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(54)  Figure  filling  apparatus  

(57)  A  vertex  processing  unit  is  provided  for  labeling 
each  selected  vertex  dot  as  a  vertical  or  horizontal 
attribute  dot  based  on  the  direction  of  a  side  vector  ter- 
minating  at  the  vertex  dot  selected  and  that  of  a  side 
vector  originating  from  the  vertex  dot  selected.  A  con- 
tour  line  segment  processing  unit  is  also  provided  for 
labeling  each  edge  dot  selected  from  a  side  as  a  vertical 
attribute  dot  if  the  y  coordinate  of  the  edge  dot  selected 
is  different  from  that  of  a  previous  edge  dot  and  that  of  a 
vertex  dot  located  at  the  terminal  point  of  the  side,  or 
otherwise,  as  a  horizontal  attribute  dot.  Contour  color 
data  are  defined  for  the  dots  labeled  as  vertical  or  hori- 
zontal  attribute  dots.  And  inner  color  data  are  defined  for 
the  dots  existing  between  an  odd-numbered  vertical 
attribute  dot  and  an  even-numbered  vertical  attribute 
dot,  which  is  next  to  the  former  dot,  on  a  selected  scan 
line  parallel  to  the  axis  of  x  coordinates,  except  for  hori- 
zontal  attribute  dots. 
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Description 

BACKGROUND  OF  THE  INVENTION 

[0001  ]  The  present  invention  relates  to  an  apparatus 
for  use  in  computer  graphics  to  fill  a  given  figure  by 
defining  "contour  color  data"  for  each  of  a  plurality  of 
dots  representing  the  contour  of  the  figure  and  "inner 
color  data"  for  each  of  another  plurality  of  dots  repre- 
senting  the  inside  of  the  figure,  respectively.  In  this 
specification,  the  "computer  graphics"  includes  not  only 
producing  an  image  on  a  CRT  or  liquid  crystal  display 
but  also  making  a  hardcopy  using  a  printer,  for  example. 
The  "figures"  are  not  limited  to  two-or  three-dimensional 
figures,  but  include  many  other  graphics  primitives  such 
as  characters  and  signs.  The  "colors"  include  not  just 
chromatic  colors,  but  achromatic  colors. 
[0002]  An  exemplary  figure  filling  apparatus  utilizing  a 
so-called  "edge  fill  algorithm"  is  disclosed  in  Japanese 
Laid-Open  Publication  No.  6-162212.  This  apparatus 
draws  a  baseline  near  a  polygon  to  be  filled.  A  plurality 
of  sides  of  the  polygon  are  selected  one  by  one,  and  a 
trapezoidal  area  is  defined  between  this  baseline  and 
each  side  selected.  Then,  a  plurality  of  dots,  existing 
inside  the  trapezoidal  area,  are  processed  one  after 
another.  By  repeatedly  performing  this  processing,  the 
polygon  in  question  can  be  ultimately  filled.  In  accord- 
ance  with  this  technique,  however,  each  dot  should  be 
processed  numerous  times.  Thus,  it  is  known  that  the 
larger  the  number  of  vertices  of  a  polygon,  the  lower  the 
resulting  processing  speed. 
[0003]  Examples  of  figure  filling  apparatuses  adopting 
a  so-called  "scan  algorithm"  are  disclosed  in  United 
States  Patents  Nos.  4,967,376  and  5,561  ,534.  In  these 
apparatuses,  a  plurality  of  scan  lines,  crossing  a  figure 
to  be  filled,  are  drawn  in  parallel  to  a  certain  axis  of  coor- 
dinates.  These  scan  lines  are  selected  one  by  one,  and 
a  plurality  of  dots,  existing  on  each  scan  line  selected, 
are  processed  one  after  another.  By  repeatedly  per- 
forming  this  processing,  the  polygon  in  question  can  be 
filled  as  a  result. 
[0004]  In  the  apparatus  disclosed  in  United  States 
Patent  No.  4,967,376,  however,  when  a  doughnut-like 
figure  with  double  contour  loops  is  filled,  for  example, 
one  of  these  two  contour  loops  should  be  tracked  clock- 
wise,  and  the  other  counterclockwise  (see  Figures  2a 
and  2b  of  the  patent). 
[0005]  Also,  in  the  apparatus  disclosed  in  United 
States  Patent  No.  5,561  ,534,  if  the  contour  color  data  of 
a  figure  should  be  different  from  the  inner  color  data 
thereof,  the  inner  color  data  must  be  defined  first  for  all 
the  dots  representing  the  inside  of  the  figure.  And  then 
the  contour  color  data  must  be  defined  for  the  respec- 
tive  dots  representing  the  contour  of  the  figure  (see  Fig- 
ures  85  and  86  of  the  patent). 

SUMMARY  OF  THE  INVENTION 

[0006]  An  object  of  the  present  invention  is  removing 
such  restrictions  that  were  imposed  by  those  prior  art 

5  figure  filling  apparatuses  adopting  the  scan  algorithm. 
[0007]  In  order  to  achieve  this  object,  the  apparatus  of 
the  present  invention  includes  means  for  labeling  each 
of  a  plurality  of  dots  representing  the  contour  of  a  given 
figure  as  a  vertical  or  horizontal  attribute  dot  such  that 

10  the  number  of  vertical  attribute  dots,  existing  on  arbi- 
trary  one  of  scan  lines  parallel  to  a  certain  axis  of  coor- 
dinates,  is  always  zero  or  an  even  number.  The 
apparatus  further  includes  means  for  defining  contour 
color  data  for  all  the  dots  labeled  as  the  vertical  or  hori- 

15  zontal  attribute  dots,  selecting  one  of  the  scan  lines  par- 
allel  to  the  axis  of  coordinates  after  another,  excluding 
horizontal  attribute  dots  from  all  the  dots  on  the  scan 
line  selected,  and  defining  the  inner  color  data  for  the 
remaining  dots  existing  between  an  odd-numbered  ver- 

