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©  The  image  data  including  a  grid  pattern  to  be 
printed  by  a  thermal  printer  line  by  line  is  stored  for 
three  lines  of  dots  in  a  plural  line  buffer  (13),  and  the 
image  data  is  scanned  by  a  window  frame  (M)  of  an 
inverted  T-shape  which  covers  the  three  lines.  When 
a  dot  arrangement  extracted  by  the  window  frame 
including  an  object  dot  and  its  surrounding  dots 
coincides  with  a  predetermined  window  frame  pat- 
tern  (M0)  defined  in  an  intermediate  table  (16),  an 
address  representing  the  dot  arrangement  is  con- 
verted  into  an  intermediate  code  by  the  intermediate 
table.  The  intermediate  code  indicates  the  amount  of 
heating  energy  to  be  supplied  to  a  heating  element 
corresponding  to  the  object  dot  in  order  to  preheat 
when  the  area  of  the  object  dot  is  a  non-printing 
area,  or  to  heat  additionally  when  this  area  is  a 
printing  area,  thereby  to  prevent  a  thin  or  a  broken 
portion  from  appearing  in  the  printed  pattern  line. 
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METHOD  AND  APPARATUS  FOR  ENERGIZING  THERMAL  HEAD  OF  THERMAL  PRINTER 

The  present  invention  relates  to  a  method  and 
apparatus  for  energizing  a  thermal  head  of  a  heat 
ransfer  or  a  heat  sensitive  thermal  printer  to  print 
he  printing  data  line  by  line. 

A  prior  art  energizing  apparatus  of  a  thermal 
lead  of  a  thermal  printer  is,  as  shown  in  Fig.  1, 
:onnected  to  an  external  equipment  such  as  a 
personal  computer  or  the  like  which  produces  the 
Drinting  data,  for  example,  image  data  representing 
i  wire  frame  pattern  to  be  printed.  The  energizing 
apparatus  includes  an  interface  circuit  (hereinafter 
•eferred  to  as  an  l/F  circuit)  1  such  as  a  Centronics 
nterface  or  the  like  which  receives  the  image  data, 
a  computer  (referred  to  as  a  CPU)  2  for  controlling 
tie  operation  of  the  thermal  printer  as  a  whole,  a 
•andom  access  memory  (referred  to  as  a  RAM)  3 
for  a  work  area,  a  read  only  memory  (referred  to  as 
a  ROM)  4  for  storing  a  program,  a  manipulation 
circuit  5,  a  thermal  head  S  having  a  shift  register 
3a,  latch  circuit  6b,  a  driving  circuit  7a  of  the 
thermal  head,  and  a  heating  unit  7b  including  heat- 
ing  elements,  a  driver  circuit  8,  a  paper  feeding 
puise  motor  9,  a  transfer  ribbon  take-up  pulse 
motor  10,  and  a  solenoid  11  for  pressing  the  ther- 
mal  head  against  a  ribbon  and  printing  paper. 

The  image  data  inputted  from  the  external 
equipment  through  the  l/F  circuit  1  is  supplied  via 
the  CPU  2  to  the  shift  register  6a  for  each  line 
sequentially  and  stored  therein. 

Thereafter,  the  image  data  in  the  shift  register 
6a  is  transferred  to  the  latch  circuit  6b  by  applying 
a  latch  signal.  Then,  a  common  signal  is  delivered 
to  the  driving  circuit  7a  from  the  CPU  2  for  a  time 
depending  on  the  temperature  of  the  thermal  head 
S  to  supply  a  current  to  predetermined  heating 
elements  of  the  heating  unit  7b  to  achieve  printing. 

In  this  case,  in  the  thermal  printer,  when  the 
electric  power  is  to  be  supplied  to  the  heating 
elements  for  one  line  of  dots  which  amount  to 
several  thousands  of  dots,  a  power  source  of  a 
large  capacity  is  required.  However,  to  avoid  this, 
the  one  line  of  dots  or  heating  elements  are  divided 
into  a  certain  number  of  blocks  and  the  ener- 
gization  of  the  heating  elements  is  carried  out  for 
each  block  as  a  unit. 

Such  a  block  is  called  as  a  common,  and  the 
printing  of  one  line  of  dots  is  achieved  by  sequen- 
tially  supplying  a  common  signal  from  the  CPU  2. 
On  the  other  hand,  various  driving  commands  are 
inputted  to  the  driver  circuit  8  from  the  CPU  2  via 
the  manipulation  circuit  5,  and  the  paper  feeding 
by  the  pulse  motor  9,  and  the  taking-up  of  a 
transfer  ribbon  by  the  pulse  motor  10  are  per- 
formed,  and  at  the  same  time,  by  exciting  the 
solenoid  11,  the  printing  of  the  image  data  is  per- 

formed  in  accordance  with  the  type  ot  tne  tnermai 
printer  either  the  heat  sensitive  type  or  the  thermal 
transfer  type. 

In  the  prior  art  energizing  apparatus,  among 
5  the  heating  elements  of  the  thermal  head,  each  of 

the  heating  elements  which  performs  printing  is 
supplied  with  a  current  for  a  fixed  time,  whereas 
each  of  the  heating  elements  which  does  not  per- 
form  the  printing  is  not  supplied  with  current.  In  this 

ro  respect,  in  some  prior  art  apparatus,  the  preheating 
is  performed,  for  example,  the  printing  head  is 
maintained  at  a  constant  temperature  independent 
of  the  printing  data,  or  a  separate  heating  head  is 
provided  separately  from  the  printing  head  at  a 

is  position  several  lines  preceding  the  present  print- 
ing  line.  Thus,  the  problem  is  involved  in  that  the 
control  of  the  preheating  can  not  be  achieved  in 
accordance  with  the  surrounding  contents  of  the 
data  to  be  printed,  and  the  construction  of  hard- 

30  ware  is  complicated. 
Accordingly,  in  printing  a  wire  frame  pattern  in 

which  a  printing  portion  appears  for  the  first  time 
after  a  succession  of  non-printing  portions  for  rela- 
tively  a  long  time,  for  example,  a  grid  pattern 

25  consisting  of  vertical  line  and  horizontal  line  as 
shown  in  Figs.  2A  to  2C,  the  heating  elements  will 
be  cooled  before  they  reach  the  printing  portion. 
As  a  result,  a  thin  or  broken  portion  will  appear  in 
the  printed  portion. 

