
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  5 9 7   6 1 6   A 1  

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  93308730.6 

@  Date  of  filing:  01.11.93 

int.  ci  5  G09G  1 /16  

®  Priority:  10.11.92  US  975910  ©  Applicant:  E-MOTIONS 
47900  Bayside  Parkway 

@  Date  of  publication  of  application:  Fremont,  California  94538(US) 
18.05.94  Bulletin  94/20 

@  Inventor:  Nguyen,  Julien  Tan 
©  Designated  Contracting  States:  412  Keel  Lane 

DE  DK  ES  FR  GB  IT  SE  Redwood  City,  CA  94065(US) 

©  Representative:  Senior,  Alan  Murray  et  al 
J.A.  KEMP  &  CO. 
14  South  Square 
Gray's  Inn 
London  WC1R  5LX  (GB) 

©  Mixing  of  computer  graphics  and  animation  sequences. 

©  Apparatus  and  a  method  is  disclosed  for  mixing 
animation  sequences  with  computer  graphics  infor- 
mation  for  presentation  on  a  computer  display 
screen.  The  animation  sequences  may  be  stored  in 
compressed  format  in  a  standard  storage  medium. 
An  animation  sequence  generator  retrieves  these 
compressed  animation  sequences,  decompresses 
them  into  pixel  information,  and  sends  them  to  a 

single  line  store  for  synchronization  with  the  com- 
puter  graphics  pixel  information.  Pixels  from  the  ani- 
mation  sequences  and  from  the  computer  graphics 
generator  are  mixed,  windowed  and  overlaid  in  a 
digital  mixer.  The  output  of  the  digital  mixer  is  sent 
to  a  visual  display  system  such  as  a  video  digital-to- 
analog  converter  driving  a  computer  display  monitor. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  Of  The  Invention 

The  present  invention  relates  to  the  field  of 
computer  animation/graphics  display  systems. 
More  particularly,  the  present  invention  relates  to 
apparatus  and  methods  for  mixing  animation  se- 
quences  stored  in  compressed  form  in  a  standard 
digital  storage  system,  and  computer  graphics  gen- 
erated  by  the  computer  employing  a  single  line 
store  to  synchronize  the  decompressed  animation 
sequences  to  the  computer  graphics. 

2.  The  Prior  Art 

Many  new  multimedia  applications  require  the 
presentation  of  animation  sequences  together  with 
computer  graphics  on  the  same  computer  monitor. 
A  dedicated  animation  sequence  generator  is  used 
to  decode  the  animation  sequences  stored  in  com- 
pressed  form.  Combining  images  delivered  by  the 
computer  graphics  generator  and  the  animation 
sequence  generator  presents  several  problems. 

The  first  problem  relates  to  synchronization. 
The  computer  graphics  generator  outputs  pixels  at 
a  certain  pixel  frequency  (25  to  50  MHz),  line 
frequency  (35  kHz  typically)  and  frame  frequency 
(in  excess  of  70  Hz).  In  contrast,  the  animation 
sequence  generator  outputs  pixels  at  typically  a 
maximum  frequency  of  20  MHz,  and  a  frame  fre- 
quency  of  25  or  30  Hz  (a  frame  being  typically 
640x480  pixels).  Before  the  computer  graphics  and 
the  animation  sequences  can  be  combined,  they 
have  to  be  synchronized.  Most  of  the  time,  the 
animation  sequences  have  to  be  synchronized  to 
the  computer  graphics.  This  is  usually  done  by 
employing  one  or  several  frame  stores  ,  each 
frame  store  being  implemented  with  dual  port  dy- 
namic  RAM  (Video  RAMs  or  VRAMs).  This  im- 
plementation  results  in  a  high  product  cost,  since 
at  least  one  megabyte  of  expensive  VRAMs  have 
to  be  used. 

It  is  desirable  for  the  animation  images  to  oc- 
cupy  only  part  of  the  computer  screen.  Therefore, 
the  animation  images  have  to  be  resized  dynam- 
ically  in  real  time.  This  resizing  usually  requires 
one  frame  store,  with  its  addition  to  the  cost  of  the 
product.  Moreover,  resampling  must  be  followed  by 
filtering  if  a  good  quality  animation  image  is  to  be 
displayed.  Temporal  filtering  in  particular  requires 
simultaneous  access  to  corresponding  lines  from 
consecutive  frames.  This  usually  requires  n  frame 
stores,  if  an  n-order  temporal  filter  is  to  be  imple- 
mented.  This  results  in  a  geometric  increase  of  the 
memory  requirement,  and  the  cost  of  the  product, 
as  more  sophisticated  temporal  filtering  is  imple- 
mented. 

In  some  applications,  it  is  desirable  to  simulta- 
neously  present  on  the  computer  screen  several 
animation  sequences  mixed  with  the  computer 
graphics.  This  usually  requires  the  use  of  several 

5  animation  sequence  generators,  thereby  increasing 
considerably  the  cost  of  the  product  and  the  com- 
plexity  of  the  hardware  design. 

BRIEF  DESCRIPTION  OF  THE  INVENTION 
70 

According  to  the  present  invention  an  appara- 
tus  for  mixing  animation  sequences  and  computer 
graphics  for  display  on  a  computer  terminal  display 
or  the  like  includes  a  storage  medium  for  storing 

75  information  representing  animation  sequences.  Ac- 
cording  to  a  presently  preferred  embodiment  of  the 
invention,  animation  sequences  are  stored  in  com- 
pressed  format  in  a  standard  storage  medium, 
such  as  a  hard  disk  drive,  a  CD-ROM  player,  a 

20  read-write  optical  drive,  a  server  storage  medium, 
etc.  An  animation  sequence  generator  decom- 
presses  and  stores  information  representing  the 
pixel  data  for  a  predetermined  number  of  frames  of 
the  animation  sequence.  A  single  line  store  is  used 

25  to  synchronize  the  animation  sequence  pixel  data 
with  the  computer  graphics  pixel  data.  The  mixed 
and  synchronized  pixel  data  is  then  presented  to 
the  display  driver  circuitry  which  drives  the  display. 

