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so conpress the 4 X 3 NTSC video by a factor of 413, or 4:3, to oi
aspect ratio distortion of the displayed picture. In the other cqge[}p;]’rzmlz
exanpl e) the video can be expanded to perform horizontal zoom ng operations
usual | y acconpani ed by vertical zoom ng. Horizontal zoom operations up to
33% can be acconplished by ss perform ng-é&mnpressions |less than 413, for
exanple 514. A sanple interpolator is used to recal culate the incom ng

video to a new pi xel 01 0 CT 2002 -3 positions because the | um nance

vi deo bandwi dth, up to 5.5 MHz for S-VHS format, occupies a | arge

per cent age of the Nyquist or fold over frequency, which is 8 Mz for a
1024t H system; I LN ta . ; i 1l i ted al ong
a main s si grr?e{ﬁb%g&nq %Fh%gggﬁée%g'ﬁvﬁ@ n%'%lrﬁabgr&?:%ﬁ%}rﬂegéfﬁéy( pausi ng)
and expandi ng308peaRd ny)tht seeciakleardisalay rf@émpgll’@ttleﬁ- for recal cul ating

sanpl e val ues to sralevisidhe with 3a W \@§plalyhforrfdtardine dsigd ons of. the
FI FO and t he |nt|<§h_PoI gt or ﬁrf different for .cop@r esm.gn t han flor et pansi on.
In accor dance "W EMEIER neABIRYESIBN 1 BY SI8GRSeHEP AYIT] EEC oFIINGIR LRI &Lt or s
reverse tlse tbapsit ooy standard rmwrizositginatapainy wates mespeuiltiplest heereslf atisve
posi tions of b 44 1) 8Bth liiferidted BAbAhBRintaMaLHl anfifhdleedidifiario main

si gnal paths ring two FlF and t I nterpolators. | articular,
These shit chelTol GidehyRonels: (RE SHartRol SioAiSAateh By iHeTRPIEG T8 as
required for sucgesss& dieldorofvaatineridéd efraineO gacit didics bdivg i géreemateditby, as
required for gxpapsi Bandity DWeraflT £°8 BEsiCHPUlshisrd hotizbaghie cont rol
circuit which is itselT responsive to a nm Croprocessor. An Interpol ator
control ci% cus¢anjungrratesofpareroxoatelyondviadudtz. 2bhe hasiescanging rate

f:orrpensati gntfdrl \Iviaép\/@i'tgﬁbts' lmg vkmibu;s!tméf_@féd ngtwffg\r,m ﬁ!ﬁﬁLQﬂdf OH. t The tes)
um nance dat a, [ e clqgc ing ipfornmation which paus ci mat es
or repeats t hgétlyﬁﬁzér%%?%n?yo ojl Fo&ﬁéaﬂgpég V?%'t Ve #ESRf Weﬁo ocﬁ'ﬁgg%@ cl ocks
for effectingvideapstaslasdsor Isoaecaraiapices with iséfortsato noipropeethe pasturer zs
expansi on. i Nq@aRe of Qe@v@%ﬁ;ﬁpé}a}?s?n SRS ORAvE Hedh YBVefopddoei N 4/ 9

represents the ratio of. the numher o ut sanples ta the numher, of out put
sanpl es, Ever JISPRNER VidE SIAnHISHRIGHESEIMALY 11 din IRTIRIPHAGEA dASPING t he
FI FO. The avePeagreskivge sonaingampquies that edch luisplayedaframerinfisti 5e33%
steeper than Lhe, o8 ngspandhne gi?né 'H%#Lod HRtteld b E@é’ﬁniﬁﬁ%é&sﬁ fid ',
reading tine [S required to read out e ranp as wasS requfred to wite in
the data. Thi BeU&ngkjim@t dteriaceq foumabr eElicker frae iAABR disRiaYiSoReseirenhe

i nterpol ator thatresch digdidtise tdranned faigee comsecativilgl ndn vaddH easenithet he

