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(54)  Color  image  display  device. 

(57)  In  a  color  image  display  system  formed  of  a 
monochromatic  CRT  or  like  image  display  de- 
vice  (102)  having  a  screen  (103)  for  display  of 
images  and  a  rotary  filter  (106)  comprising  color 
filter  sections  (106R,  106G  and  106B)  of  a 
plurality  of  colors  ;  image  signals  are  read  from 
memories  (130R,  130G,  130B)  at  a  rate  higher 
than  they  are  written  in  the  memories,  so  as  to 
reduce  flickers.  The  problem  of  passing  of  the 
reading  address  over  the  writing  address  is 
solved  by  reading  the  image  signal  of  prominent 
color  taking  a  period  in  which  the  passing  over 
occurs.  High  frequency  components  of  other 
color  image  signals  are  extracted  and  added  to 
the  image  signal  of  each  color  to  thereby  enh- 
ance  the  definition  of  the  picture. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  color  image  dis- 
play  device  comprising  a  monochromatic  display  de- 
vice  in  combination  with  a  coloring  device. 

The  present  invention  also  relates  to  a  video  sig- 
nal  processor  and  a  phase  inversion  control  pulse 
generator  used  therein. 

Prior  Art  Example  1 

Fig.  1  shows  a  conventional  color  image  display 
device  using  a  monochromatic  image  display  means, 
such  as  a  black-and-white  CRT  (cathode-ray  tube)  in 
combination  with  a  coloring  device. 

As  illustrated,  it  comprises  a  black-and-white 
CRT  102  and  a  coloring  device  104  including  a  disk- 
shaped  rotary  filter  1  06  and  a  D.C.  (direct  current)  ro- 
tary  motor  108.  The  disk-shaped  rotary  filter  106  is 
formed  of  color  filter  sections  106R,  106G  and  106B 
permitting  transmission  of  light  of  red  (R),  green  (G) 
and  blue  (B)  and  each  extending  over  an  angular 
range  of  120°  ,  as  illustrated  in  Fig.  2.  In  other  words, 
the  disk-shaped  rotary  filter  1  06  is  divided  by  radially 
extending  lines  106rg,  106gb  and  106br  into  three 
equal  sectors  106R,  106G  and  106B  each  having  a 
vertex  angle  of  1  20°  and  respectively  serving  as  color 
filters  for  red  (R),  green  (G)  and  blue  (B).  The  rotary 
filter  106  is  fixed  to  a  shaft  108  of  the  motor  110,  and 
is  rotated  by  the  motor  110. 

As  the  motor  110  rotates,  the  filter  sections  106R, 
106G  and  106B  sequentially  pass  over  a  screen  103 
of  the  CRT  102. 

A  rotation  sensor  112,  which  may  comprise  a  Hall 
element,  detects  the  rotation  phase  of  the  rotary  filter 
1  06.  A  magnet  1  1  3  is  attached  to  the  motor  shaft  1  08 
and  serves  as  a  detection  member  (member  to  be  de- 
tected  by  the  rotation  sensor  112).  That  is,  each  time 
the  motor  shaft  108  rotates,  the  magnet  113  passes 
by  the  sensor  112,  which  thereby  detects  the  pas- 
sage  of  the  magnet  113,  on  the  basis  of  the  magnetic 
flux  emanating  from  the  magnet  113,  and  generates 
a  rotation  sync  pulse  RP. 

The  rotation  sync  pulse  RP  is  supplied  to  a  control 
circuit  114,  which  also  receives  a  vertical  sync  signal 
V,  and  supplies  the  motor  110  with  a  drive  signal.  The 
rotation  of  the  motor  110  is  controlled  such  that  the 
rotary  filter  106  rotates  once  per  three  vertical  peri- 
ods,  and  the  rotation  sync  pulse  RP  is  produced  at  a 
constant  phase  angle  relative  to  the  vertical  sync  sig- 
nal  V.  The  rotation  of  the  rotary  filter  1  06  is  such  that 
any  given  part  of  the  filter  passes  from  the  upper  part 
to  the  lower  part  of  the  screen  103  of  the  CRT  102. 
For  instance,  the  boundary  106br  between  the  filter 
sections  106b  and  106r  first  comes  to  overlie  the  up- 
per  part  of  the  screen  1  03,  and  then  scans  toward  the 
lower  part  of  the  screen  103,  in  the  same  way  as  the 
horizontal  scanning  lines  shifts  from  the  upper  edge 

to  the  lower  edge  of  the  screen  103  and  at  about  the 
same  speed  as  the  vertical  scanning  (i.e.,  the  shifting 
of  the  horizontal  scanning  lines  103  from  the  upper 
edge  to  the  lower  edge). 

5  A  switching  circuit  116  receives  the  color  image 
signals  RS,  GS  and  BS,  and,  being  controlled  by  a  se- 
lection  signal  S  produced  at  the  control  circuit  114  in 
synchronism  with  the  vertical  sync  signal  V,  sequen- 
tially  and  repeatedly  selects  the  color  image  signals 

10  RS,  GS  and  BS.  The  switching  from  one  of  the  color 
image  signals  RS,  GS  and  BS  to  another  is  made  ev- 
ery  vertical  period. 

The  output  of  the  switching  circuit  116  is  a  se- 
quence  of  color  image  signals  RS,  GS  and  BS  each 

15  of  which  last  for  one  vertical  period  and  which  are  re- 
peatedly  altered  from  one  to  another  every  vertical 
period.  The  output  of  the  switching  circuit  116  is  sup- 
plied  as  the  luminance  signal  to  the  CRT  102.  The 
CRT  1  02  also  receives  deflection  currents  from  de- 

20  flection  circuits  118  and  120,  which  are  controlled  by 
the  vertical  and  horizontal  sync  signals  V  and  H,  and 
displays  an  image  corresponding  to  the  signal  sup- 
plied  thereto. 

The  selection  of  the  color  image  signals  RS,  GS 
25  and  BS  is  made  in  time  with  the  rotation  of  the  rotary 

filter  106.  That  is,  one  of  the  color  image  signals  RS, 
GS  and  BS  corresponding  to  the  filter  section  106R, 
106G  or  106B  which  is  overlying  or  passing  over  the 
screen  103  of  the  CRT  102  is  supplied  from  the 

30  switching  circuit  116  to  the  CRT  102.  This  is  achieved 
by  control  of  the  control  circuit  114,  which  also  detects 
the  rotation  of  the  rotary  filter  106  by  means  of  the 
pulses  RP  from  the  rotation  sensor  112. 

Fig.  3Ato  Fig.  3D  show  the  relationship  between 
35  the  rotation  phase  of  the  rotary  filter  106,  the  scan 

line  103s  of  the  CRT  102  and  the  switching  of  the 
switching  circuit  116. 

The  switching  circuit  116  is  controlled  by  the  se- 
lection  signal  S  which  is  in  synchronism  with  the  vert- 

40  ical  sync  signal  V  as  described  above,  and  is  made  to 
select  the  color  image  signals  corresponding  to  the 
filter  section  that  is  passing  over  the  screen  103  of 
the  CRT  102,  in  accordance  with  the  rotation  sync 
pulse  RP.  The  switching  is  so  made  that  when  the 

45  front  part  (as  seen  in  the  direction  of  rotation)  of  one 
of  the  filter  sections,  e.g.,  the  filter  section  106R 
comes  to  overlie  the  upper  part  of  the  screen  103  of 
the  CRT  102,  supply  of  the  blue  color  image  signal  BS 
to  the  CRT  102  for  one  field  is  terminated  and  supply 

so  of  the  red  color  image  signal  RS  to  the  CRT  102  for 
one  field  is  commenced  (Fig.  3A).  Similarly,  when  the 
front  part  of  the  green  filter  section  106G  comes  to 
overlie  the  upper  part  of  the  screen  103,  one  vertical 
period  later,  supply  of  the  red  color  image  signal  RS 

55  foronefield  is  terminated  and  supply  of  the  green  col- 
or  image  signal  GS  for  one  field  is  commenced  (Fig. 
3D).  Similarly,  when  the  front  part  of  the  blue  filter 
section  106B  comes  to  overlie  the  upper  part  of  the 

3 



3 EP  0  578  493  A2 4 

screen  103,  one  vertical  period  later,  supply  of  the 
green  color  image  signal  GS  for  one  field  is  terminat- 
ed  and  supply  of  the  blue  color  image  signal  BS  for 
one  field  is  commenced  (not  illustrated). 

With  the  above  configuration,  the  color  image 
signals  RS,  GS  and  BS  are  sequentially  supplied  from 
the  switching  circuit  116  to  the  CRT  102,  while  the 
vertical  and  horizontal  deflection  scans  are  conduct- 
ed  by  means  of  the  deflection  circuits  118  and  120  in 
accordance  with  the  vertical  and  horizontal  sync  sig- 
nals  V  and  H,  so  black-and-white  images  due  to  the 
color  image  signals  RS,  GS  and  BS  are  sequentially 
displayed  on  the  screen  103,  each  in  one  vertical  per- 
iod. 

As  described  above,  the  selection  between  the 
color  image  signals  RS,  GS  and  BS  is  made  in  con- 
formity  with  the  filter  sections  106R,  106G  and  106B 
of  the  rotary  filter  106  which  is  passing  over  the 
screen  103  of  the  CRT  102,  so  that  as  the  image  due 
to  the  color  image  signal  RS,  GS  or  BS  is  displayed 
on  the  screen  103,  the  corresponding  filter  section 
106R,  106G  or  106B  is  positioned  over  the  screen 
103  of  the  CRT  102. 

Accordingly,  red,  green  and  blue  images  by  virtue 
of  the  color  image  signals  RS,  GS  and  BS  are  ob- 
tained  through  the  filter  sections  106R,  106G  and 
106B  of  the  rotary  filter  106,  at  the  vertical  period. 
The  net  effect  is  that  a  color  image  is  seen  to  the  view- 
er  observing  the  image  through  the  filter  sections 
106R,  106G  and  106B. 

Problems  of  the  color  image  display  device  in  the 
prior  art  as  follows: 

For  displaying  one  complete  color  image,  video 
signals  of  three  fields  are  required.  Where  the  picture 
contains  an  area  where  the  image  (part  of  the  image) 
consists  solely  of  one  of  the  three  colors,  the  image 
signal  is  of  a  high  (or  relatively  high)  level  only  during 
one  of  the  three  consecutive  fields,  and  is  at  a  low  lev- 
el  during  two  other  fields.  This  causes  flicker,  which 
is  objectionable  to  the  viewer. 

When  there  occurs  a  phase  discrepancy  be- 
tween  the  supply  of  the  image  signals  and  the  rota- 
tion  of  the  rotary  filter,  the  images  as  seen  through 
the  filter  have  colors  different  from  those  of  the  orig- 
inal  image.  This  may  occur  at  the  time  of  starting  the 
motor  110,  or  when  the  video  signal  supplied  to  the 
image  display  device  is  switched  from  one  to  another. 

Prior  Art  Example  2 

Fig.  4  shows  the  configuration  of  a  color  image 
display  device  of  another  prior  art  example  (Prior  Art 
Example  2).  The  components  or  parts  identical  or  cor- 
responding  to  those  in  Fig.  1  are  given  identical  ref- 
erence  numerals.  The  coloring  device  104  and  the 
CRT  102  are  omitted. 

As  illustrated,  it  comprises  a  black-and-white 
CRT  1  02  with  deflection  circuits  1  1  8  and  1  20,  a  rotary 

filter  106,  a  motor  110  with  a  shaft  108  and  a  magnet 
113  attached  on  it,  a  rotation  sensor  1  1  2,  and  a  control 
circuit  114,  which  are  similar  to  those  described  with 
reference  to  Fig.  1,  Fig.  2  and  Fig.  3Ato  Fig.  3D.  The 

5  functions  of  the  control  circuit  114  are  partly  similar  to 
those  described  with  reference  to  the  Prior  Art  Exam- 
ple  1,  but  are  partly  different,  as  will  be  understood 
from  the  following  description. 

Fig.  4  also  shows  a  color  signal  separator  1  22  and 
10  a  sync  separator  124  both  of  which  receive  a  compo- 

site  video  signal  which  comprises  luminance  and 
chrominance  components,  and  vertical  and  horizon- 
tal  sync  signals.  The  color  signal  separator  122  re- 
ceives  the  composite  video  signal  CV,  and  produces 

15  from  the  composite  video  signal,  the  R,  G  and  B  im- 
age  signals  of  red,  green  and  blue  respectively  repre- 
senting  red,  green  and  blue  components  of  a  color  im- 
age.  The  sync  separator  1  24  extracts  vertical  and  hor- 
izontal  sync  signals  V  and  H  from  the  composite  video 

20  signal  CV. 
A  frequency  converter  126  receives  the  vertical 

sync  signal  V  and  produces  therefrom  a  triple-fre- 
quency  vertical  sync  signal  V3  having  a  frequency 
three  times  that  of  the  vertical  sync  signal  V.  The  tri- 

25  pie-frequency  sync  signal  V3  is  in  synchronism  with 
the  original  vertical  sync  signal  V,  and  one  out  of  ev- 
ery  three  sync  pulses  forming  the  triple-frequency 
vertical  sync  signal  V3  are  concurrent  with  the  sync 
pulses  of  the  original  vertical  sync  signal  V.  Another 

30  frequency  converter  127  receives  the  horizontal  sync 
signal  H,  and  produces  therefrom  a  triple-frequency 
horizontal  sync  signal  H3  having  a  frequency  three 
times  that  of  the  horizontal  sync  signal  H.  The  triple- 
frequency  vertical  sync  signal  V3  from  the  frequency 

35  converter  126  is  in  synchronism  with  the  triple-fre- 
quency  horizontal  sync  signal  H3  from  the  frequency 
converter  127. 

The  control  circuit  114  of  this  prior  art  example  re- 
ceives  the  rotation  sync  pulse  RP  and  the  vertical 

40  sync  signal,  as  well  as  the  triple-frequency  vertical 
sync  signal  V3  from  the  frequency  converter  126.  The 
control  circuit  114  of  this  prior  art  example  further  re- 
ceives  rotation  frequency  pulses  FP  from  the  motor 
110,  and  controls  the  motor  110  by  providing  a  drive 

45  current  DA,  such  that  the  rotary  filter  106  rotates 
once  per  vertical  period,  and  in  synchronism  with  the 
vertical  sync  signal,  i.e.,  such  that  the  rotation  sync 
pulse  RP  is  produced  at  a  constant  phase  angle  rel- 
ative  to  the  vertical  sync  signal  V.  The  control  circuit 

so  114  produces  control  signals  and  clocks  used  for  con- 
trol  over  various  circuits  in  the  color  image  display  de- 
vice. 

Analog-to-digital  (A/D)  converters  128R,  128G 
and  128B  receive  the  color  image  signals  RS,  GS  and 

55  BS  from  analog  to  digital  form.  The  resultant  digital 
color  image  signals,  each  of  which  consists  of  a  se- 
quence  of  digital  signals  representing  the  samples, 
are  also  denoted  by  RS,  GS  and  BS.  The  color  image 

4 



5 EP  0  578  493  A2 6 

signals  RS,  GS  and  BS  are  illustrated  in  Fig.  5A,  Fig. 
5B  and  Fig.  5C. 

Image  memories  130R,  130G  and  130B  receive 
and  store  color  image  signals  RS,  GS  and  BS.  Each 
of  the  image  memories  130R,  130G  and  130B  has  a 
capacity  of  storing  one  field  of  corresponding  image 
signals  RS,  GS  and  BS,  and  is  formed  of  a  dual  port 
memory  capable  of  concurrent  writing  and  reading. 

The  memories  130R,  130G  and  130B  are  sup- 
plied  with  signals  and  clocks  produced  at  the  control 
circuit  114  in  synchronism  with  the  vertical  sync  sig- 
nal  V  and  the  horizontal  sync  signal  H,  such  that  the 
writing  of  the  iamge  signals  into  the  memories  130R, 
1  30G  and  1  30B  is  made  in  synchronism  with  the  vert- 
ical  sync  signal  V  and  horizontal  sync  signal  H.  The 
memories  130R,  130G  and  130B  are  also  supplied 
with  signals  and  clocks  produced  at  the  control  circuit 
114  and  in  synchronism  with  the  triple-frequency  vert- 
ical  sync  signal  V3  and  the  triple-frequency  horizontal 
sync  signal  H3  such  that  the  reading  of  the  image  sig- 
nals  from  the  memories  130R,  130G  and  130B  is 
made  in  synchronism  with  the  triple-frequency  verti- 
cal  sync  signal  V3  and  the  triple-frequency  horizontal 
sync  signal  H3. 

One  out  of  every  three  read  field  periods  (each 
of  "read  field  period"  is  a  period  for  which  afield  of  im- 
age  signals  of  each  color  is  read)  is  commenced  in 
time  with  the  commencement  of  the  write  field  period 
(for  which  a  field  image  signal  of  each  color  is  written). 

The  writing  of  the  image  signals  of  each  color  of 
each  field  is  achieved  by  designating  writing  address- 
es  in  succession  and  supplying  data  representing  the 
samples  of  the  color  image  signal  to  the  memory  to 
thereby  write  the  sample  data  in  the  respective  des- 
ignated  writing  addresses.  The  reading  of  the  color 
image  signal  from  each  memory  is  achieved  by  des- 
ignating  the  reading  addresses  in  succession  and 
reading  the  data  representing  the  samples  of  the  col- 
or  image  signal  from  the  designated  reading  address- 
es  to  thereby  obtain  a  sequence  of  the  sample  data 
of  the  color  image  signal. 

The  color  image  signals  RS,  GS  and  BS  are  se- 
quentially  written  in  the  memories  130R,  130G  and 
130B  as  the  video  signal  is  supplied  from  outside  of 
the  device  and  at  a  rate  or  interval  identical  to  the  rate 
or  interval  at  which  the  signals  are  sampled  and  digi- 
tized  by  the  A/D  converters  128R,  128G  and  128B.  It 
is  noted  that  the  rate  of  sampling  (or  A/D  conversion) 
and  the  rate  of  writing  in  a  memory,  as  well  as  the  rate 
of  reading  and  the  rate  of  D/A  conversion  which  will 
be  mentioned  later,  are  expressed  in  terms  of  sam- 
ples  per  unit  time  (e.g.,  samples  per  second).  As  a 
newf  ield  of  image  signals  are  written,  they  are  written 
over  the  old  image  signals  (of  the  preceding  field). 
The  color  image  signals  RS,  GS  and  BS  stored  in  the 
memories  are  repeatedly  read.  The  writing  and  the 
reading  of  the  image  signals  are  carried  out  concur- 
rently.  The  reading  is  conducted  at  a  rate  or  speed 

three  times  that  of  the  writing.  During  a  period  (one 
vertical  period)  which  is  taken  to  write  one  field  of  sig- 
nals,  the  same  amount  of  signals  (one  field  of  signals) 
are  read  three  times.  Thus,  color  image  signals  RS3, 

5  GS3  and  BS3  of  a  triple  rate  are  produced  from  the 
memories  130R,  130G  and  130B,  as  shown  in  Fig. 
5D,  Fig.  5E  and  Fig.  5F. 

The  triple-rate  color  image  signals  RS3,  GS3  and 
BS3  read  out  from  the  memories  130R,  130G  and 

10  1  30B  are  D/A-converted  by  D/A  converters  1  32R, 
132G  and  132B,  and  the  analog  color  image  signals, 
also  denoted  by  RS3,  GS3  and  BS3  are  supplied  to 
the  switching  circuit  116,  which  is  controlled  by  the  se- 
lection  signal  S  supplied  in  synchronism  with  the  sig- 

15  nal  V3.  As  a  result,  a  time-division  multiplexed  image 
signals  VS3  are  output  in  sequence  and  in  turn,  in 
which  switching  of  the  image  signal  of  one  color  to  the 
image  signal  of  another  color  is  effected  every  read 
field,  that  is  one  field  of  image  signal  of  one  color  is 

20  consecutively  output  before  being  taken  over  by  im- 
age  signal  of  another  color,  as  illustrated  in  Fig.  5G. 
The  output  of  the  switching  circuit  116  is  supplied,  via 
an  amplifier  not  illustrated,  to  the  CRT  102. 

The  triple-frequency  signal  V3  is  supplied  from 
25  the  frequency  converter  126  to  the  vertical  deflection 

circuit  118,  and  the  triple-frequency  signal  H3  is  sup- 
plied  from  the  frequency  converter  127  to  the  horizon- 
tal  deflection  circuit  120.  Vertical  and  horizontal  de- 
flection  currents  are  supplied  from  the  deflection  cir- 

30  cuits  118  and  120  to  vertical  and  horizontal  deflection 
coils  (not  shown)  in  the  CRT  102.  The  CRT  102  there- 
fore  conducts  vertical  and  horizontal  deflection  scan- 
ning  at  a  rate  three  times  that  of  ordinary  scanning. 

The  relationship  between  the  rotation  phase  of 
35  the  rotary  filter  106,  the  scan  line  103s  of  the  CRT 

102  and  the  switching  of  the  switching  circuit  116  is 
identical  to  that  described  with  reference  to  Fig.  3Ato 
Fig.  3D.  However,  it  should  be  noted  that  the  rotary 
filter  106  of  this  prior  art  example  rotates  at  a  rate 

40  three  times  higher  than  that  described  in  connection 
with  Prior  Art  Example  1. 

With  the  above  configuration,  the  triple-frequen- 
cy  image  signals  RS3,  GS3  and  BS3  are  sequentially 
supplied  to  the  CRT  102,  while  the  vertical  and  hori- 

45  zontal  deflection  scans  are  conducted  at  a  triple  rate, 
so  black-and-white  images  due  to  the  color  image  sig- 
nals  RS3,  GS3  and  BS3  are  sequentially  displayed  on 
the  screen  103,  each  in  a  period  one  third  that  of  the 
vertical  period. 

so  As  described  above,  the  selection  between  the 
color  image  signals  RS3,  GS3  and  BS3  is  made  in 
conformity  with  the  filter  sections  106R,  106G  and 
106B  which  is  passing  over  the  screen  103  of  the 
CRT  1  02,  so  that  as  the  image  due  to  the  color  image 

55  signal  RS3,  GS3  or  BS3  is  displayed  on  the  screen 
103,  the  corresponding  filter  section  106R,  106G  or 
106B  is  positioned  over  the  screen  103  of  the  CRT 
102. 

5 
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Accordingly,  red,  green  and  blue  images  by  virtue 
of  the  color  image  signals  RS3,  GS3  and  BS3  are  ob- 
tained  through  the  filter  sections  106R,  106G  and 
106B  of  the  rotary  filter  106,  at  the  one-third  vertical 
period.  The  net  effect  is  that  a  color  image  is  seen  to 
the  viewer  observing  t  he  image  t  hrough  t  he  filter  sec- 
tions  106R,  106G  and  106B. 

An  advantage  of  Prior  Art  Example  2  over  Prior 
Art  Example  1  is  that  the  images  of  the  respective  col- 
ors  are  displayed  at  a  rate  three  times  that  of  the  prior 
art  example.  The  flicker  is  therefore  much  reduced. 

In  Prior  Art  Example  2,  writing  into  the  memories 
130R,  130G  and  130B  reading  therefrom  are  con- 
ducted  simultaneously,  and  the  reading  is  performed 
at  a  rate  three  times  higher  than  the  rate  of  writing. 
As  a  result,  passing-over,  i.e.,  passing  of  the  reading 
address  over  the  writing  address,  occurs.  This  will  be 
explained  in  further  detail  with  reference  to  Fig.  6Ato 
Fig.  6D,  Fig.  7Ato  Fig.  7D,  and  Fig.  8Ato  Fig.  8D.  It 
is  assumed  that  one  of  every  three  read  fields  is  com- 
menced  in  time  with  the  commencement  of  the  write 
field,  as  was  also  described  in  connection  with  Prior 
Art  Example  1. 

Fig.  6A  shows  the  color  image  signals  RS,  GS 
and  BS  stored  at  the  end  of  the  first  one-third  of  the 
write  field  period,  or  the  period  taken  for  writing  one 
field  of  signals.  Fig.  7Ashows  the  color  image  signals 
RS,  GS  and  BS  stored  at  the  end  of  the  second  one- 
third  of  the  write  field  period.  Fig.  8A  shows  the  color 
image  signals  RS,  GS  and  BS  stored  attheend  of  the 
entire  write  field  period. 

The  areas  of  the  memories  are  shown  in  a  form 
corresponding  to  the  image  displayed  on  a  display 
device.  The  memory  area  into  which  the  writing  with 
the  present  field  of  data  has  been  effected  is  indicat- 
ed  by  hatching,  while  the  area  into  which  the  writing 
of  data  of  the  present  field  has  not  been  effected  and 
therefore  still  storing  the  data  of  the  preceding  field 
is  unhatched.  As  will  be  readily  understood,  such  area 
is  one  third  (131  A)  of  the  entire  area  for  one  field 
(1  30R,  1  30G  or  1  30B)  at  the  end  of  the  one-third  field 
period;  two  third  (131Aand  131B)  at  the  end  of  the 
two-third  field  period;  and  the  entirety  at  the  end  of 
the  entire  field. 

Fig.  6B  shows  the  data  read  from  each  of  the 
memories  during  the  first  read  field  period  (first  cycle 
of  reading  operation).  Fig.  7B  shows  the  data  read 
from  each  of  the  memories  during  the  second  read 
field  period.  Fig.  8B  shows  the  data  read  from  each 
of  the  memories  during  the  third  or  last  read  field  per- 
iod.  The  assembly  or  set  of  data  read  from  each  mem- 
ory  are  shown  in  a  form  corresponding  to  the  image 
on  a  display  device. 

The  region  of  the  image  formed  of  the  data  of  the 
present  write  field  are  indicated  by  hatching,  while  the 
region  formed  of  data  of  the  preceding  write  field  are 
unhatched.  As  shown  the  data  read  in  the  first  read 
field  period  consists  of  the  data  of  the  preceding  data. 

The  data  read  in  the  third  (last)  field  period  consists 
of  the  data  of  the  present  write  field.  The  first  half  of 
the  data  in  the  second  read  field  consists  of  the  data 
of  the  present  write  field,  while  the  second  half  of  the 

5  data  consists  of  the  data  of  the  preceding  write  field. 
At  the  beginning  of  the  first  one-third  write  field 

period,  the  writing  and  reading  start  with  the  begin- 
ning  (starting  address)  of  the  field.  Since  the  address 
for  the  reading  varies  or  is  incremented  at  a  faster 

10  rate,  the  address  used  for  reading  is  always  ahead  of 
the  address  of  the  writing.  Thus,  the  data  read  during 
this  period  is  of  the  preceding  write  field  from  the  be- 
ginning  to  the  end,  as  indicated  in  Fig.  6B  (entire  re- 
gion  being  unhatched). 

15  Attheend  of  the  first  one-third  field  period  (when 
the  address  for  the  reading  is  at  the  end  of  the  entire 
memory  area),  the  address  for  the  writing  is  at  one 
third  of  the  full  memory  area  (as  counted  from  the 
starting  address),  as  indicated  by  hatching  in  Fig.  6A. 

20  With  the  writing  address  at  such  a  position,  the  sec- 
ond  read  field  starts. 

In  the  beginning,  the  reading  address  is  behind 
the  writing  address.  But  because  the  reading  address 
advances  three  times  fasterthan  the  writing  address, 

25  the  reading  address  passes  over  the  writing  address 
at  the  middle  of  the  second  read  field,  which  also  is 
the  middle  of  the  write  field.  Thereafter,  the  reading 
address  is  ahead  of  the  writing  address.  Accordingly, 
the  data  read  during  the  first  half  of  the  second  read 

30  field  consists  of  the  data  of  the  present  field  (as  indi- 
cated  by  hatching),  while  the  data  read  during  the 
second  half  of  the  second  read  field  consists  of  the 
data  of  the  preceding  field  (as  indicated  by  unhatch- 
ing). 

35  At  the  end  of  the  second  one-third  field  period 
(when  the  reading  address  is  at  the  end  of  the  entire 
memory  area),  the  writing  address  is  at  two  third  of 
the  full  memory  area  (as  counted  from  the  starting 
address),  as  indicated  by  hatching  in  Fig.  6B.  With  the 

40  writing  address  at  such  a  position,  the  third  read  field 
starts. 

During  the  third  read  field,  the  reading  address 
for  reading  is  maintained  behind  the  writing  address 
and  only  at  the  end  of  the  field  period,  the  former 

45  catches  up  with  the  latter.  Accordingly,  the  data  read 
during  the  third  read  field  consists  of  the  data  of  the 
present  field  (as  indicated  by  hatching). 

If  the  image  formed  by  the  data  of  the  present 
field  and  the  preceding  field  differs,  due  to  motion  of 

so  the  picture  for  example,  as  illustrated  in  Fig.  9Ashow- 
ing  the  image  of  the  preceding  field,  and  Fig.  9B 
showing  the  image  of  the  present  field,  the  data  read 
during  the  second  one-third  write  field  period  will  re- 
sult  in  an  image  shown  in  Fig.  9C.  The  problem  of 

55  passing-over  will  also  be  described  later  with  refer- 
ence  to  Fig.  67,  Fig.  68  and  Fig.  74. 

Thus,  there  is  a  discontinuity  or  discrepancy  be- 
tween  the  upper  and  lower  halves  of  the  picture.  The 

6 



g EP  0  578  493  A2 10 

discontinuity  or  discrepancy  of  the  picture  occurs  only 
one  out  of  three  images,  and  where  motion  occurs. 

Further  prior  art  examples  and  their  problems  are 
discuussed  with  reference  to  Fig.  10  to  Fig.  18. 

Prior  Art  Example  3 

Fig.  10  is  a  block  diagram  showing  a  part  of  a  vid- 
eo  signal  processor  for  converting  video  signal  of 
three  primary  colors  red  (R),  green  (G)  and  blue  (B) 
into  field-sequential  signals,  used  in  a  display  device 
for  displaying  the  video  signals  of  the  three  primary 
colors.  Fig.  10  shows  that  part  of  the  video  signal 
processor  which  relates  to  one  of  the  three  primary 
colors. 

In  such  field  sequential  display,  the  rate  of  scan- 
ning  may  be  higher  than  the  rate  of  scanning  used 
when  the  images  of  the  three  primary  colors  are  dis- 
played  concurrently,  e.g.,  by  the  use  of  three  beams. 

Fig.  11Aand  Fig.  11  Bare  waveform  diagrams  for 
illustrating  the  operation  of  the  circuit  of  Fig.  10.  Fig. 
12A  to  Fig.  12D  show  the  frequency  distributions  of 
the  signals  at  various  nodes  of  the  video  signal  proc- 
essor  of  Fig.  10. 

Referring  to  Fig.  10,  the  video  signal  processor 
comprises  an  analog-to-digital  (A/D  converter)  1,  a 
field  memory  2,  a  digital-to-analog  (D/A  converter)  3, 
a  low-pass  filter  (LPF)  4  for  band-limiting  the  input 
signal  to  thereby  preventing  occurrence  of  aliasing 
noises  in  the  frequency  band  of  the  video  signal,  and 
another  LPF  5  for  removing  aliasing  noises  from  the 
output  signals. 

In  the  following  description,  controls  over  the  A/D 
converter  1,  the  field  memory  2  and  the  D/A  conver- 
ter  3  are  all  effected  at  the  rising  edges  of  the  control 
clock,  and  although  in  practice  it  is  necessary  to  con- 
sider  the  timing  delays  of  operation  due  to  response 
delays  of  the  circuit  components  within  each  cycle, 
this  is  not  discussed  in  the  following  description.  That 
is,  it  is  assumed  that  the  circuit  components  operates 
without  delays  (except  where  such  delays  are  specif- 
ically  mentioned). 

Discrete  time  signals  obtained  by  sampling  con- 
tinuous  time  signals  contain  signal  components  of  the 
frequency  distribution  of  the  original  continuous  time 
signals,  and  signal  components  extending,  both  up- 
ward  and  downward,  from  the  sampling  frequency 
and  its  multiples,  and  having  a  band-width  equal  to 
the  band-width  of  the  original  continuous  time  sig- 
nals.  If  the  sampling  frequency  is  less  than  twice  the 
maximum  frequency  of  the  original  continuous  time 
signals,  the  discrete  time  signal  components  having 
a  frequency  band  extending  downward  from  the  sam- 
pling  frequency  overlaps  the  frequency  band  of  the 
original  continuous  time  signals,  separating  them 
from  each  other  by  means  of  a  low-pass  filter  is  not 
possible.  To  enable  separation,  the  frequency  band  of 
the  original  continuous  time  signals  must  be  limited  to 

not  higherthan  one  half  the  sampling  frequency.  This 
is  known  as  Nyquist's  theorem.  One  half  of  the  sam- 
pling  frequency  is  called  a  Nyquist  frequency. 

In  the  following  description,  the  discrete  time  sig- 
5  nal  components  having  a  frequency  band  extending 

downward  from  the  sampling  frequency  are  called  the 
aliasing  noises.  It  is  also  assumed  that  the  frequency 
f/vD  of  the  control  clock  of  the  A/D  converter  1  and  the 
frequency  fD/A  of  the  control  clock  of  the  D/A  conver- 

10  ter  converter  3  are  identical  to  each  other. 
In  the  video  signal  processor  of  Fig.  10,  the  LPF 

4  band-limits  the  input  signal  having  a  frequency  dis- 
tribution  shown  in  Fig.  12Ato  produce  a  signal  having 
a  frequency  distribution  shown  in  Fig.  12B. 

15  The  A/D  converter  1  samples  the  input  signal  at 
the  rising  edges  of  the  A/D  converter  control  clock,  as 
shown  in  Fig.  11  A,  and  performs  A/D  conversion  at 
the  sample  points  n,  n+1,  n+2,  ...  indicated  by  dots 
(solid  circles). 

20  The  field  memory  2  stores  the  data  from  the  A/D 
converter  1  at  the  rising  edges  of  the  memory  write 
control  clock.  The  stored  data  are  output  at  the  mem- 
ory  read  control  clock. 

