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find the - particular, to such televisions having a w%e isplay oerat ratio

5 screen. Most televisions today have a format display ratio,
horizontal width to vertical height, of 4:3. A wide format display
ratio corresponds more closely to the display format ratio of _
movies, for example 16:9. The invention is applicable to both direct
view televisions and projection televisions.

10 Televisions having a format display ratio of 4:3, often referred
to as 4 X 3, are limited in the ways that single and multiple video
signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
broadcast with a 4 X3 format display ratio. Many viewers find the

15 4 X 3 display format less pleasing than the wider format display
ratio associated with the movies. Televisions with a wide format:
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not

20 cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.

Televisions with a wide display format ratio are also suited to
) a wide variety of displays for both conventional and wide display

25 format signals, as well as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching

30 between multiple sources to generate multiple picture displays, and
providing high resolution pictures from compressed data signals are

' general categories of such problems. Such problems are solved in a

- wide screen television according to this invention. A wide screen’

--t_élev_isi'on according to the various aspects of this invention is

a5 capable of providing: high resolution, single and multiple picture

displays, from single and multiple asynchronous sources having
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15 4 X 3 display format |ess pleasing than the wi der fornat display ratio
asSociated with the novies. Televisions with a wide fornat di R]@l@ysa; Q@qo
provi de not only a nore pleasing display, but are capabl e of dlsplaylng

w de dlsplay format signal sources i n2a correspondi ng w de di splay format.
Movies "l ook” |ike movies, not 20 cropped or distorted versions thereof.
The vi deo.-source need not be cropped, either when converted fromfilmto
video, for exanple with a telecine device, or by processors in the
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a wde varie ays f conventional and w de di splay
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di spl ayeds soratiesof swdee hprogluction varies wud If an aspect ratio greater
than 4 x 3 is used for video product|on_, an aspect ratio conversion
‘must be performed before display on a consumer television or
picture distortion will occur. One method of aspect ratio conversion
is known as letterboxing. Letterboxing maintains more (or all) of

10 the horizontal information, at the expense of the number of

~ displayed lines in each field. A video source produced in the 16 x 9
format would contain 181 lines of video each field when converted
to a 4 x 3 letterbox format. The extra lines that are not used in each
field can be set to a flat field black (or gray) level. Higher aspect

15 ratio sources would contain proportionally fewer lines per field.

| A wide screen television, as described herein for example, can
have a format display ratio of 16 x 9. This provides an opportunity
to display signals in the letterbox format with greater flexibility.
Letterbox signals that were originally produced in the 16 x 9 aspect

20 ratio may be zoomed, that is expanded, vertically to fill the screen,
with no loss of horizontal information or distortion. An automatic
letterbox detector can be based on the assumption that the video
signal will have no active video, that is, a substantially. constant

’ luminance value not higher than a threshold value. Alternatively,

25 letterbox detection can be accomplished by calculating two
gradients for each line in the video field. 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,

30 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 ne'gative values depending on scene content, but the
negative values of both gradients may be ignored. If either gradient
has a positive value which exceeds a programmable threshold, video

35 is considered to be present on either the current line or on the
_previous line. These register values can be used by a microprocessor -
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30 between nmultiple sources to generate nmultiple picture displays, and
pr6vi di ng ‘hi gh resol ution-pictures from conpressed data si gnaREArE6,468er al
categories of such problenms. Such prollems are solved in a w de screen
tel evi sion according to this invention.. A wide screen television according
to the various aspects of this invention is 35 capable of providing high
resolution, single and nmultiple picture displays, fromsingle and nultiple
asynchronous sources having . 2 simlar or different format ratios, and
with sel ect a0l eakem deteoninatiomtofowhethebar et theqvides: sauees isuin dhe| v

aval | ?blj?stp ﬂe@ta?sawérrﬁave nf petaincthap! anefmitive, Ohot udtratler avstHehe
drawmgs the automatic letterbox detector may comprise a circuit
for decoding a code word or signal carried by a letterbox signal
5 source which identifies the signal as letterbox format.
An automatic letterbox detector can form part of a vertical
size control circuit. The vertical size control circuit comprises a.
letterbox detector and a vertical display control circuit. The
vertical blanking and vertical reset pulses can be transmitted as
10 separate signals or as a single three level signal. The automatic
~ letterbox detection circuit can automatically implement vertical
zoom or expansion of the 4 x 3 format display ratio signal which
includes the 16 x 9 format display ratio letterbox display. When the
output signal becomes active, the vertical deflection height is
15 increased by 4/3, which enables the active video portion of the
letterbox signal to fill the wide screen without image aspect ratio
distortion. .
The vertical display control circuit also controls which part of
the overscanned raster will be displayed on the screen, a feature
20 referred to as vertical panning. If the vertically overscanned video
signal is not in letterbox format, the conventional display format
picture can be zoomed, that is expanded, to simulate a wide screen
format. In this case, however, the portions of the picture cropped by
the 4/3 vertical overscan will contain active video information. It
’ " 25 is necessary to vertically crop 1/3 of the picture. Absent further
‘controls, the top 1/g and bottom 1/g will always be cropped.
However, picture content may dictate that more of the top than the
bottom of the picture is better cropped, or vice versa. If all action
is at ground level, for example, a viewer might prefer to crop more
3o sky. A vertical panning capacity enables a choice as to which part of -
the zoomed picture will be shown and which part will be cropped.
This is accomplished in the wide screen processor by the generation
of a vertical reset pulse that is delayed by a variable amount from
the leading edge of a processed vertical synchronizing pulse,
3s referred to as Vsync.. This vertical reset pulse is then used by the
chassis to initiate a vertical retrace. Since the video output of the
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5 ratio of video production varies widely. If an aspect ratio greater than.
4 %53 is used for video production, an aspect ratio conversi oRGAIHE,A63
performed before display on a consuney television or picture distortion

wi Il occur. One nethod of aspect ratio conversion is known as |etterboxing.
Letter boxi ng mai ntains nore (or all) of 10 the horizontal information, at
the expense of the nunber of displayed lines in each field. A video source
produced in the 16 x 9 format would contain 181 |ines of video each field
when conver twileé scareénxpBodessorr sonotodelayedTha ertical Ipanniinghfeatire mey

used in each.fi nnheyset fhat i : ek . adilj gher
aspect 15 rg%,@“%g%&g %@%a @8&”51‘%1 B'{déﬁgglta?@ﬁgﬁfggé.g%a?y?’lldr@g’%e?%g
field ‘A w deedioaleresell ulse odelays descri bed herein for exanple, can have

a format display Rayieptidl téset %e_nﬂ?hﬁngr eicditScan epRprisaid Witleodiiap! ay
signals in the letterhQox format "W thh gr€ater flexibility. Letterbox sigpals
that wer& or FRURN ?ngr%@@@(ﬁat‘)ﬁ-thﬂ‘e?énRut? &%p‘é‘?:’f‘parato¥ are’ thé _oufi)ui of
- the line counter and a delay setting in terms of video lines, which
corresponds to a desired pan value. If it is desired to pan the video
up (which can also be thought of as scrolling the video down) by a
slight amount (for example, 4-5 lines), the vertical reset pulse is

10 actually delayed from vertical sync by 262.5 lines (the number of
lines per field in an inte_rlaCed NTSC system) less the pan value.

This difference is the delay setting, or delay value. Whenever the
output of the counter matches the delay setting, a start reset signal
~ can be generated. - _

15 One problem that is encountered when vertical panning is used.
occurs during special effects mode of VCR playback. In fast forward
mode of a VCR, due to the non-standard nature of the linear tape
spéed', the number of lines in a field decreases by a number which is
dependent on recording mode (SP, LP or SLP) and the linear tape

20 speed. A nominal number of lines per field contained in fast forward
mode of VCR playback (SP mode) for this discussion is assumed to be’
253.5 lines. If the desired panning value is down by 5 lines, the
delay setting would be 262.5 lines - 5 lines = 257.5 lines. However,

_ a new Vsync occurs every 253.5 lines, resetting the line counter.
’ 25 During this mode, a vertical reset will not occur because the counter
| will be continually reset without ever reaching the desired delay
value, causing a collapse of the vertical raster and possible tube
damage. '
~ This problem is overcome in a video display control system

30 according to the inventive features disclosed herein. Such a video
display control system, comprises: ‘means for displaying a video
signal; means for generating from the video signal a picture having
a vertical height greater than the display means; a vertical panning
circuit for displaying a selected portion of the picture on the display

35 means by generating a timing interval for delaying vertical reset
pulses in phase relative to a vertical synchronizing component of the
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20 ratio may be zooned, that is expanded, vertically to fill the screen,
Wit no loss of horizontal information or distortion. An aut ogQRtd Ga san

| etterbox detector can be based on the assunption that the 'vﬁg@ g‘gﬁigt'

wi | ] have no active video, that i's, absubstantially constant |um nance

val e not higher than a threshold value. Alternatively, 25 |etterbox
detection can be acconplished by calculating two gradients for each line in
the video field. The first gradient, designated the positive gradient, is

e mum var JA98p. Sier Anh: MOaHE 13 °fr@hﬁ%g?éévéﬁltﬁ/eafeg%ﬂé@”hé?%e
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gradi ents may podTii ve or i ve val ues on scene content,
but the nega$eaandangge of %@'ﬁittﬁfhdv Vertical esé) PgdmtﬁfV $tPEFuUr no

gradi ent shasgigoReeiih! deratidr'ehahi e Qﬁﬁﬁ@ﬁn@rvapgrﬁﬁﬁ&bhaséhdemdﬂ regetieo
pulses are initiated responsive to the vertical synchronizing
component during the first mode of operation and responsive to
counting means the during the second mode of operation. |
In an illustrated embodiment, a circuit responsive to a counter

10 and a comparator generates a first signal for initiating delayed

' ‘reset pulses when a field of the video signal and the time delay
match in duration. Another circuit generates a second signal for
initiating the delayed reset pulses in responsive to the vertical
synchronizing component. A gating circuit selects the first '

15 initiating signal as an output, if present, and selects the second
initiating signal as an output absent detection of the first initiating -
signal. A further counter generates the delayed vertical reset

- pulses responsive to the output selected by the gating circuit.

, FIGURES 1(a)-1(i) are useful for explaining different dlsplay

20 formats of a wide screen television.

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

) _ FIGURE 3 is a block dlagram of the wide screen processor

25.  shown in FIGURE 2.

FIGURE 4 is a block diagram showing further details of the
wide screen processor shown in FIGURE 3.

FIGURE 5 is a block diagram of the picture-in- plcture
processor shown in FIGURE 4. _

30 FIGURE 6 is a block diagram of the gate array shown in
FIGURE 4 and illustrating the main, auxiliary and output signal
paths.

FIGURES 7 and 8 are timing diagrams useful for explaining the
generation of the display format shown in FIGURE 1(d), using fully

35 cropped signals.
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35 _is considered to be present on either the current line or on the
previ ous |ine. These register values can be used by a m cropr 62As86,463 3
to make a determinati on of whether or got the video source is in the

| etterbox format. In yet another alternative, not illustrated in the
drawi ngs, the automatic |etterbox detector may conprise a circuit for
decodi ng a code word or signal carried by a |letterbox signal 5 source
which identifies the signal as letterbox format. An autonmatic |etterbox
detector. can for mR@URGET 9aisvar block diagrem @fta otireuit dor gerkratingr thecal

size control uﬁbrrﬁﬂl tofe0 r@eﬁ, the egff_lefg)@f d%%%Pq,pd a vertical display
control cireult. FT&PUIE‘E bCIS abl:gpn gtl Ioc[(t c#gusftdlgull'asrgsf Cratnh pe
transmitted as g or the
deflection circuit shown in FIGURE 2. ,
5 FIGURE 11 is a block diagram of the RGB interface shown in
- FIGURE 2.

FIGURE 12 is a block diagram of a vertical snze control circuit
including an automatic letterbox detector.

FIGURE 13 is a timing diagram useful for explaining

10 implementation of vertical panning.

FIGURES 14(a)-14(c) are diagrams of dlsplay formats useful
for explaining the timing diagram of FIGURE 13.

FIGURE 15 is a block dlagram of a vertical reset generation
circuit.

15 The various parts of FIGURE 1 illustrate some, but not all of
the various combinations of single and muitiple picture display
formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide

20 screen televisions according to the inventive ‘arrangements. For
purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or

’ 25 signal is generally deemed to be 16 X 9. The inventive
' arrangements are not limited by these definitions.

FIGURE 1(a) illustrates a television, direct view or projection,
having a conventional format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X 3 format

30 display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it will fill

as the vertical extent of a viewing surface of 4 X 3 format display.
However, much information will be cropped from the left and/or
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10 separate signals or as a single three | evel signal. The automatic

| ettver box detection circuit can automatically inplement verti BQA B&468r
expansion of the 4 x 3 format displayoratio signal which includes the 16-x
9 format display ratio |letterbox display. Wien the output signal  becones
actirve, the vertical deflection height is 15 increased by 4/3, which
enabl es the active video portion of the letterbox signal to fill the w de
screen without inmage aspect ratio distortion. The vertical display control
circuit al sorigbhtsides. wsa garthess alteenative.s thenletterbex cpiolure aan be

di spl ayed onekhange8e9BrticallPBUr MotOhorRERMANY. Whérebyethbe fbsitig no. I f

the vertically. overscanne de lgnal .1s not in |lettérbox fornmat,, the
Convent | onal PIRUIS Tl SMRRNGH Qi tom, bye vestsali eInGRTIoR. o Nanacar the
simul ate a wihtees@ltermativiesatis partibukarbasappéaliager, the portions of the

picture oropped biEifEA! JPdHoWE £ X bdlobh. CR! 6 X §Hdrifat’ biliay
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can
- be progressively scanned by line doubling or line addition, so as to

10 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 whether the main source, the |
auxiliary source or an external RGB source.

 FIGURE 1(c) illustrates a 16 X 9 format display ratio main

15 signal in which a 4 X3 format display ratio inset picture is
displayed. |f both the main and auxiliary video signals are 16 X 9
format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset picture can be displayed in
many different positions. - .

20 FIGURE 1(d) illustrates a display format, wherein the main and
.auxiliary' video signals are displayed with the same size picture.
Each display area has an format display ratio of 8 X9, which is of
course different from both 16 X9 and 4 X 3. In order to show a
4 X 3 format display ratio source in such a display area, without

’ 25 horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
elongation of objects in the picture. The wide screen television

30 according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.

Data sampling limitations in the auxiliary video signal
processing path complicate the generation of a high resolution

35 picture which is as large in size as the display from the main video

I —
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25 is necessary to vertically crop 1/3 of the pi cture. Absent further
controls, the top 1/6 and bottom 1/6 will always be cropped. R®Av86,463
pjcture'content may dictate that nore gof the top than the bottom of the
picture is better cropped, or vice versa. If all action is at ground |evel,
for *exanple, a viewer mght prefer to crop nore 30 sky. A vertical panning
capacity enables a choice as to which part of the zooned picture will be
shown and whi ch part will be cropped. This is acconpllshed in the wde
screen proce§ighalpy awtgsemetmc@ncan bedeveloped: iereovprearsinghdhese

del ayed by acymippeationsunt fromthe |eading edge of a processed vertical

?Z”?Eéﬁ”hégﬁgbﬁ“'t RIGHHEES Gef os: A Hisniay JoHa; wheTeia: AndeX 2 SDRBB  he
vi deo out put didplaperatio picture is displayed in the center of a 16 X9 format
5 display ratio screen. Dark bars are evident on the right and left
sides. | | - _
- FIGURE 1(f) illustrates a display format wherein one large
4 X3 format display ratio picture and three smaller 4 X3 format
display ratio pictures are displayed simultaneously. A smaliler
10 picture outside the perimeter of the large picture is sometimes
| referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
the wide screen television is provided with two tuners, either both
15 internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
. movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
20 auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
FIGURE 1(h) illustrates an alternative wherein the 4 X3
, 25 format display ratio picture is centered, and six smaller 4 X 3
format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
. pictures. The remaining eleven pictures will be in freeze frame
30 format.
FIGURE 1(i) shows a dlsplay format havmg a grid of twelve
4 X 3 format display ratio pictures. Such a display format is
particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As
35 before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths. B
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4 wide screen processor is not delayed, a vertical panning feature nmay be
created by the appropriate manipul ation of vertical bl anking ﬁgd §§£t|gal
reset pul se delay. A vertical reset generating circuit can co H$ 46¢i deo
line 5 counter and conparator. The i8puts to conparator are the output of
the*line counter and a delay setting in terms of video-lines, which
corresponds to a desired pan value. If it is desired to pan the video up
(which can al so be thought of as scrolling the video down) by a slight

i tica t. i agtual |y
el ayed fromvert |8 affolis 1BTinats Shotwh it FIGURE, 174k IiStdye 8l ¥,
an interl ace’@Pﬁ\ﬂ‘Q@l‘t'@Qst%’ﬁﬁ ¢a1 be Heplgmentede byTwide dserear: televisionse del ay

setting, or sidws Malthe. reMantrg’ didWings Bwd %sbhﬁgﬂoiﬁ“d‘étaﬂabéﬂﬁﬁ. the
delay setting, a ghaplelaP Hock Hagrsd oF & Wide: soceen television in
5 accordance with inventive arrangements, and adapted to operate
~ with 2fy 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, a 1fy to 2fy converter 40, a deflection
10 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 of such circuits relative
15 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
and auxiliary video signals. An RF switch 204 has two antenna
20 inputs ANT1 and ANT 2. 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
, 202, which performs a number of functions related to tuning,
2s . horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA7730. 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
30 video inputs to video switch 200 are designated AUX1 and AUX 2.
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
35 input to wide screen processor 30. - |
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15 One problemthat is encountered when vertical panning is used
occurs during special effects node of VCR playback. In fast f&GAr86MaR: of
a VCR, due to the non-standard nature%gf the linear tape speed, the nunber
of |[ines in a field decreases by a nunber which is dependent on recording
node (SP, LP or SLP) and the linear tape 20 speed. A nom nal nunber of
lines per field contained in fast forward node of VCR playback (SP node)

val ue 15 down by Jithriiham estaeeags J6; HIAYRB a4 apewieh, SWT il Srephes
i e count b PIOSEEERIeSclesi O TV b SRR EWAICHED VIDEO e 85 4 1
| e count er oo G BT del el whibh./Scan 556k o anV /6 Serdat 1E°
del ay val ue, Téwu¥/Ggdecodét 21<e nudy tiee implaémented ast an adaptive ding eomibe
damage. THi s PPl §0d SuRKe? HEBo' Bodredd ¥ UntP'SY £18"hIsY ifpals® the
Y/C decoder 210. Each of S1 and S2 represent 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
10 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
15. 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, 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 eq'uivaleht
20 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
’ 25 switch SW2 selects between the TV2 and SWITCHED VIDEO signals
' as an input to a 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
30 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
35 auxiliary signal path. The selected luminance output is designated

Y_A. Signal designations including _A, _AX and _AUX refer to the
e
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30 according to the inventive features disclosed herein.. Such a video

di spl ay control system conprises: neans for displaying a vi dRC&ig881463
means for generating fromthe video ii1gnal a picture having a verti cal
hei ght greater than the display neans; a vertical panning circuit for

di spl aying a selected portion of the picture on the display 35 neans by
generating.a timng interval for delaying vertical reset pulses in phase
relative to a vertical synchronizing.conponent of the 5 vi deo. signal ;
and, neans fauxijanersighal pathb. déﬂwesaleeteld chromisanceuisseenvertedngp a first
node of oper I can Oyl ;L er 0fC A Nai
duration Phaﬁél?ﬁ%%%é@sﬁg erva? A ghg \S,E'c%ondmsv K Y ﬁhé}id(v '{\/\/:E-:!ﬂnals
vertical scad® @nv,qrtgq%gps ggqulrfqma for further sngnal processmg The

arrangement of video signal source switching in the main and
5 auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different plcture display
formats.
A composite synchronizing signal COMP SYNC, corresponding to
_ Y_M is provided by the wide screen processor to a sync separator
10 212. 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
15 VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
20 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
) 25 signals, for example one 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, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
30 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 as Y_2fH4, U_2f4 and
V_2fy signals is supplied to the RGB interface 60.
35 The RGB interface 60, shown in more detail in FIGURE 11,
enables selection of the converted video data or external RGB video
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5 shorter in duration than the timng interval. The phase del ayed reset
pul’'ses are initiated responsive to the vertical synchronizing 86463
during the first node of operation andoresponsive to counting neans the
durj ng the second node of operation. In an illustrated enbodi ment, a
cireuit responsive to a counter 10 and a conparator generates a first
signal. for initiating del ayed reset pul ses when a field of the video: signal’

and the tine del [ a n. Another circuit ge ates a sec
lgnal tor | RBER 207 SOy Bt Hiayidea SoRalS ot SpeiaBng e extemel HOB
verti cal Syn‘éh:jrf-él' & '&e?ﬁé@olb?'hie a Avidet forenat displaysﬁtﬁ?@gﬁéleaﬂatﬁéd 1f'6r
initiating si,gnal _as an o resent and sel ects tPsqfs ’PQ{’]

t ng

initiating sFyHaPCERNKQ- oﬁﬁ%tv% SYRGNLQpIZiig Sfompanen
signal . A fusignal isosupphegetoertheelGBnaanaqeoby/etheu widle rsareenppreeassor

éfzpﬁgz}:ﬁ ggrtlgﬂ;l arning di ?@ Qﬂ m@ %‘tsbigbtéar\géi‘tfcal Fs'yﬁd% Bﬁ)f\’/ l’gd)
to be avallable to the deflectlon cnrcuut 50. Operatlon 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
10 a signal, can result in vertical collapse of the raster, and damage to
the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order
to override the selection of a non-existent external RGB input. The
WSP microprocessor 340 also supplies color and tint controls for
15 the external RGB signal. |
The wide screen processor 30 comprises a picture in picture
processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
20 video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is’
responsive to the TV microprocessor 216 over a serial bus. The
’ 25 serial bus includes four signal lines, 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
30 blanking signal is supplied by the video signal mput section to the
RGB interface.
The deflection circuit 50, shown in more detail in FIGURE 10,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface
35 60 and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
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20 formats of a wide screen television. FIGURE 2 is a block diagramof a
wi de screen television in accordance with aspects of this i ni@GA 86,468
adapted for operation at 2fH hori zon]i gl scanning.  FIGURE 3 is a bl ock

di agram of the wi de screen processor 25 shown in FIGURE 2. FIGURE 4 is a
bl oek di agram showi ng further details of the wi de screen processor shown in
FIGURE 3. FIGURE 5 is a block diagramof the picture-in-picture processor
shown in FIGURE 4. 30 FIGURE 6 is a block diagram of the gate array
shown i n Fl Ggrtical ssidei adjustmeantnancheastiwestpinl adjustmrehtout phe si gnal

Ganorati on QISR o réi“'? 30 raPefipe n2 bR o 4 ef&’?l‘ﬁb”wgyg‘?fee"
stinted

processor he 1fy to 2f4 converter 40 and the YUV
converter 240.
5 Operating voitages for the entire wide screen television are

generated by a power supply 70 which can be energized by an AC
mains supply.

