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' The invention relates to the field of televisions having
multxple 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
to as 4 X 3, are limited in the ways that single and muitipie 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.

4 X 3 display format less pleasing
ratio associated with the movies.

Many viewers find the
than the wider format dlsplay
Televisions with a wide format

display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a

corresponding wide display format.

cropped or distorted versions thereof.

Movies "look" like movies, not
The video source need not be

cropped, either when converted from film to vndeo, for example with

a telecine device, or by processors

in the television.

Televisions with a wide display format ratio are also suited to

a wide variety of displays for both

conventional and wide display"

format signals, as well as combinations thereot in multiple picture

displays.

numerous problems. Changing the

However, the use of a wide display ratio screen entails

display format ratios of muitiple

signal sources, developing consistent timing. signals from
asynchronous but simultaneously displayed sources, switching
between multipie sources to generate multiple picture displays, and
providing high resolution pictures from compressed data signals are

general categories of such problems.

wide screen television according to
television according to the various

Such problems are solved in a
this invention. A wide screen
aspects of this invention is

capable of providing hlgh resolution, single and muitiple picture
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rati o corresponds nore closely to the dlsplay format ratio of’ novi es,

for exanple 16:9. The invention is appi2ceable to both direct
t el evi swang1/a98%9pr oj ecti on tel evi si ons. Tel evi si o%d’ﬂ‘!ﬁ?\{#gwés

format display ratio of 4:3, often referred toas 4 X3, are limted in
the ways that single and multiple video si gnal sources can be

di spl ayed. Tel evision signal transm ssions of connercial br oadcasters,
except for experinmental material, are 15 broadcast with a 4 X 3 format

di spl ay rdisplaysmfrpmi single anddmuitiple asynchgzonpupl spureesshaviags pl easi ng

than the WifRar farr&i g@leﬁplmfmat raﬁbso aAGOWitH %mgbw@@x?’@ a nore

Tel evi si ops mﬁg %M%A f or mat display ratio provide not
Rl easing agyra are capabl e of displaying w de display format

lSI Enal sourcesWhen aA auxili@ryppicture ig %ﬂnanlmseftowmim#s\/tyrﬂrt]ﬁacwdook
sour cef nel@Mompeecise” sERBREaMzaliof, WA BalL sibel rare iy deo,
for exanpHowevér, for seme! formatsdpartieularly isuited fossarwide sdreen :
Lel evisi Ofgjgyision, such' B°Hkd' 8% Wy' i WibfurdlSBf Vo' 886, "didp 2re al o
: 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 vidéo 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 fisid
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) multiple 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 signais 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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25 a wide variety of di spl ays for both conventional and w de display

format signals, as well as conbinations3t-hereof in nultiple
di spl ayswol4ave9329, the use of a wide display ratio screen er?’??a‘igpsgb?lmus

nuner ous probl ens. Changing the display format ratios of nultiple

si gnal sources, developing consistent timng signals from 30 asynchronous
but si mul t aneousl y di spl ayed. sources, switching - between mul tiple
sources to generate nultiple picture displays, and provi ding high
resol uti ostgriageucapacitynthought ¢a cbe reasafiabiyl Becessary to @aveidal

fatego”e? BlwﬁHCF#‘ éﬂ'ﬁb‘?”’éollgiﬁﬁsproﬁéﬁﬁlvﬂ‘it% m?é’r'éblﬁsqns Weg@r screen
el evi si on cc r

evi si on

accor di ngwhen Wéd\ﬂﬂ aoﬁsf eQHtSO& he R"Eé Mﬁﬁsg\rg’?&a ta has @pabl e of
provi di ng JhgBtirmiee/tet ben wﬁttesl mtonthe FIFO| e Readwete pointer

5 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
approximately five lines. '

| In accordance with an inventive arrangement, a field
10 synchronization system for asynchronous video signals 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,
1s having synchronous write and read ports, is provided for a second
video signal. The second video signal has a second line rate
component, corresponding to the horizontal synchronizing component
of the second video signal. A multipie line memory (FIFO) for the
second video signal has asynchronous write and read ports and
20 independently resettable write and read pointers. The second video -
. signal, subS;ampIed 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
25 second line rate. component. The data corresponding to the second
video signal is therefor completely orthogonal, having been
'subsampled and stored synchronously with its own synchronizing
components. The sécond video signal, subsampled if necessary, is
read from the multiple line memory synchronously with the first
30 . line rate component. A sampiing and delay circuit controls resetting
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
35 first video signal. A read pointer reset signal is generated by
 sampling the first field rate component with the first line rate
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-2- di spl ays, fromsingle and nmultiple asynchronous sources'having
simlar or different format ratios, and4wth sel ectable di SPERMUS91/03735 Rt
Cratios. WO91/19379 Wien an auxiliary picture is a small inset, various

artifacts 5 frominprecise synchronization with the main signal are

t ol erabl e. However, for some formats particularly suited for-a w de
sgreen tel evision, such as two side by side pictures of equal size,
such i mprecision agnd artifacts cannot be tolerated. The |arge size of

the alsampangnt; cihecread paindes isreseti atleasttwarline penigds of the
Corer . stovdetaighap anee ey Bt o ok <1 g HADOR4S sigra,
gguxi liary %ﬁﬁ)@ °§?gﬂ§ﬁ“ﬂ'ﬂ§ﬁybeaetv@qﬁtcﬁ'f’?ybggrﬂmr mr?ezh t 'rPﬁeﬁHEi n
periods of the first video signal after every start of field of the
s first video signal.
Data blocks from 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
10 example 1024fy4, which is locked to horizontal synchronizing
component of the main video channel. The use of a multiple line
memory (FIFO) which has independent read and write port clocks
enables data which was orthogonally sampled at a first rate to be
displayed orthogonally at a second rate. The use of the asynchronous
15 FIFO for the auxiliary channel does not solve all of the problems
associated with video synchronization. Since the reading and
writing of data from the auxiliary channel FIFO is asynchronous,
there is the possibility of read/write pointer collision. A
read/write pointer collision occurs when a read enable signal is
20 received before old data, that has already been read previously, has
been replaced by newly written data. Interlace integrity must also
be preserved. - |
A sufficiently large memory must be chosen in the first
instance in order to avoid read/write pointer collision in the
25 auxiliary channel FIFO. For displaying normal format display ratio
video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size,
is capable of storing 5.9 lines of video data, for example, based on
82% active line period. An inventive arrangement recognizes that
precession rates greater than 2 lines/field are not likely to be
3o encountered. Therefore, a design criteria of a S line FIFO for the
auxiliary channel can be sufficient to prevent read/write pointer
collisions.
Since the main and auxiliary signals are asynchronous, there is
~ some ambiguity about exactly where the write pointer is when the
as 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

—_—
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video signal and the video display. In a relatively inexpensive system

the auxiliary video signal can be del ay&dk by a fraction of i
peri od Wpalﬁf—'é'!‘»’d nenory, and then speeded up in a line nengp)l’?l]s;l/ﬁ#ﬁsa

rel’atively expensive and sophisticated system such as is comonl y used
I n broadcast quality studios, a four field. synchroni zati on system
utilizes four dual port asynchronous field menor.i es. Asynchronous

menories, that is, those having 20 independent wite and read clock ports,
are gener $heyawgliary channgle horizentak syagnisithigber thamthesfrequency of

]{A_ccordi NOtHE AN Sharnel UHEUTRA! SSyIvs Cif dtrib%ew'it%z ginter vﬂﬂgﬁgeﬁof
I el d synchroni zation n be achieved I cQ . substanti y . -matches the
per f or nan@gvépcﬁgf gast gﬁﬁl $ecoRd Jine., Fordiffesent signals whichihaye: a
synchr onopsegessionRrterdess' tranl 2elines/fivid, ahel ashsunt whiﬁfv;thglmo o
;I 1[;St/eé Ini h@ﬁr@éﬁf}ﬂ@y(Fﬁgﬂ%ﬂ%@ﬁ%hﬁfﬁg{@?%ﬁdﬁé?% %eﬁtlmt ered: (1)
Two frane |ineltli$fins thisdway ithatl ai peinter feollision is avoided fercaliti me the
two signalsykaigCwith 1B58UtHaR 2 ifi€s/Hield®prédéssion rate. -The auxiliary
- ‘channel FIFO can be partitioned into 5 line pieces through

appropriately timed read and write reset signals. In this scheme,

10 the read and write pointers are initialized at the beginning of each

displayed field at least 2 lines apart from each other.

If the FIFO were not a compiete -5 lines long, the system would
sacrifice the memory distance from the write pointer to the read
pointer. This is the case for different squeeze modes. In the case of

15 _a 16% squeeze case, the actual FIFO length is 4.7 lines long.
Therefore in the case of the write pointer catching up with the read
pointer there is still at least 2.6 lines of memory in between the
pointers at the start of the field. In the 33% squeeze case, the
actual FIFO length is 4.0 lines long. This is not enough to insure

20 pointer integrity for precession rates up to 2 linesffield.

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

FIGURE 2 is a block diagram of a wide screen television in
accordance with aspects of this invention and adapted for operation -

25 at 2fy horizontal scanning.

~ 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
wide screen processor shown in FIGURE 3.

30 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.

N
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30 (2) The auxiliary channel video gets scranbled at the bottom of the

plcture whenever the precession rate betgeen the main and
si gnal sWO 941831%r than two |ines per frane. This precessi gﬁé‘k ITIS'U1¥03745

been found not likely to occur in the consuner electronics
_environnent. The cost saving over a four field systemis 35 approximtely

4:1, without incurring any significant sacrifice in performance. The
size of the FIFOis related to the nininumline
3 _ - 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

5 internal 2f4 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.

10 FIGURE 12 is a block diagram of a portion of the auxiliary
signal path shown in FIGURE 6.

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

15 implementing an auxtluary path synchromzmg 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. |

20 FIGURES 16-18 are useful for explaining a method for
maintaining interlace integrity for simultaneously displayed video
signals exhibiting relative precession.

The various parts of FIGURE 1 |llustrate some, but not all of
the various combinations of smg|e and muiltiple picture display

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

30 conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
signal is generally deemed to be 16 X 9. The inventive
arrangements are not limited by these definitions. |

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

| having a conventional format display ratlo of 4X3. When a 16 X9

————
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storage capacity thought to be reasonably necessary to avoid read/ wite
pointer collisions. Read/wite pointer_eqQllisions occur %%98@7@t a

is read W91619¥78e FI FO before new data has an opportunig

whitten into the FIFO Read/wite pointer 5 collisions also occur when new

data overwites the nenory before . the old data has an opportunity to be
read out of the FIFO. The size of FIFO utilized herein, for exanple
2048 X 8, corresponds to approximately five lines. In

accor danceformat displayematice picturegdsetransmitted,d ak0 a WD@BV %hﬁﬁk' on
e o SBRY Nl s, Wk O B 8t o' i o,
fii rst |ineThig ds ccommenly zeterredi tostas |Iettarba:Keformatcoripo|umst jnstance,
oty U0 B AR NafeF Al S, gAY i
read pdrtsavala lﬁ)\ﬂ'&ﬂlﬁ)f carea. sedﬁtﬁrnatwalydemem atddisplay deo
si gnal haSraséem%d iigeconverted prior to transrmssaon, 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
10 expanded vertically but not horizontally, whereby the resulting
picture will evidence distortion by vertical elongation. None of the
.three alternatives is particularly appealing.
FIGURE 1(b) shows a 16 X9 screen. A 16 X9 format display
ratio video source would be fully displayed, without cropping and
15 without distortion. A 16 X9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, :an
be progressively scanned by line doubling or line addition, so as 10
provide a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such
20 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 ratic main
signal in which a 4 X3 format display ratio inset picture is
displayed. If both the main and auxiliary video signals are 16 X 9
25 format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset picture can be displayed in
many different positions.
FIGURE 1(d) illustrates a display format wherein the main and
auxiliary video signals are displayed with the same size picture.
30 Each display area has an format display ratio of 8 X 8, which is of
course different from both 16 X9 and 4 X3. In order to show a
4 X 3 format display ratio source in such a display area,. without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
3s cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
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conponent, correspondi-ng to the horizontal synchron|2|ng conponent
the second video signal. A nultiple |ige nmenory (FIFO for
vi deo sWMa1/1B3 asynchronous wite an(r?eread ports and 20 +&§e‘f§e‘)ﬂ@§§€

resettable wite and read pointers. The second video si gnal ,
subsanpled if necessary, is stored in the field nmenory and written to
the field nenory synchronously with the second line rate conponent.
The second video signal, subsanpled if necessary, is witten into the

nul ti pl e dibfigationoos dmaefy QﬂOtlfé )plmutrb t hﬁh&ﬁmcféffé&?éeh' T@leﬁ%ugncomonent

The dat a corr ere

conpl et el8F W@Sgﬁa\% HQ\‘IPH§°Be€ﬂ" pm‘"@ﬁb@ O gi"gnﬁrolﬁﬂﬂ“Gda§9nchronousl y
with its asneetyraﬁn odistortipn fron'cananmums cr“dbpl cwitth wuiqsp?ec;tn&thtxo
synonr ongisiartBc 157 e progping, witithax %5% Pt ABSRRIRLY ) o) oy
ci rcubt cont r@%tar Sampling ||mlta?d¢fd§ Wﬂl ttbeamxnltaaru yideo estgna«t wite
ComporeniTSERsSirBathecompliGictis gbduratirdd hih esslufaf ) (* ¢,
reset up RIS qgﬁevqm% is as large in size as thenBIsp?ay from the mai video
signal. Various methods can be developed for overcoming these
complications.
10 FIGURE 1(e) is a display format wherein a 4 X 3 format
- display ratio picture is displayed in the center of a 16 X 9 format
display ratio screen. Dark bars are evident on the right and left (
sides. ' |
FIGURE 1(f) illustrates a display format wherein one large
15 4 X3 format display ratio picture and three smaller 4 X 3 format
display ratio pictures are displayed simultaneously. A smaller
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
20 used herein for both display formats. In those circumstances where
the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in é.video
' cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
25 pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
30 be switched in position, as shown in FIGURE 1(g).
FIGURE 1(h) illustrates an alternative wherein the 4 X 3
format display ratio picture is centered, and six smaller 4 X 3
format display ratio pictures are dispiayed in vertical columns on
either side. As in the previously described format, a wide screen
3s television provided with two tuners can provide two moving
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.- period of the second video signal after every start of field of the 35
first video si %nal A read pointer reseb signal is generated

sanpl i ngvVOrRd/19378t field rate conponeni®with the first line '(ﬁys9l/03745 :

conponent. The read pointer is reset at |least two line periods of the
first video signal after every start of field of the first video signal,
and nore particularly, at |least two but not nore than three |ine

pictures. The remaining eleven pictures will be in freeze frame
format. '

