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The invention relates to the field of televisions having .
multiple picture displays for asynchronous video signals, and in

5 particular, to such televisions having a wide display format ratio
screen. Most televisions today have a format display ratio,
horizontal width to verti_cal' height, of 4:3. A wide format display
ratio corresponds more closely to the display format ratio of
movies, for example' 16:8. The invention is applicable to both direct

10 view televisions and projection televisions.

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

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

20 corresponding wide display format. Movies "look" like movies, not
- cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.
_ Televisions with a wide display format ratio are also suited to
25 @ wnde variety of displays for both conventional and wide display
o ‘format signals, as well as combinations thereof in multiple picture
.. s . . _displays. However, the use of a wide display ratio screen entails
..Numerous problems. Changing the display format ratios of multiple
- .sig_n'al sources, developing consistent timing signals from
30 _a_synchrpnous but simultaneously displayed sources, switching
- between multiple sources to generate multiple picture displays, and.
provrdmg 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
as . television according to the various aspects of this invention is
| capable of providing high resolution, single and multiple picture
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imprecision and artifacts cannot be tolerated. The large size of the
auxiliary picture can make such artifacts painfully obvious.

10 Generally, the video display and deflection system for composite
picture displays is synchronized with the main video signal. The
auxiliary video signal must be vertically synchronized with the main ‘
video signal and the video dispiay. In a relatively inexpensive
system, the auxiliary video signal can be delayed by a fraction of a

15 field period in a field memory, and then speeded up in a line memory.
In a relatively expensive and sophisticated system, such as is
commonly used in broadcast quality studios, a four field
synchronization system utilizes four dual port asynchronous field

| memories. Asynchronous memories, that is, those having

20 independent write and read clock ports, are generally more
expensive than synchronous memories. '

According to inventive arrangements described herein, a
degree of field synchronization can be achieved which substantially
matches the performance of a four field system, but utilizes only a

25 single synchronous video RAM as a field memory and a single
asynchronous first in first out (FIFO) muitiple line memory device.
If the FIFO is a five line memory, the following artifacts can be
encountered: (1) Two frame line shifts and 1 field line shift will
occur each time the two signals precess through a video frame; and,

30 (2) The auxiliary channel video gets scrambled at the bottom of the
picture whenever the precession rate between the main and auxiliary
signals if greater than two lines per frame. This precession rate
has been found not likely to occur in the consumer electronics
environment. The cost saving over a four field system is

as approximately 4:1, without .incurring any significant sacrifice in

~ performance. The size of the FIFO is related to the minimum line
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. opportunity to be written into the FIFO. Read/write pointer

s collisions also occur when new data overwrites the memory before
the old data has an opportunity to be.read out of the FIFO. The size
of FIFO utilized herein, for example 2048 X 8, corresponds to
approx:mately five lines.

A field synchronization system for asynchronous video signals

10 comprises a video display synchronized with a first video signal.

. The first video signal has a first line rate component and a first
field rate component, corresponding to-the horizontal and vertical
synchronizing components of the first video signal. A field memory,
having synchronous write and read ports, is provided for. a second

15 video signal. The second video signal has a second line rate
component, corresponding to the horizontal synchronizing component

 of the second video signai. A multiple line memory (FIFO) for the
second video signal has asynchronous write and read ports and
independently resettable write and read pointers. The second video

20 signal, subsampled if necessary, is stored in the field memory and
written to the field memory synchronously with the second line rate
component. The second video signal, subsampled if necessary, is
written into the muitiple line memory synchronously with the
-second line rate component. The data corresponding to the second

25 video signal is therefor completely orthogonal, having been
subsampled and stored synchronously with its own synchronizing
components. The second video signal, subsampled if necessary, is
read from the muitiple line memory synchronously with the first
line rate component. A sampling and delay circuit controls resetting

. 30 the write and read pointers. A write pointer reset signal is
generated by sampling the first field rate component with the
second line rate component. The write pointer is reset up to one line
period of the second video signal after every start of field of the
first video signal. A read pointer reset signal is generated by

3s sampling the first field rate component with the first line rate
component. The read pointer is reset at least two line periods of the

——
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and ‘more partlcularly at least two but not more than three hne
periods of. the first video signal after every start of field of the
first video signal.
5 Data blocks from the video RAM are written into 2048 x 8 FIFO
with the same clock was used to sample the video data, for example
a 640fy clock which is locked to the auxiliary signal, rather than the
main signal. The FIFO is read using the display clock frequency, for
- example 1024fy, which is locked to horizontal synchronizing
10 component of the main video channel. The use of a muitiple line
memory (FIFQO) which has independent read and write port clocks.
enables data which was orthogonally sampled at a first rate to be
displayed orthogonaily at a second rate. The use of the asynchronous
FIFO for the auxiliary channel does not solve all of the problems
15 associated with video synchronization. Since the reading and
writing of data from the auxiliary channel FIFO is asynchronous,
there is the possibility that interlace integrity between the signals
will be compromised. Interlace integrity requires that the same
field type in each signal be displayed at the same time. It is also
20 possible to encounter read/write pointer collisions in the FIFO. A
read/write pointer collision occurs when a read enable signal is
received before old data, that has already been read previously, has
been replaced by newly written data.
Maintaining interlace integrity of. the auxiliary channel video
25 is a problem. stemming from reading and writing of the FIFO in the
auxiliary signal path asynchronously relative to the main signal.
- 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 a
30 video RAM memory in the auxiliary signal path or channel for
' synchronization with the main signal, and ready to be read out at the
start of the main channel field, may or may not be the same as the
displayed field type. It may be necessary to change the auxiliary
signal field type stored in the video RAM to match that of the main
35 channel display.
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Upper and lower field types are recognized in accordance with

_ an inventive arrangement. Three field type indicators correspond to

10 three modes of operation, designated A, B and C. A first field type

" indicator U/L(A) represents the field type stored in the auxiliary
channel video RAM 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 as the upper field is

15  being received and decoded. A second field type indicator U/L(B)

' represents the field type stored in the video RAM if the first line of
the upper field is not written into the video RAM during the

. reception of an upper field. Instead, the first line is actually tacked
onto the last line (number 262) of the lower field. This effectively

20 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. A
third field type indicator U/L(C) represents the field type stored in
the video RAM if the last line of the upper field is added to the video

2s RAM 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.

30 As the main and auxiliary channel signals precess, the U/L
field type will-change with respect to the auxiliary channel
U/L(A,B,C) field type indicators. According to an inventive
arrangement, the field type is changed as necessary to maintain
interlace integrity, as the field type is continuously detected during

3s the signal precession. A synchronization system for asynchronous
video signals according to this inventive arrangement comprises
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- respective video signal has a first or second field type. A video:
memory, for example a synchronous video RAM and an asynchronous

s multiple line FIFO, synchronize the second video signal with the
first video signal for a combined display. A field reversing circuit
changes the field type of the second video signal when necessary to
match the field type of the first video signal to maintain interlace
integrity in the combined display.

10 In further accord with this inventive arrangement, the field
reversing circuit controls writing into the merhory, having a first
mode of operation which delays writing a current field of the first ‘
field type by one horizontal line period, a second mode of operation
which advances writing a current field of the second field type by

15 one horizontal line period and a third mode of operation which
maintains a current field type. A comparator compares the field
type of the second signal to the field type of the first signal and
generates an output signal indicating one of a plurality of
comparison outcomes, wherein the first and second video signals

20 have current fields of the same field type, the first video signal has
a current field of the first field type and the second video signal has
a current field of the second field type or the first video signal has
a current field of the second field type and the second video signal
"has a current field of the first field type. A signal generator

25 develops a plurality of Selectab"le interlace correction signals, each
being appropriate for one of the plurality of comparison outcomes.

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

FIGURE 2 is a block diagram of a wide screen television in

-30. accordance with aspects of this invention and adapted for operation

at 2fy horizontal scanning.

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

FIGURE 4 is a block diagram showing further details of the

as wide screen processor shown in FIGURE 3.
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FIGURE 6 is a block diagram o? t[we gate array shown in
FIGURE 4 and illustrating the main, auxiliary and output signal
s paths.

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

FIGURE 9 is a block diagram of a cxrcunt for generating the

10 internal 2fy signal in the 1fy to 2f4 conversion.

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

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

15 FIGURE 12 is a block diagram showing the auxiliary signal path
and a portion of the main signal path in more detail.

FIGURE 13 is a diagram of a five line FIFO line memory useful
for explaining avoidance of read/write pointer collisions.

FIGURE 14 is a biock diagram of a simplified circuit for

20 implementing an auxiliary synchronizing circuit for the gate array.
. FIGURE 15 is a timing diagram illustrating the correspondence
of an upper/lower field indicator to the horizontal lines of a video
frame.

FIGURES 16- 18 are useful for explaining a method for

25 maintaining interlace integrity for simultaneously displayed video.
signals exhibiting reiative precession.

FIGURES 19(a)-19(b) are waveforms useful for explammg the
operation of the circuit shown in FIGURE 20.

FIGURE 20 is a biock diagram of a cxrcuut for maintaining

30 interlace integrity as explained in connection with FIGURES 16-18.

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

as facilitate the description of particular circuits comprising wide
screen televisions according to the inventive arrangements. For
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having a conventional format display ratio of 4 X3. When a 16 X9

format display ratio picture is transmitted, as a 4 X3 format
display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,

~ the viewed picture is rather small with respect to the entire

available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 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 resuiting
picture will evidence distortion by vertical elongation. None of the
three alternatives is particularly appealing. |

FIGURE 1(b) shows a 16 X9 screen. A 16 X 9 format display
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X 9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to
provide a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such
a 16 X9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source.

FIGURE 1(c) illustrates a 16 X'9 format display ratio main

" signal in which a 4 X3 format display ratio inset picture is

displayed. If both the main and auxiliary video signals are 16 X9
format display ratio sources, the inset picture can aiso have a

16 X9 format display ratio. The inset picture can be displayed in
many different positions.
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line rate component. A sanpling and del ay circuit controls resetting 30 .

the wite and read pointers. A wite point@-reset signal |s at ed
by sarrplwm})wmssm rst field rate conponent with the ﬁduﬁf’?@gfét
conponent. The wite pointer is reset up to one line
second video signal after every start of field of the
signal. A read pointer reset signal is generated by 3 5§
field rate conponent with the first line rate CONpPOFE ' :
pointer is reset RIGURE tid) illiustratesi addispfay Hermat, wherein the main and

-4 auxiliary video signals are displayed with the same size picture.
Each display area has an format display ratio of 8 X9, which is of
course different from both 16 X9 and 4 X3. In order to show a

5 4 X3 format display ratio source in such a display area, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical

10 elongation of objects in the picture. The wide screen television

| according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.
Data sampling limitations in the auxiliary video signal

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

FIGURE 1(e) is a display format wherein a 4 X 3 format
20 display ratio picture is displayed in the center of a 16 X 9 format
display ratno 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 smalier 4 X3 format
25 - display ratio pictures are displayed simuitaneously. A smaliler
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
30 the wide screen television is provided. with two tuners, either both
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be

35 appreciated that the addition of further tuners and additional

auxiliary signal processing paths can provide for more than two
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first wdeo signal after every start of field of the first video signal,
and nore particularly, at least two but pgtgyhore than three |ine

per| odsw@) 9iMigsdsi r st video signal after every start -of fi el RCTHUSHRO3741
first video signal. 5 Data bl ocks fromthe video RAM are witten

into 2048 x 8 FIFO with the same clock was used to s -
data, -for exanple a 640f[err] clock which is |ocked thﬂﬁsﬁﬁﬁTHr’ﬁr'@EEN
signal, rather than the main signal. The FIFO is read|usi nfRAEGEX p| ay
cl OCE frequeﬁmnngomcturegalgow191%61‘ b@”dg prebiatedi thdtotiieEdarge npicturent al
synchroni zin conp 0 in Vi anpe e
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be di spl ayed egi ROV iftfstfat8§ R aftétfiatiVé Swhdfef thee4 X 3

asynchr onous _ ) ) ) o
' 5 format display ratio picture is centered, and six smaller 4 X3

format display ratio pictures are displayed in vertica_l 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

ey

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

particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As

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

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

20 An overall block diagram for a wide screen television in-
accordance with inventive a-rréngements. and adapted to ope-rate_
“with 2fy horizontal scanning, is shown in FIGURE 2 and generally’
designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a

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

3o intended as limiting the physical posmon of such circuits relative
to one another.

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

3s and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
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channel for video signal VIDEO OUT developed in the one-chip and resultlng from
the signal from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 30. Other baseband
10 video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser dis¢ players, video
tape players, video games and the like. The output of the video
~ switch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another
15 input to wide screen processor 30.
‘With further reference to FIGURE 3, a switch SW1 wide screen
‘processor selects between the TV1 and SWITCHED VIDEO signals as a
. SEL COMP OUT video signal which is an input to a Y/C decoder 210.
- The Y/C decoder 210 may be implemented as an adaptive line comb
20 filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
25 implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
‘30 along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M and V_M. In this regard, U is
an -equivalent designation for (R-Y) and V is an equivalent
35 designation for (B-Y). The Y_M, U_M, and V_M signals are converted
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synchrani zation with the main signal, and ready to be read out at the
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to digital form in the wide screen processor for further signal
processing.

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

_ switch SW2 selects between the TV2 and SWITCHED VIDEO signals

as an input to a Y/C decoder 220. The Y/C decoder 220 may be
implemented as an adaptive line comb filter. Switches SW3 and Sw4
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an |
external video source, designated Y_EXT and C_EXT respectively. The

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

decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
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 ssgnal COMP SYNC, correspondmg to
Y_M is provided by the wide screen processor to a sync separator
212.- The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which
is directed into the wide screen processor 30. The wide screen
processor generates an internal vertical reset output signal INT
VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchrohizing component of the external RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizontal and vertical synchronizing signais of the
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Generald y, a digitizing process for an NTSC signal wll guanti ze 262.5
li:ne fields of the NISC signal into 263 | km@e upper fields (U, sonetines
referrewd o1/a9sssti el ds) and 262 |ine | ower fields (L, sBEBAUIMARA]| ed
even fields). This is due to fact that 5 vertical syncfg

pul ses representing horizontal sync. The upper fiel :sTHlScSrdEfé’ PM&IBEEmeJ
1 through 263. The lower fields i ncl ude even lines } throﬁgﬁL%ED T
Upper and |l ower field types are recogni zed in accordance wWrtn i —
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nodes of operation, desi gq’ A B and C ATi type I ndi cat or
U L(A) repre¥ikie SGREN: PEPCESISYe stored in the auxiliary channel video

RAM i f each auxi ITI@eymhaor@ﬂH Iommﬁwnstmpdmsuble fovolcoriviertingThe term

Lo The vi dednistrcsd  fideds signgid 1’ progesssively, LR o B, o 1T
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e v oo FaMiGE, Hicah) GBkitiéRe Sbt of HoPaiaPiinbs®le’ dendidted byt en 1Nt

the video RA
mterpolatmg adjacent horizontal lines of the same field. - In some

instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected

10 between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data as Y_2f4, U_2fy and
V_2fy signals is supplied to the RGB interface 60.

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

- enables selection of the converted video data or external RGB video
data for display by the video signals input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
2fy scanning. The vertical synchronizing component of the main

20 signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST 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,

2s 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

30 WSP microprocessor 340 also supplies Color and tint controls for
the external RGB signal. ~

_ The wide screen processor 30 comprises a picture in picture
processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as

35 PIP or pix-in-pix. A gaté array 300 combines the main and auxiliary
video signal damw@misplay formats, as shown by

N
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recepticon of an upper field. Instead, the first line is actually tacked
onto the last line (nunmber 262) of the Iosﬁe‘{ field. This effectively 20
i nverts wooiigsg type since line 2 will Be the first di spl #0AdU§9103741
and line 3 wll be the second displayed Iine in the frame. The

recei ved upper field now beconmes the lower field and vice-versa. A
third field type indicator UWL(C) represents the field ' C

the video RAMif the last line of the upper field is ;-“

d f f 11§ o] V=

the 11 ol 'ty e "EbIEY ' EIGERESL ) Mgty T e e |
1 will be thpregassed 32Qpang «gatei awayTB60adme tunderatite <oimtrod cof anwxﬂe
oot noagerddm iiclofitRBeRer (WSPAGIP) Bag . aid bl oGduyehaBl & ur e

because these |1 nes occur etrace of overscan.
the main andfeRPANSIE ytocHihneY 1BiciARIecessre2i6 over g/§er|al busi. eI.Ethpe

. Wi Il change wbiill rn@%p@ﬁénuaest l‘tﬁJra%i@dalahMthafBFedjata caoékté %@r@ﬂetype
i ndi cators. Accordi L. nv \ﬁ'l ement, leld type is
changed as ne@ @?ésaﬂf%{ ﬁﬂ%ﬁ g q I‘N'QPI §E'@ Pé%??ﬁf’r §9 field

type i s contgenetstes demmmblwrvmcal blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
10 blanking signal is supplied by the video signal input section to the
RGB interface.
The deflection circuit 50, shown in more detail in FIGURE 10,
- receives a vertical reset signal from the wide screen processor, a
selected 2fy4 horizontal synchronizing signal from the RGB i'nterfag:e
15 60 and .additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1f4 to 2fy converter 40 and the YUV to RGB
20 converter 240. :
- Operating voltages for the entire wide screen television are
generated by a power supply 70 whlch can be energized by an AC
- mains supply.
The wide screen processor 30 is shown in more detail in
2s 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 are
30 shown in FIGURE 4. A picture-in-picture processor 320, which
forms a significant part of the .PIP circuit 301, is shown in more
detail in FIGURE 5. The gate array 300 is shown in more detail in
FIGURE 8. A number of the components shown in FIGURE 3 have
already been described in detail. :
35 The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 also operates in
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35 the signal precession. A synchronization systemfor asynchronous
vi deo signals according to this inventive 18 tangenent conprises
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conjunction with the WSP pP 340. The WSP uP 340 comprises an
input output /O section 340A and an analog output section 340B.
The /O section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and
control signals for the switches SW1 through SW6. The I/O section

~also monitors the EXT SYNC DET signal from the RGB interface to

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 intertace

circuits 254, 256 and 258.