The wide screen processor 30 is shown in more detail in
FIGURE 3. The principal components of the wide screen processor

10 are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen processor microprocéssor 340 and.a wide screen output
encoder 227. Further details of the wide screen processor are
shown in FIGURE 4. A picture-in-picture processor 320, which

15 forms a significant part of the PIP circuit 301, is shown in more
detail in FIGURE 5. The gate array 300 is shown in more detail in

. FIGURE 6. A number of the components shown in FIGURE 3 have
already been described in detail.

The second tuner 208 has associated therewith an IF stage 224

20 and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP uP 340. The WSP uP 340 comprises an -
input output 1/O section 340A and an analog output section 340B.
The I/O section 340A provides tint and color control signals, the

: INT/EXT signal for selecting the external RGB video source and
) 25 control signals for the switches SW1 through SW6. The /O section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog
output section 340B provides control signals for vertical size, east-
~ west adjust and horizontal phase, through respective interface

30 circuits 254, 256 and 258.

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 of those shown in
the different parts of FIGURE 1. Clock information for the gate array

35 is provided by phase locked loop 374, which operates in conjunction

- with low pass filter 376. The main video signal is supplied to the
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35 cropped signals. 6 FIGURE 9 is a bl ock dlagran1of acircuit for :
generating the internal 2fH signal in the 1fH to 2fH conversi GCAF881483 10
is a conbination block and circuit dijgagram for the deflection circuit shown.
in FIGURE 2. 5 FIGURE 11 is a block diagramof the RG@ interface
shown in FIGURE 2. FIGURE 12 is a block diagramof a vertical size contro
circuit including an automatic letterbox detector. FIGURE 13 is a timng

di agram usef ul, for explaining 10, inplenentation Qf vertjcal panning.
wide screen processor in analog form, and Y U V format, as signals

designated Y_M, U_M and V_M. These main signals are converted
from analog to digital form by analog to digital converters 342 and
346, shown in more detail in FIGURE 4. |
5 - 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, which is
approximately 16 MHz. A single analog to digital converter and an
10 analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide |. The select line UV_MUX for the analog switch, or multiplexer
- 344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
15 signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
20 streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
clock gating information from the main signal processing path 304
must be similarly delayed. Were the clock gating information not
) 25 delayed, the UV data will not be correctly paired when deleted. This
is important because each UV pair represents one vector. A U
element from one vector cannot be paired with a V element from .
another vector without causing a color shift. Instead, a V sample
from a previous pair will be deleted along with the current U sample.
30 This method of UV multiplexing is referred to as 2:1:1, as there are
two luminance samples for every pair of color component (U, V)
samples. The Nyquist frequency for both U and V is effectively
reduced to one half of the luminance Nyquist frequency. Accordingly,
the Nyquist frequency of the output of the analog to digital
35 converter for the luminance component is 8 MHz, whereas the
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FI GURES 14(a)-14(c) are di agrans of di splay formats useful for expl ai ni ng

thé;timng diagramof FIGURE 13. FIGURE 15 is a bl ock diagra
reset generation circuit. 15 -The various parts of FIGUR

REA B30

some, but not all of the various conbBnations of single and nultiple
picture display formats which can be inplenented according to different

I nventive arrangenents. Those selected for illustration are
facilitate the description of particular circuits conprising
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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 invdl_ving different numbers
of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP puP
340 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
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

20

25

30

35

the gate array control the data manipulation of both the main and
auxiliary signals, including the combination thereof inte 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 360, 362 and 364. The analog form signals, designated Y,
U and V, are supplied to the 1fy to 2fy converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the
gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.
Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing
signal for the wide screen panel output. |

Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 9. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voltage controlled

“oscillator 232, divider 234 and capacitor 236. The voltage

controlled oscillator 232 operates at 32fy, responsive to a ceramic
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arrangenments are not limted by these definitions. FIGURE 1(a) illustrates
a tel evision, direct view or projection, having a conventi ondRCiPoB86e463
display ratio of 4 X 3. Wen a 16 X pgformat display ratio picture is
transmtted, as a 4 X 3 format 30 display ratio signal, black bars appear
at the top-and ' at the bottom This is commonly referred to as letterbox
format. In this instance, the viewed picture is rather small with respect
to the entire available display area. Alternatively, the 16 X 9 fornmat

di spl ay r at iresepatere orstheodiker 238. prThe output .0k the svoliage cantzelied wi | |
owever, QR BIBBY 6, %2 e phagap i peost tfedichiy dBtor°p!
input signal to phase comparator 2% mLI'51e output of the divider 234
is a 1f4 REF timing signal. The 32fy REF and 1f4 REF timing signals
5 are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
signal assures that the divider operates synchronously with the
~ phase locked loop of the video signals input section. Pulse width
© circuit 402 assures that a 2fy-REF signal will have an adequate
10 pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2f4 voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing signal, which is used for driving the
15 progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
.comparator 404 is useful for assuring that each 2fy scanning period
is symmetric within each 1fy period of the input signal. Otherwise,
20 the display may exhibit a raster split, for example, wherein half of
the video lines are shifted to the right and half of the video lines are
shifted to the left. | | |
The deflection circuit 50 is shown in more detail in FIGURE 10.
A circuit 500 is provided for adjusting the vertical size of the
) 25 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 quantity of current IRamp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parallel
30 with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current Igamp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
35 expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
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ri.ght sides. As a further alternative, the |letterbox picture can be
expanded vertically but not horizontally, whereby the resulti R&Ai86.468

wi || evidence distortion by vertical 4gt ongation. None of the three -
alternatives is particularly appealing. 5 FIGURE 1(b) shows a 16 X9
screen. A 16 X 9 format display ratio video source would be fully '

di spl ayed, wi thout cropping and without distortion. A 16 X 9 format display
ratio | etterbox 8j cture, which is itself in a4 X3 format display ratio

signal, can 38 fdlustakle wurtenicsauHEce 308 divedsuBl vagable |ameuat Pt i on, so
o sl STESLNGY o b 0 mEnetieerympecipeshor gl hages
16 X 9 f or e ouPS oY afd o A srallarbrak valler YatgRle crant SR9%8 ar y
source or anS5@&t isr meSpoERiveoto ca. véitiodREsize( agjust! signadt dor exHinpld anmat
T ePLY ! andRig 18y éReratBd" by  Vefticarsfd UdMirol HEURY 10T SHAH!
in FIGURE 12. 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
10 proper magnitude. Horizontal deflection is provided by phase
adjusting circuit 518, East-West pin correction circuit 514, a 2fy
phase locked loop 520 and horizontal output circuit 516.
The.  RGB interface circuit 60 is shown in more detailed in
FIGURE 11. The signal which is to be ultimately displayed will be
15 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. The external
RGB signals and a composite blanking signal from the video signals
20 input section 20 are inputs to an RGB to Y U V converter 610. The
external 2f4 composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by
switch 608. Selection of the horizontal synchronizing signal is
’ 25 im'_plemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a
user selection. However, if a user inadvertently selects an external
30 RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will collapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of such a signal, a _
35 switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
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di splayed. If both the main and auxiliary video signals are 16 X 9 format
di splay ratio sources, the inset picture can also have a 16 F&:éobg%

di splay ratio. The inset picture can be displayed in many dif 63
positions. 20 FIGURE 1(d) illusBrates a display format, wherein the
main and auxiliary video signals are displayed with the sane si ze picture.
Each display area has an format display ratio of 8 X 9, which is of course
different fromboth 16 X 9 and 4 X 3. In order to showa 4 X 3 fornat

CLePLaY, "8t g RS Mol AL s BRE T B 4BV DN ‘ERTERler B 1p,
si des. Mre alsa irecpivesutiat camd beolehaventrol sigrialssfromothenWSPf uPor&ﬂ.Qaspect
o | Sont o suca: GUERIEh OOUC AR S Iifot Slei et Bl
pi cture. TheWiflesaseendrocessor ﬁooﬁh@dnaldfblﬂ@&&ﬁtaa tihe |_rAethﬁoﬁn§a\LA
prOV' de any Gign#l6 &Fe&Rn NApaldo the picture in picture processor 320, which
can include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are
10 generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
15 5. The principal components of the picture-in-picture processor are
- an analog-to-digital converter section 322, an input section 324, a
" fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330.
- The picture-in-picture processor 320 may be embodled as an
20 improved variation of a basic CPIP chip developed by Thomson
Consumer Electronics, Inc. The basic CPIP chip is described more
fully in a publication entitled The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer "
) - Electronics, Inc., Indianapolis, Indiana. A number of special features
25 or special effects are possible, the following being illustrative. The
basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
30 speaking, the audio signal is switched to always correspbnd to the
big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions. A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some point,
35 for example the display format shown in FIGURE 1(d), the large and
small pictures are in fact the same size.
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aspect ratio distortion from maxi mum cropping with no aspect ratio

di stortion to no croppi ng with maxi mum aspect ratio distorti (RCAB6463
sanpling limtations in the auxili ar?f vi deo signal processing path
conplicate the generation of a high solutlon 35 picture which is .as |arge
in size as the display fromthe main vi-deo 8 signal. Various nethods can
be devel oped for overcom ng these conplications. FIGURE 1(e) is a display
format wherein a 4 X 3 format display ratio picture is displayed in the
center of a 16 X B Bosingle Pictlirepmode, afor cexamplen thakishobar $n FIGURESNt on

the right anfi)eiiiefifte$if) a user can zoom in on the content of the single
picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
the zoom mode a user may search or pan through the picture content

5 enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame .

10 repetition rate can be changed from thirty frames per second to zero
frames per second.

The picture-in-picture processor used in the wide screen
television according to another inventive arrangement differs from

_ the present configuration of the basic CPIP chip described above. If

15 the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures

“would exhibit aspect ratio distortion, due to the effective 4/3 times
horizontal expansion resulting from scanning across the wider
16 X 9 screen. Objects in the picture would be horizontally.

20 elongated. If an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture would not fill the
entire screen. .

Existing picture-in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a
’ 25 particular fashion having certain undesirable consequences. The
' ' incoming video is sampled with a 640fy clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect to the incoming auxiliary

30 video source. This is a fundamental limitation on the basic CPIP

' method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the vidleo RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When

35 data from the video RAM, such as video RAM 350, is displayed, the
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FlI GURE 1(f) |IIustrates a display format wherein one large 4 X 3 format
display ratio picture and three smaller 4 X 3 format displ ay RCA08BI4B3Ir es
are di spl ayed sinultaneously. A smal I%¢ 10 picture outside the perineter
of the large picture is sonetines refefred to as.a POP, that is a

pi ctur e-out si de-picture, rather than a PIP, a picture-in-picture. The terns
PIP or picture-in-picture are used herein for both display formats. In

t hose circunstances where the wi de screen television is provided with two
tuners, _ei t hekebotdrrdrs aret seenl asrramdom njitten along dvericat edges| of the

exampl e i 0 a0idg BAASEHS abRERINF lorilelld 'diftd SHbBNBRaBIE! Ur es can

di spl ay nove he remai ni ng
pi ctures can be did8 eﬂ'@ﬂlr%lWP@H@fP@ﬂ?Wr’rﬁ? , 1 acepndingetapdn eci at ed

that the addigyemieé dranbemerinang amtke bt baskl CHIP e, isadateBator
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selectable display modes. In this mode of operation, the pictures
are compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
10 pictures are squeezed horizontally. ‘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 screen, the pictures appear
correct. The picture filis the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
15 aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry.
In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
20 from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
, 25 the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
-switched at seemingly random moments in time. Therefore the
~sample clock (and read/write video RAM clock) is determined by the
30 free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.
| Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog form
35 can be re-encoded into Y/C components by encode circuit 366, which
'operates in conjunction with a 3.58 MHz oscillator 380. This
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on the one hand, and the three small pictures on the other hand can be
swi'tched in position, as shown in FIGURE 1(g). FIGURE 1(h) |I @&igﬁqan
alternative wherein the 4 X 3 25 format display ratio plcture I's céntered,
and six smaller 4 X 3 format display2iatio pictures are displayed in
vertical colums on either side. As in the previ ously described format, a
w de screen television provided with two tuners can provide two noving

pi ctures. The remsu ning el even pictures will be in freeze frane 30 format.

FIGURE 1(i) @Néﬂ%@ni%ﬁ? ba% &ed td! aon/C“@Jgﬂﬁ%h“ not3showha!
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5 and vertical timing in the rest of the chassis. This mode of
~ operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main
signal path.
' With further reference to FIGURE 5, the picture-in-picture
10 processor 320 comprises analog to digital converting section 322,
‘input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
_ digitizes the video signal into luminance (Y) and color difference
15 signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memory capacity of
"1 megabit, which is not large enough to store a full field of video
‘data with 8-bit samples. Increased memory capacity tends to be
20 expensive and can require more'comp_lex management circuitry. The
" smaller number of bits per sample in the auxiliary channel
‘represents a reduction in quantization~re'solution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
’ | throughout. This effective reduction of bandwidth is not usually a
2s problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution
processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
30 bandwidth of the auxiliary video data. A number of data reduction
and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstiream of the
video RAM 350, for example in the auxiliary signal path of the gate
35 array, as explained in more detail below. Moreover, different
dithering and dedithering sequences involving different numbers of
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9 The various formats shown in FIGURE 1 are illustrative, and not limting,
andscan be inplenmented by w de screen tel evi sions shown in thchqu;neag
drawi ngs and described in detail An overal |l bl ock dlagran1for a wde
screen television in 5 accordance i nventive arrangenents, and adapted
to eperate with 2fH horizontal scanning, is shown in FIGURE 2 and generally
desi gnated 10. The television 10 generally conprises a video signals input
section 20, a chassis or TV mcroprocessor 216, a wi de screen processor 30,

a 1fH to 2f Fbl‘f@“éﬁdt er ffdfonta pefdd gpixeh démpressions Sﬁvowrin@GBlffeﬂemf ace
00 2 o LonlTHRet8 itégrgre,z ContéhiiSiafld. ' “Ohe”df'a Aurfbbr BrPaficutar ' dais’ O
reductlon and restoration schemes can be selected by the WSP puP in
order to maximize resolution of the displayed video for each
s particular kind of picture display format.
| The luminance and color difference signals of the auxiliary
signal are stored in an 8:1:1 six-bit Y, U ,V fashion in a video RAM
350 forming part of the picture-in-picture processor. In other
words, each component is quantized into six-bit samples. There are
10 eight luminance samples for every pair of color difference samples. .
Briefly, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640fy clock rate
locked to the incoming .auxiliary video synchronizing signal instead.
In this mode, data stored in the video RAM 350 is orthogonally
15 sampled. When the data is read out of the picture-in-picture
'processor video RAM 350, it is read using the same 640fy clock
locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
. orthogonally, it cannot be displayed orthogonally directly from the
20 video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
be expected to be synchronous only in that instance where they are
displaying signals from the same video source.
’ . The main signal path 304, ,auxlhary signal path 306 and output
25 signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. 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
30" well as to the picture-in-picture processor 320 and resolution
processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for facilitating explanation
of the inventive arrangements. ' |
35 The gate array is responsible for expanding, compressing and
~cropping video data of the main video channel, as and if necessary,
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70. The grouping of various circuits into different functional blocks is
made -for purposes of convenience in description, and is not | RCABSE4ES
limting the physical position of su?% circuits relative 15 to.one

anat her. The video signals input secfion 20 is adapted for receiving a
plurality of conposite video signals fromdifferent video sources. The

vi deo- signals may be selectively switched for display as nmain and auxiliary
video signals. An RF switch 204 has two antenna 20 inputs ANT1 and ANT 2.
These repr estentimplementf différgrt pidtuee rdisplayrformatspt i Dhe aluminence

ion. T, h |
o't oner Giuorstit eIV s 8RIEd 1 ADHRSY BT HRE0BUL TRIFOP INRERb0 2
an input to &56n@cal leragih, ofutirae @epeadmg &m&hgerﬁatwef ahdheoirderrglatiea to
tuning, 25 rtl"l QUhﬂhaﬁeé 6F ntdefTheckbhibiRgd chréRRing@ie’ BbMmpoithts

particul 5 OG N areO\é"Porle% in cHEH }és%es'ﬂﬂ)% lgpy tg&?aTu7n7unancTeh%nl2flseband
chromlnance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.

10 In some instances, the auxiliary display will be as large as the
main signal dlsp!ay, as shown for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of
data points, or pixels for filling such a large display area. In those

15 circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost

. during data compression, or reduction. The resolution processing
may correspond to the resolution processing ‘undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a
20 dithering circuit and circuit 357 may be a dedithering circuit.
The auxiliary channel is sampled at 640fy rate while the main

channel is sampled at a 1024fH 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 video signal undergoes an

’ 25 8/g5 (1024/g40) compression. This is more than the 4/3 compression
necessary to correctly display the a'uxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
interpolator 359 is controlled by interpolator control circuit 371,

30 which is itself responsive to WSP puP 340. The amount of
interpolator expansion required is 5/¢. The expansion factor X is
determined as follows:

= (640/1024) * (4/3) = S/g
The chrominance components U_PIP and V_PIP are delayed by

35 circuit 367 for a length of time depending on the nature of the

interpolation of the luminance component, generating signals U_AUX
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vi deo signal VIDEO OUT devel oped in the one-chip and resulting fromthe
signal fromfirst tuner 206 is an input to both video switch BOA B8&468e
TV1 i nput of wi de screen processor 33.4 Q her baseband 30 video inputs to
video switch 200 are designated AUX1Tand AUX 2. These m ght be used for
video caneras, |aser disc players, video tape players, video ganes and. the
|l i ke. The output of the video switch 200, which is controlled by the
chassis or TV mcroprocessor 216 is designated SWTCHED VI DEO. The SW TCHED
VI DEO i s anoaherV 3AUX aguputputsi dEhe cespectivedésboandV componentshof dheher

T oee A ol o RUBHY! Sl bR PhorES58c1RS! ApRsrgen
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

s 315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output multiplexer 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 pP 340. The

10 multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the

15 gate array and the data reduction circuit are controlled by WSP pP
340. The WSP uP 340 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 uP 340 communicates with the different

20 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
" 25 zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
used to recalculate the incomih'g 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 Nyquist fold over
3o frequency, which is 8 MHz for a 1024fy clock. :

As shown in FIGURE 6, 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

35 selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
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SEL COWP QUT video signal which is an input to a Y/ C decoder 210. The Y/C
deceder 210 may be inplenented as an adaptive line conb 5 fil R&A 8663
further video sources S1 and S2 are ?I%o inputs to the Y/ C decoder 210.
Each of S1 and S2 represent differen - VHS sources, and each consists of
separate | um nance and chrom nance signals. A switch, which may be

I ncorporated as part of the Y/ C decoder, as in sone adaptive |line conb
filters, or which may be 10 inplenented as a separate switch, is

responsi ve tthe HotarpotatoroBldcesburparticular, thesetswijches gelectowheathenance

a4 chrom o t : Y, 1 el
The sel cct eal Eh PO IO AE PG 180 LIQ2PBLTR, TeQireh Rt pictehd

consi dered t@eMpERASEingnar whether thefdEQ B36 pracedgsathriiinterpghatorpasi,
Si gnal desi ggaty rcéwqbpcﬁiewre'vé@ﬁanémnt efFie tswitdifed ™28 Hnth@31Parg. The

fﬂ;"g‘ng?ﬂsﬁ?p?é ehsive 1o '& foute control “dircuit $58° WhicH s P88/ Fedporsive’ ©
to the WSP uP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
- expansion is necessary for practical purposes. Accordingly, no
comparable switching is required in the auxiliary signal path. -

10 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 4/3 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

15 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

20 -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

, 25 interpolator 337. This is different from the compression case
 where the data is continuously clocked through the interpolator 337.
For both cases, compression and expanéion, 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

30 1024fH. _ o

| 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, video RAM 350, to store incoming video
data. The video RAM 350 holds two fields of video data in a plurality
3s of memory locations. Each memory location holds eight bits of .data.
In each 8-bit location there is one 6-bit Y (Iuminahce) sample

This Sheet Has Been Replaced .

