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Video  compositing  using  a  software  linear  keyer. 

©  A  method  for  compositing  a  graphic  image  with 
a  background  image  to  produce  translucent  effects 
identifies  a  key  signal  for  each  portion  of  the  graphic 
image.  The  key  signal  is  varied  according  to  the 
amount  of  translucency  desired  for  the  graphics  im- 
age  from  completely  transparent  to  completely 
opaque.  When  the  graphic  image  is  mixed  with  the 
background  image,  the  key  signal  is  used  to  define 
the  ratio  of  the  graphic  image  to  the  background 
image  at  each  part  of  the  graphic  image  to  produce 
a  mixed  image  output. 
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IDEO  COMPOSITING  USING  A  oUr  I  WAnt  u n w n   i \ c i cn  

ackground  of  the  Invention 

The  present  invention  relates  to  video  com- 
ositing  systems,  and  more  particularly  to  video 
ompositing  systems  using  a  software  controlled 
near  keyer  for  a  character  generator  which  pro- 
ides  anti-aliased  characters,  translucent  letters 
nd  fades  and  dissolves  without  requiring  an  exter- 
al  switcher  or  keyer. 

In  a  video  production  environment  one  video 
ource  must  often  be  matted  or  composited  over  a 
econd  video  source.  A  video  keyer  is  generally 
sed  to  produce  the  composite  image.  Character 
enerators  and  other  graphic  devices  often  supply 

.  key  signal  in  addition  to  their  normal  color  out- 
iuts.  The  key  signal  is  used  to  cut  a  hole  in  the 
lackground  video.  When  viewed  on  a  monitor  the 

ey  signal  looks  like  a  high  contrast,  black  and 
/hite  version  of  the  graphic  image.  The  key  signal 
3  white  for  the  portions  of  the  screen  where  the 
iraphic  image  would  obscure  the  background  vid- 
io,  and  black  where  the  background  video  is  to  be 
;een.  The  key  signal  and  color  outputs  are  input  to 
i  video  keyer  which  uses  the  key  signal  to  switch 
jetween  the  foreground  graphic  image,  and  a 
jackground  video  source  to  produce  a  single  video 
signal  output,  the  matted  video. 

Key  signals  produced  by  traditional  graphic 
Jevices  have  been  hard  edged,  i.e.,  the  foreground 
Mdeo  source  is  either  on  or  off  and  never  in- 
jetween  as  illustrated  in  Fig.  1A.  Unfortunately  the 
sharp  transition  between  foreground  and  back- 
;jround  video  can  cause  "chroma-creep"  and  other 
jistracting  artifacts  in  the  composite  image.  Soft 
<eyers  were  developed  to  soften  the  edge  between 
:oreground  and  background  video.  Two  controls, 
:lip  and  gain,  transform  the  sharp-edged  hard  key 
signal  into  a  smooth,  ramped  key  signal.  The  clip 
control  chooses  a  threshold  value  above  which  the 

<ey  signal  is  considered  on  and  below  which  the 
key  signal  is  considered  off.  The  gain  control 
specifies  the  slope  of  the  output  key  signal.  The 
ramped  key  signal,  illustrated  in  Fig.  1  B,  is  then  fed 
to  a  linear  keyer  to  produce  a  weighted  average 
between  the  foreground  and  background  video 
based  on  the  luminance  level  of  the  incoming  key 
signal. 

The  jagged  edges  produced  by  traditional 
character  generators  are  caused  by  the  hard  transi- 
tion  between  background  video  and  foreground 
characters.  These  transitions  take  place  at  pixel 
boundaries,  typically  25  to  50  nanoseconds  apart. 
A  properly  anti-aliased  character  has  its  edges 

Dienaeu  Willi  me  uaivivyi  uui  iu.  ina  " 
blending  varies  from  pixel  to  pixel  and  depends 
upon  the  shape  of  the  character.  The  anti-aliasing 
computations  required  for  a  self-contained  graphic 

;  display,  i.e.,  no  background  video,  use  well  know 
digital  signal  processing  techniques.  Soft  keyers 
reduce  the  "jaggies"  by  blurring  the  edges  of  the 
characters.  Since  a  soft  keyer  has  no  knowledge 
about  the  true  shape  of  a  character,  aliasing  arti- 

o  facts  still  exist.  Correct  anti-aliasing  requires  that 
the  near  vertical  edges  of  a  character  exhibit  a  fast 
transition,  one  or  two  pixels  from  off  to  on,  while 
near  horizontal  edges  exhibit  a  slow  transition,  as 
long  as  twenty  pixels.  Serious  problems  are  often 

5  encountered  when  an  anti-aliased  display  is  matted 
over  background  video.  A  hard  keyer  fringes  the 
foreground  graphic  with  its  original  background  col- 
or.  Although  a  soft  keyer  mutes  this  problem  some- 
what,  it  still  allows  portions  of  the  original  back- 

>.o  ground  color  to  bleed  through. 
What  is  desired  is  a  video  compositing  system 

which  eliminates  anti-aliasing  artifacts  while  provid- 
ing  the  capability  of  performing  new  compositing 
effects  independent  of  external  video  keyers. 

