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cy information is separated from an original high def- inition video
signal, frequency converted to occupy a This Invention relates to apparatus
and a method  lower band of frequencies and then modulated onto for
synchronizing various component signals of an  an alternate subcarrier
signal which is within the fre- augmented television signal so thatthey may
be prop-   5   quency spectrum of a conventional video signal. This erly
recombined at a receiver to reproduce an en-  alternate subcarriersignal,
like the chrominance sub- hanced image.
carrier signal of a conventional composite video sig- A conventional
television receiver, such as a re-  nal, is an odd multiple of one-half the
horizontal line ceiver in accordance with NTSC broadcast standards
frequency but, unlike the chrominance subcarriersig- adopted in the United
States and elsewhere, has a4:3  10  nal, it switches in phase by 1800 from
field to field. aspect ratio (the ratio of the width to the height of a
This modulated alternate subcarrier signal may be displayed image).
Recently, there has been interest  substantially recovered at the receiver.
in using higher aspect ratios for television receiver  In the receiver, the
high resolution signal is recov- systems, such as 2:1, 16:9 or 5:3, since
such higher  ered from the modulated alternate subcarrier, re- aspect
ratios more nearly approximate or equal the   15  stored to its original
band of frequencies and added aspect ratio of the human eye than does the
4:3 as-  to the conventionally decoded luminance signal to peat ratio of a
conventional television receiver. Video  produce a high definition
luminance signal. images having a 5:3 aspect ratio have received par-   The
Yasumoto et al. proposal uses an enhance- ticular attention since this
ratio approximates that of  ment signal which may represent either high
frequen- motion picture film. However, widescreen television   20  cy
luminance Information or side-panel information systems which simply
transmit signals having an In-  needed to expand the aspect ratio of a
transmitted creased aspect ratio as compared to conventional   image from
4:3 to, for example, 5:3. This enhance- systems are incompatible with
conventional aspect  ment signal is frequency converted to occupy alower
ratio receivers. This makes widespread adoption of  band of frequencies and
then modulated onto a car- widescreen systems difficult.                 25
rier which is in quadrature phase relative to the pic- It is therefore
desirable to have a widescreen sys-  ture carrier signal of the transmitted
video signal. tem which is compatible with conventional television  At the
receiver, this enhancement signal is recov- receivers. One such system is
disclosed in U. S. pa-  ered by synchronous demodulation of the video sig-
tentofC. H. Strolle etal., US-A-4 816 899 titled "Com-  nal. The recovered
signal is then frequency converted patible Widescreen Television System",
filed July 27,  30  to occupy its original band of frequencies and com-
1987, published 28-3-89.                           bined with the
conventionally processed video signal It is even more desirable to have
such a compat-  to produce an enhanced (high definition or wide- ible
widescreen system with provisions for enhancing  screen) video image. or
extending the definition of the displayed image so  The Isnardi etal.
proposal compresses side panel as to provide extra image detail. For
example, such   35  low frequency information of a widescreen image into
widescreen EDTV (extended definition television)   the horizontal overscan
region of a compatible NTSC system may include apparatus for providing a
pro-  Television signal. The high frequency Information for gressively
scanned image.                          the side panels and high frequency
Information forthe EDTV systems have been proposed which in-      entire
widescreen Image are quadrature modulated dude provisions for inserting a
signal representing   40  onto an Interlaced carrier which changes phase by
the more detailed areas of an Image into a portion of  180[err] from field
to field. A fourth signal component, the video spectrum which is currently
unused or    which is used to reconstruct a progressive scan im- which is
not used efficiently under current television  age from the interlace scan
signal, Is modulated in standards. One of these proposals is set forth In
U.S.  quadrature with the combined first three components Patent
US-A-4,660,172 issued in the name of T. Fu-  45  onto the video carrier
signal. kinuki on April 21, 1987 and hereby Incorporated by   Atthe
receiver, a combination of synchronous de- reference. A second proposal is
presented in an arti-  modulation and intra-frame processing is used to re-
cle by Y. Yasumoto et al. "An Extended Definition Tel-  cover the four
components. These components are evision System Using Quadrature Modulation
of the  combined to produce an extended definition televi- Video Carrier
with Inverse Nyquist Filter IEEE Trans-  50  sion signal. actions on
Consumer Electronics, August, 1987, PP     In anyof the systems described
above, slighttim- 173-180, which is hereby incorporated by reference.  ing
errors may occur in the signals used for frequen- A third proposal is
presented In an article by MA. Is-  cy-converting the enhancement signals
at the trans- nardi et al. entitled Decoding Issues in the ACTV  mitter and
at the receiver, or in signals used to deter- System", IEEE Transactions on
Consumer Electron-  55   mine relative pixel locations of the side panel
and cen- ics, February 1988, pp 111-120, which is hereby in-  ter panel
information for the extended definition corporated by reference.
and/or enhanced aspect ratio image. These timing er- In the Fukinuki
proposal, relatively high frequen-  rors may distort the reproduced
enhanced image 2    
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dark areas of detailed Informa-  by the same reference number. As shown in
Figure 1, tion to appear erroneously bright or causing visible  an original
widescreen progressive-scan signal with seams where the side panel and
center panel regions  left, right and center panel information Is processed
of a wide aspect ratio image are joined.           so as to develop
fourseparate encoding components. Known from European Patent Application
EP-A-   5   These four components are illustrated generally in 0 269 961 is
an arrangement for providing synchron-  Figure 1 in the context of an image
display. Process- ized offset demodulation of video signals at a receiv-
ing of the first component, which contains time ex- er. This Is
accomplished by providing, during vertical  panded center panel pixel data
and time compressed blanking intervals, a reference signal having first and
side panel pixel data, is such that the resulting lumi- second different
frequency components represent-  10  nance bandwidth does not exceed the
NTSC luml- ing phase information relative to the transmitted off-  nance
bandwidth of 4.2 MHz. This signal is color en- set modulation.
coded in standard NTSC format and the luminance Aspects of the present
Invention are specified in  and chrominance components of this signal are
suit- the claims to which attention Is directed.         ably pre-filtered
(e.g., using field comb filters) to pro- The present invention is embodied
in apparatus   15  vide improved luminance-chrominance separation at for
synchronizing the various components of an aug-  both standard NTSC and
widescreen receivers. In mented video signal after It is received. The
appara-  processing signals which represent the first compo- tus includes
circuitry in a video signal generation sys-  nent, the relative timing of
the portions of the signal tem for producing a training signal which is
indicative  which represent the side and center panels is impor- of an
instant in time and circuitry for adding the train-  20  tant Even a slight
error in the relative timing of these Ing signal to the augmented video
signal. In the re-  components may produce a visible seam in the repro-
ceiver, the apparatus includes circuitry for processing  duced image. the
training signal component of the augmented video  The second component
which includes side pan- signal to develop a reference time signal and
circuitry  el high frequency information, is time expanded to re- for
aligning components of said augmented video sig-  25  duce its horizontal
bandwidth to about 1.1 MHz. This nal to the reference time signal.
component is spatially uncorrelated with the main sig- FIGURE 1 illustrates
a general overview of a   nal (the first component), and special
precautions are compatible widescreen EDTV encoder system in   taken to
mask Its visibility on standard NTSC receiv- accordance with the present
Invention;         ers. These precautions are described below. The rel-
FIGURE 1a shows a detailed block diagram of  30  ative timing of the side
and center panel signal com- the encoder for the disclosed system;
ponents is important for the second component as FIGURES 1 b-1e contain
diagrams helpful in un-  well. In addition, since, as described below,
compo- derstanding the operation of the disclosed sys-  nent 2 is
quadrature modulated with component 3 tem;
onto an alternate subcarrier. The alternate subcarrier FIGURES 2-5 depict
signal waveforms and dia-  35  Is desirably kept in strict phase alignment
between grams helpful In understanding the operation of  the transmitter
and the receiver. the disclosed system;                              The
5.0 to 6.2 MHz extended high-frequency lu- FIGURE 13 shows a block diagram
of a portion   minance Information for the center panel region is of
awidescreen EDTV receiverincluding decoder  contained in the third
component. This component is apparatus in accordance with the present
inven-  40  first heterodyned to occupy a frequency range of 0 to tion; and
1.2 MHz and then mapped Into the standard 4:3 for- FIGURES 6-12 and 14-27
Illustrate aspects of   mat. The mapping operation spatially correlates the
the disclosed system In greater detail.        third component with the
main signal (the first com- In the drawings, single line arrows may
represent  ponent) to mask its visibility on standard NTSC re- busses for
conveying multiple bit parallel digital sig-  45  ceivers. The compressed
side panel Information of nals, or signal paths for conveying analog
signals or  the third component exhibits a bandwidth which is single bit
digital signals. The type of signal conveyed  one-sixth that of the center
information (0-1.2 MHz). by a bus or signal path Is made dear in the
context in  Forthe third component, the relative timing of the side which
It Is discussed. As will be appreciated by those  and center panel signals,
the phase of the alternate skilled in the art, apparatus for providing
compensat-  50  subcarrier signal and the frequency and phase of the ing
delays may be required in certain of the signal  5 MHz signal used to shift
the frequency spectrum of paths. Such delay apparatus is not shown to
simplify  the third component between 5-6.2 MHz and 0-1.2 the description.