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

- analog switch can be used to sample the color component data

because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. ‘The select line UV_MUX for the analog switch, or multiplexer
344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this,
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
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respecti ve vi deo signal has a first or second field type. A video
mengory, for exanple a synchronous video -RA6kand an asynchronous 5 nultiple

line Fl PP WYI3B5 oni ze the second video signal with the - _ PCI/USIY/PIEd :
signal for a combined display. A field reversing circuit" TH!§§@| rEEEN .
field type of the second. video signal when necessary to év%j@%

field type of the first video.signal to maintain interla
t he conbi ned dj splay. 10 In further accord with this inventive )
arrangenent , smhedfb@w:se thee asaing docdigital t conventetss eacht hayei it oladke

oY "Rldyele O Betay,  IfefiBepito SRGeGH B f6r s ua SN N8 SuT T ent

field of the first or| zont al econd

mode of oper&P¢kgating v&ﬁf%’fmﬁﬁéﬁnﬁ'@g‘ viher m%lﬂaSdﬂﬂa!eﬁf0¢e%$lﬂgopatﬂhe3@écond '
field type mugbbeosfmilatyzasigyed. nwmr tRé él&‘ékagéﬂhédldfaﬁﬂa%no%?at'0”

type of She el UeidV E5ta i et B4 ocrativt pairech when Gelstaghd This
gener at es aiis dmipawtarti lueeéuseuham iU pEie rep r@sé)‘itﬁr@ﬁét\kcﬁﬁr A GOWDa“ son
outcomes, WL Sl LPSm ond! v%ggors?:gﬂﬂ B! FaifddWits 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.
10 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 anaiog to digital
15 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 notwnthstandmg
20 the data compression. A number of data reduction and data
* restoration schemes have b_een 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
25 of bits are contemplated. One of a number of particular data
reduction and restoration. schemes can be selected by the WSP puP
340 in’-qrder to maximize resolution of the displayed video for each
particular kind of picture display format.
The gate array includes interpolators which operate in
30 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
35 auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
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20 have current fields of the same field type, the first video signal has
ascurrent field -of the first field type.amd the second video signal has

a curremwomi1&1938Hf the second field type or the first vi deo PETEHR /AR

a current field of the second field type and the second \
has a current field of the first field type. A signal ge eT'étSOEBHEESrHAsBEEN
devel ops a plurality of selectable interlace correction fignal BEPWED
bei ng appropriate for one of the plurality of comnparison oufc
FI GURES 1(a)etfpyt eomporednts are converted g dnhfoy éotmdbypﬂngytal to amdm\gits

\C/)\Af dg \émcggezc{:gﬁg%ﬁtglsg\# 0@%2 %%%o%%ncﬁ‘%ﬁﬁaégp&@b%ﬁﬁg 'gg]ﬁ'?%%a{'and
adapt ed for bpandt Vorare suppliedital thﬁﬂinrtoa.?f;-smemar 40 for CONVEESIONRE 3
e o0 SEPRIBIEES MG TR ¥ sendb e 4bS AR
processors shdf faimat REegcoder 2 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the
gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.
Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing
10 signal for the wide screen panel output.

Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 9. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voitage controlled
oscillator 232, divider 234 and capacitor 236. The voltage

15 controlled oscillator 232 operates at 32fy responsive to a ceramic
resonator or the like 238. The output of the voitage controlied
oscillator is divided by 32 to provide a proper frequency second
input signal to phase comparator 228. The output of the divider 234
is a 1fy REF timing signal. The 32fy REF and 1fy REF timing signals

- 20 are supplied to a divide by 16 counter 400. A 2fy output is supblied
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 signai will have an adequate

25 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 inciuding low pass filter 406 and 2fy voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing signal, which is used for driving the

30 progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing .signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period

_ is symmetric within each 1fy period of the input signal. Otherwise,

35 the display may exhibit a raster split, for example, wherein half of
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: the video lines are shifted to the right and half of the video lines are

shifted to the left.

The deflection circuit 50 is shown in more detail in FIGURE 10.
A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502

- provides a constant quantity of current Inamp which charges a

vertical ramp capacitor 504. A transistor 506 is coupled in paraliel

-with the vertical ramp capacitor, and periodically discharges the

capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IRamp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of

current lapy from IRamp. SO that vertical ramp capacitor 504 charges

more slowly and to a smaller peak value. Variable current source
508 is responsive to a vertical size adjust signal, for example in

analog form, generated by a vertical size control circuit. Vertical
size adjustment 500 is independent of a manual vertical size

-adjustment 510, which may be implemented by a potentiometer or
‘back panel adjustment knob. In either event, the vertical deflection

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

The RGB interface circuit 60 is shown in more detailed in
FIGURE 11. The signal which is to be ultimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
RGB signals and a composite blanking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610. The

——
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FIGURES 7 and 8 are timing di agramé useful for expl ai ni ng the
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géneration of the display format shown i R1IRR-GURE 1(d), using full '
cr opped WOFHAI385 FIGURE 9 is a block diagramof a _&'Wé?‘vﬂml
generating the 10 internal 2fH signal in the 1f[err] to.2f

conver si on. FIGURE 10 is a conbination block and

for the - deflection circuit shown in Fl GURE 2. '

bl ock diagram of the RGB interface shown in FIGURE 2. 15
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lines of a vimplemented by switch 606. Each of the switches 604, 606 and 608

is responsive to an internai/external control signal generated by the

"WSP pP 340. Selection of internal or external video sources is a
~user selection. However, if a user inadvertently selects an external

10

RGB source, when no such source is connected or turned on, or if the

- external source drops out, the vertical raster will collapse, and

15
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serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of such a signal, a
switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
the signal therefrom is not present. The RGB to YUV converter 610
also receives tint and color control.signals from the WSP uP 340.
FIGURE 4 is a block diagram showing further details of the
wide screen processor 30 shown in FIGURE 3. The Y_A, U_A and V_A
signals are an input to the picture in picture processor 320, which
can include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can

‘receive resolution processed data signals Y_RP, U_RP and V_RP from

resolution processing circuit 370. Resolution processing need .not be
utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
5. The principal components of the picture-in-picture processor are
an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330.

The picture-in-picture processor 320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
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frarrea s ' FI GURES 16-18 are useful for explaining a nethod for- 25
mai ntai ning interlace integrity for si mjléﬁneousl y di spl ayed vi deo
si gnal s wolv1Pigagg rel ative precession. FI GURES k&'t‘ﬂ)lsyh%jv)u are

wavef ornms useful for explaining the operation of th Lﬁc lluvvn
FI GURE 20. FIGURE 20 is a block diagramof a iﬁﬁlﬁHAs BEEN h

mai ntaining 30 interlace integrity as explained in conn CEPGU
16- 18 The various parts of FIGURE 1 ill ust rate sone, but not

al | - dro a ns I Il u i spl ay
formats whi Cﬁaggﬁﬁtr Eﬁacﬁmbg qhgccgﬁ Eéélaoecflﬁﬂfs SC HFE ?lﬁgca?é\geﬁ‘%rg

'arrangementsu lyhiss @ sPéIQi@?é'@nf &”tﬁtleﬂug-hﬁa i dn 140 Plﬁt'é?ﬁiéﬂ Pictaee (CPIP)
facilitate tgclisiear Imal.mhgoiwéméll Caaifable et THoMB6h Scaasmrflﬁ .

screen tel eVéFéc?r%%xaCC?rd nﬁ\J‘ é’néSSns' “Yneé}ahée A"fUdber cfS specxal features
s or special effects are possible, the fol-lowmg being illustrative. The
~ basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
.video signals and can be interchanged or swapped. Generally
10 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,'
15 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)y a user can zoom in on the content of the single
picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
20 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 enabies a strobe format, wherein the last
25 nine frames of video can be repéated 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
30 the present configuration of the basic CPIP chip described above. If
the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures
would exhibit .aspect ratio distortion, due to the effective 4/3 times
horizontal expansion resulting from scanning across the wider
3s 16 X9 screen. Objects in the picture would be horizontally
elongated. If an external speed up circuit were utilized, there woulc
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herein, a

pur poses of convenience in illustration and di scussion

conventional display forma2 ratio of width topgﬁ,iéﬁg%ghgfmade

video WO or signal is generally deemed to be 4 X 3,

screen display format ratio of wdth-to height for a vide -
signal is generally deened to be 16 X 9. The inventive TaH$ ShiEEmtWSBERN
not limted by these definitions. . FIGURE 1(a) iftlustr é@QED y l

t el evi si on,

10

15

20

25

direct view or projection, o B
be no aspect ratio distortion, but the picture would not fill the

entire screen. ‘

Existing picture-in-picture processors based on the basic -
CPIP ch'ip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The
incoming video is sarﬁpled 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 asscciated with the CPIP chip is
not orthogonaily sampled with respect to the incoming auxiliary
video source. This is a fundamental limitation on the basic CPIP
method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When)
data from the video RAM, such as video RAM 350, is displayed, the
skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.

The picture-in-picture processor 320, according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
asymmetrically compressing the video data in one of a plurality of
selectable display modes. In this mode of operation, the pictures

are compressed 4:1 in the horizontal dil_'ection 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

30

35

distortion. The asymmetric compression mode according to this
aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry. ' - ' |

In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and
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havi ng <a conventional format display ratio of 4X3. Wen a 16X9 f or mat

di"gpl ay rati

si gnal , WP

2193 ture is transnitted, as224 X 3 format 10 p%f@éflﬁﬂiﬂiio

s appear at the top and at the bottom

comonly referred to as letterbox format. In this instance, t he vi ewed

picture is rather small with respect to the entire RS able display
area. Alternatively, the 16 X 9 format display ratifp

converted prior, to transmssion,_ so that it will fill ;
extent of a “BrEGRhSYOG: pulsessf Iksseosmalaiam Processe

i nformati on
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sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.

Referring again to FIGURE 4, Y, U, V and C_SYNC (composite ‘
sync) outputs from the picture-in-picture processor in analog form
can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This
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 FIFO's in the main
signal path. ' |

With further reference to FIGURE 5, the picture-in-picture

processor 320 comprises analog to digital converting section 322,

input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog cohverting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the resuits in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated

‘with the picture-in-picture processor 320 has a memory capacity of

35

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 nqmber of bits per sample in the auxiliary channel
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25 be progressively scanned by line doubling or line addi t i on, so as’'to

prvi de a.larger display w th sufficient 4@8tical resolutio '
17 93 B’i &%3741 .

screen tVWPANEI38% in accordance with this invention can dis

16 X 9 format di-splay ratio signal whether the mai n sourc tre
auxiliary source or an external RGB source. E%W%%EETHAS BEEN |

—

Illustrates a 16X9 format display ratio maln S|gnal
f or mat displaératlomset picture is di spl ayed. |If boththe mai n_ana.
auxi liary vi dEBraseHs & dpdugtion ¢n quantization 6?5511“&9"r RN dandwidB, the

i nset pi CtureeraEtWe%NtéOtHr@Vma@n si nalWh:%hf%rm*océsgébawmﬁta-eat Eagnpleset
picture can l?ﬁroug mﬁy dens e?fec%ey reduct%r?nct:f %%Sr{c}wud% is not usually a
.problem when the auxiliary displayed picture is relatively small, but
s 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 s-eleCtively implement one or more
-schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction
10 and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream .of the
video RAM 350, for example in the auxiliary signal path. of the gate -
array, as explained in more detail below. Moreover, different
15 dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP puP in
order to maximize resolution of the displayed video for each
20 particular kind of picture display format.
The luminance and color difference signals of the auxiliary
signal are stored in an 8:1:1 six-bit Y, U ,V fashion in a video RAM
350 forming part of the picture-in-picture processor. In other
words, each component is quantized into six-bit samples. There are
25 eight luminance samples for every pair of color difference samples.
Briefly, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640fy clock rate
locked to the incoming auxiliary video synchronizing signal instead.
in this mode, data stored in the video RAM 350 is orthogonally
30 sampled. When the data is read out of the picture-in-picturé
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 Stcred, and can be read out
orthogonally, it cannot be displayed orthogonally directly from the
3s video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
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9 ~ . FI GURE 1(d) |Ilustrates a display format, V\/nereln the main

and auxiliary video signals are di sp2&ed with th%mﬁ“”e

Each di W0 a1/1938% has an format display ratio of 8 X 9, whi

course different fromboth 16 X 9 and 4 X 3. In ordeiq ﬁss QY¥EPHAS BEENX) 3
format display ratio source in such a display area, t hou EPLAchorl zo taI
or vertical distortion, the signal nust be cropped o

right sides. Mre of t he pi cture can be shown, wth Iess croppi ng, |f
some aspect Patexpegtedota |hﬁ1 swchmnmmlwquml ingtance wheng éhey Argre i s

t ol er at ed. I—@irslngy)ﬁgl swzirag, tRE&USAfe Q,d@étgmelo el ongation of
objects in the p'fﬂgrr%axg slgna tﬁr 582 tzﬂxeil\férsy sngnal path 306 and output
signal path 312 of the gate array 300 are shown in block diagram
s form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are
supplied to each of the main circuits and paths identified above, as
well as to the picture-in-picture processor 320 and resolution
10 processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for facilitating explanation ‘
of the inventive arrangements. |
The gate array is responsible for expanding, compressing and
15 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
20 U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
- chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as. an output.
25 In some instances, the auxiliary display will be as large as the
“main signal display, as shown for example in FIGURE 1(d). The
- memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of
data points, or pixeis for filling such a large display area. In those
30 circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a
as dithering circuit and circuit 357 may be a dedithering circuit.

i
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accordisng to this invention can provide any m x of cropping and - aspect
ratio distortion from maxi mum cropping migg_no aspect ratyopcjvuﬁgpg&ﬁﬁtlon

to no cMPINAG3® th nmaxi mum aspect ratio distortion.

sanpling limtations in the auxiliary video signal 15 prQcassi BHAS BEEN )
conplicate the generation of a high resolution pi ct Yre Whkep AGERS ,
| arge in size as the display fromthe main video Si —
nmet hods can be devel oped for overcom ng these conpl i cati ons.

FI GURE 1(e) dl s a wuﬂplfavthte@rmérm Qb“F’i%ﬂJ)l(?E3120ftﬁétauiﬂar)d \ﬁaéaym;mtl 0
Dretre L gl BV Sdohohs S°BA6 Shrd ahd idtelCii Vioeo RAyIASE! “H ! ©
FI GURE 1(f). auilisty gats is raxblout dfovideo FANMeBBO0oisedesigmated VRAMXOBT.
o Ve Ble PP SRk a6 ket PRSSHARSD o fidBho fie dlpaReA
out si de Bhe fictuneetbyr exjualhéntegege faitorsir borizostatiy ianed verticallyef as rwell o
as a POP, that deyrAmdtAERIlF: Oty Wididry!bhanhdi Nita! 9 Buitered and
synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
10 (luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field
type was written into the video. RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit 321 to determine which field read out of video RAM
15 is to be displayed during the small picture modes.
The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024f4 rate. The auxiliary channel FIFO 354
- converts the data from the auxiliary channe! sample rate to the main
channel clock rate. In this process, the video signal undergoes an
20 8/5 (1024/g40) compression. ' This is” more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
interpolator 359 is controlled by interpolator control circuit 371,
25 which is itself responsive to WSP puP 340. The amount of
interpolator expansion required is 5/g. The expansion factor X is
determined as follows: '
= (640/1024) * (4/3) = S/g
The chrominance components U_PIP and V_PIP are delayed by
30 circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the.
main and auxiliary signals are combined in respective muitiplexers
315, 317 and 319 in the output signal path 312, by controlling the
35 read enable signals of the FIFO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to odtput multiplexer control
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PIP, aspicture-in-picture. The ternms PIP or picture-in-picture are

us' d herein for both display formats. |R2rose circunmstances wh

Wi ge scWOH/TB8B8vi sion is provided with two tuners, either Btg-t/H Shirosral |
internal or one internal and one external, for exanple in a video

cassette recorder, two of the displayed plctures can dlsp'-,

in real time in accordance with the source. The remaining|| THIS SHEEII:H-LNSBQEEN
can be displayed in freeze frame format. It will be 35 ppredwmeﬂ(tﬂﬂ\at
the additi ofiresit 321 herOutpiet multiplexer tdanted! circuit 3@1i liSrespomEwE—t

processing. a¢iBekCaiyrizl ' $tattObf T digALI, {4 horizontal line counter signal,

‘the vertical blanking reset signal and the output of the fast switch
from the picture-in-picture processor and WSP uP 340. The

s ~multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the

10 gate array and the data reduction circuit are controlled by'WSP uP
340. The WSP puP 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 puP 340 communicates with the different

15 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 operati_ons usually accompanied by vertical

20 zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is -
used to recalculate the incoming video to a new pixel positions
because the luminance video bandwidth, up to 5.5 MHz for S-VHS
format, occupies a large percentage of the Nyquist fold over

2s frequency, which is-8 MHz for a 102414 clock.

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

30 selectors 323 and 331 is to reverse the topology of the main signal
~path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. In particuiar, these switches select whether

~ the interpolator 337 precedes_the FIFO 356, as required for picture
compression, or whether the FIFO 356 precedes the interpolator 337.

