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Most televisions today have a format dlsplay ratto. honzontal wndth

to vertical height, of 4:3. A wide format display ratio corresponds
more closely to the display format ratic of movies, for example
16:8. The invention is applicabie to both direct view televisions and

. projection televisions.

Televisions having a format display rat:o 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
broadcast with a 4 X 3 format display ratio. Many viewers-fird the
4 X 3 display format less pleasing than the wider format dispiay
ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing dispiay, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not
cropped or distorted versions therecf. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.

Televisions with a wide display format ratio are also suited to
a wige variety of dispiays for both conventional and_wide display
format signals, as weil as combinations thereof in muitiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of muitiple
signal sources, developing consistent timing signals from
asynchronous but simuitaneously displayed sources, switching
between muitiple sources to generate muitiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television according to this invention. A wide screen
television according to various inventive arrangements is capabile of
providing high resolution, single and muitipie picture dispiays, from
single and multiple sources having similar or different format
ratios, and with selectable display format ratios.
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v broadcast with a4 X3 format display ratio. Many viewers find the 4 X 3
displ aé’f’é?‘ ess pleasing than the wdes format display PCT/UBS1/03733

~associ the novies. Televisions With a w de fornat display ratio
provide not only a nore pleasing di splay, but are capabl e of displaying
wide dlsplay format signal sources in a corresponding w de display format.
Movi es "l ook"™ |ike novies, not cropped or distorted versions thereof. The

vi deo s;)urce need Tigbovistordd with oapwitie adispray \fbenat aatier tad beom filmto
Vel evisi on. - [iPlfietted f thilekie. Sirleifis, sy S Sahdis ot ata 1o
a W de vari eD@asig afi 591@@@& @ormmalcmmng)rrateamnm maltiples| Hyefemfmas
signals, as yalil a¥SbyoBBtHahtetiicedd anChohinterlatbl! Scanfing. € Standard
s 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
scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1f4, and 1H. The
10 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
displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
15 scanned in the same time period allotted for scanning one of the two
fields of the interiaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the
horizontal scanning frequency must be twice that of ihc standard
horizontal frequency. The scanning rate for such progressively
20 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.
Television apparatus with conventional format display ratios
can be equipped for displaying muitiple pictures, for example from
25 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
tuner in the television prévides a picture filling most of the screen,
or display area, and an auxiliary video source provides a small inset
30 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). [n many instances, the inset picture can be positioned
in a number of different locations. In wide screen television
apparatus, another display mode is possible, and is referred to as |
3s picture-outside-picture {(POP). In this mode, several inset auxiliary
pictures can share-a common boundary with a main picture. A POP
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"25.. di spl ays. However, the use of a wide display ratio screen entails
nurer ous _pr.obl ens. Changlng the display format ratios of nqkh& glﬁ%ﬂﬂ@l
sour cesW ing consistent timng signéls fron1asynchronous
si1ul t aneousl y di spl ayed sources, swi tching between nmultiple sources to
generate multiple picture displays and 30 providing high resolution

pi ctures from conpressed data signals are general categories of such

robl ems. Su b e | Y] Vi:Si cording to
Phis nvent! s ﬁ&ﬂg : s?f‘e%ﬁﬂld%ﬁ%?@nf@a%@?ﬁ&f SPRAEhE 8 AR e
arrangenents i @ gaﬂ) fa- ofAngthen displanirgad Pe%pﬁﬁﬂoﬁfeéfﬁﬁ’gm amehannei pl e
pi cture di splsoah, whereidSa mrgelmmbérm shidle pﬁ@&!?@@seﬁéh' ﬂﬁrﬁ'éﬂ lar or

different TordRbrdt’ LRAnndl Solrk8, Tl 75 2ereef TX' Sird8Ed hais 'Montage.

s There is no main picture, at least in terms of size. A channel scan
display mode in a wide screen television apparatus is shown in
FIGURE 1(i).

Horizontal scanning is accomplished in the same amount of
time in a wide screen television apparatus as in a conventional

10 television apparatus. However, the distance of the horizontal scan
is greater in the wide screen television. This will stretch the
picture horizontaily, creating significant aspect ratio distortion of
the images in the displayed picture. Accordingly, problems can be
encountered when displaying a video signal having a conventional

15 4 X3 display format ratio on a wide screen television apparatus,

- for example one having a 16:9 format display ratic, also referred to
as 16 X 9. These particular format displtay ratios would result in a
horizontal stretching or expansion by a factor of 4/3. This is a
problem for displaying pictures having a 4 X 3 display format ratio

20 as a main picture and as an auxiliafy 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 X 9 format
display ratio -which matches -the display ‘medns of the television
apparatus.

25 ~ 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 and is
available from Thomson Consumer Electronics, Inc. The CPIP chip is

30 described more fully in a publication entitted The CTC 140 Picture in
Picture (CPIP) Technical Training Manual, available from Thomson
Consumer Electranics, Inc., Indianapolis, Indiana. Such picture-in-
picture processors are not suitabie for implementing special display
modes, such as PIP, POP and channel scan, in wide screen television

3s apparatus. |f an auxiliary picture developed by such a picture-in-
picture processor from an auxiliary video source were displayed on a

heet Has Been

\\II\l\\ \|||\\ \\\l \m



"Télevisions with a wide display format ratio can be inple |
t-el evi wigogn/349384ens di spl ayi ng vi deo si gnajgs both at basi cngﬁg‘?%#@&’@
shagrizontal scanning rates and nultiples thereof, as well as by both
i nterlaced and noninterlaced scanning. Standard 5 NTSC video signals, for
exanpl e, are displayed by interlacing the successive fields of each video
frame, each field being generated by a raster scanning operation at a basic
or standar dwidei sereen Legevisicrg apparatgs awihoxt nan cextersal7 spei@duprhe basi c

- iﬁan%gg "l tHelCauRiARG! pidtire|ArOpRtirés] SheE e Gedinetrbhly and
' - distorted as described above. The auxiliary picture would exhibit a
horizontal expansion by a factor of 4/3 due to the wider horizontal

s 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 otherwise allotted
for the auxiliary display. .

10 It is an inventive arrangement to provide a wide screen
television apparatus which can implement special display modes as ‘
are now possible in conventional television apparatus, such as PIP
and channel scan, as weill as POP. In accordance with this aspect of
the invention, a wide screen television is provided with a signal

15 processor for distorting a video signal, for example an auxiliary
video signal, such that upon subsequent display the auxiliary picture
will exhibit no aspect ratio distortion. The distortion is generally
implemented as an asymmetric compression. The compression
factors will depend upon the relative display format ratios of the

20 auxiliary video signal and the wide screen television apparatus. In
order to’ dispiay an auxiliary video signal having-a 4:3 display format
ratio on a television apparatus having a 16:9 format display ratio,
The auxiliary picture will be horizontalfy compressed by a factor of
4:1 and vertically compressed by a factor of 3:1. In a television

25 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
produces geometrically distorted pictures which can then be stored
in a video memory associated with a picture-in-picture processor.

36  When the asymmetrically compressed auxiliary picture is read out of
memory, in accordance with the normal operation the picture-in-
picture processor, the resulting auxiliary display exhibits no aspect
ratio distortion and is proper size for its intended purpose, whether
PIP, POP, channel scan or otherwise. The horizontal expansion

35 realized by scanning in the wider television tube exactly cancels the
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; 10 act ual f'requency of a 1fH signal will vary according to different video
st-andar\q,g) {/fo@gcordance with efforts to jgprove the pi ct urRCTUISO1 0373

s tel-evi st on" apparatus, systens have been devel oped for displaying video

stgnals progressively, in a noninterlaced fashion. Progressive scanning
requires that each displayed frame nust be 15 scanned in the sane tine

period allotted for scanning one of the two- fields of the interlaced
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in the Uniteq,4eq display having a first ratio of width to height. The video

display can be, for example, a direct view picture tube or a
projection picture tube used with a screen. A first tuner or jack
provides a first video signal, representing a first picture. A second
tuner or jack provides a second video signal, representing a second

10 picture having a second ratio of width to height different than the
first format display ratio. A first signal processing circuit
digitizes the second video signal and asymmetrically distorts the
the second picture by horizontally and vertically subsampling the
digitzed signal at different rates. A video memory stores the lines

15 of subsampled video of the asymmetrically distorted picture prior to
the combination with the line portions of the. first video signal. A
second signal processing circuit combines portions of lines of video
in the first video signal with lines of video of the asymmetrically
compressed second picture for simultaneous display of the first and

20 second pictures, the asymmetrically distorted second picture being
displayed without aspect ratio distortion.

It is another inventive arrangement to provide a pzcture-m-

" picture processor which can provide- selectable- factors ‘of horizontai

and vertical compression for auxiliary video signails. Such a

25  picture-in-picture processor can be used with television apparatus
having different display format ratios, and with television
apparatus which may have modes of operation which do not
necessarily utilize the entire extent of a wide screen. Asymmetric
compression in accordance with this aspect of the invention can be

sc fully implemented on a chip, and can be implemented by modifying
existing picture-in-picture processing chips.

A video signal processor for a video display apparatus, for
example a wide screen television apparatus, according to this
inventive arrangement comprises a circuit for digitizing a video

3s signal defining a picture having a format display ratio of width to
height and a circuit for selectively changing the width and height of

i ,




* States, for exanple, is approxi mately 31,468 Hz. Tel evision a ?tus W th
convenw{ggghgjsr mat di splay ratios can be gqui pped for di s'fﬂ:'é&) 0333 | pl e
. pictures, for exanple from25 two video sources. The video sources may be
the tuner in the television, a tuner in a video cassette recorder, a video
canera, and others. In a nDde often referred to as picture-in- plcture
(PIP), the tuner in the television provides a picture filling nost of the
screen. or dtR®|Rigturedy dirst aandusesand fagtarsorespectively ota canteolsnal |

inset 30 pi r h¢ e ar I cture.
oo o A %gbé@t Gafio aﬁéﬁérm:h of' the Cpfeuredar TRE 9&[&*&% aﬁﬂ ngq] o GURE

1(c). In man¥' Qr?(fgso %Hicrpﬁggt %5%’@3%&58 ﬁaﬁt)gﬁ?‘ﬁl &g 'qeﬁ’ F'@8fber of

different | osagnainat the firske and second| eatesi respectively. An output circuit
s generates the aspect ratio controlled picture as an output for
display by the video display apparatus. A memory circuit stores
video lines of the aspect ratio controlled picture prior to generation
of the output. A multiplexing circuit combines portions of video
lines in a second video signal with video lines of the aspect ratio

1o controlled picture for simultaneous display of the pictures. The
first and second factors are supplied to the selective changing ‘
circuit, for example by a microprocessor.

FIGURES 1{a)-1¢(i) are useful for explammg dtfferent d:splay
formats of a wide screen television.

15 FIGURE 2 is a biock diagram of a wide screen television in
accordance with aspeets of this invention- and adapted for operation
at 2ty horizontal scanning.

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

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

FIGURE 5 is a block diagram of the plcture-m-pucture
processor shown-in FIGURE 4.- - -

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

2s FIGURE 4 and illustrating the main, auxiliary and output signal
paths.

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

30 FIGURE 9 is a block diagram of the the timing and control
section of the picture-in-picture processor of FIGURE 5.

FIGURE 10, FIGURE 11 and FIGURE 12 are block diagrams of the
decimation section of the timing and control section shown in
FIGURE 8.

3s FIGURE 13 is a table of values used for controiling the
decimation section-shown in FIGURES 10-12.
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: abp'arat us, another display node is possible, and is referred to as 3 5

pi-cture-Q lodg; picture (POP). In this node, several inset POKUSI03733
. Pt cturégog’ézbgﬁﬁre a common boundary with & main picture. A POP - 3 -

di splay node in a wide screen television apparatus is shown in FIGJRE 1(f).
Anot her display node is often referred to as channel scan, wherein a | arge
nunber of small pictures, each froma different channel source, fill the

fcreen :cn a freeZEFlt! m“ié‘%eco%bnﬁh%ﬁ blodko armgl eerhﬁtéifaaraﬁi féegss in
erms of sizg ef(béc%mn Sircuit s“own in FIGURE 2.
FIGURE 15 is a block diagram of the RGB interface shown in
FIGURE 2.

5 FIGURES 16 and 17 are block diagrams of fully programmable,
general purpose decimation circuits for controlling horizontal and
vertical compression ratios respectively. - '

The various parts of FIGURE 1 illustrate some, but not all of
the various combinations of single and multiple picture display

10 formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
screen televisions according to the inventive arrangements. For
purposes of convenience in illustration and discussion herein, a

15 conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
signal is generally deemed to be 16 X &. The inventive
arrangements are not limited by these definitions.

20 FIGURE 1(a) illustrates a television, direct view or projection,
having a conventional. format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X3 format
dispiay ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,

25 the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it “will il
the vertical extent of a viewing surface of 4 X3 format display.
However, much information will be cropped from the left and/or

30 right sides. As a further alternative, the letterbox picture can be
expanded vertically but not horizontally, whereby the resuiting
picture will evidence distortion by vertical elongation. None of the
three aiternatives is particularly appealing.

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

35 ratio video source would be fully dispiayed, without cropping and
without distortion.- A 16 X 9 format display ratio letterbox

This Sheet Has B

M !lll!! Iﬂl !lﬂili



'dLspI ay node in a wide screen television apparatus is shown in FI GURE 1(i)
Hot i Zog@b1A088i ng is acconplished in thegsame anount of PEREAUSN/@TABde

. sereen television apparatus as in a conventional 10 television apparatus.
However, the distance of the horizontal scan is greater in the w de screen
television. This will stretch the picture horizontally, creating
significant aspect ratio distortion of the inmages in the displayed pi cture.

Accor di ngly, RieBeerwhioh isciteelf dmn@erdeX Intormatsgisplaygratioi sighadi gaa
having a CO”WH’Q@?&SS*&GF 4seartnelt BY finef abﬁﬁhnqa&‘ fin8Nadd S& &L 0

Lol evi st on aUhRLRISs (e3her SRR § fra "Sresedt, igical KRzt o Wded
result in a screen television in accordance with this invention can display such
s a 16 X9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source.

FIGURE 1(c) illustrates a 16 X 9 format display ratio main
signal in which a 4 X3 format dispiay ratio inset picture is
displayed. If both the main and auxiliary video signals are 16 X 9

to format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset picture can be displayed in ‘
many different positions. i

FIGURE 1(d) illustrates a dispilay format, wherein the main and
auxiliary video signals are displayed with the same size picture.

15 Each display area has an format display- ratio of 8 X 9, which is of
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 ¢romped on the
left and/or right sides. More of the picture can be shown, with less

20 cropping, if some aspect ratio distortion by horizontal squeezing of
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

25 distortion to no cropping with maximum  aspect ratio distortion.

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

30 complications. '

FIGURE 1(e) is a dispiay format wherein a 4 X 3 format
dispiay ratio picture is displayed in the center of a 16 X 8 format
display ratio screen. Dark bars are evident on the right and left
sides. :

35 FIGURE 1(f) illustrates a display format wherein one large
4 X 3 format display ratio picture and three smaller 4 X 3 format

This Sheet Has Been Rei
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"héri zontal stretching or expansion by a factor of 4/3. This is a problem
for di sgipyi/nessri ctures having a 4 X 3 disgl.ay format rati PCIYUS3/03738i n
spicture andi as an auxiliary picture, such as a PIP or POP. This is also a
problem for PIP and POP nodes even if the nain picture originates froma

vi deo source havi ng a 16 X 9 format display ratio which matches the display
means of the television apparatus. 25 Digital circuits, sonetines
referred to GeSRIAYI ratiaspistutes: arei diqplayades;momemmsly ark swedllerbl e

whi ch can |myugma@toﬂ§?déng1é; ; bté,cqﬂr ocesso#é] cg_g@v % é"ﬁ%ew si on

appar at us. I cture-Ja-picture CPI P
CEPD and is é%fzﬂ Feoé; Ao fh 5ﬁag:dﬁs§nB?CtET%GPF%?‘WtPJCtWﬁc ratner ¢har ahip
i's PIP, a picture-in-picture. The terms PIP or picture-in-picture are

5 used herein for both display formats. in those circumstances where
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

10 pictures can be displayed in freeze frame format. It will be
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

15 be switched in position, as shown in FIGURE 1(g).

FIGURE 1(h) illustrates an alternative wherein the 4 X 3
format dispiay ratio.picture is centered, and six smaller 4 X 3
format display ratio pictures are displayed in vertical columns cn
either side. As in the previously described format, a wide screen

20 television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format.

FIGURE 1(i) shows a display format having-a grid of tweive
4 X 3 format display ratio pictures. Such a display format is

. 25 particularly appropriate for a channel selection guide, wherein each
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 iliustrative, and
30 not limiting, and can be implemented by wide screen televisions
shown in the remaining drawings and described in detail below.

An overall biock diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2fy horizontal scanning, is shown in FIGURE 2 and generally

35 designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a

T uﬁin



: 3;(_)’ described nore fully in a publication entitled The CTC 140 Picture in
Pi.ct ur queh OFH8asdTechni cal Trai ning Manual .. qqyai | abl e from TREFESWION3ner

_ Electronics, Inc., Indianapolis, Indiana. Such picture-in- picture

" processors are not suitable for inplenenting special display nodes, such as
Pl P, POP and channel scan, in wide screen television 35 apparatus. If an

auxiliary picture devel oped by such a picture in picture é)rocessor froman
auxi | i ary vi oviges sareen piasessopl 3gca dfr 20 2fr conyester s40 c@n deflestiosi on

appar at us W tdi@dit 80, 2t RGB irftBARAGENS0, 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
s is made for purposes of convenience in description, and is not
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.
10 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 cabie reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
1s tuner 208. The output of first tuner 206 is an input to a one-chip
202, which performs a number of functions related to tuning, .
horizontal and vertical defiection and:video controls. The particular
one-chip shown ig industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resuiting from
20 the signal from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 30. Other baseband
video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape piayers, video games and the like. The output of the video
25 switch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEOQ 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
30 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
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
35 signals. A switch, which may be incorporated as part of the Y/C
decoder, or which -may be impiemented as a separate switch, is
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- CI rcuit, the auxili ary picture, or pictures, would be geonetrically
di. storted a;é)?g%s]cri' bed above. The auxili aijé pi cture woul d @dT/US91/83733
. herzo sion by a factor of 4/3 dl€ to the wider horizontal s
* scanni ng of the wi der picture tube, whether direct view or projection. If
an external speedup circuit were used the auxiliary picture woul d appear
W t hout aspect ratio distortion, but would not fill the screen or fill the

BN e f ettt At onticrel
appar at us V\hF‘@h ‘ﬁ%’tﬂm a§§| 9@98&5 Qgslﬂr?tﬁGw pggﬁrlﬂ ein
conventional & éNemspem:vamathessetamedaparPl of urtindrcena@nd chnomasaneg | as
POP. In accogpanie ¢ tHbrelitter268ASHe?dd the main signal and is processed
5 along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing coior difference signais 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 signais 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 signais
as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and SW4
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
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
2s 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
3o arrangement of video signal source switching in the main and
auxiliary signal paths maximizes fiexibility in managing the source
selection for the different parts of the different picture display
tormats.
A composite synchronizing signal COMP SYNC, corresponding to
as  Y_M is provided by the wide screen processor to a sync separator
212. The horizontal and vertical synchronizing components H and V
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'theblnventlon wi de screen television is provided with a '4¥§?
processwp?'d”:ﬁ‘stortl ng a video signal, fbe-exanple an ayféﬂg 13}1%&%
:signal, such that upon subsequent display the auxiliary picture wll

exhibit no aspect ratio distortion. The distortion is generally inplenented
as an asymetric conpre55|on The conpression factors will depend upon the

el at d X | deo si | and the
Rt Rl L el ot F
si gnal havi ng¥8 ol r i
16:9 format dissdiregteditints thBewsdeiddréen ﬁd&éﬁs@r"ﬂd' *Pﬁ hﬂfd%‘&{ror A

F5 tetevi o) BRCASE oBhefalbst By {ffernaf welie F‘?esgsolowppmaar ANTo, T or
exanpl e 2:51. VERT FIS‘§2 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

1o circuit 50. Horizontal and vertical synchronizing signais of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor. ‘

The 114 to 2fy converter 40 is responsible for converting
interlaced video signals to progressively scanned: noninterlaced

1s  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 Dbetween 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 fieids of a frame, to enable the
progressive display.. The converted video data as—Y_2fy, U_2f4 and ~
V_2fy signais is supplied to the RGB interface 60.

