VERTI CAL ZOOM AND PANNI NG FOR TELEVI SI ON . The invention relates to
the field of televisions having ~mul'tiple picture displays for
asynchronous video signals, and in paftsi cul ar to such tg} si ons '
havi ng WO®#9378spl ay format ratio 5 screen. Most tel evisi ﬁﬁvpga!ﬂBMVe a
format display ratio, hori zontal wdth to vertical height, of 4:3. A

wi de format display rati o corresponds nore closely to the display

format ratio of
VERTICAL ZOOM AND PANNING FOR TELEVISION
The invention relates to the field of televisions having
multiple picture displays for asynchronous video signals, and in
particular, to such televisions having a wide display format ratio

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

10 Televisions having a format display ratio of “4:3, often referred
to as 4 X 3, are limited in the ways that single and multiple video
signal sources can be displayed. Television signal transmissions of

- commercial broadcasters, except for experimental material, are
broadcast with a 4 X 3 format display ratic. Many viewers find the
1s 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
corresponding wide display format. Movies "look" like movies, not

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

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

2s format signals, as well as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching

30 between multiple sources to generate muitiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a

. wide screen television according to this invention. A wide screen
television according to the various aspects of this invention is

3s capable of providing high resolution, single and muitiple picture
displays, from smgle and multiple asynchronous sources having
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novi.es, for exanple 16:9. The invention is applicable to both direct
virew tel evisions and projection tel evispans. 10 . Televisions having a
f or mat WD 8p11937& atio of 4:3, often referred to as 4 X BCTAUROWOIR2Red in
t he ways t hat S|ngle and .nul tiple video signal sources can be
di spl ayed. Tel evision signal transm ssions of commer ci al broadcasters,
except for experinental material, are broadcast with a 4 X 3 fornat
display ratio. Many viewers find the 15 4 X 3 display format |ess pleasing
t han t he @imilars orndiffarent! format ratiesi oand s withatseliestablle t isprayi es.
Tel evi si onyg riidth rﬁti‘ﬂsde f or mat di-spl ay ratio provide not only a nore
pI easi ng di spl a* ?ﬁ apabl e of displaying w de display for mat
si gnal sources Algst all vidag e%rsd%&tsmgcwgeﬂm aydilableotoregonsiwiees | ook"
li ke novi dravend feﬂnacrmwav fatiliof! 41 <3, WHeteasthish fsdthr dféiRay! deo
sour ce need,.no ei t her. en gonverted from to video,
for exarrp gtl\%l bﬁb\ﬁdeo eré‘ﬁ)é@ﬁ]é’%lﬁﬁ (’,'é'd\,\l&‘ bﬁ B0 REReG talie grpater
tel evisiorthan 4 x 3 is used:fosivideo vproductiondeanli aspect faﬁmvéomﬂéﬂsibrﬁr e al so
Z:J[sélegyt O must b Yetforkfed Beford dissiRY ¥R hCtoliMer 181evidin3ngr and wide
- picture distortion will occur. One method of aspect ratio conversion
is known as letterboxing. Letterboxing maintains more (or all) of
10 the horizontal information, at the expense of the number of
displayed lines in each field. A video source produced in the 16 x 9 (
format would contain 181 lines of video each field when converted |
to a 4 x 3 letterbox format. The extra lines that are not used in each
- field can be set to a flat field black (or gray) level. Higher aspect
15 ratio sources would contain proportionally fewer lines per field.
A wide screen television, as described herein for example, can
have a format display ratio of 16 x 9. This provndes an opportunity
to display signais in the letterbox format with greater flexibility.
Letterbox signals that were originally produced in the 16 x 9 aspect
20 ratio may be zoomed, that is expanded, vertically to fiil the screen,
~with no loss of horizontal information or distortion. An automatic
letterbox detector can be based on the assumption that the video
signal will have no active video, that is, a substantially constant
luminance value not higher than a threshoid value. Alternatively,
25 letterbox detection can be accomplished by calculating two
gradients for each line in the video fieid. The first gradient,
designated the positive gradient, is formed by subtracting the
minimum value of the previous line from the maximum value of the
current line. The second gradient, designated the negative gradient,
30 is formed by subtracting the minimum value of the current line from
the maximum v_alue of the previous line. Either of the gradients may
have positive or negative values depending on scene content, but the
negative values of both gradients may be ignored. If either gradient
has a positive value which exceeds a programmable threshoid, video
3s is considered to be present on either the current line or on the
previous line. These register values can be used by a microprocessor
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25 format signals, as well as conbinatigns thereof in nmultiple picture

di'spl ays. However, the use of a w de dISBlay rati o screen '
nurrer oY¥OMHI9B&s. Changi ng the display format ratios of W%@lmsszz

sf gnal sources, devel oping.consistent tinming signals from asynchr onous
.but_sinultaneously di spl ayed sources, switching 30 between multiple
sources to generate multiple picture displays, and prOV|d|ng hi gh -

categor| oo Br ke 3, dadpuniiation. A whBiHaro8 Mot L8, didaq, soUrcs inythecr cen
t el evi si on lattecboix ntq:rmatt hi iyeteanotimer Altérdative; et ulustratelde\m sthen
ol g RGS) b SURRRGEIS lato? UBNER Sfy ScomrfgRE bRt .
singl e and fmm@ecincangs;n@mermsd ffusignal rﬁa.nnﬁg by a letterbox sxgnal
5 source which identifies the signal as letterbox format.
' An automatic letterbox detector can form part of a vertical
size control circuit. The vertical size control circuit comprises a
letterbox detector and a vertical display control circuit. The
vertical blanking and vertical reset pulses can be ‘transmitted as
10 separate signals or as a single three level signal. The automatic
letterbox detection circuit can automatically . implement vertical
zoom or expansion of the 4 x 3 format display ratio signal which
includes the 16 x 9 format display ratio letterbox display. When the
output signal becomes active, -the vertical deflection height is
15 _increased by 4/3, which enables the active video portion of the
letterbox signal to fill the wide screen without image aspect ratio
distortion. - ' |
In accordance with an inventive arrangement, the vertical
display control circuit also controls which part of the overscanned
20 raster will be displayed on the screen, a feature referred to as
vertical panning. If the vertically overscanned video signal is not in
letterbox format, the conventional display format picture can be
zoomed, that is expanded, to simulate- a wide screen format. In this
case, however, the portions of the picture cropped by the 4/3
25 vertical overscan will contain active video information. It is
necessary to vertically crop 1/3 of the picture. Absent further
controls, the top 1/¢ and bottom 1/g will always be cropped.
However, picture content may dictate that more of the top than the
~ bottom of the picture is better cropped, or vice versa. If all action
3o is at ground level, for example, a viewer might prefer to crop more.
sky. A vertical panning capacity enables a choice as to which part of
the zoomed picture will be shown and which part will be cropped.
FIGURES 1(a)-1(i) are useful for explammg different display
formats of a wide screen television.
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-2 . simlar or different format ratios, and with sel ectabl e displ ay
format rati os. Al nost all videb-products currently available to
cansunwos91/19378ave a format display ratio of 4 x 3, whereaB 1

display 5 ratio of video production varies widely. |If an aspect ratio

greater than 4 x 3 is used for video production, an aspect ratio
conver si on must be perforned before display on a consuner television or
picture distortion will occur. One nethod of aspect ratio conversion S

known as | etter FORIURE 2dstahiock diagramtof aswide screen delgvision in
accordance with aspects of this invention and adapted for operation
at 2f4 horizontal scanning.
_ FIGURE 3 is a block diagram of the wide screen processor
s shown in FIGURE 2. '
FIGURE 4 is a block diagram showing further details of the
wide screen processor shown in FIGURE 3. '
FIGURE 5 is a block diagram of the picture-in-picture
processor shown in FIGURE 4. '

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

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

15 cropped signals.

FIGURE 9 is a block diagram of a circuit for generating the
internal 2fy signal in the 1f4 to 2fy conversion.

FIGURE 10 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.

20 FIGURE 11 is a block diagram of the RGB interface shown in
" FIGURE 2. |

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

FIGURE 13 is a timing diagram useful for explaining

‘25 implementation of vertical panning.

' - FIGURES 14(a)-14(c) are diagrams of display formats useful
for explaining the timing diagram of FIGURE 13.
The various parts of FIGURE 1 illustrate some, but not all of
the various combinations of single and muitiple picture display

30 formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide

.screen televisions according to the inventive arrangements. For
purposes of convenience in illustration and discussion herein, a

3s conventional display format ratio of width to height for a video

source or signat is generally deemed to be 4 X 3, whereas a wide
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IO . the horizontal information, at the expense of the nunber of
di splayed lines in each field. A video-S8eurce produced in the
f or mmtwoavP3r8nt ain 181 |ines of video each field when C(fr%llég&}iwgzzto a

4’x 3 letterbox format. The extra lines that are not used in each field
can be set to a flat field black (or gray) |evel. H gher aspect 15 ratio
sources woul d contain proportionally fewer lines per field. A

wi de screen television, as described herein for exanple, can have a

format di syaregn displayiformat mtioriafswidthy taidweight dph@ vidleo ysource oo

-cLi' tS'tOI ay Slggﬁéﬁlisrqéﬁ?du?taééhﬁ@ ftelrnlsatwwxdg.gm méﬁt%s bi I9|ty. o
ati o may AEABGemants: pie fat disedca Pese GRNSRNS.T 11 Lho corcon,
\lfvith no | oss of FIGUR®NY @) iilhistratersi antelevtﬁiehprditem.vibwaoltgpgoiéction,
etternox .ect or t S | t t (0) .
si gnal lgV\A Iwﬁgegnssggfﬁﬁgnéfgggﬂa{ﬁggpllgj v%i?éu s't"'a%ta‘#'al @"%@nﬁt }ﬁutx 9 ,

| umi nance foamat displaygnatiot pictuee tisr transmitied, ues al deXrdtformat, 25
letterb A ; ltabi A8dt i ent
etterbox @ighRfi 'r?ﬁgcgﬁ gg ?tl"aglgﬁhﬁe'w &2he!t8p! AAd 40 the bolemdi ents

for each Ipne I'n . I r.st. gradi ent, N
' ' ‘h'rllxs is commonly referred to as Ietterng 6}ormat. in this instance,

the viewed picture is rather small with respect t0 ‘the entire

10 available display area. Alternatively, the 16 X9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X 3 format display.
However, much information will be cropped from the left and/or
right sides. As a further alternative, the letterbox picture can be

15 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

20 without distortion. A 16 X9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to
provide a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such

25 a 16 X9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source. - _

FIGURE 1(c) illustrates a 16 X9 format display ratio main
signal in which a 4 X3 format display ratio inset picture is
displayed. |f both the main and auxiliary video signals are 16 X 9

a0 format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset picture can be displayed in
many different positions.

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

3s Each display area has an format display ratio of 8 X9, which is of
course different from both 16 X9 and 4 X 3. in order to show a
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designated the positive gradient, is formed by subtracting the i ni mum
vdal ue of the previous line froamthe maxi®mum val ue of the /ﬁﬁﬁr nt_|ine.
PCT

The seWEnM/F9¥@i ent, desi gnated the negative gradient, 30 2By
subtracting the mininumvalue of the current Iine from t he maxi mum
val ue of the previous line. Either of the gradients may - have positive
or negative val ues dependi ng on scene content, but the negati ve val ues

Val ve vt oA S saBRY qisplal AR sobrf. iEith) A Eikeiey ALl vtiBRed 1o be

present onherizbstalt e varticahtdistartioo; the isignal mustr bei crappeédicon Tthese

register velgiemdigh rghtUsifes?y Mofe COPMMECHIChYe can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of

s 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.

10 ' 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 develioped for overcoming these
complications.

15 FIGURE 1(e) is a display format wherein a 4 X 3 format
. display ratio picture is displayed in the center of a 16 X8 format
display ratio screen. Dark bars are evident on the right and left
sides.

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

20 4 X3 format display ratio picture and three smaller 4 X3 format
display ratio pictures are displayed simultaneously. A smaller
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

2s used herein for both display formats. In those circumstances where
the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining

30 pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture

) on the one hand, and the three small pictures on the other hand, can

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

e
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3 - to make a determ nation of ether or not the video source is
in the | etterbox format. In yet arfidther alternative, g@%.'##g@&@&ted
in theWO91/1938yi ngs, the automatic |etterbox detector nmay AQ .

circuit for decoding a code word or signal carried by a | etterbox
signal s source which identifies the signal as letterbox format.
An automatic |letterbox detector can formpart of a vertical si ze

o eChor bt o FACURECT 5 Hbltef 35 Sletiaifid WidER| 6 £ x 3
~ vertical bfmmkahg:haplaweatmcmctueeels panﬁemd;aandestx smalleted %3 | 0
P erbo ATHAE iy P THchully She Biglioped ) eFiESCUIE on
or expansi 8Rh8F ﬁ'qé 4 AS 3nff6\wewpy§ a?eﬁﬁf' gdsfaymat. vihiwide screen
5 television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format. _
FIGURE 1(i) shows a display format having a grid of twelve
4 X 3 format display ratio pictures. Such a display format is
10 particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths. :
The various formats shown in FIGURE 1 are illustrative, and
15 not limiting, and can be implemented by wide screen televisions
shown in the remaining drawings and described in detail below.
An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2fy horizontal scanning, is shown in FIGURE 2 and generally
20 designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a
wide screen processor 30, a 1fy to 2fy converter 40, a deflection
~ 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
25 70. The grouping of various circuits into different functional blocks
is made for pUrposes of convenience in description, and is not
intended as limiting the physical position of such circuits relative
to one another.
~ The video signals input section 20 is adapted for receiving a
30 plurality of composite video signals from different video sources:
The video signais may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls
35 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

- -
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i ncl udes the 16 x 9 format display ratlg | ett er box dlspl ay. Wen the
out put signal beconmes active, the vertr®al deflection hei glrpa.l Po3822
i ncr ead¥@ {/‘ 937%  whi ch enabl es the active video portion t-ﬁgs4 03¢

letterbox signal to fill the wide screen without inmage aspect ratio
di stortion. I n accordance with an inventive arrangenent, the
verti cal di spl ay control circuit also controls which part of the

