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DISPLAYING AN INTERLACED VIDEO SIGNAL
WITH A NONINTERLACED VIDEO SIGNAL
Background of the invention

~ The invention. relates to the field of. televisions having multiple
picture displayé for asynchronous video signals, such as wide screen
televisions having a wide display format ratio screen, and in
particular, to such televisions which can éimultaneou-sly display
video signals from both interlaced and noninterlaced video signal
sources. Wide screen televisions are those having a format display
ratio, that is, horizontal width to vertical height, greater than the
conventional format display ratio of 4:3 (4 X 3), for example 16:9 (16
X 9). The invention is appllcable to both direct vnew telewsaons and
projection televisions.

Interlace integrity of all pictures in a multipl_e picture display,

for example main and auxiliary piétures, must be maintained.

Interlaced field types, often referred to as upper and lower, or odd

and even, must be the same, at the same time, for all pictures in a
multiple picture display. Mai-ntaini'ng'interlace~integrity of the
auxiliary channel video is a problem stemming from reading and
writing of video data in the auxiliary signal path asynchronously
relative to the main signal. Since the display is locked to the main
channel video, the current field type being displayed, that is the
upper or lower field, will be determined by the mam sngnal The field
type which is stored in a video RAM memory in the auxiliary signal |
path or channel for synchronization. with the main signal, and ready to
be read out at the start of the main channel field, may or may not be
the same as the displayed field type. It may be necessary to change -
the. auxiliary signal field type stored in the video RAM to match that
of the main channel display.

Generally, a digitizing process for an NTSC signal w&ll quantize
262.5 line fields of the NTSC signal into 263 line upper fields (U, also
referred to as odd fields) and 262 line lower fields (L, also referred

- to as even fields). This is due to fact that vertical sync is sampled

35

with pulses representing horizontal sync. The upper fields include
odd lines 1 through 263. The lower fields include even lines 2
through 262. As the main and auxiliary channel signals precess

L
.

.

WTH A NOERIFERPACED B

4

relative to one another because they are asynchronous, the U/L field
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- sources. Wde screen televisions are those having a format display ratio,
that i S, horizontal width to vertical height, greater than the conventi onal
f or nat ' dISp| ay ratio of 4:3 (4 X 3), for exanple 16:9 (16.X 9).. The . acee
i nYention is appli cabl e to both direct view tel evi s'ronS’ and ptdjécti of... .‘
t el evi si ons. Interlace integrity of-all pi c*t ures.i.nza midGgAIse, 760" .
pi cture .display, for exanple main and auxiliary pictures, nust be

mai ntai ned. Interlaced field types, often referred to as upper and | ower,

or odd and ey {yDe - P ?%éé‘ﬁ)gﬁﬁ”?esrﬁécttW tﬁ@”‘éu&h{ﬁ?—y Eﬁé?ﬁéf Tﬁ%‘lcﬁ Jypes in a

mul tiple pict I'nt al nterla Xiliary

channel vi decbnqj@%ioiﬁ obX‘eﬁﬁEﬁ éﬁﬁ?@ngrﬁmlﬂ%é@ﬁmg:m%h@l fieldotyRe defo theit a
in the auxil Iswonsﬂ yiddo uhalawmhm&@ushw It@lmtawe thé ﬁélel WRe ofi theal -

Cype. bei ng cCB 2y & iﬂ?g 38, iofFRh rinipAREEL inteBERy nufnd “GeRBined m ne
by the mairs «digptdy. The field type which is stored in a VI deo RAM nenory in
;r‘gnglux' L'ngr ?’eZhgfﬁﬁomfrkbr‘HbléﬂﬂaEQﬁ'oé&ﬁ WHBRAMHY It Ghi Gidel E8ufde i8N
: nonmterlaced source, as can be the case with certain video games and
computers, and the auxiliary video source is an interlaced source,
again because the display is locked to the main signal. A
10 noninterlaced display will not display alternate fields in alternate
interfaced. positions, that is, such that the lines of the respective
" fields are spatially offset, in between one another. Accordingly, the
upper and lower fields of each frame of an auxiliary interlaced source
will be displayed directly on top of one another when shown on a
15 noninterlaced display. The interlaced picture will appear vertically
smeared, which is generally considered quite objectionable. The
problem is compounded in a side by side display, as compared to a
small inset picture-in-picture (also referred to as PIP). In a side by
~_ side display, the main picture, from the noninterlaced source, and
20 auxiliary picture, from the interlaced source, are of substantially
comparable size, and both large by comparison to a typical PIP.
. Summary of the Inveation
This invention solves this problem with a system for dxsplaymg
signals from noninterlaced video sources on displays locked to
25 signals from noninterlaced video sources. The system is particularly
appropriate for multiple video_displays as can be arranged on a wide
screen television, for example, side by side display of main and
auxiliary pictures wherein the main picture originates from a =
‘noninterlaced video source and the auxiliary picture originates from
30 an interlaced video source. . .

In accordance with an inventive arrangement, the presence of a
signal from a ‘noninterlaced video source on the main picture channel
is detected. Such detection can be implemented by detecting that

- successive fields have the same field type. The presence of a signal
as from a noninterlaced source can be used to change the mode of
operation of a video RAM and an associated control circuit. In one
mode, the video RAM may be used to store successive fields of an
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besread out at the start of the main channel field, may or may not be the-
sanme as the displayed field type. It- may be necessary to change the

aUXLLiary signal field type stored in the video RAM,to jmatch that.of the....
maisn channel di spl ay. General ly, a digitizing-process for:ap- N:I'S.C‘ ‘

signal will quantize 262.5 line fields of 5he NTSC 3|gnal'|ntofﬁag'%l et
upper fields (U, also referred to as odd flelds) and 262 line | B5¢7 Ids
(L, also referred to as even flelds) This is due to fact -that verti cal
sync is sanpl

i ncl ude odd @%Eﬂﬁ »ﬁé‘%@ﬁﬁgéé egéé?fgﬂgg;fl“ég’g g: %ngf&ltlg&?ﬁj%)ﬁi\g%%el o
t hrough 262. waenhthmnnairarpdctaueld:namyelcmlameinterlaaedss ess rel ative to
one another becausgydif¥ngd" fafe Lififdi G8CHGnintdiaddd: tHe®lileo RAM and

control circuit can«eperate in another mode, wherein only every other

s field of the auxiliary signal is read from thie video RAM and combined
with the main signal, even though all fields may still be written into
the video RAM. Alternatively, only every other field can be written
‘into the video RAM, and thereafter read from the video RAM. In either
case, only upper fields (odd fields) or only lower fields (even fields)

10 will be read from the video RAM. Each of these fields will be read
and displayed twice, in the same vertical position. There will be

L some loss of vertical resolution, but there will be -no vertical
) smearing. Overall, the picture quality of the auxiliary signal will be
significantly improved.

15 The entire process can be controlled by a central control
system, for example a microprocessor. The microprocessor can
monitor the noninterlaced signal source detector, and in accordance
with detection or nondetection, set the operating mode of the video
RAM and associated control circuit for supplying all fields of the

20 auxiliary video signal, or only upper or only lower fields of the
auxiliary video signal, to the circuit which combined the signals for
the simultaneous display. |

o " Brief D inti { the Drawi
FIGURES 1(a)-1(f) are useful for explaining different display
0 2s formats of a wide screen television. |
' FIGURE 2 is a block diagram of a wide screen television in

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

at 2f4 horizontal scanning. : .
FIGURE 3 is a block diagram of the wide screen processor shown
30 in FIGURE 2.
FIGURE 4 is a block dlagram showmg further details of the wide
screen processor shown in FIGURE 3. -
FIGURE 5 is a block diagraim of the gate array shown in
FIGURE 4 and illustrating the main, auxiliary and output signal paths.
a5 FIGURE 6 is a combination block and circuit diagram for the
deflection circuit shown in FIGURE 2.
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2~ type will change 'with respect to the auxiliary channel field type
indicators. Afield reversing circuit can change the field type of the
seécond-vi deo signal when necessary to match the field type.of the Lirst" cece
video signal to maintain interlace integrity in the confined dispray.. ... J
Anot her probl em can occur when the main vidgo source:is.a honi NiRIA-8658s °
source, as can be the case with certain video games and conmputers, and the
auxi I'i ary vi deo source is an i nterlaced source, again because t he di spl ay

ternae el as | RGURENZ: s ARG aREr iflapadii thel BRsfibRBiAte, i

lines of the e&sp@periiewer field indicator to the horizontal Imes of a video
frame.
, FIGURES 8.10 are useful for explammg a method for
5 mamtammg mterlace integrity for simultaneously dtsplayed v:deo
signals exhibiting relative precession.
FIGURES 11(a)-11(c) are waveforms useful for explaining the
operation of the circuit shown in FIGURE 12. :
_ FIGURE 12 is a block diagram of a circuit for maintaining
10 interlace integrity as explained in connection with FIGURES 8-11.
Detailed. [ inti { the Pref | Embodi I
_ The invention taught.herein is particularly useful with wide
screen televisions, direct and projection, although it can also be
implemented in conventional televisions. Accordingly, the invention
15 is illustrated herein as part of a wide screen television. The
particular wide screen television shown herein corresponds to the
wide screen television described in PCT/US91/03740 (WO
91/19388). = A number of details omitted herein for purposes of
‘simplification - are explained therein. FIGURES 1(b)-1(f) ilhistrat’e
20 some, but not all of the various combinations of single and multiple
picture display formats which can be implemented in a wide screen
television. 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
25 wide screen display format ratio of width to height for a video
source or signal is generally deemed to be 16 X9. The inventive
arrangements are not limited by these definitions. :
FIGURE 1(a) illustrates a television, direct view or projection,
having a conventional format display ratio of 4 X3. When a 16 X9
3o 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 X9 format display .
35 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
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fields are spatially offset, in between one another. Accordingly, the upper
and | ower fields of each franme-of an auxiliary interlaced source will be :
dlsprayed directly on top of one another when shown on a nonlnterlaced e wrer

di splay. The interlaced picture will appear vertical'ly Emeared; "Whi<he isc -«
general ly considered quite objectionable. I8e prollemis. conpouadgdssWag .l
side by side display, as conpared to a small  inset picture-in-picture (also
referred to as PIP). In a side by side dlsplay, the main picture, fromthe

noni nt er | aced s?@é%femaad (bt 'a?féfnﬁtﬁé“rtﬁ&:@i‘ﬁ%%éi‘e%bﬂ}r%r £8fi e S8kp&fided

are of. subst ant }/ C_g arable size
typi cal PIP. vert:ca y but not horizo W epMeth},\,@ﬁqlgng prcturqhmgil

inV'_entioln sold\m&déhca disedrition tbemcalsémilgfaglbndl Slﬂbﬁé:bgftﬁegﬂﬁbé from
oo SR I LB BobGAR, o, T oo
mul tiple video di sgtiGdREs t(m skowsrant@ X 8nsareeinde Act@eh9t larmatsdisplay or
%f‘gp:ofctﬁ'rgeoral stgfedj sf%fﬂreé RouT@! e Fullyadisplaed, WitHdiiCsropHhg! antine
wuthout c?ustortlon A 16 X9 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
10 provide a larger display with sufficient vertical resolution. A wide
screen television in accordance with this invention can display such a
16 X 9 format display ratio signal whether the main source, the
auxiliary source or an external RGB source.
FIGURE 1(c) illustrates a 16 X9 format display ratio main
15 signal in which a 4 X3 format display ratio inset picture is
displayed. If both the main and auxiliary video signals are 16 X 9
format display ratio sources, the inset picture can also have a
16 X 9 format display ratio. The inset picture can be displayed in
many different positions.
20 FIGURE 1(d) illustrates a dlsplay format, wherein the main and
auxiliary video signals are displayed with the same size picture.
Each display area has an format display ratio of 8 X 9, which is of
course different from both 16 X9 and 4 X 3. In order to show a
4 X 3 format display ratio source in such a display area, without
25 horizontal or vertical distortion, the signal must be cropped on the |
left and/or right sides. More of the picture can be shown, with less
- cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
elongation of objects in the picture. The wide screen television can
30 provide any mix of cropping_and aspect ratio distortion from
maximum cropping with no aspect ratio distortion to no cropplng
- with maximum aspect ratio distortion.
Data sampling limitations in the auxiliary video signal
processing path comphcate the generation of a hxgh resolution
3s picture which is as large in size as the display from the main video
' s:gnal Various methods can be developed for overcoming these

comphcatlons //
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noninterl aced video source and the auxiliary picture originates from an

I nterlaced video source. I n accordance with an inventive arrangenent,
‘the. -presence of a signal froma noninterlaced vi deo. sourge. on.the.mai n- <~
pkcture channel is detected. Such detection can be’instenmehted bk.detect i nYy
that successive fields have the sane fiel-Gtype. .The ptesence.BCAaBSVEal.-"
froma noninterlaced source can be used to change the node of operation of

a video RAM and an associ ated control circuit. In one node, the video RAM

may be used to st @@URECH38) s &l gisprayffomnat wherein a 4 X 3 format display
ratio picture is displayed in the center of a 16 X9 format dtsplay
ratio screen. Dark bars are evident on the right and left sides..
FIGURE 1(f) illustrates a display format wherein one large
s 4 X3 format “display ratio picture and three smaller 4 X 3 format
display ratio pictures are displayed simultaneously. A smaller
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
- PIP, a 'picture-in-picture. The terms PIP or picture-in-picture are
10 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
15 'pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two _
‘moving pictures. It will also be appreciated that the large picture on
. the one hand, and the three small pictures on the other hand, can be
20 switched in position. Larger numbers of smaller sized POPs can also
be generated. :
The various formats shown in FIGURE 1(b)-1(f) are illustrative,
not limiting, and can be implemented by wide screen televisions
- shown in the drawings and described in detail below.
25 An overall block diagram for a wide screen television in .
~ accordance with inventive arrangements, and adapted to operate wuth
2fy horizontal scanning, is shown in FIGURE 2 and generally
designatéd 10. The television 10 generally compriéés a video signals
input section 20, a chassis or TV _microprocessor' 216, a wide screen
30 processor 30, a 1fH to'h_2fH 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
35 limiting the physical position of such circuits relative to one
' another. ' : '
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-3 - auxiliary video signal. These fields may be read out successively
when the main picture channel is an interlaced signal. When the main
signal - is noninterlaced, the video RAM and control circuit can _operate n_,.
anot her node, wherein only every other field of the auxtl iary stgnal _iss.:

¥¢ad fron1the_video RAM and conbi ned m@th_%he naih'squgj,;eveq,%?a&g@%ﬁli:,
ields may still be witten into the video’'RAM Alternatively, % Cevery
other field can be witten into the video RAM and thereafter read fromthe .
fi gFSSR(AQAveInnf Cel gﬁée\?ﬁag%gg’é&%%géﬁiﬂ%&% WA LN 'leg}’\grel ds
wi |l be read pindalifys of agethpositee video t Signeasefroar tditferenbosiitéonsodfsgs Wil |
e eeTe . o Fhe) FibpC B chiy, B8, SRR Syihied PR 5E majp
' and .auxiliary videessignals. An RF switch 204 .has two antenna inputs
s 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
10 and vertical deflection and video controls. The particular one-chip
shown is industry designated type TA7777. 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 video inputs to
15 video switch 200-are designated AUX1 and AUX 2. These might be
used for video cameras, laser disc players, video- tape -players, video
games and the like. The output of the video switch 200, which is
controlled by the chassis or TV microprocessor 216 is designated
SWITCHED VIDEO. The SWITCHED VIDEO is another input to wide
20 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 imblemented as an adaptive line comb
25 filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent difierent 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
30 implemented as a separate switch, is responsive to the TV
* microprocessor 216 for selecting one pair of luminance and )
~ chrominance signals as outputs deéignated Y_M and C_IN respectively.
The selected pair of luminance and chrominance signals is thereafter
. considered the main signal and is processed along a main signal path.
35 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
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significantly inproved. The entire process can be controlled by a
central control system for exanple a m croprocessor. The m croprocessor
can. moni tor the noninterlaced signal source detector, and..in accordance ...
wkt h detection or nondetection, set the operating-pode of the:vidad RAM and
associ ated control circuit for supplying a8l- fields;of.the aukiddabg,7eedéo’
signal, or only upper or only lower fields of the auxiliary video signal,

to the ci-rcuit which conbined the signals for the sinultaneous display.

Brief Descri R:Q Ot _&}pea Q}""'l\ﬂgsln this, réddidep |§(é’ﬁ aléh? dé%‘?ér\‘étn&r?r

expl ai ni ng di e 'Tor w de scr |
FIGURE 2 is éObl(Bc ) BN VA V@ée%asagf{aé!%\/ &i@o%&ﬂcé&m{h
aspects of thimd IVIVMnsigmls\mieaderWedeHOto adigital lf@nnah Eﬁethdel sorgent

:ﬁg\r}\gl in%-FI g&!{@cglsgojﬁl;f"% mﬁeplaﬁhap p?r%rc%@smgthe wi de screen processor
: The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TV2. A switch
SW2 selects between the TV2 and SWITCHED VIDEO signals as an
input to a Y/C decoder 220. The Y/C decoder 220 may be implemented
as an adaptive line comb filter. Switches SW3 and SW4 select

10 between the luminance and chrominance outputs of Y/C decoder 220
and the luminance and chrominance signals of an external video
source, designated Y_EXT and C_EXT respectively. The Y_EXT and
C_EXT signals correspond to the S-VHS input S1. The Y/C decoder
220 and switches SW3 and SW4 may be combined, as in some adaptive

15 line comb filters. The output of switches SW3 and SW4 is thereafter
considered the auxiliary signal and is processed along an auxiliary

- signal path. The selected luminance output is designated Y_A. Signal
designatione. including _A, _AX and _AUX refer to the auxiliary signal
~ path. The selected chrominance is converted to color difference

20 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 aukiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.

