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CONVERGENCE CONTROL SYSTEM FOR MULTIPLE

Th
convergence
particular,
different v
having diff

VERTICAL FORMATS
is invention relates generally to the field of
control systems in television apparatus, and in
to convergence control systems operable with
ertical formats, for example, vertical formats

erent raster heights.

Convergence control systems must be .consistent

with the ver
" apparatus.

rtical format utilized by a television
The vertical format which must be employed will

be a function of the aspect ratio of the display means in

the televisi
in a video

ion apparatus and the aspect ratio of the lmages

source. The aspect ratio of an image is the

relative proportion of image width to image height. For

most televi
means is 4:
the . image d

sion apparatus, the'aspéct ratio of the display

:3. This is true for display means embodied as

isplay area of a conventicnal cathode ray tube

as well as the screen for a projection television

apparatus.

sources is

standard ver
expected that no changes in vertical forma; will occur,

fixed conve

accordingly.

Ho
4:3 aspect

Similarly, the aspect ratio of most video
4:3. Under these circumstances, only a single,
rtical format need be provided. When it is
a

rgence control scheme can be formulated

wever, not all video sources originate with a

ratio. Motion pictures, for example, are

transferred from film format to videotape format, for

rlayback or
been the pr
sources to

4:3, as tha
television

of the diff
screen sour
aspect rati
wide aspect
videotape,

employed.

transmission as television signals. It has
actice when converting such motion picture
a video format to change the aspect ratio to
t is the only aspect ratio at which most
apparatus can function. Aan interesting example
icultjies entailed by this process are wide-
ces, such as cinemascope, which may have an
o of 16:9. A 16:9 aspec£ ratio is considered a
ratio. When transférring film sources to
a device such as z flying spot telecine may be

A flying spot telecine has a viewing window orf

£
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frame with an aspect ratio of 4:3. Tynically,'an opeérator
moves the window back and forth, f om left to right,
tracking the center of &action ln the film, and cropping
more or less of the left and rlght portions of the film
image as necessary. This can often produce undesirable
results from an artistic point of view. In cases where
credits appear, or action takes place over the entire
horizontal extent of the film'image, the results are

unsatisfactory. The results of the Zlying spot technique

- are exemplified by the sketch in FIGURE 2a, where picture

information from the 16:9 source is lost to the left and
right sides of the picture shown by the television
apparatus, which has a screen'having an aspect ratio of
4:3. ' . '
Alternatively, the wide screen image can be
reduced in scale until its horizontal width fits within the
left and right boundaries of a 4:3 aspect ratio. This
results-ln é smaller vertical image height, as shown in
FIGURE 2b. The movie éou:ce is shown in full, but it £ills
less than the entire screen of the television apparatus.
Dark bars are normally transmitted at the top and bottom,
correspondlng to the cross-—-hatched area, so as to av01d
This

format is sometimes called "letterbox". If the horizontal

width is compressed, without simultaneously compressing the

Vertical.height, the displayed images will be distorted,
for example grossly vaertically elongated. Circles in the
original image, for example, would appear as ovals having
vertically oriented major axes.

Another alternative which has been suggested for
displaying wide aspect ratio video sources is to provide a
television apparatus with a corresponding wide aspect ratio
screen. This is a good solution where it is possible to
transmit a video signal having a 16:9‘aspect ratio and
wherein a television apparatus is provided with a
deflection system which generates a raster having a 16:9
aspect'ratio. However, there are yer few such sources, and

indeed, most such sources have aspec:z ratios of 4:3. It
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will be appreciated that a typical or'glnal video image
having an aspect ratio of 4:3 will not fill a screen hav1ng
an aspect ratio of 1§:9. Blank border areas would be - found
on the left or right sides, or both. '

Video sources having an aspect ratio of 4:3 may be
displayed by television apparatus'having display means with
wide aspect ratios, for example 16:9, by incfeasing the
scale of the raster until the width of the original 4:3
aspect ratio image coincides with the width of the wide
aspect ratio display means; Such a vertical format has
been referred to as a vertical overscan mode or format.
Certain information content along the top and bottom of the
source image will be lost, but the resulting image wili be
a wide aspect ratio presentation.

Changing the vertical format to one of a different

height, for example the vertical overscan mode described

" above, poses a particular problem for convergence control .

systems. The problem is that horizontal scanning lines
will coincide with different vertical positions relative to
the display means for the respective vertical modes or
formats. A convergence control system consistent with .one
of the vertlcal modes will not be appropriate for the

. other, and v1ce versa. Some measure must be undertaken to

modlfy operatlon of a convergence control system in order
to be consistent with different vertical formats. Vertical
formats are generally distinguished from one another by the
height, of vertical extent, of the raster. Different
vertical formats will have different upper and lower raster
boundaries, for the same v1deo display means

The actlve scan area of a display sc*een,

example, may be divided into a matrix of rows and columns,
The boundary lines of

for

for purposes of convergence con;rol.
the rows and columns in turn define a cross hatch grid.
The number of rows and columns, and_acbordingly the number
6f sections, is somewhat arbitrary and depends upon the
expected range of correction which is nee@ed, and the
desired level of perfection in the resulting raster. When
the factory or a serviceman performs an alignment, the
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green geométry and the red and green DC adjustments are
performed first. Thereafter, the exact value of the
correction signal at every grid point is determined by
superimpos;ng the red, green and blue rasters at that
point. These exact values are stored, for example in a

non-volatile digital memory, and represent for each

correction signal which is required the alignment

information for that particular apoaratus or instrument.
An interpolation must be performed in both the
vertlcal and horizontal directions in order to provide a
smooth transition of the correction signals between
adjacent grid points; Each section of the display is

-defined by values at the four grid points defining the

corners of that section. A two-dimensional interpolation

must be performed frem the known values at the grid points

in order to obtain the appropriate cor;ection'signal at all
points within that. section. The interpolation in the
horizontal direction may be performed relatively easily,
for example by low pass filtéring'thg correction values.
This straight-forward scheme is possible because the known
values occur sequentially as each horizontal line ;s
scanned. For example, to smoothly go from a correction
value at point A to an _mmedlately horlzontally adjacent

correction value at point B, it is necessary to
sequentially output the value V, during a time period equal

to a grid spacing between points A and B, and then to
output value Vg for the same period. As long as the filter

