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0   An  integrated  single  frame  buffer  memory  for  storing  graphics  and  video  data. 

0   The  present  invention  provides  an  integrated  dis- 
play  system  for  multi-media  workstations  wherein 
graphics  image  and  video  data  are  merged  in  a 
single  frame  buffer.  The  integrated  display  system 
employs  3-port  VRAMs  with  a  first  serial  access  port 
for  display  data  output,  and  a  random  access  port 
for  graphics  data,  a  second  serial  access  for  video 
data  input.  The  display  system  includes  a  single 

frame  buffer  memory  system  for  a  multi-media  work- 
station  which  operates  compatibly  with  display  sys- 
tems  and  logic  designed  for  dual  frame  buffer  sys- 
tems  and  it  uses  the  3-port  VRAM  in  combination 
with  a  means  incorporating  improved  input  locking, 
video  update  or  refresh,  and  encoded  video  data 
input  stream. 
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The  present  invention  relates  to  display  de- 
vices,  and  more  particularly  to  a  multi-media  work- 
station  based  display  device  wherein  graphics  data 
and  video  data  are  merged  and  stored  in  a  single 
frame  buffer  memory. 

In  multi-media  work  station  displays,  it  is 
known  that  two  independent  rasters,  such  as  a 
standard  TV  video  and  high  resolution  computer 
generated  graphics  video  may  each  be  displayed 
on  a  high  resolution  graphics  monitor  by  the  use  of 
dual  frame  buffers.  A  TV  frame  buffer  includes  a 
dual  port  VRAM,  with  the  serial  and  random  ports 
operating  asynchronously.  The  primary  port  re- 
ceives  incoming  TV  video  synchronously  as  it 
comes  in,  and  the  secondary  port  reads  the  TV 
video  out  synchronously  with  the  high  resolution 
graphics  monitor.  A  high  resolution  frame  buffer  in 
a  computer  is  utilized  to  store  high  resolution 
graphics  which  is  read  out  synchronously  with  the 
high  resolution  graphics  monitor.  A  switching 
mechanism  selects  which  of  the  TV  video  and  the 
high  resolution  graphics  video  is  to  be  displayed  at 
a  given  time.  The  TV  frame  buffer  includes  an  on 
screen  and  off  screen  portion.  The  computer  pro- 
vides  computer  data,  including  high  resolution 
graphics  data  and  audio  data  to  the  TV  frame 
buffer,  with  the  graphics  data  being  stored  in  the 
on  screen  portion  and  the  audio  data  being  stored 
in  the  off  screen  portion.  The  audio  data  is  read  out 
to  an  audio  circuit  for  replay.  The  graphics  data  is 
combined  with  the  TV  video  for  purposes  of  win- 
dowing. 

Dual  buffers  of  this  type  are  costly  on  both 
space  and  production.  Also,  it  is  difficult  to  edit  the 
merged  graphics  and  video  for  separate  frames. 

An  example  of  a  dual  frame  buffer  display 
system  is  described  in  U.S.  Patent  4,994,912  is- 
sued  February  19,  1991  to  Lumelsky  et  al.  and 
entitled  AUDIO  VIDEO  INTERACTIVE  DISPLAY. 

In  addition  to  dual  frame  buffers  having  cost 
and  space  and  graphics/video  data  merger 
drawbacks,  it  is  difficult  to  extend  displays  in  dual 
frame  buffer  systems  for  higher  spatial  resolution 
or  higher  frame  refresh  rate  and  it  is  difficult  to 
develop  drivers  for  inconsistent  buffer  sizes,  dif- 
ferent  data  formats  and  the  like. 

There  are  several  other  previously  known  ap- 
proaches  to  combining  video  with  high  resolution 
graphics.  Some  methods  double  the  scan  rate  of 
the  incoming  video  through  the  use  of  a  line  buffer, 
reading  out  each  video  line  twice  for  each  line  of 
the  high-resolution  screen.  This  method  has  sev- 
eral  drawbacks.  First,  it  assumes  that  the  high- 
resolution  display  is  exactly  twice  the  scan  rate  of 
th  incoming  video.  This  is  seldom  the  case,  and 
always  requires  a  gen-lock  circuit  at  the  very  least 
to  force  this  strict  relationship  between  the  video 
and  the  graphics.  It  also  fails  to  provide  random 

access  to  the  video  information  from  the  host  work- 
station,  since  there  is  no  frame  buffer  to  store  the 
video  information.  Another  method  involves  con- 
verting  the  video  and  graphics  information  into  a 

5  common  format  and  storing  the  two  into  a  single, 
common  frame  buffer.  While  this  may  at  first  seem 
to  be  an  advantage  in  that  only  one  frame  buffer  is 
needed,  this  buffer  requires  far  more  memory  than 
having  two  separate  dedicated  buffers.  In  the  prior 

io  art,  in  order  to  use  a  single  frame  buffer  to  store 
both  types  of  visual  data,  a  very  large  frame  buffer 
is  required  that  is  both  "wide"  and  "deep". 