35 as required for picture expansion. The switches 323 and 331 are

responsive to a route control circuit 335, which is itself responsive
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-10- - noving pictures. It will also be appreciated that t he Iarge

i'cture on the one hand, and the threggesmall pictures on the othe

ﬁa(r;ld, caMO 91/19385 swi t ched i n position, asgshovvn in Fl GURE /U591/0374l
FIGURE 1(h) illustrates an alternatlve wherein the 4 X 3 ég@/ ¢
ratio picture is centered, and six smaller 4 X 3 for 5%%: N
pictures are displayed in vertical colums on ei t her ' e
previ ously described format, a w de screen tel evision provided with two

tu|n|er§ can Ptm\theiélvsm mmig:em It unncrselrr@sneﬁib@réenma%'m @lﬁm gpv?fgezlr es
| for mat ehi’i\rlll nﬂaﬁégé EF%EDEW% for Stgfra;ges IR c}hﬁai"d(ﬁosRaééﬂ éé i & &rhYeg ’ |
Such a di spleypdnsiont is necessary .for practical purposes. Accordmgly, no *
comparable switching is required in the auxiliary signal path.
5 In order to implement video compressions through the use of a -
- FIFO, for example, every fourth sample can be inhibited from being
written into the FIFO 356. This constitutes a 4/3 compression. It is
the function of the interpolator 337 to recaiculate the luminance
samples being written into the FIFO so that the data read out of the
10 FIFO is smooth, rather than jagged. Expansions may be performed in
exactly the opposite manner as compressions. In the case of
compressions the write enabie 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
15  will pause the data as it is being read from the FIFO 356. In this
case it is the function of the interpolator 337, which follows the
FIFO 356 during this process, to recalculate the sampled data from
jagged to smooth. In the expansion case the data must pause while
being read from the FIFO 356 and while being clocked into the
20 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 nsmg edges of the system clock
25 1024fy.
Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y,
U, Vv, 8:1:1 field memory, video RAM 350, to store incoming video
data. The video RAM 350 holds two fields of video data in a plurality
30 of memory locations. Each memory location holds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold _
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). The FSW_DAT ‘values indicate which type of field
3s was written into video RAM. Since there are two fields of data
stored in the video RAM 350, and the entire video RAM 350 is read
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part i cularly 'approprl ate for a channel selection guide, wherein each

piccture is at |east a freeze frame from-28lfferent channel ore,
the nuni¥@ 981938%/i ng pictures will depend upon the nunber PCéﬁf&iéﬁ%ﬁLbl e

tuners and signal processing paths. The vario : o .
FIGURE 1 are illustrative, and ~not limting, and can lqwg ggl;gmtsatmy
w de screen tel evisions shown in the remaini ng draw gs an:ctapimn bed ]
in detail below .20 - An overall block diagramfor @ 35 '

tel evi si on iduring thecdisplay qeeriod.h botiv dirldsecare rreaQedunn lwomsplayt ed to
operat e sc‘ét'nt h ‘?ﬁé‘ PW'%@E&@' 36fé\Pﬂl' %efrﬁ ‘Wﬁich” Elogdﬁ'ﬁ BedPda

general |y ted evi S| on y conprlses a video
si gnal s i np@ut s@fcttu%rmgmora! to e idisplayed &Uﬁﬁr@&s}tﬁﬁ of 1the dast SWMC(ﬂ\e

screen pr Oceﬁﬁar 3% iPle B:%iﬁt hﬁvé{(& %ébscﬁwfﬁﬁ;%&@ field Oﬁbbefﬁapis

t 50, t
Grivors 54> baING oWEtENGlp vertome a gHoliBpcBar pIabieTs pdadie iSlE: fype
70. The growgimy reladvis lthesopposmttypentrmrﬂlthaertmingfdis ldyeah| them ke

's made for énPfialed s%recoO n?{eﬁ'l'ee\r}%eeo rhﬁﬁsﬂ iRvefdd 5\? élghﬂﬁt 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
10 - tear. . _

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

15 . 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
20 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
25 particular special effect chosen. - '

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

30 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 approxirhately 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 |

as corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/s.
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30 intended as limting the'phy5|cal position of -such circuits relative

t &,one anot her. The vi deo si gna29-| nput section 20 3 for
recei vi \YOR1/19385 o r al i ty of conposite video signals from { SR ARCisE

sour ces. . The video signals may be sel ectively sw tched| fﬁ”scﬁ &EEEN
main 35 and auxiliary video signals. An RF switch 204 has { _anf !

I nputs ANT1 and ANT 2. These represent inputs for both off-air
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In the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approx:mately 33% cropping and a.
compression ratio of 4/3 being performed on the main channel video

.by the 910 x 8 FiFOs.

in each of the FIFOs, the video data is buffered to be read out
at a particular point in time. ' The active region of time where the
data may be read out from each FIFO is determined by the display '
format chosen. In the example of the side-by-side cropped mode
shown, the main channel video is being displayed on the left hand
half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of

- the waveforms are different for the main and auxiliary channels as
“illustrated. The read enable control signal (RD_EN_MN) of the main

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

-the display active line period beginning -with the falling edge of the

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

The display format shown in FIGURE 1(d) is particularly
desirable as it enables two nearly full field pictures to displayed in

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

appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X 3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33%, and introducing aspect ratio
distortion. Depending on user preference, the ratio of picture

cropping to aspect ratio distortion may be set any where in between
- —
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antenna reception and cable reception. The RF switch 204 controls whi ch

antenna input is supplied to a first tuné0206 and to a se . r :
208. Thé‘“bglfda?“of first tuner 206 is an input to a one-chi epmsgﬁ%ﬁhi-nh

performs a nunber of functions related to tuning, 5 horizofjtfalsaieketaiid BRBEN
defl ection and video controls. The particul ar one- chi p{jshownrgsLACED :
I ndustry designated type TA7730. The baseband vi deo si

uner 206 i dhanmiB.ef P8 A dfhcoAsunchxample. wa RO 1RY SIS, Righssi
\é\nbge scrSen_map;b@spmse?ﬁedaswas.baﬁedmm%hz?e@ anddle&tﬂi’/mmp%é? vi deg switch
cancras, | aser ondt graygdd, fisplay mEl3a7 & 9609 BRRGt Sislad fhig,c

| i ke. The .owigplayois tthe sadw as a Xt Hopdat displdy iratioodisplay e dbenauses

S eracPl DA 690102 8 MErosecchi pbm gt Y160, KBRS ar e
~ 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) / (4/3) |
10 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
1s 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. '
Generally, the video display and deflection system is
20 synchronized with the main video signal. The main video signal must
be speeded up, as explainéd above, to fill the wide screen display. '
The auxiliary video signal must be vertically synchronized with the
first video signal and the video display. The auxiliary video signal
can be delayed by a fraction of a field period .in a field memory, and
2s then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line
memory device 354 for expanding the signal.
The asynchronous nature of the read and write clocks,
30 however, does require that steps be undertaken to avoid read/write
pointer collisions. Read/write pointer collisions occur when old
- data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. The size of the FIFO is related to the
minimum line storage capacity thought to be reasonably necessary
3s to avoid read/write pointer collisions. A field synchronization
system for avoiding read/write pointer collisions and maintaining
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Wth further reference to FIGURE 3, a switch SWM w de screen processor

sel ects between the TV1 and SW TCHED VI signals as a SEL

vi deo sWENAI/19385ch is an input to a Y/ CD(I?e?:oder 210. Th%cr//l@%&ﬂer
210 may be inplenmented as an adaptive line.conb 20 filter. __Two furthore—
video sources S1 and S2 are also inputs to the Y/ C (jemg%H@mAggggNo“
S1 and S2 represent different S-VHS sources, and eagh conggpiaced ‘
separate | um nance and chroni nance signals. A switch

i ncor por at. edntﬁzrlqcﬁtlntégmtye i8/ explainddcauigre, fatlyi in ssormection i withl i ne conb

filters, or 2 | npl emented as a separate switch, is
RESY 2!
responsive to t m croprocessor 216 for selecting one pair of

| umi nance and Tha:rplcturaarn(eploatm@weprecessomcpmnatelssmgsachd aymaaner C | N
respectivel y¥hatlhgeS bfﬂigﬁ‘f \Habbl aété LIQ” %‘Qﬁﬁe&“ﬁrtﬁhéoghﬁgi‘?ﬁocr locKed 3 S

S thereafte{] consi ere rocess a maln
signal pat hihe; Badroatal; §M6Fhfﬁf§z!ﬂﬂ:lQﬂiT1ﬁgnem0@ the incoming eﬁU)El anhe main

signal pat hvidde sé@n@rn ”ﬁl'tihﬁeoﬁbﬁli’dn @dahbreg orthogbRdily sHmpidy ddta W dR
SCreen proceisred ma¥he video ERRHF S%B' IoData 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

10 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 N
clocks is disposed in the auxiliary signal path after the output of the
video RAM 350.

15 More particularly, as shown in FIGURE 12, 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 _

20 1280f4 to 640fH._ 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

25 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 demuitiplexer 355. The data

30 samples may then be interpolated as necessary for the desired
format display ratio and written as video data output. .

~ A sufficiently large memory must be chosen in the first
- instance in order to avoid read/write pointer coilision in the
auxiliary channel FIFO. For displaying normal format display ratio

35 video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size,
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devel opl ng color difference signals U M and V M In this regard, Uis

an equi Wb%g€;| gnation for (RY) and “B2s an equi val ent PeTARY1 96831 on
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-12-
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M UM and V M signals are converted
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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:
= (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 13. A block diagram for a simplified circuit
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 auxlhary signal path is shown in FIGURE 14." 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 horizon_fal 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 -pdlse 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 puise.

~ 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
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
pointer collision is avoided for all signals with less than 2
lines/field precession rate. The auxiliary channel FIFO 354 is
partitioned into 5 line pieces through appropriately timed read and

write reset signals. In this scheme, the read and write pointers are
s

i
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to digirtal formin the wi de screen processor for further signal '
propcessi ng. The second tuner 2083 -functionally de{,ﬁm§w§{t of
t he wi dWO9V/193%%en processor 30, devel ops a baseband video™ Si . A5
switch SW2 sel ects between the TV2 and SW TCHED VI DEO Si-gﬁﬂé%HEET %% :

| c I

input to a Y/ C decoder 220. The Y/ C decoder 220 may be-
an adaptive line conb filter. Switches SWB and SW - the

and chr oni naRLAIEES Aot Bediiping o eash disRiavesuriell dloladmtoreliiemnr
and CEXT r esgpert | fretry .edlie other.Y _EXT and CEXT signals correspond to the
combined: as i n doqn® FIFQuuEFEVAGE o e8niilgr s iBe8 iond B sirter ™ot e
SWB and SwW sacrifice tther memery cdistanee ettorhetheuwriteappintegnta thed read
< dosi gnat dter i tho Ydes ERRIARAL snllgeRE ARARS, RF SRINRIE AP
to the al&%l-‘i%%ﬁzeﬁignal pat h. The sel ected chrom nance is converted to
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
10 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
15 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 bic_ture-i_n-pictu-re procéssor 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
20 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
25 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
30 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 visible picture content.
3s 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
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col or difference signals UA and VA. The YA,,6 UA and VA signals are
converted to digital formfor. further si gﬁzﬁ processing. T $91/03741
arrangeNEﬁ?l de% deo signal source switchi ng in the mai n an auxi lary.
signal paths maximzes flexibility in managing the sour ~ '
the different parts of the different picture display \
A conposite synchroni zing signal COVWP SYNC, corresponding to ZEEPL‘HW-'} -

e o

provi ded by the. w screen pro ess r to a, s S I

hori zont al ab&%@??.ﬁ!ﬁ @9% bar@om%%%rggg L@'S 1S ?l vel y

are inputs t¢han \Asrmeceﬂ;sanyumumostcvrdau tsotitdes,Taad the \precessiorcsate down
circuit deve V oS K5 to the

wi de screen k g%@%% %%@E%nsfgggge é(%?gpmggeelsssw%enééér}gtﬁeé; an :

i nternal ver expecteddetbethputeastgised.| NT VERT RST OUT directed to the
RGB interface 60. apoiMbi ?Tob'lbhhgté?ﬁﬁnng frbm %EaQQ ﬁ&ﬁio‘i@ ?eﬁéﬁga%ﬁi he

internal vertical reset he yertlca . nchron

conponent of V\frﬁ'é‘gsﬂfeﬂhﬁl is thad é“amé'rﬁﬂgpmteﬂﬁc?hifge&ﬁtycﬂ
sel ected ver Gugiary channel video. Smce 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

10 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 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. |

15 : 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
sync is sampled with pulses representing horizontal sync. This is

20 illustrated by the diagram of FIGURE 15. An upper/lower field type
indicator has a value 1 for upper fields and a value O for lower
fields. The upper fields include odd lines 1 through 263. The lower
fields include even lines 2 through 262. In FIGURE 16, the first field
type indicator UL MAIN. SIGNAL represents the field type of the

25 main video channel. The signal HSYNC_AX represents the horizontal
sync signals 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

3o 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)
represents the field type stored in the video RAM 350 if the first

line of the upper field is not written into the video RAM 350 during

the reception of an upper field. Instead, the first line is actually’
3as tacked onto the last line (number 262) of the lower field. This

effectively inverts the field type since line 2 will be the first
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35 s_ynchroni zi ng conponent SEL VERT SYNC direct ed to the deflection
cirtcuit 50. Horizontal and vertical synchr®fi-zing signals OfPCtTJ?ﬁ§91/0%7546
or in

- 13- W(_)9"”z?é§$l iary video signal are devel oped by sync separa
-the wi de screen processor. : The 1f[err] to 2f : 3
40 is responsible for converting 4| THiS SHEET HAS BEEN
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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
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 18, 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 indicators. 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 receives
vertical sync, 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 sync). As the
signals precess, the mode will change according to their relative

‘positions. The valid modés_a-re shown graphically at the top of
- FIGURE 16 and in the table of FIGURE 17. 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
integrity according to this inventive arrangement is shown in FIGURE
20. The output signals of circuit 700 are write and read reset
control signals for the video RAM 350, the FIFO 354 in the auxiliary
signal path and the FIFO 356 in the main signal path, as shown in
FIGURE 12. 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 ¢!
e — -
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|nterlaced vi deo signals to progressively scanned nonlnterlaced 5 signals,

for exanpl e one wherein each horizontal 136e is displ ayed r an
addi ti oW 9H&9385f horizontal lines is generated by i nt &Y pol-a ?@8"“
adj acent horizontal lines of. the same field. In some

of a previous line or the use of an interpolated i
the level of novenment which is detected 10 between adj

RAM 420, | Thesignao VY NeayAX ANBLHSYNE: 6% ¢ Bachorlr of SGAGSIAs & of deo
fv“?FFle ensieldatéfined Méﬁéva%m%ﬂﬁl DWch Tieesgoiw ethiecgatedamrayat a as
interface 607 fSre’a{'onSQﬁés VA K} fFelmg@ 1@&%5& &Q&gbt%ﬁ?l%
FI GURE 11, both pamblafssigaiats.t ilaneach dasec HS¥NGds @ dquarmmave, whosenal
ES?eYhS?‘%RGEz'smﬂaﬁésé EpResteRiinio, @%é‘%‘*w°ﬁ??@fﬁ°b?%”""?29* R oo gna
adapt ed for respectivel sigaahi rlg. eatk case:, i\CAY NS has onlyzpng lﬂ%‘ﬁﬁoﬁ@ﬁ? R8r t he
gfggeggor& 9HEk, | WhitPRIdrPdsponds et 8ttt fora Rerida Helle G tREN
- respective signal. The relationship between the rising edges of the
respective pairs of signals is tested by circuit 700 to determine
10 .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 1/1g of a
15 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.
20 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/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
25 by HSYNC_MN, just as in flip/flop 852 explained in connection with
FIGURE 14. 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
30 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
upber/!ower field indicator UL_AX for the auxiliary  signal, which
can be a logical Hl for an upper field type and a logical LO for a
~ lower field type, although this is arbitrary. In the other case,
35 VSYNC_AX is sampled by HSYNC_AX, just as in flip/flop 852
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as | NT+~VERT RST QUT, enabling a selected vertical sync (f[err] or f[err])
to,be available to the deflection circui t350. Operation of i’g’? ‘o

screen MUK, enabl es user selection of an external B ,03741
generating an internal/external control signal | NT/EXT. 2
selection of an external RGB signal input, in the absence
signal, can result in vertical collapse of the raster, ane

t he cat hode ,r% tunt_or &Eo' ection tubes. Accordingly, t_he RGB
i nterface ci PYRIAINYEIRG tion wyitnIFIGRE: 34i ziThis pravides an output VH,

to override whictsdsettié orenical SpRciranizéd! tthe’ AakizBreal, nput . The 30 WSP
e P 0oeesor S40ngl A Bl B GauBn (ot Bethe BGSS, 1sSs e s <
picture in pFIGURES 19(a)t@(e)soif 320 fisingsptnt af fiekh@dgy eeesss Mg e t he
Bbbrevi aved ST PRIl off MR haciz8RelChdd Ragiidd o as” il FIEHIRE ABL: techelg .
and auxiliarig a lowed dieid stypeal dathe irisirg vétdet vérfieidy edgedospley ifottat s,
as shown by second half of the horizontal line period, as in FIGURE 19(c), the .
field is an upper field type. .
‘The VH for the main signal and HSYNC_MN are inputs to delay
10 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 14. Two to three horizontql
15 line periods of delay are provided between the write and read
pointers. ‘ o
The upper/lower field type indicator UL_MN corresponds to U/L
MAIN SIGNAL shown at the top of FIGURE 16 and is one input to a
UL_SEL comparator 714. The other inputs to comparator 714 are
20 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 in 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
25 U/L(C) is compared with UL_MN, at the time of the decision edge of
U/L_MN, also shown in FIGURE 16. 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
30- 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.
- The results of this comparison are an input to RST_AX_SEL
| selector circuit 718. The other inputs are the three vertical
35 synchronizing signals RST_A, RST_B and RST_C generated by

RST_AX_GEN generator 716. The three vertical synchronizing
oo smEmeT e
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-14- t he exanples of FIGURES 1(b) through 1(i). The

picture-in-picture processor 320 and ga8e array 300 are _
cont r ol VW@ 9%/ 1938% screen mcroprocessor (WP [err]P) 3458{]}1%9ﬁ&%l
M croprocessor 340 is | responsive to the TV mcroprocessor 216 over a
serial bus. The 5 serial bus includes four signal |ing i :

signal s, enable signals and reset signals. The wd

al so

one another in order to implement the corrective action, or no
- corrective action, to maintain interiace integrity according to the
output of the comparator 714. Delay circuit 722 resynchronizes the
s selected vertical synchromzmg 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 16, modes B and C overlap
most of the time. In fact, only two out of every 525 comparisons
- 10 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.
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gerierétes a conposite vertical blanking/reset signal, as a three | evel
sandcast | e si gnal Al ternatively, the ver38eal bl anking andB {)llj 265741 '

si gnal s WAAlY 3’§5enerat ed as separate signals. A conposite 1 I'ng
signal is supplied by the video Si gna| illpUL sectton to tix ‘
i nterface. The def | ect| own in TlelScmiEﬂﬂHAmBEEN
FI GURE 10, receives a vertica !m ﬁ! m m t he wi de SBEBEACED
processor, a sel ected 2fH hori zon i ng si

“interface 13Nhad isnaladm@d isnal cont roI si gnals fromthe w de screen
processor. These additional control signals relate to horizontal

phasi ng, vertical size a%é %ment and east - vvestqggl n adjustnment. The
defl ecti én circuit 58 SYpEhreaization; SYSIRM, RATRESI t he wi de screen'
pr Ocesfob 2910 t hefirgt [eﬁ‘id]séébr?cg [ feeid] tmmV@éteUtm@Orr]ﬁealns hior Yiikstt @nBGB 20
converter atin e e
tel evisi dn ayagond V@%%%r%lgﬁé Jeégﬁﬁﬁ)é?ﬁ uﬁﬁFﬁ Bé %I%' PEﬂﬁwﬂgﬁa‘ﬁ@%@ed by
an AC 4 mawhetharppiaid respect:ve video signal has a flI’St or second field type;
5 means for synchronizing said second video signal with sand
6 first video signal for.a combined display; and,
7 means for changing said field type of sald secpnd_video signal
8 when necessary to match said field type of said first video signal to
9- maintain interlace integrity in said combined display.

