~— ' w2555+
SI DE BY Sl DE TELEVI SI ON Pl CTUR b REPLACED SHEETA&vent BGh re at es -t he
field of televitsions capablée escrighispl: pagen .. 5] Bapay .§7.del p 1%3742
subst ant i AMQIWARR si ze from|ld Claitnss er epig SQ,l_a.f._Ct@%a aNdo 1 1 l?{:r/@

such tel evisions having a 5 Braiisgth)aypion nae h
tel’'evi sions today have a @ Abdiradi SDI g Q.'t.._._l_.qo pdgyedlmz"ont
vertical height, of 4:3. " A IDATE OF RECEPT .

ep Most
width to

..........................

SIDE BY SIDE TELEVISION PICTURES
The invention relates to the field of televisions capable of
displaying side by side pictures of substantially equal size from
different sources, and in particular, to such televisions having a

5 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 dlsplay
format ratio of movies, for example 16:9. The invention is
' ‘applicable to both direct view televisions and projection

19 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 muitiple video
signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except. for experimental material, are

15 broadcast with a 4 X3 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

20 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 ratic are also suited to
25 . 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

30 asynchronous but sumultaneously displayed sources, switching
between multiple sources to generate mulitiple 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

3s television according to various inventive arrangements is capable ¢

~ providing high resolution, single and. multiple picture displays. from
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wi de format dlspl ay ratio corresponds nore closely to the display
‘format ratio of novies, for exanple 16:9. The invention is 38
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4. X3, are limted in the ways that single and multiple video si gnal
sources can be displayed. Tel evision signal transm ssions of conmer ci al

broadcasters, except for experimental material, are 15 broadcast with a 4
X 3 format di Sﬂ'ng!’er@ﬁdomulfvbm/ somessnévmbtﬁﬁmar of differdngPigtndtor mat

| ess pleasmgt an th r fornat tio associated with the
novi es.” Tel evi'@ ﬁﬁp & OI t#ﬁt dos&%éfl §BT’H§I rUQ9S- provi de not only a

nore pl easing di spl'éqlevhmonarmth a evigebdesplaydferphaty ratjo weake e spl ay’
“Took" 11 ke moliBERRnIEl n Blef3ldiP SAPHIE JisER) e yfibo: gl BRI
vi deo sour de rR@SicCnet siandardcln@!pmmal escanningh catesoang meultiplesn thereot, oas
tv'ef'ggi S}‘ or exaflicagi By both MteRacEd UndNdhifiterMacdl JUaNRiSGC" StARdaRF
- - NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal

10 scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1f4, and 1H. The
actual frequency of a 14 signal will vary according to different
video standards. In accordance with efforts to improve the picture
quality of television apparatus, systems have been developed for

15 displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields of the interlaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the

20 horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such progressively
scanned or flicker free displays is variously referred to as 2f4 and
2H. A 2fy scanning frequency according to standards in the United
States, for example, is approximately 31,468 Hz.

25 Television apparatus with conventional format display ratios
can be equipped for displaying multiple pictures, for example from
two video sources. The video sources may be the tuner in the

- television, a tuner in a video cassette recorder, a video camera, and
others. In a mode often referred to as picture-in-picture (PIP), the

30 tuner in the television provides a picture filling most of the screen.

- or display area, and an auxiliaky video source provides a small inset
picture generally within the boundaries of the larger picture. A PIP
display mode in a wide screen television épparatus is shown in
FIGURE 1(c). In many instances, the inset picture can be positionec

35 in a number of different locations. Another display mode is often

- referred to as channel scan, wherein a large number of small

!
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Televisions with a wide display format ratio are also suited to 25 a w de

varjety 3{, cyﬁﬁﬁgs for both conventional and wide display PCHUSAH03742

~S|gnals as ‘we as conbinations thereof ¢B-nultiple picture di spl ays.

_However, the-use of a wide display ratio screen entails nuner ous

probl ems. Changing the display format "ratios of nultiple si gnal sources
devel opi ng consistent timng signals from 30 asynchr onous but

si mul t aneousl y di'spl ayed sources, sw tching bet ween nultiple sources

to generate MRICIIrES.e eaich uﬂ%’ndasﬁlf‘@%t ghannel spuree.dfilgthe gereesoirutd on

pi ctures froméﬁ@ﬁr%?ﬁédmoqﬂé eS' Qﬂf&ré & fo malngﬁi&ﬁf’é 8RUEHS! iFIePisSHEN

probl enms Such lens are s de’ screen televisjon .
according tos mn%‘nscinmﬁ'éell%mqe?ﬁg at WIGR i SErBRNaEBYI§IAY to
vari ous Inveratupaeawy 8 G smsn@awlﬁo In widy istirean hietgvisiesol ution,
single and my i pbe P! Sﬁnlérredgb?é’y N8ael "2 possible. One is referred to as
picture-outside-picture (POP). In this mode, several inset auxiliary
pictures can share a common boundary with a main picture. - A POP
display mode in a wide screen television apparatus is shown in
FIGURE 1(f). Another mode particularly suited for a wide screen

10 television is side by side pictures of substantially the same size,
from different video sources, for example two different channels.
This mode is iliustrated for a wide screen television in FIGURE 1(d)
for two 4:3 video sources. It will be appreciated that this mode can
be considered a special case of the POP mode.

15 Horizontal scanning is accomplished in the same amount of
time in a wide screen television apparatus as in a conventional
television apparatus. However, the distance of the horizontal scan
is greater in the wide screen television. This will stretch the
picture horizontally, creating significant aspect ratio distortion of

20 the images in the displayed picture. Accordingly, problems can be
encountered when displaying a video signal having a conventional 4:3
display format ratio on a wide screen television apparatus, for
example one having a 16:9 format display ratic. These particular
format display ratios would result in a horizontal stretching or

25 expansion by a factor of 4/5. This is a problem for displaying
' "pictures having a 4:3 display format ratio as a main picture and as
"~ an ahxiliary picture, such as a PIP or POP. This is also a problem for
PIP and POP modes even if the main picture originates from a video
source having a 16:9 format display ratio which matches the display

30 means of the television apparatus. :

Certain digital circuits, sometimes referred to generally as
picture-in-piéture processors, are available which can implement
" PIP and channel scan modes in a conventional television apparatus.
One such picture-in-picture processor is designated as a CPIP chip

35 and is available from Thomson Consumer Electronics, inc. The CPIP
chip is described more fully in a publication entitied The CTC 140

r
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2 - single and nultiple sources having simlar or different fornmat
ratios and with selectable display format rati os. AYRA 1631582 a
wth a woOMEMES format ratio can be . 4inplenented inti)erlegvision '
syst ens _dl spl aying video signals both at 5 basic or standard horizontal
sganning rates and nultiples thereof. as wel |l as by both interlaced and -
noni nterl aced scanni ng. Standard NTSC vi deo signals, for exanple, are

di spl ayed- by interlacing the successive fields of each video frane, °

each field beiPigtgrenénaPiatuby (CPIP) Technical Training Manual. available from

Thomson Consumer Eiectronics, Inc., Indianapolis, Indiana. Such
picture-in-picture processors are not suitable for xmplementmg
special display modes, such as PIP, POP and channel scan, in wide

s screen television apparatus. If an auxiliary picture developed by'
such a picture-in-picture processor from an auxiliary video source
were displayed on a wide screen television apparatus without an
external speedup circuit, the auxiliary picture, or pictures, would be
geometrically distorted as described above. The auxiliary picture

10 would exhibit a horizontal expansion by a factor of 4/3 due to the
wider horizontal scanning of the wider picture tube, whether direct
view or projection. If an external speedup circuit were used, the
auxiliary picture would appear without aspect ratio distortion, but
would not fill the screen or fill the portion of the screen otherwisg

15 allotted for the auxiliary display.

A wide screen television can be provided with a signal
processor for distorting a video signal, for example an auxiliary
video signal, such that upon subsequent display the auxiliary picture
will exhibit no image aspect ratio distortion. The distortion can be

20 implemented as an asymmetric compression. The compression _
factors will depend upon the relative display format ratios of the
auxiliary video signal and the wide screen television apparatus. In
order to display an auxiliary video signal having a 4:3 display format
ratio on a television apparatus having a 16:9 format display ratio,

25 The auxiliary picture will be horizontally compressed by a factor of

' 4:1 and vertically compressed by a factor of 3:1. In a television
apparatus having a different display format ratio, for example 2:1,
the horizontal compression factor would be 1.5 times greater than
the vertical compression factor. The asymmetric compression

30 produces geometrically distorted pictures which can then be stored
in a video memory associated with a picture-in-picture processor.
When the asymmetrically compressed auxiliary picture is read out cf
‘memory, in-accordance with the normal operation the picture-in- '

~ picture processor, the resulting auxiliary display exhibits no aspect
3s ratio distortion and is proper size for its intended purpose, whether
PIP, POP, channel scan or otherwise. The horizontal expansion
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a raster scanning operation at a basic or standard horizontal 10 scanning
r at-e _of ggbcw f%b?' y 15,734 Hz. The basic scanning rate HCI/7USO1M8B742
S|gnals is variously referred to as [err] -@nd 1H The act ual
frequency of a [err] signal will vary according to different . video
stdndards. I n accordance with efforts to inprove the picture quality
of television apparatus, syst ems have been devel oped for |15 displaying

i vel Yy, noni nt erl aced_fashi on. Progressi ve

vi deo signals pro S a
scanni ng requﬁ? kzgqﬂﬁizy é&@ﬁ"ﬂi‘gp!r‘a}% vidafe teigyisipe tube exaatlyesanceihdhe

sane time pergettaatbnipredsion, 38anins neeoasypimelice tprt, doné';ﬁﬁ&s tef the
ker. free AA- BB dISp| ays require . t hat each

interlaced fo FI|
field be scan%@ggﬁn l(!'e 80\‘.‘5’&&{"%9{/ In each case, the 20 horizont aI
scanni ng f requencyArruEiedJeilsmaye systamofort bites tyn idal pucturberacootdah

froa af spisayoansranti (@t nadimet” B e dndiod 1o zw%‘fti”%&w@%m ﬁa?r
frequency acc@vantiging firs rﬁl?ﬂdsemﬂd hadeni sighals. repaesentifigr fiestaapkde, i s
?glrf);rg;(' gatsgl Vs éémﬁ@Bp?é%ure’sE’ respectivéfy/, X! HigRePHTd abWeridyeigogyent i onal
éuantlzatlon resolution relative to one another. The analog to
digital converters can operate at different sampling rates. The
10 picture represented in the lower sampling rate signal can have the
appearance of being subsampled, relative to the other picture. A
video display is synchronized with the first video signal. The second
video signal is synchronized with the first video signal. A signal
processing circuit modifies the first and second video signals to .
15 represent the first and second pictures respectively in sizes smaller
than the video display. A muitiplexing circuit combines the
processed video signals for side-by-side display of said pictures. A
quantization resolution enhancing circuit improves the perceived
quality of the video signal having the lower level of quantization
20 resolution. The side by side pictures can displayed substantially '
without image aspect ratio distortion, as well as with different
relative amounts of cropping and image aspect ratio distortion.
A video display system for synchronizing side by side pictures
according to an inventive arrangement comprises a first video signal
25 source of a first picture and a second video signal source of a second
picture. A first signal processor speeds up the first video signal. A
video display is synchronized with the first video signal. The second
video signal is vertically synchronized with the first video signal
and the video display. The second video signal is delayed by a
3o fraction of a field period in a field memory. A second signal
processor speeds up the synchronized second video signal. The first
and second video signals are combined for side by side display of the
pictures. The first and second video signals have first and second
display format ratios respectively and the video display has a thirc
35 display format ratio greater than each of the first and seéqnd
display format ratios. If the first and second display format ratios
/
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can be equipped for displaying multiple pictures, for exanple from t wo
video sources. The video sources may be the tuner in the pEE/GR01847A2 2

t uner |nV%3@'6@§ Tassette recorder, a videp.canera. and others. 1In a
nmode often referred to as picture-in-picture (PIP). the 30 tuner in the
télevision provides a picture filling nost of the screen. or displ.ay
area, and an auxiliary video source provides a snall inset pi cture
generally within the boundaries of the |arger picture. APIP di spl ay

node in a w gdee sedeteragmiokinately araoqrrﬁi Yhei musdncrﬁ@pl formEt @b is(C) I n
T o eSS s A, R e RO LBEbice picfusl BB
channel scandispiayed rinaal écrrg'aatndlﬂ;lﬁay G'Etmrmlflapprommately 8:9. If each of

- the video signals is speeded up by a factor of approximately 4/3 and

s cropped horizontally by a factor of approximately 1/3, each of the
side by sude pictures is displayed substantially without aspect ratio
distortion.

" FIGURES 1(a)-1(i) are useful for explaining different display
formats of a wide screen television. '

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

FIGURES 3 is a block diagram of the wide screen processor
shown in FIGURE 2.

15 FIGURE 4 is a biock diagram of a wide screen television in
accordance with aspects of this invention and adapted for operation
at 1fq horizontal scanning. '

FIGURE 5 is a biock diagram of the wide screen processor
shown in FIGURE 4.

20 FIGURE 6 is a block diagram showmg further details of the
wide screen processor common to FIGURES 3 and 5. '

FIGURE 7 is a block d;agram of the picture-in-picture
processor shown in FIGURE 6. o .
FIGURE 8 is a block diagram of the gate array shown in’

2s FIGURE 6 and iliustrating the main, auxiliary and output signal

paths.

!

FIGURES 9 and 10 are timing diagrams useful for explaining the
generation of the display format shown in FIGURE 1(d), using fully
cropped signals.

30 FIGURE 11 is a block diagram showing the main signal path of
FIGURE 8 in more detail.

FIGURE 12 is a block diagram showmg the auxnhary signal path
of FIGURE 8 in more detail.
"FIGURE 13 is a block dragram of the the timing and control
35 section of the picture-in-picture processor of FIGURE 7.
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- 3- pi ctures. .each froma different channel source, fill the screen
|r1 a, e me nontage. There is no main picture, at |eﬁ§f/[j§§ﬁ(ﬂ"7m3
Si z@% iﬁ(‘,&%nel scan di splay node in.z-w de screen television
apparat us is shown in FIGURE 1(i). In wide screen television 5 apparatus,

ot.her display nodes are -possible. One i*s referred to as

pi cture-outside-picture (POP). In this node, several inset auxiliary
pi ctures can share a comon boundary with a nmain picture. A POP di splay
node in a wide screddGLEREYi14i tSnaabé@kadlagram sfoancircuit for [gerdrBLiRGS dhe

Anot her node pe\ﬁ{érﬁ% Ws??l’?éleﬁll tod 1%V‘fdj?fﬁcrc%‘?ﬂ/er§1%| evision is side by
side pictures of su
15 is a combmatlon block and circuit diagram for ‘the
deflection circuit shown in FIGURE 2.
5 FIGURE 16 is a block diagram of the RGB interface shown in
FIGURE 2.

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 implemented according to different inventive

1c arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
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

15 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
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,

20 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
‘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

25 available display area. Alterhatively, the 16 X9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X3 format d'isplay.-
However, much information will be cropped from the left and/or
right sides. As a further alternative, the letterbox picture can be

30 expanded vertically but not horizontally, whereby the resuiting
picture will evidence distortion by vertical elongatlon None of the
three alternatives is partlcularly appealing. :

FIGURE 1(b) shows a 16 X9 screen. A 16 X 9 format display

| ratio video source would be fully displayed, without cropping and
35 without distortion. A 16 X 9 format display ratio letterbox
picture. which is itself in a 4 X3 format display ratio signal, can
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fromdifferent video sources, for exanple two different channels. Thi s
nmede is iWhisljedesd for a wide screen television in FIGURE 1pPQN/US91/63M42t WO
4:3 video sources. It will be appreciategthat this node can be

. consi dered a special case of the POP node. 15 Horizontal scanning is
acconpl i shed in the same anmount of “tinme in a wide screen television -
apparatus as in a conventional t el evi si on apparatus. However, the '
di stance of the horizontal scan is greater in the wi de screen

- tel ev} sion. péi progfrébsij&btyg_ts@hnhb_d by l}grﬁ% Cddutﬂiﬁ@rdrzmé ?éddﬁtrioﬂé & ia’gto
ol ture. - AccBidkg: o 18D Blabiox w8 SOl PRREY tRRIVBRSp o HEe
vi deo si gnal streemdelevisionein iascdrddnge withditBisl invéntiomtcamtdisptay suohde
i spl ay rati . 16 SEPaHRY Hishly ratip SRR CwBnGP thBTnfaif SRyt oBe |, .
horizont & s@uHiaR susEe 27 asxpxtemeh AGBasouttar of 4/3. This is a
Pai n Bl cture.and i”s‘m“:fh;.%"’;{;g? ,.'gfffﬁv g?a?%?“;%gﬂ#z@s?s?‘s*%@; SR INS
is also a pr&@nah Nomwhich a ormat display ratio inset picture _is
displayed. If both the main and auxiliary video signals are 16 X 8
format display ratio sources, the inset picture can also have a '
10 16 X 9 format display ratio. The inset picture can be displayed in
" many different positions. |
FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with the same size picture.
- BEach display area has an format disblay ratio of 8 X9, which is of

15 course different from both 16 X9 and 4 X3. In order to show a
4 X 3 format display ratio source in such a display area, without
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

20 the picture is tolerated. Horizontal squeezing resuits in vertical
elongation of objects in the picture. The wide screen television
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 maxifmum aspect ratio distortion.

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

30 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
display ratio screen. Dark bars are evident on the right and left '
sides. ' -

FIGURE 1(f) illustrates a display format wherein one large

35 4 X3 format display ratio picture and three smaller 4 X3 format

display ratio pictures are displayed simuitaneously. A smaller
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PI P and POP nodes even if the main picture or|g| nates froma video
sour,.ce hawvo®12198659 format display ratio which matches the diPEAVHSIBO3742

-means of 'the tel evision apparat us. -g.Certain digital circuits,

- sonetinmes referred to generally as pi cture-in-picture processors, are
avai |l abl'e whi ch can inpl ement PI P and channel .scan nodes in a
conventional television apparatus. One such picture-in-picture

processor is designated as a CPIP chip 35 and is available from Thonson
Consumer El ecpictufiec Qutsige thae perinreter of ctiiep largelguictureeis sometimeésy in a

publication epteire@dtdNgs P& 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
5 the wide screen television is provided with two tuners, either both
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
10 appreciated that the addition of further tuners and additional
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). . .
15 'FIGURE 1(h) illustrates an alternative wherein the 4 X 3
' 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
20 pictures. The remaining eleven pictures will be in freeze frame
format.
FIGURE 14i shows a dlsplay format having a grnd of twelve
4 X 3 format display ratio pictures. Such a display format is
particularly appropriate for a channel selection guide wherein each
25 picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths.
The various formats shown in FIGURE 1 are illustrative, and
not limiting, and can be impiemented by wide screen televisions
30 . shown in the remaining drawings and described in detail below.

- An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2f4 horizontal scanning, is shown in FIGURE 2 and generally
designated 10. - The television 10 generally comprises a video

35 signals input section 20, a chassis or TV microprocessor 216, a
wide screen processor 30, a 1f4 to 2f4 converter 40, a deflection
Rt
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4 - Picture in Picture (CPIP) Tecnnical Training Manual. avail able
from Lpﬁr}ﬁ%& Consuner El ectronics. inc., Indianapolis, Ipggiyeser/o8uh .
pi cture- 5 W ] processors are not su|1t@1bl e for inplementing '

speci al _di spl ay nodes, such as PIP, POP and channel 'scan, in wide 5 screen

télevision apparatus. If an auxiliary“picture developed by such a -
_picture-in-picture processor froman auxiliary video source wer e
di spl ayed on a wrde screen tel evision apparatus w thout an ext er nal

speedup cir cuwitcuit 68, axiREB intprfacer@), ar Ypl\ttor R&Bweondemer 240, kine

geomet 1 cal | Vit Opiad @rediedfiy b6 BRSO REHEL AL Uy 1 Ser by ¢

exhi bit a horizon expansi on
hori zontal scihni H’@eofgrpuam defr VﬁlfketUISr gircuits, intnediftereantr tunctional bicsksor

proj ection. lif HAdRXEN PRrpSHEE BIPcEhVEMERCEEIE deseAiptibAC and is not
s intended as limiting the physical position of such circuits relative
to one another. :

The video signals input section 20 is adapted for receiving a
plurality of composite video signals from different video Sources.
The video signals may be selectively switched for display as main

1o and auxiliary video signals. An RF switch 204 has two antenna
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 ,

15 202, which performs .a number of functions related to tuning,
horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO QUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200

20 and the TV1 input of wide screen processor 30. Other baseband
video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, iaser disc players, video
tape players, video games and the like. The output of the video

~ switch 200, which is controlied by the chassis or TV microprocessor

25 216 is designated SWITCHED VIDEQ. The-SWITCHED VIDEQ is another
input to wide screen processor 30. _

With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.