The  pixel  data  in  the  line  store  may  be  resam- 
30  pled  and  horizontally  filtered,  and  can  be  tem- 

porally  filtered  by  using  n  line  stores  if  a  n-order 
filter  is  desired.  Finally,  multiple  animation  se- 
quences  can  be  simultaneously  delivered  by  the 
same  animation  sequence  generator,  by  either 

35  downsizing  each  sequence  or  playing  each  se- 
quence  at  lower  frame  rates. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

40  FIG.  1  is  a  block  diagram  illustrating  an  anima- 
tion  sequence  generator  and  overlay  electronics 
according  to  the  present  invention  connected  in 
combination  with  a  computer  system. 

FIG.  2  is  a  block  diagram  of  the  animation 
45  sequence  generator  and  overlay  electronics  of  FIG. 

1  according  to  a  presently  preferred  embodiment 
of  the  invention. 

FIG.  3  is  a  block  diagram  of  a  digital  mixer 
suitable  for  use  in  the  present  invention. 

50  FIG.  4  is  a  block  diagram  illustrating  a  detailed 
implementation  of  a  line  store  useful  in  the  present 
invention. 

FIG.  5  is  a  block  diagram  of  a  presently  pre- 
ferred  embodiment  of  an  animation  sequence  gen- 

55  erator  according  to  the  present  invention. 
FIG.  6  is  a  depiction  of  an  illustrative  computer 

display  with  an  animation  sequence  window  shown 
thereon. 
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FIG.  7  is  a  timing  diagram  illustrating  the  rela- 
tive  timing  of  the  read  and  write  addresses  for  the 
line  store,  and  the  display  line  including  the  anima- 
tion  window  position. 

FIG.  8a  is  a  block  diagram  illustrating  the  load- 
ing  of  animation  frames  into  the  scratchpad  mem- 
ory  through  the  animation  sequence  generator 

FIG.  8b  is  a  diagram  showing  the  relative  tim- 
ing  of  the  scratchpad  memory  data,  the  animation 
sequence  generator  and  line  store  data,  and  the 
display  on  the  computer  monitor. 

FIG.  9  is  a  representation  of  the  contents  of  a 
screen  during  a  single  frame  wherein  multiple  ani- 
mation  windows  are  displayed. 

DETAILED  DESCRIPTION  OF  A  PREFERRED  EM- 
BODIMENT 

Those  of  ordinary  skill  in  the  art  will  realize  that 
the  following  description  of  the  present  invention  is 
illustrative  only  and  not  in  any  way  limiting.  Other 
embodiments  of  the  invention  will  readily  suggest 
themselves  to  such  skilled  persons. 

Referring  first  to  FIG.  1,  a  block  diagram  is 
shown  of  a  computer  system  incorporating  an  ani- 
mation  sequence  generator  according  to  the 
present  invention.  As  shown  in  FIG.  1,  a  general 
computer  10,  such  as  the  IBM  PC-AT  or  compati- 
ble  machines,  includes  a  central  processing  unit 
(CPU)  12,  and  come  system  random  access  mem- 
ory  (RAM)  14.  The  CPU  is  also  connected  to  a 
computer  graphics  generator  16,  such  as  a  VGA  or 
SVGA  graphics  generator,  as  is  known  in  the  art. 
The  computer  graphics  generator  has  a  digital  out- 
put  bus  18  which  delivers  8  bits  of  pixel  information 
(thereby  enabling  the  presentation  of  at  most  256 
colors),  the  horizontal  and  vertical  synchronization 
signals,  and  the  pixel  clock. 

According  to  the  present  invention,  the  output 
18  is  connected  to  animation  sequence  generator 
and  overlay  electronics  20,  which  contains  the 
electronics  necessary  to  perform  the  mixing  of  the 
animation  sequence  pixels  and  the  computer 
graphics  pixels  and  deliver  the  composite  signal  to 
the  computer  display.  Given  the  modular  nature  of 
personal  computers,  disclosure  of  the  present  in- 
vention  will  be  made  using  an  illustrative  embodi- 
ment  comprising  a  single  circuit  card  including  the 
electronics  necessary  to  perform  the  mixing  of  the 
animation  sequence  pixels  and  the  computer 
graphics  pixels  and  generate  the  composite  signal 
used  to  drive  the  computer  display  22,  but  those  of 
ordinary  skill  in  the  art  will  recognize  that  the  circuit 
board  distribution  of  the  circuit  elements  disclosed 
herein  is  somewhat  arbitrary  and  is  largely  a  matter 
of  design  choice. 

The  animation  sequences  for  use  by  animation 
sequence  generator  20  may  be  stored  in  com- 

pressed  form  in  any  one  of  a  number  of  different 
storage  media,  such  as  hard  disk  drive  24,  a  CD- 
ROM  drive  26,  a  read/write  optical  storage  28,  or  a 
server  through  the  server  connection  30.  Those  of 

5  ordinary  skill  in  the  art  will  recognize  that  one  or 
more  of  these  devices  may  be  easily  interfaced 
with  the  other  elements  of  the  invention. 