20  tical  attribute  dot  and  an  even-numbered  vertical 
attribute  dot,  which  is  next  to  the  former  dot,  on  the  scan 
line  selected. 
[0008]  More  specifically,  the  apparatus  of  the  present 
invention  includes  a  vertex  coordinate  information  sup- 

25  ply  unit  for  supplying  vertex  coordinate  information 
including  x  and  y  coordinates  of  each  of  a  plurality  of 
vertex  dots  of  a  given  figure.  The  apparatus  also 
includes  a  vertex  processing  unit  for  selecting  one  of  the 
vertex  dots  after  another,  determining,  from  the  vertex 

30  coordinate  information,  the  direction  of  a  first  vector  ter- 
minating  at  the  selected  vertex  dot  and  originating  from 
a  previous  vertex  dot  and  the  direction  of  a  second  vec- 
tor  originating  from  the  selected  vertex  dot  and  termi- 
nating  at  a  next  vertex  dot,  and  labeling  the  selected  dot 

35  as  a  vertical  or  horizontal  dot  based  on  the  directions  of 
the  first  and  second  vectors.  The  apparatus  further 
includes  a  contour  line  segment  producing  unit  for 
selecting  one  pair  of  adjacent  vertex  dots  after  another 
from  the  vertex  dots,  and  defining,  from  the  vertex  coor- 

40  dinate  information,  the  x  and  y  coordinates  of  each  of  a 
plurality  of  edge  dots  located  on  a  contour  line  segment 
connecting  together  the  two  vertex  dots  selected.  The 
apparatus  further  includes  a  contour  line  segment 
processing  unit  for  selecting  one  of  the  edge  dots  on  the 

45  contour  line  segment  after  another  and  labeling  the 
selected  edge  dot  as  a  vertical  attribute  dot  if  the  y  coor- 
dinate  of  the  edge  dot  selected  is  different  from  that  of  a 
previous  edge  dot  and  that  of  the  vertex  dot  located  at 
the  terminal  point  of  the  contour  line  segment,  or  other- 

50  wise;  as  a  horizontal  attribute  dot.  The  apparatus  further 
includes  a  color  data  defining  unit  for  defining  the  con- 
tour  color  data  for  all  the  dots  labeled  by  the  vertex  and 
contour  line  segment  processing  units  as  the  vertical  or 
horizontal  attribute  dots,  selecting  one  of  the  scan  lines 

55  parallel  to  the  axis  of  x  coordinates  after  another, 
excluding  horizontal  attribute  dots  from  all  the  dots  on 
the  scan  line  selected,  and  defining  the  inner  color  data 
for  the  remaining  dots  existing  between  an  odd-num- 
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bered  vertical  attribute  dot  and  an  even-numbered  verti- 
cal  attribute  dot,  which  is  next  to  the  former  dot,  on  the 
scan  line  selected. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  s 

[0009] 

Figure  1  is  a  block  diagram  illustrating  an  exemplary 
configuration  of  a  figure  filling  apparatus  according  n 
to  the  present  invention. 
Figure  2  illustrates  how  the  direction  of  a  side  vector 
is  determined  by  the  figure  filling  apparatus  shown 
in  Figure  1  . 
Figure  3  illustrates  a  rule,  on  which  the  figure  filling  n 
apparatus  shown  in  Figure  1  defines  the  attribute  of 
a  vertex  dot. 
Figure  4  illustrates  another  rule,  on  which  the  figure 
filling  apparatus  shown  in  Figure  1  defines  the 
attribute  of  a  vertex  dot.  2t 
Figures  5A,  5B  and  5C  illustrate  three  exemplary 
combinations  of  vertical  and/or  horizontal  edge 
dots  labeled  as  such  by  the  figure  filling  apparatus 
shown  in  Figure  1  : 
Figure  5A  illustrates  a  combination  for  a  side  with  2t 
an  ascent  larger  than  1  ; 
Figure  5B  illustrates  a  combination  for  a  side  with 
an  ascent  smaller  than  1  ;  and 
Figure  5C  illustrates  a  combination  for  a  horizontal 
side.  3t 
Figure  6  illustrates  a  rule  relating  to  dot  overlap 
processing  for  the  figure  filling  apparatus  shown  in 
Figure  1. 
Figure  7  illustrates  a  specific  exemplary  figure  to  be 
filled.  3t 
Figure  8  illustrates  resulting  dot  attributes  defined 
for  the  contour  of  the  figure  shown  in  Figure  7. 
Figure  9  illustrates  resulting  inner  dots  detected 
from  the  figure  shown  in  Figure  7. 
Figure  10  illustrates  a  specific  example  of  a  figure  4t 
with  a  plurality  of  horizontal  sides. 
Figure  11  illustrates  resulting  dot  attributes  defined 
for  the  contour  of  the  figure  shown  in  Figure  10 
according  to  the  rule  shown  in  Figure  3. 
Figure  12  illustrates  resulting  dot  attributes  defined  * 
for  the  contour  of  the  figure  shown  in  Figure  10 
according  to  the  rule  shown  in  Figure  4. 
Figures  13A  and  13B  illustrate  a  working  example 
of  dot  overlap  processing: 
Figure  1  3A  illustrates  a  specific  example  of  a  figure  st 
to  be  filled;  and 
Figure  13B  illustrates  resulting  dot  attributes 
defined  for  the  contour  of  the  figure  shown  in  Figure 
13A. 
Figures  14A  and  14B  illustrate  another  working  5! 
example  of  dot  overlap  processing: 
Figure  14A  illustrates  a  specific  example  of  a  figure 
to  be  filled;  and 