3o The Y/C decoder 210 may be implemented as an adaptive line comb
fiter. Two further video sources S1 and S2 are also inputs 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

3s decoder, as in some adaptive line comb fiiters, or which may be
implemented as a separate switch, is responsive to the TV
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auxiliary picture woul d appear without aspect ratio distortion, but
woul d notYJ ) bi/10% screen or fill the portion of the screen BCREISA14€374%
0

allotted for the auxi liary display. -11- A wide screen television can
be provided with a signal processor for distorting a video signal, for
exanpl e an auxiliary vi deo signal; such that upon subsequent dlsplay
the auxiliary picture w | | exh|b|t no i mage aspect ratio distortion.

The distortion. can be 20 inplenmented as an asymmetric conpression. The
conpressi on Mmicropsecessomnidlt depaclectivm one pairaof veminaptayandr nat

ratios of theshromindte! s h‘édy'a‘%een;?mﬁgaéeé‘u Bfigtés v Tj19|Eal?:£1reemr~|tel evi si on

apparatus. In an aux) Frary video signal having.a 4:3
di spl ay f or nef@SPectivelyt.i oTBR 88 %Q/lﬂﬁ‘bnoa iranee _Rd FEHramisanceor mat

di splay rati Osngaéls T@eth@wsahearcbrmlaété@ tWel maie big"naqoahél isy p@eaasgé@ed by

felovioiof  along’a it SGhat RAMY SR SGeSEnalipls RElRlind] M gr N

exanpl e 2:1 refer thetheomaionsiginat ggthes siten dhaominance:| sighal T 9N iisres
ggﬁ;‘ﬁ g;sit 2‘;’]‘” redirectd E!Fr&'eCWidEOWe%?F'p?BcéggéPrbacPh?o'a@é”%ter-éﬁip, 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
10 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 .
15 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 SWa4
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an _
20 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
25 auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is cpnverted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signails
are converted to digital form for further signal processing. The
30 arrangement of video signal source'switching in the main and
' auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
formats. '
A composite synchronizing signal COMP SYNC, corresponding :c
35 Y_M is provided by the wide screen processor to a sync sepér_ator
212. The horizontal and vertical synchronizing components H and V -
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30 produces geonetrically distorted pictures which can then be stored
in-a,vide ssociated with a picture-in-picture proces?Qﬂyusghm3ﬂﬁen
t he asymrcewge;ézws;?gconpressed auxiliary pigipre is read out o menory,

in_accordance with the normal operation the picture-in- pi cture
pnocessor the resulting aUX|I|ary di spl ay exhibits no aspec: 35 ratio
distortion and is proper size for its intended purpose, whether PI'P,
POP, channel scan or otherw se. The horizontal expansion - '
-5- 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
s 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
10 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 responsxble for converting
interlace_d_vndeo signals to progressively scanned noninteriaced
15 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
20 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_2f4 and
V_2fy signals is supplied to the RGB interface 60.
25 The RGB interface 60, shown in more detail in FIGURE 186,
' enables selection of the converted video data or external RGB video
- data for display by the video signals input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2fy scanning. The vertical synchronizing component of the main '
30 signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fvm or fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,
by generating an internal/external control signal INT/EXT. However.
35 - the selection of an external RGB signal input, in the absence of such
a signal, can result in vertical collapse of the raster, and damage to
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realized by scanning in the wder television tube exactly cancels the :
extra ConpaRyei/Agagst hat is t he asynmmetric part done prior to PCI‘/IE%I@Q& _
kn the video nenory. A video di s_p éy system for side by side

pi ctures according to 5 an inventive arrang&nment conprises analog to
di.gi't al converters for quanti zing first and second video signals,
representing first and second pictures ‘respectively, at higher and

| ower | evels of guanti zation resolution relative to one another. The

‘analog to  tyll @atr@édé%gefwé %rCbe\ABEﬁéﬁttﬁb%E d'Aéc?fram @5%%'@%9 ates.

The I cture represente r sa ave the
appear an(F:)e of 'ﬂé‘?ﬁgcguﬁgﬂfﬂl tecls &n \extegalh sy, Hé‘?“'ﬁiﬂﬂ usignah in ogdefeo

di splay is synghowverddd thie fseﬂéwudn rdﬂa%@ﬁ%ﬁ!s@ﬂ'ext@h@alSﬂG’Bdmput ViTHRO
o Soess "4 Y T BEeHHE: 4 ORI ot sonyols o
s the external RGB signal.
The wnde 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
1¢  video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) ihrough 1(i). The picture-in-picture
processor 320 and gaté 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 ,
15 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
20 Dblanking signal is supplied by the video signal input section to the .
RGB interface. -
The deflection circuit 50, shown in more detail in FIGURE 15,
receives a vertical reset signal from the wide screen processor, a
, selected 2fy horizontal synchronizing signal- from the RGB interface
25 60 and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1f4 to 2fy converter 40 and the YUV to RGB
30 - converter 240. |
Operating voltages for the entire wide screen television are
generated by a power supply 70 which can be energized by an AC-
mains supply.
The wide screen processor 30 is shown in more detail in
3s FIGURE 3. The principal components of the wide screen processor
are a gate array 300, a picture-in-picture circuit 301, analog to
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1 5 represent the first and éecond pictures respectively in sizes smaller
t han the video d I ay. Anmultiplexing circuit conbines the pcr,gsgpmgmd
vi deo S|g WO 21/4339 S|de by-si de display of ,said pictures. A guanti zati on

resol uti on enhancing circuit inproves the! p4erce| ved quality of the

vi deo si’gnal having the | ower |evel of° quantization 20 resolution. The
.side by si.de pictures can displayed substantially W t hout | nage aspect
ratio distortion, as well as with different rel ative anmounts of

croppi ng andg r%ﬁé&eaﬁapé tarlcait‘o' Qn‘i'lc?%(lf&dﬁ?ters the secoﬁd"hﬂfé? ébép'é‘y

system for sy roni zin
i nventive ar W gé@ﬁ@%@mem &'"ﬁﬂ-‘r&fpcﬁﬁﬂéb %4QJrﬁﬂd %nggu%éeQﬂ QuUtpUE st

picture and gneedendar dePusigiodetls! ¢ the Widseden protedstie which rst
si gnal processor. speeds up % first video é gap di s Iay |s
synchroni zed3# t'A YHEMPR ! Q%}%‘H E%Héﬁ F?‘aet%% t‘j'hd:haSSl o0&
vertical ly symeHRiFhicidii ate. 1shemin nntFlGldEtE $B.gnAl plctureirrdptdtarel deo
SoPa o nprGGERh s G nlhels, HdtinBAne dfh 4F 1Rl PlRCEiBultc' ¢
synchr oni zed 30d¢ i shovaron sngranldetaihdnf FIGUWRE 7. The gate array 300 is

shown in more detail in FIGURE 8. A number of the components

shown in FIGURE 3, forming parts of the main and auxiliary signal

i0 paths, have already been described in detail. .

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 aiso operates in
conjunction with the WSP uP 340. The WSP pP 340 comprises an
input output I/O section 340A and an analog output section 3408. ,

15 The /O section 340A provides tint and color control signals, the

" INT/EXT signal for selecting the external RGB video source and
~control signals for the switches SW1 through SW6. The I/O section
also monitors the EXT SYNC DET signai from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog

20 output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
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

25 composite wide screen dis’pl’ay, for example one of those shown in
the different parts of FIGURE 1. Clock information for the gate array
is provided by phase locked loop 374, which operates in conjunction
with low pass filter 376. The main video signal is supplied to the
wide screen processor in analog form, and Y U V format, as signals

30 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. :

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

'35 signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy. which 1s
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and second video signals are conbined for side by side display of the

pi ctures.whr/{g308t and second video signals have first and PEII891/03742
di spl ay format ratios respectively and theh)%l deo display has a third 35
display format ratio greater than each of e first and second di spl ay
format ratios. |If the first and secorid display format ratios

-6 -

" approximately 16 MHz. A single analog to digital converter and an
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 multipiexer

5 344, is an 8 MHz signal derived by dividing the system ciock by 2. A

. one clock wide start of line SOL pulse synchronously resets this
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 iength is an even number of clock

10 cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
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

1s clock gating information from the interpolator control 349 of main
signal processing path 304 must be similarly delayed. Were the
clock gating information not 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

20 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. This method of UV muitipiexing is
referred to as 2:1:1, as there are two luminance samples for every
pair of color component (U, V) sampies. The Nyquist frequency for

25 both U and V is effectively reduced to one half of the luminance
Nyquist frequency. Accordingly, the Nygquist frequency of the output
of the analog to digital converter for the luminance .component is 8 -
MHz, whereas the Nyquist frequency of the output of the analog to
digital converter for the color components is 4 MHz.

30 The PIP circuit and/or the gate array may also include means

- for enhancing the resolution of the auxiliary data notwithstanding
the data compression. A number of data reduction and data
restoration schemes have been developed, including for example
paired pixel compression and dithering and dedithering. Moreover.

35 different dithering sequences involving different numbers of bits

and different paired pixel compressions involving different numbers
_‘_‘————'—‘—‘—’——'——" : .
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are each approximately 4:3 and the third display format ratio is

approxi mately 16:9, each of the the side-by-side pictures ca

di spl ayetwio91A1935nat di splay rati o of apsroxi mately 8:9. | f?’edg‘ZHS%lfIMMZ
the video signals is speeded up by a fact ® of approximately [err] and 5
gropped horizontally by a factor of approximately [err] .each of the

side by side pictures is displayed substantially w thout aspect ratio

di stortion. FIGURES 1(a)-1(i) are useful for explaining different

01 SPA g oA B Ot REP P B8 oot s aene e HRER 1
of this invemedoctiemandidpstatation sgiemesotan be selected byrtheoMaP u‘P
brocesegr 349y, ordeP L& FubeirizB Fostitiéh 26t Ap gispliy el iggh' ffiteach
a w de screePartifelarskind ief picturgc displaycéotmah aspects of this invention
and adaptgd for ofwedlgA8 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
10 the gate array control the .d'ata manipulation of both the main and
auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y,
15 U and V, are supplied to the 1fy to 2f4 converter 40 for conversion
to noninteriaced scanning. The Y, U and V signals are also encoded to
YIC format by encoder 227 to define a wide format ratio cutput
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the
20 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 14. Phase comparator 228 is part of a phase
25 locked loop including low pass filter 230, voitage controlled
oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
resonator or the like 238. The output of the voltage controlled
oscillator is divided by 32 to. provide a proper frequency second
30 input signal to phase comparator 228. The output of the divider 234
is a 1f4 REF timing signal. The 32ty REF and 1fy REF timing signals
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
35 phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f4-REF signal will have an adequate

' This Sheet Has Been Replaced : :
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at [err] horizontal scanning. FIGURE 5 is a bl ock diagram of the

wi-de screen pr shown in FIGURE 4. 20 Fl QU 49Ck
di agram S 8'9S§$t her details of the de screen procesRsﬁg?néggnlnag?to
FI GURES 3 and 5. FIGIRE 7 is a Dl ?ck di agram of the
pi'cture-in-picture " processor showh in Fl GURE 6. FIGURE 8 is
a block diagramof the gate array shown in 25 FIGURE 6 and illustrating
the main, auxiliary and out put si gnal pat hs. - FI GURES 9 and

et o SRR, bl pyel BRgaghS e oBBEE SRRl 264

FI GURE 11 i s far @xampte agtype SDAKSEY, Mmchnfmrrm gaxt gfaa hsedond phaSieGURE 8

'agx[f})lrgrgets f‘éhgred loop inclObfAEal? pays?iitepChod ?ﬂ&%fWé@etEEntroued

' osc:llator 408. Voltage controiled oscillator 408 generates an

s internal 2fy timing signal, which is used for driving the. '
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 Ioop including phase
comparator 404 is useful for assuring that each 2fy scanning period

10 is symmetric within each 1fq period of the input signal. . Otherwise,
the display may exhibit a raster split, for example, wherein half of
the video lines are shifted to the right and haif of the video lines are
shifted to the left. :

The deflection circuit 50 is shown in more detail in FIGURE 15.

15 A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of -vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502
provides a constant quantity of current Igamp which charges a

20 vertical ramp capacitor 504. A transistor 506 is coupled in parallel
. with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current Igamp provides the maximum available
vertical size for the raster. This might correspond to the extent of

25 vertical overscan needed io fill the wide screen display by an

| 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.
an adjustable current source 508 diverts a variable amount of
current lapy from Iramp, S0 that vertical ramp capacitor 504..charges

30 more slowly and to a smaller peak value. Variable current source
508 is responsive to a vertical size adjust signal, for example in
analog form, generated by a vertical size control circuit. Vertical
size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or

35 back panel adjustment knob. In either event, the vertical deflection
coil(s) 512 receive(s) driving current of the proper magnitude.
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FIGURE 13 is a block diagramof the the timng and control 35 section of

t he picture-in-picture processor of Fl GURE 7. PCT/US91/03742
-7 - "%0&’%3%% GURE 14 is a bl ock di a1g€am of a circuit for generating
the internal 2fH signal in the [err] ™ conversion.

15

20

25

30

35

Horizontal deflection is provided by phase adjusting circuit 518,
East-West pin correction circuit 514, a 2f4 phase locked loop 520
and horizontal output circuit 516. ‘
The RGB interface circuit 60 is shown in more detailed in
FIGURE 16. The signal which is to be ultimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an

~external RGB input. For purposes of the wide screen television

described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
RGB signals and a composite blanking signal from the video signals

- 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 synchrdnizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by
switch 608. Selection of the horizontal synchronizing signal is
implemented 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
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
switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
the signal therefrom is not present. The RGB to YUV converter 610
also receives tmt and color control signals from the WSP pP 340.

s An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate

'_with 1fq horizontal scanning, is shown in FIGURE 4 and generally

designated 11. Those parts of television 11 which correspond

substantially to a counterpart in television 10 shown in FIGURE 2
have been assigned the same reference numeral. The television 11
generally comprises a video signals input section 21, a chassis or
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FIGQURE 15 is a conbination block and circuit diagramfor the defl ection
cisrcuit s 1119368 GURE 2. 5 FIGURE 16 is a bl ock di agParyU$9/OR74RGB
i nterfacé shown in FI GURE 2. he various parts of FIGURE 1
~illustrate sone, but not all of t he va1 ous conbi nations of single and
mul tiple picture display formats which can be inplenented according to
different inventive 10 arrangenents. Those selected for illustration are
i ntended to facilitate the description of particular circuits

conpri si ng W'V'V microptbeB8sbe! 2, ShOWFd@%é’rb@n”%rbﬁ?é?@r Bﬁve@tﬁdﬁ’zontal

arr angerrent S convenl en

ustratlo
di scussi on he‘i’%f?%m'%n 8"°’35n5§nt$oﬁﬁm% ge ‘FCFW’%E 655 %ngtrﬂaVB‘
hei ght for a 4veird driversc4Q; dirattavidw oeofédtioriiagbed padband ¥ 3,

shereas 2 " Baffh SEhal) FH,The TEL s Bt Rl B mRER Plorile ¥ 60
arrangeneist s atilizetht Accordingly, tihersee islefid nptavision for displayifg GURE 1 (a)
illustrates agilaxi Widg: fo‘ilHaqcals‘ﬂlfyw AtioPHEBCkIgHY at a 2f4 scanning rate.
: The grouping of various circuits into ditferent functional blocks is
made for purposes of convenience in description, and is not intended
as limiting the physical position of such circuits relative to one

10 another.

The video signals input section 21 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

15 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
203, which performs a number of functions related to tuning,

20 horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA8680. 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 31. Other baseband

25 video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, video recorders and the like.
The output of the video switch 200, which is controlled by the
chassis or TV microprocessor 216 is designated SWITCHED VIDEO.
The SWITCHED VIDEO is another input to wide screen processor 31.

30 With further reference to FIGURE 5, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
filter. A further video source S1 is also an input to the Y/C decoder

35 210. Source S1 represents an S-VHS source, and consists of

separate luminance and chrominance signals. A switch, which may
/ .
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20 having a conventional format display ratio of 4 X 3. Wen a 16 X 9

f ar mat di_lsygb% {3&&0 picture is transmtted, as a 4.X 3 for mapcr/usHieyTyzy
ratio si§nay, £ bars appear at the top %:j at the bottom This is
commonly referred to as |letterbox format. Tg hi's instance. t he vi ewed
picture’is rather small with respect to the entire 25 avail able display
area. Alternatively, the 16 X 9 format display - rati o source is
converted prior to transmssion, so that it will fill the vertical -

Phformati on vi PP peorebisieq g5 dart ot {t WG teSBul. as in sbRI dlamtifiCline
further altern8@MR: filkers, o5t whighh Mgy cber nelameatesh aseRp&RpAMAIecSWItEH, | ip
but not hori zorégpdnsivehty el TWe mieraprocedsor 216)if‘éTrU§@le&th gHMedgafCOf
distortion by yertical: glngngﬁl‘;olrglnﬁa None of thse ttgr eie a égr?a Va%S S
particularly a%’d@'&alnﬁ& NEECBIGRAS BS QWiRKts, degignated ¥ o, and
16X9 formats di Epliyrespectively.o Théeselerted epaioudidlumirfandey atids sheormihance
I TS ot PSR Sl cchek@rba e ight soral ShETl, BriPhele
rati o signal, akmg a main signal path. A decoder/demodulator in the wide screen
‘ processor develops color difference signals U_M and V_M. The Y_M,
U_M, and V_M signals are converted to digital form in the wide

10 screen processor for further signal processing in the gate array 300.
_ The second tuner 208, functionally defined as part of the wide
screen processor 31, develops a baseband video signal TV2. A
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

15 implemented as an adaptive line comb filter. Switches SW3 and SW4
select between the luminance and chrominance outputs of Y/C
decoder 220, the luminance and chrominance signals of an external
video source, designated Y_EXT/C_EXT, and Y_M, C_IN. The
Y_EXT/C_EXT signals correspond to the S-VHS input S1. The Y/C

20 decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. The selected chrominance is converted to color difference

25 signals U_A and V_A. The Y_A, U_A and V_A signals are converted
to digital form for further signal processing. The arrangement of
video signal source switching in the main and auxiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.

30 .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 .
video signal data in a wide variety of display formats, as shown by

35 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
__.__—————r——‘—_—'—__f———_ .
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be pfogre55|vely scanned by line doubling or Iine addition, so as to
provide a \hah9gfrodo$pl ay with sufficient vertical resolution. PCTHUS9 /03742
screen television I n accordance with this |Event i on can di splay such
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screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The.
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
blanking signal is supplied by the video signal input section to the
RGB interface.

The horizontal and vertical synchronizing components of the
main signal are developed in-a sync separator 286, forming p'art of a
demodulator 288, forming part of the wide screen processor. The
horizontal synchronizing component is an input to a 1fH phase locked .
loop 290. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor 31. A horizontal deflection circuit 52
operates in conjunction with the one-chip, responsive to east-west
pin adjust and horizontal phase control signals from the WSP uP
340. A vertical defiection circuit 56 is responsive to a vertical size
control circuit 54. The vertical size control circuit 54 is responsive
to a vertical size control signal from the WSP uP 340, and operates
in a manner similar to the vertical size control for the 2fy chassis
described above.

The wide screen processor 31 is shown in more detail in
FIGURE 5. The principal components- of the wide screen processor
are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a

‘wide screen processor microprocessor 340 and a wide screen output

encoder 227. Further details of the wide screen processor, which
are in common with both the 1fy and the 2fy chassis, for example
the PIP circuit, are shown in FIGURE 6. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is

.shown in more detail in FIGURE 8. A number of the components

shown in FIGURE 3, forming.parts of the main and auxiliary signal
paths have already been descnbed in detail. A number of other

suU BST!TUTE SHEET

aced



a 16 X 9 format display ratio signal whether the main source, the 5
auxiliary source or an external RGB source. FI GURE :
il | ust r af AMOR14893959 fornat display ratio, %2 signal in &ﬁ)lﬁs%/%&z?)
format display ratio inset picture is | spl ayed. If both the main and

auxiliary video signals are 16 X 9 - “format display ratio sources, the _
inset picture can also have a 10. 16 X 9 format display ratio. The inset
pi cture can be displayed in many different positions. FI GURE

1(d) :Ilustrgé@mp@r@rxwl eucﬁcasmm seeengi furldre208) theiWSP p Paanlol angy Vi geo
e e e BlAKEY ollbiheh e Raish 75, Righal Snc it kbl or o2 e
both 16 X 9 condvertars3. then gatdearray 300wthe PIP 4Ligéust BONnanddttwli%lyL r3%4 o
ci'stortion. s HRBrdieCBLBY ARy %t%@éé ngg icortiétttin Wt XISTRE.B anes
More of tHe psu@hr&f@dﬁ aee smimmpeate | ess _cropping, if sone aspect
ngt i 0 d'tslto” I on b!‘haoﬁiaﬁﬁ?\fr:abosg = Bgs%pl?é)d o iveiter ecteert HrBEaE S
rizonta Sq“e%'a?ogg rfgrsrhJ as 'sxgn\ésr desnagnated Y_M and C_IN. Signal C_IN is
~ decoded into color difference signals U_M and V_M by demodulator
288. The main sighals are converted from analog to digital form by

10 analog to digital converters 342 and 348, shown in more detail in
FIGURE 6. The auxiliary video data is also in analog form, and Y U V
format, as signals designated Y_A, U_A and V_A. In the PIP circuit
301, these auxiliary signals are converted to 'digital form, data
compressed, stored in a field memory for synchronization with the

15 - main signal, and provided to the gate array 300 for combination with

_the main signal as required by the selected picture display format,
for example by multiplexing on a line to line basis. The operation of
the PIP circuit is explained more fully in connection with FIGURE 6.
The PIP circuit and/or the gate array may alsé include means for

20 -enhancing the resolution of the auxiliary data notwithstanding the
data compression. The analog form signals, designated Y, U and V,
are supplied to an encoder 227 to define the wide format ratio
output signal Y_OUT_EXT/C_OUT_EXT which, in this case, are inputs

, to the one-chip 203. Encoder 227 receives only the C_SYNC_MN

25 signal from the gate array. Switch SW5 selects between Y_M and
the C_SYNC_AUX signal as an input.to the analdg to digital
converters. The one-chip generates YUV format signals for the RGB -
matrix 241, which supplies RGB format signals to the kine drivers
242 from the Y_OUT_EXT and C_OUT_EXT signals.