It  is  an  object  of  the  present  invention  to  pro- 
vide  an  integrated  display  system  for  multi-media 

75  workstations  wherein  graphics  image  and  video 
data  are  merged  in  a  single  frame  buffer. 

Another  object  of  the  present  invention  is  to 
provide  an  integrated  display  system  for  multi- 
media  workstations  which  employs  3-port  VRAMs 

20  with  a  first  serial  access  port  for  display  data 
output,  a  second  serial  access  port  for  video  data 
input,  and  a  random  access  port  for  graphics  data. 

A  further  object  of  the  present  invention  is  to 
provide  a  single  frame  buffer  memory  system  for  a 

25  multi-media  workstation  which  operates  compatibly 
with  display  systems  and  logic  designed  for  dual 
frame  buffer  systems. 

A  still  further  object  of  the  present  invention  is 
to  provide  a  single  frame  buffer  memory  system 

30  for  a  multi-media  workstation  employing  a  3-port 
VRAM  incorporating  improved  input  locking,  video 
update  or  refresh,  and  encoded  video  data  input 
stream. 

These  objects  are  solved  basically  by  the  fea- 
35  tures  of  the  independent  claim  1  .  Further  advanta- 

geous  embodiments  of  the  present  invention  are 
laid  down  in  the  subclaims. 

The  present  invention  is  described  in  detail 
below  with  reference  to  drawings  which  illustrate 

40  only  one  specific  embodiment,  in  which 
Fig.  1  is  a  schematic  block  diagram  illustrating 
logic  and  display  elements  for  a  typical  multi- 
media  workstation; 
Fig.  2  is  a  schematic  block  diagram  illustrating  a 

45  dual  frame  buffer  memory  for  separately  storing 
graphics  and  video  data  according  to  the  prior 
art; 
Fig.  3  is  a  schematic  block  diagram  of  a  single 
frame  buffer  memory  using  2-port  VRAMs  with 

50  multiplexing  according  to  the  prior  art; 
Fig.  4  is  a  schematic  block  diagram  illustrating 
an  embodiment  of  single  frame  buffer  memory 
using  3-port  VRAMs  according  to  the  principles 
of  the  present  invention; 

55  Fig.  5  is  a  schematic  block  diagram  illustrating  a 
single  frame  buffer  memory  using  3-port  VRAMs 
for  graphics,  video  and  display  data  and  2-port 
VRAMs  for  control  functions; 

2 
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Fig.  6  is  a  schematic  block  diagram  illustrating  a 
data  path  for  an  implementation  of  an  input 
locking  feature  incorporated  in  the  present  in- 
vention; 
Fig.  7  is  a  schematic  block  diagram  illustrating 
an  implementation  of  an  input  locking  feature 
incorporated  in  the  present  invention; 
Fig.  8  is  a  diagram  used  in  explaining  a  typical 
memory  access  pattern  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

The  present  invention  is  incorporated  into  and 
provides  an  improvement  to  a  multi-media  work- 
station.  In  contrast  to  personal  workstations,  a  mul- 
timedia  workstation  consists  of  a  processing  unit, 
input  devices,  storage  devices,  and  a  display  unit 
for  visual  output  and  other  output  devices.  The 
multimedia  data  handled  by  workstations  takes  dif- 
ferent  forms  including  text,  graphics,  image,  video, 
and  speech  via  various  input  modes.  When  video  is 
introduced  into  the  workstations,  the  real  time  na- 
ture  of  the  video  data,  and  the  mixing  of  video 
graphics  data,  e.g.  graphics  overlay  on  video, 
scrolling  text  on  video,  etc.  have  to  be  considered. 
The  video  of  a  given  frame  size  has  to  be  dis- 
played  at  the  fixed  input  rate  such  as  24  or  30 
frames  per  second.  To  achieve  this,  presently 
known  architecture  uses  two  separate  frame  buff- 
ers,  one  for  video  and  the  other  for  graphics  and 
mixes  both  video  signals  at  the  output  side  using  a 
technique  called  chroma-keying. 

In  Fig.  1,  a  schematic  illustration  of  an  IBM 
XGA  subsystem,  typical  display  architecture  for 
merging  video  into  a  graphics  workstation  is  shown 
using  separate  frame  buffers  for  video  and  graph- 
ics  data.  To  display  live  video  in  a  window,  a 
particular  color  (chroma-key  color)  is  selected  as 
the  background  color  to  paint  the  window  in  the 
graphics  buffer  10.  During  display  time,  for  each 
pixel  location  (screen  location),  the  pixel  data  is 
obtained  from  the  VGA  Graphics  frame  buffer  10 
via  the  Video  Feature  Bus,  and  compares  the  pixel 
data  (in  this  case,  color  index)  with  the  chosen 
chroma-key  color  (color  index).  If  they  match,  the 
pixel  data  from  the  Video  buffer  12  is  displayed; 
otherwise,  the  data  from  Graphics  buffer  10  is 
displayed.  For  a  graphics  overlay  on  the  video  in 
the  window,  the  graphics  data  can  be  written  on  the 
graphics  buffer  10  using  any  color  besides  the 
chosen  chroma-key  background  color.  The  system 
of  Fig.  1  has  the  drawbacks  that  it  is  difficult  to 
extend  displays  for  a  higher  spatial  resolution  or  a 
higher  frame  refresh  rate,  it  is  not  an  efficient 
hardware  platform  for  programmer  to  edit  the 
merged  graphics  and  video  data  and  it  is  cum- 
bersome  to  develop  drivers  for  inconsistent  buffer 

sizes,  different  data  formats,  etc. 
In  Fig.  2,  a  typical  prior  art  single  frame  buffer 

technique  for  displaying  graphic  and  video  data  is 
shown  wherein  the  random  access  port  of  the 