The  D/A  converter  3  D/A  converts  the  data  from 
25  the  field  memory  2  at  the  rising  edges  of  the  D/A  con- 

verter  control  clock,  and  produces  a  signal  indicated 
by  blankcircles  in  Fig.  11B.  The  output  of  the  D/A  con- 
verter  3  is  maintained  until  the  next  rising  edge  of  the 
D/A  converter  control  clock.  The  output  signal  of  the 

30  D/A  converter  3  contains  aliasing  noises  as  shown  in 
Fig.  12C. 

The  LPF  5  band-limits  the  output  signal  from  the 
D/A  converter  3  to  a  frequency  band  of  not  higher 
than  one  half  the  frequency  of  the  D/A  converter  con- 

35  trol  clock  in  order  to  remove  the  aliasing  noises  from 
the  D/A  converter  control  clock  frequency  fD/A.  The 
output  of  the  LPF  5  has  a  frequency  distribution  as 
shown  in  Fig.  12D. 

The  signal  band-width  of  the  video  signal  proces- 
40  sor  described  above  is  not  more  than  the  one  half  the 

frequency  of  the  A/D  converter  control  clock,  i.e.,  not 
more  than  the  pass-band  of  the  LPF  4. 

Fig.  1  3  is  a  block  diagram  showing  a  video  signal 
processor  for  converting  the  video  signal  of  three  pri- 

45  mary  colors  of  red,  green  and  blue  into  field  sequen- 
tial  signals  used  in  a  display  device  for  performing 
field  sequential  display  of  video  signals  of  the  three 
primary  colors.  In  Fig.  13,  members  identical  or  cor- 
responding  to  those  in  Fig.  10  are  denoted  by  identi- 

50  cal  reference  numerals,  with  or  without  suffixes  r,  g 
or  b,  which  indicate  that  the  circuit  is  provided  for  the 
red,  green  or  blue  video  signal. 

That  is,  LPFs  4r,  4g  and  4b,  A/D  converters  1  r,  1g 
and  1  b,  and  field  memories  2r,  2g  and  2b,  respectively 

55  similar  to  the  LPF  4,  the  A/D  converter  1  and  the  field 
memory  2  in  Fig.  10  are  provided  for  the  input  R,  G 
and  B  signals  of  red,  green  and  blue.  A  switch  6  se- 
lects  the  output  data  from  the  field  memories  2r,  2g 

7 
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and  2b  in  sequence,  for  one  field  period  each.  The  se- 
lection  is  made  in  accordance  with  an  RGB  selection 
signal. 

The  output  of  the  switch  6  is  a  sequence  of  R,  G 
and  B  signals  in  cyclic  succession,  with  each  of  the 
R,  G  and  B  signals  continuing  for  one  field. 

The  D/A  converter  3  D/A  converts  the  output  of 
the  switch  6  and  outputs  field  sequential  R,  G  and  B 
signals. 

The  signal  band-width  of  the  video  signal  proces- 
sor  described  above  is  not  higher  than  one  half  the 
control  clocks  for  the  A/D  converters  1  r,  1  g  and  1b, 
which  is  the  passband  of  the  LPFs  4r,  4g  and  4b. 

Prior  Art  Example  4 

Fig.  14  is  a  block  diagram  showing  a  part  of  an- 
other  conventional  video  signal  processor  for  con- 
verting  the  video  signals  of  three  primary  colors,  used 
in  a  display  device  for  performing  field-sequential  dis- 
play  of  R,  G  and  B  video  signals.  That  part  which  re- 
lates  to  production  of  the  decoded  color  signal  of  one 
color  is  illustrated.  In  Fig.  14,  members  identical  or 
corresponding  to  those  shown  in  Fig.  10  and  Fig.  13 
are  denoted  by  identical  reference  numerals. 

An  inverter  7  inverts  the  phase  of  the  A/D  control 
clock.  Another  inverter  8  inverts  the  phase  of  the  D/A 
control  clock.  A  switch  9  selects  one  of  the  output  sig- 
nals  from  the  D/A  converters  3  and  3a.  Fig.  15A,  Fig. 
15B,  and  Fig.  16Ato  Fig.  16C  show  operation  of  the 
circuit  of  Fig.  14.  Fig.  17A  to  Fig.  17F  show  the  fre- 
quency  distributions  at  various  nodes  of  the  circuit  of 
Fig.  14. 

It  is  again  assumed  that  the  frequency  f̂ o  of  the 
control  clock  for  the  A/D  converters  1  and  1a  and  the 
frequency  fD/A  of  the  control  clock  for  the  D/A  conver- 
ter  3  and  3a  are  identical  to  each  other. 

The  input  signal  has  the  frequency  distribution 
shown  in  Fig.  17A.  The  LPF  4  band-limits  the  input 
signal  to  a  band-width  of  not  higher  than  the  frequen- 
cy  of  the  control  clock  forthe  A/D  converters  1  and  1a 
to  produce  a  signal  having  a  frequency  distribution 
shown  in  Fig.  17B.  The  A/D  converter  1,  the  field 
memory  2  and  the  D/A  converter  3  are  similar  to 
those  described  with  reference  to  Fig.  10.  The  time 
points  at  which  the  input  signal  is  sampled  and  A/D- 
converted  by  the  A/D  converter  1  are  indicated  by  sol- 
id  circles,  n,  n+1,  n+2,  n+3  is  indicated  by  output 
of  the  A/D  converter  1  is  shown  in  Fig.  15A.  The  out- 
put  data  from  the  A/D  converter  1  and  the  data  written 
in  the  field  memory  2  are  also  shown  in  Fig.  1  5A.  The 
output  data  from  the  field  memory  2  and  the  output 
signal  fromthe  D/Aconverter3areshown  in  Fig.  16A. 
The  output  signal  from  the  D/A  converter  3  are  indi- 
cated  by  blank  circles.  The  frequency  distributions  of 
the  output  signals  of  the  LPF  4,  the  A/D  converter  1  , 
the  D/A  converter  3  are  also  shown  in  Fig.  17Ato  Fig. 
17C. 

The  AID  converter  1a,  the  field  memory  2a  and 
the  D/A  converter  3a  are  similar  to  the  A/D  converter 
1,  the  field  memory  2  and  the  D/A  converter  3,  re- 
spectively,  but  they  operate  responsive  to  the  control 

5  clocks  having  1  80°  phase  difference  from  the  control 
clocks  for  the  A/D  converter  1,  the  field  memory  2  and 
the  D/A  converter  3. 

The  A/D  converter  1  a  therefore  samples  the  input 
signal  at  time  points  indicated  by  solid  squares,  at  m, 

10  m+1  ,  m+2,  m+3  and  performs  A/D  conversion,  as 
shown  in  Fig.  15B.  The  output  data  from  the  A/D  con- 
verter  1a  and  the  data  written  in  the  field  memory  2a 
are  also  shown  in  Fig.  15B.  The  output  data  from  the 
field  memory  2a  and  the  output  signal  from  the  D/A 

15  converter  3a  are  shown  in  Fig.  16B.  The  output  signal 
from  the  D/A  converter  3  are  indicated  by  blank 
squares.  The  frequency  distributions  of  the  output  sig- 
nals  of  the  A/D  converter  1a  and  the  D/A  converter 
3a  are  shown  in  Fig.  17B  and  Fig.  17C. 

20  As  illustrated,  the  output  signals  of  the  D/A  con- 
verters  3  and  3a  contain  aliasing  noises  from  the  con- 
trol  clock  frequency  fD/A  for  the  D/A  converters  3  and 
3a.  The  phases  of  the  aliasing  noises  contained  in  the 
output  signals  of  the  D/A  converters  3  and  3a  have  a 

25  phase  difference  of  1  80°  from  each  other,  because  of 
the  phase  difference  of  180°  in  the  sampling  timing. 

The  switch  9  selects  one  of  the  output  signals 
from  the  D/A  converters  3  and  3a  in  accordance  with 
the  control  clock  for  the  D/A  converter  3,  and  produc- 

30  es  a  signal  having  twice  the  sampling  points  or  sam- 
pling  frequency  as  shown  in  Fig.  16C.  The  aliasing 
noises  contained  in  the  outputs  D/A  converters  3  and 
3a  cancel  each  other  because  the  phase  difference 
between  them  is  180°.  On  the  other  hand,  the  output 

35  of  the  switch  9  contains  aliasing  noises  from  the  fre- 
quency  twice  the  frequency  of  the  control  clock,  i.e., 
from  2fD/A. 

As  a  result,  the  frequency  distribution  of  the  out- 
put  of  the  switch  is  as  shown  in  Fig.  17E. 

40  The  LPF  5  removes  the  aliasing  noise  from  the 
frequency  twice  the  control  clock  frequency  fD/A  by 
limiting  the  output  signal  to  the  control  clock  frequen- 
cy  fD/A.  to  thereby  outputting  the  signal  having  a  fre- 
quency  distribution  shown  in  Fig.  17F. 

45  The  video  signal  processor  of  the  Prior  Art  Exam- 
ple  3  described  above  has  a  signal  having  a  band- 
width  which  extends  to  the  control  clock  frequency 
f/vo.  However,  two  A/D  converters  and  two  field  mem- 
ories  are  required,  as  opposed  to  one  A/D  converter 

so  and  one  field  memory  in  the  Prior  Art  Example  1  . 
Fig.  18  shows  a  video  signal  processor  for  con- 

verting  video  signals  of  the  three  primary  colors  into 
field  sequential  signals  used  for  a  display  device  per- 
forming  field  sequential  display  of  the  video  signals 

55  of  the  three  primary  colors.  Members  identical  or  cor- 
responding  to  those  in  Fig.  13  are  denoted  by  identi- 
cal  reference  numerals. 

The  LPFs  4r,  the  A/D  converters  1r  and  1ra,  and 
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field  memories  2rand  2ra  are  similar  to  the  LPF  4,  the 
A/D  converters  1  and  1a,  and  the  field  memories  2 
and  2a,  but  are  used  for  processing  the  R  video  sig- 
nal.  The  LPFs4g,  the  A/D  converters  1g  and  1ga,  and 
field  memories  2g  and  2ga  are  similar  to  the  LPF  4, 
the  A/D  converters  1  and  1a,  and  the  field  memories 
2  and  2a,  but  are  used  for  processing  the  G  video  sig- 
nal.  The  LPFs  4b,  the  A/D  converters  1  b  and  1  ba,  and 
field  memories  2b  and  2ba  are  similar  to  the  LPF  4, 
the  A/D  converters  1  and  1a,  and  the  field  memories 
2  and  2a,  but  are  used  for  processing  the  B  video  sig- 
nal. 

The  switch  6  sequentially  selects  the  output  from 
the  field  memories  2r,  2g  and  2b,  each  for  a  period  of 
one  field,  to  produce  field  sequential  signals.  The 
switch  6a  sequentially  selects  the  output  from  the 
field  memories  2ra,  2ga  and  2ba,  each  for  a  period  of 
one  field,  to  produce  field  sequential  signals. 

The  D/A  converter  3  D/A  converts  the  output  of 
the  switch  6,  to  produce  field  sequential  signals.  The 
D/A  converter  3a  D/A  converts  the  output  of  the 
switch  6a,  to  produce  field  sequential  signals.  The 
switch  9  alternately  selects  the  output  of  the  D/A  con- 
verters  3  and  3a  to  produce  field  sequential  signals 
having  an  extended  bandwidth. 

Thus,  the  bandwidth  of  the  output  signal  of  the 
video  signal  processor  can  be  extended  to  the  fre- 
quency  of  the  control  clock  frequency  f̂ o.  But  twice 
as  many  A/D  converters  and  field  memories  are  re- 
quired. 

In  summary,  with  the  video  signal  processor  of 
the  Prior  Art  Example  3,  the  input  video  signal  must 
be  limited  to  one  half  the  control  clock  frequency.  For 
expanding  the  bandwidth,  it  is  necessary  to  increase 
the  control  clock  frequency,  but  it  is  difficult  or  impos- 
sible  to  provide  an  A/D  converter,  a  field  memory,  and 
a  D/A  converter  capable  of  operating  at  such  a  high 
frequency.  Moreover,  the  use  of  the  control  clocks 
with  higher  frequency  can  cause  interference  with 
other  circuits. 

With  the  video  signal  processor  of  the  Prior  Art 
Example  4,  two  A/D  converters,  two  field  memories 
and  two  D/A  converters  are  required  for  the  video  sig- 
nal  of  each  color,  and  the  size  and  cost  of  the  overall 
circuit  is  increased. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  invention  is  to  prevent  flicker  in 
the  image. 

Another  object  of  the  invention  is  to  prevent  dis- 
play  of  images  having  different  colors  from  the  origi- 
nal  video  signals. 

Another  object  of  the  invention  is  to  minimize  the 
capacity  of  the  memory  for  storing  the  image  signals. 

A  further  object  of  the  invention  is  to  extend  the 
signal  bandwidth  of  a  video  signal  processor  while 
minimizing  the  number  of  A/D  converters,  field  mem- 

ories  and  D/A  converters. 
According  to  one  aspect  of  the  invention,  there  is 

provided  a  color  image  display  system  comprising: 
a  monochromatic  image  display  means  (102) 

5  having  a  screen  (103)  for  display  of  images; 
a  rotary  filter  (1  06)  comprising  color  filter  sec- 

tions  (106R,  106G  and  106B)  of  a  plurality  of  colors; 
said  filter  sections  being  provided  to  be  inter- 

posed  in  an  optical  path  from  said  screen  to  a  prede- 
10  fined  viewing  position  in  turn  as  the  rotary  filter  ro- 

tates; 
memories  (130R,  130G,  130B)  for  respective 

color  image  signals;  and 
a  control  circuit  (114)  for  writing  the  color  im- 

15  age  signals  of  the  respective  colors  into  said  memor- 
ies  at  a  first  rate,  for  reading  the  color  image  signals 
of  the  respective  colors  from  said  memories  at  a  sec- 
ond  rate  higher  than  said  first  rate  and  supplying  the 
color  image  signals  of  the  respective  colors  in  se- 

20  quence  to  said  display  means  (102),  and  for  control- 
ling  the  rotation  of  the  rotary  filter  (106)  such  that  the 
filter  section  (106R,  106G,  106B)  of  the  color  corre- 
sponding  to  the  color  image  signal  which  is  being  sup- 
plied  to  the  display  means  (102)  is  interposed  in  said 

25  optical  path; 
wherein  the  color  image  signal  of  each  color  is 

in  the  form  a  sequence  of  samples,  the  writing  of  the 
color  image  signal  of  one  field  in  each  of  said  mem- 
ories  is  achieved  by  designating  writing  addresses  in 

30  succession  and  supplying  said  samples  of  the  color 
image  signal  to  said  memory  to  thereby  write  said 
samples  of  the  color  image  signal  at  the  designated 
writing  addresses,  and  the  reading  of  the  color  image 
signal  from  each  of  said  memories  is  achieved  by  des- 

35  ignating  writing  addresses  in  succession  and  reading 
the  samples  of  the  color  image  signal  from  the  des- 
ignated  reading  addresses  to  thereby  obtain  a  se- 
quence  of  said  samples  of  the  color  image  signal,  and 
said  control  circuit  (114)  controls  the  supply  of  the  im- 

40  age  signals  from  the  memories  to  the  display  means 
in  a  sequence  in  which  the  image  signals  of  the  color 
or  colors  which  are  less  prominent  than  others  are 
supplied  to  the  display  means  taking  a  period  in  which 
passing  of  the  reading  address  over  the  writing  ad- 

45  dress  occurs,  said  passing  of  the  reading  address 
over  the  writing  address  occurring  due  to  the  higher 
rate  of  reading  than  the  rate  of  writing. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  color  image  display  system  com- 

50  prising: 
a  monochromatic  image  display  means  (102) 

having  a  screen  (103)  for  display  of  images; 
a  rotary  filter  (1  06)  comprising  color  filter  sec- 

tions  (106R,  106G  and  106B)  of  a  plurality  of  colors; 
55  said  filter  sections  being  provided  to  be  inter- 

posed  in  an  optical  path  from  said  screen  to  a  prede- 
fined  viewing  position  in  turn  as  the  rotary  filter  ro- 
tates; 
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memories  (130R,  130G,  130B)  for  respective 
color  image  signals;  and 

a  control  circuit  (114)  for  writing  the  color  im- 
age  signals  of  the  respective  colors  into  said  memor- 
ies  at  a  first  rate,  for  reading  the  color  image  signals 
of  the  respective  colors  from  said  memories  at  a  sec- 
ond  rate  higher  than  said  first  rate  and  supplying  the 
color  image  signals  of  the  respective  colors  in  se- 
quence  to  said  display  means  (102),  and  for  control- 
ling  the  rotation  of  the  rotary  filter  (106)  such  that  the 
filter  section  (106R,  106G,  106B)  of  the  color  corre- 
sponding  to  the  color  image  signal  which  is  being  sup- 
plied  to  the  display  means  (102)  is  interposed  in  said 
optical  path; 

wherein  the  color  image  signal  of  each  color  is 
in  the  form  a  sequence  of  samples,  the  writing  of  the 
color  image  signal  of  one  field  in  each  of  said  mem- 
ories  is  achieved  by  designating  writing  addresses  in 
succession  and  supplying  said  samples  of  the  color 
image  signal  to  said  memory  to  thereby  write  said 
samples  of  the  color  image  signal  at  the  designated 
writing  addresses,  and  the  reading  of  the  color  image 
signal  in  each  of  said  memories  is  achieved  by  des- 
ignating  writing  addresses  in  succession  and  reading 
the  samples  of  the  color  image  signal  from  the  des- 
ignated  reading  addresses  to  thereby  obtain  a  se- 
quence  of  said  samples  of  the  color  image  signal; 

said  color  image  display  system  further  com- 
prises  an  additional  memory  (134)  provided  for  the 
colors,  the  image  signals  of  which  are  supplied  to  the 
display  means  taking  a  period  in  which  passing  of  the 
reading  address  over  the  writing  address  would  occur 
if  said  additional  memory  were  not  provided; 

said  passing  of  the  reading  address  over  the 
writing  address  occurring  due  to  the  higher  rate  of 
reading  than  the  rate  of  writing; 

said  additional  memory  (134)  and  said  first- 
mentioned  memory  (130B)  being  selected  alternately 
for  writing,  and  alternately  for  reading  such  that,  at 
least  during  the  above-mentioned  period  in  which 
said  passing  occurs,  the  reading  is  made  from  the 
memory  which  is  different  from  the  memory  into 
which  the  writing  is  being  made. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  color  image  display  system  com- 
prising: 

a  monochromatic  image  display  means  (102) 
having  a  screen  (103)  for  display  of  images; 

a  rotary  filter  (1  06)  comprising  color  filter  sec- 
tions  (106R,  106G  and  106B)  of  a  plurality  of  colors; 

said  filter  sections  being  provided  to  be  inter- 
posed  in  an  optical  path  from  said  screen  to  a  prede- 
fined  viewing  position  in  turn  as  the  rotary  filter  ro- 
tates; 

memories  (130R,  130G,  130B)  for  respective 
color  image  signals; 

a  control  circuit  (114)  for  writing  the  color  im- 
age  signals  of  the  respective  colors  into  said  memor- 

ies  at  a  first  rate,  for  reading  the  color  image  signals 
of  the  respective  colors  from  said  memories  at  a  sec- 
ond  rate  higher  than  said  first  rate  and  supplying  the 
color  image  signals  of  the  respective  colors  in  se- 

5  quence  to  said  display  means  (102),  and  for  control- 
ling  the  rotation  of  the  rotary  filter  (106)  such  that  the 
filter  section  (106R,  106G,  106B)  of  the  color  corre- 
sponding  to  the  color  image  signal  which  is  being  sup- 
plied  to  the  display  means  (102)  is  interposed  in  said 

10  optical  path; 
an  interrupter  (136)  for  interrupting  supply  of 

the  image  signal  to  the  display  device  when  such  in- 
terruption  is  desired. 

According  to  another  aspect  of  the  invention, 
15  there  is  provided  a  color  image  display  system  com- 

prising: 
a  monochromatic  image  display  means  (102) 

having  a  screen  (103)  for  display  of  images; 
a  rotary  filter  (1  06)  comprising  color  filter  sec- 

20  tions  (106R,  106G  and  106B)  of  a  plurality  of  colors; 
said  filter  sections  being  provided  to  be  inter- 

posed  in  an  optical  path  from  said  screen  to  a  prede- 
fined  viewing  position  in  turn  as  the  rotary  filter  ro- 
tates; 

25  memories  (130R,  130G,  130B)  for  respective 
color  image  signals; 

a  control  circuit  (114)  for  writing  the  color  im- 
age  signals  of  the  respective  colors  into  said  memor- 
ies  at  a  first  rate,  for  reading  the  color  image  signals 

30  of  the  respective  colors  from  said  memories  at  a  sec- 
ond  rate  higher  than  said  first  rate  and  supplying  the 
color  image  signals  of  the  respective  colors  in  se- 
quence  to  said  display  means  (102),  and  for  control- 
ling  the  rotation  of  the  rotary  filter  (106)  such  that  the 

35  filter  section  (106R,  106G,  106B)  of  the  color  corre- 
sponding  to  the  color  image  signal  which  is  being  sup- 
plied  to  the  display  means  (102)  is  interposed  in  said 
optical  path; 

A/D  converters  (128R,  128G,  128B)  provided 
40  for  the  respective  colors  and  sampling  and  digitizing 

the  color  image  signals;  and 
a  switching  means  (116)  for  receiving  the  out- 

puts  of  the  memories  and  selecting  the  outputs  of  the 
memories  in  a  sequence  in  which  switching  of  the  im- 

45  age  signal  from  one  color  to  another  color  is  made  ev- 
ery  read  field; 

wherein 
said  control  circuit  (114)  controls  the  A/D  con- 

verters  (128R,  128G,  128B)  to  effect  the  sampling  at 
so  timings  shifted  from  each  other; 

said  control  circuit  (114)  controls  the  reading  of 
the  stored  image  signals  to  be  effected  at  timings 
shifted  from  each  other;  and 

said  color  image  display  system  further  com- 
55  prises: 

a  first  adder  (138)  adding  the  image  signals 
from  the  memories  (130R,  130G,  130B); 

a  high-pass  filter  (140)  for  receiving  the  output 
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of  the  first  adder  and  extracting  the  high-frequency 
component  from  the  output  of  the  first  adder  (138); 
and 

a  second  adder  (142)  for  adding  the  output  of 
the  high-pass  filter  (140)  to  the  output  of  the  switch- 
ing  circuit  (116). 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  color  image  display  system  com- 
prising: 

a  monochromatic  image  display  means  (102) 
having  a  screen  (103)  for  display  of  images; 

a  rotary  filter  (1  06)  comprising  color  filter  sec- 
tions  (106R,  106G,  106B)  of  a  plurality  of  colors; 

said  filter  sections  being  provided  to  be  inter- 
posed  in  an  optical  path  from  said  screen  to  a  prede- 
fined  viewing  position  in  turn  as  the  rotary  filter  ro- 
tates; 

a  switching  circuit  (144)  receiving  color  image 
signals  of  respective  colors  and  selecting  them  in  a 
sequence  in  which  switching  of  the  image  signal  from 
one  color  to  another  is  effected  every  horizontal  scan- 
ning  line  to  produce  a  time-division  multiplexed  color 
image  signal; 

a  memory  (130)  for  storing  the  time-division 
multiplexed  color  image  signal; 

a  control  circuit  (114)  for  reading  the  color  im- 
age  signals  of  the  respective  colors  in  turn  in  which 
the  switching  of  the  image  signal  from  one  color  to  an- 
other  is  made  every  read  field,  and  supplying  the  col- 
or  image  signals  of  the  respective  colors  in  sequence 
to  said  display  means  (102),  and  controlling  the  rota- 
tion  of  the  rotary  filter  (106)  such  that  the  filter  section 
(106R,  106G,  106B)  of  the  color  corresponding  tothe 
color  image  signal  which  is  being  supplied  to  the  dis- 
play  means  (102)  is  interposed  in  said  optical  path. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  color  image  display  system  com- 
prising: 

a  monochromatic  image  display  means  (102) 
having  a  screen  (103)  for  display  of  images; 

a  rotary  filter  (1  06)  comprising  color  filter  sec- 
tions  (106R,  106G  and  106B)  of  a  plurality  of  colors; 

said  filter  sections  being  provided  to  be  inter- 
posed  in  an  optical  path  from  said  screen  to  a  prede- 
fined  viewing  position  in  turn  as  the  rotary  filter  ro- 
tates; 

memories  (130R,  130G,  130B)  for  respective 
color  image  signals; 

a  control  circuit  (114)  for  writing  the  color  im- 
age  signals  of  the  respective  colors  into  said  memor- 
ies  at  a  first  rate,  for  reading  the  color  image  signals 
of  the  respective  colors  from  said  memories  at  a  sec- 
ond  rate  higher  than  said  first  rate  and  supplying  the 
color  image  signals  of  the  respective  colors  in  se- 
quence  to  said  display  means  (102),  and  for  control- 
ling  the  rotation  of  the  rotary  filter  (106)  such  that  the 
filter  section  (106R,  106G,  106B)  of  the  color  corre- 
sponding  to  the  color  image  signal  which  is  being  sup- 

plied  to  the  display  means  (102)  is  interposed  in  said 
optical  path; 

a  color  signal  separator  (122)  receiving  a  com- 
posite  video  signal  comprising  luminance  and  chromi- 

5  nance  signals,  and  vertical  and  horizontal  sync  sig- 
nals,  and  producing,  from  the  composite  video  signal, 
said  the  color  image  signals;  and 

a  sync  signal  separator  (124)  receiving  the 
composite  video  signal  and  extracting  a  vertical  sync 

10  signal  from  the  composite  video  signal; 
wherein  said  control  circuit  (114)  controls  the 

writing  to  be  performed  in  synchronism  with  said  vert- 
ical  sync  signal;  and 

said  control  circuit  comprises  a  drive  controller 
15  (67)  for  controlling  the  rotation  of  said  rotary  filter  to 

be  in  synchronism  with  the  vertical  sync  signal. 
According  to  another  aspect  of  the  invention, 

there  is  provided  a  color  image  display  system  com- 
prising: 

20  a  monochromatic  image  display  means  (102) 
having  a  screen  (103)  for  display  of  images; 

a  rotary  filter  (1  06)  comprising  color  filter  sec- 
tions  (106R,  106G  and  106B)  of  a  plurality  of  colors; 

said  filter  sections  being  provided  to  be  inter- 
25  posed  in  an  optical  path  from  said  screen  to  a  prede- 

fined  viewing  position  in  turn  as  the  rotary  filter  ro- 
tates; 

memories  (130R,  130G.  130B)  for  respective 
color  image  signals; 

30  a  control  circuit  (114)  for  writing  the  color  im- 
age  signals  of  the  respective  colors  into  said  memor- 
ies  at  a  first  rate,  for  reading  the  color  image  signals 
of  the  respective  colors  from  said  memories  at  a  sec- 
ond  rate  higher  than  said  first  rate  and  supplying  the 

35  color  image  signals  of  the  respective  colors  in  se- 
quence  to  said  display  means  (102),  and  for  control- 
ling  the  rotation  of  the  rotary  filter  (106)  such  that  the 
filter  section  (106R,  106G,  106B)  of  the  color  corre- 
sponding  to  the  color  image  signal  which  is  being  sup- 

40  plied  to  the  display  means  (102)  is  interposed  in  said 
optical  path; 

means  (146R,  146G,  146B)  for  introducing  a 
phase  difference  between  the  image  signals  of  the 
respective  colors; 

45  a  switching  means  (144)  for  selecting  the  im- 
age  signals  in  turn;  and 

an  A/D  converter  (128)  for  sampling  and  digi- 
tizing  the  image  signals  from  said  switching  circuit 
(144);  and 

so  said  switching  means  (144)  selecting  the  im- 
age  signals  in  a  sequence  in  which  switching  of  the 
image  signals  from  one  color  to  another  is  made  ev- 
ery  sampling  period; 

wherein  said  control  circuit  (114)  controls  the 
55  writing  of  the  image  signals  of  the  respective  colors 

such  that  they  are  written  in  the  respective  memories. 
According  to  another  aspect  of  the  invention, 

there  is  provided  a  video  signal  processor  comprising 

11 
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a  plurality  of  signal  processing  circuits  for  sampling 
and  A/D-con  verting  respective  ones  of  a  plurality  of 
input  color  signals  representing  respective  color  com- 
ponents  of  a  video  signal,  to  produce  digital  data  cor- 
responding  to  the  input  color  signals,  writing  the  data 
in  respective  memories  (2b,  2ba,  2bt,  2g,  2ga,  2gt,  2r, 
2ra,  2-1  to  2-n),  reading  the  data  from  the  respective 
memories,  and  D/A-con  verting  the  data  to  produce 
decoded  signals  of  the  respective  colors,  said  video 
signal  processor  comprising: 

means  (7,  8,  8b,  8g,  8rg,  7b,  7g,  7rg,  16,  17,  22, 
23,  25,  26,  27,  28,  31  ,  32,  38,  42,  43,  44,  45-1  to  45- 
n,46-1  to46-n,  50)  for  controlling  the  operation  of  the 
respective  signal  processing  circuits  using  control 
clocks  having  different  phases  to  vary  the  phases  of 
the  sampling  points  of  the  input  color  signals;  and 

means  (15)  for  adding,  to  the  decoded  signal 
of  one  of  the  signal  processing  circuits,  a  high- 
frequency  component  of  the  decoded  signal  of  an- 
other  of  the  signal  processing  circuits. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  video  signal  processor  comprising 
a  plurality  of  signal  processing  circuits  for  sampling 
and  A/D-con  verting  respective  ones  of  a  plurality  of 
input  color  signals  representing  respective  color  com- 
ponents  of  a  video  signal,  to  produce  digital  data  cor- 
responding  to  the  input  color  signals,  writing  the  data 
in  respective  memories,  reading  the  data  from  the  re- 
spective  memories  (2b,  2ba,  2bt,  2g,  2ga,  2gt,  2r,  2ra, 
2-1  to  2-n),  and  D/A-converting  the  data  to  produce 
decoded  signals  of  the  respective  colors,  said  video 
signal  processor  comprising: 

a  common  A/D  converter  (1  ,  1gb)fora  plurality 
of  input  color  signals; 

means  (37,  41  r,  41  g,  41b)  for  alternately  or  se- 
quentially  selecting  said  plurality  of  input  color  signals 
and  supplying  the  selected  signals  to  said  common 
A/D  converter; 

said  common  A/D  converter  converting  the  se- 
lected  input  color  signals  into  said  digital  data; 

means  (7,  7b,  7g,  7rg,  16,  22,  25,  27,  31,  38, 
42,  43,  45-1  to45-n,  50)  for  writing  the  digital  data  for 
the  respective  input  color  signals  into  memories  for 
the  respective  input  color  signals; 

means  (8,  8b,  8g,  8rg,  17,  23,  26,  28,  32,  44, 
46-1  to  46-n,  50)  for  reading  encoded  data  from  the 
memories  and  supplying  the  digital  data  to  D/A  con- 
verters  for  the  respective  color  signals  to  produce 
said  decoded  signals;  and 

means(15,  15b,  15g,  15r)  for  adding,  to  the  de- 
coded  signal  of  one  of  the  signal  processing  circuits, 
a  high-frequency  component  of  the  decoded  signal  of 
another  of  the  signal  processing  circuits. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  video  signal  processor  comprising 
a  plurality  of  signal  processing  circuits  and  compris- 
ing: 

A/D-con  verting  means  (1b,  1ba,  1g,  1ga,  1r, 

1ra,  1gb,  1,  1-1  to  1-n)  for  sampling  and  A/D-convert- 
ing  respective  ones  of  a  plurality  of  input  color  signals 
representing  respective  color  components  of  a  video 
signal,  to  produce  digital  data  corresponding  to  the  in- 

5  put  color  signals; 
memories  (2b,  2ba,  2bt,  2g,  2ga,  2gt,  2r,  2ra, 

2-1  to  2-n)  for  the  respective  color  signals; 
means  (7,  7b,  7g,  7rg,  16,  22,  25,  27,  31,  38, 

42,  43,  45-1  to45-n,  50)  for  writing  said  digital  data  in 
10  the  respective  memories; 

means  (8,  8b,  8g,  8rg,  17,  23,  26,  28,  32,  44, 
46-1  to46-n,  50)  for  reading  the  data  from  the  respec- 
tive  memories;  and 

D/A-converting  means  (3b,  3ba,  3g,  3ga,  3r, 
15  3rg,  3rga,  3-1  to  3-n)  for  D/A-converting  the  data  read 

from  the  memories  to  produce  decoded  signals  of  the 
respective  colors; 

means(15,  15b,  15g,  15r)  for  adding,  tothede- 
coded  signal  of  one  color,  a  high-frequency  compo- 

20  nent  of  the  decoded  signal  of  another  color. 
According  to  another  aspect  of  the  invention, 

there  is  provided  a  video  signal  processor  for  A/D- 
converting  an  input  signal  using  a  control  clock  which 
is  phase-shifted  every  field  by  a  predetermined 

25  phase,  to  produce  digital  data,  and  writing  the  digital 
data  into  a  memory  (2b,  2ba,  2bt,  2g,  2ga,  2gt,  2r,  2ra, 
2-1  to  2-n),  and  reading  the  digital  data  from  the  mem- 
ory  at  a  rate  n  times  (n  >  1)  the  rate  of  writing; 

said  reading  of  one  field  being  performed  re- 
30  peatedly  while  writing  of  one  field  is  performed  once; 

wherein 
said  memory  for  each  of  the  color  signals  has 

first  and  second  areas,  each  having  a  capacity  of  one 
field  of  said  digital  data; 

35  wherein  said  colorsignal  processor  comprises: 
means  (7,  7b,  7g,  7rg,  16,  22,  25,  27,  31,  38, 

42,  43,  45-1  to45-n,  50)  for  writing  the  digital  data  of 
respective  fields  alternately  into  the  first  area  and  the 
second  area;  and 

40  means  (7,  8,  8b,  8g,  8rg,  7b,  7g,  7rg,  16,17,  22, 
23,  25,  26,  27,  28,  31  ,  32,  38,  42,  43,  44,  45-1  to  45- 
n,  46-1  to  46-n,  50)  for  control  ling  the  reading  from  the 
memory  such  that  the  digital  data  read  in  one  field  of 
reading  operation  consist  of  digital  data  written  in  one 

45  field  of  writing  operation. 
According  to  another  aspect  of  the  invention, 

there  is  provided  a  video  signal  processor  for  A/D- 
converting  an  input  signal  using  a  control  clock  which 
is  phase-shifted  every  field  by  a  predetermined 

so  phase,  to  produce  digital  data,  and  writing  the  digital 
data  into  a  memory,  and  reading  the  digital  data  from 
the  memory  at  a  rate  n  times  (n  >  1)  the  rate  of  writing; 

said  reading  of  one  field  being  performed  re- 
peatedly  while  writing  of  one  field  is  performed  once; 

55  wherein  said  video  signal  processor  compris- 
es: 

means  (7,  8,  8b,  8g,  8rg,  7b,  7g,  7rg,  16,17,  22, 
23,  25,  26,  27,  28,  31  ,  32,  38,  42,  43,  44,  45-1  to  45- 
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n,  46-1  to  46-n,  50)  for  shifting  the  phases  of  the  con- 
trol  clocks  for  the  reading  and  the  D/A  conversion  so 
as  to  be  identical  to  the  phase  of  the  control  clock  for 
the  A/D  conversion,  during  a  period  in  which  the  dig- 
ital  data  of  one  field  is  being  read  and  in  which  the 
writing  of  the  digital  data  of  the  same  field  is  also  writ- 
ten. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  phase  inversion  control  pulse  gen- 
erating  circuit  comprising  an  exclusive  OR  gate  (49) 
receiving  a  passing-over  pulse  which  is  inverted  each 
time  an  address  of  a  memory  from  which  data  is  read 
passes  over  an  address  of  the  memory  into  which 
data  is  written,  and  a  signal  which  is  Active  during  any 
of  even-numbered  ones  of  intervals  into  which  one 
write  field  is  divided. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  diagram  sowing  a  conven- 
tional  color  image  display  device  using  a  black-and- 
white  CRT  in  combination  with  a  coloring  device. 