QT




devel oping color difference sigrnals UMand VM In this regard, Uis an
eqULvaI ent designation for (RY) and V is an equivalent 20 dREAIBE,468 f or
(B-Y). The Y M UM and VM signals ape converted to digital formin the
wi de screen processor for further &é%a processi ng. The second tuner 208,
functlonally defined as part of the wi de screen processor 30, devel ops a
baseband video signal TV2. A 25 switch SW sel ects between the TV2 and
SW TCHED VI DEO si gnals as an input to a Y/ C decoder 220. The Y/ C decoder

220 may be i cRiRpRY e 830AF) AMPD vthér bitscoMheisel two - otfertbitehdlid and

and the | umi SRR 1aFS 'Wﬁ?ﬁi@aﬁﬁgﬁgﬁam "8 Y SRS (qamblnd 888>
desi gnat ed YTR&Tfastds@Witsh dat@evaliues ynditate Wwhich dype osfKfieddgwass
correspond t aehiin, Tid DigdP ARt Sltoe/tieHs e tw8Refd of AR St i

5 the video RAM 350, and the entire video RAM 350 is read during the
display period, both fields are read during the display scan. The PIP
circuit 301 will determine which field will be read out of the
memory to be displayed through the use of the fast switch data: The
PIP circuit always reads the opposite field type that is being

10 written to overcome a motion tear problem. If the field type being
read is the opposite 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.

15 The clocks/sync circuit 320 generates read, write and 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 from one of the main or

20 auxiliary channels, but not both, as necessary to combine 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

25 into the FIFOs 356 and 358 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. The process
for this display format is illustrated in FIGURES 7 and 8. In the case

_ - of cropped side-by-side displayed pictures, the "write enable control

35 signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is

~ active for (1/2)*(5/12) = 5/12 or approximately 41% of the display
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aﬂa_pti:ze line conb filters. The output of swtches SWB and SWM is
thereafter considered the auxiliary signal and is processed §@;14

auxi liary signal path. The selected | um nance output is desi Sﬁr{l(a;t&g Y %é
Signal designations including _A _AX7and _AUX refer to the 11 auxiliary
signal path. The sel ected chrom nance is converted to color difference
signals UA and VA. The YA, U A and VA signals are converted to digital form
for further signal processing. The arrangenent of video signal source

oo P, eI (pose ety ) GRS b gy St
picture di gpaq;gyef ppmﬁgr?od (pre speecg ups],eas'sho%r? anu Pf&fjﬁe"%ﬁ ig | fTerent
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/g.

s In the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video o

10 by the 910 x 8 FIFOs.
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 the example of the side-by-side cropped mode
15 shown, the main channel video is being displayed on the left hand
half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
20 channel 910 x 8 FIFOs is 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 (RD_EN_AX) is active for the other 50% of
, " the display active line period beginning with the falling edge of the
25 RD_EN_MN signal and ending with the beginning of the main channel
video front porch. It may be noted that write enable control signals
“are synchronous with their respective FIFO input data (main or
auxiliary) while the read enable control signals are synchronous
with the main channel video. '
30 The display format shown in FIGURE 1(d) is particularly
desirable as it enables two nearly full field pictures to displayed in
a side by side format. The display is particularly effective and |
appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X 3 format,
35 which of course corresponds to 12 x 9. Two 4 X 3 format display
_ratio NTSC pictures may be presented on the same 16 X 9 format
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A conposite synchroni zing signal COMP SYNC, corresponding to Y Mis

prdvi ded by the wide screen processor to a sync separator 10 REIR. 86463
hori zontal and vertical synchroni zi ng gcomponent s H and V respectively are
inputs to'a vertical countdown circuit 214. The vertical countdown circuit
devel ops a VERTI CAL RESET signal which is directed into the wide screen
processor 30. The w de screen processor generates an internal vertical
reset output signal INT 15 VERT RST OUT directed to the RG interface 60.
A switch in displ®catiot display, cithes byt croppingethe rpicturesr byl 338 torcal
reset output.gi ' t [ gy N hig b i it he

ext er nal R@Ségggg#ggaw% %@{‘ er‘:e,[st Ict))&a ? F?iAé_/’ ?\%’? m}ﬁ?ggcmggP g@? g%i r\%ng tical

synchr oni zi ngisterifmenDep@nging SYNCUSEF RIeierence, ihejatiacef gicie circuit
50. Hori zont glolAgV RS tasplctSidtid disiortioe My des set amy whare iiar betwden
signal are dgvelioRid aPodd Bhd®58952" RS &R Cexdmblls Wd'%ia6 6y ik O5iRRHYs
may be presented as 16.7 % squeezed and 16.7% cropped. |
The horizontal display time for a 16 X9 format display ratio
display is the same as a 4 X3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an
10 NTSC video signal must be sped up by a factor of 4/3 to preserve a
correct aspect ratio, without distortion. The 4/3 factor is
calculated as ratio of the two display formats:
4/3 = (16/9) / (4/3) _
Variable interpolators are utilized in accordance with aspects of
15 this invention to speed up the video signals. In the past, FIFOs
having different clock rates at the inputs and outbuts have been used
. to perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or
20 cropped, or some combination thereof, by 50%. A speed up
comparable to that needed for a wide screen application is

unnecessary. _ .
o Generally, the video display and deflection system is
) synchronized with the main video signal. The main video signal must

25 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 period in a field memory, and
then expanded in a line memory. Synchronization of the auxiliary

30 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

35 pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be
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The 1fH to 2fH converter 40 is responsible for converting interlaced video
signals to progressively scanned noninterlaced 25 signals, fRCA88/968 one

wherein each horizontal line is dispbgyed twice, or an additional set of
hor.izontal lines is generated by interpol ati ng adj acent horizontal |ines of
the*same field. In sonme instances, the use of a previous line or the use of
an interpolated line will depend upon the |evel of novenent which is

detected 30 between adkacent fields or frames. The converter circuit 40
oper at es i n WgHEOn#i00Ahei FHFQ. vi Beadiwrita 2pointee collisionsAmismyoteutused t o

store one orwRBACnéweltta Yverwrtdgtthe! %%g éfofe &p@gbﬁf%a&s Hégpéﬁy- The
converted video data as Y 2fH U 2f nd Ignals | s supplie o the
RGB i nt erfac%ow.gu@'%’ to be repd ?@oFﬁﬁErE% - 6 ,ﬁesﬁéﬁﬁpfl Fh?rt[‘ﬁEQjéﬁ ail in

FI GURE 11, enaidiees to ethac thioimeim t it cstoyagé edapaciop thaughertobeer nal RGB
video 5 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 640fq clock locked to
the horizontal synchronizing component of the incoming auxiliary

- video signal. - This operation enables orthogonally sampled data to be

10 stored in the video RAM 350. 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

15 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 350. _

More particularly, as shown in FIGURE 4, the output of the
video RAM ‘350 is an input to the first of two 4-bit latches 352A and

20 352B. The VRAM_OUT output is in 4-bit data blocks. The 4-bit
latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches also reduce the data clock rate from
1280fH to 640fy. The 8-bit data blocks are written into the FIFO

’ 354 by the same 640fn clock used to sample the auxiliary video data

25 for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8.
The 8-bit data blocks are read out of the FIFO 354 by the 1024fy
display clock, which is locked to the horizontal synchronizing
component of the main video signal. This basic configuration, which
uses a multiple line memory with independent read and write port

30 clocks, enables data which was orthogonally sampled to be displayed
orthogonally. The 8-bit data blocks are divided into 6-bit luminance
and color difference samples by demultipiexer 355. The data
samples may then be interpolated as necessary for the desired
format display ratio and written as video data output.

35 Since the reading and writing of data from the auxiliary
channel FIFO is asynchronous, and the read clock rate is considerably
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1 2 data for di spl ay by the video signals input section. The external RGB
Si gnal is deened to be a wide format display ratio si gnal adapgCAl g@ms;ng
scanni ng. The vertical synchroni zi ngamonponent of the main signal i s
supplied to the REGB interface by the de screen processor 5 as |INT VERT
RST*QUT, enabling a selected vertical sync (fvmor fvext) to be avail able
to the deflection circuit 50. Operation of the wide screen tel evision
enabl es user selection of an external RGB signal, by generating an

'nterna: /gétB %slél' mﬁrtﬁb wm@alcldéﬁg/fél@ tHf@revsr théhpossibility @f of an
external RO shdhitis ointer eAligioREo K hadhithel hoiBss SBNsicTobga
proj ection twmm aAceaJd cemaple, signal RSEreceived dxefooe raldi dataattmnshm
external syngReanlZhadns i prevVibi¥ife'has been replaced by newly written
5 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 letterbox signals can expanded to fill the wide
10 format display ratio display screen, although it may be necessary to
intérpolate the signal to provide additional vertical resolution. In
accordance with an aspect of the invention, an automatic letterbox
detection circuit is provided, which automatically implements
expansion of the 4 x 3 format display ratio signal which includes the
15 16 x 9 format display ratio letterbox display.
In order to increase the vertical height of the letterbox S|gnal
" the vertical scan rate of display video is increased so that the black
regions at the top and bottom of the picture are eliminated, or at
least substantially reduced. An automatic letterbox detector can be
20 based on the assumption that the video signal will have no active
video, that is, a substantially constant luminance value not higher -
than a threshold value. Alternatively, letterbox detection can be:
accomplished by calculating two gradients for each line in the video
) field. Four values are required to calculate the two gradients:
25 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 gradient, is formed by
30 - 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
35 the gradient with the positive value will always be greater than or
equal to the magnitude of the gradient with the negative value. This
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to override the selection of a non-existent. external RG input. The WSP

m croprocessor 340 al so suppl ies color and tint controls for R@A tﬂﬁa463
external RGB signal. The wide screen,processor 30 conprises a picture in

pi cture processor 320 for special B processing of the auxiliary video
signal. The term picture-in-pict ure IS sorreti mes abbreviated as PIP or

pi Xx-in-pix. A gate-array 300 conbines the main and auxiliary 20 video
signal data in a wide variety of display formats, as shown by the exanpl es
of FI GURES I§implifieuble bﬁnchltrifhbypehnunatmg thetmleedptmcmlsuratézanand gat e

a2y 300 o o b VAT CBF B, oPaoBol 51 SRR ALY TR SEPSRAR, 1
over a seri atalheswhitlke etceeds |aa|prbgaannmbieeﬂ1ﬂe¢s@ol¢| yidao lis neensideredat a,
50°5'sS SonPuPRLPIbSt 8 inaRineCgfingrt S, SHoHe oafictng! ovescor
5 These reglster values can be used by a mlcroproces or fo make
_determination of whether or not the video source is in the letterbox
~ format. | |
In yet another alternative, not illustrated in the drawings, the
~automatic letterbox detector may comprise a circuit for decoding a
10 code word or signal carried by a letterbox signal source which
identifies the signal as letterbox format.
_ FIGURE 12 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 .
15 control circuit 1034 and a 3-state output device 1036.
Alternatively, the vertical blanking and vertical reset pulses can be
transmitted as separate signals. In accordance with an inventive
arrangement, the automatic letterbox detection circuit can
automatically implement vertical zoom or expansion of the 4 x 3
20 format display ratio signal which includes the 16 x 9 format display
" ratio letterbox display. When the output signal VERTICAL SIZE ADJ
becomes active, the vertical deflection height is increased by 4/3
(see FIGURE 10), which enables the active video. portion of the
’ letterbox signal to fill the wide screen without lmage aspect ratio
25 distortion.
The vertical display control circuit 1034 also controls which
part of the overscanned raster will be displayed on the screen, a
 feature referred to as vertical panning. If the vertically
overscanned video signal is not in letterbox format, the conventional
3o display format picture can be zoomed, that is' expanded, to simulate
a wide screen format. In this case, however, the portions of the
picture cropped by the 4/3 vertical overscan will contain active
video information. It is necessary to vertically crop 1/3 of the
picture. Absent further controls, the top 1/g and bottom 1/g will
35 always be cropped. However, picture content may dictate that more
of the top than the bottom of the picture is better cropped, or vice
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| evel sandcastle signal. Alternatively, the vertical blanking and reset
signal s can be generated as separate signals. A conposite 30 RQlLa8,463
signal is supplied by the video si gnﬁé i nput section to the R@ interface.
The deflection circuit 50, shown in re detail in FIGURE 10, receives a
vertical reset signal fromthe w de screen processor, a selected 2fH

hori zontal synchronizing signal fromthe R@& interface 35 60 and
additional control signals fromthe w de screen processor. These additional

control signarsal ellftal tetioRr ig Qitt growri@devel, for éxample! icalieweremight
gg JHufS |t gﬁggka%%fégzéiﬁeqﬂﬁéﬁ%gﬂggf égﬁlnetrticaTP%acriu%tAge Ccta{poar}:itcy' hdblesh SUPP! T es |
. choice as to which part of the zoomed picture will be shown and
which part will be cropped. . |
5 Vertical panning is explained with reference to FIGURES 13 -and
14(a)-(c). The three level composite vertical blanking/reset signal
is shown at the top of FIGURE 13. These signals can be generated
separately. The vertical blanking pulse begins when the signal
L_COUNT is equal to VRT_BLNKO and ends when L_COUNT is equal to -
10 VRT_BLNK1_. The vertical reset pulse starts when L_COUNT is equal
to VRT_PHASE. The L_COUNT is the output of a ten bit counter used
to keep track of horizontal half lines with respect to . the leading
edge of VSYNC_MN. VSYNC_MN is the synchronized version of
VDRV_MN, which is the vertical synchronizing component of the
15 main signal provided to the gate array. VRT_BLNKO and VERT_BLNK1
are provided by the microprocessor depending upon the vertical
panning command. VRT_PHASE programs the relative phase of the
VERT_RST output with respect to the rising edge of the vertical
synchronizing component in the COMP_SYNC output. The COMP_SYNC
20 output is the output of a J-K flip/flop. The state of the flip/flop is
determined by decoding the outputs of L_COUNT and H_COUNT.
H_COUNT is the horizontal position counter. The L_COUNT counter is
used to segment the COMP_SYNC signal into three segments
) corresponding to the horizontal synchronizing pulse, the equalization
25 pulse and the vertical synchronizing pulse.

A vertical deflection current for no overscan, which actually .
refers to the normal 6% overscan, is shown by dotted lines, as is the
corresponding vertical blanking signal. The width of the vertical
blanking pulse for no overscan is C. The vert_iCaI synchronizing pulse

30 is in phase with the vertical reset pulse. A vertical deflection
current for the overscan mode is shown by a solid line, as is the
corresponding vertical blanking pulse, having pulse width D.

If the bottom overscan A is equal to the top overscan B, the

display will be as shown in FIGURE 14(a). If the vertical reset pulse
35 is generated so as to lag the vertical sy_néhronizing puise, the '
_bottom overscan A is less than the top overscan B, resulting in the
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processor 30, the 1fH to 2fH converter 40 and the YUV to RGB converter 240.
5 ~ . Qperating voltages for the entire wide screen tel evi SROR HFeLa63
generated by a power supply 70 which 5an be energi zed by an AC nmins
supply. The wi de screen processor 3088s shown in nmore detail in FIGURE 3.
The“princi pal conmponents of the w de screen processor 10 are a gate array
300, a picture-in-picture circuit 301, analog to digital and digital to
anal og converters, the second tuner 208, a wi de screen processor

i cr0proces&ﬁSpﬁa@OshowrﬁiwmeuﬁEeau_(@)JtF FthigéiszadgowaaiardFveﬂw pe@tail s of
e e o B i85 oRF APy P bi2tiTe, and ek 3, B 1R of
i s shown i n ther pictaren | Gonver6eRE B. tHEhwegtical aesel pRiSeiis geoerated rsar e
detail in FIURE Rad tRETDERICH SCHRIMRARGNpiiIsEIOME Bbtid i BrersdiY A is
5 more than the top overscan B, resulting in the display shown in
FIGURE 14(c). This is an upward vertical pan, displaying the upper
part of the picture and blanking the bottom third of the picture. The
relative phase of the vertical synchronizing signal and the vertical
reset signal is controllable by the WSP uP 340, to enable vertical
10 panning during overscan modes of operation. It will be appreciated
' that the overscanned raster remains vertically centered, or
symmetric, on the picture tube or screen during vertical panning. |t
is.the blanking interval which can be vertically moved, or
positioned, asymmetrically with respect to the center of the raster,
15 so as to blank more of the picture at the top than the bottom, or vice
versa. | |
A vertical reset generating circuit 1100 in accordance with an
inventive arrangement is shown in FIGURE 15. Signal names ending
with "N" denote signals which are active low (logic 0). All of the
20 flip/flops and counters in circuit 1100, for example, are cleared by
the system clear signal CLRN, a negative going puise. Counter 1101
and comparator 1103 form a means for generating a control signal
for initiating vertical reset (Vrst) during panning. Counter 1101 is
) clocked by a system clock, for example at 1024fy. Counter 1101 is a
25 half line counter, enabled for counting (CEN) by SOL_X_2, which is a
one clock wide pulse occurring twice per line period. Counter 1101
is cleared (CLR) by Vsync_E, a one clock wide pulse which occurs on
the leading edge of Vsync. The output (CNT) of counter 1101 is one
input to comparator 1103. The other input to comparator 1103 is.
30 - the DELAY SETTING, which corresponds to a desired pan value. If it -
is desired to pan the video up (which can also be thought of as
scrolling the video down) by a slight amount (for example, 4-5
lines), the vertical reset pulse is actually delayed from vertical
sync by 262.5 lines less the pan value. This difference is the delay
35 setting, or delay value. Whenever the output of the counter matches
the delay setting, a start reset signal (Str_Rst) is generated. The
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al ready been described in detail. The second tuner 208 has associ ated -
therewi th an | F stage 224 20 and an audi o stage 226. The secPii (88463208
al sp operates in conjunction w th'thﬁ W5P [err] P 340. The WSP [err] P 340
conprises an input output 1/0O sectio 4340A and an anal og out put section
340B. The 170 section 340A provides tint and color control signals, the

| NT/ EXT signal for selecting the external RGB video source and 25 control
signals for the switches SW through SW. The |1/0O section also nonitors the

EXT SYNC DETS# Retl signah isha Po8itive gdingepuiseptivakis 1/2eofied | lime ipsriod

Control o gnidg-r ofngdbAbITY ‘etign, DR PiierHigiles’ ik Soaiinin B eSS .
t hrough respdesired iverticahceessst intervalts 254, 256 and 258. The gate array -
300 is responsi bl ér{cﬁ?r@ﬁ@hﬁﬂéﬁ \§ @ReoliRtereWHEh VerfitdiNpafiRiny 38%sed
auxiliary signal paths to 1nplenment a . _

5 occurs during special g‘f?fe_cts mode of VCR playback. In fast forward
mode of a VCR, due to the non-standard nature of the linear tape
speed, the number of lines in a field decreases by a number which is
dependent on recording mode (SP, LP or SLP) and the linear tape
speed. A nominal number of lines per field contained in fast forward

10 mode of VCR playback (SP mode) for this discussion is assumed to be
253.5 lines. If the desired panning value is down by 5 lines, the
delay setting would be 262.5 lines - 5§ lines = 257.5 lines. However,
a new Vsync (in the form of Vsync_E) occurs every 253.5 lines,
resetting the half line counter 1101. During this mode, a vertical

15 reset will not occur because the half.line counter 1101 will be
continually reset without ever reaching the desired delay value,
causing a collapse of the vertical raster and possible tube damage.

