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©  Method  for  converting  high  resolution  data  into  lower  resolution  data. 
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©  A  method  for  mapping  sampled  patterns  into 
a  lower  resolution  display  device  whereby  a 
continuous  image  of  the  sampled  pattern  is 
reproduced  includes  the  steps  of  determining 
the  pixel  location  of  each  element  of  high  resol- 
ution  sampled  data  and  the  relative  location 
within  the  pixel  (105),  deciding  whether  the 
pixels  (105)  corresponding  to  the  mapped  data 
points  should  be  included  in  the  image,  and 
graphically  connecting  selected  pixels  (105) 
which  are  separated  by  one  or  more  pixels 
(105).  The  process  of  pixel  selection  is  aided  by 
dividing  each  pixel  (105)  into  two  separate 
areas,  the  boundary  of  which  is  determined  by  a 
predetermined  geometric  shape  such  as  a 
diamond  (110,110A)  or  circle  which  is  entirely 
contained  within  a  pixel  (105).  If  a  high  resol- 
ution  sampled  data  point  or  a  connecting  line 
(111)  falls  within  that  predetermined  geometric 
shape  (110,11  OA)  inside  the  pixel  (105),  then 
that  pixel  (105)  is  selected,  whereas  data  points 
falling  outside  the  predetermined  area 
(110,11  OA)  within  the  pixel  (105)  do  not  select 
that  pixel  (105)  for  activation. 
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This  invention  relates  to  a  method  for  converting 
high  resolution  data  into  lower  resolution  data. 

The  invention  has  a  particular  application  to  the 
mapping  of  handwritten  scripts  in  the  form  of  high  re- 
solution  data  into  a  lower  resolution  display  such  as 
a  liquid  crystal  display  (LCD).  As  used  herein,  the 
term  "mapping"  refers  to  the  process  of  selection  of 
the  appropriate  pixels  in  the  lower  resolution  display 
in  order  to  form  a  visual  image  of  a  higher  resolution 
digital  image  on  the  display  device. 

In  many  systems  such  as  PC  notebooks  and  sig- 
nature  capture  and  verification  device,  handwritten 
scripts  are  electronically  captured  and  visually  dis- 
played  on  a  panel  such  as  an  LCD.  For  example,  an 
LCD  module  which  is  operatively  connected  to  a  mi- 
croprocessor  may  be  placed  directly  behind  a  trans- 
parent  digitizer,  which  is  connected  to  the  micropro- 
cessor  whereby  positional  and  script  inputs  are  cap- 
tured  via  a  stylus  connected  to  the  digitizer.  As  the  sty- 
lus  is  used  to  input  script  information,  the  LCD  module 
is  driven  by  the  microprocessor  to  display  the  image 
traced  by  the  stylus. 

The  visual  quality  of  the  traced  image  displayed 
on  the  display  device  is  primarily  determined  by  the 
resolution  of  the  digitizer,  the  resolution  of  the  display 
device,  and  the  sampling  rate  of  the  digitizer.  Typical- 
ly,  the  resolution  of  the  digitizer  (approximately  500 
dots/inch  i.e.  about  20  dots/millimetre)  is  much  higher 
than  the  resolution  of  the  display  device  (approxi- 
mately  75  dots/inch  i.e.  about  3  dots/millimetre)  be- 
cause  of  the  higher  costs  of  the  higher  resolution  dis- 
plays  and  the  memory  elements  required  for  the  op- 
eration  thereof.  Thus,  the  visual  quality  of  the  image 
traced  by  the  stylus  and  displayed  on  the  display  de- 
vice  is  essentially  determined  by  the  resolution  of  the 
display  device. 

It  is  an  object  of  the  present  invention  to  provide 
a  method  of  converting  high  resolution  data  into  lower 
resolution  data  which  enables  an  effective  represen- 
tation  of  lines  and  shapes  in  the  lower  resolution  data 
to  be  achieved. 

Therefore,  according  to  the  present  invention, 
there  is  provided  a  method  for  converting  high  reso- 
lution  data  into  lower  resolution  data  in  the  form  of  pix- 
els  in  a  display  device,  characterized  by  the  steps  of: 
producing  digitized  high  resolution  data;  and  convert- 
ing  said  digitized  high  resolution  data  into  lower  reso- 
lution  data  in  the  form  of  selected  pixels  in  said  display 
device  by  superimposing  smaller  shapes  of  a  prede- 
termined  geometrical  configuration  within  the  areas 
of  pixels  forming  the  display,  and  activating  for  display 
only  those  pixels  in  which  the  corresponding  high  re- 
solution  data  bears  a  predetermined  relationship  to 
said  smaller  shapes  therein. 

