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. The inventi
AUTOMATIC SYNCHR(S)NlZATION SWITCH FOR SIDE-BY-SIDE DISPLAYS

The invention relates to the field of televisions capable of
dlsplaylng side-by-side pictures of substanttally equal size from
different sources, and in particular, to such televisions having a
wide display format ratio screen. Most televisions today have a
format display ratio, horizontal width to’_-\(e'r_ti'c:al height, of 4:3. A
wide format display ratio corresponds more closely to the display

~ format ratio of movies, for example 16:9. The invention is
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applicable to both direct view televisions and projection

televisions.

" Televisions with a wide display format ratio are suited to a
wide variety of displays for both conventional and wide display
format signals, as well. as combinations thereof in multiple picture

- displays. However, the use of a wide display ratio screen entails
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numerous problems. Changmg the display format ratios of multiple

~signal sources, developing _cons:stent timing signals from
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asynchronous but simultaneously displayed sources, switching

between multiple sources to generate multiple picture displays, and.

providing high resolution pictures from compressed data signals are
general 'categories of such problems. A wide screen television
disclosed in WO 91/19397, published December 12, 1991 and
corresponding to PCT/US91/03748, is capable of providing high
resolution, single and multiple picture displays, from single and
multiple sources having similar. or d:fferent format ratlos and with
selectable display format ratios.

Such television apparatus as dlsclosed in WO .81/19397 can
display multiple pictures smultaneously,lfor example from two
video sources. The video sources may be the tuner in the television,
a tunerin a video cassette recordet, a video camera, and others. A
display mode particularly suited for a wnde screen- television is .
side-by-side pictures of ‘substantially the same size, from different
video sources, for example two different channels In a wide screen
telev;snon having a display format ratio (wndth to height) of 16:9,
each of two side-by-side pictures of comparable size in a full
screen display would have a format display ratio of 8:9. In order to
fit a 4:3 picture into an 8:9 space, the 4:3 picture must be

- horizontally cropped or horizontally compressed or some

combination of both.
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si ngl e ands may become nonfunctional. For example; the television receiver
- could be tuned to a blank channel, or the television station could go
. off the air,. or the video source could be interrupted. If the first
- picture becomes nonfunctional, the synchronlzatlon for the second
~picture is also lost Without proper synchromzatlon the second
. 10 picture will jitter.
' The first picture signal is momtored to prevent the toss of
display synchronization when the first plcture signal is lost. A
display - system for side-by-side pictures ‘according to an inventive
_ arrangement comprises a first circuit for separating a first
15 c_ompt_)site synchronizing signal from a first video signal having a
~ conventional ‘format display ratio and a second circuit for separating
~a second composite synchronizing signal from a second video signal
“having the same conventional format display ratio. A detecting
circuit senses the- presence of the first video signal, by monitoring
20 the haorizontal synchronizing component thereof A video display
. control circuit has a mode of operation in which pictures
representatlve of the first and second video signals are displayed in
side-by-side re___lattonshlp and _substan_tia_l_l_y without image aspect
~ratio distortion. A synchronization sWitc‘h selects one of the first
25 and second- composﬂe synichronizing S|gnals for synchronizing the
video dtsplay The second composite synchronlzmg signal is
automatically . selected unless the honzontal synchromzmg
- component of. the first video sugnal is’ detected
.. . The detegting circuit comprises a" ynchronlzmg component
30 separator, a bandpass filter, and a dete- or_ When the first video
signal is present, the horizontal synchromzing signal is separated
~_and monitored. The detecting circuit generates an output signal _
. indicating whether an adequate honzontat synchronizing component
is present. The invention further compnses a microprocessor
3s coupled to ‘the detecting circuit and the automatic synchronization
switch. The. mtcroprocessor controls ,the automatic synchronization
. switch output to be the second composite synchronizing signal when
the first video signal is not detected by the detecting circuit.
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5 first video sugnai and the vndeo display means a second signal
processing means for speeding up %aid second video signal, and
- means for combmmg the first and secon_d_processed video signals
for side-by-side display. The first and 'second signal processing
means can crop and reduce picture size so that the first and second
10 pictures can be displayed on a wide screen display.
Thus, the second picture can be displayed in a sidejby-side
video display system despite the loss -of the first picture.
FIGURE 1 is a block diagram of an automatic synchronization
-switch in a wide screen television.
15 FIGURE 2 is a timing diagram of the composite video signal
processed- by the -detecting circuit shown in FIGURE 1.
FIGURE 3 is a circuit diagram of a sync separator and bandpass
filter adapted to be used in the detecting circuit.
FIGURE 4 is a circuit diagram of a defector with hysteres:s
20 adapted to be used in the detecting circuit.
"FIGURE 5 is a block diagram of the bandpass fnlter adapted to
be used in the detecting circuit. .
FIGURE 6 illustrates the response -of the bandpass filter of
~FIGURES 3 and 5.
25 - FIGURE 7 is a block diagram of a wnde screen television
. adapted. for operation at 2f horizontal scanmng
FIGURE 8 is a block dxagram of the: gate array of FIGURE 7,
"mustratmg the main, auxnhary and output S|gnal paths.

v = An overall block diagram for a wide screen television
30;apparatus in accordance with WO 91/ 9397 and adapted to operate
'"wnth 2fy horizontal scanning, is shown in: FIGURE 7 and generally
deslgnated 10. The television 10 generally comprises a video

signals input section 20, a chassis or TV m:croprocessor (TV uP)
216, a wide screen processor 30, a 1f1-| to 2fy converter 40, a
- 35 deflection circuit 50, an RGB interface 60 a YUV to RGB converter
240, kine drivers 242, direct view or prolectlon tubes 244 and a
| power supply 70. The YUV to RGB. conver_;ter 240 may be an industry
- type TA7730. The grouping of_va_rious'c}ilrcuits into different




- 2 - 'Ih:sSheetHasBeEn{Réarangr to display two pictures si de by-si de, the display..
is.- 1o : two. incom ng signals, referred.to as.t'he first signal
or fi rs;uﬁn E"ME'lconvem ence. This can b&-the:left -pi-et ure or the
right p 5i de: by- si de npdé. However the frirst- piccture 5 may

become nonfunctional. For.exanple, the television receiver coul d be tuned
to a blank channel, or the television staton could go RCA 86,980 °

fu-:nctiorial .blocks is made ‘for purposes of convenience in
. description, and is not intended as limitihg the physical position of
:such. circuits relative to one another.
| “The video -signals input: sectlon 20 is adapted for receiving a
5 plurahty of composite video ssgnals from different video sources.
The video signals may be selectively sw1tched for display as main
and ‘auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
-antenna reception and cable reception. - The: RF switch 204 controls
10 which antenna input is supplied to a first tuner 206 and to a second’
tuner 208. The -output of first tuner 206 1s an input to a one-chip
202, which performs a rumber of func_tlons related to tuning,
horizontal and vertical deflection and vidgo controls. The particular
one-chip shown is industry designated type TA7777. The baseband
15 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 des_ighated AUX1 and AUX 2.
These might be used for video cameras, laser disc players, video
20 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. '
A switch SW1 wide screen processor selects between the TV1
25 and SWITCHED VIDEO signals as a SEL COMP OUT video signal which
is an input to.a Y/C decoder 210. The Y/C ‘decoder 210 may be
implemented as an adaptive line comb f:lter Two further video
sources S1 and S2 are also inputs to the Y/C decoder 210. Each of
~ 81 and S2 represent different S-VHS sources and each_ consists of
30 separate luminance and chrominance sagnals A switch, which may
- be incorporated as part of the Y/C decoder as in some adaptwe Ime
comb filters, or which may be implemented as a separate switch,
responsive to the TV microprocessor 216 for selectmg one pair of
~luminance and chrominance signals as d’_q-tﬁuts desigr{ated Y_M and
as C_IN respectively. The selected pair of luminance and chrominance
signals is thereafter. considered the main _,_f'_jSI_gnal and is processed
along a main signal path. Signal designat{bns including _M or _MN
refer to the main signal path. The chromi?ia_nce signal C_IN is
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,A 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

10 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

15 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

20 Y_A. Signal designations including _A, _AX and _AUX refer to the
auxiliary signal path. The selected chrominance is converted to
‘cotor difference signats_U_A and V_A. The Y_A, U_A and V_A signals
are converted to digital form for fu-rther_signal processing. The
arrangement of video signal source switcmng in the main and

25 auxiliary signal paths maximizes ﬂexrblhty in managing the source
selection for the different parts of the dlfterent picture display
formats.