25 A composite synchronizing signal COMP SYNC, .corresponding to
Y__M' is provided by the wide screen processor to a sync separator 212.
The horizontal and vertical synchronizing components H and V

~ respectively are inputs to a vertical countdown circuit 214. The
~ vertical countdown circuit develops a VERTICAL RESET sxgnal which
30 is directed into the wide screen processor 30. The wide screen
processor generates an internal vertical reset output signal INT VERT
RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal -and the vertical synchronizing component of the external RGB
3s source. The output of this switch is a selected vertical '
synchronizing component SEL_VERT_;SYNC directed to the defiection
circuit 50. Horizontal and vertical syrichronizing signals of the
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FIGURE 4 is a block diagram showi ng further details of the W|de screen

processor shown in Fl GURE 3. FIGURE 5 is a block diagramof the gate
array -shown in FIGURE 4 and illustrating the main, auxidiaty and out PUE ceec
si gnal - pat hs. FIGURE 6 is a conbination bl ock an’ct CI r’cmt da.agramfor
the deflection circuit shown in FI GURE 2.. g_ e - RCA" 86769‘

_4 -

auxiliary video signal are developed by sync separator 250 in the
wide screen processor. . :

The 1fy to 2fy converter 40 is responsuble for convertmg
interlaced video ‘signals to progressively scanned noninterlaced

5 signals, for example one wherein each -horizontal line is displayed
twice, or an additional set of horizontal lines is generated by .
interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated line
will depend ‘upon the level of movement which is detected between

10 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_2f4 and V_2fy signals is

- supplied to the RGB interface 60.

15 The RGB mterface 60 enables ‘selection of the converted video
data or external RGB video data for display by the video signals input
section. The external RGB signal is deemed to be a wide format |
display ratio signal adapted for 2f4 scanning. The vertical
synchronizing component of the main signal is supplied to the RGB

20 interface by the wide screen processor as INT VERT RST OUT,
enabling a selected vertical sync (fym or fyvext) 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 -

25 an external RGB signal input, in the absence of such a 'si'gnal, can

 result in vertical éollapse 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

30 mlcroprocessor 340 also supplies color and tint controls. for the
external RGB s:gnal :

The wide screen processor 30 compnses a picture in picture
circuit 301 for special signal processing of the auxiliary video
signal. The term picture-in-picture is sometimes abbreviated as PIP

35 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(f). The picture-in-picture
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FLGURE 7 is a tinmng diagramillustrating the correspondence of an
upper/lower field indicator to the horizontal |ines of a video frane.
FI'GURES 8- 10 are useful for explaining a nethod for ,maiptagining.interlace.,..
integrity for -simultaneously displayed video signal s exhihbitirngrelati'veg .
precessi on. ~ "FIGURES 11(a)-11(c) are waweforng usefpl :for 'e§5] a’hgsgg
the operation of the circuit shown in Fl GURE 12. FI GURE. 1 |As ock
diagram of 'a circuit for maintaining interlace integrity as explained in
connection wth Fl Det ai | e SCri

Preferred Enb&HFH\‘;StA‘Egsagd léﬁ?eafrﬁyeﬁppoﬁr? F e & t"*@%ﬁfﬁ .t*ﬂgﬁ?awryen
useful with wimiersprocessoel (WSS aiy, 3d0r eMiceopromesisect340,is atdspongive ttocan
Mvention s ti0.C e BRdcdeedt Bhel Gyen " s8fiay b " e M, &K nclygles
particul ar w deussigeal lisesv+#ar dlatahcipckesignals oerableosignals and reset
5 signals.- The wide screen processor 30 also generates a composite
vertical blanking/reset signal, as a three level sand castle signal.
Alternatively, the vertical blanking and reset signals can be
generated as separate signals. A composite blanking signal is
supplied by the video signal input section to the RGB interface.
10 - The deflection circuit 50, shown in more detail in FIGURE 6,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface
60 and additional control signals from the wide screen processor.
- These additional control signals relate- to horizontal phasing, vertical
15 size adjustment and east-west pin adjué,tme'nt. The deflection
circuit 50 supplies 2fy flyback pulses to the wide screen processor
30, the 1f4 to 2fy converter 40 and the YUV to RGB converter 240.
Operating voltages for the entire wide screen television are .
generated by a power supply 70 which can be energized by an AC
20 mains . supply. : :
. The wide screen processor 30 is shown in mdre detail in FIGURE
3. A number of the elements shown in FIGURE 3 have already been
described in detail. The principal components of the wide screen
processor are a gate array 300, a picture-in-picture circuit 301,
25 analog to digital and digital to analog converters, the second tuner
208, a wide screen processor microprocessor 340 and a wide screen
output encoder 227. Further details of the wide screen -processor are
shown in FIGURE 4. The gate array 300 is shown in more- detail in
FIGURE 5. : =
30 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 puP 340 comprises an
input output /O section 340A and an analog output section 340B. The
YO section 340A provides tint and color control signals, the INT/EXT
35 signal for selecting the external RGB video source and control signals
for the switches SW1 through SW6. The I/O section also monitors the
EXT SYNC DET signal from the RGB interface to protect the deflection
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w; de screen television described in PCT/US91/ 03740 (WD 91/19388). ‘A nunber
of details omtted herein for purposes of sinplification are explained
therein. FIGURES 1(b)-1(f) illustrate sone, but not, all of..the.various. ....

«

cenbi nati ons of single and nultiple picture display,’ forrrats whi ¢h'can bher ..
i npl emented i-n a wi de screen television. Fey:purpgoses of. conveh.h@';pga A
illustration and discussion herein, a conventional display format rati o of
width to height for a.video source or signal is generally deemed to be 4 X

3, wh "W d h

e MBSy At o Sl SR e
arrangenent s Qf@Vl ICDII‘M dsignalsector werlical isizs. east-west @diEstl (aad

i |l ustrates anbpizontal ?’has@ [ #rbugheredio@ivy qhtdrilee NAYLIES SDELNVER 1607

f or mat dISp|aé§£tIOO When a 1 format display rati'o picture
Is transmtte s a4 X3 fermat displ ay ratlo signal, bl ack bars appear
at the top and at fire pate canrayhd3d0iis mspMuMerEdrebbﬂtblhm vided t er box

format. 1N ! Mdrmadof fom' e ‘thaHFAdd Hukifary® sighdichati®'th Mhblorh&RPEC!

to the entire
composite wide screen display, for. example one of those shown in the

different parts’ of FIGURE 1. Clock information for the gate array is
provided by phase locked loop 374, which operates in conjunction

10 with low pass filter 376. The main video signal is supplied to the
wide screen processor in analog form, and Y U V format, as signals
designated Y_M, U_M and V_M. These main signals are converted from
analog to digital form by analog to digital converters 342 and 3486,

. shown in more detail in FIGURE 4.

15 The color component signals are referred to by the generic
designations U and V, which may be assigned to either R-Y or B-Y
signals, or | and Q signals. The sampled luminance bandwidth is ;
limited to 8 MHz because the system clock rate is 1024fH, which is
approximately 16 MHz. A single analog to digital converter and an

20 analog switch can be used to sample the color component data '
because the U and V signals are limited to 500 KHz, or 1.5 MHz for
wide 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 -synchronouély resets this

25 signal to zero at the beginning of each horizontal video line. The

- UV_MUKX line than toggles in state each clock cycle through the
horizontal line. Since the line length is an even: number of clock
cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . ., without interruption. The Y and UV data

30 streams -out of the analog to digital converters 342 and.346 are

| .s'hifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the clock
gating information- from the main signal processing path 304 must be
similarly delayed. W_er'e the clock gating information not delayed, the

35 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
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ayail abl e disﬁlay area. Alternatively, the 16 X9 format display ratio

source is converted prior to transmssion, so that it will fill the
verttcal extent of a viewing surface of 4 X 3 for,mat dusplay hbmever,nnuch
i aformation will be cropped fromthe [ eft and/or rlght" Se e e e .
-5 - sides. As a further alternative, thesletterbox pi cture® cﬁéAx§37°9 L
expanded ' ' :

without causing a color shift. Instead, a V sample from a previous
pair will be deleted along with the current U sample. This method of
UV multiplexing is referred to as 2:1:1, as there are two luminance
samples for every.pair of color component (U, V) samples. The

s Nyquist freque‘ncy for both U and V is effectively reduced to one half
of the luminance Nyquist frequency. Accordingly, the Nyquist
frequency of the output of the analog to digital converter for the |
luminance component is 8 MHz, whereas the Nyquist frequency of the
output of the analog ‘to digital converter for the color components is

10 4 MHz.

_ ' The PIP circuit and/or the gate array may also include means
for enhancing the resolution of the auxiliary data notwithstanding the
data compression. A number of data reduction and data restoration -

schemes have been developed, including for example: dithering and

15 dedithering. Moreover, different dithering sequences involving
different numbers of bits and different paired pixel compressions
involving different numbers of bits are contemplated. One of a
number of particular data reduction and restoration schemes can be
selected by the WSP pP 340 in order to maximize resolution of the

20 displayed video for each particular kind of picture display format.

The gate array includes interpolators which operate in

conjunction with line memories, which may be implemented as FIFO's
356 and 358. The interpolator and FIFO's are utilized to resample the
main signal as desired. An additional i'nterpola'tor can resample the

. 2s auxiliary signal. Clock and synchronizing circuits in the .gate array.

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

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

35 a synchronizing signal for the encoder 227 from either the gate array,
C_SYNC_MN, or from the PIP circuit, C_SYNC_AUX. Switch SW6
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vertically but not horizontally, whereby the resulting picture wll

evi dence distortion by vertical elongation. None of the three alternatives
is particularly appealing. FI GURE 1(b) shows a 16 X.9 scd-een. A,16,,X,
9 sformat display ratio video source would be fullyy disfl ayéd, “wt{hdut * .
cropping and wi thout distortion. A 16 X ormat. di.splay. rat gy ox..’
picture, which,is itself ina 4 X3 forrratq%lspl ay ratio S|gnaﬁd‘§tgﬁggg
progressi-vel y scanned by line doubling or Iine addition, so as to provide a

Lo 2o o1 TonP) BeibbToataS M, H5G G SYNG SRUK R bbb Bind U658 sorotne
format di spl ayideastean qanelwautidr t he main source, the auxiliary source
or an external RGFHWeifection c;rEH% |§(§ﬁ?w11| Ms?ﬁcﬁbeﬁeﬁaﬂl% FREORETS,

ST opl oY Lol TR SHE 5o Hedn o it Teasp el oS o e 16 x
9 format dissphgter] dhi.aceordamse witle 4 ndesired camoentasf ebnicdliageescn X 9
format di spl Wecreasts'a?y 101 ik gty RrePinP Hilhi) FAflatd!  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 parallel with the vertical ramp
10 capacitor, and periodically discharges the capacitor fespohsive to the
vertical reset signal. In the absence of any adjustment, current Igamp
provides the maximum available vertical size for the raster. This
might correspond to the extent of vertical overscan needed to fill the
wide screen display by an expanded 4 X 3 format display ratio signal
15 source, as shown in FIGURE 1(a). To the extent that less vertical
raster size is required, an adjustable current source 508 diverts a
variable amount of current lapy from Iramp, so that vertical ramp
capacitor 504 charges more slowly and to a smaller peak value.
Variable current source 508 is responsive to a verfical size adjust
20 signal, for example in analog form, generated by a vertical size
control circuit. Vertical size adjustment 500-is independent of a
manual vertical size adjustment 510, which may be implemented by a
potentiometer or back panel adjustment knob. In either event, the
- vertical deflection coil(s) 512 receive(s) driving current of the
25 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.
FIGURE 4 is a block diagram showing further details of the wide
screen processor 30 shown in FIGURE 3. The Y A,U_ Aand V_A
30 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 recewe
resolution processed data_ signals Y_RP, U_RP and V_RP from
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nany different positions. FIGURE 1(d) illustrates a display format,
wherein the main and auxiliary video signals are displayed with the sane
size picture. Each display area has an format display ratio of.-8 % 9, ahi-eh
is of course different fromboth 16 X 9 and 4 X:3.” I n"ordér. £ 3: Show a--4 )é

C_%_fo_rmat display ratio source in such a difgplay area, w.thout "Ron-gemsel
vertical distortion, the signal nust be cropped on the left and/or right
sides. Mre of the picture can be shown, with less cropping, if some aspect -

ratio disto h
or i sont al _stesdlyfko"BioceRkiAy, SRUREAN ghoéngig‘%”tw&dsg"ﬁ RS Hot be
pi cture. Thequaedsate%lh timesyi Bubdwing psoec a&ﬂ)fﬁ)k Qfméilt%ppl ng and’
aspect ratio di St qHg PicikeIn B pRIGHEBONIa20 t Iayo bes pebodiedi as an

Sanpl | ng 11 mBER varatiodlbhd Besi Gr fogip ;iéwe‘fgﬁéée&%a?ﬂ e

conpl i cat e st Gprewmertloatrohics, ingh Taeobasicol ipe isvdeseribedamararge in

size as the diaphiaYafpaBlicdifodntitldd®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, some of which are shown in FIGURES

10 1(b)-1(f). |

' - The improved picture-in-picture processor 320 is adapted for
: asymmetrically compressing' the video data in one of a plurality of
selectable display modes. .In this mode of operation, the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical

1s direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of ‘a 16 X 9 format display ratio screen, the pictures appear

20 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 withodt external speed up
circuitry.

25 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, deccde the
signal into Y, U, V color combonents and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-

30 picture processor for the various full screen modes such as zoom,
'freeze and channel scan. Durmg the channel scan mode, for example,
the horizontal and vertical sync present from the video signals input

~ section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be

35 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
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signal . Various nethods can be devel oped for overconing these .
corrpl I cations. -6 - FI GURE
1(e)-is a display format wherein a 4 X 3 forrrat dlspl ay . at- ko pi-ctare j-s ---
disspl ayed in the center of a 16 X 9 format displ ayl’ I’é.tl(} screen Dark bars
are eV| dent on 't he rlght and | eft sides. -15- T e -RCA~8676;

will be locked to incoming video horizontal sync, which in these
special cases is the same as the display clock frequency.
In general, the picture-in-picture processor 320 digitizes the

video signal into ,Lummance (Y) and color difference signals (U, V),
s 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

10 require more complex management circuitry. The smaller number of .
bits per sample in the auxiliary channel represents a reduction in

- guantization 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

15 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

20 data. A number of data reduction and data restoration schemes have
been developed, including for example, dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary .signal path of the gate
“array, as explained in more detail below. Moreover, different

25 dithering and dedithering sequences involving different numbers. of .
bits can be implemented. One of a number of paiticular data _
reduction and restoration schemes can be selected by the WSP uP in:
order to maximize resolution of the displayed video for each
particular kind of picture display format.

30 The luminance and color difference signals of the auxiliary
‘signal are stored in an 8:1:1 six-bit Y, U ,V fashion in a video RAM 350
forming part of the picture-in-picture processor. In other words,
each component is quantized into six-bit samples. There are eight
luminance samples for every pair of color difference samples.

35 Briefly, the picture-in-picture processor 320 is operated in a mode
whereby incoming video data is sampled with a 640fy clock rate

locked to the incoming auxiliary video synchronizing signal instead. .
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Fl GURE 1(f) |IIustrates a di splay format Wnereln one large 4 X 3 fornmat
display ratio picture and three smaller 4 X 3 format display rati o pictures
are. displayed simultaneously. A smaller picture outside the pe,r,l neter Qf ...,
the large picture is sonetinmes referred to as a PP, th'at I's.a % - eut

pi cture-outside-picture, rather than a PI.-Rga picture-in-pict ursec'A.quetgérrrs
PIP or picture-in-picture are used herein for both dISp| ay formats. In

t hose ci rcumstances where the wide screen television is provided with two

tuners, eithef, poihnideer %ﬁ‘ﬂa q or%e;fd ?ﬁérﬂaboaﬁﬁmr&ﬁé%‘ﬁ% ] %fy exanpl e

In a video casset e re}g\?h ﬁ ctures C pl ay
novenent in r&3m %c@ﬁdgﬁ& i§i tead myts% the. P'Fﬁéfer'éhﬁicﬁlﬂfr?g pi ctures

, 033 be di s]pI fadmbeseof NAEEe RAmgmrumg rddd \Msid ttﬁea@nhélcswﬁﬂ dlds@i the h
oL on, S TIEABR! i HRE Al Sl BRE gt SR, PBURlePL Y8R IRt
that the |asgﬁm:p|datarwasno:thegonally]aannpleddandesmmdeamdacanme:treadsouh the
ot her hand. cgfinBgoRdiiy 't tdrihdtBb! tfblay8HIBHNBYERENY BireRly tréim Sthed
vndeo 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
10 displaying signals from the same video source.

The Y, U, V and C_SYNC (composite sync) outputs from the
.picture-in-picture processor in analog form can be re-encoded into
Y/C components by encode circuit 366, which operates in conjunction -
with a 3.58 MHz oscillator 380. This Y/C_PIP_ENC signal may be

15 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

~ can be the basis for horizontal and vertical timing in the rest of the
chassis. This mode of operation is appropriate for implementing a

20 zoom mode for the PIP, based upon operation of the interpolator and
FIFQ's in the main signal path.

‘'The main signal path 304, auxiliary signal path 306 and output
signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 5. The gate ariéy also comprises a clocks/sync

25 circuit 322 and a WSP pP decoder 310. Data and address output lines
of the WSP uP decoder 310, identified as WSP DATA, are supplied to
‘'each of the main circuits and paths identified above, as well as to the
picture-in-picture processor 320 and resolution processing circuit
370. It will be appreciated that whether or not certain circuits are,

30 or are not, defined as being part of the gate afray | ns Iargely a matter -
of convenience for facilitating the explanation.

