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

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

15 broadcast with a 4 X3 format display ratio. Many viewers find the
4 X 3 display format less pleasing than the wider format display
ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a

20 corresponding wide display format. Movies "look” like movies, not
cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.

Televisions with a wide display format ratio are also suited to

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

30 asynchronous but simuitaneously displayed sources, switching
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

35 television according to various-inventive arrangements is capable of
providing high resolution, single and multiple picture displays, from
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f or mats r abasikc ar standard: horizontal scanning rates and multiples thereof, as
well as by both interlaced and noninterlaced scanning. Standard
NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal

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

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

20 horizontal scanning frequency must be twice that of the standard

" horizontal frequency. The scanning rate for such progressively
scanned or flicker free displays is variously referred to as 2fy and
2H. A 2f4 scanning frequency according to standards in the United
States, for exarhple, is approximately 31,468 Hz.

25 Considerable signal processing of the main video signal is
necessary to implement many of the display formats which are
especially appropriate for a wide screen television. The video data
must be selectively compressed and expanded, depending upon the
desired format. In one case, for example, it is necessary to

3o compress the 4 X3 NTSC video by a factor of 4/3, or 4:3, to avoid
aspect ratio distortion of the displayed picture. In the other case,
for example, 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

35 performing compressions less than 4/3, for example 5/4. A sample
interpolator is used to recalculate the incoming video to a new pixel
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-signal sources, devel oping consistent timng signals fron1asynchronous but
" simul taneousl y di spl ayed sources, gw tching between nultl t§\

generate multiple picture dlsplays, and providing high reso utldn plctures
~Jdfromconpressed data signals are general categories of such problens. Such
problems are solved in a wide screen television according to this
invention. A wide screen television according to various inventive
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over frequency, which is 8 MHz for a 1024f4 system clock
The luminance data for the main signal is routed along a main
5 signal path including a FIFO line memory for compressing (pausing)
and expanding (repeating) the data and an interpolator for
recalculating sample values to smooth the data. However, the
relative positions of the FIFO and the interpolator are different for
compression than for expansion. In accordance with an inventive
10 arrangement, switches or route selectors reverse the topology of
the main signal path with respect to the relative positions-of the
FIFO and the interpolator, avoiding the need for two main signal
paths requiring two FIFOs and two interpolators. In particular,
these switches select whether the interpolator precedes the FIFO,
15 as required for compression, or whether the FIFO precedes the
interpolator, as required for expansion. The switches can be
responsive to a route control circuit which is itself responsive to a
microprocessor.
An interpolator control circuit generates pixel position values,
20 interpolator compensation filter weighting and clock gating
information for the luminance data. It is the clock gati.ng
information which pauses (decimates) or repeats the FIFO data to
allow samples not to be written on some clocks for effecting
compression or some samples to be read multiple times for
25 expansion. ‘In order to process a 4/3 compression, for example,
wherein 4/3 represents the ratio of the number of input samples to
the number of output samples, every fourth sample can be inhibited
from being written into the FIFO. The average slope of a ramp read
out of the luminance FIFO is 33% steeper than the corresponding
30 input ramp. Note that 33% less.active reading time is required to
read out the ramp as was required to write in the data. This
constitutes the 4/3 compression. It is the function of the
interpolator to recalculate the luminance samples being written into
: the FIFO so that the data read out of the FIFO is smooth, rather than
35 jagged.
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. Televisions with a wide display format ratio can be inpl enmented in
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requi ries clogk gatimgdinforamnadior isinapplied toethe read enable signal. This
will pause the data as it is being read from the FIFO. The average
slope of a ramp read out of the luminance FIFO is 33% more shallow
than the corresponding input ramp for a 3/4 expansion or zoom. In
this case it is the function of the interpolator, which follows the -

10 FIFO, to recalculate the sampled data from jagged to smooth after
the expansion. In the expansion case the data must pause while
being read from the FIFO and while being clocked into the
interpolator. This is different from the compression case where the
data is continuously clocked through the interpolator. For both

15 cases, compression and expansion, the clock gating operations can
easily be performed in a synchronous manner, that is, events can
occur based on the rising edges of the 1024f4 system clock.

There are a number of advantages in this topology for

luminance interpolation. The clock gating operations, namely data

20 decimation and data repetition, may be performed in a synchronous
manner. If a switchable video data path topology were not used to
interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be

25 written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made
to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one

30 interpolator and one FIFO to perform both compressions and
expansions. |If the video path switching arrangement described
herein were not used, the double ciocking situation can be avoided
only by using two FIFO’s to accomplish both compression and
expansion. 'One FIFO for expansions would need to be placed in front

3s of the interpolator and one FIFQO for compressmns would need to be
placed after the interpolator.
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to avoid
line memory. A switching network selectively establishes a first

signal path in which the line memory precedes the interpolator for
implementing the data expansion and a second signal path in which
the interpolator precedes the line memory for implementing the data
10 compression. The switching network is controlled according to
selected display formats requiring compression or expansiqn, for
example by a microprocessor.
A video system for horizontal panning according to an
inventive arrangement comprises a video display having a wide
15 format display ratio for displaying a video signal. A signal
' processor has an interpolator and a first in first out line memory
having asynchronous write and read ports for selectably expanding
and compressing a picture represented by data in the video signal.
The picture is cropped to define a subset of the picture for display
20 by controlling writing of the data into the line memory. A
microprocessor for controls provides control signais with
selectable time durations and selectable phases relative to a
synchronizing component -of said video signal for selecting
boundaries of the subset of the picture for display. The
25 microprocessor can select the time durations and the phases
responsive to user commands.
FIGURES 1(a)-1(i) are useful for explaining different display
formats of a wide screen television.
FIGURE 2 is a block diagram of a wide screen television in
30 accordance with aspects of this invention and adapted for operation
at 2fy horizontal scanning.
"~ FIGURES 3 is a block diagram of the wide screen processor
shown in FIGURE 2.
FIGURE 4 is a block diagram showing further details of the
35 wide screen processor shown in FIGURE 3.
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. aspect ratio distortion of the displayed picture. In the other case, for

“ exanpl e, the video can be expandegs t o perform horizont al Rz_ggrg’ 37@9\erations
usual | y acconpani ed by vertical zoomi ng. Horizontal zoom operatons up to

. .33% can be acconplished by perform ng conpressions |ess than 4/3, for

exanple 5/4. A sanple interpolator is used to recalculate the incom ng

video to a new pixel . 3 positions because the |um nance video bandw dt h,
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FIGURE 6 is a block diagram of the gate array shown in

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

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

FIGURE 9 is a block diagram showing the main signal path of

10 FIGURE 6 in more detail.

FIGURE 10 is a block diagram showing the auxiliary signal path
of FIGURE 6 in more detail. '

FIGURE 11 is a block diagram of the the timing and control
section of the picture-in-picture processor of FIGURE 5.

15 FIGURE 12 is a block diagram of a circuit for generating the
internal 2fy signal in the 1fy to 2fy conversion.

FIGURE 13 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.

FIGURE 14 is a block diagram of the RGB interface shown in

20 FIGURE2.

FIGURE 15 illustrates waveforms useful for explaining video
compression.

FIGURE 16 illustrates waveforms useful for explaining video
expansion.

25 FIGURE 17 is useful for illustrating picture cropping resuiting
. from zooming. _

FIGURES 18 and 19 are timing diagrams useful for explaining
horizontal panning of a cropped. video signal.

The various parts of FIGURE 1 illustrate some, but not all of

3o the various combinations of single and multiple picture display
formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
screen televisions according to the inventive arrangements. The

35 inventive arrangements are in some cases directed to the display
formats themselves, apart from specific underlying circuitry. For

Thi eet Has Been Replaced

i




.signal path including a FIFO line nenory for conpressing (pau5| ng) and
““expandi ng (repeating) the data and -an interpolator for re ﬁﬁj@ﬁ%sanple
values to snooth the data. However, the relative positions of O and

. the interpolator are different for conpression than for  expansion.
accordance with an inventive arrangenent, switches or route sel ectors
reverse the topology of the main signal path with respect to the relative
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5 S|gnal is generally deemed to be 16 X 9. The inventive
arrangements are not limited by these definitions.

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

10 display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available 'display area. Alternatively, the 16 X8 format display
ratio source is converted prior to transmission, so that it will fill

15 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
expanded vertically but not horizontally, whereby the resulting
picture will evidence distortion by vertical elongation. None of the

20 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
without distortion. A 16 X 9 format display ratio letterbox
picture, which is itself in a 4 X 3 format display ratio signal, can

25 Dbe 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
a 16 X 9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source.

30 FIGURE 1(c) illustrates a._16 X 9 format display ratio main
signal in which a 4 X3 format display ratic inset picture is
displayed. If both the main and auxiliary video signais are 16 X9
format display ratio sources, the inset picture can also have a
16 X @ format display ratic. The inset picture can be displayed in

35 many different positions.
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.An interpolator control circuit generates pixel position values

I nt erpol ator conpensation filter mglghtlng and cl ock ga qg rﬁﬁﬁion for
the lum nance data. It is the clock gating information |ch aus
.(decimtes) or repeats the FIFO data to all ow sanples not to be mwitten on
some clocks for effecting conpression or some sanples to be read multiple
times for expansion. In order to process a 4/3 conpression, for exanple,
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the fancdi ¥ dormas display ratio source in such a dlsplay area, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
10 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.
Data sampling limitations in the auxiliary video signal
15 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.
FIGURE 1(e) is a display format wherein.a 4 X 3 format
20 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 dispiay format wherein one large
4 X 3 format display ratio picture and three smaller 4 X 3 format
25 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
used herein for both display formats. In those circumstances where
30 the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
35 appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provi'dé for more than two
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.interpolator to recalculate the lumi nance sanples being witten into the
FIFO so that the data read out of 8he FIFO is snooth, ratREA B88a878Agged.

4 Expansions may be perforned in exactly the opposite nmanner as

- .conpressions. In the case of conpressions the wite enable signal has cl ock
gating information attached to it in the formof inhibit pulses for witing
to the output FIFO For expanding data, the clock gating information is
appl i ed tTOVHD rRiIStUIGSabl B wilhdso brei appragiaied dbat Heedd@@eapictures bei ng

rFIegg }‘;o?rg:gﬁ)hﬁgfbﬁghgﬁi@;w anar gL tileePsnill pictarss bRtthe Wthef Hal,! eam nance
- be swit&wed in position, as shown in FIGURE 1(g).
FIGURE 1(h) illustrates an alternative wherein the 4 X 3
s format display ratio picture is centered, and six smaller 4 X 3
format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame

10 format.

FIGURE 1(iy shows a display format having a grid of twelve
4 X3 format display ratio pictures. Such a display format is
particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As

15 before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths.

The various formats shown in FIGURE 1 are illustrative, and
not limiting, and can be implemented by wide screen televisions
shown in the remaining drawings and described in detail below.

20 An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2f4 horizontal scanning, is shown in FIGURE 2 and generally
designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a

25 wide screen processor 30, a 1fy to 2fy converter 40, a deflection
circuit 50, an RGB interface 60, a YUV to RGB converter 240, kine
drivers 242, direct view or projection tubes 244 and a power supply
70. The grouping of various circuits into different functional blocks
is made for purposes of convenience in description, and is not

30 intended as limiting the physical position of such circuits relative
to one another.

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

385 and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air

This Sheet Has Been Replaced-

R




,than the corresponding input ranp for a 3/4 expansion or zoom In this case
It is the function of the interpolidtor, which follows theREAGG,B833A

recal cul ate the sanpled data fromjagged to smooth after the expansion. In
.the expansi on case the data nust pause while being read fromthe FIFO and
whi |l e being clocked into the interpolator. This is different fromthe
conpression case where the data is continuously clocked through the

i nt er pol aBBteNNDrecePHoNa88d, Cablepreception.andhexRimswitch 204 cosdolgat i ng

oper ati ong/Hich &@ehna Rfputerd eupRHed Nto? aSYFRN 20824RE" to te{:aéedoﬁd events
can occur  base n the risin dges of th 0241 H system cl ock. There are a
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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
10 video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape players, video games and the like. The output of the video
switch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEQO is another
15 input to wide screen processor 30. . _
| With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
~The Y/C decoder 210 may be implemented as an adaptive line comb
20 filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
25 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
30 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
35 designation for (B-Y). The Y_M, U_M, and V_M signals are converted
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_interchange the positions of the interpolator and FIFO the read or wite
“"cl ocks woul d need to be double clo {:Eed to pause or repeat F%‘hé gat Jhe

term doubl e cl ocked neans that two data points nmust be wi np d“%he
FIFOin a single clock cycle or read fromthe FIFO during a single clock
cycle. The resulting circuitry cannot be made to operate synchronously with
the systemclock, since the witing or reading clock frequency nust be

twice as %g&.mitmn&yﬁ Wb CWig ééwgﬁgce%b?%r furthér ﬁsgabl e

t opol ogy reaw res only one I nterpol ator one FIFOto perf ot h
conpr essi ®HECERT kpansions. 1f the video path switching arrangenent
‘described hereiThevgezond tuaed,208\e fuectidreally eufimadl g airt ©f e wide
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i nt er ppl aswitcin@SWaes¢leER hetweenpthes diVid andh SWITEEEDoVIREQ signals
as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and SW4
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
10 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 an
adaptive line comb filter. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
15 auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
20 arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
formats. _
A composite synchronizing signal COMP SYNC, corresponding to
25 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
is directed into the wide screen processor 30. The wide screen
30 processor generates an internal_vertical reset output signal INT
VERT RST OQUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical
35 synchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizontal and vertical synchronizing signals of the
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_placed after the interpolator. 5 Acircuit for conpressing and expandi ng
" video data conprises a FIFO line eI Yy and an inter pol at‘QC.ﬁ ,ﬁﬁt éfn;;ﬂg
circuit generates control signals for witing data into thé |iné nmenory and
for reading data fromthe line nmenory to conpress and expand the data. The
I nterpol ator snmooths the data conpressed or expanded in the FIFO |line
menory. A switching network selectively establishes a first signal path in

whi ch t heglikiiaryevidles Rigitsidare divelopéd 9y} dydic _&ePa'ramlrezsotiinnmé he data
expansi on aé:g acrsecond S| naIr path in which the interpol ator precedes the
i ne menolyC9f oPCiaRS SHOFEPRY t he data

The 1fy to 2f4 converter 40 is responsible for converting

interlaced video signals to progressively scanned noninterlaced
5 signals, for example one wherein each horizontal line is displayed

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

.10 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_2fy4 and
V_2fy signals is supplied to the RGB interface 60.

15 The RGB interface 60, shown in more detail in FIGURE 14,
enables selection of the converted video data or external RGB video
data for display by the video signals input‘ section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2fy scanning. The vertical synchronizing component of the main

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

25 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 c_ath'ode ray tube or projection tubes.  Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order
to override the selection of a non-existent external RGB input. The

3o  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
signal. The term picture-in-picture is sometimes abbreviated as

35 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
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_conpression. The switching network is controlled according to sel ected

di splay formats requiring conpres n or expansion, for
-m croprocessor. A video systen1fo?hhor|zontal panni ng acc ﬁgpﬁ§5$%3§n

. nventive arrangenent conprises a video display having a w de fornat
display ratio for displaying a video signal. A signal processor has an
i nterpolator and a first in flrst out |ine nennry havi ng asynchronous wite

and read tes(géﬁ?,e%eloqcﬁe U {[?n{a}?(o@ rﬁﬁ*?é ¥ ﬁ:r@' ‘ht “Hicure

represente I nt cture iI's cr o to define a
subset of p{qusﬁpét%@fé ang g;ﬂtgpaaay 0@oafe dindergthg |Q°iﬂi@'o¢’ tawé!V'dﬁta into
the Iine seraeny mibropiceRsoe (WP L) gaotrq«ﬁ:r@pmwwsnnr@ si gnal s
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5 serial bus includes four signal lines, for data, clock signals, enable

signals and reset signals. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite

10 Dblanking signal is supplied by the video signal input section to the
RGB interface. _ ~

The deflection circuit 50, shown in more detail in FIGURE 13,

receives a vertical reset signal from the wide screen processor, a
. selected 2fy horizontal synchronizing signal from the RGB interface

15 60 and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1fy4 to 2fy converter 40 and the YUV to RGB

20 converter 240. )

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

The wide screen processor 30 is shown in more detail in

25 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
encoder 227. Further details of the wide screen processor, which

30 are in common with both the 1fy.and the 2fy chassis, for example
the PIP circuit, are shown in FIGURE 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

35 shown in FIGURE 3, forming parts of the main and auxiliary signal
paths, have already been described in detail.
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. boundaries of the subset of the picture for display. The m croprocessor can
“select the time durations and t heyghases responsive to uRCACGHNETBA. .
FIGURES 1(a)-1(i) are useful for explaining different display formats of a
.Wi de screen television. FIGURE 2 is a block diagramof a w de screen
television in accordance with aspects of this invention and adapted for
operation at 2fH horizontal scanning. FIGURES 3 is a block diagramof the

wi de screen prbbessesonshduner 208 GaRE agsoriatesetherewith otk stager 2r4

showi ng Tamd Nl ARG Idtage 224'¢ TheE SR tuREL 2B AlsoS BPWPate’ il GURE 3.
conjunction with the WSP uP 340. The WSP uP 340 comprises an
input output /O section 340A and an analog output section 340B.

5 The l/O section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and
control signals for the switches SW1 through SW6. The /O section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog

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

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

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

20 designated Y_M, U_M and V_M. These main signals are converted
from analog to digital form by analog to digital converters 342 and
346, shown in more detail in FIGURE 4.