' response time is substantially equal to the grid spacing,

the correction signal will make a smooth transition from
value V, to value Vg. The response time is dependent upon

the filter at the output of the digital-to—-analog converter

and the response time of the convergence power amplifier

which drives the convergence correction means, such as a

convergence correction coil.
Interpolation in the vertical direction is

51gn1f1cantly more difficult, because the known values of

vertically adjacent grid points are not sequential as each
Vertical interpolation may be
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performed in the digital or analog dcmain, as is known in
the art. A digital convergence control system may
comprise, for example: ‘a digital memory for storing grid
coordinate values defining a convergence correction grid
for one channel of a video display, a convergence

correction signal generator responsive to the grid
coordinate values and to intermediate values bétween the
grid coordinate wvalues, and an analog 1nteroclat1ng circuit
for deteérmining the intermediate values. An analog
interpolating circuit for determining the intermediate
values may comprise, for example: digital-to-analog
converters for the grid coordinate values; and means for

,multlplylng the values of adjacent vertical grid pdints, in

succession, by complementary factors.

Digital convergence systems utilizing digital or
analog interpolation circuits are disclosed in the '
following U.S. Patents: 4,401,922; 4,422,019; 4,437,110;
4,473,844; 4,549,117; 4,553,164; 4,635,117; and 4,672,275.

The additional problems for convergence control
systems which must provide correction for multiple vertical
formats can be éppreciated by'réfergnce to FIGURES 3 and 4.
In each of FIGURES 3 and 4, the dotted line rec;angle
designated by reference numeral 10 represents the boundary
Such
an image may be the image display area of a cathode ray
tube ln a dlrect view television apparatus, or may be the
screen of a projection television apparatus. In each of
FIGURES 3 and 4, a screen, for example, has'an aspect rati

of 16:9, which is the aspect ratio of a typical wide screen

motion picture format. The dark solid rectangle designated

by reference numeral 12 in each of FIGURES 3 and 4
represents the boundary of the raster for a first ve;tical

format, which for purposes of discussion may be considered

a standard or normal vertical format.' The dotted dark line

designated by réference numeral 14 in FIGURE 4 represents
the extended boundary of a second vertical format, having a
raster height'largef than the first or standard vertical

format. For purposes of discussion, zhis format may be
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referred to as a vertical overscan férmat. The raster.ror

the vertical overscan format has an aspect ratio of 4:3.
A convergence control signal must be generéted for .
each horizontal scan line in a video signal source. The
convergence correction which is necessary is a function of
the apparatus itself. The convergence correction factor or
value must be the same for any given point on the screen,
irrespective of the video source or the vertical format.
In ‘accordance with techniques known in thé art, convergence
correction signals can be generated for each horizontal
scan line, such that: the correction-signal for the first
horizontal scan line co;ncides with the first horizontal
scan line; the correction signal for the second horizontal

scan line coincides with the second horizontal scan line;

and, so on. The correction signal for the first visible
scan line coincides with the first visible horizontal scan
line. 1In FIGURE 3, it can be seen that the first visible'
horizontal scan line will fall between the first and second
horizontal grid lines, which are so numbered along the
right hand side of the raster. In particular, thé first
horizontal scan. line will fall just below the upper dotted
line boundary 10. This same horizontal scan line will not
be visible 'in the overscanned vertical format shown in
FIGURE 4, as the area.between the first and second
horizontal grid llnes is well above the upper part of
boundary 10 of the screen. For the raster shown in FIGURE
4, the first visible horizontal scan line will fall between
the third and fourth horizontal grid lines, and more
particularly, immediately below the upper part of dotted
line boundary 10. Accordingly, the convérgence correction
signal appropriate for the first visible horizontal scan
line for the raster in FIGURE 3 must be applied to a
different horizontal scan line in the raster of FIGURE 4.
This is so, because the convergence correction values for
any given point on the screen must be the same.

A further difficulty stems from the fact that the

grids, which are defined by the horizontal and verctical
B, B';
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. + « ¢ N, N'; O,-O' ; . . ., do nat COincide with one
another in the respective vertical formats. This is so,
because the same number: of horizontal scan lines will be
present between vertically adjacent horizont;l grid lines.
The number of transmitted horizontal scan lines in each
field is a function of the video source, not the deflection
processing circuitry. Inasmuch as the same transmission.
source drives the vertical deflection circuitry for the
rasters of both FIGURES 3 and 4, the larger vertical height
of the raster shown in FIGURE 4 dictates that the
horizontal scan lines will be farther apart for the raster
shown in FIGURE 4. Some television apparatus having a
capacity for progressive scanning, for example at double
the transmitted horizontal frequency, denoted 2H. If 2H
scanning is used for each vertical format, the spacing
between horizontal scan lines will still be larger in the
overscan mode, even though there are more scan lines than
in 18 systems.

Accordingly, a convergence corréction grid having
the same numbers of horizontal grid lines but having a '
larger vertical height will have horizontal scan lines
spaced farther apart from one another. This factor bears
on operation of the interpolation circuits used to generate
intermediate cbnvergence correction values between the
known correction values, which correspond to the
intersections of the horizontal and vertical grid lines.
This can be-appreciatéd by a more general consiqeration of
sophlstlcated convergence control systems.

