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ray tube geometries. Controlling the energization of the cathode ray tube
electron beams by selec- Th is invention relates to a progressive scan
tively or simultaneously delaying the red, green video display apparatus
and, in particular, to a   and blue video signals may be used to correct
the progressive scan apparatus having horizontal or    5    previously
described beam landing errors. It is line beam landing raster distortion
correction.    important, however, to choose an appropriate A normal
broadcast television signal supplies    signal delay technique that
provides sufficiently video information in horizontal or line interlaced
accurate correction for high resolution cathode format, i.e. successive
fields of video information  ray tubes. For displays in line interlace
format, a comprise scanning lines that are vertically dis-   10   beam
landing correction technique using interpo- placed from the scanning lines
of the previous     lation between pixel values along a scan line is field.
In the NTSC system, fields of 262 1/2 lines are  known from the paper by R.
Deubert entitled displayed at a 60 Hz field rate so that video
"Digital System for Horizontal Geometry and information is displayed at
each of the 525 line   Convergence Correction" published  in IEEE locations
on the cathode ray tube display screen    15   Transactions on Consumer
Electronics, Volume at a 30 Hz frame rate. This relatively slow frame
CE-30, No. 3, August 1984, pages 220-223. How- rate may be discernible as
an objectionable inter-  ever, that paper does not consider progressive
line flicker to some observers. Also, if the field  scan displays or reveal
a correction technique lines are not interlaced properly, the line
structure  readily adaptable for such displays while meeting of the display
may become visible.           20   other desiderata for them. A video
display apparatus utilizing a pro-         The present invention, basic
aspects of which [err] scan display is not subject to the pre-   are set
forth in the appended claims, provides a [err] described problems
associated with inter-   beam  landing technique appropriate for pro- laced
scan displays. A progressive scan arrange-   gressive scan display systems.
In the first aspect, ment in the NTSC system displays 525 lines each   25
in summary, a second video line is derived from a 1/60 of a second, as
compared to 262 1/2 lines in the  sampled first video line occurring at a
first display interlaced format, thereby greatly reducing the    rate,
pixels from the two lines are combined to appearance of line structure and
interline flicker.  form first and second corrected lines, and the first A
progressive scan system displays twice as      and second corrected lines
are displayed succes- much video information as a normal interlace   30
sively at a second display rate. In the second scan system since there are
twice as many video    aspect, a second corrected line is derived from a
lines displayed in a given time period. In a time  first corrected line
occurring at the first display progressive scan system, this additional
video     rate and the first and second corrected lines are information is
provided to the video display       successively displayed at the second
display rate. apparatus as a part of the incoming video signal.   35   In
the third aspect, a second line is derived from a This additional
information, however, increases    first line occurring at the first
display rate and the required signal bandwidth of the video signal  these
lines are combined to form, at the second beyond the bandwidth available in
the NTSC         display rate, a combined line from which is system. In
order to have a progressive scan        derived a corrected line for
display. display format that is compatible with standard   40  Embodiments
of these aspects of the present NTSC broadcast signals, it is necessary to
derive  invention are illustrated in the accompanying the additional video
information needed from the   drawings, in which: [err]   video information
that is provided.         FIGURE 1 is a block and schematic diagram of The
additional lines of video information may    one embodiment of a
progressive scan video be derived by several techniques, including    45
display system in accordance with the present repeating previously
displayed lines, or inter-   invention; polating the video information of
adjacent lines to  FIGURE 2 is a block and schematic diagram of form an
intermediate line of video information     an embodiment of a horizontal
scan beam land- having signal values averaged from  adjacent      ing error
correction circuit in accordance with an lines. U.K. Published  Application
2145900A    50   aspect of the present invention; published 3 April 1985 in
the name of RCA            FIGURE 3 is a block diagram of a representative
Corporation and entitled PROGRESSIVE SCAN          video line interpolation
circuit; TELEVISION  DISPLAY  SYSTEM  EMPLOYING               FIGURE 4 is a
block diagram of a representative INTERPOLATION IN THE LUMINANCE CHANNEL,
video line speedup circuit; for example, describes a progressive scan
system    55  FIGURE 5 is a block and schematic diagram of in which
luminance information for the additional  another embodiment of a
progressive scan video lines of video information is interpolated from
display system in accordance with the present adjacent lines of video
information while the      invention; chrominance  information  is  derived
from          FIGURE 6 is a block and schematic diagram of repeated video
information lines.            60   another embodimentof a horizortal beam
landing The display of video information in either a    error correction
circuit; and progressive scan or line interlace format is sub-    FIGURES
7.8 and 9 illustrate [err] and schema- ject to electron beam landing
errors, such as      tic diagrams of other embodiments of pro- raster
distortion or beam misconvergence, which    gressive scan video display
systems in accord- 



is due in part to electron gun physics and cathode    65   ance with the
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4 FIGURE 1 illustrates one embodiment of a           previous pixel pair.
The 16-bit pixel pairs are progressive scan video display system
incorporat-   stored in a random access memory (RAM) 25 in ing beam landing
position error correction cir-    locations determined by a write address
generator cuitry. Referring to FIGURE 1, an analog composite  26. Write
address generator 26 is incremented by a video signal, from a source of
video signals (not    5    write clock signal provided by clock generator
11. shown), is applied to an analog-to-digital con-    Write
addressgenerator 26 is reset each horizontal verter (ADC) 10. ADC 10
generates digital samples  scan line by a horizontal reset pulse that is or
pixel representative signals at a sample rate   illustratively generated by
synchronizing pulse determined bythe clock signal frequency of a clock
separator 12. generator 11. Clock generator 11 of FIGURE 1    to   Beam
landing correction of the video signal is illustratively produces a
sampling frequency of    accomplished by introducing a delay between the
14.32 MHz, which is equal to four times the color  writing and reading of
video information into and subcarrier frequency for NTSC color signals. ADC
out of RAM 25. In particular, this is accomplished 10 illustratively
provides digital samples having 8  by writing a predetermined number of
pixel pairs bits, thereby generating samples having [err] = 256   15   into
RAM 25 before the reading of pixel pairs out of possible quantizing steps.