30  Generally,  a  relationship  between  the  heating 
time  of  the  heating  element  and  the  actual  effect  of 
printing  on  a  printing  paper  is  illustrated  as  shown 
in  Fig.  3.  When  the  heating  time  is  shorter  than  T2, 
a  non-printed  area  appears  on  the  printing  paper, 

35  and  when  the  heating  time  is  between  T2  and  T3, 
an  intermediate  area  is  produced  in  which  printing 
or  non-printing  is  effected  depending  on  an  envi- 
ronmental  temperature.  Furthermore,  when  the 
heating  time  exceeds  T3,  a  printed  area  is  pro- 

40  duced.  Hereinafter,  the  heating  time  is  represented 
by  the  scale  in  Fig.  3  for  the  sake  of  explanation, 
for  example,  T2  is  represented  by  "2",  T3  by  "3", 
a  maximum  heating  time  of  a  normal  printing  area 
by  "6",  and  a  maximum  heating  time  for  printing  a 

45  pattern  line  portion  to  correct  heating  by  additiona- 
ly  heating  thereby  to  emphasize  in  the  present 
invention  is  represented  by  "7".  Furthermore,  a 
heating  time  T1  for  preheating  in  a  non-printing 
area  is  represented  by  "1  ". 

50  The  thin  or  broken  printed  portion  is  caused  in 
various  cases.  However,  in  the  present  invention, 
the  following  cases  are  the  objects  for  preventing 
such  a  thin  or  broken  printed  portion. 

2 
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i)  The  thin  or  broken  portion  caused  in  a 
lorizontal  pattern  line  when  a  grid  pattern  consist- 
ng  of  vertical  and  horizontal  pattern  lines  is  to  be 
Drinted  (Fig.  2A). 

ii)  The  thin  or  broken  portion  caused  in  the 
/erticai  pattern  line  when  an  adjacent  area  to  the 
lorizontal  pattern  line  is  preheated  to  prevent  the 
:hin  portion  in  the  horizontal  pattern  line  in  the  case 
if  i)  (Fig.  2B). 

iii)  The  thin  or  broken  portion  appearing  in  a 
:irst  dot  column  and  a  first  dot  row  in  the  printing  of 
oroad  vertical  and  horizontal  pattern  lines  each 
laving  a  width  of  two  dots  (Fig.  2C). 

In  the  cases  i)  and  ii)  mentioned  above,  the 
:auses  of  the  occurrence  of  the  thin  or  broken 
printed  portion  are  as  follows. 

In  the  printing  of  the  vertical  pattern  line,  when 
the  printing  is  performed  line  by  line,  the  amount  of 
heat  supplied  to  the  heating  element  for  the  print- 
ing  of  the  previous  line  is  accumulated  so  that  it  is 
summed  to  the  heat  for  the  printing  of  the  present 
line.  As  a  result,  the  amount  of  heat  required  for 
the  printing  is  always  obtained,  and  no  thin  or 
broken  printed  portion  is  caused  usually.  However, 
in  the  case  of  printing  the  horizontal  pattern  line, 
the  printing  is  performed  after  passing  through  a 
large  non-printed  portion.  Thus,  the  heating  ele- 
ment  is  cooled  and  since  there  is  no  accumulated 
heat  as  mentioned  above,  the  amount  of  heat  re- 
quired  for  printing  is  insufficient.  As  a  result,  even 
when  a  current  is  supplied  to  the  heating  element 
for  the  same  period  of  time  as  in  other  printing 
portions,  the  thin  printed  portion  will  occurs  (Fig. 
2A). 

Furthermore,  in  order  to  prevent  the  occur- 
rence  of  the  thin  or  broken  portion  in  the  horizontal 
pattern  line,  if  the  correction  for  heating,  that  is, 
preheating  for  the  non-  printing  portion  is  per- 
formed  as  in  a  first  embodiment  of  the  invention 
(described  later),  since  this  preheating  is  not  per- 
formed  for  just  lateral  adjacent  portions  of  the  verti- 
cal  pattern  line  to  be  printed,  the  printed  vertical 
pattern  line  looks  thin  in  contrast  to  the  printed 
horizontal  pattern  line  which  has  been  made  clear. 
That  is,  the  vertical  pattern  line  becomes  thin  rela- 
tive  to  the  horizontal  pattern  line  (Fig  2B). 

It  is  an  object  of  the  invention  to  provide  a 
method  and  apparatus  for  energizing  a  thermal 
head  of  a  thermal  printer  capable  of  preventing  the 
thin  or  broken  printed  portion  from  occuring  in 
printing  of  a  wire  frame  pattern. 

In  the  first  aspect  of  the  present  invention: 
1)  A  window  frame  of  a  predetermined  shape 

such  as  an  inverted  T-shape  is  used  to  scan  the 
printing  data  having  a  wire  frame  pattern  to  be 
printed  by  a  thermal  printer  prior  to  the  printing. 

2)  When  the  printing  data  extracted  oy  tne 
window  frame  coincides  with  a  predetermined  win- 
dow  frame  pattern  defined  in  an  intermediate  table, 
an  area  represented  by  the  window  frame  and  in 

5  the  non-printing  portion  is  determined  to  be 
preheated.  The  intermediate  table  also  indicates 
the  amount  of  heating  energy  to  be  supplied  to  a 
corresponding  heating  element  for  the  preheating. 

3)  By  the  application  of  the  preheating,  at 
to  the  time  of  printing,  a  temperature  difference  be- 

tween  heating  elements  for  the  successive  printing 
portion  and  the  non-successive  printing  portion  is 
made  small. 

rs  In  the  second  aspect  of  the  invention: 
1)  A  window  frame  of  a  predetermined  shape 

such  as  an  inverted  T-shape  is  used  to  scan  the 
printing  data  having  a  wire  frame  pattern  to  be 
printed  by  a  thermal  printer  prior  to  the  printing. 

20  2)  When  the  printing  data  extracted  by  the 
window  frame  coincides  with  a  predetermined  win- 
dow  frame  pattern  defined  in  an  intermediate  table, 
an  area  represented  by  the  window  frame  and  in 
the  printing  portion  is  determined  to  be  correction 

25  heated.  The  intermediate  table  also  indicates  the 
amount  of  heating  energy  to  be  supplied  to  a 
corresponding  heating  element  for  the  correction 
heating. 

