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(54)  REWRITABLE  RECORDING  DEVICE. 
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©  A  conventional  rewritable  recording  device  utiliz- 
ing  a  heat-sensitive  recording  medium  (1)  which  is 
turned  into  a  colored  state  when  heated  at  a  first 
predetermined  temperature  and  turned  into  a  color- 
less  state  when  heated  at  a  second  predetermined 
temperature  has  a  problem  that  the  recording  me- 
dium  will  not  be  turned  into  a  completely  colorless 
state  depending  on  the  history  of  recording  and 
erasing,  when,  for  example,  no  satisfactory  heating 
to  the  second  predetermined  temperature  is  per- 

formed  or  when  repeated  recording  and  erasing 
have  deprived  the  recording  medium  of  its  revers- 
ibility.  In  order  to  solve  this  problem,  the  invention 
device  is  provided  with  a  data  erasing  means  (7) 
wherein  the  energy  applied  to  a  heating  means  is 
varied  so  that  the  recording  medium  can  be  heated 
to  the  predetermined  temperature.  Furthermore,  a 
recording  medium,  which  has  been  used  many  times 
until  reuse  thereof  is  no  longer  possible,  is  discrimi- 
nated  and  discarded,  so  that  the  recording  medium 
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icapable  of  recording  is  prevented  from  being  used. 
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Field  of  the  Invention 

This  invention  relates  to  a  recording  and  eras- 
ing  system  which  records  an  image  on  a  ther- 
moreversible  recording  medium  and  erases  such  a 
recorded  image  therefrom  by  controlling  a  quantity 
of  energy  applied  thereto. 

Background  of  the  Invention 

Up  to  now,  efforts  have  been  made  to  develop 
recording  systems  which  can  repeatedly  record 
and  erase  an  image  on  and  from  a  thermorever- 
sible  recording  medium  which  becomes  black,  or 
transparent  and  colorless  depending  upon  quan- 
tities  of  thermal  energy  applied  thereto. 

Japanese  patent  laid-open  publications  No. 
Sho  57-77140  and  Hei  2-188294  propose  examples 
of  thermographic  materials  for  such  a  recording 
medium. 

The  former  publication  exemplifies  a  ther- 
moreversible  recording  medium  comprising  layers 
of  thermoreversible  material  of  a  whitening  group 
applied  on  the  surface  of  a  glass  or  plastic  sub- 
strate.  This  material  inverts  its  state  at  two  transi- 
tion  temperatures  ti  and  t2  (ti  <  t2).  When  heated 
above  the  temperature  t2  for  a  given  period  of  time, 
the  material  becomes  white.  On  the  other  hand, 
when  heated  above  ti  but  below  t2  for  a  second 
given  period  of  time,  the  material  becomes  trans- 
parent  and  colorless.  Therefore,  heating  elements 
of  a  thermal  head  associated  with  an  image  to  be 
recorded  are  heated  above  t2,  while  heating  ele- 
ments  associated  with  an  image  to  be  erased  are 
heated  above  ti  but  under  t2. 

The  latter  publication  discloses  a  thermorever- 
sible  medium  including  a  thermoreversible  material 
of  a  dye  group.  When  the  recording  medium  con- 
tains  a  dye  whose  transparency  or  color  changes 
with  temperatures,  the  medium  can  be  repeatedly 
used  for  recording  and  erasing  images  such  as 
letters  and  symbols  thereon  and  therefrom,  respec- 
tively,  similarly  to  the  foregoing  thermoreversible 
medium  of  the  whitening  group. 

The  principle  of  the  recording  system  will  be 
described  hereinafter.  When  a  first  energy  (hi)  is 
applied  from  a  dynamic  heat  source  such  as  a 
thermal  head,  the  thermoreversible  material  is  de- 
veloped  to  form  a  first  dark  image  (in  black).  The 
image  is  maintained  as  it  is  in  a  normal  environ- 
ment  (temperature  and  humidity),  but  is  erasable 
when  a  second  energy  (h2)  is  applied  thereto. 
When  the  first  energy  (hi)  is  applied  again,  a 
second  image  can  be  formed.  Thus,  the  recording 
and  erasing  can  be  performed  repeatedly. 

Fig.  1  of  the  accompanying  drawings  is  a  sche- 
matic  view  showing  the  configuration  of  the  fore- 
going  recording  medium  1,  which  comprises  a  pro- 

tective  film  14,  a  recording  layer  15  including  ma- 
terials  such  as  a  dye,  an  agent  for  making  an 
image  visible/invisible  and  a  binder,  and  a  sub- 
strate  16.  When  the  first  large  energy  (hi)  of  200  to 

5  300  °  C  is  applied  onto  the  recording  medium  1  for 
a  short  period  of  time,  e.g.  1  to  3  ms,  in  the 
direction  shown  by  an  arrow  A,  a  black  image  is 
formed  on  the  recording  medium  1,  for  example. 
Conversely,  when  the  second  small  energy  (rfe)  of 

io  80  -  160°  C  is  applied  to  the  recording  medium  1 
for  a  relatively  long  period  of  time,  e.g.  5  ms  to  2 
sec,  in  the  direction  of  the  arrow  A,  the  image  is 
erased  from  the  recording  medium. 

Specifically,  the  recording  layer  15  includes  an 
75  agent  for  making  the  image  visible/invisible  which 

becomes  acid  and  salt  in  response  to  an  applied 
energy,  and  a  leuco  dye  whose  color  changes  with 
variations  of  acidity.  Fig.  2  shows  phenyl  carbonate 
and  organic  amine  salt  as  an  example  of  the  agent 

20  for  making  the  image  visible/invisible.  Fig.  3  (a) 
shows  a  colorless  leuco  compound  and  Fig.  3  (b) 
shows  a  colored  leuco  compound. 

The  agent  for  making  the  image  visi- 
ble/invisible  becomes  acid  when  it  is  heated  above 

25  the  temperature  fc,  so  that  lactone  rings  of  the 
leuco  dye  are  opened.  Thus,  the  leuco  dye  be- 
comes  colored.  When  heated  above  the  tempera- 
ture  ti  but  under  the  temperature  fc,  the  agent  for 
making  the  image  visible/invisible  changes  to  a\- 

30  kaline,  so  that  the  opened  lactone  rings  are  closed. 
Therefore,  the  leuco  dye  becomes  colorless. 

This  recording  medium  has  characteristics  as 
shown  in  Figs.  4  and  5.  In  Fig.  4,  the  abscissa 
represents  a  period  of  time  for  voltage  supply,  and 

35  the  ordinate  represents  a  recording  density.  From 
Fig.  4,  it  can  be  seen  that  the  recording  medium 
has  the  maximum  recording  density  of  1.2  when 
the  recording  medium  is  applied  with  a  voltage  for 
approximately  3  ms.  In  Fig.  5,  the  abscissa  denotes 

40  an  erasing  temperature  and  the  ordinate  a  record- 
ing  density  after  erasure.  In  this  case,  the  recording 
medium  is  applied  with  the  voltage  for  3  ms  (i.e. 
the  state  where  the  recording  medium  has  a  re- 
cording  density  of  1.2)  and  is  then  heated  by  a 

45  heat  roller,  a  thermal  head  or  the  like.  Fig.  5  shows 
that  the  recording  medium  is  completely  free  from 
an  image  near  120°C  to  150°C  (i.e.  the  state 
where  the  recording  medium  is  similar  to  that  hav- 
ing  the  density  0.15  prior  to  the  recording). 

50  The  erasing  characteristics  are  also  shown  in 
Figs.  6  and  7,  which  are  obtained  in  a  different 
manner.  Fig.  6  shows  a  completely  black  pattern 
41  formed  by  the  thermal  head  on  the  recording 
medium  1.  Fig.  7  shows  the  erasing  characteristic 

55  of  the  recording  system  which  erases  the  black 
pattern  of  Fig.  6.  An  energy  of  1.0  mJ/dot  and  an 
energy  of  0.6  mj/dot  are  applied  to  the  recording 
medium  in  the  direction  shown  by  an  arrow  B  for 
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the  recording  and  erasing,  respectively.  Referring 
to  Fig.  7,  it  can  be  seen  that  the  erasing  is  not 
complete  at  the  beginning  of  the  erasing  process 
(i.e.  about  the  first  to  30th  lines  in  the  black  image) 
and  substantially  after  the  300th  and  succeeding 
lines  of  the  black  image. 

The  head  portion  of  the  recorded  image  is  not 
erased  because  the  thermal  head  does  not  reach 
its  effective  temperature.  This  is  because  heating 
elements  of  the  thermal  head  take  a  certain  period 
of  time  to  become  effective  even  when  thermal 
head  is  left  at  room  temperature  (without  applying 
a  voltage  thereto  for  a  while)  and  is  heated  under 
such  a  condition.  The  thermal  head  is  not  elevated 
to  its  effective  temperature  until  the  tenth  line  is 
being  erased.  In  other  words,  the  thermal  head  is 
unstable  in  its  operation  until  it  is  sufficiently  ac- 
tivated. 

The  reason  why  the  image  is  not  erased  in  a 
portion  following  a  300th  line  is  that  the  heating 
elements  become  too  hot  in  the  heated  thermal 
head.  Two  kinds  of  energy  are  reserved  in  the 
thermal  head.  One  is  a  part  of  the  energy  gen- 
erated  by  the  heating  elements  and  the  other  is  the 
energy  which  is  used  to  erase  a  previous  line  and 
both  energies  remain  accumulated  around  the 
heating  elements.  Both  of  these  energies  raise  the 
temperature  of  the  heating  elements  which  are 
repeatedly  heated  for  every  line.  Thus,  the  thermal 
head  becomes  too  hot  to  erase  the  recorded  im- 
age. 

Fig.  8  shows  a  comparison  of  erasing  char- 
acteristics  on  a  large  recording  medium  of  A4  size 
and  a  small  recording  medium  of  a  card  size.  In 
Fig.  8,  the  ordinate  represents  the  numerical  order 
of  a  line  to  be  erased,  and  the  abscissa  represents 
an  erasing  temperature.  The  larger  the  recording 
medium,  the  more  incomplete  the  erasure. 

