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Apparatus  and  method  for  generating  an  interlaced  video  signal  using  a  progressively  scanned 
high  resolution  image  sensor. 

©  A  camera  system  and  method  of  operation  is 
disclosed  which  produces  an  NTSC  type  interlaced 
signal  from  a  high  resolution  non-interlaced  camera 
system  by  summing  in  a  shift  register  first  and 
second  rows  thereof  and  discarding  via  diodes  on  a 
charge  coupled  device  (CCD)  sensor  chip  third  and 

fourth  rows  of  every  four  rows  of  pixel  information  to 
produce  odd  fields  of  an  interlaced  signal.  Even 
fields  are  produced  by  discarding  the  first  and  sec- 
ond  rows  and  summing  the  third  and  fourth  rows. 
Sync  and  blanking  pulses  may  be  added  to  com- 
plete  the  signal. 
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Field  of  the  Invention 

This  invention  relates  to  electronic  cameras, 
and  more  particularly  to  high  resolution  camera 
systems. 

Background  of  the  Invention 

Electronic  cameras  enjoy  some  important  ad- 
vantages  over  the  traditional  film  camera  because 
they  store  captured  images  in  electronic  form. 
Electronic  storage  is  much  less  expensive  than 
film;  it  is  very  high  density,  taking  up  much  less 
space;  it  is  non-fading,  i.e.,  unlike  film,  its  color 
information  is  substantially  permanent;  and  it  pro- 
vides  easy  retrieval  via  computer.  Electronic  cam- 
eras  of  the  current  generation  were  designed  pri- 
marily  to  have  their  captured  images  displayed  on 
a  television  set.  They  are,  therefore,  made  to  be 
compatible  with  the  National  Standards  Television 
Committee  (NTSC)  Standards.  Among  other  things, 
the  NTSC  Standards  specify  interlaced  fields  of 
262  ̂ horizontal  lines  at  1/60  second  intervals  to 
produce  complete  frames  containing  525  lines  at  a 
rate  of  30  frames  per  second.  Each  field,  therefore, 
contains  every  other  line  of  the  complete  frame, 
and  fields  of  odd  lines  alternate  with  fields  of  even 
lines. 

Charge  coupled  device  (CCD)  sensors  used  by 
these  cameras  were  designed  specifically  for  this 
service.  A  typical  device  may  have,  for  example,  an 
array  of  760  by  484  discrete  photosensor  sites, 
producing  760  by  484  pixel  resolution  and  484 
horizontal  lines.  The  device  also  provides  a  vertical 
shift  register  associated  with  each  vertical  column 
of  photosensor  sites,  and  the  ability  to  simulta- 
neously  shift  the  pixel  charges  in  alternate  rows 
into  their  associated  vertical  registers.  When  the 
pixel  charges  in  the  vertical  shift  registers  are  se- 
quentially  shifted  into  a  horizontal  shift  register  for 
output,  they  produce  a  field  containing  every  other 
line  of  pixel  information.  The  following  field  con- 
tains  the  lines  of  pixel  information  omitted  in  the 
previous  field.  When  the  NTSC  specified  sync 
pulses  are  added,  fields  of  242  lines  instead  of  262 
present  no  problem  to  the  television  set. 

While  the  resulting  760  x  484  pixel  resolution  is 
quite  acceptable  for  television  viewing,  it  produces 
a  print  which  is  of  poor  quality  compared  to  stan- 
dard  film  cameras.  There  exists  a  need,  particularly 
in  commercial  and  industrial  use,  for  a  high-resolu- 
tion,  electronic  cameras  designed  primarily  for 
computer  access  to  stored  images  and  high  quality 
prints.  At  least  one  new  CCD  photosensor  has 
been  developed  to  meet  this  need.  The  Kodak  KAI- 
1000  interline  CCD  sensor  has  an  array  of  1024  by 
1024  photosensor  sites  and  1024  vertical  shift  reg- 
isters.  For  better  computer  access  and  printing,  the 

sensor  operates  in  the  non-interlaced  mode  so  that 
adjacent  lines  are  stored  in  sequence.  In  order  to 
provide  a  frame  rate  of  30  frames  per  second  to 
capture  motion  and  a  reasonable  read-out  rate,  the 

5  sensor  has  two  horizontal  shift  registers.  Two  adja- 
cent  lines  are  read  out  simultaneously  at  a  20  MHz 
readout  rate. 

Along  with  the  demand  for  the  kind  of  perfor- 
mance  this  sensor  offers  is  a  need  for  image 

io  feedback  so  that  accurate  subject  framing  can  be 
achieved.  This  is  particularly  true  in  the  case  of  a 
camera  for  industrial  or  institutional  use.  The  high 
resolution  images  produced  by  this  type  of  sensor, 
however,  cannot  easily  be  displayed  in  real  time. 