Fig.  2  is  a  front  view  of  a  disk-shaped  rotary  filter 
forming  part  of  the  coloring  device  used  in  the  color 
image  display  device  of  Fig.  1. 

Fig.  3A  to  Fig.  3D  are  diagrams  showing  the  re- 
lationship  between  the  rotational  phase  of  the  rotary 
filter,  the  scan  line  of  the  CRT  and  the  switching  of  a 
switching  circuit  used  in  the  color  image  display  de- 
vice  of  Fig.  1. 

Fig.  4  is  a  schematic  diagram  showing  a  color  im- 
age  display  device  of  another  prior  art  example. 

Fig.  5Ato  Fig.  5G  are  schematic  time  chart  show- 
ing  the  color  image  signals  written  into  memories  and 
color  image  signals  read  from  the  memories  and  sup- 
plied  to  the  CRT. 

Fig.  6Ato  Fig.  6D,  Fig.  7Ato  Fig.  7D,  and  Fig.  8A 
to  Fig.  8D  are  diagrams  showing  the  progress  of  writ- 
ing  of  data  into  the  memories,  in  relation  to  reading  of 
the  data  from  the  memories,  switching  of  the  read  sig- 
nals  and  rotation  of  the  rotary  filter,  for  explaining  the 
passing  of  the  reading  address  over  the  writing  ad- 
dress. 

Fig.  9A  to  Fig.  9C  are  diagrams  showing  discon- 
tinuity  in  the  picture  due  to  the  passing  over  of  the  ad- 
dress. 

Fig.  10  is  a  block  diagram  showing  a  part  of  a  vid- 
eo  signal  processor  in  the  prior  art. 

Fig.  11Aand  Fig.  11  Bare  diagrams  illustrating  the 
waveforms  and  values  of  the  signals  at  various  points 
in  the  processor  of  Fig.  10. 

Fig.  12A  to  Fig.  12D  are  diagrams  showing  the 
frequency  distributions  of  the  signals  at  various  points 
in  the  processor  of  Fig.  10. 

Fig.  12E  is  a  diagram  explaining  the  meaning  of 
each  type  of  hatching  in  Fig.  12Ato  Fig.  12D. 

Fig.  1  3  is  a  block  diagram  showing  a  video  signal 
processor  of  another  prior  art  example. 

Fig.  14  is  a  block  diagram  showing  a  part  of  a  vid- 
eo  signal  processor  of  another  prior  art  example. 

Fig.  15Aand  Fig.  15B  are  diagrams  showing  wa- 
veforms  and  values  of  the  signals  at  various  points  in 

5  the  video  signal  processor  of  Fig.  14. 
Fig.  16Ato  Fig.  16C  are  diagrams  showing  wave- 

forms  and  values  of  the  signals  at  various  points  in 
the  video  signal  processor  of  Fig.  14. 

Fig.  17AtoFig.  17F  are  diagrams  showing  the  fre- 
10  quency  distributions  at  various  points  in  the  video  sig- 

nal  processor  of  Fig.  14. 
Fig.  17G  is  a  diagram  explaining  the  meaning  of 

each  type  of  hatching  in  Fig.  17Ato  Fig.  17D. 
Fig.  1  8  is  a  block  diagram  showing  a  video  signal 

15  processor  of  another  prior  art  example. 
Fig.  1  9  is  a  block  diagram  showing  a  part  of  a  col- 

or  image  display  device  of  another  embodiment  of  the 
invention. 

Fig.  19A  is  a  block  diagram  showing  a  part  of  a 
20  color  image  display  device  of  another  embodiment  of 

the  invention. 
Fig.  20  is  a  block  diagram  showing  a  part  of  a  col- 

or  image  display  device  of  another  embodiment  of  the 
invention. 

25  Fig.  21  is  a  block  diagram  showing  a  part  of  a  col- 
or  image  display  device  of  another  embodiment  of  the 
invention. 

Fig.  22Aand  Fig.  22B  are  time  charts  showing  the 
sampling  time  points  and  the  waveforms  of  the  resul- 

30  tant  signals. 
Fig.  23  is  a  block  diagram  showing  a  part  of  a  col- 

or  image  display  device  of  another  embodiment  of  the 
invention. 

Fig.  24A  to  Fig.  24E  are  diagrams  showing  the 
35  positions  of  the  scanning  lines  of  the  original  image 

signals,  cyclic  selection  of  the  scanning  lines,  the 
scanning  lines  of  the  respective  image  signals  stored 
in  the  memory,  and  the  scanning  lines  of  the  image 
signals  supplied  to  the  CRT. 

40  Fig.  25Ato  Fig.  25C  are  diagrams  showing  cyclic 
alteration  of  the  scanning  lines  designated  to  the  re- 
spective  colors. 

Fig.  26  is  a  block  diagram  showing  a  part  of  a  col- 
or  image  display  device  of  another  embodiment  of  the 

45  invention. 
Fig.  27Ato  Fig.  27E  are  time  charts  showing  the 

image  signals  of  the  respective  colors,  a  time-division 
multiplexed  signal,  and  the  sequence  of  data  ob- 
tained  from  the  time-division  multiplexed  signal. 

so  Fig.  28A  to  Fig.  28E  are  time  charts  showing  the 
relationship  between  the  sampling  points  of  the  com- 
posite  video  signal,  the  time  division-multiplexed  sig- 
nal  and  the  writing  of  the  time-division  multiplexed 
signal  into  the  respective  memories. 

55  Fig.  29A  to  Fig.  29D  are  time  charts  showing  the 
periods  for  which  the  output  from  the  respective  mem- 
ories  are  enabled. 

Fig.  30A  to  Fig.  30D  are  diagrams  showing  the 

13 
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scanning  lines  in  odd  and  even  fields,  and  a  complete 
raster  formed  of  the  odd  and  even  fields. 

Fig.  31  A  to  Fig.  31  C  are  time  charts  showing  the 
horizontal  sync  signal,  the  triple-frequency  horizontal 
sync  signal  and  the  phase-shifted  triple-frequency 
horizontal  sync  signal. 

Fig.  32AtoFig.  32D  are  frontviews  of  another  ex- 
ample  of  rotary  filter. 

Fig.  33  is  a  side  view  showing  another  example 
of  rotary  filter. 

Fig.  34  is  a  perspective  view  of  the  rotary  filter  of 
Fig.  33. 

Fig.  35  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  36Aand  Fig.  36B  are  time  charts  showing  the 
waveforms  and  values  of  the  signals  at  various  points 
in  the  video  signal  processor  of  Fig.  35. 

Fig.  37Ato  Fig.  37D  are  time  charts  showing  the 
values  of  the  signals  at  various  points  in  the  circuit  of 
Fig.  35. 

Fig.  38A  to  Fig.  38D  are  diagrams  showing  the 
frequency  distributions  of  the  signals  at  various  points 
in  the  video  signal  processor  in  Fig.  35. 

Fig.  38E  is  a  diagram  explaining  the  meaning  of 
each  type  of  hatching  in  Fig.  38Ato  Fig.  38D. 

Fig.  39A  to  Fig.  39D  are  diagrams  showing  the 
frequency  distributions  of  the  signals  at  various  points 
in  the  video  signal  processor  in  Fig.  35. 

Fig.  39E  is  a  diagram  explaining  the  meaning  of 
each  type  of  hatching  in  Fig.  39Ato  Fig.  39D. 

Fig.  40  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  41  is  a  block  diagram  showing  a  part  of  the 
video  signal  processor  of  another  embodiment. 

Fig.  42  is  a  block  diagram  showing  an  example  of 
field  phase  inverter  used  in  the  video  signal  proces- 
sor  of  Fig.  41. 

Fig.  43  is  a  time  charts  showing  the  waveforms 
of  signals  at  various  parts  of  the  circuit  of  Fig.  42. 

Fig.  44A  to  Fig.  44D  are  diagrams  showing  the 
frequency  distributions  of  the  signals  at  various  points 
in  the  circuit  of  Fig.  41. 

Fig.  44E  is  a  diagram  explaining  the  meaning  of 
each  type  of  hatching  in  Fig.  44Ato  Fig.  44D. 

Fig.  45A  to  Fig.  45D  are  diagrams  showing  the 
frequency  distributions  of  the  signals  at  various  points 
in  the  circuit  of  Fig.  41. 

Fig.  45E  is  a  diagram  explaining  the  meaning  of 
each  type  of  hatching  in  Fig.  45Ato  Fig.  45D. 

Fig.  46  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  47  is  a  block  diagram  showing  a  part  of  the 
video  signal  processor  of  another  embodiment. 

Fig.  48A  to  Fig.  48C  are  diagrams  showing  the 
waveforms  of  the  signals  at  various  points  in  the  vid- 
eo  signal  processor  of  Fig.  47. 

Fig.  49Ato  Fig.  49F  are  diagrams  showing  the  fre- 
quency  distributions  of  the  signals  at  various  points  in 

the  video  signal  processor  of  Fig.  47. 
Fig.  49G  is  a  diagram  explaining  the  meaning  of 

each  type  of  hatching  in  Fig.  49Ato  Fig.  49F. 
Fig.  50  is  a  block  diagram  showing  a  video  signal 

5  processor  of  another  embodiment  of  the  invention. 
Fig.  51  is  a  block  diagram  showing  a  part  of  a  vid- 

eo  signal  processor  of  another  embodiment  of  the  in- 
vention. 

Fig.  52  is  a  block  diagram  showing  an  example  of 
10  the  field  phase  switching  circuit  used  in  the  video  sig- 

nal  processor  of  Fig.  51. 
Fig.  53  is  a  time  charts  showing  the  waveforms 

of  the  signals  at  various  points  in  the  circuit  of  Fig.  52. 
Fig.  54AtoFig.  54F  are  diagrams  showing  the  fre- 

15  quency  distributions  at  various  points  in  the  video  sig- 
nal  processor  of  Fig.  51. 

Fig.  54G  is  a  diagram  explaining  the  meaning  of 
each  type  of  hatching  in  Fig.  54Ato  Fig.  54F. 

Fig.  55  is  a  block  diagram  showing  a  video  signal 
20  processor  of  another  embodiment  of  the  invention. 

Fig.  56  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  57AtoFig.  56F  are  diagrams  showing  the  fre- 
quency  distributions  at  various  points  in  the  video  sig- 

25  nal  processor  of  Fig.  56. 
Fig.  57G  is  a  diagram  explaining  the  meaning  of 

each  type  of  hatching  in  Fig.  57Ato  Fig.  57F. 
Fig.  58  is  a  block  diagram  showing  a  video  signal 

processor  of  another  embodiment  of  the  invention. 
30  Fig.  59  is  a  block  diagram  showing  an  example  of 

field  phase  switching  circuit  used  in  the  embodiment 
of  Fig.  58. 

Fig.  60  is  a  time  charts  showing  the  waveforms 
of  the  signals  at  various  points  in  the  circuit  of  Fig.  59. 

35  Fig.  61  Ato  Fig.  61  F  are  diagrams  showing  the  fre- 
quency  distributions  at  various  points  in  the  video  sig- 
nal  processor  of  Fig.  58. 

Fig.  61  G  is  a  diagram  explaining  the  meaning  of 
each  type  of  hatching  in  Fig.  61  A  to  Fig.  61  F. 

40  Fig.  62  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  63Aand  Fig.  63B  are  time  charts  showing  the 
waveforms  and  values  of  the  signals  at  various  points 
in  the  video  signal  processor  of  Fig.  62. 

45  Fig.  64  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  65Ato  Fig.  65D  are  time  charts  showing  the 
waveforms  and  values  of  the  signals  at  various  points 
in  the  video  signal  processor  of  Fig.  65. 

so  Fig.  66  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  67  is  a  block  diagram  showing  a  video  signal 
processor  of  another  embodiment  of  the  invention. 

Fig.  68  is  a  time  chart  showing  the  successive 
55  change  of  the  writing  and  reading  addresses,  and 

passing  of  the  reading  address  over  the  writing  ad- 
dress. 

Fig.  69  is  a  time  charts  showing  the  alteration  of 
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data  which  is  attendant  to  the  passing  of  the  reading 
address  over  the  writing  address. 

Fig.  70Ato  Fig.  70F  and  Fig.  71  A  to  Fig.  71  F  are 
time  charts  showing  the  waveforms  and  the  sampling 
points  of  the  signals  at  various  points  in  the  video  sig- 
nal  processor  of  Fig.  41  . 

Fig.  72  is  a  block  diagram  sowing  a  part  of  a  video 
signal  processor  according  toanother  embodiment  of 
the  invention. 

Fig.  73Ato  Fig.  73H  are  time  charts  showing  the 
waveforms  and  the  values  of  the  signals  at  various 
points  in  the  video  signal  processor  of  Fig.  72. 

Fig.  74A  to  Fig.  74F  are  time  charts  showing  the 
waveforms  and  values  of  the  signals  at  various  points 
in  the  video  signal  processor. 

Fig.  75A  to  Fig.  75G  are  time  charts  showing 
change  of  address  values  with  different  number  of  in- 
put  color  signals. 

Fig.  76A  to  Fig.  76F  are  time  charts  showing 
phase  inversion  control  pulses  used  for  different  num- 
bers  of  input  color  signals. 

Fig.  77  is  a  block  diagram  showing  a  phase  inver- 
sion  control  pulse  generator  of  another  embodiment 
of  the  invention. 

Fig.  78Ato  Fig.  78F  and  Fig.  79Ato  Fig.  79F  are 
time  charts  showing  the  operation  of  the  phase  inver- 
sion  control  pulse  generator  of  Fig.  76. 

DETAILED  DESCRIPTION  OF  THE 
EMBODIMENTS 

Embodiment  A1 

The  configuration  of  the  color  image  display  de- 
vice  of  this  embodiment  is  also  as  shown  in  Fig.  4. 
This  embodiment  is  directed  to  the  problem  of  the  dis- 
ontinuity  or  discrepancy  of  the  picture  due  to  the 
passing  of  the  read  address  over  the  write  address, 
as  discussed  in  the  description  of  Prior  Art  Example 
2.  The  embodiment  is  featured  by  the  control,  made 
by  the  control  circuit  114,  over  the  sequence  of  cyclic 
selection  of  the  color  image  signals  and  the  filters 
such  that  the  second  read  field  is  assigned  to  blue 
color  image  signals.  That  is,  at  the  second  read  field, 
the  blue  image  signal  BS  is  selected  as  shown  in  Fig. 
7C  and  t  he  B  filter  section  1  06B  is  made  to  overl  ie  t  he 
screen  103  as  shown  in  Fig.  7D.  At  the  first  read  field, 
green  image  signal  GS  is  selected  as  shown  in  Fig.  6C 
and  the  G  filter  section  106G  is  made  to  overlie  the 
screen  103  as  shown  in  Fig.  6D.  Atthe  third  read  field, 
the  red  image  signal  RS  is  selected  as  shown  in  Fig. 
8C  and  t  he  R  filter  section  1  06R  is  made  to  overl  ie  t  he 
screen  103  as  shown  in  Fig.  8D. 

The  reason  for  such  arrangement  is  that  the  blue 
color  is  least  prominent,  and  the  discontinuity  or  dis- 
crepancy,  which  may  occur,  is  least  objectionable  to 
the  human  eyes.  Stated  inversely,  the  image  signals 
of  red  and  green,  which  are  the  two  most  prominent 

colors  of  the  three  colors,  are  supplied  within  the  first 
and  the  last  read  fields  within  each  write  field. 

Although  not  illustrated,  it  is  advantageous  if  the 
memories  1  30R,  1  30G  and  1  30B  are  so  configured  as 

5  to  use,  as  a  time  reference,  a  horizontal  sync  signal 
next  to  each  vertical  sync  signal  V  for  the  writing  of 
the  data  of  each  field. 

Moreover,  where  the  input  video  signal  of  an  in- 
terlaced  scanning  type,  it  is  advantageous  if  the  out- 

10  put  of  the  frequency  converter  126  is  shifted  by  one 
half  of  the  horizontal  period  every  three  fields,  the 
color  image  signals  of  three  consecutive  read  fields 
and  the  color  image  signals  of  the  next  three  consec- 
utive  read  fields  can  be  offset  in  the  vertical  direction 

15  on  the  screen  and  an  effect  similar  to  the  interlacing 
is  obtained. 

Embodiment  A2 

20  In  Embodiment  A1  described  above,  the  discon- 
tinuity  or  discrepancy  is  made  less  prominent,  but  is 
not  completely  eliminated.  Fig.  19  shows  another  em- 
bodiment  of  the  invention.  It  illustrates  part  only  of  the 
entire  circuit.  In  Fig.  19,  the  circuits  identical  to  those 

25  in  the  previous  drawings  are  denoted  by  identical  ref- 
erence  numerals.  The  overall  circuit  configuration 
and  the  arrangement  of  the  CRT  and  the  coloring  de- 
vice  are  similar  to  those  described  with  reference  to 
Fig.  4.  However,  the  embodiment  of  Fig.  19  is  provid- 

30  ed  with  an  additional  memory  134B.  The  successive 
fields  of  B  signals  from  the  color  signal  separator  122 
are  alternately  supplied  to  and  written  into  the  mem- 
ories  1  30B  and  1  34B.  That  is,  one  (first)  field  of  B  sig- 
nals  are  written  in  the  memory  130B,  and  a  next  (sec- 

35  ond)  field  of  B  signals  are  written  in  the  memory 
134B,  and  a  third  field  of  B  signals  are  written  in  the 
memory  130B,  and  so  on.  While  a  field  of  B  signals 
are  written  in  one  of  the  memories  130B  and  134B, 
the  B  signals  (stored  previously)  are  read  from  the 

40  other  memory.  That  is,  during  the  writing  of  the  first 
field  of  the  signals  into  the  memory  130B,  reading  is 
made  from  the  memory  134B.  During  writing  of  the 
second  field  of  the  signals  into  the  memory  134B, 
reading  is  made  from  the  memory  130B.  During  writ- 

45  ing  of  the  third  field  of  the  signals  into  the  memory 
130B,  reading  is  made  from  the  memory  134B.  Such 
a  process  continues. 

With  the  above  arrangement,  passing  of  the 
reading  address  overthe  writing  address  does  notoc- 

50  cur  because  reading  and  writing  are  on  different 
memories,  and  reading  is  effected  from  a  memory 
which  is  not  being  rewritten.  Thus,  there  is  no  discon- 
tinuity  or  discrepancy  in  the  image.  The  B  signals 
read  are  always  of  the  preceding  field.  When  the 

55  reading  is  in  the  order  of  the  G,  B  and  R  signals,  the 
G  and  B  signals  are  of  the  preceding  field,  while  the 
R  signals  are  of  the  present  field.  This  R  signals 
match  with  the  G  and  B  signals  of  the  next  read  field. 

15 
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The  selection  between  the  memories  130B  and  134B 
for  writing  and  for  reading  is  made  by  the  control  cir- 
cuit  114,  which  also  controls  the  rotation  of  the  rotary 
filter  106. 

In  the  above  embodiment,  the  additional  memory 
134B  was  provided  for  the  B  signals  only.  It  is  also 
possible  to  provide  additional  memories  134G  and 
134R,  as  shown  in  Fig.  19A,  for  G  and  R  signals  as 
well.  In  such  a  case,  selection  for  writing  and  reading 
between  the  memories  130G  and  134G,  and  130R 
and  134R  is  made  in  the  same  way  as  described 
above  for  the  memories  130B  and  134B.  With  the 
configuration  shown  in  Fig.  19Ain  which  the  addition- 
al  memories  (134R,  134G  and  134B)  are  provided  for 
all  the  colors,  control  over  switching  is  easier,  partic- 
ularly  where  interlaced  scanning  is  performed.  More- 
over,  memories  having  a  port  used  both  for  writing 
and  reading,  which  are  less  expensive  than  the  dual 
port  memories,  can  be  used. 

A  modification  applicable  to  the  configuration  of 
Fig.  19A  is  that  the  memories  130R,  130G,  130B, 
1  34R,  1  34G  and  1  34G  may  be  so  controlled  that  read- 
ing  from  the  memories  into  which  writing  is  also  made 
can  be  commenced  when  the  writing  over  two  third  of 
the  entire  memory  area  of  each  of  such  memories  is 
completed.  This  is  because  the  passing-over  does 
not  occur  during  the  last  one-third  period. 

With  the  arrangement  of  Embodiment  A2,  the 
problem  of  the  passing  over  of  the  address  is  solved 
and  discontinuity  or  discrepancy  in  the  displayed  pic- 
ture  is  eliminated. 

Embodiment  A3 

Fig.  20  shows  another  embodiment  of  the  inven- 
tion.  Like  Fig.  19,  it  illustrates  part  only  of  the  entire 
circuit.  In  Fig.  20,  the  circuits  identical  to  those  in  the 
previous  drawings  are  denoted  by  identical  reference 
numerals.  The  overall  circuit  configuration  and  the  ar- 
rangement  of  the  CRT  and  the  coloring  device  are 
similar  to  those  described  with  reference  to  Fig.  4. 
However,  the  embodiment  of  is  additionally  provided 
with  an  interrupter  136  inserted  between  the  switch- 
ing  circuit  116  and  the  CRT  102. 

The  function  of  the  interrupter  136  is  to  interrupt 
the  supply  of  the  color  image  signal  VS3  from  the 
switching  circuit  116  to  the  CRT  102.  Specifically,  the 
amplitude  of  the  image  signal  VS3  is  made  to  be  zero, 
while  the  amplitude  of  the  sync  signals  are  kept  un- 
changed.  The  interruption  operation  of  the  interrup- 
ter  is  controlled  in  accordance  with  an  interruption 
control  signal  MUTE  from  the  control  circuit  114.  The 
interruption  control  signal  MUTE  is  generated  when 
it  is  found  that  the  difference  in  phase  between  the 
rotation  of  the  rotary  filter  106  and  the  output  of  the 
switching  circuit  116  is  beyond  a  predefined  allowable 
range.  The  phase  difference  can  be  detected  on  the 
basis  of  the  rotation  sync  pulse  RP  from  the  rotation 

sensor  112  and  the  vertical  sync  signal  from  the  sync 
signal  separator  124. 

With  the  use  of  the  interrupter  136,  it  is  ensured 
that  pictures  having  colors  different  from  the  original 

5  pictures  are  not  displayed  or  seen  to  the  viewer. 
In  the  embodiment  described,  the  interruption  is 

effected  when  the  detected  phase  difference  ex- 
ceeds  a  certain  predefined  range.  However,  it  is  also 
possible  to  effect  the  interruption  during  a  period 

10  when  it  is  expected  that  the  phase  difference  will  be 
(or  will  often  be)  beyond  permissible  range.  For  in- 
stance,  the  interruption  may  be  commanded  for  a 
certain  period  after  starting  the  drive  motor  110,  or 
until  the  speed  of  the  motor  reaches  a  certain  prede- 

15  fined  value. 
The  interruption  may  be  effected  where  interrup- 

tion  is  desired  for  any  other  reason. 

Embodiment  A4 
20 

Fig.  21  shows  another  embodiment  of  the  inven- 
tion.  Like  Fig.  19,  it  illustrates  part  only  of  the  entire 
circuit.  In  Fig.  21  ,  the  circuits  identical  to  those  in  the 
previous  drawings  are  denoted  by  identical  reference 

25  numerals.  The  overall  circuit  configuration  and  the  ar- 
rangement  of  the  CRT  and  the  coloring  device  are 
similar  to  those  described  with  reference  to  Fig.  4. 
The  embodiment  of  is  additionally  provided  with  an 
adder  138,  an  HPF  (high-pass  filter)  140,  and  another 

30  adder  1  42.  The  adder  1  38  adds  the  outputs  of  t  he  D/A 
converters  132R,  132G  and  132B.  The  HPF  140 
band-limits  the  output  of  the  adder  138  to  a  high- 
frequency  component.  The  adder  142  adds  the  output 
of  the  HPF  140  to  the  output  of  the  switching  circuit 

35  116. 
The  A/D  converters  128R,  128G  and  128G  are 

controlled  by  the  control  circuit  114  such  that  they 
sample  and  digitize  the  respective  input  at  timings 
shifted  from  each  other.  The  amount  of  shift  is  120° 

40  or  one  third  of  the  sampling  interval  for  each  of  the 
color  image  signals.  Fig.  22A  illustrates  such  shifting 
in  the  sampling  timings.  Identical  curves  (slope  lines 
of  a  fixed  gradient)  are  shown  for  all  of  the  R,  G  and 
B  signals.  The  sampling  points  are  indicated  by  cir- 

45  cles,  crosses,  triangles  and  squares.  The  sampling 
points  of  G  signal  are  delayed  from  the  sampling 
points  of  the  R  signal  by  one  third  of  the  sampling  in- 
terval  Ts.  The  sampling  points  of  B  signal  are  delayed 
from  the  sampling  points  of  the  G  signal  by  one  third 

so  of  the  sampling  interval  Ts. 
The  R,  G  and  B  signals  sampled  and  digitized  at 

different  timings  are  written  in  the  respective  memor- 
ies  130R,  130Gand  130B  at  the  same  interval  as  the 
sampling. 

55  The  R,  G  and  B  signals  are  read  from  the  mem- 
ories  130R,  130G  and  130B  and  D/A-converted  by 
the  D/A  converters  132R,  132G  and  132B,  at  a  rate 
three  times  the  rate  of  sampling  and  writing,  and  also 
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at  timings  shifted  from  each  other,  by  one  third  of  the 
interval  of  reading  and  D/A-converting  operations. 
Fig.  22B  illustrates  such  shifting  in  the  D/A  conver- 
sion  timings.  The  D/A  conversion  timings  are  indicat- 
ed  by  circles,  crosses,  triangles  and  squares.  It  is  not- 
ed  that  the  values  or  magnitudes  of  the  D/A-convert- 
ed  signals  are  not  changed  until  the  next  D/A  conver- 
sion.  The  D/A  conversion  timings  of  G  signal  are  de- 
layed  from  the  D/Aconversion  timings  of  the  Rsignal 
by  one  third  of  the  D/Aconversion  interval  Tr.  The  D/A 
conversion  timings  of  B  signal  are  delayed  from  the 
D/Aconversion  timings  of  the  G  signal  by  one  third  of 
the  D/Aconversion  interval  Tr.  The  D/Aconversion  in- 
terval  Tr  is  one  third  of  the  sampling  interval  Ts,  so  the 
shift  between  successive  D/Aconversion  operations 
is  one  ninth  of  the  sampling  interval. 

The  adder  138  adds  the  outputs  of  the  D/A  con- 
verters  132R,  132G  and  132B.  The  output  of  the  ad- 
der  138  is  shown  at  the  bottom  of  Fig.  22B. 

Comparison  of  the  three  diagrams  for  the  R,  G 
and  B  signals  and  the  diagram  at  the  bottom  in  Fig. 
22B,  it  will  be  observed  that  the  signal  obtained  by 
adding  the  R,  G  and  B  signals  which  are  read  and 
D/A-converted  at  timings  shifted  from  each  other  has 
a  horizontal  definition  (resolution)  three  times  higher 
than  the  definition  of  each  of  the  R,  G  and  B  signals. 
This  will  be  understood  by  comparing  the  intervals  of 
the  step-wise  change  of  the  signals  and  the  height  of 
each  of  the  steps. 

The  output  of  the  adder  138  is  passed  through 
the  HPF  140  to  remove  the  color  components  which 
are  below  about  1  .5  MHz.  The  output  of  the  HPF  140 
therefore  consists  only  or  mainly  of  the  luminance  sig- 
nal  components.  By  adding  the  output  of  the  HPF  140 
to  the  output  of  the  switching  circuit  116,  signals  hav- 
ing  a  higher  horizontal  definition  are  obtained.  The 
output  of  the  adder  142  is  supplied  via  an  amplifier, 
not  shown,  to  the  CRT  1  02. 

The  rest  of  the  operation  is  similar  to  that  descri- 
bed  with  reference  to  Fig.  4  in  connectionn  with  Prior 
Art  Example  2. 

Embodiment  A5 

Fig.  23  shows  another  embodiment  of  the  inven- 
tion.  It  illustrates  part  only  of  the  entire  circuit.  In  Fig. 
23,  the  circuits  identical  to  those  in  the  previous  draw- 
ings  are  denoted  by  identical  reference  numerals.  The 
overall  circuit  configuration  and  the  arrangement  of 
the  CRT  and  the  coloring  device  are  similar  to  those 
described  with  reference  to  Fig.  4.  However,  the  em- 
bodiment  of  Fig.  23  has  a  single  memory  130  instead 
of  the  three  memories  130R,  130G  and  130B.  The 
memory  130  has  a  capacity  for  one  field,  identical  to 
oneofthe  memories  130R,  130Gand  130B.  Aswitch- 
ing  circuit  144  similar  to  the  switching  circuit  116  of 
Fig.  4  is  provided  to  receive  the  output  of  the  color  sig- 
nal  separator  122,  while  the  switching  circuit  116  of 

Fig.  4  is  omitted.  A  single  A/D  converter  1  28,  instead 
of  the  three  A/D  converters  128R,  128G  and  128B,  is 
provided  to  A/D  converts  the  output  of  the  switching 
circuit  144.  Asingle  D/A  converter  132,  instead  of  the 

5  three  D/A  converter  132R,  132G  and  132B,  is  provid- 
ed  to  D/A  convert  the  output  of  t  he  memory  1  30.  The 
output  of  the  D/A  converter  is  supplied  via  an  ampli- 
fier,  not  shown,  to  the  CRT  102. 

The  frequency  converter  127  for  producing  the 
10  triple-frequency  horizontal  sync  signal  is  omitted. 

The  switching  circuit  144  selects  the  R,  G  and  B 
signals  in  turn  and  in  a  sequence  in  which  switching 
from  one  of  the  R,  G  and  B  signals  to  another  is  every 
horizontal  scanning  line.  To  effect  the  switching  every 

15  scanning  line,  the  switching  S  from  the  control  circuit 
114  is  produced  every  scanning  line.  The  output  of 
the  switching  circuit  144  is  a  time-division  multiplexed 
signal  of  R,  G  and  B  signals,  i.e.,  it  consists  of  a  se- 
quence  of  R,  G  and  B  signals,  with  each  of  R,  G  and 

20  B  signals  continuting  for  one  horizontal  line.  The  im- 
age  signal  of  one  out  of  every  three  scanning  lines  of 
each  color  is  contained  in  the  output  of  the  switching 
circuit,  while  the  image  signal  of  two  other  scanning 
lines  of  every  three  scanning  lines  is  dropped.  That 

25  image  signal  of  each  color  contained  in  the  output  of 
the  switching  circuit  144  is  of  scanning  lines  different 
from  the  scanning  lines  of  which  the  image  signals  of 
different  colors  are  also  contained. 

This  is  illustrated  in  Fig.  24Ato  Fig.  24E.  The  out- 
30  puts  of  the  color  signal  separator  122  are  shown  in 

Fig.  24A.  As  illustrated,  the  outputs  of  the  color  signal 
separator  122  respectively  contain  the  image  signals 
of  all  the  scanning  lines.  The  switching  circuit  144  se- 
lects  the  R  image  signal  for  the  first  line,  and  the  G 

35  image  signal  for  the  second  line,  and  the  B  image  sig- 
nal  for  the  third  line,  and  again  the  R  image  signal  for 
the  fourth  line,  and  so  on.  The  output  of  the  switching 
circuit  144  is  therefore  a  combination  of  the  R,  G  and 
B  signals,  each  for  every  third  line,  as  shown  in  Fig. 

40  24C.  The  output  of  the  switching  circuit  144  is  A/D- 
converted  at  the  A/D  converter  128  and  is  written  in 
the  memory  130. 