The digitized video     RAM 25 is begun. Pixel pairs are written into RAM
signal is applied to a synchronizing separator     25 at the write clock
rate, e.g., 14.32 MHz, which circuit 12, where it is processed to remove
the    corresponds to one pixel pair being written into horizontal and
vertical synchronizing information  RAM 25 approximately every 70
nanoseconds. The designated as H and V, respectively. The video    20
delay between writing and reading therefore signal is also applied to a
digital comb filter 13,  corresponds to a delay of 70 nanoseconds for each
[err] separates the luminance and chrominance    pixel pair. RAM 25,
configured to accommodate information into separate channels.
128 pixel pairs, can therefore produce a maximum The luminance information
is applied to lumi-    delay of 128 pixel pairs x 70 nanoseconds/pixel
nance processing circuitry 14 which provides a    25   pair = 8.96 [err].
In order to provide horizontal luminance signal on a conductor designated Y
to a  movement of the digital red, green and blue color digital matrix 15.
Chrominance information is      video information in either direction with
respect applied to chrominance processing circuitry 16,    to each other on
the kinescope display screen, a which generates the I and Q color signals
in       nominal delay is provided for each of the digital response to the
properly phased I and Q clock   30   video information for each horizontal
video line. signals, provided on conductors designated ICK     The amount
of actual delay desired for individual and QCK from clockgenerator 11. The
I and Q color  pixels in a given horizontal video line can then be signals,
on conductors I and Q, are applied to     provided by increasing or
decreasing the amount digital matrix 15, which combines the luminance    of
delay relative to the nominal delay. For the signal Y and the I and Q color
signals to produce   35   circuit of FIGURE 2, a nominal delay of 4.48
[err] the digital red, green and blue video pixel repre-  corresponding to
64 pixel pairs x 70 nS/pixel pair sentative signals on conductors DR, DG
and DB,     gives the maximum amount of apparent relative respectively.
pixel movement in both horizontal directions that The digital red, green
and blue video pixel       can be produced by RAM 25. For example, if the
representative signals from digital matrix 15 are   40   digital green
video information is processed by applied to electron beam landing position
error    green error correction circuit 21 to have a nominal connection
circuits 20, 21 and 22, respectively    delay of 4.48 [err], the red video
information pro- FIGURE 2 illustrates, in detail, a circuit for correct-
cessed by red error correction circuit 20 may be ing horizontal beam
landing errors, such as is     delayed with respect to the green video
infor- described in a copending Application Serial   45   mation by a
maximum of 4.48 [err], or the red video Number EP 0176240. The circuit of
FIGURE 2         information may be advanced with respect to the shows an
illustrative embodiment of a correction   green video information by a
maximum of 4.48 [err]. circuit that may be utilized for each of the red,
The amount of the delay is determined by the time green and blue correction
circuits 20, 21 and 22.  at which video information pixel representative
Correction circuits 20, 21 and 22 may also incorpo-   50   signals are read
from RAM 25 relative to the time at rate circuitry for correcting vertical
beam landing  which those pixel representative signals were errors.
written into RAM 25. A larger capacity RAM will of Referring now to FIGURE
2, the uncorrected        course provide a greater delay range. digital
video pixel representative signals from
Theunitsofpixeldelaythathavebeendiscussed digital matrix 15, comprising
8-bit digital samples,   55   up to this point have been determined by
whole are illustratively applied to a buffer 24 which    numbers of clock
pulses, i.e., 70 nanosecond produces a 16-bit pixal pair comprising two
adja-  steps. In actual operation, however, the amount of cent 8-bit video
pixel representative signals from a  beam landing error, such as
convergence or raster given horizontal line of video information. For
distortion, requiring correction may not corre- 



example, subsequent pixel pairs may comprise   60   spond to whole numbers
of delay steps, but may pixel representative signals one and two, pixel
require a fraction of a delay step in order to bring representative signals
two and three, and pixel    the convergence or distortion errors within
representative signals three and four, such that   desired tolerances or
specifications. each subsequent pixel pair comprises one new 8-      The
circuit illustrated in FIGURE 2 therefore bit pixel representative signal
not included in the    65   incorporates means that provide  fractional 3
5               EP 0186418 B1                        6 amounts of whole
delay steps in order to           delay equal to a fraction of the delay
resulting accurately correct convergence and raster distor-      from an
integer clock pulse delay. This factional tion  errors. The fractional
delay steps are         delay may be effected by sample interpolation, as
achieved via sample interpolation circuitry, which   is described in the
aforementioned U.S. Patent operates in the following manner.
5    Application Serial Number 645,984, which com- The convergence errors
and amounts of raster       bines a fraction of the digital amplitude
values of distortion  (side  pincushion  distortion,  for-     pixels
having adjacent positions in a video line to example) for a given video
display apparatus are     form a new pixel value having a new amplitude
determined during assembly of the video display      value intermediate the
amplitude values of the apparatus. One technique for determining this   to
selected pixels. The new pixel will then appear to error utilizes
photodiodes placed at various         be displaced on the kinescope display
screen with cathode ray tube display screen locations to         respect to
the selected pixels. The fractions sense actual electron beam landing
positions.         selected illustratively comprise a unity fractional
Knowing the beam landing positions needed to         complement; that is,
the sum of the fractions produce a raster without misconvergence or dis-
15   selected for an adjacent pixel pair should sum to tortion errors
allows a determination of the         unity. It is possible to shift the
video information amount of shift needed in the actual beam land-     in as
small an increment as desired, merely by ing positions in order to
accomplish the desired     selecting the fractional coefficients.
