1 TWO STAGE | NTERPCLATI .O\I SYSTEM The invention relates to the field of

t el evi si xanpl e those tel evisioms-having a w de di ppirpys$voImas
ratio sc&vémh\%?%h nmust interpolate video data to inplenment various

display formats. Mbst televisions today have a format display ratio,

hori zontal width to vertical height, of 4:3. A wide format display ratio
corresponds nore closely to the display format ratio of novies, for exarrpl e
16:9. The invention is appllcable to both direct view televisions and"

proj ection televisions. Tel'WQ STAGE INFERGOLATIONSYSTEM ay ratio of 4:3,
offen referred L am idvantion dretatdshé thd el CordfeyidiBhs 139! Exaible

mul tiple vi ﬁﬁo Si sour ces.can evl SI 0h si

I8 vide Sepiave
transm ssio eisians, ﬁWBQd%a‘é’i isplaye fermat féidﬁeﬁpfﬁﬁﬂ,awmlﬂerl al ,
are must interpolate video data to implement various display formats.

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

10 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 X3 format display ratic. Many viewers find the

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

20 cropped or distorted versions thereof. The video source need not be
cropped, either when converted from 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

25 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 mulitiple
signal sources, developing consistent timing signals from

- asynchronous but simuitaneously displayed sources, switching

30 between multiple sources to generate multiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television according to this invention. A wide screen
television according to various inventive arrangements is capable of

35 providing high resolution, single and multiple picture displays, from
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broadcast with a 4 X 3 format display ratio. Many viewers find the 4 X 3

di splay f s pleasing than the -wiRr format di splay pgirhGsAEIIss at ed
W th the‘&é&ﬁngsielevisions with a wide format display rat?o provi de not

only a nore pleasing display, but are capable of displaying w de display
format signal sources in a corresponding wde display format. Myvies "I ook"
| i ke nowvies, not cropped or distorted versions thereof. The video source

wth atel ocingRidhd dnuliie) SEILCEC IEVIRG, S(RERq o itardnt “Bemal s one
with a wide fatiopl s3nd owitix selectabie edispiay formad ratios.wi de variety of
combi nati ong_ther Sagviorons With, 8"idy WfisBleC (mar TS G Be N Dos"or 4
wi de di spl ayMpiemeniedeim teiﬂ\aﬂp@ SYsieras sdisplayiagsvidepasignajst hethiiatpl ay
format rgti dsagié on/lstantiard horizontal scanning rates and multiples thereof, as
well as by both interlaced and noninteriaced 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 fy, 1f4, and 1H. The
actual frequency of a 1fy signal will vary according to different ' '
video standards. In accordance with efforts to improveé the picture
quality of television apparatus, systems have been developed for
15 displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields of the interlaced format. - Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the
20 horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such progressively
scanned or flicker free displ'ays 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.
2s The wide screen television according to various inventive
arrangements can expand and compress video in the horizontal
direction by using adaptive interpolator filters. In the case of a
format display of side by side pictures of comparable size, for
example, one of the video signals must be compressed and the other
30 must be enlarged. In the case of a zoom feature, one of the signals
is first truncated, and then expanded. - The interpolators for the
luminance components of the main and auxiliary signals may be skew
correction filters, of the kind described in U.S. Patent No.
4,694,414- Christopher. A four point interpolator as described
3s therein, for example, comprises a two point linear interpolator and
an associated fiiter and multiplier connected in cascade to provide
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si gnal sources, devel oping consistent ti n"hng signals from asynchronous but
si mul t anegusl y. di spl ayed sources, sw tchiHg between nmultipl SO ERITR
generate Wﬂ%’i’b?%g'?’pi cture displays, and providing high resolution pictures
from conpressed data signals are general categories of such problens. Such
probl ens are solved in a wide screen television according to this
I nvention. A wi de screen tel evision according to various inventive

Dl Gt ure i spRIpUERRE A Prdbe Compbheitah. | 6 10te) "fourcalifcert "ol o 7oy
different fosamples@resuseddocalculateceash interpaiated pointat The iioput
" ~signal is applied to the two-point linear interpolator. The delay.
imparted to the input is proportional to the value of a delay control
s signal (K). The amplitude and phase errors of the delayed signal are
minimized by the application of a correction signal obtained by an
additional filter and multiplier connected in cascade. This
correction signal provides peaking which equalizes the frequency
response of the two point linear interpolation filter for all values of

10 (K). The original four point interpolator is optimized for use with
signals having a pass band of .25 fs, where fs is the data sample
rate. '

Alternatively, and in accordance with inventive arrangements,
both channels can use what is termed a two stage interpolative

15 process. The frequency response of the original variable
interpolation filter can be improved by using such a two stage
process. This process is hereinafter referred to as a two stage
interpolator. A two stage interpolator according to an inventive
‘arrangement comprises a 2n+4 tap finite impulse response (FIR)

20 filter with fixed coefficients and a four point variable interpolator. .
The FIR filter output is located midway between the input pixel
samples. The output of the FIR filter is then combined by
interleaving with the original data samples, which are delayed, to
create an effective 2fs sample rate. This is a valid assumption for

25 frequencies in the pass band of the FIR filter. The result is that the
effective pass band of the original four point interpolator is
significantly increased.

The compensated variable interpolation filter of the prior art
provides accurately interpolated samples as long as the frequency

30 components of the signal are no greater than approximately one
fourth the sample rate, .25 fs. The two-stage approach can be used
for signals having frequency components substantially greater than
.25 fs. In accordance with inventive arrangements, a finite impuise
response filter generates from a first signal of digital samples a

3s second signal of digital samples representing signal points between
the samples of the first signal. The first signal may be, for
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Tel evisions with a wde display format ratio can be inplenmented in

tel evisi oV 71939% di spl ayi ng video signe#s both at basic opcghasyiaezii4
hori zont al “scanning rates and multiples thereof, as well as by both

i nterlaced and noninterlaced scanni ng. Standard NTSC vi deo signals, for -
exanpl e, are displayed by interlacing the successive fields of each video
frame, each field being generated by a raster scanning operation at a basic

or standard horiz?ntal,scanning rate of approximately 15,734 Hz. The_basic
scanni ng r at 8X3@Pl&,; acydepgsianal definedi by datarsiteasa afopixel vMalues. The

1f[err], andfifgt signalaiet 'd%'laiéd%qb@ﬂ%h@?w%éfiﬁsﬁéntﬁlﬁj;ﬂmﬁﬁg#iPié('f}r Y The

"prove Che SPERU S0l A SR deiayed; BretapenAhiare, nigteanedndot been
devel oped foexampie dhy ey mikiplexergrtel praduwdy e third! signah of digitait willased
Fashion. Progaging' 4°saRHIE’ AondifH v thif 'oroRe" bk Bighard fyame must be
compensated variable interpolator derives from the third signal a
fourth signal of digital samples in which the frequency content of
information represented by the first signal has been changed. The
frequency content can be compressed or expanded. The first signal
10 can have frequency components as high as approximately 40% of the
sampling rate for the first signal without significant reduction of
bandwidth in the fourth signal, even when expanded. In the case of ‘
enlarging the picture represented by a video signal, the video signil
can be truncated, for example in a FIFO line memory, prior to being
1s delayed and processed by the finite impulse response filter. The
compensated variable interpolator can be controlled, for example by
a microprocessor or hardware equivalent, to provide selected ratios
of compression or expansion. :
FIGURES 1(a)-1(i) are useful for explaining different display
20 .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
25 shown in FIGURE 2.
' FIGURE 4 is a block diagram showing further details of the
wide screen processor shown in FIGURE 3.
FIGURE 5 is a block diagram of the picture-in-picture
processor shown in FIGURE 4.
30 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
35 cropped signals. '

€
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scanned in the same tine period allotted for scanning one of the two fields

of the i nt@rghﬁésg%for mat. Flicker free A4 BB displays requi ?’Wﬂ?%ﬁ’w

fiel'd be ¥ Wi ce, consecutively. In each case, the horizon

scanni ng frequency nust be twice that of the standard horizontal frequency.
The scanning rate for such progressively scanned or flicker free displays
Is variously referred to as 2f[err] and 2H A 2fH scanning frequency
according to standards in the United States, for exanple, is approximtely

31,468 Hz. The \NF&BLH?E@ristaalb@dd:leUﬁag@m@rﬁws%ttﬁevmhiﬁ‘ﬁ%ﬁélvﬁﬂfﬂ f

arrangenent g, &R )%) q,gsﬁidgﬁrfress video in the horizontal direction by

usi ng adapt|J§ |A$eb§§I ters. In the case of a formt di spl ay of

side by side pi cFiELRBI 1€ dsparbiotie diageamf showingnthe auxiliary’ signal \patho f

signal s nus r ot her nust be enlarged. In the case of a
bf FIGLAE gﬁﬁ%ﬁ;ﬁégaﬁ

zoom feature, one 8 € SI, .
5 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 1fy4 to 2fy conversion.
FIGURE 13 is a combination biock and circuit diagram for the
10 deflection circuit shown in FIGURE 2.
' FIGURE 14 is a block diagram of the RGB interface shown in
- FIGURE 2.
FIGURES 15 and 16 are pixel diagrams useful for explaining the
. operation of two-stage variable interpolation filters, as may be
15 used to impiement the interpolators of FIGURES 6, 9 and 10.
FIGURE 17 is a block diagram of a two stage compensated
variable interpolation filter.
FIGURE 18 is a block diagram of a two stage compensated
variable interpolation filter configured for implementing a zoom
20 feature. |
FIGURE 19 is a block diagram of a circuit for implementing an
eight tap, two stage interpolation filter.
The various parts of FIGURE 1 illustrate some, but not all of
the various combinations of single and muiltiple picture display
25 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
30 formats themselves, apart from specific underlying circuitry. For
purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
35 signal is generally deemed to be 16 X9. The inventive"
arrangements are not limited by these definitions.

e
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Is first truncated, and then expanded. The interpolators for the | um nance

conponents of the main and auxiliary signals may be skew cor '
filters, W 9VN®3MNi nd described in U S. Patent No. 4,694, 41&%?%&%&. A

four point interpolator as described therein, for exanple, conprises a two
point linear interpolator and an associated filter and nultiplier connected
I n cascade to provide 3 anplitude and phase conpensation. In total, four
adj acent data sanples are used to cal cul ate each interpol ated point. The

o S0°TG, o FISURE, e Muctmar quuelaetly By Yot Ao
having a conventional format display ratio of 4 X3. When a 16 X 9
format display ratio picture is transmitted, as a 4 X 3 format
display ratio signal, black bars appear at the top and at the bottom.

5 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 X9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X3 format display.

10 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.

15 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 X8 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

20 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.

"FIGURE 1(c) illustrates a 16 X9 format display ratio main

25 signal in which a 4 X3 format display ratio inset picture is
displayed. If both the main and aukiliary video signals are 16 X8
format display ratio sources, the inset picture can also have a
16 X9 format display ratio. The inset picture can be displayed in
many different positions. ‘

3o FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with the same size picture.
Each display area has an format display ratio of 8 X9, which is of
course different from both 16 X9 and 4 X 3. In order to show a
4 X 3 format display ratio source in such a display area, without

35 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
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signal (K). The anplitude and phase errors of the delayed signal are

m nim zed h pplication of a correctifon signal obtaine 1/03734
addi ti onawa?\t’tlg}ﬁand mul tiplier connected in cascade. Thi sdlz:égl?,/rl‘?gt ion

si gnal provides peaking which equalizes the frequency response of the two
point linear interpolation filter for all values of (K). The original four
point interpolator is optimzed for use with signals having a pass band of
.25 fs, where fs js the data sanple rate. Alternatively, and in accordance

wi th inventi $EORRINGnJErEOMS, a5HER! TRtiANGistodion (e hatidontal squeszing t ok
stage inter peh@t pictury Q§¢ﬁ:ﬂera1ié§.ffHQHEGﬁtéH@éngé’é‘ﬂﬁgoFeétﬂ qhi Yepdtal
vari abl e i nterpol ati on filter can be I, roved,r% u,smg such a, two, stage
process. Thi 5@?9)%&% qfs ORISCLS ik 1Re RiCturer ol Widle, Seigentalpvision
I nt er pol at or acéotdingstoadhis ifvemtidnatan pavideli Ay tmixadf igreppingy and
s 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
10 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

15 sides.
FIGURE 1(f) illustrates a display format wherein one large
4 X3 format display ratio picture and three smaller 4 X 3 format
display ratio pictures are dispiayed simuitaneously. A smaller
picture outside the perimeter of the large picture is sometimes
20 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
25 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
30 - moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
FIGURE 1(h) illustrates an aiternative wherein the 4 X 3
format display ratio picture is centered, and six smaller 4 X 3
35 format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
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arrangenment conprises a 2n+4 tap finite inpulse response (FIR) filter with

fixed cpe&vfpi)@iéfgﬁ and a four point vari-dbte interpolator. ‘p&,ﬁkﬁ‘,{,jﬁ?e

;
output is m dway between the input pixel -sanples. The output of the
FIRfilter is then conbined by interleaving with the original data sanples,
whi ch are del ayed, to create an effective 2fs sanple rate. This is a valid
assunption for frequencies in the pass band of the FIRfilter. The result

is that the ' Y b t original faur point interpolator is
si gni fi cant Itgfévﬁgcibéaéggﬁa%ﬂe%masg?%%fs\/gﬁf’aﬂlr%‘"ﬁﬁt 8?’90"51‘4'63 filter of
the prior amfichires: ddheacemainingy elevern pictares wilnbeein dredzendramet he
frequency cquﬁwrjts of the signal are no greater than approxi mately one
fourth the sanp %r .25 fs. The two-stage approach can be used for
signal s having f é@@iﬁ%y 1§ nghinwsta display dermat| Rayjng aa egrid refntwelve

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

10 The various formats shown in FIGURE 1 are illustrative, and
not limijcing, 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

15  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

20 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. '

25 The video signals input section 20 is adapted for receiving a
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
-and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air

30 antenna reception and cable reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The output of first tuner 206 is an input to a one-chip
202, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controls. The particular

3s one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resulting from

This Sheet Has Been Replaced

AR




.25 fs. In accordance with inventive arrangenents, a finite i mpul se

response._f enerat es froma first siggnal of digital Saﬁ@r‘ﬁﬁs@uﬁ%ﬁ’“d
si gnal pwé9&ﬁp sanpl es representing signal points between the sanples of

the first signal. The first signal may be, for 4 exanple, a video signal
defined by a data stream of pixel values. The first signal is delayed, but
ot herwi se substantially unnodi fied. The second signal and the del ayed first

signal are jnterleav r exanple by a multiplexer, to produce a third
si Sna| of dhﬁ tsdgnala?[%g FQ\éﬁh wer 286pise ameinputy to vhath video switdre J00 st

signal . A candethealTd{t wpEutast wida!reeh 3rdicedsdr RS G- Iksdtidd Signal a
video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video

5 tape players, video games and the like. The output of the video
switch 200, which is controlled by the chassis or TV microprocessof
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

10 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

1s 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

20 chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is

2s redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
designation for (B-Y). The Y_M, U_M, and V_M signals are converted
to digital form in the wide screen'processor for further signal

30 processing.