25 The RGB interface 60, shown in more detail in FIGURE 15,
enables selection of the converted video cata or external RGB video
data for display by the video signais input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2fi 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 (fym or fyex:)
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.

as 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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the hori zont al conpression factor would be 1.5 tinmes greater than the

v‘erticﬁ gﬂm sion factor. The asymet(ig conpression prpdUfes91/03733

. geonet ‘3 Istorted pictures which can then be stored in a video nenory
associated with a picture-in-picture processor. 30 Wen the asymetrically

conpressed auxiliary picture is read out of menory, in accordance with the

normal operation the picture-in- picture processor, the resulting auxiliary

di spl ay exhi bhe cathodepeay tubeior girgjestionotubesd |bcandmlys|tlze R Bl ts

i nt ended purnﬁéefadw%#&m %ﬁecf’ép n CORMIRAI SHAHE ﬁg ), §
hori zont al ex an5| O. I zed scanni r1 [ n t ée eV| 5| n tube
exactly canc e 'selecion of a nan-existent external HG input.

WSP mfcroprocessor 340 aiso supplies color and tint controls for
5 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

1o 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
circuit 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 inciudes four signal lines, for data, clock signals, enable
signals and reset signais. The wide screen processor 30 aiso
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signais 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 14,
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 tc. 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 energlzed 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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"extra conpression, that is the asymetric part, done prior to s ora e I n
the vi NQ9MIAM4 . A tel evision apparatus,14er exanpl e a wi EETEUPUL

:television apparatus, according to this inventive arrangement conpri ses as
vedeo display having a first ratio of width to height. The video display
can be, for exanple, a direct view picture tube or a projection picture

Signal . repragial f‘ég@%'ﬁ#‘sﬁé Fhalo BonPbrRs 1 edtifa Tuper 2od %o
second vi deo™ Qe ©R RIACESHOr THITopEReRRSOr034pi andr a hﬁdergcreeaeoutmth
ratio of wi obdmdderheeght Rlirfther deitail$ast the wides 'sceenBprobe3BbrY witkho: A
first signal R of eashdn’ With'both the 1fy and the 2y chassis, for example
s the PIP circuit, are shown in FIGURE 4. A picture-in-picture
processor 320, which forms ‘a significant part of the PIP circuit
301, is shown in more detail in FIGURE 5. The gate array 300 is
shown in more detail in FIGURE 6. A number of the components
shown in FIGURE 3, 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 alsoc operates in ‘
conjunction with the WSP uP 340. The WSP puP 340 comprises an
input output I/O section 340A and an analog output section 340B.

ts 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 signal from the RGE 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. o

The gate array .300.is responsible -for combining video

information from the main and auxiliary signal paths to implement a

2s 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 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

3s signals, or | and Q signais. The sampied luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which is
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'dﬁgftizes the second video signal and asymetrically distorts the the

second | Cl V{f’é‘?y hori zontally and vertically subsanpling t,itq-/gggi/hg-gg
.si-gnal 0y ent rates. A video nenorylfiores the lines 15 of

subsanpl ed video of the asymetrically distorted picture prior to the
conmbi nation wth the Iline portions of the first video signal. A second
signal processing circuit conblnes portions of lines of video in the first

bicture for SPRroimaleh e WMo A sjolfel BNAISY, ig o, EOHRERRT A & e
asymet ri cal RBpaingssayiteh can Uﬁﬂdt@r samplagthe eplosyeamponeotitdatapect
ratio distorbgesuséithes LAAAY sighwtdraq"artéé%eswtxﬂg BF OV AR for
Lot ure L WishUl e PSSR I UV SHUK'BY' S SRRy Switeh, 7 atilexer
ori zont al plexe
s 344, is an 8 MHz signal derived by dwldmg 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 ciock

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 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 paired with a V element from

20 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 both U and V is effectively

25 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 aiso 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,

3s different dithering sequences involving different numbers of bits
and different paired pixel compressions mvoivmg dlfferent numbers
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. and vertical conpression for auxiliary vi

eo signals. Suc
pl.ct UNWOI/19384 ur e processor can be used "Bt h tel evision }QAE’§?UQ3%| ng
_different display format ratios, and with television apparatus which may

have nodes of operation which do‘not necessarily utilize the entire extent
of a wi de screen. Asyrmetrl c conpression in accordance with this aspect of

the inventigp tﬁ&nal? faYed TPOREE B 4! rﬂsmaepfaf aﬂl%@léta&a'?&
i mpl emented_b st.ing picture-in roce hi A
vi deo si gnal® M?ﬁ? °&W9Be§&lﬁ@ﬁﬁa‘§a‘&ﬁ%als Qﬁe % B WI de
screen tel e34§| m'n oadaarw maxmu_zertbstgpttontbf the _rmsptayed _aniqlwg!erteetch
(r:]g\r/r}:)[]ésgsfg f(f?{d ?%1?: !b@fragd&%ﬁge%ﬁ'ﬁat& gnal defining a picture
s e gate array includes interpolators which operate in
conjunctlon with line memories, which may be implemented as
FIFO's 356 and 358. The interpolator and FIFQ'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 controi the data manipulation of both the main and
auxiliary signals, including the combination thereof into a single
output video signai having Y_MX, U_MX and V_MX components. These ‘
output components are converted to analog form by digital to anaiog
converters 360, 362 and 364. The analog form signals, designated Y,
15 U and V, are supplied to the 1f4 to 2fy converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5
seiects 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.
It can be desirable to display otherwise interlaced -video
signals in a progressively scanned format to improve resalution of
25 the display. Such conversion can be undertaken according to prior
art techniques for conventional 4 X 3 format display ratio displays.
With reference again to FIGURE 2, the wide screen television 10 is
provided with a 1fy to a 2f4 converter 40, for generating the timing
signals necessary to convert an interlaced NTSC display into a
3o progressively scanned display. In a progressively scanned display,
for example, a video RAM 420 is used for storing successive fieids,
so that lines from successive fields can be displayed successively in
time, or be interpolated to form new lines.
The deflection circuit 50 is shown in more detail in FlGURE 14
as A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of vertical overscan
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. héight and a circuit for selectively changing the wi dth and hei ght of -6

--.the pj [ first and second factorsqkespectively to e@IVUSH1/03PIICt
_ratio &P@?E{‘?F@% of the picture. The sel eg:??ve changing circuit

horizontally and vertically subsanples the digitized video signal at the
first and second rates respectively. An output circuit 5 generates the
aspect ratio controlled picture as an output for display by the video

di spl ay appanatessary rfenvinypiementitigstiiiferenti displdy nosmats! heAgspect ratio
control I ed pyfidifftel’ 'RagtdmAfatiEdily,°% constant current source 502

provides a constant quantity of current Iramp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parallel

s with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current irRamp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an

10 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 Igamp. so that vertical ramp capacitor 504 charges
more slowly and to a smaller peak value. Variable current source

1s 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

20 coii(s) 512 receive(s) driving current of the proper magnitude for
mapping the picture onto the display. Horizontal deflection is
provided by phase adjusting circuit 518, East-West pin correction
circuit 514, a 2fy phase locked loop 520 and horizontal output )
circuit 516. : :

2s The RGB interface circuit 60 is shown in more detailed in
FIGURE 15. The signat 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

3s 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 60C.

as Selection of the vertical synchronizing signal is impliemented by
switch 608. Selection of the horizontal synchronizing signal is
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) Qﬂ the output. A multiplexing circuit conbines portions of,\d | in a
secondw@ M93dgnal with video |ines of - aspect ratio 1#@%%%*“8%3;1

_pikcture for sinultaneous display of the pictures. The first and second
f.actors are supplied to the selective changing circuit, for exanple by a
m croprocessor. FIGURES 1(a)-1(i) are useful for explaining different

i agr am o Tperented £ SFIER 64L! *Yelidtln, &1 the vid6d AL i§7 {15
i nventi on an@piamented thy switehmi606: ftach rofhthe Awitcliess 604i 606 andsES 3
i's a block g a@ispdndivé @ WrlenfrharexferASP TotitrdiNeighdINgBhetled’ by the
WSP uP 340. Selection of internal or external video sources is a
5 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

10 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.

15 - A wide screen television in accordance with the inventive
arrangements can be-implemented with 1fy horizontal scanning
instead of 2fy horizontal scanning, although such a circuit is not
illustrated. A 1fy circuit would not require the 1fy to 2fy converter
and the RGB interface. Accordingly, there would be no provision for

20 displaying an external wide format display ratic RGB signal at a 2fy
scanning rate. The wide screen processor and picture-in-picture
processor for a 1fy circuit would be very similar. The gate array
could be substantially identical, aithough. not ait of the inputs and
outputs would be utilized. The various resolution enhancement

25 schemes described herein can be generally applied without regard to
whether the television operates with 1f4 or 2fy scanning.

FIGURE 4 is a block diagram showing further details of the
wide screen processor 30 shown in FIGURE 3 which would be the
same for both a 1f and 2fy chassis. The Y_A, U_A and V_A signais

30 are an input to the picture in picture processor 320, which can
include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are

.35 generated by the picture-in-picture processor 320, which can
receive resolution processed data signais Y_RP, U_RP and V_RP from
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. pictur

T 20 FIGURE 4 is a bl ock di agram show ng further details of the wide

screenép{)%gfﬁi@{ shown in FIGURE 3. FIGRE &.is a block di agrausef/08133
ure processor shown in FIGURE 4. FIGURE 6 is a bl ock di agram

of the gate array shown in 25 FIGURE 4 and illustrating the main,
auxiliary and output signal paths. FIGURES 7 and 8 are timing diagrans
useful for explaining the generation of the dIS lay format shown in FI GURE
1(d), using FeseRitionoprocessiggalcircudo370. n9 precessing cheed agot eof

}:lhgu H;e;' m pglizad aemal HWmessiben c%frmbh%elllééfdd isplap! fdrftsPr opgesor of
picture-in-picture processor 320 is shown in more detail in FIGURE
5. The principal components of the picture-in-picture processor .are
5 an analog-to-digital converter section 322, an input section 324, a
- fast switch (FSW) and bus section 326, a timing -and controi section
328 and a digital-to-analog converter section 330. The timing and
control section 328 is shown in more detail in FIGURE 9.
The picture-in-picture processor 320 may be embodied as an
to improved 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). It will be appreciated that
15 the basic CPIP chip was not adapted for use with a wide screen
television and is not appropriate for use with a wide screen
television. The large and smail pictures can result from the same
video signal, from different video signais and can be interchanged or
swapped. Generally speaking, the audio signal is switched to always
20 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 exampie the display format shown
25 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) 8 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
3o 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
35 nine frames of video can be repeated on the screen. The frame
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" Fi.GURE % G43E 11 and FIGURE 12 are blogk diagrans of thactagsigwmsing
seetion the timng and control sectiom&fown in FIGURE 9. 35

-FI'‘GJRE 13 is a table of values used for controlling the decinmation section
strown in FI GURES 10-12. -7 - FIGURE 14 is a conbination block and
circuit diagramfor the deflection circuit showm in FIGURE 2. FIGURE 15 is

a block di agr pgpetitidr Paf¥2dr by CRARGRACWRM Nhirty frames per second to zero
. frames per second.
The picture-in-picture processor used in the wide _Screen
television according to another inventive arrangement differs from
s the present configuration of the basic CPIP chip described above. If
the basic CPIP chip were used with a television having a 16 X g
screen, and without a video speed up circuit, the inset pictures
would exhibit aspect ratio distortion, due to the seffective 4/3 times
horizontal expansion resulting from scanning across the wider
10 16 X9 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 fili the .
entire screen. -
The picture-in-picture processor 320, according to an
' 15 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. Compression of the horizontal dimension
is different from the compression of the vertical dimunsion. In one
example of this mode of operation, the pictures are compressed 4:1
20 horizontally and 3:1 vertically. The asymmetrically compressed
video data is stored in a video RAM, which serves as a field memory
used, in part, for synchronizing the auxiliary signal to the main
signal. This asymmetric -mode of compression woilld produce aspect
ratio distorted pictures if the data from the video RAM were read
2s normally for display by a conventional television. Objects in the
pictures would appear to be squeezed horizontally. However, if this
data is read out normally for display by a wide screen television,
particularly one with a 16 X9 format display ratio screen, objects
in the pictures appear correct. The picture fills the screen and there
30 is no image aspect ratio distortion. The asymmetric compression
mode according to this aspect of the invention makes it possible to
generate special display formats on a 16 X 9 screen without
external speed up circuitry,
FIGURE 9 is a block diagram of the timing and control section
3s 328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a

This Sheet Has Been Re;

[ llll III lill i



FIGURE 2. 5 . FIGURES 16 and 17 are block diagrans of fully
pr ograW@Piﬂg neral purpose decimation chgcuits for cont PETI SR} /03733
hori zon vertical conpression rati'os respectively. The various parts

* of FIGURE 1 illustrate sonme, but not all of the various conbinations of

single and nultiple picture display 10 formats which can be inpl enented
according to different inventive arrangenents. Those sel ected for

i 'lustration deécimatiemdeidcuit B28C i fort émphemeating mneoas9fnmetri¢ cul ar
s ngeren: + EXPRBFLAL SPAF oA AT SRR bl B
herein, a 1 ﬂpbh%J display format ratio of width to height for a
vi deo FIGURE 10 is a block diagram of the circuit for implementing
5 the horizontal compression. The circuit utilizes a decimation
circuit formed by a counter 850, designated MOD_N_CNTR1. The
numerical value at the N input is a horizontal N factor
HOR_N_FACTOR. The horizontal N factor is related to the extent to
which the picture represented by the video data of the auxiliary
10 signal will be reduced in size for display as a PIP or POP, and
accordingly, is also a measure of the rate at which pixels within a
line are subsampled. The numerical input to the load value input is
set to "0". The ripple carry out RCO output is a horizontal line
sample enable signal. FIGURE 11 is a block diagram of the circuit
15 for implementing the vertical compression. This circuit is based on-
a decimation circuit formed by a counter 858 designated
MOD_N_CNTR2. The numerical value at the N input is a vertical N
factor VERT_N_FACTOR. The vertical N factor is also related to tie
extent to which the picture represented by the video data of the
20 auxiliary signal will be reduced in size for display as a PIP or POP,
but in this case, is a measure of how many horizontal lines are
selected for subsampling. The numerical input to the load value
input is determined by a numerical caiulation based on the vertical
N factor. The vertical N factor is added to "2°, the resulting sum is
25 divided by "2", and the resuit of the division is gated by an
upper/iower field type signal U/L_FIELD_TYPE. added to "2". The
output of the counter 858 is a vertical line sample enable signal.
The horizontal and vertical N factors are generated by a circuit
859 shown in FIGURE 12. The input is an N_FACTOR value ranging
ao from "0" through "7". Each N value corresponds to pairs of horizontal
and vertical compression ratios, as shown in the table of FIGURE 13.
The N factors are provided by the WSP uP 340. Circuit 859
comprises multiplexers 862 and 864 and a compare to "6° circuit
860. For each N factor other than "6, the horizontai and vertical
3s compression ratios are symmetric, resuiting from the "0" inputs of
the multiplexers. ‘When the N factor is "6", the "1° mputs of the
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'source or signal is generally deemed to be 4 X 3, whereas ] n
di spl ayV ‘f’(?llﬂgﬁs‘? atio of width to hei ght f8R-a video sourceagrhg?’glzgﬁi
.generally deened to be 16X9. The inventive arrangenents are not limted by

these defini
Vi ew or proj
Wen a 16 X
format displ

bottom This@

tions. 20 ~ FIGURE 1(a) illustrates a television, direct
ection having a conventional format display ratio of- 4 X 3.

Fier, o8 ikl 4f s bliyns, LR sl

a
élﬁ fifichispmpraessiea ob 4d Ihaftmauyfmdraﬂ 1 Iverticaflyi nst ance,

35 fhe viewed pi Ther eouatér%t{rﬁrthénaébmaﬁanreﬁ@mfg fbﬁchaﬁ &R g%rf%\gxﬁgéab' e
I'S ay ar ea;
com?er%/ed prfn&éﬁﬁag S&Q{?se% ég?' em ?hl?gpquer tr'P pqpqqgésmg does not have
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35

to be limited to campress;on of the images in integer increments,
provided that the horizontal compression factor is 4/3 times the
vertical compression. factor. Asymmetric compression is also not
limited to wide screen applications having a display format ratic of
16 X 8. If the format display ratioc were to be 2:1, for example, the
horizontal compression factor would be 3/ times the vertical
compression factor.

The wide screen television can also have modes of operation ‘
which requires symmetric compression of the auxiliary video data
by the CPIP chip. One such mode of operation. can be referred to as-
the letterbox mode, wherein the vertical deflection height is
increased to accommodate a video source such as shown in FIGURE
1{a). The vertical scan amounts to approximately 4/3 that of the
standard or nominai vertical height, for a 4 X 3 letterbox source of
a 16 X9 movie. Therefore, approximately 1/3 of the picture is
effectively cropped, approximately 1/g on the top and /g on the
bottom, if the raster is vertically centered. The dark border bars of
a letterbox signal, in 4 X3 display format ratio, comprise
approximately. 1/3 of the- picture, -approximately t/¢ on the top and
1/¢ on the bottom. At the same time, the wider horizontai
defiection required by the wide screen display stretches the picture
horizontally, by a factor of approximately 4/3. The wide screen
display stretches the picture horizontally by approximately the
same factor that the 4/3 vertical overscan stretches the picture
vertically. The substantially symmetric expansion of the picture
assures that substantially no image aspect ratio distortion will
occur. At the same time, the parts of the picture which are cropped
by the vertical overscan prove to substantially correspond to the
dark border bars of the letterbox signal. The result is a picture from
a conventional format display ratio signal filling a wide format
display ratio screen, essentially without loss of picture content anc
essentially without image aspect ratio distortion. In this

“iiﬁ'iiﬁ‘l’i‘iilﬂﬁi"iﬁ?ill



“the vertical extent of a viewing surface of 4 X 3 format display. However,
mich information will be cropped fromthe left and/or 30 rd&fiso As a
,furt.herwgﬁléF ive, the letterbox picture€8an be expanded li/ertisc?gﬁa?/s%ut
not horizontally, whereby the resulting picture will evidence distortion by
vertical elongation. None of the three alternatives is particularly
appealing. FIGURE 1(b) shows a 16 X 9 screen. A 16 X 9 format display 35
rati o video squrce would di spl ayed. wi thout cropping and w t hout

full opp .
di stortion. ﬁ'@i&s@m,ngff’ai%fp}s@% "33t hemreesssed with symmetric
compression by the CPIP chip because the vertical expansion by

vertical overscanning matches the horizontal expansion by the wide
screen horizontal deflection scanning in proportion.

