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S MANAGING LETTERBOX DISPLAYS
~¥Fhis application is a ‘continuation-in-part of copending
[international application no. PCT/US91/03739, filed May 29,
"~ 5 1991, and designating the United States. :
~ The invention relates to television receivers having a
viewing area with a particular display format ratio or aspect
ratio, including a controller for determining the active video
portion of a signal and adaptively displaying the active video 3
10 portion so as to make full use of the vertical viewing area. The
picture can be zoomed vertically and horizontally. However,
insofar as the zoom is such that the: horizontal dimension does
not correspond to the horizontal screen dimension, the picture
~ will be horizontally cropped or displayed with vertical sidebars.
15 The invention responds adaptively to changes in the format ratio
of the active video to selectively adjust the proportion of
compression. or expansion {(zoom) and pan, to fill the entire
viewing area, or to vertically fill the viewing area, with the
active video portion of the received signal. The selection can
20 depend upon viewer preference or be programmed in advance. In
one alternative, the viewer watches a picture which fills the
screen, at the cost of partially cropped information content. In
the other alternative, the viewer watches a picture which has
complete information content, at the cost of watching a smaller
25 picture: which does not utilize the entire screen.

The display area of a television receiver typically has
either a format display ratio of 4 units of width to 3 units of
height (referred to as "4 X 3" or "4:3"), or a format ratio of
16 X 9 (16:9), which is conventionally considered a "wide

30 screen” or movie format ratio. These ratios are relatively
“standard, although other ratios are known as well. Receivers
having a particular format display ratio are limited in the ways
that- signals provided at a different format ratio can be presented.
Similarly, where muiltiple video signals are to be displayed, the
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? format ratio available for a' 'given one of the sig'naismay present

constraints. : :
Commercial broadcasts are most often in a 4 X3 format
display ratio (relatively taller and/or narrower), such -that the
full display area of a conventional 4 X 3 receiver is occupied by
the full picture. Whereas most video products on the market have

-this 4 X 3 ratio, wide screen displays are also known, intended

for example for viewing wide screen movies. Movie productions
are available in widely varying _éspect ratios, and the 16 X9
ratio (relatively shorter and/or wider) is more or less standard
for a wide screen format for television.

Many viewers find the 4 X 3 dlsplay format less pleasmg
than the wider format display ratio associated with movies.
Reg‘ardless of where the receiver may be, the wider format is
perceived to give the impression of a movie theater while the
narrower format has a look associated by viewers with home

: .teleyision viewing. A wide format display uses its. full area to
display the full movie ratio signal, without the need to crop or

. distort the original movie picture, e.g., via a telecine device,
20 processors in the television receiver, or the like.

To show a 4 X 3 signal on a 16 X 9 display unit, or to
show a 16 X 9 signal on a 4 X 3 display unit, either less than all
of the display unit area is used, or. the video information is
altered. The received picture .can be zoomed to fill the screen in
one dimension, with portions in the other dimension -removed
from the signal. For example, top and bottom portions of a 4 X3
signal can be cropped, with the remainder filling a 16 X9 format
area, or side portions of a 16 X9 signal can be cropped, with the
remainder filling a 4 X3 area. It is the ratio of width to height
which is of concern rather than any need to enlarge or contract
the signal in general

Instead of simply cropping the signal, it is known to pan up
and down or from side to side, either automatically or under
control of a telecine operator or the like, to avoid loss of

35 important information in the scene. It is also known to distort
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3
the ‘signal to be displayed, for examble compressing a 16 X9
signal horizontally for display.-on a 4 X3 display unit, as is -
often seen when screen credits from a Cinemascope (16 X 9)
movie are displayed in a commercial (4 X 3) broadcast.
Cropping, panning and distortion all omit or adversely affect the

quality and/or content of the picture.

When displaying one format ratio active video signal

. without cropping or distortion on a different format ratio display

10

unit, the displayed signal occupies less than all the available area
of the screen. The unused area of the display unit is blanked or
caused to display a background color matte. However, this border

. area can be used, e.g., to display another picture slmultaneously

15

20

with the main picture, or to display text information.

In so-called "letterbox" format, a wide format ratio image
is displayed across the full width of a narrower format ratio _
display unit, and the top and/or bottom areas are used if at all to

display text such as storm warnings, news alerts, etc. This

function can be made selectable at the viewer's option. Movies in
a wide format to be broadcast commercially without distortion or
cropping are converted by the broadcaster to letterbox format, to

- enable display on a conventional 4 X 3 receiver screen. The

25

30

broadcaster effectively adds blank or matte top and bottom
borders, and broadcasts the combined picture and borders in a

4 X'3 composite image signal. Assuming standard 16 X9 and
4 X 3 ratios, only 181 honzontal lines in each field are devoted
to the main video, the remaining lines being the matte, gray or
black borders. The borders are akin to a picture from a second.
video source, simultaneously displayed with the main picture.

It can be a complex problem to adjust'f_ormat ratios,
particularly if multiple active video sources are to be displayed
at once. It may be necessary, for example, to develop consistent
timing signals from asynchronous simultaneously-displayed
sources, to switch between multiple sources during scanning to
generate multiple picture displays, and/or to provide lower .

-
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4
resolution compressed displays from hlgher resolution picture
data signals.

It is an aspect of the invention automatically to adjust a
means for displaying a video source signal so as to adaptively

5 accommodate any format display ratio within a predetermined
range, the active portion of the video source signal 'being
expanded vertically and centered so as to fill the display screen.

It is another aspect of the invention to detect a first and
last line of active video in the video source signal repetitively

10 and fo calculate a zoom level and a pan position at which the
current active video will fill the display area, for adaptively
responding to changes in aspect ratio.

It is also an aspect of thé invention to accomplish
adjustment of the video signal in a manner which is insensitive

15 to spurious line readings and blank or otherwise invalid screens.

.According to an inventive arrangement, an incoming signal
is converted -continuously and adaptively from whatever active
video display format ratio, into a display format that uses all the
available vertical screen area, subject to user selection or

- 20 programming. Even if the display format ratio changes during
viewing, for example where border lettering appears or
thereafter disappears in a letterbox format signal, or where the
incoming signal changes from letterbox to conventional or back,
the receiver according to the invention recalculates the timing

25 and. display parameters to adjust over successive fields, making
optimal use of the available display area. The invention provides
high resolution, single and multiple picture displays from single

" or multiple asynchronous sources having similar or different
format ratios, and with selectable display format ratlos all on a

30 continuous and adaptively ongoing basis.

A wide screen television, as described herein can have a
format display ratio, for example, of 16 X9. The invention |
provides an opportunity to display signals which are received in
the letterbox format with greater flexibility. Signals that were

35 originally produced in the 16 X9 aspect ratio but have been
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converted to letterbox images {e.g., a 4 X3 image with blanked
top and bottom borders around the active video) may be zoomed or
expanded to fill the screen with the -active video V\ihile
maintaining the original aspect ratio thereof.

5 Sources in which the active video has an aspect ratio
greater than the display screen ratio (e.g., -a 20:9 source vs. 16:9
screen) fill the screen vertically and are horizontally cropped.

' Sources having an aspect ratio less than that of the screen fill
the screen horizontally and are vertically cropped. Those
10 portions of the a 4 X3 broadcast signal devoted to the matte
borders are automatically cropped. The correction is made
~ adaptively, recalculating the extent of the zoom and pan as the
sntuation changes.
A video display control system according to an mventuve
15 arrangement automatically controls a vidéo display .responsive to
detection of letterbox format input video signals having varying
format display ratios. A detection circuit continuously detects
the first and last lines of active video in a video signal. A
memory stores scan line numbers corresponding to the first and
20 last lines of active video. The height of the picture is determined
from the scan line numbers of the first and last lines of active .

. video. . The picture height is indicative of the format display ratio
of the letterbox input. A comparator circuit compares the picture
height to a threshold corresponding to the widest expected

25 format display ratio of a letterbox input signal. A control
circuit, for example a microprocessor, is operable in a first mode
of operation for enabling the memory to continuously update the
stored scan line numbers unless the picture height exceeds the
threshold, and operable in a second mode of operation for enabling

30 the memory to update the stored scan line numbers when active
video is detected in a video line corresponding to-a scan line
number less than the stored first line or greater than the stored
last line.. At least one of picture size. and picture cropping on the
display means is controlled responsive to the picture height. A

35 circuit for initiating the first mode of operation after the second
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" mode of operation can operate aufomatica!ly or manually. The

system-can 'adaptive!y display the input video signal in the

‘maximum available display area, or with maximum vertical

height, regardless of the specific aspect ratio used for the
letterbox, and regardless of the extent to which the borders are

~occupied by text or the like.

A video display controi system according to another
inventive arrangement comprises a video display having a first
format display ratio. A picture height circuit determines an
active video picture height from an input video signal having a
second format display ratio. A detector circuit identifies
letterbox formats responsive to the active video picture height in
the video signal and determines a format display ratio .of the
letterbox picture. A zoom control circuit is operable in a first
mode of operatlon for enlarging the picture in size to fill the
display substantially entirely, notwnthstandmg consequent
cropping of the picture, and operable in a second mode of
operation for enlarging the picture in size to substantially fill
the display vertically, notwithstanding consequent unused
portions of the display. A vertical pan control circuit
automatically centers the picture in both modes of operation. The
detector can identify the format display ratio of the letterbox
format picture. A .circuit responsive -to the identified format

- display ratio controls image aspect ratio distortion of the

enlarged picture. A deflection system is controllable in vertlcal
size by a variable vertical scan rate, in horizontal size by
variable horizontal video expansion and compression, and in pan
position by varying the vertical reset in phase. :
The letterbox video signal can be considered to have three
regions (assuming the active video is disposed vertically in the
middle, instead of at the extreme top or bottom). ' These regions,
denoted A, B and C, are such that regions A and C have no active
video, or matte color video luma levels which are less than a

-predetermined threshold of luma or luma variability. These

borders correspond to relatively dark or featureless bars. Reguon
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7 .
B has active video, or at least video luma levels which are more
than the predetermined luma threshold and typically are highly
variable, corresponding to the picture between the dark bars. The
respective time .intervals of regions A, B and C are a function of
5 the specific letterbox format used, which can range for example
from 5X3 to 24 X9, a popular ratio of 16 X 9 falling within
the range.
The horizontal line time duration of reglons A and C is
approxxmatel.y 20 lines each for 16 X 9 letterbox format. The
10 letterbox detector counts horizontal lines while examining the
luma levels for regions A and/or C. . If active video, or at least a
minimum video luma level, is found in regions A and/or C, the
letterbox detector provides an output signal which stores the
present horizontal scanning line count, for recalculating the
15 conversion ratio that will place the initial and final lines of
active video at predetermined points on the display screen,
normally either at the extreme top and bottom, or at the
respective heights which will result in the full horizontal width
of the screen being occupied. The user preferably can choose
20 options which the apparatus will effect in the display, for
example permitting the user to select presentation of blank
‘borders if desired, or cropping, compression, expansion or
combinations of these. | |
Operation of the detector is improved by responding
' 25 proportionately to a change in the aspect ratio of the received
signal. Once a particular aspect ratio signal is established for
display of the signal, and thereafter active video is detected
outside of the display area (e.g., text for display in the letterbox
borders of the incoming signal), the display is changed to the new
30 ratio over a number of successive frames. Preferably, the change
~is accomplished by responding incrementally ot proportionally to
- changes in ratio such that the picture expands or contracts as
appropriate over a number of successive frames. The amount of
incremental change can be related to the extent of correction
- 335 required to reach the new aspect ratio. For reduction of
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8.
noticeable jitter or the like, a minimum line count threshoid can
be established before a correction is undertaken.
The uppermost and lowermost active video areas preferably '
are detected by calculating two gradients for each line in the

video field. Four values are required to calculate the two

gradients: maximum and minimum values of the current line, and
maximum and ‘minimum values of the previous line. The first

" gradient, designated the positive gradient, is formed by
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subtracting the minimum value of the previous line from the
maximum value of the current line. The second gradient,
designated the negative gradient, is formed by subtracting the.
minimum value of the current line from the maximum value of the
previous line. Either of the gradients may have positive or
negative values depending on scene content, but the negative
values of both gradients may be ignored. This is because only one

- gradient may be negative at a t:me, and the magnltude of the

gradient with the positive value will always be greater than or
equal to the magnitude of the gradient with the negative value.
This simplifies the circuitry by e]iminating the need to calculate
an absolute value of the gradients. If either gradient has a
positive value which exceeds a programmable threshold, video is
considered to be present on either the current line or on the
previous line. These values can be used by a microprocessor to
make a determination of whether or not the video source is in the
letterbox format and to determine the respective line numbers.
The calculation can be performed only for the top (or the bottom)
of the image, provided means are provided for centering the image
vertically. Whereas the detection of active video is a function of
gradient rather than luma absolute value, the device therefore
detects inactive borders of a predetermined matte color, even if
the borders have a substantial (but unchanging) luma level.
Similarly, the horizontally outermost active area of the
image can be determined by calculating gradients for successive
pixels or groups of pixels at the beginning or end of successive

" This Sheet Has Been Re[ilacet




: 9
‘horizontal lines. Again, this need only be done on one side if the-
picture -is centered. - |
FIGURES 1(a)-1(f) lllustrate different display formats of a
- wide screen television, with FIGURE 1(d) illustrating certam

S terms used herein.

FIGURE 2 is a block diagram of a wide screen telewsnon in

~accordance with aspects of this invention and adapted for

. operation at 2f4 horizontal scanning.

- FIGURE 3 'is a block diagram of a gate array for embodying

10 the television according to FIGURE 2, .illustrating main, auxiliary
and output signal paths.

FIGURE 4 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.

FIGURES 5 and 6 are diagrams useful for explamlng

15 operation of an automatic letterbox detector.

FIGURE 7 is a block diagram of an automatic letterbox
detector as explained in connection with FIGURES 5 and 6.

' FIGURE 8 is a block diagram of an alternative circuit for
implementing an automatic letterbox detector.

20 FIGURE 9 is a block diagram of a vertical size control

~ circuit including an automatic letterbox detector.

FIGURE 10 is a flowchart useful for explammg the manner
in which adaptwe letterbox display is |mplemented accordlng to
an inventive arrangement.

25 FIGURE 11(a) is a diagram and FIGURE 11(b) is a flowchart,
together useful for explaining the manner in which adaptive'
letterbox display is reimplemented after interruption

‘The four parts of FIGURE 1 illustrate a subset of picture
display formats which can be implemented according to different

30 inventive arrangements. The 16 X9 and 4 X 3 basic formats are
shown superimposed on one another as one example of
superimposing formats having different aspect ratios. According

~ to the invention the formats superimposed on one another need .
not be limited to any specific sizes because the apparatus |

35 according to the invention automatically senses the active video

»
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10

aspect ratio and optimizes the presentation to the size of the
display- |

FIGURE 1(a) illustrates a television, for example. direct
view or projection, having a relatively wide (e.g., 16 X 9) format
display ratio on which a picture can be displayed. When a 4 X3
picture is transmitted and displayed, as in FIGURE 1(b), inactive
video areas displayed as vertical black, gray or matte bars appear

~ at the lateral sides. Similarly, when a 16 X 9 picture is

10
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displayed on a 4 X 3 format display as in FIGURE 1(c), the
inactive video areas occur as horizontal bars on the top and
bottom. The arrangement shown in FIGURE 1(c) can be encoded in
a. video signal from a source, whereupon the signal is commonly
referred to as being in letterbox format. In this instance, the
viewed picture is vertically smaller than ‘the available display
area, as necessary to display the full horizontal line information
without cropping or compressing - the video information. '
Assuming that a 16 X9 format display ratio source is converted
prior to transmission, so that it will fill the vertical extent of a

viewing surface of 4 X 3 format display, it is clear from FIGURE

1(b) that either information w.illh be cropped from the left and/or
right sides, or optionally compressed, whereby the resulting
picture will evidence distortion by relative vertical elongation

.(equivalent to relative horizontal compression). It is also

possible to pan the displayed signal, which is a further
alternative. Whereas all of these alternatives either omit or
change the nature of the signal, none is particularly appealing.
The automatic letterbox detection system of the invention
automatically vertically expands and centers letterbox sources

. with variable aspect ratios to fill a television screen vertically.