The second tuner 208, functionally defined as part of the wide

screen processor 30, develops a baseband video signal TV2. A
switch SW2 selects between the TV2 and SWITCHED VIDEO signals
as an input to a Y/C decoder 220. The Y/C decoder 220 may be

35 implemented as an adaptive line comb filter. Switches SW3 and Sw4
select between the luminance and chrominance outputs of Y/C
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fourth signal of digital sanples in which the frequency content of

I nformati on represented by the first si-gn@gl has been change Qgency
cont ent dﬁﬂ%é‘%é%}rpressed or expanded. The first signal cansﬁg&r@]‘l?dequency

conponent s .as high as approximately 40% of the sanpling rate for the first
signal without significant reduction of bandwi dth in the fourth signal,

even when expanded. In the case of enlarging the picture represented by a
video signal, the video signal can be truncated, for exanple in a FIFOline
menory, pri decodeb@20gandi uminange andsehbramyinaneef signats ofaN se response

filter. TheoCaRaNyRie s&aféé&baﬁsipghfédw BRT 4RI QEXPHesBekdely! OThe

exanpl e by a m.croprocessor or hardware équi valent, =10, pro e I ed

ratios of cduhXekanenCakXel signals corraspordstor the QIYH)S H{)Pé‘ttébf ufh? y/b

expl ai ni ng digbb8eePROIAAA! SWitd e TEW3 Gindh SWedemagrise tonsbingds iagnin’ some
s adaptive line comb filters. The output of switches SW3 and SW4 is .
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
10 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 fiexibility in managing the source
selection for the different parts of the different picture display

15 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

20 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

25 signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical
sfmchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the

30 wide screen processor. :

- The 1fy to 2fy 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

35 interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated.
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FIGURE 2 is a bl ock diagramof a w de screen television in accordance with

aspects o%gﬁ%ggvent i on and adapted forl bperation at 2fH heET 4 99% A3 734

scanni ng. 3 is a block diagram of the wi de screen processor shown
in FIGURE 2. FIGURE 4 is a bl ock diagram showi ng further details of the

wi de screen processor shown in FIGURE 3. FIGURE 5 is a block diagram of the
pi cture-in-picture processor shown in FIGURE 4. FIGURE 6 is a bl ock diagram

and out put - s aHil GBBnauBaRe e, fef] el amavemanh Vaichoisdisteerul for
expl ai ni ng tbetwgereradjacentffigids of $rdmesf o'THRs comvetarneire@REQ1(d) . using
fully 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
5 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 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

10 signal is deemed to be a wide format display ratio signal adapted for
2fy scanning. The vertical synchronizing component of the main
signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fym or fyaxt)
to be available to the deflection circuit 50. Operation of the wide

15 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 ,vel;tical collapse of the raster, and damage to
the cathode ray tube or projection tubes. Accordingly, the RGB

20 interface circuit detects an external synchronizing signal, in order
to override the selection of a non-existent external RGB input. The
WSP microprocessor 340 aiso supplies color and tint controls for

.the external RGB signal. : :

The wide screen processor 30 comprises a picture in picture

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

30 circuit 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signals, enable
signals and reset signals. The wide screen processor 30 also

35 generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanf(ing and
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cropped signal s. 5 FIGURE 9 is a block diagram show ng the main signal
path of RygdRFEdesn nore detail. FIGURE-I®1is a bl ock di agr poTstemieassshe
auxiliary signal path of FIGURE 6 in nore detail. FIGURE 11 is a bl ock

di agram of the the timng and control section of the picture-in-picture
processor of FIGURE 5. FIGURE 12 is a block diagramof a circuit for
generating the internal 2fH signal in the 1f[err] to 2f[err] conversion.

FI GURE 13 ' Srese Oﬁahgﬁt can leogcgné'"r%?eg 'arsClé'eEapa'\t%g%Wa s Ahceomposite
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,
5 receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface
60 and additional control signais from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
10 deflection circuit 50 supplies 2f4 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
15 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 pidture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
20 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
2s 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.
The second tuner 208 has associated therewith an IF stage 224
30 and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP uP 340. The WSP uP 340 comprises an
input output I/O section 340A and an analog output section 3408B.
The /O section 340A provides tint and color control signals, the
INT/EXT. signal for selecting the external RGB video source and
35 control signals for the switches SW1 through SW6. The I/O section
also monitors the EXT SYNC DET signal from the RGB interface to
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deflection circuit shown in FIGURE 2. FIGURE 14 is a bl ock di agram of the

RGB i nter{acg &;{gyn in FIGURE 2. FIGURES {§.and 16 are pi xel p@iAHIMGR734
useful for expl'al’ning the operation of two-stage variable interpolation

filters, as may be used to inplenent the interpolators of FIGURES 6, 9 and
10. FI GURE 17 is a block diagramof a two stage conpensated variable
interpolation filter. FIGURE 18 is a bl ock diagramof a two stage
conpensated variable interpolation filter configured for inplenenting a

zoom f eat ur e prétieCREel defiectionl oirkuili and acathbde eay aubk(g)or FH@'@E@?&EHQ an

ﬂ ?Btstﬁgltoe SW@%@CH be%‘a%ﬂﬁr\'nééé t&ritroi SigrHIs Okt DaHiGalCkide, Cogt-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258. .

5 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

10 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
348, shown in more detail in FIGURE 4.

15 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

20 analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide |. The select line UV_MUX for the analog switch, or 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

25 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
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data

30 streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
clock gating information from the interpolator control 349 of main
signal prbcessing path 304 must be similarly delayed. Were the

35 'clock gating information not delayed, the UV data will not be
correctly paired when deleted. This is important because each UV
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t he various conbinations of single and nultiple picture display formats

which-cawwggl}qpkfnented according to ditfferent inventive apegnasyTReR7S4
Those selecteJ or illustration are intended to facilitate the description

of particul.ar circuits conprising w de screen televisions according to the
I nventive arrangenments. The inventive arrangenents are in sone cases
directed to the display formats thensel ves, apart from specific underlying

er oin, 5 GG IRBISTRINS oo VREHE, ALU releMeny: Harmone: veser N be. vi deo
source or spajred withgan¥r elémentdroamn anotrerdvécidr Withoatcausihgea Segigen
genor a1y dibtted Mg Rad, &'V Bl Ratta oxtuls BRT MM deleteet Bng cea
by these dewithitveosurrent U sample. This method of UV multiplexing is
s 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
10 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 -
15 rgstoration schemes have been developed, inciuding 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
20 reduction and restoration schemes can be selected by the WSP puP
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
25 FIFO's 356 and 358. The interpolator and FIFO's are utilized to
resample the main signal as desired. An additional interpolator can
resample the auxiliary signal. Clock and synchronizing circuits in
the gate array control the data manipulation of both the main and
auxiliary signals, including the combination thereof into a single
30 output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y,
U and V, are supplied to the 1fy to 2fy converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
3s 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

"
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6 FIGURE 1(a) illustrates a television, direct view or projection, having a
conventigg&l ;ﬁéﬁat display ratio of 4X315-Wen a 16X9 for mpicrdis®l/ear3datio
picture i ?Fa tted, as a 4 X 3 format display ratio signal, black bars

appear at the top and at the bottom This is commonly referred to as

| etterbox format. In this instance, the viewed picture is rather small wth
respect to the entire available display area. Alternatively, the 16 X 9

format display ratio soyrce,i.s converted prior tqQ transm ssiopn, so that it
will fill tﬁ@y%ﬁ?c%w%)(@@iﬁmgf S'Q"@F der r;Sesemsa gr @274 teomopither dhepl ay.

However, nughte @ryyeCi SYNEC! MNyeorcfronpeite fRIPNEirdMit,| €f SYNT!/ AUX.T ght  si des.
As a furt heéwﬁ{éhe@\ﬁé' g&e&sh%eméé w_% &nd t(’:'_r_§YW_A%X as synchronizing
signal for the wide screen panel -output.

5 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 controlied
oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic

10 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 1fy REF timing signal. The 32fy REF and 1fy REF timing signals

- are supplied to a divide by 16 counter 400. A 2f4 output is supplied

15 to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
éignal 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,

20 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

25 comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period
is symmetric within each 1fyy period of the input signal. Otherwise,
the display may exhibit a raster split, for example, wherein half of

3o the video lines are shifted to the right and haif of the video lines are
shifted ‘to the left. _ :

The deflection circuit 50 is shown in more detail in FIGURE 13.
A circuit 500 is provided for adjusting'the vertical size of the
raster, in accordance with a desired amount of vertical overscan

3s necessary for implementing different display formats. As
ilustrated diagrammatically, a constant current source 502
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expanded vertically but not horizontally, whereby the resulting picture
will evideggs, @kt ortion by vertical el~drfjati on. None of t hpcihuga /03734
alternatives 1S particularly appealing. FIGURE 1(b) shows a 16X9 screen. A
16X9 format display ratio video source would be fully displayed, w thout
cropping and without distortion. A 16 X 9 format display ratio | etterbox
picture, which is itself in a4 X3 format display ratio signal, can be

o gerdi spP /RS I Sobiant BuaRiR: il chirrent Tmatian whichicharggsean © o -
tel evi si on vertieat camp ceapacitort 1504. i nAetransiston508 9! eoupleghim garalfed
or an exterthl K Verticl ractt baBheholr, ARHC pBRBblaly: Msditogsled s oy
rati o mai n GARARION FRSPARSive 0 the verticat rasebisignalat ilo thesabseinceuoct is
5 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 X3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
10 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
15 size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be impiemented 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,
20 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
25 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 bianking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610. The
30 external 2fy composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.
~ Selection of the vertical synchronizing signal is implemented by
switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
35 implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
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di splayed. If both the main and auxiliary video signals are 16 X 9 format

di spl ay %b?/@ rces, the inset picturelan also have a 16p&TRAUSAYIPB4
di splay ra e inset picture can be displayed in nany different

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

In order to shoqw a 4 X 3 fornmat

g: L]I‘Ole;)e/n'; aI mg?ggﬁ:tc]@il%nxs%%ﬁggoéi %pﬁﬂ?”&ﬁ'eﬁf externaltvideoi SQUCES isr averti cal
di stortion, usee sélgotionmustdowever,offipgduser tihadveftentypdédlectd @H extdaml Mre
of the pict $ERCaLRB, WO nd"stlh! &ifce is connected or turned on, or if'the
external source drops out, the vertical raster will collapse, and
s serious damage to the cathode ray tube(s) can resuit. 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
10 the signal therefrom is not present. The RGB to YUV converter 610
also receives tint and color control signals from the WSP uP 340.

A wide screen television in accordance with the inventive
arrangements can be implemented with 1f4 horizontal scanning
instead of 2fy horizontal scanning, although such a circuit is not

15 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 2f4
scanning rate. The wide screen processor and picture-in-picture
processor for a 1fy circuit would be very similar. The gate array

20 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

25 wide screen processor 30 shown in FIGURE 3 which would be the
same for both a 1f4 and 2fy4 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
television according to aspects of this invention can expand and

30 compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution processing need not be

35 utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
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7 cropping, if some aspect ratio distortion by horizontal queeZ|ng of the

picture is tolerated. Horizontal squeeziglg results in verti Eﬁj $ p%%alon
of obj ect\é’Q?i/imispl cture. The w de.screen television accor di 6)

i nvention can provide any m x of cropping and aspect ratio distortion from
maxi mum cropping with no aspect ratio distortion to no cropping with

maxi mum aspect ratio distortion. Data sanpling limtations in the auxiliary
video signal processing path conplicate the generation of a high resolution

pi ct ulre whi §h iFhexpriripal lommpmemls bheth];él @li&ta)fe-ﬁﬂi%thh@ ;Sfr%dés!bde&e
conpl | cat 1o, SPABGAL-IIGiE BEnYEHEL MREgiors 328! G ol seciitn 24y A
di spl ay r at fastpswitch FiSWJi apdabesl sectiome 326)t@timinga ahd ¥oAtrbbrsettion
328 and a digital-to-analog converter section 330. The timing and
s control section 328 is shown in more detail in FIGURE 9.

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

10 Technical Training Manual, available from Thomson Consumer
Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are possibie, 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

15 small pictures can result from the same video signal, from different
video signals and can be interchanged or éwapped. 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

20 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 p:ctures are in fact the same size.

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

25 1(b), 1(e) or 1(fy a user can zoom in on the content of the single
picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
the zoom mode a user may search or pan through the picture content
enabling the screen image to move across different areas of the

~ picture. In either event, either the small picture or the large picture
30 or the zoomed picture can be displayed in freeze frame (still picture
- format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame
repetition rate can be changed from thirty frames per second to zero
- frames per second. |

35 - The picture-in-picture processor used in the wide screen

television according to another inventive arrangement differs from
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di splay ratio screen. Dark bars are evi qe t on the right and left sides.

FIGURE 1(f) illustrates a display format erein one | arge ﬁkﬁ§ ok R38R
di spl ay &'&%?U‘fﬁ"’@ture and three smaller 4 X 3 format display ré’ﬁ O pictures

are displayed sinultaneously. A smaller picture outside the perineter of
the large picture is sonetinmes referred to as a POP, that is a
pi cture-outside-picture, rather than a PIP, a picture-in-picture. The terns

PIP or pict . se L 0.:f.0 t i o] n
hose circu nces wher e d € e S i rovi t wo

those. of roults Sras@ht cerfigtirgntcer 3% hasibcLEIPL P H8el a5 HER Mbed
tuners, eitakeveyotlf the: basia CRIPorbip werenusedwith e televisionl having @xanpl e
|n a video §89R6! SErdetf,0aRE’ withtitd ViBBolkB8b8YES BrAliL' ik GABet!! 20! 2y
movenent in real tinme accor dance w th the source. € remal nihg_ pictures
can be di spP&Jer®s rww'bgﬁ%blénaspwtnﬁatlmdlsmrtlorbedue to the effective

s 4/3 times horizontal expansion resuiting 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.

10 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

15 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

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

25 The picture-in-picture processor 320, according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
asymmetrically compréssing the video data in one of a plurality of
display modes. In this mode of operation, the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical

3o direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
read out normally, as for examplie in the channel scan mode, for

. display of a 16 X 9 format display ratio screen, the pictures appear

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

distortion. The asymmetric compression mode according to this
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appreciated that the addition of furthepguners and additional auxiliary

signal processing paths can provide for nore than two novin I f3g34 I t
will al sd"@é"@ﬁé&eci ated that the large picture on the one ﬁ('avﬁ)(!, and the

three small pictures on the other hand, can be swtched 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 snmaller 4 X 3 format

di spl ay rataspedtcofitbe mvendiospimagkes iin possiblealo geherate thve espduial si de. As
e ¢Sy (BRRE U 4 UK ShrbeAC WAt "extordal ShEYSLE" POV o
circuitry. e _ ' .
FIGURE 11 is a block diagram of the timing and control section
5 328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a
decimation circuit 328C for impiementing the asymmetric
- compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different

10 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.

15 Control of the compression ratios can also be implemented by fully
programmable, general purpose decimation circuits under the control
of the WSP uP 340. |

in full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input

20 from a decoder, for example an adaptive line comb fi_lfer, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync puises. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,

2s the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the

30 free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.

Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog form

35 can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This
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pi ctures. The remaining el even pi cturesr%vill be in freeze frane fornmat.

FI GURE 1(i)_ sho a display format havimg'a grid of twelve 4 ;"f) r
di splay r ?)/b%t’ures. Such a display format is particul arlk}égp s£9gédr$%1e
for a channel selection guide, wherein each picture is at |east a freeze

frame froma different channel. As before, the nunmber of noving pictures
w || depend upon the nunber of available tuners and signal processing

by n;“ea‘.@@égh%% NG Sidnan fidy B@ Gorinoaed 818, UG S, NG, AR e
remai ni ng dwiigh gemaemanmrrawm did/&i companentsntoober substituted thragramd
adapted 1o 8h e‘gfgbgﬂ“ﬁ“?jf %g%@%&?%ﬁfﬁéﬁav o A Bt e
general |y ync signals would be the basis for horizontal
5 and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
- based upon operation of the interpolator and FIFO's in the main
signal path.
With further reference to FIGURE 5, the picture-in-picture
1o processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
15 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 samplés. Increased memory capacity tends to be
20 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
2s problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution
processing circuit 370 can selectively fmplement one or more
schemes for enhancing the quantization resolution or effective
30 bandwidth of the auxiliary video data. A number of data reduction
and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
35 array, as explained in more detail below. Moreover, different
dithering and dedithering sequences involving different numbers of
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designated 10. The tel evision 10 generak%g conprises a video signals input
section 20, a chassis or TV mcroprocesSsct™ 216, a wide scrqgﬁygﬁgg@§ﬁgr 30,
a 1f[errVvQ®1/293%rr] converter 40, a deflection circuit 50, an

interface 60, a YUV to RG converter 240, kine drivers 242, direct view or
proj ection tubes 244 and a power supply 70. The groupi ng of various
circuits into different functional blocks is nmade for purposes of

posi t1on ofPLECA; Hifhriedtt, plfed B9 shEMASSnd® hyEMAETERE! S oot
section 20 mgmbesfebitsoare eontempiptedpl @ne iof ya aturchenofiparticutarodatagnal s
For d spl ay couctioh° 88 HitEftiol Sclehfes 2af 1 Sefitel by ECWSIE AR | 1o%
antenna i nrﬁﬁd;?fAWrIn%tﬂmKﬁTr%gW%@geO? ébﬁegléﬁ{a)i%wdﬁq der tRAGN of f - ai r
s 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
10 processor 320 is operated in a mode whereby incoming video data is
sampled with a 640fy clock rate locked to the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the ‘
video RAM is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it must also be read
15 using the same 640fy clock locked to the incoming auxiliary video
signal in order to maintain the orthogonal relationship. However,
even though this data was orthogonally sampled and stored, and can
‘be read out orthogonally, it cannot be displayed orthogonaily directly
from the video RAM 350, due to the asynchronous nature of the main
20 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,
25 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 1280fy to 640fH.
Generally, the video display and deflection system is
30 synchronized with the main video signal.. The main video signal must
be speeded up, as explained above, to fill the wide screen display.
The auxiliary video signal must be vertically synchronized with the
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
35 then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
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antenna reception and cable reception. The RF switch 204 controls which

antenna input js_supplied to a first tun@3206 and to a second r :
The- out puf"'%?”f‘??%"t tuner 206 is an input to a one-chip 202,Pmltgﬁf)oe33$‘grns

a nunber of. functions related to tuning, horizontal and vertical deflection
and video controls. The particular one-chip shown is industry designated
type TA7730. The baseband vi deo signal VIDEO OUT devel oped in the one-chip

i deo sui t crvide® HAM 50 25, & AR mamanuance AckiFtpnotetsout GEIFG) Hine
baseband vi deemamnpudevice 354idor expankirPAhersighasi Ty Sk dKIFIFES 754X

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

5 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. o

10 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

15 1024fy, which is locked to horizontal synchronizing component of
the main video channel. The use of a muiltiple 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

20 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

25  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
processing circuit 370. It will be appreciated that whether or not

30 certain circuits are, or are not, defined as being part of the gate
array .is largely a matter of convenience for facilitating explanation
of the inventive arrangements.