- A composite synchronizing signal: COMP SYNC, corresponding to

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

30 212. The horizontal and vertical synchronlzmg components H and V.
respectively are inputs to a vertical countdown circuit 214. The
vertical countdown circuit develops a VERT!CAL RESET signal which
is directed into the wide screen processor '30. . The wide screen
processor generates.an internal vertrcal reset output 'signal INT

35 VERT RST OUT directed to the RGB mterface 60. A switch in the RGB
interface 60 selects between the mterrtal vertical reset output
signal and the vertical synchronizing c_o'r'hponent of the external RGB
source. The output of this switch is a selected vertical
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mterlaced video signals. to progressively scanned noninterlaced
signals, for example one wherein each horizontal line is. displayed
twice, or an additional set of horizontal lines is generated by
interpolating adjacent horizontal lines of the same field. In some

10 ‘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

15 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_inpu_t
section. The external RGB signal is deemed to be a wide format

20 display ratio signal adapted for 2fy scaﬁ-ning. The vertical
synchronizing component of the main signal is supplied to the RGB
interface by the wide screen processor as INT VERT RST OuUT,
enabling a selected vertical sync (fvm or fvext) to be available to the
deflection circuit 50. Operation of the wide screen television

25 enables user selection of an external RGB sngnal 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 projéction tubes. Accordingly, the RGB interface circuit

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

The wide screen processor 30 compnses a picture in plcture |

35 processor 320 for special signal processing of the auxiliary video
signal. A gate array 300 combines the main and auxiliary video
signal data in a wide variety of display formats. - The picture-in-
picture. processor (PIP) 320 and gate array 300 are under the control
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o.f. a wide;scree.n microprocessor (WSP uP) 340. Microprocessor 340
is responsive to the TV microprocessor. 216 over a serial bus. The -

-serial bus includes four signal lines, for data clock signals, enable
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signals and reset signals. The wide screen processor 30 also
generates a composite vertical blankln_.g/reset signal, as a three -
level sand castle signal. Alternativelj_;; 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 receives ‘a vertical reset signal from
the wide screen processor, a selected 2f4 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 2f4 converter 40 and the
YUV to RGB converter 240. _ _ | _

Operating voltages for the entire wide screen television are
generatéd by a power supply 70 which Can be energized by an AC
mains supply. | :

The gate array 300 is responsible . for combining v:deo
information from the main and auxmary signal paths to lmp!ement a
composite wide screen display. The main video signal is supplied to
the wide screen processor in analog form and Y U V format, as
signals d°S|gnated Y_M,U_M and V_M. These main signals are
converted from analog to digital form" by analog to digital
converters. The main_ signal path 304_____: . auxrhary signal path 306 and -
output signal path 312 of the 'gate arra’y*" 300 are shown in block
diagram form in FIGURE 8. The gate array also comprises a
clocks/sync circuit 320 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, mam circuits and paths identified
above, as well as to the plcture-m prcture processor 320 and

. resolution processmg circuit 370.

35

The gate array is responsible for expandmg, compressing and
cropping video data of the main video _channel, as and if necessary,
to implement different picture display :'fj{erats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory -
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- ..processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359, generating sxgnal Y AUX as an output.
~ In some instances, the auxmary dlsplay will be as .large as the
- main.signal display. The memory hmltatlons associated with the
10 picture-in-picture processor and video RAM 350 may provnde an
.- insufficient number of data points, or pl_xels for filling such a large
~ display area. In those circumstances;__ {e.éolution processing _ circuit
357 can be used to restore pixels to th-é auxiliary video signal to
replace those lost during data compression, or reduction. As an
15 exa-m.ple, circuit 357 may be a dedithering circuit if the video ‘signal
has previously been dithered. .
The -auxiliary video input data is sampled at a 640fy rate and
stored in video RAM 350. The auxiliary data is read out of video RAM
. 350 is designated VRAM_OUT. The PIP circuit 301. also has the
.20 capability of reducing the auxiliary picture by equal integer factors
~ horizontally and vertically, as well as -asymmetrically. The
- - auxiliary channel data is buffered and.synchronized to the main
channel digital video by the 4-bit latches 352, the auxiliary FIFO
_ 354 and clocks/sync circuit 320. ‘The"VRAM _OUT data is sorted into
25 Y (luminance), U, V (color components); and FSW_DAT (fast switch
data) by demultiplexer 355. The FSWLDAT indicates which field
type was written into the video RAM. The PIP_FSW signal is
~ received directly from the PIP circuit and apphed to the output MUX
* - control circuit 321 to determine which fleld read out of video RAM
.30 is-to be displayed during the small ptcture modes.
o The auxiliary channel is sample 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
.35 8/5 (1024/g40) compression. This is 'mo_re than the 4/3 compression
~© necessary to correctly display the auxmary channel sngnal
Therefore, the auxiliary channel must bé expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The-
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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

10 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 muitiplexers
315, 317 and 319 are responsive to output multiplexer control
circuit- 321.  Output multiplexer control circuit' 321 is- responsive to

15 the clock signal CLK, the start of line signal SOL, the H_COUNT

signal, the vertical blanking reset signal and the output of the fast
switch from the picture-in-picture processor and WSP uP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362

20 and 364 respectively. " The digital to analog converters are followed
by low pass filters. 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 2186, being connected thereto by a serial bus. The serial bus may

25 be a four wire bus as shown. having lines for data. clock signals,
enable signals and reset signals. The WSP uP 340 communicates
with the different ctrcunts cf the gate array through a WSP pP
decoder 310.

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

30 by a factor of 4/3 to avoid aspect ratlo dlstortlcn of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually acccmpanled by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than ‘4/3. A sample interpolator is

35 used to recalculate the incoming video to a new pixel positions
because -the luminance video bandwidth, up to 5.5 MHz for S-VHS -
format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 1024fy "clock.
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'mting the p ys‘rlhce luPn?ﬁénée data Y_MN is routed through an mterpolator 337

