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- PICTURE OVERLAY SYSTEM FOR TELEVISION
The invention relates to the field of televisions, for example
those televisions having a wide display format ratio screen, which
must interpolate video data to implement various display formats.
Most televisions, today have a format display ratio, horizontal width
to vertical height, of 4:3. A wide format display ratio corresponds
more closely to the display format ratio of movies, for example

116:9. The invention is applicable to both direct view televisions and

projection televisions. |
Televisions having a format display ratic of 4:3, often referred
to as 4 X3, are limited in the ways that single and muiltiple video
sigrial sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental' material, are
broadcast with a 4 X 3 format display ratio. Many viewers find the

-4 X3 display. format less ple_aéing than the wider format dispiay

ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not
cropped or distorted versions thereof. The video source need not be
cropped, either ‘when converted from film to video, for example with
a telecine device, or by processors in the television.

Televisions with a wide display format ratio are also suited to
a wide variety of displays for both conventional and wide dispiay
format signals, as well as combinations thereof in muitiple picture
displays. - However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing signals from
asynchronous but simultaneously displayed sources, switching
between muitiple sources to generate muitiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are soived in a
wide screen television according to this invention. A wide screen
television according to various inventive arrangements is capable c!
providing hugh resolutlon smgle and multtple plcture displays, from




* The invention relates to the field of televisions, for exanple those -
t el evi siops having a wi de display format -r&ati o screen, which must
i nt er:pql ate vi ggo data to inplement various display formatpcr/usdrbedsis
tel evi s‘VQr?é"(’é y have a format display ratio horizontal w dth to
vertical height, of 4:3. A wde format display ratio corresponds nor e
closely to the dISp| ay format ratio of novies, for exanple 16:9. The
i nvention is - ticahle to both direct view televisions and proj ection

t el evi si ons. 5'1‘@ e and mudtiple sseuerasaiaving sisilan ofi differentatarmak 4: 3,
often referrgegtios, and- 3ﬁ|tl4 §e?ectéb%|d1§b foPmiaieratye that single and

Pl 2 ae, TeriBRns: WK 3, ik, 2isBey YaFosk rafn e B8 et
mat eri al , arimplemented in telev:sion systems displaying video signals both at
' s basic or standard horizontal scanning rates and multiples thereof, as
~well as by both interlaced and noninteriaced scanning. Standard
NTSC video signals, for example, are displayed by interiacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal

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

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

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

25 - The overlay function in a simuitaneous picture display
provides timing signals for the display to switch from the large
picture to the small picture, and back to the large picture, at the
correct time. Both horizontal and vertical timing of the smail
picture overlay are critical to displaying the small picture. The

30 auxiliary video information is stored in a 6 bit Y, U, V, 8:1:1 video
RAM field memory.  The video RAM holds two fields of video data in a
plurality of memory locations. " Each memory location holds eight
bits of data. In each 8-bit location there.is one 6-bit Y (luminance)
"sample and 2 other bits. These two other bits hold either fast

3s switch data or part of a U or V sample. The fast switch values can

' be decoded to indicate which type of held _was wntten into vudeo
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_broadcast with a 4 X 3 format display ratio. Many viewers find the 4 X
3 display format |ess pleasing than the wigler format display ratio
associ at ed with the novies. Televisions with a wide format PC!‘IU 19,35
ratio pWQ/?U@lﬁét only a nore pleasing di'splay, but are capabl'e 0

di splaying wi de display format signal sources in a correspondi ng w de
di splay format. Movies |ook"” |ike novies, not 20 cropped or distorted
versions thereof. The video source need not be: cropped, either when
converted fr &AM 1as eidher & upper oddipfieids a Hower (eu'eng fiaidner dho ipiaturer
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thereof in nilhel pbandant i defined at those addresses by a change in the fast

5 switch data from no picture to valid field, and vice versa. These
transitions in fast switch data define the perimeter of the picture
overlay. It will be appreciated that the image aspect ratio of .
objects in the overlay can be controlled independently of the format
display ratio of the overlay itself, for example, 4 X 3 or 16 X 9. The

10 position of the overlay on the screen will. be determined by the
starting address of the read pointer of the video RAM at the start of
the scanning for each field of the main signal. Since there are two
fields of data stored in the video RAM, and the entire video RAM is
read during the display period, both fields are read during the

15 display scan. The field which is read out of the memory to be
displayed is determined by decoding the fast switch data and setting

- the start position of the read pointer of the video RAM. _
It might seem logical that if the display, which is locked to - -
the main video source, were displaying the upper field of the main
20 picture then the portion of the video RAM corresponding to the upper
field of the auxiliary picture would be read out of the video RAM,
converted to analog data, and displayed. This would work well for
about half of all possible Pphase relations between the main and
auxiliary video sources. A problem arises because reading the video
2s RAM is always faster than writing the video RAM for compressed
- pictures in the picture overiay mode.. The read memory pointer may
overtake the write pointer if the same field type were being written
and read at the same time. This would result in a 50% chance of a
. motion tear somewhere in the small picture. Accordingly, the PIP
30 circuit always reads the opposite field type that is being written to
" overcome the motion tear. problem. If the field type being read is
. the opposite type than that being displayed, then the even field
stored in the video RAM is inverted by deleting the top line of the
: field when the field is read out of memory. _
35 A further problem arises .in that the ‘auxiliary video component
data is interpolated, being selectxvely compressed and expanded, in a
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di spl ays. However, the use of a wide display ratio screen entails
nunmerous probl ems. Changing the display fgimat ratios of nultlple

si gnal sources, devel oping consistent timng signals fron1 Sﬁpmg?ﬂgonous
but si WOOMIBR6s| y di spl ayed sources, switching 30 bet ween mi iple

sources to generate nuttiple picture displays, and . provi di ng hi gh
resolution pictures fromconpressed data si'gnals are genera
categories of such problenms. Such problens are solved in a wi de

screen tel evplaralityaofodiffev@rtoratios, iasveehuired dylidiffesenedisplay
(o v on SRR 13 dB5kANEs) AT S TodbhP SiBbierRghodgl e ©
overlay maintains a correct size because the fast switch -
information is expanded and interpolated together with the video
s component data (Y, U, V), irrespective of how that data is
~ compressed or expanded. The result is that the small picture -
maintains correct interlace without a motion tear.
A picture overlay system according to this inventive
arrangement assures proper size and placement of picture overlays
10. in simultaneous displays. The system comprises a video memory and
a control circuit for writing and reading information from a video
signal into and out of the video memdry_. the information relating to
video data and field type. A reading circuit supplies information
from the video memory synchronously with a display for another
15 video signal. An interpolator selectively compresses and expands
the information read from the reading circuit. The field type
information undergoes the compression and expansion together with
the video information. A decoding circuit decodes the field type
‘information to identify first and second types of fields and an
20 absence of valid video data. A multiplexer combines the video
- signals for simultaneous display, operating responsive to the
decoding circuit. The reading circuit can comprise an asynchronous
. line memory for the information read from the video memory, having
~a write port operable synchronously with the reading of the video
2s memory and a read port operable synchronously with the display for
the other video signal.
- ' FIGURES 1(a)-1(i) are useful for explammg dnfferent display
formats of a wide screen television.
FIGURE 2 is a block diagram of a wide screen telewsuon in
30 accordance with aspects of this invention and adapted for operation
at 2f4 horizontal scanning. '
FIGURES 3 is a block diagram of the wide screen processor
shown in FIGURE 2.
FIGURE 4 is a. block duagram showung further details of the
a5 wide screen processor shown in FIGURE 3.
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single and multiple sources having simlar or different format

ratios, and with selectable display forme-ratios.
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FIGURE S 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
FIGURE4 and illustrating the main,- auxiliary and output signal
paths

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

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

FIGURE 10 is a block diagram showing the auxiliary signal path

. and output signal path of FIGURE 6 in more detail.

FIGURE 11 is a block diagram of the the timing and control
section of the picture-in-picture processor of FIGURE §.
FIGURE 12 is a block diagram of a circuit for generatmg the

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

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

FIGURE 14 is a block diagram of the RGB interface shown in
FIGURE 2. ' '

FIGURE 15 is a diagram useful for explaining memory mapping

‘in the video RAM associated with the picture-in-picture processor.

FIGURE 16 is a block diagram of a circuit for controlling output
switching between main and auxiliary ‘video slgnals

The various parts of FIGURE 1 illustrate some, but not all of .
the various combinations of single and multiple picture display
formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits comprising wide
screen televnslons according to the inventive arrangements. The
inventive arrangements are in some cases directed to the display
formats. themselves, apart from specific underlying circuitry. -For
purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or
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Televisions with a wide display format rati o can be I npl emented in
tel evision systens displaying video signas both at 5 basic or standard

horizontal scanning rates and multiples thereof as V\@ldwggghymgth
i nt er | wOeo/39¥86noni nt erl aced scanni ng. Standard NTSC vi deo signals, for

exanpl e, are displayed by interlacing the successive fields of each
video franme, each field being generated by a raster scanning operation
at a basic or standard horizontal 10 scanning rate of approxinately 15,734

Hz. The basi ! iginairhel i sly referred to
as fH 1fH ﬁ%lgéllH@‘quréﬂf deemefdoto\béie!fsxsl el vertiveu

_ %Encg af a.lfH signal wll vary '
accor di ng t GIEARGEMERts are ﬂﬂd 5“ ese, getipition$ance with efforts to
i nprove the pict FIGURE taa! lllustretes chetelevisiompdinett usiews\ort @rejection, been

devel oped fchraving a conventional format display ratio of 4 X 3. When a 16 X9
s format display ratio picture is transmitted, as a 4 X3 format °
display ratio signal, black bars appear at the top and at the bottom.
~ This is . commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available display area. - Alternatively, the 16 X9 format display
10 ratio source is converted prior to transmission, so that it will fill
' the vertical extent of a viewing surface of 4 X 3 format display.
However, much information will be cropped from the left and/or A
right sides. As a further alternative, the letterbox picture can be
expanded ver'tically but not horizontally, whereby. the resuiting
15 picture will evidence distortion by vertical elongatlon None of the
three alternatives 'is particularly appealing. |

FIGURE 1(b) shiows a 16 X9 screen. A 16 X 9 format display
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X9 format display ratio letterbox

20 picture, which is itself in a 4 X3 format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to
p'rovidé a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such
a 16 X9 format display ratio signal whether the main source, the.
25 auxiliary source or an external RGB source. :

FIGURE 1(c) illustrates a 16 X9 format display 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 8
format display ratio sources, the inset picture can also have a |

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

FIGURE 1(d) illustrates a display format, wherein the main anc

“auxiliary video signals are displayed with' the same size picture.

Each display area has an format dispiay ratio of 8 X9, which is of
3s course different from both 16 X 9 and 4 X 3. In order to show a

4 X 3 format display ratio source in such a display area, without -
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15 displ ayi ng video signals progressively, in a honlnterlaced fashi on.
Pr-ogressi ve scanning requires that each dlfplayed frame nust be

scanped in the sane ti.me period allotted Tor scanning one OC\E y@sls
fields wooira93sst erl aced format. Flicker free AA-BB displa s
t hat each field be scanned tw ce, consecutively. In each case, the 20

hori zontal scanning frequency nust be twi ce that of the standard
Hori zontal frequency. The scanning rate for such progressively scanned

scann ﬁée¥rferS’Er,z?ﬁ?&?éfx?ﬁﬂ%‘ébf%fﬁhmﬁéﬁ Siind gifsChe e¥bpeg offtnd 2™
exanpl e, is &@ftrand/es: dght 131¢Q8-8 Moreogtf the p«ctuneecamebpa§hpmtw 'Q?'sa
tS' mul taneous o?bggwqe i 8Bhfe aspectPFatio HistdrtiBhnBySherzbatdiosqueezihg ndfay
o switch from rge
the plcture IS tolerated. Horizontal squeezing results in vertical
s elongation of objects in the picture. The wide screen television
‘according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
" distortion to no cropping with maximum aspect ratio distortion.
Data sampling limitations in the auxiliary video signal
10 processing path complicate the generation of a high resolution
picture which is as large in size as the display from the main video
signal. Various methods can be developed for overcommg these
complications.
FIGURE 1(e) is a display format wherein a 4 X3 format
15 display ratio picture is displayed in the center of a 16 X9 format
display ratio screen. Dark bars are evident on the right and left
sides. ' " |
FIGURE 1(f) illustrates a display format wherein one large
4 X3 format display ratio picture and three smaller 4 X3 format
20 display ratio pictures are displayed simultaneously. A smaliler
' picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-’picture- The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
25 the wide screen television is provided with two tuners, either both
" internal or one internal and one external, for example in a video |
‘cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
30 appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
as " FIGURE .1(h) illustrates an alternative wherein the 4 X 3
format display ratio picture is centered, and six smaller 4 X 3_
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picture to the small picture, and back to the large picture, at the

correct tinme. Both horizontal and verti c: I_tim'ng of the small pi cture
overkay are critical to displaying the s | picture. The 30 I lary

vi deo woou/e886n is stored ina 6 bit Y. U V, 8 1:1 vi de%ﬂ'l%%%ﬁ
menory. The video RAM holds two fields of video data in a

menory | ocations. Each nenory | ocation hol ds eight bits of data. In
each 8-bit location there is one 6-bit Y (Ilum nance) "~ sanple and 2

ot her bits. fgimae disglhazt ][rﬁﬁobb'iétui’é% dar 'tdigﬁla%éa‘ in %geertiggicté"d]uﬁﬁé or - part

ast .sw tch, val od

3;“ ghutggeY§?t%ré(pL§elgemsA§wlpt the, qrﬁypqﬁlﬂgciescc% ed format, a wut?ed screen
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television provided with two tuners can provide two moving
pictures. The remaining -eleven pictures will be in freeze frame
format. _

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

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

An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2f4 horizontal scanning, is shown in FIGURE 2 and generally

.désignated 10. ' The television 10 generally comprises a video

signals input section 20, a chassis or TV microprocessor 216, a
wide screen processor 30, a 1fy to 2fy converter 40, a deflection
circuit 50, an RGB interface 60, a YUV to RGB converter 240, kine
drivers 242, direct view or projection tubes 244 and a power supply
70. The grouping of various circuits into different functional blocks

' is made. for purposes of convenience in description, and is not

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

- The video signals input éection- 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 partiqular

-
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-_3-t RAM as either an upper (odd)' field, a lower (even) field or no
pi.cture . -g-

WO 91/19386 - PCT/US91/03815

one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resulting from
the signal.from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 30. Other baseband
s video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape players, video games and the like. The output of the video
'swnch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another
10 input to wide screen processor 30.
With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP QUT video signal which is an input to a Y/C decoder 210.
. The Y/C -decoder 210 may be implemented as an adaptive line comb
15 filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C -
decoder, as in some adaptive line comb filters, or which may be
20 implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrommance
signals is thereafter considered the main signal and is processed
2s along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing color difference -signals U_M and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent .
30 designation for (B-Y). The Y_M, U_M, and V_M signals are converted
to digital form in the wide screen processor for further signal
- processing. :
The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a bas_eband video signal TV2. A
35 switch SW2 selects between the TV2 and SWITCHED VIDEO signals
as an input to'a Y/C decoder 220. The Y/C decoder 220 may be
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(invalid data). The fields occupy spatial positions within.the video '
RAM havi ng boundaries defined by horizontpp.and vertical addresses. The
boundary is defined at those addresses by a change in the pepiysdi/ess1sch
data freoNégPBeture to valid field, and vice versa. These transitions
in fast switch data define the perineter of the picture overlay. It

w Il be appreciated that the i nage aspect ratio of objects in the
overlay can be controlled independently of the fornmat “display ratio of

the overlay impleniented asxanphdaptlv& Iheoicotrtb Xilter. TBwitchesp&WBi andoSWae

overlay on t n b S Jof dﬂ,rcess of the
read point er?glp%f mé&d) tEgMLgﬁﬁﬁk@e ? gpt ¥%#J}ﬁmancﬁ bﬁgﬁﬁ’%l n or each
field of thedectdesi2ffaandsthe duminarce@nd ahrominance gignals Rt @Nstored in

the video RAMueRE Vifod¥olrGe) dé8RyAM8H ¥_EXT and C_EXT respectively. The
s Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated

10 'Y_A.. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals  {
are converted to digital form for further signal processing. The
arrangement of video signal source switching in the main and

15 auxiliary signal paths maximizes flexibility in managing the source

" . selection for the different parts of the different pncture display
formats. :

A composite synchromzmg signal COMP SYNC, corresponding to
. Y_M is provided by the wide screen processor to d sync separator

20 212. The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which
is directed into the wide screen processor 30. The wide screen
processor generates an internal vertical reset output signal INT .

25 VERT RST OUT directed to the RGB interface 60. A switch in the RGB
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 vert_ical

" synchronizing component SEL_VERT_SYNC directed to the deflection

30 circuit 50. - Horizontal and vertical ‘synchronizing signals of the
auxnllary video signal are developed by sync separator 250 in the
wide screen processor.

' - The 1fy to 2fy converter 40 is responsible for converting

, mterlaced video signals to progressively scanned noninterlaced

35 signals, for example one wherein each horizontal line is displayed
twice, or an additional set of honzontal lines |s generated by

i ﬂ'““‘ ,




read during the display period, both fields are read during the 15 display
scan. The field which i-s read out of the ry to be di spl ayed is

- determ ned by decoding the fast swi tch dat and setting
posi ti oWOA1/19386r ead poi nter of the video RAM |F‘$¥?‘§ﬁf‘t’§5§‘

| ogical that if the display, which is |ocked to t he main video source,
were displaying the upper field of the main 20 picture then the portion of
t he video RAM corresponding to the upper field of the auxiliary plcture

i spi ayed - mnirCelRgREhRC Al fizonal fRLE" o fnbOsaY HIAC! B Sifhe
rel ations bet inssances, the rusen®f a pravious ding or 486 §§Gr%fe§n JOtBFRM ﬁgﬁﬁ
arises becausfngeall Uedditl \Uptt the IeveMdfsmdvemient adiien ishaetected ng the
vi deo RAM for co

betw en adjacent fields or frames. The converter circuit 40

s 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_2fy4, U_2fy and
V_2fy4 signals is supplied to the RGB interface 60.

The RGB interface 60, shown in more detail in FIGURE 14,

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

15 as INT VERT RST OUT, enabiing a selected vertical sync (fvm or fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,
by generating an internal/external control signal INT/EXT. However,
“the selection of an external RGB signal input, in the absence of such -

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

2s the external RGB signal.

The wide screen processor 30 comprises a picture in picture
‘processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary

30 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
“screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The

3s serial bus includes four signal lines, for data, clock signals, enable
sngnals and reset signals. The wide screen pmcessoW
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“pictures inthe picture overlay node. The read nenory pointer may
overtake the wite pointer if the same figebd type were being witten

and read at the sane tinme. This would result in a 50% cha
not i on wea1/1988&where in the small picture. Accordingly, ?ﬁgﬂ%?{’?gﬂs

circuit always reads the opposite field type that is being witten to
overcone the notion tear problem. If the fi‘eld type being read is . the
opposite type than that being displayed, then the even field stored in

.tﬂe ;/I dleg R%@hérata!‘.eht eénibbéi?é aterﬂeat hstabkin /re"setoéugtdaez as a thedel wheﬂ
the auxi |1 arlpVel SRR ETIENAL. * Altgroativefy, ﬂiép*\ffégs@af’“qiéﬂhﬁ*ds%ﬁidcé el
conpr essed are*seaxslgnahsi cannbe generated as separate signals. A composite

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

s RGB interface. ' -

The deflection circuit 50, shown in more detail in FIGURE 13,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface.
60 and additional control signals from the wide screen processor.

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

. converter 240.

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

~ mains supply.
The wide screen processor 30 is shown in more detall in
* FIGURE 3. The principal components of the wide screen processor
'20 are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen.processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which

. are in common with both the 1fq and the 2fy chassis, for example

25 the PIP circuit, are shown in FIGURE 4. A picture-in-picture '
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 5. The gate array 300 is
shown in more detail in FIGURE 6. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal

30 paths, have already been described in detail.

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP pP 340. The WSP puP 340 comprises an
'input output /O section 340A and an analog output section 3408.

35 The /O section 340A provides tint and color control signals, the-
"INT/EXT signal for selecting the external RGB video source and
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plurality of different ratios, as required by different display
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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 defiection circuit and cathode ray tube(s). The analog
output section 340B provides control signais for vertical size, east-
west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258. |

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

The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is
limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an’
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. The select line UV_MUX for the analog switch, or multiplexer-
344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this ‘
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each ciock cycle through the
horizontal line. Since the line length is an even number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
ciock gating information from the interpolator -control 349 of main
‘signal processing path 304 must be similarly delayed. Were the

[
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formats. In accordance with an inventive arrangement, the picture
overlay maintains a correct 'size because {he fast switch i nformation is

expanded and interpolated together with the video s conpo U,
V), irrwemeét938é of how that data is conpressed or expgﬁﬁzﬂgﬂfﬁ:‘es(lrgesult

Is that the small picture mai ntains correct interlace w thout a notion
tear. A picture overlay systemaccording to this inventive
arrangenent assures proper size and placement of picture overlays 10 inm

si mul tlaneouscmkpgauag Wormaﬁgnrrncprdmav@? mwdewwvm aafi be @ |
O oo ifrebfi Hhidd iR gR3A"Thid 4Rt BEkduth ‘Shcn S, "
data and fi epairtigpeesentseadenvectorcuit Us efgrhient frothoomatvestor cannot be

panred with a V element from another vector -without causing a color

s shift. Instead, a V sample from a previous pair will be deleted along

with the current U sample. This method of UV multiplexing is

referred to as 2:1:1, as there are two luminance samples for every

pair of color component (U, V) samples. The Nyquist frequency for

both U and V is effectively reduced to one half of the luminance

10 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
digitali converter for the color components is 4 MHz.

The PIP circuit and/or the gate array may also include means

15 for enhancing the resolution of the auxiliary data notwithstanding
‘the data compression. A number of data reduction and data
restoration schemes have been developed, including for example
paired pixel compression and dithering and dedithering. Moreover,
different dithering sequences involving different numbers of bits

‘20 and different paired pixel compressions involving different numbers

~ of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP -
340 in order to maximize resolution of the displayed video for each
particular kind of picture display format.

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

- 30. 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 digita| to analog
converters 360, 362 and 364. The analog form signals, designated Y.

35 U and V, are supplied to the 1fy to 2fy converter 40 for conversion
to non_interlaced scanning. The Y, U and V signals are also encoded tc
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fromthe video nenory synchronousl y with a display for another 15 video
signal. An interpolator selectively conprfgges and expands t he
information read fromthe reading circui [ '

The field type tion
under gowe 1h®3B&NPr essi on and expansi on together with F@’V#%fé@im

information. ‘A decoding circuit decodes the field type information to
identify first and second types of fields and an 20 absence of valid video
data. A multiplexer conbines the video signals for sinmultaneous

g: fgtﬁl ngezgmmnfaqsa?néh&edép 2P to defif€0dl nsgﬁiélféﬁghi ragbl% gagki ng
read from t h¥g %Li&eq@m?mﬂ@u%XTéw{% [?go Pg%?)'eﬁ?%ﬁ S}ﬂ&ﬂ%&sl y
with the reaselegtofa tdynchrdaizidg sigmal Vioanthea encadepo227 ofrormaidither the
synchronousl ¥a Lhal"e SYRNEYMN or from the PIP circuit, C_SYNC_AUX.
: s Switch SW6 selects between Y_M and C_SYNC_AUX:as synchromzmg
- signal for the wide screen panel output.
. Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 12. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voitage controlled

10 oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
resonator or the like 238. The output of the voltage controlled
oscillator is divided by 32 to provide a proper frequency second
input signal to phase comparator 228. The output of the divider 234

15 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 .
phase locked loop of the video signals input section. Pulse width

20 circuit 402 assures that a 2f4-REF signal will have an adequate
pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
locked loop including low pass filter 406 and 2fy voitage controlied

. oscillator 408. Voltage controlled oscillator 408 generates an -

25 - internal 2fy timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback puises or a timing signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period

30 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 fines are
shifted to the. left.

