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©  Procedure  and  device  for  subpixel  shifting  of  a  color  image  on  a  display. 

©  In  a  procedure  for  subpixel  shifting  in  the  scanning  direction  of  a  color  image  on  a  display,  a  weighted  mean 
value  for  the  color  intensity  of  the  new  pixel  and  the  preceding  pixel  is  formed  for  each  image  dot  according  to 
the  magnitude  of  subpixel  shifting.  In  a  device  for  subpixel  shifting  in  the  scanning  direction  of  a  color  image  on 
a  display,  delayed  pixel  data  can  be  supplied  to  a  color  palette  unit  across  a  first  input  and  non-delayed  pixel 
data  across  a  second  input.  The  color  palette  unit  is  arranged  to  determine,  for  each  image  dot,  a  weighted 
mean  value  for  the  color  intensity  of  the  delayed  and  non-delayed  pixel  by  table  look-up  according  to  a 
predetermined  algorithm. 
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The  present  invention  relates  to  a  procedure  and  a  device  for  subpixel  positioning  in  the  sweep 
direction  of  a  color  image  on  a  display. 

In  EP,A,0  473  142  a  procedure  is  described  for  smoothing  steps  or  discontinuities  in  an  image  formed 
by  a  dot  matrix  and  is  applied  to  a  laser  printer,  LED  printer  or  a  CRT  display.  Here,  a  pixel  is  subdivided 

5  into  a  plurality  of  subpixels  along  a  vertical  or  horizontal  scanning  direction,  and  one  or  more  signals 
intended  for  subpixels  is/are  reversed  in  a  desired  manner  so  the  current  pixel  is  smoothed  with  information 
in  adjacent  pixels. 

When  an  image  is  scrolled,  e.g.  ECG  tracings,  in  the  scanning  direction,  the  moving  image  will  be  jerky 
unless  the  image  is  moved  a  specific  number  of  pixels  in  the  scanning  direction  each  time  the  image  is 

io  exchanged. 
If  you  want  display  scannig  times  of  e.g.  2.5,  5.0,  10.0  and  20.0  seconds  and  there  are  1,000  pixels  in 

the  scanning  direction,  the  images  can  be  moved  8,  4,  2,  1  pixel  for  a  monitor  image  frequency  of  50  Hz. 
This  results  in  shifts  of  400,  200,  100  and  50  pixels  per  second,  and  the  ratios  400/1000,  200/1000, 
100/1000  and  50/1000  yield  the  right  scanning  times. 

75  If  the  monitor  image  frequency  is  changed  to  e.g.  60  Hz  with  the  same  scanning  times  as  above,  the 
frame  must  be  moved  with  an  accuracy  better  than  1  pixel,  more  precisely  it  must  be  moved  with 

6.67  pixels  for  a  sweep  time  of  2.5  seconds 
3.3  pixels  for  a  sweep  time  of  5.0  seconds 
1.67  pixels  for  a  sweep  time  of  10.0  seconds 

20  0.83  pixels  for  with  a  sweep  time  of  20.0  seconds. 
The  object  of  the  present  invention  is  to  propose  a  procedure  and  provide  a  device  for  solving  the 
aforementioned  problems  and  make  possible  movement  of  the  image  with  optional  accuracy,  i.e.  image 
movement  with  an  optional  fraction  of  a  pixel. 

This  object  is  achieved  with  a  procedure  according  to  claim  1  and  a  device  according  to  claim  2. 
25  According  to  the  invention  therefore,  a  weighted  mean  value  of  the  color  intensity  of  the  new  pixel  and 

the  old  pixel  is  determined  for  each  image  dot  each  time  the  image  changes,  the  weighting  being 
determined  by  the  magnitude  of  the  fraction  of  a  pixel  by  which  the  image  is  moved,  i.e.  it  is  determined  by 
the  size  of  the  desired  subpixel  movement.  Thus  a  resolution  better  than  one  pixel  is  obtained. 

According  to  one  advantageous  embodiment  of  the  device  according  to  the  invention,  four  color 
30  intensity  tables  or  matrices  are  stored  in  the  color  palette  unit's  memory,  each  table  or  matrix  comprising  16 

rows  and  16  columns.  This  makes  1,024  colors  available  in  the  color  palette  unit. 
According  to  a  further  advantageous  embodiment  of  the  device  according  to  the  invention,  a  register  is 

connected  to  the  color  palette  unit  for  determining  the  subpixel  shift. 
According  to  another  advantageous  embodiment  of  the  device  according  to  the  invention,  the  color 

35  intensity  tables  or  matrices  can  be  reloaded,  if  necessary,  during  image  return. 
In  order  to  explain  the  invention  in  greater  detail,  one  exemplifying  embodiment  of  the  invention  will  now 

be  described,  referring  to  attached  drawings  on  which 
FIG.  1  is  a  graphical  illustration  of  a  0.25-pixel  image  shift  and 
FIG.  2  shows  an  embodiment  of  the  device  according  to  the  invention. 

