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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
16:8. The invention is applicable to both direct view televisions 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 mulitiple 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

15 4X3 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 muitiple
signal EB'urcqs, developing consistent timing signals from
asynchronous but simuitaneously dispiayed sources, switching

3o between multiple sources to generate muitiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television according to this invention. A wide screen
television according to various inventive arrangements is capable of

3s providing high resolution, single and muiltiple picture displays, from
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implemented in television systems displaying video signals both at

s basic or standard horizontal scanning rates and multiples thereof, as
well as by both interlaced and noninterlaced scanning. Standard
NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by

_ a raster scanning operation at a basic or standard horizontal

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 1fq signal will vary according to different
video standards. In accordance with efforts to improve the picture
quality of television apparatus, systems have been deveioped 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 interiaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the

20 horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such progressively
scanned or flicker free displays is variously referred to as 2f4 and
2H. A 2f4 scanning frequency according to standards in the United
States, for example, is approximately 31,468 Hz.

25 A wide screen television according to the inventive
arrangements taught herein has ail of the capabilities and
advantages described above. A video display has a first format
display ratio, for example 16 X 9. A mapping circuit maps an
adjustable picture display are on the video display. First and second

30 signal processors generate first and second selectively interpolated
video signals from input video signais having one of different format
dispiay ratios, for example 4 X 3 and 16 X 9. The interpolation of the
input video signals can resuit in expansion or compression of the
input video signals. The first and second signal processors can also

35 selectively crop the input video signals. Overall, the input video
signals can be selectively cropped, interpolated, both cropped and
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s selects as an output video signal between one of the first and second
processed video signals and a combination of the first and second
processed video signals. A control circuit controls the mapping
circuit, the first and second signal processors and the selecting

. circuit to adjust in format display ratio and image aspect ratio each

10 picture represented in the output video signal. One of the different
format display ratios of the input video signals can be the same as
the first format display ratic of the video display. The mapping
circuit can comprise a raster generating circuit for a cathode ray
tube or an address matrix generator for a liquid crystal display. The

15 display system may further comprise a circuit for converting
interlaced video signals to a noninterlaced format, two internal
tuners and a plurality of external jacks. In one inventive
arrangement, the picture display area is adjustable only vertically
and the first and second signal processing circuits interpolate the

20 video signals only horizontally.

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

25 at 2fy horizontal scanning.

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

FIGURE 4(a) is a block diagram of a wide screen television in
accordance with aspects of this invention and adapted for operation

3o at 1fy horizontal scanning.

FIGURE 4(b) is a block diagram of a wide screen television in
accordance with aspects of this invention and adapted for operation
with a liquid crystal display system.

FIGURE S is a block diagram of the wide screen processor

3s shown in FIGURE 4.
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2 single and multiple sources having simlar or different format ratios,
and with sel ectable display format ratios.4Tel evisions wt pI ay
format MQi%/193%8 be i npl enented in tel evi S|40n systens disp /%gf/l“gjl@
signal s both at basic or standard horizontal scanning r at eff AT TRkt
thereof, as well as by both interlaced and noninterl aced l
NTSC vi deo signals, for exanple, are displayed by interl ady L [teP
successive fields of each video frame, each field being generated bHy=a
raster scanni ng opElGURIn Gis aa thistk diagramnshowingofurther details of the

wide screen processor common to FIGURES 3 and 5.
FIGURE 7 is a block diagram of the picture-in-picture
processor shown in FIGURE 6.

5 FIGURE 8 is a block diagram of the gate array shown in
FIGURE 6 and illustrating the main, auxiliary and output signal
paths.

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

10 cropped signals.

FIGURE 11(a) is a block diagram showing the main signal path
of FIGURE 8 in more detail.
FIGURE 11(b) illustrates waveforms useful for explaining video
compression in the main signal path of FIGURE 11(a).
18 FIGURE 11(c) illustrates waveforms useful for explaining video
expansion in the main signal path of FIGURE 11(a).
FIGURE 12 is a block diagram showing the auxiliary signal path
of FIGURE 8 in more detail.
FIGURE 13 is a block diagram of an alternative main signal
20 path.
FIGURE 14 is a block diagram of the the timing and control
section of the picture-in-picture processor of FIGURE 7.
FIGURE 15, FIGURE 16 and FIGURE 17 are block diagrams of the
decimation section of the timing and control sectlon shown in
2s  FIGURE 14.
FIGURE 18 is a table of values used for controlling the
decimation section shown in FIGURES 10-12.
FIGURES 19(a) and 19(b) are block diagrams of fully
programmable, general purpose decimation circuits for controlling
30 horizontal and vertical compression ratios respectively.
FIGURE 20 is a block diagram of the interlaced to progressive
scanning conversion circuit shown in FIGURE 2.
FIGURE 21 is a block diagram of the noise reduction circuit
shown in FIGURE 20.
3s FIGURE 22 is a combination block and circuit d:agram for the
deflection circuit shown in FIGURE 2.
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scanning rate of approxi mately 15,734 Hz. The basic scanning rate for video
Frequenty B e ) L LTonal Wil b varhy hocording 1o diff o Cuu o ARTAs
standards. In accordance with efforts to inprove the pictu
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requires thaimptarhedtativmysf vémigal npaan .scanned in the sane tinme period
Fli cker free aa cBIGRENRS, S4aard arecciadems  of disfay Brmars: wpek
consecut i vel yor empizimingc teee timing [diagraomtafl FEEERE 88.f r equency nust be
twice tha of therpspmiersh hord BUCkiddraH P the ABR HBMACATSHAWA hor such
progressivel %!GUREZ. _
FIGURE 26 is a block diagram of the RGB to Y, U, V converter
shown in FIGURE 25.
FIGURE 27 is a block diagram of a circuit for generating the
10 internal 2fy signal in the tfy to 2fy conversion. _
FIGURE 28 is a different block diagram of a portion of the
auxiliary signal path shown in FIGURE 8.
FIGURE 29 is a diagram of a five line FIFO line memory useful
for explaining avoidance of read/write pointer collisions.
15 FIGURE 30 is a block diagram of a simplified -circuit for
implementing an auxiliary path synchronizing circuit for the gate
array.
FIGURE 21 is a timing diagram illustrating the correspondence
of an upper/iower field indicator to the horizontal lines of a video
20 frame.
FIGURES 32-34 are useful for explaining a method for
maintaining interlace integrity for simultaneously displayed video
signals exhibiting relative precession. _
FIGURES 35(a)-35(b) are waveforms useful for explaining the
25 operation of the circuit shown in FIGURE 36.
FIGURE 36 is a block diagram of a circuit for maintaining
interlace_integrity as explained in connection with FIGURES 31-35.
FIGURE 37 is a diagram useful for explaining memory mapping
in the video RAM associated with the picture-in-picture processor.
30 FIGURE 38 is a block diagram of a circuit for controlling output
switching between main and auxiliary video signais.
FIGURES 39 and 40 are a block diagrams for 1-bit dithering and
dedithering circuits respectively, for implementing the resolution
processing circuits of FIGURE 6 and FIGURE 8.

Thi eet Has Been Replacec

T




stanned or flicker free displays is var|o§sly referred to as 2fH and 2H A

2FH sc%ﬂg dsggduency according to standards in the UnitepCBlessas0374er
exanpl e, I's approxi mtely 31,468 Hz. A wi de screen tel evi

sten—according-to
the inventive arrangenents taught herein has all of the cgpmslsmam—mé;em :
advant ages descri bed above. A video display has a first fd@rmt BEBpA@YD |
(rjatif):’j1 fg; eeéﬁn}[:)lhe 16 X 96. A mappi ng C:tI’CUIt maps an adju i
generate firet andGuffrs LM 42 pls a BSGC RERIAS wmﬁ?"ﬂém Bnput
vi deo si gnal gegihenggoreireitsli lfﬁ‘s@re@ﬁlﬁlefbr rfﬁt W%BWQ@l H‘se resoldtiafpl e 4
X 3 and 16 Xpfaceldtnd RirRUR IcﬂtqunE 5hend MGURE R0 signals can result in
expansi on or COWF’?@EJIFPQ 4 iS ha table useful for explaining a skewing scheme
s for enhancing operation of dithering circuits.
FIGURE 44 is a table useful for explaining yet another
alternative for implementing the resolution processing circuits of
FIGURE 6 and FIGURE 8.
FIGURES 45 and 46 are diagrams useful for explaining
10 operation of an automatic letterbox detector.
FIGURE 47 is a block diagram of an automatic letterbox
detector as explained in connection with FIGURES 45-46.
FIGURE 48 is a block diagram of an aiternative circuit for
lmplementlng an automatic letterbox detector.
15 FIGURE 49 is a block diagram of a vertical size control circuit
including an automatic letterbox detector.
FIGURES 50(a)-50(f) illustrate waveforms useful for
explaining the analog to digital conversion of the color components
of the main video signal. -
20 FIGURES 51(a)-51(b) illustrate waveforms useful for
explaining skewing of luminance and color components in the main
signal path of the gate array. -
' FIGURES 52(a) and 52(b) illustrate portions of the main sugnal
path for the luminance and color components respectively, for
25 implementing video compression.
FIGURES 53(a)-53(l) are useful for explammg video
compression of the color components in relation to the luminance
components.
FIGURES 54(a) and 54(b) illustrate portions of the main signal
so path for the luminance and color components respectively, for
implementing video expansion.
FIGURES 55(a)-55(l) are useful for explaining video expansion
of the color components in relation to the luminance components.
FIGURES 56 and 57 are pixel diagrams useful for explaining the
as operation of two-stage variable interpolation fiters, as may be
used to implement the interpolators of FIGURES 8, 11{a), and 12.
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input video signals. The first and second signal processors can also

sel 90%699'1)’1 ?ﬁé)p the i nput video signal s/ -overall, the i /US??IRB%ﬁi gnal s

can be sel'eciively cropped, interpolated, both cropped an

interpolated and neither cropped nor interpolated. A swife
sel ectively couples video signal sources as the input vi deISsSI*giEIW\S BFEN
synchroni zing circuit synchronizes the first ,and second si gnaREPLAGERBSOr s
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variable interpolation filter.
FIGURE 59 is a block diagram of a two stage compensated
variable interpolation filter configured for implementing a zoom
s feature.
FIGURE 60 is a block diagram of a circuit for implementing an
gight tap, two stage interpolation filter.
FIGURE 61 is a block diagram of a 1/16 or 1/32 resolution
interpolator.
10 FIGURE 62 is a table of K and C values for the interpoiator
shown in FIGURE 61.
FIGURE 63 is a block diagram of a circuit for determining the
values of C from the vaiues of K.
FIGURE 64 is a table of values as calculated by the circuit of
15 FIGURE 62.
- FIGURE 65 is a block diagram of an alternative circuit for
determining the values of C from the values of K.
FIGURE 66 is a block diagram .of another aiternative circuit for
determining the values of C from the vaiues of K.
20 FIGURE 67 is a graph of curves showing the frequency response
of a conventional two stage, four point interpolator.
FIGURE 68 is a table and FIGURE 69 is a graph, together
illustrating the frequency response of an eight point interpolator.
FIGURE 70 is a block diagram of an eight paint interpolator
2s having a frequency response corresponding to FIGURES 68 and 69.
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
30 facilitate the description of particular circuits comprising wide
~ screen televisions according to the inventive arrangements. For
purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
35 screen dispiay format ratio of width to height for a video source or
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processed video signals and a conbi nation _the first and second processed

vi deo si Iﬁ,wﬁfscont rol circuit controls the mapping ci r cUigeT/UR91 /0BT 40t
and second signal processors and the selecting circuit to adiust in format

display ratio and i mage aspect ratio each picture represent 3 1 ’
video signal. One of the different format display ratios of ??H('aéllsﬁe 9{%@%1\1

signals can be the sane as the first fornmat display ratio d £D !
display. The rsigrahis ér(étaﬂ CdeemeaPtd T ag X9 erTﬂé“ﬁfV@h‘tl‘J@ circuit for a

i spl ay. The. Eﬁbf%f?éﬁ%yiﬁeﬁess t et B 1BpPecoffinfionst o converting
interlaced vi deo sijGURE ol @)ndhisttates aaeteiévisian,, direct i view mal projectisnand
a plurality ofhgihgT§3ohiéritondINidtftal BiSHlaY fatio of 4 X 3. When a 16 X9
s format display ratio picture is transmitted, as a 4 X3 format
display ratio signal, black bars appear at the top and at the bottom.
 This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X9 format display
10 ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X3 format dispiay.
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 resuiting
15 picture will evidence distortion by vertical elongation. None of the
three alternatives is particularly appealing.

FIGURE 1(b) shows a 16 X 9 screen. A 16 X 9 format display
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X 9 format display ratio letterbox

20 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

25 auxiliary source or an external RGB source.

FIGURE 1(c) illustrates a 16 X9 format display ratic main
signal in which a 4 X3 format dispiay ratio inset picture is
displayed. If both the main and auxiliary video signals are 16 X9
format display ratio sources, the inset picture can aiso have a

30 16 X9 format display ratio. The inset picture can be displayed in
many different positions.

FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are disptayed with the same size picture.
Each display area has an format dispiay ratio of 8 X 9, which is of

3as course different from both 16 X9 and 4 X3. {n order to show a
4 X 3 format display ratio source in such a display -area, without
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ar'rangerrent the picture display area’i s?adj ustable only vertically and the

first d signal processing circuftfs interpolate t Migdgmagagnal s
only hor| zoﬁ?ﬁrl y. FIGURES 1(a)-1(i) are useful for expl a?@r @SI fferent

display formats of a wide screen television. FIGURE 2 is a b#p@@%@q_,@ggg% ,
a wide screen television in accordance with aspects of thi4 IﬂVEﬁ__t;p&(f\ |

adapted for operation at 2fH horizontal scanning. FIGJRES
di agr am of Hdrizortde &CF«%@ﬁc@IV eRBRRIN, St ﬁaF'n%ﬁEba chpﬁ?}% Ghahe s a
t
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cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical

s elongation of objects in the picture. The wide screen television
according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.

Data sampling limitations in the auxiliary video signal

10 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

15 display ratio picture is displayed in the center of a 16 X9 format
display ratio screen. Dark bars are evident on the right and left
sides.

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

4 X3 format display ratio picture and three smaller 4 X3 format

20 display ratio pictures are dispiayed 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

2s the wide screen television is provided with two tuners, either both
internal__t_:_r 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

30 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).

3s FIGURE 1(h) illustrates an alternative wherein the 4 X3
format display ratio picture is centered, and six smaller 4 X3
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at 1‘[er] H horizontal scanning. FIGURE 4(b) is a block diagramof a wide
screen %ﬁz gn in accordance with aspects of this i nvenptpmsgaﬁb_gmpt ed
e

for op thallqwd crystal iﬁﬁy system FlI F—S—5—a—htock
di agram of the wi de screen processor s i n FI GURE 4G’TEH1S @HEEREASBE&*;a‘,
bl ock di agram showi ng further details of the w de scree roc@§§éACEBmmn j}
to FI GURES 3igfidaP display ratio pictures are displayed in vertical columns on |
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
5 format. _
FIGURE 1(i) shows a display format having a grid of twelive
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
10 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 impiemented by wide screen televisions
shown in the remaining drawings and described in detail below.

15 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
signails input section 20, a chassis or TV microprocessor 216, a

20 wide screen processor 30, a 1fy to 2f4 converter 40, a deflection
circuit 50, an RGB interface 60, a YUV to RGB converter 240, kine
“drivers 242, direct view or projection tubes 244 and a power supply
70. The grouping of various circuits into different functional blocks
is made for purposes of convenience in description, and is not '

2s intended as limiting the physical position of such circuits reiative
to one another.

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

30 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

as 202, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controls. The particular
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FIGURE 7 is a block diagramof the picture-in-picture processor shown in

FLGU E 8 is a block diagram of lthe gate array speydon/daadRE 6
and Fﬁ’gs%l SF{{S the main, auxiliary and output signal pat hs FI GURES 9 and

10 are tim ng diagrans useful for explaining the generat j=oa—at_t]

format shown in FIGURE 1(d), using fully cropped signal s|| TFISEREE} .
bl ock di agram showi ng the main signal path of FIGURE 8 i mrmmm}@lﬁ?))agé\j
FI GURE 11(b) |
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video signal VIDEQO OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 30. Other baseband

5 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 VIDEQ is another

10 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 signais 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

15 filter. Two further video sources S1 and S2 are aiso 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-

20 implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as cutputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed

25 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, Uis
an equivalent designation for (R-Y) and V is an equivalent

30 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 procéssor-so. develops a baseband video signal TV2. A

as 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
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FI'GURE 11(c) illustrates waveforms useful for explaining video. expansion in
the main si naI ath of FIGURE 11(a). FIGYRE 12 is a bl ock g} W ng
t he auxi‘YQa? {19 §$§nal path of FIGURE 8 in nore detail. FIQU 5?2702 | ock
di agram of an alternative main signal path. FIGJRE 14 is_a bl ock di agram o of

the the timng and control section of the picture-in-pi .tH-HS s éf:é’N
FIGURE 7. FIGURE 15, FIGURE 16 and FIGURE 17 are block diagr %’gﬁ%é}}
deci mation section of the timng and control section sh
FI GURE 18 i s imple/mested asianadaptiver e asmb diilterng Switches
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
external video source, designated Y_EXT and C_EXT respectively. The
s Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
10  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
15 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
20 212. 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
25 VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interfage. 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
30 circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.
The 1fy to 2fy converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced
3s signals, for example one wherein each horizontal line is dispiayed
twice, or an additional set of horizontal lines is generated by
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deci mati on section shown in FI GURES 10- 1%@( FI GURES 19(a) and 19(b) are
bl eck r of fully programmble, general purpose decpppf =g Ui ts
Og)ﬂaﬁl,fg% PERAISYL /G746

for ¢ hori zontal and vertical conpression ratlos respectively.

FIGURE 20 is a bl ock di agram of the interlaced to pro
conversion circuit shown in FIGURE 2. FIGURE 21 is a bI IR SHEER ASIBREN:
noi se reduction circuit shown in FI GQURE 20. FIGQURE 22 i a_c IL1EDon

bl ock and  ciihfithbiafiid afhbght HEfidRthi fhb8"of thE Ldme il "1d 3G 2

instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
between adjacent fields or frames. The generation of 2fy timing

5 signals is shown more fully in FIGURE 27. The converter circuit 40
operates in conjimction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enabie the
progressive display. The converted video data as Y_2fy, U_2f4 and
V_2fy signals is supplied to the RGB interface 60.

10 The RGB interface 60, shown in more detail in FIGURE 25,
enables selection of the converted video data or external RGB video
data for display by the video signais input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2f4 scanning. The vertical synchronizing component of the main

15 signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fvm 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,

20 the selection of an external RGB signal input, in the absence of such
a signal, can resuit 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

25 WSP microprocessor 340 also supplies color and tint controls for
the extemal 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

30 PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide varety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is

a5 responsive to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signals, enable
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5 FIGURE 23 is a tinmng diagram useful fof4explaining inplenentation of

vertic 2gg- FI GQURES 24(a)-24(c) are diagranms of di sppey,dddi
usef ul a‘#vgoﬁexp?gl ning the timng diagramof FIGURE 23. Fl QURE 25 @ﬁa bl ock

. diagram of the R&B interface shown in FIGURE 2. FlI GURE ? l'sSﬁa
diagramof the RGB to Y, U, V converter shown in FlGUJ ’5’
e screen processor

Terr1H to opanals, dnhveset gnals! °The Wide 'Screan proc
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
5 blanking signal is supplied by the video signal input section to the
RGB interface.

The deflection circuit 50, shown in ‘more detail in FIGURE 22,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface

10 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 114 to 2f converter 40 and the YUV to RGB

15 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

20 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

25 are in common with both the 1fy and the 2fy chassis, for example
the PIP circuit, are shown in FIGURE 6. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in more detail in FIGURE 8. A number of the components

30 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 also operates in
conjunction with the WSP uP 340. The WSP puP 340 comprises an

'35 input output /O section 340A and an analog output section 3408B.
The IO section 340A provides tint and color control signals, the
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FIGURE 28 is a different block diagramof a portion of the auxiliary signal

pat h S\Q,g}vm isf5 | GURE 8. FIGURE 29 is a dﬁ&gram of a five pcnad9ifdd749 ne
menory se(u or expl ai ning avoi dance of read/wite po

ater collisions.
FIGURE 30 is a block diagramof a sinplified circuit fol +HBlspEemntigseN !
auxi [ ary pat h synchroni zing circuit for the gate arrayl FlGfEridlcdrs a
timng diagramillustrating the correspondence of an up r=frjmgt=d—

usef ul for SNTTEXT G Br $4/8Find 1B, BifeRal FREB.vBoE Soutcd i °f O,
si mul taneougoptr@l ssigngisd for dpe switches SW1 through SW6 The l section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog
s output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258.
The gate array 300 is responsible for combining video
information from the main and auxiliary signal paths to implement a
10 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
15 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
20 signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
25 wide |. -The select line UV_MUX for the analog switch, or muitiplexer
344, is_an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL puise synchronously resets this
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
30 horizontal line. Since the fine 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
3s cycle of delay. In order to accommodate for this data shift, the
clock gating information from the interpolator control 349 of main
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signal s exhibiting relative precession. FIGURES 35(a)-35(b) are waveforns
useful for explaining the operation of the circuit shown in FI GURE 36.

FIGURE 36 is a block diagramof a circuit for nmaintaining interlace

i ntegri twoea/93p8 ai ned i n connection with FI GURES 31-35. FIPORUSS1/0334%

di agram useful for explaining menory rjgping in the video [RAMassocl ated. X
wWith the picture-in-picture processor. FIGURE 38 is a bl og T8 1‘;_ }EEN i!

circuit’ for controlling output swtching between nain and uxi | i ,& eq. i
signal s. Fl GURGNak PERERSRINGrRAt B04c Mustabe ssimitasly delayedd i Warentheand

dedi thering ciglgek tgatirf iRfdrmation dddr délyedRbi DV dafal &APINd: 98
processing ¢l I'c?c:ur'retcstlyofpalrlng\Iizl?\eF?'x %?et@d@ ig' is important because each UV
~ pair represents one vector. A U element from one vector cannot be
5 paired with a V element from. another vector without causing a color
shift. Instead, a V sample from a previous pair will be deleted along
with the current U sample. This method of UV muitiplexing is
referred to as 2:1:1, as there are two luminance samples for every
pair of color component (U, V) samples. The Nyquist frequency for

10 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.

15 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,

20 different dithering sequences involving different numbers of bits
and different paired pixel compressions invoiving different numbers
of bits are contempiated. 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

25 particular kind of picture display format.

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

30 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

3s converters 360, 362 and 364. The analog form signals, designated Y.
U and V, are supplied to the 1fq to 2fy converter 40 for conversion
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6 FI GURES 41 and 42 are a block diagrans for 2-bit dithering and

dedithering circuits respectively, for inplenenting the resolution _ _
proocessing circuits of FIGURE 6 and FIGURE 8. FIGURE 43 i§ @y & L Hhen I
for eXMOA1A19388 a skewi ng scheme for eq@gncing operation off-Hi 5%&@5% i} h
circuits. FIGURE 44 is a table useful *for explaining yet @rather - _ir

alternative for inplenmenting the resolution processing circuits of FI GURE 6
and Fl GURE & noninterlaced scanning. The Y, U and V signals are also encoded to

Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_COUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the
5 gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.
- Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing
signal for the wide screen panel output.
Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 27. Phase comparator 228 is part of a phase
10 locked loop including low pass filter 230, voitage controlied
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 32fy REF output of the resonator is an
input to the 1fy to 2fy converter 40. The output of the voltage
15 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, supplied to the wide screen
processor and to the 1fy to 2fy converter. The 32fy REF and 1fy REF
timing signais .from the one-chip are suppiied to a divide by 16
20 counter 400. A 2fy output is supplied to a pulse width circuit 402
" Presetting divider 400 by the 1fy REF signal assures that the divider -
operates synchronously with the phase iocked loop of the video
signals input section. Pulse width circuit 402 assures that a 2fy-
REF signal will have an adequate pulse width to assure proper
25 operation of the phase comparator 404, for example a type CA1391,
which forms part of a second phase locked loop including low pass
fiter 406 and 2fy voltage controlled oscillator 408. Voltage
controliéd oscillator 408 generates an internal 2fy timing signai,
which is 'used for driving the progressively scanned display. The
30 other input signal to phase comparator 404 is the 2fy flyback puises
from the deflection circuit 50, 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 1fy period of the input signal. Otherwise,
as the display may exhibit a raster split, for example, wherein half of
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FI GURES 45 and 46 are diagranms useful for explaining operation of an
automatic |letterbox detector. FIGURE 47 is a bl ock diagram of an automatic

| ett erbox detect orh@ShéetiMa8BBSfREIEONNECT BN Wi th Fl GURE = RE 48
s B, o e,

i s a bIVWOIR1HA’E am o ve circuit for inplenenti omatic
- letterbox detector. HMMHIEUIH!“ bl ock di agram of a veris

circuit including an terbox detector. FlIGU

illustrate waveforns useful for explaining the analog to
of the color conponents of the main video signal. FlGURE

i |l ustrate wilerddee lines aref shifted to the righ? and half of the video lines are
‘ ~shifted to the left.
A block diagram of a circuit 900 for converting an interlaced
scanned to progressive scanned display is shown in FIGURE 20. The
s circuit can be implemented as an integrated circuit. The circuit
provides ail of the signal processing functions needed for converting
interlaced component video signals to progressive, noninterlaced
format. In addition, the circuit provides an adjustable amount of
noise reduction for signals where this might be desirable. The
10 circuit as shown can be used with component Y, U and V signals, and
in conjunction with a frame memory 902 in the form of a video RAM
integrated circuit, for example type HMS53051P available from
Hitachi.
Component chrominance signals U_C and V_C are internally
15 clamped with a back porch clamp to a voltage corresponding to
- digital zero. Following the clamp circuits 904 and 906, an analog
multiplexer 908 alternately samples each chrominance component at
a 2 MHz rate. These samples are then converted to an 8-bit digital
signal by a flash A/D converter 310 operating at a 4 MHz rate. The
20 samples pass through the chrominance noise reduction circuit 812 to
the speedup memory 914, The speedup memory stores only the 53
usec active portion of each incoming video line, so only 106 samples
of each chrominance component are stored. The memory is read at
twice the writing rate, producing two identical lines of chrominance
2s information. The signal is blanked to zero during the interval when
' no samples are available from the memory by blanking circuit 916.
The two chrominance components are separated by demuitipiexer
918 and converted to analog form using two D/A converters 920 and
822. The reference for the D/A converters is adjustable by the
3o serial bus which interfaces with a bus control circuit 824; and, can
be used as a color saturation agjustment, if desired.

The luminance signal is Y_C internally clamped by clamp 926
during back porch to a level which can be set via the serial control
bus. This signal is converted to an 8-bit digital format using a flash

'35 A/D converter 928 operating at 16 MHz. It then passes through a
circuit 930 which can be used to provide automatic black levei




expl ai ni ng skewi ng of |um nance and col or conponents in the main si gnal- -
path of the gate-array. FIGURES 52(a) and 52(b) illustrate portions of the

mai n signal path Y sitREnidBAARAGE:aNd .Gog or conponents respectively, for
i npl eNEDOIHG38Y deo o Bile ¢ RESG‘%(a)-SB( 1) are (RGEUSY g
expl ai ni ng vi deo co}‘ﬂmmuzm e col or conponents in Y ehasisolret MaASEEEN
| um nance conponent 8! ) and 54(b) illustratejjportigrmadeg he
mai n signal path for the |um nance and col or conponents eetrey—F
i npl ementing video expansion. FIGURES 55(a)-55(1) are useful for explaining
vi deo expanadjastment, if desired. The luminance is low pass filtered using a
filter 932 with a characteristic of:
H(z) = (1+2-1)2 (1+2-2y2 / 16
This low passed signal is then subsampled by circuit 934 at a 4 MHz
s rate. The subsampled signal is interpolated by interpolator 936 back
to.a 16 MHz rate using the same low pass filter characteristic and
subtracted from a delayed version of the original luminance signal
at summing junction 538 to produce a signal containing only high
frequency luminance components. The high frequency luminance
10 signal passes through a non-linear "coring” or dead band circuit 940
to remove small signals which might be noise. The breakpoints for
the non-linear characteristic can be adjusted by the serial control
bus.

—

The subsampled low frequency signal passes through a _
15 recursive noise reduction circuit 942 and is then interpolated back
to 16 MHz by interpolator 944 to be added to the cored high
- frequency signal at summing junction 946. The luminance is then
converted to a progressive or double-scan format using a speedup
memory 948. Only 53 msec of signal corresponding to 848 samples
20 is stored in the memory. This luminance memory is read twice for
each incoming horizontal line of video. Another. smaller speedup
memory 950 contains information representing the difference
between the interpolated luminance for the "in-between” line ‘and
the incoming luminance. The smailer speedup memory contains low
2s frequency information only, holding 212 samples. The first time the
luminance speedup memory 948 is read, the difference signal from
the other speedup memory 950 is interpolated by interpoiator 952 to
full rate and added to the luminance signal at summing junction $70.
This forms a signal having low frequency components that
30 correspond to interpolated luminance, and high frequency
components that correspond to incoming luminance. The second time
the luminance signal is read, the difference signal is not added. The
output is then a double speed version of the input.
Blanking by circuit 954 is inserted during the interval that no
35 speedup memory data is available. The level of this inserted
blanking is adjustabie by the chassis microprocessor, using the
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of " the col or conponents in relation to the |um nance conponents. FlI GURES 56
and 57 are pixel diagrans useful for expLgdUr@ t he operation of two-stage
variable interpolation filters, as may be used to inplenent the

i Nt er polvaD©1£19388 FI GURES 8, 11(a), and 12. 7 Fl GURE 58 iRCT{UBPHER740

di agram of a two stage conpensated variable interpolation filter. FIGURE 59
Is a block diagram of a two stage conpensated variable in euyudeIUﬂ friter
configured for inplenmenting a zoom TH
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serial control bus. Three signals are required: DATA
ENABLE. The sped-up digital signal is converted to analog form by a
D/A converter 956. The reference for the converter is adjustable by
way of the control bus.

Line interpolation of low frequency iuminance information is
done entirely at the reduced (4 MHz) sample rate using motion
adaptive processing. The external 1 Mbit video RAM 902, used as
frame memory, stores two fields of 8-bit low frequency luminance
and one field of 3-bit motion signal. Communication with the video
RAM is through frame memory interface 964. Each stored field
represents a maximum of 256 active video lines, each of which
contains 212 active samples. A spatial interpolation (for use in
areas of motion) is formed by passing the noise reduced low
frequency luminance through a ify delay 958 and averaging the
delayed and undelayed signals in circuit 960. The Ify delay output is
also stored in the frame memory. One field minus 1/2 line later it is
read out as a field delayed signal. This provides a temporally
interpolated signal for use in areas without motion.

The field delayed signal is stored again in the frame memory _
and read out after another field minus 1/ line. This results in a net
delay of one frame. The frame delayed signal is compared to-the
undelayed signal on a sample-by-sample basis in the motion
detector 962. A 3-bit motion signal representing eight different
levels of motion is produced. The motion signal is also stored in the
frame memory and read one field plus /7 line later. The fieid
delayed motion is compared to the undelayed motion and the signal
representing the greater amount of motion is selected in circuit
978. This motion signal is used to control a "soft switch® or "fader”
966 which can select between the spatially interpolated and the
temporally interpolated signals in eight different gradations.

The undelayed low frequency luminance signal is subtracted
from the cutput of the soft switch at summing junction 968,
producing a signal which represents the difference between the
interpolated and the incoming low frequency luminance. This

. difference signal is stored in a separate speedup memory 850 as

described above. e
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feature. FIGURE 60 is_a_block diagramof a circui t for i rrplerrentlng an o

eight tap, two stagelnterpolatlonfllter FIGURE 61 is a block diagram of
a 1/ 16 or 1/ 32 nedsoSkdet Has BednR at or . ZIGURE 62 is a table of K and C
in FIGURE 61. FI GURE 63PCRUSIDI03T40

aragramor oo rcul(HHREER o
di agram of a circui ing the values of Cfr :
FIGURE 64 is a tabl'e of val ues as cal cul ated by the ci rigdiHtS SHEET GURBLER |
FIGURE 65 is a block diagramof an alternative circuit REPLACED I

The recursive noise reduction circuit 942 can be of the form
shown in block diagram in FIGURE 21. The input signal is subtracted
from a delayed version of the output, delayed by circuit 986, at
summing junction 980. If the delay value is properly chosen, for

s most signals the input will be nearly the same as the delayed output,
and the difference will be small. This difference wiil then pass
through the: limiter block 982 without limiting (when not limiting,
the limiter has a gain of 7/g). When the limiter output is added to
the circuit input at summing junction 984, most of the input signal

10 is canceled, being replaced with delayed output signal. Small
changes such as noise are thereby reduced. When the input is
significantly different than the delayed output, limiting occurs. The
resulting output is then nearly equal to the input. The threshold
where limiting occurs is adjustable by means of the serial control

15 bus, allowing the amount of noise reduction to be varied from zero
(threshold of zero) to any desired vaiue.

For the low frequency luminance noise reduction, the delay in
the above circuit is equal to one frame time. Accordingly, noise on
stationary pictures is reduced by a temporal low pass filter. The

20 chrominance noise reduction circuit is composed of a cascade of two
of these circuits, one with the delay equal to one sample time (0.5
usec), and the other with the delay equal to one scanning line time
(64 usec). The first circuit filters noise in the horizontal direction,
and the second filters it in the vertical direction.

25 Circuit 900 may incorporate the 1fy to 2f4 converter 40,
explained in detail in conjunction with FIGURE 27. The reference
numerdls from FIGURE 27 are therefore repeated in FIGURE 20, at the
lower left hand corner. Timing signals used in the circuit are
derived from a 32 MHz oscillator 238 which is phase locked to 1024

3o times the horizontal defiection frequency of the display. A flyback
signal from the deflection circuit is applied to the 2fy input to
accomplish this. An external L-C network 974 establishes the
center frequency of the 32 MHz oscillator, while an external R-C
loop filter 406 sets the phase locked logp characteristics. The

35 phasing of the internal timing signals (clamp gates, blanking, etc.)
can be adjusted relative to the 2fy input by means of the serial bus.

e}
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determning the values of C fromthe values of K FIGURE 66 is a bl ock
di agram of another alternative circuit for _determ ning the values of C from
the values of K FIGURE 67 is a graph of-%érves showi ng the frequency

r esponse 9f/19388onvent i onal two stage, four point interpol RAVUSH/OMP 68 is
a table and FIGURE 69 is a graph, together illustratin L,.F,gs I TEemncy .
response of an eight point interpolator. FIGURE 70 is bl ot AAREEN an
ei ght point interpalator having a frequency response c EPo

21 of the var1BRingUf sy b8 fleClrsdlyrly esBRRH Mtk o M 216 " BuiskS,, ™
format s whi ccewhapahenpeginning ofathmiaceming limer Asdewhichwecur \at the
middle of the incoming line.
A vertical pulse input, for exampie fym, is used to establish
5 the beginning of a field, so that the proper lines are stored in the
frame memory. The number of lines that elapse between the leading
edge of the vertical pulse and the beginning of memory operation is
adjustable by means of a bus command. The circuitry for generating
an internal 2f4 signal for driving the horizontal defiection system
10 has already been described. The phasing of the 2fy output with
respect to the 1fy input can be adjusted using the serial bus.
The deflection circuit 50 is shown in more detail in FIGURE 22.
A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of vertical overscan
15 necessary for implementing different display formats. As
illustrated diagrammaticailly, a constant current source 502
provides a constant quantity of current iramp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in paraliel
with the vertical ramp capacitor, and periodically discharges the
20 capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current lRamp 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
2s FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current Tapy 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
3o analog form, generated by a vertical size control circuit 1030 shown
in FIGURE 49. Vertical size adjustment 500 is independent of a
manual vertical ‘size adjustment 510, which may be implemented by
a potentiometer or back panel adjustment knob. In either event, the
vertical deflection coil(s) 512 receive(s) driving current of the
3s proper magnitude. Horizontal deflection is provided by phase
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arrangenments. Those sel ect ed for [ I I ust rat i on are [ ntended to faCI I i tate
the description of particular circuits conprising w de screen tel evisions
according to the inventive arrangenents. For purposes of conveni ence in

i | | ustwWexd1619388id di scussi on herein, @ gonventional dis
width to height for a video source or signal is genera
3, whereas a wide screen display format ratio of wdthjt
vi deo source or 8 signal is generally deened to be
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adjusting circuit 518, East-West pin. correction circuit 514, a 2fq
phase locked loop 520 and horizontal output circuit 516.

The RGB interface circuit 60 is shown in more detailed in
FIGURE 25. 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 composite blanking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610, shown
in ‘more detail in FIGURE 26. The external 2fy composite
synchronizing signal for the externai RGB signal is an input to
external synchronizing signal separator 600. Selection of the
vertical synchronizing signal is implemented by switch 608.
Selection of the horizontal synchronizing signal is implemented by
switch 604. Seilection of the video signal is implemented by switch
606. Each of the switches 604, 606 and 608 is responsive to an
internal/external control signal generated by the WSP uP 340.
Selection of internal or external video sources is a user selection.
However, if a user inadvertently selects an external RGB source,
when no such source is connected or turned on, or if the external
source drops out, the vertical raster will 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, 666- 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.

The RGB to YUV converter 610 1s shown in more detail in
FIGURE 26. Synchronizing components of the RGB signals are
stripped by circuits 612, 614 and 616 respectively. The signals are
algebraically combined by summing circuits 618, 620 and 622 to
define R-Y (U), B-Y (V) and Y signals. Bit rate muiltipliers 628 and
634 alter the phase of the R-Y and B-Y signais in manner which
changes the effective color of the signals, even though the phase is
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arrangerrents are not limted by these definitions. FIGURE 1(a) illustrates

a television, direct view or projection, having a conventional format
di.,splay ratio of 4X3. Wen a 16 X9 f or mat di splay ratio pi cture S
transnm tweg1/m388 4 X 3 format display ratio signal, blackBeFasSaik :
the top and at the bottom This is comznnly referred to af T*@ﬁtséiﬁﬁdix-!AS BEEN
format. In this instance, the viewed pi-cture is rather sngll vmﬁEPlrMmmm
to the entire available display area. Alternatively, the I6 X9 fornat- -

]gr |SF| ay rati o souquite propew ot @Idemi\oraﬁdD B-Nabﬁﬁséﬁs OHSrmHhﬂWabrt' tat@l | |

Hl)vvevfar © \r/ne(r:}]r W‘b‘?@g bﬁa\/\ﬂﬁp\”ﬁg\g %gﬁég n&h?ee Itgf Fﬁﬁﬁng}’ﬁr eﬁggﬂge stitfes.

As a furt her ahobwithatanding he| watianterofpthe R @nd IB2Y signals from the
proper phaser angle. The color and tint control signals can be

5 generated by the WSP uP 340, responsive to the chassis
microprocessor. This enables convenient control of the color and
tint characteristics of the external RGB signal, without undo
additional circuitry and without the need to adjust the RGB source

itself.

10 There is a discrepancy in the Y signal of 7.5 IRE with regard to
the properly defined level of black. The blanking offset circuit 648
inserts a level shift of 7.5 IRE to compensate. The KEY signal is a
control signal generated in the front porch of the video signal, after
the trailing edge of the vertical synchronizing signal and prior to the

15 start of active video. The KEY signal establishes when clamping in
circuit 646 should take place. Delay circuits 624 and 626 establish
the correct phase relationship of the R-Y, B-Y and Y signals,
notwithstanding the subsequent variations responsive to the color
and tint control commands.

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

25 have been assigned'the same reference numeral. The television 11
generally comprises a video signals input section 21, a chassis or
TV micrbprocessor 216, a wide screen processor 31, a horizontal
deflection circuit 52, a vertical deflection circuit 56, RGB matrix
241, kine drivers 242, direct view or projection tubes 244 and a

30 power supply 70. The 1fy to 2f4 converter and RGB interface are not
utilized. Accordingly, there is no provision for displaying an
external wide format display ratio RGB signal at a 2f4 scanning rate.
The grouping of various circuits into different functional blocks is
made for purposes of convenience in description, and is not intended

35 as limiting the physical -position of such circuits relative to one
another. '
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éxpanded vertically but not horizontally, whereby the e'gﬂStSHMTHA‘éB‘éﬁ\;
will evidence distortion-by vertical elongation. None gi_llfﬂfﬂukntg

alternatives is I aﬁﬁblng IGURE 1 (b) sho
A 16 W91/ 19388t ’ﬁﬁégi el Ebﬁ‘i’iﬁ eo souf3 woul d be ful | pCarESdIagEmd0

wi t hout <cropping an ortion. A 16 X 9 format display ratio

| ett erbox picture, f in a4 X3 format display ratio signal,
can be progressively scanned by line doubling or Iine addition, so as to
provi de a | arger dlsplay with sufficient vertical resolution. A wide screen

o o 2o IR SN S 0 SR BT il .
or an ext eP posite vn o sngnals 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

s inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controis
which antenna input is supplied ‘to a first tuner 206 and to a second
tuner 208. The output of first tuner 206 is an input to a one-chip
203, which performs a number of functions related to tuning,

10 horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA8680. The baseband
video signal VIDEQ OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 31. Other baseband

15 video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, video recorders and the like.
The output of the video switch 200, which is controlied by the
- chassis or TV microprocessor 216 is designated SWITCHED VIDEO.
The SWITCHED VIDEO is another input to wide screen processor 31.

20 With further reference to FIGURE 5, 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
fiter. A further video source S1 is also an input to the Y/C decoder

25 210. Source S1 represents an S-VHS source, and consists of
separata. .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 impiemented as a separate switch, is
responsive .to the TV microprocessor 216 for selecting one pair of

30 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. A decoder/demodulator in the wide screen

. processor develops color difference signals U_M and V_M. The Y_M.