One  embodiment  of  the  present  invention  will  now 
be  described  by  way  of  example,  with  reference  to  the 
accompanying  drawings,  in  which:- 

Fig.  1  is  a  perspective  diagrammatic  view  of  a 

system  in  which  the  present  invention  may  be  em- 
ployed; 
Fig  2A  shows  a  graphical  representation  of  a  line 
in  which  pixels  forming  the  line  are  separated; 

5  Fig.  2B  shows  a  graphical  representation  of  a  line 
similar  to  that  shown  in  Fig.  2A,  in  which  addition- 
al  pixels  have  been  added  between  the  separated 
pixels; 
Fig.  2C  shows  a  graphical  representation  of  a  pix- 

10  el  with  a  geometrical  shape  superimposed  on  the 
pixel  within  the  boundaries  of  the  pixel; 
Fig.  2D  shows  a  graphical  representation  of  a  line 
extending  through  a  plurality  of  pixels  having  geo- 
metrical  shapes  superimposed  thereon; 

15  Fig.  3Ashows  data  points  and  a  line  representing 
the  letter  "a"  superimposed  on  a  display  grid; 
Fig.  3B  shows  pixels  in  a  display  grid  activated  to 
represent  the  letter  "a"  in  accordance  with  a  prior 
art  mapping  method; 

20  Fig.  3C  shows  pixels  in  a  display  grid  activated  to 
represent  the  letter  "a"  in  accordance  with  the 
process  of  the  present  invention; 
Fig.  4  is  a  flow  diagram  broadly  showing  the  use 
of  the  process  of  the  present  invention  in  a  system 

25  such  as  is  shown  in  Fig.  1; 
Fig.  5A  and  5B  are  a  flow  diagram  showing  the 
mapping  process  of  the  present  invention  for 
mapping  digitizer  data  points  into  a  display  grid; 
Fig.  6  is  a  diagram  showing  four  pixels  in  a  partial 

30  grid  of  a  typical  display  device; 
Fig.  7  is  a  flow  diagram  showing  the  process  for 
determining  whether  a  data  point  is  within  an  ac- 
tive  area  of  a  pixel; 
Fig.  8  is  a  flow  diagram  of  the  process  for  pixel  se- 

35  lection; 
Fig.  9  is  a  diagram  for  determining  the  direction 
of  a  line  stroke; 
Figs.  10-1  3  are  flow  diagrams  for  selecting  pixels 
in  which  the  active  areas  of  the  pixels  are  crossed 

40  by  a  line  connecting  two  consecutive  high  resolu- 
tion  data  points; 
Fig.  14  is  a  diagram  similar  to  Fig.  6  showing  four 
pixels  in  a  partial  grid  of  a  typical  display  device 
which  is  used  in  connection  with  the  processes  of 

45  Figs.  10-13. 
Fig.  1  illustrates  a  system  in  which  an  image 

traced  by  a  stylus  21  may  be  generated  in  accordance 
with  the  method  of  this  invention  and  visually  present- 
ed  on  a  display  device.  The  system  includes  a  trans- 

50  parent  digitizing  tablet  22  which  is  placed  over  an  LCD 
module  or  display  26.  As  stylus  21  is  moved  along  and 
in  contact  with  the  surface  of  the  digitizing  tablet  22, 
the  X  and  Y  electrical  signals  picked  up  by  stylus  21 
are  sampled  and  digitized  by  digitizer  controller  23, 

55  and  the  digital  values  of  the  X  and  Y  coordinates  are 
passed  on  to  microprocessor  24.  The  coordinate  in- 
formation  of  stylus  21  is  then  used  by  microprocessor 
24  to  generate  a  bit  mapped  image  of  the  pattern  be- 
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ing  traced  by  stylus  21  .  LCD  module  26  is  then  driven 
by  microprocessor  24  via  LCD  controller  25  to  display 
image  27  traced  by  stylus  1.  A  video  random  access 
memory  (RAM)  20  stores  the  bit  mapped  image  for 
the  display  26  and  is  coupled  to  the  display  26  and  the  5 
microprocessor  24. 

Based  on  the  prior  art  techniques,  in  order  to  cre- 
ate  a  bit  mapped  image  of  a  typical  sampled  and  digi- 
tized  line  stroke  such  as  line  32  shown  in  Fig.  2A,  for 
each  sampled  X  and  Y  coordinate  pair  30  the  corre-  10 
sponding  LCD  pixel  31  is  determined  first.  In  addition, 
for  the  practical  sampling  rates  of  50  to  200  samples 
per  second,  usually  the  sampled  X  and  Y  coordinate 
pairs  30  for  a  continuous  line  stroke  like  line  32  may 
be  separated  by  one  or  more  pixels,  as  shown  by  way  15 
of  example  in  Fig.  2A.  Thus,  such  pixels  must  be 
graphically  connected  by  activation  of  additional  pix- 
els  such  that  a  continuous  image  is  formed  on  LCD 
pixel  grid  33. 