3)  The  heating  element  corresponding  to  the 
30  determined  area  is  correction  heated  so  that  this 

heating  element  is  supplied  with  more  amount  of 
heating  energy  than  a  heating  element  for  printing 
a  normal  printing  portion  . 

4)  By  the  adjustment  of  the  heating  time, 
35  each  predetermined  line  portion  of  a  vertical  pat- 

tern  line  and  a  horizontal  pattern  line  which  are  to 
become  printing  portion  is  corrected  to  increase 
the  heating  time  longer  than  other  printing  portions. 

40  In  the  drawings: 
Fig.  1  is  a  block  diagram  of  a  prior  art 

energizing  apparatus  ; 
Figs.  2A  to  2C  are  diagrams  for  explaining  a 

thin  or  broken  portion  occurring  in  a  printed  portion 
45  in  the  case  of  the  prior  art  apparatus; 

Fig.  3  is  a  graph  illustrating  a  relationship 
between  the  heating  time  and  printed  conditions; 

Fig.  4  is  a  block  diagram  of  an  energizing 
apparatus  of  an  embodiment  of  the  present  inven- 

50  tion; 
Fig.  5A  shows  a  window  frame  used  in  the 

invention; 
Figs.  5B,  5D,  and  5E  show  respectively  dif- 

ferent  window  frame  patterns  used  in  the  invention; 
55  Figs.  5C  and  5F  show  examples  of  printing 

data  assumed  to  be  on  a  printing  paper  in  relation 
to  the  window  frame  patterns; 

3 
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Figs.  6A  to  6F  show  a  window  frame  and 
window  frame  patterns  similar  to  Figs.  5A,  5B,  5D 
and  5E;  and 

Fig.  6G  shows  printing  data  in  relation  to  the 
window  frame  patterns  assumed  to  be  developed 
Dn  a  printing  paper. 

Embodiments  of  the  present  invention  will  be 
described  with  reference  to  Figs.  4  to  6A  to  6G. 

In  Fig.  4,  equivalent  parts  to  those  in  Fig.  1  are 
designated  by  like  reference  numerals. 

An  energizing  apparatus  which  can  be  used  in 
:ommon  in  each  embodiment  will  be  described 
with  reference  to  Fig.  4.  A  plural-line  buffer  13  for 
sxample,  a  three-line  buffer  receives  8  dots  of 
image  data  sent  from  an  external  equipment 
through  an  l/F  circuit  1  ,  and  stores  for  one  dot  line. 
At  the  same  time,  in  response  to  a  shift  signal  for 
each  dot,  it  sequentially  transfers  the  data,  How- 
ever,  in  order  to  examine  dot  states  surrounding  a 
dot  to  be  printed,  the  plural-line  buffer  13  stores 
the  data  for  three  dot  lines  including  the  present 
line  (n),  the  previous  line  (n-1),  and  the  line  before 
the  previous  line  (n-2).  The  plural-line  buffer  13  is 
arranged  in  a  ring-type. 

A  line  counter  14  controls  the  operation  of  the 
plural-line  buffer  13,  and  it  is  also  used  as  an 
address  generating  circuit  for  generating  an  ad- 
dress  for  each  dot  in  a  window  frame  of  an  inverted 
T-shape. 

A  surrounding  dot  buffer  (including  a  latch  cir- 
cuit)  15  extracts  from  the  plural  line  buffer  13  data 
for  five  dots  in  accordance  with  the  window  frame 
M  shown  in  Fig.  5  A,  that  is,  three  dots  ©  to  ®  on 
the  dot  line  (n)  to  be  printed  at  present,  one  dot  0  
on  the  previous  dot  line  (n-1),  and  one  dot  ©  on 
the  dot  line  (n-2)  before  the  previous  line.  Among 
the  five  dots  (the  dot  means  not  only  a  printing  dot 
but  also  a  non-printing  dot),  the  dot  ©  positioned 
at  the  center  of  the  dot  row  of  the  window  frame  M 
on  the  line  n  is  the  object  dot  which  indicates,  for 
example,  a  dot  area  to  be  preheated,  correction 
heated,  heated  normally,  or  not  heated  in  the  suc- 
ceeding  process,  and  the  other  dots  ©  to  ©  are 
mere  surrounding  dots  indicating  the  surrounding 
data  state  of  the  object  dot  ©  and  defines  the 
particular  shape  of  the  window  frame  M.  The  sur- 
rounding  dot  buffer  15  converts  the  extracted  data 
representing  the  states  of  the  object  dot  and  the 
surrounding  dots  to  an  address  corresponding  to 
the  states  of  the  five  dots,  and  delivers  the  address 
to  an  intermediate  table  16. 

The  intermediate  table  16  (actually  stored  in  a 
memory)  enables  to  convert  the  address  to  an 
intermediate  code  which  differs  depending  on 
whether  address  representing  the  dot  arrangement 
in  the  window  frame  M  coincides  with  a  window 
frame  pattern  MO  shown  in  Fig.  5B  or  not.  For 

example,  when  the  address  contains  o,  o,  o,  u,  u 
respectively  corresponding  to  the  states  of  the  dots 
1  to  5  of  the  window  frame  M,  since  this  address 
coincides  with  the  window  frame  pattern  MO,  the 

s  intermediate  code  of  "1"  is  delivered.  When  two 
addresses  respectively  include  0,  1,0,  0,  0,  and  0, 
0,  1,  0,  0,  wich  are  coincident  with  window  frame 
patterns  M1  and  M2  (described  later),  intermediate 
codes  of  "1"  and  "1"  are  delivered  respectively. 

io  Furthermore,  when  the  address  contains  1  ,  X,  X,  X, 
X,  (the  object  dot  is  1,  and  the  other  dots  are 
"don't  care  dots"  in  the  first  and  second  embodi- 
ments)  which  do  not  coincide  with  any  of  the 
window  frame  patterns  M0  to  M2  and  which  in- 

75  dicates  a  printing  portion,  the  intermediate  code  of 
"6"  is  delivered.  When  the  address  is  other  than 
the  ones  mentioned  above,  the  intermediate  code 
of  "0"  is  delivered.  The  intermediate  code  repre- 
sents  the  amount  of  heating  energy  to  be  supplied 