2. The éystem of claim 1, wherein said changing means
2 controls said synchronizing means.

—

3. The system of claim 1, wherein said synchronizing means
comprises means for storing said second video signal, said second
video -sigdal being written into said storing means and being read out
of said storing means in a manner which synchronizes said second
video signal with said first video signal.

an b~ QN -

4. The system of claim 3, wherein said second video signal is
written into said storing means synchronously with said second
video signal and is read out of said storing means synchronously
with said first video signal. |

—

A WM

‘5. The system of claim 1, wherein said synchromzmg means
comprises:

a synchronous field memory, havnng write and read ports
operable synchronously with said second video signal; and,

' an asynchronoUs' multiple line° memory for data read from said
field -memory, having a write port operable synchronously with said
second video signal and a read port operable synchronously with said
first video signal.

0 ~N O s W N -
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The Wi de screen processor 30 is shown injwre detail in 25 |:| GURE 3. The
princip nents of the wi de screen pr cessor are a2 @SGI 314qy

300 a Wﬂ:?'d 8§n H“ll“ u“ lj“l 01, analog to dig )
to anal og converte ner 208, a Wi dg ﬁ_ﬁé E@r,.g@@@gm
m croprocessor 340 and‘a Wi de screen out put encodgr REPLAGEST

details of the wi de screen processor are 30 shown in E-GJRE—4—A :
pi cture-yn-pictuge Prgs mBa@ cl%@ wherefnO58Ri hgh mFgElrﬁéahspart of
the PIP crrcurt detail 1 n Fl . The gate

01
Loy 508 | Contsla saIdoruing: ifto RAId StOriBGREARS. A number of |t e
conponents shown in FIGURE 3 have al ready been described in det ail. 35
The second t uner 720 has associ eremith an.LF sta e 224 ng an

audi o sthge 226. ‘The &Y% '{‘uﬂgFaéma al¥Retsin, Said changing means has

2 mode of operation which delays writing fields of said first field
3 type by one horizontal line period.

8. The system of claim 1, wherein said changing means has a .
mode of operation which advances writing fields of said second field
type by one horizontal line period. '

9. The system of claim 1, wherein said changing means has a ‘

1

. 2 first mode of operation which delays writing a current field of said
3 first field type by one horizontal line period, a second mode of
4 dperation which advances writing a current field of said second

s field type by one horizontal line period and a third mode of operatron
6 which maintains a current field type.

1 10. The system of claim 1, wherein said changing means

2 comprises means for comparing said field type of said second signal
3 to said field type of said first signal and generating an output sigral
4 indicating one of a piurality of comparison outcomes.

1 11. The system of claim 10, wherein said plurahty of -

2 comparison outcomes comprises: :

3 - said first and second video signals have current fields of the-
4 same field type;

5 said first video signal has ‘a current field of said first field

8 type and said second video signal has a current field of said second
7 field type; |

8 said first video signal has a current field of said second field
9 ' type and said second video signal has a current field of sard first

1o field type. '

12. The system of claim 10, wherein said changing means
2 comprises means for generating a plurality of selectabie interlace
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- 15 -, conj unction W|th t he V\BP [err]P 340. The WGP [err] P 340

cenpri ses an 4—npu{—ﬂu{—pu{—-1—/—6—s1€ct i on4340A and an

3408B. W09rl|4b"3|8?o des tint and color co
| NT/ EXT signal for ﬁl‘.@gﬂl@ ﬂ‘} E -ernal RGB vi deo sourc

gh SW6. The 1/0O section

signals for the sw
" the EXT SYNC DET signal fromthe RGB interface to
defl ection circuit and, cathode ray tu The anal o

anal | WBBWOS?@S’IC“

be(s).
3 correction sngnals each bemg gppropnate for gne of said plurahty

4 of comparison outcomes.

N -

.

13. The system of claim 10, wherein said changing means -
comprises means for fixing a comparison time related to an edge of

3 said field type indicating output for said first video signal.

1 14. The system of claim 1, wherein said changing means

2 comprises means for generating a plurality of selectable interlace
"3 correction signals, each being' appropriate for a different mode of
4 interlace correction. ‘

1 15. The system of claim 1, wherein each of said field type

2 detecting means comprises means for sampling a horizontal

3 synchronizing component of said respective video signal by a

4 vertical synchronizing component of said respective video signal to
5 generate a field type output signal.

1 16. A system for maintaining interlace integrity, comprising:
2 first field type detecting means for a first video signal, having
3 an output indicating whether sa:d first video signal has a first or .
4 second field type;

5 second field type detectmg means for a second video signal,

6 having an output indicating whether said second video signal has

7 said first or second fieid type; :

8 means for storing said second video signal, for synchronizing
9 said second video signal with said first video signal, said second
10 video signal being written into said storing means synchronously
11 with said second video. signal and being read out of said storing

12 means synchronously with said first video signal;

13 means for comparing said field type of sasd second signal to
14  said field type of said first sngnal and,

15 means for changing said fleld type of said second video signal
16 when necessary to match said field type of said first video signal,
17 responsive to said comparing means.

I
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out put"'séction 340B provi des control ‘si gngl s for vertical size, east-
west adjwglo;4888s10ri zontal phase, thriough ?espect i ve i nterfpceusd/g3Tacuits

254, 256 and 258. array 300 is responsible for conbining

vi deo i nf or mat .HIII"HHIH."“QIIHWand auxiliary signal - ectfise enment
a conposite w de*sctreén display, for exanple one of t OMS@{E@T EEN T
the different parts of FIGURE 1. d ock |nforrrat|on for thg gatengp,_ A-g@

wth Towloases P T88 SnteMionEhimbd o wABRR. S, e T e
wi de scréen paidc iekbrtype afissaid secandandeb Gngmalocuatrolassadgmltmg of

desi gnat gd Ygify %’e?@ | nverted from
analog to digital form 'yeg‘lng tlglfgléghl'@ag @/ ?%’? 342 and 20 346,
shown in nore detail in FI GURE 4 . The col or, component signals

are refenred to bygt hghges ﬂe@n of claﬁﬁsﬂgn%héﬁn%ﬂa \éar'&’(1 Gﬁ‘dﬁﬁegl?@gml

assigned to eit na S S|gna

| uni nanc@ batRidi ﬁph’ﬁtgpe 0 33";{1 $aepnd) \idep, Signad delays cwEiage @f csaisk rate
i s 1024f [ser rfirst iieldh type by one horizontal line period.

1. The system of claim '17, wherein said means for changing
said field type of said second video signal advances writing of said
second field type .by one horizontal line period.

N  —a

20. The system of claim 16, wherein said changing means.
comprises means for comparing sai¢ field type of said second signal
to said field type of said first signal and generating an output signal
indicating one of a plurality of comparison outcomes.

W N -

21. The system of claim 20, wherein said plurahty of
comparison outcomes comprises:"

said first and second video signals have current fields of the
same field type; :

-said first video signal has a current field of said first field
type and said second video signal has a current field of said second
field type;

said first video signal has a current field of said second field
type and said second video signal has a current field of said furst
field type.

- .
O © ® N O B & W N -

22. The system of claim 20, wherein said changing means
comprises means for generating a plurality of selectable interlace
correction signals, each being appropnate for one of said plurality
of comparison outcomes.

WO =

.23. The system of claim 20, wherein said changing means
comprises means for fixing a comparison time related to an edge of
3 said field type indicating output for said first video signal.

N -
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25 approm mat el y 16 MHz. A single analog to digital converter and an

angl og hig3gR be used to sanple the co#8r conponent datg oDBSRISE
the U an signhals are limted to 500 KHz, or 1.5 MzfT Qs sH ] Ee
select line UV._MIJ for the analog switch, or multiplexgr

MHz signal derived by dividing the systemclock by 2. A-—30—6ne—elaclk-w rde
start of line SCOL pul se synchronously resets this. Si gnal to zero at

t he begi nning of each horizontal video I'ine. The UW_MJX |ine than
toggles in state each clock cycle through the hori zontal |ine. Since

tutl/eNIU;(ne hength i 24n Fhensyslteherofoélaﬁhwlﬁ where‘ih’@a@ cﬁdi@lﬁgaﬁﬂeaﬁs the
o} V4 Cc I.stent
wi t hout i teré‘ﬂb@ hb %'& d‘?& 3@385?%"9 ¥ pﬁgﬁ}t}’ ﬁ 5ﬁi)quﬁb{%emiﬂ%{?ﬁﬁ to
di gi tal cenvesareectiont signdls34eaehebeing appropriate for a different mode of
4 interlace correction.

25. The system of claim 16, wherein each of said field type
detecting means comprises means for sampling a horizontal
synchronizing component of said respective video signal by a
vertical synchronizing component of said respective video signal to
generate a field type output signal. | |

N b W N -

) ) D
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pr ocessi ng.

-16- shi fted becaygi gHeet Wﬁeplad&‘gltal converters each have 1

cl ock cycl e of del ay. date for this the
cl ock gwoi91g19385or mat i on froyml! m a > pRardgibita e

be simlarly del ayed. Wre t gating information Wam
UV data will not be correctly paired when deleted. This Sﬁ% 6$tB§I$N
because each WV pair represents one ve¢1l16r AU el ¢
vect or. cannj h a Vretempmt—fyom anoirfrer—y-eetor ou
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10 This nethod pfhid$heatiids BHenReplgcdcs ref erred to as 2:1: 1, as there are

two |uni nance_sanpl ir of color conmponent (q, % S$91/03741_
sanpl e VORI X Ui SJMEEW 1|“ both Uand Vis effectively—==vedtced
to one half of the | ce qgui st. frequency. Accor §

Nyqui st frequency of the out put of the analog to digi

the Ium nanceggonmponent is 8 MHz, yhgreas the Ny diu S t he
~out put of the anal og to di gltal converter “for t he col or corrponents S
4 MHz. The PIP cuigt and/ or t.h.e_g.a.LF_.a.r_La.;Lm.);.a.l_s.o_.L_nqlue.
means forgnhanm ng t e r | ution of =t
notvmthstandllﬂvg 20, &h egz ian @and
dat a restorat i29eh g]\:/)e en. : il i efanpl e
pai red pi §€l"_Conpr €ssi on an s:hera:ng and de@ik heri ng
different |di theglsag _sedUpnces vol &ing diffe s of bit$ and
di fferent |paired pigel cphnpress$ ons& nvoI VI ng—di t fnunbers 25§ of bits
are conten of .aj number if | ar\dat a reduct (or d
restoratig sﬁherlnaswcan g selgctgq t PI&r]P| _
- O W ;E 1 - < :
! = h
B _ ] - :
gEzde s §§ EQ% Zle
sezs| |13 |28IE g2 A
L I EEEENW
— 134¢] 13— 21512 88| |
=5 | & =) 55
] ) o | U
sEm | - === T8 ggﬂ’*i"" -
“gs T <2 E el ]| g
s¥a |BY oz looriioangl || | &
A Y é | & >llgl R har
Eg l.u8 /] g - > dlaldl 9
HikynEeaa: S5
x3 | %8 } =l g~ =1 ~|ol>| Z
=583 > § ry A4 WM & |l &
- _ ] ©
5. 818 g 3 E =z zig Nf / g ol 4
. 8]= E L= g | = o~ S %«
S g | 8 5 g -4
: ; ot B
i ~TY1- IR N
| . = ¢
| = o & s§ i 3 ¥y s
| [_% D ) f B 3
| |[EEl=a” === =3
| x == - é’
| . B
:g_.gf \%1!1-55 sg | Y
= ~Te | g8 o l
a1 | B i il 2 P PP e
4 - 1 A : ~lE gl_e
: g 3 gég} \g 8 5 1 oo{R3




340 invorder to maxinm ze resolution of the displayed video for each

particul ' f picture displ 2\ as Been Replacec The gate array
i ncl udesa{%l?(wg%ﬂ%at ors which operat | mm"FCt ion wi t PCT/HSIMOFIAL es,

whi ch may be inpl emented as FI 8. Th : ol ator and
FIFOs are utilized to resanpl e the nain signal asf|dggkic - ——,
addi tional interpolator can resanpl e the auxil jaryj] si gnagep <B%§M
synchroni zing circuits in t he ddibe array .c%lr t tign
of both the main and 35 auxiliary signals, | 'glg@ ~the conbination
thereof into a single outgut video signal \oh Y_MX, @X and V_MX
conponents. These L ER ®F >d> =5 >80 o
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nore detail in FI GyiFs e&'iator 228 is part of a phase

I ocked I oo 1. ncl ud| n er 230, voltage control lygek/Us91/03741
osci | | aW(Q %3 di VI acitor 236. The vol tage 15 cont rolled.
er r '

oscillator 232 operat , responsive to a cera g _ réaéggN
or the Iike 238. The output of the voltage controlled \
di vided by 32 to provide a proper fre(ﬂ cy second i :
phase conparator 228. The out pui of ¥he d |d¢2234 Tlerr] REF

timng signal. The 32f[err] REFg!md‘i'f[er REETimipg signals 20 are

FSW -—

U_RP(R
V_RP

U_OUT (R-Y) «—

V_Out
+5v DIA ——»

GND D/A ——»

supplied to a divide by 16 counjer A I ©supplied to a
pulse width circuit 402. Presetm ng IVI d& 400 - f[err] REF .
signal assures that thg divi der°op s pyrf phase
| ocked 1 oop of the vidg i NP seti-n L circuit 402
assures that a 2fH RE il 1] - al width to
assure proper operati | 3 ogr 4 xanpl e a type
CA1391, which forms pabt. ¢ dcKer | oop i el udi ng |0
.pass filter 406 and 2f € — i Nj«at or 4088 Vol t agg
controll ed oscill at or, - >§f,_<_,f_,
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fhe viideo lines are shifted to the right and half of the vi.deo lines are

shifted to the Ieft The deflection circuit 50 i pcyPoss /0374101 €
détai |l WRS/BBE 1 A circuit 500 is provided for adj ES'[I ng the

vertical size of the 5 raster, in accordance with a desr____“u .
vertical overscan necessary -for inplenenting differeifjt -HQ§gHEQrHASBEEN
formats. As i1 lustrated diagrannq?scally a const ant curraapLgoabce I
502 provides a constant quantity of “current | RAWP whitleh—etan

vertical ranmp capacitor 504. A transistor 506 is coupled in paraIIeI 10
with the vertical ranp capacitor, and periodically discharges the

. capacitor responsive to the vertical reset signal. In the absence of
any adjustnment, current I[err] provides the maxi num avail abl e verti cal
size for the raster. This mght correspond to the extent of verti cal
overscan needed to fill the w de screen display by an
N -~ )
& &
A N\

CROPPED

AUX VIDEO

—{|e—1uSEC
~»| 5% |e

MAIN VIDEO
CROPPED

: —»{}e—~ | nSEC
" SEAM
v [ ] 1 .

o % 3 g 2 < Z

: g7 2 & & do z z &
5 2 I § | = E a'
g -3 = Z
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15 expanded 4 X 3 format display ratio signal source, as shown in

FI GURE 1(@% 1/1ésgshe extent that |less vertical raster size i pEEysdiAd741
an adjusta ?e current source 508 diverts a variabl e anount of cur

| ADJ froml[err], so that vertical ranp capacitor 504 charges |
slowy and to a snuller peak value. Variable current so!hqﬁuQeHE§6§.
responsive to a vertical size adjust signal, for exanpl i Pig
form generated by a vertical size control circuit. Vert
adj ust ment 500 is independent of a manual vertical size adj ust nment
510, which may be inplenented by a pot i ometer or back panel

adj ust ment knob. In either event, the tical deflection 25 coil(s) 512
receive(s) driving current of the proper magnitude. Hori zont al

defl ection is provided by phase adjusting circuit 518, East - West pin
correction circuit 514, a 2f[err] phase | ocked | oop 520 and hori zont al
output circuit 516. The RGB interface circuit 60 is shown in
nore detailed in 30 FIGURE 11. The signal which is to be ultimately

di spl ayed will be sel ected between the output of the 1f[err] to
2f[err] converter 40 and an

21-REF
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external RGB input. For purposes of. the wide screen television

descri bed herejn, the external RGB input is presuned to be gcEigo1/03741

f 6r mat m%%"&‘;iéatio, progressively scanned source. The external 35 RGB
signals and a conposite blanking signal fromthe video sffgnars Ut
section 20 are inputs to an RGB to Y U V converter 610.
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external 2fH conposite synchronizing signal for the external RGB si gnal
s an i uﬁli/i%égxternal synchroni zi ng signal separator 600.pCcT/USSEI08T41 ON

of the synchroni zing signal is inplenmented by switch 608.

Sel ection of the horizontal synchronizing signal is 5 ¢ '
switch 604. Selection of the video signal is i mpl e errHﬁiSﬂdﬁEEW‘\ﬁcaﬁiE@b :
Each of the switches 604, 606 and 608 i's responsivegjto aREPLACED |}
i nternal / external control 'signal generated by the oo FerriP 340.