The  additional  pixels  necessary  for  graphical  20 
connection  of  pixels  31  can  then  be  selected  using  an- 
tialiasing  techniques.  Aliasing  refers  to  the  case  in 
which  there  are  more  pixels  between  two  points  in  the 
Xdirection  than  in  the  Y  direction,  orvice  versa.  Using 
such  a  technique  results  in  the  addition  of  pixels  34  as  25 
illustrated  in  Fig.  2B.  As  can  be  seen,  resulting  image 
35  does  not  very  well  represent  original  line  32  shown 
in  Fig.  2A.  The  poor  line  image  obtained  by  following 
the  aforementioned  prior  art  method  is  caused  by  two 
main  factors.  First,  the  process  of  selecting  pixels  31  30 
was  not  effective,  and  second  the  additional  pixels  34 
for  connecting  pixels  31  were  not  chosen  effectively. 

As  an  alternative,  the  present  invention  provides 
an  improved  method  of  mapping  taking  full  advantage 
of  the  higher  resolution  of  the  digitizerdata  in  the  map-  35 
ping  process,  and  by  partitioning  the  area  within  each 
pixel  into  two  separate  active  and  passive  areas.  Ac- 
cordingly,  sampled  data  points  falling  within  the  pas- 
sive  area  and  lines  which  cross  only  the  passive  area 
within  a  given  pixel  will  not  select  that  pixel,  whereas  40 
for  an  active  area  such  conditions  results  in  selection 
of  the  pixel.  As  a  preferred  shape  for  defining  the 
boundary  between  the  active  and  passive  areas  with- 
in  a  pixel,  Fig.  2C  shows  a  diamond  shape  37  with 
staircase  edges  which  will  be  used  throughout  the  de-  45 
scription  of  this  preferred  embodiment  of  the  inven- 
tion.  The  rule  for  pixel  selection  then  dictates  that  any 
sampled  X-Y  coordinate  pair  39  which  falls  within  the 
active  area  enclosed  by  diamond  37  selects  that  pixel, 
whereas  any  data  point  38  which  is  located  outside  di-  50 
amond  37  does  not  select  the  pixel.  It  should  be  noted 
that  the  lines  37A  extending  outwardly  from  the  re- 
mainder  of  the  diamond  37  are  considered  to  be  part 
of  the  active  area  of  the  diamond  37.  In  addition,  pixel 
36  gets  selected  by  a  line  only  if  that  line  passes  55 
through  the  diamond  within  the  pixel  as  well  as  the  the 
pixel  itself.  Thus,  in  Fig.  2C,  line  41  would  select  pixel 
36  but  line  40  would  not. 

Following  the  above  mentioned  rules,  line  32 
shown  in  Fig.  2Ais  remapped  into  LCD  grid  33  and  the 
resulting  image  is  shown  in  Fig.  2D.  In  that  Figure, 
starting  at  the  beginning  of  the  line  stroke,  neither 
point  44  nor  point  45  select  any  pixels,  however  line 
48  connecting  points  44  and  45  crosses  the  diamond 
areas  within  pixels  51  and  52,  thereby  selecting  these 
two  pixels.  Similarly,  line  49  connecting  points  45  and 
46  crosses  the  diamond  within  pixel  53  which  results 
in  selection  of  that  pixel.  Point  46  selects  pixel  42  and 
point  47  selects  pixel  43,  while  line  50  connecting 
points  46  and  47  selects  pixel  54,  whereby  pixels  42 
and  43  are  connected.  This  completes  the  bit  mapped 
image  for  the  line  passing  through  points  44  to  47.  It 
is  apparent  by  comparing  Figs.  2Aand  2D  that  follow- 
ing  the  method  of  present  invention  results  in  a  much 
better  image  for  line  32  shown  in  Fig.  2A. 

As  another  example  for  illustrating  some  of  the 
advantages  of  the  present  invention  over  other  prior 
art  methods,  in  Fig.  3A  is  shown  a  set  of  possible  X- 
Y  coordinate  sample  data  points  55  for  script  letter  "a" 
represented  by  reference  character  56.  Applying  a 
typical  prior  art  technique  for  mapping  letter  56  into 
display  grid  57  results  in  image  60  illustrated  in  Fig. 
3B.  In  that  figure,  pixels  58  are  selected  by  one  or 
more  data  points  located  within  these  pixels,  whereas 
pixels  59  are  additionally  chosen  to  connect  those  se- 
lected  pixels  separated  by  one  or  more  unselected 
pixels. 

The  image  of  the  same  letter  56  shown  in  Fig.  3A 
is  remapped  into  a  display  grid  57  using  the  method 
of  the  present  invention  and  the  bit  mapped  image  61 
thereof  is  depicted  in  Fig.  3C.  Image  61  includes  pix- 
els  62  selected  by  data  points  63  which  reside  inside 
the  diamond  areas  of  pixels  62.  The  remaining  pixels 
64  of  image  61  are  selected  by  lines  65  which  pass 
through  the  diamond  areas  of  pixels  64.  As  in  the  pre- 
vious  example,  image  61  in  Fig.  3C  represents  letter 
56  of  Fig.  3A  more  effectively  than  does  image  60  in 
Fig.  3B. 