20  to  the  heating  element  corresponding  to  the  area  of 
the  object  dot  in  the  window  frame  M  in  order  to 
preheat  (intermediate  code  of  1),  to  heat 
(intermediate  code  of  6),  or  not  heat  (intermediate 
code  of  0)  which  will  be  described  later.  In  the 

25  second  embodiment,  in  place  of  the  single  window 
frame  pattern  M0,  two  window  frame  patterns  M1 
and  M2  shown  in  Figs.  5D  and  5E  are  used. 
Furthermore,  in  the  third  embodiment,  five  window 
frame  patterns  Figs.  6B  to  6F  are  use  as  will  be 

30  described  later,  Thus,  when  the  address  sent  from 
the  surrounding  dot  buffer  15  is  determined  as 
being  coincident  with  any  one  of  the  window  frame 
patterns  M1  and  M2  in  the  second  embodiment, 
the  adress  is  converted  to  intermediate  codes  of  1 

35  and  1  respectively  as  mentioned  above. 
In  this  case,  the  amount  of  heating  energy 

(heating  time,  the  number  of  times  of  energization) 
for  the  intermediate  code  converted  by  the  inter- 
mediate  table  16  is  predetermined  by  CPU  2.  The 

40  manner  of  deciding  a  numerical  value  of  the  inter- 
mediate  code  representing  the  amount  of  heating 
energy  will  be  described  later. 

An  intermediate  code  buffer  17  stores  the  inter- 
mediate  codes  for  two  lines  including  the  present 

45  line  and  the  previous  line,  and  outputs  intermediate 
code  signals  B  for  the  previous  line  which  have 
already  been  generated  repeatedly  until  the  print- 
ing  for  one  line  is  completed. 

In  this  respect,  the  intermediate  code  signals 
so  for  the  previous  line  are  referred  to  as  the  newest 

intermediate  code  signals  for  one  line  which  have 
been  determined  completely,  and  the  intermediate 
code  signals  for  the  present  line  are  incomplete, 
that  is,  the  intermediate  codes  for  full  one  line  have 

55  not  been  completed  (under  preparation). 
An  energizing  number  counter  18  counts  the 

number  of  times  of  energization  per  one  common, 
and  outputs  a  signal  A  to  a  comparator  19.  For 

4 
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jxample,  when  a  maximum  value  of  the  intermedi- 
ate  codes  is  6,  the  signals  A  represent  respectively 
seven  numerical  values  of  0  to  6,  and  the  signals  A 
ire  sequentially  supplied  to  the  comparator  19. 

The  comparator  19  compares  the  intermediate 
;ode  signal  B  delivered  for  each  one  common  from 
he  intermediate  code  buffer  17  with  the  signal  A, 
and  outputs  an  energizing  signal  "1  "  when  A  <  B  , 
and  outputs  a  non-energizing  signal  "0  "  when  A  £ 
3.  This  operation  is  repeated  for  the  times  cor- 
responding  to  the  maximum  value  of  the  intermedi- 
ate  code  signals  B.  The  number  of  times  of  com- 
Darison  which  is  performed  by  the  comparator  19 
s  determined  by  the  maximum  value  of  the  inter- 
nediate  codes.  In  other  words,  the  maximum  value 
s  a  maximum  value  of  intermediate  codes  of  re- 
spective  dots  in  one  common. 

A  common  counter  20  counts  the  number  of 
commons  per  one  line,  and  indicates  the  comple- 
:ion  of  printing  for  one  line.  Furthermore,  although 
:he  shape  of  the  window  frame  M  is  described  in 
:he  embodiments  as  to  the  inverted-T  shape,  the 
nvention  is  not  limited  to  this,  and  for  example,  a 
square  window  frame  containing  data  of  9  dots  for 
three  lines,  etc.,  may  be  used. 

Hereinafter,  the  manner  of  determination  of  the 
preheating  area  in  the  first  embodiment  will  be 
described  in  detail  with  reference  to  Figs.  5B  and 
5C. 

Figs.  5B  shows  the  window  frame  pattern  MO 
of  the  inverted  T-shape  for  detecting  the  non-print- 
ing  area  (specifically,  the  object  dot  area)  to  be 
preheated  as  mentioned  before,  and  Fig.  5C  shows 
a  relationship  between  the  window  frame  M  and  the 
printing  data  represented  on  a  printing  paper.  In 
Fig.  5C,  the  abscissa  represents  the  direction  of 
movement  or  scanning  of  the  window  frame  M,  and 
the  ordinate  represents  the  order  of  lines  to  be 
printed  downwardly.  Further,  in  Figs.  5B  and  5C, 
each  printing  dot  area  for  printing  a  vertical  pattern 
line  and  for  printing  a  horizontal  line  of  a  printing 
pattern  of  a  grid  shape  is  represented  as  1,  and  a 
non-printing  dot  area  in  which  no  printing  is  made 
is  represented  as  0. 

The  window  frame  M  of  the  inverted  T-shape  . 
which  covers  three  lines  is  shifted  or  moved  dot  by 
dot  to  the  right  in  Fig.  5C,  wand  after  the  scan  of 
these  three  lines  is  completed,  the  window  frame 
M  is  moved  one  dot  line  downwardly  to  scan  the 
next  three  lines  to  determine  whether  the  data  or 
dot  arrangement  appearing  in  the  window  frame  M 
coincides  with  the  dot  arrangement  in  the  window 
frame  pattern  MO  containing  all  dots  of  0.  When  the 
concidence  is  determined,  the  data  coincident  with 
the  pattern  MO,  specifically,  the  dot  area  of  the 
object  dot  is  detected  as  the  non-printing  area 
(since  the  object  dot  of  the  frame  MO  is  0)  which  is 
to  be  preheated. 

For  example,  in  tne  data  areas  inaicatea  Dy  , 
P2,  and  P3  in  Fig.  5C  which  correspond  to  the 
window  frame  pattern  M0,  a  dot  area  of  the  object 
dot  in  each  of  P1,  P2,  and  P3  is  preheated.  In  this 

5  case,  a  data  area  enclosed  by  the  window  frame  M 
adjacent  to  the  data  area  P1  at  the  left  side  thereof 
does  not  coincides  with  the  pattern  M0  because 
the  left  end  of  the  dot  row  is  1  .  Thus,  the  dot  area 
of  the  object  dot  which  is  0  and  located  just  at  the 

ro  right  side  of  the  column  of  1  is  not  preheated.  (This 
data  area  is  preheated  in  the  second  embodiment.) 

