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cropped or distorted versions thereof. The video source need not be
cropped, either when converted from film to video, for example with
a telecine device, or by processors in the television.
Televisions with a wide display format ratio are also suited to (_
" 25 a wide variety of displays for both conventional and wide display
format signals, as weil as combinations thereof in muiltiple picture
displays. However, the use of a wide display ratio screen entails
numerous problems. Changing the display format ratios of multiple = -
signal sources, developing consistent timing signals from
30 asynchronous but simultaneously displayed sources, switching
between muitiple sources to generate muitiple picture displays, and
providing high resolution pictures from compressed data signals are
general categories of such problems. A wide screen television |
" . according to various inventive arrangements is capable of providing
3s high resolution, single and muitiple picture displays, from single and
multiple sources having similar or different format ratios, and with
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"the other vi appasatgsais shown danFIGURE 1(). In wide screen television

20 apparatus, .other display modes are possible. One is referred to as
picture-outside-picture (POP) in this mode, several inset auxiliary’
pictures can share a common boundary with a main picture. A POP
display mode in a wnde_ screen television apparatus is shown in
FIGURE 1(f). Another mode particularly suited for a wide screen

2s television is side by side pictures of substantially the same size,
from different video sources, for example two different channels.
This mode is illustrated for a wide screen television in FIGURE 1(d)
for two 4:3 video sources. It will be appreciated that this mode can
be considered a special case of the POP mode.

30 The synchromzatlon of asynchronous video signals often
requires that successive fields ot one of the signals be stored in one
or more field memories. Limitations on- memory space can impose a
need to compress the data of the stored signal to enable storage in
limited capacity field memories, or a need to sample the data at a

3s lower sampling rate than the other video signal.: This can result in
lower quantization .resolution for the stored video signal when the

Mot



| ower quantization resolution for the stored video signal when the - 3-
RCA 86192/ 3082 pictures are displayed, particularly if the stored picture
irs larger than a typically small PIP or POP. In the side by side picture
node descri bed above, where the main and auxiliary video signals are
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Dithering techniques for saving bits in dlgital video stgnals have
been described, for example in U. S. Paten No. 4,594,726 - Willis.
Usually, these schemes try to save one bit per sample in a wideband
signal or-several bits per sample in a narrow band signal which is

20 carried in 4 wideband video signal.

According to one aspect of the present invention,
there is provided a signal processing system, comprising:
a dithering circuit, having: means for combining a
dither signal and an n-bit video signal of digital

25 samples; and means for truncating the least significant
bits of each said samples; and a dedithering circuit,
having: means for delay and amplitude matching defining
a first of two parallel signal paths for said dithered,
truncated video signal; bandpass amplifying and limiting

30 means defining a second of said two paths for said
dithered, truncated video signal; and means for adding
outputs of said two paths to generate an at least
partially dedithered n-bit video signal.

According to another aspect of the present

35 invention, there is provided a. signal processing system,
comprising: a dithering circuit, having: means for
combining a dither signal with an n-bit video signal of



. According to another aspect of the present 35 invention, there is provided
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two bits psignalple in a mﬁdeband V|deo signal. In accordance with this
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after the imventian,| there is provided a dithering and dedithering

system, comprising: means for adding. a dither signal to
15 an n-bit video signal of digital samples; means for

truncating the least significant bits of each said

sample; means for propagating said dithered, truncated

video signal; a first signal path for said propagated

video signal defined by delay and amplitude matching
20 'means; a second signal path for said propagated video

signal defined by bandpass filtering means and limiting

means; and means for adding outputs of said first and

second sigrial paths to generate an at least partially

dedithered n-bit video signal.
25 A dithering technique in accordance with an

embodiment of the invention saves two bits per sample in

a wideband video signal. ' :

In accordance with this arrangement, a dither signal is added to an
n-bit video signal. The adder should include a limiter to avoid

30 overflows. The samples are truncated after the addition. In
truncation, the least significant two ‘bits are simply discarded.
Usually, dither values are small positive integers which tend to
increase the DC content of the signal. Truncation tends to decrease
the DC content, and indeed, the dither signal is usually developed to

35 cancel the increase with the decrease. A dither 'signal which can
provide significant improvement in a subsampled signal is a two
frequency dither in which the higher frequency has the higher




truncation, the least significant two bits are sinply discarded. Usually,
dither values are small positive integers which tend to increase the DC
content of the signal. Truncation tends to decrease the DC content, and

i ndeed, the dither signal is usually déel oped to 35 cancel the increase
with the decrease. A dither signal whi can provi drcH @819zp9682 '

i nprovenent in a subsanpled signal is a two frequency dither in which the
hi gher frequency has the higher RCA 86192/ 3082 anplitude. The dither

si gnal mayanpElteddecd bfhendithest signals maye bec def ired thyrtamyg 0, 1, 2, 3
in any or W ihipn.t Nnca. 0 disd her sequer is...0, 2, 1, 3,
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| ess noticeable than a |l ower frequency dither. It appears that theé
qgquarter-frequency conmponent is usually nore objectionable than e

hal f-frequency conponent, even though the quarter-frequency coAponent has
hal f the anplitude of the half- 10 frequency conponent. Accgfdingly, a
dedi t hering schene can be chosen to suppress only the quartgf-frequency
conponent. A first signal path of the dedithering circuit /s for delay and
anplitude matching. A second signal path includes a conmbifiati on inverted
bandpass filter and limter. The inverted bandpass filtgh@ cancels the 15
frequency at the center of the passband when added to #he del ay and
anplitude matched original signal. The limter assurgf that only anplitudes
of dither size will be cancelled. This dedithering gfrangenent has no

ef fect upon the half sanple frequency conponent of/the dithered signal. The
hal f -frequency signal conponent is |ow




20 enough i n anplitude and hlgh enough in frequency, for exénple at the
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display formats of a wide scieen television. 25 FIGURE 2 is a bl ock
di agram of a wi de screen television adapted for operation at [err]

hori zontal scanning. FIGURES 3 is a block diagramof the wi de screen
processor Fhiswdither $€hGEnge is0the sumro:tRB 4thér 8equentes agimelyphow ng

further details @®fsthe esSg een pr S.S shown in FIG,JREB FIGURE 5 is
a_bl ock- di agram(gfz‘t pé 2,\1@1%?9 ?"ﬁ pi’ d?%trée %’ﬁ%‘cessor shown i n' FI GURE 4.

"FIGURE 6 is a bl®bck dbalgr%ngoﬂ.t“he gat @tg-rray shown in 35 FIGURE 4,
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bandpass filter and limiter. The inverted bandpass filter cancels the
15 frequency at the center of the passband when added to the delay and _
" amplitude matched original signal. The fimiter assures that only
amplitudes of dither size will be cancelled. This dedithering
arrangement has no effect upon the half sample frequency component
of the dithered signal. The half-frequency signal component is low
20 enough in- émplitude and high enough in frequency, for example, at
the Nyquist limit of the signal, to have sufftclently low visibility to
avoid causing a problem.
FIGURES 1(a)-1(i) are useful for explaining different display
formats of a wide screen television.
25 FIGURE 2 is a block diagram of a wide screen
television adapted for operation at 2fy horizontal
scanning.
FIGURES 3 is a block diagram of the wide screen processor
shown in FIGURE 2. |
30 FIGURE 4 is a block diagram showing further details of the
wide screen processor shown in FIGURE 8.
FIGURE 5§ is a block dnagram of the pscture—m-picture
processor shown in FIGURE 4.
FIGURE 6 is a block dlagram of the gate array shown in
=~ 35 FIGURE 4, illustrating the main, auxiliary and output signal paths.