The  conventional  recording  and  erasing  system 
for  the  thermoreversible  recording  medium  adopts 
a  method  in  which  energies  are  applied  to  the 
recorded  image  so  as  to  make  it  invisible.  In  other 
words,  the  recorded  image  to  be  erased  is  heated 
at  the  temperature  which  is  above  ti  but  under  t2 
as  mentioned  above. 

As  described  so  far,  the  thermoreversible  re- 
cording  medium  tends  to  vary  its  reflectance  and 
recording  density  somewhat  depending  upon  its 
recording  and  erasing  history.  In  other  words,  the 
recording  medium  shows  different  degress  of  re- 
flectance  and  recording  densities  at  the  recorded 
and  erased  areas  and  at  the  areas  which  have 
never  been  recorded  and  erased.  Therefore,  in- 
completely  erased  images  sometimes  remain 
vaguely  on  the  recording  medium  in  a  manner 
such  that  they  are  faintly  visible.  Prior  art  recording 
and  erasing  systems  suffer  from  the  problem  that 
erasure  is  somewhat  incomplete. 

Furthermore,  there  are  few  recording  mediums 
which  are  completely  thermoreversible.  Usually,  the 
more  often  they  are  used,  the  poorer  they  become, 
and  finally  they  will  become  unusable.  During  re- 

5  peated  use,  the  recording  medium  extensively  un- 
dergoes  physical  and  chemical  changes  so  that  it 
may  become  worn  out  Furthermore,  the  recording 
medium  may  have  its  protective  film  and  ther- 
moreversible  film  damaged  by  heat  and  pressure 

io  applied  thereto  via  the  thermal  head  as  a  heating 
means.  Therefore,  the  user  has  to  determine 
whether  or  not  the  recording  medium  in  use  is  still 
usable,  and  remove  the  unusable  recording  me- 
dium.  If  such  a  unusable  recording  medium  is 

is  continuously  used  since  the  user  is  not  aware  of  its 
reduced  performance,  either  recording  or  erasing 
cannot  be  carried  out  thereon,  which  will  be  incon- 
venient  to  the  user. 

Such  determination  on  the  performance  of  the 
20  recording  medium  will  be  troublesome  to  the  user. 

Sometimes,  the  user  might  throw  away  a  still  us- 
able  recording  medium,  or  recording  might  be  per- 
formed  to  no  avail  on  an  unusable  recording  me- 
dium. 

25 
Summery  of  the  Invention 

This  invention  is  intended  to  overcome  the 
foregoing  problems  encountered  with  prior  art  sys- 

30  terns.  It  is  an  object  of  the  invention  to  provide  a 
recording  and  erasing  system  which  can  erase  a 
previous  image  from  a  recording  medium  so  that  it 
is  remarkably  indistinct,  and  which  can  identify  a 
used-up  recording  medium. 

35  According  to  a  first  aspect  of  the  invention, 
when  erasing  an  image,  the  recording  and  erasing 
system  does  not  apply  a  uniform  energy  quantities 
to  the  image  but  varies  energy  quantities  to  the 
image.  Specifically,  greater  energy  is  applied  to  the 

40  head  portion  of  the  image  since  a  thermal  head  is 
not  hot  enough  at  the  initial  stage  of  the  erasing. 
Further,  quantities  of  energy  are  variable  for  each 
line  of  the  image  so  that  the  image  is  erased  in  an 
optimum  manner. 

45  At  the  time  of  erasing,  energy  is  applied  to  a 
larger  area  of  the  recording  medium  than  at  the 
time  of  recording.  Therefore,  the  thermal  head  can 
be  sufficiently  heated  before  it  comes  into  contact 
with  the  image  area  to  be  erased,  which  enables 

50  the  image  to  be  sufficiently  erased  in  the  advan- 
cing  direction  and  lateral  direction  of  the  recording 
medium.  This  is  because  energy  tends  to  leak  at 
the  opposite  side  edges  of  the  recording  medium. 
Further,  the  image  can  be  sufficiently  erased  even 

55  when  there  is  a  positional  displacement  of  the 
recorded  area  and  the  area  to  be  heated  for  the 
erasing. 

4 
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According  to  a  second  aspect,  the  recording 
and  erasing  system  includes  a  background  pattern 
generating  means.  The  background  pattern  gen- 
erating  means  generates  a  background  pattern  on 
the  entire  or  a  preset  area  of  the  recording  me- 
dium.  The  image  is  then  erased  from  the  recording 
medium.  When  there  is  a  residual  background  pat- 
tern  on  the  recording  medium,  it  will  make  the 
previous  image  less  identifiable. 

The  recording  and  erasing  system  includes  a 
heating  means  which  can  concurrently  be  used  for 
the  recording  and  the  erasing.  The  heating  means 
applies  a  first  energy  to  an  erasing  portion  and  a 
second  energy  to  a  recording  portion.  Energies  are 
also  applied  to  areas  of  the  recording  medium 
where  no  image  is  recorded,  so  that  the  recording 
medium  has  a  substantially  uniform  reflectance 
after  its  repeated  use,  and  the  residual  image  is 
made  further  unidentifiable. 

According  to  a  third  aspect  of  the  invention,  the 
recording  and  erasing  system  includes  a  means  for 
recording  on  the  thermoreversible  reusable  record- 
ing  medium  the  number  of  times  it  has  been  used, 
a  reading  means  for  reading  the  recorded  data,  and 
a  writing  means  for  writing  a  current  number  of 
times  of  use.  The  recording  and  erasing  system 
also  includes  a  means  for  determining  whether  the 
recording  medium  is  still  usable,  and  a  means  for 
sorting  usable  and  unusable  recording  mediums 
based  on  the  data  from  the  determining  means. 

The  recording  and  erasing  system  further  in- 
cludes  a  means  for  writing  on  the  recording  me- 
dium  a  message  indicating  that  the  recording  me- 
dium  is  unusable,  according  to  the  result  of  the 
determining  means. 

The  recording  and  erasing  system  includes  a 
feeder  for  supplying  a  new  recording  medium  when 
an  unusable  recording  medium  is  loaded  or  when  a 
new  recording  medium  is  required. 

A  display  unit  is  included  in  the  recording  and 
erasing  system  so  that  the  result  of  the  determining 
means  can  be  indicated. 

A  data  memory  is  included  in  the  recording 
and  erasing  system  so  as  to  store  data  recorded 
on  the  recording  medium. 

As  described  so  far,  the  number  of  times  of 
use  is  recorded  on  the  recording  medium.  There- 
fore,  the  recording  medium  is  checked  as  for  its 
usability  based  on  the  number-oftimes-use  data 
thereon.  When  the  recording  medium  is  found  to 
be  unusable,  it  is  recorded  with  the  message  to 
notify  the  user  of  this  fact.  In  such  a  case,  a  new 
recording  medium  will  be  produced,  and  necessary 
data  will  be  recorded  thereon.  The  number  of  times 
of  use  and  unusabe  state  of  the  recording  medium 
will  be  given  on  the  display.  Further,  the  data 
memory  stores  the  data  recorded  on  the  recording 
medium. 

According  to  the  invention,  it  is  possible  to 
minimize  residual  images  which  are  caused  by 
performances  of  the  thermal  head,  a  positional 
displacement  of  areas  of  the  image  to  be  heated 

5  for  the  recording  and  the  erasing,  and  so  forth. 
Further,  it  is  possible  to  make  residual  images, 

resulting  from  repeated  use  of  the  recording  me- 
dium,  less  identifiable. 

The  recording  medium  which  is  used  up  to  its 
io  limit  is  separated,  so  that  the  used-up  recording 

medium  will  not  be  reused. 

Brief  Description  of  the  Drawings 

is  The  principles  of  the  present  invention  are 
shown  Figs.  1  to  8. 

Fig.  1  shows  the  configuration  of  a  ther- 
moreversible  recording  medium  1  in  film  shape. 

Fig.  2  shows  the  structure  of  an  agent  for 
20  making  an  image  visible/invisible  constituting  the 

thermoreversible  recording  medium. 
Fig.  3  shows  the  structure  of  dye  used  for  the 

recording  medium. 
Fig.  4  is  a  graph  showing  the  relationship  be- 

25  tween  a  recording  density  and  a  voltage-supplying 
period. 

Fig.  5  is  a  graph  similar  to  Fig.  4. 
Fig.  6  shows  an  area  to  be  heated  for  record- 

ing  and  erasing  processes  on  the  recording  me- 
30  dium. 

Fig.  7  is  a  graph  showing  recording  densities  of 
respective  lines  after  the  erasing  process. 

Fig.  8  is  a  graph  showing  recording  densities  of 
respective  erased  lines. 

35  Fig.  9  is  a  schematic  view  of  a  recording  and 
erasing  system  according  to  an  embodiment  of  the 
present  invention. 

Fig.  10  shows  the  configuration  of  a  control  unit 
5. 

40  Fig.  1  1  shows  a  first  example  of  a  line  data  and 
voltagesupplying  pulse  width  table. 

Fig.  12  shows  a  second  example  of  a  line  data 
and  voltage-supplying  pulse  width  table. 

Fig.  13  shows  the  configuration  of  another  con- 
45  trol  unit  5. 

Fig.  14  shows  the  configuration  of  a  further 
control  unit  5. 

Fig.  15  is  a  timing  chart  showing  the  operation 
of  the  control  unit  of  Fig.  14. 

50  Fig.  16  shows  a  third  example  of  a  line  data 
and  voltagesupplying  pulse  width  table. 

Fig.  17  shows  a  fourth  example  of  a  line  in- 
formation  and  current-supplying  pulse  table. 

Fig.  18  shows  the  configuration  of  a  recording 
55  and  erasing  system  according  to  another  embodi- 

ment  of  the  invention. 
Fig.  19  shows  a  fifth  example  of  a  line  data  and 

voltagesupplying  pulse  width  table. 

5 
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Fig.  20  is  a  graph  showing  the  relationship 
between  an  voltage-supplying  pulse  width  and  the 
number  of  lines. 