Image  signals  of  the  respective  colors  as  stored 
in  the  memory  130  consists  of  image  signals  of  every 

45  third  lines.  The  amount  of  data  of  image  signal  of  each 
color  which  is  contained  in  the  output  of  the  A/D  con- 
verter  and  is  stored  in  the  memory  130  for  one  field 
is  one  third  of  the  amount  of  the  image  signal  of  each 
color  for  one  field  which  would  be  stored  if  the  time- 

so  division  multiplexing  were  not  made. 
The  image  signals  of  the  respective  colors  are 

read  in  sequence  in  which  switching  from  one  color  to 
another  is  made  every  field,  each  "field"  as  meant 
here  consisting  of  one  third  of  all  the  scanning  lines 

55  in  one  field  in  its  ordinary  sense.  That  is,  the  image 
signals  of  every  third  line  of  a  first  color  (e.g.,  R),  i.e., 
all  the  (3n  +  1)-th  lines  (n  being  a  non-negative  inte- 
ger)  including  Ra  and  Rd  at  the  top  of  Fig.  24D,  are 
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read  in  sequence  to  produce  an  image  signal  of  the 
first  color  (e.g.,  red)  for  one  field  consisting  of  one 
third  of  the  horizontal  scanning  lines  of  a  second  color 
(e.g.,  green),  and  the  image  signals  of  every  third 
line,  i.e.,  al  the  (3n  +  2)-th  lines  including  Gb  and  Ge 
in  the  middle  of  Fig.  24D,  are  read  in  sequence  to  pro- 
duce  an  image  signal  of  the  second  color  for  one  field 
consisting  of  one  third  of  the  horizontal  scanning 
lines,  and  then  the  image  signals  of  every  third  line 
of  a  third  color  (e.g.,  blue),  i.e.,  all  the  3n-th  lines  in- 
cluding  Be  and  Bf  at  the  bottom  of  Fig.  24D,  are  read 
in  sequence  to  produce  an  image  signal  of  the  third 
color.  This  is  achieved  by  a  suitable  address  control 
by  means  of  the  control  circuit  114. 

Reading  from  the  memory  130  is  conducted  at 
the  same  rate  as  the  rate  of  writing.  It  should  again  be 
noted  that  the  rate  of  reading  and  the  rate  of  writing 
is  expressed  in  terms  of  samples  per  second.  But  as 
the  amount  of  data  for  each  color  isonethird,  the  time 
required  for  reading  image  signals  for  one  field  is  one 
third  of  the  time  required  for  writing  one  field  of  data 
(consisting  of  the  three  color  image  signals)  or  the 
time  which  would  be  required  for  one  field  of  data  for 
one  color  if  all  the  image  signals  as  output  from  the 
color  signal  separator  122  were  digitized  and  stored 
in  the  memory.  Accordingly,  the  vertical  scanning  fre- 
quency  is  three  times  as  the  vertical  scanning  fre- 
quency  of  the  original  video  signal,  or  the  signals  as 
written  in  the  memory  130,  so  the  triple-frequency 
vertical  sync  signal  is  supplied  to  the  CRT  102.  On  the 
other  hand,  the  horizontal  scanning  frequency  is 
identical  to  that  of  the  original  video  signal.  According- 
ly,  the  horizontal  sync  signal  extracted  from  the  orig- 
inal  video  signal  is  supplied  to  the  CRT  102. 

The  image  signals  read  from  the  memory  130  are 
D/A-converted  into  analog  signals,  which  are  sup- 
plied  via  an  amplifier  not  shown  to  the  CRT  102,  to 
produce,  in  sequence,  black-and-white  images  each 
having  a  brightness  corresponding  to  the  strength  of 
the  image  signals  of  each  color. 

The  scanning  lines  of  the  image  signals  of  differ- 
ent  colors  are  not  on  the  same  position  but  are  shifted 
in  the  vertical  direction.  This  is  achieved  by  shifting 
the  timing  of  reading  the  first  scanning  lines  of  each 
color  by  an  amount  corresponding  to  the  position  of 
the  scanning  lines  of  which  the  image  signals  are 
stored  in  the  memory  and  read.  For  instance,  the  first 
scanning  line  of  the  R  signal  scanning  line  starts  at 
the  same  position  as  the  first  scanning  line  in  ordinary 
scanning,  but  it  decreases  with  a  higher  gradient  than 
in  the  ordinary  scanning  as  shown  in  Fig.  24E,  be- 
cause  of  the  higher  vertical  frequency  and  the  un- 
changed  horizontal  scanning  frequency.  The  first 
scanning  line  of  the  G  signal  starts  at  the  same  pos- 
ition  as  the  second  scanning  line  in  the  ordinary  scan- 
ning.  The  first  scanning  line  of  the  B  signal  starts  at 
the  same  position  as  the  third  scanning  line  in  the  or- 
dinary  scanning.  The  second  scanning  line  of  the  R 

signal  starts  at  the  same  position  as  the  fourth  scan- 
ning  line  in  the  ordinary  scanning  line,  and  so  on. 
Thus  the  interval  between  the  scanning  lines  is  three 
times  that  of  the  ordinary  scanning. 

5  The  rotation  of  the  rotary  filter  1  06  is  so  controlled 
that  the  filter  section  of  each  color  overlie  the  screen 
103  when  the  image  of  the  corresponding  color  im- 
age  signal  are  formed  on  the  screen  103.  This  means 
that  the  rotary  filter  is  rotated  once  pervertical  period. 

10  With  the  arrangement  described  above,  the  total 
capacity  of  the  memory  for  storing  the  image  signals 
can  be  reduced  to  one  third.  The  vertical  definition  is 
lowered,  but  because  the  scanning  lines  of  the  image 
signals  of  different  colors  are  shifted  in  the  vertical  di- 

15  rection,  the  effective  vertical  definition  is  higher  than 
if  the  scanning  lies  of  all  the  three  colors  are  at  the 
same  position. 

Embodiment  A6 
20 

Ashortcoming  of  Embodiment  A5  is  that  the  vert- 
ical  definition  is  lowered  to  one  third  as  the  two  out 
of  every  three  horizontal  scanning  lines  for  each  color 
are  dropped.  In  Embodiment  A6,  the  configuration 

25  identical  to  that  of  Embodiment  A5  is  used  but  the 
manner  of  control  over  the  switching  circuit  144,  and 
the  reading  of  the  memory  130,  both  effected  by  the 
control  circuit  114,  is  changed  for  improve  the  vertical 
definition.  That  is,  the  switching  is  so  made  that  the 

30  image  signal  each  color  is  selected  at  different  hori- 
zontal  scanning  line.  In  other  words,  the  scanning 
lines  of  which  the  image  signal  of  each  color  is  select- 
ed  is  shifted  by  one  line  every  vertical  period  or  every 
field.  This  is  achieved  by  altering  the  order  of  selec- 

35  tion  of  the  image  signals  of  the  respective  colors  ev- 
ery  write  field  so  that  the  position  of  the  first  line  of 
the  image  signal  of  each  color  within  each  write  field 
is  altered  every  write  field.  An  example  of  such  control 
is  illustrated  in  Fig.  25Ato  Fig.  25C.  In  a  given  vertical 

40  period  shown  in  Fig.  25A,  the  R  image  signal  of  the 
scanning  lines  R1a,  R1d,  etc.,  which  are  (n  +  1)-th 
lines  in  the  field,  is  selected,  the  G  image  signal  of  the 
scanning  lines  G1b,  G1e,  etc.,  which  are  (n  +  2)-th 
lines  in  the  field,  is  selected,  and  the  B  image  signal 

45  of  the  scanning  lines  B1c,  B1f,  etc.,  which  are  n-th 
lines  in  the  field,  is  selected. 

In  a  next  vertical  period  shown  in  Fig.  25B,  the  R 
image  signal  of  the  scanning  lines  R2b,  R2e,  etc., 
which  are  (n  +  2)-th  lines  in  the  field,  is  selected,  the 

so  G  image  signal  of  the  scanning  lines  G2c,  G2f,  etc., 
which  are  n-th  lines  in  the  field,  is  selected,  and  the 
B  image  signal  of  the  scanning  lines  B2a,  B2d,  etc., 
which  are  (n  +  1)-th  lines  in  the  field,  is  selected. 

In  a  yet  next  vertical  period  shown  in  Fig.  25C,  the 
55  R  image  signal  of  the  scanning  lines  R3c,  R3f,  etc., 

which  are  n-th  lines  in  the  field,  is  selected,  the  G  im- 
age  signal  of  the  scanning  lines  G3a,  G3d,  etc.,  which 
are  (n  +  1)-th  lines  in  the  field,  is  selected,  and  the  B 
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image  signal  of  the  scanning  lines  B3b,  B3e,  etc., 
which  are  n-th  lines  in  the  field,  is  selected. 

The  selection  of  a  yet  next  vertical  period  is  iden- 
tical  to  that  shown  in  Fig.  25A.  Thus,  the  above  recited 
cycles  of  operation  are  repeated. 

When  reading  the  image  signal  of  each  color  for 
display  in  time  with  the  rotation  of  the  rotary  filter,  the 
timing  at  which  the  reading  is  commenced  (or  the  tim- 
ing  at  which  the  D/Aconversion  is  commenced  orthe 
timing  at  which  the  supply  of  the  signal  to  the  CRT 
102  is  commenced)  is  shifted  in  accordance  with  the 
s  h  if  t  (or  alteration  of  t  he  position)  of  t  he  f  irst  I  i  ne  of  t  he 
image  signal  of  the  particular  color. 

It  will  be  seen  from  Fig.  25A  to  Fig.  25C  that  the 
image  signals  of  all  the  scanning  lines  are  displayed 
over  three  fields,  and  the  vertical  definition  is  there- 
fore  higher  than  that  of  Embodiment  A5. 

If  interlaced  scanning  is  adopted  in  Embodiment 
A5  or  Embodiment  A6,  the  vertical  definition  is  further 
improved. 

Embodiment  A7 

Fig.  26  shows  a  color  image  display  device  of  an- 
other  embodiment  of  the  invention.  Circuits  identical 
or  corresponding  to  those  in  the  previous  drawings 
are  denoted  by  identical  reference  numerals.  The 
overall  configuration  of  the  circuit  is  similar  to  that 
shown  in  Fig.  4.  However,  amplifiers  146R,  146G  and 
146B  are  provided  to  receive  and  amplify  the  red  (R), 
green  (G)  and  blue  (B)  signals  from  the  color  signal 
separator  122,  and  the  switching  circuit  144,  similar 
to  that  of  Fig.  23  is  provided  to  receive  the  outputs  of 
the  amplifiers,  and  its  output  is  supplied  to  a  single 
A/D  converter  128,  which  is  provided  in  place  of  the 
three  A/D  converters.  The  switching  circuit  116  of  Fig. 
4  is  omitted,  but  an  equivalent  function  is  rendered  by 
the  shifted  timing  control  of  output  of  the  memories 
1  30R,  1  30G  and  1  30B.  A  single  D/A  converter  1  32  is 
provided  in  place  of  the  three  D/A  converters.  The 
control  circuit  114  of  this  embodiment  is  shown  in  de- 
tail. 

The  amplifiers  146R,  146Gand  146B  are  capable 
of  adjustment  of  the  amplification  factor  and  the  delay 
time.  The  amplification  factors  of  the  resepctive  am- 
plifiers  146R,  146G  and  146B  are  adjusted  to  opti- 
mize  the  color  balance,  which  are  also  affected  by 
optical  systems,  including  the  transparency  of  the  col- 
or  filters,  and  other  parts  of  the  circuits.  The  delay 
time  is  adjusted  to  have  color  image  signals  of  differ- 
ent  colors  sampled  at  corresponding  points,  as  will  be 
understood  from  the  following  description.  The  color 
image  signals  output  from  the  amplifiers  are  input  to 
a  signal  switching  circuit  or  multiplexer  144,  which  se- 
lects  the  color  image  signals  in  a  sequence  in  which 
the  switching  from  the  image  signal  of  one  color  to  an- 
other  is  made  every  sample. 

The  time-division  multiplexed  R,  G  and  B  color 

image  signals  are  input  to  an  analog-to-digital  (A/D) 
converter  128,  where  they  are  sampled  and  A/D-con- 
verted  (digitized)  into  a  digital  signal  which  consists  of 
a  sequence  of  digital  data  representing  the  sample 

5  values  of  R,  G  and  B  signals  in  repeated  succession. 
That  is,  the  digital  signal  consists  of  digital  data  of  a 
sample  taken  from  the  R  signal,  followed  digital  data 
of  a  sample  taken  from  the  G  signal,  followed  by  dig- 
ital  data  of  a  sample  taken  from  the  B  signal,  followed 

10  by  digital  data  of  a  sample  taken  from  the  R  signal, 
and  so  on. 

The  output  of  the  A/D  converter  128  are  applied 
to  data  input  terminals  MODr,  MODg,  MODb  of  mem- 
ories  130R,  130G  and  130B,  which  are  dual  port 

15  memories  capable  of  simultaneous  and  asynchron- 
ous  writing  and  reading.  The  sequence  of  data  of  the 
R  signals  are  written  in  the  memory  130R,  the  se- 
quence  of  data  of  the  G  signals  are  written  in  the 
memory  130G  and  the  sequence  of  data  of  the  B  sig- 

20  nals  are  written  in  the  memory  130B.  This  is  achieve 
by  appropriately  applying  control  clocks  MICKr, 
MICKg  and  MICKb  of  different  phases. 

The  data  stored  in  the  memories  130R,  130B  and 
1  30B  are  read  in  a  predetermined  sequence,  in  which 

25  switching  of  the  data  from  one  memory  to  another  is 
made  every  field.  That  is,  a  field  of  data  of  the  R  sig- 
nals  are  read  from  the  memory  130R,  then  a  field  of 
data  of  the  G  signals  are  read  from  the  memory  1  30G 
and  then  a  field  of  the  data  of  the  B  signals  are  read 

30  from  the  memory  130B.  The  same  process  is  similar- 
ly  repeated. 

The  D/A  converter  132  has  its  input  coupled  to  all 
the  output  of  the  memories  130R,  130G  and  130B, 
and  D/A-converts  the  signal  being  applied  to  its  input. 

35  The  control  circuit  114,  in  particular  the  memory  con- 
troller  77  controls  the  memories  130R,  130Gand  130 
B  such  that  the  memories  output  the  image  signals  in 
turn,  and  only  one  of  them  outputs  the  image  signal 
at  a  time. 

40  The  analog  signal  output  from  the  D/A  converter 
132  is  supplied  to  the  monochromatic  (black-and- 
white)  CRT  102,  as  described  above  and  cooperates 
with  a  rotary  filter  106. 

The  horizontal  sync  signal  H  separated  from  the 
45  composite  video  signal  CV  is  supplied  to  a  phase 

comparator  69,  frequency  converters  126  and  127,  an 
A/D  converter  controller  76,  a  memory  controller  77, 
and  a  D/A  converter  controller  78. 

The  phase  comparator  69  compares  the  phase  of 
so  the  horizontal  sync  signal  H  and  the  phase  of  a  fre- 

quency-divided  clock  PLLH  to  be  later  described,  and 
produces  a  voltage  signal  corresponding  to  the  result 
to  the  phase  comparison. 

The  output  signal  of  the  phase  comparator  69  is 
55  High  or  Low  depending  on  the  result  of  comparison. 

The  filter  70  smoothes  the  output  of  the  phase  com- 
parator  69.  The  output  of  the  filter  70  is  applied  to  a 
voltage-controlled  oscillator  71  ,  which  produces  a  ref- 

19 



35 EP  0  578  493  A2 36 

erence  clock  RCLK  the  frequency  of  which  varies  de- 
pending  on  the  voltage  from  the  filter  70.  Afrequency 
divider  74  frequency-divides  the  reference  clock  to 
produce  the  frequency-divided  clock  PLLH,  which  is 
supplied  to  the  phase  comparator  69.  The  phase  com- 
parator  69,  the  filter  70,  the  voltage-controlled  oscil- 
lator  71  and  the  frequency-divider  74  forms  a  PLL 
(phase-locked  loop).  The  reference  clock  RCLK  is 
supplied  to  the  signal  switching  circuit  75,  the  A/D 
converter  controller  76,  the  memory  controller  77  and 
the  D/A  converter  controller  78.  Thus,  clocks  in  syn- 
chronism  with  the  horizontal  sync  signal  H  are  sup- 
plied  to  various  circuits  in  the  control  circuit  114. 

Preferably,  the  number  of  clock  pulses  forming 
the  reference  clock  RCLK  that  are  produced  during 
each  horizontal  period  defined  by  the  horizontal  sync 
signal  H,  is  a  multiple  of  three,  or  the  ratio  of  the  write 
field  period  to  the  read  field  period,  such  that  both  the 
horizontal  period  of  the  read  field  and  the  horizontal 
period  of  the  write  field  are  defined  by  an  integer  mul- 
tiple  of  a  clock  pulse  period.  For  instance,  the  horizon- 
tal  period  of  the  read  field  is  defined  by  303  clock 
pulse  period,  while  the  horozontal  period  of  the  write 
field  is  defined  by  909  clock  pulse  period.  With  such 
an  arrangment,  shifting  of  the  picuture  in  the  horizon- 
tal  direction,  an  effect  similar  to  that  of  jitter,  can  be 
avoided. 

The  triple-frequency  sync  signals  V3  and  H3  from 
the  frequency  converters  126  and  127  are  supplied  to 
the  memory  controller  77,  D/A  converter  controller 
78,  and  the  CRT  102. 

The  switching  signal  S  generated  by  the  switch- 
ing  signal  generator  75  is  supplied  to  the  signal 
switching  circuit  144  for  control  over  the  switching  at 
the  switching  circuit  144.  The  conversion  clock  ADCK 
generated  by  the  A/D  converter  controller  76  is  sup- 
plied  to  the  A/D  converter  128. 

The  write  control  signal  generated  by  the  memory 
controller  77  is  supplied  to  the  write  signal  input  ter- 
minals  MICKr,  MICKg  and  MICKb  of  the  memories 
130R,  130Gand  1  30B  for  control  over  the  writing  into 
the  memories.  The  read  control  signal  generated  from 
the  memory  controller  77  is  supplied  to  the  read  sig- 
nal  input  terminals  MOCKr,  MOCKg  and  MOCKb  for 
control  over  the  output  from  the  memories.  The  read 
enable  signals  generated  from  the  memory  controller 
77  are  supplied  to  the  read  enable  signal  input  termi- 
nals  MOEr,  MOEg  and  MOEb  also  for  control  overthe 
output  from  the  memories. 

The  output  enable  signal  DAE  and  the  conversion 
clock  DACK  generated  by  the  D/A  converter  control- 
ler  78  are  supplied  to  the  D/A  converter  132. 

A  drive  controller  67  produces  a  drive  signal  DV 
to  control  the  rotation  of  the  motor  110  in  accordance 
with  the  rotation  sync  pulses  RP  from  the  sensor  112 
and  the  rotation  frequency  pulses  FP  from  the  motor 
110,  and  a  drive  amplifier  66  is  responsive  to  the  drive 
signal  DV  and  supplies  the  drive  current  DA  to  the 

motor  110. 
The  frequency  converters  126  and  127,  the  fre- 

quency  divider  74,  the  switching  signal  generator  75, 
the  A/D  converter  controller  76,  the  memory  control- 

5  ler  77  and  the  D/A  converter  controller  78  are  formed 
of  gate  arrays  and  the  like  in  the  form  of  an  integrated 
circuit  79.  The  phase  comparator  69,  the  filter  70,  the 
voltage-controlled  oscillator  71  ,  the  frequency  divider 
74,  the  switching  signal  generator  75,  the  A/D  conver- 

10  ter  controller  76,  the  memory  controller  77,  and  the 
D/A  converter  controller  78,  the  drive  controller  67 
and  the  drive  amplifiers  66  in  combination  form  the 
control  circuit  114  of  this  embodiment. 

The  color  image  signals  are  amplified  by  the  am- 
is  plifiers  146R,  146G  and  146B.  The  amplification  fac- 

tors  of  the  respective  amplifiers  116R,  146G  and 
146B  are  adjusted  dependent  on  the  transparencies 
of  the  filter  sections  of  the  respective  colors,  and  the 
beam-to-light  conversion  efficiencies  of  the  respec- 

20  tive  color  components  of  the  fluorescent  material  in 
the  CRT  102.  At  least  two  of  the  amplifiers  146R, 
1  46G  and  1  6B  have  a  delay  time  such  that  the  signals 
output  from  the  amplifiers  146R,  146G  and  146B  are 
delayed  with  respect  to  each  other,  as  shown  in  Fig. 

25  27A,  Fig.  27B  and  Fig.  27C,  assuming  that  the  R,  G 
and  G  signals  are  of  the  same  waveform.  It  is  seen 
that  G  signal  is  delayed  relative  to  the  R  signal,  and 
B  signal  is  delayed  relative  to  the  G  signal.  The 
amount  of  the  delay  is  one  third  of  the  sampling  per- 

30  iod,  i.e.,  the  interval  between  successive  samplings 
of  one  of  the  R,  G  and  B  signals,  e.g.,  the  R  signal. 
The  reason  for  introducing  such  delay  will  be  clear 
from  the  following  description. 

The  switching  circuit  144  sequentially  and  repeat- 
35  edly  selects  the  R,  G  and  B  signals,  each  for  a  period 

of  one  third  of  the  sampling  period.  The  result  is  that 
a  time-division  multiplexed  color  image  signals  shown 
in  Fig.  27D  are  obtained. 

The  color  image  signal  is  input  to  the  A/D  conver- 
40  ter  128,  where  it  is  A/D-converted  into  digital  signal, 

shown  in  Fig.  27E,  which  are  written  in  the  memories 
130R,  130G  and  130B.  The  write  signals  applied  to 
the  memories  130R,  130G  and  130B  are  shifted  by 
one  third  of  the  sampling  period,  so  that  the  se- 

45  quence  of  the  data  of  the  respective  colors  are  written 
in  the  respective  memories.  That  is,  the  sequence  of 
data  corresponding  to  R  signal  are  written  in  the 
memory  130R,  the  sequence  of  data  corresponding 
to  G  signal  are  written  in  the  memory  130G,  and  the 

so  sequence  of  data  corresponding  to  B  signal  are  writ- 
ten  in  the  memory  130B.  This  is  illustrated  in  Fig.  28A 
to  Fig.  28E. 

Fig.  28A  shows  the  sampling  points  of  the  re- 
spective  color  image  signals.  Fig.  28B  shows  digital 

55  color  image  signals  output  from  the  A/D  converter 
128.  Fig.  28C,  Fig.  28D  and  Fig.  28E  write  control  sig- 
nals  applied  ot  the  write  signal  input  terminals  MICKr, 
MICKg  and  MICKb  of  the  memories  130R,  130G  and 

20 
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1  30B.  The  data  as  output  from  the  A/D  converter  128 
are  written  at  the  rising  edges  of  the  write  signals,  so 
the  timing  at  which  the  writing  occurs  in  the  respec- 
tive  memories  differ  from  each  other  as  described 
above. 

The  digital  color  image  signals  having  been  writ- 
ten  in  the  memories  130R,  130G  and  130B  are  read 
in  time  with  the  read  signals  having  a  frequency  three 
times  that  of  the  write  signals,  and  in  synchronism 
with  the  vertical  sync  signal  V.  That  is,  one  field  of  col- 
or  image  signals  of  each  color  is  read  in  one  third  of 
a  write  field  period.  The  fields  of  the  respective  colors 
are  read  in  sequence,  e.g.,  in  the  order  of  R,  G  and 
B. 

Fig.  29Ato  Fig.  29D  show  the  vertical  sync  signal 
V  and  the  read  enable  signals  MOEg,  MOEb  and 
MOEr,  which  are  Low  when  active.  As  illustrated,  the 
read  enable  signals  MOEg,  MOEb  and  MOEr  are  ac- 
tive  in  turn,  each  for  a  period  of  one  third  of  one  vert- 
ical  period  or  the  field  period  VP.  Each  of  the  memor- 
ies  130G,  130Band  130R  is  in  a  state  in  which  reading 
is  possible  when  the  corresponding  read  enable  sig- 
nal  MOEg,  MOEb  or  MOEr  is  active.  By  controlling  the 
read  enable  signals  in  this  way,  the  digital  color  image 
signals  are  produced  in  turn  from  the  memories 
130G,  130B  and  130R. 

In  reading  the  image  signals  from  the  memories, 
the  timing  at  which  the  reading  of  each  field  of  image 
signals  is  commenced  is  so  adjusted  as  to  produce  a 
sequence  of  fields  of  images  signals  for  interlaced 
scanning.  In  such  a  sequence  of  image  signals,  the 
switching  between  odd  fields  and  even  fields  occur 
every  three  fields.  That  is,  odd  three  fields  for  three 
colors  are  followed  by  three  even  fields  for  three  col- 
ors,  which  in  turn  are  followed  by  three  odd  fields  for 
three  colors,  and  so  on. 

This  is  illustrated  in  Fig.  30Ato  Fig.  30D,  in  which 
an  odd  field  and  an  even  of  the  original  video  signal 
are  respectively  indicated  by  F1  and  F2.  Odd  fields 
formed  of  G,  B  and  R  image  signals  which  are  ob- 
tained  from  the  odd  field  F1  and  which  are  stored  in 
the  memories  130G,  130B  and  130Rare  respectively 
indicated  by  G1,  B1  and  R1  in  Fig.  30B,  Fig.  30Cand 
Fig.  30D.  Even  fields  formed  of  the  G,  B  and  R  image 
signals  which  are  obtained  from  the  odd  field  F1  and 
which  are  stored  in  the  memories  130G,  130B  and 
130R  are  respectively  indicated  by  G2,  B2  and  R2  in 
Fig.  30B,  Fig.  30C  and  Fig.  30D.  The  writing  of  image 
signals  G1,  B1,  R1,  G2,  B2,  R2,  etc.  in  the  memories 
is  commenced  in  synchronism  with  the  first  horizontal 
sync  signal  H  subsequent  to  the  vertical  sync  signal 
V.  A  combination  (F1  +  F2)  of  the  odd  and  even  fields 
F1  and  F2  forming  a  complete  frame  is  also  shown  at 
the  right  end  in  Fig.  30A. 

The  fields  of  color  image  signals  are  read  in  the 
sequence  of  G1  ,  B1  ,  R1  ,  G2,  B2,  R2,  and  so  on.  In  the 
control  for  producing  interlaced  scanning  according  to 
this  embodiment,  the  timing  of  beginning  the  reading 

of  the  image  signals  of  each  field  is  adjusted  to  be 
suitable  for  interlaced  scanning  in  which  the  switch- 
ing  between  odd  and  even  fields  is  made  every  three 
read  field,  or  every  write  field.  This  is  achieved  by  us- 

5  ing  signals  shown  in  Fig.  31  Band  Fig.  31  C.  The  signal 
shown  in  Fig.  31  B  is  the  triple-frequency  horizontal 
sync  signal  H3  in  synchronism  with  the  horizontal 
sync  signal  H.  The  signal  shown  in  Fig.  31  C  is  a  shift- 
ed  triple-frequency  horizontal  sync  signal  H3s  shifted 

10  by  one  half  the  period  of  the  horizontal  sync  signal 
H3.  The  reading  of  the  image  signals  of  the  odd  fields 
is  made  in  synchronism  with  the  triple-frequency  hor- 
izontal  sync  signal  H3,  while  the  reading  of  the  image 
signals  of  the  even  fields  is  made  in  synchronism  with 

15  the  shifted  sync  signals  H3s.  More  specifically,  the 
reading  of  each  of  the  odd  field  is  commenced  in  syn- 
chronism  with  the  first  horizontal  sync  signal  H3  sub- 
sequent  to  the  vertical  sync  signal  V3  of  each  field, 
and  the  reading  of  each  line  of  the  image  signals  is 

20  commenced  in  synchronism  with  the  each  of  the  hor- 
izontal  sync  signals  H3.  The  reading  of  each  of  the 
even  field  is  commenced  in  synchronism  with  the  first 
shifted  horizontal  sync  signal  H3s  subsequent  to  the 
vertical  sync  signal  V3  of  each  field,  and  the  reading 

25  of  each  line  of  the  image  signals  is  commenced  in 
synchronism  with  each  of  the  shifted  horizontal  sync 
signals  H3s. 

The  image  signals  read  in  the  above  sequence 
and  with  the  above  timings  are  D/A-converted  at  the 

30  D/A  converter  132  and  are  then  supplied  to  the  CRT 
1  02  for  displaying  the  fields  of  images  in  turn,  in  time 
with  the  rotation  of  the  rotary  filter  106. 

In  the  embodiment  described  above,  only  a  single 
A/D  converter  128  is  used  to  sequentially  sample  the 

35  three  image  signals,  and  yet  the  timings  at  which  the 
image  signals  of  the  three  colors  are  sampled  are  at 
corresponding  positions  because  of  the  different  de- 
lays  at  the  amplifiers  146R,  146G  and  146B.  As  a  re- 
sult,  color  contamination  due  to  differences  in  sam- 

40  pling  points  can  be  avoided. 
Moreover,  as  the  horizontal  scanning  period  in 

the  NTSC  system  and  the  horizontal  scanning  period 
in  the  PAL  system  are  about  the  same,  the  embodi- 
ment  described  above  can  be  readily  applied  to  both 

45  of  the  systems. 

Modifications  to  Embodiments  A1  to  A7 

In  the  embodiments  described,  the  color  signal 
so  separator  is  used  to  produce  R,  G  and  B  image  sig- 

nals.  However,  the  color  signal  separator  122  is  not 
required  where  the  color  image  signals  RS,  GS  and 
BS  are  supplied  from  the  outside  of  the  color  image 
display  device. 

55  In  the  embodiments  described,  the  sync  separa- 
tor  is  used  to  extract  the  vertical  and  horizontal  sync 
signals  V  and  H.  However,  the  sync  separator  124  is 
not  required  where  the  sync  signals  V  and  H  are  sup- 
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plied  from  outside  of  the  color  image  display  device. 
In  the  various  embodiments  described  above,  the 

image  signals  are  read  at  a  rate  three  times  the  rate 
at  which  the  they  are  written  in  the  memories.  How- 
ever,  the  reading  may  be  at  a  rate  other  than  three 
time  the  rate  of  writing.  If  the  rate  of  reading  is  n  times 
(n  being  an  integer)  the  rate  of  writing  and  the  rotary 
filter  shown  in  Fig.  2  (having  a  single  set  of  filter  sec- 
tions)  the  rotary  filter  is  rotated  at  a  speed  n/3  revo- 
lutions  per  a  vertical  period  of  the  input  video  signal. 

In  various  embodiments  described  above,  rotary 
filter  1  06  has  a  single  set  of  t  hree  filter  sections  1  06R, 
106G  and  106B  of  the  three  primary  colors.  The  ro- 
tary  filter  106  may  alternatively  have  two  sets  of  filter 
sections.  The  first  set  consisting  of  three  filter  sec- 
tions  106R1,  106G1  and  106B1  of  red,  green  and 
blue,  and  the  second  consisting  of  three  filter  sec- 
tions  106R2,  106G2  and  106B2  of  red,  green  and 
blue,  as  illustrated  in  Fig.  32A.  The  filter  sections 
106R1,  106G1,  106B1,  106R2,  106G2and  106G2are 
consecutive  in  the  direction  of  rotation  so  that  they 
sequentially  and  continuously  overlie  the  screen  103 
of  the  CRT  102.  In  the  state  shown  in  Fig.  32A,  the 
scanning  line  103s  is  at  or  near  the  upper  edge  of  the 
screen  103s,  and  the  border  line  106br  between  the 
filter  sections  106B2and  106R1  is  at  the  center  of  the 
screen  103.  In  step  with  the  downward  movement  of 
the  scanning  line  103s  (by  vertical  deflection  or  scan- 
ning),  the  rotary  filter  rotates,  in  the  direction  of  arrow 
106A,  as  shown  in  Fig.  32B,  Fig.  32C  and  Fig.  32D. 
In  the  state  shown  in  Fig.  32D,  the  scanning  line  1  03s 
is  again  at  or  near  the  upper  edge  of  the  screen  103, 
and  the  border  line  106rg  between  the  filter  sections 
106R1  and  106G1  is  at  the  center  of  the  screen. 

By  the  use  of  the  rotary  filter  1  06  having  two  sets 
of  filter  sections,  the  rotational  speed  of  the  rotary  fil- 
ter  can  be  lowered  to  one  half  (compared  with  case 
where  the  rotary  filter  has  only  one  set  of  filter  sec- 
tions).  This  is  advantageous  because  the  noises  due 
to  rotation  can  be  reduced,  and  the  voltage  for  driving 
the  motor  110  can  be  lowered.  Moreover,  the  accura- 
cy  requirement  in  mounting  the  filter  sections  is  alle- 
viated,  and  the  permissible  rotational  phase  error  is 
increased. 

The  number  of  the  sets  of  the  filter  sections  may 
be  further  increased  to  three,  or  more. 

In  place  of  the  disk-shaped  rotary  filter  1  06,  a  ro- 
tary  filter  148  having  a  shape  of  a  truncated  circular 
cone,  as  shown  in  Fig.  33  and  Fig.  34  may  be  used. 
The  rotary  filter  148  illustrated  in  Fig.  33  and  Fig.  34 
also  has  two  sets  of  filter  sections,  148R1,  148G1, 
148B1,  148R2,  148G2  and  148B2. 

The  rotary  filter  148  is  rotatable  about  the  axis  of 
the  cone  and  is  equally  divided  by  generators 
(straight  lines  extending  along  the  surface  of  the  cone 
and  passing  through  the  vertex  of  the  cone)  of  the 
cone  into  the  red,  green  and  blue  filter  sections 
148R1,  148G1,  148B1,  148R2,  148G2  and  148B2. 

The  screen  103  of  the  CRT  102  is  provided  to 
confront  the  outer  conical  surface  of  the  rotary  filter 
148.  By  the  use  of  the  conical  rotary  filter,  the  diam- 
eter  of  the  filter  can  be  reduced,  and  the  overall  size 

5  of  the  device  can  be  reduced. 
In  connection  with  the  embodiments  described, 

the  filter  sections  of  the  rotary  filter  are  made  to  over- 
lie  the  screen  of  the  display  device.  However,  the  in- 
vention  is  not  limited  to  such  an  arrangement.  What 

10  is  essential  that  the  filter  section  be  made  to  be  inter- 
posed  in  an  optical  path  from  the  screen  to  a  prede- 
fined  viewing  postion,  at  which  the  viewer  receives 
the  light  from  the  screen. 

The  display  device  of  the  invention  having  been 
15  described  above  can  be  used  as  a  view  finder  in  a  vid- 

eo  camera,  or  as  a  projection  television  set. 

Embodiment  B1 

20  Fig.  35  shows  a  video  signal  processor  for  con- 
verting  the  R,  G  and  B  video  signals  into  a  field  se- 
quential  signals  used  in  a  display  performing  field  se- 
quential  display  of  R,  G  and  B  video  signals.  Fig.  35 
shows  only  such  part  of  the  video  signal  processor 

25  which  relates  to  production  of  the  decoded  color  im- 
age  signal,  e.g.,  B  signal,  of  one  of  a  plurality  of  col- 
ors. 