30

35

while maintaining the original aspect ratio. Sources with aspect
ratios greater than 16:9 are horizontally cropped' while those
with aspect ratios less than 16:9 are displayed with sidebars
visible. The vertical zoom is controlled by varying the vertical
scan rate; the horizontal zoom is controlled by varying the '
horizontal expansion/compression; and, the vertical pan is
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. adjusted by varymg the phase of the vertical reset pulse After

the initial zoom in, the system calculates these parameters and

- updates them if active video is detected in regions of the picture

, not displayed. The line numbers from the detection circuit are
5 filtered to eliminate spurious readings, and blank or invalid

~ screens are ignored.

Referring to FIGURE 1(d) the first line number .(the first
line of active video detected in the current field) is obtained
from a register in the letterbox detection circuit, as is the last

10 line number. Similarly the video begin line (the line number -

. between the upper letterbox region and the active video region)
~ and the video end line (bordering the lower letterbox region) are
obtained. The scene height can then be calculated as the
~ difference between the end line number and the begin line number,

15 and the center line number calculated as the average of the two.
The screen center is the line number at the center of the screen,
-and is preferably the spot at which the center line number will be
displayed.

For eliminating errors, the height of the scene is compared

20 to a minimum height threshold corresponding to the greatest
aspect ratio that is expected to be encountered (typically 24:9).
When this threshold is exceeded, it is assumed that the current

".scene is blank or the current line numbers are invalid, and no
adjustments are made based on the values.

-~ 25  For eliminating jitter, the difference between the current
and previous values of the screen parameters are compared to a
change threshold. When the difference is less than the threshold,
the resulting change does not warrant updating the parameters.
When updated values for the first and last line number of active

30 video are 'requested, the letterbox detector registers are sampled.
This occurs no more than once per frame for multiple frames. The
results are filtered, e.g., via a two stage mediah filter, and used
to determine the borders between the actwe video and letterbox
regions.

-
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_ The system is activated by the user when a Ietterbox video
source -is present and it is desired to fill the screen vertically
with active video. Once activated, -scene height and center of

' scene are calculated from the first and last line numbers of the
5 current scene. If the scene helght is less than the minimum
- height threshold, the system continues to update scene height
until the threshold is exceeded. This causes the system to ignore
blank scenes and erroneous first and last line numbers.
. A comparison of FIGURES 1(e) and 1(f) shows the practical
10 effect of the invention. In FIGURE 1(e), active the letterbox
source signal has been zoomed by the required amount to fill the
screen of a wide format display. In the embodiment shown the
zoom in both the horizontal and the vertical dimensions (which
are proportionately equal so as to maintain the aspect ratio . of
15 the active video signal) is such as to exactly match the
" dimensions of the wide screen display area. -t is also posslble
that an acti_vé video signal having an aspect ratio greater than
that of the display area could be received, in which event filling
the vertical area would cause the edges of the horizontal picture
20 to be cropped. .

Should active video appear in the letterbox region, such as
the storm warning shown in FIGURE 1(f), the last line number of
active video changes. As a result, the system updates the center.
line number and the extent of zoom such that the new last video

25 line appears at the bottom of the display area. This operation is
distinct from simply switching from one format ratio to another
‘because, as shown in FIGURE 1(f), the zoom and positioning are
- arranged adaptively and will completely fill the display screen as
necessary to accommodate changing circumstances. The effect of

30 the additional area of active video provided by the text is to
change the aspect ratio of the active video such that the ratio is
‘less than the ratio of the display. As a result, the ‘vertically-full
signal is displayed with sidebars.

A 16 X9 format display ratio Ietterbox picture, which is

35 carried in a 4 X 3 format display ratio signal, can be
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progressively scanned by line doubling or line addition, so as to
provide- a larger display with sufficient vertical resolution. A
wide screen television in accordance with this invention can
display such a 16 X9 format display ratio signal from a main
source, one or more auxiliary sources, or an external RGB source.

It is possible to make various uses of inactive video areas
in a display. For example, the inactive areas are sometimes used
for text information such as weather or news reporting in '
letterbox format broadcasts. The inactive areas can have a
superimposed picture .added, for'example for previewing another
channel. This invention does not concern the use made of the
inactive video areas so much as the amount of area which will be
rendered inactive by the television receiver in adjusting a source
having inactive areas to a display. |

Data sampling limitations in the auxiliary \(ideb signat
processing path complicate the generation of a.high resolution
picture which is as large in size as the display from the main
video signal. Various methods can be developed for overcommg
these complications.

~ An overall block diagram for a wade screen televusuon

incorporating the inventive arrangements, and adapted to operate
with 2f4 horizontal scanning, is shown in FIGURE 2 and generally -
designated 10. The television 10 generally comprises a video

'signa'ls_ input section 20, a chassis or TV microprocessor 216, a

wide screen processor 30 having a wide screen processor 309, a
1fH to 2fy converter 40, a deflection circuit 50, an RGB interface
60, a YUV to RGB converter 240, kine drivers 242, direct view or
projection tubes 244 and a power supply 70. The grouping of
various circuits into. different functional blocks is made for
purposes of convenience in description, and is not intended as
limiting the physical position -packaging or specific coupling of
such circuits relative to one another.

The video signals input section 20 is adapted for recelvmg a
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
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and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and-ANT2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204
controls which antenna input is supplied to a first tuner 206 and
to a second tuner 208. The output of first tuner 206 is an input
to-a one-chip controller 202, which performs a number of
functions related to tuning, horizontal and vertical deflection -and
video controls. The particular one-chip shown is industry

- designated type TA7777. The baseband video signal VIDEO OUT

developed in the one-chip and resulting from the signal .from first
tuner 206 is an input to both video switch 200 and the TV1 input
of wide screen processor 30. Other baseband video inputs to -
video switch 200 are designated AUX1 and AUX2. These might be
used for video cameras, laser disc players, video tape players,
video games and the like. The output of the video switch 200, '
which is controlled by the chassis or TV microprocessor 216 is
designated SWITCHED VIDEO. The SWITCHED VIDEO is another
input to wide screen processor 30. |

A switch SW1 of wide screen processor 30 selects between
the TV1 and SWITCHED VIDEO signals to choose the source for the
SELECTED COMP OUT video signal which is an input to a Y/C
decoder 210. The Y/C decoder 210 may be implemented as an
adaptive line comb filter. Two further video sources S1 and S2°
are also inputs to the Y/C decoder 210. S1 and S2 designate
different S-VHS sources, and each consists of separate luminance

~and chrominance signals. A switch, which may be incorporated as

30

35

part of the Y/C decoder as in some adaptive line comb filters, or
which may be implemented as a separate switch, is responsive to
the TV microprocessor 216 for selecting one pair of luminance
and chrominance signals as outputs designated Y_M and C_IN -
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
along a main signal path. Signal designations including _M or _MN

-refer to the main signal path. " The chrominance signal C_IN is

redirected by the wide screen processor back to the one-chip 202,
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for developing color difference signals U_M and V_M. In this
regard, -U is an equivalent designation for (R-Y) and V is an |
equivalent designation for (B-Y). The Y_M, U_M, and V_M signals
are converted to digital form in the wide screen processor for
further signal processing. . |

The second tuner 208, functionally defined as part of the
wide screen processor 30, develops.a baseband video signal TV2.
A switch SW2 selects between the TV2 and SWITCHED VIDEO
signals for input to Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and

- SW4 select between the luminance and chrominance outputs of

Y/C decoder 220 and the luminance and chrominance signals of an
external video source, designated Y_EXT and C_EXT respectively.
The Y_EXT and C_EXT signals correspond to the S-VHS input S1.
The Y/C decoder 220. and switches SW3 and SW4 may be combined,
as in some adaptive line comb filters. The output of switches
SWQ and SW4 is thereafter considered the auxiliary signal and is
processed. along an auxnllary signal path. The selected luminance
output is designated Y_A. Signal designations including _A, _AX
and _AUX refer to the auxiliary signal path. The selected
chrominance is converted to color difference signals U_A and

" V_A. The Y_A, U_A and V_A signals are converted to digital form

25

for further signal processing. The arrangement of video signal
source switching in the main and auxiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.

A composite synchronizing signal COMP SYNC, corresponding

to Y_M, is provided by the wide screen processor to a sync

- separator 212. The horizontal and vertical synchronizing

30

35

components H and V respectively are i_npUts to a vertical
countdown circuit 214. The vertical countdown' circuit develops a
vertical reset signal which is directed into the wide screen
processor 30. “The wide screen processor generates an internal
vertical reset output signal INT VERT RST OUT directed to the
RGB interface 60. The RGB mterface 60 includes swntchmg means
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which selects between the internal vertical reset output signal

and the vertical synchronizing component of the external RGB
source to produce a selected vertical synchronizing component
SEL_VERT_SYNC, which is directed to the deflection circuit 50.
Horizontal and vertical synchronizing signals of the auxiliary
video signal are developed by sync separator 250 in the wide
screen pProcessor.

.The 1fy to 2fy converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced . -
signals, for example wherein each horizontal line is displayed

~ twice, or an additional set of horizontal lines is generated by

15

20

interpolating adjacent horizontal lines of the same field. .In some
instances, selective use of a previous line or an interpolated line
will depend upon the level of movement which is detected
between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video ram may
be used to store one or more fields of a frame, to enable the
progressive display. The.converted video data, shown in FIGURE 2
as signals Y_2f4, U_2f4 and V 2f|.|, is supplied to the RGB .
interface 60.

The RGB interface 60 enables selection of the converted
video data or external RGB video data for display by the video

. signals input section. The external RGB signal is deemed to be a

25

30

35

wide format display ratio signal adapted for 2f4 scanning. The
vertical synchronizing component of the main signal is supplied
to the RGB interface by the wide screen processor as INT VERT
RST OUT, enabling a selected vertical sync corresponding to the
main video or the external video to be available to the deflection
circuit. 50. Operation of the wide screen television enables user
selection of an external RGB signal, by generating an
internal/external control signal INT/EXT. However, the selection
of an external RGB signal input, in the absence of such a signal,
can result in vertical collapse of the raster, and potential damage
to the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects the presence of an external
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synchronizing signal, and overrides selection of a non-existent

- externat RGB input to avoid such damage. The WSP

microprocessor (WSP uP 309) also supplies color and tint

_controls for the external RGB signal.

The wide screen processor 30 can include a picture-in-
picture processor 301 for special signal processing of the
auxiliary video signal. The term picture-in-picture is sometimes
abbreviated as PIP or pix-in-pix. . For this function a gate array
300 combines the main and auxiliary video signal data in a wide
variety of possible display formats, for example with the
auxiliary signal displayed on an area of the main display or in the

" inactive video border regions. The picture-in-picture processor

301.and gate array 300 are under the control of the wide screen
microprocessor (WSP pP). The WSP microprocessor is responsive

15 to the TV microprocessor 216 over a serial bus. The serial bus.

20

25

30

includes signal paths for data, clock signals, enable signals and
reset signals. The wide screen processor 30 also generates a
composite vertical blanking/reset signal, as a three level
sandcastle signal. Alternatively, the vertical blahking and reset

signals can be generated as separate signals. A composite

blanking signal is supplied by the video signal input section to the
RGB interface. ‘ |

The deflection circuit 50, shown in more detail in FIGURE 4,
receives a vertical reset signal from the wide screen processor, a
selected 2fy4 horizontal synchronizing signal from the RGB
interface 60 and additional control signals from the wide screen
processor. These additional control signals relate to horizontal
phasing, vertical size adjustment and east-west pincushion
correction. The deflection circuit 50 supplies 2fy flyback pulses
to the wide screen processor 30, the 1fy to 2fy converter 40 and
the YUV to RGB converter 240. o

~.Operating voltages for the entire wide screen television are
generated by a power supply 70 which can be energized by an AC
mams supply.
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With further reference to FIGURE 2, the principal
components of the wide screen processor are a gate array 300,'a
picture in picture circuit 301, analog to digital and digital to
analog converters (not shown), the second tuner 208, a wide
5 screen processor microprocessor and a wide screen output
encoder. The gate array 300 and the included signal paths and
functions are shown in more detail in FIGURE 3. The gate array
300 is responsible for combining video information from the main
and auxiliary signal paths to implement a composite wide screen
10 display, for example one having a picturé in picture or other
formatting of plural sources for display on the screen. Clocking
information for the gate array can be provided by a phase locked
loop tracking the 1fy signal of the selected source. The main
video signal is supplied to the wide screen processor in analog
15 form, and YUV format, as signals designated Y_M, U M and V.M
from the Y/C decoder 210 and the one-chip 202, shown in FIGURE
2. These signals are converted from analog to digital form for
digital manipulation as necessary, and later are converted from
digital to analog for reading out the required video information,
20 in known manner using A to D and D to A converters (not shown).
| The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz- because the system clock rate is 1024fy, or
25 approximately 16 MHz. A single analog to digital converter and an
analog switch can be multiplexed' to sample the color component
data because the U and V signals are limited to 500 KHz, or 1.5
MHz for wide |. A start of line pulse can be generated to
synchronize the multiplexing arrangement at the beginning of
30 each horizontal video line, thereafter toggling  during the
horizontal 'line, with the Y and UV data streams being shifted to
~ correctly pair the samples. Each UV pair represents one vector
and must be paired with the corresponding V element of the same
vector to prevent a color shift.
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The PIP circuit and/or the gate array may include means for
enhancing the resolution of the auxiliary data to be superimposed
on the picture notwithstanding the data'compression. A number '
of data reduction and data restoration schemes have been
developed, including for example paired pixel compression and
dithering and dedithering. Moreover, different dithering
sequences involving different numbers of bits and different
paired pixel compressions involving different numbers of bits are
contemplated. One of a number of particular data reduction and
restoration schemes can be selected by the WSP uP 309 in order -
to maximize resolution of the displayed video for each particular
kind of picture display format. o

The gate array includes interpolators which operate in
conjunction with line memories, which- may be implemented as
first in first out memories or FIFO's 356 and 358. The
interpolator and FIFO's are utilized to resample the main signal -
as desired. An additional interpolator can resample the auxiliary
signal. Clock and synchronizing circuits in the gate array control
the data manipulation of both the main and auxiliary ‘signals,
including the combination thereof into a single output video
signal having Y_MX, U_MX and V_MX components. These output
components are converted to analog form b_y digital to analog
converters (not shown) associated with 1fy to 2fy converter 40.
The analog form signals, desngnated Y, Uand V; are oonverted by
1fy. to 2f4 converter 40 to noninterlaced scanning.

For adjusting the aspect ratio of the displayed signal to
take advantage of the available vertical or horizontal display
span in accordance with user requirements, operation of the
deflection circuit is adjusted as needed. The deflection circuit
50 is shown in more detail in FIGURE 4. A circuit 500 is provided
for adjusting the vertical size of the raster, in accordance with a
desired amount of vertical overscan necessary for implementing
different display formats. As illustrated diagrammatically, a
constant current source 502 provides a constant current IrRaAMP
which charges a vertical ramp capacitor 504. A transistor 506 is
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coupled in parallel with the vertical ramp 'capacitor, and

périodieally discharges the 6apacitbr responsive to the vertical

reset signal. In the absence of any adjustment, current IRAMP
provides the maximum available vertical size for the raster. This

5 might correspond to the extent of vertical overscan needed to fill
the wide screen display by an expanded 4 X3 format display
ratio signal source. To the extent that less vertical raster size
is required, an adjustable current source 508 diverts a variable

_ amount of current lapy from Iramp, so that vertical ramp '

10 capacitor 504 charges more slowly and to a smaller peak value.
Variable current source 508 is responsive to a vertical size
adjust signal. This signal is presented in analog form, generated
by vertical size control circuit 1030 shown in FIGURE 9, whereby

_ the vertical size is automatically adjusted over a continuous '

15 range rather than switched abruptly from one size to another.

- Vertical size adjustment 500 is independent of a manual vertical
size adjustment 510, which may be implemented by a
potentiometer or back panel adjustment knob. In either event, the

" vertical deflection coil(s) 512 receive(s) driving current of the '

20 proper magnltude Horizontal deflection adjustment is likewise
provided. The horizontal size is changed by phase adjusting
circuit 518, East-West pin correction circuit 514, a 2f4 phase
locked loop 520 and horizontal output circuit 516.

The RGB interface circuit 60 is shown generally in. FIGURE 2.