Fig.  21  shows  a  non-erased  portion  of  a  re- 
corded  image  on  the  recording  medium  1. 

Fig.  22  shows  a  recorded  area  and  an  area  to 
be  erased. 

Fig.  23  shows  the  configuration  of  means  for 
generating  erasing  data. 

Fig.  24  shows  the  manner  in  which  a  heating 
head  is  controlled  so  that  an  area  wider  than  the 
recorded  area  is  heated  for  the  erasure. 

Fig.  25  shows  a  further  example  of  how  to 
control  the  thermal  head  so  that  an  area  wider  than 
the  recorded  area  is  heated  for  the  erasure. 

Fig.  26  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  a  further  embodi- 
ment  of  the  invention. 

Fig.  27  shows  the  relationship  between  a  heat- 
ing  period  for  the  recording  and  another  heating 
period  for  the  erasing  in  the  recording  and  erasing 
system  of  Fig.  26. 

Fig.  28  shows  the  relationship  between  a  re- 
cording  means  and  an  erasing  means. 

Fig.  29  is  a  view  similar  to  Fig.  28. 
Fig.  30  shows  the  configuration  of  a  recording 

and  erasing  system  according  to  another  embodi- 
ment. 

Fig.  31  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  a  still  another 
embodiment. 

Fig.  32(A)  shows  a  first  example  of  heat  control 
in  the  recording  and  erasing  system  of  Fig.  31. 

Fig.  32(B)  shows  a  second  example  of  heat 
control  in  the  recording  and  erasing  system  of  Fig. 
31. 

Fig.  33(A)  shows  a  third  example  of  heat  con- 
trol  in  the  recording  and  erasing  system  of  Fig.  31. 

Fig.  33(B)  shows  a  fourth  example  of  heat 
control  in  the  recording  and  erasing  system  of  Fig. 
31. 

Fig.  34(A)  shows  a  fifth  example  of  heat  control 
in  the  recording  and  erasing  system  of  Fig.  31. 

Fig.  34(B)  shows  a  sixth  example  of  heat  con- 
trol  in  the  recording  and  erasing  system  of  Fig.  31. 

Fig.  35  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  a  further  embodi- 
ment. 

Fig.  36  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  another  embodi- 
ment. 

Fig.  37  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  a  further  embodi- 
ment. 

Fig.  38  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  a  further  embodi- 
ment. 

Fig.  39  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  a  further  embodi- 
ment. 

Fig.  40  shows  the  configuration  of  a  recording 
5  and  erasing  system  according  to  a  further  embodi- 

ment. 
Fig.  41  shows  the  configuration  of  a  recording 

and  erasing  system  according  to  a  still  further 
embodiment. 

10 
Detailed  Description  of  Preferred  Embodiments 

The  invention  will  be  described  hereinafter  with 
reference  to  preferred  embodiments  shown  in  the 

is  drawing  figures. 

Embodiment  1  : 

The  recording  and  erasing  system  of  the  inven- 
20  tion  has  the  structure  as  shown  in  Fig.  9.  The 

recording  and  erasing  system  is  applicable  to  de- 
vices  such  as  an  information  display,  an  electronic 
board  and  a  message  board  used  in  a  railway 
station.  A  thermoreversible  recording  medium  1  is 

25  repeatedly  used  for  the  recording  and  erasing  pro- 
cesses,  and  is  in  the  shape  of  a  film  in  this  em- 
bodiment.  The  recording  medium  1  extends  around 
supports  2  and  4  in  a  manner  such  that  one  image 
area  thereof  is  visible  in  the  direction  shown  by  an 

30  arrow  C.  The  supports  2  and  4  are  made  of  ma- 
terial  like  rubber,  and  are  rotated  either  clockwise 
or  counterclockwise  by  a  drive  source  such  as  a 
motor,  not  shown.  A  heating  means  3  comes  into 
contact  with  the  support  2  so  as  to  heat  the  record- 

35  ing  medium  1,  thereby  perform  the  recording  or 
erasing  thereon.  The  heating  means  3  comprises  a 
thermal  head,  and  has  a  size  substantially  equal  to 
the  width  of  the  recording  medium  1  .  For  instance, 
when  a  visible  area  of  the  recording  medium  1  is 

40  approximately  of  A4  size,  the  heating  means  3 
includes  approximately  2,500  heating  elements  (not 
shown).  A  control  means  5  controls  the  recording 
and  erasing  operations. 

In  operation,  the  recording  and  erasing  system 
45  records  an  image  based  on  data  which  are  read  by 

a  word  processor,  a  scanner  or  the  like,  and  are 
transferred  to  the  control  means  5.  Specifically,  the 
control  unit  5  sequentially  transfers  the  image  data 
to  the  thermal  head  3,  so  that  a  voltage  is  applied 

50  to  the  heating  elements  for  a  given  period  of  time. 
When  heated,  the  heating  elements  provide  the 
recording  medium  1  with  joule  heat.  Under  this 
condition,  the  generated  energy  has  a  sufficiently 
high  temperature  so  that  the  recording  medium  is 

55  elevated  to  a  temperature  above  the  second  transi- 
tion  temperature  t2  mentioned  above.  Thereafter, 
the  recording  medium  1  is  developed  based  on  the 
image  data.  Then,  the  developed  recording  me- 

6 
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dium  1  is  fed  by  one  line  in  the  direction  D  by  a 
means  such  as  a  motor  (not  shown).  Thereafter, 
the  foregoing  operation  is  repeated  so  as  to  record 
the  image  on  the  recording  medium. 

To  erase  the  recorded  image,  the  data  which 
are  the  same  as  those  for  the  recording  will  be 
supplied  to  the  thermal  head  3  from  the  control  unit 
5  or  from  an  external  unit  (not  shown)  so  that  the 
thermal  head  3  is  supplied  with  voltage  and  heated 
for  a  given  period  of  time.  In  this  case,  the  energy 
to  be  applied  has  a  temperature  above  the  first 
transition  temperature  ti  but  below  the  temperature 
t2.  Thus,  one  line  of  the  image  is  erased.  This 
erasing  process  is  repeated  until  the  entire  image 
is  erased. 

The  foregoing  describes  the  basic  recording 
and  erasing  operations.  The  control  unit  5  plays  a 
very  important  role  in  the  recording  and  erasing 
system,  and  has  the  configuration  as  shown  in 
detail  in  Fig.  10.  An  input  terminal  6  receives  image 
data  from  an  external  source,  not  shown.  An  erase 
data  generating  unit  7  outputs  a  signal,  e.g.  "1  ",  so 
as  to  heat  heating  elements  of  the  thermal  head.  A 
selector  8  supplies  either  the  image  or  erasing  data 
to  a  voltage  supply  control  unit  9  (to  be  described 
later).  In  this  embodiment,  the  control  unit  5  pre- 
pares  erasing  data  therein.  When  the  erasing  data 
are  supplied  from  the  external  source  (not  shown), 
both  the  erasing  data  generating  unit  7  and  the 
selector  8  will  be  dispensable.  The  voltage  supply 
control  unit  9  control  clock  pulses,  latch  pulses, 
voltagesupplying  pulses,  voltages  and  so  on  to  be 
applied  to  the  thermal  head  3.  A  CPU  10  not  only 
controls  the  control  unit  5  but  also  transfers  data  on 
voltage-supplying  pulse  width  or  applied  voltage  to 
the  voltage  supply  control  unit  9.  A  ROM  1  1  stores 
programs  for  the  control  unit  5  and  data  on  the 
voltage-supplying  pulse  width  or  applied  voltage. 

To  erase  the  recorded  image,  the  selector  8  is 
set  to  a  portion  (Fig.  10)  so  as  to  transfer  the 
erasing  data  to  the  voltage  supply  control  unit  9 
from  the  erasing  data  generating  unit  7.  Simulta- 
neously,  the  CPU  10  designates  an  address  in  the 
ROM  11,  so  that  data  on  the  voltage-supplying 
pulse  or  applied  voltage  are  transferred  to  the 
voltagesupplying  control  unit  9,  which  controls  the 
thermal  head  3  based  on  the  received  data.  The 
ROM  11  has  a  table  as  shown  in  Fig.  11.  To 
control  the  thermal  head  based  on  the  voltagesup- 
plying  pulse  width,  the  CPU  11  outputs  voltage- 
supplying  pulse  width  data  associated  with  the 
address  data  (line  data).  The  CPU  11  controls  the 
thermal  head  based  on  an  applied  voltage  in  the 
similar  manner.  Further,  it  is  possible  to  perform 
the  foregoing  control  based  on  both  the  vol- 
tagesupplying  pulse  width  and  the  applied  voltage. 

In  the  table  of  Fig.  11,  the  width  of  the  vol- 
tagesupplying  pulse  is  gradually  reduced  from  the 

first  line  and  so  on.  The  30th  and  succeeding  lines 
have  the  pulse  width  of  10  ms.  A  position  away 
from  the  first  line  to  increase  the  pulse  width  de- 
pends  upon  characteristics  of  the  thermal  head  3, 

5  and  heat  radiating  performance  of  members  around 
the  thermal  head  3.  It  is  remarkably  effective  to 
apply  greater  energy  to  the  first  line  of  the  image 
to  be  erased.  In  such  a  case,  it  is  preferable  to 
apply  to  the  first  line  an  energy  which  is  1.1  to  1.5 

io  times  as  large  as  that  applied  to  the  remaining 
lines  of  the  image.  In  this  case,  the  foregoing  heat 
radiating  characteristics  affect  the  determination  of 
which  line  should  be  applied  with  greater  energy. 

is  Embodiment  2: 

In  the  embodiment  1,  the  ROM  11  stores  the 
operation  sequence  program  and  the  data  on  the 
voltage-supplying  pulse  width  or  data  on  the  volt- 

20  age  to  be  applied.  In  response  to  the  designated 
address,  the  ROM  11  provides  the  CPU  10  with  the 
program  and  the  forgoing  data.  Then,  the  CPU  10 
transfers  the  data  to  the  voltage  supply  control  unit 
9.  Alternatively,  a  ROM  table  12  is  provided  for 

25  storing  only  the  data  on  the  voltage-supplying 
pulse  width  and  a  voltage  to  be  applied  as  shown 
in  Fig.  13.  In  response  to  the  address  designated 
by  the  CPU  10,  the  ROM  12  directly  transfers  the 
foregoing  data  to  the  voltage  supply  control  unit  9. 