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

25 signals, or | and Q .signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
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

30 wide . The select line UV_MUX for the analog switch, or multiplexer
344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
signal to zerc at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the

35 horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
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6 FIGURE 5 is a block diagramof the picture-in-picture processor shown in
"FIGURE 4. FIGURE 6 is a block diagrgmof the gate array sRow dgsFR@ERE 4
and illustrating the main, auxiliary and output signal paths. FI'GURES 7 and
8 are timng diagrans useful for explaining the generation of the display
format shown in FIGURE 1(d), using fully cropped signals. FIGURE 9 is a

bl ock di agram showi ng the main signal path of FIGURE 6 in nore detail.

FI GURE 10taggle @) dcl0,d1 agr.am svithoutgintéreruptian! | fhg ¥iamdlUYadataof FI GURE 6

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

1o paired with a V element from another vector without causing a color
shift. Instead, a V sample from a previous pair will be delgted along
with the current U sample. This method of UV muitiplexing 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

15 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.

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

25 different dithering sequences involving different numbers of bits
and different paired pixel 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 uP
340 in order to maximize resolution of the displayed video for each

30 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

35 resample the auxiliary signal. Clock and synchronizing circuits in
the gate array control the data manipulation of both the main and
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_FIGURE 11 is a block diagramof the the tim ng and control section of the
p| cture-in-picture processor of FRHGIRE 5. FIGURE 12 is a;:ip@gc?edgag;\am of a
circuit for generating the internal 2fH signal in the 1fH to

. .conversion. FIGURE 13 is a conbination block and circuit diagramfor the
deflection circuit shown in FIGURE 2. FIGURE 14 is a bl ock diagram of the
RGB interface shown in FIGURE 2. FIGURE 15 il lustrates waveforns useful for
expl ai ni nguxilidey sigmaiessncluding QUEE coinbinatiorr ghesesfaisforassingdé ul for

gﬁg'pg; " Bt R LS RABRACHavik R UL Rt S _MK ddrhpShotd. "dHdlss U e
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y,

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

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

Portions of the horizontal synchronizing circuit are shown in

more detail in FIGURE 12. Phase comparator 228 is part of a phase

15 locked loop including low pass filter 230, voltage controiled
oscillator 232, divider 234 and capacitor 236. The voltage
controlied 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

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

25 phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f4-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 2fy voitage controlled

30 oscillator 408. Voltage controlied oscillator 408 generates an
internal 2fy timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2f4 flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase

35 comparator 404 is useful for assuring that each 2fyq scanning period
is symmetric within each 1fy period of the input signal. Otherwise,
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_FIGURES 18 and 19 are timng diagrans useful for explaining horizontal
" panning of a cropped. video signak., The various parts of ﬁ; 173A
illustrate sone, but not all of the various conbinations o sing?e and
. Jnultiple picture display formats which can be inplenented according to
different inventive arrangenents. Those selected for illustration are
intended to facilitate the description of particular circuits conprising

wi de screpe dRSEI4yS AP SanBrdaneadtert S5t "R bkAMEIE! ANEEFBIAL AalfTBE
i nventive,arra qunts are Hﬂﬁsogedgas%s |rg$te to i#e q538|€Xe;95£3ts
t hemsel vede éﬂfgégq nesmagcthifted Ixd8e jiohy and half (§f thegy
shifted to the left. :
The deflection circuit 50 is shown in more detail in FIGURE 13.
s A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502
provides a constant quantity of current IRamp which charges a

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

15 vertical overscan needed to fill the wide screen display by an
expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current Iapy from Inamp, so that vertical ramp capacitor 504 charges

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

25 back panel adjustment knob. In either event, the 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.

30 The RGB interface circuit 680 is shown in more detailed in
FIGURE 14. The signal which is to be ultimately displayed will be
selected between the output of the 1fq to 2f4 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

35 format display ratio, progressively scanned source. The external
RGB signals and a composite blanking signal from the video signals
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.purposes of convenience in illustration and di scussion herein,

" conventional display format ratioq,of wi dth to height for Aac A?@Jsgwce or
signal is generally deened to be 4X 3, whereas a w de screen sSpl ay format

ratio of wdth to height for a video source or signal is generally deened

to be 16 X 9. The inventive arrangenents are not limted by these

definitions. FIGURE 1(a) illustrates a television, direct view or

proj ect i oimput asBdtibra 2008¥e hp arato faer MGBoSN &Y W abheefér 431>@ 3 Tﬁwen a 16
ture i,s tra.nsmtte dlsplay

X 9 form rati o as.,a
Kati ol ohxfEriBl ! HorBoBifie EinerariAngn sigifil, 10k 1e tettedngl
comonl y sigihal risd aino imsut dot extarnal s yrmhrohmngl sngnmtsaep@ratt)hesw ewed

B b ) SSIGET, SAhG YortiedleSIREhiaRo I Sl SsOtpIEAl oy 2ree,
transh sss\uﬁchssolshat Seleglion of ithe orlzonta! synchronizing signal is
implemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a

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

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

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

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

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

FIGURE 4 is a block diagram showing further details of the
wide screen processors 30 shown in FIGURE 3 which would be the
same for both a 1fy and 2f4 chassis. The Y_A, U_A and V_A signals

35 are an input to the picture in picture processor 320, which can
include a resolution processing circuit 370. The wide screen
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.the vertical extent of a viewing surface of 4 X 3 format dlsplay Fbmever
" “nuch information will be cropped fromthe left and/or rlgg
“further alternative, the |letterbox picture can be expande vertlca?ly but
not horizontally, whereby the resulting picture will evidence distortion by
vertical elongation. None of the three alternatives is particularly
appeal ing. FIGURE 1(b) shows a 16 X 9 screen. A 16 X 9 format display ratio

vi deo SOUfélévié%’fh ch@@om Ytod'a%Bbétée‘bf tﬁléhlﬁvénﬁbﬁp@aﬁgeﬁﬁ@nw amg@ut
di stortion. | etterpox picture, which is
itself i nc%mgrgs§ Y'gﬁﬁ’at ﬁ‘a%p?g(ﬂf'p@'aé frgci‘? &rapodig ﬁﬁg ﬁlﬁd( OUS vely scanned
by |ine doobipositeodisplay feiinaisoiljustrated i aarowndElGURaEgera:b splay with
i eHGEHEEE S8, oS, BACHERIE Sgh offoncs
whet hér t receive meselutten prosessed data signals Y_RP, and V_RP from
resolution processing circuit 370. Resolution processmg need not be
utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
5. The principal components of the picture-in-picture processor are
10 an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and contrel section
328 and a digital-to-analog converter section 330. The tim'ing and
control section 328 is shown in more detail in FIGURE 11.
The picture-in-picture processor 320 may be embodied as an
15 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
Efectronics, Inc., Indianapolis, Indiana. A number of special features
20 or special effects are possible, the following being illustrative. The
basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
25 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,
30 for example the display format shpwn in FIGURE 1(d), the large and
small pictures are in fact the same size.
In a single picture mode, for exampie that shown in FIGURES
1(b), 1(e) or 1(f)y 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
35 the zoom mode a user may search or pan through the picture content
enabling the screen image to move across different areas of the
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_auxiliary source or an external RGB source. FIGURE 1(c) illustrates a 16 X

"9 format display ratio main signal,4n which a 4 X 3 forrra tio
i nset picture is displayed. If botahdthe mai n and auxi Ilaryq}iﬁ éﬁals

are 16 X 9 format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset pi cture can be displayed in many
different positions. 8 FIGURE 1(d) illustrates a display format, wherein

the main E&ﬁu?ym llh g Xhest ‘Wérﬁ' Qﬂﬂie? He éjhén' abtfidrdV'csmtﬁaela?a pﬁ]ta?% .
g:c cture. the 700 gdaélg?urea%a%nbeoageglaye a)ft'ertaaztel ?‘ra(l)me (Stll plctLIJrCe 'S
format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame
5 repetition rate can be changed from thirty frames per second to zero
frames per second.

The picture-in-picture processor used in the wide screen
television according to to another-inventive arrangement differs
from the present configuration of the basic CPIP chip itself as

10 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 resuiting from scanning
across the wider 16 X 9 screen. Objects in the picture would be

15 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 ﬁicture~in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a

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

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

30 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

35 asymmetrically compressing the video data in one of a plurality of
display modes. In this mode of operatlon the pictures are

i
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..course different fromboth 16 X 9 and 4 X 3. In order to showa 4 X 3

format display ratio source in su a display area, with 9
vertical distortion, the signal n%gt be cropped on the Igspﬁéggié 8%\lght

.Ssi'des. More of the picture can be shown, with |ess cropping, if sone aspect
ratio distortion by horizontal squeezing of the picture is tolerated.
Hori zontal squeezing results in vertical elongation of objects in the

pi cture. J&m Wesgeacmerantmeew&izahtamr&artﬂw tehd M3:3 iMvABt VBRicEN Provi de

ﬁByaS‘péctdrréén? O RORTYRSYS GHOUS! b CAIRT RSO ATOSLIGER 0RBC ©
distorti matumawmmlpxomrbsmarastm ¢ intthe eided IRAM.vi Objectisgiralthe
thion o Hetgh é?ﬁgéﬁééﬁséhﬁﬂé‘iﬁﬁi%fvgi“H%avﬁa\f#egEaﬁh%%% MJ%@‘ e
Vari oss maad)@mtcmrmaupl,eael tgreexampleviar terichgnnedsscan mode, for
display of a 16 X 9 format display ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
aspect of the invention makes it possible to generate the special
10 display formats on a 16 X 9 screen without external speed up
circuitry. ~
FIGURE 11 is a block diagram of the timing and control section
328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a

15 decimation circuit 328C for implementing the asymmaetric
bompression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a

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

25 of the WSP uP 340.

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

30 vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled

3s (different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
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.. complications. FIGURE 1(e) is a display format wherein a 4 X 3 format

display ratio picture is displayegd2in the center of a 16RCR Beramgadi spl ay
ratio screen. Dark bars are evident on the right and |left sides. Fl GURE
.1(f) illustrates a display format wherein one large 4 X 3 format display
ratio picture and three smaller 4 X 3 format display ratio pictures are

di spl ayed sinultaneously. A smaller picture outside the perinmeter of the

| arge pi sampleé clockef@naeseadfwritedideoaRAMPERCck) Het determined by the

i b o pitas, g oS datod, ¢ For 18Ra8 addorf e, he'spie: T, o
those ci rde@istWilk e peked tige ingeming rddeot bDé?DQt&inSVBCdeVCbem with two
tuners, ghbBerspotialicisysN ™ the 8aMd AsCHR!dispRyOBRARX Higidincyl or exanpl e
'na \5” deo Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
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,
10 which enables the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on,.the PIP
encoded Y, U, V and sync signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
15 based upon operation of the interpolator and FIFQ'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,
20 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
25 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 compiex management circuitry. The
smaller number of bits per sample in the auxiliary channel
30 represents a reduction in quantization resolution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
throughout. This effective reduction of bandwidth is not usually a
problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for .
35 example the same size as the main displayed picture. Resolution
processing circuit 370 can selectively :mplement one or more
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_ Cassette recorder, two of the displayed pictures can display novenment in
real time in accordance with the sg@ ce. The remaini ng pi ROAE86CITEAC

di splayed in freeze frane format. It will be appreciated that the addition
. of further tuners and additional auxiliary signal processing paths can
provi de for nore than two 9 nmoving pictures. It will also be appreciated

that the large picture on the one hand, and the three small pictures on the
ot her handschameise fami enirancing phei quantizatios hreaolutiorl GuUREffectiye Fl GURE

L(h) i1l Usﬁéﬁéﬁ?dtﬁ”oﬁ'thgr 89&!!%%"\@8&8'8%{43‘6 A furhble?’ SRiaeaSRidUCtGH | ©
plcture IS centere
data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
5 dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different
dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
10 number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
particular kind of picture display format.
. The luminance and color difference signals are stored in an
15 8:1:1 six-bit Y, U ,V fashion. In other words, each component is
quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
processor 320 is operated in a mode whereby inComing video data is
sampled with a 640fy clock rate locked to the incoming auxiliary
20 video synchronizing signal instead. In this mode, data stored in the
video RAM is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it is read using the
same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampled and
25 stored, and can be read out orthogonally, it cannot be displayed
orthogonally directly from the video RAM 350, due to the
asynchronous nature of the main and auxiliary video sources. The
main and auxiliary video sources might be expected to be
synchronous only in that instance where they are displaying signals
30 from the same video source. -
Further processing is required in order to synchronize the
auxiliary channel, that is the output of data from the .video RAM 350,
to the main channel. With reference again to FIGURE 4, two four bit
latches 352A and 352B are used to recombine the 8-bit data blocks

35 from the video RAM 4-bit output port. The four bit latches also
reduce the data clock rate from 1280fy to 640fH.
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format display ratio pictures are displayed in vertical colums on either

"“side. As in the previously describgd format, ‘a wi de scre tel £Vihsihan
provided with two tuners can prov? e two novi ng pi ctureseﬁ?ﬁ\e ﬁ?i?%\ ng

- .eleven pictures will be in freeze frame format. FIGURE 1(i) shows a display
format having a grid of twelve 4 X3 format display ratio pictures. Such a
display format is particularly appropriate for a channel sel ection guide,

wher ei n each pG%tn'érrSIWS Ré Vigast d?sﬂlé eéﬁdf %bﬁnhzsfgrﬁf ent channel .

As before e nu Vi ctu es W e nunber of
Svai oo YR8 wﬁyfﬁg BT CwideRy Sianals. T Main Hided osihal BHshn i n
FI GURE 1 be espddded g, i ae,expidined above! itogfill athe edde bscreep aﬁ@mayd by w de

bl oo tOrRY! ALSMRr "Ro' Yidhe TR B YHRENPIZ ABRrIITZEL With 'e !

bel ow.
5 first video signal and the video display. The auxiliary video signal

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

10 memory device 354 for expanding the signal. The size of FIFO 354 is
2048 X 8. The size of FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write
pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be

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

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

20 processor 640fy clock which was used to sample the video data, that
is, the 640fy clock which is locked to the auxiliary signal, rather
than the main sighal. The FIFO 354 is read using the display clock of
1024fy, which is locked to horizontal synchronizing component of
the main video channel. The use of a muitiple line memory (FIFO)

25 which has independent read and write port clocks enables data which
was orthogonally sampled at a first rate to be displayed
orthogon'ally at a second rate. The asynchronous nature of the read

~ and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions. :

30 The main signal path 304, .auxiliary signal path 306 and output
3|gnal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are

35 supplied to each of the main circuits and paths identified above, as
well as to the plcture in-picture processor 320 and resolution
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_.An overall block diagramfor a w de screen television in accordance with

I nventive arrangenents, and adapted:to operate with 2fH
scanning, is shown in FIGURE 2 ang%general | y desi gnat ed ;%CAT%érg‘fe?ew si on

.10 generally conprises a video signals input section 20, a chassis or TV
m croprocessor 216, a wi de screen processor 30, a 1fH to 2fH converter 40,
a deflection circuit 50, an R& interface 60, a YUV to RG converter 240,

ki ne dri os:e%%g dtb:li'@@fft 37ew qt wmmb%ctamebmeé bt MHbthepPyehoiuppl y
varlLous clLrcults

0. h | | k
| Zradengrg%%?% ér%b’ftscaﬁ?/'er?reﬂ'ﬁee nat, é@gchgtqs reé&cpq gc‘?fo ngrg ﬁggdsalss
| Ih mti gg aMaypig‘/s!acg;IFépcammEMero;é smmﬂw%mle::lcgt fo:r éheﬂnﬂaﬂngoenplﬁmtqtlm?r. f
The vi e00f5| Qa rﬁ/érﬂ ?ﬁgn‘pgpq ISI S adapte or recerving a pturality O

conp03|te Vi eo signal's ént vi deo sources.
he gate array is responsible for expanding, compressing and

cropping video data of the main video channel, as and if necessary,
to implement different picture display formats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory
356 for a length of time depending on the nature of the interpolation
10 of the luminance component, The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance-and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
‘demultiplexer 355. The luminance component undergoes resolution
processing, as -desired, in circuit 357, and is expanded as necessary
15 by interpolator 359, generating signal Y_AUX as an output.

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

20 data points, or pixels for filling such a large display area. In those
circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit

2s 370 shown in FIGURE 4. As an example, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.