FIGURES 17 and 18 are a bl ock diagrams for 20 illustrative 2-bit dithering -

and i |Ag circuits in accordance with the present -i
res-pg@&lwl?éf*,&f or inplenenting the resolgi on processing CWY?@{H 51%741‘—1 GURE

4 and FIGURE 10. FIGURE 19 is a table usdful for explaining a skew ng
schenme -25 for enhanci ng operation of the circuits shown in FI GURES 15-18.
FIGURE 20 is a- eful for explaining yet another alternative for

i mpl ementing t hé@@%ﬁ 7oRNG §c@§£i%"lﬂ diagtamsusefalrar sexpldifingUife 10.
The vari ougemerdtiornfof-itkeRBisplay! forimdtt shoWit in bFIG 1 i) Olsith ¢

vari ous QO‘F@%?@ gg%si ngslg gnd mul tiple pi ct'ure%esaéady)' P‘gr tgﬁ'\XIni ch
can be inp g ding to different inventive arrangenents. Those ™~
selected for il FIGUREIrisaacbiockediagtam showingt e mdin gigrdli pattpafof
particyl arF@rqE'tesi,pfm&@ d’&tﬁﬁ screen tel evisions described herein. For
35 purposes 09 éo veni en&g, in11lustration and di scussion herein, a
conventional di KEQ%E& 5 axblack diageam showing)ithef auxiliarydsigreal path or

Formt raor RTORE BRCRIOns dOmI ™ 5. Hoo saur e or . WHL/ 19400
8 FWSEHEP /'nglbﬁg&fQHAloﬁs&géher&nim RAd=ontsobe 16 X
Ly LSO ot opspites e plote orcontor,of FGURE 5,1 ns. 0K
convelPi onal 1 o WRUFEE 1RSI R, bR iagta 8\l cielitLdor gemeratifigntneyi i ay
ratio pictinternal 2fgnsignalein the Hy tx 2fif cconwersion) ay ratio signal, bl a_\cJ:r
et ter box f o e 1P, P8 is° COMBIRRMGR, pihiS arft BfEIR Gladiang fof e’ W 1
r espect _t@Qfmﬂi‘?‘écw&mamwig\ﬁk!ﬂ%r%a. Alternatively, the 16X9
U)oL SR 8 54 ook, St o e ROl oo a0 e
di spl h?. Smuch information will be cropped fromthe |eft and/-or _
right sides. AFIGURESe15aand 16t are.a W@?m $rCl4bit diffferiig and
expanded \fddithgting Bircdts '18sha’tivaly,” tof" hplementing “the ' fesolution
processing circuits of FIGURE 4 and FIGURE 10.
FIGURES 17 and 18 are a block diagrams for
20 illustrative 2-bit dithering and dedithering circuits in
accordance with the present invention respectively, for
implementing the resolution processing circuits of FIGURE
4 and FIGURE 10. . _
" FIGURE 19 is a table useful for explaining a skewing scheme
25 for enhancing operation of the circuits shown in FIGURES 15-18.
FIGURE 20 is a table useful for explaining yet another
alternative for implementing the resolution processing circuits of
FIGURE 4 and FIGURE 10.
The various parts of FIGURE 1 illustrate some, but not all of
30 the various combinations of single and multiple picture display
formats which can be implemented according to different inventive
arrangements. Those selected for illustration are intended to
facilitate the description of particular circuits of the
wide screen televisions described herein. For
35 purposes of convenience in illustration and discussion herein, a
conventional display format ratio of width to height for a video
source or signal is generally deemed to be 4 X 3, whereas a wide
screen display format ratio of width to height for a video source or



- 15 picture will evidence distortion by vertical elongation. None of the

" three alternatives is particularly appealing. Fl GURE 1(b) ih.cw@ -1 9
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- di spl ayed, without croppihg and w thout di®tortion. A 16 X 9 f or mat
di splay rati.o letterbox 20 picture, which is itself in a 4 X 3 format
display ratio signal, can be progressively scanned by |ine doubling or line
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format display ratio source |

boT] Lot oo atonSPHECR: 1§ anvRed aiof i JrEnsmissian. .89, that,
cropped on tite vefticainéxtent iafhia viewing \surfacé bhed X 3t foematndisplapown,

6 (e’ pr ot HiBNpU8L. nch rGRRRRb0, il o8 tdhred weth e ﬁ%ﬁeﬁ&“eez' "
el onggt i on oightbsidess i Ast aeﬂpttbemalremamm.dmesdeaerboxl picturecamnbe
Croppi ng-w ERPANdect SHIHRYOUUUCRLE HotEontal.cubidreR e ABUIY, aspect
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Var i ous et hods FRUBE LBl Bﬁw%gépaééx 3GrgoPnods 16 X 8°r6mial display
' ratio. video source would_ be fully dlsplayed. without cropping and
without distortion. A 16 X9 format display ratio letterbox
20 picture, which is itself in a 4 X 3. format display ratio signal, can
be progressively scanned by line doubling or line addition, so as to
provide a larger display with sufficient vertical resolution. A wide
screen television -as described herein can display such
a 16 X9 format dlsplay ratio. signal whether the main source. the
2s auxiliary source or an external RGB source.
~ FIGURE 1(c) illustrates a 16 X 9 format display ratlo main
signal in which a 4 X3 format display ratio inset plcture is
displayed. If both the main and auxiliary video signals are 16 X 9
format display ratio sources, the inset picture can also have a
30 16 X 9 format display ratio.. The inset picture ca'n'-be displayed in
many different positions. '
FIGURE 1(d) illustrates a display format, wherein the main and
auxiliary video signals are displayed with the same size picture.
_ Each display area has an format display ratio of 8 X 9, which is of
3s course different from both 16 X9 and 4 X3. In order to show a
4 X 3 format display ratio source in such a display area, without



conplications. FI GURE 1(e) is a display format wherein a 4 X 3 format 15
display ratio picture is displayed in the center of a 16 X 9 fornat display
rati woo1Aa9800 Dark bars are evident ongghe right and | ef t PGTAESIN/IIMRBRE
1(f) illustrates a display format whereqn one large 4 X 3 format displ ay
ratio picture and three smaller 4 X 3 format 20 display ratio pictures are
di spl ayed sinultaneously. A smaller picture outside the perinmeter of the
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FIGURE 1¢f) illustrates a display format wherein one large
4 X3 format display ratio picture and three smaller 4 X 3 format
20 display ratio pictures are displayed simultaneously. A smaller
picture outside ‘the perimeter of the large picture is sometimes
referred to as a POP, that is a. picture-outside-picture, rather than a
PIP, a picture-in-picture. The terms PIP or picture-in-picture are -
used herein for both display formats. In those circumstances where
25 the wide screen television is provided with two tuners, either both
internal or one internal and one external, for example in a video
cassefte recorder, two of the dispiayed pictures can display
movement in real time in accordance with the source. The remaining
pictures can be displayed in freeze frame format. It will be
30 appreciated that the addition of further tuners and additional
auxiliary signal processing paths can provide for more than two
moving pictures. It will also be appreciated that the large picture
on the one hand, and the three small pictures on the other hand, can
be switched in position, as shown in FIGURE 1(g).
- 3§ FIGURE 1(h) illustrates an alternative wherein the 4 X3
format display ratio picture is centered, and six smaller 4 X 3