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

s 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

10 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

15 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

20 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
2s plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls

30 which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The output of first tuner 206 is an input to a one-chip
202, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controls. . The particular
one-chip shown is industry designated type TA7730. The baseband

35 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
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periods of the first video signal after every start of field of the 5
first video signal. - Dat a bl ock®-f romvi deo RAM ar i1 i pto
2048 x SVOI9O9379 with the sane clock was used to sanple thgcﬁ?%&(ﬁ@kg
for exanple a 640fH clock which is locked to the auxiliary signal,

rat her than the mai n signal. The FIFO is read using the display clock

frequency, for 10 exanple 1024fH, which is | ocked to horizontal

synchroni zin nmponent_ of the main video channel. The use of a

nul tiple |an€gth9 Tﬁrinwt( ¢f wigle \3GreanhpEOGeases-3dicnOthendaseband t e port
clocks  videalihpatsiad avideockwiteh 200 e eesignatBaPREAX flari FAUX 2r ate to

secon

L Ly, . use t he asynchronous
15 FI FOf %/%g“@ﬁ{!rb g‘:‘?@@ é?rﬁn‘él eﬂoﬁgﬂ}ﬁfﬁssﬁﬂﬁf Alisc d?lamés-pv&ﬂoems
associ at edapetplayeds,ovndeu:rgamesaan@rtheshkse The oetplitnef #hé videow i ting of

oy o, 200, el B bl Do AU o v, PGesad
col | i si on 2\ is designated Bh'lﬂDéllQEﬁal The SWITCHEDWIDEOf isranather dat a,
that has ghpapdy WiG8 SGAerPrCeESLY 3d12S
With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
10 SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
fiter. 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
15 signals. A switch, which may be incorporated as part of the Y/C
- decoder, as in some adaptive line comb filters, or which may be
implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
20 respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
along a main signal path. Signal designations including _M or _MN'
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
25 developing color difference signais U_M and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
designation for (B-Y). The Y_M, U_M, and V_M signais are converted
to digital form in the wide screen processor for further signal
processing. _
30 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
35 select between'the luminance and chrominance outputs of Y/C
decoder 220 and the lummance and chrommance signals of an

N
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been replaced by newy witten data. Interlaéeuintegrity nmust al so
preserved. A sufficiently-fdrge nmenory nust be ¢ |
first WO9Y¥937%nce in order to avoid read/wite pointer C(ﬂlllqﬁg'ggml""%gtehe

25 auxiliary channel FIFO. For displaying normal fornmat display ratio

vi deo cropped by 33% the auxiliary FIFO which is 2048 X 8 in size,
ks capable of storing 5,9 lines of video data, for exanple, based on

82% act i
-precessi

ve 1ine period. An inventive arraqgenent recogni zes t hat

exteraakvidea sourcengdesignatedsY: EXT and: Gk XTi respeativety. 3The

encount evggﬂaaaecom %igﬁﬂsgewééé&ﬁa 6toofmaa55vi-|§/1 mﬁkf@ﬁ. OrrHeY/C

auxiliar

ol |1 st oflecoder 220°3nd ‘Syighes WA ARd,HIV4 TRY b eambined, 3¢ dn some

‘asynchr ogdaptivé Hire gomb filtemeThebogiputyohiswitcheer SWB amet SWHejgvi te
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auniliany ysighal 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 fiexibility in managing the source
selection for the different parts of the different picture display
formats. :

A compaosite synchronizing signal COMP SYNC, corresponding to

-'Y_M is provided by the wide screen processor to a sync separator

20

25

30

35

212. The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The

. vertical countdown circuit develops a VERTICAL RESET signal which

is directed into the wide screen processor 30. The wide screen .
processor generates an internal vertical reset output signal INT
VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output -
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.

The 1fy to 2f. converter 40 is responsible for converting
interlaced video signals to progressively scanned noninterlaced
signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generated by
interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or .the use of an interpolated
line will depend upon the level of movement which is detected
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5 . -the auxiliary channel horizontal .sync is EigheL t han t-he
frequency of t he mai n channel “hori zgntal sync, then the vvrlte Qinter
Wi Iﬂ havé)mn%m\/anced past the secondz'é] For different %?E{ﬁ-éﬁ With
have a precession rate less than 2 Ilnes/flel d, the anount which the
wite s pointer may have advanced nmay be, for exarrpl e, 10 Bytes.

It isinthis way that a pointer collision is avoided for all signals
W|th | ess than 2 lines/field precession rate. The auxiliary

between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data .as Y_2fy, U_2fy and
5 V_2f4 signals is supplied to the RGB interface 60.
The RGB interface 60, shown in more detail in FIGURE 11, -
enables selection of the converted video data or external RGB video
- data for display by the video signais input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted for
10 2f4 scanning. The vertical synchronizing component of the main
signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fym or fvext)
to be available to the defiection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,
15 by generating an internal/external control signal INT/EXT. However,
the selection of an external RGB signal input, in the absence of such
a signal, can result in vertical collapse of the raster, and damage to
the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order
20 to override the selection of a non-existent external RGB input. The
WSP microprocessor 340 also supplies color and tint controls for
the externali RGB signal. : :
The wide screen processor 30 comprises a picture in picture
processor 320 for special signal processing of the auxiliary video
25 signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are .under the control of a wide
30  screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signals, enable
signals and reset signals. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three
3s level sandcastle signal. Aiternatively, the vertical blanking and
reset signals can be generateg_gs’ieg arate signals. A composite
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channel FIFO can be partitioned into 5 |i ne :pi eces through

appropriately tinmed read and wite re .signals. In this t he
read amOw/A19879p0i nters are initialli zZﬁéat t he begi nni ng o?’%&@%"‘ﬁlms

displayed field at least 2 lines apart from each other. I f the
FI FO were not a conplete 5 lines long, the system would sacrifice the
menory distance fromthe wite pointer to the .read pointer. This is the

case for different squeeze nodes. In the case of 15 a 16% squeeze case,

:the act upladiif@ SigrelNis' Supplied B?Stﬂé’r\ﬂdeo sigh¥t’ mpRitesedtioh et ane of the
wite pogaérmiggc ing up with thé read pointer there is still at |east
2.6 line € n between the pointers at the start of the field.

‘I'n the 33% sqa'mzdeﬂwtmrt icircuit SOctshiwhl iNOmereidetall ih FIGURE f1opg: This
o 1 HgiIeka Vil ol i 1O o) AT Bobife" 1
di f f 3 enselecteda2fy horizontat symchzo magssrgnai frome \the B interface
o 2sp PSP EINEhBE AT Y RO DK 3Pl procesdtc o cance
These additional control sxgnas r%tlate to honzontal -phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen

10 processor 30, the 1fy to 2fy converter 40 and the YUV to RGB
converter 240. '

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

15 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

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

2s 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 aiso operates in
conjunction with the WSP uP 340. The WSP uP 340 comprises an
input output /O section 340A and an anaiog output section 340B.

30 The IO 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
35 output section 340B provides control signais for vertical size, east-
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25 at 2fH horizontal scanning. FIGURE 3 is a bl ock diagram of
t he w de screen processor shomn lasly FI GURE 2. Is a
bl ock- dvegnaesshow ng further detalls1o t he wi de scrgE“79$%@E§§8

*shown in FIGURE 3. 30 ‘FIGURE 5 is a block diagram of the
picture-in-picture processor shown in FI-GURE 4. FIGURE 6 is
a block diagramof the gate array shown in FIGURE 4 and illustrating
the main, auxi liary and out put signal pat hs.

west adjust and horizontali 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 impiement a
s composite wide screen display, for example one of those shown in
the different parts of FIGURE 1. Clock information for the gate array
is provided by phase locked loop 374, which operates in conjunction
with low pass filter-376. The main video signal is supplied to the
wide screen processor in analog form, and Y U V format, as signals
10 ‘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 N
3486, shown in more detail in FIGURE 4.
The color component signais are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
15 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
20 wide |. The select line UV_MUX for the analog switch, or multiplexer
344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
-signal to zero at the beginning of each horizontal video fine. The
UV_MUX line than toggles in state each clock cycle through the
25 horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
- shifted because the analog to digital converters each have 1 clock
30 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
delayed, the UV data will not be correctly paired when deleted. This
is important because each UV pair represents one vector. A U
3s element from one vector cannot be paired with a V element from "
another vector without causmg a colol color s ,mLL.Jnstead a V sample
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- 6- - FIGURES 7 and 8 -ére timng diagrans useful for explaining

t he generation of the display forat-shown in FIGURE 1(d), ipg fully
Croppesve o198 FIGURE 9 is a bl ock diagram of é&(vgﬁ’{@’f‘%r

generating the 5 internal 2fH signal in the 1f[err] to 2f[err] conversion.
FIGURE 10 is a conbination block and circuit diagramfor the defl ection
circuit shown in Fl GURE 2. FI GURE 11 |s a bl ock diagram of the

RGB i nterface shown in RE 2. 10 FI GURE 12 is a bl ock d| agram
.of a portirem & Mﬁ%‘%ﬂﬂ'ﬁwﬁbbe é@lﬁﬁﬁ glang withrthen correntels sample.

FI GURE 13Thig methed afm OV aditipRexdingcisFréfertédeoBED2M 45 Hd!Ithere are
two luminance samples for every pair of color component (U, V)
samples. The Nyquist frequency for both U and V is effectively

5 reduced to one half of the luminance Nyquist frequency. Accordingly,
the Nyquist frequency of the output of the analog to digital
converter for the luminance component is 8 MHz, whereas the
Nyquist frequency of the output of the analog to digital converter for
the color components is 4 MHz.

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

15 different dithering sequences involving different numbers of bits
and different paired pixel compressions -involving different numbers
of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP
340 in order to maximize resolution of the dispiayed video for each

20 particular kind of picture display format.

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

25 resample the auxiliary signal. Clock and synchronizing circuits in
the gate array control the data manipulation of both the main and
auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog

30 converters 360, 362 and 364. The analog form signais, designated Y,
U and V, are supplied to the 1fy to 2f4 converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
-Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5

35 selects a synchronizing signal for the encoder 227 from either the
gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.
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for explaining avoi dance of read/wite pointer collisions. FI GURE
14" is a block diagramof a si nplified g:sr_cui t for 15 inpl ?%5990?}35

auxi | i av@ q1at9378ynchroni zing circuit f the gate array.

FIGURE 15 is a timng diagramillustrating the correspondence of an
upper/lower field indicator to the horizontal lines of a video frame. -
20 FI GURES 16-18 are useful for explaining a nethod for

mai ntaining interlace integrity for simultaneously displayed V|deo

signal s t r \ [ BM’XV [
FI %URE le.?»iﬂhtéh SWe éﬂlé&ts eﬁﬁééﬁs‘i‘ Wapd C SYNg"\/arl oﬁés ﬁ bl nat [ osgs of

tr at ut  no
singl e anﬁgﬁ‘ﬁftpbl ep qaﬁrﬁcfﬂ%l%ne%ouﬁm‘tmts whi ch can be inpl ement ed
-according to dPbtiomsetof ithenhorizontal chronlﬁngSclrEbnSaréeémw i or

1t 2t Kl T EPISERE o, pradB] ChbGhdall 248 4 4 e A 11 ¥
arr angerretutckechtcop includingdow gassofilteri 230 voltagéusbnwued and
di scussi ogsBfibfd! 233, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
resonator or the like 238. The 'output of the voltage controlled
oscillator is divided by 32 to provide a proper frequency second
10 input signal to phase comparator -228. The output of the divider 234
is a 1fy REF timing signal. The 32fy4 REF and 1fy REF timing signals (
-are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
signal assures that the divider operates synchronously with the
15 phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f4-REF signal will have an adequate
pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2fy voltage controlled
20 oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
‘thereto. The use of the second phase locked loop including phase
25 comparator 404 is useful for assuring that each 2fy scanning period
is symmetric within each 1fq period of the input signal. Otherwise,
the display may exhibit a raster split, for example, wherein halif of
the video lines are shifted to the right and half of the video lines are
shifted to the left. _
30° 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
35 provides a constant quantity of current IRamp which charges a
vertical ramp capacitor 504. A translstor 506 is coupled in parallel
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30 conventional display format ratio of width to height for a vi.deo

source or signal is generally deened i1p7he 4 X 3, whereas ]
screenwh)sp)mm ormat ratio of width to height for a vi deowﬁag%ug?ns

'signal is generally deened to be 16 X 9. The inventive . arrangement s
are not linmted by these definitions. 35 FIGURE 1(a) illustrates a
television, direct view or projection. having a conventional format

display ratio of 4 X 3. Wien a 16 X 9
) with the vertical ramp capacitor, and periodically duscharges the

capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current InamMp provides the maximum available
vertical size for the raster. This might correspond to the extent of
5 vertical overscan needed to fill the wide screen display by an
expanded 4 X 3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current Iapy from IRamp, so that vertical ramp capacitor 504 charges

10 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 S00 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or

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

20 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 2f; 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
2s format display ratio, progressively scanned source. The external
RGB signais and a composite blanking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610. The
external 2fy composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.