The gate array is responsible for expanding, compressing and
cropping video data of the main video channel, as and if necessary, to
implement different picture display formats. The luminance

3s 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
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be generat ed. - . The various formats shown in FIGURE 1(b)-1(f) are
illustrative, not limting, and can be inplenented by wi de screen _

t €l evi sions shown in the drawi ngs and described in detail..hel ow. .. AR, ..
overal | block diagramfor a wide screen televisiagn in gccordabcé ' w'th® ... .
inventive arrangenents, and adapted to opeypte wiith.2f H.hori zongah ss 769
scanning, is shown in FIGURE 2 and general ly designated 10. The television
10 general ly conprises a video signals input section 20, a chassis or TV

m Cr opr ocesso a W de scr.ee 0, sor, 3 a 1fH 2t H converjer 40,

a defl ection lrc'(\&@iﬂ afg S ﬁe‘gzéﬁ an(ér%sge gﬁ’,"ﬂ?’”lﬁ}gpé‘ 3@'%’% 240,

ki ne drivers @dmmidancetcampanentspiYojRiPt ilhnPlRIed Y4P1Bnaren dpwelapedipyl vy

70. The grOUpaé'H:u‘PF(i#ﬂéi‘éW&?s,C”TﬁB!i it Eﬁp&%r&{ !ﬁ’h‘&drg&éé @s‘b‘idl.'ﬁgpﬁs

made for purposes of conveni‘ence jn description;, and is not, I ntended as

liniting the PIREASSHNG.pBS; AeuFP iNs GHGUR 3835 @hd is axpanded asengressAy
s by interpolator 359, generating signal Y_AUX as an output.

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

10 or pixels for filling such a large display area. In those
circumstances, resolution processing circuit 357 can be used to
restore pixels to the auxiliary video signal to replace those lost
during data compression, or reduction. The resolution processing may
correspond to the resolution processing undertaken by circuit 370
15 shown in FIGURE 4. As an example, circuit 370 may be a dithering
circuit and circuit 357 may be a dedithering circuit.
~ With reference to FIGURES 4 and 5, the auxiliary video input
data is sampled at a 640fy rate and stored in video RAM 350. The
auxiliary data is read out of video RAM 350 is designated VRAM_OUT.
20 The picture-—in-piCtu;e processor 320 also has the capability of
- "reducing the auxiliary picture by equal integer factors horizontally
and vertically, as well as asymmetrically. The auxiliary channel data
is buffered and synchronized to the main channel digital video by the
4 bit to 8 bit circuit 352, comprising 4 bit latches 352A and 352B,
25 the auxiliary FIFO 354, timing circuit 369 and synchronization circuit
' 368. The VRAM_OUT data is sorted into Y (luminance), U, V (color
components), and FSW_DAT (fast switch data) by demultiplexer 355.
The FSW_DAT indicates which field type was written into the video
RAM. The PIP_FSW signal is received directly from the PIP. circuit
30 and applied to the output MUX control circuit 321 to determine whichi
field read out of video RAM is to be displayed during the small picture
modes. : :
‘The auxiliary channel is sampled at 640fy rate while the main
~ channel is sampled at a 1024fy rate. The auxiliary channel FIFO 354
3s 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
(1024/540) compression. This is more than the 4/3 compression

—
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- - The video signals input section 20 is adapted'for receiving a

plurality of

conposite video signals fromdifferent video sources. The

viideo signals may be selectively switched for display as-main and--auxidi aryy
video signals. An RF switch 204 has two antenna input s ANTI and ANT 27--¢ -

These represent inputs for both off-air anfgona rieception-and” Gﬁ@h'ests?sg ’

-

receptlon The: RF switch 204 controls which

10

15

20

necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the interpolator
359 to correctly display a 4 X 3 small picture. The interpolator 359
is controlled- direcily or indirectly by WSP uP 340. The amount of
interpolator eipa_msion required is 5/g. The expansion factor X is

determined as follows:

X = (640/1024) * (4/3) = 55
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 FIFQO's 354, 356 and 358. The muitiplexers
315, 317 and 319 are responsive to output multiplexer control circuit
321. Output multiplexer control circuit 321 is responsive to a clock
signal, a start of line signal, a horizontal line counter signal, the
vertical blanking reset signal and the output of the fast switch from
the picture-in-picture processor and WSP uP 340. The muitiplexed
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 resp_ectivély. 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, -

30

35

clock signals, enable signals and reset signals. The WSP uP 340
communicates with the dnfferent circuits of the gate array through a
WSP uP decoder 310. SRRTE R

In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to-perform
horizontal zooming operations usually accompanied by vertical
zooming. Horizontal .zoom operations up to 33% can be accomplished
by reducing compréssions to less than 4/3. A sample interpolator is
used to recalculate the incoming video to a new pixel: positions
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aptenna 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 perforns
- a nunber of functions related to tuning, horizontal and .vertical. defl ection.
amd video controls. The particular one-chip shown.ts-ingustry. deS|gnatéd. .
type TA7777. The baseband vi deo si gnal VIDEFbCLH’deveIoaed in the g@ﬁﬁﬁﬂgp i
and resulting fromthe signal fromfirst tuner 206 is an input to

video switch 200 and the TVl input of w de screen processor 30. O her

baseband video i nputs . to video swit, 00 g de ALUX1 2.
These ni ght beb%€£‘65 6#‘9\#5@8359%‘4@@029%%@‘5""3&@%?%& gshﬂ%l gf\z%%
pl ayers, vi deofoganats contipies 4 ilarge Percentage off thendNyduisd feld towvier 200,

which is cont w&#ﬁgn%%h%s%ﬂfa}v ﬁéﬁﬁ{] §é§or 216 i s designated

SW . TCHED VI DEG. {'o wi de screen -
processor 30. A»stshqwmtmeEIGléﬂ&énb’eetwmm ata ¥_MN: tshraaugdwi de

screen prOCe§SfPfro§§he§hslrﬁéFd&bert Bg7TiL taédmﬂmmpﬁa \ﬁeﬂﬁoaeugwcsw as a
SEL COVP- QT vr'eca cﬁlages samr':tr]pfé vaiues' b'ars]-. B4 oh%tre comgreecs%tc% ozrlﬂ'ne
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
10 the interpolator 337. in particular, these switches select whether
A the intei'pqlator 337 precedes the FIFQO 356, as required for picture
f compression, or whether the FIFO 356 precedes the interpolator 337, -
as required for picture expansion. The switches 323 and 331 are
responsive to a route control circuit 335, which is itself responsive
15 to the WSP uP 340. It will be remembered that the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no
comparable switching is required .in the auxiliary signal path.
In order to implement video compressions through the use of a
20 FIFO, for example, every fourth sample can be inhibited from being
written into the FIFO 356. This constitutes a 4/3 compression. It is
the function of the interpolator 337 to recalculate the luminance
samples being written into the FIFO so that the data read out of the
FIFO is smooth, rather than jagged. Expansions may be performed in
25 exactly the opposite manner as compressions- In the case of
- compressions the write enable signal has clock gating' informaiion
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
30 it is.the function of the interpolator 337, which follows the FIFO 356
during this process, to recalculate the sampled data from jagged to
smooth. In the expansion case the data must pause while being read
from the FIFO 356 and while being clocked into the interpolator 337.
This is different from the compression case where the data is
35 continuously clocked through the interpolator 337. For both cases,
compression and expansion, the clock gating operations can easily be
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The Y/ C decoder 210 nmay be inplenented as an adaptive line conb filter. Two

further video sources S1 and S2 are also inputs to the YIC decoder 210.

Each of Sl and S2 represent different S-VHS sources, . and each consi.sts of .. -
separate | unminance and chromi nance signals. A swi tch: which- may Bé.." « "eer .

i ncorporated as part of the Y/ C decoder, a@n some adafdtive Irnﬁcq.dggygg
filters, or which may be inplenented as a separate switch, is responsive to -
the TV m croprocessor 216 for selecting one pair of Ium nance and

chroni nance si fmag ,ﬂugp%,ﬁpﬂﬁﬁbggaﬁ%nw i‘ﬂgﬁ HNe t%eﬁé?vgéé’ur Blagggr od

sel ected pair 'of lumnancé & rom nance sl her 8af t er - const
the main signdn 4he rising: eglgesecaf dhengystemiclio 4 ﬂat h.- Si gnal

desi gnati ons i ncl udintgrpdtation_dN thef eluxilia helgfmlntékﬁﬁé}ilaéétih thise auxmary
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s 6 bit Y, 81 1 field memory, video RAM 350, to store incoming
video data. The video RAM 350 hoids two fields of video data in a
plurality of memory locations. Each memory location holds eight bits
of data. In each 8-bit location there is one 6-bit Y (luminance) |
sample (sampled at 640fy4) and 2 other bits. These two other bits
10 hold either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80fy). Thé_ FSW_DAT values indicate which type of field
was written into video RAM. Since there are two fields of data '
stored in the video RAM 350, and the entire video RAM 350 is read
~ during the display period, both fields are read during the .display scan.
1s The picture-in-picture processor 320 will determine which field will
be read out of the memory to be dlsplayed through the use of the fast
switch data. The PIP circuit always reads the opposite field type
that is being written to overcome a motion tear problem. -If the field
type being read is the opposite type than that being displayed, then
20 the even field stored in the video RAM can be inverted by deleting the
top line of the field when the field is read out of memory. The result
is that the small picture maintains correct interlace without a
motion tear. : '
The clocks/sync circuit 322 generates read, write and enable
25 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
_ 30 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
3s read out of memory synchronously with the main video. How often
the read function is switched back and forth between the main and _
. —_
This Sheet Has B

T



- 8- signals UMand VM In this regard, U is an equival ent -desi gnation

for (RY) and V is an equival ent designation for (B-Y). The Y M UM and -
VM signals are converted to digital formin the w de screen processor for..,
ferther signal processing. The second tuner 208, functi onal:l'y,defjled.’
as. part of the w de screen processor 30, deyel ops- a basgband vi, '%%é"--"

= ¢ X

“TV2. A switch SW selects between the TV2 and SW TCHED VI DEO si gnal s a$8” an
input to a Y/ C decoder 220. The Y/ C decoder 220 nay be inpl enented ' :

auxiliary channels is a function of the particular special effect
_ chosen. _ '
- Generation of different special effects such as cropped side-
by-side pictures-gre accomplished through manipulating the read and
s write enable control signals for the line memory FIFOs. This display
format, shown in FIGURE 1(d), is particularly desirable as it enables
two nearly full field pictures to displayed in a side by side format.
-The display is particularly effective and appropriate for a wide
~ format display ratio display, for example 16 X9. Most NTSC signals-
10 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 .

L 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

. 15 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
20 both have 62.5 microsecond nominal line length. Accordingly, an
NTSC video signal must be sped up-by a factor of 4/3 to preserve a
correct aspect ratio, without distortion. The 4/3 factor is calculated
as ratio of the two display formats: - '
4/3 = (18/9) / (4/3)

- 25 Variable interpolators are. utilized in -accordance with aspects of this
invention to speed up the video signals. In the past, FIFOs having
different clock rates at the inputs and outputs have been used to
perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 X3

_ 30 format display ratio display, each picture must be distorted or
cropped, or some combination thereof, by 50%. A speed up comparable
to that needed for a wide screen application is unnecessary..

Generally, the video display and deflection system is
synchronized with the main video signal. The main video signal must
35 be speeded Up, as explained above, to fill the wide screen display.
The auxiliary video signal must be vertically synchronized with the
first video signal and the video display. The auxiliary video signal
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as an adaptive line conb filter. Switches SWB and SW sel ect between-the

| um nance and chromni nance outputs of Y/C decoder 220 and the |um nance and
chroimi nance signals of an external video source, esigfated Y. EXT ‘and.CEXT:
réspectively. The YEXT and C _EXT signals correspand .to 1 he S-VHSfput “51.',
The Y/ C decoder 220 and switches SWB and S¥2-may be -conti ned, HBCRn8& s
adaptive line conb filters. The output of switches SWB and SW is
thereafter considered the auxiliary signal and is processed al ong an

S'gnal “desi grogy o"i'f’;“d-‘?!‘gf“?*'ﬁim‘zﬁ“?},?”@?&‘”“'ﬁ'ﬁ 'h %0 Rt dnoity Y ahd
i i | i udi. , . uxi | i.

ot gnal pat . ar SxpaRFiss i e, pSmBEY o ¥BehfRealidh OF i HuniGae

si gnal s UA anddga date with, main widéovAdatagisakscamplistvede byedtilizingi the al

f f furtx ' I ' i¢f At (] ' .
sui tehing i n VRSon - 3Q0CEE iy sty SRE=Hls: ih, MSECIaso) o 0
managi ng t hé BEiResy saviea | 3t ffor axpandingethensignalt s of the different

pi cture display fPRgBiSynchronoud RRINESDE TheYrREY AN WHieSEIBRRS, HeMRVRANC,
.CorreSpond' "%468s require that steps be undertaken to avoid read/write pointer
collisions. Read/write pointer collisions occur when old data is read
out of the FIFO before new data has an opportunity to be written into
10 the FIFO. The size of the FIFO is related to the minimum line storage -
capacity thought to be reasonably necessary to avoid read/write
- pointer collisions. - ' : . '
Since the display is locked to the main channel video, the
current field type being displayed, that is the upper or lower field,
15 will be determined by the main signal. The field type which is stored
- in the video RAM 350 memory and ready to be read out at the start of
the main channel field may or may not be the same as the displayed
field type. It may be necessary to change the auxiliary field type
stored in the video RAM 350 to match that of the main channel
20 display. '
The picture-in-picture procéssor 320 and -the gate array 300
_ quantize 262.5 line fields of the NTSC signal into 263 line upper
-fie'lds‘(sometimes referred to odd fields) and 262 line lower fields
(sometimes called even fields). This is due to fact that vertical sync
£ 25 is sampled with pulses representing horizontal sync. This is
R “iliustrated by the diagram of FIGURE 7. An upper/lower (odd/even)
field type indicator has a value 1 for upper fields and a value 0 for
lower fields. The upper fields include odd lines 1 through 263. The
lower fields include even lines 2 through 262. ' In FIGURE 8, the first
3o field type indicator U/L MAIN SIGNAL represents jthe'_-field type of the
- main video channel. The signal HSYNC_AX represents the horizontal
sync signals for each line of the auxiliary channel.
The field type indicator U/L(A) represents the field .type stored
in the video ram 350 if each auxiliary channel line were written in
. 35 “normally”. The term normal is used here to indicate that the odd
lines 1-263 are written in to the video RAM 350 as the upper field is
being received and decoded. The field type indicator U/L(B) -
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Y Mis provided by the wi de screen processor to a sync separator 212. The
hori zontal and vertical synchroni zi ng conponents H and V respectively are
inputs to a vertical countdown circuit 214. The vertical -count-dowm_ci [reut-t
devel ops a VERTI CAL RESET signal which is directéll” fnto the -'WI de ecrveen- Lt

processor 30. The w de screen processor gengrates ahn i 3t ef nal -m;t:lswog
reset output .signal INT VERT RST OUT directed to the RGB interface 60. A
‘switch inthe R@B interface 60 sel ects between the internal vertical reset

Quiput slanal - dHidshRs ‘iﬁéthsr’ﬂ 176 P8l ZinNhe GREBBNANN O350 1TE ! FiF21inEE

source. The ol P roni zi ng
. conponent  SELYERTEVIRPEN figld dg pot W&%f'ﬂ&th@n‘"@ﬁpca és I-ﬁ)‘ﬂ”ﬂgn'th&l and

vertical syncpdcyptidbfshanappepitidlde Instead, the first line is actually tacked .
onto the last ling, (number 262) of the lower field. This effectively
5 inverts the field type since line 2 will be the first displayed line and
line 3 will be the second displayed line in the frame. The received
upper field now becomes the lower field and vice-versa. The field
type indicator U/L(C) represents the.field type stored in the video |
RAM 350 if the last line of the upper field is added to the video RAM
10 350 during the reception of the lower field. This effectively inverts
the field type, sincé line 263 will be the flrst dcsplayed line and line
.1 will be the second displayed line.
| The addition and subtraction of lines in modes B and C does not
degrade the auxiliary channel picture because these lines occur
15 during vertical retrace or overscan. ‘The order of the displayed lines
is shown in FIGURE 10, where solid lines represent upper field lines
and dotted lines represent lower field lines.
. As the main and auxiliary channel signals precess, the U/L MAIN
SIGNAL will shift to the left or the right with respect to the
20 auxiliary channel U/L (A, B, C) field type indicators. In the paosition
shown in the diagram, data should be written into the video RAM 350
using mode A, because the decision edge is in zone A. Mode A is
appropriate because -when the picture-in-picture processor receives
- vertical sync, it will write the same field type into the video RAM
R 25 350 as will be required by the display to read from the video RAM 350
‘  starting with V_SYNC_MN (main channel vertical sync). As the
signals precess, the mode will change according to their relative
‘positions. - The valid modes are shown graphically at the top of
FIGURE 8 and in the table of FIGURE 9. There is an overlap between
30 modes B and C, since most of the time that mode B is valid, mode 'C is
also valid, and vice-versa. This is true for all but 2 lines out of 262
lines. Either of modes B or C can be utilized when both are valid.
A block diagram of a circuit 700 for maintaining interlace
integrity according to this inventive arrangement is shown in FIGURE
3s 12. The output signals of circuit 700 are write and read reset
control signals for the video RAM 350, the FIFO 354 in the auxiliary
signal path and the FIFO 356 in the main signal path, as shown in

i




auxiliary video signal are devel oped by sync separator 250 in the w de
SCreen processor. The 1fH to 2fH converter 40 is responsible for
converting interlaced video signals to progressively scanpped nonint erJ.ace.d
signals, for exanple one wherein each horizontal:-l-irne-js digspldayed I W.Ce,,
or. an additional set of horizontal |ines. Qa.gene-r at ed 'by I nt e myslisbas .
adj acent horizontal lines of .the sanme field. In sone instances, the use of
a previous line or the use of an interpolated line will depend upon the

omver s "o FTRURBDSC 11, P B 1 AL PRET il ot

vi deo RAM may@ palrL@fesngnaIs VSYNC_ Ml\f AND HSYNC_MN. The field type of the :
auxiliary video signal is determined from a corresponding pair of
signals VSYNC_AX AND HSYNC_AX. Each pair of signals has a

5 predetermmed phase relationship which is set in the gate array. ThIS _
relationship is shown in FIGURES 11(a)-11(c), which apply to both
pairs of signals. In each case, HSYNC is a square wave, whose nsmg
edge corresponds to the start of a horizontal line of the respective
signal. In each case, VSYNC has only one rising edge per field, which

10 corresponds to the start of a vertical field of the respective signal.
The relationship between the rising edges of the respective pairs of
signals is tested by circuit 700 to determine what steps, if any, are
necessary to match the field type of the auxiliary signal to the field
type of the main signal. In order to prevent ambiguity, the leading

15 edges of the main pair of signals are never closer than 1/g of a
horizontal line period. The leading edges of the auxiliary pair of

- sighals are never closer than 1/1¢ of a horizo_ntal line period. This
prevents jitter of the leading edges relative to one another. This
relationship is assured by the timing circuits in the gate array.