Figure  14B  illustrates  resulting  dot  attributes 
defined  for  the  contour  of  the  figure  shown  in  Figure 
14  A. 
Figure  15  illustrates  a  specific  example  of  a  figure 
with  double  contour  loops. 
Figure  16  illustrates  resulting  dot  attributes  defined 
for  the  contours  of  the  figure  shown  in  Figure  15. 
Figure  17  illustrates  resulting  inner  dots  detected 
from  the  figure  shown  in  Figure  15. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

[0010]  Figure  1  is  a  block  diagram  illustrating  an 
exemplary  configuration  of  a  figure  filling  apparatus 
according  to  the  present  invention.  The  apparatus 
shown  in  Figure  1  is  adapted  to  define  contour  color 
data  for  each  of  a  plurality  of  dots  representing  the  con- 
tour  of  a  given  figure  and  inner  color  data  for  each  of 
another  plurality  of  dots  representing  the  inside  of  the 
figure.  The  apparatus  includes:  a  vertex  coordinate 
information  supply  unit  1  ;  a  vertex  processing  unit  2;  a 
contour  line  segment  producing  unit  3;  a  contour  line 
segment  processing  unit  4;  a  work  memory  5;  a  color 
data  defining  unit  6;  a  frame  memory  7;  and  a  display  8. 
The  vertex  coordinate  information  supply  unit  1  supplies 
vertex  coordinate  information  including  the  x  and  y  coor- 
dinates  of  each  of  a  plurality  of  vertex  dots.  The  vertex 
processing  unit  2  selects  one  of  these  vertex  dots  after 
another  and  labels  each  selected  dot  as  a  vertical  or 
horizontal  attribute  dot.  The  contour  line  segment  pro- 
ducing  unit  3  selects  one  pair  of  adjacent  vertex  dots 
after  another  from  these  vertex  dots,  and  defines  the  x 
and  y  coordinates  of  each  of  a  plurality  of  edge  dots 
located  on  a  contour  line  segment  connecting  these  two 
vertex  dots  together.  The  contour  line  segment  process- 
ing  unit  4  selects  one  of  these  edge  dots  on  the  contour 
line  segment  after  another  and  labels  each  selected 
edge  dot  as  a  vertical  or  horizontal  attribute  dot.  The 
attributes  of  the  respective  dots  labeled  as  such  are 
stored  as  "dot  attribute  information"  in  the  work  memory 
5.  By  reference  to  the  dot  attribute  information  stored  in 
the  work  memory  5,  the  color  data  defining  unit  6 
defines  color  data  for  each  of  a  plurality  of  dots  repre- 
senting  the  contour  and  inside  of  the  figure.  The  color 
data  defined  in  this  manner  are  stored  in  the  frame 
memory  7  on  a  dot-by-dot  basis.  And  based  on  the  color 
data  stored  in  the  frame  memory  7,  the  figure  filled  is 
presented  on  the  display  8.  The  vertex  coordinate  infor- 
mation  supply  unit  1  includes  a  vertex  coordinate  table, 
in  which  the  x  and  y  coordinates  of  the  multiplicity  of  ver- 
tex  dots  are  stored  according  to  the  order  in  which  these 
vertex  dots  are  connected  to  each  other.  In  the  following 
illustrative  embodiment,  each  pair  of  adjacent  vertex 
dots  are  supposed  to  be  connected  to  each  other  by  a 
linear  contour  line  segment,  i.e.,  a  side,  and  an 
enclosed  polygon,  defined  by  the  vertex  coordinate 
table,  is  supposed  to  be  processed.  When  the  length  of 
a  side  is  zero  because  of  a  projective  transformation 
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from  a  three-dimensional  figure  into  a  two-dimensional 
one,  i.e.,  if  two  adjacent  vertex  dots  overlap  each  other, 
one  of  the  two  vertex  dots  represents  the  other  in  the 
vertex  coordinate  table.  The  work  memory  5  assigns  2 
bits  to  a  single  dot,  while  the  frame  memory  7  assigns  8 
bits  to  a  single  dot  so  as  to  display  an  image  in  256 
colors. 
[001  1  ]  Figure  2  illustrates  how  the  direction  of  a  side 
vector  is  determined  by  the  figure  filling  apparatus 
shown  in  Figure  1  .  In  response  to  the  information  sup- 
plied  from  the  vertex  coordinate  information  supply  unit 
1  ,  the  vertex  processing  unit  2  selects  one  of  the  vertex 
dots  after  another,  and  classifies  each  of  the  directions 
of  first  and  second  side  vectors  as  "UP",  "DOWN", 
"RIGHT"  or  "LEFT".  In  this  illustrative  example,  the 
"first"  side  vector  terminates  at  the  selected  vertex  dot 
and  originates  from  a  previous  vertex  dot,  while  the 
"second"  side  vector  originates  from  the  selected  vertex 
dot  and  terminates  at  a  next  vertex  dot.  As  shown  in  Fig- 
ure  2,  if  the  y  coordinate  at  the  terminal  point  of  a  side 
vector  is  larger  than  that  at  the  initial  point  thereof,  then 
the  direction  of  the  side  vector  is  determined  as  "UP".  If 
the  y  coordinate  at  the  terminal  point  of  a  side  vector  is 
smaller  than  that  at  the  initial  point  thereof,  then  the 
direction  of  the  side  vector  is  determined  as  "DOWN".  If 
the  y  coordinates  are  equal  to  each  other  at  the  initial 
and  terminal  points  of  a  side  vector  but  the  x  coordinate 
at  the  terminal  point  is  larger  than  that  at  the  initial  point, 
then  the  direction  of  the  side  vector  is  determined  as 
"RIGHT".  And  if  the  y  coordinates  are  equal  to  each 
other  at  the  initial  and  terminal  points  of  a  side  vector 
but  the  x  coordinate  at  the  terminal  point  is  smaller  than 
that  at  the  initial  point,  then  the  direction  of  the  side  vec- 
tor  is  determined  as  "LEFT". 
[0012]  Figure  3  illustrates  a  rule,  on  which  the  figure 
filling  apparatus  shown  in  Figure  1  labels  a  vertex  dot  as 
"vertical"  or  "horizontal".  The  vertex  processing  unit  2 
labels  a  selected  vertex  dot  as  "vertical"  or  "horizontal" 
attribute  dot  depending  on  a  combination  of  the  direc- 
tions  of  the  first  and  second  side  vectors  of  the  vertex 
dot  in  question.  In  Figure  3,  broken  arrows  indicate  the 
directions  of  first  side  vectors  and  the  solid  arrows  indi- 
cate  those  of  second  side  vectors.  As  shown  in  Figure  3, 
the  vertex  dot  in  question  is  labeled  as  "vertical  attribute 
dot  (V)"  if  the  directions  of  first  and  second  vectors  are 
both  "UP";  if  the  directions  of  first  and  second  vectors 
are  "LEFT"  and  "UP",  respectively;  if  the  directions  of 
first  and  second  vectors  are  both  "DOWN";  if  the  direc- 
tions  of  first  and  second  vectors  are  "RIGHT"  and 
"DOWN",  respectively;  if  the  directions  of  first  and  sec- 
ond  vectors  are  "UP"  and  "RIGHT",  respectively;  if  the 
directions  of  first  and  second  vectors  are  "LEFT"  and 
"RIGHT",  respectively;  if  the  directions  of  first  and  sec- 
ond  vectors  are  "DOWN"  and  "LEFT",  respectively;  and 
if  the  directions  of  first  and  second  vectors  are  "RIGHT" 
and  "LEFT",  respectively.  Otherwise,  the  vertex  dot  in 
question  is  labeled  as  "horizontal  attribute  dot  (H)".  For 
example,  2-bit  information  "10"  is  assigned  to  a  vertical 