The gate array is responsible for expanding, compressing and
cropping video data of the main video channel, as and if necessary,

3s to implement different picture display formats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory
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These m ght be used for video caneras, éﬂ%er di sc players, video tape
pl ayers, video ganmes and the |ike. The

put of the video sw
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SW TCHED VI,.DEO. The SW TCHED VI DEO i s anot her input to w de screen
processor 30. Wth further reference to FIGURE 3, a switch SW wi de screen
processor selects between the TVI and SW TCHED VI DEO signals as a SEL COW
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5 demultlplexer 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
10 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
15 during data compression, or reduction. The resolution processing
may correspond to.the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.
The auxiliary video input data is sampled at a 640fy rate and
20 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
25 synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and.
synchronization circuit 368. - The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which fieid
30 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
3s channel is sampled at a 1024f4 rate. The auxiliary channel FIFO 354
converts the data from the auxiliary channel sample rate to the main
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interpolator 359 to correctly display a 4 X 3 small plcture 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: '
= (640/1024) * (4/3) = 5/g

The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the
main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFO's 354, 356 and 358. The muitiplexers
315, 317 and 319 are responsive to output multiplexer control
circuit 321. 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 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 cohver_ters 360, 362
and 364 respectively. The digital to-analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP puP
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP pP 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
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screen processor 30, devel ops a baseband yjdeo signal TV2. A switch SW
sel ects between the TV2 and SW TCHED VI DI%#Q gnal s as an i ngyi. 1, Bo¥3%
decoder 2% IWABN/ C decoder 220 may be ‘i npl emented as an amlve PI ne
conb filter.. Switches SWB and SW sel ect between the | um nance and
chrom nance out puts of Y/C 10 decoder 220 and the | um nance and
chrom nance signals of an external video source, designated YEXT and CEXT

The Vi C decoghoBatl $aoftifa ebErafyt sy %ﬁ%ﬂ%ﬁg? HEqvedlcal ,"Sore
adapt i ve |i n@0@BWRG+ | Hoszentalhzoem: pperationsuupclioe83%/\paanbie saecamplished
by reducing compressions to less than 4/3. A sample interpolator is
used to recalculate the incoming video to a new pixel positions
5 because the luminance video bandwidth, up to 5.5 MHz for S-VHS
format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 1024fy clock.
As shown in FIGURE 8, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
10 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
15 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 respohsive
to a route control circuit 335, which is -itself responsive to the WSP
P 340. It will be remembered that during small picture modes the
20 . 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
25 switch 323 is implemented by two muitiplexers 325 and 327.
Switch 331 is implemented by multiplexer 333. The three
muitiplexers are responsive to the route control circuit 335, which
is itself responsive to the WSP puP 340. A horizontal
timing/synchronization circuit 339 generates timing signals
30 controlling the writing and reading of the FIFOs, as well as latches
347 and 351, and multiplexer 353. The clock signal CLK and start of
line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP uP 340 and the most significant bit of UV_MN.
3s An interpolator control circuit 349 generates intermediate
pixel position values (K), interpolator compensation filter weighting
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thereafter considered the auxiliary sigpalzand is processed al ong an |

auxi liar @@I 2@3 :ﬁat h. The selected | um-nance output is desipgfiaieoh/3784
Si gnal de ggﬁ S&hs i ncl udi ng A _AX and _AUX refer to the auxiliary

signal path. The sel ected chrom nance is converted to color difference
signals UA and V_A. The Y_A UA and V_A signals are converted to digital
formfor further signal processing. The arrangenent of video signal source

swi t chi ng i nfG)handeciock rghtinginfoemation gD@Y [fat fise Mamimarncs andOGUM for i n

o ctar 6 ai SRy BpEF, EBlridietls, Ol E%"tgghéfﬁﬁﬁéﬂﬁér Ifgfhrtief, st

cor r espondi rpausesy (decimatesy iafetensats HbewFifeOs datee o raltove ssampies 808 tac

Ceopect | vel s, itteCbhzBomd cidtks’ o efftcriy COnfiteS;ian, pg st o H and V
- 5 "samples to be read multiple times for expansion. .

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

10 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

15 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. In this case it is the function of the
interpolator 337, which follows the FIFO 356 during this process, to

20 recalculate thé_sa_mpled data from jagged to smooth. In the
expansion case the data must pause while being read from the FIFO
356 and while being clocked into the interpolator 337. This is
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression

25 and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the

“rising edges of the system clock 1024fy.
There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data

30 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

as  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

This Sheet Has Been Replaced

AFMATAETR



vertical countdown circuit devel ops a VERI8CAL RESET signal which is
directed | wi de screen processor 30. The wi de screen Rr-HER9$A3734
gener at eswagr'ls},trll er3nal vertical reset output signal |INT VERT RST OUT
directed tqQ the RGB interface 60. Aswitch in the RGB interface 60 selects
between the internal vertical reset output signal and the vertical
synchroni zi ng conponent of the external RGB source. The output of this. -
switch is a g@IM@BVQYI‘Dﬁ?WaﬂO&lﬁﬂK:MIMithiengystamwienk, Sihce/IRB SMtliding or
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o ool poq SxBah8RY. °! "Re vidéd SWittHing &fEngBMent "a&8STbed néram > ' "

“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

10 would need to be placed after the interpolator.

Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y, ‘
U, Vv, 8:1:1 field memory, video RAM 350, to store incoming video -
data. The video RAM 350 holds two fields of video data in a plurality

15 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
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy4). The FSW_DAT values indicate which type of field

20 was written into video RAM. Since there are two fields of data
stored in the video RAM 350, and the entire video RAM 350 is read
during the display period, both fields are read during the display
scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch

25 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’

- 30 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

35 storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
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twice, or an additional set of hori zontapgli nes is generat ed by

i nt I ' t h tal | s of the sanme field.
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i nst ances, usé of a previous line or the use of an interpo

wi || depend upon the | evel of novement which is detected between adjacent
fields or frames. The converter circuit 40 operates in conjunction with a
vi deo RAM 420. The video RAM may be used to store one or nore fields of a
frame, to eAdKiliary channejse ity aotiibothaas Abecessaryets admbineoddsa drom
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sel ection oasf*hQ he auxitiany channel alswrattarersmchmuslqemth the
auxiliary video signal, but is read out of memory synchronously with
s - 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
10 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. [n the case

1s 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) = S/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This

20 corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/s.
In'the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active

25 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

30 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

3s the waveforms are different for the main and auxiliary channels as
lllustrated The read enable control signal (RD_EN_MN) of the main

l! IIII
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data for display by the video signals |n§ t section. The external

si gnal '%\{?ﬁ@ﬁ%ﬁo be a wide format display ratio signal aq;tp‘t,gﬁgf,ggnafH
scanni ng e vertical synchronizing conponent of the main signa

supplied to the RE&B interface by the wi de screen processor as |INT VERT RST
QUT, enabling a selected vertical sync (fv[err] or fv[err]) to be avail able
to the deflection circuit 50. Operation of the w de screen teI evi si on

en?bl es ;Jsechanhelceno?xos HrFol;st;sjral\ﬁ;}veR%’r 50%\6}# tHéVdgsb’SI 8Y Aetle fife
:;thmgl &thé‘aénaf%ﬁggﬂsaﬁg Sﬁg'%n‘@ﬁh% u"gﬁhaOE e VI@&pvresult in
verti cal coimMata‘lthomgethe avdeal oawde podch heTQ?l%t h@ﬁlﬂld YChdﬁ)ﬁelor
Xt er nal °2y‘né%@on. fiigcegnddl, Siora) W?wtﬁé{ﬁ&%@ ik ti etfeh 0% of
non- exi s§ enthedispley ativei hpet perivd aginming dpﬁlmdbesfalltBQOedgeooEubpl i es
color and tHY_ENNMMN!sigh&f 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
10.  with the main channel video.
The display format shown in FIGURE 1(d) is partlcularly
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
15 16X 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
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33%, and introducing aspect ratio
20 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 displ'ay time for a 16 X9 format display ratio
25 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 4/5 factor is
calculated as ratio of the two display formats:
30 43 = (16/g) ] (4/3)
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs
having different clock rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC
35 4 X3 format display ratio signals are displayed on a singlé 4 X3
format display ratio display, each picture must be distorted or
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the external RGB signal. The wi de screegan rocessor 30 conprises a picture
I n.picture processor 320 for special si‘ghal processing of t ;a(?gg l,d
E@Fa ed dﬁ%l P

vi deo si §¥AP1/19M3 term picture-in-picture is soneti mes abbr

or pix-in-pix. A gate array 300 conbines the main and auxiliary video
signal data in a wide variety of display formats, as shown by the exanples

of FI GJRES 1(b) through 1(i). The picture-in-picture circuit

Ler1p) %8&%&8 t o8t Polrtindtof sbéiber B “Fiber, 4 99646098

320 and gate
or (WP
processor 216

over a seri gPmpasa fméOsﬁ\ataneadneduanam‘def sareen @pgplicatioasis for dat a,
cl ock signajn eggg@é@ signal s and reset signals. The w de screen processor
Q

30 al sb generate osite vertical blanking/reset signal,

| evel sandcast| e?‘Bﬁg aeraan deleyision @ﬁ%ﬂf\'i’é’r‘gl@alvabmkl"h‘ge

as a three

s arrangements can expand and compress video in the horizontal
direction by using adaptive interpolator filters. The interpolators
for the luminance components of the main and auxiliary signals may
be skew correction filters, of the kind described in U.S. Patent No.
4,694,414- Christopher. A four point interpolator as described

1o therein, for example, comprises a two point linear interpolator and
an associated filter and multiplier connected in cascade to provide
amplitude and phase compensation. In total, four adjacent data
samples are used to calculate each interpolated point. The input
signal is applied to the two-point linear interpolator. The delay

15 imparted to the input is proportional to the value of a delay control
signal (K). The amplitude and phase errors of the delayed signal are
minimized by the application of a correction signal obtained by an
additional filter and multiplier connected in cascade. This |
correction signal provides peaking which equalizes the frequency

20 response of the two point linear interpolation filter for all values of
(K). The original four point interpolator is optimized for use with
signals having a pass band of fs/s5, where fs is the data sample rate.

Alternatively, and in accordance with inventive arrangements,
both channels can use what is termed a two stage interpolative

2s process. The frequency response of the original variable

interpolation filter can be improved by using such a two stage

process. This process is hereinafter referred to as a two stage
interpolator. A two stage interpolator according to an inventive
arrangement comprises a 2n+4 tap finite impulse response (FIR)

3o filter with fixed coefficients and a four point variable interpolator,
as is illustrated by FIGURE 15-16. The FIR filter output is- spatially
located midway between the input pixel samples, as shown in
FIGURE 15. The output of the FIR filter is then combined by
interleaving with the original data samples, which are delayed, to

35 create an effective 2fs sample rate. This is a valid assumption for
frequencies in the bass band of the FIR filter. The result is that the
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12 reset signals can be generated as sepaB&@&-<e signals. A conposite bl anking
signal isygppRieRg by the video signal input section to the PREBUSHI/8F B4 ce.
The -defl ection circuit 50, shown in nore detail in FIGURE 13, receives a
vertical reset signal fromthe w de screen processor, a selected 2fH

hori zontal synchronizing signal fromthe RG interface 60 and additi onal
control - si gnalf‘sr fromthe w de screen processor. These additional .control

si gnal s rel at @TeetYR R3$Hiand Rl they orginal daur spoiat aimterpolater isnd
east -west pi nsigajificamiynt indfeagd.l ection circuit 50 supplies 2f[err]

flyback pulses to fje Whinehsatsd variable interpolation filter of the prior art
~ provides accurately interpolated samples as long as the frequeﬁcy
s components of the signal are no greater than approximately one
fourth the sample rate, 1/4fs. The two-stage approach can be used
for signals having frequency components substantially greater than
1/4 fs, as shown by the block diagram for a two stage interpolator
390 in FIGURE 17. A signal DS_A of digital samples at a sampling
10 rate fs is an input to a finite impulse response (FIR) filter, for
example a fixed FIR filter 391. The finite impulse response filter
391 generates from the signal DS_A a second signal DS_B of digital ‘
samples which are also at the sampling rate fs, but which are
temporally located between the values of the first signal DS_A, for
15 example at the midpoint between each value. Signal DS_A is also an
input to a delay circuit 392, which produces a signal DS_C of digital
samples, identical to signal DS_A but time delayed by (N+1)/fs. The
data streams DS_B and DS_C are combined by interieaving in
multipiexer 393, resulting in a data stream of values DS_D at twice
20 the sampling rate, 2fs. Data stream DS_D is an input to a
compensated variable interpolator 394.

In general terms, the fixed FIR filter is designed to accurately
produce sample vaiues corresponding to time locations exactly half-
way in between the incoming sample positions. These are then

25 interleaved with delayed but otherwise unmodified samples,
producing a data stream with a 2fs sample rate. The FIR filter is
most conveniently implemented using an even number of
symmetrically weighted taps. An eight-tap filter, for example,
having tap weights of:

30 -1/32, S/ga, -11/64, S/g, S/g, -11/g4, Slga, 1/32
will accurately interpolate signals having frequency components up
to about 0.4fs. Since the data rate is doubled to 2fs by the
interleaving, the signal being processed by the variable interpolator

never contains frequency components higher than 1/4 the sample
35 rate. |

e
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processor 30, the 1f[err] to 2f[err] conggr.ter 40 and the YUV to RGB
converter_24Q0. rati ng voltages for the entire w de scree | /62 are
gener at ed¥RY1419 iﬁer supply 70 which can be energi zed by anr}g?gg?(‘r{gism
supply. The wi de screen processor 30 is shown in nore detail in FIGURE 3.
The principal conmponents of the wi de screen processor are a gate array 300,
a picture-in-picture circuit 301, analog to digital and digital to anal og
converters, the ddr@dvantage 2dsgthea twoestager éterpolatars sortoniatiospr ocessor

gg?egzdp?o\é\ngég 8?5&\%%?% %?ﬁgg@gﬁéﬁ%‘ hWQ{ %%q@ﬁgﬂge%%?ﬁ#ﬁ'%dg@[ err]
chassis, forthexsappie trate.pi Phys: dhetsystem d8omest rapproptiate for Alisplay
g: cture- | N- RhEHEE TeRUATRE the3éRpandibAl suthTas2zEom ivihérdthebbjett ishe PI P
: to maintain as much of the original bandwidth as possible. This can
be pertinent in a wide screen television, particularly in the auxiliary
channel, where the auxiliary signal is initially sampled at a fairly
low rate, for example 10 MHz. Preserving as much bandwidth as
possible can be important.

10 A two stage interpolator 390’ appropriate for a zoom
application is shown in block diagram form in FIGURE 18.
Components in common with the interpolator 390 shown in FIGURE
17 have the same reference numeral as do the designations of the-
data streams. The object of the two stage interpolator 390" is to

15 zoom the incoming image horizontally by a factor of m, where m is
greater than 2.0. Thus, if the data in and data out signals are
occurring at the same sample rate of fiN, there needs to be m output
samples generated for every input sample. The signal is stored in a
FIFO line memory 395 at fIN rate, and a portion is then read out as

20 data stream DS_A at a reduced rate of fs. The fs clock is composed
of a subset of fiN clock pulses, and does not have a uniform period.

Data stream DS_ B, corresponding to sample values half-way
in between the existing samples of data stream DS_A are estimated
using the fixed FIR filter 391, and are then interleaved with the

25 delayed samples of data stream DA_ C to form the double rate data

~stream DS_D. Data stream DS_D, having twice the original sample
density, is then processed by the variable interpolator 394 to
produce a sample value for each fIN period. The accumulator- circuit,
including latch 398 and summer 399 produces an output which
30 increments by r = 2/; each fIN clock period. The fractional part

controls the variable interpolator .by supplying the K value from
latch 398. The integer carry output (CO) generates the 2fs clock,
through latch 397, for reading of the FIFO 395 and shifting data
through the FIR filter 391, the delay circuit 392, the multiplexer

35 . 393 and the interpolator 394. Divider 396 provides the fs signal
from the 2fs signal.