20 The main signal pair VSYNC_MN and HSYNC_MN are inputs to a
first field type detecting circuit 702; which comprises two D-type
flip/flops. In one case, HSYNC_MN is sampled by VSYNC_MN, that is,
VSYNC_MN is the clock input. The output of this flip/flop is an

, upper/lower field indicator UL_MN for the main signal, which can be a

i 25 logical HI for an upper field type and a logical LO for a lower field

" type, although this is arbitrary. In the other case, VSYNC_MN is

sampled by HSYNC_MN. This provides an output VH, which is the

vertical synchronized to the horizontal.

The auxiliary signal pair VSYNC_AX and HSYNC_AX are inputs to

30 a second field type detecting circuit 710, which also €omprises two
" D-type flip/flops. In one ‘case, HSYNC_AX is sampled by VSYNC_AX,

that is, VSYNC_AX is the clock input. The output of this flip/flop is

an uppet/lower field indicator UL_AX for the auxiliary signal, which

can be a logical H! for an upper field type and. a logical LO for a lower
3s field type, although this is arbitrary. In the other case, VSYNC_AX is

sampled by HSYNC_AX. This provides an output VH, which is the

vertical synchronized to the horizontal.
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store one or nore fields of a frane, to enable the progressive display. The
converted.video data as Y 2fH, U 2fH and V 2fH signals is supplied to the
RGB i nt erface-60. The RGB interface 60 enables gselection f the, ...
converted video data or external RGB video data-for drsplay by tlre,video
signal s input section. The external RGB spgal ts deenpd to DegAMES4g".."
format display ratio signal adapted for 2fH scanning. The verti cal

synchroni zi ng conponent of the main signal is supplied to the RG interface

virtical sy a;;éi Y AEAESR) aribyeh SFSvametiold ty SO et Rins SOt o
Oper ation of 6fgR aeswsnin dhefisstohainabitbe heerzostalcline perind.ams in
external RGBRIGURE, 1bfb)geTeafishy figran' rup?rem@b{r%&rﬂeidng@g lifo{uhtesirii& .
N X o POURIAC ot {MIaTEhaE R0.R S LEE 0 KSR, o RS g e
and danmage % period, &8 HGUBE tul{e).or proj ection tubes. Accordingly, the

.;Ffﬁfr ir nt er I ace CiTettid VPTG tite MiR*SiBhaR andy ASYNG MNGrd Rals 1 etager O

circuits 704, 706 and 708, which provide horizontal line period
.delays to assure the proper phase relationship of the output signals -
WR_RST_FIFO_MN, RD_RST_FIFO_MN and RD_RST_FIFO_AX.. The delay
10 operation can be implemented by D-type flip/flops. Two to three
horizontal line periods of delay are provided between the write and
. read pointers. '
) The upper/lower field type indicator UL_MN corresponds to U/L
MAIN SIGNAL shown at the top of FIGURE 8 and is one input to a
15 UL_SEL comparator 714. The other inputs to comparator 714 are
supplied by UL_AX test generator 712. Test generator 712 has the
UL_AX field indicator as an input, as well as HSYNC_AX as a clock
input. Test generator 712 provides signals U/L(A), U/L(B) and U/L(C)
shown in the bottom of FIGURE 8, corresponding to the three possible
20 modes A, B and C. Each of the signals U/L(A), U/L(B) and U/L(C) is
compared with UL_MN, at the time of the decision edge of U/L_MN,
also shown in FIGURE 8. If UL_MN matches U/L(A), the field types
match and no action to maintain interlace integrity is necessary. If -
UL_MN matches U/L(B), the field types do not match. it is necessary
25 to delay writing the upper field by one line to maintain interlace
integrity. If UL_MN matches U/L(C), the field types do not match. It
is necessary to advance writing the lower field by one line to -
maintairi interlace integrity.
The results of this comparison are an input to RST_AX_SEL
30 selector circuit 718. The other inputs are the three Vertical
' synchronizing signals RST_A, RST_B and RST_C generated by
RST_AX_GEN generator 716. The three vertical synchronizing signals
RST_A, RST_B and RST_C have different phases relative to one
another in order to implement the corrective action, or no corrective
3s action, to maintain interlace integrity according to the output of the
comparator 714. Delay circuit 722 resynéhronizes the selected
vertical synchronizing signal with the auxiliary video input to

I
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sel ection of a non-existent external RG&B input. The WSP mi croprocessor 340
al so supplies color and tint controls for the external RGB signal.

The wide screen processor 30 conprises a picture in pkcture GH‘GUI'[ 301~ fnor
speci ‘al  si gnal processing of the auxiliary vided.5i gnal The teerem o e
picture-in-picture, is sometimes abbrevi al?fl- as:PIP of- pi x- i n-TR&A SAJéat— ’
array 300 conbines the main and auxiliary video signal data in a w de
variety of display formats, as shown by the exanples of FI GURES 1(b)
through 1(f).gdeérate CWR ERBT- VRAM AX. Delay circuit 720 performs a similar

function for generating RD_RST_VRAM_AX and WR_RST_FIFO_AX. As
seen in FIGURE 8, modes B and C overlap most of the time. In fact,
only two out of.é"y_ery 525 comparisons will require only one of modes
s B or C, rather than either. The comparator 714 can be arranged to
favor mode C over mode B when both modes are valid. ' This choice can
be arbitrary, or based on other circuit considerations.
A problem can occur when_ the main video source is a
noninterlaced source, as can be the case with certain video games and
10 computers, and the auxiliary video source is an interlaced source,
‘again because the display is locked to the main signal. A
noninterlaced display will not display alternate fields in alternate
interlaced positions, that is, such. that the lines of the respective
fields are spatially offset and in between one another. In accordance
15 with an inventive arrangement, the presence of a signal from a
noninterlaced video source on the main picture channel is detected.
Such detection can be implemented by detecting that successive
fields have the same field type. '
The presence of a signal from a noninterlaced source can be
20 used to change the mode of operation of a video RAM and an
associated control circuit. In one mode, the video- RAM may be used to
store successive fields of an auxiliary video signal. These fields may-
be read out successively when the main plcture channel is an
interlaced signal. S
- 25 When the main signal is nomnterlaced the video RAM and
control circuit can operate in another mode, wherein only every other
field of the auxiliary signal is read from the video RAM and combined
with the main signal, even though all fields may still be written into
the video RAM. Alternatively, only every other field can be written
30 into the video RAM, and thereafter read from the video RAM. In either
case, only upper fields (odd fields) or only lower fields (even fields)
will be read from the video RAM. Each of these fields will be read
and displayed twice, in the same vertical position.
A microprocessor can monitor the noninterlaced sugnal source
35 detector, and in accordance with detection or nondetection, set the
operating mode of the video RAM and associated control circuit for
supplying all fields of the auxiliary vadeo signal, or only upper .or only
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-:10- circuit 301 and gate array 300 are under the control of a w de
screen m croprocessor (WSP [err]P) 340. M croprocessor 340 i.s responsive to
the TV mcroprocessor 216 over a serial bus. The sgrial ,bus includes .tou..
signal lines, for data, clock signals, enable signal standreséf “signals. .’
The wi de screen processor 30 al so generates7za conppsite Verticakea ge769--
bl anki ng/ reset signal, as a three | evel sand castle signal. Alternatively,
the vertical blanking and reset signals can be generated as separate

section to ek oids PLaBe Busiing SIGHPRIGHRL o e (il gl | n°
nore detail ieombapd the rsigealsefor ther sinauitanegus disglay. fromthe wide
screen -processor, wigtlréfdrefcelid PIGURRI A, VY SYNGCNisZangrddediald veRridal he
R I er A chionisng pulel wioss eing' 8856 “corresponds "to” hé Beginning
processor. _ _ ,

s of the video_s'ignal‘s vertical synchronization. The H_SYNC signal is a
processed horizontal synchronizing pulse whose rising edge
corresponds to the leading edge of the video signal's horizontal
synchronizing pulse. _As shown in FIGURE 11(c), an odd type field is
detected when V_SYNC occurs just prior to a rising edge of H_SYNC.

10 An even field is detected when V_SYNC occurs more than one-half of
a line prior to the rising edge of H_SYNC, as shown in FIGURE 11(b).

- The field type detector 800 comprises a pulse generator 802
: and a D-type flip/flop 810. The pulse generator 802 comprises tow
gated flip/flops 804 and 806, and-an AND gate 808. The V_SYNC
15 signal is an input to flip/flop 804. The Q output of flip/flop 804 is
an input to flip/flop 806 and one 'input to AND gate 808. The inverted
Q output of flip/flop 806 is the other input to AND gate 808. The
flip/flops 804, 806 and 810 are clocked by 1024f4. The Q output of
the pulse generator is a one clock wide pulse occurring at the
20 beginning of vertical synchronization. This one clock wide pulse is
the enable (EN) input for flip/flop 810. The pulse samples the
H_SYNC signal on the D input of flip/flop 810. The Q output of
flip/flop 810 is the upper/lower (U/L) field type indicator.
_ A circuit 820 for detecting interlaced and noninterlaced signals
N 25 is shown in FIGURE 14. The circuit 820 comprises field type detector
800, D-type flip/flop 822 and exclusive or (XOR) gate 824. The
inverted Q output of flip/flop 810 is the D input for flip/flop 822,
which is enabled (EN) by the Q o’ut'put'of flip/flop 802. The inverted Q
outpht of flip/flop 810 is-the U/L field type indicator. The inverted Q
3o output of flip/flop 810 and the Q output of flip/flop 822 are the ~
input to the XOR gate 824. The purpose to the flip/flop 822 is to
" store the field type. of the preVious field. The XOR gate 824 compares
the field type of the current field with the field type of the previous,
stored field. If the field types are the same, the output of the XOR

35 gate 824 will be LO, indicating a noninterlaced video source. If the

field types are different, the output of the XOR gate 824 will be HI,

indicating an interlaced video source.

This Sheet Has Been'Re'ilaced

A




These additional control signals relate to horizontal phasing, vertical
size adjustnent and east-west pin adjustnent. The deflection circuit 50
supplies 2fH flyback pulses to the w de screen processer-30, t-he-ifH to 2¢H
converter 40 and the YUV to RGB converter. 240. ", Cperafing vokiages fer
the entire wide screen television are gener28ed By a pewer . suppl RCR0BEFASCH
can be energized by an AC mains supply. The w de .screen processor 30
is showmn in nore detail in FIGURE 3. A number of the elenents shown in

e s oo ep o otHeLTa"naspibbetkarotel s His dalir ohahe HTEAERCED!
circuit 301, .aﬂ‘d{) ?'SnEF AV &eﬂﬁgif\zrb‘f% éﬁﬁ?gﬁ"%f&m%?‘?%ﬁf%#ﬁg second
tu?elrJ t zgﬁéOg.e\r/ﬁdteradne;ra{gqmejagysaﬂgmmmming_e@sa n@mcmwmelwwtetberetéﬁ o
oo Bl TRy SIS sl e miag sy e o
The second t aniatedagedaer Benipteriaced.netfc e nmain | videpaglgnalais interlaced,
the pix-in-pix processor 320 can be instructed to operate by reading
and writing every field of the auxiliary video signal. Interlace
integrity can be maintained as explained in connection with FIGURES
7-11. If the microprocessor determines that the main video signal is
10 noninterlaced, the pix-in-pix processor 320 can be instructed to
write only every other field into the video RAM 350. Since only one
field type is erﬁen, only one field type can be read out. Each such
field is read out twice. The auxiliary channel is thereby converted to
noninterlaced video. Such -noninterlaced video results in a much more
15 desirable picture as an auxiliary picture on a noninterlaced display
than would an interlaced auxiliary picture.

-
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and an audi o ‘stage 226. The-second tuner 208 al so operates in conjunction

with the V\BP[err]P340. The WSP [err]P 3 conprises an inp /O z
section 340A and an anal og out put secti onA%bAfOB The |/ Q- secti: (l)#r?n ?A%XBQ

psovides tint || signals, the | NTLEXT signat f@ruse+ e&tl ng -
‘the exter nal Rﬂm“mm“ﬂﬁﬂlm‘ nd control signals foF "t Re sii<ches SWL -
t hrough SWs. fThe | £O sectioh dlso nonitors the EXT SYNC DET signal fromthe

RGB. |nterface to protect the deflection
-1 1- _ CLAIMS |

rre-

1. An apparatus, having: video display means- (244) synchronized
with a first video signal (Y_MN, U_MN, V_MN); means (300) for
5 combining a second video signal (Y_AUX, U_AUX, V_AUX) with said
.. first video signal in ‘a simultaneous display on said video display
means; and, said second video signal having more than one field type,
characterized by: ' —
means (820) for detecting whether sald first wdeo signal has
10° .more than one field type (U/L); and,
video signal processing means (320) responsive to said
detecting means (820), having a first mode of operation when said
first video signal has more than one field type, in which all fields of
~ said second video signal are an output to said combining means (300)
15 for said simuitaneous display, and having a second mode of operation
when said first video signal has only one field type, in which only one
field type of said second video signal is an output to said combining
means (300) for said simultaneous display.

20 ° 2. The apparatus of claim 1, further characterized by means
(700) operable during said first mode of operation for maintaining
interlace integrity of said second video signal with said display
means (244).

25 3. The apparatus of claim 1, _characterized in that said video
s:gnal processing means (320) synchronlzes said second video signal
with said first video signal.

4. The apparaths of claim 1, further characterized by means
30 (350) for storing said second video signal, only one field type of said
video signal being written into and read from said storing means
during said second mode of operation. -

5. The apparatus of clalm 4, characterized in that each field
35 written into said storing means (350) during said second mode of
operation is read out twice to said combmmg means. —— 0
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circuit and cat hode ray tube(s) The -anal og out put section 340B provi des

trol nal s - east - adj ust and hori z I
control sig §é5 j % %gt

t hr ough respectl Hits 254, 6 and, 258. ....
array 300 is re$p| ﬁ‘ﬂ(ﬂﬁ ni ng video informati;onqgf ronthe” nai.ol and
auxi liary signal t a conposite;w de Scrken dishl.ay, .fof,.’

exanpl e one of those shown in the di fferent parts of FIGURE 1. d ock .
information for the gate array is provided by phase | ocked | oop 374, which

oper?t ez It n tconJ unellmwabpalrmspagfcléigh;ﬁ; lfl.gﬂfer Eharé@tbﬁzédd@&’ mb%?' ;2
cess | »
::Jgga: g degl g%dyd?c% %fér?ﬁ%%\g Wonﬁé@geﬁ)reﬁ'ﬂ Igﬂ'g}’ P%'F’e&ﬂﬁn%r?%@aw
anal og to di gstgalal fheingbwridteal infot stating traéansronce and 3éadaodt 46saighown
in nmore detaig rihd:'n%ﬁ?sdtwge duané‘eséia SbcSUMABAR! of 'cP¥RhiioR! © "eferred

to by the gener|

7._ The ‘apparatus . of claim 1, characterized in that said display
means (244) has a wide format display ratio.

8. An apparatus, having: video display means (244)-

10 synchronized with a first video signal (Y_MN, U_MN, V_MN); means
(300) for combining a second video signal (Y_AUX, U_AUX, V_AUX)
‘with said first video signal in a simultaneous display on said video
display means; and, said second video signal having odd and even
interlaced fields, . characterized by:

15 - means (820) for detecting. whether said first video signal is
interlaced or noninterlaced; and,

video signal processing means (320) responsive to said
detecting means (820), having a first mode of operation when said
first video signal is interlaced, in which both odd fields and even

20 fields of said second video signal are an output to said combining
means (300) for said simultaneous display and having a second mode
of operation when said first video signal is noninteriaced, in which
only all even fields or only all odd field$ of said second video signal
are an output to said combining means (300) for said simultaneous

25 display. :

9. The apparatus of claim 8, further characterized by means
(700) operable during said first mode of operation for’ maintaining
interlace integrity of said second video sugnal with sald dasplay
30 means. (244) - e

10. The apparaitus' of claim 8, characterized in that said video
signal processing means (320) synchromzes sald second video signal
with said first video signal.
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designations U and V, whi Ch may be assigned to either RY or B-Y si gnal s,
or | and Q signals. The sanpled.|um nance bandwidth is limted to 8 Miz
because the systWMf[er‘r }31 whi ch is approxi nBCéN P61 669Hz .

A singl e anal og] tmm nverter and an anal-og” switch can be used to -
sanpl e the coI otr m‘#&mgﬁlﬁ'ﬂacause the U and V si gnal s are- Irm ted to
500 KHz, or 1. fore he select |ine U/ _MIX for the anal og
switch, or rTLI|tI pI exer 344, is an 8 M signal derived by dividing the

system cl ock by 2. A one clock wide start of line SCL pulse synchronously

resets this signal to zero at the be%l nni_ ng of each horizontal video |ine.
The W_MJX line tHdn tbigIapparatys A ect@ar(thmfuethecMaaracmrm byheweans

Pﬁ“ ztmz al }' (850ifoe estbhing! sard Its@wl nkdl gﬁéﬁ‘ls{?gﬁé'l eﬁﬁg Cdtﬁék fréia' £
esaeo initialized, w consi, sf e

or1 e S SARSIESD AT b Arln inilt ane”BeRd ﬁé?%a?@ié Siorice nesins
anal og to sil gduaﬂngcsatcbrsmeeosdmmdmdaf Gperation. shift ed because the analog to
digital converters each have 1 clock cycle of delay. In order to

accommdate for this data shift, the clock
. 12. The apparatus of claim 11, characterized in that each field

written into said st_onng means (350) during said second mode of
operation is read out twice to said combining 'means_ (300).