~ of avail able tuners and signal processing pat hs. The various formats shown

in FIGURE 1 are illustrative, and not limting, and can be inplenented by
Wi de SCWePI7E9400i si ons shown in the remain Gg gt @i ngs and PEHLIS9I L8743,
detail below 15 ~ An‘overal | 'bl ock di a& am - a W de screen

tel evision in accordance Wwth inventive arrangeri’efnts and adapted to
- operate with 2fH horizontal scanning, is shown in FIGURE 2 and general |y
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descripti én, taranas. not 25 intended as limting the physi cal -position of
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gln tsglngé ?ﬁpﬁéﬂfﬂmaﬂyda bnaty fordgogggna! Ss&lﬁ&tn?ﬁ mde(t)th mérdiﬁSehbﬁ
ant enna recep? %s fFaDWﬁe?'aﬁ‘sﬁm&ﬁ' "?@tﬂ'ﬁi | ch

ant enna mnputbchreuﬂhbl admbaraoflmsmnwrmemés wiilll dapemdwpumthennnrrw

h f 3 202, which
-T (raf glrjtnps)u; gﬁ%?ﬁ@#‘bﬁwgg 5?‘8?%"&@?%'4% gontSaI and velr"tsl cal
dS flection and vi dEBecvarioussformatspshewayin FIC 5’6 d1 areitigstrative, and
PCT/ US91/ 037%10 'm?nmhgp aﬁeveathbnﬁﬁswmﬁwa wtwﬂé &e?aJNFeﬁwsaJhe

rom the s graNoWHOR A EMATING, GEawings, ahd, descinad 1ih, detl Below S00
and the 7¥1 input Ah overaltblock diagrassdor3Q. widlécscreanciglevisioni (reo

used for vi okatianes with Jnoafve ARarbsMEME %ﬁm&e@eqﬂ%&egam
-and the |ike.withe2fpyuthorizarttat raeannino isvshownda, FiG 2 anditgenerallyby
the chassis QjegiynBtéd °FH.OCTHe  television 10 generally comprises a video

" signals input section 20, a chassis or TV microprocessor 216, a_

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

. is made for purposes of convenience in description, and is not
| 25 intended as hmiting the physlcal position of such ctrcu:ts relative
to one another. '
The video signals mput section 20 is adapted. for recewmg a
plurality of composite video signals. from different video sources.
The video signais may be selectively switched for display as main

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

as 202, which performs a number of functions related to tuning,
horizontal and- vertical deflection and vndeo controls. The particular



216 is designated SWTCHED VI DEO. The SWTCHED VIDEO i s another 10 input to
w de gfégg opgcessor 30. Wth further reference to Fl GURp@rysetyded SW

wi de n-processor sel ects between thel TVI and SW TCHED VI DEO signal s as
a SEL COW QUT video signal which is an input to a Y/ C decoder 210. The Y/ C
decoder 210 may be inplenmented as an adaptive |

| R 15 filter.
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source, d¥éCqdeceder 218: 5 Serr]
signal s cgpifsesnnto eath EoHUﬁtsneﬂtu'ihnT#eluiﬂnﬁanco and chrominance

signals. A switch, which may be incorporated as part of the Y/C
decoder, as in some adaptive line comb filters, or which may be
20 implemented as a separate switch, is responsive to the TV
microprocessor ‘216 for selecting one pair of luminance and
chrominance signais as outputs designated Y_M and C_IN
respectively. The selected pair of luminance and chrominance o
signals is thersafter considered the main signal and is processed e
2s along a main signal path. Signal designations including _M or _MN
refer to the main signal path. The chrominance signal C_IN is
redirected by the wide screen processor back to the one-chip, for
developing color difference signals U_M and V_M. In this regard, U is -
an equivalent designation for (R-Y) and V is an equivalent
3o designation for (B-Y). The Y_M, U_M, and V_M signais are converted
to digital form in the wide screen processor for further signal
processing.
The second tuner 208, functionally defined as part of the wide
screen processor 30, develops a baseband video signal TV2. A
3s switch SW2 selects between the TV2 and SWITCHED VIDEO signals
as an input to a Y/C decoder 220. The Y/C decoder 220 may be




~ decoder 220 and.switches SWB and .SW 'may be conbi ned, as in sonme adaptive
line conb filters. The output of switches ' SWB and SW is thereafter:
consi der gfpofAaoaedi | i ary signal and is processed along an au>pcl1-| 1% g&al
path. The selected | um nance output is desi: '@a.ted 10 YA Sig (ﬁgy 5
desi gnations including [erk}.:and[err] refer to thguauxili ary 5| gnal path.
The sel ected chrom nance is.. converted to col or digf#erence signals [err] and
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A composite synchronizing slgnal COMP SYNC, corresponding to
Y_M is provided by the wide screen processor to a sync separator
20 212. The horizontal and vertical synchronizing components H and V
respectively are inputs to a vertical countdown circuit 214. "The
vertical countdown circuit develops a VERTICAL RESET signal which
is directed into the wide screen processor 30. The wide screen
ek processor generates an internal vertical reset output signal INT
25 VERT RST OUT directed to the RGB interface 60. A switch in the RGB
' interface 60 selects between the internal vertical reset output
signal and the vertical synchromzmg component of the external RGB
source. The output of this switch is a selected vertical
| synchronizing component SEL_VERT_SYNC directed to the deflection
30 circuit 50. Horizontal and vertical synchronizing  signals of the
auxiliary video signal ‘are developed by sync separator 250 in the
. wide screen processor.
The 1fy to 2f4 converter 40 is responsnble for converting
interlaced video signals to progressively scanned noninteriaced
35 signals, for example one wherein each horizontal line is displayed
twice, or an additional set of horizontal lines is generated by



-between adj acent fields or frames. The converter circuit 40 5 operates in

conjunction with a video RAM 420. The vi deo. RAM may be use e or
nmore fWOPAY/IOOQ frame, to enable the proglr ssive displ ay. %2”%&%7
video data as [err],[err] and [err] signal's”is supplied to the RGB
interface 60. The RGB interface 60, shown in nore detail in FIGURE 14, 10
enabl es selection of the converted video data or external RGB VI deo data
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the selection of an external RGB signal input, in the absence of such

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

25 the external RGB signal.

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

30 video signal data in a wide variety of display formats, as shown by
the examples of FIGURES 1(b) through 1(i). The picture-in-picture
processor 320 and gate array 300 are under the control of a wide
screen microprocessor (WSP uP) 340. Microprocessor 340 is

" .responsive to the TV microprocessor 216 over a serial bus. The

3s serial bus includes four signal lines, for data, clock signals, enable

signais and reset signais. The wide screen processor 30 aiso



| evel -sandcastl e signal. Al ternativel y, the vertical bl anki ng and reset
signal s can be generated as separ ate signal's, A conposite bl anking signal

is _sup%& /1%6 he video signal  input sect,i on t grfiiie s RGB POI/AUS93/03743 he
def | ect circuit 50, shoWwn in nore det ai I‘t n FI'GURE 13, receives a

vertical reset signal fromthe w de screen processor, a selected [err]
- horizontal synchroni zi ng signal fromthe RCB |nterface 60 and additi onal
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The wide screen processor 30 is shown in more detail in
FIGURE 3. The pnnclpal components of the wide screen processor
20 are a gate:array 300, a picture-in-picture circuit 301, analog to
digital and digital to analog converters, the second tuner 208, a
wide screen processor microprocessor 340 and a wide screen output
encoder 227. Further details of the wide screen processor, which
L are in common with both the 1fy and the 2fy chassis, for example
2s the PIP circuit, are shown in FIGURE 4. A picture-in-picture
processor 320, which forms a significant part of the PIP circuit
301, is shown in more detail in FIGURE 5. The gate array 300 is
shown in more detail in FIGURE 6. A number of the components
shown in FIGURE 3, forming parts of the main and auxiliary signal
30 paths, have already been described in detail.