Certain television apparacus require sophisticaced
convergence control systems, even for a fixed vertical
format. Projection televisioh_apparacus, for example, _
comprise three projection cathode ray tubes, which project
red, blue and green rasters, respectively. The images
prOJected by each video projection tube must be properly
aligned with one another. Analog waveforms have been used
to proVide the correction necessary to obtain a
substantially correc:z raster for all three cathode ray

_tubes. A conventional analog waveform generator will
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normally correct for the first order imperfections of the

raster, but not for the more complicated distortions

usually found in such apparatus.
Digital convergence correction systems have been

" developed to generate more complex correction signals. 1In

one kind of such system, a digital correction value is
stored for each point of a very extensive grid, points
being defined along each horizontal scanning line, or as
many as possible. This approach-would provide maximum
corfection, but is difficult and expensive to implement.
In another kind of such systém, a smaller number of
correction values are stored, and a digital interpolation
circuit determines intermediate values, based on the known
valies. Digital interpolators can produce good results,
but are also expensive to implement. In many cases, the
minimum bit requirements of certain ccmponents, for example
digital to analog converters, needed Ior the necessary
resolution, preclude embodying digital interpolators as

integrated circuits. In a third kind of system, the

smaller number of correction values are stored digitally,
but the interpclation is performed in the analog domain.
This has proved advantageous, as such circuits can provide
adequate precision and'resolutidn, at a lower cost.

Consideration must also be given to the fact that
scanning rates, fbr example progressive ;canning rates at
2H, aré not the same in all countries and in all television
apparatus. éome television apparatus are operable at one
or more vertical frequencies, for example 50 Hz, 100 Hz, 60
Hz and 120 Hz. These frequencies correspond to scanning
rates based on the principle e‘ectrlca‘ mains frequencies
in Europe and the United States, name1y 50 Hz and 60 Hz

respectively. Noninterlaced 2H scanning at 50 Hz generates

625 horizontal scan lines per field. Noninterlaced 2H

scanning at 60 Hz generates 525 horizontal scan lines per

field. Interlaced 2K scarining at 100 Hz generates 312 1/2

horizontal scan lines per field. Interlaced 2H scanning at

120 Hz generates 262 1/2 horizontal scan lines per field.
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This is true for each vertical format, for example normal
and overscanned. ' '

It is an aspect of the invention to provide a
convergence control system operable with different vertlcal
formats. In accordance with this aspect of the lnventlon,
a convergence control system for a,vert;cal deflection
circuit operable in plural wvertical modeé, having
respective rasters with different vertical heights,
comprises a selector for initiating ooeratxon in one of the

available vertical modes and a circuit for generatlng

. convergence correction signals responsive to the selector.

The correction signals are generated f£rom known convergence
correction values and by interpolation of the known values.
The convergence correction values may be stored and
sequentially processed by digital circuits and the
interpolation may be accomplished by analog circuits.
According to one aspect of the invention, the video
display, on either the display area of a direct view
cathode ray tube or the screen of a projection television
apparatus, may have an aspéct ratio of approximately 16:9.

Anocher vertical format may have an aspect ratio of

approximately 4:3.

The circuit for generating convergence correction
signals in accordance with an aspect of the invention may
éomprise a digital. data store for different sets of
convergence correction values, for generating selectable
sets of correction signals for different vertical modes or
formats, for example normal and overscanned meodes. The
sets of convergence correction values define different sets
of grid lines substantially parallel with the horizontal
scan lines. Adjacent ones of the grid lines are spaced
from one another at different intervals for different
vertical formats. The intervals becween-adjacent

horizontal grid lines are greater for'vertical formats
hav1ng rasters W1th greater vertlcal height.

It is another aspect of the invention to provide a
interpolating circuit

convergence control system having an
and in

operable at different horizontal scanning rates,
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interlaced and noninterlaced fashion, for each vertical
mode. In accordance with this aspect of the invention, an

[y

interpolating circuit for processing the known convergence
correction values is responsive to the: horizontal
deflection circuit. The interpolating intervals can be
adjusted to correspond to the horizontal scanning rate.
The number of interpolating intervals is matched to the

‘number of horizontal scan lines in each field. In one

embodiment according to this aspect of the invention, the

“interpolating circuit may comprise a digital-to-analog

converter having a selectable reference input signal for

each horizontal scanning rate, and an up/down counter.for

-modulating'the digital-to—analog converter, the counter

having a selectable maximum count to adjust the period of
the correction waveform for each vertical mode or format.
In another embodiment according to this aspect of the
invention, the interpolating circuit may comprise a
digital-to—-analag converter having a fixed reference inpuct,
and a variable step counter for modulating the digital-to-
analog donverter, the counter h;ving & selectable step to
adjust'the period for each vertical mode or format.

In the Drawing:

FIGURES 1; 2a and 2b illustrate the relative .
dimensions of video display screens and video sources -

having different aspect ratios.
FIGURE 3 illustrates a matrix defining a

conVergénce correction grid for a 16:9 aspect ratio video
source displayed on a 13:9 aspect ratio screen.

FIGURE 4 illustrates a matrix defining a
convergence correction grid for a 4:2 aspect.ratio wvideo
source displayed on a 16:9 aspect ratio screen, by a
verticaliy overscanned display mode.

~ FIGURES 5 is a block diagram of a circuit for
generating rasters having different vertical heights.

FIGURE 6 graphically illustrates the difference in

vertical deflection currents for rasters of differenc

vertical height.
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FIGURE 7 is a Ylock diagram of a convergence

control system in accordance with this invention.

FIGURE 8 is a block diagram including a detailed
lnterpolatlng circuit for a single channel in a digital
convergence control system in accordance with FIGURE 7.

FIGURES %a and 9b illustrate modulating wéveforms

for the multiplying digital to analog coanverters shown in

FIGURE 8. .
FIGURE 10a is a block diagram of a circuit for
generating the modulating waveforms shown in FIGURESISa and
9b, for a fixed horizontal deflection rzate.

FIGURE 10b is a clock counting diagram for the
circuit shown in FIGURE -10a.

FIGURE 11 is a block diagram of a circuit for
generating the modulating waveforms for multiple horizontal
deflection rates.

FIGURE 12a is a block diagram of an alternate
circuit for generating the modulating waveforms. for
multiple horizontal deflection rates.

FIGURE 12b is a clock counting diagram for the
circuit shown in FIGURE 10a.

FIGURE 13 is a portion of the matrix shown in
FIGURE 3, in enlarged scale.