5 Control of the compression ratios can also be implemented by
fully programmable, general purpose decimation circuits under the
control of the WSP uP 340, as shown in FIGURES 16 and 17.
Horizontal compression factors are generated by the circuit in
FIGURE 16, which comprisés a summing junction 866, an array 868

10 of eight OR gates and a latch 870. Each bit of the eight bit output of
the array 868 is Hi when the H_RESET occurs. When the H_RESET
signal is low, the output of the array 868 equals the input of the
array, which is the output of summing junction 866. Vertical
compression factors are generated by the circuit in FIGURE 17,

1s  which comprises a summing junction 872, a muitiplexer 874 and a

" latch 876. In each circuit, the carry in Cl input of the summing
circuit is tied to a voltage for a fixed logical high signal. in each
circuit, the carry out CO output of the summing circuit is the
respective sample enable signal. In the circuit of FIGURE 17, the 1

20 input to the multiplexer is tied to ground for a fixed logical low
signal. The horizontal and vertical compression factors can be
supplied by the WSP uP 340. o

In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
2s from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical synchronizing puises. 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

3o example, the horizontal and vertical synchronizing pulses present
from the video signals input section will have many discontinuities
because the signais sampled (different channeis) will have

. unrelated synchronizing pulses and will be switched without regard
to synchronization between sources. Therefore, the sample clock
as and the read/write video RAM clock are determined by the free
running oscillator 348. For freeze and zoom modes, the sample clocx
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" picture, which is itself in a4 X 3 fornat dlspl ay ratio si

progres@Q/gl} 938 anned by |ine doubling or24ne addition, soggghflsoﬁg@gglfde a
. larger display with sufficient vertical resolution. A w de screen
t-ed evision in accordance with this invention can display such 5 a 16 X 9
format display ratio signal whether the main source, the auxiliary source

or an extern F displ ay
rati o main s%nﬁ %ﬁem %?J@%éatg ('j"ll@tﬁ affﬁ?gaf"?%'geﬁ §$ tﬁ%n%{ﬁpé“ 5

di spl ayed. | Viges thesed speriali ersesiigches sgme asathe xisplay cwck
format displ mc[mén@ysources the inset picture can also have a 16 X 9

Tt oo oP! &Y T aHgerri dgdit o RIEURE £29, U, V' &/ ¥R [EBRIpdLks oo
s sync) outputs from the picture-in-picture processor in analog form
can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. 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

1o 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
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main

15 signal path.

With further reference to FIGURE S5, the picture-in-picture
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

20 section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the resuits in a 1 megabit
video RAM.350 as explained above. The video RAM 350 adssociated
with the picture-in-picture processor 320 has a memory capacity of

25 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
smailer number of bits per sample in the auxiliary channel
represents a reduction in quantization resolution, or bandwidth,

30 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 smali, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution

as processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
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© FLLGURE 1(d) illustrates a display format, wherein the main and-auxiliary
video $@9¢/193gy e di splayed with the sams gize picture. 15PCEASPIA0FIBay
‘area has an format display ratio of 8 X & which is of course different
" fromboth 16 X 9 and 4 X 3. In order to showa 4 X 3 format display ratio
source in such a display area, w thout horizontal or vertical distortion,
the signal nust be cropped on the left and/or right sides. Mre of the

pi cture can bEndwidth, ofrthéd awsiliafo videoatag, A fnumber asfpdata rreduetion
For i sontal g SatdcRsdbratlf Sehiings nave Bebied BBLEidged CIrEIGUTY, for,
pi cture. Theemfﬁﬁiescﬁéléﬁdtﬁlxéh@fﬁﬁfm AN dlthef ng and/dedsmerm pAovi de
any mx of cdedithelng eiréGipewbuldibe 6péiativiely disp8SeabYoMHEtFé@RPIgtItHE t h
no aspect "ahhgs RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different
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
10 reduction and restoration schemes can be selected by the WSP uP in
order to maximize resplution of the displayed video for each
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
15 quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. 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 350 is not orthogonally sampled with
20 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 resuits in skew- errors-of the sampled data. ~The limitation is a
result of the video RAM, which must use the same clock for writing
25 and reading data. When data from the video RAM 350 is dispiayed,
the skew errors are seen as random jitter along vertical edges of
the picture and are generally considered quite objectionable.
in order to overcome this problem in accordance with inventive
arrangements the picture-in-picture processor 320 is operated in a
30 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 same 640fy clock
35 locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
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"~ 25 distortion to no cropping with maxi num aspect ratio di ' ta
sanpl QA 1384tions in the auxiliary vi-@®-si gnal processpi%r}lgb%g?ﬁs?ﬁa
conplicate the generation of a high resolution picture which is as large in
size as the display fromthe nmain video signal. Various nethods can be
devel oped for overcom ng these 30 conplications. FIGJURE 1(e) is a display

cont er ﬁe;%g"fsg’ﬁgmﬁ”%q‘*;ﬁ@i Siselaied Brifotaaliy  BlraBhE” Bom e’
the right aieQiRAM 380, due to %e'awmnpqsr pature el the @aaia andpl ay
format wher euxilry Viders sbufcds! OTRY ntinPlaRd aakiidryi VilBbesdirbds Meight
smaller 4 Xb?é fe%g'é%ed to be synchronous only in that instance where they are
s displaying signals from the same video source.
Further processing is required in arder 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 4, two four bit
latches 352A and 352B are used to recombine the 8-bit data blocks
10 from the video RAM 4-bit output port. The four bit latches aiso
reduce the data clock rate from 1280fy to 640fy, ¢
Generally, the video display and deflection system is
synchronized with the-main video signal. The main video signal must
be speeded up, as explained above, to fill the wide screen display.
15 The auxiliary video signal must be vertically synchronized with the -
first video signal and the video display. The auxiliary video signali
can be delayed by a fraction of a field period in a field memory, and
then expanded in a line memory. Synchronizaticr: ¢f the auxiliary
video data with main video data is accomplished by utilizing the
20 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
pointer collisions. Read/write pointer collisions occur when old
25 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 oid data has an
opportunity to be read out of the FIFO. _
The 8-bit DATA_PIP data blocks from video RAM 350 are
30 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
1024fy, which is focked to horizontal synchronizing component of
as the main video channel. The use of a multiple line memory (FIFO)
which has independent read and write port clocks enabies data which
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i 9."'; di splay ratio pictures are displayed sinultaneously. A snaller picture

out si de_t he jmeter of the large picture is sonetines refpetAlkdiPo3sa
. PGP; th&‘p?qugJ i cture-outside-picture, r@Mfer than a PIP, a

pi eture-in-picture. The terns PIP or picture-in-picture are 5 used herein
for both display formats. In those circunstances where the w de screen
television is provided with two tuners, either both internal or one

ReHSh SR ROty AT il Falt o8 ahtaggg o o
orthogonally at a second rate. The asynchronous nature of the read
and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions.

5 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

uP decoder 310. Data and address output lines of the WSP uP

10 decoder 310, identified as WSP DATA, are supplied to each of the
main circuits and paths identified above, as well as toc the picture-
in-picture processor 320 and resolution processing cireuit 370. It
will be appreciated that whether or not certain circuits are, or are
not, defined as being part of the gate array is largely a matter of

15 . 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 necassary,
to implement different picture display formats. The luminance

20 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. ~Auxilidry signai luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by

25 demuitiplexer 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
main signal display, as shown for example in FIGURE 1(d). The

30 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
restore pixels ‘to the auxiliary video signal to replace those lost

as during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
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i rroverrent in real time in accordance with the source. The r

pi ct ur MOOMIBRA di splayed in freeze franeZ®emat. It will ge appreC| atsed
, that the addition of further tuners and additional auxiliary signal
pr-ocessing paths can provide for nore than two noving pictures. It wll

al so be appreciated that the Iarge picture on the one hand, and the three

smal | pictur on the ot a can 15 Dbe svmtched posi ti on, as shown
in FI GURE 1( ° Fhwﬁz*mﬁéu Eué{ rA§ &N gxagnie, m@é%@@mﬁe 4 X 3

for rr}at di spl aytl"rai’ing) gireditirgnd sciecuit €357, mayd b a Sdéﬁttl’ﬁirlrﬂg Xcidchinr mat
Thelbr ovi oust y” deoild d¥ifiafy, SHaM, 'éeséﬁ{ﬁééﬁaéb%%diweﬁ% Wifle 366 G, 1
two tuners me.egesamleﬁ)\mng 1024fy rate. The auxiliary channel FIFQ 354
s converts the data from the auxiliary channel sample rate to the main
channel clock rate. In this process, the video signal undergoes an
8/g (1024/g40) compression. This is more than the 4/9 compression
necessary to correctly display the auxiliary channe! signal.
Therefore, the auxiliary channel must be expanded by the
10 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
determined as follows:
15 X = (640/1924) " (4/3) = S/s
The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a léngth of time depending on the nature of the
interpalation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the
20 main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by controlling the
read enable signais of the FIFO's 354, 356 and 358. The multipiexers
315, 317 and 319 are responsive to output muitiplexer control
circuit 321. Output muitiplexer control circuit 321 is responsive to
2s 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 pP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
36 and 364 respectively. The digital to analog converters are foliowed
by low pass fiiters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP uP
340. The WSP uP 340 is responsive to the TV uP 216, being
as 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 arc
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" pictures. The renmining el even pictures will be in freeze frame fornmat.

gl GURE“J0 *’,.)wfégpws a display format haviggga grid of twel vPCH/USH/63783rat
. display ratio pictures. Such a display format is 25 particularly
appropriate for a channel selection guide, wherein each picture is at |east
a freeze frame froma different channel. As before, the nunber of noving
pictures will depend upon the nunber of avail able tuners and signal
processi ng pasek SigmaisyarThe sWSP njaPsfSéﬂommmumbaURE withrthe difterenat i ve,

and 30 not [ el evi si ons
shown in thglﬂfg]tglﬂ?é;; ﬁag&s alrtl.élgﬂe;{@m‘e W%Pyﬁﬂdgié%‘éﬁéﬁfqﬁd An overal |

bl ock di agram f or" s pgpggﬁ%ryo iGompress the 4 3 NTS video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed

5 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
used to recalculate the incoming video to a new pixel positions

10 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 1024f4 clock.

As shown in FIGURE 6, the luminance data Y_MN :s routed

through an interpolator 337 in.the main signal path 304 which

15 recalculates sampie 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
the interpolator 337. In particuiar, these switches select whether

20 the interpolator 337 precedes the FIFO 356, as required for
compression, or whether the FIFO 356 precedes the interpolator 337,
as required for expansion. The switches 323 and 331 are responsive
to a route control. circuit 335, which is itseif responsive to the WSP
uP 340. |t will be remembered that the auxiliary video signat is

25 compressed for storage in the video RAM 350, and only expansion is
necessary for practical purposes. Accordingly, no comparabie
switching is required in the auxiliary signai path.

in order to. implement video compressions through the use of a

FIFO, for example, every fourth sample can be inhibited from being

3o written into the FIFO 356. This constitutes a 4/3 compression. |t is
the function of the interpalator 337 to recaiculate the luminance
samples being written into the FIFQ so that the data read out of the
FIFO is smooth, rather than jagged. Expansions may be performed in
exactly the opposite manner as compressions. In the case of

as compressions the write enable signal has clock gating information
attached to it in the form of inhibit pulses. For expanding data, the
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“aecordance with inventive arrangements, and adapted to operate with 2fH
hor i zonwel 9We38di ng, is shown in FIGURE 2 f8d general |y 35 PEFUSIHASES 10.
.The television 10 generally conprises a video signals input section 20, a
chassis or TV microprocessor 216, a -10- wi de screen processor 30, a 1fH
to 2fH converter 40, a deflection circuit 50, an R@& interface 60, a YUV to
RGB converter 240, kine drivers 242. direct view or projection tubes 244
and a power s@igskygatingTinformatipnnis appiiedi tushei read tenabié Osighnkl.cr This

functional bl gfikpause the data as it is being read from the FIFO 356. In this
case it is the function of the interpolator 337, which follows the
FIFO 356 during this process, to recalculate the sampied data from
s 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 and expansion, the clock gating
10 operations can easily be performed in a synchronous manner, that is,
events can occur based on the rising edges of the system clock ‘
10241y4. . '
Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y,
1s U, V, 8:1:1 fieid memory, video-RAM 350, to store incoming video
data. The video RAM 350 holds two fields of video data in a plurality
of memory locations. Each memory location holds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold
20 either fast switch data or part of a U or V sample (sampled at 80fy).
The fast switch ‘data values indicate which type of field was
written into video RAM. Since there are two fields of data stored in
the video RAM 350; and" the @ntire' video RAM 350 is read during the
display period, both fields are read during the display scan. The PIP
2s circuit 301 will determine which field will be read out of the
memory to be displayed through the use of the fast switch data. The
PIP circuit aiways 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
3o field stored in the video RAM is inverted by deleting the top line of
the field when the field is read out of memory. The result is that
the small picture maintains correct interlace without a motion tear.
The clocks/sync circuit 320 generates read, write and enable
signals needed for operating FIFOs 354, 356 and 358. The FIFOs for
35 the main and auxiliary channels are enabled for writing data into
storage for those "portions of each video line which is required for
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., The vi

" &K is made for purposes of convenience in description, and is not intended
as |i n%@'@gﬁm physi cal position of sucg;pfi rcuits rel ati VRCTAUSHMEOXBDt her .
eo signals input section 20 is adaptéed for receiving a plurality of
conposite video signals fromdifferent video sources. 10 The video signals
may be selectively switched for display as main and auxiliary video
signals. An RF switch 204 has two antenna i nputs ANT1 and ANT 2. These

The RE.owi t o on WPl - BRta 9 Rk Ao A e iR PPt Luner
206 and to ué%dgﬁagnefﬁa\r{ﬂr'?g@g.bq’ﬁ\e BB TRROIAATY | EP"F?H@P 83% ifeormn
i nput to a @achchoprcEdn tte samenvideodine warlines of tedisplays TéleaFHeO! o
tuni ng, 354 of the auxiliary channel is written synchronously with the
5 auxiliary video signal, but is read out of memary 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
10 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 and
write enable control signails for the line memory FIFOs. The process

ts for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pictures, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)*(5/12) = 5/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channe!

20 active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
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

2s and 358 is active for (1/2)°(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channei video
by the 910 x 8 FiFOs.

in each of the FIFOs, the video data is buffered to be read out

30 at a particular point in time. The active region of time where the
data may be read out from each FIFO is determined by the display
format chosen. In the exampie 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

35 the right hand half of the display. The arbitrary video portions of
the waveforms are ditferent for the main and auxiliary channeis as

T



° 'ahOl’I zontal and vertical deflection and video controls.
-one- cAY@ 934834 i s i ndustry designated typeeTA7730. The ba g@ aél%gcé%

. .signal VIDEO QUT devel oped in the one-chip and resulting from20 the

'signal fromfirst tuner 206 is an input to both video switch 200 and the
"TV1 input of wide screen processor 30. O her baseband video |nputs to video

swi tch 200 qnﬁsﬁéﬁcﬂ“#ﬁé Rl e 39!%“‘:% Tﬁgﬁﬁl ?h@‘tEPF Mﬂéd Eﬁ? ‘H‘ugﬁuo
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s 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

10 auxiliary) while the read enable control szgna!s 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

15 appropriate for a wide format display ratio display, for example
16 X9. Most NTSC signals are represented in a 4 X3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or

20 squeezing the pictures by 33%, and introducing aspect ratio
distortion. Depending on. user preference, the ratio of picture
cropping to aspect ratic 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.

25 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 .
NTSC video signal must be sped up by a factor of 4/3 to preserve a
correct aspect ratio, without distortion. The 4/4 factor is

30 calculated as ratio of the two dispiay formats:

| 4/3 = (16/g) / (4/3)
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs
having different clock rates at the inputs and outputs have been usec
3s to perform a similar function. By way of comparison, if two NTSC

TN uﬁin




“processor selects between the TV1 and SW TCHED VI DEO signals as a 30 SEL
COW OWowidmassi gnal which is an input tB a Y/ C decoder 2FRCT/US81/MBT33
.decoder 210 may be inplenmented as an adap id%e line conb 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

| um nance and chrom nance 35 signals. A switch which nmay be incorporated

Suiten, T {r o celenial, MG N ST BTG of £ 100 ¥ 6
pair of Yy, each picture must be distorted or
- cropped, or some combination thereof, by 50%. A speed up
comparable to that needed for a wide screen application is
S unnecessary.

Generally, the video dispiay and deflection system is
synchronized with the main video signal. The main video signal must
be speeded up, as explained above, to fill the wide screen display.
The auxiliary video signal must be vertically synchronized with the

10 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 speeded up in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line

15 memory device 354 for speeding up the signal.
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{.um nance and chr as out puts designated YM and
respeé??\?é(%he(i)mlw &lﬂ,ﬂ HIHII | uni-gahee and chrom nar?(g"yﬁaﬁgP?:’l s
. thereafter considered the main signal and is processed 5 along a main
signal path. Signal designations including Mor M refer to the main
signal path. The chrom nance signal CINis redirected by the wide screen
processor Wﬁ? to the o e-chip, for devel oping color difference signals UM
and VM ts'?éf}éfrﬂe US's an equi val ent desi gnation for (RY) and Vis
an equi vaI ent 10 designation for (B-Y). The Y M UM and VMsignals are
converted to digita t S¢ Qessor for further signal
processjleng Theqsec‘fk)ngéaémr%‘:?h Zﬁpﬂﬁiﬁ%t 82‘3'55‘5{” efined as part of the w de
2

video display means havmg a first format display ratio of

3 width to height;

4 means for receiving a first video signal representing a first

5 picture;

6 means for receiving a second video signal representing a

7 second picture having a second ratio of width to height different

e than said first ratio; |

9 means for changing said ratio of width to height of said second .

10 picture; and,

14 .means for combining a portion of said first plcture with a
12 portion of said changed second picture for simultaneous display of
13 said first and second picture portions.

2. The apparatus of claim 1, further comprising means for
storing said changed second picture pnor to .said combination with
said first picture.

1 3. The apparatus of claim 1, wherein said change is
2 compression in both said width and height.

1 4. The apparatus of claim 1, wherein said first format display
2 ratio of said video display means is wider than 4:3.

5. The apparatus of claim 1, wherein said first format display
ratio of said video display means is approximately 16:9 and said
second format display ratio is approximately 4:3.

1 6. The apparatus of claim 1, wherein said first format display
2 ratio of said video display means is approximately 16:9 and said

second format display ratio is approximately 2:1.

1. *7. The apparatus of claim 1, wherein said second picture
2 forms an inset within said first picture.

miiiiﬂi‘iiﬁﬂfi‘ |||‘ﬂ



sCreen processor Sg'wwruﬁmmwand video signal TV2. A 15 switch SW
sel ect s WOOLE9884 he, D VIDE@signal s as an i npaI/Us9uedY?3
-decoder 220. The Y/C decodefl 220 ray be inplenented as an adaptive line
comb filter. Switches SWB and SW sel ect between the | um nance and

chrom nance out puts of Y/ C decoder 220 and the | um nance and chrom nance
signals of an 20 external video source, designated YEXT and CEXT

respectively. The Y_EXT and CEXT signals correspond to the S-VHS input SI1.