In  this  embodiment  as  well  as  other  embodi- 
ments  subsequenly  described,  reference  numerals 

30  identical  to  those  in  the  drawings  of  the  prior  art  of 
Fig.  10  to  Fig.  18  denote  identical  or  corresponding 
members  or  circuits. 

The  scanning  frequency  is  higher  than  the  scan- 
ning  frequency  used  in  the  conventional  display  unit. 

35  It  is  assumed  to  be  three  times  the  scanning  frequen- 
cy  used  in  the  conventional  display  unit. 

Acontrol  signal  generator  50  provides  control  sig- 
nals  and  clocks  used  for  control  over  other  circuits.  In 
the  embodiment  of  Fig.  35,  clocks  A/DCLK  and 

40  D/ACLK  are  shown  to  be  produced  from  the  control 
signal  generator  50.  But  other  signals  which  may  be 
necessary  are  also  produced,  although  thhey  are  not 
shown.  The  control  signal  generator  50,  in  combina- 
tion  with  inverters  7  and  8  inverting  the  clocks 

45  A/DCLK  and  D/ACLK,  forms  a  control  circuit  of  this 
embodiment. 

An  LPF  1  2  extracts  the  low-frequency  component 
of  the  color  signal  (which  is  a  chrominance  signal 
component)  from  the  output  signal  of  the  D/Aconver- 

50  ter  3b.  An  HPF  13  removes  the  chrominance  signal 
component  from  the  output  signal  of  the  switch  9.  An 
LPF  14  removes  the  aliasing  noises  from  the  output 
signal  of  the  HPF  13,  thereby  producing  a  signal  con- 
sisting  of  the  luminance  signal  component.  An  adder 

55  15  adds  the  chrominance  signal  component  from  the 
LPF  12  and  the  luminance  signal  component  from  the 
LPF  14. 

The  video  signal  is  comprised  of  a  luminance  sig- 
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nal  and  chrominance  signals.  The  luminance  signal 
has  the  same  frequency  band  as  the  video  signal.  The 
bandwidth  of  the  chrominance  signals  may  not  be  so 
wide.  Because  of  the  limitation  of  the  resolving  power 
of  the  human  eyes,  it  is  sufficient  if  the  chrominance 
signal  has  a  bandwidth  of  0.5  to  1  .5  MHzforthe  NTSC 
system,  and  1.3  MHzforthe  PAL  system. 

The  R,  G  and  B  video  signals  contain  chromi- 
nance  signal  signal  components  which  are  not  related 
with  each  other,  as  well  as  a  luminance  signal  low-fre- 
quency  component  (luminance  signal  component  in 
the  low  frequency  band  of  up  to  1.5  MHz),  and  a  lu- 
minance  signal  high-frequency  component  (above 
1.5  MHz)  which  is  common  between  the  R,  G  and  B 
video  signals.  In  other  words,  the  R,  G  and  B  video 
signals  can  be  divided  into  low  frequency  components 
which  are  not  related  to  each  other  and  high  frequen- 
cy  components  which  are  identical  to  each  other. 

In  the  following  description,  the  low-frequency 
component  of  R  video  signal  (which  is  not  related  to 
the  low-frequency  components  of  the  G  and  B  video 
signal)  at  a  sample  point  n  is  represented  by  Rn,  and 
the  high  frequency  component  of  the  R  video  signal 
(which  is  identical  to  the  high-frequency  component 
of  the  G  and  B  video  signals)  at  the  sample  point  n  is 
represented  by  YHn.  The  R  video  signal  can  therefore 
be  represented  by  Rn  +  YHn.  Similarly,  the  low-fre- 
quency  component  of  G  video  signal  at  a  sample  point 
n  is  represented  by  Gn,  and  the  high  frequency  com- 
ponent  of  the  G  video  signal  at  the  sample  point  n  is 
represented  by  YHn.  The  G  video  signal  can  therefore 
be  represented  by  Gn  +  YHn.  Similarly,  the  low-fre- 
quency  component  of  B  video  signal  at  a  sample  point 
n  is  represented  by  Bn,  and  the  high  frequency  com- 
ponent  of  the  B  video  signal  at  the  sample  point  n  is 
represented  by  YHn.  The  B  video  signal  can  therefore 
be  represented  by  Bn  +  YHn.  Although  the  low-fre- 
quency  components  of  the  video  signal  also  contain 
luminance  signal  components,  they  are  sometimes 
referred  to  simply  as  chrominance  signal  compo- 
nents. 

In  the  following  description,  it  is  assumed  that  the 
frequency  f̂ o  of  the  control  clock  for  the  A/D  conver- 
ters  1b,  Igaand  the  frequency  fD/A  of  the  control  clock 
for  the  D/A  converters  3b  and  3ga  are  identical  to 
each  other. 

The  G  and  B  input  signals  have  a  frequency  dis- 
tribution  shown  in  Fig.  38A. 

The  LPFs  4b  and  4ga  respectively  band-limit  the 
input  signals  to  a  frequency  (fA/D-fc).  which  is  the  con- 
trol  clock  frequency  minus  the  frequency  band  fc  of 
the  chrominance  signal  component,  which  is  for  ex- 
ample  1  .5  MHz.  The  output  signals  of  the  LPFs  4b  and 
4ga  have  a  frequency  distribution  shown  in  Fig.  38B. 

The  the  A/D  converters  1b  and  1ga,  and  field 
memories  2b  and  2ga,  and  the  D/A  converters  3b  and 
3ga  are  similar  to  the  A/D  converters  1  and  1a,  the 
field  memories  2  and  2a,  and  the  D/A  converters  3 

and  3a  in  the  prior  art  example  of  Fig.  10.  The  control 
clocks  applied  to  the  circuits  1ga,  2ga  and  3ga  and 
the  control  clocks  applied  to  the  circuits  1  b,  2b  and  3b 
are  1  80°  out  of  phase  from  each  other.  The  sampling 

5  time  points  of  the  A/D  converter  1  b  are  denoted  by  n, 
n+1,  n+2  while  the  sampling  time  points  of  the  A/D 
converter  1ga  are  denoted  by  m,  m+1,  m+2 

The  output  signals  of  the  D/A  converters  3b  and 
3ga  contains  aliasing  noises  from  the  control  clock 

10  frequency  fD/A,  as  shown  in  Fig.  38C  and  Fig.  38D. 
The  output  signal  components  can  be  denoted  by  Bn 
+  YHn,  and  Gm  +  YHm,  as  shown  in  Fig.  36Aand  Fig. 
36B. 

The  LPF  12  extracts  the  chrominance  signal 
15  component  B  from  the  output  signal  of  the  D/A  con- 

verter  3b.  For  this  purpose,  it  band-limits  the  signal 
to  the  frequency  of  not  higher  than  fc.  The  output  sig- 
nal  of  the  LPF  12  is  as  shown  in  Fig.  39C.  Its  compo- 
nent  consists  of  Bn  alone  as  shown  in  Fig.  37A. 

20  The  output  signal  of  the  switch  9  has  a  waveform 
shown  in  Fig.  37B  having  twice  as  many  sampling 
points,  and  contains  the  aliasing  noises  from  the  fre- 
quency  twice  the  control  clock  frequency  fD/A  that  are 
introduced  because  of  the  switching  at  the  switch  9. 

25  The  aliasing  noises  from  the  control  clock  frequency 
fD/Adue  to  the  sampling  at  the  D/A  converters  3b  and 
3ga  cancel  each  other  because  of  the  phase  differ- 
ence  of  180°  between  the  clocks  used  for  the  sam- 
pling  at  the  D/A  converters  3b  and  3ga.  This  is  by  the 

30  same  mechanism  as  described  with  reference  to  the 
prior  art  of  Fig.  14. 

The  output  signals  of  the  switch  9  has  a  frequen- 
cy  distribution  shown  in  Fig.  39Aand  its  components 
are  (Bn  +  YHn)  +  (Gm  +  YHm),  as  shown  in  Fig.  37B. 

35  The  HPF  13  blocks  components  of  not  higher 
than  fc,  i.e.,  the  chrominance  signal  component,  and 
removes  the  chrominance  signal  components  of  B 
and  G  from  the  output  signal  of  the  switch  9. 

The  LPF  14  band-limits  output  signal  of  the  HPF 
40  13  to  a  bandwidth  of  not  higher  than  (fD/A  -  fc),  to 

thereby  remove  any  residual  aliasing  noises  from  the 
control  clock  frequency  fD/A  and  the  aliasing  noises 
from  the  double  frequency  2fD/A.  The  output  of  the 
LPF  14  is  as  shown  in  Fig.  39B.  The  output  signal  is 

45  YHn  +  YHm,  as  shown  in  Fig.  37C.  Thus,  it  consists 
of  the  luminance  signal  component  YH  alone. 

The  adder  15  adds  the  color  signal  component  B 
from  the  LPF  12  and  the  luminance  signal  component 
YH  from  the  LPF  14,  to  produce  a  signal  having  a  fre- 

50  quency  distribution  as  shown  in  Fig.  39D.  The  output 
signal  components  are  (Bn  +  YHn  +  YHm)  as  shown 
in  Fig.  37D. 

As  has  been  described,  in  the  video  signal  proc- 
essor  of  Embodiment  B1,  the  luminance  signal  com- 

55  ponent  YHm  of  the  G  signal  sampled  at  different  sam- 
pling  points  is  added  to  the  B  signal,  so  that  the  sam- 
pling  frequency  is  effectively  doubled.  The  signal 
bandwidth  is  expanded  to  (fD/A  -  fc).  The  reduction  of 
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fc  is  due  to  the  necessity  to  remove  the  aliasing  nois- 
es  of  the  chrominance  signal  components  from  the 
control  clock  frequency  fD/A. 

Consideration  on  f̂ p  and  fD/A 

Where  l̂ o  =  fD/A,  as  has  been  assumed,  the 
bandwidth  fc  of  the  chrominance  signal  component  at 
the  A/D  converter  and  the  bandwidth  fc  of  the  chro- 
minance  signal  component  at  the  D/A  converter  are 
identical.  Where  fao  fD/A,  it  is  necessary  to  perform 
frequency  scaling  between  the  A/D  converter  and  the 
D/A  converter.  If  the  bandwidth  of  the  chrominance 
signal  component  at  the  A/D  converter  is  fc,  the  band- 
width  fc'  of  the  chrominance  signal  component  at  the 
D/A  converter  is: 

fc'  =  fc  x  (̂ diâ md) 
The  signal  bandwidth  at  the  D/A  converter,  i.e., 

the  bandwidth  of  the  output  signal  of  the  adder  15  is 
given  by: 

fD/A  -  fc  x  D̂IÂND  =  D̂IÂND  x  N̂D  "  fc) 
The  bandwidth  at  the  A/D  converter  is  given  by 

performing  frequency-scaling,  i.e.,  by  multiplying  the 
above-given  bandwidth  with  Iaid̂ dia-  The  signal 
bandwidth  at  the  A/D  converter  is  therefore  (l̂ o  -  fc), 
which  is  identical  to  that  described  above. 

Thus,  it  is  understood  that  there  is  no  difference 
in  the  signal  bandwidth  at  the  A/D  converter  between 
a  situation  where  fao  fD/A  and  a  situation  where  1 ^  
=  fD/A.  So,  it  is  sufficient  if  we  consider  the  situation 
where  f̂ o  =  fD/A. 

In  the  above  description,  a  high-order  scanning, 
such  as  three-time  scanning  is  performed  to  perform 
field-sequential  display  of  R,  G  and  B  video  signals, 
thereby  converting  video  signal  of  three  primary  col- 
ors  into  field-sequential  signals.  The  concept  dis- 
closed  in  this  embodiment  as  well  as  other  embodi- 
ments  described  subsequently  can  be  applied  to 
other  video  signal  processor. 

Embodiment  B2 

Fig.  40  shows  another  embodiment  of  the  video 
signal  processor.  The  video  signal  processor  of  this 
embodiment  is  capable  of  producing  field  sequential 
signals  of  red,  green  and  blue  in  sequence.  The  cir- 
cuits  identical  or  corresponding  to  those  of  Fig.  35  are 
denoted  by  identical  reference  numerals.  The  circuits 
with  identical  reference  numerals  except  for  the  suffix 
"r"  substituting  "g"  or  "b"  are  identical  except  that  they 
process  the  R  signal  instead  of  G  or  B  signals.  The 
clocks  used  in  the  circuits  for  processing  the  R  and 
G  signals,  and  the  clocks  used  in  the  circuits  for  proc- 
essing  the  B  signal  are  180°  out  of  phase  from  each 
other. 

A  switch  10  selects  either  the  output  data  from 
the  field  memory  2ra  or  the  output  data  from  the  field 
memory  2ga.  Aswitch  11  selects  eitherthe  output  sig- 

nal  from  the  D/A  converter  3  or  the  output  signal  from 
the  D/A  converter  3a.  Similarly,  a  switch  9  selects 
either  the  output  signal  from  the  D/A  converter  3  or 
the  output  signal  from  the  D/A  converter  3a. 

5  For  producing  the  R  signal,  the  switch  1  0  is  made 
to  select  the  data  from  the  field  memory  2ra,  and  the 
switch  11  is  made  to  select  the  data  from  the  D/A  con- 
verter  3a,  and  the  switch  9  is  made  to  select  the  data 
from  the  D/A  converter  3. 

10  For  producing  the  G  signal,  the  switch  10  is  made 
to  select  the  data  from  the  field  memory  2ga,  and  the 
switch  11  is  made  to  select  the  data  from  the  D/A  con- 
verter  3a,  and  the  switch  9  is  made  to  select  the  data 
from  the  D/A  converter  3. 

15  For  producing  the  B  signal,  the  position  of  the 
switch  10  is  arbitrary,  i.e.,  it  may  be  in  a  position  for 
selecting  the  data  from  the  field  memory  2ra  or  in  a 
position  for  selecting  the  data  from  the  field  memory 
2ga,  and  the  switch  11  is  made  to  select  the  data  from 

20  the  D/A  converter  3,  and  the  switch  9  is  made  to  se- 
lect  the  data  from  the  D/A  converter  3a. 

By  controlling  the  switches  9,  10  and  11  in  the 
manner  described  above,  the  field  sequential  R,  G 
and  B  signals  are  produced  at  the  output  of  the  adder 

25  15.  When  the  R  signal  is  produced  at  the  output  of  the 
adder  15,  the  luminance  signal  of  the  B  signal,  with 
different  sampling  points,  are  added.  When  the  G  sig- 
nal  is  produced  at  the  output  of  the  adder  15,  the  lu- 
minance  signal  of  the  B  signal,  with  different  sam- 

30  pling  points,  are  added.  When  the  B  signal  is  pro- 
duced  at  the  output  of  the  adder  15,  the  luminance 
signal  of  either  the  R  signal  or  the  G  signal,  with  dif- 
ferent  sampling  points,  are  added. 

The  signal  bandwidth  of  the  video  signal  proces- 
35  sor  of  this  embodiment  is  fao  -  fc. 

Embodiment  B3 

Fig.  41  shows  part  of  the  video  signal  processor 
40  of  another  embodiment.  Fig.  41  shows  only  such  part 

of  the  video  signal  processor  which  relates  to  produc- 
tion  of  the  decoded  color  signal,  e.g.,  B  signal,  of  a 
plurality  of  colors.  The  field  phase  inverter  16  re- 
ceives  the  clock  A/DCLK  and  outputs  a  pair  of  clocks 

45  1  80°  having  the  same  frequency  as  and  in  synchron- 
ism  with  the  clock  A/DCLK,  and  out  of  phase  from 
each  other,  and  shifts  the  phases  of  the  output  clocks 
by  180°  each  time  an  A/D  field  pulse  is  applied.  The 
field  phase  inverter  17  receives  the  clock  D/ACLK 

so  and  outputs  a  pair  of  clocks  180°  having  the  same  fre- 
quency  as  and  in  synchronism  with  the  clock 
D/ACLK,  and  out  of  phase  from  each  other,  and  shifts 
the  phases  of  the  output  clocks  by  180  each  time  a 
D/A  field  pulse  is  applied. 

55  Fig.  42  shows  an  example  of  the  field  phase  in- 
verter  16,  while  Fig.  43  shows  the  waveforms  of  the 
signals  at  various  points  in  the  circuit  of  Fig.  42.  As  il- 
lustrated  in  Fig.  42,  the  field  phase  invertercomprises 

24 
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a  frequency  divider  19  for  dividing  the  frequency  of 
the  D/A  field  pulses  into  half.  An  inverter  18  inverts 
the  input  clock  D/ACLK  to  thereby  shift  the  phase  of 
the  clock  by  180°.  Switches  20  and  21  selects  either 
of  the  clocks  which  are  out  of  phase  by  180°  from 
each  other.  The  pair  of  clocks,  CLK1  and  CLK2,  are 
obtained  at  the  outputs  of  the  switches  20  and  21. 

The  field  phase  inverter  1  7  is  similarly  composed 
of,  but  it  receives  the  A/D  field  pulses  (instead  of  the 
D/A  field  pulses)  and  the  input  clock  A/DCLK  (instead 
of  the  input  clock  D/ACLK). 

Fig.  44Ato  Fig.  44D  and  Fig.  43Ato  Fig.  45D  show 
the  frequency  distributions  of  the  signals  at  various 
nodes  in  the  circuit  of  Fig.  41. 

It  is  assumed  that  fD/A  =  f ^ .  
In  the  video  signal  processor  shown  in  Fig.  41, 

the  input  G  and  B  signals  are  band-limited  by  the 
LPFs  4g  and  4b  to  the  frequency  l̂ o  of  the  control 
clocks  for  the  A/D  converters  1ga  and  1b,  and  are 
then  input  to  the  A/D  converters  Igaand  1b.  The  field 
phase  inverters  16and  1  7  shiftthe  phases  of  the  con- 
trol  clocks  for  the  B  signal  processing  circuit  and  the 
G  signal  processing  circuit,  by  180°  every  field.  The 
aliasing  noises  contained  in  the  output  signals  from 
the  D/A  converters  3b  and  3ga  are  phase-shifted  by 
180°  every  field. 

The  output  signals  from  the  D/A  converters  3b 
and  3ga  have  frequency  distributions  as  shown  in  Fig. 
44C  and  Fig.  44D.  The  phases  of  the  aliasing  noises 
from  the  control  clock  frequency  fD/A  are  shifted  by 
180°  every  field,  so  that  the  aliasing  noises,  both  in 
the  chrominance  signal  components  and  in  the  lumi- 
nance  signal  components,  as  seen  by  the  human 
eyes,  cancel  each  other,  i.e.,  "visually"  cancel  each 
other. 

The  output  signal  from  the  switch  9  contains  the 
aliasing  noises  from  the  frequency  fD/A  of  the  control 
clocks  forthe  D/A  converters  3b  and  3ga,  and  the  ali- 
asing  noises  from  the  frequency  2fD/A  twice  the  con- 
trol  clock  frequency  fD/A,  as  shown  in  Fig.  45A.  How- 
ever,  the  aliasing  noises  from  the  control  clock  fre- 
quency  fD/A  in  the  chrominance  signal  components 
cancel  each  other  in  the  images  as  seen  by  the  hu- 
man  eyes.  It  is  therefore  unnecessary  to  remove 
these  aliasing  noises  by  the  use  of  the  LPF  14  as  in 
the  Embodiment  B1.  The  LPF  14  instead  band-limits 
the  signal  to  remove  components  higher  than  fD/A, 
while  HPF  13  removes  the  components  lower  than 
1  .5  MHz,  i.e.,  chrominance  signal  components  of  blue 
(B)  and  green  (G).  The  LPF  12  on  the  other  hand  re- 
moves  the  components  higher  than  1.5  MHz,  i.e., 
other  than  the  chrominance  signal  component  of  blue 
(B).  The  bandwidth  of  the  output  B  signal  is  extended 
up  to  the  control  clock  frequency  fD/A. 

Embodiment  B4 

Fig.  46  shows  a  video  signal  processor  of  another 

embodiment.  The  circuits  identical  or  corresponding 
to  those  in  Fig.  40  and  Fig.  41  .  It  is  similar  to  the  em- 
bodiment  of  Fig.  40,  but  is  additionally  provided  with 
the  field  phase  converters  16  and  17,  which  are  sim- 

5  ilar  to  those  shown  in  Fig.  41  . 
The  switches  9,  10  and  11  are  controlled  in  the 

same  way  as  described  with  reference  to  the  embodi- 
ment  of  Fig.  40.  Then,  during  the  period  when  the  R 
signal  is  output,  the  luminance  signal  component  of 

10  the  B  signal  at  different  sampling  points  is  added. 
When  the  G  signal  is  output,  the  luminance  signal 
component  of  the  B  signal  at  different  sampling  points 
is  added.  When  the  B  signal  is  output,  the  luminance 
signal  component  of  the  R  signal  orthe  Gsignal  atdif- 

15  ferent  sampling  time  points  is  added,  and  the  field  se- 
quential  R,  G  and  B  signals  are  obtained. 

The  bandwidth  of  the  output  signals  is  extended 
to  the  control  clock  frequency  l̂ o,  in  the  same  way  as 
described  with  reference  to  the  embodiment  of  Fig. 

20  41. 

Embodiment  B5 

Fig.  47  shows  a  video  signal  processor  of  another 
25  embodiment.  Fig.  47  shows  only  such  part  of  the  vid- 

eo  signal  processor  which  relates  to  production  of  the 
decoded  color  signal,  e.g.,  B  signal,  of  a  plurality  of 
colors.  In  Fig.  47,  circuits  identical  or  corresponding 
to  those  in  Fig.  35,  Fig.  40  and  Fig.  41  are  denoted  by 

30  identical  reference  numerals.  It  is  similar  to  the  em- 
bodiment  of  Fig.  35,  but  is  additionally  provided  with 
A/D  converters  1g  and  1ba,  field  memories  2g  and 
2ba,  D/A  converters  3g  and  3ba,  frequency  dividers 
22  and  23,  and  a  switch  24.  Instead  of  the  inverters 

35  7  and  8  of  Fig.  35,  inverters  7g,  7b,  8g  and  8b  are  pro- 
vided.  Instead  of  the  switch  9,  a  pair  of  switches  9g 
and  9b  are  provided.  The  frequency  divider  22  divides 
the  frequency  of  the  input  clock  having  a  frequency 
of  2  fyvo  and  producing  first  and  second  clocks  having 

40  a  frequency  l̂ o  and  a  phase  difference  of  90°  be- 
tween  them.  The  frequency  divider  23  divides  the  fre- 
quency  of  the  input  clock  having  a  frequency  of  2fD/A 
and  producing  first  and  second  clocks  having  a  fre- 
quency  fyvo  and  a  phase  difference  of  90  between 

45  them.  The  switch  24  selects  one  of  the  outputs  of  the 
switches  9g  and  9b. 

Fig.  48A  to  Fig.  48C  show  the  waveforms  of  the 
signals  at  various  nodes  in  the  circuit  of  Fig.  47.  Fig. 
49A  to  Fig.  49F  show  the  frequency  distributions  of 

so  the  signal  at  various  nodes  in  the  circuit  of  Fig.  47.  It 
is  assumed  that  l̂ o  =  fD/A. 

In  the  video  signal  processor  of  Fig.  47,  the  input 
G  signal  is  band-limited  to  a  frequency  (2^   -  fc)  by 
the  LPF  4g,  and  is  then  input  to  the  A/D  converter  1g 

55  and  1ga.  Similarly,  the  input  B  signal  is  band-limited 
to  a  frequency  (2^   -  fc)  by  the  LPF  4b,  and  is  then 
input  to  the  A/D  converter  1  ba  and  1  b. 

Each  of  the  B  signal  processing  circuit  and  the  G 
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signal  processing  circuit  is  similar  to  the  prior  art  ex- 
ample  of  Fig.  14  in  that  it  has  a  pair  of  A/D  converters 
1ga  and  1g,  or  1ba  and  1b,  operating  in  accordance 
with  clocks  having  a  phase  difference  of  180°  from 
each  other,  to  thereby  effectively  doubling  the  sam- 
pling  frequency.  There  is  however  a  phase  difference 
of  90°  between  the  clocks  output  from  the  frequency 
dividers  22  and  23  for  the  B  signal  processing  circuit 
and  the  G  signal  processing  circuit.  As  a  result,  the 
sampling  points  of  the  G  signals,  I,  k,  1+1,  k+1,  I+2, 
k+2,  ...  are  midway  between  the  sampling  points  of 
the  B  signals,  n,  m,  n+1,  m+1,  n+2,  m+2  and  the 
phase  difference  between  the  sampling  points  of  the 
G  signals  and  the  sampling  points  of  the  B  signals  is 
180°. 

The  output  signals  of  the  switches  9b  and  9g 
have  a  frequency  distribution  shown  in  Fig.  49B.  As  il- 
lustrated,  they  contain  aliasing  noises  from  the  fre- 
quency  2fD/A  of  the  control  clocks  for  the  switches  9b 
and  9g. 

The  LPF  12  removes  the  components  other  than 
the  B  chrominance  signal  component  by  band-limiting 
the  signal  to  a  frequency  range  of  not  higher  than  fc. 
The  output  of  the  LPF  12  has  a  frequency  distribution 
shown  in  Fig.  49D. 

The  switch  24  is  controlled  by  the  clock  2  fD/A  to 
alternately  selects  the  outputs  of  the  switches  9b  and 
9g. 

The  output  of  the  switch  24  has  a  waveform  hav- 
ing  a  double  sampling  frequency  as  shown  in  Fig. 
48C.  It  contains  aliasing  noises  from  the  frequency 
2fD/A  twice  the  frequency  of  the  control  clocks  for  the 
switches  9b  and  9g,  and  aliasing  noises  from  the  fre- 
quency  4fD/A  twice  times  the  frequency  2fD/A  of  the 
control  clock  for  the  switch  24. 

The  aliasing  noises  from  the  frequency  2fD/A  com- 
prise  components  for  the  luminance  signal  compo- 
nent  Y.  The  aliasing  noise  component  for  the  lumi- 
nance  signal  component  Y  output  from  the  B  signal 
processing  circuit  and  the  aliasing  noise  component 
forthe  luminance  signal  component  Youtput  from  the 
G  signal  processing  circuit  have  a  phase  difference  of 
1  80°  and  therefore  cancel  each  other.  As  a  result,  the 
output  of  the  switch  24  has  a  frequency  distribution  as 
shown  in  Fig.  49C,  and  its  signal  components  are 

(Bn  +  YHn)  +  (Bm  +  YHm)  +  (GI+YHI)  + 
(Gk  +  YHk) 

as  shown  in  Fig.  48C. 
The  HPF  13  blocks  the  components  lower  than 

fc,  to  thereby  remove  the  B  and  G  chrominance  signal 
components  from  the  output  of  the  switch  24. 

The  LPF  14  band-limits  the  signal  to  a  range  of 
not  higher  than  (2fD/A  -  fc),  thereby  to  remove  the  ali- 
asing  noises  from  2fD/A  (the  frequency  twice  the  fre- 
quency  of  the  control  clock  for  the  switches  9b  and 
9g)  due  to  the  B  and  G  chrominance  signal  compo- 
nents,  and  the  aliasing  noises  from  4fD/A  (twice  the 
frequency  of  the  control  clock  for  the  switch  24),  and 

extract  the  luminance  signal  component.  The  output 
of  the  LPF  14  does  not  contain  aliasing  noises,  as 
shown  in  Fig.  49E,  and  its  components  are 

YHn  +  YHm  +  YHI  +  YHk 
5  Thus,  it  consists  only  of  luminance  signal  compo- 

nents. 
The  adder  15  adds  the  B  chrominance  signal 

componentfrom  the  LPF  12  and  the  luminance  signal 
component  YH  from  the  LPF  14,  to  produce  a  B  signal 

10  having  a  frequency  distribution  shown  in  Fig.49F.  The 
components  of  the  B  signal  are 

B  +  YHn  +  YHm  +  YHI  +  YHk 
As  has  been  described,  in  the  video  signal  proc- 

essor  of  the  Embodiment  B5,  the  luminance  signal 
15  components  YHI  and  YHk  of  the  G  signal  having  dif- 

ferent  sampling  points  are  added  to  the  B  signal,  and 
the  sampling  frequency  with  respect  to  the  luminance 
signal  components  is  doubled.  It  is  however  neces- 
sary  to  remove  the  aliasing  noises  from  2fD/A  due  to 

20  the  B  and  G  chrominance  signal  components.  As  a  re- 
sult,  output  of  the  adder  15  has  a  bandwidth  extended 
to  2fD/A  -  fc. 

Embodiment  B6 
25 

Fig.  50  shows  a  video  signal  processor  according 
another  embodiment.  The  circuits  identical  or  corre- 
sponding  to  those  in  the  drawings  previously  referred 
to  are  denoted  by  identical  reference  numerals.  It  is 

30  similarto  the  embodiment  of  Fig.  47.  However,  it  is  ad- 
ditionally  provided  with  an  LPF  4r  similar  to  LPF  4g  or 
4b  and  therefore  having  a  passband  of  up  to  2fA/DCLK/2 
=  f/vDCLK.  an  A/D  converter  1  ra  controlled  by  the  same 
clock  as  the  A/D  converter  1ga,  another  A/D  conver- 

35  ter  1  r  controlled  by  the  same  clock  as  the  A/D  conver- 
ter  1g,  field  memories  2ra  and  2r,  switches  10a,  10, 
and  11.  Instead  of  the  inverter  8g,  an  inverter  8rg  sim- 
ilarto  the  inverter  8g  in  that  it  receives  and  inverts  the 
output  of  the  frequency  divider  23  is  provided.  Instead 

40  of  the  D/A  converters  3ga  and  3g,  D/A  converters 
3rga  and  3rg  are  provided.  Instead  of  the  switch  9g, 
a  switch  9rg  is  provided.  The  output  of  the  A/D  con- 
verter  2ra  is  written  in  the  field  memory  2ra  under 
control  of  the  clock  from  the  inverter  7rg.  The  data 

45  stored  in  the  field  memory  2ra  is  read  under  control 
of  the  clock  from  the  inverter  8rg.  The  output  of  the 
A/D  converter  2r  is  written  in  the  field  memory  2r  un- 
der  control  of  the  clock  from  the  frequency  divider  22. 
The  data  stored  in  the  field  memory  2r  is  read  under 

so  control  of  the  clock  from  the  frequency  divider  23.  The 
switch  10a  selects  one  of  the  outputs  of  the  field 
memories  2ra  and  2ga  in  accordance  with  the  RG  se- 
lect  signal.  The  switch  10  selects  one  of  the  outputs 
of  the  field  memories  2r  and  2g  in  accordance  with 

55  the  RG  select  signal.  The  D/A  converter  3rga  D/A- 
converts  the  output  of  the  switch  10a  into  an  analog 
signal,  being  controlled  by  the  clock  as  output  from 
the  inverter  8rg.  The  D/A  converter  3rg  D/A-converts 
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the  output  of  the  switch  10  into  an  analog  signal,  be- 
ing  controlled  by  the  clock  from  the  frequency  divider 
23. 

The  switch  9rg  alternately  selects  the  outputs  of 
the  D/A  converters  3rgaand  3rg,  under  control  by  the 
clock  from  the  frequency  divider  23.  The  switch  11  se- 
lects  one  of  the  outputs  of  the  switches  9rg  and  9b  in 
accordance  with  the  RGB  select  signal. 

For  producing  the  R  signal,  the  switch  10  is  made 
to  select  the  data  from  the  field  memory  2r,  the  switch 
1  0a  is  made  to  select  the  data  from  the  field  memory 
2ra,  and  the  switch  1  1  is  made  to  select  the  data  from 
the  switch  9rg. 

For  producing  the  G  signal,  the  switch  10  is  made 
to  select  the  data  from  the  field  memory  2g,  the 
switch  10a  is  made  to  select  the  data  from  the  field 
memory  2ga,  and  the  switch  11  is  made  to  select  the 
data  from  the  switch  9rg. 

For  producing  the  B  signal,  the  switch  11  is  made 
to  select  the  data  from  the  switch  9b.  The  switch  10 
and  the  switch  10a  may  be  in  an  arbitrary  position: 
they  may  be  select  either  of  their  alternative  inputs. 

The  R,  G  and  B  signals  are  selectively  produced 
in  sequence,  each  for  a  period  of  one  field.  When  the 
R  signal  is  produced,  the  luminance  signal  compo- 
nent  of  the  B  signal  at  different  sampling  points  is  add- 
ed.  When  the  G  signal  is  produced,  the  luminance  sig- 
nal  component  of  the  B  signal  at  different  sampling 
points  is  added.  When  the  B  signal  is  produced,  the 
luminance  signal  component  of  the  R  or  G  signal  at 
different  sampling  points  is  added. 

The  signal  bandwidth  of  the  output  of  the  video 
signal  processor  of  this  embodiment  is  2fA/D  -  fc. 

Embodiment  B7 

Fig.  51  shows  a  video  signal  processor  of  another 
embodiment  of  the  invention.  Fig.  51  shows  only  such 
part  of  the  video  signal  processor  which  relates  to 
production  of  the  decoded  colorsignal,  e.g.,  B  signal, 
of  a  plurality  of  colors.  The  circuits  identical  or  corre- 
sponding  to  those  in  the  drawings  previously  referred 
to  are  denoted  by  identical  reference  numerals.  It  is 
similarto  the  embodiment  of  Fig.  47.  However,  it  is  ad- 
ditionally  provided  with  field  phase  switching  circuits 
25  and  26. 

The  field  phase  switching  circuit  25  receives,  at 
its  first  and  second  terminals  25a  and  25b,  the  out- 
puts  of  the  frequency  divider  22  having  a  90  phase  dif- 
ference,  and  outputs  them  through  its  first  and  sec- 
ond  output  terminals  25c  and  25d  in  an  alternate  fash- 
ion. 