~overscanne 20, .raster, will di,s e on t he feature referred
to as rﬂ”m!ﬁ parfrrms. a Fum@) ¥t |@§F'P§so(é|ﬁiiiﬁﬁe&"\‘mleo signal is
not in Horizantal band f vertival défectiory cand ovideodicantrays.f oMt parnt:uraf? caﬂ
: scr nthis
case Wghimﬁﬁ?l ﬂa@gﬁ&hg %(}&ﬁg W /g‘égé%t"q/ertlcal
overscan vmdecacsjgnai)M&EOvQUﬂ'd@U oned rtatmenOne+thpsand resulting=froany to
verticall ungrg Ridldt?:frefntmtmﬁw%% 618 aAt |ﬁ¢Utt&?rbcE h videePSWigdts-20d1e top

1/6 an bot t r | re cont-ent
may di ct at%n e'mttgew!%?) spﬁ%ﬂ" t&Bcessor 3ot 6&3&% ture is

better cr O«ﬂdod inputy itoevideosswitth 200 aret designated AUX1-and AUX 2.
These might be used for video cameras, laser disc players, video
tape players, video games and the like. The outpiit of the video

10 switch 200, which is controlled by the chassis or TV microprocessor
'216 is designated SWITCHED VIDEO. The SWlTCHED VIDEO is another
mput to wide screen processor 30. (

With further reference to FIGURE 3, a swntch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a

15 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. 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

20 signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN

2s respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for

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

as  The second tuner 208, functionally defined as part of the wice
- screen processor 30, develops a baseband video signal Tv2. A
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30. is at ground |level, for exanple, a viewer mght prefer to crop nore
sky. A vertical panning capacity enabl e®-a choice as to whj / 1%%2
t he zo¥OI/W3@8ure will be shown and which part will be crg @ :
FI GURES 1(a)-1(i) are useful for explaining different display formats
of a wide screen television. : _ 4

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

5 decoder 220 and the luminance and.chrominance'signals of an
external video source, designated Y_EXT and C_EXT respectively. The

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

decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is

10 thereafter considered the auxiliary signal and is processed along an

. auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals

15 are converted to digital form for further signal processing. The
arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source

selection for the- different parts of the different picture display
formats.

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

" respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which

25 is directed into the wide screen processor 30.- The wide screen
processor generates an internal vertical reset output signal INT
VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output _
signal and the vertical synchronizing component of the external RGB.

30 source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the defiection

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

3s The 1fy.to 2fy converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced
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" FIGURE 2 is a block di agram of a wi de screen television in accor dance

with aspects of this invention and adapti@dk for operation at 2fH

hor i ZoR{@lo13@aM8I NY. FIGURE 3 is a block di agranP6T/VsU/0383
sCreen processor 5 shown in Fl GURE 2. FIGURE 4 is a bl ock

di agram showi ng further details of the . W de screen processor shown in
FI GURE 3. FIGURE 5 is a bl ock diagram of the picture-in-picture
processor shown in FIGURE 4. 10 FIGURE 6 is a bl ock diagramof the

gate array sigoals, ifor examplaane: wherein| each ahorm;:rttale lim@i is displayedry and
out put s grtﬁhc or P#h Nadditional set oF'rGJEEe%til fﬁﬂ@ P%n'e' Hidd gy agr ans
useful for 5 ner ? r}ﬁ % 9{3 t ‘shown in
FTGURE 1( d)int %99#3"}3@ Seant fivizactal Tges) of the s
di agram of inst@inces| tthéouseemfeaaprmgousldme ori thiecusal o2in iitgrpdiated t he
1i[err] sto ld Wifl] d688ME" GhER - the level of movement which is ‘detected
between adjacent fields or frames. The converter circuit 40
operates_in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data as Y_2fy, U _2f4 and
10 V_2fy signals is supplied to the RGB interface 60.

The RGB interface 60, shown in more detail in F!GURE 11,
enables selection of the converted video data or external RGB video
data for display by the video signais input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for

15 2fy scanning. The vertical synchronizing component of the main
signal is supplied to.the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fym or fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal, .

20 by generating an internal/external control signal INT/EXT. However,
the selection of an external RGB signal input, in the absence of such
a signal, can result in vertical collapse of the raster, and damage to
the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order

2s to override the selection of a non-existent external RGB input. The
WSP microprocessor 340 also supplies color and tint controls for
the external RGB signal.
~ The wide screen processor 30 comprises a picture in picture
processor 320 for special signal processing of the auxiliary video

3o signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(ij). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide

3s screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
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.FIQURE 10 is a conbination bl ock and CI I ?&Et di agram for the defl ection

~circuit FIGURE 2. 20 11 is a bl ock di fo3ghe
RGB i nt e‘?&%@%ﬁ%m in FI GURE 2. FIGURE 12 is gggﬁz%:gg djisagram
of --a vertical size control eircuit i ncluding an automatic letterbox
det ect or. FIGURE 13- is a timng diagramuseful for explaining 25
I npl enmentati on of vertical panning. FI GURES 14(a)-14(c) are

FI GURE 13. Li ustr t not .
all of §W9§'%ﬁ%§e§%’rﬁ§f Fon h@f “ﬂ?ﬁg??%’f'd pﬁ?ﬁ??ﬁﬂ'e i 88& e di spl ay
30 format sgeherdtesaa tompysitereverticahdslankingiresetdisigralerds i avitneeve

faci T Voo (el (fucksdd Signall, Aitdisively to Vedicll 6lading and

screen t%l emsgt@gnabssaau he generatednasnseparater signsisntA. composite

purposes of bR SIGREI i€ suppifdd By e Nided SigHdl’ iNPULCESEtibn Ao the
RGB interface.

‘The deflection circuit 50, shown in more detail in FIGURE 10,
receives a vertical reset signal from the wide screen processor, a

10 selected 2fy horizontal synchronizing signal! from the RGB interface
60 and additional control signals from the wide scréen processor.
These additional control signals relate to horizontal phasing,

‘vertical size adjustment and east-west pin adjustment. The
defiection circuit 50 supplies 2fy flyback pulses to the wide screen

15 processor 30, the 1fy to 2f4 converter 40 and the YUV to RGB
converter  240.

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

.. mains supply.

20 The wide screen processor 30 is shown in more detail in
FIGURE 3. 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

25 encoder 227. Further details of the wide screen processor are
shown in FIGURE 4. A picturs-in-picture processor 320, which
forms a significant part of the PIP circuit 301, is shown in more
detail in FIGURE 5. The gate array 300 is shown in more detail in

FIGURE 6. A number of the components shown in FIGURE 3 have

3o 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 I/O section 340A and an analog output section 340B.

3s The /O section 340A provides tint and color control signals, the

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

di agrans of sgfigpPlous 'irﬁﬁﬂab& st sl nal nﬁgg qesp dml rg?&kesugln@wgeﬂhsg% am of

———
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- 35 .conventional dlspl ay format ratio of wwdth to height for a video
source or signal is generally deened t<of®e 4 X 3, whereas '@1,03

-5- ~ WO91/1958r een display format ratio of width to height Tor a video.
sqQurce or signal is generally deened to be 16 X 9. The inventive
arrangenments are not limted by these definitions.

control signals for the switches SW1 through SW6. The I/O section
ailso monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog
output section 340B provides control signals for vertical size, east-

s 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
composite wide screen display, for example one of those shown in

10 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 'sig_nal is supplied to the
wide screen processor in analog form, and Y U V format, as signals
designated Y_M, U_M and V_M. These main signals are converted

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

The color component signais are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is

20 limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide |. The select line UV_MUX for the analog switch, or muitiplexer

25 344, 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

30 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

35 clock gating information from the main signal processing path 304
must be similarly delayed. Were the clock gating information not
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FIGURE 1(a) illustrates a television, direct view or projection, s having
a+conventional format display ratio o,f 4.X 3. Wen a 16 X 9 I

di spl o @?}{927@ cture is transmtted, as a 4 X 3 format Cl'dp§8 &}Hﬁdtio
‘si"gnal bars appear at the top and at the bottom This is
commnly referred to as letterbox format.. In this instance, t he vi ewed
picture is rather small with respect to the entire 10 available display
area. Alternatively, the 16 X 9 format display rati o source is

convert edqaldydid, { the UM SHatas Wil nc;totaerm"eeﬂwdare‘d When deabeadertrhml

extent of o S Qacgae oBen LS alroldBTaagal oA veetgr CICHEC %0

further akelement ifrem ohe Vecmrmnqiu beupanrednwﬂh asVv etqmautedramrt i cal |y

but t h

d?stgftlo%hsgy%y ?’FE{ WTfﬁ;nga‘féthgi bﬁéuééb?g?hm Rh%oe wa‘lllt ﬁi‘ﬂ ncg S
parti csl atno;na@wavmgs pair will be deleted along) withothe £Furpent ﬁ"@@ - A 16
X 9 formaty ﬁ'gbﬂ'}bd of UM 'rﬁuMbF&i@ngOieremd to ks 2t 1y slssmleaﬁedcevm t hout

Loty glrggx?&o minance’ Sambiss Yo' Very pait®of caidPEBRipdHeHt U, W' ©
samples. The Nyquist frequency for both U and V is effectively
reduced to one half of the luminance Nyquist frequency. Accordingly,

1o 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.

The PIP circuit and/or the gate array may also include means
1s 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,
different dithering sequences involving different numbers of bits
20 and different paired pixel compressions involving different numbers
of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP pP
340 in order to maximize resolution of the displayed video for each
particular kind of picture dlsplay format. -

- 25 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

30 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.

as U and V, are supplied to the 1fy to 2fy converter 40 for conversion’
to noninteriaced scanning‘. The Y, U and V signals are also encoded '
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picture, which is itself in a4 X 3 fornma 3 di splay ratio signal, can be
pr'ogreyg\qi 1?5 Zganned by |ine doubling “0ré4rine addition, S OpEfyUS91/03822
provid 4 a display with sufficient vertical resolution. A w de

sgreen television in accordance with this invention can display such 25 a

16X9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source. FI GURE 1(c)

st eyt et o7 g 20 B i, P
auxi | i ary \sigeal ¥|_§HAT§EXrTéCIQU(T OEXT awvailable dt panet jacks.0 SwitcheSw3 he
i otur e o eeyal ﬂ°ﬂg’ﬁ2ﬁ’9 s'%aé'G"‘? dhoPefBbagt .S%ﬁ’a?f'&'ﬁt eftne! the' 17 & e
gl(g) u|rIeI ustgaéﬁe%"%)l?fd%i; Neaor Mr@%mﬂe@mlb Go8YNC_AWXi | i ary |
video ssgnBuitoh SWIESBbuctsl betiveen Y MUENCIC SPNE, WISX &9 syithrehizhio?y

glr ??epgﬁt a%’éﬁé'ngérh?ﬁ% raﬁa?téeﬁn)@Q"e{(PuéP'\é\Cr to show a
Portions of the horizontal synchronizZing circuit are shown in

more detail in FIGURE 9. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voltagé controlled

10 oscillator 232, divider 234 and capacitor 236.  The voltage
controlled oscillator 232 operates at 32f, responsive to a ceramic (
resonator or the like 238. The output of the voitage controlied
oscillator is divided by 32 to provide a proper frequency second
input signal to phase comparator 228. The output of the divider 234

1s is a 1ty REF timing signal. The 32fy REF and 1fy4 REF timing signals
are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
signal assures that the divider operates synchronously with the
phase locked loop of the video signals input section. Pulse width

20 circuit 402 assures that a 2f-REF signal will have an adequate
pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2f4 voltage controiled
oscillator 408. Voltage controlled oscillator 408 generates an

25 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 2f scanning period

30 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 halif of the video lines are
shifted to the left. :

The deflection circuit 50 is shown in more detail in FIGURE 10.