More  specifically,  and  as  may  be  seen  from  an 
examination  of  FIG.  2,  a  block  diagram  of  the 

io  animation  sequence  generator  20  of  FIG.  1  the 
digital  output  bus  18  from  the  computer  graphics 
generator  16  is  connected  to  input  32  of  digital 
mixer  34.  Digital  mixer  34  may  comprise  a  digital 
multiplexer  having  its  select  input  controlled  by  a 

is  chromakey  gating  circuit,  as  will  be  more  fully 
disclosed  with  reference  to  FIG.  4,  and  is  used  to 
mix  and  overlay  pixels  from  the  computer  graphics 
generator  16  and  the  animation  sequence  gener- 
ator  20.  Pixels  from  the  animation  sequence  gener- 

20  ator  20  are  buffered  by  the  single  line  store  36. 
The  output  of  the  line  store  36  is  connected  to 
input  38  of  the  digital  mixer  34  so  as  to  deliver 
animation-sequence  pixels  to  the  digital  mixer  34 
one  line  at  a  time.  Control  logic  40  operates  under 

25  the  control  of  CPU  12  in  computer  10  to  direct  the 
operation  of  line  store  36  and  digital  mixer  34,  as 
will  be  further  discussed  herein. 

The  output  of  digital  mixer  34  is  connected  to  a 
video  digital-to-analog  converter  (DAC)  42.  Video 

30  DAC  42  converts  the  digital  pixel  information  from 
the  digital  mixer  34  to  analog  signals,  which  are 
then  fed  to  the  computer  monitor  22.  The  design 
and  use  of  video  DAC  circuits  are  both  well  known 
in  the  art. 

35  Finally  scratchpad  memory  44  is  associated 
with  animation  sequence  generator  20.  Scratchpad 
memory  44  is  used  to  store,  among  other  things, 
animation  sequence  frames  in  compressed  data 
form. 

40  As  an  example,  the  system  of  FIG.  2  is  shown 
coupled  to  CD  ROM  Drive  26,  which  supplies  com- 
pressed  data  representing  one  or  more  animation 
sequences  to  animation  sequence  generator  20. 
They  are  buffered  in  the  scratchpad  memory  44. 

45  The  animation  sequence  generator  20  reads  blocks 
of  compressed  pixels  from  a  particular  frame  from 
the  scratchpad  memory  44,  decompresses  these 
blocks  into  individual  digital  pixels.  The  decom- 
pressed  sequence  pixels  are  sent  to  line  store  36. 

50  In  the  implementation  depicted  in  FIG.  2,  line 
store  36  has  a  capacity  of  512  words.  Thus,  in  this 
embodiment,  the  maximum  number  of  animation 
sequence  pixels  is  then  limited  to  512  pixels  per 
line.  Those  of  ordinary  skill  in  the  art  will  recognize, 

55  however,  that  these  pixels  can  be  duplicated  before 
they  are  sent  to  the  digital  mixer  34,  in  order  that 
the  desired  number  of  pixels  per  line  are  delivered. 
For  example,  if  640  pixels  of  animation  are  to  be 

3 
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displayed  per  line,  and  the  animation  sequence 
generator  20  sends  only  320  pixels  per  line  to  the 
line  store  36,  the  control  logic  40  can  force  the  line 
store  to  read  the  same  pixel  out  of  the  line  store 
twice. 

Conversely,  the  decompressed  pixels  sent  by 
the  animation  sequence  generator  20  can  also  be 
decimated  by  the  control  logic  40.  For  example,  if 
the  animation  sequence  generator  20  delivers  320 
pixels  per  line,  and  only  240  animation  pixels  are  to 
displayed  per  line,  the  control  logic  then  enables 
the  writing  of  only  3  out  of  every  4  decompressed 
pixels,  to  decimate  the  pixel  line  count  from  320 
animation  pixels  to  240  animation  pixels.  The  con- 
trol  logic  40  also  selects  the  operation  for  the 
digital  mixer  34  through  control  signals  asserted  on 
control  bus  46.  The  output  of  digital  mixer  34  is 
sent  to  the  video  DAC  42  which  generates  analog 
R,  G,  B  signals  to  present  to  computer  monitor  22. 

Referring  now  to  FIG.  3,  a  digital  mixer  34 
suitable  for  use  in  the  present  invention  is  shown  in 
block  diagram  form.  Multiplexer  48  has  a  first  data 
input  32  connected  to  output  bus  18  from  graphics 
generator  16  and  a  second  data  input  38  con- 
nected  to  the  output  bus  of  line  store  36.  A  control 
input  50  selects  which  of  inputs  32  and  38  is 
passed  to  output  52,  which  forms  the  output  of 
digital  mixer  34. 

The  selection  of  the  one  of  inputs  32  and  38  to 
pass  to  output  52  of  multiplexer  48  is  controlled  by 
8-input  NOR  gate  54,  byte-wide  AND  gate  56, 
byte-wide  XOR  gate  58,  Chromakey  register  60 
and  Mask  register  62.  Chromakey  register  60  is 
loaded  by  control  logic  40  with  a  color  value  repre- 
senting  the  color  of  a  region  which  defines  the 
portion  of  the  video  frame  area  to  be  occupied  by 
the  animation  sequence.  Typically,  such  a  region  is 
rectangular  in  shape  (although  it  may  be  otherwise) 
and  is  defined  by  computer  10  as  is  well  known  in 
the  art.  The  byte  defining  this  color  is  compared 
with  the  pixel  byte  stream  from  output  bus  18  of 
graphics  generator  16  by  byte-wide  XOR  gate  58. 
The  individual  bits  of  the  output  of  the  XOR  gate 
58  are  compared  with  the  value  stored  in  mask 
register  62  in  AND  gate  56.  The  outputs  of  AND 
gate  56  are  presented  to  8-input  NOR  gate  54.  If 
the  value  00(Hex)  is  stored  in  mask  register  56,  the 
output  of  NOR  gate  54  will  be  a  logic  one  and  the 
graphics  generator  pixels  will  be  passed  to  the 
output  of  multiplexer  48.  If,  however,  any  value 
other  than  00(Hex)  is  stored  in  chromakey  register 
60  and  any  value  other  than  00(Hex)  is  stored  in 
Mask  register  62,  the  output  of  NOR  gate  54  will  be 
a  logic  zero  and  the  animation  sequence  pixels  will 
be  passed  to  the  output  of  multiplexer  48. 