Fig.  4  shows  a  flow  diagram  80  illustrating  a  proc- 
ess  which  can  be  used  in  a  system  such  as  that  shown 
in  Fig.  1  in  order  to  reproduce  a  visual  image  of  any 
writing  captured  by  the  stylus  and  to  present  the  im- 
age  on  a  display  device.  Block  70  at  the  beginning  of 
flow  diagram  80  indicates  the  start  of  the  process  for 
accepting  input  from  the  stylus.  Next,  in  block  71  the 
processor  waits  in  a  loop  through  path  72  if  there  is 
no  input  from  the  stylus  21  .  When  the  stylus  tip  comes 
into  contact  with  the  surface  of  the  digitizing  tablet  22, 
the  processor  proceeds  via  path  73  to  block  74  where 
the  start  of  a  new  line  stroke  is  indicated  by  setting  a 
flag  inside  the  processor.  The  contact  between  the 
stylus  tip  and  the  digitizing  tablet  surface  is  normally 
indicated  to  the  microprocessor  by  a  status  line  from 
a  miniature  switch  (not  shown  in  the  drawings  here) 
mounted  in  the  tip  of  the  stylus.  Next,  the  process  con- 
tinues  in  block  75,  where  the  location  of  the  stylus  tip 
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on  the  digitizing  tablet  is  sampled  and  the  correspond- 
ing  X-Y  coordinate  values  XLOC  and  YLOC  are  com- 
puted.  Then,  in  block  76  the  routine  for  mapping 
(XLOC,YLOC)  point  into  the  display  grid  is  called.  In 
addition,  when  (XLOC,  YLOC)  is  not  the  first  sample 
point  of  a  new  line  stroke,  the  same  routine  called  in 
block  76  connects  the  previous  point  (PXLOC,PYLOC) 
to  the  present  point  (XLOC,  YLOC).  The  process  then 
proceeds  to  block  77,  in  which  the  status  of  the  stylus 
tip  switch  is  checked  again.  If  the  stylus  tip  is  still  in 
contact  with  the  digitizing  tablet  surface,  then  via  path 
79  the  process  branches  back  to  block  75  where  the 
next  sample  is  taken.  In  the  case  where  the  stylus  tip 
is  no  longer  in  contact  with  the  digitizing  tablet  sur- 
face,  i.e.  the  line  stroke  is  terminated,  the  processor 
returns  to  block  71  via  path  78  and  waits  for  the  next 
line  stroke.  The  routine  called  in  block  76  of  procedure 
80  will  now  be  described  in  detail. 

Figs.  5Aand  5B  illustrate  a  flow  diagram  100  for 
the  aforementioned  routine  which  is  a  preferred  im- 
plementation  of  the  method  of  the  present  invention 
for  mapping  the  digitizer  data  points  into  the  display 
grid.  For  a  better  understanding  of  the  mapping  proc- 
ess,  an  example  shown  in  Fig.  6  will  be  used  through- 
out  the  description  of  the  various  blocks  of  flow  dia- 
gram  100  and  the  subroutines  called  thereby. 

The  example  in  Fig.  6  illustrates  a  partial  grid  113 
of  a  typical  display  device  and  shows  four  pixels  105, 
the  boundaries  of  which  are  defined  by  the  bigger 
squares  with  darker  edges.  Diamond  shapes  110  hav- 
ing  staircase  edges  and  extended  lines  110A  define 
the  boundaries  of  the  active  and  passive  areas  used 
in  selection  of  pixels,  as  will  be  shown  later.  The  small- 
er  squares  107  represent  the  higher  resolution  of  the 
digitizing  tablet  22  which  for  this  example  was  chosen 
to  be  eight  times  the  resolution  of  the  display  grid. 
Data  points  109  and  112  are  two  consecutive  sampled 
points  of  a  line  stroke  being  mapped  into  the  display. 
It  should  be  noted  that  only  two  samples  of  the  line 
stroke  are  shown  here  for  illustration  purposes  and 
that  a  typical  line  stroke  may  consist  of  many  sampled 
points  depending  on  the  length  of  the  line  stroke,  the 
speed  of  the  stylus,  and  the  digitizer  sampling  rate. 

