recorded  in  the  code  indicator 
section,  a  step  of  reproducing  a  code  for  collation 
by  decoding  the  cipher  code,  and  a  step  of  collat- 
ing  the  collation  code  reproduced  in  the  code  re- 

5  production  step  with  the  detection  signal  detected 
in  the  detection  step  and  concluding  that  the 
checking  object  is  real  when  the  collation  code  and 
the  detection  signal  correspond  to  each  other. 

According  to  this  checking  method,  the  mag- 
io  netic  flux  varies  with  the  change  of  the  permeabil- 

ity,  which  depends  on  the  distribution  of  the  mag- 
netic  elements,  as  the  scanning  region  passes 
through  the  bias  magnetic  field.  A  detection  signal 
for  this  change  of  the  magnetic  flux  is  utilized  for 

75  the  check  of  checking  object.  This  detection  signal 
varies  for  each  minute  portion  of  the  scanning 
region,  depending  on  the  density,  size,  or  orienta- 
tion  of  the  magnetic  elements  dispersed  in  the 
scanning  region.  Thus,  a  detection  signal  having  an 

20  output  pattern  proper  to  each  scanning  region  can 
be  obtained. 

A  first  apparatus  according  to  the  present  in- 
vention  comprises:  exciting  means  for  applying  a 
DC  bias  magnetic  field  to  the  scanning  region;  a 

25  transportation  mechanism  for  moving  the  scanning 
region  relatively  to  the  magnetic  field  at  a  predeter- 
mined  speed;  detecting  means  for  picking  up  a 
change  on  standing  of  a  magnetic  flux,  which  var- 
ies  depending  on  the  distribution  of  the  magnetic 

30  elements,  thereby  detecting  a  detection  signal  for 
the  change  of  the  magnetic  flux,  as  the  scanning 
region  passes  through  the  bias  magnetic  field; 
code  writing  means  for  recording  a  code  corre- 
sponding  to  the  detection  signal  in  the  code  indica- 

35  tor  section  of  the  checking  object;  reading  means 
for  reading  the  code  recorded  in  the  code  indicator 
section;  and  means  for  collating  the  code  read  by 
the  reading  means  with  the  detection  signal  de- 
tected  by  the  detecting  means  and  concluding  that 

40  the  checking  object  is  real  when  the  read  code  and 
the  detection  signal  correspond  to  each  other. 

The  exciting  means  may  be  formed  of  a  per- 
manent  magnet  or  arranged  so  that  the  bias  mag- 
netic  field  is  obtained  by  causing  a  DC  current  to 

45  flow  through  an  exciting  coil  on  a  core.  A  high- 
permeability  alloy  material  is  a  suitable  material  for 
the  core. 

A  second  checking  method  according  to  the 
present  invention  comprises:  a  manufacturing  pro- 

50  cess  for  manufacturing  the  checking  object;  and  a 
collating  process  for  checking  the  checking  object, 
the  manufacturing  process  including  an  excitation 
step  of  applying  a  magnetic  field  to  the  magnetic 
elements  within  the  scanning  region  by  means  of  a 

55  magnetic  field  generator  while  passing  the  scan- 
ning  region  between  the  magnetic  field  generator 
and  a  magnetic  sensor,  a  step  of  detecting  a  de- 
tection  signal  for  a  change  on  standing  of  the 
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magnetic  shielding  effect,  which  varies  depending 
on  the  distribution  of  the  magnetic  elements,  by 
means  of  the  magnetic  sensor,  as  the  scanning 
region  crosses  the  magnetic  field,  a  step  of  obtain- 
ing  a  cipher  code  by  enciphering  the  detection 
signal,  and  a  step  of  recording  the  cipher  code  in  a 
code  indicator  section  of  the  checking  object,  and 
the  collating  process  including  the  excitation  step, 
the  detection  step,  a  step  of  reading  the  cipher 
code  recorded  in  the  code  indicator  section,  a  step 
of  reproducing  a  code  for  collation  by  decoding  the 
cipher  code,  and  a  step  of  collating  the  collation 
code  reproduced  in  the  code  reproduction  step 
with  the  detection  signal  detected  in  the  detection 
step  and  concluding  that  the  checking  object  is  real 
when  the  collation  code  and  the  detection  signal 
correspond  to  each  other. 