The Y/ C decoder 27) aTHeSapparitas NBcriim $%ﬁa?$ih%§}@”#?}§§e%(}§$sé&r§8”e
d | . fil . Ih f
?hgffai'i:‘/'?e?l g%gmﬁeéréﬁéfi%ﬁﬁﬁﬁ%ﬁgitﬁamp%\gﬁbf? Sssiﬁ?ocegged al oln; an 25

“auxiliary signal path. The sel ected'|um nance output is designated

1 8. The apparatus of claim 1, wherein said asymmetric

2 changing means comprises:

3 means for digitizing said second video signal;

4 means for horizontally and vertically subsampling said second
s video signal at a first and second rates respectively; and,

6 means for storing said subsamples from said second video

7  signal.

4 10. A video display system, comprising: :

2 video display means having a first format display ratio of

3 width to height; .
4 means for receiving a first video signal, defining a picture in a
5 second format display ratio of width to height smaller than said

s first format dispiay ratio; _

7 means for asymmetrically compressing said width and height
8 of said picture; and,

9 means for mapping said asymmetrically compressed picture
10 onto said display means.

11. The system of claim 10, further comprising means for
2 storing said asymmetrically compressed picture.

—

1 12. The system of claim 10, wherein said first format display
ratio is approximately 16 X8 and said second format display ratio
is approximately 4 X 3.

1 13. The system of claim 12, further comprising means for
combining said picture with another picture for simultaneous
dispiay of both said pictures on said display means.

as Been Reﬁaced
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Y, A. Signal desi AX and _AUX refer |[liary
si gnalW 1H193%e gmu Iﬂlmﬁﬁa ance i-BGenverted to col o‘;‘?{ﬁ%ﬁé&ﬁ@é
signals UA and V_A T Y WA and V_A signals are converted to digital
formfor further si gnal processi ng. The 30 arrangenent of video signal
source switching in the main and auxiliary signal pat hs maxi m zes

f|eXIbI|ItyIan'IH'| t he source selection for t different parts of the
differeht picture Jgﬁga fc cl gﬁptﬁh?@%ﬁ% r RMPrassigyMigansove

SYNC, carrezqmptessgs sad pictme sbyplao‘iacted of approximiatedyr4:dn processor to
a sync 3epdiiintaly- ahle by°'d 3aBidt of Wpyfdiifriatbly> WENERIcHIRY components

1 15. The system of claim 10, wherein said picture forms an
2 inset within another picture.

16. The system of claim 10, wherein said asymmetric
compressing means comprises: |

‘'means for digitizing said video signal;

means for horizontally and vertically subsampliing said video ‘
signal at a first and second rates respectively; and,

means for storing said subsampies from said vided signal.

- ST S I N

17. The system of claim 10, wherein said picture is a
combination of multiple pictures from more than one source.

18. The system of claim 10, wherein said picture is a
combination of muiltiple pictures from one source.

N ~ = N =

19. A video signal processor for a vndeo display apparatus,
comprising:

means for digitizing a video signal defining-a picture having a
format display ratio of width to height; and, '

means for selectively changing said width and height of said
picture by first and second factors respectively to control aspect
ratio distortion of said picture; and, _

means for generating said aspect ratio controlled picture as an
output for display by said video display apparatus. '

W O N O 0 N -

20. The processor of claim 19, further comprising means for
storing said aspect ratio controlled picture prior to generation of
said output.

[

21. The processor of claim 19, wherein said first and second
2 factors are different from one another.

This Sheet Has Been Replaced
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+1 2- respectiv a vertical countdown circuit 214. The
verti mbgq:ggg&d?“"’ﬂ ’ml'iﬂ m ps a VBRI CAL RESET si gnRCT/H$91403733
directed into the* wiede LSCh cessor 30. The wi de screen processor
‘generates an internal vertical reset output signal INT 5 VERT RST OUT
directed to the RGB interface 60. Aswitch in the RG interface 60 selects
between the internal vertical reset output signal and the vertical
synchroni zi ng conponent of the external RGB source. The output of this

switch s a sel egf edTgr bidcdlssBY G ERFT 139 WABRAACEAIGSRH(ERhaSYB oAl rect ed

to the .deflection
2 factors are the same.

-—

23. The processor of claim 19, wherein said picture is
2 asymmetrically compressed.

24. The processor of claim 19, wherein said selective
changing means comprises means for horizontally and vertically
subsampling said digitized video signal at said first and second
rates respectively.

W N -

25. The processor of claim 19, further comprising' means for
combining a portion of a second picture with a portion of said aspect
ratio controlled picture for simultaneous display of said pictures.

N

1 26. The processor of claim 19, further comprising means for
2 supplying said first and second factors *o said changing means.

27. The processor of claim 21, wherein said selective
changing means comprises means for horizontally and vertically
subsampling said digitized video slgnal at sa:d first and second
rates respectively. -

b LN -

1 28. The processor of claim 27, further comprising means for
combining a portion of a second picture with a portion of said aspect
ratio controlled picture for simuitaneous display of said pictures.

1 29. The processor of claim 28, further comprising means for
2 supplying said first and second factors to said changing means.
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(57) Abstract

A wide screen television apparatus comprises a video di
for example approximately 16x9. A first video signal defines a

signal processor (301) asymmetrically compresses the second

of pictures from one source or from multiple sources.

splay (244) having a first format display ratio of width to height,
first picture. A second video signal defines a second picture in a

second format display ratio of width to height smaller than the first format display ratio, for example approximately 4x3. A video

picture, for example 4:1 horizontally and 3:1 vertically. A video

memory (420) stores lines of video of the asymmetrically compressed picture. Another video signal processor {300) combines por-
tions of lines of video in the first video signal with the stored lines of video of the asymmetrically compressed picture for simul-
taneous display of the first and second pictures. The asymmetrically compressed second picture is displayed without aspect ratio
distortion. The second picture can form an inset within the first picture. A single picture display can itself comprise a full screen
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The w de scree roc ssQr l?e%
for spem‘g auxiliary video signal.
'plctureln plcturels eV|ated as PIP or pix-in-
array 300 conbines th Ilary 10 video signal
variety of display formats,
through 1(i). The picture-in-picture é}é’CUIt 320 gnd

2&S a picture in picture processor 320

Pﬁ‘&.ﬁ ’69313% '
data in a wde

as shown by the exanples of FIGURES 1(b)
ate array 300 are

under the control of a wi de screen mcCroproces r““( [err] P) 340.
M croprocessor 340 is responsivg;to the TV nﬁ sor 216 over a serial
bus. The 15 serial bus i,n&dgde® & ou;_§|>gnal ne,_hag)r dat a, ¥I ock
signal s, enabl e signal ana' esgt™si vm flesgcreen prqgcessor 30
al so generates a conpo@iE ertfcal gﬁ g asJa three
o leH=1] £ o§
P 2 _E.' Q >'§
; 5111 =
g - TPTT N 5
g JE EEE
[ |8, =S5+ 2 <
g WN"ONAS O o
e _ . —
Eled £ XInoTOM
S : - g
=== >
>>'> SLE 5
- g
[t z z
-
- ~N
: TR
55 5. |55
S5SE8 8
1444/.8][z8
o Qg
2 |3 }_,g
» |8 'Ziff
Ll g 313
e = '
S ol (Fre
3 8§ 5 &g §g
\ | | [EE
&> = 1° \
= Yo —.gﬁ =
J\A)\ AA & 5 L T |
555 E2 3 A FAAER f # '
2> B z 5§ 2 358 %
T 55 & 83§ 3
> g = =




. Signal |s supp i ed

ignal input section to the RG& interface.

" Vevel sandcastle e n tlvel y, the vertical blanking and reset
si gnal ﬁjﬁﬁﬁ ﬁﬁF e signals. A conposite pOr/Us9risTsy

The deflection cir in nmore detail in FIGURE 14. receives a
vertical reset signal fromthe w de screen processor, a selected 2fH

hori zontal synchroni zing signal frgmthe RG int e P 60 ¢snd
additional conte®l signals fromthe w dg sgreen 08 Pthede additional

control signals Lzaoi g, nSlz8\ adj ust ment¥and
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. supm

* 30 converter 240. QOperating voltages for the entire wi de screen television
are genswﬁ ﬁafgy a power supply 70 which can be energi zed Pgx/889H@3783i NS

é e screen processor 30 is shown in nore detail in 35 FlIGURE
8. The principal conponents of the w de screen processor are a gate array
300, a picture-in-picture circuit 301, analog to -1 4- digital and
digital to anal og converggys, the second tuner, 208, a
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“wide screen processor m croprocessor 340 and a wi de screen output encoder
227. Fyyy (t)??ngg; ails of the wide screen processor, which apeTrosewayns W th
.both th H and the 2fH chassis, for exanple 5 the PIP circuit, are shown
ifr FIGURE 4. A picture-in-picture processor 320, which forms a significant
part of the PIP circuit 301, 'is shownFéngrmre detail in FIGURE 5. The gate
array 300 is shown in nore detail in RE 6. A nunber of the conponents
shown in FIGURE 3. formng parts of the main_and auxiliary signal 10
‘paths, have al ready been d ri bedsi n detai |2 The secddd tu;er 208 has
associated therewith an IR 224 and an =audio stagg 226} The second
tuner 208 al so opergtes |n==c£ nc, |on vmth he WGP [er] P }340 The WsP
[err] P 340 corrprise © o )
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nput out | / O'secti on 340A and an anal og out put section 340B. 1 5 The
I/C)secNY ﬁ*@ﬂ@ﬂ'prOV|des tint and color control signals, tPCTVOSYENFT33
-signal for selecting the external RGB video source and control signals for
thhe switches SW through SWs. The 1/0O section also nonitors the EXT SYNC
DET signal fromthe RG& interface to protect the deflection circuit and
cathode ray tube(s). The anal og 20 out plff2 secti on 340B provi des contro
signals for vertical size, east- west adjust and horizontal phase, through
respective interface circuits 254, 256 and 258. The gate array 300 is
responsi ble for conbining video information fromthe main and auxiliary
signal paths to inplenent a 25 conposite w de screen display, for exanple

one of those shown in

FIG. 7
* FIG. 8
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“ the different parts of FIGURE 1. dock information for .the gate array is
provid RY,/9R8pe | ocked | oop 374, which operates in conj URCT/USSMBITI3| ow
, pass filter 376. The main video signal is supplied to the wi de screen
processor in analog form and Y UV format, as signals 30 designated Y_M

UMand V.M These main signals are erted fromanalog to digital form
by analog to digital converters 342 % shown in nore detail in FIGURE
4. The col or conponent signals are referre t by t he generic designations

U and V, which may be assigned to either -E B—\(._35 si gnal or I and O

signals, The sanpled | um nance bandw dth>gl tecﬁto 8 Mz b Suse t he
systemclock rate is 1024fH \Mt'>och IS 5,.. z
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l 5- approximately 16 MHz. A single analog to digital

converter and an

anal og W@i21£19384n be used to sanple the col or conponent datRCHESALO373Ihe U

-and V signals are limted to 500 KHz,

lisne WV MUX for the anal og switch,

derived hy dividing the syste

e

or

ltiplexer s
ock

344.

1.5 MHz for wide 1. The sel ect
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2 A one clock wi de start of
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*10. cycles, the state of the UV MJX, once initialized, will consistently
toygle wodi/103841, - . . , without interruption. The Y and bkiTdsa/efssans
.out of the analog-to digital converters 342 and 346 are shifted because the
ahalog to digital converters each have 1 clock cycle of delay. In order to
accommodate for this data shift, the 15 <clock gating information fromthe
mai n si gnal processing path 304 nust be simlarly delayed. Were the cl ock
gating information not delayed, the UV H¥12 will not be correctly paired
when deleted. This is inportant because each UV pair represents one vector.
A U elenment fromone vector cannot be paired with a V elenent from 20

anot her vector w thout causing a color shift |Instead, a V sanple froma

previous pair will he deleted along with the current U sanple.
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Thls method of WV nmultiplexing is referred to as 2:1:1, as there are two
I-umi nang@ o3A9B8€S for every pair of color conponent (U, V)PSAASSUL03T3c
. Nyqui st frequency for both Uand Vis effectively 25 reduced to one half
of the | um nance Nyqui st frequency. Accordingly. the Nyquist frequency of
the output of the analog to digital converter for the |um nance conponent
is 8 MHz, whereas the Nyquist frequencyy the output of the analog to

digital converter-for the col corrponen s is 4 MHz. 30 The PIP
circuit and/or the gate arra y al so include neans for enhancing the
resolution of the auxiliary notw t hstandi ng the data conpression. A
nunber of data reductgon and restoration schenes have been devel oped,

i ncludi ng for exanpl
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pai red pixel conpression and dithering and dedithering. Mreover, 35

di f f er eWO®t{19384 ng sequences invol ving different nunbers ofPQI/USIBNET?I3
+di-f ferent paired pixel conpressions involving different nunbers -1 6- of
bi*ts are contenpl ated. One of a nunber of particular data reduction and
restoration schenes can be selected by the WSP [err]P 340 in order to
maxi m ze resol ution of the displayed videqafqor each particular kind of
picture display format. 5 The gate array includes interpolators which

operate in

FIG. 16
FIG. 17
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MAL/ 2w

: c.,onj uncti ofn—w-t h—H-ne-nenories, which may be inpl emantj é as FIFO s 356 and-

358. The r and FIFO s are utitBfed to resaane Lhe aga
. ds desir D j ' n ﬂﬂllnterpolator can résanple ihe; aerluazﬁislg
¢ ock an rcuits in 10 the gate array ‘contfol"the data

mani pul ati on of both the main and auxiliary signals, |nclud|ng t he
conbi nation thereof into a single output video signal having Y_ M U M
and V_MX conponents. These output conponents are converted to analog form

by digital Lo anagoo THNIAERSER cidit AkiAdin Tak 3nst ehd aeBoriainal o

designated Y, 15 U e su WU 2t H converter 40 for
conversion tRiCReTRSHANE alfeﬁu §§ﬁ=ﬁfia{b’ cnraparra eaﬁH!Q/ signals are al so

encoded to Y/ C format by encoder 227 to define a wide format rati o out put

9. The apparatus of claim 1, wherein said
changing means comprises:
means for digitizing said second video signal;
means for horizontally and vertically subsampling said second
video signal at a first and second rates respectively; and,
means for storing said subsamples from said second video
A signal.

10. A video display system, comprising:

video display means having a first format display ratio of .
width to height; :

means for receiving-a first video signal, defining a picture in a
second format display ratio of width to height smaller than said
first format dispiay ratio; |

means for asymmetrically compressmg said width and height
of said picture; and,

means for mapping said asymmetrrcauy compressed picture
onto said drsplay means.

L ' 11. The system of claim 10, further comprising means for
storing said asymmetrically compressed picture.

12. The system of claim 10, wherein said first format display
ratio is approximately 16 X9 and said second format display ratio
. is approximately 4 X 3.

13. The system of claim 12, further comprising means for
combining said picture with another picture for simultaneous
display of both said pictures on said display means.

laced

N




ik 2 -"'"
sfgnal EXT avai |l abl e at panel. Jacks SHM}UH’SVE s Z;§:§
. synchronr zi gm encoder 227 from{&Fer it he: 20! e array
: C'SYNC IWN, mlHI ircuit, C SYNC AUX Buifgh Sve e|. T’ v;ﬁ@z
out

YM and C_SYNC_AUX ‘as "syschfoni zi ng srgnar3ﬁbr the wi de screen pane
It can be desirable to display otherwi se interlaced video signals in a
progressively scanned format to inprove resolution of 25 the display. Such

conversion can be undertaken according to prior art techniques for
conventional 4 X 3 for atio spl,ays, Wth reference again to
FI GURE 2, the wi dg4scrﬁgé1 $§§ ‘f@) f@ Pﬂbéaﬁ {QPMPressing raeans
convert er 40COmpregeasr aafdwgalt:‘lwet by adastonadfsapsesngaatylyt a:tonvert an
interlaced Nhgtz8hthyWard! By2a facter of approximately 3:1 vertically.

15. The system of ciaim 10, wherein said picture forms an
inset within another picturs.

16. The system of claim 10, wherein said asymmetric
. compressing means comprises:

means for digitizing said video signal;

means for horizontally and vertically subsampling- said video
signal at a first and seconc rates respectively; and,

means for storing said subsamples from said video signal.

17. The system of claim 10, wherein said picture is a
ccmbination of multiple piciures from more than one source.

18. The system of claim 10, wherein said picture is a
combination of multiple pictures from one source.

19. A video signal processor for a video display

apparatus compr151ng-

means for digitizing substantially all of a video
signal defining a substaatially complete picture having
‘4 format display ratio of width to height; and

means for selectively changing said width and height
of said substantially complete picture by first and second
factor respectively to control aspect ratio distortion of
said picture; and,

means for generating said aspect ratio controlled
picture as an output for display by said video display
appatus.

—_—
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31)s progrﬂ”l anne"'d di-splay. In a progressively scarmed ch spl ayg! 7(33
eiarrpl e Mﬁ s used for storing sucgessive .fi el ds,,'so that- -
l'ines from sdfcces ds can be displ ayed: %uq&essﬂ veliy-i'n.ti @69 ‘ﬂ"\pﬁggz
|nterpolated to forn1ne i nes. The defl ecgggh” Gi‘t cui't® 30 i s*shown in

detail in FIGURE 14 35 A circuit 500 is provided for adjusting the
vertical size of the raster, in accordance with a desired anount of
vertical overscan -1 7- necessary for inplenenting different display

formats. As 20. The processor of claim 19, further comprising

means for storing saigd aspect ratio controlled picture
Prior to generation of said output.

-a

21. The processor of claim 19, wherein said first
and second factors are different from one another
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e
“ I ustrat ed d| agranmatlcal ly, a constant current source 502 provides a

pvhi ch chargns ARNEY A CEAENT de ol
ra

paral | el g)rﬁ,hc‘tw 4
th L o ar CHBLOn - pased Y. {Haged ..
ggsof gnflagj%fs(aa@ﬁ, %ag% BL%

e

ggzst : A g resre

. ou

capaci [, 31@:: rpa%cd! caI? %Fg
verti %? Vé‘n PE°Abgen:
provi d ’ﬁ‘é’ da Fopased vért:

corr I;u’é n‘&’sifé"‘t he Pé&‘t"ent -Hiraged ti-ca

screen RAEP| QK RECEIRT10....expanded..4

as shown in FIGURE 1 (a).

gt TR

eqadf.r

size fpr ?d i

overscan heeded®s f| Iﬂag? 'g \f\‘/i’d’éged-:--
X 3 fornmat{ di spl a
To the extent that

rati o signal source,
| gsBA br FRECEERE 8. ze. i s

requi red an adjustable curr e 5% r1 abl e anount of
current I[err] froml[err] @Mﬂ%?@ Eﬁ#ﬁ%ﬁ%ﬁ@“ or 504 charges
The invention relates to the field of televisions, and in
particular, to televisions having a wide display format ratio screen.

Most televisions today have a format display ratio, horizontal width

5 to vertical height, of 4.3.

A wide format display ratio corresponds

more closely to the display format ratic of movies, for example
16:9. The invention is applicable to both direct view televisions andg

projection televisions.

Televisions having a format display ratio of 4.3, often referred
12 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

broadcast with a 4 X3 format display ratio.

Many viewers finrd the

4 X 3 display format less pleasing than the wider format dispiay

15 ratio associated with the movies,

Televisions with a wide format

display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "lgok® like movies, not
cropped or distorted versions thereof. The video source need not be
26 cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television. )
Televisions with a wide display format ratio are also suited to
a wide variety of displays for both conventional and wide display
format signals, as well as combinations thereof in muitiple picture

2s displays.
numerous problems.