10 :
13. The apparatus of claim 8, further characterized by means .
- (350) for storing said second video signal, every other field of said
video signal being written into storing means once and read out of
said storing means twice during said second mode of operation.
15 : :

14. The apparatus of claim 8, characterlzed in that said display
“means (244) has a wide format display ratio.
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gating information fromthe main si gnal processi ng path 304 nust be-
simlarly del ayed. ‘Were the clock gating information not del ayed, the W :
data-will not be correctly. paired when deleted, This, js.inportant because
each W pair represents one vector. A U elenent: - f1 om;one Ve:ct'o’r carm,c;t be
E)iuzfed with aV el errent from anot her vectg&_ : RC’A 867’69

Abstract
. A video display unit and deflection system are synchronized
with a first video signal. The video display unit may have a wide
format display rati®: A detecting circuit (820) determines whether
5 the first video- signal has more than one field type (U/L). A second
video signal has more than one field type. - A multiplexer combines the
first and a second video signals for a simultaneous video display. A
video signal processor is responsive to the detecting circuit (820)
and has two modes of operation. In a first mode of operation, when
10 the first video signal has more than one field type, all fields of the
second video signal are an output to the muiltiplexer. In a second
mode of operation, when the first video signal has only one field type,
only one field type of the second video signal is an output to the
multiplexer. The video signal processor has a memory for storing the
15 second video signal. Only one field type of the video signal is written
into and read from the memory during the second mode of operation.
Each field written into the memory during the second mode of
operation is read out twice to the multiplexer.

N
ey

FIGURE 14

///
as Been Re‘laced

i



Wkt hout causing a color shift: Instead, a V sanple froma previous pair -
w |l be, deleted along with the current U sanple. This nethod of UV _
mul tipllexing is referred to as 2:1:1, as there gre,twa |.uri nance..sanpl.es...
for every pair of color conponent (U, V).sanples: ‘The Nyquist ffequehcy f.or
both Uand Vis effectively reduceﬂ_ o one half :of :the | um nancé..Nyqui.5f.."
frequency. Accordingly, the Nyquis ﬁ'}ﬁquency of the output of the anal og
to digital converter for the |um nance conponent is 8 MHz, whereas the
Nyqui st frequency of the output of|{the gnalod to digita] converter for the
col or conponents is =" - The PIR ci’rcuiﬁ nd&’or the gate array may
al so .i ncl ude neans ncing the redqolwtijonwof| t e puxiliary data
not wi t hst andi ng t he|] dat cpnpressi pn. Alpunbdr of Jdata yeduction and data
restoration schenesj h een devel aged,| including for exanple dithering
‘and dedithering. My eover di#fereniQditlheri ng sequencesq3jvol ving
different nunbers of bits @and diffpwent {pai red pixel copnPressions involving
di fferent nunbers of bits Xre cont eggl atled. One of a : ’
. o . S
Sy
Tl

-

S

L

4X3

f6X9

FIG. 1(b)
4X3

FIG. 1(e)
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nunber of partic 1 def® ¢don and restorati on schenes can be sel ect ed
by the WSP [err] o maxi m ze resol ution of the displayed

vi deo for each par M‘\ “ﬂ‘ﬁ%f pi cture displ ay formate .« --The gate:
ar-ray includes int |ch operate in conjunction wpth H ne «rc -
menories, which may be inplenmented EﬁFO s 356 dnd-358. The i'mt’er pol ator
and Fl FO S are(\n lized to resanpl e mai n signal as desired. An

addi tional intergolator can resanple the auxiliary signal. C ock and

synchroni zi ng QD cuits int ggﬁge array CG-m-z-gl-—t-he-c.a-t_a_J:ram_p.uJ_a.LLon of
both the main aUX|I|ar\* I ncl uldi mg—ttreTombrmatTomrther ¢of{ i nto
a single output |de.o%tg1a;i-;<l’;a\gng WX o V_MX conponent s} These .
out put conponents ard & &n geﬁu’éo agal og' £or  to anal pg
converters |3 4 Thganagag forms desj gnated. |Y,] U and
V, are suppl = 4 er-q»] tgi AR converteﬁz— conver si onjtd
noni nterl adeéd scanni gg. The Y U and SI cnnal S % ehcoded tp Y/ C
format by € 710 1|41e a raNcg out|put si gnal
[ww .
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A circui t—5€}e—|—s~pfov1—ded——f-or adj. ustlng the vertical size of the raster,

in accaord Ba Sl d amount of vertical overscan necessary for

i npl ement | e I'ay formats. As illuystrated..di agr.armat i ca.l I,y,
constant cu 'I 2 provides a constantquantfty.of ‘current ‘... .
[err] RAMVP vertlcal ranp capacitpr 504. A trdnsi‘st'or- 506-i’s

coupled in parallel vm th the vertA{-J gk ranp capaci tor and periodically
di scharges the capacitor responsive to the ye s 2S FI sigeal . In the
absence of any &djustnment, current [errg RA maxbum avai | abl e

vertical size fg crres§§ @J} \e@ent of ¢

24
v
YR

vertical oversc@ de y &h expand@ 4 X
3 format displ a 5 Ishown in (aoToth
extent thatg|es$ bk Ir ¢qui ) a bf e cur rla,u
source 508/dive quirent ok AOLT r OTMTY-.@@ r {RAMP, so
that vertical eb |mpre S|°’€)V\A) g to"éﬁ?raller peak
val ue. Varli Za ¢ I\ Al i\esp)ns V € pt=8=+p @L.sfie adj ust
si gnal , fcr;%a“rpl e‘gn‘;attal-‘cg f.pEm gpnerlaled by & er 5i ze”
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control circuit. Vertical size adjustnment 500 is independent of.a manual
vertical size adjustnent 510, which may be inplenented by a potentioneter
or. back panel adjustnent knob. In either event, the vertical..defl ect.i on::
coil {s) 512 receive(s) driving current of the pfoper'naghltUde ..Hor'i.zontal
deflection is provided by phase adjusting circuit:518, East:Vest pin. .’
correction circuit 514, a 2fH pha&d12cked Ioop 520 and hori zont al out put
circuit -516. FIGURE 4 is a bl ock diagram showi ng further details of
the wide screen processor 30 shown in FIGURE 3. The ¥ A UA and V.A signals
‘are an input to the picturse in pEct ure pro&essor 320= whi ¢h can include a
resol uti on processing ci &8@ 379_' The wi de' screen t=f evi si on accordi ng to
aspects of this inventi ol &am exgand and cgmpress vigeo. The speci al
effects enbodied By the VEY= ] ousm

part in FIGURE 1 3re—eene 5

whi ch can recelve|r
from |

drocessor 320,
IUERP and V. RP
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-14-  resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during selected display formats. The

pi cture-in-picture processor 320 may be enbodi ed as an -iaproved-variation

of* a basic CPIP chip developed by Thonmson Consufrer Electsonkcs,.d nc’--The’
basic CPIP chip is described nore é:f Ig/ in a publication enfitled The CFC
140 Picture in Picture (CPIP) Tech éi Trai ning Manual, available from
Thonson Consuner _
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E ectronics, Inc., Indianapolis, | ndi ana. A number of speci al features or
speci al, effects are possible, sone of which are shown in FIGURES 1 (b)-1

(f)- The i nproved picture-in- pi cture processor 320 is adapted for .
aSymmetrically conpressing the video data in one of aopIUfahlty of .« .r
sel ect abl e di splay nodes. In this. of operatlon the pi ctures are
conpressed 4:1 in the horizontal dir @2on and 3:1in the vertica

direction. This asymetric nod
di storted pictures for storage
are squeezed horizontally. Howdv if these pjctures are read out

normal ly, as for exanple in- th% . for display of a 16 X 9
format display rati o screen, Eh i ctures appear correct. The picture
fills the screen and there is i istortion. The asynmmetric
conpr essi on node accordi ng t«gghy vention nmakes it

possi ble to generate the spe?bgl a 16 X 9 screen w thout
external speed up circui'try.892 .
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kn full screen PIP nodes, the picture-in-picture processor, in conjunction
W th a,free ThisShd BsaniReplaedr 348 will take Y/ C input froma decoden f or
exXanpl e an ad nmb filter, decode the slqna+ ‘tnto- YU, Vv colpr
conponents an i zont al and vertlcaF sync: puhses* The§e srgnal
are processed 1 n the picture-in- géz% yre processor feor ¢ he various fal
‘screen nodes such as zoom freeze “Channel scan. During the channel scan
node, for exanple, the horizegptal and veyt
signals input section will hgve many di
sanpl ed (different channels) will have qp
switched at s Lngly randomjnmonents in
(and read/wite \ideQ,RAM cl dck) is det
oscillator. For.frq;%g d

| syng present fromthe video
4 nuiti gs because |t he si|gnal s

| at ed |[sync pul sgs and wi || "be
Therdgf ore the qanpl e [cl ock
t—y—t| re—frg nni ng:

K ‘

- 292
092
952
952
v2
252
052

14"

THE LEFT, MOVING THROUGH ZONES A, B AN
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~15- wi ||l be locked to incom ng video horizontal sync, which in these
speci al. cases is the sane as the display clock frequency.. | n general,
t he picture-in-picture processor 320 digitizes:the ytdeo; signalinto. "
I"am nance (Y). and color difference signals (U, V) spbsanplﬂng'and SVorrng
the results in a 1 negabit video 350 as expl ai ned above.” The vi dto "'RAM
350 associated with the picture-i Yicture processor 320 has a nmenory
capacity of 1 negabit, which is not |arge enough to store a full field of
video data with 8-bit sanples | ncreased nenory capacity tends to be
expensive and can ' R
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rrequi re nore conpl ex managenent circuitry. The:smaller nunber of bits-per
sanple in the auxiliary channel represents a.reduction in quantization
resolution —or—bandw dth, relative to the main-signal, -whi chei grprocessed

Wi'th 8:bit sa A Réppoghout . This effective:teduction’ of* bandwi-dt-tr j s,
not usuaMhigSheet en the auxi hpfory displ ayed piccture i's relatively
smal |, _bu:t‘ esong ikf the’auxiliary. di splayed pictuee is |arger,
for exanpl e as<dlye main displayed picture. Resol uion

processing circuit 370 can sgi¥ctively inplenent one or nore sghenes for
enhanci ng the quanti zation re&gal ution or effective bandw dth ofthe
auxiliary video data. A nunb@%lof data reduction and data restéiation
schenmes have been devel oped,cl%cl uding for exanple, dithering gnd
dedithering. A dedithering ceaTWt would be operativel ydi spase&l downstream

of the video RAM 350, for.-ex®nplle in the auxiliary sigrid_patjh of the gate

array, as explained in nore dftart Jbel ow. Moreover, differ Tqi t hering
and dedi t heringzseguences invplviggdifferent nunbers of bjts gan be
i mpl emrent ed. 0B a nuRber pfNpaifticul ar data ~
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reduction and restoration schemes can be selected by the WP [err]P in
order to maxi m ze resolution of the displayed video for each particular .
klhd of picture display format. The | um nance and-col.or. dﬂffeFEnce
3|gnals of the auxiliary signal are stored in an8: 1‘1 SIX“bIt Y, U’ "V
fashion in a video RAM 350 forn1ng,%g of the~phcture i n- prcture A
processor. |In other words, each co Ment is quantized into six-bit
sanpl es. There are ei ght | uni nance sanpl es for every pair of color

di fference sanpl es; Brlefly, the picture-in-picture processor 320 is
operated. in a node Whit eby incom ng video data is sanpled with a 640 [err]
clock rate locked to tige i ncoming auxiliary vi deo synchroni zi ng si gnal
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-16- L- In this node, data stored in the video RAM 350 is orthogonally
sanpled When the data is read out of the picture-in-picture processor
Yi.deo RAM 350, it is-read using the same 640fH ctock |ocked to "t he.Tacomi ng
wuxiliary video signal. However, even though t-hi's. dat a.wa's: oﬁtﬁogbnélly
‘Sanpl ed and stored, and can be read rthogonally it cannot” be "*

di spl ayed orthogonally dlrectly fro V|deo RAM 350, due to the
asynchronous nature of the nmain and aUX|I|ary vi deo sources. The main and
auxiliary video sources m ght sbe expected to be synchronous only in that

i nstance where they arezdi spl &ing signals fromthe same video source.

The Y, U, V and. CSYNC ‘:orrpo_sﬁe sync) outputs fromthe
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- pi Cture-in-picture processor in anal og form ¢an Q&pf RCENERHE

conpongnts by encode circuit 366, which operatpsp ] ct|
MHz: oscill ator 380. Th| s Y CPIP_ ENC si gnal B EQH fon. Q

R
SWi ~-shown, ch enabl es the re-encodegr g g t8 paged 2.
stibbt RERWed f or theT C conponents of the mainss] gn% FJopRagae n,

A7
t he} PyP-encoded Y, V and sync signal sqcanibt ﬁ% Ahsi sp%Sﬁi %dﬂl%ﬂ@a’t

andijv g’ the rest of the chassifs. This nobde of opratlonls
app o'rljé?“ll% 1%% nting a zoom mode for |t P&TE BF BECEIPTpEAbper.ati on

of tth d
si gal path 304, aux?l [ Q %’{&NC? ﬁf%@AQEWqE&z%I gnal pl)g'?hngllg of
t he lgate—arTay 300 are sh @Fﬁ RFERLAGERMBER $ISNAICURE 5. The gate

array al so conprises a cl ockswmgm WEP [err] P decoder

“denti 11 6d a5 vep BAPKENIED CElIEE b (heCHER s sieviskie SRS ruliRtepa ns
i dentified pigtues displays| fagsasynahrenpust videoi sigpials, uskchras avder sge@nand
resol uti on peRGAISHEhaViR§Uatwide display format ratio screen, and in

particular, to such televisions which can simultaneously display

video signals from both interlaced and noninterlaced video signal

sources. Wide screen televisions are those having a format display

ratio, that is, horizontal width to vertical height, greater than the

conventional format display ratio of 4:3 (4 X 3), for example 16:9 (16

X 9). The invention is appllcable to both direct view televisions and

projection televisions.

Interlace integrity of all pictures in a multiple picture display,
for example main and auxiliary pictures, must be maintained.
Interlaced field types, often referred to as upper and lower, or odd
and even, must be the same, at the same time, for all pictures in a
multiple picture display. Maintaining interlace integrity of the
auxiliary channel video is a problem stemming from reading and
writing of video data in the auxiliary signal path asynchronously
relative to the main signal. Since the display is locked to the main ~
channe! video, the current field type being displayed, that is the
upper or lower field, will be determined by the main signal. The field
type which is stored in a video RAM memory in the auxiliary signal
path or channel for synchronization with the main signal, and ready to
be read out at the start of the main channel field, may or may not be
the same as the displayed field type. It may be necessary to change
the auxiliary signal field type stored in the video RAM to match that
of the main channel display. '

Generally, a digitizing process for an NTSC signal will quantize
262.5 line fields of the NTSC signal into 263 line upper fields (U, also
referred to as odd fields) and 262 line lower fields (L, also referred
to as even fields). This is due to fact that vertical sync is sampled
with pulses repreéenting horizontal sync. . The upper fields include
odd iines -1-through 263. The lower fields include even Imes 2
through 262. ‘As the main and auxlhary channel signais precess

,_re.,latlve. to one. another because, they are asynchronous,: the __U,/L fl_e'ld_
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370.
are not

formats.
out. (FI FO

the interpolation of the | um nance conmponent. The conBbined chrom nance

It will be appreciated that whether or not cert gA—et+tecti T

, defined as being part of the gate array is |aRERIAREMENRSEET of
convenience for facilitating the explanation. The gate array I's
responsi bl e for expandi ng, conpressing and cropping
vi deo channel, as and if necessary, to i mpl enment dif ef
The | um nance conponent Y MNiag.stored in’

U

i de h
01 pi C 8?6

fH4—-st—t—ftrst

rai n
bl ay

line menory 356 for a length of time dependi ng on the nat urg

of

conponents iyne will change with respect to the auxiliary channel field type

indicators. A field reversing circuit can change the field type of the
second video signal when necessary to match the field type of the
first video signal to maintain interlace integrity in the combined
display.

Another problem can occur when the main video source is a
noninterlaced source, as can be the case with certain video games and
computers, and the auxiliary video source is an interlaced source,
again because the display is locked to the main signal. A
noninterlaced display will not display alternate fields in alternate
interlaced positions, that is, such that the lines of the respective
fields are spatially offset, in between one another. Accordingly, the
upper and lower fields of each frame of an auxiliary interlaced source
will be displayed directly on top of one another when shown on a
noninterlaced display. The interlaced picture will appear vertically
smeared, which is generally considered quite objectionable. The
problem is compounded in a side by side display, as compared to a
small inset picture-in-picture (also referred to as PIP). In a side by
side display, the main picture, from the noninterlaced source, and
auxiliary picture, from the interlaced source, are of substantially
comparable size, and both large by comparison to a typical PIP.

sSummary of the Invention

This invention solves this problem with a system for displaying
signals from noninterlaced video sources on displays locked to* '
signals from noninterlaced video sources. The system is particularly
approgriate for multiple video displays as can be arranged on a wide
screen television, for example, side by side display of main and
auxiliary pictures wherein the main picture originates from a
noninterlaced video source and the auxiliary picture originates from
an interiaced video source.