A  second  apparatus  according  to  the  present 
invention  comprises:  a  first  exciting  coil  for  apply- 
ing  a  first  alternating  field  to  the  scanning  region;  a 
first  magnetic  sensor  opposed  to  the  first  exciting 
coil;  a  transportation  mechanism  for  passing  the 
scanning  region  between  the  first  exciting  coil  and 
the  first  magnetic  sensor;  a  second  exciting  coil 
situated  in  a  position  magnetically  isolated  from  the 
first  exciting  coil  and  used  to  generate  a  second 
alternating  field  identical  with  the  first  alternating 
field;  a  second  magnetic  sensor  opposed  to  the 
second  exciting  coil;  a  circuit  for  fetching  a  detec- 
tion  signal  corresponding  to  the  difference  between 
an  output  produced  in  the  first  magnetic  sensor 
and  an  output  produced  in  the  second  magnetic 
sensor  as  the  scanning  region  passes  between  the 
first  exciting  coil  and  the  first  magnetic  sensor; 
code  writing  means  for  recording  a  code  corre- 
sponding  to  the  detection  signal  in  the  code  indica- 
tor  section  of  the  checking  object;  reading  means 
for  reading  the  code  recorded  in  the  code  indicator 
section;  and  means  for  collating  the  code  read  by 
the  reading  means  with  the  detection  signal  and 
concluding  that  the  checking  object  is  real  when 
the  read  code  and  the  detection  signal  correspond 
to  each  other. 

The  magnetic  elements  according  to  the 
present  invention  may  suitably  be  made  by  a  wire 
member  formed  of  a  high-permeability  alloy  ma- 
terial  (such  as  Co-Fe-Si-B-based  amorphous  alloy, 
Fe-Ni  alloy,  or  permalloy),  a  flake  of  the  same 
alloy,  or  a  combination  of  these.  In  the  description 
herein,  a  high  permeability  is  one  which  provides 
the  maximum  specific  permeability  (u.)  of  10,000  or 
more. 

According  to  the  present  invention,  the  scan- 
ning  region  is  scanned  magnetically,  so  that  the 
apparatus  can  enjoy  a  smaller  size  and  lower  costs 
than  the  checking  means  which  uses  microwaves. 
Since  the  magnetic  elements  can  be  detected  even 
in  a  scanty  magnetic  field,  the  apparatus  can  avoid 

producing  noises.  Also,  the  signal-to-noise  ratio  is 
high,  and  the  reproducibility  is  satisfactory. 

The  present  invention  is  applicable  to  authen- 
ticity  check  of  papers,  such  as  securities,  paper 

5  money,  important  documents,  etc.,  or  plastic  cards, 
such  as  ID  cards,  CD  cards,  credit  cards,  etc., 
prevention  of  forgery  of  art  objects,  or  discrimina- 
tion  of  the  real  from  the  false. 

This  invention  can  be  more  fully  understood 
io  from  the  following  detailed  description  when  taken 

in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  side  view,  partially  in  section,  show- 
ing  an  outline  of  a  processing  apparatus  accord- 

15  ing  to  an  embodiment  of  the  present  invention; 
Fig.  2  is  a  plan  view  showing  an  example  of  a 
checking  object; 
Fig.  3  is  a  diagram  showing  an  output  voltage 
produced  as  the  checking  object  is  scanned; 

20  Fig.  4  is  a  flow  chart  showing  a  process  for 
manufacturing  the  checking  object; 
Fig.  5  is  a  flow  chart  showing  a  collating  process 
for  checking  the  authenticity  of  the  checking 
object;  and 

25  Fig.  6  is  a  side  view,  partially  in  section,  show- 
ing  a  processing  apparatus  according  to  another 
embodiment  of  the  invention. 

Referring  now  to  Figs.  1  to  5,  a  first  embodi- 
ment  of  the  present  invention  will  be  described. 

30  As  shown  in  Fig.  2,  a  number  of  high-per- 
meability  magnetic  elements  12  are  dispersed  at 
random  in  a  base  11  of  a  checking  object  10  so  as 
to  be  oriented  in  many  and  unspecified  directions. 
The  base  11  is  formed  of  a  nonmagnetic  material 

35  such  as  paper,  plastics,  etc.  Each  magnetic  ele- 
ment  12  may,  for  example,  be  in  the  form  of  a  wire 
of  a  high-permeability  alloy  material  having  a  diam- 
eter  of  about  7  to  50  urn  and  length  of  about  5  to 
30  mm.  Alternatively,  the  element  12  may  be 

40  formed  of  a  leaf  of  a  high-permeability  alloy  ma- 
terial  having  a  thickness  of  about  7  to  50  urn  and 
length  of  about  5  to  30  mm.  These  elements  12  are 
dispersed  into  a  specific  scanning  region  13  so  as 
to  enjoy  a  certain  measure  of  density  when  the 

45  checking  object  10  is  manufactured. 
The  checking  object  10  is  provided  with  the 

scanning  region  13  and  a  code  indicator  section 
15.  Informations  corresponding  to  the  magnetic  ele- 
ments  12  within  the  scanning  region  13  are  enci- 

50  phered  and  written  in  the  indicator  section  15.  The 
checking  object  10  is  magnetically  scanned  by 
means  of  a  processing  apparatus  20  shown  in  Fig. 
1  .  The  processing  apparatus  20  comprises  a  hous- 
ing  25  and  a  transportation  mechanism  26.  The 

55  mechanism  26  is  arranged  so  that  the  object  10  is 
moved  at  constant  speed  in  the  direction  of  arrow 
F  of  Fig.  1  by  means  of  a  transportation  member 
27,  formed  of  a  belt,  rollers,  etc. 