FIGURES l4a through 14f illustrate timing signals
for operation of the convergence control system shown in
FIGURE 8. '

FIGURE 15 is a block diagram of a convergence

contrél system having a plurality of channels for

generating a plurality convergence correction signals.

_ The scan area of a raster 18 is shown in FIGURE 3.
The scan area is defined by a plurality of sections or
The
and includes

scan area of a raster 20 is shown in FIGURE 4, _
The

a matrix defined by blocks, for example 30', 324, e;c.
uppermost row of each matrix, defining areas or portions
22, 22' represents the time necessary for a vertical
retrace, approximately 825 microseconds for a 2H

progressively scanned signal at 60 Hz. The three leftmost
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columns defining areas or portions 24, 24 represent the .

‘time needed for each horizontal retrace, which for the same

2H signal is approximately 10 microseconds. Areas or
portions 22, 22' and 24, 24', representative of the
vertical and.horizontal retrace times respectively, are
inactive scan areas. The remaining areas or portions'26,
26' are the active scan areas. The size Jf the active scan
area 26 and the grid is somewhat larger than, for example, .
the boundary 10 of the projection screen of the projection’
television apparatus or the image display portion of the
cathode ray tube in a direct view television. The active
scan area 26f and the grid are considerably larger than the
display area, defined by boundary 10. Top pincushion
distortion may be so severe that, if uncorrected, the
middle of even the first horizontal scan line may bow
downwardly into the visible part of the display. '
Convergence correction must theréfore be provided for all

horizontal scan lines, even if not intended to be visible.

‘Alternatively,  the nonvisible horizontal scan lines may be

blanked, if not corrected for convergence distortion.
Each of the active scan areas 26, 26' is defined
by a matrix of 12 rows and 16 columns, which define v _§

‘convergence correction grids having thirteen horizontal

grid lines and seventeen vertical grid lines, respectively

'so numbered. The horizontal scan time between each

adjacent vertical grid line is approximately 1.68
microseconds. The number of horizontal scan lines required

for traversing each row, that is, the distance between

adjacent vertical grid points, depends on the scanning rate
and the interlaced or noninterlaced natuie of the frames.
For the grids shown, and at 2H scanning rates, there are:
48 lines per fow, for noninterlaced scanning at 50 Hz; 40
lines per row, for noninterlaced scanning at 60 Hz; 24
lines per row, for interlaced seanniné at 100 Hz; and, 20
lines per row, for interlaeed scanning at 120 Hz.

The horizontal scan lines are spaced farther apart
in an overscan mode because the same number of scan lines

must traverse a larger vertical dimension. 1In FIGURE 5, a
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vertical deflection circuit 2 generaces a vertlcal
deflection current Iv synchronized with a vertical rate
frequency signal fv. Vertical deflection circuit 2 is
responsive to a mode selector 4, which provides command
information to the vertical deflection circuit identifying
one of a pluraiity of vertical modes or formats, each of
which may be characterized by a raster of a different
vertical height. The mode selector 4 may be responsive to
mode selection signals, which may be generated, for
examplé, by buttons 6. As illustrated, the buttons 6 may
be selectively depressed to initiate normal and overscan
modes. Normal mode may be opérable as a default mode of
operation, in which case buttons 6 would be used to
initiate other than normal modes.

The solid line signal in FIGURE 6 repreésents a
normal vertical deflection. current Iv. The maximum and
minimum values are shown by arbitrary units which equal +1
and -1 respectively. The period corresponds to the time
duration of each vertical field, Tv. The normal current Iv
would be used in the raster shown in FIGURE 3. The
overscan current shown by dotted line extension of the
normal current would be used for the raster shown in FIGURE

4. The raster in FIGURE 4 is larger in vertical dimension

than the raster in FIGURE 3 by a factor of 4/3.
Accordingly, the maximum and minimum values are
approximately +1.33 and -1.33 respectively. The period Tv
is the same.fqr both signals, as the vertical period is a
function of the video source. .

Reference numerals 30 and 32 identify two blocks
Block or section 30 is bounded by
Block or section

or sections in FIGURE 3.
grid intersection points A, B, G and H.
32 is bounded by grid intefsection points B, C, H and I.

In FIGURE 4, block or sectlcn 30 is pounded by grid
Block or section

intersection po;nts A',-B', G' and H'.
c', H' and

32' is bounded by grid intersection points B',
I'. Blocks or sections 30 and 32 are shown in enlarged

scale in FIGURE 13.
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In terms of the standard notation of an (X, .Y)

-coordinate system, grid point A lies on coordinates (1, 1).

Grid point B lies on coordinates (1, 2). Grid point C lies
on coordinates (1, 3). Grid point G lies on coordinates'
(2, 1). Grid point H lies on coordinates (2, 2). Grid '
point I lies on coordinates (2, 3). The same is true for
grid points A', B', G' and H' although respective
correction values may be different because tle grid points -
will not coincide. . '

The exact value of the correction signal at every
grid point is determined by superimposing tﬁe red, green
and blue rasters at that point. These exact values are
stored in non-volatile memory for each channél and
represent the convergence alignment information for that
particular television apparatus or instrument. If the
digital storage is thought of, for purposes of
illustration, as a corresponding matr-ix, the grid
correction value will be a function of the coordinates of
the particular grid point. In other words, the convergence
correction value for grid point A in one of the channels

will be a function of the coordinates (1, 1), that is, the
cqrrection value V, = £{(1, 1). Similarly, the correction

value Vg = £(2, 1), the correction value Vg = £(2, 1) and
correction value Vy. = £(2, 2). :
In order to provide a smooth transition of the

correction signals between adjacent grid points,
interpolation must be performed in both the vertical and

" horizontal directions. The values at the grid points,
- represented by -V, and Vg and Vg and Vy are the exact

desired values determined during alignment. A Lwo-
dimensional interpolation must be performed from these
known values to obtain the correction signal at all of the
points within that block or séction. The unknown values Vg
and Vp and Vy are part of a horizontal scan line X that
does not fall exactly on a grid line. .

