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SYNCHRO\II &éN&ﬁé?E BY SI DE /Pl CTURES The inventi on pcI/WS9E/08D46 he
fiel d o ons capabl e of di spl 1olyi ng side by side pi Clypons gk
substagti al | y equal size from di fferent sources, and in particular, to
such tel evisions having a 5 wde display format ratio screen. Mst

t el evi si ons t oday have a format display ratio, horizontal width to

vertical height, ‘of 4:3. HR STBF bEyPlFm’ orresponds nore
cl osel y.to the S’e(NfC mmrz!'ﬂl 0 By Qr Fgégrrpl e 16:9. The

i nvention is . "h% X’@QB'IO@ rglatesn Q)i the: fi Qr]DeR/?tt@lQéﬂ$l9ﬂ§n§a§ﬁ@ l®ref ection
displaymg side by side pictures of substantially equal size from

different sources, and in particular, to such televisions having a
5 wide display format ratio screen. Most televisions today have a
format display ratio, horizontal width to vertical height, of 4:3. A
~ wide -format display ratio corresponds more closely to the display
format ratic of movies, for example 16:3. The invention is
. applicable to both dnrect view televisions and projection
10 televisions.

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

15 broadcast with a 4 X3 format display ratio. Many viewers find the
"4 X3 display format less pleasing than the wider format display
ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a

20 corresponding wide display format. Movies "look” like movies, not
cropped or distorted versions thereof. The video source need not be

. cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.
_ Televisions with a wide display format ratio are also suited to

25 a wide variety of displays for both conventional and wide dispiay
format signals, as well as combinations thereof in muitiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the dispiay format ratios of multlple
signal sources, developing consistent timing signals from

30 asynchronous but simuitaneously displayed sources, switching

- between. multlpie 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

35 television according to various inventive arrangements is capable of
providing high resolutior, single and multiple picture displays, from
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~ 16 tel evi si ons. : Tel evisions having a format display ratio of
oft‘s |9é(7{ﬂ%52§d toas 4 X 3, are linmted in the wayspd¢iases/o3gse

a‘nd mul th si gnal sources ca® be di spllayed. Tel evi sion signal
“transnmi ssions of commerci al broadcasters, except for experinental
rrat"‘eri-al, are 15 broadcast with a 4 X 3 format' di spllay ratio. Many viewers
findthe 4 X 3 display format | ess pleasing than the w der forrrat

forrme” Siidle) SR IABIIB, stirteb ialiNg SSimidl B Blferent tobflat! L, .
capabl e of falt!@%J e@ﬂﬁg%ﬁ"ﬂeﬁ&legﬁm9 display ognalt eatioses in a 20
correspondi ng WT¢fedisiohs YwithAr Eﬁ?ﬂldyb&iﬁ G?h\aﬂ 'rJéﬁo”E&heg n;)t .

cropped or , di iqorted ver si ons, [ her eof eQ source nee

cr opped,  ciMRIaManIRd. iheledsian systems isplayies viseos &iapal \walh at o
0 OISR SroSHNORIS osa el e ey and, mullples 1o serne
di splays f %€ ‘o@%h%éohs’%t'n %qldar\‘/ﬁ d@@ﬂi l%@ed scar?’BF'Qat %Iaé'ré Q le
wel | as coM¥SGt video tsignals, for exampbées grectisptayed byliintergcingHthvever ,
the use of ;3 uidavdl HiRIGY dPbhBhSHided” iithd! 'sach field being generated by

a raster scanning operation at a basic or standard horizontal

10 scanning rate of approx:mately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1f4, and 1H. The ‘
actual frequency of a 1fy4 signal will vary according to different
video standards. In accordance with efforts to i'mprove the picture
quality of television apparatus, systems have been developed for

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

- 20 horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such progressively

" scanned or flicker free displays is variously referred to as 2fy and
2H. A 2fy scanning frequency according to standards in the United
States, for. example, is approximately 31,468 Hz.

25 Television apparatus with conventional format display ratios
can be equipped for displaying multiple pictures, for example from
two video sources. The video sources may be the tuner in the
television, a tuner in a video cassette recorder, a video camera, .and
others. . In a mode often referred to as picture-in-picture (PIP), the

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

3s in a number of different locations. Another display mode is often
-referred to as channel scan, wherein a large number of small-
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- nunerous problens. Changing the display format ratios of nultiple

S|gnal .sources, devel oping consistent timng signals fron13 us
but 'si MNQ@ aKWd83%1 v di spl ayed sources, switching bet Ween FJ?PE)I%?W

sources to generate nultiple picture displays, and provi di ng hi gh
reSol ution pictures from conpressed data signals are genera
categories of such probl ens. Such problens are solved in a W de screen

ccor di ngPIutas; SHEN T A EMSTRR henel SeleSa o g SEeRIB0Ry g
hi gh™’r esotreieizen framengiontage. rruTheneI & pictman gicturey at leasthin terms of
- size. A channel scan display mode in a wide screen television. .
apparatus is shown in FIGURE 1(i). In wide screen television
s apparatus, other display modes are possible. One is referred to as
picture-outside-picture (POP). In this mode, several inset auxiliary
pictures can share a common boUndary with a main picture. A POP
display mode in a wide screen television apparatus is shown in
FIGURE 1(f). Another mode particularly suited for a wide screen
10 television is side by side pictures of substantially the same size,
from different video sources, for exam'ple two different channels.
This mode is illustrated for a wide screen television in FIGURE 1(d)
for two 4:3 video sources. It will be appreciated that this mode can
be considered a special case of the POP mode. '
15 Horizontal scanning is acccm'plished in the same amount of
time in a wide screen television apparatus as in a conventional
television apparatus. However, the distance of the horizontal scan
is greater in the wide screen television. This will stretch the
picture horizontally, creating significant aspect ratio distortion of
20 the images in the displayed picture. 'Accordingly, problems can be
~ encountered when displaying a video signal having a conventional 4:3
display format ratio on a wide screen television apparatus, for
example one having a 16:9 format display ratio. These particular
format display ratios would resuit in a horizontal stretching or
25 expansion by a factor of 4/3. This is a problem for displaying
pictures having a 4: 3 display format ratio as a main plcture and as
an auxiliary picture, such as a PIP or POP. This is also a problem for
PIP and POP modes even if the main picture originates from a video
source having a 16:9 format display ratio which matches the display
30 means of the television apparatus. -
Certain digital circuits, sometimes referred to generally as
picture-in-picture processors, are available which can implement
PIP and channel scan modes in a conventional television apparatus.
_ One such picture-in-picture processor is designated as a CPIP chip
as’ and is available from Thomson Consumer Electronics, Inc. The CPIP
“chip is described more fully in a publication entitted The CTC 140
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. -2- single and nultiple sources having simlar or different fornmat
rati os; and with selectable display format rati os. I b$138
with a V\deﬂil%?gmay format ratio can be -4- inplenented in tg&w%?lzg
systems di spl aying video signals both at 5 basic or standard hori zont al
scanning rates and nultiples thereof, as wel | as by both |nter+aced and
nonititerl aced scanni ng. Standard NTSC vi deo signals, for exanple, are

ool #ye0 Dbl RSk o p1P) S5 Rl T SABpBRLT aVRIERL AGEY . .,
st anttar d* hoThemson QdnsumenrElegtranies oineppndianapelis, bridiana. HSudhe basi c
ferr]? anpRtre-inicklre hrod¥i3crs ark’ gt Suftable *oe ImpleRientifG’ L,
accor di ng t9peciaf dmlay modﬂsdeﬁi-loft asdRikds POR aeddzfmml sfam, &Md?s to
hgegf"égeséh]?%@‘é‘ew t8levisiof apgaratis.! el unSaRRilRypidtute G¥vsRPed e been
such a picture-in-picture processor from an auxiliary video source
were displayed on a wide screen television apparatus without an -
external speedup circuit, the auxiliary picture, or pictures, would be
geometrically distorted as described above. The auxiliary picture
10, would exhibit a horizontal expansion by a factor of 4/3 due to the
wider horizontal scanning of the wider picture tube, whether direct (
view or projection. If an external speedup circuit were used, the
auxiliary picture would appear without aspect ratio distortion, but
would not fill the screen or fill the portion of the screen otherwise
15 allotted for the auxiliary display.
A wide screen television can be provided with a signal
processor for distorting. a video signal, for example an auxiliary
video signal, such that upon subsequent display the auxiliary picture
“will exhibit no image aspect ratio distortion. The distortion can be
20 implemented as an asymmetric compression. The compression
factors will depend upon the relative display format ratios of the
auxiliary video signal and the wide screen television apparatus. In
order to display an auxiliary video signal having a 4:3 display format
ratio on a television apparatus having a 16:9 format display ratio,
2s The auxiliary picture will be horizontal_ly'compressed by a factor of
4:1 and vertically compressed by a factor of 3:1. In a television
apparatus having a different display format ratio, for example -2:1,
the horizontal compression factor would be 1.5 times greater than
the vertical compression factor. The asymmetric compression
30 prdduces 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 processaor, the resulting auxiliary display exhibits no aspect
as ratio distortion and is proper size for its intended purpose, whether
PIP, POP, channel scan or otherwise. The horizontal expansion
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- 15 di spl ayi ng vi deo 5|gnals progressively, in a noninterlaced fashion.
Pregressi ve scanning requires that each displayed frane rmstpdqgusgl/(ngned
i=n the WAUIAY period allotted for seSming one of the two firel ds of
the interlaced format. Flicker free AA-BB displ ays reqw re t hat each

fi €.d be scanned twice, consecutively. In each case, the - 20 horizontal
scanni ng frequency nust be twice that of the standard hori zont al

frequency. cannl rate.for suc ress v canned | i cker
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digital converters can operate at different sampling rates. The

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

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

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

A video display system for synchronizing side by side pictures
according to an inventive arrangement corhprises a first video signal
2s - source of a first picture and a second video signal source of a second
picture. A first signal processor speeds up the first video signal. A
video display is synchronized with the first video signal. The second
_video signal is vertically synchronized with the first video signal
and the video display. The second video signal is delayed by a

3o fraction of a field period in a field memory. A second signal
processor speeds up the synchromzed second video signal. The first
“and second video signals are combined for side by side display of the
p:ctures The first and second video signals have first and second
dispilay format ratios respectively and the video dlsplay has a third

as display format ratio greater than each of the first and second
display format ratios. [f the first and second display format ratios
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- dfsplay mode in a wi de screen television.apparatus is shown in FI GURE
1(e). In nany instances, the inset -picture can be. positioned 35

runber afodirffespent | ocations. Another digpl ay nobde is oft erPCT US9I1&32?(} ed
*to_as channel scan, wherein a l.arge nunber of small -
-37 . pi ctures, each froma different channel source, fiII t he screen

In a
are each approximately 4:3 and the third display format ratio is
approximately 16:9, each of the the side-by-side pictures can be
dnsplayed in a format display ratio of approximately 8:9. If each of
the video signals is speeded up by a factor of approximately 4/3 and

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

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

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

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

15 FIGURE 4 is a block diagram of a wide screen television in
accordance with aspects of this invention and adapted for operatlon
at 1fy horizontal scannmg :

FIGURE 5 is a block diagram of the wide screen processor

- shown in FIGURE 4.

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

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

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

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

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

30 FIGURE 11 is a block diagram showing the main signal path of

- FIGURE 8 in more detail.

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

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

as section of the picture-in-picture processor of FIGURE 7.

|s Sheet Has Been Replaced




. fieeze frane nont age. There is-no main picture, at least in terns of
size. A channel scan display nobde in a w,de screen tel evisi Gior/yusopIBMAL US
is showWQAITHPRIRE 1(i). In wide screen fél evision 5 apparatus, other
-~ di spl ay nodes are possible. One is referred to as
pi €t ure-outside-picture (POP). In this node, several inset auxiliary
pi ctures can share a common boundary with a nain picture. A POP di spl ay

node in a w de ORE! | i p S [ Wﬁf)
Anot her node Eaﬂq}?ul a,rfd qguiﬁ @IBCR Bﬁg\éﬁﬁg s%fgg?ﬂmtlgartgel evi si on t1 g si de

by side pi EHerAl fH ss195RL D] qwlﬂh@ conyersion.  from different video
fsources dfor expIGURE 5 dsféea:@'gbummgﬂl)ock andfd’ htttat rnggam gdat therated
for a wde n or two vi deo sources.
It will éﬁ%&g@l‘ a‘ﬁtﬁy Pﬂimﬂ'h Y Fﬁiﬁéé 5 be considered a special case
of the 5PCP modeFIGHRE 16 is b blatndiagrararof the iIRGEcinteplacensboinn ime sane
anmount of ‘GURE'ZTB in a wide screen tel-evision apparatus as in a

conventi ona t el evi si on apparatus. However, the distance of the
hori zontal scanThe varigugrpartsrof FIGURE deiliisteate semasi Bubmotrallsody | |

stretch thfhe varidUs (¢S mbilvaticest &f lsingley @itid NButtiglel Diekire ey ratio
di stortion
formats which can be implemented according to different inventive
10 arrangements. Those selected -for illustration are intended to
facilitate the description of particular circuits comprising wide
screen televisions according to the inventive arrangements. For
purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a video
15 source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
signal is generally deemed to be 16 X 9. The: inventive '
arrangements are not limited by these definitions.
FIGURE 1(a) illustrates a television, direct view or projection,
20 having a conventional format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X 3 format
display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
“'the viewed picture is rather small with respect to the entire
2s 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
right sides. As a further alternative, the letterbox picture can be
30 expanded vertically but not horizontally, whereby the resulting
picture will evidence distortioh 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
ratio video source would be fully displayed, without cropping and
as without distortion. A 16 X 9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can
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.20 the i mages in the displayed picture.. Accordingly, problens can be
encount er éd .when di spl ayi ng a video signal having a convention 3

di spl ay Wwérgipiospati o0 on a wi de screen tel&vwision apparatus, ?G?)US%I%‘W“

-exanpl e one having a 16:9 format display ratio. These particul ar

foFmat display ratios would result in a horizontal stretching or 25

expansion by a factor of. 4/3. This is a problemfor displaying

pi ctures having a 4:3 display forpat ratio as a nmain picture and as - an

auxi liary fRepiegressivelyascanped by iine daubling orafisg adgitian.egeras to

Pl P -and PORGRifs £VRitget &isplapi with Sufficieht Yeriddls rbsolutivr. doW wide
source havi ng a 16-:I9 fo‘rerI %ﬁf&ggnégt Wth\/\/r}h(l:h .mat ches the dIiS | ay 3R
~ means of tIRE genciglevision i danc _ TJPYENHOR; RN M #FXUFPQ,
SOW!Elti EFZ ret¥8 D(egl tqrnga*l;&ﬁsplaw aatio Isignaii whather ln’fhfe ahairedsmmsme;, ~are
?(gﬁi/eﬁt Fonguﬁlzqr&vggpg‘gé aﬁgbzﬁﬁ?ma‘o ﬁG%%@%ﬁ@ﬂepi ifﬁpefrion?;i L?u?e
processor is defIGldRE A¢Ch ilmstrates @ 356 A8 fermatidisplay fradia Thaifson
Sonr e SGEPTnCynibAc IR ofmat aisl rafo gt RSk s 111V 10 2
displayed. If both the main and auxiliary video signals are 16 X 8
format display ratio sources, the inset picture can also have a
10 16 X 9 format display ratio. The inset picture can be displayed in
many different positions. ' ‘
FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with the same size picture.
Each display area has an format display ratio of 8 X9, which is of
15 course different from both 16 X9 and 4 X 3. In order to show a
'4 X 3 format display ratio source in such a display area, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
20 the picture is tolerated. Horizontal squeezing results in vertical
- elongation of objects in the picture. The wide screen television
according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.
-1 Data sampling.limitatipns in the auxiliary video signal
processing path complicate the generation of a high resolution
picture which is as large in size as the display from the main video
signal. Various methods can be developed for overcoming these
complications. | o
30 FIGURE 1(e) is a display format wherein a 4 X 3 format
display ratio picture is-displayed in the center of a 16 X9 format
* display ratio screen. Dark bars are evident on the right and left
sides. _
_ FIGURE 1(f) illustrates a display format wherein one- large
35 4 X3 format display ratio picture and three smaller 4 X 3 format
 display ratio pictures are displayed simultaneously.: A smaller
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- 4- Picture in Picture (CPIP) Technical Training Manual, avail able

from nsuner El ectronics, Ing., |ndianapolis, Ip@nanggyﬁgpﬁ
WO BTASSE”

pi cture- e processors are not sui bl e for i mpl ementi ng speci al
di spl ay_nodes, such as PIP, POP and channel scan, in wide 5 screen
teFevi sion apparatus. |If an auxiliary picture developed by such a

pi ct-ure-in-pi cture processor froman auxiliary video source
picture outside the perimeter of the large picture is sometimes
= referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
5. the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
10 appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and, the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
15 - FIGURE 1(h) illustrates an alternative wherein the 4 X 3
~ format display ratio picture is centered, and six smaller 4 X 3
format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
20 pictures. The remaining eleven pictures will be in freeze frame
format. | -

FIGURE 1(i) shows a display format having a grid of twelve
4 X 3 format display ratio pictures. Such a display format is
‘particularly appropriate for a channel selection guide, wherein each

25 picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
- of available tuners and signal processing paths. '

The various formats shown in FIGURE 1 are illustrative, and

not limiting, and can be implemented by wide screen televisions
30 shown in the remaining drawings and described in detail beiow.

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
designated 10. The television 10 generally comprises a video

35 signals mput section 20, a chassis or TV mncroprocessor 216, a
wide screen processor 30, a 1fy to 2fH converter 40, a deflection
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- vere di spl ayed on a .w de screen tel evision apparatus w thout an
external speedup circuit, the auxiliary picture, or picture ggq P
. geonet rWaaPIAI97st ort ed as .descri bed abd@e. The auxiliary p?gure 8 woul d

“exhibit a horizontal expansion by a factor of 4/3 due to the wi der
hori.zontal scanning of the w der picture tube, whether direct vi ew or
- projection. If an external speedup circuit were used, the auxiliary

DL e Yol e IR SRR ol 2 NG 7 BB anbaes 248 Kt
f?(rjvf ggda%nlret%r P43, Sdirént view ' or_proj é?ﬂedetlﬂﬁSEW elnel i | powenrsupp
 Sxanpl o anfGux TR §rouping, pRPRESHS eirélitk) Mg irtiiafit Vfa%gc@@taﬁ[‘%@é
tT Eg S:JXIt Iolr |sr;nade:trf]or g:urposes bf eorvienience inndegscriptien; and ii® ndtt ort Ih on
conpr e$si ohwﬂdgaf ggt (Ijlrﬁg hgnpﬁkg upoﬂagﬁe re :i'|\|‘/:gI ?Nm{lgflsﬂfqutw% ©
rati os of tohene anothed.| i ary vi deo signal and the wi de screen television
gpgglr gty U;‘m'ngt The oiaét%r si ﬁllhssm Qécﬁé'r’f'éoaii.sYaMaﬁtw ?fbﬁﬁ@cé?ﬁ“gg]['ﬁ a 4:3
di splay raRlugality of composﬁe Vl eo sngnal% ?P&m %t#eren% ided sourcesormalt
The video signals may be selectively switched for display as main
10 and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air ‘
antenna reception and cable reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The output of first tuner 206 is an input to a one-chip
15 202, which performs a number of functions related to tuning,
_horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA7730. - The baseband
video signal VIDEO OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
20 and the TV1 input of wide screen processor 30. Other baseband
video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape players, video games and the like. The output of the video
switch 200, which is controlled by the -chassis or TV microprocessor
25 216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another
input to wide screen processor 30.
With further reference to FIGURE 3, a switch. SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
3o The Y/C decoder 210 may be implémented as an adaptive line comb
filter. - Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
‘sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
as decoder, as in some adaptive line comb filters, or which may be
implemented as a separate switch, is responsive to the TV
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'--2% The aUX|I|ary pi cture will be hori zontal ly conpressed by a factor of:

4:1 and , %gy conpressed by a fact_oxi 1o_f 3:1. In atel evpé-rngsgl/oym
_apparatu a different display format ratio, for exanple 2:1,

the horizontal conpression factor would be 1.5 tines greater than t he
vertical conpression factor. The asymretric conpression 30 produces
geonetrically distorted pictures which can then be stored , in a video

nenory. asscmuomopubaessoraame:tfuul‘ eselécﬁngtune patrC©$SIQm|nance afken the °
eyt Ul OgHER SRR Ml (R Rl 9 W oy o, Y T
processor, respectively. i njheuselecteg ﬂaﬂpbﬁyumhabcesam emnammam ratio -
Dt o St 81 hafEaer Sd tighidy o MEM AR B i¥' Hecessed PP
5 aong a main signal path. Slgnal des:gnatnons 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 designation for (B-Y). The Y_M, U_M, and V_M signals are cqonverted
to digital form in the wide screen processor for further signal
processing.
The second tuner 208, functionally defmed 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 signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
25 auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
30 arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
formats.
-A composite synchronizing signal COMP SYNC, corresponding to
35 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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- -5- realized by scanning in the wider television tube exactly

cancel s the extra conpression, that is the asymetric pygﬁﬁqﬁr s Or
t-o WO9AH939T t he video nmenory. -12- A vi deo displ
“side by side pictures according to 5 an inventive arrangenent conprises

anal.og to digital converters for quantizing first and second video -
signal s, representlng first and second pictures respectively, at higher
and | ower |evels guanti zation resolution relative to _one another.