MHz are all of great Importance. The system shown In FIGURE 1 is
substantially     It is contemplated that the processing of the com- the
same as the encoder set forth in the above-  55   ponent 3 signals may be
simplified by compressing referenced article by Isnardi et al.
an entire field of component 3 signal Into the center In this system,
elements which are common to   panel region instead of expanding the center
panel the more detailed system of FIGURE 1a are Identified  portion and
compressing the side panel portion as 3    



5                   EP0433366B1                    6 shown. This
alternative technique could produce    standard NTSC system. In the
spectrum of the dis- slightly lower center panel resolution, Improved side
closed system the side panel highs and the extra high panel resolution and
would simplify the circuits used  frequency horizontal luminance detail
information ex- to decodethe component3 signal atthe receiver. This  tend
approximately 1.1 MHz on either side of the modification would also make
the circuits which proc-   5   3.108 MHz alternate subcarrier (ASC)
frequency. The ess the component 3 signals less sensitive to the rel-  V-T
helper signal information (component 4) extends ative timing of the signals
representing the side and  750 KHz on either side of the main signal
picture car- center panel portions of the image.                rier
frequency. Thefourth component isa vertical-temporal help-    Awidescreen
Progressive scan receiver includes er signal which Is used to convert the
received inter-  10  apparatus for reconstructing the original widescreen
lace scan signal into a progressive scan format. This  Progressive scan
signal. Compared to a standard signal is mapped into standard 4:3 format to
correlate  NTSC signal, the reconstructed widescreen signal It with the
main signal component and thereby mask  has left and right side panels with
standard NTSC re- its visibility on standard NTSC receivers. The hor-
solution, and a 4:3 aspect ratio center panel with su- zontal bandwidth of
the vertical-temporal helper sig-  15  perior horizontal and vertical
luminance detail, partic- nal Is limited to 750 KHz.
ularly in stationary portions of an image. In FIGURE 1, the first, second,
and third compo-   Two basic considerations govern the signal proc- nents
are processed by respective intraframe aver-  easing associated with the
development and process- agers 38, 64, and 76 (a type of vertical-temporal
(V-  ing of the first, second, third, and fourth signal com- T) filter) to
eliminate V-T crosstalk between the main  20  ponents. These considerations
are compatibility with and auxiliary signal components at a widescreen re-
existing receivers, and recoverability at the receiver. ceiver. The first
component is intraframe averaged    Full compatibility Implies receiver and
transmit- only above 1.5 MHz. The second and third intraframe  ter
compatibility such that existing standard receivers averaged components,
identified as X and Z, are    can receive widescreen EDTV signals and
produce a non-linearly amplitude compressed and then used to  25  standard
display without special adaptors. Compati- quadrature modulate, in a block
80, a 3.108 MHz al-  bility in this sense requires, for example, that the
ternate subcarrier signal ASC, having a phase which  transmitter image
scanning format is substantially alternates by 180[err] from line-to-line
and from field to  the same as, or within the tolerance of, the receiver
field. A modulated signal (M) from block 80 is added  image scanning
format. Compatibility also means to the intraframe averaged first component
(N) In an   30  that extra non-standard signal components are desir-
adder40. The outputsignal produced by the adder40  ably physicially or
perceptually hidden in the image is a 4.2 MHz bandwidth baseband signal
(NTSCF). To  produced on a standard receiver. To achieve compa- aid in
synchronizing the receiver to the signal provid-  tibility in the latter
sense, the disclosed system uses ed by the transmitter, a composite
synchronizing sig-  techniques described below to hide the auxiliary com-
nal and a training signal which specifies the timing of  35  ponents. the
first pixel on each horizontal line of a field are in-  Recovery of
components 1, 2, and 3 at a wide- serted into the signal NTSCF as described
below. The  screen progressive scan receiver is aided by the use signal
NTSCF and a 750 KHz low pass filtered fourth  of intraframe averaging at
the transmitter and receiv- component (YTN) from a filter 79, are used to
quad-  er. Intraframe averaging Is one signal conditioning rature modulate
an RF picture carrier In a block 57 to  4o  technique that prepares two
signals which are to be produce an NTSC compatible RF signal. This signal
combined so that they can be recovered efficiently can be transmitted to a
standard NTSC receiver or a  and accurately afterwards. The type of signal
condi- widescreen Progressive scan receiver via a single,  tioning employed
for this purpose essentially involves standard bandwidth, broadcast
channel.             making two signals Identical on a field basis. Intra-
When received by a standard NTSC receiver,  45  frame averaging isa
convenient technique for achiev- only the center panel portion of the main
signal (the  ing this objective, but other techniques can also be first
component) is seen. The second and third com-  used. Intraframe averaging
Is basically a linear, time ponents may create a low amplitude interference
pat-  varying digital pro-filtering and post-filtering process. tern that
Is not perceived at normal viewing distances  The process of intraframe
averaging in the time and at normal picture control settings. The fourth
50  domain is illustrated generally by FIGURE Ic, where- component Is
removed completely in receivers with  In pairs of fields are made identical
by averaging pairs synchronous video detectors. In receivers with envel-
pixels (A, B and C,D) that are 262H apart The aver- ope detectors, the
fourth component is processed but  age value replaces both of the original
values of each not perceived because it Is correlated with the main  pair.
FIGURE 1d illustrates the process of intraframe signal.
55  averaging in the context of the system of Figure 1. Figure lb
illustrates the RF spectrum of the dis-  Starting with components 2 and 3,
pairs of pixels (pic- closed EDTV widescreen system, Including the aux-
ture elements) 262H apart are averaged, and the iliary Information,
compared to the RF spectrum of a  average value (e.g., X1, X3 and Z1, Z3)
replaces the 4    



7                   EP0433366B1                    8 original pixel values.
This V-T averaging only occurs  and left and right side panel portions
associated with within a frame, it does not cross frame boundaries. In
secondary image information and occupying inter- the case of component 1,
intraframe averaging is per-  vals TS. In this example the left and right
side panels formed only on information above approximately 1.5  exhibit
substantially equal aspect ratios, less than MHzso as notto affect
lowerfrequency vertical detail   5   that of the center panel which is
centered therebetw- information. In the case of components I and 2, intra-
een. frame averaging is performed on a composite signal    The widescreen
EDTV encoding system is shown including luminance (Y) and chrominance (C)
compo-  in greater detail in FIGURE Ia. Referring to FIGURE nents
throughout the chrominance band. The chromi-  Ia, an exemplary widescreen
progressive scan cam- nancecomponentofthe composite signal survives in-  10
era 10 which is synchronized by a composite syn- traframe averaging because
pixels 262H apart are   chronization signal, CCPS, provided by a studio
tim- "in-phase" with respect to the color subcarrier. The  Ing signal
generator 2, provides a 525 line/field, 60 phase of the new alternate
subcarrier is controlled so  field/second widescreen color signal with R,
G, B that it Is exactly out of phase for pixels 262H apart.  components and
an aspect ratio of 5:3. The wide- Thus when components 2 and 3 (after
quadrature  15  screen camera 10 has a greater aspect ratio and a
modulation) are added to component I In unit 40, pix-  greatervideo
bandwidth than a standard NTSC cam- els 262H apart have the form (M + A)
and (M - A),  era. where M is a sample of the main composite signal
The color video signal processed by the encoder above 1.5 MHz, and A is a
sample of the auxiliary  system of Figure 1 contains both luminance and
chro- modulated signal.                             20   minance signal
components. The luminance and With intraframe averaging, V-T crosstalk Is
virtu-  chrominance signals contain both low and high fre- ally eliminated,
even in the presence of motion. At the  quency Information, which in the
following discussion receiver It is a simple matter to recover the main and
will be referred to as "lows" and "highs", respectively. auxiliary signals
exactly, i.e., free from crosstalk, by  The wide bandwidth widescreen
progressive averaging and differencing pixel samples 262H apart  25  scan
color video signals from camera 10 are matrixed within a frame as described
below. Also at the receiv-  in a unit 12 to derive a luminance component,
Y, and er, components 2 and 3 are separated by quadrature  colordifference
signal components 1, and Q,from the demodulation and component4 is
recovered byquad-   R, G, B color signals. The wideband signalsY, I, Qare
rature demodulation using a synchronous RF detec-  sampled at 8 x fsc,
eight-times, the chrominance sub- tor.
30  carrier frequency, fsc and are converted from analog In a widescreen
EDTV receiver, after the training  to digital (binary) form individually by
separate ana- signal and the four video signal components have
log-to-digital converters (ADCs) in an ADC unit 14. been recovered, the
composite signals are NTSC de-  The digital Y, I and Q signals are then
filtered by sep- coded and separated into luminance and chromi-     arate
vertical-temporal (V-T) low pass filters In a filter nance components.
Using timing data obtained from   35  unit 16 to produce filtered signals
YF, IF and QF. the training signal, Inverse mapping is performed on  These
signals are each of the form indicated by wa- all components to recover the
widescreen. aspect ra-  veform A in Figure 2. The separate V-T filters are
lin- tio, and the side panel highs are combined with the  ear time
invariant filters of the type shown In Figure lows to recoverfull side
panel resolution. The extend-  I Od as will be discussed. These filters
reduce verti- ed high frequency luminance detail information is  40
cal-temporal resolution slightly, particularly diagonal shifted to its
original frequency range and added to  V-T resolution, to prevent unwanted
Interlace arti- the luminance signal, which Is converted to a progres-
facts (such as flicker, jagged edges, and other alias- sively scanned
format using temporal interpolation  ing related effects) in the main
signal after progres- assisted by the helpersignal. The chrominance signal
sive to interlace scan conversion. The filters maintain is converted to
progressive scan format using unas-  45  nearly full vertical resolution in
stationary portions of sisted temporal interpolation. Finally, the
progressive  the image. scan luminance and chrominance signals are con-
In the filter shown in FIGURE 10d, a sample of a verted to analog form and
matrixed to produce R, G.  progressively scanned signal T[err] is averaged
with cor- and B color image signals for display by a widescreen  responding
samples of signals representing the pre- progressively scanned display
device.         50  vious and subsequent horizontal lines of the image
Before discussing the compatible widescreen en-  (T[err] and T2,
respectively) and with corresponding sam- coding system of Figure Ia,
reference is made to sig-  pies of signals representing the previous and
subse- nal waveforms A and B of Figure 2. Signal A is a 5:3  quent image
frames (T[err] and T[err], respectively) to pro- aspect ratio widescreen
signal that is to be converted  duce a sample of a progressively scanned
output sig- to a standard NTSC compatible signal with a 4:3 as-  55   nal.