75  They  require  expensive  wideband  circuits  and  spe- 
cial  high  definition  television  techniques.  An  or- 
dinary  television  type  display,  on  the  other  hand, 
uses  well  known  low  cost  circuits,  but  requires  an 
interlaced  signal. 

20  It  is  desirable,  therefore  to  have  low  cost  ap- 
paratus  and  a  method  for  producing  a  low  resolu- 
tion,  real  time  image  for  a  high  resolution  non- 
interlaced  camera  system. 

25  Summary  of  the  Invention 

Viewed  from  one  aspect,  the  present  invention 
is  directed  to  apparatus  for  generating  a  low  resolu- 
tion  interlaced  video  signal  having  alternating  odd 

30  and  even  fields  from  a  high  resolution  CCD  camera 
system  which  produces  pixel  information  represent- 
ing  an  image  in  consecutive  rows.  The  apparatus 
comprises  a  video  channel,  dumping  means  for 
selectively  discarding  produced  rows  of  pixel  in- 

35  formation,  a  shift  register  for  transferring  produced 
rows  of  pixel  information  into  the  video  channel, 
and  first,  second,  and  third  driving  means.  The  first 
driving  means  drives  the  dumping  means  to  re- 
peatedly  discard  a  first  predetermined  set  of  rows 

40  of  each  consecutive  group  on  n  rows  of  produced 
pixel  information  representing  a  first  image  and 
alternating  odd  images  thereafter.  The  second  driv- 
ing  means  drives  the  register  to  transfer  to  the 
video  channel,  in  the  order  produced,  the  rows  of 

45  produced  pixel  information  not  discarded  by  the 
dumping  means;  and  the  third  driving  means  drives 
the  dumping  means  to  repeatedly  discard  a  second 
set  of  rows  of  each  consecutive  group  of  n  rows  of 
produced  pixel  information  representing  a  second 

50  image  and  alternating  even  images  thereafter.  The 
rows  of  pixel  information  transferred  to  the  video 
channel  which  represent  the  first  and  alternating 
odd  images  constitute  the  odd  fields,  and  those 
transferred  which  represent  the  second  and  al- 

55  ternating  even  images  constitute  the  even  fields  of 
the  video  signal. 

A  typical  embodiment  of  the  above  described 
apparatus  further  comprises  a  sync  insert  circuit  for 
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adding  horizontal  blanking  and  sync  pulses  be- 
tween  lines  and  vertical  blanking  and  sync  pulses 
between  fields  to  conform  to  NTSC  standards.  The 
register  and  the  dumping  means  can  be  part  of  a 
CCD  sensor  chip,  requiring  the  addition  of  only  an 
inexpensive  video  channel  and  simple  timing  cir- 
cuits  to  produce  the  video  signal. 

Viewed  from  another  aspect,  the  present  inven- 
tion  is  directed  to  a  method  for  generating  a  low 
resolution  interlaced  video  signal  having  alternating 
odd  and  even  fields  from  a  high  resolution  CCD 
camera  system  which  produces  pixel  information 
representing  an  image  in  consecutive  rows.  The 
method  comprises  a  first  step  of  repeatedly  trans- 
ferring  into  a  video  channel  a  line  of  video  informa- 
tion  representative  of  at  least  a  first  predetermined 
row,  and  discarding  the  other  rows  of  each  con- 
secutive  group  of  n  rows  of  produced  pixel  in- 
formation  representing  a  first  image  to  form  an  odd 
field.  The  method  comprises  a  second  step  of 
repeatedly  transferring  into  said  video  channel  a 
line  of  video  information  representative  of  at  least  a 
second  predetermined  row,  different  from  said  first 
predetermined  row,  and  discarding  the  other  rows 
of  each  consecutive  group  of  n  rows  of  produced 
pixel  information  representing  a  second  image  to 
form  an  even  field;  and  comprises  a  third  step  of 
alternating  between  first  and  second  steps. 

The  invention  will  be  better  understood  from 
the  following  more  detailed  description  taken  in 
conjunction  with  the  accompanying  drawings  and 
claims. 

Brief  Description  of  the  Drawing 

FIG.  1  is  a  block  diagram  of  a  camera  system 
embodying  the  present  invention. 

FIG.  2  is  an  illustration  of  part  of  a  CCD  sensor 
used  in  the  camera  system  of  FIG.  1. 

FIG.  3  is  a  timing  diagram  useful  in  explaining 
the  operation  of  the  system  of  FIG.  1  in  a  recording 
mode. 

FIG.  4  is  a  timing  diagram  useful  in  explaining 
the  operation  of  the  system  of  FIG.  1  in  a  viewing 
mode. 