The anal og r?%"em'vﬂyg?fﬁl inpuitg et & verticabeountdown Lirguit 2t4santheng
rates. Thevgfticali countdown ciseuit edevdlopgeal WERTECAR! RESET! Sighdln#whistan

Rave the e ARRIBEANIS o WidB sEHRST Broddsstf' 90! VTneowids Sbrtsan R' cture:
processor generates an internal vertical reset output signal INT
s VERT RST OUT directed to the RGB interface 60. A switch in the RGB
" interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical

o synchromzmg component SEL_VERT_ SYNC directed to the deflectnon

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

The 1fy to 2fy converter 40 is responsible for convertmg
interlaced video signals to progresswely scanned- noninteriaced

15 signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generated by
interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected

20 between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video RAM may’
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data as Y_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 18,
enables selection of the converted video data or external RGB video
data for display by the video signals input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2fy scanning. The vertical synchronizing component of the main

3o signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fym or fyext)
to be available to the deflection circuit 50. Operation of the wide

. screen television enables user selection of an external RGB signal,
by generating an internal/external control signal INT/EXT. However,
3s the selection of an external RGB signal input, in the absence of such
a signal, can result in vertical collapse of the raster, and damage to
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- vi deo di splay is synchronized with the first video signal. The second

vi deo signal. i ynchroni zed with the figygt video signal. A picgnes91/03746
prodessi%&%‘i/?%ﬁt nodi fies the first an"(’jésecond vi deo si gnaf,s to 15

‘represent the first and second pictures respectively in sizes snmaller
than the video display. A nultiplexing circuit conbines the processed
video signals for side-by-side display of said pictures. A

Ui pati . - : e : _
il £ of e e ] s e o 20
resol ut i oniNtEAACE Hrgy) s&ﬁ'@‘%?c?ar gxerna dF¥BFémZ§.‘Lﬂ)S§W allpy order
Wi It h?pt i rmgea\ferpidet that seledtionoof inmoreexistent aextertdl ﬂCBtBeinmnt. The
relative a > 3 o, i s§:

A Vi deo o Seh, TUSOBHRRLS, 340 SRS THIPRIGR (ot et ctift dtirols for
accordifg thﬁ@XteMnﬁGﬂ signahgenent conprises a first video signal 25
Source OF 2,111 ThePvitld’ Sciih DpreRedsdr 30 Comiikds w yigire’ it ciefiny

pi cture. A first SI%. processor s eeiis up t rst _video_ sig
vi deo di spPEICESSQfy dar zzpedial rsignal iprogessing ok ithaaauXitiarysy
vi deo signgigridl, vEThectérni pictare-tmipietirel i$ somdtimes abBpevidtedalas
and the viges 8t Skih:pik ' A Gate” altay 309 Linbines the’Fain add auxiliary
10 video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
15 serial bus includes four signal lines, for data, clock signals, enable
signals and reset signais. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three
~ level sandcastle sig_na!. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
20 blanking signal is supplied by the video signal input section to the
RGB interface. ' |
The deflection circuit 50, shown in more detail in FIGURE 15,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface
25 60 and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The _
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1fy to 2fy converter 40 and the YUV to RGB
3o 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. o : . :
The wide screen processor 30 is shown in -more detail in
35 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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- 30 fraction of a field périod in afield nenory. A second signal
processor speeds up the synchronized second video signal. The/s91/03746

_and ‘sec&‘@’gﬂ(?éw signal s are conbi ned ~dr4side by side display of the

pictures. The first and second video signals have first and second

di Splay format ratios respectively and the video display has a third 35

disptay format ratio greater than each of the first and second

P! Y TogTtal Bh Bigita 10 WhdibLoRVEnBRE e UedBrY 1ReF08d °
: 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 1fy4 and the 2fy chassis, for example
s the PIP circuit, are shown in FIGURE 6. A picture-in-picture

processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in more detail in FIGURE 8. A number of the 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 also operates in
conjunction with the WSP uP 340. The WSP uP 340 comprises an
input output /O section 340A and an analog output section 340B.

15 The I/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 /O section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog

20 output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258.

The gate array 300 is responsible for combining video
information from the main and auxiliary signal paths to implement a

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

_ wide screen processor in analog form, and Y U V format, as signals

30 designated Y_M, U_M and V_M. ‘These main signals are converted
from analog to digital form by analog to digital converters 342 and
346, shown in more 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 signals. The sampled luminance bandwidth is

limited to 8 MHz because the system clock rate is 1024fy, which is
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- are each approximately 4:3 and the third display format ratio is
approxinately 16.9, each of the the side,y-side pictures capcpas91/03746

di spl ayéﬁoigﬂy'e?:;&)rnat di splay ratio of éB oximately 8:9. If each of

"the video signals is speeded up by ‘a factor of approximately 4/3 and 5
cropped horizontally by a factor of approximtely 1/3, each of the si de
by side pictures is di-splayed substantially w thout aspect ratio

di storti On-apfprcsximatelg':’l M. 1(A) siHdle ansldy 6 %igﬁtﬁl riVetdl Baddahf er ent

g: ggil(a)cgi agraﬂﬁ?égmé‘?’wg egéémrtgérﬁstcgg&§§a%%éﬁ{h%nb°h’cﬁpm’iﬁ%§ gpggtg of
this i nventﬁébam:adttwgfbtaw f\brsignsrsaa:r@rlimit?datg 8?3 Kgiz‘.zmnnéﬂ SMHanft?rnng-
) GRe,” i P! OThe! sBATIRG LNENLEC 58 PE ABRRT Mton prSAtihieRe o
in sicc @4 niscani 8 Midp signalotietived by \dividing thed systemetiotkrbyr aAi on
one clock wide start of line SOL pulse synchronously resets this
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock

10 cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the

15 clock gating information from the interpolator control 349 of main

signal processing path 304 must be similarly delayed. Were the
clock gating information not delayed, the UV data will not be
correctly paired when deleted. This is important because each UV
pair represents one vector. A U element from one vector cannot be

20 paired with a V element from another vector without causing a color
shift. Instead, a V sample from a previous pair will be deleted along

~with the current U sample. This method of UV multiplexing is:
referred to ‘as 2:1:1, as there are two luminance samples for every
pair of color component (U, V) samples. The Nyquist frequency for

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

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

35 different dithering sequences involving different numbers of bits
and different paired pixel compressions involving different numbers
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- at 1f [err] horizontal scanning. ’ - FIGURE 5 is a block diagram of.

the wi de screen processor shown in FJ GURE 4. 20 _ et /03748
bl ock di WQWALWIWi ng further details of1bhe wi de screeni’processor
comon to FI GURES 3 and 5. FIGURE 7 is a block diagramof the

pi cture-in-picture processor shown in FI-GURE 6. FIGURE 8 is

a block diagramof the gate array shown in 25 FIGURE 6.and illustrating

the main, guxphsalle dphel #‘fapgrgéﬁél of a Hgﬁ{:ﬁ%r of - partlcular dadtgURES 9 and

10 aretlmﬁg I agrans use at| of the .
di spl ay forf ucgaevandnrestmrn(ss hemes mgm!nqﬁelectedcbmsw SHhaR. 30

FI GURE 11 '354(13t |ﬁ|8fﬁéfd'té‘9ﬁﬁiﬂlﬁlﬁﬁ“r§§oldlﬁnmfntﬁé Qtﬂ§bl vieo for B'a@HRE 8

in nore detalil IS a diragrdm show ng t

auxi | i ary f3tigriafakind of ch FTQSL&&?F’{‘?Y nfOrFHF%t detail . . FI GURE 13.
is a bl gck ‘di agrene jateharray inclides dnterpolators which operate in

conjunction with line memories, which may be implemented as
FIFO's 356 and 358. The interpolator and FIFO's are utilized to
~ resample the main signal as desired. An additional interpolator can
- resample the auxiliary signal. Clock and synchronizing circuits in

10 the gate array control the data manipulation of both the main and _
auxiliary signals, including the combination thereof into a singie ‘
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y,

1s U and V, are supplied to the 1fy to 2fy converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the

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

Portions of the horizontal synchronizing circuit are - shown in

more detail in FIGURE 14. Phase comparator 228 is part of a phase

25 locked loop including low pass filter 230, voltage controlled
oscillator 232, divider 234 and capacitor 236.. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
resonator or the like 238. The output of the voltage controlled
oscillator is divided by 32 to provide a proper frequency second

30 input signal to phase comparator 228. The output of the divider 234
is a 1fy REF timing signal. The 32f4 REF and 1f4 REF timing signals
are supplied to a divide by 16 counter 400. A 2f4 output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
signal assures that the divider operates synchronously with the

35 phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2fy-REF signal will have an adequate
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- 35 section of the pi cture-in-picture processor of Fl GURE 7.

-7~ FIGURE 14 is a block diagramof a circuit Wr/gsmogt“ng
. the WQ]?M‘?I%W 2fH signal in the 1f[er1r?'to 2f [err] conversion.

FIGQURE 15 is a conbination block and circuit diagramfor the defl ection
cifcuit shown in FIGURE 2. ' '

pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase -
locked loop including low pass filter 406 and 2fy voltage controlled’
oscillator 408. Voltage controlied oscillator 408 generates an
s internal 2fy timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period
10 is symmetric within each 1fy period of the input signal. Otherwise,
the display may exhibit a raster split, for example, -wherein half of
the video lines are shifted to the nght and half of the video hnes are
shifted to the left.
The deflection circuit 50 is shown in more detail in FIGURE 15.
15 A circuit 500 is provided for adjusting the vertical size of the
" raster, in accordance with a desired amount of vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502
provides a constant quantity of current Iramp which charges a
20 vertical ramp capacitor 504. A transistor 506 is coupled in parallel
with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IgaMp provides the maximum available
vertical size for the raster. This might correspond to the extent of
. 25 vertical overscan needed to fill the wide screen display by an
' expanded 4 X 3 format display ratio signal source, as shown .in
FIGURE 1(a). To the extent that less vertical raster size is required,
~ an adjustable current source 508 diverts a variable amount of
current Iapy from IrRaMp, so that vertical ramp capacitor 504 charges
30 more slowly and to a smaller peak value. Variable current source
508 is responsive to a vertical size adjust signal, for example in.
analog form, generated by a vertical size control circuit. Ve_rticai
size adjustment 500 is independent of a manual vertical size _
adjustment 510, which may be implemented by a potentiometer or
as back panel adjustment knob. In either event, the vertical deflection
coil(s) 512 receive(s) driving current of the proper magnitude.
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-5 FIGURE 16 is a bl ock diagram of-'t he RGB interface shown in

FI-GURE 2. _ The various parts of FIGURE 1 illustrat EB
call of wowr39arious conbinations of_ggngle and multiple 3"?‘?8&3

formats which can be inpl enent ed accor di ng to different inventive 10
arrangements. Those selected for illustration are intended to
faci<litate the description of particular circuits conprising w de
screen tel evisions according to the inventive arrangenents. For

pur poses dHorizontaii deflectioni s ustovidednbynphdsec agjustingeciecuit §18,

conventio h h f

“or si gnial rEéstd%taﬁr{ ggggé%% (95&1!&1% af/v%e"r*egﬂgge ng%d\/w@@r%g% SOmree
di spl ay fmmthmazaataif outpreh Qitcuibigit. for a vi deo source or signal is
general |y deemeghd Gfsluﬁte?i-f&ce Cifeuit 608 “hown #Y MK Getfied! in not

limted bythese def|n| trates

t el evi §i orF IGIRE: 16y eW%rs'gFlB] #hichnis 19 b%;ﬁt'ﬂlﬁé%d‘ﬁ@ﬁy?gnﬂﬁf% mat
di spl ay raddigcid mwe\élhemne détsut of thé offiito cﬂfﬁpbonveaermwuanoranu s

;{ at”f,;” E;gggﬁ?ﬁ% Rﬁi,é OrrmtFor ourposdd of thd' Wids' Sidlen boRVIsiBA" S appear
' described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
10 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 2f4 composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal sepafator 600.
Selection of the vertical synchronizing signal is implemented by
15 switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
implemented by switch 606.  Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a
20 user selection. However, if a user inadvertently selects an external
RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will collapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an
25 external synchronizing signal. In the absence of such ‘a signal, a '
switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
- the signal therefrom is not preserit. The RGB to YUV converter 610
also receives tint and color control signals from the WSP puP 340.
30 An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 1fy horizontal scanning, is shown in FIGURE 4 and generally
designated 11. Those parts of television 11 which correspond
_ substantially to a counterpart in television 10 shown in FIGURE 2
as have been assigned the same reference numeral. The television 1.1
generally comprises a video sugnals input section 21, a chassis or
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- This is comonl y referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entlrlg-(f.% ﬁ}@%@ble
a

. di spl ay wD@3/193%T t ernati vel y, the 16 X 918ormat di spl ay t10 source
is converted prior_to transmssion, so that it will fill -the vertical
extent of a view ng surface of 4 X3 format display. However , rruch
:cnformat_ion wi Il be cropped fromthe |eft and/or ~ right sides.

urt her al rnatlve the | et box cture can be and d vertl aIIy
but not _hork oTHGIOPFOCRRSPELT 6@ WSS eiasn procssé%?’{ﬁo Foszantat e

di S:‘OH : Onldeﬂectrdn ceircaitoiigt moivertioak déflettion circuitr &6 alkumae ndrivees is
et oul 21 3 2PRRBE Viow, or, rjpiof 1SS, 243 aRECH"pAwBl shdppcyes Tre 1o
wi t hout cr ddpi @%Hdceavevmerrhand RGB cintedace ara got atlhaedat /ﬂc@@ndwglryat i 0
'S?;;:[ bQX there RsChy proVt¥ieR tor digsialidg 4n ‘extefnal Witle dbPPlatydispldy
ratlo RGB signal at a 2fy scanning rate. The grouping of various
circuits into different functional blocks is made for purposes of
convenience in description, and is not intended as limiting the
physical position of such circuits relative to one another.
. 10 The video signals input section 21 is adapted for receiving a
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
~ inputs ANT1 and ANT 2. These represent inputs for both off-air
15 antenna reception and cable reception. The RF switch 204 controis
which antenna input is supplied to a first tuner 206 and to a second
‘tuner 208. The output of first tuner 206 is an input to a one-chip
203, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controls. The particular
20 one-chip shown is industry designated type TA8680. The baseband
-video signal VIDEO OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
and the TV1- input of wide screen processor 31. Other baseband-
video inputs to video switch 200 are designated AUX1 and AUX 2.
25 These might be used for video cameras, video recorders and the like.
The output of the video switch 200, which is controlled by the
chassis or TV microprocessor 216 is designated SWITCHED VIDEO.
The SWITCHED VIDEO is another input to wide screen processor 31.
With further reference to FIGURE 5, a switch SW1 wide screen
30 processor selects between the TV1 and SWITCHED VIDEO signals as a
. SEL COMP OUT video signal which is an input to a Y/C decoder 210.
. The Y/C decoder 210 may. be implemented as an adaptive line comb
filter. A further video source S1 is also an input to the Y/C decoder
210. Source S1 represents an S-VHS source, and consists of
as separate luminance and chrominance signals. A switch, which may
be mcorporated as part of the Y/C decoder, as in some adaptive line
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-8 : be progressively scanned by |ine doubling or |ine addition, so :

as to provide a | arger display with sufficient vertical ' A
, Wi de weI1e39%el evi sion in accordan(,'@.‘xft h this inventi on';‘g‘;@}%?’s‘%?%?/
such a 16 X 9 format display ratio signal whether the main source, 'the
5 Tauxiliary source or ‘an external RGB source. FI GURE 1(c)
Illustrates a 16 X 9 format display ratio main signal in which a 4 X 3

Lot T ary B0 93,1 SniBhcirf v impip g 89 o' bebatate S gk
i nset pi ct (@SPeASIVEl ¥ theyd G 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
s- signals is thereafter considered the main signal and is proceséed
along a main signal path. A decoder/demodulator in the wide screen
processor develops color difference signals U_M and V_M. The Y_M,
U_M, and V_M signals are converted to digital form in the wide
~ screen processor for further signal processing in the gate array 300.
10 The second tuner 208, functionally defined as part of the wide
-~ screen processor 31, develops a baseband video signal TV2. A
switch SW2 selects between the TV2 and SWITCHED VIDEO signals ¢
as an input to a Y/C decoder 220. The Y/C decoder 220 may be
~ implemented as an adaptive line comb filter. Switches SW3 and SW4
15 select between the luminance and chrominance outputs of YIC
decoder 220, the luminance and chrominance signais of an external
~ video source, designated Y_EXT/C_EXT, and Y_M, C_IN. The
Y_EXT/C_EXT signals correspond to the S-VHS input S1.. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
20 adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. The selected chrominance is converted to color difference
signals U_A and V_A. The Y_A, U_A and V_A signals are converted
25 to digital form for further signal processing. The arrangement of
 video signal source switching in the main and auxiliary signal paths
" maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.
The wide screen processor 30 comprises a picture in picture
30 processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pik-'in-pix.' A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
as processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. _Microprocessor 340 is
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The horizontal and vertical synchronizing components of the
main signal are developed in a sync separator 286, forming part of a
demodulator 288, forming part of the wide screen processor. The
horizontal synchronizing component is an input to a 1fH phase locked
loop 290. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor 31. A horizontal deflection circuit 52
operates in conjunction with the one-chip, responsive to east-west

~ pin adjust and horizontal phase control signals from the WSP uP

20

25

30

340. A vertical deflection circuit 56 is responsive to a verticai size
control circuit 54. The vertical size control circuit 54 is responsive
to a vertical size control signal from the WSP uP 340, and operates
in a manner similar to the vertical size control for the 2fy chassis
described above.

The wide screen processor 31 is shown in more detaul in
FIGURE 5. The principal components of the wide screen processor
are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which
are in common with both the 1fy4 and the 2fy chassis, for example
the PIP circuit, are shown in FIGURE 6. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in more detail in FIGURE 8. A number of the components

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

35

paths, have aiready been described in detail. A number of other
components, such as the second tuner 208, the WSP uP 340 and
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- Si gnﬁl. Vari ous net hods can be devel oped for overcom ng these
complications. 30 FI GURE 1(e) is a display format wherei 3

_format woordigset ay ratio picture is digppayed in the centerqu’6§g'l’§3i§69
format - display ratio screen. Dark bars are evident on the right and

| ef t. si des. : FIGURE 1(f) illustrates a display format

wherein one large 35 4 X 3 format display ratio picture and three snall-er

4 X 3 formt display ratio pictures are displayed sinmultaneously.- A

smal l er  interface outputs, the analog to digital and digital to analog

) converters, the gate array 300, the PIP circuit 301 and the PLL 374
operate substantially as explamed in connection with FIGURE 3 and
such details are not repeated. :

5 . - The main video signal is supplied to the wide screen processor -
" in analog form, as signals designated Y_M and C_IN. Signal C_IN is .
decoded into color difference signals U_M and V_M by demodulator
288. The main signals are converted from analog to digital form by

' analog to digital converters 342 and 346, shown in more detail in

10 FIGURE 6. The auxiliary video data is also in analog form, and Y U V
format, as signals designated Y_A, U_A and V_A. In the PIP circuit ‘
301, these auxiliary signals are converted to digital form, data
compressed, stored in a field memory for synchronization with the "
main signal, and provided to the gate array 300 for combination with

15 the main signal as required by the selected picture display format,
for example by multiplexing on a line to line basis. The operation of
the PIP circuit is explained more fully in connection with FIGURE 6.

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

_ " enhancing the resolution of the auxiliary data notwithstanding the

20 data compression. The analog form signals, designated Y, U and V,

' are supplied to an encoder 227 to define the wide format ratio
output signal Y_OUT_EXT/C_OUT_EXT which, in this case, are inputs
to the one-chip 203. Encoder 227 receives only the C_SYNC_MN -
signal from the gate array. Switch SW5 selects between Y_M and

25 the C_SYNC_AUKX signal as an input to the analog to digital

" converters. The one-chip generates YUV format signals for the RGB
matrix 241, which supplies RGB format signals to the kine drivers
242 from the Y_OUT_EXT and C_OUT_EXT signals.

' FIGURE 6 is a block diagram. showing further details of the

3o wide screen processors 30 and 31 common to the 1fy and 2fy
chassis, shown in FIGURES 3 and 5 respectively. The Y_A, U_A and
V_A signals are an input to the picture in picture processor 320,
which can include a resolution. processing circuit 370. The wide
screen television according to aspects of this invention can expand

as and compress video. The special effects embodied by the various
composite display formats ‘llustrated in part in FIGURE 1 are

-
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- -0- pi cture out5|de the perineter of the large picture is sonetines

referred to that is a picture,qutside-picture, rat S51008v46
RIP, a pW&*U?E%I%ﬁ pi ct 3%0 B&hﬁ

. ure. The terns PT r picture-in-picture are used .

herein for both display formats. In those circunmstances where 5 the wde
scteen television is provided with two tuners, either both I nternal or
one-i nternal and one external, for exanple in a video cassette

recorder, ddferditodbydiag! Biﬁ‘idré’Jnﬁtp‘?#ﬁﬁechoééé%ﬁyszo WGl | Teal

time in accordance ctures can be

di spl ayed feFei¥& 880 meprcemed idatai signgds 1_ Epddﬁg%taﬂd tViaRP from
addi tion olesbiutigrerp rfdéé%&ﬁl srauiti37enaResolufigii Ph?éé/sﬁhgnﬂ o ?fdisﬁg _

pet o can BB 51 [ Fof i solited chint, EFrase s S 22 2o
pi ct ur és _cmctme-mbpmturarpmoessor 320¢eiss showredni mewes idetail, imsFKRORE | n
FIGRE 1(%. 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 tiining and
10 control section 328 is shown in more detail in FIGURE 13..