The deflection circuit 50 is shown in more detail in FIGURE 13
as A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of vertical overscan
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t he other video signal. FI GURES ‘1(a)-1(i) are useful for

expl aining different display formatsqygf. a Wi de screen tel evision.
FIGURE 2 is a block diagramof a w de screen television i pc3pydsv@sgiance
With awoenvye938b this invention and adapted for operation at 2fH
hori zontal scanni ng. FIGURES 3 is a block diagramof the w de

sCreen processor showmn in FIGURE 2. FIGURE 4 is a bl ock
di agram showi ng further details of the 35 w de screen processor shown in

FIGURE 3. necessary for implementing different display formats. As
illustrated diagrammatically, a constant current source 502
provides a- constant quantity of current lgamp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in parailel

s with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IrRaMp 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-

10 expanded 4 X3 format display ratio signal source, as shown in

"~ FIGURE 1(a). To the extent that less vertical raster size is required,

" an adjustabie current source 508 diverts a variable amount of |
current lapy from I'RAMp. so that vertical ramp capacitor 504 charges
“mare slowly and to a smaller peak value. Variable current source
1s ‘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
20 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
25 FIGURE 14. The signal which is to be uitimately 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
30. 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
e_xterhal 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

35 switch 608. Selection of the horizontal synchronizing signal is

implemented by switch 604. Selection of the video signal is

e
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processor- shown in FI GURE 4.

FIGURE 5 is. a bl ock diagram of the picfure-in-picture
-17-
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implemented by switch 606. - Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the _

_ WSP uP 340. Selection of internal or external video sources is a

user selection., - However, if a user inadvertently selects an external
RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will collapse, and

"serious damage to the cathode ray tube(s) can result. Accordingly,
- an external synchronizing detector 602 checks for the presence of an

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

-switch override control signal is transmitted to each of switches

604, 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 puP 340.

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

~ could be substantially identical, although not all of the inputs and

outputs would be utilized. The various resolution enhancement
schemes described herein can be generally applied without regard to
whether the television operates with 1fy or 2fy scanning.

FIGURE 4 is a block diagram showing further details of the
wide screen processors 30 shown in FIGURE 3 which would be the

same for both a 1fq and 2fy chassis. The Y_A, U_A and V_A signals

are an input to the picture in picture processor 320, which can
include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can
receuve resolution processed data signals Y RP U_ RP and V_ RP from

—_——
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FIGURE 6 is -a bl ock diagram of the gate array shown in FI GURE 4 and
illustrating the nmmin, auxiliary and outgut signal 5 paths.

FI GURES 7 an are timng diagrams useful for explainingpcheuse1/03815
gener aMOH/EP380he di splay format showh in FIGURE 1(d), using fully

cropped signals. - FIGURE 9. is a block diagram show ng the main
signal path of 10 FIGURE 6 in nore detail. _ FIGURE 10 is a bl ock
di agram show ng the auxiliary signal path and out put signal path of

FI GURE 6 i nulitized cat &ill times, but durimg GeslEciad idisplay doémadtsagr Tmeof the the
tF: QUQGEJ gnd pRAbFin-picturd §Sfdcysser 356 R' ShbWe iifl- :Bb‘fé“&éta‘?lr % CPREUAE
5. The principal components of the plcture-m-pccture processor are
an analog-to-digital converter section 322, an input section 324, a
s fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330. The timing and
control section 328 is -shown in more detail in FIGURE 11.
- The picture-in-picture processor.320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
10 Consumer Electronics, Inc. The basic CPIP chip is described more
fully in a publication entitied The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer (|
Electronics, Inc., Indianapolis, Indiana. A number of special features
“or special effects are possible, the following being illustrative.  The .
15 basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
speaking, the audio signal is switched to always correspond to the
20 big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions. A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some point,
for example the display format shown in FIGURE 1(d), the large and
25 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 smgle
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
' 30 enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame
35 repetition rate can be changed from thirty frames per second to zero
'~ frames per second. |

e
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15 FIGURE 12 is a block diagramof a circuit for generating the

.i.nternal. 2fH signal in the 1fH to 2fH cQRwgr si on. FIGURE 13 is
a conbi nation block and circuit di agram for the ~def | ecﬁef,&aﬁgiwg
shown | WOFTZ193862 FIGURE 14 is a block diagram
interface shown in. 20 FlI GURE2. ~ FIGURE 15 is a diagram useful -
for explaining menory mapping in the video RAM associ ated w th t he
pi cture-in-picture processor. ' FIGURE 16 is a bl ock di agram of a

circuit for contrdHhe rajcturepin-picture Protessne Li&éd\ﬂﬁnﬂi@'\ﬁld@(ko?ééw iary
but ot aiT aplevision gccordiify 1B atinRE inyeBlive' Srifndempnt RS BOR
pi cture displthg present configuration of the basic CPIP chip itself as described
above. If the basic CPIP chip were used with a television having a
s 16 X9 screen, and without a video speed up circuit, the inset
pictures would exhibit aspect ratio distortion, due to the effective
4/3 times horizontal expansion resulting from scanning across the
wider 16 X 9 screen. Objects in the picture would be horizontally
elongated. If an external speed up circuit were utilized, there would
10 be no aspect ratio distortion, but the picture would not f||I the
entire screen.

Existing picture-in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The

15 incoming video is sampled with a 640fy clock which is locked to the -
horizontal synchronizing signal of the main \iid_eo source. In other

. words, data stored in the video RAM associated with the CPIP chip is

not orthogonally sampled with respect to the incoming auxiliary
video source. This is a fundamental limitation on the basic CP!P

20 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

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

The picture-in-picture processor 320, according to an
inventive arrangement and uniike the basic CPIP chip, is -adapted for
asymmetrically compressing the video data in one of a plurallty of

30 dlsplay modes. In this mode of operatnon the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asyménetric 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

35 read out normally. as for example in the channel scan mode, for
d:splay of a16Xx9 format dlsplay ratio screen, the puctures -appear

'nns Shee
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formats whi ch can be i npl enent ed accor di ng to different inventive
arrangerrents Those sel ected for illustraggon are intended to

facilitate the description of particular circuits conpri S'ﬁ@ﬁ!‘ﬂS@?[Oﬁfg
screen w@beAP38bons according to the inventive arrangenents

I nventive arrangenments are in sonme cases directed to the display
formats thenmsel ves, apart fromspecific underlying circuitry. For
purposes of convenience in illustration and discussion Herein, a

convent i onal cgtreet. ayTPﬁOr;Dielhlxrbahlls e criéén tandiethehé isonoaasp Mtaﬁ@
source o GGy, Fie A HGRUE chitben Topbh-bEitad A
aspect of -the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
5 circuitry.'
FIGURE 11 is a block diagram of the timing and control section
328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a
decimation circuit 328C for implementing the asymmetric

10 compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises’
a counter which is programmed for a compression factor from a
table of values under the control of the WSP uP 340. The range of

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

20 In full screen PIP modes, the pncture-m-pacture processor, in
conjunction with a free running oscillator 348 will take Y/C input’
from a decoder, for exampie 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-

25 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 signais sampled
(different channels) will have non-related sync puises and will .be

30 switched at seemingly random moments in time. Therefore the

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

as Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog form
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deened to be 16 X 9. The |nvent|ve
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can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This
Y/C_PIP_ENC signal may be connected to a Y/C switch, not shown,
which enables the re-encoded .Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP,
based upon operation of the interpolator and FIFO's in the main
51gnal path.

With further reference to FIGURE 5, the picture-in-picture
processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general; the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the results in a1 megabit
video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends to be '
expensive and can require more complex management circuitry. The
smaller number of bits per sample in the auxiliary channel
represents a reduction in quantization resolution, or bandwidth,
relative to the main signal, which is. processed with 8-bit samples
throughout. This effective reduction of bandwidth is not usually a
problem when the auxiliary displayed picture is relatively small, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as ‘the main displayed picture. Resolution
processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction

| and data restoration schemes have been developed, including for

example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream - of tre
video- RAM 350, for exampie in the aux:hary signal path of the gate
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arrangenments are not limted by these definitions. : FI GURE 1(a)
“illustrates a television, direct view or oj ection, havi ng a '
conventional format display ratio of 4 X£ "Wen a 16 X 9 5 format displ ay
rati o QG biN19386 transnitted, as a 4 X 3 format di spl RCHYSIYWBal |

bl ack bars appear at the top and at the bottom . This is comonly
referred to as letterbox format. In this instance, -the viewed picture
is rather snmall with respect to the entire: avai |l abl e di splay area.

A ter nat | vel dirali sl Guiginkff TR mdls MaRkitBeioh? | MGIBHVEP, LiHGRRLC ¢ o

pI'IOI’ to transm Ssi on extent of a

Vi ewi ng surf@‘é‘éeﬁ'f‘94a§(d3dﬁgﬂm‘ﬂﬁ Seapences lﬂ’&bémr diffetgnti pporoens @b wil |
be cropped fligsn ahd uﬁférerané/a@red pixél Y¥mpteFiondSindolvinghiffatddy nati ve,
the letter boxur% Y5 bt8"akS contemplated. One of a number of particular data
5 reduc_t_lon and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
particular kind of picture display format.
- The luminance and color difference signals are stored in an
8:1:1 six-bit Y, U ,V fashion. In other words, each component is
10 quantized into six-bit samples. There are eight iuminance samples
for every pair of color difference samples. The picture-in-picture
processor 320 is operated in a mode whereby incoming video data is (
sampled with a 640fy clock rate ‘locked to the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the
1s video RAM is orthogonally sampled. When the data is read out of the
| picture-in-picture processor video RAM 350, it is read using the
same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampied and
stored, and can be read out orthogonally, it cannot be dlsplayed
20 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. :
25 Further processing is required in order to synchronize the
| auxiliary channel, that is the output of data from the video RAM 350,
to the main channel. With reference again to FIGURE 4, two four bit
latches 352A and 352B are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches also
30 reduce the data clock rate from 1280fy to 640fH. o
Generally, the video display and deflection system is
synchronized with the main video signal. The main vide‘o signal must
"be speeded up, as explamed above, to filt the wide screen display.
The auxiliary video signal must be vertically synchronized with the
3s 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
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expanded vertically but not horizontally, whereby the resulting 15 picture

Wkl evidence di-stortion by vertical elongaion. None of the three
alternatives is particularly appealing. FI GURE 1( 6 X
9 screewO$1/18386-9 fornmat display rati o video source V\Mw@aﬁ% _
di spl ayed, w thout cropping and W thout distortion. A 16 X 9 format
.display ratio letterbox 20 picture, whichis itself ina 4 X 3 format
di splay ratio signal, can be progressively scanned by Iine doubling or

line additionthencerpahded in @ Anbdmemddy. ISysitrenatidr lbfStHe 'a@xﬂiﬁ _
verti cal reSO|§%éO$§§¢A§‘Y}E’ﬁ main Vl@g% Qg elrﬂgwés# on Li a(gcordaq ce w th| S
i nvention can’ 9 t2CRAURPlshe yiiziag t her
the mai n sounddeotRAMB5Quas la field snemoey @ndiia dixsteimfirsRoat FUF) line
- memory device 354 for expanding the signal. The size of FIFO 354 is
s 2048 X 8. The size of FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write
pointer collisions. Read/write pointer colilisions 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
10 when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO. o
The 8-bit DATA_PIP data blocks from video RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture
processor 640fy clock which was used to sample the video data, that
15 is, the 640fy clock which is locked to the auxiliary signal, rather
than the main signal. The FIFO 354 is read using the display clock of
10241y, 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
20 was orthogonally sampled at a first rate to be displayed
orthogonally ‘at a second rate. The asynchronous nature of the read
and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions.
The main signal path 304, auxiliary sngnal path 306 and output
2s signal path 312 of the gate array 300 are shown in block diagram -
form in FIGURE 6. The gate array also comprises a clocks/sync
. circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are
supplied to each of the main circuits and paths identified above, as
30 well as to the picture-in-picture processor 320 and resolution
processing circuit 370. It will be appreciated that whether or not
- certain circuits are, or. are not, defined as being part of the ga’te‘
array is largely a matter of convenience for facmtatmg explanatuon
of the inventive arrangements.
35 The gate array is responsible for expandmg. compressing and
cropping video data of the main video channel, as and if necessary

- —
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FIGURE 1(c) illustrates a 16 X9 format display ratio nmain signal in
which a 4X3 format display ratio inset Qizc‘%_ure S di splayed. If both
the '‘main and auxiliary video signals are™16 X 9 - format _displa -{ftio
sour cewobhagsseset picture can also have a 30 16 X 9 for RET/M M“é§ atio.
The inset picture can be displayed in many different positions.

FIGURE 1(d) illustrates a display format, wherein the nmain and

auxiliary video signals are displayed with' the same size picture.

course o1 oHAnaTk e, AUtk el N
ormat di splERMPANFE § $tafadh i &iiteRy ) fstut (R RQ line memory
356 for a.length of time depending on the nature of the interpolation -
of the luminance component. The combined chrominance components
s U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demulitiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.
10 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 prov_ide an insufficient number of
data points, or pixels for filling such a large display area. In those
15 - circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
.may correspond to the resolution processing undertaken by circuit
- 370 shown in FIGURE 4. As an example, circuit 370 may be a
20 dithering circuit and circuit 357 may be a dedithering circuit.
. Interpolation of the auxiliary signal can take 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
25 of memory locations. Each memory location_holds _eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
 (sampled at 80fy). The FSW_DAT values indicate which type of field
30~ was written into video RAM, as follows:
- FSW_DAT = 0: No Picture;
FSW_DAT = 1. Upper (Odd) Field; and,
FSW_DAT = 2: Lower (Even) Field.
The fields occupy spatial positions within the videa RAM having
3s boundaries defined by horizontal and vertical addresses, as
suggested by the memory position diagram in FIGURE 15. The
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boundary is defined at those addresses by a change in the fast
switch data from no picture to valid field, and vice versa. These
transitions-in fast switch data- define the perimeter of the PIP
insert, which is also referred to as the PIP box or PIP ‘overiay. It

‘will be appreciated that the imagé aspect ratio of objects in the PIP
‘picture can be controlled independently of the format display ratio

of the PIP box or overiay, for example, 4 X 3 or 16 X 9. ‘The position
of the PIP overlay on the screen will be determined by the starting
address of the read pointer of the video RAM at the start of the
scanning for ‘each field of the main signal. Since there are two
fields of data stored in the video RAM 350, and the entire video RAM
350 is read during the display period, both fields are read during the

. display scan. The PIP circuit 301 will determine which field will be

read out of the memory to be displayed through the use of the fast
switch data and the start position of the read pointer. It might

" seem Ioglcal that if the display, which is locked to the main video
_source, were displaying the upper field of the main picture then the

portion of the video RAM corresponding to the upper field of the
auxiliary picture would be read out of the video RAM, converted to
analog data, and displayed.

~ This would work well for about half of all possible phase
relations between the main and auxiliary video sources. A problem
arises because reading the video RAM is always faster than writing
the video RAM for compressed pictures in the PIP mode. The read
memory pointer may overtake the write pointer if the same field
type were being written and read at the same time. This would

“result in a 50% chance of a motion tear somewhere in the small

picture. Accordingly, the PIP circuit always reads the opposite field
type that is being written to overcome the motion tear problem. If
the field type being read is the opposite type than that being
displayed, then the even field stored in the video RAM is inverted by
deleting the top line of the field when the field is read out of
memory. The result is that the small picture maintains correct

" interlace without a motion tear. The end result of this field

synchronization - is that CPIP chip provides a signal which is called
PiP_FSW. This is the overiav sianal which the PIP circuit provides
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hori zontal or vertical distortion, the signal nust be cropped on the

left and/or right sides. More of the pigture can be'shown wth l'ess
cropping, if some aspect ratio di stortlgrﬁjby hori zont al di 331‘15

the piwipie19386t ol erated. Horizontal squeezing results'in veﬁéslcg?

el ongatiaon of objects in the picture. The w de screen television

according to this invention can provide any mx of cropping and aspect
ratio distortion from naxi numcropping with no aspect ratio di stortion

to no croppin ' ' ﬁgﬁ@
sanmpling i 83%@%&6?:#%@ aiﬁ'ﬁﬁ @m\;ﬁﬁg Eéﬂﬁééﬁ"}i\sm rno%easus)f ng “pat h
conplicate cmr@n‘é&t(ﬂmmﬁn@e rargh medulated cthommgn@e Lhﬂdeq,hl ch is as
Iarge in S|17.ﬁ° a{,qu js.fromthe main video si-gnal . Vari ous.

thods can"be qg¥% 7 ferencer S'EIGOHES 4855 10, the auxiliary video input
s data is sampled at a 640fy rate and stored in video RAM 350. The
auxiliary data is read out of video RAM 350 is designated VRAM_OUT.
The PIP circuit 301 also has the capability of reducing the auxiliary
picture by equal integer factors horizontally and vertically, as well
as asymmetrically. The auxiliary channel data is buffered and
10 synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
' synchronization circuit 371. The VRAM_OUT data is sorted into Y ‘
~ (luminance), U, V (color components) and FSW_ DAT (fast switch
data) by demuitiplexer 355. - The FSW_DAT indicates which field
15 type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit. Here the decision is made as to which field read out
of video RAM is to be displayed. Finally, the auxiliary channel video
component data is selected for output to the display through three
20 output multiplexers 315, 317 and 319, shown in FIGURE 6. Instead
of overlaying the PIP small picture using an analog switch at a
composite or Y/C interface, the WSP up 340 performs the PIP
overlay digitally.
The auxiliary channel is sampled at 640fy rate while the main
25 channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
(2048 x 8) converts the data from the auxiliary channel sample rate
to the main channel clock rate. In this process, the video signal
undergoes an 8/s (1024/g40) compression. This is more than the 4/3
compression necessary to correctly display the auxiliary channel
30 signal. Therefore, the auxiliary channel must be expanded by the
interpolator to correctly display a 4 X 3 small picture. The amount
-of interpolator expansion required is S/g. The expansmn factor X is R
'determmed as follows:
= (640/1024) * (4/3) = S/¢
3s _Therefore regardless of how the small picture is reduced by the PIP
processor, the small plcture may be correctly displayed in 4 x3
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conplicati ons. ' .FIGUREl('e)'i-s adisblayformat wherein a 4 X 3
format - 15 display ratio picture is displayed in the center of a 16 X9

f or mat di splay ratio screen. Dark bars are evident on
left  WO91419386 FIGQURE 1(f) illustrates a displ g?ﬁfg$%2{'3ﬂ/ﬁerel n
one | arge 4 X 3 format display ratio picture and three smaller 4 X 3

format 20 display ratio pictures are displayed sinmultaneously. A smaller
picture outside the perinmeter of the large picture is sonetines

referred to ﬁfrrwatpaﬁ tﬁé‘aéhs Wcéétﬁﬁ Otﬁénﬁﬁerpblétuf 359 Ao peridian &
Pl P, apy_ctu;;e Bgtur a1 d |cture I n-picture are
used herein T 8 A gpa tg ﬁ é Q‘r‘ tunst ances where
- The PIP_FSW data does not provide a good enough method for
interpreting which field of the CPIP VRAM should be displayed
s - because the PIP video data is horizontally raster mapped to maintain
a correct PIP aspect ratio. Although the PIP small picture would:
maintain correct interlace, the PIP overiay region would generally
~ be the wrong horizontal size. The only case in which the PIP overlay
size would be correct wouid be for a 5/g expansion using the
10 interpolator 359 which would result in a 16 x 9 small picture. For
all other interpolator settings, the overiay box would remain 16 x 9
while the inset picture would vary horizontally. The PIP_FSW signal
lacks information regarding the correct horizontal size of the PIP
overlay. The video RAM data is read prior to the PIP circuit
15 completing the synchronization aigorithm. Thus, the fast switch
data FSW_DAT which is embedded in the video RAM data stream
VRAM_OUT corresponds to the field type written into the video RAM.
The video RAM video component data (Y, U, V) has been corrected for
motion tear and correct interlace, but the FSW_DAT has not been
20 modified.

- In accordance with an inventive arrangement, the PIP overlay
box is the correct size because the FSW_DAT information is |
expanded and interpolated together with the video component data
(Y, U, V). The FSW_DAT contains the correct sizing of the overlay

25 kegion. however, it does not indicate which field is the correct field
to display. The PIP_FSW and FSW_DAT can be used together to solve
the problem of maintaining interlace integrity and the correct
overiay size. In normal operation, as the CPIP chip might be used in

- 4 x 3 television receivers, the field placement in the video RAM is

30 arbitrary. The fields may be aligned vertically, horizontally, or not
‘aligned at all. In order to make the wide screen processor and the
CPIP chip work compatibiy, ‘it is necessary that the PIP field
locations not be stored on the same vertical lines.  In other words,

. the PIP fields may not be prbgrammed so that the same vertizal

3s addresses are used for both the upper and lower field types. It is

convenient from a programming perspective to store the PIP fields
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25 the wde screen television is provided with two tuners, either both
I nternal -or one internal and one external, for exanple .in a video
cassette recorder, two of the displayedjﬁQanes can disple}ér venment
i n reakydiopa9Bse accordance with the source. The renaini ng 3 ’Usﬁi‘ﬂgg}is can
be displayed in freeze frame format. It will be 30 appreciated that the
addition of further tuners and additi onal auxiliary signal processing
pat hs can provide for nore than. two noving pictures. It will also be

el 1 pi ot ufate, VRed AR, 850 8 varicaly HiGagd mARREr, 38CuidNe N o
shown in FI GIGEIREJS. 35 FIGURE 1(h) illustrates an alternative .
uherein the 4 X A signal PIFROVEL sRréds "tNe dutbht Udhtici EfELit 881 R ST x
' d‘?splay auxiliary data when this signal is active, that is, logically
' s HI. A block diagram of a circuit.for generating the PIP_OVL signal is
-shown in FIGURE 16. Circuit 680 comprises a J-K flip/flop 682, the
Q output of which is one input to muitiplexer 688. The output of
multiplexer 688 is an input to a D-type flip/flop 684, the Q output
-of which is the other input to muitiplexer 688 and one input to AND
10 gate 690. The PIP_FSW and SOL (start of line) signals are the J and
- K inputs respectively to flip/flop 682. An exclusive OR gate 686 has
the two fast switch data bits FSW_DATO and FSW_DAT1 signals as
inputs. Values of (1, 0) and (0, 1), which are logically exciusive -
| ~ inputs, indicate a valid field, even and odd respectively. Values of
15 (0, 0) and (1, 1), which are not logically exclusive, indicate no valid
video data. A transition from either of (0, 1) or (1, 0) to either of
(0, 0) or (1, 1), or vice versa, indicates a boundary transition
defining the PIP box or overlay The output of exclusive OR gate 686
/is a second input to AND gate 690. The third input of AND gate 690
20 is the RD_EN_AX signal, the read enable signal for the auxiliary FIFO
354. The output of AND gate 690 is the PIP_OVL signal. Circuit 680
introduces a one liné (field line) delay from the time PIP_FSW goes
active to the actual enabling of the overlay region. This is
accounted for in the video data path as the FIFO 354 also introduces
2s ‘a one field line delay in the PIP video data being displayed.
Therefore, the PIP overlay is overlaid perfectly with the video data,
although it will be one field line later than programmed through PIP
circuit. The RD_EN_AX signal allows the PIP to be overlaid only
" when valid auxiliary FIFO data has been read out of the FIFO 354.
30 This is necessary because FIFO data may be heid after reading has
ended. This may cause the PIP overlay logic to determine that the
PIP overlay is active outside of valid PiP data. Enabling the PIP
overlay with RD_EN_AX assures that PIP data is valid. In accordance
with the inventive arrangements, the overlay or box for the small
3s picture auxiliary video is correctly placed and sized regardless of
how the auxiliary video has been expanded, compressed or

—
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interpolated. This works for small picture video sources which are
from 4 x 3 formats, 16 x 9 formats and many other formats as well.