The weighting factors for the samples of the sig- pect ratio as depicted by
signal B. Widescreen signal  nals T1, T2, T3, T4 and T5 are 1/8, 1/8, 1/2,
1/8, and 1/8 A includes a center panel portion associated with pri-
respectively. mary image Information occupying an interval TC,      The
progressive scan signals from filter network 5    
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bandwidth of 0-14.32 MHz and are re-  the memory at a 4 x fsc rate to
produce an interlaced spectively converted into 2:1 interlaced signals by
output signal IF' (or QF[err]. means of progressive (P) to interlace (I)
scan conver-  Also shown in FIGURE 23 are waveforms illustra- ters 17a, 17b
and 17c. Examplary P to I scan conver-  tive of the proscan input signal
with first and second tere for the luminance signal, YF, (17C) and for the
5   lines associated with samples C and X, and the inter- color difference
signals IF and QF (17a and 17b) are  lace outputsignal (the first line with
sample C stretch- shown In FIGURES 22 and 23, respectively. FIGURE  ed at a
H12 rate). Dual port memory 2312 outputs only 22 also shows a diagram of a
portion of a progressive-  the first line sample (C) of the input signal,
in stretch- ly scanned input signal YF with samples A, B, C and  ed form. X
In a vertical (V) and temporal (T) plane as Indicated.  io  The output
signals IF, QF[err] and YP from conver- In the converter shown in figure
22, the signal YF is  ters 17a-17c exhibit a bandwidth of 0-7.16 MHz since
subjected to consecutive time delays of 525H via ele-  the horizontal
scanning rate for Interlace scan signals ments 2210 and 2212 for producing
samples X and A  is half that of progressive scan signals. In the conver-
which are delayed relative to sample B. Samples B  sion process, the
progressive scan signal is subsam- and A, which are separated by two field
intervals, are  15  pled, taking half the available pixel samples to pro-
summed by an adder 2214 and the resultant sum is  duce the 2:1 interlaced
main signal. Specifically, applied to a divide-by-two network 2216. An
output  each pro-scan signal is converted to 2:1 Interlaced signal from
network2216 is subtracted from the sam-  format by retaining eitherthe odd
oreven lines in each pie X in a network 2218 to produce a signal YT. This
field and reading out the retained pixels at a 4 x fsc signal is applied to
one inputofaswitch2220.Another  20  rate (14.32 MHz). All subsequent
digital processing of input of switch 2220 receives delayed signal YF from
the interlaced signals occurs at the 4 x fsc rate. the output of delay
2210. The switch 2220 operates at  Referring to FIGURE 1a, the helper
signal, YT, twice the Interlaced horizontal line scanning rate and
provided by the network 17C, is applied to a format applies an output
signal to a dual port memory 2222.  encoder 78 which compresses the pixel
values corre- The memory 2222 is conditioned by read and write  25
sponding to the image side panel regions and ex- control signals (READ and
WRITE) to store sample  pands the pixel values corresponding to the center
values provided by the switch 2220 at an 8 x fsc rate  panel region to
correlate the component 4 helper sig- and to provide samples YF[err] and YT
In parallel at a 4  nal to the component I main signal. The signal pro- x
fsc rate. The signals READ and WRITE may be, for  vided by the format
encoder 78 is lowpass filtered example, 4xfsc and 8xfsc signals provided
bythe stu-  30  horizontally by means of a 750 KHz low pass filter, 79, dio
timing signal generator 2.                    and conveyed as helper signal
YTN. Bandlimiting of The converter in FIGURE 22 includes an error   the
helper signal to 750 KHz is desirable to prevent prediction network One
output of the memory 2222,  this signal from Interfering with the next
lower RF YF', Is the Interlaced subsampled version of the pre-  channel in
the broadcast spectrum when this signal filtered progressive scan luminance
component. An-  35  is modulated onto the RF picture carrier. other output
signal of the network shown in FIGURE    Referring to FIGURE 1a, interlaced
widescreen 22, YT, comprises vertical-temporal information de-  signals
IF', OF' and YF' from converters 17a-17c are rived from Image frame
difference information and  respectively filtered by horizontal lowpass
filters 19a, represents a temporal prediction error between ao-  19b and I
9c to produce signals IF" and QF" each with tual and predicted values of
luminance samples  40  a bandwidth of 0-600 KHz, and a signal YF" with a
which are deleted in the P to I conversion process.  bandwidth of 0-5 MHz.
These signals are next sub- Signal YT is a luminance "helper" signal that
assists  jected to a format encoding process which encodes to reconstruct
the progressive scan signal at the re-  each of these signals into a 4:3
format by means of celver. Essentially, the signal YT compensates for an
format encoding apparatus associated with a side- error that the receiver
is expected to make with re-  45  center signal separator and processor
unit 18. Exem- spect to non-stationary image signals. In stationary  plary
circuitry for use as the processor unit 18 Is portions of an image the
error is zero, since the pixel  shown In figure 6. values in a region of
the image do not change from    In FIGURE 8, the signal YF" is applied to a
hori- frame to frame. FIGURE 2a illustrates the algorithm  zontal low pass
filter 610 having a passband from 0 used to develop helper signal YT. It
has been found  50  to 700 KHzto produce a lowfrequencyluminance sig- that
a chrominance helper signal is not needed as a  nal YL. The signal YL is
applied to the subtrahend In- practical matter since the human eye is less
sensitive  put of a subtractive combiner 612. The signal YP is to a lack of
chrominance vertical or temporal detail.  also applied to a delay element
614 which compen- In FIGURE 23 a progressivly scanned color dif-  sates for
the processing delay through the filter 610. ference signal IF (or QF) is
applied to a 525H delay  as   The delayed YP signal provided by the delay
element element 2310 before being applied to a dual port  614 is applied to
the minuend input port of the sub- memory 2312. Alternate lines of samples
are written  tractive combiner 612. The output signal of the com- into the
memory 2312 at an 8 xfsc rate and read from  biner 812 is a luminance
signal YHO which occupies 6    



11                 EP 0 433 366 B1                 12 a band of frequencies
from 700 KHz to 5 MHz.      which is reproduced as a black image (i.e., 0
IRE). Delayed signal YF" and signals YHO and YL are  Unit 810 extracts
outputsignal YH, containing the left applied to separate inputs of
de-multiplexing appara-  and right highs, from inputsignal YH as long as a
sig- tus 616, which includes de-multiplexing (DEMUX)   nal select input
(SEL) of unit 810 receives a first con- units 618, 620 and 621 for
respectively processing   5   trol level from a count comparator 817. This
level in- signals YF", YHO and YL. Thedetails of de-multiplex-  dicates the
presence of left panel pixel elements 1-84 ing apparatus 616 are described
below in reference  and right panel pixel elements 671-754. At other to
Figure 8. DEMUX units 618,620 and 621, respec-  times, a second control
level from count comparator tively, derive full bandwidth center panel
signal YC,  817 causes the BLK signal at input B rather than sig- side
panel highs signal YH, and side panel lows signal  io  nal YH at input A to
be coupled to the output of unit YLI as illustrated in Figures 3 and 4.
810. Unit 814 and a count comparator 820 operate in Signal YC is time
expanded by a time expander  a similar fashion for deriving side panel lows
signal 622 to produce signal YE. Signal YC Is time expanded  YL' from
signal YL. Unit 812 couples signal YF" from with a center
expansionfactorsufficientto leave room  its input Ato its output to produce
center panel signal for the left and right horizontal overscan regions. The
15  YC only when a control signal from a count compar- center expansion
factor (1.19) Is the ratio of the in-  ator 818 indicates the presence of
center panel pixels tended width of signal YE (pixels 15-740) to the width
75-680. of signal YC (pixels 75-680) as shown In Figure 3.    Count
comparators 817, 818 and 820 are syn- Signal YL' is compressed with a side
compres-  chronized tovideo signal YF" by means of a countval- sion factor
by a time compressor 628 to produce sig-  20  ue output signal from a
counter 822 which responds nal YO. The side compression factor (6.0) Is the
ratio  to a clock signal at four times the chrominance sub- of the width of
the corresponding portion of signal YL'  carrier frequency (4 x fsc), and
to a synchronizing (e.g. left pixels 1-84) to the intended width of signal
pulse signal H provided by the studio timing signal YO (e.g. left pixels
1-14) as shown in Figure 3. The  generator 2. Each output count value from
counter time expander 622 and time compressor 628 can be   25  822
corresponds to a pixel position along a horizontal of the type shown In
Figure 12, described below.  line. The signal H is a time reference signal
which re- Signals IE, IH, 10 and QE, QH, QO are respec-  sets the counter
822 one pixel interval priorto the oo- tively developed from signals IF"
and QF" in a manner  currence of pixel 1. To prevent visible seams at the
similartothatbywhichsignalsYE, YHandYOarede-      Junction of the side and
center panels in the repro- veloped by the apparatus of Figure 6. In this
regard  3o  duced Image, it Is desirable for the signal H to be syn-
reference is made to Figure 7, which illustrates appa-  chronized to the
processed video signals. The appa- ratus for developing signals IE, IH and
10 from signal  ratus for developing the signal H is described below IF".