in the main signal path 304 which reca!__,c__:_ulates 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
s topology of the. main signal path 304 with respect to the relative
- positions of the FIFO 356 and the mterpolator 337. In partlcular,
these switches select whether the interpolator 337 precedes the
FIFO 356 as required for compression, -or-whether the FIFO 356
_ precede_s the interpolator 337, as reqmr_ed for expansion. The
10 switches 323 and 331 are responsive to a route control circuit 335,
- which is itself responsive to the WSP pP 340. During small picture
-modes the auxiliary video signal is compressed for storage in the
video RAM 350, and only expansion is necessary for practical’
purposes. Accordingly, no comparable switching is required in the
15 auxiliary signal path. '
. FIGURE 1 llustrates a vndeo display system with an automatic
synchromzatlon switch, which can be amplemented in a wide screen
television apparatus as disclosed in WO 91/19397. A first picture
" video_signal or main video signal is separated into luminance Y and
20 color C ¢components by comb filter 734. A first composite
" synchronizing signal separator 732 derives a first composite
-synchronizing . signal from the Y component of the first video signal.
. This first composite synchronizing signal is delivered to the first |
input 704 of automatic synchronization switch 700, which can be an
25 industry type TA7348° o
' A sec':ond_'..pictur,e video signal or _aa;t'_nciliary video signal is
separated into Y- and C components by co"rnb filter 724. A second
composite synchronizing signal separator 726 derives a second
composite synchronizing signal from the Y component of the second
30 video signal. Synchronizing component’ separator 721 produces
* horizontal and vertical synchronizing sxgnals from the second v:deo
signal. The horizontal and vertical synchromzmg signals are
delivered to a horizontal phase locked !ggp (PLL) and vertical
countdown circuit 723 and then to the'-ﬁi‘k-in-pix processor 725. The
35 pix-in-pix processor operates in conjunction with a digital to analog
converter 720 and a field store video RAM 718. A composite
synchronizing -signal output from the pix-in-pix processor is fed to
the second inpﬂ't 702 of synchronization switch 700.
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such. CI’ll‘hfSlShéeSHds@lealtReVIQC“ﬂO one anot her. .. The video si gnaJ S.lnput

sectl__on for receiving a 5 pl ural ity .of - conpesi t-e -vi deo
signal s . vi deo sour ces. :The vjsdeo:si gna,l somay. be

sel ecti ve y svm Or di splay as main and auxiliary video si gnal s. An
RF switch 204 has two antenna  inputs ANfj.and ANT 2. These r g@AS86/980

I nputs for both off-air antenna reception and cabl-e reception. The RF

switch 204 controls 10 which antenna input is supplied to a fi rst tuner 206
and to a second Thénalutdﬁ&tchlsqnobrWMaabnf switcht puR (B8 sisagonnpatedo a

one: D 2Rogds RGBSR oBuBAT, ShgBHAGh P12 A Ah8nozatpTeLL

one- chi p shoandi werticals countdawyneireuitt ypd. TAVTguit Thé gagerﬁt@@ 15 VI deo
signal V1 DEQ\Moggége'aﬂBe%drﬂcéh%rR}% jhﬂlsaqgrr%ﬁﬂommﬁ gOthe the si gnal

fromfirst tuaner 8 and t TV1
i nputof vk ddelieclion Qﬂ%&!%’&y geang.h sSaéﬁQ'&ﬂd and components “are”

generated for the first and second video signals. The main analog to
digital converter 728, connected to demodulator 730, supplies' a’
digitized first video signal "go the wide screen processor 30. The
second analog to digital converter 720 and the field store 718
10 supply a digitized second video signal to the wide screen processor
’ 30. Demodulater 722 supplies second chroma signals (R-Y) and (B-Y)
to converter 720. The wide screen processor 30 assembles the first
and second pictures, for example as mde-by-sude plctures The
assembled picture is converted back to Y, U and V analog signals by
15 digital to analog (D/A) converter 731
The automatic synchronization switch output 706 is controlled
by a video signal/synchronizing signal detectmg circuit 710 and
microprocessor 708. The detecting circuit 710 senses the presence
of the first video signal by separating and monitoring the horizontal
20 synchronizing component of the first video signal. |f the detecting
circuit 710 detects the presence of the first video signal, the
automatic synchronization output 706 will be the first composite
synchromzmg s:gnal If the video/sync sense circuit 710 fails to
detect the presence of the first video sngnal or the first composite
25 synchronizing signal, the automatic sypchromzatnon switch output
706 wiil be. the second composite syncﬁronizing signal. As a resuit,
the second video picture can be displayed without jitter distortion
even if the first video picture is missing. The source of
synchronizing signals for controlling the wide screen display will be
a0 automatically shifted to the second video signal if the first video
‘signal is missing or the synchronizing: component of the first video
signal is madequate Hysteresis in swntchmg is provided to prevent
unnecessary switching of the synchronlzatlon switch due to
temporary conditions affecting the detection or adequacy of the-
35 horizontal synchronlzmg component in ‘the first video signal.
Microprocessor 708 can comprise a Motorola MC 68HCO5T2
type chip also known as Telekat and responds to the output from the
vndeo/sync sense circuit 710 ‘which indicates the presence or



vi deo |T|1f acgdi t ch 200 are desi gnat gd AUX1 and AUX 2.  These
m ght be o canmeras, |aser disc. ‘pliayers, Vi deo 20 ta,pe :
pl ayers, nd the i ke. The -,outiput -of "t he Vi deg ° ‘"&wi tch 200,

which is co
desi gnat ed
screen proc

bet ween 't he
si gnal whic
be i mpl e

sources S1
S2 represen

ntrol led by the chassis or TV m croprocessor 216 is
SW TCHED VI DEO. The SW TCHED VI DEO i s anot her I nput to Wi de
essor 30. : A switch SWlp wi de screen prOCe.gfﬁé

TV1 25 ‘and SW TCHED VI DEO signals as a SEL COW Vi éo
h. is an input to a Y/ C decoder 210. The Y/ C decoder 210 nmay

mbsendeasf atheadiapt Vided isignabnbiff iHeg eis IEWOS stiein €is “Pée@“%ﬂ and
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e arate swt
operatlng in the PIP, or POP, or side- by -side mode, the
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_microprocessor- 708 directs the automatic synchronization switch

10

18

700 to produce-the second synchronizing signal as an output 706.
Thus, the aux’ili'ary second signal controls: the dispiay
synchronization when the main or first video sngnal is not detected
and jitter in the second picture is thereby avoided.

FIGURES 3 and 4 are detailed circuit diagrams of the detecting
circuit. FIGURE 3 illustrates the synchronizing component separator
801 with clipping and the band pass filter 803 of the detecting
circuit 710.  The first video signal is received on the 0.1 microfarad
(uf) capacitor 802. The biasing for transistor Q1 is supplied by

resistors 804 and 806. Transistor Q1 cuts off all the active video

20

above Vg as illustrated in FIGURE 2. Thus, the synchronizing signal'
is produced - at c.utput 805. The output 805 of synchronizing
COrnponent sepa'rator 801 is connected to the input of band pass

filter 803 by resistor 808. The twin-T bandpass filter 803 shown in
FIGURES 3 and 5 is an active filter. Transistor Q2 in FIGURE 3 and

operational amplifier 819 in FIGURE 5 provide the inverting gain for

30

the active 'filter 803.  Bandpass filter 803 further comprises ‘a 47
Kohm resistor. 808, two 100 picofarad (pf) capacitors 810, 814, a
250 pf capauto. 8i2, and two 100 Kohm resistors 816, 818. As

shown in FIGURE 6, only horizontal synchronlzmg components near
the center frequency of 15.7 KHz are passed by the bandpass filter
803. The inverted horizontal synchromzmg components from the
band pass filter 803 are connected to the detector 807. Hysteresis
is provided by 1 pf capacxtor 824. When an adequate synchronizing
signal component is present transistor Q3 turns on and charges the
2.2 uf capacator 834. This causes trans&stor Q4 to turn on and
indicate that. sense line 840 has gone hlgh Hysteresns from 1 Mohm

- resistor 836 mamtalns transnstor Q3 on and prevents trans:stor Q4

35

from switching off Thus, sense line 840 is at a high level when the
first video signal is detected and at a Iow level when the first video
signal is not detected. The output sngna! from the detecting circuit
710 is coupled to microprocessor 708, which in turn controls the



I €S PONhis'¥Reel 9as BBG REMaddd Cr opr ocessor 216 for sel ecting one pair of -

| um nan K ance signal's as outputs designateed YMand 35 CIN -
respectﬁmmlﬂtﬂ ected pair of |uninance-and. chrom nance  -- signals is
t her eaf el the main signal and is processed al ong a main

si grial path. Signal designations including -Mor _MN refer to the main
signal path. The chrom nance signal Cl N_i133 . RCA 86.980