However, the use of a wide display ratio screen entails
Changing the display format ratios of muitiple

signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching
between muitiple sources to generate muitiple picture displays, and
a0 providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are soived in a

wide screen television according to this invention.

A wide screen

television according to various inventive arrangements is capable of
providing high resolution, single and multlple picture displays, from
3s single and mumple sources having similar or different format -
' ratios, and with seleq;ab,le d_rsp_l;y format- ratios.
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/ nore slowy and to a snmaller peak value. Variable current source 15 508 is
* responsive to a vertical size adjust signal, for exanple in analog form
generated by a vertical size control circuit. Vertical size adjustnment 500
i s independent of a nmanual vertical size adjustnment 510, which may be
I npl emented by a potentioneter or back panel adjustnent knob. In either
event, the vertical deflection 20 coil(s) 512 receive(s) driving current
of the proper magnitude for mapping the Bircture onto the display.
Hori zontal deflection is provided by phase adjusting circuit 518, East-West
pin correction circuist 514, a 2fH phase | ocked | oop 520 and hori zont al
output circuit 516. 25 The RG interface circuit 60 is shown in nore

detailed in Televisions with a wide display format ratio can be
implemented in television systems displaying video signais both at
basic or standard horizontal scanning rates and muitiples thereof. as
well as by both interlaced and noninterlaced scanning. Standard
s 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
scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1fy, and 1H. The
10 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
displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
15 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, caonsecutively. In each case, the
horizontai scanning frequency must be twice that of inc standard
horizontal frequency. The scanning rate for such progressively
20 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.
Television apparatus with conventional format display ratios
can be equipped for displaying multiple pictures, for example from
25 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
tuner in the television provides a picture filling most of the screen.
or display area, and an auxiliary video source provides a small inset
3o 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 instances, the inset picture can be positioned
in a number of different locations. In wide screen television
apparatus, another display mode is possible, and is referred to as
35 picture-outside-picture (POP). In this mode, several inset auxiliary.
| © . pictures can- share -a.common boundary with 2 main picture. A POP’
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FI GURE 15. The signal which is to be ultimately displayed wll be sel ected
between the output of the 1fH to 2fH converter 40 and an external RGB

i nput. For purposes of the wi de screen tel evision described herein, the
external RG input is presuned to be a wide 30 format display ratio,
progressively scanned source. The external RGB signals and a conposite

bl anki ng signal fromthe video signals input section 20 are inputs to an
RGB to Y UV converter 610. The externaB-2fH conposite synchroni zi ng signa
for the external RGB signal is an input to external synchronizing signal
separator 600. 3 5 Selection of the vertical synchronizing signal is

i npl enented by switch 608. Sel ection of the horizontal synchronizing signal

I's display mode in a wide screen television apparatus is shown in
FIGURE 1(f). Another display mode is often referred to as channel
scan, wherein a large number of small pictures, each from a
different channel source, fill the screen in a freeze frame montage.

s There is no main picture, at least in terms of size. A channel scan
display mode in a wide screen television apparatus is shown in
FIGURE 1(i).

Horizontal scanning is accomplished in the same amount of
time in a wide screen television apparatus as in a conventional
10 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
the images in the displayed picture. Accordingly, problems can be
encountered when displaying a video signal having a conventianal
15 4 X3 display format ratio on a wide screen television apparatus,

- for example one having a 16:8 format display ratio, also referred to
as 16 X 9. These particular format display ratios would result in a
horizontal stretching or expansion by a factor of 4/3. This is a
problem for displaying pictures having a 4 X3 display format ratio

20 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 X 9 format
display ratio -which matches-the display ‘medns of the tefévision
apparatus. '

2s 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 and is
available from Thomson Consumer Electronics, inc. The CPIP chip is

3o described more fully in a publication entitted The CTC 140 Picture in
Picture (CPIP) Technical Training Manual, available froam Thomson
Consumer Electronics, Inc., Indianapolis, indiana. Such picture-in-
picture processors are not suitable for implementing special display
modes, such as PIP, POP and charinél scan, in wide screen.television

35 apparatus. [f an auxiliary picture developed by'such a picture-in- .
picture processor from an'auxiliary video soyrce w'_e_re- dispiayed on _é :
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18 inmplenented by switch 604. Selection of the video signal

I's inplemented

by switch 606. Each of the switches 604, 606 and 608 is responsive to an
i nternal /external control signal generated by the WGP [err] P 340. Sel ection

of internal

or external video sources is a s user selection. However,

user inadvertently selects an external RGB source, when no such source
connected or turned on or if the externgl source drops out, the vertical

raster wl|l

col | apse, and serious damage to the cathode ray tube(s) can

if a
i's

result. Accordingly, an external synchronizing detector 602 checks for the
presence of an

10

15

29

28

30

s

wide screen television apparatus without an external speedup
circuit, the auxiliary picture, or pictures, would be geometrically
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
prajection. [f 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 otherwise allotted
for the auxiliary dispiay.

It is an inventive arrangement to provide a wide screen
television apparatus which can implement special display modes as
are now possible in conventional television apparatus, such as PIP
and channei scan, as well as POP. in accordance with this aspect of
the invention, a wide screen telgvision is 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 aspect ratio distortion. The distortion is generally
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 auxitiary video signal having-a 4:3 display format
ratio on a television apparatus having a 16:9 format display ratio,
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 haorizontal compression factor would be 1.5 times greater than
the vertical compression factor. The asymmetric compression .
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 of
memory, in accordance with the normal operation the picture-in-
picture processor, the resulting auxiliary display exhibits no aspect
ratio distortion and is proper size for its intended purpose, whether
PIP, POP, channel scan or otherwise. The horizontal expansion

_realized by. scanning in the widgr.-tetevisipn tube exactly cancels the -
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10 external synchronizing signal. In the absence of such a signal, a
swtch override control signal is transmtted to each of swtches 604, 606
and 608, to prevent selection of the external RG source if the signal
therefromis not present. The RG to YUV converter 610 al so receives tint
and color control signals fromthe WSP [err] P 340. 15 A wi de screen
television in accordance wth the inventive arrangenents can be inplenented
with 1fH horizontal scanning instead of 2fH horizontal scanning, although
such a circuit is not illustrated. A 1fH circuit would not require the 1fH
to 2fH converter and the R@& interface. Accordingly, there would be no
provi sion for 20 displaying an external wide format display ratio RGB
signal at a 2f¥%Rse¥npresgiomt thatTisethe dsysuneric padcekser paod to
pi cture-in-psrage in the video memory.
A television apparatus, for example a wide screen television
apparatus, according to this inventive arrangement comprises a
s video display having a first ratio of width to height. The video
display can be, for example, a direct view picture tube or a
projection picture tube used with a screen. A first tuner or jack
provides a first video signal, representing a first picture. A second
tuner or jack provides a second video signal, representing a second
10 picture having a second ratio of width to height different than the
first format display ratio. A first signal processing circuit
digitizes the second video signal and asymmetrically distorts the
the second picture by horizontally and vertically subsampiing the
digitzed signal at different rates. A video memory stores the lines
15 of subsampled video of the asymmetrically distorted picture prior to
the combination with the line portions of the . first video signai. A
second signal processing circuit combines portions of lines of video
in the first videa signal with lines of video of the asymmetrically
compressed second picture for simuitaneous display of the first and
20 second pictures, the asymmetrically distorted second picture being -
displayed without aspect- ratio distortion.
it is another inventive arrangement to provide a picture-in-
picture processor which can provide- selectable factors of horizontal
and vertical compression for auxiliary video signals. Such a
25 picture-in-picture processor can be used with television apparatus
having different display format ratios, and with television
apparatus which may have modes- of operation which do not
necessarily utilize the entire extent of a wide screen. Asymmetric
compression in accordance with this aspect of the invention can be
3o fully implemented on a chip, and can be implemented by moditying
existing picture-in-picture processing chips.
A video signal processor for a video display apparatus, for
example a wide screen television apparatus, according to this
inventive -arrangement comprises a circuit for digitizing a video -
35 - signal defining a picture having a tormat display ratio of width to
" height and a circuit fqi selectively changirig the width and height of
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processor for a 1fH circuit would be very simlar. The gate array coul d be
substantially identical, although not all of the inputs and outputs woul d
be utilized. The various resoluti-on enhancenent 25 schenes descri bed
herein can be generally applied without regard to whether the tel evision
operates with 1fH or 2fH scanning. FIGURE 4 is a bl ock di agram show ng
further details of the wide screen procesgsor 30 shown in FI GURE 3 which
woul d be the sanme for both a 1fH and 2f Hchassis. The Y. A, UA and V_A
signals 30 are an input to the picture in picture processor 320, which can
i nclude a resolution processing circuit 370. The wi de screen television
according to aspects of this invention can expand and conpress video. The
speci al effecthe pirdett &y tystt Bodvsetands factors respectively to contral

aspect ratio distortion of thé picture. The selective changing
circuit horizontally and vertically subsamples the digitized video
signal at the first and second rates respectively. An output circunt

s generates the aspect ratio controlled picture as an output for
display by the video display apparatus. A memory circuit stores
video lines of the aspect ratio controlied picture prior to generation
of the output. A multiplexing circuit combines portions of video
lines in a second video signal with video lines of the aspect ratio

10 controlled picture for simultaneous display of the pictures. The
first and second factors are supplied to the selective changing
circuit, for example by a microprocessor.

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

formats of a wide screen' television.

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

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

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

FIGURE 5 is a block diagram of the p:cture-m‘p;cture
processor shown-in FIGURE 4:-

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

2s FIGURE 4 and illustrating the main, auxiliary and output signal
paths.

FIGURES 7 and 8 are timing diagrams useful for explaining the
generation of the display format shown in FIGURE 1(d}, using tully
cropped signals.

30 FIGURE 9 is a block diagram of the the timing and control
section of the picture-in-picture processor of FIGURE 5.
. FIGURE 10, FIGURE 11 and FIGURE 12 are block diagrams of the
decimation section of the txmmg and control section shown in
o FIGURE 9.
s FIGURE- i3isa table of values used for controllmg the
'decxmatlon sectton shown in FIGURES 10 12.
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conposite display formats illustrated in part in FIGURE 1 are 35. generated

by the picture-in-picture processor 320, which can receive resol ution
processed data signals Y RP, URP and V_RP from resol ution processing

circuit 370. Resolution processing need not be utilized at all tines, but

during selected display formats. The picture-in-picture processor 320 is
shown in nore detail in FIGURE 5. The principal conponents of the

pi cture-in-picture processor are 5 an anat og-to-digital converter section

322, an input section 324, a fast switch (FSW and bus section 326, a
timng and control section

FIGURE 14 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.

FIGURE 15 is a block diagram of the RGB interface shown in
FIGURE 2.

5 FIGURES 16 and 17 are block diagrams of fully programmable,
general purpose decimation circuits for controlling horizontal and
vertical compression ratios respectively.

The various parts of FIGURE 1 illustrate some, but not all of
the various combinations of single and multiple picture display

10 formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
screen televisions according to the inventive arrangements. For
purposes of convenience in illustration and discussion herein, a

15 conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
signal is generally deemed to be 16 X 2. Ths inventive
arrangements are not limited by these definitions.

20 FIGURE 1(a) illustrates a television, direct view or projectiod.
having a conventional. format display -ratio of 4 X3. When a 16 X 9
format display ratio picture is transmitted, as a 4 X3 format
display ratio signal, btack bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,

25 the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X3 format display.
However, much information will be cropped from the left and/or

3o right sides. As a further alternative, the letterbox picture can be
expanded vertically but not horizontally,*whereby the resulting
picture will evidence distortion by vertical elongation. None of the
three alternatives is particularly appealing.

FIGURE 1(b) shows a 16 X9 screen. A 16 X 9 format ‘display
as _ ratio video source would be fully displayed, without cropping and
e thhout dnstortton A 16 X9 format dtsplay ratto !etterbox
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- 328 and a digital -to-anal og converter section 330. The timng and control
' section 328 is shown in nore detail in FIGURE 9. The picture-in-picture
processor 320 may be enbodi ed as an 10 i nproved variation of a basic CPIP
chi p devel oped by Thonmson Consuner Electronics, Inc. A nunber of special

features or special effects are possible, the followi ng being illustrative.
The basic special effect is a large pict@<e having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). It will be

appreciated that 15 the basic CPIP chip was not adapted for use with a
wi de screen television and is not appropriate for use with a wi de screen

television. Higwrar WhigRlisSHblt W & W RS 48AnRCibhlal" Al i mRaK! de0
signal, fro.mb%' ];:froegrreeggsiv\é\y es?:ar%r'lgcrl] %lys lir%] docl.%]ingeolr rl]in% acdc?iggr?. SC(J) ras to
provide a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such
s a 16 X9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source.

FIGURE 1(c) illustrates a 16 X 9 format display ratio main
signal in which a 4 X3 format display ratio inset picture is
displayed. If both the main and auxiliary video signals are 16 X g

so format display ratio sources, the inset picture can also have a
16 X9 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.

15 Each display area has an format display- ratio of 8 X 9, which is of
course different from both 16 X8 and 4 X 3. 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 ¢ropped on the
feft and/or right sides. More of the picture can be shown, with less
20 cropping, if some aspect ratio distortion by horizontal squeezing of.
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 croppifig and
aspect ratio distortion from maximum cropping with no aspect ratio
25 distortion to no cropping with maximum aspect ratio distortion.
Data sampling limitations in the auxiliary video signal
. processing path complicate tha generation of a high resofution -
picture which is as farge in size as the display from the main video
signal. Various methads can be developed for overcoming these
as complications.

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. e N
35 ' FIGURE 1(f) illustrates a display format wherein one large
. 4X3 format dispiay ratio picture and three smaller 4 X 3 forma:.
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swapped. Generally speaking, the audio signal is switched to always 20
*correspond to the big picture. The small picture can be noved to any
position on the screen or can step through a nunber of predeterm ned
positions. A zoom feature increases and decreases the size of the smal
picture, for exanple to any one of a nunber of preset sizes. At sonme point,
for exanple the display format shown 25 _gi.n FIGURE 1(d), the |arge and
smal|l pictures are in fact the sanme size. In a single picture node, for
exanpl e that shown in FIGURES 1(b), 1(e) or 1(f) a user can zoomin on the
content of the single picture, for exanple, in steps froma ratio of 1.0:1

Lo v ootk Ao bRGuARC T8y S bR arsdls” Ch BaRuLNOUON the
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are

5 used herein for both display formats. In those circumstances where
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

10 pictures can be displayed in freeze frame format. It will be
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

15 be switched in position, as shown in FIGURE 1(g).

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 o~
either side. As in the previously described format, a wide screen

20 television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format.

FIGURE 1¢i) shows a display format havinga gnd of twelve
4 X3 format display ratio pictures. Such a display format is

2s particularly appropriate for a channel selection guide, wherein each
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

3o not limiting, and can be implemented by wide screen televisions
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 2fy horizontal scanning, is shown in FIGURE 2 and generally

3s _designhated 10. The television. 10 generaﬂy compnses a video
signals input section 20, a chassis or TV mlcroprocessor 216, a
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enabling the screen inmage to nove across different areas of the picture. In
*either event, either the small picture or the large picture or the zooned

pi cture can be displayed in freeze frane. (still picture format). This
function enables a strobe format, wherein the last 35 nine frames of video
can be repeated on the screen. The frane -20 - repetition rate can be

changed fromthirty franes per second to &fro frames per second. The
pi cture-in-picture processor used in the "Wide screen

wide screen processor 30, a 1fy to 2fy converter 40, a deflection
circuit 50, an RGB interface 60, a YUV to RGB converter 240, kine
drivers 242, direct view or projection tubes 244 and a power supply
70. The grouping of various circuits into different functional biocks
s is made for purposes of convenience in description, and is not
intended as limiting the physical posmon 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.
1o The video signals may be selectively switched for display as main
and auxiliary video signais. 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 controis
which antenna input is supplied to a first tuner 206 and to a second
15 tuner 208. The output of first tuner 206 is an input to a one-chip
202, which performs a number of functions related to tuning,
horizontal and vertical deflection and*-video controls. The particular
one-chip shown is industry designated type TA7730. The baseband
vigeo signal VIDEO OUT developed in the one-chip and resulting from
20 the signal from first tuner 206 is an input to both video switch 200"
and the TV1 input of wide screen processor 30. Other baseband
video inputs to video switch 200 are designated AUX1 and 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
2s switch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEQ is ancther
input to wide screen processor 30.
With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV{ and SWITCHED VIDEO signals as a
3¢ 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
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
35 signals. A switch,. which may be mcorporated as part of the Y/C
' decoder ‘of whlch may be nmplemented as-a separate swntch :s '
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tel evision according to another inventive arrangenent differs from5 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 w thout a
vi deo speed up circuit, the inset pictures would exhibit aspect ratio

di stortion, due to the effective 4/3 tinmes horizontal expansion resulting
fromscanning across the wwder 10 16 X 9 screen. Qbjects.in the picture
woul d be horizontally elongated. If an-é&xt-ernal speed up circuit were
utilized, there would be no aspect ratio distortion, but the picture would
not fill the entire screen. The picture-in-picture processor 320, according
to an 15 inventive arrangenent and unlike the basic CPIP chip, is adapted

for responsive to the TV microprocessor 216 for selecting one pair of
luminance and chrominance signals as outputs designated Y_M and
C_IN respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
s along a main signal path. Signal designations including _M .or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M and V_M. -In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
10 desigriation 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 SW4
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 signats 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 aiong an
2s 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 signais U_A and V_A. The Y_A, U_A and V_A’signals
are converted to digitat 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 to
s Y Mis prov:ded by the wide screen processor {0 a sync separator.
212 The hgnzontal and ver’acal synchrcntzmg components H and v
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asymmetrically conpressing the video data in one of a plurality of
* sel ectabl e display nodes. Conpression of the horizontal dinension is
different fromthe conpression of the vertical dinension. In one exanple of
this node of operation, the pictures are conpressed 4:1 20 horizontally
-and 3:1 vertically. The asymetrically conpressed video data is stored in a
video RAM which serves as a field nenoiy used, in part, for synchronizing
the auxiliary signal to the main signal. “This asymetric node of
conpressi on woul d produce aspect ratio distorted pictures if the data from
the video RAM were read 25 nornally for display by a conventional
television. Objects in the pictures would appear to be squeezed
hori zont al | y reseR@vely are inputs data vestiedlagountdonar wircLig 26+, disel ay by a
Wi de screen tvehioal ssoumtdown 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 RGR
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection

1o circuit 50, Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.

The 1ty to 2fy converter 40 is responsible for converting
interfaced 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 dispiay.. The converted video data asY_2fy, U_2fy and ~
V_2fy signals is supplied to the RGB interface 60.