Increasing the corrections. This shift information is utilized to   number
of fractional parts of a selected coefficient program a read-only-memory
(ROM) 30 during    20    will result in smaller delay steps. assembly or
alignment of the video display             The initial whole and fractional
delay steps for apparatus. The ROM 30, which may include mis-        each
video line is stored in ROM 30 to establish a conergence and distortion
information for each       horizontal starting point for the video signal
digital pixel of each video information line, or for  information of each
line. As described previously, a predetermined number of pixels in selected
25   the number of whole clock pulse delay intervals is lines, is
individually programmed for a particular   applied to read delay counter 31
via the PRESET cathode ray tube of a particular video display
conductor, in order to determine when pixel apparatus.
values will begin to be read from RAM 25. ROM 30 For a given video
information line, the amount     also provides information, representative
of the of video information delay needed (nominal delay    30   fractional
delay coefficient, to a coefficient control plus or minus delay increase or
decrease) to effect  and counter circuit 40, which in turn applies the the
desired corections is provided by ROM 30 to a    coefficient information to
a pixel interpolator read delay counter 31 va a conductor identified as
circuit 41. Interpolator circuit 41 incorporates a PRESET. Read delay
counter 31 is incremented by      buffer 42, shift and add circuits 43 and
44, invert- clock pulses from clock generator 11. The preset   35   ing
circuitry 45 and a summation circuit 46. Buffer information from ROM 30
inhibits an output from      42 reforms the 16-bit pixel pair from RAM 25
into read delay counter 31 until the read delay counter   two 8-bit pixel
representative signals which are has been incremented to the preset value.
Read       respectively applied to shift and add circuits 43 delay counter
then begins to produce output          and  44. The  coefficient
information  from pulses in response to the clock pulses from the    40
coefficient control and counter circuit 40 is clock generator 11. The
output pulses from read      applied to shift and add circuit 43 and to
inverting delay counter 31 are applied to the input of an      circuitry
45. The coefficient information digital [err]  gate 32. Another input of
AND gate 32 is       word value determines the number of digital coupled to
clock generator 11. AND gate 32 will      shifts required by shift and add
circuit 43. Invert- therefore produce output pulses representative of   45
ing circuitry 45 forms a digital word repre- clock pulses whenever the
preset delay count has     sentative of the unity fractional complement
been exceeded. The AND gate 32 output pulses         coefficient, which is
then applied to shift and add are applied to a read address generator 33,
which    circuit 44. [err] and add circuits 43 and 44 perform is reset each
horizontal line by a signal from the   the function of multiplying the
amplitude values sync separator. Read address generator 33 is   50   of
pixels from buffer 42 by their respective frac- coupled to RAM 25 and
accesses a particular pixel    tional coefficients. This is accomplished in
part by location of RAM 25 during each of the clock          shifting the
appropriate number of bits of the pulses from AND gate 32. Pixel
representative       digital pixel representative signals based on the
signals are read out of RAM 25 from addresses        coefficient. The
outputs from shift and add cir- 



accessed by read address generator 33 in the    55   cuits 43 and 44 are
combined by summation order they were written into RAM 25 from buffer
circuit 46 to form the resultant corrected video 24, i.e., first in - first
out. Read address generator  information pixel representative signals. 33
will always lag write address generator 26 so       The rate of delay
change (the number of digital that information will always be present in
RAM       pixels occurring between coefficient changes), 25.
so   and the delay change direction (whether the delay As previously
described, merely delaying the       is increased or decreased) are also
programmed reading out of video pixels from RAM 25 by an        into  ROM
30  as  a  result of the  error integral number of clock pulses may not
provide      measurements taken during cathode ray tube sufficiently
accurate convergence or raster distor-  alignment. Data indicative of the
frequency and tion correction. It may be necessary to provide a    65
direction of the coefficient change is applied to 4    7               EP
0 186418   B1                    8 coefficient control and counter circuit
40. This    from the actual and the delayed lines of video coefficient
change data either increments or         information. Divide-by-two
circuits 57 and 60 are decrements the coefficient counter, which in turn
provided in order to normalize the output from controls the operation of
interpolator circuit 41.   summation circuit 61. The output of summation
When the coefficient counter of coefficient control    5    circuit 61
forms the interpolated or alternate pixel and counter circuit 40 becomes
incremented or        information, designated in FIGURE 3 as [err].
decremented to its upper or lower limit, respec-       Referring to Figure
1, the actual VA and interpo- tively, an output signal is applied to
advance/hold  lated [err] digital video pixel information from red, control
circuit 52. When the coefficient counter     green and blue line
interpolators 53, 54 and 55 is becomes incremented to its upper limit,
advance/   10   applied to red, green and blue speedup circuitry hold
control circuit 52 increments read address      62, 63 and 64,
respectively. Speedup circuitry 62, generator 33 by one pixel address. This
is in        63 and 64 processes the [err] and [err] pixel infor- addition
to the normal address [err] which         mation so that the video
information originally occur in response to the clock pulses from AND
occurring in two video information lines is dis- gate 32. Similarly, when
the coefficient counter   15   played in the time normally required to
display a becomes decremented to its lower limit, advance/     single line.
This results in twice as many video hold control circuit 52 prevents read
address        lines being displayed per field then in a normal generator
from being incremented for a period of     NTSC interlaced scan display
system. This per- one clock pulse. This effectively resets the         mits
a progressive scanning arrangement to be advance/hold control circuit 52.
20    used, which of course requires horizontal deflec- Referring to Figure
1, the beam landing position  tion circuit which operates at 31.5 kHz,
twice the rror corrected video information from the red       normal NTSC
horizontal rate of 15.75 kHz. correction circuit 20, the green correction
circuit     FIGURE 4 illustrates a representative circuit that 21 and the
blue correction circuit 22 is applied,    may be used for each of the red,
green and blue respectively, to a red line interpolator circuit 53, a    25
speedup circuits 62, 63 and 64. Other circuit green line interpolator
circuit 54, and a blue line  configurations and techniques are possible.
The interpolator circuit 55. Interpolator circuits 53, 54  speedup circuit
of FIGURE 4 operates by generat- and 55 generate the additional video lines
that are  ing an output signal comprising video infor- needed each field in
order to display a non-         mation pixel representative signals
occurring at a interlaced progressive scan raster. FIGURE 3 illus-   30
rate of 28.64 MHz, so that two video lines may be trates a representative
line interpolation circuit   displayed in the time normally required to
display that may be used, for example, as the red, green     one video line
having pixel representative signals and blue line interpolators 53, 54 and
55. Other     occurring at a rate of 14.32 MHz. The actual or VA
interpolation techniques or circuits may of course   video information
pixel representative signals are be used.