The picture-in-picture processor 320 may be embodied as a
variation of a basic CPIP chip developed by Thomson Consumer
Electronics, Inc. A number of special features or special effects are
possible, the following being illustrative. The basic special effect

1s is a large picture having -a small picture overlaying a portion thereof
as shown in FIGURE 1(c). The large and small pictures can result
from the same video signal, from different video signals and can be
interchanged or swapped. Generally speaking, the audio signal is
switched to- always correspond to the big picture. The small plcture

20 can be moved to any position on the screen or can step through a
number of predetermined ‘positions. A zoom feature increases and
decreases the size of the small picture, for example to any one of a.
number of preset sizes. At some point, for example the display
format shown in FIGURE 1(d), the large and small pictures are in

25 fact the same size.

In a single picture mode, for example that shown in FIGURES
- 1(b), 1(e) or 1(fy a user can zoom in on the content of the single '

picture, for eitample, 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

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

. nine frames of video can be repeated on the screen. The frame _

3s repetition rate can be changed from thirty frames per second to zero
frames per second.
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- 15  FI GURE 1(h) illustrates an alternative wherein the 4 X 3
format display ratio picture is centered, and six snaller 4 QL mat
_ di spl aywoeai/e939%7ct ures are di spl ayed i nd4rtical col ums onpér;b%ﬁlm;e@g

side. As in the previously described format, a w de screen t el evi sion
provided with two tuners can provide two oV ng 20 pictures. The remaining
el even pictures will be in freeze frane f.or mat . FI GURE 1(i)

shote 2. & =P 2 Thl e IR Bichufl |atotbsbt?' Uad. in dnd WioRTBRURA R ¥ or
charinel setelevisiongacdording:rtoi mnather szqmtwteJr&rrangeméraamffers rirome
b e o v HABESRERoon, O sre DESLOCRIE P SRS THOUR,
pr ocessi ngth®a tbra§xc CPIP chip mre/wse@hyvlﬂbramte&wamm having GURIS X &r e
o 1 o, IR VIS sl 47 CbUIINO PRI, S5 o
bel ow. eﬁhaggt/é%ﬂ'?c"blr Bga Q!%tg % iR d@%@?{@@ﬁ'vﬁel 4d9i §mpsin
accor danc-ehwltbntalvewpa\mm r prELAtingt &omnéc@mnigettdresepﬂwt\mder
16 X 9 screen. Objects in the picture would be horizontally
elongated. |f an external speed up circuit were utilized, there would
10 be no aspect ratio distortion,. but the picture would not fill the
entire screen. . -
Existing picture-in-picture processors based on the basic ‘
CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequerces. The
15 incoming video is sampled with a 640f|;| clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the vidéo RAM associated with the CPIP chip is
not orthbgonally sampled with respect to the incoming auxiliary
‘video source. This is a fundamental limitation on the basic CPIP
20 method of field synchronization. - The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When
data from the video RAM, such as video RAM 350, is displayed, the
25 skew errors are seen as random jitter along vertical edges of the-
picture and are generally considered quite objectionable.
The picture-in-picture processor 320, according to an
inventive arrangement and uniike the basic CPIP chip, is adapted for
~ asymmetrically compressing the video data in one of a plurality of
30 selectable display modes. In this mode .of operation, the pictures
are compressed-4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
as read out normally, as for example in the channel scan mode, for
display of a 16 X9 format display ratio screen, the pictures appear
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- with 2fH horizontal scanni ng, is shown in FIGURE 2 and generally

designated 10. The television 10 generally conprises a video
Cinput seWO V19897 a chassis or TV micro@$eessor 216, a P%?é@é@ﬁ@“ﬁ

prlgcessor 3Q a 1fH to 2fH converter 40, a deflection

correct. The picture fills the screen and there is no aspect ratio

. distortion. The .asymmetric compression mode according to this
aspéct of the invention makes it possible to generate the special
display formats on a 16 X 9 screen wnthout external speed up

5 circuitry.
FIGURE 13 is a block dlagram of the timing and control section

328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a

decimation circuit 328C for implementing the asymmetric

10 -compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a 'compreésion factor from a

| table of values under the control of the WSP uP 340. The range of

15 values can be 1:1, 2:1, 3:1 and so on. The compression factors can be
symmetric or asymmetric, depending upon how the table is set up.
Control of the compression ratios can also be implemented by fully
programmable, general purpose decimation curcunts under the control
of the WSP uP 340.

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

~ vertical sync puises. These signals are processed in the picture-in-

25 picture processor for the various full screen modes such as zoom,

' freeze and channel scan. During the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be

so switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator.” For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
" these special cases is the same as the display clock frequency.

3s . Referring again to FIGURE 6, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog‘ form
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- circuit 50, an RGB interface 60, a YUV to RGB converter 240, kine

drivers 242, direct view or projection tubes 244 and a power_su 70.
_ Fhe groupiowgn/e$39zari ous circuits into difA@erent functional bPGEE'EH"“T’r‘S
made for purposes of convenience in description, and is not 5 intended as

| i m-ting the physical position of such circuits relative to one

anot-her . The video signals input section 20 is adapted for
receiving a plurality of conposite video signals fromdifferent video
sour ces. canhBevrwom@q!anrstogs{ycb@ommnwegy enrade Girewt 366 pwhichs

ot 5 a1 Spaniied ¥ cUnRRIBIOWAE 2 NGB | edtillitbr) 8801 hoTeie e
h ant enna
reception a &gﬁﬁzﬁ%‘éeﬂsﬂé\hm% %ﬁ%%ﬁéﬂéhac {:r%‘f‘@mh' NQ$REWAnt enna

i rlltout t i ’Sf S?Mibhdehabmsf ithet r¢-encodeds YAGd comporsentsntd be substitu?ed. fofhe
ot Pt o of thé NeIG ReimBaghis, 1 B Haih SBnars R i e AR ik R o
defl ecti on ®mtodedeY, ddniv and synhe signaisswauld be theebasisp fambanizontal
e opLa s B Sepfcal RGP tno ekt 3P 18 hassis! s g ofl DX OUT
operation is appropriate for sm;%em_entmg a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main

10 signal path. , |

In a multichannel mode, for example that shown in FIGURE 1(j),
twelve channels of a predetermined scan list can be .displayed in
twelve small pictures simultaneously. The picture-in-picture
processor has an internal clock responsive to a 3.58 MHz oscillator

15 348. The incoming auxiliary signal is converted from analog to
digital form, and responsive to the chosen special effect, is loaded
into a video RAM 350. In the embodiments in the Technical Training
Manual described above, the compiled special effect is converted

. back to analog form in the picture-in-piﬁture processor prior to

20 combination with main signal video data. However, in the wide .
screen televisions described herein, and due in part to limitations on
the number of different clock frequencies which are feasible, the
auxiliary data is a direct output from the videoa RAM 350, without
further processing by the picture-in-picture processor 320.

25 Minimizing the number of clock sighals advantageously reduces . radio
frequency interference in the circuitry of the televisions.
| With further reference to FIGURE 7, the picture-in-picture
processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,

30 timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated =

3s with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video
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- the signal fromfirst tuner 206 is an ihput to both video switch 200 20
camd the TV1 input of w de screen processor 30. O her baseban i :
_isnputs tWOWRIAEE93wi t ch 200 are designat-e7AUXL and AUX 2. pc'f/huessg\e‘/éna?g?lt
be used for video caneras, |aser disc players, video  ‘tape players,:

vi deo ganes and the like. The output of the video switch 200, which is
cont-rol l ed by the chassis or TV m croprocessor 25 216 is designated

S TCHED V0wt s S TR " Thdr3aBE ibmory o4y 19n S M5,
wi de’ scr eeexpensivpr anessan seqeice smorevneemplex managemesw Tiedirw DEbe
decoder pagalr opTRgtCty kS Heb Tarnbl'h M8 Slotifiady] criditiel 0 0 NS 1 ine
conb . representswa reduetionyinicquantizationsresgiution, oe m@wmﬁuts to
the Yf&aﬁ@éof’&rth@_%aﬁ?‘cé’igﬁfal,slvlﬁ&ﬂ ¥ provedsedt witd f8vbinisamplds
sources, and each conglsts epar ate |.um nance and.chyom nance
signal s. AllTauUg H,Utvmftrﬂsnﬁgfl%éwpnéﬁwdﬁ?’ﬁﬂeegg%a?ﬁﬂdtﬂf is; potvugually a
~decoder, agratilet® "Whatathev auxiligryC displayddrpicture i latiwglypemall, but
| npl ement egar?sbg ?r%eglgtsgmsew i* Ctlﬂ’e: d&nﬁf&"‘&?éﬁu&%ﬁo p'i&ﬁreTi\é larger, for
example the same size as the main displayed picture. Resolution
10 processing circuit 370 can seléctively implement one or more
schemes for enhancing the quantization resoclution or effective
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
15 dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different
dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
20 ' number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
particular kind of picture display format.
The luminance and color difference signals are stored in an
25 8:1:1 six-bit Y, U ,V fashion. In other words, each component is
quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
. processor 320 is operated in.a mode whereby incoming video data is
sampled with a 640fy clock rate locked to the incoming auxiliary
30 \'ridleo 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 locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampled and
3s stored, and can be read out orthogonally, it cannot be displayed
orthogonally directly from the video RAM 350, due to the -
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. m"croprocessor 216 for selecting one pair of lumnance and  chron nance

si-gnal s as outputs designated YM and CI N respectively
. pair of WQuPd/rlagﬂe and chrom nance ° sizBals is thereafter};gﬁ-ﬁ@l d@rﬁ%?at he

mai n signal -and is processed 5 along a nmain signal path. Signal
desi.gnations including Mor _W :

asynchronous nature of the main and auxiliary video sources. The
main and auxiliary video sources might be expected to be
synchronous only in that instance where they are displaying signals
from the same video source. ‘

5 Further processing is required in order to synchronize the
auxiliary channel, that is the output of data from the video RAM 350,
to the main channel. With reference again to FIGURE 6, two four bit
latches 352A and 3528 are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches aiso

10 reduce the data clock rate from 1280fy to 640fH. )

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

15 first video signal and the video display. "The auxiliary video signal
‘can be delayed by a fraction of a field period in a field memory, and
then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line

20 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
data is read out of the FIFO before new data has an opportunity to be

25 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 FIFQ. |

The 8-bit DATA_PIP data blocks from video RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture

. 30 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 locked to horizontal synchronizing component of
the main video channel. The use of a multiple line memory (FIFO)
as which has independent read and write port clocks enables data which -
was orthogonally sampled at a first rate to be displayed '
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: rEfer to the main signal path. The chrominance signal CINis
redi rected blv:{the W de screen processor back to the one-chi pg(f‘l%f.ls91/03746
I , 'S an

_ devel opi WP 8H18397i f f er ence signals UM a@P¥M In this regar .
equi val ent designation for (RY) and V is an equivalent 10 designation for
(B-Y). The Y M UM and V Msignals are converted to digital formin
t he-w de screen processor for further signal pr ocessi ng. The

bet ieen t heANW/WEHIR GlocksHhowever dogsatequire that stepspbe undertakendewoder
EETher o e SRR TolRer clIFREET. o) o5 2ep ue [ e cor®
chroni nance out pliR€ gateyarray 3QQJsseemmaen £adbeth widei serean pracessors
LT e A e ARt o Jon, sty sgnen i e
“input S1. p'ﬁfétpvf éﬁgnap@@égd%i/zﬁr@ §HHW£M“? cﬁ@gﬁﬁﬁgm &ﬂﬁ" r'rﬁy;: @'éU -ned,
as in sone The gatep@arsay lalse comiprisest ar slocksfsyng pirtuitf 320i andea WSBPand
SWM is uP decoder 310. Data and address output lines of the WSP uP
decoder 310, identified as WSP DATA, are supplied to each of the
10 main circuits and paths identified above, as well .as to the picture-
in-picture processor 320 and resolution processing circuit 370. It
will be appreciated that whether or not certain circuits are, or are
not, defined as being part of the gate array is largely a matter of
convenience for facilitating explanation of the inventive
15 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 luminance
component Y_MN is stored in a first in first out (FIFO) line memory
20 356 for a length of time depending on the nature of the interpolation
of thé luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are develdped by
demuitiplexer 355. The luminance component undergoes resolution
25 processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating 's_ignal' 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
~ memory limitations associated with the picture-in-picture
30 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, resoiution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
~ during data compression, or reduction. The resolution processing
. 35 may correspond to the resolution processing undertaken by circuit

o cceaaor " VM I SLSRbhodHyice T BBl Yl ot ALY ..
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‘thereafter considered the auxil i ary signal and is processed along an 25
auxi | i ar yygigippgzopat h. The sel ected |um, gqpce out put is desi gpeiRsE591/03746 A.

Si gnal designations including A, _AX an AUX refer to the auxiliary
signal path. The selected chroninance is converted to color difference
signal s ‘U A and VA: The Y_A U_A and VA signals are converted to

digi-stal formfor further signal processing. The 30 arrangenent of video
si gnal sour320 shiavemiin FIGURE: 61iAs andexample,uelrbumavmrﬂaﬁ be@ hs

oo AT SRl BB 7 M e dRRARLGHU™
conposi te synchr e zaugliang videoonputvdata ¢$)r$amplﬂdj|a’tgat6406.| rate/ and
EFOVI dﬁ? FYStbP@?/‘glp?\ﬁdglérﬂﬁflM%SGlesﬁ‘% %Bxﬁo Qfaté]ﬁaf'é;é "out of vidéo AR
ortzomga :?é]éj iS desfgnateé %HXIUI 6L.Plg ‘PHB circuit 301 also has the
capability of reducing the auxiliary picture by. equal integer factors
horizontally and vertically, as well as asymmetrically. With further
"reference to FIGURE 12, the auxiliary channel data is buffered and
synchronized to the main channel digital video by the 4 bit latches

10 352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultxplexer 355. The FSW_DAT indicates which field
type was written into the video RAM. The PIP_FSW signal is

15 received directly from the PIP circuit and applied to the output

~ control circuit 321 to determine which field read out of video RAM
is to be displayed during the small picture modes.
The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024f, rate. The auxiliary channel FIFO 354

20 -converts the data from the auxiliary channel sample rate to the main
channel clock'rate. In this process, the video signal undergoes an
8/5 (1024/g40) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the '

25 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:

. 30 = (640/1024) * (4/3) = 5/g
The chrominance components U_PIP and V_ PIP are delayed by
circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_AUX
. and V_AUX as outputs. The respective Y, U and V components of the
3s main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by controlling the
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. -;12- respectively are |hputs to a vertical countdown circuit 214.
The | vertic 4} countdown circuit devel ops a VERTI CAL - RESEpcHi,§891 /0946 h

s di r eMMQRAIY the wide screen proces8dr- 30. The wide scr-el;ecﬁ{

processor generates an internal vertical reset output signal INT 5 VERT

RST-QUT directed to the RGB interface 60." Aswitch in the RGB I nterface

60 selects between the internal vertical reset output signal and the

vort el oM e BRI ARl PIEDTS 984 25 afiasn. TR RIS P
SELVERTSYNS! §j 134t ecand 0319 ears:friesponsivel 1o ourtpum imaliplexer gontadl and
vertical syp&iy o80%! NIoEaE! multipib®6r control circuit 321 is responsive to
the clock signal CLK, the start of line signal SOL, the H_COUNT
s 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 chrominarice components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362 -
and 364 respectively. The digital to analog converters are followed
10 by low pass filters 361, 363 and 365 respectively, shown in FIGURE
6. . The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP uP
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire
15 bus as shown, having lines for data, clock signals, enabie signals and
‘reset signals. The WSP uP 340 communicates with the different '
circuits of the gate array through a WSP uP decoder 310.
In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
20 picture. In the other case, the video can be expanded to perform
horizontal- zooming operations usually accompanied by vertical
zoommg Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
used to recaiculate the incoming video to a new pixel positions
25 because the luminance video bandwidth, up to 5.5 MHz for S-VHS
- format, occupies a large percentage of the’ Nyquist fold over
frequency, which is 8 MHz for a 1024fy clock.
~ As shown in FIGURE 8, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
3o recalcuiates 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 interpoiator 337. In particular, these switches select whether
3s the interpolator 337 precedes the FIFO 356, as required for :
compression, or whether the FIFO 356 precedes the interpolator 337
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- auxil i ary vi deo-si'gnal are devel oped by sync separator 250 in the wi de

screen p[oc The 1f[err] to 2f[err] converter /U§9I/03746
. r-esponsi w(%sflzggggonverti ng interl aced@4 deo signals to prpg:gr essively

scanned noninterlaced 15 signals, for exanple one wherein each horizontal
line is displayed twice, or an additional set of horizontal lines is
generated by i nterpolating adjacent horizontal |ines of the same field.

Nt or pol ar @ "eadNRCrof SRolBSid (18R HiBdhes. 32arhnd St e e fonsive
det éct ed 2Qo heromuten cafjtenle girclitc 385, owhichuriss its@lferasponsiver tacitheu WSRO
operates | :)ll,lsoﬁﬁ'“cqt %Il""n{ehrﬁrg\é'rﬁ?&da“%ﬁ?%qﬁﬁgnééﬁgﬂﬁoglgwmodes e

used to st e one or nore rane essi ve
di spl ay. Trauxiiarye video sigaal dst aompresaepeiqr] stagagey in theyvigeo RAR

V_2f[erg] sasmahﬁd' %W%&p%nbﬁ tﬁ%d&%sa%eﬁbfraﬁﬁa&léal urposes. The RGB

R LT R RAE R Ew@s%e@ requirggt If (198" ATED by ¢ he
video si gn@;gnahm&th@ectlon The ext ernal signal is deened to be a
wide format di spray haid Aighd"Bhtif 18 e Cfﬁ more detail in FIGURE 11. The
. switch 323 is implemented by two multiplexers 325 and 327. :
10 Switch 331 is implemented by muitiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which (|
is itself responsive to the WSP uP 340. A horizontal
timing/synchronization circuit 339 generates timing signals
~ controlling the writing and reading of the FIFOs, as well as latches
15 347 and 351, and multiplexer 353. The clock signal CLK and start of
line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
'Y_MN. the WSP uP 340 and the most significant bit of UV_MN.
An interpolator controi circuit 349 generates intermediate
20 pixel position values (K), interpolator compensation filter weighting
(C) and clock gating information CGY for the luminance and-CGUV for
the color components. It is the clock gating information which
pauses (decimates) or repeats the FIFO data to allow samples not to
be written on some clocks for effecting compression or some
25 samplés to be read multiple times for expansion.

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

30 4/3 compfession. It is the function of the interpolator 337 to
" recalculate the-luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable signal
"as has clock gating information attached to it in the form of inhibit
pulses. For expanding data, the clock gating information is applied
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* 2fH scanni ng.. The vertical synchroni Zi ng conponent of the main 30 signal
I's suppli §£ REB interface by the vy de screen processorpCT/US93£037460

. VERT RST‘@J‘??PIg%abI ing a selected verticC zgi§ync (flerr] or flerr]) to

be available to the deflection circuit ‘50. Operation of the w de

screen television enables. user selection . of an external RG signal,

by generating an internal/external control signal |NT/EXT. However, 35 the

S gnal | can®® ?‘gsﬁﬁé’? ﬂa%@r%@%: THIP Will bRubs g BB Bl It Hhing,  ©
~13-= 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 jaggéd to smooth. In the
5 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 operations can easily be performed -
10 in a synchronous manner, that is, events can occur based on the
rising edges of the system clock 1024fy. | |
There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data
decimation and data repetition, may be performed in a synchronous
1s manner. If a switchable video data topology were not used to
interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
written into the FIFO in a single clock cycle or read from the FIFO
20 during a single clock cycle. The resulting circuitry cannot be made
- to operate- synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
interpolator and one FIFO to perform both compressions and
25 expansions. If the video switching arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFO's to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
be- placed in front of the interpolator and one FIFO.for compressions
3o would need to be placed after the interpolator. -
Interpolation of the auxiliary signal takes place in the _
auxiliary signal path 306._ The PIP circuit 301 manipulates a 6 bit Y.
U, v, 8:1:1 field memory, video RAM 350, to store incoming video
- data. The video RAM 350 holds two fields of video data in a plurality
3s of memory locations. Each memory location holds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
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‘ t;he cat hode ray tube' or proj ection tubes. Accordingly, the R&B -

interface circuif detects an external nghroni zi ng signal, pdr/QSdere3746 to
. overri dé’VPr?é’E’Léchtmn of a non-exi sten#éxternal RGB input. The WEP

m croprocessor 340 al so supplies color and tint controls for 5 the
external RGB signal. The wide screen processor 30 conprises a
picture in picture processor 320 for special signal processing of the

| : .
auxi, 'arye(§a¢6ﬂ ed atsgamh ane 2 HtheP! rel'hé‘sé"tﬁ gﬁ:cérﬁg&enﬁélu”es

abbr evi at I neﬂ the nmin

t
and “auxi | |%!F@9fléast/|%(§c'§| e '(gﬂ(xﬁﬁ &ﬁ%@%{/r &t VdF3PIRG format s,
as shown bysampledhate8ofyy).esT l@é melﬁﬂhebhmwwtelwﬁlcﬂme of field

Dt e s e il VIAES RN 20 sinle SheforFe e et ot data ' "
M cr opisocestooed dncthes video riRAM 1850, cand thecemtirerividep RAM: 880 islteader a
ool Sbus ulfg the diSpiay) ptiod, "6bit!THeids are ' r8BR dLRGS thd WispRdy ©! ook
' scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch .
data. The PIP circuit always reads the opposite field type that is
10 being written to overcome a motion tear problem. If the field type
being read is the opposite type than that being displayed, then the ‘
even field stored in the video RAM is inverted by deleting the top
line of the field when the field is read out of memory. The result is
that the small picture maintains correct interiace wuthout a motion
15 tear.