5  video  random  access  memory  (VRAM)  is  shared 
by  multiplexing  the  graphics  and  video  data.  In  this 
technique  the  video  input  consumes  fairly  high 
input  bandwidth  available  from  the  VRAM  frame 
buffer.  In  a  windowing  environment,  this  implemen- 

io  tation  could  not  guarantee  the  real  time  display  of 
the  video  data.  Also,  the  graphics  performance  will 
suffer  because  of  the  sharing  of  the  same  VRAM 
access  port  by  graphics  and  video. 

The  present  invention  overcomes  the 
is  drawbacks  of  the  use  of  dual  frame  buffers  and  the 

use  of  a  single  frame  buffer  in  systems  of  the  prior 
art  by  providing  an  integrated  single  frame  buffer 
system  for  multi-media  work  stations  that  employs 
a  3-port  VRAM  means  for  handling  both  graphic 

20  data  and  video  data  and  which  includes  an  im- 
proved  locking  mechanism  feature,  the  use  of  a 
refresh  feature  to  allow  video  update  to  the  frame 
buffer,  and  an  encoded  video  data  input  stream. 

Referring  to  Fig.  3,  a  multi-media  video  sub- 
25  system  is  illustrated  including  a  processing  unit  14 

and  a  display  unit  16  with  display  unit  16  also 
having  an  input  from  CPU  18.  Comparing  the  pro- 
cessing  unit  of  Fig.  3  with  the  processing  unit  of 
the  prior  art  2-port  VRAM  system  of  Fig.  2  is  it 

30  seen  that  they  are  the  same.  In  fact,  the  basic 
distinction  of  the  system  of  Fig.  3  is  the  VRAM  is  a 
3-port  device.  In  addition  to  the  usual  serial  access 
port  for  display  output,  the  3-port  VRAM  20  of  Fig. 
3  includes  a  second  serial  access  port  with  masked 

35  register  video  input. 
Triple  port  VRAMs  are  available  in  the  art  for 

use  in  multi-media  work  stations.  Such  devices  are 
manufactured  and  marketed  by  Micron  Technol- 
ogy,  Inc. 

40  In  the  system  illustrated  in  Fig.  4,  structure  for 
three  improvement  techniques  are  provided.  The 
first  technique  is  referred  to  as  input  locking.  Refer- 
ring  to  Fig.  6,  a  schematic  illustration  of  a  data  path 
for  the  implementation  of  input  locking  is  illustrated, 

45  and  in  Fig.  7  the  implementation  of  the  input  lock 
bit  mechanism  of  the  present  invention  is  operated 
as  in  output  locking  in  a  dual  frame  buffer  ap- 
proach  for  compatibility. 

Chroma-keying  has  been  traditionally  used  as 
50  in  the  art  an  output  lock  among  multiple  frame 

buffers,  where  one  frame  buffer  (e.g.  graphics) 
serves  as  keying  or  the  master,  while  the  other 
frame  buffers  (e.g.  video(s))  are  displayed  as  keyed 
or  slaves.  Output  lock  as  mentioned  requires  all 

55  slave  frame  buffers  be  synchronized  pixel-by-pixel 
with  the  master  one,  in  addition  to  a  destination  (or 
called  transparent)  color  compare  circuitry  and  a 
digital/analog  multiplexer  operating  at  pixel  rates. 

3 
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Input  lock,  on  the  other  hand,  requires  only  one 
frame  buffer  and  one  keying  buffer.  All  devices, 
including  both  master  and  slaves,  must  refer  to  the 
data  on  the  keying  buffer  for  writing  the  frame 
buffer.  However,  the  master  can  also  modify  the 
data  on  the  keying  buffer.  The  updating  of  the 
keying  buffer  can  be  made  transparently,  if  imple- 
mented  using  a  source  color  compare  circuitry,  and 
separate  storages  for  frame  buffer  and  keying  buff- 
er.  Additional  functions,  such  as  area  (window)  ed- 
iting,  multiple  window  clipping,  graphics/text  over- 
lay  and/or  scrolling  over  video,  can  be  incorporated 
if  more  keying  buffer  is  used.  To  extend  further, 
the  keying  buffer  can  be  in  line  with  Z  buffer,  alpha 
buffer,  window  ID  buffer,  etc.,  as  extensions  of 
(pixel)  frame  buffer. 

In  Fig.  6,  although  the  implementation  is  shown 
external  to  the  graphics  controller,  the  logic  used 
can  be  incorporated  within  a  graphics  controller 
design. 