30 FIGURE 6 is a block diagram showing further details of the
wide screen processors 30 and 31 common to the 1fy and 2fn
chassis, shown in FIGURES 3 and 5 respectively. The Y_A, U_A and
-V_A signals are an input to the picture in picture processor 320,
which can include a resolution processing circuit 370. The wide

3s screen television according to aspects of this invention can expand
and compress video. The special effects embodied by the various

.//
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el ongati on of obj ects in the picture. The wide screen television -
aseos di-ng, WO 6!} nvention can provide any mx of cropping a"l‘bl‘/USWRB%’i
ratio dlstortlon rom maxi mum cr oppi ng Wltz?éo aspect ratlo' di stortion
to,no cropping with naxinmmaspect ratjo tortion. Dat a

sarrpl ing limtations in the auxiliary video signal processi ng path
conplicate the generation of a high resolution pi cture which is as

| arge in size as the display fromthe main video signal. Vari ous

i GURE 1(6) P?ﬁﬁg.@gn?ed’g By oty Mashiated in par{ R FRIUERDS &% 1
picture is di SHF 5329 %Vh&%eﬂlc\émr%f” -RictYre BroGasaer 320, o\NBfﬂr‘ayCarfht Lo

screen. Dark belcelv-:ar eesoiutiont peocedsed idaltd ﬁ@ﬂalsefYt RFl’ US'RPSand v RP from

i pl ay 1ot o SEBMIRT BrdcRs e Gl 70" BRsIGHRn processing fpediniad b

pi ctures afe ditdizesy @&l slintimesmebutiquring\ sefetted display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
7. 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

10 328 and a dlgntal-to analog converter section 330. The tlmxng and

contro! section 328 is shown in more detail in FIGURE 13.

The picture-in-picture processor 320 may be embodied as a
variation of a basic CPIP chip developed by Thomson Consumer
Electronics, Inc. A number of special features or special effects gre

15 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 speaking, the audio signal is

20 switched to always correspond 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 exampie to any one of a
number of preset sizes. At some point, for example the display

2s format shown in FIGURE 1(d), the large and small pictures are in
fact the same size.

In a single picture mode, for example that shown in FIGURES
1(b), 1(e) or 1(f) 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

30 the zoom mode a user may search or pan through the picture content
enabling the screep image to move across different areas of the
picture. In either event, either the smalil 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

35 nine frames of video can be repeated on the screen. The frame
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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 to another inventive arrangement differs
from the present configuration of the basic CPIP chip described -
above. If 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
elongated. If an external speed up circuit were utilized, there wouid
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

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
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
data from the video RAM, such as video RAM 350, is displayed, the
skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.

The picture-in-picture processor 320, ‘according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
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 verticai
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
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to one anot her. The video signals input section 20 is adapted for
recei ving woor/19sural ity of conposite video signals from di fPETAISITNOXT4D
sour ces. The video signals ‘may be se::zg ively switched for display as
main 10 and auxiliary video signals, Wi tch 204 has two antenna
inplts ANT1 and ANT 2. These represent “inputs for both off-air ant enna
reception and cabl e reception. The RF switch 204 controls whi ch
antenna input is supplied to a first tuner 206 and to a second tuner

208. The out p% gfo L rf m?é!pﬁm%%r'e&ﬁ'ﬁgé"g\'tthteocﬁaﬂﬂgr SB&R:

whi ch perforns a e ions re to tunrn or|20 al and

vertical defl é@ﬁplﬁ‘y #laayi1§e8 TJrrmat sdisptay fatia mmean. the picteresi pPpRaIN

is industry desgreset edTﬁé‘pﬁlch’ry:ﬁﬂs ﬂées'é@ééﬁaﬁﬁd thereVLsd% s # réitfEO
QUT devel oped i.n. the one.rchl resul ting from rom first

e s
tuner 206 is &HSIHHAL-t ol BBt ESYI'T%%”’:CW\CP rR§$I00 MR 073'1‘9 AButhigs
wi de screes praspectoof 30e Dveticmsedkes it possibleqoi geuéﬁatteome omeamtch

200 are desi g@%ﬁgflé%?mgg S 218 x 9 s \Wtﬁgﬁt Wil Lphed UR°

caner as, Iaser
circuitry. —

'FIGURE 13 is a block diagram of the timing and control section

328 of the picture-in-picture processor, for example a modified

10 version of the CPIP chip described above, which includes a '
decimation circuit 328C for implementing the asymmetric
compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises

15 a counter which is programmed for a compression factor from a
table of values under the controi of the WSP uP 340. The range of
values can be 1:1, 2:1, 3:1 and so on. The compression factors can be
symmetric or asymmetric, depending upon how the table is set up.
Control of the compréssion ratios can also be implemented by fully

20 programmable, general purpose decimation - circuits under the control
of the WSP puP 340. |

In full screen PIP modes, the picture-in-picture processor, in

conjunction with a free running oscillator 348 will take Y/C input
from a decoder, for example an adaptive line comb filter, decode the

25 - signal into Y, U, V color components and generate horizontal and '
vertical sync puilses. 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.
the horizontal and vertical sync present from the video signals input

30 section will have many discontinuities because the signals sampied
(different channels) will have non-related -sync pulses and will be
switched at séeming!y ‘random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample

3s clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.
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tape players, video games and the |ike. The output of the video swi tch
200, which is ’%%EEDOI | ed by the chassis or TV m croprocessor por/usbha/039542

desi ghat eV VI DEO. The SW TCHED VI i s anot her i nput to wi de
screen processor 30. ' Wth furthéFteference to FIGURE 3, a switch
SW wi dé screen - processor sel ects”between the TVl and SW TCHED VI DEO
signals as a SEL COMP QUT video signal which is an input to a Y/C~

decoder 210. 30 The Y/ C decoder 210 may be inplenented as an adaptive line

oL B B G RIS
sources, and S¥YAE)cONEPULSs figms e r Ricdunesin-pigtbce P i aanalog form

signals. A SV\ﬂcfaf‘nhbeV\’fé-@hcﬁaédbﬁ'ltbnvmp@drﬁP ﬁeﬁ%s@bn%dbh&ré’bi?%s which
decoder, as in sone adaptive |

i npl ement ed a@prfréEﬁ)saﬂ%t‘éo'yWF gn Yvéthrésaa%é @E'zt 85\£ﬂ rsaélo “This
Y/C_PIP_ENC signal may be connected to a Y/C switch, not shown.

which enables the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of
10 operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFQ's in the main
signal path. :
In a muitichannel mode, for example that shown in FlGURE 1(i).
- twelve channels of a predetermined scan list can be displayed in
15 twelve small pictures simultaneously. The picture-in-picture
processor has.an internal clock responsive to a 3.58 MHz oscillator
348. The incoming auxiliary signal is converted from analog to
digital form, and responsive to the chosen special effect, is loaded
into a video RAM 350. In the embodiments in the Technical Training
20 Manual described above, the compiled special effect is converted
back to analog form in the picture-in-picture processor prior to
combination with main signal video data. However, in the wide
screen televisions described heréi_n, and due.in part to limitations on
the number of different clock frequencies which are feasible, the
25 auxiliary data is a direct output from the video RAM 350, without
further processing by the picture-in-picture processor 320.
Minimizing the number of clock signals advantageously reduces radio
frequency interference in the circuitry of the televisions.
With further reference to FIGURE 7, the picture-in-picture
30 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
3s signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated

is Sheet Has Been Reﬂlaced SUBSTITUTE SHEET

i




m cropr.ocessor 216 for selecting one pair of |um nance and chr om nance
si.gnal s aswer$ Wg@;dem gnated YM and CI N : reSpect ivel y. ThPGHUSO143742
palr of Fum nance and chroni nance signgp.is thereafter considered the
mai n signal and is processed 5 along a main signal path. Signal

desi gnat’i ons including _Mor M refer to-the main signal path. The
chrom nance signal CINis redirected by the wi de screen processor back
to the one-chip, for

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
expensive and can require more complex management circuitry. The

5 smaller number of bits per sample in the auxiliary channel
-represents a reduction in guantization 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
problem when the auxiliary displayed picture is relatively small, but

1c 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 gquantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction,

15 and data restoration schemes have been developed, including for
'example".._paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different

20 dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each

2s particular kind of picture display format. _

The Iuminance and color difference signals are stored in an

8:1:1 six-bit Y, U ,V fashion. In other words, each component is
quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture

3o 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 is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it is read using the

3s same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampled and

laced . :
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devel opi ng color difference signals U_ Mand VM In this regard, U is an
equi val ent deS|lgnat|on for (RY) and V is an equival ent 10 AT /A9 /03 or

(B-Y). ThWOIMIMA and V Msignals are copverted to digital formin
the wi de screen processor for further sig 8- pr ocessi ng. The
sécond funer 208, functionally defined as part of the wide screen
processor 30, develops a baseband video signal TV2. A 15 swtch SW

sel ects between the TV2 and SW TCHED VI DEO si gnal s as an input to a Y/ C

cont 111 ter. SaeangotoEgihe Ead Bl Winagen bt TRt PerdslimBhna

chr oni nance ocontpogsnaily \diectly frwoothe video dRAM (850, udueatu:ehend _
chrom nance s g and C
_EXT respect Ié%f}?éﬁ'cf_ﬁauénng’@rgﬁ ‘Fﬁ&ﬁa@%‘ﬁ& 385{ li%(?%or régp%“ﬁﬁ o th - VHS

i nput SI. Thema/rcan ayxdiyr vigeg SAUrGaS m@@ nB® be conbi ned,

as in somy syrshdBhbu€ bhiie ik omatf inkteice Jher@lthe t wwg d

SWM is t yreaftter conspgered the auxiliary si gng aggnddi?g pr o es?ﬁgw
rom the same vidéo source.

al ong an
Further processing is required in order to synchroni;g_ the

auxiliary channel, that is the output of data from the video RAM 350,
to the main channel. With reference again to FIGURE 6, two four bit

10 latches 352A and 352B are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches also
reduce the data clock rate from 1280fy to 640fy.

Generally, the vadeo.dnsplay and deflection system is
synchronized with the main video signal. The main video signal must

15 be speeded up, as explained above, to fill the wide screen dispiay.
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 auxiliéry

20 video data with main video data is accomplished by utiliiing the
video RAM 350 as a field memory and a first in first out (FIFO) line
memory device 354 for expanding the signal. The size of FIFO 354 is
2048 X 8. The size of FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write

25 pointer collisions. Read/write pointer collisions occur when oid
data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. Read/write pointer collisions also occur
when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO. _

30 The 8-bit DATA_PIP data biocks from video RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture
processor 640fy clock which was used to sample the video data, that
is, the 640fy clock which is locked to the auxiliary signal, rather
than the main signal. The FIFO 354 is read using the display clock of

35 1024fy, which is locked to harizontal synchronizing component of
the main video channel. The use of a multiple line memory (FIFO)
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25 auxiliary signal path. The selected | um nance output is designated

Y A Signglo dggbmsations including A AX and AUX refer to tREI/US91/03742
‘auxi liafy signal path. The sel ected chrom’_?glg:e is converted to col or
difference signals UA and V A The YA U A and V A signals are
convert'ed-to digital formfor further “signal processing. The 30
arrangenment of video signal source switching in-the nmain and auxiliary
signal paths maxim zes flexibility in managi ng the source sel ection for

Zhe di fferent vasithshaé inbepéindedit Sitfadiarid fritdi PB'na%locfks E%'B?éé-datﬁ/l_which
conmposi te Sﬁ?ﬂﬁﬂ@ﬁ@%@ %g@;ﬁ%m fsgcgét eigon | n,g }ao e?a's Y Mis
provi ded by t t yrRtestp rardppiayed 212 The
hori zontal andriragonaily ayrecisecondi ratecoMhen@syachrenslis/ nature of the read
and write clocks, however, does require that steps be undertaken to
5 avoid read/write pointer collisions. | -
The gate array 300 is common to both wide screen processors
30 and 31. The main signal path 304, auxiliary signal path 306 and
output signal path 312 are shown in block diagram form in FIGURE 8.
The gate array also comprises a clocks/sync circuit 320 and a WSP
10 uP decoder 310. Data and address output lines of the WSP pP
decoder 310, identified as WSP DATA, are supplied to each of the
main circuits and paths identified above, as 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 arg
15 not, defined as being part of the gate array is largely a matter of
convenience for facilitating expianation 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,
20 . to impiement different picture display formats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory
356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
25 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 353, generating signal Y_AUX as an output.
In some instances, the auxiliary display will be as large as the
3o 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
circumstances, resolution processing circuit 357 can be used to
as restore pixels to the auxiliary video signal to replace those lost

during data compression, or reduction. The resolution processing
_—_———“-——’_—’ -
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12 - _ respectively are inputs to a vertical countdown circuit 214.
The, ~vertical countdown circuit devel ops a VERTI CAL RESET, s J09h4ach
is direct™®PHAPBhe wi de screen processor 30. The wide scre-eli)n(’slllq'\lgkei 044
processor generates an internal vertical f8fet output signal INT 5 VERT
RST QUT directed to the RGB interface 60. A switch in the RGB

interface 60 selects between the internal vertical reset "output si gnal
and the vertical synchronizing conponent of the external RGB sour ce.
The output of this switch is a selected vertical synchroni zi ng

conponent SEL MAYRCOSRARPING 19t &he t cesaketien f pwnagssing undertaken by circuit
370 shown in FIGURE 6. As an example, circuit 370 may be a

dithering circuit and circuit 357 may be a dedithering circuit.
The auxiliary video input data is sampled at a 640fy rate and
s stored in video RAM 350. The auxiliary data is read out of video RAM
350 is designated VRAM_OUT. The PIP circuit 301 also has the
capability of reducing the auxiliary picture by equal integer factors
horizontally and vertically, as well as asymmetrically. With further
reference to FIGURE 12, the auxiliary channel data is buffered and
10 synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field ,
15 type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit 321 to determine which field read out of video RAM
is to be displayed during the small picture modes.
The auxiliary channel is sampled at 640fy rate while the main
20 channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
converts the data from the auxiliary channel sampie rate to the main
channel clock rate. In this process, the video signal undergoes an
8/5 (1024/g40) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel! signal. |
2s Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
interpolator 359 is controlied by interpolator control circuit 371,
- which is itself responsive to WSP pP 340. The amount of
interpolator expansion required is 5/g. The expansion factor X is
30 determined as follows:
X = (640/1024) * (4/3) = 5/s
The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
interpolation of the luminance combonent. generating signals U_AUX
3s and V_AUX as outputs. The respective Y, U and V components of the
main and auxiliary signals are combined in respective multiplexers
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10 circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are devel oped by sync separator 250 in ] 3\Mp de
Screen pr &',Q%/dp.”sq The 1fH to 2fH converter 40 is rggggﬁssgilté?g,eﬂgor
converting interlaced video signals td progressively scanned

noni nterl aced 15 signals, for exanple bne wherein each horizontal line is
di spl ayed tw ce, or an additional set of horizontal lines is generated
by i nterpol ati ng adj acent horizontal lines of the same field. In sone

I nstances, th e reyqfo | Fogt [ I

line will depg% 'u%gz ?ﬂg_?devﬁé¢ég@&@#éﬁgﬁaﬁfgﬁﬂﬁsggétg%fggﬂhggﬁibépﬁeen
adj acent fi el d§28r enabiResignale QMR itiEQ si 384 B5F0and 358pedBeeTylfiplexers
conj-uncti on wW31g,a3v7dandRaYgdabe fduporisiee RAMUTBYt multigiexes Fbritfolst or e

o O o e, el ot |t Byt BRniral, REGE 52T K5 sepBative e
RGB interface th@.cloek signal CUKetREStant el fineesighal SOwnthe HOCOWNTai | in
HORE 16, sighlRhes vartiest bianithg! PesSRIGHALEnY 1RO SRt Ot FHbCHW
_ switch from the picture-in-picture processor and WSP puP 340. The
multiplexed luminance and chrominance components Y_MX.-TJ_MX and
V_MX are supplied to respective digital/analog converters 360, 362
10 and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
6. The various functions of the picture-in-picture processor, the
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
15 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
circuits of the gate array through a WSP pP decoder 310.
In one case, it is necessary to compress the 4 X3 NTSC video
20 by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
25 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
frequency, which is 8 MHz for a 1 024f4 clock. |
As shown in FIGURE 8, the luminance data Y_MN is routed
30 through an .interpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
35 the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for
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~data for display by the video si gnal's | nput section. The external
signal is deened to be a wde format display ratio signal q’?ﬁgﬁw‘m‘“
[

2fH scannWﬁlﬁl/T?&?‘vert i cal synchroni zi ng conponent of the nm nal

Is supplied to the RG&B interface by the w3lB-screen processor . as I NT
VERT RST QUT, enabling a selected vertical sync [err] : to be available -
to the deflection circuit 50. QOperation of the w de screen tel evision
enabl es user sel ection of an external -R& signal. by generating an

i nternal /external control signal | NI/EXT. However t he sel ection of an

external RGB GOHREESSIAPuLOr | chéfalbgeﬁéﬁooﬁsﬁ@rﬁece'des thesinjaapolatem 337,
result in vergd qaguireld fo1Sexpankith.” TPRE switded TEWANKHO331 are respopsive

to a route control circuit 335, which is itself responsive to the WSP
~uP 340. It will be remembered that during small picture modes the

s 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 _auxmary
signal path.

The main signal path is shown in more detail in FIGURE 11. The

19 switch 323 is implemented by two multiplexers 325 and 327.
Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive {0 the route control circuit 335, which
is itself responsive to the WSP uP 340. A horizontal .
timing/synchronization circuit 339 generates timing signals

15 controlling the writing and reading of the FIFOs, as well as latches

' 347 and 351, and muitiplexer 353. The clock signal CLK and start of
line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP uP 340 and the most significant bit of UV_MN.

20. An interpolator control circuit 349 generates fintermediate
pixel position values (K), interpolator compensation filter weighting
(C) and clock gating information CGY for the luminance and CGUV for
the color components. It is the clock gating information which
pauses (decimates) or repeats the FIFO data to allow samples not to

25 be written on some clocks for effecting compression or some
samples to be read multiple times for expansion.

It is possible to perform video compressions and expansions
through the use of a FIFO. For example, a WR_EN_MN_Y signal
enables data to be written into the FIFO 356. Every fourth sample

30 can be inhibited from béing written into the FIFO. This constitutes a
4/3 compression. it.is the function of .the interpolator 337 to
recalculate the luminance samplés being written ‘into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as

3s compressions. In the case of compressions the write enable signal

" has clock gating information attached to it in the form of inhibit
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-13 - the cathode ray tube or projection tubes. Accord gkée t he RGB
i.nt er f acewgy g1gye39sdet ect s ‘an external  synchroni zi ng signal, /03742 ¢ o
‘ovérridé the selection of a non-existent ?@ernal RGB i nput. The 5P

m croprocessor 340 al so supplies color and tint controls for 5 the
externdl RGB signal. _ The wi de screen processor 30 conprises a
picture in picture processor 320 for speci al signal processing of the
auxiliary video signal. The termpicture-in-picture is sonetines

abgrevi alt ed puises. PFbr cax;mnoma data, meg@%ck’ﬂ amé%wmﬂno*sﬁ?mmwn
as shown by o thE, 84 Friatdle “biohl O R il Pt 1 ate 85 TR beind ™ >
.pi cture-in-preadrfecom the FIFO 356. In this case it is the function of the ' ,
interpolator 337, which follows the FIFO 356 during this process, to
5 recalculate the sampled data from jagged to smooth. In the
‘expansion case the data must pause while being read from the FIFO
356 and while being clocked into the interpolator 337. This is
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression’
10 and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the
rising edges of the system clock 1024fy.
There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data,
15 decimation and data repetition, may be performed in a synchronous
manner. If a switchable video data: topology were not used to
interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
20 written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made
to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
2s interpolator and one FIFO to perform.both compressions and
expansions. If the video switching arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFO's to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
30 be placed in front of the interpolator and one FIFO for compressions
- would need to be placed after the interpolator.
lnterpo!ation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 mampulates a 6 bit Y.
U, V, 8:1:1 field memory, video RAM 350, to store incoming video
35 data. The video RAM 350 holds two fields of video data in a plurality
of memory locations. Each memory location hoids eight bits of data.
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processor 320 and gate array 300 are under the control of a wde screen
i Cr,0pr 0C&$S0 [err]) 340. Mcroprocessor 340 is I es peiplgs /640 he
TV i cropﬁ%@e{lég%%G over a serial bus. The 15 serial bus includes four

signal lines, for data, clock signals, endd e signal.s and reset.

sighals.. The wi de screen processor 30 aI SO generates a conposite
~vertical blanking/reset signal, as a three | evel sandcastl e signal. -

Al ternatively, the vertical bl anki ng and ~ reset SI gnal s can be generated

as separate SI nals anking signal is supplied by:-the

vi deop5| gnal pEFCE @'tt? gqg?%t' fere ’ﬁGB“Png % elluminan ep) sapmly

defl ect : on ci r(SEmpIEG fas Wﬁ;)nan@r@ oirénibits. n THéddRbwadSother b?@%lde‘zfa
vertica reset n 0 sel ec

hori zont al sync regnrézﬁtnéW?cé §P¥A %ﬂh@%r ﬁ’%@ff’g@e@?r XOS%W&

addi ti onal codsampledg&hl&ﬂfﬁboni'haeFSMBk'Er\tdueprmdMer whlch ﬁ]besef field
addi tional g (r}géé)lwﬁhgﬁajnqorﬁhgbeﬁtﬁw ho@léﬁgtfwerg %sq gﬁpl u#%QSOSI ze

adj ust ment and east - west
suppl i es 2f H fStgeRetin ﬁnﬁs‘é@epo AIM} 3G cand rtbenentire 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
10 data. The PIP circuit always reads the opposite field type that is
. being written to overcome a motion tear problem. If the field type
being read is the opposite 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
15 that the small picture maintains correct mterlace without a motion
tear.