attribute  dot,  while  2-bit  information  "11"  is  assigned  to 
a  horizontal  attribute  dot.  All  the  dot  attribute  information 
stored  in  the  work  memory  5  may  be  initialized  to  "00"  in 
advance.  In  Figure  3  and  the  other  drawings,  vertical 

5  attribute  dots  (V)  are  represented  by  dense  hatching, 
while  horizontal  attribute  dots  (H)  are  represented  by 
sparse  hatching. 
[0013]  Figure  4  illustrates  another  rule,  on  which  the 
figure  filling  apparatus  shown  in  Figure  1  labels  a  vertex 

10  dot  as  "vertical"  or  "horizontal".  In  Figure  4,  the  vertex 
processing  unit  2  labels  a  vertex  dot  in  question  as  "ver- 
tical  attribute  dot  (V)"  if  the  directions  of  first  and  second 
vectors  are  both  "UP";  if  the  directions  of  first  and  sec- 
ond  vectors  are  "RIGHT"  and  "UP",  respectively;  if  the 

15  directions  of  first  and  second  vectors  are  both  "DOWN"; 
if  the  directions  of  first  and  second  vectors  are  "LEFT" 
and  "DOWN",  respectively;  if  the  directions  of  first  and 
second  vectors  are  "DOWN"  and  "RIGHT",  respectively; 
if  the  directions  of  first  and  second  vectors  are  "LEFT" 

20  and  "RIGHT",  respectively;  if  the  directions  of  first  and 
second  vectors  are  "UP"  and  "LEFT",  respectively;  and 
if  the  directions  of  first  and  second  vectors  are  "RIGHT" 
and  "LEFT",  respectively.  Otherwise,  the  vertex  dot  in 
question  is  labeled  as  "horizontal  attribute  dot  (H)". 

25  [0014]  Figures  5A,  5B  and  5C  illustrate  three  exem- 
plary  combinations  of  vertical  and/or  horizontal  edge 
dots  labeled  as  such  by  the  figure  filling  apparatus 
shown  in  Figure  1  .  In  accordance  with  the  technique  of 
a  digital  differential  analyzer  (DDA),  the  contour  line 

30  segment  producing  unit  3  selects  a  pair  of  adjacent  ver- 
tex  dots  Pn  and  Pn+1  and  sequentially  produces  the  x 
and  y  coordinates  of  each  of  a  plurality  of  edge  dots  on 
the  contour  line  segment  connecting  these  two  vertex 
dots  together.  It  should  be  noted  that  if  the  contour  line 

35  segment  is  extremely  short,  a  simple  technique  other 
than  the  DDA's  may  be  employed.  The  contour  line  seg- 
ment  processing  unit  4  selects  one  of  these  edge  dots 
after  another,  and  labels  the  edge  dot  in  question  as 
"vertical  attribute  dot  (V)"  if  the  y  coordinate  of  the  edge 

40  dot  is  different  from  that  of  a  previous  edge  dot  and  that 
of  the  vertex  dot  Pn+1  located  at  the  terminal  point  of 
the  contour  line  segment.  Otherwise,  the  contour  line 
segment  processing  unit  4  labels  the  edge  dot  as  "hori- 
zontal  attribute  dot  (H)".  Accordingly,  it  a  side  has  an 

45  ascent  larger  than  1  ,  then  all  the  edge  dots  on  the  side 
are  labeled  as  "vertical  attribute  dots"  as  shown  in  Fig- 
ure  5A.  On  the  other  hand,  if  a  side  has  an  ascent 
smaller  than  1  ,  then  vertical  and  horizontal  dots  coexist 
on  the  single  side  as  shown  in  Figure  5B.  Furthermore, 

so  if  a  side  is  horizontal,  then  all  the  edge  dots  on  the  side 
are  labeled  as  "horizontal  attribute  dots"  as  shown  in 
Figure  5C. 
[001  5]  In  a  polygon  in  an  arbitrary  shape,  a  vertex  may 
overlap  another  vertex  or  a  side,  and  a  side  may  overlap 

55  another  side  or  a  vertex.  In  particular,  when  the  respec- 
tive  vertices  of  a  three-dimensional  figure  are  projected 
to  form  a  two-dimensional  figure  by  a  projective  transfor- 
mation  technique,  such  overlapping  happens  frequently. 