Circuit 1100 assures the occurrence of a vertical reset pulse
regardless of the phase of Vsync and the delay setting for vertical
20 reset. The vertical sync signal Vsync is sampled by SOL_X_2 , the
one clock wide pulse occurring twice per line period. Vertical sync
has been processed in a way that it is guaranteed to be offset from
SOL_X_2, for example by 1/16 or 1/8 of a line period. Sampling
, vertical sync with SOL_X_2, using D-type flip/flops 1102, 1104 and
25 1106, realigns vertical sync with SOL_X_2. Such sampling for
realignment might not be necessary in other systems. The leading
edge of Str_Rst, as noted, signifies the beginning of the desired
vertical reset interval. If the number of lines in a field are greater
~‘than or equal to the delay setting used to generate the Str_Rst
30 signal, the leading edge of Str_Rst is used to clear a second half line
counter 1114 which then counts for the desired vertical reset length
and stops. B :
Counter 1114 is cleared by signals on any one of the three
inputs to NOR gate 1120. One input is responsive to Str_Rst pulses
35 = as explained above. A second input is responsive to the system clear

[T
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conposite w de screen display, for exanple one of those shown in the
different parts of FIGURE 1. Clock information for the gate \ﬁ

provi ded by phase |ocked | oop 374, which operates in conj unct 92&/ ﬂ°ll3
pass filter 376. The main video signglgis supplied to the: 14 wi de screen
processor in analog form and Y UV format, as signals designated Y M UM
and VM These main signals are converted fromanalog to digital form by
analog to digital converters 342 and 346, shown in nore detail in FI GURE 4.

st gnat 1 hecSohah SORENA el o & FofShRUkE Yl Nsbhel s B8R, o o
or I and Q sbglws. The sanpled | um nance bandwi dth is
A different scheme ensures that a vertical reset Vrst is
produced for the case where the number of lines in a field is less
"5 than the delay setting used to generate the Str_Rst signal, because
the Str_Rst signal will not be generated. A J-K flip/flop 1112 is
set on the leading edge of the sampled vertical sync signal. The
output of flip-flop 1112 is used as an enabie signal, through AND
gate 1116 for the next sampled vertical sync signal. If a Str_Rst
10 pulse has not occurred since the flip-flop 1112 was set, the counter
' 1114 used to generate the Vrst signal is cleared on the leading edge
" of the next sampled vertical sync signal. In this manner, it is
assured that as long as a Vsync signal is present, a Vrst pulse of the
correct length will be generated regardless of the number of lines
15 in a field or the desired delay setting for the Str_Rst signal. If a
Str_Rst pulse does occur, the leading edge of the Str_Rst signal
clears the J-K flip/flop 1112 and generates a Vrst signal based on
the Str_Rst pulse.
One of the counter enables may be used to generate the
20 vertical reset pulses Vrst. In the illustrated embodiment, the
desired vertical reset length is set for 6 half lines (3 lines), by
reason of decoding for QB (21) and QC (22) in NAND gate 1118.
Vertical reset lengths of other than six half lines may be selected
) by decoding other output states of counter 1114.
25 :
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approximately 16 MHz. A single anal ogré‘o digital converter and
anal og-switch can be used to sanple col or conponent

and V si gnalgvar'e,li 1ted to 500 KHz, or 1.5 MHz for wi de sel ect
line UvMUX f B¥hatis £18iMedsi® tch, or nultipl exer 344, is i I l ,Hl' IJL!",
derived by dividing the systemclock by 2. A one clock w car "

SOL pul se synchrogou . e ' Sj t qQ at the beginning of
each hori zont al vﬁldeiilx'l'ﬁgs &%@‘&/ﬁ@qliﬁg}?h&ﬁ?é ‘es in state each

cl ock cycl e througteans: (Réd) Zont displayieg 8i midea rsighéhe | ength is an even

nmb f clock : ; kil | ) |
Consi stent |yt oggl =4 {50 Ry beéndratinlf foil;baid Vidleo luigrdll 4 piefel |,

data 20 strbamihdh@ vertieak height greatern ghan saigndisplay smeansand 346 are
shifted because taevémééagpta@uﬁh@iéﬁbuﬁogm4)erfér edigpldyaﬁg & SbRsdtedycl e of
delay. In OrSSFtié'r? St sal pduz:i'ttu(?'ef on éé‘# dlgﬁlgysmefatris (324) by generating

a timing interval (DELAY SETTING) for delaying vertical reset

pulses in phase relative to a vertical synchrbnizing component

(Vsyne) of said video signal; characterized by:

means (1100) for generating said delayed vertical reset

pulses (V,si), having a first mode of operation when vertical

scanning intervals occur shorter in duration than said timing

interval and a second mode of operation when vertical scanning

intervals occur not shorter in duration than said timing interval.

2. The system of claim 1, characterized in that said phase
delayed reset pulses (V) are initiated responsive to counting
means (1101, 1103) in one of said modes and initiated responsive
to said vertical' synchronizing component (Vgypc) in the other of
said modes.

3. The system of claim 1, characterized in that said phase
delayed reset pulses (V,g) are initiated responsive to said |
vertical synchronizing component (Vgync) during said first mode

’ : of operation and responsive to counting means (1101, 1103) said
during said second mode-of operation.

4. The system of claim 1, further characterized by means
(1101, 1103) for measuring and comparing said timing interval
-and said vertical scanning intervals according to respective
numbers of video lines.

5. The system of claim 1, further characterized by:
counting means (1101) for'mea_suring said successive
vertical scanning intervals as a first number of video lines; and,
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cl ock gating fhe mai n signal processing path 304 nust be
sitlarly del‘m ‘mnnml ock gating i nformation not 25 By 88,463 ¢
W.data will not ‘beLcor"rec‘,tIy paire hen del eted. This is inportant

because each UV pair represents one vector. A U elenent fromone vector
cannot be pai r edmgans 4 1708) diesncompaningnsaidwabess Gii viden linassitg a

col or shi ftsald‘sélﬁ%bssﬁvé/ ﬁéﬁR‘laﬁ fséQﬁhﬂ\gDrlﬁtérQ@Fs P rsti' hnﬁﬁ deI eted al ong
with the current U sa erred

| ti.pl f
o as 5010 1MEalnPeRByEd & yaesailuhber & Ve iBes. ”991 'S or
conponent (dela@edsamleéspursm Wey) deifgemitiated frespbnsiiveutmrnh \output

Accor di ngl y S ﬁ?&a@%ﬂ B il Eoritiind HRERST (163, dhaleatiy’ {bﬁya. gi tal

35 convert gratebr id ufinshaand segqnchawmberss Mz, wher eas t he

6. The system of claim 1, further characterized by:
counting means (1101) for measuring said successive
vertical scanning intervals as a first number of video lines; and,

means (1103) for comparing said numbers of video lines in
said successive vertical scanning intervals to said timing
interval, measured as a second number of video lines, said phase
delayed reset pulses (V,g) being initiated in said second mode
responsive to an output signal (Str-Rst) of said comparing means
(1103) indicative of a match (P=Q) of said first and second
numbers.

7. The system of claim 1, characterized in that each of said
timing -intervals is equal to a difference between the number of
video lines per vertical scanning interval and a desired number of
video lines to be panned.

8. A video display control system, having:

means (244) for displaying a video signal;

means (50) for generating from said video signal a picture

’ having a vertical height greater than said display means (244);

a vertical panning circuit (1034) for displaying a selected
portion of said picture on said display means (244) by generating
a video line delay interval relative to a vertical synchronizing
component (Vgype) of said video signal; characterized by:

means (1101, 1103, 1108, 1110) for generating a first
signal for initiating delayed reset pulses when fields occur
having at least as many video lines as said line delay interval;
and, '

means (1112, 1116) for generating said delayed reset
pulses in accordance with said vertical synchronizing component
absent said first initiating signal (Str-Rst).
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1 5 Nyqui st freﬁuencm of the output of. the anal og to digital converter for

t he*col or conp ﬂmﬂ Hm&umtulrhe PIP circuit and/or the gate BECAaB6463

al s0 incl ude 4 g the 3&solution of the auxiliary data
not,w t hst andi ng "5 “the data conpression. A nunber of data reduction and
- data restoration schenes have been devel oped, including for exanple paired

- pi xel conpressi ongandr il td\atbAP cINElafidit Hgg'h@g clﬁ\é’r’a%?éﬁie%%d)hrﬁbﬁ%

dltherlng se ers o

pai red pi xel ?ﬁﬁﬁgr e1s %(I’)llg 1| I f]tcgg"\eﬁ%f'ggeﬁt seGRper sianal &er dnitiating:
cont enpl at edsaithadelayednrggetr p@ﬂswrr‘espo:g%gvﬁatlbﬁsg%gﬁérttlgalnggldmr gzt oration
fggglnﬁtsl gﬁnogﬁéﬁl’%‘? E’F%b%%%@gpf E)(ra”e!ach particular kind of picture '
di splay format. : _
10. The system of claim 9, wherein said delayed reset
pulse generating means is characterized by:

counting means (1114); and

‘gating means (1112, 1116, 1120) for selectlvely applying
“one of said first and second initiating sngnals to said counting
‘means (1114).

11. The system of claim 8, characterized in that said delay
interval (DELAY SETTING) is equal to the number of video lines per
field less a desired number of video lines to be panned.

12. The system of claim 8, characterized by:

means (1101) for counting the number of vudeo lines in
successive fields; and,

means (1103) for comparing said numbers of video lines in
said successive fields to the number of video lines in said video -
line delay interval, said comparing means (1103) generating said
first initiating signal (Str-Rst) as an indication of a match (P=Q)
of said numbers of video lines in said successive fields and in
said video line delay interval.

13. - A video display control system, having:

means (244) for displaying a video signal; |

means (50) for generating from said video signal a picture
having a vertical height greater than said display means (244);

a vertical panning circuit (50) for displaying a selected
portion of said picture on said display means (244) by generating
a time delay (DELAY SETTING) relative to a vertical synchronizing
component (Vgync) of said video signal; characterized by

means (1101, 1103) for comparing in duration successive
fields of said video signal and said time delay;
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The gate array includes interpolators which operate in 15 conjunction with
li me menories, which may be inplenented as FIFO s 356 and 358. 86,463
i nterpolator and FIFO s are utilized39o resanple the main signal as
desired. An additional interpolator can resanple the auxiliary signal.

d ock ?n? synchrcmeansg(‘cm&unﬂle),n responsive mrsaidcoompanrtmendana

conb! nati on 8ot 1R fﬁf‘sﬁﬁgﬁ*’atﬁﬁq A Tty et BOF" RirAthD WhRYETN an
VMX conponerreset Phdsesowhpot ac eﬁ)mérsmdav@amrsmaleandosanbmﬁ@e fdﬁlayby '
.digital to aYmng.gn(pQ@)erlﬁea ,. 362 and 364. The anal og form signals,

desi gnat ed are suppl ‘ed to the 1fH.to 2fH converter, 40 for

conversi on 25 to MEANSt £1102ed 184anh1 68) %egeneretlas(javsscgna| sighad al so
encoded to YoE indtiaftiv 5ﬁrbsrzanejn celayed Zresel fafse”se ia aceerdarigetwitht sQidout put

synchroni 21 VR Cgha Qi ORIRG, EoRndaast (Vounaki per the = oo oo
' means (1112, 1116, 1120) for selecting one of said first
and second initiating signals; and,
means (1114) for generating said delayed vertical reset
pulses (V,st) responsive to said selecting means

(1112, 1116, 1120).

14. The system of claim 13, characterized in' that said
‘selecting means (1112, 1116, 1120) provides said second .
initiating signal as an input to said delayed vertical reset
generating means (1114) absent detection of sald first mltlatmg '
signal. -

15. Thé system_of claim 13, characterized in that said
means (1102, 1104, 1106) for generating said second initiating
signal is responsive to said vertical synchronizing component
(Vest) -

16. The system of claim 13, wherein said means
- (1101, 1103) for comparing in duration successive fields of said
, video signal and said time delay is characterized by: ,
' means (1101) for countmg video lines in said successive
fields; and, -
means (1103) for comparing the number of video lines in
each of said successive fields with said time delay.

QLUCERITAL .
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gate array, CSYNCWN, or fromthe PIP circuit, C SYNC AUX. 30 Switch SW g
sefects between YM and CSYNCAUX as synchroni zi ng si gi&A 18§,46Re wi de screen
panel output. Portions of the horizontal synchronizing circuit are shown in -
nore detail in FIGURE 9. Phase conparator 228 is part of a phase-locked

| o0p including |ow pass filter 230, vBbsétgctontrolled 35 oscillator 232,

oo st 39 ArASEER ey EARCLE Syt iORLES LUIE Yo,
The out put dPriihe Wideagsiona @ovesticak zaamt eircud thQ) de agnerating provi de
a proper frdeyenghe Seieerd sigwalt aspitiare tivavihgsa verigdlaheigh2gredfsr out put
_Of the d5V' qﬁ%nz 4e display, and, a vertical panning circuit (1034) for -
'displaying a selected portion of the picture on the display by
. generating a time delay relative to a vertical synchronizing
component of the video signal. A counter (1101) and comparator
_ (1103) measure the respective durations of successive fields of
10 the video signal and the time delay. A circuit (1108, 1110)
responsive to- the comparing means generates a first signal for
initiating delayed reset pulses when a field of the video signal
and the time delay match in duration. Another circuit
(1102, 1104, 1106) generates a second signal for initiating the
15 delayed reset pulses in accordance with the vertical
synchronizing component. A gating circuit (1112, 1116, 1120)
selects the first initiating signal as an -output, if present, and
selects the second initiating signal as an output absent detection
of the first initiating signal. - A further counter (1114) generates
20 the delayed vertical reset pulses responsive to the output
- selected by the gating circuit.

FIGURE 15
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is'a 1fH REF timng signal. The 32f Hw% and 1f HTREBhedt HaB Bedri Bepdced> are -
400.

supplied to a divide by 16 counter ~ A 2fH out pu to a pulse —
widfth circuit 402. Presetting divider 400 by the 1f ssures
that the divider operates synchronously with the ph I p of the

vi deo signals input section. Pulse width circuit 402 assures that a 2f H REF
signal will have an adequate 10 pulse width to assure proper operation of

t he phase gqomparator—204T—f or e{anprg a TYpe 1391, rch fornsrpartjof a
second phag hcl udilng®l dqw @ass gl er 406 afd pf# vpl rFage
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W|se
display may exhibit a raster split, for exanple, wherein eR‘epldeéa
lines are shifted to the right and half of the video line H
the left. The deflection circuit 50 is shown in npore deta 0 A

circuit 500 isgRrOvi ded for adjusting the vertical size of the 25 raster,

IS symmetric wi't hin each 1fH period of 2t I nput  si gnal-,;-h,SF

I n accordance h a desired ambunt of vertical overscan necessary for
i npl enenting digyferent display formats. As—i-tustrated—e-agramme ¥, a
constant curre source 502 tent quantity or curren [drr]
whi ch charges &dyerticg I Eepimla e e ety aNSi St Or 506 is cpupl gd in
parallel 30 wth thEzEdrtimsES a(ﬁ%ﬁ § d periodically dipcharjges
t he capacit _ o==tenem Per t | aI ?@é’f t he absephcg qf -
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vertical overscan needed to fill tﬁe/%de screen display by an 35

4 %3 format display ratio signal

ext.ent that

t hat verti cal

I ndependent of a manual

event, the

val ue. Variable current source 508 is responsiwe te-a vertical size adjust
signal, for exanple in 5 analog form gener teﬁn-byd,vertlcal size control-
circuit 1030 shown in FIGURE 12. Vertical sj ¢|5 &tment 50Q is
vertlgal si ze adj.us ), which Fay be
i npl emented by a poten.tn%ﬁt egggr Paek pa nt knoby In either
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| ess verti cal

source, as shown in FIGURE 1(a).
raster size is required,
current source 508 diverts a variabl e anpbunt "of current
ranp capacitor 504 charges nore .slowly and to a smaller peak

376

FIFQ's }— 356, 358

X

346

342,

17 an adj ustable

| ADJ from | RAVP,
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éxpanded
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vertical gﬁé‘g{HgglagauR 12 recef }l/ s) driving current of the 10

pr oper nagnl al deflectlon I s provided by phase adjusting
circuit 518, mi‘“%‘ correction circuit 514, a 2fH phase l-ocked | oop
520 and hor| put circuit 516. The RGB interface circuit 60 is
shown in nore detailed in FIGURE 11. The signal which is to be ultimtely

di splayed will be 15 selected between the out put ; H to 2fH
converter 40 ande an external RCGB |nput .,For isb screen
t el evi si on descr) in UtLLee%z%jl Nned to. be W
wi de format di sy sdanned@so e &ternal
signals and a cg m t he™ vi al §520 in
section 20 are i oo iV . xternal
conposite syhchr I ng g amginput to
ext er nal sylnchrc DJ. ion_of th® ye?tlcal
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switch 608. Selection of the horizontal 5)/r'fl31roni zi ng Si gna.l_l_s\ﬁ\
| npt enented by switch 604. Sel ection of the video signal S |rrpl enent ed by
swiz ch 606. Each of the switches 604, 606 and 608 is resp BﬂenReplaced
i nternal /external control signal generated by the WBP {err] T
of internal or external video sources is a user selection.
user inadvertently selects an external 30 RGB source, when no such sourc
is connected or turned on, or if the external source drops out, the
vertical raster wll collapse, mand Xeri ol daﬁage to the cathode ray
tube(s) can result. Accordingl anﬁexter‘?\al sﬁ'ﬁchr ni zj ng det ector 602

0

checks for the presence of an erxtermal syfchr ofi zi n nal. In the absence
of such a signal, a 35 switchvernide &ntr ' is transmtted to
each of switches 604, ¢6Q6 and 8, preﬁeﬂ el §) Qb th.e external RGB
source if 2 : & E 2
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18 the signal therefromis not presen(, /@e RGB to YWV converter 610 also
recéives tint and color control signals fromthe WP [err]P 'Bkﬁﬁ)Shé_dtQhWeéhRe lac

i s« block diagram showi ng further details of the wi de screen.
shown in FIGURE 3. The YA, UA and V_A 5 signals are an input t ﬂsmﬂ l"l
picture in picture processor 320, which can include a resol ution

circuit 370. The wi de screen tel evision according to aspects of this

i nvention can expand and conpress video. The special effects enbodi ed by

the various conposite display forngts illustgated in pggt inl FIGURE 1 are

10 generated by the pictuE& n- p|§;ure proc&ssor 320, ﬁ\lm ch] can receive
resol ution processed data @1@ s ¥ RP, U RP—and VRP f?om resol ution
processing circuit 370. Re&&ut1 ondpr gsessi n# need, not Abe- utli lized at all
times, but during s%l °the T <= ' '
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pi cture-in-picture processor 320 is;ﬁ ' in nore detail in FIGURE 15 5.
The" princi pal- conponents of the picture=in-picture processor are an

anal og-to-digital converter section 322, an input section 324, a fast
switch (FSW and bus section 326, a timng and control section 328 and a
~digital-to-anal og converter section 330. The picture-in-picture processor
320 may be enbodied .as an 20 inproved variation of a basic CPIP chip
devel oped by Thomson Consuner Electronics, Inc. The basic CPIP chip is
described nore fully in a publication entitled The CTC 140 Picture in
Picture (CPIP) Technical Traihing Manual, available from Thonson Consuner
El ectronics, Inc., Indianapolis, Indiana. A nunber of special features 25
or special effects are possible, the followi ng being illustrative. The
basi c. special effect is a large picture having a small picture overlaying a
portion thereof as shown in FIGURE 1(c). The large and small pictures can
result fromthe sane video signal, fromdifferent :
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vi deo signals and can be interchanged %g swapped. Cenerally 30 speaklng,

t he®audi o signal is switched to al ways Ebspond to the big picture. The.
smed | picture can be noved to any position on the screen or can step

t hrgugh a nunmber of predeterm ned positions A zoomfeature increases and
decreases the size of the small picture, for exanple to any one of a nunber
of preset sizes. At sone point, 35 for exanple the display format shown in
FIGURE 1(d), the large and small pictures are in fact the sane size. 19
In a . single picture node, for exanple that shown in FIGURES 1(b), 1(e) or
1(f) a user can zoomin on the content of the single picture, for exanple,
in steps froma ratio of 1.0:1 to 5.0:1.. Wiile in :
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the zoom node a user nmay search or /w hrough the picture content 5

enabling the screen image to nove acr’oss different areas of the picture. In
ei tyher event, either the small picture or the large picture or the zooned
plcture can be di splayed in freeze frane (still picture format). This
funttion enables a strobe format, wherein the |ast nine frames of video can
be repeated on the screen. The frane 10 repetition rate can be changed
fromthirty franes per second to zero franes per second. The
pi cture-in-picture processor used in the wi de screen tel evision according
to anot her inventive arrangenent differs fromthe present configuration of
the basic CPIP chip described above. If 15 the basic CPIP chip were used
with a television having a 16 X 9 screen, and wi thout a video speed up

circuit, the inset_pictures would exhibit aspect ratio distortion, due to
the effective 4/§ tinmes ﬁorlzontgl expansion result1ng Tr6ﬁT§E§ﬁhing across
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16 X 9 screen. hjects in the pi ctureﬂ@)?l,’%be hori zontal ly 20 el ongat ed.
If an external speed up circuit were there woul d. be no aspect

raté o distortion, but the picture would not fill the entire screen.
Exi.sting pi cture-i n-pi cture processors based on the basic CPIP chip as used
in conventional televisions are operated in a 25 particular fashion having
certain undesirabl e consequences. The incom ng video is sanpled with a
640f H cl ock which is |locked to the horizontal synchronizing signal of the
mai n vi deo source. |In other erds, data stored in the video RAM associ at ed
with the CPIP chip is not o% onally sanmpled with respect to the incom ng
&

auxiliary 30 video source Is a fundanental limtation on the basic
CPI P net hod of fi el dosynchr tion. The nonorthogonal nature of the input
sanpling rate resu|t§ km')\P:'p rors qf the sappled data, The linitation is
a result of the vi de‘t?, ysed yi th t pe=slid chip,
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whi ch nmust use the same clock forwi i
fremthe video RAM such as video

AV

ergors are seen as randomjitter along vertical

arg general |y considered quite objectionable.
processor 320, according to an inventive arrangenent and unlike the basic

CPI P chi p,

one of a plurality of selectable display nodes.
the pictures are conpressed 4:1 in the horizontal
This asymmetric node of conpression produces aspect

vertical direction.

d reading data. \Wen 35 data
I s displayed,

t he 20 skew -
edges of the picture and
The picture-in-picture

I s adapted for 5 asymetrically conpressing the video data in

In this node of operation,
direction and 3:1 in the

ratio distorted pictures for storage in the vidgg RAN%Sijects.in t he
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10 _pictures are squeezed horizontally

out*nor nal |y,
. X Eformat display ratio screen,
fild;s the screen and there is no aspect ratio distortion.

as for exanple in the chan el
t he pictures appear correct.
The asymetric

er,
scan node,

|f these pictures are read
for display of a 16

The picture

conpressi on node according to this 15 aspect of the invention nakes it

possi ble to generate the speci al
speed up circuitry.
pi cture-in-picture processor,

ext er nal

In full

f@bn1a decoder,

t he

348 will take Y/C input 20
conb filter, decode the S|gndr‘|nto Y, U, V col or conpaonents and ge
hori zontal and verti cal sync | ses. These signals ar, processed
picture-in- picture processorsqor the various full :een nodes §
zoom freeze and channel scaﬁ‘-Durlng the channel scaf] nnq%, for ézfl
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display formats on a 16 X 9 screen w t hout
screen PI P nodes,
in conjunction with a free running oscillator

for exanple an adaptive |ine
nerate

t he

FIG. 14 (b) FIG. 14 ()2

FIG. 14 (a)



25 the horizontal and verti cal sync4§/é'$§nt fromthe video signals input
segtion will have many discontinuities‘because the signals sanpled
(d}fferent channel s) will have non-rel ated sync pul ses and will be switched
at:-seem ngly random nonents in tine. Therefore the sanple clock (and
redd/wite video RAM clock) is deternmined by the 30 free running
oscillator. For freeze and zoom nodes, the sanple clock will be | ocked to

i ncom ng video horizontal .sync, which in these special cases is the sane as
t he display clock freqge Referring again to FIGURE 4, Y, U_V and CSYNC
(conposite sync) outputss{fromthe picture-in-picture processor: Wy anal og

form 35 can be dento Y/ C conponents by encode ci rcui¥™ 366, which
operates in conjunction {tth a 3.58 MHz oscillator 380. This Q.
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. O 2200\ WIS s “p

21 Y/C PI PENC si gnal nmay be connected to a VY]
enabl es the re-encoded Y/ C conponents to be
copponents of the main signal. Fromthis poi
and - sync signals would be the basis for hori
in the rest of the chassis. This nodesof ope
I npl enmenting a zoom node for the PIP, based ﬁ

interpolator and FIFO s in the main signal p
FIGURE 5, the picture-in-picture 10 process
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particular, to such televisions having a wide display format ratio
screen. Most televisions today have a format display ratio,
horizontal width to vertical height, of 4:3. A wide format display
ratio corresponds more closely to the display format ratio of
movies, for example 16:9. The invention is applicable to both direct
view televisions and projection televisions.