The interpolation in the horizontal direction may
be performed by low pass filtering the correction Values,.'
because the known convergence values occur sequentially as
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the sixth intermediate scanning line of the first row,

S ——

.

go from grid value V, to grid value V3 it is necessary only
to sequentially output value V, during a time period equal
to a grid'spacing, for example approximately 1.68
microseconds, and then value Vg for the same time period.
If the filter response time is equal to the grid spacing,
the correction signal will make a smooth transition from
value V, to value Vi. The response time will depend upon
the filter at the output of the digital to analog converter

and the response of the convergence power amplifier.
Interpolation in the vertical direction requires

more processing because vertically adjacent grid coordinate

values do not occur sequentially during the same horizontal
scan'line. Instead, for example, the unknown values Vg and

Vy on scan line X must be determined from the known values,
for example V, and Vg and Vg and Vyg. If values Vg and Vy
éan first be determined, thése values can then be subjected
to the low pass filtering for horizoncal interpolation.
This horizontal interpolation will'develop correction value
Vp as well as all other intermediate values on the line
segment SU. _

Consider the interpolation necessary for blocks or
sections 30 and 32, with particular rgference to FIGURE 13.
In order to scan aiong the first horizoncal grid line, '

- without regard for other lines or interpolation, the low

pass filter must be  fed with the wvalues for grid points A,
B and C sequentially at intervals of approximately 1.68
microseconds. However, intermediate lines impose a need
for an interpolation scheme which treats rows of blocks at

a time, as each row of blocks represents a.set of
An interpolation scheme illustrated

a number n of

horizontal scan lines.

horizontal scan lines are required to traverse the screen
or other display from the first horizontal grid line to the
erid of the row just above the second horizontal grid line,

as is the case for all adjacent horizoatal grid lines.
Zurther identified as 6', is
or

Intermediate scanning line X,
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set of horizontal scanning lines. Inctermediate scan line 6'
includes line segment SU, as shown. In an effort to smooth
the transition between vértically'adjacent grid points, a
higher weighting factor . is applied to the intermediate
values closest a particular known grid value. For example,
point S 1s 2 arbitrary units below point A and (n-2)
arbltrary units above point G. The arbitrary units
correspond to the vertical separatioh between horizontal
scan lines, which will change for different vertical
formats and different video transmission systems.
Accordingly, the value Vp = (n-2)/n > V, + 2/n * Vao. If V, ;
=2, Vg=1, n =24 and Z = 6, then Vg = 1.667, rounded
ofZ. The value is between V, and V; and is proportional to ‘ |
the relative distances between point A and poiht S, and
between point S and point G.
Vertical interpolafion for a given vertical mode
or format can be seen as sequentially generating and
processing ‘intermediate convergence correction values for

the intersection of each intermediate horizontal scanning

line and a vertical grid line. If these corrections values

can be presented in proper sequence to the horizontal low
pass filtering circuit, with proper timing, a precise
convergence correction signal can be generated in real

time. _

A convergence correction system in accordance with
an aspecﬁ of this invention is shown in block diagram form
in FIGURE 7. A phase locked loop (PLL) and ciming
vertical synchronizing
An

generator 42 receives clock pulses,
pulses and horizontal synchronizing pulses as inputs.
address generator 44 receives control signals from the PLL
and timing genefator to generate sequential addresses as

output to a data store 46. Data store 46 has the known

convergence .correction values stored therein in digital

form. The known values correspond to the grid points, that

is, the correction values at the intersections of the
Data store 46 contains

horizontal and vertical grid lines.
each

two sets 46A and 46B .of convergence correction values,

of which is appropriate for a different vertical mode, that
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is, having a raster with a partlcular vertical height.

Data store 46 may be embodied as a simgle storage medium in
which the sets are differentiated from one'anofher by a
most significant address bit. Alternatively, data stores
46A and 46B may be embodied as separate storage media,
selectable by a mode selection command signal. In any
event, a data store.will be provided for each vertical mode
which can be'implemented by the vertical deflection cirquit
2., A correction value interpolator and signal generator
circuit 40 produces the convergence correction signals, for
m number of channels as are needed, as Voutl, Vout2,

. . .Voutm. ' - .

A more detailed block diagram of the circuit shown
in'FIGURE 7 for sequentially supplving the proper Xknown
correction values and subsequently interpolating those
values is shown in in FIGURE 8. The portion desigrated by
reference numeral 40 corresponds to a single channel in a
multichannel system. The part of the overall circuit
common to all channels compriseé the PLL and timing
generator 42 and the address gehe:ator 44, The correctiocn
value interpolator and signal generaﬁcr 40 comprises data .
store or digital convergence correction valueIStorage means
46, four 8-bit latches identified as L1, LZ, L3 and L4, and
a pair of multiplying digital-to-analog converters 56 and
58, the outputs of which are summed by operational
amplifier 60. Storage means 46 comprises at least two data
stores 46A and 46B. Modulating waveforms shown in FIGURES
9(a) and 9(b) are identified as Veven and Vodd. The
Qavefcrms are generated by the ciréuit shown in block
diagram form in FIGURE 10, and supplied respectively to
The

circuit can also be constructed with only three lacches,

provided that the timing sequencé is
" With reference to FIGURE 8,
and timing generator:42 receives horizontal and vertical
synchronizing pulses, or timing pulses related thereto,
from the deflection'circuit,o; the television apparatus.
The phése locked loop and timing generater produces a phase

suitably revised.
‘the phase locked loop
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or line locked clock running at 76 times the horizontal
requency, which for a 2H progressively scanned NTSC

standard is approximately 2.4 MHz. The vertical and

horizontal timing signals and the clock-siqnal_are all of
the timing signals necessary for opérating the address
generator and the latches for the multiplyihg_digital to

‘analog converters. The line locked clock may also 'be used

to produce an alignment test pattern.