According  to  the  present  invention,  the  anima- 
tion  sequence  images  are  synchronized  to  the 
computer  graphics  images  before  the  digital  mixer, 

by  using  a  single  line  store  36,  instead  of  one  or 
multiple  complete  frame  stores  as  is  customary. 
There  are  three  requirements  for  synchronization. 
First,  the  animation  pixel  frequency  must  be  equal 

5  to  the  computer  graphics  pixel  frequency  Fpixel.  In 
addition,  the  animation  pixel  horizontal  frequency 
must  be  equal  to  the  computer  graphics  horizontal 
frequency  Fh.  Finally,  the  animation  pixel  vertical 
frequency  must  be  equal  to  the  computer  graphics 

io  vertical  frequency  Fv. 
Given  Pa,  the  number  of  animation  pixels  to  be 

displayed  per  horizontal  line,  the  pixel  frequency 
output  from  the  animation  sequence  generator  20 
Fa  are  written  into  the  line  store: 

15 
Fa  =  Pa*  Fh 

The  pixels  are  read  out  of  the  line  store  at 
frequency  Fpixel  which  is  the  computer  graphics 

20  pixel  frequency.  In  general  Fa  is  much  lower  than 
Fpixel.  This  insures  that  the  animation  pixel  fre- 
quency  is  equal  to  the  computer  graphics  pixel 
frequency  Fpixel.  Since  a  complete  line  of  anima- 
tion  pixels  is  written  and  read  to  and  from  the  line 

25  store  at  frequency  Fh,  the  animation  pixel  horizon- 
tal  frequency  is  equal  to  the  computer  graphics 
horizontal  frequency  Fh..  Thus,  the  first  two  re- 
quirements  are  satisfied. 

Animation  sequences  are  generated  at  typically 
30  24,  25  or  30  different  frames  per  second,  whereas 

the  computer  graphics  frame  rate  varies  from  60 
frames  per  second  to  76  frames  per  second.  To 
synchronize  the  two  different  frame  rates,  the  ani- 
mation  sequence  generator  20  delivers  the  same 

35  frame  multiple  times  so  that  the  total  number  of 
animation  frames  per  second  is  equal  to  the  com- 
puter  graphics  frame  rate.  For  example,  to  convert 
from  24  animation  frames  per  second  to  60  com- 
puter  graphics  frames  per  second,  the  24  anima- 

40  tion  frames  may  be  repeated  in  some  manner,  i.e., 
by  repeating  each  odd  numbered  frame  twice  and 
each  even  numbered  frame  three  times: 
A,A,B,B,B,C,C,D,D,D,E,E,F,F,F, 
G,G,H,H,H,l,l,J,J,J,K,K,L,L,L,M,M,N,N,N,0,0,P,P,P,- 

45  Q,Q,R,R,R,S,S,T,T,T,U,U,V,V,V,  W,W,X,X,X,  for  a 
total  of  sixty  frames,  where  A  through  X  represent 
frames  1-24,  respectively  of  the  animation  se- 
quence.  Those  of  ordinary  skill  in  the  art  will  recog- 
nize  that  other  similar  schemes  are  possible.  By 

50  having  the  animation  sequence  generator  20  repeat 
frames  in  such  a  selected  pattern,  the  third  require- 
ment  may  be  satisfied  without  the  need  to  provide 
a  complete  frame  store. 

Referring  now  to  FIG.  4,  it  is  seen  that  line 
55  store  36  can  be  built  as  a  static  RAM  64  with 

separate  write  port  66  and  read  port  68.  The  write 
port  66  is  connected  to  the  output  of  the  animation 
sequence  generator  20.  The  data  on  write  port  is 

4 
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24  bits  wide,  and  is  used  to  store  RGB  pixel 
information  from  the  decompressed  animation  se- 
quence.  The  write  port  address  bus  70  is  used  to 
select  one  location  in  the,  static  RAM  to  store  the 
next  pixel  information.  The  write  port  control  72  is 
used  to  enable  the  write  operation.  Both  write  ad- 
dress  bus  70  and  write  control  72  come  from  the 
control  logic  40.  Control  logic  40  may  comprise 
write  and  write  address  generators  (typically  coun- 
ters),  and  read  and  write  control  signal  generators 
(typically  state  machines  and  combinatorial  logic). 
The  read  and  write  control  signals  are  synchro- 
nized  by  external  signals  in  a  conventional  manner. 
Digital  pixel  information  is  read  from  the  Read  Port 
74.  The  read  port  74  is  connected  one  of  the  inputs 
of  the  digital  mixer,  and  conveys  the  24  bit  RGB 
pixel  information.  The  read  port  address  bus  76  is 
used  to  select  one  location  in  the  static  RAM  to 
read  the  next  pixel  information  from.  The  read  port 
control  78  is  used  to  enable  the  read  operation. 
Both  read  address  bus  76  and  read  control  78 
come  from  the  control  logic  40.  Architectures  like 
line  store  36  are  well  known  in  the  art.  Those  of 
ordinary  skill  in  the  art  will  recognize  that  a  first-in, 
first-out  (FIFO)  buffer  is  equivalent  to  the  line  store 
memory  for  the  purposes  of  the  present  invention 
and  may  be  substituted  therefor. 