Televisions having a format display ratio of 4:3, often referred
to as 4 X 3, are limited in the ways that single and multiple video
signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
broadcast with a 4 X 3 format display ratio. Many viewers find the
4 X 3 display format less pleasing than the wider format display
ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not
cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.

Televisions with a wide display format ratio are also suited to
a wide variety of displays for both conventional and wide display
format signals, as well as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching
between multiple sources to generate multiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television according to this invention. A wide screen
television according to the various aspects of this invention is
capable of providing high resolution, single and multiple pi‘cturé
displays, from single and multiple asynchronous sources having

This is the replacement sheet
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15 signals (U, V), subsanpling and storing the results in a 1 nmegabit
vi.deo RAM 350 as expl ai ned above. The video RAM 350 associated with the
pigture-in-picture processor 320 has a nenory capacity of 1 negabit, which
is not large enough to store a full field of video data with 8-bit sanples.
| ncreased nenory capacity tends to beZ20 expensive and can require nore
conpl ex managenent circuitry. The smaller nunber of bits per sanple in the
auxi liary channel represents a reduction in quantization resolution, or
bandwi dth, relative to the nmain signal, which is processed with 8-bit .
sanpl es througimaidr ofhigstfefdractarveatr edtios] amdfwhandeleatithbles digplaysual |y a
25 problem 2 épe aqﬁglé liary displayed picture is relatively small, but
can be troubl i § € auxiliary displayed picture is-larger, for -
exanpl e the sane sAkBoat alhidee npiddustayeureniy (R\@ilatde olautdoasumessessi ng
circuit 370 cpaveehelrmét! displEy eamdtofonex @, WihePeaseeeforntdt @izhtdci ng the
quantlzatlonretsol lop or_ erfective . . .
s rafio of video production varies widely. I|f an aspect ratio greater

than 4 x 3 is used for video production, an aspect ratio conversion

must be performed before display on a consumer television or

‘picture distortion will occur. One method of aspect ratio conversion

is known as letterboxing. Letterboxing maintains more (or all) of

10 the horizontal information, at the expense of the number of
displayed lines in each field. A video source produced in the 16 x 9
format would contain 181 lines of video each field when converted

. to a 4 x 3 letterbox format. The extra lines that are not used in each
field can be set to a flat field black (or gray) level. Higher aspect

15 ratio sources would contain proportionally fewer lines per field.

A wide screen television, as described herein for example, can
have a format display ratio of 16 x 9. This provides an opportunity
to display signals in the letterbox format with greater flexibility.
Letterbox signals that were originally produced in the 16 x 9 aspect

20 ratio may be zoomed, that is expanded, vertically to fill the screen,
with no loss of horizontal information or distortion. An automatic
letterbox' detector can be based on the assumption that the video
signal will have no active video, that is, a substantially constant
luminance value not higher than a threshold value. Alternatively,

2s letterbox detection can be accomplished by calculating two
gradients for each line in the video field. 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,

30 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. If either gradient
has a positive value which exceeds a programmable threshold, video

35 is considered to be present on either the current line or on the
previous line. These register values can be used by a microprocessor
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30° bandwidth of the auxiliary video data. A nunber of data reduction and
data restoration schenes have been devel oped, including for exanple, paired
pi xel- conpression and dithering and dedithering. A dedithering circuit
woul d be operatively di sposed downstream of. the video RAM 350, for exanple
in the auxiliary signal path of the é%te 3 5 array, as explained in nore
detail below. WMreover, different dithering and dedithering sequences

i nvol ving different nunbers of 22 bits and different paired pixel '
conpressions involving different nunber of bits are contenplated. One of a
nunber of patd incakera determisddioni oh vametheesaronat itbe videonssurcanishén dbkect ed

ggrtggcx\sp [ RitfdBokNid¥rdier. t @ NRet! héthdreaMerhatiVle Ohot NludiraRvind tivé deo

drawings, the automatic letterbox detector may comprise a circuit
for decoding a code word or signal carried by a letterbox signal

s source which identifies the signal as letterbox format.

An automatic letterbox detector can form part of a vertical

size control circuit. The vertical size control circuit comprises a
letterbox detector and a vertical display control circuit. The
vertical blanking and vertical reset pulses can be transmitted as

10 separate signals or as a single three level signal. The automatic
letterbox detection circuit can automatically implement vertical
zoom or expansion of the 4 x 3 format display ratio signal which
includes the 16 x 9 format display ratio letterbox display. When the
output signal becomes active, the vertical deflection height is

15 increased by 4/3, which enables the active video portion of the
letterbox signal to fill the wide screen without image aspeét ratio
distortion.

The vertical display control circuit also controls which part of

the overscanned raster will be displayed on the screen, a feature

20 referred to as vertical panning. If the vertically overscanned video
signal is not in letterbox format, the conventional display format
picture can be zoomed, that is expanded, to simulate a wide screen
format. In this case, however, the portions of the picture cropped by
the 4/3 vertical overscan will contain active video information. it

25 is necessary to vertically crop 1/3 of the picture. Absent further
controls, the top 1/ and bottom 1/g will always be cropped.
However, picture content may dictate that more of the top than the
bottom of the picture is better cropped, or vice versa. |f all action
is at ground level, for example, a viewer might prefer to crop more

30 sky. A vertical panning capacity enables a choice as to which part of
the zoomed picture will be shown and which part will be cropped.
This is accomplished in the wide screen processor by the generation
of a vertical reset pulse that is- delayed by a variable amount from
the leading edge of a processed vertical synchronizing pulse,

3s referred to as Vsync.. This vertical reset pulse is then used by the
chassis to initiate a vertical retrace. Since the video outpﬁt of the
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5 particular kind of picture display format. The | um nance and col or

difference signals of the auxiliary signal are stored in an 8:1:1 six-bit

-Y,gU ,V fashion in a video RAM 350 form ng part of the picture-in-picture
processor In other words, each conmponent is quantized into six-bit

sanpl es. There are 10 eight | umi nanck sanples for every pair of color

difference sanples. Briefly, the picture-in-picture processor 320 is

operated in a node whereby incomng video data is sanpled with a 640fH

clock rate | ocked to the incom ng auxiliary video synchronizing signal

i nstead. | n wide sarden peatcessporisdnoh delteyed, daovmmaBﬁmrirﬁng)rfteBUgenmayy 15

sanpl ed. Wengt a Ny r ace r
vi deo RAM 35§e E?ezﬂghrg ﬂtésaaag? gggeaﬁﬁglﬁgﬁﬁiﬁrfggk ?I?gdtﬁ?ﬁkﬁﬁeélﬁﬁcom ng
auxi | iary vi d8ticalgraset g’ edela¥ven though this data was orthogonal |y

sanpl ed and store@ veiticalaredet geadratitig aitdubgeanl comprisecanvideddine

di spl ayedsor thogeabhy hhparhier! " 6! [Hputs to comparator are the output of
the line counter and a delay setting in terms of video lines, which
corresponds to a desired pan value. If it is desired to pan the video
up (which can also be thought of as scrolling the video down) by a
slight amount (for example, 4-5 lines), the vertical reset pulse is

10 actually delayed from vertical sync by 262.5 lines (the number of
lines per field in an interlaced NTSC system) less the pan value.

This difference is the delay setting, or delay value. Whenever the
output of the counter matches the delay setting, a start reset sugnal
can be generated.

15 One problem that is encountered when vertical panning is used
occurs during special effects mode of VCR playback. In fast forward
mode of a VCR, due to the non-standard nature of the linear tape
speed, the number of lines in a field decreases by a number which is
dependent on recording mode (SP, LP or SLP) and the linear tape

20 speed. A nominal number of lines per field contained in fast forward
mode of VCR playback (SP mode) for this discussion is assumed to be
253.5 lines. If the desired panning value is down by 5 lines, the
delay setting would be 262.5 lines - 5 lines = 257.5 lines. However
a new Vsync occurs every 253.5 lines, resetting the line counter.

2s During this mode, a vertical reset will not occur because the counter
will be continually reset without ever reaching the desired delay
value, causing a collapse of the vertical raster and possible tube
damage. ‘

This problem is overcome in a video display control system

30 according to the inventive features disclosed herein. Such a video
display control system, comprises: means for displaying a video
signal; means for generating from the video signal a picture having
a vertical height greater than the display means; a vertical panning
circuit for displaying a selected portion of the picture on the display

35 means by generating a timing interval for delaying vertical reset
pulses in phase relative to a vertical synchronizing component of the
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20° video RAM 350, due to the asynchronous nature of the main and auxiliary
vi deo sources. The main and auxiliary video sources m ght be expected to be
synchronous only in that instance where they are displaying signals from

t he same video source. The mamin signal path 304, auxiliary signal path 306
and output 25 signal path 312 of thesgate array 300 are shown in bl ock
diagramformin FIGURE 6. The gate array al so conprises a cl ocks/sync
circuit 320 and a WGP [err] P decoder 310. Data and address output |ines of

t he WGP [err]P decoder 310, identified as WSP DATA, are supplied to each of

the main ci r f
p| cture-in- p ure ﬁr odzém 3y é fgﬁﬁbe%%qgﬁn%aﬁle?gjgé%dnﬁ?é%uwﬁf}m It
will be appr&4ls€@®dhaming \ﬁhé‘fﬁef“Qﬂe Rt operation %l?%lﬁqrgcﬁlr 8Capping e not ,

defined as béntegvarr bocelir tdtorgat ¢n adurayions tham agley timingt intervefl gediveni ence

for facilitatdg ax PGt dPBp8Fatidif iiE VdrtiGaPscaRAREE Hhidrvals occur not
s shorter in duration than the timing interval. The phase delayed reset
pulses are initiated responsive to the vertical synchronizing
component during the first mode of operation. and responsive to
counting means the during the second mode of operation. )

In an illustrated embodiment, a circuit responsive to a counter

10 and a comparator generates a first signal for initiating delayed
reset pulses when a field of the video signal and the time delay
match in duration. Another circuit generates a second signal for
initiating the delayed reset pulses in responsive to the vertical
synchronizing component. A gating_ circuit selects the first

15 initiating signal as an output, if present, and selects the second
initiating signal as an output absent detection of the first initiating
signal. A further counter generates the delayed vertical reset
pulses responsive to the output selected by the gating circuit.

FIGURES 1(a)-1(i) are useful for explaining dlfferent display

20 formats of a wide screen television.

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

FIGURE 3 is a block diagram of the wide screen processor

25 shown in FIGURE 2. . '

FIGURE 4 is a block diagram showing further details of the
wide screen processor shown in FIGURE 3.

FIGURE 5 is a block diagram of the picture-in-picture
processor shown in FIGURE 4.

30 FIGURE 6 is a block diagram of the gate array shown in

FIGURE 4 and illustrating the main, auxiliary _and output signal
paths.

FIGURES 7 and 8 are timing diagrams useful for explaining the
generation of the display format shown in FIGURE 1(d), using fully
35 cropped signals. '
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35° The gate array is responsible for expandi ng, conpressing and
cropping video data of the main video channel, as and if necessary, 23
to.inmplenent different picture display formats. The | um nance conponent
Y MWNis stored ina first infirst oup (FIFO line menory 356 for a |length
of time depending on the nature of the interpolation of the |um nance
conponent. The conbi ned chrom nance conponents 5 W V_M are stored in FIFO
358. Auxiliary signal |um nance and chrom nance conponents YPIP, U PIP and
55. The | uni nance conponent under goes

YE!SEI it ieoge\;;reloggggf'%,“gggglci%ls lr@)ég‘iiiaef%mu?ft aggrcuipder genssptingidae as
necessary by inteéraabo2fy @igriioin thendfiqttor@fisigpraler¥iAX as an out put.
FIGURE 10 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.
"5 - FIGURE 11 is a block diagram of the RGB interface shown in
FIGURE 2. ,
FIGURE 12 is a block diagram of a vertical size control circuit
including an automatic letterbox detector. ,
FIGURE 13 is a timing diagram useful for explaining

10 implementation of vertical panning. '

FIGURES 14(a)-14(c) are diagrams of display formats useful
for explaining the timing diagram of FIGURE 13.

FIGURE 15 is a block diagram of a vertical reset generation
circuit. _

15 The various parts of FIGURE 1 illustrate some, but not all of
the various combinations of single and multiple picture display
formats which can be implémented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide

20 screen televisions according to the inventive ‘arrangements. For
purposes of convenience in illustration and discussion herein, a -
conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or

25 signal is generally deemed to be 16 X 9. The inventive
arrangements are not limited by these definitions. _

FIGURE 1(a) illustrates a television, direct view or projection,
having a conventional format display ratio of 4 X3. When a 16 X 9
format display ratio picture is transmitted, as a 4 X 3 format

30 display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it will fill

35 the vertical extent of a viewing surface of 4 X 3 format display.
However, much information will be cropped from.the left and/or
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10° In sonme instances, the auxiliary display will be as large as the
mai n signal display, as shown for exanple in FIGURE 1(d). The nenory
ligitati ons associated with the picture-in-picture processor and vi deo RAM
350 can provide an insufficient nunber of data points, or pixels for
filling such a large display area. In'those 15 circunmstances, resolution
processing circuit 357 can be used to restore pixels to the auxiliary video
signal to replace those |ost during data conpression, or reduction. The

d to the resol ution processing

inder t aken by Gits SHEG: 3755 SROWANER PRGN, 6 SHePOPEUES QAN 08370 may
be a 20 dit he&xng\dad ougirticaliyl bt awitt hdGZontallyh ewh edetsly ttlh%rlrégumlngcwt The
2anpl ed 2t a8 8@1? T EVRHo8 aiRtieln BY T yflcel oRA03EAN. o 1ERE <ot Fae gt o
from the auxi'ffeeyalBealives dfpipartigulartyo apreatiigh channel clock rate. In
this process, the MGI¢RESI Ybylshowkerda@sXa screen. A 16 X 9 format display
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X 9 format display ratio letterbox
picture, which is itself in a 4 X 3 format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to
10 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 whether the main source, the _
auxiliary source or an external RGB source. .
FIGURE 1(c) illustrates a 16 X9 format display ratio main
15 signal in which a 4 X3 format display ratio inset picture is
displayed. If both the main and auxiliary video signals are 16 X 9
format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset picture can be displayed in
many different positions.
20 FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with the same size picture:
Each display area has an format display ratio- of 8 X 9, which is of
course different from both 16 X9 and 4 X 3. In order to show a
4 X 3 format display ratio source in such a display area, without
25 horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
elongation of objects in the picture. The wide screen television
30 according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.
Data sampling limitations in the auxiliary video signal
processing path complicate the generation of a high resolution )
35 picture which is as large in size as the display from the main video
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25° 8/5 (1024/ 640) conpression. Thisis nore than the 4/3 conpression
necessary to correctly display the auxiliary channel signal. Therefore, the
auxi liary channel nust be expanded by the interpolator 359 to correctly
display a 4 X 3 small picture. The ingerpolator 359 is controlled by

I nterpolator control circuit 371, 30 "which is itself responsive to W5P
[err] P 340. The anmount of interpol ator expansion required is 5/6. The
expansion factor X is determned as follows: X = (640/1024) * (4/3) = 5/6

The chrom nance_co nents UPLP and VPIP are del ayed by 35 circuit 367 for
a length of t1983lde Y RYSy RINPAS ?ﬁaqmdﬂewqa}{ﬂrepiﬁéTW'ﬁﬂ S€he
"l umi nance comuomephicatigeveer ati ng signals U _AUX

FIGURE 1(e) is a display format wherein a 4 X 3 format
display ratio picture is displayed in the center of a 16 X9 format
5 display ratio screen. Dark bars are evident on the right and left
sides.
FIGURE 1(f) illustrates a display format wherein one large
4 X 3 format display ratio picture and three smaller 4 X 3 format
display ratio pictures are displayed simultaneously. A smaliler
10 _ picture outside the perimeter- of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
the wide screen television is provided with two tuners, either both
15 internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
. movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
20 auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
FIGURE 1(h) illustrates an alternative wherein the 4 X 3
25 format display ratio picture is centered, and six smaller 4 X3
format display ratio pictljres are displayed in vertical columns on
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
30 format. |
FIGURE 1(i) shows a displéy format having a grid of twelve
4 X 3 format display ratio pictures. Such a display format is
particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As
35 before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths.
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24" and VAUX as outputs. The respective Y, U and V conponents of the nain
and auxiliary signals are conbined in respective multiplexers 315, 317 and
319 in the output signal path 312, by controlling the read enabl e signals
- of the FIFO s 354, 356 and 358. The multiplexers 5 315, 317 and 319 are
responsive to output nultiplexer cont9ol circuit 321. Qutput nultiplexer
control circuit 321 is responsive to a clock signal, a start of |ine
.signal, a horizontal line counter signal, the vertical blanking reset
signal and the output of the fast switch fromthe picture-in-picture

processor and WEPTher wh%ﬁ%%ﬁhm Jé?mv\mlJ!iﬁirpl@ma@ |1U5'tré1am§§t_rét!i\§é,f/§ﬁérf} nance
converters 380 uEsiNg, G8Ad jea A drfBRG Ty, oSy VRBSRbIE, AeRlTentler Cor
are fol | owed shpwroun pthes réemaining dBWings 3aad ddasBibash e ddétad| beloshown in
FIGURE 4. The varigiovehaftbieer dibgrdd RChUWIdé NsdteehlidlePisRiPIg0r . the

5 accordance with inventive arrangements, and adapted to operate
with 2fy 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, a 1fy to 2f4 converter 40, a deflection

10 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 of such circuits relative

15 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
and auxiliary video signals. An RF switch 204 has two antenna

20 inputs ANT1 and ANT 2. 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
202, which performs a number of functions related to tuning,

25 horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA7730. 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