In  the  implementation,  two  lock  (or  keying)  bits 
per  pixel  are  used.  Two  modes  of  operations  are 
supported:  in-band  and  out-band.  In  an  in-band 
mode,  the  input  lock  bits  are  set  or  reset  resulting 
from  a  compare  between  the  graphics  pixel  data 
and  a  transparent  color  (programmed  ahead),  as 
seen  in  chroma-keying.  The  compare  operation  is 
performed  on  the  fly  during  each  memory  write 
operation  to  (pixel)  frame  buffer.  As  described,  the 
keying  buffers  addressed  transparently  in  an  in- 
band  mode.  In  an  out-band  mode,  the  input  lock 
bits  are  set  or  reset  by  the  programmed  data  sent 
via  an  I/O  data  port.  This  mode  of  operation  does 
not  use  any  transparent  color  for  comparison,  but 
requires  a  separate  I/O  operation. 

By  analogy  with  a  cache  memory  implementa- 
tion,  this  implementation  caches  addresses  by 
comparing  the  graphics  controller's  pixel  data, 
while  the  cache  memory  implementation  caches 
data  by  comparing  the  processor's  addresses. 
More  specifically,  the  tag  memory  is  to  cache 
memory  as  the  input  lock  to  frame  buffer. 

The  access  mechanism,  transparent  to  users, 
involves  two  aspects:  the  manipulation  of  lock  bits 
and  the  data  integrity. 

The  manipulation  of  lock  bits  is  based  on 
chroma-keying.  The  chroma-keying  has  been  used 
in  the  dual  frame  buffer  approaches,  as  previously 
discussed,  to  multiplex  graphics  and  video  data 
onto  the  screen.  The  existing  approaches  using 
chroma-keying  as  destination  color  compare  have 
been  classified  and  their  drawbacks  discussed.  In 
the  integrated  frame  buffer  of  the  present  invention, 
the  source  color  compare  for  chroma-keying  is 
used.  The  graphics  data  of  an  address  being  ac- 
cessed  is  compared  against  a  pre-programmed 
color  code  or  index  (chroma-key).  The  lock  bit  of 
the  address  is  set  to  "1  "  if  they  compare  and  "0", 

otherwise. 
The  implementation  of  the  input  locking  tech- 

nique  to  insure  data  integrity  is  an  important  aspect 
of  the  mechanism  due  to  the  sharing  (or  integra- 

5  tion)  of  the  frame  buffer  for  both  graphics  and 
video  data.  The  inconsistency  can  develop  if  the 
video  controller  refers  to  an  out-of-date  copy  of 
lock  bit.  For  example,  the  graphics  controller  up- 
dates  the  lock  bit  with  a  non-transparent  color, 

io  which  will  reset  the  associated  lock  bit  to  "0".  In 
the  mean  while,  the  video  controller  has  maintained 
a  local  copy  of  the  lock  bit,  which  was  "1  ".  The 
local  copy  is  maintained  within  the  serial  access 
memory.  What  would  then  appear  on  the  screen  is 

is  video  data,  taking  the  place  of  graphics  data  just 
updated. 

Since  the  video  is  transient  data,  the  system 
provides  that  graphics  data  has  priority  over  video 
data  in  case  of  inconsistency.  As  a  part  of  access 

20  mechanism,  a  detection  circuitry  of  inconsistency 
has  been  incorporated.  Once  occurred,  the  updat- 
ing  of  video  would  be  void.  As  depicted  in  Fig.  7, 
the  system  detects  for  each  memory  access  of 
graphics  data  whether  or  not  (1)  its  address  falls  in 

25  the  same  range  to  which  the  local  copy  of  lock  bits 
refers,  and  (2)  its  data  do  not  compare  (or  its 
associated  lock  bit  is  being  updated  to  "0"). 

If  both  condition  1  and  2  are  satisfied,  the 
updating  of  video  will  be  then  void.  It  should  be 

30  noted  that  the  information  of  current  address  range 
of  lock  bits  (whose  data  has  been  kept  locally  by 
the  video  controller)  is  constantly  updated  and 
store  in  min-max  registers,  shown  in  Fig.  7  for 
comparators  of  high  and  low  limits. 

35  The  use  of  the  feature  of  the  additional  lock  bit 
per  pixel,  functions  such  as  multi-window  clipping, 
and  graphics/text  scrolling  over  video  can  be  em- 
ployed.  In  multi-window  clipping,  two  video  win- 
dows  (A  &  B)  can  be  incorporated,  each  window 

40  having  its  own  keying  buffer,  e.g..  bit  0  for  window 
A  and  bit  1  for  window  B.  The  priority  can  be  pre- 
determined  and  specified  in  the  operation  code,  eg 
A  >  B,  if  opcode  =  "001".  So,  when  the  window  A 
is  accessing  the  keying  buffer  with  opcode  = 

45  "001  ",  the  video  pixel  can  address  the  pixel  data 
buffer,  if  bit  1,  0  =  "1",  "1",  or  "0",  "1".  On  the 
other  hand,  the  window  B  can  only  address  the 
pixel  frame  buffer  when  bit  1,  0  =  "0","1". 