In accordance with an lnventlve arrangement, the presence of a
signal from a noninterlaced video source on the main picture channel
is detected. Such detection can be implemented by detecting that
successive fields have the same field type. The presence of a signal

- from-a noninterlaced source can be used to change the mode -of
.operation of a video RAM- and an associated control circuit. 'In one
" - mode, the video RAM may be used to store successivé fields of an’



-17 - UV_MW are stored in FIFO 358. Auxiliary signal |um nance
and chrom nance conponents Y PIP, UPIP and VPIP are devel oped by
denul ti pl exer 355. The | um nance conponent. under goes resol ution
processing, as desired, in circuit 357, and is expanded as necessary

by interpol ator 359, generating signal Y_AUX as an out put. In
sone- i nstances, the auxiliary display mAII be as large as the mai n
signal display, as shown for exanple in EIGURE 1(d). The menory
limtations associated with the picture-in- picture processor and

bixels for AP Yes Si9rHge Mesp: Hgids B2y Be frad @t Siecistivalns: ances,
resol uti on pwbessthengnainr picture3shianaeal e ansemiteﬂaced signakstore pixels to
the auxiliary vidgfehl (iAmdif g.gnélafsﬁ nbhﬁﬁérrléé’é& the v.de%vﬁm &R 2

conpression, or re UCtIO tron g
control circuit can operate in another mode w erem only every other

field of the auxiliary signal is read from the video RAM and combined
with the main signal, even though all fields may still be written into
the video RAM. Alternatively, only every other field can be written
into the video RAM, and thereafter read from the video RAM. In either
~case, only upper fields (odd fields) or only lower fields (even fields)
will be read from thg video RAM. Each of these fields will be read
and displayed twice, in the same vertical position. There will be
some loss of vertical resolution, but there will be no vertical
smearing. Overall, the picture quality of the auxiliary signal will be
significantly improved.

The entire process can be controlled by a central control
system, for example a microprocessor. The microprocessor can
monitor the noninterlaced signal source detector, and in accordance
with detection or nondetection, set the operating mode of the video
RAM and associated control circuit for supplying all fields of the

" auxiliary video signal, or only upper or only lower fields of the
auxiliary video signal, to the circuit which combmed the signals for
the simultaneous display. '

Brief D - { the Drawi

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

FIGURE 2 is a block diagram of a wide screen television in
accordance with aspects of this invention and adapted for operation
at 2f4 horizontal scanning.

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

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

FIGURE 5 is a block diagram of the gate array shown in
FIGURE 4 and-illustrating the main, auxiliary and output signal paths. -

FIGURE 6 is a combination block and circuit dlagram for the :
deﬂectlon C|rcu1t shown in FIGURE 2..

“REPLACEMENT SHEET -




cor’respond to the resol ution processi ng undertaken b | LGt
.shown in FIGURE 4. As an exanple, circuit 370{Tg %EEENTtS’rEﬁ

circuit and circuit 357 may be a dedithering
0 i nput data is
RAEsAHE PRR ~

‘reference to FIGURES 4 and 5, the auxiliary viyd
sanpled at a 640f[err] rate and stored in vidg
auxi.liary data is read out of video RAM 350 isjd
The picture-in-picture processor 320 al so has
reduci ng the auxiliary picture by equal intege ) A 70Nt

and vertically, I . as trically. The auxiliary channel data
 buffered and SGEHFEn T deq GTTRE faran I itlia, fE oGP aaR s R of
4 bit to 8 ban wppedlawasdieldongidaidongosthe thorizartiak [BBsAcArRl \iGeS,

the auxiliaryfh&O 354, timng circuit 369 and synchronization circuit

368. The VRAM QUT_dat a | ted into Y, (lumnance), U . V (color '
conponents), and E@%E’g(@géta%ut%ﬁ”d 5§ A (Teihedeorass. The
FSW DAT i ndi qwietaiqhﬁgchnte?mcb t ppegrikys for i sitrmuitamnmsslyedijaped videdRAM
The PI PFSW skgnalisi axh@fghy erbidiivechry¥césqQBnihe PIP circuit and

appl fed to tRETOULpIL L FOR)Cllcf s Wavatorrts (E21EH B sxiliihg the
operation of the circuit shown in FIGURE 12. '

FIGURE 12 is a block diagram of a circuit for maintaining
interlace integrity -as explained in connection with FIGURES 8-11.

Detailed . D ioti t the Pref | Embodi

The invention taught'herein is particularly useful with wide
screen televisions, direct and projection, although it can also be
implemented in conventional televisions. Accordingly, the invention
is illustrated herein as part of a wide screen television. The
particular wide screen television shown herein corresponds to the
wide screen television described in PCT/US91/03740 (WO
91/19388). A number of details omitted herein for purposes of
simplification are explained therein. FIGURES 1(b)-1(f) illustrate
some, but not all of the various combinations of single and multiple
picture display formats which can be implemented in a wide scre_en'
television. 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, whereds a
wide screen display format ratio of width to height for a video
scurce or signal is generally deerned to be 16 X3. The inventive
arrangements are not limited by these definitions.

FIGURE 1(a) illustrates a television, direct view or 'prOjection,
having a conventional format display ratio of 4 X3. When a 16 X9
format display ratio picture is transmitted, as a 4 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 X9 format-d"isplay E

. ratio source .is converted prior to transmission, so that it will fill
the vertical extent of a viewing surface of 4 X3 format display. )
However, much information will ‘be cropped from the left and/or right . .



" field read out .of video RAMis to be displayed dug

nodes. The auxiliary channel is sanpl

the main channel is sanpled. at a 1024fH rafje
FI FO 354 converts the data fromthe auxiliaty
the main channel clock rate. In this process, thejv
8/5 - (1024/640) conpression. This isgnore than
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sides. As a further alternative, the letterbox picture can be expanded
vertically but not horizontally, whereby the resulting picture will
evidence distortion by vertical elongation. None of the three

alternatives i_s “particularly appealing.
FIGURE 1(b) shows a 16 X 9 screen.

auxiliary source or an external RGB source.

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
screen television in accordance with this invention can display such a
16 X 9 format display ratio signal whether the main source, the

wide

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

many different positions.

FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with the same size picture. i
Each display area has an format display ratio of 8 X9, which is of
course different from both 16 X9 and 4 X 3.
4 X 3 format display ratio source in such a display area, without
horizontal or vertical distortion, the signal must be cropped on the
left and/or right sides. More of the picture can be shown, with less
cropping, if some aspect ratio distortion by horizontal squeezing of
the picture is tolerated. Horizontal squeezing results in vertical
elongation of objects in the picture. The wide screen television 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.

In order to show a

Data sampling limitations in the auxiliary video signal

- - processing .path. complicate the generation of a high resolution

.plcture which is as- large in size as the dtsplay from the main video
sngnal Vanous methods can be developed for overcommg these .

_ comphcatnons



" neéessary to correctly display the auxiliary cf

T SHEEh refore t he
 LOEMENTR

.auxiliary channel nmust be expanded by the intef coy rectly
display a 4 X 3 small picture. The interpolato 59 is cog&g ed directly

“or indirectly by WSP [err]P 340. The anount of |i ht etDAUR ahsi on
required is 5/6. The expansion factor X is detdrnined as fal =

(640/1024) * (4/3) 5/ 6 The chronigance donponents UPIP andl VPIP are
del ayed by circuit 367 for a length of tinme depfe re of the
i nterpol ation of the |um nance conponent, generating signals U AUX and

V_AUX t put t t
auxi | i nyogl plrJ]aiSSF:@r’ngRqu i’;gyvi{}d\(? elgzgfypv%écwmpaggéié%33%@1@'%&% 319

in the out pdRlSi Qi & dsh 8o (ﬂqnit?lb 2% femmat sisplavs of
the FIFO s 3afip Sréeand [BrR. bdtse anell gvigemix ensthidl high8 bhdanett Fldeqr e

responsive to outfifydh! tiR! fSHaf¥Md YisGhy Hirnat wherein one large
4 X 3 format display ratio picture and three smaller 4 X 3 format
display ratio pictures are displayed simultaneously. A smaller
picture outside the perimeter of the large picture is sometimes
referred to as a POP, that is a picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are
used herein for both display formats. In those circumstances where
the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video
cassette recorder, two of the displayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture on
the one hand, and the three small pictures on the other hand, can be
switched in position. Larger numbers of smaller sized POPs can also
be generated.

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

An overall block diagram for a wide screen television in
accordance with inventive arrangements, and adapted to operate with
2fy horizontal scanning, is shown in FIGURE 2 and generally
designated 10. The television 10 generally comprises a video signals
input section 20, a chassis or TV microprocessor 216, a wide screen
processor 30, a 1fy4 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 posutlon of such circuits relatlve to one
another. ' :




321, Qut put nmultiplexer control circuit 321 is r ';nhn':i ve to a c¢lock

signal, a start of line signal, a horizontal lin mncgmgml gnatT ft he
vertical blanking reset signal and the output of}te—fast—swi-tek firomthe

pi cture-in-picture processor and WSP [err] P 340. T Aygpggxed llum nance
and chrom nance conponents YMX, U MX and V_MX ar HE?J 1986 gsgective
di gi'tal /anal og converters 360, 362 and 364 respert vply The digitial to
anal og converters are followed by |ow pass filters 361, 363 and 345
respectively. The various functions of the p| ct essor,

h t e l.led by WGP [err] P
340. “The %Ea[ye??ﬁ SR SRS ThPGE B Bl 200 affPle e Tedinige annect ed
thereto by aPRlerdlidy ®fusompesitervideo bsignals flo@rra dif(f)emenm vidldousoascehiown,
having |1 nes Ty widda,sighaeknidydBal Solddidllye sWihRlss N dideiaptasial s- The

!
Uhrough a WP LLAPIBARAED SIa0Rs. An Fi fle 204 hhe O AbesargpYs
conpress the T<1 AN FNVi deoThgse reacesnntompMQB foo bt gif-afrpectenhat i 0
di stortion ofret8stich EHRRBle reception. The RF switch 204 controls which
antenna input is supplied to a first tuner 206 and to a second tuner
208. The output of first tuner 206 is an input to a one-chip 202,
which performs a number of functions related to tuning, horizontal
and vertical deflection and video controls. The particular one-chip
shown is industry designated type TA7777. 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 video inputs to
video switch 200 are designated AUX1 and AUX 2. These might be
used for video cameras, laser disc players, video tape players, video
games and the like. The output of the video switch 200, which is
controlled by the chassis or TV microprocessor 216 is designated
SWITCHED VIDEO. The SWITCHED VIDEO is another input to wide
screen processor 30. _
“With further reference to FIGURE 3, a switch SW1 wide “screen
processor selects between the TV1 and SWITCHED VIDEO signals as a
SEL COMP OUT video signal which is an input to a Y/C decoder 210.
" The Y/C decoder 210 may be impiemented as an adaptive line comb
filter. Two further video sources S1 and S2 are also inputs to the
Y/C decoder 210. Each of S1 and S2 represent different S-VHS
sources, and each consists of separate luminance and chrominance
signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
implemented as a separate switch, is responsive to the TV
microprocessor 216 for selecting one pair of luminance and
chrominance signals as outputs designated Y_M and C_IN respectively.
The selected pair of luminance and chrominance signals is thereafter
- considered the main signal and is processed along a main signal path.
Signal desugnatlons mcludmg _M or _MN refer to the main signal path. -
The chrommance sngnal C IN is - redirected by the wide screen
,'processor back to the one ch:p, for developmg color dlfference '
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to a new pi xel positions

In the other case, the video can be expanded to perfor hori zont al
zoomi ng operations usually acconpani ed by verti

ontal zoom
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operations up to 33% can be acconplished by redu ng to | ess
than 4/3. A sanple interpolator is used to rec Ul ate the inc ming vi deo
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signals U_M and V_M. In this regard, U is an equivalent designation
for (R-Y) and V is an equivalent designation for (B-Y). The Y_M, U_M,
and V_M signals are converted to digital form in the wide screen
processor for further signal processing.

The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TV2. A switch
SW2 selects between the TV2 and SWITCHED VIDEO signals as an
input to a Y/C decoder 220. The Y/C decoder 220 may be implemented
as an adaptive line comb filter. Switches SW3 and SW4 select
between the luminance and chrominance outputs of Y/C decoder 220
and the luminance and chrominance signals of an external video
source, designated Y_EXT and C_EXT respectively. The Y_EXT and
C_EXT signals correspond to the S-VHS input S1. The Y/C decoder
220 and switches SW3 and SW4 may be combined, as in some adaptive
line comb filters. The output of switches SW3 and SW4 is thereafter
considered the auxiliary signal and is processed along an auxiliary
signal path. The selected luminance output is designated Y_A. Signal
designations including _A, _AX and _AUX refer to the auxiliary signal
path. The selected chrominance is converted to color difference
signals U_A and V_A. The Y_A, U_A and V_A signals are converted to
digital form for further signal processing. The arrangement of video
signal source switching in the main and auxiliary signal paths
maximizes flexibility in managing the source selection for the
different parts of the different picture display formats.

A composite synchronizing signal COMP SYNC, corresponding to
Y_M' is provided by the wide screen processor to a sync separator 212.
The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERTICAL RESET signal which
is directed into the wide screen processor 30. The wide screen
processor generates an internal vertical reset output signal INT VERT
RST OUT directed to the RGB interface 60. A switch in the RGB
interface 60 selects between the internal vertical reset output
signal’ and the vertical synchronizing. component of the external ‘RGB
source. .The output of this switch is a selected vertical
synchromzmg ‘component SEL: VERT_SYNC directed to the deflection

‘circuit 50.. Horizontal and vertical synchronizing signals of the



l')'ee-‘_ause t he | um nance vi deo bandwi dth, up to 5. | Mﬂp}_ﬁ[;ammwﬁ&'{?ﬁd mat ,

.occupi es a | arge percentage of the Nyquist fold which is 8
MHz for a 1024fH cl ock. As shown in Fl GURE 5, gga H @ﬁ ‘data Y_WN
s routed through an interpolator 337 in the maif {si A EL @4 [whi ch

recal cul at es sanpl e val ues based on the conpres | )sijon of the

Vvideo. The function of the sw tches or te sellectors 323 and 33] Is. to
reverse the topology of the main signal path 304 he
rel ative positions of the FIFO 356 and the interpolator 337. In particular,

2s requi red PR TEIEUTE0 R 8L SIVEORE B e s8R S 2E 00 dBRes 1 he
i nt er pol at or W33 SG{€ee§IRGRSSONor picture expansi on. The swi tches 323 and
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expansi on i s Signaissiery example aene caheminpeael . hodzantal digley js rdisplayed

twice, or an additional set of horizontal lines is generated by
interpolating adjacent horizontal lines of the same field. In some
instances, the use of a previous line or the use of an interpolated line
will depend upon the level of movement which is detected 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 enables selection of the converted video
data or external RGB video data for display by the video signals input
section. The external RGB signal is deemed to be a wide format
display ratio signal adapted for 2fy4 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/EXT. However, the selection of
an external RGB signal input, in the absence of such a signal, can
result in vertical collapse of the raster, and damage to the cathode
ray tube or projection tubes. Accordingly, the RGB interface circuit
detects an external synchronizing signal, in order to override the
selection of a non-existent external RGB input. The WSP
microprocessor 340 also supplies color and tint controls for the
external RGB signal.

The wide screen processor 30 comprises a picture in picture
circuit 301 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 1i{b) through 1(f). The pictyre-in-picture.
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Alternatively, the vertical blanking and reset signals can be

generated as separate signals. A composite blanking signal is

supplied by the video signal input section to the RGB interface.

The deflection circuit 50, shown in more detail in FIGURE 8,
receives a vertical reset signal from the wide screen processor, a
selected 2fy horizontal synchronizing signal from the RGB interface
60 ‘and additional control signals from the wide screen processor.
These additional control signals relate to horizontal phasing, vertical
size adjustment and east-west pin adjustment. The deflection
circuit 50 supplies 2fy flyback pulses to the wide screen processor
30, the 1fy to 2fy converter 40 and the YUV to RGB converter 240.

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

The wide screen processor 30 is shown in more detail in FIGURE
3. A number of the elements shown in FIGURE 3 have already been
described in detail. The principal components of the wide screen
processor are a gate array 300, a picture-in-picture circuit 301,
analog to digital and digital to analog converters, the second tuner
208, a wide screen processor microprocessor 340 and a wide screen
output encoder 227. Further details of the wide screen -processor are
shown in FIGURE 4. The gate array 300 is shown in more detail in
FIGURE 5.

The second tuner 208 has associated therewith an |F 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 /O section 340A and an analog output section 340B. The
. /0 section. 340A provides . tint and color control signals, the INT/EXT o
signal for selecting the external RGB video source and control signals
for the switches SW1 through .SW6: The /0 section also monitors the

EXT SYNC DET sugnal from 'the RGB mterface to protect the deflectlon '
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circuit and cathode ray tube(s). The analog output section 340B
provides control signals for vertical size, east-west adjust and
horizontal phase, through respective interface circuits 254, 256 and
258. .
The gate array 300 is responsible for combining video
informationefrom the main and auxiliary signal paths to implement a
composite wide screen display, for example one of those shown in the
different parts of FIGURE 1. Clock information for the gate array is
provided by phase locked loop 374, which operates in conjunction
with low pass filter 376. The main video signal is supplied to the
wide screen processor in analog form, and Y U V format, as signals
designated Y_M, U_M and V_M. These main signals are converted from
analog to digital form by analog to digital converters 342 and 346,
shown in more detail in FIGURE 4.

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

. .similarly- delayed. Were the clock gating information not-deléyed, 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
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frequency of the output of the analog to digital converter for the
luminance component is 8 MHz, whereas the Nyquist frequency of the
output of the analog to digital converter for the color components is
4 MHz.