3s U_M, and V_M signals are converted to digital form in the wide
screen processor for further signal processing in the gate array 300



FIGURE 1(c) illustrates a 16 X 9 formt display ratio nhiT'SPHRS! V\/mc&{
a4 X3 format display ratio inset picture is displayed Re—freifF
and auxiliary video signhals are 16 X 9 format display ratio sources, the

I nset an al so have a 16 X 9 t display rati opCTes9moxiso
pi ct urg}(g%nﬁg’?%dl spl ayed in many di fferesrrfI positions. FIGURE 1(d)

illustrates a display format, wherein the main and auxiliary video signals

are displayed wi t'mnet fs@caﬂaeméreznectmheaoﬁan? cgégﬁit@d]??&g?nb R Ba&h%nvm% ggt .

di splay ratio_of cour
X 3. In ord&CTeLN ﬂeﬁﬁﬁs‘lf & q‘s"ﬂreuf\%q ﬁﬁﬁba?‘it‘f‘%e%fig@ ﬁ‘ suéh a displ ay
area, W thowgwitch 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

s implemented as an adaptive line comb filter. Switches SW3 and SW4
select between the luminance and chrominance outputs of Y/C
decoder 220, the luminance and chrominance signals of an external
video source, designated Y_EXT/C_EXT, and Y_M, C_IN. The
Y_EXT/C_EXT signals correspond to the S-VHS input S1. The Y/C

10 decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. The selected chrominance is converted to color difference

15 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. |

20 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

25 the examples of FIGURES 1(b) through 1{i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signals, enable

3o signals and reset signals. The wide screen processor 30 aiso
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the

3s RGB interface.
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and/ or right sides. Mre of the picture can be shown, witl TRSSHEEPHT
if some aspect ratio distortion by horizontal squeezing ofi_the PFEHArE i s

t ol er ayed1/19388 zont al squeezi ng resuizi in vertical el ongBCTAIS%70304) ect s
in the picture. The wide screen tele lon according to this invention can
provide any m x of cropping and aspect ratio distortion from nmaxi num
croppiing with no %spect_ ratio distortion to no cropping wth maxi mum aspect
rati o di stortionltnBaherizemal agd ivertcali syschroniziogacempanantsi déahsi gnal

main signal are developed in a sync separator 286, forming part of a
demodulator 288, forming part of the wide screen processor. The
horizontal synchronizing component is an input to a 1fH phase locked
5 loop 290. Horizontal and vertical synchronizing signals of the
" auxiliary video signal are developed by sync separator 250 in the
wide screen processor 31. A horizontal deflection circuit 52
operates in conjunction with the one-chip, responsive to east-west
pin adjust and horizontal phase control signais from the WSP uP
10 340. A vertical deflection ,circuit 56 is responsive to a vertical size
control circuit 54. The vertical size control circuit 54 is responsive
to a vertical size control signal from the WSP uP 340, and operates
in a manner similar to the vertical size control for the 2f4 chassis
described above.
15 The wide screen processor 31 is shown in more detail in
. FIGURE 5. The principal components of the wide screen processor
" are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen processor microprocessor 340 and a wide screen output
20 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 6. A picture-in-picture
processor 320, which forms a significant part.of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
2s. shown in more detail in FIGURE 8. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal
paths, have aiready been described in detail. A number of other
components, such as the second tuner 208, the WSP uP 340 and
interface outputs, the analog to digital and digital to analog
30 converters, the gate array 300, the PIP circuit 301 and the PLL 374
operate substantially as explained in connection with FIGURE 3 and
such details are not repeated.
The main video signal is supplied to the wide screen processor
in analog form, as signals designated 'Y_M and C_IN. Signal C_IN is
as decoded into color difference signals U_M and V_M by demodulator
288. The main signais are converted from analog to digital form Dby

9 hori zontal or vertical distortion, the signal nust be c[Epp
G
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which is as large”in size as the display fromthe mai n vi qjeo SIEEQ[AC{_D
Vari ous net hods qq-ﬂ.stgae&q-;éelgéaede;flwez over cogi.ng t hese conpreatFors—FFGIRE

1(e) i svo9dropssy fo 4 X3 format di spl ay r aCTYysotio3r40 i s
di splayed in the cen[ 9 format display ratio screen. Dark bars
sides. FIGURE 1(f) illustrates a display

proce55| ng path conplicate the generatlon of a h| gh resol tittm@ gmggmq,ﬁ; BEE —h

are evident on the r
format wherein one large 4 X 3 format display ratio picture and three
smaller 4 X 3 format display ratio pictures are displayed sinultaneously. A

smal | er pi ct uahateg toddiditsl penvemesy 3a2 bhe Ba69Showat Unemiote S@ERIIl frEs

FIGURE 6. The auxiliary video data is also in analog form, and Y U V
format, as signais designated Y_A, U_A and V_A. In the PIP circuit
301, these auxiliary signals are converted to digital form, data

5 compressed, stored in a field memory for synchronization with the
main signal, and provided to the gate array 300 for combination with
the main signal as required by the selected picture display format,
for example by muitiplexing on a line to line basis. The operation of
the PIP circuit is explained more fully in connection with FIGURE 6.

10 The PIP circuit and/or the gate array may also include means for
enhancing the resolution of the auxiliary data notwithstanding the
data compressicn. The analog form signals, designated Y, U and V,
are supplied to an encoder 227 to define the wide format ratio
output signal Y_OUT_EXT/C_OUT_EXT which, in this case, are inputs

15 to the one-chip 203. Encoder 227 receives only the C_SYNC_MN

signal from the gate array. Switch SWS5 selects between Y_M and
the C_SYNC_AUX signal as an input to the analog to digital
converters. The one-chip generates YUV format signals for the RGB

. matrix 241, which supplies RGB format signals to the kine drivers

20 242 from the Y_OUT_EXT and C_OUT_EXT signals.

FIGURE 6 is a block diagram showing further details of the
wide screen processors 30 and 31 common to the 1fy and 2fy
chassis, shown in FIGURES 3 and 5 respectively. The Y_A, U_A and
V_A signais are an input to the picture in picture processor 320,

2s 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

30 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
7. The principal components of the picture-in-picture processor are

35 an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section



feferred to as a POP, that is a picture-outside-picture,] THhEHEEhBHASHBHNP
a picture-in-picture. The terns PIP or picture-in-picturlp are RE$4GFY ei n

for both display formats. I n those circunstances where tNe W d€ SCreen

t el evVE Bf19388pr ovi ded with two tuner,geither both int ePRA(USH/EHA0

I nternal and one external, for exanple in a video cassette recorder, two of
the di spl ayed pictures can display novenent in real tinme in accordance with

w1 be 385 a3 b 8 - BRI corvantes SgidH . the “ERind aang onar
auxi | i ary <Iofiel spation 328y ipshiowr: im mooaidatal dn RGWRENa4.t wo novi ng
ﬁi ctures. It w Ivhealﬁen}?é-iﬂ%&ﬁﬁbab?&é?& 3%6 r‘nﬁgg& Pofrbddfed ad n ONe
and, and tirrr]\epré\%g evefrﬁgat;oln %Ifcé ‘Basic O&P} ech?é deervelo:;]edd bcyanrhomson
5 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 foliowing' being illustrative. The
10 basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
speaking, the audio signal is switched to always correspond to the
15 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
20 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(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

25 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

30 repetition rate can be changed from thirty frames per second to zero
frames per second. | '

The picture-in-picture processor used in the wide screen
television according to another inventive arrangement differs from
the present configuration of the basic CPIP chip described above. If

as the basic CPIP chip were used with a television having a 16 X 8
screen, and without a video speed up circuit, the inset pictures
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be switched in position, as shown in FI GURE 1(g). FI GUR
an alternative wherein the 4 X 3 format display ratio pi
and six smaller 4 X 3

“IHIS) SHETIAS BEEN
ct ur eREBLAGRPer ed,
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verti calysy@l/493§8 on either side. As in the previously desceCredsdwosmd, a
wi de screen television provided with 3w tuners can provide two noving
pi ctures. The remaining eleven pictures will be in freeze frane fornmat.
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would exhibit aspect ratio distortion, due to the effective 4/5 times
horizontal expansion resuiting 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 undesirable consequences. The
incoming video is sampled with a 640fy clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect to the incoming auxiliary
video source. This is a fundamental limitation on the basic CPIP
method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When
data from the video RAM, such as video RAM 350, is displayed, the
skew errors are seen as random jitter along vertical edges of the
picture and are generaily considered quite objectionable.

The picture-in-picture processor 320, according to an
inventive arrangement and uniike the basic CPIP chip, is adapted for
asymmetrically compressing the video data in one of a plurality of
selectable display modes. In this mode of operation, the pictures
are compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction=- This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X9 format display ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
aspect of the invention makes it possible to generate the special
display formats on a 18 X 9 screen without external speed up
circuitry. '
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FIGURE 1(i) shows a display format having a grid of tWEVﬁ1J X SForEE=—.
display ratio pictures. Such a display format is particla ? _7
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vai | abl e tuners and signal processing
s shown in FIGURE 1 are illustrative, and not
limting, and can be inplenented by w de screen tel evisions shown in the
remai ni ng drawi ngs and described in detail below An overall block diagram
adapted o qger O En S8 ioBE WagRtrol Mg UG ahtCedhial SeRiBhE. 5"
and gener aP g ot 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
s compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a
table of values under the control of the WSP uP 340. The range of
10 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. The decimation circuit 328C is shown more
15 fully in FIGURES 15-18.
FIGURE 15 is a block diagram of the circuit for implementing
the horizontal compression. The circuit utilizes a decimation
circuit formed by a counter 850, designated MOD_N_CNTR1. . The
numerical value at the N input is a horizontal N factor
20 HOR_N_FACTOR. The horizontal N factor is related to the extent to
which the picture represented by the video data of the -auxiliary
signal will be reduced in size for display as a PIP or POP, and
accordingly, is also a measure of the rate at which pixels within a
line are subsampled. The numerical input to the load value input is
25 set to "0°. The ripple carry out RCO output is a horizontal line
sample-enable signal. FIGURE 16 is a block diagram of the circuit
for implementing the vertical co'mpression. This circuit is based on
a decimation circuit formed by a counter 858 designated
MOD_N_CNTR2. The numerical vaiue at the N input is a vertical N
30 factor VERT_N_FACTOR. The vertical N factor is also related to the
extent to which the picture represented by the video data of the
auxiliary signal will be reduced in size for display as a PIP or POP,
but in this case, is a measure of how many horizontal lines are
selected for subsampling. The numerical input to the load value
as input is determined by a numerical calculation based on the vertical
N factor. The vertical N factor is added to "2°, the resulting sum is




" desi gnat ed" 10. The tel evision 10 general ly corrprlses la'(
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section 20, a chassis or TV mcroprocessor 216, a w de
a 1[err]H to 2[err]H converter 40, a deft®&&tion circui

AePLACESSOr 3D,

i nterf ave 96019388 YUV t 0 RGB converter 240, kine drivers 24PCH{US&HOE3IA0w or
projection tubes 244 and a power supply 70. The groupi ng of various
circuits into different functional blocks is nmade for purposes of

conveni ence in description, and is not intended as Iimting the physical

Coction 20 1 &tidefl 6 "2 4rek 3o Bsb8 S Bl tgRly iSeRe B4l deo oi gnal s
from di f f er enuppsrtiewes dield etypeThignal déb._SighB] SYRE. hadded dot1d7el yhewi t ched
for display 33,188t ¥t the counter 858 is a vertical line sample enable signal.

The horizontal. and vertical N factors are generated by a circuit

5 859 shown in FIGURE 17. The input is an N_FACTOR value ranging
from "0" through "7". Each N vaiue corresponds to pairs of horizontal
and vertical compression ratios, as shown in the table of FIGURE 18.
The N factors are provided by the WSP uP 340. Circuit 859
comprises multiplexers 862 and 864 and a compare to "6" circuit

10 860. For each N factor other than "6", the horizontal and vertical
compression ratios are symmetric, resulting from the "0" inputs of
the muitiplexers. When the N factor is "6", the "1" inputs of the
multiplexers are gated as the outputs. These inputs result in the
asymmetric compression of 4:1 horizontally and 3:1 vertically.

15 The counters in the decimation circuits function are shown as
integral number decimators. However, the processing does not have
to be limited to compression of the images'in integer increments,
provided that the horizontal compression factor is 4/3 times the
vertical compression factor. Asymmetric compression is- also not

20 limited to wide screen applications having a display format ratio of
16 X 9. If the format display ratio were to be 2:1, for example, the
horizontal compression factor would be 3/p times the vertical
compression factor.

Control of the compression ratios can also be implemented by
2s fully programmable, general purpose decimation circuits under the
control of the WSP uP 340, as shown in FIGURES 19(a) and 13(b).
Horizontal compression factors are generated by the circuit in
FIGURE 19(a), which comprises a summing junction 866, an array
868 of eight OR gates and a latch 870. Each bit of the eight bit

30 output of the array 868 is HI when the H_RESET occurs. When the
H_RESET signal is low, the output of the array 868 equals the input
of the array, which is the output of summing junction 866. Vertical
compression factors are generated by the circuit in FIGURE 19(b),
which comprises a summing junction 872, a multiplexer 874 and a

as latch 876. In each circuit, the carry in -Cl input of the summing
circuit is tied to a voltage for a fixed logical high signal. In each

4This Sheet Has Been Replace:




'and auxiliary video signals. An RF switch 204 héstmat'&ﬂﬂa%HEEmesmzL
and ANT 2. These re resent inputs for both off-air antefina r AT and |

cabl e receptlon econt+dBs which anten =Stppi-dd
to a wWgalgasger 2 I ﬂi BH ond tuner 208. The out pBCTHISH1/83T40t uner
206 is an input to whi ch perforns 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
? fzrenband Vi gi%)ui?.' 9‘?@ lca\{'lryDEcOutOkErOOIev?puc%loepI thg g&r%n%ﬂs 8If08ltairsldtf{ gsulting
: respective sample enable signal. In the circuit of FIGURE 19(b), the

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

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

10 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,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled

1s (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 videa 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

20 these special cases is the same as the display clock frequency.

Referring again to FIGURE 6, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog fo;m
can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This

25  Y/C_PIP_ENC signal may be connected to a Y/C switch, not shown,
which enables the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of

30 operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFQ's in the main
signal path.

In a muitichannel mode, for example that shown in FIGURE 1(i).
twelve channels of a predetermined scan list can be displayed in

35 twelve small pictures simuitaneously. The picture-in-picture
processor has an internal clock responsive to a 3.58 MHz oscillator
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line conmb Manual described above, the compiled special effect is converted
5 back to analog form in the picture-in-picture processor prior to
combination with main signal video data. However, in the wide
screen televisions described herein, and due in part to limitations on
the number of different clock frequencies which are feasible, the
auxiliary data is a direct output from the videc RAM 350, without
10 further processing by the picture-in-picture processor 320.
Minimizing the number of clock signals advantageously reduces radio
frequency interference in the circuitry of the televisions.
With further reference to FIGURE 7, the picture-in-picture
processor 320 comprises analog to digital converting section 322,
15 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
20 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
25 smaller number of b_its per sample in the auxiliary channel
represents a reduction in quantization resclution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
througtisut. This effective reduction of bandwidth is not usually a
problem when the auxiliary displayed picture is relatively small, but
30 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
3s and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
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chrom nance sargapl a€ ékbia$ned in mare detail below. Moreover, ditferent
dithering and dedithering sequences involving different numbers of
s bits and different paired pixel compressions involving different
number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each |
particular kind of picture dispiay format. Resolution processing
10 circuits are explained in detail in conjunction with FIGURES 56-70.
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
15 processor 320 is operated in a mode whereby incoming video data is
sampled with a 640fy4 clock rate locked to the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the
video RAM is aorthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it is read using the
20 same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampled and
stored, and can be read out orthogonally, it cannot be displayed
orthogonally directly from the video RAM 350, due to the
asynchronous nature of the main and auxiliary video sources. The
2s 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.
30 to the main channel. With reference again to FIGURE 6, two four bit
latches 352A and 3528 are used to recombine the 8-bit data biocks
from the video RAM 4-bit output port. The four bit latches aiso
reduce the data clock rate from 1280fy to 640fH.
Generally, the video display and defiection system is
3s- synchronized with the main video signal. The main video signal mus:
be speeded up, as explained above, to fill the wide screen display.
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can be delayed by a fraction of a field period in a field memory, and
then expanded in a line memory. Briefly, synchronization of the

s auxiliary video data with main video data is accomplished by
utilizing the video RAM 350 as a field memory and a first in first
out (FIFO) line memory device 354 for expanding the signal. The
auxiliary signal path interpolator 359 can correct for speedup in the
FIFQ 354. The size of FIFO 354 is 2048 X 8. Problems which can

10 occur in synchronizing the main and auxiliary signals include
read/write pointer collisions in the auxiliary oath FIFO 354 and
maintaining interiace integrity. A field synchronization system
which avoid such read/write pointer coilisions and which maintains
interlace integrity is explained in conjunction with FIGURES 28-36..

15 The gate array 300 is common to both wide screen proéessors
30 and 31. The main signal path 304, auxiliary signal path 306 and
output signal path 312 are shown in block diagram form in FIGURE 8.
The gate array also comprises a clocks/sync circuit 320 and a WSP
uP decoder 310. Data and address output lines of the WSP pP

20 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

25 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

3o component Y_MN is stored in a first in first out (FIFQO) line memory
356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by

35 demultiplexer 355. The luminance component undergoes resolution

s Sheet Has Been Replaced

Hllllllllll Il




12 inpl emented as an adaptive Iine conb filter. Sw tches SW'SMESM*%& ect*';"""""
bet ween the | unmi nance and chroni nance out puts of Y/ C decgder BB R he |

| um nance and chrom nance signals of an external video source, designat i
EXT a Tadeespectively. The Y EXT Judd CEXT signal s corpeqgpsofosmot he
S-VHS ihput "Slerr]. The Y/ C decoder 220 and switches SWB and SW may be
conbined, as in sone adaptive line conb filters. The output of swtches SWB

and SW i s tgrecessing; asrdegied;dnt biecait)387,aandsisgespanded iss Meeessand
TS Gnar T PSR O Gond B0 BT Y AT B YLl © oot Gt
In some instances, the auxiliary display will be as large as the
main signal display, as shown for example in FIGURE 1(d). The
5 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
10 during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 6. As an example, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.
Interpolation of the auxiliary signal can take place in the
1s  auxiliary signal path 306, shown in more detail in FIGURE 12. The
PIP circuit 301, shown in FIGURE 6, 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
20 each 8-bit location there is one 6-bit Y (luminance) sample (sampied
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 80fy).
The FSW_DAT values indicate which type of field was written into
video RAM, as follows:
25 FSW_DAT = 0: No Picture;
FSW_DAT = 1: Upper (Odd) Field; and,
FSW_DAT = 2: Lower (Even) Field.
The figtds occupy spatial positions within the video RAM having
boundaries defined by horizontal and vertical addresses, as
30 suggested by the memory position diagram in FIGURE 37. The
boundary is defined at those addresses by a change in the fast
switch data from no picture to valid field, and vice versa. These
transitions in fast switch data define the perimeter of the PIP
insert, which is also referred to as the PIP box or PIP overlay. It
3s  will be appreciated that the image aspect ratio of objects in the PIP
picture can be controlled independently of the format display ratio
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overlay on the screen will be determmed by the starting
address of the read pointer of the video RAM at the start of the
scanning for each field of the main signal. 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 and the start position of the read pointer. It might
seem logical that if the display, which is locked to the main video
source, were displaying the upper field of the main picture then the
portion of the video RAM corresponding to the upper field of the
auxiliary picture would be read out of the video RAM, converted to
analog data, and displayed.

This would work well for about half of all possible phase
relations between the main and auxiliary video sources. A problem
arises because reading the video RAM is always faster than writing
the video RAM for compressed pictures in the PIP mode. ‘The read
memory pointer may overtake the write pointer if the same field
type were being written and read at the same time. This would
result in a 50% chance of a motion tear somewhere in the small
picture. Accordingly, the PIP circuit always reads the opposite field
type that is being written to overcome the 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 fieild when the field is read out of
memory. The result is that the small picture maintains correct
interlace without a motion tear. The end result of this field
synchronization is that CPIP cnhip provides a signal which is called
PIP_FSW. This is the overlay signal which the PIP circuit provides
to an analog switch, which switches between main and auxiliary
channel Y/C (luminance and modulated chrominance video
information) signals.

The auxiliary video input data is sampled at a 640f 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
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synchroni zing signals of the auxiliary video signal are devel oped by sync
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progr essi vel JORE Vo rytegppgﬁbd as well as asymmetrlcally Referring
again to FIGURE 12, the auxiliary channel data is buffered and
synchronized to the main channel digital video by the 4 bit latches
s 352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 371. The VRAM_QUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field
type was written into the videc RAM. The PIP_FSW signal is

10 received directly from the PIP circuit and applied to the output
control circuit. Here the decision is made as to which field read out
of video RAM is to be displayed. Finally, the auxiliary channel video
component data is selected for output to the display through three
output multiplexers 315, 317 and 318, shown in FIGURE 8. Instead

15 of overlaying the PIP small picture using an analog switch at a
composite or Y/C interface, as has been the practice with the CPIP
chip, the WSP up 340 performs the PIP overlay digitally. However,
as explained below, the PIP_FSW control signal is utiliged together
with the FSW_DAT signal to control the digital overlay.

20 The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
(2048 x 8) converts the data from the auxiliary channe! sample rate
to the main channel clock rate. In this process, the video signal
undergoes an 8/g (1024/g40) compression. This is more than the 4/3

25 compression necessary to correctly display the auxiliary channel
signal. —Therefore, the auxiliary channel must be expanded by the
interpolator to correctly display a 4 X 3 small picture. The amount
of interpolator expansion required is S/g. The expansion factor X is
determined as follows:

30 X = (640/1924) * (4/3) = 5/¢
Therefore, regardless of how the smail picture is reduced by the PIP
processor, the small picture may be correctly displayed in 4x3
format on the display by setting the interpolator 359 to perform a
5/ expansion (5 sampies in, 6 samples out). _

35 The PIP_FSW data does not provide a good enough method for
interpreting which field of the CPIP VRAM should be displayed
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a correct B?P aspt-zcty ratio. Although the PIP small picture would
maintain correct interlace, the PIP overiay region would generally
be the wrong horizontal size. The only case in which the PIP overlay
s size would be correct would be for a 5/g expansion using the
interpolator 359 which would result in a 16 x 9 small picture. ~ For
all other interpolator settings, the overlay box would remain 16 x 9
while the inset picture would vary horizontally. The PIP_FSW signal
lacks information regarding the correct harizontal size of the PIP
10 overlay. The video RAM data is read prior to the PIP circuit |
completing the synchronization algorithm. Thus, the fast switch
data FSW_DAT which is embedded in the video RAM data stream
VRAM_OUT corresponds to the field type written into the video RAM.
The video RAM video component data (Y, U, V) has been carrected for
15 motion tear and correct interlace, but the FSW_DAT has not been
modified.

In accordance with an inventive arrangement, the PIP overlay
box is the correct sizeé because the FSW_DAT information is
expanded and interpolated together with the video component data

20 (Y, U, V). The FSW_DAT contains the correct sizing of the overlay
region, however, it does not indicate which field is the correct field
to display. The PIP_FSW and FSW_DAT can be used together to solve
the probiem of maintaining interlace integrity and the correct
overlay size. In normal operation, as the CPIP chip might be used in

25 4 x 3 television receivers, the field placement in the video RAM is
arbitrary. The fields may be aligned vertically, horizontally, or not
aligned at all. In order to make the wide screen processor and the
CPIP c—th work compatibly, it is necessary that the PiP field
locations not be stored on the same vertical lines. In other words,

3o the PIP fields may not be programmed so that the same vertical
addresses are used for both the upper and lower field types. It is
convenient from a programming perspective to store the PIP fields
in the video RAM 350 in a vertically aligned manner, as shown in
FIGURE 37.

35 A signal PIP_OVL forces the output control circuit 321 to

- display auxiliary data when this signal is active, that is, logically
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Q output of which is one input to multiplexer 688. The output of

multiplexer 688 is an input to a D-type flip/flop 684, the Q output
of which is the other input to multiplexer 688 and one input to AND
gate 690. The PIP_FSW and SOL (start of line) signals are the J and
K inputs respectively to flip/flop 682. An exclusive OR gate 686 has
the two fast switch data bits FSW_DAT0 and FSW_DAT1 signals as
inputs. Values of (1, 0) and (0, 1), which are logically exclusive
inputs, indicate a valid field, even and odd respectively. Values of
(0. 0) and (1, 1), which are not logically exclusive, indicate no valid
video data. A transition from either of (0, 1) or (1, 0) to either of
(0, 0) or (1, 1), or vice versa, indicates a boundary transition
defining the PIP box or overlay The output of exclusive OR gate 686
iIs a second input to AND gate 690. The third input of AND gate 690
is the RD_EN_AX signal, the read enable signal for the auxiliary FIFO
354. The output of AND gate 630 is the PIP_OVL signal. Circuit 680
introduces a one line (field line) delay from the time PIP_FSW goes
active to the actual enabling of the overiay region. This is
accounted for in the video data path as the FIFO 354 also introduces
a one field line delay in the PIP video data being displayed.
Therefore, the PIP overiay is overlaid perfectly with the video data,
although it will be one field line later than programmed through PIP
circuit. The RD_EN_AX signal allows the PIP to be overiaid only
when valid auxiliary FIFO data has been read out of the FIFO 354.
This is_necessary because FIFO data may be held after reading has
ended. This may cause the PIP overlay logic to determine that the
PIP overlay is active outside of valid PIP data. Enabling the PIP
overlay with RD_EN_AX assures that PIP data is valid. In accordance
with the inventive arrangements, the overlay or box for the small

. picture auxiliary video is correctly placed and sized regardless of

how the auxiliary video has been expanded, compressed or
interpolated. This works for small picture video sources which are
from 4 x 3 formats, 16 x 9 formats and many other formats as well.
The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
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315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output muitiplexer control circuit 321 is responsive to
the clock signal CLK, the start of line signal SOL, the H_COUNT
signal, the vertical blanking reset signal and the output of the fast

10 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

15 6. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP uP
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and

20 reset signals. The WSP uP 340 communicates with the different
circuits of the gate array through a WSP uP decoder 310.

in one case, it is necessary to compress the 4 X3 NTSC video

by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform

2s horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operétions up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
used td recalculate the incoming video to a new pixel positions
because the luminance video bandwidth, up to 5.5 MHz for S-VHS

30 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
recalculates sample values based on the compression or the

35 expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
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‘video signal data in a wide variety of display formats, as shown by the

exanplryoiofggGURES 1(b) through 1(i). -I@8-picture-in-pi gpicyyesprrosagsor 320
.and gate array 300 are under the control of a wide screen mcroprocessor

(WP [err]P) 340. M croprocessor 340 is responsive tg £ OPE sor
216 over a serial bus. The serial bus includes four g—%@éshi&gew\sfaﬂ&m ta,
cl ock signals, enable 14 signals and reset signalsj The pdrdecser een |

processor 30 ?Astﬁugenerat es a conposite vertical blan =SEGHATT as
a three pa 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,

s as required for expansion. The switches 323 and 331 are responsive
to a route control circuit 335, which is itself respaonsive 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.

10 Accordingly, no comparable switching is required in the auxiliary
signal path. '

The main signal path is shown in more detail in FIGURE 11(a).
The switch 323 is implemented by two muitiplexers 325 and 327.
Switch 331 is implemented by multiplexer 333. The three

15 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

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

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

25 (C) and clock gating information CGY for the luminance and CGUV for
the coler components. It is the clock gating information which
pauses (decimates) or repeats the FIFQ data to allow sampies not to
be written on some clocks for effecting compression or some
samples to be read muitiple times for expansion.

30 Such a compression is ilustrated in FIGURE 11(b). The
LUMA_RAMP_IN line represents luminance ramp video data being
written into the FIFO. The WR_EN_MN_Y signal is active high,
meaning that when this signal is high the data is being written into

- the FIFO. Every fourth sample is inhibited from being written into
3s the FIFO. The jagged line LUMA_RAMP_OUT represents the luminance
ramp data as it would be read out of the FIFO, if the data were not
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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 pefformed in exactly the opposite manner
as compressions. In the case of compressions the write enable
10 signal has clock gating information attached to it in the form of
inhibit pulses. For expanding data, the clock gating information is
" applied to the read enable signal. This will pause the data as it is
being read from the FIFO 356, as shown in FIGURE 11(c). The
LUMA_RAMP_IN line represents the data prior to being written into
15 the FIFO 356 and the jagged line LUMA_RAMP_QUT represents the
: data as it is read out of the FIFO 3568. In this case it is the function
of the interpolator, which follows the FIFO 356, to recalculate the
sampled data from jagged to smooth after the expansion. In the
expansion case the data must pause whiie being read from the FiFO
20 356 and while being clocked through the interpolator 337. This is
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression
and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the
25 rising edges of the 1024fy system clock. '
There are a number of advantages in- this topology for
luminance interpolation. The clock gating operations, namely data
decimation and data repetition, may be performed in a synchronous
manner. If a switchable video data topology were not used to
30 interchange the positions of the interpolator and FIFO, the read or
write clocks wouid need to be double clocked to pause or repeat the
data. The term doubie 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
3s to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
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5 using two FlFOs 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.
One of the conditions for proper circuit operation is that the
1o ~ number of data samples written into the FIFO for each horizontal
line be exactly equal to the number of samples read from the FIFO
for that horizontal line. If the same number of samples are not
written into the FIFO as are read out of the FIFO, then the main
channel picture will be severely slanted due to line by line pointer
15 precession, read or write. This requirement is dictated by the fact
that the main channel FIFOs are reset once per field. First the write
pointer is reset following a main signal vertical synchronizing pulse
and then one line later the read pointer is reset.
A different number of clock cycles may be required for the
20 read and write pointers to advance to the same number of places
due to the fact that expansions and compressions of video data are
taking place. In order for the number of data samples written to
always equal the number of data samples read, regardless of mode,
. three register values and two control signals are used to generate
25 the read and write enables for the main Y and UV FIFOs. Two
register vaiues WR_BEG_MN and RD_BEG_MN, provided by the WSP pP
340, specify the location in the horizontal line period where reading
and writing are to begin, in conjunction with a horizontal pixel count
value H_COUNT. The value H_COUNT is a ten bit counter value used
30 to determine pixel location within the line period. The counter is
cleared by a start of line signal SOL. The SOL signal is a single
clock wide pulse. used to initialize the horizontal counter H_COUNT
to a value of zero at the beginning of every line. The SOL pulse is
nominally aligned with the leading edge of the horizontal
35 synchronizing component.
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The bits of the register value are inverted, and the least significant
5 two bits are loaded logically HI, resulting in _LENGTH-1. A _
preceding a signal denotes a logical inversion. Accordingly, when
the counter overflows, that is the ripple carry out goes Hl, the
desired number of samples will have been written, or read. The
actual number of pixel samples written, or read, is actually
10 LENGTH X 4 because the register is loaded into the upper eight bits
of the counter. The effect of the clock gating is accounted for by
gating the counter enable. In this way, the enable for the counter
may also be used as the enable for the FIFQO, ensuring that the
number of samples written, or read, is always LENGTH X 4,
15 regardless of mode. _

FIGURE 11(d) illustrates one of three identical circuits used to
generate the write and read enable signals for the FIFOs for the Y
and UV components, designated WR_EN_FIFO_Y (case 1),
WR_EN_FIFO_UV (case 2), RD_EN_FIFO_Y and RD_EN_FIFO_UV. Inthe

20 case of expansions, the RD_EN_FIFO_Y and RD_EN_FIFO_UV signals
prove to be identical, and may be referred to as RD_EN_FIFO_Y_UV
(case 3). The circuit 1100 is explained first for case 1. Circuit
1100 compares WR_BEG_MN to the upper eight bits of H_COUNT in
comparator 1102. The value H_COUNT is a ten bit counter value used

25 to determine pixel location within the line pericd. The counter is
cleared by a start of line signal SOL. The SOL signal is a single
clock wide puise used to initialize the horizontal counter H_COUNT
to a value of zero at the beginning of every line. The SOL pulse is
nominally aligned with the leading edge of the horizontal

30 synchronizing component.

The output of comparator 1102 is delayed by.circuit 1118 and
compared with an inverted, but otherwise undelayed version of
itself in NAND gate 1104. The output of NAND gate 1104, a one clock
period wide active LO signal, is the load LDn input to 10-bit iength

35 counter 1106. The LDn input is used to load the 10-bit FIFO length
counter 1106 with the rising edge of the system clock. The bits of
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written into the FIFO. The output of the inverter array 1110 is

5 supplied to the uppermost bits of the load in input LOAD of counter

1106. The least significant two bits are tied logicaliy HIi. The _

effective load in value is _LENGTH-1. In order to adjust for the -1

aspect of the _LENGTH-1, the counter 1106 is stopped by the ripple

carry out signal RCO, which occurs one clock cycle before the length

10 counter 1106 reaches zero. The clock gating information is NORed
with the ripple carry out signal RCO in gate 1112. The same enable
signal is inverted by gate 1116 and used as the enable signal for the
FIFO. The FIFO memory and the counter are thereby enabled in
exactly the same manner, ensuring the correct number of samples to

15 be written. In case 2, the WR_BEG_MN is also compared to H_COUNT.
However, the CGUV_WR signal is used to generate the

- WR_EN_FIFO_UV signal as an output. In case 3, RD_BEG_MN is
compared to H_COUNT and the CGY_RD signal is used to generate the
RD_EN_ FIFO_Y_UV signal as an output.

20 The chrominance processing for the main channel video can be
accomplished by more than one inventive arrangement. One topology
alternative is that shown in FIGURES 8 and 11(a) and explained in
conjunction with FIGURES 52-55. Another topology for the
chrominance processing for the main channel video is shown in

25 FIGURE 13 and explained in conjunction with FIGURE 51. With
reference first to FIGURE 13, the UV signal path 530 is shown in
block diagram form. The signal path 530 is very similar to the
selectable topoiogy of the luminance data in the main signal path
304 shown in FIGURES 8 and 11(a). The most significant difference

30 is the use of a delay matching circuit 540 instead of interpolator
337. Multiplexers 534, 536 and 538 enable the UV_MN signal to
follow a path in which the FIFO 358 precedes the delay matching
circuit 540, or a path in which the delay matching circuit 540
precedes the FIFO 358. The multiplexers are responsive to a route

35 control circuit 532. - The output of multiplexer 538 is separated into
the U_OUT and V_OUT signals by demuitiplexer 353.
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data. If the UV data stream were deleted with the same clock gating
5 pulses as the Y data stream, the UV sequence would not aiternate U,
V, U, V, ..., etc. consistently. As an example, if a U sample were
deleted before being written into the FIFO 358, the sequence would
be something like U, V, U, V, V¥, U, V, etc. Therefore a second clock
gating signal is required. This signal is called CGUV (or .CGUV when
10 the signal is logically inverted). This UV Clock Gate is used only
during compressions, occurs only haif as often as the CGY puises,
and always deletes a UV sample pair. The results of an 8/5
compression are shown in FIGURES 51(a) and 51(b).
In this example it is evident how Clock Gate Write for Y (CGY)
15. and UV (_(CGUV) differ. When the .CGY and .CGUV signals are high,
samples are deleted. It should be noted that CGUV always starts on
a U sample and ends on a V sample. In this manner a UV pair is
deleted together and avoids the situation where a V from one pair is
deleted along with a U from the next pair. A comparison of the how
20 the UV and Y data is read out of FIFOs 358 and 356 respectively for
the 8:5 compression is illustrated in FIGURES 51(a) and 51(b)
respectively. It can be seen that the UV data will skew up to 1 clock
cycie with respect to the Y data. This is the consequence of not
storing a U/V indicator data into the FIFO data stream. This UV data
25 skew degrades the color component slightly. However, the
' degradation never becomes worse than a 4:1:1 muitiplexed color
component system, which is commonly used in high end television
systems. The effective UV Nyquist frequency is periodically reduced
to 2 MHz because of the UV pair decimation. This is still sufficient
30 for handling “wide” | chrominance sources. As a resuit, the color
component signals maintain very high quality even during UV pair
decimation.
Compressing the video data requires that the clock gate write
signals to the FIFOs 356 and 358 be different for Y and UV signal
35 paths. Essentially, the U and V samples have to be deleted as pairs,
because once a sample is deleted the information about the state of
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is thrown away, the consequence is that the UV data must be deleted
as a pair so that the sorting which occurs after reading the UV FIFO
358 can be very simple. _
Sorting the decimated UV pairs requires only a 1-bit counter.
10 This counter is synchronously reset to the ‘U (zero) state, on the
clock cycle which FIFO 358 reading starts. This 1-bit counter is
enabled with the RD_EN_MN signal, which controls the reading of the -
main FIFOs 356 and 358. In compression mode, RD_EN_MN is
continuously high once reading starts until reading stops on each
15 horizontal line. The resulting signal UV_SEL_QUT is an alternating
U/V indicator which drives the select line of the demuitiplexer 353.
in this way, UV data samples are successfully sorted after they are
read out of the FIFO 358 even though UV synchronization information
could not be stored for later recall while writing the FIFO 358.
20 When video expansions are performed, the writing of the FIFOs
356 and 358 occurs uninterrupted from the start of writing to the
end of writing. The reading of the FIFOs will be paused, and sample
values held (repeated), as they are read out of the FIFOs. This
sample holding or repeating is performed by the clock gate read
25 information which is part of the RD_EN_MN signal, and its
complement, _-RD_EN_MN. |
in_this situation an important difference should be noted, as
compared to compression. The state of the UV sample is known as it
is read from the FIFO 358. The UV data is written into the FIFO 358
30 continuously alternating U, V, U, V, . . ., etc. Therefore, when the
data is read out of the FIFO 358 and paused, the 1-bit counter which
creates the signal UV_SEL_OUT is paused to reflect the fact that the
FIFO data has been held. This keeps the sorting of demultiplexer 353
correct. _
35 The 1-bit counter is paused at the correct time because the
RD_EN_MN signal is applied to the enabie input of the 1-bit counter.

I This Sheet Has Been Replacec




bycle df delay. In order to accommodate for, this data shift, the clock

gating \ww‘gﬁz%kon fromthe interpolator” Oitrol 349 of mai, /Usgll%s%égnal

process 304 nust be simlarly delayed. Were the clo gati ng
i nformati on not delayed, the UV data will not be correct et
del eted. This is inportant because each W pair represefft sHignaikrddisy BERAN
el ement from one vector cannot be paired with a V el enejf f r ofFERdE R

vector wi thohisansus Batoh8'ma"FIFO 43116 Hhusdd i T SELBUY HighAPUS
1S also pausecP. Performing expansions does not require that the read
enable signals for the Y and UV FIFOs 356 and 358 be separate
because the clock gate read for the UV data, CGUV, is now identical _
5 to the clock gate read for the Y data, CGY. Performing expansions
proves easier than performing compressions. Moreover, the color
component Nyquist frequency is not degraded during expansions and
the 2:1:1 signal quality is fully maintained.
The muitiplexed color component topology described herein has
10 a number of advantages. The method is efficient and is ideally
~suited to work in conjunction with a wide bandwidth luminance
raster mapping system. The circuit complexity is minimized while
still maintaining a high degree of chrominance signal quality. These
advantages are due in part top the following innovations. The UV
15 pairs are deleted at the input to the UV FIFO 358. This eliminates
the need for carrying clock gating information through the FIFO
which would require that the FIFO be another bit wider than the
actual UV data precision. A delay matching network is substituted
for a UV interpolator, which would work in an analogous fashion to
20 interpolator 337. This eliminates a very complicated mathematical
function. Moreover, as the gate array is embodied in an integrated
circuit, approximately 2,000 gates are saved. Finally, the UV worst
case signal quality is never degraded below a 4:1:1 (Y, U, V) color
channel during compressions and remains at 2:1:1 quality for
25 expansions. '
Ir-accordance with the inventive arrangement shown in with
FIGURES 8 and 11(a), the need for a delay matching circuit is
eliminated. Instead, the FIFO s manipulated in a way which"
accomplishes the same results. FIGURES 52(a) and 52(b) illustrate
30 portion of the luminance and coior component signal paths
respectively in the gate array 300. FIGURE 52(a) represents the
selectable topology corresponding to video compression, wherein the
interpolator 337 precedes the FIFQO 356. Only the FIFO 358 is shown
for the color component path.
'35 FIGURES 53(a)-53(l) illustrate an example of video
compression. For purposes of the example, it is assumed that the

{This Sheet Has Been Replacec




_With the current U sanple. This nmethod of UV nultiplexing is referred to as
2:.1:1, t are two | um nance sanple€siftor every pair r onent
(U. W@%F@S The Nyqui st frequency for both U and V isgéf?@%ﬁi/?/;e’ﬁgp

reduced to one half of the |um nance Nyqui st frequenc ACCOT du_nglﬂx,e_l;:_e'
Nyqui st frequency of the output of the analog to digit aI“’H&%ﬁQE}ﬂ“g@%ﬁ&F't e
| um nance conponent is 8 MHz, whereas the Nyquist frequency Fﬁi...fftfj_jje:._.m_,}t_-:a_ ;

of the anaIP tao digital cgonverter for the col or conponents is 4 MHz. The
PIP circuit @HH’P&‘F% ﬁél?’gsp TaFPERPARENtS| are icoFTeslly ABlaYs matcheshasiarnty t he

resol ution ahaldge taudigitahreoriasraiorotanid: isaefiee rotdrpoiale; AL dRIay B A
e g 13 Bk 18! AModEH “ah SOLP hiYpSES BRIV Gt 35 Ricek ! P
cycles has been encountered and the luminance and chrominance are

s not time aligned. The select line UV_MUX for the analog switch, or
demultiplexer 344, is an 8 MHz signal derived by dividing the system
clock by 2. With reference to FIGURE 53(a), a one clock wide start of
line SOL pulse synchronously resets the UV_MUX signai to zero at the
beginning of each horizontal video line, as shown in FIGURE 53(b).

10 The UV_MUKX line than toggles in state each clock cycle through the
harizontal 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 UV and Y data
streams out of the analog to digital converters 346 and 342 are

15 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, _CGY shown in FIGURE 53(e) and _CGUV
shown in FIGURE 53(f), from the interpolator control 349 (see
FIGURE 9) must be similarly delayed. The UV data UV_FIFO_IN which

20 is shown in FIGURE 53(d) and stored in the FIFO 358 leads the Y data
Y_FIFO_IN shown in FIGURE 53(c) because the luminance data passes
through the interpolator 337 and the color components are not
interpolated. The reading of the UV_FIFO data shown in FIGURE 53(h)
from the UV FIFO 358 is delayed by 4 clock cycles with respect to

2s reading the Y_FIFO data shown in FIGURE 53(g) from the Y FIFO 356
to adjust for this mismatch. The four clock period delay between
the rising edge of the UV FIFO read enabling signal RD_EN_MN_UV
shown in FIGURE 53(j) and the rising edge of the Y FIFO read enabling
signal RD_EN_MN_Y shown in FIGURE 53(i) is so indicated. The

30 resulting Y and UV data streams are shown in FIGURES 53(k) and
53(l) respectively. The worst Y versus UV mismatch is 1 clock
cycle, which is the same result which can be achieved with a more
complex system, such as that wherein the relative positions of a
FIFO and a delay matching circuit can be interchanged.