The  intermediate  code  TM  determined  by  the 
intermediate  table  16  mentioned  above  is  given  by 
the  following  formula.  Where,  the  total  heating 

15  (application)  time  period  is  represented  by  KT,  and 
the  heating  (application)  time  period  per  one  time 
is  represented  by  TO. 
TM  =  K  =  KT  /  TO 

Accordingly,  for  example,  supposing  that  KT  is 
10  6  (for  printing),  and  TO  is  1,  then  the  intermediate 

code  TM  is  6.  When  KT  is  1  (for  preheating),  the 
intermediate  code  is  1  . 

For  example,  as  shown  in  Fig.  3,  the  intermedi- 
ate  code  is  set  such  that  the  total  heating  time  per 

25  one  common  time  for  printing  is  6,  the  preheating 
time  is  1  in  a  non-printing  area,  and  the  heating 
time  for  npn-printing  without  preheating  is  0.  In  the 
manner,  the  intermediate  code  is  determined  for 
each  area  of  one  dot  of  the  printing  data,  and  the 

30  correction  of  the  number  of  times  of  energization  is 
performed  for  the  dot  area  which  is  detected  as 
coincident  with  the  window  frame  pattern  M0. 

The  comparator  19  compares  the  intermediate 
code  signal  B  for  each  dot  (the  object  dot  in  the 

35  window  frame  M,  or  the  object  dot  in  the  window 
frame  pattern  MO  in  the  case  of  coincidence)  which 
distinguishes  the  printing  area  (6),  non-printing  area 
(0),  and  preheating  area  (1)  from  one  another  as 
shown  in  Fig.  3  with  the  signal  A  ranging  from  0  to 

40  6  sequentially  supplied  from  the  energizing  number 
counter  18,  and  produces  an  energizing  signal  in- 
cluding  correction  of  heating  when  the  window 
frame  pattern  M0  is  detected. 

For  example,  in  the  case  of  the  printing  area, 
45  when  the  signal  B  is  equal  to  6  of  a  maximum 

value,  this  numeral  value  6  is  compared  sequen- 
tially  with  seven  signals  of  0,  1,  2,  3,  4,  5,  and  6 
which  is  supplied  as  the  signal  A  sequentially  each 
time  the  energization  is  performed. 

so  Accordingly,  from  the  comparator  19,  the  out- 
puts  of  1  ,  1  ,  1  ,  1  ,  1  ,  1  ,  and  0  representing  energiz- 
ing  signals  are  delivered  sequentially,  and  six  times 
of  energization  of  the  corresponding  heating  ele- 
ment  is  performed  for  the  printing  area. 

55  Similarly,  for  the  preheating  area,  a  signal  B  of 
1  is  applied  to  the  comparator  1  9  for  the  section  of 
one  common.  Thus,  this  signal  B  is  compared  with 
a  signal  A  which  is  applied  in  the  order  of  0  to  6  in 

5 
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i  simiiar  manner  as  for  the  printing  area  mentioned 
ibove,  and  energizing  signals  of  1,  0,  0,  0,  0,  0, 
and  0  are  outputted  sequentially  for  the  section  of 
)ne  common,  thereby  to  energize  the  heating  ele- 
ment  as  preheating  of  one  time  of  energization. 

Furthermore,  for  the  non-printing  area  requiring 
io  preheating,  a  signal  B  of  0  is  applied  to  the 
:omparator  19.  Thus,  the  energizing  signals  are  all 
D  for  seven  times,  and  no  energization  is  per- 
ormed. 

The  area  to  be  corrected  in  heating  as  de- 
scribed  above  is  an  area  (the  object  dot  area) 
which  coincides  with  the  window  frame  pattern  M0 
designated  by  the  intermediate  table  16,  for  exam- 
ple,  areas  P1,  P2,  P3,  etc.  in  Fig.  5C. 

Accordingly,  the  energizing  time  of  the  heating 
slement  for  the  area  adjacent  to  continuous  non- 
Drinting  areas  excepting  the  non-printing  areas  just 
adjacent  to  the  printing  portion  of  the  vertical  pat- 
tern  line  at  right  and  left  sides  thereof  is  adjusted 
with  respect  to  the  energizing  time  for  the  printing 
portion  of  the  vertical  pattern  line  so  that  a  tem- 
perature  difference  between  these  portions  be- 
comes  small  thereby  to  prevent  the  thin  or  broken 
portion  of  the  printed  vertical  line  from  appearing. 

This  operation  is  performed  for  each  succes- 
sive  dot  line. 

In  this  case,  a  thermistor  (not  shown)  provided 
on  the  thermal  head  S  detects  an  environmental 
temperature  and  supplies  a  thermistor  signal  to  an 
A/D  converter  12  to  adjust  the  preheating  depend- 
ing  on  a  change  in  the  environmental  temperature. 
For  example,  this  adjustment  is  made  so  that  no 
actual  printing  is  effected  by  the  preheating  due  to 
high  environmental  temperature. 

A  driver  circuit  8  controls  driving  of  a  paper 
feed  pulse  motor  9  and  a  transfer  ribbon  take-up 
pulse  motor  10,  and  excitation  of  a  thermal  head 
pressing  solenoid  11  in  accordance  with  data  sup- 
plied  from  the  line  counter  14  and  commands 
supplied  from  the  CPU  2. 

The  manner  of  preheating  in  the  second  em- 
bodiment  will  be  described.  Figs.  5D  and  5E  show 
window  frame  patterns  M1  and  M2  for  detecting 
areas  (specifically,  the  object  dot  areas  located  at 
the  center  of  the  dot  rows  of  the  patterns  M1  and 
M2)  to  be  preheated  used  in  the  second  embodi- 
ment,  and  Fig.  5F  show  a  relationship  between  the 
printing  data  on  a  printing  paper  and  the  window 
frame  patterns  M1  and  M2. 