‘operation.. of the automatic synchronization switch 700. By using the
.second video synchronizing signal-to control display deflection when
the first video signal is missing, the second picture will be
displayed’ without distortion. - Such an automatic synchronization
s switch can be used with picture-in-picture (PIP) and picture-
_outside-picture (POP) formats, as well as side-by-side picture
formats. ' o -



redirect &4s laced e processor, back t.o.the one-chip,.. fo,r
devel opin | nce signals UM#nd VM <kn thi's’ regard U-i's an
equi val ent or (RY) and Visian, E,qurval ent .:. de.srgnatlon for

(B-Y). The Y_M U_I\/l and VM signal s are convert ed 5 to di gltal formin-the
wi de screen processor for further signal 14 processing. sg%‘d)nd
tuner 208, functionally defined as part of the w de screeﬁvoce‘sssr—-%& ------

devel ops a baseband video signal TV2. A switch SW sele
TV2 and SWVW-.ED;Q’I aa@n@tgml s 10 as an input. to a Y/C dec i ﬁ"F
decoder 220 may be i npl enented as an adaptive line co * |

Switches SWB and-SW+ - sel ect between the |uninance and chrom nance

outputs oft Y/C 1. déceidieo gisplaydsystem,ucomprisingnmheamso(@4dinder si gnal's of
an XGRS bR lafiy $Ietfbs TEpraBdniith r&‘ﬁﬁﬁ%& 4RyY- The
| 3’ second video. sxgnals characterized by;- .
4 means (700) for selectably synchromzmg said display means

(244) with either one of said first and second video signals;

‘means (710) for ‘separating a horizontal synchromzmg
_component from said first video signal;

means (710) for sensing said horizontal synchronizing
9 component separated from said first video signal; and,
10 means (708) for controlling said selectable synchronizing
11 means (700) responsive to said sensing means (710), for
12 synchronizing said display means (244) with said first video signal
13 when said hdrizontal synchronizing component separated from said
14 first video signal fis sensed and for otherwise synchronizing said
15 display means (244) with said second video signal.

0 N o O

2. The video display system of claim 1, wherein said
2 separating means, (710) is characterized by an active filter (803).

3. The video display system of clalm 1, wherein said
2 separatmg means, (710) is characterized by a bandpass filter (803).

i - 4. The videc display system of claim 1, wherein said _
2 separating means (710) is charactenzed by an active bandpass filter
3 (803)

5.. The video display system of claim 1, wherein said -
separating means (710) is characterized ’ ‘by:

means (801) for generating from said first video signal an
intermediate sagnal including said honzontal synchronizing '
component; :

a filter (803) for extracting saud honzontal synchronizing
component from: sald intermediate signal.

~N O O s WO -

6. The system ‘of claim 1, wherein: said sensing means (71 0) is
. 2 characterized by a hysteresis charactenst;c



_ decoder ,220 and

Wi nay be conblned as in som-é
adaptlve i ne COHb*fI t put- of, smntches SWB -gnd SWI- j.s
thereafter considered the auxiliary signal and i's processed al ong an
auxiliary signal path. The selected |umgnce output is desimgnat g6 989 Y_A
Sirgnal designations including A, _AX and _AUX refer to the auxiliary
signal path. The sel ected chrominance is converted to col or difference
signals UA and VA. The Y_A U A and V_A signals are converted to
.digital form for_furt her 5| Qcessin The arr.an _ f video

signal solrce sv]tcjlin-”ﬁgs)’ﬁ { ﬁ g@'@iﬂx‘?@ﬂa%@%ﬂ?ﬁgng’ﬂ
gaﬂ m zesy fd@mr@mh t walid fgalmalm@ @yﬂchwgamglj memfise;(’rmﬁm fsor the

ifferent parts t e I spl ay ormats. A
conp05|té3§3ﬁﬂﬁ¢§ V%?ﬁggg é Q?Bkﬂﬁb&§$h§r corresponding to Y Mis
provided by the w de screen processor to a synec separator :

1 8. The system of claim 1, wherein said video signals have
2 format display ratios and said video display means (244) is

3 characterized by a format display ratio wnder than said format
4
5

15 Y_EXT and C (ﬁ ﬂﬂj@ ond to the S;VHS |nput S1. .The.Y/C
tersa

display ratios of said video sngnals and said pictures are displayed
side-by-side.

1 9." The system of claim 8, characterized by said pictures being
2 of substantially similar size. '
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30 212. Tmh&wﬂdhsﬁqm mahd vertlcal ynchronizing conponents H and V .

respectlv to a vertical ceuntdown circuit 214:. The ,
verti cal U|t devel ops a  VERT| CAL. ‘RESET si-gnal - MhICh S
directed |nto t WI e screen processor :30.-Thé wi de screen- - processor
generates an |nternal vertical reset output signal INT 35 Vi R
‘directed to the R&B interface 60. A'switch in the RGB Eﬁgﬁfégéﬁgg
selectslbetmeen_the internal vertical reset output signal and the
vertical synchroni zing conponent of thgl ex!terpal RGB: source. The

output of this switch is a selected.v
: A video display system comprises a- video display for

snmultaneously displaying pictures representatxve of first and
second video signals. A synchronizing: circuit (700) selectably

s synchronizes the video d«splay with either one of the first and
second video signals. A horizontal _syqthonlzmg coniponent is
separated from the first video signal and detected by a sensing
.circuit (710).- A circuit (708) for controlling the selectable
synchronizing circuit is responsive to the 'sensing circuit. The video

10 display is synchronized with the first video ,signal when the

~ horizontal synchronizing component separated from the first video
signal is sensed and is otherwise synchronized with the second
" video signal: '

FIGURE 1
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oper at e@h' edwith a video RAM 420. - The vi deo RAM may - be used
to.store u elds of a frane, :to enable,the 15° progressfwe
di'spl ay. video data as Y 2f[errp}" u2f[err} and.. <.V 2f[err]

signals is supplied to the RGB interface 60. The RGB |nterfaCe 60
enabl es sel ection of the converted video data or external RGB video data
for display by the video signals input section. The external .R@& signal
i's deemed to be a wide format 20 display ratio signal adapted for 2fH
scanni ng. The werti cal n nponentyof t main signal is
supplied to tIMURGB * intkrface by the wilde scrden proc@&bf O | NT VERT
RST OUT, - &i@EALiTga sprected vertical .syhe-{ffer 4 or f[err] to be

available to the gefllection circuit 50. erjat i o VBE the wide screen
tel evi sion 25 enabl es user sel ection of an external RGB si gnhal , by
generating an i nternal/exter ng @rol si gnal | NT/ EXT. However, t he
.sel ection of an external Ig-a input, in the absence of such a

signal, can
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supplies color and tint controls for the
The w de screen processor 30 conprises a picture in picture 35 processor

320 for_ special signal
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variety of display formats.

processing of the auxiliary video

The picture-in-
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conver t egisgt placsd gital formby analeg to digital converters. v,
The: mai n H 4, ‘auxiliary signal. path 306, aitd “. output-‘signal i
path 312 ray -300 are shown i.n bl.ock: di.agr.am form-i n Fl GURE
8. The gate array al so conrpri RF#KS/ sync-circuit 320 and a WEP '
[err] P decoder 310. Data -and fﬁﬁdf@ﬁgm ut lines of the WoP [err]P .