35   applied to a IH delay circuit 65. The interpolated or The line
interpolator of FIGURE 3 incorporates a   [err] video information pixel
representative signals horizontal video line (1H) delay circuit 56 which
are applied to a 1/2 H delay circuit 66. The pixel may be, for example, in
the form of a charge         representative signals are written  into their
coupled device (CCD). With reference to the          respective delay
devices in response to the write embodiment of FIGURE 1, digital video
infor-   40   clock pulses, from the clock generator, occurring mation
pixel representative signals are applied to   at a rate of 14.32 kHz. The
[err] and [err] video the line interpolators from the correction circuits
information pixel representative signals are read [err] 21 and 22. The
pixel representative signals are     out of their respective delay devices
in response applied to line delay circuit 56 and to an          to read
clock pulses from the clock generator, amplitude attenuator, illustratively
shown as a    45   occurring at a rate of 28.64 MHz. The [err] and [err]
divide by two circuit 57, which reduces the          pixel information is
written into delay circuits 65 amplitude value of the pixel represenative
and 66 simultaneously. Lines of video information signals. Pixel
representative signals are also       pixel representative signals are read
out of delay passed through the interpolator undelayed to         circuits
65 and 66 on an alternate basis in 



form the undelayed or actual pixel information,   50   response to signals
from switching circuit 67, designated in FIGURE 3 as VA.
which comprises a switch 70 and a counter 71. Pixel representative signals
are transferred       Counter 71 is responsive to the read clock pulses
through delay circuit 56 serially in response to     and illustratively
applies a switching pulse to clock pulses at the write clock rate from the
clock  switch 70 after a count corresponding to the generator. The amount
of pixel delay will then be    55    number of pixels per video line is
reached. determined by the number of storage locations ir.      Delay
circuits 65 and 66 operate on a first in - delay circuit 56. As previously
described, delay      first out basis. In order to produce video infor-
circuit 56 provides a IH delay. The output of delay  mation for two
progressive scan video lines, pixel circuit 56 is applied to an amplitude
attenuator,    information is first read out of delay circuit 66. shown as
a divide-by-two circuit 60, which    60   Pixel information is read out of
delay circuit 66 at operates in the same manner as circuit 57. The   -
twice the rate that pixel information is written into outputs of
divide-by-two circuits 57 and 60 are      delay circuit 66. Delay circuit
C6 will continue to applied to a summation circuit 61, which pro-
receive pixel information at the 14.32 MHz rate as duces video information
pixel representative         information is being read out at the 28.64 MHz
signals having amplitude values interpolated    65   rate. When a complete
line of video information 5    9               EP 0186418 B1
10 has been read out of delay circuit 66, delay circuit  the red, green and
blue beam landing correction [err]   no longer contain any data while delay
circuits 83, 84 and 85 are located subsequent to circuit 65 will contain a
complete line of video   the red, green and blue speedup circuits 62, 63
information pixel representative signals. Switch-  and 64. The correction
circuits 83, 84 and 85 each ing circuit 67 will then cause video
information    5    operate in a manner similar to that described with
pixel representative signals to be read from delay  respect to the
correction circuit of FIGURE 2. circuit 65. When a complete line of video
infor-   However, since the beam landing error correction mation has been
read from delay circuit 65, delay  follows video information speedup, the
video circuit 65 will b6 half filled with video information  information
must be processed by the correction from the following video line, while
delay circuit  10   circuits 83, 84 and 85 at a rate equal to twice the 66
will be filled with data. The previously        rate at which information
is processed by the described video information reading and writing
correction circuits 20, 21 and 22 of FIGURE 1. cycle is then repeated. The
pixel information from  FIGURE 8 illustrates an embodiment of a pro- delay
circuits 65 and 66 is applied to a multi-    gressive scan video display
system  in which plexing circuit 72, which produces a digital video   15
speedup occurs with respect to the Y, I and Q signal having pixels
occurring at a 28.64 MHz rate.  video components prior to being processed
by a The output of multiplexing circuit 72 represents  digital matrix 86
into the digital red, green and the output of the speedup circuit, which in
FIG-   blue video information signals. In the circuit of URE 1 is applied
from the red, green and blue      FIGURE 8, line interpolation is performed
on the speedup circuits 62, 63 and 64 to digital to analog    20
luminance channel only, by a line interpolation converters 73, 74 and 75,
respectively. The out-   circuit 87 to form an actual luminance signal
[err] [err]  of the digital to analog converters 73, 74 and  and an
interpolated luminance signal [err]. In the [err] then applied to the
respective red, green    embodiment of FIGURE 8, a speedup circuit 90 and
blue kinescope driver circuits (not shown).    illustratively repeats the I
and Q information for a FIGURE 5 illustrates another embodiment of a   25
given [err] and [err] luminance information line pair. progressive scan
video display system in which       FIGURE 9 shows a progressive scan video
the beam landing error correction circuitry acts   display apparatus
utilizing red, green and blue individually on both the actual and
interpolated   field delay circuits 91, 92 and 93, respectively, pixel
information. Circuit elements illustrated in  rather than line
interpolation circuits. FIGURE 5 which correspond to elements shown in   30
FIGURE 1 are designated with the same reference    Claims numerals. In the
circuit of FIGURE 1, beam landing error     1. A progressive scan video
display apparatus correction is performed on the digital red, green
comprising: and blue video signals prior to line interpolation.   35  means
(10) for sampling at least a first line of in the circuit of FIGURE 5, beam
landing error     video information occurring at a first display rate
correction is performed by red, green and blue     to form a plurality of
video information pixel correction circuits 80, 81 and 82, respectively,
representative signals; subsequent to line interpolation. FIGURE 6 illus-
characterized by the combination of: trates a representative beam landing
error correc-   40  means (53, 54, 55) for deriving a second line of tion
circuit that performs simultaneous error      video information comprising
a plurality of video correction on two lines of video information. The
information pixel representative signals from at [err] of FIGURE 6 operates
in a manner similar    least said first line of video information; to that
described with respect to FIGURE 2.          means (80, 81, 82) for (1)
combining video 



Corresponding elements are therefore designated    45   information pixel
representative signals from said with the same reference numerals. Separate
first line of video information to form a first RAM's 25 and 25' are
provided for the actual and   corrected line of video information
comprising the interpolated video information pixel repre-    video
information pixel representative signals sentative signals. The RAM's are
accessed simul-   having an apparent displacement from said video taneous
by the write address generator 26 and the    50   information pixel
representative signals of said read address generator 33. Data from
coefficient   first line of video information in order to correct control
counter 40 is likewise applied to inter-   electron beam landing errors,
and (2) polator circuits 41 and 41' simultaneously. Video    combining
video  information  pixel repre- information pixel representative signals
are there-  sentative signals from said second line of video fore processed
in the same manner by inter-   55   information to form a second corrected
line of polator circuits 41 and 41'. The corrected actual  video
information comprising video information video information from summation
circuit 46 and     pixel representative signals having an apparent the
corrected interplated video information from   displacement from said video
information pixels summation circuit 46' form the output signals of   of
said second line of video information in order the beam landing error
correction circuit which, in   60   to correct electron beam landing
errors; and the embodiment of FIGURE 5 are then applied to      means (62,
63, 64, 73, 74, 75) for successively red, green and blue speedup circuits
62, 63 and    displaying said first and second c rrected lines of 64.