FI FO so that .out FLFQ, i hgr, t

] agged. 9@1 hgﬁz%%'&pggé%ﬂgy m%eé%gtﬂ?cgé 8{?‘#{ g-[?acs?_gﬁd%ﬁde
opposi t e mannBpriggni@npeedenens. The spaniinge rate (omsuebspmaressivel it e
enabl e si gnal sbasnéd Ak flisderNreeNBRIPIAYd 98 ArAeEIPrefdrred 1o alshefy oamal of
i nhi bit pul seg, for, itina to the output FlIFQO For expandin ata) .the s
clock gat i ng Eht Pl ianai, ituhdy” breording 18 sErERaTY A, e farutefl
pause t he dat Statesi tfor sexampte,r sadpproximatelyr|3FO468hHzaver age sl ope of a
ra read,put of t ] : i WH@F ;
comr)espon%i?ng inpu?gpgmfagpg?l@@og!(%%e:%mﬁf[e@%%ﬁlH t |s§_§ aslelsit IS
the function 6?09ﬁ%arivn£rlﬁmlsmt Marth of dheoisAia formats Michoare

recal cul at e t eepeeciaflyedppaspridteofor] ageide tscresnotdievitiony. tTite evigeosdata | n

t he expansi on LLe i t I and
while being c|"€‘233§%é Saieah in%ﬁ%&?ﬁ?bbﬁ@@%%ﬁ% o the
conpressi on c&esirgelcsmate datane £asentfon@x@NPles|ibik HLcessalyhot he

i nzerpol ata@ri cbfipréss hthe _alxagssnsc?ﬂaéezsycm faatbre?]ﬂoams,i éna4:3heo cdvtaﬁdxt .
gati ng operatiqns_gan,.easi e perforned 1n a synchronqu : at is,
events can oc@&PesﬁgéH%ﬁ'séﬁ%'% Q?ng‘ee Q‘%’&aﬁ?gt%’éﬂi’&mgﬁi ﬂ]ﬁgﬁzﬁ%c& !
There are a niabexaoipladibetvides tan the expandedgio fperfaramihesizostal

i nterpol ation. I i abL} e By ARlrficA0 iRat i on and
data repetiti Zﬁj&h}@‘% Eggé%ﬁdoérq?rjeg I gbgaﬁ%aronouyy manne%. zlggﬁ“ﬁgvvl t chabl e
Video data patterizitebggl operions s I3 337 cram by acenmplsaediBhs of the
i nter pol ater aedfdrhiiay tompressions lesst tharl cBs fooudxameledSi4 bA daoiple

| ocked t t b t t
data poi n's migeRYeBEP I 1 1otebandlus BT fROMMGCLRIEF So Faey  PRer 10

read fromthe FIFO during a single clock cycle. The resulting circuitry
cannot be nade to operate synchronously with the system cl ock, since the
writing or reading clock frequency nmust be twice as high as the system
cl ock frequency. Moreover, the swi tchable topology requires only one so
i nterpol ator and one FIFO to perform both conpressions and expansions. |f
t he video path sw tching arrangenent described herein were not used, the
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01 0 CT 2002 -5 Acircuit for conpressing and expandi ng vi deo @élt aOCT 2002
according to an inventive arrangenent, conprises a FIFO line nmenory and an
interpolator. Atimng circuit generates control signals for witing data
into the line nmenory and for reading data fromthe line nmenory s to
conpress and expand the data. The interpol ator snooths the data conpressed
or expanded in the FIFO line nenory. A swdttching network sel ectively
establishes a first signal path in which the |ine nmenory precedes the

i nterpolator for inplenenting the data expansion and a second signal path
in which the interpol ator precedes the Iine nenory for inplenenting the
data conpression. The switching network is controlled according to sel ected
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An interpolator control circuit generates pixel position values,
20 interpolator compensation filter weighting and clock gating
information for the luminance data. It is the clock gating
information which pauses (decimates) or repeats the FIFO data to
allow samples not to be written on some clocks for effecting
compression or some samples to be read multiple times for
25 expansion. In order to process a 4/3 compression, for example,
wherein 4/3 represents the ratio of the number of input samples to
the number of output samples, every fourth sample can be inhibited
from being written into the FIFO. The average slope of a ramp read
out of the luminance FIFO is 33% steeper than the corresponding
30 input ramp. Note that 33% less active reading time is required to
read out the ramp as was required to write in the data. This
constitutes the 4/3 compression. It is the function of the
interpolator to recalculate the luminance samples being written into
the FIFO so that the data read out of the FIFO is smooth, rather than
35 jagged.