Referring  back  to  Fig.  5A  and  5B,  routine  100 
starts  with  block  85,  which  describes  the  purpose  of 
the  routine,  and  then  moves  on  to  block  86  in  which 
the  processor  determines  as  a  quotient  the  pixel  loca- 
tion  (ROW,  COL),  measured  from  the  lower  left  corner 
of  the  display  grid,  corresponding  to  the  present  point 
(XLOC,  YLOC),  and  in  addition  computes  as  a  re- 
mainder  (ROW  REM,  COL  REM)  which  represents  the 
relative  location  of  the  point  (XLOC,  YLOC)  inside  the 
pixel  (ROW,  COL).  In  the  example  of  Fig.  6,  assuming 
that  point  109  is  located  at  (XLOC,  YLOC)  =  (162, 
242)  and  is  the  first  point  of  the  line  stroke  being  map- 
ped  into  the  display  grid,  then  the  location  of  pixel  1  05 
corresponding  to  point  109  is  given  by  quotients 
(ROW,  COL)  =  (20,  30),  and  the  relative  location  of 

point  109  inside  the  pixel  is  given  by  (ROW  REM,  COL 
REM)  =  (2,  2).  These  values  were  computed  using  a 
value  of  8  for  both  PIXEL  WIDTH  and  PIXEL  HEIGHT. 

Next,  in  block  87  the  status  of  the  new  line-stroke 
5  is  checked.  Since  point  109  was  assumed  to  be  the 

first  point  of  a  new  line  stroke,  the  new-line-stroke  flag 
was  set  by  routine  80  in  Fig.  4.  Thus,  the  processor 
branches  to  block  90  via  path  88  where  the  new-line- 
stroke  flag  is  cleared.  In  the  following  block  91  ,  it  is  de- 

10  termined  whether  point  109  is  located  within  the  dia- 
mond  shape  110  (Fig.  6).  Therefore,  before  continuing 
with  routine  1  00,  the  details  of  block  91  are  discussed 
next. 

The  flow  diagram  for  a  preferred  implementation 
15  of  block  91  is  given  in  Fig.  7,  in  which  the  sequence 

begins  with  a  statement  91  Agiving  the  purpose  of  the 
sequence,  and  then  proceeds  to  block  114  where  the 
relative  horizontal  location  of  point  (XLOC,  YLOC)  in- 
side  pixel  (ROW,  COL)  is  checked  to  determine  which 

20  horizontal  half  (left  or  right)  of  the  pixel  the  point  re- 
sides  in.  Referring  to  the  example  in  Fig.  6,  ROW 
REM  106  of  point  109  is  less  than  half  of  the  pixel 
width.  Hence,  the  sequence  branches  to  block  124, 
where  the  value  of  HORIZ,  which  is  the  horizontal  dis- 

25  tance  from  point  109  to  the  nearest  pixel  edge,  is  set 
equal  to  ROW  REM.  If  point  109  were  in  the  right  half 
of  the  pixel  then  the  sequence  would  have  branched 
to  block  117  via  path  115  whereby  the  value  of  HORIZ 
would  be  set  to  the  distance  from  the  point  to  the  right 

30  edge  of  the  pixel. 
Next,  the  sequence  moves  to  block  118  where  the 

vertical  location  of  point  1  09  is  compared  to  half  of  the 
pixel  width  in  order  to  determine  whether  point  1  09  is 
located  in  the  lower  half  or  upper  half  of  the  pixel. 

35  Again,  since  COL  REM  108  of  point  109  is  smaller 
than  half  of  the  pixel  width,  the  sequence  via  path  119 
continues  to  block  1  22  where  the  value  of  the  vertical 
distance  from  point  1  09  to  the  nearest  edge,  VERT,  is 
set  equal  to  COL  REM.  If  point  109  were  in  the  upper 

40  half  of  the  pixel  then  the  sequence  would  have  pro- 
ceeded  to  block  121  via  path  120,  and  the  value  of 
VERT  would  be  set  equal  to  the  distance  from  point 
1  09  to  the  upper  edge  of  the  pixel.  It  should  be  noted 
that  the  process  described  herein  is  employed  with  a 

45  pixel  of  square  shape,  so  that  width  and  height  are  the 
same.  For  pixels  of  other  configurations,  such  as  a 
non-square  rectangular  shape,  it  would  be  necessary 
to  modify  the  process. 

Finally,  in  block  123,  since  the  sum  of  HORIZ  and 
so  VERT  is  not  less  than  half  the  pixel  width,  it  is  conclud- 

ed  that  point  1  09  is  located  inside  diamond  shape  110. 
A  sum  less  than  half  the  pixel  width  would  have  indi- 
cated  that  the  point  is  outside  the  diamond  shape. 