The auxiliary video input data is sampled at a 6840fy rate and
stored in video RAM 350. The auxiliary data is read out of video RAM
350 is designated VRAM_OUT. The PIP circuit 301 also has the

30 capability of reducing the auxiliary picture by equal integer factors
horizontally and vertically, as well as asymmetrically. With further
reference to FIGURE 10, the auxiliary channel data is buffered and
synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and

35 synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components) and FSW_DAT (fast switch
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_.The video signals may be selectively switched for display as main. and -
auxiliary video signals. An RF swi,tch 204 has two antennehgg‘pllé? 1 and
ANT 2. These represent inputs for both off-air 10 anten Cg on and

. «cable reception. The RF switch 204 controls which antenna input is supplied

to a first tuner 206 and to a second tuner 208. The output of first tuner

206 is an input to a one-chip 202, which perfornms a nunber of functions

The. par i G a3, N e e e
baseband YP&¥ag ¥ Feﬁllibg)%T"@Q?eHMd ﬂ. etﬁ’éﬁdﬁg"\@rﬁg”a dSresul ting
from received directly from the PIP circuit and applied to the output
control circuit 321 to determine which field read out of video RAM
5 is to be displayed during the small picture modes.
The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024f4 rate. The auxiliary channe! 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
10 8/g (1024/g40) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.«
Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
, interpolator 359 is controlled by interpolator control circuit 371,
15 which is itself responsive to WSP uP 340. The amount of
interpolator expansion required is 5/5. The expansion factor X is
determined as follows: ‘
X = (840/1024) * (4/3) = 5/g
The chrominance components U_PIP and V_PIP are delay
20 . matched 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
25 controlling the read enable signals of the FIFQO's 354, 356 and 358.
The multiplexers 315, 317 and 319 are responsive to output
multiplexer control circuit 321. Output multiplexer control circuit
321 is responsive to the clock signal CLK, the start of line signal
SOL, the H_COUNT signal, the vertical blanking reset signal and the
30 output of the fast switch from the picture-in-picture processor and
WSP uP 340. The multiplexed luminance and chrominance
components Y_MX, U_MX and V_MX are supplied to respective
digital/analog converters 360, 362 and 364 respectively. The
digital to analog converters are followed by low pass filters 361,
35 363 and 365 respectively, shown in FIGURE 4. The various functions
of the picture-in-picture processor, the gate array and the data
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,the signal fromfirst tuner 206 is an input to both video switch 200 and
“the TV1 input of wde screen proceggor 30. Qther baseband myode@d @pgp\s to
vi deo switch 200 are designated AUX1I and AUX 2. These i ght %e used f

Vvideo caneras, |aser disc players, video tape players, video ganes and t he-
li ke. The output of the video switch 200, which is controlled by the
chassis or TV m croprocessor 216 is designated SWTCHED VI DEO. The SW TCHED

VI DEO i s arsdudution eirduitt arer\nogmtmedebypvm%lérsw ThiehWSPt p6r 3d6f &y enceOI
o e fas A, M 1 516 Belis SRS R By RSl o
a Y/ C decodes. 21’be genalYbdsdwaydee 2 founmiredusrpbestowng having kst i ve
e sl SRS S0 SEHAST 9 s "It ¢
5 0 communicates with the dlfferent 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
10 horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
used to recalculate the incoming video to a new pixel positions
because the luminance video bandwidth, up to 5.5 MHz for S-VHS
15 format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 1024fy clock.
As shown in FIGURE 6, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the
20 expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for
25 compression, or whether the FIFO 356 precedes the interpolator 337.
as required for expansion. The switches 323 and 331 are responsive
to a route control circuit 335, which is itself responsive to the WSP
uP 340. It will be remembered that during small picture modes the
auxiliary video signal is compressed for storage in the video RAM
3o 350, and only expansion is necgssary for practical purposes.
Accordingly, no comparable switching is required in the auxiliary
signal path.
The main signal path is shown in more detail in FIGURE 9. The
switch 323 is implemented by two multiplexers 325 and 327.
35 Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which
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_,sources, and each consists of separate |um nance and chrom nance signals. A
swi tch, which may be incorporat edza% part of the Y/ C decog‘e{ g@tﬁome
adaptive line conb filters, or which may be inplenented as Y s%%’ e
..Switch, is responsive to the TV m croprocessor 216 for selecting one pair
of lum nance and chrom nance signals as outputs designated Y_Mand C_IN
respectively. The sel ected pair of |um nance and chrom nance signals is

thereaf t efg ‘Pt%@ﬁ' wehdive f@ltﬁeswel Pnems pAQ?@ﬁf@ﬁtaﬂ" ong a main signal
path. Si g Si i ons,.1 nclud t he mai n signal
path. Thell EHPSE?‘(%@'E?@HQF @I'Wq' rg@a%rat% lt'ﬁrém\ﬂl f98&!8en processor

back to tbentmamgnthe mmr@e\aeidmeaan Iofr the FFIFIOeCcass w@lblas (iiched VM I n
(s oy Hrhsass sl A BB a8 i ol SORaREA Aty Wy of
conver edhne signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP pP 340 and the most significant bit of UV_MN.
An interpolator control circuit 349 generates intermediate
pixel position values (K), interpolator compensation filter weighting

10 (C) and clock gating information CGY for the luminance and CGUV for
the color components. It is the clock gating information which

- pauses (decimates) or repeats the FIFO data to aliow samples not to
be written on some clocks for effecting compression or some
samples to be read multiple times for expansion.

15 Such a compression is illustrated in FIGURE 15. The
LUMA_RAMP_IN line represents luminance ramp video data being
written into the FIFO. The WR_EN_MN_Y signal is active high,
meaning that when this signal is high the data is being written into
the FIFO. Every fourth sample is inhibited from being written into

20 the FIFO. The jagged line LUMA_RAMP_OUT represents the luminance
ramp data as it would be read out of the FIFO, if the data were not
first interpolated. Note that the average slope of the ramp read out
of the luminance FIFO is 33% steeper than the input ramp. Note also
that 33% less active reading time is required to read out the ramp as

25 was required to write in the data. This constitutes the 4/3
compression. it is the function of the interpolator 337 to
recalculate the luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.

Expansions may be performed in exactly the opposite manner

30 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 will pause the data as it is
being read from the FIFO 356, as shown in FIGURE 16. The

35 LUMA_RAMP_IN line represents the data prior to being written into
the FIFO 356 and the jagged line LUMA_RAMP_OUT represents the
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.;todigital formin the wde screen processor for further signal processing.

The second tuner 208, functionallygefined as part of theg\g';g%gyg n
processor 30, devel ops a baseband video signal TV2. A switch SW selects
~between the TV2 and SW TCHED VI DEO signals as an input to a Y/ C decoder
220. The Y/ C decoder 220 may be inplenented as an adaptive line conb
filter. Switches SWB and SW sel ect between the | um nance and chrom nance

out puts otdataGasleét ésleearOuaraf thee FIEGI 886¢e lanttis: bassi haiscﬂwesifamﬂ\i(@nE ;)(fT and
T D SIS SRR IRRES RSOl ' RO FaS0RG! fotduialdng ST o
sampled data from jagged to smooth after the expansion. In the
expansion case the data must pause while being read from the FIFQO
5 356 and while being clocked through the interpolator 337. This is
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression
and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the
10 rising edges of the 1024fy system clock.

There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data
decimation and data repetition, may be performed in a synchronous
manner. If a switchable video data topology were not used to

15 intercharige the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made

20 to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
interpolator and one FIFO to perform both compressions and
expansions. If the video switching arrangement described herein

25 were not used, the double clocking situation can be avoided only by
using two FIFO’s to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
be placed in front of the interpolator and one FIFO for compressions

“would need to be placed after the interpolator.

30 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 videoa RAM 350 holds two fields of video data in a plurality
of memory locations. Each memory location holds eight bits of data.

35 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
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_, decoder 220 and switches SWB and SW may be conbined, as in an adaptive

line conb filter. The output of switches SWB and SWM i-s t
consi dered the auxiliary signal ﬁ@ I s processed al ong arﬁ@ %ﬁ[ S?QAM gnal
.path. The sel ected | um nance output is designated Y_A. Signal designations

including _A, _AX and _AUX refer to the auxiliary signal path. The selected
chrom nance is converted to color difference signals UA and VA. The YA UA

and VA sigiifer 1a5¢ SRRiedad (PSWBAT SLM Oéé?tfc?fr al U bPV Sadpfg Processing.

Thearranerrento 03| ching. in the, main and, auxiliary

ce
signal  pdRRERRA 13t B8N ol fS\&.D ATt dndicateowhich S¥PECof dififor t he
di fferentwagrwtw‘n i HddErRAM.PI Sindee thbed are tWo éRis efC@aﬁps' te

sorcon proeieddn’fE yda Al 3sE; nd Hie ‘ertte’ Vided Haml' 986 8% redy" e ™ ¢

5 during the display period, both fields are read during the display
scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch
data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tear problem. |If the field type

10 being read is the opposite type than that being displayed, then the
even field stored in the video RAM is inverted by deleting the top
line of the field when the field is read out of memory. The result is
that the small picture maintains correct interlace without a motion
tear. _

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

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

25 into the FIFOs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
video. How often the read function is switched back and forth
between the main and auxiliary channels is a function of the
particular special effect chosen.

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

3s signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2) (5/12) = 5/12 or approximately 41% of the display
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", 212. The horizontal and vertical g nchroni zi ng corrponents H and
respectively are inputs to a vert \é countdown circuit X1%GA ﬁ$e3334‘\t|cal

+ countdown circuit devel ops a VERTI CAL RESET signal which is directed into

. .the wi de screen processor 30. The wi de screen processor generates an

I nternal vertical reset out put Si gnal I NT VERT RST QUT directed to the RGB

I nterface 0. A vmtch te I nt rfacg f?o ntbeCtS etvvee t he i nternal

vertical '6'&;9&”0 399? Qﬁﬁefjhgp effi 84 9?/ Rr BHX 1% & %r&ﬁ‘ent of

t he exteramtive?mespemod (pfaspmedup) olist hewavint EIGURKER &el Bused verti cal

synchroni n r f gircuit 50.
Hor i zont @ ver |@;}aps%%¥hrom %}:g%sf‘c?héﬁmtqgf(épﬁrgﬁrﬁgféﬁ{o@?/'
- actwe picture) the interpolator expansion of the signal by 5/g.

5 In the main video channel, shown in the upper part of FIGURE 6, the
write enable contral signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/9)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video

10 by the 910 x 8 FIFOs. '

In each of the FIFOs, the video data is buffered to be read out
at a particular point in time. The active region of time where the
data may be read out from each FIFO is determined by the display
format chosen. In the example of the side-by-side cropped mode

15 shown, the main channel video is being displayed on the left hand
half of the display and the auxiliary channel video is displayed on

. the right hand haif of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main

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

2s RD_EN_MN signal and ending with the beginning of the main channel
video front porch. {t may be noted that write enable control signals
are synchronous with their respective FIFO input data (main or
auxiliary) while the read enable control signals are synchronous
with the main channel video. |

30 The display format shown in FIGURE 1(d) is particularly
desirable as it enables two nearTy full field pictures to displayed in
a side by side format. The display is particularly effective and
appropriate for a wide format display ratio display, for example

- 16 X 9. Most NTSC signals are represented in a 4 X3 format,

35 which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format-
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- .12 auxiliary video signal are devel oped by sync separator 250 in the w de

screen processor. The 1fH to 2fHggnverter 40 is responspug g§om7everting
interlaced video signals to progressively scanned noninterlaced signals,

" .for exanple one wherein each horizontal line is displayed tw ce, or an
additional set of horizontal lines is generated by interpol ating- adj acent
horizontal |ines of the sanme field. In sonme instances, the use of a

pr evi ousdispiay oratichadisplayof eitiner ridyergroppirer thenp«owdds db@'pem% upon the |evel
conver t ol e BEFRE DY JB BT ARl AP AR 220, The
vi deo RANist@stiarns u@&penﬁlsgooe oser opreferande,ethis ratioaof reistyret o enabl e t he
progressépgplhgPtavaspdtt FMY edisEshivrdeRaydd &t Ingf Whnetb 2hHb@MWeen
s 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 X 3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an

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

4/3 = (16/9) / (4/3)
Variable interpolators are utilized in accordance with aspects of

15 this invention to speed up the video signals. In the past, FIFOs
having different clock rates at the inputs and 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

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

In any of the operating modes described above, for example
side by side, PIP or POP, the main picture may be zoomed, that is

25 enlarged, either horizontally or vertically or both. In any of these
mode wherein the picture is zoomed horizontally to the point of
being necessarily cropped, it is advantageous for a user to have
control over horizontal panning, so as to be able to select which
portion of the picture to view at any time. Control of horizontal

30 panning is desirable for both expgnsion (zooming the main picture)
and compression modes (side by side pictures), as explained in detail
in connection with FIGURE 6. The upper left hand corner of FIGURE 6
illustrates the alternative interconnections of the main FIFO 356
and the main interpolator 337. The main signal path is shown in

35 more detail in FIGURE 11. As shown in these figures, the topology ot
the main signal path varies depending on whether the system is in
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.- V_2fH signals is supplied to the R& interface 60. The RGB interface 60,
"shown in nore detail in FIGURE 14, .enabl es sel ection of cQnv. d video
data or external RGB video data f%p di splay by the video%gsénggéfgigut
.section. The external RGB signal is deened to be a wide format display
rati o signal adapted for 2fH scanning. The vertical synchronizing conponent
of the main signal is supplied to the REB interface by the w de screen

Puax) tetie PANSISH 7 otntes SRR mdde,” TheCbRagHEL BRI Yredit T U

screen t eireRlementationytadghis sereial ixtindapendant oft hasd rradesi ghdl is by

gener at i ngp@rabiet withalea@kt Aidtd. CPABS RlllcwWinBabidcNEsfer -isHawBEfsd tbhe

sel ection of an_external signal input, i'n the apsence of such si gnal

can resul 11§ MB, qregﬁa@&%ﬁg@ggm?rﬁﬁraésﬁematﬁﬂdo PRy NG Thenode

ray tusbe sampr gagatingnirhpleesentatioor ds neffectivéeforGhe main chrominance
(U,V) channel as well. :

It should be understood, of course, that panning the main video
signal only makes sense when the main picture is cropped, from
compression in the side by side mode or expansion in the zoom mode.

10 The effect of horizontal panning is illustrated in FIGURE 17. Panning
to the middle of the picture shows most of the man and most of the
dinosaur, with some of the right side of the picture and some of the
left side of the picture cropped. Panning to the right shows most of
the dinosaur and not much more than the trailing leg of the man.

15 Panning to the left shows most of the man and most of the body of
the dinosaur, but not its tail.

The FIFO's in the main signal path have independent write and
read enable signals. This makes it possible.to control both what
portion of the video signal is stored in the memory and when it is

20 displayed, independently of one another. Generally, if the signal is
expanded and cropped, the cropping can be done with the write
enable signal. In this way, only the video to be displayed will be
stored in the FIFO. Moreover, horizontal panning can be accomplished
by simply manipulating the write enable window, that is the time

25 interval during which writing to the FIFO can take place, during the
active video period. This is illustrated in FIGURE 18 and 19(a) -
19(c). FIGURE 18 represents a zoomed video signal, for example
corresponding to the picture in FIGURE 17. The video signal is not
intended to portray an actual waveform. FIGURE 19(a) shows a write

30 enable window timed for horizontally panning to the right. FIGURE
19(b) shows a write enable window timed for horizontally panning
to the middle. FIGURE 19(c) shows a write enable window timed for
horizontally panning to the left. [f the write is enabled earlier, the
effect is similar to that of a camera panning to the left, which will

35 make the displayed video appear to scroll towards the right of the
display. Conversely, if the write is enabled later, the effect is
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_.interface circuit detects an external synchronizing signal, in order to
override the selection of a non-exjstent external RGB inE#%Q gae,VBP

m croprocessor 340 al so supplies?g%lor and tint controls S erna
-RGB signal. The wi de screen processor 30 conprises a picture in picture
processor 320 for special signal processing of the auxiliary video signal.
The termpicture-in-picture is sometimes abbreviated as PIP or p|x I n-pi X.

o 0t 2 fap 8 PR S CARRER' daRRGEYS i ert! ik, ) nRE 18 s
1(b) thr@tﬁ;}ﬂa!@d) vi qﬂpﬁa.rréouscrp.nctqwards the left of the dlsplay
If the signal is compressed and cropped, cropping may be done
with the write enable signal or with the output MUX control circuit
5 321 shown in FIGURE 8. In side by side mode, cropping would be
accomplished by switching to the auxiliary channel. Main signal
panning, however, can still be accomplished by manipulating the
write enable window as described above.
Depending upon the displayed position of the main video and
1o the amount of horizontal overscan of the display, a limited amount
of horizontal panning may be accomplished by manipulation=of the
read enable window, or a combination of the read and write enable
windows. However, manipulation of the write enable window should
be sufficient if the read enable window is set correctly.
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.. processor 320 and gate array 300 are under the

wi de screen

m cr oprocessor (WBP [err]P) 340: §\A croprocessorcgggfi S ’rég'ponsi ve to thei&
m croprocessor 216 over a serial "bus. The serial bus~includes four"

. ~lines,
Screen processor

si gnal ,

conposite bl ank|

f oW

as a three |l evel sandcastle signal. Alternati

I9dPE det ai

bl anki ng and resef Qimlsg,s@% b@b,g ?ed as separate signals.
u

t he RGB mterf'éﬂ@ g‘*@th%‘ePgo 8" e
FI GURE 13dlspu)engea mdem“ tgigakl;reset signal

qrmg d

B SR St S TR

en Ved’

“si"gnal

le\/\n de

|*cal

t he vjdeo S|q%nal I nput sectlon to

in

fromthe w de screen processor,

and adai 1 onal SRR FRPCEsaE 8RR (R IRCE loaf R ol BegdHding™ee ©°

and compressmg a picture represented by data in said video
signal, said signal processing means having memory means (356)
with asynchronous write and read ports; and,

means (339) for generating signals for controlling writing
of said data into said memory means (356) to define a subset of
said picture for display; characterized by,

means (340) for controlling said generating means (339) to
provide said write controlling signals with selectable time
durations and selectable phase relative to a synchronizing
component of said video signal.

2. The system of claim 1, characterized in that said signal
processing means comprises;

a signal processing path having an interpolator (337) and a
line memory (356); and,

means (323, 331, 335) for operatively interchanging said
interpolator (337) and said line memory (356) in said path for
selectively compressing and expanding said data.

3. The system of claim 2, characterized in that said line

" memory (356) is a first in first out.(FIFO) device.