30 video inputs to video switch 200 are designated AUX1 and AUX 2.
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
35 input to wide screen processor 30.
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15" gate array and the data reduction circuit are controlled by WP [err]P
340. The WSP [err] P 340 is responsive to the TV [err]P 216, being connected
thereto by a serial bus. The serial bus may be a four wire bus as shown,
having lines for data, clock signalsiOenable signals and reset signals. The
WBP [err] P 340 communicates with the different 20 circuits of the gate
array through a WP [err] P decoder 310. 1n one case, it is necessary to
conpress the 4 X 3 NTSC video by a factor of 4/3 to avoid aspect ratio

di S“’ét ldon of the Mtﬁphﬁr}fﬂﬁ R?f@i%’rz)cﬁe to mldgget Bera Gadeh S0 %ﬁ%omg%ng
expended Lo PELRSRSElc il 28R ThAOR L SIMAARE LigBes S 5% &
acconpl i shed SELr P r@UEfowﬂeessgoab\(]vhccH issantihpot ’;‘HO& YAC sierpder 210.
oo ons pec TP L M o SPCellef O,
for mat , ocscupﬁg%r 1Ih"¥1? g{érﬁg‘@(c‘é PagReYrCeEh I\E/Eféll%? 318 glsgy énputs to the
Y/C decoder 210. Each of S1 and S2 represent 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
to 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
15 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, 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
20 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 SIgnaI
processing.
The second tuner 208, functionally defined as part ofthe wide
screen processor 30, develops a baseband video signal TV2. A
25 switch SW2 selects between the TV2 and SWITCHED VIDEO signals
as an input to a 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
30 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
35 auxiliary signal path. The selected luminance output is designated
- Y_A. Signal designations including _A, _AX and _AUX refer to the
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30" frequency, which is 8 Miz for a 1024fH clock. As shown in FIGURE 6, the
lum nance data Y MN is routed through an interpolator 337 in the main
signal path 304 which recal cul ates sanpl e val ues based on the conpression
‘or- the expansion of the video. The {Enction of the switches or route 35
selectors 323 and 331 is to reverse e topology of the main signal path
304 with respect to the relative positions of the FIFO 356 and 25 the
interpolator 337. In particular, these switches sel ect whether the

i nterpol ator 337 precedes the FI.FO 356, as required for picture

conpr essi on, 3Xig¥t sigN3] Rath) FA hesseolpeteddebrammaneecisoaverted3n as
required for qoist differenparsignals Tha andt Yhas Ike angk A3 1Aa4€d V_A signals

are converted to digital form for further signal processing. The
arrangement of video signal source switching in the main and
s 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
10 212. 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
1s  VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
20 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 2fy4 converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced
25 signals, for example one 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, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
30 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 as Y_2f4, U_2fy4 and
V_2fy signals is supplied to the RGB interface 60.
3s ~ The RGB interface 60, shown in more detail in FIGURE 11,
" enables selection of the converted video data or external RGB video
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5% responsive to a route control circuit 335, which is itself responsive to
the WP [err] P 340. It will be renenbered that the auxiliary video signal
i's conpressed for storage in the video RAM 350, and only expansion is
necessary for practical purposes. Ag¢@ordingly, no conparable switching is
required in the auxiliary signal path. 10 In order to inplenment video
conpressions through the use of a FIFO, for exanple, every fourth sanple
can be inhibited frombeing witten into the FIFO 356. This constitutes a

413 compr essi gl fdi dishidf By’ HRE Vidkb %fqﬁahg [hBLPIREYBRO! THE!pkerhar R at e
the | um nance sa e e witten ad ou
of the 1 5 ?igﬂén% i‘fﬁﬂ H orgﬁhérwf%r{ofrﬁggégsmﬂp%ﬂfm @Fﬂs“aﬁa?g%@eﬁe?qrorned
in exactly toiy cqmammga nﬁheeverasabsypcb&mmng compoinent axfethef neainpr essi ons
ormr ot LS AR 4 08 VRrE RO SRR Bt
applied to tgg a|en ing a selecte vertical sync (fVm or tyext)
to be avallable 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
10 a signal, can result in vertical collapse of the raster, and damage to
the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order
to override the selection of a non-existent external RGB input. The
_ WSP microprocessor 340 also supplies color and tint controls for
15 the external RGB signal.
' The wide screen processor 30 comprises a picture in picture
processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
20 video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
25 serial bus includes four signal lines, 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
30 blanking signal is supplied by the vndeo signal input section to the
RGB interface.
The deflection circuit 50, shown in more detail in FIGURE 10,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB .interface
3s 60 and additional control signals from the wide screen processor.
) These additional control signals relate to horizontal phasing,
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20 will pause the data as it is being read fromthe FIFO 356. In this case
it i1s the function of the interpolator 337, which follows the FIFO 356
during this process, to recalculate the sanpled data from jagged to snooth.
I n the expansion case the data nustqpause while being read fromthe FIFO
356- and while being clocked into the 25 interpolator 337. This is
different fromthe conpression case where the data is continuously cl ocked
through the interpolator 337. For both cases, conpression and expansion,

t he cl ock gating operatipn il r{or [n.a .synghronous
manner, t hatvel"g"?al_esgrﬁ ?@%%tﬁéﬁu%%gaéée&&?hgw i%gﬁ‘ﬁ%mé fos 0FCthe system
clock 30 1cEiegtionnccpdl 80i supplies hafradlybiackr pulsegnio thekwidel sereenn t he

auxiliary sigjgeésgitt 8030 1?B|etopéﬂa ebhowitbr A0laf@ntheuyeneto REBLIL Y, U, 1V,
8:1:1 field rrermr%/ é:@eo RAM 350, to store incom ng video data. The video
'RAM 350 hol O &% of video data in a plurality

5

Operating voltages for the entire wide screen television are
generated by a power supply 70 which can be energized by an AC
~ mains supply. _

The wide screen processor 30 is shown in more detail in
FIGURE 3. The principal components of the wide screen processor

10 are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen processor micrdprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor are
'shown in FIGURE 4. A picture-in-picture processor 320, which
15 forms a significant part of the PIP circuit 301, is shown in more
detail in FIGURE 5. The gate array 300 is shown in more detail in
FIGURE 6. A number of the components shown in FIGURE 3 have
already been described in detail.
' The second tuner 208 has associated therewith an IF stage 224
20 and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP uP 340. The WSP puP 340 comprises an
input output I/0 section 340A and an analog output section 340B.
The /O section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and
25 control signals for the switches SW1 through SW6. The /O section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog
' output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface.
30 circuits 254, 256 and 258.

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 of those shown in
the different parts of FIGURE 1. Clock information for the gate array

35 is provided by phase locked loop 374, which operates in conjunction
with low pass filter 376. The main video signal is supplied to the
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35° of menory locations. Each nenory |ocation holds eight bits of data. In
each 8-bit location there is one 6-bit Y (lum nance) sanple 26 (sanpl ed
at ,.640fH) and 2 other bits. These two other bits hold either fast switch

data or part of a Uor V sanple (sarrphed at 80fH). The fast switch data

val-ues indicate which type of field was witten into #ideo RAM Since there
are two fields of data stored in 5 the video RAM 350, and the entire video
RAM 350 is read during the display period, both fields are read during the

di splay scan. The PIP circuit 301 will determ ne whi ci{h field will be read
out of the mWELYSEEEPPINCESSYdD dnAleaderMhantse & | hermakias Hanals dat a.
The PIP circudsignatedsyYr®ads_Mhandpbddi t Théseimainysignalsasire soheemed

from analog to digital form by analog to digital converters 342 and
346, shown in more detail in FIGURE 4.

5 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, which is
approximately 16 MHz. A single analog to digital converter and an

10 analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. The select line UV_MUX for the analog switch, or multiplexer
344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this

15 signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data

20 streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
clock gating information from the main signal processing path 304
must be similarly delayed. Were the clock gating information not

25 delayed, the UV data will not be correctly paired when deleted. This
is important because each UV pair represents one vector. A U
element from one vector cannot be paired with a V element from
another vector without causing a color shift. Instead, a V sample
from a previous pair will be deleted along with the current U sample.

30 This method of UV multiplexing is referred to as 2:1:1, as there are
two luminance samples for every pair of color component (U, V)
samples. The Nyquist frequency for both U and V is effectively
reduced to one half of the luminance Nyquist frequency. Accordingly,
the Nyquist frequency of the output of the analog to digital

35 converter for the luminance -component is 8 MHz, whereas the
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10" written to overcome a notion tear problem If the field type being read
IS the opposite type than that -being displayed, then the even field stored
in.the video RAMis inverted by deleting the top line of the field when the
field is read out of nenory. The result is that the small picture maintains
correct interlace without a notion tyegar. 1 5 The cl ocks/sync circuit
320 generates read, wite and enable signals needed for operating FIFCs
354, 356 and 358. The FIFOs for the main and auxi liary channels are enabl ed
for witing data into storage for those portions of each video Iine which

20 " auxi |+ ar ) YBHEREPEUSHLY 4P ouBth ot 68, {6 i eStuedss B
each source pn@rs@@mwnaets is deMitz i nes of the di splay. The FI FO 354 of
the auxiliary chaypgl pir d’ifdtﬁtt aRdRM Y fgawswa r"nB tﬁl%oa%lud@rﬁéeﬁhé’eo
el e i SerTPROBtn Bl Sl “noihatani

the data compression. A number of data reductlon and data

restoration schemes have been developed, including for ekample

paired pixel compression and dithering and dedithering. Moreover,

different dithering sequences involving different numbers of bits

and different paired pixel compressions involving different numbers

1o of bits are contemplated. One of a number of particular data

reduction and restoration schemes can be selected by the WSP pP

340 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

15 conjunction with line memories, which may be implemented as
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

20 auxiliary signals, including the combination thereof inte 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
canverters 360, 362 and 364. The analog form signals,'design_ated Y,
U and V, are supplied to the 1fy to 2fy converter 40 for conversion

25  to noninterlaced scanning. The Y, U'and V signals are also encoded to
Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the
gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.

30 Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing
signal for the wide screen panel output.

Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 9. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voltage controlled

3s oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
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25" into the FIFOs 356 and 358 synchronously with the main video signal,
and are read out of nenory synchronously with the main video. How often the
read function is switched back and forth between the nain and auxiliary
channel s is a function of the particgugar special effect chosen. 30
Generation of different special effects such as cropped side- by-side
pirctures are acconplished through mani pulating the read and wite enabl e
control signals for the line menory FIFGOs. The process for this display

Lormet oL vaskdakechy b BEER0  A Buublh, b s 36de SSMR g, o
(MR_EN_AX) f osciliad® s &livided Bg432ftot providei & i propec aequendys seconde f or
(1/2)*(5/'12) ifpay igridli 1BPRhA%S Efbratdro2¥s. t MEhliciRpaY of the divider 234
is a 1fy REF timing signal. The 32fy REF and 1fq REF timing signals
s are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
signal assures that the divider operates synchronously with the
phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f4-REF signal will have an adequate
10 pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2f4 voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing' signal, which is used for driving the
15 progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period
is symmetric within each 1fy period of the input signal. Otherwise,
20 the display may exhibit a raster split, for example, wherein half of
the video lines are shifted to the right and half of the video lines are
shifted to the left. :
The deflection circuit 50 is shown in more detail in FIGURE 10.
A circuit 500 is provided for adjusting the vertical size of the
25 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 quantity of current Iramp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parallel
30 with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IRaAMpP provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
35 expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
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27 active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This corresponds
tQ approxi mately 33% croppi ng (approxi matel y67% active picture) and the

i nterpol ator expansion of the signalypy 5/6. 5 In the main video channel,
shown in the upper part of FIGURE 8, the wite enable control signal
(WR-EN.MNY) for the 910 X 8 FIFGs 356 and 358 is active for (1/2)*(4/3) =
0.67 or 67% of the display active line period. This corresponds to

o the. i n AaAded %eo%g'i%w K R A A A Sl
the vi deo datf \'ejﬂblﬁﬁe e t|IANeP re@dhatitvestical RIPPi eapagitosobed chargese.

The active regboan s@ciwltyl aRdWee aesinatieflPeakmaziuee Nedihbigtcdrkonme 68Gfee! FO i s
gfégggdnrerg dgysdé“?sdﬂe%?» ALiVECtIB JEPRESN size” abilfstCRMBL C1c¥ ekdfiphd 4R PY- i de

analog form, generated by vertical size control circuit 1030 shown
in FIGURE 12. 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

1o proper magnitude. Horizontal deflection is provided by phase
adjusting circuit 518, East-West pin correction circuit 514, a 2fy
phase locked loop 520 and horizontal output circuit 516.

The RGB interface circuit 60 is shown in more detailed in

FIGURE 11. The signal which is to be ultimately displayed will be

15 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. The external
RGB signals and a composite blanking signal from the video signals

20 input section 20 are inputs to an RGB to Y U V converter 610. The
external 2fy composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.
Selectioh of the vertical synchronizing signal is implemented by
switch 608. Selection of the horizontal synchronizing signal is

25 implemented by swiich 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP pP 340. Selection. of internal or external video sources is a
user selection. However, if a user inadvertently selects an external

30 RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will collapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 802 checks for the presence of an
external synchronizing signal. In the absence of such a signal, a

3s switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
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15 shown, the nmin channel video is being displayed on the | eft hand half
of the display and the auxiliary channel video is displayed on the right
hand hal f of the display. The arbitrary video portions of the waveforns are
different for the main and auxiliar¥ channel s as illustrated. The read
enabl e control signal (RD_EN MN) oftf8he main 20 channel 910 x 8 FIFCs is
active for 50% of the display active line period of the display beginning
with the start of active video, imediately foll ow ng the video back porch.
The auxiliary channel read enable control signal (RD EN AX) is active for

the ot her 5Qfeofighietikirepoay i@aidtvsrdsiene. PEhe CRIGIE 96 MIUWOcowvdrtdémetbal | i ng

channel vi a0 %?g%%ﬁ e colbloeBRpLdidNA GPM IR U add ™ "
signals are synci E ‘wlShatbi@ﬁk diagrarnt shewingrfurthgrudetritsaof taen or
auxiliary) \muleesérbenr;ﬁ@@ee@@fbhs SHOWIT I FRCURE 8. aMheSYNANN®WimdW A the
el : Cha%nelsghal% are an input to the picture in picture processor 320, which
can include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are
10 generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
15 5. The principal components of the picture-in-picture processor are
an analog-to-digital converter section 322, an input section 324, a
~ fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330.
The picture-in-picture processor 320 may be embodied as an
20 improved variation of a basic CPIP chip developed by Thomson
Consumer Electronics, Inc. The basic CPIP chip is described more
fully in a publication entitted The CTC 140 Picture in Picture (CPIP)
Technical Trainhing Manual, available from Thomson Consumer
Electronics, Inc., Indianapolis, Indiana. A number of special features
. 25 or special effects are possible, the following being illustrative. The
basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
~ small pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
30 speaking, the audio signal is switched to always cbrrespond to the
big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions” A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some point,
35 for example the display format shown in FIGURE 1(d), the large and
small pictures are in fact the same size.
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30 The display format shown in FIGURE 1(d) is particularly desirable
as it enables two nearly full field pictures to displayed in a side by side
fQrmat. The display is particularly effective and appropriate for a w de
format display ratio display, for e le 16 X 9. Most NTSC signals are
‘represented in a4 X3 format, 35 ch of course corresponds to 12 x 9.
Two 4 X 3 format display ratio NTSC pictures may be presented on the same

16 X 9 format 28 display ratio displ ay, either by cropping the pictures
by 33% or squeezing the p| ctures 33% and introducjng aspect ratio

di stortion. Dependirdy g Hs@PtlﬁFe’F‘QPSné@ exAEAlgthat showncinuFIGERE I ng to
aspect rati o tibgt dge) on igfpya hfseced:afartpc)Mneneom rthbetowtent of the single

picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
the zoom mode a user may search or pan through the picture content

s enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame

10 repetition rate can be changed from thirty frames per second to zero
frames per second. _ |

The picture-in-picture processor used in the wide screen

television according to another inventivé arrangement differs from
the present configuration of the basic CPIP chip described above. If

15 the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures
would exhibit aspect ratio distortion, due to the effective 4/3 times
horizontal expansion resulting from scanning across the wider
16 X 9 screen. Objects in the picture would be horizontally

20 elongated. If an external speed up circuit were utilized, there would.
be no aspect ratio distortion, but the picture would not fill the
entire screen.

Existing picture-in-picture processors based on the basm

CPIP chip as used in conventional televisions are operated in a

25 particular fashion having certain undesirable consequences. The
incoming video is sampled with a 640fy clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect to the incoming auxiliary

30 video source. This is a fundamental limitation on the basic CPIP
method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. ‘The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When

35 data from the video RAM, such as video RAM 350, is displayed, the
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5 ‘the limts of 0% and 33% As an exanple, two side by side pictures may
be presented as 16.7 % squeezed and 16. 7% cropped. The hori zontal displ ay
tine for a 16 X 9 format display ratio display is the sane as a 4 X 3
format display ratio display, becausggoth have 62.5 microsecond nomi nal
line length. Accordingly, an 10 NTSC video signal nust be sped up by a
factor of 4/3 to preserve a correct aspect ratio, without distortion. The
4/ 3 factor is calculated as ratio of the two display formats: 4/3 = (16/9)

I/ (4/3) Variaple interpaolators are uti.lized in accordanc | th aspects of

: 15(t hié i nvenfk’)‘f%"ﬁ t0otH Al ﬁﬁe?h%s\)'?ﬂgB"Ei“gWél %'P"QnV?H@aEa%Ag,estﬁcﬁ\ehavi ng
di fferent cl opicturet @ndatarehgenearmllys candidaleﬂuqsiteaobjebﬁena?Ed todper}‘or m a
simlar function., . ' ' S : i spl ay
rati o signals. are E?‘gm?bgtgiie gﬁﬁgﬁgﬁ ocgg(f(&y?\‘%éoﬁl: gcg?ifas!ﬁ?a@ra i o display,

each picture inyentixg gqrgﬁggmtcﬁnd li?<e the asué n&E’IP chip, is adapted for
5

asymmetrically compressing the video data in one of a plurality of
selectable display modes. In this mode of operation, the pictures
are compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
1o pictures are squeezed horizontally. 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 screen, the pictures appear
. correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
15 aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry.
In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
20 from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
25 the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
30 free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.
Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog form
35 can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This
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20 cropped, or sone conbination thereof, by 50% A speed up conparable to

that needed for a wi de screen application is unnecessary. Cenerally, the
video display and deflection systemis synchronized with the main video
signal. The main video signal nust 25 be speeded up, as explained above, to

fill the wide screen display. The apxiliary video signal

synchroni zed with the first video signal and the video display. The

auxiliary video signal

field nenory,

and then expanded in a |ine nenory. Synchronization of the

auxiliary 30yyidegp dake W

the video RAM, 350 as
menmory devi c&/M& ‘?Qﬂbq%§

read and w i tke AN/€ckomponemteof tteemairesignal. t Reamsthip poird omdtva FUEN to
avoi d read/ Wdrc8ded Y, U, V and sync signals would be the basis for horizontal
5 and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,

based upon operation of the interpolator and FIFO's in the main
signal path.

With further reference to FIGURE 5, the picture-in-picture

10 processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference

15 signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends to be

20 expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channel
represents a reduction in quantization resolution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
throughout. This effective reduction of bandwidth is not usually a

25 problem when the auxiliary displayed picture is relatively smai'l,_ but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution
processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective

30

bandwidth of the auxiliary video data. A number of data reduction

and data restoration schemes have been devefoped, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for éxample in the auxiliary signal path of the gate

35

array, as explained in more detail below. Moreover, different
dithering and dedithering sequences involving different numbers of
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35 pointer collisions. Read/wite pointer collisions occur when ol d data
is read out of the FIFO before new data has an opportunity to be 29
witten into the FIFO Read/wite pointer collisions also occur when new
~data overwites the nmenory before the old data has an opportunity to be
read out of the FIFO. Thée size of th2FIFOis related to the minimmline
storage capacity thought to be 5 reasonably necessary to avoid read/wite
poi nter collisions. The picture-in-picture processor operates in such a
manner that the auxiliary video data is sanpled with a 640fH cl ock | ocked
to the hori zobital asgnditesant i pajrascb rpizek morppreassonndondvingudifferenty vi deo

signal. This aggibali iNbREatbesoehipgrR! |né atPh etlifBbA df pdificular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the diéplayed video for each
s particular kind of picture display format.
The luminance and color difference signals of the auxiliary
signal are stored in an 8:1:1 six-bit Y, U ,V fashion in a video RAM
350 forming part of the picture-in-picture processor. In.other
words, each component is quantized into six-bit samples. There are
10 eight luminance samples for every pair of color difference samples.
Briefly, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640f4 clock rate
locked to the incoming auxiliary video synchronizing signal instead.
In this mode, data stored in the video RAM 350 is orthogonally
15 sampled. When the data is read out of the picture-in-picture
processor video RAM 350, it is read using the same 640fy clock
locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
orthogonally, it cannot be displayed orthogonally directly from the
20 video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
be expected to be synchronous only in that instance where they are
displaying signals from the same video source.
The main signal path 304, auxiliary signal path 306 and output
25 signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP puP decoder 310, identified as WSP DATA, are
supplied to each of the main circuits and paths identified above, as
30 well as to the picture-in-picture processor 320 and resolution
' processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for facilitating explanation
of the inventive arrangements.
The gate array is responsible for expanding, compressing and
cropping video data of the main video channel, as and if necessary,

35
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10" stored in the video RAM 350. Data nust be read out of the video RAM at
the sanme 640fH rate. The data cannot be orthogonally displayed fromthe.
vi deo RAM wi t hout nodification due to the generally asynchronous nature of
the main and auxiliary video sources, _In order to facilitate '
synchroni zation of the auxiliary si g%%l to the 15 mmin signal, a line
menory with i ndependent wite and read port clocks is disposed in the
auxiliary. signal path after the output of the video RAM 350. Mbre
particularly, as shown in FIGURE 4, the output of the video RAM 350 is an
i nput to thetdiimpleofentwdifferent pistwieediSHap torhat8. 3BPE. lufiiraW&EMOUT

a1 ary o SaaP R Foieisstoraf i & frsl 3 HEE FRACUED) liie” FRAIAY 7 e
data cl ock rggg farom 'ensh ok 8"@1(5?%9 B9 omjtheqpaturg) et kke dpterppiatiam
into the FI FOf3hé hyninbaceacempdnéht.cl Dok asnbined clamphinahbe @hspbhants
video dat@a sy 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 resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.

10 In some instances, the auxiliary display will be as large as the
main signal display, as  shown for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of
data points, or pixels for filling such a large display area. In those

15 circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a

20 dithering circuit and circuit 357 may be a dedithering circuit.