25 The signal which is to be ultimately displayed will be selected
between the output of the 1fy to 2fy converter 40 and an external
RGB input. For purposes of the wide screen television described
herein, the external RGB input is presumed to be a wide format

~ display ratio, progressively scanned source. A composite

30 blanking signal is also available from the video signals input
section 20. The external 2fy composite synchronizing signal for
the external RGB signal is coupled through to generate an external
sync detect signal coupled to wide screen processor 30.

Selection of internal or external synchronization is generated by

35 the WSP uP 309 and signalled to the RGB interface via the
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INT/EXT line.  Selection of internal or external video sources is a
" user selection. However, if a user inadvertently selects an
external RGB source, when no such source is in fact operational,
an override control signal prevents selection of the external RGB
5 source. The RGB interface 60 also receives tint and color control
signals from the WSP uP 309.

The wide screen television can be arranged to expand or ,
compress video as well as to adjust the format ratio by selecting
an amount of overscan, as a user selectable option. Similarly,

10 special effects such as picture-in-picture effects requiring an
adjustment of the video resolution can be -accomplished. The
picture-in-picture processor includes analog-to-digital
conversion means, timing and control circuits. and a digital-to-
analog converter section for adjustments to resolution, being

15 accomplished together. with corresponding deflection

- adjustments to achieve a desired effect.

A known picture-in-picture processor is the CPIP chip
developed by Thomson Consumer Electronics, Inc., as described a
publication -entited The CTC 140 Picture in Picture (CPIP)

20 Technical Training Manual, available from Thomson Consumer
Electromcs Inc., Indianapolis, Indiana. In a single picture mode,
or in a picture-in-picture mode, it is possible to enable a user to
alter the relative sizes of a plurality of pictures being displayed,
for example to zoom in on a selected portion of a single picture,

25 for example, in steps. While in the zoom mode a user may search

- or pan through the picture, display the small, large or zoomed
picture in freeze frame (still picture) format, etc. '

The picture-in-picture processor can asymmetncally
compress video data in one of a plurality of selectable display

30 modes. In one mode of operation, for example, the pictures are

compressed 4:1 in the horizontal direction and 3:1 in the vertical

direction. Asymmetric compression of course produces aspect
ratio distorted pictures as stored in the video RAM. However, if
these pictures are read out normally, as for example. in the

35 channel scan mode, for display of a 16 X9 format display ratio
_ -

i

4
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screen, the pictures appear correct. - The picture fills the required
area of- the screen and there is no aspect ratio distortion.
Asymmetric compression by the picture-in-picture processor
makes it possible to generate the special display formats on a

5 16 X9 screen without external speed up circuitry.
For expansion and compression, including. the adjustment of
the deflection circuit and the resolution in connection with a
main and auxiliary (e.g., PIP) signal, the main signal path 304,
auxiliary signal path 306 and output signal path 312 of the _gaté

10 array 300 are shown in block diagram form in FIGURE 3. The gate
array also comprises a clocks/sync circuit 320 and a WSP puP
decoder 310. Data and address output lines of the WSP uP
decoder 310, identified as WSP DATA, are supplied to each of the
main circuits and paths identified above, as well as to the

15 picture-in-picture processor and resolution processing circuits.
In the example as shown in FIGURE 2 the PIP 301 and other |
elements are shown as separate from the gate array 300 in the
wide screen processor 30. It will be appreciated that whether or
not certain circuits are, or are not, defined as being part of the

20 gate array is largely a matter of convenience for facilitating
explanation of the inventive arrangements, because it is readily
possible to either incorporate ‘additional functions in a gate array
or to remove certain functions to be accomplished by circuits
apart from the gate array.

25 ~ The gate array is responsible for expanding, compressing
and cropping video data of the main video channel, as and if
necessary, to implement different picture display  formats.
Referring to FIGURE 3, the luminance component Y_MN is stored in
a first in first out (FIFO) line memory 356 for a length of time

30 depending on the nature of the interpolation of the luminance
component. The combined chrominance components U/V_MN are
stored in FIFO 358. Auxiliary signal luminance and chrominance
components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes

35 resolution processing, as desired and as discussed above, in
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circuit 357, and is expanded as necessary by interpolator 359,
generating signal Y_AUX as an output.

In some instances, the auxiliary display will be as Iarge as
~ the. main signal display. Memory limitations associated with the
5 picture-in-picture processor and video RAM 350 can result in an

insufficient number of data points or pixels for filling a large
display area. In those circumstances, resolution 'processing
circuit 357 can be used to restore pixels to the auxiliary video
signal, i.e. to insert pixels for those lost during data
10 compression, or reduction. Inserted pixels can be repeated or can
be defined by the values for several neighboring pixels.
Dithering/dedithering arrangements can also be effected.
The auxiliary channel is sampled at 640fy rate while the .
main channel is sampled at a 1024f4 rate. The auxiliary channel
15 FIFO 354 converts the data from the auxiliary channel sample
rate to the main channel clock rate. In this process, the video

- - 1024 - -

signal undergoes an g* 640 <compression. This is more than
4 . . -

the 3= compression necessary to correctly display the auxiliary

- channel signal. Therefore, the auxiliary channel must be expanded
20 by the interpolator 359 to correctly display a 4 X3 small
_picture. The interpolator 359 is controlled by interpolator
- control circuit 371, which is_ itself responsive to WSP uP 340.

The amount of interpolator expansion required is si. The expansion

factor X is determined as follows:

- 25 x-16:2°4*% g |

| ‘The chrominance components U_PIP and V_PIP are delayed
by circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals
U_AUX and V_AUX as outputs. The respective Y, U.andV

30 components of the main and auxiliary signals are combined in
respective multiplexers 315, 317 and 319 in the output signal
path 312, by controlling the read enable signals of the FIFO's 354,
356 and 358. The multiplexers 315, 317 and 319 are responsive
to output muitiplexer 'control circuit 321. Output multiplexer
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control circuit 321 is responsive to a clock signal a start of line
- signal, -a horizontal line counter signal, the vertical blanking
reset signal and the output of the fast switch from the picture-.
in-picture processor and WSP uP 340. The multiplexed luminance
5 and chrominance components Y_MX, U_MX and V_MX are supplied to
respective digital/analog converters 360, 362 and 364
respectively, followed by low pass filters. The various functions
of the picture-in-picture processor, the gate -array and the data
reduction circuit are controlled by the WSP uP. The WSP uP is
10 responsive to the TV pP 216, being connected thereto by a serial
bus. The serial bus may be a four wire bus as shown, having lines
for data, clock signals, enable sngnals and reset signals. The WSP
pP communicates with the different circuits of the gate array
‘through a WSP pP decoder 310..
15 . In one case, it is necessary to compress the 4 X3 NTSC
video by a factor of 4/3 to avoid aspect ratio distortion of the
~ displayed picture. In the other case, the video can be expanded to
perform horizontal zooming operations usually accompanied by
vertical zooming. Horizontal zoom operations up to 33% can be

- 20 accomplished by reducing compressmns to less than 3 3 A sample

interpolator is used to recalculate the mcommg video to a new
pixel positions because the luminance video bandwudth up to 5.5
MHz for S-VHS format, occupies a large percentage of the Nyquist
fold. over frequency, which is 8 MHz for a 1024f4 clock.

25 As shown in FIGURE 3, the luminance data Y_MN is routed

~ through an interpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the

- expansion of the video. The function of the switches or route

selectors 323 and 331 is to reverse the topology of the main

30 signal path 304 with respect to the relative positions of the FIFO
356 .and the interpolator 337. In particular, these switches
select whether the interpolator 337 precedes the FIFO 356, as
required for picture compression, or whether the FIFO 356
precedes the interpolator 337, as required for picture expansion.

35 The switches 323 and 331 are responsive to a route control
: e
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circuit 335, which is itself responsive to the WSP pP. The
auxiliary video signal is compressed for storage in a video RAM,
and only expansion is necessary for practical purposes.
Accordingly, no comparable swntchlng is required in the auxlhary
5 signal path.

In order to implement video compressions through the use

of a FIFO, for example, every fourth sample can be inhibited from

being written into the FIFO 356. This constitutes a 5

compression. It is the function of the interpolator 337 to
~ 10 recalculate the luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable
~ signal has clock gating information attached to it in the form of
15 inhibit pulses. For expanding data, the clock gating information
is applied to the read enable signal. This will pause the data as it
is being read from the FIFO 356. In this case it is the function of
the interpolator 337, which follows the FIFO 356 during this
process, to recalculate the sampled data from jagged to smooth.
20 In the expansion case the data must pause while being read from
the FIFO 356 and while being clocked into the interpolator 337.
This is different from the compressidn case where the data is
continuously clocked through the interpolator 337. For both
cases, compression and expansion, the clock gating operations can
25 easily be performed in a synchronous manner, that is, events can
occur based on the rising edges of the system clock 1024fy.
Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6
bit Y, U, V, 8:1:1 field memory in.a video RAM to store incoming
30 video data. The output of this video RAM is coupled to 4 to 8 bit
converter 352 in FIGURE 3. The video RAM holds two fields of
- video data in a plurality of memory locations. Each memory
location holding eight bits of data. In each 8-bit location there is
one 6-bit Y (luminance) sample (sampled at 640fy) and 2 other
35 bits. - These two other bits can be used to hold part of a U or V
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sample (sampled at the lower rate of 80fy). Alternatively or
additiomally, the bits can be used to indicate_whi-ch type of field
was written into the video RAM. Since there are two fields of
data stored in the video RAM, and the entire video RAM is read

5 during the display period, both fields are read during the display
scan. The PIP circuit 301 thus can determine which field will be
read out of the memory to be displayed. The PIP circuit always

~ reads the opposite field type that is being written to overcome a

. motion tear problem. If the field type being read is the opposite _

10 type than that .being displayed, then the even field stored in the
video RAM is inverted by deleting the top line of the field when
the field is read out of memory.  The result is that the smali
picture maintains correct interlace without a motion tear.

The clocks/sync circuit 320 generates read, write and

15 enable signals needed for operating FIFOs 354, 356 and 358. The
FIFOs for the main and auxiliary channels are enabled for writing
data into storage for those portions of each video line which is
required for subsequent display. Data is written selectively from
one. of the main or auxiliary channels, but not both, as necessary

20 to present data from each source on the same video line or lines
of the display. The FIFO 354 of the auxiliary channel is written
synchronously with the auxiliary video signal, but is read out of
memory synchronously with the main video signal. The main

.. video signal components are read into the FIFOs 356 and 358

25 syncﬁronously with the main video signal, and are read out of
memory synchronously with the main video. How often the read -
function is switched back and forth between the main and '
auxiliary channels is a function of the - partlcular special effect
chosen.

30 " Generation of different special effects such as cropped
side-by-side pictures are accomplished through manipulating the
read and write enable control signals for the line memory FIFOs.
For example in the case of cropped side-by-side displayed -
pictures, the write enable control signal FIFO 354 of the auxiliary
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channel is active for a portion of the display active Ime period to

effect cropping. _

| In each of the FIFOs, the video data is buffered to be read
out at a particular point in time. The active region of time where
the data may be read out from each FIFO is determined by the
display format chosen.. In a side-by-side cropped mode, the main

channel video can be displayed on the left hand half of the display

and the auxiliary channel video on the right hand half. The

" arbitrary video portions of the waveforms are different for the

10

15

main and auxiliary channels. The read enable control signal of the
main channel FIFOs is thus active for 50% of the display active
line period of the display beginning with the start of active video
(immediately following the video back porch). The auxiliary

‘channel read enable control signal is then active for the other

50% of the display active line period beginning with the falling
edge of the main channel enable signal and ending with' the
beginning of the main channel video front porch. The write enable

"~ control signals are preferably synchronous with their respective

20

25

30

35

FIFO input data (main or auxiliary) while the read enable control

signals are synchronous with the main channel video.

A side by side display of two signals on a wide format
display ratio display, for example 16 X9 is another example.
Most NTSC signals are represented in a 4 X 3 format, which
corresponds to 12X 9. Two 4 X3 format display ratio NTSC
pictures may be presented on the same 16 X 9 format dispiay
ratio display. |t is necesSary either to crop or squeeze the
pictures by 33%. If cropping or squeezing to this extent is
unacceptable to the user due to the picture loss or the aspect

ratio distortion entailed, a- combination of lesser proportions of

cropping and distortion may be more acceptable. Depending on
user preference as selected by switch inputs and/or
programming, the ratios of picture cropping and aspect ratio
distortion may be set any where in a range between the limits of
0% and 33% so as to reach the desired results in a combination of

both. As an example, two side by side pictures may be presented
| ——
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as 16.7% squeezed and 16.7% cropped, thereby minimizing the
adverse effects of each.

The horizontal display time for a 16 X9 format display
ratio display is the same as a 4 X 3 format display ratio display,
because both have 62.5 microsecond nommal line length. An NTSC

video signal must be sped up by a factor of 3 to preserve a correct

aspect ratio, without distortion. The 5 factor is calculated as

ratio of the two display formats

4 16 4

39 T3 _ _
10 Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs
having different clock rates at the inputs and outputs have been
used to perform a similar function. By way of comparison, if two
NTSC 4 X3 format display ratio signals are displayed on a single
15 4 X3 format display ratio display, each picture must be
distorted or cropped, or some combination thereof, by §0%. A
speed up comparable to that needed for a wide screen application
is unnecessary. | -

"~ Generally, the video display and deflect:on system is

20 synchronized with the main video signal. The main video signal

must be speeded up, as explained above, to fill the wide screen
display. The auxiliary video signal must be vertically
synchronized with the first video signal and the video display.
The auxiliary video signal can be delayed by a fraction of a field

25 period in a field memory, and then expanded in a line memory.

-Synchronization of the auxiliary video data with main video data
is accomplished by utilizing the video RAM 350 as a field memory
and a first in first out (FIFO) line memory device 354 for
expanding the'signal.

30 The asynchronous nature of the read and write clocks,
however, does require that steps be undertaken to . avoid
read/write -pointer collisions. Read/write pointer collisions
occur when old data is read out of the FIFO before new data has an

opportunity to be written into the FIFO. Read/write pointer
A
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olhsmns also occur when new data overwrites the memory
before the old data has an opportunity to be read out of the FIFO.
The size of the FIFO is related to the minimum line storage

“capacity thought to be reasonably necessary to avoid read/wnte

pointer collisions.
The picture-in-picture processor operates in such a manner
that the auxiliary video data is sampled with a 640f4 clock

~ locked to the horizontal synchronizing component of the incoming

10

15

auxiliary video signal. This operation enables orthogo'nally_
sampled data to be stored in the video RAM. Data must be read
out of the video RAM at the same 640fy rate. The data cannot be
orthogonally displayed from the video RAM without modification
due to the generally asynchronous nature of the main and

“auxiliary video sources. In order to facilitate synchronization of

the auxiliary signal to the main signal, a line memory with

- independent write and read port clocks is disposed in the

20

25

30

auxiliary signal path after the output of the video RAM.

Since the reading and writing of data from the auxiliary
channel FIFO is asynchronous, and the read clock rate is
considerably faster than the write clock rate, there is the '
possibility of read/write pointer collisions. A read/write
pointer collision occurs when a read enable signal is received
before old data, that has already been read previously, has been
replaced by newly written data. Interlace integrity must aiso be
preserved. A sufficiently large memory must be chosen in the
first instance in order to avoid kead/writ-e pointer collision in
the auxiliary channel FIFO.