The clocks/sync circuit 320 ge.nerates 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

20 storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
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

25 auxiliary video signal, but is read out of memory synchronously with
the main video signal. - The main video signal components are read
into the FIFOs 356 and 358 sYnchronoust 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

30 between the main and auxiliary channels is a function of the

. particular special effect chosen.

Generation of different special effects such as cropped side-
by-side pictures are accomplished through manipulating the read anc
write enable control signals for the line memory FIFOs. The process

3s for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pictures, the write enable comm
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processor 30, the.[err] converter 40 and'the YU to RE&B 30 converter 240.
Operatl nowo1/7ee89s for the entire wide screen television are PCT/L&@V&;M“'ed

“by“a potner supply 70 which can be energi zed Sy an AC mai ns supply.
The wi de screen processor 30 is showmn in nore detail in 35 FIGURE 3. The

_pri nci pal conponents of the wide screén processor are a gate array
300. a picture-in-picture circuit 301, analog to ' .

signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)"(S/12) = /12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channe! -
active line period (pre speed up), as shown in FIGURE 7. This
s corresponds to approximately 33% cropping (approximately 67 %
active picture) and the interpolator expansion of the signal by S5/g.
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
10 line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
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
1s 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
shown, the main channe! video is being displayed on the left hand
half of the display and the auxiliary channe! video is displayed on
the right hand half of the display. The arbitrary video portions of
‘20 the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
channel 810 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
- 25 read enable control signal (RD_EN_AX) is active for the other 50% of
the display active line period beginning with the failing edge of the
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
30 auxiliary) while the read enable control signals are synchronous
with the main channel video. - :
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
3s appropriate for a wide format display ratio display, for example
16 X'9. Most NTSC signals are represented in a 4 X3 format,
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14 - _ dlgltal and digital to analog converters, the second tuner

2084 a | 19495€EN processor m croprocessor 340 and a W depaeUseiro3r42

- out put encoder "227. Further details of. 4&e w de screen processor, which
are in coomon with both the.[err] chassis, for exanpte 5 the PIP circuit,
are” shown in FIGURE 6. A picture-in-picture processor 320, which formns
a significant part of the PIP circuit 301. is shown in nore detail i_n
FIGURE 7. The gate array 300 is shown in nore detail in FIGURE 8. A"

nurmber of the wiichootrdourse ceiresponds HoGIZE x39.1 oTwbNg )pgr termat tdﬂ@plﬁ?' n
The second i 8o BT SG pichE mal e Br8BMed B uhE  Smes 8 R &' Tofipat.,
audi o st age ZIBSDTaiyersmwwptaWeeltlmebyl cooppigatks pisctures by 33% or
squeezing the pictures by 33%. and introducing aspect ratio
5 distortion. Depending on user preference, the. ratio of picture
cropping to-aspect ratio distortion may be set any where in between
the limits of 0% and 33%. As an example, two side by side pictures
rhay be presented as 16.7 % équeezed and 16.7% cropped. ]
The operation can be described in terms of general ratios of
1c  speedup and cropping. The video display means can be considered to
have a display format ratio of width to height of M:N, the first video
signal source can be considered to have a display format ratio of A:B
and the second video signal source can be considered to have a
display format ratio of C:D. The first video signal can be selectively -
15 speeded up by a factor in a first range of approximately 1 to
(M/N + A/B) and selectively cropped horizontally by a factor in-a
second range of approximately 0 to [(M/N+ A/B) - 1]. The second
- video signal can be selectively speeded up by a factor in a third
range of approximately 1 to (M/N + C/D) and selectively cropped
20 horizontally by a factor in a fourth range of approximately 0 to
[(M/N + C/D) - 1].
-The horizontal dispiay time for a 16 X 9 format display ratlo
display is the same as a 4 X 3 format display ratio display, because
_ both have 62.5 microsecond nominal line length. Accordingly, an
2s 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:
' | 413 = (16/g) / (4/3)
Variable interpolators are utilized in accordance with aspects of
30 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
35 cropped, or some combination thereof, by 50%. A speed up
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conjunction with the WoP [err] 340. The WGP [err] 340 conprises an

i Pput out YO WEP3cti on 340A and an anal oglzout put section 340KT/1591/03@42
1/0 section 340A provides tint and col or ¢tOntTol signals, the | NT/ EXT
signal for selecting the external RGB video source and control signals
f-or the switches SWL through SW5. The I/ O section - al so nonitors the EXT -
SYNC DET signal fromthe RG interface to protect the deflection
circuit and cgdrmpdeatsiay t S : ut _section .340B
provi des cont r@iepé%%nal sé ?lggﬁvae??qgglﬁgf‘ég‘?' easﬁc?gw SRB@?atéQf? U8t and
hori zont al pHé ; %@@h respective interface circuits 254, 256 and
- 258. The gate array 300 is responsible for conbining video .
information fromthe main and auxiliary: signal paths to inplenment a 25
conposite wi de screen display, for exanple one of those shown in the

different parts of FIGURE 1. Clock information for the gate array IS
provi ded by phase | ocked | oop 374, which operates in conjunction ~with
| ow pass filter 376. The main video signal is supplied to the wi de.

screen processor in analog form and Y U V fornmat, as signals

. ' This Sheet Has Been Replaced
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30 desi gnated YM UM and VM These nmain signals are converted from

anal og to digit orm by analog to digital converters 342 an rUSS /93742
shown.-i n nﬂf‘g 1@%’%\4 in FI GURE 4. The col or conponeﬁchl ghal s are

referred-to by the generic desi gnati o8t and V, which may be assigned
t.o either R-Y or B-Y 35 signals, or | "and O signals. The sanpled |um nance -
bandwi dth is limted to 8 I\/Hz because the systemclock rate is [err]

which is _ -15 -
' - What is claimed is: '

1. A video display system, comprising:

means for quantizing first and second video signals,
representing first and second pictures respectively, at higher and
lower levels of quantization resolution relative to one another:

video display means synchronized with said first video signal;

means for synchronizing said second video signal with said
first video signal; . :

means for modifying sald first and second video signals to
represent said first and second pictures respectwely in sizes
smaller than said video display means; and,

means for combining said processed video signals for side-by-
side display of said pictures.

0 ~N O ;M AW N

4
N -0 W

1 2. The system of claim 1, further comprising quantization
resolution enhancing means for said video signal having said lower
level of quantization resolution.

1 3. The system of claim 1, wherein said side by side pictures.
2 are displayed substantially without image aspect ratio distortion.

1 4. The system of claim 1, wherein said quantizing means
quantizes said first and second video sxgnals at different samplmg
rates.

1 5. The system of claim 1, wherein said modifying means
selectively crops said said video signals over respective ranges of
adjustment. o

1 6. The system of claim 1, further comprising means for

speeding up video signals having display format ratios of width to
height smaller than that of said video display means.

MM susstrureskesr Thllisiilmiliiﬂs”iﬁird



approxi mately 16 MHz. A single anal og to digital converter and an
anal og Sgkb&g(Gﬁﬁ?be used to sanple the col or conponent data pCT/USPRO3E

“the U an s are limted to 500 KHz, or 1.5 MHz for wide 1. The
select line W_MJX for the anal og smﬁtch:38r mul tiplexer 5 344, is an 8
Nz signal derived by dividing the syStemclock by 2. A one cl ock w de
start of line SOL pul se synchronously resets this signal to zero at
t he begi nning of each horizontal video |ine. The UVMUX |ine than
toggles in state.gach, clock cycle throygh the. .harj zontal |ine. Since
the line'length is ah"8y ktﬁ rc{?fmchloé’ﬁhi‘@m $3id wdeo, H@@?&t@e@f‘st he

UVMUX, orce has ta dbrmad, display catioi of ewidth to heightggreader thap. 1, ... .
wi t hout int j: Q1. % and UV data streans out of the analog to
Son gy Y

digital nd 346 are shifted because the analog to
digital converters each have 1 cl ock cycle of delay. In order to

acconmodate for tdi STHat gystam lof ERfm 1, wherein:
2 said video display means has a format display ratic of width to
3 height greater than approximately 4:3;
4 one of said video signals represents a picture having a format
5 display ratio not greater than approximately 4:3; and,
6 said pictures are displayed substantially without image aspect
7 ratio distortion.

1 - 9. The system of claim 1, comprising means for selectively
speeding up said video signals over a range to control image aspect
" ratio of said pictures.

10. The system of claim 1, comprising:

means for selectively speeding up said video signals over a
range to control image aspect ratio of said pictures; and,

means for selectively cropping said said video signals over a
range.

M b W N -

11.  The systerh of claim 10, comprising means for controiling
said speeding up means and said cropping means for displaying each
of said pictures in a plurality of modes, including:

cropped, but having substantially no image aspect ratio
distortion: . -

distorted in image aspect ratio, but substantially uncropped:;
and, '

partly cropped and partly distorted in image aspect ratio.

W N OO W

12. The system of claim 1, comprising:

means for selectively speeding up said quantized video signals
over a fange to control image aspect ratio of said pictures; and,

means for selectively cropping said pictures over a range.

b W N -
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15 clock gating information fromthe intefpol ator control 349 of main
si gnal proceSS| ngﬁpath 304 nust be simlarly del ayed. Were tpersusot/e3razk .

gatl ng i Ve HAIBER not  del ayed, the W dat4 will not be correctly

paired when deleted. This is inportant béCatse each WV pair represents
.one vector. A U elenent fromone vectdr cannot be 20 paired with a Vv ‘
el ement from anot her vector wi thout causing a color - shift. Instead, a

V sanpl'e froma previous pair will be deleted al ong with the current U

sanpl e. This met hod of THY %g%féri?'@fxb@rﬂ $12, comi s‘?ﬁ%eﬁ’\ sa’foﬂcén%no!ﬁ”ﬁqu

there are two |Lum nance sa es for eve or. C onent
V) sanpl e8. O NRREANT! UR(MEARS 2H sl GonPiNg AMeavs; OrHIFBIA 0@|§ﬁn
[ﬁd”f\;d tet O;w;émlzfed)fw?éfhéugmpantcs pluralliWQﬂh' ﬁfodefseqn?m%«n gAccor di ngl .

e qui s requenc 0 e u e_anal o o_di converter
for the | @ninance CrPBREGn Rt ?‘§ ng s“b%{'aﬁ%eﬁ’%a’@? ﬁ&ﬁfﬁ ﬁfcl‘ equency
of the ousputdlgftomenanal og to digital converter for the col or

conmponentsg i s e o Lh LB, Cj [ n a
~also incl gde rreanMs_(’ﬁsmr?gq o‘tn émg;%c%ﬁgetcﬁe}*gd;ob&?i g"/ﬁe%tﬁt"?%“gaﬁx@f:ﬁéﬁé{d‘data
not wi t hst andiang,

8 partly cropped and partly distorted in image aspect ratio.

14. The system of claim 1, wherein said side-by-side pictures
2 are of substantially comparable size.

-

15. The system of claim 1, wherein said quantization
resolution enhancing means comprises dithering means.

N -
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the data conpression. A nunber of data f 'mmBme 4 restoration
schenes h evel oped, - i ncl udi ng f u pai r eIV vs$1/03742
-Conpressfg%ggggﬁﬁ?fhering and dedi t heri ng.JilN 5 different

di t hering sequences.involving different nunbers of bits and different
pai-red pi xel conpressions involving different nunbers
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of bits are contenpl ated. One of -a numheSheeoHas Replitedr dat a reducti on
and restoratian 3§$emes can be sel ecte err] PEG/USIDOSER
to maxi m 2XOP93ER i on of the di spl aye part.i cul ar ki nd
of picture display format. 5 e array |ncI udes interpolators
whi-ch operate in conjunction with I|ne menories, which may be
-inplenmented as FI FO s .356 and 35% The interpolator and FIFO s are
utilized to esarrpl e the main si M3l as desired. An additional -
i nt er pol at or caeD resanmpl e the auxil: ) t—=—Crock—=amd_SYTCHT oM pi ng
circuits in 10 he gate ar : h |t he
mai n and alm_lrarycslg e ijntjo p
single out put vi @Eg X conpongntis.
These oy Y. digitall tlo
anal og gerrverters—S609 362 a 36& The anal | pnal s, dgsijgnpt ed
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to noninterlaced scanning. The Y. U and V signals are al so encoded to

Y/*C+f or ma er 227 to defhipghes n rati o outpu S
Y_QOUT_EXT. }N C(:b !C‘{J@%Egg' avai l abl e at Jﬁﬂimﬁﬁjﬁﬁp tch SWb Eglrélégzugjﬁ&
it

synchroni zi ng signal for the enc her the .20 gate array,

€ SYNC M\, or fromthe PIP circuit, C SYNC AUX. Switch SWs sel ects
between Y M and CSYNC AUX as synchroni zi ng signal for the w de screen
panel out put. Portions o /ﬂihe hori zolgt alsgsynchroni zing. circuit
are shown in nore detail in FI 14. Ph S'é_"l arator 228 is part of
a phase 25 | ocked |oop including | ow passzgﬂ! o230, vol tage control |l ed
oscillator 232, divider 234 a@fscapa ifor : ﬁl@ oltage & controlled
oscill ator 232 operage;_ Y er® rgspansi vBE=Ro 3&¢famni c resonat or or
the |ike 238. The ou@pst t& voffthde conlrotlfed oscilfator is
divided by 32 to prd¥id Juerc ce i nput ksignal to
phase conparator 22fz=jh I \ical e is/a\[err] REF

timng signal. Fhe @

to a divide by 5 ¢ u ™
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pul se width to assure proper oper atrhi9thetfHat B&n Rl conpar at or 404. for

exanpl e a type CA1391. which forns d phase pPCagHSs /b Prap
i~ncl udi ng WM R385t | ter 406 and ZﬁMMBEﬂ[E Mrol | ed oscil T ator

408. Voltage controlled oscillator 4 n . internal [err]
timng signal, which is used for driving the progressively scanned

di splay. The other input signal to phase conparator 404 is the 2fH
flyback pulses or a timng signagl relatedd thereto. The use of the
second phase | ocked | oop includ&hg phase conpgy at or 4 i squsef@l for
assuring -that each 2fH scq‘g[\élng@erggg> i & symggtric t hi f2each=[err]
period of the input sfgRal~= Nl

raster
o the

D

split, for exanple, i
right and half of the"wFleq
The defl ection circui 0

het wi §e t8e di gpl ay may exbiNoit,
hzlgofit thg {ideoflines afé shiftg
i e shiffledlio the left
- ; 'nl rel g8 | lin FI GURE 15. 1%
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illustrated diagrammatically, a constant current source 502 provi des a
const ant ﬁf—'cvrr’éﬁf‘ “RAVP wh charges a 20 verti / g.myg;;uz
CHSCE §1s Py

‘capacito §$}§&@ras§éaﬁikq$c®o d in parallel wth
vertical ranp capacrt |caIIy di scharges the capacrtor
sre'sponsive to the ver\ gnal In the absence of any
adj ustnent, current es t he maxi mum avarlable vertical size
for the raster. This m ght correspond to the ext ectical
overscan neededeto fill the wi de scree® dig = expa-nded 4
format di spl ay ti ' : mey O 0 : Iﬁj@iﬁﬁ . To t
extent that |legsjveftical rgster-sigedisir ' § ad}'ustable
current source [538-%j yerts h vari unt o ADJ frorg
| RAVP. so Bhat N& i ranp c a|8654c %’sbbwly aldato a
smal | er pe;ak vllue s : _ ufce oy is gpnspve to a
vertical size ddjwsi|*ighal e |p | <angl or nerated by
a vertical gAd C trg Cirgui t er a Sg S
i ndependeft=&f] [a fejuel” per ca =3 2d e ad}' ugt&e ch%y be
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defl ection

the vertica
of the proper -magnit UggrT/US91/03742

defl ection is provided by phase adjusting circuit

In either event,

adj ust nent knob.

coil (s) 512 receive(s) driving current.
< WO 91/193P7 zont al

35 back panel
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East-V‘ést pin correction circuit 514, a [err] phase Iocked | oop 520

and horizontal output circuit 516. The R@G interfa 0
s shown-WOMB388tailed in 5 FI GURE 16. The signal which @&'gbgg‘%i"@
ultimately displayed will be " sel ected between the output of the [err]
converter 40 and an external RGB input. For purposes of the w de
screen tel evision descri bed herein, the external RG input is presuned
to be a wde format display ratio, progressively scanned source. The
ext er nal 10 RGB signals and a conposi 885bl anki ng signal fromthe.video
signal s i nput section 20 are |23uts to aB RGB to Y&J V converter 610.°
The external 2fH corrpog ynghr oni zi ng=s$i gnal fogl!the bxternal RGB

signal is an input to exteras
Sel ection of the veryical
switch 608. Sel ecth) 8

rat orl 600. *

i gnal sep
is i ent edl by 15

I npl emented by switch @4:3 >
i mpl emented by SWItCIlI d p@::"._z_ i s
responsive to an mt% blyg_a_g
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WBP [err] 340. Selection of internal or external video sources is a 20
user selection ver, if a user inadvertently selects an e ﬂ??