The various parts of FIGURE 1 illustrate sone, but not all of qtﬁ Ig;qozﬁﬂz
conbi nations of single and nultiple picture display formats whi

i npl enented according to different inventive arrangenents. Those sel ected
for illustration are intended to ~ s facilitate the description of
particular circuits conprising wide screen televisions according to the

i nventive arrangenents. The inventive arréngenents are in sone cases
directed to the display formats thensel ves, apart from specific underlying
circuitry. For purposes of convenience in illustration and discussion
herein, a 20 conventional display format ratio of wdth to height for a
video source or signal is generally deemed to be 4 X 3, whereas a w de
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5 FIGURE 1 (f) illustrates a display format wherein one |arge(h1x0£¥fc>20&2
display ratio picture and three smaller 4 X 3 fornmat display ratio pictures
are displayed sinultaneously. A smaller picture outside the perineter of
the large picture is sonetines referred to as a POP, that is a

pi cture-outside-picture, rather than a ~ ogRIP, a picture-in-picture. The
terms PIP or picture-in-picture are used herein for both display fornmats.
In those circunstances where the wi de screen television is provided with
two tuners, either both internal or one internal and one external, for
exanple in a video cassette recorder, tw of the displayed pictures can
display ~ s novenent in real tine in accordance with the source. The
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Y MX, U MX anafVawilatdepwmens sand hsigaabyrpcéssingppatist s are converted to
analog formby digital to anal og converters 360, 362 and 364. The anal og
formsignals, designated Y, 2s U and V, are supplied to the 1fHto 2fH
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 w de
format ratio output signal Y OQUT EXTI C_OUT_EXT avail abl e at panel jacks.
Switch SWh sel ects a synchroni zing signal for the encoder 227 fromeither
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SW6 sel ects between Y_Mand C SYNC AUX as synchroni zing signal for the w de
screen panel output.
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PIP_ FSWsignal is received directly fromitdre PIP circuit and applied to the
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Interpolation of the auxiliary signal takes place in the auxiliary signal
path 306. The PIP circuit 301 manipulates a 6 bit Y. U V, 8:1:1 field
menory, video RAM 350, to store incomng video data. The video RAM 350
holds two fields of video data in a plurality
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The display format shown in FIGURE 1 (d) is particularly desi rabI@‘]asO@tT 2002
enables two nearly full field pictures to displayed in a side by Side

format. The display is particularly effective and appropriate for a w de
format display ratio display, for exanple 20 16 X 9. Myst NISC signals are
represented in a 4 X 3 format, which of cegrse corresponds to 12 x 9. Two 4
X 3 format display ratio NTSC pictures may be presented on the sane 16 X 9
format display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33% and introducing aspect ratio 2s distortion.
Dependi ng on user preference, the ratio of picture cropping to aspect ratio
distortion may be set any where in between the limts of 0% and 33% As an
exanpl e, two BiGIdREY Sade Jiocthe extenlythat (essseattodl aasts. 312 sqoeguretd.and
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external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide
format display ratio, progressively scanned source. The external

20 RGB signals and a composite blanking signal from the video signals
input section 20 are inputs to an RGB to Y U V converter 610. The
external 2f4 composite synchronizing signal for the external RGB
signal is an input to external synchronizing signal separator 600.
Selection of the vertical synchronizing signal is implemented by

25 switch 608. Selection of the horizontal synchronizing signal is
implemented by switch 604. Selection of the video signal is
implemented by switch 606. Each of the switches 604, 606 and 608
is responsive to an internal/external control signal generated by the
WSP uP 340. Selection of internal or external video sources is a

30 user selection. However, if a user inadvertently selects an external
RGB source, when no such source is connected or turned on, or if the
external source drops out, the vertical raster will collapse, and
serious damage to the cathode ray tube(s) can result. Accordingly,
an external synchronizing detector 602 checks for the presence of an

35 external synchronizing signal. In the absence of such a signal, a
switch override control signal is transmitted to each of switches
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10 scanning rate. The wide screen processor and picture-in-picture
processor for a 1fy circuit would be very similar. The gate array
could be substantially identical, although not all of the inputs and
outputs would be utilized. The various resolution enhancement
schemes described herein can be generally applied without regard to

15 whether the television operates with 1fy or 2fy scanning.