30. Selection of the vertical synchronizing signal is implemented by
switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the

35 WSP uP 340. Selection of internal or external video sources is a
user selection. However, if a user inadvertently selects an external
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format display ratio picture is transmtted, as a 4 X 3 format di splay .

ratio signal, black bars appear at thet&®p and at the bott 10344 |s
cormDnIWOr‘)é!&BT’%d to as letterbox format. In this mstancege?rmsmh §

picture is rather small with respect to the entire 5 available dISp| ay

area. Alternatively, the 16 X 9 format display rati-o source is
converted prior to transmssion, so that it will fill the 'verti cal
extent of a viewing surface of 4 X 3 format display..  However, nuch

_i nf or mat | KGRI sQurse, whendp isush sauree:is connegted or turged ondw if Abea
bt hot neKfErnE! 4 ""d‘e"“%w"*i‘égﬁéﬂ'&”%m , Wil CoRdpse afef | o1y
-di st ort i oBeHPUS 8?17{569 dﬁoﬁ%y ()‘P%Pﬁﬁ) dan l’ﬂ$'é’é- alﬁmam )é-s i s
_pa][t I Cult aahy ertgraal i synchronizing. degéudigRSOZ ehextics\dor tﬂl&l griﬂsm@eaam taﬁoa? X
0 1ot SiheAY synchighi dbRaf " Tnd hdbsite ot b GHAL .
letter box switchpiomerride dontnol sugmalelts transmitted3 tooeach cufsp'm;ches i o
signal, agp4, 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.
10 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
.signais 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
1s 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
20 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
2s 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
Consumer Electronics, Inc. The basic CPIP chip is.described more
fully in a publication entitied The CTC 140 Picture in Picture (CPIP)
3o Technical Training Manual, available from Thomson Consumer
Electronics, Inc., Indianapolis, indiana. A number of special features
or special effects are possible, the following being illustrative. The
basic special effect is a large picture having a small picture
overiaying a portion thereof as shown in FIGURE 1(c). The large and
3s small pictures can result from the same video signal, from -different
video signals and can be interchanged or swapped. Generally

. This Sheet Has Been Replaced

llIIIIIIIIIII i




be progressively scanned by line doubling or line addition, so as to
provide a larger display with sufficiepg.vertical resoluti Msymﬁ7
screen WOHMVI¥’Bn in accordance with this invention can disp uc % a
16 X 9 format display ratio signal whether the nmain source, the

auxiliary source or an external RGB source. FI GURE 1(c)
kllustrates a 16 X 9 format display ratio main signal in which a4 X 3
format display ratio inset picture is - di splayed. If both the nmain and -

auxili ar>spealdngsngeaaudw esignai® switchednto alwiaylsayormspmr@uogﬁ'se_ t he
nset nset

:m iteurg' gﬁalq @nc?@fé ‘Fﬁegﬁiﬁﬂapxcture Eﬁn ?f ere\i?d 5@ ir‘?y %oséxﬁ&h fife | nse

‘FI GURE 1(SOreen| gstoan &eg ﬂmpgayafmamr ohpredatarmingdi positions. A

auxi l'i aryzdﬁrﬁefbﬂu%ain%réﬁeé §|I9él aa@&éuéés ttHB §%§E WE'tﬁ% %‘rﬁél?”ﬁictt% Each

di spl ay ea has nformat dispglay ratio o urse

di ffe|5ent Wr%‘BB ta cany Hng, P1,a 0Unbdes Dé?sﬁtosm ﬁt some, pRint.t o mat
~di spl ay rmlex&mplsethandismayefodmlmownem FIGURE 1(d), theplargeiand or
vertical dihsiiohidiGhes 'd1® Th Y43t {Re°safte CLigePed on the
In a single picture mode, for exampie that shown in FIGURES
1(b), 1'(9) or 1(fy a user can zoom in on the content of the single
10 picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
the zoom mode a user may search or pan through the picture content
.enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
15 format). This function enables a strobe format, wherein the last
- nine frames of video can be repeated on the screen. The frame
repetition rate can be changed from thirty frames per second to zero
frames per second. -
_ The picture-in-picture processor used in the wide screen
20 television according to another inventive arrangement differs from
the present configuration of the basic CPIP chip described above. If
the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures
would exhibit aspect ratio distortion, due to the effective 4/3 times
25 horizontal expansion resulting from scanning across the wider
16 X9 screen. Obijects in the picture wouild be horizontally
elongated. If an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture would not fill the
entire screen. |
30 . 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
35 words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect to the incoming auxiliary
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| eft and/or right sides. Mre of the picture can be shown, with less 35

cropping, if some aspect ratio distor<t2@n by horizontal sge¢pgsndesTas
" the piWOMANY tol erated. Horizontal squeezing results in vertical

- 8- el ongati on of objects in the picture. The w de screen
tel evi sion according to this invention can provide any m x -of cropping
and aspect ratio distortion from maxi nrum cropping wi-th no aspect ratio

distortion to no croppi Wi th maxi rum aspect ratio djistortjon.
] video source. pg"hr}g is a fundamenta ﬁn%taﬂron on the basic &PIP

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,

5 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

10 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

15 ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X 9 format display ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio

20 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

25 conjunction with a free running oscillator 348 will take Y/C input

~ from a decoder, for example an adaptive line comb filter, decode the

signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed .in the picture-in-
picture processor for the various full screen modes such as zoom,

sc freeze and channel scan. During the channel scan mode, for exampie,
the horizontal and vertical sync present. from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync puises and will be
switched at seemingly random moments in time. Therefore the

35 sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
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5.

processi ng path conplicate the generat

Data sanpling limtations mége auxiliary video signal

whi ch | WQi%1/19¥78e in size-as the display fromthe main vid

di spl ay these special cases ishthe same as the< displayngiock frefuemey. ratio

pi ctures
‘perinete

A of a high resol Uti’EP/USNId%"/Q-f ure

-Various nethods can be devel oped for overcom ng these conpllcatlons 10
FIGURE 1 (e) is a display format wherein a 4 X 3 format di splay rati.o
picture is displayed in the center of a 16 X 9 format display ratio
screen. S t si des

Frore 16796 Ml bR faskad 3. ikl idek, BRRzoRMAl. syegoWBBN inx 3 for mat

212 HatBlrNG Aoaith PRAGRE X, ¥: 0TV bRé G SYNG ! eguiisde e
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In t 0se C|rcunBEE{ces

CRerRtas.dn | SHRILICLOR Wth 113,58 MHz"osdliator 360, This ' ° o
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 plcture-m-ptcture
processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference _
signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends to be
expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channel
represents a reduction in quantization resolution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples
throughout. This effective reduction of bandwidth is not usually a
problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution
processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction
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i nternal or one internal and one external, for exanple in a video

cassette recorder, two of the displ a.yp_(é.pl ctures can displ / m,mxgment |
in reaWQ@9Hd93M accordance with the source. The remai ni ng %“ Uﬁ ctures can

be displayed in freeze frame format. It wll be appreci ated that the
addition of further, tuners and additi onal auxi liary signal processing
paths can provide for nore than two nmovi ng pictures. It wll also.be
appreciated that the large picture on the one hand, and the three

.smal | pi ghdreataoresioratioheschameés have3belen develdped, inakeding dor as shown
e 4 GdtuBle, pairad mixe) BRHTBRGiN ard Wittt iy Hedifiad 07T 1",
X 3 c_!edtthenngu cirewit would bec operatively cmspbsgdddmn&treaualofcmemns on
e g SR Sl 0 iy S gt G
5 array, as explamed in more deta:? below. Moreover, different
dithering and dedithering sequences involving different numbers of
bits and different paired pixel compressions involving different
number of bits are contempiated. One of a number of particuiar data
reduction and restoration schemes can be selected by the WSP pP in
10 order to maximize resolution of the displayed video for each
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
15 words, each component is quantized into six-bit samples. There are
eight luminance samples for every pair of color difference samples.
Bnaﬂy, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640f4 clock rate -
locked to the incoming auxiliary video synchronizing signal instead.
20 In this mode, data stored in the video RAM 350 is orthogonally
: sampied. When the data is read out of the picture-in-picture
processor video RAM 350, it is read using the same 640fy clock
locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
2s orthogonally, it cannot be displayed orthogonally directly from the
video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
be expected to be synchronous only in that instance where they are
displaying signals from the same video source.
30 - The main signal path 304, auxiliary signal path 306 and output
- signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are
3s supplied to each of the main circuits and paths identified above, as
well -as to the plcture-m-plcture processor 320 and resolution
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pi.ctures. The renmining el even plctures will be in freeze frane format .

FIGURE 1(i) shows a display format h ng a grid of twelv ;mgornat
di spl AYOr|¥19379i ct ures. Such a di spl gbf ormat is 5 parti ?CIT F&ll&

‘appropriate for a channel selection guide, wherein each picture is at

| east a freeze frame froma different channel. As before, the nunber of
«oving pictures wll depend upon the nunber of available tuners and
signal processing paths. The various formats shown in FI GURE 1

-are 111 yheabbify it 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 expianation
of the inventive arrangements.

s 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

10 of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demuitiplexer 3565. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary

15 by interpolator 358, generating signal Y_AUX as an output.

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

20 data points, or pixels for 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 resoiution processing
may correspond to the resolution processing undertaken by circuit

25 370 shown in FIGURE 4. As an example, circuit 370 may be a
dithering circuit- and circuit 357 may be a dedithering circuit.

With further reference to FIGURE 12, the auxiliary video input
data is sampled at a 640f, rate and stored in video RAM 350. The
auxiliary data is read out of video RAM 350 is designated VRAM_ OUT.

30 - The PIP circuit 301 also has the capability of reducing the auxiliary
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

. 35 synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
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.shown in the remaining drawi ngs and d&#ribed in detail be e1YuUSs91/03745
over al WQBHWIRIM agram for a wide screen television in gccor ance W
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, 1s shown in FIGURE 2 and generally 15 designated 10. The

An
th

on 10 generally conprises a video signals input section 20, a

or TV, m cropr.gcessor 6, i de, screen processor .30, a 1f[err]
data)oBycpe UMB!G’@’dgggectﬂm FSW’-S?A?UM‘F'%&%HV ifiﬁ?@rface 60,

and

was written iad thel vidleo RAM.VEThe AIP_FEWesignaleig or proj ection

0 - i ng. i r.cui i
“or enfeqaiefh Bibety; Bk e PIE ciktfe Mt Rkl S80IAE SufBtcnce” i n
descri pt controhrgirguit 1821 to determine-awhich ffiald i read loutpof siideb RAMt i on of
. \ \ The vid Canal
f§ b8 caRptdiad  during #18° shil Hﬁé%*f95m%q°§r-a| 'ty of composite
gnal s Theoauxiliary: shannelds sampled. at 640fmsate while i theamaifay be -

ehanhél 1§ "RinbRid dtsa! 7024%; kD The auxiliary channel FIFO 354
converts the data from the auxiliary channel sample rate to the main
channel clock rate. In this process, the video signal undergoes an
8/5 (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,
which is itself responsive to WSP uP 340. The amount of
interpolator expansion required is S/g. The expansion factor X is
determined as follows:

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

The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the
main and auxiliary signals are combined in respective muitiplexers
315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFQ's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output muitiplexer control
circuit 321. Output multiplexer control circuit 321 is responsive to
a clock signal, a start of line signal, a horizontal line counter signal,
the vertical blanking reset signal and the output of the fast switch
from the picture-in-picture processor and WSP uP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlied by WSP uP
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and auxiliary video signals. An RF switch 204 has two antenna I nput s
ANT1 and ANT 2. These represent inputssgQr both off-air .
recept i WO 2{#937&bl e reception. The RFSZS\%I tch 204 controls MWE{@%% enna

Input is supplied to a first tuner 206 and to a second tuner 208. The
output of first tuner 206 is an input to a one-chip 202, which
perfornms a nunber of functions related to tuning, hori zontal and
vertical deflection and video controls. The particul ar one-chi p shown

T v 2 e
first turﬁ?rnnﬁ?%e‘? §p‘§ﬁe [SM a §epal PUS: dbﬁ’%\ﬁeﬂ'@ﬂ]% may}be a Tour wire
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP uP 340 communicates with the different
5 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
10- 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
15 frequency, which is 8 MHz for a 1024fy clock.

As shown in FIGURE 6, the luminance data Y_MN is routed
throygh 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

20 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;

25 as required for picture expansion. The switches 323 and 331 are
responsive to a route control circuit 335, which is itself responsive
to the WSP uP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no

30 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

3as samples being written into the FIFO so that the data read out of the
FIFO is smooth, rather than jagged. Expan_sions may be performed in

his Sheet Has Been Replaced

N Illl



10, and the TV1 input of w de screen processor 30. O her baseband

Vi deo inputs to video switch 200 are dgg gnated AUX1 and A%ﬁ J03T4ESE -
m ght bWQR2K#9378r vi deo caner as, Iaser§§ sc players, video fS9l

pl ayers, video ganes and the like. The out put of the video 5 sw tch 200,
which is controlled by the chassis or TV m croprocessor 216 is

desi gnated SW TCHED VI DEO. The SW TCHED VI DEO i s anot her Il nput to w de
screen processor 30. Wth further reference to FIGURE 3, a switch

one 2 SHO, e SBREREE IS stpraRony” [V ane il 96757, 0
decoder m@npressm he writeqenapie ahel aﬁpﬂﬂﬁl‘nmn& informatien ve |ine
g%bd da ééﬁféd thm imrthbeforfgwpmbrtcpels‘ébdapgoﬁ%xyaem% odaguffe to the
eco ce:lroc gatmg mfo g%lo%n is applieéaé %36{“3 r'eadere%réble signal. This
5 -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
10 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
15  1024{y4.
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
20 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 hoid
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
25 was written into video RAM. Since there are two fields of data |
stored in the video RAM 350, and the entire video RAM 350 is read
during the display period, both fields are read during the display
 scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch
30 data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tear problem. If the field type
being read is the opposite type than that being dispiayed, then the
even field stored in the video RAM is inverted by deleting the top
iine of the field when the field is read out of memory. The result is
3s that the smali picture maintains correct interiace without a motion

tear. —
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sources, .and each consists of separate | um nance and chrom nance 15

signals. A switch, which nmay be i ncor p@7at ed as part of thci,afl /03745
decoderWOz%II%7%one adaptive line conb filters, or which may ;6§591 0

|rrpl enented as a separate switch, is responsive to the TV

m croprocessor 216 for selecting one pair of |um nance and chr om nance
signals as outputs designated Y_Mand C_IN 20 respectively. The selected
pair of [um nance and chrom nance signals is thereafter considered the

-gal n si gnal an hesclacksésyrel circuit &mﬁanmmssrgadx weiten. arlmgqa;ble )
esi gnat'éi peréfin FFG§354t356 S PRé! FIFOS fof Ne
EQLE”ISa{‘u%@ m%“a' qsfﬁw q@m‘ﬁ;ffﬁ endblet fqreﬁis” HihIiBtN and
V_M In tléma egﬁirdthtséeSp?ll'tlon?rofedachavmo dires witichois f Lﬁﬁg()fgglng ;/r gs
o 94 vl eyt SRV, KA 8 MG, TSRS, S o R | 1=
si gnal auxiliacy echanngls, dut not bothheas ermassaryeto aombinedatan fdany
defined agapardoftce’ 8f 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

- 10 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

15 particular special effect chosen.

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

20 of cropped side-by-side displayed pictures, the write enable control
 signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)*(5/12) = 5/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
25 corresponds to approximately 33% cropping (approximately 67%
. active picture) and the interpolator expansion of the signal by 5/g.
In the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FiFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
3o line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
by the 910 x 8 FIFOs. .