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 video signal undergoes an

25 8/g5 (1024/g40) compression. This is more than the 4/3 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 X 3 small picture. The
interpolator 359 is controlled by interpolator control circuit 371,

30  which is itself responsive to WSP uP 340. The amount of
interpolator expansion required is 5/g. The expansion factor X is
determined as follows:

X = (640/1024) * (4/3) = 5/¢
The chrominance components U_PIP and V_PIP are delayed by

35 circuit 367 for a length of time depending on the nature of the

interpolation of the luminance component, generating signals U_AUX
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25" for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8. The
8-bit data blocks are read out of the FIFO 354 by the 1024fH di spl ay cl ock,
whi=ch is |l ocked to the horizontal synchronizing conponent of the main video
signal. This basic configuration, which uses a nultiple line nenory with

I ndependent read and wite port 30 24 ocks, enabl es data which was
orthogonal | y sanpled to be displayed orthogonally. The 8-bit data bl ocks
are divided into 6-bit |um nance and col or difference sanples by

~denul-ti pl exer 355. The data sanples may then be interpol ated as necessary
for the desiaed Vohbit adiaytpats. r Theorempective tY,ed arsd W d:empm'temltswfpbé 35

Since the I eqgindag daw&ﬂ.gwgslgﬁaeafa%fe&%ﬁ% ¥ féé{w‘éh%ﬁ\ﬁbl&'
asynchronous i S con5|d
31 5 317 and 319 |n the output signal pa by controlling the
read enable signals of the FIFO's 354, 356 and 358. The multiplexers
s 315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output multiplexer 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 pP 340. The
10 multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
1s gate array and the data reduction circuit are controlled by WSP uP
340. The WSP pP 340 is responsive to the TV puP 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 uP 340 communicates with the different
20 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 opérations usually accompanied by vertical

25 zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to ‘less than 4/3. 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 Nyquist fold over

30 frequency, which is 8 MHz for a 1024fy clock.

' As shown in FIGURE 6, 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

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

path 304 with respect to the relative positions of the FIFO 356 and
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30 faster than the wite clock rate, there is the possibility of read/wite
pointer collisions. Aread/wite pointer collision occurs when a read
enabl e signal is received before old data, that has already been read
previ ously, has been replaced by newly witten s data. Interlace
integrity nust al so be preserved. Azﬁlfficiently | arge menory nust be
chosen in the first instance in order to avoid read/wite pointer collision
in the auxiliary channel FIFO It is a particular advantage of w de format
display ratio televisions that |etterbox signals can expanded to fill the
wi de 10 fortmet intespbi@jor 835 dillEppaiyiosmree&}eS@I shdtates tsehegt mehetbeessary
ocorarte oy ereule oty prevects, wiFIrOon by g gt |
et oct o ci FRTPET OBy Si WBBIGIHELS RO MAS SPPOSPaphemePRdPinddan of
the 4 x 3 foaswmiequiregl &y pture expaasionhi chhe switolhes 888 and 331 are
5 responsive to a route control circuit 335, which is itself responsive
to the WSP puP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no
comparable switching is required in the auxiliary signal path.
10 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 4/3 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
15 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
20 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 beihg clocked into the
25 interpolator 337. This is different from the compression case
where the 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, tha: is,
events can occur based on the rising edges of the system clock
30 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, video RAM 350, to store incoming video
data. The video RAM 350 holds two fields of video data in a plurality
35 of memory locations. Each memory location holds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
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15° 16 x 9 format display ratio letterbox display. In order to increase the
vertical height of the |etterbox signal, the vertical scan rate of display
vigeo is increased so that the black regions at the top and bottom of the
picture are elimnated, or at |east substantially reduced. An automatic

| etterbox detector can be 20 based 28 the assunption that the video signal
wi |l have no active video, that is, a substantially constant |um nance

val ue.not higher than a threshold value. Alternatively, |etterbox detection
can be acconplished by calculating two gradients for each line in the video

field. Four Vg%&gglﬁ &l 6804 e8hd 2 oMb & ThEsd WRoJbMEr lisShokp  maxi num

The pr ovi ous. FIHET #hSiPE: O8fEanr APt ofakithma: Lo AhE Il g BgHF, ' ¢

formed by subtlhacfastgswitehniatanvalues irdioate wehiph etyipeuof Ifield wasm t he

maxi num val ue yeud Mentol ViRt HAME. SThée IR6RNGre R eRRids GrsdataasRied A

negative grsadltﬁgt\lidéos ﬁRMnggO.bgnd the entire video RAM 350 is read during the
display period, both fields are read during the display scan. The PIP
circuit 301 will determine which field will be read out of the
memory to be displayed through the use of the fast switch data. The
PIP circuit always reads the opposite field type that is being

10 written to overcome a motion tear problem. If the field type being
read is the opposite 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 resuit is that
the small picture maintains correct interlace without a motion tear.

15 The clocks/sync circuit 320 generates read, write and 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 from one of the main or

20 auxiliary channels, but not both, as necessary .to combine 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

25 into the FIFOs 356 and 358 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. The process
for this display format is illustrated in FIGURES 7 and 8. In the case

. of cropped side-by-side displayed pictures, the write enable control

35 signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is

active for (1/2)"(5/12) = 8/12 or approximately 41% of the display

2
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30" subtracting the mnimumvalue of the current line fromthe maxi mum

val ue of the previous line. Either of the gradients may have positive or
negative val ues depending on scene content, but the negative values of both
gradients nmay be ignored. This is because only one gradient may be negative
at a time, and the magnitude of 35 Rf7e gradient with the positive value

wi Il always be greater than or equal to the magnitude of the gradient with
t he negative value. This 31 sinplifies the circuitry by elimnating the
need to cal cul ate an absolute value of the gradients. If either gradient

has a positivacthad Uimenwperbd egpeedsherdd LPYY BRTBTRL Soft h’fé*%hu‘%h%ﬁy \dridfeel S
considered 058Pl PUridd (5te' Bbed Up) CUS" S i TIBUHAE 7.5 &1 Ous
' corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/g.
s In the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
10 by the 910 x 8 FIFOs. ' |
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 the example of the side-by-side cropped mode
15 shown, the main channel video is being displayed on the left hand
half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video- portions of
the waveforms are different for the main and auxiliary channels as
- illustrated. The read enable control signal (RD_EN_MN) of the main
20 channel 910 x 8 FIFOs is 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 (RD_EN_AX) is active for the other 50% of
the display active line period beginning with the falling edge of the
2s  RD_EN_MN signal and ending with the beginning of the main channel
video front porch. It may be noted that write enable control signals
are synchronous with their respective FIFO input data (main or
auxiliary) while the read enable control signals are synchronous
with the main channel video. _
30 The display format shown in FIGURE 1(d) is particularly
desirable as it enables two nearly full field pictures to displayed in
a side by side format. The display is particularly effective and
appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X 3 format,
35 which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
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5 *These regi ster values can be used by a m croprocessor to nake a
determ nation of whether or not the video source is in the |etterbox

foLmat. In yet another alternative, not illustrated in the draw ngs, the .
automatic |l etterbox detector may conpgise a circuit for decoding a 10 code
word or signal carried by a letterbox signal source which identifies the
signal as letterbox format. FIGURE 12 illustrates an automatic |etterbox
detector as part of a vertical size control circuit 1030. The vertical size
control circu rj ses Iett rbox detector 1032, a vertical display 1 5
control circ '?p'%S@tE’nG" VsteéIF'@'oQM RIOPRRG the Riskires By 3i%i 9kl y, t he

vertical bl arslqumgzmgj therpictuziesr bp e33%\ | ared intodbeingr asﬁettt tattb as separate
eOTer o on BEGPIGRCT OHerAR I BB MRBIRER oy 1, PHAGE , o
expansi on of QrARPING e aspect ratio distortion may be set any where in between
5 the limits of 0% and 33%. As an example, two side by side pictures
may be presented as 16.7 % squeezed and 16.7% cropped.

The horizontal display time for a 16 X9 format display ratio
display is the same as a 4 X3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an

10 NTSC video signal must be sped up by a factor of 4/3 to preserve a
correct -aspect ratio, without distortion. The 4/3 factor is
calculated as ratio of the two display formats:

4/3 = (16/g) / (4/3)
Variable interpolators are utilized in accordance with aspects of

15 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 X 3 format display ratio signals are displayed on a single 4 X 3
format display ratio display, each picture must be distorted or

20 cropped, or some combination thereof, by 50%. A speed up
com'parable 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

25 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 period in a field memory, and
then expanded in a line memory. Synchronization of the auxiliary

30 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

35 pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be
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200 format display ratio signal which includes the 16 x 9 format display
ratio letterbox display. Wwen the output signal VERTICAL SIZE ADJ becones
active, the vertical deflection height is increased by 4/3 (see FI GURE 10),
Whi ch enabl es the active video portien of the Ietterbox signal to fill the
w de screen wi thout image aspect ratio 25 distortion. The vertical display
control circuit 1034 also controls which part of the overscanned raster

vv:cl I hbe di spl ayed on the screen, a feature referred to as vertical panning.
If the vertically overscann 0 Sj not etterbox format, the
convent i onal WEdtenyiiRtg et Bﬁgﬁt 3.53%%5/ 't@aﬂoﬁgeﬁo‘iﬂ’!’ﬁﬁ'o g[sq O anded, to

simul ate a wiwhens aeaedataroverwrites the smeawry befszecthe ol daga thamarof the
pi ot ur e cr ongadohvn ko4hd UEH!dGELf HETFIERN Vild shenbeifle FFDVR vi deo

ecessary to ve y Ccrop | cture. Absent
further cont relased ttﬁeth%ﬂnﬂ'ﬁ'u@hd'ﬂﬁ)tﬁt@)ﬁgﬁ G’aﬂﬁplty t OUth to Be

s 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 640fy clock locked to
the horizontal synchronizing component of the incoming auxiliary
video signal. This operation enables orthogonally sampled data to be

io stored in the video RAM 350. 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

15 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 350.

More particularly, as shown in FIGURE 4, the output of the

video RAM 350 is an input to the first of two 4-bit latches 352A and
20 352B. The VRAM_OUT output is in 4-bit data blocks. The 4-bit
latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches also reduce the data clock rate from
1280fy to 640f4. The 8-bit data blocks are written into the FIFO
354 by the same 640fy clock used to sample the auxiliary video data
25 for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8.
The 8-bit data blocks are read out of the FIFO 354 by the 1024fy
display clock, which is locked to the horizontal synchronizing
component of the main video signal. ‘This basic configuration, which
uses a multiple line memory with independent read and write port
30 clocks, enables data which Was orthogonally sampled to be displayed
orthogonally. The 8-bit data blocks are divided into 6-bit luminance
and color difference samples by demultiplexer 3556. The data
samples may then be interpolated as necessary for the desired
format display ratio and written as video data output.
35 Since the reading and writing of data from the auxiliary
channel FIFO is asynchronous, and the read clock rate is considerably
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35* always be cropped. However, picture content may dictate that nore of
the top than the bottom of the picture is better cropped, or vice 32
vegsa. If all action is at ground |evel, for exanple, a viewer might prefer
to crop nore. sky. A vertical panning capacity enables a choice as to which
part of the zoomed picture will be sB®wn and which part wilt be cropped. 5
Vertical panning is explained with reference to FIGURES 13 and 1 4(a)-(c).
The three | evel conposite vertical blanking/reset signal is shown at the
top of FIGURE 13. These signals can be generated separately. The verti cal

bl anki ng pul s¢adtegi thanwies whte Tigelalrate, CEhéfe iis theuploskibilitikToBLNKO and-

ends when LCONIG/itgdY0infe? 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

s 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 advantagé of wide format display ratio
televisions that letterbox signals can expanded to fill the wide

10 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 letterbox
detection circuit is provided, which automatically implements -
expansion of the 4 x 3 format display ratio signal which includes the

15 16 x 9 format display ratio letterbox display.

In order to increase the vertical height of the letterbox signal,
the vertical scan rate of display video is increased so that the black
regions at the top and bottom of the picture are eliminated, or at
least substantially reduced. An automatic letterbox detector can be

20 based on the assumption that the video signal will have no active
video, that is, a substantially constant luminance value not higher
than a threshold value. Alternatively, letterbox detection can be
accomplished by calculating two gradients for each line in the video
field. Four values are required to calculate the two gradients:

25 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 gradient, is formed by

30 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

3s the gradient with the positive value will always be greater than or
equal to the magnitude of the gradient with the negative value. This
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10° VRTBLNK1. The vertical reset pulse starts when LCOUNT is equal to
VRTPHASE. The LCOUNT is the output of a ten-bit counter used to keep track

of horizontal half lines with respect to the | eadi ng edge of VSYNCWN
VSYNCWN i s the synchroni zed versionﬁg{ VDRV_MN, which is the vertical
synchroni zi ng conponent of the 15 n signal provided to the gate array.
VRTBLNKO and VERTBLNK1 are provided by the m croprocessor dependi nhg upon
the vertical panning command. VRTPHASE prograns the rel ative phase of the
VERTRST out put with respect to the risin e of the vertical

synchroni zi n§eRiRMdRE CHCHRE dredyNo iﬁn%gghe reed coveeutate arut put s
Ej he gut DUE hgébeoﬂrt& \ialga/ of ahe gmiiemste Ibfeithiee @iaid@'iéfﬁﬂ hagi a s?siavm Ined by
posi t1 on couttiie Wilef e’ sl Ragtertibie, thideillla, videhf i SaiRY, gna
into three séyrihisesent espsitbendhe currenthiine 2moal the feevieuszling pul se,
the equal § zaffiheBe register values can be used by a microprocessor to make a
| determination of whether or not the video source is in the letterbox
format. .

In yet another alternative, not -illustrated in the drawings, the

automatic letterbox detector ma{/ comprise a circuit for decoding a
10 code word or signal carried by a letterbox signal source which
identifies the signal as letterbox format.

FIGURE 12 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

15 control circuit 1034 and a 3-state output device 1036.
Alternatively, the vertical blanking and vertical reset pulses can be
transmitted as separate signals. In accordance with an inventive
arrangement, the automatic letterbox detection circuit can
automatically implement vertical zoom or expansion of the 4 x 3

20 format display ratio signal which includes the 16 x 9 format display

| ratio letterbox display. When the output signal VERTICAL SIZE ADJ
becomes active, the vertical deflection height is increased by 4/3
(see FIGURE 10), which enables the active video portion of the
letterbox signal to fill the wide screen without image aspect ratio

25 distortion.

The vertical display control circuit 1034 also controls which
part of the overscanned raster will be displayed on the screen, a
feature referred to as vertical panning. If the vertically
overscanned video signal is not in letterbox format, the conventional

3o display format picture can be zoomed, that is expanded, to simulate
a wide screen format. In this case, however, the portions of the
picture cropped by the 4/3 vertical overscan will contain active
video information. It is necessary to vertically crop 1/3 of the
picture. Absent further controls, the top 1/¢ and bottom 1/g will

35 always be cropped. However, picture content may dictate that more
of the top than the bottom of the picture is better cropped, or vice
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23 pul se and the vertical synchronizing pulse. A vertical deflection
current for no overscan, which actually refers to the normal 6% overscan,
is, shown by dotted lines, as is the corresponding vertical blanking signal.

The width of the.vertical blanking 5)3,: se for no overscan is C. The verti cal
synchroni zing pulse 30 is in phase’fnith the vertical reset pulse. A

~vertical deflection current for the overscan node is shown by a solid line,
as is the correspondi ng vertical blanking pulse, having pulse wwdth D. If
the bottom overscan A is equal to the top overscan B, the display will be
as shown i n verSaREIf1a[laaction ishat gerunddeveleder gxample3z viewgeiBigdted so

?f} tOt- 'hag tBﬁeY&r td &Pp SHBFEITSKY. Zi AW eptitAIepahhingbeapasity \erables 2A i s | ess
an eto ch%\{ceé Sacsart]o E'(ivhlrc SB'aFt' of thé zto%emed picture will be shown and
which part will be cropped.

5 Vertical panning is eiplained with reference to FIGURES 13 and
14(a)-(c). The three level composite vertical blanking/reset signal
is shown at the top of FIGURE 13. These signals can be generated
separately. - The vertical blanking pulse begins when the signal
L_COUNT is equal to VRT_BLNKO and ends when L_COUNT is equal to

10 VRT_BLNK1. The vertical reset pulse starts when L_COUNT is equal
to VRT_PHASE. The L_COUNT is the output of a ten bit counter used
to keep track of horizontal half lines with respect to the leading
edge of VSYNC_MN. VSYNC_MN is the synchronized version of
VDRV_MN, which is the vertical synchronizing component of the

15 main signal provided to the gate array. VRT_BLNKO and VERT_BLNK1
are provided by the microprocessor depending upon the vertical
panning command. VRT_PHASE programs the relative phase of the
VERT_RST output with respect to the rising edge of the vertical
synchronizing component in the COMP_SYNC output. The COMP_SYNC

20 output is the output of a J-K flip/flop. -The state of the flip/flop is
determined by decoding the outputs of L_COUNT and H_COUNT.
H_COUNT is the horizontal position counter. The L_COUNT counter is
used to segment the COMP_SYNC éignal into three segments

~ corresponding to the horizontal synchronizing pulse, the equalization

25 pulse and the vertical synchronizing pulse.

A vertical deflection current for no overscan, which actually
refers to the normal 6% overscan, is shown by dotted lines, as is the
corresponding vertical blanking signal. The width of the vertical
blanking pulse for no overscan is C. The vertical synchronizing pulse

30 is in phase with the vertical reset pulse. A vertical deflection
current for the overscan mode is shown by a solid line, as is the
corresponding vertical blanking pulse, having pulse width D.

If the bottom overscan A is equal to the top overscan B, the
display will be as shown in FIGURE 14(a). If the vertical reset 'pulse

35 is generated 0 as to lag the vertical synchronizing pulse, the
bottom overscan A is less than the top overscan B, resulting in the
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33 display shown in FIGURE 14(b). This is a downward vertical pan

di splaying the | ower part of the picture and blanking the top third of the
picture. Conversely, if the vertical reset pulse is generated so as to | ead
the vertical synchronizing pulse, the bottomoverscan Ais 5 nore than the
top overscan B, resulting in the di3flay shown in FIGJRE 14(c). This is an
upward vertical pan, displaying the upper part of the picture and bl anki ng
the bottomthird of the picture. The relative phase of the vertical
synchroni zing signal and the vertical reset signal is controllable by the

- W8P [err]P fiﬂﬁmaPOswhlm FRGURER1 416). PEHISi 8% BEWMWaRY Sepicd) pasles of
oper ati on. 3@ m%wl b% ap reC|ated0%§ﬁ% th? ove&&g%&ﬁﬁgnraﬁégr repa&p%
vertical ly difplaying 1ge Part. of Jhe; Rictre &f gr & teR nthrgh Ofg
vertical parthenpictute.i sCoheetdedpkifnthe vestioall redetchulsenibeenmratedhldoy
?‘;‘éfg} or posd tthORed tRSWBFREAI SPhtiroMiZifg" pEREC theObbREnt SVefscal ANE
" s more than the top overscan B, resulting in the display shown in
FIGURE 14(c). This is an upward vertical pan, displaying the upper
part of the picture and blanking the bottom third of the picture. The
relative phase of the vertical synchronizing signal and the vertical
reset signal is controllable by the WSP pP 340, to enable vertical
10 panning during overscan modes of operation. It will be appreciated
that the overscanned raster remains vertically centered, or
symmetric, on the picture tube or screen during vertical panning. It
is the blanking interval which can be vertically moved, or
_positioned, asymmetrically with respect to the center of the raster,
15 so as to blank more of the picture at the top than the bottom, or vice
versa. . '

A vertical reset generating circuit 1100 in accordance with an
inventive arrangement is shown in FIGURE 15. Signal names ending
with "N" denote signals which are active low (logic 0). All of the

20 flip/flops and counters in circuit 1100, for example, are cleared by
the system clear signal CLRN, a negative going pulse. Counter 1101
and comparator 1103 form a means for generating a control signal
for initiating vertical reset (Vrst) during panning. Counter 1101 is
clocked by a system clock, for example at 1024fy4. Counter 1101 is a

2s half line counter, enabled for .counting (CEN) by SOL_X_2, which is a
~one clock wide pulse occurring twice per line period. Counter 1101
is cleared (CLR) by Vsync_E, a one clock wide pulse which occurs on
the leading edge of Vsync. The output (CNT) of counter 1101 is one
input to comparator 1103. The other input to comparator 1103 is

30 the DELAY SETTING, which corresponds to a desired pan value. If it
is desired to pan the video up (which can also be thought of as
scrolling the video down) by a slight amount (for example, 4-5
lines), the vertical reset pulse is actually delayed from vertical
sync by 262.5 lines less the pan value. This difference is the delay

35 setting, or delay value. Whenever the output of the counter matches
the delay setting, a start reset signal (Str_Rst) is generated. The
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15 so as to blank nore of the picture at the top than the bottom or vice
versa. A vertical reset generating circuit 1100 in accordance with an

i nventive arrangenment is shown in FIGJURE 15. Signal nanes ending with "N'
denote signals which are active | ow, (alogic 0). Al of the 20 flip/flops
and counters in circuit 1100, for e):?arrpl e, are cleared by the system cl ear
signal CLRN, a negative going pulse. Counter 1101 and conparator 1103 form
a nmeans for generating a control signal for initiating vertical reset