30 
Embodiment  3: 

It  is  acceptable  to  connect  an  output  of  a  line 
counter  13  to  the  ROM  table  12  so  that  the  ROM 

35  table  12  outputs  the  data  to  the  voltage  supply 
control  unit  9.  In  this  case,  the  CPU  does  not 
designate  the  address.  The  line  counter  13  re- 
ceives  data  such  as  a  reset  signal  and  a  clock 
signal,  and  outputs  line  data.  In  operation,  prior  to 

40  the  erasing,  the  output  of  the  line  counter  13  is 
cleared  to  "0"  by  the  reset  signal.  The  line  counter 
13  is  incremented  by  one  (1)  by  a  clock  signal 
each  time  one  line  is  erased.  When  the  lines  are 
erased  as  required,  another  reset  signal  is  resup- 

45  plied  to  the  line  counter  13  so  as  to  clear  its  output 
to  "0".  The  line  counter  13  repeats  this  operation. 
The  output  "0"  of  the  line  counter  13  represents 
the  first  line  in  the  line  data.  Specifically,  when  the 
ROM  table  12  has  the  contents  as  shown  in  Fig. 

50  12,  a  pulse  having  a  15-ms  width  for  the  first  line  is 
applied  to  the  thermal  head  3.  For  the  second  and 
succeeding  lines,  pulses  of  a  10-ms-width  are  ap- 
plied  to  the  thermal  head  3. 

55  Embodiment  4: 

It  is  also  conceivable  for  the  CPU  10  to  cal- 
culate  the  voltage-supplying  pulse  width  or  voltage 
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to  be  applied  and  to  output  data  on  these  items 
without  the  provision  of  the  ROM  table.  In  this 
case,  an  empirical  formula  is  derived  from  experi- 
ment  data  so  as  to  calculate  the  voltage-supplying 
pulse  width  of  voltage  to  be  applied.  Further,  the 
values  shown  on  the  table  may  be  stored  in  either 
a  combination  circuit  or  a  sequential  circuit  instead 
of  the  ROM  or  RAM.  A  number  of  variations  are 
possible  without  departing  from  the  scope  of  this 
application.  As  shown  in  Fig.  16,  the  voltage-sup- 
plying  pulse  of  the  first  line  may  be  smaller  in 
width  than  that  of  the  second  line.  This  measure  is 
sometimes  taken  when  there  is  no  image  to  be 
erased  in  the  first  line  but  an  energy  is  applied  just 
for  convenience.  Conversely,  even  when  there  is  an 
image  portion  to  be  erased  in  the  first  line,  the 
energy  applied  in  1.3  ms  is  larger  the  energy 
applied  in  10  ms  for  the  sixth  and  succeeding  lines, 
so  that  the  image  portion  can  be  erased  substan- 
tially  completely.  As  shown  in  Fig:  17,  voltage- 
supplying  pulses  having  the  widths  of  20  ms  and 
15  ms  may  be  alternately  applied.  Application  of 
such  pulses  is  effective  to  stabilize  the  temperature 
at  the  leading  edge  of  the  recording  medium,  so 
that  substantially  complete  erasing  can  be  accom- 
plished. 

In  this  embodiment,  the  pulses  are  controlled 
with  respect  to  their  widths  when  they  are  applied 
to  the  thermal  head  3.  Alternatively,  the  similar 
effect  can  be  attained  by  controlling  the  number  of 
pulses  applied  to  the  thermal  head.  Specifically, 
the  number  of  pulses  for  respective  lines  is  Stored 
in  the  ROM  table  12.  The  voltage  supply  control 
unit  9  controls  pulses  so  that  they  are  applied  to 
the  thermal  head  3  according  to  the  preset  number. 

Embodiment  5: 

Fig.  18  is  a  schematic  view  of  the  recording 
and  erasing  system  according  to  a  fifth  embodi- 
ment  of  the  invention.  The  recording  and  erasing 
system  may  be  applied  to  make  a  record  of  the 
balance  on  a  prepaid  card,  for  example.  The  re- 
cording  and  erasing  system  comprises  a  reusable 
recording  medium  1,  a  support  2  serving  as  a 
platen  roller,  a  thermal  head  3  as  long  as  the  width 
of  the  recording  medium  1,  a  voltage  supply  con- 
trol  unit  9,  a  ROM  table  12,  and  a  line  counter  13, 
all  of  which  function  similarly  to  those  mentioned  in 
the  foregoing  embodiments. 

This  embodiment  is  characterized  in  that  en- 
ergy  to  be  applied  is  controlled  by  checking  at 
least  the  numerical  order  of  a  line  to  be  erased.  A 
recorded  image  is  erased  by  applying  energy  in 
the  same  manner  as  that  for  recording  an  image. 
Otherwise,  the  recorded  image  is  erased  by  apply- 
ing  energy  as  if  a  complete  black  image  is  re- 
corded.  In  the  former  case,  the  recorded  image  is 

stored  in  the  memory  beforehand,  and  energies 
different  from  those  for  the  recording  are  applied  to 
the  thermal  head  3.  Alternatively,  erasing  data  are 
transferred  to  the  thermal  head  3  from  the  external 

5  source  as  is  done  when  recording  an  image.  For 
this  purpose,  the  recording  medium  has  to  be  very 
precisely  advanced  so  as  to  minimize  non-erased 
image  portions.  This  is  because  the  erasure  should 
be  carried  out  in  complete  agreement  with  the 

io  recorded  image.  In  the  latter  case,  the  erase  data 
are  set  to  "1  "  so  that  the  thermal  head  3  can  be 
heated  by  the  energy  for  the  erasure. 

The  erasing  process  using  the  all-black  pattern 
(Fig.  6)  will  be  carried  out  as  follows  regardless  of 

is  the  type  of  image  to  be  erased.  In  this  case,  the 
thermal  head  3  is  heated  so  as  to  apply  a  lower 
energy  (second  energy  h2)  than  the  recording  en- 
ergy  to  the  recording  medium.  As  described  with 
reference  to  Fig.  7,  the  longer  the  thermal  head  3 

20  is  heated,  the  more  incompletely  the  image  will  be 
erased  because  of  energy  accumulated  in  the  heat- 
ing  elements.  The  present  invention  is  aimed  at 
overcoming  this  problem.  The  recording  and  eras- 
ing  system  includes  at  least  a  line  counter  13  for 

25  checking  the  numerical  order  of  a  line  to  be 
erased.  Based  on  an  output  from  the  line  counter 
13,  energy  to  the  thermal  head  3  is  gradually 
reduced.  In  this  embodiment,  the  thermal  head  3  is 
not  selectively  but  continuously  heated  for  the  all- 

30  black  image  pattern.  Therefore,  it  is  possible  to 
reliably  know  the  temperature  increase  of  the  ther- 
mal  head  3  by  checking  the  numerical  order  of  a 
line  to  be  erased.  At  least  the  line  counter  13  and 
the  voltage  supply  control  unit  9  suffice  for  precise 

35  and  reliable  erasure. 
Specifically,  Fig.  19  is  the  ROM  table  12  show- 

ing  the  contents  thereof,  i.e.  correspondence  of  the 
line  data  and  the  voltage-supplying  pulse  width 
which  are  output  of  the  line  counter.  This  table  can 

40  be  easily  prepared  through  experiments  or  calcula- 
tion.  For  example,  the  temperature  of  the  thermal 
head  3  is  designed  to  be  within  the  erasing  tem- 
perature  range  of  the  reusable  recording  medium  1 
as  shown  in  Fig.  20.  The  line  counter  13  checks 

45  the  numerical  order  of  a  line  to  be  erased,  which 
corresponds  to  a  period  of  time  after  heating  the 
thermal  head  3,  or  positional  data  (i.e.  distance). 
The  foregoing  period  of  time  or  positional  data  can 
also  be  derived  by  performing  calculations  in  terms 

50  of  the  erasing  cycle  or  the  extent  to  which  the 
motor  is  rotated. 

To  reduce  the  memory  capacity  or  make  the 
circuitry  compact,  the  contents  of  the  ROM  table 
12  may  be  determined  for  every  plurality  of  lines. 

55 
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Embodiment  6: 

A  sixth  embodiment  of  the  invention  will  be 
described  hereinafter.  Insufficiently  erased  portions 
will  be  left  if  the  image  to  be  erased  is  in  complete 
agreement  with  the  recorded  image.  This  phenom- 
enon  is  caused  by  a  number  of  factors.  One  of 
them  is  a  positional  shift  between  the  recording 
medium  carrying  the  image  to  be  erased  and  the 
thermal  head.  Peripheral  areas  of  the  image  are 
often  left  indistinctly  visible.  To  overcome  this  posi- 
tional  shift,  the  recording  medium  should  be  moved 
in  a  precise  relationship  with  the  thermal  head, 
which  inevitably  makes  the  recording  and  erasing 
system  very  expensive. 

A  second  factor  is  that  since  the  thermal  head 
takes  time  to  become  hot,  the  leading  edge  of  the 
recording  medium  is  not  sufficiently  heated  at  the 
initial  stage. 

A  third  factor  is  that  energy  tends  to  leak  from 
the  opposite  side  edges  of  the  recording  medium, 
which  are  slow  to  become  hot. 

The  trailing  edge  of  the  image  is  sometimes 
left  incompletely  erased  because  of  energy  accu- 
mulated  in  the  thermal  head.  The  peripheral  edge 
41a  of  the  recorded  image  tends  to  be  left  non- 
erased  as  shown  in  Fig.  21.  It  is  also  an  object  of 
the  invention  to  provide  a  recording  and  erasing 
system  which  can  overcome  this  problem  inexpen- 
sively  and  reliably. 