Detailed  Description 

Referring  now  to  FIG.  1,  there  is  shown  in 
block  diagram  form  a  camera  system  10  in  accor- 
dance  with  the  present  invention  which  is  useful  to 
form  an  image  of  an  illuminated  object  (shown  as  a 
human  head)  12.  System  10  comprises  a  lenses 
system  14,  a  Charge  coupled  device  (CCD)  sensor 
16,  a  shutter  18,  a  vertical  scan  generator  30,  a 
horizontal  scan  generator  32,  a  video  amplifier  38, 
a  sync  insert  circuit  40,  a  video  display  42,  clamp- 
ing  a  sync  insert  circuit  40,  a  video  display  42, 

clamping  sample  and  hold  (clamp  S  &  H)  circuits 
46  and  56,  analog  to  digital  converters  (A/D)  48  and 
58,  first  in,  first  out  (FIFO)  buffers  50  and  60, 
multiplexer  (MUX)  52,  a  switch  37,  a  utilization 

5  device  (processor/memory)  62,  and  a  control  sys- 
tem  64. 

Light  from  the  illuminated  object  12  to  be  pho- 
tographed  is  focused  via  the  lens  system  14  onto 
the  CCD  sensor  16  through  the  shutter  18  which  is 

io  optional  and  may  be  used  to  control  the  amount  of 
exposure  for  taking  still  pictures.  When  system  10 
is  operating  continuously  for  viewing  or  for  record- 
ing  motion,  shutter  18  would  normally  not  be  used. 
CCD  sensor  16  has  an  array  of  photosensors  20 

is  arranged  in  rows  and  columns.  The  number  of 
rows  and  columns  of  photosensors  20  (e.g.,  gated 
photosensitive  diodes)  is  not  at  all  critical,  but  for 
convenience,  sensor  16  may  be  the  Kodak 
KAI1000,  with  an  array  of  1024  x  1024  photosen- 

20  sors.  Adjacent  to  and  associated  with  each  column 
of  photosensors  20  is  a  vertical  shift  register  22.  At 
an  output  end  of  each  vertical  shift  register  22  is  an 
electronic  clock  gate  (ECG)  24  and  the  horizontal 
shift  registers  26  and  28.  A  vertical  scan  generator 

25  30  produces  two  signals  4>Vi  and  <£V2  and  couples 
them  to  CCD  sensor  16  to  drive  vertical  shift  regis- 
ters  22.  A  horizontal  scan  generator  32  produces 
three  signals,  4>H1A,  4>H1B,  and  4>H2  and  couples 
them  to  CCD  sensor  16  to  drive  horizontal  shift 

30  registers  24  and  26.  An  output  of  horizontal  shift 
register  26  follows  one  of  two  paths,  34  or  36, 
determined  by  the  position  of  the  switch  37.  As 
shown,  the  output  of  horizontal  shift  register  26  is 
coupled  to  the  path  (line,  conductor)  36  through  the 

35  switch  37.  Path  34  (line,  conductor)  leads  through  a 
video  amplifier  38  and  a  sync  insert  circuit  40  to  a 
video  display  42.  Path  36  leads  through  an  analog 
amplifier  44,  a  clamping  sample  and  hold  circuit 
46,  an  analog  to  digital  converter  (A/D)  48,  and  a 

40  first  in,  first  out  buffer  (FIFO)  50  to  one  input  of  a 
multiplexer  (MUX)  52.  The  output  of  horizontal  shift 
register  28  follows  a  path  that  leads  through  an 
analog  amplifier  54,  a  clamping  sample  and  hold 
circuit  56,  an  analog  to  digital  converter  58  and  a 

45  FIFO  60  to  a  second  input  of  multiplexer  52.  An 
output  of  multiplexer  52  goes  to  a  utilization  device 
62,  which  may  be  for  example,  a  printer,  a  memory 
or  a  processor.  A  control  system  64  controls  sys- 
tem  10  by  specifically  controlling  shutter  18,  verti- 

50  cal  and  horizontal  scan  generators  30  and  32, 
respectively,  ECG  gates  24,  sync  insert  circuit  40 
and  multiplexer  52. 

Camera  system  10,  according  to  the  invention, 
is  capable  of  operating  in  two  modes,  namely,  a 

55  low  resolution  viewing  mode  and  a  high  resolution 
recording  mode.  In  both  modes  each  photosensor 
20  accumulates  a  pixel  charge  that  is  proportional 
to  the  integral  of  the  intensity  of  light  received 