35 It can be noted that the reading of the UV FIFQO 358 was

delayed by 4 clock cycles even though the interpolator delay in the
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5 DLY_RD_UV = (int) ((int) INTERP_DLY+2)*2; where
INTERP_DLY is the number of clock cycies of delay
in the interpolator.

In practice, the interpolator can have 20 clock cycles of delay

(INTERP_DLY=20) and the luminance and chrominance (coior

10 components) are not matched. There are many possibilities for the
luminance chrominance signals to become offset in time from one
another. Usually, the color component signals lag behind the
luminance signal due to chrominance demodulation. This raster
mapping system takes advantage of the interpolator delay to

15 overcome possible Y/UV mismatch. In the case of video compression
DLY_RD_UV may be set from 0 to 31 clock cycles of delay in reading
the UV FIFO 358. Since the luminance interpolator 337 inherently
has 20 clock cycles of delay, and each clock cycle is approximately
62 nsec long, the raster mapping system as described can correct

20 for up to 1.24 psec (62 nsec x 20) of color component delay with
respect to the luminance signal. Moreover, the raster mapping
system can correct for up to 682 nsec (62 nsec x [31-20]) of
luminance delay with respect to the color component signals. This
provides an extremely high degree of flexibility for interfacing to

25 external analog video circuits.

Just as the interpolator can introduced a different delay in the
luminance channel for video compression, the same can be true for
video expansions. FIGURES 54(a) and 54(b) illustrate portion of the
luminance and color component signal paths respectively in the gate

30 array 300. FIGURE 54(a) represents the selectabie topology
corresponding to video expansion, wherein the interpolator 337
follows the FIFO 356. The UV path inciuding FIFO 358 remains
unchanged. In the example of video expansion shown in FIGURES
55(a)-55(1), it is assumed that the interpolator has a delay of 5

3s clock cycies. The start of line SOL signal, the UV_MUX signal, the
luminance data stream input Y_IN to FIFO 356 and the color

—— -
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URES 55(a) through 55(d) respectively. In order to correctly time
ahgn the Y and UV data, the writing of the Y FIFO 356 can be delayed
(DLY_WR_Y) or the reading of the UV FIFO 358 (DLY_RD_UV) can be

5 delayed. Delaying reading of the UV FIFO is acceptable in this
situation because the UV FIFO 358 does not require interpolator
coefficients K and C. In the video compression mode, the writing
could not be delayed because this would misalign the coefficients
(K, C) with respect to the clock gating information and corrupt the

10 luminance part of the interpolation. The correct setting for
DLY_WR_Y which delays the writing of the Y FIFO by 4 clock cycles .
is indicated between the rising edge of the UV FIFO write enabling
signal WR_EN_MN_UV shown in FIGURE 55(f) and the rising edge of
the Y FIFO write enabling signal WR_EN_MN_Y shown in FIGURE 55(g).

15 The clock gate signal _CG and Y_FIFO output signal are shown in
FIGURES 55(i) and 55(j) respectively. The resulting Y, UV time
alignment is shown by the relative positions of the Y_OUT and
UV_OUT data streams shown in FIGURES 55(k) and 55(I) respectively.
The ability for the raster mapping system to compensate for
20 external luminance/chrominance mismatch is just as great for video
expansion as for video compression. This is a very important
function of the raster mapping system, as it eliminates the need for
a variable delay line at the input to the luminance channel to
- perform luminance/chrominance matching. The selection of a
25 particular topology can be based on a variety of factors, including
other circuit considerations '
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
30 data. The video RAM 350 hoids two fields of video data in a plurality
of memary 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

3s (sampled at 80fy). The FSW_DAT values indicate which type of field

was written into video RAM. Smce there are two fields of data
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[psponsive, Looft 6PIAF Mariey i Ho YishiBreb trpich - gae oot sho Aot micr
out put of 5t hedatal .t dgwe 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
10 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

15 storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
auxiliary channels, but not both, as necessary to combine data from
each source on the same video line or lines of the display. The FIFO
354 of the auxiliary channel is written synchronously with the

20 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

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

Generation of different special effects such as cropped side-
by-side—pictures are accomplished through manipulating the read and
write enable control signais for the line memory FIFOs. The process

30 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 channet is
active for (1/2)°(5/12) = 5/92 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channel

35 active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
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and 358 is active for {1/2)°(4/3) = 0.67 or 67% of the display active

s 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

10 data may be read out from each FIFO is determined by the dispiay
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

15 the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
channel 910 x 8 FIFOs is active for 50% of the display active line
period of the display beginning with the start of active video,
immediately following the video back porch. The auxiliary channel

20 read enabie control signal (RD_EN_AX) is active for the other 50% of
the display active line period beginnihg with the falling edge of the
RD_EN_MN signal and ending with the beginning of the main channel
video front porch. It may be noted that write enable control signals
are synchronous with their respective FIFO input data (main or

25 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 aisplay is particularly effective and

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

3s squeezing the pictures by 33%. and introducing aspect ratio
distortion. Depending on user preference, the ratio of picture
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wherein hal th@flimits of 0% and 33%. As an example, two side by side pictures
may be presented as 16.7 % squeezed and 16.7% cropped.

The operation can be described in terms of general ratios of

5 speedup and cropping. The video display means can be considered to
have a display format ratio of width to height of M:N, the first video
signal source can be considered to have a display format ratio of A:B
and the second video signal source can be considered to have a
display format ratio of C:D. The first video signal can be selectively

10 speeded up by a factor in a first range of approximately 1 to
(M/N + A/B) and selectively cropped horizontally by a factor in a
second range of approximately 0 to [(M/N+ A/B) - 1]. The second
video signal can be selectively speeded up by a factor in a third
range of approximately 1 to (M/N + C/D) and selectively cropped

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

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

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

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

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

comparable to that needed for a wide screen application is
- unnecessary.

A field synchronization system for avoiding read/write pointer
collisions and maintaining interiace integrity is explained more

35 fully in connection with FIGURES 28-36. The picture-in-picture
processor operates in such a manner that the auxiliary video data is
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Data must be read out of the video RAM at the same 640f rate. The
data cannot be orthogonally displayed from the video RAM without
modification due to the generally asynchronous nature of the main
and auxiliary video sources. In order to facilitate synchronization of
the auxiliary signal to the main signal, a line memory with
independent write and read port clocks is disposed in the auxiliary
signal path after the output of the video RAM 350.

More particularly, as shown in FIGURE 28, the output of the
video RAM 350 is an input to the first of two 4-bit latches. 352A and
352B. The VRAM_OUT output is in 4-bit data blocks. The 4-bit
latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches also reduce the data clock rate from
1280fy to 640fy. The 8-bit data blocks are written into the FIFO
354 by the same 640fy clock used to sample the auxiliary video data
for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8.
The 8-bit data blocks are read out of the FIFO 354 by the 10241y -
dispiay clock, which is locked to the horizontal synchronizing
component of the main video signal. This basic configuration, which
uses a multiple line memory with independent read and write port

‘clocks, enables data which was orthogonally sampled to be displayed

orthogonally. The 8-bit data blocks are divided into 6-bit luminance
and color difference samples by demultiplexer 355. The data
samples.may then be interpolated as necessary for the desired
format display ratio and written as video data output.

Since the reading and writing of data from the auxiliary
channel FIFO is asynchronous there is the possibility of read/write
pointer collisions. Read/write pointer collisions can occur when old
data is read out of the FIFO before new data has an opportunity to be
written into the FIFQ. Read/write pointer collisions aiso occur
when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO. Interlace integrity must also
be preserved. '
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converted to an 8-bit digital signal by a flash AAD c nver tREP TG onpram ng

at a 4 MHz rate. The sanpl es pass through the chrom nanceé noi se reducti on
circuit 912 to thA sptficieptiyclarge Semorhensgtedbeuphosenrin sherfisstonl y the

o3 Lerilope Rfdtage P ldrdide %o iy, AERIWie ' bERet (flisid A the! 00 sarples
of each chromngnce co are stored IS rea
auxiliary channel FIFO. For displaying norma¥ format display ratio
video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size,
5 is capable of storing 5.9 lines of video data, calculated as follows,
where N is the number if times and L is the length of each line:
N = (2/3) * (0.82) * (640) = 350 based on 82% active line period
L = 2048/350 = 5.9
An aspect of the invention recognizes that precession rates greater

10 than 2 lines/field are not likely to be encountered. Therefore, a
design criteria of a 5 line FIFO for the auxiliary channel can be
sufficient to prevent read/write pointer collisions.

The memory usage of the auxiliary channel FIFO can be mapped
out as shown in FIGURE 29. A block diagram for a simplified circuit

15 formed by D-type flip/flops for generating line delays (Z-1) and
reset pulses for controlling writing and reading in the FIFO 354 in
the auxiliary signal path is shown in FIGURE 30. At the beginning of
a new main signal field, the write pointer is reset to the start of
the FIFO. This reset puise, denoted WR_RST_AX is the combination

20 of V_SYNC_MN sampled by H_SYNC_AX. In other words, WR_RST_AX
occurs at the first horizontal synchronizing pulse of the auxiliary
video signal which occurs after a vertical synchronizing pulse of the
main signal. Two main signal horizontal lines later the read pointc_er
is reset to the start of the FIFO 354. This reset puise is denoted

25 RD_RST_AX. In other words, RD_RST_AX occurs at the third
horizontal synchronizing puise of the main video signal which occurs
after a vertical synchronizing pulse of the main signal, or stated
still otherwise, at the second horizontal synchronizing pulse of the
main signal which occurs after the WR_RST_AX pulse.

3o Since the main and auxiliary signals are asynchronous, there is
some ambiguity about exactly where the write pointer is when the
read pointer is reset. it is known that the write pointer is leading
the read pointer by at least two lines. However, if the frequency of
the auxiliary channel horizontal sync is higher than the frequency of

3s the main channel horizontal sync, then the write pointer will have
advanced past the 2 line marker shown. It is in this way that a
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sanpl es are available fromthe nenory by bl anking circu
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anal og form using two D) A converters 920 and 922. The r ferenB‘éf‘fcrr*fhe_.DLA
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5 initialized at the beginning of each displayed field at least 2 lines
apart from each other.
If the FIFO were not a complete 5 lines long, the system would
sacrifice the memory distance from the write pointer to the read
pointer. This is the case for different squeeze modes, for example a
10 16% squeeze: '
16% squeeze N = (5/6) * (0.82) * 640 = 437
L = 2048 (5+437) = 4.7
In these cases, the FIFO proves to be less than 5 lines long. In the
16% squeeze, the actual FIFO length is 4.7 lines. The (0.8) factor in
15 the N equation of the 33% squeeze reflects an operational limitation
of the CPIP chip.
Since the FIFO read and write resets are spaced by a minimum
of two lines of active video, the sacrifice always comes at the
expense of allowing the read pointer to catch up with the write
20 pointer. Moreover, only 80% of the video line is considered active
because the picture-in-picture processor is not capable of storing
more than 512 video samples in the video RAM 350. In practice, this
still provides a good active video line. In these cases, the
precession rate is being sacrificed for more visibie picture content.
25 In addition, there is more distortion in the auxiliary video. In the
worst case, up to one line per field of precession can be tolerated
between the main and auxiliary video sources. This is still more
than is necessary for most video sources, and the precession rate
tolerance is sacrificed on those feature modes which can be
30 expected to be the least used. '
Since the FIFO read and write resets are spaced by a minimum
of two lines of active video, the sacrifice always comes at the
expense of allowing the read pointer to catch up with the write
pointer. Moreover, only 80% of the video line is considered active
35 because the picture-in-picture processor is not capable of storing
more than 512 video samples in the video RAM 350. In practice, this
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precession rate is being sacrificed for more visible picture content.
In addition, there is more distortion in the auxiliary video. In the
worst case, up to one line per field of precession can be tolerated
between the main and auxiliary video sources. This is- still more
than is necessary for most video sources, and the precession rate
tolerance is sacrificed on those feature modes which can be
expected to be the least used.

Ancther problem stemming from the asynchronous reading and
writing of the FIFO is that of maintaining interlace integrity of the
auxiliary channel video. Since the display is locked to the main
channel video, the current field type being displayed, that is the
upper or lower field, will be determined by the main signal. The
field type which is stored in the video RAM 350 memory and ready to
be read out at the start of the main channel field may or may not be
the same as the displayed fieid type. It may be necessary to change
the auxiliary field type stored in the video RAM 350 to match that of
the main channel dispiay. _

The picture-in-picture processor 320 and the gate .array 300

* quantize 262.5 line fields of the NTSC signal into 263 line: upper

fields (sometimes referred to odd fields) and 262 line lower fields
(sometimes called even fields). This is due to fact that vertical
synchronizing component is sampled with pulses repreésenting
horizontal synchronizing component. This is illustrated by the
diagram of FIGURE 31. An upper/lower field type indicator has a
vaiue 1 for upper fields and a value 0 for lower fields. The upper
fields include odd lines 1 through 263. The lower fields include even
lines 2 through 262. In FIGURE 32, the first field type indicator U/L
MAIN SIGNAL represents the field type of the main video channel.
The signal HSYNC_AX represents the horizontal synchronizing
components for each line of the auxiliary channel.

The field type indicator U/L{A) represents the field type
stored in the video ram 350 if each auxiliary channel line were
written in “normally”. The term normal is used here to indicate that
the odd lines 1-263 are written in to the video RAM 350 as the upper
field is being received and decoded. The field type indicator U/L(B)
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5 effectively inverts the field type since line 2 will be the first
displayed line and line 3 will be the second displayed line in the
frame. The received upper field now becomes the lower field and
vice-versa. The field type indicator U/L{C) represents the field type
stored in the video RAM 350 if the last line of the upper field is
10 added to the video RAM 350 during the reception of the lower field.
This effectively inverts the field type, since line 263 will be the
first displayed line and line 1 will be the second displayed line.
The addition and subtraction of lines in modes B and C does not
degrade the auxiliary channel picture because these lines occur
15 during vertical retrace or overscan. The order of the displayed lines
is shown in FIGURE 34, where solid lines represent upper field lines
"~ and dotted lines represent lower field lines.
As the main and auxiliary channel signals precess, the U/L
MAIN SIGNAL will shift to the left or the right with respect to the
20 auxiliary channel U/L(A,B,C) field type indicators. In the position
shown in the diagram, data shouid be written into the video RAM 350
using mode A, because the decision edge is in zone A. Mode A is
appropriate because when the picture-in-picture processor receives
vertical synchronizing component, it will write the same field type
25 into the video RAM 350 as will be required by the dispiay to read
from the video RAM 350 starting with V_SYNC_MN (main channel
verticalL_synchronizing component). As the signals precess, the mode
will change according to their relative positions. The valid modes
are shown graphically at the top of FIGURE 32 and in the table of
30 FIGURE 33. There is an overlap between modes B and C, since most
of the time that mode B is valid, mode C is also valid, and vice-
versa. This is true for all but 2 lines out of 262 lines. Either of
modes B or C can be utilized when both are valid.
A block diagram of a circuit 700 for maintaining interlace
3s integrity according to this inventive arrangement is shown in FIGURE
36. The output signais of circuit 700 are write and read reset
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correspond tfrormaaopain®fisighalsn 4SYNGe MNAND HSYNC_MN.  The field type of
s the auxiliary video signal is determined from a corresponding pair of
signals, VSYNC_AX AND HSYNC_AX. Each pair of signals has a
predetermined phase relationship which is set in the gate array.
This relationship is shown in FIGURES 35(a)-35(c), which apply to
both pairs of signals. In each case, HSYNC is a square wave, whose
10 rising edge correspdnds to the start of a horizontal line of the
respective signal. In each case, VSYNC has only one rising edge per
field, which corresponds to the start of a vertical field of the
respective signal. The relationship between the rising edges of the
respective pairs of signals is tested by circuit 700 to determine
15 what steps, if any, are necessary to match the. field type of the
* auxiliary signal to the field type of the main signal. In order to
prevent ambiguity, the leading edges of the main pair of signals are
never closer than 1/g of a horizontal line period. The leading edges
of the auxiliary pair of signals are never closer than 1/19 of a
20 horizontal line period. This prevents jitter of the leading edges
relative to one another. This relationship is assured by the timing
circuits in the gate array.
The main signal pair VSYNC_MN and HSYNC_MN are inputs to a
first field type circuit 702, which comprises two D-type flip/flops.
25 In one case, HSYNC_MN is sampled by VSYNC_MN, that is, VSYNC_MN
is the clock input. The output of this flip/fiop is an upper/lower
field indicator UL_MN for the main signal, which can be a logical Hi
for an upper field type and a logical LO for a lower field type,
although this is arbitrary. In the other case, VSYNC_MN is sampled
30 by HSYNC_MN, just as in flip/flop 852 explained in connection with
FIGURE 30. This provides an output VH, which is the vertical
synchronized to the horizontal.
The auxiliary signal pair VSYNC_AX and HSYNC_AX are inputs
to a first field type circuit 710, which also comprises two D-type
as - flip/flops. in one case, HSYNC_AX is sampled by VSYNC_AX, that is.
VSYNC_AX is the clock input. The output of this flip/fiop is an
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lower field type, although this is arbitrary. In the other case,
VSYNC_AX is sampled by HSYNC_AX, just as in flip/flop 852
explained in connection with FIGURE 30. This provides an output VH,
which is the vertical synchronized to the horizontal.

The field type determination for both signals is shown in
FIGURES 35(a)-35(c). If the rising start of field edge occurs in the
first half of the horizontal line period, as in FIGURE 35(b), the field
is a lower field type. If the rising start of field edge occurs in the
second half of the horizontal line period, as in FIGURE 35(c), the
field is an upper field type.

The VH for the main signal and HSYNC_MN are inputs to delay
circuits 704, 706 and 708, which provide horizontal line period
delays to assure the proper phase reiationship of the output signals
WR_RST_FIFO_MN, RD_RST_FIFO_MN and RD_RST_FIFO_AX. The
delay operation, which can be implemented by D-type flip/flops, is
similar to the circuit shown in FIGURE 30. Two to three horizontal
line periods of delay are provided between the write and read
pointers. , _

The upper/lower field type indicator UL_MN corresponds to U/L
MAIN SIGNAL shown at the top of FIGURE 32 and is one input to a
UL_SEL comparator 714. The other inputs to comparator 714 are
supplied by UL_AX test generator 712. Test generator 712 has the
UL_AX field indicator as an input, as weil as HSYNC_AX as a clock
input. Test generator 712 provides signais U/L{A), U/L(B) and U/L(C)
shown v the bottom of FIGURE 16, corresponding to the three
possible modes A, B.and C. Each of the signals U/L(A), U/L(B) and
U/L(C) is compared with UL_MN, at the time of the decision edge of
U/L_MN, also shown in FIGURE 32. If UL_MN matches U/L(A), the
field types match and no action to maintain interlace integrity is
necessary. If UL_MN matches U/L(B), the field types do not match.
It is necessary to delay writing the upper field by one line to
maintain interlace integrity. If UL_MN matches U/L(C), the field
types do not match. It is necessary to advance writing the lower
field by one line to maintain interlace integrity.
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Feduced | ow TSGR ERu7 AR T Men " 318 MR e 8 3iSRA Luer agi ng
t he del ayed synrchianizing sigraignBSI_jA BSTcHE andcBRSTIR:geperated bigl ay out put
i's RST_AX_GEN generator 716. The three vertical synchronizing
5 signals AST_A, RST_B and RST_C have different phases relative to
one another in order to implement the corrective action, or no
corrective action, to maintain interlace integrity according to the
output of the comparator 714. Delay circuit 722 resynchronizes the
selected vertical synchronizing signal with the auxiliary video input
10 to generate WR_RST_VRAM_AX. Delay circuit 720 performs a
similar function for generating RD_RST_VRAM_AX and
WR_RST_FIFO_AX. As seen in FIGURE 32, modes B and C overlap
most of the time. In fact, only two out of every 525 comparisons
will require only one of modes B or C, rather than either. The
15 comparator 714 can be arranged to favor mode C over mode B when
both modes are valid. This choice can be arbitrary, or based on other .
circuit considerations.

The circuit 111 shown in FIGURE 4(b) suggests how the circuit
11 of FIGURE 4(a) might be modified to incorporate a liquid crystal

20 display (LCD) system. The raster mapping techniques utilized in the
digital signal processing explained in detail above are aiso
appropriate for a liquid crystal display system. The pixel map
generated by the LCD matrix address generator 113 is based upon the
digital muitiplexed output of the gate array, Y_MX, U_MX and V_MX.

25 The LCD matrix address generator 113 drives an liquid crystal '
display-means 115.

Data reduction or compression, and data restoration or
expansion, can be accomplished by alternative methods, in
accordance with various inventive arrangements. In accordance with

30 one alternative, the auxiliary signal is “dithered” by a resolution
processing circuit 370 and “dedithered” by resclution processing
circuit 357. Resolution processing circuit 370 may aiso be thought
of as a data reduction circuit and resolution processing circuit 357
may also be thought of as a data restoration circuit. Dithering is a~

35 process wherein an n-bit signal has an m-bit dithered sequence’
added thereto, after which the m least significant bits are
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5 With reference to FIGURES 39 and 40, a summing circuit 372
combines an n-bit signal with a 1-bit dither sequence. An
advantageous 1-bit dither sequence is 01010101, etc. After adding
the dither sequence to the 1-bit signal, the least significant bit is
truncated by circuit 374. The n-1 bit dithered signal is then

10 processed by pix-in-pix module 320, latches 352A and 3528 and FIFO
354. The subsequent output of the pip decoding circuit 3068 is an n-
1 bit dithered signal. In data restoration circuit 357 the n-1 bit
dithered signal is supplied to a summing circuit 802 and one input of
an AND gate 804. A signal on the other input of AND gate 804 masks

15 the least significant bit of the dithered signal. The output of AND
gate 804 is supplied directly to one input of exclusive OR gate 801
and is delayed by one clock, or ane pixel, by circuit 806, before being
supplied as the other input to exclusive OR gate 808. The output of
exclusive OR gate 808 is one input to AND gate 810 and the input to

20 Y interpolator 359, the input forming the new least significant bit
of the dedithered signal. The other input of AND gate 810 is a signal
having the same dither sequence and the same phase as the dithering
signal applied to summing junction 372. The output AND gate 810 is
a subtractive input to summing circuit 802. The output of summing

25 circuit 802 is combined with the additional bit supplied by the -
output of exclusive OR gate 808. providing an n-bit, dedithered
signal as an input to Y interpoiator 359.

With reference to FIGURE 41, a 2-bit dithering circuit 370'
comprises a summing circuit 376, which combines and n-bit signal

30 with a 2-bit dither sequence. In accordance with an inventive
arrangement, the dither signal can be defined by any repetitive
sequence of the numbers 0, 1. 2. 3 in any order within the sequence.
This definition includes the following sequences, as listed in
Table 1.
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10

15

- 20

25

30

0123 1023 2013 3012
0132 1032 2031 3021
0213 1230 2103 3120
0231 1203 2130 3102
0312 1302 2301 3201
0321 1320 2310 3210

A 2-bit dither sequence which is particularly advantageous is
02130213, etc., which is illustrated in FIGURE 41. The n-bit signal
which is the output of summing circuit 376 has its two least
significant bits truncated by circuit 378. The n-2 bit dithered
signal is then processed by pix-in-pix processor 320, latches 352A
and 352B, FIFO 354 and pip decoding circuit 3068.

It appears that the quarter-frequency component is usually
more objectionable than the half-frequency component, even though
the quarter-frequency component has half the amplitude of the half-
frequency component. Accordingly, a dedithering scheme can be
chosen to suppress only the quarter-frequency component. A first
signal path of the dedithering circuit is for delay and amplitude
matching. A second signal path includes a combination inverted
bandpass filter and limiter. The inverted bandpass filter cancels the
frequency at the center of the passband when added to the delay and
amplitude matched original signal. The limiter assures that only
amplitudes of dither size will be cancelled. This dedithering
arrangement has no effect upon the half sample frequency component
of the dithered signal. The half-frequency signal component is low
enoughi in amplitude and high enough in frequency to have
sufficiently low visibility to avoid causing a problem.

Such a dedithering circuit 306D' is shown in FIGURE 42. The n2
bit signal at the output of pip decoding circuit 306B is supplied as
an input to a two clock, or two pixel, delay circuit 822, a two clock,
or two pixel, delay circuit 814 and a summing circuit 812. The
output of delay circuit 814 is a subtractive input to summing circuit
812, the output of which is an n-1 bit signal. The n-1 bit dithered
signal is an input to limit circuit 816. . Output values of the limit
circuit are in this case confined to [ -1, 0, 1, ], that is the absolute
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he center frequency, which is 1/4 of the sample rate. The 2-bit
sugnal is a twos complement signal. The output of summing circuit
820 is a 3-bit signal, which is a subtractive input to summing
circuit 826. The n-2 bit output of delay circuit of 822 is an input to
multiplier 824. The output of multiplier 824 is an n-bit signal,
10 wherein the two least significant bits are equal to 0. The values for
the two least significant bits (and some correction) are supplied by
the summation in circuit 826. The output of summing circuit 826 is
an n-bit partially dedithered signal, which is an input to Y
interpolator 359.
15 The resolution, or perceived quality, of the dedithered video
signal can be improved under some circumstances by skewing the
dither sequence. The dither sequence, whether a one or two bit
sequence, repeats continuously on a given line but is phase shifted
on different lines. Many possible skewing schemes are possible.
20 Two skewing sequences can be particularly advantageous in hiding
artifacts in the display due to the dithering process itself. These
skewing sequences are shown in FIGURE 43. The one and two pixel,
field to field skews are those in which all the lines of one field have
the same phase and all the lines of the next field are skewed one or
25 two pixels with respect to the first field. The field to field skews
on 2-bit dithered signals work best for frozen pictures. Some line
structure can be visible during live video, where there are flat areas
in motion. . The one pixel skew is particularly advantageous for 2-bit
dithers if the signal will be dedithered, but the two pixel skew is
30 presently preferred if the signal will not be dedithered. Whether or
- not the signal should be dedithered depends upon the display format. '
An alternative to dithering for data reduction is paired pixel
compression, which will be explained with reference to FIGURE 44.

A field is depicted at the top of FIGURE 44, the field including lines

3s 1,2, 3, etc. The pixels of each line are represented by letters. Each
- pixel denoted "P" will be retained, whereas each pixel denoted "R"
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number lines, the replaced pixels are the first, third, fifth, etc. The
two primary alternatives are to substitute for each replaced pixel
either a 1 bit code or a 2 bit code. The bits for the codes are taken
from the number of bits available for defining the permanent pixels.
The number of bits available for defining the pixels is limited by the
storage capacity of the video processor. In this case, the CPIP chip
and the video RAM 350 impose a limit of an average of 4 bits per
pixel. If a 1-bit code is substituted for each replaced pixel, then 7
bits are available for each permanent pixel. Similarly, if a 2-bit
code is substituted for each replaced pixel, then 6 bits are available
to describe each permanent pixel. In either event, each pair of
successive pixels (one permanent and one replaced) requires a total
of 8 bits. A total of 8 bits per pair is an average of only 4 bits per
pixel. The data reduction is in the range of 6:4 to 7:4. The
replacement sequence is illustrated in a portion of the fieid
including three successive lines: n-1, n, n+1. Pixels to b’e. replaced
are designated R1, R2, R3, R4, and RS. Pixels to remain are
designated A, B, C and D.

in accordance with a 1-bit coding scheme, a zero will be
substituted for a replacement pixel if it is closer in value to the
pixel above it than it is closer in value to the average of the pixels'
on each side. For the example in FIGURE 44, the 1-bit replacement
code far pixel R3 will be zero if the value of pixel R3 is closer to
the value of the average of pixels B and C than to the value of pixel
A. Otherwise, the 1-bit replacement code will be 1. When the data
is reconstructed, pixel R3' will be equai in value to the average of
the values of pixels B and C if the 1-bit code is 0. [f the 1-bit code
is equal to 1, then the value of pixel R3' will be the same as the
value of pixel A.

A replacement and reconstruction sequence for a 2-bit code is

also illustrated. For pixel R3, the 2-bit replacement code is equal to

0 if the value of R3 is closest in value to the value of pixel A. The

2-bit replacement code is equal to 1 if the value of R3 is closest in
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: - 5 reconstruction sequence follows the replacement sequence. If the 2
bit code is 0, the value of pixel R3' is equal to the value of A. If the
2-bit code is equal to 1, the value of pixel R3' is equal to the
average of the values of A and B. If the 2-bit code is equal to 2, the
value of pixel R3' is equal to the average of the values of pixels A

10 and C. If the 2-bit code is equal to 3, then the value of pixel R3' is
equal to the average of the values of pixels B and C.

A 1-bit code is advantageous insofar as the permanent pixels
are described with 1 bit more resolution. The 2-bit code is
advantageous in that the replaced pixeis are described with more

15 resolution. Basing calculations on the values of only two lines, that
is for example, n-1 and n, or n and n+1, is advantageous in
minimizing the necessary line storage capacity. .On the other hand, a
more accurate replacement sequence might be generated if the value
D is included in the caiculations, but at the cost of requiring an

20 additional line of video storage capacity. Paired pixel compression
can be particularly effective for providing good horizontal and
vertical resolution; in some cases, better than dithering and
dedithering. On the other hand, the resolution of diagonat
transitions is generally not as good as dithering and dedithering.

25 In accordance with an inventive arrangement, a number of data
reduction and data restoration schemes will be available, including
for exampie paired pixel compression and dithering and dedithering.
Moreover, different dithering sequences involving different numbers '
of bits and different paired pixel compressions involving different

30 number of bits will also be available. The particular data reduction
and restoration scheme can be selected by the WSP uP in order to

- maximize resolution of the displayed video for each particular kind
of video display format.

The wide screen processor also has the capability to control

35 the vertical deflection to perform a vertical zoom function. The
topology of the wide screen processor is such that both auxiliary and
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independent of each other and independent of vertical zoom (which
manipulates the vertical deflection). Because of this topology, the
main channel may be expanded both horizontally and vertically to

s maintain a correct aspect ratio main channe! zoom. However, unless
the auxiliary channel interpolator settings are changed, the PIP
(small picture) will zoom vertically but not horizontally. Therefore,
the auxiliary channel interpolator can be made to perform larger
expansions to maintain a correct image aspect ratio of the PIP small

10 picture as the vertical is expanded.

A good example of this process occurs when the main channel
is displaying 16 x 9 letterbox material, as explained in more detail
below. Briefly, the main horizontal raster mapping is set to 1:1 (no
expansion, no compression). The vertical is zoomed 33% (that is,

15 expanded by 4/3) to eliminate the black bars associated with
letterbox source material. The main channel image aspect ratio is
now correct. The auxiliary channel nominal setting, for 4 x 3 source
material with no vertical zoom, is 5/6. A different value for the
expansion factor X is determined as follows: '

20 X = (S/g) * (3/4) = S/g
When the auxiliary channel interpolator 359 is set for S/g, the
correct small picture image aspect ratio is maintained and the
objects inside the PIP appear without aspect ratio distortion.

It is a particular advantage of wide format display ratio

25 televisions that letterbox signals can expanded to fill the wide
format display ratio display screen, although it may be necessary to
interpolate the signal to provide additional vertical resolution. In
accordance with an aspect of the invention, an automatic letterbox
detection circuit is provided. which automatically implements

30 expansion of the 4 x 3 format display ratio signal which includes the
16 x 8 format display ratio letterbox display. The automatic
letterbox detector is explained in detail in connection with FIGURES
45-49, | |

In order to increase the vertical height of the letterbox signal.

3s the vertical scan rate of display video is increased so that the black
regions at the top and botton of the picture are eliminated, or at
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5 than a predetermined luma threshold. Region B has active video, or
at least video luma levels which are more than the predetermined
luma threshold. The respective time intervals of regions A, B and C
are a function of the letterbox format, which can range from 16 x 9
to 21 x 9. The time duration of regions A and C is approximately 20

10 lines each for 16 x 9 letterbox format. The letterbox detector
examines the luma levels for regions A and/or C. If active video, or
at least a minimum video luma level, is found in regions A and/or C,
the letterbox detector provides an -out'but signal, for example a
logical 0, indicating a normal 4 x 3 format display ratio NTSC signal

15 source. However, if video is detected in region B, but not in regions
‘A and C, then the video is presumed to be a lefterbox signal source.
In this case, the output signal would be a logical 1.

Operation of the detector can be improved by hysteresis, as

shown diagrammatically in FIGURE 46. Once a letterbox signal has

20 been detected, a minimum number of fields of nonletterbox signal
must be detected before the display is changed to that necessary for
normal 4 x 3 signals. Simiiarly, once a normal 4 x 3 signal has been
detected, letterbox format must be detected for minimum number of
fields before switching the display to a wide screen mode. A circuit

25 1000 for implementing this technique is shown in FIGURE 47. The
circuit 1000 comprises aline counter 1004, a field counter 1006 and
a detector circuit 1002, in which the algorithm described above is
performed to analyze the video signal.

in another inventive arrangement, letterbox detection is

30 accomplished by caiculating two gradients for each line in the video
field. Four values are required to calculate the two gradients:
maximum and minimum values of the current line, and maximum and
minimum_ values of the previous line. The first gradient, designated
the positive gradient, is formed by subtracting the minimum value of

as the previous line from the maximum value of the current line. The
second gradient, designated the negative gradient, is formed by
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only one gradient may be negative at a time, and the magnitude of
the gradient with the positive value will always be greater than or
equal to the magnitude of the gradient with the negative value. This
simplifies the circuitry by eliminating the need to calculate an
absolute value of the gradients. If either gradient has a positive
value which exceeds a programmable threshold, video is considered
to be present on either the current line or on the previous line.
These values can be usod by a microprocessor to make a
determination of whether or not the video source is in the letterbox
format.

A circuit 1010 for implementing this method of letterbox

" detection is shown in block diagram form in FIGURE 48. The circuit

20

25

30

3%

1010 comprises a luma input filter, a line maximum (max) detector
1020, a line minimum (min) detector 1022, and an output section
1024. The luma input filter comprises finite impulse response (FiR)
stages 1012 and 1014 as well as adders 1016 and 1018. The
letterbox detection circuit 1010 operates on the digital luma data
Y_IN from the wide screen processor. An input filter is utilized in
order to. improve noise performance and make detection more
reliable. The filter is essentially two cascaded FIR stages, having a
transfer function as follows:

H(Z) = (1/4) * (1 + ZY) * (1 + Z°9).
The output of each stage is truncated to eight bits (divided by two)
to maintain a DC gain of one. |

The line max detector 1020 includes two registers. The first
register contains the maximum pixel value (max pix) at the current
point in the line period. It is initialized at the beginning of every
line pericd by a one clock wide pulse designated SOL (Start of Line)
to a value of 80h. The value of 80h represents the minimum possibie
value for an eight bit number in two's complement format. The

" circuit is enabled by a signal, designated LTRBX EN, which goes high

for approximately 70% of the active video line. The second register
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will be line, and is updated once per line period. Incoming luma data Y_INis
compared to the current maximum pixel value stored in the max pix
register. If it exceeds the register value, the max pix register is

s updated on the next clock cycle. At the end of the video line, max pix
will contain the maximum value over the entire portion of the line
for which it was enabled. At the beginning of the next video line,
the value of the max pix register is loaded into the max line
register. _

10 The line minimum detector 1022 works in an identical manner
except that the min line register will contain the minimum pixel
value for the previous line. The min pix value is initialized to a
value of 7Fh, which is the maximum possible pixel value for an eight
bit number in the two’'s complement format.

15 The output section 1024 will take the max line register value

' and the min line register value, and store them in eight bit latches
that are updated once per line. Two gradients are then caiculated,

| namely the positive gradient and the negative gradient. On the first
line in a field where either of these gradients is positive and

20 greater than the  programmable threshold, an enable signal is
generated which allows a first line register to be loaded with the
current line count value. On every line where either of the gradients
is positive and exceeds the programmable threshold, another enable
signal is generated which allows a last line register to be loaded

25 with the current line count value. In this manner the last line
register will contain the last line in the field where the threshold
was exceeded. Both of these enable signals are only allowed to
occur between lines 24 and 250 in each field. This avoids false
detections based on closed captioning information and on VCR head

30 switching transients. At the beginning of every field, the circuit is
reinitialized, and the values in the first line and last line registers
are loaded into respective letterbox end registers. The LTRBX_BEG
and LTRBX_END signais mark the beginning and end respectively of a
letterbox signal.

35 FIGURE 49 illustrates an automatic letterbox detector as part
of a vertical size control circuit 1030. The vertical size control
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sel ected between the output of the 1[err}RAd-o 2fH converter 40 and an

ext er nayof¥#A19388ut . For purposes of the wide screen tel eV| p@mgﬁm'm;)ed '
herein, the external R@G input is presuned to be a wi de f§ =2
ned!8 Sai@T 4'AS BEEN

rati o, progressively scanned source. The external RGB si
conposi te bl anking si gnal fromthe video signals input sgcti orS20-Ard
I nputs to an RGB.to Y U.V converter 610, shown nore detralt 1 n FIGURE Z26.

The ext er nal S CARBIISES e %%m%rqeztﬁﬁ@rsﬂgggb 3 gremtica! cflis®iayl RGB
signal is andomtrgl tivceitt 084! angnahGostatée rmmugruﬁv:eep@ossor 600.

s05. el ecti AENARkeIAoInG VAT MahRistd AR, veribdl 888! aiflest 4 S
switch 604. smnsmitied @s separatesignaisal Insacopidancet mdtfb;arswmvemitlve
s arrangement, the automatic letterbox detection circuit can
~ automatically implement vertical zoom or expansion of the 4 x 3
format display ratio signal which includes the 16 x 9 format display
ratio letterbox display. When the output signal VERTICAL SIZE ADJ
becomes active, the vertical deflection height is increased by 4/3 by
10 vertical size circuit 500 shown in FIGURE 22, which enables the
active video portion of the letterbox signal to fill the wide screen
without image aspect ratio distortion. In yet another alternative,
not illustrated in the drawings, the automatic letterbox detector
may comprise a circuit for decoding a code word or signal carried by
15 a letterbox signal source which identifies the signal as letterbox
format.
The vertical display control circuit 1034 also controls which
part of the overscanned raster will be displayed on the screen, a
feature referred to as vertical panning. If the vertically
20 overscanned video signal is not in letterbox format, the conventional
display format picture can be zoomed, that is expanded, to simulate
a wide screen format. In this case, however, the portions of the
picture croppéd by the 4/3 vertical overscan will contain active
video information. It is necessary to vertically crop 1/3 of the
25 picture. Absent further controls, the top 1/g and bottom 1/g will
always be cropped. However, picture content may dictate that more
of the top than the bottom of the picture is better cropped, or vice
versa. If all action is at ground level, for example, a viewer might
prefer to crop more sky. A vertical panning capacity enables a
30 choice as to which part of the zoomed picture will be shown and
which part will be cropped.
Vertical panning is explained with reference to FIGURES 23 and
24(a)-(c). The three level composite vertical blanking/reset signal
is shown at the top of FIGURE 23. These signals can be generated
3s separately. The vertical blanking pulse begins when the signal
L_COUNT is equal to VRT_BLNKO and ends when L_COUNT is equal to
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, 606, Each of the switches 604, 606 and ?gg_is responsive to an

i nt er med Sesva88nal control signal generd by the WBP [ ePCIPUSH03738] ect i on
-of internal or external video sources is a user selectiq L 1f a
user inadvertently selects an external RGB source, when QH§y§QE§PH£§%P,
connected or turned on, or if the external source drops i
raster will collapse, and serious danage to the cathode befs)..can __

resul t. ACOPRT BUNK1.2NTRE! @&kl $¥§@thgﬂf§ezbfﬂ't§jwrght pr @ﬁhﬁh%l&%& G the

presence of I,n thea_gb'sence 0

chroni zin
si gnal , stﬁnai}gﬁxmgkdé\"/g rﬁ%:fél%@ PR?%”W diR8Fi « 188 kCEUINT,IS QW t ches
604, 606 ar‘rﬂJtﬁOB ofta terebihicosnteciused 5 Keep dckr oRlhdr@B el hegf liheshe

signal therghi QBLhSet"R 1Rl F888hg ddge TFVEINEMROVEVNE RIN is the
5 synchronized version of VDRV_MN, which is the vertical
synchronizing component of the main signal provided to the gate
array. VRT_BLNKO and VERT_BLNK1 are provided by the
microprocessor depending upon the vertical panning command.
VRT_PHASE programs the relative phase of the VERT_RST output

10 with respect to the rising edge of the vertical synchronizing
component in the COMP_SYNC output. The COMP_SYNC output is the
output of a J-K flip/flop. The state of the fhp[/ﬂop is- determined
by decoding the outputs of L_COUNT and H _COUNT. H _COUNT is the
horizontal position counter. The L_COUNT counter is used to

15 segment the COMP_SYNC signal into three segments corresponding to
the horizontal synchronizing pulse, the equalization pulse and the
vertical synchronizing puise.

A vertical deflection current for no overscan, which actually
refers to the normal 6% overscan, is shown by dotted lines, as is the

20 corresponding vertical blanking signal. The width of the vertical
blanking pulse for no overscan is C. The vertical synchronizing puise
is in phase with the vertical reset puise. A vertical deflection
current for the overscan mode is shown by a solid line, as is the
corresponding vertical blanking puilse, having pulse width D.