The  thermal  head  3  is  used  for  the  erasure  as 
in  the  foregoing  embodiments.  To  erase  the  op- 
posite  side  edges  of  the  image  completely,  more 
heating  elements  are  used  than  those  for  the  re- 
cording.  Specifically,  when  the  thermal  head  3  has 
400  heating  elements,  the  tenth  to  350th  heating 
elements  (in  the  area  A  in  Fig.  22)  are  selectively 
heated  so  as  to  form  an  image.  To  erase  the 
image,  the  fifth  to  355th  heating  elements  are  heat- 
ed  (in  the  area  B  in  Fig.  22).  Thus,  the  erase  area 
42  of  the  image  is  wider  than  the  recorded  image 
area  41  across  the  recording  medium.  When  the 
ninth  to  351st  heating  elements  are  heated  to  erase 
the  image,  i.e.  one  heating  element  is  increased  on 
each  side  edge  of  the  image,  the  image  can  be 
erased  to  a  sufficient  extent.  To  erase  the  image 
perfectly,  it  is  preferable  to  heat  three  or  more 
heating  elements  beyond  each  side  edge  of  the 
image.  The  number  of  heating  elements  to  be 
heated  depends  upon  the  performance  of  the  ther- 
mal  head  to  be  used,  and  is  not  limited  to  the 
above-mentioned  values.  Furthermore,  it  is  also 
possible  to  vary  the  number  of  heating  elements, 
e.g.  one  heating  element  on  the  right  side  and  two 
heating  elements  on  the  left  side. 

The  recording  and  erasing  system  of  this  em- 
bodiment  has  the  configuration  as  shown  in  Fig.  23. 
The  unit  for  preparing  data  to  be  input  to  the 

thermal  head  3  comprises  an  input  terminal  6,  an 
erasing  data  generating  unit  7  for  issuing  a  "1  " 
signal  to  heat  the  thermal  head  3,  a  selector  8,  a 
line  memory  21  ,  and  an  address  control  unit  22  for 

5  the  line  memory  21.  An  output  from  the  line  mem- 
ory  21  is  supplied  to  a  voltage  supply  control  unit 
9.  In  operation,  recording  data  are  input  to  the  input 
terminal  6  from  an  external  source,  and  are  trans- 
ferred  to  the  line  memory  21  via  the  selector  8.  In 

io  this  case,  the  address  control  unit  22  determines 
an  address  to  be  input.  Specifically,  referring  to 
Fig.  24,  the  address  control  unit  22  clears  the  line 
memory  which  is  capable  of  storing  500  data  (i.e. 
emits  the  signal  "0"  denoting  nonheating).  Next, 

is  the  address  control  unit  22  sets  an  address  100  to 
be  output,  inputs  the  recording  data,  increments 
the  input  data,  stores  the  recording  data  in  the 
manner  as  shown  in  Fig.  24  (2),  and  transfers  the 
recording  data  corresponding  to  the  address  1  and 

20  succeeding  addresses  to  the  voltage  supply  control 
unit  9  in  succession. 

To  erase  the  recorded  image,  the  selector  8  is 
set  to  its  lower  position,  the  line  memory  21  is 
cleared,  the  address  control  unit  22  generates  a 

25  value  (i.e.  99  in  this  case)  by  subtracting  one  (1) 
from  the  address  to  which  the  head  of  the  record- 
ing  data  are  input,  and  the  data  corresponding  to 
the  signal  "1  "  is  sequentially  stored  in  the  line 
memory  for  the  99th  and  succeeding  lines.  The 

30  line  memory  stores  the  data  "1  "  up  to  the  end 
address  +  1  of  the  recording  data.  Therefore,  the 
recording  width  +2  is  equal  to  the  erasing  width.  In 
this  embodiment,  the  area  to  be  erased  varies  with 
the  recording  data.  Alternatively,  it  is  possible  to 

35  determine  the  erasing  area  to  be  invariable.  In  such 
a  case,  since  it  is  not  necessary  to  derive  an 
address  from  the  recorded  data,  the  foregoing 
mechanism  will  be  simplified.  For  instance,  the 
erasing  data  generating  unit  7  and  selector  8  may 

40  be  dispensed  with,  so  that  the  data  on  the  signal 
"1  "  may  be  stored  during  the  erasure.  Further, 
both  the  line  memory  21  and  the  address  control 
unit  22  may  be  dispensed  with,  and  the  selector  8 
is  operated  to  select  either  the  recording  data  from 

45  the  input  terminal  6  or  the  erasing  data  from  the 
erasing  data  generating  unit  7,  so  that  the  number 
of  heating  elements  to  be  heated  for  the  erasing  is 
greater  than  the  number  of  heating  elements  to  be 
heated  for  the  recording.  Alternatively,  heating 

50  means  are  separately  provided  for  the  recording 
and  erasing.  This  arrangement  is  also  as  effective 
as  those  mentioned  above.  The  erasing  data  from 
the  input  terminal  6  are  generated  so  that  the 
erasing  area  is  larger  than  the  recorded  area. 

55  To  prevent  an  insufficient  erasure  at  the  lead- 
ing  or  trailing  edge  of  the  recording  medium,  the 
area  to  be  erased  starts  at  a  position  in  front  of  the 
head  of  the  image  and  terminates  at  a  position 

9 
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beyond  the  end  of  the  recorded  image.  Referring 
to  Figs.  26  and  27,  the  recording  and  erasing 
system  of  this  embodiment  comprises  the  ther- 
moreversible  recording  medium  1  ,  roller  2,  thermal 
head  3,  CPU  10,  and  a  sensor  31  for  detecting  the 
leading  edge  of  the  recording  medium  1  .  In  opera- 
tion,  when  the  recording  medium  1  is  in  the  shape 
of  a  card  (Fig.  25),  the  leading  edge  of  the  card  is 
set  to  "0".  To  erase  the  image,  the  recording 
medium  is  heated  at  the  timing  A.  To  record  the 
image,  the  recording  medium  is  heated  at  the 
timing  B.  Then,  the  heating  is  finished  at  the  timing 
D  in  the  former  case.  Conversely,  the  heating  is 
finished  at  the  timing  C  to  record  the  image.  The 
relationships  of  these  timings  i s 0 ^ A < B < C <  
D.  When  the  recording  medium  1  is  loaded  into  the 
recording  and  erasing  system  in  the  direction 
shown  by  an  arrow,  the  sensor  31  detects  the 
leading  edge  of  the  recording  medium  1  ,  and  noti- 
fies  this  to  the  CPU  10.  At  the  timing  B,  the  CPU 
10  commands  the  control  unit  5  to  heat  the  thermal 
head  3  until  the  timing  C.  At  the  timing  C,  the  CPU 
10  instructs  to  stop  heating  the  thermal  head  3.  To 
erase  the  image,  the  recording  medium  1  is  loaded 
into  the  recording  and  erasing  system.  Detecting 
the  leading  edge  of  the  recording  medium  1,  the 
sensor  31  notifies  this  to  the  CPU  10.  At  the  timing 
A,  the  CPU  10  commands  the  control  unit  5  to  heat 
the  thermal  head  3,  which  is  heated  until  the  timing 
D.  In  this  case,  heating  is  controlled  based  on  a 
period  of  time  or  a  position  after  the  detection  of 
the  leading  edge  of  the  recording  medium,  or  a 
rotational  extent  of  the  motor. 

In  this  embodiment,  the  thermal  head  3  is  used 
for  both  the  recording  and  erasing  processes.  Alter- 
natively,  two  heating  units  may  be  discretely  used 
for  the  recording  and  erasing  processes.  Further,  a 
heat  roller  may  be  used  as  a  heating  means  for  the 
erasing  process.  In  the  latter  case,  the  heat  roller 
may  be  continuously  kept  heated  within  the  erasing 
temperature. 

Embodiment  7: 

In  this  embodiment,  the  recording  and  erasing 
system  is  characterized  in  that  the  width  of  the 
erasing  unit  is  larger  than  the  width  or  maximum 
recording  width  of  the  recording  medium,  and  that 
heating  units  are  discretely  provided  for  the  record- 
ing  and  erasing  processes.  For  instance,  Figs.  28 
and  29  show  the  relationship  between  the  thermal 
heads  3  for  the  recording  and  the  heat  rollers  51 
for  the  erasing  process,  respectively.  When  the 
recording  area  of  the  thermal  head  3  is  wider  than 
the  erasing  area  of  the  heat  roller  51  ,  a  remarkably 
wide  area  might  be  left  insufficiently  erased.  This 
means  that  the  recording  medium  is  not  reusable. 
The  erasing  units  whose  erasing  areas  are  wider 

than  the  recording  medium  can  assure  sufficient 
erasure  of  the  image  therefrom.  When  the  thermal 
head  3  has  the  recording  width  which  is  smaller 
than  its  own  length,  the  erasing  unit  should  have  a 

5  width  larger  than  the  recording  width.  Here,  the 
term  "width  of  the  erasing  unit"  represents  a  width 
of  the  recording  medium  which  can  be  heated  by 
the  erasing  unit. 

The  foregoing  description  mainly  relates  to  the 
io  relationship  between  the  thermal  head  3  and  the 

heat  roller  51.  The  recording  and  erasing  pro- 
cesses  can  be  effectively  carried  out  by  separate 
thermal  heads  3  for  the  recording  and  erasing 
processes. 

is  The  foregoing  embodiments  may  be  used  in 
combination. 

Embodiment  8: 

20  This  embodiment  relates  to  a  device  for  ob- 
scuring  a  residual  image  which  is  left  on  the  re- 
cording  medium  when  the  dye  in  the  recording 
layer  is  not  completely  reversible. 

Referring  to  Fig.  30,  an  image  is  input  from  an 
25  external  data  input  unit  61  such  as  a  keyboard.  A 

recording  control  unit  62  controls  a  heating  unit  63 
for  heating  the  heating  elements  associated  with  an 
image  to  be  recorded.  In  this  case,  the  recording 
medium  64  is  heated  above  the  temperature  t2  - 

30  (called  "high-temperature  heating"),  and  develops 
the  image  at  the  heated  portions  thereof.  As  the 
recording  medium  64  is  fed  by  the  roller  65,  the 
heating  unit  63  heats  heating  elements  according 
to  the  image  to  be  recorded,  under  control  of  the 

35  recording  control  unit  62,  so  that  the  image  is 
recorded  on  the  recording  medium. 