4. The system of claim 1, characterized in that said
controlling means comprises a microprocessor (340).

5. The system of claim 4, further characterized by means
(218) for remotely controlling said microprocessor (340).

6. The system of claim 1, characterized in that said display

means (244) has a wide format display ratio of approximately
16:9.
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. These additional control signals relate to horizey gl g§hagaiang, vertical
" size adjustnent and east-west pi:ﬂﬁadj ustment. Thé deflection circuit 50
supplies 2fH fl yback pul ses to the w de screen processor 30, the 1fHto 2fH

.converter 40 a@d Wﬁg&%téﬂ’ %?BP%QHIV@ t%{%’%é%,ergég%%im%w%ihages for the

entire wi de screen I on are gener wer supply 70 which can
be energi displpy meaxs fBAAs isudpdifectriview crthodeceay fubeessor 30 is shown
in nore detail in FIGURE 3. The principal conponents of the wi de screen

processor are g arr 300, .picture-in-picture circuit, 301, analog to
digital and di %-t ﬁﬁ?osﬁ%ﬂbg‘)fcﬁw& t%er%har ré%%‘grfﬂ ﬁlﬁ‘e?a'ﬁbé’,'sfga\ﬁ de
screen pr ouesser(2494)r opomprisezoa MG}MMMC&&W@Q‘Ezemmt put encoder 227.
Further details of the w de screen processor, whi ¢

9. The system of claim 6, characterized in that said display
means (244) comprises a liquid crystal display.

10. A video system, comprising:

means (244) for displaying a video signal;

signal processing means (304) for at least one of selectably
expanding and compressing a picture represented by data in- said
video signal, and for cropping said selectably expanded and
compressed picture to define a subset of said picture for display;
and,

means (339) for generating signals for independently
controlling writing and reading of said data into and out of said
signal processing means; characterized by,

means (340) for controlling said generating means (339) to
provide said writing and reading control signals with selectable .
time durations and selectable phases relative to a synchronizing
component of said video signal for selecting boundaries of said
subset of said picture for display.

11. The system of claim 10, characterized in that said
signal processing means comprises; _

a signal processing path having an interpolator (337) and a
line memory (356); and,

means (323, 331, 335) for operatively interchanging said
interpolator and said line memory in said path for selectively
compressing and expanding said data.

12. The system of claim 11, characterized in that said line
memory (356) is a first in first out (FIFO) device having

asynchronous write and read ports.
) O O L
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are j ' th the 1fH and the 2fH chasgi.s r..exanple the PIP

Tl rc”m“ﬂmmnmm“ FI GURE 4. Ié\'{pi cture-in-pi cf‘% é)é)@ggékor 320, which
fornms+~a &I gni M cant *part of the3P P circuit 301, is shown in nore detail in

JFIGURE 5. The gate array 300 is shown in re detail| .in FIGURE 6. A nunber

of the corrponeﬁ& sﬁ%ngmem @%F@a@ 8y rﬁ%aﬁﬁrtzse%fmtﬂ'@tnﬁﬁw and

auxi li arycshwlin%aMnsha(Baoall cemgyiseeen deigeoplrskdgordet ail . 14 The

second tuner 208 has associated therewith an | F stage 224 and an audio

stage 226. The second tuner 208 al so operates in conjunction with the WP
[err] P 340. Thd &Pl hersystesu®fcaaimi $8s farther characterized by means

(216) for remotely controlling said microprocessor (340).

16. The system of claim 10, characterized in that said
display means (244) comprises a picture display having a wide
format display ratio.

16. The system of claim 15, characterized in that said
picture display (244) comprises a direct view cathode ray tube

17. The system of claim 15, characterized in that said
picture display (244) comprises a projection cathode ray tube.

18. The system of claim 15, characterized in that said
picture display (244) comprises a liquid crystal display.

19. A video system, comprising:

display means (244) having a wide format display ratio for
displaying a video signal;

signal processing means (304) having an interpolator (337)
and a line memory (356) for selectably expanding and
compressing a picture represented by data in said video signal;
and, '

means (339) for cropping said picture to define a subset of
said picture for display by controlling writing of said data into
said line memory; characterized by,

a microprocessor (340) for controlling said cropping means
(339) to provide control signals with selectable time durations ‘
and selectable phases relative to-a synchronizing component of
said video signal for selecting boundaries of said subset of said
picture for display.

20. The system of claim 1, characterized in that said
microprocessor (339) selects said time durations and said phases
responsive to user commands.
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. input output I/O section 340A and an anal og out pu,I,p e%#n:g.?\?‘%TOB. The 1/0 5

section 340A provides tint and color control sigra

for selecting the external RG@ video source and control signals for the
.~switches SWL through SW5. The I/O s %Etélé?n?ﬁl so nonitors the EXT SYNC DET

signal fromthe RGB interface to pr

e deflection circuit and cat hode

ray tube(s). Th \ddabogystenputompcisesna 3vitBopdisglay s(24ait havingi gnal s f or

verti cal

o face Lre, [F7RL JEACRANG' it %59@%'@55“%885“°“g'§?%ﬁ§'.pﬁfte' for

conbi ni ng PIPEEESPh(S0Mt has aﬂofﬁtﬁff@!@tﬁ(ﬂh%aﬁa a%&‘dl aafitstsinyfias

Riths to

P hecar f“?“ecwmé?te (386} haGIIReTasyrighraMous divrite SaRdCreley irtd e snovn.
vt ded (3PS ADL X RATING, SNy SOMATEaRINgh & FUCHIrPLTORSaRIY Y Y

data in the video signal. The picture is cropped to define a subset
of the picture for display by controlling writing of the data into
the line memory. A microprocessor (340) provides control

signals with selectable time durations and selectable phases
relative to a synchronizing component of said video signal for
selecting boundaries of the subset of the picture for display. The
microprocessar can select the time durations and the phases |
responsive to user commands.

FIGURE 9
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with low pass filter 376. The maieﬁl/\ﬂ@eo si gnal
in analog form and Y UV format,

screen proc

essor

(o

is supplied'to the wide
as signal s designated

Y M UMand VM These nain signals are converted fromanalog to digital

form by analog to digital 'converters 342 and 346, shown in nore detail in
FIGURE 4. The color conponent signals are referred to by the generic
desi gnati ns U and V, whijch ma\ be assighed t¢ eithef R-Y[or gnal s,
or | and s. The danpl efl §lim{nddce HBndwi dth i MHz
because the] sypstem cl ock jrate | s+l0R4f, {wWwch is ap Hz. A
si ngl e anpl pg>t ofdi gi tal {conve r..and. a og swittch can be to
sanple th corrponeﬁt_.Qat h because the UrL and V $i ﬂ jted to
500 KHz, jor’ for Wi 1} The select |i \%8) qndl 0Q ==
switch, of multiglexer 344?:‘|s an 8 Mz signal werived®y |diwi di ng th~e—
system cljock by x A . d T
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si gnal processing path 304 nust bé’/éﬁn’ | arly del ayed. Were the clock gating
I nformati on not del ayed, the UV data will not be correctly paired when
deleted. This is inportant because each UV pair represents one vector. A U
el enent from one vector cannot be paired with a V elenment from anot her
vector w thout causing a color shift. Instead, 'V sanpl e froma previous
pair will be deleted along with the current ¥ impl e. This nethod of WV
multiplexing is referred to as 2:1:1, as Ihe$§ e two | um nance sanpl es
for every pair of color cogbgnent sar@d%d The Nycﬁi st frequency for
both U and V is ef f._chﬁel%ged cP SJE jof the | up nance Nyqui st
frequency. Accordggly t hg€ Nyqgfi

to digital conver® '

o component o Ukeny onverter for the
col or corrpongélii ? <
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Baehi Beplqcﬁé

he Pl Ry ﬁlShéetlHas gate adr/dP may al so include nmeans for enhancing

the r esol UXI liary data notw t hstandi ng the data conpression.
A nunber |on and data restoration schenes have been
devel oped, u |ng for exanpl e paired pixel conpression and dithering and
dedi t heri ng. Nbreover di fferent dithering sequ S vol ving different
nunbers of bigs and dlfferent paired p| = B -0 \%I ving different
nunbers of bits are cont |l ated. Ong off a nu \ &ul ar da
reducti on ang bd sel egt ed_ﬂy&ﬁm \BBP [err]P 340 in
order to maxijm [ splayeé%w deo for ea‘Bh parti ar
ki nd of @i ct | q ar > Lpt@r pol at V\/nich
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resanpl e the main signal as desired. A:ﬁ/ﬁﬁdi tional interpolator can
resanpl e the auxiliary signal. O ock and synchronizing ci TlmslSIneetHﬁs Bé&am
array control the data mani pul ati on of both the nain and

signals, including the conbination thereof into a single out mmimlﬁm
These out put conponents

si gnal havi ng YMX, UMK and VMX corrpoggnts
i og ﬁogverters 360, 362 and 364.

converted to anal og form by di ggal
The anal og form signals, designdfed S) U &Ad VS 3re upplied to the 1fH to
The Y, U and V

2f H converter 40 for conversion Lo nn.nl ntél ace
signals are also encodgg to Y/ Caor ncod 22 2 define a wide
format ratio output a
1 ) ’5§§
. % m g)'g
N R §§z Z
Q = >.""—J"‘
AR E T
‘ . .
- H;
S
T 8 ‘
€9
5 5= 1] - 539
TN ST 380 ¢
s —( z = g 2
gfg ° 35 5 24 3
3z 2 Zz § §§§§
Fen> Ao — I
28— * § e ~§
L IF ]
23538 ° 8 2
§\§§§EE§‘T S I <
g == ar 3 & 5 ¢4
LI 2 TTTTT T
sifET§  §E3EzE a:
3 * ' = ~ 3 =
S 5 ; §'§' < =



3jacks. Switch SWs selects a

YOUTEXT/ COUTEXT avai | abl e at p;{ﬁé’l
227 fromeither the gate array,

-Si gnal
for the encoder
CSYNCAUX. Switch SW sel ects between YM

synchroni zi ng si gnal
C SYNC_ MW\, or fromthe PIP circuit,
“and CSYNCAUX as synchroni zing signal for the w de screen panel output.
Portions of the horizontal synchronizing circuit are shown in nore detail
in FIGQURE 12. Phase conparator 228 is part of a phase | ocked |oop including
| ow pass filter 230, voltage_cont r%l ed oscilykator 232, divi Eer 234 and
capaci tor 236. The vol tage i@gol fed oscill ior 232 o&rate at 32fH,
responsive to a ceragmic re® r ar the |iké&238. Thexdutput of the
scillafdgis difVi dedsby to provigde a lproper

S t or 228 [The dut put of the

vol tage control |l ed
frequency second. i npy to ase® cO
di vi der 234isa1fHaEg i : H d 1fH REF tim ng
signal s 582 = > |
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-are supplied to a divide by 16 countersﬁgﬁ. A 2fH output is supplied to a
.pul se 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. Pulse width circuit 402 assures that a
2f H REF signal will have an adequate pulse width to assure proper operation
of the phase conparator 404, for exanple a type CA1391, which forns part of
a second phase | ocked | oop including |ow pass filter 406 and 2fH vol t age
controlled oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fH timng signal, which is used for driving the progressively
scanned di splay. The other input signal to phase conparator 404 is the 2fH
flyback pulses or a timng signal related thereto. The use of the second
phase | ocked | oop including phase conparator 404 is useful for assuring

t hat each 2fH scanni ng peri od
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LS symretric within each 1f H period of, the i nput signal
43for exanpl e,

'Lhe di splay may exhibit a raster spl k42
-video lines are shifted to the right

shifted to the left.

FIGURE 13. A circuit 500 is provided for adjusting the vertical
in accordance with a desired anount of vertical

raster,
for
di agrammati cal |l y,
quantity of curre€my I[err] which charges a

nd half of the video lines are
The deflection circuit 50 is shown in nore detai

i mpl ementing different display formts.
a constant current source 502 provides a constant

O herw se, 17
wherein half of the

in
size of the
overscan necessary
As illustrated
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ranp capacitor 504. A tra®g{8tor 506 is coupled in parallel with
. the vertical ranp capacitor, and petiodically discharges the capacitor
" responsive to the vertical reset signal. In the absence of any adjustnent,
current I[err] provides the maxi num avail able vertical size for the raster.
This m ght correspond to the extent of vertical overscan needed to fill the
wi de screen display by an expanded 4 X 3 forma¢ di spkay nati o signal
source, as shown in FIGURE 1(a). To the ext en® t hat BessJertical raster
size is required, anwsadjustable current source- 508 dbvertd a variable
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ed by a potentioneter or back panel
defl ection coil (s) 512

-adj ust ment 510, which may be irrplé’
Hori zontal defl ecti on

-adj ustnment knob. In either event, the vertical
receive(s) driving current of t he proper nagnitude.
"is provided by phase adjusting circuit 518, East-West pin correction
circuit 514, a 2fH phase | ocked | oop 520 ang horizontal output circuit 516.
The RGB interface circuit 60 is shown in n@e detailed in FIGURE 14. The

signal which is to be ultimtely display i 4| be sel ected between the

output of the 1fH to 2fH converter 40 an x-;errg RGB i nputey For
i d hggein, the exEernal RGB

pur poses of the wi de screen tg@jevision des L
I nput is presuned to be a w format di sp I @, pr55u353| l y scanned
source. The external RGB si gr]_lg,-land a con 9.586 | anki &gggu gn fromthe
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48 input section 20 are inputs tg RGB to Y UV converter 610. The

. external 2fH conposite synchroni zihg signal for the external R& signal is
“an input to external synchronizing signal separator 600. Selection of the
~vertical synchronizing signal is inplemented by switch 608. Selection of

t he horizontal synchronizing signal is inplenmented by switch 604. Sel ection
of the video signal is inplenmented by switch 606. Each of the swi tches 604,
606 and 608 is responsive to an internal/external control signal generated
by the WBP gP 340. Selection of internal or external video sources is a
user selection. However, if a user inadvertently selects an external RGB
source, when no such source is connected or turned on, or if the
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external source drops out, Lﬂ@'ﬁﬁrtical raster will collapse, and serious
damage to the cathode ray tube(s) can result. Accordingly, an externa
synchroni zi ng detector 602 checks for the presence of an external

synchroni zing signal. In the absence of such a signal, a switch override
control signal is transmtted to each of switches 604, 606 and 608, to
prevent selection of the external RG@ source if the signal therefromis not
present. The R@ to YUV converter 610 also receives tint and col or control
signals fromthe WP [err]P 340. A wi de screen television in accordance
with the inventive arrangenents can be inplenmented with 1fH hori zont al
scanni ng instead of 2fH horizontal scanning, although such a circuit is not
illustrated. A JibH.Glloulednuld ool Loguire the it Lo 2fH canverter and
the RGB interfgce. Accordingly, there would be no provision foy displaying
an external wi de format displaygratio RE& signal at a 2fH
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The w de screen prpcesﬁp’{@hd pi cture-in-picture processor

:gor a IfHcircuit would be very simlar. The gate array could be
al though not all of the inputs and outputs woul d

substantially identical,

be utilized. The various resolution enhancenent schenes described herein
can be generally applied without regard to whether the television operates
with 1fH or 2fH scanning. FIGQURE 4 is a bl ock di agram show ng further
details of the wide screen p E%.sors 30 shown in FI GURE 3 which woul d be
the sane for both a 1fH and g? hassis. The Y_A, U_A and VA signals are an
input to the picture & pictss& processor 320, “which can include a

resol uti on processing“cir .

“scanni ng rate.
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| KEPLACEMENT SHEETS sG¢ |
19 tel eyi 8 E%dp%ﬁ}dtb tospagedsitof{ t his i nventi on can expand and

conpr esy UsThe: Q«r@dl toepdgedt® enbodi ed by the various corrp05| te

di spl ay |f f Hr eavgogte) usagedt | ﬂtol pegedrl#liln FIGURE 1 are generated by QSHew{ag

pi cture; i B pbstzagt ¢ ppagedsdbo d .whijch can receive resol ution proces

data signals Y_RP, URP and fromjresol uti on processing ci r cufl @Ogﬁﬁ
Resol ut | omm@ggsgmiﬁped zm[@t%be utifli zed at all tinmes, but during

sel ect ed Orspray—tormats: mRYEN A T ol Hrr-‘-l n- p| cture processor 320 gg shown in
nmore detail in Fl GERIZ A , PRIONr€-i n-picture

processor e el ol ‘?ﬂ§eﬁé@%°’?e@'é%§?@°fdﬁ jgngf sect o
328 and a disglayingt aoamﬁd)@rwav&rpapege@tqtufe%sgn Tme Rarticut@rat@ control
section 32fdtRod§oamd i dpparatusigbaiHorizorthffariing such zoomed or

cropped pictures in televisions having a wide display format ratio

screen. Most televisions today have a format display ratio,

horizontal width to vertical height, of 4:3. A wide format display

ratio corresponds more closely to the display format ratio of

movies, for example 16:9. The invention is applicable to both direct

view televisions and projection televisions.

Televisions having a format display ratio of 4:3, often referred
to as 4 X3, are limited in the ways that single and multiple video
signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
broadcast with a 4 X 3 format display ratio. Many viewers find the
4 X 3 display format less pleasing than the wider format display
ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not
cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.

Televisions with a wide display format ratio are also suited to
a wide variety of displays for both conventional and wide display
format . signals, as well as combinations thereof in muitiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of muitiple
signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching
between muitiple sources to generate muiltiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television according to this invention. A wide screen
television according to various inventive arrangements is capable of
providing high resolution, single and multiple picture displays, from
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Date: 9 1 MG 9%

> .