4 
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A  coil  pair  33  for  induction  voltage  detection, 
formed  of  an  exciting  coil  31  and  a  sensor  coil  32, 
is  provided  in  the  middle  of  the  path  of  movement 
of  the  checking  object  10.  The  coils  31  and  32  are 
arranged  on  a  core  41  of  a  sensor  head  40.  The 
core  41,  which  is  formed  of  a  high-permeability 
alloy  material,  has  a  gap  42,  and  constitutes  a 
closed  magnetic  circuit.  The  length  of  the  gap  42 
ranges  from  about  30  to  100  urn. 

A  sensing  section  43  is  located  in  the  vicinity 
of  gap  42  so  that  the  scanning  region  13  passes 
through  the  section  43.  The  exciting  coil  31  is 
connected  with  a  DC  power  supply  circuit  45  for 
applying  a  DC  bias  magnetic  field  to  the  core  41. 
As  an  electric  current  is  caused  to  flow  through  the 
coil  31,  fixed  quantities  of  magnetic  fluxes  pass 
through  the  core  41  ,  and  part  of  the  bias  magnetic 
field  passes  through  the  sensing  section  43. 

Possibly,  one  coil  may  be  used  to  fulfill  the 
functions  of  both  the  exciting  coil  31  and  the  sen- 
sor  coil  32.  In  this  case,  the  reduced  coil  number 
permits  a  reduction  in  cost.  Although  the  coil  32  is 
used  as  an  example  of  a  magnetic  sensor  accord- 
ing  to  the  embodiment  described  above,  a  mag- 
netic  sensing  element,  such  as  a  Hall  element,  may 
be  used  in  place  of  the  coil  32. 

The  processing  apparatus  20  further  comprises 
a  controller  50  formed  of  a  microcomputer  or  the 
like,  a  code  writing  unit  51  for  recording  the  follow- 
ing  cipher  code  in  the  code  indicator  section  15  of 
the  checking  object  10,  a  code  reading  unit  52  for 
reading  the  cipher  code  recorded  in  the  indicator 
section  15,  etc.  The  units  51  and  52  are  connected 
to  a  code  read/write  circuit  53.  The  controller  50 
includes  an  analog-to-digital  converter  60,  a  com- 
parator  61,  a  cipher  code  converter  62,  etc.  A 
display  65  is  connected  to  the  controller  50. 

The  following  is  a  description  of  the  operation 
of  the  apparatus  20  according  to  the  above-de- 
scribed  embodiment. 

Fig.  4  shows  an  outline  of  a  process  for  manu- 
facturing  the  checking  object  10.  In  Step  S1,  the 
magnetic  elements  12  are  dispersed  into  the  base 
11  of  the  object  10  as  the  base  11  is  manufactured. 
In  Step  S2  for  scanning,  the  object  10  is  moved  in 
the  direction  of  arrow  F  at  a  predetermined  speed 
by  means  of  the  transportation  mechanism  26. 
Step  S2  includes  Step  S3  for  excitation  and  Step 
S4  for  detection. 

In  Step  S3,  a  DC  current  is  caused  to  flow 
through  the  exciting  coil  31  by  means  of  the  DC 
power  supply  circuit  45,  thereby  applying  the  DC 
bias  magnetic  field  to  the  core  41  in  advance.  If 
none  of  the  magnetic  elements  12  exist  in  the 
sensing  section  43  of  the  core  41  ,  the  permeability 
of  the  gap  42  remains  in  its  initial  state,  so  that  the 
magnetic  fluxes  passing  through  the  core  41  are 
uniform.  Accordingly,  no  electromagnetic  induction 

voltage  can  be  produced  in  the  coil  32,  so  that  the 
voltage  delivered  to  the  controller  50  is  substan- 
tially  zero. 