In each of the FIFOs, the video data is buffered to be read out

at a particular point in time. The active region of time where the
35 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

e
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screen processor 30, devel ops a baseband'w deo signal TV2. A - switch
SW2 sel ects between the TV2 and SWTCI—E@ VI DEO si gnal s PCRAUSH1/03788It tO

a Y/ C WR8YAPI0. The Y/ C decoder 220°may be i mpl emented as an
“"adaptive line conb filter. Switches SWB8 and SW4 35. sel ect between the
| um nance and chrom nance outputs of Y/ C decoder 220 and the

41 um nance and chrom nance signals of an

- 11 -
-  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
5 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
10 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. It may be noted that write enable control signals
are synchronous with their respective FIFO input data (main or
auxitiary) while the read enable control signals are synchronous
15 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
20 16X9. 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
2s distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between
the limits of 0% and 33%. As an example, two side by side pictures
may be presented as 16.7 % squeezed and 16.7% cropped.
‘The horizontal display time for a 16 X9 format display ratio
30  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/ factor is
calculated as ratio of the two display formats:
3s 4/3 = (16/9) / (4/3)
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external video source, designated Y_EXT and CEXT respectively. The

Y_EXT and C EXT signals correspond to_tw S-VHS input SI1. :
decoderWOIM/ 3 swi t ches SWB and SW m?y?be conbi ned, as iyﬁéﬁ%&’m-’“

adapti ve

line conb filters. The output of switches SWB and SW is 5

thereafter considered the auxiliary signal and is processed al ong an
auxiliary signal path. The sel ected | um nance output is designated
Si gnal designations including A _AX and AUX refer to.the auxi liary

signal payariablé FRbASSRAGFS & NANZRd SnCaRLBrd4Ach Owith névé%rftadbfff erence
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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 requires
that steps be undertaken to avoid read/write pointer collisions.
Read/write pointer collisions can occur when old data is read out .of
the FIFO before new data has an opportunity to be written into the
FIFO. Read/write pointer collisions also occur when new data |
overwrites the memory before the old data has an opportunity to be
read out of the FIFO. The size of the FIFO is related to the minimum
line storage capacity thought to be reasonably necessary to avoid
read/write pointer collisions. A field synchronization system for
avoiding read/write pointer collisions and maintaining interlace
integrity is explained more fully in connection with FIGURES 12-18.

The picture-in-picture processor operates in such a manner
that the auxiliary video data is sampled with a 640fy clock locked to
the horizontal synchronizing component of the incoming auxiliary
video signal. This operation enableé 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 dispilayed
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re_spectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit devel ops a yﬁRﬂ CAL RESET si gnabcpiigdisedtas! s

di r ect 8909193The wi de screen processoP “30. The wi de screen pr.ocessor
generates an internal vertical reset output signal |INT - VERT RST QUT
directed to the RGB interface 60. A switch in the RGB i nterface 60
sel ects between the internal vertical reset output signal and -the

verti cal synchron|2|ng conponent of the external RG 25 source. The

.out put of t
S Verr STRE dhéokik 'mﬁwéﬁ?'f"eq““amd‘%" due ‘ay”@% é)ﬂ%ﬁd}ﬁ’nf al and |
vertical @SYRON rsnpﬂﬁngas\ar@@lst 8r maig and auy aryam Qi SRWCESyndN are
‘devel opedofilers ygcradiiinte! eynehfonzation of th daxm&rr?e@lg@falceésme 30

Thter | aceain caignsl.qAafios; ety Jueh indPHETHRN Whts: afid, 16RO
si gnalss, ¢lecksxwmdisposed vine tive nagxitiary csignabhtpathl aﬂerlmeilcmt !euif the
tw ce, | set of horizontal lines is generated by
i nt er pol aY@%& Q&@cﬁ horizontal lines of the sane field. In sone
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
10 latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches also reduce the data clock rate from
-1280f4 to 640fy. The 8-bit data blocks are written into the FIFO
354 by the same 640fy clock used to sampie the auxiliary video data
for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8.
15 The 8-bit data blocks are read out of the FIFO 354 by the 1024fy
display clock, which is locked to the horizontal synchronizing
component of the main video signal. This basic configuration, which
uses a multiple line memory with independent read and write port
clocks, enables data which was orthogonally sampled to be displayed
20 orthogonally. The 8-bit data biocks are divided into 6-bit luminance
and color difference samples by demuitiplexer 355. The data
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
25 instance in order to avoid read/write pointer collision in the
auxiliary channel FIFO. For displaying normal format display ratio
video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size,
is capable of storing 5.9 lines of video data, calculated as follows,
where N is the number if times and L is the length of each line:
30 N = (2/3) * (0.82) * (640) = 350 based on 82% active line period
L = 2048/350 = 5.9 ,
An aspect of the invention recognizes that precession rates greater
than 2 lines/field are not likely to be encountered. Therefore, a
design criteria of a 5 line FIFO for the auxiliary channel can be
3s sufficient to prevent read/write pointer collisions. .
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35 . instances, the use of a previ ous line or the use of an I nt er pol at ed
line wll depend upon the |evel of nove whi ch is det eCt%rUS9 /03745

12 WO Yé12338n adj acent fi.el ds or. fpﬁﬁes The converter Ve /40
of)erat es in conjunction with a video RAM 420. The vi deo RAM may be used
to store one or nore fields of .a frane, to enable the

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 puises for controlling writing and reading in the FIFO 354 in

s 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
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 puise of the auxiliary

10 video signal which occurs after a vertical synchronizing pulse of the
main signal. Two main signal horizontal lines later the read pointer
is reset to the start of the FIFO 354. This reset puise 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
15 after a vertical synchronizing pulse of the main signal, or stated
still otherwise, at the second horizontal synchronizing pulse of the
' main signal which occurs after the WR_RST_AX pulse. .

Since the main and auxiliary signals are asynchronous, there is

, some ambiguity about exactly where the write pointer is when the

20 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

25 pointer collision is avoided for all signals with less than 2
lines/field precession rate. The auxiliary channel FIFO 354 is
partitioned into § line pieces through appropriately timed read and
write reset signals. In this scheme, the read and write pointers are
initialized at the beginning of each displayed field at least 2 lines

- 30 apart from each other.

If the FIFO were not a complete 5 lines-long, the system would
sacrifice the memory distance from the write pointer to the read
pointer. This is the case for different squeeze modes, for example a
16% squeeze:

35 16% squeeze ~ N = (5/6) * (0.82) * 640 = 437 .
- L = 2048 (5°437) = 4.7
_’/’_ , .
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progresswe di spl ay The converted video data as Y 2f[err], UZ2f[err] and 5

V 2f[err tq)nal S is supplied to the R interface 60. PCI'IUS‘JWbE‘MBGB

i nter f aW 96 3% own in nore detail in EIGURE 11, enabl es sel ection of
the converted vi deo data or external RGB video data for display by the
vi deo signals input section. The external RGB signal is deened to be a
wi de.format display ratio signal adapted for 10 2fH scanning. The vert.i cal
synchroni zi ng conponent of the main signal is supplied to the RGB

-i nterfacelpghése ctises, INecPIFO prvato be |€Ss lthEn\SEﬁiﬁeleB inefhebl i ng a

et Loct 1 oot SeiHes %8‘3"1&5‘?&{4'2%% B i 4.7 B o 3H (0 B o

“user se: /emeoN eEuanoaxcérmal 3l3|38| sI\IqT?eE?(zTe ﬂ:gledts annoper%ﬁmwallnhmltatlonf
interna &géﬁéng A?O#‘.[“ Sl gha wever t he selection of an

ext er nal I n the absence of such a signal, can result

in ver¥ical colSingedher F"F@ read and writedtesets are spacauebyaarmwmtay t ube
e B o 1B A cogesdendione, b Wifce ' diaha"gridd A Indl o5, o)
non- exi st @,xpe@;pepiagnl ,ﬂagt reaq 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
10 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.
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
1s between the main and auxiliary video sources. This is still more
than is necessary for most video sources, and the precession rate
tolerance is sacrificed on those feature modes which can be
expected to be the least used. |
Another problem stemming from the asynchronous reading and
20 writing of the FIFO is that of maintaining interlace integrity of the
auxiliary channel video. Since the display is locked to the main
channel video, the current field type being displayed, that is the
upper or lower field, will be determined by the main signal. The
field type which is stored in the video RAM 350 memory and ready to
25 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.
The picture-in-picture processor 320 and the gate array 300
30 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/lower field type
35 indicator has a value 1 for upper fields and a vaiue 0 for lower
fields. The upper fields include odd lines 1 through 263 The lower
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WSP m croprocessor 340 al so supplies color and tint controls for t he

external RGB signal. The wi de screen processor 30

pi ct ur e WO IB193TH e processor 320 'f303'speci al signal prgce@dnlgﬁgfg
atixiliary video 25 signal. The termpicture-in-picture is sonetines
abbrevi ated as PIP or pix-in-pix. A gate array 300 conbines the main
and auxiliary video signal data in a wde variety of display formats,
as. shown by t he exanpl es of FIGURES 1(b) through 1(i). The

Bont rol - ofielisitiloste eveh. 5783 2, tiPUaBo 282" JerFIGLAR) 18§he st field
M crolproceyp@rmﬂmtos u/L MMNpSlGNﬁd. tmpréseﬁw ther figidotype cof Mé over a
seria

signal s
30 al so
t hr ee

and

10

15

20

25

30

35

" Tnal Sideo crifirel; . Tha Sinal S YK aX ?ﬁ@*ﬁ%ﬁgimﬁﬁ Becor

syncgsmaaISe@raeashpbaetef tbet auxiliasy sohangek.eset signal, as a

53 5 'e"FHe smacaganegﬁ.e@wr U/g{ﬁgsﬁgrbgrsggse thBefl i ¢ bl anki ng

rese nal S er.at ghal s. conposite
store ﬁ'le video ram 888 if each auxﬁlary channel line were w

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 350 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
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
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15 JUL 1996 bl anki ng signal is supplied by the video signal input
section to the RG interface. - . The deflection shown
in nor QAP n FI GURE 10, recei §e45 a vertical reset ﬁg%%"%@gﬁm t he
W de screen processor, a 5 selected 2fH horizontal synchronizing signal
fromthe RGB interface 60 and additional control signals fromthe w de
sCcreen processor. These additional control signals relate to horizontal
phasi ng, vertical size adjustnment and east-west pin adjustnment. The

positions. The valid modes are shown graphically at the top of
FIGURE 16 and in the table of FIGURE 17. There is an overiap
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

5 out of 262 lines. Either of modes B or C can be utilized when both
are valid. The choice can be arbitrary, or based on other CII'CUIt
considerations.
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deflection circuit 50 supplies 2fH fl yback pul ses to the w de screen 10
processor 30, the 1fH to 2fH converter 498and the YUV to RGB rier
usoidisie

240. WO 91/1932Ber at i ng tages for the entire wide screeP¢H are
generated by a power supdmhmm,lwmmﬂute ener gi zed_by an AC mai ns
supply. 15 The wi Jor 30 is shown in nore detail in

FFGURE 3. The principal conponents of the w de scredfisghesiias Bean Replaced ar ¢ a

gate array 300, a picture-in-picture circuit 301, an gital
0 screen

and di gi t alWhat dsatlaimedhvs:rters, the second tuner 2

processor m croprocessor 340 and a wi de screen output 20 encoder 227.
Further details of the w de screen processor are showmn in FIGURE- 4. A
pi cturelin-pictdre fr S¥yBEBERNiZAtiONWSYStem, comprising: si gni fi cant part of

the Pl Pacircuit ' i L | ate

array 3%0 is shoﬁv\gé?nd%zfr%?\é\@tdgﬁﬁxh °hm"%¥%.§Aﬁﬁ%&of§Bﬁ§9

conponedt s VNG anfitstding tate,component and a dirst fialdr rated component;.
4 - a field memory for a second video signal having a second line

rate component; o
a muitiple line memory ha\?ing independently resettable write
and read pointers; .
means operative synchronously with said second line rate
9 component for subsampling said second video signal, for writing and
10 | reading said subsampled video signal into and out of said field
11 memory respectively and for writing said subsampled video signal
~ 12 into said multiple line memory; '
13 means operative synchronously with said first line rate
14 component for reading said subsampled video signal out of said
15 muitiple . line memory; :

0 N O »n

16 means for resetting said write pointer by sampling said first
17 field rate component with said second line. rate component; and, o
18 means for resetting said read pointer by sampling said first

19 field rate component with said first line rate component.

2. The system of claim 1, wherein said write pointer is reset

up to one line period of said second video signal after every start of
3 field of said first video signal.

3. The system of claim 1, wherein said read pointer is reset at
2 least two line periods of said first video signal after every start of
field of said first video signal.

4. The system of claim 1, wherein said read pointer is reset at
least two but not more than three line periods of said first video
signal after every start of field of said first video signal.

1 5. The system of claim 1, wherein each of said means for
2 resetting ;aid write and read pointers comprises respective delay



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

. audi o stage 226. The second tuner 208 g§so operates in Ao REaON
with th@g\yﬂ%@rr] P 320 —Fhe—WsP—ferr}-P-340 conprises an pCF: i nput out put

I/ O section 340A and anumm ction 340B. 30 The I1/0O section
340A provides tint and mm]mnmuslmnal s, the . | NT/ EXT signal for
sel ecting the external RGB Vi deo"soudrce and control signals for the
switches SW. through SW6. The 1/ 0O section al so nonitors the EXT SYNC

. DEg S§ ?E&heénsﬁbhee’(@@ﬁirimthﬁiﬁamité Ogointer mwttbenbhﬁndgbbﬁw off !ééidcui t
and C r . u ecr!l o 1 es
Sontr i SEEATRL VERS | Slonal (i@ Jety; 3tart 6P Hei@°6t ' Shia> it Riddd
-14- s signal, and for resetting said read pointer at least two line periods
s of said first video signal after every start of field of said )first
7 . video signal.

6. The system of claim 1, wherein each of said-means for
resetting said write and read pointers comprises respective delay
means, for resetting said write pointer up to one line period of said
second video signal after every start of field of said first video
signal, and for resetting said read pointer at ieast two but not more
.than three line periods of said first video signal after every start of
field of said first video signal.

7. The system of claim 1, wherein said means for resetting
said write and read pointers comprise respective delay means for
avoiding read/write pointer collisions for all signals having a
precession rate of not more than two lines per field.