25 If the bottom overscan A is equal to the top overscan B, the
display—will be as shown in FIGURE 24(a). If the vertical reset pulse
is generated so as to lag the vertical synchronizing puise, the
bottom overscan A is less than the top overscan B, resulting in the
display shown in FIGURE 24(b). This is a downward vertical pan,

30 displaying the lower part of the picture and blanking the top third of
the picture. Conversely, if the vertical reset pulse is generated so
as to lead the vertical synchronizing pulse, the bottom overscan A is
more than the top overscan B, resuiting in the display shown in
FIGURE 24(c). This is an upward vertical pan, displaying the upper

3s part of the picture and blanking the bottom third of the picture. The
relative phase of the vertical synchronizing signal and the vertical
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al so receives tint and color control sigggLs.fron1the WSP [err] P 340. The
RGB towdbimessgerter 610 is shown in nore-detail in Fl GURpCEPUS91/03740

Synchr oni zi ng conponents of the RGB signals are strippedby=ci== 2;
614 and 616 respectively. The signals are al gebraically gorBiSetEEDyHARIBEENG
circuits 618, 620 and 622 to define RY (U, B-Y (V) andjjY si gheristCEp t

tiitg—612

rate multipliers 628 and 634 al ter t he phase of the R- Y and B Y-stgnaks=ia
manner whi clresetisigralt e cohttiable Hokive WSp hepsidmaks efatsie VBRK the

phase is

10

1§

20

25

30

35

p?a‘}ming during overscan modes of operation. It will be appreciated
that the overscanned raster remains vertically centered, or
symmetric, on the picture tube or screen during vertical panning. It
is the blanking interval which can be vertically moved, or
positioned, asymmetrically with respect to the center of the raster,
so as to blank more of the picture at the top than the bottom, or vice
versa. | .
The wide screen television according to various inventive
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
therein, for example, comprises a two point linear interpolator and

" an associated filter and muitiplier connected in cascade to provide

amplitude and phase compensation. In total, four adjacent. data
sampies 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 vaiue 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 fiiter 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 variabie
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 5§6-57. The FIR filter output is spatially
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,not quite proper for the RY and B-Y phasers. Simlarly, bit rate

mi ti Wheia9ssy) and 638 change the phase To alter the ef frRCi/US91408740,
.notwi t hstandi ng the variance of the RY and B-Y si gffars=3 he proper
phaser angle. The color and tint control signals c .
WSP [err] P 340, responsive to the chassis m croproad A )
conveni ent control of the color and tint characteristicsortheexteral

ndi ust °t he' \QERIRE iRy 13eNde 3Bk iRt Rikel sBlhiES. 33 'hewp Bgnal ot 7.5
| RE with rebrdRES56he Theopeitpyt abthendtiR Eitet infthém aombified by anki ng of f set
clreult b48inteReaving? wiftt the® Brigindll data> ddfhpled, CRRRA b delYfedHo S' 9n2
create an effective 2fs sample rate. This is a valid assumption for
5 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

10 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 58. A signal DS_A of digital samples at a sampling

15 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 aiso at the sampling rate fs, but which are
temporally located between the values of the first signal DS_A, for

20 example at the midpoint between each value. Signai 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
muitiplexer 393, resulting in a data stream of vaiues DS_D at twice

25 the sampling rate, 2fs. Data stream DS_D is an input to a
compensated variable interpoiator 394.

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

30 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: _
3s -1/32, S/64, -11/64, 5/8, S5/g, -11/g4, Slga. "1/32
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never contains frequency components higher than 1/4 the sample
rate.

An advantage of the two-stage interpolator is to allow
accurate interpolations for signals with bandwidths approaching 1/,
the sampie rate. Thus, the system is most appropriate for display |
modes requiring time expansion, such as zoom, where the object is
to maintain as much of the original bandwidth as possible. This can
be pertinent in a wide screen television, particularly in the auxiliary
channei, where the auxiliary signal is initially sampied at a fairly
low rate, for example 10 MHz. Preserving as much bandwidth as
possible can be important.

A two stage interpolator 390' appropriate for a zoom
application is shown in block diagram form in FIGURE 59.
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
cccurring 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
data stream DS_A at a reduced rate of fs. The fs clock is composed
of a subset of fiN clock puises, 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/; each fIN clock period. The fractional part
controls the vanable mterpolator by supplying the K value from
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.have, been assigned the sane reference nuneral. The tel evision 11 general
corrprw@guagmsdeo signal s i nput section 78- a chassis or Pﬂl’/b‘serlop‘t@cessor
-216, a wide screen processor 31, a horizontal deflection circuit 52 a -
vertical deflection circuit 56, RGB matrix 241, kine driv
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view or projection tubes 244 and a power supply 70. The 1
converter and RGB interface are not utilized. Accordingly
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Si gnal

aadiog ef the Jom@d%haed shiftisgr data on, and
i's not int etnmbmsmle FIR rmtetrhsgnhym'ecdew%ﬂwﬂ 2,58 Fiultiplexer el ative

to one anméﬁ ‘and the interpolator 394. Divider 396 provides the fs signal

from the 2fs signal.

In accordance with further aspects of the invention,
interpolators can be implemented which have the advantage of
providing the buffering of the auxiliary and main channel video
without additional line memory. The main channel line memory
therefore becomes a display memory as well. A requirement of
existing variable interpoiation filters is a need for two.
multiplications, as is apparent from consideration of the filter
shown in Figure 12 of U.S. Patent 4,694,414. The first
multiplication is by a factor C, a 2-bit number. The second
multiplication is by a factor K. Factor K is a 5-bit number, allowing
for the case where K=16/16. There are two possible ways to avoid
the need for a S-bit multiplication. First, multiply by 1-K, instead
of multiplying by K; and, never choocse K=0 as a display point.
Alternatively, multiply by K; and, never choose K=1 as a display
point. |

A simplified multiplier for a 1/16 or 1/32 resolution
interpolator is shown in FIGURE 61. The muitiplier allows a variable
“a” to be muitiplied by a S bit variable “b", where “b” = (b4, b3, b2,
b1, bg). The term bg is the least significant bit (LSB) and the term
b4 is the most significant bit (MSB). The values of “b” will be
limited 40 whale numbers between 0 and 16 inclusive, although a
similar technique can be used to build more complicated muitipliers.
For example, a muiltipiier for whale numbers between 0 to 32 can be
derived from the same principle. The conditional multiplier by 2
multiplies the output of the preceding adder by 2 when b=10000.
The number “a” is an n-bit number for the illustrated embodiment.
The conditional multiply by 2 function can be implemented, for
example, by a shift register or a muitiplexer.

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

eet Has Been R

o

eplacedT




25 The video signals input section 21 is adapted for receiving a plurality

- of conmp@s
may be gg{

a one-chip
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bfr1ydggeo signals fromdifferentgglideo sources. TB&yﬁﬁg%ﬁgnal
' (=])

ectively switched for display as main and auxiliary Vi
signals. An RF switch 204 has two antenna inputs ANT1 and AN
represent inputs for both off-air antenna reception aff CallpeEs
The RF switch 204 controls which antenna input is supp

206 and to a second tuner 208. The output of first tuné_286=F5ar

t peRLAC

the ‘interpolator muitipliers.- 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. It will be
appreciated that C=‘{K). A table of appropriate K and C values is
shown in FIGURE 62, where K is a 5 bit number. A number of OR
gates can be used in the configuration shown in FIGURE 63 to

directly determine the values of C. The values are shown in the
table of FIGURE 64. '

- Additional implementations are possible to achieve various
function of C=f(K), as shown by the alternative decoder in FIGURE 65.
For exampie, with this decoding scheme, only a few gates can
eliminate the need for an on chip look-up table or additional
registers to hold the C values. Factor K can be more easily decoded
using the circuit shown in FIGURE 66.

Two stage interpolation as explained in connection with
FIGURES 56-58 can be optimized to surpass .25 fs, where fs is the
original sample frequency, in an alternative fashion to that
explained in connection with FIGURE 59. The frequency curves in
FIGURE 67 show that for all values of K=[0, 1/8, 2/8...1], the
deviation in frequency response at .25fs, in terms of magnitude, is
0.5 dB. Visible artifacts can be expected to occur when the
amplitude response of the various interpolation filters are more
than 0.5 dB apart. Certain simulations suggest that visible
artifacts can occur when the amplitude responses are more than 1.0
dB apart. Thus, the horizontal interpolator's individual 'response for
selected-values of K should form an envelope of responses such that
for no frequency the response curves are more than 1.0 dB apart as
shown in FIGURE 67. The cntical frequency at which artitacts can
be expected to become visible is designated fc. As a practical
matter, the cutoff frequency or divergence of the frequency response
curves should be minimized as much as possible below fc.

in order to extend the frequency bandwidth of the interpolator
according to- another aspect of the invention, a 2n+4 tap
compensation network can be provided, which will extend the value
of fc for the overall horizontal interpolator. Moreover, such a
compensation network can be implemented without adding an
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. 203, which perforns a nunber of functions related to tuning, horizontal and

verti gy ofplohgEt i on and video control s:8the particul ar ongeERish AR | S
industry designated type TA8680. The baseband vi deo signal VI DEO QUL :

206 1 o an i nput to both video switch 200 and ¢ he ?‘ﬁ“?k\k‘aﬁ%@@g%‘%ﬁ“ng
processor 31. Qther baseband video inputs to video swt 00-ar . i
Fecorder s 20gtqrily edhtfol, vaiiie, A hREeE cat SadiiRRg (AR ot L O
control | edf13edAB- chassi s or TV m croprocessor 216 is designated SW TCHED
e ST s,
y tc of the overall interpolator to
s .7 x fs/f2 or .35 fs, using the criteria of a 0.5 dB maximum allowed
envelope. If the 1.0 dB criteria is used, then the curves diverge at
fs = .75 x fs/2 = .375 fs. Furthermore, if the values of K=0, 1 are
avoided in the design, such that they need not be chosen, the
frequency bandwidth can be extended to even slightly beyond this fc.
10 Moreover, the amount of peaking is controllable by choosing the
vaiue of C. R
An eight point interpolator can be formed by a linear
interpolator, and an eight tap FIR filter to provide amplitude and
phase compensation. The overall interpolator can be described by:
15 Cl2-Z-1(C-3/2) + Z-2(K+C)+2Z-3(1-K+C) -Z-4(3/2)(C)+(C/2)(Z-5),
' for values of K = [0, 1/16, 2/16,...1].
The relationship between K and C is shown in the table and graph of
FIGURES 68 and 69. The set of curves evidence less than 1.5 dB
rippie in the pass band. The critical frequency is at fc = .7 x fs/2
20 for this compensation network.
This aspect of the invention can be extended to an eight tap
compensation network that provides additional useable ‘bandwidth.
The eight point interpolator can be formed by an eight tap FIR
compensation filter and a two point linear interpolator, as shown in
25 FIGURE 70. )
Three such compensation networks can be defined by the
following:
(1) -Cl4+Z-1(3/4)(C)+Z-2(-3/2)(C)+Z-3(K+C)+(1-K+C)Z-4+
. Z:5(-3/2)(C)+Z-6(3/4)(C)+Z-7(-C/4);
30 (2) -C/8+Z-1(5/8)(C)+Z-2(-12/8)(C)+Z-3(K+C)+Z-4(1-K+C)+
Z-5(-12/8)(C)+2Z-6(5/8)(C)+Z-7(-C/8); and,
(3) -C/8+Z-1(C/2)+2Z-2(-11/8)(C)+Z-3(K+C)+Z-4(1-K+C)+
Z-5(-11/8)(C)+2Z-6(C/2)+Z-7(-C/8);
where K = [0, 1/16, 2/18,...1].
35 Each has its own distinct characteristic bandpass and advantages.
Table of K and C values are not shown for the embodiment of FIGURE

aQAl-E
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,processor sel ects between the TV[err] angloSW TCHED VI DEO si gnal s as a SEL
g1 d@ag$i gnal which is an input o a Y/ C decoder

-decoder 910 may be inplenented as an adaptive line conb {i

video source Sl is also an input to the Y/ C decoder 210.

represents an S-VHS source, and consists of separate Iurrj

chrom nance signals. A switch, which nay be incorporated as part of the

decoder, as70n éomlwmtcveamlbmchosbnfwmcﬂ will gieighthenbasy ske dfnpl ement ed
Sel oot hg ouires K60 ary” paFARRF chinbfhesin of Sk6R0R0R- 88 8 ARk
designated Y M ahb eccontrobsigaal sends armaluel ot e dio thier lineat unferpatadonnd
chrom nance Thgdvalue bf K ¢ iRy fPyrdideA %Iﬁ@%f@'f%r%h@“é’ém%ﬁshﬁon
processed . - - .
5 network muitiplier. The FIR coefficients are the muitipliers for C in
the overall interpolator equations. For example, equation (1) above
can have tap weights of [-1/4, 3/4, -3/2, 1, 1, -3/2, 3/4, -1/4).
This aspect of the invention can be extended generally to 2n
tap FIR filters used as compensation networks, although it can
10 become increasingly more difficult to use only two linear
multipliers for calculating the linear interpolation and the
associated compensation network. An aiternative 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 Z° and Z-7 dependent upon either the value
15 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
20 shown in FIGURE 60. The video luminance signal to be expanded or
compressed is an input to a horizontal delay line circuit 1152. The
outputs of the delay line 20, Z-1, Z2-2, Z-3, 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 |, for example
25 Dbetween each of the real samples, designated Z. Resuits can
sometimes be improved by using a piurality of FiR fiiters to
generat? 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
30 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
delay matching circuit 1156. The 10 cutput is a direct input to a
data selecting circuit 1160, as is a version I|-1 thereof delayed by
circuit 1158. The outputs Z-(3+n), Z-(4+n) and Z-(5+n) are aiso
35 input to data selector circuit 1160. The inputs to data selector
circuit 1160 are chosen for being the most symmetric with respect
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along a main signal path. A decoder/denodulator in the wi de Screen
procesg@o14938 ops col or difference S|_gg1§I s UMand VM THer/ys8piAg3Mo and V
M signals are converted to digital formYn the wide screen processor for
further signal processing in the gate array 300 26 ThHg
functionally defined as part of the w de screen processgr TBB SHE/EMNQ@EQN '
baseband vi deo signal TV2. A switch SW2 sel ects between the THEPadeD
SW TCHED VI DEO signals as an input to a Y/ C decoder 220.

220 may beto 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
point interpolator 1162. The relative temporal position of the
inputs to data selector 1160 is as follows:

5 Z-(3+n),10, Z-(4+n), |-1, Z-(5+n),

Data selector circuit 1160 can be an array of multiplexers, for
example, controlled by the MUX_SEL control signal. The selectable
sets are indicated diagrammatically and are so arranged that each
interpolation of the interpolator 1162 is based on two real points

10 and two intermediate points. The outputs YO0, 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

15 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.
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,i.rrpl emented as an adaptive line conb fil t-@&4-Sw tches SWB and SW sel ect

bet ween L wxhance and chrom nance outputs of Y/ C decod
l-umi nanc\gaéﬂl%g % 1/03%4

I n sone adaptjiye.line conb filters.'% i t chgs SWHRERIACGEM i s

thereafter cofdldeiSeqlaiMed,isi |iary signal and i s processed arong—an
auxi liary signal path. The selected | um nance output is designated YA. The

The v A 0 A and Vit sPoriaY; PEeTDFOmRNEliGi oi ca formior further «
si gnal pr&essi ng.displayarmaagsnbaving a first format display ratio;
3 means for mapping an adjustable picture display area on said
4 display means;
5 means for processing first and second video signals from input
6 video signals having one of different format display ratios;
7 switching means for selectively coupling video signal sources
8 as said input video signals;
9 means for selecting as an output video signal between one of
10 said first and second video signais and a combination of said first
11 and second video signals; and,
12 means for controlling said mapping means, said processing
13 means and said selecting means to adjust in format display ratio and
14 image aspect ratio each picture represented in said output video
15 signal.

2. The display system of claim 1, wherein one of said
2 different format display ratios is the same as said first format |
3 display ratio.

3. The display system of claim 1, wherein said processing
2 means also selectively crops said input video signals.

1 4. The display system of claim 1, wherein said mapping means
2 comprises means for generating a raster for a cathode ray tube.

5. The display system of claim 1, wherein said mapping means
2 comprises means for generating an address matrix for a liquid
crystal display.

1 6. The display system of claim 1, wherein said picture display
2 area is adjustable in only one dimension. ’
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ﬂthe n’gln and auxiliary silg

.-V|deo si gnal sour ce smntcm
maxi IWQaes/19B8si bi u” ‘ ﬂ t he source selection f

“parts of the dlf ul \“& splay formats. The mn:mTEﬁg
i

30 conprises a plcture I'n picture processor 320 for spd

processing of the auxiliary video signal. The term pict
sonmetines abbr &vi athel disply systemnxef migim .6, Awhatreinasaidy rscdibpmﬁ the

mai n d | jgar | n a wde variety of display formats,
as shotn %%?hfe%?é% 6> pH d%@%gﬂ’b) through 1(i). The

pi cture-in-picture processor 320 and gate array 300 are under the control

of a wjde scregn ”Ifh?é cmgeta@sgs&te(:ﬁ\ﬁﬁ Eriim R), wWAEreid! {dngpﬁm‘c?‘s%ﬂig 340 is

res onS|ve to the 216 over a.seri
P means mterpomafes Fsaid “Video signals honzontai

-

9. The display system of claim 1, further comprising means
for converting interlaced video signals to a noninterlaced video
format.

[& I N )

10. The display system of claim 1, wherein said video signal
2 sources comprise tuners and video jacks.

11. The display system of claim 1, wherein said processing
means comprises respective interpolating means for said first and
second input video signals.

12. The display system of claim 11, wherein:

said picture display area is adjustable only vertically; and,

said processing means interpolates said input video signals
only horizontally. |

F O TR Yy

13. The display system of claim 1, wherein:

said mapping means comprises horizontal and vertical
deflection circuits for generating a raster, said raster being
vertically adjustable; and,

said processing means mterpolatas said input video szgnals
only horizontally.

0N N b~ W ON e

14. The display system of ctaim 11, wherein said
interpolation of said input video signais in said processing means
results in selective expansion and compression of said input video
signals.
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serial bus incl ud_s four signal lines, #86-data, clock signals, enable

'S|gnal dam ] screen processor 30 ap&pnis %ﬁg@s a
“corrpos@te veér cal !ﬂmm“mrmlml gnal, as a three | ,,,.-w...a eAS S
signal . Al ternat i veky, ct he Vier i cal bl anking and reset sT‘g’ﬁeﬂH‘EBTaﬂ}qé)BE )
generated as separ ate signals. A conposite blanking si { nal |BEBmeed
t he V|deo S|gnal tion to the |nterf e horrzontal
and vertical synd ﬁ'& ré'se SYSIRE % . furthier comprising second
selectmg means for selecting between sand output video signal and

an external video sugnal for display by said mapping means and said
display means.

& LN

16. The display system of claim 1, further comprising means
2 for synchronizing said processing means and said mapping means.

—

1 17. A display system, comprising:

2 display means having a first format display ratio;

3 means for mapping on said display means an adjustable picture
4 display area; -

5 first means for manipulating data from input video signals

& having one of different format display ratios by selective

7 interpolation and cropping;

8 second means for manipulating data from input video signals
8 having one of different format display rattos by selective

10 interpolation and cropping;

11 switching means for selectively coupling video signal sources
12 as said input video signals; |

13 means for selecting as an output video signal between one

14 selectively interpolated and cropped output of one of said first and
15 second manipulating means and a combination of selectively

16 interpolated and cropped cutputs of both said manipulating means;
17 and, |

18 means for controlling said mapping means, said first and

19 second manipuiating means and said seiecting means to adjust in
20 format display ratio and image aspect ratio each picture represented
21 in said output video signal.

18. The display system of claim 17, wherein one of said
different format display ratios of said input video signals is the
3 same as said first format display ratio of said display means.
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shown in FIGURE 3, formng parts of the main and auxiliary signal paths,
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28 analog to digital converters 342 and 346, shown in nore detail in Fl GURE
"6, The auxiliary video data is also in analog form ang=%H

© si gnaveO ¢ed93skat ed YA, UA and VA, In the PIP circuit 3DTHIS BEE 3{
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. —The PIP circuit and/or the gate array may also include means for enhanC| ng

t he re I }9}38? of the auxiliary data notw t hstandi ng trpees s
- The é’ﬁ dg m signal s, designated Y, U and V, are su .
227 to def| ne the w de format rati o out put signal YOUREXT/ CBEPLJK‘EDIT_E
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Wi de screen processors 30 and 31 common to the 1[err]H and 2fH chassi s,
shown WOPI@BEE 3 and 5 respectively. The YA, Uerr] A apdrMigs{/b3Ro
signals are an input to the picture in picture processor | '

i nclude a resolution processing circuit 370. The wi de sc
according to aspects of this inventio&&an expand and c

speci al effects enbodied by tge vario conposite di s%
illustrated in part in FIGURE?L are generated Ry the ptcturg-in

processor 320, which _gagﬁecefé‘ve sesgl utien pr@essed Fat a @i gn
and VRP from resol @ia@n {r qeassi ng Cl rcui & 370.4 Resol ufi on fQroc

s YRP, URP

not be utilized at B\ t s, ufin ectled di spfay for The
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~fu in a puinTbtaSheﬁtl-lasrBeerHeebla'Ehe CTC 140 .Picture in Picture (CPIP)
Technr cal Tr n| ng mu w {'ﬁ ab| e from Thonson Consunﬁr;r,@sggor:;ew cs,
0

"I nc. O|IS unber of special features or speclal

effects are possi bIe Wi ng being illustrative. S ﬁ%k’?rﬁ@%'@l
effect is a large picture having a_small picture overl g i B A

——

thereof as shown in FIGURE 1(c). TRS3) arge and snal |l pi MN"*" gt
fromthe same video signal, ﬁ-ronﬁllffesent?f\&deo signals and can be
.interchanged or swapped. Ge raI sp&aki ng,~ the audio signal is swtched
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for exanple to any one of a nunber of preset sizes.
splay format shown
n fact the sanme siz

exanpl e

‘pi ct uP?

e

that shown in FI GURES 1(b),

of the single picture,

yh

1(e) or

for exanpl e,

5.0:1. Wiile in the zoom npode a user QL e
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ei t her thgﬁsnall

pi cture.
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_repetition rate can be changed fromthirty franes per second to zero franes
per second. e picture-in-picture processor used in th |

tel e\)’lvgi962193g€ordi ng to another inventive arrangenent dfpf e@%gf}rhé?ﬁﬁ]?he
present configuration of the basic CPIP chip described above. |f the--basie.
CPIP chip were used with a television having a 16 X 9 s_-'rﬂ_fag,sg-@wma&mm |
vi deo speed up circuit, the inset pi res 30 woul d. gxhi bi ggrSecEDd ratilE
di stortion, due to the effective 4/ nmes i ;
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hori zont al
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expansion resulting from scanning across the w der
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di stortion,

convention

certain undesirabl e consequences.
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the main video source.

associ at ed
the i ncom

there woul d be pa_aspect

but the picture would not Fill. the entire sc
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video source. This is a fundanental limtation on the basic CPIP nethod of
field _synchraoni zati on. The nonorthogonal nature of the i | rate
resul t‘g&i%/@?&v errors of the sanpled data. The limtati %’ﬁg%éz{hgt of
the video RAM used with the CPIP chip, whi.ch nust use theSare—ceek—fFor——.
witing and reading data. Wen data fromthe video RAM suéHISaSHERTGEAS RAMN
350, is displayed, the skew errors seen as random ji it er aRBERBAGEPtI cal ]
edges of the picture and are gener&%s consi dered quite oObjectionabl & ~The
pi cture-in-picture processor 320, according to an inventive arrangenent-and

unlike the basic CPIP chip, is adapted for asymetri cal ijrascﬁqgoef ' ﬁ %hF o

SS
video data in one of a plurality of selectable display nm Il”ﬁiim

Fa ¥

of operation, the pictures

FIG. 11(b)
FIG. 11(c)
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are conpressed 4:1 in the horizontal direction and 3:1 in the verti cal
direction. This asymetric node of conpression produces rati

di st or WEN9i1%I8Fres for storage in the video RAM bj ects ?ﬁ%%&%ﬁﬁres
are squeezed horizontally. However, if these pictures are(fead—out .
normal |y, as for exanple in the channel scan node, for di %pﬂé@ BIEE HASS RERN
format display ratio screen, the pictures appear correct. i{The pRETLHEER | | | s ,
the screen and there is no aspect raidfa8 distortion. The asymetric
conpr essi on node .according to this aspect of the invention makes it
possible to generate the special display formats on a 16 X THESRROHE BdedlReplacec
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31 FIGURE 14 is a bl ock di agram of the tim ng and control section 328 of ,
the picture-in-picture processofhisfbget R %Hlfled %?4) '
CPI P cNWQ9tH93%8 bed above, which i E mati on ci rcwiJ g‘é@ [o] a—

I npl ementing the asynmetric conpre f a pl

di spl ay nodes. The remai ning display nodes can provide
of different sizes. Each of horizontal and vertical dec

conprises a counter which is progrgwd for,a conmess,kd factor froma
tabl e of val ues under the control he V\SE [errH> 3@ The range of
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values can be 1:1, 2:1, 3:1 and so on.
symmetric or ynnetrlc dependi ng upon how the table is

t he chSVBéEP

rati os can also be inplenmented by fully-d

set up.

I

The conpression factors can be

ﬂtrol gf

general purpose decimation circuits under the control o
340. The decimation circuit 328C is shown nore fully in
FIGURE 15 is a block diagramof the citggegt for inplene
conpr essi on.
850, designated MODerr] N err] CNTRL. The nuneri cal
a horizontal N factor HOR[err] N err] FACTOR. The hori zont

al

firhe SWBBT HeisrgaEN |
FI' GUREEPLIGELS. l

The circuit utilizes a decimation circuit fornmed by a counter
val ue at the N input
N factor

S
i's

related to the extent to which the picture represented by the video data of

the auxiliary
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_signal wll be reduced in size for display as a PIP or POP, and
accordingly, is also a neasure of the rate at which pixel ] l'ine
are sUOMHIBE The nunerical input to the |oad val ue Indfﬁl%)é%@g C
The ripple carry out RCO output is a horizontal line s a

FIGURE 16 is a block diagramof the circuit for inple
conpression. This circuit is based on a decimation circil

R lameommeenee o N
counter 858 designated MO err] err]= The nunerical value at the N
input is a vertical N factor VE [ err J®AETOR. The vertical N factor is
also related to the extent to which t Ei red.epresented gy the video
data of the auxiliary signal will be r@8ddc in&ize for diilay as a PIP
or POP, but in this case, i a neasure ngiy h&§izont lines are
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| FACTOR
Enh

N_FA

sel ected for subsanpling. The nunerical input to the 'l oad val ue | nput S
det-er nypasf ?)ésﬁ nurmerical cal cul ation based on the vertic The
verti cal ctor is added to "2", the resulting sumis
"2", and the result of the division is gated by an upper IE’OU@rSHEEéHd%SEg%ﬁeN
signal U L[err] FIELDerr] TYPE. added to "2". The out puil_of tREPEACERer f
858 is a vertical |line sanple eqgagge sigr@l]. Theihoyizpnt ii] ﬂnd.veru—cai:ﬁi-"
factors are generated by a circuit 859 s |n FIG}JRE 17 The input s an
N[ err] FACTOR val ug rangi ngg Efﬁ - |
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from"0" through "7". Each N value corresponds to pairs of horizontal and
-vertical conpression ratios, as shown in the table of FI Gg/US91/00m40N
fact or wersd/1938%i ded by the WP [err] P 340. Circuit 859 ¢ ' : S BEEN
mul ti pl exers 862 and 864 and a conpare to "6" circuit 860. IEFBWS@HEWI@;D
factor other than "6", the horizontal and vertical conpression ROy ars
symmetric, resulting fromthe "O' input$gg8 the nultipl exersT en the N
factor is "6", the "1" inputs of the nmultiplexers are gated as the outputs.
These inputs result in the asynmmetric conpression of 4:1 horizontally and
3:1 vertically. The counters in the decimation circuits function are shown
as integral nunber deci mators. However, the processiag does not have to be

limted to corrpressid&?of the images in integer incd@ents,
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provided that the horizontal
;3% tor. Asymmetric conpres
cations having a display f
for exanpl e,

conpr

screeﬁagkﬁp}

di splay ratio were to be 2:1,
factor would be
conpression re&4i os
pur pose degi '

shown in

gener at ed

junction
t he ei ght

%

3/gtinmes the verti
an al so be i npRenent
2ircuits under #he con
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~output of the array 868 is H when the HRESET occurs. When the H err] RESET
signal _is. |o the output of the array 868 equals the inp rray,

whi ch YO {L ﬁbq\g%t put of sunmmi ng junction 866. Verti cal %@k’%g?@ct ors

are generated by the circuit in FIGURE 19(b), which corrprl S e F—S U i &
junction 872, a nultiplexer 874 and a latch 876. In each cirpguiHtl$ Sﬂﬁé’%ﬁﬁ‘—?’"?'\f f
in Cl input of the summing circuit is tied to a voltage for g fi xRS Al
hi gh signal. In each 33 circuit, the carry out CO output OF the summng -
circuit is the :

20/53
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respective sanple enable signal. In the circuit of FIGIRE 19(b), the 1
"input to the nultiplexer is tied to ground for a fixed | qglcal { I gnal .
The howO2ant9388 and vertical conpression factors can be s Fp.’Péa @#@he 5P
[err]P 340. In full screen PIP nodes, the picture-in-pi 1N
conjunction with a free running oscillator 348 will takg VIESHERUHA SEBR ]
decoder, for exanple an adaptive line conb filter, decotle_t hdiERLgcap intoJ
Y. U, V color conponents and generate horizontal and vertricat: l
These signals are processed in the picture-in- picture processor for the
various full screen nodes such as zoom freeze and channel scan. During the

channel scan node, for exanple, t he2H®3i zontal and verti cal sync present
fromthe video signals input
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have many di scontinuities because the signals sanpled

section w ||
(di ff ewweyd1/ednggnel s) wil | hane ShesyHaeBadreRkegacac pul ses ang#\’ I } be svm' t ched

at seem ngly random nonents i r“mm\mﬁIHWre t he sanpl e

read/ wite video RAM cl ock) is the free ru

For fieeze and zoom nodes, the sanple clock will be Iock%d“?gsﬁﬁgﬁﬁﬁﬁﬁEEN’
vi deo horizontal sync, V\/m ch in these special cases is t saft-4AGH

di splay cl ock frequency. Referring a nto FIGURE 6, Y. U, V and CSYNG —
[ e-in-picture processor in anal og

(conposite sync) outputs fromthe p
formcan be re-encoded into ggc conponents by encode circuit 366, which
operates in conjunction with 3.58 MHz oscillator 380, This Y/ C PIP[err]
ENC si gnal nay be connected @ a Y/C switch, not sho
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whi ch enabl es the re-encoded Y/ C conponents to be substituted for the
Y/ conponents of the main signal.
V and ¥M8149388a1 s woul d be the basis for horizontal anc
This nbde of operation is apprg
I mpl enenting a zoom node for the PI P, based upon operat,
n a ned

the rest of the chassis.

interpolator and FIFO s in the main S|gnal

for exanple that shown in FIGURE 1i).
scan list can be displayed i
pi cture-in-picture processgg

oscill ator

Y_2H

EXT

5

twel ve smal |

as an 233/8%r nal

pat h.

Fromthis point on,

|

t he

{19%&&99?’% g
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34 348. The incomng auxiliary si gnal is converted fromanalog to digital

form r onsive to the chosen special effect, is |opgeqidoifaaran vi deo
RAM 3%® 9'I/h9%§ge enbodi ments in the Technical Training Manyg=desg d ’
above, the conpiled special effect is converted back to a ITUQS i;pq;ggn E ]

picture-in-picture processor prior to conbination with naijfn_si gﬂablxﬁ
data. However, in the wi de screen te24%8sions descri bed here ZRd-di 4-“ -'_ ,
part to linitations on the nunber of different clock frequenmes whi ch are
feasi bl e, the auxilj &data is a direct output f q_m,.Lhe Vi e;g RAM 350,

wi t hout
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further processing by the picture-in-picture processor 320. Mnim zing the
nunbeér of clock signals advantageously reduces radio freqpeqysd erence
in theWQPHIP8y of the televisions. Wth further reference t%sii—ﬂr}éﬁsE 7,
the picture-in-picture processor 320 conprises anal og t oftigitatl—convertin
section 322, input section 324, fast switch FSWand bus |cdht$ BHESREREEESN
326, timng and control section 328 and digital to anal conVéiFtLikagn
sectiron 330. In general, the picture-in-picture processor gr i3
video signal into lum nance (Y) and color difference signals (U, V),
subsanpling and storing the results in a 1 negabit video RAM 350 as

expl ai ned above. The video RAM 350 associated with the picture-in-picture
processor 320 has a nenory capacity of

25/83
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1 negabit, which is not |arge enough to store a full field of video data
with 8y hi es. Increased nenory capacity tends to be 8§§hé$7 nd can
require nore"conpl ex managenent circuitry. The snmaller n per
sanple in the auxiliary channel represents a reduction i _
resolution, or bandwi dth, relative to the main signal, |gﬁ@a§ﬂ§?8éﬁ%§esw
with 8-bit sanples throughot. This effective reduction of= ?Pﬁ% not |l
usually a probl emwhen the auxiliary @5@played picture is relatlvéTy‘EMﬁﬁf
but can be troublesone if the auxiliary displayed picture is larger, for
exanpl e .the sane size as the naln di spl ayed picture. Resol uthonepracessing

circuit 370 can selecti nt one or nore schenes fo@-eﬁhaﬁﬁlng t he
guanti zati on resol uti of effectl
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Jbandwi dth of the auxiliary video data. A nunber of data reduction and data
" restoration schenmes have been devel oped, including for ex d
pi xel Pt 1423885, and ditheri ng and dedithering. A §Q/6%9WQ3146 —
circuit would be operatively di sposed downstream of the NTdg8 s M&E\Q‘\ F\éF‘N )
exanple in the auxiliary signal path of the gate array, RAs expighngd n i
nore detail below Moreover, different dithering and dedi4-bBeri-ng-sequences
i nvol ving different nunbers of bits ampgymf fferent. paired pixel corrpre55| ons
i nvol ving different
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nunber of bits are ca_nterrpl ated. One _of a nunber of

reducti.on ‘and reys Hﬁmhse an %g;gzﬁ;ﬁ
or der ‘b\@mﬂmze t he
kind of picture di m Res’ %§i£ .

explained in detail 1n conjunction wth FI GURES 56-7
color difference signals are stored in an 8:1:1 six-

other words, each conponent is quanti¥®d into six-bit 5 There are
ei ght |unfinance sanples for ejery garr Color diffErencg sanpl es.| The
pi cture-i|n-picture procegsor J2 |s eratg in a ewher®by} i frcofn ng
vi deo datfa |i s_sdnpled wifh a g40&er|r] | oGk frate | ock¥d ot he Thepning
auxi l i ary} Vi (féo synchronj zing {signdl ingtead.{ In thifs node, dala stpred in
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picture can be controlled i ndependentl
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conposite or Y Cinterface, as has been the practice with the CPIP chip,
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conpl eting the synchroni zation algorith dghead ast .
whi ch is enbedded in the video RAM data ?Peaﬁﬁ{mbrr] E
the fi MQI9tAIBBMitten into the video = IjJdeo conponent

data (Y, U V) has been corrected for notion tear and corrgct 4inhpRl1998,
but the FSWerr] DAT has not been nodified. In accordance jwlth an |nvent| e
arrangenent, the PIP overlay box is the da gy rect size becguse—te—FSWOAT
information is expanded and interpolated together with the video conponent

data (Y, U, V). The FSWDAT contains the correct sizing of tThe overlay
regi on, however, it does not indicate which field is the correct field to
di splay. The PI P[err] FSW and FSWerr] DAT can be used oget her to sol ve

FIG. 19(a)
FIG. 19(b}"
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the probl em of nai _ | ace i trﬁ sh¥epndsErenchrrect overlay
e o, STARH b, <1 9 e e o v,

The fields may be aligned vertically, horizontally, or not aligned at all.
In order to ke tdae wi de screen processor and the CPIP chip work
conpatibly, i is ﬁecessary t hat tﬁe PIP field |locations not be stored on
the sane vertPcal Fines. In other saords, 198 PIP fields may not be
progranmed sl f hat] T heasane VerTi T “Aduresses —are—used o+ both the upper

and | ower fi t
m [

St is conv Ment froma progranm ng perspective to
store the’ Pl g € Vi XM§50 in a vertically alignpd manner,
as shown :in |
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A signal PIPOVL forces the output control

data when this signal

Is active, that i
di agr MOOR/W388 rcuit for generating the
38. Circuit 680 conprises a J-K flip/flpp
I nput to nultiplexer 688. The output of
D-type flip/flop 684,

circuit 321 to display auxiliary

|l oqgically Al

]

the O output of which is the other
mul ti pl exer 688 and one input to AND gate 690. The PIP[er
(start of line) signals are the J and

OUuTPUT
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K inputs respectively to flip/flop 682. An exclusive OR gate 686 has the
two fast switch data bits FSWerr] DATO and FSWerr] DAT ] E mql_mﬂ
i nput YO 919388 of (1, 0) and (0, 1), which are logically aTaidim g
indicate a valid field, even and odd respectively. Valued ¢f é)o 0) and (1
1), which are not | ogi caIIy excl usive, indicate no valid |vijded SUARR 199
transition fromeither of (0, 1) or (1, 0) to either of (OL_Q) _or (1, 1)
or vice versa, indicates a boundary transition defining the PIP box or
overlay The out put of exclusive OR gate 686 is a second i-apu—to—-AND gate
690. The third input of AND gate 690 is the RDerr] AX_signal, the read
enabl-e signal for the auxiliary FlI RYE54. The out put _690 is the
PIP[err]OVL signal. Crcuit 680 introduces a one lin

fromthe tine PLP[err] FSW goes EPL_4 EDBE#
o \\/f/
T.).m |
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active to the actual enabling of the y—regi-on-~—Jhi-s i S accounted for

in the video data path as the FI FO 354 gHRosH®itT 988GEEN 16 1§ d 4pi ne
del aywiow1/#s8Bl P vi deo data bei ng di spl ayedrePhacebor e, 3 (§ '

overlaid perfectly with the video dat a;
| ater than programed through PIP circuit. The RO err] EN grr] AX si gnal
allows the PIP to be overlaid only when valid auxiliary |FIIFO1d@aaRRNggs bée
read out of the FIFO 354. This is necessary because FIFQ gata nmay be helld
after reading has ended. This nay c®#2%88 the PIP overlay ||l 0gic TO O8rerm n

that the PIP overlay is actig outside of valid PIP dat Epnabling the PI§
overlay w th RDENAX assures at PIP data is valid. ith the

i nventive arrangenents, the &erl ay or box for the s
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picture auxiliary video is correctly placed and S|zed regardless of how the

auxiliary video has been expanded, co
for sYeDI9IHI98/re vi deo sources which

formats and many other formats as mellj

V PIP are delayed by circuit 367 for a
nature of the
signals U [err] AUX and VAUX as outputs.
conponents of the main and

I nterpol ation of the | um nance conponent
The respective Y,
EPX|I|ary signals are conmbined in respective

S d|ng on the
. lgeried APR1§96
and_V

mul ti pl exers =3 23/53
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315, 317 and 319 in the output signal p tra| [Igtire
enabl e signals of the FIFO s 354, 356 a dTB%HEﬁTQ AIBEEN] je ki : 4
and 3MOaM&198%ponsi ve to out put mul ti pljexer BEREAGEDCIrc [ ) [
mul tiplexer control circuit 321 is responsSive toO the Clhock Bi na,l %,p
start of line signal SOL, the HCOUNT signal, the vertical nki n‘a @
signal and the output of the fast sw fromthe picture-in-preture
processor and WBP [err] P 340. The nultl pl exed | um nance and chrom nance
components YMX, Uerg] MX and VMX are supplied to gespective,dLgrtarsamatog
converters 360, 362 52!575’364 respectively. The diqgi Pk >t

are followed by | ow p s:fllters 361, 363 and 365 é‘gnﬂectlvely;,- shown in

FI GURE 6. The vari oup-Tunctions of the pi cture-in-p\ ,

o~
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gate array and the data reduction circuit—are _controlled
The WSP [err]P 340 is responsive to the
t her etwOO1/0388ri al bus. The seri al

having |ines for data, clock signals,

WEP [err] P 340 communi cates with the different circuits of

I n one case,
the 4 X 3 NTSC video by a factor of 4/3 to avoid aspect

through a WSP [err] P decoder 310.

bus
en

t he di splayed picture. In the other case,
perform horizontal zoom ng operations usually acconpani ed by vertical
zoom ng. Horizontal zoom operations up to 33% can be acconplished by
reduci ng conpressions to less than 4/3. A sanple |nterpolator i's

25/53
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used to recalculate the incomng video to a new pi xel positions because the

| um nanpce video bandw dth, up to 5.5 Mz =f- ARG
S SHGRT dﬁ.ﬂw OMENT o5

per cem@ge'1038% he Nyqui st fold over fre
clock. As shown in FIGURE 8, the |um nance datREPYAURD s royted through anf
I nterpolator 337 in the main signal path tarcil pt ep3LFRIB,
val ues based on the conpression or the expansion of the v|{deo. The functijon

of the switches or route selectors 2883and 331 is to revefsé The TOpoOtO
of the main signal
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path 304 with respect to the relative positions of the FIFO 356 and the

I nterpolator 337. In particular,

t hese smﬁtches seléct whe)

i nt er pOMOI93BB7 precedes the FIFO 356, as

whet her the FIFO 356 precedes the interpola or

“Plg

nnl \M-Q. f Q.

(,Un
@ T
r Qut e

BNT SHEET
1 or

7

AP En

expansi on. The switches 323 and 331 are resips

circuit 335, which is itself
renmenbered that during small picture
conpressed for storage in the video

necessary for practical purposes.
required in the auxiliary signa

nore detail in FIGURE 11(a).

Accordi ngly,
path. The main signa

responsive to the WGP [err]P 34).
s the auxiliary videols
50, and only expans
no conpar abl e

POt & AR 1996

Cl nngl
It

l ("

on is

sSwrtTT g5
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The switch 323 is inplenented by two mul tig

“is inpl by multiplexer 333. The thr
t he ro‘ﬁ&’eglﬁ?ﬁg?o circuit 335, which is it

340. A horizontal tim ng/synchronization S=STS "Ll p‘Qa g
signals controlling the witing and readi ng of the FIFGs, S |wel
LK A2k 9% o

| at ches 347 and 351, and mul t;i Q gker 353. The cl 2883 gnal
line signal SOL are generat ed he cl ocks/$ync circuit 320l_An_analog to
di gital conversion control C|gr 't 369 is regponsive to Y[ rr]I\/N the WSP

[err] P 340 and the nost signi.f t bit of U/err] M. An interpotator
control circuit 349 generat e$ & rmedi at e pfxel position values (K),
i nt erpol at or conpensation fi lbt i ghti ng
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(O and clock gats
‘col or -.conponent s.
(deci WQ Ef9H8 re

meani ng that when

FI FO. Every fourth sanple
The j agged LUMARAMP
t heekl FO, i

be read out of

Sheet Has cedBy for rhe—lunminance an
Mm ﬂ k gating{l mﬂwsmtém/a\%??
data to @l | ow rREPAESHNO

sonme clocks for effecting conpression or
times for expansion. giééon Is illustrated in
LUMA[err] RAMP[ err]IN | ine represe | um nance ranp vi deo
witten into the FIFO TheAR err] EN gr

4 DECISION EDGE PRECESSES, FOR EXAMPLE TO

Such a conpr

MN[ errf Y signa

data bel ng -
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Fl GURE 11(b).