video information at a second display rate. FIGURE 7 illustrates another
embodiment of a       2. The apparatus defined in Claim 1, wherein
progressive scan video display system in which   65   said means for
combining video information pixel 6    9               EP 0186418 81
10 has been read out of delay circuit 66, delay circuit  the red, green and
blue beam landing correction [err]    no longer contain any data while
delay        circuits 83, 84 and 85 are located subsequent to circuit 65
will contain a complete line of video     the red, green and blue speedup
circuits 62, 63 information pixel representative signals. Switch-     and
64. The correction circuits 83, 84 and 85 each ing circuit 67 will then
cause video information    5    operate in a manner similar to that
described with pixel representative signals to be read from delay   respect
to the correction circuit of FIGURE 2. circuit 65. When a complete line of
video infor-     However, since the beam landing error correction mation
has been read from delay circuit 65, delay    follows video information
speedup, the video circuit 65 will be half filled with video information
information must be processed by the correction from the following video
line, while delay circuit   10   circuits 83, 84 and 85 at a rate equal to
twice the 66 will be filled with data. The previously          rate at
which information is processed by the described video information reading
and writing       correction circuits 20, 21 and 22 of FIGURE 1. cycle is
then repeated. The pixel information from    FIGURE 8 illustrates an
embodiment of a pro- delay circuits 65 and 66 is applied to a multi-
gressive scan video display system  in which plexing circuit 72, which
produces a digital video    15   speedup occurs with respect to the Y, I
and Q signal having pixels occurring at a 28.64 MHz rate.  video components
prior to being processed by a The output of multiplexing circuit 72
represents    digital matrix 86 into the digital red, green and the output
of the speedup circuit, which in FIG-      blue video information signals.
In the circuit of URE 1 is applied from the red, green and blue
FIGURE 8, line interpolation is performed on the speedup circuits 62, 63
and 64 to digital to analog    20   luminance channel only, by a line
interpolation converters 73, 74 and 75, respectively. The out-      circuit
87 to form an actual luminance signal YA [err] of the digital to analog
converters 73, 74.and  and an interpolated luminance signal [err]. In the
[err] then applied to the respective red, green     embodiment of FIGURE 8,
a speedup circuit 90 and blue kinescope driver circuits (not shown).
illustratively repeats the I and Q information for a FIGURE 5 illustrates
another embodiment of a    25    given [err] and [err] luminance
information line pair. progressive scan video display system in which
FIGURE 9 shows a progressive scan video the beam landing error correction
circuitry acts      display apparatus utilizing red, green and blue
individually on both the actual and interpolated     field delay circuits
91, 92 and 93, respectively, pixel information. Circuit elements
illustrated in   rather than line interpolation circuits. FIGURE 5 which
correspond to elements shown in   30 FIGURE 1 are designated with the same
reference      Claims numerals. In the circuit of FIGURE 1, beam landing
error        1. A progressive scan video display apparatus correction is
performed on the digital red, green     comprising: and blue video signals
prior to line interpolation.   35  means (10) for sampling at least a first
line of In the circuit of FIGURE 5, beam landing error        video
information occurring at a first display rate correction is performed by
red, green and blue       to form a plurality of video information pixel
correction circuits 80, 81 and 82, respectively,      representative
signals; subsequent to line interpolation. FIGURE 6 illus-
characterized by the combination of: 



trates a representative beam landing error correc-   40  means (53, 54, 55)
for deriving 3 second line of tion circuit that performs simultaneous error
video information comprising a plurality of video correction on two lines
of video information. The    information pixel representative signals from
at [err]   of FIGURE 6 operates in a manner similar      least said first
line of video information; to  that described with respect to FIGURE 2.