3 
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multiplied  by  the  exposure  time.  When  exposure 
time  is  completed,  the  pixel  charge  from  each 
photosensor  20  is  transferred  into  its  associated 
vertical  shift  register  22.  This  frees  the  photosen- 
sors  20  to  capture  a  new  image  when  they  are 
illuminated.  All  1024  vertical  shift  registers  are  op- 
erated  simultaneously  to  shift  the  pixel  charges 
down,  one  horizontal  row  at  a  time,  each  row 
representing  one  line  of  the  image.  In  the  recording 
mode,  two  rows  are  shifted  out  of  the  vertical 
registers,  one  to  fill  each  horizontal  register  26  and 
28.  Registers  26  and  28  are  then  read  out  simulta- 
neously,  one  charge  at  a  time,  into  their  respective 
identical  output  channels.  In  channel  36,  selected 
by  switch  37,  amplifier  44  amplifies  the  analog 
value  of  each  pixel  charge.  Clamping  sample  and 
hold  circuit  46  adds  the  amplified  charge  value  to  a 
clamped  reference  voltage,  samples  the  result  at 
the  pixel  rate  to  obtain  a  discrete  value  for  each 
pixel  and  holds  it  for  conversion  to  a  digital  number 
by  A/D  48.  The  digital  output  of  A/D  48  is  tem- 
porarily  stored  in  FIFO  50.  The  output  of  register 
28  is  similarly  processed  and  stored  in  FIFO  60. 
Multiplexer  52  connects  one  of  its  inputs  at  a  time 
to  its  output  to  feed  first  the  whole  line  of  pixel  data 
from  FIFO  60,  then  that  from  FIFO  50  to  utilization 
device  62  for  image  processing  or  storage.  Two 
more  lines  are  then  shifted  out  of  the  vertical 
registers  into  the  horizontal  registers  and  read  out 
simultaneously.  The  process  is  repeated  until  the 
entire  1024  X  1024  pixel  image  has  been  trans- 
ferred  to  the  utilization  device.  Successive  lines  of 
pixel  data  are  received  in  successive,  non-inter- 
leaved  order,  ideal  for  processing  or  printing.  Al- 
though  not  necessary  for  the  operation  of  the  in- 
vention,  the  use  of  two  horizontal  registers  doubles 
the  output  speed  for  a  given  channel  bandwidth. 
With  both  channels  operating  at  20  MHz,  30  frames 
per  second  can  be  recorded.  This  is  fast  enough  to 
record  normal  motion. 

In  the  viewing  mode,  horizontal  register  28  is 
not  used,  and  ECG  gate  24  is.  In  order  to  reduce 
the  vertical  resolution,  half  of  the  lines  may  be 
discarded.  Furthermore,  the  remaining  lines  may 
be  consolidated  two  into  one  by  summing.  To 
accomplish  this,  the  first  row  of  pixel  charges  out  of 
vertical  registers  22  is  transferred  to  horizontal  reg- 
ister  26.  Then,  before  register  26  has  started  read- 
ing  out,  the  second  row  of  charges  is  transferred  to 
register  26,  right  on  top  of  the  first  row.  Since 
device  16  is  charge  coupled,  the  second  charge  in 
each  register  cell  is  simply  added  to  the  first, 
forming  one  line  of  1024  pixel  sum  charges.  The 
third  and  fourth  rows  of  pixel  charges  may  then  be 
discarded  via  the  ECG  gates,  and  register  26  is 
read  out  via  video  channel  34,  selected  by  switch 
37.  The  process  of  summing  the  next  two  lines  in 
register  26,  discarding  the  following  two  lines  and 

reading  out  register  26  serially  is  repeated  until  the 
vertical  registers  are  empty.  The  rates  at  which  the 
horizontal  and  vertical  shift  registers  are  shifted  are 
controlled  by  the  signals  generated  by  horizontal 

5  scan  generator  32  and  vertical  scan  generator  30. 
They  may  easily  be  made  such  that  the  line  rate  is 
similar  to  NTSC  standards.  This  process  produces 
a  field  of  256  lines. 

To  generate  the  next  field,  a  new  image  is 
io  used.  After  the  pixel  charges  are  transferred  into 

the  vertical  shift  registers,  four  rows  of  charges  are 
shifted  out  as  before.  This  time,  however,  in  order 
to  produce  the  interleaving  effect,  the  first  two  rows 
of  each  four  are  discarded,  and  the  third  and  fourth 

is  rows  are  summed  to  produce  one  line  of  the  field. 
Video  amplifier  38  amplifies  the  signal,  and  sync 
insert  circuit  40  inserts  the  horizontal  and  vertical 
sync  and  blanking  pulses  at  the  proper  time  to 
complete  the  NTSC-type  signal  to  drive  video  dis- 

20  play  42.  With  register  26  reading  out  at  a  20  MHz 
rate,  frames  containing  two  interleaved  fields  can 
be  produced  at  the  NTSC  rate  of  30  per  second. 
Video  display  42  can  therefore  be  a  common  tele- 
vision  display.  Although  there  are  1024  discrete 

25  pixel  sum  values  read  out  of  register  26  per  line,  at 
a  rate  of  20  MHz,  video  amplifier  38  need  not  have 
such  bandwidth.  In  fact,  an  ordinary  television  vid- 
eo  channel  of  5  MHz  bandwidth  is  sufficient  to 
produce  an  image  comparable  to  a  standard  televi- 

30  sion  picture. 
To  understand  the  way  in  which  CCD  sensor 

16  is  controlled  to  produce  the  two  modes  of 
operation,  it  is  useful  to  consider  some  details  of 
CCD  sensor  16  which  are  shown  in  FIG.  2. 