ARR 9%l e
The

ive hiah,

data ijs being w
s i nhibitef m being witten
represent | umi nance ranp

t he data wﬁge]not-

this siggal is high't

itten
into t
data a

TAtTA
03¢
89l
95¢
214
eS¢
08¢

vi
A

16 - 248

HUULUUL

<«

A

THE LEFT, MOVING THROUGH ZONES A, B AND

|-

M
v

—

i nto t he
he FI FO

s it woul d

~ U/ L MAIN SIGNAL

%14

[

L—_ 17-249

Si
£1
3

IF H_MN <IH_AX ———>

PRECESSION DIRECTION .

™M U -

¢ |F (H_MN> tH_AX

= m

FIG. 32

N ™

a9
09¢
8S¢
95¢

HSYNC_AX
U/LA)
U/L(@®)

A

JlﬂJ}ll’LlﬂﬂﬂfUW

U/L(C)



44 first interpolated. Note that the aver slope of the ranp read out of

the |l um nance FIFO is 33% steeper than th rrH@.IéHE Iggb 33% ,
| ess aWO 9V1P¥Bding tinme is required to read oukek gcgg,np A MEN’FSHEET
to'wite in the data. This constitutes th +on. i t

function of the interpolator 337 to recal cul ate the | uninange sarrpl es being
witten into the FIFO so that the data read out of the FIFO|i§ shSohPR 1996
rather than jagged. Expansions may be performed in exactly tthé_opposite
manner
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as conpressi ons. ThieShdetH ?ﬂ)ressi ons the wite enable signal has
. clock gating infor m to it | m of inhibit pulses. For
expandwaggﬁ@;ss the i nf or maf{i Rgi ) ‘ -
signal. This will pause t he data as it i be?%?e@f% méﬂi T
shown in FI GURE 11(c). The LUMA[ err] RA gnts the data
prior to being witten |rc11%5;e FI FO 35§ﬁgnd t he Jagged | e 13 APR 1996
LUVA[ err] RAMP[ err][err] Ir ®presents data as it isr lout of the
FIFO 356. In this case it i & he function of the i nterpol at org whi ch

follows the FIFO 356, to r&?;hcul ate the sanpled data fro | &g ged. ta smnoth
after the expansion. In thg;,-, pansi on case the data nust paué’.é whi | e bei ng

ﬂ

read fromthe FIFO 356 andegtl e being cl ocked t hrough the i@erpol at or
337. This is 2= ~ =
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different fromthe conpression case where the data is continuously clocked
‘through the interpolator 337. For both | and expansi on,

the cl Qakopadigsy operations -can easily |bEHISSHEETAL bAcG
manner, that is, events can occur basefl on tREPLAGEmQg edo

1024[err] H system cl ock. There are a nu

for lum nance interpolation. The clock gating operations, |ngmel &Rat a
deci mati on and data repetition, may be perforned in a synchron&
If a switchable video data topol ogy were not used to interjchange the

740
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positions of the interpolator and BpE§. the read or wite|clocks woul d need

to be doubl e clocked to pause or repeat the data. The ter mdotbte—etocked

nmeans that two data points nust be

=
>
o
Q.
Q.

S

%.
T .
(- ) [}
[7-]
- e >
\g
] [0 a3
T §33l |£33
ol 158E] (SRE
v
1 g g
. B
8 (
- ,
S | o {=]
=
7 3
2.
Q.

RD_EN_AX
FSW_DATO
FSW_DAT{

Sheet Has Been Replaced

R TIHTT! I




witten into the FIFOin a single clock cycle or read fromthe FIFO during - )
The resulting circuitry cannot be npgeEreeraie = )

g S | R

a si'ngke clock cycle.

synchr ﬁ)o?}émﬁsﬁli th the system cl ock, si
frequency nust be twice as high-as the !
Mor eover, the sw tchabl e topol ogy requi y B ns erppl fat or g one
" FIFO to perform both conpressions and expansions. |If the vj deo 19-5\/%; h19%
arrangenent descri bed herein were not used,

can be avoi ded only by

'g‘
)i

———

dENT'SHEET

r EqUeTTcy

t he doubl e cl
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mraccl
S SARRE- Al

using two FIFO s to acconplish the functionality of both ge

expansion. One FIFO for expansions woul d

i nt er pgl@o9ri9agsd one FI FO for conpressio STMGLB}EEWGMS BEE
the interpolator. One of the conditions fjor prePRLACER cui f

that the nunber of data sanples witten i
| i ne be exactly equal to the nunber of sanples read fromgh

T SHRET

“FPFO-FoT" e: gﬁﬁ ?fcéﬁggér?zal

hori zontal line. If the sane nunber of sanples are not wrijtten into 'the

FIFO as are read out of the FIFO then the main channel pitctorewt—be

severely slanted due to line by Iine PHbhter precession, cead or wite.
This requirenment is dictated by the fact that the main émel FI FOs are
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pointer is reset followng a main signal ve
.then.one line later the read pointer is reg

cycleaﬁﬁqulﬁgggeqU|red for the read and wy
sarre nunber of places due to the fact tha

video data are taking place. In order for the [
witten to always equal the nunber of data sanples read,

node, three register values and twoﬁg?ﬁérol signals are usg
the read and wite enables for the Y and W FIFGCs. Twg

WRerr]BEG err] MN and RO err] BE[err] GW, provided by the WoP_[err] P_340,

specify the location in the horizontal |ine period where readi ng and
witing are to begin, in conjunction with a horizontal pixel count
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bits of a ten bit counter to determne the nunber of data
~have'actually been witten into the FIFO or} —from-t-h

t he r eqi0s21¢19388| ue are inverted, and the le STH’S'Wﬁx'ﬁ,%n'. ral

| odded logically H, resulting in LENGTH 1. A[errmgplﬁﬁgﬁh

denotes a | ogi cal i nver si on. Accordingly,

“is the ripple carry out goes H, the desired nunber of sawp

been written, or read.- The act ual numgerssof pi xel sanpl es

eqg will have
witten, or read,
eght

is actually LENGTH X 4 because the reglster i s | oaded i n=-O0—the—tppet

bits of the counter. The effect of the clock gating is égcounted for by
gating the counter enable. In this way, the enable for. ng counter may al so

be used as the enable for the FIFO ensuring that the
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nunber of sanples writien, or read, is always LENGIH X 4,

.nmode. FIGURE 11(d) illustrates one of three identical ci|i,1

gener ¥@9othe3ss ite and read enable signals for the FlIFGs

corfponents, designated VlR EN FIF[err]Y (case 1), WR[err] BN
(case 2), RDENFIFOY and RD[err]EN[err] FIFQerr] UV. In tlhg
expansi ons, the R err]ENerr] FI F( er. 8](3.{3 and RDEN_FI FJ err]

to be identical, and may be referred 10 as

PACEMEAT SHEET
ORI ur
erni3 APRQp%S r | U]

case of.

~

UV signal s prov

1%

RD[err]ENerr]FIFQ err][err]Y[err]UV (case 3). The circuit 1100 is

explained first for case 1. GCrcuit 1100 conpares WR err _he
upper eight bits of Herr] COUNT in conparator 1102. The |vaHSeSHEDUNS BRER |
ten bit counter value used to dgiernige pixel location yithi nRERBACEDE i

period. The counter is :

9
—f——»
—I;—» LTRBX_E

LTRBX_B
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/
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cleared by a start of line signal SO.. The SOL signal is

wi de pul se used to initialize the horizontal_counter H ef ' HEH e
of zerw(e2t/19888begi nni ng of every |ine. ,T‘]ﬁgSH al S0 Igne
wi t'h the | eadi ng edge of the horizontal sync W%L@ECB}%D en{ﬁ H]Tg()gutp t
of conparator 1102 is delayed by circuit Aéj

i nverted, but otherw se undel ayed version of itself i n
out put of NAND gate 1104, a one cl ocB9/p3ri od wi de active|LO signal, is the
| oad LDn input to 10-bit length counter 1106. The LDn i nput—rs—used—to0 oad

the 10-bit FIFO |l ength counter 1106 with the rising edge of the system
clock. The bits of
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47 the LENGTH signal are inverted by inverter array 1110. Th ‘
Is used+*to | oad the upper eight bits of the ten bit count m HEET
t he nunY&r91419388t a sanpl es which have actual |y been wri ttg‘;
The output of the inverter array 1110 is supplied to the uppler ?PE %
the load in input LOAD of counter 1106. The | east significan :'E) L

tied logically H . The effective |oad ;@Tval ue is [err]LEN

to adjust for the -1 aspect of the the counter 11006 is stopped
by the ripple carry out signal RCO WhICh occurs one cl ock c3

| engt h =
9 THIS SHEET Hag
REPLACED
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count'er 1106 reaches zero. The clock gating information BE QH FE

rippl e carry

i nvert 8¥08Y/198%% 1116 and used as the enable
menory and the counter are thereby enabl ed
ensuring the correct nunber of sanples to be

out signal RCOin gate 1112. The sane enam

ﬁ ..a.
L1t

LﬁQuQase , the

ST 8’“%“0 FlE
Tr—rr@@m 894

as _an output In

WRlerr] BEGerr] M\ i s al so conpared tgyggOJl\ﬂ' However, Tit [err] VR |
Jerr] UV S|gnal

signal is used to generate the WR EN

case 3, ROerr]BEJerr]MNis conpared to H err] COUNT and the CGY[err]RD
signal is used to generate the RDENerr] FIFOY[err]UV signal as an out put.
nel video can be acconplished

The chrom nance processing for the main chan
by nore than one inventive arrangenent. One

FIG. 51(a)
FIG. 51(b)
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: &V
alternative is that shown in FIGURES 8 and 11(a) and exp %FPLA Nhﬁﬂ1QHEET

TTC

conjunction wi th FI GURES 52-55. Another topology for the phfﬂﬂ%ﬁ@%g
' 19856

proceseigngi/hessst he mai n channel video is shown in_ELGURE 1B d.
i n-conjunction with FIGURE 51. Wth reference fir HTﬁQSF_ e UM
signal path 530 is shown in block diagramform |s ver

simlar to the sel ectabl e topol ogy ofgogfe | um na : '

path 304 shown in FIGJRES 8 and 11(a). The nost significant difference is
the use of a delay matching circuit 540 instead of interpolator 337.

Mul ti pl exers 534, 536 and 538 enable the UVMN signal to follow a path in
whi ch the FIFO 358 precedes the delay matching circuit 540, or a path in
whi ch the delay matching circuit 540
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precedes the FIFO 358. The nultiplexers are responsive to —
.circuit 532. The output of nultiplexer 538 is separated i ﬁwﬁﬁ&ﬁﬂﬂ
ntier ]

and V[ o bOwI3ss: gnal s by demul tipl exer 353.
system perforns a video conpression,

the nmultiplexed UV data.

alternate U, V, U, V,
sanpl e were
-
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data sanpl es nust be del
they are witten into the FIFO 358. This presents a problemi
If the U/ d
clock gating pulses as the Y data stream' the UV seque
etc.

When the i pol at i on

et gcg R,s,fecar\

n the case of
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del eted before being witten into the FIFO 358, the sequence woul d be

somet hig objibsss? Vo U Y, V. U V, etc. Therefore a seco 1 i ng
signal 1S'required. This signal is called CAQW (or CAW when the signar i
logically inverted). This UV Cock Gate is used only durirg npressions,
occurs only half as often as the CGY pul ses, and al ways dgl gtes a UV sarrpLe

pair. The results of an 8/5 conpressio e shown in Fl GURE$ SH6bNdNralL
51(b). In this exanple it is evident how U ock Gate Witel[for Y (.CGY) an

W ([err] CAUW) differ. Wien the[err] CGY and CGUV si gnal
sanpl es are deleted. It should be noted that CGU al ways Lﬁiﬂﬁ& MQ}J”HHH

sanpl e and ends on a V sanple. In this nmanner a UV pair [frs—deleted-toget.her
and avoids the situation where a V fromone pair is THIS SHEET HAS BEEN
: REPLACED f
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del et ed al ong with a Ufromthe next pair. A conparison of the
and Y data is read out of FI FOs 358 and 356 respectively g I

conpr a¥eiaN19388i | | ustrated in FI GURES 51(a) and 51(b) respectiyely. -
be-seen that the UV data will skew up to 1 clock cycle with epeﬂsARRﬂ%
Y data. This is the consequence of not storing a UN indicaton data |nto

FI FO data stream This UV data skew
However, the degradati on never beco
conponent system which is comonly.used in high end tel evisi

rades the col or conpo er

On syst ens.

i

Al

Il

The effective UV Nyquist frequency is periodically redug -—t0~z_j|VHz;bec $e
of the W pair decimation. This is still sfficient for hTéH%ISF*hq.T’W ScheeN )
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conponent signals maintain very high quality even during U Tt
Conpressing the video data requires that the

tdeci mati on.

si gnal YA ¥IME8F| Fos 356 and 358 be different for Y and
the U and V sanpl es have to
a sanple is deleted the information about
it was a U or V sanple)

Essentially,

(whet her

gl

fonly

is | ost. ‘Yf—a-Qfh

L
=l 12

5 pE

|

added to the FIFO 358 to carry the UV state
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i nformation, single Uor V sanples could be deleted. Wen the data is read
‘fromthe FI'FO 358, the UV could correctly be sorted by i npeqphigdiéabne

state WOPHAYMBh bit. Since this sorting information is t
consequence is that the UV data nust be deleted as a pairﬁxmmﬂ

(3o
[ | o
HRBENFe YN

358 reading starts. This 1-bit co er is enabled with tHe
the main FI FOs 356 jand 358. In

sorting which occurs after reading the W
Sorting the decimated UV pairs requires on
i s synchronously reset to the U (zero) sta

signal, which controls the. readi

[NGe S

AEET

conpression node, RD[err]EN[err] M\ is continuously high once reaaing start

until reading stops on each

CONDITIONAL |
X2

-
-—
“a
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hori'zontal line. The resulting signal UJerr] SEL[err] ' 5 ERTD
‘U V irndicator which drives the select line of the derrulti&f Y3
this WéQ 9100938t a sanpl es are successfull y are tead ouf
of "the FIFO 358 even though W synchroni zgt TS SHERTRS Ege\ JoyITAPR 9%
stored for later recall while witing thef{FI FO BS8.adMen [vijdeo expansi on$
are perforned, the witing of the FIFGCs 3 Trnrert upt ed
fromthe start of witing to the end of witing. The reading of the FIEQs
wi |l be paused, and sanple val ues4B®3d (repeated), as they are read out of
the FIFGs. This sanple hol ding or repeati ng- - gate
read infornme®ion waach is part of the RD[err_]QcEN err] MN signal, and it]s
conpl ement, W err] RDEerr] ENterr] M\. p
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Inferr]this situation an inportant difference should be noted, as conpared
to conpression. The state of the W sanple is known as it pegpfigad g9 t he
FI FO 35%0 94#938% data is witten into the FI FO 358 conti nuo:FRE%IM&\{:EE;%,ﬂ .

J

] AET

U V, U V, . . . , etc. Therefore, when the data is read o
358 and paused, the 1-bit counter which crea{;es t he_si gnalm?_%
UV[err]SEL[err] QUT is paused to refleét the {f ] dfL
been held. This keeps the sorting of denultifgﬁgé%%p%%l %ﬁ;&,& i/l TEZA%E%QP
counter is paused at the correct tine becaus! Lot EN|Le T ivN—STgmat
Is applied to the enable input of theé@t counter.
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50 Th}s insures that as the FIFO 358 is paused, the UVSELOUT S|gnal is also

paused.wfeqfi@sg8 Ng expansi ons does not require that the reofsHas
for the Y and UV FI FOs 356 and 358 be separate because the s
for the UV data, CAUWV, is now identical to the clock gate edror The™Y

data, 'CGY. Perform ng expansi ons proves easier than perfor n 943 199
conpressi ons. Mreover, the color conponent § L rﬁ?lR 6
degraded during expansions and the ZQg3l si IHlﬁﬁdEE"fylABicﬁ-w

mai nt ai ned. The nulti pl exed col or conponent |[topal SRPLAGEST bed”her ein has a

The method is efficient and 15 Tdearty

nunber of advant ages.

K=0,K=1
K= 1/8,7/8
K=2/8,6/8

FIG. 67
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suited to work in conjunction with a wi de bandw dth | um

. mappi ng system The circuit conplexity is mnimzed whi
~a hi gWQieyi¥880f chr onmi nance si gnal
part top the follow ng innovations. The WV pairs are de
to the UV FIFO 358. This elimnates the need for carryi
i nformati on through the FIFO which would require that t
bit wider than the actual UV data precision.
substituted for a UV interpolator, which woul

ity

to interpolator 337. This elimna§f83a very cipnpl i dHiRdad < hematli cal

nance raster

e

g
he

@HZ&S@MBQW@E’\F

guality. These advah

ed at th

clb§ IARfa Y

? 9%3

function. Modreover, as the gate array is enbodi€e

approximately 2,000 gates are saved. Finally, the UV wo
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cas€ signal quality is never degraded below a 4:1:1 (Y, W V) color _channe

‘during. conpressions and remains at 2:1:1 quality for expiREPE ,.) PRMIE T
| R- acc¥OIAE38Ri th the i nventive arrangement shown in-wth, B
11Ca), the need for a delay matching circuit is elimnatéd Instead, the
FIFOis manipulated in a way which acconplishes the same|r¢sut BAPR-IBORES
52(a) and 52(b) illustrate portion of the |Ium nance and ¢olor_conponent
signal paths respectively in the gate array 30€ HRE-b

"the sel ectabl e topol ogy correspon 2}%30 vi de -y
I nt er pol ator 337 precedes the FI F Only fhe FIF@;Sﬁe"ts shq»wn for the
col or conponent path. R
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FI GURE§ 53(a)-53(1) illustrate an exanple of vi deo conpressjion. For
purpo§é\é061/lf)m exanple, it is assumed that the - 51 |uni W%ET
conponents are correctly delay matched prior to analog to fi
conversion and that the interpolator has a delay of 5 cloc ycI es,

al-t hough an actual interpolator delay of 20 clock cycles hhs|beed APR 1994
encount ered and the | um nance and chrom nance [ igned The
select line UVMIX for the anal og switch, or de ==4=8. an 8

signal derived by dividing the system
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clock by 2. Wth reference to FIGURE 53(a), a one clock w
SQL:.pul se synchronously resets the UWMJX signal to zero at|the
each- hor| zontal video line, as shown in FIGURE 53(b). The

thes‘l “he length is an even nunmber of clock cycles, the stat
"once initialized, will consistently toggle 0, 1, 0 1,
i nterruption. The UV and Y data strears out of the analog to

converters 346 and 342 are ShWI‘UEjS@ﬁE@NS?ELEVIS?ON og to digital converters
each have 1 CIODKan 'clenof el ? & faﬁé ] |date for this data
shift, the cloc t'M49 ?ﬂ?oﬁ‘rﬁqsoﬁ" t?‘(Qr iel\01s IRIRMISIONS:| (QIRex8aIRIe
and[ err] Cabusehtelavisions GuRENG 34 f widd displayeformatr paticit sgreeantwinich349 (see
must interpolate video data to implement various display formats.
Most televisions today have a format display ratio, horizontal width
to vertical height, of 4:3. A wide format display ratioc corresponds
more closely to the display format ratio of movies, for example
16:8. The invention is applicable to both direct view televisions and
projection televisions.

Televisions having a format display ratio of 4:3, often referred
to as 4 X3, are limited in the ways that single and multiple video
signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
broadcast with a 4 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 pieasing 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 exampie 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 weill as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of muitiple
signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching
between muitiple 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
providing high resolution, single and multiple picture displays, from

vm t hout



FIGURE 9) nmust be simlarly delayed. The UV data UVFI FJ err] | N—-wheh—s .

shown in FI GURE 53(d) and stored in the FIFO 358 | eads the Y ;
shown in FIGURE 53(c) because the | um nance data passes throughjtThe

i nterpol ator 337 and the col or conponents are not interpol atedg. Th?pé&%?k@
{Ex

RERLAGEMENR

SHEET

of the U[err]FIFO data shown in FI GURE 53(h) fromthe U FIFD B58
del ayed by 4 clock cycles with respect t® reading the YFIFO dat &—shewn

FI GURE 53(g) fromthe Y FIFO 356 to adjust for this m smatch.
cl ock period delay between the rising edge of the UV FI FO read
RO err]ENerr] M\ err] UV shown in Fl GURE 53(i

si gnal

—n
T T

The f our

emaptTTg
) and the rising edge of

the Y FI FO rsitglecaad imuitipiensoumBsehaying aimilannperdifferentofprmat FI GURE

Ef&)REiSSSg?kr%ﬂgéFaér&ﬂ-wﬁheséwhsien@iéfplapdféhhdﬁtratiagr eams are shown in

nci‘elevisions with a wide display format ratio can be

implemented in television systems displaying video signals both at
basic or standard horizontal scanning rates and muiltiples thereof, as
well as by both interlaced and noninterlaced scanning. Standard
NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal
scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fy, 1fy, and 1H. The
actual frequency of a 1f4 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 2f4 scanning frequency according to standards in the United
States, for example, is approximately 31,468 Hz.

A wide screen television according to the inventive
arrangements taught herein has all of the capabilities and
advantages described above. A video display has a first format
display ratio, for example 16 X 9. A mapping circuit maps an
adjustable picture display are on the video display. First and second
signal processors generate first and second selectively interpolated
video signals from input video signals having one of different format
display ratios, for example 4 X 3 and 16 X 9. The interpolation of the
input video signals can result in expansion or compression of the
input video signals. The first and second signal processors can also
selectively crop the input video signals. Overall, the input video
signals can be selectively cropped, interpolated, both cropped and



53(1) respectively. The worst Y versus W nismatch is 1 cl o¢RERVACEMENT SHEET
Is the sane result which can be achieved with a nore conpl ex $ystem such
as that wherein the relative positions of a FIFO and a del a) mt‘?bitﬂ%»
circuit can be interchanged. It can be noted that the readipg{of e W™
FI FO 358 was del ayed by 4 clock cycles_even though the intefpotator—detay
in the 52 exanple is 5 clock cycl es3 It turns out that the nunber of
clock cycles to delay UV FIFO reading is best set to an even val ue not
interpolated” and neither cropped nor interpolated. A switching

circuit selectively couples video signal sources as the input video
signals. A synchronizing circuit synchronizes the first and second
signal processors with the mapping circuit. A selecting circuit
selects as an output video signal between one of the first and second
processed video signals and a combination of the first and second
processed video signals. A control circuit controls the mapping
circuit, the first and second signal processors and the selecting
circuit to adjust in format display ratio and image aspect ratio each -
picture represented in the output video signal. One of the different
format display ratios of the input video signals can be the same as
the first format display ratio of the video display. The mapping
circuit can comprise a raster generating circuit for a cathode ray
tube or an address matrix generator for a liquid crystal display. The
display system may further comprise a circuit for converting
interlaced video signals to a noninteriaced format, two internal
tuners and a plurality of external jacks. in one inventive
arrangement, the picture display area is adjustable only vertically
and the first and second signal processing circuits interpolate the
video signals only horizontally.

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 2fy horizontal scanning. '

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

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

FIGURE 4(b) is a block diagram of a wide screen television in
accordance with aspects of this :nvention and adapted for operation
with a liquid crystal display system.

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




greater than the interpolator delay. As a C conputer |angud FOR roe
I f-the delay is designated DLY[err]RDerr]UV,: DLY[err]RD egg‘ffm%\ﬁ'ﬂfﬁl‘
((int) INTERPDLY[err]2)[err]2; where INTERP[err]DLY is the n%nber of cl ock}é

cycles of delay in the interpolator. In practice, the inteypplat&Miag:hav
20-¢l ock cycles of delay (INTERP[err]DLY=20) and the |um nange and ]
chrom nance (col or conponents) are not ngtched. There are pany ‘
possibilities for the |um nance chrom nance signals to becere-offset in
time fromone another. Usually, the color conponent signals |lag behind the
| um nance signal due to chrom nance denodul ati on. This raster mapping

syst em t akes advdiGAJBEOS isha blockr giagzamr shewing further details of the

wide screen processor common to FIGURES 3 and 5.

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

FIGURE 8 is a block diagram of the gate array shown in
FIGURE 6 and illustrating the main, auxiliary and output signal
paths.

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

FIGURE 11(a) is a block diagram showing the main signal path
of FIGURE 8 in more detail.

FIGURE 11(b) illustrates wavefarms useful for explaining video
compression in the main signal path of FIGURE 11(a).

FIGURE 11(c) illustrates waveforms useful for explaining video
expansion in the main signal path of FIGURE 11(a).

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

FIGURE 13 is a block diagram of an alternative main signal
path.

FIGURE 14 is a block diagram of the the timing and control
section of the picture-in-picture processor of FIGURE 7.

FIGURE 15, FIGURE 16 and FIGURE 17 are block diagrams of the
decimation section of the timing and control sectlon shown in
FIGURE 14,

FIGURE 18 is a table of values used for controlling the
decimation section shown in FIGURES 10-12.

FIGURES 19(a) and 19(b) are block diagrams of fully
programmable, general purpose decimation circuits for controlling
horizontal and vertical compression ratios respectively.

FIGURE 20 is a block diagram of the interlaced to progressive
scanning conversion circuit shown in FIGURE 2.

FIGURE 21 is a block diagram of the noise reduction circuit
shown in FIGURE 20.

FIGURE 22 is a combination block and circuit dlagram for the
deflection circuit shown in FIGURE 2.




overconme possible YW msmatch. In the case of video conpr N AYARPU T
may-be set fromO to 31 clock cycles of delay in reading th w&gﬁT
Since the |um nance interpolator 337 inherently has 20 cl ock [cycl es of
delay, and each clock cycle is approximately 62 nsec | ong, e B MER 199,
mappi ng system as descri bed can correct for up to 1.24 [errf sec (62 nsec x
20) of color conponent delay with respecg to the | um nance |signal .

Mor eover, the raster mapping systemcan correct for up to 682nsec—{62 nsec

xh_[31- 20]) of | lﬁiGldR&Zldeia)a wmihgr@iammf lusem_eflo_r:céxyfuaiﬁmgoonept signal s.
extorhal . aniTBemEHalRE of VePfcdlPBaRRiAg. o' P\ o1 ol tor can i ntrodused a
different delay FYGYRES 24(a)-24(c) are diagrams of display formats useful

for explaining the timing diagram of FIGURE 23. '

FIGURE 25 is a block diagram of the RGB interface shown in
FIGURE 2. .

FIGURE 26 is a block diagram of the RGB to Y, U, V converter
shown in FIGURE 25.

FIGURE 27 is a block diagram of a circuit for generating the
internal 2fy signal in the 1f4 to 2fy conversion.

FIGURE 28 is a different block diagram of a portion of the
auxiliary signal path shown in FIGURE 8.

FIGURE 29 is a diagram of a five line FIFO line memory useful
for explaining avoidance of read/write pointer collisions.

FIGURE 30 is a block diagram of a simplified circuit for
implementing an auxiliary path synchronizing circuit for the gate
array. _

FIGURE 31 is a timing diagram illustrating the correspondence
of ‘an upper/lower field indicator to the horizontal lines of a video
frame.

FIGURES 32-34 are useful for explaining a method for
maintaining interlace integrity for simultanecusly displayed video
signais exhibiting relative precession. _

FIGURES 35(a)-35(b) are waveforms useful for explaining the
operation of the circuit shown in FIGURE 36.

FIGURE 36 is a block diagram of a circuit for maintaining
interlace_integrity as explained in connection with FIGURES 31-35.

FIGURE 37 is a diagram useful for explaining memory mapping
in the video RAM associated with the picture-in-picture processor.

FIGURE 38 is a block diagram of a circuit for controliing output
switching between main and auxiliary video signais.

FIGURES 39 and 40 are a block diagrams for 1-bit dithering and
dedithering circuits respectively, for implementing the resolution
processing circuits of FIGURE 6 and FIGURE 8.




| um nance channel for video conpression, the same can be trugmh Qi 3
expansi ons. FI GURES 54(a) and 54(b) illustrate portion of tjh uiﬁ%ﬁ @a Sé;E(ET
col or conponent signal paths respectively in the gate array 300. Fl GURE
54(a) represents the sel ectabl e topol ogy correspondi ng to Vi deo1€xdaRsicon,
wherein the interpolator 337 follows the FIFO 356. The UV gat/h i ncl udi ng
FI FO 358 remai ns unchanged. In the exanplée of video expansijon showi i

FI GURES 55(a)-55(1), it is assumed that the interpolator has_a.delay of 5
clock cycles. The start of line SOL signal, the UVerr] MJX signal, the

| um nance data Stﬁx%"ﬂhb%“"iﬂ ;Lgr& Ialyetg bﬁtlxlzzl? d?asgra%]sd férh ez-gict)ld%{hering and
dedithering circuits respectively, for implementing the resolution
processing circuits of FIGURE 6 and FIGURE 8.

FIGURE 43 is a table useful for explaining a skewing scheme
for enhancing operation of dithering circuits.

FIGURE 44 is a table useful for explaining yet ancother
alternative for implementing the resolution processing circuits of
FIGURE 6 and FIGURE 8.

FIGURES 45 and 46 are diagrams useful for explaining
operation of an automatic letterbox detector.

FIGURE 47 is a block diagram of an automatic letterbox
detector as explained in connection with FIGURES 45-46.

FIGURE 48 is a block diagram of an alternative circuit for
implementing an automatic letterbox detector.

FIGURE 49 is a block diagram of a vertical size control circuit
including an automatic letterbox detector.

FIGURES 50(a)-50(f) illustrate waveforms useful for
explaining the analog to digital conversion of the color components
of the main video signal.

FIGURES 51(a)-51(b) illustrate waveforms useful for |
explaining skewing of luminance and color components in the main
signal path of the gate array.

FIGURES 52(a) and 52(b) illustrate portions of the main signal
path for the luminance and color components respectively, for
implementing video compression.

FIGURES 53(a)-53(l) are useful for explaining video
compression of the color components in relation to the luminance
components. _

FIGURES 54(a) and 54(b) illustrate portions of the main signal
path for the luminance and color components respectively, for
implementing video expansion.

FIGURES 55(a)-55(1) are useful for explaining video expansion
of the color components in relation to the luminance components.

FIGURES 56 and 57 are pixel diagrams useful for explaining the
operation of two-stage variable interpolation filters, as may be
used to implement the interpolators of FIGURES 8, 11(a), and 12.




t hrough 55(d) respectively. In order to correctly tinme ali
data, the witing of the Y FIFO 356 can be del ayed (DLYWR

require interpolator coefficients K and7C. In the video ¢
the witing could not be del ayed because this would misalign the
coefficients (K, C with respect to the clock gating information and

corrupt the | UFIGURE $8id biddR°diagramPet 3l td' stald¥ coMgdrsateqt L1 ng for
variable interpolation filter.

FIGURE 59 is a block diagram of a two stage compensated
variable- interpolation filter configured for implementing a zoom
featurse.

FIGURE 60 is a biock duagram of a circuit for implementing an
eight tap, two stage interpolation filter.

FIGURE 61 is a block diagram of a 1/16 or 1/32 resolunon
interpolator.

W FIGURE 62 is a table of K and C values for the interpolator
shown in FIGURE 61.

FIGURE 63 is a block diagram of a circuit for determining the
values of C from the values of K.

FIGURE 64 is a table of values as caiculated by the circuit of
FIGURE 62.

FIGURE 65 is a block diagram of an alternative circuit for
determining the values of C from the values of K.

FIGURE 66 is a block diagram of another alternative circuit for
determining the values of C from the vaiues of K.

FIGURE 67 is a graph of curves showing the frequency response
of a conventional two stage, four point interpolator.

FIGURE 68 is a table and FIGURE 69 is a graph, together
illustrating the frequency response of an eight point interpolator.

FIGURE 70 is a block diagram of an eight point interpolator
having a frequency response corresponding to FIGURES 68 and 69.

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. 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 X3, whereas a wide
screen display format ratio of width to height for a video source or



DLYWRY whi ch del ays the witing of the Y FIFO by 4 cl ock |
| ndt cated between the rising edge of the UW FIFOwite en
WRerr]ENJerr] M\[err] WV shown in FIGURE 55(f) and the risj
FIFOwite enabling signal WRlerr]EN[err] M\) Y shown in FI
clock gate signal [err] CG and YFI FO out put signal are sh
55(i) and 55(j) respectively. The resultging Y, W tine alfign
by the relative positions of the Y[err]QUT and UV[err] data streans
shown in FI GURES 55(k) and 55(1) respectively. The ability for the raster—

TAPPI NG SySIsgnICisCgBRBRAIR Yelkhied tbebaal 6!xIg! NAMLIMIYYenance m smatch i
2" A iprYBE AFS BAT PR R s SRS, oo i ot e wen)
for FIGURE 1(a) illustrates a television, direct view or projection,
having a conventional format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 X 3 format
display ratio signal, biack 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 fiil
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 dispiay
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X 9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can
be progressively scanned by line doubling ‘or line addition, so as to
provide a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such
a 16 X9 format display ratio signal whether the main - source, the
auxiliary source or an external RGB source. :

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

FIGURE 1(d) illustrates a aisplay 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 X 9, which is of
course different from both 16 X9 and 4 X3. In order to show a
4 X 3 format display ratio source in such a display area, without

RE15PMAR
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| um nance/ chrom nance natching. The selection of a particllar topotrogy—ctar
be based on a variety of factors, including other circuit 9 ﬁtlons

I nterpol ation of the auxiliary signal takes place in thefa |ar’5

path 306. The PIP circuit 301 manipulates a 6 bit Y, U V. 87T

menory, video RAM 350, to store incom nd video data. The
hol ds two fields of video data in a plurality of nmenory | ocati ons:
menory | ocation holds eight bits of data. In each 8-bit |ocation there i's

' ' eh.Dits.
15,0 P T A BUAATELRY SRR QOB
Uor V sar‘?ﬁ or night sid ore of the picture can own, with less

cropping, if some aspect ratio distortion by horizontal squeezing of

the picture is tolerated. Horizontal squeezing results in vertical

elongation of objects in the picture. The wide screen television

according to this invention can provide any mix of cropping and

aspect ratio distortion from maximum cropping with no aspect ratio

distortion to no cropping with maximum aspect ratio distortion.

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

FIGURE 1(e) is a display format wherein a 4 X 3 format
disblay ratio picture is displayed in the center of a 16 X 9 format
display ratio screen. Dark bars are evident on the right and left
sides. '

FIGURE 1(f) illustrates a display format wherein one large
4 X3 format display ratio picture and three smaller 4 X3 format
display ratio pictures are dispiayed 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




(sanpl ed at 80[err]H). The FSWDAT val ues indi cate which type }O{EPLACEMEMSSHEET
witten into video RAM Since there are two fields of data 4 stored In
the video RAM 350, and the entire video RAM 350 is read duringjtheOdisphey
period, both fields are read during the display scan. The PI ircuit 301
will determne which field will be read out of the nenory tof be di sprayetd
through the use of the fast switch dfitgo The PIP circuit al ways-reads the
opposite field type that is being witfen to overcone a notion tear
probl em lffout'nqgt fdigxlagyt Yto pictures are displayed in vertical columns on
gither side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format.
FIGURE 1(i) shows a display format having a grid of twelve
4 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. '
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 telavision in
accordance with inventive arrangements, and adapted to operate
with 2f4 horizontal scanning, is shown in FIGURE 2 and generally
designated 10. The television 10 generally comprises a video
signais input section 20, a chassis or TV microprocessor 216, a
wide screen processor 30, a 1fy to 2f4 converter 40, a deflection
circuit 50, an RGB interface 60, a YUV to RGB converter 240, kine
drivers 242, direct view or projection tubes 244 and a power'supply
70. The grouping of various circuits into different functional blocks
is made for purposes of convenience in description, and is not
intended as limiting the physical position of such circuits relative
to one another.
The video signals input section 20 is adapted for receiving a
piurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
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




being read is the opposite type than that being display
field stored in the video RAMis inverted by deleting t
field when the field is read out of menory. The result i ffhat the small
picture maintains correct interlace without a notion te Thep MaRCls? SYNG
ci-rcuit 320 generates read, wite and enabl e signals needed for operatirig
FI FOs 354, 356 and 358. The FIFGs for the main and auxil} ary—chametrs—are
enabled for witing data into storage for those portionsf of each video |ine
which is required for subsequent display. Data is witten fromone of the

mai n or auxili ﬁ& channel s, but not both, as necessary to conbi ne data from

each sour cONErFNIAShQWR is; inclustnyndesignaterdt Jype TAZ730.spiThe. baseband-0
video signal VIDEO OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 30. Other baseband
video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape players, video games and the like. The output of the video
switch 200, which is controlied by the chassis or TV microprocessor
218 is designated SWITCHED VIDEO. The SWITCHED VIDEOQ is another
input to wide screen processor 30.

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

The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TV2. A
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

T




354 of the auxiliary channel is witten synchronously with the auxiliary

vi.deo signal, but is read out of nenory synchronously wt Vi
signal. The nmain video signal conponents are read into trgEEp& ngﬂuyg‘“BT

358 synchronously with the nain video signal, and are reddjout of nenory
syhchronously with the main video. How often the read functli onhGMARBWI.che
back and forth between the main and aux}Ziary channels igq 4 function of |
particul ar special effect chosen. Generation of different] special effects
such as cropped side- by-side[err]pictures are acconpli shed_through

Lo, The HRSTEDTEE 35 A adrBtiva, ne, cOmb fiier: | SREREE OIS ARG AMAT ant

8. In the csedect between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signais of an
external video source, designated Y_EXT and C_EXT respectively. The
Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
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
interfage._60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the externai RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 25Q in the
wide screen processor.

The 1fy4 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
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interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
between adjacent fields or frames. The generation of 2fw timing
signals is shown more fully in FIGURE 27. The converter circuit 40
operates in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data as Y_2fy, U_2f4 and
V_2fy signals is supplied to the RGB interface 60.

The RGB interface 60, shown in more detail in FIGURE 25,
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
2f4 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 (fvm orf fvexy)
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 vanety of display formats, as shown by
the exampies of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signais, enable
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reset signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the
RGB interface.

The deflection circuit 50, shown in more detail in FIGURE 22,
receives a vertical reset signal from the wide screen processcr, a
selected 2fy horizontal synchronizing signal from the RGB interface
60 and additional control signals from the wide screen processor.
These additional control signais relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1fy to 2fl4 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 1f4 and the 2fy chassis, for example
the PIP circuit, are shown in FIGURE 6. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in more detail in FIGURE 8. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal
paths, have already been described in detail.

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP uP 340. The WSP uP 340 comprises an
input output I/O section 340A and an analog output section 340B.
The /O section 340A provides tint and color control signals, the



the waveforms are different for the main and auxiliary_channels as
illustrated. The read enabl e control signal (RDENWN)
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also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog
output section 340B provides .control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258.

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

The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MH2. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. The select line UV_MUX for the analog switch, or muitiplexer
344, is_an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
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 t0o accommodate for this data shift, the
clock gating information from the interpolator control 349 of main -
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‘c ock gatmg information not delayed, the UV data will not be

correctly paired when deleted. This is important because each UV
pair represents one vector. A U element from one vector cannot be
paired with a V element from another vector without causing a color
shift. Instead, a V sample from a previous pair will be deleted along
with the current U sample. This method of UV multiplexing is
referred to as 2:1:1, as there are two luminance samples for every
pair of color component (U, V) samples. The Nyquist frequency for
both U and V is effectively reduced to one half of the luminance
Nyquist frequency. Accordingly, the Nyquist frequency of the output
of the analog to digital converter for the luminance component is 8
MHz, whereas the Nyquist frequency of the output of the analog to
digital converter for the color components is 4 MHz.

The PIP circuit and/or the gate array may also include means
for enhancing the resolution of the auxiliary data notwithstanding
the data compression. A number of data reduction and data
restoration schemes have been developed, including for example
paired pixel compression and dithering and dedithering. Moreover,
different dithering sequences involving different numbers of bits
and different paired pixel compressions involving different numbers
of bits are contemplated. One of a number of particular data -
reduction and restoration schemes can be selected by the WSP uP
340 in order to maximize resolution of the displayed video for each
particular kind of picture display format. |

The gate array includes interpolators which operate in
conjunction with line memories, which may be implemented as
FIFO's 356 and 358. The interpolator and 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 singie
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y.
U and V, are supplied to the 1fy to 2fy converter 40 for conversion
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1to signal Y_QUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5

selects a synchronizing signal for the encoder 227 from either the

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

Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing

signal for the wide screen panel output.

Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 27. 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 32fy REF output of the resonator is an
input to the 1fy to 2fy converter 40. 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, supplied to the wide screen
processor and to the 1fy to 2fy converter. The 32f4 REF and 1fy REF
timing signals from the one-chip are supplied to a divide by 16
counter 400. A 2fy output is supplied to a pulse width circuit 402.
Presetting divider 400 by the 1fy REF signal assures that the divider -
operates synchronously with the phase locked loop of the video
signals input section. Pulse width circuit 402 assures that a 2fy-
REF signal will have an adequate pulse width to assure proper
operation of the phase comparator 404, for example a type CA1391,
which forms part of a second phase locked loop including low pass
filter 406 and 2f4 voltage controlled oscillator 408. Volitage
controlléd 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 puises
from the deflection circuit 50, 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 1fy period of the input signal. Otherwise,
the display may exhibit a raster split, for example, wherein half of
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A block duagram of a circuit 900 for converting an interlaced
scanned to progressive scanned display is shown in FIGURE 20. The
circuit can be implemented as an integrated circuit. The circuit
provides all of the signal processing functions needed for converting
interlaced component video signals to progressive, noninterlaced
format. In addition, the circuit provides an adjustable amount of
noise reduction for signals where this might be desirable. The
circuit as shown can be used with component Y, U and V signals, and
in conjunction with a frame memory 902 in the form of a video RAM
integrated circuit, for example typer HM53051P available from
Hitachi.

Component chrominance signals U_C and V C are internally
clamped with a back porch clamp to a voltage corresponding to
digital zero. Following the clamp circuits 904 and 906, an analog
multiplexer 908 alternately sampies each chrominance component at
a 2 MHz rate. These samples are then converted to an 8-bit digital
signal by a flash A/D converter 810 operating at a 4 MHz rate. The
samples pass through the chrominance ncise reduction circuit 912 to
the speedup memory 914. The speedup memory stores only the 53
pusec active portion of each incoming video line, so only 106 samples
of each chrominance component are stored. The memory is read at
twice the writing rate, producing two identical lines of chrominance
information. The signal is blanked to zero during the interval when
no samples are available from the memory by blanking circuit 916.
The two chrominance components are separated by demultiplexer
918 and converted to anaiog form using two D/A converters 820 and
g22. The reference for the D/A converters is adjustable by the
serial bus which interfaces with a bus control circuit 924; and, can
be used as a color saturation agjustment, if desired.