In  graphics/text  scrolling  over  video  (doubled 
50  buffering)  the  graphics/text  scroll  can  be  facilitated 

when  both  lock  bits  are  used  alternatively  for  a 
window.  Assuming  that  at  the  moment,  bit  0(1)  is 
used,  containing  locations  of  graphics/text  data  and 
bit  1(0)  has  been  cleared.  When  it  comes  the  time 

55  to  scroll  the  graphics/text,  bit  1(0)  will  be  used  at 
the  next  moment,  while  the  bit  0(1)  is  being 
cleared. 

4 
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Other  functions,  such  as  logical  AND  (shrink), 
OR  (expand),  0  (all  disabled)  and  1  (all  disabled), 
can  all  be  similarly  implemented. 

Another  feature  of  the  present  invention  is  the 
use  of  refresh  logic  to  allow  video  update  to  the 
frame  buffer. 

In  using  a  three  port  video  RAM  (VRAM)  the 
normal  mode  of  operation  of  the  video  input  is  to 
serially  shift  the  video  data  into  the  serial  port  of 
the  VRAM  which  results  in  writing  data  to  the  static 
memory  portion.  Once  the  static  memory  has  been 
filled  or  a  predefined  boundary  has  been  reached  it 
is  necessary  to  move  the  contents  of  the  static 
memory  into  the  dynamic  memory.  In  order  to 
accomplish  this  it  is  necessary  to  retain  exclusive 
use  of  the  dynamic  memory  for  the  period  of  time 
that  it  takes  to  move  the  data  from  the  static  to  the 
dynamic  memory  and  consequently  from  the  dy- 
namic  to  the  static  memory.  This  implies  that  there 
needs  to  be  a  mechanism  in  place  which  provides 
access  to  the  dynamic  memory  without  interfer- 
ence.  The  device  which  controls  the  access  to  the 
VRAM  ports  is  the  graphic  processor  engine.  It 
controls  the  parallel  port  accesses  for  graphics 
updates  and  it  controls  the  serial  port  to  the  display 
unit  for  the  display  operation.  If  the  graphics  con- 
troller  is  designed  to  handle  the  video  port  it  also 
controls  the  third  serial  port  for  video  updates  as 
needed.  However,  most  graphics  processors  are 
not  designed  for  supporting  a  video  data  stream 
and  therefore  require  another  mechanism  to  allow 
video  updates.  In  the  case  that  the  graphics  pro- 
cessor  is  designed  to  handle  arbitration  by  other 
devices  for  access  to  the  VRAM  the  problem  can 
be  solved  by  the  arbitration  mechanism.  In  this 
case  the  arbitrating  device,  which  handles  video, 
can  gain  access  to  the  VRAMs  parallel  port  as  well 
as  the  serial  video  port  to  allow  it  video  updates. 
The  problem  that  exists  with  the  XGA  graphics 
controller  as  well  as  many  other  graphics  control- 
lers  is  that  they  were  designed  in  such  a  way  that 
they  assume  exclusive  ownership  of  the  VRAM  and 
do  not  provide  either  a  video  interface  control  nor 
an  arbitration  mechanism. 

In  the  present  invention,  a  technique  is  pro- 
vided  to  allow  video  updates  without  interfering  with 
normal  graphics  operations.  A  mechanism  which 
can  provide  this  capability  is  through  the  manipula- 
tion  of  the  refresh  interface  between  the  graphics 
processor  and  the  VRAM.  In  the  case  of  the  IBM 
XGA  graphics  controller  a  refresh  operation  occurs 
once  very  9.8  microseconds.  It  is  necessary  to 
refresh  256  rows  of  the  VRAM  every  4  millisec- 
onds,  which  means  that  a  refresh  has  to  occur 
every  15.6  microseconds.  Due  to  the  use  in  the 
page  mode  access  of  memory  the  IBM  XGA  con- 
troller  provides  more  refreshes  than  necessary  to 
maintain  valid  data  in  the  VRAM.  That  is,  it  pro- 

vides  up  to  408  refreshes  every  4  milliseconds 
where  only  256  are  required,  leaving  up  to  152 
extra  refreshes  that  are  not  necessary.  As  a  result 
it  is  possible  to  steal  some  of  the  extra  refresh 

5  cycles  from  the  graphics  processor  and  use  them 
for  updating  the  incoming  video.  This  can  be  ac- 
complished  as  long  as  there  are  fewer  refresh 
cycles  stolen  than  are  necessary  to  maintain  the 
VRAM.  For  the  case  of  video  updates  it  is  neces- 

io  sary  to  steal  one  refresh  cycle  for  every  line  up- 
date.  In  the  worst  case  scenario  there  are  up  to 
768  lines  of  video  that  can  be  displayed.  Assuming 
that  the  video  rate  is  no  more  than  30  frames  per 
second,  this  works  out  to  be  approximately  103 

is  stolen  refresh  cycles  every  4  milliseconds.  This  still 
leaves  an  excess  of  49  refresh  cycles  every  4 
milliseconds  which  ensures  that  the  VRAM  has  a 
sufficient  number  of  refresh  cycles. 