4 



7 EP  0  964  367  A2 8 

Thus,  every  time  a  dot  is  newly  labeled  as  vertical  or 
horizontal  attribute  dot,  the  vertex  and  contour  line  seg- 
ment  processing  units  2  and  4  consults  the  dot  attribute 
information  stored  in  the  work  memory  5  to  determine 
whether  or  not  the  corresponding  information  in  the  5 
work  memory  5  should  be  updated.  If  the  dot  attribute 
read  out  from  the  work  memory  5  is  the  initial  value  "00", 
then  the  dot  attribute  to  be  newly  determined  is  written 
into  the  work  memory  5  as  it  is. 
[001  6]  Figure  6  illustrates  a  rule  relating  to  dot  overlap  10 
processing  for  the  figure  filling  apparatus  shown  in  Fig- 
ure  1  .  As  shown  in  Figure  6,  in  newly  determining  the 
attribute  of  a  dot  that  has  already  been  processed  and 
labeled  as  vertical  or  horizontal  attribute  dot,  the  vertex 
and  contour  line  segment  processing  units  2  and  4  label  15 
the  processed  dot  as  horizontal  (H)  if  the  dot  attribute 
newly  determined  coincides  with  the  previous  dot 
attribute.  Otherwise,  the  units  2  and  4  label  the  dot  as 
vertical  (V). 
[001  7]  Figure  7  illustrates  a  specific  exemplary  figure  20 
to  be  filled.  In  Figure  7,  respective  vertex  dots  are  iden- 
tified  by  P1  through  P8.  In  the  figure  filling  apparatus 
shown  in  Figure  1,  first,  the  vertex  processing  unit  2 
labels  the  vertex  dot  P1  as  a  horizontal  attribute  dot  (H) 
according  to  the  rule  shown  in  Figure  3.  As  a  result,  dot  25 
attribute  information  "11"  is  written  at  a  corresponding 
position  in  the  work  memory  5.  Next,  while  the  contour 
line  segment  producing  unit  3  produces  the  respective  x 
and  y  coordinates  of  a  plurality  of  edge  dots  on  the  side 
connecting  the  vertex  dots  P1  and  P2  together,  the  con-  30 
tour  line  segment  processing  unit  4  defines  the  respec- 
tive  dot  attributes  of  these  edge  dots.  This  processing  is 
pursued  continuously  until  one  dot  ahead  of  the  vertex 
dot  P2.  By  making  the  vertex  processing  unit  2,  contour 
line  segment  producing  unit  3  and  contour  line  segment  35 
processing  unit  4  repeatedly  perform  similar  processing 
after  that,  the  respective  attribute  information  items  of  a 
plurality  of  dots,  representing  the  contour  of  the  target 
figure,  are  written  into  the  work  memory  5. 
[0018]  Figure  8  illustrates  resulting  dot  attributes  40 
defined  for  the  contour  of  the  figure  shown  in  Figure  7. 
In  Figure  8,  whenever  an  arbitrary  scan  line  SL  is  drawn 
in  parallel  to  the  axis  of  x  coordinates,  the  number  of 
vertical  attribute  dots  existing  on  the  scan  line  SL  is  zero 
or  an  even  number.  Stated  otherwise,  the  rules  shown  in  45 
Figures  3  and  4  are  laid  down  such  that  respective  dot 
attributes  defined  form  such  a  pattern.  The  color  data 
defining  unit  6  scans  respective  dots  enclosed  inside  a 
rectangle  defined  by  the  two  points  (Xmin,  Ymin)  and 
(Xmax,  Ymax)  shown  in  Figure  8,  i.e.,  a  rectangle  cir-  so 
cumscribing  the  figure  to  be  filled.  In  this  example,  Xmin 
is  the  minimum  x  coordinate  among  those  of  the  eight 
vertex  dots,  Ymin  is  the  minimum  y  coordinate  among 
those  of  the  eight  vertex  dots,  Xmax  is  the  maximum  x 
coordinate  among  those  of  the  eight  vertex  dots,  and  55 
Ymax  is  the  maximum  y  coordinate  among  those  of  the 
eight  vertex  dots.  Furthermore,  the  color  data  defining 
unit  6  defines  contour  color  data  for  all  the  dots  that 