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

.main and auxiliary signals are combined in respective multiplexers

315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output muitiplexer control circuit 321 is responsive to
the clock signal CLK, the start of line signal SOL, the H_COUNT
signal, the vertical blanking reset signal and the output of the fast
switch from the picture-in-picture processor and WSP uP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362 .
and 364 respectively. The digital to analog converters are followed
by low pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP uP,
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP uP 340 communicates with the different
circuits of the gate array through a WSP uP decoder 310.

In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3.t0 avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical

- zooming. Horizontal zoom operations up to 33% can be accomplished

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

frequency. which is 8 MHz for a 1024fy clock. /
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- format di splay ratio pictures are displayed in vertical colums on

gither. side. As in the previously descrt3 ed format, a w de screen
television provided with two tuners can

“ovi de two novi ' .es.
The r aypigiy38€l even pictures will be in freeze franme s %’%&ﬁy&h%

FIGURE 1(i) shows a display format having a grid of twelve 4 X 3 format .
.display ratio pictures. Such a display format is particul arly
appropriate for a channel selection guide, wherein each picture is at

oot o et o A BROWD FIGIRE! 6 heclipipance Bkl DG ol nooer O
si gnal pr odBERUGHY qmlngerpoiator 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
s selectors 323 and 331 is to reverse the topology of the main signal
- path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for
compression, or whether the FIFO 356 precedes the interpolator 337,
10 as required for expansion. The switches 323 and 331 are responsive
to a route control circuit 335, which is itself responsive to the WSP
pP 340. It will be remembered that during small picture modes the ‘
ahxiliary video signal is compressed for storage in the video RAM
350, and only expansion is necessary for practical purposes.
15 Accordingly, no comparable switching is required in the auxlhary
signal path. -
The main signal path is shown in more detail in FIGURE 9. The
switch 323 .is implemented by two multiplexers 325 and 327.
Switch 331 is |mplemented by multiplexer 333. The three
20 multsplexers are responsive to the route control circuit 335, which
is itself responsive to the WSP uP 340. A horizontal '
timing/synchronization circuit 339 generates timing signals
controliing the writing and reading of the FIFOs, as well as latches
: 347 and 351, and multiplexer 353. The clock signal CLK and start of
25 line signal SOL are generated by.the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP uP 340 and the most significant bit of UV_MN.
An interpolator control circuit 349 generates intermediate |
pixel position values (K), interpolator compensation filter weighting
30 (C) and clock gating information CGY for the luminance and CGUV for
' the color components. It is the clock gating information which
pauses (decimates) or repeats the FIFO data to allow samples not to
be written on some clocks for effecting compression or some
samples to be read multxple times for expansion.
3s it is possible to perform video compressions and expansions
through the use of a FIFO. For example, a WR_EN_MN_Y signal
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The various foriets shown in FIGURE 1 are illustrative, and not

li-mting,- and can be inplenented by w de éq‘r een tel evisions shown in
the femai ning drawi ngs and described in dét'ail bel ow 15 al |
bl ock dny9HA9I86r a wi de screen television in accordan&ﬁuﬁﬁo%glt ive
arrangenments, and adapted to operate wi th 2fH horizontal scanning, is
shown in FIGQURE 2 and generally desi gnated 10. The television 10
general ly conprises a video signals input section 20, a chassis or TV

20, det | ecBraptes dhtf’ i b wiite BTG TP, b6, Evshifodhigamete ©
converter 24@ankbeeinhibitedi froms bidig writteat intdethe FIpithj eThioconstitstesda -
and a power ayPRtdmpresé@n. Tt & W' fihclion” BF (HE ifitdrbbidtdr ' 83 & Tferent
recalculate the luminance samples being written into the FIFO so
5 that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable. signal
has clock gating information attached to it in the form of inhibit
pulses. For expanding data, the clock gating information is applied
10 to the read enable signal. This will pause the data as it is being
read from the FIFO 356. In this case it is the function of the
interpolator 337, which follows the FIFO 356 during this process, to
recalculate the sampled data from jagged to smooth. In the
expansion case the data must pause while being read from the FIFO
15 356 and while being clocked into the interpolfator 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
20 rising edges of the system clock 1024f.
_ There are a number of advantages in.this topology for
luminance interpolation. The clock gating operations, namely data
decimation and data repetition, may be performed in a synchronous
‘manner. |f a switchable video data topology were not used to
25 interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made
30 to operate syndhronously with the system clock, since the writing or
- reading clock frequency must be twice as high as the system clock
frequency. Moreover, the _switchable topology. requires only one
interpolator and one FIFO to perform both compressions and
expansions. If the video switching arrangement described herein
as were not used, the double clocking situation can be avoided only by
using two FIFO's to accomplish the functionality of both
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I's made for purposeé of conveni ence in description, and is not 25 intended

as linting the physical position of such,circuits relative to one
anot-her . The video signals i np%? “section 20 is alglép,tl%q

recei viw@ow19386 plurality of conposite video signals fromdif erent VI deo
sour ces. The video signals may be selectively switched for display as
main 30 and auxiliary video signals. An RF switch 204 has -‘two antenna

i nputs ANTI and ANT 2. These represent i nputs for both off-air ant enna

antenna 1 napemPLesfion AR ¢ffnslof O EIFY (60 bORASIAS woulg ARy
208. The oubpupla@edf ITI sftomtunérthgomte@datqrn@m ene £I15GR femqs:rasrmon%l ch

perforns a Ryde nééd 1o be Placéd! @téd the interpedator.
The wide screen processor also has the capability to control

5 the vertical deflection to perform a vertical zoom function. The
topology of the wide screen processor is such that both auxiliary and
main channe! horizontal raster mapping (interpolation) functions are
independent of each other and independent of vertical zoom (which
manipulates the vertical deflection). Because of this topology, the -

10 main channel may be expanded both horizontally and vertically to
maintain a correct aspect ratio main channel zoom. However, unless
the auxiliary channel interpolator settings are changed, the PIP ‘
(small picture) will zoom vertically but not horizontally. Therefore,
the auxiliary channel interpolator can be made to perform larger

15 expansions to maintain a correct image aspect ratio of the PIP small
picture as the vertical is expanded.

A good example of this process occurs when the main channel
is displaying 16 x 9 letterbox material. The main horizontal raster
mapping is set to 1:1 (no ei:p_ansio_n, no compression). The vertical is

20 zoomed 33% (that is, expanded by 4/3) to eliminate the black bars
associated with letterbox source material. The ‘main channel image
aspect ratio is now correct. The auxiliary channel nominal setting,
for 4 x 3 source material with no vertical zoom, is 5/6. A different
value for the expansion factor X is determined as follows:

2s = (S/g) * (3/4) = S/ '

" When the auxiliary channel interpolator 359 is set for 5/3, the
correct small picture image aspect ratio is maintained and the
ob;ects inside the PIP appear without aspect ratio distortion.

The interpolators for the luminance components of the main

30 and auxiliary signais may be skew correction filters. A four point
interpol'ator as described therein, for example, comprises a two

~ point linear interpolator and an associated filter and multiplier
connected in cascade to provide amplitude and phase compensation.

" In total, four adjacent data samples are used to calculate each

as interpolated point. The input signal is applied to the two-point
linear interpolator. The delay umparted to the mput is proportnonal
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to the value of a delay control signal (K). The amplitude and phase
errors of the delayed signal are minimized by the application of a
correction -signal obtained by an additional filter and multiplier
connected in cascade. This correction signal provides peaking which
equalizes the frequency response of the two point linear
interpolation filter for all values of (K). The original four point
interpolator is optimized for use with signals having a pass band of
fs/4, where fs is the data sample rate.

Alternatively, and in accordance with inventive arrangements

~ described in copendmg applications, both channels can use what is

termed a two stage interpolative process “The frequency response
of the original variable interpolation filter can be improved by using
such a two stage process, referred to as a two stage interpolator. A
two stage interpolator can éomp.rise a 2n+4 tap finite impulse
response (FIR) filter with fixed coefficients and a four point
variable interpolator. The FIR filter output is spatially located
midway between the input pixel samples. The output of the FIR
filter is then combined by interleaving with the original data
samples, which are delayed, to create an effective 2fs sample rate.
This is a valid assumption for frequencies in the pass band of the

'FIR filter. The result is that the effective pass band of the original

four point interpolator is significantly increased.
The clocks/sync circuit 320 generates read, write and enable

| signals needed for operating FIFOs 354, 356 and 358. The FIFOs for

the main and auxiliary channels are enabled for writing data into
storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
auxiliary channels, but not both, as necessary to combine data trom
each source on the same video line or lines of the display. The FIFO
354 of the auxiliary channel is written synchronously with the
auxiliary video signal, but is read out of memory synchronously with
the main video signal. The main video signal components are read
into the FIFOs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
video. How often the read function is switched back and forth

\
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one-chip shown is industry desi gnated type TA7730. The baseband - vi deo
si-gnal VI'‘DEO QUT devel oped in the one-chigand resulting from t he
signal .fromfirst tuner 206 is an input t6 both video swit nd

t he TV1W01?M193(86 wi de screen processor 30. Ot her baseband ﬁ ggelom?snlgut
to video switch 200 are designated AUX1 and AUX 2. These m ght be used
for video caneras, |aser disc players, video tape players, video games
and the |ike. The output of the video swi tch 200,- which is controlled

e, S Sy Eo U ael M apt ane ausiiary @idndelalRsoNMAbDM D VI =0
Wth further p?é%ﬁ@ﬁcé ?ﬁqq @\@% P‘§ S€i tch sw. wi de S(F:)reen
Generation of different special effects such as cropped side-
by-sud_e pictures are accomplished through manipulating the read and
s write enable control signals for the line memory FIFOs. The process
for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side dispiayed pictures, the write enable control
- signal (W_R_'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
10 active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by S5/g.
: In the main video channel, shown in the upper part of FIGURE 8, the
15 write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
by the 910 x 8 FIFOs. '
20 In.each of the FIFOs, the video data is buffered to be read out
. at a particular point in time. The active region of time where the
data may be read out from each FIFQO is determined by the display
format chosen. In the example of the side-by-side cropped mode
shown, the main channel video is being displayed on the left hand
2s half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as
illustrated. - The read enable control signal (RD_EN_MN) of the main
channel 910 x 8 FIFOs is active for 50% of the display active line -
30 period of the display beginning with the start of active video,
immediately following the video back porch. The auxiliary channe! .
read enable control signal (RD_EN_AX) is active for the other 50% of
the display active line period beginning with the failing edge of the
RD_EN_MN signal and ending with the beginning of the main channel
3s video front porch. It may be noted that.write enable control signals
are. synchronous with their respective FIFO input data (main or
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processor selects between the TV1 and SWTCHED VI DEO signals as a SEL
- COW QUT-video signal which is an input t 52 Y/ C decoder 210. The Y/ C

decoder 210 ébbe i npl enented as an adap¥™ve |ine conb 1ﬁ”ﬁ%§%ﬁ
furt heWQPHd838ources S1 and S2 are also inputs to the €co er 210.

Each of S1 and S2 represent different S VHS sources, and each consists
of separate |uninance and chroni'nance signals. A switch, which nay be
i ncorporated as part of the Y/C decoder, as in sonme adaptive |ine conb

filters, or &ﬂkﬂth%ywhﬂe%e'r@&be@ﬁab@ gélrg?? @#%@“éﬁ:@hrbﬁous

responsive to M Cr Qpr 0cessor ing-one palr
| um nance an¥it the JRAlichannelsyigest s as outputs designated Y M and C_AN

respectivel y. TheThet diptaly Mormatf shewnnan RIGUREC i@yTigapaticularly
desirable as it enables two nearly full field pictures to displayed in
s a side by side format. The display is particularly effective and
appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X 3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 fo_rrna't

10 display ratio display, either by cropping the pictures by 33% or

squeezing the picturés 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

15 may be presented as 16.7 % squeezed and 16.7% cropped. |
) The horizontal display time for a. 16 X9 format display ratio

display is the same as a 4 X 3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an
NTSC video signal must be sped up by a factor of 4/3 to preserve a
20 correct aspect ratio, without distortion. The 4/5 factor is
_ calculated as ratio of the two display formats:
' 4/3 = (16/g) / (4/3)
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs -

‘25 having different clock rates at the inputs and outputs have been used
" to perform a similar function. By way of comparison, if two NTSC
4 X3 format display ratio signals are displayed on a single 4 X3

format display ratio display, each picture must be distorted or
cropped, or some combination thereof, by 50%. A speed up

30 comparabie to that needed for a wide screen apphcatuon is

unnecessary '
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signals is thereafter considered the main signal and is processed 25 al ong

a main signal path. Signal designations iggl_udi ng Mor ‘W refer to
the main signal path. The chroninance sighal CINis ﬁ@ﬁ'ds@ )oflg y the
wi de sWWQOW183¥ressor back to the one-chip, for devel'opi'ng col or
difference signals-UMand VM In this regard, Uis an equi val ent

designation for (R Y) and V'is an equival ent 30 desi,gnWe
Y M UM and VMsignals are converted to digital m the wi de
screen proceyioat i®rclaimédeirs: si gnal pr ocessi ng. . “mm‘ﬁm‘d
tuner 208, functionally defined as part of the w de : M‘“ﬂ“‘“i 1

- 30, devel ops a baseband video signal TV2. A 35 swtch SWi'sel e¢t s*bet ween
the TV2 and SW TCHED A/Idisplay gystem, comprising: '

2 a video memory; _

~means for writing and reading information from a video signal
into and out of said .video memory, said information relating to- video
data and field type; -

means for supplying said information from said video memory
synchronously with a display means for another video signal; _

an interpolator for selectively compressing and expanding said
9 information read from said line memory, said field type information
10 undergoing said compression and expansion together with said video ‘
11 information; |

W N O 0 & W

12 means. for deéoding said field type information to identify
13 first and second types of fields and an absence of valid video data;
14 means for multiplexing said video signals for simultaneous

15 display, operable responsive to said decoding means.

2. The system of claim 1, wherein said supplying means '
comprises a line memory for said information read. from said video
memory, having a write port operable synchronously with said
reading of said video memory and a read port operable synchronously
with a display means for another video signal. '

n 2o O N -

-d

3. The system of claim 2, wherein said line memory is |
2 asynchronou_s. . '

i



as an input to a Y/C decoder

-10-

220. The Y/ C
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A picture overlay system assures proper size and placement of picture averlays in simultaneous picture displays. The sys-
tem comprises a video memory (350, 356, 358) and a control circuit (300) for writing and reading information from a video signal
into and out of the video memory, tlie information relating to video data and field type. A reading circuit (680) supplies informa-
tion from the video memory synchronously with a display for another video signal. An interpolator (337) selectively compresses
and expands the information read from the reading circuit. The field type information undergoes the compression and expansion
together with the video information. A decoding circuit (310) decodes the field type information to identify first and second types

(57) Abstract

| of fields and an absence of valid video data. A multiplexer (3!2) combines the video signals for simultaneous display, operating

responsive to the decoding circuit. The reading circuit can comprise an asynchronous line memory for the information read from
the video memory, having a write port operable synchronously with the reading of the vndeo memory and a read port operable
synchronously with the display for the other video signal. .




i npl emented as an adaptive |ine conb f-’ijsséeetHaS\ygn es \8\7\3 and  SW

sel ect between the 1um nance and chroni FRaced v/ C ~ decoder 220
and the |y d12iy3ge and chromi nance sign xt er nal pyrpgsh13¢4816 €
desi gnat ed Y-EXT and CEXT respectively. The and C_EXT si gna@ét
correspond to the S VHS input S1. The Y/C . decoder 220 and sw tches SWB
and SWA may be conbi ned, as in sone adaptive line conb filters. The
out put of switches SWB and SW is tyeg eafter considered the auxiliary
signal and is—p-r-geessed—antng an "uxi!ia-:-y—ﬁi gnal pgth—pthe—sglected
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Is directed into the w de screen processor 30. The wi de screen

processor generates an internal vertical reset output signal INT 25 VERT
RST OUT d'w@gi,q?:,*o the RGB interface 60. A switch in the RGB

i nterface 60 selects between the internal vertical reset out ROT/US91/038BNal
and the vertical synchronizing conponent of the external RGB sour ce.
The output of this switch is a selected verticgl- .~ synchronizing
conmponent SEL_VERT _SYNC directed t3p4t he defle(ﬁl,_oﬁ 30 circuit 50.

Hori zontal and vertical synchronizing S|gna h : auxiliary video
signal are devel oped by sync ggepar at or 250 e”O w de &creen
processor. Th&:&H‘P@Zf#—I%onve responsi“bl e for
converting i nt%tsa w%é% shdndl s tgpr re ivel y sdanned
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i nterpol at i ng adj acent hori zont al Im eld. In sone

i nstances, the use of a previous Ilﬂ‘etssﬂeett}ﬂg of an interpolated
line will 6 pon the |evel - of laced et ect egF5 en
adj acent. W gq‘]g@ggé’ frames. The conve S oper [SU§9A9&§8\9§
conjunction with a video RAM 420. The be used to store
one or nore fields of a frame, to enable the progressive display. The
converted video data as Y_2fH U 2fH V_2fH signals is supplied to
the R@& interface 60.. .__Thex ;_nteSace 60, shown in nore detail
in FI GURE 14, 2 O 3 =% |
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10 enables sel ection of the converted video data or external RGB vi-deo
data for display by the video signals input section. The external R& -
signal i o be a wide format display ratio signal ad ‘.
2f H scan?lvﬁgi}-ﬁgaeé vertical synchronizing conmponent of the nalaﬁﬁ%&%sapb%al
I's supplied to the RGB interface by the wi de screen processor 15 as I NT

VERT RST QUT, enabling a selected vertical sync (fvmor fvext) to be
available to the deflection circuit 50. Qperation of the wide screen
t el evi si on enabl es user sel ection of gRsexternal RGB signal . by

generating an internal/external c@ntrol sigal | NT/EXk Hoyever, t he

sel ection of an external @ sigr§l- input, ®n the absepce ¢f such 20- a
signal, can result in vergig cotl apse of *he raster,> and jdamage to
the cathode ray tufae or pg%e i Q t_y,bgs. cordlmngly thelRGB.
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interface circuit detects an exteral synchronizing signal, in order ' to
override the selection of a non-existent external RGB input. The

m croprocessor 340 also supplies color and tint controls fo

ext er nal WRE/4938al . - The wi de screen processor BB’CQ‘iﬁﬁ? ’5@%‘5
pi'cture in picture processor 320-for special sighal- processing of the
auxiliary video signal. The termpicture-in-picture is sonetinmes
abbrevi ated as PIP or .pi x-in-pix. A gate array -300 conbines the main
and auxiliary 30 video signal data ¥fl4da wide variety of display formats,
as shown by t he exanpl es of FIGURES 1(b) through 1(i). The

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

control of a w de screen mcroprocessor (WsP [err]P) 340.
M cr-oprocessor 340 is
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bus. The 35 serial
cl ock signals, enable

216 over a seri al

for data,
The wi de screen processor 30 al SOPCI‘/USNIO.J!ﬁgr]

i nes,

responsive to the TV m croprocessor

bus' i ncl"udes four signal

signal s awgh 9F36d86Si gnal s.
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generates a corrp05| te vertical blanki ng/reset signal, as a three = level

sandcastl’e signal. Alternatively, the vertical blanking and reset
signals ca erated as separate si ghal s. A conposite nki n
si gnal |§V€3E}|§Pg€68 t he video signal input section to t hePGT: L%(’:B)
I nterface. The deflection circuit 50, shown in nore detail in
FI GURE 13. receives a vertical reset signal fromthe w de screen
processor, a sel ected 2fH horizontal synchronizing signal fromthe RGB
interface 60 and additional control signgls framthg w de screen
proocessor . ' 9/14 = 2 =2
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10 These additional control signals relate to horizontal phasing,

. vertical size adjustnent and east-west pin adjustnent. The defl ection
circtit 50 supplies 2fH flyback pul ses to the wide screePCI/USPpHESsor 30,
the 1f I#gpngﬁa converter 40 and the YUV to RGB converter 240. 15

: QOeraf’Y a

ges for the entire wide screen television are
by a power supply 70 which can .be energized by an AC

gener at ed
mai ns supply.
The wide screen processor 30 is shown in nore detail in  FIGURE 3. The
princi pal conponents of the w de scree processor 20 are a gate array
300, a picture-in-picture circypi4301_gcanal og to digitaiggand digital to
anal og converters, the second tuner 2% w %5 : é
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w de screen processor nicroprocessor 340 and a w de screen output

encoder 227. Further details of the w de screen processor, which are in
comon Wiw Jigigigé he | fH and the 2fH chassis, for exanple 258@&%@&?
circuit, are shown in FIGURE 4. A picture-in-picture pro 4 }5
which forms a significant part of the PIP circuit 301, is shown in nore
detail in FIGURE 5. The gate array 300 is " shown in nore detail in
FI GURE 6. A nunber of the conponents shown in FIGURE 3, form ng parts.
of the main and auxiliary signal 30 paths, have already been descrijbed in
det'ail . The second tuner 208 has associated therewith an |IF stage
224 and an audi o stage 226. The second tuner 208 al so operates in
conjunction with the WsP . P 340. The WBP [err]P 340 conprises an
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control signals for the switches Sw1'through SWs. The I/0 section
noni t oés~t he EXT SYNC DET si gnal

defl ecti %9”19554
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signals for vertical size,
t hrough respective interface

The anal og

fromthe RGB interface to

al so
protect the
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east- 5 west a 132’?’?’2#5
circuits 254, 256 and

The gate array 300 is responsible for conbining video
informati on fromthe nmain and auxiliary signal paths to inplenment a
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corrp05|te wi de screen display, for exanple one of those shown in 10 the - .

di-f f.erent: parts of FIGURE 1. Cock information for the gate array S
pr ovi e ﬁg | ocked | oop 374, - whi ch operates in conj ungti/o891/03818 t h
Iom1pass Pter 376. The main video signhal is supplied to the wi de

screen processor. in analog form and Y UV format, as signals
desi gnatqd Y M UMand V.M These nmain signals are converted 15 from

anal og to digital formby analog to digital converters 342 and 346,

shown in nore detail in FIGURE 4. 1414 The col or conponent signals are
-referred to by the generic designations U and V, which may be assigned
to either RY or B-Y signals, or- I and Q signals. The sanpled | um nance

bandwi dth is 20 linmited to. 8 MHz because the systemclock rate is 1024fH
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: B ‘ GoA3N-D wOS
approauimi‘el y 16 MHz. A single analog to digital converter and an
anal og switch can be used to sanpl.e. the col or corrgohent;""data --—-----'-becausew.._ S
the U and VS gniafsaafedjmtedto 500 Kl-iz, .5 ) YR
setect line l;)(/ M f:08 - the..anfal egpagwi t2h, | or rrul tgl %
MHz si gnal dgrl d. i.di ng. &)hﬁpays{en% cl ock by ,VZ‘

“start of 1ingeSQL, RULse synchk opqusty. Mesetd 1 hi s ¢ Stor
- begi nni ng ofi g frl zo _,ql‘ i dea.td ne.. fl'he U\?‘ -‘-'r'-ne th,an f?oggbesd -
in state each ¢ oc' ‘cycle  thiough the horlzontal line. Since the line
length is an'gven’ ‘nunbérof. ek Gckmgai‘;éy'éi es, the dtafie ‘i wher UVI\/Laimonce
initialized, will consistently toggle 0, 1, 0.1 LWt hoart e

i nterruption. The Y and Wp@haﬂsovéhm@s%éwﬁoﬁaé%mw di gi tal

converters 342 and 6 a
e mventlon relates to the field of televisions, for example

those televisions having a wide display format ratio screen, which
must interpolate video data to implement various display formats.