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

as The VO section 340A provides tint and color control signals, the
INT/EXT signal for selecting the external RGB video source and
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signals for the switches SW through SW., Jhe 1/0O section ' t he
EXT SYNO M IMMynal fromthe RS interfade?to protect the 3[;'; UEPIWDE%:’S '
circuit and cathode ray tube(s). The anal og output section 340B provides
control signals for vertical size, east- s west adjust and horizontal
phase, throu r.espect,i v terface cir s, 254, 2 and_258. The gate
array 300 |°>°($E%| QJFqu o&ﬁﬂiﬁh é%ﬁt&'ﬁ’mé& n Thenm/Q\SeRlion and
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path 398 Mimited to 'B MHz becalss the system clock rate is 1024fy, which is
approximately 16 MHz. A single analog to digital converter and an
analog switch can be used to sample the color component data
because the U and V signals are limited to 500 KMz, or 1.5 MHz for .
wide |. The select line UV_MUX for the analog switch, or muitipiexer
25 344, is an 8 MHz signal derived by dividing the system clock by 2. A
one clock wide start of line SOL puise synchronously resets this
signal to zero at the beginning of each horizontal video line. The
UV_MUX line than toggles in state each clock cycie through the
. horizontal line. Since the line length is an even number of clock
30 cycles, the state of the UV_MUX, once initialized, will consistently
toggle 0, 1, 0, 1, . . . , without interruption. The Y and UV data
streams out of the analog to digitai converters 342 and 346 are
shifted because the analog to digital converters each have 1 clock
cycle of delay. In order to accommodate for this data shift, the
3s clock gating information from the interpolator control 349 of main
signal processing path 304 must be similarly delayed. Were the
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desi gnated ‘different dithering sequences involving different numbers of bits
20 and- different paired pixel compressions involving different numbers
of bits are contemplated. One of a number of particular data
reduction and restoration schemes can be selected by the WSP pP
. 340 in order to maximlze resolution of the displayed video for each
s - particular kind of pucture display format. These schemes are
25 explained in detail in connection with FIGURES 15-20.
'The gate array includes interpolators which operate in
‘conjunction with line memories, which may be implemented as
FIFQ's 356 and 358. The mterpolator and FIFO's are utilized to
'-resample the mam sngnal as desired. An additional interpolator can
30 resample the auxlhary smnal Clock and synchronizing circuits in
- the gate array control the data manipulation of both the main and
auxnluary ‘signals, mcludmg the combination thereof into a single
output video signal having Y_MX, U_MX and V_MX components. These
output components are converted to analog form by digital to analog
3s - converters 360, 362 and 364. The analog form signals, designated Y.
‘U and V, are supplied to the 1fy to 2fy converter 40 for conversion
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split, for & th@ﬂ‘!@ﬂﬂl divider 40Q by the ﬂfH
right and hglignglf idiﬁrusdmat' thesdivider operates synchronously with the
20 phase locked loop of the video signals input section. Pulse width
circuit 402 assures that a 2f-REF signal will have an adequate
puise width to assure proper operation of the phase comparator 404,
for example a type CA1391, which forms part of a second phase -
jocked loop including low pass filter 408 and 2fy voitage controlied
2s oscillator 408. Voitage controlled oscillator 408 generates an
internal 2fi timing signal, which is used for driving the
progressively scanned display. The other input signal to phase
comparator 404 is the 2fy flyback puises or a timing signal related -
thereto. The use of the second phase locked loop including phase
30 comparator 404 is useful for assuring that each 2fy scanning period
is symmetric within each 1fy period of the input signal. Otherwise,
the display may exhibit a raster split, for example, wherein half of
the video lines are shifted to the right and half of the video lines are
shifted to the left.
3s The deflection circuit 50 is shown in more detail in FIGURE 13
A circuit 500 is provided for adjusting the vertical size of the
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’ adjustment 510, which may be implemented by a potentiometer or

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

25 The RGB interface circuit 60 is shown in more detailed in
FIGURE 14. The -gignal which is to be ultlmately displayed will be
selected between the output of the 1fy to 2fy converter 40 and an
external RGB input. For purposes of the wide screen television
described herein, the external RGB input is presumed to be a wide

30 format dusplay ratio, progressively scanned source. The external
RGB signals and a composite blanking signal from the video signals
input section 20 are inputs to an RGB to. Y U V converter 610. The
external 2fy composite synchronizing signal for the external RGB

.signal is an input to external synchronizing signal separator 600.
as Selection of the vertical synchronizing signal is- implemented by
switch 608. Selectlon of the horizontal synchronizing signal is
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the television operates W I1kaerrI or[errT scanning. FIGURE 4 1S a bl ock
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 ORe S Mudtfatid! d 20 " ifcUTE walicP Hot Pedéire] trid YR 1 B Stnvaler
E J mterface Accordingly, there would be no provision for
20 dxsplaymg an external wide format display ratio RGB signal at a 2fy
scanning rate. The wide screen processor and picture-in-picture
processor for a 1fy circuit would be very similar. The gate array
- could be substantially identical, although not all of the inputs and
outputs would be utilized. The various resolution enhancement
25 schemes described herein can be generally applied without regard to
whether the television operates with 1fy or 2fiy scanning.

FIGURE 4 is a block diagram showing further details of the
wide screen processor 30 shown in FIGURE 3 which would be the
same for both a 1y and 2fyy chassis. The Y_A, U_A and V_A signals

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

3s generated by the picture-in-picture processor 320, which can
receive resolution processed data signals Y_RP, U_RP and V_RP from
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.some poi nt , oysriaying & partion: theraof ras\showndn FIGWRE r (5).CUREe large anda
large and Sg?ﬁélf ?l&%&i‘ﬁ carf n*é&;{;?gm Nth&288me Videb" syl Fr6nm ditterént
_made for exa hown i n ]S_i
vnd o signais and can be interc anged or swapped. Generally .. _
20 speakmg. the audio signal is switched to always correspond to the
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 t_he small picture,
for example to any one of a number of preset sizes. At some. point,
2s for example the display format shown in FIGURE 1(d), the large and
small pictures are in fact the same size.
In a single picture mode, for example that shown in FlGURES
1(b), 1(e) or 1(f) a user can zoom in on the content of the single
picture, for example, in steps from a ratio of 1.0:1 to 5.0:1. While in
30 the zoom mode a user may search or pan through the picture content
enabling the screen image to move across different areas of the
picture. In either event, either the small picture or the large picture
or the zoomed picture can be displayed in freeze frame (still picture
format). This function enables a strobe format, wherein the last
35 nine frames of video can be repeated on the screen. The frame