have  been  labeled  as  vertical  or  horizontal  attribute  dots 
by  the  vertex  and  contour  line  segment  processing  units 
2  and  4.  Also,  the  color  data  defining  unit  6  selects  one 
of  a  plurality  of  scan  lines  parallel  to  the  axis  of  x  coordi- 
nates  after  another,  and  defines  inner  color  data  for  all 
the  dots  located  between  an  odd-numbered  vertical 
attribute  dot  and  an  even-numbered  vertical  attribute 
dot  next  to  the  former  dot  on  the  selected  scan  line.  In 
this  case,  the  horizontal  dots  are  excluded  from  the  def- 
inition  of  inner  color  data.  Specifically,  as  for  the  scan 
line  SL  shown  in  Figure  8,  the  inner  color  data  are 
defined  for  three  dots  located  between  the  first  and  sec- 
ond  vertical  attribute  dots  and  for  eight  dots  located 
between  the  third  and  fourth  vertical  attribute  dots. 
[001  9]  When  the  color  data  defining  unit  6  detects  a 
dot,  for  which  inner  color  data  should  be  defined,  i.e.,  an 
inner  dot,  the  unit  6  assigns  2-bit  attribute  information, 
e.g.,  "01",  to  the  inner  dot  and  then  writes  the  attribute 
information  into  the  work  memory  5.  That  is  to  say,  after 
all  the  dots  have  been  scanned  to  detect  the  inner  dots, 
scanning  is  performed  again  to  define  color  data.  Figure 
9  illustrates  the  inner  dots  detected  from  the  figure 
shown  in  Figure  7.  In  Figure  9,  the  inner  dots  are  indi- 
cated  by  the  hatching  with  leftward  diagonals.  The  inner 
dot  attribute  information,  which  has  been  written  into  the 
work  memory  5,  can  be  advantageously  consulted 
numerous  times  to  "re-fill"  the  inner  dots.  Alternatively, 
without  writing  the  inner  dot  attribute  information  into  the 
work  memory  5,  color  data  may  be  defined  for  the 
respective  dots  while  the  inner  dots  are  being  detected. 
[0020]  The  color  data,  which  have  been  defined  by  the 
color  data  defining  unit  6  for  the  respective  dots,  are 
stored  in  the  frame  memory  7.  Based  on  the  color  data 
stored  in  the  frame  memory  7,  the  display  8  presents 
the  results  of  filling  the  given  figure.  It  should  be  noted 
that  the  contour  color  data  and  the  inner  color  data  may 
be  either  different  from  each  other  or  the  same.  Also, 
the  contour  color  data  and  the  inner  color  data  may  be 
not  just  chromatic  data,  but  achromatic  data.  If  the  con- 
tour  color  data  are  different  from  the  inner  color  data, 
then  a  fringed  figure  can  be  drawn.  Furthermore,  the 
color  data  defining  unit  6  can  define  the  inner  color  data 
simultaneously  with  the  contour  color  data. 
[0021  ]  Figure  1  0  illustrates  a  specific  example  of  a  fig- 
ure  with  a  plurality  of  horizontal  sides,  i.e.,  the  sides  P1- 
P2,  P3-P4,  P5-P6  and  P7-P8. 
[0022]  Figure  11  illustrates  resulting  dot  attributes 
defined  for  the  contour  of  the  figure  shown  in  Figure  10 
according  to  the  rule  shown  in  Figure  3.  On  the  other 
hand,  Figure  12  illustrates  resulting  dot  attributes 
defined  for  the  contour  of  the  figure  shown  in  Figure  10 
according  to  the  rule  shown  in  Figure  4.  In  either  case 
shown  in  Figure  11  or  12,  the  number  of  vertical 
attribute  dots  existing  on  an  arbitrary  scan  line  parallel 
to  the  axis  of  x  coordinates  is  always  zero  or  two. 
Accordingly,  the  color  data  defining  unit  6  can  detect  the 
inner  dots  correctly. 
[0023]  Figures  13A  and  13B  illustrate  a  working 
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example  of  dot  overlap  processing:  Figure  13A  illus- 
trates  a  specific  example  of  a  figure  to  be  filled;  and  Fig- 
ure  1  3B  illustrates  resulting  dot  attributes  defined  for  the 
contour  of  the  figure  shown  in  Figure  13A.  When  the 
vertex  processing  unit  2  is  going  to  label  a  vertex  dot  P4 
as  a  vertical  attribute  dot  (see  Figures  3  and  4),  the  dot 
was  already  labeled  as  a  vertical  attribute  dot  while  the 
contour  line  segment  processing  unit  4  processed  the 
side  P1-P2  (see  Figure  5A).  Thus,  according  to  the  rule 
on  the  first  row  in  Figure  6,  the  vertex  processing  unit  2 
labels  the  vertex  dot  P4  as  a  horizontal  attribute  dot, 
and  writes  the  dot  attribute  into  the  work  memory  5.  In 
the  example  shown  in  Figure  13B,  since  the  number  of 
vertical  attribute  dots  existing  on  an  arbitrary  scan  line 
parallel  to  the  axis  of  x  coordinates  is  always  zero  or 
two,  the  color  data  defining  unit  6  can  detect  the  inner 
dots  correctly. 
[0024]  Figures  14A  and  14B  illustrate  another  working 
example  of  dot  overlap  processing:  Figure  14A  illus- 
trates  a  specific  example  of  a  figure  to  be  filled;  and  Fig- 
ure  14B  illustrates  resulting  dot  attributes  defined  for  the 
contour  of  the  figure  shown  in  Figure  14A.  When  the 
vertex  processing  unit  2  is  going  to  label  a  vertex  dot  P4 
as  a  horizontal  dot  (see  Figures  3  and  4),  the  dot  was 
already  labeled  as  a  vertical  attribute  dot  while  the  con- 
tour  line  segment  processing  unit  4  processed  the  side 
P1-P2  (see  Figure  5B).  Thus,  according  to  the  rule  on 
the  third  row  in  Figure  6,  the  vertex  processing  unit  2 
labels  the  vertex  dot  P4  as  a  vertical  attribute  dot,  and 
writes  the  dot  attribute  into  the  work  memory  5.  In  the 
example  shown  in  Figure  14B,  since  the  number  of  ver- 
tical  attribute  dots  existing  on  an  arbitrary  scan  line  par- 
allel  to  the  axis  of  x  coordinates  is  always  zero  or  an 
even  number,  the  color  data  defining  unit  6  can  detect 
the  inner  dots  correctly. 
[0025]  No  matter  whether  the  vertex  dots  are 
arranged  clockwise  as  shown  in  Figures  7,  10  and  13A 
or  counterclockwise  as  shown  in  Figure  14A,  the  figure 
filling  apparatus  shown  in  Figure  1  can  perform  the  fill- 
ing  processing  correctly.  Also,  if  the  respective  x  and  y 
coordinates  of  a  plurality  of  edge  dots  making  up  a  cur- 
vilinear  contour  line  segment  are  sequentially  produced 
by  the  contour  line  segment  producing  unit  3,  then  a  fig- 
ure  with  curves  can  also  be  filled. 
[0026]  Figure  1  5  illustrates  a  character  "A",  which  is  a 
specific  example  of  a  figure  with  double  contour  loops. 
In  Figure  15,  P1  through  P7  indicate  respective  vertex 
dots  making  up  an  outer  contour  loop,  while  P8  through 
P10  indicate  respective  vertex  dots  making  up  an  inner 
contour  loop.  In  the  example  shown  in  Figure  15,  these 
contour  loops  are  both  directed  clockwise. 
[0027]  Figure  16  illustrates  resulting  dot  attributes 
defined  for  the  contours  of  the  figure  shown  in  Figure 
15.  The  figure  filling  apparatus  shown  in  Figure  1  labels 
the  two  sets  of  vertex  dots  P1  through  P7  and  P8 
through  P10  as  vertical  or  horizontal  attribute  dots 
according  to  the  rule  shown  in  Figure  3.  The  edge  dots 
are  labeled  as  in  the  examples  shown  in  Figures  5A 