35  FIG.  2  shows  a  top  view  of  various  areas  of 
semiconductor  material  that  form  ECG  gates  24 
and  horizontal  shift  registers  26  and  28  at  an  output 
end  of  each  vertical  shift  register  and  its  associated 
column  of  photosensors  20.  Areas  with  horizontal 

40  shading  represent  regions  in  the  semiconductor 
material  that  are  used  to  store  charge,  while  those 
with  diagonal  shading  represent  implanted  regions 
that  form  thresholds  to  guide  the  charges  in  the 
desired  directions.  The  electrodes  to  which  voltage 

45  is  applied  to  control  charge  movement  are  not 
shown  but  lie  on  top  of  the  affected  semiconductor 
regions.  Each  region  is  labelled  according  to  the 
electrode  that  controls  it. 

In  general,  each  cell  of  a  shift  register  has  two 
50  electrodes  controlling  two  storage  regions.  Charges 

are  moved  along  a  register  by  applying  a  set  of 
complementary  signals  to  adjacent  electrodes.  The 
signals  alternate  between  a  high  value  and  a  low 
value,  setting  up  corresponding  high  and  low  fields 

55  in  the  controlled  regions.  The  charges  move  from 
regions  with  low  fields  to  regions  with  high  fields. 
An  implanted  region,  in  general,  forms  a  field  which 
is  lower  than  the  storage  field  controlled  by  the 

4 
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same  electrode.  Vertical  shift  registers,  therefore, 
have  regions  V1  and  V2  and  horizontal  shift  regis- 
ters  have  regions  H1  (shown  as  H1A  and  H1B)  and 
H2.  Since  horizontal  shift  registers  26  and  28  are 
separately  controlled,  their  H1  regions  are  labelled 
H1A  and  H1B,  respectively. 

During  exposure  time,  light  that  falls  on 
photosensors  (e.g.,  photodiodes,  gated  photosen- 
sitive  diodes)  generates  a  charge  which  is  stored 
thereunder.  When  exposure  is  completed,  a  third 
level  transfer  voltage  is  applied  to  the  electrodes 
controlling  all  regions  V1.  The  transfer  voltage  is 
considerably  higher  than  the  high  value  used  to 
shift  the  charges  in  the  shift  registers.  As  a  result, 
the  field  in  implanted  region  74,  which  is  always 
lower  than  that  in  region  72  and  is  also  controlled 
by  V1,  goes  higher  than  that  in  the  photo  diode 
storage  region.  The  charge  moves  from  under  each 
photo  diode  20,  therefore,  to  its  associated  region 
72,  passing  through  implanted  region  74.  When  the 
complementary  signals  of  normal  high  and  low 
value  are  subsequently  applied,  region  74  remains 
lower  than  the  photocell  region  to  allow  the  latter  to 
accumulate  charge  while  the  vertical  shift  register 
is  operating.  When  V1  goes  low  and  V2  goes  high, 
region  74  has  an  even  lower  field  than  region  72, 
and  the  charge  moves  from  region  72  to  region  76. 
When  V2  subsequently  goes  low,  if  ECG  24  is  high 
and  H1A  is  low,  the  charge  goes  through  ECG  24 
to  a  dump  diode  78  and  thence  to  a  power  supply 
(not  shown).  If  on  the  other  hand,  if  H1A  is  high 
and  ECG  is  low,  the  other  hand,  if  H1A  is  high  and 
ECG  is  low,  the  charge  from  region  76  passes  to 
region  80  in  horizontal  register  26.  At  this  point,  the 
charge  in  region  80  can  go  in  either  of  two  direc- 
tions.  If,  when  H1A  goes  low,  H2  is  high,  the 
charge  goes  to  region  82  along  horizontal  register 
26.  If,  on  the  other  hand,  when  H1A  goes  low  H1B 
is  high,  the  charge  passes  to  region  84  in  horizon- 
tal  register  28.  The  structure  of  CCD  sensor  16 
therefore  allows  some  readout  versatility. 

FIG.  3  shows  a  timing  diagram  which  illustrates 
the  time  relationship  of  the  voltage  signals  0H1A, 
0H1B  and  0V1  applied  to  the  electrodes  controlling 
regions  H1A,  H1B  and  V1,  respectively,  during  a 
readout  period  of  CCD  sensor  16  in  the  record 
mode.  Signals  0H2  and  0V2  (not  shown)  are  the 
complements  of  signals  0H1B  and  0V1,  respec- 
tively.  FIG.  3  is  a  timing  diagram  meant  to  show 
the  order  of  events,  and  is  not  necessarily  drawn  to 
an  accurate  time  scale.  At  a  time  T1  ,  registers  26 
and  28  have  just  emptied  the  contents  thereof  into 
their  respective  output  channels,  and  signals  0H1A 
and  0H1B  remain  high;  0V1  goes  low  (and  0V2 
goes  high),  driving  a  new  line  of  charges  into 
transfer  regions  76.  When  0V1  subsequently  goes 
high  at  a  time  T2,  and  0V2  goes  low,  the  line  of 
charges  transfers  into  regions  80  controlled  by 