Sel ection of internal or extetpal video sources is a user selection.
However, if a user inadvertdrt®y sel oy5 an external 10 RGB source, when
no such source i s connected rE urned on, or if the external soyrce

drops out, the vertlgl rastzr& Il coll apse, and serious danmge to the

- cathode ray tube(s) gan 1 ) nchroni zi ng
detector 602 checks fdr 1 e sexternal synchrpni zing
signal. In the absen? 01 su : 52 switch override control
signal is transm tded feach : &4, 606 and 608} to prevent
sel ection of the Xt &nall RGB i O : S
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the signal therefromis not present. The RGB to YWV converter 610 al so
receive color control signals fromthe WsP [err] PP%WU 91/03741
FlI GURE }vpsﬁglﬁP%ck di agram showi ng further details of the Sdl screen
processor 30 shown in FIGURE 3. The Y_A UA and V_A -

input to the picture in picture processor 320, which
resol ution processing circuit 370. The wi de screen -8

3 SHEET hes g '
'%ﬁpd#%%%l 19

to aspects of this invention can expand1é1r$d conpress vi deo. E—Speai-dl
effects enbodi ed by the various 25 conposite display formats illustrated
in part in FIGURE 1 are -generated by the picture-in-pictureapracessor
320, which can  receive resolution processed data signals Y &, %) RR and
V RP from resol uti on processing 1| rcurt 370. Resolujion prot'esé’i’ ng need
not be utilized at al}] dtddmsbutl during selected d :
30 picture-in-picture prjodessor 320 s shown in nor b d
5. The principal conponentd of the pgcture-in-picturg p
anal og-to-digital convertjen section 2, an input sefti
switch (FSW and bus sectﬁi qn 326,¢<a txm ng and contrpl
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328 and a digital-to-anal og converter section 330. 35 The
pi Cturewogﬁyg'gyge processor 320 may be enbodi ed as an PCTAISY4868741
variation of a basic CPIP chip devel oped by Thonson

- 20- Consuner El ectronics, ~.Inc. The basic CPIP chip_is_described :
ore | THIS SHEET HAS BEEN
_ REPLACED _
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fully Pn a publication entitled The'CTC'14O Picture in Picture (CPIP)
Techni cayolgipigdgsg Manual , avail able from Thonson Consumer pcy/t92837ani s,

Inc., Indianapolis, Indiana. A nunber of special features 5 or special
effects are pOSSIb|e the followi ng being illustrative. The basic '
special effect is a large picture ha\ji ng a small_pi Cti?)ﬁ ﬁ-}{§rsll—1@3£1r"llg\saBEEN
portion thereof as shown in Fi c). The large an smal | gemtages
can result fromthe sane video sj I, fromdifflerent vis ;
can be interchanged or swapped. ally 10 speaking, the audio signal is
swi tched to al ways correspond t € - big pidture. The small|l picture can
be noved to any position on the | p creen or cagn step through a nunper of
predet erm ned positions. A Z0 eatur-e—tHer s and decreases the
size of the small picture, 9% anple to any ofe of a nunber of preset
sizes. At some point, 15 for (ggga t he display f¢rmat shown in FI GURE
1(d), the large and smal | plct s are in fact the sane size.
In a single picture node, for t hat shown i n| FI GURES 1(b), 1(e)
or 1(f) a user can zoomin on 94g tentaof the sipgle
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picture, for exang Ea%gaaratlo of 1.0:1 to 5.0:1. Wile in 20
t he zogv m; U I pan through the picturcPCDHUSIN03741
ehabl i E}B %cree across different areas of=the: .
picture. In elther the smal | picture or the laTige SHEETUHAS BEEN
or the zooned pi cture can be di spl a n freeze frame (stifl.l pi REBLAGED
format). This function enables a str for t, wherein th Zo T 1Te
frames of video can be repeat®d on the sg| The {f.rame repetjtion
rate can be changed fromthi y frames pel cond tjo zero franes per
second. The picturd-in-pictures essor Jused in tHe w del screen
tel evision ac i ng to anot ljer i nventl\ﬁeJ angengnt differq from{80 the
pr esent conflgurqtloroof t he |basi ¢ CPI P ¢l descrijbed aqove. t he
basic CPIP chip e sgid -a-—t-e-l-eoﬁr-es- Erv=Fre Lot O een,
and without a videed dup circuit, ggg et pictures| ul d exhi bit
aspect ratio distflo |@n due to the ef td 4/ 3 ti mep hofi zont al
expansi on resul t {ngEf<o scanni ng acro p wi der 35 16 [X 9 scfeen.
Obj ects in the pi{lc@§rB ywoul d be hori zogga I
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elongated. If an external speed up circuit were utilized, there would
but the picture would not

- 21 - WO91719885 no aspect ratio distortion,
Exi sting picture-in-pi RETHUSI/03741

fill the entire screen. '
processors based on the basic CPI P chip as used in conventional
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tel evisions are operated in a
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5 particular fashion having certain undesirable consequen

i ncom nWEilA938sS sanpled with a 640f[err] clock which is
of the main video source. |

hori zontal synchronizing signal

words, data stored in the video RAM associated with the CPIP chi pis

not orthogonatiy—sanpted w thyysespect to the incomng auxiliary 10 video
SO hj s . s fundarrent al itation q he basic CPIP @t hod of

fi'gf]g%heJ 3589 The no hogonal ng?lsjre of the i nputsgsanpl i ng
rate w errors o&&he sanpled data. The Iirritaéon s a
result RAM used igsh the CPIP chip, whi ch nust fse t he

sane cl ock for wr|t| ng and re@ffng data. Wien 15 data fromthe&i deo RAM

such as video RAM 350, is disal$yed, the skew errors are segh as random
jitter along vertical edges o pi cture and are ggner al consi dered

qui te obj ectionabl e. i cture-in-picture prd

according to an I nventive errent and unlike the b | P chip,
i s adapted for §) Sy ricef hevideo datlari n_4ne of a
plurality of . ofselectaflie dii modes. In this node of oper t he
pi ctures = & 2
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are coerressea L S N -hori-zont aI d| rectlon anfmﬁ thé T/JrHtfaI/ : ,J_' \
di recti on. nDde of conpression produces aspect ratio
di'st ort ed pIC 6 in the vide E@Mﬁ Qvj ects in tgh
ﬁ%ﬁ J ga?E’N1992e d

=3

o
T
ric
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pi ctures are nt al ly. However i f these pi ctur

out normal | y, in the channel scan node, U.Wa
16 X 9 format d| spl ay ratlo screen, the pl3(,9[ ures appear THISSUEE’ét’t‘* ‘
i | di REALAGED T

"picture fills the screen and there is no aspect ratio
the invention

A co_rrpre?3| %eﬁfgae %chﬁéggﬂ@ a?’gé}e%'BfQ‘gBﬁ%&% :rlrJnlats on a 16 X 9

makes it possible’t

screen without exfiestnahdspeedndpfield tgpecdetacting -means forl firstuehdscr een
th a

Free. runni noSedd 10’ Siglep 1eSeRelVeG praphr ot said kAR, fhalts 7.

exanpl e an auayingvan outpebinditatingr whithedesaitierespectiviegvided rsignm Has V
col or compong i a0f AR it @l and

means for comparing said field types of said first and second
wvideo signals; ' : '

means for generating field type control signals for changing
and maintaining said field type of said second video signai; and,

means responsive to said comparing means for selecting one of
said field type control signals for controlling said field lype of said
second video sagnal to match said field type of said first vxdeo

signal.

2. The system of claim 1, further comprising means for
synchronizing said second video signal with said first video signal
for a combined display.

3. The system of claim 2, wherein said synchronizing means
*comprises means for storing said second video signal, said second
video signal being written into said storing means synchronously
with said second video signal and being read out of said storing
means synchronously with said first video signal.

4. The system of claim 2, wherein said synchraonizing means
comprises:

a synchronous field memory, having write and read ports -
operable synchronously wilth said second video signal; and,

an asynchronous multiple line memory for dala read from said
field memory, having a write port operable synchronously with said
second video signal and a read port operable synchronously with said

- first video signal.

5. Thé system of claim-'1 wherein one of said field type
conlrol signals delays writing fields of said first field type by one

horizontal line period.
ANER O R T
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vertical sync pul ses. These signals ar ;%frug&sey |ln/ths / 41

-22- o "
prcture processor for the various full screen nodes such’

pi cture-in-

as- zoom bdeh@apgtegscan. During g &nnel scan 2
exanpl e, &t 17d¥ Bﬁd verti cal synCi Eézgm from t he vt desses B0

signal s i nput mﬂm have many discontinuities bgE \
signal s sanpl ed channels) will have non-rel ateY d

and will be -40-

6. .The system of claim 1, wherein one of said field type
control signals advances wrmng fields of said second field type by
one horizontal line perlod

8. The system of claim 1, wherein a first field type control
signal delays writing fields of said first field type by one honzontal
line period, a second field type control signal advances writing
fields of said second field type by one horizontal line period and a
third field type control signal maintains a current field type.

‘9. The system of claim 1, wherein said comparing means is
responswe to an edge of said field type indicating output for said
first video signal.

10. The system of claim 1, wherein said field type control
signals are interlace correction signals, each being appropnate for a
dlfferent mode of mterlace control

11. A field type matching system, comprising:

first and second field type detecting means for first and
second video signals respectively, each of said detecting means
having an output indicating whether said respective video signal has
a first or second field type;

means responsive to said second field type indicating means
for generating test signals indicative of different field type
relationships between said first and second signals;

means for generating an output indicative of a relationship
between said field type of said first video signal and at least one of
said test signals; and,

means responsive to said relationship indicative output for

- controlling said field type of said second video signal to match said

field type of said first video signal.

12. The system of claim 11, wherein said field type changing

means comprises:
R Il ll 1|
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SWi tgh‘ed “at seeni ngly random nonents in tinme. Theref BGT{HS sf@@? 4 l

clock (and read/wite video RAM cl ock) is determ ned by the
runni ng oscil Inﬁsnsheeﬂeasaeeeae lasedd zoom nodes nmpl e 10 Clpqak
ﬂ nt al sync, U%—Rzusa t hese spedi JMMQSQ

| ocked to i ncom

I's the sane as t Kk frequency Referri ng again to
FIGURE 4, Y, U, conposite 4l sync) outputs fr

pi cture-in-pi cture processor in anal og-fo - can be re- eq afies!

conponents by encode ci rcwt 366, which 15 operates in conj 1ct|oSmHgEE€E%F%EEN.
3.58 MHz oscill at or. _380. Y/ C PIP ENC@ gﬁ}iafl Eaxb

Y/ C switch, not shBRRNS for Qﬁﬁﬁéﬂf"&motﬁm SelffoQHANHNY bonents to

be substitut qdaimtaining saike figld wpepoﬂesma sbcbhd vrideo sngmaﬂ;. bFr?mtBI s
e e aSIS

point on, the PIP e WO
for horizontal 2d"e8RE Fﬂé'r P'f’EefﬂTfnlg rﬂng q?nsg%g?‘ng%y FHQPr&(ﬂailgf@s “This °
node of oper at i on S approprl ate for inplementing a zoom node for the
PPl pat 2SCY U ORRB2L et o Blail™ PRI cBRbAZIAG Mdahs 67 ™ "
synchronizing said second video signal with said first video signal
for a combined display. L

14. The system of claim 13, wherein said synchronizing means
comprises means for ‘stdring said second video signal, said second
video signal being written into said storing means synchronously
with said second video signal and being read out of said storing
means synchronously with said first video signal.

15. The system of claim 13, wherein said synchromzmg means
coimprises:
a synchronous fleld memory, having write and read poris |

operable synohronou..ly with said second video signal; and,
. an asynchronous multiple line memory for data read from said

field memory, having a write port operable synchronously with said
second video signal and a read port operable synchronously with said
first video signal. | -

~16. .The system of claim 11, wherein one of said field type
control signals delays writing fields of said first field type by one
horizontal line period.

17. The system of claim 11, wherein one of said field type
control signals advances writing fields of said second field type by

one horizontal line period.

18. The system of claim 11, wherein a first field type control
signal delays writing fields of said first field type by one horizontal
line period, a second field type control signal advances writing
fieids of said second field type by one horizontal line period and a
third field type control signal maintains a current field type.

SuoeTITUTE SHEET | I W I W




WTh fufFth .f FIGURE 5, th ’ -i 2
e G o, PLctur e - PETHUS Hdﬁiﬂnl

320 conpri ses analog to digital
324, fast sw tch—FSWaﬁd—bus—eem—pgl section Sl?pEAéu& ti m328 ancL%ggM&quyz
i on

section 328 and taI to anI og converti.ng

t he plcturelnb As-ieen Replaces digitizes the video signal into

| um nance () and L ic_e 30 signals (U, V), subsanmpling and o
storing the result ) YRt vi deo RAM 350 as expl aj_ned -above =
The video RAM 350 assom at ed with the picture-in-pictur Tg@gﬁgsbhAS@@EN \
has a nenory capacity of 1 negabit, WAPCh i's not | ar ge nouganFO.AﬁE@r o

a full field of video 'data with 8-bit sanples. Increase]

capacity tends to P& ﬁ en5|v nd cey‘n requi.re e _conpl ex mana e.ment
cireutthy: “The | T8 oiBe SYSRIREE cBAm, S iRt sRE Bl Mpaas,
channel responsive to an edge of said f:eld type indicating output for sald :

firs_t video signal.

20." The system of claim 11, whersin said field type control
signals are interlace correction signals, each being appropriate for a
different mode of interlace cantrol.

21. A field type matching system, comprising:

first and second field type detecting means’ for first and
second video signals respectively, each of said detecting means
having an output indicating whether said respeclive video signal has

. a first or second field type;

means for synchronizing said second video signal with said
lirst video signal for a combined display

means responsive to said second field type indicating means
for generaling test sngnals indicative of different field type
relationships between said first and second signals; '

means for generating field type control signals for changing
and maintaining said field type of said second videa signal;

- means for generating an oulput indicative of a relationship
belween said field lype of said first video signal and at least one of
said test signals; and,

means responsive to said relationship indicalive - output for
selecting one of said field type contro! signals for controlling said
field type of said second video sxgna! to match said field type of

said first video signal.

22. The system of claim 21, wherein said synchronizing means
comprises:
a synch:onous field memory, having write and read ports

operable synchronously with said second video signal; and,
an asynchronous multiple line memory for data read from said

field memory, having a write port operable synchronously with said

¢ L M08 * -
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- 23 .0 U . represents a reduction in quantlzatlmutl 40@%7]_,_1

bandw dt h, relative to the main signal, which is processed vmt
sanpl es - thrmmﬂve reduction of bandwi dth is not UN1992

usual ly a PTlS5Re8t WaS Bedr o liary displa ggt ure is rela}l

smal |, but 5 can Jjthe auxi | i argygag ayed pi cture |s

| arger, for HI’ size as the nain displayed pi cture.
Resol uti on t 870 can selectively inplenent-—-er€=0r

schenes for enhanC| ng the quantization reddirution or effectiwss
bandw dth of the auxiliary vi-deo data. A nunber of data regducti

. second video signal and a read port operable synchronously with saxd
first video signal.

23. The system of claim 21, whersin first figld lype control
- signal delays writing fields of said first field type by one horizontal.
line period, a second field type control signal advances writing
fields of said second field type by one horizontal line period and a
third field type cantrol signal maintains a current field type.

24. The system of claim 21, wherein said field type control
signals are interface correction signals, each bemg appropnate for a
different mode of interlace control.

25. A synchronization system, comprising: '

first and second field type detecting means for first and
second video signals respectively, each havmg an output indicating
whether said respective video signal has a first or second field type:

means for synchronizing said second video signal with said
first video signal for a combined display; |

means for comparing said field type of said second signal to
said field type of said first signal and generating an output signal
indicating one of a plurality of comparison outcomes;

means for generating a plurality of selectable interlace
correction signals, each being appropriate for one of said piurality
of comparison outcomes; and,

means responsive to sasd comparmg means for selecting one of
said interlace correction signals to control said fiold type of said
second video signal to maintain interlace integrity' of said first and
second video signals in said combined display.

AR O



10 gnd dat'a restoration schemes have been devg#gﬁng i ncl udi ng fagJU” KZ@Z
X JUMN T

e_xaﬁpl e, paired pixel conpression and dit heri n di t heri ng.
dedithering circuit would be operatively di sposed downstream of the

vi deoRAM-350—F-er—exanpl e in auxi liary signal path

array as expl aipned | n&are de bel ow. N&ft@over, diffqf

and m ﬁ[% S i-nvo ng di fferent nunbers of
o]

dlffere conpres ns i nvol ving different

ar.e cont f anu of particular data reducti gm and

restoration schenes can be selﬁd’ﬁed by the WEP [err]P in ordg@ to

maxi m ze resolution of the dIS£§ ed video for each 20 partiC}I'&l‘ ki nd of
b

pi cture display format. hel um nance and col orevdi f f & Bhce

signals of the auxiliary si gnalgre stored in an 8:1: it'Y U,V
fashion in a video RAM 350 } n-prcyure
processor. ‘In otferZz rds, |nt0<' =it
sanpl es. There atrg 2?: ei V%t I ilr ™f ol or
di fference sanpl &, « efly, BhY pé’cture i n-picture procesgor 320 ifs
operated in a mgde & 5 &
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#ggueby incomng video data is sanpled with a 640f[err]

d to the incomng auxiliary video synchronizing sig

clock rate
L_instead. In

this node, data stored in the video RAM 350 is orthogonc
When the data is read out of the picture-in-picture
350, it is read using the same 640f[err] clock

auxi liary video signal. However, even thaodgh this dat
sanpl ed and stored, and can be read out

di spl ayed orthogonal ly directly fromthe 35

| ock¢djfto the i ncom

orthogonall/, Lt _cannot be
vi deo RAM B50, dle to Th

553?{@9“, WSQEEE M

\MthbdtHQ%pnal y

asynchronous nature of the main and
and aUX|I|ary vi deo sources m ght

15

20

25

30

38

auxiliary videe—sew-ces. _The naijn

FIELD SYNCHRONIZATION SYSTEM
MAINTAINING INTERLACE INTEGRITY

The invention relates to the field of televisions- having
multiple picture displays for asynchronous video signals, and in
particular, to such televisions having a wide display format ratio
screen. Most televisions today have a format display ratio,
horizontal width to vertical height, of 4:3. A wide format display
ratio corresponds more closely to the display format «ratio of
movies, for example 16:9. The invention is applicable to both direct
view televisions and projection televisions.

- Televisions having a format display ratio of 4:3, often referred

A )

to as 4 X3, are fimited in the ways that single and multiple video

signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
broadcast with a 4 X 3. format display ratio. Many viewers find the
4 X3 display format less pleasing than the wider format display
ratio associated with the movies. Televisions with a wide format
die'play ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not
cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with

~a-telecine device, or by processors in the television.

Televisions with a wide display format ratio are aiso suited to
a wide variety of displays for both conventional and wide display
format signals. as well as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen’ entails
numerous problems. Changing the _display format ratios of multtple

- signal sources, developing consistent timing signals from

asynichronous but simultaneously displayed sources, switehlng _
between multiplé sources to generate multiple. plcture- dl$f51aYSi ;and
providing high resolution pictures from compressed data gignals are
general categories of such problems. Such problems are solved in 2
wide screen television according to this invention. A wide screen
television according to the various aspects of this invention is
capable of providing high resolution, single an_d multiple picture



324- ., be expected to be synchronous only in that instance where they

are ¥ di splaying signals fromthe sane video source. The main
signal path 304, auxiliary signal path 306 and out put [ 333
of the gate array 300 are shown in block diagram5 forn SHEE‘
gate array al so conprises a clocks/sync circuit 320 gnd a WP [errIP
decoder 310. Data and address out put l.i;mes of the GH [ﬁFZUBLd@%)d r
310, identified as WBP DATA, are supplied to each qf {the main circyii{s
and paths identified above, as well as to the pictyre-Tn-prctore
processor 320 and resolution 10 processing circuit 37 Lt wll be
appreci ated that whether or not certain circuits are, or are not,
defined as being part of the gate array is largely a matter of

conveni ence f HSBIg¥$y iffami ﬁ@ﬁﬁpaaaamuémple asynchronous sources having

similar or different format ratios, and with selectable display
format ratios. '
When an auxiliary picture is a small inset, various artifacts

5 from imprecise synchronization with the main signal are tolerable.
However, for some formats particularly suited for a wide screen
television, such as two side by side pictures of equal size, such
imprecision and artifacts cannot be tolerated. The large size of the
auxiliary picture can make such artifacts painfully obvious.