1 (b), 1(e) or 1(f) a user can zoomin on the content of the 5| ngl e '
picture, for -exanple, in steps froma,ﬁllo of 1.0:1to 5.0:1. Wiile in 30
t heWQ M 198@ a user may search or pandrough the pi cturpgégﬁ?h’ﬁp"@nabl i ng
the screen image to nove across different areas of the picture. In either
event, either the small picture or the large picture or the zooned picture
can be di splayed in freeze frame (still picture format). This function
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t he horizontal synchronizing signal of the main video source. In other
words, data stored in the video RAM associated with the CPIP chip is
20 not orthogonally sampled with respect to the incoming auxiliary
video source. ‘This is a fundamental limitation on the basic CPIP
method of field synchronization. The nonorthogonal nature of the
input sampling rate results in skew errors of the sampled data. The ~
limitation is a result of the video RAM used with the CPIP chip, ~
2s which must use the same clock for writing and reading data. When
data from the video RAM, such as video RAM 350, is displayed, the
skew errors are seen as random jitter along vertical edges of the
picture and are generally considered quite objectionable.
The picture-in-picture processor 320, unlike the
30 Dbasic CPIP chip, is adapted for '
asymmetrically compressing the video data in one of a plurality of
selectable display modes. In this mode of operation, the pictures
are compressed 4:1 in the horizontal direction and 3:1 in the vertical
direction. This asymmetric mode of compression produces aspect
- 38 ratio distorted pictures for storage in the video RAM. Objects in the
pictures are squeezed horizontally. However, if these pictures are




~skew errors are seen as- randomjltter al ong vertlcal edges of the picture
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processoWO194M) i ke the 30 basic CPI'P ‘CHEHy ~adapted-fo USII/63742
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sel ectabl e display nodes. In this node of operation, ‘the pictures are
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external speed up circuitry. FIGURE 11 1s a blhock diragram of t'he tim ng and
control section 328 of the picture-in-picture processor, for. .exanple a
nmodi fied 10 versi BIGUREht! 451 @ block diagramhof ttte)\tmmghanu contralesection

d t t
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floy a conpression factor froma er the control a_the
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hor i zont al afs#mmetnc or asymmetric, depending upon how the table is set up.
' Control of the compression ratios can aiso be |mplemented_ by fully
20 programmable, general purpose decimation circuits under the control
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
N from a decoder, for example an adaptive line comb filter, decode the
2s  signal into Y, U, V color components and generate horizontal and
vertical sync pulses. These signals are processed in the picture-in-
. picture processor for the various full screen modes such as zoom,
freeze and channel scan. During the channel scan mode, for example, '
the horizontal and vertical sync present from the video signals input
30 section will have many discontinuities because the signals sampled
(different channels) will have non-related sync pulses and will be
- switched at seemingly random moments in time. Therefore the
sample clock (and read/write video RAM clock) is determined by the
free running oscillator. For freeze and zoom modes, the sample
* 35 clock will be locked to incoming video horizontal sync, which in
these special cases is the same as the display clock frequency.




vertical sync pul ses. These signals are processed in the pi cture- |ri '
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screen t el digitalofermic and rosponsive toathedchosenpspecial effect,ais doaded .
into a video RAM 350. In the embodiments in the Technical Training
20 Manual described above, the compiled special effect is converted
back to analog form in the picture-in-picture processor prior to
combination with main signal video data. However, in the wide
screen televisions described herein, and due in part to limitations on
the number of different clock frequencies which are feasible, the ~r
25 auxiliary data is a direct output from the video RAM 350, without
" further processing by the picture-in-picture processor 320.
Minimizing the number of clock signals advantageously reduces radio
frequency interference in the circuitry of the televisions. -
With further reference to FIGURE §, the picture-in-picture
30 processor 320 comprises analog to digital converting section 322,
input section 324, fast switch FSW and bus control section 326,
timing and control section 328 and digital to analog converting
section 330. In general, the picture-in-picture processor 320
" . digitizes the video signal into luminance (Y) and color difference
35 signals (U, V), subsampling and storing the results in a 1 megabit
video RAM 350 as explained above. The video RAM 350 associated
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array, as explamed in more Jetaﬁ Lbo{ow iAoreover different
20 dithering and dedithering sequences mvolvmg 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 uP in
order to maximize resolution of the displayed vrdeo for each
25 particular kind of picture display format.
The luminance and color ditference 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
30 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
35 same 640fy clock locked to the incoming auxiliary video srgn_al
However, even though this data was orthogonally sampled and _
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data i s agambe Mbd by ia ifraction 'of a ﬁnld period in a field memory, and
then expanded in a line memory. Synchronization of the auxiliary

20 video data with main video data is accomplished by utilizing the
video RAM 350 as a fieid 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
capacity thought to be reasonably necessary to avoid read/write ~

2s pointer collisions. Read/write pointer collisions occur when old
data is read out of the FIFO before new data has an opportunity to be
written into the FIFO. Read/write pointer collisions also occur
when new data overwrites the memory before the old data has an
opportunity to be read out of the FIFO.

30 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

as 1024fy, which is locked to horizontal synchronizing component of
the main video channel. The use of a multiple line memory (FIFO)
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of the mveaﬁa@mgemnts ‘The gate array is Tesponsible for expanding,
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The gate array is responsible for expanding, compressing and
cropping video data of the main video channel, as and if necessary,.
20 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
s U/V_MN are stored in FIFO 358. Auxiliary signal luminance and
25 chromnnance ‘components Y_PIP_ U_PIP and V_PIP are developed by
demultiplexer 355. The luminance component undergoes resolution
processing, as desired, in circuit 357, and is expanded as necessary
by interpolator 359; generating signal Y AUX as an output.
In some instances, the auxiliary drsplay will be as |arge as the
30 main signal display, as shown for example in FIGURE 1(d). The
memory limitations associated with the prcture-m-prcture
~ processor and video RAM 350 can provide an insufficient number of
data points, or pixels for filling such a large.___dusplay area. In those
circumstances, - resolution processing circuit 357 can be used to
3s restore pixels to the auxiliary video signal to replace those. lost
during data compression, or reduction. The resolution processing
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conponent. The conbi ned chrom nance conponents UNWN are stored in FIFO 358. .
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o1 G ol U0 aniol i, A9 et Y oot/ from (he FIF
e auxiliary channel is sampled at 640fy rate while the main
20 channel is sampled at a 1024y 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/g40) compression. This is more than the 4/3 compression
necessary to correctly display the auxiliary channel signal.
2s Therefore, the auxiliary channel must be expanded by the
interpolator 359 to correctly dispiay a 4 X 3 small picture. The
interpolator 389 is controlled by interpolator control circuit 371,
which is itseif responsive to WSP uP 340. The amount of
interpolator expansion required is S/g. The expansion factor X is
3o determined as follows:
X = (640/1024) * (4/3) = 5/g
The chrominance components U_PIP and V_PIP are delayed by
circuit 367 for a length of time depending on the nature of the
interpoiation of the luminance component, generating signals U_AUX
3s and V_AUX as outputs. The respective Y, U and V. components of the
main and auxiliary signals are combined in respective multiplexers
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circuits of the gate array _through a WSP uP decoder 310. :
In one case, it is necessary to compress the 4 X3 NTSC video
20 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 com‘prdssith to less than 4/3. A sample interpolator is
25 used to recaiculate the mcommg 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 1024f4 clock.
As shown in FIGUFIE 6, the luminance data Y_MN is routed
30 through an mterpolator 337 in the main signal path 304 which
recalculates sample values based on the compression or the -
expansion of the video. The function of the switches or route
selectors 323 and 331 is to reverse the topology of the main signal
.path 304 with respect to the relative positions of the FIFO 356 and
35 the interpolator 337.. In particular, these switches select whether
the interpolator 337 precedes the FIFO 356, as required for
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Y_MN. the WSP uP 340 and the most significant bit of UV_MN.
20 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 .
25 be written on some clocks for effecting compression or some
samples to be read multiple times for expansion.
it is possible to perform video compressions and expansions
through the use of a FIFO. For example, a WR_EN_MN_Y signal
enables data to be written into the FIFO 3568. Every fourth sample
30 can be inhibited from being written into the FIFO. This constitutes a
4/3 compression. It is the function of the interpolator 337 to
recaiculate the luminance samples being written into the FIFO so
that the data read out of the FIFO is smooth, rather than jagged.
Expansions may be performed in exactly the opposite manner as
3s compressions. In the case of compressions the write enable signal
has clock gating information attached to it in the form of inhibit
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P rooy”" white ‘ockEPABiid Heed to°be°dolble Hodled ' paiss or Fapeal the
' data. The term double clocked means that two data points must be