H W N = - W N -

8. The system of claim 5, wherein said respective delay means
reset said write pointer up to one line period of said second video
signal after every start of field of said first video signal and reset
said read pointer at least two line periods of said first video signal
after every start of field of said .first video signal.

th A~ W D -

9. The system of claim 5, wherein said respective delay means
reset said write pointer up to one line period of said- second video
~ signal after every start of field of said first video signal and reset
said read pointer at least two but not more than three line periods

of said first video signal after every start of field of said first
video signal. |

» M A W N =

-l

10. The system of claim 1, comprising delay means for
2 avoiding read/write pointer collisions. = ——
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west adjust and horizontal phase, through respective interface circuits
254, 256 and 2 The gate ar+ay LS _responsi blgcfresocm3tasni ng
VI deo ?'ﬁf?}r ation fromthe min and au'xm§ si gna to i npl enent

a s conposite wide screen display, for exa u,” shown in
the different parts of FIGJRE 1. O ock infor ﬂ%te array

ks provi ded by phase | ocked | oop 374, which operat és 'n ¢ony uncti on

with |ow pass filter 376. The main video signal is supplied to the wi de
.screentprocesso?r i nTheasysternrof claim 10 wheseinasaididelay mpanso

desi gngt eGhom F‘k gd¢:and V_M These nain si gnal s are converted from anal og
to d|g1talq m b 346, own in

naJo to di conve ters 342 and
nmore détail in & eg 6%9 @ oMeANSH N sWhich ss%'ﬂe?\f@'f erred
to by ihe figlgerate component is clocked as an output by said first line rate

5 component

6 a second smgle stage D-type latching means in which said

7 output of said first single stage D-type latching means is clocked as
8 a write reset signal by said second line rate component; and, '
9 a two stage D-type latching means in which said output of said
10 first single stage D-type latching means is clocked through said two

11 stage D-type latching means as a read reset signal by said first line
12 ..rate component.

12. A synchronization system, comprising:

1
2 video display means synchronized with a first video signal
3 having first horizontal and vertical synchronizing components;
4 a multiple line memory for a second video signal having a
s second horizontal synchronizing component, said multiple line
e memory having asynchronous write and read ports and independently
7 resettable write and read pointers;
8 means for generating a write clock signal synchronously wuth
9 said second horizontal synchronizing- component for writing said
10 second video signal into said muitiple line memory;
11 means for generating a read clock signal synchronously with
12 said first horizontal synchronizing component for reading said
13 second video signal out of said muitiple line memory;
14 means for resetting said write pointer at the first end of a
15 line period of said second video signal after every start of field of
16 said first video signal; and,
17 means for resetting said read pointer at the second end of a
18 line period of said first video signal after said resetting of said
19 write pointer. '

13. The system of claim 12, further comprising a field
memory for storing said second video signal prior to said writing of
said signal into said multiple line memory.
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desi gnat i ons U and V, which may be assigned to either RY or B-Y 15

signal s and Q signals. The sanpl®g.l um nance bandw dtgy/85591/03h48m t ed
to 8 W% 'c,/éﬁg@ the systemclock rate is 1024f[err], V\h|cm _

approximately 16 MHz. A single analog to digital converter and an

anal og switch can be used to sanple the col or conponent. data because
‘the U and V signals are limted to 500 KHz, or 1.5 MHz for 20 wde I. The
select line UW_MJX for the analog switch, or nultiplexer 344, is an 8
MHz signal derived by di'viding the systemclock by 2. A one clock w de

The bloi nni ng o, oAAR RETILEE P"#.ﬁ‘dé“g [ Pitelr] said fielgafgifbry hdfin

t oggl 8s iwrita and sead BD(B'tSk ed (synahypnousiy with osaidosesond ne. Si nce
the | gne ﬁ@f’"ﬂéﬁl&lss mq‘r‘o@ém?b Mck cycles, the state of the
consi s

UW_MIJX, once 1nitia tently " toggle O, 1, O, 1, . . . ,
wi t hout |nterrupt|on The Y and UV data streans out of the anal og to

di gi-tal converts:rSThéZs steri46f alaim 13, i‘.brthwdcm?:m tiveanealfen to

gi:giot | e aﬁ:ﬁ{nﬁgg?ég gigﬁph ?ncﬁé g‘gna?yscynechronousﬁy with S to

3 second horizontal synchronizing component pnor to being stored in
4 said field memory.

A
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clock gating information fromni {ieetit@d BeSkGRAlG Processing path 304 nust

be simlarly del ayed. Were th I nformati on ncga,usgl;ﬁg#@/ed

t he UWORH1IM7P| not be corre Eu w n del eted. This

i nportant because each UV pai e vector. AU 35 el-errent from
one vector cannot be paired with a V elenent from anot her vector

@i thout causing a color shift. Inste¥d® a V sanple
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froma previous pair will be del et eThisBhesaHasBebdReplA&aCUr rent U sanpl e. '
{89 P08745

This nethod of UV nultiplexing is re
t wo Iurﬁvﬁa?'lég’:’ganpl es for every pair
The Nyqui st frequency for both U and '
hal f of the | um nance Nyquist frequency. Accordingly,
out put of the anal
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and different -paired pi XeITlﬁsCBiiPJtﬁ e R nvol ving different nunbers of

bits argoif | ated. One gﬂ e artlcul ar data pcr/usias7es and
restoration schemes can be lIHH ' w “WBP [err]P 340 in order to

maxi m ze resol ution of the o for each 20 particul ar kind of

picture display format. The gate array includes interpolators

whi ch operate in conj unction %éh I'ine rre ries, which nay be

i mpl enent ed as. FIFO s 356 and 8. The ator and FIFO s are

utilized to resanpl e the main signal gd An addi ti onal

I nt er pol ator can 25 re I @une auxi | i ar *1 C ock a synchroni zi ng

circuits in r agc thE:Jda "'nlpulati n of both the
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Portions of the horizontal synchronizing circuit are shown in nor e
detail in FIGJRE 9. Phase conparator 228 is part of a phas (ﬁ. g%;ﬁ,sl oop

i,ncl udl\’@?‘&?:’aass filter 230, voltage controlled OSCi I I"at or ,

di vider 234 and capacitor 236. The voltage controlled oscillator 232
operates at 32f[err], responsive to §/{geramc resonator or the |ike
238. The out put of the voltage consg oI I « Oscillator is divided by 32
to provide a proper frequency% pﬁZsi gnal to phase conparator
-228. The out put of the divide REF timng signal. The

2340. |

32f[err] REF and 1f[err] REF #f E-zlgrgls
.16 counter 400. A 2flerr] out plt i -
402. Presetting diviB
di vi der operates sy
signal s input sectiortf
signal will have an &d
t he phase conpar at or®4¢
of a second phase

ulse width circuit

hald assures that the
EE of the video

5§8)p|ieo| to a divide by

r at a 2fH REF
e p%op operation .of
Y@ @391, which forns gpart

Ppage filter S%md H

vol tage controlled | >§E< EI
3 ém‘%"ﬁ%‘
4

326 \
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20 oscillator 408. Voltage controll'ed oscillator 408 generates an
internal 2fH timng signal, which is used for driving thepct/US91/03745
progr ewe® MEL9878canned di spl ay. The other input signal to phase
conparator 404 is the 2fH fl yback pulses or a timng signal related
thereto. The use of the second phase | ocked | oop including phase 25
.conpar ator 404 is useful for assuring that each 2f[err] scanning period
"is symmetric within each 1fH peri od @18t he_ i nput signal. herw se,

.the display may exhibit a rastergsplit, f o exanpl e, Zherej n hal f of

“the video lines are Shlf g) the right ams half of gthe v]deo lines are
shifted to the left. 30 5&- e deflectign circuity 50 is shown in nor e

detail in FlI GURE iLO adj bsti ng the

vertical size of deslred anount of
vertical overscan

X enf xdi spl ay
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-17- with the vertical ranp capacitor, and periodically discharges

caPaC|{? responsive to the vertical reset signal.pCvusSsa/a3id®nce
of da? stment, current | RAMP provides the maxinmum avail abl e
vertical size for the raster. This m ght correspond to the extent of 5
vertical overscan needed to fill the wi de screen display by an expanded
4 X 3 format display ratio signal souggg, as shown in .
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FLGURE 1(a). To the extent that |less vertical raster size is required,

an adj Wé%ﬂﬁ .;9urrent- source 508 diverts a variabl e anount PQT/US91/@3T45 ent
I[err] I?err], so that vertical ranp capacitor 504 charges 10 nore

slowy and to a smaller peak value. Variable current source 508 is
responsive to a vertical size adjust signal, for exanple in anal og
form generated by a vertical size control circuit. Vertical si ze
adj ust mrent 500 is independent of a manual vertical size adj ust nrent 510,
-whi ch may be inplenented by a potentionmeter or 15 back panel adjustnent
knob. In either event, the vertical ﬁgflection coil (s) 512 receive(s)
.driving current of the proper nagni?u e. Hori zontal deflectionis
provi ded by phase adjusting circuit 518, East - West pin correction
circuit 514, a 2fH phase | ocked loop 520 and horizontal output circuit
516. 20 The RGB interfaFe circuit 60 is shown in nore detailed in

. e

elaged be ul timtely displayed will be
ghe 1f[err] to 2fH converter 40 and an
> of the wide screen tel evision
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descri bed herein, the external RGB i'nput I's presuned to be a wide 25

f.or mat @v(ggllmﬁgatlo progressively scanned source. The ext FFWUSM/O:&MBGB
sirgnal s and a conposite bl anking signal fromthe video signa

section 20 a*-e—t—npu{—s—t—e-—an RGB to Y UV converter 610. The exter naI
2f[err] conmpo |t ) qg signal for the external RGB signal is
an input to e i°zi ng signal separator 600. 30 Selection of
t he vertical: d i gnal is inplemented by switch 608.
Sel ection ‘of t SO ynchroni zing signal is i mpl enent ed by
switch 604. Selection of" the video si¥tll is i npl enented by switch
606. Each of the switches 604, 606 and 608 IS responsive to an
i nternal /external control signal generated by the 35 WSP [err]P 340.
Sel ection of i NtET A O o T T eh e O =eG-GrishineE i user _sel ecti on.
However, if a user inadvertentlyegel ects an external ﬁ
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- 18_
if the
and
an external
ext er nal

R@EB source, when no such source is connected or turned on,

ext er nal

source drops out,

the veértica

raster

WQA{ W3 danmage to the cathode ray tube(s) can resu}%"H

or

/bsmse.
A%?brdlngly,

synchroni zi ng detector 602 checks for the presence of an 5°

synchroni zi ng si.gnal .

switch override contro

606 and 608,

-si gnal

to prevent

S|gnal

sel.ecti on of the external
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al so receives tint and color control signals fromthe W8P [err] P 340. 10

FI GURE | ck diagram showi ng further details of the w de screen
processéwbéﬂ?gﬁkgm in FIGURE 3. The Y. AL UA and V_A si §RAYYSAVA3T48
input to the picture in picture processor 320, which can include a
resol ution processing circuit 370. The w de screen tel evi si on accordi ng
to aspects of this invention can expagﬂgsnd 15 conpress video. The speci al

efHfeets—enbotied by The various site display formats illustrated
'Jh”ﬁéyggh&¥ﬂe © generated by the picture-in-picture processor

320 PRglE relcei ve resol ution processed data signals YgRP,aU&RP and
V' RP ff : “ﬂ“' Hmutlo Lrcuit 370. Resolution pI’S-(,‘,eS%I rf§ need’
not b i tinmes, bft during selected‘ﬂlsplay ?orﬁat§> The
pi cture- i n- plcture procé¢s Lo anre detafl in Fl @RY 5.
The principal .conponent$ pf the pi &ure-in-picture bro,essor ale an
anal og-to-digital conveltpr sectio@§322, an input spctfon 324,42 ast
switch (FSW and bus segtjon 326, a“timng and contfol Jsecti ga and
a digital-to-anal og conyefter sggtlcn 330.
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The picture-in-picture processor 320 may be enbodied as an I mpr oved
variation of a basic CPIP chip devel oped by Thonson CpQyI$91/03745

El ect r IMPHI/IBTE. The basic CPIP chip is described more fully in a
publication entitled The CTC 140 Picture in Picture (CPIP) 30 Technical
Trai ni ng Manual , avail able from Thonson Consuner EBrectronics, Inc., .
I ndi anapolis, Indiana. A nunber of special featuresa. WU BREQLMeLf f EeCt s
are possible, the follow ng being ill Xt i ve. Them's'shchqfasﬁ'&ﬁ'ﬁ@ci al
-effect is a large picture having a small picture m Hﬂﬂtﬂm‘portion
t hereof as shown in FIGURE 1(c). The large and 35 sl , gt can
result fromthe sane video signal, fromdifferent; - .video signals. and
can be interchanged or swapped. Generally
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-19- speaking, the audio signal is swtched to always correspond to
t he WA 914084g.r €. The smal | picture can be noved to any It t he
screen or can step through a number of predeterm ned positigﬁg}.ﬁsﬁ%ﬁgioom
feature increases and decreases the size of the small picture, 5 for

exanple to any one of a nunber of preset sizes. At sone point, for
exanpl e the display format shqua—-h FI GURE 1(q), t H3/18ar ge and smal |

pi ct ures—are—in-facr 1 he sane s Zg] In a single picture node, for
exanpl e that shown _.in FI GURESS | (b), 1(e) qr 1(f) a user can zoomin on

re, for exgnple, in steps froma ratio

zoom node ja user nmay search or pan
i en imge to nove across

t he EydhestHasHeen Replagsidngl e 10 ¢
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picture. In either event, either the small picture or the large picture

or the zagw®9izet ure can be displayed in freeze frame (stild~p
This function enables a strobe format,

frames of video can be repeated on the screen.

rate can be changed fromthirty franpgygper second to zero
The pi cturgyin-picture progessor

format).

second.
20 television according to
t he present donfiguration of

ot her i nveét
he basic I

wherein the las
The frame

@ﬁ&ﬂhﬁm&?
nine

repetition
frames per
sed in the wi de screen

t he basic CPI Ip were useq with a tel®
screen, and w t hgut vi deo dpeed up cir Lhe | woul d
exhi bit aspect rat{ 33' QL ue to | ffectije 4/ 3]t1nmes 25
hori zontal expangi ap Zelul ting fronlsczgai across 6 X9
screen. Objects ifnalled picture would b Mg ONt Al |y ted. If an
external speed up guj t were utilizeg@Qg{ e woul d aspect
ratio distortion gQathe picture moulébé1 i1l the entirg¢ screen.
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30 Exi sting picture-in-picture processors based on the basic

CPI P chiwoea/18329 i n conventional televisions are operated iWUsmmsus
particul ar fashi on having certain undesirabl e consequences. e
incomng video is sanpled with a 640f[err] clock which is |locked to the
hori zontal synchronizing-signal of the main video source. In other 35
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sanpled with respect to the incom ng auxiliary

-20-
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y . . ,‘, :.'!.’:._‘f'.f.. o
\ﬂ_dggi;source This is a fundanental limtatida o i N‘J’GHEHTS sﬁt ho

of "f'iel'd synchroni zati on. The nonorthogonal Desel‘ipft)hepaged l‘nnulpaged .....
sanpling-rate'results in skew errors of the IClainmdot a.: Igeﬂ“to;paged33

l'i'mi tati pa- Ty tit he vi deo- RAM used i !IDr&\bRn I a 9t pa ‘%'{IG
nust uselR bﬂ&@ﬂée@lfo&l&w’or writing and readi n.m’gt@,g@ac% | Baged £

Shaged .28 PagddD
the vide¢ RAM such ags&iv dpo RAM 350, is._displ ayed, the skew errors ar
seen as. nanpdofBjJult 896al bny vertical edges off t 4 .
general Iy donsi dered qui te{objectionabl e. IS&I‘E Qg[;ﬁ 2 PTHP.’-I"E;i -Ef,., ure

processor| 326—according t¢ an 10 inventive arrangement "and unlike the

basic CPI|P chip, is adapted for asymmetrically conpressing the video '
data in one of a pl urallty of

. operation, the pictures @ﬁ*@é@gj@ﬁbﬁ‘ﬂé?ﬁ drelszoln'[]a][ hldisrrenc);j%(r)lf
and 3:1 in the vertical WilTH WRITEAREAD BOMTERQONTRGhde of conpressi on
produces. aspect 15Tné ainvBnilof! AIafes ROCHY dfaid %t HIBURRFNS hdviig VI deo RAM
Cbj ects in thmultlpleloplcture dlsplaysq#’or async 0rrc'nous vnde% sngnm'?veréhd' fn these
pi ctures are
s 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
10 view televisions and projection televisions.