Referring  back  to  routine  100  in  Fig.  5Aand  5B 
55  and  continuing  with  the  example  illustrated  in  Fig.  6, 

now  that  it  has  been  determined  in  block  91  that  point 
109  is  within  diamond  110,  the  process  proceeds  to 
block  94  via  path  92  where  pixel  1  05  is  selected  as 

4 
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part  of  the  pixels  to  form  an  image  of  line  stroke  111  . 
Had  point  109  been  located  outside  diamond  110,  the 
process  would  have  continued  via  path  93  to  block  95, 
skipping  block  94  in  which  the  pixel  would  have  been 
selected.  At  the  end  of  routine  100,  the  present  point 
and  pixel  now  respectively  become  the  new  previous 
point  and  previous  pixel,  and  the  process  then  exits 
routine  100  back  to  routine  80  in  which  the  next  X-Y 
coordinate  pair  (XLOC,  YLOC)  is  captured  and  rou- 
tine  100  is  called  again  to  map  this  new  point. 

Therefore,  starting  at  the  top  of  routine  100,  the 
values  for  (ROW,  COL)  and  (ROW  REM,  COL  REM) 
corresponding  to  point  (XLOC,  YLOC)  are  computed 
again  in  block  86.  Next,  in  block  87,  the  process  pro- 
ceeds  to  block  98  via  path  89,  since  the  new-line- 
stroke  flag  is  cleared,  which  indicates  that  the  present 
point  is  not  the  first  point  of  the  line  stroke.  The  func- 
tion  of  block  98  is  to  determine  the  location  of  and  se- 
lect  those  pixels  in  which  the  diamond  shapes  are 
crossed  by  the  line  connecting  the  previous  point  to 
the  present  point. 

Fig.  8  shows  routine  142  which  is  a  detailed  flow 
diagram  of  block  98.  Routine  142  first  determines  the 
direction  of  the  line  stroke  and  then  determines  which 
of  the  regions  125-128  of  Fig.  9  corresponds  to  such 
direction.  The  process  then  proceeds  to  one  of  the 
subroutines  133,  135,  138,  or  144  depending  on 
which  region  the  line  stroke  corresponds  to. 

The  top  block  125  in  routine  142  gives  a  brief  de- 
scription  of  the  routine  142.  In  the  next  block  126,  the 
X  and  Y  coordinate  differences  between  the  previous 
point  (PXLOC,  PYLOC)  and  the  present  point  (XLOC, 
YLOC)  are  computed  and  the  results  are  designated 
as  (XDIF,  YDIF).  Next,  in  block  127,  if  the  absolute  val- 
ue  of  YDIF  is  greater  than  or  equal  to  the  absolute  val- 
ue  of  XDIF  then  the  processor  branches  via  path  128 
to  block  130  from  which  the  processor  exits  routine 
142  via  block  122A.  The  process  returns  to  routine 
100  if  the  absolute  value  of  YDIF  is  equal  to  0.  Note 
that  in  order  for  the  process  to  reach  block  1  30,  the  ab- 
solute  value  of  YDIF  has  to  be  greater  than  or  equal 
to  the  absolute  value  of  XDIF,  and  since  the  absolute 
value  of  YDIF  is  equal  to  zero  then  the  absolute  value 
of  XDIF  is  also  zero.  This  indicates  that  the  previous 
point  and  the  present  point  overlap  and  there  is  no 
need  for  connecting  the  two  points. 

On  the  other  hand,  if  in  block  130  it  is  determined 
that  the  absolute  value  of  YDIF  is  not  equal  to  zero 
then  the  process  continues  to  block  131  where  the 
sign  of  YDIF  is  examined.  A  positive  value  indicates 
that  the  line  stroke  is  directed  upward  within  region 
146  of  Fig.  9,  and  the  process  proceeds  to  subroutine 
135  via  path  134;  whereas  a  negative  YDIF  means 
that  the  line  is  directed  downward  in  region  148  and 
the  process  proceeds  via  path  132  to  subroutine  133. 

Going  back  to  block  127,  for  the  case  in  which  the 
absolute  value  of  YDIF  is  less  than  the  absolute  value 
of  XDIF,  the  process  proceeds  to  block  143  via  path 

129  in  which  the  sign  of  XDIF  is  checked.  For  a  pos- 
itive  XDIF  the  line  is  directed  within  region  145  and  the 
process  continues  via  path  140  to  subroutine  141.  A 
negative  XDIF  value  directs  the  process  via  path  139 

5  to  subroutine  1  38  which  corresponds  to  region  147  in 
Fig.  9. 

For  the  example  given  in  Fig.  6,  XDIF  =  13  and 
YDIF  =  8,  which  means  that  the  line  stroke  is  directed 
upward  and  in  the  positive  X  direction,  i.e.  region  145 

10  in  Fig.  9.  Therefore,  in  routine  142  the  processor  pro- 
ceeds  to  the  INCX  routine  (referring  to  INCREMENT 
X)in  block  141. 