When  the  scanning  region  13  is  passed 
5  through  the  sensing  section  43  by  moving  the 

checking  object  10  in  the  direction  of  arrow  F  at 
the  predetermined  speed  by  means  of  the  trans- 
portation  mechanism  26,  a  plurality  of  minute  por- 
tions  of  the  scanning  region  13  successively  pass 

io  through  the  sensing  section  43.  At  this  time,  the 
permeability  of  the  gap  42  changes  with  the  pas- 
sage  of  time,  depending  on  the  conditions  of  the 
magnetic  elements  12,  so  that  the  number  of  the 
magnetic  fluxes  passing  through  the  core  41  varies. 

is  As  a  result,  an  electromagnetic  induction  voltage  is 
produced  in  the  sensor  coil  32. 

Since  this  induction  voltage  changes  its  level 
depending  on  the  density,  diameter  (or  thickness), 
length,  direction,  etc.  of  the  magnetic  elements  12, 

20  it  is  measured  as  an  output  voltage  pattern,  as 
illustrated  in  Fig.  3.  In  this  embodiment,  the  scan- 
ning  region  13  is  divided  with  every  infinitesimal 
time  for  detection,  and  output  voltages  for  the 
individual  infinitesimal  times  are  ranked  in  a  plural- 

25  ity  of  stages  and  digitized,  in  Step  S4.  Thus,  an 
encoded  detection  signal  proper  to  the  scanning 
region  13  can  be  obtained. 

This  detection  signal  is  enciphered  according 
to  specific  rules  by  means  of  the  cipher  code 

30  converter  62  in  Step  S5  for  encipherment.  The 
resulting  cipher  code  is  recorded  in  the  code  in- 
dicator  section  15  by  means  of  a  magnetic  head  of 
the  code  writing  unit  51  in  Step  S6  for  writing. 
Although  the  indicator  section  15  of  this  embodi- 

35  ment  is  a  magnetic  stripe,  the  cipher  code  may  be 
recorded  in  the  form  of  a  bar  code  in  the  indicator 
section  15  by  means  of,  for  example,  a  print  head. 

The  authenticity  of  the  checking  object  10  can 
be  also  checked  by  using  the  processing  apparatus 

40  20.  Fig.  5  shows  an  outline  of  a  collating  process 
for  checking  the  authenticity  of  the  object  10.  Step 
S11  for  scanning  includes  Step  S3  for  excitation 
and  Step  S4  for  detection,  which  are  identical  with 
those  of  the  aforementioned  process  for  manufac- 

45  turing  the  checking  object  10.  A  detection  signal 
corresponding  to  the  distribution  of  the  magnetic 
elements  12  is  obtained  by  scanning  the  scanning 
region  13  at  a  predetermined  speed. 

In  Step  S12  for  code  reading,  the  cipher  code 
50  recorded  in  the  code  indicator  section  15  is  read 

by  means  of  the  code  reading  unit  52.  As  this  code 
is  decoded  according  to  specific  rules  by  means  of 
the  cipher  code  converter  62  in  Step  S13  for  code 
reproduction,  a  code  for  collation  is  reproduced.  In 

55  Step  S14  for  discrimination,  the  collation  code  and 
the  detection  signal  detected  in  Step  S4  for  detec- 
tion  are  compared  by  means  of  the  comparator  61  , 
and  it  is  concluded  that  the  checking  object  10  is 

5 
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real  only  when  the  code  and  the  signal  agree  with 
each  other.  The  result  of  the  collation  is  indicated 
on  the  display  65. 

According  to  the  processing  apparatus  20,  the 
scanning  region  13  can  be  detected  even  if  the 
external  magnetic  fields  applied  to  the  checking 
object  10  are  weak.  Even  though  the  cipher  code 
and  other  informations  are  magnetically  recorded  in 
the  code  indicator  section  15  or  other  areas,  there- 
fore,  these  magnetic  informations  can  never  be 
destroyed.  Since  an  induction  voltage  detection 
signal  is  obtained  by  means  of  the  core  41  ,  having 
the  gap  42,  and  the  coil  32,  moreover,  it  is  not 
susceptible  to  external  noises. 

Referring  now  to  Fig.  6,  a  second  embodiment 
of  the  present  invention  will  be  described.  A  pro- 
cessing  apparatus  80  shown  in  Fig.  6  is  designed 
so  that  a  first  exciting  coil  85,  for  use  as  a  mag- 
netic  field  generator,  and  a  first  sensor  coil  86,  for 
use  as  a  magnetic  field  sensor,  are  arranged  in  the 
middle  of  a  path  along  which  the  checking  object 
10  moves.  These  coils  85  and  86,  which  constitute 
a  coil  pair  87  for  permeability  detection,  are  ar- 
ranged  at  a  distance  d1  from  each  other.  The 
scanning  region  13  of  the  checking  object  10  is 
passed  between  the  coils  85  and  86  by  means  of 
the  transportation  mechanism  26.  The  exciting  coil 
85,  which  is  connected  to  a  high-frequency  power 
supply  circuit  88,  serves  to  apply  an  alternating 
field  to  the  magnetic  elements  12  within  the  scan- 
ning  region  13. 