An  example  of  the  field  phase  switching  circuit  25 
is  illustrated  in  Fig.  52,  and  the  waveforms  of  the  sig- 
nals  at  various  points  in  the  circuit  of  Fig.  52  are  illu- 
strated  in  Fig.  53.  As  illustrated  in  Fig.  52,  the  field 
phase  switching  circuit  25  comprises  a  first  switch  20 
alternately  selecting  the  two  input  clocks  (clock  (0)  an 

clock  (90))  and  a  second  switch  21  alternately  select- 
ing  the  two  input  clocks.  The  switches  20  and  21  se- 
lect  different  input  clock  at  any  time.  The  switching  oc- 
curs  responsive  to  an  output  of  a  frequency  divider  1  9 

5  receiving  the  A/D  field  pulses,  and  hence  once  per 
two  fields,  as  illustrated  in  Fig.  53. 

The  field  phase  switching  circuit  26  is  similarly 
composed  of,  but  receives  the  outputs  of  the  frequen- 
cy  divider  23  (instead  of  the  frequency  divider  22)  and 

10  the  D/A  field  pulses  instead  of  the  A/D  field  pulses). 
The  inverter  7g  inverts  the  clock  from  the  first 

output  terminal  25c  of  the  first  field  phase  switching 
circuit  25.  The  inverter  7b  inverts  the  clock  from  the 
second  output  terminal  25d  of  the  first  field  phase 

15  switching  circuit  25.  The  inverter  8g  inverts  the  clock 
from  the  first  output  terminal  26c  of  the  second  field 
phase  switching  circuit  26.  The  inverter  8b  inverts  the 
clock  from  the  second  output  terminal  26d  of  the  sec- 
ond  field  phase  switching  circuit  26. 

20  Fig.  54AtoFig.  54F  show  frequency  distributions 
at  various  points  in  the  video  signal  processor  of  the 
embodiment  of  Fig.  51  .  It  is  assumed  that  f̂ o  =  fD/A. 

The  A/D  conversion  by  the  A/D  converter  1  ga  and 
the  writing  in  the  field  memory  2ga  are  controlled  by 

25  the  clock  from  the  inverter  7g.  The  A/D  conversion  by 
the  A/D  converter  1g  and  the  writing  in  the  field  mem- 
ory  2g  are  controlled  by  the  clock  from  the  first  output 
25c  of  the  field  phase  switching  circuit  25.  The  clock 
from  the  inverter  7g  and  the  clock  from  the  first  output 

30  25c  of  the  field  phase  switching  circuit  25  are  comple- 
mentary  to  each  other. 

The  A/D  conversion  at  the  A/D  converter  1  ba  and 
the  writing  in  the  field  memory  2ba  are  controlled  by 
the  clock  from  the  inverter  7b.  The  A/D  conversion  at 

35  the  A/D  converter  1  b  and  the  writing  in  the  field  mem- 
ory  2b  are  controlled  by  the  clock  from  the  first  output 
26c  of  the  field  phase  switching  circuit  26.  The  clock 
from  the  inverter  7b  and  the  clock  from  the  first  output 
26c  of  the  field  phase  switching  circuit  26  are  comple- 

40  mentary  to  each  other. 
The  reading  from  the  field  memory  2ga  and  D/A 

conversion  at  the  D/A  converter  3ga  are  controlled  by 
the  clock  from  the  inverter  8g.  The  reading  from  the 
field  memory  2g,  D/Aconversion  at  the  D/A  converter 

45  3g  and  the  switching  operation  of  the  switch  9b  are 
controlled  by  the  clock  from  the  first  output  26c  of  the 
second  field-phase  switching  circuit  26.  The  clock 
from  the  inverter  8g  and  the  clock  from  the  first  output 
26c  of  the  second  field-phase  switching  circuit  26  are 

so  complementary  to  each  other.  The  reading  from  the 
field  memory  2ba  and  D/Aconversion  at  the  D/A  con- 
verter  3ba  are  controlled  by  the  clock  from  the  inver- 
ter  8b.  The  reading  from  the  field  memory  2b,  D/A 
conversion  at  the  D/A  converter  3b  and  the  switching 

55  operation  of  the  switch  9b  are  controlled  by  the  clock 
from  the  second  output  26d  of  the  second  field-phase 
switching  circuit  26.  The  clock  from  the  inverter  8b 
and  the  clock  from  the  second  output  26d  of  the  sec- 
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ond  field-phase  switching  circuit  26  are  complemen- 
tary  to  each  other. 

The  phases  of  the  control  clocks  supplied  to  the 
B  signal  system  and  the  G  signal  system  are  shifted 
by  90°  every  field.  That  is,  the  phases  of  the  sampling  5 
points  are  shifted  by  180°  every  field.  The  aliasing 
noises  from  the  frequency  2fD/A,  twice  the  frequency 
of  the  control  clock  forthe  switches  9b  and  9g  are  also 
shifted  by  180°  every  field. 

The  outputs  of  the  switches  9b  and  9g  have  fre-  10 
quency  distribution  shown  in  Fig.  54B.  Since  the  ali- 
asing  noises  from  2fD/A  are  shifted  by  1  80°  every  field, 
they  are  effectively  canceled  to  the  human  eyes,  with 
regard  both  to  luminance  and  chrominance  signal 
components.  15 

The  output  of  the  switch  24  has,  as  in  Embodi- 
ment  B5  of  Fig.  47,  a  frequency  distribution  shown  in 
Fig.  54C  which  contains  aliasing  noises  from  2fD/A. 
The  aliasing  noise  from  2fD/A  of  the  chrominance  sig- 
nal  component  is  canceled  to  the  human  eyes,  so  20 
that,  unlike  Embodiment  B5,  it  is  unnecessary  to  re- 
move  the  aliasing  noises  of  the  chrominance  signal 
from  2fD/A,  by  the  use  of  the  LPF  14. 

The  LPF  14  in  this  embodiment  is  used  for  remov- 
ing  the  aliasing  noise  from  4fD/A.  25 

It  is  therefore  possible  to  expand  the  signal  band- 
width  up  to  2^0,  which  is  twice  the  frequency  of  the 
control  clocks  for  the  A/D  converters  1  b,  1  ba,  1g  and 
1ga,  which  is  the  passband  of  the  LPF  4g  and  4b. 

30 
Embodiment  B8 

Fig.  55  shows  a  video  signal  processor  of  another 
embodiment  of  the  invention.  The  circuits  identical  or 
corresponding  to  those  in  the  drawings  previously  re-  35 
ferred  to  are  denoted  by  identical  reference  numerals. 
It  is  similar  to  the  embodiment  of  Fig.  50.  However,  it 
is  additionally  provided  with  field  phase  switching  cir- 
cuits  25  and  26,  as  in  Embodiment  B7  of  Fig.  51  . 

The  clockfrom  the  first  output  terminal  25c  of  the  40 
first  field  phase  switching  circuit  25  is  used  for  control 
over  the  A/D  conversion  at  the  A/D  converters  1  r  and 
1g,  and  writing  into  the  field  memories  2rand  2g.  The 
clockfrom  the  inverter  7rg  is  used  for  control  over  A/D 
conversion  at  the  A/D  converters  1ra  and  1ga  and  45 
writing  into  the  field  memories  2ra  and  2ga.  The  clock 
from  the  second  output  terminal  25d  of  the  first  field 
phase  switching  circuit  25  is  used  for  control  over  the 
A/D  conversion  at  the  A/D  converter  1b,  and  writing 
into  the  field  memory  2b.  The  clockfrom  the  inverter  50 
7b  is  used  for  control  over  A/D  conversion  at  the  A/D 
converter  1ba  and  writing  into  the  field  memory  2ba. 

The  clockfrom  the  first  output  terminal  26c  of  the 
second  phase  switching  circuit  26  is  used  for  control 
over  reading  from  the  field  memories  2r  and  2g  and  55 
D/A  conversion  at  the  D/A  converter  3rg  and  the 
switching  operation  of  the  switch  9rg.  The  clockfrom 
the  inverter  8rg  is  used  for  control  over  reading  from 

the  field  memories  2ra  and  2ga  and  D/Aconversion 
at  the  D/A  converter  3rga. 

The  clock  from  the  second  output  terminal  26d  of 
the  second  phase  switching  circuit  26  is  used  for  con- 
trol  over  reading  from  the  field  memory  2b  and  D/A 
conversion  at  the  D/A  converter  3b  and  the  switching 
operation  of  the  switch  9b.  The  clockfrom  the  inverter 
8b  is  used  for  control  over  reading  from  the  field  mem- 
ory  2ba  and  D/Aconversion  at  the  D/A  converter  3ba. 

The  rest  of  configuration  and  operation  are  iden- 
tical  to  those  described  with  reference  to  Embodi- 
ment  B6  of  Fig.  50  and  Embodiment  B7  of  Fig.  51. 

The  signal  bandwidth  obtained  by  Embodiment 
B8  is  2 W  

Embodiment  B9 

Fig.  56  shows  another  embodiment  of  the  video 
signal  processor.  The  circuits  identical  or  correspond- 
ing  to  those  in  the  drawings  previously  referred  to  are 
denoted  by  identical  reference  numerals.  It  is  similar 
to  Embodiment  B1  of  Fig.  35.  However,  in  place  of  the 
A/D  converter  1  ga,  t  he  f  ield  memory  2ga  and  t  he  D/A 
converter  3ga,  an  A/D  converter  1g,  a  field  memory 
2g  and  a  D/A  converter  3g  are  provided.  Additionally, 
an  LPF  4r,  an  A/D  converter  1  r,  a  field  memory  24  and 
a  D/A  converter  3r  are  provided.  Further  provided  are 
a  frequency  divider  27  receiving  a  clock  (3A/DCLK) 
and  frequency-dividing  it  by  three  to  produce  three 
clocks  having  phase  differences  120°  from  each 
other,  a  frequency  divider  28  receiving  a  clock  (3D- 
/ACLK)  and  frequency-dividing  it  by  three  to  produce 
three  clocks  having  phase  differences  120°  from 
each  other,  a  switch  29  sequentially  and  repeatedly 
selecting  the  outputs  of  the  D/A  converters  3r,  3g  and 
3b  in  accordance  with  the  RGB  selection  signal,  and 
a  switch  30  sequentially  and  repeatedly  selecting  the 
outputs  of  the  D/A  converters  3r,  3g  and  3b  in  accor- 
dance  with  the  three  clocks  from  the  frequency  div- 
ider  28.  The  output  of  the  switch  29  is  supplied  to  the 
LPF  12.  The  output  of  the  switch  30  is  supplied  to  the 
HPF  13. 

Fig.  57A  to  Fig.  57F  show  the  frequency  distribu- 
tion  at  various  nodes  of  the  video  signal  processor  of 
Fig.  56. 

It  is  assumed  that  l̂ o  =  fD/A. 
The  input  R,  G  and  B  signals  are  band-limited  by 

the  LPFs  4r,  4g  and  4b  to  a  frequency  (fao  -  fc),  where 
f/vo  is  the  frequency  of  the  control  clock  l̂ o  for  the  A/D 
converters  1r,  1g  and  1b  and  fc  is  the  bandwidth  of 
the  chrominance  signal.  As  a  result,  signals  having  a 
frequency  distribution  shown  in  Fig.  57Aare  supplied 
to  the  A/D  converters  1r,  1g  and  1b. 

The  A/D  converters  1r,  1g  and  1  b,  the  field  mem- 
ories  2r,  2g  and  2b,  D/A  converters  3r,  3g  and  3b  op- 
erate  in  the  same  way  as  those  of  the  prior  art  exam- 
ple  of  Fig.  13.  However,  these  circuits  components 
are  controlled  by  three  clocks  having  120°  phase  dif- 
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ferences. 
The  outputs  of  the  D/A  converters  3r,  3g  and  3b 

contain  aliasing  noises  from  fD/A  of  the  control  clocks 
for  the  D/A  converters  3g,  3g  and  3b,  as  illustrated  in 
Fig.  57B.  The  switch  29  selects  the  outputs  of  the  D/A 
converters  3r,  3g  and  3b  in  accordance  with  the  RGB 
selection  signal  to  produce  field-sequential  R,  G  and 
B  signals. 

The  LPF  12  band-limits  the  output  of  the  switch 
29  to  the  frequency  range  of  up  to  fc  (band-width  of 
the  chrominance  signal  component)  to  extract  the 
chrominance  signal  component  alone  to  produce 
RGB  field-sequential  chrominance  signal  compo- 
nents  having  a  frequency  distribution  shown  in  Fig. 
57E. 

The  switch  30  is  controlled  by  three  clocks  having 
120°  phase  differences,  and  selects  the  outputs  of 
the  D/A  converters  3r,  3g  and  3b  having  a  frequency 
distribution  shown  in  Fig.  57B.  The  output  of  the 
switch  30  contains  aliasing  noise  from  the  frequency 
fD/A  of  the  control  clock  for  the  D/A  converters  3r,  3g 
and  3b,  and  aliasing  noise  from  the  frequency  3fD/Aof 
the  switching  operation  of  the  switch  30. 

Of  the  noises  from  fD/A,  the  aliasing  noise  compo- 
nent  of  the  luminance  signal  component  have  120° 
phase  differences  (because  the  sampling  points  of 
the  three  colors  are  120°  apart  from  each  other),  so 
that  they  cancel  each  other  to  the  human  eyes.  The 
output  of  the  switch  30  therefore  has  a  frequency  dis- 
tribution  shown  in  Fig.  57C. 

The  HPF  13  blocks  the  components  not  higher 
than  the  bandwidth  fc  of  the  chrominance  signal,  and 
therefore  removes  the  chrominance  signal  compo- 
nent  contained  in  the  output  of  the  switch  30. 

The  LPF  14  band-limits  the  output  of  the  HPF  13 
to  a  frequency  range  of  up  to  fD/A  -  fc.  The  aliasing 
noise  from  fD/A  of  the  chrominance  signal  and  the  ali- 
asing  noise  from  3 ^   of  the  switching  operation  of  the 
switch  30  are  thereby  removed.  The  output  of  the  LPF 
14  has  a  frequency  distribution  shown  in  Fig.  57D. 

The  adder  15  adds  the  chrominance  signal  com- 
ponent  from  the  LPF  12  and  the  luminance  signal 
component  from  the  LPF  14  to  produce  a  field- 
sequential  RGB  signal  having  a  frequency  distribution 
shown  in  Fig.  57F. 

In  the  sequential  control  of  the  video  signal  proc- 
essor  having  an  expanded  signal  bandwidth,  when 
the  R  signal  is  output,  the  luminance  signal  compo- 
nents  of  the  G  signal  and  the  B  signal  having  different 
sampling  points  are  added,  when  the  G  signal  is  out- 
put,  the  luminance  signal  components  of  the  B  signal 
and  the  R  signal  having  different  sampling  points  are 
added,  and  when  the  B  signal  is  output,  the  lumi- 
nance  signal  components  of  the  R  signal  and  the  G 
signal  having  different  sampling  points  are  added. 

As  has  been  described,  in  the  video  signal  proc- 
essor  of  Embodiment  B9,  t  he  R  signal  contains  the  lu- 
minance  signal  component  of  the  G  signal  having  a 

120°  phase  difference,  and  the  luminance  signal 
component  of  the  B  signal  having  a  240°  phase  dif- 
ference.  As  a  result,  the  sampling  frequency  is  trebled 
as  compared  with  the  prior  art  example  of  Fig.  13. 

5  However,  as  it  is  necessary  to  remove  the  aliasing 
noise  from  fD/A,  the  frequency  band  of  the  output  sig- 
nal  is  expanded  up  to  fD/A  -  fc. 

That  is,  the  signal  bandwidth  of  the  video  signal 
processor  can  be  expanded  to  fao  -  fc. 

10 
Embodiment  B10 

Fig.  58  shows  a  video  signal  processor  of  another 
embodiment  of  the  invention.  The  circuits  identical  or 

15  corresponding  to  those  in  the  drawings  previously  re- 
ferred  to  are  denoted  by  identical  reference  numerals. 
It  is  similar  to  Embodiment  B9  of  Fig.  56.  However,  it 
is  additionally  provided  with  field  phase  switching  cir- 
cuits  31  and  32,  as  in  Embodiment  B7  of  Fig.  51  and 

20  Embodiment  B8  of  Fig.  55. 
The  field  phase  switching  circuit  31  receives  a  set 

of  three  clocks  from  the  frequency  divider  27  and  pro- 
duces  a  set  of  three  clocks  having  phase  differences 
of  120°  and  having  their  phases  shifted  by  120°  every 

25  field.  The  field  phase  switching  circuit  32  receives  a 
set  of  three  clocks  from  the  frequency  divider  28  and 
produces  a  set  of  three  clocks  having  phase  differ- 
ences  of  1  20°  and  having  their  phases  shifted  by  1  20° 
every  field. 

30  An  example  of  the  field  phase  switching  circuit  31 
is  shown  in  Fig.  59,  and  the  waveforms  of  the  signals 
at  various  points  in  the  circuit  of  Fig.  59  are  shown  in 
Fig.  60. 

As  illustrated,  the  field  phase  switching  circuit  31 
35  comprises  a  frequency  divider  33  and  switches  34  to 

36.  The  frequency  divider  33  receives  the  A/D  field 
pulses,  and  divides  the  frequency  of  the  field  pulses 
by  three  to  produce  a  set  of  three  clocks  having  a  fre- 
quency  one  third  of  the  input  frequency,  and  having 

40  phases  120°  different  from  each  other.  The  switches 
34  to  36  receive  the  set  of  three  clocks  from  the  fre- 
quency  divider  (Fig.  58),  and  sequentially  select 
them. 

The  selection  is  so  made  that  the  clocks  output 
45  from  t  he  switches  34  to  36  are  1  20°  out  of  phase  from 

each  other,  and  the  phase  relation  between  the  out- 
puts  of  the  switches  34  to  36  are  kept  maintained  (that 
is,  the  output  of  the  switch  34  is  always  ahead  of  the 
the  output  of  the  switch  35  by  120°,  and  the  output  of 

so  the  switch  35  is  always  ahead  of  the  output  of  the 
switch  36  by  120°,  and  the  output  of  the  switch  36  is 
always  ahead  of  the  output  of  the  switch  34  by  120°. 
That  is,  when  the  switch  34  selects  the  first  clock  (0) 
the  second  switch  35  selects  the  second  clock  (120) 

55  and  the  third  switch  36  selects  the  third  clock  (240); 
when  the  first  switch  34  selects  the  second  clock 
(120)  the  second  switch  35  selects  the  third  clock 
(240)  and  the  third  switch  36  selects  the  first  clock 
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(120);  and  when  the  first  switch  34  selects  the  third 
clock  (240)  the  second  switch  35  selects  the  first 
clock  (0)  and  the  third  switch  36  selects  the  second 
clock  (120). 

The  field  phase  inverter  32  is  similarly  composed 
of,  but  receives  the  D/A  field  pulses  (instead  of  the 
A/D  field  pulses),  and  the  oututs  of  the  frequency  div- 
ider  28  (instead  of  the  frequency  divider  27). 

In  the  sequential  control  of  the  video  signal  proc- 
essor  having  an  expanded  signal  bandwidth,  when 
the  R  signal  is  output,  the  luminance  signal  compo- 
nents  of  the  G  signal  and  the  B  signal  having  different 
sampling  points  are  added,  when  the  G  signal  is  out- 
put,  the  luminance  signal  components  of  the  B  signal 
and  the  R  signal  having  different  sampling  points  are 
added,  and  when  the  B  signal  is  output,  the  lumi- 
nance  signal  components  of  the  R  signal  and  the  G 
signal  having  different  sampling  points  are  added.  It 
is  again  assumed  that  fD/A  =  f ^ .  

The  input  R,  G  and  B  signals  are  band-limited  by 
the  LPFs  4r,  4g  and  4b  to  a  frequency  1.5  f̂ o,  1.5 
times  the  frequency  of  the  control  clock  for  the  A/D 
converters  1r,  1g  and  1b.  The  outputs  of  the  LPFs  4r, 
4g  and  4b  are  supplied  to  the  A/D  converters  1r,  1g 
and  1b. 

The  phase  of  the  control  clock  to  each  of  the  color 
circuits  are  shifted  by  120°  every  field.  The  phase  of 
the  sampling  points  of  each  color  circuit  is  also  shifted 
by  120°  every  field.  The  aliasing  noise  from  fD/A  is 
therefore  also  shifted  by  120°  every  field. 

The  outputs  of  the  D/A  converters  3r,  3g  and  3b 
have  a  frequency  distribution  shown  in  Fig.  61  B.  The 
aliasing  noises  from  fD/A  contained  in  the  respective 
signals  are  shifted  by  120°  every  field,  so  that  they 
cancel  each  other  to  the  human  eyes.  This  is  true  for 
both  of  the  chrominance  signal  component  and  the 
luminance  signal  component. 

The  output  of  the  switch  30  contains,  like  Embodi- 
ment  B9,  the  aliasing  noise  from  frequency  fD/A  of  the 
control  clock  for  the  D/A  converters  3r,  3g  and  3b,  and 
the  aliasing  noise  from  3fD/A  of  the  switching  frequen- 
cy  of  the  switch  30,  and  has  a  frequency  distribution 
shown  in  Fig.  61  C.  The  aliasing  noise  of  the  chromi- 
nance  signal  component  from  the  fD/A  cancel  each 
other  to  the  human  eyes,  so  that  it  is  not  necessary 
to  remove  the  aliasing  noise  of  the  chrominance  sig- 
nal  component  from  fD/A.  The  signal  bandwidth  of  the 
output  of  the  adder  15  can  therefore  be  expanded  to 
1  .5  fD/A  which  is  one  half  the  switching  frequency  of 
the  switch  30. 

Embodiment  B11 

Fig.  62  shows  a  video  signal  processor  of  another 
embodiment  of  the  invention.  The  circuits  identical  or 
corresponding  to  those  in  the  drawings  previously  re- 
ferred  to  are  denoted  by  identical  reference  numerals. 
It  is  similar  to  Embodiment  B2  of  Fig.  40.  However,  in- 

stead  of  the  three  A/D  converters  1ra,  1ga  and  1b, 
two  A/D  converters  1rand  1gb  are  provided,  with  the 
A/D  converter  1r  substituting  the  A/D  converter  1ra 
and  the  A/D  converter  1gb  substituting  the  A/D  con- 

5  verters  1  ga  and  1b.  In  addition,  a  frequency  divider  38 
and  a  switch  37  are  provided.  The  frequency  divider 
38  frequency  divides  its  input  into  half.  The  switch  37 
alternately  selects  the  outputs  of  the  LPFs  4g  and  4b, 
and  its  output  is  supplied  to  the  A/D  converter  1gb.  In- 

w  stead  of  the  clock  A/DCLK,  a  clock  2A/DCLK  is  sup- 
plied.  The  clock  2A/DCLK  is  applied  to  the  A/D  con- 
verters  1r  and  1gb.  The  A/D  converters  1r  and  1gb 
therefore  perform  A/D  conversion  at  a  frequency  2fA/D 
which  is  twice  the  frequency  of  the  control  clock  for 

15  the  A/D  converters  1ra,  1ga  and  1b  of  Embodiment 
B2  of  Fig.  40  to  produce  data  twice  as  much  as  the 
data  obtained  in  Embodiment  B2.  The  clock  A/DCLK 
at  the  output  of  the  frequency  divider  38  is  supplied 
directly  to  the  field  memory  2b,  and  via  the  inverter 

20  7  to  the  field  memories  2ra  and  2ga.  The  clock  A- 
/DCLK  is  also  applied  to  the  switch  37  so  that  it  per- 
forms  the  alternate  selection  of  its  two  inputs. 

The  field  memory  2ra  is  controlled  by  the  clock  in- 
verted  at  the  inverter  7  and  stores  the  data  from  the 

25  LPF  4r.  The  clock  used  for  control  over  the  field  mem- 
ory  2ra  is  one  half  the  clock  used  for  the  A/D  conver- 
ter  1r.  On  the  other  hand,  the  A/D  converter  1r  per- 
forms  the  A/D  conversion  at  a  frequency  of  2A/DCLK, 
so  that  as  shown  in  Fig.  63A,  one  out  of  every  two 

30  pieces  of  data  from  the  A/D  converter  1  r  is  stored  in 
the  field  memory.  In  other  words,  the  data  is  written 
in  the  field  memory  2ra  at  the  frequency  f^.  (This  is 
similar  to  Embodiment  B2  of  Fig.  40). 

The  switch  37  alternately  selects  the  outputs  of 
35  the  LPFs  4g  and  4r  under  control  of  the  clock  2 ^   to 

produce  a  signal  obtained  by  synthesizing  or  time- 
division  multiplexing  the  input  G  signal  and  the  input 
B  signal,  shown  in  Fig.  63B. 

The  A/D  converter  1gb  performs  A/D  conversion 
40  on  the  output  of  the  switch  37,  under  control  of  2 ^ ,  

and  alternately  produces  data  corresponding  to  the 
input  G  signal  and  data  corresponding  to  the  input  B 
signal. 

The  field  memory  2ga  stores  the  data  from  the 
45  A/D  converter  1gb  under  control  of  the  clock  output 

from  the  inverter  7.  The  field  memory  2b  stores  the 
data  from  the  A/D  converter  1  gb  under  control  of  the 
clock  output  from  the  frequency  divider  38.  The  clock 
from  the  inverter  7  and  the  clock  from  the  frequency 

so  divider  38  have  an  identical  frequency  fao  and  are 
180°  out  of  phase  from  each  other.  The  data  stored 
in  the  field  memory  2ga  therefore  corresponds  to  the 
input  G  signal  in  Fig.  63B  and  the  data  stored  in  the 
field  memory  2b  corresponds  to  the  input  B  signal  as 

55  shown  in  Fig.  63B. 
As  has  been  described,  the  data  corresponding 

to  the  input  R  signal  and  stored  in  the  field  memory 
2ra,  and  the  data  corresponding  to  the  input  G  signal 

30 
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and  stored  in  the  field  memory  2ga  are  for  identical 
sampling  points,  while  the  data  corresponding  to  the 
input  B  signal  and  stored  in  the  field  memory  2b  is 
1  80°  shifted  from  the  data  corresponding  to  the  input 
R  and  G  signals.  Accordingly,  the  results  similar  to 
those  obtained  in  Embodiment  B2  of  Fig.  40  are  ob- 
tained. 

Instead  of  the  clock  2A/DCLK,  the  clock  A/DCLK 
(obtained  at  the  output  of  the  frequency  divider  38 
may  be  applied  to  the  A/D  converter  1r. 

The  concept  described  above  as  a  modification  of 
Embodiment  B2  of  Fig.  40  can  be  combined  with 
other  embodiments  to  reduce  the  number  of  the  A/D 
converters  (from  three  to  two). 

Embodiment  B12 

Fig.  64  shows  a  video  signal  processor  of  another 
embodiment  of  the  invention.  The  circuits  identical  or 
corresponding  to  those  in  the  drawings  previously  re- 
ferred  to  are  denoted  by  identical  reference  numerals. 
It  is  similar  to  Embodiment  B2  of  Fig.  40.  However,  in- 
stead  of  the  three  A/D  converters  1ra,  1ga  and  1b,  a 
single  A/D  converter  1  is  provided.  The  A/D  converter 
1  operate  at  a  sampling  frequency  determined  by  a 
clock  3A/DCLK.  The  clock  3A/DCLK  is  also  supplied 
to  a  frequency  divider  42  which  frequency-divides  the 
input  into  one  third,  to  produce  a  set  of  clocks  (first, 
second  and  third  clocks)  having  a  frequency  A/DCLK 
(one  third  of  3A/DCLK)  and  having  phases  shifted  by 
120°  from  each  other.  The  first,  second  and  third 
clocks  are  supplied  to  first,  second  and  third  switches 
41  r,  41  g  and  41b,  and  also  to  first,  second  and  third 
field  memories  2ra,  2ga  and  2b  for  control  overwriting 
into  these  memories. 

A  delay  circuit  39  is  provided  to  delay  the  output  of 
the  LPF4g  by  the  period  Tja/dclk of  the  clock  3A/DCLK, 
as  illustrated  in  Fig.  65B.  Another  delay  circuit  40  is 
provided  to  delay  the  output  of  the  LPF  4b  by  the  per- 
iod  T3A/DCLK/2  which  is  one  half  the  period  the  clock 
3  A/DCLK,  as  illustrated  in  Fig.  65B. 

The  delay  circuits  39  and  40  may  be  formed  of 
analog  delay  elements  or  sample-hold  circuits.  The 
switches  41  r,  41  g  and  41b,  being  controlled  by  the 
first  to  third  clocks,  are  closed  in  sequence  in  such  a 
manner  that  only  one  of  them  is  closed  at  at  time.  The 
switches  41  r,  41  g  and  41  g  in  combination  sequentially 
and  repeatedly  select  the  outputs  of  the  LPF  4r,  and 
the  delay  circuits  39  and  40,  and  the  signal  output 
from  the  switches  41  r,  41g  and  41  g  to  the  A/D  conver- 
ter  1  is  a  R,  G  and  B  time-division  multiplexed  or  syn- 
thetic  signal  obtained  by  time-division  multiplexing 
the  R,  G  and  B  signals  or  synthesizing  the  R,  G  and 
B  signals  along  time  axis,  as  shown  in  Fig.  65D. 

Because  of  the  delay  -introduced  by  the  delay  cir- 
cuits  39  and  40,  the  R,  G  and  B  signals  are  synthe- 
sized  in  the  sequence  of  R,  G  and  B. 

The  A/D  converter  1  samples  and  digitizes  the  in- 

puts  from  the  switches  41  r,  41g  and  41  b  at  a  frequen- 
cy  of  the  3fA/D  to  produce  sequence  of  data  corre- 
sponding  to  R,  G  and  B  signals. 

The  field  memories  2ra,  2ga  and  2b  are  controlled 
5  by  the  clocks  output  from  the  frequency  divider  42  to 

store  one  out  of  every  three  data  (samples).  The  tim- 
ings  at  which  the  writing  takes  place  in  the  respective 
field  memories  are  shifted  by  120°  from  each  other. 
The  R,  G  and  B  signals  are  therefore  written  in  the 

10  field  memories  2ra,  2ga  and  2b,  respectively.  That  is, 
the  data  stored  in  the  field  memory  2ra  are  a  se- 
quence  of  data  corresponding  to  input  R  signal,  the 
data  stored  in  the  field  memory  2ga  are  a  sequence 
of  data  corresponding  to  input  G  signal,  and  the  data 

15  stored  in  the  field  memory  2b  are  a  sequence  of  data 
corresponding  to  input  B  signal,  as  shown  in  Fig.  65D. 
Moreover,  the  data  corresponding  to  the  input  R  sig- 
nal  and  the  data  corresponding  to  the  input  G  signal 
are  for  the  same  sampling  points,  while  the  data  cor- 

20  responding  to  the  B  signal  is  for  the  sampling  points 
having  a  phase  difference  of  180°  from  the  sampling 
points  of  the  R  and  B  signals.  Accordingly,  the  com- 
bination  of  data  identical  to  those  in  the  embodiments 
of  Fig.  40  are  obtained  at  the  field  memories,  and  by 

25  having  the  D/A  converters  3a  and  3,  the  LPFs  12,  14, 
the  HPF  13,  and  the  switches  9  to  11  operate  in  the 
same  manner,  the  effects  similar  to  those  described 
with  reference  to  the  embodiment  of  Fig.  40  can  be 
obtained. 

30  An  advantage  of  Embodiment  B12  is  that  only 
one  A/D  converter  suffices. 

The  concept  described  above  as  a  modification 
of  Embodiment  B2  of  Fig.  40  can  be  combined  with 
other  embodiments  to  reduce  the  number  of  the  A/D 

35  converters  (from  three  to  one). 

Embodiment  B13 

Fig.  66  shows  a  video  signal  processor  of  another 
40  embodiment  of  the  invention.  The  circuits  identical  or 

corresponding  to  those  in  the  drawings  previously  re- 
ferred  to  are  denoted  by  identical  reference  numerals. 
It  is  similar  to  Embodiment  B2  of  Fig.  40.  However,  in- 
stead  of  the  two  D/A  converters  3a  and  3,  three  D/A 

45  converters  3ra,  3ga  and  3b  are  provided.  Instead  of 
the  single  LPF  12,  three  LPFs  12r,  12g  and  12b  are 
provided.  Instead  of  the  single  adder  1  5,  three  adders 
15r,  15g  and  15b  are  provided.  The  switches  10  and 
11  are  omitted. 

so  The  data  from  the  field  memories  2ra  and  2ga  are 
respectively  D/A-converted  by  the  D/A  converters 
3ra  and  3ga. 

The  switch  9  is  controlled  in  the  same  manner  as 
in  Embodiment  B2  of  Fig.  40.  That  is,  it  alternately  se- 

55  lects  the  outputs  of  the  D/A  converters  3ga  and  3b, 
in  accordance  with  a  control  clock  forthe  D/Aconver- 
ter  3b,  thereby  to  double  the  bandwidth  of  the  high- 
frequency  component  of  the  luminance  signal. 
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The  HPF  13  removes  the  chrominance  signal 
components  contained  in  the  output  of  the  switch  9. 
The  LPF  14  removes  the  aliasing  noise  contained  in 
the  output  of  the  HPF  13  to  produce  the  high- 
frequency  component  of  the  luminance  signal. 

The  LPFs  12r,  12r  and  12b  respectively  extract 
the  chrominance  signal  components  from  the  D/A 
converters  3ra,  3ga  and  3b. 

The  adders  1  5r,  1  5g  and  1  5b  respectively  add  the 
outputs  of  the  LPFs  12r,  12g  and  12b,  which  are  chro- 
minance  signal  components,  to  the  output  of  the  LPF 
14,  which  is  a  high-frequency  component  of  the  lumi- 
nance  signal,  thereby  to  produce  R,  G  and  B  signals 
with  expanded  bandwidth. 

Thus,  the  video  signal  processor  of  Embodiment 
B13  provides  outputs  of  three  colors  separately  and 
in  parallel. 

The  concept  described  above  as  a  modification  of 
Embodiment  B2  of  Fig.  40  can  be  combined  with 
other  embodiments  to  provide  signal  of  three  colors 
separately  and  in  parallel. 

Embodiment  B14 

In  the  embodiments  described,  the  input  signals 
are  the  signals  of  three  primary  colors  of  R,  G  and  B. 
However,  the  input  signals  may  alternatively  be  video 
signals  of  complementary  colors  of  cyan,  magenta, 
and  yellow. 

Embodiment  B15 

In  the  above  embodiments,  the  input  signals  of  R, 
G  and  B  may  be  exchanged  from  each  other. 