In  the  second  embodiment,  two  window  frame 
patterns  M1  and  M2  are  used  to  detect  the  con- 
cidence  between  the  printing  data  appearing  in  the 
window  frame  M  and  any  one  of  the  patterns  M1 
and  M2  to  perform  correction  of  heating,  that  is, 
preheating  of  non-printing  areas  to  prevent  the  oc- 
currence  of  the  thin  or  broken  printed  portion  in  the 
vertical  printed  line  of  the  grid  printing  pattern. 

Accordingly,  by  scanning  tne  printing  aata  Dy 
the  window  frame  M,  the  printing  data  or  dot  ar- 
rangement  which  coincides  with  the  patterns  M1 
and  M2  are  detected.  For  example,  areas  Q1  and 

5  Q2  shown  in  Fig.  5F  in  which  the  left  end  or  the 
right  end  of  the  lower  dot  row  is  1  and  the  other 
dots  are  0  are  detected.  In  other  words,  these 
areas  Q1  and  Q2  include  non-printing  areas,  or  the 
object  dot  areas  of  0  respectively  positioned  just  at 

>o  the  right  and  left  adjacent  sides  of  the  printing 
portion  of  the  vertical  pattern  line.  These  adjacent 
areas  are  omitted  for  preheating  in  the  first  em- 
bodiment. 

Thus,  similar  to  the  first  embodiment,  also  re- 
(5  ferring  to  Fig.  4,  the  intermediate  code  signal  B  of 

"1  "  ,  in  the  case  of  coincidence  with  the  patters  M1 
and  M2,  supplied  to  the  comparator  19  from  the 
intermediate  table  16  through  the  intermediate 
code  buffer  17  is  compared  with  a  signal  A  from 

jo  the  energizing  number  counter  18  to  generates  a 
preheating  signal  representing  one  time  of  ener- 
gization  to  be  effected  as  preheating  to  each  dot  of 
the  non-printing  areas  just  adjacent  laterally  to  the 
vertical  printing  line,  for  example,  shown  in  Fig.  5F 

25  at  Q1  and  Q2.  As  a  result,  the  energizing  time  of 
the  heating  element  for  the  printing  portion  of  the 
vertical  printing  line  and  the  energizing  time  for  the 
non-printing  portions  (which  are  excluded  in  the 
first  embodiment)  just  laterally  adjacent  to  the  verti- 

30  cal  printing  line  are  adjusted  to  decrease  a  tem- 
perature  difference  between  these  portions.  By  vir- 
tue  of  this,  the  occurrence  of  the  thin  or  broken 
portion  in  the  vertical  printing  line  is  prevented. 

The  manner  of  correction  heating  in  the  third 
35  embodiment  will  be  described  with  reference  to 

Figs.  6A  to  6F,  and  also  Fig.  4.  Fig.  6A  shows  a 
window  frame  M  identical  with  that  of  Fig.  5A,  and 
Figs.  6B  to  6F  show  respectively  window  frame 
patters  M11  to  M15  which  are  used  to  emphasize 

40  or  to  correct  heating  particular  portions  of  the  verti- 
cal  and  horizontal  printing  lines.  Fig.  6G  shows, 
similar  to  Figs.  5C  and  5F,  a  relationship  between 
each  of  the  patterns  M11  to  M15  and  printing  data 
to  be  printed  on  a  printing  paper. 

45  In  this  embodiment,  the  correction  is  made  to 
the  thin  or  broken  printed  portions  of  vertical  and 
horizontal  printing  line  portions  which  appear  for 
the  first  time  after  continuous  non-printing  portions 
by  detecting  data  areas  coincident  with  the  pat- 

50  terns  M11  to  M15. 
Thus,  in  this  case,  similar  to  the  first  and 

second  embodiments,  when  the  printing  data  or  dot 
arrangement  appearing  in  the  window  frame  M  is 
determined  as  being  coincident  with  any  of  the 

55  patterns  M11  to  M15  by  the  scanning  by  the  win- 
dow  frame  M,  for  example,  P11  to  P15  shown  in 
Fig.  6G.  The  addresses  of  these  coincident  dot 
arrangements,  for  example,  P11  to  P15  are  con- 
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rerted  to  intermediate  codes  by  the  intermediate 
able  16. 

For  example,  in  the  case  of  the  dot  arrange- 
ment  of  P11  which  coincides  with  the  window 
rame  pattern  M11,  the  address  is  formed  by  1,  0, 
1  ,  1  ,  1  ,  and  the  object  dot  area  is  1  indicating  the 
Drinting  area.  Thus,  this  address  is  converted  to  the 
ntermediate  code  of  7.  In  this  embodiment,  all  the 
ntermediate  codes  for  the  P11  to  P15  are  set  to  7 
as  will  be  described  later.  For  the  dot  arrangement 
n  the  window  frame  M  which  does  not  coincide 
with  any  of  the  patterns  M11  to  M15,  the  intermedi- 
ate  code  is  set  to  6  when  the  object  dot  indicates  a 
arinting  area,  whereas  the  intermediate  code  is  set 
:o  0  when  the  object  dot  indicates  a  non-printing 
area. 

The  intermediate  code  TM  is  expressed  by  the 
following  formula  similar  to  the  one  described  in 
the  first  embodiment. 
TM  =  K  =  KT  /  TO 

Where,  the  intermediate  code  TM  corresponds 
to  the  number  of  ties  of  energization  (heating)  K, 
KT  is  the  total  energization  (heating)  time,  and  TO 
is  the  energization  (heating)  time  per  one  time. 

Accordingly,  for  example,  assuming  that  KT  is 
7,  and  TO  is  1,  then  the  intermediate  code  TM 
equals  7. 

The  intermediate  code  is  a  corrected  value  to 
prevent  the  occurrence  of  the  thin  or  broken  print- 
ed  portion,  and  for  example,  as  shown  in  Fig.  3,  the 
total  heating  time  corrected  for  printing  vertical  and 
horizontal  line  portions  is  7,  and  other  printing 
portions  not  corrected  is  6  so  that  the  heating  time 
is  corrected  to  emphasize  the  line  portion.  In  this 
manner,  the  intermediate  code  is  determined  for 
each  dot  area  of  the  printing  data,  and  the  correc- 
tion  of  heating  time  (the  number  of  times  of  ener- 
gization)  is  effected  for  the  dot  area  of  the  object 
dot  in  the  detected  P11  to  P15,  etc.. 