Referring  now  to  FIG.  5,  a  block  diagram  of  a 
presently  preferred  embodiment  of  animation  se- 
quence  generator  20  is  shown.  Animation  se- 
quence  generator  20  communicates  with  the  host 
processor  via  host  interface  80,  which  may  com- 
prise  address  and  data  latches,  and  host  bus  con- 
trollers,  and  controls  communications  with  the  host 
processor  in  a  standard  manner.  The  host  proces- 
sor  generally  sends  animation  sequences  in  com- 
pressed  form  to  the  animation  sequence  generator 
20  through  this  port.  Animation  sequence  generator 
20  communicates  with  scratchpad  memory  44  via 
memory  interface  82,  which  may  comprise  row- 
address  strobe  (RAS)  generators,  column-address 
strobe  (CAS)  generators,  address  multiplexers,  data 
buffers,  and  a  refresh  controller  as  is  well  known  in 
the  art..  Memory  interface  82  is  used  to  control 
external  scratchpad  memory  44,  which  is  generally 
one  or  several  megabytes  of  DRAM.  Scratchpad 
memory  44  is  used  to  store  data  or  instructions. 

The  operation  of  animation  sequence  generator 
20  is  directed  by  instruction  sequencer  86,  which 
may  comprise  an  instruction  buffer  and  instruction 
decoder  commonly  employed  in  microprocessor 
systems.  Instruction  sequencer  controls  the  opera- 
tion  of  a  conventional  ALU  (arithmetic  logic  unit) 
86,  used  to  perform  general  operations  such  as 
add,  subtract,  logical  and,  logical  invert,  logical  or, 
magnitude  comparison,  a  hardwired  multiplier  88, 
used  to  perform  very  fast  multiplications  needed  to 
perform  image  processing  operations  such  as 

those  found  in  decompression  algorithms  such  as 
the  standard  JPEG  and  MPEG  algorithms.  Dedi- 
cated  hardware  90  is  used  to  perform  special  func- 
tions  such  as  run-length  decoding  (Huffmann  de- 

5  coding),  discrete  cosine  transform,  and  bit  block 
transfer  operations.  Off-the-shelf,  special-purpose 
integrated  circuits  from  numerous  manufacturers 
are  readily  available  to  perform  these  functions. 
Internal  registers,  comprising  32  words  of  32  bits 

io  each,  are  used  to  store  operands  upon  which  ALU 
86,  the  multiplier  88  and  the  special  hardware  90 
will  operate.  Finally,  graphics  output  controller  94  is 
used  to  provide  an  interface  for  the  decompressed 
animation  pixel  output  to  line  store  36  on  bus  96. 

is  The  elements  of  animation  sequence  generator  20 
are  connected  together  by  an  internal  bus  98  as  is 
well  known  in  the  art. 

In  a  typical  operating  sequence,  the  host  pro- 
cessor  10  reads  compressed  animation  sequences 

20  from  a  storage  medium  (hard  disk,  CD-ROM,  serv- 
er.etc),  and  sends  those  compressed  sequences  to 
the  animation  sequence  generator  20  through  the 
host  interface  port  80.  The  animation  sequence 
generator  20  temporarily  stores  those  compressed 

25  data  in  the  external  scratchpad  memory  44  which 
is  then  used  as  a  buffer  for  this  information.  This 
compressed  information  is  then  read  from  the  ex- 
ternal  scratchpad  memory  44  by  the  animation 
sequence  generator  20,  and  decompressed  ac- 

30  cording  to  standard  decompression  software,  such 
as  MPEG  standard  digital  video  decompression, 
stored  in  the  same  external  scratchpad  memory  44. 
This  software  processes  the  compressed  data  to 
yield  decompressed  pixel  information  in  the  ALU 

35  86,  multiplier  88,  and  dedicated  hardware  90  are 
activated  by  the  instruction  sequencer  84  in  re- 
sponse  to  specific  programmable  instructions 
stored  in  the  external  scratchpad  memory  44.  The 
decompressed  pixels  are  then  delivered  through 

40  the  graphics  output  controller  port  96. 
Referring  now  to  FIG.  6,  a  typical  computer 

display  100  includes  several  windows.  A  typical 
application  is  to  show  the  animation  sequence  in- 
side  of  a  window,  such  as  window  102.  Objects  can 

45  be  overlaid  on  top  of  the  animation  sequence  pix- 
els,  such  as  window  104,  and  objects,  such  as  106, 
can  be  underlaid  behind  the  window  102.  The 
overlay  of  computer  graphics  pixels  and  animation 
sequence  pixels  is  controlled  by  the  digital  mixer 

50  34  (FIG.  2).  The  digital  mixer  34  can  deliver  to  the 
video  DAC  42  pixels  from  computer  graphics  gen- 
erator  16  or  from  animation  sequence  generator  20. 
Pixel  lines  contained  in  area  108  of  FIG.  4  will  be 
examined  in  more  detail. 

55  FIG.  7  is  a  timing  diagram  showing  synchro- 
nization  of  the  animation  pixel  and  line  frequencies 
to  the  computer  graphics  pixel  and  line  frequen- 
cies.  The  upper  waveform  of  FIG.  7  comprises  the 

5 
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amplitude  of  the  analog  video  signal  which  is  sent 
to  the  computer  monitor.  The  middle  waveform  110 
is  a  representation  of  the  read  addresses  asserted 
to  the  line  store  on  write-address  bus  70,  where  the 
increasing  slope  of  the  line  symbolically  indicates 
incrementing  addresses.  The  lower  waveform  112 
is  a  representation  of  the  write  addresses  asserted 
to  the  line  store  on  read-address  bus  76,  where  the 
increasing  slope  of  the  line  also  symbolically  in- 
dicates  incrementing  addresses.  The  three 
waveforms  are  aligned  to  one  another  along  the 
horizontal  axis,  which  is  time.  Two  display  lines  are 
described  in  FIG.  7:  display  line  N  and  display  line 
N  +  1  .  Each  display  line  begins  with  a  horizontal 
sync  pulse,  shown  at  reference  numeral  114. 