0H1A.  At  time  a  T3,  0H1A  and  0V1  both  go  low  to 
drive  the  charges  from  regions  80  to  regions  84  to 
fill  register  28,  and  the  charges  in  regions  72  to 
regions  76.  0H1A  then  goes  high,  and  when,  at 

5  time  a  T4  0V2  goes  low,  the  charges  from  regions 
76  enter  regions  80,  filling  register  26.  In  that 
manner,  each  horizontal  register  contains  a  line  of 
pixel  information  for  reading  out  serially  as  0H1 
and  0H2  alternate  between  high  and  low. 

70  FIG.  4  shows  a  timing  diagram  used  to  provide 
the  interleaved  NTSC  type  signal  for  the  real  time 
viewing  mode.  FIG.  4  is  not  necessarily  drawn  to 
scale,  and  the  cycle  times  shown  do  not  necessar- 
ily  bear  any  relationship  to  those  of  FIG.  3.  In  this 

75  mode,  register  28  is  not  used  and  ECG  gate  24  is. 
FIG.  4  therefore  shows  the  timing  of  signals 
4>1  ECG  to  create  a  first  field  and  02ECG  to  create 
the  second,  interleaved  field,  together  with  0H1A 
and  4>V1.  Signals  0H2,  the  compliment  of  0H1A, 

20  and  0V2,  the  complement  of  0V1,  are  not  shown. 
At  a  time  T5,  after  register  26  has  emptied  out, 
0V1  starts  through  four  complete  cycles  while 
0H1A  remains  high.  During  the  first  two  of  these 
cycles  01  ECG,  controlling  ECG  gate  24,  is  low. 

25  The  result  is  that  the  first  two  lines  of  information 
shift  into  horizontal  register  26,  where  they  are 
automatically  summed.  At  a  time  T7,  while  0V1  is 
low  during  its  next  cycle,  01  ECG  goes  high  and 
remains  high  through  the  end  of  the  four  0V1 

30  cycles.  This  causes  the  third  and  fourth  lines  of 
pixel  information  to  be  discarded  via  the  dump 
diodes  78.  When  register  26  is  subsequently  read 
out,  starting  at  a  time  T8,  one  line  of  pixel  informa- 
tion  which  represents  the  first  two  lines  of  captured 

35  information  is  read  out  to  video  channel  34.  This 
pattern,  which  sums  the  first  two  and  discards  the 
last  two  lines  of  each  four,  is  repeated  until  the 
vertical  registers  are  empty,  forming  a  field  contain- 
ing  one  line  for  each  four  lines  of  captured  informa- 

40  tion. 
For  the  subsequent  field,  after  register  26  is 

emptied  0V1  again  starts  four  completes  cycles  to 
shift  four  lines  down  in  the  vertical  shift  registers.  In 
this  case,  however,  at  a  time  T6,  02ECG  controlling 

45  gate  24  goes  high  and  stays  high  till  the  end  of  the 
first  two  cycles  of  0V1  and  goes  low  for  the  last 
two.  The  result  is  that  lines  1  and  2  are  discarded 
and  lines  3  and  4  are  summed  for  output  as  the 
first  line  of  the  field.  The  pattern  of  discarding  the 

50  first  two  lines  and  summing  the  third  and  fourth 
lines  of  each  four  continues  until  all  the  registers 
are  empty  to  form  the  second  field  of  the  video 
signal.  By  alternating  back  and  forth  between 
fields,  there  is  formed  an  interleaved  signal  with 

55  256  lines  per  field,  512  lines  per  frame.  The  timing 
of  the  scan  signals  can  easily  be  made  so  that  the 
line  and  frame  rates  approximate  the  NTSC  stan- 
dards  while  leaving  room  for  the  insertion  of  sync 

5 
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and  blanking  pulses  by  sync  inserter  40. 
A  method  and  apparatus  have  thus  been  de- 

scribed  for  generating  an  NTSC  compatible  signal 
for  ordinary  television  screen  viewing  from  a  high 
resolution  camera  system  with  non-interlaced  out- 
put  which  involve  very  little  added  expense. 