The  comparator  19  compares  each  intermedi- 
ate  code  signal  B  for  each  dot  distinguishing  the 
printing  of  line  portion  (7),  printing  of  other  portions 
(6),  and  non-printing  portion  (0)  from  one  another 
as  shown  in  Fig.  3  with  a  signal  A  representing  0  to 
7  sequentially  supplied  from  the  energizing  number 
counter  18,  and  generates  an  energizing  signal 
which  has  been  corrected  in  the  case  of  the  inter- 
mediate  code  of  7. 

For  example,  in  the  case  of  the  printing  of  the 
pattern  line  portion,  since  the  signal  B  represents  a 
maximum  value  of  7,  this  numeral  value  7  is  com- 
pared  with  the  signal  A  which  is  up  counted  or 
incremented  by  +1  each  time  the  energization  is 
made,  that  is,  eight  signals  of  0,  1  ,  2,  3,  4,  5,  6,  and 
7  are  supplied  sequentially. 

As  a  result,  the  energizing  signals  of  1  ,  1  ,  1  ,  1  , 
1,  1,  1,  and  0  are  outputted  sequentially  from  the 
comparator  19  during  the  time  interval  of  one  com- 

mon,  and  the  corresponding  heating  element  is 
energized  for  seven  times  to  print  the  line  portions 
to  which  the  correction  heating  is  to  be  made. 

Similarly,  for  the  printing  of  other  portions  to 
s  which  no  correction  heating  is  required,  since  the 

signal  B  represents  6,  the  numeral  value  6  is 
compared  by  the  comparator  19  with  eight  signals 
of  0,  1  ,  2,  3,  4,  5,  6,  and  7  sequentially  supplied  as 
the  signal  A  similarly  to  the  printing  of  the  line 

fo  portion. 
Consequently,  during  the  time  interval  of  one 

common,  energizing  signals  (comparator  outputs) 
of  1,  1,  1,  1,  1,  1,  1,  0,  and  0  are  sequentially 
outputted  to  energize  the  heating  element  for  six 

f5  times  of  energization  for  this  printing  portion. 
Furthermore,  for  a  non  printing  portion,  the 

signal  B  of  0  is  supplied  to  the  comparator  19,  and 
thus,  the  eight  energizing  signals  are  all  0,  and  the 
heating  of  the  heating  element  is  not  performed. 

20  The  areas  to  which  the  correction  of  energizing 
time  is  to  be  made  are  those  which  correspond  to 
the  window  frame  patterns  M11  to  M15,  for  exam- 
ple,  P11,  P12,  P13,  P14,  P15,  etc.,  as  shown  in  Fig. 
6G. 

25  In  these  areas,  the  energizing  time  of  the  heat- 
ing  element  is  adjusted  to  extend  the  heating  time 
by  a  predetermined  time  (in  this  embodiment,  one 
energizing  time  period)  as  compared  with  a  normal 
printing  area  so  that  the  thin  or  broken  printed  line 

30  portion  does  not  appear.  This  operation  is  per- 
formed  for  each  of  subsequent  dot  lines. 

As  described  in  the  foregoing,  in  the  first  and 
second  embodiments  the  data  to  be  printed  is 
analyzed  before  the  printing  to  determine  the  non- 

35  printing  area  to  be  preheated.  Specifically,  in  the 
first  embodiment,  a  continuous  non-printing  portion 
excepting  both  laterally  adjacent  non-printing  por- 
tions  to  the  vertical  printing  line  is  selected  as  the 
preheating  area,  and  in  the  second  embodiment, 

40  the  both  laterally  adjacent  non-printing  portions  to 
the  vertical  printing  line  (excluded  in  the  first  em- 
bodiment)  is  selected  as  the  preheating  areas. 

Furthermore,  in  the  third  embodiment,  a  first 
dot  line  of  each  of  the  vertical  and  horizontal  board 

45  printing  lines  (respectively  consisting  of  lines  of  a 
two-dot  width)  which  is  printed  for  the  first  time 
after  continuous  non-printing  area  is  heated  by 
correcting  the  heating  time  to  increase  the  energiz- 
ing  time. 

50  Accordingly,  in  the  present  invention,  the  fol- 
lowing  advantages  are  provided. 

it  is  possible  to  print  the  grid  pattern  consisting 
of  vertical  and  horizontal  lines  by  preventing  the 
occurrence  of  the  thin  or  broken  portion  in  the  first 

55  printing  portion,  for  example,  a  horizontal  printing 
line  which  appears  for  the  first  time  after  the  con- 
tinuous  non-printing  area.  Furthermore,  the  thin  or 
broken  printing  portion  in  the  vertical  printing  line 

7 



13 EP  0  329  369  A2 14 

;aused  by  the  preheating  performed  to  prevent  the 
:hin  or  broken  portion  in  the  horizontal  printing 
oortion  can  be  prevented. 

Furthermore,  it  is  possible  to  prevent  the  thin 
or  broken  portion  in  the  first  printing  portion  of 
sach  of  broad  vertical  and  horizontal  lines  in  a  grid 
oattern,  which  printing  portion  appears  for  the  first 
time  after  a  continuous  non-printing  portion,  and 
;lear  printing  can  be  achieved. 

Furthermore,  in  the  present  invention,  the  area 
to  be  preheated  or  heated  additionally  as  correction 
are  detected  by  scanning  the  printing  data  by  a 
window  frame  of  a  predetermined  shape  and  by 
determining  the  coincidence  of  the  data  contained 
in  the  window  frame  with  a  predetermined  window 
Frame  pattern  stored  in  the  memory.  Since  such 
operation  is  performed  in  software,  no  complicated 
circuitry  is  needed. 

In  addition,  since  the  heating  time  by  the  heat- 
ing  unit  is  corrected  by  detecting  the  environmental 
temperature  by  a  thermistor,  clear  printing  can  be 
attained  independent  of  a  change  in  the  environ- 
mental  temperature. 

Claims 

1  .  A  method  for  energizing  a  thermal  head  of  a 
thermal  printer  comprising  the  steps  of: 
scanning  printing  data  including  a  printing  area  and 
a  non-printing  area  by  a  window  frame  of  a  pre- 
determined  shape, 
determining  a  coincidence  of  the  data  contained  in 
said  window  frame  with  a  predetermined  window 
frame  pattern  representing  an  area  of  the  data  to 
be  heated  additionally;  and 
energizing  a  heating  unit  of  said  thermal  printer  to 
supply  thereto  a  predetermined  amount  of  heating 
energy  depending  on  whether  the  area  represented 
by  said  predetermined  window  frame  is  the  printing 
area  or  the  non-printing  area. 