5 Most televisions today have a format display ratio, horizontal width
to vertical height, of 4:3. A wide format display ratio corresponds
more closely to the display format ratio of movies, for example
16:8. The invention is applicable to both direct view televisions and
projection televisions.

10 Televisions having a format display ratio of 4:3, often referred
to as 4 X3, are limited in the ways that single and muitiple video

- signal sources can be displayed. Television signal transmissions of
commercial broadcasters, except for experimental material, are
broadcast with a 4 X3 format display ratio. Many viewers find the

1s 4 X3 display format less pleaéing than the wider format display
ratio associated with the movies. Televisions with a wide format
display ratio provide not only a more pleasing display, but are
capable of displaying wide display format signal sources in a
corresponding wide display format. Movies "look" like movies, not

20 cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or'by processors in the television.

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

- signal sources, déveloping consistent timing signals from

asynchronous but simultaneously displayed sources, switching
30 between muitiple sources to generate muitiple picture displays, and
~ providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television according to this invention. ' A wide screen.
television accordmg to various: inventive arrangements is capable ct
3s-- providing High resolutlon single and multlple picture dtsplays from
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s || TG




shi f t ed.because the anal og to-digital converters each have 1 cl ock

cycl e of del ay

. In order to accomnmpdate for this d frt' Bimgl ock
gating i nfornﬁf‘W‘f‘mm*H#e—r—ﬁ%%pol ator control 31&@1@ %’*“ g nal
processi ng pat m}gg%eelm tg s m l'arly del ayed. Werejt
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single and multiple sources having similar or different format
ratios, and with selectable display format ratios.

Televisions with a wide display format ratio can be
implemented in television systems displaying video signals both at
basic or standard horizontal scanning rates and multiples thereof, as
well as by both interlaced and noninterlaced scanning. Standard
NTSC video signals, for example, are displayed by interlacing the
successive fields of each video frame, each field being generated by

- a raster scanning operation at a basic or standard horizontal

scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fu, 1f4, and 1H. The
actual frequency of a 1fy signal will vary according to different
video standards. In accordance with efforts to improve the picture
quality of television apparatus, systems. have been developed for
displaying video signals progressively, in a noninteriaced fashion.
Progressive scanning requires that each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields of the interlaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the

‘horizontal scanning frequency must be twice that of the standard

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

The overiay function in a simultaneous picture display
provides timing signais for the -display- to switch from the large
picture to the small picture, and back to the large picture, at the
correct time. Both horizontal and vertical timing of the small
picture overlay are critical to displaying the small picture. The
auxiliary video information is stored in a 6 bit Y, U, V, 8:1:1 video
RAM field memory.  The video RAM holds two fields of video data in a
plurality of memory locations. Each memory location holds eight
bits of data. In each 8-bit location there.is one :6-bit Y (luminance)
sample and 2 other bits. These two other bits hold either fast
switch-data or part of a U or V sample. The fast switch values can

be decoded to indicate which type of field was written into video



- I4- clock gating informati on not del ayed. the UV data will not be
correctly paired when deleted. This is inportant - ; Ao pair
represents one vector-—A-detenent from one vecto 'A“EéT"iﬁ’ i red

with a V elenment from anofbgrzqvect or WlthOUt causjn a'col or STBhifft.

I nstead, a V H evious pair w Ll be e ege'leg cTh 1A Wi th the
current U sanpl
2:1:1, as ther

of WV nultlpFQX|ng S erred ftg as
ance sanples for evefy

RAM, as either an upper (odd) field, a lower (even) field or no picture
(invalid data). The fields occupy spatial positions within the video
RAM having boundaries defined by horizontal and vertical addresses.
The boundary is defined at those addresses by a change in the fast

s switch data from no picture to valid field, and vice versa. These
transitions in fast switch data define the perimeter of the picture
overlay. It will be appreciated that the image aspect ratio of
objects in the overlay can be controlled independently of the format
display ratio of the overlay itself, for example, 4 X 3 or 16 X 9. The

10 position of the overlay on the screen will be determined by the
starting address of the read pointer of the video RAM at the start of
the scanning for each field of the main signal. Since there are two
fields of data stored in the video RAM, and the entire video RAM is
read during the display period, both fields are read during the

15 display scan. The field which is read out of the memory to be
displayed is determined by decoding the fast switch data and setting
the start position of the read pointer of the video RAM.

It might seem logical that if the display, which is locked to

the main video source, were displaying the upper field of the main

20 picture then the portion of the video RAM corresponding to the upper
field of the auxiliary picture would be read out of the video RAM,
converted to analog data, and displayed. This would work well for
about half of all possible phase relations: between the main and
auxiliary video sources. A problem arises because reading the video

2s RAM is always faster than writing the video RAM for compressed
pictures in the picture overlay mode. The read memory pointer may
overtake the write pointer if the same field type were being written
and read at the same time. This would result in a 50% chance of a
motion tear somewhere in the small picture. Accordingly, the PIP

30 circuit always reads the opposite field type that is being written to
overcome the motion tear problem. If the field type being read is
the opposite type than that being displayed, then the even fieid
stored in the video RAM is inverted by deleting- the top line of the

~ field when the field is read out of memory. :
as A further problem arisés in that the ‘auxiliary video component
- data is interpolated, being selectively compressed and exgand_ed,_in a




pair of color conponent (U, V) sanples. The Nyquist frequency for bot h
Uand Vis effectlvely reduced to one half of the | um nance 10 __ Nyqui st

frequency. Acecor drng y, the Nqu| st frequency o m;iiggtcs HERT T\/I—Itzhe

ahal og to digi t,ﬁll Sﬁ&mgmmﬂ{ dthe | uni nance ¢
f the output of B analgg 5% di gi tal
31 P kil cui t
or enhanci ng

wher eas t he Nyqu
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and/ or the gate y al so include neans 15

resolution of the auxiliary data notw thstandin the data conpression.

A nunber of data reduction and data restorat. een
devel oped, including for exanple pai red pi xel conpression and dithering
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Formats In accordance with an inventive arrangement, the picture
overlay maintains a correct size because the fast switch
information is expanded and interpolated togethér with the video
5 component data (Y, U, V), irrespective of how that data is
compressed or expanded. The result is that the small picture
maintains correct interlace without a motion tear.
A picture overiay system according to this inventive
- arrangement assures proper size and placement of picture overiays
10 in simultaneous displays. The system comprises a video memory and
a control circuit for writing and reading information from a video
signal into and out of the video memory, the information relating to
video data and field type. A reading circuit supplies information
from the video memory synchronously with a display for another
15 video signal. An interpolator selectively compresses and expands
the information read from the reading circuit. The field type
information undergoes the compression and expansion together with
the video information. A decoding circuit decodes the field type
information to identify first and second types of fields and an
20 absence of valid video data. A multiplexer combines the video
signals for simultaneous display, operating responsive to the
decoding circuit. The reading circuit can comprise an asynchronous
line memory for the information read from the video memory, having
a write port operable synchronously with the reading of the video
25 memory and a read port operable synchronously wnth the display for
the other video ‘signal.
FIGURES 1(a)-1(i) are useful for explaining different display
formats of a wide screen television.
FIGURE 2 is a block diagram of a wide screen television in
30 accordance with aspects of this_invention and adapted for operation
at 2fy horizontal scanning. -
FIGURES 3 is a block diagram of the wide screen processor
shown in FIGURE 2. : o a
FIGURE 4 is a block diagram showmg further detalls of the
35 wide screen processor shown in FIGURE 3.




20- and different pairéd pirxet—compressions invol) ers

of bits are cont emplsadetas ? number of part Alatd’ ~ttlrleduction
and restoration sc et dcted by the V\BD'err"jP' 340 jin

order to maxim ze mmm& the di spl ayed video|f @r188chsos

particul ar kind of SpHay format. 25 The gate arrjay

i ncl udes interpolators which operate in conj unet+ ' '

menories, which may be inplenmented as FI FO s{356 and 358. The
interpolator and FIFO s are utilized to resanpl € the nmain signal as
desired. An additional interpolator can resanple the auxiliary signal.

Cl ock and synchronizing circuits in 30 the gate array control the data
mani pul ation of bot IF! RaPnisaddblock diagram afythe gictues-in- p«rltucb ng the
conbi nation t hejreeéssott shéwhiiAFIGURE 4.

FIGURE 6 is a block diagram of the gate array shown in

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

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

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

10 FIGURE 6 in more detail.

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

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

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

FIGURE 13 is a combination block and circuit diagram for the

deflection circuit shown in FIGURE 2.

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

20 FIGURE2.

FIGURE 15 is a diagram useful for explaining memory mapping
in the video RAM associated with the picture-in-picture processor..

FIGURE 16 is a block diagram of a circuit for controlling output
switching between main and auxiliary video signals.

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

30 screen televisions according to the inventive arrangements. The
inventive arrangements are in some cases directed to the display
formats themselves, apart from specific underlying circuitry. For
purposes of convenience in illustration and discussion herein, a - .

. conventional display format ratio of width to height for a video

as 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



out put video signal having Y _MX, UM and V_MX cqaperents.—These out put

conponents are converted to anal og form by di gi tRE}'Ié anal: ng?ﬁr
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converters 360, 362 and 364. The anal og form si gngtsdestgnat cli Y 35 U
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signal is generally deemed to be 16 X 9. The inventive
arrangements are not limited by these definitions.

FIGURE 1(a) illustrates a television, direct view or projection,
having a conventional format display ratio of 4 X 3. When a 16 X9
format display ratio picture is transmitted, as a 4 X 3 format
display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X 9 format display
ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X 3 format display.
However, much information will be cropped from the left and/or
right sides. As a further alternative, the letterbox picture can be
expanded vertically but not horizontally, whereby the resuiting
picture will evidence distortion by vertical elongation. None of the
three alternatives is particularly appealing.

FIGURE 1(b) stiows a 16 X9 screen. A 16 X 9 format display
ratio video source would be fully displayed, without cropping and
without distortion. A 16 X 9 format display ratio letterbox
picture, which is itself in a 4 X3 format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to

provide a larger display with sufficient vertical resolution. A wide

screen television in accordance with this invention can display such
a 16 X9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source.

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

FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with'.the same size picture. _
Each display area has an format display ratio of 8 X9, which is of
course different from both 16 X9 and 4 X 3. In order to show a

. 4 X3 format display ratio source in ‘such a display area, without.



Y/ C format by encoder 227 to define a wide format rati o out put si gnal
Y_QUT_EXT/ C_CIJ'I‘“B(‘F*&V&H—&bﬂLe-aL panel jacks. Swipgeh—SV5 selects a

synchroni zi ng ﬁlﬁﬁ@etﬂa t e encoder 227 fromeit B@PL@HEW—Z\T“ %‘gaﬂgtf array,
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horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, i some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
elongation of objects in the picture. The wide screen television
according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.

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

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

FIGURE 1(f) illustrates a display format wherein one large
4 X3 format display ratio picture and three smaller 4 X 3 format
display ratio pictures are displayed simultanecusly. A smaller
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video '
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreclated that the large pucture
on the-one hand, and the three smalil pictures on the other hand can
be switched in position, as shown in FIGURE 1(g).

~ FIGURE 1(h) illustrates - an alternative wherein the 4 X 3

-~ format dispiay ratio. picture. is _centered, and. six. smaller 4 X3 .



Portions of the horizontal synchronizing circuit are shown I n nor e

detail in FIGURE 12. Phase gonparator 228 is papt—ef | | ocked

| oop including | ow pass-fitte+-230, voltage con REPL&ﬂFié)« osfiXH‘T tor 232,
di vi der 234 7and capacitor 2 6 The vol t age cqnrrorTéd osci § | 4t or 232
oper at es at Sﬁ,g-sheet o a ceramc riedorayquiogkheltl ke 238.
The out put of trolted -8scil ljatlor"i's dividediby 32 to
provi de a prop m& cond i nput si gnall—t-e—phase wnp%rator

228. The out put e divider 234 15 is a 1fHREF timng signal .’ The 32fH
REF and 1fH REF tim ng signals are supplied-tv—a divide by 16 counter
400. A 2fH output is supplied. to a pulse width circuit 402.

oper at es synchronou
either side. As in the previously described format, a wide screen

television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame .

5 format. :

FIGURE 1()) 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

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

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

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

20 wide screen processor 30, a 1fy to 2fy converter 40, a defiection
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

25 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

30 and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls
which antenna input is supplied to a first tuner 206 and to a second
tuner 208. The-output of first tuner 206 is an input to a one- ch:p

3s 202, which performs a number of furictions related to tumng.

Presetting d o AGolay i ISEANEE are cisbibydd 1 Vrteal Rlumg ghvi der

~ horizontal and vertical deflection and video controls. The particular. .



phase | ocked | eep—of—the video signals input section. Pulse width 20

circuit 402 assyres that a 2fH—REE signal wll hav}e_an adequat e pul se
width to assure apiren Bépliogy Of the phase conpagsi OF- A& = for
exanple a type %ﬁﬁﬁﬁ%ﬁjﬂ Erms part of a secorgEB é’?ﬁﬂf gﬁEB’E ed | oop
i ncl udi ng | ow pa nd 2fH voltgge confrolled osti| | ator
408. Vol tage controlled oscillTator 408 generates anj| 351JUhtiegsal | 2ff H
timng signal, which is used for driving the br ogr essi vel y |sclanned

di splay. The other input signal to phase ~ cofwpar at or 204—+s~t e 2fH
flyback pulses or a timng signal rel ated reto. The use off the

t
Rsuring hat ODESIRY kA 15 HGusty AeSGaated syrg HAAAC Wl heviaAsaRARChf H
period of the vidgausignajnA4DEO OTwdsweloped in the one-chip and resulting from
the signal. from first tuner 206 is an input to both video switch 200 -
and the TV1 input of wide screen processor 30. Other baseband
s video inputs to video switch 200 are designated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
tape. players, video games and the like. The output of the video
switch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another
10 input to wide screen processor 30.
With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
15 filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
20 implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance
signals is thereafter considered the main signal and is processed
25 along a main signal path. Signal designations including _M or _MN
_refer to the main signal path.” The chrominance signal C_IN is
redirected by- the wide screen processor back ‘to the ane-chip, for
developing color difference -signals U_M and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
30 designation for (B-Y). "The Y_M, U_M, and V_M signals are converted
to digital form in the wide screen processor for further signal
processing. ' '
The second tuner 208, functionally .defined as part of the wide
~ screen processor 30, develops a baseband video signal TV2. A
- 35 - 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 .



the display may exhibit a raster split, for exanple, mhereln hal f of

the video lines_are shifted to the right and haIR,,- TE—yi-de ines are
shifted to the left. ————The defl ection|CireiitHs '

detail in FI GJREhxiﬁleeﬁﬁs | rcuit 500 is provifle

vertical size of , i n accordance W ' anmount  of
verti cal oversca ”, ””’ -10-

implemented as an adaptive line comb fiiter. Switches SW3 and SW4
select between the luminance and chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
external video source, designated Y_EXT and C_EXT respectively. The
5 Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
10  Y_A. Signal designations including _A. _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
arrangement of video signal source switching in the main and
15 auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
formats. , : .
A composite synchronizing signal COMP SYNC, corresponding to
Y_M is provided by the wide screen processor to a sync separator
20 212. The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which
is directed into the wide screen processor 30. The wide screen
processor generates an internal vertical reset output signal INT
25 VERT RST OUT directed to the RGB interface 60. A switch in the RGB
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
30 circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.
The 1f4 to 2f4 converter 40 is responsible for converting-
interlaced video signals to progressively scanned noninterlaced
35 sighals. for example one wherein each horizontal line is displayed
- twice, or an additional set of horizontal lines is generated by
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Il lustrated di agranmat i Ly—a constant current R@]‘ g;g';‘S,Qﬁ
constant quantity of current.| R&MP which charges |a —- et

t he verti cal

necessary for inplenenting different—display formats. As

reset e absenceildf-

capacitor 504. Aqgft st A is.coupled in pafall with t verti cal
ranp capacitor, ar\m \‘ di scharges the gaﬁjyi-t"é’%reapansi ve to

10

15

interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated
line will depend upon the level of movement which is detected
between adjacent fields or frames. The converter circuit 40
operates in conjunction with a video RAM 420. The video RAM may
be used to store one or more fields of a frame, to enable the
progressive display. The converted video data as Y_2fy, U_2fy and
V_2fy signals is supplied to the RGB interface 60.

The RGB interface 60, shown in more detail in FIGURE 14,
enables selection of the converted video data or external RGB video
data for display by the video signals input section. The external RGB
signal is deemed to be a wide format display ratio signal adapted tfor
2fy scanning. The vertical synchronizing component of the main '
signal is supplied to the RGB interface by the wide screen processor
as INT VERT RST OUT, enabling a selected vertical sync (fvm or fvext)
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,

" by generating an internal/external control signal INT_'IEXT. However,

20

25

30

3s

the selection of an external RGB signal input, in- the absence of such
a signal, can result in vertical collapse of the raster, and damage to

. the cathode ray tube or projection tubes. Accordingly, the RGB

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

The wide screen processor 30 comprises a plcture in picture
processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary
video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide

- screen microprocessor (WSP uP) 340. "Microprocessor 340 is -
.'-responswe 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

el SHERTE des a-



any adjustnent, current | RAVP provides the maxi num avail abl e verti cal
size for the raster. This night correspond to the eytent-of vertical

overscan needed to fill the wide screen di spl ay by E@g @m S 3
format displ ay ra1h1sGh®i &ben % as shown in : %he
extent that less v \j size is required
a

current source 508 |abI e anount 2of , cursghwirjﬁﬁfrgm

MP, so that vertic ranp capacitor 504 charges re slowyland to a
smal | er peak value. Variable current source 15 508 is responsive tola
vertical size adjust signal, for exanple in - anatrogform—generated by a
vertical size control circuit. Vertical size adjustnent 500 is '

e o g Bl 4CEbAERlitd! FBrtical BdhKigIRYetodignalnbsNa Bhrel®
evel sandcastle signal. Alternatively, the vertical blanking and
reset signals can be generated as separate signals. A composite
blanking signal is supplied by the video signal input section to the

s RGB interface.

The deflection circuit 50, shown in more detail in FIGURE 13,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface
60 and additional control signals from the wide screen processor.

10 These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
deflection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1fy to 2fy converter 40 and the YUV to RGB
converter 240.

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

The wide screen processor 30 is shown in more detail in
FIGURE 3. The principal components of the wide screen processor

20 are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen.processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which
are in common with both the 1fy and the 2fy chassis, for example

25 the PIP circuit, are shown in FIGURE 4. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 5. The gate array 300 is
shown in more detail in FIGURE 6. A number of the components

_ shown in FIGURE 3, forming parts of the main and auxiliary signal

30 paths, have already been described in detail.

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 also operates in

~ conjunction with the WSP uP 340. - The. WSP uP 340 comprises an

input output IO section 340A-and an analog output section 3408B.

" a5 The IO section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and




back panel adjustment knob. In either event, the vertical

defl ection 20
coil (s) 512 receive(s) driving current of the prope
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Hori zont al deflectlon |s rOV|ded by phase adjust|n@P??g%@1U '§ETET
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shown in nore det GURE 14 . The signal fwhich is to b
ultimately displ ayed mnll be sel ect ed between fheoutput—oft—thke AfH to
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to be a wde contrép"slﬁ%{alg' fop! he Eﬂitbﬁesps " Y50ughl BWE2NTRE FP)seRtion e
E,X;ﬁ;{“;" 30 ?l“é mog'utors tﬁ dEQTcg%%s 6@Tﬁjgnal r?ﬁ ﬂGérmte a?cee \t/zla deo
protect the deflection circuit and cathode ray tube(s). The anaiog
output section 340B provides control signals for vertical size, east-
s west adjust and harizontal phase, through respective interface
circuits 254, 256 and 258.

The gate array 300 is responsible for combining video
information from the main and auxiliary signal paths to implement a
composite wide screen display, for example one of those shown in

10 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 processdr in analog form, and Y U V format, as signals
designated Y_M, U_M and V_M. These main signals are converted

15 from analog to digital form by analog to digital converters 342 and
346, shown in more detail in FIGURE 4.

The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is

20 limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide |. The select line UV_MUX for the analog switch, or muitiplexer-

25 344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
signal to zero at the beginning of each horizontal video line. The

- UV_MUKX line than toggies in state each clock cycle through the
‘horizontal line. Since the line length is an even number of clock

3o cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, O, 1, , without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the

as clock gating information from the interpolator control 349 of main
signal processing path 304 must be similarly delayed. We(e the



I nput section 20 are inputs to an RGB to Y U V converter 610. The
external 2fH conposite synchronizi-ng signal for the REP”em»-f ———si gnal
is an input to external synchronl 2| ng si gnal separ af of- Hadpo i xﬂéﬂ&'ﬁ i on

of- the vertical . éeOHaSZHC is inplementedf by 35 sw it Ch
Sel ection of the h ‘“\‘m‘m ron| zing signal is 3 T L gpgnt dd by

switch 604. Sel ect o signal r34-

clock gating information not delayed, the UV data will not be
correctly paired when deleted. This is important because each UV
pair represents one vector. A U element from one vector cannot be
paired with a V element from another vector without causing a color

s shift. Instead, a V sample from a previous pair will be deleted along
with the current U sample. This method of UV multiplexing is
referred to as 2:1:1, as there are two luminance samples for every
pair of color component (U, V) samples. The Nyquist frequency for
both U and V is effectively reduced to one half of the luminance

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

The PIP circuit and/or the gate array may also include means

15 tor enhancing the resolution of the auxiliary data notwithstanding
the data compression. A number of data reduction and data
restoration schemes have been developed, including for example
paired pixel compression and dithering and dedithering. Moreover,
different dithering sequences invoiving different numbers of bits

20 and different paired pixel compressions invoiving different numbers
of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP uP
340 in order to maximize resolution of the displayed video for each
particular kind of picture display format.

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

30 the gate array control the data manipulation of both the main and
auxiliary signatls, 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 digi_tal to analog
converters- 360, 362 and 364. The analog form signals, designated Y -

3s. 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



[err] i npl enented by switch 606. Each of the swifihe -l 606 and

608 I s responsive to an i:znternal/external control 1 ETby
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a user sel ecti-omm However |f ce USEr I nadvertentlly Js n exq’ernal
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Y/C format by encoder 227 to define a wide format ratio output
signal Y_OQUT_EXT/C_QUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the
gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX. _

5 Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing
signal for the wide screen panel output.

Portions of the horizontal synchromzmg circuit are shown in
more detail in FIGURE 12. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voltage controlled

10 oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator _232-bperates at 32fy, responsive to a ceramic
resonator or the like 238. The output of the voltage controlled
oscillator is divided by 32 to provide a proper frequency second _
input signal to phase comparator 228. The output of the divider 234

15 is a 1f4 REF timing signal. The 32f4 REF and 1f4 REF timing signals
-are supplied to a divide by 16 counter 400. A 2fy output is supplied
to a pulse width circuit 402. Presetting divider 400 by the 1fy REF
signal assures that the divider operates synchronously with the
phase locked loop of the video signals input section. Pulse width

20 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 fiiter 406 and 2fy voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an

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

30 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. -

‘The deflectioni circuit 50 is shown in more detail in FIGURE 13 .