Further,  a  coil  pair  92  for  comparison,  which  is 
formed  of  a  second  exciting  coil  90  and  a  second 
sensor  coil  91  ,  is  located  in  a  position  magnetically 
isolated  from  the  first  exciting  coil  85.  A  distance 
d2  between  the  second  exciting  coil  90  and  the 
second  sensor  coil  91  is  equal  to  the  distance  d1 
between  the  first  coils  85  and  86. 

The  first  and  second  exciting  coils  85  and  90 
have  the  same  electromagnetic  properties  (induc- 
tance,  resistance,  coil  wire  diameter,  number  of  coil 
turns,  etc.).  Likewise,  the  first  and  second  sensor 
coils  86  and  91  have  the  same  electromagnetic 
properties.  Further,  the  first  and  second  exciting 
coils  85  and  90,  which  are  in  the  same  phase,  are 
connected  to  the  high-frequency  power  supply  cir- 
cuit  88.  The  first  and  second  sensor  coils  86  and 
91  ,  which  are  in  opposite  phases,  are  connected  to 
a  controller  95  through  a  differential  voltage  fetch 
circuit  94. 

The  processing  apparatus  80  comprises  the 
controller  95  formed  of  a  microcomputer  or  the  like, 
as  well  as  the  same  code  writing  unit  51,  code 
reading  unit  52,  code  read/write  circuit  53,  etc.  as 
are  used  in  the  foregoing  embodiment.  The  coils 
86  and  91  may  be  replaced  with  magnetic  sensing 
elements,  such  as  Hall  elements,  which  utilize  the 
galvanomagnetic  effect. 

In  manufacturing  the  checking  object  10,  the 
magnetic  elements  12  are  dispersed  into  the  base 
11,  as  in  Step  S1  of  the  manufacturing  process  of 
Fig.  4  described  in  connection  with  the  foregoing 

5  embodiment.  Then,  in  Step  S2  for  scanning,  the 
object  10  is  moved  in  the  direction  of  arrow  F  at  a 
predetermined  speed  by  means  of  the  transporta- 
tion  mechanism  26,  whereby  the  scanning  region 
13  is  scanned.  In  this  processing  apparatus  80,  an 

io  alternating  current  of  a  high  frequency  (e.g.,  500  to 
1  ,000  Hz)  is  applied  to  the  first  and  second  exciting 
coils  85  and  90  by  means  of  the  high-frequency 
power  supply  circuit  88.  In  this  case,  equal  alternat- 
ing  fields  are  generated  in  the  coils  85  and  90 

is  which  are  connected  in  the  same  phase,  so  that 
equal  electromagnetic  induction  voltages  are  pro- 
duced  in  the  sensor  coils  86  and  91  before  the 
scanning  region  13  is  scanned. 

If  it  is  concluded  in  Step  S3  that  the  checking 
20  object  10  is  not  situated  between  the  first  exciting 

coil  85  and  the  first  sensor  coil  86,  the  voltages 
produced  in  the  first  and  second  sensor  coils  86 
and  91,  which  are  in  the  opposite  phases,  are 
equal,  so  that  the  voltage  delivered  to  the  controller 

25  50  remains  zero.  When  the  scanning  region  13 
passes  between  the  first  exciting  coil  85  and  the 
first  sensor  coil  86,  the  voltage  produced  in  the  coil 
86  is  lowered  by  the  magnetic  shielding  effect  of 
the  magnetic  elements  12.  Since  the  magnetic 

30  elements  12  are  not  situated  between  the  second 
exciting  coil  90  and  the  second  sensor  coil  91,  on 
the  other  hand,  the  output  of  the  coil  91  makes  no 
change.  Accordingly,  a  voltage  corresponding  to 
the  difference  between  the  voltages  produced  in 

35  the  first  and  second  sensor  coils  86  and  91  is 
delivered  to  the  analog-to-digital  converter  60. 

The  higher  the  density  of  the  magnetic  ele- 
ments  12,  the  greater  the  aforesaid  magnetic 
shielding  effect  is.  Thus,  the  higher  the  density  of 

40  the  elements  12,  the  higher  or  greater  the  aforesaid 
output  voltage  or  the  output  difference  between  the 
first  and  second  sensor  coils  86  and  91  is.  When 
Step  S3  for  excitation  is  executed  while  moving  the 
checking  object  10  in  the  direction  of  arrow  F  at 

45  the  predetermined  speed  by  means  of  the  trans- 
portation  mechanism  26,  therefore,  the  minute  por- 
tions  of  the  scanning  region  13  successively  pass 
between  the  first  exciting  coil  85  and  the  first 
sensor  coil  86,  so  that  the  change  of  density  of  the 

50  magnetic  elements  12  is  detected  in  the  form  of  an 
output  voltage  pattern.  In  Step  S4,  this  output  volt- 
age  is  detected  with  every  infinitesimal  time,  and 
the  output  voltages  for  the  individual  infinitesimal 
times  are  ranked  in  a  plurality  of  stages  and  con- 

55  verted  into  digital  values.  Thus,  an  encoded  detec- 
tion  signal  proper  to  the  scanning  region  13  can  be 
obtained. 