It  will  be  obvious  that,  while  the  particular 
method  described  for  generating  the  viewing  signal 
is  very  effective,  many  other  variations  will  suffice. 
For  example,  instead  of  summing  the  first  and 
second  rows  of  pixel  charges  to  form  the  odd  field 
and  the  third  and  fourth  rows  to  form  the  even  field, 
any  two  rows  can  be  summed  for  one  field,  the 
other  two  rows  for  the  next  field.  Further,  any  single 
row  of  charges  can  be  used  instead  of  a  sum.  Still 
further,  while  reading  out  one  video  line  for  each 
four  rows  of  photosensors  provides  a  convenient 
reduction  from  a  1024  X  1024  sensor  array  to  an 
NTSC  signal,  other  ratios  can  be  used  to  provide  a 
workable  interleaved  signal,  especially  if  the  num- 
ber  of  rows  of  photosensors  is  significantly  dif- 
ferent.  To  implement  any  one  of  these  variations, 
all  that  has  to  be  changed  are  the  scan  signals  and 
the  ECG  gate  signal.  Furthermore,  it  is  to  be  noted 
that  the  invention  can  use  a  CCD  sensor  other  than 
the  interline  type  described,  as  long  as  it  has  the 
equivalent  of  the  ECG  gates  24  and  the  dump 
diodes  78. 

The  invention  may  be  summarized  as  providing 
an  apparatus  for  generating  a  low  resolution 

interlaced  video  signal  having  alternating  odd  and 
even  fields  from  a  high  resolution  CCD  camera 
system  which  produces  pixel  information  represent- 
ing  an  image  in  consecutive  rows,  the  apparatus 
comprising: 

a  video  channel; 
dumping  means  for  selectively  discarding  pro- 

duced  rows  of  pixel  information; 
shift  register  means  for  transferring  produced 

rows  of  pixel  information  into  said  video  channel; 
driving  means  for  driving  said  dumping  means 

to  repeatedly  discard  a  first  predetermined  set  of 
rows  of  each  consecutive  group  on  n  rows  of 
produced  pixel  information  representing  a  first  im- 
age  and  alternating  odd  images  thereafter  . 

Preferred  embodiments  of  the  invention  are 
disclosed  in  the  claims  and  also  the  dependent 
claims,  which  should  be  read  as  depending  not 
only  on  the  specified  claims,  but  on  any  other 

apparatus  comprising: 
a  video  channel; 
dumping  means  for  selectively  discarding 

produced  rows  of  pixel  information; 
5  shift  register  means  for  transferring  pro- 

duced  rows  of  pixel  information  into  said  video 
channel; 

first  driving  means  for  driving  said  dump- 
ing  means  to  repeatedly  discard  a  first  pre- 

io  determined  set  of  rows  of  each  consecutive 
group  on  n  rows  of  produced  pixel  information 
representing  a  first  image  and  alternating  odd 
images  thereafter; 

second  driving  means  for  driving  said  reg- 
15  ister  means  to  transfer  to  said  video  channel, 

in  the  order  produced,  the  rows  of  produced 
pixel  information  not  discarded  by  said  dump- 
ing  means;  and 

third  driving  means  for  driving  said  dump- 
20  ing  means  to  repeatedly  discard  a  second  set 

of  rows  of  each  consecutive  group  of  n  rows  of 
produced  pixel  information  representing  a  sec- 
ond  image  and  alternating  even  images  there- 
after; 

25  the  rows  of  pixel  information  transferred  to 
said  video  channel  representing  said  first  and 
alternating  odd  images  constituting  said  odd 
fields,  and  those  transferred  representing  said 
second  and  alternating  even  images  constitut- 

30  ing  said  even  fields  of  said  video  signal. 

2.  The  apparatus  of  claim  1  wherein  n  is  four, 
said  first  predetermined  set  is  the  third  and 
fourth  rows,  and  said  at  least  second  predeter- 

35  mined  set  is  the  first  and  second  rows. 

3.  The  apparatus  of  claim  1  wherein  said  second 
driving  means  drives  said  shift  register  means 
to  sum  the  rows  of  pixel  information  not  dis- 

40  carded  within  each  consecutive  group  of  n 
rows  into  one  row  before  transferring  to  the 
video  channel. 

4.  The  apparatus  of  claim  3  wherein  n  is  four, 
45  said  first  predetermined  set  is  the  third  and 

fourth  rows,  and  said  at  least  second  predeter- 
mined  set  is  the  first  and  second  rows. 

5.  The  apparatus  of  claim  1  further  comprising 
50  sync  insert  means  for  adding  a  horizontal  blan- 

king  pulse  and  a  horizontal  sync  pulse  be- 
tween  each  pair  of  consecutive  lines  of  a  field 
and  a  vertical  blanking  pulse  and  a  vertical 
sync  pulse  between  consecutive  fields  to  com- 

55  plete  said  video  signal. 