Embodiment  B16 

Fig.  67  shows  a  video  signal  processor  of  another 
embodiment  of  the  invention.  The  circuits  identical  or 
corresponding  to  those  in  the  drawings  previously  re- 
ferred  to  are  denoted  by  identical  reference  numerals. 
It  is  similar  to  Embodiment  B10  of  Fig.  58.  In  Embodi- 
ment  B10  of  Fig.  58,  the  number  of  input  signals  is 
three.  This  embodiment  illustrate  that  the  concept  de- 
scribed  in  Embodiment  B10  can  be  expanded  to  any 
number  (n)  of  input  signals,  by  using  control  clocks 
having  phase  differences  of  360%  for  controlling  n 
D/A  converters.  The  signal  bandwidth  of  the  video 
signal  processor  is  expanded  up  to  nfA/D/2. 

As  illustrated  in  Fig.  67,  instead  of  the  three  LPFs 
4r,  4g,  4b,  n  (n  being  a  positive  integer)  LPFs  4-1  to 
4-n  are  provided.  Instead  of  the  three  A/D  converters 
1r,  1g  and  1b,  n  A/D  converters  1-1  to  1-n  are  provid- 
ed.  Instead  of  the  three  field  memories  2r,  2g  and  2b, 
n  field  memories  2-1  to  2-n  are  provided.  Instead  of 
the  three  D/A  converters  3r,  3g  and  3b,  n  D/A  conver- 
ters  3-1  to  3-n  are  provided. 

Instead  of  the  frequency  dividers  27  and  28  for 

frequency-division  into  one  third,  frequency  dividers 
43  and  44  for  frequency-division  into  1/n  are  provided. 
The  frequency-divider  43  frequency-divides  a  clock 
nA/DCLK  by  n  to  produce  n  clocks  having  phase  dif- 

5  ferences  360°  In  from  each  other.  The  frequency-div- 
ider  44  frequency-divides  a  clock  n  D/ACLK  by  n  to 
produce  n  clocks  having  phase  differences  360°  In 
from  each  other. 

Instead  of  the  field  phase  inverter  31  ,  a  set  of  n 
10  field  phase  inverters  45-1  to  45-n  are  provided.  Each 

of  the  field  phase  inverters  45-1  to  45-n  receives  the 
respective  one  of  the  n  clocks,  and  outputs  a  clock 
whose  phase  is  altered  every  field  by  180°.  Instead 
of  the  field  phase  inverter  32,  a  set  of  n  field  phase 

15  inverters  46-1  to  46-n  are  provided.  Each  of  the  field 
phase  inverters  46-1  to  46-n  receives  the  respective 
one  of  the  n  clocks,  and  outputs  a  clock  whose  phase 
is  altered  every  field  by  180°. 

Instead  of  the  switches  29  and  30,  switches  47 
20  and  48  each  having  n  inputs  and  one  output,  and  se- 

quentially  selecting  the  n  inputs  to  sequentially  output 
the  selected  inputs  are  provided.  The  switch  47  is 
controlled  by  an  input  selection  signal.  The  switch  48 
is  controlled  by  the  outputs  of  the  field  phase  invert- 

25  ing  circuits  46-1  to  46-n. 
The  LPF  12  removes  the  high-frequency  compo- 

nent  from  the  output  signal  of  the  switch  47.  The  HPF 
13  removes  the  low-frequency  component  from  the 
output  signal  of  the  switch  48.  The  LPF  15  removes 

30  the  aliasing  noise  from  the  output  signal  of  the  HPF 
13.  The  adder  15  adds  the  output  signal  of  the  LF  12 
and  the  output  signal  of  the  LPF  14  to  produce  n  field- 
sequential  signals. 

35  Embodiment  B17 

Fig.  68  shows  passing  of  reading  address  over 
writing  address  that  occurs  when  a  dual  port  DRAM 
permitting  simultaneous  writing  and  reading  is  used 

40  as  the  field  memories,  and  reading  is  performed  with 
a  higher  rate  than  writing,  e.g.,  at  a  rate  three  times 
that  of  the  writing.  Fig.  69  shows  the  fields  of  data 
that  are  read  when  the  reading  is  performed  at  a  rate 
three  times  that  of  writing. 

45  In  Fig.  68,  the  horizontal  axis  represents  time,  the 
vertical  axis  represents  address,  "a"  represents  the 
number  of  addresses  required  for  covering  an  entire 
field,  and  "t1"  represents  the  time  of  one  field.  It  is  il- 
lustrated  that  writing  one  field  takes  a  period  Twf, 

so  while  reading  one  field  takes  one  third  (Twf/3)  of  the 
period  Twf.  During  the  time  Twf  required  for  writing 
one  field,  the  data  in  the  memory  is  read  three  times, 
in  other  word,  three  cycles  of  reading  operation  are 
performed.  The  write  address  varies  as  indicated  by 

55  the  slope  WA,  while  the  read  address  RA  varies  as  in- 
dicated  by  steeper  lines  RA  (with  the  gradient  three 
times  that  of  the  slope  WA). 

In  Fig.  69,  "J-1",  and  "J"  represent  the  field  num- 
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bers.  In  the  period  Twf,  the  data  in  the  field  memory 
is  changed  from  (J-1)-th  field  to  J-th  field  by  the  re- 
writing.  Three  cycles  of  reading  operation  are  per- 
formed  during  this  period.  In  Fig.  68,  in  part  of  the  per- 
iod  Twf  where  the  reading  address  is  indicated  by  dot- 
ted  lines,  the  reading  address  is  ahead  of  the  writing 
address.  In  the  rest  of  the  period  Twf  where  the  read- 
ing  address  is  indicated  the  solid  lines,  the  reading 
address  is  behind  the  writing  address.  Here,  the  ex- 
pression  "the  reading  address  is  ahead  of  the  writing 
address"  means  that  the  rewriting  with  the  new  field 
of  data  has  not  proceeded  to  the  address  from  which 
the  data  is  being  read.  The  expression  "the  reading 
address  is  behind  the  writing  address"  means  that  the 
rewriting  with  the  new  field  of  data  has  been  complet- 
ed  at  the  address  from  which  the  data  is  being  read. 

Referring  again  to  Fig.  69,  during  the  first  cycle 
of  reading,  the  reading  address  is  ahead  of  the  writing 
address,  so  that  the  data  read  from  the  field  memory 
are  all  of  the  (J-1)-th  field. 

During  the  second  cycle  of  reading,  the  reading 
address  is  initially  behind  the  writing  address,  but 
passes  the  writing  address  at  the  middle  of  the  cycle, 
which  also  is  the  middle  of  the  entire  period  Twf,  and 
is  thereafter  ahead  of  the  writing  address.  The  data 
read  in  the  first  half  of  the  second  cycle  are  of  the  J- 
th  field,  while  the  data  read  in  the  second  half  of  the 
second  cycle  are  of  the  (J-1)-th  field. 

During  the  third  cycle  of  reading,  the  reading  ad- 
dress  is  kept  behind  the  writing  address.  The  data 
read  in  the  third  cycle  are  all  of  the  J-th  field. 

In  Fig.  68,  the  solid  line  indicates  the  region  of 
which  data  of  the  respective  samples  (at  the  respec- 
tive  addresses)  are  of  the  J-th  field.  The  dotted  line 
indicates  the  region  of  which  the  data  of  the  respec- 
tive  samples  (at  the  respective  addresses)  are  of  the 
(J-1)-th  field. 

Because  of  the  passing-over  at  the  middle  of  the 
second  cycle,  if  the  data  read  in  the  second  cycle  are 
used  for  display,  the  upper  half  of  the  screen  is  the 
image  of  the  J-th  field  and  the  lower  half  of  the  screen 
is  the  image  of  the  J-th  field.  If  there  has  been  a 
change  or  motion  between  the  (J-1)-th  and  J-th 
fields,  the  resultant  discontinuity  and  discrepancy  of 
the  image  is  prominent. 

Further  problems  are  explained  with  reference  to 
Fig.  70Ato  Fig.  70F  and  Fig.  71  A  to  Fig.  71  F. 

In  the  video  signal  processor  of  Embodiment  B3 
shown  in  Fig.  41,  the  field  phase  inverters  16  and  17 
are  used  to  shift  the  phases  of  the  control  clocks  by 
180°  every  field  for  the  purpose  of  visually  canceling 
the  aliasing  noise  from  the  fD/A  of  the  control  clock  of 
the  D/A  converters  3ga  and  3b,  the  aliasing  noise  be- 
ing  contained  in  the  output  signals  of  the  D/A  conver- 
ters  3ga  and  3b. 

If  the  field  memories  2ga  and  2b  are  of  the  type 
with  which  reading  and  writing  are  not  performed  si- 
multaneously,  as  in  Embodiment  B3,  the  timing  at 

which  the  phase  of  the  control  clock  is  shifted  by  1  80° 
by  means  of  the  field  phase  inverter  16  and  the  timing 
at  which  the  phase  of  the  control  clock  by  180°  by 
means  of  the  field  phase  inverter  17  are  the  same,  so 

5  that  as  shown  in  Fig.  70Aand  Fig.  70F,  the  number 
of  samples  and  the  order  of  the  samples  of  the  output 
signal  of  the  switch  9  are  identical  to  those  of  the  input 
signal  of  the  A/D  converters  1ga  and  1b. 

If  the  field  memories  2ga  and  2b  are  of  the  type 
10  with  which  reading  and  writing  are  performed  simul- 

taneously,  the  sampling  points  of  the  (J-1)-th  field  of 
data  and  J-th  field  of  data  that  are  read  from  the  field 
memories  2g  and  2b  simultaneously  with  the  writing 
of  the  J-th  field  of  data  are  phase-shifted  by  180° 

15  from  each  other,  so  that  if  the  timing  at  which  the 
phase  of  the  control  clock  is  shifted  by  180°  by  means 
of  the  field  phase  inverter  16  and  the  timing  at  which 
the  phase  of  the  control  clock  by  1  80°  by  means  of  the 
field  phase  inverter  17  are  the  same,  the  data  of  the 

20  (J-1)-th  field  output  from  the  D/A  converters  3ga  and 
3b  are  at  points  phase-shifted  by  180°  from  the  points 
at  which  the  data  are  sampled  by  the  A/D  converter 
1ga  or  1b,  as  illustrated  in  Fig.  71  B  to  Fig.  71  E. 

If  these  signals  are  supplied  to  the  switch  9,  the 
25  output  signal  of  the  switch  9  do  not  concur  with  the 

input  signals  as  sampled  by  the  A/D  converters  1ga 
and  1b,  and  visually  the  number  of  data  samples  is 
seen  to  be  reduced  to  one  half. 

A  video  signal  processor  of  Embodiment  B17 
30  shown  in  Fig.  72  has  been  devised  to  solve  the  above 

described  problem.  It  is  featured  by  the  provision  of 
an  additional  field  memory  to  prevent  the  passing- 
over  described  above.  Fig.  72  shows  only  such  part 
of  the  video  signal  processor  which  relates  to  produc- 

35  tion  of  the  decoded  color  signal,  e.g.,  B  signal,  of  a 
plurality  of  colors.  The  circuits  identical  or  corre- 
sponding  to  those  in  the  drawings  previously  referred 
to  are  denoted  by  identical  reference  numerals.  It  is 
similar  to  Embodiment  B3  of  Fig.  41  .  However,  addi- 

40  tionally  provided  are  field  memories  2gt  and  2bt. 
Successive  fields  of  data  corresponding  to  the  in- 

put  G  signal  are  alternately  written  in  the  field  mem- 
ories  2ga  and  2gt.  During  each  period  for  writing  one 
field  of  data  into  one  of  the  field  memories,  data  is 

45  read  from  said  one  or  the  other  of  the  two  field  mem- 
ories  so  as  to  avoid  the  passing-over. 

Similarly,  successive  fields  of  data  correspond- 
ing  to  the  input  B  signal  are  alternately  written  in  the 
field  memories  2b  and  2bt.  During  each  period  for 

so  writing  one  field  of  data  into  one  of  the  field  memories, 
data  is  read  from  said  one  or  the  other  of  the  two  field 
memories  so  as  to  avoid  the  passing-over. 

If  for  instance,  when  J-th  field  of  data  are  written 
in  the  field  memories  2gaand2b,  (J-1  )-th  field  of  data 

55  having  been  written  previously  into  the  field  memor- 
ies  2gt  and  2bt  are  read  out  for  the  first  cycle  (first 
one-third  write  field  period)  and  the  second  cycle 
(second  one-third  write  field  period),  and  for  the  last 

33 
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cycle  (third  one-third  write  field  period)  the  J-th  field 
of  data  having  just  been  written  are  read  out  from  the 
field  memories  2ga  and  2b.  When  the  next  (J+1)-th 
field  of  data  are  written  in  the  field  memories  2gt  and 
2bt,  J-th  field  of  data  having  been  written  into  the  field 
memories  2ga  and  2b  are  read  out  for  the  first  cycle 
(first  one-third  write  field  period)  and  the  second  cy- 
cle  (second  one-third  write  field  period),  and  for  the 
last  cycle  (third  one-third  write  field  period)  the  (J+1)- 
th  field  of  data  having  just  been  written  are  read  out 
from  the  field  memories  2gt  and  2bt.  Similar  writing 
and  reading  operations  repeated. 

Thus,  by  the  provision  of  the  additional  field 
memories  2gt  and  2bt,  the  problem  due  to  the  passing 
over  is  eliminated.  However,  as  the  data  which  are 
read  during  the  first  two  third  of  the  write  field  period 
and  the  data  which  are  read  during  the  last  one  third 
of  the  write  field  period  are  of  different  fields,  it  is  nec- 
essary  to  shift  the  timing  at  which  the  phase  the  con- 
trol  clock  is  shifted  by  means  of  the  field  phase  inver- 
ter  17,  as  shown  in  Fig.  73D. 

With  such  an  arrangement,  the  data  of  the  entire 
field  are  output  from  the  D/A  converters  3ga  and  3b 
at  points  of  the  same  phase  as  the  points  at  which 
they  are  sampled  by  the  A/D  converters  1ga  and  1b. 
The  number  and  the  order  of  the  data  samples  of  the 
signal  output  from  the  switch  9  are  the  same  as  the 
input  signal  sampled  by  the  A/D  converters  1ga  and 
1b. 

The  modification  described  above  as  being  ap- 
plied  to  Embodiment  B3  of  Fig.  41  can  also  be  applied 
to  other  embodiments  in  which  passing-over  can  oc- 
cur  when  writing  in  and  reading  from  the  field  mem- 
ories  are  performed  simultaneously,  and  the  field 
phase  inverters  (16  and  17)  are  used. 

In  Embodiment  B17,  the  phases  of  the  control 
clocks  are  shifted  by  180°.  But  where  the  number  of 
input  signals  is  n  and  when  the  control  clocks  are 
shifted  every  field  by  360°  In  as  described  with  refer- 
ence  to  Embodiment  B7  and  Embodiment  B10,  the 
timing  at  which  the  phase  of  the  control  clocks  for 
reading  is  shifted  may  be  shifted  as  described  above 
in  Embodiment  B17. 

Embodiment  B18 

Above  described  Embodiment  B1  7  showed  a  sol- 
ution  to  the  problem  of  passing-over.  The  solution  in- 
volved  the  addition  of  field  memories  2gt  and  2bt. 
Present  Embodiment  B1  8  provides  an  alternative  sol- 
ution  wherein  the  number  of  the  field  memories  orthe 
total  capacity  of  the  field  memories  is  not  increased, 
and  yet  the  visual  resolution  (resolution  as  seen  to  the 
human  eyes). 

Illustration  of  the  circuit  configuration  of  this  Em- 
bodiment  B1  8  may  be  identical  to  that  of  the  video  sig- 
nal  processor  shown  in  Fig.  41,  butthe  manner  of  con- 
trol  over  the  field  phase  inverter  17  is  different.  That 

is,  where  writing  and  reading  are  performed  simulta- 
neously,  and  when  passing-over  of  the  address  oc- 
curs,  the  phase  of  the  control  clock  output  from  the 
field  phase  inverter  17  is  controlled  depending  on 

5  whether  the  data  being  read  from  the  field  memories 
are  those  of  the  (J-1)-th  field  or  those  of  the  J-th  field 
(the  field  of  data  with  which  the  rewriting  is  in  pro- 
gress). 

That  is,  the  timing  of  the  D/ACLK  for  shifting  by 
10  180°  the  phase  of  the  control  clock  output  from  the 

field  phase  inverter  17,  is  set  as  shown  in  Fig.  74D, 
so  that  the  phase  of  the  read  control  clock  is  shifted 
by  180°  for  the  period  from  the  time  point  when  the 
passing  over  occurs  and  the  end  of  the  two  third  of 

15  the  write  field  period.  The  result  is  that  with  respect 
to  all  the  data  of  the  entire  field,  the  points  of  the  sig- 
nals  output  from  the  D/A  converters  3ga  and  3b  are 
of  the  same  phase  as  the  points  at  which  the  input 
signals  are  sampled  by  the  A/D  converters  1ga  and 

20  1  b,  so  that  the  order  and  the  number  of  the  data  of 
the  signal  output  from  the  switch  9  are  always  identi- 
cal  to  the  input  signal  sampled  by  the  A/D  converters 
1ga  and  1b. 

The  concept  described  above  in  Embodiment 
25  B18  can  be  applied  to  the  embodiments  other  than 

Embodiment  B3  where  writing  and  reading  are  per- 
formed  simultaneously,  and  the  passing-over  occurs, 
and  field  phase  inverters  16  and  17  are  employed. 

In  Embodiment  B18,  the  phases  of  the  control 
30  clocks  are  shifted  by  180°.  But  where  the  number  of 

input  signals  is  n  and  when  the  control  clocks  are 
shifted  every  field  by  360°/n  as  described  with  refer- 
ence  to  Embodiment  B7  and  Embodiment  B10,  the 
timing  at  which  the  phase  of  the  control  clocks  for 

35  reading  is  shifted  may  be  shifted  as  described  above 
in  Embodiment  B18. 

Embodiment  B19 

40  Embodiment  B1  8  provided  a  solution  to  the  prob- 
lem  of  passing-over  when  the  reading  is  performed  at 
a  rate  three  times  the  rate  of  writing.  When  reading  is 
performed  at  other  rate  higher  than  the  rate  of  writ- 
ing,  a  similar  problem  is  encountered. 

45  Fig.  75Ato  Fig.  75G  show  the  passing-over  when 
the  reading  from  field  memories  2ga  and  2b  is  per- 
formed  at  a  rate  n  times  the  rate  of  writing.  In  Fig.  75B 
the  write  address  for  the  field  memories  2ga  and  2b 
is  shown  to  be  increased  (because  of  the  incremental 

so  change  of  the  address  value),  taking  a  period  of  one 
field,  as  indicated  by  field  pulses  shown  in  Fig.  75A. 
Fig.  75C  to  Fig.  75G  respectively  show  the  read  ad- 
dresses  in  solid  lines,  at  a  rate  two  times,  three  times, 
four  times,  five  times,  and  n  times  the  rate  of  writing. 

55  The  write  address  is  also  shown  in  dotted  lines. 
Fig.  76A  shows  the  field  pulses,  and  Fig.  76B  to 

Fig.  76F  show  the  phase  inversion  control  pulses  from 
the  field  phase  inverter  17  for  shifting  by  180°  the 
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phase  of  the  output  clocks  used  when  the  reading  is 
performed  at  a  rate  2  to  6  times,  respectively,  the  rate 
of  writing,  and  when  the  passing-over  occurs. 

In  the  video  signal  processor  of  Fig.  41,  when 
writing  and  reading  are  performed  simultaneously, 
passing  over  occurs  (n-2)  times:  When  n  =  2,  no  pass- 
ing  over  occurs;  when  n  =  3,  passing  overoccurs  once 
per  field,  as  has  been  described;  when  n  =  4,  passing 
over  occurs  twice  per  field;  when  n  =  5,  passing  over 
occurs  three  times  per  field;  and  when  n  =  6,  passing 
over  occurs  four  times  per  field. 

Embodiment  B19  takes  account  of  the  passing 
over  in  the  same  way  as  Embodiment  B18,  and  con- 
trol  the  phase  of  the  control  clocks  output  from  the 
field  phase  inverter  17.  The  timing  at  which  the  con- 
trol  clock  is  shifted  by  180°  by  means  of  the  field 
phase  inverter  17  is  set  as  shown  in  Fig.  76B  to  Fig. 
75F.  The  result  is  that  the  order  and  number  of  the 
data  of  the  signal  output  from  the  switch  9  are  always 
identical  to  those  of  the  signal  sampled  by  the  A/D 
converters  1ga  and  1b. 

The  concept  described  above  in  Embodiment 
B19  can  be  applied  to  the  embodiments  other  than 
Embodiment  B3  where  writing  and  reading  are  per- 
formed  simultaneously,  and  the  passing-over  occurs, 
and  field  phase  inverters  are  employed. 

In  Embodiment  B18,  the  phases  of  the  control 
clocks  are  shifted  by  180°.  But  where  the  number  of 
input  signals  is  n  and  when  the  control  clocks  are 
shifted  every  field  by  360°/n  as  described  with  refer- 
ence  to  Embodiment  B7  and  Embodiment  B10,  the 
timing  at  which  the  phase  of  the  control  clocks  for 
reading  is  shifted  may  be  shifted  as  described  above 
in  Embodiment  B18. 

Embodiment  B20 

Fig.  77  shows  a  circuit  for  generating  a  phase  in- 
version  control  pulse  determining  the  timing  at  which 
the  control  clock  is  shifted  by  180  by  means  of  the 
field  phase  inverter  17  in  Fig.  41. 

It  comprises  an  exclusive-OR  (exclusive  logical 
sum)  49  receiving  the  a  passing-over  pulse  and  an 
even-numbered  interval  (2m-th  interval)  selection 
signal.  The  even  interval  selection  signal  is  High,  dur- 
ing  the  even-numbered  ones  (2m-th  intervals)  of  the 
intervals  into  which  the  one  write  field  is  divided  by  n 
(the  ratio  between  the  reading  rate  and  the  writing 
rate)  and  is  Low  during  the  odd-numbered  intervals 
((2m-1)-th  intervals).  Fig.  78  to  Fig.  78F  are  timing  di- 
agrams  for  the  case  where  n  =4.  Fig.  79Ato  Fig.  79F 
are  timing  diagrams  for  the  case  where  n  =  5. 

The  passing-over  pulse  is  inverted  each  time  the 
passing-over  occurs,  as  shown  in  Fig.  78D  or  Fig. 
79D.  The  passing-over  is  also  inverted  at  the  end  of 
the  field  if  n  is  an  even  number.  The  passing-over  oc- 
curs  each  time  writing  of  data  proceeds  by  1/(n  -  1) 
write  field,  and  occurs  (n  -  2)  times  during  one  write 

field. 
The  even-numbered  interval  selection  signal  is 

High  during  the  even-numbered  intervals  (2nd, 
4th,  ...)  as  shown  in  Fig.  78C  and  Fig.  79C. 

5  The  result  of  the  exclusive  OR  operation  of  the 
passing  over  pulse  and  the  even-numbered  interval 
selection  signal  is  shown  in  Fig.  78E  and  Fig.  79E. 
The  output  of  the  exclusive  OR  gate  49  can  be  used 
as  the  field  phase  inversion  pulse. 

10  When  n  =  2,  3,  and  6,  respectively,  the  field  phase 
inversion  pulses  shown  in  Fig.  76B,  Fig.  76C  and  Fig. 
76F  can  be  obtained. 

Embodiment  B1  to  Embodiment  B20  described 
above  have  the  following  advantages: 

15  By  shifting  the  phase  of  the  sampling  points  of 
the  respective  input  signals,  and  utilizing  the  different 
sampling  points  of  the  different  input  signals,  the 
number  of  sampling  points  are  effectively  increased, 
and  the  signal  bandwidth  of  the  video  signal  proces- 

20  sor  can  be  expanded  without  increasing  the  frequen- 
cy  of  the  control  clocks  of  the  video  signal  processor. 

By  shifting  the  phase  of  the  sampling  points  by 
180°  every  field,  the  aliasing  noises  are  canceled, 
and  the  sampling  frequency  to  the  human  eyes  is  in- 

25  creased,  so  that  the  signal  bandwidth  of  the  video 
signal  processor  can  be  further  expanded. 

By  using  a  plurality  of  control  clocks  having  dif- 
ferent  phases  for  the  A/D  conversion  of  each  signal 
processing  circuit,  the  number  of  the  sampling  points 

30  can  be  increased  and  the  signal  bandwidth  of  the  vid- 
eo  signal  processor  can  be  further  expanded. 

By  switching  between  a  plurality  of  input  signals 
using  an  A/D  conversion  control  clock,  and  sequen- 
tially  encoding  the  plurality  of  input  signals  using  a 

35  single  A/D  converter,  the  number  of  the  required  A/D 
converters  can  be  reduced. 

By  delaying  a  plurality  of  input  signals  by  an 
amount  different  from  each  other,  and  sequentially 
encoding  the  input  signals  using  a  single  A/D  conver- 

40  ter,  the  number  of  the  required  A/D  converter  can  be 
reduced. 

By  field-sequentially  reading  data  of  a  plurality  of 
input  signals  from  a  memory,  and  decoding  using  a 
single  D/Aconverter,  the  number  of  required  D/Acon- 

45  verters  can  be  reduced. 
By  adopting  the  configuration  in  which  the  ca- 

pacity  of  the  memory  with  which  writing  and  reading 
are  performed  simultaneously  is  so  set  that  address 
passing-over  does  not  occur,  the  reduction  in  the 

so  number  of  sampling  points  as  seen  to  the  human 
eyes,  that  accompanies  the  address  passing-over, 
can  be  avoided. 

Even  if  the  capacity  of  the  memory  is  such  that 
the  address  passing-over  occurs,  by  shifting  by  180° 

55  the  phase  of  the  reading  and  D/A  conversion  control 
clock  for  the  period  in  which  the  data  of  the  field  with 
which  the  rewriting  is  in  progress  is  read,  so  that  the 
phase  of  the  data  read  out  is  identical  to  phase  of  the 

35 



67 EP  0  578  493  A2 68 

A/D  conversion  control  clock  of  the  preceding  field, 
the  order  and  the  number  of  data  are  always  identical 
to  those  of  the  A/D  conversion,  and  it  is  possible  to 
avoid  reduction  in  the  number  of  samples  as  seen  to 
the  human  eyes. 

By  the  use  of  the  exclusive  ORgatefor  producing 
the  signal  for  shifting  by  180°  the  reading  and  D/A 
conversion  control  clock,  the  phase  inversion  control 
pulses  can  be  obtained  using  a  simple  circuit  config- 
uration. 

Claims 

1  .  A  color  image  display  system  comprising: 
a  monochromatic  image  display  means 

(1  02)  having  a  screen  (1  03)  for  display  of  images; 
a  rotary  filter  (106)  comprising  color  filter 

sections  (106R,  106G  and  106B)  of  a  plurality  of 
colors; 

said  filter  sections  being  provided  to  be  in- 
terposed  in  an  optical  path  from  said  screen  to  a 
predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates; 

memories  (130R,  130G,  1  30B)  for  respec- 
tive  color  image  signals;  and 

a  control  circuit  (114)  for  writing  the  color 
image  signals  of  the  respective  colors  into  said 
memories  at  a  first  rate,  for  reading  the  color  im- 
age  signals  of  the  respective  colors  from  said 
memories  at  a  second  rate  higher  than  said  first 
rate  and  supplying  the  color  image  signals  of  the 
respective  colors  in  sequence  to  said  display 
means  (102),  and  for  controlling  the  rotation  of 
the  rotary  filter  (106)  such  that  the  filter  section 
(106R,  106G,  106B)ofthe  color  corresponding  to 
the  color  image  signal  which  is  being  supplied  to 
the  display  means  (102)  is  interposed  in  said  opt- 
ical  path; 

wherein  the  color  image  signal  of  each  col- 
or  is  in  the  form  a  sequence  of  samples,  the  writ- 
ing  of  the  color  image  signal  of  one  field  in  each 
of  said  memories  is  achieved  by  designating  writ- 
ing  addresses  in  succession  and  supplying  said 
samples  of  the  color  image  signal  to  said  memory 
to  thereby  write  said  samples  of  the  color  image 
signal  at  the  designated  writing  addresses,  and 
the  reading  of  the  color  image  signal  from  each 
of  said  memories  is  achieved  by  designating 
reading  addresses  in  succession  and  reading  the 
samples  of  the  color  image  signal  from  the  des- 
ignated  reading  addresses  to  thereby  obtain  a  se- 
quence  of  said  samples  of  the  color  image  signal, 
and  said  control  circuit  (114)  controls  the  supply 
of  the  image  signals  from  the  memories  to  the 
display  means  in  a  sequence  in  which  the  image 
signals  of  the  color  or  colors  which  are  less  prom- 
inent  than  others  are  supplied  to  the  display 

means  taking  a  period  in  which  passing  of  the 
reading  address  over  the  writing  address  occurs, 
said  passing  of  the  reading  address  overthe  writ- 
ing  address  occurring  due  to  the  higher  rate  of 

5  reading  than  the  rate  of  writing. 

2.  A  color  image  display  system  according  to  claim 
1  ,  wherein  said  plurality  of  colors  are  red,  green 
and  blue,  and  said  less  prominent  color  is  blue. 

10 
3.  A  color  image  display  system  according  to  claim 

2,  wherein  said  second  rate  is  n  times  said  first 
rate,  and  said  control  circuit  controls  the  reading 
in  one  of  n  read  fields  to  be  performed  in  time  with 

15  commencement  of  the  write  field. 

4.  A  color  image  display  system  according  to  claim 
3,  wherein  said  control  circuit  (114)  controls  the 
supply  of  the  image  signals  of  the  two  most  prom- 

20  inent  color  to  be  made  in  a  first  and  last  read 
fields  within  each  write  field. 

5.  A  color  image  display  system  according  to  claim 
4,  wherein  said  plurality  of  colors  are  red,  green 

25  and  blue,  and  said  two  most  prominent  colors  are 
red  and  green. 

6.  A  color  image  display  system  comprising: 
a  monochromatic  image  display  means 

30  (1  02)  having  a  screen  (1  03)  for  display  of  images; 
a  rotary  filter  (106)  comprising  color  filter 

sections  (106R,  106G  and  106B)  of  a  plurality  of 
colors; 

said  filter  sections  being  provided  to  be  in- 
35  terposed  in  an  optical  path  from  said  screen  to  a 

predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates; 

memories  (130R,  130G,  130B)  for  respec- 
tive  color  image  signals;  and 

40  a  control  circuit  (114)  for  writing  the  color 
image  signals  of  the  respective  colors  into  said 
memories  at  a  first  rate,  for  reading  the  color  im- 
age  signals  of  the  respective  colors  from  said 
memories  at  a  second  rate  higher  than  said  first 

45  rate  and  supplying  the  color  image  signals  of  the 
respective  colors  in  sequence  to  said  display 
means  (102),  and  for  controlling  the  rotation  of 
the  rotary  filter  (106)  such  that  the  filter  section 
(106R,  106G,  106B)ofthecolorcorrespondingto 

so  the  color  image  signal  which  is  being  supplied  to 
the  display  means  (1  02)  is  interposed  in  said  opt- 
ical  path; 

wherein  the  color  image  signal  of  each  col- 
or  is  in  the  form  a  sequence  of  samples,  the  writ- 

55  ing  of  the  color  image  signal  of  one  field  in  each 
of  said  memories  is  achieved  by  designating  writ- 
ing  addresses  in  succession  and  supplying  said 
samples  of  the  color  image  signal  to  said  memory 
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to  thereby  write  said  samples  of  the  color  image 
signal  at  the  designated  writing  addresses,  and 
the  reading  of  the  color  image  signal  in  each  of 
said  memories  is  achieved  by  designating  read- 
ing  addresses  in  succession  and  reading  the  5 
samples  of  the  color  image  signal  from  the  des- 
ignated  reading  addresses  to  thereby  obtain  a  se- 
quence  of  said  samples  of  the  color  image  signal; 

said  color  image  display  system  further 
comprises  an  additional  memory  (134)  provided  10 
forthe  colors,  the  image  signals  of  which  are  sup- 
plied  to  the  display  means  taking  a  period  in 
which  passing  of  the  reading  address  over  the 
writing  address  would  occur  if  said  additional 
memory  were  not  provided;  15 

said  passing  of  the  reading  address  over 
the  writing  address  occurring  due  to  the  higher 
rate  of  reading  than  the  rate  of  writing; 

said  additional  memory  (134)  and  said 
first-mentioned  memory  (130B)  being  selected  20 
alternately  for  writing,  and  alternately  for  reading 
such  that,  at  least  during  the  above-mentioned 
period  in  which  said  passing  occurs,  the  reading 
is  made  from  the  memory  which  is  different  from 
the  memory  into  which  the  writing  is  being  made.  25 

7.  A  color  image  display  system  according  to  claim 
6,  wherein 

said  plurality  of  colors  are  three  colors; 
said  second  rate  is  three  times  said  first  30 

rate; 
said  control  circuit  controls  the  reading  in 

one  of  three  read  fields  to  be  performed  in  time 
with  the  commencement  of  the  write  field;  and 

said  passing  occurs  during  the  second  35 
read  field  within  each  write  field. 

8.  A  color  image  display  system  comprising: 
a  monochromatic  image  display  means 

(1  02)  having  a  screen  (1  03)  for  display  of  images;  40 
a  rotary  filter  (106)  comprising  color  filter 

sections  (106R,  106G  and  106B)  of  a  plurality  of 
colors; 

said  filter  sections  being  provided  to  be  in- 
terposed  in  an  optical  path  from  said  screen  to  a  45 
predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates; 

memories  (130R,  130G,  1  30B)  for  respec- 
tive  color  image  signals; 

a  control  circuit  (114)  for  writing  the  color  50 
image  signals  of  the  respective  colors  into  said 
memories  at  a  first  rate,  for  reading  the  color  im- 
age  signals  of  the  respective  colors  from  said 
memories  at  a  second  rate  higher  than  said  first 
rate  and  supplying  the  color  image  signals  of  the  55 
respective  colors  in  sequence  to  said  display 
means  (102),  and  for  controlling  the  rotation  of 
the  rotary  filter  (106)  such  that  the  filter  section 

(106R,  106G,  106B)ofthecolorcorrespondingto 
the  color  image  signal  which  is  being  supplied  to 
the  display  means  (1  02)  is  interposed  in  said  opt- 
ical  path; 

an  interrupter  (1  36)  for  interrupting  supply 
of  the  image  signal  to  the  display  device  when 
such  interruption  is  desired. 