To  erase  the  recorded  image,  a  background 
pattern  of  the  image  is  recorded  first  of  all.  Then, 
the  erasing  process  will  be  initiated. 

40  The  background  pattern  comprises  characters, 
symbols  and  so  on,  which  preferably  makes  the 
main  images  unidentifiable. 

First  of  all,  a  switch  66  is  operated  to  connect  a 
background  pattern  generating  unit  67  to  the  re- 

45  cording  control  unit  62,  which  controls  the  heating 
unit  63  according  to  the  background  pattern.  The 
heating  unit  63  performs  the  hightemperature  heat- 
ing  so  as  to  record  the  background  pattern  over  the 
entire  area  of  the  recording  medium  64  which  is 

50  fed  by  a  roller  5.  Thus,  the  main  image  which  is 
already  present  on  the  recording  medium  is 
merged  into  the  background  pattern  and  becomes 
indistinct.  This  is  because  the  background  patterns 
has  substantially  the  same  color  and  density  as  the 

55  main  image. 
Then,  the  heating  unit  63  heats  the  whole  area 

of  the  recording  medium  64  to  the  temperature 
higher  than  ti  but  below  t2  (called  "low  tempera- 
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ture  heating").  Both  the  main  image  and  the  back- 
ground  pattern  undergo  the  erasing  process.  The 
main  image  and  the  background  patterns  are  not 
always  erased  completely,  and  may  be  vaguely  left 
on  the  recording  medium  as  mentioned  above. 
Thus,  the  residual  background  pattern  makes  the 
main  image  indistinct.  Therefore,  when  another 
main  image  is  recorded  on  the  recording  medium, 
it  can  be  clearly  distinguished  from  the  existing 
blur  image. 

As  described  so  far,  it  is  possible  to  make  the 
existing  image  indistinct  so  that  the  recording  me- 
dium  which  is  not  always  free  from  previous  image 
may  be  reused  in  the  recording  and  erasing  sys- 
tem  of  the  invention. 

In  this  embodiment,  the  background  pattern  is 
formed  over  the  entire  area  of  the  recording  me- 
dium.  Alternatively,  it  is  possible  to  record  the 
background  pattern  on  only  a  limited  area  of  the 
recording  medium  that  repeatedly  undergoes  the 
recording  process. 

Embodiment  9: 

This  embodiment  also  relates  to  a  recording 
and  erasing  system  for  making  a  residual  image 
indistinct  similarly  to  the  system  of  the  embodi- 
ment  8. 

The  configuration  of  this  recording  and  erasing 
system  is  shown  in  Fig.  31.  The  recording  and 
erasing  system  does  not  include  the  background 
pattern  generator  67,  but  has  a  heating  unit  68 
which  can  control  quantities  of  energy  applied  to 
respective  heating  elements  associated  with  an  im- 
age  to  be  recorded. 

In  this  embodiment,  the  heating  elements  asso- 
ciated  with  the  image  are  subject  to  the  high  tem- 
perature  heating  while  the  heating  elements  not 
associated  the  image  are  subject  to  the  low  tem- 
perature  heating.  The  heating  elements  not  asso- 
ciated  with  the  recording  are  thermally  controlled 
as  shown  in  Fig.  32(A).  The  preset  voltage  Ei  is 
applied  to  these  heating  elements  for  the  period  of 
time  si  ,  which  is  determined  so  that  the  recording 
medium  is  heated  to  a  temperature  which  is  above 
ti  but  below  t2.  Referring  to  Fig.  32(B),  the  preset 
voltage  Ei  is  applied  to  the  heating  elements  asso- 
ciated  with  the  recording  for  the  period  of  time  S2 
which  is  longer  than  si  .  The  period  of  time  S2  is 
set  so  that  the  recording  medium  is  heated  to  a 
temperature  above  fc. 

The  heating  elements  not  associated  with  the 
recording  are  heated  to  the  low  temperature  so  as 
to  erase  the  area  surrounding  the  main  image. 
Thus,  there  is  no  problem  of  a  residual  image 
resulting  from  the  previous  recording  process. 
Thermal  control  of  the  individual  heating  elements 
allows  both  the  recording  and  erasing  operations  to 

be  carried  out  in  one  heating  process. 
In  this  embodiment,  the  temperatures  of  the 

recording  medium  are  controlled  by  adjusting  the 
heating  time  thereof.  Alternatively,  it  is  also  possi- 

5  ble  to  control  the  temperatures  of  the  recording 
medium  by  adjusting  voltages  to  be  supplied  to  the 
heating  elements  as  shown  in  Figs.  33(A)  and  33- 
(B).  Fig.  33(A)  is  a  view  similar  to  Fig.  32(A).  The 
heating  elements  not  associated  with  the  recording 

io  have  the  voltage  Ei  applied  for  the  period  of  time 
Si  .  The  heating  elements  associated  with  the  re- 
cording  have  the  voltage  E2  (larger  than  Ei)  ap- 
plied  for  the  period  of  time  S3,  which  is  set  so  that 
the  recording  medium  is  heated  to  a  temperature 

15  above  fc.  The  higher  the  voltage,  the  shorter  the 
period  of  time  S3. 

It  is  also  possible  to  apply  the  voltage  Ei  to 
both  the  heating  elements  for  the  erasing  (shown  in 
Fig.  34(A))  and  those  for  the  recording  (Fig.  34(B)) 

20  for  the  period  of  time  Si  .  Then,  the  voltage  E2  is 
applied  for  the  period  of  time  S+  only  to  the  heat- 
ing  elements  for  the  recording.  In  this  case,  it  is 
possible  to  reduce  the  heating  period  per  heating 
element  compared  with  the  methods  shown  in  Figs. 

25  32  and  33. 
In  the  embodiments  8  and  9,  the  image  is 

recorded  by  applying  the  large  energy  to  the  re- 
cording  medium.  Then,  the  recorded  image  is 
erased  by  applying  the  small  energy  to  the  record- 

30  ing  medium.  Therefore,  the  main  image  will  be 
recorded  on  the  recording  medium  in  a  manner 
such  that  it  is  visible  in  a  different  color  on  the 
base  color  of  the  recording  medium. 

The  image  can  be  also  recorded  in  the  follow- 
35  ing  manners. 

(1)  The  recording  medium  is  subject  to  the  high 
temperature  heating  at  areas  not  associated  with 
the  image,  so  that  these  heated  areas  will  be 
blackened  and  the  image  will  be  visible  in  a 

40  base  color.  The  recorded  image  will  be  erased 
by  the  low  temperature  heating. 
(2)  The  entire  area  of  the  recording  medium  is 
subject  to  the  high  temperature  heating  prior  to 
the  recording  so  that  it  may  be  blackened.  Then, 

45  the  recording  medium  undergoes  the  low  tem- 
perature  heating  so  to  form  an  image  thereon  in 
the  base  color.  High  temperature  energy  is  ap- 
plied  to  the  recording  medium  to  erase  the 
image. 

50  (3)  The  entire  area  of  the  recording  medium 
undergoes  the  high  temperature  heating  prior  to 
the  recording.  Then,  the  recording  medium  is 
subject  to  the  low  temperature  heating  so  as  to 
erase  the  areas  except  for  the  image.  In  other 

55  words,  the  erased  area  will  be  in  the  base  color. 
To  erase  the  entire  image,  high  temperature 
energy  will  be  applied  to  the  recording  medium. 

11 
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In  any  of  these  three  methods,  it  is  also  possi- 
ble  to  make  previous  images  unidentifiable  by  re- 
cording  the  background  pattern  on  the  recording 
medium,  or  by  applying  energy  to  the  recording 
medium  at  areas  which  are  not  associated  with  the 
image  to  be  recorded. 

In  the  foregoing  embodiments,  the  thermal 
head  3  is  concurrently  used  for  the  recording  and 
the  erasing.  Alternatively,  it  is  possible  to  provide  a 
recording-only  unit  and  an  erasing-only  unit.  Fur- 
ther,  two  thermal  heads  may  be  provided  for  the 
recording  and  the  erasing  in  the  recording  and 
erasing  system.  This  arrangement  is  also  effective. 

Embodiment  10: 

In  this  embodiment,  the  recording  and  erasing 
system  includes  a  means  for  entering  the  number 
of  times  of  recording  on  the  recording  medium. 
The  user  can  estimate  how  much  the  recording 
medium  is  aged,  thereby  preventing  use  of  an  old 
and  degraded  recording  medium. 

Referring  to  Fig.  35,  an  external  data  input  unit 
71  includes  a  keyboard.  Based  on  the  input  data,  a 
recording  control  unit  72  controls  a  thermal  head 
73  so  as  to  heat  heating  elements  associated  with 
the  image  to  be  recorded.  In  this  case,  the  record- 
ing  medium  81  is  heated  to  the  temperature  above 
t2  so  that  the  image  is  developed  thereon.  Under 
the  control  of  the  control  unit  72,  the  thermal  head 
73  heats  the  recording  medium  81  which  is  gradu- 
ally  advanced  on  a  guide  76  by  a  platen  roller  75, 
so  that  the  image  will  be  formed  on  the  recording 
medium  81.  To  erase  the  recorded  image,  the 
thermal  head  73  is  controlled  to  heat  the  image 
carrying  portion  of  the  recording  medium  or  the 
entire  area  of  the  recording  medium  81  to  the 
temperature  above  ti  but  below  t2. 