through  5C.  After  the  dot  attributes  defined  for  all  the 
dots  shown  in  Figure  1  6  have  been  stored  in  the  work 
memory  5,  the  color  data  defining  unit  6  starts  to  detect 
the  inner  dots. 

5  [0028]  Figure  17  illustrates  resulting  inner  dots 
detected  from  the  figure  shown  in  Figure  15.  In  the 
example  shown  in  Figures  16  and  17,  since  the  number 
of  vertical  attribute  dots  existing  on  an  arbitrary  scan 
line  parallel  to  the  axis  of  x  coordinates  is  always  zero  or 

10  an  even  number,  the  color  data  defining  unit  6  can 
detect  the  inner  dots  correctly.  That  is  to  say,  the  figure 
filling  apparatus  shown  in  Figure  1  can  fill  a  figure  with 
double  contour  loops  correctly,  no  matter  whether  the 
directions  of  these  contour  loops  are  the  same  or  oppo- 

15  site.  Furthermore,  if  the  contour  color  data  are  different 
from  the  inner  color  data,  a  fringed  character  "A"  can  be 
drawn. 
[0029]  The  figure  filling  apparatus  shown  in  Figure  1 
is  applicable  to  various  computer-graphics-related  tech- 

20  nologies.  For  example,  the  present  invention  is  applica- 
ble  to  displaying  a  bird's-eye  view  in  a  car  navigation 
system.  In  a  town  map  displayed,  there  are  a  lot  of  fig- 
ures  to  be  fringed  like  buildings  and  blocks.  Also,  when 
respective  vertices  of  a  three-dimensional  figure  are 

25  transferred  by  projective  transformation  to  those  of  a 
two-dimensional  figure  to  display  a  bird's-eye  view,  the 
vertices  and  sides  of  the  figures  frequently  overlap  each 
other.  However,  the  apparatus  shown  in  Figure  1  can 
perform  the  figure  filling  processing  at  a  high  speed 

30  even  under  such  conditions.  If  a  figure  to  be  presented 
cannot  be  fully  displayed  on  the  screen  of  the  display  8, 
then  the  figure  should  be  subjected  to  clipping  process- 
ing.  It  should  be  noted  that  the  display  shown  in  Figure 
1  may  be  not  only  CRT  or  liquid  crystal  display,  but  also 

35  a  printer. 
[0030]  In  the  foregoing  description,  the  attributes  of 
vertex  dots  are  supposed  to  be  defined  according  to  the 
rule  shown  in  Figure  3  or  4,  and  those  of  edge  dots  are 
supposed  to  be  defined  as  in  the  examples  shown  in 

40  Figures  5A  through  5C.  Alternatively,  the  attributes  of 
these  dots  may  be  defined  according  to  any  other  rule 
or  example  so  long  as  all  the  dots  representing  the  con- 
tour  of  a  given  figure  are  labeled  as  vertical  or  horizontal 
attribute  dots  in  such  a  manner  that  the  number  of  verti- 

45  cal  attribute  dots  existing  on  an  arbitrary  scan  line  paral- 
lel  to  a  certain  axis  or  coordinates  is  always  zero  or  an 
even  number. 

Claims 
50 

1.  A  figure  filling  apparatus  for  defining  contour  color 
data  for  a  plurality  of  dots  representing  the  contour 
of  a  given  figure  and  inner  color  data  for  another 
plurality  of  dots  representing  the  inside  of  the  figure, 

55  the  apparatus  comprising: 

first  means  for  labeling  each  of  the  dots  repre- 
senting  the  contour  of  the  figure  as  a  vertical  or 

50 

55 
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horizontal  attribute  dot  such  that  the  number  of 
vertical  attribute  dots,  existing  on  arbitrary  one 
of  scan  lines  parallel  to  a  certain  axis  of  coordi- 
nates,  is  always  zero  or  an  even  number;  and 
second  means  for  defining  the  contour  color  s 
data  for  all  the  dots  labeled  by  the  first  means 
as  the  vertical  or  horizontal  attribute  dots, 
selecting  one  of  the  scan  lines  parallel  to  the 
axis  of  coordinates  after  another,  excluding 
horizontal  attribute  dots  from  all  the  dots  on  the  10 
scan  line  selected,  and  defining  the  inner  color 
data  for  the  remaining  dots  existing  between  an 
odd-numbered  vertical  attribute  dot  and  an 
even-numbered  vertical  attribute  dot,  which  is 
next  to  the  former  dot,  on  the  scan  line  is 
selected. 