10 Generally, the video display and deflection system for composite
picture displays is synchronized with the main video signal. The
auxiliary video signal must be vertically synchronized with the main
video signal and the video display. In a relatively inexpensive
system, the auxiliary video signal can be delayed by a fraction of a

15 field period in a field memory, and then speeded up in a line memory.
In a'relatively expensive and sophisticated system, such as is
commonly used in broadcast quality studios, a four field
synchronization system utilizes four dual port asynchronous field
memories. Asynchronous memories, that is, those having

20 independent write and read clock ports, are generally more
expensive than synchronous memories. _ =

According to inventive arrangements described herein, a
degree of field synchronization can be achieved which substantially
matches the performance of a four field system, but utilizes only a

2s  single synchronous video RAM as a field memory and a single
asynchronous first in first out (FIFO) muitiple line memory device.
If the FIFO is a five line memory, the following artifacts can be
encountered: (1) Two frame line shifts and 1 field line shift will
occur each time the two signals precess through a video frame; and,

30 (2) The auxiliary channel video gets scrambled at the bottom of the
picture whenever the precession rate between the main and auxiliary
signals if greater than two lines per frame. This precession rate
has been found not likely to occur in the consumer electronics
environment. The cost saving over a four field system is

- 35 approximately 4:1, without incurring any significant sacrifice in
performance. The size of the FIFO is related to the minimum line



of the inventive arrangenents. The gate array is.responsible for
*expanrdi ng, conpressing and 15 cropping video data of the

channel, as and if necessary, to inplenent different p .
formats. The | um nance conponent Y MNis stored in a f in first out
(FIFO line menory 356 for a |length of - 8i-me depending HeZ il 19960f
~the interpolation of the | um nance conponent. The contbj chrom nanc
conmponents 20 W V_M are stored in FIFO 358. Auxiliary sijgnal |um nance
and chrom.nance conponents YPIP, UPIP and VPIP are deveteped—by

demul tipl exer 355. The |uninance conponent undergoes resol ution
DS eear g ot o7 SRR Capaluf thalehy T8/ oe VebsoheBlh elelR JE°SSH Y |,
sone i nst ancesreadiwritexigoiater didlisnswi | Rdad/agiteappintas tbéisions oecor
f! gnal display,a% ?i&omt% ?4 rﬁé&”&'ﬁfo? the 'F@HBEPE?(S% néidata halB4R'Y
imtations associated Wwih the prcture-in-pLcture processor and vi deo
RAM 350 can pr @PPQEUAHYi F%@&i\(!flgﬁﬂ Htabthe JriFO.  Readiwsdenpaintes pi xel s
for fillingssuebliididms Gisdi 66¢@Y wiierR.ndw HARSDverwrites the memory before
the old data has an opportunity to be read out of the FIFO. The size
of FIFO utilized herein, for example 2048 X 8, corresponds to
approximately five lines.
A field synchronization system for asynchronous video signals
10 comprises a video display synchronized with a first video signal.
The first video signal has a first line rate component and a first-
field rate component, corresponding to the horizontal and vertical
synchronizing components of the first video signal. A field memory,
having synchronous write and read ports, is provided for a second
15 video signal. The second video signal has a second line rate
- component, corresponding to the horizontal synchronizing component
of the second video signal. A multiple line memory (FIFQ) for the
second video signal has asynchronous write and read ports and
independently resettable write and read pointers. - The second video
20 signal, subsampled if necessary, is stored in the field memory and
written to the field memory synchronously with the second line rate
component. The second video signal, subsampled if necessary, is
written into the multiple line memory synchronously with the
second line rate component. ~The data corresponding to the second
25 video signal is therefor completely orthogonal, having been
subsampied and stored ssynchronously with its own synchronizing
. components. The second video signal, subsampled if necessary, is
read from the muitiple line memory synchronously with the first
line rate component. A sampling and delay circuit controls resetting
30 the write and read pointers. A write pointer reset signal is
generated by sampling the first field rate component with the
- second line rate component. The write pointer is reset up to one line
period of the second video signal after every start of field of the
first video signal. A read pointer reset signal is generated by
35 sampling the first field rate component with the first line rate
component. The read pointer is reset at least two line periods of the



30 circunstances, resolution processing circuit 357 can be used to

frestore pixels to the auxiliary video signal to replace th [ '
during data conpression, or reduction. The resolution proc EﬁNﬂﬂwnégﬁaET
correspond to the resol ution processing undertaken by circgif 370

shown in FIGURE 4. As an exanple, circuit .30 may be a 35 |diit herd gigL 1996
circuit and circuit 357 may be a dedithering circuit. _
- 25- '

first video signal after every start of field of the first video signat,
and more particularly, at least two but not more than three line
periods of the first video signal after every start of field of the
first video signal.
5 Data blocks from the video RAM are written into 2048 x 8 FIFO
' with the same clock was used to sample the video data, for example:
a 640fy clock which is locked to the auxiliary signal, rather than the
main signal. -The FIFO is read using the display clock frequency, for
example 1024fy, which is locked to horizontal synchronizing
10 component of the main video channel. The use of a muitiple line
memory (FIFO) which has independent read and write port clocks
enables data which was orthogonally sampled at a first rate to be
displayed-orthogonally at a second rate. The use of the asynchronous
FIFO for the auxiliary channel does not solve all of the problems
15 associated with video synchronization. Since the reading and
writing of data from the auxiliary channel FIFO is asynchronous,
there is the possibility that interlace integrity between the signals
will be compromised. Interlace integrity requires that the same
field type in each signal be displayed at the same time. It is also
20 possible to encounter read/write pointer collisions in the FIFO. A
read/write pointer collision occurs when a read enable signal is
_received before old data, that has already been read previously, has
been replaced by newly written data.
Maintaining interlace integrity of the auxiliary channel video
2s is a problem stemming from reading and writing of the FIFO in the
- auxiliary signal path asynchronously relative to the main signal.
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 a
30 video RAM memory in the auxiliary signal path or channel for
synchronization with the main signal, and ready to be read out at the
‘start of the main channel field, may or may not be the same as the
displayed field type. [t may be necessary to change the auxiliary

signal field type stored in the video RAM to match that of the main
3s channel display.



yvth further reference to FIGURE 12, the auxiliary video input data is_
sanpl’ *od at a 640f[err] rate and stored I n video RAM 350. Fhe

data is read out of video RAM 350 is designated VRAM QOUT. RE.PLAI% P}
circuit 301 also has the capability of reducing the auxililafy pi cture by
equal integer factors horizontally and verGtcally, as well 135 JUL 1996
asymmetrically. The auxiliary channel data is buffered an synchronl zéd
to the main channel digital video by the 4 bit |atches
the auxiliary FIFO 354, timng circuit 369 and synchroni zati on ci CCuit
368. The VRAMOUT data is sorted into Y 10 (lum nance), U =V col or
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The auxiliar y‘eﬁsﬁr(helsqrgeg&ﬁﬂ &allgd sven| tields)s aﬂ@'%ﬁl @'Jﬁh@ fa¢th that
s vertical sync is sampled with pulses representing horizontal sync.

The upper fields include odd lines 1 through 263. The lower fields
include even lines 2 through 262.

Upper and lower field types are recognized in accordance with
an inventive arrangement. Three field type indicators correspond to

10 three modes of operation, designated A, B and C. A first field type
indicator U/L(A) represents the field type stored in the auxiliary
channel video RAM 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 as the upper field is

15 being received and decoded. A second field type indicator U/L(B)
represents the field type stored in the video RAM if the first line of
the upper field is not written into the video RAM during the
reception of an upper field. Instead, the first line is actually tacked
onto the last line (number 262) of the lower field. This effectively

20 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. A
third field type indicator U/L(C) represents the field type stored in
the video RAM if the last line of the upper field is added to the video

25 RAM during the reception of the lower fieid. 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 channe! picture
because these lines occur during vertical retrace or overscan.

30 As the main and auxiliary channel signals precess, the U/L
field type will change with respect to the auxiliary channel
U/L(A,B,C) field type indicators. According to an inventive
arrangement, the field type is changed as necessary to maintain
interlace integrity, as the field type is continuously detected during

35 ‘the signal precession. A synchronization system for asynchronous
video signals according to this inventive arrangement comprises

E




channel is sanpled at a 1024f[err] rate. The auxiliary ch | _Fl FO 354

fconvérts the data fromthe auxiliary channel sanple rate Phe ~
channel clock rate. In this process, the video signal und BEQQ§L4 SHEET
(1024/ 640) conpression. This is nore than the 4/3 conprespki pn neces Y,
to correctly display the auxiliary channel signal. Thier fo‘kE,JUthpg,
auxi liary channel nust be expanded by the-6- I nterpolatgr {359 to corréctl
display a 4 X 3 small picture. The i nt erpol ator 359 ifs contro

i nterpol ator control circuit 371, 25 which is itself res i 0 WSP
[err] P 340. The anmpount of I nter pol ator expansion required is 5/
expansion factor X is determ ned as foll ows: X = (640/1024) *
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5 multiple line FIFQ, sync'hronize the second video signal with the
first video signal for a combined display. A field reversing circuit
changes the field type of the second video signal when necessary to
match the field type of the first video signal to maintain interlace
integrity in the combined display.

10 In further accord with this inventive arrangement, the field
reversing circuit controls writing into the memory, having a first
mode of operation which delays writing a current field of the first
field type by one horizontal line period, a second mode of -operation
which advances writing a current field of the second field type by

15 one horizontal line period and a third mode of operation which
maintains a current field type. A comparator compares the field
type of the second signal to the field type of the first signal and
generates an output signal indiéating one of a plurality- of
comparison outcomes, wherein the first and second video signals

20 have current fields of the same field type, the first video signal has
a current field -of the first field type and the second video signal has
a current field of the second field type or the first video signal has
a current field of the second field type and the second video signal
has a current field of the first field type. A signal generator

25 develops a plurality of selectable interlace correction signals, each
being appropriate for one of the plurality of comparison ocutcomes.

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

3o accordance with aspects of this invention and adapted for operation
at 2f4 horizontal scanning.

FIGURE 3 is a block diagram of the wide screen processor
shown in FIGURE 2.
FIGURE 4 is a block diagram showing further details of the

3s wide screen processor shown in FIGURE 3.
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FIGURE 5 is a block diagram of the picture-in-picture
processor shown in FIGURE 4. ~

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

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

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

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

'FIGURE 11 is a block diagram of the RGB interface shown in
FIGURE 2.

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

FIGURE 13 is a diagram of a five line FIFO line memory useful
for explaining avoidance of read/write pointer collisions.

FIGURE 14 is a block diagram of a simplified circuit for
implementing an auxiliary synchronizing circuit for the gate array.

FIGURE 15 is a timing diagram illustrating the correspondence
of an upper/lower field indicator to the horizontal lines of a video
frame.

FIGURES 16-18 are useful for explammg a method for
mamtalmng interlace integrity for smultaneously displayed video
sngnals exhibiting relative precession.

" FIGURES 19(a)-19(b) are waveforms useful for explaining the
operation of the circuit shown in FIGURE 20.

FIGURE 20 is a block diagram of a circuit for maintaining
interlace integrity as explained in connection with FIGURES 16-18.

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



cl gck signal, a start of line signal, a horizontal |ine counter signal,

*the Vertical blanking reset signal and the output of the f; '

~fromthe picture-in-picture processor and WSP [err] P 340. PEAEE%NT SHEET
mul ti pl exed | um nance and chrom nance conponents YMX, U MXiapd V_MX ar
supplied to respective digital/anal og conysr_t ers 360, 362 ah@ JA64 1995
respectively. The digital to anal og converters are foll owel by | ow pags
filters 361, 363 and 365 respectively, shown in Fl GURE 4. The vartou
functions of the picture-in-picture processor, the 10 gatile.acrray and the
data reduction circuit are controlled by WoP [err] P 340. The WGP [err] P
340 is responsive to the TV [err] P 216, being connected thereto by a
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the vi deo TanSigRabip.generally geempd,to be 16 X9. The inventive '
arrangements are not limited by these definitions.

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

10 display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire '
available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it will fill

15 the vertical extent of a viewing surface of 4 X 3 format display.
However, much information will be cropped from the left and/or
right sides. As a further alternative, the letterbox picture can be
expanded vertically but not horizontally, whereby the resulting
picture will evidence distortion by vertical elongation. None of the

20 three alternatives is particularly appealing. |

FIGURE 1(b) shows a 16 X9 screen.- A 16 X9 format display
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X 9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can

25 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 tormat display ratio signal whether the main source, the
auxiliary saurce or an external RGB source.

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

3s many different positions.



’horléontal zoom ng operations usually acconpani ed by vertical 20 zoom ng.
Hori 2ontal zoom operations up to 33% can be acconpli sh ITatia

conpressions to less than 4/3. A sanple interpol ator ia%ﬂqfﬁmﬁ ﬁfﬂ shaly P
recal cul ate the incom ng video to a new pi xel positiong because the
| um nance video bandwidth, up to 5.5 Miz fgr. S-VHS orqretJyloqeépi les| a
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a 1024f[err] cl ock. As shown in FIGURE 6, the TUumMmance data [YM\
s routed. t hrough an interpolator 337 in the nmain_Lsignal path 304
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required for pigng GXPARRpAY rABS TWLIETSH 20En Y oiddia§’ Grea, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
10 elongation of objects in the picture. The. wide screen television
according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.
Data sampling limitations in the auxiliary video signal
15 processing path complicate the generation of a high resolution
picture which is as large in size as the display from the main video
signal. Various methods can be_develop_ed for. overcoming these
complications.
FIGURE 1(e) is a dlsplay format whereln a 4 X3 format
20 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 X 3 format display ratio picture and three smaller 4 X 3 format
25 display ratio pictures are displayed simuitaneously. A smaller
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a'picture-outside;picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
30 the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
3s appreciated that the addition of further tuners and additional
. auxiliary signal processing paths can provide for more than two
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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 piéture is centered, and six smailler 4 X3
format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format. | S ' |

FIGURE 1(i) shows a display format having a grid of tweive
4 X3 format ‘display ratio piciures. Such a display format is _
particularly appropriate for a channel ‘selection guide, wherein each
picture is at least a freeze frame from a different channel. As
before, the number- of moving pictures will depend upon the number

- of available tuners and signal processing paths.

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

An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2fy horizontal scanning, is shown in FIGURE 2 and generally
designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a
wide screen processor 30, a 1fy to 2fy converter 40, a deflection
circuit 50, an RGB interface 60, a YUV to- RGB converter 240, kine
drivers 242, direct view or projection tubes 244 and a power supply
70. The grouping of various circuits into different functional blocks.
is made for purposes of convenience in description, and is not
intended as limiting the physical position of such circuits relative
to one another. .

The video signals input section 20 is adapted for receiving a
plurality of composite video sighals 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



expan5|on i's necessary for practical purposes. Accordingly, no
Tconparable swtching is required in the auxiliary signal path. 5 I
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one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resulting from
the signal from first tuner 206 is an input to both video switch 200
and the TV1 mput of wide screen processor 30. Other baseband
10 video inputs fo video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape players, video games and the like. The output of the video
switch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another
15 input to wide screen processor 30. _
With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OQUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
20 filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be .incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which" may be
25 implemented as a separate sthch is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
30 along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M .and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
3s designation for (B-Y). The Y_M, U_M, and V_M signals are converted
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Wheré the data is conti nuously clocked through the interpetater
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Interpolation of the auxiliary signal takeplace in thg d L géy
signal path 306. The PIP circuit 301 mani pul ates a 6 bit

8:1:1 field nmenory, video RAM 350, to store-incom ng vi leo data The
video RAM 350 holds two fields of video data in a pluralTTy 30—of—ferory
| ocations. Each menory |ocation holds eight bits of data. .( InI egch _
8-bit locatiqn the LS _one bi t (l'um nance) sanple anpl ed at
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RAM 350, and $4i@eBrRrocessot S, Rieveleps ias baseband video signal TV2. A
s 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 SwW4
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
10 external video source, designated Y_EXT and C_EXT respectively. The
Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/IC
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
15 auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
20 arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source -
selection for the different parts of- the dlfferent picture display
formats. '
A composite synchromz:ng signal COMP" SYNC, correspondlng to
25 Y_M is provided by the wide screen processor to a sync separator
212. The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which
‘is directed into- the wide screen processor 30. The wide screen
30 processor generates an internal vertical reset output signal INT
- VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
~source. The output of this switch is a selected vertical
35 synchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizontal and vertical synchronizing signals of the
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auxiliary video signal are developed by sync separator 250 in the
wide screen processor.

The 1fy to 2fy converter 40 is responsible for convertlng .
interlaced video sagnals to progressively scanned noninterlaced

5 signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generdted by
. interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
10 between adjacent fields or frames The converter circuit 40
) operates in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data as Y_2fy, U 2fH and
V_2fH signals is supplied to the RGB interface 60.
15 The RGB interface 60, shown in more detail in FIGURE 11
- enables selection of the converted video data or external RGB video
data for display by the video signals input section. The external RGB
signal is deemed to be & wide format display ratio signal adapted for-
2fy scanning. The vertical synchronizing component of the main
20 signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST QUT, enablmg a selected vertical sync (fvm OF fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB sugnal o
by generating an internal/external control slgnal INTIEXT However,
25 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’
30 WSP microprocessor 340 also supplies co!or and tint controls for
the external RGB signal.

The wide screen processor 30 comprises & picture in picture
processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as

as PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
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signals and reset signals. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the
RGB interface.

The deflection circuit 50, shown in more detail in FIGURE 10,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interfage
60 and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1fy to 2f4 converter 40 and the YUV to RGB
converter 240.