It is a particular advantage of wide format display ratio
televisions that different aspect ratio signals, including the
relatively standard 16 X 9 letterbox signals, can expanded to fill

- the wide format display ratio display screen, aithough it may be

35

necessary to interpolate the signal to provide additional vertical
resolution. In accordance with an aspect of the invention, an
automatic and continu_ously' variable circuit is provided to
automatically detect inactive video areas characteristic of a
/.
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- display of one aspect ratio carried in a signal processed
according to a different aspect ratio. For example, the invention
~ is operable to sense the occurrence of inactive video areas at the
top and bottom of a letterbox having a wide (e.g., 16 X 9) ratio in
5 a signal transmitted or read out for display in a narrower (e.g.,
4 X 3) ratio, and automatically to implement expansion of the
narrower display ratio signal (e.g. 4 X 3) which includes the
~ wider format display ratio letterbox display (e.g., 16 X9) so as
- to use all of the available display area according to user
10 preferences as discussed hereinabove. Similarly, horizontal
expansion can be effected in the same manner when a wide
display is available and a narrower signal is to be shown there.
The expansion can be implemented using any or all of the
expansion, compression or cropping alternatives discussed, using
15 the circuit according to the invention described. The automatic
letterbox detector is explained in detail in connection with
FIGURES 5-9, using the relatively standard 4 X3 and 16 X9
aspect ratios as non-limiting examples.
~ In order to increase the vertical height of a letterbox signal
20 (for example a 4 X3 signal having a 16 X9 active area and
unused top and bottom bands), the vertical scan rate of display
video is increased so that the black .or matte regions at the top
and bottom of the picture are eliminated, or at least
substantially reduced. The automatic letterbox detector is based
25 on the assumption that the video signal will correspond generally
to that shown. in diagram form in FIGURE 5. Regions A and C have
no active video, or least video luma levels which are less than a
predetermined luma threshold and may be, for example, a black or
gray signal or an unvarying colored matte. Region B has active
30 video, or at least video luma levels which are more than the
predetermined luma threshold and generally vary substantially in
luminance, saturation and/or hue. The respective time intervals
of regions A, B and C are a function of the letterbox. format,
which might range, for -example, from 16 X9 to 21 X 9. - The
35 time duration of regions A and C is approximately 20 lines each
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for 16 X 9 letterbox format. The letterbox detector examines
the luma levels for regions A and/or C. If active video, or at
least a minimum video luma level, is found in regions A and/or C,
the letterbox detector provides an output signal, for example a
logical 0, indicating a normal 4 X3 format display ratio NTSC
signal source.. However, if video is detected in region B, but not
in regions A and C, then the video is presumed to be a letterbox.
signal source. In this case, the output signal would be a logical 1.

Operation of the detector can be improved by hysteresis, as
shown diagrammatically in FIGURE 6. Once a letterbox signal at a
particular active aspect ratio has been detected, a minimum
number of successive fields of nonletterbox signal, or letterbox
of a different aspect ratio may be required before the display is
.changed to that necessary for the new aspect ratio signals. A
minimum number of fields can be required before switching the
display to a wider or. narrower screen mode. -

A circuit 1000 for implementing this technique is shown in
FIGURE 7. The circuit 1000 comprises a line counter 1004, a field
counter 1006 and a detector circuit 1002, in which the algorithm
described above is performed to analyze the video signal. Briefly,
the circuit is operable to determine the scene height by sensing
for the first and last lines of active video, and to effect the
users selected options for- cropping, compression, expansion, . etc.
in view of detected variations. Assuming that the object is to
expand to the full available vertical height, the first and Ilast line
numbers are determined, and the average of the two defines a
center line number. The letterbox detector then triggers
positioning of the center line at the vertical center of the full
screen available area, and hnearly expands the picture vertically
to place the first and last lines at the extreme top and bottom (or
other user selection). Whereas the extent of expansion is
determined by the active video area and is not simply switched,
for example between 4 X3 and 16 X 9, the apparatus
accommodates any display. ratio. '
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'The letterbox detector can be arranged to update the first

" and last line count only once per frame for multiple field frames.
. The extent of the updating can be limited by filtering in order to

expand or contract the display to a new aspect ratio slowly, i.e.,
over several frames, and to prevent jitter due to repetitive small
changes or those induced by noise. In order to accomplish this

filtering, the apparatus can require a change to exceed a change

threshold before any response will be undertaken. The system is

" not affected by scenes with flat (relatively blank) fields at the

10

15

20

25

lateral edges since it only looks -for active video in the A and C
letterbox regions.

A flowchart illustrating an inventive arrangement for
implementing a first mode of ‘operation, with maximum zoom
according to one of the criteria of maximal filling or maximal
vertical filling, is shown in FIGURE 10. While it is also possible
to sense for active video in lateral sidebars, sensing is limited in
the illuétrate_d embodiment to upper and lower areas of
potentially inactive video. By selecting the expansion,
compression and cropping parameters using the first and last line
numbers the apparatus has several advantages. If upon initially
zooming into a picture the zoom passes the optimum level, the
system promptly corrects itself as successive fields are
evaluated. If subtitles, storm warnings or similar supplemental
information appears in the border regions, these are detected as
active video lines and the picture is adjusted to display them in a
second mode of operation, in which the extent of the zoom is.
decreased. If the supplemental information disappears, the first
mode of operation can be reimplemented, automatically or

~manually. The upper and lower borders of active video, with and

30

without supplemental information, are shown in 'FIGURE_ 11(a).
The first and last video lines detected and displayed are also

- shown. As shown in FIGURE 11(b), the system initially zooms in

35

to fill the screen with video, according to either criteria for

filling. The picture is then zoomed out, as much as necessary, to

display supplemental information, if detected. If the
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supplemental information is no longer detected, for a
predetermined period of time, for example 10 seconds, the zoom
in mode of operation can be reimplemented. Reimplementation

" ‘can occur if the last line of detected video is less than the last

line of displayed video (as shown in FIGURE 11(b)), or if the first
line of detected video is greater than the first line of displayed

. video, or both.
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The sensed first and last lines are compared to
minimum/maximum allowed values, and the original aspect ratio

is preserved in the event that the sensed values for the first and

last line -fall out of the allowed range. This. aveids any response
to occurrences such as blank scenes. For the first frame |
following activation of the apparatus the initially detected first
and last line numbers are simply lpaded, without filtering, and
thereafter adjusted as necessary with filtering applied.

Two gradients are calculated for each line in the video field
to determine lines of active video. Four values are required to
calculate the two gradients: maximum and minimum values of the
current line, and maximum and minimum values of the previous
line. The first gradient, designated the positive gradient, is
formed by. subtracting the minimum value of the previous line

“from the maximum value of the current line. The second gradieht,

designated the negative gradient, is formed by subtracting the
minimum 'value of the current line from the maximum value of the
previous line. Either of the gradients may have positive or
negative values depending on scene content, but the negative
values of both gradients may be ignored. This is because only one
gradient may be negative at a time, and the magnitude of the
gradient with the positive value will always be greater than or
equal to the magnitude of the gradient with the negative value.
This simplifies the circuitry by eliminating the need to calculate
an absolute value of the gradients. If either gradient has a
positive value which exceeds a programmable threshold, video is
considered to be present on either the current line or on the
previous line. These values can be used by a microprocessor to
- .
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determine the first and last lines of active. video and thereby to
determine the particular aspect ratio of the active area of the
signal. This determination defines whether or not the video
source is in the letterbox format, and enables the further’
calculation of the extent of change to the deflection circuit and '
the resolution circuits needed to convert the displayed signal as
required. As mentioned herein, the conversion can be defined in
part by user selections regarding the extent of cropping or
distortion, or both, to which the signal will be subjected.

A circuit 1010 for implementing this method of letterbox

~ assessment or detection is shown in block diagram form in

15

20

25.

30

35

FIGURE 8. The circuit 1010 comprises a luma input filter, a line
maximum (max) detector 1020, a line minimum (min) detector
1022, and an output section 1024. The luma input filter

‘comprises finite impulse respohse (FIR) stages 1(_)12 and 1014 as

well as adders 1016 and 1018.  The letterbox detection circuit
1010 operates on the digital luma data Y_IN from the wide screen
processor. An input filter is utilized in order to improve noise
performance and make detection more reliable. The filter is
essentially two cascaded FIR stages having a transfer function |
as follows:

~ H(2 __—* (1 +z-1) . (1 +23).
The output of each stage is truncated to eight bits (dwnded by
two) to maintain a DC gain of one.

The line max detector 1020 includes two registers. The
first register contains the maximum pixel value (max pix) at the
current, point in the line period. It is initialized at the beginning
of every line period by a one clock wide pulse designated SOL
(Start of Line) to a value of 80h. The value of 80h represents the
minimum possible value for an eight bit number in two's
complement format '(the most significant bit being the sign). The -
circuit is enabled by a signal, designated LTRBX EN, which goes
high for approximately 70% of the active video line. The second
register contains the maximum pixel value (max line) for. the
entire pre_vious. line, and is updated once per line period. Incoming
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luma data Y_IN is compared to the current maximum pixel value

stored in the max pix register. If it exceeds the register value,
the max pix register is updated on the next clock cycle. At the
end of the video line, max pix will contain the maximum value
over the entire portion of the line for which it was enabled. At
the beginning of the next video line, the value of the max pix
register is loaded into the max line register and the register is
reloaded with 80h. '

The line minimum detector 1022 works in an identical
manner except that the min line register will contain the
minimum pixel value for the previous line. The min pix value is '
initialized to a value of 7Fh, which is the maximum possible pixel
value for an eight bit number in the two's complement format.

The output section 1024 will take the max line register
value and the min line register value, and store them in eight bit
latches that are updated once per line. Two gradients are then
calculated, namely the positive gradient and the negative
gradient. On the first line in a field where either of these
gradients is positive and greater than the programmable
threshold, an enable signal is generated which allows a first line
register to be loaded with the current line count value. On every

_line where either of the gradients is positive and exceeds the

programmable threshold, another enable signal is generated which
allows a last line register to be loaded with the current line
count value. In this manner the last line register will contain the
last line in the field where the threshold was exceeded. Both of
these enable signals are only allowed to occur between lines 24
and 250 in each field. This avoids false detections based on
closed captioning information and on VCR head switching
transients. At the beginning of every field, the circuit is
reinitialized, and the values in the first line and" last line
registers are loaded into respective letterbox end registers. The
LTRBX_BEG and LTRBX_END signals mark the beginning and end |
respectively of a ‘letterbox signal.
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FIGURE 9 illustrates an automatic letterbox detector as
part of-a vertical size control circuit 1030. The vertical size
control circuit comprises a letterbox detector 1032, a vertical
display control circuit 1032 and a 3-state output device 1034. In
accordance with an inventive -arrangement, the automatic
letterbox detection circuit can automatically implement vertical
zoom or expansion as required, for example to expand a 4 X3
format display ratio signal which includes the 16 X 9 format
display ratio letterbox display, or to expand other format display
ratio signals as detected. When the output signal VERTICAL SIZE
ADJ becomes active, the vertical deflection height is increased
by the ratio required to employ the desired vertical height,
typically the full vertical height. This enables the 16 X9 active
video portion of the letterbox portion of a 4 X3 signal, for

~exar_nple, to fill a 16 X9 wide screen without image aspect ratio
distortion. Insofar as the display screen or the respective format

ratios may have other specific values, the user's selections can
define croppmg or distortion particulars to dlsplay the scene as
desired. : :
The automatic Ietterbox detector may rely wholly on the
detection of active video lines, or additionally may comprise a
circuit for decoding a code word or signa'I carried by a letterbox
signal source which identifies the signal as letterbox format.
This enables the system. to respond precnsely to standardized
letterbox formats while preserving the -ability to correct non-
standard sizes as well. .

The system as described can display quite a number of
variations of multiple source or altered (cropped, expanded, etc.)
signal display. The programming of WSP uP 309 ‘can include a
number of preset default arrangements wherein the system
displays combinations of signals or signals altered in-the
manners described. Alternatively, or in addition, the user can
selectively format the display using on-screen programming
techniques or the like, as discussed for example with reference
to the selection of individual sources for display. Any or all of

/ .
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the multiple sources can be provided in a particular aspect ratio
(including a letterbox format) that does not involve active video
in the same aspect ratio as the area devoted to that source in the
display or the composite multiple source display. The WSP uP
5 309 can be arranged to make the same sort of expansion,
compression or other alterations necessary to provide the desnred
display for the respective source. This requires simply that the
lines of active video be sensed for each source and placed at the
] 'd-isplay. positions required to adaptively position the active video
10 in the display area.
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- 1. - A video display control system, comprising:
a video display means having a first format display ratio;
- means responsive to a video signal for -identifying when
said video signal has a-letterbox format in which a picture is
represented by an active video portion and upper and lower
regions bordering said picture are represented by substantlally
inactive video portions;
means for determining a format display ratio of said
picture when said letterbox format is identified;
means operable in a first mode of operation for enlarging

said picture in size to fill said display means substantially

entirely, notwithstanding consequent cropping of said picture,
and operable in a second mode of operation for énlarging said
picture in size to substantially fill said display means vertically,
notwithstanding consequent unused portions of said dlsplay
means; and,

~ means for selecting one of said first. and second modes of ,
operation when said letterbox format is identified.

 2. The system of claim 1, Comprising means for'_éen_tering
said picture on said display means in both of said modes of

operation.

3. The system of claim 1, wherein said means responsive to

"a video signal for identifying when said video signal has a

30

letterbox format comprises means for identifying the first and
last scan lines of said active video portion defining said picture,
from which a picture height can be determined, said format
display ratio of said letterbox format picture beihg related to
said plcture height.
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4. The system of claim 1, wherein said said picture is

enlarged in said first and second modes of operation by

respective factors, each of said factors being related to saad
format display ratio of said picture .

- 5. - A video display control system, comprising:

a video display means having a first format display ratio;

means responsive to a video signal for identifying when
said video signal has a letterbox format in which a picture is
represented by an active video portion and upper and lower
regions bordering said picture are represented by substantlally
inactive video portions;

means for determining a format display ratio of said
plcture when said letterbox format is identified:;

means operable when 'said letterbox format is identified for
enlarging said picture in size to fill said display means ,
substantially entirely, notwithstanding consequent horizontal
cropping at the sides of said picture. '

6. The system of claim 9, comprising means for vertlcally
centering said picture on said dlsplay means.

_ 7. The system of claim 5, comprising means responsive to
at least one of said identifying means and said determining means
for- controlling image aspect ratio distortion of said enlarged
picture. |

8 The system of claim 5, wherein said picture enlarging
factor controls at least one of vertical picture size, horlzontal
picture size and image aspect ratio distortion.
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9: A video display control system, comprising:
a wdeo display means having a. first format display ratio;
_ means responsive to. a video signal for identifying when
5 said video signal has a letterbox format in which & picture is
represented by an active video portion and upper and lower
regions bordering said picture are represented by substantially
inactive video portions; -
| " means for determining a format display ratio of said
10 picture when said letterbox format is identified;
means operable when said ‘letterbox format is identified for
~ .enlarging said picture in size to sub_stantiaily fill said display
means vertically, notwithstanding consequent unused portions of
said display means. | | |
15 | |
' 10. The system of claim 9, comprising means for vertically
centering said picture on said display means.

11. The system of claim 9, comprising means responsive to
20 at least one of said identifying means and said determining means
for controlling image aspect ratio dlstortlon of said enlarged
picture.

. 12. The system of claim 9, wherein said picture enlarging
25 factor controls at least- one of vertical picture size, horizontal
picture size and image aspect ratio distortion.

13. A video display control system, comprising:
a video display means having a first format display ratio;
30 means responsive to a video signal having a second format
display ratio for identifying when said video signal has a
letterbox format in which a picture having a third format display
ratio is represented by an active video portion and upper and
lower regions bordering ‘said picture are represented by

35 substantially inactive video portions;
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means for determining said third format display ratio when
said letterbox format is identified;

means for enlarging said picture in size by a factor related
to said first and third format display ratios when said letterbox

5 format is identified; and, : '

means for controlling vertlcal centering of said enlarged
picture on said video display means in accordance with the
vertical asymmetry between said upper and lower regions.

10 14. The system of claim 13, wherein said means for
controlling centering of said plcture comprises means for
identifying the first and last scan lines of said active video |
portion defining said picture. -

15 "~ 15. The system of claim 14, wherein said means for
-controlling centering of said picture further -combrises means
for determining a scan line vertically centered in said plcture

- from said |dent:f1ed first and last scan lines.

20 16. The system of claim 13, wherein said first format
. display ratio is different from said second-format display ratio.