Flow  diagrams  of  subroutines  133,  135,  138,  and 
141  forDECY,  INCY,  DECXand  INCX,  in  Figs.  13,  12, 

15  11  and  10,  respectively,  are  identical  in  structure  and 
differ  only  in  the  parameters  checked  or  operated  on 
in  various  blocks.  Therefore,  only  the  flow  diagram  for 
subroutine  141  is  discussed  in  detail,  and  the  flow  di- 
agrams  of  the  other  three  subroutines  are  given  in 

20  Figs.  11  through  13  for  reference. 
The  example  given  in  Fig.  6  is  redrawn  in  Fig.  14 

with  some  new  critical  dimensions  marked  which  will 
facilitate  the  description  of  subroutine  141.  Referring 
to  Fig.  14,  the  basic  idea  in  subroutine  141  is  to  com- 

25  pute  the  coordinate  location  of  point  1  75  at  which  line 
111  connecting  previous  point  109  to  present  point 
112  crosses  a  vertical  line  1  72  which  bisects  pixel  1  05 
into  two  identical  rectangles.  Thus,  if  intersection 
point  175  is  located  within  the  pixel's  upper  and  lower 

30  boundaries  then  line  111  passing  through  pixel  105 
also  crosses  diamond  shape  110  within  pixel  105.  It 
should  be  noted  that  this  is  by  no  means  the  only  way 
to  determine  whether  the  line  crossing  a  given  pixel 
also  passes  the  diamond  shape,  and  other  methods 

35  could  be  used  successfully. 
To  accomplish  the  above  task,  the  first  block  of 

subroutine  141  in  Fig.  10  computes  DELX  170  from 
PIXEL  WIDTH  178  and  ROW  REM  177  according  to 
the  relation  given  in  block  150.  This  results  in  DELX 

40  =2  which  is  the  distance  in  the  X  direction  between 
previous  data  point  109  and  vertical  line  172  passing 
through  the  center  of  pixel  105.  Next  in  block  151, 
since  previous  point  109  is  within  diamond  shape  110 
and  pixel  105  has  already  been  selected,  then  the  in- 

45  side-diamond-flag  is  set.  Therefore,  the  process  con- 
tinues  via  path  152  to  block  165  in  which  DELX  is  in- 
cremented  by  an  amount  equal  to  PIXEL  WIDTH  178 
and  now  represents  distance  171  which  is  equal  to  1  0. 
The  previous  row  value,  PROW  which  was  20,  is  also 

so  incremented  to  the  value  of  21  so  that  it  points  to  the 
next  pixel.  The  process  then  proceeds  to  block  1  55  for 
checking  the  next  pixel. 

In  block  155,  it  is  determined  that  DELX  171 
which  has  a  value  of  10  is  less  than  XDIF  179  which 

55  has  a  value  of  1  3,  and  the  process  proceeds  to  block 
157  in  which  DELY  180  is  calculated  to  have  a  value 
of  6,  by  multiplying  YDIF  174  which  has  a  value  of  8 
by  DELX  171  which  has  a  value  of  10  and  dividing  the 

5 
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result  by  XDIF  which  has  a  value  of  13.  It  should  be 
noted  that  the  division  performed  in  block  157  is  an 
integer  division  and  as  such  all  results  are  truncated 
to  the  nearest  whole  number  not  greater  than  the  re- 
sult.  Also,  if  in  block  155  DELX  becomes  greater  than 
XDIF,  then  the  point  at  which  the  line  intersects  the 
vertical  line  bisecting  the  pixel  is  outside  the  distance 
between  the  previous  and  the  present  point.  In  that 
case,  the  process  exits  routine  141  via  path  156. 

The  process  next  proceeds  to  block  158  in  which 
the  sum  of  COL  REM  176  and  DELY  180,  which  is 
equal  to  8,  is  compared  against  PIXEL  HEIGHT  181 
which  also  has  a  value  of  8.  Since  both  values  are 
equal,  this  indicates  that  the  diamond  shape  in  pixel 
107  above  pixel  106  is  crossed  byline  111.  Therefore, 
the  process  continues  to  block  1  59  where  the  value  of 
previous  column,  PCOL,  is  incremented  to  point  to 
pixel  106.  Then  the  process  branches  to  block  164  in 
which  pixel  107  with  the  (PROW,  PCOL)  row  and  col- 
umn  coordinate  values  is  selected  as  part  of  the  pixels 
to  represent  line  111.  Next,  the  process  proceeds  to 
block  165  in  which  the  value  of  DELX  and  PROW  are 
incremented  to  point  to  the  next  pixel,  and  the  process 
then  continues  to  block  155,  where  it  is  determined 
that  DELX,  which  now  has  a  value  of  18,  is  greater 
than  XDIF  which  is  equal  to  13.  This  signifies  the  end 
of  this  routine  and  the  process  returns  to  routine  100 
in  Fig.  5Aand  5B. 