T e
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301, is shown.in nore detail in FIGURE 5, The gate array 300 is shown in
nore detail in FIGURE 6. A nunber of th’e360rrponents shown m#j %ﬁ
form ng p‘é(ﬂt%l/tﬂ”@ he main and auxiliary signal paths, have erd eg?l
described i.n detail. The second tuner 208 has associated therewith an IF
stage 224 and-an audi o stage 226. The second tuner 208 al so operates in
conjunction with the WSP [err] P 340. The WSP [err] P 340 conprises an input

3404 provi des. 11 1elRa 2081 Se9Bcl ARToRHYE) InBFRRaRRer impfomentations, -
sel ecti ng t Hrirsdx the nabovesrwio dtags dinterpclatir coan raiSOqunmmstfmteﬂhasmg
swi t ches S\/\thheﬁuahFﬁ#\ﬁf:}rﬁPeaﬂd @ GfigIg iR iARIDORSr WithGdtT SYNC DET

signal fromt
compensatlon is is the equivalent of setting the compensatlon

s muitiplier C, of the four point interpolator, equal to zero. A second
alternative is using the original four point interpolator along with a
fixed weight linear phase 2n+5 tap FIR. In order to accomplish this
successfully it is first necessary to optimize the original four point
interpolator technique.

10 The four point interpolator can be viewed as a variable FIR
fiter with non-linear phase. It should be recognized that the
frequency response of the four point interpolator is highly dependent '
upon the value K which is chosen. - Each particular horizontal
compression or expansion can be viewed as being made up of the

15 output of several different FIR filters each héving their own unique
frequency and phase response. Artifacts in the interpolation become
apparent when the collective frequency responses of the
interpolator diverge. . Thus, the overall pass band of a particular
horizontal compression or expansion can be optimized by choosing

20 values of K which produce the most equalized frequency response.

This optimization can be shown by examining the frequency
response of a 4 sample to 3 sample data reduction, that is, a 4:3
compression. The criteria that will be used to determine when
artifacts become unacceptable is the frequency at which the

2s amplitude curves of the individual interpolations diverge by more
than 1 dB. Choosing the initial values of K to be 1, 5/16, and 11/16

" leads to a usable pass band of .3 x fs. If the values of K are chosen
to be 8/16, 13/16, and 3/16, the useable pass band becomes .35 x fs.
This represents a 16.6% improvement. Using this technique, the

30 frequency response of the horizontal interpolator can be equalized.
| The values of K and C can be put into a memory block and,
dependent upon the speedup required, a counter can index the read
pointer to call out the desired memory location and load K and C into
the interpolator multipliers. It is very advantageous, for this

3s reason, to encode the value of C into the value of K, such that a
smgle 4-bit or 5-bit word can convey both K and C values. In other
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13 protect the deflectlon circuit and cq%Sode ray tube(s). The anal og

out put s?m& 8 93%£B provides control sighal's for vertical sipggyuesd37IMESt
adj ust a a3 tal phase, through respective interface circuits 254, 256
and 258. The gate array 300 is responsible for conbining video information

fromthe main and auxiliary signal paths to inplenent a conposite w de
screen *di spl ay, for exanple one of those shown in the different parts of

FI GURE 1. Gmﬂfrgs' @ 9§ "RifLABLOR oft RS e&%?@ssaéqﬁkocifggovﬂléd 2 éIOCked

Ioop 374, which operates | n conlun¢ti he nai n
vi deo si gnalSengssap %Edo{ & tod hﬂn W%’c"ﬁ@ﬂ’%ﬁ@éesgbe Y%‘UQan i$orm and Y

UV format, cm:odeﬂnﬁi yiglgs agvaluedol OVifol) the agsmpehbatibe sretWwork signals are
convert ed multiplier. The FIR coefficients are the multipliers for C in the
5 overall interpolator equations.

This aspect of the invention can be extended generally to 2n
tap FIR filters used as compensation networks, although it can
become increasingly more difficult to use only two linear
multipliers for calculating the linear interpolation and the

10 associated compensation network. An alternative to a ten tap FIR
filter, for example, is to provide an eight tap fixed FIR filter for
taps Z-1 to Z-6, with taps Z9 and Z-7 dependent upon either the value
of K or C. This is feasible because as K approaches the value of 1/2
from either direction, that is K=0 or K=1, the frequency response

15 needs added compensation to extend its band pass.

A block diagram for a specific circuit 1150 for implementing
an eight tap, two stage filter using a four point interpolator is
shown in FIGURE 19. The video luminance signal to be expanded or
compressed is an input to a horizontal delay line circuit 1152. The

20 outputs of the delay line 20, Z-1, Z-2, Z-3, Z-4, Z-5, Z-6 and Z-7 are, .
inputs to an eight tap FIR fiter 1154, The FIR filter generates at
least one set of intermediate samples, designated I, for example
between each of the real samples, designated Z. Resuits can
sometimes be improved by using a plurality of FIR filters to

25 - generate a plurality of sets of intermediate points, ‘although this
significantly increases the complexity of the system. Such
additional FIR filters, each of which requires a Z-1 delay circuit, are
shown by the multiple representations of FIR filter 1154 and Z-1
delay circuit 1158. Outputs Z-3, Z-4 and Z-5 are also inputs to the

30 delay matching circuit 1156. The 10 output is a direct input to a
_data selecting circuit 1160, as is a version -1 thereof delayed by
circuit 1158. The outputs Z-(3+n), Z-(4+n) and Z-(5+n) are ailso
input to data selector circuit 1160. The inputs to data selector
circuit 1160 are chosen for being the most symmetric with respect

35 to the delay. The number of such inputs is one more than the number
of points of the interpolator of the second stage, in this case, a four
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fromanalog to digital form by anal og tg?%i_gi tal converters 342 and 346,

shown in riggs%jail in FIGURE 4. The col Or conponent signapeTAIS®1re3784 r ed
to by thépﬁg FC designations U and V, which nay be assigned to either RY

or B-Y signals, or I and Q signals. The sanpled | um nance bandwi-dth is
limted to 8 MHz because the systemclock rate is 1024f[err], which is
approxi-mately 16 MHz. A single analog to digital converter and an anal og

itch i I U and V
Switch can e dtdrBorgP! P162° T TelAMROBHipdHl oS the U an

MK Tor ¢ HRPESIBGaRte saieclr TipS: & asioloms’ s an o Mo s gnal derived
by dividing the Z<8em d0p&(bynp, |-A A5ehpck wide start of line JOL pul se
oo\ anc 74, St SRbut LT Rl oSSl o7 rBhaERle ot
cycl e t hsouggxarnhple, controlled by the MUX_SEL control signal. The selectable
| ‘sets are indicated diagrammatically and are so arran_ged that each
interpolation of the interpolator 1162 is based on two real points
and two intermediate points. The outputs Y0, Y1, Y2 and Y3 of data
selecting circuit 1160 correspond to one of the two selectable sets,
10 and are the inputs to the four point interpolator 1162. Operation of
the multiplexer control signal MUX_SEL will be a function of the K
values, that is, MUX_SEL=f(K). The MUX_SEL selection depends upon q
which of the original points the intermediate point falls between.
The output Yout of the interpolator 1162, which operates responsive
15 to the K and C control values, is an expanded or compressed video
luminance signal. ‘
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horizontal line. Since the line Iength ig-an even nunber of clock cycles,
the state of the UVWMIX, once initialized, will consistently 15(?!99} 81 Q373 O+°
1, - . . WORY38 interruption. The Y and WV data streams ou 5o 1he '
anal og to di gital converters 342 and 346 are shifted because the analog to
digital converters each have 1 clock cycle of delay. In order to
accommpdate for this data shift, the clock gating information fromthe

i nt er pol at orWhantisotladfedois:nai n si gnal processing path 304 nust be
simlarly delayed. Were the clock gating information not delayed, the W
data wll not be correctly paired when deleted. This is inportant because
each W 14 1. An interpolation system, comprising:

1

2 a finite impulse response filter for generating from a flrst
3 signal of digital samples a second signal of digital samples

4 representing signal points between said samples of said first signal:
5 means for delaying said first signal;

6 means for interleaving said second signal and said delayed
7  first signal to produce a third signal of digital values having a

8 sample density twice that of said first signal; and, |

9 a compensated variable interpolator for deriving from said
10 third signal a fourth signal of digital samples in which the

11 frequency content of information represented by said first signal
12 has been changed.

1 2. The system of claim 1, wherein said first and second
signals have a first sampling rate and said third and fourth signals
have a second sampling rate twice that of said first sampling rate.

1 3. The system of claim 1, wherein said signal points of said
second signal are temporally between said- samples of said flrst
signal.

4. The system of claim 1, wherein said signal points of said
second signal are temporally disposed midway between said samples
of said first signal.

1 5. The system of claim 1, further comprising means for
truncating portions of said first signal prior to generating said
second signal and delaying said first signal.

6. 'The system of claim 5, wherein said first signal is a video
2 signal, and said fourth signal represents an enlargement of the
picture represented by said truncated video signal.

w
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pair represents one vector. A U el enent Jfgg@m one vector cannot be paired
wth a V elenent_from anot her vector w thout causing a color ' 34

| nstead, ﬁ’qpls[é?ﬁgpe froma previous pair will be deleted al &r@l}\p\ngghmﬂle
current U sanple. This nethod of UV nultiplexing is referred to as 2:1:1,
as there are two | um nance sanples for every pair of color conponent (U, V)
sanpl es: The Nyqui st frequency for both Uand V is effectively reduced t-o

?ne hal f 1offthe | Bini Thece bteguiot clfaim?,ewglb{erefﬁlcﬁidiﬁ?@t%’sigﬁ??ié\'ﬁ%&éo
reguenc or 10 U an Q 0 I gl.ta convertite 0 e
; 2 ﬁ%ﬁé’n%gsg@&l-éf ‘,"&Qhﬁﬁgég TeRECSEIYSI 31 CAPRIRRSCYD @)# thee out put

| um nance” co
-of the armal opicturedirgptesentedvbyt saidf videohsigmalor conponents is 4 Miz. The
PIP circuit and/or the gate.array may al so 1nclude neans for enhancing the
resolution of the auxiliary data notw thstanding the data conpression. A
number of! data reBuctlih@nsydteraaetaclaim 1, wherein said first signal is a video

2 signal, and said fourth signal represents an enlargement of a portion
3 of the picture represented by said video signal.

9. The system of claim 1, wherein said compensated variable
interpolator controls a ratio of the number of samples per unit time
in said fourth signal to the number of samples per unit time in said
third signal. | ‘

b W N -

10. The system of claim 1, further comprising means for
controlling said compensated variable interpolator to provide
selected ratios of compression and expansion of information in said
first signal.

oW N

11. The system of claim 9, wherein said ratio is in a range
wherein one limit is greater than one and the other limit is less than
one

N -

1 12. The system of claim' 9, wherein said ratio is a ratio of
2 integers.

13.  An interpolation system, comprising:

‘means for truncating portions of a video signal of digital
samples;

a finite impulse response filter for generating from said
truncated video signal a second signal of digital samples
representing signal points between said samples of said truncated
video signal;

means for delaying said truncated video signal;

means for interleaving said second signal and said delayed
video signal to produce a third signal having a sample density twice
that of said video signal; and,

- 0O W o ~N OO 0 b WN -
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restoration schemes have been devefoped,_ggcluding for exanple paired pixe
conpr essi %ggﬂ\? heri ng and dedit hering. Moreover, di ffereph%gg\%j-,gg

sequences g different nunbers of bits and di f f er ent pai red pi xel
conpressions involving different nunbers of bits are contenplated. One of a
nunber of particular data reduction and restoration schenes can be sel ected
by the WSP [err]P 340 in order to maxim ze resolution of the displayed

vi deo fot2each paat compensated warigbla unterﬂOHIbeo‘iodéﬁ%ml gl froraakgidir r ay
| ude nt I tion.wt | Nemnor,i es
whi ch oy be TS SRAAF 2 TGRn> R Sof, ifHl SRR i Which B FUBIRETE o <
are utill4edof @ml@ﬁppertumt tne isi gmteastharlasﬁheedumberadﬂ|samplels per
t I u
clrouts n ;i%ﬂ;;ﬁ?éqﬁféﬁga’f‘?ﬁgré?“ﬁ T30 cishRingTE PAH, 4, sae |

and 16 in an e scale

14. The system of claim 13, wherein said video signal can
have frequency components higher than approximately 25% of a
sampling rate of said video signal without significant reduction of
bandwidth in said enlarged scale picture.

S W NN -

15. The system of claim 13, wherein said video signal can
have frequency components as high as approximately 40% of a
sampling rate of said video signal without significant reduction of
bandwidth in said enlarged scale picture.

W -

b

16. The system of claim 13, wherein said truncating means
2 comprises a FIFO line memory.

1 17. The system of claim 13, further comprising means for
controlling said compensated variable interpolator to provide
selected ratios of enlargement.

18. An interpolation system, comprising:

a finite impulse response filter for generating from a first set
of digital samples a second set of digital samples representing
points between said samples of said first set;

means for delaying samples of said first set;

means for interleaving samples of said second set and samples
of said delayed first set to produce a third set of digital samples
having a higher sample density than that of said first set of
samples; and,

an interpolator for deriving from said third set of samples a
fourth set of samples in which the frequency content of information
represented. by said first set has been changed.

® N O bW N -
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auxiliary si gnal s, including the conbinatggn thereof into a single output
video signal “having Y MX, U MX-and V_MX corrponents These OLSJE;&%&’ 8%2 ents
ar e -conveMQAAP3nal o og formby digital to anal og converter S and
364. The analog formsignals, designatéd Y, U and V, are supplied to the
1f[err] to 2f[err] converter 40 for conversion to noninterlaced scanning.
The Y, U and V SI&EBJ s are al.so encoded to Y/ C format by encoder 227 to

define atwide fortit Thei systerpuof slagnal‘!BYME?@?hmEgi 8l inddMi&a h?panel
j acks. t 0 n n r the enco 227
from ei ?r?er Cr?lre]g% ?2Ie§:?sr ;@Jdaé%;?il ﬁrﬁﬁ@;’s ?flpﬁln %@ g] fd cﬁegc‘fﬁ It PrQSessiRgnUX.

3 by sa interpolator, each of said groups of said third set mcludmg

4 at least one sample from each of said first and second sets.

1 - 20. The system of claim 18, comprising a plurality of said

2 finite impuise response filters for generating a plurality of sets of
3 said intermediate samples.
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(57) Abstract

. A two stage interpolation system provides greater bandwidth for signals compressed and expanded by interpolation, such
as video signals displayed in a zoom or enlarged mode. A finite impulse response filter (391) generates from a first signal of digi-
tal samples a second signal of digital samples representing signal points between the samples of the first signal. The first signat is
delayed. The second signal and the deldyed first signal are interleaved by a multiplexer (393) to produce a third signal of dxg:tal :
values having a sample density twice that of the first signal. A compensated variable interpolator (394) derives from the third sig-
nal a fourth signal of digital samples in which the frequency content of information represented by the first signal has been
changed. In the case of enlarging the picture represented by a video signal, the video signal can be truncated in a FIFO line mem-
ory (395), prior to being delayed and processed by the finite |mpulse response filter (391) The compensated variable interpolator
(394) can be controlled to provide selected ratios of compression or expansion. .
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a

FI GURE 13woMpiemdgit 500 is provided for adjusting the vertip@l/USPE/O3ITH t he
i mpl enenting different display formats.

shifted to the left.
di agranmat i cal
guantity of current

raster,
f or

-l
, , SIOVLIOA ONILYHIO « T oL
ce 1S A SHIAIHA 3N ININ /
q S N_1 YIIHIANOO 89H OL ANA 1 \amod
IS THS™A <0¥2 | WAL 1T
q SNIVIH OV
802 —
_m F4/4NNL BT P
i 80100 | w3 | ws | *5 3000%] |, 555 L snaal
= ot g Ly I | B du
c ﬂ.L_ T4 ek § e b
- Y <y I ! Hi
41 v 09 Y zent] [ 12 o | A28 AT
> HEHI | -— [ [ 11MS | Hl HRE i,
J 1] ww m OASpL— T I 03I EOIMS — Ny
Y ——1 owawos [+ ] (Voo 5 || 0 400 GITES . SN0
ofwn | WM} yucomoond -] 03| 222 PE Rl N veLLvL
7 Y 1T 0 e ONAS 40D . Dol
El HEA NI KT > KA 0 N
GOVIIIN AVEHY

— < |oviineod| . Wl wianod Wnj 3Lvo -
QL O adirver—e d « WA ﬁ A
— =N> —*NO.:.*— ‘4!-' x=|> /OQQ A A.I-II o fn ol w——— w—— e— | owmes e enmp fonte omem Gorep ortms wvme onnd
T e 4 WA |
SRR | g | gossiooud | A [LSMIEA ]| | T # s ||
3 [ —| % nm:wsiam L3 9/ Hl e 1 7 I8 1
- > »x%z - - i A no WV LH3A M 1 P i# 902 _
e ONAS™ 143”138 3| 130] rov| IBS|rd) oy HEANTT M | 'z Y911 %
Teg3g J : . /INTONAS | 35YHd LIHA | MI] yms ol _