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

The gate array includes interpolators which operate in
conjunction with line memories, which may be implemented as FIFO's
356 and 358. The interpolator and FIFO's are utilized to resample the
main signal as desired. An additional i'nterpolator can resample the
auxiliary signal. Clock and synchronizing circuits in the gate array
control the data manipulation of both the main and auxiliary signals,
including the combination thereof into a single output video signal
having Y_MX, U_MX and V_MX components. These output components
are converted to analog form by digital to analog converters 360, 362
and 364. The analog form signals, designated. Y, U and V, are supplied
to the 1fy to 2f4 converter 40 for conversion to noninterlaced
scanning. The Y, U and V signals are also encoded to Y/C format by
encoder 227 to define a wide format ratio output signal

- Y_OUT. EXT/C_OUT.EXT available at-panel-jacks. Switch SW5 selects
a synchronizing signal for the -encoder 227 from euther the gate array,
_C SYNC MN or from the PIP circuit, C _SYNC_AUX. watch SW6
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raster, in accordance with a desired amount of vertical overscan
necessary for implementing different display formats. As illustrated
diagrammatically, a constant current source 502 provides a constant
quantity of current IrRamMp which charges a vertical ramp capacitor
504. A transistor 506 is coupled in parallel with the vertical ramp
capacitor, and periodically discharges the capacitor responsive to the
vertical reset signal. In the absence of any adjustment, current IRamp
provides the maximum available vertical size for the raster. This
might correspond to the extent of vertical overscan needed to fill the
wide screen display by an expanded 4 X 3 format display ratio signal
source, as shown in FIGURE 1(a). To the extent that less vertical
raster size is required, an adjustable current source 508 diverts a
variable amount of current lapy from IRaMmP, sO that vertical ramp
capacitor 504 charges more slowly and to a smaller peak value.
Variable current source 508 is responsive to a vertical size adjust
signal, for example in analog form, generated by a vertical size
control circuit. Vertical size adjustment 500 -is independent of a
manual vertical size adjustment 510, which may be implemented by a
potentiometer or back panel adjustment knob. In either event, the
vertical deflection - coil(s) 512 receive(s) driving current of the
proper magnitude. Horizontal 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.
FIGURE 4 is a block diagram showing further details of the wide
screen processor 30 shown in FIGURE 3. The Y_A, U_A and V_A
signals .are an input to the picture in picture processor 320, which
can include a resolution processing circuit 370. The wide screen
television according to aspects of this invention can expand and
compress video. The special effects embodied by the various
" composite display formats -illustrated in part in FIGURE 1 are
- generated by the picture-in-picture processor 320, which can receive:
“resolution processed data signals. Y RP, U_RP and V__ RP from
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shown in FIGURE 1(d), is particularly desirable as
full field pictures to displayed in a sttid-by side

resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during selected display formats.

The picture-in-picture processor 320 may be embodied as an
improved variation of a basic CPIP chip developed by Thomson
Consumer Electronics, inc. The basic CPIP chip is described more
fully in a publication entitted The CTC 140 Picture in Picture (CPIP)
Technical Training Manual, available from Thomson Consumer
Electronics, Inc., Indianapolis, Indiana. A number of special features
or special effects are possible, some of which are shown in FIGURES
1(b)-1(f). '

The improved picture-in-picture processor 320 is adapted for
asymmetrically compressing the video data in one of a plurality of
selectable display modes. .In this mode of operation, the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X9 format display ratio screen, ‘the pictures appear
correct. The picture fils the screen and there is no aspect ratio
distortion. The asymmetric compression made according to this
aspect of the invention makes it possible to generate the special
display formats on a 16 X9 screen without external speed up
circuitry. ' '

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 harizontal and
vertical sync pulses. These signals are processed in the picture-in-
picture processor for the various full screen modes such as zoom,
‘freeze and channel scan. During the channel scan mode, for example,.
the horizontal and vertical sync present from the video signals input
section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be .’
switched at seemingly random moments. in time. Therefore the .
sample clock (and read/write video RAM -clock) -is-determined by the’
free running: oscillator. - For freeze and zoom modes, the sample clock
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di spl ay formsudsampling and storing the results 41 3 1 magabd) videpa 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, dithering and dedithering. A
dedithering circuit would be operatively disposed downstream of the
video RAM 350, for example in the auxiliary signal path of the gate
array, as explained in more detail below. Moreover, different’
dithering and dedithering sequences involving different numbers. of
bits can be impl.emented. One of a number of paiticular data
reduction and restoration schemes can be selected by the WSP uP in
order to maximize resolution of the displayed video for each
particular kind of picture display format.
The luminance and color difterence signals of the auxiliary
signal are stored in an 8:1:1 six-bit Y, U ,V fashion in a video RAM 350
forming part of the picture-in-picture processor. In other words,
each component is guantized into six-bit samples. There are eight
luminance samples for every pair of color difference samples. '
. Briefly, the picture-in-picture- processor 320 is operated in a mode
* whereby incoming video data is sampled with -a 640fy clock rate
" locked to” the: incoming. auxiliary video synchronizing. signal instead.
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locked to the incoming auxiliary video signal. However, even though
this data was orthogonally sampled and stored, and can be read out
orthogonally, it cannot be displayed orthogonally directly from the
video RAM 350, due to the asynchronous nature of the main and
auxiliary video sources. The 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.

The Y, U, V and C_SYNC (composite sync) outputs from the
picture-in-picture processor in analog form can be re-encoded into
Y/C components by encode circuit 368, which 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
can be the basis for horizontal and vertical timing in the rest of the
chassis. This mode of operation is appropriate for implementing a
zoom mode for the PIP, based upon operation of the interpolator and
FIFO's in the main signal path.

The main signal path 304, auxiliary signal path 306 and output
signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 5. The gate array also comprises a clocks/sync
circuit 322 and a WSP pP decoder 310. Data and address output lines
of the WSP uP decoder 310, identified as WSP DATA, are supplied to
each of the main circuits and paths identified above, as well as to the
picture-in-picture processor 320 and resolution processing circuit
370. 1t 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 the explanation.

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

- of the luminance.component. * The combined chrominance components
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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 luminanceé component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolatof 359, generating signal Y_AUX as an output.

In some instances, the auxiliary display will be as large as the
main signal display, as shown for example in FIGURE 1(d). The
memory limitations associated with the picture-in-picture processor
and video RAM 350 can provide an insufficient number of data points,
or pixels for filling such a large display area. In those
circumstances, resolution processing circuit 357 can be used to

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

With reference to FIGURES 4 and 5, the auxiliary video input
data is sampled at a 640fy rate and stored in video RAM 350. The
auxiliary data is read out of video RAM 350 is designated VRAM_OUT.
The picture-in-picture processor 320 also has the capability of
reducing the auxiliary picture by equal integer factors horizontally
and vertically, as well as asymmetrically. The auxiliary channel data
is buffered and synchronized to the main channel digital video by the
4 bit to 8 bit circuit 352, comprising 4 bit latches 352A and 352B,
the auxiliary FIFO 354, timing circuit 369 and synchronization circuit
368. The VRAM_OUT data is sorted into Y {luminance), U, V {color
components), and FSW_DAT (fast switch data) by demultiplexer 355.
The FSW_DAT indicates which field type was written into the video
RAM. The PIP_FSW signal is received directly from the PIP circuit
and applied to the output MUX control circuit 321 to determine which
field read out of video RAM is to be displayed during the small picture
modes. _

The auxiliary channel is sampled at 640fy rate while the main
channel is sampled. at a 1024fy rate. The auxiliary channel FIFO 354
-converts the data from the auxiliary. channel sample rate to'the main
channel clock rate: "In this process, the video signal undergoes an 8/5 '
(1024/640) _g_:_o_'mp';ess_nor_x Thls is more than the 413 compressxon '
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mterpolator expansion required is 5/g. The expansion factor X is
determined as follows:
= (640/1024) * (4/3) = 5/s

The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
interpolation of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the
‘main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by controlling the
read enable signals of the FIFO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output muitiplexer control circuit
321. Output multiplexer control circuit 321 is responsive to a clock
signal, a start of line signal, a horizontal line counter signal, the
vertical blanking reset signal and the output of the fast switch from
the picture-in-picture processor and WSP uP 340. The multiplexed
luminance and chrominance components Y_MX, U_MX and V_MX are
supplied to respective digital/analog converters 360, 362 and 364
respectively. The digital to analog converters are followed by low
pass filters 361, 363 and 365 respectively. 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 oy a serial bus.
The serial bus may be a four wire bus as shown, having lines for data,
clock signals, enable signals and reset signals. The WSP pP 340
communicates with the different circuits of the gate array through a
WSP uP decoder 310.

In one case, it is necessary to compress the 4 X3 NTSC video
by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually afccompanied by vertical
zooming. Horizontal zoom operations. up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample mterpolator |s

‘ -used to recalculate the mcommg vndeo to a new plxel posmons
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As shown ‘in FIGURE 5, the luminance data Y_MN is routed
through an interpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
path 304 with respect to the relative positions of the FIFO 356 and
the interpolator 337. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for picture
compression, or whether the FIFO 356 precedes the interpolator 337,
as required for picture 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 the auxiliary video
signal is compressed for storage in the video RAM 350, and only
expansion is necessary for practical purposes. Accordingly, no
comparable switching is required in the auxiliary signal path.

In order to implement video compressions through the use of a
FIFO, for example, every fourth sample can be inhibited from being
written into the FIFO 356. This constitutes a 4/3 compression. It is
the function of the interpolator 337 to recalculate the luminance
samples being written into the FIFO so that the data read out of the
FIFO is smooth,' rather than jagged. Expansions may be performed in
exactly the opposite manner as compressions: In the case of
compressions the write enabie signal has clock gating informaiion
attached to it in the form of inhibit pulses. For expanding data, the
clock gating information is applied to the read enable signal. This
will pause the data as it is being read from the FIFO 356. In this case
it is the function of the interpolator 337, which follows the FIFO 356
during this process, to recalculate the sampled data from jagged to
smooth. In the expansion case the data must pause while being read
from the FIFO 356 and while being clocked into the interpolator 337.
This is different from the compression case where -the data is

: contmuously clocked through the: interpolator 337.- For both cases,
_ compressnon and expansmn the clock gatmg operatlons can easaly be .
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li ne. Interpolation of the auxiliary sigral takes place in the auxiliary
signal path 306.. The picture-in-picture processor 320 manipulates a
6 bit Y, U, V, 8:1:1 field memory, video RAM 350, to store incoming
video data. The video RAM 350 holds two fields of video data in a
plurality of memory locations. Each memory location holds eight bits
of data. In each 8-bit lgcation 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 80fH). The FSW_DAT values indicate which type of field
was written into video RAM. Since there are two fields of data '
stored in the video RAM 350, and the entire video RAM 350 is read
during the display period, both fields are read during the display scan.
The picture-in-picture processor 320 will determine which field will
be read out of the memory to be displayed through the use of the fast
switch data. The PIP circuit always reads the opposite field type
that is being written to overcome a motion tear problem. If the field
type being read is the opposite type than that being displayed, then
the even field stored in the video RAM can be inverted by deleting the
top line of the field when the field is read out of memory. The result
is that the small picture maintains correct interlace without a
motion tear. ' .

The clocks/sync circuit 322 generates read, write and énable
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 portion's 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. Ho'w often

. the read function is ‘switched back and -forth between the main and
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an overlap behuRER 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 X3 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 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
correct aspect ratio, without distortion. The 4/3 factor is calculated
as ratio of the two display formats:

4/3 = (18/g) / (4/3)
Variable interpolators are utilized in -accordance with aspects of this
invention to speed up the video signals. In the past, FIFOs having
different clock rates at the inputs and outputs have been used to
perform a similar function. By way of comparison, if two NTSC
4 X 3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or
cropped, or some combination thereof, by 50%. A speed up comparable
to that needed for a wide screen application is unnecessary.

- Generally, the video display and deflection system is
synchronized with the main video signal.- The main video signal-must
be speeded up, ds explained above, to fill the wide screen display. -
‘The auxiliary video signal must be vertically synchronized with- the -
first video signal and.the video display. . The auxiliary video signal . . -
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this inventive arrangenent is shown in Fl GURE {12!
circuit 700 are wite and read reset com@dl s|gnals for
the FIFO 354 in the auxiliary signal path and
signal path, as shown in

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

The asynchronous nature of the read and write clocks, however,
does require that steps be undertaken to avoid read/write pointer
collisions. Read/write pointer collisions occur when old data is read
out of the FIFO before new data has an opportunity to be written into
the FIFO. The size of the FIFO is related to the minimum line storage
capacity thought to be reasonably necessary to avoid read/write
pointer collisions.

Since the display is locked to the main channel video, the
current field type being displayed, that is the upper or lower field,
will be determined by the main signal. The field type which is stored
in the video RAM 350 memory and ready to be read out-at the start of
the main channel field may or may not be the same as the displayed
field type. It may be necessary to change the auxiliary field type
stored in the video RAM 350 to match that of the main channel
display.

The picture-in-picture processor 320 and the gate array 300 -
‘quantize 262.5 line fields of the NTSC signal into 263 line upper
fields (sometimes referred to odd fields) and 262 line lower fields
(sometimes called even fields). This is due to fact-that vertical sync
is sampled with pulses representing horizontal sync. This is
illustrated by the diagram of FIGURE 7. An upper/lower (odd/even)
field type indicator has a value 1 for upper fields and a value 0 for
lower fields. The upper fields include odd lines 1 through 263. The
lower fields include even lines 2 through 262. In FIGURE 8, the first
field type indicator U/L MAIN SIGNAL represents the field type of the
main video channel.” The signal HSYNC_AX represents the horizontal
sync signals for each line of the auxiliary channel.

The field type indicator U/L(A) represents the field type stored
in the video ram 350 if each auxiliary channel line were written in
“normally”. The term normal is used here to indicate that the odd . .

. lines 1-263 are wntten in to the video RAM 350 as the upper field"is
: bemg recelved and decoded The fleld type mdrcator U/L(B)

in tthe mai n



-2 4 - FIGURE 9. The field type of the main video signal is determ ned
froma pair of signals, VSYNCW AND HSYNCWN. The flel d type of the
auxiliary video signal is determned froma cofr J21s\mien ~Qf signals,
VSYNCAX AND HSYNCAX. Each pair of signals has RGN, SHBEIp ase

rel ationship which is set in the gate array. Thifs rel ation ifs shown in
FI GURES 11(a)-11 (c), which apply to bothopaifs of15| I1m| gach case,
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horizontal |ine of the respective signal. In s only one

[ 5tng edge PRIpELEhE ! fGCRSRAUE id Anb SRk a0 Ve ol e ¢

N¢he
of the respect ve Si
respecti veppaPL dheru ﬁ’%{nél?kd i1 "t‘és‘f"é’&eﬁy"ﬁpr@@l videso R@Mdéﬁértmmegvﬂmt

steps, if any;ecaarmuore@esararup;m feid:h trfb@eédehﬁ'etﬁ’r@,? Im’e AUy 't%%b(ed .
signal to theghiflifet Mg 1He LHAGMBY" 2329 B the NoRie? el p][hei\s/et.ra]}fectweIyuI Y

t he | eadi ng
inverts the field type since line 2 will be the first displayed line and

line 3 will be the second displayed line in the frame. The received
~upper field now becomes the lower field and vice-versa. The field
type indicator U/L(C) represents the .field type stored in the video
RAM 350 if the last line of the upper field is added to the video RAM
350 during the reception of th‘é lower field. This effectively inverts
the field type, since line 263 will be the furst displayed line and line
1 will be the second displayed line.

The addition and subtraction of lines in modes B and C does not
degrade the auxiliary channel picture because these lines occur
during vertical retrace or overscan. The order of the displayed lines
is shown in FIGURE 10, where solid lines represent upper field lines
and dotted lines represent lower field lines.

As the main and auxiliary channel signals precess, the U/L MAIN
SIGNAL will shift to the left or the right with respect to the
auxiliary channel U/L (A, B, C) field type indicators. In the position
shown in the diagram, data should be written into the video RAM 350
using mode A, because the decision edge is in zone A. Mode A is
appropriate because when the picture-in-picture processor receives
vertical sync, it will write the same field type into the video RAM
350 as will be requiréd by the display to read from the video RAM 350
starting with V_SYNC_MN (main channel vertical sync). As the
signals precess, the mode will change according to their relative
positions. The valid modes are shown graphically at the top of
FIGURE 8 and in the table of FIGURE 9. There is an overlap between
modes B and C, since most of the time that mode B is valid, mode ‘C is
also valid, and vice-versa. This is true for all but 2 lines out of 262
lines. Either of modes B or C can be utilized when both are valid.

A block diagram of a circuit 700 for maintaining interlace
integrity according to this inventive arrangement is- shown in FIGURE -

- 12.  The output signals of -circuit 700 are write and read reset
control signals -for the video RAM 350, the FIFO 354 in the auxilidry
- sighal path and the FIFO 356 in .the main signal path, as shown in’




edges of the main pair of signals are never g¢teses.than 1/8 of a horizontal
line period. The | eadi ng edges of the auxili hr‘;'li‘:paif:EM_p,gT : are never
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relationship is shown in FIGURES 11(a)-11(c), which apply to both
pairs of signals. In each case, HSYNC is a square wave, whose rising
edge corresponds to the start of a horizontal line of the respective
signal. In each case, VSYNC has only one rising edge per field, which
corresponds to the start of a vertical field of the respective signal.
The relationship between the rising edges of the respective pairs of
signals is- tested by circuit 700 to determine what steps, if any, are
necessary to match the field type of the auxiliary signal to the field
type of the main signal. In order to prevent ambiguity, the leading
edges of the main pair of signals are never closer than 1/g of a
horizontal line period. The leading edges of the auxiliary pair of
signals are never closer than 1/19 of a horizontal line period. This
prevents jitter of the leading edges relative to one another. This
relationship is assured by the timing circuits in the gate array.