The  feature  of  this  embodiment  is  that  the 
recording  medium  81  has  a  magnetic  recorder, 
which  records  the  number  of  times  of  use  of  the 
recording  and  erasing  system.  Specifically,  when 
the  recording  medium  81  is  loaded  in  the  recording 
and  erasing  system,  a  magnetic  reading  head  82 
reads  the  number  of  times  (n)  the  recording  me- 
dium  has  been  used.  Then,  a  magnetic  recording 
head  83  writes  a  new  number  of  times  (n  +  1). 
Next,  a  checking  unit  84  compares  the  number  of 
reusable  times  (N)  of  the  recording  medium  with 
the  current  number  of  times  (n)  so  as  to  know 
whether  the  recording  medium  is  still  usable.  The 
number  of  times  (N)  is  stored  in  the  checking  unit 
84.  When  (n)  is  smaller  than  (N),  the  recording 
medium  83  can  be  used  for  the  recording  and 
erasing  as  described  above.  Then,  the  recording 
medium  will  be  conveyed  to  a  receiver  85  for 
taking  in  a  usable  recording  medium.  Conversely, 
when  (n)  is  larger  than  (N),  the  recording  medium 

81  is  determined  to  be  unusable.  This  is  notified  to 
the  thermal  head  control  unit  72,  so  that  the  record- 
ing  medium  is  subject  only  to  the  erasing.  A  sepa- 
rator  86  (?)  is  also  notified  that  the  recording  me- 

5  dium  is  not  usable,  and  a  switch  guide  87  is 
operated  to  a  position  shown  by  a  dotted  line  so 
that  the  recording  medium  81  will  be  routed  to  a 
receiver  88. 

Alternatively,  the  recording  and  erasing  system 
io  may  be  configured  as  shown  in  Fig.  34  by  remov- 

ing  the  mechanism  for  separating  the  usable  re- 
cording  medium  and  unusable  recording  medium. 
Furthermore,  the  checking  unit  84  may  be  dis- 
pensed  with  when  recording  only  the  number  of 

is  times  the  recording  medium  has  been  used.  A 
special  determining  unit  may  be  provided  to  check 
the  current  number  of  times  of  use. 

The  foregoing  receiver  for  the  usable  recording 
mediums  will  be  necessary  when  collecting  parking 

20  tickets,  for  example.  In  this  case,  when  (n)  is  small- 
er  than  (N),  the  thermal  head  73  performs  the 
erasing,  and  the  recording  if  necessary,  and  the 
recording  medium  will  be  routed  to  the  recording 
medium  receiver.  Conversely,  when  (n)  is  larger 

25  than  (N),  the  recording  medium  will  be  collected  in 
the  receiver  88  for  unusable  recording  media. 

When  the  recording  medium  such  as  a  prepaid 
card  is  returned  to  the  user,  no  unit  will  be  required 
for  separating  the  usable  or  unusable  cards.  In  this 

30  case,  when  the  recording  medium  81  is  loaded  into 
the  recording  and  erasing  system,  the  magnetic 
reading  head  82  reads  the  current  number  of  times 
(n)  of  the  recording  medium  81.  Then,  the  mag- 
netic  recording  head  83  writes  a  current  number  of 

35  times  (n  +  1)  of  use.  The  checking  unit  84  com- 
pares  (n)  with  (N)  so  as  to  recognize  whether  the 
recording  medium  is  still  usable.  (N)  has  been 
stored  in  the  checking  unit  84.  When  (n)  is  smaller 
than  (N),  the  recording  medium  81  is  subject  to  the 

40  recording  and  erasing  by  the  thermal  head  73,  and 
is  returned  to  the  guide  76  (shown  at  the  right  side 
in  Fig.  36).  Conversely,  when  (n)  is  larger  than  (N), 
the  recording  medium  81  will  be  directly  returned 
to  the  guide  76. 

45  In  this  embodiment,  it  is  also  possible  to  write 
the  current  number  of  times  (n)  of  use  in  the 
recording  and  erasing  system,  and  the  recording 
medium  will  be  checked  with  respect  to  its  usability 
by  a  separate  judging  unit. 

50  Thus,  the  usable  recording  mediums  and  un- 
usable  recording  mediums  will  be  segregated.  Un- 
usable  recording  medium  will  be  subject  only  to 
the  erasing  as  described  above,  so  that  their  con- 
tents  will  not  be  open  to  the  public  and  abused. 

55  When  such  a  measure  is  not  required,  no  erasing 
will  be  performed  on  the  unusable  recording  me- 
diums. 
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Embodiment  1  1  : 

Fig.  37  shows  the  configuration  of  a  recording 
and  erasing  system  according  to  an  eleventh  em- 
bodiment.  In  this  embodiment,  the  number  of  times 
the  recording  medium  has  been  used  is  recorded. 

The  unusable  recording  medium  receiver  18  is 
positioned  between  the  thermal  head  3  and  a  slit 
where  the  medium  is  loaded  into  the  recording  and 
erasing  system.  The  remaining  units  and  compo- 
nents  are  the  same  as  those  shown  in  Fig.  35,  and 
will  not  be  described  in  detail  here.  In  this  embodi- 
ment,  the  unusable  recording  mediums  will  be  re- 
trieved  without  coming  into  contact  with  the  thermal 
head,  so  that  the  thermal  head  will  be  kept  from 
being  stained. 

Embodiment  12: 

The  number  of  times  the  recording  medium 
has  been  used  is  also  recorded  in  this  embodi- 
ment. 

The  recording  and  erasing  system  is  similar  to 
that  shown  in  Fig.  34  except  for  the  unit  which 
identifies  unusable  recording  mediums.  When  the 
checking  unit  84  detects  that  (n)  is  larger  than  (N), 
the  thermal  head  control  unit  2  records  symbols  or 
a  message  on  the  surface  of  the  recording  medium 
11  so  as  to  indicate  that  the  recording  medium  is 
unusable.  For  instance,  a  letter  "X"  or  "Unusable" 
is  written  over  the  entire  surface  of  the  recording 
medium  for  this  purpose.  The  unusable  recording 
mediums  will  be  retrieved  inside  the  recording  and 
erasing  system,  or  returned  to  the  user  via  the 
loading  slit. 

Embodiment  13: 

The  number  of  times  the  recording  medium 
has  been  used  is  also  recorded  in  this  embodi- 
ment. 

The  configuration  of  the  recording  and  erasing 
system  is  similar  to  that  shown  in  Fig.  35  except 
for  the  usable  recording  medium  receiver  85,  which 
is  replaced  by  a  feeder  90  for  the  reusable  record- 
ing  mediums.  A  usable  recording  medium  or  a  new 
recording  medium  will  be  returned  to  the  user  via 
the  feeder  90. 

In  operation,  the  recording  medium  is  loaded 
into  the  recording  and  erasing  system  as  shown  at 
the  right  side  in  Fig.  39.  The  magnetic  reading 
head  82  reads  the  number  of  times  of  use  and 
other  data  (e.g.  the  remaining  number  of  usable 
times).  The  current  number  of  times  of  use  is  sent 
to  the  checking  unit  84,  and  is  compared  with  the 
number  of  reusable  times  (N).  When  the  recording 
medium  81  is  found  to  be  reusable,  it  is  subject  to 
the  erasing  by  the  thermal  head  73.  Then,  the 

platen  roller  75  is  reversely  rotated  to  heat  the 
recording  medium  81  by  the  thermal  head  73,  so 
that  an  image  is  recorded  thereon.  The  magnetic 
writing  head  83  writes  the  number  of  times  of  use 

5  (n  +  1)  on  the  recording  medium,  which  will  be 
returned  to  the  user. 

Conversely,  when  the  recording  medium  81  is 
found  to  be  unusable,  the  switch  guide  87  is  set  to 
a  lower  side  so  as  to  convey  the  recording  medium 

io  81  to  its  receiver  88.  Then,  a  usable  recording 
medium  81  is  fed  from  the  feeder  90  so  as  to 
record  an  image  thereon  by  the  thermal  head  73. 
The  magnetic  recording  head  83  increments  the 
number  of  times  of  use  by  one.  Then,  the  record- 

15  ing  medium  81  will  be  discharged  via  the  loading 
slit.  The  feeder  90  may  supply  either  new  or  usable 
recording  mediums  81.  In  the  foregoing  descrip- 
tion,  the  recording  medium  81  is  supposed  to  be 
loaded  into  the  recording  and  erasing  system  via 

20  the  slit  shown  at  the  right  side  in  Fig.  39.  When  the 
user  does  not  have  the  recording  medium  81,  a 
recording  medium  which  carries  data  on  transac- 
tions  of  an  operation  panel  (not  shown)  recorded 
by  the  thermal  head  73  and  the  data  recorded  by 

25  the  magnetic  recording  head  83  will  be  supplied  to 
the  user. 

Embodiment  14: 

30  The  recording  and  erasing  system  is  similar  to 
any  of  those  shown  in  Figs.  35  to  39,  and  includes 
a  display  91  and  a  data  memory  92.  Sometimes, 
either  the  display  91  or  the  data  memory  92  may 
suffice.  The  display  91  comprises  display  elements 

35  such  as  LEDs,  a  crystal  quartz  display,  or  seven 
segments. 

In  operation,  a  recording  medium  is  loaded  into 
the  recording  and  erasing  system.  The  magnetic 
reading  head  82  reads  the  number  of  times  of  use 

40  and  other  necessary  data  (e.g.  current  balance) 
from  the  recording  medium.  The  data  on  the  num- 
ber  of  times  of  use  are  transmitted  to  the  checking 
unit  84,  and  are  compared  with  the  number  of 
times  of  reuse  (N).  The  comparison  results  are 

45  indicated  on  the  display  91,  so  that  the  user  can 
easily  know  whether  or  not  the  recording  medium 
is  usable.  The  contents  of  the  reading  head  92,  i.e. 
the  current  number  of  times  of  use  or  the  number 
of  remaining  usable  times,  can  be  indicated  on  the 

50  display  91  . 
The  data  memory  92  is  capable  of  storing  the 

data  recorded  on  the  recording  medium.  The  data 
memory  92  is  used  to  reproduce  the  stored  data 
on  a  new  recording  medium  when  the  recording 

55  medium  in  use  is  found  to  be  unusable.  When  the 
recording  medium  is  used  up  but  reusable,  it  will 
be  repeatedly  used  with  the  data  reproduced  by 
the  data  memory  92.  In  the  former  case,  the  data 

13 



23 EP  0  583  483  A1 24 

memory  92  stores  the  data  except  for  the  number 
of  times  of  use  which  are  on  the  recording  me- 
dium.  Therefore,  the  contents  of  the  data  memory 
92  are  reproduced  on  a  new  recording  medium 
which  is  produced  in  the  recording  and  erasing 
system  or  which  is  loaded  into  the  recording  and 
erasing  system  by  the  user. 