- (Vrst) during panning. Counter 1101 i s clocked by a system ¢l ock, for
exanpl e at lggéﬁ%t 804t é5 a pesitive going midse thateiscd(miadra inmesiod or

counting (CE!Nhgby THd- 1eading\8dgé dfsthis cpmscla?mfretdmeobbgmmﬁgwfrmw twce
per |ine perjod. gountre(%aellzgé #s ?‘%}"8 Led (CLR) by Vsync_E, a one clock w de
pul se which 8%‘3'15? il &3 n'a g‘ of Vsync. The out put (CNT) of
counter 1101 is oPeei pmhlero thatnsaeacountered. whes vertisal ingnuning ds ceseshr at or
1103 is s occurs during special effects mode of VCR playback. In fast forward
mode of a VCR, due to the non-standard nature of the linear tape
speed, the number of lines in a field decreases by a number which is
dependent on recording mode (SP, LP or SLP) and the linear tape
speed. A nominal number of lines per field contained in fast forward
10 mode of VCR playback (SP mode) for this discussion is assumed to be
253.5 lines. If the desired panning value is down by 5 lines, the
delay setting would be 262.5 lines - 5 lines = 257.5 lines. However,
a new Vsync (in the form of Vsync_E) occurs every 253.5 lines,
resetting the half line counter 1101. During this mode, a vertical
15 reset will not occur because the half line counter 1101 will be
- continually reset without ever reaching the desired delay value,
causing a collapse of the vertical raster and possible tube damage.
Circuit 1100 assures the occurrence of a vertical reset pulse
regardiess of the phase of Vsync and the delay setting for vertical
20 reset. The vertical sync signal Vsync is sampled by SOL_X_2 , the
one clock wide pulse occurring twice per line period. Vertical sync
has been processed in a way that it is guaranteed to be offset from
SOL_X_2, for example by 1/16 or 1/8 of a line period. Sampling
vertical sync with SOL_X_2, using D-type flip/flops 1102, 1104 and
25 1106, realigns vertical sync with SOL_X_2. Such sampling for
realignment might not be necessary in dther systems. The leading
edge of Str_Rst, as noted, signifies the beginning of the desired
vertical reset interval. |f the number of lines in a field are greater
than or equal to the delay setting used to generate the Str_Rst
30 signal, the leading edgé of Str_Rst is used to clear a second half line
counter 1114 which then counts for the desired vertical reset length
and stops.
Counter 1114 is cleared by signals on any one of the three
inputs to NOR gate 1120. One input is responsive to Str_Rst pulses
35 as explained above. A second input is responsive to the system clear
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30 the DELAY SETTING, which corresponds to a desired pan value. If it is
desired to pan the video up (which can al so be thought of as scrolling the
video down) by a slight amount (for example, 4-5 lines), the vertical reset
pul se is actually delayed fromvertical sync by 262.5 lines lLess the pan
value. This difference is the delay3® setting, or delay val ue. Wenever
the output of the counter nmatches the delay setting, a start reset signal
(Str Rst) is generated. The 34 Str_Rst signal is a positive going pul se
that is 1/2 of a line period long. The | eading edge of this pulse signifies

oncounter oo SEH SIS Bt adre rigaPlatss Valno e diabhe (et 1o
below.
A different scheme ensures that a vertical reset Vrst is

produced for the case where the number of lines in a field is less

5 than the delay setting used to generate the Str_Rst signal, because
the Str_Rst signal will not be generated. A J-K flip/flop 1112 is
set on the leading edge of the sampled vertical sync signal. The
output of flip-flop 1112 is used as an enable signal, through AND
gate 1116 for the next sampled vertical sync signal. If a Str_Rst

10 pulse has not occurred since the flip-flop 1112 was set, the counter
1114 used to generate the Vrst signal is cleared on the leading edge
of the next sampled vertical sync signal. In this manner, it is
assured that as long as a Vsync signal is present, a Vrst pulse of the
correct length will be generated regardless of the number of lines

15 in a field or the desired delay setting for the Str_Rst signal. If a
Str_Rst puise does occur, the leading edge of the Str_Rst signal
clears the J-K flip/flop 1112 and generates a Vrst signal based on
the Str_Rst pulse.

One of the counter enables may be used to generate the

20 vertical reset pulses Vrst. In the illustrated embodiment, the
desired vertical reset length is set for 6 half lines (3 lines), by
reason of decoding for QB (21) and QC (22) in NAND gate 1118.
Vertical reset lengths of other than six half lines may be selected

by decoding other output states of counter 1114.
25 :
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5 " occurs during special effects mode of VCR playback. In fast forward node
of a VCR, due to the non-standard nature of the |linear tape speed, the
nusber of lines in a field decreases by a nunber which is dependent on
recording node (SP, LP or SLP) and the |inear tape speed. A nonminal nunber
of lines per field contained in fast forward 10 node of VCR playback (SP
node) for this discussion is assuned3to be 253.5 lines. If the desired
panni ng value is down by 5 |lines, the delay setting would be 262.5 |lines -
5 lines = 25Wbal iinedaintedeser, a new Vsync (in the formof Vsync E) occurs
every 253.5 lines, resetting the half line counter 1101. During this node,

a vertical 15 reset wl.l not. occur because the half |line counter 1101 vm [ 1
be continually reset %{'ﬂ%ﬁté'évl@ﬂ P%%HF&QSE%- #2¥IN%Ed del ay val ue, causing
a col | apse of the means d2#4) dor edisplayimpssividieo tsigarajanmage. Circuit 1100

rtd L es [ r of .t he phase of
ey and e 1504 R608 F108 St orP U U6E Uit £ilfe”
g-a vertical” height greater than said display means;
a vertical panning circuit (1034) for displaying a selected
portion of said picture on said display means (244) by generating
a timing interval (DELAY SETTING) for delaying vertical reset
pulses in phase relative to a vertical synchronizing component
(Vsyne) of said video signal; characterized by:
means (1100) for generating said delayed vertical reset
pulses (V,g), having a first mode of operation when vertical
scanning intervals occur shorter in duration. than said timing
interval and a second mode of operation when vertical scanning
intervals occur not shorter in duration than said timing interval.

2. The system of claim 1, characterized in that said phase
delayed reset pulses (Vig) are initiated responsive to counting
means (1101, 1103) in one of said modes and initiated responsive
to said vertical synchronizing component (Vsync) in the other of
said modes.

3. The system of claim 1, characterized in that said phase
delayed reset pulses (Vq) are initiated responsive to said
vertical synchronizing component (Vsync) during said first mode
of operation and responsive to counting means (1101, 1103) said
during said second mode of operation.

4. The system of claim 1, further characterized by means
(1101, 1103) for measuring and comparing said timing interval

and said vertical scanning intervals according to respective
numbers of video:lines.

5. The system of claim 1, further characterized by:
counting means (1101) for measuring said successive
vertical scanning intervals as a first number of video lines: and,

_ This is the replacement shest
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200 reset. The vertical sync signal Vsync is sanpled by SOL_ X 2 , the one
cl ock wi dé pul se occurring twice per line period. Vertical sync has been
processed in a way that it is guaranteed to be offset fromSO.L_X 2, for
exanple by 1/16 or 1/8 of a line period. Sanpling vertical sync with
SOL_X 2, using D-type flip/flops 1102, 1104 and 25 1106, realigns vertical
sync with SOL_X 2. Such sanpling for;4ealignment mght not be necessary in
ot her systens. The | eadi ng edge of Sztr Rst, as noted, signifies the

27l el ar e gr ont SRt YOS (67 coffiRftind Befd impbts, d1BEBY e in, Li'e®  he

StrRst 30 sgaﬁgls,“qcﬁésl"@ad’leﬁ caugeasning ripdervials (9o §2id Wnitg a second

hal f |ine coimeerallmelasuredhas heersecondt sufrdvert dfe vidiesi findsyeaid phlhsgeset

hr 2e i nput s eSS TeSEEPUISES (Ui, SO IMNaBidIB oty 3 oUpite
&gna%t%%st) of sai compgrmg means (1103) indicative of a

match of said first and second numbers.

6. The system of claim 1, further characterized by:
counting means (1101) for measuring said successive
vertical scanning intervals as a first number of video lines: and,
means (1103) for comparing said numbers of video lines in
said successive vertical scanning intervals to said timing
interval, measured as a second number of video lines, said phase
delayed reset pulses (V,g() being initiated in said second mode
responsive to an output signal (Str-Rst) of said comparing means -

(1103) indicative of a match (P=Q) of said first and second
numbers.

7. The system of claim 1, characterized in that each of said
timing intervals is equal to a difference between the number of

video lines per vertical scanning interval and a desired number of
video lines to be panned.

8. A video display control system, having:

means (244) for displaying a video signal;

means (50) for generating from said video signal a picture
having a vertical height greater than said display means (244);

a vertical panning circuit (1034) for displaying a selected
portion of said picture on said display means (244) by generating
a video line delay interval relative to a vertical synchronizing
component (Vgync) of said video signal; characterized by:

means (1101, 1103, 1108, 1110) for generating a first
signal for initiating delayed reset pulses when fields occur
having at least as many video lines as said line delay interval;
and, _

means (1112, 1116) for generating said delayed reset
pulses in accordance with said vertical synchronizing component
absent said first initiating signal (Str-Rst).

* C L M § * '
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35 as expl ained above. A second input is responsive to the system clear

35 signal CLRN. Athird input is responsive to Vsync, as explained below A
different scheme ensures that a vertical reset Vrst is produced for the
case where the nunber of lines in a field is less 5 than the delay setting
used to generate the Str .Rst signal, because the Str_Rst signal will not be
generated. A J-K flip/flop 1112 is 3 on the |eading edge of the sanpled
vertical sync signal. The output of flip-flop 1112 is used as an enabl e
signal, through AND gate 1116 for the next sanpled vertical sync signal. If

a Str_Rst 10 pulge R BPiteRt D' &g SENEGth&E chhiRotklioBd 18y smansset . the
(1102, 1104, 1106) for generating a second signal for initiating
said delayed reset pulses responsive to said vertical
synchronizing corhponent.

10. The system of claim 9, wherein said delayed reset
pulse generating means is characterized by:

counting means (1114); and

gating means (1112, 1116, 1120)' for selectively applying

one of said first and second initiating signals to said counting
means (1114).

11. The system of claim 8, characterized in that said delay
interval (DELAY SETTING) is equal to the number of video lines per
field less a desired number-of video lines to_be panned.

12. The system of claim 8, characterized by:

means (1101) for counting the number of video lines in
successive fields; and, o

means (1103) for comparing said numbers of video lines in
said successive fields to the number of video lines in said video
line delay interval, said comparing means (1103) generating said
first initiating signal (Str-Rst) as an indication of a match (P=Q)
of said numbers of video lines in said successive fields and in
said video line delay interval.

13. A video display control system, having:

means (244) for displaying a video signal;

means (50) for generating from said video signal a picture
having a vertical height greater than said display means (244);

a vertical panning circuit (50) for displaying a selected
portion of said picture on said display means (244) by generating
a time delay (DELAY SETTING) relative to a vertical synchronizing
component (Vgync) of said video signal; characterized by

means (1101, 1103) for comparing in duration successive
tields of said video signal and said time delay;

. This is the replacement sheet
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1114 used to generate the Vrst signal is cleared on the | eading edge of the
next sanpled vertical sync signal. In this manner, it is assured that as
long as a Vsync signal is present, a Vrst pulse of the correct length will
be generated regardl ess of the nunber of lines 15 in a field or the
desired delay setting fqr the Str_Rst signal. If a StrRst pulse does occur,
the | eading edge of the StrRst signgl9clears the J-K flip/flop 1112 and
generates a Vrst signal based on the StrRst pul se. One of the counter

enabl es may be useéans (NS, at ewhere%qbon\se.rd ItO%aldeéemplanl emedrid . In the

|1 d di r t f 6 hal f
[ines (3 1 ngrz)@q ‘o 103),, 40P geiterafia) & 6P 6FEL ol, 'ﬂﬂ%@”@zéfe? edanD gat e
1118. Verti ¢@set éé‘é?eﬁewa?ﬂsaoffelgt %Elsat%é[ﬂ\d@ﬁ ﬁ'@&&& andneeldnameb@em ected
by decodi ng waheh (Buuin durhdonpf counter 1114, 25

means (1102, 1104, 1106) for generating a second signal
for initiating said delayed reset pulses in accordance with said
vertical synchronizing component (Vsync):

means (1112, 1116, 1120) for selecting one of said first
and second initiating signals; and,

means (1114) for generating said delayed vertical reset
pulses (V,g) responsive to said selecting means
(1112, 1116, 1120).

14. The system of claim 13, characterized in that said
selecting means (1112, 1116, 1120) provides said second
initiating signal as an input to said delayed vertical reset

~ generating means (1114) absent detection of said first initiating
signal.

15. The system of claim 13, characterized in that said
means (1102, 1104, 1106) for generating said second initiating

signal is responsive to said vertical synchronizing component
(Vrst)-

16. The system of claim 13, wherein said means
(1101, 1103) for comparing in duration successive fields of said
video signal and said time delay is characterized by:

means (1101) for counting video lines in said successive
fields; and, :

means.(1103) for comparing the number of video lines in
each of said successive fields with said time delay.
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36 What is claimed is: 1. A video display control system having: neans
(244) for displaying a video signal; nmeans (50) for generating fromsaid
video signal a picture having a vertical height greater than said display
means; a vertical panning circuit (1034) (Elor di spl aying a sel ected portion
of said picture on said display neans (21'1 ) by generating a timng interval
(DELAY SETTING for delaying vertical reset pulses in phase relative to a
~vertical synchronizing conponent (Vsync) of said video signal;

characterized _by: nmeans (1100) for generati nr? sai d del ayed vertical reset
VERTICAL RESET GENERATION SYSTE

Abstract
A video display control system comprises a display (244)
for the video signal, a vertical zoom circuit (50) for generating
from the video signal a picture having a vertical height greater
5 than the display, and, a vertical panning circuit (1034) for
displaying a selected portion of the picture on the display by
generating a time delay relative to a vertical synchronizing
component of the video signal. A counter (1101) and comparator
(1103) measure the respective durations of successive fields of
10 the video signal and the time delay. A circuit (1108, 1110)
responsive to the comparing means generates a first signal for
initiating delayed reset pulses when a field of the video signal
and the time delay match in duration. Another circuit
(1102, 1104, 1106) generates a second signal for initiating the
15 delayed reset pulses in accordance with the vertical
synchronizing component. A gating circuit (1112, 1116, 1120)

- selects the first initiating signal as an output, if present, and
selects the second initiating signal as an output absent detection
of the first initiating signal. A further counter (1114) generates

20 the delayed vertical reset pulses responsive to the output
selected by the gating circuit.

FIGURE 15

This is the replacement sheet

Date: ]9 JUL db



pul ses (Vrst), having a first node of operation when vertical scanning
I nterval s occur shorter in duration than said timng interval and a second
mode of operation when vertical scanning intervals occur not shorter in
duration-than said timng interval. 2. The systemof claim1, characterized
in that said phase del ayed reset pul sesif¥sst) are initiated responsive to

counti ng ELE.a.n.s_(_ll.O_l‘ﬂl(B) in_one of said npdes and initiated responsive
to said vertical synchronizingjceumpbnent [(\gync) in themot her sald _
nodes. 3.| The—sygtem of ¢laimfl, >charaet ¢rixzed in thgt zaild h seﬁ | ayed
reset pulises Vrgt) are iinitiaje® respongi ve to said|verti ca«lr syn oni zi ng
conponent (Vsﬁnc duringlsaid firstinpdelof . operatior_and |responsivejto
counti ng jrelans (1101, 1103)_sa|d during said gecond rode dof operation. 4.
The system'of—ctaim 1, f{reher|characterized fhy*weand 2 | 2 | 2 | .
' o v - <« < -~ :
> - .
© g - ug_ o|lo|o|Q
~ - >-: >~.1-< W
(9] [yp] <@
> = >
«t < <r
NI 4T
x|
<t
g’< L ™ b ) R
(/o] u > n > n
] ] S
T T W
[y ]
>
v
N
NN
Q_o
] Wi cC Wi
\ \ =ESH
N N 2=
N > = N 23 ™
N 28 N « 78 | X =
N &8 N = =
N E2 N :
N B Ne ' s
N 2z NE | o858 |T nl
% BN 2a8h .
: <gSy _
N \ 523 2| 2|8
2 T T -

Thic is the replacement sheet

oaree 15 JUL 199



and said

scanning intervals according to respective nunbers of video |lines.
counting nmeans (1101)

intervals as a first nunber

conparing sai d nunbers -of
intervals to said timng

scanni ng
JEPT ¢
scanni ng

further characterized by:
2

3 7 neans (110

in said successive vertica

1103) for nmeasuring and conparing said timng interval
and,

measuring said successive verti cal
| i nes

5.. The system of claim 1,

of video |ines;

(T101,
verti cal
vi deo

f or

15 JuL 9%
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mdt ch of said first and second nunbers.
characterized by: counting neans (1101) for neasuring said successive
vertical scanning intervals as a first nunmber of video |ines; and, means
(1103) for conparing said nunbers of video lines in said successive
vertical scanning intervals to said tinimg interyal, nmeasured as a second

6. The systemof claim1, further

nunber of video lines, said phase del ayed reset m;_iés (Vrst) being
initiated in said second node responsive to p @u_;g signal (Str-Rst) of
sai d.conmpari ng neans (1103) |n@cat|ve of a gFEQ) of s&d first and
second nunbers. 7. The_sysEtem dTu:CIaTm& C ac teri?ed in thHdt each of

said tinming interval s Z& eqyal §o a Mikf er%b pber of video
lines per vertical scahd&\qg|intervall anf a nr ideo lines to
be panned. ' = §
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8.7 A video display control system having: neans (244) for displaying a

vi deo signal; means (50) for generating fromsaid video signal a picture
having a vertical height greater than said display nmeans (244); a vertical
panning circuit (1034) for displaying a selected portion of said picture on
said display neans (244) by generating a_video |line delay interval relative
to a vertical synchronizing conponent fﬂ%?nc) of said video signal;
characterized by: nmeans (1101, 1103, 1108, 1110) generating a first

signal for iniLiating del ayed reset pul seg—uhenyf _ r<havi ng at
| east as many vy deo |lines as said Iingjde ay | yHa| L2id, Treans (11112,
1116) -for genefd&}i g SET pJIsesoin.Eé&q$gﬁnca wi th saiMd
vertical synchijopi g ng condonent alsent {sgid f&rst Tnitiatifg signat:j
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38-9. The systemof claim@8, further characterized by neans (1102, 1104,
1106) for generating a second signal for initiating said delayed reset

pul ses responsive to said vertical synchronizing conponent. 10. The systen1
of claim9, wherein said delayed reset pulse generating neans is
characterized by: counting neans (1114);s and gating nmeans (1112, 1116,
1120) for selectively applying one of sai'd first and second initiating
signals to said counting neans (;}14hz 11. l,_.'I'he«'systemof cl ai m 8,

characterized in that said delayg O 3 ==
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i nterval (DELAY SETTING is equal to the nunmber of video lines per field

| ess a desired nunber of video lines to be panned. 12. The system of claim
8,. characterized by: means (1101) for counting the nunber of video lines in
successive fields; and, neans (1103) for conparing said nunbers of video
lines in said successive fields to the ﬁzf?er of video lines in said video
| ine delay interval, said conparing nea 1103) generating said first
initiating signal (Str-Rst) as an indication of a match (P=Q of said
nunbers of video lines in said sucgessive figlds and i said video |line
delay interval. 13. A videg @i spl a?l control gystem ha®j ng: jmeans (244) for
di spl ayi ng a video signal ;&ré%s (50) for gemerating fTom sg d video signal

a picture having a Ivert [ caa_:‘;gei ghtagrgater t#an sgj d displ ay| means (244);
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~avertical panning circuit (50) for displaying a selected portion of said
pi cture on said display nmeans (244) by generating a tinme delay (DELAY
SETTING relative to a vertical synchronizing conponent (Vsync) of said

vi deo signal; characterized by neans (1101, 1103) for conparing in duration
successive fields of said video signal and said tine del ay; 39 neans
(1108, 1110), responsive to said compari/d@ nmeans (1101, 1103), for
generating a first signal for initiating del ayed reset pul ses when a field
of said video signal and said tine delay match (P=Q in duration; neans -
(1102, 1104, 1106) for generating a second signal
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for initiating said del ayed reset pulses in accordance with said vertica
synchroni zi ng conponent (Vsync); neans (1112, 1116, 1120) for sel ecting one
of, said first and second initiating signals; and, neans (1114) for
generating said delayed vertical reset pulses (Vrst) responsive to said

sel ecting neans (1112, 1116, 1120). 14 ﬂ?e system of cl aim 13,
characterized in that said sel ecting nﬁ%ns (1112, 1116, 1120) provides said
second initiating signal as an input to said delayed vertical reset
generating nmeans (1114) absent detection of said first initiating signal.
15. The systemof claim 13, characterized in that said neans (1102, 1104,
1106) for generating said second initiating signal is responsive to said
vertical synchroni zi ng conponent
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(Wst). 16. The system of claim 13, wherein said nmeans (1101, 1103) for
conparing in duration successive fields of said video signal and said tine
deJay is characterized by: neans (1101) for counting video lines in said
successive fields; and, neans.(1103) for conparing the nunber of video
lines in each of said successive fia(kbyigh said time del ay
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