Another  case  in  block  153  which  did  not  apply  to 
the  above  example  occurs  when  DELX  is  less  than 
zero.  In  that  case,  since  the  line  direction  is  confined 
within  region  147  of  Fig.  9,  and  since  the  previous 
point  is  located  outside  the  diamond  shape  in  the  right 
half  of  the  pixel,  then  there  is  noway  that  the  line  con- 
necting  the  previous  point  to  the  present  point  can  in- 
tersect  the  diamond  shape  within  the  pixel.  Therefore, 
the  process  branches  to  block  165  and  then  back  to 
block  1  55  to  check  the  next  pixel  as  described  earlier. 

Going  back  to  routine  100  in  Fig.  5Aand  5B,  after 
the  completion  of  block  98,  the  process  continues  to 
block  91  where  it  is  determined,  as  explained  previ- 
ously,  that  present  point  112  having  X-Y  coordinate 
value  (XLOC,  YLOC)  is  located  outside  the  diamond 
in  pixel  107  and  thus  pixel  107  does  not  get  selected 
by  routine  100.  However,  pixel  107  had  already  been 
selected  by  routine  141  called  in  block  98.  According- 
ly,  the  process  next  proceeds  to  block  95  in  which  the 
present  point  and  pixel  values  are  assigned  respec- 
tively  to  the  previous  point  and  pixel  values.  This  in- 
dicates  the  end  of  routine  1  00  and  the  process  returns 
to  routine  80  in  Fig.  4  in  which  the  process  continues 
to  block  77  where  it  is  checked  to  see  whether  the  sty- 
lus  tip  is  still  in  contact  with  the  digitizing  tablet  sur- 
face. 

Claims 

1  .  A  method  for  converting  high  resolution  data  into 
lower  resolution  data  in  the  form  of  pixels  (1  05)  in 

5  a  display  device  (26),  characterized  by  the  steps 
of:  producing  digitized  high  resolution  data;  and 
converting  said  digitized  high  resolution  data  into 
lower  resolution  data  in  the  form  of  selected  pix- 
els  in  said  display  device  (26)  by  superimposing 

10  smaller  shapes  (11  0,11  OA)  of  a  predetermined 
geometrical  configuration  within  the  areas  of  pix- 
els  (105)  forming  the  display,  and  activating  for 
display  only  those  pixels  (105)  in  which  the  cor- 
responding  high  resolution  data  bears  a  predeter- 

15  mined  relationship  to  said  smaller  shapes 
(11  0,11  OA)  therein. 

2.  A  method  according  to  claim  1  , 
characterized  in  that  the  geometrical  configura- 

20  tion  of  said  smaller  shapes  (11  0,11  OA)  is  gener- 
ally  that  of  a  diamond. 

3.  A  method  according  to  claim  1  , 
characterized  in  that  the  geometrical  configura- 

25  tion  of  said  smaller  shapes  is  generally  that  of  a 
circle. 

4.  A  method  according  to  claim  1  , 
characterized  in  that  said  digitized  high  resolution 

30  data  is  produced  by  digitizer  means  (22,23). 

5.  A  method  according  to  claim  4, 
characterized  in  that  said  digitizer  means  (22,23) 
includes  a  transparent  tablet  (22)  and  said  display 

35  device  (26)  is  positioned  beneath  said  tablet  (22) 
and  is  visible  therethrough. 

6.  A  method  according  to  claim  5, 
characterized  in  that  said  digitizer  means  (22,23) 

40  includes  electronic  control  circuitry  (23)  and  in 
that  said  method  is  implemented  in  a  data  proc- 
essor  (24)  coupled  to  said  electronic  control  cir- 
cuitry  (23)  and  to  said  display  device  (26). 

45  7.  A  method  according  to  claim  6, 
characterized  in  that  a  video  random  access 
memory  (20)  is  coupled  to  said  data  processor 
(24)  and  the  display  device  (26)  and  stores  a  bit 
mapped  image  for  said  display  device  (26). 

50 
8.  A  method  according  to  claim  1  , 

characterized  in  that  said  step  of  converting  said 
digitized  high  resolution  data  into  lower  resolution 
data  in  the  form  of  selected  pixels  (105)  includes 

55  a  determination  of  which  corresponding  high  re- 
solution  data  fall  within  said  predetermined  small- 
er  shapes  (11  0,11  OA)  which  are  superimposed 
within  the  areas  of  said  pixels  (105). 

6 
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9.  A  method  according  to  claim  8, 
characterized  in  that  said  step  of  converting  said 
digitized  high  resolution  data  into  lower  resolution 
data  in  the  form  of  selected  pixels  (105)  further  in- 
cludes  a  determination  of  whether  or  not  a  line  5 
(111)  between  two  selected  data  points  (1  09,  1  1  2), 
in  selected  pixels  (105)  in  the  lower  resolution  dis- 
play  crosses  the  smaller  shapes  (110,11  OA)  of  in- 
tervening  pixels  (105),  and  if  so,  also  activating 
those  pixels  (105).  10 

10.  A  method  according  to  claim  1  , 
characterized  in  that  said  pixels  (105)  are  square 
in  shape. 
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