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

20 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

2s receive resolution processed data signals Y_RP, U_RP and V_RP from
resolution processing circuit 370. Resolution processing need not be
utilized at all times, but during selected display formats. The
picture-in-picture processor 320 is shown in more detail in FIGURE
5. The principal components of the picture-in-picture processor are

30 an analog-to-digital converter section 322, an input section 324, a
fast switch (FSW) and bus section 326, a timing and control section
328 and a digital-to-analog converter section 330. The timing and
control section 328 is shown in more detail in FIGURE 11.

The picture-in-picture processor 320 may be embodied as an

3s improved variation of a basic CPIP chip developed by Thomson
Consumer Electronics, Inc. The basic CPIP chip is described more
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video signals and can be interchanged or swapped. Generally
speaking, the audio signal is switched to always correspond to the
10 big picture. The small picture can be moved to any position on the
screen or can step through a number of predetermined positions. A
zoom feature increases and decreases the size of the small picture,
for example to any one of a number of preset sizes. At some point,
for example the display format shown in FIGURE 1(d), the large and
15 small pictures are in fact the same size.

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

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

25 repetition rate can be changed from thirty frames per second to zero
frames per second.

The picture-in-picture processor used in the wide screen
television according to to another inventive arrangement differs
from the present configuration of the basic CPIP chip itseif as

3o described above. If the basic CPIP chip were used with a television
having a 16 X 9 screen, and without a video speed up circuit, the
inset pictures would exhibit aspect ratio distortion, due to the
effective 4/5 times horizontal expansion resulting from scanning
across the wider 16 X 9 screen. Objects in the picture would be

3s horizontally elongated. |If an external speed up circuit were utilizec
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fill the entire screen.
Existing picture-in-picture processors based on the basic
CPIP chip as used in conventional televisions are operated in a
5 particular fashion having certain undesirable consequences. The
incoming video is sampled with a 640fy clock which is locked to the
horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip 1s
not orthogonally sampled with respect to the incoming auxiliary
10 video source. This is a fundamental limitation on the basic CPIP
method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The
limitation is a result of the video RAM used with the CPIP chip,
which must use the same clock for writing and reading data. When
15 data from the video RAM, such as video RAM 350, is displayed, the
skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.
The picture-in-picture processor 320, according to an
inventive arrangement and unlike the basic CPIP chip, is adapted for
20 asymmetrically compressing the video data in one of a piurality of
display modes. In this mode of operation, the pictures are
compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
ratio distorted pictures for storage in the video RAM. Objects in the
25 pictures are squeezed horizontally. However, if these pictures are
read out normally, as for example in the channel scan mode, for
display of a 16 X9 format display ratio screen, the pictures appear
correct. The picture fills the screen and there is no aspect ratio
distortion. The asymmetric compression mode according to this
3o aspect of the invention makes it possible to generate the special
display formats on a 16 X 9 screen without external speed up
circuitry.
FIGURE 11 is a block diagram of the timing and control section
328 of the picture-in-picture processor, for example a modified
as version of the CPIP chip described above, which includes a
decimation circuit 328C for implementing the asymmetric
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remaining display modes can provide auxiliary pictures of different
sizes. Each of horizontal and vertical decimation circuits compnses
a counter which is programmed for a compression factor from a

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

10 of the WSP uP 340.

In full screen PIP modes, the picture-in-picture processor, in
conjunction with a free running oscillator 348 will take Y/C input
from a decoder, for example an adaptive line comb filter, decode the
signal into Y, U, V color components and generate horizontal and

15  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

20 (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 will be locked to incoming video horizontal sync, which in

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

Referring again to FIGURE 4, Y, U, V and C_SYNC (compaosite
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

30 Y/C_PIP_ENC signal may be connected to a Y/C switch, not shown,
which enabies the re-encoded Y/C components to be substituted for
the Y/C components of the main signal. From this point on, the PIP
encoded Y, U, V and sync signals would be the basis for horizontal
and vertical timing in the rest of the chassis. This mode of

3s operation is appropriate for implementing a zoom mode for the PIP,
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based upon operation of the interpolator and FIFQO's in the main
signal path.