The luminance signal is Y_C internally clamped by clamp 926
during back porch to a level which can be set via the serial control
bus. This signal is converted to an 8-bit digital format using a flash
A/D converter 928 operating at 16 MHz. It then passes through a
circuit 930 which can be used to provide automatic bilack level




4/ 3 [err] :
w.th aspects of this invention to speed up the video si £ RQir ,

FI FOs having different clock rates at the inputs and ou JﬁaanEﬁngi&ﬁiedf
to performa simlar function. By way of conparison, ifjt NTSC 4 X 3

format di

rati o di splay, each picture nust be digported or cropped,| or sone

conbi nat i

wi de screen application is unnecessary. A field synchrdnization system f¢r

avoi di ng
I s expl ai

(1 6/9) / (4/3) Variable interpolators are utilized in accordance?

splay ratio signals are displayed on a single 4 {X 3 8MARER9Z 4pliay .

on thereof, by 50% A speed up conparable to tthat needed Tor a

s8Rt *itPGbEIEH. ©hk' RMRnadid R AhdY MherBhULiAges' MO T LY
filter 932 with a characteristic of:

H(z) = (1+2-1)2 (1+2-2)2 / 18
This low passed signal is then subsampled by circuit 934 at a 4 MHz
rate. The subsampled signal is interpalated by interpolator 936 back
to a 16 MHz rate using the same low pass filter characteristic and
subtracted from a delayed version of the original luminance signal
at summing junction 938 to produce a signal containing only high
frequency luminance components. The high frequency luminance
signal passes through a non-linear "coring” or dead band circuit 940
to remove small signals which might be noise. The breakpoints for
the non-linear characteristic can be adjusted by the serial control
bus.

The subsampled low frequency signal passes through a
recursive noise reduction circuit 942 and is then interpolated back
to 16 MHz by interpolator 944 to be added to the cored high
frequency signal at summing junction 946. The luminance is then
converted to a progressive or double-scan format using a speedup
memory 948. Only 53 msec of signal corresponding to 848 samples
is stored in the memory. This luminance memory is read twice for
each incoming horizontal line of video. Another, smaller speedup
memory 950 contains information representing the difference
between the interpolated luminance for the "in-between" line and
the incoming luminance. The smaller speedup memory contains low
frequency information only, holding 212 samples. The first time the
luminaoce speedup memory 948 is read, the difference signal from
the other speedup memory 950 is interpolated by interpolator 952 to
full rate and added to the luminance signal at summing junction 970.
This forms a signal having low frequency components that
correspond to interpolated luminance, and high frequency
components that correspond to incoming luminance. The second time
the luminance signal is read, the difference signal is not added. The
output is then a double speed version of the input.

Blanking by circuit 854 is inserted during the interval that no
speedup memory data is available. The level of this inserted
blanking is adjustable by the chassis microprocessor, using the
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ENABLE. The sped-up digital signal is converted to analog form by a
D/A converter 956. The reference for the converter is adjustable by
way of the control bus.

Line interpalation of low frequency luminance information is
done entirely at the reduced (4 MH2) sample rate using motion
adaptive processing. The external 1 Mbit video RAM 902, used as
frame memory, stores two fields of 8-bit low frequency iuminance
and one field of 3-bit motion signal. Communication with the video
RAM is through frame memory interface 964. Each stored field
reprasents a maximum of 256 active video lines, each of which
contains 212 active samples. A spatial interpolation (for use in
areas of motion) is formed by passing the noise reduced low
frequency luminance through a lfy delay 958 and averaging the
delayed and undelayed signals in circuit 960. The Ify delay output is
also stored in the frame memory. One field minus 1/2 line later it is
read out as a field delayed signal. This provides a temporally
interpolated signal for use in areas without motion. |

The field delayed signal is stored again in the frame memory
and read out after another field minus 1/2 line. This results in a net
delay of one frame. The frame delayed signal is compared to.the
undelayed signal on a sample-by-sample basis in the motion
detector 962. A 3-bit motion signal representing eight different
levels of motion is produced. The motion signal is aiso stored in the
frame memory and read one field plus 1/2 line later. The field
delayed motion is compared to the undelayed motion and the signal
representing the greater amount of mation is selected in circuit
978. This motion signal is used to control a "soft switch" or “tader”
966 which can select between the spatially interpolated and the
temporally interpolated signais in eight different gradations.

The undelayed low frequency luminance signal is subtracted
from the output of the soft switch at summing junction 968,
producing a signal which represents the difference between the
interpolated and the incoming low frequency luminance. This

. difference signal is stored in a separate speedup memory 950 as
described above.
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summing junction 980. If the delay value is properly chosen, for
most signals the input will be nearly the same as the delayed output,
and the difference will be small. This difference will then pass
through the limiter block 982 without limiting (when not limiting,
the limiter has a gain of 7/g). When the limiter output is added to
the circuit input at summing junction 984, most of the input signal
is canceled, being replaced with delayed output signal. Small
changes such as noise are thereby reduced. When the input is
significantly different than the delayed output, limiting occurs. The
regsulting output is then nearly equal to the input. The threshold
where limiting occurs is adjustable by means of the serial control
bus, allowing the amount of noise reduction to be varied from zero
(threshold of zero) to any desired value.

For the low frequency luminance noise reduction, the delay in
the above circuit is equal to one frame time. Accordingly, noise on
. stationary pictures is reduced by a temporal low pass filter. The
chrominance noise reduction circuit is composed of a cascade of two
of these circuits, one with the delay equal to one sample time (0.5
psec), and the other with the delay equal to one scanning line time
(64 upsec). The first circuit filters noise in the horizontal direction,
and the second filters it in the vertical direction.

Circuit 900 may incorporate the 1f4 to 2fy converter 40,
explained in detail in conjunction with FIGURE 27. The reference
numerais from FIGURE 27 are therefore repeated in FIGURE 20, at the
lower left hand corner. Timing signals used in the circuit are
derived from a 32 MHz oscillator 238 which is phase locked to 1024
times the horizontal deflection frequency of the display. A flyback
signal from the deflection circuit is applied to the 2fy input to0
accomplish this. An external L-C network 974 establishes the
center frequency of the 32 MHz oscillator, while an external R-C
loop filter 406 sets the phase locked loop characteristics. The
phasing of the internal timing signals (clamp gates, blanking, etc.)
can be adjusted relative to the 2fy input by means of the serial bus.
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A vertical puise input, for example fym, is used to establish
the beginning of a field, so that the proper lines are stored in the
frame memory. The number of lines that elapse between the leading
edge of the vertical pulse and the beginning of memory operation is
adjustable by means of a bus command. The circuitry for ‘generating
an internal 2fy signal for driving the horizontal deflection system
has already been described. The phasing of the 2fyy output with
respect to the 1fy input can be adjusted using the serial bus.

The deflection circuit 50 is shown in more detail in FIGURE 22.
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 dispiay formats. As
illustrated diagrammatically, a constant current source 502
provides a constant quantity of current Iramp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parallel
with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IRamMp 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 t1(a). To the extent that less vertical raster size is required,
an adjustable current source S08 diverts a variable amount of
current Tapy from Igamp. so that vertical ramp capacitor 504 charges
more siowly 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 1030 shown
in FIGURE 48. Vertical size adjustment 500 is independent of a
manual vertical size adjustment 510, which may be implemented by
a potentiometer or back panel adjustment knob. In either event, the
vertical deflection coil(s) 512 receive(s) driving current of the
proper magnitude. Horizontal deflection is provided by phase
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adjusting circuit 518, East-West pin correction circuit 514, a 2fy
phase locked loop 520 and horizontal output circuit 516.

The RGB interface circuit 60 is shown in more detailed in
FIGURE 25. The signal which is to be ultimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
RGB signals and a composite blanking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610, shown
in more detail in FIGURE 26. 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
internail/external control signal generated by the WSP uP 340.
Selection of internal or external video sources is a user selection.
However, if a user inadvertently selects an external RGB source,
when no such source is connected or turned an, or if the external
source drops out, the vertical raster will collapse, and serious
damage to the cathode ray tube(s) can result. Accordingly, an
external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of such a signal, a
switch override control signai 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.

The RGB to YUV converter 610 is shown in more detail in
FIGURE 26. Synchronizing components of the RGB signals are
stripped by circuits 612, 614 and 616 respectively. The signals are
algebraically combined by summing circuits 618, 620 and 622 to
define R-Y (U), B-Y (V) and Y signals. Bit rate muitipliers 628 and
634 alter the phase of the R-Y and B-Y signals in manner which
changes the effective color of the signals, even though the phase is



vi deo cropped by 33% the auxiliary FIFQ which is 2048 X
capabl e of storing 5.9 lines of video data, calcul ated as -
is the nunber if times and L is the length of each |ine: (2/3)
[err] (0.82) [err] (640) [err] 350 based on 82%active |in
2048/ 350 [err] 5.9 An aspect of the invention recognizes t pr ecessi on
rates greater than 2 lines/field are nét likely to be encauntered.
Therefore, a design criteria of a 5 line FIFO for the auxi%ay.channel can
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line del aysnéyithstafding the variance of the R-Y and B-Y signals from the

proper phaser angle. The color and tint controi signals can be

generated by the WSP uP 340, responsive to the chassis

microprocessor. This enables convenient control of the color and

tint characteristics of the external RGB signal, without undo

additional circuitry and without the need to adjust the RGB source

itself.

There is a discrepancy in the Y signal of 7.5 IRE with regard to
the properly defined level of black. The blanking offset circuit 648
inserts a level shift of 7.5 IRE to compensate. The KEY signal is a
control signal generated in the front porch of the video signal, after
the trailing edge of the vertical synchronizing signal and prior to the
start of active video. The KEY signal establishes when clamping in
circuit 646 should take place. Delay circuits 624 and 626 establish
the correct phase relationship of the R-Y, B-Y and Y signals,
notwithstanding the subsequent variations responsive to the color
and tint control commands.

An overall block diagram for a wide screen television in
accordance with inventive arrangemehts. and adapted to operate
with 1fy horizontal scanning, is shown in FIGURE 4 and generally
designated 11. Those parts of television 11 which correspond
substantially to a counterpart in television 10 shown in FIGURE 2
have been assigned the same reference numeral. The television 11
generally comprises a video signals input section 21, a chassis or
TV microprocessor 216, a wide screen processor 31, a horizontal
deflection circuit 52, a vertical deflection circuit 56, RGB matrix
241, kine drivers 242, direct view or projection tubes 244 and a
power supply 70. The 1f4 to 2fy converter and RGB interface are not
utilized. Accordingly, there is no provision for displaying an
external wide format display ratio RGB signal at a 2fy scanning rate.
The grouping of various circuits into different functional blocks is
made for purposes of convenience in description, and is not intended

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




reset pulses for controlling witing and reading in the FIg=0-354.in_fhe

auxiliary signal path is shown in FIGJURE 30. At the begin Rﬁ@[ﬂ(}ﬁd‘ '
signal field, the wite pointer is reset to the start of tlhgFrFo— EHENSHE%Z
err]

reset pul se, denoted WR [err] RST[err] AX is the conbi nation of IJ

sampl ed by HSYNC AX. In other words, WR err]RST[err]AX ocdufs étc MR W37 s
hori zontal synchroni zing pul se of the aexiliary video sigpalk-whi.ch occurs
after a vertical synchronizing pul se of the main signal. Two nain si gha
horizontal lines later the read pointer is reset to the start—of~+he—=-EQ

ooyt 7 8 i) AR BRI o
mai n vi de@!¥ |ofwieborpasiteundded t signalsy dramc differgnt hv-deozsogrqeg.se of the
main signghe Qided igthls 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
203, 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 TA8680. The baseband
video signal VIDEQ OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 31. Other baseband
video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, video recorders and the like.
The output of the video switch 200, which is controlled by the
chassis or TV microprocessor 216 is designated SWITCHED VIDEQ.
The SWITCHED VIDEOQ is another input to wide screen processor 31.
With further reference to FIGURE 5, 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
fiter. A further video source S1 is also an input to the Y/C decoder
210. Source S1 represents an S-VHS source, and consists of
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 signais 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. A decoder/demodulator in the wide screen
. processor develops color difference signais U_M and V_M. The Y_M,
U_M, and V_M signals are converted to digital form in the wide
screen processor for further signal processing in the gate array 300




still otherw se, at the second horizontal synchronizi ngrpUlSEL/ .‘:Eg
signal which occurs after the WRl err] RST[ err] AX pul se| SHcE - Henhail
auxi liary signals are asynchronous, there is sone anbijgyity about exaft
where the wite pointer is when the read pointer is rgsgt. 1QMAR ®hown
the wite pointer is |eading the read pointer by at |gagt_two |ines..
However, if the frequency of the auxili2é&y channel horii zontal sync is
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this way tiggfeen processor 31, develops a baseband video signal TV2. A
switch SW2 selects between the TV2 and SWITCHED VIDEO signals
as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and SW4
select between the luminance and chrominance outputs of Y/C
decoder 220, the luminance and chrominance signais of an external
video source, designated Y_EXT/C_EXT, and Y_M, C_IN. The
Y_EXT/C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. The selected chrominance is converted to color difference
signals U_A and V_A. The Y_A, U_A and V_A signals are converted
to digital form for further signal processing. The arrangement of
video signal source switching in the main and auxiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats. |

The wide screen processor 30 comprises a picture in picture

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 Dby
the exampies of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP pP) 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 aiso
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the
RGB interface.
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59 pointer collision is avoided for all signals with | esg gham2

| ines/field precession rate. The auxiliary channel FIFO 354 i 8,02@&# i1§9;...0n=d
into 5 line pieces through appropriately tinmed read and yri tel /
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In this scheme, the read and wite pointers are [ h
begi nni ng of each displayed field at |least 2 |lines apart jfrom each ot her.
|f the FIFO were not a conplete 5 |inef%ong, the system-woutd—sacrifice
the-menory distance fromthe wite pointer to the readspainter. This is the
case for diffefbathetzentat andemrtitar synahmonizingl Gomprearts: ofl Gie Squeeze

N [err] (widin dighal ard dielbpedlinb40syre Shpdrator 286, forming part of a
demodulator 288, forming part of the wide screen processor. The
horizontal synchronizing component is an input to a 1fH phase locked
loop 290. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor 31. A horizontal deflection circuit 52
operates in conjunction with the one-chip, responsive to east-west
pin adjust and horizontal phase control signals from the WSP uP
340. A vertical deflection circuit 56 is responsive to a vertical size
control circuit 54. The vertical size contrdl circuit 54 is responsive
to a vertical size control signal from the WSP uP 340, and operates
in a manner similar to the vertical size control for the 2fy chassis
described above.

The wide screen processor 31 is shown in more detail in

. FIGURE 5. The principal components of the wide screen processor

" are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which
are in common with both the 1fy and the 2f4 chassis, for example
the PIP circuit, are shown in FIGURE 6. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 7. The gate array 300 is
shown in mare detail in FIGURE 8. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal
paths, have aiready been described in detail. A number of other
components, such as the second tuner 208, the WSP uP 340 and
interface outputs, the analog to digital and digital to analog
converters, the gate array 300, the PIP circuit 301 and the PLL 374
operate substantially as explained in connection with FIGURE 3 and
such details are not repeated.

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

{
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L [err] 2048 (5[err]437) [err] 4.7 In these cases, the T

| ess than 5 lines long. In the 16% squeeze, the actual E& Q&ﬁ@ﬁﬁTS§ﬁﬁh
lines. The (0.8) factor in the N equation of the 33% squeeze reflects gn
operational limtation of the CPIP chip. Since the FlIFQ riead @pgRWs97 e
resets are spaced by a mininumof two |ines of active vjideo, the sacrifji(
al ways cones at the expense of allomﬁng the read pointegr TO Catch ap™with
the wite pointer. Mreover, only 80@60? the video line_is_considered
active because the picture-in-picture processor is not capable of storing
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RE 6. The auxiliary video data is also in analog form, and Y U V
format. as signals designated Y_A, U_A and V_A. In the PIP circuit
301, these auxiliary signals-are converted to digital form, data
compressed, stored in a field memory for synchronization with the
main signal, and provided to the gate array 300 for combination with
the main signal as required by the selected picture display format,
for exampie by mulitiplexing on a line to line basis. The operation of
the PIP circuit is explained more fully in connection with FIGURE 6.
The PIP circuit and/or the gate array may also include means for
enhancing the resolution of the auxiliary data notwithstanding the
data compression. The analog form signals, designated Y, U and V,
are supplied to an encoder 227 to define the wide format ratio
output signal Y_OUT_EXT/C_OUT_EXT which, in this case, are inputs
to the one-chip 203. Encoder 227 receives only the C_SYNC_MN
signal from the gate array. Switch SW5 selects between Y_M and
the C_SYNC_AUX signal as an input to the analog to digital
converters. The one-chip generates YUV format signals for the RGB
matrix 241, which supplies RGB format signals to the kine drivers
242 from the Y_OUT_EXT and C_OUT_EXT signals.

FIGURE 6 is a block diagram showing further details of the
wide screen processors 30 and 31 common to the 1fy and 2fy
chassis, shown in FIGURES 3 and S5 respectively. The Y_A, U_A and
V_A signals are an input to the picture in picture processor 320,
which can include a resolution processing circuit 370. The wide
screen_television according to aspects of this invention can expand
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 signais Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution processing need not be
utilized at all times, but dunng selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
7. The principal components of the picture-in-picture processor are
an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section




precession rate is being sacrificed for nore visible pi§ QR Q1T

addition, there is nore distortion in the auxiliary vide&ﬁﬁﬁﬂs'kﬁﬂhﬁﬂﬁET
case, up to one line per field of precession can be tol érated between the
mai n and auxiliary video sources. This is still nore thanjisqQaeaRe7y [of
nost video sources, and the precession rate tolerance i§ sacrificed on
t hose feature nobdes which can be expecphed to be the | eagt USEd. Since the
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line is conS|d%%ed % cause £ g rocessor i s not
capabl e of stori® ure~m prcture processor 320 may be embodied as an

improved varlatlon 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 foliowing being illustrative. The
basic special effect is a large picture having a small picture
overiaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
speaking, the audio signal is switched to always correspond to the
big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions. A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some point,
for example the display format shown in FIGURE 1(d), the large and
small pictures are in fact the same size.

In a single picture mode, for example that shown in FIGURES
1(b), 1(e) or 1(f) a user can zoom in on the content of the single
picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
the zoom mode a user may search or pan through the picture content
enabling the screen image to move across different areas of the
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 according to another inventive arrangement differs from
the present configuration of the basic CPIP chip described above. |If
the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures
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one line per field of precession can be tol erated betwel
auxiliary video sources. This is still 3pre than is ne¢essary-—+or—fost
video sources, and the precession rate tolerance is sagrificed on those
feature modes, ' gRniti" &3Pect ratio distortion, due to the effective 4/5 times
horizontal expansion 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 undesirable consequences. The
incoming video is sampled with a 640f4 clock which is locked to the
horizontal synchronizing signal of the main video source. In cther
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampied 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
selectable display modes. (n this mode of cperation, the pictures
are compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction:- This asjmmetric 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
aspect of the invention makes it possible to generate the special

. display formats on a 16 X9 screen without external speed up
circuitry. '
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as the displayed field type. It may be necessary to change the auxiliary

" SR e

pncture 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 uP 340. The range of
values can be 1:1, 2:1, 3:1 and so on. The compression factors can be
symmetric or asymmetric, depending upon how the table is set up.
Control of the compression ratios can also be implemented by fully
programmable, general purpose decimation circuits under the control
of the WSP puP 340. The decimation circuit 328C is shown more
fully in FIGURES 15-18.

FIGURE 15 is a block diagram of the circuit for implementing
the horizontal compression. The circuit utilizes a decimation
circuit formed by a counter 850, designated MOD_N_CNTR1. The
numerical value at the N input is a horizontal N factor
HOR_N_FACTOR. The horizontal N factor is related to the extent to
which the picture represented by the video data of the auxiliary
signal will be reduced in size for display as a PIP or POP, and
accordingly, is also a measure of the rate at which pixeis within a
line are subsampled. The numerical input to the load value input is
set to "0°. The ripple carry out RCO output is a horizontal line
sample-enable signal. FIGURE 16 is a block diagram of the circuit
for implementing the vertical compression. This circuit is based on
a decimation circuit formed by a counter 858 designated
MOD_N_CNTR2. The numerical vaiue at the N input is a vertical N
factor VERT_N_FACTOR. The vertical N factor is also related to the
extent to which the picture represented by the video data of the
auxiliary signal will be reduced in size for display as a PIP or POP,
but in this case, is a measure of how many horizontal lines are
selected for subsampling. The numerical input to the load value
input is determined by a numerical calculation based on the vertical
N factor. The vertical N factor is added to "2", the resuiting sum is
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The horizontal and vertical N factors are generated by a circuit
859 shown in FIGURE 17. The input is an N_FACTOR value ranging
from "Q0" through "7°. Each N value corresponds to pairs of horizontal
and vertical compression ratios, as shown in the table of FIGURE 18.
The N factors are provided by the WSP puP 340. Circuit 859
comprises multiplexers 862 and 864 and a compare to "6" circuit
860. For each N factor other than "6", the horizontal and vertical
compression ratios are symmetric, resulting from the "0" inputs of
the muitiplexers. When the N factor is 6", the "1" inputs of the
multiplexers are gated as the outputs. These inputs result in the
asymmetric compression of 4:1 horizontally and 3:1 vertically.

The counters in the decimation circuits function are shown as
integral number decimators. However, the processing does not have
to be limited to compression of the images'in integer increments,
provided that the horizontal compression factor is 4/3 times the
vertical compression factor. Asymmetric compression is also not
limited to wide screen applications having a display format ratio of
16 X 9. If the format display ratic were to be 2:1, for example, the
horizontal compression factor would be 3/ times the vertical
compression factor.

Control of the compression ratios can aiso be implemented by
fully programmable, general purpose decimation circuits under the
control of the WSP uP 340, as shown in FIGURES 19(a) and 19(b).
Horizontal compression factors are generated by the circuit in
FIGURE 19(a), which comprises a summing junction 866, an array
868 of eight OR gates and a latch 870. Each bit of the eight bit
output of the array 868 is HI when the H_RESET occurs. When the
H_RESET signal is low, the cutput of the array 868 equals the input
of the array, which is the output of summing junction 868. Vertical
compression factors are generated by the circuit in FIGURE 19(b).
which comprises a summing junction 872, a multiplexer 874 and a
latch 876. In each circuit, the carry in .Cl input of the summing
circuit is tied to a voltage for a fixed logical high signal. In each

lds



The field type indicator. UL(A) represents the field type stored in the

video ram 350 if each auxiliary channel line were witt | 0TS 2T
The termnormal is used here to indicate that the odd |REDB@WEM§ Jag-@g,ET
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witten in to the video RAM 350 as the upper field is pefng received
decoded. The field type indicator U L(B) 61 represeftf the MArefgdst yipd
stored in the video RAM 50 if the firs33line of the upper field is ndt
witten into the video the reception of an upper fieldf ) i rfst

line is actughl}, the carry out CO output of the summing circulf 5 tna—

respective sample enable signal. In the circuit of FIGURE 19(b), the
1 input to the multiplexer is tied to ground for a fixed logical low
signal. The horizontal and vertical compression factors can be
supplied by the WSP uP 340.

in full screen PIP modées, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillater. 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 6, 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 companents by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This
Y/C_PIP_ENC signal may be connected to a Y/C switch, not shown,
which enables the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFQ's in the main
signal path.

in a multichannel mode, for exampie that shown in FIGURE 1(j),
twelve channels of a predetermined scan list can be displayed in
tweive small pictures simuitaneously. The picture-in-picture
processor has an internal clock responsive to a 3.58 MHz oscillator
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back to analog form in the picture-in-picture processor prior to
combination with main signal video data. However, in the wide
screen televisions described herein, and due in part to limitations on
the number of different clock frequencies which are feasible, the
auxiliary data is a direct output from the video RAM 350, without
further processing by the picture-in-picture processor 320.
Minimizing the number of clock signals advantageously reduces radio
frequency interference in the circuitry of the televisions.

With further reference to FIGURE 7, the picture-in-picture
processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends to be
expensive and can require more complex management circuitry. The
§ smaller number of bits per sample in the auxiliary channel

represents a reduction in quantization resolution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
throughut. 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
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t he si gnal armayecaes axpléimegdile more detail below. Moreover, different

dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
number of bits are contempiated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
particular kind of picture display format. Resolution processing
circuits are explained in detail in conjunction with FIGURES 56-70.

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 is read using the
same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampled and
stored, and can be read ocut 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 8, 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 1280fy4 to 640fu.

Generally, the video display and deflection system is
synchronized with the main video signal. The main video signal mus:
be speeded up, as explained above, to fill the wide screen display.
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can be delayed by a fraction of a field period in a field memory, and
then expanded in a line memary. Briefly, synchronization of the
auxiliary video data with main video data is accomplished by
utilizing the video RAM 350 as a field memory and a first in first
out (FIFQ) line memory device 354 for expanding the signal. The
auxiliary signal path interpolator 359 can correct for speedup in the
FIFO 354. The size of FIFO 354 is 2048 X 8. Problems which can
occur in synchronizing the main and auxiliary signals include
read/write pointer collisions in the auxiliary oath FIFO 354 and
maintaining interlace integrity. A field synchronization system
which avoid such read/write pointer collisions and which maintains
interlace integrity is explained in conjunction with FIGURES 28-386..

The gate array 300 is common to both wide screen processors
30 and 31. The main signal path 304, auxiliary signal path 306 and
output signal path 312 are shown in block diagram form in FIGURE 8.
The gate array also comprises a clocks/sync circuit 320 and a WSP
uP decoder 310. Data and address output lines of the WSP uP
decoder 310, identified as WSP DATA, are supplied to each of the
main circuits and paths identified above, as well as to the picture-
in-picture processor 320 and resolution processing circuit 370. |t
will be appreciated that whether or not certain circuits are, or are
not, defined as being part of the gate array is largely a matter of
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
356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultipiexer 355. The luminance component undergoes resolution
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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 6. As an example, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.

Interpolation of the auxiliary signal can take place in the
auxiliary signal path 306, shown in more detail in FIGURE 12. The
PIP circuit 301, shown in FIGURE 6, 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 (sampied
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 values indicate which type of field was written into
video RAM, as follows:

FSW_DAT = 0: No Picture;

FSW_DAT = 1: Upper {Odd) Field; and,

FSW_DAT = 2: Lower (Even) Field.
The figlds occupy spatial positions within the video RAM having
boundaries defined by horizontal and vertical addresses, as
suggested by the memory position diagram in FIGURE 37. The
boundary is defined at those addresses by a change in the fast
switch data from no picture to valid field, and vice versa. These
transitions in fast switch data define the perimeter of the PIP
insert, which is also referred to as the PIP box or PIP overiay. It
will be appreciated that the image aspect ratio of objects in the PIP
picture can be controlled independently of the format display ratio
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address of the read pointer of the video RAM at the start of the
scanning for each field of the main signal. Since there are two
fields of data stored in the vigeo 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 and the start position of the read pointer. It might
seem logical that if the display, which is locked to the main video
source, were displaying the upper field of the main picture then the
portion of the video RAM corresponding to the upper field of the
auxiliary picture would be read out of the video RAM, converted to
analog data, and displayed.

This would work weil for about half of all possible phase
relations between the main and auxiliary video sources. A problem
arises because reading the video RAM is always faster than writing
the video RAM for compressed pictures in the PIP mode. The read
memory pointer may overtake the write pointer if the same field
type were being written and read at the same time. This would
result in a 50% chance of .a motion tear somewhere in the small
picture. Accordingly, the PIP circuit always reads the opposite field
type that is being written to overcome the 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 end result of this field
synchronization is that CPIP cnip provides a signal which is called
PIP_FSW. This is the overlay signai which the PIP circuit provides
to an analog switch, which switches between main and auxiliary
channel Y/C (luminance and modulated chrominance video
information) signals.

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
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again to FIGURE 12, the auxiliary channel data is buffered and

synchronized to the main channel digital video by the 4 bit latches

352A and 352B, the auxiliary .FIFQ 354, timing circuit 369 and

synchronization circuit 371. 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. Here the decision is made as to which field read out

of video RAM is to be displayed. Finally, the auxiliary channel video

component data is selected for output to the display through three

output multiplexers 315, 317 and 319, shown in FIGURE 8. Instead

of overlaying the PIP small picture using an analog switch at a

composite or Y/C interface, as has been the practice with the CPIP

chip, the WSP up 340 performs the PIP overiay digitally. However,

as explained below, the PIP_FSW control signal is utilized together

with the FSW_DAT signal to control the digital overiay.

The auxiliary channel is sampled at 640f4 rate while the main
channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
(2048 x 8) converts the data from the auxiliary channel sample rate
to the main channel clock rate. In this process, the video signal
undergoes an 8/s (1024/g49) compression. This is more than the 4/3
compression necessary to correctly display the auxiliary channel
signal. —Therefore, the auxiliary channel must be expanded by the
interpolator to correctly display a 4 X 3 small picture. The amount
of interpolator expansion required is 5/g. The expansion factor X is
determined as follows:

X = (640/19024) * (4/3) = S/

Therefore, regardless of how the small picture is reduced by the PIP
processor, the small picture may be correctly displayed in 4 x3
format on the display by setting the interpolator 359 to perform a
S/g expansion (5 samples in, 6 samples out).

The PIP_FSW data does not provide a good encugh method for
interpreting which field of the CPiIP VRAM should be displayed
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a correct PIP aspect ratio. Although the PIP small picture would
maintain correct interlace, the PIP overlay region would generally
be the wrong horizontal size. The only case in which the PIP overlay
size would be correct would be for a 5/g expansion using the
interpolator 359 which would result in a 16 x 9 small picture. For
all other interpolator settings, the overlay box would remain 16 x 9
while the inset picture would vary horizontally. The PIP_FSW signal
lacks information regarding the correct horizontal size of the PIP
overlay. The video RAM data is read prior to the PIP circuit
completing the synchronization algorithm. Thus, the fast switch
data FSW_DAT which is embedded in the video RAM data stream
VRAM_OUT corresponds to the field type written into the video RAM.
The video RAM video component data (Y, U, V) has been corrected for
motion tear and correct interlace, but the FSW_DAT has not been
modified. |

In accordance with an inventive arrangement, the PIP overlay
box is the correct size because the FSW_DAT information is
expanded and interpolated together with the video component data
(Y, U, V). The FSW_DAT contains the correct sizing of the overlay
region, however, it does not indicate which field is the correct field
to display. The PIP_FSW and FSW_DAT can be used together to solve
the problem of maintaining interlace integrity and the correct
overiay size. In normal operation, as the CPIP chip might be used in
4 x 3 television receivers, the field placement in the video RAM is
arbitrary. The fields may be aligned vertically, horizontally, or not
aligned | at all. In order to make the wide screen processor and the
CPIP chip work compatibly, it is necessary that the PIP field
locations not be stored on the same vertical lines. In other words,
the PIP fields may not be programmed so that the same vertical
addresses are used for both the upper and lower field types. It is
convenient from a programming perspective to store the PIP fields
in the video RAM 350 in a vertically aligned manner, as shown in
FIGURE 37.

A signal PIP_OVL forces the output control circuit 321 to
- display auxiliary data when this signal is active, that is, logically
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multiplexer 688 is an input to a D-type flip/flop 684, the Q output
of which is the ather input to multiplexer 688 and one input to AND
gate 690. The PIP_FSW and SOL (start of line) signals are the J and
K inputs respectively to flip/flop 682. An exclusive OR gate 686 has
the two fast switch data bits FSW_DATO and FSW_DAT1 signals as
inputs. Values of (1, 0) and (0, 1), which are logically exclusive
inputs, indicate a valid field, even and odd respectively. Values of
(0, 0) and (1, 1), which are not logically exclusive, indicate no valid
video data. A transition from either of (0, 1) or (1, Q) to either of
(0, 0) or (1, 1), or vice versa, indicates a boundary transition
defining the PIP box or overlay The output of exclusive OR gate 686
is a second input to AND gate 690. The third input of AND gate 690
is the RD_EN_AX signal, the read enable signal for the auxiliary FIFO
354. The output of AND gate 690 is the PIP_OVL signal. Circuit 680
introduces a one line (field line) delay from the time PIP_FSW goes
active to the actual enabling of the overiay region. This is
accounted for in the video data path as the FIFO 354 also introduces
a one field line delay in the PIP video data being displayed.
Therefore, the PIP overlay is overlaid perfectly with the video data,
although it will be one field line later than programmed through PIP
circuit. The RD_EN_AX signal allows the PIP to be overlaid oniy

- when valid auxiliary FIFO data has been read out of the FIFO 354.
This is_necessary because FIFO data may be held after reading has
ended. This may cause the PIP overlay logic to determine that the
PIP overiay is active outside of valid PIP data. Enabling the PIP
overlay with RD_EN_AX assures that PIP data is valid. In accordance
with the inventive arrangements, the overlay or box for the small
picture auxiliary video is correctly placed and sized regardiess of
how the auxiliary video has been expanded, compressed or
interpolated. This works for small picture video sources which are
from 4 x 3 formats, 16 x 9 formats and many other formats as well.

The chrominance components U_PIP and V_PIP are delayed by

circuit 367 for a length of time depending on the nature of the
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read enable signals of the FIFQO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output muitiplexer control
circuit 321. Output muitiplexer control circuit 321 is responsive to
the clock signal CLK, the start of line signal SOL, the H_COUNT
signal, the vertical blanking reset signal and the cutput 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
6. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP uP
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP uP 340 communicates with the different
circuits of the gate array through a WSP uP decoder 310.

In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
used t5 recalculate the incoming video to a new pixel positions
because the luminance video bandwidth, up to 5.5 MHz for S-VHS
format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 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
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
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path 304 with respect to the relative positions of the FIFO-356—and

" the interpolator 337. In particular, these switches select whether
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 auxiliary
signal path.

The main signal path is shown in more detail in FIGURE 11(a).
The switch 323 is implemented by two multiplexers 325 and 327.
Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which
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 muitiplexer 353. The clock signal CLK and start of
line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion controi circuit 369 is responsive to
Y_MN. the WSP uP 340 and the most significant bit of UV_MN.

An interpolator control circuit 349 generates intermediate
pixel position values (K), interpolator compensation fiiter weighting
(C) and clock gating information CGY for the luminance and CGUV for
the coler components. It is the clock gating information which
pauses (decimates) or repeats the FIFO data to allow samples not to
be written on some clocks for effecting compression or some
samples to be read muitiple times for expansion.

Such a compression is Hlustrated in FIGURE 11(b). The
LUMA_RAMP_IN line represents luminance ramp video data being
written into the FIFO. The WR_EN_MN_Y signal is active high,
meaning that when this signal is high the data is being written into
the FIFO. Every fourth sample is inhibited from being written into
the FIFO. The jagged line LUMA_RAMP_QUT represents the luminance
ramp data as it would be read out of the FIFOQ, if the data were not
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recalculate the luminance samples being written into the FIFO so

that the data read out of the FIFO is smooth, rather than jagged.

Expansions may be performed in exactly the opposite manner

as compressions. In the case of compressions the write enable

signal has clock gating information attached to it in the form of

inhibit pulses. For expanding data, the clock gating information is

applied to the read enable signal. This will pause the data as it is

being read from the FIFO 356, as shown in FIGURE 11{c). The

LUMA_RAMP_IN line represents the data prior to being written into

the FIFO 356 and the jagged line LUMA_RAMP_OUT represents the

data as it is read out of the FIFO 356. In this case it is the function

of the interpolator, which follows the FIFO 356, to recalculate the

sampled data from jagged to smooth after the expansion. In the

expansion case the data must pause while being read from the FIFO

356 and while being clocked through the interpolator 337. This is

different from the compression case where the data is continuously

clocked through the interpolator 337. For both cases, compression

and expansion, the clock gating operations can easily be performed

in a synchronous manner, that is, events can occur based on the

rising edges of the 1024fy system clock.

There are a number of advantages in this topology for

luminance interpolation. The clock gating operations, namely data

decimation and data repetition, may be performed in a synchronous

manner. If a switchable video data topology were not used to

interchange the positions of the interpolator and FIFO, the read or

write clocks would need to be double clocked to pause or repeat the

data. The term double clocked means that two data points must be

written into the FIFO in a single clock cycle or read from the FIFO

during a single clock cycle. The resulting circuitry cannot be made

to operate synchronously with the system clock, since the writing or

reading clock frequency must be twice as high as the system clock

_.d. I




both nodes are valid. This choice can be arbitrary, or b nod -
circuit considerations. The circuit 111 shown in Fl GURE ) L§C5msﬁgﬁ/l
the circuit 11 of FIGURE 4(a) might be nodified to incorpofate a |iquid
crystal display (LCD) system The raster mapping techni qyes uyiQpMaRgegM | h
digital signal processing explained'in detail above are &l $0 appropriate
for aliquid crystal display system Th2 pixel nap gener &t €0 By The LTCD
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conpr essi @xpaasnsat alfrthat wideo ewitthing arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFQO’s to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
be placed in front of the interpdlator and one FIFO for compressions
would need to be placed after the interpolator.

One of the conditions for proper circuit operation is that the
number of data samples written into the FIFO for each horizontai
line be exactly equal to the number of samples read from the FIFO
for that horizontal line. If the same number of samples are not
written into the FIFO as are read out of the FIFO, then the main
channel picture will be severely slanted due to line by line pointer
precession, read or write. This requirement is dictated by the fact
that the main channel FIFOs are reset once per field. First the write
pointer is reset following a main signal vertical synchronizing pulse
and then one line later the read pointer is reset.

A different number of clock cycles may be required for the
read and write pointers to advance to the same number of places
due to the fact that expansions and compressions of video data are
taking place. In order for the number of data samples written to
ailways equal the number of data samples read, regardless of mode,
three register values and two control signais are used to generate
the read and write enables for the main Y and UV FiFOs. Two
register values WR_BEG_MN and RD_BEG_MN, provided by the WSP uP
340, specify the location in the horizontal line period where reading
and writing are to begin, in conjunction with a horizontal pixel count
vaiue H_COUNT. The value H_COUNT is a ten bit counter value used
to determine pixel location within the line period. The counter is
cleared by a start of line signal SOL. The SOL signai is a single
clock wide pulse used to initialize the harizontal counter H_COUNT
to a value of zero at the beginning ot every line. The SOL pulse is
nominally aligned with the leading edge of the horizontal

©  synchronizing component.
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expansi on, can be acconplished by alternative nethods, in accordance with

various inventive arrangenents. In accordance with one alteri
auxiliary signal is "dithered" by a resolution processing ci
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bits are bits of a ten bit counter to determine the number of data sam

ples

which have actually been written into the FIFO or read from the FIFO.
The bits of the register value are inverted, and the least significant

two bits are loaded logically HI, resulting in _LENGTH-1. A _

preceding a signal denotes a logical inversion. Accordingly, when
the counter coverflows, that is the ripple carry out goes HI, the
desired number of samples will have been written, or read. The

actual number of pixel samples written, or read, is actually

LENGTH X 4 because the register is loaded into the upper eight bits
of the counter. The effect of the clock gating is accounted for by
gating the counter enable. In this way, the snable for the counter

may aiso be used as the enable for the FIFO, ensuring that the
number of samples written, or read, is always LENGTH X 4,
regardless of mode.

FIGURE 11(d) illustrates one of three identical circuits used to
generate the write and read enable signals for the FIFOs for the Y

and UV compaonents, designated WR_EN_FIFO_Y (case 1),

WR_EN_FIFO_UV (case 2), RD_EN_FIFO_Y and RD_EN_FIFO_UV. In the

s case of expansions, the RD_EN_FIFO_Y and RD_EN_FIFO_UV signals
prove to be identical, and may be referred to as RD_EN_FIFO_Y_UV
(case 3). The circuit 1100 is explained first for case 1. Circuit
1100 compares WR_BEG_MN to the upper eight bits of H_COUNT in
comparator 1102. The value H_COUNT is a ten bit counter value used
to determine pixel location within the line period. The counter is
cleared by a start of line signal SOL. The SOL signal is a singie
clock wide pulse used to initialize the horizontal counter H_COUNT
to a value of zero at the beginning of every line. The SOL pulse is

nominally aligned with the leading edge of the horizontal
synchronizing component.

The output of comparator 1102 is delayed by circuit 1118 and
compared with an inverted, but otherwise undelayed version of

itself in NAND gate 1104. The output of NAND gate 1104, a o
period wide active LO signal, is the load LDn input to 10-bit

ne clock
length

counter 1106. The LDn input is used to load the 10-bit FIFO length
counter 1106 with the rising edge of the system clock. The bits of
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circuit and corresponding 2-bit dedithering circuit are g$hown in Fl GURES 4{1
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decoding ddibfide #8%hUimoal di data samples which have actually been
written into the FIFO. The output of the inverter array 1110 is
supplied to the uppermost bits of the load in input LOAD of counter
1106. The least significant two .bits are tied logically Hl. The
effective load in value is _LENGTH-1. In order to adjust for the -1
aspect of the _LENGTH-1, the counter 1108 is stopped by the ripple
carry out signal RCO, which occurs ane clock cycle before the length
counter 1106 reaches zero. The clock gating information is NORed
with the ripple carry out signal RCO in gate 1112. The same enable
signal is inverted by gate 1116 and used as the enabile signal for the
FIFO. The FIFO memory and the counter are thereby enabled in
exactly the same manner, ensuring the correct number of samples to
be written. In case 2, the WR_BEG_MN is also compared to H_COUNT.
However, the CGUV_WR signal is used to generate the

- WR_EN_FIFO_UV signal as an output. In case 3, RD_BEG_MN is

compared to H_COUNT and the CGY_RD signal is used to generate the
RD_EN_ FIFO_Y_UV signal as an output.

The chrominance processing for the main channel video can be
accomplished by more than one inventive arrangement. One topology
alternative is that shown in FIGURES 8 and 11(a) and explained in
conjunction with FIGURES 52-55. Another topology for the
chrominance processing for the main channel video is shown in
FIGURE 13 and explained in conjunction with FIGURE 51. With
reference first to FIGURE 13, the UV signal path 530 is shown in
block diagram form. The signal path 530 is very similar to the
selectable topology of the luminance data in the main signal path
304 shown in FIGURES 8 and 11(a). The most significant difference
is the use of a delay matching circuit 540 instead of interpolator
337. Muitiplexers 534, 536 and 538 enable the UV_MN signal to
follow a path in which the FIFO 358 precedes the delay matching
circuit 540, or a path in which the delay matching circuit 540
precedes the FIFO 358. The multiplexers are responsive to a route
control circuit 532. The output of multiplexer 538 is separated into
the U_OUT and V_OUT signals by demultiplexer 353.