40  FIG.  1  illustrates  a  0.25-pixel  image  shift.  We  start  from  an  image  dot  at  position  0  with  intensity  100, 
FIG.  1a.  If  the  image  dot  is  then  moved  0.25  pixel  to  the  right,  the  resulting  imagee  will  be  the  one  shown  in 
FIG.  1b. 

If  generally  an  image  dot  is  considered  in  pixel  position  m  in  the  scanning  direction,  said  image  dot 
having  the  intensity  X(m),  and  this  image  dot  is  subject  to  a  subpixel  displacement,  designated  by  n,  in  the 

45  scanning  direction,  the  resulting  intensity  OUT(n,m)  is  given  by  the  following  algorithm: 

OUT[n=0,m]   = 

O U T [ n = l , m ]   =  (3* 

OUT[n=2,m]   =  (2*  

OUT[n=3 ,m]   =  ( 

X[m] 

X[m]  +  X [ m + l ] ) / 4  

X[m]  +  2*  X[m+1]  )  / 4  

X[m]  +  3*  X[m+1]  )  / 4  

55  In  the  example  with  a  subpixel  shift  of  0.25  pixel,  n  =  1  means  a  shift  in  the  scanning  direction  of  the 
image  of  0.25  pixel,  n  =  2  means  a  shift  of  0.5  pixel  and  n  =  3  means  a  shift  of  0.75  pixel. 

The  color  intensities  are  then  stored  in  4  tables  or  matrices,  the  color  intensities  of  existing  "old"  pixels 
forming  rows  in  the  tables  or  matrices,  and  the  color  intensities  of  "new"  pixels  forming  columns. 
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Each  pixel  appropriately  comprises  4  bits  yielding  16  colors.  Each  table  or  matrix  therefore  comprises 
16  rows  and  16  columns. 

In  FIG.  2  is  shown  an  embodiment  of  the  device  according  to  the  invention.  Pixel  data  are  supplied  to 
an  electronic  color  palette  unit  2,  in  which  color  intensity  tables  or  matrices  are  stored  in  memories,  via  a 

5  delay  unit  4  and  directly  without  being  delayed.  The  numerals  "4"  indicated  on  the  data  inputs  indicate  that 
each  pixel  comprises  4  bits. 

The  delay  unit  4  is  a  flip-flop  which  delays  the  preceding  image  dot  by  1  pixel. 
A  register  6  is  also  connected  to  the  color  palette  unit  in  order  to  control  the  subpixel  shift. 
In  the  example  with  a  subpixel  shift  of  0.25  pixel,  the  code  for  this,  01,  is  entered  into  register  6. 

io  The  palette  unit  2  has  two  control  lines  which  determine  which  of  the  256  positions  in  each  table  are  to 
be  activated.  Code  00  in  the  register  6  produces  one  color,  and  the  code  01  produces  another  color,  which 
means  that  the  code  change  in  register  6  causes  a  pixel  shift. 

In  addition,  a  video  clock  8  is  arranged  to  control  the  flip-flop  4  and  the  clocking  of  color  signals  from 
the  outputs  of  the  color  palette  unit  2. 

is  In  the  color  palette  unit  2,  the  mean  value  of  the  color  intensities  of  the  delayed  pixel  and  the  non- 
delayed  pixel  according  to  the  aforementioned  algorithm  is  formed  through  table  look-up  in  the  stored 
tables. 

As  mentioned  above  the  color  intensity  tables  or  matrices  appropriately  comprises  16  rows  and  16 
columns,  and  four  such  tables  or  matrices  are  stored  in  the  memories  of  color  palette  unit  2,  which  means 

20  that  the  color  palette  unit  handles  1,024  different  colors.  Furthger,  there  are  also  8  bits  per  basic  color  -  red, 
green  and  blue  -  see  below. 

If  we  assume,  as  above,  that  an  image  dot  is  to  be  moved  0.25  pixel,  the  procedure  is  as  follows: 
The  colors  of  the  pixels  are  coded  with  the  numbers  0  to  15,  and  we  assume  that  the  code  for  the  "new" 
pixel  is  equal  to  number  3  (e.g.  blue-green)  and  the  delayed,  "old"  pixel's  color  is  14  =  hexadecimal  OXE 

25  (e.g.  purple). 
These  colors  are  blended  into  a  "new"  color,  the  hexadecimal  code  of  which  becomes  OX1  3E  where 

the  number  1  indicates  that  the  magnitude  of  the  shift  is  a  0.25  step  in  the  example  with  4  tables,  3  is  the 
color  of  the  new  pixel  and  E  is  the  color  of  the  old  pixel.  This  is  the  code  of  the  output  color,  and  this  "new" 
color  is  calculated  in  advance  and  stored  in  the  color  palette  unit's  tables  or  matrices  as  follows. 

30  As  mentioned  above,  the  three  basic  colors  used  are  red  R,  green  G  and  blue  B.  The  color  3  is 
assumed  e.g.  to  have  the  RGB  code  63,  12,  63,  and  the  color  14  e.g.  the  RGB  code  0,  24,  24,  i.e.  each 
color  is  translated  into  three  intensities  of  red,  green  and  blue. 