25 The RGB interface 60, shown in more detail in FIGURE 15,
enables selection of the converted video cata 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
2fw 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 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 sﬁ"cn'
 a signal, can'résdl't'in vertical collapse of the raster, and damage to
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particularly one with a 16 X 9 format display ratio screen, objects in the
pi ctures appear correct. The picture fills the screen and there 30 is no
i mage aspect ratio distortion. The asymretric conpressi on node according to
this aspect of the invention nakes it possible to generate special display
formats on a 16 X 9 screen without external speed up circuitry. FIGURE 9 is

a block diagramof the timng and control,section 35 328 of the

pi cture-in-picture processor, for exanpl 32 nodified version of the CPIP

chi p descri bed above, which includes a

the cathode ray tube of projection tubes, Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order
to override the selection of 2 non-existent external RGB input. The
WSP microprocessor 340 also supplies color and tint controis 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

10 video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(by through 1(i). The picture-in-picture
circuit 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 wvertical 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 defiection circuit 50, shown in more detail in FIGURE 14,
receives a vertical reset signal from -the- wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface

2s 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

35 FIGURE 3. The prineipal components of the wide screen processor
‘are a gate array 300 a ptcture-m-pncture clrcunt 301 analog to
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-21- decimation circuit 328C for inplenmenting the asymmetric conpression.
" The decimation circuit 328Cis shown nore fully in FIGURES 10-12. FI GURE 10
is a block diagramof the circuit for inplementing s the horizontal
conpression. The circuit utilizes a decimation circuit fornmed by a counter
850, designated MOD_N CNTR1. The nunerical value at the Ninput is a
horizontal N.factor HOR_N FACTOR The hpgiLzontal N factor is related to the
extent to which the picture represented by the video data of the auxiliary
10 signal wll be reduced in size for display as a PIP or POP, and
accordingly, is also a neasure of the rate at which pixels within a
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 2ty chassis, for example
s the PIP circuit, are shown in FIGURE 4. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 5. The gate array 300 is
shown in more detail in FIGURE 6. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signat
10 paths, have aiready been described in detail.
The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 alsc operates in
conjunction with the WSP uP 340. The WSP uP 340 comprises an
input output IO section 340A and an analog output section 3408.
ts The IO section 340A provides tint and color contro! signals, the
INT/EXT signal for selecting the external RGB:video source and
control signals for the switches-SW1 through SW6. The /O section
also monitors the EXT SYNC DET signal from the RGE interface to
protect the deflection circuit and cathode ray tubefs). The anaiog
20 output section 340B provides control signals for vertical size, east-.
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 268.
The gate array..300.is responsibie -for combining video
information from the main and auxiliary signal paths to implement a
2s 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
348, 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 -
timited to 8 MHz because the system clock rate is 1024fy, which is
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line are subsanpled. The nunerical input to the load value input is set to
""0". The ripple carry out RCO output is a horizontal |ine sanple enable
signal. FIGURE 11 is a block diagramof the circuit 15 for inplenenting
the vertical conpression. This circuit is based on a decimation circuit
fornmed by a counter 858 designated MOD_N CNTR2. The nunerical value at the
N input is a vertical N factor VERT_N FACTOR The vertical N factor is also
related to the extent to which the plctUSe represented by the vi deo data of
the 20 auxiliary signal will be reduced in size for display as a PIP or
POP, but in this case, is a nmeasure of how many horizontal |ines are
sel ected for subsanpling. The nunerical input to the |load value input is

determ ned bypgroRimi@lelyCds RULU Rlimle PaRifg A8 LiBRal BEAVGRr and an
analog switch can be used to sampie 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 muitipiexer

s 344, is an 8 MHz signal derived by dividing the system clock by 2. A

one clock wide start of line SOL pulse synchronously resets this
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clack 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 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 paired with a V element from

20 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 both U and V is effectively

25 reduced to one half of the luminance Nyquist frequency. Accordingly.
the Nyquist frequency of the output of the analog to digital
converter for the iuminance component is'8 MHz, whereas the T
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 aiso 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 exampie
paired pixel compression and ditiering and dedithering. - Moreover,

3s. different dithering sequences’ invalving different numbers of bits .
and different paired pixel compressions involving different numbers .
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N factor. The vertical N factor is added to "2", the resulting sumis 25
divided by "2", and the result of the division is gated by an upper/| ower
field type signal UL_FIELD TYPE. added to "2". The output of the counter
858 is a vertical line sanple enable signal. The horizontal and vertical N
factors are generated by a circuit 859 shown in FIGURE 12. The input is an
N_FACTOR val ue ranging 30 from"0" throgigh "7". Each N val ue corresponds
to pairs of horizontal and vertical conpression ratios, as shown in the
table of FIGURE 13. The N factors are provided by the WSP [err] P 340.
Circuit 859 conprises nmultiplexers 862 and 864 and a conpare to "6" circuit

conpr essi on Srat i afs KorbBlated o On8 of & RumBRL A ATt atRt s of
reduction and restoratson schemes can be selected by the WSP uP
340 in order to maximize resolution of the displayed video for each
particular kind of picture dispiay 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
auxitiary 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
canverters 360, 362 and 364. The analog form signals, designated Y,

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 SW5
seiects a synchronizing signal for the encoder 227 from either the

20 gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.. N
Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing
signal for the wide screen panel output.

It can be desirable to display otherwise interlaced -video
signals in a progressively scanned format to improve resolution of

2s the display. Such conversion can be undertaken according to prior
art techniques for conventional 4 X 3 format display ratio displays.
With reference again to FIGURE 2, the wide screen television 10 is
provided with a 1fy to a 2f4 converter 40, for generating the timing
signals necessary to convert an interlaced NTSC display into a

30 progressively scanned display. In a progressively scanned display,
for example, a video RAM 420 is used for storing successive fields,
so that lines from successive fields can be displayed successively in

~ time, or be interpolated to form new lines. _
The deflection circuit 50 is shown in more detail in FIGURE 14.

s A circuit 500 is .provided for adjusting the vertical size of the
- raster, in accordance w;th a desared arnount ‘of vertical overscan
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the nultiplexers. Wien the N factor is "6", the "1" inputs of the -22-
mul tiplexers are gated as the outputs. These inputs result in the
asynmetric conpression of 4:1 horizontally and 3:1 vertically. The counters
in the decimation circuits function are shown as integral nunber

deci mators. However, the processing does not have 5 to be limted to
conpression of the inmages in integer increnents, provided that the

hori zontal conpression factor is 4/3 ti-ie&-the vertical conpression factor.
Asymetric conpression is al so not

necessary for implementing ditferent display formats. As
dlustrated diagrammatically, a constant current source 502
provides a constant quantity of current Iramp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parallel
5 with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current Iramp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
10 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 Iapy from Igamp, so that vertical ramp capacitor 504 charges
more slowly and to a smaller peak value. Variable current source
1s 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
20 coil(s) 512 receive(s) driving current of the proper magnitude for
mapping the picture onto the display. Horizontal deflection is
provided by phase adjusting circuit 518, East-West pin correction
circuit 514, a 2fy phase iocked loop 520 and horizontal output
circuit 516.

2s The RGB interface circuit 60 is shown in more detailed in
FIGURE 15. The signal which is to be uitimately 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

ao format dispiay ratio, progressively scanned source. The external
RGB signals and a composite blanking signal from the video signals
input section 20 are inputs ta 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."

3s Selection of the vertical synchromzmg signal is mplemented by . .

~ switch 608 Seiectton of. the honzontal synchronizmg ssgnal is -
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limted to wide screen applications having a display format ratio of 16 X
9. If the format display ratio were to be 2:1, for exanple, the 10
hori zontal conpression factor would be 3/2 tinmes the vertical conpression
factor. The wi de screen television can al so have nodes of operation which
requires symetric conpression of the auxiliary video data by the CPIP
chip. One such node of operation can bejgeferred to as 5 the |etterbox
node, wherein the vertical deflection height is increased to accommbdate a
vi deo source such as shown in FIGURE 1(a). The vertical scan anmounts to
approximately 4/3 that of the standard or nom nal vertical height, for a 4

X3 | €L Uer bOnaHiaiRed vy sich S0V SBiecklR 8 S vigBs yhgPlel Y /3 of the

picture is . ) signal is
implemented by switch 606. Each of the switches 604, 606 and 608

is responsive to an internal/lexternal control signal generated by the
WSP uP 340. Selection of internal or external video sources is a

s user selection. However, if a user inadvertently selects an externaj
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

1o 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 controf signais from the WSP uP 340.

15 A wide screen television in accordance with the inventive
arrangements can be-implemented with 1fy horizontal scanning
instead of 2fy horizontal scanning, although such a circuit is not
illustrated. A 1fy circuit would not require the 1fy to 2fy converter
and the RGB interface. Accordingly, there would be no provision for

20 displaying an external wide format display ratio RGB signal at a 2fy ..

. scanning rate. The wide screen processor and picture-in-picture
processor for a 1fy circuit would be very similar. The gate array
could be substantially identical, aithough not all of the inputs and
outputs would be utilized. The various resolution enhancement _

25 schemes described herein can be generally applied without regard to
whether the television operates with 1fy or 2fy scanning.

FIGURE 4 is a block diagram showing further details of the
wide screen processor 30 shown in FIGURE 3 which would be the
same for both a 1fy and 2fy chassis. The Y_A, U_A and V_A signals

30 are an input to the picture in picture processar 320, which can
include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various

- composite display formats -illustrated in part in FIGURE 1 are

'35 generated by the picture-in-picture processor 320, which ‘can

receive resolution processed data signals Y_RP, U_RP and V_RP from

2.
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20 effectively cropped, approximately 1/6 on the top and 1/6 on the
bottom if the raster is vertically centered. The dark border bars of a
| etterbox signal, in 4 X 3 display format ratio, conprise approximtely 1/3

of the picture,

approximately 1/6 on the top and 1/6 on the bottom At the

sanme time, the wider horizontal 25 deflection required by the w de screen
di splay stretches the picture horizontal Lé by a factor of approxinmtely
P

4/ 3. The wi de screen display stretches t

icture horizontally by

approximately the same factor that the 4/3 vertical overscan stretches the
picture vertically. The substantially symetric expansion of the picture 3

0 assures that substantially no inmage aspect ratio distortion will occur.
At the same trefdlutiane progessing qieeitpd te.ur Bespiwivnapmaassingedeed not be

15

20

25

3o

38

utilized at all times, but auring selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
5. The principal components of the picture-in-picture processor are
an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330. The timing and
control section 328 is shown in more detail in FIGURE 9.

The picture-in-picture processor 320 may be embodied as an
improved 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). It will be appreciated that
the basic CPIP chip was not adapted for use with a wide screen
television and is not appropriate for use with a wide screen
television. 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 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 exampie 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{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
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 smali 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 scréen. The frame

Y
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by the vertical overscan prove to substantially correspond to the dark
" border bars of the letterbox signal. The result is a picture froma

conventional format display ratio signal filling a wide format 35 display
rati o screen, essentially without |oss of picture content and essentially
Wi t hout irmage aspect ratio distortion. In this -23- circunstance, PIPs

or POPs can be processed with symetric-ggrpression by the CPIP chip

because the vertical expansion by vertical overscanning matches the
hori zontal expansion by the w de

repetition rate can be changed from thirty frames per second to zero
trames per second. _
The picture-in-picture processor used in the wide screen
television according to another inventive arrangement differs from
s 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
10 16 X9 screen. Objects in the picture would be horizontally
elongated. {f an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture would not fill the
entire screen.
The picture-in-picture processor 320, according to an
15 inventive arrangement and unlike the basic CPIP chip, is adapted for
, asymmetrically compressing the video data in one of a plurality of
selectable dispiay modes. Compression of the horizontal dimension
is different from the compression of the verticai dimunsion. In one
example of this mode of operation, the pictures are compressed 4:1
20 horizontally and 3:1 vertically. The asymmetrically compressed
video data is stored in a video RAM, which serves as a field memory
used, in part, for synchronizing the auxiliary signal to the main
signal. This asymmetric mode of compression wolid produce aspect
ratio distorted pictures if the data from the video RAM were read
25 normally for display by a conventional television. Objects in the
pictures would appear to be squeezed horizontally. However, if this
data is read out normally for display by a wide screen television,
particularly one with a 16 X9 format display ratio screen, objects
in the pictures appear correct. The picture fills the screen and there
30 is no image aspect ratio distortion. The asymmetric compression
mode according to this aspect of the invention makes it possible to
generate special display formats on a 16 Xg ‘screen without
external speed up circuitry. -
FIGURE 9 is a block diagram of the timing and control section
'35 328 of the picture-in-picture processar, for example a modified
- version of the CPIP.chip described abave, which includes a
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screen horizontal deflection scanning in proportion. 5 Control of the
conpression ratios can also be inplenented by fully progranmbl e, general
pur pose decimation circuits under the control of the WSP [err] P 340, as
shown in FIGURES 16 and 17. Horizontal conpression factors are generated by
the circuit in FIGJURE 16, which conprises a sunm ng junction 866, an array
868 10 of eight OR gates and a |l atch 870. Each bit of the eight bit output
of the array 868 is H when the HRESET -é&ccurs. Wien the H RESET signal is

| ow, the output of the array 868 equals the input of the array, which is

t he output of summ ng junction 866. Vertical conpression factors are
generated by the circuit in FIGURE 17, 15 which conprises a summ ng

junction 872, geirltibhPLREERt 8Z4CaNst dmplementing the asymmetric
compression. The decimation circuit 328C is shown more fully in
FIGURES 10-12.
FIGURE 10 is a block diagram of the circuit for impiementing
s the horizontal compression. The circuit utilizes a decimation
circuit formed by a counter 850, designated MOD_N_CNTR1. The
numerical value at the N input is a horizontal N factor '
HOR_N_FACTOR. The horizontal N factor is related to the extent to
which the picture represented by the video-data of the auxiliary
1o signal will be reduced in size for display as a PIP or POP, and
accordingly, is also a measure of the rate at which pixels within a
line are subsampled. The numerical input to the load value input is
set to "0". The ripple carry out RCO output is a horizontal line
sample enable signal. FIGURE 11 is a block diagram of the circuit
1s for implementing the vertical compression. This circuit is based on-
a decimation circuit formed by a counter 858 designated
MOD_N_CNTR2. The numerical value at the N input is a vertical N
factor VERT_N_FACTOR. The vertical N factor is also related to tie
extent to which the picture represented by the video data of the
20 auxiliary signal will be reduced in size for display as a PIP or POP, ~
but in this case, is a measure of how many horizontal lines are
selected for subsampling. The numerical input to the load value
input is determined by a numerical cal¢ulation based on the vertical
N factor. The vertical N factor is added to "2°, the resulting sum is
2s divided by "2, and the resuit of the division is gated by an
uppet/iower field type signal U/L_FIELD_TYPE. added to "2". The
output of the counter 858 is a vertical line sample enable signal.
The horizontal and vertical N factors are generated by a circuit
859 shown in FIGURE 12. The input is an N_FACTOR value ranging
3o from *0" through "7". Each N value corresponds to pairs of horizontal
and vertical compression ratios, as shown in the table of FIGURE 13.
The N factors are provided by the WSP uP 340. Circuit 858
comprises multiplexers 862_ and 864 and a compare to "6" circuit
860. For each N factof other than "6, the horizontal and vertical
45 compression ratios are Symmetric, resulting from the "0".inputs of..
- the multiplexers. ‘When the N factor is "6", the "1" inputs of the .
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| atch 876. In each circuit, the carry in d input of the summng circuit is
rcuit, the
carry out CO output of the summng circuit is the respective sanple enable
signal. In the circuit of FIGURE 17, the 1 20 input to the nultiplexer is
and verti cal
coripression factors can be supplied by 1hg.W5P [err]P 340. In full screen
PI P nodes, the picture-in-picture processor, in conjunction with a free

“tied to a voltage for a fixed logical high signal. In each ci

tied to ground for a fixed |ogical |ow signal. The horizontal

running oscillator 348 will take Y/ Cinput 25 from a decoder,

an adaptive line conb filter, decode the signal into Y, U V

ey o GG a0t b8! 1 BulUl | ©Thesd IS eRLRY

col or

) | ses.
mpt e

asymmetric compression of 4:1 horizontally and 3:1 vertically.
The counters in the decimation circuits function are shown as

integral number decimators. However, the processing does

not have

5 to be limited to compression of the images in integer increments,
provided that the horizontal compression factor is 4/4 times the
vertical compression factor. Asymmetric compression is also not
limited to wide screen applications having a display format ratio of
16 X 8. If the format display ratio were to be 2:1, for example, the

10 horizontal compression factor would be 3/ times the vertical

compression factor.

The wide screen television can also have modes of operation
which requires symmetric compression of the auxiliary video data
by the CPIP chip. One such mode of operation can be referred to as’

15 the letterbox mode, wherein the vertical deflection height

is

increased to accommodate a video source such as shown in FIGURE

1(a). The vertical scan amounts to approximately 4/3 that

of the

standard or nominal vertical height, for a 4 X 3 letterbox source of
a 16 X9 movie. Therefore, approximately /3 of the picture is

20 effectively cropped, approximately 1/g on the top and /g on the
bottom, if the raster is vertically centered. The dark border bars of
a letterbox signal, in 4 X 3 dispiay format ratio, comprise

approximately. 1/3 of.the. picture, -approximately t/¢ on-the
1/ on the bottom. At the same time, the wider horizontal

top and

2s deflection required by the wide screen display stretches the picture
horizontally, by a factor of approximately 4/4. The wide screen
disptay stretches the picture horizontally by approximately the
same factor that the 4/3 vertical overscan stretches the picture
vertically, - The substantially symmetric expansion of the picture

0 assures that substantially no image aspect ratio distortion will
occur. At the same time, the parts of the picture which are cropped

by the vertical overscan prove to substantially correspond

‘dark border bars of the letterbox signal. The result is a picture from

to the .

a co_riventjoné! format display ratio signal filling a wide format
as display ratio screen, eéssentially without loss of picture content anc -

essentially without image .aspect ratio distortion. In this

for exanple

These
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picture-in-picture processor for the various full screen nodes such as
* zoom freeze and channel scan. During the channel scan node, for 30

exanpl e,

the horizontal and vertical synchronizing pul ses present fromthe

video signals input section will have many di scontinuities because the
signals sanpled (different channels) will have unrel ated synchroni zing
pul ses and will be switched without regard to synchronization between

sour ces.

Ther ef or e,

are determned by the free running oscillator 348. For freeze and zoom
t he sanpl e cl ock

nodes,

10

18

20

25

30

35

circumstance, PiPs or POPs can be processed with symmetric
compression by the CPIP chip because the vertical expansion by
vertical overscanning matches the horizontal expansion by the wide
screen horizontal deflection scanning in proportion.

Control of the compression ratios can also be implemented by
fully programmable, general purpose decimation circuits under the
control of the WSP uP 340, as shown in FIGURES 16 and 17.
Horizontal compression factors are&generated by the circuit in
FIGURE 16, which comprises a summing junction 866, an array 868
of eight OR gates and a latch 870. Each bit of the eight bit output of
the array 868 is Hl when the H_RESET occurs. When the H_RESET
signal is low, the output of the array 868 equals the input of the
array, which is the output of summing junction 866. Vertical
compression factors are generated by the circuit in FIGURE 17,
which comprises a summing junction 872, a multiplexer 874 and a
latch 876. In each circuit, the carry in C{ input of the summing
circuit is tied to a voltage for a fixed logical high signal. In each
circuit, the carry out CO output of the summing circuit is the
respective sample enable signal. In the circuit of FIGURE 17, the 1
input to the muitiplexer is tied to ground for a fixed logical low
signal. The horizontal and vertical compression factors can be
supplied by the WSP uP 340.