35 A circuit 500 is provnded for ad;ustmg the vertical size of the
' _raster, in accordance with a- desired amount of vertical .overscan



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

serious danage to the cat hode ray tube(s) can result. Accordl ngI y an
external synchronizing detector 602 checks for the pfgssi

external synchronizing signal. In the absence of suc &5‘1@513@1{: THE
switch override control signal s Transnitted to eadh fof SV\ATChL&JHQ 604,
606 and 608, to pr Islalﬂeam Bt the exiBrnal s@ngeyif,. Jthe

si gnal therefromfi S The RGB to YWV conyefter g@é 1996 al s
receives tint and c Hi gnals fromthe -R.340.

A w de screen tel eV|S|on |n a dance with the in iLve 15 ar'r‘?mg ment s

can be inplenented with |IfH horizontal scanning I nst ead—ef-2f H
hori zontal scanpiefgssatyt Wgﬁﬁéﬁl@nﬁn ' Hﬁiérbntsdlgﬂtay fordwéﬂsUSti\é‘t\CV A 1fH
circuit would nq} strated r%nagramlr];'aatlcallyf a Cc%rﬁs?ant current source 502
provides a- constant quantity of current igamp which charges a
vertical ramp capacitor 504. A transistor 506 is coupled in paralilel
5 with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IRamp provides the maximum available
- vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
10 expanded 4 X3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current lapy from Igamp, SO that vertical ramp capacitor 504 charges
more slowly and to a smaller peak value. Variabie current source
15 508 is responsive to a vertical size adjust signal, for example in
analog form, generated by a vertical size control circuit. Vertical
size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or
back panel adjustment knob. In either event, the vertical -deflection
20 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 2fy4 phase locked loop 520
and horizontal output circuit 516.
The RGB interface circuit 60 is shown in more detailed in
25 FIGURE 14. The signal which is to be ultimately displayed will be
~ selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
30 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
as  switch 608. ‘Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
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ach of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a
user selection. However, if a user inadvertently selects an external
RGB source, when no such source is connected or turned on, or if the -
external source drops out, the vertical raster will collapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of such a sigdal. a
switch override control signal is transmitted to each of switches
604, 606 and 608, to prevent selection of the external RGB source if
the signal therefrom is not present. The RGB to YUV converter 610
also receives tint and color control signals from the WSP uP 340.

A wide screen -television in accordance with the inventive
arrangements can be implemented with 1fy horizontal scanning
instead of 2fy horizontal scanning, although such a circuit is not
illustrated. A 1fy circuit would not require the 1f4 to 2f4 converter
and the RGB interface. Accordingly, there would be no provision for
displaying an external wide format display ratio RGB signal at a 2fy
scanning rate. The wide screen processor and picture-in-picturé
processor for a 1fy circuit would be very similar. The gate array
couid be substantially identical, although not all of the inputs and
outputs would be utilized. The various resolution enhancement
schemes described herein can be generally applied without regard to
whether the television operates with 1fy or 2fy scanning.

FIGURE 4 is a block diagram showing further details of the

| wide screen processors 30 shown in FIGURE 3 which would be the

same for both a 1fy and 2fyy chassis. The Y_A, U_A and V_A signals
are an input to the picture in picture processor 320, which can
include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various

~ composite” display formats illustrated in part in FIGURE 1 are

35

generated by the picture-in-picture processor 320, which can

receive resolution p'roqesse_d data signals Y_RP, U_RP and V_RP from

. resolution processing circuit 370.. Resolution--progessing need .not be
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utilized at all times, but during selected display fofr?iS?s“T"‘”‘”Th?——r
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

s fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330. The timing and
control section 328 is' shown in more detail in FIGURE 11.

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

10 Consumer Electronics, Inc. The basic CPIP chip is described more
fully in a publication entitied The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer
Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are possible, the following being illustrative. The

15 basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small' pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
speaking, the audio signal is switched to always correspond to the

20 big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions. A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some paint,
for example the display format shown in FIGURE 1(d), the large and

2s small pictures are in fact the same size.

' In a single picture mode, for example that shown in FIGURES
1(b), 1(e) or 1(f) a user can zoom in on the content of the single
picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in

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

30 enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame

35 repetition rate ¢an be changed from thirty frames per second to zero
frames per second '
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utilized at all times, but during selected display formats. The

pi cture-in-picture processor 320-+s shown in nore detail in Fl GURE 5
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The picture-in-picture processor used in the wide screen
television according to another inventive arrangement differs from
the present configuration of the basic CPIP chip itself as described
above. If the basic CPIP chip were used with a television having a
16 X 9 screen, and without a video speed up circuit, the inset
pictures would exhibit aspect ratio distortion, due to the effective
4/4 times horizontal expansion resulting from scanning across the
wider 16 X 9 screen. Objects in the picture would be horizontally
elongated. If an external speed up circuit were utilized, there would
be no aspect ratio distortion, but the picture would not fill the
entire screen.

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

The picture-in-picture processor 320, according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
asymmetrically compressing the video data in one of a plurality of
display modes. In this mode of operation, the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for stdrage 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 displdy ratio screen, the pictures appear L



328 and a digital-to-anal og converter section 330.f
control section_328 is _shown in nore detail in Fl
pi cture-in-picture processor 320 may be enbodi ed a
vari ation of a babis8heeHaBesnReplated el oped by Thonso

fi';m Ay ikl
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El ectronics, Inc. chip is _dgscribed: fully—+tnia
publication entitl Picture in Pictur (CPI P) Tec@J cal
Trai ni ng Manual, available from Thonson Consuner  t—Eleetrentcs;—TNC.,

I ndi anapolis, Indiana. A nunber of special features or special effects
are possible, the following being illustrative. The 15 basic speci al
effect is a large picture having a snmall picture overlaying a portion

t hereof as shooaréat. FlTBeREicty® fillShthe acoeerarahd theremid Inopiaspeckesatian
result from thifs@MignVi d%e Hs§Rihetrc BhHEEESIdH 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
5§ circuitry. .
FIGURE 11 is a block diagram of the timing and control section
328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a
decimation circuit 328C for implementing the asymmetric

10 compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. [Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a
table of values under the control of the WSP uP 340. The range of

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

20 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-

25 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 puises and will be

30 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 mades, the sample
clock will be locked to incoming video -horizontal sync, which in

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

35 Referring again to FIGURE 4,'Y, U, V and C_SYNC (composite

sync) outputs from the picture-in-picture processor in analiog ipfm _
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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
s 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 far the PIP
based upon operation of the interpolator and FIFQO's in the main

10 signal path.

With further reference to FIGURE 5, the picture-in-picture
processor 320 comprisés 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

15 section 330. In general, the picture-in-picture processor 320

digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsarmpling 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
20 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,

25 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 smail, but
can be troublesome if the auxiliary displayed picture is larger, for
example the same size as the main displayed picture. Resolution

3o processing circuit 370 can selectively implement one or more
schemes for enhancing the quantization resolution or effective
bandwidth of the auxiliary video data. A number of data reduction
and data restoration schemes have been developed, including for
example, paired pixel compression and dithé_ring and dedithering. A

as dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
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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

5 reduction and restoration schemes can be selected by the WSP puP in
order to maximize resolution of the displayed video for each
particular kind of picture display format.

The luminance and color difference signals are stored in an
8:1:1 six-bit Y, U ,V fashion. (n other words, each component is

10 quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
processor 320 is operated in a mode whereby incoming video data is
sampled with a 640fy clock rate- locked to the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the

15 video RAM is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it is read using the
same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampled and
stored, and can be read out orthogonally, it cannot be displayed

20 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.

25 Further processing is required in order to synchronize the
auxiliary channel, that is the output of data from the video RAM 350,
to the main channel. With reference again to FIGURE 4, two four bit
latches 352A and 352B are used to recombine the 8-bit data biocks
from the video RAM 4-bit output-port. The four bit latches also

30 reduce the data clock rate from 1280fy to 640fy.

Generally, the video display and deflection system is
synchronized with the main video signal. The main video signal must
be speeded up; as explained abave, to filt the wide screen dtsplay
The aux_lhary video  signal must be vertically. synchronized with the.

35 first video signal and the video display. The auxiliary video signal

- can be delayed by a fraction of a field.period.in a. field memoary, and.
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then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line
memory device 354 for expanding the signal. The size of FIFO 354 is

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

10 when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO.

The 8-bit DATA_PIP data blocks from vndeo RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture
processor 640fy clock which was used to sample the video data, that

15 is, the 640fy clock which is locked to the auxiliary signal, rather
than the main signal. The FIFO 354 is read using the display clock of
1024fy, which is locked to horizontal synchronizing component of
the main video channel. The use of a multiple line memory (FIFO)
which has independent read and write port clocks enables data which

20 was orthogonally sampled at a first rate to be displayed
orthogonally at a second rate. The asynchronous nature of the read
and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions. '

The main signal path 304, auxiliary signal path 306 and output

25 signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are
supplied to each of the main circuits and paths identified above, as

30 well as to the picture-in-picture processor 320 and resolution
processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate

- array is largely a mattér of convenience for fac:htatlng explanation :
of the inventive arrangements -

s The gate array is responsuble for expandmg compressmg and

. croppmg wdeo data of the mam video channel as and |f necessary
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Exi sting picture-in-picture processors based on tfhe haclr CPljPjchip as
used in conventional televisions are operated inga particul ar fashion
havi ng certain undesirabl e consequences. The 15 ‘Tnicomng—w-dee—isd sanpl ed
with a 640fH clock which is |locked to the hori zontal synchroni zi ng

signal of the {Ba'iﬁp\{éﬂ%%tsg Herent lp?ctalt'e] eérsplay formats. The luminance

component Y_MN is stored in a first in first out (FIFO) line memory
356 for a.length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components

s U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.

10 In some instances, the auxiliary display will be as large as the
main signal display, as shown for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of
data points, or pixeis for filling such a large display area. In those

15 circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a

- 20 dithering circuit and circuit 357 may be a dedithering circuit.
Interpolation of the auxiliary signal can take 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

25 of memory locations. Each memory location holds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). The FSW_DAT values indicate which type of field

30 was written into video RAM, as follows:

FSW_DAT = 0: No Picture;
FSW_DAT = 1: Upper (Odd) Field; and,
~ FSW_DAT = 2: Lower (Even) Field.
The ﬂelds occupy spanal positions within the video RAM havmg
as boundaries defined by horizontal and vertical addresses, as
- suggested by the memory position diagram in FIGURE: 15. "The
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jitter along vertical edges of the pi cture and are generally
consi dered quite objectionable. The picture-in-picture processor
320, according to an i nventive arrangenent and unlike the basic CPIP

chip, is adapteboliodary is defined at those addresses by a change in the fast

switch data from no picture to valid field, and vice versa. These
transitions- in fast switch data define the perimeter of the PIP
insert, which is also referred to as the PIP box or PIP overlay. It

s will be appreciated that the image aspect ratio of objects in the PIP
picture can be controlled independently of the format display ratio
of the PIP box or overlay, for example, 4 X 3 or 16 X 9. The position
of the PIP overlay on the screen will be determined by the starting
address of the read pointer of the video RAM at the start of the

10 scanning for each field of the main signal. Since there are two
fields of data stored in the video RAM 350, and the entire video RAM
350 is read during the display period, both fields are read during the
display scan. The PIP circuit 301 will determine which field will be
read out of the memory to be displayed through the use of the fast

15 switch data and the start position of the read pointer. It might
seem logical that if the display, which is locked to the main video
source, were displaying the upper field of the main picture then the
portion of the video RAM corresponding to the upper field of the
auxiliary picture would be read out of the video RAM, converted to

20 analog data, and displayed.

This would work well for about half of all possible phase
relations between the main and auxiliary video sources. A probiem
arises because reading the video RAM is always faster than writing
the video RAM for compressed pictures in the PIP mode. The read

2s memory pointer may overtake the write pointer if the same field
type were being written and read at the same time. This would
result in a 50% chance of a motion tear somewhere in the small
picture. Accordingly, the PIP circuit always reads the opposite field
type that is being written to overcome the motion tear problem. If

30 the field type being read is the opposite type than that being
displayed, then the even field stored in the video RAM ‘is inverted by
deleting the top line of the field when the field is read out of

- memory. The result is that the small picture maintains correct

interlace without a motion tear. The end result of this field-

35 'synchromzatlon is that CPIP chip provides a signal which is called

' ~PIP. FSW Th:s |s the overlay sngnal whlch the PIP c:rcuu provudes
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di spl ay nodes. node o‘t(pWr ation, the pictures are _ conpr essed
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to an analog switch, which switches between main and auxiliary
channel Y/C (luminance and modulated chrominance video
information) signals.
With reference to FIGURES 4 and 10, the auxiliary video input

s data is sampled at a 640fy rate and stored in video RAM 350. The
auxiliary data is read out of video RAM 350 is designated VRAM_OUT.
The PIP circuit 301 also has the capability of reducing the auxiliary
picture by equal integer factors horizontally and vertically, as well
as asymmetrically. The auxiliary channel data is buffered and

1o synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 368 and
synchronization circuit 371. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field

15 type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit. Here the decision is made as to which field read out
of video RAM is to be displayed. Finally, the auxiliary channel video
component data is selected for output to the display through three

20 output multiplexers 315, 317 and 319, shown in FIGURE 6. Instead
of overlaying the PIP small picture using an analog switch at a
composite or Y/C interface, the WSP pp 340 performs the PIP
overlay digitally.

The auxiliary channel is sampied at 640fy rate while the main

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

30 signal. Therefore, the auxiliary channel must be expanded by the
interpolator to correctly display a 4 X 3 small picture. The amount
of interpolator expansion requured |s 5/6 The expansion factor )_( is

' determmed as follows: '
= (640/1924) ".(4/3).= 5/g .

3s Therefore regardless of how the small picture is reduced by the PIP

processar, the small ‘picture may be. correctly displayed .in 4 x 3
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format on the display by setting the interpolator 359 to perform a
5/g expansion (5 samples in, 6 samples out).

The PIP_FSW data does not provide a good enough method for
interpreting which field of the CPIP VRAM should be displayed
because the PIP video data is horizontally raster mapped to maintain
a correct PIP aspect ratio. Although the PIP small picture would
maintain correct interlace, the PIP overlay region would generally
be the wrong horizontal size. The only case in which the PIP overlay
size would be correct would be for a 5/g expansion using the
interpolator 359 which would result in a 16 x 9 small picture. For
all other interpolator settings, the overlay box would remain 16 x 9

~while the inset picture would vary horizontally. The PIP_FSW signal

lacks information regarding the correct horizontal size of the PIP
overiay. The video RAM data is read prior to the PIP circuit
completing the synchronization algorithm. Thus, the fast switch
data FSW_DAT which is embedded in the video RAM data stream
VRAM_OUT corresponds to the field type written into the video RAM.
The video RAM videa component data (Y, U, V) has been corrected for
motion tear and correct interlace, but the FSW_DAT has not been

. modified.

In accordance with an inventive arrangement the PIP overlay
box is the correct size because the FSW_DAT information is
expanded and interpolated together with the video component data
(Y, U, V). The FSW_DAT contains the correct sizing of the overlay
region, however, it does not indicate which field is the correct fieid
to display. The PIP_FSW and FSW_DAT can be used together to solve
the problem of maintaining interlace integrity and the correct
overlay size. In normal operation, as the CPIP chip might be used in
4 x 3 television receivers, the field placement in the video RAM is
arbitrary. The fields may be aligned vertically, horizontally, or not
aligned at all. in order to make the wide screen processor and the
CPIP chip work compatibly, it is necessary that the PIP field .
locations ' not be stored on the same vertical lines. In other words,
the PIP fields may not be programmed so that the same vertical
addresses are used for both the upper and. lower field types It is

~ convenient from a programming pe_rsp_ectwe to store the PIP fields
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"FIGURE 11 is o g the timng and control sect |9/n//328 of
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conpression factor—from a tabl e of values under the control of the WSP

[err] P 340. The range of 15 val ues can be 1:1, 2:1, 3:1 and so on. The
conpressi on factors, can
in the video RAM 350 in a vertically aligned manner, as shown in

FIGURE 15.
A signal PIP.OVL forces the output control circuit 321 to
display auxiliary data when this signal is active, that is, logically
s HI. A block diagram of a circuit for generating the PIP_OVL signal is
' shown in FIGURE 16. Circuit 680 comprises a J-K flip/flop 682, the
Q output of which is one input to muitiplexer 688. The output of
multiplexer 688 is an input to a D-type flip/flop 684, the Q output
of which is the other input to muitiplexer 688 and one input to AND
10 gate 690. The PIP_FSW and SOL (start of line) signals are the J and
K inputs respectively to flip/flop 682. An exclusive OR gate 686 has
the two fast switch data bits FSW_DATO and FSW_DAT1 signals as
inputs. Values of (1, 0) and (0, 1), which are logically exclusive
inputs, indicate a valid field, even and odd respectively. Values of
1s (0, 0) and (1, 1), which are not logically exclusive, indicate no valid
video data. A transition from either of (0, 1) or (1, 0) to either of
(0, 0) or (1, 1), or vice versa, indicates a boundary transition
defining the PIP box or overlay The output of exclusive OR gate 686
is a second input to AND gate 690. The third input of AND gate 690
20 is the RD_EN_AX signal, the read enable signal for the auxiliary FIFO
354. The output of AND gate 690 is the PIP_OVL signal. Circuit 680
introduces a one line (field line) delay from the time PIP_FSW goes
active to the actual enabling of the overlay region. This is
accounted for in the video data path as the FIFO 354 also introduces
25 a one field line delay in the PIP video data being displayed.
Therefore, the PIP overlay is overlaid perfectly with the video data,
although it will be one field line later than programmed through PIP
circuit. The RD_EN_AX signal allows the PIP to be overlaid only
when valid auxiliary FIFO data has been read out of the FIFO 354.
30 This is necessary because FIFO data may be held after reading has
ended. This may cause the PIP overlay logic to determine that the
PIP overlay is active outside of valid PIP data. Enabling the PIP
- overlay with RD_EN_AX assures that PIP data is valid. In accordance
with the inventive arrangements, the overlay or box for the small
35 picture auxiliary video is correctly placed and sized regardless of
how the auxiliary video has been expanded.. comipressed. or
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sync present irfterpolated. vi This wogkel fori sypall picture video sources which are
from 4 x 3 formats, 16 x 9 formats and many other formats as well.

The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the

s 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 FIFO's 354, 356 and 358. The muitiplexers

10 315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output multiplexer control circuit 321 is responsive to
the clock signal CLK, the start of line signal SOL, the H_COUNT

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

15 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

20 gate array and the data reduction circuit are controlled by WSP uP,
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP uP 340 communicates with the different

25 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 dispiayed
picture. In the other case, the video can be expanded to perform
honzontal zooming operations usually accompanied by vertical

30 zooming. Horizontal zoom operations up to 33% can be accompllshed
by reducing compressions to less than 4/3. A sample interpolator is
used to recaiculate the incoming video to a new pixel positions

" because the luminance video bandwidth, up to 5.5 MHz for S-VHS
format, occupies a large percentage of the Nyquist fold over
"3s  frequency, which is 8 MHz for a 1024fy clock.



section will have many discontinuities because the signals sanpled __
(different channel s) will have non-related sync pul ses a 1’”55/30

switched at see 1 ts in tine. There‘rorethe Repl e
Wock) i s determ nedT@shbdh‘\\B““ @ﬁ

cl ock (and read/jn

runni ng oscill atlorf”"F6r freeze and zoom nodes, the sa Wil |
be | ocked to indoni ngqviuled@dorijzontal syngy. V\/m ch |n ci al
cases is the sane jas the display ¢l ock frequency. 35 ‘Referring again
to FIGURE 4, Y, U “and—€-SYNC (donposite sync) outputs fromthe

~ picture-in-picture processor in _analog from

As shown in FIGURE 6, the luminance data Y_MN is routed
through an interpolatqr 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

5 selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and

- the interpolator 337. In particular, these switches select whether

the interpolator 337 precedes the FIFO 356, as required for
compression, or whether the FIFO 356 precedes the interpolator 337,

10 as required for expansion. The switches 323 and 331 are responsive
to a route control circuit 335, which is itself responsive to the WSP
uP 340. It will be remembered that during small picture modes the
auxiliary video signal is compressed for storage in the video RAM
350, and only expansion is necessary for practical purposes.

1s Accordingly, no comparable switching is required in the auxiliary
signal path.

The main signal path is shown in more detail in FIGURE 8. The
switch 323 is implemented by two multiplexers 325 and 327.
Switch 331 is implemented by multiplexer 333. The three

20 multiplexers are responsive to the route control circuit 335, which
is itself responsive to the WSP uP 340. A horizontal
timing/synchronization circuit 339 generates timing signals
controlling the writing and reading of the FIFOs, as well as latches
347 and 351, and multiplexer 353. The clock signal CLK and start of

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

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

30 (C) and clock gating information CGY for the luminance and CGUV for
the color components. It is the clock gating information which
pauses {decimates) or repeats the FIFO data to allow samples not to
be written on some clocks for effecting compression or some
samples to be read multlple times for expansion.

s It is possible to perform video compressions and expansions
through the use of a FIFO. For example, a WR_EN_MN_Y signal
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whi ch

can be re-encoded into Y/ C conponents by encode circuit 366,

operates in conjunction with a 3.58 MHz oscillator 380. This
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enables data to be written into the FIFO 356. Every fourth sample
can be inhibited from being written into the FIFO. This constitutes a
4/3 compression. It is the function of the interpoiator 337 to
recalculate the luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable signal
has clock gating information attached to it in the form of inhibit
pulses. For expanding data, the clock gating information is applied
to the read enable signal. This will pause the data as it is being
read from the FIFO 356. In this case it is the function of the
interpolator 337, which follows the FIFO 356 during this process, to
recalculate the sampled data from jagged to smooth. In the
expansion case the data must pause while being read from the FIFO
356 and while being clocked into the interpolator 337. This is
different from the compfession 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 @ synchronous manner, that is, events can occur based on the
rising edges of the system clock 1024fy.

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

were not used, the double clocking situation can be avoided only by

using two FIFO's to accomplish the _functionality of both. ..



¥/ C PIP ENC signal may be connected to a Y/ C switch, not- shown, = which
enabl es the re-encoded Y/ C corrponents to be substltut ed for 5 the Y/C

conponents of thejpg \gnaf LG this point on, the PIP encoded Y,
‘U, V and sync si gftalss. I‘\m( i‘i J3&t basi s for hOI’I-Z~6ﬂ{—a-|—— ——and—verttcal
timng in the resf pf the chassi Thi s node of ratlon I S

appropriate for ihpl efehiilhg9es z 0 mode Fr the PITI!‘Jls
operation of the | nterpolator and FIFO s in the main

Wth further referente tTo Fl S}L t he pi cture-i=n-p MSSW

320 conprises analag.to digital converting section 322, i nput section
324. fast switch FSWand bus contrOI section 326, ti m ng and control

section 328 and digital tqQ anal o rB/ rt# Eg
: compression and expans ne Fi for expansions would need to

be placed in front of the mterpolator and one FIFO for compressions
would need to be placed after the interpolator.

The wide screen processor also has the capability to control

s the vertical deflection to perform a vertical zoom function. The
topology of the wide screen processor is such that both auxiliary and
main channel horizontal raster mapping (interpolation) functions are
independent of each other and independent of vertical zoom (which
manipulates the vertical deflection). Because of this topology, the

10 main channel may be expanded both horizontally and vertically to
maintain a correct aspect ratio main channel zoom. However, unless
-the auxiliary channel interpolator settings are changed, the PIP
(small picture) will zoom vertically but not horizontally. Therefore,
the auxiliary channel interpolator can be made to perform larger

15 expansions to maintain a correct image aspect ratio of the PIP small
picture as the vertical is expanded.