15 

Summary  of  the  Invention 

jfj  /Aî uiumyiy  li  io  l̂ovjui'i  mv î.nw..  ĵ .w..~.w—  — 
video  compositing  system  using  software  control  of 
an  integrated  linear  keyer.  A  graphic  generator 
features  a  large  run-length-encoded  frame  buffer,  a 
palette  look-up  table  and  an  integrated  linear  keyer. 

35  The  output  of  the  palette  look-up  table  is  a  digital 
data  word  for  each  component  color  and  for  key. 
All  four  signals  are  converted  to  analog,  the  color 
components  are  encoded  into  a  desired  standard 
television  video  signal,  and  the  video  signal  and  the 

40  key  signal  are  routed  to  a  linear  keyer.  The  key 
signal  provides  a  translucency  value  for  the  color 
from  the  encoder  for  novel  effects,  provides  knowl- 
edge  of  the  shape  of  the  character  or  graphic 
image  for  improved  anti-aliasing,  and  is  used  for 

45  dissolves  and  fades  by  varying  the  key  values  in 
the  palette  look-up  table. 

The  objects,  advantages  and  other  novel  fea- 
tures  of  the  present  invention  will  be  apparent  from 
the  following  detailed  description  when  read  in  con- 

50  junction  with  the  appended  claims  and  attached 
drawing. 
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Brief  Description  of  the  Drawing 

Figs.  1A  and  1B  illustrate  a  hard  and  a  soft 
<ey  according  to  the  prior  art. 

Fig.  2  is  a  block  diagram  of  a  video  com- 
Dositing  system  using  an  integrated  linear  keyer 
according  to  the  present  invention. 

Figs.  3A,  3B,  3C  and  3D  illustrate  a  graphic 
mage  with  different  video  effects  produced  by  the 
aresent  invention. 

Fig.  4  illustrates  a  key  according  to  the 
oresent  invention  for  providing  a  translucent  effect. 

Description  of  the  Preferred  Embodiment 

Referring  now  to  Fig.  2  a  central  processing 
unit  (CPU)  10  receives  inputs  from  an  operator  via 
a  keyboard  12  or  from  a  bulk  memory  14,  such  as 
a  magnetic  disk.  Connected  to  the  CPU  10  are  a 
random  access  memory  (RAM)  16  and  a  palette 
look-up  table  18.  A  run  length  decoder  (RLD)  20  is 
inserted  between  the  RAM  16  and  the  palette  look- 
up  table  18  since  the  graphic  image  stored  in  the 
RAM  is  in  a  "run-length-encoded"  format.  The  out- 
puts  of  the  palette  look-up  table  18  are  three  pri- 
mary  color  components  and  a  key  signal.  The 
three  primary  color  components  are  input  to  a 
video  encoder  22  via  respective  digital  to  analog 
(D/A)  converters  24,  26,  28  to  produce  a  graphic 
image  to  be  composited  with  an  input  background 
video.  A  linear  keyer  30  receives  as  inputs  the 
background  video,  the  graphic  image  from  the  vid- 
eo  encoder  22  and  the  key  signal  via  D/A  converter 
32  to  output  a  mixed,  or  composited,  video  output. 
Timing  for  the  video  compositing  system  is  pro- 
vided  by  a  timing  circuit  34  which  derives  from  the 
background  video  all  necessary  timing  signals  to 
be  applied  to  the  RLD  20  and  the  video  encoder  22 
to  assure  synchronization  of  the  graphic  image  with 
the  background  video. 