. IS I
2w 1A HoH | A2~ Ms |-
S o MAS - IN ONAS ¢INV |
S 5dx WHe  eMiz—e— _ LA i
Szo ||m 1Y e _ IR LNV |
22 i | 98 rovisvidi< _ o] voz |
DiF Noloiaa A | NHoaoo | =) FOLAS _
oo 9 amsh [ ) g AT [ R R N |
3 == e anv iy
o ®— |
— O !
5o . i
—_ 0 — ;
n O ® i
Cc .- C H
o O . ¥
- Q. wm

I



any adjustnent, current | RAVMP provides the maxi num avail abl e vertical size
for the regdefr19393i s m ght correspond to the extent of vertipal/us9erescan
needed to fill the wi de screen display by an expanded 4 X 3 format display
rati o signal source, as shown in FIGURE 1(a). To the extent that |ess
vertical raster size is required, an adjustable current source 508 diverts
a variabl e amount of current I[err] 3}50m I[err]t sgthat vertical ranp
capacitor 504 charges nore slowy and to as Ilftg,_peak val ue. Variabl e
current source 508 is responsixe to a vertﬁ'@ig@ adj ust signal, for
exanpl e in analog form generases ~pver
Vertical size adjust r@g 500 i@ n eﬁe denim=nf vertj cal size
tEd

adj ust ment 510, whi ci gy Ye i%pl e vla r back panel
adj ust nent knob. 1n & Fhed evala h ti L1 (s) 512

—
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®

in FI GURE -14. The si gnal

ext er ndl

For

which is to be ultimtely displayed wll
sel ected between the output of the 1f[err] to 2f[err
RGB i nput .

pur poses

Hori zontal deflection is phy S f5een &d
pin corridhigPfioggy cuit 514, l
output circuit 516. The RGB

adjusting circuit 518, East-West
se | ocked | oop 520P€REUSAI/037dht al

cuit 60 is shown in nore detail ed

the w

be

converter 40 and an

i@p descri bed

herein, the ext®rnal RG input is presane ormet di spI@/
rati o, progressgwmel p—seamrndd - e }a‘lss and a
conposi te bl ank S ctFon 20 areag
Il nputs to RG AT errds conpa e
synchroni zghg s i | it =t 0 ext ddgal
synchr oni zi(ng S _ cﬁi op gl gynchroni zi ng
signal is ilnplehe ) ","’o
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switch 608. Selection of the horizontal
by switcwe®4/19323 ecti on of the video signal

synchroni zi ng si gnal
i s i mpl enent edPEY/USAEX34606.

I S inplemented

Each of the switches 604, 606 and 608 is responsive to an internal/external

control signal generated by the 17 P [err]P 340. Selection of internal
or external video sources is a user_s ction. However, if a user
i nadvertently selects an extergl sogce,ﬁgﬁen no such source is
connected or turned on, tern® s rops out, the vertical
raster will coll apse, and seri eus rrageﬁot ray tube(s) can
result. Accordingly, an externg syfpc hroﬁ-ﬁ zin 602 checks for the
presence of an ] 4 . '
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external synchronizing signal. In the absence of such.a signal, a swtch
overri de,eopihig3signal is transmtted/ig-each of swtches RSOY USBH§3 ¥ d
608, to prevent 'Selection of the external RGE source if the signal
therefrom.is not present. The RGB to YWV converter 610 al so receives tint
and color control signals fromthe WSP [err]P 340. A wi de screen tel evision
I n accordance with the inventive arrangenents can be inplenmented with

1f [err] horizontal scanning instead of 2f ori zontegl; scarlmi ng, although
such a circuit is not illhugrateé. A 1f[er§‘ circui twoul d not require the
1f[err] to 2f[err] conver& «gndstthe RGB i erf ace. :Abcorgfiﬂngly, t here
woul d be no provision fors8; s@l ay ng an ex@ernal w dg forfat display ratio
RGB signal at a 2f|H scanf® tAl. 'meawi g SCr&engp ocesdor and

pi cture-in-pictur 5 & e very sinilar.
N l
The gate array coulj=hess| Aghinst all of the
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outputs would be utilized. The various resol uti on enhancenent schenes
descri bed WRAMIAIBan be general ly applied without regard to REBAURN/Q3HAM

t el evi si on operates with 1f[err] or 2f[err] scanning. FIGURE 4 is a bl ock
di agram show ng further details of the wi de screen processor 30 shown in
FI GURE 3 which woul d be the same for both a 1f[err] and 2f[err] chassis.
The Y._ A UA and V_A signals are an inflif to the picture in picture
processor 320, which can include a resolution processing circuit 370. The
wi de screen television according to aspects of this invention can expand
and conpress video. The special effects enbodied by the various conposite
display formats illustrated in part in FIGURE 1 are generated by the

pi cture-in-picture processor 320, which can receive resolution processed
data signals Y_RP, URP and V_RP fromresolution processing circuit 370.
Resol uti on processi ng need not be
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utilized at all tinmes, but during sel ected d| splay formats. The

pi ct ur e-iwomigiazes processor 320 is shown in nore detail |nFFfTrG§U§E"°373f8 5.
The -princi pal conmponents of the picture-in-picture processor are an

anal og-to-digital converter section 322, an input section 324, a fast
switch (FSW and bus section 326, a timng and control section 328 and a
digital =to-anal og converter section 330.-The timng and control section 328
is shown in nore detail in FIGURE 9. The picture-in-picture processor 320
may be enbodi ed as an inproved vari atig'agof a basic CPIP chip devel oped by

Thomson Consuner %gctroni cs, Inc. The sic CPIP Cth |<r—el-e-%e-|-1-b-ej nor e
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fully in a publication entitled The CTC 140 Picture in Picture (CPIP)
Techni cal Wb ain93gp Manual , avail abl e from Thonson Consuner EpPETIUSMI(3334
Inc., Indianapolis, Indiana. A nunber of special features or special
effects are possible, the followi ng being illustrative. The basic speci al
effect is a large picture having a snall picture overlaying a portion

t hereof as shown in FIGURE 1(c). 'TheqH arge agpd smalyk pigdures can result
fromthe sanme video signal, fromdif grent video s@nal@ and can be

i nterchanged or swapped. Generally speaking, >f he ausli o s gnal is switched
to al ways correspongcto the big picture. The gsmall pictyre can be noved to

any position on the “creen or can steep thry an f predeterg ned
positions. A zoo I ncreases decr gasestpe @fze of the small

picture, for exa one of a nynper pr gse bs. At sone poi nt,
for exanple the T 'IGLEE 1(d)s the | arge and
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smal | pictures are in fact the sane size. In a single picture node, for
exanpl e t Rd 989y i N FI GURES 1(b), 1(e) or 1(f) a user can pgp/uwsS,M/u3134 he
content of the S|ngle picture, for exanple, in steps froma ratio of 1.0:1
to 5.0:1. While in the zoom node a user may search or pan through the

pi cture content enabling the screen imge to nove across different areas of
the picture. In either event, either the sgall picture or the large picture
or the zooned-picture can be di spi@iiged ingr eze frame (still picture
format). This function enables a strobeJEcE t, wherein the |Igst nine
frames of video can be repeated on the sér@e “’Thewfrarre repet&Ztion rate
can be changed fromthirty frgres per se2dad [to zePo f nes p second. The

pi cture-in-picture processor Esgd in the [Tae. s ¢en t e si accor di ng
to anot her inventive arrangerglgdiffers f o 8 (5 S
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19 the present configuration of the basic CPIP chip itself as_descri bed
above. |f WRIMAM3c CPIP chip were used with a tel evisi on hakEHYSANPE734 o
screen, and without a video speed up circuit, the inset pictures would
exhibit aspect ratio distortion, due to the effective 4/ 3 times hori zont al
expansi on resulting fromscanning across the wider 16 X 9 screen. (bjects
. 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

.
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CPI P.chip as used in conventional televisions are operated in a.particular

f ashi on havdeeg/10892 ai n undesirabl e consequences. The i nconi nBCHAURIA/Q334
sanmpled with a 640f[err] clock which is | ocked to the horizontal

synchroni zi,ng signal of the main video source. In other words, data stored
in the video RAM associated with the CPIP chip is not orthogonally sanpl ed
with respect to the incoming auxiliary video source. This is a fundanental
limtation on the basic CPIP nethod of field synchronization. The '
nonor t hogonal nature of the input sanplifpggrate results in skew errors of
the sanpled data. The limtation is a result of the video RAM used with the
CPI P chip, which nust use the sanme clock for witing and readi ng data. \Wen
data fromthe Vi dep—idimtiiohamasmudoc RAND0 i s displaved, fhe skew

errors are seen as| randomjitter ong vertical edges of the pictjure and
are generally consj dered quite objgctionable.
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The picture-in-picture processor 320, according to an inventive arrangenent
and unl i kevO9e/192%3 ¢ CPI P chip, is adapted for asymmetrical | PCEOANEIIBhg
the video data in one of a plurality of display nodes. In this node of
operation, sthe pictures are conpressed 4:1 in the horizontal direction and
3:1in the vertical direction. This asymetric node of conpression produces
aspect ratio distorted pictures for Storﬁﬂﬁ§ln the video RAM (bjects in

the pictures are squeezed horizontal ly. ver, if these pictures are read
out normally, as for exanple ink channel scan node, for display of a 16
X 9 format display ratio screeng! pi ctures appear correct. The picture
fills the screen and thegge is ect ratio distortion. The asymetric
conpr essi on node accordig? tq *
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20 aspect of the invention nmakes it possible to generate the special

di splay fWORIYEI398 a 16 X 9 screen w t hout external speed uP@i/USA1A08334
FIGURE 11 is a block diagramof the timng and control section 328 of the
pi cture-in-=picture processor, for exanple a nodified version of the CPIP
chip described above, which includes ald86 nmation circuit 328C for
|nplenent|ng the asymetric conpression as one of a plurality of selectable
di spl ay nodes. The renuni ning di splay nodes can provide auxiliary pictures
of different sizes. Each of horizontal and vertical decimation circuits
conprises a counter which is programmed for a conpression factor froma
tabl e of val ues under the control of the WGP [err] P 340. The range of
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values can be 1:1, 2:1, 3:1 and so on. The conpression factors can be
symetri cwip 9rd93asetri c, dependi ng upon how the table is setP@GH. USBHISYH  of
t he conpression ratios can also be inplenented by fully programmbl e,
general purpose decimation circuits under ‘the control of the WSP [err]P
340. In full screen PIP nodes, the pictygH6 n-picture processor, in
conjunction with a free running oscillator 348 will take Y/Cinput froma
decoder, for exanple an adaptive line conb filter, decode the signal into
Y, U, V color conmponents and generate horizontal and vertical sync pul ses.
These signals are processed in the picture-in-=picture processor for the _
various full screen nbdes such as zoom freeze“and channel scan. During the
channel scan node, for exanple, the horizontal=and vertical sync present

fromthe video S|gnalsp+nput section wl | havegﬁany di scontinuities because
the si gnal s sanpl ed
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(dlfferent channel s) will_have non-related sync pulses and wil| be switched
at seem ngv(ipmg m nonents in tine. Therefore the sanpl e clﬂﬁf(l{sﬁh@”&‘

read/ writ M,cl ock) is determ ned by the free running oscillator.
For freeze and zoom.nodes, the sanple clock will be | ocked to incom ng
vi deo hori*%ontal ~sync, which in these special cases is the same as the
di spl ay=€el ock frequency. Referring again to FIGURE 4, Y, U, V and CSYNC
(conposi t-e sync) .outputs fromthe Ei cture-in-picture processor in anal og

f.orm can be re- encoded into Y/ C c nents by encode m_r_gui_g_gﬁﬁa whi ch
_opérates in conj U&IOI’] with a 3.58 MHz oscillator 380.| This 1
| = <
. PIe 2 =
O > = §§ 3§
oy o= ’ -
w s 3E ST
o [ ]
SE
bl B3d Bd
> [ o] >l > QO [l—
‘—V_": x [
-—d
[V ]
S f—’g ,_/L\ ] 1
TES ~ = 2= 2 2
& oy I g %
- L2 NN — mNN
4 4 At f A A4
b3
= —t
- -- — .f\ ~ N
.y - i T i
~N < N NN Eg
— o
B2 3= B
o = ’-5"’:
- = 50
e
T ® T w i° P
N NN ~ -
T 753
51 <o~ ~
rl ON ‘ IN .
Nl N g
w» (7]
g '~N e \ 4 '~ 3
[«
= EE?N < N a
ﬁ L m ™ =
e O ‘N v '~ =
= §S« | o 5
3] ~N < N AN
'N o e 'N 8 e
< o
~ \ ~N >...."f
I _ L o= o
- < @
= %
L 3 2

Thxs Sheet Has Been Rep

- i

. ""\‘



Y/ C_PI P_ENC signal may be connected to a Y/ C switich, & :
enabl es. t he re-encoded Y/ C conponents to be substlt\ﬁted f&r the "Y/l':"" £
conponents of the main signal. Fromthis point on, P et}
and sync signals would be the basis for_ horizont aI vén@t veft‘l cal =t fg
the rest of the chassis. This node of operation is ,épproprl ate\___,ca,....s‘;-:

i npl ementing a zoom node for the PIP, based upon operation of t he

oo s Che ot ur o n O TABE RPLBBEL AR YT Loy o, simairto

s analeg—te-di-grtat—"
converting sectlihen ig@ntionpoelates ttooth@2fieldf adt tedewisiong; Sivraestampsiecont r ol

convert ngngss, fEIRVisTES RIDG. 2° e Hishiy Hofnist Maifl <cre8BT Wik, 500
digitizes mnst untpéaow@namdemt@auamnmpkemwt aarious dlisplayr degnats.
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 X 3, are limited in the ways that single and multiple video
signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
broadcast with a 4 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
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 multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multipie
signal sources, developing consistent timing signals from
asynchronous but simultaneously 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 soived in a
wide screen television according to this invention. A wide screen
television according to various inventive arrangements is capable of
providing high resolution, "single and multiple picture displays, from

|



signals (U, V), subsampling and storing the results in a 1 negabit video
RAM 350-:as expl ai ned above. The video RAM 350 associated with the

pi cture-in-picture processor 320 has a nenory capacity of 1 negabit, which
is not |arge enough to store a full field of video data with 8-bit sanples.
I ncreased nenory capacity tends to be expensive and can require nore

conpl ex managenent circuitry. The smaller nunber of bits per sanple in the

bancui dt b, “TES20d “TARRE Sdurc8d by, lufikp ol Bireldnt Serdts i
sanpl es t hfdligghoand with selestablee displayt format nadiegwi dth is not usually a
probl em when t hpemvisionar with & vided gl %yrﬁ,rh{satr Rty o4 pesmal |, but can
be troublesone if the . auxiliary displayed,picture I.s |arger, for exanple
the same s\"Z%‘eé%e’t‘W@edﬁi i‘(PIBV %y%‘(ﬁqﬁ Lﬁ'gpla%f%l‘ﬂ e8ns 2sBety ali rcui t
370 can sebasic vel standdrdmhotizontal oscaming rates and muitiples thereof, as
well as by both interlaced and noninteriaced scanning. Standard
NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal
scanning rate of approximately 15,734 Hz. The basic scanning rate
- for video signals is variously referred to as fy, 1f4, and 1H. The
actual frequency of a 1fy signal will vary according to different
video standards. In accordance with efforts to improve the picture
quality of television apparatus, systems have been developed for
displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields of the interlaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. in each case, the
horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such 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.
The wide screen television according to various inventive
arrangements can expand and compress video in the horizontal
direction by using adaptive interpolator filters. In the case of a
format display of side by side pictures of comparable size, for
example, one of the video signals must be compressed and the other
must be enlarged. In the case of a zoom feature, one of the signals
is first truncated, and then expanded. The interpolators for the
luminance components of the main and auxiliary signals may be skew
correction filters, of the kind described in U.S. Patent No.
4,694,414- Christopher. A four point interpolator as described
therein, for example, comprises a two point linear interpolator and
an associated filter and multiplier connected in cascade to provide



schenmes for enhancing the quantization resolution or effective bandw dth of
the-auxi‘tiary video data. A nunber of data reduction and data restoration
schenmes have been devel oped, including for exanple, paired pixel
conpression and dithering and dedithering. A dedithering circuit would be
operatively di sposed downstream of the visleo RAM 350, for exanple in the
auxiliary signal path of the gate array, as explained in nore detail bel ow
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data signal is applied to the two-point linear interpolator. The delay
imparted to the input is proportional to the value of a delay control
signal (K). The amplitude and phase errors of the delayed signal are
minimized by the application of a correction signal obtained by an
additional filter and muitiplier connected in cascade. This
correction signal provides peaking which equalizes the frequency
response of the two point linear interpolation filter for all values of
(K). The original four point interpolator is optimized for use with
signals having a pass band of .25 fs, where fs is the data sample
rate.