A good example of this process occurs when the main channel
is displaying 16 x 9 letterbox material. The main horizontal raster
mapping is set to 1:1 (no expansion, no compression). The vertical is

20 2zoomed 33% (that is, expanded by 4/3) to eliminate the black bars
associated with letterbox source material. The ‘main channel image
aspect ratio is now correct. The auxiliary channel nominal setting,
for 4 x 3 source material with no vertical zoom, is 5/6. A different
value for the expansion factor X is determined as follows:

2s X = (S/g) * (3/4) = S/g
When the auxiliary channel interpolator 359 is set for S/g, the
correct small picture image aspect ratio is maintained and the
objects inside the PIP appear without aspect ratio distortion.

-The interpolators for the luminance components of the main

3o and auxiliary signals may be skew correction filters. A four point
interpolator as described therein, for example, comprises a two
point linear interpolator and an associated filter and muitiplier
connected in cascade to br‘ovide amplitude  and phase compensation.

In total, four adjacent data samples are used to calculate each

3s interpolated point. The input signal is applied to the two-point

linear_ inte_rpo!__at'_or_.', ‘The_delay imparted to the input is proportional - .




5 section 330. =Lt N€ picture-in-picture processor 320

digitizes the vi
signal s (U, V),

T m nance (Y) and col or difference
'forlng the results inal negablt

vi deo RAM 350 a$ @gd@abov‘g ; The vi deo RAM 350 ﬁmg&tﬁ;s@m Wyt h the
pi cture-in-pictgr prot P56 32; J‘uas a nenory capacit b| t,
which is not lafg to stiorie a ful L3f3eld of VI Hm !ﬂ

8-bit sanpl es. Lﬂgé;gged menory gapacity tends to be and can
require nore conp t gircuitry. The smal | er nurrber of bits
per sanple in the auxiliary channel. represents a reduction in
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resolution, or bandwidth, 25 relative to the main signal
gozﬁﬁ% \{Vﬁlﬁtﬁg tgr ﬁoc%el %qtgplasugnap(l%ughlohe anI:?I:thJdgf;nedc tp:h\éese
errors of the delayed signal are minimized by the application of a
correction ‘signal obtained by an additional filter and multiplier
connected in cascade. This correction signal provides peaking which
equalizes the frequency response of the two point linear
interpolation filter for all values of (K). The original four point

- interpolator is optimized for use with signals having a pass band of

10
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ts/q, where fs is the data sample rate.

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

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



probl em when the auxi I | ary d| spl ayed picture is relatively small, but
~gi spl ayed picture is larger, for
| ayed picture. Resolution 30

T

I npl ement one or more——_schenes
f or enhanci ng the ; ytion or eff &his 3heg g, bandW| dth of
the auxiliary vide§ 0? dat-88 4 educti
restoration sch_e'me' =Heen. el q ed, includin ﬂ w![ X e, paired
~ pi xel conpressi on. &nd dltherlng and j edltherlng ng circuit
woul d be operatiively di spo eam of the vi deo RAM 350, for

example in the auxiliary signal path of the gate

between the main and auxiliary channels is a function of the
particular special effect chosen.
Generation of different special etfects such as cropped side-
by-side pictures are accomplished through manipulating the read and
s write enable control signals for the line memory FIFOs. The process
for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pictures, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)"(5/12) = 5/12 or approximately 41% of the display
10 active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by S/g.
In the main video channel, shown in the upper part of FIGURE 8, the
1s  write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)°(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
by the 910 x 8 FIFOs.
20 In each of the FIFOs, the video data is buffered to be read out
- at a particular point in time. The active region of time where the
data may be read out from each FIFQ is determined by the display
format chosen. In the example of the side-by-side cropped mode
shown, the main channel video is being displayed on the left hand
25 half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
channel 910 x 8 FIFOs is active for 50% of the display active line
30 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 faﬂing ‘edge of the
- RD_EN_MN signal and ending with the beginning of the main channel
35 video front porch. It may be noted that write enable control signals
.~ are synchronous with their respective FIFO input data (main or .



A -22- array, as explained in
nore detail bel ow. Moreover, different

)

S

auxiliary) while the read enable control signals are synchronous
with the main channel video. _ |
The-display format shown in FIGURE 1(d) is particularly
desirable as it enables two nearly full field pictures to displayed in
s a side by side format. The display is particularly effective and
appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X 3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
10 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
1s may be presented as 16.7 % squeezed and 16.7% cropped.
' The horizontal display time for a 16 X 9 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
20 correct aspect ratio, without distortion. The 4/3 factor is
calculated as ratio of the two display formats:
413 = (16/9) / (4/3) .
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs -
25 having different clock rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC
4 X3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or
cropped, or some combination thereof, by 50%. A speed up
30 comparable to that needed for a wide screen application is
unnecessary.
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di thering and dedithering sequences involving different nunbers of bits
and different paired pixel conpressions involving different nunber of
bits are contenpl ated. One of a nunber of particular data 5 reduction and
restoration schenes can be selected by the WoP [err]P in order to
maxi m ze resolution of the displayed video for each particul ar kind of

pi cture display fornat. The | um naB@s and col.or difference
signals are stored in an 8:1:1 six-bit Y. U,V fasH?Bﬁ“Tﬁ*e%heL\mngi
each conmponent is 10 quantized into six-bit sanples. ei
| um nance sanpl es for every pair of color d|fferenc Wl@j ”ﬂ#
pi cture-in-picture processor 320 is operated in a node an
video data is t 640f H cl ock rate |ocked to the incoh
vi deo dat WREH Shikldd" i€
1. A display system, comprising:
a video memory;
means for writing and reading information from a video signal
into and out of said video memory, said information relating to video
data and field type;
means for supplying said mformatnon from said video memory
synchronously with a display means for another video signal;
an interpolator for selectively compressing and expanding said .
information read from said line memory, said field type information
undergoing said compression and expansion together with said video
information;
~ means for decoding said field type information to identify
first and second types of fieids and an absence of valid video data:
means for muitiplexing said video signals for simultaneous
display, operable responsive to said decoding means.

2. The system of claim 1, wherein said supplying means
comprises a line memory for said information read from said video
memory, having a write port operable synchronously with said
reading of said video memory and a read port operable synchronously
with a display means for another video signal. '

3. The system of claim 2, wherein said Iiﬁe memory is
asynchronous.
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vi deo synchroni zing signal instead. In this node, data stored in the 15
video RAMis orthogonally sanpled. Wien the data is read out of the

picture-in-picture processor video RAM 350, it is read using the same
640f H cl ock | ocked to the incom ng auxiliary video signal. However,
even though this data was orthogonally sanpl ed and stored, and can be
read out orthogonally, it cannot be displayed 20 orthogonally directly
fromthe video RAM 350, due to the asynchronous nature of the nmain and
auxi liary video sources. The main and auxiliary video sources m ght be
expected to be " synchronous only Lgg7that instance where they are

di spl ayi ng signals fromthe sane video source. 25 Furt her

processing is required in order to synchronize the
PICTURE OVERLAY SYSTEM FOR TELEVISION
Abstract

A picture overlay system assures proper size and placement
of picture overlays in simultaneous picture displays. The system
comprises a video memory (350, 356, 358) and a control circuit
(300) for writing'and reading information from a video signal
into and out of the video memory, the information relating to
video data and field type. A reading circuit (680) supplies
information from the video memory synchronously with a display
for another video signal. An interpolator (337) selectively
compresses and expands the information read from the reading
circuit. The field type information undergoes the compression
and ‘expansion together with the video information. A decoding
circuit (310) decodes the field type information to identify
first and second types of fields and an absence of valid video
data. A multiplexer (312) combines the video signals for
simultaneous display, operating responsive to the decoding
circuit. The reading circuit can comprise an asynchronous line
memory fof the information read from the video memory, having
a write port operable synchronously with the reading of the video

memory and a read port operable synchronously with the display
for the other video signal.

Figure 6 | _ T
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data with nmain video data is accorrpllshed by utilizing the
350 as a field nmenory and a first in first out (FIFO 1line
devi ce 354 for expanding the signal. The size of FIFO 354 is|.s
The size of FIFOis related to the mnimum|line storage
t hought to be reasonably necessary to avoid read/wite
collisions. Read/wite pointer collisiohsléccur when old
out of the FIFO before new data has an opportunity to be witten into
the FIFO Read/wite pointer collisions al so o§cur’— 10 when new da
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witten into 2048 x 8 FIFO 354 with the sane picture-in-picture
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25 si gnal :path 312 of..L array 300 are shown in block diagram

formin FE 6 _.The?-;‘-'. }éﬂ' ay al so conprises a cl ocks/sync circuit
320 and a: err] P deco 0. Data and address out put lines of the
WEP [err] P dgcbder §hg-n §§en iYied as WEP DATA, are suppl i edtoeach
of the nmiin HtC% g athslidentified above, as 30 wett as to t g \aced _
pi ct ure-in-pi cﬁurve £ 320 and resol ution processg

370. It will jbe appremated that whetfét4or not cert

or are not, d “Ppart of the gate array |sm

“matter of convenience for faciligating EXQ| anation I nventive
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conpressi ng and

arrangenent s. The Sat Q:,‘arrag
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to inplenent different picture display formats. The | uni nance conponent
Y

" MN is stored in a first in first out (FIFO I|ine nenory 356 for a

|.ength of time depending on the nature of the interpolation of the
| um nance conponent. The conbi ned chrom nance conponents 5 U VM are stored
in FI FO 358. Auxiliary signal |um nance and chrom nance conponents
Y PIP U PIP and VPIP are devel oped by denul ti pl exer 355, —The tunrnance—
conponent under goes resol ution proressi ng, as desiredpiddedtishHibd r RLed
and i s expanded as necessary by interpol ator 359, gene e
YAUX as an out put.. 10 In sone instances, the auxili Hl'wammlﬂ .
be as large as the mai n signal display, as shown for e RE
1(d). The :
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menory limtations associated with the picture-in-picture ~ processor and

vi deo RAM 350 can provide an insufficient nunber of data points, or
pi xels for filling such a |arge display area. In those IS‘*eﬁpeua&Lgpces
resol ution processing circuit 357 can be used to res |xels to the
auxiliary video signal to replace those 1ost during enab
or reduction. The resol ution proceSS|ng may correspon
resol uti on processing -undertaken by ci®/ddi t 370 shown
an exanple, circuit 370 may be a 20 dithering circuit. and CIrCUIt
be a dedithering circuit. I nterpol ation of the auxiliary 5|gna
can take place in the auxiliary signal path 306. The PIP circuit 301
mani pul ates a 6 bit Y. U V. 8:1:1 field nenory, video RAM 350, to
store incom ng ¥@yleo A <
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data. The video RAM 350 holds two fields of video data in a plurality 25 of
menory |ocations. Each menory |ocation, holds eight bits of data. I n
each 8-bit location there is one 6-bit Y (lum nance) sanple ___ (sanpled
at " 640 H and 2 other bits. These two other bits hold elther fast

switch data (FSWDAT) or part of a U or V sanple - (sarﬂ? as laced
The FSW DAT val ues indicate which type of field 30 was WI’I

RAM as foll ows: FSW DAT = 0%/M$ Picture;

Upper (Odd) Field; and FSW DAT = 2: Lower (Even) Fi eI

‘The fields occupy spatial positions withi nthe video;RAM havi ng 35
boundari es defined by horizontal and vertigal ad@r es@s as
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sf_jggested by the nenory position diagramin FI GURE 15. The
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bohndary I's defined at those addresses by a change. in the fast swi tch

data fromno picture to valid field, and vice versa. These transitions
in-fast switch data define the perineter of the PIP insert, which is
also referred to as the PIP box or PIP overlay. It 5 wll be appreciated
that the inage aspect ratio of objects in the PIP pi cture can be
control |l ed i ndependently of the formt disglay ratio of the PIP box or
overlay, for exanple, 4 X 3 or 16 X 9. ¥héldosition of the PIP overlay
on the screen will be determ ned by the starting address of —the—read

pointer of the video RAM at the start of the 10 scanning fegsgach field of
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flelds 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 determ ne which field will be
read out of the nenory to be displayed through the use of the fast 15

switch data and the start position of the read pointer. 1t mght seem
| ogical that if the display, which is | ocked to the main video source
wer e di splaying the upper field of the main picture then 'lfhhéheetHa
the video RAM corresponding to the upper field of the
woul d be read out of the video RAM ¥erted to 20 analog
di spl ayed. Thi s woul d wor k for about half - of pos
phase rel ati ons between the main and auxiliary video sources A problem
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ari ses because reading the video RAMis always faster than witing t he
vl deo RAM for conpressed pictures in the PIP node. The read 25 nenory

poi nter may overtake the wite pointer if the sanme field type were
being witten and read at the sane tine. This woul d result in a 50%
chance of a notion tear sonewhere in the small pi cture. Accordingly,
the PIP circuit always reads the opposite field type that is being
written to overcome the notion tear pRddldm If 30 the field type being
read is the opposite type than that being . displayed, then the even
field stored in the videou_l s inverted by deleting the top line of
the field when the field i:sgg ad out of menory. The result is that the
smal | picture mai n&ai ns c& gegt interlace without a notion tear. The
end result of thiszjiekem
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35'§;nchronization is that CPIP chip provides a signal which is called
PEPFSW This is the overlay signal which the PIP circuit provides
-26-

e —————
—

i

({e)
Tou
S )
© I-L
B e o =]
w0
-¢ 4 2
>
— 0@ = (7
Gag| (ugS .
282 |38
~ | = S
o
L. N
©
(co
‘lt_: (e ] 1o
[ ]
S .
lL /[ x
~ =4
3

PIP_FSW —

g
(an
&
w

RD_EN_AX
FSW_DATO




Lo L _ _ : . Uois7 -0
t'o an—+anal og switch, which switches between main and auxiliary

channel
Y/ C (1 um nance and nodul at ed chrom nance vi deo i nformation) signals.

X ",;j"the auxi-l-iary-wvi-dee-{nput 5 data is
n deo RAM 350 ‘The auxiliary data
The PIP circuit 301
l;ﬁi)l cture by equal
: - as asynmetrically.

':' 13]3}11

PICTURE OVERLAY SYSTEM FOR TELEVISION
The invention relates to the field of televisions, for example
those televisions having a wide display format ratio screen, which
must interpolate video data’to implement various display formats.
Most televisions today have a format display ratio, horizontal width
to vertical height, of 4:3. A wide format display 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.

10

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

Televisions with a wide display format ratio are also suited to
a wide variety of displays for both conventional and wide display
format signals, as well as combinations thereof in multiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing signais from
asynchronous but simultaneously displayed sources, switching
between multiple sources to generate multiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. Such problems are solved in a
wide screen television accordmg to this invention. A wide screen
television according to various inventive arrangements is. capable of ..
providing high resolution, single: and multlpie picture displays. from
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10 syhchronized to the main channel digital video by the 4 bit |atches
352A and 352B, the auxiliary FIFO 354, timng grtcuit 5b§$aﬂgmaf
synchroni zation circuit 371. The VRAM OUT dat a}®i&'istr AN
(lum nance), U, V (color conmponents), and FSW DA
demul ti pl exer 355. The FSWDAT i ndicates which fi &l dj3HARWEE wasiwitten
into the video RAM The PI P_FSW si gnal ise- e¢eived directly tromthe

PIP circuit and applied to the output cont lof—eircart—Fere {he
decision is nade as to which field read out of vi deo RAM.I 0 be

di spl ayed. Finally, the auxiliary channel video conponent data is
sel ected for output to the display through three 20 output multipl exers

315, 317 and gikgle sémnniuwﬁbgéaﬁr&hs IHEiRG Isimilar o QifI-bAY tBAmLPe PI P
small picture 4ad9afg ¥ Osqelgt\?fat_b?e dispfay format ratios.
Televisions with a wide display format ratio can be
implemented in television systems displaying video signals both at
s basic or standard horizontal scanning rates and multiples thereof, as
well as by both interlaced .and noninterlaced scanning. Standard
NTSC video signals, for example, are displayed by interiacing the
successive fields of each video frame, each field being generated by
a raster scanning operation at a basic or standard horizontal
10 scanning rate of approximately 15,734 Hz. The basic scanning rate
for video signals is variously referred to as fn, 1fn, and 1H. The
actual frequency of a 1fy signal will vary according to different
video standards. In accordance with efforts to improve the picture
_ quality of television apparatus, systems have been developed for
1s displaying video signals progressively, in a noninterlaced fashion.
Progressive scanning requires that each displayed frame must be
scanned in the same time period allotted for scanning one of the two
fields of the interlaced format. Flicker free AA-BB displays require
that each field be scanned twice, consecutively. In each case, the
20 horizontal scanning frequency must be twice that of the standard
horizontal frequency. The scanning rate for such progressively
scanned or flicker free displays is variously referred to as 2fy and
2H. A 2fy scanning frequency according to standards in the United
States, for example, is -approximately 31,468 Hz.
2s The overlay function in a simultaneous picture display
provides timing signals for the display to switch from the large
picture to the small picture, and back to the large picture, at the
correct time. Both horizontal and vertical timing of the small
picture overlay are critical to displaying the small picture. The
. 30 auxiliary video information is stored in a 6 bit Y, U, V, 8:1:1 video
RAM field memory.  The video RAM holds two fields of video data in a
plurality of memory locations. Each memory iocation holds eight
bits of data. In each 8-bit location there is one.6-bit Y (luminance)
sample and 2 other bits. These two other bits hold either fast
as switch data or part of a U or V sample. The fast switch values can
be decoded to indicate which type of field was written into video

r(Fast switch data) by



conposi'te or Y Cinterface, the WoP [err]p 340 perforns the Pl P

overlay digitally. The auxiliary chann

while the main 25 channel is sanpled at a 1024f HiREie

channel FI FO 354 (2048 x 8) converts the dajary

channel sanple rate to the main channel clog¢kir $

t he vi deo signal under goes an 8/5 (1@24/640) ﬁ% essi on.

than the 4/3 conpressi on necessary to corredtl a xiliary
channel 30 signal. Therefore, the auxiliary channel nust nggégggded by

t he i nterpolator to correctly display a 4 X icture. The
anount of interpolator expansion required is 5/6 The expansion factor
Xis detRAM,N&¢ éithdroah Q¥Sper (odd) field, a lower (even) field or no picture

(invalid data). The fields occupy spatial positions within the video
RAM having boundaries defined by horizontal and vertical addresses.
The boundary is defined at those addresses by a change in the fast

5 switch data from no picture 'to valid field, and vice versa. These
transitions in fast switch data define the perimeter of the picture
overlay. It will be appreciated that the image aspect ratio of
objects in the overlay can be controlled independently of the format
display ratio of the overlay itself, for example, 4 X 3 or 16 X 8. The

10 position of the overlay on the screen will be determined by the
starting address of the read pointer of the video RAM at the start of
the scanning for each field of the main signal. Since there are two
fields of data stored in the video RAM, and the entire video RAM is
read during the display period, both fields are read during the

15 display scan. The field which is read out of the memory to be
displayed is determined by decoding the fast switch data and setting
the start position of the read -pointer of the video RAM.

It might seem logical that if the display, which is locked to

the main video source, were displaying the upper fieid of the main

20 picture then the portion of the video RAM corresponding to the upper
field of the auxiliary picture would be read out of the video RAM,
converted to analog data, and displayed. This would work well for
about half of all pbssible phase relations between the main and
auxiliary video sources. A problem arises because reading the video

2s RAM is always faster than writing the video RAM for compressed
pictures in the picture overlay mode. The read memory pointer may
overtake the write pointer if the same field type were being written
and read at the same time. This would result in a 50% chance of a
motion tear somewhere in the small picture. Accordingly, the PIP

30 circuit always reads the opposite field type that is being written to
overcome the motion tear problem. If the field type being read is
the opposite type than that being displayed, then the even field
stored in the video RAM is inverted by deleting the top line of the
field when the field is read out of memory.

s A further problem arises in that the auxiliary video component
data is interpolated, being selectively compressed and expanded, in a



X = (640/1024) [err] (4/3) = 5/6 35 Therefore, regardl ess of how the snall

picture is reduced by the PIP processor, the Bt }9& EW be
correctly displayed in 4 x 3 R_{*;ﬁg\ﬁmhﬁ% 1hh
-27-
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plurality of different ratios, as required by different display
formats. In accordance with an inventive arrangement, the picture
overlay maintains a correct size because the fast switch
information is expanded and:interpolated together with the video
s component data (Y. U, V), irrespective of how that data is
compressed or expanded. The result is that the small picture
maintains correct interlace without a motion tear.
A picture overlay system according to this inventive
arrangement assures proper size and placement of picture overlays
10 in simultaneous displays. The system comprises a video memory.and
- a control circuit for writing and reading information from a video
signal into and out of the video memory, the information relating to
video data and field type. A reading circuit supplies information
from the video memory synchronously with a display for another
15 video signal. An interpqlatdr selectively compresses and expands
the information read from the reading circuit. The field type
information undergoes the compression and expansion together with
the video information. A decoding circuit decodes the field type
information to identify first and second types of fields and an
20 absence of valid video data. A multiplexer combines the video
signals for simuitaneous display, operating responsive to the
decoding circuit. The reading circuit can comprise an asynchronous
line memory for the information read from the video memory, having
a write port operable synchronously with the reading of the video
2s memory and a read port operable synchronously with the display for
the other video signal.
FIGURES 1(a)-1(i) are useful for explaining different display
formats of a wide screen television.
FIGURE 2 is a block diagram of a wide screen television in
30 accordance with aspects of this invention and adapted for operation
at 2f4 horizontal scanning.
FIGURES 3 is a block diagram of the wide screen processor
shown in FIGURE 2.
FIGURE 4 is a block diagram showing further details of the
3s wide screen processor shown in FIGURE 3.



format on the display by setting the interpolator 359 to perforn1 5/ 6
expansi on (5 sanples in, 6 sanples out). oes not
provi de a good enough net hod for i nterpreting -CPIP
VRAM shoul d be di splayed 5 because the PIP video “ﬂ“’ horlzon ally
raster mapped to maintain a correct QIP aspect rat“% $%ugh tthe PIP
smal | picture woul d mai ntai n correctinterl ace he Pl P overl regi on
woul d general ly be the wrong horizontal size. Y&ich
the PIP overl ay
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FIGURE 5 is a block diagram of the picture-in-picture
processor shown in FIGURE 4. |

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

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

FIGURE 9 is a block d|agram showing the main signal path of
FIGURE 6 in more detail.

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

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

FIGURE 12 is a block diagram of a circuit for generating the

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

FIGURE 13 is a combination block and circuit diagram for the

"deflection circuit shown in FIGURE 2.

FIGURE 14 is a block dlagram of the RGB interface shown in
FIGURE 2.

FIGURE 15 is a diagram useful for explaining memory mapping
in the video RAM associated with the picture-in-picture processor.

FIGURE 16 is a block diagram of a circuit for controlling output
switching between main and auxiliary video signals.

The various parts of FIGURE 1 illustrate some, but not all of
the various combinations of single and multiple picture display
formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to ‘
facilitate the description of particular circuits comprising wide
screen televisions according to the inventive arrangements. The
inventive arrangements are in some cases directed to the display
formats themselves, apart from specific underlying circuitry. For
purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or



I nterpol ator 359 which would result in a 16 x 9
ot her interpolator settings, the overlay box woul
~the inset picture would vary horizontally. The P

i nformati on regarding the correct horizontal sizejo

synchroni zation algorithm Thus, the fast switch

embedded in the video RAM data stream VRAMOUT lcor 0 e field
type witten into the video RAM The vi deo RAM vi deo conponent data (Y,
U V) has been corrected for notion tear and correct interlace, but the-

FSWDAT has ngh BP deherdf/'ddeted to be 16 X 9. The inventive

arrangements are not limited by these definitions.