17. The system of claim 13, wherein each of said first_and
third format display ratios is greater than said second format
25 display ratio.
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A video .display control system, comprises a video display
having a first format display ratio. A picture height circuit

‘determines an active video picture height from an input video

signall having a second format display ratio. A detector circuit

identifies letterbox formats responsive to the active video

picture height in the video signal and determines a format display
ratio of the letterbox picture.. A zoom control circuit is operable
in .a first mode of operation for enlarging the picture in size to
fill the display substantially entirely, notwithstanding _
consequent cropping of the picture, and operable in a second mode
of operation for enlarging the picture in size to substantially fill
the display vertically, notwithstanding consequent unused
portions of the display A vertical pan. control circuit |
automatically centers the picture in both modes of operation. The
detector can identify the format display ratio of the letterbox
format picture a circuit responsive to the identified format
display ratio controls image aspect ratio distortion of the
enlarged picture. A deflection system is controliable in vertical
size by a variable vertical scan rate, in horizontal size by
variable horizontal video expansion and compression, and in pan
position by varying the vertical reset in phase.
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) MANAGING LETTERBOX DISPLAYS '

This application is a continuation-in-part of copending .
international application no. PCT/US91/03739, filed May 29,
1991, and designating the United States.

The invention relates to television receivers having a
viewing area with a particular display format ratio or aspect
ratio, including a controller for determining the active video
portion of a signal and adaptively displaying the active video
portion so as to make full use of the vertical viewing area. The
picture can be zoomed vertically and horizontally. However,
insofar as the zoom is such that the horizontal dimension does
not correspond to the horizontal screen dimension, the picture
will be horizontally cropped or displayed with vertical sidebars.
The invention responds adaptively to changes in the format ratio
of the active video to selectively adjust the proportion of
compression or expansion (zoom) and pan, to fill the ‘entire
viewing area, or to vertically fill the viewing area, with the
active video portion of the received signal. The selection can
depend upon viewer preference or be programmed in advance. In
one alternative, the viewer watches a picture which fills the
screen, at the cost of partially cropped information content. In
the other alternative, the viewer watches a picture which_has
complete information content, at the cost of watching a smaller
picture which does not utilize the entire screen.

The display area of a television receiver typically has
either a format display ratio of 4 units of width to 3 units of
height (referred to as "4 X 3" or "4:3"), or a format ratio of
16 X 9 (16:9), which is conventionally considered a "wide
screen” or movie format ratio. These ratios are relatively
standard, although other ratios are known as well. Receivers
having a particular format display ratio are limited in the ways
that signals provided at;a dlfferenL fqrmat ratio.can be presented.
Similarly, where multlple wdeo sugnals a‘re ig bﬁ played the
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format ratio avallable for a glven one of the signals may present
constraints.

Commercial broadcasts are most often in a 4 X3 format
display ratio (relatively taller and/or narrower), such that the
full display area of a conventional 4 X 3 receiver is occupied by
the full picture. Whereas most video products on the market have
this 4 X 3 ratio, wide screen displays are also known, intended
for example for viewing wide screen movies. Movie productions
are available in widely varying aspect ratios, and the 16 X 9
ratio (relatively shorter and/or wider) is more or less standard
for a wide screen format for television.

Many viewers find the 4 X 3 display format less pleasing
than the wider format display ratio associated with movies.
Regardless of where the receiver may be, the wider format is
perceived to give the impression of a movie theater while the
narrower format has a look associated by viewers with home
television viewing. A wide format display uses its full area to
display the full movie ratio signal, without the need to crop or
distort the original movie picture, e.g., via a telecine device,
processors in the television receiver, or the like.

To show a 4 X3 signal on a 16 X 9 display unit, or to
show a 16 X 9 signal on a 4 X 3 display unit, either less than all
of the display unit area is used, or. the video information .is
altered. The received picture .can be zoomed to fill the screen in
one dimension, with portions in the other dimension removed
from the signal. For example, top and bottom portions of a 4 X3
signal can be cropped, with the remainder filling a 16 X9 format
area, or side portions of a 16 X 9 signal can be cropped, with the
remainder filling a 4 X3 area. |t is the ratio of width to height
which is of concern rather than any need to enlarge or contract
the signal in general. '

instead of simply cropping the signal, it- is known to pan up
and down or‘from side to s:de, either automatically or under
control of a telecine operator or the I|ke to avoid loss of
important information in the scene. It is also known to distort
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the signal to be displayed, for example compressing a 16 X 9
signal horizontally for display on a 4 X3 display unit, as is
often seen when screen credits from a Cinemascope (16 X 9)
movie are displayed in a commercial (4 X 3) broadcast.
Cropping, panning and distortion all omit or adversely affect the
quality and/or content of the picture.

When displaying one format ratio active video signal
without cropping or distortion on a different format ratio display
unit, the displayed signal occupies less than all the available area
of the screen. The unused area of the display unit is blanked or
caused to display a background color matte. However, this border
area can be used, e.g., to display another picture simultaneously
with the main picture, or to display text information.

In . so-called "letterbox™ format, a wide format ratio image
is displayed across the full width of a narrower format ratio
display unit, and the top and/or bottom areas are used if at all to
display text such as storm warnings, news alerts, etc. This
function can be made selectable at the viewer's option. Movies in
a wide format to be broadcast commercially without distortion or
cropping are converted by the broadcaster to letterbox format, to
enable display on a conventional 4 X 3 receiver screen. The
broadcaster effectively adds biank or matte top and bottom
borders, and broadcasts the combined picture and borders-in a
4 X 3 composite image signal. Assuming standard 16 X9 and
4 X 3 ratios, only 181 horizontal lines in each field are devoted
to the main video, the remaining lines being the matte, gray or
black borders. The borders are akin to a picture from a second
video source, simultaneously displayed with the main picture.

It can be a complex problem to adjust format ratios,
particularly if multiple active video sources are to be displayed
at once. It may be necessary, for example, to develop consistent
timing signals from asynchronous simultaneously-displayed
sources, to switch between multiple sources during scanning to
generate multiple picture displays, and/or to provide lower
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4
resolution compressed displays from higher resolution picture
data signals.
It is an aspect of the invention automatically to adjust a
means for displaying a video source signal so as to adaptively
5 accommodate any format display ratio within a predetermined
range, the active portion of the video source signal being
expanded vertically and centered so as to fill the display screen.
It is another aspect of the invention to detect a first and
last line of active video in the video source signal repetitively
10 and to calculate a zoom level and a pan position at which the
current active video will fill the display area, for adaptively
respondmg to changes in aspect ratio.
it is also an aspect of the invention to accompllsh
adjustment of the video signal in a manner which is insensitive
15 to spurious line readings and blank or otherwise invalid screens.
According to an inventive arrangement, an incoming signal
is converted continuously and adaptively from whatever active
video display format ratio, into a display format that uses all the
available vertical screen area, subject to user selection or
20 programming. Even if the display format ratio changes during
viewing, for example where border lettering appears or
thereafter disappears in a !etterbox' format signai, or where the
incoming signal changes from letterbox to conventional or. back,
the receiver according to the invention recalculates the timing
25 and display parameters to ad]ust over successlve fields, making
optimal use of the avallable display area. The invention provides
high resolution, single and multiple picture displays from single
or multiple asynchronous sources having similar or different
format ratios, and with selectable display format ratios, all on a
30 continuous and adaptively ongoing basis.
| A wide screen television, as described herein can have a
format display ratio, for example, of 16 X9.- The invention
provides an opportunity to display signals which are.received in
the letterbox format with greater flexibility. Signals that were
35 originally produced in the 16 X 9 aspect ratio but have been
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5
converted to letterbox images (e.g., a 4 X3 image with blanked
top and bottom borders around the active video) may be zoomed or
expanded to fill the screen with the active video while
maintaining the original aspect ratio thereof.

5 Sources in which the active video has an aspect ratio
greater than the display screen ratio (e.g., a 20:9 source vs. 16:9
screen) fill the screen vertically and are horizontally cropped.
Sources having an aspect ratio less than that of the screen fill
the screen horizontally and are vertically cropped. Those

10 portions of the a 4 X3 broadcast signal devoted to the matte

- borders are automatically cropped. The correction is made
adaptively, recalculating the extent of the zoom and pan as the
situation changes.

A video display control system according to an inventive

15 arrangement automatically controls a video dusplay responsive to
detection of letterbox format input video signals having varying
format display ratios. A detection circuit continuously detects
the first and last lines of active video in a video signal. A
memory stores scan line numbers correspon&ing to the first and

20 last lines of active video. The height of the picture is determined
from the scan line numbers of the first and last lines of active
video. The picture height is indicative of the format display ratio
of the letterbox input. A comparator circuit compares the picture
height to a threshold corresponding to the widest expected

25 format display ratio of a letterbox input signal. A control
circuit, for example a microprocessor, is operable in a first mode
of operation for enabling the memory to continuously update the
stored scan line numbers unless the picture height exceeds the
threshold, and operable in a second mode of operation for enabling

30 the memory to update the stored scan line numbers when active
video is detected in a video line corresponding to a scan line
number less than the stored first line or greater than the stored
last line. At least one of picture size and picture cropping on the
display means is controlled responsive to the picture height. A

35 circuit for initiating the first mode of operation after the second
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- mode of operation can operate automatically or manually. The
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Ls
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system -can adaptively display the input video signal in the
maximum available display area, or with maximum vertical
height, regardiess of the specific aspect ratio used for the
letterbox, and regardiess of the extent to which the borders are
occupied by text or the like.

A video display control system according to another
inventive arrangement comprises a video display having a first
format display ratio. A picture height circuit determines an
active video picture height from an input video signal having a
second format display ratio. A detector circuit identifies
letterbox formats responsive to the active video picture height in
the video signal and determines a format display ratio of the
letterbox picture. A zoom control circuit is operable in a first
mode of operation for enlarging the picture in size to fill the
display substantially entirely, notwithstanding consequent
cropping of the picture, and operable in a second mode of
operation for enlarging the picture in size to substantially fill
the display vertically, notwithstanding consequent unused.
portions of the display. A vertical pan control circuit
automatically centers the picture in both modes of operation. The
detector can identify the format display ratio of the letterbox
format picture. A circuit responsive to the identifiet format
display ratio controls image aspect ratio distortion of the
enlarged picture. A deflection system is controllable in vertical
size by a variable vertical scan rate, in horizontal size by

~ variable horizontal video expansion and compression, and in pan

30

35

position by varying the vertical reset in phase.

The letterbox video signal can be considered to have three
regions (assuming the active video is disposed vertically in the
middle, instead of at the extreme top or bottom). These regions,
denoted A, B and C, are such that regions A and C have no active
video, or matte color video luma levels which are less than a
predetermined threshold of luma or luma variability. These
borders correspond to relatively dark or featureless bars. Region
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B has active video, or at least video luma levels which are more
than the predetermined luma threshold and typically are highly
variable, corresponding to the picture between the dark bars. The
respective time intervals of regions A, B and C are a function of
the specific letterbox format used, which can range for example
from § X3 to 24 X9, a popular ratio of 16 X9 falling within

~ the range.
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The horizontal line time duration of regions A and C is
approximately 20 lines each for 16 X 9 letterbox format. The
letterbox detector counts horizontal lines while examining the
luma levels for regions A and/or C. If active video, or at least a
minimum video luma level, is found in regions A and/or C, the
letterbox detector provides an output signal which stores the
present horizontal scanning line count, for recalculating the
conversion ratio that will place the initial and final lines of
active video at predetermined points on the display screen,
normally either at the extreme top and bottom, or at the
respective heights which will result in the full horizontal width
of the screen being occupied. The user preferably can choose
options which the apparatus will effect in the display, for
example permitting the user to select presentation of blank
borders if desired, or cropping, compression, expansmn or
combinations of these. -

Operation of the detector is improved by responding
proportionately to a change in the aspect ratio of the received
signal. Once a particular aspect ratio signal is established for
display of the signal, and thereafter active video is detected
outside of the display area (e.g., text for display in the letterbox
borders of the incoming signal), the display is changed to the new
ratio over a number of successive frames. Preferably, the change
is accomplished by respondmg incrementally or proportionally to
changes in ratio such that the picture expands or contracts as

-appropriate over a number of successive frames. The amount of

incremental change can be related to the extent of correction
required to reach the new aspect ratio. For reduction of
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noticeable jitter or the like, a minimum line count threshold can

 be established before a correction is undertaken.
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The uppermost and lowermost active video areas preferably
are detected by calculating two gradients for each line in the
video field. Four values are required to calculate the two
gradients: maximum and minimum values of the current line, and
maximum and minimum values of the previous line. The first
gradient, designated the positive gradient, is formed by
subtracting the minimum value of the previous line from the
maximum value of the current line. The second gradient,
designated the negative gradie'nt, is formed by subtracting the
minimum value of the current line from the maximum value of the
previous line. Either of the gradients may have positive or
negative values depending on scene content, but the negative
values of both gradients may be ignored. “This is because only one
gradient may be negative at a time, and the magriitude of the
gradient with the positive value will always be greater than or
equal to the magnitude of the gradient with the negative value.
This simplifies the circuitry by eliminating the need to calculate
an absolute value of the gradients. If either gradient has a
positive value which exceeds a programmable threshold, video is
considered to be present on either the current line or on the
previous line. These values can be used by a microprucessor to
make a determination of whether or not the video source is in the
letterbox format and to determine the respective line numbers.
The calculation can be performed only for the top (or the bottom)
of the image, provided means are provided for centering the image
vertically. Whereas the detection of active video is a function of
gradient rather than luma absolute value, the device therefore
detects inactive borders of a predetermined matte color, even if
the borders have a substantial (but unchanging) luma level.

Similarly, the horizontally outermost active area of the
image can be determined by calculating gradients for successive
pixels or groups of pixels at the beginning or end of successive
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* horizontal lines. Again, this need only be done on one side if the
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- picture -is centered.

FIGURES 1(a)-1(f) illustrate different display formats of a
wide screen television, with FIGURE 1(d) illustrating certain
terms used herein.

FIGURE 2 is a block diagram of a wide screen television in
accordance with aspects of this invention and adapted for
operation at 2f4 horizontal scanning.

FIGURE 3 is a block diagram of a gate array for embodying
the television according to FIGURE 2, illustrating main, auxiliary
and output signal paths.

FIGURE 4 is a combination block and circuit dlagram for the
deflection circuit shown in FIGURE 2.

- FIGURES 5 and 6 are diagrams useful for explammg
operation of an automatic letterbox detector.

FIGURE 7 is a block diagram of an automatic letterbox
detector as explained in connection with FIGURES 5 and 6.

FIGURE 8 is a block diagram of an alternative circuit for
implementing an automatic letterbox detector.

FIGURE 9 is a block diagram of a vertical size control
circuit including an automatic letterbox detector.

FIGURE 10 is a flowchart useful for explaining the manner
in which adaptive letterbox display is implemented according to
an inventive arrangement.

FIGURE 11(a) is a diagram and FIGURE 11(b) is a flowchart,
together useful for explaining the manner in which adaptive
letterbox display is reimplemented after interruption

The four parts of FIGURE 1 illustrate a subset of picture
display formats which can be implemented according to different
inventive arrangements.: The 16 X9 and 4 X3 basic formats are
shown superimposed on one another as one example of
superimposing formats having different aspect ratios. According
to the invention the formats superimposed on one another need
not be limited to any specific sizes because the apparatus
according to the invention automatically senses the active video
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aspect ratio and optimizes the presentation to the size of the
display- ‘

FIGURE 1(a) illustrates a television, for example direct -
view or projection, having a relatively wide (e.g., 16 X 9) format
display ratio on which a picture can be displayed. When a 4 X3
picture is transmitted and displayed, as in FIGURE 1(b), inactive
video areas displayed as vertical black, gray or matte bars appear
at the lateral sides. Similarly, when a 16 X 9 picture is
displayed on a 4 X 3 format display as in FIGURE 1(c), the
inactive video areas occur as horizontal bars on the top and
bottom. The arrangement shown in FIGURE 1(c) can be encoded in
a video signal from a source, whereupon the signal is commonly
referred to as being in letterbox format. In this instance, the-

'viewed picture is vertically smaller than the available display

area, as necessary to display the full horizontal line information

* without cropping or compressing the video information.