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

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

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

Televisions with a wide display format ratio are also suited to

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

30 asynchronous but simultaneously displayed sources, switching
between mdltiple sources to generate muitiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television according to this invention. A wide screen

35 television according to the various aspects of this invention is
capable of providing high resolution, single and multiple picture

v



ein the'channel scan node, for di spl ay
screen, the pictures appear correct.

;r?gq, out normally, as fnrym
of“a 16 X 9 fofwm NER L
The picture fi k&gﬁg%.ccn”ﬁ d
The asymetri c|conpr es§i,0 d

I nventi on nmakeq ijt @Ss@‘bﬁbe%?o g
a 16 X 9 screerf ithout e I

ccordinto this = aspect of the
nerate the speci al di splay formats .on
speed up circuitry. In ful
screen PIP nodds, the picture-in{picture processor, -in 25 conjunction-with

a free running | take Y/ C input - from a decoder, f.or

coror conpondHelE frblf 89% e ?fé%ﬁﬁ%"%%ﬁn%"%r-é?@gﬁééﬁiﬁg“ .

| ses.
These si gnal Similar prodiffeanti format Jatiosr cang- with sejaatable gisplayssor for

the various fytrhascratfgs.nodes such as zoom 30 freeze and channel scan.

oync present 1 ron Ve g, FERFE & a small Msdh oS Attty

di scont i nai t ifeambisopresise synahganizatioamwithl the maidi signatnare Halerabtg. wi | |

have non-rel 3iggeverICioPussme 36emits lpaPficularly 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 defiection 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

25 single synchronous video RAM as a field memory and a single
asynchronous first in first out (FIFO) multiple 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

3s approximately 4:1, without incurring any significant sacrifice in
performance. The size of the FIFO is related to the minimum line

‘there is no aspect ratio 20 _distortion. .



;switghed at seemingly random nonents in tinme. T

. TR B o sanpl e
clock (and read/wite video RAM cl ock) is deteriﬁﬁiﬁﬁﬁﬁﬁﬁﬁi‘xﬁihfﬂree
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35

clock will be 1ocked to i nc‘om'-iy;_ vi ded Hor |125mtlhl193@n
t hese speci‘al cadses is the same as the display c] ock frequency.
Referring again to FIGURE 4, Y, U V and CSYNC (fohpostt® Synd) outputs
fromthe picture-in-picture processor in analog form

running oscillator. -For freeze and zoom nodes, tjhg sanple %

%

" storage capacity thought to be reasonably- necessary to avoid .

read/write pointer collisions. Read/write pointer collisions occur

| when old data is read out of the FIFO before new data has an

opportunity to be written into the FIFO. Read/write pointer
collisions also occur when new data overwrites the memory before
the old data has an opportunity to be read out of the FIFO. The size
of FIFO utilized herein, for example 2048 X 8, corresponds to
approximately five lines.

In accordance with an inventive arrangement, a field
synchronization system for asynchronous video signals 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
video signal. The second video signal has a second line rate
component, corresponding to the horizontal synchronizing component
of the second video signal. A mulitiple line memory (FIFO) for the
second video signal has asynchronous write and read ports and
independently resettable write and read pointers. The second video
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
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
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
sampling the first field rate component with the first line rate

which in’



;0 ¢gan be reWorrponents by encode ci rcwt 366, which

operates in conjunction with a 3.58 Mz oscillj
signal may be connected to a-Y/C switch, not s REBL
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15

Data blocks from vudeo 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 -
component of the main video channel. The use of a muiltiple line
memory (FIFO) which has independent read and write port clocks
enables data which was orthogonally sampled at a first rate to be
displayed orthogonally at a second rate. The use of the asynchronous
FIFO for the auxiliary channel does not solve all of the problems

- associated with videa synchronization. Since the reading and

20

25

30

35

writing of data from the auxiliary channel FIFO is asynchronous,
there is the possibility of read/write pointer collision. 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. Interlace integrity must also
be preserved.

A sufficiently large memory must be chosen in the first
instance in order to avoid read/write pointer collision in the
auxiliary channel FIFO. For displaying normal format display ratio
video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size,
is capable of storing 5.9 lines of video data, for example, based on
82% active line period. An inventive arrangement 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 prevant read/write pointer
collisions.

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. Howaever, if the frequency of



;Videp RAM 350 as expl ai ned above. The video RAM 350 associ at ed Wi th

the picture-in-picture processor 320 has a nenorj ' — 1
REFLACEMENT\HEET [25. dat a

megabit, which is not |large enough to store a fullt
with 8-bit sanples. [ncreased nmenory capagity tehds TO DE _
and can require nore conplex management cTrcuitry.iThes jyL 1998el] ef number

of bits per sanple in the auxiliary channel lrepresents a relduction in
guanti zati on resol ution, or bandw dth, rel afi ‘[;e—t—e—t—he—ﬁa-kﬁ sy gnal ,
which is processed with 8-bit sanples 30 throughout. This effectiye
reduction of bandwidth is not usually a pr obtemwhenm The auxiliary

di spl ayed pi thairanil@aryethanuel yosizahtal bync is highan than toebireqoenrcy foft he
i e 537 A BRGPHEP AU oy tnan, hG TR DARr E 2 2
sel ectively ?ﬁ’ﬁg@ tp‘ﬁzet rs%?'ég ling. JfeorRifterept %ﬂ%ﬁc‘ﬂ'ﬂ@ht Rave a
quant i zat i on precedsion orater lessf ¢hanv2 lines/fiekddthaltdmolint hehizhxithé awyiteyi deo
data. A nynbeiiftbr S HavaUabV2Aced may be, for example, 10 Bytes.

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 can be partitioned into § line pieces through
appropriately timed read and write reset signals. In this scheme,

10 the read and write pointers are initialized at the beginning of each
displayed field at least 2 lines apart from each other.

If the FIFO were not a complete 5 lines long, the system would
sacrifice the memory distance from the write pointer to the read
pointer. This is the case for different squeeze modes. In the case of

15 a 16% squeeze case, the actual FIFO length is 4.7 lines long.
Therefore in the case of the write pointer catching up with the read
pointer there is still at least 2.6 lines of memory in between the
pointers at the start of the field. In the 33% squeeze case, the

. actual FIFO length is 4.0 lines long. This is not enough to insure

20 pointer integrity for precession rates up to 2 lines/field.

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

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

25 at 2fy horizontal scanning.

" 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
wide screen processor shown in FIGURE 3.

30 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.
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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

5 internal 2fy signal in the 1f4 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.

10 FIGURE 12 is a block diagram of a portion of the auxiliary
signal path shown in FIGURE 6.

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

15 implementing an auxiliary path 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.

20 FIGURES 16-18 are useful for explaining a method for
maintaining interlace integrity for simultaneously displayed video
signals exhibiting relative precession.

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

2s formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
screen televisions according to the inventive arrangements. For
purposes of convenience in illustration and discussion herein, a

30 conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
signal is generally deemed to be 16 X 9. The inventive
arrangements are not limited by these definitions.

as FIGURE 1(a) illustrates a television, direct view or projection.
having a conventional format display ratio of 4 X3. When a 16 X 9
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and can be re@moomource is converted prior to transmlssxon 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
10 expanded vertically but not horizontally, whereby the resulting
picture will evidence distortion by vertical elongation. None of the
.three alternatives is particularly appealing. |

FIGURE 1(b) shows a 16 X9 screen. A 16 X 9 format display

ratio video source would be tfully displayed, without cropping and

15 without distortion. A 16 X9 format display ratio letterbox
picture, which is itself in a 4 X 3 format display ratio signal, -an
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

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

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

2s format display ratio sources, the inset picture can also have a
16 X 9 format display ratic. The inset picture can be displayed in
many different positions.

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

30 Each display area has an format display ratio of 8 X 9, which is of
course different from both 16 X9 and 4 X3. In order to show a
4 X 3 format display ratio source in such a display area, without
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

as cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
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path 304; auxiliary signal path 306 and out put ,-1@#8#;11 gat h-{312 of the
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processor 32Q,3pf (L5OLItbADA from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.

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

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

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

15 4 X3 format display ratio picture and three smaller 4 X3 format
display ratio pictures are displayed simultaneously. A smaller
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are

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

25 pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can

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

FIGURE 1(h) illustrates an alternative wherein the 4 X 3
format display ratio picture is centered, and six smaller 4 X 3
format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
3s television provided with two tuners can provide two moving
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" FIGURE 1(i) shows a display format having a grid of twelve
4 X 3 format display ratio pictures. Such a display format is
particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths.

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

An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2fl horizontal scanning, is shown in FIGURE 2 and generally
designated 10. The television 10 generally comprises a video
sighals 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 signals from different video sources.
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The output of first tuner 206 is an input to a one-chip
202, which performs a number of functions related to tuning,
horizontal and vertical deflection and video controls. The particular
one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resuiting from
the signal from first tuner 206 is an input to both video switch 200
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input” to Qﬁde 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

10 SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb _
filter. Two further video sources S1 and S2 are also inputs to the |
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance

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

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

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

30 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

35 select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
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external video source, designated Y_EXT and C_EXT respectively. The
Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
arrangement of video signal source switching in the main and
auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
formats.

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

. vertical countdown circuit develops a VERTICAL RESET signal which

is directed into the wide screen processor 30. The wide screen
processor generates an internal vertical reset output signal INT
VERT RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal and the vertical synchronizing component of the external RGB
source. The output of this switch is a selected vertical
synchronizing component SEL_VERT_SYNC directed to the deflection
circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor. '

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

10 '2fH scanning. The vertical synchronizing component of the main

' signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fvm or fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,

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

20 to override the selection of a non-existent external RGB input. The
WSP microprocessor 340 also supplies color and tint controls for
the externai RGB signal.

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

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

30 screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, for data, clock signals, enable
‘signals and reset signals. The wide screen processor 30 also
generates a composite vertical blanking/reset signal, as a three

as level sandcastle signal. Alternatively, the vertical blanking and '
reset signals can be generated as separate signals. A composite
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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

10 processor 30, the 1f4 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.

15 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

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

25 already been described in detail.

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP pP 340. The WSP puP 340 comprises an
input output /O section 340A and an analog output section 340B.

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

3s output section 340B provides control signals for vertical size, east-

Al
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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

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

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

The color component signals are referred to by the generic

designations U and V, which may be assigned to either R-Y or B-Y

15 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

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

25 horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . . , without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
shifted because the anaiog to digitai converters each have 1 clock

30 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
delayed, the UV data will not be correctly paired when deleted. This
is important because each UV pair represents one vector. A U

35 element from one vector cannot be paired with a V element from
another vector without causing a color shift. Instead, a V sample
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the Nyquist frequency of the output of the analog to digital

converter for the luminance component is 8 MHz, whereas the

Nyquist frequency of the output of the analog to digital converter for

the color components is 4 MHz. '

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

15 different dithering sequences involving different numbers of bits
and different paired pixel compressions -involving different numbers
of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP
340 in order to maximize resolution of the displayed video for each

20 particular kind of picture display format.

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

25 rasample the auxiliary signal. Clock and synchronizing circuits in
the gate array control the data manipulation of both the main and
auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog

30 converters 360, 362 and 364. The analog form signais, designated Y,
U and V, are supplied to the 1fy to 2fy converter 40 for conversion
to noninterlaced scanning. The Y, U and V signals are also encoded to
Y/C format by encoder 227 to define a wide format ratio output
signal Y_OUT_EXT/C_OUT_EXT available at panel jacks. Switch SW5

35 selects a synchronizing signal for the encoder 227 from either the
gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.
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323 and 331 is to reverse the topol ogy of the ma
with respect -to the relative positions of the Fl

interpolator 337. In particular, these sygtches eqS"@ER.“IW6 t he -
I nt er pol ator 337 precedes the FIFO 356, as requi for picture '
" conpression, or whether the FIFO 356 precedes the¢ i

required for. picture expansion. The switches 323}and 331 are
responsive to a route control circuit 335, whichYs—Ttserft Tresponsive
to the WSP [err]P 340. It will be renenbered that the auxiliary video
signal is coPwitthsSW8 seleats hajween YoM andce_RXNGAUXag ronizing
expansi oln i ssggsfcaﬁqaﬁrmef ?ﬁd@?@éé?%amr 50?:&{1,- f\ccgirdinggl yét EO 30
compar abl e it LETbaddy i thd el SRR ARG Bl B7% ehown g rq
for exanpl e, marergetaiunt RIGHRE 9. cRhase comparater 2280is paitraf a phaseritten
into the FI FRARR 1dép Sinefidihg! 16w Spass fitdrOPBOESRIiYe 'ontrdlled the
function of the.i nterﬁggl at.or 35 %oa rical cul.t%te e Hm napce 35 sanples
bei ng wri t t e@SCRIRLOT R32F Fider £84and,£apacitor 236.,, hgr voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
- resonator or the like 238. The output of the voltage controlied
oscillator is divided by 32 to provide a proper frequency second
10 input signal to phase comparator 228. The output of the divider 234
is a 1fy REF timing signal. The 32fy REF and 1fy REF timing signals
-are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
signal assures that the divider operates synchronously with the
15 phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f4-REF signal will have an adequate
pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2fy voltage controlled
20 oscillator 408. Voltage controlled oscillator 408 generates an
internal 2fy timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
25 comparator 404 is useful for assuring that each 2fy scanning period
is symmetric within each 1fy period of the input signal. Otherwise,
the display may exhibit a raster split, for example, wherein half of
the video lines are shifted to the right and half of the video lines are
shifted to the left. -
30 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
3s provides a constant quantity of current Igamp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parallel
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FIFO is snooth, rather than jagged. Expansions nay be perforrred in

with the vertical ramp  capacitor, and periodically dischaiges 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 Iapy from IRamp, SO that vertical ramp capacitor 504 charges
more slowly and to a smaller peak value. Variable current source
508 is responsive to a vertical size adjust signal, for exampie in