The clocks/sync circuit 320 generates read, write and enable
signals needed for operating FIFOs 354, 356 and 358. The FIFOs for
the main and auxiliary channels are enabled for writing data into
storage for those portions of ‘each video line which is required for

20 subsequent display. Data is written from one of the main or
auxiliary channels, but not both, as necessary to combine data from
each source on the same video line or lines of the display. The FIFO
354 of the auxiliary channel is written synchronously with the
auxiliary video signal, but is read out of memory synchronously with

25 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
between the main and auxiliary channels is a funct:on of the
30 particular special effect chosen.

Generation of different special effects such as cropped side-
by-side pictures are accomplished through mampulatlng the read and
write enable control signals for the line memory FIFOs. The process
for this display format is illustrated in FIGURES 7 and 8. In the case -

as of cropped side-by-side displayed pictures, the write enable control
sugnal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxlhary channel is

"l




- signals and reset signal s. The wide screen processor 30 al so . gener at es

a- corrpog,x{) ﬁ;% fcal blanking/reset signal, as a three | peElUSHAroRcact | e
. signal ternatively, the vertical bl a‘rﬁ<5ng and reset signals can be
generated as separate signals. A conposite 20 blanking signal is supplied
by the video signal fnput section to the RGB interface. The
deflkection circuit 50, shown in nore detail in FI GURE 15, recei ves a

| d f
verLica o RBiveriana A iAE o Wig B SRREBKERI. 41% ot SR GeRay
addirt i onal agsiNer bnespgﬁads(posinspaedwn)a otr&E%. pf dbesauxiliary chassel
addi ti onal af‘dﬁ%rm#esﬂé?ﬂbﬂ Pfé?'sgb%dte asZﬂmﬂh thF URE 7. ‘Mﬂét'ca' size

Subpii s 20ATTeSARNGS 40 8 er%nizﬁem Sles EFQRRING. (aapgecééﬁgtec%ﬁ he 1T H to
2f H gogge][ taetwg p;igtﬁfrtré)eawuvth@ :E@?p&%to@oexpahsroﬂw the signal byOS¢gating
t e il TRl el SAaREE Shebih 5 e’ MoBef part g ERS[RED. e’
write enable control signal (WR EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
10 compression ratio of 4/3 being performed on the main channel video
. by the 910 x 8 FIFOs. :
in each of the FIFOs, the video data is buffered to be read out
at a particular point in time. The active region of time where the
data may be read out from each FIFO is determined by the display
15 format chosen. In the example of the side-by-side cropped mode
shown, the main channel video is being displayed on the left hand -
half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channeis as
20 illustrated. The read enable control sngnal (RD_EN_MN) of the main
~ channel 910 x 8 FIFOs is active for 50% of the display active line
period of the display beginning with the start of active video, |
immediately following the video back porch. The auxiliary channel
read enable control signal (RD_EN_AX) is active for the other 50% of
25 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
auxiliary) while the read enable control signals are synchronous °
30 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
appropriate for a wide format display ratio display, for example
35 ~ 16 X 9. Most NTSC signals are represented in a 4 X 3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
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: T;he wi de screen processor 30 is shown in-nore detai.l in 35 FI GURE 3. The

princi pal conponents, of the w de screen processor . are g ¥

. 300, a WQOWIEh-picture circuit 301, -8&tog to %6”%5 _
-14- digital and digital to anal og converters, the second tuner 208,
a wi de screen processor m croprocessor 340 and a w de screen out put

-

ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by 'c_ropping the pictures by 33% or
- squeezing the pictures by 33%, and introducing aspect ratio .
distortion. Depending on user preference, the ratio of picture
5 cropping to aspect ratio distortion may be set any where in between
the limits of 0% and-33%. As an example, two side by side pictures
- may be presented as 16.7 % squeezed and 16.7% cropped.
The operation can be described in terms of general ratios of
speedup and cropping. The video display means can be considered to
10 have a display format ratio of width to height of M:N, the first video
' signal source can be considered to have a display format ratio of A:B
and the second video signal source can be considered to have a
display format ratio of C:D. The first video signal can be selectively
| speeded up by a factor in a first range of approximately 1 to
15 (M/N + A/B) and selectively cropped horizontally by a factor in a
second range of approximately 0 to [(M/N + A/B) -1]. The second
video signal can be selectively speeded up by a factor in a third
range of approximately 1 to (M/N + C/D) and selectively cropped
: horizontally by a factor in a fourth range of approximately 0 to
20 [(M/N + C/D) - 1]. ' _
The horizontal display time for a 16 X9 format display ratio
display is the same as a 4 X3 format display ratio display, because
‘both. have 62.5 microsecond nominal line length. Accordingly, an
NTSC video signal must be sped up by a factor of 4/3 to preserve a
25 correct aspect ratio, without distortion. The 4/3 factor is
calculated as ratio of the two display formats:
4/3 = (16/9) / (4/3)
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs
- 30 having different clock rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or
cropped, or some. combination thereof, by §0%. A speed up
35 comparable to that needed for a wide screen apphcatlon is <
unnecessary. : -
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- encoder 227. Further det alls of the wide screen processor, whi ch are |._pl/

conmon ‘@%Qﬁﬁ‘#@the 1f[err] and the 2f[err] chassis, for expoplesds/oitae ¥
.RIP.cir shown in FIGURE 6. A pLgtw_r e-in-picture processor 320,

which forns a significant part of the PIP circuit 301, is shown in nore

detail in.FIGURE 7. The gate array 300 is shown in nore detail in

FI GJRE 8. A nunber of the conponents shown i n FI GURETBis Sheetias e

of the main and auxiliary signal 10 paths, have already be

detail . What is Tlaimextdsd tuner 208 has associ ated ther eﬁl"'ﬁ“‘ﬁﬁiﬁﬁ

224 - and an audi o stage 226. The second tuner 208 al so operates I'n

conjunction with the WP [err] P 340. The WP [err] P 340 conprises an
i nput olit put 1/ 3-sebt Vtﬂﬁ@@ﬁplﬂ)ﬁ systemal GMPASING: section 340B. 15 The

| /0 sechi on 3404 [jayi %%d'signan%dmbar gfoaL ikt pigfes. the I NT/EXT

signal for selecting.the exte 3 sourc frol s&al S
for the3sw tchedif8huSignab L@f?%'ng'h@qa/r@ QEt$QﬁPd'n9 éﬂ%§ IEsdy i
SYNC DEJ sigigalalf romt he RGB interface to protect the deflection

koo SR AL RBA 2 gl i >

. video display means synchromzed with said first video signal;

'7 means for vertically synchronizing said second video signal
8 with said first video signal ‘and said video dispiay means;

- second signal processmg means for speeding up said second
10 video signal; and, :

11 means for combining said first and second processed video

12 signals for side-by-side display of said pictures.

2. The system of claim 1, wherein said first and second video
signals have first and second display format ratios respectively and
said video display means has a third display format ratio greater
than each of. said first and second display format ratios.

b W N =

3. The system of claim 2, wherein said first and second
display format ratios are each approximately 4:3 and said third |
display format ratio is approximately 16:9, and said side-by-side
pictures are each displayed in a format dlsplay ratio of
approxnmately 8:9.

B b W -

4. The system of claim 1, wherein each of said first and
second signal processing means comprises means for reducing
3 picture size of the first and second video signals respectively.

N -

5. The system of claim 1, wherein one of said signal
2 processmg means comprises means for cropping a picture.

. 6. The system of claim 1, wherein one of said signal
2 processing means comprises means for compressing, storing and
expanding a picture.

[



- west adj ust and hori zont al Iphase, t hrough respective interface .

cirrcuits 254, 256 and 258. The gate array 300 is ' for
conbi ni O Il 18397 informati on from438-nmai n and auxiliar ﬁé‘g@ﬁgm 16hs

“to inplement a 25 conposite wi de screen display, for exanple one of those— —
shown in- the different parts of FIGURE 1. O ock infor mrhis@hedt
gate array I's provided by phase | ocked | oop 374, which op Has S"Rep'aced
conj unction Wwith |ow pass filter 376. The main video si g?ﬁlmﬁm ”,”"I
supplied to the wi de screen processor in analog form an

for matta SS si gral sTRE sy&éhﬂrﬁt elélrtﬁ_le’l fthegﬁdséid:anﬁtlﬁgoﬂﬁlt nl si gnal St are
converte Ilta orm anal 0g 1o digrtal converters
342 anf comggésrs?ﬁﬁb%%fﬂg 8 g&?ﬁf‘p"}% Q—Q'éeﬁﬁeﬁ The col or
conponant si gnaheaBSeforefsublsadnplmg)ysaldep@uee: c designations U and V,
whi ch pay be asgis dn.t)é:h Q signals.
The sagrrgl ed | u?n%@e gvg HBE 50}/".@ salgnéio%émg%a M‘z:ﬂﬁeddaggg the system
clock Pate i s roeanscfar enl@angingi gan stored picture by interpolation to a

6 size larger than as stored but smaliler than as subsampled.

8. The system of claim 1, wherein each of said video signals
is speeded up by a factor of approximately 4/3 and cropped
horizontally by a factor of approximately 1/3, each of said side-by- ‘
side pictures being displayed in a format display ratio of
approximately 8:9 and substantially without aspect ratio distortion.

N b W N -

9. The system of claim 1, whgrein said means for
2 synchronizing said second video signal comprises means for delaying
3 said second video signal by a fraction of a field period.

10. The system of claim 9, whereln said delaymg means
2 comprises a field memory.

11. The system of claim 1, wherein said video display means

1

2 has a display format ratio of width to height of M:N and said first
3 video signal source has a display format ratio of A:B, said first’
4 signal processing means selectively speeding up said first video
s signal by a factor in a first range of approximately 1 to

s (M/N + A/B).

1 12. The system of claim 11, wherein said first signal

2 processing means selectively crops said first video signal

-3 horizontally by a factor in a second range of approxnmately 0 to
4 [(M/N + A/B) - 1].

13. The system of claim.1, wherein said video display meahs
2 has a display format ratio of width to height of M:N and said first
video signal source has a display format ratio of A:B, said first

-
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-15- approxi mately 16 MHz. A single analog to digital converter and
rnﬁsmméweeam labedsanp) & the col or conpongrtT/A893/03746
because"\'(ﬁtg?%5§¥:4 eﬁé gd

. d Vv imt 500 KHz, or 1.5 MHz for
wi de 1. The sel ect I the anal og switch, or nmultiplexer 5
344, is an 8 M1z sign dividing the systemclock by 2. A
one-cl ock wide start pf | ne SCL pul se synchronously resets this si-gnal
to zero, at ofdie|PpPbBBsShe'mEaRE LBIEHHIP cHofbing s8R fIf% video signal

- 5 horizontally by a factor in a range of approximately 0 to
6 [(M/N + A/B) - 1].

14. The system of claim 1, wherein said video display means
has a display format ratio of width to height of M:N and said second -
video signal source has a display format ratio of C:D, said second
signal processing means selectively speeding up said second video
signal by a factor in a first range of approximately 1 to
(M/N + C/D).

A N W N =

15. The system of claim 14, whersin said second signal
processing means selectively crops said second video signal
horiiont_ally by a factor in a second range of approximately 0 to
[(M/N + C/D) - 1].

L8 W N =

16. The system of claim 1, wherem said video display means
"has a display format ratio of width to helght of M:N and said second
'video signal source has a display format ratio of C:D, said second
signal processing means selectively cropping said second video
signal horizontally by a factor in.a range of approximately 0 to
[(M/N + C/D) - 1]. '

D O b W N -

17. The system of claim 1, wherein:

- said video display means has a display format ratio of width to
height of M:N, said first video signal source has a display format
ratio of A:B and said second video signal source has a display format -
ratio of C:D,

said first signal processing means selectively speeds up said
first video signal by a factor in a first range of approximately 1 to
(M/N + A/B) and selectively crops said first video signal '
horizontally by a factor in a second range of approximately 0 to
[(M/N + A/B) - 1]; and, |

said second signal processing means selectively speeds up said
second video signal by a factor in a third range of approximately 1 to
(M/N + C/D) and selectively crops said second video signal

0w N O n & W N -
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UV MJUX [i.ne than toggles in state each cl ock cycle t hrough t he
horizontal line. Since the Jine length is an even nunber of p@;lrp@gml@g,ua
cycl es, WOrRd/t9387e of the UV_MUX, once i Rigialized, will consistently.

" toggle 0, 1, 0, 1, . . ., without |nterrupt|on The Y and WV data
streans out ' of the analog to digital converters 342 and 346 are _shifted
because the analog to digital converters each have 1 cl ock cycl e of

delay. In order to accommodate for this data shift, the 15 clock gating

i nformat i Qibrﬁzm'ﬁtallyeb?maefambatm acdourthl r@dgeobt rapptoxnmamlynel t@r ocessing -

pat v 304 e s arly del ayed. Were the " clock gating information
not ddP ay«zﬂﬂyﬁ &/V{?Ataﬁ not 'be correctly paired-when del efed."

This is inportant because each uw pair represents one vector. A U

el ement fromo veq—th%r s%% of S laﬂ'n Q?lf r\ﬁﬁe)‘%lhhgéld‘/f@@rﬂ?ﬂ? th f¢fm anot her

vect or WI t hout using a rom a

previ o@s p'angea are Rppraximatey dntp 4/3 and: saidhsesondeand MBI @Nges s
net hod 5of é%’ﬂﬂeﬂrb?frﬁétél 0S to 1/3referred to as 2:1:1, as there are two

| um nance sa or ev pai r of col or conponent (U, V) sanpl es.
The Nyqui st frequency for 25 both Uand V is effectively reduced to one
hal f ofy the | uni@anThe system of claim 1, wherein said combining means

2 generates muitiplexed lines of video, each muitiplexed line including
3 a selectively speeded up and cropped video line from each of said

4 . video signal sources. : ‘
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el o y/0£ g4sgong for exanple | Al ired pixel conpressi an :
her %Naér{gﬁdsgdi t heri ng. Moreover, N>%%'Effrf'f‘ig'1‘£ﬁ'f’"°a‘fﬁéﬁe1 ngﬁkﬁﬁg’ﬁd@“z“‘g”

yptving different nunbers of bits and different paired pixel
p(zﬂfil&drﬁﬁ&allAmleﬂpn Numbeli: f f er RITY UBRING3246$ (81) Designated States: AT (European patent), AU, BB, BE
: - (European patent), BF (OAPI patent), BG, BJ (OAPI
(22) International Filing Date: 29 May 1991 (29.05.91) patent), BR, CA, CF (OAPI patent), CG (OAPI patent),
' - : CH (European patent), CI (OAPI patent), CM (OAPI
: patent), DE (European patent), DK (European patent),
(30) Priority data: : : ES (European patent), FI, FR (European patent), GA
9012326.6 1 June 1990 (01.06.90) GB (OAPI patent), GB (European patent), GN (OAPI pa-
: tent), GR (European patent), HU, IT (European patent),
JP, KP, KR, LK, LU (European patent), MC, MG, ML

.

(71) Applicant (for all designated States except US): THOMSON |~ (OAPI'patent), MN, MR (OAPI patent), MW, NL (Eu-
CONSUMER ELECTRONICS, INC. [US/US]; 600 ropean patent), NO, PL, RO, SD, SE (European patent),

North Sherman Drive, Indianapolis, IN 46201 (US). SN (OAPI patent), SU, TD (OAPI patent), TG (OAPI
. : patent), US. . )
(72) Inventor; and
(75) Inventor/Applicant (for US only) : WILLIS, Donald, Henry
[US/US]; 5175 East 74th Place, Indianapolis, IN 46240 | Published
(US). - With international search report.

(74) Agents: MELLER, Michael, N, et al.; M.N. Meller & As-
sociates, P.O. Box 2198, Grand Central Station, New
York, NY 10163 (US).

This Sheet Has Been R(iplaced'

(N0

- b

(54) Title: SYNCHRONIZING SIDE BY SIDE PICTURES

ECLOCK SGMALS FORFIFO'S, 320
IERPOLANON 0—1 CLOCKSY/ '—
e m M

(57) Abstract

A video display system comprises a first video signal source (304) of a first picture and a second video signal source of a
second picture. A first signal processor (304) speeds up the first video signal. The second video signal (306) is vertically synchron--
1zed with the first video signal. The second video signal is delayed by a fraction of a field period in a field memory. A second sig-
nal processor (306) speeds up the synchronized second video signal. The first and second video signals are combined for side-by-
s:dg display of the pictures. If the first and second display format ratios are each approximately 4:3 and the third display format
ratio is approximately 16:9, each of the side-by-side pictures can be displayed in a format display ratio of approximately 8:9. If
each of the video signals is speeded up by approximately 4/3 and cropped horizontally by approximately 1/3, each of the side-
by-side pictures is displayed substantially without aspect ratio distortion. '
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TheRGBrnterface_ Qeﬁ wn in nore detailed in 5 FIGURE 16. The

signal which is t di spl ayed wi Il be, sel e L/y$ae the
. out put WQM@W[erﬁﬁiﬁ:}‘“WﬂL llconverter 40 and an - ?erna

i nput. For purposes creen tel evision descrl bed her ein, the
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ik Bl
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receives tint and color control signals frapthe WP [err] R 340. 30
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- 19- TV ni croprocessor 216, ‘a wide screen processor 31, a horizontal
deflection circuit 52, a vertical deflection circuit 56, Ki ' '

242, di W@91/93% or projection tubes 244 and a power suppl ywi@r{%g}@7“
1f[err] to 2f[err]. converter and RG interface are not_utilized.
Accordingly, 5 there is no provision for displ ayi ng an external w de

foreat display ratio RGB signal at a 2f[err] scannThi She,atHas Béen Replaced
groupi ng of various circuits into%Pfferent function de
for purposes of © conveni ence in description, and is n
i mfting the : '
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° physical position of such cirettts—relative to one another. 10 ‘The
vi deo signal s _input section _i s adapted for receiving a " of

« CONPOSI %Vél%"f?gsi gnal s from'df placadr ces. T gr{%ﬁée‘ghjs’it‘énm S
may be sel ectively switched for n and auxiliary video
signals. An RF switch 204 has t i nputs ANT1 and ANT 2. These
represent inputs for both off-air 15 antenna reception and cable reception.
The.RF switch 204 controls whi ch antenna input is supplied to a first
tuner 206 and to a second tuner 208. The .output of first tuner 206 is
an i'nput to a one-chip 203, which performs a nunmber of functions
rel ated to tunisag, hori zontal "an®Bertical defl ect i Eitemacmii-ceo, :
controls. The pa&ticular 20 one-chip shown is indusry] desgggnatefd type

TA8680. The basehand vi deo signa i he pne-chip
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chassis or TV ni croprocessor 216 |s de5| gnat ed SW TCHED VI DEQ.
‘WP e screen processor 31
itch SWL. wi de screen 30
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sel ects between the
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_-"20- comb filt LS Bl RE agg@y be inplemented as a s"epar ate switch,
S responsive o ocessor 216 for selecting one 8:1} (r!?‘&f\l
| uni nan™© aHA93INr oni rIv ﬂ g’lm Fs out puts desi gnated Y MPGI4USHt 0 '
respectively. The sel | um nance ‘and chrom nance 5 signals is
thereafter considered the main signal and is processed" along a main
si gnal” path. A decoder/denodul ator in the w de screen processor
devel ops col or difference signal s;ﬁiyl andaV_M The Y_M UM and V.M
signals are converted to digital formingthg w de screen processor for
further signal processing in the gate Z@&py[300. &0 Thes second tuner
208, functionally defined as part of t iqi¢? -~ escreen procgsor 31,
devel ops a baseband vi deo sjsgnal TV2. A Swi t o SWa—sel ect §€ bet ween t he
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iﬁplenented as an adaptive line conb filterf SMﬁtches'SWB and SW 15

- sel ect between the |unm nance and cthromnanree—outputs of Y/ C '
S

220, theWQMW/AAe and chroni naggegsigpal s of an external
desi gnated Y_EXT/C EXT, and YM C F een Replagal/ CEXT si gnal s corr espond
to the S-VHS input S1. The Y/C 1 Hﬂ I”HM nd switches SW8 and SW may
be- conbi ned, as in sone 20 adapti _ ilters. The output of
smﬁgches'swe and SW is thereafter considered the auxiliary signal and
is processed al ong an auxi liary signal path. The sel ected | um nance

out put is designated Y_A. The selected chrom nance is converted to

col or difference signals U A'and VA. The Y_A U A and VA signal s, are
converted 25 to digital formfor{8Mgther signal processing. The
arrangenent of vi deo signal source switching in the main and auxiliary
si gnal paths maxi m zes flexibility in managi ng the source sel ection
for the different parts of the different picture display fornmats.