means (80, 81, 82) for (1) combining video Corresponding elements are
therefore designated    45   information pixel representative signals from
said with the same reference numerals. Separate           first line of
video information to form  a first RAM's 25 and 25' are provided for the
actual and      corrected line of video information comprising the
interpolated video information pixel repre-       video information pixel
representative signals sentative signals. The RAM's are accessed simul-
having an apparent displacement from said video taneous by the write
address generator 26 and the    50   information pixel representative
signals of said read address generator 33. Data from coefficient      first
line of video information in order to correct control counter 40 is
likewise applied to inter-      electron beam landing errors, and (2)
polator circuits 41 and 41' simultaneously. Video      combining  video
information  pixel repre- information pixel representative signals are
there-   sentative signals from said second line of video fore processed in
the same manner by inter-   55   information to form a second corrected
line of polator circuits 41 and 41'. The corrected actual     video
information comprising video information video information from summation
circuit 46 and       pixel representative signals having an apparent the
corrected interplated video information from      displacement from said
video information pixels summation circuit 46' form the output signals of
of said second line of video information in order the beam landing error
correction circuit which, in   60   to correct electron beam landing
errors; and the embodiment of FIGURE 5 are then applied to          means
(62, 63, 64, 73, 74, 75) for successively red, green and blue speedup
circuits 62, 63 and       displaying said first and second corrected lines
of 64.                                                   video information
at a second display rate. FIGURE 7 illustrates another embodiment of a
2. The apparatus defined in Claim 1, wherein progressive scan video display
system in which    65   said means for combining video information pixel 6
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signals from said first and said       mation pixel representative signals
from said second lines of video information comprises            combined
line of video information at said second means (23, 25) for generating
first and second         display rate to form a corrected line of video
fractional sample coefficients and means (43, 44,      information at said
second display rate compris- 43', 44') for processing first and second
video    5    ing video information pixel representative signals
information  pixel representative  signals  in         having an apparent
displacement from said video response to said first and second fractional
information pixel representative signals of said sample coefficients,
respectively, in order to form   line of video information at said second
display a video information pixel representative signal       rate in order
to correct electron beam landing having an apparent displacement from said
first   10   errors. and  second  video  information  pixel repre-
6. The apparatus defined in Claim 5, wherein sentative signals.
said means (83, 84, 85) for combining video 3. A progressive scan video
display apparatus        information pixel representative signals from said
comprising:                                           combined line of
video information at said second means (10) for sampling at least a first
line of   15   display rate comprises means (40) for generating video
information occurring at a first display rate   first and second fractional
sample coefficients, to form a plurality of video information pixel
and means (43, 44) for processing first and representative signals; and
second video information pixel representative means (20, 21, 22) for
combining video infor-       signals in response to said first and second
mation pixel representative signals from said first   20   fractional
sample coefficients, respectively, in line of video information to form a
first corrected    order to form a video information pixel repre- line of
video information comprising video infor-     sentative signal having an
apparent displacement mation pixel representative signals having an
from said first and second video information pixel apparent displacement
from  said video infor-         representative signals. mation pixel
representative signals of said first   25  7. The apparatus defined in
Claim 2, 4 or 6, line of video information in order to correct
wherein said first and second fractional sample electron beam landing
errors;                         coefficients form a unity fractional
complement. characterized by:                                     8. The
apparatus defined in Claim 2, 3 or 5, means (53, 54, 55) for deriving a
second            wherein said second display rate is substantially
corrected line of video information comprising a    30    equal to twice
said first display rate. plurality of video information pixel
representative signals from said first corrected line of video
Patentanspruche information; and means (62, 63, 64; 73, 74, 75) for
successively       1. Nach dem Zeilenfolgeverfahren arbeitendes 



displaying said first and second corrected lines of   35
Video-Wiedergabegerdt mit video information at a second display rate.
einer Einrichtung (10) zum Abfragen minde- 4. The apparatus defined in
Claim 3, wherein         stens einer ersten, mit einer ersten Wiedergabe-
said means for combining video information             geschwindigkeit
auftretenden Videoinformations- pixels from said first line of video
information       zeile, urn eine Vielzahl von Videobildpunkt- comprises
means (40) for generating first and    40   signalen zu bilden, second
fractional sample coefficients and means          gekennzeichnet durch die
Kombination von: (43, 44) for processing first and second video
einer Einrichtung (53,54, 55) zum Ableiten einer information  pixel
representative  signals  in         aus einer Vielzahl von
Videobildpunktsignalen response to said first and second fractional
bestehenden zweiten Videoinformationszeile aus sample coefficients,
respectively, in order to form    45    mindestens der besagten ersten
Videoinforma- a video information pixel representative signal
tionszeile; having an apparent displacement from said first          einer
Einrichtung (80, 81, 82) zum (1) Kombinie- and  second  video  information
pixel repre-         ren vow Videobildpunktsignalen aus der ersten
sentative signals.
Videoinformationszeile zur Bildung einer ersten 5. A progressive scan video
display apparatus    50    korrigierten  Videoinformationszeile,  die  aus
comprising:
Videobildpunktsignalen  besteht, welche  eine means (10) for sampling at
least a first line of     scheinbare Versetzung gegenuber den besagten
video information occurring at a first display rate
Videobilpunktsignalen der ersten Videoinforma- to form  a plurality of
video information pixel       tionszeile haben, um  Elektronenstrahl-Lande-
representative signals;                          55   t'ler zu korrigieren,
und (2) characterized by:                                      Kombinieren
von Videobildpunktsignalen aus means (53, 54, 55) for deriving a second
line of     der besagten zweiten Videoinformationszeile zur video
information comprising a plurality of video      Bildung einer zweiten
korrigierten Videoinforma- information pixel representative signals from at
tionszeile,  die  aus  Videobildpunktsignalen least said first line of
video information;      60    besteht, welche eine scheinbare Versetzung
means (62, 63, 64) for successively combining        gegenuber den
Videobildpunkten der besagten said first and second lines of video
information to    zweiten Videoinformationszeile haben, urn Elek- form a
combined line at a second display rate;        tronenstrahl-Landefehler zu
korrigieren; und and
einer Einrichtung (62, 63, 64, 73, 74, 75) zur means (83, 84, 85) for
combining video infor-   65    aufeinanderfolgenden  Wiedergabe der ersten
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korrigierten Videoinforrnationszei-    einer zweiten
Videoinformationszeile, bestehend 'en mit einer zweiten
Wiedergabegeschwindig-       aus einer Vielzahl von Videobildpunktsignalen,
"-,6it.                                               aus mindestens der
besagten ersten Videoinfor- 2. Gerat nach Anspruch 1, worin die besagte
mationszeile; Einrichtung zum  Kombinieren von Videobild-    5     esine
Einrichtung (62, 63, 64) zum aufeinander- punktsignalen aus der besagten
ersten und der      folgenden Kombinieren der ersten und der zwei- besagten
zweiten Videoinformationszeile eine       ten Videoinformationszeile, urn
eine kombinierte Einrichtung (23, 25) zur Erzeugung sines ersten    Zeile
mit einer zweiten Wiedergabegeschwindig- und sines zweiten
Abfragewert-Bruchteilkoeffi-     keit zu bilden; und zienten und sine
Einrichtung (43, 44, 43', 44')   ro  sine Einrichtung (83, 84, 85) zum
Kombinieren zurn   Verarbeiten   erster   und   zweiter        von
Videobildpunktsignalen aus der kombinier- Videobildpunktsignale abhangig
vom  besagten       ten Videoinformationszeile mit der zweiten Wie- ersten
bzw. zweiten Abfragewert-'Iruchteilkoeffl-  dergabegeschwindigkeit, urn
sine korrigierte zienten aufweist, urn sin Videobildpunktsignal
Videoinformationszeile mit der zweiten Wieder- zu bilden, das sine
scheinbare Versetzung    i5   gabegeschwindigkeit zu bilden, bestehend aus
gegenuber den ersten und zweiten Videobild-        Videobildpunktsignalen,
die sine scheinbare Ver- punktsignalen hat.