35 A circuit 500 is provided for adjusting the vertical size of the

raster, in accordance with a desired amount of vertical overscan

This Sheet Has Been Re(ilaced




-6- . 4 X 3 format di spl ay rat|o1?urce I n such a display area,
wit hout hori zontal or vertical dist

tion, the signal ped_
- on theWO9HIIB78 and/ or right sides. Mre of the picture cangﬁhw

| ess cropping, if sonme.aspect ratio distortion by horizontal squeezi ng
of 5 the picture is tolerated. Horizontal squeezing results in vertical
el ongation of objects in the picture. The w de screen tel evision

necessary for implementing different display formats. As
~ illustrated diagrammatically, a constant current source 502
provides a constant quantity of current Igamp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in paralle!
s with the vertical ramp capacitor, and periodically discharges the
capaéitor responsive to the vertical reset signal. In the absence of
any adjustment, current InRamp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
10 expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current lapy from Iramp. SO that vertical ramp capacitor 504 charges
more slowly and to a smaller peak value. Variable current source
15 508 is responsive to a vertical size adjust signal, for example in
analog form, generated by vertical size control circuit 1030 shown
in FIGURE 12. Vertical size adjustment 500 is independent of a
manual vertical size adjustment 510, 'which may be implemented by
a potentiometer or back panel adjustment knob. In either event, the
20 vertical deflection coil(s) 512 receive(s) driving current of the
proper magnitude. Horizontal deflection is provided by phase
adjusting circuit 518, East-West pin correction circuit 514, a 2fy
phase locked loop 520 and horizontal output circuit 516.
The RGB interface circuit 60 is shown in more detailed in
25 FIGURE 11. 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
30 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 externai RGB
signal is an input to external synchronizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by
35 switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
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actcording to this invention can provideﬁfgy m x of cropping and aspebt
ratio distortion from naxi num croppi ng WiYh no aspect ratiq y f)%&ﬂ{tion
to no WOIP/I9378i t h nmaxi num aspect ratio distortion. 10 PCT/USQID

sanpling limtations in the auxiliary video signal processing path
conplicate the generation of a high resolution pi cture which is as

| arge in size as_ the display fromthe main video signal. Various

nmet hods ca p g on t : \ £Lakhan 1

i GRe 1( o) MHedelfied §? Wil g, Eadn, O e swichggTe0£ 608 3ng Bs
pi cture is i 38RAN&IVenta &N dateraaliexternal cootrobsignal genesatsd Ay rthei o

TG 1Ty A0 U o Itefrdrion il vigen udgls js.a, |
di spl ay ratqst?rpﬁe{q.ﬁ?@-%nd%m@@%&@ dser 1nadyestenlly seiscis; ap sxtormal o
pi ctures arRGB spurge;dwhienuhossuchisource! is radrinected or wirnedren,oot df the t he
Pt ot urtgfifal SodfeR BB dit, PR eBal raster WAl fabel®aRa™ (1=
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 6§02 checks for the presence of an
external synchronizing signal. In the absence of sueh a signal, a
10 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.
FIGURE 4 is a block diagram showing further details of the
15 wide screen processor 30 shown in FIGURE 3. The Y_A, U_A and V_A
.signals are an input to the picture in picture processor 320, which
can include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
20 composite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from
~ resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during seiected display formats. The
25 picture-in-picture processor 320 is shown in more detail in FIGURE
5. The principal components of the picture-in-picture processor are
an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330. _
30 The picture-in-picture processor 320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
Consumer Electronics, Inc. The basic CPIP chip is described more
fully in a publication entitied The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer
as Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are possible, the following being illustrative. The
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PIP, a picture-in-picture. The ternms PIP or picture-in-picture are 25 used
herein for both display formats. In thqsge. circunmstances where the w de
SCreenwiRdEI3igon i s provided with two tuners, either bot hPCT/US9L{038225| or
one internal and one external, for exanple in a video cassette -
recorder, two of the displ ayed pi ctures can di spl ay novenent in real
time in accordance wth the source. The remaining 30 pictures can be

di spllayed in freeze frane format. It will be appreci ated that the

addiht i on dfasieirs :atteifa“ct snd takget pistare havingual 'sh?él)’ ;ﬂl:ﬁnal | lorolceSSIb ng
Popr eci at Syeriaxlt £ notfes tbPEéhf%? showg TR/ FISURE HiEh" The idige ahdee
smal | pi ctamalt pictunes cancresulhdromathessame wideohsignrial, fromt idiferert shown
- In FI GURE iddd signals and can be interchanged or swapped. Generally
s speaking, the audio signal is switched to always correspond to the
big picture. The small picture .can be moved to any position on the
. screen or can step through a number of predetermined positions. A
~ zoom feature increases -and decreases the size of the small picture,
for example to any one of a number of preset sizes.” At some point,
10 for example the display format shown in FIGURE 1(d), the large and
small pictures are in fact the same size. _
In a single picture mode, for example that shown in FIGURES
1(b), 1(e) or 1(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
15 the -zoom mode a user may search or pan through the picture content
enabling the screen image to move across different areas of the
picture. In either event, either thé 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
20 nine frames of video can be repeated on the screen. The frame
repetition rate can be changed from thirty frames per second to zero
frames per second. _
The picture-in-picture processor used in the wide screen |
television according to another inventive arrangement differs from
25 the present configuration of the basic CPIP chip described above. If
the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures
would exhibit aspect ratio distortion, due to the effective 4/3 times
horizontal expansion resulting from scanning across the wider
30 16 X9 screen. Objects in the picture would be horizantally
. elongated. f an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture wouid not fill the
entire screen. , -
_ Existing picture-in-pictdre processors based on the basic
3s CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The
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FI GURE 1(h) |IIustrates an alternative wherein the 4 X 3 format displ ay

ratio picture is centered, and six smakld-4 X 3 form tio
pi ct ur WD AWa98spl ayed in vertical colums on ei t her Skﬁg}ﬁ%w%&?

previously described format, a wide screen 5 television provided with two
tuners can provide . two noving . pictures. The remaining el even pictures
will be in freeze frane format. FIGURE 1(i) shows a displ ay

Such a o Singmied ieeps s araled: wittha $4Bi: Gack WbidhuiS dodkkdrial the
sel ecti on dhorizontahsyachrowizing 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
s video source. This is a fundamental limitation on the basic CPIP
- method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and redding data. When
10 data from the video RAM, such as video RAM 350, is displayed the
skew errors are seen as random jitter along vertical ‘edges of the (
picture and are generally considered quite objectionable.
The picture-in-picture processor 320, according to an
inventive arrangement and unilike the basic CPIP chip, is adapted for
15 asymmetrically compressing the video data in one of a plurality of
selectable display modes. In this mode of operation, the pictures
are compressed 4:1 in the horizontai 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
20 pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X9 format display ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
2s aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry. -
in full screen PIP modes, the pzcture-m-pncture processor, in
conjunction with a free running oscillator 348 will take Y/C input
3o from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example
35 the horizontal and vertical sync present from the video signals inp-..:
section will have many. discontinuities because the signals samplec
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picture is at |least a freeze frame: froma different channel. bef ore,

t'he number of noving pictures will depdr@-upon the nunber. abl e
t uner Wed1/193@8al processi ng pat hs. The vari ous ?Gr’r*ggé?o\éﬂé/m

FIGURE 1 are illustrative, and 15 not limting, and can be inpl enented by
‘Wi de screen tel evisions shown in the remaining draw ngs and descri bed
I n detail bel ow An overall block diragram for a w de screen
television in accordance with inventive arrangenents, and adapted to
operate (difigrent2/channelshrwil havennongrelated ync pulsessar@ awilinte

general Iy s%ﬂtcﬁw'aﬂnséem.& ly taRdéM ?Hbﬁié?ﬂs 1@ S%Era‘rhéri@g@rih'%es a video

screon pr GATRE: ClRgk (ank éea%raemciqq]am Jbekt (s cotarmiied o e "
circuit SGreemumg rusuliaoe GBorafréﬁtétmd?@amrmedber tRéOsamiple | - 70
The "or Supiiaciwilpeo\@eket 8 Meminel idgE Tnadofial, %“%@‘ip@ ’ |
made for ;xbe;osspemal casesnisthe sameecasrihe displapnclock frequency. int ended .
as limting theqgyarthg AgdiftbFIBURE &4UY) ) Vahd T_SYRE {omposite
sync) outputs from the picture-in-picture processor in analog form
can be re-encoded into Y/C components by encode circuit 366, which
10 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
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signais would be the basis for horizontal
15 and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main
signal path. |
With further reference to FIGURE 5, the picture-in-picture
20 processor 320 comprises analog to digitai converting section 322,
- input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
25 signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memary capacity of
1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends to be
30 expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channel
represents a reduction in quantization resolution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
throughout. This effective reduction of bandwidth is not usually a
35 problem when the auxiliary displayed picture is relatively small, but
can be troublesome it the auxmary displayed picture is larger, for
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t-0 one anot her. The vi deo éignals I nput section 20 is adapted for
receiving a 30 plurality of conposit52dideo signals fromdifferent video

sourceg; e video signals may b€ Sel ectively switchepcT/Usodresgay as
_ main 3mggﬂayéﬂxiliary video signals. An RF switch 204 has two agfghng

i nputs ANT1 and ANT 2. These represent inputs for both off-air ant enna
reception and cabl e reception. The RF switch 204 controls 35 which antenna
input is supplied to a first tuner 206 and to a second tuner 208. The

out put of gbhpidie! tHer'sadlé sife U tHE thain displaged Pitture. Resolution
processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction
s and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail -below. Moreover, different
10 dithering and dedithering sequences invoiving different .numbers of
bits and different paired pixel compressions involving different
number of bits are contemplated. One of a number of particular data (
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
15 particular kind of picture display format.
The luminance and color difference signals of the auxiliary
signal are stored in an 8:1:1 six-bit Y, U ,V fashion in a video RAM
350 forming part of the picture-in-picture processor. In other
words, each component is quantized into six-bit samples. There are
20 eight luminance samples for every pair of color difference samples.
Briefly, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640fy clock rate
locked to the incoming auxiliary video synchronizing signal instead.
In this mode, data stored in the video RAM 350 is orthogonally
25 sampled. When the data is read out of the picture-in-picture
" processor video RAM 350, it is read using the same 640fy clock
locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
~ orthogonally, it cannot be displayed orthogonally directly from the
30 video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
be expected to be synchronous only in that instance where they are
displaying signals from the same video source.
" The main signal path 304, auxiliary signal path 306 and output
35 signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array aiso comprises a clocks/sync
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202, which perforns a nunber of functions related to tuning, hori zont al
arfid vertical deflection and video contrd%: The particul ar 76 '
shown MO OMIIST8 y designated type TA7730. The baseband W&%BEI Bﬁéﬁo
VI.DEO QUT devel oped in the one-chip and resulting from5 the signal from

first tuner 206 is an input to both video switch 200 and the TV1 input
of wi de screen processor 30. O her baseband video inputs to video

caner as. | areut 20 . a WK, i gecodef 310, 036 $nd\4bress EB U ng (he
li ke. The dinegubf uﬁetW«SP/ i i adéidbderv8 10 id@tifiedhiashWSP cDATA| asel by t he
e o gl 8810487 B the ma cireiesaRobEhsMeIAER AR, db

W th furthovell casrighdbet picturernp- mctwres\nrpe:nsm W&@%@r@&ﬂluncn :

s processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for facilitating explanation
of the inventive arrangements.

The gate array is responsible for expanding,” compressing and

10 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
356 for a length of time depending on the nature of the interpolation

~ of the luminance component. The combined chrominance components

15  U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demuitiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.

20 In some instances, the auxiliary display will be as large as the
main signal display, as shown.for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of

~data points, or pixels for filling such a large display area. In those

25 circumstances, resolution processing circuit 357 can be used to

' restore pixels to the auxiliary video signal to replace -those lost
during data compression, or reduction. The resolution processing

. may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a

3o dithering circuit and circuit 357 may be a dedithering circuit.

The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
converts the data from the auxiliary channel sample rate to the main
channel clock rate. In this process, the video signal undergoes an

35 B8/g (1024/g4q) compression.  This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.

———— —— ——————~]
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processor selects between the TVl and- SWTCHED VI DEO signal s as a- 15 SEL
COVMP QUT video signal which is an inpw2@e a Y/ C decoder 210.
decoderWQm/Wé% be i npl emented as an adaptive |ine conb Cfr/pﬁg}lm%
further video sources S1 and S2 are also inputs to the Y/ C decoder 210:
Each of S1 and S2 represent different S VHS sources, and each consists
of separate |um nance and chrom nance 20 signals. A switch, which may be

L ncor por at ed as part of the YIC decoder, as.in some adaptlve i ne conb
filters, of herafere.nthe muxiliary; ghasnehmustabeexpanded dysthech, is

Iresponsn veintérpoiator 359 toTicormasutiyc aispl ay 2464 %r3 Sﬁham ia;teugﬁs{ K!Aﬁ rdofc N 25
um ance G o) 88 T S5rB f  RRRR G o 1 2
t her eaf t er whinhsiisidisedf rmmlmestogmpanﬂ 840pr dbesambunt ofl ong a nain
i onal i [epdtary: E2BafSii 388uIrBa 1P, e’ exhsion, bt X ds.i e ™ "
screen prodetspringdc@s: JoHaWSone-chip, for 30 devel oping col or difference
signals UM and M (6807{)54) €474} ='b/igS
The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
10 interpolation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the
main and auxiliary signals are combined in respective multiplexers ‘
315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFO's 354, 356 and 358. The multiplexers
15 315, 317 and 319 are responsive to output multiplexer control '
circuit 321. . Output muitiplexer control circuit 321 is responsive to
a clock signal, a start of line signal, a horizontal line counter signal,
the vertical blanking reset signal and the output of the fast switch
from the picture-in-picture processor and WSP uP 340. The
20 multiplexed luminance and chrominance components Y_MX, U_MX and
" V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
25 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
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP uP 340 communicates with the different
30 circuits of the gate array through a WSP uP decoder 310.
' In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical
35 zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compresszons to less than 4/3. A sample interpolator s
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an .equi val ent designation for (RY) and V is an equival ent desi gnati on

for (B-Y). The Y M UM and VM signals- -2 converted todigital formin
t he wi O¥OSI/¥38processor for further signal processi ngl?ClngS91/03822 The
second tuner 208, functionally defined as part of the w de screen
processor 30. devel ops a baseband video signal TV2. A 9

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

5 As shown in FIGURE 6, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal

10 path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for picture
compression, or whether the FIFO 356 precedes the interpolator 337,
as required for picture expansion. The switches 323 and 331 are

15 responsive to a route control circuit 335, which is itself responsive
to the WSP uP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no
comparable switching is required in the auxiliary signal path.