Signals QE, QH and QO are developed from sig-  in reference to FIGURE 25.
nal QF" in the same manner. The circuitry shown in   FIGURE 12 illustrates
raster mapping apparatus FIGURE 7 is the same as that shown in FIGURE 6 ex-
35  which can be used for the time expanders and corn- cept that the
low-pass filter 710 has a passband from  pressors of Figures 6 and 7. In
this regard, reference 0 to 83 KHz instead of from 0 to 700 KHz for the
cor-  is made to the waveforms of Figure 12a which illus- responding filter
610 in FIGURE 6.                trates the mapping process. Figure 12a
shows an In- Figure 8 illustrates a DEMUX apparatus 816     put signal
waveform S with a center portion between such as can be used forapparatus
616 of Figure 6 and   40  pixels 75 and 680 which is intended to be mapped
into 716 of Figure 7. The apparatus of Figure 8 Is illustrat-  pixel
locations 15-740 of an output waveform W by ed In the contextof
DEMUX616ofFigure 6. Input sig-  means of a time expansion process. End
point pixels nal YF" contains 754 pixels defining the image infor-  75 and
680 of waveform S map directly into end point mation. Pixels 1-84 define
the left panel, pixels 671-  pixels 15 and 740 of waveform W. Intermediate
pixels 754 define the right panel, and pixels 75-680 define   45  do not
map directly on a 1:1 basis due to the time ex- the center panel which
overlaps the left and right pan-  pansion, and in many cases do not map on
an integer els slightly. Signals IF" and OF" exhibit similar over-  basis.
The latter case is illustrated when, forexample, lap. As will be discussed,
such panel overlap has  pixel location 76.67 of input waveform S
corresponds been found to facilitate combining (splicing) the cen-  to
Integer pixel location 17 of output waveform W. ter and side panels at the
receiver to substantially  50  In FIGURE 12, a pixel counter operating at a
4 x eliminate boundary artifacts.                     fsc rate provides an
output WRITE ADDRESS signal DEMUXapparatus 816 includesfirst, second and
M representative of pixel locations(1 ...754) on an out- third
de-multiplexer units 810, 812 and 814 respec-  put raster. Signal M is
applied to PROM (Programma- tively associated with left, center and right
panel in-  ble Read Only Memory) 1212 which includes a look- formation.
Each DEMUXunithasan inputWtowhich   55  up table containing programmed
values depending signals YH, YF" and YL are respectively applied, and  upon
the nature of raster mapping to be performed, an input "B" to which a
blanking signal (BLK) is ap-  e.g., compression or expansion. In response
tosignal plied. The blanking signal may be, for example, a level  M, PROM
1212 provides an output READ ADDRESS 7    



13                 EP 0 433 366 B1                 14 signal N representing
an integer number, and an out-  these signals are respectively weighted by
coeffi- put signal DX representing a fractional number equal  cents
-1/4,1/2 and -1/4 and summed as shown In Fig- to orgreaterthan zero but
less than unity. In the case  ure 12c. The output signal of the filter 1240
is multi- of a 6-bit signal DX = 2[err] = 64, signal DX exhibits frac-
plied by signal PX In multiplier 1243. The signal pro- tional parts 0,
1/64, 2/64, 3/64 ... 63/64.   5   vided by the multiplier 1243 Is summed
with signal To achieve signal expansion, for example, PROM  S(N) In adder
1244 to produce peaked signal S(N). 1212 is arranged to produce signal N
which increases  Peaking filter 1222 has the same structure and oper- in
value at a rate slower than that of signal M. Con-  ation. versely, to
achieve signal compression, PROM 1212    In two point interpolator 1230,
signal S'(N) is sub- provides signal N which increases in value at a rate
10  tracted from signal S'(N+1) in a subtractor 1232 to greater than that
of signal M.                    produce a difference signal which is
multiplied bysig- Video input signal S which may be one of the sig-  nal DX
in a multiplier 1234. The output signal from nals YC, IC, QC, Y[err]',
I[err] or QL is delayed by cascaded  multiplier 1234 is summed, in an adder
1238 with sig- pixel delay elements 1214a, 1214b and 1214c to pro-  nal
S'(N), which has been delayed by a delay element duce video signals S(N+2),
S(N+1) and S(N) which  15  1235 to compensate for the processing time
through are mutually delayed versions of the video Input sig-  the
multiplier 1234, to produce output signal W. nal. These signals are applied
to video signal input  Referring to FIGURE 1a, the signals YE, IE, QE
terminals of respective dual port memories 1216a -  and YO, 10,QO produced
bythe encoder 18 are com- 1216d, as are known. Signal M Is applied to a
write ad-  bined by a side-centersignal combiner 28, e.g. a time dress
Input of each of memories 1216a - 121 6d, and   20  multiplexer, to produce
signals YN, IN and ON with an signal N is applied to a read address Input
of each of  NTSC compatible bandwidth and a 4:3 aspect ratio. memories
1216a- 1216d. Signal M determines where  These signals are of the form of
signal YN shown in Incoming video signal information will be written into
FIGURE 3. To produce thesesignals, the combiner28 the memories, and signal
N determines which values  is responsive to a pixel counter (not shown)
which will be read out of the memories. The memories can   25  may be the
same as the counter 822 shown in FIG- write into one address while
simultaneously reading  URE 8. In response to counter outputvalues between
out of another address.                           1 and 14, and between 741
and 754, the combiner 28 Signals S(N-1), S(N), S(N+1) and S(N+2) from
passes the compressed luminance signal YO as the memories 1216a - 1216d are
processed by a four-   signal YN. In response to countervalues between 15
point linear interpolator including peaking filters 1220  3o  and 740, the
combiner passes the signal YE as the and 1222, a PROM 1225 and a two point
linear inter-  signal YN. The signals IN and [err] are produced by the
polator 1230, details of which are shown in FIGURES  combiner 28 using
means identical to that described 12b and 12c. Peaking filters 1220 and
1222 receive  above, operating on the signals 10 and IE, and Q[err] three
signals from the group of signals Including sig-  and QE, respectively.
Combiner 28 also includes ap- nals S(N-1), S(N), S(N+1) and S(N+2), as
shown, and   35  propriate signal delays (not shown) for equalizing the a
peaking signal PX. The value of peaking signal PX  transit times of the
signals being combined. varies from zero to unity as a function of the
value of  A modulator 30, bandpass filter 32, H-V-T band- signal DX, as
shown In FIGURE 12d, and is provided  stopfilter 34 and combiner 38
constitute an improved byPROM1225inresponsetosignal DX. PROM 1225
NTSC signal encoder 31. Chrominance signals IN includes a look-up table and
is programmed to pro-  40  and ON are quadrature modulated on a subcarrier
SC duce a given value of PX in response to a give value  at the NTSC
chrominance subcarrierfrequency, nom- of DX.
inally 3.58 MHz, by the modulator 30 to produce a Peaking filters 1220 and
1222 respectively pro-  modulated signal CN. vide peaked mutually delayed
video signals S'(N) and  FIGURE 9 shows details of modulator 30. In FIG-
S'(N+1) to the two-point linear interpolator 1230   45   URE 9, signals IN
and ON appearatafourtimeschro- which also receives signal DX. Interpolator
1230 pro-  minance subcarrier rate (4 x fsc) and are applied to vides a
(compressed or expanded) video output sig-  signal inputs of latches 910
and 912, respectively. nal, where outputsignal W is defined by the expres-
Latches 910 and 912 also receive a clock signal, sion
4xfsc, to transfer In signals IN and ON, and a switch- W = S'(N) + DX [S'(N
+ 1) - S'(N)]     so  ing signal, 2xfsc, which is applied to an inverting
The described two-point Interpolator and peaking  switching signal input of
latch 910 and to a noninvert- function advantageously approximates a (sin
X)/X in-  Ing switching signal Input of latch 912. The signals terpolation
function with good resolution of high fre-  4xfsc and 2xfsc are provided by
the studio timing sig- quency detail.
nal generator2. The signal applied to the switching in- FIGURE 12b shows
details of peaking filters  55   puts of the latches 910 and 912 condition
the output 1220 and 1222, and interpolator 1230. In FIGURE   terminals of
the latches to alternately exhibit a high 12b, signals S(N-1), S(N) and
S(N+1) are applied to  impedance. The signal output terminals of latches a
band-pass filter 1240 in peaking filter 1220 where  910 and 912 are
combined into a single output line at    15                  EP 0 433 366
B1                16 



which signals I and Q appear alternately and are ap-  a frame comb filter
above 1.5 MHz which removes a plied to signal Input terminals of a
noninverting latch  portion of the frequency components of luminance 914
and an Inverting latch 916. The latches 914 and  signal YN which correspond
to upwardly moving diag- 918 are docked at a 4 x fsc rate and receive a
switch-  onals. These frequency components are similar in ing signal, at
the chrominance subcarrier frequency   5   appearance to chrominance
subcarrier components fsc, at Inverting and noninverting inputs
respectively.  and are removed from the luminance signal to make
Noninverting latch 914 produces an alternating se-  a hole in the frequency
spectrum into which the quence of positive polarity samples I and Q, and
in-  modulated chrominance signal will be Inserted. The verting latch 916
produces an alternating sequence  removal of frequency components
representing up- of inverted polarity I and Q signals, i.e. -I, -Q. The
out-  10  ward diagonal motion from luminance signal YN does puts of
latches 914 and 916 are combined In a single  not visibly degrade a
displayed picture because it has output line on which appears an
alternating sequence  been determined that the human eye is substantially
of I and Q signals of mutually opposite polarity pairs,  insensitive to
these frequency components. Filter 34 i.e., I, Q, -I, -Q... etc.,
constituting signal CN. This sig-  passes all frequencies up to
approximately 1.5 MHz nal Is filtered bya two dimensional V-T filter32
before  15  so as not to Impair luminance vertical detail Informa- being
combined, In unit 36, with a signal YP, provided  tion. by a
horizontal-vertical-temporal (H-V-T) fitler 34.  An output center/side lows
signal C/SL (compo- The output signal provided by the unit 36 is an NTSC
nent 1) from combiner 36 contains NTSC compatible encoded signal C/SL
(component 1) of the form Y+l,  information to be displayed, as derived
from the cen- Y+Q, Y-l, Y-Q, Y+l, Y+Q... and so on.         20  ter panel
of the widescreen signal, as well as com- FIGURE 10 illustrates a
vertical-temporal (V-T)  pressed side panel lows (both luminance and
chromi- filter which can exhibit first and second V-T bandpass  nance)
derived from the side panels of the wide- (A or B) configurations or a V-T
low-pass configura-  screen signal and situated in the left and right horn-
tion byadjusting weighting coefficients al-a9. Theta-  zontal overscan
regions which are notseen bya view- ble of FIGURE 1Oa illustrates the
weighting coeffi-  25  erofan NTSC receiverdisplay. The compressed side
clents associated with V-T bandpass Aand V-T band-  panel lows in the
overscan region represent one con- pass B filter configurations which are
employed in the  stituent part of the side panel information for a wide-
disclosed system. An H-V-T bandstop filter such as  screen display. The
other constituent part, the side filter 34 of FIGURE 1a comprises the
combination of  panel highs, is developed by processor 18 as dis- a
horizontal lowpass filter 1020 and a V-T bandpass  so  cussed above. B
filter 1021 as shown in FIGURE 1 Ob. The V-T band-  Referring to FIGURE 1a,
signal C/SL produced by passAfilter is a frame comb filterwhich exhibits a
fre-  the encoder 31 is processed by an intraframe aver- quency response
characteristic having peaks corre-  ager 38 to produce a signal N, which is
applied to an sponding to peaks in the frequency spectrum of the  input
port of an adder 40. The Intraframe averaged modulated chrominance signal.