With further reference to FIGURE 5, the picture-in-picture
processor 320 comprises analog to digital converting section 322,

5 input section 324, fast switch FSW and bus control section 328,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
digitizes the video signal into luminance (Y) and color difference
signals (U, V), subsampling and storing the results in a 1 megabit

10 video RAM 350 as explained above. The video RAM 350 associated
with the picture-in-picture processor 320 has a memory capacity of
1 megabit, which is not large enough to store a full field of video
data with 8-bit samples. Increased memory capacity tends to be
expensive and can require more complex management circuitry. The

15 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

20 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

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

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

3s particular kind of picture display format.
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The luminance and color difference signals are stored in an
8:1:1 six-bit Y, U ,V fashion. In other words, each component is
quantized into six-bit samples. There are eight luminance samples
for every pair of color difference samples. The picture-in-picture
s processor 320 is operated in a mode whereby incoming video data is
sampled with a 640fy clock rate locked to the incoming auxiliary
video synchronizing signal instead. In this mode, data stored in the
video RAM is orthogonally sampled. When the data is read out of the
picture-in-picture processor video RAM 350, it is read using the
10 same 640fy clock locked to the incoming auxiliary video signal.
However, even though this data was orthogonally sampied and
stored, and can be read out orthogonally, it cannot be displayed
orthogonally directly from the video RAM 350, due to the
asynchronous nature of the main and auxiliary video sources. The
15 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.
Further processing is required in order to synchronize the
auxiliary channel, that is the output of data from the video RAM 350,
20 to the main channel. With reference again to FIGURE 4, two four bit
latches 352A and 352B are used to recombine the 8-bit data blocks
from the video RAM 4-bit output port. The four bit latches also
reduce the data clock rate from 1280fy to 640fy,
Generally, the video display and deflection system is
25 synchronized with the main video signal. The main video signal must
be speeded up, as explained above, to fill the wide screen display.
The auxiliary video signal must be vertically synchronized with the
first video signal and the video display. The auxiliary video signal
can be delayed by a fraction of a field period in a field memory, and
30 then expanded in a line memory. Synchronization of the auxiliary
video data with main video data is accomplished by utilizing the
video RAM 350 as a field memory and a first in first out (FIFO) line
memory device 354 for expanding the signal. The size of FIFO 354 is
2048 X 8. The size of FIFO is related to the minimum line storage
35 capacity thought to be reasonably necessary to avoid read/write
pointer collisions. Read/write pointer collisions occur when old
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when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO.

5 The 8-bit DATA_PIP data blocks from video RAM 350 are
written into 2048 x 8 FIFO 354 with the same picture-in-picture
processor 640fy clock which was used to sample the video data, that
is, the 640fy clock which is locked to the auxiliary signal, rather
than the main signal. The FIFO 354 is read using the display clock of

10 1024fy, which is locked to horizontal synchronizing component of
the main video channel. The use of a multiple line memory (FIFO)
which has independent read and write port clocks enables data which
was orthogonally sampled at a first rate to be displayed
orthogonally at a second rate. The asynchronous nature of the read

15 and write clocks, however, does require that steps be undertaken to
avoid read/write pointer collisions.

The main signal path 304, auxiliary signal path 306 and output
signal path 312 of the gate array 300 are shown in block diagram
form in FIGURE 6. The gate array also comprises a clocks/sync

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

25 certain circuits are, or are not, defined as being part of the gate
array is largely a matter of convenience for facilitating explanation
of the inventive arrangements.