- decoder 310, identified as V\BEEN[E)WROage suppl i-ed to each of the main

. circuits and paths identified ? as Il as to.the
pi cture-in-picture processor 320 8n Q,Lgre | ution processi‘ng circuit 370.
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The invention relates to the field of televisions capable of

~ displaying side-by-side plctures of substantially equal size from

10

15

- 20

different sources, and in particular, to such televisions havmg a
wide display format ratio screen. Most televisions today have a
format diSpIay_ ratio, horizontal width to vertical height, of 4:3. A
wide format display ratio corresponds more closely to the display
format ratio of movies, for example 16:9. The invention is
applicable to both direct view televisions and projection
televisions. ‘

' Televisions with a wide display format ratio are suited to a
wide variety of displays for both conventional and wide display
format signals, as well. as combinations thereof in multiple picture
displays. . However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple
signal sources, developing consistent timing _sign_als from
asynchronous but simultaneously displayed sources, switching
between multiple sources to generate multiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. A wide screen television
disclosed in WO 91/19397, published December 12, 1991 and

- corresponding to PCT/US91/037486, is capable of providing high
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resolution, single and multiple picture displays, from single and
multiple sources having similar or different format ratios, and with
selectaple display format ratios.

Such television apparatus as disclosed in WO 91/19397 can
display multiple pictures simultaneously, for example from two
video sources. The video sources may be the tuner in the television,
a tunerin a video cassette recorder, a video camera, and others. A
display mode pariicularly suited for a wide screen television is"
side-by-side pictures of substantially the same size, from different
video sources, for example two different channels. In a wide screen
television having a. display format ratio (width to height) of 16:9,
each of two side-by-side pictures of comparable size in a full
screen display would have a format display ratio of 8:9. In order to
fit a 4:3 picture into an 8:9 space, the 4:3 picture must be

horizontally cropped or horizontally compressed, or some
ombmatlon of both
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main si gnal display. The nmenory limtations associ at e RﬁmﬁcEM@'TﬁHEH]
picture-in-picture processor and video RAM 350 may prpvfde an a

i.nsufficient nunber of data points, or pixels for fil 1g35ycﬂuga19%rge '

display area. In those circunstances, regsol utlon profebsing circuit - 857
. can be used to restore pixels to the auxi Ilary vi deo igﬂ'ra'l'—‘r'o'—“"repl ace

those lost during data conpression, or reduction. As an 15 exanple, circuit
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vi deo by t heoulbibe tunedds a5ntankhehannel i ar ghe| efpvision station could go
off the air,- or the video source could be interrupted. If the first
. picture becomes nonfunctional, the synchronization for the second
picture is also lost. Without proper syhghronization,-the second
10 picture will jitter. ' '
The first picture signal is monitored to prevent the loss of
display synchronization when the first picture signal is lost. A
display system for side-by-side pictures according to an inventive
arrangement comprises ‘a first circuit for. separating a first
15 composite synchronizing signal from a first video signal having a
conventional format display ratio and a second circuit for separating
a second composite synchronizing signal from a second video signal
having the same conventional format display ratio. A detecting
circuit senses the- presence of the first,"video-signat, by monitoring
20 the horizontal synchronizing component thereof. A video display
control circuit has a mode of operation in which pictures
representative of the first and second video signals are displayed in
side-by-side relatienship and substantially without image aspect
ratio distortion. A synchronization swit_eh selects one of the first
25 and second composite synchronizing signals for synchronizing the
- video display. The second composite synchronizing signal is
automatically selected unless the horizontal synchrontzmg
component of the first video signal is detected
The detecting circuit comprises a synchromzmg component
30 separator, a bandpass filter, and a detector. When the first video
signal is present, the horizontal synchroﬁizing signal is separated
and monitored. The detecting circuit generates an output signal
indicating whether an adequate honzontal synchronizing component
is present. The invention further compnees a microprocessor
35 coupled to the detecting circuit and the'_".-aut_omatic synchronization
switch. The microprocessor controls _th_'e ‘automatic synchronization
switch output to be the second composi_.t-‘é__ synchronizing signal when
the first video signal is not detected by.‘the detecting circuit.
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means for ‘combining the first and second processed video signals
for side-by-side display. The first and second signal processing
means can crop and reduce picture size so that the first and second
10 pictures can be displayed on a wide screen display.
Thus, the second picture can be displayed in a side-by-side
video display system despite the loss of the first picture.
FIGURE 1 is a block diagram of an automatic synchronization
switch in a wide screen television.
15 FIGURE 2 is a timing diagram of the composnte video signal
processed by the detecting circuit shown in FIGURE 1.
FIGURE 3 is a circuit diagram of a sync separator and bandpass
filter adapted to be used in the detectmg circuit.
FIGURE 4 is a circuit diagram of a detector with hysteresxs
20 adapted to be used in the detecting circuit.
FIGURE 5 is a block diagram of the bandpass filter adapted to
‘be used in the detecting circuit.
FIGURE 6 illustrates the response -of the bandpass filter of
FIGURES 3 and 5.
25 FIGURE 7 is a block diagram of a wide screen television
adapted for operation at 2fy horizontal scanning.
FIGURE 8 is a block diagram of the gate array of FIGURE 7,
illustrating the main, auxiliary and output signal paths.
-An overall block diagram for a wide screen television
' 30 apparatus in accordance with WO 91/19397, and ‘adapted to operate
with 2fy horizontal scanning, is shown in FIGURE 7 and generally
designated 10. The television 10 generally comprises a video
signals input section 20, a chassis or TV microprocessor (TV uP)
216, a wide screen processor 30, a 1f4 to 2fy converter 40, a
3s 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 YUV to RGB converter 240 may be an industry
type TA7730. The grouping of various circuits into different
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which is itself responsive to WSP [err] P 340. The anobunt of i nt er pol at or
expansion required is 5/ 6. The expansion factor X is det ey nj ngdi ALG 1996
follows: 5 X = (640/1024) * (4/3) = 2/ 6 The cprpm nance

eonponents UPIP and VPIP are del ayed by

functional _blocks is made for purposes of convenience in
description, and is not intended as limiting the physical, position of
such circuits relative to one another.
The video -signals input section 20 is adapted for receiving a
5 plurality of composite video signals from different video sources.
The video signals may be selectively switched for display as main
and auxiliary video signals. An RF switch 204 has two antenna
inputs ANT1 and ANT 2. These represent inputs for both off-air
antenna reception and cable reception. The RF switch 204 controls
10 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
15 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
20 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.
A switch SW1 wide screen processor selects between the TV1
25 and SWITCHED VIDEO signals as a SEL COMP OUT video signal which
is an input to.a Y/C decoder 210. The Y/C decoder 210 may be
implemented as an adaptive line comb filter. Two further video
. sources S1 and S2 are also inputs to the Y/C decoder 210. Each of
81 and S2 represent different S-VHS sources, and each consists of
30 separate luminance and chrominance signals. A switch, which may
be incorporated as part of the Y/C de_coder, as in some adaptive line
~comb filters, or which may be impleme_hied as a separate switch, is
responsive to the TV microprocessor 2i6-for selecting one pair of
luminance and chrominance signals as outputs designated Y_M and
3s C_IN respectively. The selected pair of luminance and chrominance
signals is thereafter considered the mai'_ri signal and is processed
along a main signal path. Signal designations including _M or _MN
“refer to the main signal path. The chrominance signal C_IN is
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various functiond\ glecohe pimgruRo8| rfupctionally 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
10 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
5 Y_EXT and C_EXT signals correspond to the S-VHS input S1. The Y/C
decoder 220 and switches SW3 and SW4 may be combined, as in some
adaptive line comb filters. The output of switches SW3 and SW4 is
thereafter considered the auxiliary signal and is processed along an
auxiliary signal path. -The selected luminance output is designated
20 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
25 auxiliary signal paths maximizes flexibility in managing the source
selection for the different parts of the different plcxure display
formats. :
A composite synchromzmg signal COMP SYNC, correspondmg to
Y_M is provided by the wide screen processor to a sync separator
30 212. 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
35 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
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by WBP [err] P 340. The WSP [err]P 340 is responsive to the fv31 AU& 199