The address generator 44 receives appropriate
timing pulses from the phase locked loop and timing '
generator 42, and generates the necessary address to select

' the next word to be leoaded inte the multiplying digital to

analog converters. Each such word corresponds to the
convergence correction value for a particular grid point,

expressed and stored in digital form.

The words, or correction values, for each channel
are stored in a digital value storage means 46. Storage
means 46 may be non—Qolatile. Alternacively, storage means
46 may be volatile memory, which is loaded from non-
volatile storage means at another location in the
apparatus, during the power-—-up operation.

The output of storage means 46 is available as an
input to both latches L1 and L2. The output of latch L1 is
an input to latch ﬁ3, and the output of latch L3 is an
input to the converting input of multiplying digital to
analog converter 56. The output of latch L2 is an input to
latch L4, and the output of latch L4 is an input to the
converting input of multiplying digital to analog converter
58. The latches are used to store the present and next
values for each multiplying digital to analog converter.
Latches L1 and L2 are sequentially loaded with the next two
values, and latches L3 and L4 are Simultaneously loaded _
when it is time to update the multlplylng dlgltal to analog
converter outputs.

The timing diagram shown in FIGURES l4a - 14f
corresnonds in time scale to the horizontal separation of g
the vertical grid llnes ‘shown ia FIGURE 6. The sequence of i
values supplied to the latches from the storage means,
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responsive to the address generatér, isAGBHCTI. At
the initiation of clock pulse 1 in FIGURE 1l4a, latch Ll
contains the correction value for point A, latch L2
gontains the correction value. for point G, latch L3 '
contains the correction value for pointc A, and latch L4
contains the correction value for point G. Accordingly,
multiplying digital to analog converter 56 converts the
digital value for point A to analog form, multiplying that
analog value by the amplitude of the Veven modulating
waveform on line 79. For the row of blocks shown in FIGURE
13, this amplitude will be one. Similarly, the corfection

value for point G is converted to analog form by

‘multiplying digital to analog convercter 58, and

subsequently multiplied by the value of the Vodd modulating
waveform on line 77. For the row shown in FIGURE 13, this
value is zero. ' ' _

A latch L1 enable pulse L1 EN shown in FIGURE 14b
occurs at ﬁhe end of clock pulse and loads the correction
value for point B into latch Li1. A létch L2 enable pulse

L2 EN shown in FIGURE l4c occurs at the end of clock pulse

3 and loads the correction value for point H into latch L2.

‘A latch L3, L4 enable pulse L3, L4 EN shown in FIGURE 14d

occurring at the end of clock pulse 4 loads the correction
value for point B into latch L3 and the correction value
for point H into latch L4. A similar process takes place
during clock pulsés S through 8, whereby at the end of
clock pulse 8, the correction value for point C is stored
in latch,L3 and the correction value for point T 1s stored
in latch L4. It can be appreciated that the correction
values for points A and G remain in latches L3 and L4
respectively for four clock periods, which is'equivalent to
the approximately 1.68 microsecond incerval between the
first. and second vertical grid lines. In other words, as
the horizontal scan line proceeds from left to right along
the first horizontal grid line, the -correction valuées for
points A and G are being processed by the multiplying
digital to analog converters while the scan line is between

the first and second vertical grid liaes. The correction
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values for points B'and H are processed by the multiplyiné
digital to analog converters while the horizontal scan
proceeds from the second vertical grid line to the third
vertical grid line. The correction values for points C and
I are processed by the multiplying digital to analog
converteré while the horizontal scan proceeds. from the
third vertical grid line to the fourth vertical grid line.
FIGURE 14f illustrates the yoke current and output voltage

for the sixth (Si) intermediate scan line X. The current

and voltage waveforms are illustrative of all of the
horizontal scan lines. The output voltage chénges in
steps. The yoke current proceeds smoothly from known value
to known value as a result of the low pass filtering.

Alternatively, either of latches L2 and L4 may be
omitted. If latch L2 is omitted, then L3, L4 EN can occur
after clock pulse 3, moving Vg from latch L1 to latch L3
and moving Vy into latch L4. The L2 EN signal is
unnecessary. The fourth latch shown in FIGURE 3.is
included to facilitate the explanation. '

The modulating waveforms shown in FIGURES %a and
°(b) provxde a measure of the location of any present
horizontal scan line with respect to the horizontal grid
lines above and below the present scan line. The
modulating waveforms are complementary, that is, out of
phase with one another, in that the peaks of one correspond

in time to the zeros of the other, and vice versa. The sum

of the modulating waveforms is always constant. Moreover,
the respective zeros and peaks of the two modulating
waveforms always coincide with those horizontal scan lines
which fall on horizontal grid lines. It is this relative
timing, for example, which assures tha; for the horizontal
scan line coinciding with the second horizontal grid line,
the weighting factor for Vg is one and the weighting factor
for Vy on the third horizontal grid line, is zero.

Although the modulating waveforms are shown as triangular
in overall form, the modulating waveforms are in fact
stairstep in nature, as apparent when seen in enlarged

scale. This ensures that the relative weighting factors
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“applied to horizontally adjacent grid points will remain

the same for each hor‘zontal scan line in each row of
blocks. Alternatively, the modulatlng waveforms may have
an overall sawtooth form, with the trailing edge of each
sawtooth pulse falling or rising sharply, as appropriate,
during each horizontal retrace.  Such modulating waveforms
present more complex address control and timing problems.
Advantageously, as a triangular waveform, waveform Vodd
will have a peak amplitude for each scan line coinciding
with an odd numbered horizontal grid line. Conversely,
waveform Veven as. a triangular waveform will have a peak
amplitude for each scan line Eoinciding with an even
numbered horizental grid line. Similarly, waveforms Vodd
and Veven.will have zero amplitudes for scan lines
coinciding with even and odd numbered horizontal grid
lines, respectively. Accordingly, values on even numbered
horizontal grid lines are always presenced to the
multiplying digital-to-analog converter 56, moduiaced'by
waveform Veven. Values on odd numbered horizontal grid
lines are always presented to multiplying digital-to—analog
converter 58, modulated by Vodd.