.analog form, generated by a vertical size control circuit. Vertical

size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or

back panel adjustment knob. In either event, the vertical deflection

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

The RGB interface circuit 60 is shown in more detailed in .
FIGURE 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
external 2fy composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by
switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a
user selection. However, it a user inadvertently selects an external

- 26- exactly the opposite manner as co S prcase of
conpressions the wijte enable signal has cl ock (RN o simsimr s s 1) M
‘attached to it in the formof inhibit puflJes. Fér | i)andl nh%at 8, | t he
clock gating information is applied to the read eah (his 5 wll
pause the data as it is being read fromthe FIF} I n thIS



_case it is the function of the i nterpolator 337, which follows the FI FO

356 during this process, to recalculate the sarrpl ed—da-t-a»-!—;em————-ﬁ: gged to
snoot h. I n the expansion case the data nust pause EEPLACEMEI\ﬁ’eBHgE gad .from

t he FIFO 356 and whil e bei ng cl ocked into the 10 .|i pterpotator .IThis is
different fromthe conpressi on case where the d ta1§stbr19961u ugly

cl ocked through the interpolator 337. -18- For both qase npresgi ¢n and
expansi on, .the clock gating operations can eagi-ll n a
synchronous manner, that is, events can occur |based on the rising edges
of the systemclock 15 1024f[err]. | nt eérpotattTomrof—tte
auxiliary signal takes place in the auxiliary signal path 306. The PIP
circuit 301 AEa! e 1 r’@fm y deo RAM
350, to store |n§c§aéé ah? né’ stuc?{dsc{urce%cgnngcfbdlqg\{v#@ggd d6r fv\%bflel ds

of video datéX!§7ha sﬁlug?%l RQPSZGULOF erviestical raster oWl collapsesedify | ocation-
hol ds ei ght seribasodardage. to the dathede Irag-tubb(d)ocan iresultheAecomdimglg, 6-bit Y

(1'um nance) éﬁg&i&nal synERrnLiRg ddtebt’ 662 'dhlbcRE%of MkNfrestinks: of BRSE WO
other bits

5 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.

10 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

15 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

20 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

2s 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
Consumer Electronics, Inc. The basic CPIP chip is described more
fully in a publication entitted The CTC 140 Picture in Picture (CPIP)

30 Technical Training Manual, available from Thomson Consumer -
Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are passible, the following being illustrative. The
basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and

3s small pictures can result from the same video signal, fram different
 video signals and can be interchanged or swapped. Generally



~either fast swtch data (FSWDAT) or part of a Uor V sanple

(sanpl ed
at 80f[err]). The FSWDAT val ues indicate whigfg %%f‘ was
‘written into video RAM Sincé there are two fil# o b “istored in
the video RAM 350, and the entire video4RAM 35D |5 .read uriing .the - .
di splay period, both fields are read during thE :IlsmdML’l‘)% n. The PIP
circuit 301 will determne which field wll be}rgad out o he nmenory
to be displayed through the use of the fast swte&h—30—data. The} PI P
circuit always reads the opposite field type that is being Wwitten to

overcone a notion tear problem If thefleldtiﬁ belngreadlsthe
opposi te t y geeaking. ¢ aﬁéi%é‘ﬂ‘%'plsay‘wcr‘ﬁﬁ‘eﬁpt ways cogespondelogti@ored in
the video Rplg ipicture.er Thd smallghicturagcamdd opoved tolame polsitidre oni thel when

the field Lgpfé;%g dt ba 18 Birduat] 2 i, of Dredjerhiifba'fsiigRE R ' e
zoom eature increases and decreases the size of the small picture,

s for example to any one of a number of preset sizes. At some point,
for example the display format shown in FIGURE 1(d), the large and
small pictures are in fact the same size.

In a single picture mode, for example that shown in FIGURES
1(b), 1(e) or 1(f) a user can zoom in on the content of the single

10 picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
the zoom mode a user may search or pan through the picture content
enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture

15 format). This function enables a strobe format, wherein the last

. nine frames of video can be repeated on the screen. The frame
repetition rate can be changed from thirty frames per second to zero
frames per second.

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

20 television according to another inventive arrangement differs from
the present configuration of the basic CPIP chip described above. If
the basic CPIP chip were used with a television having a 16 X 9
screen, and without a video speed up circuit, the inset pictures
would exhibit aspect ratio distortion, due to the effective 4/3 times

25 horizontal expansion resulting from scanning across the wider
16 X9 screen. Objects in the picture would be horizontally
‘elongated. If an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture would not fill the
entire screen.

30 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

3s words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect.to the incoming auxiliary



The,cl ocks/sync circuit 320 generates read, wi

. of menory Sync rog&'ﬂ%ey Wi‘ltug is a fundamental limitation on the basic CPIP

10

15

20

25

30

35

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 arrahgement 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. Objects in the
pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X9 format display ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
aspect of the invention makes it possible to generate the special
display formats on a 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
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample

needed for operating FIFOs 354, 356 and 358." Thg e mai.n and
auxiliary channels are enabled for w.i.ting data}i or those
" portions of each video line which'is reg@red fbr lpﬁ_ew%nt spl-ay.
Data is witten fromone of the main or auxh| ary channels t not
both, as necessary to conbine data from each 4 vi deo
line or lines of the display. The FIFO 354 ¢f the auxiliary annel is
witten synchronously with the auxiliary vi stgnal, but is read out



. 10 ,the main video signal. The main video si gwREPWﬂREﬂ‘twéEE r ead
into the FIFOs 356 and 358 .synchronously with §he¢ marn video si gnal ,
and are read out of menory synchronously with th¢ mpgQUL 1996 dpoj How often
the read function is switched back and forth bet ween the n ip and
auxiliary channels is a function of thél1s pait i-edutear-—spectat ef f ect
chosen. Ceneration of different specifal effects such ap cropped
si de- "by-side pictures ‘are acconplished through mani pul ati ng the read
and wite enable control signals for the |line nmenory FIFGs. The

process cldek withi be doekedyta' omcamings videadtorizondal lsyﬁbGMREShﬂrand 8. In

the case 20 ﬁ# | %e te enabl e
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channel is ‘? 1 and CoSYNG dcompositeoxi mat el y
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5/ 6. 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

10 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.

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

20 digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video

25 data with 8-bit samples. Increased memory capacity tends to be
expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channe!
represents a reduction in quantization resolution, or bandwidth,
relative to the main signal, which is processed with 8-bit samples

30 throughout. This effective reduction of bandwidth is not usually a
problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution
processing circuit 370 can selectively implement one or more

35 schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction



wite enable control signal (WRENWNY) for the BEEPDS
358 is active for ([err])*([err]). = 0.67 or 67& -
I'i ne peri'od. This corresponds to appro_'g_x_ately_B

conpression ratio of 4/3 being perfornmed on t he

the 910 x 8 FI FGCs. In each of the FRF{

buffered to be read out at a particular fgoint

region of tine where the 35 data may be read tes—FroemeactrFIF
determ ned by the display format chosen. In the exanple of the

si de- by- si dand rdaiperestoration schemes have been developed, including for - 28 - |
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
5 array, as explained in more detail below. Moreover, different

dithering and dedithering sequences involving different numbers of

bits and different paired pixel compressions involving different

number of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP puP in

10 order to maximize resolution of the displayed video for each
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

15 words, each component is quantized into six-bit samples. There are
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 ciock rate
locked to the incoming auxiliary video synchronizing signal instead.

20 In this mode, data stored in the video RAM 350 is orthogonally
sampled. When the data is read out of the picture-in-picture
processor video RAM 350, it is read using the same 640fy clock
locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out

25 orthogonally, it cannot be displayed orthogonally directly from the
video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The main and auxiliary video sources might
be expected to be synchronous only in that instance where they are%s
displaying signals from the same video source.

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

35 supplied to each of the main circuits and paths identified above, as
well as to the picture-in-picture processor 320 and resaolution
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of the di splay and the auxiliary channel vide : t he -
_right hand half of the.display. The arbitrary} M@@min”‘ 9t “the
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illustrated. ‘The read enabl e control signal (RDENVND JL 4986 nhi h
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of the inventive arrangements.

5 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

10 of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary

15 by interpolator 359, generating signal Y_AUX as an output.

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

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

25 370 shown in FIGURE 4. As an example, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.

With further reference to FIGURE 12, the auxiliary video input
data is sampled at a 640fy rate and stored in video RAM 350. The
auxiliary data is read out of video RAM 350 is designated VRAM_OUT.

30 The PIP circuit 301 aiso has the capability of reducing the auxiliary
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

35 synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (tast switch




auxiliary) while the read enable control signals are synchronous 15 with

the main channel video. The displ ay ferrat—shewr-ra=F=¢URE 1(d) .
is particularly desirable as it enables t wjREPRACEMENT SHEELY pi ctures
to displayed in a side by side format.. The {difSpray 15 partijctlarly
effective and appropriate for a w dé4formatj di sn? lr_qggp di $pl ay, for
exanple 20 16 X 9. Most NISC signals are reprgsgnte X{3|f or mat

whi ch of course corresponds to 12 x 9. Two 4 X {3 Y-errat
NTSC pictures may be presented on the sanme 16 XN 9 format di g

di spl ay, ei QQQ) By durmaRiphekérn858i CTHeeF W gg\ Wdicates WhISAZHigiy t he

pi ctures by, 33% e rat rtio Dependl ng on
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rati o di splay, b&hauaexiliary channel is sampled at 640fy rate while the main
channel is sampled at a 1024f4 rate. The auxiliary channel FIFO 354
converts the data from the auxiliary channel sample rate to the main
_ channel clock rate. In this process, the video signal undergoes an
10 8/g (1024/g40) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
interpolator 359 is controlled by interpolator control circuit 371,
15  which is itself responsive to WSP pP 340. The amount of
interpolator expansion required is 5/g. The expansion factor X is
determined as follows: '
X = (640/1024) * (4/3) = S/g
The chrominance components U_ PIP and V _PIP are delayed by
20 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 controliing the
25 read enable signals of the FIFO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output multiplexer contro! circuit 321 is responsive to
a clock signal, a start of line signal, a horizontal line counter signal,
the vertical blanking reset signai and the output of the fast switch
3o from the picture-in-picture processor and WSP uP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
and 364 respectively. The digital to analog converters are foliowed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
35 4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP P

rati o




, both have 62.5 m crosecond nonminal line Iength. Accordingly, an NTSC
vi deo signal nust be sped up by a factor of 4/3 Feset-ve correct

aspect ratio, w thout diStortion. The 4/ 3 factcREPEEKKﬂﬁENEéS hﬁ£ied as .

rati’o of the two display formats: 35 .25- 443
(16/[err]) [ (4/3) | 15.0uL 996 - 29
Variable interpolators are utilized in accordarjcd with aspects o1

340. The WSP puP 340 is responsive to the TV pP 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

s 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

10 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

15 frequency, which is 8 MHz for a 10241y 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

20 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. iIn 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,

2s as required for picture expansion. The switches 323 and 331 are
responsive to a route control circuit 335, which is itself responsive
to the WSP puP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no

30 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 sampie 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_luminancé

35 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



this invention to speed up the video signals. In the past FIFGs . having
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case it the functlon 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
10 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 ciock |
15 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
20 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 640f) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80f4). The FSW_DAT values indicate which type of field
25 was written into video RAM. Since there are two fields of data
stored in the video RAM 350, and the entire video RAM 350 is read
during the display period, both fields are read during the display
scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch
30 data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tear problem. If the field type
being read is the opposite type than that being displayed, then the
even field stored in the video RAM is inverted by deleting the top
line of the field when the field is read out of memory. The result is

3s that the small picture maintains correct interlace without a motion
tear.
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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
10 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
15 particular special effect chosen.

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

20 of cropped side-by-side displayed picmres, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)*(5/12) = 5/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This

25 corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/.
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

30 line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
by the 910 x 8 FIFOs.

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

35 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
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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 controi 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 channe!

-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 partlcularly
desirable as it enables two nearly full field pictures to displayed in
a side by side format. The display is particularly effective and
appropriate for a wide format display ratio display, for exampie
16 X8. Most NTSC signals are represented in a 4 X3 format,
which of course corresponds to 12 x 8. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33%, and introducing aspect ratio
distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between
the limits of 0% and 33%. As an example, two side by side pictures
may be presented as 16.7 % squeezed and 16.7% cropped.

The horizontal display time for a 16 X9 format display ratio -
display is the same as a 4 X3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an
NTSC video signal must be sped up by a factor of 4/3 to preserve a
correct aspect ratio, without distortion. The 4/3 factor is
calculated as ratio of the two display formats:

413 = (16/g) / (4/3)
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format d«splay ratio dis ?gﬁr eac plcture 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. ' _

10 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

15 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.

20 The asynchronous nature of the read and write clocks requires
that steps be undertaken to avoid read/write pointer collisions.
Read/write pointer collisions can occur when old data is read out of
the FIFO before new data has an opportunity to be written into the
FIFO. Read/write pointer collisions also occur when new data

25 overwrites the memory before the old data has an opportunity to be
read out of the FIFO. The size of the FIFO is related to the minimum
line storage capacity thought to be reasonably necessary to avoid
read/write pointer collisions. A field synchronization system for
avoiding read/write pointer collisions and maintaining interiace

30 integrity is explained more fully in connection with FIGURES 12-18.

The picture-in-picture processor operates in such a manner
that the auxiliary video data is sampled with a 640fy clock locked to
the horizontal synchronizing component of the incoming auxiliary
video signal. This operation enables orthogonally sampled data to be

35 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
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to prevent readi Wyl tSciRtitB! SynERIIMiZABI - of the auxiliary signal to the
main signal, a line memory with independent write and read port
5 clocks is disposed in the auxiliary signal path after the output of the
video RAM 350.

More particularly, as shown in FIGURE 12, the output of the
videa 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

10 latches are used to recombine the auxiliary signal back into 8-bit
data blocks. The latches also reduce the data clock rate from
-1280fy to 640fy. The 8-bit data blocks are written into the FIFO
354 by the same 640fy clock used to sample the auxiliary video data
for storage in the video RAM 350. The size of FIFO 354 is 2048 X 8.