6 
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This  detection  signal  is  converted  into  a  cipher 
code  by  means  of  the  cipher  code  converter  62  in 
Step  S5  for  encipherment.  The  cipher  code  is 
recorded  in  the  code  indicator  section  15  by  means 
of  the  magnetic  head  of  the  code  writing  unit  51  in 
Step  S6  for  writing. 

The  authenticity  of  the  checking  object  10  can 
be  also  checked  by  using  the  processing  apparatus 
80.  In  Step  S11  for  scanning  which  includes  Step 
S3  for  excitation  and  Step  S4  for  detection,  as  in 
the  collating  process  shown  in  Fig.  5,  the  detection 
signal  for  the  scanning  region  13  corresponding  to 
the  distribution  of  the  magnetic  elements  12  is 
obtained  by  scanning  the  region  13. 

In  Step  S12  for  code  reading,  the  cipher  code 
recorded  in  the  code  indicator  section  15  is  read 
by  means  of  the  code  reading  unit  52.  As  this  code 
is  decoded  according  to  the  specific  rules  by 
means  of  the  cipher  code  converter  62  in  Step  S13 
for  code  reproduction,  the  code  for  collation  is 
reproduced.  In  Step  S14  for  discrimination,  the 
collation  code  and  the  detection  signal  detected  in 
Step  S4  for  detection  are  compared  by  means  of 
the  comparator  61,  and  it  is  concluded  that  the 
checking  object  10  is  real  when  the  code  and  the 
signal  agree  with  each  other. 

According  to  the  present  invention,  moreover, 
the  magnetic  elements  12  may  be  embedded  in 
the  back  of  the  canvas  of  a  picture,  for  example.  In 
this  case,  a  cipher  code,  similar  to  the  ones  ac- 
cording  to  the  foregoing  embodiments,  is  recorded 
in  a  code  indicator  section,  whereby  the  picture 
can  be  proved  to  be  authentic.  If  the  magnetic 
elements  12  according  to  the  invention  are  embed- 
ded  in  art  objects  in  three  dimensions,  furthermore, 
the  original  objects  can  be  distinguished  from  imi- 
tations. 

Claims 

1.  A  method  for  checking  the  authenticity  of  a 
checking  object  (10)  which  includes  a  base 
(11)  formed  of  a  nonmagnetic  material  and  a 
number  of  high-permeability  magnetic  ele- 
ments  (12)  dispersed  in  a  scanning  region  (13) 
of  the  base  (11),  comprising  a  manufacturing 
process  for  manufacturing  the  checking  object 
(10)  and  a  collating  process  for  checking  the 
checking  object  (10), 

characterized  in  that: 
the  manufacturing  process  includes  an  ex- 

citation  step  (S3)  of  applying  a  bias  magnetic 
field  and  moving  the  scanning  region  (13)  rela- 
tively  to  the  magnetic  field,  a  step  (S4)  of 
picking  up  a  change  on  standing  of  a  magnetic 
flux,  which  varies  depending  on  the  distribution 
of  the  magnetic  elements  (12),  thereby  detect- 
ing  a  detection  signal  for  the  change  of  the 

magnetic  flux,  as  the  scanning  region  (13) 
passes  through  the  magnetic  field,  a  step  (S5) 
of  obtaining  a  cipher  code  by  enciphering  the 
detection  signal,  and  a  step  (S6)  of  recording 

5  the  cipher  code  in  a  code  indicator  section  (15) 
of  the  checking  object  (10);  and 

the  collating  process  includes  the  excita- 
tion  step  (S3)  of  applying  the  bias  magnetic 
field  and  moving  the  scanning  region  (13)  rela- 

io  tively  to  the  magnetic  field,  the  step  (S4)  of 
picking  up  the  change  on  standing  of  the  mag- 
netic  flux,  which  varies  depending  on  the  dis- 
tribution  of  the  magnetic  elements  (12),  there- 
by  detecting  the  detection  signal  for  the 

is  change  of  the  magnetic  flux,  as  the  scanning 
region  (13)  passes  through  the  magnetic  field, 
a  step  (S12)  of  reading  the  cipher  code  re- 
corded  in  the  code  indicator  section  (15),  a 
step  (S13)  of  reproducing  a  code  for  collation 

20  by  decoding  the  cipher  code,  and  a  step  (S14) 
of  collating  the  collation  code  reproduced  in 
the  code  reproduction  step  (S13)  with  the  de- 
tection  signal  detected  in  the  detection  step 
(S4)  and  concluding  that  the  checking  object 

25  (10)  is  real  when  the  collation  code  and  the 
detection  signal  correspond  to  each  other. 