20 . In order to implement video compressions through the use of a
FIFO, for example, every fourth sample can be inhibited from being’
written into the FIFO 356. This constitutes a 4/3 compression. It is
the function of the interpolator 337 to recaiculate the luminance
samples being written into the FIFO so that the data read out of the

25 FIFO is smooth, rather than jagged. Expansions may be performed in

' exactly the opposite manner as compressions. In the case of
compressions the write enable - signal has clock gating information
attached to it in the form of inhibit. pulses. For expanding data, the
clock gating information is applied to the read enable signal. This

30 will pause the data as it is being read from the FIFO 356. In this
case it is the function of the interpolator 337, which follows the
FIFO 356 during this process, to recaiculate the sampled data from
jagged to smooth. In the expansion case the data must pause while
being read from the FIFO 356 and while being clocked into the

35 interpolator 337. This is different from the compression case
where the data is continuously clocked through the interpolator 337
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sw tch SW2 sel ects between the TV2 and SW TCHED VI DEO si gnal s as an
input to a Y/ C decoder 220. The Y/ C deec2der 220 may be W&@éﬁiﬂ
an adaywo 91#€19378e conb filter. Switches SWB and SW sel th
I'um nance and chromi nance outputs of Y/ Cs decoder 220 and the |um nance

and chromi nance signals of an ext ernal- video source, ‘designated YEXT
and CEXT respectively. The Y _EXT and C EXT signals correspond to the
S-VHS input S1. The Y/C decoder 220 and switches SWB and SW may be

conbi ned, koribothogases, campsession and espansion, ¢he. clogk gatipgit of switches
SW8 and V%Pbsati&astdw&%fsnyrbswdﬁﬁeé inha %¥ﬁchﬁ@fdos8heatﬂ+erartﬂat%

rocessed n at h he, sel ect nance out put
Ps desi gna?@ﬁ”& cappoceyr ﬁéﬁegeéngq&t ﬁngfdpﬁé eﬁys Eﬂ* AUX r ef gr

to the  19@4fliary signal path. The sel ected chrom nance is converted to
conver thd o di ELRORBN o, f"‘#éﬂaYﬁ*é'JS’eng absfh@ hifeé B 908 S 15 are
arrangenenauuﬂlal'ydsgnal path 306 c FhewPPheirguitn3@hemanipulates a 6 bit Y,
U, v, 8:1:1 field mémory, video RAM 350, to store incoming video
data. The video RAM 350 hoids two fields of video data in a plurality
of memory locations. Each memory location holds eight bits of data.
10 In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold | ‘
either fast switch data or part of a U or V sample (sampled at 80fy).
The fast switch data values indicate which type of field was
written into video RAM. Since there are two fields of data stored in
15 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
20 written to overcome a motion tear problem. If the field type being
read is the opposite type than that being displayed, then the even
field stored in the video RAM is inverted by deleting the top line of
the field when the field is read out of memory. The result is that
the small picture maintains correct interlace without a motion tear.
25 ‘The clocks/sync circuit 320 generates read, write and enable
signals needed for operating FIFOs 354, 356 and 358. The FIFOs for
the main and auxiliary channels are enabled for writing data into
storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
30 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
35 into the FIFOs 356 and 358 synchronously with the main video
' signal, and are read out of memory synchronously with the main
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auxiliary signal paths nmaximzes flexibili t'y in managing the source
sel ection for the different parts of thgsjl fferent picture display
format swo33/19378 A conposite synchroni Zi ng si gnal COWP SPRT/US91/03822

corresponding to Y Mis provided by the wi de screen processor to a sync
separ at or 212. The horizontal and vertical synchronizing conponents H
and V respectively are inputs to a vertical countdown circuit 214. The

vertical countdown circuit devel ops a VERTICAL RESET signal which 25 is
directed i rmaebhe How coftén ane mmﬁeﬂcﬁoms i\bﬂcmdebé@(% forth Processor

gener ot o< FebBaiir Faid 8 ST EbRHheR 3 rdition of e o "
sel ects betp\aﬂlcutlate ‘speciahaffeatr chosen: eset out put signal and the
of this swrch \GeRefeioh Y Bifireit tpEcial 'ddity Sith ds cfifis qide- o' Pt
SEL_VERBSYNYy-§ide Qictures are acscomplishad throug;h reanipuatingiothe sead aadd
;ert : cal dS%\WﬁE& ;gnamgc&ﬂwab@n%ﬂs tfb? the lind\MbicHyYFIFO8? FHEHrodkSss
evelope ?c’:rs CdS se araorma% is illus ra?ed in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pictures, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
10 active for (1/2)*(5/12) = 5/12 or approximately 41% of. the display
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/s.
15 In the main video channel, shown in the upper part of FIGURE 8, the
‘write enable controi signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
20 by the 910 x 8 FIFOs.
In each of the FIFOs, the vudeo 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 dispiay
format chosen. in the exampie of the side-by-side cropped mode
25 shown, the main channel video is being displayed on the left hand
half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
30 channel 910 x 8 FIFOs is active for 50% of the display active line
period of the display beginning with the start of active video,
immediately following the video back porch. The auxiliary channel
read enable control signal (RD_EN_AX) is active for the other 50% of
the display active line period beginning with the falling edge of the
3s 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 .

“l
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--w de screen processor. 35 The 1f[err] to 2fH converter 40 is

responsi bl e. f?}@r converting i nterl a@&@l- vi deo si‘gnal s t paIygsypesezel v
scanne 8K} | aced Si gnal s, for exarrpl e one wherein
each horizontal line is displayed

are synchronous with their respective FIFO input data (main or
auxiliary) while the read enable control signals are synchronous
with the main channel video.

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

5 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 ratic display, for example
16 X9. 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

10 ratio NTSC pictures may 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
distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between

15 the limits of 0% and 33%.  As an example, two side by side pictures
.may be presented as 16.7 % squeezed and 16.7% cropped.

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

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

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

25 this invention to speed up the video signals. In the past, FIFOs
having different clock rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or

30 cropped, or some combination thereof, by 50%. A speed up
comparable to that needed for a wide screen application is
unnecessary.

Generally, the video display and deflection system is
synchronized with the main video signal. The main video signal mus:

3s be speeded up, as explained above, to fill the wide screen dispiay.
The auxiliary video signat must be vertically synchronized with the




tw ce, or an

addi tional set of horizontal lines is generated by

inferpol ating adjacent horizontal lines ofgyhe sanme field
I nst ancW) 91418378e of a previous line or the use of an mtePﬂ?ﬁgi'do%szzl i ne

wi L1 depend upon the |evel of novement which is detected bet ween

adj acent fi el

ds or frames. The converter circuit 40 operates in

conjunction with a video RAM 420. The vi deo RAM may be used to store

one or nore f

ields of a frame, to enable the _progressive display. The

converted vi dfirstovidacasignaf ahdurm‘ vided dispiay0 Thef aexitiaryivided ssignal

supplied to t
nore detail
or external
section. The
ratio 5|gnm
conponent

i REASNRAY S acion of o, (0K befod '€ S reltai &l

Ren, expanded ina lingr mamensy Byncheonization sofythe Aauxiliaty
¢hgedr Bata Rvith maifi dieklo uatdeierraécbﬁxdriehedwfbs}eutuﬁixﬁgt the spl ay
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wi de screen prrrmmepldevnce 354 Nor \dilp'éfﬁﬂi' Qe sgrfdil ing a selected vertical

sync (fv[err]
Oper ati on of
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or fi‘ﬁérﬂynchrotn‘&ugenﬁﬁﬁ'b' 6Ptfe! fodd'arff Write! biykg! rcult S0.

t he
however, does require that steps be undertaken to avoid read/write

pointer collisions. Read/write pointer collisions occur when old

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

written into the FIFO. Read/write pointer collisions aiso occur
when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO. The size of the FIFO is
related to the minimum line storage capacity thought to be
reasonably necessary to avoid read/write pointer collisions.

~ The picture-in-picture processor operates in such a manner
that the auxiliary video data is sampled with a 640fy clock locked to
the horizontal synchronizing component of the incoming auxiliary
video signal. This operation enables orthogonally sampled data to be
stored in the video RAM 350. Data must be read out of the video RAM
at the same 640fy rate. The data cannot be orthogonally displayed
from the video RAM without modification due to the generally
asynchronous nature of the main and auxiliary video sources. In
order to facilitate synchronization of the auxiliary signal to the
main signal, a line memory with independent write and read port
clocks is disposed in the auxnllary sugnal path after the output of the
video RAM 350.

More particularly, as shown in FIGURE 4, the output of the
video RAM 350 is an input to the first of two 4-bit latches 352A and
3528. The VRAM_OUT output is in 4-bit data blocks. The 4-bit
latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches aiso reduce the data clock rate from
1280f4 to 640fy. The 8-bit data blocks are written into the FIFO
354 by the same 640fy clock used to sample the auxiliary video data
for storage in the video RAM 350. 'The size of FIFO 354 is 2048 X 8.
The 8-bit data blocks are read out of the FIFO 354 by the 1024fy
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 &creen teIeV|S|on enabl es user selectlonéfé an external RGB signal, 20 by

gener at i an internal/external control nal | NT/ EXT. Howe
sel ecti ngvlgwsext ernal '‘RGB signal - input, in the absence o?ég{}ﬁ?l’wsz?a

signal, can result in vertical collapse of the raster, and damage to
the cathode ray tube or projection tubes. Accordingly, the RGB :
interface circuit detects an external synchron|2|ng signal, in order 25 to

over' e LNegg BB WO LRy T HORkoRED HiRlonTif  ,, "

n1croprocessor supp
ext er nal RGBCAMpeQent of the mainy Wédﬁﬁ’ dkigpatk ee'ﬁhtSr bams@onﬁgucahpm swefsich

pi ct;Jre in puseyr% mu!tlplélrmstﬁéh&%omﬁﬂ’{u ﬁt't Qﬁ&%ﬁti néoﬂf the
Sbbr evial ed GEUKS, erdHiE daf WricH, Whs Shogonally. samplecs i bR isRiaved n
and auxi 19 ar grthogonallyeo Tshe;;raabltddata ibloeksvi are dividedyimb @ilsip! lamin@ncet s,
B ctureri n: pang, oeP &“@P@'ﬁ)@%s‘é‘oﬁ??ﬁﬁ@@ BB 580 The SRR, e
control of asﬂﬂuﬂe%5“3¥dm@8n g thtemal @ﬁ nesessany: for theaodesired

M cr opr ocessfgrniatOdisplay ratio and wntten as video data output.

_ Since the reading and writing of data from the auxiliary
10 channel FIFO is asynchronous, and the read clock rate is considerably
faster than the write clock rate, there is the possibility of -
read/write pointer collisions. A read/write pointer collision occurs (
when a read enable signal is received before oid data, that has
already been read previously, has been replaced by newly written
15 data. |Interlace integrity must also be preserved. A sufficiently .
large memory must be chosen in the first instance in order to avoid
read/write pointer collision in the auxiliary chamnel FIFO.
it is a particular advantage of wide format display ratio
televisions that letterbox signals can expanded to fill the wide
20 format display ratio display screen, although it may be necessary to
interpolate the signal to provide additional vertical resolution. In
accordance with an aspect of the invention, an automatic letterbox
detection circuit is provided, which automatically impiements
. expansion of the 4 x 3 format display ratio signal which inciudes the
2s 16 x 9 format display ratio letterbox dispiay.
' In order to increase the vertical height of the letterbox signal.
. the vertical scan rate of display video is increased so that the black
regions at the top and bottom of the picture are eliminated, or at
least substantially reduced. An automatic letterbox detector can be
30 based on the assumption that the video signal will have no active
video, that is, a substantially constant luminance value not higher
than a threshold value. Alternatively, letterbox detection can be
accomplished by calculating two gradients for each line in the video
field. Four values are required to calculate the two gradients:
35 maximum and minimum vaiues of the current line, and maximum anc
' minimum vaiues of the previous line. The first gradient, designated

I
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responsive to the TV m croprocessor 216 over a serial bus. The -
serial bus includes four signal lines, for %ata cl ock signals, enable

sj gnal

t signals. The wi de scree rocessor 30 al sBCT/US9IM2at es

a conposite vertical blankiing/reset signal, as a three

10

1§

20

25

30

35

the positive gradient, is formed by subtracting the minimum value of
the previous line from the maximum value of the current line. The
second gradient, designated the negative gradient, is formed by
subtracting the minimum value of the current line from the
maximum value of the previous line. Either of the gradients may
have positive or negative values depending on scene content, but the
negative values of both gradients may be ignored. This is because
only one gradient may be negative at a time, and the magnitude of
the gradient with the positive value will always be greater than or
equal to the magnitude of the gradient with the negative value. This
simplifies the circuitry by eliminating the need to calculate an
absolute value of the gradients. If either gradient has a positive
value which exceeds a programmabie threshold, video is considered
to be present on either the current line or on the previous line.
These register values can be used by a microprocessor to make a
determination of whether or not the vndeo source is in the letterbox
format.

In yet another alternative, not illustrated in the drawings, the
automatic letterbox detector may comprise a. circuit for decoding a
code word or signal carried by a letterbox signal source which
identifies the signal as letterbox format.