It  will  be  more  convenient  to  the  user  if  instruc- 
tions  are  given  on  the  display  91  as  for  loading  of  a 
new  recording  medium  and  so  on. 

In  the  embodiments  10  to  13,  the  number  of 
times  of  use  of  the  recording  medium  is  mag- 
netically  recorded  on  the  recording  medium.  Alter- 
natively,  the  data  can  be  stored  by  other  means. 
For  instance,  the  number  of  times  of  use  may  be 
digitally  recorded  on  the  recording  medium  by  the 
thermal  head  73.  The  digital  data  can  be  read  by 
an  optical  reader  93.  Alternatively,  the  recording 
medium  will  be  perforated  based  on  the  number  of 
times  of  use.  Then,  the  perforations  will  be  read  by 
a  suitable  means.  Alternatively,  a  battery  and  a 
memory  are  used  to  store  and  read  the  data  on  the 
recording  medium  without  providing  a  magnetic 
layer  thereon.  In  any  case,  it  is  important  that  data 
such  as  the  number  of  times  of  use  can  be  stored, 
read  and  rewritten. 

In  the  foregoing  embodiment,  the  thermal  head 
73  concurrently  performs  the  recording  and  eras- 
ing.  Alternatively,  a  recording-only  unit  and  an 
erasing-only  unit  may  be  separately  provided.  Fur- 
ther,  a  recording  thermal  head  and  an  erasing 
thermal  head  may  be  separately  provided.  This 
arrangement  is  also  effective. 

Heating  means  such  as  a  heat  roller,  a  surface 
heating  resistor  (??)  and  a  laser  beam  source  may 
also  be  used  effectively  for  the  erasing  process.?? 

The  number  of  times  of  use  may  be  read  and 
written  only  at  the  time  of  recording  or  erasing  an 
image,  or  concurrently  at  the  time  of  recording  and 
erasing.  For  instance,  the  number  of  times  of  use 
may  be  read  when  erasing  a  recorded  image,  and 
written  on  the  recording  medium  when  recording 
an  image.  In  this  embodiment,  although  the  mag- 
netic  heads  82  and  83  are  separately  used  for  the 
reading  and  recording,  one  magnetic  head  may  be 
used  for  both  the  reading  and  recording.  In  the 
foregoing  description,  the  term  "recording"  also 
implies  "storing  data". 

In  the  embodiment  shown  in  Fig.  35,  the  re- 
cording  medium  on  which  the  message  "Unusable" 
is  written  on  the  entire  surface  thereof  will  be 
conveyed  to  the  receiver  38  as  in  the  embodiment 
shown  in  Fig.  38.  The  positional  relationship  be- 
tween  the  thermal  head  73  and  the  magnetic  heads 
is  not  limited  to  the  foregoing  ones  but  can  be 
modified  as  desired. 

As  described  so  far,  it  is  possible  to  record  the 
number  of  times  of  use  of  the  recording  medium, 

so  that  usable,  used-up  and  unusable  recording 
media  can  be  easily  identified.  Therefore,  it  is 
possible  to  prevent  troubles  related  to  unusable 
recording  media.  Further,  the  user  will  be  relieved 

5  from  the  troublesome  job  of  checking  whether  or 
not  the  recording  medium  is  still  usable. 

The  material  of  the  recording  medium  is  not 
limited  to  particular  ones,  but  may  be  of  materials 
such  as  organic  compounds  with  low  moleculars, 

io  dyes,  high  polymers  refined  by  the  phase-separa- 
tion,  crystalline  high  polymers  refined  by  the 
phase-change,  high  polymeric  liquid  crystalys  re- 
fined  by  the  phase-transformation,  thermochromics, 
polymer  blends,  and  so  on. 

15 
Industrial  Applicability 

The  recording  medium  of  the  present  invention 
is  applicable  as  a  parking  card,  a  prepaid  card,  a 

20  commuter  ticket  and  so  forth.  Repeated  use  of 
such  cards  is  very  effective  in  the  conservation  of 
natural  resources.  Further,  contents  of  previous  re- 
cording  will  not  be  revealed  when  the  recording 
medium  is  reused. 

25 
Claims 

1.  A  recording  and  erasing  system  for  repeatedly 
recording  and  erasing  an  image  on  and  from  a 

30  thermoreversible  recording  medium  by  apply- 
ing  a  predetermined  quantity  of  energy  to  de- 
sired  areas  thereof  via  a  heating  means,  the 
recording  and  erasing  system  comprising  an 
energy  varying  means  for  varying  energy  to 

35  the  heating  means  so  as  to  erase  an  image  on 
the  recording  medium. 

2.  A  recording  and  erasing  system  as  in  claim 
(1),  wherein  the  predetermined  energy  are  ap- 

40  plied  to  the  heating  means  when  the  recording 
medium  passes  therethrough,  and  the  energy 
varying  means  varies  the  predetermined  quan- 
tity  of  energy  so  that  a  greater  quantity  of 
energy  is  applied  to  a  leading  edge  of  the 

45  recording  medium  than  the  energy  applied  to 
the  other  areas  thereof  when  the  recording 
medium  passes  through  the  heating  means  so 
as  to  erase  the  image. 

50  3.  A  recording  and  erasing  system  as  in  claim 
(1),  wherein  the  predetermined  quantity  of  en- 
ergy  is  applied  to  the  heating  means  when  the 
recording  medium  passes  therethrough,  and 
the  energy  varying  means  varies  a  quantity  of 

55  energy  to  each  line  of  the  image  which  is 
perpendicular  to  the  moving  direction  of  the 
recording  medium. 

14 
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4.  A  recording  and  erasing  system  for  repeatedly 
recording  and  erasing  an  image  on  and  from  a 
thermoreversible  recording  medium  by  apply- 
ing  energy  to  desired  areas  thereof  via  a  heat- 
ing  means,  the  recording  and  erasing  system 
comprising  a  heating  area  varying  means  for 
heating  a  larger  area  of  the  recording  medium 
when  erasing  an  image  therefrom  than  an  area 
of  the  recording  medium  when  recording  an 
image  thereon. 

5.  A  recording  and  erasing  system  as  in  claim 
(4),  wherein  the  heating  area  varying  means 
heats  a  wider  area  across  the  recording  me- 
dium  when  erasing  an  image  therefrom  than  an 
area  across  the  recording  medium  when  re- 
cording  an  image  thereon. 

6.  A  recording  and  erasing  system  for  repeatedly 
recording  and  erasing  an  image  on  a  ther- 
moreversible  recording  medium  by  applying  a 
predetermined  quantity  of  energy  to  desired 
areas  thereof  via  a  heating  means,  the  record- 
ing  and  erasing  system  comprising  a  back- 
ground  generating  means  for  generating  a 
background  pattern  on  a  specified  area  of  the 
recording  medium,  wherein  the  erasing  is  per- 
formed  after  the  background  pattern  is  record- 
ed  on  the  recording  medium. 

7.  A  recording  and  erasing  system  for  repeatedly 
recording  and  erasing  an  image  on  a  ther- 
moreversible  recording  medium  by  applying  a 
predetermined  quantity  of  energy  to  desired 
areas  thereof  via  a  heating  means,  wherein  the 
heating  means  applies  a  first  quantity  of  en- 
ergy  to  areas  where  an  image  is  to  be  erased 
and  applies  a  second  quantity  of  energy  to 
areas  where  an  image  is  to  be  formed. 

8.  A  recording  and  erasing  system  for  repeatedly 
recording  and  erasing  an  image  on  a  ther- 
moreversible  recording  medium  by  applying  a 
predetermined  quantity  of  energy  to  desired 
areas  thereof  via  a  heating  means,  wherein  the 
reversible  thermoreversible  recording  medium 
includes  a  portion  where  the  number  of  record- 
ing  and  erasing  times  can  be  recorded,  and 
wherein  the  recording  and  erasing  system  fur- 
ther  includes  a  reading  means  reading  the 
number  of  times  of  use  data  recorded  on  the 
recording  medium,  and  a  writing  means  for 
writing  a  current  number  of  times  of  use  on  the 
portion  of  the  recording  medium  where  the 
previous  number  of  times  of  use  was  recorded. 

9.  A  recording  and  erasing  system  as  in  claim 
(8),  further  including  a  checking  unit  for  check- 

ing  whether  the  recording  medium  is  usable 
based  on  the  recorded  number  of  times  of  use, 
and  a  separator  for  segregating  usable  and 
unusable  recording  mediums  based  on  the  de- 

5  termination  of  the  checking  unit. 

10.  A  recording  and  erasing  system  as  in  claim 
(8),  further  including  a  checking  unit  for  check- 
ing  whether  the  recording  medium  is  still  us- 

io  able  based  on  the  recorded  number  of  times  of 
use,  and  a  writing  unit  for  labelling  the  record- 
ing  medium  unusable  when  it  is  found  to  be 
unusable  by  the  checking  unit. 

75  11.  A  recording  and  erasing  system  as  in  claim 
(8),  further  including  a  checking  unit  for  check- 
ing  whether  the  recording  medium  is  reusable 
based  on  the  recorded  number  of  times  of  use, 
and  a  feeder  for  feeding  a  new  recording  me- 

20  dium  when  the  existing  recording  medium  is 
not  usable  or  when  a  new  recording  medium  is 
used. 

12.  A  recording  and  erasing  system  as  in  claim 
25  (8),  further  including  a  checking  unit  for  check- 

ing  whether  the  recording  medium  is  usable 
based  on  the  recorded  number  of  times  of  use, 
and  a  data  memory  for  storing  data  recorded 
on  the  existing  recording  medium. 
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