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

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

s format display ratio picture is transmitted, as a 4 X3 format
display ratio signal, black bars appear at the top and at the bottom.
This is commonly referred to as letterbox format. In this instance,
the viewed picture is rather small with respect to the entire
available display area. Alternatively, the 16 X 9 format dispiay

10 ratio source is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X 3 format display.
However, much information will be cropped from the left and/or
right sides. As a further alternative, the letterbox picture can be
expanded vertically but not horizontally, whereby the resuiting

15 picture will evidence distortion by vertical elongation. None of the
three alternatives is particularly appealing.

FIGURE 1(b) shiows a 16 X9 screen. A 16 X 9 format display
ratio video source would be fully displayed, without cropping and

~ without distortion. A 16 X9 format display ratio letterbox
20 picture, which is itself in a 4 X3 format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to
provide a larger display with sufficient vertical resciution. A wide
screen television in accordance with this invention can display such
a 16 X9 format display ratio signal whether the main source, the
25 auxiliary source or an external RGB source.

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

30 16 X 9 format display ratio. The inset picture can be displayed in
: many different positions.

FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with’ the same size picture.
Each display area has an format display ratio of 8 X9, which is of

3s 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



| h accordance with an inventive arrangenment, the PIP overlay box is the

correct size because the FSWDAT information is exp

i nterpol ated together with the video. component data R Al - )
FSW DAT contains the correct sizing of the overlay 25 rUrf' however jt
does not indicate which field is the correct field 97 The ¢
Pl P_FSW and FSWDAT can be used together ip.sol ve tih prob em of

mai ntaining interlace integrity and the correct over

normal operation, as the CPIP chip mght be used in
receivers, the field placenent in the video RAMis 30 y.
fields may be aligned vertically, horizontally, or not aligned at all.

corpat 1 bl y. oreonil Bt edicl HsBriSh, B alghal Must be cropped oh the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing resuits in vertical
5 elongation of objects in the picture. The wide screen television
according to this invention can provide any mix of cropping and
aspect ratio distortion from maximum cropping with no aspect ratio
distortion to no cropping with maximum aspect ratio distortion.
Data sampling limitations in the auxiliary video signal
10 processing path complicate the generation of a high resolution
picture which is as large in size as the display from the main video
signal Various methods can be developed for overcoming these
complications.
FIGURE 1(e) is a display format wherein a 4 X 3 format
15 display ratio picture is displayed in the center of a 16 X9 format
display ratio screen. Dark bars are evident on the right and left
sides. '
FIGURE 1(f) illustrates a display format wherein one large
4 X3 format display ratio picture and three smaller 4 X 3 format
20 display ratio pictures are displayed: simuitaneously. A smaller
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PI!P or picture-in-picture are
used herein for both display formats. In those circumstances where
25 the wide screen television is provided with two tuners, either bath
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
30 appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
3s FIGURE 1(h) illustrates an alternative wherein the 4 X 3
format display ratio picture is centered, and six smaller 4 X 3
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format display ratio pictures are displayed in vertical columns on
either side. As in the previously described format, a wide screen
television provided with two tuners can provide two moving
pictures. The remaining eleven pictures will be in freeze frame
format.

FIGURE 1(i) shows a display format having a grid of twelve
4 X3 format display ratio pictures. Such a display format is
particularly appropriate for a channel selection guide, wherein each
picture is at least a freeze frame from a different channel. As
before, the number of moving pictures will depend upon the number
of available tuners and signal processing paths.

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

. An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate
with 2f4 horizontal scanning, is shown in FIGURE 2 and generally
designated 10. " The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor 216, a
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 defiection and video controls. The particular
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manner, as shown in FI GURE 15. A's a3 (F es the
out put control circuit 321 to di spl ay auxili gy daita WrTen th' st si gnal
is active, that is, logically 5 H . A block diagr mﬁé‘ 499 Ui or
generating-the PIP_OVL signal is shewn- i n Fl rcuit {680
conprises a J-K flip/flop 682, the Q out put rnput to

mul ti pl exer 688. The out put of

one-chip shown is industry designated type TA7730. The baseband
video signal VIDEO OUT developed in the one-chip and resulting from
the signal. from first tuner 206 is an input to both video switch 200
and the TV1 input of wide screen processor 30. Other baseband
s video inputs to video switch 200 are designated AUX1 and AUX 2.
~ These might be used for video cameras, laser disc players, video
tape players, video games and the like. The output of the video
switch 200, which is controlled by the chassis or TV microprocessor
216 is designated SWITCHED VIDEO. The SWITCHED VIDEO is another
10 input to wide screen processor 30.
With further reference to FIGURE 3, a switch SW1 wide screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
The Y/C decoder 210 may be implemented as an adaptive line comb
15 filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
20 implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN
respectively. The selected pdir of luminance and chrominance
signals is thereafter considered the main signal and is processed
25 along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M and V_M. In this regard, U is
an equivalent designation for (R-Y) and V is an equivalent
30 designation for (B-Y). The Y_M, U_M, and V_M signals are converted
to digital form in the wide screen processor for further signal
processing.
The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TVv2. A
35 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



mul tiplexer 688 is an input to a D-type flip/flop 684, the .
which is the other input to nultiplexer 688 and slhﬁgyggﬁb§%ﬂ@
690. The PIPFSWand SCL (start of line) signals pLpihe I sng—

t of

0O gate

£ K inputs
_respectively to flip/flop 682. An exclusive OR gatie 686 haa t he two
fast switch data bits FSWDATO and FSWDAT1_si gnal s13MAR Wts. al ues of
(1, 0) and (0, 1), which are logically Y@t usi vel | nputs, i ndi

valid field, even and odd respectively. Values o , 1),
which are not |ogically exclusive, indicate no valid ' a. A
transition fromeither of (0, 1) or (1, 0) to eitRer of (0, 0) or (1,
1), or vice versa, indicates a boundary transition defining the PIP box

or overlay Theplewidlitbdois aff ladaptive MMedebmtPifter. Sivitches SSWH ah@Pgiwd 0 AND
gate 690. The.flt 'tbewdBA' thd 1hiinatte® aRd chrominance outputs of Y/C
decoder 220 and the luminance and chrominance signals of an
external video source, designated Y_EXT and C_EXT respectively. The
s Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
- adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. The selected luminance output is designated
10 Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
color difference signals U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for further signal processing. The
arrangement of video signal source switching in the main and
15 auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different picture display
tormats. :
A composite synchronizing signal COMP SYNC, corresponding to
Y_M is provided by the wide screen processor to a sync separator
20 212. The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which
is directed into the wide screen processor 30. The wide screen
processor generates an internal vertical reset output signal INT
2s 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
30 circuit 50. Horizontal and vertical synchronizing signals of the
auxiliary video signal are developed by sync separator 250 in the
wide screen processor.
The 1f4 to 2fy converter 40 is responsible for converting-
interlaced video signals to progressively scanned noninterlaced
3s signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generated by



20 s the RDENAX signal, the read enable signal for the auxiliary FIFO
354. The output of AND gate 690 is the PIP_OVL signal. Grcuit

i ntroduces a one line (field line) delay fromt Eﬁ?t”ﬁ@g@ﬁsgﬁﬁﬁﬁ
active to the actual enabling of the overlay reditémt Fhi g g

for in the video data path as the FIFO 354 al so introducEé@ ne field
line delay in the PIP video data being” ﬂ§p|ayed 13 ¥herlet'ord, the PIP
overlay is overlaid perfectly with the video dat4g, alth it will be
one field line later than progranmed through PIP Sitcuit. Thel RD EN AX
signal allows the PIP to be overlaid only | +H-rary FlI FO
data has been read out of the FIFO 354. 30 This Is necessary because FIFO

data may be ifgksolatingr adpRent hérigontal lin@gdEf thdNs&meRYielPUSR sBend’! P
overlay | ogigehRcdS! Hd il bfY préVious line or the use of an interpolated
- line will depend upon the level of movement which is detected
between adjacent fields or frames. The converter circuit 40

s 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 dispiay. The converted video data as Y_2fy, U_2fy and
V_2fy signals is supplied to the RGB interface 60.

The RGB interface 60, shown in more detail in FIGURE 14,

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

15 as INT VERT RST OUT, enabling a selected vertical sync (fvm or fvext
to be available to the deflection circuit 50. Operation of the wide
screen television enables user selection of an external RGB signal,
by generating an internal/external control signal INT/EXT. However,
the selection of an external RGB signal input, in-the absence of such

20 a signal, can result in vertical collapse of the raster, and damage to
the cathode ray tube or projection tubes. Accordingly, the RGB
interface circuit detects an external synchronizing signal, in order
to override the selection of a non-existent external RGB input. The
WSP microprocessor 340 also supplies color and tint controls for

2s the external RGB signal. '

The wide screen processor 30 comprises a picture in picture
processor 320 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as
PIP or pix-in-pix. A gate array 300 combines the main and auxiliary

3o 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
screen microprocessor (WSP uP) 340. Microprocessor 340 is
responsive to the TV microprocessor 216 over a serial bus. The

as serial bus includes four signal lines, for data, clock signals, enable
signals and reset signals. The wide screen processor 30 also

account ed
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~generates a composite vertical blanking/reset signal, as a three
level sandcastle signal. Alternafively, the vertical blanking and
reset signals can be generated as separate signals. A composite
blanking signal is supplied by. the video signal input section to the

s RGB interface.

The deflection circuit 50, shown in more detail in FIGURE 13,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface
60 and additional control signals from the wide screen processor.

10 These additional control signals relate to horizontal phasing,
vertical size adjustment and east-west pin adjustment. The
defiection circuit 50 supplies 2fy flyback pulses to the wide screen
processor 30, the 1fy to 2fy converter 40 and the. YUV to RGB
converter 240.

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

The wide screen processor 30 is shown in more detail in
FIGURE 3. The principal components of the wide screen_ processor

20 are a gate array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen.processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which
are in common with both the 1fy and the 2fy chassis, for exampie

25 the PIP circuit, are shown in FIGURE 4. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 5. The gate array 300 is
shown in more detail in FIGURE 6. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal

30 paths, have already been described in detail.

The second tuner 208 has associated therewith an IF stage 224
and an audio stage 226. The second tuner 208 also operates in
conjunction with the WSP puP 340. - The. WSP uP 340 comprises an
input output 1/O section 340A and an analog output section 340B.

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

s west adjust and horizontal phase, through respective interface
circuits 254, 256 and 258. .

The gate array 300 is responsible for combining video
information from the main and auxiliary signal paths to implement a
composite wide screen display, for example one of those shown in

10 the different parts of FIGURE 1. Clock information for the gate array
is provided by phase locked loop 374, which operates in conjunction
with low pass filter 376. The main video signal is supplied to the
wide screen processor in analog form, and Y U V format, as signals
designated Y_M, U_M and V_M. These main signals are converted -

15 from analog to digital form by analog to digital converters 342 and
346, shown in more detail in FIGURE 4.

The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is

20 limited to 8 MHz because the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide I. The select line UV_MUX for the analog switch, or multiplexer

2s 344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL pulse synchronously resets this
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even number of clock

30 cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data
streams out of the analog to digital converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the

35 clock gating information from the interpolator control 349 of main

: signal processing path 304 must be similarly delayed. Were the



mai n ;and auxiliary signals are conbined in respective nmultiplexe
317 and 319 in the output signal path 312, by con g e 27y ead

enabl e signals of the FIFOs 354, 356 and 358. T Rgﬁ’yikﬁlﬁ}ﬁﬁe&er 10y 315,
317 and 319 are responsive to output nultiplexer lcenrtrdl cirguit 321.

315,

Qut put mul tiplexer control circuit 321 is responsi e ﬁgMﬁaR’i’:’xﬂe | ack
signal CLK, the start of line signal S 4.the H_ signal , ithe
vertical blanking reset signal and the out put of switch from
the picture-in-picture processor and WeP [err] P 340. The 15 -p1 exed

| umi nance and chroni nance conponents YMX, UMX and are supplied to
respective digital/anal og converters 360, 362 and 364 respectively.

365 2l s3uclo@e;BBsT A awsh 1ok dalieThE UV ool wil'nECTR 11 1erS %01
correctly paired when deleted. This is important because each UV
pair represents one vector. A U element from one vector cannot be
paired with a V element from another vector -without causing a color

s shift. Instead, a V sample from a previous pair will be deleted along
with the current U sample. This method of UV multiplexing is
referred to as 2:1:1, as there are two luminance samples for every
pair of color component (U, V) samples. The Nyquist frequency for
~both U and V is effectively reduced to one half of the luminance

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

The PIP circuit and/or the gate array may also include means
1s for enhancing the resolution of the auxiliary data notwithstanding
the data compression. A number of data reduction and data
restoration schemes have been developed, including for example
paired pixel compression and dithering and dedithering. Moreover,
different dithering sequences involving different numbers of bits

20 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 puP
340 in order to maximize resolution of the displayed video for each

~ particular kind of picture display format.

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

30 the gate array control the data manipulation of both the main and
auxiliary signals, including the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
converters 360, 362 and 364. The analog form signals, designated Y

3s 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



4. The various functions of the picture-in-picture processor, the 20 gate
array and the data reduction circuit are controlled by WP [err]P 340.
The WGP [err]P 340 is responsive to the TV [err]P > T oay)
thereto by a serial bus. The serial bus may be a f Ffﬁ_gf

shown, having lines for data, clock S|gnals enab

signals. The WSP [err] P 340 comunicatetSwith the i fif eg rMp‘{Z%\??m r§c |ts of
the gate array through a WSP | gP decoder 310. I'n one case,} S
necessary to conpress the 4 X 3 NISC vi deo by to\ av0| d
aspect ratio distortion of the displayed - pictute. In the ot her_chse,

the video can be expanded to perform hori zont al g operations
usual |y accq V@afarﬁﬁtbdy Vétiddder! 23P t0286fhe€% Widd FohaY rZRPHuPEY at ions up
to.33% can be anP@U'TSE /C_OQUT_EXT available at panel jacks. Switch SW5
selects a synchronizing signal for the encoder 227 from either the
.gate array, C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX.
5 Switch SW6 selects between Y_M and C_SYNC_AUX as synchronizing
signal for the wide screen panel output.

Portions of the horizontal synchronizing circuit are shown in
more detail in FIGURE 12. Phase comparator 228 is part of a phase
locked loop including low pass filter 230, voitage controiled

10° oscillator 232, divider 234 and capacitor 236. The voltage
controlled oscillator 232 operates at 32fy, responsive to a ceramic
resonator or the like 238. The output of the voltage controlled
oscillator is divided by 32 to provide a proper frequency second
input signal to phase comparator 228. The output of the divider 234
15 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
~ phase locked loop of the video signals input section. Pulse width
20 circuit 402 assures that a 2f4-REF signal will have an adequate
pulse width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase
-locked loop including low pass filter 406 and 2fy voltage controlled
oscillator 408. Voltage controlled oscillator 408 generates an
2s internal 2fy timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback pulses or a timing signal related
thereto. The use of the second phase locked loop including phase
comparator 404 is useful for assuring that each 2fy scanning period
30 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.
o The deflection circuit 50 is shown in more detail in FIGURE 13
35 A circuit 500 is provided for adjusting the vertical size of the
raster, in accordance with a desired amount of vertical overscan
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necessary for implementing different display formats. As
ilustrated diagrammatically, a constant current source 502
provides a. constant quantity of current Igamp which charges a
vertical ramp capacitor 504. . A transistor 506 .is coupled in parallel
s with the vertical ramp capacitor, and periodically discharges the
capacitor responsive to the vertical reset signal. In the absence of
any adjustment, current IRaMp provides the maximum available
vertical size for the raster. This might correspond to the extent of
vertical overscan needed to fill the wide screen display by an
10 expanded 4 X3 format display ratio signal source, as shown in
FIGURE 1(a). To the extent that less vertical raster size is required,
an adjustable current source 508 diverts a variable amount of
current lapy from IRamp, so that vertical ramp capacitor 504 éharges
more slowly and to a smaller peak value. Variable current source
15 508 is responsive to a vertical size adjust signal, for example in
analog form, generated by a vertical size control circuit. Vertical
size adjustment 500 is independent of a manual vertical size
adjustment 510, which may be implemented by a potentiometer or
back panel adjustment knob. In either event, the vertical deflection
20 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
2s FIGURE 14. The signal which is to be ultimately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external
30 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
3s switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
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implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a
user selection. However, if a user inadvertently selects an external
s RGB source, when no such source is connected or turned on, or if the

external source drops out, the vertical raster will collapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an
external synchronizing signal. In the absence of such a signal, a

10 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 contro! signals from the WSP uP 340.

A wide screen television in accordance with the inventive

15 arrangements can be implemented with 1fy horizontal scanning
instead of 2fy horizontal scanning, aithough such a circuit is not
illustrated. A 1fy circuit would not require the 1fy to 2fy converter
and the RGB interface. Accordingly, there would be no provision for
displaying an external wide format display ratio RGB signal at a 2fy

20 scanning rate. The wide screen processor and picture-in-picture
processor for a 1fy circuit would be very similar. The gate array
could be substantially identical, although not all of the inputs and
outputs would be utilized. The various resolution enhancement
schemes described herein can be generally applied without regard to

25 whether the television operates with 1fiy or 2fy scanning.

FIGURE 4 is a block diagram showing further details of the
wide screen processors 30 shown in FIGURE 3 which would be the
same for both a 1fy and 2fy chassis. The Y_A, U_A and V_A signals
are an input to the picture in picture processor 320, which can

30 include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
composite display formats illustrated in part in FIGURE 1 are
generated by the picture-in-picture processor 320, which can

35 receive resolution processed data signals Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution progessing need not be



the interpolator 337. 1In particular, these switches select mhether t he
I nt erpol ator 337 precedes the FIFO 356, as requir Rk ' or
whet her the FI FO 356 precedes the interpolator 3
expansi on. The switches 323 and 331 are responsivVv
circuit 335 which is itself responsive_ the WS
be renenbered that during small plcture es the

\ auxiliary vy
signal is conpressed for storage in the video RAM
expansion is necessary for practical purposes. 15
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| Accordingly, no)
conparable swtching is required in the auxiliary* i'gnal path

The main signal path is shown in nmore detail in FIGURE 9. The switch
323 is inplengilized Ay dilvtined,! bot elteiny Sefected didplay 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
s fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330. The timing and
control section 328 is shown in more detail in FIGURE 11.
The picture-in-picture processor 320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
10 Consumer Electronics, inc. The basic CPIP chip is described more
fully in a publication entitled The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer
Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are possible, the following being illustrative. The
15 basic special effect is a large picture having a small picture
overlaying a portion thereof as shown in FIGURE 1(c). The large and
small pictures can result from the same video signal, from different
video signals and can be interchanged or swapped. Generally
speaking, the audio signal is switched to always correspond to the
20 big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions. A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some point,
for example the display format shown in FIGURE 1(d), the large and
2s small pictures are in fact the same size.
In a single picture mode, for example that shown in FIGURES
1(b), 1(e) or 1(f) a user can zoom in on.the content of the single
picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
the zoom mode a user may search or pan through the picture content
30 enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
nine frames of video can be repeated on the screen. The frame
as repetition rate can be changed from thlrty frames per second to zero
frames per second.
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responsive to the WSP [err] P 340. A hori zontal T%ﬂfﬁ@TgyhchroTi?ation
circuit, 339 generates timng signals control ki mg ;?ﬁﬁﬁﬁ%ﬂng apd
reading of the FIFGs, as well as | atches 347 and 351, and nul {i pl exer
353. The clock signal CLK and start of 259-line sidn en2;§ted by
the clocks/sync circuit 320. An anal og to digiital conversion trol
circuit 369 is responsive to YMN. the WSP ti P B48—amdThe nost
significant bit of UVM\ An interpolator control circuit 349
generates internedi ate pi xel position values (K), interpolator

conpensation filt Fhewpicibid-piiurd Proédsssr eskdom ithe widé@rsereban CGY for
the I um nanc?el%rs}ndsio céé)rrding to another inventive arrangement differs from
the present configuration of the basic CPIP chip itself as described
above. |f the basic CPIP chip were used with a television having a
s 16 X9 screen, and without a video speed up circuit, the inset
pictures would exhibit aspect ratio distortion, due to the effective
4/3 times horizontal expansion resulting from scanning across the
wider 16 X 9 screen. Objects in the picture would be harizontally
elongated. If an external speed up circuit were utilized, there would
io be no aspect ratio distortion, but the picture would not fill the
entire screen.

Existing picture-in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a
particular fashion having certain undesirable consequences. The

15 incoming video is sampled with a 640fy clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is
not orthogonally sampled with respect to the incoming auxiliary
video source. This is a fundamental limitation on the basic CPIP

20 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

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

The picture-in-picture processor 320, according to an-
inventive arrangement and unlike the basic CPIP chip, is adapted for
asymimetrically compressing the video data in one of a plurality of

30 display modes. In this mode of operation, the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. - This asymmetric mode of compression produces aspect

ratio distorted pictures for storage in the video RAM. Obijects in the

pictures are squeezed horizontaily. However, if these pictures are
as 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
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correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this

- aspect of -the invention makes it possible to generate the special
display formats on a 16 X9 screen without external speed up

s circuitry. |
FIGURE 11 is a block diagram of the timing and control section

328 of the picture-in-picture processor, for example a modified
version of the CPIP chip described above, which includes a
decimation circuit 328C for implementing the asymmetric

10 compression as one of a plurality of selectable display modes. The
remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits comprises
a counter which is programmed for a compression factor from a
table of values under the control of the WSP uP 340. The range of

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

20 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 oomponents and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-

25 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 puises and will be

30 switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.

3s Referring again to FIGURE 4, Y, U, V and C_SYNC (composite
sync) outputs from the picture-in-picture processor in analog form
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can be re-encoded into Y/C components by encode circuit 366, which
operates in conjunction with a 3.58 MHz oscillator 380. This
Y/C_PIP_ENC signal may be connected to a Y/C switch, not shown,
which enables the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of
operation is appropriate for implementing a zoom mode for the PIP
based upon operation of the interpolator and FIFQ's in the main
signal path.

- With further reference to FIGURE 5, the picture-in-picture
processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. 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
and data restoration schemes have been developed, including for
example, paired pixel compression and dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
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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
s reduction and restoration schemes can be selected by the WSP pP in

order to maximize resolution of the displayed video for each

particular kind of picture display format.

The luminance and color difference signals are stored in an

8:1:1 six-bit Y, U ,V fashion. In other words, each component is

10 quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
processor 320 is operated in a mode whereby incoming video data is
sampled with a 640fy clock rate locked to the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the

1s video RAM is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it is read using the
same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampled and
stored, and can be read out orthogonally, it cannot be displayed

20 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
synchranous only in that instance where they are displaying signals
from the same video source.

25 Further processing is required in order to synchronize the
auxiliary channel, that is the output of data from the video RAM 350,
to the main channel. With reference again to FIGURE 4, two four bit
latches 352A and 352B are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches aiso

30 reduce the data clock rate from 1280fy to 640fy.

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

35 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
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video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line
memory device 354 for expanding the signal. The size of FIFO 354 is
s 2048 X 8. The size of FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write
pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. Read/write pointer collisions also occur
10 when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO.

The 8-bit DATA_PIP data blocks from video RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture
processor 640fy clock which was used to sample the video data, that

1s is, the 640fy clock which is locked to the auxiliary signal, rather
than the main signal. The FIFO 354 is read using the display clock of
1024f4, which is locked to horizontal synchronizing component of
the main video channel. The use of a multiple line memory (FIFQ)
which has independent read and write port clocks enables data which

20 was orthogonally sampled at a first rate to be displayed
orthogonally at a second rate. The asynchronous nature of the read
and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions.