The V-T bandpass B   35  signal N is essentially identical to signal C/SL
be- filter is also a frame comb filter however its frequency  cause of the
high correlation of intraframe image in- response characteristic has nulls
corresponding to  formation in the signal C/SL. The averager 38 aver- peaks
In the frequency spectrum of the modulated   ages signal C/SL only above
approximately 1.5 MHz chrominance signal.                               to
reduce or eliminate vertical-temporal crosstalk be- In the H-V-T bandstop
filter of FIGURE 10b, a   40  tween the main and auxiliary signals. FIGURES
11a horizontal lowpass filter 1020 exhibits a given cut-off  and 11 b show
details of highs intraframeaverager38. frequency and provides a filtered
low frequency sig-  As shown In FIGURE 11a the intraf rame averag- nal
component. This signal is subtractively combined  er 38 includes an input
horizontal lowpass filter 1110 in a combiner 1023 with a delayed version of
the input  with a cut-off frequency of approximately 1.5 MHz, signal from a
compensating delay unit 1022 to pro-  45  which receives signal C/SL. A low
frequency compo- duce a high frequency signal component. This high  nent of
input signal CISL Is produced at the output of frequency signal component
is applied to the V-T  filter 1110, and a high frequency component of input
bandpass B filter 1021, the output port of which is  signal C/SL is
produced at the output of a subtractive coupled to an additive combiner
1025. The low fre-  combiner 1112 arranged as shown. The low frequen-
quency component from filter 1020 is subjected to a   5o  cy component is
subjected to a 262H (one field) com- one frame delay by means of a network
1024 before  pensatory delay by a unit 1114 before being applied being
applied to the additive combiner 1025. The out-  to an adder 1120. The high
frequency component of put signal of the combiner 1025 is an H-V-T bandstop
signal C/SL Is processed by a V-T filter 1116 before filteredsignal,for
example,YP.V-Tfilter1021 Isafin-  being applied to the adder 1120. The
output signal of ite impulse response (FIR) filter such as that shown   55
the adder 1120 is the signal N. In FIGURE 10 which utilizes the V-T
bandpass B filter  Filter 1116 is shown in detail in FIGURE 11 b. The
coefficients shown In Figure 10a.                 filter 1116 includes a
pair of 262H delay elements H-V-T bandstop filter 34 in FIGURES Ia and 9 is
1122 and 1124. The input signal to the filter Is applied 9    17
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to the delay element 1122 and to a multiplier 1125.  put low pass filter
(not shown) with a cut-off frequen- The signal provided by the delay
element 1122 Is ap-  cy of approximately 1.2 MHz to produce a signal with
plied to the delay element 1124 and to a multiplier  a 0-1.2 MHz passband
at the output of modulator 72. 1126. The output signal of the delay element
1124 Is  Effectively, horizontal luminance highs in the fre- applied to a
multiplier 1127. The multipliers 1125,   5   quency range 5.0 MHz - 6.2 MHz
have been shifted 1126 and 1127 multiply their respective Input signals  to
the range 0-1.2 MHz as a result of the heterodyning by weighting
coefficients al, a2 and a3, respectively.  process and subsequent low pass
filtering. The am- The multiplier outputs are applied to an adder 1130
plitude of the signal f[err] used in the heterodyning proc- which produces
a C/SL highs time averaged signal.  ess should be large enough so that the
original signal Weighting coefficient a2 remains constant, but coef-  10
amplitudes are retained after filtering by the 1.2 MHz ficients al and a3
alternate between 112 and 0 from  low pass filter. one field to the next.
Coefficient al exhibits values of  The frequency-shifted  horizontal
luminance 1/2 and 0 when coefficienta3 exhibits respective val-  highs
signal from unit 72 is encoded by means of a ues of 0 and 1/2. The
switching of values for the coef-  format encoder 74 to spatially correlate
this signal ficients al and a3 is synchronized tothe Incoming sig-  15
with the main signal, CISL The encoder 74 encodes nals so that only
corresponding pixel values from two  the frequency shifted horizontal
luminance highs into fields in the same frame are averaged.            a
standard 4:3 format using the techniques described Referring to FIGURE 1a,
signals IH, QH, and YH  above In reference to FIGURES 6-8. When the center
provided by the format encoder 18 are placed in   portion of the input
signal to encoder 74 Is time ex- NTSCformatbymeansof an NTSCencoder60which
20  panded, its bandwidth drops to approximately 1.0 is the same as the
encoder 31 described above. The  MHzfrom 1.2 MHz, and the outputsignal from
encod- output signal produced by the NTSC encoder 60, the  er 74 becomes
spatially correlated with the main sig- signal NTSCH, Is the side panel
highs information in  nal. The side panel Information Is lowpass filtered
NTSC format. This signal is illustrated by Figure 5.  within unit 72 to 170
KHz before being time- The signal NTSCH produced by the encoder 60   25
compressed by encoder 74. Alternatively, it is con- is timeexpanded by a
unit62 to produce an expanded  templated that the signal provided by the
modulator side highs signal ESH. Specifically, as shown In FIG-  72 may be
uniformly compressed by the format en- URE 5, the expansion is accomplished
by a "map-   coder 74 such that an entire line of samples 1-754 are ping"
process which maps leftside panel pixels 1-84  encoded to occupy pixel
positions 15-740 and the of signal NTSCH into pixel positions 1-377 of
signal  30  side panel pixel positions are left at the blanking level ESH,
i.e., the left side highs of signal NTSCH are ex-  value. If this method of
format encoding Is used, the panded to occupy one half the active line time
of sig-  bandwidth of the low pass filter contained in the am- nal ESH. The
rightside panel portion (pixels 671-754)  plitude modulator 72 is desirably
reduced from 1.2 of signal NTSCH Is similarly processed to occupy the  MHz
to 950 KHz. other half of the active line time. The time expansion   35
The signal from encoder 74 is intraframe aver- process reduces the
horizontal bandwidth of the infor-  aged by means of apparatus 76 which is
the same as mation comprising signal ESH (compared to that of  that
illustrated in FIGURE 11b. The signal produced signal NTSCH) by a factor of
377/84. The mapping  by the averager 76 is applied to unit 80 as signal Z.
process by which time expansion Is accomplished   Intraframe averaged
signal Z Is essentially identical can be realized by apparatus of the type
shown in  4o  tothesignalfromencoder74becauseofthehighcor- FIGURES 12-12d,
described above.                  relation of intraframe image Information
of the signal Signal ESH produced by the time expander 62 is  from encoder
74. The modulating signals X and Z oc- intra-frame averaged by a network
64, of the type  cupy substantially the same band of frequencies, ap- shown
in FIGURE 11 b, to produce a signal X as illu-  proximately 0-1.1 MHz.
strated in FIGURE 5. The intraframe averaged signal  45  The unit 80
performs nonlinear gamma function X is essentially Identical to signal ESH
because of the  amplitude compression on large amplitude excur- high
correlation of intraframe image information of  sions of the two auxiliary
signals, X and Z, and then signal ESH. Signal X is applied to a signal
input port  quadrature modulates the compressed signals onto of a
quadrature modulator 80.                     quadrature phase related
alternate subcarrier signals Signal YP, provided by the progressive to
inter-  5o  ASC and ASC'. Agamma of 0.7 is used for the ampli- lace scan
converter 17c, Is filtered by a horizontal  tude compression, whereby the
absolute value of bandpass filter 70 with a passband of 5 MHz - 6.2  each
sample Is raised to the 0.7 power and multiplied MHz. The output signal
from filter 70, representing  by thesign of the original sample value.