- R&B’ sourt&éwféﬁlj%esuch source i s connected or turned on, ﬁ:?i 1103742
external source drops out,.the vertical raster wil coIIapse, and
serious*damage to the cathode ray tube(s) can result. Aecordingly, an

“external synchronizing detector 602 checks for the presence of an 25
external synchronizing signal. In the a%¥ence of such a signal, a :
switch override control signal is transmitted to each of switches - - 604,
606 and 608, to prevent  selection of the external- RGB source if t he
signal therefromis not present. The R@& to YUV converter 610 al so
receives tint and color control signals fromthe WP [err] 340. 30 )

An overall block diagramfor a wi de screen television in accor dance

“with inventive arrangenents, and adapted to operate with [err]
hori zontal scanning, is shown in FIGURE 4 and generally desi gnated 11.
Those parts of television 11 which correspond substantially to a _
counterpart in television 10 shown in FIGURE 2 35 _have been assigned the
same reference nurggal . The television 11
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general ly conprises a video'signals | nput section 21,

-1.9-

ML s

defl ection circu

2 ot v4

a chassis or

processor 216, a w de screen processor 3
a vertica
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241. kine drivers 242, direct view or projection tubes 244 and a power
supply 70. The g}err] converter and RGB interface are not 5 qﬁL@g,03742

Accor di ngl YO 91H&9395] s no provision for displaying an ext erna

format display ratio RGB signal at a 2fH scanning rate. The groupi ng of
vartous tircuits into different functional blocks is made for purposes
‘of convenience in description, and is not intended - as limting the
physical position of such circuits relative to,one 1Q. -ang{ her

The video signals input section 21 i s'dtapted Bor red@i vi plurality
of conposite video signals fromdifferent videg!sourgds. > The vi deo '
signals may be sel ectjvely switched for display as majn and auxiliary

video signals. An RF &witch 204 has typo antengd 15 ANT1 and ANT 2
These represent input s%for bot h of f - a8~ antfenna“? pceFih on and cabl e

reception. The RF| controls : I's supplied
to a first tuner 406 and 3 fe—pecond—SBner P8. |ige omt put of first
tuner 206 is an irfpyt to a 'qnel chi p 03, whi'ph pEDforkla nunber R\
functions rel ated tQ t uni pg a o ' _ b
wd “.
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20 horizontal and vertical deflection and video controls. The particul ar
one-chip shown is industry designated. type TA8680. The baseb o]
-8i ghal Wi MF@IBUP3¥vel oped in the one-chip and resulting fro ?H/U?%l/lﬁﬁ?
signal fromfirst tuner 206 is an input to both video switch 200 and
the Tvi® i nput of wide screen processor 31. Qther baseband 25 video inputs
‘to video switch 200 are designated AUX1 and AUX 2. - These m ght be used
for video caneras, video recorders algyll%heré ke.. The out put of the

vi deo switch 200, which is controlle t chassis or TV

m croprocessor 216 is designated SW TCHE O. w The SW TCHED VI DEO i s
anot her input to wi de screen processor 3 2 D[Wth furthe reference
to FIGURE 5, a switch SWM w degsscreen 0 essor“%el e s;_betéen t'he TV1
and SWTCHED VI DEO signal's as £ y. SEL CO\ |deo S | wifjch is an

I nput ‘'to a Y/ C decoder 210. Iwe Y/C dedo&etd 2 u.lrrpl éﬂent as
an adaptive line conb fld_,tmu.l f urt her @o source g 2 .
input to the Y/Cd de, 352 rce ] ﬁe en§; oour and
consi sts of %rate | i P Oa lo& gante gnidt £ .CaQyj t&n,
whi ch may . 44414 = A4 4
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-2 0 - be incorporated as part of the Y/ C decoder
adaptive line

742
conb filters, or which may be i npl ementec}’gl{ s@garate
smntch “kfghqggsespon5|ve to the TV microprocessor 216 for selecting one

pair | um nance and chrom nance signals as outputs designated Y_M and

-
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5 CINrespectively. The selected pair of |um nance and chr oni nance

signal s i [ er considered the main signal and is proce ng
a main si SYQB?{}??% PEFUSI/042

A decoder./denodul ator in the w de screen processor
-devel ops col or difference signals UMand V.M The Y_M UM and V M
signal s*are converted to digital formin the wide 10 screen processor for
further signal processing in the gate array 300. The second tuner
208, functionally defined as part of the w de screen processor 31,
devel ops a baseband vi deo signal TV2. A switch SW2 sel ects between the
TV2 and SW TCHED VI DEO si gnal s as an input to a Y/ C decoder 220. The
Y/ C decoder 220 may be 15 inplenmentedqpy an adaptive line conb filter
Swi t ches SWB and SW sel ect between the | um nance and chrom nance
out puts of Y/C decoder 220, the lum nance and chrom nance signals of an
ext er nal Vi de o et s Py et oGty TH €
Y_EXT/ C_EXT signal{s correspond to &he S-VHS input S1. The Y/ C 20 jdecoder
220 and switches $W8 and SW nmay b@é—_gconbi hed, as in sone .adapLive l'ine
conb filters. The Jout put of smﬁtchFESQWQ_gnd SWM is
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thereafter considered the auxiliary signal and is processed al ong an
auxiliary si naI ath. The sel ected |um nance output is desigpgifdse1/0372A.
The sel ec@ @:HP@% nance is-converted to color difference 25 si gng?s UA
.and VA. The Y_A U A and VA-signals are converted to digital formfor
fuarther: signal processing. The arrangenent of vi deo signal source
“switching, in the main and auxiliary signal paths maxi m zes flexibility
i n managi ng the source sel ection for the different parts of the
different picture display formats. The wi de screen processor 30
conprises a picture in pi ctureS proc? g 320 for special signal
processing of the auxiliary \g |S’ﬁ |. The termpicture-in-picture
i s sonmetines abbrevi ated as 3I P or pix-in-pix. A gate array 300

conbi nes the mai n andZauxi | i ﬁﬁ-” vi deo signal data in a w de variety of

display formats, as sﬁp by 35 gthe examples of FIGURES 1(b) through 1(i).
The picture-in-pi cture aopeepr 3&%&1}%9 array 300 are under the
control of a wide " g_-ll é «—{E58[ o .
2 “ . |t O
- _ .
= > 8°.§ o
Z L\ =>g _g%
> a <
ZIZ_\ | =5 33
N B > | ©
15
/ 2 °F o
2 i 5 %g §§ m%
— = e “=lloax
=1l
“* S
'..gi—¢ P (7=
“ : ‘
I—"'% -
EE e = SES =
o %: yy = %
|~ T
25 Al 8| E =128 T ce
a3 \ & ~ W \ wg
T & 2
- o
¢ \/ | \{
T
g2 I F
% 9 ~ @
s = o
Q ud .
e d B )
| v L
- e
w

Sheet Has Been Reﬁaced

TR



qibisss£ TROS
-2 1--- screen mcroprocessor (V\BP [err]) 340. Mcroprocessor 340 is

respoﬁm ve to the TV mi croprocessor 216 over a sefrTaIRde%CF
bus i ncl udes four signal lines, for data. clock Si gn@.S, .60
and reset si gnals. The w de §creen processor 30 gl gp;H,
stonposite vertical blanking/reset signal, as a three;

1. My

ekt b

------------------

SIDE BY SIDE TELEVISION PICTURES
The inventon relates to the field of televisions capable of

aisplaying side by side pictures of substantially equal size from
different sources, and in particular, to such televisions having a

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

10 televisions. '

' Teievisions 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 .

15 broadcast with a 4 X3 format display ratio. Many viewers find the

" 4 X3 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

20 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 procéssors in the television.

) Televisions with a wide display format ratio are also suited to

25 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
nurierous problems Changing the display format ratios of muitiple
s:gnal sourc;s developlng consustent tlmmg signals from

30 aschhronows but snmultaneously dlsplayed sources, switching
between multxple sources to generate multiple picture displays. anc
provudmg high resolutlon pictures from compressed -data signals are
general categones of such prob'fems ‘Such problems are solved in a
wide screen televnsxon accordmg to. this invention. A wide screen

35  television accordmg to various inventive arrangements is capable ¢’
providing high resolution, single and multiple picture displays. frcm

“upa
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| evel .sandcastle signal. Alternatively, the vertical blanking and reset
'signal's can be generated as separate signals. A conposite bl anki ng
signal is supplied by the video signal input section to the RGB
interface. 10 The horizontal and vertical synchronizing conponents
of the mai n signal are .developed in a sync.separator 286, form ng part
of a . denodul ator 288. formng part of the w de screen processor. The
hori zontal synchronizing conponent is an ir@put to a [err] phase |ocked

| oop 290. Horizontal and vertical synchronizing signals of the 15
auxiliary video signal are devel oped by sync separator 250 in the wi de
screen processor 31. A horizontal deflection circuit 52 operates in

conj unction wi tdingllee angentiliiple 's08REEYS IN4Qirt ﬁﬁﬁi‘afv&shifferznpifﬁnﬁgi ust and
hori zont al phag ﬂﬁgn%ﬁﬁ}vaggQ%%g jr?n1hhe err% ) 340. vertical
defl ection circdrt 56 s WHE OIS PG F'8PI3Yr {PITIAt £34QS-20 control circuit
54. The vertical silgeWi®aneEowithi acwide Blisplay riesmangatie can e a vértical
size control siigipeméhad tiheteVsiisibar E*stéﬂ% a iﬂﬁr HfD signdi€ soRRNer
simlar to the ywerdiGal Sty GO tal gcr;artmqgg FateS oha 'multiples thereof. as

well as by both interlaced and noninterlaced scanning. Standard

NTSC video signals, for example, are displayed by interlacing the

successive fields of each video frame, each field being generated by

a raster scanning operation at a basic or standard horizontal

15 scanning rate of approximately'15.734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1f4, and 1H. The
actual frequency of a 1fy signal will vary according to different
video standards. In accordance with efforts to improve the picture
quality of television apparatus, systems have been developed for ,

15 displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that- each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields of the interlaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. in each case, the

- 20 horizontal scanning frequency must be twice that of the standard
horizontal  frequency. The scanning rate for such progressively
~ scanned or flicker free displays is variously referred to as 2fy and
2H. A 2fy scanning frequency according to standards in the United
States, for example, is approximately 31,468 Hz.

25 Television apparatus with conventional format display ratios
can be equipped for displaying multiple pictures, for e'xam;ile from
two video sources. The video sources may be the tuner in the
telﬁvision. a tuner in a video cassette recorder, a video camera. and
others. In a.mode .often referrédto as picture-in-picture (PIP). the

30 tuner in the television provides a picture filling most of the screen.
.or display area, and an auxiliary video source provides a small inset
picture generally within the'boundaries:of the larger picture. A PIP
display mode in a wide screen television apparatus is shown in
FIGURE 1(c). In many instarices, the inset picture can be positionec

35 in a number of différént locafions. Another display mode is often
referred to as channel scan, wherein a large number of small
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‘descrj bed above. The wi de screen processor 31 is shown in nore
detail in 25 FIGURE 5. The principal conponents of the w de screen

processor are a gate array 300. a picture-in-picture circuit 301,

anal og to digital and digital to anal og converters, the second tuner
208, a w de screen processor mcroprocessor 340 and a wi de screen

out put encoder 227. Further details of. zhe w de screen processor, which
30 are in conmon with both the [err] and the [érr] chassis, for exanple
the PIP circuit, are shown in FIGJRE 6. A picture-in-picture processor
320, which forns asignificant part of the PIP circuit 301, is shown in
nore detail in FIGRE 7 ate 300 is 'sho nore detail in
FI GURE 8. A nurfleVTeF ?ﬁ‘éh oﬁeﬂﬁ? CRATNR §9uqﬁ|egj&t@e Y897 g Parts

of the mai n andreape framre nstbrgage Thergas o rhainepigtureadt leasnirdascns ldd i n
detail A nunbejiz®f AtdMi¥nnel scan display mode in a wide screen television
apparatus is shown in FIGURE 1(i). In wide screen television
apparatus, other display modes are possible. One is referred to as
picture-outside-picture (POP). In this mode, several inset auxiliary
pictures can share a common boundary with a main picture. A POP
display mode in a wide screen television apparatus is shown in
FIGURE 1(f). Another mode particularly suited for a wide screen
television is side by side pictures of substantially the same size,
from different video sources, for example two different channels.
This mode is illustrated for a wide screen television in FIGURE 1(d)
for two 4:3 video sources. It will be appreciated that this mode can
be considered a special case of the POP mode.

15 Horizontal scanning is accomplished in the same amount of
time in a wide screen television apparatus as in a conventional
television apparatus. However, the distance of the horizontal scan
is greater in the wide screen television. This will stretch the

picture horizontally, creating significant aspect ratio distortion of

20 the images in the displayed picture. Accordingly, problems can be
encountered when displaying a video signal having a conventional 4:3
display format ratio on a wide screen television apparatus, for
example one having a 16:9 format display ratio. These particular
format display ratios would result in a horizontal stretching or

25 expansion by a factor of 4/3. This is a problem for displaying

_ pictures having a ‘4:3 display format ratio as a main picture and as
an auxiliary picture, such as a PIP or POP. This is also a problem for
PIP and POP modes even if the main picture originates from a video
source having a 16:9 format display ratio which matches the display

30 means of the television apparatus.

Certain digital circuits, sometimes referred to generally as
picture-in-picture processors, are available which can ‘implement
PIP and channel scan modes in a conventional television apparatus.
One such picture-in-picture processor is designated as a CPIP chip
3s and is available from Thomson Consumer Electronics, inc. The CPIP
chip is described more. fully in a publication entitted The CTC 140

(8]

[¢]
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-2 2- conponents such as the second tuner 208, the WSP [err] 340
and “ interface outputs. the analog to digital and digital to anal og
converters. the gate array 300, the PIP circuit 301 and the PLL 374
operate substantially as-explained in connection with FIGJURE 3 and 5 such
details are not repeated. The main video signal is supplied to

- the wi de screen processor i n anal og f.ggm as signals designated YM and
CIN. Signal CINis

Picture in Picture (CPIP) Tecnnical Training. Manual. available from
Thomson Consumer Eiectronics, inc., Indianapolis, Indiana. Such
picture-in-picture processors are not suitable for implementin‘g
special display modes, such as PIP, POP and channe! scan, in wide

5 screen television apparatus. If an auxiliary picturé developed by

- such a picture-in-picture processor from an auxiliary video source

were displayed on a wide screen television apparatus without an

external speedup circuit, the auxiliary picture, or pictures, would be
geémetrically distorted as described above. The auxiliary picture
would exhibit a horizontal expansion by a factor of 4/3 due to the
wider horizontal scanning of the wider picture tube, whether direct
view or projection. If an external speedup circuit were used, the
auxiliary picture would appear without aspect'ratio distortion, but
would not fill the screen ‘or fill the portion .of the screen otherwisg

15 allotted for the auxiliary display.

- A wide screen television can be provided with a signal
processor for distorting a video signal, for example an auxiliary
video signal, such that upon subsequent display the auxilia(y picture
will exhibit no image aspect ratio distortion. The distortion can be

20 implemented as an asymmetric compression. The compression '
factors will depend upon the relative display format ratios of the
auxiliary video signal and the wide screen television apparatus. -In
order to display an auxiliary video signal having a 4:3 display format
ratio on a television apparatus having a 16:9 format display ratio,

25 The auxiliary picture will be horizontally compressed by a factor of
4:1 and vertically compressed by a factor of 3:1. In a television
apparatus having a.different display format ratio, for example 2:1.
the horizontal compression factor would be 1.5 times greater than
the vertical compression factor. The asymmetric compression

30 produces geometrically distorted pictures which can then be stored
in a video memory associated with a picture-in-picture processor.
When the asymmetrically compressed auxiliary picture is read out cf
memory, in accordance with the normal operation the picture-in-
picture processor, the resulting auxiliary display exhibits no aspec:

35 ratio distortion and is proper size for its intended purpose, whether
PIP, POP, channel scan or otherwise. The horizontal expansion

[&]
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; decoded into color difference signals ‘U M and V_M by denodul at or 288.
The main signals are converted fromanalog to digital formby 10 analog to

digital converters 342 and 346, shown in nore detail in FI GURE 6. The
auXiliary video data is also in analog form and Y UV format, as
signals designated Y A, UA and VA In the PIP circuit 301, these
auxiliary signals are converted to digitaP-form data conpr essed,
stored in a field menory for synchronization with the, 15 nmain signal, and
provided to the gate array 300 for conbination with the main signal as
required by the selected picture display fornat, for exanpl e by

mul ti.pl exi ng egaifkdd B iR ke o @f R ¢idcuit
i s expl ai ned n%a 9 SCahh ognecsﬂ:‘é WEE? t@%‘?fé&ﬁ {gjb% e"a‘ﬁq’[ rl%l gbm rcuit
and/ or the gafé r&r ng%ﬁ/s 87‘53 ?hé‘f 388 ?r%ye{'ﬁg’eftﬁ? PRl HRASNRI'PYG 1P he

resol uti on of staragauixi theavidetatraemotysi t hst anding the . data conpression.

The anal og form si gnaigeo g%ﬂgp%?g&rﬂ fops?@él 69 sude tp‘?étﬁrecé’%l:{)?oqné Qgan

encoder 227 to defin

v OUT Xt & OB XA iEC A ENgemaY Coltericas canalpa: © ‘digitalSpReHS. &9 p
203. Encoder gpantiziogi fiest anty setendCSheed Nignals, representing first and

second pictures respectively, at higher and lower levels of
quantization resolution relative to one another. The analog to
digital converters can operate at different sampling rates. The

15 picture represented in the lower sampling rate signal can have the
appearance of being subsampled, relative to the other picture. A
video display is synchronized with the first video signal. The second
video signal is synchronized with the first video signal. A signal
processing circuit mcdifies the first and second video signals to .

15 represent the first and second pictures respectively in sizes smaller
than the video display. A multiplexing circuit combines the
processed video signals for side-by-side display of said pictures. A
quantization resolution enhancing circuit improves the perceived
quality of the video signal having the lower level of quantization

20 resolution. The side by side pictures can displayed substantially
without image aspect ratio distortion, as well as with different
relative amounts of cropping and image aspect ratio distortion.

A video display system for synchronizing side by side pictures

according to an inventive arrangement comprises a first video signal

25 source of a first picture and a second video signal source of a second
picture. A first signal processor speeds up the first video signal. A
video display is synchronized with the first video signal. The s_ecohd
video signal is vertically synchronized with the first video signal
and the video display. The second video sugnal is delayed by a

30 fraction of a field period in a field memory. A second signal
processor speeds up the synchronized second video signal. The first
and second video signals are combined for side by side display of the
pictures. The first and second video signals have first and second
display format ratios respectively and the video display has a thirc

35 display format ratio greater than each of the first and second
display format ratios. If the first and second display format ratios
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-25 signal fromthe gate array. Switch SW sel ects between YM and t he
CSYNC*AUX signal as an input to the analog to digital converters. The
one-chip generates YUV format signals for the RGB matri x 241, which
supplies RG format signals to the kine drivers 242 fromthe Y_OUT EXT
and C_QUT _EXT signals. 30 FIGURE 6 is a block di agram show ng
further details of the wi de screen precessors 30 and 31 common to the
1fH.and 2f H chassis, shown in FIGURES 3 and 5 respectively. The Y_A U_
A and V_A signals are an input to the picture in picture processor 320,
whi ch can include a resolution processing circuit 370. The wide 3 5 screen
tel evi sion according to aspects of this invention can expand and
conpr ess Vi decareTig@ch pappraximatele t4s3 ansbdhedthivg displayarfowngt ratio s

approximately 16:9, each cf the the side-by-side pictures can be

displayed in a format display ratio of approximately 8:9. If each of

the viceo signals is speeded up by a factor of approximately 4/5 anc

5 cropped. horizontally by a factor of approximately 1/3, each of the

side by side pictures is displayed substantially without aspect ratio

distortion. )

FIGURES 1(a)-1(i) are useful for explaining different display
formats of a wide screen television.

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

FIGURES 3 is a block diagram of the wide screen processor
shown in FIGURE 2. .

15 FIGURE 4 is -a block diagram of a wide screen television in
" accordance with aspects of this invention and adapted for operation
at 1fy horizontal scanning.
. FIGURE 5 is a block diagram of the wide screen processor
shown in FIGURE 4.
20 FIGURE 6 is a block diagram showing further details of the
' wide screen processor common to FIGURES 3 and 5.

FIGURE 7 is a block diagram of the picture-in-picture -
processor shown in FIGURE 6.

FIGURE 8 is a block diagram of the gate array shown in

25 FIGURE 6 and illustrating the main, auxiliary and output signal
paths.

FIGURES 9 and 10 are timing diagrams useful for explaining the
generation of the display format shown in FIGURE 1(d), using fully
cropped signals.

30 FIGURE 11 is a block diagram showing the main signal path of
- FIGURE 8 in rmore detail.

FIGURE 12 is a block diagram showing the auxiliary signal path
of FIGURE 8 in more detail. :

FIGURE 13 is a block diagram of the the timing and control

35 section of the picture-in-picture processor of FIGURE 7.
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-2 3 - conposite display formats illustrated in part in FIGURE 1 are

generated by the picture-in-picture processor 320, which can receive
resol ution processed data signals Y_RP, URP and VRP from resol ution
preocessing circuit 370. Resolution processing need not be 5 utilized at al
tinmes, but during selected display formats. The pi cture-in-picture
processor 320 is shown in nore detail in EHQURE 7. 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 swtch (FSW and

bus section 326, a timng and control section

FIGURE 14 is a block diagram of a circuit for generating the
internal 2fy signal in the 1fy to 2fy conversion.

FIGURE 15 is a combination block and circuit diagram for ‘the
deflection circuit shown in FIGURE 2.

5 FIGURE 16 is a block diagram of the RGB interface shown in -
FIGURE 2. ' _

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 implemented according to different inventive

1¢ arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
'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

15  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
signal is generally deemed to be 16 X 9. The inventive
arrangements are not limited by these definitions.

FIGURE 1(a) iillustrates a television, direct view or projection,

20 having a conventional format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X3 format
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

25 available display area. Alternatively, the 16 X9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X3 format display.
However, much information will be cropped from the left and/or
right sides. .As'a further alternative, the letterbox picture can be

3o expanded vertically but not horizontally, whereby the resulting
picture will evidence distortion by vertical elongation. None of the
three alternatives is particularly appealing. S

FIGURE 1(b) shows a 16 X 9 screen. A 16 X 9 format display
ratio video source would be fully displayed, without cropping and

35  without distortion. A 16 X 9 format display -ratio letterbox
picture. which is itself in a 4 X3 format display ratio signal, can
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10 328 and a digital-to-anal og converter section 330. The timng and
cont#ol section 328 .is shown in nore-detail .in FI GURE 13. . The

pi cture-in-picture processor 320 may be enbodi ed as a variation of a
basic CPIP chip devel oped by Thomson Consuner .  Electronics, Inc. A
nunber of special features or special effects are 15 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 fromthe same
video signal, fromdifferent video signals and can be I nt erchanged or
swapped. Cenerally speaking, the audio signal is 20 swtched to al ways

correspond el BRagibgsivbly! dhnel By SR hoﬁsmd"o? line aﬁaﬂio?@ dgougagt o any
position on the ,screeF 0 Ccﬁn steg,t I‘Ol}l,% a . hunber of predeterm ned
positions. APSBYMPT Batdiper iHeRlaysWithapufticient juenticak J8sPRIos; zeA o¥i0the snal |
pi cture, for sereampltelevsiemyinoaccarfianace witmuhiseinventipnesah display. sé¢n sonme

poi nt, for exarel® ol herntoBlsdiay Fanid SigRhl WikiRe! tné! AURF shiie, tae | arge
and smal | sP! Catul:Jurliea% Tource or an e?tgetrnta EGS@ns%u?'cl:ez.e'

FIGURE 1(c) illustrates a 16 X 9 format display ratio main
signal in which a 4 X3 format display ratio inset picture_is
displayed. If both the main and adxiliary video signals are 16 X9
format display ratio sources, the inset picture can also have a

10 16 X 9 tormat display ratio. The inset picture can be displayed in
many different positions.