15 The 8-bit data blocks are read out of the FIFO 354 by the 1024fy
display clock, which is locked to the horizontal synchronizing
component of the main video signal. This basic configuration, which
uses a multiple line memory with independent read and write port
clocks, enables data which was orthogonally sampled to be displayed

20 orthogonally. The 8-bit data blocks are divided into 6-bit luminance
and color difference sampies by demultiplexer 355. The data
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

25 instance in order to avoid read/write pointer collision in the
auxiliary channel FIFO. For displaying normal format display ratio
video cropped by 33%, the auxiliary FIFO, which is 2048 X 8 in size,
is capable of storing 5.9 lines of video data, caiculated as follows,
where N is the number if times and L is the length of each line:

30 N = (2/3) * (0.82) * (640) = 350 Dbased 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

3s sufficient to prevent read/write pointer collisions.
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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

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 puise of the auxiliary
video signal which occurs after a vertical synchronizing pulse of the
main signal. Two main signal horizontal lines later the read pointer
is reset to the start of the FIFO 354. This reset pulse is denoted
RD_RST_AX. In other words, RD_RST_AX occurs at the third
horizontal synchronizing pulse of the main video signal which occurs
after a vertical synchronizing pulse of the main signal, or stated
still otherwise, at the second horizontal synchronizing pulse of the
main signal which occurs after the WR_RST_AX pulse.

‘Since the main and auxiliary signals éye 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
initialized at the beginning of each displayed field at least 2 lines
apart from each other. : .

If the FIFO were not a complete 5 lines long, the system would
sacrifice the memory distance from the write pointer to the read
pointer. This is the case for different squeeze modes, for example a
16% squeeze:

16% squeeze N = (5/6) * (0.82) * 640 = 437

L = 2048 (5+437) = 4.7
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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
1o 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.
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
15 between the main and auxiliary video sources. This is still more
than is necessary for most video sources, and the precession rate
‘tolerance is sacrificed on those feature modes which can be
expected to be the least used.
Another problem stemming from the asynchronous reading and
20 writing of the FIFO is that of maintaining interlace integrity of the
auxiliary channel video. Since the display is locked to the main
channel video, the current field type being displayed, that is the
upper or jower field, will be determined by the main signal. The
field type which is stored in the video RAM 350 memory and ready to
25 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.
The picture-in-picture processor 320 and the gate array 300
30 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/lower field type
35 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
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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.
5 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)
10 represents the field type stored in the video RAM 350 if the first
line of the upper fisld is not written into the video RAM 350 during
‘the receptidn 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
15 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.
20 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

25 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

3o 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

as 350 starting with V_SYNC_MN (main channel vertical sync). As the
signals precess, the mode will change according to their relative

lines . ..



In these cases, the FIFO proves to be less than 5 lines long. In the
16% squeeze, the actual FIFOlength is 4.7 lines. The (0.8) factor in

"~ the N equation of the 33% squeeze reflects an operational linmitation .. .of
the CPIP chip. 5 Since the FI FO-aead and wite resets are spaced by
“a nmnimum  of two lines of active video, the sacrifice always comes at
t he expense of allowng the read pointer to catch up with the wite

poi nter. Mreover, only 80% of the video line is considered active
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5 out of 262 lines. Either of modes B or C can be utilized when both
are valid. The choice can be arbitrary, or based on other circuit
considerations.
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NTSC si gnalhaving 26tﬁ's|t|lmn unape rcomponiené| and (a dinst ifirald rateecoatpanentid
fields) and 262 { ifRd |Mdkiorl Rrd& second video signal having a second line
rate component;
a multiple line memobory havmg independently resettable write
and read pointers;
means operative synchronously with said second line rate
"component for subsampling said second video signal, for writing and
. reading said subsampled video signal into and out of said field
memory respectively and for writing said subsampled video signal
into said muitiple line memory;
means operative synchronously with said first line rate
component for reading said subsampled video signal out of said
multiple line memory;
means for resetting said write pointer by samplmg said first
field rate component with said second line rate component; and,
means for resetting said read pointer by sampling said first
field rate component with said first line rate component.

2. The system of claim 1, wherein said write pointer is reset

up to one line period of said second video signal after every start of
field of said first video signal.

3. The system of claim 1, wherein said read pointer is reset at
least two line periods of said first video signal after every start of
field of said first video signal.

4. The system of claim 1, wherein said read pointer is reset at
least two but not more than three line periods of said first video
signal after every start of field of said first video signal.

5. The system of claim 1, wherein each of said means for
resetting said write and read pointers comprises respective delay
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means, for resetting said write pbinter up to ‘one line period of said
second video signal after every start of field of said first video
signal, and for resetting said read pdinter at least two line periods
of said first video signal after every start of field of said first
video signai.

6. The system of claim 1, wherein each of said-means for
resetting said write and read pointers comprises respective delay
means, for resetting said write pointer up to one line period of said
second video signal after every start of field of said first video
signal, and for resetting said read pointer at least two but not more
.than three line periods of said first video signal after every start of
field of said first video signal.

7. The system of claim 1, wherein said means for resetting
said write and read pointers comprise respective delay means for
avoiding read/write pointer collisions for all signals having a
precession rate of not more than two lines per fieid.

8. The system of claim 5, wherein said respective delay means
reset said write ‘pointer up to one line period of said second video
signal after every start of field of said first video signal and reset
said read pointer at least two line periods of said first video signal
after every start of field of said first video signal.

9. The system of claim 5, wherein said respective delay means
reset said write pointer up to one line period of said second video
signal after every start of field of said first video signal and reset
said read pointer at least two but not more than three line periods

of said first video signal after every start of field of said first
video signal.

10. The system of claim 1, comprising delay means for
avoiding read/write pointer collisions.



| fieglds include even lines 2 through 262. In FIGJ e tre—f-i~

type indicator UL MAIN SIGNAL represents the fie
vi deo chan_eI_J;T_he_s4~gﬂ&I—-HS¥NCAX represents t he jhori zonta

. Jy.ric
signals for aUXI l'iaryqachannel . § | JSJUE Bog! d

i ndi cat or U/ !““E “ he field type stlorjed in t ewdqo ram 350
i f each auxil anmels [ i*ne were witten iln e jterm
normal is ysed here to indicate that -the odd}lines 1-263 are itten in
to the video RAM 350 as the upper field is belng recerved ecoded

The field type indicator U L(B) 10 8resents the field type stored in the

vi deo RAM 350 11+t hEhej s;gqtem °fl 1:'#@'“01
the video Ehwiptesiuring the reception of an upper field.

t Nehargie said ddejay smganswi tten into

| nst ead, the

| over {16l SThﬁtH@t'*@pﬂ%c%ﬁﬂéﬂD%% el ing" mead i, WHiEh &8 plkr,' 0

be the fi rf;eldlasatedlogmmwt iseclaaked i a® &1 dutpubdy rsaxéefarshdum gptenyed

26.2)

.0f the

line in thgg ,ﬁma The recei ved upper fi eI d now becones the |ower field
and Vi ce \Per sa. c? |eJ ttgé) d| c t? Lsncg repr ese_nhs the field
type a second single stage D- atching means in which said

output of said first single stage D-type latching means is clocked as
a write reset signal by said second line rate component; and,

a two stage D-type latching means in which said output of said
first single stage D-type latching means is clocked through said two
stage D-type latching means as a read reset signal by said first line

.rate component.

12. A synchronization system, comprising:..

video display means synchronized with a first video signal
having first horizontal and vertical synchronizing components;
a multiple line memory for a second video signal having a
second horizontal synchronizing component, said multiple line
memory having asynchronous write and read ports and mdependently

resettable write and read pointers;

means for generating a write clock signal synchronously with
said second horizontal s'Ync_hronizing component for writing said

second video signal into said multiple line memory;

means for generating a read clock signal synchronously with
said first horizontal synchronizing component for reading said

second video signal out of said multiple line memory;

means for resetting said write pointer at the first end of a
line period of said second video signal after every start of field of

said first video signal, and,

means for resetting said read pointer at the second end of a
line period of said first video signal after said resetting of said

write pointer.

13. The system of claim 12, further comprising a field _
memory for storing said second video signal prior to said writing of

said signal into said multiple line memory.



stqred 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. 20
This effectively inverts the field type, since liné 263 will be the
first displayed line and line 1 will, .the second displayed |ine.
The addition and subtraction of lines In nodes B a

am-€-does_not B
degrade the auxiliary channel picture because thejﬁ’m during
vertical retrace or overscan. The order of the di Hmllnﬂﬁm,ﬁu# s shown

§ *

in FIGURE 18, where solid lines represent upper: fiéeld€®liness d dotted
lines represent lower field |ines. _ As the main and auxiliary
channel signals precess, the UL "MAIN SIGNAL will shift to the left or

the right with r ect to th . xilpary. channel L(A BC) field type

i ndi cators. I@'tﬁ@%o@ﬁtﬁ% éoc'%woaﬁ-mhﬁ ndﬁﬁd]z'ﬁn'éydggéﬂg o3 be

wri t t enwriteoantde readepofRéVclitked synchrogoushe with tsaidusecohd deci si on edge
isin z : i izing Y& Lake because when the

pi ct ure?’;agliénéyﬁ?%n&ﬂo@&zs‘gp recepgésbm' vertical sync, it will wite the
same field type into the video RAM 350 as will be required by the

display to rezl fTRE §péterh 96° i 13, further comprising means for
subsampling said second video signal synchronously with said
second horizontal synchronizing component prior to being stored in
said field memory.

15 JUL B9 |




.35 350 starting with V SYNC MN (mai n channel vertical sync). As the_

signals precess, the node will change according to their relative
-34- positions. The valid modes are shown graphically .at the top of
FIGURE 16 and in the table of FI GQURE 17. There is an—exertap: TT@E ERn
modes B and C, since nost of the tine that node B i 5RiE¥ Rt i s
al so valid, and vice-versa. This is true for all but S '

' .39 - | A5 JUL 1996

ABSTRACT

FIELD SYNCHRONIZATION SYSTEM
WITH WRITE/READ POINTER CONTROL

A field synchronization system for asynchronous wvideo
signals, comprises a video display sYnchronized with a first
video signal having a first line rate component and a first
field rate component. A second video signal having a second
line rate component is first stored in a field memory, having
synchronous write and read ports. The second video signal is
thereafter speeded up in a multiple line memory (354) having
asynchronous write and read ports and independentiy resettable
write and read pointers. The second video signal may be
subsampled, written and read into and out of the field memory
respectively and written into the multipie line memory, all
synchronously with the second line rate component. The second
video signal is read out of the multiple line memory (354)
synchronously with the first line rate component. The write
pointer is reset by a circuit (320) which samples the fifst
field rate component with the second line rate component. The
read pointer is reset by a circuit which samples the first
field rate component with the first line rate component.

FIGURE 12
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vi deo di splay means synchronized with a first video signal
- limhe . rate conponent and a first field rate conponent;
for a second video signal ~having a second lin

having a first
a field. nenory .

= NI OLO101010) 0} 01 Wy a
mul tiple I'i ne" menory having i ndependently res REELK MENdedBRET | ead
© poi-nters; - means operative synchronously|wfth said secon ine rate
conponent for subsanpling said second video signal{15{JJL W94 i and readi ng
sai d subsanpl ed video signal int d out of $aild field nmenory fespectively
and for witing, said subsanpled Video signal {i ' +pl g |ine
menory; means operative synchronously wjth said first ling rate
~conponent fd&Nreading sai d subsanpl ed vi deo S|gnal out of sald’nultiple
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.fiel,d rate conponent wwth said first line rate conponent. 2. The
systemof claim1, wherein said wite pointer is reset up to one line
peri od of said second video signal after every start of
first video signal. 3. The systemof claim1,
pointer is reset at least two line periods of said firgst
after every start of field of said fB8i/A$t vi deo signal.
systemof claiml1l, wherein said read pointer is gesgL a
not nore than three line periods of said first viﬁ i gmar_atter ever
start of field of said first video signal. 5 3%k e systemof claim
1, wherein each of said megs fg resettin aiqile ite and gead poi nters
conpri ses respective dgﬂy e TS
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resgtting said wite and read pointers conprises respective delay neans,
for resetting said wite pointer -up to one line period of said second video

signal after every start "of field of said first video signg: __f--ﬁf_
résetting sai'd fead pointer at |east two but not more tharjiERLAREIGHT |
periods of said first video signal after every start of fifelf '
vi deo signal. 7. The system Sflxlaim 1, wherein sdi mpgruuﬁqgg
resetting said wite and read pointers corrprise respectivg delay neans
avoi ding read/wite pointer cqllis¥ons g signals hayi . ]
rate of not more than two |ined pe@fle The ysm@f claim5,
wherein said respective del ay aean ot 'sa d wTt egpoi’ rup ro one
line period of said second vi cmo naloafte t #tof field of said
first video signal amsl [eset ad %o St t | i ne peri ods
of said first video @dhal af er very |st % Qld first video
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11. The system of claim 10, wherein said delay neans conpri ses: a
first si ngle stage D-type latching means in which said first field rate
" conponent is clocked as an output by said firsi line rate conponent; .
-a second single stagé D-type |atching nmeans in which said output of said
"first single stage D-type | atching méiﬂs Is clocked as a wite reset signal
by said second line rate conponent; a two_sta chi ng
means in which said output of said first single stabeg AOEN '

is clocked through said two stage D-type |atching mpags e eset
signal by said first line rlate_ conponent . 15 JUL 1996
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>12. »A synchroni zati on system conpri sing: vi deo di spl ay neans
synchroni zed with a first video signal having first horizontal and
vertical synchronizing conponents; " amitiple line menory for a
second vi deo signal having a second horizontal synchronizing conponent;
said multiple line nenory having asynchronous wite and read ports and

i ndependently resettable wite and read pointers; nmeans for
generating a wite clock signal synchronously with said second hori zont al
synchroni zi ng conponent for witing said second video_si -
multiple |ine nenory; means 84§ generating a B
synchronously with said first horizontal synchron
readi ng said -second video signal out of said nulti |
means for resetting said wite pointer at the first i égféﬁEHPQ ée,lod
of said second video signal after every start of fie]djof .Irdth|deo
signal ; and, means for resetting saird read pojnter at the secon
of a
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line period of said first video signal after said resetting of said wite

»

poi nter. 13.- The systemof claim 12, further conprising a field N
menory for storing 'said second video signal prior tre-sarg-wi-ti-Ag-of said.
‘signal into said nultiple Iine nmenory. REPLACEMENT SHEET
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14. The system of claim 13, wherein said field nenory has wite and read

pofts cl ocked synchronously with said second horizontal

. corrponent

. menory.

Y 2

EXT
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15. The system of claim 13,
subsanpling said second video si gna
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FIG. 17
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