216, being connected thereto by a serial bus. The serial bu$ may 25 be a
four wire bus as shown. having lines for déta. clock signals: enabl e

Signals and reset signals. The WSP [.err] P.340 conmuni cate with the
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signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizon‘_t‘aii_. lines is generated by
interpolating adjacent horizontal lines of the same field. In some
10 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
15 progressive display. The converted video data as Y_2fy, U_2f4 and
V_2fH 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
20 display ratio signal adapted for 2fy scanning. The vertical
synchronizing component of the main signal is supplied to the RGB
interface by the wide screen processor as INT VERT RST OUT,
enabling a selected vertical sync (fvm or fyext) to be available to the
deflection circuit 50. Operation of the wide screen television
25 enables user selection of ar 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
30 detects an external synchronizing signal, in order to override the
selection of a non-existent external HGB' input. The WSP |
microprocessor 340 also supplies color and tint controls for the
external RGB signal. o
The wide screen processor 30 cf@jprises a picture in picture -
3s processor 320 for special signal processing of the auxiliary video
signal. A gate array 300 combines the ‘main and auxiliary video
signal data in a wide variety of dispia_y_. formats. The picture-in-
picture processor (PiP) 320 and gate array 300 are under the control
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format, occupies a |arge percentage of the Nyquist fold _
which is 8 MHz for a 1024f[err] cl ock.

-10- The |l um nance data Y MN is routed through n i @érﬂﬂﬁamﬁ 13'
in the main signal path 304 which recal cul ates sanpl e valjugs based on_tihe
conpressi on or the expansion of the vi deof - The function '

of a wnde _screen microprocessor (WSP puP) 340. M:croprocessor 340
is responswe to the TV microprocessor 216 over a serial bus. The
serial bus includes four signal lines, fq_r _.data clock signals, enable
signals and reset signals. The wide Sdféen processor 30 also

5 generates a composite vertical blanking/réset 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 supphed by the video signal input section to the.
RGB interface.

10 The deflection circuit 50 receives: a vertxcal reset signal from
the wide screen processor, a selected 2fy harizontal 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 adj_u'-stment and east-west pin

15 adjustment. The deflection circuit 50 supplies 2fy flyback pulses to
the wide screen processor 30, the 1fy to 2fy4 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 gate array 300 is responsible for combmmg video
information from the main and auxiliary signal paths to implement a
composite wide screen display. The main video signal is supplied to
the wide screen processor in analog form, and Y U V format, as

25 signals designated Y_M. U_M and V_M. These main signals are
converted from analog to digital form by analog to digital
converters. 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 8. The gate array also comprises a -

30 clocks/sync circuit 320 and a WSP uP decoder 310. Data and
address output lines of the WSP uP decoder 310, identified as WSP
DATA, are supplied to each of the mam circuits and paths identified
above, as well as to the picture-in- plcture processor 320 and

- resolution processing circuit 370.

35 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
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the switches or route selectors 323 and 331 is to reverp
t.he main signal path 304 with respect to the relative

FI FO 356 and the interpolator 337. In particular, t he
whet her the interpolator 337 precedes they. FIFO 356, ap tequired for
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91/ 19397. Aptocessingctas eesired, in circuit 357, and is expanded as necessary
by interpolator 359, generating signal Y_AUX as an output. .

In some instances the auxiliary di'splay will be as large as the

main sngnal display. The memory limitations associated with the

10 picture-in-picture- processor and video RAM 350 may prowde 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 sugnal to
replace those lost during data compression, or reduction.- As an

15 example, circuit 357 may be a dedithering circuit if the video signal
has previjously been dithered..

The auxiliary video input data is sampled at a 640fy rate and
stored in video RAM 350. The auxiliary data is read out of video RAM
350 is designated VRAM_OUT. The PIP circuit 301 also has the

20 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
channei digital video by the 4-bit latches 352, the auxiliary FIFO
354 and clocks/sync circuit 320. The VRAM_OUT data is sorted into

25 Y (luminance), U, V (color components), and FSW_DAT (fast swiich
data) by demuliiplexer 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

30 is to be displayed during the small picture modes.

The auxiliary channel is sampled at 640fy rate while the main
channel is sémpled 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

35 8/5 (1024/549) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly display a 4 X 3 small picture. The
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vi deo signal or main video signal is separated into | urfi REPLACEMM

col or C conponents by conb filter 734. A first conposi synchronl zj ng
signal separator 732 derives a first conposite synchr ni rﬂﬂ&% ffom
the Y conponent of the first video si gnab This firgt [conposite

synchroni zing signal is delivered to the first I nputt 704 of automatic
synchroni zation switch 700, which can be an 25 I ndustr J1AZ848
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Synchr oni zigetasRiR QE $6Wewat or - 721 produces hori zontal and vertical.

synchroni zi ng. si om the ond | deo signal. The horizontal and
vertical Synchr |i|(§a 46 s (gi cﬁellvered to a horizontal phase

| ocked | oop (PLLTherchreminane¢ components U_PIP and V_PIP are delayed by
cwcunt 367 for a length of time depending on the nature of the
mterpolaﬂon of the luminance component, generating signals U_AUX
and V_AUX as outputs. The respective Y, U and V components of the
10 main and auxiliary signals are combined in respective multiplexers
315, 317 and 319 in the output signal path 312, by contralling the
read enable signals of the FIFO's 354, 356 and 358. The multiplexers
315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output muitiplexer control circuit 321 is responsive to
15 the clock signal CLK, the start of line signal SOL, the H_COUNT
signal, the vertical blanking reset signal and the output of the fast
switch from the picture-in-picture processor and WSP pP 340. The
multiplexed luminance and chrominance components Y_MX, U_MX and
V_MX are supplied to respective digital/analog converters 360, 362
20 and 364 respectively. The digital to analog converters are followed
by low pass filters. 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 puP 340 is responsive to the TV
uP. 216, being connected thereto by a serial bus. The serial bus may
25 be a four wire bus as shown. having lines for data. clock signals,
enable signals and reset signals. The WSP uP 340 communicates
with the different circuits of the gate array through a WSP uP
‘decoder 310..
In one case, it is necessary to com__press the 4 X 3 NTSC video
30 by a factor of 4/3 to avoid aspect ratio '}i_dist'ortion of the displayed
picture. In the other case, the video can -'_bé expanded to perform
horizontal zooming ‘operations usually accompanied by vertical
zooming. Horizontal zoom operations up f?) 33% can be accomplished
by ‘reducing compressions to less than 4/3 A sample interpolator is
35 used to recalculate the incoming video to a new pixel positions
because the luminance video bandwidth, up to 5.5 MHz for S-VHS
format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 1024fy clock.



countdown circuit 723 and then to the pix-in-pix procgsBEPLACERENTHSIEES
pi x-in-pix_processor operates in conjunction with a dijgirtat—to anal og
converter 720 and a field store video RAM 718. A conpqsi te:.?] @%n‘%g i Zi ng
signal- output fromthe pix-in-pix processor is fed to t 3 put
702 -of synchronization switch 700. -10- THe tie
synchroni zati on switch output 706 is connected

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

5 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 intejrpolator 337. precedes the
FIFO 356, as required for compression, or whether the FIFO 356
precedes the interpolator 337, as requiged for expansion. The

10 switches 323 and 331 are responsive to a route control circuit 335,

- which is itself responsive to the WSP uP 340. During small picture
modes the auxiliary video signal is compressed for storage in the
video RAM 350, and only expansion is”riecessary for practical
purpases. Accordingly, no comparable switching is required in the

15 auxiliary signal path.