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

15 course different from both 16 X9 and 4 X3. In order to show a

" 4 X3 format display ratio source in such a display area, without
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 .

20 the picture is tolerated. Horizontal squeezing results in vertical
elongation of objects in the picture. The wide screen television
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.

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

3c - 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 9 format
display ratio screen. Dark bars are evident on the right and left
sides.

FIGURE 1(fy illustrates a display format wherein one large

35 4 X3 format display ratio picture and three smaller 4 X 3 format
display ratio pictures are displayed simultaneously. A smaller
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In a single picture node, for exanple that shown in FI GURES 1(b), 1(e)

or 1(T) a user can zoomin on the content of the single picture, for
exanple, in steps froma ratio of 1.0:1to 5.0:1. Wiile in 30 the zoom
motde a user may search or pan through the picture content enabl i ng the
screen imge to nove across different areas of the picture. In either
event, either the small picture or the Iargf pi cture or the zooned
plcture can be displayed in freeze frane ( Tll picture format). This

function enables a strobe format, wherein the Iast 35 nine franes of video
can be repeated on the screen. The frane

carcuit S0, 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
s intended as limiting the physical position of such circuits relative
to one another. . .

The video signals input section 20 is adapted for receiving a
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main

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

15 202, which performs a number of functions related to tuning,
~ horizontal and vertical deflection and video controls. The particular

one-chip shown is industry designated type 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
20 and the TV1 input of wide screen processor 30. Other baseband
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

25 216 is designated SWITCHED VIDEO. The-SWITCHED VIDEO is another

input to wide screen processor 30.

With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.

30 The Y/C decoder 210 may be implemented as an adaptive line comb

filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. 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

35 decoder, as in some adaptive line comb filters, or which may be

implemented as a separate switch, is responsive to the TV

(&)
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24 - repetition rate can be changed from.thirty franmes per second to

'zero * frames per second. The picture-in-picture processor used
in the wi de screen tel evision according to to another inventive
artangenent differs 5 fromthe present configuration of the basic CPIP
chi p descri bed above. |If the basic CPIP chip were used wth a

t el evi si on having a 16 X 9 screen, and W thout a video speed up
circuit, the inset pi ctures woul d exhibit aspect ratio distortion, due
to the effective 4/ 3 times horizontal expansion resulting from scanning
across the 10 wder 16 X 9 screen. Objects in the picture would be

hori zontal |y elongated. If an external speed up circuit were utilized,

t here woul d microprocessor 216 for selecting one pair of luminance and
hrominance 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
s along a main signal path. Signal designations inciuding _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?égard. Uis
an equivalent designation for (R-Y) and V is an equivalent
. 1c  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 p'rocessor 30, develops a baseband video signal TV2. A
15 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 Sw¢
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
20 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 -
25 auxiliary signal path. The selected luminance -output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path; The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
30 arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source
- selection for the different parts of the different picture dispiay
formats.
A composite synchronizing signal COMP SYNC, corresponding <
35 Y_M is provided by the wide screen processor to a sync separatof
212. The horizontal and vertical synchronizing components H and V

This is the replacement sheet

23 MG 9%

G



be no aspect ratio distortion, but the picture would not fill the

‘entiré€ screen. Exi sting picture-in-picture processors based on
the basic 15 CPI.P chip as used in conventional televisionS are operated in
a ~ particular fashion having certain undesirabl e consequences. The
incomng video is sanpled with a [err] clock which is |ocked to the

hori zontal synchronizing signal of the mai povi deo source. I n other

words, data stored in the video RAM associated with the CPIP. chip is 20

not orthogonally sanpled with respect to the incomng auxiliary vi deo
source. This is a fundanental limtation on the basic CPIP net hod of
field synchroni zati on. The nonorthogonal nature of the I nput sanpling

rate results infeSREGIRIYORES IRPYISe!0s ZnyPHEICAl gauUNtgPNNn Circyit Bldati DM i s a
rlesulktf?; s\plet ;/\'v&aeaﬁébfiéumdvnmctrbun hee veRi g3 %hmﬁﬂ@ﬁynati%u\sléiign%le&&a Zﬁgﬁ
LSl ghs! o sbRCPRAghERRh gk, R orongedfl 3ol IS Mg BSe LN
jitter along vePtoc€&FOe@fNeraest pa internapjvartieal seretaputpydnsigaal NT
consi dered i t ¢ER] RS QUbIdirected 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

10 circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor. o L

The 1fy to 2f4 converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced

15 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

20 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_2fn, U_2f4 and
V_2fq signals .is supplied to the RGB interface 60.

25 The RGB interface 60, shown in more detail in FIGURE 16,
enables selection of the converted video data or external RGB video
data for display by the video signals input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2fy scanning. The vertical synchronizing component of the main

3o signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fym or fvexn
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal.
by generating an internal/external control signal INT/EXT. However.

3s the selection of an external RGB signal input, in the absence of sucr
a signal, can result in vertical collapse of the raster, and damage 10

]
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. The picture-in-picture processor 320, according to an 30 inventive
arrangenent and unlike the basic CPIP chip, is adapted for

asymmetrically conpressing the video data in one of a.plurality of
setectabl e display nodes. In this node of operation, the pictures are
conpressed 4:1 in the horizontal direction and 3:1 in the vertical '
direction. This asymmetric node of conpresiion produces aspect 35 ratio

di storted pictures for storage in the vi dé RAM (bjects in the

pi ctures are squeezed horizontally. However, if these pictures are

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
s 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
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
15 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
20 blanking signal is supplied by the video signal input section to the.
- RGB interface. ' ' '

The deflection circuit 50, shown in more detail in FIGURE 15,
receives a vertical reset signal from the wide screen processor, a
selected 2fq horizontal synchronizing signal from the RGB interface

25 60 and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. . The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1fy to 2fy converter 40 and the YUV to RGB

30 converter 240.

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

The wide screen processor 30 is shown in more detail in

3s FIGURE 3. The prihcipal components of the wide screen processor
are a gate array 300, a picture-in-picture circuit 301, analog to

(9]
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-2 5 - read out- normally, as for exanple in the channel scan node
for * display of a 16 X 9 format display ratio screen, the pictures.
appear correct. The picture fills the screen and there is no aspect
ratio distortion The asymretric conpression node according to this 5
aspect of the invention nmakes it possible to generate the speci al

display formats on-a 16 X 9 screen w thout external speed up circuitry.
FIGURE 13 is a block diagram of the timng4and control section 328 of
the picture-in-picture processor, for exanple a nodified 10 version of the
CPI P chip described above, which includes a decimation circuit 328C for
I npl ementing the asymetric conpression as one of a plurality of

sel ectabl e di sphay Bﬂge&‘g}géh% analb§ "EVeR@ ! LUcBRYSRineRLdY. Oy de

auxiliary pictures of
wide screen processor microprocessor 340 and a wide screen output

encoder 227. Further details of the wide screen processor, wh|cﬁ

are in common with both the 1f4 and the 2fy chassis, for example
s the PIP circuit, are shown in FIGURE 6. A picture-in-picture

processor 320, which forms a significant part of the PIP circuit

301, is shown in more detail in FIGURE 7. The gate array 300 is

shown in more detail in FIGURE 8. A number of the compo_r;énts

shown in FIGURE 3, forming parts of the main and auxiliary signal
10+ paths, have already been described in detail.

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP pP 340. The WSP P 340 comprises an
input output I/O section 340A and an analog output section 340B. ,

15 - The IO section 340A provides tint and color control signals, the

" INT/EXT signal for selecting the external RGB video source and

control signals for the switches SW1 through SW6. The I/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

20 output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
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

25 composite wide screen display, for example one of those shown in
the different parts of FIGURE 1. Clock information for the gate array
is provided by phase locked loop 374, which operates in conjunction
with low pass filter 376. The main video signal is supplied to the
wide screen processor in analog form, and Y U V format, as signals

30 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 detanl in FIGURE 4.

The color component signals are referred to by the genenc
designations U and V, which may be assigned to either R-Y or B-Y

35 signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which :s
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sizes. Each of horizontal and vertical decimation circuits conprises 1 5 a

~counter which is programmed for a conpression factor froma t abl e of

val ues under the control of the WBP [err] 340. The range of val ues can

be 1:1. 2:1, 3:1 and so on. The conpression factors can be symetric or

asymmetric, depending upon how the table is set up. Control of the

conpression ratios can also be inplenented by fully 20 progranmabl e,
general purpose deci mation circuits under18he control of the WBP [err]

- 340. In full screen PIP nodes, the picture-in-picture processor,

I n conjunction with a free running oscillator 348 will take Y/ C input

froma decoder, for exanple an adaptive line conb filter, decode the 25

signal into Y, ahhroViRQ 1%0m@£enAsssﬁ@e Qﬁasggfoed@%; ;cgmlaié?:aaﬂd. an

vertical sync g ses. Ihese S|gnals ar roceSsed I°n p ure-in-
pi cture procesSBfOHoPWHER CRgr PB LS IQ S3 ANBoRRIQr §REWOREN,L 83 |
freeze and chabeedusscthe U Bodi Vigsigmads cdrarimeited ¢arSQ00Kelz, foor1.6xdhial for

the hori Zolnlt aLmﬁ’dEj 1VeThkCablesd Nhe PUYSRIX 6P Thé éibg%iférqr@r' dn@tﬂ@ieﬁo
section Wi, NSYE 103N §'MA2 Signal derved by dwiding the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
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

10 cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
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 .

15 clock gating information from the .interpolator control 349 of main
“ signal processing path 304 must be similarly delayed. Were the
clock gating information not 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

20 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. 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

25 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 converter for the luminance .component is 8
MHz, whereas the Nyquist frequency of the output of the analog to
digital converter for the color components is 4 MHz. :

30 The PIP circuit and/or the gate array may also include means
for enhancing the resolution of the auxiliary data notwithstanding
the data compression. A number of data reduction and data-
restoration schemes have been developed, including for example
paired pixel compression and dithering and dedithering. Moreover.

25 different dithering sequences involving different numbers of bits
and different paired pixel compress@ons involving different numbers
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(different channels) will have non-related sync pul ses and wll be

swi tched at seem ngly random nonments in time. Therefore the sanpl e
clock (and read/wite video RAM cl ock) is determ ned by the free

runni ng oscillator. For freeze and zoom nodés, the sanple 35 clock will be
| ocked to incom ng video horizontal sync, which in t hese special cases
I's the sane as the display clock frequen%:)é. -

-2 6 - : -

ot 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.

5 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

10 the gate array control the data manipulation of both the main and
auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog

- converters 360, 362 and 364. The analog form signals, designated A

15 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 SW5S
selects a synchronizing signal for the encoder 227 from either the

20 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 14. Phase comparator 228 is part of a phase

25 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

-resonator or. the like 238. The output of the voltage controlied
oscillator is divided by 32 to provide a proper frequency second

30 input signal to phase comparator 228. The output of the divider 234
is a 1fy REF timing signal. The 32fy REF and 1f4 REF timing signals
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

35 phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f4-REF signal will have an adequate
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Referring again to FIGURE 6 Y. UV and CSYNC (conposite sync)

outputs fromthe picture-in-picture processor in analog form can be
re-encoded into Y/ C conponents by encode circuit 366, whicn oper at es
i conjunction with a 3.58 Mz oscillator 380. This 5 Y/ C_PIP_ENC signal
may be connected to a Y/ C switch, not shown. whi ch enabl es the
re-encoded Y/ C conponents to be substltut ed for t he Y/ C conponents of
the main signal. Fromthis point on, the 8P encoded Y, U V and sync
signals woul d be the basis for hori zont al - and vertical timng in the
rest of the chassis. This node of 10 operation is appropriate for

i npl ementing a zoom node for the PIP. based upon operation of the

i n]tterpﬁl ﬁﬁlolr Bﬂlge':llvﬁi}lsto' Bskh@® PRopkr ooerail'oﬁlngf tRé phase comparator':fbﬁ
hammal ot o iy St BB 41581 R i 5y & bpona onabl®!
locked loop including low pass filter 406 and 2fy voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing signal. which is used for driving the
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 2f4 scanning period
is symmetric within each 1fy period of the input signal. Otherwise,
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 FlGURE 15.
15 A circuit 500 is provided for ad]ustlng the vertical size of the
" raster, in accordance with a desired amount of vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically_. a constant current source 502
, provides a constant quantity of current Igamp which charges a
20 ‘vertical ramp capacitor 504. A transistor 506 is coupled in parallie!
* -with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current Inamp provides the maximum available
vertical size for the raster. This might correspond to the extent of
25 vertical overscan needed to fill the wide screen display by an
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. .
an adjustable current source 508 diverts a variable amount of
current lapy from Iramp. SO that vertical ramp capacitor 504 charges
3o more slowly and to a smaller peak value. Variable current source
508 is responsive to a vertical size adjust signal, for example in
analog form, generated by a vertical size control circuit. 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)y 512 receive(s) driving current. of the proper magnltude.

wn
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| 5 twelve small pictures sinmultaneously. The picture-in-picture
processor has an internal clock responsive to a 3.58 MHz oscillator

348. The incomng auxiliary signal is converted fromanalog to - digital
form and responsive to the chosen special effect, is$ |oaded into a
video RAM 350. In the enbodinents in the Technical Training 20 Mnual
descri bed above, the conpiled special effect is converted back to
analog formin the picture-in-picture prb8essor prior to conbi nati on
wi th 'main signal video data. However, in the w de screen tel evisions
described herein, and due in part to limtations on t he nunber of

different clock frequencies which are feasible, the 25 auxiliary data is a

di b h
R TR S B Con oy i

si gnal s advant& FW'PeB‘?fé%%t'qrh&F’SU't 514, réq%feh@iﬁaﬁﬁt'éﬁkﬁﬁ’ drer 53\0 t he
circuitry of am harizorital angput circuit 516 Wth further reference to Fl GURE 7,

t gﬁvg'rtcmreslen pi effner RE8 m@éﬁ&&S%ﬂeu&?ébq geyowﬁae?q qna#eogjﬁ&@ggbm tal .
control sgct i Ol#@lgg g The slg IC IS to e ultimately displayed will be

selected between the output of the 1fy4 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
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.
Selection of the vertical synchronizing signal is implemented by
15 switch 608. Selection of the horizontal synchronizing signal is
" implemented 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
20 user selection. However, if a user inadvertently selects an external
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
25 external synchronizing signal. In the absence of such a signal, a
switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
the signal therefrom is not present. The RGB to YUV converter 610
also receives tint and color control signals from the WSP uP 340.
30 s An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 1f4 horizontal scanhing, is shown in FIGURE 4 and generally
designated 11. Those parts of television 11 which correspond
substantially to a counterpart in television 10 shown in FIGURE 2
3s have been assigned the same reference numeral. The television 11
generally comprises a video signals input section 21, a chassis or

o
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timng and control section 328 and digital to anal og converting section

330. " In general, the picture-in-picture processor 320 digitizes the
video signal into lum nance (Y) and color difference 35 signals (U, V).
stibsanpling and storing the results in a 1 negabit vi deo RAM 350 as
expl ai ned above. The vi deo RAM 350 associ at ed :
-2 7 - : '

-19.

TV microprocessor 216, a wide screen processor 31, a horizontal
deflection circuit 52, a verucal deflection circuit 56. RGB matrix
241, kine drivers 242, direct view or projection tubes 244 and a
power supply 70. The 1fn to 2f4 converter and RGB interface are not
utilized. Accordingly, there is no provision for displaying an
external wide format display ratio RGB signal at a 2f4 scanning rate.
The grouping of various circuits into different functional bilocks is
made’ for purposes of convenience in description, and is not intended
~as limiting the physical position of such circuits relative to one
10 another.’ '
The video signals input section 21 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 signais. An RF switch 204 has two antenna
15 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
203, which performs a number of functions related to tuning, _
20 horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA8680. 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 31. Other baseband
25 video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, video recorders and the like.
The output of the video switch 200, which is controlled by the
chassis or TV microprocessor 216 is designated SWITCHED VIDEO.
The SWITCHED VIDEO is another input to wide screen processor 31.
30 With further reference to FIGURE 5, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comp
filter. A further video source S1 is also an input to the Y/C decoae’
35 210. Source S1 represents an S-VHS source, and consists of
separate luminance and chrominance signals. A switch, which may

U
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with the picture-in-picture processdr 320 has- a nenory capacity of = 1

“megabit. which is not |arge enough to store a full field of video dat a
with 8-bit sanples. Increased nenory capacity tends to be- expensi ve and
can require nore conplex managenent circuitry. The 5 smaller nunber of
bits per sanple in the auxiliary channel - represents a reduction in
quanti zati on resol ution, or bandw dth. - 5 relative to the main signal
which is processed with 8-bit sanples i pﬁroughout. This effective
reduction of bandwidth is not usually a probl em when the auxiliary
di spl ayed picture is relatively small, but 10 can be troublesone if the
auxiliary displayed picture is larger, for exanpl e the sane size as the

mai n di spl ayed e éncarporadRedoasitpiashof the pf/Gcdesoder, @sr Usbm37adastive line
quant| 2ot on 1 EantE TAUARS o W may b3CRERRMEd I T SLBIAT Switeh. 15 e
data. A nunber r&ls‘)aﬁf'ger@dﬁ%iﬁﬁ,mi‘?f°p§’r?&5§9'i # 1P &roFalecHAg Mfemad’ Rhve
been devel oped,lumranae agdf chrominanex sigriats gsabutpiitpicdesignatepreddiany and
dithering and dgdiN espédtivefy. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
along a main signal path. A decoder/demodulator in the wide screen
- processor develops color difference signals U_M and V_M. The Y_M,
U_M, and V_M signals are converted to digital form in the wide
10 screen processor for further signal processing in the gate array 300.
The second tuner 208, functionally defined as part of the wide
screen processor 31, develops a baseband video signal TV2. A
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

15 implementéd as an adaptive line comb filter. Switches SW3 and SW4

" select between the luminance and chrominance outputs of Y/C
decoder 220, the luminance and chrominance signals of an external
video source, designated Y_EXT/C_EXT, and Y_M, C_IN. The

. Y_EXT/C_EXT signals correspond to the S-VHS input S1. The Y/C

20 decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated

, Y_A. The selected chrominarice is converted to color difference

25 -signals U_A and V_A. The Y_A, U_A and V_A signals are converted
to digital form for further signal processing. The arrangement of
video signal source switching. in the main and auxiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.

30 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
video signal data in a wide variety of display formats, as shown by

35 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
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dedi t__héri ng circuit would be operatively di sposed downstream of the
vi deo” RAM 350, for exanple in the auxiliary signal path of the gate
array, as explained in nore detail below Moreover, different 20 dithering

and dedi thering sequences involving different nunbers of bits and

di fferent paired pixel conpressions involving different nunber. of bits
are contenpl ated. One of a nunber of particular data reducti on and
restoration schenmes can be selected by thg1\WBP [err] in order to
maxi m ze resolution of the displayed video for each 25 particul ar kind of
picture display format. The | um nance and col or difference
signals are stored in an 8:1:1 six-bit Y, U,V fashion. In other words,

Cami nance_ sanpreeen migtgBresRElr (WP i b, ° IBraFase ol &8 The
pi cture-i n-pi ctRAPONSYE 1 dhesk\brmigpuprpcessnsr at @ dvien aa setdk buker €b$. i nconi ng
vi defJ_ data is serialSa0p! ingdiudeshicurl ighhl lqihigﬁ!;tfégto%tél.ﬁéﬂtéﬁﬁsisi@nsrs‘? %ﬁmé?gred
M thes Y vi ablgnam AN HsBhsTatHls T PR wicBobERn PheRSiEr 3B/ S5 ead out o
t he 5 generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the
RGB interface. - _
10 The horizontal and vertical synchronizing components of the
main signal are developed in a sync separator 286, forming part of a
defmodulator 288, forming part of the wide screen processor. The
horizontal synchronizing component is an input to a 1fH phase locked
loop 290. Horizontal and vertical synchronizing signals of the
15 auxiliary video signal are developed by sync separator 250 in the
" wide screen processor 31. A horizontal deflection circuit 52
operates in conjunction with the one-chip, responsive to east-west
pin adjust and horizontal phase control signals from the WSP uP
340. A vertical deflection circuit 56 is responsive to a vertical size
20 control circuit 54. The vertical size control circuit 54 is responsive
to a vertical size control signal from the WSP uP 340, and operates
in a manner similar to the vertical size control for the 2f4 chassis
described above.
The wide screen processor 31 is shown in more detail in
25 FIGURE 5. The principal components of ‘the wide screen processor
are a gate array 300, a picture-in-picture circuit 301, analog to
éﬁgital and digital to analog converters, the second tuner 208, a
wide screen processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which
30 are in common with both the 1fy and the 2fy chassis, for example
the PIP circuit, are shown in FIGURE 6. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in more detail in FIGURE 8. A number of the components
35 shown in FIGURE 3, forming parts'of the main and auxiliary signal
paths, have already been described in detail. A number of other
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picture-in-picture processok video RAM 350, it is read using the 35 sane
[err]” clock | ocked to the incom ng auxiliary video si gnal However ,
even though this data was orthogonally sanpl ed and

28 -
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-22-

components, such as the second tuner 208, the WSP uP 340 and
interface outputs. the analog to digital and digital to analog
converters, the gate array 300, the PIP circuit 301 and the PLL 374
operate substantially as explained in connection with FIGURE 3 and
such details are not repeated. .