1 bit dithered signal. In data restoration circuit 357 the_n-1 bit dithered
si-gnal is supplied to a sunmng circuit 802 and one inputipg T e

804. A signal on the other input of AND gate 804 nasks t EﬁiiéﬁgjwﬁﬂlggﬁhﬁT
significant bit of the dithered signal. The output of AND gate 804 is
supplied directly to one input of exclé§ive OR gate 801 @nd i $ OMARYET by
one clock, or one pixel, by circuit 806, before being supplied as the othef

i nput to exclusive OR gate 808. The output of exclusive gate 808 .1s one
i nput to AND gate 810 and the input to Y interpol ator 35%-ti-he-input
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out put AND = JfiS Rresents a probiem in the case of the n{ultnplexed uv
data. If the UV data stream were deleted with the same clock gating
pulses as the Y data stream, the UV sequence would not alternate U,
V, UV, ..., etc. consistently. As an example, if a U sample were
deleted before being written into the FIFO 358, the sequence would
be something like U, V, U, V, ¥, U, V, etc. Therefore a second clock
gating signal is required. This signal is called CGUV (or .CGUV when
the signal is logically inverted). This UV Clock Gate is used only
during compressions, occurs only half as often as the CGY pulses,
and always deletes a UV sample pair. The results of an 8/5
compression are shown in FIGURES 51(a) and S1(b).

In this example it is evident how Clock Gate Write for Y ((CGY)
and UV ((CGUV) differ. When the .CGY and .CGUV signals are high,
samples are deleted. It should be noted that CGUV always starts on
a U sampie and ends on a V sample. In this manner a UV pair is
deleted together and avoids the situation where a V from one pair is
deleted along with a U from the next pair. A comparison of the how
the UV and Y data is read out of FIFOs 358 and 356 respectively for
the 8.5 compression is illustrated in FIGURES 51(a) and 51(b)
respectively. It can be seen that the UV data will skew up to 1 clock
cycle with respect to the Y data. This is the consequence of not
storing a U/V indicator data into the FIFO data stream. This UV data
skew degrades the color component slightly. However, the
degradation never becomes worse than a 4:1:1 muitiplexed color
component system, which is commonly used in high end television
systems. The effective UV Nyquist frequency is periodically reduced
to 2 MHz because of the UV pair decimation. This is still sufficient
for handling “wide” | chrominance sources. As a resuit, the color
component signals maintain very high quality even during UV pair
decimation.

Compressing the video data requires that the clock gate write
signals to the FIFOs 356 and 358 be different for Y and UV signal
paths. Essentially, the U and V sampies have to be deleted as pairs,
because once a sample is deleted the information about the state of




a subtractive input to sunmng circuit 802. The out put RF?LAE‘EW@”‘CSHQEP
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OR gate 808. providing an n-bit, dedithered signal as 4n z:ﬂh }Qq
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370" conprises a summing circuit 376. yhich conbines and“—bit—si-gnal.in t h
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- fol | owi ng grqug , Wate| added) to theabiRO 1358 to carry the UV state
information, smgle U or V samples could be deleted. When the data
is read from the FIFO 358, the UV could correctly be sorted by
interpreting the state of the 9th bit. Since this sorting information
is thrown away, the consequence is that the UV data must be deleted
as a pair so that the sorting which occurs after reading the UV FIFO
358 can be very simple.

Sorting the decimated UV pairs requires only a 1-bit counter.

This counter is synchronously reset to the U (zerc) state, on the
clock cycle which FIFO 358 reading starts. This 1-bit counter is
enabled with the RD_EN_MN signal, which controls the reading of the
main FIFQs 356 and 358. In compression mode, RD_EN_MN is
continuously high once reading starts until reading stops on each
harizontal line. The resuiting signal UV_SEL_OUT is an alternating
U/V indicator which drives the select line of the demultiplexer 353.
In this way, UV data samples are successfully sorted after they are
read out of the FIFO 358 even though UV synchronization information
could not be stored for later recall while writing the FIFO 358.

. When video expansions are performed, the writing of the FIFOs
356 and 358 occurs uninterrupted from the start of writing to the
end of writing. The reading of the FIFOs will be paused, and sample
values held (repeated), as they are read out of the FIFOs. This
sample holding or repeating is performed by the clock gate read
information which is part of the RD_EN_MN signal, and its
complement, _-RD_EN_MN.

In_this situation an important difference should be noted, as
compared to compression. The state of the UV sample is known as it
is read from the FIFO 358. The UV data is written into the FIFO 358

. continuously alternating U, V, U, V, . . ., etc. Therefore, when the
data is read out of the FIFO 358 and paused, the 1-bit counter which
creates the signal UV_SEL_OUT is paused to reflect the fact that the
FIFO data has been held. This keeps the sorting of demultiplexer 353
correct.

The 1-bit counter is paused at the correct time because the
RD_EN_MN signal is applied to the enabie input of the 1-bit counter.

=
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2-bit dither sequence which is particularly advantageods {i 51(92¥§ 13, et ¢.
which is illustrated in FI GURE 41. The gy bit signal

This insures that as the FIFO 358 is paused, the UV_SEL_OUT signal
is also paused. Performing expansions does not require that the read
enable signals for the Y and UV FIFOs 356 and 358 be separate
because the clock gate read for the UV data, CGUV, is now identical
to the clock gate read for the Y data, CGY. Performing expansions
proves easier than pen‘orming' compressions. Moreover, the color
component Nyquist frequency is not degraded during expansions and
the 2:1:1 signal quality is fully maintained.

The multiplexed color component topology described herein has
a number of advantages. The method is efficient and is ideally
suited to work in conjunction with a wide bandwidth luminance
raster mapping system. The circuit complexity is minimized while
still maintaining a high degree of chrominance signal quality. These
advantages are due in part top the following innovations. The UV
pairs are deleted at the input to the UV FIFO 358. This eliminates
the need for carrying clock gating information through the FIFO
which would require that the FIFO be another bit wider than the
actual UV data precision. A delay matching network is substituted
for a UV interpolator, which would work in an analogous fashion to
interpolator 337. This eliminates a very complicated mathematical
function. Moreover, as the gate array is embodied in an integrated
circuit, approximately 2,000 gates are saved. Finally, the UV worst
case signal quality is never degraded below a 4:1:1 (Y, U, V) color
channel during compressions and remains at 2:1:1 quality for
expansions. '

In—accordance with the inventive arrangement shown in with
FIGURES 8 and 11(a), the need for a delay matching circuit is
eliminated. Instead, the FIFO s manipulated in a way which
accomplishes the same results. FIGURES 52(a) and 52(b) illustrate
portion of the luminance and coior component signal paths
respectively in the gate array 300. FIGURE 52(a) represents the
selectable topology corresponding to video compression, wherein the
interpolator 337 precedes the FIFO 356. Only the FIFO 358 is shown
for the color component path.

FIGURES 53(a)-53(!) illustrate an example of video
compression. For purposes of the example, it is assumed that the



which is the output of summng circuit 376 has its two | east significant

bits truncated by circuit 378. The n-2 bit dithered signal.is.then

processed by pix-in-pix processor 320, |atches 352A and 33g§§jﬁﬁﬂggﬁ$4ﬁﬁﬂ§[
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ter cance
ck cycles, although an actual interpolator delay of 20 clock

cycles has been e~countered and the luminance and chrominance are
not time aligned. The select line UV_MUX for the analog switch, or
demultiplexer 344, is an 8 MHz signal derived by dividing the system
clock by 2. With reference to FIGURE 53(a), a one clock wide start of
line SOL pulse synchronously resets the UV_MUX signal to zero at the
beginning of each harizontal video line, as shown in FIGURE 53(b).
The UV_MUX line than toggles in state each clock cycie 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 UV and Y data
streams out of the analog to digital converters 346 and 342 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, _CGY shown in FIGURE 53(e) and _CGUV
shown in FIGURE 53(f), from the interpolator control 349 (see
FIGURE 9) must be similarly delayed. The UV data UV_FIFO_IN which
is shown in FIGURE 53(d) and stored in the FIFO 358 leads the Y data
Y_FIFO_IN shown in FIGURE 53(c) because the luminance data passes
through the interpolator 337 and the coior components are not
interpolated. The reading of the UV_FIFQO data shown in FIGURE 53(h)
from the UV FIFO 358 is delayed by 4 clock cycles with respect to '
reading the Y_FIFO data shown in FIGURE 53(g) from the Y FIFO 356
to adjust for this mismatch. The four clock period delay between
the rising edge of the UV FIFO read enabling signal RD_EN_MN_UV
shown in FIGURE 53(j) and the rising edge of the Y FIFQ read enabling
signal RD_EN_MN_Y shown in FIGURE 53(i) is so indicated. The
resulting Y and UV data streams are shown in FIGURES 53(k) and
53(l) respectively. The worst Y versus UV mismatch is 1 clock
cycle, which is the same result which can be achieved with a more
complex system, such as that wherein the relative positions of a
FIFO and a delay matching circuit can be interchanged.

it can be noted that the reading of the UV FIFO 358 was

delayed by 4 clock cycles even though the interpolator delay in the
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expression, if the delay is designated DLY_RD_UV,:

DLY_RD_UV = (int) ((int) INTERP_DLY+2)*2; where

INTERP_DLY is the number of clock cycles of delay
in the interpolator.

Iin practice, the interpolator can have 20 clock cycles of delay
(INTERP_DLY=20) and the luminance and chrominance (color
components) are not matched. There are many possibilities for the
luminance chrominance signals to become offset in time from one
another. Usually, the color component signals lag behind the
luminance signal due to chrominance demodulation. This raster
mapping system takes advantage of the interpolator delay to
overcome possible Y/UV mismatch. In the case of video compression
DLY_RD_UV may be set from 0 to 31 clock cycles of delay in reading
the UV FIFO 358. Since the luminance interpolator 337 inherently
has 20 clock cycles of delay, and each clock cycle is approximately
62 nsec long, the raster mapping system as described can correct
for up to 1.24 usec (62 nsec x 20) of color component delay with
respect to the luminance signal. Moreover, the raster mapping
system can correct for up to 682 nsec (62 nsec x [31-20]) of
luminance delay with respect to the color component signals. This
provides an extremely high degree of flexibility for interfacing to
external analog video circuits.

Just as the interpolator can introduced a different delay in the
luminaoce channel for video compression, the same can be true for
video expansions. FIGURES 54(a) and 54(b) illustrate portion of the
luminance and color component signal paths respectively in the gate
array 300. FIGURE 54(a) represents the selectable topology
corresponding to video expansion, wherein the interpolator 337
follows the FIFO 356. The UV path including FIFO 358 remains
unchanged. (n the example of video expansion shown in FIGURES
55(a)-55(1), it is assumed that the interpolator has a delay of 5

. clock cycles. The start of line SOL signal, the UV_MUX signal, the
luminance data stream input Y_IN to FIFO 356 and the color




812, the output of which is an n-1 bit signal. The n-1 bit dithered signal
is-an input to limt circuit 816. Qutput values of the [imt ¢RERULLT | Qurn
this case confined to [ -1, 0, 1, ], that is the absolute GEI;EEEAQEW SHEET
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bandpass filter having a gain of two at the center frequency, {which is 174
of the sanple rate. The 2-bit

component data stream input UV_IN to FIFQO 358 are shown in
FIGURES 55(a) through 55(d) respectively. In order to correctly time
align the Y and UV data, the writing of the Y FIFO 356 can be delayed
(DLY WR_Y) or the reading of the UV FIFO 358 (DLY_RD_UV) can be
delayed. Delaying reading of the UV FIFO is acceptable in this
situation because the UV FIFO 358 does not require interpolator
coefficients K and C. In the video compression mode, the writing
could not be deiayed because this would misalign the coefficients
(K, C) with respect to the clock gating information and corrupt the
luminance part of the interpolation. The correct setting for
DLY WR_Y which delays the writing of the Y FIFO by 4 clock cycies
is indicated between the rising edge of the UV FIFQO write enabling
signal WR_EN_MN_UV shown in FIGURE 55(f) and the rising edge of
the Y FIFO write enabling signal WR_EN_MN_Y shown in FIGURE 55(g).
The clock gate signal _CG and Y_FIFO output signal are shown in
FIGURES 55(i) and 55(j) respectively. The resulting Y, UV time
alignment is shown by the relative positions of the Y_OUT and
UV_QUT data streams shown in FIGURES 55(k) and 55(l) respectively.

The ability for the raster mapping system to compensate for
external luminance/chrominance mismatch is just as great for video
expansion as for video compression. This is a very important
function of the raster mapping system, as it eliminates the need for
a variable delay line at the input to the luminance channel to
perform luminance/chrominance matching. The selection of a
particular topology can be based on a variety of factors, including
other circuit considerations

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 tield 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 80f4). The FSW_DAT values indicate which type of field
was written into video RAM. Since there are two fields of data
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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 resuit is
that the small picture maintains correct interlace without a motion
tear.

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

Generation of different special effects such as cropped side-
by-side—pictures are accompiished 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%
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sequences can be particularly advantageous in hiding arti
di splay due to the dithering process itself. These skew n
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two pi xel wgikenable control signal (WR_EN_MN_Y) for the 910 X

8 FIFOs 356

and 358 is active for (1/2)"(4/3) = 0.87 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video

by the 910 x 8 FIFQOs.

In each of the FiFOs, the video data is buffered to be read out
at a particular point in time. The active region of time where the
data may be read out from each FIFO is determined by the display
format chosen. In the example of the side-by-side cropped mode
shown, the main channel video is being displayed on the left hand

half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as
iltustrated. The read enable controil signal (RD_EN_MN) of the main
channel 910 x 8 FIFOs is active for 50% of the display active line
period of the display beginning with the start of active video,
immediately following the videc back porch. The auxiliary channel

read enable control signal (RD_EN_AX) is active for the other 50% of
the display active line period beginning with the falling edge of the

RD_EN_MN signal and ending with the beginning of the main channel

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

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

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

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

a side by side format. The aisplay is particularly effective and
appropriate for a wide format display ratio display, for example
16 X 8. Most NTSC signals are represented in a 4 X3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33%. and introducing aspect ratio
distortion. Depending on user preference, the ratio of picture



presently preferred if the signal will not be dedithered. \Wether or_nat

the signal should be dedithered depends upon the display mﬁp GEM@\?T SHEET
alternative to dithering for data reduction is paired piXpl ~coHpresst-oa;—
which will be explained with reference to FIGURE 44. A figl H s depi ct ed lat
the top of FIGURE 44, the field including lines 1, 2, 3, btf. THHAR 38Vs lof
each line are represented by letters. Hach pi xel denoted [P _w 1l _ be

retai ned, whereas each pixel denoted "R' 68 will be replaced. The

per manent and repl aced pix are skewed by

cropping to aspect ratio distortion may be set any where in between
the limits of 0% and 33%. As an example, two side by side pictures
may be presented as 16.7 % squeezed and 16.7% cropped.

The operation can be described in terms of general ratios of
speedup and cropping. The video display means can be considered to
have a display format ratio of width to height of M:N, the first video
signal source can be considered to have a display format ratio of A:B
and the second video signal source can be considered to have a
display format ratio of C:D. The first video signal can be selectively
speeded up by a factor in a first range of approximately 1 to
(M/N + A/B) and selectively cropped horizontally by a factor in a
second range of approximately 0 to [(M/N + A/B)-1]. The second
video signal can be selectively speeded up by a factor in a third
range of approximately 1 to (M/N + C/D) and selectively cropped
_ horizontally by a factor in a fourth range of approximately 0 to
[(M/N + C/D) - 1].

The horizontal display time for a 16 X9 format display ratio
display is the same as a 4 X3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an -
NTSC video signal must be sped up by a factor of 4/3 to preserve a
correct aspect ratio, without distortion. The 4/3 factor is
calculated as ratio of the two display formats:

4/3 = (18/9) / (473)
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 X3
format display ratio display, each picture must be distorted or
cropped, or some combination thereof, by 50%. A speed up
comparable to that needed for a wide screen application is
unnecessary.

A field synchronization system for aveiding read/write pointer
collisions and maintaining interlace integrity is explained more
fully in connection with FIGURES 28-36. The picture-in-picture
processor operates in such a manner that the auxiliary video data is




one pixel fromline to line. In other words, in the nunber
repl aced pixels are the second, fourth, sixth, etc. In the

primary alternatives are to substitute for each replaced pi
bi-t code or a 2 bit code. The bits for the codes are taken
of bits available for defining the per&@nent pixels. The n
avai l abl e for defining the pixels is limted by the storag
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vi deo processor. In this case, the CPIP chip and the video RAM 350 i npose a
limit of atRmp@dagétivia £40fysclock |tcked tofthe® bolizontaddsynchrenizitgt uted for
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Simlarly,

ogonally sampled data to be stored in the video RA

Data must be read out of the video RAM at the same 640fy rate. The
data cannot be orthogonally displayed from the video RAM without
modification due to the generally asynchronous nature of the main
and auxiliary video sources. In order to facilitate synchronization of
the auxiliary signal to the main signal, a line memory with
independent write and read port clocks is disposed in the auxiliary
signal path after the output of the video RAM 350.

More particularly, as shown in FIGURE 28, the output of the
video RAM 350 is an input to the first of two 4-bit latches 352A and
3528. The VRAM_OUT output is in 4-bit data blocks. The 4-bit
latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches also reduce the data clock rate from
1280fy to 640fy. The 8-bit data blocks are written into the FIFO
354 by the same 640fy clock used to sample the auxiliary video data
for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8.
The 8-bit data blocks are read out of the FIFO 354 by the 1024fy-
display clock, which is locked to the horizontal synchronizing
component of the main video signal. This basic configuration, which
uses a multiple line memory with independent read and write port
clocks, enables data which was orthogonally sampled to be displayed
orthogonally. The 8-bit data blocks are divided into 6-bit luminance
and color difference samples by demultiplexer 355. The data
samples.may then be interpolated as necessary for the desired
format display ratio and written as video data output.

Since the reading and writing of data froam the auxiliary
channel FIFO is asynchronous there is the possibility of read/write
pointer collisions. Read/write pointer collisions can occur when old
data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. Read/write pointer collisions aiso occur
when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO. Interlace integrity must also
be preserved. '
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to descri be each permanent pixel. In either event, each pai

r of successiv

pi xel s (one permanent and one replaced) requires a total Q-
of 8 bits per pair is an average of only 4 bits per pixel*
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auxiliary channel FIFO. For displaying normal format display ratio
video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size,
is capable of storing 5.9 lines of video data, caiculated as follows,
where N is the number if times and L is the length of each line:
N = (2/3) * (0.82) * (640) = 350 based on 82% active line period
L = 2048/350 = 5.9
An aspect of the invention recognizes that precession rates greater
than 2 lines/field are not likely to be encountered. Therefore, a
- design criteria of a 5 line FIFO for the auxiliary channel can be
sufficient to prevent read/write pointer collisions.

The memory usage of the auxiliary channel FIFO can be mapped
out as shown in FIGURE 29. A block diagram for a simplified circuit
formed by D-type flip/fiops for generating line delays (Z-1) and
reset puilses for controlling writing and reading in the FIFO 354 in
the auxiliary signal path is shown in FIGURE 30. At the beginning of
a new main signal field, the write pointer is reset to the start of
the FIFO. This reset puise, denoted WR_RST_AX is the combination
of V_SYNC_MN sampled by H_SYNC_AX. In other words, WR_RST_AX
occurs at the first horizontal synchronizing pulse of the auxiliary
video signal which occurs after a vertical synchronizing pulse of the
main signal. Two main signal horizontal lines later the read pointer
is reset to the start of the FIFO 354. This reset pulse is denoted
RD_RST_AX. In other words, RD_RST_AX occurs at the third
horizontal synchronizing pulse of the main video signal which occurs
after a vertical synchronizing puise of the main signal, or stated
still otherwise, at the second horizontal synchronizing puise of the
main signal which occurs after the WR_RST_AX pulse.

Since the main and auxiliary signails are asynchronous, there is
some ambiguity about exactly where the write pointer is when the
read pointer is reset. it is known that the write pointer is leading
the read pointer by at least two lines. However, if the frequency of
the auxiliary channel horizontal sync is higher than the frequency of
the main channel horizontal sync, then the write pointer will have
advanced past the 2 line marker shown. It is in this way that a



code for pixel R3 will be zero if the value of pixel R3 is closer to the
val ue of the average of pixels B and C than to the '
Ctherwi se, the 1-bit replacement code will be 1. W ﬁﬁﬁhﬁ"ﬁb&y’ﬂ SHEET
reconstructed, pixel R3[err] will be equal in valueitg-tte-averagep
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partitioned into 5 line pieces through appropriately timed read and
write reset signals. In this scheme, the read and write pointers are
initialized at the beginning of each displayed fieild at Ileast 2 lines
apart from each other.

it the FIFO were not a complete 5 lines long, the system would
sacrifice the memory distance from the write pointer to the read
pointer. This is the case for different squeeze modes, for example a
16% squeeze:

16% squeeze N = (5/8) * (0.82) *.640 = 437

L = 2048 (5°437) = 4.7
In these cases, the FIFO proves to be less than 5 lines long. in the
16% squeeze, the actual FIFO length is 4.7 lines. The (0.8) factor in
the N equation of the 33% squeeze reflects an operational limitation
of the CPIP chip.

Since the FIFO read and write resets are spaced by a minimum
of two lines of active video, the sacrifice always comes at the
expense of allowing the read pointer to catch up with the write
pointer. Moreaver, only 80% of the videa line is considered active
because the picture-in-picture processor is not capable of storing
more than 512 video samples in the video RAM 350. In practice, this
still provides a good active video line. In these cases, the
precession rate is being sacrificed for more visibie picture content.
in addition, there is more distortion in the auxiliary video. In the
worst case, up to one line per field of precession can be tolerated
between the main and auxiliary video sources. This is still more
than is necessary for most video sources, and the precession rate
tolerance is sacrificed on those feature modes which can be
expected to be the least used.

Since the FIFO read and write resets are spaced by a minimum
of two lines of active video, the sacrifice always comes at the
expense of allowing the read pointer to catch up with the write
pointer. Moreover, only 80% of the video line is considered active
because the picture-in-picture processor is not capable of storing
more than 512 video samples in the video RAM 350. In practice, this
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precession rate is being sacrificed for more visible picture content.

~ In addition, there is more distortion in the auxiliary video. In the
worst case, up to one line per field of precession can be tolerated
between the main and auxiliary video sources. This is still more
than is necessary for most video sources, and the precession rate
tolerance is sacrificed on those feature modes which can be
expected to be the least used.

Another problem stemming from the asynchronous reading and
writing of the FIFO is that of maintaining interlace integrity of the
auxiliary channel video. Since the display is locked to the main
channel video, the current field type being displayed, that is the
upper or lower field, will be determined by the main signal. The
field type which is stored in the video RAM 350 memory and ready to
be read out at the start of the main channel fieild may or may not be
the same as the displayed field type. It may be necessary to change
the auxiliary field type stored in the video RAM 350 to match that of
the main channel display.

The picture-in-picture processor 320 and the gate array 300
gquantize 262.5 line fields of the NTSC signal into 263 line upper
fields (sometimes referred to odd fields) and 262 line lower fields
(sometimes called even fields). This is due to fact that vertical
synchronizing component is sampled with pulses representing
horizontal synchronizing component. This is illustrated by the
diagram of FIGURE 31. An upper/lower field type indicator has a
value 1 for upper fields and a value 0 for lower fields. The upper
fields include odd lines 1 through 263. The lower fields include even
lines 2 through 262. In FIGURE 32, the first fieild type indicator U/L
MAIN SIGNAL represents the fieid type of the main video channel.
The signal HSYNC_AX represents the horizontal synchronizing
components for each line of the auxiliary channel.

The field type indicator U/L{A) represents the field type
stored in the video ram 350 if each auxiliary channel line were
written in “normally”. The term normal is used here to indicate that
the odd lines 1-263 are written in to the video RAM 350 as the upper
field is being received and decoded. The field type indicator U/L(B)




and C. If the 2-bit code is equal to 3, then the value of pixel R3[err] is
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tacked onto the last line (number 262) of the lower field. This
effectively inverts the field type since line 2 will be the first
displayed line and line 3 will be the second displayed line in the
frame. The received upper field now becomes the lower field and
vice-versa. The field type indicator U/L(C) represents the field type
stored in the video RAM 350 if the last line ot the upper field is
added to the video RAM 350 during the reception of the lower field.
This effectively inverts the field type, since line 263 will be the
first displayed line and line 1 will be the second displayed line.

The addition and subtraction of lines in modes B and C does not
degrade the auxiliary channel picture because these lines occur
during vertical retrace or overscan. The order of the displayed lines
is shown in FIGURE 34, where solid lines represent upper field lines

" and dotted lines represent lower field lines.

As the main and auxiliary channel signals precess, the U/L
MAIN SIGNAL will shift to the left or the right with respect to the
auxiliary channel U/L(A,B,C) field type indicaters. In the position
shown in the diagram, data should be written into the video RAM 350
using mode A, because the decision edge is in zone A. Mode A is
appropriate because when the picture-in-picture processor recsives
vertical synchronizing component, it will write the same field type
into the video RAM 350 as will be required by the display to read
from the video RAM 350 starting with V_SYNC_MN (main channel
vertical_synchronizing component). As the signais precess, the mode
will change according to their relative positions. The valid modes
are shown graphically at the top of FIGURE 32 and in the table of
FIGURE 33. There is an overlap between modes B and C, since most
of the time that mode B is valid, mode C is aiso valid, and vice-
versa. This is true for all but 2 lines out of 262 lines. Either of
modes B or C can be utilized when both are valid.

A block diagram of a circuit 700 for maintaining interiace
integrity according to this inventive arrangement is shown in FIGURE
36. The output signals of circuit 700 are write and read reset

\2avawie | |~JI NC




vertical resolution; in sone cases, better than dit héri_[\mg and dedi t heri ng.

On--t he ot her hand, the resolution of diagonal transitid Sy L a1
as good as dithering and dedithering. In accordance wt m—j K@ﬁ&ﬁf\‘g@ﬂh
arrangenent, a nunber of data reduction and data restorjatji on schemes wjl |

be-avail abl e, including for exanple paiggd pixel conprgsgi o @pdrdisnedi ng
and dedithering. Mreover, different dithering sequencgs ji nvol ving

different nunbers of bits and different paired pixel cd FESSTOTTS™ 1T ving

different neghaol igidikstom te e PANVSS0.2 e FIFDR 38 .
reduct!o_n aréd r st%atlir}hsc'p@gf n, be sel ect ed é tﬂ_le errlPrn or der
to maxim ze IR RAN NS eHE éﬁa%@%’ﬁ%‘& $igrak R . p@ds (SHOWMAN ki nd of
vi deo di spl &yGARER8. The field type of the main video signal is determined

from a pair of signals, VSYNC_MN AND HSYNC_MN. The field type of

the auxiliary video signal is determined from a corresponding pair of

signals, VSYNC_AX AND HSYNC_AX. Each pair of signals has a

predetermined phase relationship which is set in the gate array.

This relationship is shown in FIGURES 35(a)-35(c), which apply to

both pairs of signals. In each case, HSYNC is a square wave, whose

rising edge corresponds to the start of a horizontal line of the

respective signal. In' each case, VSYNC has only one rising edge per

field, which corresponds to the start of a vertical field of the

respective signal. The relationship between the rising edges of the

respective pairs of signals is tested by circuit 700 to determine

what steps, it any, are necessary to match the field type of the

auxiliary signal to the field type of the main signal. In order to

prevent ambiguity, the leading edges of the main pair of signals are

never closer than 1/g of a horizontal line period. The leading edges

of the auxiliary pair of signals are never closer than 1/ of a

horizontal line period. This prevents jitter of the leading edges

relative to one another. This relationship is assured by the timing

circuits in the gate array. '

The main signal pair VSYNC_MN and HSYNC_MN are inputs to a
first field type circuit 702, which comprises two D-type flip/fiops.
in one case, HSYNC_MN is sampled by VSYNC_MN, that is, VSYNC_MN
is the clock input. The output of this flip/flop is an upper/iower
field indicator UL_MN for the main signal, which can be a logical Hli
for an upper field type and a logical LO for a lower field type,
although this is arbitrary. In the other case, VSYNC_MN is sampled
by HSYNC_MN, just as in flip/flop 852 explained in connection with
FIGURE 30. This provides an output VH, which is the vertical
synchronized to the horizontal.

The auxiliary signai pair VSYNC_AX and HSYNC_AX are inputs
to a first field type circuit 710, which aiso comprises two D-type

- flip/flops. In one case, HSYNC_AX is sampled by VSYNC_AX, that is.
VSYNC_AX is the clock input. The output of this flip/flop is an
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channel zooppetiomearefield nintficator UL_AX for the auxiliary signal, which

can be a logical Hi for an upper field type and a logical LO for a
lower field type, although this is arbitrary. In the other case,
VSYNC_AX is sampled by HSYNC_AX, just as in flip/flop 852
explained in connection with FIGURE 30. This provides an output VA,
which is the vertical synchronized to the horizontal.

The field type determination for both signals is shown in
FIGURES 35(a)-35(c). If the rising start of field edge occurs in the
first half of the horizontal line period, as in FIGURE 35(b), the field
is a lower field type. If the rising start of field edge occurs in the
second halif of the horizontal line period, as in FIGURE 35(c), the
field is an upper field type.

The VH for the main signal and HSYNC_MN are inputs to delay
circuits 704, 706 and 708, which provide horizontal line period
delays to assure the proper phase relationship of the output signals
WR_RST_FIFO_MN, RD_RST_FIFO_MN and RD_RST_FIFO_AX. The
delay operation, which can be implemented by D-type flip/flops, is
similar to the circuit shown in FIGURE 30. Two to three horizontal
line periods of delay are provided between the write and read
pointers. .

The upper/lower field type indicator UL_MN corresponds to U/L
MAIN SIGNAL shown at the top of FIGURE 32 and is one input to a
UL_SEL comparator 714. The other inputs to comparator 714 are
supplied by UL_AX test generator 712. Test generator 712 has the
UL_AX field indicator as an input, as well as HSYNC_AX as a clock
input. Test generator 712 provides signals U/L{A), U/L(B) and U/L(C)
shown Trr the bottom of FIGURE 16, corresponding to the three
possible modes A, B and C. Each of the signals U/L(A), U/L(B) and
U/L(C) is compared with UL_MN, at the time of the decision edge of
U/L_MN, aiso shown in FIGURE 32. If UL_MN matches U/L(A), the
field types match and no action to maintain interlace integrity is
necessary. |f UL_MN matches U/L(B), the field types do not match.
It is necessary to delay writing the upper field by one line to
maintain interlace integrity. If UL_MN matches U/L(C), the field
types do not match. It is necessary to advance writing the lower
field by one line to maintain interlace integrity.
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channel neynohtorszingi signafsoRST )A,3RSTuB-and RST_C generated by

RST_AX_GEN generator 716. The three vertical synchronizing

signais RST_A, RST_B and RST_C have different phases relative to

one another in order to implement the corrective action, or no
corrective action, to maintain interlace integrity according to the
output of the comparator 714. Delay circuit. 722 resynchronizes the
selected vertical synchronizing signal with the auxiliary video input

to generate WR_RST_VRAM_AX. Delay circuit 720 performs a

similar function for generating RD_RST_VRAM_AX and _

WR_RST_FIFO_AX. As seen in FIGURE 32, modes B and C overlap

most of the time. In fact, only two out of every 525 comparisons

will require only one of modes B or C, rather than either. The

comparator 714 can be arranged to favor mode C over mode B when

both modes are valid. This choice can be arbitrary, or based on other
circuit considerations.

The circuit 111 shown in FIGURE 4(b) suggests how the circuit
11 of FIGURE 4(a) might be modified to incorporate a liquid crystal
display (LCD) system. The raster mapping techniques utilized in the
digital signal processing explained in detail above are also
appropriate for a liquid crystal display system. The pixel map
generated by the LCD matrix address generator 113 is based upon the
digital multiplexed output of the gate array, Y_MX, U_MX and V_MX.
The LCD matrix address generator 113 drives an liquid crystal
display.means 115.

Data reduction or compression, and data restoration or
expansion, can be accomplished by alternative methods, in
accordance with various inventive arrangements. In accordance with
one aiternative, the auxiliary signal is “dithered” by a resolution
processing circuit 370 and “dedithered” by resolution processing
circuit 357. Resolution processing circuit 370 may also be thought
of as a data reduction circuit and resolution processing circuit 357
may also be thought of as a data restoration circuit. Dithering is a
process wherein an n-bit signal has an m-bit dithered sequence
added thereto, after which the m least significant bits are
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2-bit dithering circuit and corresponding 2-bit dedithering circuit
are shown in FIGURES 41 and 42 respectively.

With reference to FIGURES 39 and 40, a summing circuit 372
combines an n-bit signal with a 1-bit dither sequence. An
advantagebus 1-bit dither sequence is 01010101, etc. After adding
the dither sequence to the 1-bit signal, the least significant bit is
truncated by circuit 374. The n-1 bit dithered signal is then
processed by pix-in-pix module 320, latches 352A and 352B and FIFO
354. The subsequent output of the pip decoding circuit 3068 is an n-
1 bit dithered signal. In data restoration circuit 357 the n-1 bit
dithered signal is supplied to a summing circuit 802 and one input of
an AND gate 804. A signal on the other input of AND gate 804 masks
the least significant bit of the dithered signal. The output of AND
gate 804 is supplied directly to one input of exclusive OR gate 801
and is delayed by one clock, or one pixel, by circuit 806, before being
supplied as the other input to exclusive OR gate 808. The output of
exclusive OR gate 808 is one input to AND gate 810 and the input to
Y interpolator 359, the input forming the new least significant bit
of the dedithered signal. The other input of AND gate 810 is a signal
having the same dither sequence and the same phase as the dithering
signal applied to summing junction 372. The output AND gate 810 is
a subtractive input to summing circuit 802. The output of summing
circuit 802 is combined with the additional bit supplied by the -
output of exclusive OR gate 808. providing an n-bit, dedithered
-signal as an input to Y interpolator 359.

With reference to FIGURE 41, a 2-bit dithering circuit 370’
comprises a summing circuit 376, which combines and n-bit signal
with a 2-bit dither sequence. In accordance with an inventive
arrangement, the dither signal can be defined by any repetitive
sequence of the numbers 0, 1, 2, 3 in any order within the sequence.
This definition includes the foilowing sequences, as listed in
Table 1.
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0123 1023 2013 3012
0132 1032 2031 3021
0213 1230 2103 3120
0231 1203 2130 3102
0312 1302° 2301 3201
0321 1320 2310 3210

A 2-bit dither sequence which is particularly advantageous is
02130213, etc., which is illustrated in FIGURE 41. The n-bit signal
which is the output of summing circuit 376 has its two least
significant bits truncated by circuit 378. The n-2 bit dithered
signal is then processed by pix-in-pix processor 320, latches 352A

and 352B, FIFO 354 and pip decoding circuit 306B.
It appears that the guarter-frequency component
more objectionable than the half-frequency component,

is usually
even though

the quarter-frequency component has half the amplitude of the half-
frequency component. Accordingly, a dedithering scheme can be
chosen to suppress only the quarter-frequency component. A first
signal path of the dedithering circuit is for delay and amplitude
matching. A second signal path includes a combination inverted
bandpass filter and limiter. The inverted bandpass filter cahcels the
frequency at the center of the passband when added to the delay and
amplitude matched original signal. The limiter assures that only
amplitudes of dither size will be cancelled. This dedithering
arrangement has no effect upon the half sample frequency component
of the dithered signal. The half-frequency signal component is low
enough in amplitude and high enough in frequency to have

sufficiently low visibility to avoid causing a problem.

Such a dedithering circuit 3060' is shown in FIGURE 42. The n2

bit signal at the output of pip decoding circuit 3068 is

an input to a two clock, or two pixel, delay circuit 822,

supplied as
a two clock,

or two pixel, delay circuit 814 and a summing circuit 812. The
output of delay circuit 814 is a subtractive input to summing circuit

812, the output of which is an n-1 bit signal. The n-t

bit dithered

signal is an input to limit circuit 816. . Qutput values of the limit

circuit are in this case confined to { -1, 0, 1, ], that is

the absolute
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the center frequency, which is 1/4 of the sample rate. The 2-bit
signal is a twos complement signal. The output of summing circuit
820 is a 3-bit signal, which is.a subtractive input to summing
circuit 826. The n-2 bit output of delay circuit of 822 is an input to
multiplier 824. The output of multiplier 824 is an n-bit signal,
wherein the two least significant bits are equal to 0. The values for
the two least significant bits (and some correction) are supplied by
the summation in circuit 826. The output of summing circuit 826 is
an n-bit partially dedithered signai, which is an input to Y
interpolator 359.

The resolution, or perceived quality, of the dedithered video
signal can be improved under some circumstances by skewing the

~ dither sequence. The dither sequence, whether a one or two bit

sequence, repeats continuously on a given line but is phase shifted
on different lines. Many possible skewing schemes are possible.
Two skewing sequences can be particularly advantageous in hiding
artifacts in the display due to the dithering process itself. These
skewing sequences are shown in FIGURE 43. The one and two pixel,
field to field skews are those in which all the lines of one field have
the same phase and all the lines of the next field are skewed one or
two pixels with respect to the first fieid. The fieid to field skews
on 2-bit dithered signals work best for frozen pictures. Some line
structure can be visible during live video, where there are flat areas
in motion. The one pixel skew is particularly advantageous for 2-bit
dithers if the signal will be dedithered, but the two pixel skew is
presently preferred if the signal will not be dedithered. Whether or
not the signal should be dedithered depends upon the display format.

An alternative to dithering for data reduction is paired pixel
compression, which will be explained with reference to FIGURE 44.
A field is depicted at the top of FIGURE 44, the field including lines
1, 2, 3, etc. The pixeis of each line are represented by letters. Each

- pixel denoted "P" will be retained, whereas each pixel denoted "R"

ma
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the replaced pixels are the second, fourth, sixth, etc. In the even
number lines, the replaced pixels are the first, third, fifth, etc. The
two primary alternatives are to substitute for each replaced pixel
either a 1 bit code or a 2 bit code. The bits for the codes are taken
from the number of bits available for defining the permanent pixels.
The number of bits available for defining the pixels is limited by the
storage capacity of the video processor. In this case, the CPIP chip
and the video RAM 350 impose a limit of an average of 4 bits per
pixel. If a 1-bit code is substituted for each replaced pixel, then 7
bits ars available for each permanent pixel. Similarly, if a 2-bit
code is substituted for each replaced pixel, then 6 bits are available
to describe each permanent pixel. In either event, each pair of
successive pixels (one permanent and one replaced) requires a total
of 8 bits. A total of 8 bits per pair is an average of only 4 bits per
pixel. The data reduction is in the range of 6:4 to 7:4. The
replacement sequence is illustrated in a portion of the field
including three successive lines: n-1, n, n+1. Pixeis to be replaced
are designated R1, R2, R3, R4, and R5. Pixels to remain are
designated A, B, C and D.

In accordance with a 1-bit coding scheme, a zero will be
substituted for a replacement pixel if it is closer in value to the
pixel above it than it is closer in value to the average of the pixels
on each side. For the example in FIGURE 44, the 1-bit repiacement
code far pixel R3 will be zero if the value of pixel R3 is closer to
the value of the average of pixels B and C than to the value of pixel
A. Otherwise, the 1-bit.replacement code will be 1. When the data
is reconstructed, pixel R3' will be equai in value to the average of
the values of pixels B and C if the 1-bit code is 0. if the 1-bit code
is equal to 1, then the value of pixel R3' will be the same as the
vaiue of pixel A.

A replacement and reconstruction sequence for a 2 bit code is
also illustrated. For pixel R3, the 2-bit replacement code is equal to
0 if the value of R3 is ciosest in value to the value of pixel A. The
2-bit replacement code is equal to 1 if the value of R3 is closest in




circuit [err] 1000 conprises aline counter 1004, a field counter 1006 and a
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values A and C. The 2-bit replacement code is equal to 3 if the value
of R3 is closest in value to the average of vaiues B and C. The
reconstruction sequence follows the replacement sequence. If the 2
bit code is 0, the value of pixel 'R3' is equal to the value of A. If the
2-bit code is equal to 1, the value of pixel R3' is equal to the
average of the values of A and B. If the 2-bit code is equal to 2, the
value of pixel R3' is equal to the average of the values of pixels A
and C. If the 2-bit code is equal to 3, then the value of pixel R3' is
equal to the average of the values of pixels B and C.

A 1-bit code is advantageous insofar as the permanent pixels
are described with 1 bit more resolution. The 2-bit code is
advantageous in that the replaced pixels are described with more
resolution. Basing calculations on the values of only two lines, that
is for example, n-1 and n, or n and n+1, is advantageous in
minimizing the necessary line storage capacity. On the other hand, a
more accurate replacement sequence might be generated if the vaiue
D is included in the calculations, but at the cost of requiring an
additional line of video storage capacity. Paired pixe! compression
can be particularly effective for providing good horizontal and
vertical resolution; in some cases, better than dithering and
dedithering. On the other hand, the resolution of diagonal
transitions is generally not as good as dithering and dedithering.

in accordance with an inventive arrangement, a number of data
reduction and data restoration schemes will be available, 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
number of bits will also be available. The particular data reduction
and restoration scheme can be selected by the WSP uP in order to
maximize resolution of the displayed video for each particular kind
of video display format.

The wide screen processor also has the capability to control
the vertical deflection to perform a vertical zoom function. The
topology of the wide screen processor is such that both auxiliary and
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positive Main channel horizontal raster mapping (interpolation) functions -:

independent of each other and independent of vertical zoom (which
manipulates the vertical deflection). Because of this topology, the
main channel may be expanded both horizontally and vertically to
maintain a correct aspect ratio main channel zoom. However, unless
the auxiliary channel intarpolétor settings are changed, the PIP
(small picture) will zoom vertically but not horizontally. Therefore,
the auxiliary channel interpolator can be made to perform larger
expansions to maintain a correct image aspect ratic of the PIP small
picture as the vertical is expanded.

A good example of this process occurs when the main channel
is displaying 16 x 9 letterbox material, as explained in more detail
below. Briefly, the main horizontal raster mapping is set to 1:1 (no
expansion, no compression). The vertical is zoomed 33% (that is,
expanded by 4/3) to eliminate the black bars associated with
letterbox source material. The main channel image aspect ratio is
now correct. The auxiliary channel nominal sefting, for 4 x 3 source
material with no vertical zoom, is 5/6. A different value for the
expansion factor X is determined as follows:

X = (5/g) * (3/4) = Sig |
When the auxiliary channel interpolator 359 is set for S/g, the
correct small picture image aspect ratio is maintained and the
objects inside the PIP appear without aspect ratio distortion.