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

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 are
shown in FIGURE 4. A picture-in-picture processor 320, which
forms a significant part of the PIP circuit 301, is shown in more
detail in FIGURE 5. The gate array 300 is shown in more detail in
FIGURE 8. " A number of the components shown in FIGURE 3 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
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/EXT signal for selecting the external RGB video source and
control signals for the switches SW1 through SW6. The I/Q section
also monitors the EXT SYNC DET signal from the RGB interface to
protect the deflection circuit and cathode ray tube(s). The analog
output section 340B provides control signals for vertical size, east-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258. '

The gate array 300 is responsible for combining video
information from the main and auxiliary signal paths to implement a
comeosite wide screen display, for example one of those shown in
the different parts of FIGURE 1. Clock information for the gate ar'ra'y
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 c¢olor. component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. The select line UV_MUX for the analog switch, or multiplexer
344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this,
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams -out of the analog to digital converters 342 and 346 are



529 -, In the main video channel, shown in the up I

é thia write enable control signal (WRENWNY) for thgw‘mﬁmr.EME
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the dijsdl ay active
line period. This corresponds to approximately 33% croppijnd arfd2 aUL51996
conpression ratio of 4/3 being perfornmed oh6the nmai n channgl vi deo by
the 910 x 8 FI FCs.

shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
clock gating information from the main signal processing path 304
must be similarly delayed. Were the clock gating information not
5 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.
10 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
15 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 noththstandmg
20 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
25 of bits are contemplated. One of a number of particular data
reductlon and restoration schemes can be selected by the WSP uP
340 in order to maximize resolution of the displayed video for each
partlcular kind of picture display format.
The gate array includes interpolators which operate in
30 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 auxi'liary signal. Clock and synchronizing circuits in
the gate array control the data manipulation of both the main and
35 - auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
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.5 Y/C format by encoder 227 to deflne a wide format ratio output
signal Y_OQUT_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
10 signal for the wide screen panel output.

Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 9. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voltage controlled
oscillator 232, divider 234 and capacitor 236. The voitage

15 controlled oscillator 232 operates at 32fy, responsive to a ceramic
resonator or the like 238. The output of the voltage controlled
oscillator is divided by 32 to provide a proper frequency second
input signal to phase comparator 228. The output of the divider 234
is a 1fy REF timing signal. The 32fy REF and 1fy REF timing signals

20 are supplied to a divide by 16 counter 400. A 2fy output is supphed
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 2f4-REF signal will have an adequate

25 pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2fy voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing signal, which is used for driving the

30 progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period
iIs symmetric within each 1fy period of .the input signal. Otherwise,

35 the display may exhibit a raster split, for example, wherein half of




auxiliary) while the read enable control signals are synchronous 25 wth
“the +ai n channel video. ' The di splay format sho
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is particularly - desirable as it enables two nearly f JREPEA@EMFNTCSHEE’E
to displayed in a side by side format. The display i arvreutarty”
effective and appropriate for a wde format display a|o fpr
exanple 30 16 X 9. Mst NISC signals are1r presented in{a 3(%‘?@06}%%
whi ch of course corresponds to 12 x 9. Two 4 X 3 format i :,w'm' rati
NTSC pictures may be presented on the sane 16 X 9 fornat di spl ay rati o
di spl ay, either by cropping the pictures by 33% or squeezimgthe

pictures by 33% and introducing aspect ratio 35 distortion. Depending on
user preferenge vided Ninesoapé s$hiftedr ® the righORPIdNBalfooRIRECYidedt iiRes are
di stortion rragm?teeos% Ry yg}?re i n bet ween
- The deflection circuit 50 is shown in more detail in FIGURE 10.
A circuit 500 is provided for adjusting the vertical size of the
5 raster, in accordance with a desired amount of .vertical overscan
necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502
provides a constant quantity of current IRamp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parallel
10 with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IRamp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
.15 expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current lapy from IRaMp. SO that vertical ramp capacitor 504 'charges
more slowly and to a smaller peak value. Variable current source
20 508 is responsive to a vertical size adjust signal, for example in-
analog form, generated by a vertical size control circuit. Vertical
size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or -
back panel adjustment knob. In either event, the vertical deflection
25 coil(s) 512 receive(s) driving current of the proper magnitude.
Horizontal deflection is provided by phase adjusting circuit 518,
East-West pin correction circuit 514, a 2f4 phase locked loop 520
and horizontal output circuit 516.
The RGB interface circuit 60 is shown in more detalled in
3o FIGURE 11. The signal which is to be ultimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
3s RGB signals and a composite blanking signal from the video signals
: input section 20 are inputs to an RGB to Y U V converter 610. The
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The horizontal display tine for a 16 X 9 format display [apM - hi-sS;HEF/T
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di splay formats: 4/ 3 = (16/'Q3—(4/3)

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

.5 implemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a
user selection. However, if a user inadvertently selects an external

10 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

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

FIGURE 4 is a block diagram showing further details of the

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

25 compaosite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during selected display formats. The

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

as The picture-in-picture processor 320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
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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

10 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 pointi

1s for example the display format shown in FIGURE
" small pictures are in fact the same size.

1(d), the large and

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
20 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

25 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

30

35

the present configuration of the basic CPIP chip described above.
the basic CPIP chip were used with a television having a 16 X9
screen, and without a video speed up circuit, the inset pictures

if

The

would exhibit aspect ratio distortion, due to the effective 4/3 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 ut_ilized. there woulc
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system for avoiding read/wite pointer collisions an
be no aspect ratio distortion, but the picture would ndt fill the
entire screen. - :

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

The picture-in-picture processor 320, according to an )
inventive arrangement and unlike the basic CPIP chip, is adapted for
asymmetrically compressing the video data in one of a plurality of
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. Obijects 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 dlsplay ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry.

In full screen PIP modes, the picture-in-picture proéessor, 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
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‘FIGURES 12- 20. The picture-in-picture processor at-e5—h—steh
a manner that the auxiliary video data is sanpled wit PEACENE%H]SHHﬁT
clock locked to 5 the horizontal synchronizing corrponﬁnt o] ; I
auxiliary vi deo 5|gnal Thi s operation ‘enabl es orthog¢n

data to be stored in the video RAM 35@2Pata nust be fe d Lﬁﬁg?@ﬂ%

vi deo RAM at the same 640f[err] rate. The data cannot ib

di spl ayed fromthe video RAM wi t hout nodification duejto the generall y

10 asynchronous nature of the main and auxiliary video sourctes——fm
order to facilitate synchronization of the auxiliary signal to the

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
s section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
10 clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.
Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog form
can be re-encoded into Y/C components by encode circuit 368, which
15 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
20 and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFQ's in the main
signal path.
With further reference to FIGURE 5, the picture-in-picture
25 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
30 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 pictufe-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
35 expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channel
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- 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
10 and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different
15 dithering and dedithering sequences involving different numbers of
- bits and different paired pixel compressions involving different
number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP pP in .
order to maximize resolution of the displayed video for each
20 particular kind of picture display format. :
The luminance and color difference signals of the auxiliary
signal are stored in an 8:1:1 six-bit Y, U ,V fashion in a video RAM
350 forming part of the picture-in-picture prdcesso_r. In other
words, each component is quantized into six-bit samples. There are
25 eight luminance samples for every pair of color difference samples.
Briefly, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640fy clock rate
locked to the incoming auxiliary video synchronizing signal instead.
In this mode, data stored in the video RAM 350 is orthogonally
30 sampled. When the data is read out of the- picture-in-picture
-processor video RAM 350, it is read using the same 640fy clock
locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
orthogonally, it cannot be displayed orthogonally directly from the
.35 video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
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be expected to be synchronous only in that instance where they are
displaying signals from the same video source.

The main signal path 304, auxiliary signal path 306 and output
signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP puP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are
supplied to each of the main circuits and paths identified above, as
well as to the picture-in-picture processor 320 and resolution
processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for fac;lltatmg 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
demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output. _

In some instances, the auxiliary display will be as large as the
main signal display, as shown for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of
data points, or pixels for filing such a large display area. In those
circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.



]S capable of storing 5.9 lines of video data, calculated as foll ows,

where N is the number |f times and L is the length of ea ) . =
(2/3) * (0.82) * (640) = 350 based on 82% active |ine pernpag .

2048/ 350 = 5.9 5 An aspect of the invent%gn recogni zes 7
rates greater than 2 lines/field arefdt likely to b
Therefore, a design criteria of a 5 1line FIFOfor th
can be sufficient to prevent read/ wite pointer col
The nmenory usage of the auxiliary channel FIFO can be
shown in FIGURE 13. A block diagramfor a sinplified cir
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field, the wauxiligrp ddtarid fed@sait Pvided HAMt 380 is designated VRAM_OUT
The PIP circuit 301 also has the capability of reducing the auxiliary
s picture by equal integer factors horizontally and vertically, as well
as asymmetrically. The auxiliary channel data is buffered and
synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
10 (luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field
type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit 321 to determine which field read out of video RAM
15 _is to be displayed during the small picture modes.
The auxiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354 .
converts the data from the auxiliary channel sample rate to the main
channel clock rate. In this process, the video signal undergoes an
20 8/5 (1024/g40) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
interpolator 359 is controlled by interpolator control circuit 371,
25 which is itself responsive to WSP uP 340. The amount of
interpolator expansion required is 5/5 The expansion factor X is
determmed as follows:
= (640/1024) * (4/3) = S/
The chrominance components U_PIP and V_PIP are delayed by
30 circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_ AUX
and V_AUX as outputs. The respective Y, U and V components of the
main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by controlling the
as read enable signals of the FIFO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output multiplexer control
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multiplexed luminance and chrominance components Y MX

V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the '
gate array and the data reduction circuit are controlied by WSP puP
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. . The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP uP 340 communicates with the different
circuits of the gate array through a WSP uP decoder 310.

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

As shown in FIGURE 6, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for picture
compression, or whether the FIFO 356 precedes the interpolator 337.
as required for picture ekpansion. The switches 323 and 331 are
responsive to a route control circuit 335, which is itself responsive
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to the WSP pP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no °
comparable switching is required in the auxiliary signal path.

In order to implement video compressions through the use of a
FIFO, for example, every fourth sample can be inhibited from being
written into the FIFO 356. This constitutes a 4/3 compression. It is
the function of the interpolator 337 to 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. In this
case it is the function of the interpolator 337, which follows the
FIFO 356 during this process, to recalculate the sampled data from
jagged to smooth. In the expansion case the data must pause while
being read from the FIFO 356 and while being clocked into the
interpolator 337. This is different from the compression case ]
where the data is continuously clocked through the interpolator 337.
For both cases, compression and expansion, the clock gating
operations can easily be performed in a synchronous manner, that is,
events can occur based on the rising edges of the system clock
1024fy. . )

' Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y,

U, V, 8:1:1 field memory, video RAM 350, to store incoming video

data. The video RAM 350 holds two fields of video data in a plurality
of memory locations. Each memory location helds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). The FSW_DAT values indicate which type of field
was written into video RAM. Since there are two fields of data
stored in the video RAM 350, and the entire video RAM 350 is read
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being written to overcome a motion tear problem. If the field type
being read is the opposite type than that being displayed, then the
even field stored in the video RAM is inverted by deleting the top
line of the field when the field is read out of memory. The. result is
that the small picture maintains correct interlace without a motion
tear. _

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

Generation of different special effects such as cropped side-
by-side pictures are accomplished through manipulating the read and
write enable contro! 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 cqntrol
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)*(5/12) = 5/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/g
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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

10 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

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

20 the display active line period beginning with the falling edge of the
RD_EN_MN signal and ending with the beginning of the main channe'l_
video front porch. [t may be noted that write enable control signals
are syrichronous with their respective FIFO input data (main or
auxiliary) while the read enable control signals are synchronous

25 with the main channel video.

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

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

3s distortion. Dependi_ng on user preference, the .ratio of picture
cropping to aspect ratio distortion may be set any where in between
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~ the limits of 0% and 33%. As an example, two side by side pictures

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

The horizontal display time for a 16 X9 format dispiay 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 4/4 factor is
calculated as ratio of the two display formats:

413 = (16/9) / (4/3)
Variable interpolators are utilized in accordance with aspects of

‘this invention to speed up the video signals. In the past, FIFOs
-having different clock rates at the inputs and outputs have been used

to perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 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.

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

The asynchronous nature of the read and write clocks,
however, does require that steps be undertaken to avoid read/write
pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. The size of the FIFO is related to the
minimum line storage capacity thought to be reasonably necessary
to avoid read/write pointer collisions. A field synchronization
system for avoiding read/write pointer collisions and maintaining
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s the horizontal synchronizing component of the incoming auxiliary
video signal. This operation enables orthogonally sampled data to be
stored in the video RAM 350. Data must be read out of the video RAM
at the same 640fy rate.. The data cannot be orthogonally displayed
from the video RAM without modification due to the generally
10 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. o |
15 More particularly, as shown in FIGURE 12, 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 t6 recombine the auxiliary signal back into 8-bit
_data blocks. The latches also reduce the data clock rate from
20 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
2s 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
30 samples may then be irterpolated as necessary for the desired
format display ratio and written as video data output. _
A sufficiently large memory must be chosen in the first
. instance in order to avoid read/write pointe'r collision in the
auxiliary channel .FIFO. For displaying normal format display ratio
35 video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size.
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262) of the | owds =f 26!4813501@ 59 effecti veI y inverts the field type since
line 2 wilg bantBRpbLf Bt 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

10 out as shown in FIGURE 13. A block diagram for a simplified circuit
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 14. At the beginning of
a new main signal field, the write pointer is reset to the start of

15 the FIFO. This reset pulse, 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

20 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 pulse of the main signal, or stated
still otherwise, at the second. horizontal synchronizing pulse of the

25 main signal which occurs after the WR_RST_AX pulse.

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

30 the auxiliary channel horizontal sync is higher than the frequency of
the main channel horizontal sync, then the write poinfer will have
advanced past the 2 line marker shown. It is in this way that a
pointer collision is avoided for all signals with less than 2
lines/field precession rate. The auxiliary channel FIFO 354 is

35 partitioned into 5 line pieces through appropriately timed read and
write reset signals. In this scheme, the read and write pointers are
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initialized at the beginning of each displayed field at least 2 lines
apart from each other. -

If the FIFO were not a complete S lines long, the system would
sacrifice the memory distance from the write pointer to the read

s pointer. This is the case for different squeeze modes, for example a
16% squeeze: :
16% squeeze ~ N = (5/6) * (0.82) * 640 = 437
L = 2048 (5+437) =
In these cases, the FIFO proves to be less than 5 lines long. In the
10 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

15 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
still provides a good active video line. In these cases, the

20 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

25 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

30 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
stili provides a good active video line. In these cases, the
precession. rate is being sacrificed for more visible picture content.

35 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
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10

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 field type. It may be necessary to change

. the auxiliary field type stored in the video RAM 350 to match that of

15

20

25

the main channel display.

The picture-in-picture processor 320 and the gate array 306
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
sync is sampled with pulses representing horizontal sync. This is
illustrated by the diagram of FIGURE 15. An upper/iower field type
indicator has a value 1 for upper fields and a value O for lower
fields. The upper fields include odd lines 1 through 263. The lower
fields include even lines 2 through 262. In FIGURE 16, 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

-sync signals for each line of the auxiliary channel. .

30

35

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)
represents the field type stored in the video RAM 350 if the first
line of the upper field is not written into the video RAM 3,‘50 during
the reception of an upper field. Instead, the first line is actually
tacked onto the last line (number 262) of the lower field. This
effectively inverts the field type since line 2 will be the first




positjons. The valid nodes are shown graphically at the top of FI GURE

16 ahd in the table of FIGURE 17. There is an overlap 25 odes
and C, since nost of the tine that node B is valid. rRiﬂL ﬁ sﬁHEET
valid, and vice-versa. This is true for all but 2 |ines out oT 262
lines. Either of nodes B or C can be utilized when both tﬁ

A bl ock diagramof a circuit 700 for main8&i-ning interlade|3 |nteg
according to this inventive arrangenent is shown in FI GURE 26 T“ﬂ

out put signals of circuit 700 are wite and read reset control signal §
for the video RAM 350, the FIFO 354 in the auxiliary si gnal “pat T armd
the FIFO 356 in the nmain signal path, as shown in FIGURE 12. The field

LR he B AR il A hE SR A8 SBiorld RAaTE LY B Ao,
det er mi ned f ftame. cdheesgaaidedgupper field now becomes the Iower 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
s 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
10 during vertical retrace or overscan. The order of the displayed lines
is shown in FIGURE 18, 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
15 auxiliary channel U/L(A,B,C) field type indicators. 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 receives
vertical sync, it will write the same field type into the video RAM
20 350 as will be required by the display to read from the video RAM
350 starting with V_SYNC_MN (main -channel vertical sync). As the
signals precess, the mode will change according to their relative
positions. The valid modes are shown graphically at the top of
FIGURE 16 and in the table of FIGURE 17. There is an overlap
25 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
30 integrity according to this inventive arrangemént is shown in FIGURE
20. The output signals of circuit 700 are write and read reset
control signals for the video. RAM 350, the FIFO 354 in the auxiliary
signal path and the FIFO 356 in the main signal path, as shown in
FIGURE 12. The field type of the main video signal is determined
as  from a pair of signals, VSYNC_MN AND HSYNC_MN. The field type of
the auxiliary video signal is determined from a corresponding pair c*

S



- 36- , signal s, VSYNCAX AND HSYNCAX. Each pair of signals has a

10

15

20

25

30

.35

‘predet ermi ned phase rel ati onshfp which is set in the gate s
'Pel ationship is shown in FIGURES 19(a)-19(c), which apply FETEP@LACEﬁ!ﬂ:‘;Pﬂ‘pSHE ET
of signals. In each case, HSYNC i s a square wave, whose 5 si ng edge
corresponds to the start of a horizontal 136e of the rasoec1 Evm@H%al.

I n each case, VSYNC has only one rising edge per field} whic
corresponds to the start of a vertical field of the I egpeTtTve—stghal—
The rel ati onship between the rising edges of the

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 19(a)-19(c), which apply o
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, 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 /99 of a
horizontal line period. This prevents jitter of the Ieadmg 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.