2.  A  checking  method  according  to  claim  1  ,  char- 
acterized  in  that  said  excitation  step  (S3)  in- 

30  eludes  applying  the  bias  magnetic  field  to  a 
core  (41)  having  a  gap  (42)  by  means  of  an 
exciting  coil  (31)  and  a  DC  power  supply  cir- 
cuit  (45),  and  said  detection  step  (S4)  includes 
detecting  the  detection  signal  for  the  change  of 

35  the  magnetic  flux,  which  is  caused  as  the 
permeability  of  the  gap  (42)  varies  depending 
on  the  distribution  of  the  magnetic  elements 
(12),  by  means  of  a  coil  (32)  for  induction 
voltage  detection. 

40 
3.  An  apparatus  for  checking  the  authenticity  of  a 

checking  object  (10)  which  includes  a  base 
(11)  formed  of  a  nonmagnetic  material,  a  scan- 
ning  region  (13)  provided  in  the  base  (11),  a 

45  code  indicator  section  (15)  provided  in  the 
base  (11),  and  a  number  of  high-permeability 
magnetic  elements  dispersed  in  the  scanning 
region,  comprising  a  transportation  mechanism 
(26)  for  moving  the  checking  object  (10)  and 

50  scanning  means  for  scanning  the  scanning  re- 
gion  (13), 

characterized  in  that: 
the  scanning  means  includes  exciting 

means  (31,  41,  45)  for  applying  a  DC  bias 
55  magnetic  field  to  the  scanning  region  (13),  and 

detecting  means  (32)  for  picking  up  a  change 
on  standing  of  a  magnetic  flux,  which  varies 
depending  on  the  distribution  of  the  magnetic 
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elements  (12),  thereby  detecting  a  detection 
signal  for  the  change  of  the  magnetic  flux,  as 
the  scanning  region  (13)  passes  through  the 
bias  magnetic  field, 

and  characterized  by  further  comprising:  5 
code  writing  means  (51)  for  recording  a 

code  corresponding  to  the  detection  signal  in 
the  code  indicator  section  (15)  of  the  checking 
object  (10); 

reading  means  (52)  for  reading  the  code  10 
recorded  in  the  code  indicator  section  (15); 
and 

means  (50)  for  collating  the  code  read  by 
the  reading  means  (52)  with  the  detection  sig- 
nal  detected  by  the  detecting  means  (32)  and  is 
concluding  that  the  checking  object  (10)  is  real 
when  the  read  code  and  the  detection  signal 
correspond  to  each  other. 

An  apparatus  according  to  claim  3,  character-  20 
ized  in  that  said  exciting  means  (31,  41,  45) 
includes  a  core  (41)  having  a  gap  (42),  an 
exciting  coil  (31)  on  the  core  (41),  and  a  DC 
power  supply  circuit  (45)  connected  to  the  coil 
(31)  ,  and  said  detecting  means  (32)  is  a  coil  25 
(32)  for  induction  voltage  detection  on  the  core 
(41). 

A  method  for  checking  the  authenticity  of  a 
checking  object  (10)  which  includes  a  base  30 
(11)  formed  of  a  nonmagnetic  material  and  a 
number  of  high-permeability  magnetic  ele- 
ments  (12)  dispersed  in  a  scanning  region  (13) 
of  the  base  (11),  comprising  a  manufacturing 
process  for  manufacturing  the  checking  object  35 
(10)  and  a  collating  process  for  checking  the 
checking  object  (10), 

characterized  in  that: 
the  manufacturing  process  includes  an  ex- 

citation  step  (S3)  of  applying  a  magnetic  field  40 
to  the  magnetic  elements  (12)  within  the  scan- 
ning  region  (13)  by  means  of  a  magnetic  field 
generator  (85)  while  passing  the  scanning  re- 
gion  (13)  between  the  magnetic  field  generator 
(85)  and  a  magnetic  sensor  (86),  a  step  (S4)  of  45 
detecting  a  detection  signal  for  a  change  on 
standing  of  the  magnetic  shielding  effect, 
which  varies  depending  on  the  distribution  of 
the  magnetic  elements  (12),  by  means  of  the 
magnetic  sensor  (86),  as  the  scanning  region  so 
(13)  crosses  the  magnetic  field,  a  step  (S5)  of 
obtaining  a  cipher  code  by  enciphering  the 
detection  signal,  and  a  step  (S6)  of  recording 
the  cipher  code  in  a  code  indicator  section  (15) 
of  the  checking  object  (10);  and  55 