FIGURE 1 illustrates a video display system with an automatic
synchronization switch, which can be implemented in a wide screen
television apparatus as disclosed in WQ 91/19397. A first picture

" video signal or main video signal is separated into luminance Y and

20 color C components by comb filter 734. A first composite
synchronizing signal separator 732 derives a first composite
synchronizing signal from the Y component of the first video signal.
This first composite synchronizing signal is delivered to the first
input 704 of automatic synchronization switch 700, which can be an

25 industry type TA7348.

A second picture video signal or ':a.u_.xiliary video signal is
separated into Y and C components by comb filter 724. A second
composite synchronizing signal separatc)_.r ‘726 derives a second
composite synchronizing signal from theY component of the second

30 video signal. Synchronizing component separator 721 produces
horizontal and vertical synchronizing sngnals from the second video
signal. The horizontal and vertical synchromzmg signals are
delivered to a horizontal phase locked !oop (PLL) and vertical
countdown circuit 723 and then to the plx in-pix processor 725. The

35 pix-in-pix processor operates in conjun__ctlpn with a digital to analog

' converter 720 and a field store video RAM 718. A composite
synchronizing signal output from the pnx m -pix processor is fed to .
the second input 702 of synchromzauon swutcn 700.
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vertical countdown circuit 714. Circuit 714 generateq | horizontal and
vertical drive signals for synchronizing the 5 defl edtijond 4nAUQi1BP6 a)
means. Al so, digital Y and C conponents-dr- generatledq for the firsy and

second video signals. The main analog to digital cgnverter /28, connécted
to denodul ator 730, supplies a digitized first vid
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and (B0 S artiga| GOURIHOWR, Zieglit A E LTIE LD SRt o 1 he
first and metﬁablmdurmrtidad)rdﬂxanﬁigm&ls fnrdsybphsodalmg cthe es. The
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sw tch out p@enas nthpofl st and second video signals he main analog to
digital converter 728, connected to demodulator 730, supplies a

digitized first video signal to the wide screen processor 30. The
second analog to digital converter 720 and the field store 718

10 supply a digitized second video signal to the wide screen processor’
30. Demodulator 722 supplies second chroma signals (R-Y) and (B-Y)
to converter 720. The wide screen processor 30 assembles the first
and second pictures, for example as side-by-side pictures. The
assembled picture is converted back to Y, U and V analog signals by

15 digital to analog (D/A) converter 731

The automatic synchronization switch output 706 is controlled

by a video signal/synchronizing signal detecting circuit 710 and
microprocessor 708. The detecting circuit 710 senses the presence
of the first video signal by separating and monitoring the horizontal

20 synchronizing component of the first video signal. If the detecting
circuit 710 detects the presence of the first video signal, the
automatic synchronization output 706 will be the first composite
synchronizing signal. If the video/sync sense circuit 710 fails to
detect the presence of the first video signal or the first composite

25 synchronizing signal, the automatic synchronization switch output
706 win be the second composite synchronizing signal. As a resuit,
the second video picture can be displéyed without jitter distortion
even if the first video picture is missing. The source of
synchronizing signals for controlling the wide screen d|splay will. be

30 automatically shifted to the second video signal if the first video

- signal is missing or the synchronizing component of the first video
signal is inadequate. Hysteresis i_n'Swi_tching is provided to prevent
unnecessary switching of the synchronization switch due-to
temporary conditions affecting the detection or adequacy of the |

3s horizontal synchronizing component in the first video signal.

Micropracessor 708 can comprise a Motorola MC 68HCO5T2

type chip also known as Telekat and responds to the output from the
video/sync sense circuit 710 which indicates the presence or




by a video signal/synchronizing signal detecting circuitt RE&@C&MéNT SHEET
m croprocessor 708. The detecting circuit 710 senses thelpresence o{ t he
. first video signal by separating and nonitoring the horli 203 3l AG8 1996 '
synchroni zi ng conponent of the first video signal. If tjhg detecting
circuit 710 detects the presence of the-f@rst video signa—tie
automati c synchroni zation output 706 will be the first jconposite
synchroni zing signal, |If the video/sync sense c¢jircuit O falls to
detoct the BBESBRReShitherrsti vidpo,Bigrtals| dhaneoRispiRY rsySiem: shrRRemsing:
synchroni zi iy theoAdin pictureubaRIMEdey mikropiottsson 708t cdn roduice, fof 06

second vi deaRBIEEY & BAF chehid R cnd, i shaliions “NE FENAY whad, |

the first vtheongintpicwrbssignadilagnotridetectedse Ui the digplayr systamgissi ghal s

for cont'rgl nggaﬁ Wi P.%I ;qpeqﬂ pmlerdﬁgﬁblby}gid@ modemécal Iy shifted to
0

D e FSEspasagoroy OBhGitas: e sgtomatic’ SynchionizatoR Switth®
700 to produce the second synchronizing signal as an output 706.
Thus, the auxiliary second signal contr;t‘j;is the display
synchronization when the main or first i_)ideo signal is not detected

10 and jitter in the second picture is thereby avoided. . =~ )

FIGURES 3 and 4 are detailed ciréu_it diagrams of the detecting

circuit. FIGURE 3 illustrates the synchronizing component separator
801 with clipping and the band pass filter 803 of the detecting
circuit 710. The first video signal is received on the 0.1 microfarad

15 (uf) capacitor 802. The biasing for transistor Q1 is supplied by
resistors 804 and 806. Transistor Q1 cuts off all the active video
above Vgg as illustrated in FIGURE 2. Thus, the synchronizing signal
is produced at output 805. The output 805 of synchronizing
component separator 801 is connected to the input of band pass

20 filter 803 by resistor 808. The twin-T bandpass filter 803 shown in -
FIGURES 3 and 5 is an active filter. Transistor Q2 in FIGURE 3 and
operational amplifier 819 in FIGURE 5 provide the inverting gain for
the active filter 803. Bandpass filter 803 further comprises a 47
Kohm resistor 808, two 100 picofarad (pf) capacitors 810, 814, a

25 zC0 pf cspacitor 842, and two 130 Kohm resistors 816, 818. As
shown in FIGURE 6, only horizontal synchronizing components near
the center frequency of 15.7 KHz are passed by the bandpass filter
803. The inverted horizontal synchronizing components from the
band pass filter 803 are connected to the detector 807. Hysteresis

30 is provided by 1 uf capacitor 824. When an adequate synchronizing
signal component is present, transistor Q3 turns on and charges the
2.2 uf capacitor 834. This causes transistor Q4 to turn on and
indicate that sense line 840 has gone high. Hysteresis from 1 Mohm .
resistor 836 maintains transistor Q3 on and prevents transistor Q4

35 from switching off. Thus, sense line 840 is at a high level when the
first video signal is detected and at a low level when the first video
signal is not detected. The output signal from the detecting circuit
710 is coupled to microprocessor 708, which in turn controls the



signal is inadequate. Hysteresis in switching is pI‘OVIﬁ%PLmWWeSHEET
unnecessary switching of the synchronjzation switch du +erpomnarly

conditions affecting the detection or adequacy of the hori zont gk
synchroni zi ng conponent in the first video signal. MA&\EO Bcesdor

708 can conprise a Mdtorola MC 68HCO5T2_ 4, type chip als known as Tellekiat
and responds to the output fromthe Vi geo/sync sensg¢ circuit 710 whic
i ndi cates the presence or

operation. of the automatic synchronization switch 700. By using the
second video synchronizing signal to control display deflection when .
the first video signal is missing, the second picture will be
displayed without distortion. Such an automatic synchronization