9.  A  color  image  display  system  according  to  claim 
8,  wherein  said  interrupter  (136)  is  provided  be- 
tween  the  memories  (130R,  130G,  130B)andthe 
display  means  (102). 

10.  A  color  image  display  system  according  to  claim 
9,  wherein  said  control  circuit  (114)  also  detects 
the  phase  difference  between  the  rotation  of  the 
rotary  filter  (1  06)  and  the  supply  of  the  image  sig- 
nals  to  said  display  means  (1  02),  and  controls  the 
interrupter  (136)  to  effect  the  interruption  when 
the  phase  difference  exceeds  a  predefined 
range. 

11.  A  color  image  display  system  according  to  claim 
8,  wherein  said  control  circuit  (114)  controls  the 
interrupter  (136)  to  effect  the  interruption  during 
a  predefined  period  in  which  the  phase  difference 
is  expected  or  likely  to  be  impermissilbe. 

12.  A  color  image  display  system  comprising: 
a  monochromatic  image  display  means 

(1  02)  having  a  screen  (1  03)  for  display  of  images; 
a  rotary  filter  (106)  comprising  color  filter 

sections  (106R,  106G  and  106B)  of  a  plurality  of 
colors; 

said  filter  sections  being  provided  to  be  in- 
terposed  in  an  optical  path  from  said  screen  to  a 
predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates; 

memories  (130R,  130G,  130B)  for  respec- 
tive  color  image  signals; 

a  control  circuit  (114)  for  writing  the  color 
image  signals  of  the  respective  colors  into  said 
memories  at  a  first  rate,  for  reading  the  color  im- 
age  signals  of  the  respective  colors  from  said 
memories  at  a  second  rate  higher  than  said  first 
rate  and  supplying  the  color  image  signals  of  the 
respective  colors  in  sequence  to  said  display 
means  (102),  and  for  controlling  the  rotation  of 
the  rotary  filter  (106)  such  that  the  filter  section 
(106R,  106G,  106B)ofthecolorcorrespondingto 
the  color  image  signal  which  is  being  supplied  to 
the  display  means  (1  02)  is  interposed  in  said  opt- 
ical  path; 

A/D  converters  (128R,  128G,  128B)  pro- 
vided  for  the  respective  colors  and  sampling  and 
digitizing  the  color  image  signals;  and 

a  switching  means  (116)  for  receiving  the 
outputs  of  the  memories  and  selecting  the  out- 
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puts  of  the  memories  in  a  sequence  in  which 
switching  of  the  image  signal  from  one  color  to 
another  color  is  made  every  read  field; 

wherein 
said  control  circuit  (114)  controls  the  A/D  5 

converters  (128R,  128G,  128B)  to  effect  the 
sampling  at  timings  shifted  from  each  other; 

said  control  circuit  (114)  controls  the  read- 
ing  of  the  stored  image  signals  to  be  effected  at 
timings  shifted  from  each  other;  and  10 

said  color  image  display  system  further 
comprises: 

a  first  adder  (138)  adding  the  image  sig- 
nals  from  the  memories  (130R,  130G,  130B); 

a  high-pass  filter  (140)  for  receiving  the  15 
output  of  the  first  adder  and  extracting  the  high- 
frequency  component  from  the  output  of  the  first 
adder  (138);  and 

a  second  adder  (142)  for  adding  the  output 
of  the  high-pass  filter  (140)  to  the  output  of  the  20 
switching  circuit  (116). 

13.  A  color  image  display  system  according  to  claim 
12,  wherein  said  plurality  of  colors  are  three  col- 
ors,  and  said  sampling  timings  are  shifted  by  one 
third  of  the  sampling  interval,  and  said  timings  of 
reading  are  shifted  by  one  third  of  an  interval  at 
which  the  read  is  performed. 

a  memory  (130)  for  storing  the  time- 
division  multiplexed  color  image  signal; 

a  control  circuit  (114)  for  reading  the  color 
image  signals  of  the  respective  colors  in  turn  in 

5  which  the  switching  of  the  image  signal  from  one 
color  to  another  is  made  every  read  field,  and 
supplying  the  color  image  signals  of  the  respec- 
tive  colors  in  sequence  to  said  display  means 
(102),  and  controlling  the  rotation  of  the  rotary  f  il- 

10  ter  (106)  such  that  the  filter  section  (106R,  106G, 
1  06B)  of  the  color  corresponding  to  the  color  im- 
age  signal  which  is  being  supplied  to  the  display 
means  (102)  is  interposed  in  said  optical  path. 

15  16.  A  color  image  display  system  according  to  claim 
15,  wherein  said  control  circuit  (114)  controls  the 
reading  such  that  sequences  of  images  signals 
are  read  from  the  memory  (130)  in  turn,  each  of 
said  sequences  consisting  of  image  signals  of 

20  one  color  and  forming  one  read  field. 

17.  A  color  image  display  system  according  to  claim 
16,  wherein  said  plurality  of  colors  are  three  col- 
ors,  and  said  control  means  (114)  reads  the  im- 

25  age  signals  from  memory  locations  in  the  mem- 
ory  (130)  where  image  signals  of  every  third 
scanning  line  are  stored. 

18.  A  color  image  display  system  according  to  claim 
30  15,  wherein 

said  control  circuit  (114)  controls  said 
switching  means  (144)  to  alter  the  order  of  selec- 
tion  of  the  image  signals  of  the  said  plurality  of 
colors  every  write  field,  so  that  the  position  of  the 

35  first  line  of  the  image  signal  of  each  color  within 
each  write  field  is  altered  every  write  field;  and 

said  control  circuit  controls  (114)  the  com- 
mencement  of  the  reading  of  the  image  signals  in 
each  read  field  to  be  altered  in  accordance  with 

40  the  alteration  of  the  position  of  the  first  line  of  the 
image  signals  of  each  color  in  each  write  field. 

14.  A  color  image  display  system  according  to  claim  30 
13,  further  comprising: 

D/A  converters  (132R,  132G,  132B)  pro- 
vided  for  the  respective  colors  and  receiving  the 
outputs  of  the  memories  (130R,  130G,  130B)and 
D/A  converting  the  image  signals  from  the  mem-  35 
ories; 

said  D/A  converters  being  interposed  be- 
tween  said  memories  (130R,  130G,  130B)  and 
said  switching  means  (116); 

said  first  adder  adds  the  outputs  of  said  40 
D/A  converters. 

15.  A  color  image  display  system  comprising: 
a  monochromatic  image  display  means 

(1  02)  having  a  screen  (1  03)  for  display  of  images;  45 
a  rotary  filter  (106)  comprising  color  filter 

sections  (106R,  106G,  106B)  of  a  plurality  of  col- 
ors; 

said  filter  sections  being  provided  to  be  in- 
terposed  in  an  optical  path  from  said  screen  to  a  50 
predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates; 

a  switching  circuit  (144)  receiving  color  im- 
age  signals  of  respective  colors  and  selecting 
them  in  a  sequence  in  which  switching  of  the  im-  55 
age  signal  from  one  color  to  another  is  effected 
every  horizontal  scanning  line  to  produce  a  time- 
division  multiplexed  color  image  signal; 

19.  A  color  image  display  system  according  to  claim 
18,  wherein  the  alteration  of  the  commencement 
of  the  reading  of  the  image  signals  in  each  read 
field  is  effected  every  write  field. 

20.  A  color  image  display  system  according  to  claim 
15,  wherein  said  second  rate  is  n  times  said  first 
rate,  and  control  circuit  controls  the  reading  in 
one  of  n  read  fields  to  be  performed  in  time  with 
commencement  of  the  write  field. 

21.  A  color  image  display  system  according  to  claim 
15,  wherein  said  control  circuit  (114)  controls  the 
supply  of  the  image  signals  to  said  display  means 
to  be  effected  in  a  sequence  in  which  switching 
of  the  color  image  signals  from  one  color  to  an- 
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other  is  made  every  read  field. 

22.  A  color  image  display  system  according  to  claim 
1  5,  wherein  said  memory  (1  30)  has  a  capacity  of 
one  field  of  the  color  image  signal.  5 

23.  A  color  image  display  system  according  to  claim 
15,  wherein  said  memory  (130)  is  capable  of  con- 
current  writing  and  reading. 

10 
24.  A  color  image  display  system  comprising: 

a  monochromatic  image  display  means 
(1  02)  having  a  screen  (1  03)  for  display  of  images; 

a  rotary  filter  (106)  comprising  color  filter 
sections  (1  06R,  1  06G  and  1  06B)  of  a  plurality  of  15 
colors; 

said  filter  sections  being  provided  to  be  in- 
terposed  in  an  optical  path  from  said  screen  to  a 
predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates;  20 

memories  (130R,  130G,  1  30B)  for  respec- 
tive  color  image  signals; 

a  control  circuit  (114)  for  writing  the  color 
image  signals  of  the  respective  colors  into  said 
memories  at  a  first  rate,  for  reading  the  color  im-  25 
age  signals  of  the  respective  colors  from  said 
memories  at  a  second  rate  higher  than  said  first 
rate  and  supplying  the  color  image  signals  of  the 
respective  colors  in  sequence  to  said  display 
means  (102),  and  for  controlling  the  rotation  of  30 
the  rotary  filter  (106)  such  that  the  filter  section 
(106R,  106G,  106B)ofthe  color  corresponding  to 
the  color  image  signal  which  is  being  supplied  to 
the  display  means  (102)  is  interposed  in  said  opt- 
ical  path;  35 

a  color  signal  separator  (122)  receiving  a 
composite  video  signal  comprising  luminance 
and  chrominance  signals,  and  vertical  and  hori- 
zontal  sync  signals,  and  producing,  from  the  com- 
posite  video  signal,  said  the  color  image  signals;  40 
and 

a  syncsignal  separator  (124)  receiving  the 
composite  video  signal  and  extracting  a  vertical 
sync  signal  from  the  composite  video  signal; 

wherein  said  control  circuit  (114)  controls  45 
the  writing  to  be  performed  in  synchronism  with 
said  vertical  sync  signal;  and 

said  control  circuit  comprises  a  drive  con- 
troller  (67)  for  controlling  the  rotation  of  said  ro- 
tary  filter  to  be  in  synchronism  with  the  vertical  50 
sync  signal. 

25.  A  color  image  display  system  according  to  claim 
24,  wherein  said  control  circuit  further  comprises 
a  memory  controller  (77),  and  an  oscillator  (71)  55 
for  producing  a  reference  clock  which  is  in  syn- 
chronism  with  the  horizontal  sync  signal, 

said  reference  clock  being  supplied  to  said 

memory  controller. 

26.  A  color  image  display  system  according  to  claim 
25,  wherein  said  second  rate  is  n  times  said  first 
rate,  n  being  a  positive  integer,  and  said  reference 
clock  consists  of  clock  pulses,  the  number  of 
clock  pulses  produced  during  each  horizontal 
period  defined  by  said  horizontal  sync  signal  is  a 
multiple  of  n. 

27.  A  color  image  display  system  according  to  claim 
24,  wherein  said  control  circuit  (114)  controls  the 
writing  in  the  memories  to  be  performed  as  the 
video  signal  is  supplied  to  the  color  signal  sepa- 
rator  (122). 

28.  A  color  image  display  system  comprising: 
a  monochromatic  image  display  means 

(1  02)  having  a  screen  (1  03)  for  display  of  images; 
a  rotary  filter  (106)  comprising  color  filter 

sections  (106R,  106G  and  106B)  of  a  plurality  of 
colors; 

said  filter  sections  being  provided  to  be  in- 
terposed  in  an  optical  path  from  said  screen  to  a 
predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates; 

memories  (130R,  130G,  130B)  for  respec- 
tive  color  image  signals; 

a  control  circuit  (114)  for  writing  the  color 
image  signals  of  the  respective  colors  into  said 
memories  at  a  first  rate,  for  reading  the  color  im- 
age  signals  of  the  respective  colors  from  said 
memories  at  a  second  rate  higher  than  said  first 
rate  and  supplying  the  color  image  signals  of  the 
respective  colors  in  sequence  to  said  display 
means  (102),  and  for  controlling  the  rotation  of 
the  rotary  filter  (106)  such  that  the  filter  section 
(106R,  106G,  106B)ofthecolorcorrespondingto 
the  color  image  signal  which  is  being  supplied  to 
the  display  means  (1  02)  is  interposed  in  said  opt- 
ical  path; 

means  (146R,  146G,  146B)  for  introducing 
a  phase  difference  between  the  image  signals  of 
the  respective  colors; 

a  switching  means  (144)  for  selecting  the 
image  signals  in  turn;  and 

an  A/D  converter  (128)  for  sampling  and 
digitizing  the  image  signals  from  said  switching 
circuit  (144);  and 

said  switching  means  (144)  selecting  the 
image  signals  in  a  sequence  in  which  switching  of 
the  image  signals  from  one  color  to  another  is 
made  every  sampling  period; 

wherein  said  control  circuit  (114)  controls 
the  writing  of  the  image  signals  of  the  respective 
colors  such  that  they  are  written  in  the  respective 
memories. 
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29.  A  color  image  display  system  according  to  claim 
28,  wherein  said  plurality  of  colors  are  three  col- 
ors,  and  said  phase  difference  introduced  be- 
tween  each  pair  of  image  signals  is  one  third  of 
the  sampling  period. 

30.  A  color  image  display  system  according  to  claim 
29,  wherein  said  control  circuit  (114)  controls  the 
reading  to  be  commenced  at  different  timings  de- 
pending  on  whetherthe  data  to  be  read  are  of  odd 
or  even  write  field  so  as  to  produce  interlaced 
scanning  on  the  display  means  (102). 

31.  A  color  image  display  system  according  to  claim 
30,  wherein  the  difference  between  the  timings  is 
one  half  of  the  horizontal  scanning  period  of  the 
read  field. 

32.  A  color  image  display  system  according  to  claim 
31  ,  wherein  said  control  circuit  (114)  changes  the 
timing  of  the  commencement  of  reading  every 
write  field. 

33.  A  color  image  display  system  according  to  claim 
28,  further  comprising  a  D/A  converter  (132)  hav- 
ing  its  input  coupled  to  the  output  of  all  of  said 
memories,  for  D/A-converting  the  image  signal 
being  output  from  the  memories,  wherein  said 
control  circuit  (114)  controls  the  memories  so  that 
only  one  of  them  outputs  the  image  signal  at  a 
time. 

34.  A  color  image  display  system  comprising: 
a  monochromatic  image  display  means 

(1  02)  having  a  screen  (1  03)  for  display  of  images; 
a  rotary  filter  (106)  comprising  color  filter 

sections  (106R,  106G  and  106B)  of  a  plurality  of 
colors; 

said  filter  sections  being  provided  to  be  in- 
terposed  in  an  optical  path  from  said  screen  to  a 
predefined  viewing  position  in  turn  as  the  rotary 
filter  rotates; 

memories  (130R,  130G,  1  30B)  for  respec- 
tive  color  image  signals;  and 

a  control  circuit  (114)  for  writing  the  color 
image  signals  of  the  respective  colors  into  said 
memories  at  a  first  rate,  for  reading  the  color  im- 
age  signals  of  the  respective  colors  from  said 
memories  at  a  second  rate  higher  than  said  first 
rate  and  supplying  the  color  image  signals  of  the 
respective  colors  in  sequence  to  said  display 
means  (102),  and  for  controlling  the  rotation  of 
the  rotary  filter  (106)  such  that  the  filter  section 
(106R,  106G,  106B)ofthe  color  corresponding  to 
the  color  image  signal  which  is  being  supplied  to 
the  display  means  (102)  is  interposed  in  said  opt- 
ical  path. 

35.  A  color  image  display  system  according  to  claim 
34,  wherein  said  control  circuit  (114)  controls  the 
supply  of  the  image  signals  to  be  effected  in  a  se- 
quence  in  which  switching  of  the  color  image  sig- 

5  nals  from  one  color  to  another  is  made  every  read 
field. 

36.  A  color  image  display  system  according  to  claim 
34,  further  comprising  a  switching  means  (116) 

10  for  receiving  the  outputs  of  the  memories  and  se- 
lecting  the  outputs  of  the  memories  in  a  se- 
quence  in  which  switching  of  the  image  signal 
from  one  color  to  another  color  is  made  every 
read  field. 

15 
37.  A  color  image  display  system  according  to  claim 

34,  wherein  each  of  the  memories  (130R,  130G, 
130B)  has  a  capacity  of  one  field  of  the  corre- 
sponding  color  image  signal. 

20 
38.  A  color  image  display  system  according  to  claim 

34,  wherein  said  memories  (130R,  130G,  130B) 
are  capable  of  concurrent  writing  and  reading. 

25  39.  A  color  image  display  system  according  to  claim 
34,  wherein  said  filter  sections  (106R,  106G, 
1  06B)  of  said  rotary  filter  (1  06)  are  consecutive  in 
the  direction  of  rotation. 

30  40.  A  color  image  display  system  according  to  claim 
34,  further  comprising: 

a  rotary  driving  means  (110,  110,  112,  114) 
for  rotating  the  rotary  filter  (1  06)  in  such  a  manner 
that  the  filter  sections  of  respective  colors  are  in- 

35  terposed  in  said  optical  path  in  turn  as  the  image 
of  the  image  signals  of  the  corresponding  color 
is  displayed  by  said  display  means. 

41.  A  color  image  display  system  according  to  claim 
40  34,  wherein  said  rotary  filter  has  two  or  more  sets 

of  filter  sections  (106R1,  106G1,  106B1,  106R2, 
106G2,  106B2),  each  set  comprising  filter  sec- 
tions  of  said  plurality  of  colors. 

45  42.  A  color  image  display  system  according  to  claim 
34,  further  comprising: 

a  color  signal  separator  (122)  receiving  a 
composite  video  signal  comprising  luminance 
and  chrominance  signals,  and  vertical  and  hori- 

50  zontal  sync  signals,  and  producing,  from  the  com- 
posite  video  signal,  said  the  color  image  signals. 

43.  A  color  image  display  system  according  to  claim 
42,  further  comprising  a  sync  signal  separator 

55  (124)  receiving  the  composite  video  signal  and 
extracting  a  vertical  sync  signal  from  the  compo- 
site  video  signal; 

wherein  said  control  circuit  (114)  controls 

40 
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the  writing  to  be  performed  in  synchrohism  with 
said  vertical  sync  signal. 

44.  A  color  image  display  system  according  to  claim 
34,  wherein  the  filter  sections  (106R,  106G, 
106B)  are  of  three  primary  colors,  and  said  image 
signals  are  of  three  primary  colors. 

45.  A  color  image  display  system  according  to  claim 
44,  wherein  said  second  rate  is  n  times  said  first 
rate,  wherein  n  is  three  or  a  multiple  of  three. 

46.  A  video  signal  processor  comprising  a  plurality  of 
signal  processing  circuits  for  sampling  and  A/D- 
converting  respective  ones  of  a  plurality  of  input 
color  signals  representing  respective  color  com- 
ponents  of  a  video  signal,  to  produce  digital  data 
corresponding  to  the  input  color  signals,  writing 
the  data  in  respective  memories  (2b,  2ba,  2bt,  2g, 
2ga,  2gt,  2r,  2ra,  2-1  to  2-n),  reading  the  data  from 
the  respective  memories,  and  D/A-converting 
the  data  to  produce  decoded  signals  of  the  re- 
spective  colors,  said  video  signal  processor  com- 
prising: 

means  (7,  8,  8b,  8g,  8rg,  7b,  7g,  7rg,  16, 
17,  22,  23,  25,  26,  27,  28,  31,  32,  38,  42,  43,  44, 
45-1  to  45-n,  46-1  to  46-n,  50)  for  controlling  the 
operation  of  the  respective  signal  processing  cir- 
cuits  using  control  clocks  having  different  phases 
to  vary  the  phases  of  the  sampling  points  of  the 
input  color  signals;  and 

means  (15)  for  adding,  to  the  decoded  sig- 
nal  of  one  of  the  signal  processing  circuits,  a  high- 
frequency  component  of  the  decoded  signal  of 
another  of  the  signal  processing  circuits. 

47.  A  video  signal  processor  according  to  claim  46, 
wherein  the  phases  of  said  control  clocks  are 
shifted  by  180°  every  field. 

48.  A  video  signal  processor  according  to  claim  46, 
wherein  said  control  means  uses  a  plurality  of 
clocks  for  control  over  the  operation  of  each  of 
said  signal  processing  circuits. 

49.  A  video  signal  processor  comprising  a  plurality  of 
signal  processing  circuits  for  sampling  and  A/D- 
converting  respective  ones  of  a  plurality  of  input 
color  signals  representing  respective  color  com- 
ponents  of  a  video  signal,  to  produce  digital  data 
corresponding  to  the  input  color  signals,  writing 
the  data  in  respective  memories,  reading  the 
data  from  the  respective  memories  (2b,  2ba,  2bt, 
2g,  2ga,  2gt,  2r,  2ra,  2-1  to  2-n),  and  D/A-convert- 
ing  the  data  to  produce  decoded  signals  of  the  re- 
spective  colors,  said  video  signal  processor  com- 
prising: 

a  common  A/D  converter  (1,  1gb)  for  a 

plurality  of  input  color  signals; 
means  (37,  41  r,  41g,  41  b)  for  alternately  or 

sequentially  selecting  said  plurality  of  input  color 
signals  and  supplying  the  selected  signals  to  said 

5  common  A/D  converter; 
said  common  A/D  converter  converting 

the  selected  input  color  signals  into  said  digital 
data; 

means  (7,  7b,  7g,  7rg,  16,  22,  25,  27,  31, 
w  38,42,43,45-1  to  45-n,  50)  for  writing  the  digital 

data  for  the  respective  input  color  signals  into 
memories  for  the  respective  input  color  signals; 

means  (8,  8b,  8g,  8rg,  17,  23,  26,  28,  32, 
44,  46-1  to  46-n,  50)  for  reading  encoded  data 

15  from  the  memories  and  supplying  the  digital  data 
to  D/A  converters  for  the  respective  color  signals 
to  produce  said  decoded  signals;  and 

means  (15,  15b,  15g,  15r)  for  adding,  to 
the  decoded  signal  of  one  of  the  signal  process- 

20  ing  circuits,  a  high-frequency  component  of  the 
decoded  signal  of  another  of  the  signal  process- 
ing  circuits. 

50.  A  video  signal  processor  according  to  claim  49, 
25  wherein  said  selecting  means  selects  said  input 

color  signals  in  accordance  with  A/D  conversion 
clocks. 

51.  A  video  signal  processor  according  to  claim  49, 
30  further  comprising: 

delay  means  (39,  40)  for  delaying  at  least 
some  of  the  input  color  signals  so  that  they  have 
a  phase  difference  between  them; 

wherein  said  selecting  means  selects  said 
35  color  signals  output  from  said  delay  means; 

said  writing  means  writes  the  digital  data 
of  the  respective  color  signals  into  the  respective 
memories  using  control  clocks  having  the  same 
phase  difference  as  said  color  signals  output  from 

40  said  delay  means. 

52.  A  video  signal  processor  comprising  a  plurality  of 
signal  processing  circuits  and  comprising: 

A/D-con  verting  means  (1b,  1ba,  1g,  1ga, 
45  1r,  1ra,  1gb,  1,  1-1  to  1-n)  for  sampling  and  A/D- 

converting  respective  ones  of  a  plurality  of  input 
color  signals  representing  respective  color  com- 
ponents  of  a  video  signal,  to  produce  digital  data 
corresponding  to  the  input  color  signals; 

so  memories  (2b,  2ba,  2bt,  2g,  2ga,  2gt,  2r, 
2ra,  2-1  to  2-n)  for  the  respective  color  signals; 

means  (7,  7b,  7g,  7rg,  16,  22,  25,  27,  31, 
38,  42,  43,  45-1  to  45-n,  50)  for  writing  said  digital 
data  in  the  respective  memories; 

55  means  (8,  8b,  8g,  8rg,  17,  23,  26,  28,  32, 
44,46-1  to  46-n,  50)  for  reading  the  data  from  the 
respective  memories;  and 

D/A-converting  means  (3b,  3ba,  3g,  3ga, 

41 
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3r,  3rg,  3rga,  3-1  to  3-n)  for  D/A-converting  the 
data  read  from  the  memories  to  produce  decoded 
signals  of  the  respective  colors; 

means  (15,  15b,  15g,  15r)  for  adding,  to 
the  decoded  signal  of  one  color,  a  high-frequency 
component  of  the  decoded  signal  of  another  col- 
or. 

ference  as  the  input  color  signals. 

60.  A  video  signal  processor  according  to  claim  52, 
wherein  said  D/A-converting  means  comprises  a 

5  D/A  converter  for  D/A-converting  the  color  sig- 
nals  of  a  plurality  of  colors. 

61.  A  video  signal  processor  according  to  claim  52, 
wherein  said  D/A-converting  means  comprises  a 

10  D/A  converter  for  D/A-converting  the  color  sig- 
nals  of  a  plurality  of  colors  read  from  memories  in 
a  field-sequential  manner. 

53.  A  video  signal  processor  according  to  claim  52, 
wherein  said  A/D-con  verting  means  comprises  a  10 
plurality  of  A/D  converters  for  the  respective  col- 
ors. 

54.  A  video  signal  processor  according  to  claim  53, 
further  comprising  means  (7,  7b,  7g,  7rg,  16,  22, 
25,  27,  31  ,  38,  42,  43,  45-1  to  45-n,  50)  for  con- 
trollig  the  operation  of  the  respective  A/D  conver- 
ters  using  control  clocks  having  different  phases 
to  vary  the  phases  of  the  sampling  points  of  the 
color  signals. 

55.  A  video  signal  processor  according  to  claim  54, 
wherein  the  phases  of  said  control  clocks  are 
shifted  by  180°  every  field. 

56.  A  video  signal  processor  according  to  claim  54, 
wherein  said  control  means  uses  a  plurality  of 
clocks  for  control  over  the  operation  of  each  of 
A/D  converters  to  thereby  increase  the  sampling 
points. 

57.  A  video  signal  processor  according  to  claim  52, 
wherein  said  A/D-converting  means  comprises 
an  A/D  converter  provided  for  a  plurality  of  colors. 

58.  A  video  signal  processor  according  to  claim  57, 
further  comprising: 

means  (37,  41  r,  41  g,  41  b)  for  alternately  or 
sequentially  selecting  said  plurality  of  color  sig- 
nals  and  supplying  the  selected  signals  to  said 
A/D  converter  to  produce  digital  data  for  the  re- 
spective  color  signals; 

wherein  said  writing  means  writes  the  dig- 
ital  data  for  the  respective  color  signals  into  the 
memories  for  the  respective  color  signals. 

59.  A  video  signal  processor  according  to  claim  57, 
further  comprising: 

means  (39,  40)  for  delaying  at  least  some 
of  the  input  color  signals  so  that  they  have  a 
phase  difference  between  them;  and 

means  (41  r,  41  g,  41  b)  for  alternately  or  se- 
quentially  selecting  the  input  colorsignals  at  least 
some  of  which  have  been  delayed,  and  supplying 
the  selected  signals  to  said  A/D  converter  to  pro- 
duce  digital  data,  and  writing  the  digital  data  of 
the  respective  color  signals  into  the  memories 
using  control  clocks  having  the  same  phase  dif- 

62.  A  video  signal  processor  for  A/D-converting  an  in- 
15  put  signal  using  a  control  clock  which  is  phase- 

shifted  every  field  by  a  predetermined  phase,  to 
produce  digital  data,  and  writing  the  digital  data 
into  a  memory  (2b,  2ba,  2bt,  2g,  2ga,  2gt,  2r,  2ra, 
2-1  to  2-n),  and  reading  the  digital  data  from  the 

20  memory  at  a  rate  n  times  (n  >  1)  the  rate  of  writ- 
ing; 

said  reading  of  one  field  being  performed 
repeatedly  while  writing  of  one  field  is  performed 
once;  wherein 

25  said  memory  for  each  of  the  color  signals 
has  first  and  second  areas,  each  having  a  capaci- 
ty  of  one  field  of  said  digital  data; 

wherein  said  color  signal  processor  com- 
prises: 

30  means  (7,  7b,  7g,  7rg,  16,  22,  25,  27,  31, 
38,  42,  43,  45-1  to  45-n,  50)  for  writing  the  digital 
data  of  respective  fields  alternately  into  the  first 
area  and  the  second  area;  and 

means  (7,  8,  8b,  8g,  8rg,  7b,  7g,  7rg,  16, 
35  1  7,  22,  23,  25,  26,  27,  28,  31  ,  32,  38,  42,  43,  44, 

45-1  to  45-n,  46-1  to  46-n,  50)  for  controlling  the 
reading  from  the  memory  such  that  the  digital 
data  read  in  one  field  of  reading  operation  consist 
of  digital  data  written  in  one  field  of  writing  oper- 

40  ation. 

63.  A  video  signal  processor  according  to  claim  62, 
wherein  said  controlling  means  controls  the  tim- 
ing  of  commencement  the  reading  of  the  digital 

45  data  of  each  field  such  that  the  reading  of  the  dig- 
ital  data  of  said  each  field  will  not  proceed  to  the 
end  of  the  field  until  or  concurrent  with  the  end 
of  the  writing  of  the  digital  field  of  said  each  field. 

so  64.  Avideo  signal  processor  for  A/D-converting  an  in- 
put  signal  using  a  control  clock  which  is  phase- 
shifted  every  field  by  a  predetermined  phase,  to 
produce  digital  data,  and  writing  the  digital  data 
into  a  memory,  and  reading  the  digital  data  from 

55  the  memory  at  a  rate  n  times  (n  >  1)  the  rate  of 
writing; 

said  reading  of  one  field  being  performed 
repeatedly  while  writing  of  one  field  is  performed 

42 
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once; 
wherein  said  video  signal  processor  com- 

prises: 
means  (7,  8,  8b,  8g.  8rg,  7b,  7g,  7rg,  16, 

1  7,  22,  23,  25,  26,  27,  28,  31  ,  32,  38,  42,  43,  44,  5 
45-1  to  45-n,  46-1  to  46-n,  50)  for  shifting  the 
phases  of  the  control  clocks  for  the  reading  and 
the  D/A  conversion  so  as  to  be  identical  to  the 
phase  of  the  control  clock  for  the  A/D  conversion, 
during  a  period  in  which  the  digital  data  of  one  10 
field  is  being  read  and  in  which  the  writing  of  the 
digital  data  of  the  same  field  is  also  written. 

65.  A  phase  inversion  control  pulse  generating  circuit 
comprising  an  exclusive  OR  gate  (49)  receiving  a  15 
passing-over  pulse  which  is  inverted  each  time 
an  address  of  a  memory  from  which  data  is  read 
passes  over  an  address  of  the  memory  into  which 
data  is  written,  and  a  signal  which  is  Active  during 
any  of  even-numbered  ones  of  intervals  into  20 
which  one  write  field  is  divided. 

66.  An  image  signal  processing  circuit  for  a  color  dis- 
play  system  in  which  respective  color  compo- 
nents  of  an  image  are  displayed  sequentially,  the  25 
circuit  comprising  a  memory  into  which  the  color 
image  signals  are  written  while  color  image  sig- 
nals  are  being  read  for  display,  the  signals  relat- 
ing  to  each  of  the  respective  colors  being  read  out 
of  the  memory  during  an  interval  shorter  than  the  30 
interval  over  which  those  signals  are  written  into 
the  memory,  characterised  in  that  the  reading 
from  and  writing  to  the  memory  is  so  controlled 
that  the  color  represented  by  the  image  signals 
which  are  being  read  from  the  memory  at  the  time  35 
that  writing  and  reading  addresses  correspond  is 
the  least  visually  prominent  of  the  respective  col- 
ors. 

67.  An  image  signal  processing  circuit  for  a  color  dis-  40 
play  system  in  which  respective  color  compo- 
nents  of  an  image  are  displayed  sequentially,  the 
circuit  comprising  a  memory  into  which  the  color 
image  signals  are  written  while  color  image  sig- 
nals  are  being  read  for  display,  the  signals  relat-  45 
ing  to  each  of  the  respective  colors  being  read  out 
of  the  memory  during  an  interval  shorterthan  the 
interval  over  which  those  signals  are  written  into 
the  memory,  characterised  by  a  further  memory 
which  is  used  to  store  at  least  some  of  said  color  50 
image  signals,  the  two  memories  being  selected 
alternately  for  reading  and  writing  so  that  the 
memory  which  is  read  differs  from  that  which  is 
being  written  to. 

55 
68.  An  image  display  system  comprising  a  display 

light  source  for  producing  successive  images  in 
response  to  color  image  signals  each  represent- 

ing  a  respect  image  color  component,  and  a  ro- 
tary  colorf  ilter  for  rendering  the  images  in  the  ap- 
propriate  colors,  characterised  by  means  for  com- 
paring  the  phase  of  the  color  image  signals  to 
that  of  the  rotation  of  the  filter  and  inhibiting  the 
operation  of  the  display  light  source  in  response 
to  a  significant  difference  therebetween. 

69.  An  image  signal  processing  circuit  for  a  color  dis- 
play  system  in  which  respective  color  compo- 
nents  of  an  image  are  displayed  sequentially,  the 
circuit  including  means  for  sampling  the  respec- 
tive  color  components  at  different  timings,  means 
for  outputting  the  samples  for  each  color  during 
respective  intervals,  and  means  for  adding  to  the 
output  samples  high  frequency  components  de- 
rived  from  at  least  one  of  the  other  colors. 

70.  An  image  signal  processing  circuit  for  a  color  dis- 
play  system,  the  circuit  including  means  respon- 
sive  to  a  color  signal  representing  successive  im- 
age  scan  lines  for  providing  respective  color  im- 
age  signals  each  representing  a  respect  color 
component  of  the  image  so  that  those  color  com- 
ponents  can  be  displayed  in  succession,  charac- 
terised  in  that  the  color  image  signals  for  each 
color  are  derived  from  a  different  respective  set 
of  scan  lines. 
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