2.  A  method  according  to  claim  1  ,  wherein  said 
predetermined  window  frame  represents  the  non- 
printing  area  of  said  printing  data  so  that  a  heating 
element  of  said  heating  unit  corresponding  to  the 
non-printing  area  is  preheated. 

3.  A  method  according  to  claim  1  ,  wherein  said 
predetermined  window  frame  pattern  represents 
the  printing  area  of  said  printing  data  so  that  a 
heating  element  of  said  heating  unit  corresponding 
to  the  heating  area  is  heated  additionally  for  cor- 
rection  heating. 

4.  A  method  according  to  claim  1  ,  wherein  said 
window  frame  has  an  inverted  T-shape,  and  said 
window  frame  pattern  has  the  shape  as  said  win- 
dow  frame  and  contains  all  dots  of  zero. 

5.  A  method  according  to  claim  1  ,  wherein  said 
window  frame  has  an  inverted  T-shape,  and  said 
window  frame  pattern  has  the  same  shape  as  said 
window  frame  and  contains  a  dot  of  1  at  a  left  or 

5  right  end  of  a  horizontal  dot  line  of  the  T-shape  and 
dots  of  0  in  the  other  dot  positions. 

6.  A  method  for  energizing  a  thermal  head  of  a 
thermal  printer  comprising  the  steps  of: 
storing  a  plurality  of  lines  of  dots  of  printing  data 

w  supplied  from  an  external  equipment  in  a  plural  line 
buffer; 
extracting  a  predetermined  number  of  dots  on  said 
plurality  of  lines  in  accordance  with  a  window  frame 
of  a  predetermined  shape  by  scanning  the  printing 

75  data  sequentially; 
generating  an  address  representing  the  predeter- 
mined  number  of  dots  extracted  by  said  window 
frame; 
determining  whether  the  address  corresponds  to  a 

20  predetermined  window  frame  pattern  or  not; 
converting  both  the  address  corresponding  to  said 
predetermined  window  frame  and  the  address  not 
corresponding  thereto  into  intermediate  codes  by 
an  intermediate  code  table,  said  intermediate 

25  codes  respectively  representing  different  amounts 
of  heating  energy  to  be  supplied  to  a  correspond- 
ing  heating  element  of  said  heating  unit  depending 
on  whether  the  address  represents  a  printing  area 
or  non-printing  area  in  the  case  the  coincidence 

30  with  said  predetermined  window  pattern  is  deter- 
mined,  and  whether  the  address  represents  a  print- 
ing  area  or  a  non-printing  area  in  the  case  the 
coincidence  with  the  predetermined  window  pattern 
is  not  determined;  and 

35  energizing  the  heating  element  of  the  heating  unit 
in  response  to  the  intermediate  code  for  the  num- 
ber  of  times  to  reach  the  amount  of  heating  energy 
designated  by  the  intermediate  code. 

7.  An  apparatus  for  energizing  a  thermal  head 
40  of  a  thermal  printer  to  print  line  by  line  the  printing 

data  representing  a  printing  area  and  a  non-printing 
area  according  to  a  printing  pattern,  said  apparatus 
comprising: 
a  plural  line  buffer  (13)  for  storing  the  printing  data 

45  supplied  from  an  external  equipment  for  a  plurality 
of  lines  of  dots  of  the  printing  data  including  the 
present  line  and  preceding  lines  by  sequentially 
transferring  line  by  line; 
a  surrounding  dot  buffer  (15)  receiving  the  printing 

so  data  from  said  plural  line  buffer  for  forming  a 
window  frame  (M)  of  a  predetermined  shape,  said 
window  frame  containing  therein  a  predetermined 
number  of  dots  for  the  plurality  of  lines  including 
an  object  dot  and  its  surrounding  dots,  said  sur- 

55  rounding  dot  buffer  generating  an  address  for  the 
predetermined  number  of  dots  contained  in  said 
window  frame; 
means  including  an  intermediate  table  (16)  for  con- 
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rerting  the  address  of  the  dots  contained  in  said 
vindow  frame  into  an  intermediate  code  represent- 
ng  the  amount  of  heating  energy  to  be  supplied  to 
i  heating  element  of  said  thermal  head  (S)  cor- 
esponding  to  the  object  dot  in  said  frame  window,  5 
said  means  determining  as  to  whether  the  address 
epresenting  the  dot  arrangement  in  said  window 
ame  with  a  dot  arrangement  of  a  predetermined 
vindow  frame  pattern  which  indicates  preheating  or 
correction  heating  so  that  said  intermediate  code  10 
distinguishes  one  from  another  a  dot  area  to  be 
ion-heated  when  the  address  represents  a  non- 
printing  area  of  the  printing  data,  a  dot  area  to  be 
leated  normally  when  the  address  represents  a 
printing  area,  a  dot  area  to  be  preheated  when  the  is 
address  coincides  with  said  window  frame  pattern 
and  represents  a  non-printing  area,  and  a  dot  area 
:o  be  correction  heated  when  the  group  of  ad- 
dresses  coincides  with  said  window  frame  pattern 
and  represents  a  printing  area  of  the  printing  data;  20 
and 
means  (2)  for  energizing  the  corresponding  heating 
slement  of  said  thermal  head  in  accodance  with  the 
ntermediate  code  for  the  number  of  times  until  the 
amount  of  heating  energy  designated  by  said  inter-  25 
mediate  code  is  supplied  to  the  heating  element. 

8.  An  apparatus  according  to  claim  7  further 
;omprising  a  comparator  (19)  for  comparing  a  sig- 
nal  representative  of  the  energizing  times  incre- 
mented  each  time  the  energization  is  made  with  30 
said  intermediate  code.  ■ 

9.  An  apparatus  according  to  claim  7,  wherein 
said  intermediate  code  is  determined  by  a  relation 
KT  /  TO,  where  KT  is  the  total  heating  time,  and  TO 
is  the  heating  time  per  one  heating  time.  35 
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