Alternatively, and in accordance with inventive arrangements,
both channels can use what is termed a two stage interpolative
process. The frequency response of the original variable
interpolation filter can be improved by using such a two stage
process. This process is hereinafter referred to as a two stage
interpolator. A two stage interpolator acéording to an inventive
arrangement comprises a 2n+4 tap finite impulse response (FIR)
filter with fixed coefficients and a four point variable interpolator.
The FIR filter output is located midway between the input pixel
samples. The output of the FIR filter is then combined by
interleaving with the original data samples, which are delayed, to
create an effective 2fs sample rate. This is 'a valid assumption for
frequencies in the pass band of the FIR filter. The result is that the
effective pass band of the original four point interpolator is
significantly increased.

The compensated variable interpolation filter of the prior art
provides accurately interpolated samples as long as the frequency
components of the signal are no greater than approximately one
fourth the sample rate, .25 fs. The two-stage approach can be used
for signals having frequency components substantially greater than
.25 fs. In accordance with inventive arrangements, a finite impulse
response filter generates from a first signal of digital samples a
second signal of digital samples representing signal points between
the samples of the first signal. The first signal may be, for



reduction and restorati on schenes can be selected by the WEP [err]P in
order to-nmaxim ze resolution of the displayed video for each particul ar
kind of picture display format. The |um nance and col or difference signals
are stored in an 8:1:1 six-bit Y, U V fashion. In other words, each
conponent is quantized into six-bit sanphkes. There are eight |um nance
sanpl es for every pair of color difference sanples. The picture-in-picture

processor 320 is operated in e whereby incom ng video data is sanpled
with a 64oﬁx@rm?'ec|%eﬂké%t$égm CH‘égne@ hyha datastiegnaofi pixel walieso The

synchr oni zifirgt Signal isndekaed, | but [itEefwide. s@e%ear&mwe%drﬁoamd{i dgpeRAM i s
or t hogonal {ﬁé é@%ﬁé{%v\gﬁa Eheéijeqta |sf.r ad ogt (%f 'I e gl céarg-l n-pi cture
processor VI 02nd; the, gelayed st signal, aragintedeaxsd. dabrerr]
cl ock | ockeaxaropleh®yi ac omiltiplexer| Ito aproducte@ thisdadighal @fdgigitad valuesai n
the orthogqnfjing eh BaMPH dendi'Wie that of the first signal. A
compensated variable interpolator derives from the third signal a
fourth signal of digital samples in which the frequency content of
information represented by the first signal has been changed. The
frequency content can be compressed or expanded. The first signal
can have frequency components as high as approximately 40% of the
sampling rate for the first signal without significant reduction of
bandwidth in the fourth signal, even when expanded. In the case of
enlarging the picture represented by a video signal, the video signal
can be truncated, for example in a FIFO line memory, prior to being
delayed and processed by the finite impulse response filter. The
compensated variable interpolator can be controlied, for exampie by
a microprocessor or hardware equivalent, to provide selected ratios
of compression or expansion.
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
accordance with aspects of this invention and adapted for operation
at 2f4 horizontal scanning.

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

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

FIGURE 5 is a block diagram of the picture-in-picture
processor shown in FIGURE 4.

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.



even though this data was orthogonally sanpled and stored, and can be read
out’orthogonally, it cannot be displayed orthogonally directly fromthe

vi deo RAM 350, due to the asynchronous nature of the main and auxiliary

vi deo sources. The main and auxiliary video sources m ght be expected to be
synchronous only in that instance where tRey are displaying signals from
the sane video source. Further processing is required in order to
synchroni ze the auxiliary channel, that is the output of data fromthe

vi deo RAM 350, FGURENIis aiblode!diag¥dn siiwingnte atdhrsighaFpadrfprd, two

from the viSGUFR 10 sRBR SRER %0 ' T our bit Iat ches al so reduce ¢ he
data clock rateMEsIRE280fiScarblock diagramyr showirgdhel ayxiliatye sigropaitspl ay
and def | ecigf FIGURESS inSmbredetafi zed with the main video signal. The main
vi deo signal nmu . .
GURE 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 1f4 to 2f 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.

FIGURES 15 and 16 are pixel diagrams useful for explaining the
operation of two-stage variable interpolation filters, as may be
used to implement the interpolators of FIGURES 6, 9 and 10.

FIGURE 17 is a block diagram of a two stage compensated
variable interpolation filter.

FIGURE 18 is a block diagram of a two stage compensated
variable interpolation filter configured for implementing a zoom
feature.

FIGURE 19 is a block diagram of a circuit for implementing an
eight tap, two stage interpolation filter.

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
purposes of convenience in illustration and discussion herein, a

- conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
signal is generally deemed to be 16 X9. The inventive
arrangements are not limited by these definitions.



be speeded up, as explained above, to fill the w de screen display. The
auxi liary video signal nust be vertically synchronized with the first video
signal and the video display. The auxiliary video signal can be del ayed by
a fraction of a field period in a field nenory, and then expanded in a |ine
menory. Synchroni zation of the auxiliary video data wth main video data is
acconpl i shed by utilizing the 23 vide® RAM 350 as a field menory and a
first in first out (FIFO |ine nmenory device 354 for expanding the signal.

e e e i AP Vi et o

read/ write g a conventiondl format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X 3 format
display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X3 format display.
However, much information will be cropped from the left and/or
right sides. As a further alternative, the letterbox picture can be
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 X8 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 X 9 format display ratio main
signal in which a 4 X3 format display ratio inset picture is
displayed. If both the main and auxiliary video signals are 16 X 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.

FIGURE 1(d) illustrates a display format, wherein the main and
-auxiliary video signals are displayed with the same size picture.
Each display area has an format display ratio of 8 X9, which is of
course different from both 16 X9 and 4 X3. In order to show a
4 X 3 format display ratio source in such a display area, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less



poi nter collisions. Read/wite pointer collisions occur when old data is
read out> of the FIFO before new data has an opportunity to be witten into
the FIFO Read/wite pointer collisions also occur when new data overwites
the nenory before the old data has an opportunity to be read out of the
FIFO. The 8-bit DATAPI P data bl ocks fromyideo RAM 350 are witten into
2048 x 8 FIFO 354 with the sanme picture-in-picture processor 640f[err]

cl ock which was used.,.to sanmple the videQ data i s, the 640f[err] clock

which is | oSkRRPING. ¢ feSAME ﬁs&resFtsfiaéwald}StP&‘%iwérw : izontalesqueezingl of The
FI FO 354 i s theapiatsiengst teleraten. ayHetigoktaf séQééfzgr@r rfbﬁgﬁiem" vﬁ]agbﬁgléegf tg
mul tipre | ROTOREM SIS e the chickilRapehfe g 5raRn  teieviEior,
cl ocks enablagsomding thitbls wanentiarm cgon proyideaapy emixaiof acrioipping rana to be
displayed  agpect 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 X 3 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
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
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



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 306 and out put signal path 312 of the gate array 300 are shown in

bl ock diagramformin FIGURE 6. The gateBarray al so conprises a clocks/sync
circuit 320 and a WP [err] P decoder 310. Data and address output |ines of

the vnngn[gﬁdc\)}eﬁc%g:&@w.WWd WREre BRI Wi b od to each of
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pi cture- i RIGHUEREr e Jesiping elaven rpishires wil ;ﬁ%d@sﬁﬁﬁgacffﬁ&@t 370. It

wi |l be afprearatated that whether or not certain CI rcuits are, or are not,
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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 1fq to 2fy4 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 vatious 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
plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The output of first tuner 206 is an input to a one-chip
202, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resuiting from



The gate array is responsible for expanding, conpressing and cropping video
dat'a of ‘the nmain video channel, as and if necessary, to inplement different
picture display formats. The |uninance conponent Y_MN is stored in a first
in first out (FIFO line nenory 24 356 for a length of tinme depending on
the nature of the interpolation of the |umg nance conponent. The conbi ned
chrom nance conponents UWV_M are stored in FIFO 358. Auxiliary signal

i ' G, ) . = db
demul ¢ 1 pl ol SHBAMAARS Bret SRREF 208 Ittt i0RE Bofot eddfarruch: BEssi no,
as desi redangnth@d JNit ingety of widei screepaprsessorniesGther 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
fiiter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
designation for (B-Y). The Y_M, U_M, and V_M signals are converted
to digital form in the wide screen processor for further signal
processing.

The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TV2. A
switch SW2 selects between the TV2 and SWITCHED VIDEO signals
as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and Sw4
select between the luminance and chrominance outputs of Y/C



by interpolator 359, generating signal YAUX as an output. In sone
I nstances, the auxiliary display will be as large as the nain signal
di splay, as shown for exanple in FIGURE 1(d). The nenory limtations

associ ated with the picture-in-picture processor and video RAM 350 can
provide an insufficient nunber of data poigts, or pixels for filling such a
| arge display area. In those circunstanceS, resolution processing circuit
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thereafter considered the auxiliary signal and is processed along an
auxiliary sigﬁa! 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
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 externali RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizonta! and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.

The 1fy to 2fy converter 40 is responsible for 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



350 is designated VRAMOUT. The PIP circuit 301 also has the capability of
reduci ng*the auxiliary picture by equal integer factors horizontally and
vertically, as well as asymmetrically. Wth further reference to FI GURE 10,
the auxiliary channel data is buffered and synchronized to the main channel
digital video by the 4 bit |atches 352A pnd 352B, the auxiliary FIFO 354,
timng circuit 369 and synchronization circuit 368. The VRAM OUT data is
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mai n 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 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
signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fym or fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,
by generating an internal/external control signal INT/EXT. However,
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 processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
circuit 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP puP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signals, enable
signals and reset signals. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and



channel is sanpled at a 1024f[err] rate. The auxiliary channel FIFO 354
convertsthe data fromthe auxiliary channel sanple rate to the main 25
channel clock rate. In this process, the video signal undergoes an [err]
conpression. This is nore than the 4/3 conpression necessary to correctly
di splay the auxiliary channel signal. Thé&2efore, the auxiliary channel nust
be expanded by the interpolator 359 to correctly display a 4 X 3 snal
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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
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 puises 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.

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 alsoc operates in
conjunction with the WSP uP 340. The WSP uP 340 comprises an
input output I/O section 340A and an analog output section 340B.
The /O section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and’
control signals for the switches SW1 through SW6. The I/O section
also monitors the EXT SYNC DET signal from the RGB interface to



determ ned as follows: X = [err] The chrom nance conponents UPIP and VPIP
are del ayed by circuit 367 for a length of tinme depending on the nature of
the interpolation of the |um nance conponent, generating signals U AUX and
VAUX as out puts. The respective Y, U and V conponents of the main and
auxiliary signals are conbined in respeggive nultiplexers 315, 317 and 319
I n the output signal path 312, by controlling the read enabl e signals of
the FIFO s 354,GE5 and 358, The mul tipl exers, 315, 317 and 319 are
responsi ve PH p‘S‘P maflaghios SsircuBnanpd| cathasde ragotubetsy.pul henanalpgexer
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[err] P 340. cincuits 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 signais. 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_MUKX 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
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
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



mul ti pl exed | um nance and chrom nance conponents Y_MX, U MX and V_MX are
supplied to respective digital/anal og converters 360, 362 and 364
respectively. The digital to anal og converters are foll owed by | ow pass
filters 361, 363 and 365 respectively, shown in FIGJRE 4. The vari ous

functions of the picture-in-picture prlc:)lessor, the gate array and the data
reduction circuit are controlled by W5 C4[err]P 340. The WSP [err] P 340 is
responsive to the TV [err] P 216, Reing connected thereto by a serial bus.
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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
FIFQ'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
auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y,
U and V, are supplied to the 1fy to 2fy converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
Y/C format by encoder 227 to define a wide format ratio ouiput
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5



26 horizontal zoom ng operations usually acconpani ed by vertical zoom ng.
Hor:i zont:al zoom operations up to 33% can be acconplished by reduci ng
conpressions to less than 4/3. A sanple interpolator is used to recalculate
the incom ng video to a new pi xel positions because the |um nance video
bandwi dth, up to 5.5 Mz for S-VHS formst, occupies a |arge percentage of
the Nyquist fold over frequency, which is 8 MHz for a 1024f[err] clock. As
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t he conpregatermy,tGeSYNC_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 controlied
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 1fy REF timing signal. The 32fy REF and 1f4 REF timing signais
are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
éignal 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
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period
is symmetric within each 1fy4 period of the input signai. Otherwise,
the display may exhibit a raster split, for example, wherein haif of
the video lines are shifted to the right and haif of the video lines are
shifted to the left.

The deflection circuit 50 is shown in more detail in FIGURE 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



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 wth respect

to the relative positions of the FIFO 356 and the interpolator 337. In

- particular, these switches select whether the interpolator 337 precedes the
FI FO 356, as required for conpression, or whether the FIFO 356 precedes the

i nterpolator 337, as required for expan%@on. The switches 323 and 331 are
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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 Iapy 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 signai, for example in
analog form, generated by a vertical size control circuit. © Vertical
size adjustment 500 is independent of a manual vertical size
adjustment 5§10, 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 ciréuit 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 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
format display ratio, progressively scanned source. The external
" RGB signals and a coniposite blanking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610. The
external 2fy composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by
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



switch 323 is inplenented by two multiplexers 325 and 327. Switch 331 is

i nplenmented by nmultiplexer 333. The three nultiplexers are responsive to
the route control circuit 335, which is itself responsive to the WEP [err]P
340. A horizontal timng/synchronization circuit 339 generates timng
signals controlling the witing and read'wg of the FIFGs, as well as

| at ches 347 and 351, and nul ti pl exer 3537 The cl ock signal CLK and start of
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external sourcéJ drops out, the vertical raster will collapse, and

serious damage to the cathode ray tube(s) can result. Accordingly,

an external synchronizing detector 602 checks for the presence of an

external synchronizing signal. In the absence of such a signal, a

switch override control signal is transmitted to each of switches

604, 606 and 608, to prevent selection of the external RGB source if

the signal therefrom is not present. The RGB to YUV converter 610

also receives tint and color control signals from the WSP uP 340.

A wide screen television in accordance with the inventive
arrangements can be implemented with 1f4 horizontal scanning
instead of 2fy horizontal scanning, although such a circuit is not
illustrated. A 1fy circuit would not require the 1fy to 2fy converter
and the RGB interface. Accordingly, there would be no provision for
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 processor 30 shown in FIGURE 3 which would be the
same for both a 1f4 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
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE



27 (C) and clock gating information CGY for the lum nance and CGUW for the
col'or components. It is the clock gating information which pauses
(decimates) or repeats the FIFO data to all ow sanples not to be witten on
sonme clocks for effecting conpression or sone sanples to be read nultiple
tinmes for expansion. It is possible to p8rformvideo conpressions and
expansi ons through the use of a FIFO For exanple, a WREN M\ Y si gnal

enabl es data en into t e FIFO 356, Every fourth sanple can be
i nhi bited frotﬁ‘%e‘?rﬁ@c‘ﬂﬁs t‘f%‘HpPHFB o thepictpsincRicture: pregessarn are
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8 and a digital- to-analog converter section 330. The timing and
control section 328 is shown in more detail in FIGURE 9.

The picture-in-picture processor 320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
Consumer Electronics, Inc. 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
Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are possible, the following being illustrative. The
basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
video signals and can be interchanged or éwapped. 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
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame
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 acéording'to another inventive arrangement differs from



Expansi ons nmay be perforned in exactly the opposite manner as conpressi ons.
| .t he ‘case of conpressions the wite enable signal has clock gating
informati on attached to it in the formof inhibit pulses. For expanding
data, the clock gating information is applied to the read enabl e signal.
This will pause the data as it is being read fromthe FIFO 356. In this
case it is the function of the interpola or 337, which follows the FI FO 356
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events can4pedithe§aR6Az6AtdiN8xpansion resulting from scanning across the
wider 16 X9 screen. Objects in the picture would be horizontally
elongated. If an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture would not fill the
entire screen.
Existing picture-in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undsesirable consequences. The
incoming video is sampied 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
compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X 9 format display ratio screen, the pictures. appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this



rising edges of the systemclock 1024f[err]. There are a number of
advantages in this topology for |um nance interpolation. The cl ock gating
operations, nanely data decimati on and data repetition, nmay be perforned in
a synchronous manner. If a switchable video data topol ogy were not used to
I nterchange the positions of the interpol &or and FIFO, the read or wite
cl ocks WOLgé§ 8%‘8 h_g) he do ble cl.ocked to use or repeat the data. The
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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
compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a
table of values under the control of the WSP 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
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 adaptwe line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.