20 written into:.the FIFO in a single clock cycle or read from the FIFO
during a single clock cycle. The resuiting 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 t:lock
) frequency. Moreover, the. swwchable topology requires only one

25 interpolator and one FIFO to perform both compressions and -

' expansions. If the video switching arrangement described herein
were not used, the double clocking situation can be avoided only by
using two FIFO's to accomplish the functionality of both
compression and expansion. One FIFO for expansions would need to

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

interpolation of the auxiliary sagnal takes place in the
auxiliary signal pa_th 306. The PIP circuit 301 manipulates a 6 bit Y,
U, v, 8:1:1 field memory, video RAM 350, to store incoming video

as data. The video RAM 350 holds two fields of video data in a plurality

of memory locations. Each memory location holds eight bits of data.
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vi deo RAM®@fnce there are two fields of data stored in the video RAM 350,
and the enti remdeam%'ﬁmobzor ﬁe?ﬁﬁi"rg y\ﬂrlﬁ ﬁﬁd Bpabiéi el ds

are read Gond3 haede 'razpiﬁaﬁmﬁ%& 354, 588’ o Elfbsor ' <"
the main and auxiliary channels are enabled for wnting data into
20 storage for those portions of each video line which is required for
subsequent display. Data is written from one of the main or
auxiliary channeis, 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 ~
2s auxiliary video signal, but is read out of memory synchronously with
-the main video signal. The main video signal components are read
into the FIFOs 356 and 358 synchronously with the main video
signal, and are read out of memory synchronously with the main
. video. How often the read function is switched back and forth
- 30 between the main and auxiliary channels is a function of the
particular special effect chosen.

Generation of ditferent 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

3s for this display format is illustrated in FIGURES 7 and 8. In the case
of cropped side-by-side dispiayed pictures, the write. enable control



out of the menmory to be displayed through the use of the faé_t swi-tch 10
~data. The PIP circuit always reads the opposite field type that is 'being

witten swo oMgegene a notion tear problem,lf the field typepOQerus9r/esrss s
the opposite type than thatgbeing displ aya}; hemihe even field stored in
the video RAMis inverted by deleting the top line of the field when the
field is read out of nmenory. The result is is that the small picture
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' terpol at “"half %?ntﬂeoraigplatyhean% %ﬁg | é&%ilia%'channel'video is displayed on
' the right hand half of the display. The arbitrary video portions of
20 the waveforms are different for the main and auxiliary channels as
illustrated. The read enable control signal (RD_EN_MN) of the main
channel 910 x 8 FIFOs is active for 50% of the display active line
period of the display beginning with the start of active video,
N immediately following the video back porch. The auxiliary channel -
25 read enable control signal (RD_EN_AX) is active for the other 50% of
the display active line period beginning with the falling edge of the
RD_EN_MN signal and ending with the beginning of the main channel
video front porch. It may be noted that write enable control signals
are synchronous with their respective FIFO input data (main or
30 auxiliary) while the read enable control signals are synchronous
with the main channel video. |
 The display format shown in FIGURE 1(d) is particularly
desirable as it enables two nearly full field pictures to displayed in
a side by side format. The display is particularly effective and
3s appropriate for a wide format display ratio display, for example
16 X 9. Most NTSC signals are represented in a 4 X 3 format,



In the main video channel, shown in the upper part of FIGURE 8, the wite
enabl t signal (WRENWNY) for the 0 X 8 FIFGs 356 g&g ctive
for (%Oﬂ(% a 0.67 or 67% of the di%y active 10 lin ,ﬁm
corresponds to approximately 33% cropping and a conpression ratio of 4/3
bei ng perforned on the main channel video by the 910 x 8 FIFGs. In each of
the FIFGs, the video data is buffered to be read out at a particul ar point
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the pi ct uviciedosighdb candbenselsttively speeded 'up iby a factor in a third
range of approximately 1 to (M/N + C/D) and soloctivoly cropped
20 horizontally by a factor in a fourth range of approximately O to
{(M/N « C/D) - 1}.

The horizontal dispiay time for a 16 X9 format display ratio
display is the same as a 4 X3 format display ratio display, because
both have 62.5 microsecond nominal line length. Accordingly, an =~

2s 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
caiculated as ratio of the two display formats:

4/3 = (18/9) / (413)
Variable interpolators are utilized in accordance with aspects of

30 this invention to speed up the video signais. In the past, FIFOs
having different ciock rates at the inputs and outputs have been used
to perform a similar function. By way of comparison, if two NTSC

4 X3 format display ratio signals are displayed on a single 4 X3
-format display ratio display, each picture must be distorted or
as cropped, or some combination thereof, by 50%. A speed up



s di'stortion. Depending on user prefere ¢ the ratio of pi cture croppi ng

" to aspect ratio distortion may be set any. here I n betvveen g} S f 0%
and 33WO0 A 1840%xanpl e, two sidecby side tures may be presente

‘% squeezed and-16. 7% cropped. The operation .can be described In terms of
general ratios of lo speedup and croppi ng. The v o di splay neans can be
considered to have a display format ratio of wd o height of -MN, the

first videcomparableots chatanebdedofori dewidet sciiie applicasioay i§ or mat ratio
of AS8 and w}%w vi degisi gnal source can bea “wivnsi dered to have a
di spl ay f oM of C:'D, The first video signal .can be™selectively Is
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by 50%s A 2pbitd ditheringOcirouib4and corresponding 2-bit dedithering circuit
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. With reference to FIGURES 15 and 16, a summing circuit 372
combines an n-bit signal with a 1-bit dither sequence. An
advantageous 1-bit dither sequence is 01010101, etc. After adding
20 the dither Sequence to the 1-bit signal, the least significant bit is
truncated by circuit 374. The n-1 bit dithered signal is then
processed by pix-in-pix module 320, latches 352A and 352B and FIFO
354. The subsequent output of the pip decoding circuit 3068 is an n-
. 1 bit dithered signal. In data restoration circuit 357 the n-1 bit
25 dithered signal is supplied to a summing circuit 802 and one input of
an AND gate 804. A signal on the other input of AND gate 804 masks
the least significant bit of the dithered signal. The output of AND
gate 804 is supplied directly to one input of exclusive OR gate 80¢%
and is delayed by one ciock, or one pixel, by circuit 806, before being
3o supplied as the other input to exclusive OR gate 808. The output of
exclusive OR gate 808 is one. input to AND gate 810 and the input to
Y interpolator 359, the input forming the new least significant bit
of the dedithered signal. The other input of AND gate 810 is a signal
having the same dither sequence and the same phase as the dithering
as signal applied to summing junction 372. The output AND gate 810 is
a subtractive input to summing circuit 802. The output of summing