The gate array is responsible for expanding, compressing and
cropping video data of the main video channel, as and if necessary,

30 to implement different picture display formats. The luminance
component Y_MN is stored in a first in first out (FIFO) line memory
356 for a length of time depending on the nature of the interpolation
of the luminance component. The combined chrominance components
U/V_MN are stored in FIFO 358. Auxiliary signal luminance and

35 chrominance components Y_PIP, U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
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processing, as desired, in circuit 357, and 1s expanded as necessary
by interpolator 359, generating signal Y_AUX as an output.
In some instances, the auxiliary display will be as large as ‘the
main signal display, as shown for example in FIGURE 1(d). The
5 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
10 during data compression, or reduction. The resolution processing
may correspond to the resolution processing undertaken by circuit
370 shown in FIGURE 4. As an example, circuit 370 may be a
dithering circuit and circuit 357 may be a dedithering circuit.
The auxiliary video input data is sampled at a 640fy rate and
15 stored in video RAM 350. The auxiliary data is read out of video RAM
350 is designated VRAM_OUT. The PIP circuit 301 also has the
capability of reducing the auxiliary picture by equal integer factors

horizontally and vertically, as well as asymmetricaily.

With further

reference to FIGURE 10, the auxiliary channel data is buffered and
20 synchronized to the main channel digital video by the 4 bit latches
352A and 352B, the auxiliary FIFO 354, timing circuit 369 and
synchronization circuit 368. The VRAM_OUT data is sorted into Y
(luminance), U, V (color components), and FSW_DAT (fast switch
data) by demultiplexer 355. The FSW_DAT indicates which field
25 type was written into the video RAM. The PIP_FSW signal is
received directly from the PIP circuit and applied to the output
control circuit 321 to determine which field read out of video RAM

is to be displayed during the small picture modes.

The auxiliary channel is sampled at 640f4 rate while the main
30 channel is sampled at a 1024fy4 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/g (1024/540) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
as 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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interpolator 359 is controlled by interpolator control circuit 371,
which is itself responsive to WSP uP 340. The amount of
interpolator expansion required is S5/g. The expansion factor X is®
determined as follows:
5 X = (640/1024) " (4/3) = 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
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 multiplexers
315, 317 and 319 are responsive to output multiplexer control
circuit 321. Output multiplexer controi 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 361, 363 and 365 respectively, shown in FIGURE
4. The various functions of the picture-in-picture processor, the
gate array and the data reduction circuit are controlled by WSP pP
340. The WSP pP 340 is responsive to the TV puP 216, being
25 connected thereto by a serial bus. The serial bus may be a four wire
bus as shown, having lines for data, clock signals, enable signals and
reset signals. The WSP uP 340 communicates with the different
circuits of the gate array through a WSP uP decoder 310.
In one case, it is necessary to compress the 4 X3 NTSC video
3o by a factor of 4/3 to avoid aspect ratio distortion of the displayed
picture. In the other case, the video can be expanded to perform
horizontal zooming operations usually accompanied by vertical
zooming. Horizontal zoom operations up to 33% can be accomplished
by reducing compressions to less than 4/3. A sample interpolator is
3s used to recalculate the incoming video to a new pixel positions
because the luminance video bandwidth, up to 5.5 MHz for S-VHS



- #10%m®& () - 0c}[ <MC! NOY - #100 SH10%&' ()--/!N30 SH#100J)' U' & ()--gE}%gCT 2002
SH10UKOKOE' ()--/1: SH109BOBOL ()--/y@LO%OL () - YL0%OL () - m NwU+C 1000
SH10%08 ()--/10 SHI0%& ()--/!y0 SH109ZZ& ()--/!k0 SH10% OrO& ()--/1f0
SH10%TOMTOR ()--/!a0 SHL09MONCY ()--/ gEC 1000 S#1!6°3 - #109%& ()- MD! 03

- #109%&' () - MD! (3 - #109858& () - MDf - 109%&' () --G8#A0%& ()- 100 100{ WU3EC 10!t 03

- #10%AA&' () - MD! a03 - #10% . & ()- MD! NO3 - #10%&' ()- MD! 03 - #10%&' () - MD! D03

format, occupies a large percentage of the Nyquist fold over
frequency, which is 8 MHz for a 1024f4 clock.
As shown in FIGURE 6, the luminance data Y_MN is routed

through an interpolator 337 in the main signal path 304 which

5 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

10 the interpolator 337 precedes the FIFO 356, as required for
compression, or whether the FIFO 356 precedes the interpolator 337,
as required for expansion. The switches 323 and 331 are responsive
to a route control circuit 335, which is itself responsive to the WSP
uP 340. It will be remembered that during small picture modes the

15 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.