20

25
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Assuming that a 16 X 9 format display ratio source is converted
prior to transmission, so that it will fill the vertical extent of a
viewing surface of 4 X 3 format display, it is clear from FIGURE
1(b) that either information will be cropped from the left and/or
right sides, or optionally compressed, whereby the resulting
picture will evidence distortion by relative vertical elongation
{equivalent to relative horizontal compression). It is- alsc
possible to pan the displayed signal, which is a further
alternative.” Whereas all of these alternatives either omit or
change the nature of the signal, none is particularly appealing.
The automatic letterbox detection system of the invention
automatically vertically expands and centers letterbox sources
with variable aspect ratios to fill a television screen vertically
while maintaining the original aspect ratio. Sources with aspect
ratios greater than 16:9 are horizontally cropped while those
with aspect ratios less than 16:9 are displayed with sidebars
visible. The vertical zoom is controlled by varying the vertical
scan rate; the horizontal zoom is controlled by varying the
horizontal expansion/compression; and, the vertical pan is
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adjusted by varying the phase of the vertical reset pulse. After
the initial zoom in, the system calculates these parameters and

~ updates them if active video is detected in regions of the picture
not displayed. The line numbers from the detection circuit are

5 filtered to eliminate spurious readings, and blank or invalid
screens are ignored. |

Referring to FIGURE 1(d), the first line number (the first

line of active video detected in the current field) is obtained
from a register in the letterbox detection circuit, as is the last

10 line number. Similarly the video begin line (the line number
between the upper letterbox region and the active video region)
and the video end line (bordering the lower letterbox region) are
obtained. The scene height can then be calculated as the

~ difference between the end line number and the begin line number,

15 and the center line number calculated as the average of the two.
The screen center is the line number at the center of the screen,
and is preferably the spot at which the center line number will be
displayed. _

For eliminating errors, the heéight of the scene is compared

20 to a minimum height threshold corresponding to the greatest
aspect ratio that is expected to be encountered (typically 24:9).
When this threshold is exceeded, it is assumed that the current
scene is blank or the current line numbers are invalid;* and- no
-adjustments are made based on the values.

25 For eliminating jitter, the difference between the current
and previous values of the screen parameters are compared to a
change threshold. When the difference is less than the threshold,
the resulting change does not warrant updating the parameters.
When updated values for the first and last line number of active

30 video are requested, the letterbox detector registers are sampled.
This occurs no more than once per frame for multiple frames. The
results are filtered, e.g., via a two stage median filter, and used
to determine the borders between the active video and letterbox
regions. . |
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The system is activated by the user when a letterbox video
source -is present and it is desired to fill the screen vertically
with active video. Once activated, scene height and center of
scene are calculated from the first and last line numbers of the
current scene. If the scene height is less than the minimum
height threshold, the system continues to update scene height
until the threshold is exceeded. This causes the system to ignore
blank scenes and erroneous first and last line numbers.

A comparison of FIGURES 1(e) and 1(f) shows the practical
effect of the invention. In FIGURE 1(e), active the letterbox
source signal has been zoomed by the required amount to fill the
screen of a wide format display. In the embodiment shown the
zoom in both the horizontal and the vertical dimensions (which
are proportionately equal so as to maintain the aspect ratio of
the active video signal) is such as to exactly match the
dimensions of the wide screen display area. It is also possible
that an active video signal having an aspect ratio greater than
that of the display area could be received, in which event filling
the vertical area would cause the edges of the horizontal picture
to be cropped. '

Should active video appear in'the letterbox region, such as

- the storm warning shown in FIGURE 1(f), the last line number of

25

30

35

active video changes. As a result, the system updatés the center
line number and the extent of zoom such that the new last video
line appears at the bottom of the display area. This operation is
distinct from simply switching from one format ratio to another
because, as shown in FIGURE 1{f), the zoom and positioning are
arranged adaptively and will completely fill the display screen as
necessary to accommodate changing circumstances. The effect of
the additional area of active video provided by the text is to

-change the aspect ratio of the active video such that the ratio is

less than the ratio of the display. As a result, the vertically-full
signal is displayed with sidebars.

A 16 X9 format display ratio letterbox picture, which is
carried in a 4 X 3 format display ratio signal, can be
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progressively scanned by line doubling or line addition, so as to
providé- a larger display with sufficient vertical resolution. A
wide screen television in accordance with this invention can
display such a 16 X9 format display ratio signal from a main
source, one or more auxiliary sources, or an external RGB source.

It is possible to make various uses of inactive video areas
in a display. For example, the inactive areas are sometimes used
for text information such as weather or news reporting in
letterbox format broadcasts. The inactive areas can have a
superimposed picture added, for example for previewing another
channel. This invention does not concern the use made of the
inactive video areas so much as the amount of area which will be
rendered inactive by the television receiver in adjusting a source
having inactive areas to a display.

Data sampling limitations in the auxiliary video signal
processing path complicate the generation of a high resolution
picture which is as large in size as the display from the main
video signal. Various methods can be developed for overcoming
these complications.

An overall block diagram for a wide screen television
incorporating the inventive arrangements, and adapted to operate
with 2fq horizontal scanning, is shown in FIGURE 2 and generally
designated 10. The television 10 generally comprises*a video
signals input section 20, a chassis or TV microprocessor 216, a
wide screen processor 30 having a wide screen processor 309, a
1f4 to 2f4 converter 40, a deflection circuit 50, an RGB interface
60, a YUV to RGB converter 240, kine drivers 242, direct view or
projection tubes 244 and a power supply 70. The grouping of
various circuits into different functional blocks is made for
purposes of convenience in description, and is not intended as
limiting the physical position, packaging or specific coupling of
such circuits relative to one another. ’

The video signals input section 20 is adapted for receiving a
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
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14
and auxiliary video signals. An RF.switch 204 has two antenna
inputs ANT1 and ANT2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204
controls which antenna input is supplied to a first tuner 206 and
5 to a second tuner 208. The output of first tuner 206 is an input
to a one-chip controller 202, which performs a number of
functions related to tuning, horizontal and vertical deflection and
video controls. The particular. one-chip shown is industry
designated type TA7777. The baseband video signal VIDEO OUT

10 developed in the one-chip and resulting from the signal from first
tuner 206 is an input to both video switch 200 and the TV1 input
of wide screen processor 30. Other baseband video inputs to
video switch 200 are designated AUX1 and AUX2. These might be
used for video cameras, laser disc players, video tape players,

15 video games and the like. The output of the video switch 200,
which is controlled by the chassis or TV microprocessor 216 is
designated SWITCHED VIDEO. The SWITCHED VIDEO is another
input to wide screen processor 30. :

A switch SW1 of wide screen processor 30 selects between

20 the TV1 and SWITCHED VIDEO signals to choose the source for the
SELECTED COMP OUT video signal which is an input to a Y/C
decoder 210. The Y/C decoder 210 may be implemented as an
adaptive line comb filter. Two further video sources S1 and S2
are also inputs to the Y/C decoder 210. S1 and S2 designate

25 different S-VHS sources, and each consists of separate luminance
and chrominance signals. A switch, which may be incorporated as

. part of the Y/C decoder as in some adaptive line comb filters, or
which may be implemented as a separate switch, is responsive to
the TV microprocessor 216 for selecting one pair of luminance

30 and chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main sighal and is processed
along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is

35 redirected- by the wide screen processor back to the one-chip 202,
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for developing color difference signals U_M and V_M. In this
regard, -U is an equivalent designation for (R-Y) and V is an
equivalent designation for (B-Y). The Y_M, U_M, and V_M signals
are converted to digital form in the wide screen processor for
further signal processing.

The second tuner 208, functionally defined as part of the
wide screen processor 30, develops a baseband video signal TV2. ,
A switch SW2 selects between the TV2 and SWITCHED VIDEO
signals for input to Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and
SW4 select between the luminance and chrominance outputs of
Y/C decoder 220 and the luminance and chrominance signais of an
external video source, designated Y_EXT and C_EXT respectively.
The Y_EXT and C_EXT signals correspond to the S-VHS input S1.
The Y/C decoder 220 and switches SW3 and SW4 may be combined,
as in some adaptive line comb filters. The output of switches
SW3 and SW4 is thereafter considered the auxiliary signal and is
processed along an auxiliary signal. path. The selected luminance
output is designated Y_A. Signal designations including _A, _AX
and _AUX refer to the auxiliary signal path. The selected
chrominance is converted to color difference signals U_A and
V_A. The Y_A, U_A and V_A signals are converted to digital form
for further signal processing. The arrangement of video signal
source switching in the main and auxiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.

A composite synchronizing signal COMP SYNC, corresponding
to Y_M, is provided by the wide screen processor to a sync
separator 212. The horizontal and vertical synchronizing

components H and V respectively are inputs to a vertical

countdown circuit 214. The vertical countdown circuit develops a
vertical reset signal which is directed into the wide screen
processor 30. The wide screen processor generates an internal
vertical reset output signal INT VERT RST OUT directed to the
RGB interface 60. The RGB interface 60 includes switching means
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which selects between the internal vertical reset output signal
and the vertical synchronizing component of the external RGB
source to produce a selected vertical synchronizing component
SEL_VERT_SYNC, which is directed to the deflection circuit 50.
Horizontal and vertical synchronizing signals of the auxiliary
video signal are developed by sync separator 250 in the wide
screen processor. )

The 1fy to 2f4 converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced
signals, for example wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generated by
interpolating adjacent horizontal lines of the same field. In some
instances, selective use of a previous line or an interpolated line
will depend upon the level of movement which is detected
between adjacent fields or frames. The converter circuit 40

“operates in conjunction with a video RAM 420. The video ram may

be used to store one or more fields of a frame, to enable the _
progressive display. The converted video data, shown in FIGURE 2
as signals Y_2fy, U_2fy and V_2fy4, is supplied to the RGB
interface 60.

The RGB interface 60 enables selection of the converted
video data or external RGB video data for display by the video
signals input section. The external RGB signal is deerined to be a
wide format display ratio signal adapted for 2f4 scanning. The
vertical synchronizing component of the main signal is supplied
to the RGB interface by the wide screen processor as INT VERT
RST OUT, enabling a selected vertical sync corresponding to the
main video or the external video to be available to the deflection
circuit 50. Operation of the wide screen television enables user
selection of an external RGB signal, by generating an
internal/fexternal control signal INT/EXT. However, the selection
of an external RGB signal input, in the absencde of such a signal,
can result in vertical collapse of the raster, and potential damage
to the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects the presence of an external
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synchronizing signal, and overrides selection of a non-existent
externat RGB input to avoid such damage. -The WSP
microprocessor (WSP pP 309) also supplies color and tint
controls for the external RGB signal.

- The wide screen processor 30 can include a picture-in-
picture processor 301 for special signal processing of the
auxiliary video signal. The term picture-in-picture is sometimes
abbreviated as PIP or pix-in-pix. For this function a gate array
300 combines the main and auxiliary video signal data in a wide
variety of possible display formats, for example with the
auxiliary signal displayed on an area of the main display or in the
inactive video border regions. The picture-in-picture processor
301 and gate array 300 are under the control of the wide screen
microprocessor (WSP uP). The WSP microprocessor is responsive
to the TV microprocessor 216 over a serial bus. The serial bus
includes signal paths for data, clock signals, enable signals and
reset signals. The wide screen processor 30 also generates a
composite vertical blanking/reset signal, as a three level
sandcastle signal. Alternatively, the vertical blanking and reset
signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the
RGB interface.

The deflection circuit 50, shown in more detail in FIGURE 4,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB
interface 60 and additional control signals from the wide screen
processor. These additional control signals relate to horizontal
phasing, vertical size adjustment and east-west pincushion
correction. The deflection circuit 50 supplies 2f4 flyback pulses
to the wide screen processor 30, the 1fy4 to 2f4 converter 40 and
the YUV to RGB converter 240.

Operating voltages for the entire wide screen television are
generated by a power supply 70 which can be energized by an AC
mains supply. '
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With further reference to FIGURE 2, the principal
components of the wide screen processor are a gate array 300, a-
picture in picture circuit 301, analog to digiial and digital to
analog converters (not shown), the second tuner 208, a wide
screen processor microprocessor-and a wide screen output.
encoder. The gate array 300 and the included signal paths and
functions are shown in more detail in FIGURE 3. The gate array
300 is responsible for combining video information from the main
and auxiliary signal paths to implement a composite wide screen
display, for example one having a picture in picture or other
formatting of plural sources for display on the screen. Clocking
information for the gate array can be provided by a phase locked
loop tracking the 1fy signal of the selected source. The main
video signal is supplied to the wide screen processor in analog
form, and YUV format, as signals designated Y_M, U_M and V_M
from the Y/C decoder 210 and the one-chip 202, shown in FIGURE
2. These signals are converted from analog to digital form for
digital manipulation as necessary, and later are converted from
digital to analog for reading out the required video information,
in known manner using A to D and D to A converters (not shown).

The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, or
approximately 16 MHz. A single analog to digital converter and an
analog switch can be multiplexed to sample the color component
data because the U and V signals are limited to 500 KHz, or 1.5
MHz for wide I. A start of line pulse can be generated to
synchronize the multiplexing arrangement at the beginning of
each horizontal video line, thereafter toggling during the
horizontal line, with the Y and UV data streams being shifted to
correctly pair the samples. Each UV pair represents one vector
and must be paired with- the corresponding V element of the same
vector to prevent a color shift.
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The PIP circuit and/or the gate array may include means for
enhancing the resolution of the auxiliary data to be superimposed
on the picture notwithstanding the data compression. A number
of data reduction and data restoration schemes have been

5 developed, including for example paired pixel compression and
dithering and dedithering. Moreover, different dithering
sequences involving different numbers of bits and different
paired pixel compressions involving different numbers of bits are
contemplated. One of a number of particular data reduction and

1 0 restoration schemes can be selected by the WSP uP 309 in order
to maximize resolution of the displayed video for each particular
kind of picture display format.

The gate array includes interpolators which operate in
conjunction with line memories, which may be implemented as

15 first in first out memories or FIFO's 356 and 358. The
interpolator and FIFO's are utilized to resample the main signal
-as desired. An additional interpolator can resample the auxiliary’
signal. Clock and synchronizing circuits in the gate array control
the data manipulation of both the main and auxiliary signals,

20 including the combination thereof into a single output video
signal having Y_MX, U_MX and V_MX components. These output
components are converted to analog form by digital to analog
converters (not shown) associated with 1fy to 2fy cenverter 40.
The analog form signals, designated Y, U and V, are converted by

25 1fy to 2f4 converter 40 to noninteriaced scanning.

For adjusting the aspect ratio of the displayed signal to
take advantage of the available vertical or horizontal display
span in accordance with user requirements, operation of the
deflection circuit is adjusted as needed. The deflection circuit

30 50 is shown in more detail in FIGURE 4. A circuit 500 is provided
for adjusting the vertical size of the raster, in accordance with a
desired amount of vertical overscan necessary for implementing
different display formats. As illustrated diagrammatically, a
‘constant current source 502 provides a constant current IRAMP

35 which charges a vertical ramp capacitor 504. A transistor 506 is
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coupled in parallel with the vertical ramp capacitor, and
periodically discharges the capacitor responsive to the vertical
reset signal. In the absence of any adjustment, current IRamp
provides the maximum available vertical size for the raster. This

5 might correspond to the extent of vertical overscan needed to fill
the wide screen display by an expanded 4 X3 format display
ratio signal source. To the extent that less vertical raster size
is required, an adjustable current source 508 diverts a variable
amount of current lapy from IrRamp, so that vertical ramp

10 capacitor 504 charges more slowly and to a smaller peak value.
Variable current source 508 is responsive to a vertical size
adjust signal. This signal is presented in analog form, generated
by vertical size control circuit 1030 shown in FIGURE 9, whereby
the vertical size is automatically adjusted over a continuous

15 range rather than switched abruptly from one size to another.
‘Vertical size adjustment 500 is independent of a manual vertical
size adjustment 510, which may be implemented by a
potentiometer or back panel adjustment knob. In either event, the
vertical deflection coil(s) 512 receive(s) driving current of the

20 proper magnitude. Horizontal deflection adjustment is likewise
provided. The horizontal size is changed by phase adjusting
circuit 518, East-West pin correction circuit 514, a 2f4 phase
locked loop 520 and horizontal output circuit 516. -

‘The RGB interface circuit 60 is shown generalily in FIGURE 2.

25 The signal which is to be ultimately displayed will be selected
between the output of the 1fy to 2fH converter 40 and an external
RGB input. For purposes of the wide screen television described
herein, the external RGB input is presumed to be a wide format
display ratio, progressively scanned source. A composite

30 blanking signal is also available from the video signals input
section 20. The external 2f4 composite synchronizing signal for
the external RGB signal is coupled through to generate an external
sync detect signal coupled to wide screen processor 30.
Selection of internal or external synchronization is generated by

35 the WSP uP 309 and signalled to the RGB interface via the '
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INT/EXT line. Selection of internal or external video sources is a
user selection.. However, if a user inadvertently selects an
external RGB source, when no such source is in fact operational,
an override control signal prevents selection of the external RGB
source. The RGB interface 60 also receives tint and color control
signals from the WSP pP 309. - .