The main video signal is supplied to the wide screen processor
in analog form, as signals designated Y_M and C_IN. Signal C_IN is
decoded into color difference signals U_M and V_M by demodulator
288. The main signals are converted from analog to digital form by
analog to digital converters 342 and 346, shown in more detail in
FIGURE 6. The auxiliary video data is also in analog form, and Y U V
format, as signals designated Y_A, U_A and V_A. In the PIP circuit
301, these auxiliary signals are converted to digital form, data
compressed, stored in a field memory for synchronization with the,
main signal, and provided to the gate array 300 for combination with
the main signal as required by the selected picture display format,
for example by muitiplexing on a line to line basis. The operation of
the PIP circuit is explained more fully in connection with FIGURE 6.
The PIP circuit and/or the gate array may also include means for
enhancing the resolution of the auxiliary data notwithstanding the
data compression. The analog form signals, designated Y, U and V,
are supplied to an encoder 227 to define the wide format ratio
output signal Y_OUT_EXT/C_OUT_EXT which, in this case, are inputs
to the one-chip 203. Encoder 227 receives only the C_SYNC_MN
signal from the gate array. Switch SW5 selects between Y_M and
the C_SYNC_AUX signal as an input to the analdg to. digital
converters. The one-chip generates YUV format signals for the RGB
matrix 241, which supplies RGB format signals to the kine drivers
242 from the Y_OUT_EXT and C_OUT_EXT signals.

FIGURE 6 is a block diagram showing further details of the
wide screen processors 30 and 31 common to the 1 and 2fy
chassis, shown in FIGURES 3 and 5 respectively. The Y_A, U_A and
V_A signals 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
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. stored. and can be read out orthogonally, it cannot be displayed
orthogonally directly fromthe video RAM 350, due to the asynchr onous
nature of the main and auxiliary video sources. The main and auxiliary
video sources mght be expected to. be 5 synchronous only in that instance
where they are displaying signals fromthe same video source. . .-.
Further processing is required in order tfasynchronlze t he aUX|I|ary

cehannel , that

is the output of data fromThée video RAM 350 to the main

channel. Wth reference again to FIGURE 6. two four bit 10 |atches 352A
and 352B are used to reconbine the 8-bit data bl ocks fromthe video RAM
4-bit output port. The four bit |atches also reduce the data clock rate

from/[err]
synchronlzed
speeded up,
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utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
7. 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 timing and

~ control section 328 is shown in more detail in FIGURE 13.

15

20
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39

35

The picture-in-picture processor 320 may be embodied as a
variation of a basic CPIP chip developed by Thomson Consumer |
Electronics, Inc. A number of special features 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 resuit
from the same video signal, from different video signals and can be
interchanged or swapped. Generally speaking, the audio signal is
switched to always correspond 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, for example the display
format shown in FIGURE 1(d), the large and small pictures are in
fact the same size. :

In a single picture mode, for example that shown in FIGURES
1(b), 1{e) or 1(fy 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
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
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can be del ayed-by a fraction of a field period in a field nmenory, and

t hen *expanded in a line nenory. Synchronization of the auxiliary 20 video
data with main video data is acconplished by utilizing the vi deo RAM
350 as a field nmenory and a first in first out (FIFO Iine menory

devi ce 354 for expanding the signal. The size of FIFO 354 is 2048 X 8.
The size of FIFOis related - to the mninmmline storage “rcapacity--

t hought t o be reasonably necessary to avaig read/wite 25 pointer
collisions. Read/wite pointer collisions occur when old data is read
out of the FIFO before new data has an opportunity to be witten into
the FIFO Read/wite pointer collisions also occur when new dat a
overwites the nmenory before the old data has an opportunity to be read
out, of the FIrfepetiton rate canThe 6hangedOADA Rhptyd famnes ®EK sSEGONG 19 3860 RAM -

350 are - WirdhB88 pér eddB x 8 FIFO 354 with the same picture-in-picture
processor- [err] cl '

the [err] clock whi § Ygélétﬁg%'\plglg’%i#ﬁ%?ﬁig%%% r: g%ﬁ‘gﬁéh%e?mag% %%rtetenat thanI S
the main si gnatelevisionFRECDRIAG i © teagnatbengnveative spraggemesk differs
5 from the present configuration of the basic CPIP chip described
above. If 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
4/5 times horizontal expansion resulting from scanning across the
. 1c  wider 16 X 9 screen. Objects in the picture would be ‘horizontally
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 .

15 CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The
incoming video is sampled with a 640fy clock which is locked to the
horizontal s'ynchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is

20 not orthogonally sampled with respect to the incoming auxiliary
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,

25 which must use the same clock for writing and reading data. When
data from the video RAM, such as video RAM 350, is displayed, the
skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.

The picture-in-picture processor 320, according to an

30 inventive arrangement and unlike the basic CPIP chip, is adapted for
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 vertica:
direction. This asymmetric mode of compression produces aspect

35 ratio distorted pictures for storage in the video RAM. Obijects in tre
pictures are squeezed horizontally. However, if these pictures are
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35 [err] which is locked to hori zont al synchroni zi ng conponent .of
the nain video channel. The use of a multiple Iine nmenory (FIFO

-2 9 -

whi ch has i ndependent read and wite port clocks enables dat a

whi ch was orthogonally sanpled at a first rate to be displ ayed

1C

15

20

25

30

35

-25-

read out normally, as for example in the channel scan mode. for
display of a 16 X 9 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

aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry. : : —

FIGURE 13 is a block diagram of the timing and control section
328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a
decimation circuit 328C for implementing the asymmetric
compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a
table of values under the control of the WSP uP 340. The range of
values can be 1:1, 2:1, 3:1 and so on. The compression factors can be
symmetric or asymmetric, depending upon how the table is set up.
Control of the compression ratios can also be implemented by fully
programmable, general pﬁrpose decimation circuits under the control
of the WSP uP 340.

In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
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.
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
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.
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orthogonally at a second rate. The asynchronous nature of the read and
wite clocks, however, does require that steps be undertaken to 5 avoid

read/ wite pointer collisions. . The gate array 300 is conmmon to
both wi de screen processors 30 and 31. The main signal path 304,
auxiliary signal path 306 and out put signal path 312 are shown in

bl ock diagramformin Fl GURE 8. The gate array al so conprises a* =

cl ocks/sync circuit 320"and a WSP 10 [er-d6 decoder 310. Data and address
output lines of the WSP [err] decoder 310 identified as WEP DATA, are
supplied to each of the main circuits and paths identified above, as
well as to the picture- I n-picture processor 320 and resol ution

Certain olroul s ar Soerring again 'RIGURE BRI\ LB St CoMHasdegar o
array is |argelSyn&) i#tPets dfom the qriglune-empictute Aracessarain rapadagl fanat i on
. of the inventi\an be rarerangedetits.Y/C componenis8ydétcbdd "cﬁ'bfﬂiit %ds?%@ﬁhﬁﬁi bl e
Lﬁ;nﬁéﬁang;ngh@%%@%?w eg?@ﬂéuon with PR 88 MHICEs AL, Oad Nerhia! N Vi deo
’ 5 /b_Pﬂ?_:Sﬁé signal may be connected to a Y/C switch, not shown.
which enables the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signals would be the basis for r;;).rizontal
and vertical timing in the rest of the chassis. This mode of
10 operation is appropriate for implementing a zoom mode for the PIP.
base_d upon operation- of the interpolator and FIFQ's in the main
signal path.
In a multichanne] mode, for example that shown in FIGURE 1(i).
twelve channels of a predeterminéd scan list can be displayed in
15 twelve small pictures simultaneously. The picture-in-picture
" processor has.an internal clock responsive to a 3.58 MHz oscillator
348. The incoming auxiliary signal is converted from analog to
digital form, and responsive to the chosen special effect, is loaded
into a video RAM 350. In the embodiments in the Technical Training
20 Manual described above, the compiled special effect is conVertet_:l
back to analog form in the picture-in-picture processor prior to
combination with main signal video data. However, in the wide
screen televisions described herein, and due in part to limitations on
the number of different clock frequencies which are feasible, the
25 auxiliary data is a direct output from the video RAM 350, without
further processing by the picture-in-picture processor 320.
Minimizing the number of clock signals advantageously reduces radio
frequency interference in the circuitry of the televisions.
With further reference to FIGURE 7, the picture-in-picture
30 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
35 signals (U, V), subsampling and storing the results in a 1 megabrt
video RAM 350 as explained above. The video RAM 350 associated
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20 to inplenent different picture display formats. The | um nance

conpdnent YMN is stored in a first in first out (FIFO I|ine nenory 356
for a length of tinme depending on the nature of the interpolation of

t he | um nance conponent. The conbi ned chroni nance conponents UV_MW are
stored in FIFO 358. Auxiliary signal |um nance and 25 chrom nance
conponents Y PIP, UPIP and V _PIP are deye| oped by denul ti pl exer 355.
The | umi nance conponent under goes r esol ut 2dri processing, as desired, in
circuit 357, and is expanded as necessary by interpol ator 359,
generating signal YAUX as an out put. I n sone instances, the
auxiliary display will be as large as the 30 nmuin signal display, as shown

for exanpl e i nwihGHRE diCtlire-idpicture pregessod 320t absoasmmfyl atpdcivy tdr the

-picture-in-pictu 0L &, [ n

I nsufficient nur‘r%'faergabt QvtﬂEl‘?%? ﬁot f}??é’ eq‘%?"QWe%Zgrﬁog f1‘l‘ml ¥I|q ts%&q? % | arge
di spl ay area. PAta Hy¥e 8-bit Sﬁ’?%‘ﬁﬁst keceased é’@%ﬂ@ﬂ mmﬁtd@gdﬁgtocbﬁcw t 357
can be used toeRpénsiestand: canxiguireombbe mlbkarhnnagéﬁenm@aahryt O THepl ace

;Pgigsls??\tg s sriel HLABLA of BIR Ber! Ahpi8" i T8 Al Alkiry "Hadgol ution
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’
problem when the auxiliary displayed picture is relatively small, but
1¢c  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
bandwidth of the auxiliary video data. A number of data reduction,
15 and data restoration schemes have been developed, including for
~  example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. - Moreover, different
20 dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
number of bits are contempldated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed vndeo for each
25 particular kind of picture display format.
The luminance and color difference signals are stored in an
8:1:1 six-bit Y, U ,V fashion. In other words, each component is
quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
30 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 is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it is read using the
3s same 640f4 clock locked to the incoming auxiliary video signal.
However, even though this data was orthogorially sampled and
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-30 - may correspond to the resolution processing undertaken'by
circurt - 370 shown in FIGURE 6. As an exanple, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.

»

-28-

stored. and can be read out orthogonally, it cannot be displayed
orthogonally directly from the 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

-5 synchronous only in that instance where they are displaying signals
from the same video source.

Further processing is required in order to synchronize the
auxiliary channel, that is the output of data from the video RAM 350,
to the main channel. With reference again to FIGURE 6, two four bit

10 latches 352A and 352B are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches also
reduce the data clock rate from 1280fy4 to 640f.

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

15 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

20 - 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 size of FIFO 354 is
2048 X 8. The size of FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write

25 pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. Read/write pointer collisions also occur
when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO..

30 The 8-bit DATA_PIP data blocks from video RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture
processor 640fy clock which was used to sample the video data, that
is, the 640fy clock which is locked to the auxiliary signal, rather
than the main signal. The FIFO 354 is read using the display clock of

35 10241y, which is locked to horizontal synchronizing component of

' the main video ‘channel. The use of a multiple line memory (FIFO)

- T
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The auxiliary video input data is sanpled at a [err] rate and 5 stored

in vi‘deo RAM 350. The auxiliary data is read out of video RAM 350 is
desi gnated VRAMOUT. The PIP circuit 301 al so has the _ capability of
réducing the auxiliary picture by equal integer factors hori zontal |y
and vertically, as well as asymetrically. Wth further refesence to
FIGURE 12, the auxiliary channel data.is buffered and 10 synchronized to
the main channel digital video by the 4 b 1l at ches 352A and 352B.
the auxiliary FIFO 354, timng circuit 369 and synchroni zati on
circuit 368. The VRAMOUT data is sorted into Y (lum nance), U, V
(col or components), and FSWDAT (fast swi tch data) by denul tipl exer

%iﬁ/l me Ef\é\éts)hﬁ:dhndhgahaépéhbém tésd @nglg/_ritéyq%ﬁt ‘é?&ck‘é/r 'téi?]élﬁgls ipdlét_@ Wh{%t;-:vi dgo
appli edet ot hew(/fa)glt%ﬂt%gééa"y é‘a‘mpﬁ'g‘?e%‘ivgcféﬁsk rrggel tgob%lgép P'ﬁgﬁ% \AthICIqu]l‘J: el gn
read out of vi@apogenally at a secqns patedi dpragexnchiengusynatuse sefathie dact ur e
modes. and wiTleechitki| indwevenadnes reguiraiatdstaps [ fundediaRediol € t he
mai n 20 chagwnegvéisa $@§B}v91qteatp3n{eef rc]ollfs%ﬁs. The auxiliary channel FIFO 354
) The gate array 300 is common to both wide screen processors
30 and 31. The main signal path 304, auxiliary signal path 306 and
output signal path 312 are shown in block diagram form in FIGURE 8.
The gate array also comprises a clocks/sync circuit 320 and a WSP
ro P decoder 310. ‘Data and address output lines of the WSP uP
decoder 310, identified as WSP DATA, are supplied to each of the
main circuits and paths identified above, as well as to the picture-
in-picture processor 320 and resolution processing circuit 370. It
will be appreciated that whether or not certain circuits are, or arg
15 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.
20 to implement different picture display formats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory
356 for a length of time depending on the nature of the interpolation '
of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
2s 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. .
in some instances, the auxiliary display will be as large as the
30 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
circumstances, resolution processing circuit 357 can be used to
3s restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
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converts the data fromthe auxiliary channel sanple rate to the main
chaniiel clock rate. In this process, the video signal undergoes an

[err] conpression. This is nore than the [err] conpression necessary
"tb correctly display the auxiliary channel signal. 25 Therefore, the
auxi | iary channel nust be expanded by the I nterpolator 359 to
correctly display a 4 X 3 small picture. The I nterpolator 359 is
controlled by interpolator control circui30371 which is itself
responsive to WP [err] 340. The anount of I nt er pol at or expansi on
required is [err] The expansion factor X is 30 determned as follows:
[err] The chrom nance conponents U PIP and VPIP are del ayed by

A R L o i
V_AUX as out puf&l S‘T'H\é‘”r'@s%@gﬁgeg{A%aﬁnﬁmﬂénﬁﬁﬁ@gﬁg OofayrtRe @ . main
and auxiliary dithpridg carcmitcantdi oieduit 837 spaytbe/ e raddithpriegecscuit.
The auxiliary video input data is sampled. at a 640fH rate and
s stored in video RAM 350. The auxiliary data is read out of video RAM
350 is designated VRAM_OUT. The PIP circuit 301 also has the
-capability of reducing the auxiliary picture by equal integer factors
horizontally and vertically, as well as asymmetrically. With further
reference to FIGURE 12, the auxiliary channel data is buffered and
1¢c  synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demuitiplexer 355. The FSW_DAT indicates which field ,
15 . type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit 321 to determine which field read out of video RAM
is to be displayed during the small picture modes. '
The auxiliary channel is sampled at 640fy rate while the main
- 20 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
8/5 (1024/g40) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal. -
25 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,
which is itself responsive to WSP uP 340. The amount of
"interpolator expansion required is 5/g. The expansion factor X is
30 determined as follows: -
X = (640/1024) * (4/3) = 5/g S
The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_AUX
35 and V_AUX as outputs. The respective Y, U and V components of the
main and auxiliary signals are combined in respective multiplexers
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- 31- 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
mul ti pl exers 315, 317 and 319 are responsive to output nultiplexer
“control circuit 321. Qutput nultiplexer control circuit 321 is

responsive to

-31-

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 muitiplexers
315, 317 and 319 are responsive to output muitiplexer control
‘circurt 321, Output muitiplexer control circuit 321 is responsive to
s the clock signal CLK, the start of line signal SOL, the H_COUNT
signal, the vertical blanking reset signal and the output of the fast
switch from the picture-in-picture processor and WSP uP 340. The
multiplexed luminance and chrominance components Y__MX.—IJ__MX and
V_MX are supplied to respective digital/analog converters 360, 362
10 and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
6. The various functions of the picture-in-picture processor, the.
gate array and the data reduction circuit are controlied by WSP puP
340. The WSP pP 340 is responsive to the TV uP 216, being
15 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
circuits of the gate array through a WSP puP decoder 310.
In one case, it is necessary to compress the 4 X3 NTSC video
20 by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
25 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
frequency, which is 8 MHz for a 1024fy clock.
As shown in FIGURE 8, the luminance data Y_MN is routed
3o through an interpolator 337 in the main signal path- 304 which
recalculates sample values based on the compression or the
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
35 the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356. as required for
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5 the clock signal CLK, the start of line signal SO, t he H COUNT
signadl, the vertical blanking reset signal and the output of the fast
switch fromthe picture-in-picture processor and WP [err] 340. The

mul ti pl exed | um nance and chrom nance conponents Y_MX U MX and V_MX
are supplied to respective digital/anal og converters 360, 362 10 and 364
respectively. The digital to anal og converters are foll owed by I ow
pass filters 361, 363 and 365 respective[&,_shown i n FI GURE 6. The
various functions of the picture-in-pictu @ processor, the gate array
and the data reduction circuit are controlled by WSP [err] 340. The
WEP [err] 340 is responsive to the TV [err] 216, being 15 connected
thereto by a serial bus. The serial bus may be a four wre bus as

shownl, havihng Fompsessien.dar avhethee ithei D s356 paktedes thmmlisteapalator 33-‘:’.esetf
ignals. T SYERLY Inh i r b G
? hg gatS e ar ?aﬁggugttéd';g\ﬁﬂ [(Iarr Egp%écn%d%? tgrl!%%‘.%“i‘i.faﬁé I?.ﬂ alr% rgﬁgb’%?géfsi '? ,
i s necessary t& on'g S 8! Firgu QL ds Jipeltyfesponsive, to Jhey f to
avoi d aspect r&Pi 84Qi sitowmill &¢ semembeded thay ehiring small cpioture modebethet her
.case, the videgusiiiro@icetoarfitd i50cifpiedsBY for storage in the video RAM
- 350. and only expansion is necessary for practical purposes.
Accordingly, no comparable switching is required in the _guxiliary
signal path. '
The main signal path is shown in more detail in FIGURE 11. The
19 switch 323 is implemented by two multiplexers 325 and 327.
- Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which
is itself responsive to the WSP uP 340. A horizontal -
timing/synchronization circuit 339 .generates timing signals
15 controlling the writing and reading of the FIFOs, as well as latches
347 and 351, and multiplexer 353. The clock signal CLK and start of
line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP puP 340 and the most significant bit of UV_MN.
20 An interpolator control circuit 349 generates intermediate
pixel position values (K), interpolator compensation filter weighting
(C) and clock gating information CGY for the luminance and CGUV for
the color components. It is the clock gating information which
pauses (decimates) or repeats the FIFO data to allow samples not to
2s be written on some clocks for effecting compression or some
samples to be read multiple times for expansion.
It is possible to perform video compressions and expansions
through the use of a FIFO. For example, a WR_EN_MN_Y signal
enables data to be written into the FIFO 356. Every fourth sample
30 can be inhibited from being written into the FIFO. 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 FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
35 compressions. In the case of compressions the write enable signal
-has clock gating information attached to it in the form of inhibit
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horizontal zoom ng operations usually acconpani ed by verti cal zoom ng.
Hori 2ontal zoom operations up to 33% can be acconpli shed by reducing
conpressions to less than 4/3. A sanple interpolator is 25 wused to
recal cul ate the incom ng video to a new pi xel positions because the
| um nance video bandwidth, up to 5.5 Miz for S VHS. for-mat , ~occupi es a
| arge percentage of the Nyquist fold overss. frequency, which is 8 MHz
for a 1024fH cl ock. - As shown in FIGQJRE 8, the | um nance data
Y MN'is routed 30 through an interpolator 337 in the nmain signal path 304
whi ch recal cul ates sanpl e val ues based on the conpression or the
expansion of the video. The function of the switches or route )
sel ect ors 323 puiees331Fdrs expan@ingr gata; Hbe t@pek @atingf inforanatiom isiappiied
pﬁt h 3?4rWio|t Qttbfmeeféad Pgﬁb@ tgiglnalt.i \r/ﬁi?Oﬁiilt{béSUs% &e 'data lasF? @5@??2? 35
R el bl SBpo i IR0 Ags! GRSl 's Ao e
interpoiator 337, which follows the FIFO 356 during this process, to
5 recalculate the sampled data from jagged to smooth. In the
~ expansion case the data must pause while being read from the FIFO
356 and while being clocked into the interpolator 337. This i$
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression
10 and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the
rising edges of the system clock 1024fy.
There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data, e
15 decimation and data repetition, may be performed in a synchronous
“ manner. If a switchable video data topology were not used to
interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
' data. The term double clocked means that two data points must be
20 written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made
to operate synchronously with the system clock, since the writing or.
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
25 interpolator and one FIFO to perform.both compressions and
expansions. If the video switching arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFQO's to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
30 be placed in front of the interpolator and one FIFO for compressions
would need to be placed after the interpolator. . '
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
3s data. The video RAM 350 holds two fields of video data in a pluralty
of memory locations. Each memory location holds eight bits of data

This is the replacement shaet
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-3 2 - conpression, or whether the FIFO 356 precedes the

i nt efpol at or 337. as required, for expansion. The swtches 323 and 331
are responsive to a route control circuit 335. which is itself
responsi ve to the WEP [err] 340. It will be renenbered that during

smal| picture nodes the 5 auxiliary video signal is conpressed for storage
In the video RAM . :

-34-

In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy4) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). The FSW_DAT values indicate which type of field
s was written into video RAM. Since there are two fields of data

stored in 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

10 data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tedr 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

15 that the small picfure maintains correct interlace without a motion
tear. . '

The clocks/sync .circuit 320 generates read, write and enable.
signals needed for operating FIFOs 354, 356 and 358. The FIFQs for
the main and auxiliary channels are enabled for writing data into

20 storage for those portions of each video line which is required for
-subsequent display. Data is written from one of the main or
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

25  auxiliary video signal, but is read out of memory synchronously with
the main video signal. The main video signal components are read
into the FIFOs 356 and 358 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

3o between the main and auxiliary channels-is a function of the
particular special effect chosen.