The picture-in-picture processor 320 may be enbodi ed as an i nproved
variation of a basic CPIP chip devel oped by Thonmson Consuner El ectronics,
Inc. The basic CPIP chip is described nore fully in a publication entitled
The CTC 140 Picture in Picture (CPIP) Technical Training Manual, available
f rom Thonson Consuner El ectronics, Inc., Indianapolis, Indiana. A nunber of
special features or special effects are ppssible, the follow ng being
illustrative. The basic special effect is a |large picture having a snall

pi cture osimglayiarg anpnrpl'eoeotmmsed‘ia\dagsbmﬁiaf noiFidifernl dprmahe | arge and

smal | pi ct, r I e V. | from different vi deo
signal s anghcah Hﬁ’?{é“réﬁ] g%ﬁ’w d% féﬁlﬁ%etﬁefgg spe Kin the audio
signal is sw tcmévts(bo%ﬁvw B @oWﬂ@%p@'ﬁﬂ a¥% fPH@aﬁlrg" 3 The smal |

pi cture camplemented P tefevision tsystems Hi‘prlayh"rgervld)eocslgnﬁlerbdtﬂ'lrmhgh a

number of boésefge&e %nagr&’q%ri Sl é%annmg rates and multiples thereof, as
well as by both interlaced and noninterlaced scanning. Standard
NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal
scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1fy, and 1H. The
actual frequency of a 1fy signal will vary according to different
video standards. In accordance with efforts to improve the picture
quality of television apparatus, systems have been developed for
displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields of the interlaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the
horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such progressively
scanned or flicker free displays is variously referred to as 2fy and
2H. A 2fy scanning frequency according to standards in the United
States, for example, is approximately 31,468 Hz.

Considerable signal processing of the main video signal is
necessary to implement many of the display formats which are
especially appropriate for a wide screen television. The video data
must be selectively compressed and expanded, depending upon the
desired format. In one case, for example, it is necessary to
compress the 4 X3 NTSC video by a factor of 4/3, or 4:3, to avoid
aspect ratio distortion of the displayed picture. In the other case,
for example, 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
performing compressions less than 4/3, for example 5/4. A sample
interpolator is used to recalculate the incoming video to a new pixel
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zoom feature increases and decreases the size of the small picture, for
exanple to any one of a number of preset sizes. At sonme point, for exanple
the display format shown in FIGURE 1(d), the large and snall pictures are
in fact the same size. In a single picture node, for exanple that shown in
FIFGURES 1(b), 1(e) or 1(f) a user can zoomin on the content of the single
picture, for exanple, in steps froma rat4o of 1.0:1 to 5.0:1. Wile in the
zoom node a user may search or pan through the picture content enabling the

screen i NgEIsitionsTbETABROHse Jufifdses Videe oatidwieh, up2fb B.5IMH fdn ei t her
event, el [Q{FHENR AER! loddupidd & rde PerdsMagd SF4he Nyquist or fold
over frequency, which is 8 MHz for a 1024fy system clock.

The luminance data for the main signal is routed along a main
signal path including a FIFO line memory for compressing (pausing)
and expanding (repeating) the data and an interpolator for
recalculating sample values to smooth the data. However, the
relative positions of the FIFO and the interpolator are different for
compression than for expansion. In accordance with an inventive
arrangement, switches or route selectors reverse the topology of
the main signal path with respect to the relative positions of the
FIFO and the interpolator, avoiding the need for two main signal
paths requiring two FIFOs and two interpolators. In particular,
these switches select whether the interpolator precedes the FIFO,
as required for compression, or whether the FIFO precedes the
interpolator, as required for expansion. The switches can be
responsive to a route control circuit which is itself responsive to a
microprocessor.

An interpolator control circuit generates pixel position values,
interpolator compensation filter weighting and- clock gating
information for the luminance data. It is the clock gati'ng
information which pauses (decimates) or repeats the FIFO data to
allow samples not to be written on some clocks for effecting
compression or some samples to be read multiple times for
expansion. In order to process a 4/3 compression, for example,
wherein 4/3 represents the ratio of the number of input samples to
the number of output samples, every fourth sample can be inhibited
from being written into the FIFO. The average slope of a ramp read
out of the luminance FIFO is 33% steeper than the corresponding
input ramp. Note that 33% less active reading time is required to
read out the ramp as was required to write in the data. This
constitutes the 4/3 compression. It is the function of the
interpolator to recalculate the luminance samples being written into

the FIFO so that the data read out of the FIFO is smooth, rather than
jagged.
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or the zooned picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the |last nine
frames of video can be repeated on the screen. The frane repetition rate
can be changed fromthirty frames per second to zero franes per second. The
picture-in-picture processor used in the wi de screen television according
to to another inventive arrangenent differs fromthe present configuration
of the basic CPIP chip itself as described above. If the basic CPIP chip

were used w th Bxpahsions omyhde periorifedi? exaotiyntheruppysifeontamnerd deo

SBeCto ks bprdfiahas e 1het g aPUbivgKELis S Sii RhaBid) L oTl! o0,

across t hesigngrhas ologksgatieg. infpfragtieni attaghedi ta it énwihe dows of

hori zont al {rhikit PA868dor! writingetd ahBabufREFIFD. CiPdruekpakdingUthtd Z et
clock gating information is applied to the read enable signal. This
will pause the data as it is being read from the FIFO. The average
slope of a ramp read out of the luminance FIFO is 33% more shallow
than the corresponding input ramp for a 3/4 expansion or zoom. In
this case it is the function of the interpolator, which follows the
FIFO, to recalculate the sampled data from jagged to smooth after
the expansion. In the expansion case the data must pause while
'being read from the FIFO and while being clocked into the
interpolator. This is different from the compression case where the
data is continuously clocked through the interpolator. For both
cases, compression and expansion, the clock gating operations can
easily be performed in a synchronous manner, that is, events can
occur based on the rising edges of the 1024fy system clock.

There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data
decimation and data repetition, may be performed in a synchronous
manner. |f a switchable video data path topology were not used to
interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made
to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
interpolator and one FIFO to perform both compressions and
expansions. If the video path switching arrangement described
herein were not used, the double clocking situation can be avoided
only by using two FIFO's to accomplish both compression and
expansion. One FIFO for expansions would need to be placed in front

of the interpolator and one FIFO for compressions would need to be
placed after the interpolator. '
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there woul d be no aspect ratio distortion, but the picture would not fil
the entire screen. Existing picture-in-picture processors based on the
basic CPIP chip as used in conventional televisions are operated in a
particul ar fashion having certain undesirabl e consequences. The incom ng
vi'ldeo is sanmpled with a 640fH cl ock which is |ocked to the horizontal
synchroni zi ng signal of the main video sgurce. In other words, data stored

in the video associ.ated with the CPlP chlr&sl S not ort ogonal I% sanpl ed
with respect td* tHEUHBHAARBSSING AN | YRR rﬂﬁc‘ﬂde?hgéf’kcoén?ﬂ @2nent al
limitatior@d driFChdineasiemcry Rand:tamndntetpéliatdr sAmMnmmlmmumgen“ék@tes

'he sampl oy a?awfﬁ'@ff°‘f“ﬁf'*'“§”"af5‘§“r%?&e{ B PFRHOPS e abr Yo7 e
CPI P chi p,93iRi “dMiRe linge marsornte qgremesns()and,rexpargi dhe datadi dfedat a. \Wen
interpolator smooths the data compressed or expanded in the FIFO
line memory. A switching network selectively establishes a first
signal path in which the line memory precedes the interpolator for
implementing the data expansion and a second signal path in which

the interpolator precedes the line memory for implementing the data
compression. The switching network is controlled according to
selected display formats requiring compression or expansnon for
example by a microprocessor.

A video system for horizontal panning according to an
inventive arrangement comprises a video display having a wide
format display ratio for displaying a video signal. A signal
processor has an interpolator and a first in first out line memory
having asynchronous write and read ports for selectably expanding
and compressing a picture represented by data in the video signal.
The picture is cropped to define a subset of the picture for display
by controlling writing of the data into the line memory. A
microprocessor for controls provides control signals with
selectable time durations and selectable phases relative to a
synchronizing component of said video signal for selecting
boundaries of the subset of the picture for display. The
microprocessor can select the time durations and the phases
responsive to user commands.

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

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

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

FIGURE 4 is a block diagram showing further details of the
wide screen processor shown in FIGURE 3.
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data fromthe video RAM such as video RAM 350, is displayed, the skew
ecrors are seen as randomjitter along vertical edges of the picture and
are general ly considered quite objectionable. The picture-in-picture
processor 320, according to an inventive arrangenent and unlike the basic
CPIP chip, is adapted for asymetrically conpressing the video data in one
of a plurality of display nodes. In this gode of operation, the pictures
are 21 conpressed 4:1 in the horizontal direction and 3:1 in the

vertical directRIGUREhSsisagy ipheck idiagrare of thenpictems-impistadeices aspect
ratio di st‘ga&ggs&i QﬁékﬁlﬁsinfﬁfG@h‘H gge in the video RAM bjects in the

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
cropped signals.

FIGURE 9 is a block diagram showing the main signal path of
FIGURE 6 in more detalil.

FIGURE 10 is a block diagram showing the auxiliary signal path
of FIGURE 6 in more detail.

FIGURE 11 is a block diagram of the the timing and control
section of the picture-in-picture processor of FIGURE 5.

FIGURE 12 is a block diagram of a circuit for generating the
internal 2fy signal in the 1fy to 2f4 conversion.

FIGURE 13 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.
FIGURE 14 is a block diagram of the RGB interface shown in
FIGURE 2. '

FIGURE 15 illustrates waveforms useful for explaining video
compression. '

FIGURE 16 illustrates waveforms useful for explaining video
expansion.

FIGURE 17 is useful for illustrating picture cropping resulting
from zooming. |

FIGURES 18 and 19 are timing diagrams useful for explaining
horizontal panning of a cropped. video signal.

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

~ screen televisions according to the inventive arrangements. The
inventive arrangements are in some cases directed to the display
formats themselves, apart from specific underlying circuitry. For
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pi ctures are squeezed horizontally. However, if these pictures are read out
rormal |y, as for exanple in the channel scan node, for display of a 16 X 9
format display ratio screen, the pictures appear correct. The picture fills
the screen and there is no aspect ratio distortion. The asymetric
conpressi on node according to this aspect of the invention nmakes it
possible to generate the special displaysformats on a 16 X 9 screen w thout
external speed up circuitry. FIGURE 11 is a block diagramof the tim ng and
control spdtpasess2d mnweniepi::etinr dlustration and iscession, hémeinexanpl e a

nodi fi ed t’@ﬁ@éﬁ’t"bﬁ’él %r tprﬁ'ﬁ‘é%fi Qﬁﬁﬂﬁ%vﬁmqﬁ\ for i Ghdsles a
decimation clircult r,.c conpress|jon as one

é?” | d5omst o o e Ko
of a pl ur 3PYGP &f §'9P t'%tﬂ%n P@M whergasi 3pWide nodes can
provi de ascxnelerar@rsmayt torezatotati fdfewédllh to height for a vudeo 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,
having a conventional format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X3 format
display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
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 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
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
without distortion. A 16 X 9 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
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. I|f both the main and auxiliary video signals are 16 X 9
format display ratio sources, the inset picture can also have a

16 X 9 format display ratio. ~ The inset picture can be displayed in
many different positions.
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si zes. Each of horizontal and vertical decimation circuits conprises a
counter which is programed for a conpression factor froma table of val ues
under the control of the WBP [err]P 340. The range of values can be 1:1,
2:1, 3:1 and so on. The conpression factors can be symetric or asymretric,
dépendi ng upon how the table is set up. Control of the conpression ratios

can al so be inplenented by fully programgabl e, general purpose decimation
circuits under the control of the WBP [err]P 340. In full screen PIP nodes,

the }o: cture-i nFI!’GQ{RIEe mdgmﬂﬁgfutesi fa G@biayﬂ%'rrﬁat,"\bv}hféréinf 'tﬁ@j mtannidrgj y
e cons Iy Vigeod Sorals off Qishlayes” Wit 0 saridl SEATBREWE v
gener at e E&chz gisplayaatea dias @il fesmat display. ratiesf 8iX 8l whinte iprafcessed
in the pigbufse idiffePbit WonPROFEIEOK d Orarid'@ Xad.i OUP drdlel FsRBW Pdes such
as zoom . \ . : :
4 X 3 format display ratio source in such a display area, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
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.
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.
FIGURE 1(e) is a display format wherein a 4 X 3 format
display ratio picture is displayed in the center of a 16 X9 format
display ratio screen. Dark bars are evident on the right and left
sides.
FIGURE 1(f) illustrates a display format wherein one large
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
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
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
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freeze and channel scan. During the channel scan node, for exanple, the
hori zontal and vertical sync present fromthe video signals input section

wi || have many di scontinuities because the signals sanpled (different
channels) will have non-related sync pulses and will be swi tched at
seeningly random nonents in tine. Therefore the 22 sampl e clock (and

read/ wite video RAM cl ock) is determ negq, by the free running oscillator.

For f d des, t, anple clock will be | ocked to, inconm ng
Voo horTOBAGaPIHES. wit otill, st Bec appees alod 58S the- {Hge. HRILES ¢ ho

di spl ay drotike foresirvamcly . aritk ftiee rthrge agaalh pictuFésSdrEtie othet/havidargnCSYNC
(conmposi iy switched in position, as shown in FIGURE 1(g).

FIGURE 1¢h) illustrates an alternative wherein the 4 X 3
format display ratio picture is centered, and six smaller 4 X 3
format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format. ' :

FIGURE 1(i) shows a display format having a grid of twelve
4 X 3 format display ratio pictures. Such a display format is
particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths.

The various formats shown in FIGURE 1 are illustrative, and
not limiting, and can be implemented by wide screen televisions
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
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
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
piurality 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
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sync) outputs fromthe picture-in-picture processor in analog formcan be
re-encoded into Y/ C conponents by encode circuit 366, which operates in
conjunction with a 3.58 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
cénponents to be substituted for the Y/ C conponents of the main signal.
Fromthis point on, the PIP encoded Y, U110/ and sync signals would be the
basi s forﬁéﬁrlzontal and vertical timng in the rest of the chassis. This

mode of o¥Y8PNBNrEceriiop, apH; aalaler Wcﬁﬁﬁﬂfbneﬁhﬁnﬁi:aswfé‘-ﬁ\ ABdeconiroishe PI P,
based upowwfmphramma)ﬁnpthtels rshppﬁedatmra first furd? 206nandetomai Becbadal

ture .processor

ggghco\r/rvpﬁl ses ér% rﬁ&(&;r&a %é b§ Iﬁﬁt@ t% %‘pépes i on 324,
fast swit @93 sWhieh §oqmataomur§1@@tr.@h fege';tons related to tuning,

horizontal and vertical deflection and video controls. The particular

one-chip shown is industry designated type TA7730. The baseband

video signal VIDEO OUT developed in the one-chip and resulting from

the signal from first tuner 206 is an input to both video switch 200

and the TV1 input of wide screen processor 30. Other baseband

video inputs to video switch 200 are designated AUX1 and AUX 2.

These might be used for video cameras, laser disc players, video

tape players, video games and the like. The output of the video

switch 200, which is controlled by the chassis or TV microprocessor

216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another

input to wide screen processor 30.

With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
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 signai 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
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timng and control section 328 and digital to anal og converting section
330. In general, the picture-in-picture processor 320 digitizes the video :
signal into |um nance (Y) and color difference signals (U, V), subsanpling
and storing the results in a 1 negabit video RAM 350 as expl ai ned above.
The vi deo RAM 350 associated with the picture-in-picture processor 320 has
a menory capacity of 1 megabit, which ig not large enough to store a full
field of video data with 8-bit sanpl es. ]fncreased menory capacity tends to
be expenstovdigital darmr egiheewide escraepl @xocessaretentfucthecusigngl The snal | er
nunmber of pRidasdiRg. sampl e in the auxili ary channel represents a reduction

whigh is. E?E'ceﬁgéﬁsé’ééﬁﬁ duiger 288 nctiofiafygHBlinec: A8 spaf BE thocwiiuct i on

of bandwi sicdeeins pragessonad0 ydevehopbla:rba/dw"artmmdemsigmlyT‘dQSpAayed picture

I's relati yginin SEW2 sefbtits between the TV2 and SWITCHED VIDEO signals |
as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and SW4
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
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 an
adaptive line comb filter. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converied to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
formats.

A composite synchronizing signal COMP SYNC, corresponding to

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
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
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
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can be troublesone if the auxiliary displayed picture is larger, for

exanpl e the sane size as the main displayed picture. Resolution processing
circuit 370 can selectively inplenment one or nore 23 schenes for

enhanci ng the quantization resolution or effective bandw dth of the
guxiliary video data. A nunber of data reduction and data restoration
schenes have been devel oped, including fog exanple, paired pixel
conpression and dithering and dedithering. A dedithering circuit would be
oper at i veayxiliasyosddodsignal rarendeleldped: ibye sy RAN fieratdro25@x anthe in t he
auxi | iar ymda?ngére%t rerEeé&?r.gat e array, as explained in nore detail bel ow
Moreover, different ) . i .

The 1fy to 2f4 converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced
signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generated by
interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
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
V_2fy signals is supplied to the RGB interface 60.

The RGB interface 60, shown in more dstail in FIGURE 14,
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
2f 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 fyext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,
by generating an internal/external control signal INT/EXT. However,
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
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 proceséing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
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di thering and dedithering sequences involving different nunbers of bits and
different paired pixel conpressions involving different nunber of bits are
contenpl ated. One of a nunber of particular data reduction and restoration
schenmes can be selected by the WP [err]P in order to maxim ze resol ution
df the displayed video for each particular kind of picture display format.
The | um nance and col or difference S|gnqls are stored in an 8:1:1 six-bit

Y, U,V fashion. In other words, each conponent is quantized into six-bit

sanpl es. fRee flox ann Bleei @thIGmch(bsaﬂmd)@ghfm) evEhg pieturesin-pidtore i
mode wher TR néﬁﬁ%%*b@‘c’“@%“%a%qé?s?@ ﬁjﬁaﬂﬁﬁfﬁﬁic’%ﬁ% oF 2868, o ooked
to the i nS¥@eRg MHGIQRNOLESSOr dMSBy HENr Mjcrarieaessast3d8dis I n this node,
data storggsponsivie tgi o TRAVhicsoprdceeaen# 16/ ovarma aferidlfsds t hphdata is read
out  of th&anal bus includes four signal lines, for data, clock signals, enable

signals and reset signals. The wide screen processor 30 also

generates a composite vertical blanking/reset signal, as a three

level sandcastle signal. Alternatively, the vertical blanking and

reset signals can be generated as separate signals. A composite

blanking signal is supplied by the video signal input section to the

RGB interface.