The  stealing  of  the  refresh  cycles  is  accom- 
20  plished  by  channelling  the  VRAM  control  signals, 

generated  by  the  graphics  processor,  through 
some  high  speed  logic  on  the  card.  The  purpose  of 
this  high  speed  logic  is  to  detect  a  refresh  opera- 
tion  generated  by  the  graphics  processor  and  if 

25  there  is  a  pending  update  request  by  the  video 
controller,  to  block  the  refresh  operation  and  gen- 
erate  a  video  update  operation  in  its  place.  If  there 
is  no  pending  request  from  the  video  controller, 
then  all  refresh  operations  are  simply  passed 

30  through  this  logic  without  interference.  In  addition, 
all  normal  read  and  write  operations  generated  by 
the  graphics  processor  are  always  passed  through 
regardless  of  pending  video  request.  The  detection 
of  refresh  operations  in  the  case  of  the  XGA  graph- 

35  ics  controller  is  accomplished  by  simply  detecting 
a  Column  Address  Strobe  (CAS)  occurring  before  a 
Row  Address  Strobe  (RAS).  This  is  one  standard 
way  of  refreshing  the  dynamic  memory  within  the 
VRAM  chip.  This  mode  of  refresh  has  the  advan- 

40  tage  that  the  refresh  counter  on  the  VRAM  is  used 
and  an  external  refresh  need  not  be  generated.  If  a 
refresh  operation  is  blocked  by  the  external  logic, 
then  the  counter  is  simply  not  incremented  until  a 
legitimate  refresh  operation  occurs.  This  is  ad- 

45  vantageous  since  it  does  not  require  any  additional 
hardware  to  keep  the  refresh  address  count  so  that 
no  addresses  are  inadvertently  skipped.  In  the  case 
that  a  refresh  operation  is  blocked  due  to  a  pend- 
ing  update  request,  a  block  write  operation  is  ex- 

50  ecuted  in  its  place.  The  RAS  or  CAS  addresses  for 
the  write  operation  are  generated  by  the  external 
logic  and  placed  on  the  address  bus.  The  control 
logic  to  the  VRAM  is  regenerated  with  some  delay. 
It  is  important  that  the  delay  through  the  external 

55  circuitry  is  minimized  in  order  not  to  exceed  the 
timing  requirements  to  the  VRAM.  In  some  cases, 
as  with  the  IBM  XGA  or  the  Tl  34-020  graphics 
controllers,  the  refresh  timing  parameters  can  be 
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programmed.  If  this  is  the  case,  then  it  is  a  simple 
matter  to  program  the  refresh  operations  to  be  long 
enough  to  absorb  any  delays  incurred  through  the 
external  logic. 

Once  the  serial  Static  RAM  in  the  VRAM  be- 
comes  filled  with  video  data,  a  request  is  made  by 
the  video  control  logic  to  move  the  data  from 
SRAM  to  the  DRAM  portion  on  the  memory.  Be- 
cause  the  move  of  the  data  can  not  be  performed 
until  a  refresh  operation  from  the  graphics  proces- 
sor  is  executed,  there  is  some  elapsed  time  during 
which  additional  incoming  video  data  has  to  be 
handled  by  the  video  controller.  Since  the  video 
data  cannot  be  held  off  and  the  SRAM  is  full,  some 
additional  storage  has  to  be  provided  to  temporarily 
hold  the  incoming  video  data  until  the  SRAM  be- 
comes  available.  The  size  of  the  temporary  data 
buffer  is  a  function  of  the  incoming  video  data  rate 
as  well  as  the  maximum  amount  of  time  that  the 
hardware  has  to  wait  for  a  refresh  operation  to 
occur.  For  example,  if  the  incoming  video  data  rate 
is  approximately  20  Mbytes/second  and  the  maxi- 
mum  amount  of  time  between  refreshes  is  9.8 
microseconds,  the  buffer  has  to  hold  up  to  196 
bytes  of  data.  Additional  buffering  is  needed  to 
ensure  the  continuous  incoming  video  stream  has  a 
place  to  be  held  while  the  existing  196  bytes  are 
moved  from  the  buffer  to  the  SRAM  in  the  VRAM. 
By  using  a  standard  1  K  byte  first  in  first  out  (FIFO) 
a  worst  case  operational  environment  is  insured. 

Still  another  feature  of  the  present  invention  is 
the  technique  wherein  the  video  data  input  stream 
is  encoded. 