The main signal pair VSYNC_MN and HSYNC_MN are inputs to a
first field type detecting circuit 702; which comprises two D-type
flip/flops. In one case, HSYNC_MN is sampled by VSYNC_MN, that is,
VSYNC_MN is the clock input. The output of this flip/flop is an
upper/lower field indicator UL_MN for the main signal, which can be a
logical Hl for an upper field type and a logical LO for a lower field
type, although this is arbitrary. In the other case, VSYNC_MN is
sampled by HSYNC_MN. This provides an output VH, which is the
vertical synchronized to the horizontal. _

The auxiliary signal pair VSYNC_AX and HSYNC_AX are inputs to
a second field type detecting circuit 710, which also ¢omprises two
D-type flip/flops. In one case, HSYNC_AX is sampled by VSYNC_AX,
that is, VSYNC_AX is the clock input. The output of this flip/flop is
an upper/lower field indicator UL_AX for the auxiliary signal, which
can be a logical HI for an upper field.type and a logical LQ-for a lower
field type, although this .is arbitrary.- In the other case, VSYNC_AX is
sampled by HSYNC_AX. This-provides an output VH, which is the

~ vertical synchronized to the Horizontal: -~ =
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The field is a lower, or even, field fype if the rising start of
field edge occurs in the first half of the horizontal line period, as in
FIGURE 11(b). The field is an upper, or odd, field type if the rising
start of field edge occurs in the second half of the horizontal line
period, as in FIGURE 11(c).

The VH for the main signal and HSYNC_MN are inputs to delay
circuits 704, 706 and 708, which provide horizontal line period
delays to assure the proper phase relationship of the output signals
\NR_RST_HFO_MN,RD_RST_HFO_MNandRD_RST_HFO_AX;Thedday
operation can be implemented by D-type flip/flops. Two to three
horizontal line periods of delay are provided between the write and
read pointers.

The upper/lower field type indicator UL_MN corresponds to U/L
MAIN SIGNAL shown at the top of FIGURE 8 and is one input to a |
UL_SEL comparator 714. The other inputs to comparator 714 are
SUpplied by UL_AX test generator 712. Test generator 712 has the
UL_AX field indicator as an input, as well as HSYNC_AX as a clock
input. Test generator 712 provides signals U/L(A), U/L(B) and U/L(C)
shown in the bottom of FIGURE 8, corresponding to the three possible
modes A, B and C. Each of the signals U/L{A), U/L(B) and U/L(C) is
compared with UL_MN, at the time of the decision edge of U/L_MN,
also shown in FIGURE 8. If UL_MN matches U/L(A), the field types
match and no action to maintain interlace integrity is necessary. If
UL_MN matches U/L(B), the field types do not match. It is necessary
to delay writing the upper field by one line to maintain interlace
integrity. If UL_MN matches U/AL(C), the field types do not match. It
is necessary to advance writing the lower field by one line to '
maintain interlace integrity.

The results of this comparison are an input to RST_AX_SEL
~ selector circuit 718. The other inputs are the three vertical
synchronizing signals RST_A, RST_B and RST_C generated by
RST_AX_GEN generator 716. The three vertical synchronizing signals
RST_A, RST_B and RST_C have different phases relative to one
another in order to implement the corrective action, or no corrective
action, to maintain interlace integrity according to the output .of the
cdmp‘ara’tor- 714. Delay -circuit 722 resynchronizes the selected
- vertical 'synchronizing 'sig'n"éfl! with the auxiliary video input to )
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favor mode C over mode B when both modes are valid. This choice can
' be arbitrary, or based on other circuit considerations.

A problem can occur when the main video source is a
noninterlaced source, as can be the case with certain video games and
computers, and the auxiliary video source is an interlaced source,
again because the display is locked to the main signal. A
noninterlaced display will not display alternate fields in alternate
interlaced positions, that is, such that the lines of the respective
fields are spatially offset and in between one another. In accordance
with an inventive arrangement, the presence of a signal from a
noninterlaced video source on the main picture channel is detected.
Such detection can be implemented by detecting that successive
fields have the same field type.

The presence of a signal from a noninterlaced source can be
used to change the mode of operation of a video RAM and an’
associated control circuit. In one mode, the video. RAM may be usedto
store successive fields of an auxiliary video signal. These fields may
be read out successively when the main plcture channel is an
interlaced signal.

When the main signal is noninterlaced, the video RAM and
control circuit can operate in another mode, wherein only every other
field of the auxiliary signal is read from the video RAM and combined
with the main signal, even though all fields may still be written into
the video RAM. Alternatively, only every other field can be written
into the video RAM, and thereafter read from the video RAM. In either
case, on'ly'upper fields (odd fields) or only lower fields (even fields)
will be read from the video RAM. Each of these fields will be read
and displayed twice, in the same vertical position.

.A microprocessor can monitor the noninterlaced signal source
detector .and in accordance with detection or nondetection, .set the

- .operating mode of-the video RAM and associated control circuit for
-supplymg all- flelds of the auxmary wdeo s:gnal ‘of only upper or’ only ‘

field edge
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I nput. Test generator 712 provides signals UL(A), UL(B) and UL(C) shown
I'n the bottomof FIGURE 8, corresponding to the three pOSSI bl em)des A B
and C. Each of the signals UL(A), UL(B) and U U o%:
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processed horizontal synchronizing pulse whose rising edge
corresponds to the leading edge of the video signal's horizontal
synchronizing pulse. As shown in FIGURE 11(c), an odd type field is
detected when V_SYNC occurs just prior to a rising edge of H_SYNC.
An even field is detected when V_SYNC occurs more than one-half of
a line prior to the rising edge of H_SYNC, as shown in FIGURE 11(b).

The field type detector 800 comprises a pulse generator 802
and a D-type fiip/flop 810. The pulse generator 802 comprises tow
gated flip/flops 804 and 806, and an AND gate 808. The V_SYNC
signal is an input to flip/flop 804. The Q output of flip/flop 804 is
an input to flip/flop 806 and one input to AND gate 808. The inverted
Q output of flip/flop 806 is the other input to AND gate 808. The
flip/flops 804, 806 and 810 are clocked by 1024fy. The Q output of
the puise generator is a one clock wide pulse occurring at the
beginning of vertical synchronization. This one clock wide pulse is
the enable (EN) input for flip/flop 810. The pulse samples the
H_SYNC signal on the D input of flip/flop 810. The Q output of
flip/flop 810 is the upper/lower (U/L) field type indicator.

A circuit 820 for detecting interlaced and noninterlaced signals
is shown in FIGURE 14. The circuit 820 comprises field type detector
800, D- -type flip/flop 822 and exclusive or (XOR) gate 824. The
inverted Q output of flip/flop 810 is the D input for flip/flop 822,
which is enabled (EN) by the Q output of flip/flop 802. The inverted Q
output of flip/flop 810 is the U/L field type indicator. The inverted Q
output of flip/flop 810 and the -Q output of flip/flop 822 are the -
input to the XOR gate 824. The purpose to the flip/flop 822 is to
store the field type of the previous field. The XOR gate 824 compares
the field type of the current field with the field type of the previous,
.stored field. If the field types.are the same, the output of the XOR
gate 824 will be LO, indicating a noninterlaced video source. If the
field types are different, the output -of the XOR gate 824 will be Hl
mdlcatmg an mterlaced video’ sowce '




action, to maintain interlace integrity according to the output of the
.conparator 714. Delay circuit 722 resynchroni zes the sel ected verti cal
synchroni zing signal with the auxiliary video input to ' gener at e
VWRRSTVRAVAX. Delay circuit 720 perfornms a simlar function for generating

- RDRSTVRAMAX and WRRSTFI FOAX. As seen in FIGURE 8, nodes B and C overl ap
‘most of the tine. In fact, -28-

The TV microprocessor 216 reads the status of the INTERLACED
output signal over the serial TV bus. The microprocessor can
determine, generally after changing t6 a new channel, whether the
main video signal (with which the display is synchronized) is
interlaced or noninterlaced. |f the main video signal is interiaced,
the pix-in-pix processor 320 can be instructed to operate by reading
and writing every field of the auxiliary video signal. Interlace
integrity can be maintained as explained in connection with FIGURES
7-11. If the microprocessor determines that the main video signal is
noninterlaced, the pix-in-pix processor 320 can be instructed to
write only every other field into the video RAM 350. Since only one
field type is written, only one field type can be read out. Each such
field is read out twice. The auxiliary channel is thereby converted to
noninterlaced video. Such noninterlaced video results in a much more
desirable picture as an auxiliary picture on a noninterlaced display
than would an interlaced auxiliary pictu're.




onl.y two out of every 525 conparisons will require only one of nodes B or
-C, rather than either. The conparator 714 can be arranged to favor node C
over node B when both nodes are valid. This choice can be arbitrary, or

based on other circuit considerations. A pr o?rl_fe)_nlcanrﬁ_—o_c’c_u’r_\ﬂh_e,n_t he
main video source is a noninterlaced sourgg, _as cam be the case with ,
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means; and, said second video signal having more than one field type,
characterized by: .
means (820) for detecting whether said first video signal has
more than one field type (U/L); and,
video signal processing means (320) responsive to said
detecting means (820), having a first mode of operation when said
first video signal has more than one field type, in which all fields of
said second video signal are an output to said combining means (300)
for said simultaneous display, and having a second mode of operation
when said first video signal has only one field type, in which only one
field type of said second video signal is an output to said combining
means (300) for said simultanecus display. '

2. The apparatus of claim 1, further characterized by means
(700) operable during said first mode of operation for maintaining -
interlace integrity of said second video signal with said display
means (244).

3. The apparatus of claim 1, characterized in that said video
signal processing means (320) synchronizes said second video signal
with said first video signal.

4. The apparatus of claim 1, further characterized by means
(350) for storing said second video signal, only one field type of said
video signal being written into and read from said storing means
during said second mode of operation.

- 5. The apparatus of claim 4, characterized in- that each. field
_ written into said storing.means (350) during. said second mode of . ..
- operation is' read. out twice to .said combining means.
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associ ated control circuit. In one node, the video. RAM nay be used to
.store successive fields of an auxiliary video signal. These fields may be
read out successively when the nmain picture channel— j

si gnal . When the main signal is nonjinterlaced, I deo RAM and
control circuit can operate in another node, V\,hereii nu m m l“m field
“of the auxiliary signal is read fromtha0video RAM a ' t he
mai n signal, even though all fields may still be wtitten into the video

RAM Alternatively, only every other field can be witten into the video
RAM and thereafserTheadpPaméhﬁ glaitpo 1 RAMthén chiarleterigadchy ankxnypper

field dd, fd gl : . fiel fiel i | | ead.

the vi deo. RGO B soid B¥Epay §ie 5BRL.anE.18M Se ploedfbidee
t he sane vesignahlbeiogi writtan into staringcmeanscesserandireadnouibof t$asd

noni nt er | acggririgd tRdark Haic féi%frm%@.éid @Rdohl Aol dangseratibh. detection or

nondet ecti on, set the operating de of the video RAM'and associ at ed
control circuit for supplying all fields of the auxiliary video signal, or
only upper or onVy The apparatus of claim 1, characterized in that said display

means (244) has a wide format display ratio.

8. An apparatus, having: video display means (244)
synchronized with a first video signal (Y_MN, U_MN; V_MN); means
(300) for combining a second video signal (Y_AUX, U_AUX, V_AUX)
'with said first video signal in a simultaneous display on said video
display means; and, said second video signal having odd and even
interlaced fields, characterized by:

means (820) for detecting whether said first video signal is
interlaced or noninterlaced; and,

video signal processing means (320) responsive to said
detecting means (820), having a first mode of operation when said
first video signal is interlaced, in which both odd fields and even-
fields of said second video signal are an output to said combining
means (300) for said simultaneous display and having a second mode '
of operation when said first video signal is noninterlaced, in which
only all even fields or only all odd fields of said second videq signal
are an output fo said combining means (300) for said simultaneous
display.

9. The apparatus of claim 8, further characterized by means .
(700) operable during said first mode of operation for maintaining
interlace integrity of said second video signal with said display
means (244).

10. The apparatus of claim 8, characterized in that said video
signal processing means (320) synchronizes said second video signal
with said first video signal. . B T L

I‘ L15Aue_1§§5j_ _-




-27- lower fields of the auxiliary video signal, to the circuit which

.conbi ned the signals for the sinultaneous display. Wth reference to
FI GURE 13, VSYNC is a processed vertical synchronizing puls tSi ng
edge corresponds to the beginning of the video si s vertical

LA T e <

11. The apparatus of claim 8, further characterized by means
(350) for storing said second video signal, only every other field of
said video signal being written into and read from said storing means
during said seécond mode of operation.

12. The apparatus of claim 11, characterized in that each field
written into said storing means (350) during said second mode of
operation is read out twice to said combining means (300).

13. The apparatus of claim 8, further characterized by means
(350) for storing said second video signal, every other field of said
video signal being written into storing means once and read out of
said storing means twice during said second mode of operation.

14. The apparatus of claim 8, characterized in that said display
means (244) has a wide format display ratio. '
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corresponds to the | eading edge of the video signal's horizontal
synchroni zi ng pul se. As shown in FIGURE 11(c), an odd type field is

det ect ed when VSYNC occurs just prior to a rising edge of HSYNC. An even
field is detected when VSYNC occurs nore than one-half of a line prior to
the rising edge of HSYNC, as shown in FIGURE 11(b). The field type
detector 800 conprises a pulse generator 802 and a D-type flip/flop 810. ,
Thé pul se generator 802 conprises tow gagged flip/flops 804 and 806, and an
AND gate 808. The VSYNC signal is an input to flip/flop 804. The Q output
of flip/flop 804 is an input to flip/flop 806 and one input to AND gate
808. The inverted Q output of flip/flop 806 is the other input to AND gate
808. The flip/flops 804, 806 and 810 are clocked by 1024fH The Q output of
the pul se generator i s BISPBAYINGKANV INTERLACED CLIDEG 'RIGNAL he begi nning of

vertical synchronizationgyghi § @@ﬁxﬁgﬁ%&&gq’ﬂﬂ:@ jénde enable (EN)
I nput for flip/flop 810. The pul se sanples the C signal on the D input

of flip/flop 810. The Qoutput of flip/flop 810.is the upper/lower (U L)
field type indicator.

Abstract

. A video display unit and deflection system are synchronized
with. a first video signal. The video display unit may have a wide
format display ratic. A detecting circuit (820) determines whether
the first video- signal has more than one field type (U/L). A second
video signal has more than one field type. A multiplexer combines the
first and a second video signals for a simultaneous video display. A
video signal processor is responsive to the detecting circuit (820)
and has two modes of operation. In a first mode of operation, when
‘the first video signal has more than one field type, all fields of the
second video signal are an output to the multiplexer. In a second
mode of operation, when the first video signal has only one field type,
only one field type of the second video signal is an output to the
multiplexer. The video signal processor has a memory for storing the
second video signal. Only one field type of the video signal is written
into and read from the memory during the second mode of operation.
Each field .written into the memory during the second mode of
operation is read out twice to the multiplexer.

FIGURE 14
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A ci rcwt 820 for detecting interlaced and noninterlaced signals is shown
-in FIGURE 14. The circuit 820 conprises field type detector 800, D-type
flip/flop 822 and exclusive or (XOR) gate 824. The inverted Q output of
flip/flop 810 is the Dinput for flip/flop 822, which is enabled (EN) by
the Q output of flip/flop 802. The inverted Q output of flip/flop 810 is

the UL field type indicator.
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every other field .into the video RAM 350. Since {or{l y48nRURIWIE type is

only one field type can be read out.
The auxiliary channel

auxiliary picture on a noninterlaceds

Such noninterlaced video results
auxi liary picture.
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when said first video signal has only one fiELdRENHEEMENTEgﬁﬁm bnl y one
field type of said second video signal is an qut ' ONpi Ni Nng nmeans
(300) for said sinultaneous display. 2} The ap ratus bf t claim 1,
further characterized by neans (700) operabl e|dyrihd ébﬁ rstnode of
operation for maintaining interlace integrity}of sald second yi fleo signal
with said display neans (244). 3/1khe qpparatus of clainyl,
characterized in that said video signal proced ) >ynchron|zes
said second video signhal w_th saidxfirst vidgo S|gnal | 4.7 The
apparatus of claiml1, furtlRE aracterlzed _means C?SO)Ifor storing said
second video signal, only &§& .sigrnal being witten

into and read fron1sa|d st 6T d ngde of operation.
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into

in that each.field witten
second node of operation is read out

6/12

characterized

(350) during said.

twice to said combi ni ng neans.

5. The apparatus of claim4,.
REPLACEMENT SHEET

said storing neans.
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6. The apparatus of claim1, further characterized by neans (350) for
Storing said second video signal, one field type of said video signal being
witten into storing nmeans once and read out of said storing neans tw ce

during said second node of operation. 7. The apparatus of claim 1,
characterized in that said display nmeans (244) has a wi de format display
ratjo. 8. An apparatus, having:7yizleo di splay neans (244)

synchroni zed with a first video signal (Y_M\N, UM, V.M); nmeans (300) for
conbi ning a second video signal (Y , U AUX, VAUX) with said first video
signal in a sinultaneous display lo id video d| splay neans; and, said
second vi deo signal having odd and n interlaced fields, characterized
by: means (820) for detectim ether said|first video signal is
interlaced or noninterl aced; and,L vi deo signal processing neans (320)
responsive to said- 207
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detécting nmeans (820), having a first node of operation when said first
video signal is interlaced, in which both odd fi ds of

sai d second video signal are an output to said oﬁﬁwmmmmﬂ 300) for
sai d sinmultaneous di splay and having a second f operat=em when sai d
Q

first video signal is noninterlaced, in which ofl el ds or only
all odd fields of said second video sigpi® are a“plﬁ%lﬁe&‘gﬁa onbi ni ng

means (300) for said sinultaneous display. Lhe _apparak us of claim
8, further characterized by means (700) operabl during said first node of

operation for maintaining interlace int egr rSarg—secore—wvi-aalo. S| gnal
' €

with said display neans (244). ippar atjus of cla m8,

characterized injthat said videg si gnal prp SSi ng mgans (320)]|synchfonizes
sai d second vide gnal with said first- Vt

si gnall.
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11. The apparatus of claim8, further characterized by neans (350) for
storing sai-d second video signal, only every other field of said video
signal being witten into and read fromsaid storing nmeans during said
second node of operation.
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12. The apparatus of claim 11, characterize
into said storing neans (350) during said s
out twice to said combi ning neans (300).
further characterized by means (350) for

every other field of said video si

of ~operati on.
said display neans (244) has a
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