FIGURE 12 illustrates an automatic letterbox detector as part
of a vertical size control circuit 1030. The vertical size control
circuit comprises a letterbox detector 1032, a vertical display
control circuit 1034 and a 3-state output device 1036.
Alternatively, the vertical blanking and vertical reset pulses can be
transmitted as separate signals. In accordance with an inventive
arrangement, the automatic letterbox detection circuit can '
automatically implement vertical zoom or expansion of the 4 x 3
format display ratio signal which includes the 16 x 9 format display
ratio letterbox display. When the output signal VERTICAL SIZE ADJ
becomes active, the vertical defiection height is increased by 4/3

* (see FIGURE 10), which enables the active video portion of the
_ letterbox signal to fill the wide screen without image aspect ratio
distortion.
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evéel sandcastle signal. Alternatively, jgp,vert ical blanking and 5 reset
signal s _can be _generated as separate signals. A conposite
si gnal WQ%'AH?Vged by the video signal input section to thePC[‘/Ugbfégﬁﬁg

i nterface. The deflection circuit 50, shown in nore detail in

- FI GURE 10, receives a vertical reset 'signal fromthe w de screen
processor, a 10 selected 2fH horizontal synchronizing signal fromthe RGB
i nterface 60Thed vaditical displagosbntriol stigoait S1039Maidts M ritPolEC WARER

Phasing. Pat.ot 108 Glotscangy. FuIbt Uiicbe dishided o, Ha SrekBna The
defl ection cfeature referedpito cas overticaj pannipgl. self the t\lerti;zy'aﬂy screen 15
Gonver ter §2§Yé”“éa“‘m“-]"'a?°ié'ét"?ﬁ”gi'é?fé"‘e‘%@éﬁ"%ﬂ@fe el Hoventiags
tel evi si oh afisplay fogpat Rickiepgan beweordegpithal isexpanded. te simuiatezed
by an AC  a wiklersceeen!format0 In this ch8e, Wowevsr, @A8 BoPFGTS Ut f# | S
shown in nor g d5te*idrobBed by the 4/3 vertical overscan will contain active
video information. It is necessary to vertically crop 1/3 of the
picture. Absent further controls, the top 1/ and- bottom 1/g will
1o always be cropped. However, picture content may dictate that more
of the top than the bottom of the picture is better ‘cropped, or vice
versa. If all action is at ground level, for example, a viewer might (
prefer to crop more sky. A vertical panning éapacity enables a
choice as to which part of the zoomed picture will be shown and
15 which part will be cropped. :
Vertical panning is explained with reference to FIGURES 13 and
14(a)-(c). The three level composite vertical blanking/reset signal
is shown at the top of FIGURE 13. These signals can be generated
separately. The vertical blanking pulse begins when the signal
20 L_COUNT is equal to .VRT_BLNKQ and ends when L_COUNT is equal to
| VRT_BLNK1. The vertical reset pulse starts when L_COUNT is equal
to VRT_PHASE and lasts for 10 horizontal lines. The L_COUNT is the
output of a ten bit counter used to keep track of horizontal half lines
with respect to the leading edge of VSYNC_MN. VSYNC_MN is the
25 synchronized version of VDRV_MN, which is the vertical
synchronizing component of the main signal provided to the gate
array. VRT_BLNKO and VERT_BLNK1 are provided by the
microprocessor depending upon the vertical panning command.
- VRT_PHASE programs the relative phase of the VERT_RST output
30 with respect to the rising edge of the vertical synchronizing
component in the COMP_SYNC output. The COMP_SYNC output is the
output of a J-K flip/flop. The state of the flip[/flop is determined -
by decoding the outputs of L_COUNT and H_COUNT. H_COUNT is the
horizontal position counter. The L_COUNT counter is used to
. 35 segment the COMP_SYNC signal into three segments corresponding :o

—— e
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‘FI GQURE 3. The principal conponents of the w de screen processor. - are a
gate array 300, a picture-in-picture ci«Zurt 301, analog to di gital
and diwig #7163y8anal og converters, the second tuner 208, a PCT/USM/Q#822creen
processor m croprocessor 340 and a wi de screen output 25 encoder 227.

Further details of the w de screen processor are shown in FIGURE 4. A
pi cture-in-picture processor 320, which forms a significant part of
the PIP circuit 301, is shown in nore detail in FIGURE 5. The gate

array 300 ithesthorizantainsyacheonizing puise, the| eguaization muiser aod the
conponent s ghAMA|| Qgﬁbﬁ’fﬁ‘ﬁzﬁ\d‘aﬁﬁlsg?") al ready been described in detail.
h oci.at e

The second tuner 20 therewith an | F stage 224 and an

as, as
audi o stage 226.ATM® oﬁﬁ?&h@ﬂ SuErentstprofer aversean,” which: @gtually i on
wi th the \Giefers td Rhdddoriad 8¥%Poverschn, 340shownr by adotted lines, agngttheut put

3a0a pr dvi e reepongiry HHeal EbRHE. SfAIC " THE Width 3t ey sReidCr o) o,

. sel ecting thiankingrpulse HOB N0 caverscan cis Gad The vertical synchronizing pulse

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

10 | If the bottom overscan A is equal to the top overscan B, the
display will be as shown in FIGURE 14(a). If the vertical reset puise
is generated so as to lag the vertical synchronizing pulse, the
bottom overscan A is less than the top overscan B, resulting in the
display shown in FIGURE 14(b). This is a downward vertical pan,

15 displaying the lower part of the picture and blanking the top third of
the picture. Conversely, if the vertical reset pulse is generated so
as to lead the vertical synchronizing pulse, the bottom overscan A is
more than the top overscan B, resulting in the display shown in
FIGURE 14(c). This is an upward vertical pan, displaying the upper

20 part of the picture and blanking the bottom third of the picture. -The
relative phase of the vertical synchronizing signal and the vertical
reset signal is controllable by the WSP puP 340, to enable vertical
panning during overscan modes of operation. It will be appreciated
that the overscanned raster remains vertically- centered, or

25 symmetric, on the picture tube or screen during vertical panning. It
is the bianking interval which can be vertically moved, or
positioned, asymmetrically with respect to the center of the raster,
so as to blank more of the picture at the top than the bottom, or vice
versa.

This Sheet Has Been Relplaced




control signals for the switches SW through SWs. The I/ O section al so-
nmoni tors the EXT SYNC DET si gnal fromthd2RGB interface to t he

def | ecWiO0H/29378ui t and cat hode ray - tube(s). The anal og "Sﬂé%ﬁl s@g i on
340B provides control signals for vertical size, east- 5 west adjust and

“hori zontal phase, through respe_gt' ml n ﬂm circuits 254, 256 and
250 ORI A

What is claimed is:

1. A display system, comprising:

video display means;

means for mapping on said video d:splay means an adjustable
picture display area represented in a video signal having a
synchronizing component;

means for selectively enlarging said picture dispiay area
relative to said video display means; and, -

means for controlling in phase a blanking interval reiative to
said synchronizing component to control which portlon of said
enlarged picture area is displayed and which portion is not ‘_
displayed. '

- O W 0 N O 0 s~ W N =

—_ -

2. The system of claim 1, wherein said picture display area is
adjustable vertically, said synchronizing component is a vertical
synchronizing component and said blanking interval is a vertical
blanking area.

AW -

-

3. The system of claim 2, wherein said video display means
2 and said picture represented in have different format display ratios.

1 4. The system of claim 1, wherein said video display means
and said picture represented in said video signal have different
format display ratios.

1 5. The system of claim 4, wherein said format display ratio
2 of said video display means is wider than said format display ratio
of said picture represented in said video signal.
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Y/ C.format by encoder 227 to define a wide format rati o out put si gnal
YOUTEXT/ GhdyhEqhsayai | abl e at panel jacks. Switch SWb sel

synchroni zi ng s?gnal for the encoder 227 fromeither the S@ﬁlég%ll'/p%g;z
CSYNC MN, or fromthe PIP circuit, C SYNC AUX. 5 Switch SW selects

bet ween YM and CSYNCAUX as synchroni zi ng - signal for the w de screen
panel out put. Portions of the horizontal synchronizing circuit
are shown in nore detail in Fl GURE 96,1£>hase conparator 228 is part of a
phase | ocked | oop including | owspass frltee 230, volxage ¢ontrolled 10
oscillator 232, divider 234w cap§;i tor 236.§,The vol tﬁe | controlled
oscillator 232 operates at & g]r]?- responsi v@ to a cefam c | resonat or
or the like 238. The output @& the & rolled
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oscillator is divided by 32 to provide a proper frequency second - i nput
si‘gnal conparat or 228. The output of the divider 2 i
If[err.]wﬁéﬁpfq%ﬁpng signal. The 32fH REF and 1f[err] REF ti n?%gd(l%

are supplied to a divide by 16 counter 400. A 2fH output is supplied to
a pulse width circuit 402. Presetting divider 400 by the 1fH REF si gnal
assures that the divider operates synchronously with the - phase | ocked -
| oop of the video signals input section. | se width 20 circuit 402
assures that a 2fH REF signal will have an adequate pul se width to
assure proper operation of the phase conparator 404, for exanple a type
CA1391, which fornms part of a second phase | ocked | oop including | ow
pass filter 406 and 2fH vol tage control |l ed oscillator 408. Voltage ,
controll ed oscillator 408 generates an 25 internal 2fH tim ng signal,

which is used for driving the progressively scanned di splay. The other

i nput signal to phase conparator 404 is the 2fH fl yback pul ses or a
timng signal related thereto. The use of the second phase | ocked | oop

i ncl udi ng phase conparator 404 is useful for assuring that each 2f[err]
scanni ng period -

(FIG. 7
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30 is symetric within each 1f[err] period of the input signal. Oherw se

t he d! 3@@%{&328 exhi bi t a raster split, for exanple, \/\here!p}-ﬁ@}sblmﬁgzz
€eo

t-he "vi are shifted to the right .and half of the vi 1T nes are
shifted to the left. . The deflection circuit 50 is shown in nore
detail in FIGURE 10 35 A circuit 500 is provided for adjusting the
vertical size of the raster, in accordance with a desired anmount of

vertical overscan
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hecessary for inplenenting different display formats. As illustrated

diagrammat i cal |¥’ a constant current source 502 provi %gi &@H?Qéﬁnt
quantiM§)3P“337 ent | RAMP whi ch charges a - vertical ra é@%a r'tofr 504.
A transistor 506 is coupled in parallel 5 wth the vertical ranp

. capacitor, and periodically discharges the - capacitor responsive to the
vertical reset signal. In the absence of - = any adjustnent, current | RAMP
provi des the maxi num avai |l abl e vertical size for the raster. This
m ght correspond to the extent of . vertical overscan needed to fill the
w de screen display by an 10 expande@®f/12 X 3 format display ratio signal
source, as shown in FIGURE 1(a). To the extent that |ess vertical
raster size is required, an adjustable current source 508 diverts a
vari abl e anount of current I[err] froml[err], so that vertical ranp
capaci tor 504 clyer=eres ..ummmue.

Vari abl e currentl source 15 508 és responsive to a vertical sizg¢ adjust
signal, for exanfple in m: :
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anal og form generated by vertical size control circuit 1030 shown I n
FI GURE W@ 91¥puszgcal size adjustnment 500 is independent of o1Fis
vertical size adjustnent 510, which may be inplenented by aPCWUS ﬂ
potenti oneter or back panel- adjustnment knob. In either event, the 20
vertical deflection coil(s) 512 receive(s) driving current of the

proper magnitude. Horizontal deflection is provided by phase adj usting
circuit 518, East-West pin correction circuit 514, a 2fH phase | ocked
| oop 520 and horizontal output,circuit 516. The RGB interface
circuit 60 is shown in nore &lled I1rb/1 5 FIGURE 11. The signal which is
to be ultimately di spl ayed el ected between the output of the
1f[err] to 2fH converder 40 g@ n external RGB input. For purposes
of the wide screen teFevisiQil.< described herein.  the external RGB
I nput is presurredto"@ea ' _ allg\play ratio, progressively
scanned source. The dgter ' Vg\d a conposite QY anking
signal fromthe vi de(?s.h.g.n.aJ_s_ ' [tign 20 are inputq to an RGB
to YUV convertero61:ﬂ 1 [eErq\c es nchrogi zi ng
~signal for the ext®& if3l H - =
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§ighal IS an input to external synchronizing signal separ at or 600.

Sel ectign of the vertical synchronizing signal is inplenented,_. 3
switch ¥4’ on of the horizontal synchroni zi ng si gnap%irgﬁwuffsszz

i npl emented by switch 604. Sel ection of the video signal is

- 16- i npl emented by switch 606. Each of the switches 604, 606 and
608
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Bs responsive to an internal/external control signal generated by the -
\,{}ﬁP_[ eerkfgﬁilQ”sSel ection of internal or external video soupCeAUSH/63822

user selection. However, if a user inadvertently selects an external 5 RGB
source, when no such source is connected or turned on, or if the

external source drops out, the vertical raster will coll apse, and
serious danage to the cathode ray tube(s) can result. Accordingly, -~ an
external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of such a signal, a 10
switch override control signal is trangjgdted to each of swtches 604,
606 and 608, to prevent sel ect@ypn of the external RGB-source if t he
signal therefromis not preser®™ The RG& to YUV conver 610
receives tint and col or contr&gifignals fromthe WP [§fr] P 340.
FIGURE 4 is a block diagrams ing further details of Nhe 15 wd n
processor 30 shown in Fl GURE MaThe YA, UA and V A ignats are Eut
to the picture in picture processor .320. which can [l ncl &Iga r g ON
processing ¢frcurt 370. The wi de screen t el gvi 5i on Eﬂgp re=ct s
of this inventign can expand a . == .
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corrpr-eﬁs vi deo. Thees

enbodi ed by the various 20 conposite
¥

display formats il |RE | n FI GURH 1 REPLACEMENE sby sg@e
pi cture-in-picturef 3SSor-3520, - wWh) ch can m@ipt@nr @ﬁgédl.t...%‘ paged??.'..
pr.ocessed data sig B&L ~ahd} VRP fro Mg&ﬁ:&@' ut:ipg

citcuit 370. Resol

%ﬁespag

_ ed nof . edZ’Dra\lv'ﬁlgtsDZ ﬁ'ﬂt ﬂtd E ?I'l
but during selecte oy met5. § The 25  [pippfawk@adt - p g

320 is shown in noge detall in FI GUR 5.] The pri nci p corrpon n‘l’s of
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horizontal width to vertical height, of 4:3. A wide format display
ratio corresponds more closely to the display format ratio of
movies, for example 169 The invention is appllcable to. both direct
view televisions and’ pro;ectlon televisions.
Televisions having - a format display ratio of 4:3, often referred
to as 4 X 3, are limited m the ways that single and multiple video
signal sources can be drsplayed Television signal transmissions of
commercial broadcasters, except for experimental material, are .
broadcast with a 4 X 3 format display ratio. Many viewers find the
15 4 X3 display format less pleasmg than the wider format display
- ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not
20 cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.
Televisions with a wide display format ratio are also suited to
a wide variety of displays for both conventional and wide display

'_J_

10

2s format signals, as well as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching

30

between multiple sources to generate multiple picture displays., and
providing high resolution pictures from compressed data signals are
general categories of such problems Such problems are solved in a
wide screen television accordrng to thrs invention. A wide screen
television according to the varigus aspects ‘of this invention is
capable of providing high resolution, single and multiple prcture
displays, from single and muitiple asynchronous sources having

35
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similar or different format ratios, and with selectable display
format ratios. ‘

Almost all video products currently available to consumers
have a format display ratio of 4 x 3, whereas the format display
ratio of video production varies widely. {f an aspect ratio greater
than 4 x 3 is used for video production, an aspect ratio conversion
must be performed before display on a consumer television or
picture distortion will occur. One method of aspect ratic conversion
is known as letterboxing. Letterboxing maintains more (or all) of
the  horizontal information, at the expense of the number of
displayed lines in each field. A video source produced in the 16 x 9
format would contain 181 lines of video each field when converted
to a 4 x 3 letterbox format. The extra lines that are not used in each
field can be set to a flat field black (or gray) level. Higher aspect
ratio sources would contain proportionally fewer lines per field.