Gamma com- horizontal luminance highs, Is applied to an amplitude  pression
reduces the visibility of potentially interfer- modulator 72 where it Is
heterodyned with a 5 MHz  55  ing large amplitude excursions of the
modulated sig- carriersignal f[err]. The signal f[err] is generated by the
stu-  nals on exisiting receivers, and allows predictable re- dio timing
signal generator 2, described below In ref-  covery at the widescreen
receiver since the inverse erence to FIGURE 25. Modulator 72 includes an
out-  of the gamma function employed at the encoder can 10    19
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be readily implemented at the receiver decoder.  log conversion (DAC) units
53 and 54 respectively. The amplitude compressed signals are then      The
signal provided by the DAC 54 is applied to one modulated on a 3.1075 MHz
phase-controlled alter-  Input terminal of an analog switch 8 another input
ter- nate subcarrier ASC, and a quadrature phase related  minal of the
switch 8 is coupled to receive a signal pro- signal ASC'. The frequency of
signals ASC and ASC'   5   vided by an analog switch 6. A signal SC2,
provided is an odd multiple of one half the horizontal line fre-  by the
studio timing signal generator 2 conditions the quency (395 x H/2). The
signals ASC and ASC' are  analog switch 8 to apply either active video
signals generated by the studio timing signal generator 2, de-  from DAC 54
and a composite synchronization signal, scribed below in reference to
FIGURE 25. The phase  OCPS, from the timing signal generator 2 or, an ex-
of the alternate subcarrier is caused to alternate 1800  10  ternal video
signal, EV from source 4 and the signal from one field to the next. The
field alternating phase  OCPS to one input terminal of the RF quadrature of
the alternate subcarrier permits the auxiliary mod-  modulator 57. A switch
9 is controlled by signal SC2 ulating information of signals X and Z to
overlap chro-  to apply either the helper signal from DAC 53 or a minance
information and facilitates the separation of  helper signal from the
external video source 4 to an- the auxiliary information using a relatively
uncompli-  15  other terminal of the modulator 57. The quadrature cated
field storage device at the receiver. The quad-  modulator57 modulates the
two signals. applied to its rature modulated signal, M, is added to signal
N In ad-  input terminals onto an RF carrier In quadrature. The der 40. The
resulting signal, NTSCF, Is a 4.2 MHz  RF modulated signal Is afterwards
applied to a trans- NTSC compatible signal.
mitter 55 for broadcast via an antenna 56. FIGURE 24 shows details of unit
80. Signals X   20  As set forth above, the studio timing signal gen- and Z
are applied to address inputs of non-linear am-  erator 2 generates a
composite synchronization sig- plitude compressors 2410 and 2412,
respectively.  nal for the widescreen progressive scan camera 10,
Compressors 2410 and 2412 are programmable        various dock, carrier and
timing signals used by the read-only memory (PROM) devices each including a
widescreen EDTV encoder and a composite syn- look-up table containing
programmed values corre-  25  chronization and training signal which is
added to the sponding to the desired non-linear gamma compres-  EDTV signal
to be transmitted. The generator 2 may sion function. This function Is
illustrated by the in-  develop these signals from an internal free-running
stantaneous inputvs. output response curve adjacent  oscillator or it may
be genlocked to an external video to unit 2412. Compressed signals X and Z
from data  signal, EV, provided by the source 4. Thus, the exter- outputs
of units 2410 and 2412 are applied to signal  30  nal video source 4 is
optional. If it Is absent, the sys- input ports of signal multipliers 2414.
and 2416, re-  tem will synchronize itself. if it is present  it may be
spectively. Reference inputs of multipliers 2414 and  used only for
synchronization purposes or it may pro- 2416 receive respective alternate
subcarrier signals  vide encoded video signals to the switches 8 and 9 ASC
and ASC' in mutually quadrature phase relation-  which override the encoded
video signals available at ships from the generator 2. Output signals from
mul-  35  the output terminals of the DACs 53 and 54. The com- tipliers
2414 and 2418 are added, In a combiner 2420,  posite synchronizationsignal,
OCPS, provided by the to produce a quadrature modulated signal M. Refer-
studio timing signal generator 2 Is inserted Into the ring to FIGURE 1a the
signals M and N are summed  signals to be transmitted whether they are
provided by an adder 40 to form the signal NTSCF.          by the DACs 53
and 54 or the external video source The fourth component or helper signal
is derived   40  4. This configuration allows the equipment in a local from
the signal YT provided by the progressive to in-  television studio to be
synchronized to, for example, terlace scan converter 17c. The luminance
detail sig-  programming provided by a network. Synchroniza- nal YT
produced by the progressive to Interlace scan  tion of this type is
Important if local programs are to converter 17c, exhibits a bandwidth of
7.16 MHz and  be mixed with programming from other sources with- Is encoded
into the 4:3 format by means of a format  45  out annoying switching
artifacts. encoder 78 which is the same as that described in ref-  The
following is an overview of exemplary circui- erenceto FIGURE 6and 8. The
signal provided bythe  try, shown in FIGURE 25, which may be used as the
format encoder 78 is horizontally lowpass filtered to  studio timing signal
generator 2. Thw signal 8xfsc, 750 KHz by a flter 79 to produce a signal
YTN. The  generated by a voltage controlled oscillator (VCO) side portions
are lowpass filtered to 125 KHz before  50  2520, is applied to a counter
2524. The count value, time compression by means of an input lowpass filter
a signal PC, provided by the counter2524 represents of format encoder 78.
This filter corresponds to input  the position, on a horizontal line, of
the pixels being filter 610 of the apparatus shown in FIGURE 6 but it
digitized by the ADCs 14. The signal PC is applied to has a cut-off
frequency of 125 KHz. The side portion  a read-only memory (ROM) 2526 which
generates highs are discarded. Thus signal YTN is spatially cor-  55
timing signals representing various events occurring related with main
signal C/SL                     on each line of the signal, e.g. horizontal
blanking and Signals YTN and NTSCF are converted from dig-  sync. A signal
C910 having one pulse per horizontal ital (binary) to analog form by means
of digital to ana-  line of the signal provided by the camera 10 is provid-
21                 EP 0 433 366 B1                22 ed the ROM 2526 to a
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2534 generates a signal LC representing the vertical  signal, 8xfsc, of the
VCO 2520 Is applied to the clock position of the line of samples being
digitized by the  Input terminal, CIK, of the 11-bit counter 2524. The ADCs
14. The signal LC is applied to a ROM 2538   11-bit outputsignal, PC (pixel
count), provided by the which generates signals defining events which occur
5   counter 2524 is applied to the address Input port of once per field or
once per frame such as vertical  the ROM 2526. The ROM 2528 Is a 2048 x 9
bit device blanking. The signals PC and LC are applied to vari-  which is
programmed to produce various output sig- ous ROMs 2530, 2532, 2540, 2542,
2544, and 2548   nals In response to the count values applied to its ad-
which generate signals defining the rest of the timing  dress input port.
One of these signals, C8, is In a logic and oscillatory signals provided by
the generator 2.  10  zero state for four consecutive count values and then
The switching signals SWI and SW2 as well as the  In a logicone stateforthe
nextfourconsecutive count analog composite synchronization signals CCPS and
values. Since the count value Is incremented at a rate OCPS are also
provided by the studio timing signal  of 8 x fsc, the signal C8 has a
frequency substantially generator 2.
equal to fsc. This signal is applied to the phase detec- To simplify the
explanation of the timing circuitry,  15  tor 2516 as set forth above.
compensating delays, which may be needed to sup-     The combination of the
phase detector2516, loop ply the signals produced by the timing generator 2
to  filter 2518, VCO 2520 counter 2524 and ROM 2526 the remainder of the
circuitry shown in FIGURE 1a,  is a phase locked loop which produces a
signal 8xfsc are omitted. One skilled In the art of digital signal  that is
locked in phase to the color burst signal com- processing circuit design
will know where such delays  20  ponent of the external video signal, EV.
As set forth are needed in a particular system.               above, the
signal EV is an optional signal. If it is not FIGURE 25 Is a block diagram
of circuitry suit-  present, the loop will operate at the free-running fre-
able for use as the studio timing signal generator 2.  quency of the VCO
2520. In FIGURE 25, the signal EV which includes the in-   The phase locked
loop is further synchronized to phase component of an encoded widescreen
EDTV   25  the external horizontal synchronizing signal, EHS. signal plus
relevant horizontal, vertical and color burst  This signal Is applied to
one input terminal of an OR synchronization signal components, from the
exter-  gate 2528. Another inputterminal of the ORgate2528 nal video source
4, Is applied to a conventional syn-  is coupled to receive a signal Cl
820, provided by the chronizing signal separator circuit 2510. The circuit
ROM 2526. The signal Cl 820 includes a pulse which 2510 produces a burst
gate signal, BG, and external  30  occurs once for every 1,820 consecutive
pulses ofthe horizontal and vertical synchronizing signals, EHS  signal
8xfsc. The output terminal of the OR gate 2528 and EVS, respectively.