Generation of different special effects such as cropped sude-
by-side pictures are accomplished through manipulating the read arc
write enable control signals for the line memory FIFOs. The process

3s for this display format is illustrated in FIGURES 7 and 8. In the casz
of cropped side-by-side displayed pictures, the write enable contr<
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350, and only expansion is necessary for practical purposes.
Accordingly, no conparable switching is required in the auxiliary

si gnal path. The main signal path is shown in nore detail in
FIGURE 11. The 10 switch 323 is inplenmented by two multiplexers 325 and
327. Switch 331 is inplenented by nultiplexer 333. The three

mul tipl exers are responsive to the routeX®ntrol circuit 335, which S

itself responsive to the WP [err] 340. A horizontal _
ti m-ng/ synchroni zation circuit 339 generates timng signals 15
controlling the witing and readi ng of the FIFGs, as well as | atches

347 and 351, Sggngulw '!-91599\3@5%1' |§<‘F‘fpél§ 2los GhE @@%E'%Rtanﬂgl 'an al og

l'ine signal are germrer at ocks/s n cl rcdai

to digital cord@ivé (fﬁf ébm r(éhamé(mzt %agpp@mwp@mmaé t¢f the GispARY t he

V\StP [er]r]t340 aativet fige rpmtocsl(m}tfsmmt utb) L o067 thdOauxiliary cﬁanrlxel it

|neroaorc 0O xe osiItl on
P ?&Ne fin a{g@ﬁ&b P %898 p’;‘ §§ esnﬂw Iﬁ-‘léu%s 7. : P

val ues (K), r co ens and cl ock
gating inf o na‘qu()?ﬁ Sf i acP(PéO’F'mﬁtﬁéin%%%aﬁth (agprommately

active picture) and the interpolator expansion of the signal by S/g.
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 (1/3)°(4/3) = 0.67 or 67% of the digplay active

10 line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
by the 910 x 8 FIFOs.

In each of the FIFQs, the video data is buffered to be read out

at a particular point in time. The active region of time where the

15 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
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

20 _the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
channel 810 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

25 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
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

30 auxiliary) while the read enable control sxgnals are synchronous
with the main channel video.

The display format shown in FIGURE 1(d) is particularly

desirable as it enables two nearly full field pictures to displayed N
a side by side format. The display is particularly effective and

'35 appropriate for a wide format display ratic display, for example
16 X 9. Most NTSC signals are represented in a 4 X3 format,
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t the gol or conponents. It is the clock gating information which pauses
(decimates) or repeats the FIFO data to all ow sanples not to 25 be witten
on sone clocks for effecting conpression or sone sanpl es to be read
multiple times for expansion. It is possible to performvideo
conpressi ons and expansi ons through the use of a FIFO For example, a
VWR_EN MN Y si gnal enabl es data to be \@'.i tten into the FIFO 356. Every
fourth sanple 30 can be inhibited from Be) ng witten into the FIFO. This
constitutes a 4/ 3 conpression. It is the function of the interpolator
337 to - recalculate the [um nance sanples being witten into the FIFO so
that the data read out of the FIFOis snooth, rather than jagged.

Expansi ons nayhigh o&rqqraedcornesnands o t1iRe xoPpoImioe 4rhidntarmas display -
conpr essi ons. ratb INTESCapRtites COEP! 86 Tire8entelie ol theesgmabh g 6 a0fthat has
clock gating 'dfgp%méiig ndigbfa?crb‘?ﬁieg ooyI tcré&pikgethfe%lrgn?;es' BQ ! 5):11% or’
squeezing the pictures by 33%. and introducing aspect ratio
s distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between
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 operation can be described in terms of general ratios of
1c  speedup and cropping. The video display means can be considered to
have a display format ratio of width to height of M:N, the first video
signal source can be considered to have a display format ratio of A:B '
and the second video signal source can be considered to have a
display format ratio of C:D. The first video signal can be selectively
15 speeded up by a factor in'a first range of approximately 1 to
" (M/N + A/B) and selectively cropped horizontally by a factor in a
second range of approximately 0 to [(M/N + A/B) - 1]. The second
video signal can be selectively speeded up by a factor in a third
range of approximately 1 to (M/N + C/D) and selectively cropped
20 horizontally by a factor in a fourth range of approximately 0 to
[(M/N + C/D) - 1]. _
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
- 25 NTSC video signal must be sped up by a fdctor 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
- 30 this invention to speed up the video signals. In the past, FIFOs
' having different clock rates at the inputs and outputs have been useo
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
35 cropped. or some combination thereof, by 50%. A speed up
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33 - pul ses.. For expanding data. the clock gating information is
“appl ited to the read enable signal. This will pause the data as it is
bei ng, . read fromthe FIFO 356. In this case it is the function of the
i it erpol ator 337, which follows the FIFO 356 during this process, to 5
recal cul ate the sanpled data fromjagged to snooth. In the expansi on
case the data nust pause while being reag#+omthe FIFO 356 and while
bei ng clocked into the interpolator 337. This is

comparable to that needed for a wide screen application s
unnecessary. '
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different fromthe conpression case where the data is continuously )
- cl ocked through the interpolator 337. For both cases, conpression 10 and

expansion, the clock gating operations can easily be performed in a
synchronous manner, that is, events can occur based on the ri sing edges
of the system clock 1024fH. There are a nunber of advantagges in
this topol ogy for | um nance interpolation. The cl ock gating opérations,
nanely data, 1 5 decimation and data repegigt-ion, may be perforned in a
synchr onous manner. |If a switchable video data topol ogy were not used
to I nterchange the positions of the interpolator and FIFO, the read or

write clocks would need to be doubl e clocked to pause or repeat the
data. The ter oubl eﬁ%:ioc ed neans that two data points nmust be 20 witten

into the FIFO '3 Si AGBeE Gck cycle or read fromthe FIFO during a
single clock cycle. The resulting circuitry cannot be nade to .operate
synchronous|y W th {heasyige8HiBbREK systeRf ecdhprigthgt i g or readi ng cl ock
frequency nust be tw ce atts hil?%'as tﬁe S stdem Cl%ﬁk'd f.éneggency.

Moreover, the switchgBle PEpBIYPRAPLJIFT 809 RPGOUS ¥Ide0 Si '

3 representing first and second pictures respectively, at higher and
lower levels of quantization resolution relative to one another;
video display means synchronized with said first video signal,
means for synchronjzing said second video signal with said
first video signal;
means for modifying said first and second video signals to
9 .represent said first_and' second pictures respectively in sizes
10 .smaller than said video -display means; and,
11 means for combining said processed video signals for side-by-
12 side display of said pictures.

o ~N O W [N

1 2. The system of claim 1, further comprising gquantization
2 resolution enhancing means for said video signal having said lower
3 level of quantization resolution.

1 3. The system of claim 1, wherein said side by side pictures
2 are displayed substantially without image aspect ratio distortion.

1 4. The system of claim 1, wherein said quantizing means

quantizes said first and second video signals at different sampling
rates.
1 5. The system of claim 1, wherein said modifying means

2 selectively crops said said video signals over respective ranges of
3 adjustment. '

1 6. The system of claim 1, further comprising means for _
2 speeding up video signals having display format ratios of width to
3 height smalier than that of said video display means.
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25 interpolator and one FIFOto perform both conpressions and

expansions. If the video switching arrangenent described herein wer e
not used, the double clocking situation can be avoided only by usi ng
two FIFO s to acconplish the functionality of both - conpressi on and
expansi on. One FIFO for expansions would need to 30 be placed in front of -
t he 'i nterpol ator and one FIFO for conpressions woul d need to be pl aced
after the interpolator. I nterp®Bati on of the auxiliary signa
takes place in the auxi liary signal path 306. The PIP circuit 301
mani pul ates a 6 bit Y. U V, 81:1 field nmenory, video RAM 350, to
store incomng video 35 data. The video RAM 350 holds two fields of video

data in a plurality r ations. Eac s | ocat i on hol ds
ei ght bi ts of dat? The sy teﬂ?%‘? éfal cl wherein sal d}/splay means |

has a format display ratic of width to height greater than
3 approximately 4:3.

[\%

8. The system of claim 1, wherein:

p—y

2 said video display means has a format display ratio of width to
3 henght greater than approximately 4:3;

a one of said video signals represents a picture having a format
5 display ratio not greater than approximately 4:3; and,

6 said pictures are displayed substantrally without image aspec:
7 ratio distortion.

1 8. The system of claim 1, comprising means for selectively

2 speeding up said video signals over a range to control image aspect
3 ratio of said pictures.

1 10. The system of claim 1, comprising:

2 means for selectively speeding up said video signals over a

3 range to control image aspect ratio of said pictures; and, .

4 means for selecfively cropping said said video signals over a

s range. '

1 11. The system of claim 10, comprising means for controlling

2 said speeding up means and said cropping means for displaying each

3 of said pictures in a plurality of modes, including:

4 cropped, but having substantially no image aspect ratio

s distortion;

8 distorted in image aspect ratio, but substantially uncropped;

7 and, '

8 partly cropped and partly distorted in image aspect ratio.

1 12. The system of claim 1, comprising:

2 means for selectively speeding up said quantized video signals

3 over a range to control image aspect ratioc of said pictures; and.

4 means for selectively cropping said pictures over a range.
e - This is the replacement sheét
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-3 4 - In each 8-bit location there is one 6-bit Y (lum nance)
sanple (sanpled at [err] and 2 other. bits. These two other bits hold
either fast switch data (FSWDAT) or part of a Uor V sanple (sanpl ed at
[err] The FSWDAT val ues indicate which type of field 5 was witten into
video RAM Since there are two fields of data - stored in the video RAM
350, and the entire video RAM 350 is read - during the display period,
both fields are read during the-display -40-scan. The PIP circuit 301 will
determ ne which field will be read :

1 13. The system of claim 12, comprising means for controlling
2 said speeding up means and said cropping means for displaying said
3 quantized video signal in a plurality of modes, including: ‘

a cropped. but having substantially no image aspect ratio

s distortion; | ' '

6 distorted in image aspect ratio, but substantially uncropped:
7 and,

8 partly cropped and partly distorted in image aspect ratio.

1 14. The system of claim 1, wherein said side-by-side pictures
2 are of substantially comparable size. -

, 15. The system of claim 1, wherein said quantization
2 resolution enhancing means comprises dithering means.
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out of the nenory to be displayed.through the use of the fast switch 10
data. The PIP circuit always reads the opposite field type that is

being witten to .overcone 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 menory. The result is 15 that
the small pi-cture maintains correct interlace without a notion tear.
The cl ocks/sync circuit 320 generates read, wite and enabl e signal s
needed for operating FIFGCs 354, 356 and 358. The FIFGs for the main and
auxiliary channels are enabled-for\MﬂA$$5R6£ﬂé into 20 storage for those
porti.ons of each video |ine which is required for subsequent di spl ay.
Data is witten fromone of the main or auxi | iary channel s, but not

both, as necessary to conbiSIDEIBYaSIDE TELEVISION PIOCTURES t he sane vi deo
line or lines of the display. The FIFO 354 of the auxiliary channel is
written synchronously with the 25 auxiliary video signal, but is read out
of menory synchronously with :

A video display system comprises analog to digital converters (342, 346)
for quantizing first and second video signals, representing first and second pictures
respectively, at higher and lower levels of quantizing resolution relative to one
another. The analog-to digital converters (342, 346) can operate at different
sampling rates. The picnlre'represented in the lower sampling rate signal can have
the appearance of being subsampled, relative to the other picture. A video display
in synchronized withe the first video signal. The second video signal is
synchronized with the first video signal. A signal processing circuit modifies the
first and second video signals to represent the first and second pictures respectively
in sizes smaller than the video display. A multiplexing circuit (300) combines the
processed video signals for side-by—side display. of said pictures. A quantizing
resolution enhancing circuit improvés the perceived quality of the video signal

hailing the lower level of quantizing resolution.

 Figure 3
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the main video signal. The main video signal conmponents are read into

the FIFOs 356 and 358 synchronously with the main video signal, and are
read. out of menory synchronously with the nain vi deo. How often the
read function is switched back and forth 30 between the main and auxiliary
channels is a function of the particul ar special effect chosen.
Ceneration of different special effects such as cropped side- by- si de
pictures are acconplished through manig ating the read anc wite
enabl e contr ' t he |fme—emor Os. The—pregess—p5—FHor this
display format_is illustrajed i FQRES |/ end 8. In|the ¢ase | » [of
cropped sidg-Hy-side displayed {i Futed [hE wite ejatfe|cnt|ox
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active

5

or 67% of the auxiliary channel

active line period (pre speed up), as shown in FIGURE 7. This

or approximately 41% of the displ ay
. corresponds to approxi mately 33% croppi ng {approxi mately 67%

) for 2048. X 8 FIFO 354 of- the auxiliary'
active line period (post speed up),

[err]

(WR_EN_AX
active for

si gnal

i s

H
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conpression ratio of [err] being perfornmed on the main channel video by

the 910 x 8 FIFGs. In each of the FIFGs, the video data.is
buffered to be read out at a particular point in tine. The active
region of tine where the 15 data may be read out fromeach FIFOis
determ ned by the display format chosen. In the exanple of the
si de-by-si de cropped node . shown, the main channel video is being
di spl ayed on the left hand .half of the di spl ay and the auxiliary
channel video is displayed on the gjght hand hEIf f the display. The
arbitrary video portions of 20 the wave or s rent for the main
and auxiliary channels as il l,ustrated. T gcgﬁabl e coyrol signal
(RDENWN) of the main - chgnpel8 10 X8, Fl |s>.h£U've for &% of the
di splay active line =gerTod ot hq i gpl
active video, i me@at.el | owifng | h
auxi liary channel 25 e—topi-0l¢-abign
t he ot her 50% of Y BcHwe—des
falling edge of the® NS e
t he mai n channel T"T 13
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video front porch. It nmay be noted that wite enable control signals
aretsynchronous with their respective FIFO input data (nmain or 30
auxiliary) while the read enable control signals are synchronous W th
t-he mai n channel vi deo. ' The display format shown in FI GURE 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 35 appropriate for a wde format display ratio display, for
exanpl e

16 X'9. Mst NTSC signals are represented in a 4 X 3 format.
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- 36 - . whi ch of course corresponds to 12 x 9. Two 4 X 3 format
dispfay  ratio NTSC pictures may be presented on the sane 16 X 9 format
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33% and introducing aspect ratio 5 distortion.

Dependi ng on user preference, the ratio of picture cropping to aspect
ratio-distortion may be set any where in between the limts of 0% and
33% As an exanple, two side by side pictures may be presented as 16.7
% squeezed and 16. 7% cr opped. The operation can be described in
terms of general ratios of 10 speedup and cropping. The video display
nmeans can be considered to have a di sgp{say format ratio of widgh to
hei ght of M N, the first video ‘§ signal source can be Eonsicgere to have
a display format. ratio of A:B : - = a © 2
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and the second video sighal source can be considered to have a di spl ay
formdt ratio of C:D. The first video signal can be selectively 15 speeded

up by a factor in a first range of approximtely 1 to (MN + A/ B) and
sel ectively cropped horizontally by a factor in a - second range of
approximately 0 to [(MN + A/B) - 1]. The second vi deo signal can be
sel ectively speeded up by a factor in a third range of approximately 1
to (MN + C/ D and selectively croppe@/80 horizontally by a factor in a
fourth range of approximately 0 to [(MN+ dD - 1]. The
hori zontal display time for a 16 X 9 format display ratio display is
the same as a 4 X 3 format display ratio display, because bot h have
62.5 m crosecond nomi nal line |ength. Accordingl | NI,SC vi deo signa
nust be sped up hy a factor of [err] tg pr] a gtt aspect
ratio, wthout dig f ris 1\(@} cul\qt,ed as r& o of
the two display f 2 W 18 \@Esable
i nterpol ators_are eljith as S o
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conparable to ‘that needed for a wi de screen application is unnecessary.
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What is clained is: 1 1. A video display syéten1 conprising: 2
means for quantizing first and second video signals 3 representing first
and second pictures respectively, at higher and 4 |ower |evels of

quanti zation resolution relative to one another; 5. vi deo di spl ay
means synchronized with said first video signal; 6 means for ,
synchroni zi ng said second video signal with said 7 first video signal; 8

means for nodifying said first and second video signals to 9 represent
said first and second pictures respectively in sizes 10 snaller than said
vi deo di splay neans; and, 11 means for conbining said processed
video signals for side-by- 12 side digggay of said pictures.

2. The system of claim 1, further conprising quantization

rFIG. 9
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2 resolution enhancing nmeans for said video signal having said |ower 3

| evel of quantization resol ution. 1 : 3. The systemof claimi1,
wherein said side by side pictures. 2 are displayed substantially w thout
i 'rage "aspect ratio distortion. 1 4. The systemof claim1, wherein
said quantizing nmeans 2 quantizes said first and second video signals at
different sanpling 3 rates. 1 5. The systemof claim 11, wherein
said nodi fying means 2 selectively crops said said video signals over
respective ranges of 3 adjustnent. 1 6. The systemof claim1,

further conprising neans for 2 speeding up video signals having display
format ratios of width to 3 height gpnller than that of said video
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7. The systemof claim1l “wherein said video di spl ay

has a fornmat display ratio of wwdth to height greater than 3

" approxi mately 4:3.
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1 8. The systemof claim1l, wherein: 2

2

approximately 4:3; 4

sai d video displ ay
means® has a format display ratio of width to 3 height greater than

one of said video signhals represents a picture

having a format 5 display ratio not greater than approximately 4:3; and, 6
ratio

9. The system of claim1, ‘conprising neans for
speedi ng up said video signals over a range to control

said pictures are displayed substantially w thout

di stortion.

selectively 2
aspect 3
conprising: 2
over a 3

range to control inage aspect r saiud pictures; %pd, 4
means for selectively cropping said said @Eﬁ%o |gn§§s over a <
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neans for

sel ectl ve

| mage aspect 7

g0. The systemof claimli,
ghegdi ng up said video signals
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5 rapge. 1 11. The system of .claim 10, conprising neans for
controlling 2 said speeding up neans and said croppi ng neans for

di spl ayi ng- each 3 of said pictures in a plurality of nodes, including: 4
cropped, but having substantially no inage aspect ratio s distortion; 6
distorted in inmage aspect ratio, but substantially uncropped; 7 and, 8

partly cropped and partly distorted in inmage aspect ratio. 12
The system of claim1, conprising: 2 means for selectively speeding
up said quantized video signals 3 over a range to control inage aspect
ratio of said pictures and. 4 means for selectively cropping said’

pi ctures over a range.
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13. Jhe systemof claim 12, conprising nmeans for controlling 2 said
speedi ng up neans and said cropping neans for displaying said 3 quantized
vi*deo signal in a plurality of nodes, including: 4 cropped but
“.havi ng substantially no i mage aspect ratio 5 distortion; 6

distorted in image aspect ratio, but substantially uncropped: "7 and, 8

partly cropped and partly distorted in inage aspect ratio. 1 14.
The system of claim 1, wherein said side-by-side pictures 2 are of
substantially conparabl e size. 15. The systemof claim1l, wherein
sai d quantization 2 resolutionsfnhancing means conprises dithering .neans.
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