The wi de screen processor 30 conprises a picture in picture 30  processor
320 for special signal processing of the auxiliary video signal. The
termpicture-in-picture is sonetines abbreviated as

&
wz|
Dh ~
28 .
- g T;_: X/
 1l0h z 815 s[5
™ & i 2./_" §§ —
i ‘g |FE|
o p— T (7] O
- e sl = K-
% ™ ™ - 4 ‘
. o
_ ~ \ E,'. £ — §\ o _
—T—§ 8 g 7 L
22 le S &)
s N g T
o ~ & | 3:
g = S4
5 o
B = I



¢ PIP or pix-in-pix. A gate array 300 conbi nes the main and auxil i ary
video signal data in a w de varinetSheefHasiBs haﬁplﬁ@dmats, as sPe S /03746
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g “responsive to the TV m croprocessor 216 over a serial bus. The seri al
bus includes four signal |lines, for data, clock signals, enabl e 35%

~and resSVOMGHAPT. The wide screen processor 30 also erfHUSY
conposite vertical blanking/reset signal, as a three 5 | evel sandcast | e
signal. Alternatively, the vertical bl anki ng and i

genérated as separate signals. A conposite bl an ed
by the video signal input section to the RGB |n&¢]§c,8§eegﬂ353ee"
horizontal and vertical synchronizing conponents of th(* Mlmllmmmw are
devel oped in a sync separatds 286, ftf/tng part of a 288,

n processor. The hori zont al synchron|2|ng'
phase | ocked | oop 290. Horizontal and
auxi liary video signal are

" UtT  OoCT CTT OI’ 31 A
e® i n conjunction ﬁ/ith t he

form ng part of the wde sEr@
conponent is an input to
vertical synchroni £ng si
devel oped by sync ggparfe
hori zontal defl ect |.-dn di

one-chi p, respon5| t g dPust and hori zontjal phase
control signals ét QLT 0. 8 vertical deflgction circuit
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_control circuit 54. The vertical size control cij
- to a’‘vertical -sisze control signal fromthe WGP |
~ima manner gimlar to the vertical size control
descri bed: above. The wi de screen proc&s;ﬂ
detail in« FIGURE 5. The principal conponentis _pf
processor 25 are a gate array 300, a picture- |r-B?
analog to digital and digital to anal og col

208, a wi.de screen processor m croprocessor B4 RRF FgmieTsoHeEh ...
out put ~.eficoder 227. Further details of the w de sCréen pProCcessor;

whi ch are in common %yncmfjﬁc‘;@bg%%@g FIIQ?U 4 rr] chassis, for

exanple 30 the .PIP circu are shown ure-in-picture
processor 320, V\hl'E'hef'GP’ﬁﬁt'Q“sf@ﬁmﬁ danthe,field opt ttﬁ'@VH'@%lfﬁtﬂﬂQ'e of 301,

S shgwn lln _nmlsgllayen@l Siden blyl GidfeE pictufbs ghtsubatamtialgO@qual size ﬁbgmwkg 3
formi ng. part St ERE Selraehndhd, n harsigBiaio B S88h “telavinighd K Aaqy
been descri beWiden cigplay| formatunatio aﬂreemhe%dost teleisignsnéoday havehaas the
second tuner fffhatt BRpIEY R0, ] Rodsentadwidth to vertical height, of 4:3. A
wide format display ratio corresponds more closely to the display
format ratio of movies, for example 16:9. The invention is
applicabie to both direct view televisions and projection
10 televisions.
Televisions having a format cusplay ratio of -4:3, often referred
to as 4 X3, are limited in the ways that single and multiple video
" signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
15 broadcast with a 4 X3 format display ratio. Many viewers find the
‘4 X3 display format less pleasing than the wider format display
ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
20. corresponding wide display format. Movies "look" like movies, not
cropped or distorted versions thereof. The video source need not be
- . cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.
Televisions with a wide display format ratio are also suited to
25 a wide variety of displays for both conventional and wide display
- format signals, as well as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing signals from |
30 asynchronous but sjmultanebusly displayed sources, switching
between multiple sources to generate multiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
- wide screen -television accordmg to this invention. A wide screen
35 television accordlng to various inventive arrangements is capable of
providing high resolution, single and multlple picture dqsplays_ from '
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-22- 3

converters,

i nterface outputs, the analog to digital and digital to anal og

the gate array 300, the PIP circuit 301 and the PLL 374

operate substantially as explained in connection with FI GURE 3 and such
details are not repeated.

10

15

20

25

30

3s

single and multiple sources having similar or different format .
ratios, and with selectable display format ratios.

Televisions with a wide display format ratio can be
implemented in television systems displaying video signals both at
basic or standard horizontal scanning rates and multiples thereof, as
well as by both interlaced and noninterlaced scanning. Standard
NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal
scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1f4, and 1H. The
actual frequency of a 1fy signal will vary according to different
video standards. In accordance with efforts to improve the picture
quality of television apparatus, systems have been developed for
displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields- of the interlaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the -
horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such progresszvely
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 exampie from
two video sources. The video sources may be the tuner in the
television, a tuner in a video cassette recorder, a video camera, and
others. In a mode often referred to as picture-in-pictures (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
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. Another display mode is often

- referred to as channel scan wherem a large- number of small
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5 3. The main video signal is supplied to the wide screen processor

i n analog form as signals designated YMand CIN. Signal CINis decoded
into color difference signals UM and VM by denodul at or 288. The nain
signals are converted fromanalog to digital form by analog to digital
converters 342 and 346, shown in nore detail in 10 FIGURE 6. The auxiliary
video data is also in analog form and Ysu V format, as signals
designated YA, UA and V.A In the PIP circuit - 301, these auxiliary
signals are converted to digital form data conpressed, stored in a
field menory for synchronization with the mai n signal, and provided to

the gate array 300 for conbination with 15 the main S|gnal as required by
t he sel ect edpipiucess €aghs froay a dtiffargnt chanoel spums.cfibytheuserggreinng on a

~line to lingrdasd $rarﬁ€em%% J omhefe is_nd MRafdl BictlFe vat Iééstempké\*nﬁ@fbfmre
fully in connectign with | P circuit a e gate

array may al$%%in IEB%"%'aﬁ%a'? cglsplay @?ﬁgntq oy WifR seEesh [}Ff%"ﬁs'BF t he
auxi | i ary daapparatus ishshawdi ny EIGHJRE t6).a owidessirean telavisiaal og form

3;9%1 s W;gsa?ggsn;mﬁéraan@pré mode;sL %ré%é:@l@ RN |§%%d%87a§0 ch

in this casePiCHre- ¢%§§Lg§-p|cture (PBBS ln {rﬁs mode severa! ms —auxlhary
pictures can share a common boundary with a main picture. A.POP
display mode in a wide screen television apparatus is shown in
FIGURE 1(f). Another mode particularly suited for a wide screen

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

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

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

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

30 means of the television apparatus.

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

. 35 and is available from Thomson Consumer Electronics, Inc. The CPIP
Chlp |s descrlbed more fully in‘a pubhcatlon entitled The - CTC 140

.o e _ Tmsnsthereplacemen’tsheet-
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to the one-chi p 203. Encoder 227 receives only the C SYNC_ IVN

si gnal
fromthe gate array. Switch SW5s sel ects between YM and 25 the C_SYNC AUX
.signal as an input to the analog to digital converters. The oné-chip
generates YUV format signals for the RGB matri x 241, which supplies
RGB format signals to the kine drivers 242 fromthe Y_OUT_EXT and

C QUT_EXT signal s. FIGURE 6 is_g bl ock diagram showi ng further
details of the 30 wide screen processors 30 and 31 common to the 1f[err]
and 2f[err]- chassis, shown in FIGURES 3 and 5 respectively. The Y_A
U A and V_A signals are an input to the picture in picture processor

320, whi ch can include a resolution processing circuit 370. The w de
screen tel evi sPisturgcrorRictiget (CREPEckechdticalhil saining: Manuale availabiedras  and

conpress Vi deOTthhgoﬁpGEhébm%frfEl@bsrow&pdvned mdléﬁ@pdlﬁ;“lﬂb!t‘ana SgeHposi te
di spl ay formatpsc{dre -in- p:c ure pr aerstso'rs? aFlleGUno suata%le for implementing
special display modes, such as PIP, POP and channel scan, in wide
s screen television apparatus. If an auxiliary picture developed by
- such a picture-in-picture processor from an auxiliary video source
were displayed on a wide screen television apparatus without an
external speedup'circuit. the auxiliary picture, or pictures, would be
geometrically distorted as described above. The auxiliary picture
10 would exhibit a horizontal expansion by a factor of 4/3 due to the
wider horizontal scanning of the wider picture tube, whether direct
view or projection. If an external speedup circuit were used, the
auxiliary picture would appear without aspect ratio distortion, but
would not fill the screen or fill the portion of the screen otherwise
15 allotted for the auxiliary display.

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

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

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

30 produces geometrically distorted pictures which can then be stored
in a video memory associated with a picture-in-picture processor.
When the asymmetrically compressed auxiliary picture is read out of
memory, in accordance with the normal operation the plcture-m-
'plcture processor the resultmg auxlhary display exhibits no aspect

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

This is the replacement shest
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-23- & generated by the picture-in-picture processor 320, which can
recei ve 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 tinmes, but during selected display formats. The 5

pi cture-in-picture processor 320 is shown in nore detail in Fl GURE 7.
The principal conponents of the picture-in-picture processor are an
anal og-to-digital converter section 322, af-input section 324, a f ast
swtch (FSW and bus section 326, a timng and control section 328

and a digital-to-anal og converter section 330. The timng and

realized by scanning in the wider television tube exactly cancels the
extra compression, that is the asymme_tric'part, done prior to
storage in the video memory.
A video display system for side by sude pictures according to

5 an inventive arrangement comprises analog to digital converters for
quantizing first and second video signals, representing first and
second pictures respectively, at higher and lower levels of
quantization resolution relative to one another. The analog to
digital converters can operate at different sampling rates. The

10 picture represented in the lower sampling rate signal can have the

' appearance of being subsampled, relative to the other picture. A
video display is synchronized with the first video signal. The second
video signal is synchronized with the first video signal. A signal
processing circuit modifies the first and second video signals to

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

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

A video display system for synchronizing side by side pictures

according to an inventive arrangement comprises a first video signal

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

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

. display format ratios respectwely and the video dlsplay has a third

3s display format ratio greater than each of the first and 'second

display farrmat ratios. - If the first and second dasplay format ratlos
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10 céontrol section 328 is shown in rrbre detail in FlI GURE 13.

The picture-in-picture processor 320 may be enbodied as a variation
ofga basic CPIP chip devel oped hy Thonson Consuner El ectronics, Inc.

A nunber of special features or special effects are . possi bl e, the
following being illustrative. The basic special effect 15 is a large
picture having a snmall picture overlaylngfg portion thereof as shown
in FIGURE 1(c). The large and 8nmall pictures can result fromthe same .
video signal, fromdifferent video signals and can be i nt erchanged or
swapped. GEnerarIy speaki ng, the audio signal is switched to al ways

correspond to the big picture. The small picture 20 can be noved to any
position on tare sackeapprogianatetyept:8 handigheathird displaybtormaft gatidéd er ni ned

oSt o0, A SOPBARLHE T BIER Sy o sl SHEDDNAS 0 B LT,

some point, f@isp3xalia @hf@fﬂﬁas igplay ratio for?fﬁPméWBa/Fﬁ'YnS ﬁl alReachdpf the
|arge and smaife Fvlld?éd”s@@nélselsl Bpe85ed fiis oyt befamdieoma?roxrmate 4/5 angh a

79" S etV BB AlaGHAID S el OT B . sadd e ol ®) o
side by side pictures is dlsplayed substantrally without aspect ratio
distortion.

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

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

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

15 " FIGURE 4 is a block diagram of a wide screen television in
accordance with aspects of this invention and adapted for operation
at 1f4 horizontal scanning.

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

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

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

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

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

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

30 'FIGURE 11 is a block diagram showmg the main srgnal path of
FIGURE 8 in more detail.

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

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

as section of the prcture in-picture processor of FIGURE 7.
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pictuge, for exanple, in steps froma ratio of 1.0:1 to 5.0:1. Wiile in
the zoom node a user may search or pan through the picture content 30
enabling the screen image to nove across different areas of the

picture. In either event, either the small picture or the |large picture

or the zooned picture can be displayed in freeze frame (still picture
format). This function enables a strobe fgrmat, wherein the |ast ni ne
frames of video can be repeated on the screen. The frane 35 repetition
rate can be changed fromthirty franes per second to zero frames per
second.

FIGURE 14 is a block diagram of a circuit for generating the
internal 2fy signal in the 1fy to 2fy conversion.
FIGURE 15 is a combination block and circuit diagram for the

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

The various parts of FIGURE 1 illustrate some, but not ail of .
the various combinations of single and muitiple picture display
formats which can be implemented according to different inventive

10 arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
screen televisions according. to the inventive arrangements. For
purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a vided

15 source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for .a video source or
signal is generally deemed to be 16 X 9. The inventive
arrangements are not limited by these definitions.

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

20 having a conventional format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X 3 format
display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire

25 available display area. Alternatively, the 16 X9 format dispiay
_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 grop'ped from the left and/or
right sides. As a further alternative, the letterbox picture can be

30 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
.ratio video source would be fully displayed, without cropping and

35 without distortion. A 16 X 9 format display ratio lefterbox .
- picture,- which is itself in a.4Xx3 format display ratio signal, can

'Th_i_s'is the replacement sheet
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-24- The picture-in-picture processor used in the w de screen
tel evision according to another inventive arrangenent differs from t he
present configuration of the basic CPIP chip described above. If t he
basic CPIP chip were used with a television having a 16 X 9 5 screen, and
W thout a video speed up circuit, the inset pictures woul d exhi bi t
aspect ratio distortion, due to the effecfive 4/3 tines hori zont al
expansikron resulting from scanni ng across the w der 16 X 9 screen.
bjects in the picture would be horizontally el ongated. If an external
speed up circuit were utilized, there would 10 be no aspect ratio
distortion, but the picture would not fill the entire screen.

Exi sting pi clyér pragreBsivielyf %cahﬁéassy)rlmeba%%hﬁg éhﬂnbaéddiuon sePhE fehi p as
used 1 comvp AL L LM U CNEHRLE el AR K G
screen television in accordance with this invention can display such
a 16 X8 format display ratio signal whether the main source, the
s auxiliary source or an external RGB source.

FIGURE 1(c) illustrates a 16 X9 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 9
format display ratio sources, the inset picture can also have a

1o 16 X 9 format display ratio. The inset picture can be displayed in
many different positions. |

FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with the same size picture.
Each display area has an format display ratio of 8 X9, which is of

15 course different from both 16 X9 and 4 X3. In order to show a
4 X 3 format display ratio source in such a display area, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of

20 the picture is tolerated. Horizontal squeezing results in vertical
elongation of objects in the picture. The wide screen television
according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.

25 ‘Data sampling limitations in the auxiliary video signal

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

3o FIGURE 1(e) is a display format wherein a 4 X 3 format
display ratio picture is-displaYed in the center of a 16 X9 format
display ratio screen. Dark bars are evident on the right and left
sides. , _ . o .

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

3s 4 X3 format display ratio picture. and- three smaller 4 X 3 format -
display ratio pictures -are displayed simultaneously. A smaller

- Tris is the replacement sheet.
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15 imcomng video is sanpled with a 640f[err] clock which is | ocked to the
hori zontal synchroni zing signal of the nmain video source. |In other

wor ds, data stored in the video RAM associated with the CPIP chip is

not orthogonally sanpled with respect to the incomng auxiliary vi deo
source. This is a fundanmental lim'tation on the basic CPIP 20 nethod of
field synchronization. The nonorthogonal gature of the I nput sanpl i ng
rate results in skew errors of the sanpled data. The limtation is a
result of the video RAM used with the CPIP chip, whi ch nust use the
sanme clock for witing and readi ng data. Wen data fromthe video RAM
such as video RAM 350, is displayed, the 25 skew errors are seen as random
jitter al ong preture cautsidgetheofperimeter of ghet largeapittares igeswEmatimes :

consi der ed q%fé?ré’@lt%ma'soaabkﬂ’ that is a Jtﬁ‘?ej?hﬁélg(eﬁ%{:ﬂkrg 9%@1’%61 3t @y p

320, accordi entive rra ment_an
chip, is adagﬂgcl ?op'cmr&"kﬂﬁmé?rl R sph Pictusesinductugat are n one

of a plurali tusedf h&ﬁelnsedaremﬂbldasdiaypfo?matedeﬂn thd skt rciid taritfe sO R deﬁ‘%' (in
in -

L he DhctSEF the widh SSGRBR iaekidh o\ BdVided Wit By ufle B i
aspect internal or one mternal and one external, for example in a wdeo '
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
10 appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand can
be switched in position, as shown in FIGURE 1(g).

.15 "FIGURE 1(h) illustrates an alternative wherein the 4 X 3-
format display ratio picture is centered, and six smaller 4 X 3
format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a \glde screen
television provided with two tuners can provide two moving

20 pictures. The remaining eleven pictures will be in freeze frame
format.

FIGURE 1(|) shows a display format having a grid of twelve

- 4 X3 format display ratio plctures Such a display format is _
particularly appropriate for a channel selection guide, wherem each
25 picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
- of available tuners and signal processing paths. .

The various formats shown in FIGURE 1 are illustrative, and

not limiting, and can be implemented by wide screen televisions
30 shown in the remaining drawings and described in detail below.

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

35 . signals input section 20, a chassis or TV microprocessor 216, a
wide screen .processor 30, a 1fy to 2fy converter 40, a.defiection
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ratio,di storted pictures for storage in the video RAM Objects in the
pi ctures are squeezed horizontally. However, if these pictures are 35 read

out normally, as for exanple in the channel scan node, for di spl ay of
a 16 X 9 format di'splay ratio screen, the pictures appear
- 25- correct. The picture fills the screen and there is no aspect
ratio :

' -10-

circuit 50, an RGB interface 60, a YUV to RGB converter 240, kine
drivers 242, direct view or projection tubes 244 and a power supply
70. The grouping of various circuits into different functional blocks
is made for purposes of convenience in description, and is not
5 intended as limiting the physical position of such circuits relative
to one another. '
The video signals input section 20 is adapted for receiving a
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
10 and auxiliary videq signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The output of first tuner 206 is an input to a one-chip
1s 202, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
20 and the TV1 input of wide screen processor 30. Other baseband
video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape players, video games and the like. The output of the video
switch 200, which is controlled by the chassis or TV microprocessor )
25 216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another
input to wide screen processor 30. '
With further reference to FIGURE 3, a switch . SW1 wide screen
 processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is-an input to a Y/C decoder 210.
30 The Y/C decoder 210 may be imp]emented as an adaptive line comb
filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
35 "decoder, as in some adaptive line comb filters, or which may be
- implemented as a separate switch,: is responsive to the TV
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di stogtion. The asymretric conpression node according to this aspect of

the invention nakes it possible to generate the special - display formats
on;a 16 X 9 screen without external speed up 5 circuitry. FI GURE
13 is a block diagramof the timng and control section 328 of the

pi cture-in-picture processor, for exanple a nodified version of the
CPI P chi p described above, which includes!a- decimation circuit 328C for
i npl ementing the asymretric 10 conpression as one of a plurality of

sel ect abl e di spl ay nodes. The remai ni ng di splay nodes can provide
auxiliary pictures of different sizes. Each of horizontal and vertical -

conpr 6551 on 05 SpTCEA! 26 for, s@eERHY. Fha BF fof RAIRHATIER. o' e vep
[err] P 340. THYOMYABRCRrsignalsyas uupytsndgsignated X M and G so on. The
cgrrp[ e;lsia oinsfmpeca'vean BEhe selzsoftm:ﬂ%‘bai'rCofCJ)rlur‘izae'infe{fmtsSiOnrairngi icﬁ?)gigtr?inglasgpgg how
}[ rrgl eﬁent ed bs;‘sk‘ﬁﬁof ther%ﬂ; ghﬂg{ﬂeiggg@wm '"pa'r%‘ééea"b@& RIPCERSEH  cui t s
under the condlppg a mapt signal vsrh[ e Sigmaladesignations 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 designation for (B-Y). The Y_M, U_M, and V_M signals are converted
to digital form in the wide screen processor for further signal
processing.
The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TV2. A
15 switch SW2 selects between the TV2 and SWITCHED VIDEO signals
-as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and 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
25 auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
30 arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
formats. _ :
A compasite synchronizing signal COMP SYNC, corresponding to
35 Y_M is provided by the wide screen processor to a .sync separator
' 212. The horizontal and vertical synchronizing companents H and V
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20 In full screen PIP nodes, the picture-in-picture processor, in

conj unction with a free runni ng oscillator 348 wll take Y/ C input from

a ;decoder, for exanple an adaptive line conb filter, decode the si gnal
into Y, U, V col or conponents and generate horizont aI and vertical sync
pul ses. These signals are processed in the picture-in- 25 picture
‘processor for the various full screen nodes such as zoom freeze and
channel scan. During the channel scan nod@,- for exanple. t he hori zontal
and vertical sync present fromthe video signals input section wl|
have many di scontinuities because the signals sanpled (different
channel's) will have non-related sync puI ses and will be 30 swtched at
seem ngly rap%gjg t h e P glo and
read/ wite vi d&mﬁ‘g% gbédstggtgt -egr ?ﬁéﬁ %’ cbiifidown C?(?:me ruan[nI%é

osci |l ator. E8ficRl Countdown,eispyihriavelopha TLQAL RESEJcI1signal| Wb@hl ocked
to incom ng ¥ dérectsd iidNtise widecscrdeinC Brodessor 30.neFRe SHIY 8bre@bes is the

Y0V ana Erga é%g%étééqgﬁ”%’f%sﬂ?i%;mcsutrs%frr't?ﬁg%‘f’a""*aﬂ ™ SHRE ©
pi ct ur e- i fi- pVERIF RPF LU sdirectedatat rinterface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical '
~ synchronizing component SEL_VERT_SYNC directed to the deflection
10 circuit 50. Horizontal and vertical -synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.
The 1fy to 2y converter 40 is responsible' for converting
interlaced video signals to progressively scanned noninterlaced
15  signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generated by
interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
20 between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enabie the
progressive display. The converted video data as Y_2f4, U_2fy and
V_2fy signals is supplied to the RGB interface 60.
2s The RGB interface €0, shown in more detail in FIGURE 16,
enables selection of the converted video data or external RGB video
data for display by the video signals input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2fy scanning. The vertical synchronizing component of the main
3o signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fym or fvext)
to be available to the deflection circuit 50. Operation ofl 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 s:gnal input, in the absence of such
a sugnal can. result in.-vertical collapse of the raster, and damage to
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-26- 5 can be re-encoded into Y/ C conponents by encode circuit 366,
whi ch operates in conjunction with a 3.58 Mz oscillator 380. This
Y/ € PIP_ENC signal may be connected to a Y/ C switch, not shown, whi ch
enabl es the re-encoded Y/ C conponents to be substituted for 5 the Y/C
conponents of the main signal. Fromthis point on, the PIP encoded Y,
U V and sync signals would be the basis_f@. horizontal

the cathode ray tube or projection tubes. Accordingly, the RGB

interface circuit detects an. external synchronizing signal, in order

to override the selection of a non-existent external RGB input. The

WSP microprocessor 340 also supplies color and tint controls for
s the external RGB signal.