Is coupled tothe reset input terminal, R, ofthe counter The signal EV is
further applied to a chrominance  2524. For standard NTSC signals and
wideband bandpass filter 2512 which passes the chrominance  EDTV signals,
the signal C1 820 has substantially the band components of the signal EV to
the relative ex-  35  same frequency as the horizontal line synchronizing
clusion of any other components. The output terminal  signal. When the
signal EHS is present, the pixel of the filter 2512 is coupled to an analog
gate 2514  count signal, PC, produced by the counter 2524 is which Is
conditioned by the burst gate signal, BG, to  synchronized to the external
source. When EHS is not apply the color burst signal component, BURST, of
present, the phase locked loop synchronizes itself. the signal EVto one
input terminal of a phase detector  40  The ROM 2526 also produces signals
which de- 2518. Another input terminal of the phase detector  finea4xfsc
clocksignal(4xfsc), a2xfsc clocksignal 2516 Iscoupledtoreceiveasignal C8
provided bythe   (2xfsc) the timing of the first active pixel position on
ROM 2526. As explained below, the signal C8 has  a
horizontallineoftheoutputvideosignal (H),thetim- substantially the same
frequency, fsc, as the signal  ing of horizontal sync (OHS) and horizontal
blanking BURST.                                       45  (OHB) for the
output video signal, the timing of hor- The phase detector2516 produces an
output sig-  zontal sync for the progressive scan camera (CHS), nal which
is proportional to the instantaneous differ-  a timing window Into which
the burst component of ence In phase between the signal BURST and the sig-
the output signal is inserted (BF), and a signal C91 0, nal C8. This phase
difference signal Is applied to a  which includes a pulse thatoccurs once
forevery 910 loop filter 2518. The loop filter 2518 integrates the  5o
consecutive pulses of the signal CK8. The signal phase difference signal to
produce a signal which Is  C91 0 defines the start of each horizontal line
of video proportional to the difference in frequency between  signal
provided by the progressive scan camera 10. the signals BURST and the
Initial frequency ofthe sig-  This signal Is applied to the dock input
terminal, CLK, nal CB which is related to the free-running frequency  of
the counter 2534, which, together with the ROM of the VCO 2520. This
frequency difference signal is  55  2536, generatesthevertical ratetiming
signals forthe applied to a control input terminal of the VCO 2520.  camera
10 and for the output video signal produced The VCO 2520 includes a
resonant crystal 2522     by the encoder. which conditions the VCO to have
a free-running fre-  Counter 2534 is an 11-bit counterwhich produces 12
23                 EP 0 433 366 B1                24 an output signal, LC
line count), that is applied to the  this signal from line to line or from
field to field to pre- 



address input port of the ROM 2536. A signal C1 050  vent It from
distorting the reproduced image. Accord- provided by the ROM 2536 is
applied to one input ter-  ingly, the signals FID and O/E are included with
the minal of an OR gate 2538, the other input terminal of  signal PC in
forming the address signal for the ROM which is coupled to receive the
external vertical syn-   5   2532. The signal fc is also an eight-bit
sampled data chronizing signal EVS, provided by the synchronizing  signal
having a sample rate of 4 x fsc. The ROM 2532 signal separating circuitry
2510. The signal C1 050 in-  may hold sample values representing between
one cludes a pulse that occurs once for every 1,050 con-  and four
horizontal line intervals of the signal fc. secutive values of the signal
LC, and has substantial-  The ROM 2540 is responsive to an address signal
ly the same frequency as the signal EVS. The output  10  which Includes the
signals PC, FID and LC for gener- terminal of the OR gate 2538 is coupled
to the reset  ating a signal OVS which indicates the timing of the input
terminal, R, of the counter 2534. The signal pro-  various components of
the vertical synchronization duced by the OR gate 2538 conditions the
counter to  signal for the output video signal. The output signal, reset
its countvalue once foreach field ofvideosignal  OVS, of the ROM 2540 is a
one-bit binary signal produced by the progressive scan camera 10. The  15
which switches between logic-one and logic-zero field rates of the camera
10, the external video signal,  states at times when the vertical
synchronizing sig- EV, and the outputsignal produced bythewidescreen  nal,
which includes the equalizing pulses and serra- EDTV encoder are the same.
tions, changes between values corresponding to In response to the line
count signal, LC, the ROM  black level (i.e. 0 IRE) and sync tip (i.e. -40
IRE), re- 2536 produces a signal, FID, which contains the field  20
spectively. identifier(i.e. 0,1,2 or3)forthecurrentfield. This sig-
Another ROM, 2560, is responsive to an address nal is used assetforth
belowto generatethe alternate  signal which includes the component signals
PC, LC subcarriersignals, ASC and ASC', the color burstsig-  and FID to
generate a signal, CVS, which indicates nal, the five MHz heterodyne
carrier signal, fc, and to  the timing of the various components of the
vertical define the vertical syncrhonizing signals CVS and   25
synchronization signal for the progressive scan cam- OVS forthe camera 10
andforthevideo outputsignal,  era 10. respectively. In addition, the ROM
2536 produces a   A sampled data burst signal which Is inserted in signal
OVB, which defines the vertical blanking inter-  the burst interval of each
horizontal line of the output val for the outputvideo signal, a signal,
O/E, which in-  video signal is generated by the ROM 2542 in re- dicates
whether a line indicated by the signal LC is an  so  sponse to an address
Input signal which includes the odd or even line within its field and a
signal, L22,  signals PC, O/E and FID. The ROM 2542 includes a which
indicates when the value of LC corresponds to  three-state output stage
which Is responsive to the line 22 of each field of the output video
signal.  burst flag signal, BF, to provide the eight-bit sampled The ROM
2530 is programmed to generate the al-  data burst signal only during the
burst interval, a high ternate subcarrier signals ASC and ASC' in response
35  impedance is provided at the output port of the ROM to an address input
signal which Includes the pixel  2542 at all other times. count signal, PC,
provided by the counter 2524 and   The ROM 2544 produces a training signal
for in- the signals FID and O/E provided by the ROM 2536.  sertion Into the
outputvideosignal during the time de- The signals ASC and ASC' are
quadrature phase re-  fined by the 22nd horizontal line interval of each
field. lated signals having a nominal frequency of 395 x   40  The signais
PC and FID are combined toform the ad- fh/2, 395 times one-half the
horizontal line scanning  dress input signal for the ROM 2544. The ROM 2544
frequency. The signals FID and O/E are included in  includes a three-state
output stage which is respon- the address signal for the ROM 2536 so that
the  sive to the signal L22 to present the training signal at phase of the
signals ASC and ASC' may change by  its output port only during the 22nd
horizontal line in- 180 degrees from line to line and from field to field,
45  terval of each output video field. A high impedance is as set forth
above. The signals ASC and ASC' are  presented at the output of the ROM
2544 at all other eight-bit sampled data signals having a sample rate of
times. The signal FID is applied to the ROM 2544 be- 4xfsc. Since the
signals ASC and ASC' have a known  cause the training signal provided by
the ROM Is in- variation in phase from line to line and from field to
verted once for each four fields of video signal. This field (i.e. 180
degrees), the ROM 2530 may contain  50  inversion Is sensed at the
receiver, as described be- samples representing two horizontal line periods
of  low, to align the four field sequence of the receiver to the alternate
subcarrier signals.                that of the transmitter. The output
ports of the ROM's In the present embodiedment of the invention, the  2542
and 2544 are coupled together and to the Input five MHz signal fc is
generated in the same manner  port of a digital to analog converter (DAC)
2554. by the ROM 2532, This signal is not tied in frequency  55  The DAC
2554 Is a part of the circuitry used by or phase to the horizontal line
scanning signal or to  the studio timing signal generator 2 to develop the
the colorsubcarriersignal of the output video signal.  analog composite
synchronization signal, OCPS, However, it may be desirable to change the
phase of  which is inserted into the output video signal by the 13    25
EP 0 433 366 B1                26 analog switches 6 and 8 described above
in reference  present, the encoding system Is bypassed and the 



to FIGURE 1a. To develop the signal OCPS, the sig-  signal EV is used both
to generate the synchronizing nals OHS and OVS are combined in an OR gate
2546  signals OCPS and CCPS and to provide the video to generate a control
signal foran analog switch 2552.  output signals of the encoder, when the
wiper is cou- The switch 2552 is conditioned by this control signal   s
pled to the source 2572, the signal EV Is only used to to pass the analog
value (e.g. -40 IRE) provided by a  develop the synchronizing signals, the
actual video source of sync tip signal 2550, during the times that  signals
are generated by the widescreen EDTV en- the output signal of the gate 2546
indicates that a syn-  coder from the signals provided by the camera 10.
chronization signal Is present, and to pass a blanking  When the signal EV
is not present, the synchronizing signal (e.g. 0 IRE) otherwise. The output
signal of the  10  signals are developed by the signal generator 2 with-
analog switch 2552 is applied to one input terminal of  out a reference
signal. a further analog switch 2556. Asecond input terminal  To generate
the signal SC1, the signal provided of the switch 2556 is coupled to
receive the combined  by the switch 2573 Is inverted by an invrter2574 and
burst and training signals provided by the DAC 2554.  then logically ANDed
with the signal L22 in an AND The analog switch 2556 is conditioned bya
signal pro-  15  gate 2576. The output signal of the AND gate 2576 is vided
by an OR gate 2558 to pass the burstsignal dur-  applied to one
Inputterminal of an OR gate 2578. The Ing the burst interval of each line
and to pass the train-  other two Input terminals of the OR gate 2578 are
cou- ing signal during line 22 of each field. At all other  pled to receive
the output horizontal and vertical times, the switch 2556 passes the signal
provided by  blanking signals, OHB and OVB. The output signal of the analog
switch 2552. The input signals to the OR   20  the OR gate 2578 is the
control signal SC1. The con- gate 2558 are the burst flag signal, BF, from
ROM  trol signal SC2 is the logical ORofthe signal provided 2526, and the
line 22 signal, L22.                by the switch 2573 and the signal SC1.
The composite synchronization signal, CCPS, for   In operation, when the
signal provided by the the progressive scan camera 10 is developed by ap-
switch 2573 has a value of logic-one, the output signal paratus similar to
that used to develop the signal  25  of the encoder is the external video
signal EVwith the OCPS. The camera vertical synchronizing signal,
horizontal and vertical synchronizing signal compo- CVS, is applied to one
input terminal of an OR gate  nents and the burst signal component of the
signal 2570, another input terminal of which Is coupled to re-  OCPS
inserted in blanking regions defined by the sig- ceive the camera
horizontal synchronization signal,  nal SC1. The training signal component
of the signal CHS, provided by the ROM 2526. The output signal  3o   OCPS
is excluded; the training signal component of the OR gate 2570 Is coupled
tothe control inputter-  contained In the signal EV is passed with the
signal minal of an analog switch 2568. The switch 2568 is  through
theswitches 6 and 8. The training signal com- conditioned by this signal to
pass an analog value (-  ponent of the external video signal EV is not
overwrit- 40 IRE) from a source of sync tip 2584 for the syn-  ten to
preserve the timing relationship which was es- chronizing signals indicated
by the signal provided by  35  tablished when the signal was generated.
Since the the OR gate 2570 and to pass a blanking level (0 IRE),  training
signal is established when a video signal is from a source 2562, otherwise.
The output signal of  encoded, It is desirable that the signal not be
changed the analog switch 2568 Is the camera composite syn-  until the
video signal is decoded. chronization signal, CCPS.