Referring  now  to  FIGS.  6  and  7,  the  waveforms 
of  FIG.  7  illustrate  the  portion  of  the  display  frame 
illustrated  at  reference  numeral  108  in  FIG.  5.  Ani- 
mation  sequence  window  102  on  the  computer 
screen  shows  the  animation  sequence  delivered  by 
the  animation  sequence  generator  20  of  FIG.  1. 
This  animation  window  appears  as  a  portion  98  of 
each  display  line.  Note  that  computer  graphics 
pixels  104  are  overlaid  on  top  of  the  animation 
pixels  102  to  represent  the  region  104  of  the  dis- 
play  frame. 

As  shown  in  waveform  110  of  FIG.  7,  the 
animation  pixels  are  read  from  the  line  store  in 
consecutive  address  locations  synchronously  with 
the  computer  graphics  pixels.  This  ensures  the 
animation  pixels  are  delivered  to  the  digital  mixer 
34  at  the  same  frequency  as  the  computer  graph- 
ics  pixels.  Even  though  the  computer  graphics 
pixel  frequency  can  be  high  (typically  50  MHz), 
only  the  line  store  read  operation  has  to  be  per- 
formed  at  that  high  frequency.  As  shown  in 
waveform  112  of  FIG.  6,  the  animation  pixels  com- 
ing  from  the  animation  sequence  generator  20  may 
be  written  into  the  line  store  at  a  much  lower 
frequency.  In  essence,  the  animation  pixels  for  line 
N  +  1  can  be  written  into  the  line  store  as  soon  as 
animation  pixels  for  line  N  are  being  read  out,  and 
the  writing  operation  can  last  until  the  first  pixel  for 
line  N  +  1  is  to  be  read  out.  The  writing  time 
interval  (reference  numeral  122)  is  equal  to  the 
display  line  time  interval. 

If  Pa  is  the  number  of  animation  pixels  to  be 
displayed  per  line,  and  Fh  is  the  display  line  fre- 
quency;  then  the  animation  pixels  leave  to  be  writ- 
ten  into  the  line  store  at  a  frequency  Fa  =  Pa*  Fh. 

Typically:  Pa  =  340  pixels,  Fh  =  35  kHz,  and 
then  Fa  =  340  *  35  =  11.9  MHz.  Those  of  ordinary 
skill  in  the  art  will  appreciate  the  difference  be- 
tween  the  write  frequency  (11.9  MHz)  and  the  read 
frequency  (50  MHz).  The  write  frequency  is  in 
general  much  lower  than  the  read  frequency.  As 
those  of  ordinary  skill  in  the  art  will  appreciate,  the 
animation  sequence  generator  20  can  operate  at  a 

lower  frequency  than  the  computer  graphics  pixel 
frequency,  and  the  single  line  store  36  can  resyn- 
chronize  both  pixel  and  line  frequencies. 

FIGS.  8a  and  8b  illustrate  how  the  animation 
5  sequence  frame  rate  may  be  synchronized  to  the 

computer  graphics  frame  rate.  Referring  first  to 
FIG.  8a,  a  block  diagram  of  a  portion  of  the  appara- 
tus  of  FIG.  2,  the  animation  sequence  generator  20 
receives  compressed  information  from  the  CD- 

70  ROM  26  and  stores  that  information  in  the  scratch- 
pad  memory  44.  While  the  compressed  frame 
N  +  1  is  being  stored  in  a  buffer  124  of  scratchpad 
memory  44,  the  compressed  information  for  frame 
N  is  read  out  multiple  times  from  the  a  buffer  126 

75  storing  compressed  frame  N  to  be  decompressed 
by  the  animation  sequence  generator  20  and  sent 
to  the  line  store  36.  The  decompressed  animation 
pixel  information  is  stored  in  buffer  area  128  for 
delivery  to  line  store  36  in  due  course. 

20  FIG.  8b  is  a  graphic  representation  explaining 
the  timing  relationship  between  the  animation 
frames  and  the  computer  graphics  frames.  FIG.  8b 
illustrates  the  timing  relationships  between  the  pixel 
information  in  the  CD  ROM  drive  26  and  the  var- 

25  ious  buffers  in  scratchpad  memory  44. 
As  shown  in  the  top  line  of  FIG.  8b  from  left  to 

right,  compressed  information  from  frames  (N  +  1), 
(N  +  2),  and  (N  +  3)  are  obtained  from  CD  ROM 
drive  26  and  are  stored  in  the  scratchpad  memory 

30  44.  This  occurs  during  the  animation  frame  periods 
130  (illustrated  between  the  vertical  lines;  typically 
every  1/30  of  a  second).  As  will  be  understood  by 
those  of  ordinary  skill  in  the  art  and  as  may  be 
seen  in  FIG.  8b,  these  data  transfers  may  be 

35  performed  in  burst  modes  as  time  permits.  The 
computer  graphics  display  frame  periods  132  is 
generally  much  faster,  typically  1/70  of  a  second. 