In accordance with an aspect of this invention,
each modulating waveform has a period which is related to
the number of horizontal scan lines between horizontal Qrid
lines. The period is.équal to 2n, where n is the number of
scan lines in each row. Moreover, each correction value is
supplied to only one of the multiplying_digital to analog
converters. Use of modulating wéveforms having a period of
2n scan lines assures that the values on respective
horizontal grid lines are sequentially processed as upper
and lower boundaries of successive rows. The generation
and timing problems of the digital addressing can 5e
substantially reduced, provided that the upper and lower
known values for each row of scan lines are applied to the
same multiplying digital to analog converters as each

subsequent row of scan lines is scanned.
A circuit 70 for generatlng the modulating

waveforms shown in FIGURES 9a and 9b, with fixed periods,
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is shown in FIGURE.loa. An'up/down counter 72 receives
hprizohtal.and vertical synchronizing pulses, or related
timing pulses. The counter 72'con€inuously counts from'O
to 20 (20 scan'lines per row for 2H interlaced scan at 120
dz, for example), and back from 20 to 0 using the
horizontal line retrace pulse as its clock; A counting

diagram for this circuit 1is shown in FIGURE 10b. Count O
corresponds to a horizontal grid line, denoted GL1. Count
19 is just before the next grid iine. Count 20 corresponds
to the next horizontal grid line, GL1 + 1. The next count
0 corresponds to the next horlzontal grid line GL1 +. 2.

The counts for successive rows of scan lines run from 0 to
19, 20 to -1, 0 to 19, 20 to 1, etc. A vertical retrace
pulse resets the counter to lock the generated waveforms to
the vertical deflection circuit, The digital number is

‘converted to analog form by -digital to analog converter 74.

Amplifier 76 provides waveform Vodd as an output at

terminal 77. Difference amplifier 78 gproduces the

complementary waveform Veven at terminal 79 by subtracting

the output of the digital to analog converter from a fixed
reference. The fixed reference should be set to the
maximum output of the digital to analog coaverter.

" Modulating waveforms with selectable periods are
provided for generating convergence correction waveforms
appropriate for different vertical formats in accordance
with an aspect of the invention. In implementing circuits
to generate such waveforms, it is important'that the _
maximum value of the waveforms be constant, and that this
constant value occur at a fixed location on the screen or
display area.  Two circuits for achieving this result are
shown in FIGURES 11 and 12. _

‘A circuit 80 for generating the modulating
waveforms with selectable periods, corresponding to
selected vertical formats, is shown in FIGURE 11.

up/down counter 84 receives horizontal and vertical
The

A 6 bit

synchronizing pulses, or related timing signals.
counter 84 is incremented and decremented by horizontal

timing signals, for example, horizontal synchronizing
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pulses. Vertical timing signals, for example vertical
synchronizing puises or retracé pulses, reset the counter
to lock the generated waveforms to the vertxcal deflection
circuit, The counter 84 contlnuously counts from 0 to one
of a plurality of selectable numbers, aependlng upon the
selected vertical format, and then back to 0. For ;he
circuit illustrated, the maximum counts are: 20 for 120 Hz
(20 lines per row); 24 for 100 Hz (24 lines per row); 40
for 60. Hz (40 lines per row); and, 48 for 50 Hz (48 lines
per row). The selectable number is supplied-by maximum
count circuit 86. The clock counting diagram is the same
as in FIGURE 10b for a maximum count of 20. The number of
stairsteps will increase accordingly for higher maximum
counts, | | .

The output of the counter 84 is converted from
digital-to—analog form by a 6 bit digital to analog
converter 82. The reference value IreZ for the digital cto
analog converter is also one of a plurality of selectable
values, corresponding to the selected vertical format. The
reférence value is supplied by current source circuit 88.
The current soﬁrce circuit 88 and the maximum count circuit
86 are responsive to a horizontal deflection rate mode
selector 90. Operational amplifiers 76 and 78 are coupled
to the output of the digital to analog converter 102, to
generate the complementary waveforms described above.

The méxiﬁum count circuit 86 determines the number
of steps in the waveforms, one step being provided for each
horizontal scan line. The current source circuit 88
determines the height of the steps. The currents are
measured with respect to an arbitrary constant k, which

provides for matching the current levels to the capacity of
For the

the integrated circuits used in the system. _
kpA for 120

circuit illustrated, the current values are:
Hz; 20k/24 pa for 100 Hz; 20k/40 pa feor 60 Hz; and, 20k/48
pA for 50 Hz. R

Another circuit 100 for generating the modulating
waveforms with selectable périods, corresponding to

selected vertical formats, is shown in FIGURE 12a. An 8
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bit variable step up/down counter 104 receives the same
horizontal and vertical synchronizing pulses, or related
timing signals. The counter 104 is incremented and
decremented by horizontal timing signals and.is locked to
the vertical deflection circuit by vertical timing signals.
The counter 104 counts continuously from 0 to 239 (240
counts) and back to 0. The maximum count is determined by

- maximum count circuit 110. The count is chosen as a common

multiple of the variable steps required for the available
selectable veftical modes. As illustrated, the step
selector cifcuit 106 provides selectable steps of: 5 counts
(48 lines per row), 6 counts (40 lines per row); 10 counts
(24 lines per rew); and, 12 counts (20 lines per row). A
counting diagram for this circuit is shown in FIGURE 12b
wherein A corresponds to the magnitude of the selectable
step. The counter counts from 0 to 239, 240 to 1, 0 to
239, 240 to 1, etc., for successive rows of scan lines.

' The step selector circuit 106 is responsive to a horizontal

deflection rate mode selector circuit 108. The output of
the counter 104 is converted te analog form by an 8 bit
digital-~to-
In this

digital to analog converter 102. In this case,
analog converter receives a fixed reference value.
regard, the circuit of FIGURE 12a may be easier to
implement. The output of digital-to—analog converter 102
is processed by operational amplifiers 76 and 78 to provide
complementary waveforms as described above.