6.  A  method  for  generating  a  low  resolution  inter- 
laced  video  signal  having  alternating  odd  and 

claim  and  combination  thereof.  50 

Claims 

1.  Apparatus  for  generating  a  low  resolution  inter- 
laced  video  signal  having  alternating  odd  and  55 
even  fields  from  a  high  resolution  CCD  camera 
system  which  produces  pixel  information  re- 
presenting  an  image  in  consecutive  rows,  the 

6 
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even  fields  from  a  high  resolution  CCD  camera 
system  which  produces  pixel  information  re- 
presenting  an  image  in  consecutive  rows,  the 
method  comprising  the  steps  of: 

a.  repeatedly  transferring  into  a  video  chan-  5 
nel  a  line  of  video  information  representative 
of  at  least  a  first  predetermined  row,  and 
discarding  the  other  rows  of  each  consecu- 
tive  group  of  n  rows  of  produced  pixel  in- 
formation  representing  a  first  image  to  form  10 
an  odd  field; 
b.  repeatedly  transferring  into  said  video 
channel  a  line  of  video  information  repre- 
sentative  of  at  least  a  second  predeter- 
mined  row,  different  from  said  first  predeter-  is 
mined  row,  and  discarding  the  other  rows  of 
each  consecutive  group  of  n  rows  of  pro- 
duced  pixel  information  representing  a  sec- 
ond  image  to  form  an  even  field;  and 
c.  alternating  between  steps  a  and  b.  20 

7.  The  method  of  claim  6  wherein  n  is  four,  said 
at  least  first  predetermined  row  is  the  first  and 
second  rows,  and  said  at  least  second  pre- 
determined  row  is  the  third  and  fourth  rows.  25 

8.  The  method  of  claim  7  further  comprising  be- 
fore  step  a,  the  step  of: 

d.  summing  the  first  and  second  rows  of 
each  consecutive  group  of  four  rows  of  pro-  30 
duced  pixel  information  representing  the 
first  image,  and  after  step  a  the  step: 
e.  summing  the  third  and  fourth  rows  of 
each  consecutive  group  of  four  rows  of  pro- 
duced  pixel  information  representing  the  35 
second  image. 

9.  The  method  of  claim  6  further  comprising  the 
step  of: 

d.  adding  a  horizontal  blanking  pulse  and  a  40 
horizontal  sync  pulse  between  each  pair  of 
consecutive  lines  of  a  field  and  a  vertical 
blanking  pulse  and  a  vertical  sync  pulse 
between  consecutive  fields  to  complete  said 
video  signal.  45 

10.  A  method  for  generating  a  low  resolution  inter- 
laced  video  signal  having  alternating  odd  and 
even  fields  from  a  high  resolution  CCD  sensor, 
said  CCD  sensor  having  an  array  of  photosen-  so 
sors  arranged  in  rows  and  columns,  a  vertical 
shift  register  associated  with  each  of  said  col- 
umns  of  photosensors,  first  transfer  means  for 
transferring  charges  accumulated  by  said 
photosensors  into  respective  cells  of  said  verti-  55 
cal  shift  registers,  a  horizontal  shift  register, 
second  transfer  means  at  the  output  end  of 
each  of  said  vertical  shift  registers  for  transfer- 

ring  the  charge  in  the  last  cell  of  each  vertical 
shift  register  into  a  respective  cell  of  said  hori- 
zontal  shift  register,  and  dumping  means  for 
dumping  the  charge  in  the  output  cell  of  each 
of  said  vertical  shift  registers,  the  method  com- 
prising  the  steps  of: 

a.  exposing  said  array  of  photosensors  to  a 
focused  light  image  for  a  predetermined 
period; 
b.  transferring  the  charges  accumulated  by 
said  photosensors  into  respective  cells  of 
said  associated  vertical  shift  registers; 
c.  repeatedly  shifting  the  charges  in  said 
vertical  shift  registers  forward,  row  by  row; 
d.  transferring  the  charges  in  said  first  row 
of  charges  out  of  said  vertical  shift  registers 
into  respective  cells  of  said  horizontal  shift 
register; 
e.  repeating  step  d  with  the  second  row  of 
charges  to  form  a  row  of  summed  charges; 
f.  dumping  the  third  and  fourth  rows  of 
charges  out  of  said  vertical  shift  registers; 
g.  reading  out  said  horizontal  shift  register 
to  form  a  line  of  said  video  signal; 
h.  adding  a  horizontal  sync  pulse  and  a 
horizontal  blanking  pulse  to  said  video  sig- 
nal; 
i.  repeating  steps  d,  e,  f,  g,  and  h  until  said 
vertical  shift  registers  are  empty  to  form 
said  odd  field; 
j.  adding  a  vertical  sync  pulse  and  a  vertical 
blanking  pulse  to  said  video  signal; 
k.  repeating  steps  a,  b,  and  c; 
I.  dumping  the  first  and  second  rows  of 
charges  from  said  vertical  shift  registers; 
m.  transferring  the  charges  in  said  third  row 
of  charges  out  of  said  vertical  shift  registers 
into  respective  cells  of  said  horizontal  shift 
register; 
n.  repeating  step  m  with  the  fourth  row  of 
charges  to  form  a  row  of  summed  charges; 
0.  repeating  steps  g  and  h; 
p.  repeating  steps  I,  m,  n,  and  0  until  said 
vertical  shift  registers  are  empty  to  form 
said  even  field;  and 
q.  repeating  step  j. 
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