The wide screen processor 30 comprises a picture in picture
processor 320 for .special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary

10 video signal data in a wide variety of displéy formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The

15 serial bus includes four signal lines, for data, clock signals, enable
signals and reset signals. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite -

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

The deflection circuit 50, shown in more detail in FIGURE 15,
_receives a vertical reset signal from the wide screen processor, a
selected 2fH 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 voitages for the entire wide screen television are
generated by a power supply 70 which can be energized by an AC
mains supply. B '

The wide screen processor 30 is shown in more detail in-

35 FIGURE 3. The principal components, of the wide screen pracessor

- are' a gate array 300, a picture-in-picture circuit 301, analog to
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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 10 signal path.

In a nmultichannel node, for exanple that shown in FIGURE 1(i), twel ve
channel s of a predeterm ned scan list can be displayed in twel ve snal
pi ctures sinmultaneously. The picture-in-pjicture processor has an.

i nternal clock responsive to a 3.58 MHz-d&i | lator 15 348. The i ncom ng
auxiliary signal is converted fromanalog to digital form and
responsive to the ehosen special effect, is | oaded into a video RAM
350. In the enbodi nents in the Technical Training Manual descri bed

above, the ca@tdu%&nﬁgltai 16" 4dR8lbg! BoRRENEIS, e secdifhuher atd.0g form in

e dat . MIGEBirber BB RERRm eroBrassbsln 247 ML R ida AkPeRcalnbt 2.

and due in pa&ncoder |I32%.t afurdher aetails oft the rwdbescrefendptrdwseot wihaakk
frequencies i L%gh;g@gi&a%ﬁ{ Both e 1 Flm%ugtr? gf% rissis *rof, ehdiiple Ou PU!
pi cture-i B- pitee ¥ Girchilts s8e %’2@‘”“ in picture-in- plCthe
processor 320, which forms a significant part of the PIP circuit *
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in more detail in FIGURE 8. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal

10 paths, have already been described in detail.

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

15 The I/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 /O section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog -

20 output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258.

" The gate array 300 is ‘responsible for combining video
information from the main and auxiliary signal paths to implement a

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

30 designated Y_M, U_M and V_M. These main signals are converted
from analog to digital form by analog to digital converters 342 and.
346, shown in more detail in FIGURE 4.
) The color component signals are referred to by the generic
designations U and V, which may be assngned to either R-Y or B-Y
35~ signals, or | and Q sugnals The sampled luminance bandwidth -is
R lnmlted to 8 MHz because the system clock’ rate is 1024fy, .which 15

Ths !e t"za re:ﬂac@mem sheat

Date: 3 1 JUL 19%



25 Mnimzing the nunber of clock signals advantageously reduces radio

‘frequency interference in the circuitry of the televisions. Wth
futther reference to FIGURE 7, the picture-in-picture processor 320
conprises analog to digital converting section 322, i nput section 324,
fast switch FSWand bus control section 326, 30 timng and control section
328 and digital to anal og converting _qgection 330. In general, the

pi cture-in-picture processor 320 digitizes the video signal into

| um nance (Y) and col or difference signals (U, V), subsanpling and
storing the results in a 1 negabit vi deo RAM 350 as expl ai ned above.

The video RAM 350 associated 35 with the picture-in-picture processor 320
has a menory appiasimgtety 16 MH2. nAgalrigle andlog fos digital | cory@riemoamdh dro store
a full field f{al¥hd®eitch can be used to sample the color component data

because the U and V signals are. limited to 500 KHz, or 1.5 MHz for

wide 1. The select line UV_MUX for the analog switch, or multiplexer

5 344, 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 clock cycle through the

horizontal line. Since the line length is an even number of clock

10 cycles, the state of.the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the

15 clock gating information from the interpolator control 349 of main
signal processing path 304 must be similarly delayed. Were the
clock gating information not delayed, the UV data will not be
correctly paired when deleted. This is important because each UV
pair represents one vector. A U element from one vector cannot be

20 paired with a V element from another vector without causing a color
shift. Instead, a V sample from a previous pair will be deleted along
with the current U sample. This method of UV multiplexing is
referred to as 2:1:1, as there are two luminance samples for every
pair of color component (U, V) samples. The Nyquist frequency for

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

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

3s  different dithering sequences involving different numbers of bits -
and dufferent panred plxel compressnons lnvolvmg different. numbers
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data with 8-bit sanples. Increased nenory capacity tends to be

expensi ve and can require nore conpl ex managenent circuitry. The

smal | er nunber of bits per sanple in the auxiliary channel represents a
reduction in quantization resolution, or bandwidth, 5 relative to the main
signal, which is processed with 8-bit sanples t hroughout. This

ef fective reduction of bandwi dth is not usgally a probl em when t he
auxiliary displayed picture is relatively small, but can be troubl esone
if the auxiliary displayed picture is larger, for exanpl e the same size
as the main displiayed picture. Resolution 10 processing circuit 370 can
selectively inplenment one or nore schenes for enhancing the

quanti zati on gg%ﬂsuﬁf%@mem%@ﬁiv@ne of a number of particular data

reduction and restoration schemes can be selected by the WSP pP
340 in order to maximize resolution of the displayed video for each
particular kind of picture display format.

5 The gate array includes interpolators which operate in
conjunction with line memories, which may be implemented as
FIFO's 356 and 358. The interpolator and FIFO's are utilized to
resample the main signal as desired. An additional interpolator can
resample the auxiliary signal. Clock and synchronizing circuits in

10 the gate array control the data manipulation of both the main and
auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y,

1s U and V, are supplied to the 1fy to 2f4 converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the

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

Portions of the horizontal synchronizing circuit are shown in

more detail in FIGURE 14. Phase comparator 228 is part of a phase

25 locked loop including low pass filter 230, voltage controlled
oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
resonator or the like 238. The output of the voltage controlled
oscillator is divided by 32 to provide a proper frequency second

30 input signal to phase comparator 228. The output of the divider 234
is a 1fy REF timing signal. The 32fy REF and 1fqy REF timing signals
are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
sighal assures that the divider operafes synchronously with the

as phase locked. loop .of the vidéo signals input section. Pulse width

. circuit 402 assures that a 2f-REF signal will have an adequate
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bandw,dth of the auxiliary video data. A number of data reduction - and

data restorati on schenes have been devel oped, including for exanpl e,
pajred pixel conpression and dithering and dedithering. A 15 dedithering
cireuit would be operatively di sposed downstream "of the vi deo RAM 350,
for exanple in the auxiliary signal path of the gate array, as
explained in nore detail bel ow WMboreover,, different di thering and
dedi t heri ng sequences involving different huanbers of bits and different
paired pixel conpressions involving different 20 nunber of bits are
contenpl ated. One of a nunber of particular data reducti on and
restoration schenmes can be selected by the WoP [err]P in order to

maxi m ze resqimseonmrﬁ fohasdurp|prypdr \Gpiratibar ocaed phasao%b?ﬂwh&fr koald of

pi cture di spI r h d f
signals are s?ore’%rﬂa&aﬁ tde gpf -'{ E{”Il'“gm @Pﬁ%p%@ PQ%‘ngSﬁgh{’ er wor ds,
each conponeriecked IOOquWQ’lﬂQd'q\ﬁthﬁ@ filter t 4Q8 N 2fHTNOMEgEr G0atrgHEd :
| umi nance sargd&Bator 468r ar/@utafgé)actdnteéuwl@gcumaffofrem@c eAéfAb§san The

ST G o SR Vi by IS ] gyl e 0 oo
auxiliary progressively scanned dlsplay The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2f4 scanning period
10 is symmetric within each 1fy period of the input signal. Otherwise,
the display may exhibit a raster split, for example, wherein half of
the video lines are shifted to the right and half of the video lines are
shifted to the left.
The deflection circuit 50 is shown in more detail in FIGURE 15.
15 A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502
provides a constant quantity of current Iramp which charges a
20 vertical ramp capacitor 504. A transistor 506 is coupled in paralilel
with the vertical ramp capacitor, and periodically discharges the
capacitor responsive' to the vertical reset signal. In the absence of
any adjustment, current IgamMp provides the maximum available
vertical size for the raster. This might correspond to the extent of
2s vertical overscan needed to fill the wide screen display by an
expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current lapy from Iramp, so that vertical ramp capacitor 504 charges
30 more slowly and to a smaller peak value. Variable current source
508 is responsive to a vertical size adjust signal, for example in
analog form, generated by a vertical size control circuit. Vertical
size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or
35 - back panel adjustment knob. In either event, the vertical deflection
.COII(S) 512 receive(s) drnvmg current of the proper. magnitude.
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30 video synchronizing signal instead. In this node, data stored in the
vi-deo RAM i s orthogonally sanpl ed. When the data is read out of the

pi gture-in-picture processor video RAM 350, it is read using the sane
640f H cl ock | ocked to the incom ng auxiliary video signal. However ,
even though this data was orthogonally sanpled and 35 stored, and can be

read out orthogonally, it cannot be displayed orthogonally directly
fromthe video RAM 350, duetothe -18- '
-28-

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

| The RGB interface circuit 60 is shown in more detailed in

s FIGURE 16. The signal which is to be ultimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external

10 RGB signals and a composite blanking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610. The !
external 2fy composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by

15 switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external ‘control signal generated by the
WSP puP 340. Selection of internal or external video sources is a ’

20 user selection. However, if a user inadvertently selects an external
RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will coliapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an

2s external synchronizing signal. In the absence of such a signal, a
switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection .of the external RGB source if
the signal therefrom is not present. The RGB to YUV converter 610
also receives tint and color control signals from the WSP uP 340.

30 An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 1fy horizontal scanning, is shown in FIGURE 4 and generally
designated 11. Those parts of television 11 which corresporid
substantially to a counterpart in television 10 shown in FIGURE 2

as have been-assigned the same reference numeral. The television 17

' generally compnses a wdeo sugnals mput saction- 21 a. chassns or -
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asynchronous nature of the main and auxiliary video sources. The mai n

and auxiliary video sources m ght be expected to be synchronous only in
t hat i nstance where they are displaying signals fromthe sanme video
source. 5 Further processing is required in order to synchroni ze the

auxiliary channel, that is the output of data fromthe video RAM 350,

to the main channel. Wth reference again to FIGJRE 6, two four bit

| at ches 352A and 352B are used to reconmbi-fe9the 8-bit data bl ocks from
the video RAM 4-bit output port. The four bit latches also 10 reduce the
data clock rate from 1280f[err] to 640f[err]. General ly, the

vi deo di splay and defl ection systemis synchroni zed with the nmain video

signal. The M Michorouddidl S16! a widd SctBBRIGHMsqAS €8 RbAZEhAPove.
to fill -the vmrq%g screen, |sﬁ ai:. [he auxiliary video signal nust be
vertical ly sydellesHeieFiiaUh e 21 yerticalsdefiegtionsicyryit A% Kine \drikess
di spl ay. The 249, |dirgot viede@rsp@jadtion tubes et deidagepower asupphg tign, e a
field period iy} 2 bf| GIRIEHer aRBIRGB interface are not utilized. Accordingly.
s there is no provision for displaying an external wide format display
ratio RGB signal at a 2fy scanning rate. The grouping of various
circuits into different functional blocks is made for purposes of
convenience in descriptiori. and is not intended as limiting the
physical position of such circuits relative to one another,
10 The video signals input section 21 is adapted for receiving a
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
15 antenna reception and cable reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The oufput of first tuner 206 is an input to a one-chip
203, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controils. The particular
20 one-chip shown is industry designated type TA8680. The baseband
video signal VIDEO OUT developed in the one-chip and resulting from
the signal from first tuner 206 is- an input to both video switch 200
and the TV1 input of wide screen processor 31. Other baseband
video inputs to video switch 200 are designated AUX1 and AUX 2.
25 These might be used-for video cameras, video recorders and the like.
The output of the video switch 200, which is controlled by the
chassis or TV microprocessor 216 is designated SWITCHED VIDEO.
The SWITCHED VIDEOQ is another input to wide screen processor 31.
With further reference to FIGURE 5, a switch SW1 wide screen
30 processor selects between the TV1 and SWITCHED VIDEO signals as a
'~ SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
filter. A further video source St is also an input to the Y/C decoder
210. Source S1 represents an S-VHS source, and consists of -
3s = Separate _Idminanc‘e’ and chrominance signals. A switch, which. may
be incorporated as pan of the Y/C ‘decoder, as in some adaptive line

This is the replacement sheet

31 gL 1%

Date:



t hen expanded in a line nenory. Synchronization of the auxiliary vi deo

data with nmain video data is acconplished by utilizing the, vi deo RAM
350 as a field nenory and a first in first out (FIFO line 20 nmenory

devi ce 354 for expanding the signal. The size of FIFO 354 is 2048 X 8.
The size of FIFOis related to the mninum|ine strage capacity

t hought to be reasonably necessary to a\/_cﬂdl_read/wri te poi nt er
collisions. Read/wite pointer collisions occur when old data is read
out of the FIFO before new data has an opportunity to be 25 witten into
the FIFO. Read/wite pointer collisions also occur when new dat a
overwites the nenory before the old data has an opportunity to be read

out of the Fldemnb filters, or which 8nay tbdAMpletmended sad | clepafatenswitdhp iRAM
g?gt 3; g-i n- pirg%gégggsl %jgggggoﬁ'gﬁr g? c}gggﬂfﬁlggmg 828d"?‘6 %farrpl e
the video dat'dMmiRgnge and cheomingancg,y [‘EF BScPutputsidesionated ¥ kMyang t he
auxi | i aL y 3 i DalN reapéetively. Thieaseletedrepair sifguaiinaﬂ'dl:m ﬁ&@hﬁ&#ida\deﬁ?gl
aynchron 3 ng diiSorofiatter cofpd8red the, qilihchighal LSS diSgied ©
nul ti pl e |ineal@Baod ynam sgnal path. A decoder/demodulator in the wide screen
processor develops color difference signals U_M and V_M. The Y_M,
U_M, and V_M signals are converted to digital form in the wide
screen processor for further signal processing in the gate array 300.
10 The second tuner 208, functionally defined as part of the wide
screen processor 31, develops a baseband video signal TV2. A
switch SW2 selects between the TV2 and SWITCHED VIDEO signals
as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and SW4
15 select between the luminance and chrominance outputs of Y/C
decoder 220, the luminance and chrominance signals of an external
video source, designated Y_EXT/C_EXT, and Y_M, C_IN. The
Y_EXT/C_EXT signals correspond to the. S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
20 adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
aukiliary signal path. The selected luminance output is designated
Y_A. 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
25 to digital form for further signal processing. The arrangement of
video signal source switching in the main and auxiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.
The wide screen processor 30 comprises a picture in picture
30 processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide va_riety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
35 processor 320 and gate array. 300 are under the control of a wide .
' 'screen microprocessor (WSP puP) 340. Microprocessor 340 is
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35 which has independent read and wite port clocks enabl es data V\:hl ch
was orthogonally sanpled at a first rate to be displ ayed

- 29- _ orthogonally at a second rate. The asynchronous nature of the
r ead and wite clocks, however, does require that steps be undertaken
to avoid read/wite pointer collisions.

. -21-

responsive to-the TV .microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signals, enable
signals and reset signals. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three
s level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the
RGB interface. : ‘
The horizontal and vertical synchronizing compdnents of the
10 main signal are developed in a syn!: -separator 286, forming part of a
demodulator 288, forming part of the wide screen processor. The
horizontal synchronizing component is an input to a 1fH phase locked
loop 290. Horizontal and vertical synchrdnizing signals of the
auxiliary video signal are developed by sync separator 250 in the
15 wide screen processor 31. A horizontal defiection circuit 52
operates in conjunction with the one-chip, responsive to east-west
pin adjust and horizontal phase control signals from the WSP puP
340. A vertical deflection circuit 56 is responsive to a vertical size
control circuit 54. The vertical size control circuit 54 is responsive
20 to a vertical size control signal from the WSP uP 340, and operates
' in a manner similar to the vertical size control for the 2f4 chassis
described above.
The wide screen processor 31 is shown in more detail in
FIGURE 5. The principal components of the wide screen processor
25 are a gate array 300, a picture-in-picture circuit 301, analog to
~ digital and digital to analog converters, the second tuner 208, a
wide screen processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which
are in common with both the 1f4 and the 2fy chassis, for example
3o the PIP circuit, are shown in FIGURE 6. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in more detail in FIGURE 8. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal
35 paths, have already been described in detail. A number of other
components such as-the second tuner 208 the WSP uP 340 and
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The gate array 300 is comon to both wi de screen processors 5 30 and 31.

The main signal path 304, auxiliary signal path 306 and out put si gnal
path 312 are shown in block diagramformin Fl GURE 8. The gate array

al so conprises a clocks/sync circuit 320 and a W8P -[err] P decoder 310.
Data and address output linés of the WSP [err]P decoder 310, identified -
as WSP DATA, are supplied to each of the 10 main circuits and paths
identified above, as well as to the pictu@e-~ i n-picture processor 320
and resol ution processing circuit 370. It wi || be appreciated that

whet her or not certain circuits are, or are not, defined as being part

of the gate array is Iargely a matt er of conveni ence for facilitating

expl anati on of n rrane nts. -The gate array is
regponsi bl e f'(g}éﬁ %‘ﬁﬂ&k r & %'Eaﬁ apddigital, 19 8B8M0%at a of the
mai n vi deo che@nxgrerss tbﬁdgate ﬁef@dsgagythe PIR gircop| 80rerandlitiié ePlelnt3 74 ct ure
di spl ay for”aéFﬁeraTé‘esdb%ﬁﬁélﬁe as exBRIRANIAcO Mdtrapsmheﬁ ORE i3 Gl ' N
first out (FI W‘Je ngt

%ﬂ ne mam)rx or a l tinme pend| ng on the
nature of theS¥ éjreﬁ%'l'%tqrﬁn Ot regea | uni nance conponent The conbi ned

chrom nance conponEime snain video signal is supplied to the wide screen processor
in analog form, as signals designated Y_M and C_IN. Signal C_IN is
decoded into color difference signals U_M and V_M by'demodulator
288.  The main signals are converted from analog to digital form by
analog to digital converters 342 and 346, shown in more detail in
10 FIGURE 6. The auxiliary video data is also in analog form, and Y U V
format, as signals designated Y_A, U_A and V_A. In the PIP circuit
301, these auxiliary signals are converted to digital form, data
compressed, stored in a field memory for synchronization with the
main signal, and provided to the gate array 300 for combination with
15 the main signal as required by the selected picture display format,
for example by multiplexing on a line to line basis. The operation of
the PIP circuit is explained more fully in connection with FIGURE 6.
The PIP circuit and/or the gate array may also include means for
enhancing the resolution of the auxiliary data notwithstanding the”
20 data compression. The analog form signals, designated Y, U and V,
are supplied to an encoder 227 to define the wide format ratio
output signal Y_OUT_EXT/C_OUT_EXT which, in this case, are inputs
to the one-chip 203. Encoder 227 receives only the C_SYNC_MN
signal from the gate array. Switch SW5 selects between Y_M and
25 the C_SYNC_AUX signal as an input to the analog to digital
. converters. The one-chip generates YUV format 'signals for the RGB
matrix 241, which supplies RGB format signals to the kine drivers
242 from the Y_OUT_EXT and C_OUT_EXT signals.
FIGURE 6 is a block diagram. showing further details of the
30 wide screen processors 30 and 31 common to the 1fy and 2fy
chassis, shown in FIGURES 3 and 5 respectively. The Y_A, U_A and
V_A signals are an input to the picture in picture processor 320,
_which can include a resolution processing circuit 370. The wide
screen television according to aspects of this invention can expand
as and compress video. The special effects embodied by the various-
compos:te dlsplay formats |Ilustrated in part in FIGURE 1 are
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UV_M\ are stored in FIFO 358. Auxiliary signal |um nance and
chrom nance conponents Y_PIP, UPIP and VPIP are devel oped by
defrul ti pl exer 355. The | um nance conponent undergoes resol ution 25

processing, as desired, in circuit 357, and is expanded as necessary by
I nt er pol ator 359, generating signal YAUX as an output. In sone

I nstances, the auxiliary display wll be | arge as the mai n si gnal

di spl ay, as shown for exanple in FI GURE HU). The menory limtations
associ ated with the picture-in-picture 30 processor and video RAM 350 can
provide an insufficient nunber of data points, or pixels for filling
such a |large display area. In those ci rcunst ances, resolution

processi ng cigeneirategb bycahebpiotaadirt-picture presksseér F3203| which tdyh auxiliary
educt: o ThESeLENRBRUNI NiocoRed, data SHAIE ¥ 708, G RPCESH V.88 ram on
processi ng u,qggglygggnpggpqgsrlrdg“cglrcult 370. Resolution processing need not. be
utilized at all times, but during selected display formats. The
s picture-in-picture processor 320 is shown in more detail in FIGURE
7. The principal components of the picture-in-picture processor are
an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330. The timing' and
10 control section 328 is shown in more detail in FIGURE 13.