5 switch can be used with picture-in-picture (PIP) and picture-

outside-picture (POP) formats, as well as side-by-side picture
.formats
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-12- abgence of the firgtjvideo signal. If the displ ay i _
operating ijn 3 heAnRi199@ *:t_ ire only node, m croprocesso@r Iﬂmlmﬂ“nlﬂuuluuull
for exanyl ¢, a blue display field and the characters "NO*SI GNAL" ®when *
the main pifctore—srgmal—Ts npt detected. 4 4f the display systemis 5

n

operating iln the PIP, or POP} or side-by-side node, the m cr opr ocessor -
708 directs the automatic synchroni zation switch 700 to produce the _
second synoNhani igl ethifigihds: as an out put 706. Thus, the auxiliary second
signal controls the display ° synchronization when the main or first video
signal is not detected 10 and jitter in the second picture is thereby

avoi ded. ' 1. FAGUIdeD Jispiay4systendecompsiagr s1eansgli (29dnforof the

Lepera bl Sirptetedysly @SFEjiAg BRIGAS reSRAlNST o, Mt erprert
detecting Second video s:gf)rPals, c aracterl_.;eJ] ff |
o means (700) for selectably. synchronizing said display means
(244) with either one of said first and second video signals;
means (710) for separating a horizontal synchronizing
component from said first video signal;
means (710) for sensing said horizontal synchronizing
component separated from said first video signal; and, ,
means (708) for controlling said selectable synchronizing
means (700) responsive to said sensing means ('710), for
-synchronizing said display means (244) with said first video signal
when said horizontal synchronizing component separated from said
first video signal is sensed and for otherwise synchronizing said
display means (244) with said second video signal.

2. The video display systeh of claim 1, wherein said
separating means (710) is characterized by an active filter (803).

3. The video display system of claim 1, wherein said
separating means (710) is characterized by a bandpass filter (803).

4. The videc display system of claim 1, wherein said _
separating means (710) is characterized by an active bandpass filter
(803). : |

5. The video display system of claim 1, wherein said
separating means (710) is characterized by:
means (801) for generating from said first video signal an
intermediate signal including said horizontal synchronizing
~ component; |
a filter (803) for extracting said horizontal synchronizing.
component from said intermediate signal.

6. The system of claim 1, wherein said'sensing means (710) is
characterized by a hysteresis characteristic.



circuit 710" MENT SHEBEO! si gnal is received on the 0.1 |

([err]f) c pRéBl%GE . “biasing for transistor QL is SJMEMMHHHHIIII
resistors §0 'andagﬁé.ﬁ&a sistor QL cuts off all the active*vi‘ded " above
V]ierr] as i\l Husd it FIGYRE 2. Thus, the synchronizing signal - is
produced at} qut put ut put 805 of synchroni zi ng conponent

separator 8Pl 1s connected tqg the input18f-band pass 20 filter 803 by
resistor 808.__ F1T= andpass filter 803 shown in FIGURES 3 and 5 is
an active filter. Transistor @ in FIGURE 3 and operational anplifier

819 in FIGURE 5 provide the inverting gain for the active filter 803.
Bandpass filter730FngusySRim CoNMBldifrd, awRérein KaiiMmeahst(@0ejoRr two 100 -
pi cof ar ad égf% g%%am t.ar.s 1Qab%%4 ~a.25 200 of capac 812, and two 130
Kohm r esi st@HY¥©0 ) s@i Sgiec &mq’\WﬂlZ&'ﬁeE"b‘?a I r*Sont al

synchr oni z¢hgracierizednby .acamicroptdeessent er frequency of 15.7 KHz are

passed by the bandpass filter 803. The inverted horizontal synchronizing

conmponents fromthe . ) L . :
- 8. The system of claim 1, wherein said video signals have

format display ratios and said video display means (244) is
characterized by a format display ratio wider than said format
display ratios of said video signals, and said pictures are displayed
“side-by-side. :

9. The system of claim 8, characterized by said pictures bein_g
of substantially similar size.



citor 824. \Wen an adequate synchroni zi ng.

E nt, transistor B turns onwand Qhanges the
[err]f capacitor 834. This causes transistor Q4 t¢ '

t'hat sense |ine 840 has gone high. Hysteresis fro or 836 .
mai ntai ns transistor B. on and prevent s ¥&ansi sto DTILSAM_Jchl ng
of f. Thus, sense line 840 is at a high |level when the first V|deo si gnal

i's detected gpgofArac ssm&:ﬂuehmﬂegg i NSuitént rOR SPOE-BEISHEE DS

detected. The -output signal fromt detecting circuit 710 is coup ed to
m croprocessor 708, which in turn controls t he

Abstract
A video display system comprises a video display for
szmultaneously displaying plctures representative of first and
second video signals. A synchronizing circuit (700) selectably
5 synchronizes the video display with either one of the first and
second video signals. A horizontal synchronizing component is
separated from the first video signal and detected by a sensing
circuit (710). A circuit (708) for controlling the selectable
synchronizing circuit is responsive to the sensing circuit. The video
10 display is synchronized with the first video signal when the
' horizontal synchronizing component separated from the first video

signal is sensed and is otherwise synchronized with the second
video signal. '

nd passTMS&mdﬁMSBemi

ba icebnnected to the detector 807. Hysteresis 30 is
provided b
signal co

2.2'
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-14- \What is clained is: 1. Avideo display system c )nMHLacmEMEeSHEET

(244) for sinultaneously displaying pictures representative §f (ft+rst—ard
second vi deo signals, characterized by; means (700) for|sel %ia‘mﬁ 6
synchroni zi ng said di splay nmeans (244) with either one of sajd}fi™ st™a 399
second vi deo signals; nmeans (710)aj@r separating a horigontal
synchroni zi ng conponent fromsaid first video signal;
Y _
INPUT — ~ Q1 CUT OFF

SIGNAL —

803 Vee
100pf 820"% 300Q
810 (1 L{
02
47K Op, 100K 824

é \'#——»
mom 818 822 uf
FIG. 3 | =

HIGH SIGNAL PRESENT .
LOW SIGNAL NOT PRESENT

s . FIG.4

68K



means (710) for sensing said horizontal synchronizing cQspeRert—separated
fromsaid first video signal; and, . means (708) for HEHM@&MEMﬁgﬂEEFd
sel ect abl e synchroni zi ng neans (700) responsive to saidjs mEans
(*710), for- synchronizing said display neans (244) wth <a|dé%5 &% %?gf
signal when said horizontal synchroni z3§ conponent separ at f qn d
first video signal is sensed and for otherwise synchronijzi

-ay

means (244) with said second video signal. 2. The¢ video dlsplay :
systemof claim1, wherein said separating neans (710) is Ttaracterized—by
an active filter (803). 3. The video .di splay systemof claiml

wherein said separating neans. (710) is characterized by a bandpass filter
(803). : .

INP 47K | _ If,812 ouT
—_— f,y ' ] o
808 =+ 200pt

FIG. 5
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4. The video display systemof claima1,
an internediate signa

vi deo display system of claiml,

characterized by:

si gnal
hysteresis characteristic.
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system of claiml,

( 710)
conponent;
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wherein said video signals have f or At di spl ay

rati os and said video display neans (244)

8. The systen16f claim1l,
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and said pictures are displayed side-by-side.
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TEXT OF THE ABSTRACT

AUTOMATIC SYNCHRONIZATION SWITCH FOR SIDE-BY-SIDE DIS_PLAYS

A video display system comprises a video display for simultaneously displaying pictures
representative of first and second video signals. A synchronizing circuit (700) selectably
synchronizes the video display with either one of the first and second video signals. A
horizontal synchronizing component is separated from the first video signal and detected by a
sensing circuit (710). A circuit (708) for controlling the selectable synchronizing circuit (700)
is responsive to the sensing circuit (710). The video display is synchronized with the first
video signal when the horizontal synchronizing component separated from the first video
signal is sensed and is otherwise synchronized with the second video signal.

Fig.1
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