A wide screen television, as described herein for example, can
have a format display ratio of 16 x 9. This provides an opportunity
to display signals in the letterbox format with greater flexibility.
Letterbox signals that were originally produced in the 16 x 9 aspect
ratio may be zoomed, that is expanded, vertically to fill the screen,
with no loss of horizontal information or distortion. An automatic
letterbox detector can be based on the assumption that the video
signal will have no active video, that is, a substantially constant
luminance value not higher than a threshold value. Alternatively,
letterbox detection can be accomplished by calculating two
gradients for each. line in the video field. The first gradient,
designated the positive gradient, is formed by subtracting the
minimum value of the previous line from the maximum value of the
current line. The second gradient, designated the negative gradient,
is formed by subtracting the minimum value of the current line from
the maximum value of the previous line. Either of the gradients may
have positive or negative values depending on scene content, but the
negative values of both gradients may be ignored. If either gradient
has a positive value which exceeds a programmable threshold, video
is considered to be present on either the current line or on the
previous line. These register values can be used by a microprocessor
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franes per second tAh Autematic letterbox detector can form part of a vertical
size control circuit. The vertical size control circuit comprises a
letterbox detector and a vertical display control circuit. The
vertical blanking and vertical reset puises can be “transmitted as
10 separate signals or as a single three level signal. The automatic
letterbox detection circuit can automatically implement vertical
zoom or expansion of the 4 x 3 format display ratio signal which
includes the 16 x 9 format display ratio letterbox display. When the
output signal becomes active, the vertical deflection height is
15 increased by 4/3, which enables the active video portion of the
letterbox signal to fill the wide screen without image aspect ratio
distortion.
In accordance with an inventive arrangement, the vertical
display control circuit also controls which part of the overscanned
20 raster will be displayed on the screen, a feature referred to as
vertical panning. If the vertically overscanned video signal is not in
letterbox format, the conventional display format picture can be
zoomed, that is expanded, to simulate a wide screen format. In this
case, however, the portions of the picture cropped by the 4/
2s vertical overscan will contain active video information. It is
necessary to vertically crop 1/3 of the picture. Absent further
controls, the top 1/¢ and bottom 1/g will always be cropped.
However, picture content may dictate that more of the top than the -
bottom of the picture is better cropped, or vice versa. If all action
30 is at ground level, for example, a viewer might prefer to crop more
sky. A vertical panning capacity enables a choice as to which part of
the zoomed picture will be shown and which part will be cropped.
FIGURES 1(a)-1(i) are useful for explaining different display
formats of a wide screen television. |

er of predeternmined . positions. A- ... zoom - ..
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: FIGURE 3 is a block diagram of the wnde screen processor

s shown in FIGURE 2.

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

FIGURE S is a biock diagram of the picture-in-picture
processor shown in FIGURE 4.

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

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

15 cropped signals. _ .

FIGURE 9 is a block diagram of a circuit for generating the
internal 2fy signal in the 1fy to 2fy conversion.

FIGURE 10 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.

20 FIGURE 11 is a block diagram of the RGB mterface shown in
FIGURE 2.

FIGURE 12 is a block diagram of a vertical size control circuit
including an automatic letterbox detector.
FIGURE 13 is a timing diagram useful for explaining

25 implementation of vertical panning.

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

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

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

3s conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide

figuration’of the basic CPILP chip descrlbed
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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,

s having a conventional format display ratio of 4 X 3. 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

10 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

15 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

20 without distortion. A 16 X9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to
provide a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such

25 a 16 X9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source. -

FIGURE 1(c) illustrates a 16 X9 format display ratio main
signal in which a 4 X3 format display ratio inset picture is
displayed. [f both the main and auxiliary video signals are 16 X 8

30 format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset picture can- be dtsplayed 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.

3s Each display area has an format display ratio of 8 X 9, which is of
course different from both 16 X9 and 4 X 3. In order to show a
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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.

10 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. _

15 - FIGURE 1(e) is a display format wherein a 4 X 3 format

. display ratio picture is displayed in the center of a 16 X 9 format
display ratio screen. Dark bars are evident on the right and left
sides.

FIGURE 1(f) illustrates a display format wherein one large
20 4 X3 format display ratio picture and three smaller 4 X 3 format
display ratio pictures are displayed simultanecusly. A smaller
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
25 used herein for both display formats. In those circumstances where
the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
ao pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
as be switched in pasition, as shown in FIGURE 1(g).
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format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
5 television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format. _

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

10 particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths.

The various formats shown in FIGURE 1 are illustrative, and

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

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

20 designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a
wide screen processor 30, a 1fy to 2fy converter 40, a defiection
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

2s 70. The grouping of various circuits into different functional blocks
is made for purposes of convenience in description, and is not
intended as limiting the physical position of such circuits relative
to one another. '

The video signals input section 20 is adapted for receiving a

30 plurality of composite video signals from different video sources:
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls

as 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

‘processor, in| |” 3@909@%’._6
Y/ C input 30. frpma decoder ;-if

-
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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 resuiting from
the signal from first tuner 206 is an input to both video switch 200 -
and the TV1 input of wide screen processor 30. Other baseband

video inputs to video switch 200 are designated AUX1 and 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 controlied by the chassis or TV microprocessor
21'_6 is designated SWITCHED VIDEO. The SWITCHED VIDEQ is another
input to wide screen processor 30.

With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP QUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
fiter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
implemented as a separate switch, is responsive to ‘the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is .
redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
designation for (B-Y). The Y_M, U_M, and V_M signals are converted
to digital form in the wide screen processor for further signal
processing.

The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TV2. A
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has a nenoty 68pedeR éf the luminance and chrominance sngnas 0
external wdeo source, designated Y_EXT and C_EXT respectnvely. 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

10 thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the

~auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signais

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

20 A composite synchromzmg sugnal COMP SYNC, corresponding to
Y_M is provided by the wide screen processor to a sync separator
212. The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which

25 is directed into the wide screen processor 30.- . The wide screen
'processor generates an internal vertical reset output signal INT
VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB

30 source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection -
circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.

as The 1fy to 2fy converter 40 is responsible for convertmg
interlaced video signals to progressively scanned noninterlaced
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signais, 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
s line will depend upon the level of movement which is detected
between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data as Y 2fy, U_2fy and
10 V_2fy signals is supplied to the RGB interface 60.

The RGB interface 60, shown in more detail in FIGURE 11,
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

15 2fy scanning. The vertical synchronizing component of the main
signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, -enablirig a selected vertical sync (fym or fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal, .

20 Dby generating an internal/external control signal INT/EXT. However,
the selection of an external RGB signal input, in the absence of such
a signal, can result in vertical collapse of the raster, and damage to

~ the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order

25 to override the selection of a non-existent external RGB input. The
WSP microprocessor 340 also supphes color and tint controis for
the external RGB signal.

The wide screen processor 30 comprises a picture in picture
processor 320 for special signal processing of the auxiliary video

30 signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide

as screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
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level sandcastle signal. Alternatively, the vertical blanking and

s reset signals can be generated as separate signals. A composite

blanking signal |s supplied by the vndeo signal input section to the

RGB intertace.

The deflection circuit 50, shown in more detail in FIGURE 10,

receives a vertical reset signal from the wide screen processor, a

10 selected 2fy horizontal synchronizing signal from the RGB interface
60 and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen

15 processor 30, the 1fq to 2f4 converter 40 and the YUV to RGB
converter 240.

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

20 The wide screen processor 30 is shown in more detaxl in
FIGURE 3. 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

25 encoder 227. Further details of the wideg screen processor are
shown in FIGURE 4. A picture-in-picture processor 320, which
forms a “significant part of the PIP circuit 301, is shown in more
detail in FIGURE 5. The gate array 300 is shown in more detail in
FIGURE 6. A number of the components shown in FIGURE 3 have

3o 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 cperates in
conjunction with the WSP puP 340. - The WSP uP 340 comprises an
input output /O section 340A and an analog output section 3408.

3s The /O section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and
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' The gate array 300 is responsible for combining video
information from the main and auxiliary signal paths to implement a
composite wide screen display, for example one ot those shown in

10 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
designated Y_M, U_M and V_M. These main signals are converted

15 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
signals, or | and Q signals. The sampled luminance bandwidth is

20 limited to 8 MHz because the system clock rate is 1024fy, which is
approxlmately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. The select line UV_MUX for the analog switch, or muitiplexer

25 344, is an 8 MHz signal derived by dividing the system clock by 2. A

' one clock wide start of line SOL pulse synchroriously 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

30 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

3s clock gating information from the main signal processing path 304
must be similarly delayed. Were the clock gating information not
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delayed, the UV data will not be correctly paired when deleted. This

is important because each UV pair represents one vector. A U .
element from one vector cannot be paired with a V element from
another vector without causing a color shift. Instead, a V sample
from a previous pair will be deleted along with the current U sample.
This method of UV multiplexing is referred to as 2:1:1, as there are
two luminance samples for every pair of color component (U, V)
samples. The Nyquist frequency for both U and V is effectively
reduced to one half of the luminance Nyquist frequency. Accordingly,
the Nyquist frequency of the output of the analog to digital

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.

" 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,
different dithering sequences involving different numbers of bits
and different paired pixel compressions involving different numbers
of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP pP
340 in order to maximize resolution of the displayed video for each
particular kind of picture display format.

The gate array includes interpolators which operate in
conjunction with line memories, which may be implemented as
FIFO's 356 and 358. The interpolator and FIFO's are utilized to
resample the main signal as desired. An additional interpolator can
resample the auxiliary signal. Clock and synchronizing circuits in
the gate array control the data manipulation of both the main and
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
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 encodec to
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and V_PIP age RViEEhoBGHs 2 Lbiects between Y_M and C _SYNC_AUX as synchronizing
signal for the wide screen panel output.

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

10 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
input signal to phase comparator 228. The output of the divider 234

15 is a 1fy REF timing signal. The 32f4y REF and 1fy4 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
phase locked loop of the video signals input section. Pulse width

20 circuit 402 assures that a 2f4-REF signal will have an adequate
pulse width to assure proper operation of the phase comparator 403.,
for example a type CA1391, which forms part of a second phase
locked loop inciuding low pass filter 406 and 2fy voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an |

25 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

30 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 10.

3s A circuit 500 is provided for adjusting the vertical size of the
‘raster, in accordance with a desired amount of vertical overscan
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rate to the FRPACItor responswe to e vemcal reset slgna [ the absence of
any adjustment, current IRamp Pprovides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an

10 expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current Iapy from IrampP. SO that vertical ramp capacitor 504 charges
more slowly and to a smaller peak value. Variable current source

1s 508 is responsive to a vertical size adjust signal, for example in
analog form, generated by vertical size control circuit 1030 shown
in FIGURE 12. Vertical size adjustment 500 is independent of a
manual vertical size adjustment 510, which may be implemented by
a potentiometer or back panel adjustment knob. In either event, the

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

The RGB interface circuit 60 is shown in more detailed in

25 FIGURE 11. The signal which is to be uitimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the .external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external

30 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 €00.
Selection of the vertical synchronizing signal is implemented by

35 ‘switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. . Selection of the video signal is
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implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP pP 340. Selection of internal or external video sources is a
user selection. However, if a user ihadverteritly selects an external
s RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will collapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of sueh a signal, a

10 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.

FIGURE 4 is a block diagram showing further details of the

15 wide screen processor 30 shown in FIGURE 3. The Y_A, U_A and V_A
_signals are an input to the picture in picture processor 320, which
can include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various

20 composite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from

~ resolution processing circuit 370. Resolution processing need not be
" utilized at ail times, but during selected display formats. The

25 picture-in-picture processor 320 is shown in more detail in FIGURE
5. The principal components of the picture-in-picture processor are
an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section
328 and a digitai-to-analog converter section 330.

30 The picture-in-picture processor 320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
Consumer Electronics, Inc. The basic CPIP chip is described more
fully in a publication entitted The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer

3s  Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are possible, the following being illustrative. The
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big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions. A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some point,
1o for example the display format shown in FIGURE 1(d), the large and
small pictures are in fact the same size.
In a single picture mode, for example that shown in FIGURES
1(b), 1(e) or 1(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
15 the zoom mode a user may search or pan through the picture content
enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
20 nine frames of video can be repeated on the screen. The frame
: repetition rate can be changed from thirty frames per second to zero
frames per second.
The picture-in-picture processor used in the wide screen
- television according to another inventive arrangement differs from
25 the presént configuration of the basic CPIP chip described above. If
the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures
would exhibit aspect ratio distortion, due to the effective 4/3 times
horizontal expansion resulting from scanning across the wider
30 16 X9 screen. Objects in the picture would be horizontally
elongated. |If an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture would not fill the
entire screen. ‘
Existing picture-in-picture processors based on the basic
3s CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The
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sanpl e i nt er pfeshed ofsfield synchromzat:on The nonorthogonal nature of the
input sampling rate resuits in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which-must use the same clock for writing and reading data. When
10 data from the video RAM, such as video RAM 350, is displayed, the
: skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.
The picture-in-picture processor 320, according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
15 asymmetrically compressing the video data in one of a plurality of
selectable display modes. In this mode of operation, the pictures
are compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
20 pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X 9 format display ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
25 aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry.
in full screen PIP modes, the plcture-m-plcture processor, in
conjunction with a free running oscillator 348 will take Y/C input
30 from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for exampie
3s the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the s(gnals samplec

| og_converters are followed -by. | ow pass.- -
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(different channels) will have non-related sync "pulses and will be
switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.