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



to operate synchronously with the systemclock, since the witing or

readi ng el ock frequency nmust be twice as high as the system clock
frequency. Moreover, the swi tchabl e topol ogy requires only one interpolator
and one FI.LFOto perform bot h conpressions and expansions. |[f the video

swi tching arrangement described herein wepe not used, the double clocking
situation can be avoided only by using two FIFO s to acconplish the
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operation is appropnate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main
signal path.
With further reference to FIGURE 5, the picture-in-picture
processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the resuits 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 displayed picture. Resolution
processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction
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



of menory |ocations. Each nenory | ocation holds eight bits of data. In each
8-bit I'ecation there is one 6-bit Y (lum nance) sanple (sanpled at
640f[err]) and 2 other bits. These two other bits hold either fast switch
data (FSWDAT) or part of a Uor V sanple (sanpled at 80f[err]). The FSW DAT
val ues indicate which type of field wa itten into video RAM Since there
are two fields of data stored in the video RAM 350, and the entire video
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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 to the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the
video RAM is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it must also be read
using the same 640fy clock locked to the incoming auxiliary video
signal in order to maintain the orthogonal relationship. 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. .

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



line of the field when"'the field is read out of nenory. The result is that
the- smakl picture maintains correct interlace without a notion tear. The

cl ocks/sync circuit 320 generates read, wite and enabl e signals needed for
operating FIFGs 354, 356 and 358. The FIFOs for the main and auxiliary
channel s are enabled for witing data intag storage for those portions of
each video line which is required for subsequent display. Data is witten
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necessary to co souarc

of the di Slgp%g;oryr v,t¢¢@s4 for expanding the sngnal 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 (FIFQO)
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
processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for facilitating explanation
of the inventive arrangements.

The gate array is responsible for expanding, compressing and
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



354 of the auxiliary channel. is witten synchronously with the auxiliary
vidéo signal, but is read out of menory synchronously with the main video
signal. The nmain video signal conponents are read into the FIFGCs 356 and
358 synchronously with the nain video signal, and are read out of menory
synchronously with the nmain video. How of2&n the read function is swtched
back and f 2 betmeen the main and auxiliary channels is a function of the
parti cul ard Oiq) ef & %’Fgfé'btofcﬂﬂ@@eﬁeilﬁﬁdmgatommhefnahumemfeﬂhe sipeerpalatidd ect s
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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 compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a
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
data) by demuitiplexer 355. The FSW_DAT indicates which field
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 smalil picture modes.
The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
converts the data from the auxiliary channel sample rate to the main



active for [err]

= [err] or approximately 41% of the display active |line

peri‘od (post speed up), or 67%of the auxiliary channel active |ine period

(pre speed up),

as shown in FIGURE 7. This corresponds to approxinmately 33%

croppi ng (approximately 67% active picture) and the interpol ator expansion
of the signal by [err]. In the main video2%hannel, shown in the upper part
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interpolator 359 is controlled by interpolator control circuit 371,
which is itself responsive to WSP pP 340. The amount of

interpolator expansion required is 5/g. The expansion factor X is
determined as follows:

= (640/1024) * (4/3) = 5/¢
The chrominance components U_PIP and V_PIP are delayed by

circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the

main

and auxiliary signals are combined in respective multiplexers

315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output muitiplexer 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 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 reduction circuit are controlled by WSP uP

340.

The WSP uP 340 is responsive to the TV uP 216, being

connected thereto by a serial bus. The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and

reset

signals. The WSP pP 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



format chosen. In the exanple of the side-by-side cropped node shown, the
mai i channel video is being displayed on the |eft hand hal f of the display
and the auxiliary channel video is displayed on the right hand half of the
di splay. The arbitrary video portions of the waveforns are different for
the main and auxiliary channels as illustgated. The read enabl e control
signal (RDENWN) of the main 30 channel 910 x 8 FIFGs is active for 50%
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_ by reducing compressions to less than 4/3 A sample interpolatpr is
used to recaiculate 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
uP 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 auxlhary
signal path.

The main signal path is shown in more detail in FIGURE 9. The
switch 323 is implemented by two muitiplexers 325 and 327. |
Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which
is itself responsive to the WSP uP 340. A horizontal
timing/synchronization circuit 339 generates timing signals
controlling the writing and reading of the FIFOs, as well as latches
347 and 351, and multiplexer 353. The clock signal CLK and start of
line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP puP 340 and the most significant bit of UV_MN.

An interpolator control circuit 349 generates intermediate
pixel position values (K), interpolator compensation filter weighting



the display active line period beginning with the falling edge of the
RDENWN ‘si gnal 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 (nmain or auxiliary) while the read
enabl e control signals are synchronous wi¢h the nmain channel video. The

di splay format shown in F| GURE 1(dé is particularly desirable as it enables
two nearly (E)land ialoek gating iformatios pfLa)edor the lumirange singk GGQUVafar The
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It is possible to perform video compressions and expansions
through the use of a FIFO. For example, a WR_EN_MN_Y signal
enables data to be written into the FIFO 356. Every fourth sample
can be inhibited from being written into the FIFO. This constitutes a
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
puises. 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. in this case it is the function of the
interpolator 337, which follows the FIFO 356 during this process, to
recaiculate the sampled data from jagged to smooth. In the
expansion case the data must pause while being read from the FIFO
356 and while being clocked into the 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 system clock 1024fy.

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



squeezing the pictures by 33% and introducing aspect ratio distortion.

Depéndi ng on user preference, the ratio of picture cropping to aspect ratio
distortion may be set any where in between the limts of 0% and 33% As an
exanple, two side by side pictures may be presented as 16.7 % squeezed and
16. 7% cropped. The horizontal display tine for a 16 X 9 format display

ratio display is the sa as a 4 X 3 forrdt display ratio display, because
both have é9. gpﬁf%ﬁeoﬁ@gﬁﬁoﬂ%%wawmhi ke | sysiem cleckr sinag ytheawrNirgC ari deo
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ratio, wit Q% %@orvgga vgp'eg{ ers%aa;gort is calculated as ratio of the
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accor dance interpolatpeand aine MIEQ ty qrarfarm thothpeempressibasvaddo signals. In
the past, Hdfdhsions. 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 640fy) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). The FSW_DAT vaiues indicate which type of field
was written into video RAM. Since there are two fields of data
stored in the video RAM 350, and the entire video RAM 350 is read
during the display period, both fields are read during the display
scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch
data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tear problem. If the field type
being read is the opposite type than that being displayed, then the
even field stored in the video RAM is inverted 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



having different clock rates at the inputs and outputs have been used to
perf'orma simlar function. By way of conparison, if two NTSC 4 X 3 format
display ratio signals are displayed on a single 4 X 3 format display ratio
di spl ay, each picture nmust be distorted or 31 cropped, or sone

conbi nati on thereof, by 50% A speed up comparable to that needed for a
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I nterpol at 45y 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

particuiar 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
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/g.
In the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed. on the main channel video
by the 910 x 8 FIFOs. : :

In each of the FIFOs, the video data is buffered to be read out
at a particular point in time. The active region of time where the
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



for, the | um nance conponents of the main and auxiliary signals nmay be skew
correction filters, of the kind described in U S. Patent No. 4,694, 414-
Christopher. A four point interpolator as described therein, for exanple,
conprises a two point |inear interpolator and an associated filter and

mul tiplier connected in cascade to provi%& anplitude and phase
conpensation. In total, four adjacent da sanpl es are used to cal cul ate
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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 X9. Most NTSC signals are represented in a 4 X 3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33%, and introducing aspect ratio
distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between
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 = (16/9) / (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 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



(K)y. The original four point interpolator is optimzed for use with signals
havi ng 'a pass band of [err], where fs is the data sanple rate.
Alternatively, and in accordance with inventive arrangenents, both channels
can use what is terned a two stage intergol ative process. The frequency

response of the original variable interp Hation filter can be i nproved by

using such a two stage process. This process is hereinafter referred to as
a two stag&ropped.per sose corbinationdtherenforyob8fer Acpeed g to an
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is illustrAMHRASESBIYSIURE 15-16. The FIR filter output is spatially |ocated
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direction by using adaptive interpolator filters. The interpolators
for the luminance components of the main and auxiliary signals may
be skew correction filters, of the kind described in U.S. Patent No.
4,694,414- Christopher. A four point interpolator as described
therein, for example, comprises a two point linear interpolator and
an associated filter and multiplier connected in cascade to provide
amplitude and phase compensation. In total, four adjacent data
samples are used to calculate each interpolated point. The input
signal is applied to the two-point linear interpolator. The delay
imparted to the input is proportional to the value of a delay control
signal (K). The amplitude and phase errors of the delayed signal are
minimized by the application of a correction signal obtained by an
additional filter and multiplier connected in cascade. This
correction signal provides peaking which equalizes the frequency
response of the two point linear interpolation filter for all values of
(K). The original four point interpolator is optimized for use with
signals having a pass band of fs/4, where fs is the data sample rate.
Alternatively, and in accordance with inventive arrangements,
both channels can use what is termed a two stage interpolative
process. The frequency response of the original variable
interpolation filter can be improved by using such a two stage
process. This process is hereinafter referred to as a two stage
interpolator. A two stage interpolator according to an inventive
arrangement comprises a 2n+4 tap finite impulse response (FIR)
filter with fixed coefficients and a four point variable interpolator,
as is illustrated by FIGURE 15-16. The FIR filter output is spatially
located midway between the input pixel samples, as shown in
FIGURE 15. The output of the FIR filter is then combined by
interleaving with the original data samples, which are delayed, to
create an effective 2fs sample rate. This is a valid assumption for
frequencies in the pass band of the FIR filter. The result is that the



create an effective 2fs sanple rate. This is a valid assunption for
frequenicies in the pass band of the FIRfilter. The result is that the
32 effective pass band of the original four point interpolator is
significantly increased. The conpensated variable interpolation filter of
the prior art provides accurately interpbfated sanples as long as the
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shown by the bl ope degfipdRdAREd2vANELRS FrbBIRIdP RtdY of the prior art
provides accurately interpolated samples as long as the frequeﬁcy
components of the signal are no greater than approximately one
fourth the sample rate, 1/4fs. The two-stage approach can be used
for signals having frequency components substantially greater than
1/4 s, as shown by the block diagram for a two stage interpolator
390 in FIGURE 17. A signal DS_A of digital samples at a sampling
rate fs is an input to a finite impuise response (FIR) filter, for
example a fixed FIR filter 391. The finite impulse response filter
391 generates from the signal DS_A a second signal DS_B of digital
samples which are also at the sampling rate fs, but which are
temporally located between the values of the first signal DS_A, for
example at the midpoint between each value. Signal DS_A is also an
input to a delay circuit 392, which produces a signal DS_C of digital
samples, identical to signal DS_A but time delayed by (N+1)/fs. The
data streams DS_B and DS_C are combined by interleaving in
multiplexer 393, resuiting in a data stream of values DS_D at twice
the sampling rate, 2fs. Data stream DS_D is an input to a
compensated variable interpolator 394.

in general terms, the fixed FIR filter is designed to accurately
produce sample values corresponding to time locations exactly half-
way in between the incoming sample positions. These are then
interleaved with delayed but otherwise unmodified samples,
producing a data stream with a 2fs sample rate. The FIR filter is
most conveniently implemented using an even number of
symmetrically weighted taps. An eight-tap filter, for example,
having tap weights of:
-1/32, S/g4, "11/g4, S/g, S/, -11/g4, S/p4, "V/32

will accurately interpolate signals having frequency components up
to about 0.4fs Since the data rate is doubled to 2fs by the
interleaving, the signal being processed by the variable interpolator

never contains frequency components higher than 1/4 the sample
rate.



390 in FIGURE 17. A signal DSA of digital sanples at a sanpling rate fs is
an input*to a finite inpulse response (FIR) filter, for exanple a fixed FIR
filter 391. The finite inpulse response filter 391 generates fromthe
signal DS_A a second signal DSB of digital sanples which are also at the
sanpling rate fs, but which are tenporally;located between the val ues of
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accuratel Y be pertinent in a wide screen television, particularly in the auxiliary
channel, where the auxiliary signal is initially sampled at a fairly
low rate, for example 10 MHz. Preserving as much bandwidth as
possible can be important.
A two stage interpoiator 390' appropriate for a zoom
application is shown in block diagram form in FIGURE 18.
Components in common with the interpolator 390 shown in FIGURE
17 have the same reference numeral as do the designations of the -
data streams. The object of the two stage interpolator 390' is to
zoom the incoming image horizontally by a factor of m, where m is
greater than 2.0. Thus, if the data in and data out signals are
occurring at the same sample rate of fiIN, there needs to be m output
samples generated for every input sample. The signal is stored in a
FIFO line memory 395 at fIN rate, and a portion is then read out as
data stream DS_A at a reduced rate of fs. The fs clock is composed
of a subset of fIN clock pulses, and does not have a uniform period.
Data stream DS_ B, corresponding to sample values half-way
in between the existing samples of data stream DS_A are estimated
using the fixed FIR filter 391, and are then interleaved with the
delayed samples of data stream DA_ C to form the double rate data
stream DS_D. Data stream DS_D, having twice the original sample
density, is then processed by the variable interpolator 394 to
produce a sample value for each fIN period. The accumulator circuit,
including latch 398 and summer 399 produces an output which
increments by r = 2/;m each fIN clock period. The fractional part
controls the variable interpoiator by supplying the K value from
latch 398. The integer carry output (CO) generates the 2fs clock,
through latch 397, for reading of the FIFO 395 and shifting data
through the FIR filter 391, the delay circuit 392, the multiplexer
393 and the interpolator 394. Divider 396 provides the fs signal
from the 2fs signal.



produce sanpl e values corresponding to tinme |ocations exactly half- way in
between it he i ncom ng sanpl e positions. These are then interleaved with

del ayed but ot herw se unnodified sanples, producing a data streamwith a
2fs sanple rate. The FIRfilter is nobst conveniently inplenented using an
even nunber of symmetrically weighted gaps. An eight-tap filter, for
exanpl e, having tap weights of: [err] will accurately interpolate signals

havi ng frequen e t feis
doubl ad 1o 21 o HeTBnersr eveldl, dhethanvelifigtpojatbh ﬁa#%?a%@t%*% ‘the
vari abl e |Fr\t5ér ;Sbaaa'aevaew stageamgrﬁolatgrenay atsmp copstrugted “usiag 1/ 4
the sanpl ¢hgapR+4 FIR filter and a simple linear interpolator without

compensation. This is the equivalent of setting the compensation
multiplier C, of the four point interpolator, equal to zero. A second
alternative is using the original four point interpolator along with a
fixed weight linear phase 2n+5 tap FIR. In order to accompiish this
successfully it is first necessary to optimize the original four point
interpolator technique.

The four point interpolator can be viewed as a variable FIR
filter with non-linear phase. It should be recognized that the
frequency response of the four point interpolator is highly dependent
upon the value K which is chosen. Each particular horizontal
compression or expansion can be viewed as being made up of the
output of several different FIR filters each having their own unique
frequency and phase response. Artifacts in the interpolation become
apparent when the collective frequency responses of the
interpolator diverge. Thus, the overall pass band of a particular
horizontal compression or expansion can be optimized by choosing
values of K which produce the most equalized frequency response.

This optimization can be shown by examining the frequency
response of a 4 sample to 3 sample data reduction, that is, a 4:3
compression. The criteria that will be used to determine when
artifacts become unacceptable is the frequency at which the
amplitude curves of the individual interpolations diverge by more
than 1 dB. Choosing the initial values of K to be 1, 5/16, and 11/16
jeads to a usable pass band of .3 x fs. if the values of K are chosen
to be 8/16, 13/16, and 3/16, the useable pass band becomes .35 x fs.
This represents a 16.6% improvement. Using this technique, the
frequency response of the horizontal interpolator can be equalized.

The values of K and C can be put into a memory block and,
dependent upon the speedup required, a counter can index the read
pointer to call out the desired memory location and load K and C into
the interpolator multipliers. It is very advantageous, for this
reason, to encode the value of C into the value of K, such that a
single 4-bit or 5-bit word can convey both K and C values. In other



33 An advantage of the two-stage interpolator is to allow accurate

i nterpol-ations for signals with bandw dt hs approaching [err] the sanple
rate. Thus, the systemis nost appropriate for display nodes requiring time
expansi on, such as zoom where the object is to maintain as nuch of the
original bandw dth as possible. This can be pertinent in a w de screen

tel evision, particularly in the auxiliary3channel, Wnere t he aUXI liary

signal is wuragalq]xﬁ%gah ﬁtofaKf%p'r?!sééwdftﬁ.f W%B'n é/h*sl

Preserving as mc ssi bl e can

i nt er pol at $8NG508 ¥RIPLOPF i tt@ "é\e%"oﬂ'ﬁﬁ atQfat i I? Y§ %Ml'ﬁ bl ock
di agr am f ordecodell 3 RGeitBa value of C for the compensation network

multiplier. The FIR coefficients are the multipliers for C in the
overall interpolator equations.