While  compressed  frame  (N  +  1)  is  being 
stored  in  buffer  124  in  scratchpad  memory  44 

40  during  the  first  animation  frame  period  illustrated  in 
FIG.  8b,  compressed  frame  (N)  is  read  for  de- 
compression  from  buffer  126  to  animation  se- 
quence  generator  20  at  the  computer  graphics 
frame  rate  132.  Because  the  computer  graphics 

45  frame  rate  132  is  in  general  much  shorter  than  the 
animation  frame  rate  130,  the  same  compressed 
frame  (N)  is  repeatedly  read  out  to  the  animation 
sequence  generator  20  which  in  turn  decom- 
presses  the  same  frame  multiple  times  and  stored 

50  in  buffer  area  128,  from  which  it  is  fetched,  one  line 
at  a  time,  for  delivery  to  line  store  36.  As  pre- 
viously  mentioned,  any  frame  may  be  displayed 
several  times  to  synchronize  the  graphics  and  ani- 
mation  information.  As  illustrated  in  FIG.  8b,  frame 

55  (N)  is  displayed  3  times,  frame  (N  +  1)  is  displayed 
3  times,  frame  (N  +  2)  is  displayed  4  times,  and  so 
on.  At  the  start  of  a  new  animation  frame  period, 
frame  (N  +  1)  is  available  in  buffer  124  of  the 

6 
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scratchpad  memory.  At  the  same  time,  decom- 
pressed  frame  (N)  is  being  read  out  of  buffer  128 
to  the  animation  sequence  generator  20  to  be 
decompressed  and  displayed.  The  next  frame  to 
be  displayed  is  then  (N  +  1),  and  the  scratchpad 
memory  starts  buffering  frame  (N  +  2  )  from  CD 
ROM  26. 

This  adaptive  repetition  of  compressed  anima- 
tion  frames  converts  the  animation  frame  rate  to 
the  computer  graphics  frame  rate,  and  therefore 
performs  the  required  synchronization  between  the 
animation  frame  rate  and  the  computer  graphics 
frame  rate. 

When  several  sequences  are  simultaneously 
presented  on  the  computer  screen,  the  total  num- 
ber  of  visible  pixels  from  all  animation  sequences 
must  of  course  be  less  the  total  resolution  of  the 
computer  screen:  this  means  the  animation  se- 
quence  generator  20  never  has  to  deliver  more 
pixels  per  frame  than  can  be  displayed  on  the 
computer  screen;  therefore  the  animation  sequence 
generator  20  can  be  shared  in  time  between  all  the 
displayed  animation  sequences. 

FIG.  9  is  a  representation  of  the  contents  of  a 
screen  140  during  a  single  frame  wherein  multiple 
animation  windows  are  displayed.  Three  animation 
sequences  142,  144,  and  146  are  displayed  si- 
multaneously,  each  in  its  own  window.  Note  that 
window  144  overlaps  window  142.  A  scan  line  146 
comprises  all  three  animation  windows,  as  well  as 
the  computer  graphics  information.  Scan  line  be- 
gins  displaying  graphics  information  at  point  148. 
At  point  150  it  is  seen  to  intersect  first  animation 
window  142,  and  then  later  at  point  152  again 
comprises  graphics  information.  At  point  154  it  first 
intersects  second  animation  window  144  and  then 
third  animation  window  146  at  point  156,  which 
overlaps  the  second  animation  window  144.  It  en- 
ters  second  animation  window  144  again  at  point 
158,  and  the  graphics  background  again  at  point 
160. 

The  animation  sequence  generator  20  stores  in 
its  scratchpad  memory  one  compressed  frame  per 
animation  sequence.  At  point  150,  the  animation 
sequence  generator  20  decompresses  the  frame 
for  first  animation  window  142;  at  point  154,  the 
animation  sequence  generator  20  decompresses 
the  frame  for  second  animation  window  144;  at 
point  156,  it  decompresses  the  frame  for  third 
animation  window  146,  and  resumes  decompress- 
ing  the  frame  for  second  animation  window  144  at 
point  158.  The  animation  sequence  generator  20 
has  to  decompress  and  assemble  in  the  line  store 
the  pixels  for  all  three  animation  sequences  in  the 
proper  order  and  with  proper  overlay,  during  the 
duration  of  one  computer  screen  scan  line.  Note 
again  that  because  the  maximum  number  of  anima- 
tion  pixels  from  all  animation  sequences,  visible  in 

one  scan  line  cannot  be  more  than  the  scan  line 
resolution,  the  animation  sequence  generator  20 
can  share  its  processing  cycle  between  the  anima- 
tion  sequences.  However,  because  switching  from 

5  decompressing  one  sequence  to  decompressing 
another  sequence  takes  some  time,  the  total  num- 
ber  of  pixels  the  animation  sequence  generator  20 
can  decompress  per  line  is  less  when  several 
sequences  are  visible,  than  when  only  one  se- 

io  quence  is  visible. 
Given: 

-  Th  the  duration  of  a  computer  screen  scan 
line; 

-  Pa  the  total  number  of  animation  pixels  dis- 
15  played  in  that  line; 

-  f  the  time  required  to  decompress  one  pixel 
of  a  given  sequence; 

-  Ttrans  the  time  required  by  the  animation 
sequence  generator  20  to  change  from  de- 

20  compressing  one  animation  sequence  to  de- 
compressing  another  animation  sequence; 
then  the  maximum  number  n  of  different  ani- 
mation  sequences  that  the  animation  se- 
quence  generator  20  can  deliver  per  line  is 

25  such  that: 

f*  Pa  +  n*Ttrans<Th 

While  embodiments  and  applications  of  this 
30  invention  have  been  shown  and  described,  it  would 

be  apparent  to  those  skilled  in  the  art  that  many 
more  modifications  than  mentioned  above  are  pos- 
sible  without  departing  from  the  inventive  concepts 
herein.  The  invention,  therefore,  is  not  to  be  re- 

35  stricted  except  in  the  spirit  of  the  appended  claims. 