the  collating  process  includes  the  excita- 
tion  step  (S3)  of  applying  the  magnetic  field  to 
the  magnetic  elements  (12)  within  the  scanning 

region  (13)  by  means  of  the  magnetic  field 
generator  (85)  while  passing  the  scanning  re- 
gion  (13)  between  the  magnetic  field  generator 
(85)  and  the  magnetic  sensor  (86),  the  step 
(S4)  of  detecting  the  detection  signal  for  the 
change  on  standing  of  the  magnetic  shielding 
effect,  which  varies  depending  on  the  distribu- 
tion  of  the  magnetic  elements  (12),  by  means 
of  the  magnetic  sensor  (86),  as  the  scanning 
region  (13)  crosses  the  magnetic  field,  a  step 
(S12)  of  reading  the  cipher  code  recorded  in 
the  code  indicator  section  (15),  a  step  (S13)  of 
reproducing  a  code  for  collation  by  decoding 
the  cipher  code,  and  a  step  (S14)  of  collating 
the  collation  code  reproduced  in  the  code  re- 
production  step  (S13)  with  the  detection  signal 
detected  in  the  detection  step  (S4)  and  con- 
cluding  that  the  checking  object  (10)  is  real 
when  the  collation  code  and  the  detection  sig- 
nal  correspond  to  each  other. 

6.  An  apparatus  for  checking  the  authenticity  of  a 
checking  object  (10)  which  includes  a  base 
(11)  formed  of  a  nonmagnetic  material,  a  scan- 
ning  region  (13)  provided  in  the  base  (11),  a 
code  indicator  section  (15)  provided  in  the 
base  (11),  and  a  number  of  high-permeability 
magnetic  elements  dispersed  in  the  scanning 
region,  comprising  scanning  means  for  scan- 
ning  the  scanning  region  (13)  of  the  checking 
object  (10), 

characterized  in  that: 
the  scanning  means  includes  a  first  excit- 

ing  coil  (85)  for  applying  a  first  alternating  field 
to  the  scanning  region  (13),  a  first  magnetic 
sensor  (86)  opposed  to  the  first  exciting  coil 
(85)  ,  a  transportation  mechanism  (26)  for  pass- 
ing  the  scanning  region  (13)  between  the  first 
exciting  coil  (85)  and  the  first  magnetic  sensor 
(86)  ,  a  second  exciting  coil  (90)  situated  in  a 
position  magnetically  isolated  from  the  first  ex- 
citing  coil  (85)  and  used  to  generate  a  second 
alternating  field  identical  with  the  first  alternat- 
ing  field,  a  second  magnetic  sensor  (91)  op- 
posed  to  the  second  exciting  coil  (90),  and  a 
circuit  (94)  for  fetching  a  detection  signal  cor- 
responding  to  the  difference  between  an  output 
produced  in  the  first  magnetic  sensor  (86)  and 
an  output  produced  in  the  second  magnetic 
sensor  (91)  as  the  scanning  region  (13)  passes 
between  the  first  exciting  coil  (85)  and  the  first 
magnetic  sensor  (86), 

and  characterized  by  further  comprising: 
code  writing  means  (51)  for  recording  a 

code  corresponding  to  the  detection  signal  in 
the  code  indicator  section  (15)  of  the  checking 
object  (10); 

reading  means  (52)  for  reading  the  code 
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recorded  in  the  code  indicator  section  (15); 
and 

means  (95)  for  collating  the  code  read  by 
the  reading  means  (52)  with  the  detection  sig- 
nal  and  concluding  that  the  checking  object  5 
(10)  is  real  when  the  read  code  and  the  detec- 
tion  signal  correspond  to  each  other. 

7.  An  apparatus  according  to  claim  6,  character- 
ized  in  that  a  distance  d1  from  the  first  exciting  10 
coil  (85)  to  the  first  magnetic  sensor  (86)  and  a 
distance  d2  from  the  second  exciting  coil  (90) 
to  the  second  magnetic  sensor  (91)  are  equal, 
said  first  and  second  exciting  coils  (85,  90) 
have  the  same  electromagnetic  properties,  is 
said  first  and  second  magnetic  sensors  (86, 
91)  have  the  same  electromagnetic  properties, 
and  said  magnetic  sensors  (86,  91)  are  con- 
nected  to  each  other  by  means  of  the  circuit 
(94).  20 
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