Referring again to FIGURE 4, Y, U, V and C_SYNC (compasite
sync) outputs from the picture-in-picture processor in analog form
can be re-encoded into Y/C components by encode ‘circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This
Y/C_PIP_ENC signal may be connected to a Y/C switch, not shown,
which enables the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signais would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main
signal path.

With further reference to FIGURE 5, the picture-in-picture
processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
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
with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends to be
expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channel
represents a reduction in quantization resclution, or bandwidth,
relative to the main signal, which is processed with 8-bit sampies
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
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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
10 dithering and dedithering sequences involving different numbers of
bits and ditferent paired pixel compressions involving different
number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
15 particular kind of picture display format.
The luminance and color difference signals of the auxiliary
signal are stored in an 8:1:1 six-bit ¥, U ,V fashion in a video RAM
350 forming part of the picture-in-picture processor. In other
words, each component iS quantized into six-bit samples. There are
20 eight luminance samples for every pair of color difference samples.
Briefly, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640fy clock rate
locked to the incoming auxiliary video synchronizing signal instead.
In this mode, data stored in the video RAM 350 is orthogonally
25 sampled. When the data is read out of the picture-in-picture
processor video RAM 350, it is read using the same 640f4 clock
locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
orthogonally, it cannot be displayed orthogonally directly from the
30. video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
be expected to be synchronous only in that instance where they are
‘displaying signals from the same video source.
The main signal path 304, auxiliary signal path 306 and output
3s signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
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of the inventive arrangements.
The gate array is responsible for expanding,” compressing and

10 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
356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components

15 U/V_MN are stored in FIFO 358. Auxiliary signal luminance and

‘ chrominance components Y_PIP, U_PIP and V_PIP are developed by
demuitiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.

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

2s circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a

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

The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024fy4 rate. The auxiliary channel FIFO 354
converts the data from the auxiliary channel sample rate to the main
channel clock rate. In this process, the video signal undergoes an

35 8/g (1024/540) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
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Therefore, the auxiliary channel must be expanded by the
interpolator 358 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:

X = (640/1024) * (4/3) = S/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
main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFO's 354, 356 and 358. The muitiplexers
315, 317 and 319 are responsive to output multiplexer control
circuit 321. OQutput multiplexer control circuit 321 is responsive to
a clock signal, a start of line signal, a horizontal line counter signal,
the vertical blanking reset signal and the output of the fast switch
from the picture-in-picture processor and WSP pP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlied 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 -
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 uP decoder 310.

In one case, it is necessary to compress the 4 X 3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator |s
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inverted By del et iAgshawn i FIGHRR . the lumipange-dataifeMN He routad i s read
out of menor ythrdligh r&% Uhterpdidtbat337 in the main signal path 304 which
recalculates sample values based on the compression or the
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
10 path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. |In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for picture
compression, or whether the FIFO 356 precedes the interpolator 337,
as required for picture expansion. The switches 323 and 331 are
1s responsive to a route control circuit 335, which is itself responsive
to the WSP pP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no
comparable switching is required in the auxiliary signal path.
20 in order to implement video compressions through the use of a
FIFO, for exampie, every fourth sample can be inhibited from being
written into the FIFO 3586. This constitutes a 4/3 compression. It is
the function of the interpolator 337 to recalculate the luminance
samples being written into the FIFO so that the data read out of the
2s FIFO is smooth, rather than jagged. Expansions may be performed in
exactly the opposite manner as compressions. In the case of
compressions the write enable signal has clock gating information
attached to it in the form of inhibit. pulses. For expanding data, the
clock gating information is applied to the read enable signal. This
30 will pause the data as it is being read from the FIFO 356. In this
case it is the function of the interpolator 337, which follows the
FIFO 356 during this process, to recalculate the sampled data from
jagged to smooth. In the expansion case the data must pause while
being read from the FIFO 356 and while being clocked into the
35 interpolator 337. This is different from the compression case
where the data is continuously ciocked through the interpolator 327
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5 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
of memory locations. Each memory location holds eight bits of data.
10 In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold
either fast switch data or part of a U or V sample (sampled at 80fy).
The fast switch data values indicate which type of field was
written into video RAM. Since there are two fields of data stored in
15 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 t'ype that is being
20 written to overcome a motion tear problem. If the field type being
read is the opposite type than that being dispiayed, then the even
field stored in the video RAM is inverted by deleting the top line of
the field when the field is read out of memory. The result is that
the small picture maintains correct interlace without a motion tear.
2s The clocks/sync circuit 320 generates read, write and enable
signals needed for operating FIFOs 354, 356 and 358. The FIFQOs for
the main and auxiliary channels are enabled for writing data into
storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
30 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 synchranously with
the main video signal. The main video signal components are read
35 into the FIFOs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
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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-
s by-side pictures are accomplished through manipulating the read and
write enable control signals for the line memory FIFOs. The process
for this display format 'is illustrated in FIGURES 7 and 8. In the gase
of cropped side-by-side displayed pictures, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
10 active for (1/2)*(5/12) = 5/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67 %
active picture) and the interpolator expansion of the signal by S/s.
15 In the main video channel, shown in the upper part of FIGURE 8, the
" 'write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
20 by the 910 x 8 FIFOs. ' |
In each of the FIFOs, the video data is buffered to be read out
at a particular point in time. The active region of time where the
data may be read out from each FIFO is determined by the display
format chosen. In the example of the side-by-side cropped mode
25 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
illustrated. The read enable control signal (RD_EN_MN) of the main
30 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% o!
the display active line period beginning with the falling edge of the
3s RD_EN_MN signal and ending with the beginning of the main channe:
video front porch. It may be noted that write enable control signals
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di spl ayed on ghgigkeby $idBdformat. The display is particularly effective and
appropriate for a wide format display ratio display, for example
16 X9. Most NTSC signals are represented in a 4 X3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
10 ratio NTSC pictures may 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
distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between
15 the limits of 0% and 33%. As an example, two side by side pictures
may be presented as 16.7 % squeezed and 16.7% cropped.

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

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

4/3 = (16/9) / (4/3)
Variable interpolators are utilized in accordance with aspects of
2s this invention to speed up the video signals. In the past, FIFOs
having different clock. rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or

30 cropped, or some combination thereof, by 50%. A speed up
comparable to that needed for a wide screen application is
unnecessary.

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

3s be speeded up, as explained above, to fill the wide screen display.
The auxiliary video signal must be vertically synchronized with the
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then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line
memory device 354 for expanding the signal. S |

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

The picture-in-picture processor operates in such a manner
that the auxiliary video data is sampled with a 640fy clock locked to
the horizontal synchronizing component of the incoming auxiliary
video signal. This operation enables orthogonally sampled data to be
stored in the video RAM 350. Data must be read out of the video RAM -
at the same 640fy rate. The data cannot be orthogonally displayed
from the video RAM without modification due to the generally

‘asynchronous nature of the main and auxiliary video sources. In

order to facilitate synchronization of the auxiliary signal to the
main signal, a line memory with independent write and read port
clocks is disposed in the auxiliary signal path after the output of the
video RAM 350. _

More particularly, as shown in FIGURE 4, the output of the
video RAM 350 is an input to the first of two 4-bit latches 352A and
3528. The VRAM_OUT output is in 4-bit data blocks. The 4-bit
latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches also reduce the data clock rate from
12801y to 640fy. The 8-bit data blocks are written into the FIFO
354 by the same 640fy clock used to sample the auxiliary video data
for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8.
The 8-bit data blocks are read out of the FIFO 354 by the 1024fy
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component of the main video signal. This basic configuration, which
uses a multiple line memory with independent read and write port
clocks, enables data which was orthogonally sampled to be displayed
s orthogonally. The 8-bit data blocks are -divided into 6-bit luminance
and color difference samples by demultiplexer 355. The data
samples may then be interpolated as necessary for the desired
format display ratio and written as video data output.
Since the reading and writing of data from the auxiliary
10 channel FIFO is asynchronous, and the read clock rate is considerably
faster than the write clock rate, there is the possibility of
read/write pointer collisions. A read/write pointer collision occurs
when a read enable s:gnal is received before old data, that has
already been read previously, has been replaced by newly written
15 data. Interlace integrity must also be preserved. A sufficiently
large memory must be chosen in the first instance in order to avoid
read/write pointer collision. in the auxiliary channe!l FIFO.
it is a particular advantage of wide format display ratio
télevisions that letterbox signals can expanded to fill the wide
20 format display ratio display screen, although it may be necessary to
interpolate the signal to provide additional vertical resolution. In
accordance with an aspect of the invention, an automatic letterbox
detection circuit is provided, which automatically impiements
expansion of the 4 x 3. format display ratio signal which includes the
25 16 x 9 format display. ratio letterbox display.
~In order to increase the vertical height of the letterbox signal.
the vertical scan rate of display video is increased so that the black
regions at the top and bottom of the picture are eliminated, or at
least substantially reduced. An automatic letterbox detector can be
30 based on the assumption that the video signal will have no active
video, that is, a substantially constant luminance value not higher
than a threshoid value. Alternatively, letterbox detection can be
accomplished by calculating two gradients for each line in the video
field. Four values are required to calculate the two gradients:
35 maximum and minimum values of the current line, and maximum and
minimum values of the previous line. The first gradient, designatec
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have positive or negative values depending on scene content, but the
negative values of both gradients may be ignored. This is because
only one gradient may be negative at a time, and the magnitude of
the gradient with the positive value will always be greater than or
1o equal to the magnitude of the gradient with the negative value. This
simplifies the circuitry by eliminating the need to calculate an
absoiute value of the gradients. If either gradient has a positive
value which exceeds a progrémmable threshold, video is considered
to be present on either the current line or on the previous line.
1s. These register values can be used by a microprocessor to make a
determination of whether or not the video source is in the letterbox
format. : |

In yet another alternative, not illustrated in the drawings, the
automatic letterbox detector may comprise a circuit for decoding a

20 code word or signal carried by a letterbox signal source which
identifies the signal as letterbox format.

FIGURE 12 illustrates an automatic letterbox detector as part
of a vertical size control circuit 1030. The vertical size contro!
circuit comprises a letterbox detector 1032, a vertical display

2s control circuit 1034 and a 3-state output device 1036.
Alternatively, the vertical bianking and vertical reset pulses can be
transmitted as separate signals. In accordance with an inventive

. arrangement, the automatic letterbox detection circuit can
automatically implement vertical zoom or expansion of the 4 x 3~

30 format display ratio signal which includes the 16 x 9 format display
ratio letterbox display. When the output signal VERTICAL SIZE ADJ
becomes active, the vertical defiection height is increased by 4/3
(see FIGURE 10), which enables the active video portion of the
letterbox signal to fill the wide screen without image aspect ratio

as distortion.




format dis W@Mﬁ!@lﬁ

cropped, of
t hat needef
CGeneral ly, th
with the npi

as expl ai nd above

vi deo .si gnl

10

15

20

25

, each picture nust be distorted or 30

UITTC T CUTTUT TTAt

t.hereof, by 50% A speed.up - conparable to

f o, de rlegn.application.is . unnecessary. :
eayefmﬁﬁ llayf .and defl ect30n .systemis : synchrom zed

video si nnal he main video signal nust 35 be speeded up,
to f||| he w de screen displ ay. The auxiliary
wegl | y synchronized with the - - - 27-

The vertical display control circuit 1034 also controls which-
part of the overscanned raster will be displayed on the screen, a
feature referred to as vertical panning. |If the vertically
overscanned video signal is not. in letterbox format, the conventional
display format picture can be zoomed, that is expanded, to simulate
a wide screen format. In this case, however, the portions of the
picture cropped by the 4/3 vertical overscan will contain. active
video information. It is necessary to vertically crop 1/3 of the
picture. Absent further controls, the top 1/g and- bottom 1/g will
always be cropped. However, picture content may dictate that more
of the top than the bottom of the picture is better cropped, or vice
versa. If all action is at ground level, for example, a viewer might
prefer to crop more sky. A vertical panning capacity enables a
choice as to which part of the zoomed picture will be shown and
which part will be cropped.

Vertical panning is explained with reference to FIGURES 13 and
14(a)-(c). The three level composite vertical blanking/reset signal
is shown at the top of FIGURE 13. These signals can be generated
separately. The vertical blanking puise begins when the signal
L_COUNT is equal to VRT_BLNKO and ends when L_COUNT is equal to
VRT_BLNK1. The vertical reset pulse starts when L_COUNT is equal
to VRT_PHASE and lasts for 10 horizontal lines. The L_COUNT is the

output of a ten bit counter used to keep track of horizental half lines

with respect to the leading edge of VSYNC_MN. VSYNC_MN is the
synchronized version of VORV_MN, which is the vertical

- synchronizing component of the main sigriél provided to the gate

30

35

array. VRT_BLNKO and VERT_BLNK1 are provided by the
microprocessor depending upon the vertical panning command.
VRT_PHASE programs the relative phase of the VERT_RST output
with respect to the rising edge . of the vertical synchronizing
component in the COMP_SYNC output. The COMP_SYNC output is the
output of a J-K flip/flop. The state of the flip[/flop is determined
by decoding the outputs of L_COUNT and H_COUNT. H_COUNT is the
horizontal position counter. The L_COUNT counter is used to
segment the COMP_SYNC signal into three segments corresponding to
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as a field mbmpry and a firsk jn first cVEFIFO i : py—aewl ce
354 for igxpapding the signal. The asynchr onous nature of the read
and wite cl pgks however .} does require that steps be undertaken to

avoid read/wite poi nter collisions. Read/wite pointer collisions
occur when old |0 data is read out of the FIFO before new data has an

gloggr;grclmy t{?\eb‘ﬁorlzon\’!ll g’?ﬁ&"bmﬁ”étes % ?,%ERgng‘%'y%@g} @% %te qocqhél si ons

ata has
an opport!ﬁn’ttc? t%Y’b“eh'P@é%i”BuP €.t he FIFO The size of the FIFOis

rel ated to the m nAnverticahedefiestioge cuarenti for nbowyetrsdan,bevhlch actaanpabl y
necessary to pyghdté QRE Kbirhgl B SvBFscM, ! iSSEREEN by dotted lines, as is the
- s corresponding vertical blanking signal. The width of the vertical
blanking puise for no overscan is C. The vertical synchronizing pulse
is in phase with the vertical reset pulse. A vertical deflection
current for the overscan mode is shown by a solid line, as is the
corresponding vertical blanking pulse, having pulse ‘width D.