Upon  receiving  incoming  video  data,  an  18-bit 
wide  synchronous  FIFO  device  is  used  as  an  input 
buffer.  Two  extra  bits  are  used  for  encoding  the 
video  input  stream.  The  Horizontal  Sync  pulse  trig- 
gers  a  flip-flop  which  generates  a  state  bit  that 
indicates  the  status  of  a  video  scanline  while  the 
Vertical  Sync  pulse  generates  another  state  bit  to 
indicate  the  status  of  video  frame.  By  reading  the 
status  change  from  these  two  extra  encoded  bits,  a 
flag  for  sequence  change  or  frame  change  can  be 
raised.  These  flags  signal  the  need  of  writing  a  line 
of  data  to  the  DRAM  pixel  Buffer  from  the  dedi- 
cated  serial  port  or  the  need  of  getting  new  window 
address;  therefore,  generate  the  memory  access 
request  to  XGA  memory  controller  accordingly. 
These  two  possible  memory  access  requests 
would  grab  a  memory  refresh  cycle  as  soon  as  it 
becomes  available.  We  have  observed  that  more 
than  enough  DRAM  refresh  cycles  have  been  is- 
sued  by  the  memory  controller.  The  requests  from 
the  new  line  or  the  new  frame,  steal  excessive 
memory  refresh  cycles  to  load  the  window  address 
or  to  write  the  data  that  is  already  in  the  serial  port 
to  the  DRAM  side  of  the  VRAM  buffer. 

The  two  concurrent  memory  accesses  include 
serial  port  to  DRAM  write  for  the  previous  scan  line 
and  lock-bit  memory  read  for  the  current  scanline. 
The  lock-bit  of  the  current  scanline  is  stored  in  a 

5  dual-ported  memory  while  the  video  data  of  the 
previous  scanline  is  stored  in  a  three-ported  mem- 
ory.  For  every  token  that  has  been  granted  for 
memory  access,  there  are  two  events  taking  place 
at  the  same  time.  The  first  event  is  to  write  the 

io  previous  scanline  that  already  resides  in  the  dedi- 
cated  serial  port  into  DRAM;  and  the  second  event 
is  to  read  the  current  scanline's  control  lock-bit 
from  DRAM  port  of  the  2-ported  keying  buffer 
(lock-bit)  to  its  serial  port.  This  is  a  look  ahead 

is  scheme  for  video  and  graphics  windows  overlay 
operation,  which  is  prepared  for  the  next  serial  port 
to  DRAM  Pixel  Buffer  operation. 

This  is  being  executed  in  a  parallel  fashion  for 
each  granted  cycle  steal.  Between  two  tokens 

20  granted  for  memory  cycle  steal,  one  of  two  serial 
ports  on  the  3-ported  VRAM  keeps  receiving  the 
video  data  output  from  the  FIFO;  while  the  lock-bit 
data  on  the  2-ported  VRAM  has  been  read  from  its 
serial  port  as  illustrated  in  Fig.  8. 

25  While  the  invention  has  been  particularly 
shown  and  described  with  respect  to  a  preferred 
embodiment  thereof,  it  will  be  understood  by  those 
skilled  in  the  art  that  changes  in  form  and  details 
may  be  made  therein  without  departing  from  the 

30  scope  and  spirit  of  the  invention. 

Claims 

1.  In  a  multi-media  display  system  of  the  type 
35  providing  an  integrated  display  of  video,  graph- 

ics  and  image  data  on  a  display  monitor  and 
including  a  source  of  digital  image  signals,  a 
source  of  graphics  signals,  a  processing  unit 
having  an  image  video  processor  means,  a 

40  video  capture  means  scaling  means,  a  stored 
pre-programmed  color  index,  a  display  unit 
having  a  graphics  rasterizer  means,  a  graphics 
buffer  means  and  a  three-port  video  random 
access  memory  structure  which  functions  as  a 

45  buffer  memory; 
the  improvement  characterized  in  a  graph- 

ics  control  means  connected  to  said  process- 
ing  unit  and  said  display  unit  for  providing 
control  signals  for  writing  said  digital  image 

50  video  signals  into  said  three-port  video  random 
access  memory  structure  and  for  providing 
control  signals  for  writing  said  graphics  signals 
into  said  three-port  random  access  memory 
structure; 

55  and  an  input  locking  means  connected  to 
the  output  of  said  control  means,  including 
logic  operator  means  for  comparing  said 
graphics  signals  to  said  stored  pre-pro- 
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grammed  colorindex  for  providing  one  of  two 
lock  bits  in  response  to  said  comparing  func- 
tion  wherein  said  lock  bit  is  enabled  for  a 
compare  occurrence  and  is  disabled  for  a  non- 
compare  occurrence. 

2.  A  multi-media  display  system  of  the  type  ac- 
cording  to  claim  1  wherein  said  logic  operator 
means  of  said  input  locking  means  includes 
first,  second,  third  and  fourth  storage  registers, 
said  first  and  second  storage  registers  contain- 
ing  pre-programmed  color  index  data,  a  source 
color  comparison  means  connected  to  the  out- 
put  of  said  graphics  controller  means  and  to 
the  outputs  of  said  first  and  second  registers, 
and  a  multiplexer  means  connected  to  the  out- 
puts  of  said  third  storage  register  means  and 
said  source  color  comparison  means,  said 
source  color  comparison  means  being  respon- 
sive  to  graphics  data  from  said  graphics  con- 
troller  means  associated  with  an  address  being 
accessed  and  also  responsive  to  said  preprog- 
rammed  color  index  stored  in  said  first  and 
second  storage  registers  for  providing  a  1  bit 
for  a  compare  and  a  0  bit  for  a  non-compare. 