2.  The  apparatus  of  Claim  1  ,  wherein  in  newly  labeling 
a  dot,  which  has  already  been  processed  and 
labeled  as  a  vertical  or  horizontal  attribute  dot,  as  a  20 
vertical  or  horizontal  attribute  dot,  the  first  means 
labels  the  processed  dot  as  a  horizontal  attribute 
dot  if  a  dot  attribute  newly  defined  coincides  with  a 
previous  dot  attribute,  or  otherwise,  as  a  vertical 
attribute  dot.  25 

3.  A  figure  filling  apparatus  for  defining  contour  color 
data  for  a  plurality  of  dots  representing  the  contour 
of  a  given  figure  and  inner  color  data  for  another 
plurality  of  dots  representing  the  inside  of  the  figure,  30 
the  apparatus  comprising: 

a  vertex  coordinate  information  supply  unit  for 
supplying  vertex  coordinate  information  includ- 
ing  x  and  y  coordinates  of  each  of  a  plurality  of  35 
vertex  dots  of  the  figure; 
a  vertex  processing  unit  for  selecting  one  of  the 
vertex  dots  after  another,  determining,  from  the 
vertex  coordinate  information,  the  direction  of  a 
first  vector  terminating  at  the  selected  vertex  40 
dot  and  originating  from  a  previous  vertex  dot 
and  the  direction  of  a  second  vector  originating 
from  the  selected  vertex  dot  and  terminating  at 
a  next  vertex  dot,  and  labeling  the  selected  dot 
as  a  vertical  or  horizontal  attribute  dot  based  45 
on  the  directions  of  the  first  and  second  vec- 
tors; 
a  contour  line  segment  producing  unit  for 
selecting  one  pair  of  adjacent  vertex  dots  after 
another  from  the  vertex  dots,  and  defining,  so 
from  the  vertex  coordinate  information,  the  x 
and  y  coordinates  of  each  of  a  plurality  of  edge 
dots  located  on  a  contour  line  segment  con- 
necting  together  the  two  vertex  dots  selected; 
a  contour  line  segment  processing  unit  for  55 
selecting  one  of  the  edge  dots  on  the  contour 
line  segment  after  another  and  labeling  the 
selected  edge  dot  as  a  vertical  attribute  dot  if 

B7A2  12 

the  y  coordinate  of  the  edge  dot  selected  is  dif- 
ferent  from  that  of  a  previous  edge  dot  and  that 
of  the  vertex  dot  located  at  the  terminal  point  of 
the  contour  line  segment,  or  otherwise,  as  a 
horizontal  attribute  dot;  and 
a  color  data  defining  unit  for  defining  the  con- 
tour  color  data  for  all  the  dots  labeled  by  the 
vertex  processing  unit  and  the  contour  line  seg- 
ment  processing  unit  as  the  vertical  or  horizon- 
tal  attribute  dots,  selecting  one  of  the  scan  lines 
parallel  to  the  axis  of  x  coordinates  after 
another,  excluding  horizontal  attribute  dots 
from  all  the  dots  on  the  scan  line  selected,  and 
defining  the  inner  color  data  for  the  remaining 
dots  existing  between  an  odd-numbered  verti- 
cal  attribute  dot  and  an  even-numbered  vertical 
attribute  dot,  which  is  next  to  the  former  dot,  on 
the  scan  line  selected. 

4.  The  apparatus  of  Claim  3,  wherein  the  vertex 
processing  unit  classifies  each  of  the  directions  of 
the  first  and  second  vectors  as  up,  down,  right  or 
left  based  on  the  vertex  coordinate  information,  and 

labels  the  selected  vertex  dot  as  a  vertical 
attribute  dot  if  the  directions  of  the  first  and  sec- 
ond  vectors  are  both  up;  if  the  directions  of  the 
first  and  second  vectors  are  left  and  up,  respec- 
tively;  if  the  directions  of  the  first  and  second 
vectors  are  both  down;  if  the  directions  of  the 
first  and  second  vectors  are  right  and  down, 
respectively;  if  the  directions  of  the  first  and 
second  vectors  are  up  and  right,  respectively;  if 
the  directions  of  the  first  and  second  vectors 
are  left  and  right,  respectively;  if  the  directions 
of  the  first  and  second  vectors  are  down  and 
left,  respectively;  and  if  the  directions  of  the  first 
and  second  vectors  are  right  and  left,  respec- 
tively,  or  otherwise,  as  a  horizontal  attribute 
dot. 

5.  The  apparatus  of  Claim  3,  wherein  the  vertex 
processing  unit  classifies  each  of  the  directions  of 
the  first  and  second  vectors  as  up,  down,  right  or 
left  based  on  the  vertex  coordinate  information,  and 

labels  the  selected  vertex  dot  as  a  vertical 
attribute  dot  if  the  directions  of  the  first  and  sec- 
ond  vectors  are  both  up;  if  the  directions  of  the 
first  and  second  vectors  are  right  and  up, 
respectively;  if  the  directions  of  the  first  and 
second  vectors  are  both  down;  if  the  directions 
of  the  first  and  second  vectors  are  left  and 
down,  respectively;  if  the  directions  of  the  first 
and  second  vectors  are  down  and  right, 
respectively;  if  the  directions  of  the  first  and 
second  vectors  are  left  and  right,  respectively; 
if  the  directions  of  the  first  and  second  vectors 
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are  up  and  left,  respectively;  and  if  the  direc- 
tions  of  the  first  and  second  vectors  are  right 
and  left,  respectively,  or  otherwise,  as  a  hori- 
zontal  attribute  dot. 

5 
The  apparatus  of  Claim  3,  wherein  in  newly  labeling 
a  dot,  which  has  already  been  processed  and 
labeled  as  a  vertical  or  horizontal  attribute  dot,  as  a 
vertical  or  horizontal  attribute  dot,  the  vertex 
processing  unit  and  the  contour  line  segment  10 
processing  unit  label  the  processed  dot  as  a  hori- 
zontal  attribute  dot  if  a  dot  attribute  newly  defined 
coincides  with  a  previous  dot  attribute,  or  otherwise, 
as  a  vertical  attribute  dot. 
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