A convergence control systefm for a projection

-television apparatus in accordance with an aspect of the

invention is shown in block diagram form in FIGURE 15, and
generally designated by reference numeral 96. Six
convergence correction signals are required, requiring six
processing channels. Convergence correction signals must
be generated for blﬁe horizontal BH, blue vertical BV, red
horizontal RH, red vertical RV, greed horizontal GH and
green vertical GV. A correction signal/interpolator
circuit 40 must be provided for each of the six channels.
Each channel contains its own data store or correction
value storage means 46. Each storage means comprises data
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stores 46A and 46B, for at least two verc:.ca1 formats.
Additional data stores would be provided for additionatl
vertical formats. Each data store has a set of coanvergence
correction values which is uniquely programmed fo;'each
channel and each verticél format. Multiple scanhing rates
are possible for each available vertical format, as
described above. Each of the channel processors works in
parallel, gepnerating a convergence correction waveform in
real time, for each horizontal scan line.

All of the six processing channels operate in
response to a single_moduiating_waveform signal generator
80 or 100, a single phase lock loop and timing generator 42
and a single address generator 44. The output signals of
each channel, on lines 1-61 through 6-61 respectively, are
. The
émplifiers in circuit 98 drive respective convergence
coils,-for blue horizontal BH, blue vertical BV, red
horizontal RH, red vertical RV, green horizontal GH and
green vertical GV. It can be appreciated from FIGURE 13
that a convergence control system in accordahce with this
aspect of the invention may be implemented with a minimum
of additional hardware, with respect to a system

appropriate for only one vertical format.
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1. A izlewision apparatus. comorising:

Whats is Claimed is:

a video displav means having a wigs e.s;pe
ronnace

'CJ

means for effzciing horizontal defisction
for said display means; characterized by

means for effscting vertical deflection according to any
one of a Dlurahtv of selectabie v=rtic al deflection formats
for displaying mctures from different video sources

aporopriate
having different aspect ratios, said deflectable vertical deflection

formats resulting in different relative zmounts of aspect ratio
distortion and cropping of said picture. |

‘2. ‘The apparatus of claim 10, cheracterized in that
one of said vertical formats provides substandally no aspect ratio
distortion of said picture as displayed.

_ 3.. The apparatus of claim 10, caaracterized in that -
one of said vertical formats provides substantially no cropping of
said picture as displayed. _

‘4. The apparats of claim 10, characterized in that
armounis of aspec: ratio disaorrion and cropping of
lv provoriional.

.« N .
saigé rgiauve
r-nll v ar

said picturs as displayed are substantaily inverse

The apparatus of cleim 10, characterized in that
rarie

5.
~one of said vertcal formats provides uoszanraly no . aspec:

distortion and substandally no cropping of szid picture as
displayed, when said picwure is transmitted in !stterbox format.
6. The apparatus of claim 10, characterized in that
said video cusulay means has an aspec: ratio of aporoximatsly
16:9. .
7. A rtelevision apparawus, comgrising:
a video display means having 'a wide aspect ratio;
c‘laracteﬂz**a by
deflection means (2) for gesaerating first and second
selectable - rasters having a common hcrizontal scan width
- appropr iate for said display means but having nominal and
overscan veriucal heights respectively; and, '
means (4) for selecting berween said first and second
rasters for displaying pictures from wice aspec: ratio vide
sources and conventional aspect ratio video sourcss, respecti?ely,
2 piciure ‘rora said .wici'e aspect ratio +ideo scurce being

A

e
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substantiaily uncropped and a piciure rom 3l coaventic

G ITopped.

pus ]

asgeci. rato video sourcs being salarged a

8. The apparaws of claim 16, characterized in :hac
said cropped part of said picture from said coaveational aspect
ratio source suostantially corresponds t0 upper and lower b
of a letterbox format signal. _

9. The apparatus of claim 16, caeracterized in cthat
said picture from said conventional aspect rado source is cropped
by a factor of approximately 1/3.

10. The apparatus of claim 4. -cizracterized in :that
said vertical heizhts range from a lower fall.\, corresponding
approximately (o a verucai height approoriate or said display
means [0 an upper valu= at least appreximarteiv 4/3 larger than
said lower value. '

11. 1iAae apparaws of claim 16, chzracterized in that
a picture from said conveational aspect Tzilo vicso source can e
displaved according 0 znv one of a plurzlity of szid picturs

formats. each of said. tormais- resuliing in diffarane raiative

P

amounts of piciure image aspect ratio cistorticn and picture image.

O

0

'
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12. A television apparztus, comprising
a video display means having a wide aspect ratio;
means for generating multiple piciuré formats on said

display means, characterized in that said piciure formats have a

common horizontal width appropriate for said display means but
having different ver tical hexgnts anc. .

means (4) for selecting Setween said picture - formats
for displaying pictures from wide aspect ratio video and
‘conventional aspect ratio sources, a Dicture I-om said “wide aspect .
ratio video source being displaved according 0 one of said

formats as substantially uncropped :nd a picwure {rom said

conventional aspect ratio video source being displayed according

to another of said formats as enlarged and crooped.
13. The apparatus of ciatm 2!, characterized in that

said cropoed part of said piccure from said conventional aspect

ratio video source suosnanuanv cor"saonas 10 upper and lowe*‘

oorders of a le:teroox format signai.
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1y, The apparats of ciaim ZI. characterized ia thac
said picture from said conventional aspect ratio video source is
znlarged horizontally and vertically oy a factor of approximately
4/3 and cropped vertically by a factor of approximately 1/3.

15. The apparatus of claim 21, characterized in that

said di'rr erent vertical heights range from a lower value
corresponding apprcxlmat_ely to a vertical height appropriate
said dispiay means to an upper value at least approximately

L3}
(@)
]
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larger than said lower -value. _

16. The apparatus of claim 21. characterized in that
a picture from said conveational aspect ratio video source can be
displayed according to any one of said picture formats, ¢ach of
said . formarts resulting in different relative amounts of picture

ng.
=

image aspect ratio distortion and picture image croopl
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