setzung gegenuber den Videobildpunktsignalen 3. Nach dem
Zeilenfolgeverfahren arbeitendes      der besagten Videoinformationszeile
der zweiten Video-Wiedergabegerat mit:
Wiedergabegeschwindigkeit haben, urn Elektro- siner Einrichtung (10) zum
Abfragen minde-   20   nenstrahl-Landefehier zu korrigieren. stens einer
ersten, mit einer ersten Wiedergabe-     6. Gerat nach Anspruch 5, worin
die besagte geschwindigkeit  auftretenden  Videoinfowma-        Einrichtung
(83, 84, 85) zum Kombinieren von ytionszeile, urn sine Vieizahl von
Videobildpunkt-    Videobildpunktsignalen aus der kombinierten signalen zu
bilden; und                            Videoinformationszeile mit der
zweiten Wieder- einer Einrichtung (20, 21, 22) zum Kombinie-   25
gabegeschwindigkeit sine Einrichtung (40) zum ren von
Videobildpunktsignalen aus der ersten      Erzeugen erster und zweiter
Abfragewert-Bruch- Videoinformationszeile zur Bildung einer ersten
teilkoeffizienten und sine Einrichtung (43, 44) korrigierten
Videoinformationszeile, die  aus     zum    Verarbeiten   erster   und
zweiter Videobildpunktsignalen  besteht, welche eine
Videobildpunktsignale  abhingig  vom  ersten 



scheinbare Versetzung gegenuber den besagten    30   bzw. zweiten
Abfragewert-Bruchteilkoeffizienten Videobildpunktsignalen  der besagten
ersten       aufweist, um ein Videobildpunrktsignal zu bilden,
Videoinformationszeile haben, um  Elektronen-      das eine scheinbare
Versetzung gegenuber den strahl-Landefehler zu korrigieren, gekennzeich-
ersten und zweiten Videobildpunktsignalen hat. net durch:
7. Gerat nach Anspruch 2, 4 oder 6, worin der eine Einrichtung (53, 54, 55)
zum  Ableiten   35   erste und der zweite Abfragewert-Bruchteilkoef- einer
zweiten korrigierten Videoinformations-      fizient Komplementbruchteile
zum  Wert Eins zeile. bestehend aus einer Vieizahl von Video-      bilden.
bildpunktsignalen, aus der ersten korrigierten       8. Gerat nach Anspruch
2. 3 oder 5, worin die Videoinformationszeile, und
zweite Wiedergabegeschwindigkeit im wesent- sine Einrichtung (62, 63, 64;
73, 74, 75) zum    40   lichen gleich dem Zweifachen der ersten Wie-
aufeinanderfolgenden Wiedergeben der ersten         dergabegeschwindigkeit
ist. und der zweiten korrigierten Videoinformations- ,zeiie mit einer
zweiten Wiedergabegeschwindig-     Revendications S keit. 4. Gerat nach
Anspruch 3, wobei die Einrich-   45   1. Un dispositif de visualisation
video A tung zum  Kombinieren von Videobildpunkten          balayage
progressif comprenant: aus der ersten Videoinformationszeile eine Ein-
un moyen (10) pour 6chantillonner au moins richtung (40) zum Erzeugen sines
ersten und         une premiere ligne d'informations video se pro- eines
zweiten Abfragewert-Bruchteilkoeffizienten    duisant 3i une premiere
frequence de visualisa- und eine Einrichtung (43, 44) zum Verarbeiten    so
tion pour former une pluralite de signaux repre- erster und zweiter
Videobildpunktsignale abhan-    sentatifs d'elements d'image d'informations
gig vom ersten bzw. zweiten Abfragewert-Bruch-      vid6o;
teilkoeffizienten aufweist, um  ein Videobild-       caract6rise par la
combinaison de: punktsignal zu bilden, das sine scheinbare Ver-      moyens
(53, 54, 55) pour d6river une seconds setzung gegenuber den besagten ersten
und    55   ligne d'information video comprenant une plura- zweiten
Videobildpunktsignalen hat.                Iit6  de  signaux
representatifs  d'l6ements 5. Nach dem Zeilenfolgeverfahren arbeitences
d'image d'informations vid6o a partir d'au Video-Wlieaergabegerat mit:
moins ladite premiere ligne d'informations a.ner Einrichtung (10) zum
Abfragen minde-        video; stens einer ersten, mit einer ersten
Wiedergabe-   60  moyens (80, 81, 82) pour (1) combiner les geschwindigkeit
auftretenden  Videoinforma-        signaux representatifs d'6l6ments
d'image d'in- tionszeile, um sine Vieizahi von Videobildpunkt-   formations
video de ladite oremiere ligne d'in- signalen zu bilden;
formations vid6o pour former une premiere gekennzeichnet durch:
ligne corrigee d'informations video comprenant sine Einrichtung (53, 54,
55) zum  Ableiten    65   des signaux representatifs deilments d'image 8
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vid6o ayant un d6placement appa-       moyens prdcitis pour combiner- les
6idments rent des signaux  representatifs d'6elments
d'imagedinformationsviode Inpremiireligni dMimage dinformations vid6o de
ladite premiere       precitee d'informations video comprennent un ligne
d'informations video afin de corriger des      moyen (40) pour produire des
$remier et second erreurs d'atterrissage du faisceau d'6lectrons, et    5
coefficients d'echantillons fhactionnels et des (2) combiner les signaux
representatifs d'616-       moyens (43,44) pourtraiterlespremieret second
ments d'image d'informations video de ladite         signaux representatifs
d616ments dimage d'in- seconds ligne d'informations video pour former
formations viddo en reponse auxdits premier et une seconde ligne corrig6e
d'informations vid6o      second coefficients d'echantillons fractionnels.