The main signal path 304, auxiliary signal path 306 and output

25 signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync
circuit 320 and a WSP uP decoder 310. Data and address output
lines of the WSP uP decoder 310, identified as WSP DATA, are
supplied to each of the main circuits and paths identified above, as

30 well as to the picture-in-picture processor 320 and resolution
processing circuit 370. It will be appreciated that whether or not
certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for facilitating explanation
of the inventive arrangements. :

as The gate array is responsible for expanding, compressing and
cropping video data of the main video channel, as and if necessary.
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to implement different picture display formats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory
356 for a.length of time depending on the nature of the interpolation
of the luminance component. - The combined chrominance components

5 U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.

10 In some instances, the auxiliary display will be as large as the
main signal display, as shown for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture
processor and video RAM 350 can provide an insufficient number of
data points, or pixels for filling such a large display area. In those

1s circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a

20 dithering circuit and circuit 357 may be a dedithering circuit.

interpolation of the auxiliary signal can take 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
2s of memory locations. Each memory location holds eight bits of data.
In each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). The FSW_DAT values indicate which type of field
30 was written into video RAM, as follows:
FSW_DAT = 0: No Picture;
FSW_DAT « 1. Upper (Odd) Field; and,
FSW_DAT = 2: Lower (Even) Field.
The fields occupy spatial positions within the video RAM having

3s boundaries defined by horizontal and vertical addresses, as

suggested by the memory position diagram in FIGURE 15. The
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boundary is defined at those addresses by a change in the fast
switch data from no picture to valid field, and vice versa. These
transitions-in fast switch data define the perimeter of the PIP
insert, which is also referred- to as the PIP box or PIP overlay. It
. 5 will be appreciated that the image aspect ratio of objects in the PIP

picturé can be controlled independently of the format display ratio
of the PIP box or overlay, for example, 4 X 3 or 16 X 9. The position
of the PIP overlay on the screen will be determined by the starting
address of the read pointer of the video RAM at the start of the

10 scanning for each field of the main signal. Since there are two
fields of data stored in the video RAM 350, and the entire video RAM
350 is read during the display period, both fields are read during the
display scan. The PIP circuit 301 will determine which field will be
read out of the memory to be displayed through the use of the fast

15 switch data and the start position of the read pointer. It might
seem logical that if the display, which is locked to the main video
source, were displaying the upper field of the main picture then the
portion of the video RAM ‘corresponding to the upper field of the
auxiliary picture would be read out of the video RAM, converted to

20 analog data, and displayed.

This would work well for about half of all possible phase
relations between the main and auxiliary video sources. A problem
arises because reading the video RAM is always faster than writing
the video RAM for compressed pictures in the PIP mode. The read

25 memory pointer may overtake the write pointer if the same field
type were being written and read at the same time. This would
_result in a 50% chance of a motion tear somewhere in the small
picture. Accordingly, the PIP circuit always reads the oppdsite field
. type that is being written to overcome the motion tear problem. If
o the field type being read is the opposite type than that being
displayed, then the even field stored in the video RAM is inverted by
deleting the top line of the field when the field is read out of
memory. The result is that the small picture maintains correct
interlace without a motion tear. The end result of this field
35 synchronization is that CPIP chip provides a signal which is called
PIP_FSW. This is the overlay signal which the PIP circuit provides
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With reference to FIGURES 4 and 10, the auxiliary video input
s data is sampled at a 640fy rate and stored in video RAM 350. The
auxiliary data is read out of video RAM 350 is designated VRAM_OUT.
The PIP circuit 301 also has the capability of reducing the auxiliary
picture by equal integer factors horizontally and vertically, as well
as asymmetrically. The auxiliary channel data is buffered and
10 synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
_synchronization circuit 371. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field
15 type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit. Here the decision is made as to which field read out
of video RAM is to be displayed. Finally, the auxiliary channel video
component data is selected for output to the display through three
20 output multiplexers 315, 317 and 319, shown in FIGURE 6. instead
of overlaying the PIP small picture using an analog switch at a
composite or Y/C interface, the WSP up 340 performs the PIP
overlay digitally.
: - The auxiliary channel is sampled at 640fy rate while the main
25 channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
(2048 x 8) converts the data from the auxiliary channel sample rate
to the main channel clock rate. [n this process, the video signal
undergoes an 8/g (1024/g40) compression. This is more than the 4/3
compression necessary to correctly display the éuxiliary channel
30 signal. Therefore, the auxiliary channel must be expanded by. the
interpolator to correctly display a 4 X 3 small picture. The amount
of .interpolator expansion required is 5/g. The expansion factor X is
determined as follows:
X = (640/1024) * (4/3) = S/g
3s Therefore, regardless of how the small picture is reduced by the PIP
processor, the small picture may be correctly displayed in 4 x 3
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The PIP_FSW data does not provide a good enough method for

interpreting which field of the-CPIP VRAM should be displayed

s because the PIP video data is horizontally raster mapped to maintain
a correct PIP aspect ratio. Although the PIP small picture would
maintain correct interlace, the PIP overiay region would generally
be the wrong horizontal size. The only case in which the PIP overlay
size would be correct would be for a 5/g expansion using the

10 interpolator 359 which would result in a 16 x 9 small picture. For
ali other interpolator settings, the overiay box would remain 16 x 9
while the inset picture would vary horizontally. The PIP_FSW signal
lacks information regarding the correct horizontal size of the PIP
overlay. The video RAM data is read prior to the PIP circuit

1s completing the synchronization algorithm. Thus, the fast switch
data FSW_DAT which is embedded in the video RAM data stream
VRAM_QUT corresponds to the field type written into the video RAM.
The video RAM video component data (Y, U, V) has been corrected for
motion tear and correct interlace, but the FSW_DAT has not been

20 modified.

In accordance with an inventive arrangement, the PIP overiay
box is the correct size because the FSW_DAT information is
expanded and interpolated together with the video component data
(Y. U, V). The FSW_DAT confains the correct sizing of the overiay

2s region, however, it does not indicate which field is the correct field
to display. The PIP_FSW and FSW_DAT can be used together to soive
the problem of maintaining interlace integrity and the correct
overiay size. In normal operation, as the CPIP chip might be used in
4 x 3 television receivers, the field placement in the video RAM is

30 arbitrary. The fields may be aligned vertically, horizontally, or not
aligned at all. in order to make the wide screen processor and the
CPIP chip work compatibly, it is necessary that the PIP field
locations not be stored on the same vertical lines. In other words,
the PIP fields may not be programmed so that the same vertical

3s addresses are used for both the upper and lower field types. It is
convenient from a programming perspective to store the PIP fields

-5@
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i nterpolator as described therein, for exanpl e, AN
I n cascade to provide anplitude and phase conpenRs
adj acent data sanples are used to cal cul -&&- eac
The input signal is applied to the two-point
delay inparted to the input is proportional

| i near interpolator and an associated filter an mﬁ;m Brrer -.-5

~ The interpolators for the |uninance conponents of the main 30 and
auxiliary signals may be skew correction fil ters A fowm_‘ti ‘

poi nt

connected

t or.

in the video RAM 350 in a verttcally aligned manner, as shown in

FIGURE 15.

A signal PIP_OVL forces the output control circuit 321 to
display auxiliary data when-this signal is active, that is, logically
s HIL. A block diagram of a circuit for generating the PIP_OVL signal is
shown in FIGURE 16. Circuit 680 comprises a J-K flip/flop 682, the

Q output of which is one input to multiplexer 688.- The output of
multiplexer 688 is an input to a D-type flip/flop 684, the Q output

of which is the other input to multiplexer 688 and one input to AND
10 gate 680. The PIP_FSW and SOL (start of line) signals are the J and

f our

pol at ed ipoi nt

%ﬁt e;)t al ,
i ne erpol,

The

K inputs respectively to flip/flop 682. An exclusive OR gate 686 has

the two fast switch data bits FSW_DATO and FSW_DAT1 signals as

inputs. Values of (1, 0) and (0, 1), which are logically exclusive

inputs, indicate a valid field, even and odd respectively. Values of
15 (0, 0) and (1, 1), which are not logically exclusive, indicate no valid

video data. A transition from either of (0, 1) or (1, 0) to either of

(0, 0) or (1, 1), or vice versa, indicates a boundary transition
defining the PIP box or overlay The output of exclusive OR gate 686
is a second input to AND gate 690. The third input of AND gate 690

20 is the RD_EN_AX signal, the read enable signal for the auxiliary FIFO
Circuit 680
introduces a one line (field line) delay from the time PIP_FSW goes
active to the actual enabling of the overlay region. This is
accounted for in the video data path as the FIFO 354 also introduces
25 a one field line delay in the PIP video data being displayed.
Therefore, the PIP overiay is overlaid perfectly with the video data,
although it will be one field line later than programmed through PIP
circuit. The RD_EN_AX signal aliows the PIP to be overlaid only
when valid auxiliary FIFO data has been read out of the FIFO 354.
30 This is necessary because FIFO data may be held after reading has
ended. This may cause the PIP overlay logic to determine that the
PIP overlay is active outside of valid PIP data. Enabling the PIP

354. The output of AND gate 690 is the PIP _OVL signal.

overiay with RD_EN_AX assures that PIP data is valid.

with the inventive arrangements, the overiay or box for the small
35 picture auxiliary video is correctly placed and sized regardless of
how the auxiliary video has been expanded, compressed or

in accordance
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interpolated. This works for smalil picture video sources which are
from 4 x 3 formats, 16 x 9 formats and mahy other formats as well.

The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the

5 interpolation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the
main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFQO's 354, 356 and 358. The multiplexers

10 315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output multiplexer control circuit 321 is respansive to
the clock signal CLK, the start of line signal SOL, the H_COUNT
signal, the vertical blanking reset signal and the output of the fast
switch from the picture-in-picture processor and WSP uP 340. The

15 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 fow pass filters 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the

20 gate array and the data reduction circuit are controlled by WSP puP,
340. The WSP uP 340 is responsive to the TV uP 216, being
connected thereto by a serial bus. The serial bus may be a four wire

- bus as shown, having linés for data, clock signals, enable signals and
. reset signals. The WSP uP 340 communicates with the different
25 circuits of the gate array through a WSP puP 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

‘30 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

s frequency, which is 8 MHz for a 1024fy clock.




.connect'ed in cascade. This correction signal provi ot 15

equal i zes the frequency response of the two point 'gﬁ%awwjﬂjgﬁniérpoiatlon
filter for all values of (K). The original four p0|n§“ ““““““ ntergolator S
optim zed for use with signals having a pass band 1 3 RiEMhereifs is
the data sanple rate. Al ternatively, and |ALie;ngggge mntH

i nventive arrangenents 10 described in-&dbendi ng appli both‘
channel s can use what is . terned a two stage interpolative pLocess The
frequency response of the original variable int atron filter can be
| nproved by using such a two stage process, referred to as a two stage

I nterpolator. A two stage interpolator can conprise a 2n+4 tap finite
i mpul se 15 respones shbWR) inf FIGBRE'B! thd iuththariRs da 9NN W' fodteliOUr POI Nt

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

s selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for
compression, or whether the FIFO 356 precedes the interpolator 337,

10 as required for expansion. The switches 323 and 331 are responsive
to a route control circuit 335, which is itself responsive to the WSP
u_P 340. It will be remembered that during small picture modes the
auxiliary video signal is compressed for storage in the video RAM
350, and only expansion is necessary for practical purposes.

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

The main signal path is shown in more detail in FIGURE 9. The

switch 323 is implemented by two multiplexers 325 and 327.
Switch 331 is implemented by muitiplexer 333. The three

20 multiplexers are responsive to the route control circuit 335, which
is itself responsive to the WSP uP 340. A horizontal
timing/synchronization circuit, 339 generates timing signals
controlling the writing and reading of the FIFOs, as well as latches
347 and 351, and muitiplexer 353. The clock signal CLK and start of

25 line signal SOL are generated by.the clocks/sync circuit 320.. An

- analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP uP 340 and the most significant bit of UV_MN.

An interpolator control circuit 349 generates intermediate

pixel pasition values (K), interpolator compensation filter weighting

30 (C) and clock gating information CGY for the luminance and CGUV for
the color components. It ‘is the clock gating information which
pauses (decimates) or repeats the FIFO data to allow samples not to
be written on some clocks for effecting compression or some
samples to be read multiple times for expansion.

as It is possible to perform video compressions and expansions
through the use of a FIFO. For example, a WR_EN_MN_Y signal



- variable interpolator. The FIRfilter output is spatiall
m dway between the input pixel sanples. The out put Q(?-fth,\h%,ﬂ S Q
—=-samples;

--f-|='I ter is

then conbined by interleaving with the original dataix which are
del ayed, to create an effective 2fs sanple rate. 2 Thli 7/al 1 di
assunption for frequencies in the pass band of the Nﬁ ter The
result is that the effective pass band “&11t he ori giinal p“bl ht

i nterpolator is significantly increased. The cl ocks/ sync}_ﬁgﬁi_‘.}rcui t
320 generates read, wite and enable signals n €rating

FI FOs 354, 356 and 358. The FIFGCs for 25 the main and auxiliary channels
are enabled for witing data into storage for those portions of each

}” dreno lnl ne Vﬂéﬂ’les Sddtadty bRdwritten into thBPEREDCSS6.d1 BPEAY fodft Rantpidr 1 Lt en
romone ob 2ai be inhibited from being written into the FIFO. This constitutes a

4/3 compréession. It is the function of the interpolator 337 to
recalculate the luminance samples being written into the FIFO so

s that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
compressions. In the case of compressions the write enable signal
has clock gating information attached to it in the form of inhibit
pulses. For expanding data, the clock gating information is applied

10 to the read enable signal. This will pause the data as it is being
read from the FIFO 356. ' In this case it is the function of the
interpotator 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

15 356 and while being clocked into the interpolator 337. This is
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression
and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the

20 rising edges of the system clock 1024fy.

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

2s interchange the positions of the interpolator and FIFO, the read or
write clocks would need to be double clocked to pause or repeat the
data. The term double clocked means that two data points must be
written into the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resulting circuitry cannot be made

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

3s were not used, the double clocking situation can be avoided only by
using two FIFO's to accomplish the functionality of both



auxi | i-ary channel s, but not both, as necessary to conbine data
each source on the same video line or |ines of thﬁwﬂLS

354 of the auxiliary channel is witten synchronbg s
auxiliary video signal, but is read out of nenor

syﬂcﬁ‘r 0 \v k
the main video signal. The main video signal conponen §§@me$ﬁﬂad
the FIFOs 356 and 358 synchronously wi tt8fhe nainj vjd ,
are read out of nmenory synchronously with the mai FbM/o ten the

read function i.s switched back and forth

compression and expansion. One FIFO for expansions would need to
be placed in front of the interpolator and one FIFO for compressions
would need to be placed after the interpolator.

The wide screen processor also has the capability to control

s the vertical deflection to perform a vertical zoom function. The
topology of the wide screen processor is such that both auxiliary and
main channel horizontal raster mapping (interpolation) functions are
independent of each other and independent of vertical zoom (which
manipulates the vertical deflection). Because of this topology, the

10 main channel may be expanded both horizontally and vertically to
maintain a correct aspect ratio main channel zoom. However, unless
the auxiliary channel interpolator settings are changed, the PIP
(small picture) will zoom vertically but not horizontally. Therefore,
the auxiliary channel interpolator can be made to perform larger

15 expansions to maintain a correct image aspect ratio of the PIP small
picture as the vertical is expanded.

A good example of this process occurs when the main channel -
is displaying 16 x 9 letterbox material. The main horizontal raster
mapping is set to 1:1 (no expansion, no compression). The vertical is

20 zoomed 33% (that is, expanded by 4/3) to eliminate the black bars
associated with letterbox source material. The main channel image
‘aspect ratio is now correct. The auxiliary channel nominal setting,
for 4 x 3 source material with no vertical zoom, is 5/6. A different
value for the expansion factor X is determined as follows:

25 X = (5/g) * (3/4) = Slg
When the auxiliary channel interpolator 359 is set for S/g, the
correct small picture image aspect ratio is maintained and the
objects inside the PIP appear without aspect ratio distortion.

The interpolators for the luminance components of the main

30 and auxiliary signals may be skew correction filters. A four point
interpolator as described therein, for example, comprises a two
point linear interpolator and an associated filter and multiplier
connected in cascade to provide amplitude and phase compensation.
_In total, four adjacent data samples are used to calculate each

35 interpolated point. The input signal is applied to the two-point
linear interpolator. The delay imparted to the input is proportional
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to the value of a delay control signal (K). The amplitude and phase
errors of the delayed signal are minimized by the application of a
correction -signal obtained by an additional filter and muitiplier
connected in cascade. This correction signal provides peaking which
5 equalizes the frequency response of the two point linear
interpolation filter for all values of (K). The original four point
interpolator is optimized for use with signals having a pass band of
ts/4, where fs is the data sample rate. _
Alternatively, and in accordance with inventive arrangements
10 described in copending applications, both channels can use what is
termed a two stage interpolative process. The frequency response
of the original variable interpolation fiiter can be improved by using
such a two stage process, referred to as a two stage interpolator. A
two stage interpolator can comprise a 2n+4 tap finite impulse
1s response (FIR) filter with fixed coefficients and a four point
-variable interpolator. The FIR filter output is spatially located
midway between the input pixel samples. The output of the FIR
filter is then combined by interleaving with the original data
samples, which are delayed, to create an effective 2fs sample rate.
20 This is a valid assumption for freqdencies in the pass band of the
FIR filter. The result is that the effective pass band of the original
four point interpolator is significantly increased.
The clocks/sync circuit 320 generates read, write and enable
signals needed for operating FIFOs 354, 356 and 358. The FIFOs for
25 the main and auxiliary channels are enabled for writing data into
storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
auxiliary channels, but not both, as necessary to combine data from .
each source on the same video line or lines of the display. The FIFO
ac 354 of the auxiliary channel is written synchronously with the
auxiliary video signal, but is read out of memory synchronously with
the main video signal. The main video signal components are read
into the FIFOs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
3s video. How often the read function is switched back and forth
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cropped si de-by-side displayed pictures, the te enabl e control
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active line period (post speed up), or 67% of |the—auxiTTary channel
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corresponds to approxi mately 33% cropping (approximately 67% active.
picture) and the |nterpolator expansi on of the signal by 5/6. In the
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Generation of different special -effects such as cropped side-
by-side pictures are accomplished through manipulating the read and
write enable control signals for the line memory FIFOs. The process
for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side displayed pictures, the write enable control
signal (WR_EN_AX) for 2048 X 8 FIFO 354 of the auxiliary channel is
active for (1/2)*(5/12) = S/12 or approximately 41% of the display
active line period (post speed up), or 67% of the auxiliary channel
active line period (pre speed up), as shown in FIGURE 7. This
corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/g.
In the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)"(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a
compression ratio of 4/3 being performed on the main channel video
by the 910 x 8 FIFOs.

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

particu r sp%&“@%ﬁ? %‘%{r}g[ﬁ% %‘g 5&%@55?‘%&5 wite

- the right hand half of the display. The arbitrary video portions of

the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
channel 910 x 8 FIFOs is active for 50% of the display active line
period of the display beginning with the start of active video,
immediately following the video back porch. The auxiliary channel
read enable control signal (RD_EN_AX) is active for the other 50% of
the display active line period beginning with the falling edge of the
RD_EN_MN signal and ending with the beginning of the main channel
video front porch. It may be noted that write enable control signals
are synchronous with their respective FIFO input data (main or



ahd 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active
line period. This corresponds to approximately 33% cropping and a

conpression ratio of 4/3 being performed on thhﬁﬁagn ﬁh@ﬂﬁebzi dEO by
the 910 x 8 FIFGs. 20 I n each of the FIFG$% f’me i dath s buffered
to be read out at a particular point in tlné. The active fegion of
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25 half of the display and the auxiliary channeL,MLdﬁQ_Ls_dLspmayed on
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with the main channel video.

The- display format shown in FIGURE 1(d) is particularly
desirable as it enables two -nearly full field pictures to displayed in
a side by side format. The display is particularly effective and
appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X 3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format

~display ratio display, either by cropping the pictures by 33% or

squeezing the pictures by 33%, and introducing aspect ratio
distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between
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 X 9 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 4/5 to preserve a.
correct aspect ratio, without distortion. The 4/5 factor is
calculated as ratio of the two display formats:

4/3, = (16/9) / (4/3)
Variable interpolators are utilized in accordance with aspects of
this invention to speed up the video signals. In the past, FIFOs -
having different clock rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC

~ 4 X3 format display ratio signais are displayed on a single 4 X3

format display ratio display, each picture must be distorted or
cropped, or some ¢ombination thereof, by 50%. A speed up
comparable to that needed for a wide screen application is
unnecessary.



illustrated. The read enable control signal (RDENWMN) of the main

channel 910 x 8 FIFOs is_activeg for 50% of the display active [ine 30
period of the,—4spl ay 1 gmﬂfﬁﬁ with the start of active video,

i medi ately f T oW ny the A/t back porch. The aux+ary channel r ead
enabl e controf &i gnal (3 { i s active for the other 50% of

di splay active ki3 péri 8d’ begi hni ng widtGr the fal l i nH ,ﬂ ml ,m,uu‘ RD
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front porch. Iit “fay be noted thPt write enable control signal$
synchronous wiit h. theirrespeetive FIFO i nput data (main or

What is claimed is:

1. A display system, comprising:
a video memory; .
_ means for writing and reading information from a video signal
into and out of said video memory, said information relating to video
data and field type; '
means for supplying said information from said video memory
synchronously with a display means for another video signal;
an interpolator for selectively compressing and expanding said
information read from said line memory, said field type information
undergoing said corh_pression and expansion together with said video
information; '
- means for decoding said field type information to identify
first and second types of fields and an absence of valid video data;
means for multiplexing said video signals for simultaneous
display, operable responsive to said decoding means.

2. The system of claim 1, wherein said supplying means
comprises a line memory for said information read from said video
memory, having a write port operable synchronously with said
reading of said video memory and a read port operable synchronously
with a display means for another video signal.

3. The system of claim 2, wherein said line memory is
asynchronous.
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auxiliary) while the read enable control signals are

synchr onous with the main channel video.
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ABSTRACT

PICTURE OVERLAY SYSTEM FOR TELEVISIbN

A picture overlay system assures proper size and
replacement of picture overlays in simultaneous picture
displays. The system comprises a video wemory (350, 356,
358) and a control circuit (300) for writing and reading
information from a video signal into and out of the wvideo
memory, the information relating to video data and fieid
type. A reading circuit (680) supplies information from the:
video memory synchronously with a display for another video
signal. An interpolator (337) selectively compresses and
expands the information read from the reading circuit. The
field type information undergoes the compression and
expansion together with the video information. A decoding
circuit (310) decodes the field type information to
identify first and second types of fields and an absence of
valid video data. A multiplexer (312) combines the wvideo
signals for simultaneous display, operating responsive to
the decoding circuit.The reading circuit can comprise an
asynchronous line memory for the information read from the
video memory, having a write port operable synchronously
with the reading of the video memory and a read port

operable synchronously with the display for the other video
signal.

Figure 6
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: SEARCH REPORT - Application No. 9602431-0

Y SYSTEM FOR TELEVISION

A pxcture overlay system assures. proper size and replacement of picture overlays in
simultaneous picture displays. The system comprises a video memory (356,358) and a control .
circuit for writing and reading information from a video signal into and out of the video
memory, the information relatmg to;video data and field type. A reading circuit supplies
.information from the video memory synchronouly with a display for another video signal. An
1nterpolator (337) selectively compresses-and expands the information read from the reading
circuit. The field type information undergoes the compression and expansion together with the
video information. A decoding circuit (310) decodes the field type information to identify first
y and second types of fields and an absence of valid v1deo data. A multiplexer (312) combines
the video signals for simultaneous- dlsplay, operating responsive to the decoding circuit. The
reading circuit can comprise an asynchronous line memory for the information read from the
video memory (356,358), having a write port operable synchronously with the reading of the
-video. memory and a read port operable synchronously with the display for the other video
sxgnal '

Figure 6
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