Weighting  with  75%  of  the  new  pixel  and  25%  of  the  old  pixel  yields: 

35  Rne„  =  0.75  •  63  +  0.25  •  0  =  47 
Gne„  =  0.75  •  12  +  0.25  •  24  =  15 
Bnew  =  0.75  •  63  +  0.25  •  24  =  53 

Thus,  the  RGB  code  for  the  "new"  color  becomes  47,  15,  53,  and  this  code  is  sent,  via  the  color  palette 
40  unit's  2  outputs  R,  G,  B,  to  the  following  monitor  in  order  to  generate  the  corresponding  color  image  on  the 

monitor. 
An  analogous  procedure  is  used  in  moving  image  dots  0.50  or  0.75  pixels. 
In  the  above,  an  example  with  four  color  intensity  tables  or  matrices,  making  possible  subpixel  shifts  of 

0.25,  0.50  and  0.75  pixels,  is  described.  Two  color  intensity  tables  or  matrices  permit  subpixel  shifts  of  0.5 
45  pixel,  and  three  tables  or  matrices  permit  shifts  of  0.33  pixels  or  0.67  pixels. 

Instead  of  the  embodiments  described  above  with  a  plurality  of  color  intensity  tables  or  matrices  stored 
in  the  color  palette  unit  2  among  which  selections  are  made  by  changes  in  the  code  in  the  register  6,  the 
color  palette  unit  can  be  devised  with  only  one  color  intensity  table  or  matrix  which  can  be  reloaded  during 
image  return. 

50  The  reloading  then  depends  on  the  step  selected  for  the  subpixel  shift,  and  reloading  for  each  selected 
step  is  calculated  in  advance.  When  the  color  is  to  be  changed,  a  change  is  thus  made  in  the  contents  of 
the  entire  memory  field  containing  the  color  intensity  table  or  matrix,  and  this  reloading  takes  place 
automatically  during  the  beam's  vertical  return  on  the  screen.  There  is  no  reloading  if  the  image  do  not 
move,  and  there  is  also  no  reloading  of  the  color  intensity  table  or  matrix  if  the  current  subpixel  shift  is  as 

55  large  as  the  preceding  shift. 
In  both  this  embodiment  and  the  previously  described  embodiment  with  a  plurality  of  color  intensity 

tables  or  matrices,  a  shift  of  tables  or  matrices  is  performed  at  the  displacement  of  the  image.  In  the  first 
instance,  this  shift  is  accomplished  by  the  loading  of  a  "new"  table  and  in  the  second  instance  by  a  change 

3 
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from  one  stored  table  or  matrix  to  another. 

Claims 

5  1.  A  procedure  for  subpixel  shifting  in  the  scanning  direction  of  a  color  image  on  a  display,  characterized 
in  that  a  weighted  mean  value  for  the  new  pixel  and  the  preceding  pixel  is  determined  for  each  image 
dot  according  to  the  magnitude  of  subpixel  shift. 

2.  A  device  for  subpixel  shifting  in  the  scanning  direction  of  a  color  image  on  a  display,  characterized  in 
io  that  delayed  pixel  data  can  be  supplied  to  a  color  palette  unit  (2)  via  a  first  input  and  non-delayed  pixel 

data  can  be  supplied  via  a  second  input  ,  the  color  palette  unit  being  devised  to  determine  a  weighted 
mean  value  for  the  color  intensity  of  the  delayed  and  non-delated  pixel  for  each  image  dot  by  table 
look-up  according  to  a  predetermined  algorithm. 

is  3.  A  device  according  to  claim  2,  characterized  in  that  at  least  two  color  intensity  tables  or  matrices  are 
stored  in  a  memory  in  the  color  palette  unit  (2). 

4.  A  device  according  to  claim  3,  characterized  in  that  four  color  intensity  tables  or  matrices  are  stored 
in  the  memory  of  the  color  palette  unit  (2),  each  table  or  matrix  comprising  16  rows  and  16  columns. 

20 
5.  A  device  according  to  any  of  claims  2  -  4,  characterized  in  that  each  pixel  comprises  4  bits. 

6.  A  device  according  to  any  of  claims  2  -  5,  characterized  in  that  the  color  intensities  of  existing  "old" 
pixels  form  rows  in  a  table  or  matrix,  and  "new"  pixels  form  columns. 

25 
7.  A  device  according  to  any  of  claims  2  -  6,  characterized  in  that  a  delay  unit  (4)  is  connected  to  the 

color  palette  unit's  (2)  first  input  in  order  to  deliver  said  delayed  pixel  data  to  the  color  palette  unit. 

8.  A  device  according  to  any  of  claims  2  -  7,  characterized  in  that  a  clock  (8)  is  arranged  to  control  the 
30  delay  unit  (4)  and  the  delivery  of  color  signals  from  the  color  palette  unit  (2). 

9.  A  device  according  to  any  of  claims  2  -  8,  characterized  in  that  a  register  (6)  is  connected  to  the  color 
palette  unit  (2)  for  determining  the  magnitude  of  the  subpixel  movement. 

35  10.  A  device  according  to  claim  2,  characterized  in  that  the  color  intensity  tables  or  matrices  are 
reloadable  during  the  image  return. 

40 
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