It is a particular advantage of wide format display ratio
televisions that letterbox signals can expanded to fill the wide
format display ratio display screen, aithough it may be necessary to
interpolate the signal to prowvide additional vertical resolution. In
accordance with an aspect of the invention, an automatic letterbox
detection circuit is provided, which automaticaily implements
expansion of the 4 x 3 format aisplay ratio signal which includes the
16 x 9 format display ratio letterbox display. The automatic
letterbox detector is explained in detail in connection with FIGURES
45-49. _

In order to increase the vertical height of the letterbox signal.
the vertical scan rate of display video is increased so that the black
regions at the top and bottom of the picture are eliminated, or at
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generally to that shown in diagram form in FIGURE 45. Regions A and
C have no active video, or least video luma levels which are less
than a predetermined luma threshold. Region B has active video, or
at least video luma levels which are more than the predetermined
luma threshold. The respective time intervals of regions A, B and C
are a function of the letterbox format, which can range from 16 x 9
to 21 x 9. The time duration of regions A and C is approximately 20
lines each for 16 x 9 letterbox format. The letterbox detector
examines the luma levels for regions A and/or C. If active video, or
at least a minimum video luma level, is found in regions A and/or C,
the letterbox detector provides an output signal, for example a
logical 0, indicating a normal 4 x 3 format display ratio NTSC signal
source. However, if video is detected in region B, but not in regions
‘A and C, then the video is presumed to be a letterbox signal source.
In this case, the output signal would be a logical 1.

Operation of the detector can be improved by hysteresis, as
shown diagrammatically in FIGURE 46. Once a letterbox signal has
been detected, a minimum number of fields of nonlefterbox signal
must be detected before the display is changed to that necessary for
normal 4 x 3 signals. Similarly, once a normal 4 x 3 signal has been
detected, letterbox format must be detected for minimum number of
fields before switching the display to a wide screen mode. A circuit
1000 for implementing this technique is shown in FIGURE 47. The
circuit 1000 comprises aline counter 1004, a field counter 1006 and
a detector circuit 1002, in which the algorithm described above is
performed to analyze the video signal.

In another inventive arrangement, letterbox detection is
accomplished by calculating two gradients for each line in the video
field. Four values are required to calculate the two gradients:
maximum and minimum values of the current line, and maximum and
minimum values of the praevious line. The first gradient, designated
the positive gradient, is formed by subtracting the minimum value of
the previous line from the maximum value of the current line. The
second gradient, designated the negative gradient, is formed by
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have positive or negative values depending on scene content, but the

negative values of both gradients may be ignored. This is because

only one gradient may be negative at a time, and the magnitude of

the gradient with the positive ‘value will always be greater than or

equal to the magnitude of the gradient with the negative value. This

simplifies the circuitry by eliminating the need to calculate an

absolute value of the gradients. If either gradient has a positive

value which exceeds a programmable threshold, video is considered

to be present on either the current line or on the previous line.

These values can be used by a microprocessor to make a

determination of whether or not the video source is in the letterbox

format.

A circuit 1010 for implementing this method of letterbox

" detection is shown in block diagram form in FIGURE 48. The circuit
1010 comprises a luma input filter, a line maximum (max) detector
1020, a line minimum (min) detector 1022, and an output section
1024. The luma input filter comprises finite impulse response (FIR)
stages 1012 and 1014 as well as adders 1016 and 1018. The
letterbox detection circuit 1010 operates on the digital luma data
Y_IN from the wide screen processor. An input filter is utilized in
order to improve noise performance and make detection more
reliable. The filter is essentially two cascaded FIR stages, having a
transfer function as follows:

COHE) = (Ma)* (1 +ZY) (1 + 29,
The output of each stage is truncated to eight bits (divided by two)
to maintain a DC gain of one.

The line max detector 1020 includes two registers. The first
register contains the maximum pixel value (max pix) at the current
point in the line period. It is initialized at the beginning of every
line period by a one clock wide pulse designated SOL (Start of Line)
to a value of 80h. The value of 80h represents the minimum possible
value for an eight bit number in two's complement format. The

" circuit is enabled by a signal, designated LTRBX EN, which goes high
for approximately 70% of the active video line. The second register
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line, and is updated once per line period. Incoming luma data Y_IN is
compared to the current maximum pixel value stored in the max pix
register. If it exceeds the register value, the max pix register is
updated on the next clock cycle. At the end of the video line, max pix
will contain the maximum value over the entire portion of the line
for which it was enabled. At the beginning of the next video line,
the value of the max pix register is loaded into the max line
register. '

The line minimum detectar 1022 works in an identical manner
except that the min line register will contain the minimum pixel
value for the previous line. The min pix value is initialized to a
value of 7Fh, which is the maximum possible pixel value for an eight
bit number in the two's complement format.

The output section 1024 will take the max line register value
and the min line register value, and store them in eight bit latches
that are updated once per line. Two gradients are then calculated,
namely the positive gradient and the negative gradient. On the first
line in a field where either of these gradients is positive and
greater than the- programmable threshoid, an enable signal is
generated which allows a first line register to be loaded with the
current line count value. On every line where either of the gradients
is positive and exceeds the programmable threshold, another enable
signal is generated which allows a last line register to be loaded
with the current line count value. In this manner the last line
register will contain the last line in the field where the threshold
was exceeded. Both of these enable signais are only allowed to
occur between lines 24 and 250 in each field. This avoids false
detections based on closed captioning information and on VCR head
switching transients. At the beginning of every field, the circuit is
reinitialized, and the values in the first line and last line registers
are loaded into respective letterbox end registers. The LTRBX_BEG
and LTRBX_END signals mark the beginning and end respectively of a
letterbox signal.

FIGURE 49 illustrates an automatic letterbox detector as part
of a vertical size control circuit 1030. The vertical size control
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transmitted as separate signals. In accordance with an inventive
arrangement, the automatic letterbox detection circuit can
automatically implement vertical zoom or expansion of the 4 x 3
format display ratio signal which includes the 16 x 9 format display
ratio letterbox display. When the output signal VERTICAL SIZE ADJ
becomes active, the vertical deflection height is increased by 4/3 by
vertical size circuit 500 shown in FIGURE 22, which enables the
active video portion of the letterbox signal to fill the wide screen
without image aspect ratio distortion. In yet another alternative,
not illustrated in the drawings, the automatic letterbox detector
may comprise a circuit for decoding a code word or signal carried by
a letterbox signal source which identifies the signal as letterbox
format.

The vertical display control circuit 1034 also controls which

part of the overscanned raster will be displayed on the screen, a
feature referred to as vertical panning. If the vertically
overscanned video signal is not in letterbox format, the conventional
display format picture can be zoomed, that is expanded, to simulate
a wide screen format. In this case, however, the portions of the
picture cropped by the 4/9 vertical overscan will contain active
video information. It is necessary to vertically crop 1/3 of the
picture. Absent further controls, the top 1/g and bottom 1/g will
always be cropped. However, picture content may dictate that more
of the top than the bottom of the picture is better cropped, or vice
versa. If all action is at ground level, for example, a viewer might
prefer to crop more sky. A vertical panning capacity enables a
choice as to which part of the zoomed picture will be shown and
which part will be cropped. ' '

Vertical panning is explained with reference to FIGURES 23 and

24{a)-(c). The three level composite vertical blanking/reset signal
is shown at the top of FIGURE 23. Thess signals can be generated
separately. The vertical blanking pulse begins when the signal
L_COUNT is equal to VRT_BLNKOQ and ends when L_COUNT is equal to
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occur bet voeviRTi REHASE amdl 12518 for HRBBrizbAtal linBY. S TR deJgNTeisdtieect | ons

based on ¢} 356 of W bR bl 9cd I RF Tedd o Wéed track of Ktizontal half lines
with respect to the leading edge of VSYNC_MN. VSYNC_MN is the
synchronized version of VDRV_MN, which is the vertical
synchronizing component of the main signal provided to the gate
array. VRT_BLNKO and VERT_BLNK1 are provided by the
microprocessor depending upon the vertical panning command.
VRT_PHASE programs the relative phase of the VERT_RST output
with respect to the rising edge of the vertical synchronizing
companent in the COMP_SYNC output. The COMP_SYNC output is the
output of a J-K flip/flop. The state of the flip{/flop is determined
by decoding the outputs of L_COUNT and H_COUNT. H_COUNT is the
horizontal position counter. The L_COUNT counter is used to
segment the COMP_SYNC signal into three segments corresponding to
the horizontal synchronizing puise, the equalization pulse and the
vertical synchronizing puise.

A vertical deflection current for no overscan, which actually
refers to the normal 6% overscan, is shown by dotted lines, as is the
corresponding vertical blanking signal. The width of the vertical
blanking puise for no overscan is C. The vertical synchronizing pulse
is in phase with the vertical reset pulse. A vertical deflection
current for the overscan mode is shown by a solid line, as is the
corresponding vertical blanking pulse, having pulse width D.

if the bottom overscan A is equal to the top overscan B, the
display-will be as shown in FIGURE 24(a). If the vertical reset puise
is generated so as to lag the verucal synchronizing pulse, the
bottom overscan A is less than the top overscan B, resulting in the
display shown in FIGURE 24(b). This is a downward vertical pan,
displaying the lower part of the picture and blanking the top third of
the picture. Conversely, if the vertical reset pulse is generated so
as to lead the vertical synchronizing pulse, the bottom overscan A is
more than the top overscan B, resuiting in the display shown in
FIGURE 24(c). This is an upward vertical pan, displaying the upper
part of the picture and blanking the bottom third of the picture. The
relative phase of the vertical synchronizing signal and the vertical




switching transients. At the beginning of every field, _
rernitialized, and the values in the first line and |la hf
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| oaded into respective letterbox end registers. The LT BR[err]Btb and

LTR err] END signals mark the begi nning and end respectjv Iy1 @fMé% @gﬂertox

signal. FIGURE 49 illustrates an autorrz%ic | etterbox detject or
vertical size control circuit 1030. Thé“vertical sizelc f fh

oft a

conprises a |letterbox detector 1032, a vertical displia

rduit

reset signal is controllable by the WSP uP 340, to enable vertical
panning during overscan modes of operation. It will be appreciated
that the overscanned raster remains vertically centered, or
symmetric, on the picture tube or screen during vertical panning. |t
is the blanking interval which can be vertically moved, or
positioned, asymmetrically with respect to the center of the raster,
so as to blank more of the picture at the top than the bottom, or vice
versa.

The wide screen television according to various inventive
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
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
sampies 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 s/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 impuise response (FIR)
filter with fixed coefficients and a four point variable interpolator,
as is illustrated by FIGURE 56-57. The FIR filter output is spatially



control circuit 1034 and a 3-state output device 1036. H-ef-aatyelby; e
vertical blanking and vertical reset pulses can be tra Rﬁrﬁ?ﬁ,ﬁéﬂ,%ﬁ%s@ﬁ&ﬁat e
signals. In accordance with an inventive arrangenent, tihg autoiatic
| etterbox detection circuit can automatically inplenment} vert i@@l},‘ L@ﬁfn ar
expansion of the 4 x 3 format display ratio signal which i ndl d’é‘g e 16 |x
9 format display ratio |etterbox display. Wen the out putlsi-gral—VERFHEAL
S| ZE ADJ becones active, the vertical deflection height}jis increased by
[err]/3 by vertical size circuit 500 shown in Fl GURE 22;—wtri-th~Emablres the
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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 intarpolation fiiter of the prior art
provides accurately interpolated samples as long as the frequency
companents 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 58. A signal DS_A of digital samples at a sampling
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
exampie at the midpoint between each value. Signal DS_A is aiso 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
muitiplexer 393, resulting 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 fiiter, for example,

. having tap weights of:
-1/32, 5/g4, *V1/ga4, 513, S/g, -11/g4, Slgs, 132




may conprise a circuit for decoding a code word or si
| etterbox signal source which identifies the signal a
The vertical display control circuit 1034 al so controlfs which part of |the
overscanned raster will be displayed on the screen, a if datyreMprieg7 ed {
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interleaving, the signal being processed by the variable interpolator
never contains frequency components higher than 1/4 the sample
rate. .

An advantage of the two-stage interpolator is to allow
accurate interpolations for signals with bandwidths approaching 1/;
the sample rate. Thus, the system is most appropriate for display
modes requiring time expansion, such as zoom, where the object is
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.

A two stage interpolator 390' appropriate for a zoom
application is shown in block diagram form in FIGURE 58.
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 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
data stream DS_A at a reduced rate of fs. The fs clock is composed
of a subset of fiN clock puises, 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 fiiter 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 sampie value for each fiN period. The accumulator circuit,
including latch 398 and summer 399 produces an output which
increments by r = 2/ each fIN clock period. The fractional part
controis the variable interpolator -by supplying the K value from
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FI GURE 23. These signals can be generated separat el

pul se begafth BR8N T wiedar cdrlthst 2OL)! gélerdtd:

LCOUNT T Sl 142h 397, for reading of the FIFO 395 and shifting data
through the FIR filter 391, the delay circuit 392, the multiplexer
393 and the interpoiator 394. Divider 386 provides the fs signal
from the 2fs signal. )

In accordance with further aspects of the invention,
interpolators can be implemented which have the advantage of
providing the buffering of the auxiliary and main channel video
without additional line memory. The main channel line memory
therefore becomes a dispiay memory as well. A requirement of
existing variable interpolation filters is a need for two.
multiplications, as is apparent from consideration of the filter
shown in Figure 12 of U.S. Patent 4,694,414. The first
muitiplication is by a factor C, a 2-bit number. The second
multiplication is by a factor K. Factor K is a 5-bit number, allowing
for the case where K=16/16. There are two possible ways to avoid
the need for a 5-bit multiplication. First, multiply by 1-K, instead
of multiplying by K; and, never choose K=0 as a display point.
Alternatively, muitiply by K; and, never choose K=1 as a display
paoint.

A simplified muitiplier for a 1/16 or 1/32 resolution
interpolator is shown in FIGURE 61. The multiplier allows a variable
“a” to be multiplied by a 5§ bit variable “b", where “b" = (b4, b3, b2,
b1, bg). The term bp is the least significant bit (LSB) and the term
ba is the most significant bit (MSB). The values of “b” will be
limited o0 whaole numbers between 0 and 16 inclusive, although a
similar technique can be used to build more complicated muitipliers.
For example, a multiplier for whole numbers between 0 to 32 can be
derived from the same principle. The conditional muiltiplier by 2
multiplies the output of the preceding adder by 2 when b=10000.
The number “a" is an n-bit number for the illustrated embodiment.
The conditional muitiply by 2 function can be implemented, for
example, by a shift register or a muitiplexer.

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
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REPLALEMEND ML
75 VRTBLNK1. The vertical reset pulse starts when L NT 1s equal t .
VRT[ err] PHASE and | asts for 10 horizontal l|ines. The LC:ClJI)'I'[I\,ﬁ;‘Rt‘fg@']o t put :
of a ten bit counter used to keep track of horizontal} Half Tines wit :
respect to the | eading edge of VSYNC[ err] M. VSYNCWN |} set-he~synchr oni zgd
version of VDRVMN, which is the vertical synchronizing conponent of i
‘main signal provided to the gate arragg VRT[err] BLNKOand VERTBLNK1 are
provi ded by the m croprocessor dependi ng upon the vertical panning comrand.
VRT PHASE prograns the relative phase of the VERT[err] RST out put

the interpolator muitipliers. It is very advantageous, for this
reason, to encode the vaiue of C into the value of K, such that a
single 4-bit or 5-bit word can convey both K and C values. It will be
appreciated that C- 'K). A table of appropriate K and C values is
shown in FIGURE 62, where K is a 5 bit number. A number of OR
gates can be used in the configuration shown in FIGURE 63 to

directly determine the values of C. The values are shown in the
table of FIGURE 64.

_ Additional implementations are possible to achieve various
function of C=f(K), as shown by the alternative decoder in FIGURE 65.
For example, with this decoding scheme, only a few gates can
eliminate the need for an on chip look-up table or additional
registers to hold the C values. Factor K can be more easily decoded
using the circuit shown in FIGURE 686.

Two stage interpolation as explained in connection with
FIGURES 56-58 can be optimized to surpass .25 ts, where fs is the
original sample frequency, in an alternative fashion to that
explained in connection with FIGURE 5§9. The frequency curves in
FIGURE 67 show that for all values of K=[0, 1/8, 2/8...1], the
deviation in frequency response at .25fs, in terms of magnitude, is
0.5 dB. Visibie artifacts can be expected to occur when the
amplitude response of the various interpolation filters are more
than 0.5 dB apart. Certain simulations suggest that visible
artifacts can occur when the amplitude responses are more than 1.0
dB apart. Thus, the horizontal interpolator's individual 'response for
selected-values of K should form an envelope of responses such that
for no frequency the response curves are more than 1.0 dB apart as
shown in FIGURE 687. The cntical frequency at which artifacts can
be expected to become visible 1s designated fc. As a practical
matter, the cutoft frequency or divergence of the frequency response
curves should be minimized as much as possibie below fc.

in order to extend the frequency bandwidth of the interpolator
according to another aspect of the invention, a 2n+4 tap
compensation network can be provided, which wiill extend the value
of fc for the averall horizontal interpolator. Moreover, such a
compensation network can be implemented without adding an



with respect to the rising edge of the vertical synchronya a '
t he COMP_SYNC out put. The COVP[err] SYNC output is the ou @ﬂm%?ﬂ??mﬂ
flip/flop. The state of the flip(/flop is determ ned by defroding the
outputs of L[err] COUNT and HCOUNT. HCOUNT is the horizonftal pp8iMARTI7
ceunter. The L[err] COUNT counter is used to segnent the [err] SYNC
signal into three segnents correspondi gl to the horizonthl "Synchroni zing
pul se, the equalization pulse and the vertical synchroniking pulse. A

vertical deflection current for no overscan, which actually refers to the

nor mal  6%auditicrain controt haariatle, doid eHetdfoRS arfadditib gl Heigrés Pendi ng
verti cal tﬂ.g%gé@g signal. The wdth of the vertical blanking pulse for no
overscan i s C'_The vertical synchronizing pul se

The following compensation network for a linear interpoiator

can extend the critical frequency fc of the overall interpolator to
.7 x fs/2 or .35 fs, using the criteria of a 0.5 dB maximum allowed
envelope. If the 1.0 dB criteria is used, then the curves diverge at
fs = .75 x fs/2 = .375 fs. Furthermore, if the values of K0, 1 are
avoided in the design, such that they need not be chosen, the
frequency bandwidth can be extended to even slightly beyond this fc.
Moreover, the amount of peaking is controllable by choosing the
value of C.

An eight point interpolator can be formed by a linear
interpolator, and an eight tap FIR filter to provide amplitude and
phase compensation. The overall interpolator can be described by:

C/2-Z-1(C-3/2) 4 Z-2(K+C)+Z-3(1-K+C) -Z-4(3/2)(C)+(C/2)(Z-5),
for values of K = [0, 1/16, 2/186,...1].
The relationship between K and C is shown in the table and graph of
FIGURES 68 and 69. The set of curves evidence less than 1.5 dB
ripple in the pass band. The critical frequency is at fc = .7 x fs/2
for this compensation network.

This aspect of the invention can be extended to an eight tap
compensation network that provides additional useable bandwidth.
The eight point interpolator can be formed by an eight tap FIR
compensation filter and a two point linear interpolator, as shown in
FIGURE 70.

Three such compensation networks can be defined by the
following:

(1) -Cl4+2-1(3/4)(C)+2-2(-3/2)(C)+Z-3(K+C)+(1-K+C)Z-4+

Z-5(-3/2)(C)+2-6(3/4)(C)+ Z-7(-C/4);

(2) -C/8+Z-1(5/8)(C)+Z-2(-12/8)(C)+Z-3(K+C)+Z-4(1-K+C)+

Z-5(-12/8)(C)+Z-6(5/8)(C)+Z-7(-C/8); and,

(3) -C/8+Z°1(C/2)+Z-2(-11/8)(C)+Z-3(K+C)+Z-4(1-K+C)+

Z-5(-11/8)(C)+2-6(C/2)+2-7(-C/8);

where K = [0, 1/18, 2/16,...1].
Each has its own distinct characteristic bandpass and advantages.
Table of K and C values are not shown for the embodiment of FIGURE
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vertical blanking pul se, having pulse width D. If the bottom overscan | S
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I-f the vertical reset pulse is generated so as to lag the vertical
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The value of K is decoded to yield a value of C for the compensation

network muitiplier. The FIR coefficients are the multipliers for C in

the overall interpolator equations. For example, equation (1) above

can have tap weights of [-1/4, 3/4, -3/2, 1, 1, -3/2, 3/4, -1/4].

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 60. The video luminance signal to be expanded or
compressed is an input to a horizontal delay line circuit 1152. The
outputs of the delay line 29, Z-1, Z-2, 2-3, 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 |, for example
between each of the real samples, designated Z. Resuits 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 muiltiple representations of FIR fiiter 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 10 output is a direct input to a
data selecting circuit 1160, as is a version |-! thereof delayed by
circuit 1158. The outputs Z-(3+n), Z-(4+n) and Z-(5+n) are aiso

input to data selector circuit 1160. The inputs to data selector
circuit 1160 are chosen for being the most symmetric with respect




FI GURE 24(c). This is an upward vertical pan, displaying {(i§ ASNC - g%
the picture and bl anking the bottomthird of the picture.I@%éﬁﬁgﬁgﬂﬁggﬁggT
phase of the vertical synchronizing signal and the verti cgal 76 reset
signal is controllable by the WP [err] P 340, to enable verti caf MpRMSONG
during overscan nodes of operation. It w%%l be appreciated {t hat the
overscanned raster remains vertically centered, or symretyi C,On THe

pi cture tube or screen during vertical panning. It is thel blanking interval

whi ch can be vertically noved, or
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
point interpolator 1162. The relative temporal position of the
inputs to data selector 1160 is as follows:

Z-{3+n) 10, Z-(4+n), |-1, Z:(5+n),

Data selector circuit 1160 can be an array of muitiplexers, for
example, controlled by the MUX_SEL control 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.
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adj acent data display means having a first format display ratio;

means for mapping an adjustable picture display area on said
display means;

means for processing first and second video signals from input
video signals having one of different format display ratios;

switching means for selectively coupling video signal sources
as said input video signals;

means for selecting as an output video signal between one of
said first and second video signals and a combination of said first
and second video signals; and,

means for controlling said mapping means, said processing
means and said selecting means to adjust in format display ratio and
image aspect ratio each picture represented in said output video
signal.

2. The display system of claim 1, wherein one of said
different format display ratios is the same as said first format
display ratio.

3. The display system of claim 1, wherein said processing
means aiso selectively crops said input video signais.

4. The display system of claim 1, wherein said mapping means
comprises means for generating a raster for a cathode ray tube.

5. The display system of claim 1, wherein said mapping means
comprises means for generating an address matrix for a liquid
crystal display. .

6. The display system of claim 1, wherein said picture display
area is adjustable in only one dimension.
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means interpolates said video signals horizontally.

8. The display system of claim 1, further comprising means
for converting interlaced video signals to a noninteriaced video
format.

10. The display system of claim 1, wherein said video signal
sources comprise tuners and video jacks.

11. The display system of claim 1, wherein said processing
means comprises respective interpolating means for said first and
second input video signals.

12. The display system of claim 11, wherein:

said picture display area is adjustable only vertically; ‘and,

said processing means interpolates said input video signals
only horizontally.

13. The display system of claim 1, wherein:

said mapping means comprises harizontal and vertical
deflection circuits for generating a raster, said raster being
vertically adjustable; and, -

said processing means interpoiates said input video signals
only horizontally.

14. The display system of claim 11, wherein said
interpolation of said input video signais in said processing means
results in selective expansion and compression of said input video
signals.
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selecting means for selecting between sand output video signal and

an external video signal for display by said mapping means and said
display means.

16. The display system of claim 1, further comprising means
for synchronizing said processing means and said mapping means.

17. A display system, comprising:

display means having a first format display ratio;

means for mapping on said display means an ad;ustable picture
display area; .

first means for manipulating data from input video signals
having one of different format display ratios by selective
interpolation and cropping;

second means for manipulating data from input video signals
having one of different format display ratios by selective
interpolation and cropping;

switching means for selectively coupling video signal sources
as said input video signals;

means for selecting as an output video signal between one
selectively interpolated and cropped output of one of said first and
second manipulating means and a combination of selectively
interpolated and cropped outputs of both said manipulating means;.
and, -

means for controlling said mapping means, said first and
second manipulating means and said selecting means to adjust in
format display ratio and image aspect ratio each picture represented
in said output video signal.

18. The display system of claim 17, wherein one of said
different format display ratios of said input video signals is the
same as said first format display ratio of said display means.



™
FI GURE 56. The output of the FIRfilter is then conbined by interleaving
wLth the original data sanples, which are del ayed, _ an effectlve
2[err]s sanple rate. This is a valid assunption for 3 : \
band of the FIRfilter. The result is that the effecti
ori ginal four point interpolator is significantly ingrgea

signal are no greater than §EPRICRBEN YERRGISIONT D

[err]/4 [err]s. The two-stage approach can be used for g ngf
frequency conponents substantially greater than [err]/4 [err]s, as shown by

the bl ock diagramfor a two stage Aﬁéﬁg&lrator

A video display has a first format display ratio. A mapping circuit maps an
adjustable picture display area on the video display. A signal processor
generates first and second video signals from input video signals having one
of different format display ratios. A switching circuit selectively couples
video signal sources as the input video signals. The signal processor can
manipulate data from the input video signals by selective interpolation and
cropping. A synchronizing circuit synchronizes thé first and second signal
processors with the mapping circuit. A selecting circuit selects as an output
video signal between one of the first mapping circuit, the first and second
signal processors and the selecting circuit to adjust in format display ratio and
image aspect ratio each picture represented in the output video signal. One
of the different format display ratios of the input video signals can be the
same as the first format display ratio of the video display. The mapping
circuit can comprise a raster generating circuit for a cathode ray tube or an
address matrix generator for a liquid crystal display.

Figure 2



390 in FIGURE 58. A signal DS[err] A of digital sanpl
fsis an input to a finite inpul se response (FIR) fi
fixed FIRfilter 391. The finite inpul se response fi
the signal DS A a second signal DSB of digital sanp]e
the sanpling rate fs, but which are ten“?ggally | ocatje
of the first signal DSA for exanple 3 he m dpoi

Signal DSAis also an input to a delay circuit 392,
DSC of digital sanples, identical to signal DS[err]A but ti 3
(N[err]1)/[err]s. The data streans DSB and DS[err]C are conbi ned by

I nterl eavi - - i N a g val ues
DS[err] D ger at em2[leret] §. Datd sbream OS[arf]D is an
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conpensat ed vari abl e i nterpol ator 394.

filter is designed to accurately produce sanple val ue
fime |l ocations exactly half- way in between the inco

I n gener

producing a data streamwith a 2fs sanple rate.

conveni ently inplemented using an eveR/Adnber of sy

al ter

RERiA€B BN

n§—sanpl-e-pesi
These are then interleaved with del ayed but otherw seju an'f'ed,§a
| The H H 1110 MAR Homos
‘ thcally wei

G

htje
[err]/3

|

_.i._.._p OPERATING YOLTAGES

taps. An eight-tap filter, for exanpl'e, having tap i ghts of:
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78 will accurately interpolate signals having frequency conponents up to
about O.4[err]s Since the data rate is doubled to 2fs byyFhe~-nt.er]| eavi ng,
the signal being processed by the variable interpol ator |R&l ﬁ{ﬁ@@ﬁ.'_ -
frequency conponents higher than [err]/4 the sanple rat ."Kﬁ“ad&édgéggbgT
the two-stage interpolator is to allow accurate interpo i%ﬁﬁ for sigmnalls
w t h bandw dt hs approaching [err] /2 tBé53anple rate. Thus, @A§V@9En|
as z¢o
bandw dt h as

nost appropriate for display nodes requiring tinme expansi
where the object is to maintain as nuch of the original
possi bl e. This can
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be pertinent in a wide screen television, particularly int
channel, where the auxiliary signal
rat e, for exanple 10 MHz. Preserving as nmuch bandw dth as
inportant. A two stage interpolator 390' appropriate for:ajz

I'nterpolator 390 shown in FI GURE 17 h4ys3thé sane referq?ce
the designations of the data streans. The object of the

interpolator 390" is to zoomthe inconng i mage horizontally by a factor of
m where mis gr

I
are occurring atljthe sane sanple rate of T1IN, éhgre needs to be n1out33ts
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sanpl es generated for every input sanple. The signal is stofed in a FIFO
li.ne menory 395 at fINrate, and a portion is then read out stream
DSA at a reduced rate of fs. The fs clock is conposed of a s BLA@E}: N s
cl ock pul ses, and does not have a uniform period. Data strea b ES«HEET
cofresponding to sanple values half-way in between the existjng sanples of ~
data stream DSA are estimated using thé/erd FIR filter 397, jand: Rtben | f

interl eaved with the del ayed sanples of data stream DA[err]{C rm 'ghe

doubl e rate data gam DSD. Data stream DS[err] D, having tjMce the
original sanpl e gPErrettye——s—t-Ren-Ar0CESSeq VT ' ' or 394
to produce a sam({ e val ue fogk ilach fIN period. nghéa accunmurator cirqui t,
i ncl udi | atch $p8 and 39 t gphisch
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acti onal

[err]/meach fIN clock period. The

readi ng of the FIFO 395 and shifting datajt

[err]

f or

I ncrements by r
| at ch 397,

)

ac

In

the nmul tipl exer 393 anhdf t el

394. Divider 396 provides the fs signalg/fgomthe 2fs signdl,

the delay circuit 392,
with further aspects of the invention,

fifter 391,
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i nterpolators can be inplenmented which have the advantage of providing the
buf-fering of the auxiliary and main channel video w thout

menory. The main channel |ine nmenory therefore becones a d
wel l. A requirenent of existing variable interpolation fil
for two. nultiplications, as is apparent from considerati _
shown in Figure 12 of U. S. Patent 4,6947433%. The first mulftipli
a factor C, a 2-bit nunber. The second multiplication is
Factor Kis a 5-bit nunber, allow ng for the case mhere

are two possible ways to av0|d the need for [

mjljtlp:y by 1:<°°instead of rmltlplyl,,gg
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Alternatively, multiply by K and, never choose Klerr]1l as| g
A3|rrpI|f|ed multiplier for a 1/16 or 1/32 resolution intgrpyea
fn FIGURE 61. The nultiplier allows a variable "a" to be It|p||e 5
bit variable "b", where "b" [err] (b4, b3, b2, bl, b0). Thejterm %Jﬁath
|.east significant bit (LSB) and the termb4 is the nost sjghifica 7

(MSB). The values of "b" will be |limt&ds3o whol e nunber
i nclusive, although a simlar technique can be used to b
conplicated nultipliers. For exanple, a nultiplier for whole number
between 0 to 32 can be derived frgmthe sage principle. The conditional
multiplier by 2 multiplies th§ ou:ﬁout §f tjzeprecedl ng adder by 2 when
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"80 the interpolator nultiplier8/5Bt is very advanfa

multiply by 2 function can be inpl enented,

n all
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single 4-bit or 5-bit word can convey both K and C valués f; CIGEIn
appreciated that Cferr] K). A table of appropriate K and EE Gﬁ&ﬁ%ﬁ gﬂg

in FIGURE 62, where Kis a 5 bit nunber. A number of OR gaffes can be usefl
in the configuration shown in FIGURE 63 to directly detefninelOi¢iRa¥9Fes| of
C. The values are shown in the table of FIGURE 64. Additifonpal
-inpl ementations are possible to achieve various functionfof Clerr[f(K), as
shown by the alternative decoder in EOEBRE 65. For exanple,—with this
decodi ng schene, only a few gates can elimnate the need for an on chip

| ook-up table or additional registers to hold the C values. Factor K can be
nore easily decoded using the circuit shown in FI GURE 66.

"FIG. 9
’ FIG. 10
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be-optimzed to surpass .25 fs, where fs is the original ganple
“in an alternative fashion to that explained in connectionjwith
The frequency curves in FIGJRE 67 show that for all val ueg
1/8, 218...1], the deviation in frequency response at .25fs
magni tude, is 0.5 dB. Visible artifactld/&n be expected tfo
anplitude response of the various interpolation filters a
dB apart. Certain sinulations suggest that visible artifacts Ca S
when the anplitude responses are nore than 1.0 dB apart. Thus, the -
hori zontal interpolator’'s individual response for selected values of K
shoul d form an envel ope of responses such that
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for no frequency the response curves are nore than 1.0 d
FI.GURE 67. The critical frequency at which artifacts can
Become visible is designated fc.
frequency or divergence of the frequency response curves
nmnimzed as nuch as possi bl e bel ow fc.
bandwi dt h of the interpol ator accordi nd2/&3anot her aspe
a 2n+4 tap conpensati on network can be provided, which v
value of fc for the overall horizontal

As a practi cal

In order to exte

i nt er pol at or.

matter,

Ndj

b

Ft—as--shown i
REPEkcRiT sup

in

hg cutoff

{rHohan]

extend the

Mor eover,, —stel—a

conpensati on network can be inplenmented w thout adding an
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81 additional control variable, and therefore an addition
freedom The follow ng conpensation network for a |inear
extend the critical frequency fc of the overall interpolato
or .35 [err]s, using the criteria of a 0.5 dB maxi mum al |
the 1.0 dB criteria is used, then the curves diverge at f
[err] .375 [err]s. Furthernore, if the3ysgues of Klerr]Q
t he design, such that they need not be chosen, the frequgncy bandw
be extended to even slightly beyond this fc. Mreover, t
peaking is controll able by choosing-the
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value of C. An eight point interpolator can be forned by lne
I nterpol ator, and an eight tap FIRfilter to provide anplli
conpensation. The overall interpolator can be described by: hin Y )

(CG3/2) + Z 2(K+O)+Z 3(1 -K+C) -Z 4(3/2)(O+(C2)(2Z-5), foy values of K
[err] [0, 1/16, 2/16,...1]. The relationship between K apd|C 18 MARwy7i n
the table and graph of FlI GURES 68 and 5Y/5Fhe set of curfe vi dence | egfs
than 1.5 dB ripple in the pass band. The critical frequegncy is at
.7 x fs/2 for this conpensation network. This aspect of '

be extended to an eight tap conpensation network that provides additiona
useabl e bandw dt h.
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The ei ght point interpolator can be forned by an eight tap %;ﬁ-@ nsatlon..
filter and a two point linear interpolator, as shown in FIG DMM’{EN@‘GS}@LT
such conpensation networks can be defined by the follow ng: ()
-Cla+Z-[err](3/14)(O+Z [err](-3/2)(O+Z[err] (K + C)+(1-K[er']")ZléﬁrR]
Z-[err](-3/2)(CO+Z [err](3/4)(O+Z[err](-C4): (2) -C8[err AR 1957
Terr](5/8)(C)+Z[err](-12/8)(C) +Z[err] (K+C) +Z[err] (1-K+C) + Z F—22L8)(Q) +Z
[err](5/8)(C)+Z[err](-C8); and, (3) -C8+Z[err] (C2)+Z-[4grr](-11/8)
(O +Z[err] (K+CQ) +Z-[err]( 1 K+C)+ Z[e¥5/]5(311/8)(C)+Z[err]( 2y FZ
[err](-C/8), where K [err] [0, 1/16, 2/16, 1].
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Each has its own distinct characteristic bandpass and advan
K..and C val ues are not shown for the enbodi nent of FlI GQURE
of C can be chosen which will yield the best set of curves |f
particul ar conpression or expansion as a whole. The control
value of Kto the linear interpolator. The value of Kis d¢c ded to yi e
val ue of C for the conpensation netmnr& ﬁﬁptlpller The F
are the nultipliers for Cin the overaly interpolator equa

exanpl e, equation (1) above 8
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can have tap weights of [-1/4, 3/4, -3/2, 1, 1, -3/2, 3/
aspect of the invention can be extended generally to 2n
used as conpensation networks, although it can becone in
difficult to use only two linear nmultipliers for calcula
l.nt er pol ati on and the associ ated conpensa$sson networKk.

g the linear

| t%e0 MR 1087t

ten tap FIRfilter, for exanple, is to vide an eight fixed FIR
filter for taps Z-[err] to Zerr], wth ps Zﬂerﬁ] andi |z r
upon either the vakue of Keggr C. This | edsiUIelbepau e-fas-|K_Appt
the value of 1/2 f@om ei t hé? direction“n_ & gslggef[j]ao erf K[lecl] 11 the
frequency response@needs added conpens§E§ n to extéen kg’bﬁrdnpasF. A
bl ock di agram for ‘z'a, specifi;) circuit 11 fdr ilrrpllemantli ng ’
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is shown in

an eight tap, two stage filter using a four point interpolatg
FI QURE 60. The video |um nance signal to be expanded or congjfm®
input to a horizontal delay line circuit 1152. The outputs] o

line Z[err], Zerr], Zerr], Zerr], Zerr], Zerr], Zerr]f.
inputs to an eight tap FIR filter 1154. The FIR filter gengrdted BlAkaogt
one set of internediate sanples, designated |, for exanpl ej{bg¢tween each of
the real sanples, designated Z. Results can sonetines be i| R
a plurality of FIRfilters to generateilg/pBurality of sets
poi nts, although this significantly increases the conplexity of the system
Such additional FIR filters, each of which requires a Z-1 delay circuit,

are shown by the nmulégpl e representations of FIR figger 1154 and Z-[err]
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delay circuit 1158. Qutputs Zerr], Zerr] and Z-5 are al
del-ay matching circuit 1156. The 10 output is a direct in
selecting circuit 1160, as is a version 1-1 thereof delay
1158. The outputs Z[err](3+n), Z-(4+n) and Z-(5[err]n) ar
data selector circuit 1160. The inputs to data sel ector ¢
chosen for being the nost symetric w R/88spect 83 tg
-nunber of such&npu i s one nore ghan the nunber of poit

S0, | nput té
i ricuittd T’ig(ﬁ"ﬁ? e)

interpolator_of2the _92929 stage, {n this case, a four — TTT———
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poi nt interpolator 1162. The relative tenporal position of
dat-a selector 1160 is as follows: Z[err](3+n), 10, Z-(4+n),
Z-(5[err]n). Data selector circuit 1160 can be an array of
for exanple, controlled by the MJUX[err] SEL control signal.
sets are indicated diagranmatically and are so arranged tha
interpolation of the interpolator 11624 sspased on two real
i nternedi ate points. The outputs YO, Y1, Y2 and Y3 of data
circuit 1160 correspond to one of the two sel ectable sets, and are
inputs to the four point interpolator 1162. Operation of the nultiplexer
control signal MJXerr]SEL will be a function of the K values, that is,
MIX[err] SEL[ err] (K). The MJX[err] SEL sel ecti on depends upon
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whi ch of the original points the internmedi ate point falls /REDWReRs %"‘:F‘.—
out put Yout of the interpolator 1162, which operates respqg Vet ”twgk{EET
and C control values, is an expanded or conpressed video lfufi nance signa

84 Wat is claimed is: 1. A display system conprising: displayOigsmes:
having a first format display ratio; nmeans for mapping anjagjustable
“picture display area on said 21/53 , -
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di spl ay nmeans; means for processing first and second video signals from .
| nput vi deo S|gnals havi ng one of different format disp

switching neans for selectively coupling video signal so ﬁﬁ@iA£@§gﬁﬁiSﬁﬁﬁh
vi deo signals; neans for selecting as an out put video si bet ween one
said first and second video signals and a conbi nation of sa|d1ﬁ3M§R4@9ﬂ

second video signals; and, neans for @@psolling said mappiing neans, said

processi ng neans and said selecting neans to adjust in format—drsptay-rati ¢
and i mage aspect ratio each picture represented in said qutput video '
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2. The display systemof claim1, wherein one of said diff
display ratios is the sane as said first format display r
di splay system of claim 1, wherein said processing neans
crops said input video signals.
sat d mappi ng neans conprises neans for generating a raste
5. The display systemof cla2dr33 wherein said

ray tube.

di splay. 6. The display sy%§enlof claim1l, wherein said
area i s adjustable in onl

1e di nensi on.

4. The display system of
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85 7. The display syst"em of claim®6, wherein said pictur
adj ustable only vertically. 8. The display systemof cl RE]MA ﬁ%@ g SR
-processi ng nmeans interpolates said video signals horizo t§ . yC”J"‘thgf

display area is

di splay systemof claim1, further conprising neans for {cenvertin :

{10 E‘F‘E@gmpl Ay

interlaced video signals to a noninterlaced video form
»system of claim1l, wherein said v2i deo signal
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sources conprise tuners and video jacks. 11. The display system of claim 1,
wherei n said processi ng neans conpri ses respective interpol
said first and second input video signals. 12. The displ ay el HEFT
11, wherein: said picture display area is adjustable only ertlcally~“5ﬁﬁ‘
sai d processing neans interpolates said input video signal ”'Y(BMAR'997
horizontally. 13. The display systemof claim1, wherein: gaijd mappi ng

means conpri ses horizontal and vertical deflection circuit i
a raster, said raster being vertically adjustable; and,
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sai d processing neans interpolates said input video sig&@ﬁgAgﬁ ‘ﬁ”*gg
hori zontal ly. 14. The display systemof claim1ll, where SE £ 3
interpolation of said input video signals in said procegss nmeans resylt
in sel ective expansion and conpression of said input vildeo STQM%?Q‘W 84
15. The display systemof claim1, further conprising se d_selecting
means for sel ecting between said output video signal and
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an external video signal for display by said nmapping nmeans an
means. 16. The display systemof claim1, further conprising
synchroni zi ng sai d processing neans and sai d nappi ng neans. )

system conprising: display means having a first format digplfay 11®#iR 1997
means for mapping on said display neans an adjustable pictyre¢ display area
first nmeans for mani pul ating data frominput video signal sjhaving©
different format display ratios by se%ﬁgéive i nt er pol ati ontand
second neans for mani pulating data fr nput video signals
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having one of different format display ratios by selective interpol ation
and cropping; swtching means for selectively coupling videqpgipgn@i:;

as said input video signals; neans for selecting as an outp i i‘v”
between one selectively interpolated and cropped out put of
fi.tst and second mani pul ati ng neans and a conbi nati on of sele tl1/3|,y
interpol ated and cropped out put s of bo?ﬁ/§§| d mani pul ating frepns;
means for controlling sai dm‘ ng nmeans, [said first and secon

mani pul ati ng neans and sal cting meanys to adjust in fo
rati o and i nage aspect rat| h picture jrepresented
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in said output video signal. 18. The display system of cl a7 —wherern-w—,
one of said different format display ratios of said input \idé D:sgiﬁjrimsiiéﬁ}‘
.the sane as said first format display ratio of said display feans. -t
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