This aspect of the invention can be extended generally to 2n
tap FIR filters used as compensation networks, although it can
become increasingly more difficult to use only two linear
multipliers for calculating the linear interpolation and the
associated compensation network. An alternative to a ten tap FIR
filter, for example, is to provide an eight tap fixed FIR filter for
taps Z-1 to Z-6, with taps Z0 and Z-7 dependent upon either the value
of K or C. This is feasible because as K approaches the value of 1/2
from either direction, that is K=0 or K=1, the frequency response
needs added compensation to extend its band pass.

A block diagram for a specific circuit 1150 for implementing
an eight tap, two stage filter using a four point interpolator is
shown in FIGURE 19. The video luminance signal to be expanded or
compressed is an input to a horizontal delay line circuit 1162. The
outputs of the delay line 20, Z-1, Z-2, Z-8, Z-4, Z-5, Z-6 and Z-7 are,
inputs to an eight tap FIR filter 1154. The FIR filter generates at
least one set of intermediate samples, designated I, for example
between each of the real samples, designated Z. Results can
sometimes be improved by using a plurality of FIR filters to
generate a plurality of sets of intermediate points, although this
significantly increases the complexity of the system. Such
additional FIR filters, each of which requires a Z-1 delay circuit, are
shown by the muitiple representations of FIR filter 1154 and Z-1
delay circuit 1158. Outputs Z-3, Z-4 and Z-5 are also inputs to the
delay matching circuit 1156. The [0 output is a direct input to a
data selecting circuit 1160, as is a version |1 thereof delayed by
circuit 1158. The outputs Z-(3+n), Z-(4+n) and Z-(5+n) are also
input to data selector circuit 1160. The inputs to data selector
circuit 1160 are chosen for being the most symmetric with respect
to the delay. The number of such inputs is one more than the number
of points of the interpolator of the second stage, in this case, a four



Conmponents in common with the interpolator 390 shown in FIGURE 17 have the
same ref.erence nunmeral as do the designations of the data streans. The
object of the two stage interpolator 390" is to zoomthe incom ng inmge
hori zontally by a factor of m where mis greater than 2.0. Thus, if the
data in and data out signals are occurrin% at the same sanple rate of fIN,
there needs to be m out put sanples genera?‘ted for every input sanple. The

then read Bt 2“‘%'*%?‘51’? &BQBGA"“?‘???%% mb O B EHIoA o T | ook | s
conposed dﬂpat%§853? %fs?‘ﬁﬁ{&’l gé@%péﬁ A °§‘H\stoes not have a uniform
period. Data sftZd@mnD)agB, ZddwngspdndZr@+nd, sanpl e val ues half-way in
ixed RiR 111t dalbbaidir sl ootk R & Sy oL HBHBRAF S ot oe of
dat a streaexample; controlied thye theuldiBX SEL centmol signal. The selectable

sets are indicated diagrammatically and are so arranged that each

interpolation of the interpolator 1162 is based on two real points

and two intermediate points. The outputs Y0, Y1, Y2 and Y3 of data

selecting circuit 1160 correspond to one of the two selectable sets,

and are the inputs to the four point interpolator 1162. Operation of

the muitiplexer control signal MUX_SEL will be a function of the K

values, that is, MUX_SEL=f(K). The MUX_SEL selection depends upon

which of the original points the intermediate point falls between.

The output Yout of the interpolator 1162, which operates responsive

to the K and C control values, is an expanded or compressed video

luminance signal.



stream DS_D. Data stream DS_D, having twice the original sanple density, is
t hen processed by the vari abl e i nterpolator 394 to produce a sanmple vaI ue
for each fIN period. The accumul ator circuit. inetudimg Tatch SQGE

N cl ock

summer 399 produces an output which increments by \“mmn I\Eﬂ“

period. The fractional part controls thg,variable uppl yi ng
the K value fromlatch 398. The integer carry out put (CO) generat es the 2fs
cl ock, thrWhat isactain®®d isfor reading of the FIFO 395 and shifting data
through the FIRfilter 391, the delay circuit 392, the nmultiplexer 393 and

t he interpol ator 394 Di vider 396 provides the fs signal fromthe 2fs
si gnal . An interpolation system, comprising:

a fmrte impulse response filter for generating from a first
signal of digital samples a second signal of digital samples
representing signal points between said sampies of said first signal;

means for delaying said first signal;

means for interleaving said second signal and said delayed
first signal to produce a third signal of digital values having a
sample density twice that of said first signal;, and,

a compensated variable interpolator for deriving from said
third signal a fourth signal of digital samples in which the

frequency content of information represented by said first signal
has been changed.

2. The system of claim 1, wherein said first and second
signals have a first sampling rate and said third and fourth signals
have a second sampling rate twice that of said first sampling rate.

3. The system of claim 1, wherein said signal points of said

second signal are temporally between said- samples of said first
signal.

4. The system of claim 1, wherein said signal points of said

second signal are temporaily disposed midway between said samples
of said first signal.

5. The system of claim 1, further comprising means for
truncating portions of said first signal prior to generating said
second signal and delaying said first signal.

6. The system of claim 5, wherein said first signal is a video
signal, and said fourth signal represents an enlargement of the
picture represented by said truncated video signal.



34 There are several alternative interpolator inplenentations. FiTst;"the
above Two stage interpolator can also be construct edJ:{ﬂumm,ma“lmml
filter and a sinple linear interpolator wthout conp t he
equi val ent of setting the conpensation multiplier C of tthe"folir $oi*nt

i nterpolator, equal to zero. A second ali@&rnative is using the original
four point |nterpol ator along with a fixed weight |inear phase 2n+5 tap

FIR In order tlo atbenpystem tafi elaimctesdianeiy saidifirstisignahés s sadgot o

optinize t i 0 i r ur poi nt
i I?\terpol atég nggngh@a%/allgv\ﬁeg pod Qb\r}%wg%f&@%? W?k&éﬁqﬂnnon f‘lgnealro phase.
It shoul d Riﬁmfﬁcfﬁﬁfef&ﬂ‘t? a?)'t% fYigd@9esignalesponse of the four point

interpolator is highly dependent upon the value K which is chosen. Each
particular hor 'az.oml'ﬁla system of claim 1, wherein said first signal is a video

signal, and said fourth signal represents an enlargement of a portion
of the picture represented by said video signal.

9. The system of claim 1, wherein said compensated variable
interpolator controls a ratic of the number of samples per unit time

in said fourth signal to the number of samples per unit time in said
third signal.

10. The system of claim 1, further comprising means for
controlling said compensated variable interpolator to provide

selected ratios of compression and expansion of information in said
first signal.

11. The system of claim 9, wherein said ratio is in a range

wherein one limit is greater than one and the other limit is less than
one '

12. The system of claim 9, wherein said ratio is a ratio of
integers.

13. An interpolation system, comprising:

means for truncating portions of a video signal of digital
samples;

a finite impulse response filter for generating from said
truncated video signal a second signal of digital sampies
representing signal points between said samples of said truncated
video signal;

means for delaying said truncated video signal;

means for interieaving said second signal and said delayed

video signal to produce a third signal having a sample density twice
that of said video signal; and, '



conpressi on or expansion can be viewed as being made-up-ofthe “out
several different FIRfilters each having their own “mumml““ Em\g
phase response. Artifacts in the interpolation becong

col l ective frequency responses of the interpolator diVerde. Thus t he

overal | pass band of a particular horizorgal conpression or expansi on can
be optim zed by choosing val ues of K which produce the nost equalized

;requency r esponge compensateidrivaziable interpotatorofer Berivirg ﬂﬂbﬁ'ﬁ gaie 43
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14. The system of claim 13, wherein said video signal can
have frequency components higher than approximately 25% of a
sampling rate of said video signal without significant reduction of
bandwidth in said enlarged scale picture.

15. The system of claim 13, wherein said video signal can
have frequency components as high as approximately 40% of a
sampling rate of said video signal without significant reduction of
bandwidth in said enlarged scale picture.

16. The system of claim 13, wherein said truncating means
comprises a FIFO line memory.

17. The system of claim 13, further comprising means for
controlling said compensated variable interpolator to provide
selected ratios of enlargement.

18. An interpoiation system, comprisih‘g:

a finite impulse response filter for generating from a first set
of digital samples a second set of digital samples representing
points between said samples of said first set;

means for delaying samples of said first set;

means for interleaving samples of said second set and samples
of said delayed first set to produce a third set of digital samples
having a higher sample density than that of said first set of
samples; and,

an interpolator for deriving from said third set of samples a
fourth set of samples in which the frequency content of information
represented by said first set has been changed.
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to be 8/16, 13/16, and 3/16, the useabl e pass band becones .35-xfS. _fThis
répresénts a 16.6% i nprovenent. Using this techni ques—the Q&
response of the horizontal interpolator can be equali amm‘&@ K
and C can be put into a nenory bl ock and, dependent ua rspeedup
required, a counter can index the read pgjnter to call but’ the de5|red
menory Iocatlo dTéoad and Cinto he i nt er pol at or Itlgllers
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The contr
at Ieast one sample from each of said first and second sets.

20. The system of claim 18, comprising a plurality of said
finite impulse response filters for generating a plurality of sets of
said intermediate samples.



sends a,value of Kto the linear interpolator. The value of Kis decoded to
yiel'd a value of C for the conpensation network nmultiplier. The FIR
coefficients are the nultipliers for Cin the overall interpolator
equations. This aspect of the invention can be extended generally to 2n tap
FIRfilters used as conpensation networjgs, although it can becone

I ncreasingly nore difficult to use only two linear nultipliers for
calculating the linear interpolation and the associ ated conpensati on
network. An alternative to a ten ta2ﬁ§h§%%¢ ter, for exanple, is to provide
an eight tap fixed FIRfilter for t ] to Z[err] with taps Z[err]
and Z[err] dependent upon_either the val ThIS Is feasible

because as K approaches TW@@JAQEJNTWQLAW@N$|¥$TEM ection, that is K=0

or K=1, the frequency response needs added conpensation to extend its band
pass.

A two stage interpolation system provides greater bandwidth for signals compressed
and expanded by interpolation, such as video signals displayed in a zoom or enlarged mode.
A finite impulse response filter (391) generates from a first signal of digital samples a second
signal of digital samples representing signal points between the samples of the first signal. The
first signal is delayed. The second signal and the delayed first are interleaved by a
multiplexer(393) to produce a third signal of digital values having a sample density twice of
that of the first signal. A compensated variable interpolar (394) derives from the third signal
a fourth signal of digital samples in which the frequency content of information represented
by the first signal has been changed. In the case of enlarging the picture represented by a
video signal, the video signal can be truncated in a FIFO line memory (395), prior to being
delayed and processed by the finite impulse response filter (391). The compensated variable

interpolator (394) can be controlled to provide selected ratios of compression or expansion.

Fig. 17



A bl ock diagramfor a specific circuit 1150 for inplenenting an eight tap,
two-stage filter using a four point interpolator is showm in FIGURE 19. The
video | um nance signal to be expanded or conpressed is an input to a
horizontal delay line circuit 1152. The outputs of the delay line Zerr],
Z[err], Z[err], Zerr], Zerr], Zerr]5, Z[err] and Z[err] are, inputs to
an eight tap FIRfilter 1154. The ﬁk fllter generates at | east one set of

internediate sanples, desig ed | r_exanpl e between each of the real
sanples, deS|gnated Z.| Resul | s be i a
pluralijfty—ef=RIR filtgrs toi _ ality medi at e
poi nts, 4l ehoygh this |signifii cantl y=i es the coaplex&t he system
Such addijt Pongl FIR fi}l ters, | requir ircuit,
are shqwi 59 tthe nul ti r¢presentations df FIR flilter [err]
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delay matching circuit 1156. The 10 output is a direct input to a data
sel écting circuit 1160, as is a version I[err] thereof delayed by circuit
1158. The outputs Z-[err], Z-[err] and Z-[err] are also input to data
selector circuit 1160. The inputs to data selector circuit 1160 are chosen
for being the nbst symetric with respect to the delay. The nunber of such
I nputs i s one ml\? t han t he nunber 291% points of the interpolator of the
second stage, in this case, a four 36 point interpolator 1162. The
relative tenporayposition ﬂ"‘ e inputsrr_g_da.t_a_s.e.l_ec.t.g.r_l.‘l.ao_ts as
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Data selector circuit 1160 can be an array of nultiplexers, for exanple,
control l ed by the MJX_SEL control signal. The selectable sets are indicated
diagrammatically and are so arranged that each interpol ation of the

i nterpolator 1162 is based on two real points and two internmedi ate points.
The outputs YO, Y1, Y2 and Y3 of data selecting circuit 1160 correspond to

one of the two selectable sets, and are the i ut»s to the four point
i nterpol ator 1162. QOperation of tP/ésrmItlpI ntroI signal MJUX SEL will
be a function of the K values, that is, The MUX_SEL sel ection
depends upon which of the orgq; nal pointsit eolﬁ rrredl at egpm nt falls
bet ween. The out pu &gh«i‘ erpa=ato ,JI;’[?Z whi chy’oper at es
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frequency content of information represented by said first signal has been
changed. 2. The systemof claim 1, wherein said first and second signals
have a first sanpling rate and said third and fourth signals have a second
sanpling rate twice that of said first sanpling rate. 3. The system of
claim1l1, wherein said signal poi nt57 of said second signal are tenporally
bet ween said sanples of said first 19 gnal . 4. The system of claiml,

wherein said signal points sdfd se nd:'s'bgnal are tenporally disposed
m dway between said sanpl es@f R&id f&rst §Tgnaly, 5. The systemof claiml,
further conprising neans foktrL&catiﬁg porki on ofdsaid first signal prior
to generating said second s?nal and %I:el ayin ' I rst signal.
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6. The systemof claim5, wherein said first signal is a video signal, and
said fourth signal represents an enl argenent of the picture represented by
said truncated video signal. 38 7. The systemof claim1, wherein said
first signal is a video signal, and said fourth signal represents a
conpression of the picture represented by said video signal. 8 The system
of claim1, wherein said first signalejis a video signal, and said fourth
signal represents an enlargenent of a portion of the picture represented by

said video signal. 9. The systemof claimyJd, whereig said conpensated
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I nterpolator controls a ratio of the nunber of sanples per unit tine in
said fourth signal to the nunber of sanples per unit time in said third
signal. 10. The systemof claim11l, further conprising neans for controlling
sai d conpensated variable interpolator to provide selected ratios of
conpressi on and expansion of information in said first signal. 11. The
systemof claim9, wherein said ratio7i/aein a range wherein one limt is
greater than one and the other limt is |less than one 12. The system of
claim9, wherein said ratio is a ratio of integers. 13. An interpolation

system conprising: nmeans for truncating portions of a video signal of
digital
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sanples; a finite inpulse response filter for generating fromsaid
truncated video signal a second signal of digital sanples representing
signal points between said sanples of said truncated video signal; neans
for delaying said truncated video signal; nmeans for interleaving said
second signal and said del ayed video signal to produce a third signal

havi ng a sanple density twice that of said video signal; and, 39 a
conpensated variable interpolator for deriving fromsaid
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a fourth signal of digital sanples in which the nunber of
sanpl es per unit tinme is greater than the nunber of sanples per unit tine
in said third signal signal, for displaying a portion of said picture in an
enl arged scale. 14. The system of claim 13, wherein said video signal can
have frequency conponents higher than approximately 25% of a sanpling rate
of said video signal w thout significant reduction of bandwidth in said

enl arged scal e picture. 15. The syst &ftbof cl & m 13§ vvhéei n said video
signal can have frequency conmponents as hi gh,as appoxighately 40% of a

third signal

sanpling rate of said @ deo signal

wi t hout s

igni figant geduction of
bandwi dth in said enl aged scal e pictkure. 16£The Mof claim 13,
u_ngﬂmea.ns conpr i a ELES i iy y.
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17. The system of claim 13, further conprising neans for controlling said
conpensated variable interpolator to provide selected ratios of

enlargenment. 18. An interpolation system conprising: a finite inpul se
response filter for generating froma first set of digital sanples a second
set of digital sanples representing pointg between said sanples of said
first set; neans for del aying sq@ﬁges of @ai,d first set; nmeans for

i nterl eaving sanpl es of said sec setiﬁd sanpl es of said d&l ayed first

set to produce a third set of digital S§§|p
density than that of said first set of I

snhavdsng a hi gherzsanpl e

s; &d, an intergol ator for
deriving fromsaid third setSof sanples h/set ¢ Earrpl%s i n whi ch
t he frequency content of inf'Sfmation >_3 TR 5 8
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represented by said first set has been changed. 40 19. The system of
clai'm 187 wherein said sanple interleaving neans sel ects groups of sanples
fromsaid third set for processing by said interpolator, each of said
groups of said third set including at | east one sanple fromeach of said
first and second sets. 20. The systemof claim 18, conprising a plurality
of said finite inpulse response filters for generating a plurality of sets
of said internediate sanpl es.
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