The picture-in-picture processor 320 may be embodied as a
variation of ‘'a basic CPIP chip developed by Thomson Consumer
Electronics, Inc. A number of special features or special effects are
possible, the following being illustrative. The basic special effect

1s is a large picture having a small picture overlaying a portion thereof
as shown in FIGURE 1(c). The large and small pictures can result
from the same video signal, from different video signals and can be
interchanged or swapped. Generally speaking, the audio signal is
switched to always correspond to the big picture. The small picture

20 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, _fdr example the display
format shown in FIGURE 1(d), the large and small pictures are in

2s 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

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

. 35 repetition rate can be changed from thirty frames per second to zero-
frames per second.
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-30- - 370 shown in FIGURE 6. As an exanple, circuit 370 may be a
dithering circuit and circuit 357 nmay be a dedithering circuit.

The auxiliary video input data is sanpled at a 640f[err] rate and

stored in video RAM 350. The auxiliary data is read out of video RAM5 350

I s designated VRAMOUT. The PIP circuit 301 al so has the capability of
reducing the auxiliary picture by equal integer factors hori zontal |y
and vertically, as well as asynnetricxﬂl324°VVth further reference to
FIGURE 12, the auxiliary channel data is buffered and synchroni zed to

the mai n channel digital video by the 4 bit |atches

The picture-in-picture processor used in the wide screen
television according to another inventive arréngement differs from
the present configuration of the basic CPIP chip described above. If
the basic CPIP chip were used with a television having a 16 X 9

s screen, and without a video speed up circuit, the inset pictures
would exhibit aspect ratio distortion, due to the effective 4/3 times
horizontal expansion resulting from scanning across the wider
16 X 9 screen. Objects in the picture would be horizontally
elongated. If an external speed up circuit were utilized, there would

10 be no aspect ratio distortion, but the picture would not fill the
entire screen.

Existing picture-in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The

15 incoming video is sampled with a 640f4 clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect to the incoming auxiliary
video source. This is a fundamental limitation on the basic CPIP

20 method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When
data from the video RAM, such as video RAM 350, is displayed, the

25 skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.

The picture-in-picture processor 320, according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
asymmetrically compressing the video data in one of a piurality of

30 selectable display modes. In this mode of operation, the pictures
are compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the

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

3s read out normally, as for example in the channel scan mode, for

- display of a 16.X 9 format display ratio screen, the.pictures appear
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10 352A and 352B, the auxjliary FIFO 354, timng circuit 369 and
synchroni zation circuit 368. The VRAM OUT data is sorted into Y

(luminance), U, V (color conponents), and FSW DAT (fast switch data) by
demul ti pl exer 355. The FSWDAT i ndi cates which field type was witten
into the video RAM The PIP_FSWsignal is 15 received directly fromthe
PIP circuit and applied to the out put control circuit 321 to determ ne
which field read out of video RAM i s49-be displayed during the snall

pi cture nodes. The auxiliary channel is sanpled at 640f[err] rate
while the main channel is sanpled at a 1024f[err] rate. The auxiliary
channel FIFO 354 20 converts the data fromthe auxiliary channel sanple
rate 10 (he mdiect THEARRAL:E IIARKINE | RrobR A tnBIOGESTo ddtfoct] R S1anal
under goes an the 4/ 3

/5( 4/ 6 Eiﬂ” ressi on IS 1S
conpressi on JISORQRS o a5y ng)lﬁprﬂlﬁ"?ﬁls%n tfﬁedﬁu%@f&ﬂ}g dRaltnel
si gnal . Hspeet mfethe linventiaon i makes hidrpedsibies to tger@fawdﬁé @p!edlﬁp 25
Jnterpolal of dafal ordRidRChhYg dhérak Y sBrg (‘;efr% Wi xRl el Yo,

i nterpol ator 3 s contro | Nt érpol at or con
whi ch is Pts@fCYBEPonsive to V\SP [err] P 340. The anount of

FIGURE 13 is a block diagram of the timing and control section
328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a
decimation circuit 328C for implementing the asymmetric
10 compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a
table of values under the control of the WSP uP 340. The range of
15 values can be 1:1, 2:1, 3:1 and so on. The compression factors can be
symmetric or asymmetric, depending upon how the table is set up.
Control of the compression ratios can also be implemented by fully
programmable, general purpose decimation circuits under the control
of the WSP uP 340, -
20 In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
from a decoder, for example an adaptive line comb filter, decode the
sngnal into Y, U, V color components and generate horizontal and
vertical sync pulses. These s:gnals are processed in the picture-in-
25 picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
30 switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming videa horizontal sync, which in
these special cases is the same as the display clock frequency.
35 Referring again to FIGURE 6, Y, U, V and C_SYNC (composite -
~sync) outputs from -the plcture in- plcture processor in analog form
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i nterpol ator expansion required is 5/6. The expansion factor X is

determ ned as follows: 30 X = (640/1024) * (4/3) = 5/6 The
chr om nance conponents U PIP and V_PIP are del.ayed by circuit 367 for
a length of tinme depending on the nature of the. i nterpol ati on of the

| um nance conponent, generating signals UAUX and VAUX as out puts. The
respective Y, U and V conponents of the 35 . main and auxiliary signals are
conbined in respective nultiplexers -365, 317 and 319 in the out put

signal path 312, by controlling the

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
s 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 mterpolator and FIFO's in the main

10 signal path.

In a multichannel mode, for example that shown in FIGURE 1(D),
twelve channels of a predetermined scan list can be displayed in
twelve small pictures simultaneously. The picture-in-picture
processor has an internal clock responsive to a 3.58 MHz oscillator

15 348. The incoming auxiliary signal is converted from analog to
digital form, and responsive to the chosen special effect, is loaded
into a video RAM 350. In the embodiments in the Technical Training
Manual described above, the compiled special effect is converted
back to analog form in the picture-in-picture processor prior to

20 combination with main signal video data. However, in the wide
screen televisions described herein, and due in part to limitations on
the number of different clock frequencxes which are feasible, the
auxiliary data is a direct output from the video RAM 350, without
further processing by the picture-in-picture processor 320.

25 Minimizing the number of clock signals advantageously reduces radio
frequency interference in the circuitry of the televisions.

With further reference to FIGURE 7, the picture-in-picture
processor 320 comprises analog to.digital converting section 322,
input section 324, fast switch FSW and bus control section 326, .

30 timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The. video RAM 350 associated

as with the picture-in- picture - processor 320 has a memory capacity of
1 megablt which is not large enough 1o. store a full-fietd of video

s.irs._;s the rapiace-mem sheet

pae. 3 1 JUt 1996



-31- read enable signals of the FIFO s 354, 356 and 358. The

mul ti pl exers 315, 317 and 319 are responsive to output rmnultiplexer

cont rol circuit 321. Qutput multiplexer control circuit 321 is
responsive to the clock signal CLK, the start of line signal SO., the
HCOUNT 5 signal, the vertical blanking reset signal and the output of the
f ast switch fromthe picture-in-pict@?- processor and WP [err] P 340.
The mul ti pl exed | um nance and chrom nance conponents Y _MX, U MX and
V_MX are supplied to respective digital/analog converters 360, 362 and

364 respectively. The digital to analog converters are followed 10 by |ow
Various 1 ancERghall IR sRORIOE: T igspERe RPN capacithdends 9abe array
and the dat aexpe0siveoadndicaruirequire mone redmplexoymanagement Bircuitry340Thelhe
WSP [err] P 34fhdirerr #gm®Rs JE bitd pBP sBYnpR id Rhél8yux&h ThannefOnnect ed
thereto by arggge's%lnts? uaS 'rem%tlsé%r Iir"1i | quggti%onbere%oruotldrn,\Mou[ et:oandwidth,

s relative to the main signal, which is processed with 8-bit samples
throughout. This effective reduction of bandwidth is not usually a
problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution

10 processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction
and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A

15 dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different
dithering and dedithering sequences involving different numbers of-
bits and different paired pixel compressions involving different _

20 number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
particular kind of picture display format.

The luminance and color difference signals are stored in an

25  8:1:1 six-bit Y, U ,V fashion. In other words, each component is-
quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
processor 320 is operated in a mode whereby incoming video data is
sampled with a 640fy clock rate focked to the incoming auxiliary

30 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 locked to the incoming auxiliary video signal.

- However, even though this data was orthogonally sampled and -

35 stored, and can be read out orthogonally, it cannot be disp_la_yed _

orthogonally directly from the video RAM 350, due to the
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15 bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WGP [err] P 340 conmunicates with the different

circuits of the gate-array through a WP [err] P decoder 310. In
one case, it is necessary to conpress the 4 X 3 NTSC vi deo by a factor
of 4/3 to avoid aspect ratio distortion of the displayed 20 picture. In
the other case, the video can be expanded_to perform hori zont al

zooni ng operations usually acconpani ed byzgértical zooni ng. Hori zont al
zoom operations up to 33% can be acconplished by reduci ng conpressions
to less than 4/3. A sanple interpolator is used to recal culate the

i ncom ng video to a new pixel positions 25 because the |um nance video
bandwi dt h, upagynchrondliE AdturéSofHRe main f@fw@uxulﬂ@guﬁd@é shuréége PREcent age

clock. " St dhed S ary vigh&RGYs U o Serberte 8 0w < ot ea

t hrough an i ns¥ighdpaous aaly im that lmtiancelyhare dhey a4 displapingo signals

recal cul ates ﬁrafﬂﬂtﬁ‘e vsadrﬁgs\,@égegblg@et he conpression or the expansi on
of the video. {__ ﬁtlon swtches ar ro ﬁel gct oS 323 and
331 is to 5reverse WB ?6@5985?/5'89 lshée‘ﬁ"éff‘ﬁd s’f‘gﬂﬁfer to synchronize the

auxiliary channel, that is the output of data from the video RAM 350,
~ to the main channel. With reference again to FIGURE 6, two four bit
latches 352A and 352B are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches also
10 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.
The auxiliary video signal must be vertically synchronized with the

1s first video signal and the video display. The auxiliary video signal
‘can be delayed by a fraction of a field period in a field memory, and
then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line

20 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
data is read out of the FIFO before new data Has an opportunity to be

25 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
written into 2048 x 8 FIFO 354 with the same picture-in-picture

30 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
1024fy4, which is locked to horizontal synchronizing component of
the main video channel. The ‘use of a multiple line memo'ry (FIFO)

as which has independent read and write port clocks enables. data whrch
was orthogonally sampled at a flrst rate to be dlsplayed
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path 304 with respect to the relative positions of the FIFO 356 and

the interpolator 337. |In particular, these switches select whether 35
the interpolator 337 precedes the FIFO 356, as required for
~conpression, or whether the FIFO 356 precedes the interpolator 337

- 32- as required for expan5|on The switches 323 and 331 are
responsi ve _29. -

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.

The gate array 300 is common to both wide screen processors

5 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 puP
decoder 310, identified as WSP DATA, are supplied'to each of the

10 main circuits and paths identified above, as well as to the picture-
in-picture processor 320 and resolution processing circuit 370. It
will be appreciated that whether or not certain circuits are, or are
not, defined as being part of the gate array is largely a matter of
convenience for facilitating explanation of the inventive

15 arrangements. _

g 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 luminance
component Y_MN is stored in a first in first out (FIFO) line memory

20 356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution

2s  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
maln signal display, as shown for example in FIGURE 1(d). The
memory limitations associated with the - picture-in-picture

30 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
during data compression, or reduction. The resolution processing

35 may correspond to the resolution processing undertaken by circuit
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to a toute control circuit 335, which is itself responsive to the WP

[err]P 340. It wll be renenbered that during small picture nodes the
auxiliary video signal is conpressed for storage in the video RAM5 350,
and only expansion is necessary for practical purposes. Accordi ngly, no
conparable swtching is required in the auxiliary si gnal path.

The main signal path is shown in nore degail in FIGURE 11. The swi tch
323 is inplenented by two nultiplexers 325 and 327. 10 Switch 331 is

i mpl emented by mul tiplexer 333. The three mul ti pl exers are responsive
to the route control circuit 335, which Is itself responsive to the WP
[err] P 340. A horizontal ti mng/synchroni zation circuit 339 generates

timng signaBg0 showsvin FIGIURE 6 heAsvaint exampte] circaiti 310 ohay be & FOs, as
vel | as | at chrRerfy &f‘c?ui?@h@%irc@f‘cbff‘?”ﬁ'nhg't B¥°h dedithdfifa CdifGliy o1 gnal LK

3. “hn* anal o R ”&Lv%%nﬁﬁtg?ﬁafai&m%&emm 84361 7ater adfionsi ve

to Y_MN. stoned WsPvifileo r RRMB 850and hiehauritiaty siagaii§ ireadtodti 6f oidedVRIM

An interppl aggh ig0gbsighated WRAMEUBE PRSP LG RA' 3lH has the
capability of reducing the auxiliary picture by equal integer factors
horizontally and vertically, as well as asymmetrically. With further
reference to FIGURE 12, the auxiliary channel data is buffered and
synchronized to the main channel digital video by the 4 bit latches

10 352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field
type was written into the video RAM. The PIP_FSW signal is

15 received directly from the PIP circuit and applied to the output
control circuit 321 to determine which field read out of video RAM
is to be displayed during the small picture modes.

-The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
20 converts the data from the auxiliary channel sample rate to the main
- channel clock rate. In this brocess, the video signal undergoes an
8/5 (1024/g49) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the’

25 interpolator 359 to correctly display a 4 X 3 small picture. The
interpolator 359 is controlied by interpolator control circuit 371,
which is itself responsive to WSP pP 340. The amount of
interpolator expansion required is 5/g. The expansion factor X is
determined as follows:

30 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, generatin'g signals U_AUX

, and V_AUX as outputs. The respective Y, U and v oom'ponen_ts of the

3s main and auxiliary. signals .are combined in respective multiplexers
3_15, 317 ‘and 319 in the output signal path 312, by éq‘ntrolling_ the

.- This is the replacement sheet
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20 pixel position values (K), interpolator conpensation filter weighting
(© and clock gating information CGY for the | um nance and CGUV for

t he col or conponents. It is the clock gating information which pauses
(decimates) or repeats the FIFO data to all ow sanples not to be
witten on sone clocks for effecting conpression or sone 25 sanples to be
read nultiple tinmes for expansion. -31- It is possible to perform

vi deo conpressi ons and expansi ons t hrough the use of a FIFO For
exanple, a WR_ EN_MN Y si gnal enabl es data to be witten into the FIFO
356. Every fourth sanple can be inhibited frombeing witten into the

nt er pol at or 1589 9168 Sighas of InE ERGR°HEE; a8k 4 Atk PRt Rletds,
into the FIF@1$ 317 andadl19harej4espersivectn astpuhenpitipxes eomseh, rat her
than jagged. circuit @m@nfsblﬂﬁuffﬁﬁtxﬁi?l?gégf @g?m?cl) ieir@maf%éz i%h?em\i/%ﬁtgbl .
Sranal 35 Hae APBEEIGEEL REK: Ang: sars oh Be, SORBL S+ 1ha KLGIUNSF m o
inhibit 5 signalsehe Nerticalpblamking daset sigmalcaadkthmtdutput of otheatastn i s
appl i ed switch from the picture-in-picture processor and WSP puP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
10 by low pass filters 361, 363 and 365 respectively, shown in FIGURE
6. The various functions of the picture-in-picture processor, the |
gate array and the data reduction circuit are controlled by WSP puP
340. The WSP pP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire
15 bus as shown, having lines for data, clock signals, enable signals and '
‘reset signals. The WSP uP 340 communicates with the different
circuits of the gate array through a WSP pP decoder 310.
In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
20 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 recaiculate the incoming video to a new pixel positions
25 because the luminance video bandwidth, up to 5.5 MHz for S-VHS
format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 1024fy clock. :
As shown in FIGURE 8, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
30 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 -
as the interpolator 337 precedes the FIFO 356, as required for
compression, or whether. the FIFO 356 precedes’ the interpolator 337
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-33- to the read enable signal. This will pause the data as it is
bei ng read fromthe FIFO 356. In this case it is the function of the
i nf erpol ator 337, which follows the FIFO 356 during this process, to

recal cul ate the sanpled data fromjagged to snmooth. In the 5 expansion

case the data nust pause while being read fromthe FIFO 356 and while
bei ng cl ocked into the interpolator 337._3T§1i_s IS

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 during small picture modes the
auxiliary video signal is compressed for storage in the video RAM

s 350, and only expansion is necessary for practical purposes.
Accordingly, no comparable switching is required in the auxiliary
signal path. '

The main signal path is shown in more detail in FIGURE 11. The
switch 323 is implemented by two muitiplexers 325 and 327.

10 Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which
‘is itself responsive to the WSP pP 340. A horizontal
timing/synchronization circuit 339 generates timing signals
controlling the writing and reading of the FIFOs, as well as latches

15 347 and 351, and muitiplexer 353. The clock signal CLK and start of

: line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP uP 340 and the most significant bit of UV_MN.

An inierpolator control circuit 349 generates intermediate -

20 pixel position values (K), interpolator compensation filter weighting *
(C) and clock gating information CGY for the luminance and CGUV for
the color components. It is the clock gating information which '
pauses (decimates) or repeats the FIFO data to allow samples not to
be written on some clocks for effecting compression or some

25 samples to be read multiple times for expansion.

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

3o 4/3 compression. It is the function of the interpolator 337 to
recalculate the luminance samples being written into the FIFO S0
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable sngnal

3s has clock gating ‘information attached -to it in the form of inhibit
pu_lses For expandmg data the clock gatmg mformatlon |s apphed

Tms_ i the repiac_amem sheet
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different fromthe conpression case where the data is continuousl y

cl ocked through the interpolator 337. For both cases, conpressian and
expansi on, the clock gating operations can easily be performed 10 in a
synchronous nmanner, that is, events can occur based on the ri sing edges
of the systemclock 1024f[err]. There are a nunber of advantages
in this topol ogy for | um nance interppgation. The clock gating
operations, nanely data deci mati on and data repetition, may be
performed in a synchronous 15 nanner. |If a swi tchable video data topol ogy
were not used to I nt erchange the positions of the interpol ator and
FIFO the read or ~ wite clocks would need to be double clocked to pause

or repeat thdo the fead emghde tsighdldodiflie willopawse thardatahas it i® beama poi nts
must be WehHt #8m e KIFO FSE0 IR hisicagkeitClkople MDtRNCbS tikgd from the .

FIFO 20 d t t b d
Lo operate syIATPRIRES 3% Miichdolpwiothd OED 'Lk durfni hié: progses © ™
readi ng cl ockrecatoplgtec thensampledt datae frmn Haggedsta smooibt ein dheck
frequency.s Mg fmntda eStHeta ?é)'rﬁuito Q@Wﬁ@‘ﬂe’irﬁ@ﬁ r@%ﬁjﬁr&ﬂethe FIFO

I
! nterpo ator &awhne bem clock mto therr‘%eersbsé ator This is

different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression
and expansion, the clock gating operations can easily be performed

10 in a synchronous manner, that is, events can occur based on the
rising edges of the system clock 1024fy.