The deflection circuit 50, shown in more detail in FIGURE 13,
receives a vertical reset signal from the wide screen processor, a
selected 2f4 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
processor 30, the 1fy to 2fy 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.

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
encoder 227. Further details of the wide screen processor, which
are in common with both the 1fy and the 2fy chassis, for example
the PIP circuit, are shown in FIGURE 4. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 5. The gate array 300 is
shown in more detail in FIGURE 6. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal
paths, have already been described in detail.
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pi cture-in-picture processor video RAM 350, it is read using the sane 640fH
¢l ock locked to the incom ng auxiliary video signal. However, even though
this data was orthogonally sanpled and stored, and can be read out
orthogonal ly, it cannot be displayed orthogonally directly fromthe video
RAM 350. due to the asynchronous nature f the main and auxiliary video
sources. The main and auxiliary video sources mght be expected to be

synchronous only in that instance where theé are di sg,l ayi ng Si gnal s from
the sanme vi deof R@EREONA-tuR P 208 hassasseriated duerawd dF gelagey 22

sygchrggla'm tdiﬁaaumhlslt exzﬁmnmﬂe sebahdi tuneh 208 tait opdratédl in from t he
Cour bit GamngtSaidih TawisiE W aafll (Fob WEE M Y cBmitises 40 o bi ocks
from t he inpaéoupNt 41®| semmrpL&ciq#brand Hre analeg bbutpubtsgoiionaB46B.
The 1/O section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and
control signals for the switches SW1 through SW6. The /O section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog
output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258. '

The gate array 300 is responsible for combining video
information from the main and auxiliary signal paths to implement a
composite wide screen display, for example one of those shown in
the different parts of FIGURE 1. Clock information for the gate array
is provided by phase locked loop 374, which operates in conjunction
with low pass filter 376. The main video signal is supplied to the
wide screen processor in analog form, and Y U V format, as signals
designated Y_M, U_M and V_M. These main signals are converted
from analog to digital form by analog to digital converters 342 and
346, shown in more detail in FIGURE 4.

‘The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. The select line UV_MUX for the analog switch, or multiplexer
344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
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reduce the data clock rate from 1280fH to 640f H. 24 Cenerally, the video
di splay and deflection systemis synchronized with the nmain video signal.
The main video signal nust be speeded up, as explained above, to fill the
wi de screen display. The auxiliary video signal nust be vertically
synchroni zed with the first video signal and the video display. The

auxi liary video signal can be del ayed byla fraction of a field period in a
field nenory, and then expanded in a |line nmenory. Synchronization of the
auxi | i ar ytaggled.dat &, vii.t h. mai withpdkintegugtios. adben)l asdddVgatat i | i zi ng t he

vi deo RAMgEaBnms cutl bRltHe "BARIDY 8 Uigital tohveRelrs 'F42 Giid (346 @rel | ne
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
clock gating information from the interpolator control 349 of main
signal processing path 304 must be similarly delayed. Were the
clock gating information not delayed, the UV data will not be
correctly paired when deleted. This is important because each UV
pair represents one vector. A U element from one vector cannot be
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 muitiplexing 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 uP
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 FIFQ'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
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menory devi ce 354 for expanding the signal. The size of FIFO 354 is 2048 X
8. The size of FIFOis related to the mninum|ine storage capacity thought
to be reasonably necessary to avoid read/wite pointer collisions.
Read/wite pointer collisions occur when old data is read out of the FIFO
bef ore new data has an opportunity to be witten into the FIFO Read/wite
poi nter collisions also occur when new daga overwites the nenory before
the ol d data has an opportunity to be read out of the FIFO The 8-bit
DATAPI P o%u%t“@nbcségna&omm'%@gRAN%som@atmmttwepﬁtlotqowsw%e FI FO 354

Wit hI t heh@ﬁﬁ_ﬁt Md‘éof@igrial-rm\n@glr\e_rﬂxowsgﬁr a:ﬁé&i_tmd Gﬁ&h_p‘dhieﬁ'tskvvgﬂwés%eﬂ to
Sl ¢ Lo B Aol rel Sonk el R Aot okl B b g 1S, g
t he di splegnudrters 8601384 andnBbdh iThd anatay tformosignals,atiesignatedny zi ng
conponentyohnd V, are supplied to the 1fy to 2f4 converter 40 for conversion

to noninterlaced scanning. The Y, U and V signals are also encoded to

Y/C format by encoder 227 to define a wide format ratio output

signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5

selects a synchronizing signal for the encoder 227 from either the

gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.

Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing

signal for the wide screen panel output.

Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 12. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voltage controlled
oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy responsive to a ceramic
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
is a 1f4 REF timing signal. The 32f4y REF and 1f4 REF timing signals
are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1f4 REF
signal assures that the divider operates synchronously with the
phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f4-REF signal will have an adequate
pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2fy voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
theretc. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2f4 scanning period
is symmetric within each 1fy period of the input signal. Otherwise,
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the main video channel. The use of a multiple Iine menory (FIFO which has
| ndependent read and wite port clocks enabl es data which was orthogonal ly
sanpled at a first rate to be displayed orthogonally at a second rate. The
asynchronous nature of the read and wite cl ocks, however, does require
that steps be undertaken to avoid read/wite pointer collisions. The nmain
signal path 304, auxiliary signal path 396 and output signal path 312 of
the gate array 300 are shown in block diagramformin FIGURE 6. The gate
array al stheodisplaye snay cénbibst/ saymasteirrsuliutt, 1832 Oe xavahpte \\@h drein JHalflagfoder

310 el aRg g@jgg §s rePUhitdd 15 e gt iR [HAIF 17 @R Uitfdo FHds are

esupplledto eac e nmaln circults and paths
i dentifiedh oéf'eméf’ -as to the picture-in-picture processor 320 and

resol ution The deflection circuit 50 is shown in more detail in FIGURE 13.
' A circuit 500 is provided for adjusting the vertical size of the

raster, in accordance with a desired amount of vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502
provides a constant quantity of current IRamp which charges a
vertical ramp capacitor 504. A transistor' 506 is coupled in parallel
with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current Iramp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
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
508 is responsive to a vertical size adjust signal, for example in
analog form, generated by a vertical size control circuit. Vertical
size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or
back panel adjustment knob. In either event, the vertical deflection
coil(s) 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
FIGURE 14. The signal which is to be ultimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
RGB signals and a composite blanking signal from the video signals
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25 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

i nventive arrangenments. The gate array is responsible for expanding,
conpressing and croppi ng video data of the main video channel, as and if
necessary, to inplement different plcturq di splay formats. The | um nance
conponent Y MNis stored in a first in flrst out (FIFO line nmenmory 356 for

a | ength dhpat secmp@malﬂg inputshto aat RGBab Yhe Vnésrivener 690. offhbhe

TGS SRR, SOBEERIE BNl O b R ot ored
signal is an mput o external synchronizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by
switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a
user selection. However, if a user inadvertently selects an external
RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will gollapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of such a signal, a
switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
the signal therefrom is not present. The RGB to YUV converter 610
also receives tint and color control signals from the WSP pP 340.

A wide screen television in accordance with the inventive
arrangements can be implemented with 1fy horizontal écanning
instead of 2fy horizontal scanning, although such a circuit is not
illustrated. A 1fy circuit would not require the 1fy to 2f4 converter
and the RGB interface. Accordingly, there would be no provision for
displaying an external wide format display ratio RGB signal at a 2fy
scanning rate. The wide screen processor and picture-in-picture

- processor for a 1fy circuit would be very similar. The gate array
could be substantially identical, although not all of the inputs and
outputs would be utilized. The various resolution enhancement
schemes described herein can be generally applied without regard to
whether the television operates with 1fy or 2fy scanning.

- FIGURE 4 is a block diagram showing further details of the
wide screen processors 30 shown in FIGURE 3 which would be the
same for both a 1fy and 2fy chassis. The Y_A, U_A and V_A signals
are an input to the picture in picture processor 320, which can
include a resolution processing circuit 370. The wide screen
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chrom nance conponents Y PIP, UPIP and VPIP are devel oped by denul ti pl exer
355. The | um nance conponent undergoes resol ution processing, as desired,
in circuit 357, and is expanded as necessary by interpol ator 359,
generating signal Y AUX as an output. In sone instances, the auxiliary
display will be as large as the main signal display, as shown for exanple
in FIGURE 1(d). The nenory |imtations agsociated with the

pi cture-in-picture processor and video RAM 350 can provide an insufficient
nunber of tedevigsiqgroiatcerding po xaspedtsrof ithisi inyendion ganaeypaddsahdy area. In

those ci réb't’iﬂ'é‘%%ﬁgeé.es%'& specil AAfREs miblodied 'oy3¥e ORlidss used Lo
restore pixel's to the auxjlia g/ yideo s glnal to,r lgiiﬁ thse | ost during
dat a conpfRIPOSHe gfsm%}ﬁugé’[’m%. MHﬁtr?E%‘i)l 0t P8R 1 g In8Y8 correspond to
t he resol generatedobgs shagpictuy-ireptuly processbr 3320 siwighi gahl GURE 4. As
an exanmpl gaodild Gesbivtich F¥cd%el data signals Y_RP, U_RP and V_RP from

resolution processing circuit 370. Resolution processing need not be

utilized at all times, but during selected display formats. The

picture-in-picture processor 320 is shown in more detail in FIGURE

5. The principal components of the picture-in-picture processor are

an analog-to-digital converter section 322, an input section 324, a

fast switch (FSW) and bus section 326, a timing and control section

328 and a digital-to-analog converter section 330. The timing and

control section 328 is shown in more detail in FIGURE 11.

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 publicafion entitted The CTC 140 Picture in Picture (CPIP)

Technical Training Manual, available from Thomson Consumer

Electronics, Inc., Indianapolis, Indiana. A number of special features

or special effects are possible, the following being illustrative. The

basic spebial effect is a large picture having a small picture

overlaying a portion thereof as shown in FIGURE 1(c). The large and

small pictures can result from the same video signal, from different

video signals and can be interchanged or swapped. Generally

speaking, the audio signal is switched to always correspond to the

big picture. The small picture can be moved to any position on the

screen or can step through a number of predetermined positions. A

zoom feature increases and decreases the size of the small picture,

for example to any one of a number of preset sizes. At some point,

for example the display format shown in FIGURE 1(d), the large and

small pictures are in fact the same size.

In a single picture mode, for example that shown in FIGURES

1(b), 1(e) or 1(f) a user can zoom in on the content of the single

picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in

the zoom mode a user may search or pan through the picture content

enabling the screen image to move across different areas of the
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dithering circuit and circuit 357 may be a dedithering circuit. The
auxiliary video input data is sanpled at a 640fH rate and stored in video
RAM 350. The auxiliary data is read out of video RAM 350 is desi gnated
VRAM QUT. The PIP circuit 301 also has the capability of reducing the
auxiliary picture by equal integer factors horizontally and vertically, as
wel | as asymetrically. Wth further refegsgnce to FIGURE 10, the auxiliary
channel data is buffered and synchronlzed to the mai n channel digital video

360 and sPIEMrEh Jo: paner, &f ?Vr%‘.“?“‘%'g*?ﬁ 2 YRl BOpule, o 28 Jehod gy O

(I uni nancedr tmsa 2PQBEHoPIGIHTR GRS displayravoireeae: diardg; (sl picture

format). This function enables a strobe format, wherein the last
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 to another inventive arrangement differs
from the present configuration of the basic CPIP chip itself as
described above. If the basic CPIP chip were used with a television
having a 16 X 9 screen, and without a video speed up circuit, the
inset pictures would exhibit aspect ratio distortion, due to the
effective 4/3 times horizontal expansion resulting from scanning
across the wider 16 X 9 screen. Objects in the picture would be
horizontally elongated. If an external speed up circuit were utilized,
there would be no aspect ratio distortion, but the picture would not
fill the entire screen.

Existing picture-in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The
incoming video is sampled with a 640fy clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect to the incoming auxiliary
video source. This is a fundamental limitation on the basic CPIP
method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When
data from the video RAM, such as video RAM 350, is displayed, the
skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.

The picture-in-picture processor 320, according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
asymmetrically compressing the video data in one of a plurality of
display modes. In this mode of operation, the pictures are
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26 data) by denultiplexer 355. The FSWDAT i ndicates which field type was
witten into the video RAM The PIP_FSWsignal is received directly from
the PIP circuit and applied to the output control circuit 321 to determ ne
which field read out of video RAMis to be displayed during the small

pi cture nodes. The auxiliary channel is sanpled at 640fH rate while the
mai n channel is sanpled at a 1024fH rat21 The auxiliary channel FIFO 354
converts the data fromthe auxiliary channel sanple rate to the main

?2822%48&&%@@&&_4:’1 INithePhBFi2SAtalt BRe¥iid® Oasd WAl in AR 9BRFcAN 8/ 5

02 QR i Ay natc Aot e Brassint. BRAUEos mbaer orY
channel matio ldistoxienhgictubgs tioe storagedhathe video t BAMy r Ejegtsdirsgthay a 4 X
3 small phihi¥es al8esqueezed 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

aspect of the invention makes it possible to generate the special

display formats on a 16 X 9 screen without external speed up

circuitry. :

FIGURE 11 is a block diagram of the timing and control section
328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a
decimation circuit 328C for implementing the asymmetric
bompression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a
table of values under the control of the WSP uP 340. The range of
values can be 1:1, 2:1, 3:1 and so on. The compression factors can be
symmetric or asymmetric, depending upon how the table is set up.
Control of the compression ratios can also be implemented by fully
programmable, general purpose decimation circuits under the cantrol
of the WSP uP 340.

In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
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interpolator 359 is controlled by interpolator control circuit 371, which

Ls itself responsive to WSP [err]P 340. The ampunt of interpolator

- expansion required is 5/6 The expansion factor X is determ ned as foll ows:
X = (640/1 024) * (4/3) = 5/6 The chrom nance conponents UPIP and VPIP are
del ay matched by circuit 367 for a length of tinme depending on the nature

of the interpolation of the’lum nance coddonent, generating signals U AUX

and VAUX as out puts. The respective Y, U and V conponents of the main and

auxi |I'i ar ysampiel dloek e(anehireadtvrite nddeecRIAM ololck) [§ edetesmbried B4 thend 319

he E?F%”féaﬁt Etﬁ*’g@@' ofhdat Rt eRe p?*éers hiddBay tﬁﬁgg%}?@%gna' > o
r esponsi velock ‘ﬁﬁk@dp“éﬂ6¢oﬁwmgr0ﬂ9§| hetizental 1synGumhieh nid ¢ i pl exer
control ciHedd tspecnal cases is the same as the display clock frequency.

Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog form
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 signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFQ'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. [n 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 resolution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
‘throughout. This effective reduction of bandwidth is not usually a
problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displdyed picture. Resolution
processing circuit 370 can selectively implement one or more
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321 is responsive to the clock signal CLK, the start of |ine signal SO,
the HCOUNT signal, the vertical blanking reset signal and the output of the
fast switch fromthe picture-in-picture processor and WEP [err] P 340. The
mul ti pl exed | um nance and chrom nance conponents Y _MX, U MX and VMX are
supplied to respective digital/anal og converters 360, 362 and 364
.respectively. The digital to analog cogpserters are followed by | ow pass
filters 361, 363 and 365 respectively, shown in FIGURE 4. The vari ous
funct i onssciiemies forctant@raingi theurquantmatroresohdiamtar affesyivand t he dat a

|ZZ reduct haRdwidtRUbt tRbCaGRliaRPVidéhb lﬁ’at&ﬁpﬂqwdwﬁ’eﬁﬂ- datf ré&liclieh r1 P 340
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
dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
particular kind of picture display format.

" The luminance and color difference signals are stored in an
8:1:1 six-bit Y, U ,V fashion. In other words, each component is
quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
processor 320 is operated in a mode whereby incoming video data is
sampled with a 640fy clock rate locked tc the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the
video RAM is orthogonally sampied. 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 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.

Further processing is required in order to synchronize the
auxiliary channel, that is the output of data from the video RAM 350,
to the main channel. With reference again to FIGURE 4, two four bit
latches 352A and 352B are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches also
reduce the data clock rate from 1280f4 to 640fy.
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responsive to the TV [err] P 216, being connected thereto by a serial bus.
The serial bus may-be a four wire bus as shown, having lines for data,
clock signals, enable signals and reset signals. The WSP [err] P 340
~conmuni cat es W|th the different circuits of the gate array through a WP
Ferr] P decoder 310. In one case, it is necessary to conpress the 4 X 3 NISC
video by a factor of 4/3 to avoid aspecjyratio distortion of the displayed
picture. In the other case, the video can be expanded to perform horizontal

z00mi ng oper A AiANgUahbY vRRAPEISNRGCaRY UBlibLASh FAfBTGs Hori zontal zoom

t tQ 3 A) t I
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to a newbei speededi upoas bxplaired tahowa;nhOnﬁhctdaevmm doredni displayup to 5.5
Mz for SREHRUaRt vidss UabRaI anbidt e RASARAIFISy AEnioMFzAY ANitRt t@! d over
first video signal and the video display. The auxiliary video signal
can be delayed by a fraction of a field period in a field memory, and
then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line

memory device 354 for expanding the signal. The size of FIFO 354 is
2048 X 8. The size of FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write
pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. Read/write pointer collisions also occur
when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO.