expansi on, can be acconplished by alternative nmethods. S |In . accordance
‘W th qpe saligyogati ve, the auxiliary sigmkis *dithered" byGr/us9plgstripn
processing circuit 370 and "dedit hered" resol uti on processing circuit
357. Resolution processing circuit 370 may al so be thought of as a data
reduction circuit and resolution processing circuit 357 10 nmay al so be

t hought of .Le LQn..Gd Lt k i IS _a,prpcess wherein an
n-bit si gngﬁéﬂgsgg?r\é béém(ﬁ{'hgrg@igqheﬁggtgﬁédaﬁnm%&%rt%l ch the
m | east si QUIAUtc ofirexciusive OR gata: 888, providingdanhesbitgdedithered and _
corr espondgigthal - &6 t af Ciiputetd "8 intsrDdlatod hown in FIGJRES 15 and 16 .
respectivel iyb(BI W ‘ge-fiéﬁd‘di &Wr#a;fégc%tssg%j correspondi ng 2-bit , =
dedi thering ci r Yith . refereace jp 1R Znbit1dithespg. cireuit 3%0't h
r ef erlersc_etcomam_ s% _Jﬁ:muinues,cimmvrsne]gmicsucémuﬂesg_ahugﬁsuﬁns ralt
signal wth. - . _ : eous.,,1- bi i,ther sequence
i's 0101010&‘@%%2&% bﬁ‘“?hd?%ﬂ“?@&?t h@“ﬁ%@éﬁ%m Fbs-ﬁhéﬁ!‘_&itﬂ-’ a5
Slgnal s {peancHse, erzedendrt W hithés WiiiaF Can DS dsfifed i
sig is S pi X-i n-pix u , S
and FI FO 38¥. aR ergﬁﬁggg’a‘gét W%Pft rﬁ‘ﬂ)imiﬂg Tirewi 6 is an
37 % b;j danpeordesi gulh_inld thédiseguetic.at | This rm:tnﬁéfohhepaiﬁdwstf 25
ithergd s a | to a _sumn ir t and one input of an
AND gat e Bt’ﬁg g°!i8ﬁ§880ﬁ%ﬂ1‘89‘&°ﬁér ﬁ%ﬂ&’cﬁﬁfﬁﬁbg&z’ee % masks the | east
significant bit of the dithered signal. The output of AND gate 804 is
supplied directly to one input of exclusive OR gate 808 and is del ayed by
one cl ock, or one pixel, by circuit 806, before being 30 supplied as the
ot her input to exclusive OR gate 808. The output of exclusive OR gate 808
is one input to AND gate 810 and the input to Y interpolator 359, the input
formng the new |l east significant bit of the dedithered signal. The other
i nput of AND gate 810 is a signal having the sane dither sequence and'the
sane phase as the dithering 35 signal applied to summng junction 372. The
out put AND gate 810 is a subtractive input to summng circuit 802. The

out put of summ ng WO 91/ 19400 5PCC/ US91. ' 0374. 3s
circuit 802 is conmbined with the additional bit supplied by the

o’



out put of exclusive OR gate 808, providing an n-bit, dedithered signal as-
an input to Y interpolator 359. Wth reference to FI GURE 17. a 2-bit

di t heri ﬁli t 370 s conprises a su g circuit .376, ROTZUSSOBI43CS
and n-bi't signal with a 2-bit dither seqtrg‘ae In accordance with this
illustrative inventive arrangenent, the dither signal can be defined by any
repetitive sequence of the nunmbers O 1, 29 3 in any order within the
sequence. This definition:.includes io Ehe foll owi'ing sequences, as listed in

Table 1. = WD 91/1940 3PCrf US91l 03743 Tabl e 1l 0123

1023 2013 300929132 10233)32 2000831 - 3P2L 0213 1230

2103 . 3120 0231 203 02 03 1302 2301

3501 0321 1350 013 10 A 20971 dithér?"%%quence which i s

particul arly advant addds | s 02138113 et 2103hich ¥ 20l ustrated i n Fl GURE

17. The n-bit signal gbRgh is t tput of nm ng uit 376 has its two
E‘Q 21 ?01378 ‘Fﬁ’e 8 -2 bit dithered

| east s significant b trunca y cirgui
signal is then procesééazby pIX I X prg@eos"sor 32(3 Ql\tches 352A and

352B, FI ][:O 354 and - plmgqcodl ng13|ao|::1|t 32@3%It apwlg thﬁt thﬁ

el 11 oquency & raab AiEnGs, Sequrris 'WHIEH 8 bacicdary, advattpasauss isn

223 | [\ﬁlel;l tn 102130213, Uégc ofwhiuh lig! llustrated cinc FIGUREN 4T . 'Phe?neblntigt err]lcaa

conponent . W?F g tg‘g ﬁ’iﬁ%ﬁgﬁegﬁ‘?@@p‘ﬁfﬁéﬁg éggcﬁ#wé gel ayyand
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frequency

en
anpl i t ude g@&: #?Qa 5@ Ip' Gﬂ%gbgg t hat onI y anplitudes
of dither size |épﬁar§ifthﬂt|m qﬂamﬂﬁwmcwmponenmst usially

ef fect ”F’O?naibe dbjettisREBIE thah{RB Kalt¥BqU8ALy component, even though
10 the quarter-frequency component has half the amplitude of the half-
frequency component. Accordingly, a dedithering scheme can be
- chosen to suppress only the quarter-frequency component. A first
signal path of the dedithering circuit is for delay and amplitude
matching. .A second signal path includes a combination inverted
15 bandpass filter and limiter. The inverted bandpass filter cancels the
frequency at the center of the passband when added to the delay and
~ amplitude matched original signal. The limiter assures that only
N} amplitudes of dither size will be cancelled. This dedithering
arrangement has no effect upon the haif sample frequency component
20 of the dithered signal. The half-fr_equency signal component is low
~ enough in amplitude and high enough in frequency to have
sufficiently low visibility to' avoid causing a problem.
Such a dedithering circuit 3060' is shown in FIGURE 18. The n2
bit signal at the output of pip decoding circuit 306B is supplied as
25 an input to a two clock, or two pixel, delay circuit 822, a two clock,
~ or two pixel, delay circuit 814 and a summing circuit 812. The
output of delay circuit 814 is a subtractlve input to summing circuit
812, the output of which is an n-1 bit signal. The n-1 bit dithered
signal is an ‘input to limit circuit 816. Output values of the limit
30 circuit are in this case confined to [ -1, 0, 1, ], that is the absolute



20 of the dithered signal. The hal f-frequency signal conponent is |ow
enough in a | tude and hi gh enough in fi ency to have s Iow
Vi Si bl‘VOt%l i&oavm d causing a problem S q#’a dedi t heri ngpﬁhgw D
shown in FIGURE 18. The n2 bit signal at the output of pip decoding ci rcwt

306B.is supplied as 25 an input to a two clock, or two pixel, delay
circuit 822, a two clock, or two pixel, delay circuit 814 and a sunn1ng

circuit 8lgalyghofooneut medoumutcufcnmitiﬁﬁﬂc:mm mnsaat RSt
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whi ch is agninsbit mz;%mmur sigrfal, iwhich is &heinpatotoityon, or

per cei ved f dedi t hered vi deo signal can be inproved under
SONe Ci rcu'ﬁ’ggééé@og w ng the dither sequence. The dither sequence,
whet has a one oThmwmmuonomrceiudt ql.lllity.l of.the deditheredy video ne but
Lisglhgfg S%Bhﬁ%&g@m:m? qu nces can e parw gdvaMOUS In
hi di ng ar tdither sequance. dIEanS' hother, a,008:08 WG Rt . These
skew ng segpqidnce rrcpshwmnﬁicfwi éh. aTamWﬁnanBums phise shifted

on different lines. Many possible skewing schemes are possible.