For  a  character  generator  a  typical  character 
graphic  image  40  is  shown  in  Fig.  3A.  The  char- 
acter  graphic  image  40  has  a  foreground  portion  42 
surrounded  by  an  edge  portion  44.  The  image  40 
is  presented  against  a  screen  46  and  includes  a 
drop  shadow  portion  48  projected  upon  the  screen. 
In  prior  character  generators  the  character  image 
40  is  blended  with  the  screen  46  and  provided  to 
an  external  switcher,  or  video  keyer,  to  matte  with 
the  external,  background  video.  However  by  provid- 
ing  an  internal  key  signal  as  well  as  the  color 
palette  information  in  the  palette  look-up  table  18, 
and  by  using  an  integrated  software  linear  keyer 
30,  the  character  graphics  image  40  may  be  blend- 
ed  with  the  external  background  video  directly  to 

produce  not  just  an  improved  anti-aliased  graphics 
image,  but  several  special  video  effects.  One  such 
effect  is  illustrated  in  different  embodiments  in 
Figs.  3B,  3C  and  3D.  The  key  value  supplied  from 

5  the  palette  look-up  table  18  as  part  of  a  color  can 
be  considered  the  translucency  of  the  color.  As 
shown  in  Fig.  4  a  key  value  of  zero  indicates  the 
color  is  transparent,  i.e.,  the  background  video  is 
completely  visible,  and  the  maximum  key  value 

fo  creates  an  opaque  color  completely  obscuring  the 
background  video.  Intermediate  key  values  produce 
translucent  colors  by  allowing  part  of  the  back- 
ground  video  to  bleed  through.  In  Fig.  3B  the 
character  graphic  image  40  is  illustrated  as  being 

f5  translucent  in  the  foreground  portion  42  by  the 
dotted  continuation  lines  corresponding  to  the 
shading  lines  for  the  screen  46.  The  key  signal 
values  in  the  palette  look-up  table  1  8  for  this  char- 
acter  provide  a  maximum  key  value  for  the  edge 

20  portion  44,  which  is  opaque,  and  an  intermediate 
key  value  for  the  foreground  portion  42  so  that  the 
foreground  portion,  when  matted  with  the  external 
background  video  in  the  linear  keyer  30,  produces 
a  translucent  effect,  i.e.,  a  portion  of  the  back- 

25  ground  video  shows  through  the  foreground  por- 
tion.  The  foreground  portion  42  could  even  be 
multi-colored  to  produce  tinting  or  shading  effects. 

Likewise  for  Fig.  3C  an  embossed,  translucent 
effect  may  be  achieved  by  using  the  foreground 

30  portion  42,  the  drop  shadow  portion  48,  and  a 
reverse  drop  shadow  portion  48  .  The  key  signal 
for  each  portion  has  a  different  value.  For  instance 
the  key  value  for  the  foreground  portion  42  could 
produce  a  quite  translucent  effect,  the  key  value  for 

35  the  reverse  drop  shadow  portion  48  could  produce 
a  more  opaque  effect,  and  the  key  value  for  the 
drop  shadow  portion  48  an  even  more  opaque 
effect.  Further  the  two  drop  shadows  48,  48  could 
be  assigned  respectively  a  dark  color  and  a  light 

40  color.  Finally  Fig.  3D  illustrates  a  true  background 
shadow  achieved  by  using  the  key  signal  to  gen- 
erate  an  opaque  foreground  portion  42  and  a  trans- 
lucent  drop  shadow  48. 

Each  pixel  of  the  character  graphic  image  40  is 
45  either  one  hundred  percent  of  one  component, 

foreground  42,  edge  44,  drop  shadow  48  or  screen 
46,  or  a  blend  of  two  adjacent  components.  The  six 
possible  pairings  are:  foreground-edge,  foreground- 
shadow,  foreground-screen,  edge-shadow,  edge- 

so  screen  and  shadow-screen.  If  a  component  pair 
can  have  fifteen  intermediate  blends,  a  character 
graphic  image  40  can  use  a  maximum  of 
15x6  +  4  =  94  possible  colors.  In  practice  the  num- 
ber  of  intermediate  blends  can  be  limited  to  seven, 

55  allowing  an  anti-aliased,  edged  and  shadowed 
character  to  be  displayed  using  about  fifty  palette 
look-up  table  entries.  If  a  component  pair  does  not 
include  screen  color,  its  key  value  is  set  to  a  fully 

3 
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paque  value.  If  one  of  the  components  is  screen 
olor,  the  key  value  indicates  the  percentage  of 
creen  color  for  that  pixel.  A  lower  key  value  speci- 
es  that  a  higher  percentage  of  background  video 
hould  be  blended  by  the  linear  keyer  30.  The  red,  5 
reen  and  blue  values  stored  in  the  palette  look-up 
able  18  are  taken  entirely  from  the  non-screen 
olor  so  that  the  resulting  mixed  output  does  not 
iclude  any  of  the  internally  generated  screen  col- 
r,  eliminating  the  screen  bleed  or  fringing  prob-  w 
3tn. 