The 8-bit DATA_PIP data blocks from video RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture
processor 640fy clock which was used to sample the video data, that
is, the 640fy clock which is locked to the auxiliary signal, rather
than the main signal. The FIFO 354 is read using the display clock of
1024fy, which is locked to horizontal synchronizing component of
the main video channel. The use of a multiple line memory (FIFO)
which has independent read and write port clocks enables data which
was orthogonally sampled at a first rate to be displayed
orthogonally at a second rate. The asynchronous nature of the read
and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions.

The main signal path 304, auxiliary signal path 306 and output
signal path 312 ‘of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are
supplied to each of the main circuits and paths identified above, as
well as to the picture-in-picture processor 320 and resolution
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frequency, which is 8 Mz for a 1024fH cl ock. As shown in FIGURE 6, the

| um nance data YMN is routed through an interpolator 337 in the main signal
pat h 304 which recal cul ates sanpl e val ues based on the conpression or the
expansi on of the video. The function of the switches or route selectors 323
and 331 is to reverse the topology of the main signal path 304 with respect
to the relative positions of the FIFO 356 and the interpolator 337. In
particul ar, these swi tches sel ect whet héP t he i nt erpol ator 337 precedes the

FI FO 35Fpr@ée§s§§gi éﬁduﬁt%?@pgng %ifi BB, aBbré&laiTér;t?rth’ab?wﬁbﬁ%rgg‘? ﬁg@ggclies the
responsi RTEUT i1yl BBt cire. Pty HB1338 S5nPEing Sart &8, 1 88i8nsi ve to-
the WSP p&fay Ps3lapgely animpattiee obmanuearidncaatordfacilitatingl éxplacatioa nodes
t he auxibkaﬂﬁ,qhﬁg@n@éggghnbgnﬁgﬁgyessed for storage in the video RAM

The gate array is responsible for expanding, compressing and
cropping video data of the main video channel, as and if necessary,
to implement different picture display formats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory
356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
_processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.

In some instances, the auxiliary display will be as large as the
main signal display, as shown for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of
data points, or pixels for filling such a large display area. In those
circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compressioh, 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
dithering circuit and circuit 357 may be a dedithering circuit.

The auxiliary video input data is sampled at a 640fy rate and
stored in video RAM 350. The auxiliary data is read out of video RAM
350 is designated VRAM_OUT. The PIP circuit 301 also has the
capability of reducing the auxiliary picture by equal integer factors
horizontally and vertically, as well as asymmetrically. With further
reference to FIGURE 10, the auxiliary channel data is buffered and
synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
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350, and only expansion is necessary for practical purposes. Accordingly,
no conparable switching is required in the auxiliary signal path. The main
signal path is shown in nore detail in FIGURE 9. The switch 323 is

i mpl enented by two nultiplexers 325 and 327. Switch 331 is inplemented by
nul tipl exer 333. The three nmultiplexers are responsive to the route control
circuit 335, which 28 is itself res@ensive to the WEP [err] P 340. A
horizontal tim ng/synchronization circuit 339 generates timng signals

control l iqitaj Ny WerhuRipleasr 388N Mh@FSAE DA T GhdicitedWhi@ figiiches
type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
“control circuit 321 to determine which field read out of video RAM
is to be displayed during the small picture modes.

The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024f4 rate. The auxiliary channel FIFO 354
converts the data from the auxiliary channel sample rate to the main
channel clock rate. In this process, the video signal undergoes an
8/ (1024/g409) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
interpolator 359 is controlled by interpolator control circuit 371,
which is itself responsive to WSP uP 340. The amount of
interpolator expansion required .is 5/g. The expansion factor X is
determined as follows:

X = (640/1024) * (4/3) = 5/g

The chrominance components U_PIP and V_PIP are delay
matched 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 multiplexers 315, 317 and 319 are responsive to output
multiplexer control circuit 321. OQutput muitiplexer control circuit
321 is responsive to the clock signal CLK, the start of line signal
SOL, the H_COUNT signal, the vertical blanking reset signal and the
output of the fast switch from the picture-in-picture processor and
WSP uP 340. The multiplexed luminance and chrominance
components Y_MX, U_MX and V_MX are supplied to respective
digital/analog converters 360, 362 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

;s
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347 and 351, and nultiplexer 353. The clock signal CLK and start of line
signal SOL are generated by the clocks/sync circuit 320. An analog to
digital conversion control circuit 369 is responsive to Y_MN. the WSP
[err]P 340 and the nost significant bit of UVYMN. An interpolator control
gircuit 349 generates internedi ate pixel position values (K), interpolator
conpensation filter weighting (C and clock gating information CGY for the
| um nance and CGQUWV for the color conpon@fits. It is the clock gating

Lol " echam el Sanome sty Sioropmoapl e RSP BAOTL Y,
canpl os {@SpNsiR el TVe e 2B, fesingy pantedied BirrRta W0RFede on | s
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’ uP 340 communicates with the different circuits of the gate array
through a WSP uP decoder 310.

In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
used to recalculate the incoming video to a new pixel positions
because the luminance video bandwidth, up to 5.5 MHz for S-VHS
format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 1024f4 clock.

' As shown in FIGURE 6, the luminance data Y_MN 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
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
compression, or whether the FIFO 356 precedes the interpolator 337,
as required for expansion. The switches 323 and 331 are responsive
to a route control circuit 335, which is itself responsive to the WSP
puP 340. it will be remembered that during small picture modes 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. _

The main signal path is shown in more detail in FIGURE 9. The
switch 323 is implemented by two multiplexers 325 and 327.

Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which
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meani ng that when this signal is high the data is being witten into the
FIFO Every fourth sanple is inhibited frombeing witten into the FIFQO
The jagged |ine LUMARAMPOUT represents the |unminance ranp data as it would
be read out of ‘the FIFOQ if the data were not first interpolated. Note that
the average slope of the ranp read out of the |um nance FIFO is 33% steeper
than the input ranp. Note also that 33%gl ess active reading tine is
required to read out the ranp as was required to wite in the data. This
const i t uigstselte rddpo mgiver S SheoWSP tuP s3dtre AUmerizentaif the interpol ator

that © h;‘ﬁﬁﬁb%%@i%re”ﬁz%ﬁgbh@%ﬁao% AR g S albgeq o °°
Expansi o6onelling: ther moitingd and ¢sadingy of hbeo FIEO's; casrawealrasidatahes essi ons.
In the cady ghdcaspr and ﬁﬂﬁtlbhﬁ(e‘ﬁ”%? emﬁbl Sloek9sighal TLK! &%k aki oo
| nformati, liRe gligtn% h§8L are generated by %e clocks/sync circuit 320. An

analog to digital conversion control circuit 369 is responsive to

Y_MN. the WSP uP 340 and the most significant bit of UV_MN.

An interpolator control circuit 349 generates intermediate

pixel position values (K), interpolator compensation filter weighting

(C) and clock gating information CGY for the luminance and CGUV for

the color components. It is the clock gating information which

pauses (decimates) or repeats the FIFO data to allow samples not to

be written on some clocks for effecting compression or some

samples to be read multiple times for expansion.

Such a compression is illustrated in FIGURE 15. The
LUMA_RAMP_IN line represents luminance ramp video data being
written into the FIFO. The WR_EN_MN_Y signal is active high,
meaning that when this signal is high the data is being written into
the FIFO. Every fourth sample is inhibited from being written into
the FIFO. The jagged line LUMA_RAMP_OUT represents the luminance
ramp data as it would be read out of the FIFO, if the data were not
first interpolated. Note that the average slope of the ramp read out
of the luminance FIFO is 33% steeper than the input ramp. Note also
that 33% less active readmg time is required to read out the ramp as
was required to write in the data. This constitutes the 4/3
compression. It is the function of the interpolator 337 to
recalculate the luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.

Expansions may be performed in exactly the opposite manner
as 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 will pause the data as it is
being read from the FIFO 356. as shown in FIGURE 16. The
LUMA_RAMP_IN line represents the data prior to being written into
the FIFO 356 and the jagged line LUMA_RAMP_OUT represents the
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I nhibit pul ses. For expanding data, the clock gating information is applied
to the read enable signal. This will pause the data as it is being read
fromthe FIFO 356. as shown in FIGURE 16. The LUMARAMPIN |ine represents
the data prior to being witten into the FIFO 356 and the jagged line
LLUVARAMPOUT 1 epresents the 29 data as it is read out of the FIFO 356. In
this case it is the function of the intggpolator, which follows the FIFO
356, to recalculate the sanpled data fromjagged to snooth after the

expansi ordatanashi¢ isxigadk oot fakte FieOdaba. rrmtthrsaagéevwhusdh@efwg:tmad from
the FI FO gbthgnimtuiidiatdte whicH 96leWst e RIFO 8568 Nter RlatéWatedIhe This is

sampled data from jagged to smooth after the expansion. In the
expansion case the data must pause while being read from the FIFO-
356 and while being clocked through the interpolator 337. This is
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression
and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the
rising edges of the 1024fy system glock.

There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data
decimation and data repetition, may be performed in a synchronous
manner. If a switchable video data topology were not used to
interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made
to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
interpolator and one FIFQO to perform both compressions and
expansions. |If the video switching arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFO's to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
be placed in front of the interpolator and one FIFO for compressions
would need to be placed after the interpolator.

Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y.
U, V, 8:1:1 field memory, video RAM 350, to store incoming video
data. The video RAM 350 holds two fields of video data in a plurality
of memory locations. Each memory location holds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640f4) and 2 other bits. These two other bits hold
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different fromthe conpression case where the data is continuously clocked
t hrough the interpolator 337. For both cases, conpression and expansion,
the clock gating operations can easily be perforned in a synchronous
manner, that is, events can occur based on the rising edges of the 1024fH
system cl ock. There are a nunber of advantages in this topol ogy for

| um nance interpolation. The clock gatisg operations, nanely data

deci mati on and data r%getition, may be perforned in a synchronous manner.

If a switaithar tasti gwitchadata offst WP Aldrer part of el U ®ri Wi saepimge t he
posi ti ongsamgled h0igafRg! arae FBWIDAP vales Riflcate WHiIER typacks filldl d need

means. ¢ hatas 8RB KEBS, Uiy SRR, kibTents (o BRIS (61 948 ngl e ol ock
cycl e or stesed findivet videlel RAMuUB50gaadsihegkeatind vides \RAM 350eisr esad t i ng
Ci reui tryy¢aRd theQidBid§ period, both fields are read during the display
scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch
data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tear problem. If the field type
being read is the opposite type than that being displayed, then the
even field stored in the video RAM is inverted by deleting the top
line of the field when the field is read out of memory. The result is
that the small picture maintains correct interlace without a motion
tear. , ,

The clocks/sync circuit 320 generates read, write and enable
signals needed for operating FIFOs 354, 356 and 358. The FIFOs for
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
auxiliary channels, but not both, as necessary to combine data from
each source on the same video line or lines of the display. The FIFO
354 of the auxiliary channel is written synchronously with the
auxiliary video signal, but is read out of memory synchronously with
the main video signal. The main video signal components are read
into the FIFOs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
video. How often the read function is switched back and forth
between the main and auxiliary channels is a function of the
particular special effect chosen.

Generation of different special effects such as cropped side-
by-side pictures are accomplished through manipulating the read and
write enable control signals for the line memory FIFOs. The process
for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pictures, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)°(5/12) = 5/12 or approximately 41% of the display

g e ; e o . Y. {
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to operate synchronously with the systemclock, since the witing or
readi ng cl ock frequency nust be twice as high as the system cl ock

requency. Moreover, the switchable topology requires only one interpolator
and one FIFO to perform both conpressions and expansions. If the video
swi tching arrangenent described herein were not used, the double clocking
situation can be avoided only by using gyw FIFO s to acconplish the

woul o nedgiv e b (BRSF 3380 BBy, 8¥ 16T % B meosullliary, dacfeb T o,
conpr essAgh¥e e periedd(nre sreqsd apddasfshownhe FIGWREo7at dhis | nt er pol ati on
of the agyrigsponds waépm&ﬁﬁatélgpssw drbSQ/Wi_(ébﬁfdxiﬁ’iM 67akLh 306. The
PI P ci rcgph é Jp%ﬁulqaﬁgﬁ aH_g Iél Y. U S8. 1 % tbleel d m?m)ry/ vi deo RAM
350, to SCHVE P P dB8 HUBLPoly PrpabsRAvEssHensIanali Bb Yeel ds of
vi deo daira the majn wided tchannel, shown in the upper part of FIGURE 6, 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

by the 910 x 8 FIFQOs. :

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

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

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

RD_EN_MN signal and ending with the beginning of the main channel

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

are synchronous with their respective FIFO input data (main or

auxiliary) while the read enable control signals are synchronous

with the main channel video.

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

desirable as it enables two nearly full field pictures to displayed in

a side by side format. The display is particularly effective and

appropriate for a wide format display ratio display, for example

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

which of course corresponds to 12 x 9. Two 4 X 3 format display

ratio NTSC pictures may be presented on the same 16 X 9 format

This is the replacement sheet
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of menory |ocations. Each nenory | ocation holds eight bits of data. In each
8-bit location there is one 6-bit Y (lum nance) sanple (sanpled at 640fH)
and 2 other bits. These two other bits hold 30 either fast switch data
(FSWDAT) or part of a Uor V sanple (sanpled at 80fH). The FSWDAT val ues
I mdi cate which type of field was witten into video RAM Since there are
two fields of data stored in the video RAM 350, and the entire video RAM
350 is read during the display period, b32h fields are read during the
di spl ay stisplayThati®®l display;ueith@0 bynidrbppirige the npichiviesh byi @Bg, véd | be read
out of theEmhy the Bictlre®! By Bk intBEuLRy Yspieldt fafRt swtch
~ distortion. Depending on user preference, the ratio of picture

cropping to aspect ratio distortion may be set any where in between

the limits of 0% and 33%. As an example, two side by side pictures

may be presented as 16.7 % squeezed and 16.7% cropped. _

The horizontal display time for a 16 X9 format display ratio

display is the same as a 4 X3 format display ratio display, because

both have 62.5 microsecond nominal line length. Accordingly, an .

NTSC video signal must be sped up by a factor of 4/3 to preserve a

correct aspect ratio, without distortion. The 4/3 factor is

calculated as ratio of the two display formats:

4/3 = (16/g) / (4/3)

Variable interpolators are utilized in accordance with aspects of

this invention to speed up the video signals. In the past, FIFOs

having different clock rates at the inputs and outputs have been used

to perform a similar function. By way of comparison, if two NTSC

4 X 3 format display ratio signals are displayed on a single 4 X 3

format display ratio display, each picture must be distorted or

cropped, or some combination thereof, by 50%. A speed up

comparable to that needed for a wide screen application is

unnecessary.

In any of the operating modes described above, for example

side by side, PIP or POP, the main picture may be zoomed, that is

enlarged, either horizohtally or vertically or both. In any of these

mode wherein the picture is zoomed horizontally to the point of

being necessarily cropped, it is advantageous for a user to have

control over horizontal panning, so as to be able to select which

portion of the picture to view at any time. Control of horizontal

panning is desirable for both expansion (zooming the main picture)

and compression modes (side by side pictures), as explained in detail

in connection with FIGURE 6. The upper left hand corner of FIGURE &

illustrates the alternative interconnections of the main FIFO 356

and the main interpolator 337. The main signal path is shown in

more detail in FIGURE 11. As shown in these figures, the topology of

the main signal path varies depending on whether the system is in

Thiz iz the raplacement shesgt
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data. The PIP circuit always reads the opposite field type that is being
witten to overcone a notion tear problem |If the field type being read is
fhe opposite type than that being displayed, then the even field stored in
the video RAMis inverted by deleting the top line of the field when the
feield is read out of nmenory. The result is that the small picture maintains
correct interlace without a notion tear. _The clocks/sync circuit 320
generates read, wite and enabl e signal§3needed for operating FIFGCs 354,

356 d c ol | F f ' 11 l.S.: . l ed f
W i t?ﬂg z't% aelxﬁgggé?tnc?ra 59‘26'?%?&?%@52[" rt’?ltl)?(fjlrlsé :)Pfcfrgzggﬂgcirbgggnﬁ ﬁcéf‘d‘ | cﬁ [ Sor
requi red iMRlemanatoantaughs pherein bg: indepandentedf these gnedss and ain or

auxi | i ar yopévaabie! withbaachomnodet h, Ties faH6 rdisé@sgionbishdirdeted ftoom each

source onpLNE AR RintihgRle' SMhRS! Met&y 85 éil%ﬁaﬂb?%faé!cn%‘rﬁeﬁé&o The
same panning implementation is effective for the main chrominance
(U,V) channel as well.

It should be understood, of course, that panning the main video
signal only makes sense when the main picture is cropped, from
compression in the side by side mode or expansion in the zoom mode.
The effect of horizontal panning is illustrated in FIGURE 17. Panning
to the middle of the picture shows most of the man and most of the
dinosaur, with some of the right side of the picture and some of the
left side of the picture cropped. -Panning to the right shows most of
the dinosaur and not much more than the trailing leg of the man.
Panning to the left shows most of the man and most of the body of
the dinosaur, but not its tail.