The main signal path is shown in more detail in FIGURE 9. The

20 switch 323 is implemented by two multiplexers 325 and 327.
Switch 331 is implemented by multiplexer 333. The three
multiplexers are responsive to the route control circuit 335, which
is itself responsive to the WSP uP 340. A horizontal
timing/synchronization circuit 339 generates timing signals

25 controlling the writing and reading of the FIFOs, as well as latches
347 and 351, and muitiplexer 353. The clock signal CLK and start of
line signal SOL are generated by the clocks/sync circuit 320. An
analog to digital conversion control circuit 369 is responsive to
Y_MN. the WSP puP 340 and the most significant bit of UV_MN.

30 An interpolator control circuit 349 generates intermediate
pixel position values (K), interpolator compensation filter weighting
(C) and clock gating information CGY for the luminance and CGUV for
the color components. It is the clock gating information which
pauses (decimates) or repeats the FIFO data to allow samples not to

3s be written on some clocks for effecting compression or some
samples to be read multiple times for expansion.
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Such a compression is illustrated in FIGURE 15. The

LUMA_RAMP_IN line represents luminance ramp video data being

written into the FIFO. The WR_EN_MN_Y signal is active high,

meaning that when this signal is high the data is being written into

s the FIFO. Every fourth sample is inhibited from being written into
the FIFO. The jagged line LUMA_RAMP_OUT represents the luminance
ramp data as it would be read out of the FIFO, if the data were not
first interpolated. Note that the average slope of the ramp read out
of the luminance FIFO is 33% steeper than the input ramp. Note also

1o that 33% less active reading time is required to read out the ramp as
was required to write in the data. This constitutes the 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.

15 Expansions may be performed in exactly the opposite manner
as compressions. In the case of compressions the write enable
signal has clock gating information attached to it in the form of
inhibit pulses. For expanding data, the clock gating information is
applied to the read enable signal. This will pause the data as it is

20 being read from the FIFO 356, as shown in FIGURE 16. The
LUMA_RAMP_IN line represents the data prior to being written into
the FIFO 356 and the jagged line LUMA_RAMP_OQUT represents the
data as it is read out of the FIFO 356. In this case it is the function
of the interpolator, which follows the FIFO 356, to recalculate the

25 sampled data from jagged to smooth after the expansion. In the
expansion case the data must pause while being read from the FIFO
356 and while being clocked through the interpolator 337. This is
different from the compression case where the data is continuously
clocked through the interpolator 337. For both cases, compression

30 and expansion, the clock gating operations can easily be performed
in a synchronous manner, that is, events can occur based on the
rising edges of the 1024fy system clock.

There are a number of advantages in this topology for
luminance interpolation. The clock gating operations, namely data
3s decimation and data repetition, may be performed in a synchronous
manner. If a switchable video data topology were not used to
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data. The term double clocked means that two data points must be
written into the FIFO in a single ciock cycle or read from the FIFO
s during a single clock cycle. The resulting circuitry cannot be made
to operate synchronously with the system clock, since the writing or
reading clock frequency must be twice as high as the system clock
frequency. Moreover, the switchable topology requires only one
interpolator and one FIFO to perform both compressions and
10 expansions. If the video switching arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFO’s to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to
be placed in front of the interpolator and one FIFO for compressions
15 would need to be placed after the interpolator.
Interpolation of the auxiliary signal takes place in the
auxiliary signal path 306. The PIP circuit 301 manipulates a 6 bit Y,
U, v, 8:1:1 field memory, video RAM 350, to store incoming video
data. The video RAM 350 holds two fields of video data in a plurality
20 of memory locations. Each memory location holds eight bits of data.
in each 8-bit location there is one 6-bit Y (luminance) sample
(sampled at 640fy) and 2 other bits. These two other bits hold
either fast switch data (FSW_DAT) or part of a U or V sample
(sampled at 80f4). The FSW_DAT values indicate which type of field
25 was written into video RAM. Since there are two fields of data
stored in the video RAM 350, and the entire video RAM 350 is read
during the display period, both fields are read during the display
scan. The PIP circuit 301 will determine which field will be read
out of the memory to be displayed through the use of the fast switch
3o data. The PIP circuit always reads the opposite field type that is
being written to overcome a motion tear problem. [f the field type
being read is the opposite type than that being displayed, then the
even field stored in the video RAM is inverted by deleting the top
line of the field when the field is read out of memory. The result is