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 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
by HSYNC_MN, just as in flip/flop 852 explamed in connection with
FIGURE 14. 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

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
upper/lower field indicator UL_AX for the auxiliary signal, which
can be a logical Hl 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




nespective pairs of signals is tested by circuit 700 to de

rmne 10 what

‘'steps, if any, are necessary to match the field type of th

signdl to the field type of the main signal. In order to
anbiguity, the |eading edges of the nmain gzlr of signals af
closer than 1/8 of a horizontal |ine peri The | eadi ng ed

auxiliary pair of signals are never closer than 1/10 of a 1
line period. This prevents jitter of the |eading edges
another. This relationship is assured by the timng Ci4

L ACEMENT S HEET

e ' never
s 12 Juif 99ge
hori zont al

relative to or
-t in the

gate array. The main signal pair VSYNC MN and HSYNC MN are i npute

to a f| r hygo
f1ip/flop %g(p %ﬁé&' |Ey€8nﬁéétﬁ5HYNC?|&iflG‘MRE 14! WEES@W‘%Q?/%A 5bﬁﬁ?ut VH,
VSYNCWN whichhis dhecxertigalt sv&ﬁ@%ﬁtt%ﬂ €h ér‘FPmﬁf lop is an
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W th

second half of the harizontal line period, as in FIGURE
field is an upper field type.

is a lower field type. If the rising start of field edge occurs in the

19(c), the

The VH for the main signal and HSYNC_MN are inputs to delay
10 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 14. Two to three horizonta,l
15 line periods of delay are provnded between the wrlte and read

pointers.

~ The upperllower field type mdlcator UL MN . corresponds to U/L
MAIN SIGNAL shown at the top of FIGURE 16 and is one-input to a
UL_SEL comparator 714. The other inputs to comparator 714 are

20 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 in 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

25 . U/L(C) is compared with UL_MN, at the time of the decision edge of

U/L_MN, also shown in FIGURE 16. If UL_MN matches
. field types match and no actlon to maintain interlace

U/L(A), the
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

hne to

30 maintain interlace integrity. If UL_MN matches U/L(C), the field

types do not match. It is necessary to advance writin
field by one line to maintain interlace integrity.

g the lower

The results of this comparison are an input to RST_ AX SEL

selector circuit 718. The other inputs are the three

vertical

as synchronizing signals RST_A, RST_B and RST_C generated by
RST_AX_GEN generator 716." The three vertical synchronizing



Fl GURE 14. This provides an output V[err], which is the

and a | ogi cal

vertical
‘synchroni zed to the horizontal. The auxiliaryj % BT
VSYNC_AX and HSYNC 'AX are inputs to a first field t Rﬂﬂyﬁggjgﬁyré ET
whi ch al so conprises two D-type 30 flip/flops. In one |cdse, HSYNC AX |s
sanpl ed by VSYNC AX, that is, VSYNCAX i s the cl ocK a‘:pdt Jﬂ#emétput
of this flip/flop is an upper /| ower -Bi&t d i ndicatdr WL_AX for the
auxi liary signal, which can be a logical H for arf upper field type

LO for a | ower field type, although!

In the other case, 35 VSYNC AX is sanpled by HSYNC AX, just as in
flip/flop 852

10

signals 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 16, 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.



237- 5 expl ained in connection with FIGURE 14. This proyrd

<out put VH, which is the vertical synchronized to the hori kEFEACENE%H1SHEET
The field type determi nation for both signals is shown in FIf GORES
19(a)-19(c). If the rising start of field edge occurs in the fiigédpgbé 6

of the horizontal line period, as in FI.GH&E 19(b), the field [ ?
field type. If the rising start of field edge occurs in the Lsecond—half—
of the horizontal line period, as in FIGURE 19(c), the figld is an

upper field type. The VH for the main signal and HSYNC_VN are

inputs to delay 10 circuits 704, 706 and 708, which provide horizontal

l'ine period del ays to assure the proper phase relationship of the

out put si gn¥YRat is cl@REXFIiSOMN, RDRST _FI FO MN and RDRSTFI FOAX. The

1. A synchronization system, comprising:

first and second field type detecting means for first and
second video signals respectively, each having an output indicating
whether said respective video signal has a first or second field type;

meé_ns for synchronizing said second video signal with said

first video signal for a combined display; and,

means for changing said field type of said second video signal
when necessary to match said field type of said first video signal to

maintain interlace integrity in said combined display.

2. The system of claim 1, wherein said changmg means

' controls said synchronizing means.

3. The system of claim 1, wherein said synchronizing means
comprises means for storing said second video signal, said second
video signal being written into said storing means and being read out
of said storing means in"a manner which synchronizes said second

video signal with said first video™ signal.

4. The system of claim 3, wherein said second video signal is
written into said storing means synchronously with said second
video signal and is read out.of said storing means synchronously

with said first video signal. ’

5. The syétem 'of claim 1, wherein said synchronizing means

comprises:

a synchronous field memory, having write and read ports

operable synchronously with said second video -signal; and,

an asynchronous multiple line memory for data read from said
field memory, having a write port operable synchronously with said
second video signal and a read port operable synchronously with said

first video signal.

I
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del ay operation, which can be inplenented by D-type flip/flops, is
:’simiTar to the circuit shown in FIGURE 14. Two to three hecizental
~ peri-ods of delay are provided between the wite and read REPLA@EM%SHE
The upper/lower field type indicator ULMN corresponds to U= NATN |
SI GNAL shown at the top of FIGURE 16 and4Bs one input to{a I:@?‘l?%
conpar ator 714. The other inputs to conparator 714 are 2( sup‘}p#J

Tz

1

UL_AX test. generator 712. Test generator 712 has the ULL-AX e
indi cator as an input, as well as HSYNCAX as a cl ock i nput. Test
generator 712 provides signals UL(A), UL(B) and UL(C StrowT 11T T he

bott om of FI GURE 16 n es A B and
C. Each of the si gnalr{;eoﬁ;’g gt}fa(gﬁ@ %%"‘?t}q_‘a @ﬁ@é@r@gg‘ég W th
UL_MN, at ts@ntiale eAid; MUltH&Hs‘T@nS stefing meagsl._MN, al so shown in
FIGURE 16. |f ULMN matches U L(A), the field types match and no action

to maintain inter) a integrity,is. ecessar f U._M matches U L(B),
the field types ?o ﬁg\e ﬁﬁ?@rﬂ‘ df 'C’Sa"'lnﬂi é”r}}%ggb§§h/°l"§“ﬂgfga§n%@”§ 3§ 2he
upper fi el d mhgdenef loperation which delays writing fields of said first field

type by one horizontal line period.

8. The system of claim 1, wherein said changing means has a
mode of operation which advances writing fields of said second field
type by one horizontal line period.

9. The system of claim 1, wherein said changing means has a
first mode of operation which delays writing a current field of said
first field type by one horizontal line period, a second mode of
operation which advances writing a current. field of said second

_field type by one horizontal line period and a third mode of operation
which. maintains a current field type.

10. The system of claim 1, wherein said changing means
comprises -means for comparing said field type of said second signal
to said field type of said first signal and generating an output sigriai
indicating one of a plurality of comparison outcomes.

11. The system of claim 10, whereln sald plurality of
comparison outcomes comprises: :

said first and second video signals have current fields of the
same field type; .

said first video signal has a current field of said first field
type and said second video signal has a current field of said second
field type;

said first video signal has a current field of said second field

type and said second video signal has a current field of said first
field type.

12. The system of claim 10, wherein said changing means
comprises means for generating a plurality of selectable interlace

N

AR AR



30 npintain interlace integrity. If UL_WMN matches UL(C), the field

‘types do not match. It is necessary to advance witing the |ower field
by one line to maintain interlace integrity. The g-es-ts—of—t-hi-s

conparison are an input to RST_AX SEL sel ector circuit REP&ACEWN’I‘@IEET

I nputs are the-three vertical 35 synchr €|Z| ng signals RST| A~RSTB~and
a

RST_C generated by RST_AX _CGEN gener

r 716. The thred

<

er t
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correction signals, each being appropriate for one of said plura'lity
of comparison outcomes.

13. The system of claim 10, wherein said changing means
comprises means for fixing a comparison time related to an edge of
said field type indicating output for said first video signal.

14. The system of claim 1, whereih said changing means
comprises means for generating a plurality of selectable interlace

correction signals, each being appropnate for a different mode of
“interlace ‘correction.

15. The system of claim 1, wherein each of said field type
detecting means comprises means for sampling a horizontal
synchronizing component of said respective video signal by a
vertical synchronizing component of said respective video signal to
generate a field type output signal.

16. A system for maintaining interlace integrity, comprising:

first field type detecting means for a first video signal, having
‘an output indicating whether said first video sngnal has a first or
second field type;

' second field type detecting means for a second video signal,
having an output indicating whether said second video signal has
said. first or second field type;

means for storing said second video signal, for synchronizing
said second video signal with said first video signal, said second
video signal being written into said storing. means synchronously
with said second video signal and being read .but of said storing
means synchronously with said first video signal;

means for comparing said field type of said second signal to
said field type of said first signal; and, '

means for changing said field type of said second video signal
when necessary to match said field type of said first video signal,
responsive to said comparing means.

A



si gnal s RSTA, RSTB and RSTC have different phases relati
. another in order to inplement the corrective action, or
caction, to maintain interlace integrity according to the

e

to one

REPLACTHENT SHERT

conparator 714. Delay circuit 722 resynchronizes the 5 gefjected vertic

synchroni zing signal with the auxiliary wigl2o input o] gehQszU[ew%

VWRRSTVRAM AX. Delay circuit 720 perforns a simlar fpngtion for

gener ati ng RDRSTVRAMAX and WR RST_FI FO AX. As seen ijh Fl es
- B and C overl ap nost of the tine. In fact, only two lout_of Pverv 525

conparisons 10 wll require only one of nodes B or C, rather than either.

The conparator 714 can be arranged to _favor node :C over

node B when

both nodes are val 1d. Tihies syatsna ol glaime 16; pvhergiy said meess of charging
circuit consi deichtfie?dStype of said second video signal controls said writing of

said second video signal into said storing means.

18. The system of claim 17, wherein said means for changing
said field type of said second video signal delays writing of said

first field type by one horizontal line period.

19. The system of claim 17, wherein said means for changmg
said field type of said second video signal advances writing of said

second field type by one horizontal line penod

20. The system of claim 16, wherein said changing means
comprises means for comparing said field type of said second signal .
to said field type of said first signal and generating an output signal

indicating one of a plurality of comparison outcomes.

21. 'The system of ‘claim 20, wherein said plurality of

comparison outcomes comprises:

said first and second video 5|gnals have current fields of the

same field type;

said first video signal has a current field of said first field
type and said second video signal has a current field of said second

field type;

-said first video signal has a current field of said second field
type and said second. video signal has a current field of said first

field type.

22. The system of claim 20, wherein said changing means
comprises means for generating a plurality of selectable interlace
correction signals, each being appropriate for one of said plurahty

. of comparison outcomes.

23. The system of claim 20, wherein said changing means
comprises means for fixing a comparison time related to an edge of
said field type indicating output for said first video signal.

R baliinhdd
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+39- .« What is clained is: 1. A synchronization sy
*first and second field type detecting neans for first and 9

<

Signdl s respectively, each having an output indicating whetfh

respective video signal has a first or second field type;

-43-

conprj sing:
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24. The system of claim 16, wherein said changing means
comprises means for generating a plurality of selectable interlace
correction signals, each being appropriate for a different mode of

interlace correction.

25. The system of claim 16, wherein each of said field type
detecting means comprises means for sampling a horizontal
synchronizing component of said respective video signal by a
vertical synchronizing component of said respective video signal to

generate a field type output signal.

[



peans. for synchronizing said second video signal wth said fst_video
*signmal for a conbined display; and, means for changi ng
‘of sdid second video signal when necessary to match said fi
first video signal to maintain interlace integrity in said
di spl ay. 2. The systemof claim lgswherein said changi
controls said synchronizing neans. 3. The system of ¢l aim 1. wherein|
sai d synchroni zi ng neans conpri ses neans for storing said Tecond video
signal, said second video signal bei gggwrialclren into said s ' nd
bei ng read out of said storing nmeans in a manner which synchroni zes said

second video signal with said first video signal. 4. The system of

claim 3, wheredNSERCHRONE 2A0IONI SYSTEYN MA TNTAUNTNG INTERLACE ANTEGRITY
means synchronously with said second

First and second field type detectors (702,710) for first
and second video signals have outputs indicating whether the
video signals have first or second field types. The first
video signal is synchronized with the second video signal for
a combined display by a synchronous'field memory (350) and. an
asynchronous multiple line memory (354). The field type of the
second video signal is changed when nedessary to match the
field type of the first video signal to maintain interlace
~integrity in the combined display. A field type changing
circuit (712,714,718) which controls the synchronizing, has a
first mode of operation which delays writing a current field
of the first field type by one horizontal line period, a second
mode of operation which advances writing a current field of the
second field type by one horizontal line period and a third
mode of operation which maintains a current field type. A
plurality of selectable interlace correction signals are
generated, each being appropriate for one of the plurality of
comparison outcomes. '

FIGURE 20
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vi deg, signal and is read out of said storing neans synchron'

‘first video signal. 5. The systemof claim1l, wherein
Synchroni'zi ng means conpri ses: a synchronous field nempry,
wite and read ports operable synchronously with said secon | d¢o 309
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wherein said changi ng neans has a node df jop

whi ch advances witing fields of said second field type byjone

i ne period

6. The system of claim 3,

¢ 9l

a4

wherei n said changi ng neans has a node of operation whic

system of claiml,
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1,
"fields of said first field type by one horizontal

‘controls said witing into said storing neans.
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_Qf The system of claim 1, wherein said changi ng neans has a
‘operation which delays witing a current field of said firs
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one horizontal line period, a second node of operation whic
witing a current. field of said second field type by one herizo
period and a third node of operation which. maintains a curfeft

te‘fdj'type

10. The systemof claim1l, wherein
conparing said field type of said s

2,

d sign

changi ng;rre

id fiefd type of said

s conpfi
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-A1- . correction signals, each being appropriate for one
"pI ur‘al ity of conparison outcomes. 13. The system of cI L

@Z%ﬂ@a'

an edge of said field type indicating output for said first|vi de?
14. The systemof claim1, wherein sai ﬁ{@rﬁangl ng nmeans conpfi
generating a plurality of selectable | ace correction sjg

bei ng. appropriate for a di ffererg no nt eagce correctf on.
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15. The systemof claim1l, wherein each of said field type d REELAGENHQHBSHEET
‘conptjses means for sanpling a horizontal synchronizing compgngnt of “sard
f espective video signal by a vertical synchronizing conponen
respective video signal to generate a field type output signgl
A systemfor maintaining interlace integrity, conprising:

type detecting nmeans for a first video signal, having an output indicating
whet her said first video signal has agfgrst-or second field type;
second field type detecting neangfor a secgnd video %l gnall, having an

out put indicating mhetheﬁ5 led sgdond vi deassi gnal hq>|sa|d first or second
1g sai d segond video,signdl, for

vidgo signal, said
“#Fans gynchronously

field type; neans fglﬂ- ori
synchroni zi ng sai( second’ deos
second vi deo S|gnql '
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*

geans. synchronously wth said first video signal; " means
said field type of said second signal to said field type of s

BERT ShmT

signal ; and, means for changing said field type of said|sgcond viI d€G
signal when necessary to match said field type of said first yideoqsi 90@'199
responsi ve to said conparing neans. 716 6
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17. The systemof claim16, wherein said neans for changing
*of said second video signal controls said witing of said se
Signal into said storing neans. 18. The system of cl ai

said neans for changing said field type of said second video}sig

witing of said first field type by one horizontal |ine per
The system of claim 17, wherein said neans for changing saidjf

AGEMENT HEET|

7"

"F2 iR,

Wherern

4L

sai d second video signhal advances witing of said second fieJd type by one

hori zontal |ine period. 20. The systemof claim 16, wherermsard
changi ng neans conprises neans for con@qélng said field type of said second
S

signal to said field type of said fir
si gnal
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i,idi cating one of a plurality of conparison outcones. 21. The system

S

‘of claim 20, wherein said plurality of conparison outcones co

Said first and second video signals have current fields of th ;fmuﬁ;Q-SHEEF
type; said first video signal has a current field of saijd frere=—
type and said second video signal has a current field of saidjsqco ' hg
type; said first video signal has a current field of said S 8
type and said second video signal has a current field of said |filkst—field

t ype. 22. The system of claim20, wherein said changing neans

conprises neans for generating a pIueri of selectable inter
correction signals, each being approprié for one of said plurality of
conpari son outcones.
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output for said first video signal.

23. The systemof claim 20, wherein said changi ng neans co
fixing a conparison tine related to an edge of said field
-43-

8’0’y ONDINVIg
1X3  3LSOdWOD Hjz 1a
| « IOVAIIN « .
| a0 Y m Il OH
MILMIANOD 1 — |
AnCA 103130 ONAS
oty [* owmsnal s T ows | g
‘ NS |
/11 [aan IO N 200 1a Hiz pa )
| 1 |
219 019 | ] *> H)2 @o3iss
] 1 . l :
> o tous [e———-+uz s
< 1430 Y 7
S SR o _ ro9
| POUMS |p > 030A LOTBS
HOLMS g\__ ru|“n_ HOLIMS + ONAS 143A (B1OTES
otz L 7] E S 2\
T Y 809
big — ”
A .
ONAS™143A 13§ 4 //8 |
40100 INL HIZA 13 1A ONAS
HZN ONAS /IN 1A
HIZ'A 1X3



24. The system of claim 16, wherein said changi ng nmeans conp
‘generating a plurality of selectable interlace correction si

eing appropriate for a different node of interlace correcti
The system of claim 16, wherein each of said field type dete
conprises neans for sanpling a horizontal synchronizing cony

on|.
Ctinq
orjent
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SHUL 1996

for

SHEET,

respective video signal by a vertical1§M§chronizing conponent of—sai-d
respective video signal to generate a fiée€ld type output signhal.
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SEARCH REPOST 4

TEXT OF THE ABSTRACT

FIELD SYNCHRONIZATION SYSTEM MAINT AINING INTERLACE INTEGRITY

First and second field type detectors (702,710} for first and s ord viceo signais have outputs

indicating whether the viceo signals have first or second el p s. The first video signal is
synchronized with the second videc signal for z cou.vmea dispiev by a synchronous field

memory and an asynchronous muitipie line memory. The field type of the second video signal
is changed when necessary to match the f'el :3':3 of the first video signa! 10 maintain interlace
integrity in the combined display. A field typ :aag,; g circuit (7:2,714,718) which controls
the synchronizing, has a first mode of oyera".o which delays writing a current field of the first
field type by one horizontal line period, 2 second mode ¢f operatior. which acdvances writing a
current field of the second field type by one herizonial line period and a third mode of
operation which maintaines a current field tvpe. A plurality of seicctable mxur]ace correction
signals are generated, each being appropriate for one oi the plurality of comparison outcomes.
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