20 Two skewing sequences can be particularly advantageous in hiding
artifacts in the display due to the dithering process itself. These
skewing sequences are shown in FIGURE 19. The one and two pixel,
field to field skews are those in which all the lines of one field have
the same phase and all the lines of the next field are skewed one or

25 two pixels with respect to the first fieid. The field to field skews .
on 2-bit dithered signais work best for frozen pictures. Some line
structure can be visible during live video, where there are flat areas
in motion. The one pixel skew is particularly advantageous for 2-bit
dithers if the signal will be dedithered, but the two pixel skew is

30 presently preferred if the signal will not be dedithered. Whether or
not the signal should be dedithered depends upon the display format.

An aiternative to dithering for data reduction is paired pixel
compression, which will be explained with reference to FIGURE 20.
A field is depicted at the top of FIGURE 20, the field including lines

s 1,2 3, etc. The pixels of each line are represented by letters. Each

pixel denoted "P* will be retained, whereas each pixel denoted "R"
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In accordance with a 1-bit coding scheme, a zero will be
substituted for a replacement pixel if it is closer in value to the
. pixel. above it than it is closer in value to the average of the pixels
25 on each side. For the example in FIGURE 20, the 1-bit replacement
code for pixel R3 will be zero if the value of pixel R3 is closer to
the value of the average of pixels B and C than to the value of pixel
A. Otherwise, the 1-bit replacement code \mll be 1. When the data
is reconstructed, pixel R3' will be equal in value to the average of
3o the values of pixels B and C if the 1-bit code is 0. If the 1-bit code
is equal to 1, then the value of pnxel R3‘ will be the same as the
value of pixel A.
A replacement and reconstruction sequence for a 2-bit code is
.also illustrated. For pixel R3, the 2-bit replacement code is equal to
as 0 if the value of R3 is closest in value to the value of pixel A. The
2-bit replacement code is equal to 1 if the value of R3 is closest in
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D is included in the calculations, but at the cost of requiring an
20 additional line of video storage capacity. Paired pixel compression
can be particuiarly effective for providing good horizontal and
vertical resoiution; in some cases, better than dithering and
dedithering. On the other hand, the resoiution of diagonal
transitions is generally not as good as dithering and dedithering. ~
25 In accordance with an inventive arrangement, & number of data
reduction and data restoration schemes will be available, including
for example paired pixel compression and dithering and dedithering.
Moreover, different dithering sequences involving different numbers
of bits and different paired pixel compressions involving different
30 number of bits will ailso be available. The particular data reduction
and restoration scheme can be selected by the WSP uP in order to
maximize resolution of the displayed video for each particular kind
of video display format.
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del ay arﬁ! mat chi ng defl n| ng a f| rt of two parallel signal paths

for said dltt‘@radditheﬁﬁ abﬂ‘éuﬂ,dhﬂvﬁi nal ; 10 bandpass arrpl i fying and
limting nean f eco red
.t\lr/unciat gd Vi o@&gg?bﬁg m mﬁﬁ%‘&’ﬁéﬁ a&#‘ﬂﬁbf ‘E?ﬁ% a’s% %‘? hs to
geéner at panallel signal MISI for \said odithered; truncated cddeoi gignal; 2. The system
of cl.agim1, 5 t e of the
numb !s " 2%‘%&8 %ﬂﬁgtﬁﬂgﬁmj@gm%gpﬁﬁhgaﬁgﬁm plfng means
truncat e&althVOnpathiasfor ssaidi dithemd,btmncatnd &ideo @®de and said
means for adding outputs of said two paths to generate an at
least partially dedithered n-bit video signal. |

2. The system of claim 1, wherein said dither signal is any
15 repetitive sequence of the numbers 0, 2, 1, 3. .

_ 3. The system of claim 1, wherein said truncating means
truncates the one least significant bit from each said sample and said
output of said second of said two paths supplies a new least

N\, significant bit for said at least partially dedithered video signal.

20 4. The system of claim 1, wherein said truncating means
truncates at least two least significant bits from each said sample and
said first of said two paths further comprises means for generating at
least two new least significant bits having values determmed by said
output of said second of said two paths.

25 5. A signal processing system, comprising:
a duhenng circuit, having: :
means for combining a dither signal with an ‘n-bit video signal
of digital samples; and,
means for truncating the least significant bits of each said
30 sample; and,
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frequency component,

7. The system of claim 5, wherein said dither signal has a
response characteristic defined by at least two frequency
15 components having relatively higher and lower frequencies and said
bandpass filtering means is tuned to said lower of said at least two
frequency components.

8. The system of claim 5, wherein said dither signal has a
response characteristic defined by a quarter-sampling-frequency
20 component and a half-sampling-frequency component and said
bandpass filtering means is tuned to said quarter-sampling-
frequency component.

9. The system of claim 5, wherein said bandpass filtering
means in said second of said two paths comprises inverted bandpass
25 flltermg means.

10. The system of claim 5, wherein said second of said two
paths comprises two bandpass filters and a limiter disposed between

said two bandpass filters.

11. A dithering and dedithering system, comprising:



207 conponent and a hal f - sanpllng frequency conponent and sald bandpass
" filtering neans is tuned to sai'd quarter-%5anpling- fwmymﬂ“ﬂm

The system of claimsS. wherein said bandpass filteri second
of said two paths conprises inverted bandpass 25 filtering nmeans. 10. The
system of claimb5, ‘wherein said second of said two pat hgck#®162#50880

bandpass filters and a limter di sposed b@_ en said two bandpass filters.
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filtering neans. 15. The system of cI a| m 11, wher e| n sa| d second - signal

Path 12. The system of claim 11, wherein said dither signal has a
response characteristic defined by at least one frequency component
and said bandpass filtering means is tuned to said at least one

15 frequency component.

13. The system of claim 11, wherein said dither signal has a
response characteristic defined by at least two frequency
components having relatively higher and lower frequencies and said
bandpass filtering means is tuned to said lower of said at least two

20 frequency components,

14, The system of elaim 11, wherein said bandpass filtering
means in said second signal path comprises inverted bandpass
filtering means.

15. The Syst'etn- of claim 11, wherein said second -signal path
25 comprises two bandpass filters and a limiter disposed between said
two bandpass filters.

16. The system of claim 11, wherein said means for
propagating said dithered, truncated vxdco signal has a transmission
capacity less than n bits,



25 conprises two bandpass filters and a liniter di sSposed between said two . -

bandpass filters. 16. The systemof claim 11, wherei nul ]
propagating said dithered, truncated video signal amlum :Immlll Iﬂl‘
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system of claim 11, wherein said trungati ng nmeans tr geadlesdd. ¢ | east
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5 18. The system of claim 11, wherein said truncating means
truncates at least two least significant bits from each said sample and
said first signal path further comprises means for generating at least
two new least significant bits having values determined by said
output of said second signal path.

10 19. A signal processing system substantially as
hereinbefore described with reference to Figures 17 and
18 optionally together with Figures 1 to 14 of the
accompanying drawings.