3s that the small picture maintains correct interlace without a motior
tear.
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The clocks/sync circuit 320 generates read, wrnite and enable
signals needed for operating FIFOs 354, 356 and 358. The FIFOs for
the main and auxiliary channels are enabled for writing data into
storage for those portions of each video line which is required for

5 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

10 the main video signal. The main video signal components are read
into the FIFOs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
video. How often the read function is switched back and forth
between the main and auxiliary channels is a function of the

15 particular special effect chosen.

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

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

25 corresponds to approximately 33% cropping (approximately 67%
active picture) and the interpolator expansion of the signal by 5/g.
In the main video channel, shown in the upper part of FIGURE 8, the
write enable control signal (WR_EN_MN_Y) for the 910 X 8 FIFOs 356
and 358 is active for (1/2)*(4/3) = 0.67 or 67% of the display active

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

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

35 data may be read out from each FIFO is determined by the display
format chosen. In the example of the side-by-side cropped mode
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shown, the main channel video is being displayed on the left hand
half of the display and the auxiliary channel video is displayed on
the right hand half of the display. The arbitrary video portions of
the waveforms are different for the main and auxiliary channels as

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

10 the display active line period beginning with the falling edge of the
RD_EN_MN signal and ending with the beginning of the main channe!
video front porch. It may be noted that write enable contro!l signals
are synchronous with their respective FIFO input data (main or
auxiliary) while the read enable control signals are synchronous

15 with the main channel video.

The display format shown in FIGURE 1(d) is particularly

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

20 16 X 9. Most NTSC signals are represented in a 4 X 3 format,
which of course corresponds to 12 x 9. Two 4 X 3 format display
ratio NTSC pictures may be presented on the same 16 X 9 format
display ratio display, either by cropping the pictures by 33% or
squeezing the pictures by 33%, and introducing aspect ratio

25 distortion. Depending on user preference, the ratio of picture
cropping to aspect ratio distortion may be set any where in between
the limits of 0% and 33%. As an example, two side by side pictures
may be presented as 16.7 % squeezed and 16.7% cropped.

The horizontal display time for a 16 X9 format display ratio

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

35 4/3 = (16/g) / (4/3)
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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

s 4 X3 format display ratio signals are displayed on a single 4 X3
format display ratio display, each picture must be distorted or
cropped, or some combination thereof, by 50%. A speed up
comparable to that needed for a wide screen application is
unnecessary.
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1. A signal processing circuit, comprising:

a line memory;

means for generating control signals for writing data into said line
memory and for reading data from said memory to compress and expand said
data;

an interpolator for smoothing data compressed or expanded in said line
memory;

a switching network for selectively establishing a first signal path in
which said line memory precedes said interpolator for implementing said data
expansion and a second signal path in which said interpolator precedes said
line memory for implementing said data compression; and wherein

said line memory is a first in first out device having independently
enabled write and read ports.

2. A signal processing circuit, comprising:

means for generating a clock signal;

a line memory;

means for generating control signals for writing data into said line
memory and for reading data from said line memory to compress and expand
said data;

an interpolator for smoothing data compressed or expanded in said line
memory; and,

a switching network for selectively establishing a first signal path in
which said line memory precedes said interpolator for implementing said data
expansion and a second signal path in which said interpolator precedes said
line memory for implementing said data compressions;

characterized by:
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enable said compression and expansion of said data by data decimation and
data repetition; and,

said data decimation and data repetition being performed synchronously
with said clock signal, only one data point being written into said memory or
being read from said memory in each cycle of said clock signal.

3. The circuit of claim 1 or 2, further comprising means for
controlling said switching network.

4, The circuit of claim 2, wherein said line memory is a first in first
out (FIFO) device having independently enabled write and read ports.