In full screen PIP modes, the ptcture-m-pucture 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 synchromzmg 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 synchronizing pulses present
from the video signals input section will have many discontinuities
because the signals sampled (different channels) will have

unrelated synchronizing pulses and will be switched without regard

to synchromzatxon between sources. Therefore the sample clock .
and the read/write vndeo RAM ciock are determined by the ‘free
runnmg_osc_:tllgtor__ 3_48 For free;e._a,nd. zgom modes, the sample c.ocx_
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-24- wll be |ocked to the horizontal synchronizing pul ses of the incom ng
video, which in these special cases is the sane as the display clock
frequency. Referring again to FIGURE 4, Y, U V and CSYNC (conposite 5
sync) outputs fromthe picture-in-picture processor in analog formcan be
re-encoded into Y/ C conponents by encode circuit 366, which operates in
conjunction with a 3.58 M4z oscillator-383. This Y/ C PIP_ENC signal may be
connected to a Y/ C switch, not shown, which enables the re-encoded Y/C
‘conponents to be substituted for 10 the Y/ C conponents of the nmain signal.
Fromthis point on, the PIP encoded Y, U V and sync signals would be the

basis for howilz®et &dcked to the horizontal synchronizing puises of the incoming
video, which in these special cases is the same as the display clock
frequency.
Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
5 sync) outputs from the picture-in-picture processor in analog form
can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. 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
10 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
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main
15  signal path.
With further reference to FIGURE 5, the picture-in-picture
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
20 section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the results in a 1 megabit
video RAM.350 as explained above. The video RAM 350 &ssociated
with the picture-in-picture processor 320 has a memory capacity of
25 1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends 1o be
expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channel
represents a reduction in quantization resolution, or bandwidth,
3o 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 dusplayed _picture is relatively small, but
can be troublesome it the auxiliary dlspiayed picture is larger, for
_ example the -same size as the main displayed picture. Resolutnon
35 - processing circuit 370 can selectively implement one or more
' -schemes for enhancmg the quantizaﬂon resolutton or effecttve
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and vertical timng in the rest of the chassis. This node of operation is
appropriate for inplenenting a zoom node for the PIP, based upon operation
of the interpolator and FIFOs in the main 15 signal path. Wth further
reference to FIGURE 5, the picture-in-picture processor 320 conprises
“anal og to digital converting section 322, input section 324, fast switch
FSWand bus control section 326, tim ng?ﬁrjd control section 328 and digital
to anal og converting 20 section 330. general, the picture-in-picture
processor 320 digitizes the vy deo signal into |um nance (Y) and col or
difference signals (U, V), subsanpling and storing the results in a 1
megabit video RAM 350 as expl ai ned above. The video RAM 350 associ at ed
bandwidth of the auxiliary video data. A number of data reduction

and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
s video RAM 350, for exampie in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different
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
1o reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
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
15 quantized into six-bit samples. There are eight luminance samples
tor every pair of color difference samples. The incoming video is
sampled with a 640fy clock which is locked to the horizontal
synchronizing signal of the main videc source. In other words, data
stored in the video RAM 350 is not orthogonally sampled with
20 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 resuits in skew- errors-of the sampled data. ~"Theé limitation is a~
result of the video RAM, which must use the same clock for writing
25 and reading data. When data from the 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.
in order to overcome this problem in accordance with inventive
arrangements the picture-in-picture processor 320 is operated in a
3o mode whereby incoming video data is sampled with a 640ty 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. u_si'n'g‘ the same 640fy clock
.35 locked to the incoming auxiliary video signal: However, even thougn
" this data was orthogonally. sampled and stored, and can be read out
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with the picture-in-picture processor 320 has a nenory capacity of 25 1
nmegabit, which is not |arge enough to store a full field of video data with
8-bit sanples, Increased nenory capacity tends to be expensive and can
require nore conpl ex managenent circuitry. The smaller nunber of bits per
sanple in the auxiliary channel represents a reduction in quantization
resolution, or bandw dth, 30 relative-26-the main signal, which is
processed with 8-bit sanples throughout. This effective reduction of

bandwi dth is not usually a problemwhen the auxiliary displayed picture is

relatively small, but can be troublesonme if the auxiliary displayed picture

s larger, f@rneyaRBlg, i18aAREE 68 P -

Resol ution 35. egréﬂ(/‘\ﬁ%%g%:alﬁrtc 3 g%{)’ an serf%gélnq“? Jﬁg&ﬂ( %(r;l;t\ U‘ége or nore
vid ue e asynchronous nature of the main and

auxiliary video sources. The main and auxiliary video sources might
be expected to be synchronous only in that instance where they are
s displaying signals trom 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 4, two four bit
fatches 352A and 352B are used to recombine the 8-bit data blocks

10 from the video RAM 4-bit output port. The four bit tatches also
reduce the data clock rate from 1280fy to 640fy.

Generally, the video display and deflection system is
synchronized with the-main video signal. The main video signal must
be speeded up, as explained above, to fill the wide screen display.

15 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
video data with main video data is accomplished by utilizing the

20 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
pointer collisions. Read/write pointer collisions occur when old

25 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.

The 8-bit DATA_PIP data blocks from video RAM 350 are

30 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
10241y, which is locked to horizontai synchronizing component. of

3 3s  the main video channel. The use of a multlple line memory (FIFO) .
" which .has independent read_ and write port clocks enables data whicr
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schenmes for enhancing the quantization resolution or effective 25
bandwi dth of the auxiliary video data. A nunber of data reduction and data
restorati on schenmes have been devel oped, including for exanple, paired

pi xel conpression and dithering and dedithering. A dedithering circuit
woul d be operatively di sposed downstream of the s video RAM 350, for
exanple in the auxiliary signal path of the gate array, as explained in
nore detail below. Moreover, different -@7-hering and dedithering sequences
i nvol ving di fferent nunbers of

was orthogonally sampled at a first rate to be displayed
orthogonally at a second rate. The asynchronous nature of the read
and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions.

s 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
uP decoder 310. Data and address output lines of the WSP uP

10 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. |t
will be appreciated that whether or not certain circuits are, or are
not, defined as being part of the gate array is largely a matter of

15 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,
to implement different picture display formats. The {uminance

20 component Y_MN is stored in a first in first out (FIFO) fine memory ~
356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance oomponents
UN_MN are-stared in FIFO 358. ~ Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by

2s demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpotator 359, generating signal Y_AUX as an output.

in some instances, the auxiliary display will be as large as the
main signal display, as shown for example in FIGURE 1(d). The

3o 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
restore pixels to the auxiliary video signal to reptace those iost -

35 during data’ compression, or reduction. The resolution processing - .
may correspond to the resolution processing undertaken by circuit .
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bits and different paired pixel conpressions involving different nunber of
bits are contenplated. One of a nunber of particular data 10 reduction and
restoration schenmes can be selected by the WP [err]P in order to naxim ze
resolution of the displayed video for each particular kind of picture

di splay format. The | um nance and color difference signals are stored in an
8:1:1 six-bit Y. U,V fashion. In other_sgrds, each conponent is 15

guanti zed into six-bit sanples. There are elght | um nance sanples for every
pair of color difference sanples. The incomng video is sanpled with a
640f H cl ock which is [ ocked to the horizontal synchronizing signal of the

mai n video source. In other words, data stored in the video RAM 350 i s not
or t hogonal | y Mq\@ﬁnv‘ptﬂGURE 4. 'As an example, circuit 370 may be a

dithering circuit and circuit 357 may be a dedithering circuit.

The auxiliary channel is sampied at 640fy rate while the main

channel is sampled at a 1024fy rate. The auxiliary channel FIFQ 354

s 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 channe! signal.
Therefore, the auxiliary channel must be expanded by the

10 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
determined as follows:

15 X = (640/1924) * (4/3) = 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
and V_AUX as outputs. The respective Y, U and V components of the

20 main and auxiliary signals are combined in respective multiplexers -
315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFO's 354, 356 and 358. The muitiplexers
315, 317 and 319 are responsive to dutput multiplexer control
circuit 321. Output muitiplei(er control circuit 321 is responsive to

2s 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, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362

30 and 364 respectively. The digital ta analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP upP

. .340. The WSP pP 340.is responsive. to the. TV 1P 2186, being
as connected thereto by a serial bus. The serial bus may be a four wire
*° bus. as shown, having lines for data, clock signals;_ en'able' signals arc’
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20 respect to the incoming auxiliary video source. This is a fundanental
limtation on the basic CPIP nethod of field synchronization. The

nonort hogonal . nature- of the input sanpling rate results in skew errors of
the sanpled data. The |imtation is a result of the video RAM .whi ch nust
‘use the sanme clock for witing 25 and reading data. Wen data fromthe
video RAM 350 is displayed, the skew errors are seen as randomjitter al ong
vertical edges of the picture and are’&G%érally considered quite

obj ectionable. In order to overconme this problemin accordance with

I nventive arrangenents the picture-in-picture processor 320 is operated in
a 30 node whereby incom ng video data is sanpled with a 640fH clock rate

| ocked to tHesehsgnaly) alike | WaHR pR @46 symohunicates ngitlsi theadifferent

circuits of the gate array through a WSP uP decoder 310.
in one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
s 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
used to recalculate the incoming video to a new pixel positions
10 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 6, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
15 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
the interpolator 337. In particular, these switches select whether
20 the interpolator 337 precedes the FIFO 356, as required for
compression, or whether the FIFO 356 precedes the interpolator 337,
as required for expansion. The switches 323 and 331 are responsive
to a route control. circuit 335, which is itself responsive to the WSP
puP 340. . It will be remembered that the auxiliary video signal is
25 compressed for storage in the video RAM. 350, and only expansion is
necessary for practical purposes. Accordingly, no comparable
switching is required in the auxiliary signal path. :
In order to implement video compressions through the use of a
FIFQ, for example, every fourth sample can be inhibited from being
3o written into the FIFO 356. This constitutes a 4/3 compression. It is
the function of the interpolator 337 to recalculate the luminance
samples being written into the FIFO so that the data read out of the
FIFO is smooth, rather than jagged. Expansions m_ay.be performed in
‘exactly the opposite manner as compressions. In the case of -
35 compressions the write enable  signal has clock gating “information -
attached to it in the form of inhibit pulses. For expa‘nding' data; the
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instead. In this node, data stored in the video RAMis orthogonally
*sanpl ed. When the data is read out of the picture-in-picture processor
video RAM 350, it is read using the sanme 640fH clock 35 |ocked to the
i ncom ng auxiliary video signal. However, even though this data was
orthogonal | y sanpl ed and stored, and can be read out -26- orthogonal ly,

It cannot be displayed orthogonally di re:gél y fromthe video RAM 350, due to .
t he asynchronous nature of the main and auxiliary video sources. The nain
and auxiliary video sources m ght :

clack gating information is applied to the read enable signal. This
will pause the data as it is being read from the FIFO 356. in this
case it is the function of the interpolator 337, which follows the
FIFO 356 during this process, to recalculate the sampled data from

s 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 and expansion, the clock gating

10 operations can easily be performed in a synchronous manner, that is,
events can occur based on the rising edges of the system clock
102414.

Interpolation of the auxiliary signal takes place in the

auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y,

15 U, V, 8:1:1 field memory, video-RAM 350, to store incoming video
data. The video RAM 350 holds two fields of video data in a plurality
of memory locations. Each-memory location holds eight bits of data.
In each 8-bit location therg is one 6-bit Y (luminance) sample
(sampled at 640fg) and 2 other bits. These two other bits hold

20 either fast switch data or part of a U or V sample (sampled at 80f4)”
The fast switch ‘data values indicate which type of field was
written into video RAM. Since there are two fields of data stored in
the video RAM 350; and the éntire’ video RAM 350 is read during the
display period, both fields are read during the display scan. The PIP

25 circuit 301 will determine which field will be read out of the
memory to be displayed through the use of the fast switch data. The
PIP circuit always reads the opposite field type that is being
written to overcome a motion tear problem. |[f the field type being
read is the opposite type than that being displayed, then the even

ao field stored in the video RAM is inverted by deleting the top line of
the fieid when the field is read out of memory. The resuit is that
the small picture 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 FIFOs for

35° -the, main and auxmary channels -are enabled for writing data into

storage for those pcmons of each wdeo lme whnch is requnred for
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be expected to be synchronous only in that instance where they are s

di spl aying signals fromthe same video source. Further processing is
required in order to synchronize the auxiliary channel, that is the output
of data fromthe video RAM 350, to the main channel. Wth reference again
-to FIGURE 4, two four bit |atches 352A and 352B are used to reconbine the
8-bit data blocks 10 fromthe video RAM 4-bit output port. The four bit

| at ches al so reduce the data clock ratesfrom 1280fH to 640fH Cenerally,

t he video display and deflection systemis synchronized with the-main video
signal. The main video signal nust be speeded up, as expl ai ned above, to
fill the wide screen display. 15 The auxiliary video signal nust be

vertically syftdyqRRheefsptay." Bl 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

s 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

1o 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 and
write enable control signals for the line memory FIFOs. The process

15 for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pictures, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)"(5/12) = §/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channe!

20 active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the. signal by 5/¢.
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

25 and 358 is active for (1/2)"(4/3) = 0.67 or 67% of the display active
line period. This carresponds to approximately 33% cropping and a
compression ratio of 4/4 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
ac at a particular point in time. The active region of time where the
data may be read out from each FIFO is determined by the display
format chosen. " In the example of the side-by-side cropped mode
. shown, the main channel video is being. displayed on the left hand
" half of the display and the auxiliary channel video is displayed on
1 the right hand hdlf of the display.” The arbitrary video portions of
' the waveforms are different for the main and auxiliary channels as
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first video signal and the video display. The auxiliary video signal can be
del ayed by a fraction of a field period inafield menory, and then
expanded in a |line nmenory. Synchronization of the auxiliary video data with
mai n video data is acconplished by utilizing the 20 video RAM 350 as a
-field memory and a first in first out (FIFO I|ine nenory device 354 for
expanding the signal. The size of FIFO.3%. is 2048 X 8. The size of FIFOis
related to the mnimumline storage capacity thought to be reasonably
necessary to avoid read/wite pointer collisions. Read/wite pointer
collisions occur when old 25 data is read out of the FIFO before new data

ol 11 5i ona. artBveed:” Tie ont SRS Grtich 9l (T BB Efs @ame of o
data has an channel 910 x 8 FIFOs is active for 50% of the display active line

period of the display beginning with the start of active videaq,

immediately following the video back porch. The auxiliary channel

5 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 channet

video front porch. It may be noted that write enable control signals

are synchronous with their respective FIFO input data (main or

.o 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

1s appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format disptay
ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or

20 squeezing the pictures by 33%, and introducing aspect ratio
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.

25 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
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

3o calculated as ratio of the twa display formats:

413 = (18/g) / (4/3)
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs
© having different clock rates'at the inputs and outputs have been usea
35 to perform a similar. function. By way of comparison, if twa NTSC

This is the répface_mént sheet

pate: '} 4 AUB 3993



.

opportunity to be read out of the FIFO The 8-bit DATA PIP data bl ocks from
video RAM 350 are 30 witten into 2048 x 8 FIFO 354 with the sane

pi cture-in-picture processor 640fH cl ock which was used to sanple the video
data, that is, the 640fH clock which is |ocked to the auxiliary signal,
Tather than the main signal. The FIFO 354 is read using the display clock
of 1024fH, which is |locked to horizontal synchronizing conponent. of 35
the main video channel. The use of a nmuB8i-ple line nenory (FIFO which has
i ndependent read and wite port clocks enabl es data which

4 X3 format display ratio signals are displayed on a single 4 X 3
format display ratio display, each picture must be distorted or
cropped, or some combination thereof, by 50%. A speed up
comparabie to that needed for a wide screen application is

s unnecessary. . :

Generally, the video display and deflection system is
synchronized with the main video signal. The main video signal must
be speeded up, as explained above, to fill the wide screen display.
The auxiliary video signal must be vertically synchronized with the

10 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 speeded up in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line

15 memory device 354 for speeding up the signal.
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-27 —was—orthogonally sanpled at a first rate to be di splayed orthogonal |y
nd rate. The asynchronous nature of the read and wite cl ocks,
howemm ﬂm'mmn”,ﬁ_ t hat steps be undertaken to avoeid read/wite pointer
col | he gate array 300 is common to both w de screen
processors 30"and 31. The nuin signal path 304, auxiliary signal path 306
and output signal path 312 are shown in_Rl,ock diagramformin FIGURE 6. The
gate array al so conprises a clocks/sync circuit 320 and a WEP [err] P
decoder 310. Data and address output lines of the WoP [err]P 10 decoder

310, identified as WSP DATA, are supplied to each of the main circuits and

pat hs identifiﬁd apbove, as well as to the picture-
hat ts cldimed is:

1. A television apparatus, comprising:

video display means having a first format display ratio of
width to height;

means for receiving a first video signal representing a first
picture;

means for receiving a second video signal representing a
second picture having a second ratio of width to height different
than said first ratio;

means for changing said ratio of width to height of said second
picture; and,

means for éombining a portion of said first picture with a

portion of said changed second picture for simultaneous display of
said first and second picture portions.

O © ™ ~ M ;B W N -

P e )
W N e

1 2. The apparatus of claim 1, further comprising means for

storing said changed second picture pnor to said combination with
said first picture.

1 3. The apparatus of claim 1, wherein said change is
2 compression in both said width and height.

1 4, The apparatus of claim 1, wherein said first format dispiay
2 ratio of said video display means is wider than 4:3.

1 5. The apparatus of claim 1, wherein said first format display
ratio of said video display means is approximately 16:3 and said
3 second format display ratio is approximately 4:3.

1 6. The apparatus of claim 1, wherein said first format display
ratic of said video display means.is approximately 16:9 and said .
second format di'splay ratio is approximately'2:1.

T 7. The apparatus of claim 1, wherein. said second plcture

2 forms an mset wnthm said first picture.
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in picture processor-320 and resolution processing circuit 370. 1t will be
preci at ed that V\/net her or not certain circuits are, or are not, defined

?zct.enlﬁllﬁﬂ!

ate array is largely a matter of 1 5 convenience for
on of the inventive arrangenents. The gate array is

respon5|b e for expandlng, conpressing and croppi ng video data of the main

vi deo channel

,..as and if necessary, to.iggl enent different picture display

formats. The |l um nance 20 conponent Y MNis stored in a first in first out
(FIFO line menory 356 for a length of tinme depending on the nature of the
I nterpol ati on of the | um nance conponent. The conbi ned chrom nance

conponents WV _M are stored in FIFO 358. Auxiliary signal

| um nance and

1 8. The apparatus of claim 1, wherein said first and second

2 pictures are of substantially comparable size.

1 9. The apparatus of claim 1, wherein said asymmetric

2 changing means comprises:

3 means for digitizing said second video signal;

4 means for horizontally and vertically subsampling said second
5 video signal at a first and second rates respectively; and,

6 means for storing said subsamples from said second video

7 signal.

B! 10. A video display system, comprising:

2 video display means having a first format display ratio of

3 width to height;

4 means for receiving a first video signal, defining a picture in a
5 second format display ratio of width to height smaller than said

6 first format display ratio;

7 means for asymmetrically compressing said width and height
8 of said picture; and,

S medns for mapping said asymmetrically compressed picture
10

onto said display means,

—

2 storing said asymmetrically compressed picture.

11. The system of claim 10, further comprising means for

12. The system of claim 10, wherein said first format display
ratio is approximately 16 X9 and said second format display ratio

is approximately 4 X 3.