comprenant des signaux representatifs d'616-   to   respectivement, afin de
former un signal repre- ments d'image d'informations vid6o ayant un
sentatif d'6lements d"images dinformations d6placement apparent desdits
6lme, ts d'infor-      viddo ayant un deplacement apparent desdits mation
video de ladite seconde ligne d'informa-      premier et second signaux
repr~sentatifs d616- tions vid6o afin de corriger des erreurs d'atterris-
ments d'image d'informations viddo. sage du faisceau d'electrons; et
15     5. Un dispositif de visualisation video a moyens (62, 63, 64, 73,
74, 75) pour visualiser    balayage progressif comprenant: successivement
lesdites premiere et seconds            un moyen (10) pour echantillonner
au moins lignes corrigees d'informations video a une          une premiere
ligne d'informations vidbo se pro- seconds fr6quence de visualisation.
duisant 3 une premiere frequence de visualisation 2. Dispositif d6fini en
revendication 1, oui les   20    pour former une pluralit6 de signaux
representa- r--yens pr6cites pour combiner les signaux           tifs
d'elements d'images d'informations viddo; k>'sentatifs d'elements d'image
d'information          caractdrise par: video des premiere et seconde
lignes pr6citees         des moyens (53, 54, 55) pour deriver une 



d'informations video comprennent des moyens          seconds ligne
d'informations viddo comprenant (23, 25) pour produire des premier et
second    25    une pluralite de signaux representatifs d'6le- coefficients
d'6chantillons fractionnels et des      ments d'image d'informations viddo
A partir d'au moyens (43, 44, 43', 44') pour traiter des premier   moins
ladite premiere ligne d'information video; et second signaux
representatifs d'el6ments           des moyens (62, 63, 64) pour combiner
succes- d'image d'informations video en reponse auxdits      sivement
lesdites premiere et seconds lignes premier et second coefficients
d'6chantillons frac-   30    d'informations vid6o pour former une ligne
corn- tionnels. respectivement, afin de former un signal   binee a une
seconds fr6quence de visualisation: representatif d'el6ments d'image
d'informatic 's       des moyens (83, 84, 85) pour combiner des vid6o ayant
un d6placement apparent desdits          signaux representatifs d'el6ments
d'image d'in- premier et second signaux representatifs d'ele-
formations video de la ligne combinee d'informa- ments d'image
d'information video.             35   tions video a ladite seconds
fr6quence de visuali- 3. Un dispositif de visualisation video  a
sation pour former une ligne corrigee d'informa- balayage progressif
comprenant:                      tions video a ladite seconds frequence
compre- un moyen (10) pour echantillonner au moins         nant des signaux
representatifs d'elements une premiere ligne d'informations vid6o se pro-
d'image d'informations video ayant un deplace- duisant a une premiere
frequence pour former   40    ment apparent desdits signaux repr6sentatifs
une pluralite de signaux reprbsentatifs d'1el-       d'elements d'image
d'informations video de j ts d'image d'informations vidbo; et
ladite ligne d'informations video a ladite seconde -des moyens (20, 21, 22)
pour combiner les          frequence de visualisation afin de corriger les
signaux representatifs d'elements d'image d'in-      erreurs d'atterrissage
du faisceau d'electrons. formations video de ladite premiere ligne d'infor-
45  6. Dispositif defini en revendication 5, oCi les mations video pour
former une premiere ligne         moyens precites (83, 84, 85) pour
combiner les corrigee d'informations video comprenant des         signaux
representatifs d'elements d'image din- signaux representatifs d'eiements
d'image din-       formations viddo de la ligne combinee precit'4e
formations video ayant un deplacement apparent       d ,nformations video a
la seconds frequence de desdits  signaux  representatifs  d'elements   so
visualisation pr6citee comprennent un moyen d'image d'informations vid6o de
ladite premiere      (40) pour produire des premier et second coeffi- ligne
d'information video afin de corriger des       cients d'echantillons
fractionnels, et des moyens erreurs d'atterrissage du faisceau d'electrons;
(43, 44) pour traiter des premier et second caracterise par:
signaux representatifs d'6lements d'image d'in- des moyens (53, 54, 55)
pour d6river une    55   formations video en reponse auxdits premier et
seconde ligne corrigee d'informations vid6o com-     second coefficients
d'echantillons fractionnels, prenant une pluralite de signaux
representatifs      respectivement, afin de former un signal repre-
d'6elments d'image d'informations video de           sentatif d'6lements
d'image d'informations vid6o ladite premiere ligne corrigee d'informations
ayant un d6placement apparent des premier et vid6o;
60   second   signaux   representatifs  d'6elments des moyens (62, 63, 64;
73, 74, 75) pour visuali-   d'image d'informations video. ser
successivement lesdites premiere et seconds        7. Dispositif defini a
la revencication 2, 4 ou 6. lignes corrigees d'informations video a une
oCi les premier et second coefficients d'6chantil- seconds frequence de
visualisation.                  Ions fractionnels precites forment un
complement 4. Dispositif defini en revendication 3, oui les    65
fractionnel d'une unite. 9    17               EP 0186418 B1
18 8. Dispositif defin i ala revendhcation 2 3 ou 5.   est sensiblement
dgals a deux fois la prmirse l la seconds fr6quence de visualisadon
pr6cit6e        fr6quenm de visualisation prictde. 5 15 20 25 30 35 40 45
50 55 60 65 10    