The FIFQ's in the main signal path have independent write and
read enable signals. This makes it possible to control both what
portion of the video signal is stored in the memory and when it is
displayed, independently of one another. Generally, if the signal is
expanded and cropped, the cropping can be done with the write
enable signal. In this way, only the video to be displayed will be
stored in the FIFO. Moreover, horizontal panning can be accomplished
by simply manipulating the write enable window, that is the time
interval d'uring which writing to the FIFO can take place, during the
active video period. This is illustrated in FIGURE 18 and 19(a) -
19(c). FIGURE 18 represents a zoomed video signal, for example
corresponding to the picture in FIGURE 17. The video signal is not
intended to portray an actual waveform. FIGURE 19(a) shows a write
enable window timed for horizontally panning to the right. FIGURE
19(b) shows a write enable window timed for horizontally panning
to the middle. FIGURE 19(c) shows a write enable window timed for
horizontally panning to the left. If the write is enabled earlier, the
effect is similar to that of a camera panning to the left, which will
make the displayed video appear to scroll towards the right of the
display. Conversely, if the write is enabled later, the effect is

i s ihe ranissernng shegt
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354 of the auxiliary channel is witten synchronously with the auxiliary
video signal, but is read out of nmenory synchronously with the main video
Signal. The main video signal conponents are read into the FIFGs 356 and
358 synchronously with the nain video signal, and are read out of menory
synchronously with the main video. How often the read function is sw tched
back and forth between the main and auxigs ary channels is a function of the
particul ar special effect chosen. Generation of different special effects

such as_eiRapdostier ofVa atfiePd Gatifing2ie BCABR naI aHich (WP ¥ke the

mani pul a e ena conjr or the I|ne menory

t
FI FCs. T#ésfgﬁdéésg'qa% qq{?%“d&%p?%[? f wads 8h?llleu'slorfam9d displBYcURES 7 and
8. In the casdf difie csigpaks codtpresseddandlicrpppedd croppingemay be donhee enabl e

control  gignane Wﬁ%ﬂié’rsia%ﬁ ¢t Yiffl ife3ahtflt MSX2Wshtotr &ir&lignnel is
321 shown in FIGURE 8. In side by side mode, cropping would be
accomplished by switching to the auxiliary channel. Main signal
panning, however, can still be accomplished by manipulating the
write enable window as described above.

Depending upon the displayed position of the main video and
the amount of horizontal overscan of the display, a limited amount
of horizontal panning may be accomplished by manipulation of the
read enable window, or a combination of the read and write enable
windows. However, manipulation of the write enable window should
be sufficient if the read enable window is set correctly.
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active for (1/2).(5/12) = 5/12 or approximtely 41% of the display 31
active line period (post speed up), or 67% of the auxiliary channel active
|ine period (pre speed up), as shown in FIGURE 7. This corresponds to
approxi mately 33% croppi ng (approxi mately 67% active picture) and the

| at er pol at or expansion of the signal by 5/6. In the main video channel,
shown in the upper part of FIGURE 6, theasite enable control signal .
(VWR_EN_MWhat ¢5 alaeneddsx 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

approxi mately 33%.r | a ression ratio of 4/3 being perforned
on the main chghn£ V@‘?@‘ngq’sqg% cSipPising’

means (244) having a wide format display ratio for
displaying a video signal;

signal processing means (304) for at least one of expanding
and compressing a picture represented by data in said video
signal, said signal processing means having memory means (356)
with asynchronous write and read ports; and,

means (338) for generating signals for controlling writing
of said data into said memory means (356) to define a subset of
said picture for display; characterized by,

means (340) for controlling said generating means (339) to
provide said write controlling signals with selectable time
durations and selectable phase relative to a synchronizing
component of said video signal.

2. The system of claim 1, characterized in that said signal
processing means comprises;

a signal processing path having an interpolator (337) and a
line memory (356); and,

means (323, 331, 335) for operatively interchanging said
interpolator (337) and said line memory (356) in said path for
selectively compressing and expanding said data.

3. The system of claim 2, characterized in that said line
memory (356) is a first in first out (FIFO) device. .

4. The sysfem of claim 1, characterized in that said
controlling means comprises a microprocessor (340).

5. The system of claim 4, fuither characterized by means
(216) for remotely controlling said microprocessor (340).

6. The system of claim 1, characterized in that said'display

means (244) has a wide format display ratio of approximately
16:9. '

[
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by the 910 x 8 FIFGCs. In each of the FIFOs, the video data is buffered to
be read out at a particular point in time. The active region of tinme where
the data may be read out fromeach FIFO is determ ned by the display formt
chosen. In the exanple of the side-by-side cropped node shown, the nain
channel video is being displayed on the left hand half of the display and
the auxiliary channel video is displaye86on the right hand half of the.

di splay. The & biThersysteneofpslairmods chiarahetertreef om nhatrsaidi fferent for

the main uxi | j.ar el Sq; [ t d enabl e control
si gnal (ﬂg}gﬁ?r\ﬁﬁdo %(%‘gﬁﬁglgnéc 'géncnteweﬁdfa}hggﬁ g& tlbgaéct ive for 50% of
the display active line period of the display beginning with the start of

active video, 8.mEdbasystent ol olgimg 6| heharadesrived Kinptiathsaithisphay! i ary
channel 1Radn§"@4 E8RIrNes® IPRbjecTBATEaMNEad T iy, for the other 50%

9. The system of claim 6, characterized in that said display
means (244) comprises a liquid crystal display.

10. A video system, comprising:

means (244) for displaying a video signal;

signal processing means (304) for at least one of selectably
expanding and compressing a picture represented by data in said
video signal, and for cropping said selectably expanded and
compressed picture to define a subset of said picture for display;
and, .

means (339) for generating signals for independently
controlling writing and reading of said data into and out of said
signal processing meéans; characterized by,

means (340) for controlling said generating means (339) to
provide said writing and reading control signals with selectable
time durations and selectable phases relative to a synchronizing
component of said video signal for selecting boundaries of said
subset of said picture for display.

11. The syétem of claim 10, characterized in that said
signal processing means comprises; '

a signal processing path having an interpolator (337) and a
line memory (356); and,

means (323, 331, 335) for operatively interchanging said
interpolator and said line memory in said path for selectively
compressing and expanding said data.

12. The system of claim 11, characterized in that said line
memory (356) is a first in first out (FIFO) device having
asynchronous write and read ports.

iy ta It s ym ey 3 - .
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the display active line period beginning with the falling edge of the

RD EN WMN signal and ending with the beginning of the main channel video
front porch. It may be noted that wite enable control signals are
synchronous with their respective FIFO input data (main or auxiliary) while
t.he read enabl e control signals are synchronous with the main channel

vi deo. The display format shown in FIGURE 1(d) is particularly desirable as
it enabl es twoldealThp bByslenmiel ¢lgincti@, esharactespédyiedthat said de by side

format. T, AR Y d i 3u ; t priate for a w de
f or mat dié@?%mﬁg ?{%éﬁ?gg{éé’y@ % gﬁ%&%ﬁ%% TX&Q%S.GC%%?RI\WSC signals are
represented in a 4 X 3 format, which of course corresponds to 12 x 9. Two 4

X 3 format di spday That isgstérbCobictdinT &3, nrtier phasacteeidednby hieamge 16 X 9
format  (516) for remotely controlling said microprocessor (340).

15. The system of claim 10, characterized in that said
display means (244) comprises a picture display having a wide
format display ratio.

16. The system of claim 15, characterized in that said
picture display (244) comprises a direct view cathode ray tube

17. The system of claim 15, characterized in that said
picture display (244) comprises a projection cathode ray tube.

18. The system of claim 15, characterized in that said
picture display (244) comprises a liquid crystal display.

19. A video system, comprising:

display means (244) having a wide format display ratio for
displaying a video signal;

signal processing means (304) having an interpolator (337)
and a line memory (356) for selectably expanding and
compressing a picture represented by data in said video signal;
and,

means (339) for cropping said picture to define a subset of
said picture for display by controlling writing of said data into
said line memory; characterized by,

a microprocessor (340) for controlling said cropping means
(339) to provide control signals with selectable time durations
and selectable phases relative to a synchronizing component of

said video signal for selecting boundaries of said subset of said
picture for display.

20. The system of claim 1, characterized in that said

microprocessor (339) selects said time durations and said phases
responsive to user commands.
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32 display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33% and introducing aspect ratio distortion.
Dependi ng on user preference, the ratio of picture cropping to aspect ratio
di stortion may be set any where in between the limts of 0% and 33% As an

exanple, two side by side pictures may be presented as 16.7 % squeezed and
16. 7% cropped. The horizontal display tinme for a 16 X 9 format di spl ay

ratio display is the sane as a 4 X 3 fo38mt display ratio display, because
bot h have 62.5 nicrosecond nonminal line |ength. Accordingly, an NTSC video
signal nust be speHDRIZONTAL RANNINGOFOR/ RIDB SCREENVEEEEVISION! aspect

ratio, without distortion. The 4/A3b£%&r IS

A video system comprises a video display (244) having a
wide format display ratio for displaying a video signal. A signal
processor (304) has an interpolator (337) and a first in first out
line memory (356) having asynchronous write and read ports for
selectably expanding and compressing a picture represented by
data in the video signal. The picture is cropped to define a subset
of the picture for display by controlling writing of the data into
the line memory. A microﬁrocessor (340) provides control
signals with selectable time durations and selectable phases
relative to a synchronizing component of said video signal for
selecting boundaries of the subset of the picture for display. The

microprocessor can select the time durations and the phases
responsive to user commands.

FIGURE 9
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calculated as ratio of the two display formats: 4/3 = (1 6/9) / (4/3)
‘Variable interpolators are utilized in accordance with aspects of this
-invention to speed up the video signals. In the past, FIFOs having.
different clock rates at the inputs and outputs have been used to performa
simlar function. By way of conparjgon, if two NTSC 4 X 3 format display
ratio signals are displayed on a single 4 X 3 format display ratio display,
each picture nust be distorted or cropped, or sonme conbi nation thereof, by

50% A sjpeed up conparabl e tof t hat a w de scrlfeen dpplrdation is
UNNecessar y= any of fhe op rgti scrib gb €2 for:exarrpl e
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node wherein the picture is zooned horizontally to the point of being
necessarily cropped, it is advantageous for a user to have control over

hori zontal panning, so as to be able to select which portion of the picture
to view at any tine. Control of horizontal panning is desirable for both
expansi on (zoom ng the nmain picture) hB conpressi on nodes (side by side
pictures), afNpxplained in detail in connection with FIGURE 6. The upper

|l eft hand corner of FIGURE 6 illustrates the alternative interconnections

of the main QO 356 and §hemain it gpolat-or—334—Fhe—RaA~si gnal path is
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33 the expansion or conpression node. The horizontal panning circuit

i npl enent ation taught herein is independent of these nodes and is operable
w th each node. The follow ng discussion is directed to the main |um nance
channel nerely as a matter of convenience. The sanme panni ng inpl enentation
Is effective for the main chrom nance A3,3V) channel as well. It should be
under st ood, of course, that panning the nmain video signal only nmakes sense
when the main picture is cropped, fromconpression in the side by side node
or expansion in the zoom node. The effect of thi zgnt al panning is

illustrated in FIGURE 17. Panning to the m I,Qslgl—t he picture shows nost
of the man and nost of t digq§aur, wth 9o ,.8ﬁe ri ght osi de of the
upgf?wopped. P&nning to the

pi cture and some of he t Sigle 12 Phe
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the dinosaur and not nuch nore than the trailing | eg of the man.
the left shows nost of the man and nost of the body of the dinosaur,
The FIFO s in the main signal
This makes it possible to control

not its tail.
read enabl e signals.

Panning to
but

pat h have i ndependent wite and

bot h what portion of

the video signal is stored in the nennaylgnd when it is displayed,

Si

an

| ndependent|ly of one another. Generally; Tf t al L:S expanded and
cropped, the & opping can be done with iNg—dqdapre. signal. In this
way, only the )jd | ediwi]l be/stpredT t_ﬁ-e FI FOsgi\br eover ,
hori zontal pangning can bg acconplifhgd by g nplywed p@ ating the wite
. enabl e wi ndow, is tHe tine fvil diti gg ' iting 8 the FIFO
can take gl acg| = ng e MK E ' j'llust@edin
FI GURE 18] and || o)¢=—rsqe— B 18 rmg vi deo signal,
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corresponding to the picture in FIGURE 17. The video signal is not intended
to portray an actual waveform FIGURE 19(a) shows a wite enable w ndow
.timed for horizontally panning to the right. FIGURE 19(b) shows a wite
enabl e wi ndow tinmed for horizontall anning to the mddle. FIGURE 19(c)
shows a wite enable w ndow tinmed f rﬁhorizontally panning to the left. If
the wite is enabled earlier, the effect is simlar to that of a canera
panning to the left, which will ngke the digplayed video appear to scroll
towards the right of the dis%ﬂay.a‘@onvgsel =Zif the wite is enabl ed

'?‘tﬁ:’ \me ﬁffelclt isk tﬁ4 si('la&'to at a cgnmepa panning to the
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di spl ayed vi deo appear to scroll towards the left of the display. If the
signal is conpressed and cropped, cropping nay be done with the wite
enabl e signal or with the output MJUX control circuit 321 shown in FI GURE 8.
In side by side node, cropping would be acconplished by switching to the
auxiliary channel. Min signal panning, however, can still be acconplished
by mani pul ating the wite enable w ndow as descri bed above. Dependi ng upon
the di spl ayed position of the main /820 and the anount of horizontal
overscan of the display, a limted anount of horizontal panning may be
acconpl i shed by mani pul ati on of the read enabl e wi ndow, or a conbination of
the read and wite enabl e w ndowss However xmani pul atj on af the wite

enabl e wi ndow shoul d be %gl i elﬁ if the r%ad enabl & wi ndow i s set
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35 What is clained is: 1. A video system conprising: neans (244) having a
wide format display ratio for displaying a video signal; signal processing
means (304) for at | east one of expanding and conpressing a picture
represented by data in said video signal, said signal processing neans
havi ng nmenory neans (356) with asynchronous wite and read ports; and,
nmeans (339) for generating signals for7?9§trolling witing of said data
into said nmenory nmeans (356) to define a subset of said picture for

di spl ay; characterized by,

" FIG. 7
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means (340) for controlling said generating neans (339) to provide said
wite controlling signals with selectable tinme durations and sel ectabl e
phase relative to a synchroni zi ng conponent of said video signal. 2. The
systemof claim1, characterized in that said signal processing neans
conprises; a signal processing path having an interpolator (337) and a line
menory (356); and, means (323, 331, 3%§h for operatively interchanging said
i nterpolator (337) and said line nenory (356) in said path for selectively
conpressi ng and expandi ng said data. 3. The system of claim 2,
characterized in that said line nenory (356) is a first in first out (FIFO

device. 4. Thd@yystem of claim 1, characterizeg if fhgt saijd
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controlling neans conprises a m croprocessor (340). 5. The systemof claim
4, further characterized by neans (216) for renotely controlling said

nt croprocessor (340). 6. The systemof claim1, characterized in that said
di splay neans (244) has a wide format display ratio of approxinmately 16:9.
36 7. The systemof claim6, charaacterized in that said display neans
(244) is a direct view cathode ray tube. 8. The system of claim®6,
characterized in that said display nmeans (244) conprises a projection

cat hode ray tube. 9/13
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characterized in that said display nmeans (244)
conprises a liquid crystal display. 10. A video system conprising: neans
(244) for displaying a video signal; signal processing neans (304) for at

| east one of sel ectably expandi ng and conpressing a picture represented by
data in said video signal, and for cropping said selectably expanded and
conpressed picture to define a subset B#/k%id picture for display; and,
means (339) for generating signals for independently controlling witing
and reading of said data into and out of sag§d signal processing means;
characterized by, nmeans (340) for controlggg ai d generating neans (339)

to provide said witing and readi ng contr OSi qgal aévm th sel ectgbl e
2

9. The system of claim 6,
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time durations and sel ectabl e phases relative to a synchroni zi ng conponent
of said video signal for selecting boundaries of said subset of said
picture for display. 11. The system of claim 10, characterized in that said
si gnal processing nmeans conprises; a signal processing path having an
interpolator (337) and a line nenory IBAB}; and, neans (323, 331, 335) for
operatively interchanging said interpolator and said |line nenory in said
path for selectively conpressing and expanding said data. 12. The system of
claim1l, characterized in that said line nmenory (356) is a first in first
out (FIFO device having asynchronous wite and read ports.
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characterized in that said controlling neans
14. The system of claim 13, further
renotely controlling said mcroprocessor
(340). 15. The systemof claim 10, characterized in that said display neans
(244) conprises a picture display having/d3w de format display ratio. 16.
THe system of claim 15, characterized in that said picture display (244)

conprises a direct view cathode ray tube 17. The system of claim 15,
characterized in that said picture display (244) conprises a projection

cat hode ray tube.

37 13. The system of claim 10,
(340) conprises a mcroprocessor.
characterized by nmeans (216) for
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18. The system of claim 15, characterized in that said picture display
(244) conprises a liquid crystal display. 19. A video system conpri sing:
di splay neans (244) having a wide format display ratio for displaying a

vi deo signal; signal processing neans (304) having an interpol ator (337)
and a line nmenory (356) for selectably expanding and conpressing a picture
represented by data in said video signal; and, neans (339) for cropping
said picture to define a subset of sald/pBcture for display by controlling
witing of said data into said |line nenory; characterized by, a

m croprocessor (340) for cogﬁ%olling sai d croppi ng neans (339) to provide

control signals with sel ect time durations
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t abl eSPRRESH RBPORT d A@pWMM@%Q@L’%ROWpO%M of ‘sai d vi dec

’ or selecting boundaries of said subset of said picture for displg
me systemof claim 1, characterized in that said mcroprocessor. (339

Sﬁﬁfﬁﬁ}gﬂgsm@atlons and sal d phases responsive to user conmands.

HORIZONTAL PANNING FOR WIDE SCREEN TELEVISION

A video system'comprises a video display having a wide format display ratio for displaying a
video-signal. A signal processor (304) has an interpolar (337) and a first in first out’line
memory -(356) having asynchroncus write and read ports for selectably expanding and
compressing a picture represented by data in the video signal. The picture is cropped to define
a subset of the picture for display by controlling writing of the data into the line memory. A
microprocessor provides control signals with selectable time durations and selectable phases
relative to a synchrounizing component of said video signal for selecting boundaries of the
subset of the picture for display. The microprocessor can select the time durations and the
phases responsive to user commands. '

Fig. 9
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