1 13. The system of claim 12, further comprising means for
2. combmsng said picture with another picture for simuitaneous

3 display of both said pictures on said display means.
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chrom nance conponents Y _PIP, UPIP and VPIP are devel oped by 25
denul t+ptexer—355. The | um nance conponent undergoes resol ution processing,
as desj ' ' ﬁi&“l357, and i s expanded as necessary by interpol ator
359, gkmm‘ N\ YAUX as an output. In sone instances, the auxiliary
di-spl ay" W'l e s Y afge as the main signal display, as shown for exanple
in FIGURE 1(d). The 30 nennryuLinitatiggﬁfassociated with the
pi cture-in-picture processor and-video. 350 can provide an insufficient
nunber of data points, or pixels for filling such a large display area. In
t hose circunstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those | ost 35
during datta conpr 8dsi drhe systesuft¢laim 10Theherein|said @omMpressingi mgans

2 compresses said picture by a factor of approximately 4:1

3 horizontally and by a factor of approximately 3:1 vertically.

-4

15. The system of claim 10, wherein said picture forms an
2 inset within another picture.

16. The system of claim 10, wherein said asymmetric
compressing means comprises:

means for digitizing said video signal;

means for horizontally and vertically . subsampling said video
signal at a first and second rates respectively; and, -

means for storing said subsamples from said video signal.

o n A W N =

17. The system of claim 10, wherein said picture is a
combination of muitiple pictures from more than one source.

18. The system'of claim 10, wherein said picture is a
combination of multiple pictures from one squrce.

N - -~ N =

19. A video signal processor for a video display apparatus,
comprising:

means for digitizing a video signal defining-a picture having a -
format display ratio of width to height: and,

means for selectively changing said width and height of said
picture by first and second factors respectively to control aspect
ratio distortion of said picture; and,

means for generating said aspect ratio controlled picture as an
output for display by said video display apparatus.

[7- S - TN I - T T R~ T o B

[ S

20. The processar of claim 19, furtﬁer comprising means for

storing said aspect ratio .controlled picture prior to generation of
3 said output. :

1 21. The processor of claim 19, wherein said first and second
" 2 factors are different from one another. o

This is the réplacgmént sﬁe,et.'

Date: 1 4 AIG 1996



. may correspond to the resolution processing undertaken by circuit - 28-
370 shown in FILGJRE4—As an exanple, circuit 370 may be a dithering

circuit and circui 57 may be a dedithering circuit. The auxiliary channel
is sznn“ﬁ ll “ tﬂ te while the main channel is sanpled at a 1024fH
rate annel FIFO 354 5 converts the data fromthe

auxi | i ar channel sanple rate to the ngim channel clock rate. In this

process, the video signal undergoes an 8/ 5 (1024/640) conpression. This is
nore. than the 4/ 3 conpression

—

22. The processor of claim 19, wherein said first and second
2 factors are the same.

1 23. The processor of claim 19, wherein said picture is
2 asymmetrically compressed.

24. The processor of claim 19, wherein said selective
changing means comprises means for horizontally and vertically

subsampling said digitized video signal at said first and second
rates respectively.

W N~

25. The processor of claim ‘18, further comprising means for
combining a portion of a second picture with a portion of said aspect
ratio controlled picture for simultaneous display of said pictures.

oo

1 26. The processor of claim 19, further comprising means for
2 supplying said first and second factors ‘0 said changing means.

1 27. The processor of claim 21, wherein said selective
-2 changing means comprises means for horizontally and vertically
3 subsampling said digitized video sngnal at saxd first and second
4« rates respedctively.-
1 28. The processor of claim 27, further comprising means for

combining a portion of a second picture with a portion of said aspect
ratio controlled picture for simuitaneous display of said pictures.

29. The processor of claim 28, further comprising means for
2 supplying said first and second factors to said changing means.
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. hecessary to correctly display the auxiiliary channel signal. Therefore, the
auxi liary channel nust be expanded by the 10 interpolator 359 to correctly
display a 4 X 3 small picture. The interpolator 359 is controlled by
i nterpolator control circuit 371 which is itself responsive to WP [err] P
340. The anount of interpolator expansiqQn required is 5/ 6. The expansion
factor X is determined as follows: 15 38 X = (640/1024) (4/3) = 5/6 The
chrom nance conponents U PIP and V_PIP are delayed by circuit 367 for a

| ength of tine depending on the nat Uéﬁ ,i\w i nterpol ati on of the
| um nance conponent, generating sign § and V_AUX as outputs. The
respective Y, U and V conponents of the )

ASYMMETRIC PICTURE COMPRESSION

A side screen television apparatus comprises a video display (244) baving
a first format ratio of width to height, for example approximately 16x9. A first
signal defines a first picture. A second divideo defines a second picture in a
second format display ratio of width to height smaller than the first format display
ratio, for example approximately 4x3. A video signal processor (301)
asymmetrically compresses the second picture, for example 4:1 horizontally and
3:1 vertically. A video memory (420) stores lines of video of the asymmetrically
compressed picture. Another video signal processor (300) combines portions of
lines of video in the first video signal with the stored lines of video of the ‘
asymmetrically compressed picture for simultaneous display of the first and second
pictures. The asymmetrically compressed second picture is displayed without
aspect ratio distortion. The second picture can form an inset within the first
picture. A single picture display itself comprise a full screen of pictures from one
source or from multiple sources. i

Figure 2
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20 main and auxiliary signals are conbined in respecti V'ﬂ,,-srgﬁLettI il exers 315,

317 and 319 in the output signal path 312, by controlling %
signals of the FIFO s 354, 356 and 358. The multipl exers m 19
are responsive to output mnultiplexer control circuit 321. L
mul ti pl exer control circuit 321 is responsive to 25 the clock signal K,
the start of line signal SO., the H COUNT signal, the vertical bl anking

reset signal and the output of the }?ﬁt switch fromthe picture-in-picture
Utinp

processor and WEP [err]P 340. The plexed | um nance and chrom nance
conmponents |Y_MX, U _MX and} V_MXlarg suppl|ed, tp respec_t(Lve di gift al / pnal og
converters |360, 3b2 30 ahd 364 respeet |-/el:5/. The dijgikal] £ angl op
converters jates¥ ol I oned by | ow|paSs|{fiTters 361, 363 amd {366 fespeftively,
shown in FIGUR
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J4. The various functions of the picture-in-picture processor the gate
array and the data reduction circuit are controlled by %Jﬁsﬂau

WSP [err]P 340 is responsive to the TV [err]P 216 berng

thereto by a serial bus. The serial bus may be a four w

having lines for data clock signals enable signals arc reset srgn
The WBP [err] PRN340 comuni cates wi g the different circuits of the gate
array through a MBP [err] P decoder 310._1In one case, it is necessary to

conpress the 42! 3 NTSC v .Jggp+QV a facfop—of—4L3 10 avord aspect tio
distortion of @fe di sgl ayeldll I
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b picture. In the other case,

the video can be expanded t Blen Replaced
hori zontal zoom ng operations usually acconpanied by verti
Hori zontal zoom operations up to 33% can be acconplished b u ’l
I

conpressions to less than 4/3. A sanple interpolator is used tor

the incom ng video to a new pixel

bandwi dth, up to 5.5 MHz for

the Nyquist fold over frequency,
the lum nance data Y_MN

shown in Fl GURE 6,
interpolator 337 in the nain signal path 30
val ues based on the co

at e

positions 10 because the | um nance video
occupi es a | arge percentage of

S-VHS format,
whi gpzis 8 Mz f38r 'gllozmH clock. As
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AN

.selectors 323 and 331 is to reverse the topol ogy of the,ns .i nal path

304 with respect to the relative positions of the FIFO
i nterpolator 337. In particular, these switches sel ect lﬂ
i nt erpol ator 337 precedes the FIFO 356, as required for
whet her the FI FO 356 precedes the interpolator 337, as required for
expansi on. The swi tches 323 and4/381 are respony ta.a route control
circuit 335 which is itself responsgve] éEP?Pi34O It will be
remenbered thagqt h gnal i uﬁﬁ%'\qssed for ggorage in
the vi deo RAM 330, and onl s necgssa bpr&actical purposes.
Accordinggg, conRaLabl ¢ I B jrequi'r LN <] aUX|I|ar}E§|gnal
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FI FO, for exanple, every fourth sanple can be inhibited

witten into the FIFO 356. This constitutes a 4/ 3 conpre
function of the interpolator 337 to recalculate the lumn
witten into the FIFO so that the data read out of the FI 4
rat her than jagged. Expansions nmay be &% ornmed in exactly the )
manner as conpressions. In the case of 35 conpressions the wite enabl e .

rom bei ng 30
cetHJ,stB LS, t he

e

signal has clock gating |nfor{at|or5att&£ed toit inthe formof inhibit
pul ses. For expandi ng dat Q30- &£ .
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e e

clockmg% ing information is applied to the read enable signal. This wll

' pause Fe&mﬂ{e'mce&s being read fromthe FIFO 356. In this case it is
the f i nterpol ator 337, which follows the FIFO 356 during
this Mmmm culate the sanpled data from5 jagged to snooth. In
t he expansi on cas he data must pause while being read fromthe FIFO 356

and while being clocked into the i ngie polator 337. This is different from

t he conpression case where the data is continuously clocked through the

i nterpol ator 337. For both caseg, conpressi on and expansjon, the clock

gating 10 operations cgq%easi |% be perfofmred in a%_‘ynchqonous manner, that
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4 nt erpo'i_af“iaﬁ'“c')‘f“t‘he auxiliary signal takes place in the auxiliary signal
pat h 306Thid 6}t circuit 301 manipulates a 6 bit Y, 15 U V, 8:1:1 field

menory, Vi g store incom ng video data. The video RAM 350

hol ds tvvola, o data in a plurality of menory |ocations. Each
menory | o ght bits of data. In each 8-bit location there is
one 6-bit Y (lum nance) sanple (sanpled at 640fH) and 2 other bits. These
two other bits hold 20 either fast switch data or part of a U or V sanple
(sanpled at 80fH) The fast swi'tch data val ues indicate which type of field .
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 scan. The PIP
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C|rcu1t Sﬂi—wHI determ ne which field wll be read out of the nenory
to be di through the use of the fast switch data. The PIP circuit
al ways r fleldtypethat is being witten to overcone a
notion te the field type being read is the opposite type than
t hat bein en the even 30 field stored in the video RAMis

I nverted by deI etlng the top |ine of gyfpe field when the field is read out
of menory. The result is that the small pIC mai ntai ns correct interlace
wi thout a notion tear The cl ocks/sync cir 20 generat es read, wite and
enabl e signals needed for operating FIFGs &gd 358. The &I FCs for
35 the main and auxiliary chaggnels are § foﬁ“wrlg_ng dat into

t f th ti f h vid I d
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31 subééﬁuen_t\d'i'é_ﬁl'ay. Data is witten fromone of the main or auxiliary
channel $his Bkt 39BN Rl ac'ufS necessary to conbi ne data from each source on

t-he sane nes of the.display. The FI FO 354 of the auxiliary
channel i hronously with the s auxiliary video si-gnal, but is
read out 0 hronously with the main video signal. The main video

signal conponents are read into the FIFGOs 356 and 358 synchronously with
the main video signal, and are readgqyt of nenory synchronously with the
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- video. How often the read function is switched back and forth 10 between
the main.and auxiliary channels is a function of the particular speci al
ef fect chosen. Ceneration of different special effects such as cropped

si de- This Shed HagBeeri are acconplished through mani pulating the read and
wite e ignals for the Iine nenory FIFGs. The process 15 for
this di Illustrated in FIGURES 7 and 8. In the case- of
cropped si de-Dby-si d

y i spl ayed picturggqathe wite enable control signal
(WR_EN_AX) for 2048 X 8 FIFO 354 of the .auxiliary channel is active for
(1/2).(5/12) = 5/12 or approximately 41% of the display active |line period
(post speed up), or 67% of the auxiliary channel 20 active line period
(pre speed up), as shown in FIGURE 7. This
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) cor+responds _to_approxi mately 33% croppi ng (approxi mately 67% active
p| cture) and the |nterpol at or expansion of the signal by 5/6. In the main

in the upper part of FIGURE 8. the wite enable
con Y EN_MNLY) for the 910 X 8 FIFGs 356 25 and 358 is active
for g 0.67 or 67% of the display active line period. This
correspon proximately 33% cropp and a conpression ratio of 4/3
bei ng perfornmed on the main channel dngZby the 910 x 8 FIFGs. In each of
the FIFGs, the video data i sjffered to be read out 30 at a particular
point in tine. The active rgﬁ%[ of tinme where the data may be read out

fromeach FIFO is detern1ne the display format chosen. In the exanple
of the side-by- side & op
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* .

éhdmn the.mai n channel video is being displayed on the left hand hal f of
t he dlspla and the auxiliary channel video is displayed on 35 the right

hand hal fTh mkﬁﬁwdaﬁm& ked ThEe arbitrary video portions of the waveforms ‘are

di fferent nd auxi liary channels as -32 - illustrated. The
r ead enabl (RD_EN_MN) of the main channel 910 x 8 FIFGs is
active for 50 00 splay active line %hiOd of the display beginning

with the start of actlve vi deo, i nmedi at el | | owi ng the video back porch.

The auxiliary channel

FIG. 16
FiG. 17
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whi ch.of course corresponds to 12 x 9. Two 4 X 3 format display rati o NTSC
pi ctures may be presented on the sane 16 X 9 format display ratio display,
ei t:her by cropping the pictures by 33% or 20 squeezing the pictures by
33% and introducing aspect ratio distortion. Depending 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
pi ctures nmay be pg\e]sent ed as 16.7 % squeezed and 16. 7% cropped. 25

The horizontal display tinme for a 18X 9 format display ratio display is

the sane as a 4 XQ§ format di spl rati ' y—hecayse poth have 62.5
m crosecond nomi ng lin |€‘#J;ﬂ XCCOI’J' o S—a NTSCvitee—shgral nust be
sped up by a factor ofg% @Eﬁ serge @6 g o
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correct aspect ratio, wthout distortion. The 4/3 factor is 30 calculated
as ratio of the two display formats: 4/3 = (16/g) / (4/3) Variable

i nterpal ators are utilized in accordance with aspects of this invention to
speed up the video signals. In the past, FIFGs having different clock rates
at the inputs and outputs have been used 35 to performa simlar function.
By way of conparison, if two NTSC 33- 4 X 3 format display ratio signals
are displayed on a single 4 X 3
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format- di splay ratio display, each picture nust be distorted or cropped,  or
sone conbi nation thereof, by 50% A speed up conparable to that needed for
a wrde screen application is s unnecessary. Generally, the video display
and deflection systemis synchronized with the nmain video signal. The main
vi deo signal nust be speeded up, as expl ained above, to fill the wide
screen display. The auxiliary video signal nust be vertically synchronized
with the 10 first video signal and the video display. The auxiliary video

signal can be del gyed by a fracti#® of a field [ in o field nenory,
and then speeded up in_a line nenory. «Symchr aN T ot the auxiliary
video data with nqﬁu | deo ars (TE’U i sifed “l%dl |‘,.;|ngthq-
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video RAM 350 as a field nmenory and a first in first out (FIFO line 15 .
menory device 354 for speeding up the signal. -3 4 - Wiat is clained is:
1 1. Atelevision apparatus, conprising: 2 vi deo di spl ay
méans having a first format display ratio of 3 wdth to height; 4

means for receiving a first video signal representing a first s picture;
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6 . means for receiving a second video signal representing a 7 second
pi cture having a second ratio of wwdth to height different 8 than said
first ratio: 9 means for changing said ratio of width to hei ght of
said second 10 picture; and, 11 means for conbining a portion of
said first picture with a 12 portion of said changed second picture for

si mul taneous display of 13 said first and second picture portions. 1

2. The apparatus of claim1, further conprising nmeans for 2 storing said
changed second picture prior to said @nbination with 3 said first picture

1 3. The apparatus of claim11, wherein said change is
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2 conpression in both said width and height. 1 4. The apparatus of
claim1, wherein said first format display 2 ratio of said video display
nmeans is wider than 4:3. 1 5. The apparatus of claim1, wherein said
first format display 2 ratio of said video display neans is approxi mately
16:9 and said 3 second format display ratio is approximately 4:3. 1

6. The apparatus of claim1, wherein said first format display 2 ratio of
said video display neans. is approxinmately 16:9 and said 3 second fornat
display ratio is approximately 2:1. 7. The apparatus of claim1l, wherein
said second picture 2 forns an inset Wfin said first picture.

FIG. 7
¢ FIG.8
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-3 5+ 8. The apparatus of claim1l, wherein said first and second 2

pi ctures are of substantially conparable size. 9. The apparatus of claiml,
wherein said asymetric 2 changi ng neans conprises: 3 means for
digitizing said second video signal; 4 means for horizontally and
vertically subsanpling said second 5 video signal at a first and second
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rates respectively; and, 6 nmeans for storing said subsanples from
said second video 7 signal
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10. A video display system conprising: 2 vi deo di spl ay nmeans -havi ng
a first format display ratio of 3 wwdth to height; 4 means for
receiving a first video signal, defining a picture in a s second fornat
display ratio of width to height smaller than said 6 first format display
ratio; 7 means for asymmetrically conpressing said width and hei ght 8
of said picture; and, 9

nmeans for mapping said asymmetrically
conpressed picture 10 onto said display neans

1 11. The system of
claim 10, further conprising neans for 2 storing said asymetrically
conpressed picture. 12
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1 . 12. The systemof claim 10, wherein said first format display 2
ratio is approximately 16 X 9 and said second format display ratio 3 is

approximately 4 X 3. 1 13. The systemof claim 12, further conprising
means for 2 conbining said picture with another picture for sinmultaneous 3
di splay of both said pictures on said display neans. -36- 1 14.

The system of claim 10, wherein said conpressing neans 2 conpresses said
picture by a factor of approximtely 4:1
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3 horizontally and by a factor of approximately 3:1 vertically. 1

The system of claim 10, wherein said picture fornms an 2 inset within
anot her picture. 16. The system of claim.10, wherein said asymetric 2
conpressi ng neans conprises: 3 means for digitizing said video
signal; 4 means for horizontally and vertically subsanpling said
video s signal at a first and second rates respectively; and, 6 nmeans
for storing said subsanples fromsaid video signal. 1 17. The system

of claim 10, wherein said picture is a 2 conbination of nultiple pictures
fromnore than one source. 1

15.
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1 18. The system of claim 10, wherein said picture is a 2 conbination

of nultiple pictures fromone source. 1 19. A video signal processor
for a video display apparatus, 2 conprising: 3 means for digitizing
a’video signal defining a picture having a 4 format display ratio of width
to height; and, 5 means for selectively changing said width and
hei ght of said 6 picture by first and second factors respectively to
control aspect 7 ratio distortion of said picture; and, 8 means for

generating said aspect ratio controlled picture as an 9 output for display

by said video display apparatus. 1 12/1220. The processor of claim 19,
further conprising neans for
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2 storing said aspect ratio controlled pictu} PRERUACEMEND SHEETEN 0kG3
saird output. 1
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factors are different from one anot

second 2

processor of
sane. 1
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claim 19, wherein said first and &
23. The processor of claim19
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2 changi ng neans conprises neans for horizontally and vertically 3
subsanpling said digitized video signal at said first and second 4 rates
respectively. 1 25. The processor of claim 19, further conprising
means for 2 conbining a portion of a second picture with a portion of said

aspect 3 ratio controlled picture for sinultaneous display of said
pictures. 1

26. The procesgpr of claim19, further conprising neans
for 2 suppl§}hg said first and second factors to said changing neans. 1
27. The pr%sor of cl gi
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29.

conbi ning a

portion of a second picture wwth a portion of said aspect 3 ratio
controlled picture for sinultaneous display of said pictures.

The processor of claim 28,

1

further conprising neans for 2 supplying said

further conprising neans for 2
first and second factors to said changi ng neans.

28. The processor of claim 27,
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