Claims 

1.  In  a  computer  system  including  a  computer 
40  graphics  generator  producing  pixels  at  a  first 

selected  frequency  to  compose  lines  at  a  sec- 
ond  selected  frequency  to  compose  frames  at 
a  third  selected  frequency,  said  computer  sys- 
tem  further  including  a  digital  mixer  for  mixing, 

45  windowing,  and  overlaying  computer  graphics 
images  and  animation  sequence  images  on  a 
pixel-by-pixel  basis  for  delivery  to  a  visual  dis- 
play,  apparatus  for  presenting  animation  in- 
formation  comprising  pixels,  lines,  and  frames 

50  from  said  animation  sequence  images  at  said 
first,  second,  and  third  selected  frequencies  in 
synchronization  with  pixels,  lines,  and  frames 
from  said  computer  graphics  generator,  said 
apparatus  comprising: 

55  first  storage  means  for  storing  said  anima- 
tion  information  as  compressed  animation  in- 
formation; 

means  for  retrieving  and  for  temporarily 

7 
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storing  said  compressed  animation  in  blocks 
comprising  a  selected  number  of  frames  of 
said  compressed  animation  information; 

means  for  decompressing  and  for  tem- 
porarily  storing  amounts  of  said  animation  in- 
formation  comprising  a  selected  number  of 
pixels  from  a  selected  number  of  lines  from  a 
selected  frame  in  a  selected  one  of  said  blocks 
containing  said  compressed  information,  said 
selected  frame  being  selected  a  number  con- 
secutive  times  so  as  to  synchronize  with 
frames  from  said  computer  graphics  generator 
at  said  selected  third  frequency;  and 

means  for  storing  and  presenting  pixels 
from  a  selected  number  of  lines  of  said  in- 
formation  to  said  mixer,  said  means  for  storing 
and  presenting  pixels  operating  to  supply  said 
pixels  at  first  said  selected  frequency,  and  said 
lines  at  second  said  selected  frequency  in 
synchronization  with  pixels  and  lines  from  said 
computer  graphics  generator,  said  means 
comprising  storage  for  fewer  lines  than  com- 
prise  a  field  or  a  frame  of  said  information. 

2.  The  apparatus  of  claim  1  wherein  said  means 
for  storing  and  presenting  pixels  from  a  single 
line  of  said  information  comprises  storage  for  a 
single  line  of  pixels  from  said  information. 

3.  The  apparatus  of  claim  1  wherein  said  means 
for  storing  and  presenting  pixels  from  a  single 
line  of  said  information  comprises  a  single  line 
dual  ported  memory  with  separate  read  and 
write  addressing  circuits. 

4.  The  apparatus  of  claim  1  wherein  said  first 
storage  means  is  a  CD  ROM  drive. 

5.  The  apparatus  of  claim  1  wherein  said  anima- 
tion  sequences  comprise  computer  generated 
video  images. 

6.  The  apparatus  of  claim  1  wherein  said  anima- 
tion  sequences  comprise  real-time  video  im- 
ages. 

7.  In  a  computer  system  including  a  computer 
graphics  generator  producing  pixels  at  a  first 
selected  frequency  to  compose  lines  at  a  sec- 
ond  selected  frequency  to  compose  frames  at 
a  third  selected  frequency,  said  computer  sys- 
tem  further  including  a  digital  mixer  for  mixing, 
windowing,  and  overlaying  computer  graphics 
images  and  animation  sequence  images  on  a 
pixel-by-pixel  basis  for  delivery  to  a  visual  dis- 
play,  apparatus  for  presenting  animation  in- 
formation  comprising  pixels,  lines,  and  frames 
from  said  animation  sequence  images  from 

more  than  one  animation  sequence  at  said 
first,  second,  and  third  selected  frequencies  in 
synchronization  with  pixels,  lines,  and  frames 
from  said  computer  graphics  generator,  said 

5  apparatus  comprising: 
first  storage  means  for  storing  said  anima- 

tion  information  from  said  more  than  one  ani- 
mation  sequences  as  compressed  animation 
information; 

io  means  for  retrieving  and  for  temporarily 
storing  said  compressed  animation  from  said 
more  than  one  animation  sequences  in  blocks 
comprising  a  selected  number  of  frames  of 
said  compressed  animation  information; 

is  single  means  for  decompressing  and  for 
temporarily  storing  amounts  of  said  animation 
information  comprising  a  selected  number  of 
pixels  from  a  selected  number  of  lines  from  a 
selected  frame  of  each  of  said  more  than  one 

20  animation  sequences  in  a  selected  one  of  said 
blocks  containing  said  compressed  informa- 
tion,  said  selected  frame  being  selected  a 
number  consecutive  times  so  as  to  synchro- 
nize  with  frames  from  said  computer  graphics 

25  generator  at  said  selected  third  frequency;  and 
single  means  for  storing  and  presenting 

pixels  from  a  selected  number  of  lines  of  said 
information  from  said  more  than  one  animation 
sequences  to  said  mixer,  said  means  for  stor- 

30  ing  and  presenting  pixels  operating  to  supply 
said  pixels  at  first  said  selected  frequency,  and 
said  lines  at  second  said  selected  frequency  in 
synchronization  with  pixels  and  lines  from  said 
computer  graphics  generator,  said  means 

35  comprising  storage  for  fewer  lines  than  com- 
prise  a  field  or  a  frame  of  said  information. 

8.  The  apparatus  of  claim  7  wherein  said  single 
means  for  storing  and  presenting  pixels  from  a 

40  single  line  of  said  information  comprises  stor- 
age  for  a  single  line  of  pixels  from  said  in- 
formation. 

9.  The  apparatus  of  claim  7  wherein  said  single 
45  means  for  storing  and  presenting  pixels  from  a 

single  line  of  said  information  comprises  a 
single  line  dual  ported  memory  with  separate 
read  and  write  addressing  circuits. 

50  10.  The  apparatus  of  claim  7  wherein  said  first 
storage  means  is  a  CD  ROM  drive. 

11.  The  apparatus  of  claim  7  wherein  said  anima- 
tion  sequences  comprise  computer  generated 

55  video  images. 

12.  The  apparatus  of  claim  7  wherein  said  anima- 
tion  sequences  comprise  real-time  video  im- 
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