10 : If the bottom overscan A is equal to the top overscan B, the
display will be as shown in FIGURE 14(a). If the vertical reset pulse
is generated so as to lag the vertical synchronizing puise, the
bottom overscan A is less than the top overscan B, resulting in the
display shown in FIGURE 14(b). This is a downward vertical pan,

15 displaying the lower part of the picture and blanking the top third of

~ the picture. Conversely, if the vertical reset pulse is generated so
as to lead the vertical synchronizing pulse, the bottom overscan A is
more than the top overscan B, resulting in the display shown in
FIGURE 14(c). This is an upward vertical pan, displaying the upper

20 part of the picture and blanking the bottom third of the picture. The
relative phase of the vertical synchronizing signal and the vertical
reset signal is controilable by the WSP uP 340, to enable vertical
panning during overscan modes of operation. It will be appreciated
that the overscanned raster remains vertically centered, or

25 symmetric, on the picture tube or screen during vertical panning. It

- is the blanking interval which can be vertically moved, or
positioned, asymmetrically with respect to the center of the raster.

so as to blank more of the picture at the top than the bottom, or vice
versa.



The picture-in i cture processor operates in such a manner that the.
auxil i arymumminiﬂlﬂiwﬂb mpled with a 640f{err] clock |ocked to t he

hor.i zont a ohponent of the incomng auxiliary : video.. .
signal .. Thi's ope‘r ati ol efiabl es. ort hogonal l. y sanpl ed data tn he 20 _store

in the video RAM 350. Data .nmust be read aut of the vide —
sane 640fH rate. "The data’ cannot be ortﬁogonal |y -di spl ajle .

vi deo RAM wi t hout m)dllflcatlon due to the general ly et opnous—natHl e
of the main and auxiliary video sources. In order to facilitate
synchroni zation of the auxiliary signal. to the 25 main signal, a line
nmenory with i ndependent wite and read port clocks is_di sposed in the
auxi l'i ary dWpatlispelaimedt i: t he out put of the vi de I@}ééﬁgfs :
Mor e partlcul arly, as shown in FIGURE 4, the output of [th EP&@g% l
350 is an input to the first of two 4- b|t | at ches 352A JThe
VRAM.OUT out put, ti.s Andispiay ayﬁsemblmpnsrnge 4-bit | atches are used to
reconbi ne the awdddé adi¥p ?gg ﬁg-ck into 8-bit data bl ocks. The

| at ches aI so reduce t rat

means tor mappmg on sai vnéeo display means an adjustable

picture display area represented in a video signal having a
synchronizing component;

means for selectively enlarging said picture display area
relative to said video display means; and, -

means for controlling in phase a blanking interval relative to
said synchronizing component to control which portion of said
enlarged picture area is displayed and which portion is not
displayed.

2. The system of claim 1, wherein said picture display area is
adjustable vertically, said synchronizing component is a vertical
synchronizing component and said bianking interval is a vertical
blanking area.

3. The system of claim 2, wherein said video display means .
and said picture represented in have different format display ratios.

4. The system of ciaim 1, wherein said video display means
and said picture represented in said video signal have different
format display ratios. |

5. The system of claim 4, wherein said format display ratio
of said video display means is wider than said format display ratio
of said picture represented in said video signal.

—
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for storfa
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the 8-bit data blocks are witten into the FIF
clock used to sanple the auxiliary V|deo data
PAM 350. The .si.ze of .FIFO. 3p4 :
read out of tgg’ FI FO 354 by Tﬁfﬁzsﬂigé‘ﬁh[q ]

-gck, which is |oc¢Ked to the r|zornEpILA@;t5

VERTICAL ZOOM AND PANNING FOR TELEVISION

Abgtract

A display system controls vertical zoom and panning. A
video display has a first format display ratio. A circuit
(30), for example one generating a raster, maps on the video
display an adjustable picture display area represented in a
video signal having a vertical synchronizing component. The
picture represented in the video signal has a second format
display ratio. A vertical height control circuit (500) for
example one controlling the vertical height of the raster by
controlling the vertical deflection current, selectively
enlarges the picture display area relative to the wvideo
display. A panning control circuit (518) adjusts in phase a
vertical Dblanking interval relative to the vertical
synchronizing component to control which portion of the
enlarged picture area is displayed and which portion is not
displayed . The format display ratios can be the same or
different, for example 16 X 9 for the video display and 4 X 3
for the picture, in the latter case.

FIGURE 10
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tel evi sions that REPLACEme VK can expanded to fill the wi de 20 format

display ratio di- play ob.ucn, # 1 ugh it may be necessary ta
i nterpol ate. t he. $i. prOV|d-, ddi tional. vertical resolution. In.
accordance wi.th an a Q efipvention, an automatic.letterbox

detection circui . hi h autonatlcally I mpl enent s expansidn
of the 4 x fo mat dlsplay rat|_1§|gnal whi ch includes the 25 16 x 9
f or mat d|spla "ay. : In order to. increase the
verti cal maeﬁy of t he | e X signaf The vertrcat—scam rate)of
di splay vi de&vewmi s mcreasid ;fhat t he| b| a . 043 : t pp jand
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5 maxi num vaft :line. Either of the gradients may have
positive or npop ndlng on scene content, but the _ _
negat.i.ve.val B s may be ignored. This is because .  only .
one gr.adi ent. / be negative atl: a tinme, and the magnitude of . _ the
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FI GURE ) automatic letterbox detector as part of a
verti g qHMEircuit 1030. The vertical size control circuit:
corrprlsj’ de¢tector: 1032, a vertical. display 25.control circuit
1034 "gnc plit. deyice 1036.. Al ternatively, the vertical--
bl anki|ng ¢set pul ses can be transmtted as separate
si gnalls. @ M th an inventigﬁg arrangenment, the automatic
Ietteﬁbox detectlon CII‘UIt can,_ xaut ogatically inplement vertical zoom
or exp 3 30 fogmat 53 spl r g&i®® si naI whi ch includes the
16 x 9 format di spl ay rati Iet&erboxc di spjz the output signal
VERTI CAL "SI ZE ADJ " becones gt th& vert ction height is
i ncreased by 4/3 dbsee Fl whifc heTrr active video
portion of the | €Bt'¢r box sidgnalTro fifl I]thp é.‘é%@thout i mage
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pi cture. AbsefpgrlUf tresr oF , the top [err] and-- botton1[err] wll 10

al"'ways be cr opMed AEZMENE SHEEFt ure content "My dictate that more  of
the-top than 2. bot tC ;“"'- e Jpi-cture.is better cropped, or vice .
versa. |f all} gct geni grfoynd | evel’; .for. exanpl e, a*viewer. m ght .
prefer to croojnDre SK . ver.gi cal pannlng capaej.ty- ehables a choi ce
as to which gart . -ﬁoqd picture will be Shown and 15 which part
will be cropped.- - r§ical papping is expl ained with reference to
F5GURES 13 and te5~+ The three | evel conposite vertical

bl anki ng/ reset si gnal l.s shown at .the top of FIGURE 13. These signals
can be generated separately. The vertical bl anking pul se begi ns when
the signal 20 L_COUNT is equal to VRT_BLNKO and ends when L_COUNT is equal
to VRTBLNK1. The vertical. reset pulse starts when L COUNT is equal

to VRT PHASE#“and | asts for 10 horizontal lines. The L_COUNT is the
output of a'ten bit counter used to keep track of horizontal half |ines
with respect to the | eading edge of VSYNC MN. VSYNC WN is the 25
synchroni zed version of VDRVMN, which is the vertical

"FIG. 7
’ FIG. 8

AUX VIDEO
CROPPED

° =
O ey —
4 T 2
=i — S Qo
.f oy
=5
=&
§o

RD_CLMP_EN

RD_EN_MN

WR_EN_AX _
AUX VIDEO
RD_EN_AX

MULTIPLEXED '
VIDEO

WR_CLMP_AX
WR_EN_MN
MAIN VIDEO
WR_CLMP_MN



synchroni zi ng Co 370 g in signal provided to the gate array.
VRT_BLNKO and EreBern ﬂé' Vi ded by the -m croprocessor dependi ng
upon the verti dalf .panni ng .commpng. VRTPHASE prograns the .rel ati.ve
phase of the VERITRFLwQUIPHy430f WM th respect to ¢he rising edge of the

co

vertical synchfomi zi ng ppnent in the COMPSYNC out put. The COVP_SYNC
output is the —outpurtof= J}K flip/flop. The state of the flip[/flop

i s determ.ned by decoding the outputs of L COUNT and H COUNT. H COUNT
is the hori zontal posi‘tion counter. The L_COUNT counter is used to 35

segnent the COWP.SYNC signal into three segnents corresponding to
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u_ t he hori zental: synchroni zing pul se, the equalization pul se and
t he varrra—synehrent—zy ng pul se. A vertical deflection
current f k M&m ch actually. . refers to-the norml 6% )
overscan, |i §~shewd Dy dotlegl lines,.as is the 5 corresponding vertical..
bl anki ng {i gna;g.;ﬁ”meﬁ%_dt N )f_ the verti cal bl'anki ng pul se for no
overscan s |C. The Vverticql | synchroni zi ng pul se is in phase with the
vertical feset—putse—A—verlical deflection current for.the overscan
node is slhhown by a solid |lipe, as is the correspondi ng verti cal
bl anki ng pulse, having purse width D. 942 |f the bottom overscan Ais
equal to the top overscan B, the -display will be as shown in FI GURE
1l4(a). If the vertical reset pul se
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an upward vertTcar pan,
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3, the bottom overscan Ais
t he display shown in

di spl aypng the upper 20 part of the picture and

ﬁyl cal

t he

resulting in-the

pan,

15 displaying the

bott om
di spl ay

"the picture.
as to lead the
nore than the

FI GURE 14(c).

This is

rel ati ve phase of the

vertical synchronizing signal 4agpg|the reset signal is
control |l able by the WRB [err] %Sﬂ to enabl e verti cal panni ng duri ng
overscan nodes of operd&ti be _apnreciated Lhat the
overscanned raster reﬁﬁrns verti or 25 symetric] on the
pi cture tube or. screergdurf g t I s the b]anking
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vLﬂggmaféola_ nme - .. nmeans for mapping on said video display neans an

adj ust abl ¢ rea represented in a video signal having a
synchroni pi po=—CrmiForN nmeans for selectively enlarging said picture
dissplay afeh relative to d video display neans; and, means for
control li

g iﬁ(pbggqga%bla king interval relative to said synchronizing
conponent| tjo control. I gh fportion of said enlarged picture area is |

di spl ayed and wht cirportHon i s not displ ayed. 2. The system of claim
1, whereim-said picture dig¢play area is adjustable vertically, said
synchroni zi ng conmponent 15 a vertica.zﬁynchronizing conmponent and said

bl anking interval is a verti®al blanking area. 3. The system of
claim2, wherein said video ¥rspl ay ] <
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means and said picture represented in said video signal have different

1‘?7 i spl aSEARRGCH REPORI ['applisation B 260237%RIm 1, wherein sai d vi deo
|

means and said picture represented in said video signal have
ent fornmat display ratios. 5. The systemof claim4, wherein
EXT OPTHE ABSPRACTati o of sald video display neans 1S w der tnam sard
; oo . : o L

id video sianal

VERTICAL ZOOM AND PANNING FOR TELEVISON

A display system-contfols_vertical zoom and panning. A
video display has a first format display ratio. A circuit
;for examplé one generating a raster, maps on the video
display an édjustable picture display area represented in a
video signal having a vertical synchronizing component. The
.picture represented in the video signal has a second format
display ratio. A vertical height control circuit (500) for

example one controlling the vertical height of the raster by
controlling the vertical deflection current, selectively
enlarges the picture display area relative to the video
display. A panning control circuit (518} adjusts in phase a

vertical blanking interval relative to the vertical

synchronizing component to control which portion of the
i enlarged picture area is displayed and which portion is not
displayed . The format display ratios can be the same or

different, for example 15 X 9 for the video display and 4 X 3

for the picture, in the latter case.
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What is claimed is:

1. A display system, comprising:

video display means; ' _

means for mapping on said video display means an adjustable
picture display area represented in a video signal having a
synchronizing component; .

means for selectively enlarging said picture display area
relative to said video display means; and,

means for controlling in phase a blanking interval relative to
said synchronizing component to control which portion of said
enlarged picture area is displayed and which portion is not
displayed.

2. The system of claim 1, wherein said picture display area is
adjustable vertically, said synchronizing component is a vertical
synchronizing component and said blanking interval is a vertical
blanking area.

3. The system of claim 2, wherein said video display
means and said picture represented in said video signal have
different format display ratios.

4. The system of claim 1, wherein said video display means
and said picture represented in said video signal have different
format display ratios.

5. The system of claim 4, wherein said format display ratio
of said video display means is wider than said format display ratio
of said picture represented in said video signal.
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(57) Abstract

A display system controls vertical zoom and panning. A video display has a first format display ratio. A circuit (30), for
example one generating a raster, maps on the video display an adjustable picture display area represented in a video signal hav-
ing a vertical synchronizing component. The picture represented in the video signal has a second format display ratio. A vertical
height control circuit (500) for example one controlling the vertical height of the raster by controlling the vertical deflection cur-
rent, selectively enlarges the picture display area relative to the video display. A panning control circuit (518) adjusts in phase a
vertical bianking interval relative to the vertical synchronizing component to control which portion of the enlarged picture area is
displayed and which portion is not displayed. The format display ratios can be the same or different, for example 16 X 9 for the
video display and 4 X 3 for the picture, in the latter case. : :