There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data
decimation and data repetition, may be performed in a synchronous

15 manner. If a switchable video data topology were not used to
interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
written into the FIFO in a single clock cycle or read from the FIFO-

20 during a single clock cycle. The resulting circuitry cannot be made
to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
interpolator and one FIFO to perform both compressions and

25 expansions. If the video switching arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFO's to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
be placed in front of the interpolator and one FIFO for compressuons

30 would need to be placed after the interpolator. :

Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y.
U, Vv, 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
as = of mempry.loc_a_tlons Each ‘memory location holds eight bits of data -
In each 8-bit _Ipéati,on.there is one 6-bit Y (luminance) sample-

" This is the replacement sheet
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25 expansi on

s. If the video switching arrangenent described herein

were not used, the double clocking situation can be avoi ded only by

using two FI

FO s to acconplish the functionality of both conpr essi on

and expansi on. One FIFO for expansions would need to be placed in
front of the interpolator and one FIFO for conpressions 30 woul d need to be

pl aced after

t he interpol ator. -34nterpolation of the auxiliary

signal takes place in the auxiliary signal.path 306. The PIP circuit
301 mani pul ates a 6 bit Y. U V, 8:1:1 field nmenory, video RAM 350, to
store incom ng video data The video RAM 350 hol ds two fieI ds of video

data in a pl
eight bits o
(1'um nance)

10

1§

20

25

30

s

isardida”ar eorlf B2 B4 8, FFoek RS, athen it bolk v

Sitfaretast swutch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). The FSW_DAT 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 entire video RAM 350 is read
during the display period, both fields are read during the display
scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch
data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tear problem. If the field type
being read is the opposite type than that being displayed, then the
even field stored in the video RAM is inverted L. 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
the main and auxiliary channeis are enabled for writing data into
storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
auxiliary channels, but not both, as necessary to combine data from
each source on the same video line or lines of the display. The FIFO
354 of the auxiliary channel is written synchronously with the
auxiliary video signal, but is read out of memory synchronously with
the main video signal. The main video signal components are read
into the FIPDs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
video. How often the read function is switched back and forth
between the main and auxiliary channels is a function of the
particular special effect chosen.

Generation of different special effects such as cropped side-
by-side pictures are accomplished through mampulatlng the read and
write enable control signals for the line memory FIFOs. The process
for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pidtures the write enable contro!

signal (WR EN AX) for 2048 X8 FIFO 354. of the auxlluary channel is
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-34- . (sanpl ed at 640f[err]) and 2 other bits. These two other bits
hol d either fast switch data (FSWDAT) or part of a U or V sanple
(sanpled at 80f[err]). The FSWDAT val ues indicate which type of field

was witten into video RAM Since there are two fields of data 5 stored in

t he video RAM 350, and the entire video RAM 350 is read during the

di splay period, both fields are read dur_i3|n§rg_the di spl ay scan. The PIP
circuit 301 will determne which field w be read out of the nmenory
to be displayed through the use of the fast switch data. The PIP
circuit always reads the opposite‘field type that is 10 being witten to
overcone a notion tear )Jroblem If the field type being read is the
opposi t e typa@ctiMantarh4t/anehe)deSdhayed, apn@xlmaéely 41% of the display

active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67 %

s active picture) and the interpolator expansion of the signal by 5/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 810 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a

10 compression ratio of 4/5 being performed on the main channel video
by the 910 x 8 FIFOs.

In each of the FIFOs, the video data is buffered to be read out
at 'a particular point in time. The active region of time where the
data may be read out from each FIFO is determined by the display

15 format chosen. In the example of the side-by-side cropped mode
shown, the main channel video is being displayed on the left hand
haif of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as.

20 illustrated. The read enable control signal (RD_EN_MN) of the main
channel 910 x 8 FIFOs is active for 50% of the display active line
period of the display beginning with the start of active video,
immediately following the video back porch.. The auxiliary channel
read enable control signal (RD_EN_AX) is active for the other 50% of

2s 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 .
auxiliary) while the read enable control signals are synchronous

30 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

_ appropnate for a wide format. dlsplay ratio- display, for example

3s 16X 9. Most NTSC signals are represented in a 4 X 3 format,

. _which .of course corresponds 1o 12 x 9. - _qu 4X3 .florm__at_ dlsplay ~
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even.field stored in the video RAMis inverted by deleting the top i ne
of the field when the field is read out of nenory. The result is t hat
the small picture maintains correct interlace without a notion 15 tear.
"The clocks/sync circuit 320 generates read, wite and enabl e signal s
needed for operating FIFGCs 354, 356 and 358. The FIFGs for the main and
auxiliary channels are enabled for witing data into storage for those
portions of each video line which is reqgBitred for 20 subsequent display.
Data is witten fromone of the main or auxi | iary channel s, but not
both, as necessary to conbi ne data from each source on the sane video
line or lines of the display. The FIFO 354 of the auxiliary channel is

tt d |4 | d t
of mﬁgriygﬁﬁ% NS Bicilrds"Toay e Btbsedtel Khffe SaHleg B4 (bingfac
si gnal conpofismiay agor display. eitheo bynsronmics Hes m&ﬁ-w%@)’sﬁﬁ&‘hﬂv’nousl y
with the mai BqMéd@:ﬁg the Picturés %%earn@iamtﬁwiudiﬁ nedpdct ﬁa\leChr onously

LD U1 T B C-BaphA B AR SRl v, BEAEURS, ek on
5 cropping to aspect ratio distortion may be set any where in between
the limits of 0% and 33%. As an example, two side by side pictures
. may be presented as 16.7 % squeezed and 16.7% cropped.
The operation can be described .in terms of general ratios of
speedup and cropping. The video display means can be considered to
10 have a display format ratio of width to height of M:N, the first video
" signal source can be considered to have a display format ratio of A:B
and the second video signal source can be considered to have a
display format ratio of C:D. The first video signal can be selectively
speeded up by a factor in a first range of approximately 1 to
15 (M/N + A/B) and selectively cropped horizontally by a factor in a
second range of approximately 0 to [(M/N + A/B)-1]. The second
video signal can be selectively speeded up by a factor in a third
range of approximately 1 to (M/N + C/D) and selectively cropped
horizontally by a factor in a fourth range of approximately 0 to
20 [(M/N + C/D) - 1].

S The horizontal display time for a 16 X9 format display ratio
display is the same as a 4 X 3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an
NTSC video signal must be sped up by a factor of 4/3 to preserve a

25 correct aspect ratio, without distortion. The 4/3 factor is
calculated as ratio of the two display formats:
43 = (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
3o having different clock rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or
~ cropped, or seme combination thereof, by 50%. A speed up
35 comparable to that needed for a wide screen apphcatlon is
: _unnecessary
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30 particular special effect chosen. Generation of different

speci al effects such as cropped side- by-side pictures are

acconpl i shed through mani pul ating the read and wite enable control
signals for the Iine nenory FIFGs. The process for this display format
is illustrated in FIGURES 7 and 8. In the case 35 of cropped side-by-side
di spl ayed pictures, the wite enable control signal (WR EN_AX) for
2048 X 8 FIFO 354 of the auxiliary channel37s

- 35-

What is | claimed is:

1. A video display system, comprising:

a first video signal source of a first picture;

first signal processing means for speedmg up said first video
signal;

a second video signal source of a second picture;

video display means synchronized with said first video signal;

means for vertically synchronizing said second video signal
with said first video signal and said video display means;

. second signal processing means for speeding up said second

video signal; and, :

means for combining said first and second processed vndeo
signals for side-by-side display of said pictures.

-
O ©® ® ~N O A WN

- -a
N =

2. The system of claim 1, wherein said first and second video
signals have first and second display format ratios respectively and
said video display means has a third display format ratio greater
than each of said first and second- dlsplay format ratios. ”

W N -

3. The system of claim 2, wherein said first and second
display format ratios are each approximately 4:3 and said third
display format ratio is approximately 16:9, and said side-by-side
pictures are each displayed in a format display ratio of
approximately 8:9.

N H DN

-t

4. The system of claim 1, wherein each of said first and
2 second signal processing means comprises means for reducing
3 picture size of the first and second video signals respectively.

1 . 5. The system of claim 1, wherein one of said signal
2 processing means comprises means for cropping a picture.

1 6. The system of claim 1, wherein one of said signal
processing means comprises means for compressmg, storlng and
.3~ expanding a picture. ' - : '

* This is the repfacement's_h‘eet
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active for (1/2)*(5/12) = 5/12 or approximtely 41% of the display
active line period (post speed up), or 67% of the auxiliary channel
,active line period (pre speed up), as shown in FIGURE 7. This
‘corresponds to approxi mately 33% cropping (approxi mately 67%5 active

pi cture) and the interpol ator expansi on of the signal by 5/6. In the
mai n vi deo channel, shown in the upper pgigt. of FIGURE 8, the wite
enabl e control signal (WRENWNY) for the 910 X 8 FIFGs 356 -~ and 358 is
active for (1/2)*(4/3) = 0.67 or 67% of the display active | i ne peri od.
This corresponds to approximately 33% cropping and a 10 conpression ratio
of 4/ 3 being perforned on the main channel video by the 910 x 8 FI FGs.
In each of the FIFGs, the video data is buffered to be read out at a
particul af point ¥n Theesystem attdlaien re;owberéih saidemuapsefdrhe data may

‘be read out

In the ex

ebREbEERRoL; sigthg. drbcerhaiifiod” sbBr2es LY un” (he i n' channe

video i s ®eing di Bigansedonisubsampling tsaidl picture;
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a field memory for storing said subsampled picture; and,
means for enlarging said stored picture by interpolation to a
size larger than as stored but smaller than as subsampled.

8. The system of claim 1, wherein each of said video signals «
is speeded up by a factor of approximately 4/3 and cropped
horizontally by a factor of approximately 1/3, each of said side-by-
side pictures being displayed in a format display ratio of
approximately 8:9 and substantially without aspect ratio distortion.

8. The system of claim 1, wherein said means for
synchronizing said second video signal comprises means for delaying
said second video signal by a fraction of a field period.

10. The "system of ¢laim 9, wherein said delaying means -
comprises a field memory. '

11. The system of claim 1, wherein said video display means
has a display format ratio of width to height of M:N and said first
video signal source has a display format ratio of A:B, said first
signal processing means selectively speeding up said first video
signal by a factor in a first range of approximately 1 to
(M/N + A/B).

12. The system of claim 11, wherein said first signal
processing means selectively crops said first video signal

horizontally by a factor in a second range of approximately O to
[(M/N + A/B) - 1].

13.  The system of claim 1, Whe_rein said video display means
has a display format ratio of width to height of M:N and said first

-video signal source has a display format ratio- of A:B, said first.

o Th'ss_-és éf;e-fapiacemem sheet =
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hal f of the display and the auxiliary channel video is displayed on t he
right hand half of the display. The arbitrary video portiswons of t he
rwaveforns are different for the main and auxiliary channels as 20
illustrated. The read enable control signal (RDENVN) of the main

channel 910 x 8 FIFGs is active for 50% of the display active |ine

period of the display beginning with the-%g8art of active video,

i mmedi ately follow ng the video back porch. The auxiliary channel r ead
enabl e control signal (RD EN AX) is active for the other 50% of 25 the

di splay active line period beginning wwth the falling edge of the

RDENWN si gnal .and, ending with the beqi nn‘i@qg of the main channel . video
front porcéh. $8NARPBECSRINGd MEANS \FEIeCtNEIXHFORRIAG r $7Ids figHavideo sigagle
synchronowsss viarizartally by spdattoveinFaFfangewf dpproximatelyod to auxiliary)

while the ge qo) tr signal s are synchronous 30 w th the pain
channel viede(;ﬁwm qV@PTh:ia)ll’(:Ii splay format shown in FIGURE 1(d) is
particularly desirable as it enables two nearly full field pictures to
di spl ayed 1i n B.si Tiee gystemeof olaint 1, WRedinpdaid videpadispRiy idahs

g;;ﬁglt Lve ANthas a dPAPREHALE rAH5 &F Width P HEEnALP A dndl 58id s8R0y o
3 video signal source has a display format ratio of C:D, said second
signal processing means selectively speeding up said second video

4
5 signal by a factor in a first range of approximately 1 to
6 (M/N + C/D).

15. The system of claim 14, wherein said second signal
processing means selectively crops said second video signal .

horizontally by a factor in a second range of approximately 0 to
[(M/N + C/D) - 1]. '

HW N

16. The system of claim 1, wherein said video display means
has a display format ratio of width to height of M:N and said second
video signal source has a display format ratio of C:D, said second ..
signal processing means selectively cropping said second video
signal horizontally by a factor in a range of approximately 0 to
[(M/N + C/D) - 1].

o n b W N =

17. The system of claim 1, wherein:
said video display means has a display format ratio of width to
height of M:N, said first video signal source has a display format
ratio of A:B and said second video signal source has a display format
ratio of C:D,
said first signal processing means selectively speeds up said
first video signal by a factor in a first range of approximately 1 to
(M/N +« A/B) and selectively crops said first video signal
horizontally by a factor in a second range of approximately 0 to
[(M/N + A/B) - 1]; and,’ |
~ said second signal processing means selectively speeds up sad
. second video signal by a factor in.a third range of approximately 1 to =
(M/N + C/D) and selectively crops said second video signal

* c L L} S *

0w N OO AW N =
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35 16 X 9. Most NTSC signals are represented in a 4 X 3 format, whi ch
.of course corresponds to 12 x 9. Two 4 X 3 format display

- 36- rati o NTSC pictures nay be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33% and introducing aspect ratio

14 horizontally by a factor in a f.durth range of approximately O to
1s  [(M/N + C/D) - 1].

1 18. The system of claim 17, wherein said first and third
ranges are approximately 1 to 4/3 and said second and fourth ranges
"are approximately 0 to 1/3

19. The system of claim 1, wherein said combining means
generates muitiplexed lines of video, each multiplexed line including
a selectively speeded up and cropped video line from each of said

- video signal sources.

HhW N -
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di stortion. Depending on user preference, the ratio of picture 5 cropping

to aspect ratio distortion nay be set any where in between the limts
of.0% and 33% As an exanple, tw side by side pictures may be
presented as 16.7 % squeezed and 16. 7% c%];)pped. The operation can
be described in ternms of general ratios speedup and cropping. The

vi deo di splay neans can be considered to 10 have a display format ratio of
width to height of MN, ' I.d [ | pSewhgggCan be considered
to have a display for m?%%{%ghé?Ikag&DE gﬁzbﬁgﬁg seco% \?i deo si gnal
source can be considered to have a di splay format ratio of C D. The
first video signal can be sel ectivel yagpgrr&@eeded up by a factor in a first
range of approximately 1 to 15 (MN + A/B) and sel ectively cropped

hori zontally by a factor in a second range of approximately O to [(MN
+ A/B) - 1]. The second vi deo signal can be selectively speeded up by a
factor inathird .. range of approximately 1 to (MN + C/ D) .and .

sel ectively crofpeftdeo HgFPESXt YS9, %Ol?%lfﬁ%‘?si % aggfr(?&rt%i?%%gglgpal

appr oxi mat eoyir@et o(2M1) [ 0¥ M +£f{¥&) pitkure and a sSHwendrvidee akignsdl ay

time for as%%rééagfwém%egéﬁgl8XCEGEEQ- A first signal processor'(304)
speeds up the first video signal. The second video signal
k306) is vertically synchronized with the first video signal.
The second video signal is delayed by a fraction of a field
period in a field memory. A second signal processor (306)
speeds up the synchronized second video signal. The first and
second video signals are combined for side-by-side display of
the pictures. If the first and second display format ratios
are each approximétely 4:3 and the third display format ratio
is approximately 16:9, each of the side-by-side pictures can
be displayed in a format display ratio of approximately 8:9.
If each of the video signals is speeded up by approximately 4/3 .
and cropped horizontally by approximately 1/3, each of the
side-by-side pictures is displayed substantially without aspect

ratio distortion.

FIGURE 8
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display is the sane as a 4 X 3 format display ratio display, because

both have 62.5 m crosecond nomnal line |ength. Accordingly, an NTSC
video signal nust be sped up by a factor of 4/3 to preserve a 25 correct
aspect ratio, without distortion. The 4/3 factor is cal cul ated as
ratio of the two display formats: 4/3 = (1
6/g) / (4/3) Variabl e interpolatdf$ are utilized in accordance with
aspects of t~s—t tion op—theyvi deo grgmars. | past,
FI FGs 30 aving different] clock ratgscat |[thte |fnputs qnenrofit put $ been
used to [perfgrma sirilar fufftiods By Jay of cofpdfigolf i NTSC
4 X 3 formgt di;§play ratiq signals ale di $pl ay¢d on aj|single 4
format displ dy <¥atli o di spllay, eqCh picture nusiy be di gtort¢d or
cropped, or| qone_gdonbi natilog,t hgreof, by 50% A&peed up"’3$ Qorrp@alPl.e to
that needed for a w de scrlegn agplication is ,_unne'ceﬁsary, <« -
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3
5
vi deo di spl ay

1. A video display system
6

source of a first picture;

1
source of a second picture;

a first video signa
processi ng neans for speeding up said first video 4 signal;

is clained is:

What

- conprising: 2
neans synchroni zed with said first video signal

first signal
a second video signa
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7 - means for vertically synchronizing said second video signal 8 with

said first video signal and said video display neans; 9 second
signal processing neans for speeding up said second 10 vi deo signal; and,
11 means for conbining said first and second processed video 12
signals for side-by-side display of said pictures. 1 2. The system

of claim1l, wherein said first andﬁfcond Vi deé;z 2 SI gnal s have first and
second di splay format ratios respettfvely an l§_i d video display neans
has a third display format ratio greater 4[;“ ch of sajgd first and

second di spl ay fornat rat | os@ he soeilem of cl a m 2, wherein
said first and seco pf"ag f rag=8s

and saidthirdelﬁ or@gat r
si de-by-side 4 pict re _g

-|rrately43

y ratio of 5
approxi mately 8:9. @
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second

reducing 3 picture size of the
The system of

5.
2 processing means conprises neans for

wherein each of said first ‘and 2
1

4. The system of claiml,
processi ng nmeans conpri ses neans for

fixrst and second video signals respectively.

1
si gnal
claimi1,

wherei n one of said signa

wherein one of said

6. The systemof claim1,
2 - processing neans conprises neans for conpressing,

1

cropping a picture.

si gnal

storing and 3

415

expandi ng a picture.
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- 38- 1 7. The system of claim 6, wherein said neans for 2
conpressing, storing and expandi ng conprises: 3 nmeans. f or
subsanpling said picture; 4 a field nmenory for storing said
subsanpl ed picture; and, 5 means for enlarging said stored picture
by interpolation to a 6 size larger than as stored but smaller than as
subsanpled. 1 8. The system¥¥ claim 1, whergin each ofgsaid video
signals. 2 is speeded up byga factor of "approxi matel y24/3 gnd & opped 3

horizontally by a factor ofapproxi rratelfx 1/ 38 each &8 sai¥ si Je- by- 4 side
pi ctures being displayed i nda fermae di

lay Yatio of5 apmrroxiémtely 8:9
and substanti al | ys\afit frotrt %%pec? I 0 Egstor¢ion. /’“LI‘J”§1WB.
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1
sai d second vi deo signal

si.gnal

by a fraction of a field period. 1

9, wherein said delaying neans 2 conprises a field menory.
The system.of claim1l, wherein said video display neans 2 has a display

1

9. The systemof claim1l, wherein said neans for 2 synchroni zing
conpri ses neans for delaying 3 said second video
10. The systemof claim

11.

format ratio of wdth to height of MN and said first 3 video signal source
has a display format ratio of AéBS said first gIT™p cmles'si ng neans
selectively speeding up said first vidleol5 si grnaeNyy act:sr in aéarst
range of appr g N V B) . B \ s£he syst of
claim1l, wherjefn]jsaid fin r)cessgng reartd elgctively ops
said firsg vid by a factpe=i n=assecgnd r anef of
appr oxi megel y ) ANmEInds]
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4 signal processing neans selectively cropping said first video signal 5
hori zontally by a factor in a range of approximately O to 6 [(MN + A/ B)
- 4]. 14. The systemof claim1l, wherein said video display
means 2 -has a display format ratio of wdth to height of MN and said
~ Second 3 video signal source has a display format ratio of C:D, said

second - 4 signal processing neans selectively speeding up said second video
5 signal by a factor in a first ran@Msof approximately 1 to 6 (MN-+
¢ D). 1 15. The system of claim 14, wherein said second signal 2
processi ng neans sel ectiyely cro§ said seéand vi deo3Si gnﬁf 3 horizontally
by a factor in a second &g of L hpproxi maily 0 to 4 [(MN+ CdD - 1].
1 16. The system Eﬁai 1, whereip said vidgo dishlay neans 2 has
a display format katio oP 3 dthx{o i Bhiodl M Mhand[Said kecond

| ™
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3 video signal source has a display format ratio of C.D, said second 4

si gnal processing neans selectively cropping said second video 5 signal

" horizontally by a factor in a range of approximately 0 to 6 [(MN+ C/D) -
1] . 1 17. The systemof claim1, wherein: 2 sai d video

di splay neans has a display format ratio of wwdth to 3 height of MN, said
first video signal source has a displsxsfornat 4 ratio of A'B and said
second video signal source has a displfay format 5 ratio of CD, 6

said first signal processing nmeans selectively speeds up said 7 first
video signal by a factor in a first range of approximately 1 to 8 (MN +
A/ B) and selectively crops said first video signal 9 horizontally- by a
factor in a second range of approximately O to 10 [(MN + A/B)-1]; and,
11 sai d second signal processing neans selectively speeds up said 12
second video signal by a factor in a third range of approximately 1 to 13
(MN + CD and selectively crops said second video signal

il

"FIG. 9
’ FIG. 10

AUX VIDEO
CROPPED

MAIN VIDEO SEAM
CROPPED
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-40- : 14 horizontally by a factor in a fourth range of approxinmately 0
to 15 [(MN+ D - 1]. 1 ~ 18. The systemof claim 17, wherein
said first and third 2 ranges are approximately 1 to 4/3 and said second
and fourth ranges 3 are approximately 0 to 1/3
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vi deo

wherein said conbining'neans 2
each nultiplexed line including 3 a

19. The system of claiml,
generates nultiplexed |lines of video,
sour ces.

se)] ectively speeded up and cropped video line fromeach of said 4

1
si gnal
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