The wide screen television can be arranged to expand o
compress video as well as to adjust the format ratio by selecting
an amount of overscan, as a user selectable option. Similarly,
special effects such as picture-in-picture effects requiring an
adjustment of the video resolution can be accomplished. The
picture-in-picture processor includes analog-to-digital
conversion means, timing and control circuits and a digital-to-
analog converter section for adjustments to resolution, being
accomplished together with corresponding deflection
adjustments to achieve a desired effect.

A known picture-in-picture processor is the CPIP chip
developed by Thomson Consumer Electronics, Inc., as described a
publication entitted The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer
Electronics, Inc., Indianapolis, Indiana. In & single picture mode,
or in a picture-in-picture mode, it is possible to enable a user to
alter the relative sizes of a plurality of pictures beifig displayed,
for example to zoom in on a selected portion of a single picture,
for example, in steps. While in the zoom mode a user may search
or pan through the picture, display the small, large or zoomed
picture in freeze frame (still picture) format, etc.

The picture-in-picture processor can asymmetrically
compress video data in one of a plurality of selectable display
modes. In one mode of operation, for example, the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. Asymmetric compression of course produces aspect
ratio distorted pictures as stored in the video RAM. However, if
these pictures are read out normally, as for example in the
channel scan mode, for display of a 16 X9 format display ratio
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screen, the pictures appear correct. The picture fills the required
area of the screen and there is no aspect ratio distortion.
Asymmetric compression by the picture-in-picture processor
makes it possible to generate the special display formats on a
5 16 X9 screen without external speed up circuitry.
For expansion and compression, including the adjustment of
the deflection circuit and the resolution in connection with a
main and auxiliary (e.g., PIP) signal, the main signal path 304,
auxiliary signal path 306 and output signal path 312 of the gate
10 array 300 are shown in block diagram form in FIGURE 3. The gate
array also comprises a clocks/sync circuit 320 and a WSP uP
decoder 310. Data and address output lines of the WSP uP
decoder 310, identified as WSP DATA, are supplied to each of the
main circuits and paths identified above, as well as to the
15 picture-in-picture processor and resolution processing circuits.
In the example as shown in FIGURE 2 the PIP 301 and other
elements are shown as separate from the gate array 300 in the
wide screen processor 30. It will be appreciated that whether or
not certain circuits are, or are not, defined as being part of the
20 gate array is largely a matter of convenience for facilitating
~ explanation of the inventive arrangements, because it is readily
possible to either incorporate additional functions in a gate array
or to remove certain functions to be accomplished by circuits
apart from the gate array.
25 The gate array is responsible for expanding, compressing
and cropping video data of the main video channel, as and if
necessary, to implement different picture display formats.
Referring to FIGURE 3, the luminance component Y_MN is stored in
a first in first out (FIFO) line memory 356 for a length of time
30 depending on the nature of the interpolation of the luminance"
component. The combined chrominance components U/V_MN are
stored in FIFO 358. Auxiliary signal luminance and chrominance
components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes
35 resolution processing, as desired and as discussed above, in
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circuit 357, and is expanded as necessary by interpolator 359,
generating signal Y_AUX as an output. :

In some instances, the auxiliary display will be as large as
the main signal display. Memory limitations associated with the
picture-in-picture processor and video RAM 350 can result in an
insufficient number of data points or pixels for filling a large
display area. In those circumstances, resolution processing
circuit 357 can be used to restore pixels to the auxiliary video
signal, i.e. to insert pixels for those lost during data
compression, or reduction. Inserted pixels can be repeated or can
be defined by the values for several neighboring pixels.
Dithering/dedithering arrangements can also be effected.

The auxiliary channel is sampled at 640fy rate while the
main channel is sampled at a 1024fy rate. The auxiliary channel
FIFO 354 converts the data from the auxiliary channel sample

rate to the main channel clock rate. In this process, the vid_eo

. 8, 61024 . -
signal undergoes an g * 549 compression. This is more than

the % compression necessary to correctly display the auxiliary

channel signal. Therefore, the auxiliary channel must be expanded .

by the interpolator 359 to correctly display a 4 X3 small
picture. The interpolator 359 is controlled by interpolator
control circuit 371, which is itself responsive to WSP uP. 340.

The amount of interpolator expansion required is g. The expansion

factor X is determined as follows:
x —§4—'0—.* i §
1024 3%6

The chrominance components U_PIP and V_PIP are delayed
by circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals
U_AUX and V_AUX as outputs. The respective Y, U and V
components of the main and auxiliary signals are combined in
respective multiplexers 315, 317 and 319 in the output signal
path 312, by controlling the read enable signals of the FIFO's 354,
356 and 358. The multiplexefs 315, 317 and 319 are responsive
to output multiplexer control circuit 321. Output multiplexer
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control circuit 321 is responsive to a clock signal, a start of line
signal, ‘a horizontal line counter signal, the vertical blanking |
reset signal and the output of the fast switch from the picture-
in-picture processor and WSP uP 340. The multiplexed luminance
and chrominance components Y_MX, U_MX and V_MX are supplied to
respective digital/analog converters 360, 362 and 364
respectively, followed by low . pass filters. The various functions
of the picture-in-picture processor, the gate array and the data
reduction circuit are controlled by the WSP uP. The WSP pP is
responsive to the TV uP 216, being connected thereto by a serial
bus. The serial bus may be a four wire bus as shown, having lines
for data, clock signals, enable signals and reset signals. The WSP
pP communicates with the different circuits of the gate array
through a WSP uP decoder 310. '

In one case, it is necessary to compress the 4 X3 NTSC
video by a factor of 4/3 to avoid aspect ratio distortion of the
displayed picture. In the other case, the video can be expanded to
perform horizontal zooming operations. usually accompanied by
vertical zooming. Horizontal zoom operations up to 33% can be

accomplished by reducing compressions to less than %. A sample

interpolator is used to recalculate the incoming video to a new
pixel positions because the luminance video bandwidth, up to 5.5
MHz for S-VHS format, occupies a large percentage of the Nyqulst
fold over frequency, which is 8 MHz for a 1024fy clock.

As shown in FIGURE 3, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the
expansion of the video. The function of the switches or route

~ selectors 323 and 331 is to reverse the topology of the main

30

35

signal path 304 with respect to the relative positions of the FIFO
356 and the interpolator 337. In particular, these switches
select whether the interpolator 337 precedes the FIFO 358, as
required for picture compression, or whether the FIFO 356
precedes the interpolator 337, as required for picture expansuon
The switches 323 and 331 are responsive to a route control
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circuit 335, which is itself responsive to the WSP uP. The
auxiliary video signal is compressed for storage in a video RAM,
and only expansion is necessary for practical purposes.
Accordingly, no comparable switching is required in the auxiliary
signal path.

In order to implement video compressions through the use
of a FIFO, for example, every fourth sample can be inhibited from

being written into the FIFO 356. This constitutes ag'

compression. It is the function of the interpolator 337 to
recalculate the luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable
signal has clock gating information attached to it in the form of
inhibit pulses. For expanding data, the clock gating information
is applied to the read enable signal. This will pause the data as it
is being read from the FIFO 356. In this case it is the function of
the interpolator 337, which follows the FIFO 356 during this
process, to recalculate the sampled data from jagged to smooth.
in the expansion case the data must pause while being read from
the FIFO 356 and while being clocked into the interpolator 337.
This is different from the compression case where tfle data is
continuously clocked through the interpolator 337. For both
cases, compression and expansion, the clock gating operations can
easily be performed in a synchronous manner, that is, events can
occur based on the rising edges of the system clock 1024fy.
Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6
bit Y, U, V, 8:1:1 field memory in a video RAM to store incoming
video data. The output of this video RAM is coupled to 4 to 8 bit
converter 352 in FIGURE 3. The video RAM holds two fields of

~ video data in a plurality of memory locations. Each memory

35

location holding eight bits of data. In each 8-bit location there is
one 6-bit Y (luminance) sample (sampled at 640f4) and 2 other
bits. These two other bits can be used to hold part of a U or V
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sample (sampled at the lower rate of 80fy). Alternatively or
additionmally, the bits can be used to indicate which type of field
was written into the video RAM. Since there are two fields of
data stored in the video RAM, and the entire video RAM is read

5 during the display period, both fields are read during the display
scan. The PIP circuit 301 thus can determine which field will be
read out of the memory to be displayed. The PIP circuit always
reads the opposite field type that is being written to overcome a
motion tear problem. If the field type being read is the opposite

10 type than that being displayed, then the even field stored in the
video RAM is inverted by deleting the top line of the field when
the field is read out of memory. The result is that the small
picture maintains correct interlace without a motion tear.

The clocks/sync circuit 320 generates read, write and

15 enable signals needed for operating FIFOs 354, 356 and 358. The
FIFOs for the main and auxiliary channels are enabled for writing
data into storage for those portions of each video line which is
required for subsequent display. Data is written selectively from
one of the main or auxiliary channels, but not both, as necessary

20 to present data from each source on the same video line or lines

- of the display. The FIFO 354 of the auxiliary channel is written
synchronously with the auxiliary video signal, but is read out of
memory synchronously with the main video signal. The main
video signal components are read into the FIFOs 356 and 358

25 synchronously with the main video signal, and are read out of
memory synchronously with the main video. How often the read

~ function is switched back and forth between the main and
auxiliary channels is a function of the particular special effect
chosen.

30 Generation of different special effects such as cropped
side-by-side pictures are accomplished through manipulating the
read and write enable control signals for the line memory FIFOs.
For example in the case of cropped side-by-side displayed
pictures, the write enable control signal FIFO 354 of the auxiliary
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channel is active for a portion of the display active line period to
effect cropping.

In each of the FIFOs, the video data is buffered to be read
out at a particular point in time. The active region of time where
the data may be read out from each FIFO is determined by the
display format chosen. In a side-by-side cropped mode, the main
channel video can be displayed on the left hand half of the display
and the auxiliary channel video on the right hand half. The
arbitrary video portions of the waveforms are different for the
main and auxiliary channels. The read enable control signal of the
main channel FIFOs is thus active for 50% of the display active

‘line period of the display beginning with the start of active video

(immediately following the video back porch). The auxiliary
channel read enable control signal is then active for the other
50% of the display active line period beginning with the falling
edge of the main channel enable signal and ending with the
beginning of the main channel video front porch. The write enable
control signals are preferably synchronous with their respective
FIFO input data (main or auxiliary) while the read enable control
signals are synchronous with the main channe! video.

A side by side display of two signals on a wide format

~ display ratio display, for example 16 X9 is another exampie.

25

30

35

Most NTSC -signals are represented in a 4 X 3 format, which
corresponds to 12X 9. Two 4 X3 format display ratio NTSC
pictures may be presented on the same 16 X 9 format display
ratio display. It is necessary either to crop or squeeze the

_pictures by 33%. |If cropping or squeezing to this extent is

unacceptable to the user due to the picture loss or the aspect
ratio distortion entailed, a combination of lesser proportions of
cropping and distortion may be more acceptable. Depending on
user preference as selected by switch inputs and/or
programming, the ratios of picture cropping and aspect ratio
distortion may be set any where in a range between the limits of
0% and 33% so as to reach the desired results in a combination of
both. As an example, two side by side pictures may be presented
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as 16.7% squeezed and 16.7% cropped, thereby minimizing the
adverse effects of each.
The horizontal display time for a 16 X9 format display
ratio display is the same as a 4 X3 format display ratio dispiay,
because both have 62.5 microsecond nominal line fength. An NTSC

video signal must be sped up by a factor of % to preserve a correct

aspect ratio, without distortion. The % factor is calculated as |

ratio of the two display formats:

4 16 4

39 73
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs
having different clock rates at the inputs and outputs have been
used to perform a similar function. By way of comparison, if two
NTSC 4 X3 format display ratio -signals are displayed on a single
4 X3 format display ratio display, each picture must be
distorted or cropped, or some combination thereof, by 50%. A
speed up comparable to that needed for a wide screen application
is unnecessary.

Generally, the video display and deflection system is
synchronized with the main video signal. The main video signal
must be speeded up, as explained above, to fill the wide screen
display. The auxiliary video signal must be verticaly
synchronized with the first video signal and the video display.
The auxiliary video signal can be delayed by a fraction of a field
period in a field memory, and then expanded in a line memory.
Synchronization of the auxiliary video data with main video data
is accomplished by utilizing the video RAM 350 as a field memory
and a first in first out (FIFO) line memory device 354 for
expanding the signal.

The asynchronous nature of the read and write clocks,
however, does require that steps be undertaken to avoid
read/write pointer collisions. Read/write pointer collisions
occur when old data is read out of the FIFO before new data has an
opportunity to be written into the FIFO. Read/write pointer
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collisions also occur when new data overwrites the memory
before the old data has an opportunity to be read out of the FIFO.
The size of the FIFO is related to the minimum line storage
capacity thought to be.reasonably necessary to avoid read/write
pointer collisions.

The picture-in-picture processor operates in such a manner
that the auxiliary video data is sampled with a 640f4 clock
locked to the horizontal synchronizing component of the incoming
auxiliary video signal. This operation enables orthogonally
sampled data to be stored in the video RAM. Data must be read
out of the video RAM at the same 640fq rate. The data cannot be
orthogonally displayed from the video RAM without modification
due to the generally asynchronous nature of the main and
auxiliary video sources. .In order to facilitate synchronization of
the auxiliary signal to the main signal, a line memory with
independent write and read port clocks is disposed in the
auxiliary signal path after the output of the video RAM.

Since the reading and writing of data from the auxiliary
channel FIFO is asynchronous, and the read clock rate is
considerably faster than the write clock rate, there is the
possibility of read/write pointer collisions. A read/write
pointer collision occurs when a read enable signal is received
before old data, that has already been read previously, has been
replaced by newly written data. Interlace integrity must also be
preserved. A sufficiently large memory must be chosen in the
first instance in order to avoid read/write pointer collision in
the auxiliary channel FIFO.

It is a particular advantage of wide format display ratio
televisions that different aspect ratio signals, including the
relatively standard 16 X 9 letterbox signals, can expanded to fill
the wide format display ratio display screen, although it may be
necessary to interpolate the signal to provide additional vertical
resolution. In accordance with an aspect of the. invention, an
automatic and continuously variable circuit is provided to
automatically detect inactive video areas characteristic of a

This is the replacemsnt sheet

pate: 16 JUL 9%



10

15

20

25

30

35

_ 30
display of one aspect ratio carried in a signal processed
according to a different aspect ratio. For example, the invention
is operable to sense the occurrence of inactive video areas at the
top and bottom of a letterbox having a wide (e.g., 16 X 9) ratio in
a signal transmitted or read out for display in a narrower (e.g.,
4 X 3) ratio, and automatically to implement expansion of the
narrower display ratio signal (e.g. 4 X 3) which includes the
wider format display ratio letterbox display (e.g., 16 X 9) so as
to use all of the available display area according to user
preferences as discussed hereinabove. Similarly, horizontal
expansion can be effected in the same manner when a wide
display is available and a narrower signal is to be shown there.
The expansion can be implemented using any or all of the
expansion, compression or cropping alternatives discussed, using
the circuit according to the invention described. The automatic
letterbox detector is explained in detail in connection with
FIGURES 5-9, using the relatively standard 4 X3 and 16 X 9
aspect ratios as non-limiting examples.

In order to increase the vertical height of a letterbox signal
(for example a 4 X 3 signal having a 16 X9 active area and
unused top and bottom bands), the vertical scan rate of display
video- is increased so that the black or matte regions at the top
and bottom of the picture are eliminated, or at least™
substantially reduced. The automatic letterbox detector is based
on the assumption that the video signal will correspond generally
to that shown in diagram form in FIGURE 5. Regions A and C have
no active video, or least video luma levels which are less than a
predetermined luma threshold and may be, for example, a black or
gray signal or an unvarying colored matte. Region B has active
video, or at least video luma levels which are more than the
predetermined luma threshold and generally vary substantially in
luminance, saturation and/or hue. The respective time intervals
of regions A, B and C are a function of the letterbox format,
which might range, for example, from 16 X9 to 21 X9. The

time duration of regions A and C is approximately 20 lines each
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for 16 X 9 letterbox format. The letterbox detector examines
the luma levels for regions A and/or C. If active video, or at
least a minimum video luma level, is found in regions A and/or C,
the letterbox detector provides an output signal, for exampie a
logical 0, indicating a normal 4 X 3 format display ratio NTSC

signal source. However, if video is detected in region B, but not

in regions A and C, then the video is presumed to be a letterbox
signal source. In this case, the output signal would be a logical 1.