Fade  and  dissolve  effects  can  also  be  gen- 
irated  by  the  character  generator  by  varying  the 
ey  values  for  the  entire  palette  look  up  table  18. 
Vhen  all  the  key  values  are  maximum,  only  the  75 
iraphic  image  is  seen.  As  the  key  values  are 
iradually  reduced,  the  external  background  video 
nixes  with  the  foreground  graphics  image  until, 
i/hen  the  key  value  reaches  zero,  only  the  back- 
jround  video  remains.  If  the  foreground  image  has  20 
my  translucent  areas,  the  rate  of  variation  of  the 
:ey  values  for  such  areas  can  be  made  different 
han  the  rate  for  opaque  areas  so  that  the  image 
ades  evenly.  Of  course  the  converse  can  be  done, 
esulting  in  a  foreground  graphic  image  fading  in  25 
wer  a  background  video.  Also  different  portions  of 
he  graphic  image  may  be  faded  independently. 

In  operation  an  operator  at  the  keyboard  12 
nteracts  with  the  CPU  10  to  generate  a  graphics 
mage  to  be  matted  over  the  external  background  30 
/ideo.  The  bulk  memory  14  is  accessed  by  the 
DPU  10  for  standard  images  such  as  character 
onts.  The  RAM  16  provides  a  program  portion 
containing  the  executable  software  code,  a  tem- 
Dorary  storage  portion  for  interim  processing  re-  35 
suits,  and  a  display  generation  portion.  The  RLD  20 
converts  the  run-length-encoded  display  informa- 
:ion  from  the  RAM  16  into  a  series  of  two  byte 
segments.  One  byte  from  the  RLD  20  is  a  color 
address  word  for  the  palette  look-up  table  18,  and  40 
the  other  byte  is  a  pixel  duration  count  indicating 
the  number  of  pixels  for  which  that  color  is  output. 
The  palette  look-up  table  18  is  loaded  via  informa- 
tion  from  the  bulk  memory  14  and  modified  as 
desired  by  operator  interaction  via  the  keyboard  45 
12.  The  information  for  each  color  location  of  the 
palette  look-up  table  18  includes  a  value  for  each 
of  the  primary  colors,  red,  green  and  blue,  and  a 
key  value.  The  primary  colors  are  combined  in  the 
video  encoder  22  to  produce  the  proper  encoded  50 
color  output.  The  encoded  color  output  is  blended 
with  the  background  video  in  the  linear  keyer  30 
according  to  the  associated  key  value.  The  oper- 
ator,  by  varying  the  key  value  contents  of  the 
palette  look-up  table  18,  can  produce  the  desired  55 
video  effects  discussed  above.  Also  by  combining 
the  graphic  image  directly  with  the  background 
video  rather  than  first  blending  it  with  a  screen,  the 

nti-aiiasmg  cnaracusnsuus  aie  mipiuvcu. 
Thus  the  present  invention  provides  a  video 

ompositing  system  using  an  integrated  software 
ontrolled  linear  keyer  which  allows  for  improved 
nti-aliasing  of  graphic  images  as  well  as  special 
ideo  effects  by  associating  a  key  value  for  each 
olor  value  in  a  palette  look-up  table,  the  key  value 
eing  variable  according  to  program  control  in  re- 
ponse  to  operator  interaction.  The  key  value 
erves  to  blend  the  graphic  image  with  the  back- 
iround  video  to  produce  a  matted  output  video. 

Claims 

1  .  An  apparatus  comprising: 
means  for  defining  a  graphics  image; 

means  for  providing  a  key  signal  for  each 
lortion  of  the  graphics  image; 

means  for  varying  the  key  signal  indepen- 
lently  for  each  portion  of  the  graphics  image  to 
jroduce  a  desired  effect;  and 

means  for  combining  the  graphics  image  with 
1  background  image  according  to  the  key  signal  to 
)roduce  a  mixed  image  output  incorporating  the 
iesired  effect. 

2.  A  method  for  providing  translucency  of  a 
jraphic  image  comprising  the  steps  of: 

defining  a  key  signal  for  each  portion  of  the 
jraphic  image; 

varying  the  key  signal  independently  for  each 
Dortion  of  the  graphics  image  according  to  a  de- 
sired  translucency;  and 

mixing  the  graphic  image  with  a  background 
mage  in  a  proportion  determined  by  the  key  signal 
at  each  portion  of  the  graphics  image  to  produce  a 
nixed  image  output  wherein  the  graphic  image  has 
tie  desired  translucency. 

4 
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