3.  A  multi-media  display  system  of  the  type  ac- 
cording  to  claim  1  or  2,  wherein  said  mul- 
tiplexer  means  is  further  responsive  to  the  out- 
put  of  said  fourth  register  for  providing  a  con- 
trol  signal; 

and  wherein  said  multi-media  display  sys- 
tem  further  includes  a  two-port  video  random 
access  memory  means  connected  to  the  out- 
put  of  said  multiplexer  means  of  said  input 
locking  means,  said  two-port  video  random  ac- 
cess  memory  means  functioning  as  a  keying 
buffer  means. 

4.  A  multi-media  display  system  of  the  type  ac- 
cording  to  claim  1  ,  2  or  3,  wherein  said  fourth 
storage  register  of  said  logic  operator  means 
provides  a  first,  in-band  operating  mode  signal 
and  a  second,  out-band  operating  mode  signal 
to  said  multiplexer  wherein  said  in-band  signal 
provides  an  indirect  update  mechanism  signal 
dependent  on  a  comparison  operation  between 
graphics  data  and  programmed  transparent 
color  data,  and  wherein  said  out-band  signal 
provides  a  direct  update  mechanism  depen- 
dent  on  programmed  data  provided  from  an 
input/output  data  port. 

5.  A  multi-media  display  system  of  the  type  ac- 
cording  to  any  one  of  the  claims  1  to  4, 
wherein  said  lock  bits  are  enabled  and  dis- 
abled  in  response  to  either  said  compare  op- 
eration  of  said  in-band  mode  or  are  enabled 

and  disabled  in  response  to  said  programmed 
data  from  said  input/output  port. 

6.  A  multi-media  display  system  of  the  type  ac- 
5  cording  to  any  one  of  the  claims  1  to  5,  further 

including  means  for  connecting  said  two-port 
keying  buffer  random  access  memory  and  said 
fourth  storage  register  to  a  first  serial  access 
input  port  of  said  three-port  video  random  ac- 

io  cess  memory  means  for  providing  display 
pixel  masking  indicators  to  said  three-port  vid- 
eo  random  access  memory  means  functioning 
as  a  pixel  frame  buffer; 

wherein  said  source  of  video  data  is  con- 
15  nected  to  a  second  serial  access  input  port  of 

said  three-port  video  random  access  memory 
means; 

and  wherein  said  output  of  said  graphics 
controller  means  is  connected  to  a  random 

20  access  input  port  for  providing  graphics  data  to 
said  three-port  video  random  access  memory. 

7.  In  a  multi-media  display  system  of  the  type 
according  to  any  one  of  the  claims  1  to  6, 

25  wherein  said  graphics  controller  means  pro- 
vides  a  plurality  of  refresh  operations  to  said 
three-port  video  random  access  memory  and 
wherein  said  graphics  controller  can  be  config- 
ured  to  provide  a  greater  number  of  refreshes 

30  than  there  are  rows  requiring  refresh  in  said 
three-port  video  random  access  memory; 

the  improvement  characterizer  in  means 
for  detecting  a  refresh  operation  signal  gen- 
erated  by  said  graphics  controller  in  the  form 

35  of  a  column  address  strobe  signal  occurring 
before  a  row  address  strobe  signal,  means  for 
detecting  a  video  update  request  signal  from 
said  video  processor  means; 

and  means  responsive  to  said  refresh  op- 
40  eration  signal  and  said  video  update  request 

signal  for  blocking  said  refresh  operation  signal 
and  providing  a  video  update  signal  in  place 
thereof. 

45  8.  In  a  multi-media  display  system  of  the  type 
according  to  any  one  of  the  claims  1  to  7, 
wherein  said  image  video  processor  includes  a 
video  input  memory  means  responsive  to  said 
video  signals  and  containing  control  bits  asso- 

50  ciated  with  synchronizing  information  from  said 
video  source,  a  flip-flop  means  responsive  to 
the  systems  horizontal  and  vertical  sync 
pulses,  said  flip-flop  providing  a  first  control  bit 
in  response  to  said  horizontal  sync  pulse  for 

55  indicating  the  status  of  a  video  scanline  and  for 
providing  a  second  control  bit  in  response  to 
said  vertical  sync  pulse  for  indicating  the  sta- 
tus  of  a  video  frame. 

7 
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9.  In  a  multi-media  display  system  of  the  type 
according  to  any  one  of  the  claims  1  to  8, 
responsive  to  said  first  and  second  bits  from 
said  flip-flop  means  for  providing  a  signal  in- 
dicating  a  sequence  change  and  a  frame  5 
change  respectively,  said  sequence  change 
signal  providing  a  first  memory  request  signal 
to  said  three-port  video  random  access  mem- 
ory  for  writing  a  line,  and  said  frame  change 
signal  providing  a  second  memory  request  sig-  10 
nal  to  the  system  memory  controller  of  said 
processing  unit  wherein  said  pair  of  first  and 
second  memory  request  signals  provide  an 
indicator  signal  to  cause  an  update  cycle  in- 
stead  of  a  refresh  cycle  to  said  three-port  is 
video  random  access  memory. 
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