Operation of the detector can be improved by hysteresis, as
shown diagrammatically in FIGURE 6. Once a letterbox signal at a
particular active aspect ratio has been detected, a minimum
number of successive fields of nonletterbox signal, or letterbox
of a different aspect ratio may be required before the display is
changed to that necessary for the new aspect ratio signals. A
minimum number of fields can be required before switching the
display to a wider or narrower screen mode.

A circuit 1000 for implementing this technique is shown in
FIGURE 7. The circuit 1000 comprises a line counter 1004, a field
counter 1006 and a detector circuit 1002, in which the algorithm
described above is performed to analyze the video signal. Briefly,
the circuit is operable to determine the scene height by sensing
for the first and. last lines of active video, and to effect the
user's selected options for cropping, compression, expansion, etc.
in view of detected variations. Assuming that the object is to
expand to the full available vertical height, the first and last line

“numbers are determined, and the average of the two defines a

center line number. The letterbox detector then triggers
positioning of the center line at the vertical center of the full
screen available area, and linearly expands the picture verticaily
to place the first and last lines at the extreme top and bottom (or
other user selection). Whereas the extent of expansion is
determined by the active video area and is not simply switched,
for example between 4 X3 and 16 X 9, the apparatus
accommodates any display ratio.
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The letterbox detector can be arranged to update the first
and last line count only once per frame for multiple field frames.
The extent of the updating can be limited by filtering in order to
expand or contract the display to a new aspect ratio slowly, i.e.,
over several frames, and to prevent jitter due to repetitive small
changes or those induced by noise. In order to accomplish this
filtering, the apparatus can require a change to exceed a change
threshold before any response will be undertaken. The system is
not affected by scenes with flat (relatively blank) fieids at the
lateral edges since it only looks for active video in the A and C
letterbox regions.

A flowchart illustrating an inventive arrangement for
implementing a first mode of operation, with maximum zoom
according to one of the criteria of maximal filling or maximal
vertical filling, is shown in FIGURE 10. While it is also possible
to sense for active video in lateral sidebars, sensing is limited in
the illustrated embodiment to upper and lower areas of
potentially inactive video. By selecting the expansion,
compression and cropping parameters using the first and Iast line
numbers the apparatus has several advantages. If upon initially
zooming into a picture the zoom passes the optimum level, the
system promptly corrects itself as successive fields are
evaluated. [f subtitles, storm warnings or similar supplemental
information appears in the border regions, these are detected as
active video lines and the picture is adjusted to display them in a
second mode of operation, in which the extent of the zoom is
decreased. If the supplemental information disappears, the first
mode of operation can be reimplemented, automatically or
manually. The upper and lower borders of active video, with and
without supplemental information, are shown in FIGURE 11(a).
The first and last video lines detected and displayed are also
shown. As shown in FIGURE 11(b), the system initially zooms in
to fill the screen with video, according to either criteria for
filling. The picture is then zoomed out, as much as necessary, to
display supplemental information, if detected. If the
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supplemental information is no longer detected, for a

predetermined period of time, for example 10 seconds, the zoom

in mode of operation can be reimplemented. Reimplementation

can occur if the last line of detected video is less than the last
5 line of displayed video (as shown in FIGURE 11(b)), or if the first

line of detected video is greater than the first line of displayed

video, or both.

The sensed first and last lines are compared to
minimum/maximum allowed values, and the original aspect ratio

10 is preserved in the event that the sensed values for the first and
last line fall out of the allowed range. This avoids any response
to occurrences such as blank scenes. For the first frame
following activation of the apparatus the initially detected first
and last line numbers are simply loaded, without filtering, and

15 thereafter adjusted as necessary with filtering applied.

Two gradients are calculated for each line in the video field
to determine lines of active video. " Four values are required to
calculate the two gradients: maximum and minimum values of the
current line, and maximum and minimum values of the previous

20 line. The first gradient, designated the positive gradient, is
formed by subtracting the minimum value of the previous line
from the maximum value of the current line. The second gradient,
designated the negative gradient, is formed by subtracting the
minimum value of the current line from the maximum value of the

25 previous line. Either of the gradients may have positive or
negative values depending on scene content, but the negative
values of both gradients may be ignored. This is because only one
gradient may be negative at a time, and the magnitude of the
gradient with the positive value will always be greater than or

30 equal to the magnitude of the gradient with the negative value.
This simplifies the circuitry by eliminating the need to calculate
an absolute value of the gradients. |f either ‘gradient has a .
positive value which exceeds a programmable threshold, video is
considered to be present on either the current line or on the

35 previous line. These values can be used by a microprocessor to
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determine the first and last lines of active video and thereby to
determine the particular aspect ratio of the active area of the
signal. This determination defines whether or not the video
'source is in the letterbox format, and enables the further

5 calculation of the extent of change to the deflection circuit and
the resolution circuits needed to convert the displayed signal as
required. As mentioned herein, the conversion can be defined in
part by user selections regarding the extent of cropping or
distortion, or both, to which the signal will be subjected.

10 A circuit 1010 for implementing this method of letterbox
assessment or detection is shown in block diagram form in
FIGURE 8. The circuit 1010 comprises a luma input filter, a line
maximum (max) detector 1020, a line minimum (min) detector
1022, and an output section 1024. The luma input filter

15 comprises finite impulse response (FIR) stages 1012 and 1014 as
well as adders 1016 and 1018. The Ietterbox,détection circuit
1010 operates on the digital luma data Y_IN from the wide screen
processor. An input filter is utilized in order to improve noise
performance and make detection more reliable. The filter is

- 20 essentially two cascaded FIR stages, having a transfer function
as follows:

CH@ =T (1 +ZN) 1+ 29
The output of each stage is truncated to eight bits (Eﬁvidé‘d by
two) to maintain a DC gain of one. |

25 The line max detector 1020 includes two registers. The
first register contains the maximum pixel value (max pix) at the
current point in the line period. |t is initialized at the beginning
of every line period by a one clock wide pulse designated SOL
(Start of Line) to a value of 80h. The value of 80h represents the

30 minimum possible value for an eight bit number in two's
complement format (the most significant bit being the sign). The

~ circuit is enabled by a signal, designated LTRBX EN, which goes |
high for approximate'ly 70% of the active video line. The second
register contains the maximum pixel value (max line) for the _

35 entire previous line, and is updated once per line period. Incoming
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luma data Y_IN is compared to the current maximum pixel value
stored in the max pix register. If it exceeds the register value,

- the max pix register is updated on the next clock cycle. At the

10
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30

end of the video line, max pix will contain the maximum value
over the entire portion of the line for which it was enabled. At
the beginning of the next video line, the value of the max pix
register is loaded into the max line register and the register is
reloaded with 80h. '

The line minimum detector 1022 works in an identical
manner except that the min line register will contain the
minimum pixel value for the previous line. The min pix value is
initialized to a value of 7Fh, which is the maximum possible pixel
value for an eight bit number in the two's complement format.

The output section 1024 will take the max line register
value and the min line register value, and store them in eight bit
latches that are updated once per line. Two gradients are then
calculated, namely the positive gradient and the negative
gradient. On the first line in a field where either of these
gradients is positive and greater than the programmable
threshold, an enable signal is generated which allows a first fine
register to be loaded with the current line count value. On every
line where either of the gradients is positive and exceeds the
programmable threshold, another enable signal is generated which
allows a last line register to be loaded with the current line
count value. In this manner the last line register will contain the
last line in the field where the threshold was exceeded. Both of
these enable signals are only allowed to occur between lines 24
and 250 in each field. This avoids false detections based on
closed captioning information and on VCR head switching
transients. At the beginning of every field, the circuit is
reinitialized, and the values in the first line and last line
registers are loaded into respective letterbox end registers. The
LTRBX_BEG and LTRBX_END signals mark the beginning and end
respectively of a letterbox signal. '
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FIGURE 9 illustrates an automatic letterbox detector as
part of-a vertical size control circuit 1030. The vertical size
control circuit comprises a letterbox detector 1032, a vertical
display control circuit 1032 and a 3-state output device 1034. In
accordance with an inventive arrangement, the automatic
letterbox detection circuit can automatically implement vertical
zoom or expansion as required, for example to expand a 4 X3
format display ratio signal which includes the 16 X9 format
display ratio letterbox display, or to expand other format display
ratio signals as detected. When the output signal VERTICAL SIZE
ADJ becomes active, the vertical deflection height is increased
by the ratio required to employ the desired vertical height,
typically the full vertical height. This enables the 16 X9 active
video portion of the letterbox portion of a 4 X3 signal, for
example, to fill a 16 X9 wide screen without image aspect ratio
distortion. Insofar as the display screen or the 'respective format
ratios may have other specific values, the user's selections can
define cropping or distortion particulars to display the scene as
desired.

The automatic letterbox detector may rely wholly on the
detection of active video lines, or additionally may comprise a
circuit for decoding a code word or signal carried by a letterbox
signal source which identifies the signal as letterbox format.
This enables the system to respond precisely to standardized
letterbox formats while preserving the ability to correct non-
standard sizes as well.

The system as described can display quite a number of
variations of multiple source or altered (cropped, expanded, etc.)
signal display. The programming of WSP uP 309 can include a
number of preset default arrangements wherein the system
displays combinations of signals or signals altered in the
manners described. Alternatively, or in addition, the user can
selectively format the display using on-screen programming
techniques or the like, as discussed for example with reference
to the selection of individual sources for display. Any or all of
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the muitiple sources can be provided in a particular aspect ratio
(including a letterbox format) that does not. involve active video
in the same aspect ratio as the area devoted to that source in the
display or the composite multiple source display. The WSP uP
5 309 can be arranged to make the same sort of expansion,
compression or other alterations necessary to provide the desired -
display for the respective source. This requires simply that the
lines of active video be sensed for each source and placed at the
display positions required to adaptively position the active video
10 in the display area.
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CLAIMS:

1. A video display control system, comprising:

a video display means having a first format display ratio;

means responsive to a video signal for identifying when
said video signal has a letterbox format in which a picture is
represented by an active video portion and upper and lower
regions bordering said picture are represented by substantially

-inactive video portions;

means for determining a format display ratio of said
picture when said letterbox format is identified;

means operable in a first mode of operation for enlarging
said picture in size to fill said display means substantially
entirely, notwithstanding consequent cropping of said picture,
and operable in a second mode of operation for enlarging said
picture in size to substantially fill said display means vertically,
notwithstanding consequent unused portions of said display
means; and,

means for selecting one of said first and second modes of
operation when said letterbox format is identified.

2. The system of claim 1, comprising means for centering
said picture on said display means in both of said mcdes .of
operation.

3. The system of claim 1, wherein said means responsive to
a video signal for identifying when said video signal has a
letterbox format comprises means for identifying the first and
last scan lines of said active video portion defining said picture,
from which a picture height can be determined, said format
display ratio of said letterbox format plcture bemg related to
said picture height.
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4. The system of claim 1, wherein said said picture is
enlarged in said first and second. modes of operation by
respective factors, each of said factors being related to said
format display ratio of said picture .

5. A video display control system, comprising:

a video display means having a first format display ratio;

means responsive to a video signal for identifying when
said video signal has a letterbox format in which a picture is
represented by an active video portion and upper and lower
regions bordering said picture are represented by substantially
inactive video portions;

means for determining a format display ratio of said
picture when said letterbox format is identified;

means operable when said letterbox format is identified for

enlarging said picture in size to fill said display means

substantially entirely, notwithstanding consequent horizontal
cropping at the sides of said picture.

6. The system of claim S, compnsmg means for vertlcally
centering said picture on said display means.

7. The system of claim 5, comprising means responsive to
at least one of said identifying means and said determining means
for controlling |mage aspect ratio distortion of said enlarged
picture.

8. The system of claim 5, wherein said picture eniarging
factor controls ‘at least one of vertical picture size, horizontal
picture size and image aspect ratio distortion. .
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9. A video display control system, comprising:

a video display means having a first format display ratio;

means responsive to a video signal for identifying when
said video signal has a letterbox format in which a picture is
represented by an active video portion and upper and lower
regions bordering said picture are represented by substantially
inactive video portions;

means for determining a format display ratio of said
picture when said letterbox format is identified;

means operable when said letterbox format is identified for
enlarging said picture in size to substantially fill said display

- means vertically, notwithstanding consequent unused portions of
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said display means.

10. The system of claim 9, comprising means for vertically
centering said picture on said display means.

11. The system of claim 9, comprising means responsive to
at least one of said identifying means and said determining means
for controlling image aspect ratio distortion of said enlarged
picture.

12. The system of claim 9, wherein said picture enlarging
factor controls at least one of vertical picture size, horizontal
picture size and image aspect ratio distortion.

13. A video display control system, comprising:

a video display means having a first format display ratio;

means responsive to a video signal having a second format
display ratio for identifying- when said video signal has a
letterbox format in which a picture having a third format display
ratio is represented by an active video portion and upper and
lower regions bordering said picture are represented by
substantially inactive video portions;
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means for determining said third format d|splay ratlo when
said letterbox format is identified;

means for enlarging said picture in size by a factor related
to said first and third format dlsplay ratios when said letterbox

5 format is identified; and,

means for controlling vertical centering of said eniarged
picture on said video display means in accordance with the
vertical asymmetry between said upper and lower regions.

10 14. The system of claim 13, wherein said means for
controlling centering of said picture comprises means for
identifying the first and last scan lines of said active video
portion defining said picture.

15 15. The system of claim 14, wherein said means for
controlling centering of said picture further comprises means
for determining a scan line vertically centered in said picture
from said identified first and last scan lines.

20 16. The system of claim 13, wherein said first format
display ratio is different from said second format display ratio.

17. The system of claim 13, wherein each of said first and

third format display ratios is greater than said second format
25 display ratio.
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"MANAGING LETTERBOX DISPLAYS

Abstract of the Disclosure

A video display control system, comprises a video display
having a first format display ratio. A picture height circuit
determines an active video picture height from an input video
signal having a second format display ratio. A detector circuit
identifies letterbox formats responsive to the active video
picture height in the video signal and determines a format display
ratio of the letterbox picture. A zoom control circuit is operable
in a first mode of operation for enlarging the picture in size to
fill the display substantially entirely, notwithstanding
consequent cropping of the picture, and operable in a second mode
of operation for enlarging the picture in size to substantially fill
the display vertically, notwithstanding consequent unused
portions of the display. A vertical pan control circuit
automatically centers the picture in both modes of operation. The
detector can identify the format display ratio of the letterbox
format picture a circuit responsive to the identified format
display ratio controls image aspect ratio distortion of the
enlarged picture. A deflection system is controllable in vertical
size by a variable vertical scan rate, in horizontal size by
variable horizontal video expansion and compression, and in pan
position by varying the vertical reset in phase.
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MANAGING LETTERBOX DISPLAYS

‘Abstract of the Disclosure

A video display control system, comprises a video display
having a first format display ratio. A picture height circuit
determines an active video picture height from an input video
signal having a second format display ratio. A detector circuit
identifies letterbox formats responsive to the active video -
picture height in the video signal and determines a format display
ratio of the letterbox picture. A zoom control circuit is operable
in a first mode of operation for enlarging the picture in size to
fill the display substantially entirely, notwithstanding
consequent cropping of the picture, and operable in a second mode

. of operation for enlarging the picture in size to substantially fill
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the display vertically, notwithstanding consequeht unused
portions of the display. A vertical pan control circuit
automatically centers the picture in both modes of operation. The
detector can identify the format display ratio of the letterbox
format picture a circuit responsive to the identified format
display ratio controls image aspect ratio distortion of the
enlarged picture. A deflection system is controllable in vertical
size by a variable vertical scan rate, in horizontal size by
variable horizontal video expansion and compression, and in pan
position by varying the v_ert'ical' reset in phase.
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