When the control signal SC2 has a logic-zero val- As set forth above in
reference to FIGURE 1a, the  40  us, the horizontal and vertical
synchronizing signals, analog switches 6 and 8 are responsive to respective
and the burstsignal contained In thesignal OCPS are control signals SC1 and
SC2 for conditionally insert-  Inserted into the video signals generated by
the en- ing the external video signal, EV, and for uncondition-  coder in
blanking Intervals defined by the signals ally Inserting the composite
synchronization signal  OHB and OVB; the training signal component of the
OCPS into the outputsignal of widescreen EDTV en-  45  signal OCPS is
inserted In line 22 of the generated coding system as set forth above, the
signal OCPS Is  video signal inserted regardless of the source of video
signal toen-  As set forth above, the training signal is used to sure that
locally generated EDTV signals are syn-  synchronize the encoding and
decoding systems. chronized to external (e.g. network) signals.     The
format of the training signal is not fixed. it may The control signals SC1
and SC2 are generated  50  be any one of a number of different signals, two
of as follows. Referring to FIGURE 25, the synchroniza-  which are
presented below. In the present embodi- tion signal separation circuitry
2510 produces a sig-  ment of the invention, the training signal is used to
de- nal ESP which indicates when an external video sig-  termine the timing
of the first active video sample on nal EV Is present. The signal ESP is
applied to one  each horizontal line interval of the videosignal to with-
pole of a switch 2573, the other pole of which Is cou-  55  in five
nanoseconds (ns) and to ensure proper phase pled to a source of logic-zero,
2572. The wiper of the  alignment of the signals ASC, ASC' and fc between
switch 2573 Is manually controlled; when it is coupled  the studio and the
receiver. to the signal ESP and the external video signal EV is  FIGURE 25a
Illustrates the burst flag signal, BF, 14    27                  EP 0 433
366 B1                 28 the output horizontal blanking signal, OHB, and
the  plant. It is contemplated, however, that the training 



timing reference signal H that are generated by the  signal may be inserted
in the vertical blanking Inter- timing circuitry 2. The signal EV is
included in FIG-  val. URE 25a as a reference. As illustrated by the wave-
The training signal used in this embodiment of forms shown in FIGURE 25a,
the value of the signal   5   the Invention is a repeated psuedo-random
noise PC, provided by the counter 2524, is reset to zero co-  (PN) sequence
which has been band-limited to fit incident with a positive going
transition of the signal  within the frequency spectrum of an NTSC video
sig- OHB. The first active sample time, indicated by the  nal. The use of a
PN sequence for a time reference signal H, occurs when PC is equal to 308.
The sample  Is well known. See, for example, W. Peterson, Error time before
the start of the horizontal blanking inter-  10   Correcting Codes, MIT
Press, 1961 pp 147-148. An val is at PC equal to 1819.
alternative training signal is also presented, this se- Under the NTSC
standard, the phase of the chro-  quence is a raised-cosine 2T pulse which
has been minance subcarrier signal is predetermined for each  non-causally
filtered before being stored in the ROM line of the video signal. Thus, the
phase value of the  2544. first sample time for a particular line depends
on the   15  The Particular PN sequence used in this embodi- phase of the
burst signal, onwhetherthe line ban odd  ment of the Invention includes 31
bits of information line oran even line, and in which field of the
fourfield  and Is repeated six times during the 22nd horizontal sequence
the line occurs. The sample time ofthefirst  line interval of each field.
Because the transmitted pixel on a horizontal line also corresponds to
prede-  signal Is band limited to 4.2 MHz, each bit of the PN termined
phases of the alternate subcarrier signals,  20  sequence used in the
training signal is represented by ASCandASC', and tothe heterodyning
carriersignal,  four 4 x fsc samples. The six repetitions of the se- fc,
since in the timing signal generator 2, these sig-  quence may be averaged
In the receiver to Increase nals are derived from the pixel count signal,
PC.  the accuracy of the first sample time determination In the receiver,
the training signal is recovered,  when the video signal is received
through a noisy used to adjust the phase of a 4 x fsc sampling clock  25
transmission channel. FIGURE 25b illustrates the signal and to adjust a
count-down circuit which devel-  timing of the training signal. ops a
horizontal line synchronizing signal from the    The first 12 bits of the
PN sequence are illustrat- sampling clock signal. This count-down circuit
Is also  ed on the top line of FIGURE 25b. The complete PN used to
regenerate the alternate subcarrier signals,  sequence     includes
31       bits: ASC and ASC', and the heterodyning carrier signal,  30
0,0,0,0,1,0,0,1,0,1,1,0,0,1, fc. The synchronizing circuitry is described
below In  1 1 1, 10,0,0,1,1,0,1,1,1,0,1,0,1. As Illustrated by the
reference to FIGURE 26.                            waveform for the
training signal, the second wave- In this embodiment of the invention, the
training  form shown In FIGURE 25b, the zero and one levels signal is
inserted into line 22 of the video signal pro-  of the PN sequence
correspond to digital sample val- duced by the encoder. This line is in the
active video   35  ues which represent 0 IRE and 100 IRE, respectively.
portion of the signal, not In the vertical blanking Inter-  The
band-limiting of the PN sequence limits the rise val. The training signal
is inserted in the active video  and fall time of the training signal to
two sample per- region as opposed to the vertical blanking Interval,  lods
of the signal 4xfsc or 140 ns. The training signal because, in many
television broadcast and cablecast  Illustrated in FIGURE 25b, Is provided
by the ROM plants, the synchronization signals are stripped from   40  2544
in response to successive values of the signal the video signals during
processing and then reinsert-  PC, which Increases in value at a rate of 8
x fsc. The ed before the signal is transmitted. It has been no-  first
sample of the first instance of the training signal ticed by the inventors
that the operation of removing  is provided when PC equals 312, and the
last sample and reinserting the synchronization signals may pro-  value of
the sixth instance of the training signal Is pro- duce slight timing errors
in the signal provided by the   45  vided when PC equals 1816. broadcast
and cablecast plants. These timing errors    The alternative training
signal is a non-causally appear as a horizontal or vertical shift in the
position  filtered raised-cosine 2T pulse Illustrated by FIGURE of the
displayed image relative to the original image,  25c. This training signal
is developed as follows. or as errors in colors reproduced in the displayed
im-  Samples, SC, of a raised-cosine 2T pulse are gener- age. In the system
described herein, timing errors of  so  ated using the equation (1). this
type may produce additional distortion in the re-         SC = 0 for N = 0
to 3 produced image asset forth above in the background  SC = (1 -
cosine[2PI(N - 3)/7])12 for N = 4 to 9 of the invention. These errors are
avoided in the pres-                  (1) ent embodiment because the
training signal, which             SC = 0 for N = 10 to 40 determines the
timing of the various component sig-  55  where N is a count of sample
times having a nals in the receiver, is inserted in a vertical overscan
sampling frequency of 4 x fsc. region of the active video region of the
processed sig-  The samples SC are then applied to an all-pass nal and,
thus is not removed during processing at the  filter. An exemplary all-pass
filter has the transfer    29                  EP 0 433 366 B1
30 function AF(z) setforth in equation (2), where z is the  nals NTSCF and
YTN. The ADC circuits operate at a z-transform variable.
sampling rate of four times the chrominance subcar- 



AF(z) = 1.291(0.774z2 - 1.2z + 1)I(z2 - 1.2z +    rier frequency (4 x fsc).
0.774)  (2)                           Both the analog and digital versions
of the signal Circuitry which realizes this filter is shown in FIGURE   5
NTSCF are applied to a receiver timing signal gener- 25d. This filter is
known as an all-pass filter because  ator 1325. The analog signal is used
to develop It passes all frequencies with equal gain but with un-  coarse
synchronization signals and the training sig- equal phase response. This
filter has a pair of corn-  nal component of the digital signal is used to
fine-tune plex poles and a pair of complex zeros in the Z-plane  the
synchronization signals. Optionally, the digitized that are at the same
respective angles but have In-  io  version of the signal YTN, representing
the quadra- verse radius.                                      ture
componentof thetraining signal, mayalso be ap- The signal, F, shown in
FIGURE 25c is the output  plied to the generator 1325 to improve the
fine-tuning signal produced by this all-pass filter in response to  of the
synchronization signals. The receiver timing the 2T pulse. This signal has
substantially the same  signal generator 1325 is responsive to the
horizontal frequency spectrum as the 2T pulse, since the filter  15  and
vertical synchronizing signal components, to the which produced it Is an
all-pass filter, but the signal  color synchronizing burst signal component
and to Is spread temporally and, so, is less susceptible to Im-  the
training signal component of the signal NTSCFA pulse noise distortion than
an unfiltered 2T pulse. Be-  for generating various timing signals used by
the re- fore it is used as the training signal, the 40 sample se-  ceiver.
These timing signals include a 4 x fsc clock quence which defines signal F
is time-reversed, such   20  signal, CLK4; a dock signal, ICK, having
negative-go- that the filtered sample zero becomes sample 40 and  ing
transitions which occur coincident with the I color the filtered sample 40
becomes sample zero. This   difference signal phase of the received color
subcar- time-reversed sequence is repeated six times during  rier signal;
two signals, ASC and ASC', which repre- the 22nd horizontal line interval
of each field to gen-  sent the quadrature alternate subcarrier signals and
erate the training signal.                    25  are substantially
identical to the signals of the same When, In a receiver, the repetitions
ofthis training  name produced by the encoder, a signal fc which rep-
signal are accumulated and the resultant signal is ap-  resents the five
MHz heterodyning carriersignal used plied to a filter having the transfer
function set forth  by the encoder in the processing of component 3 of In
equation (2), a time reversed 2T pulse may be sub-  the EDTV signal; and a
signal, H, which indicates stantially recovered. Any Impulse noise
distortion In  30   which of the samples ina horizontal line interval of
the the recovered 2T pulse will be temporally spread.  signal NTSCF is the
first active video sample. These In FIGURE 13, a broadcast compatible wide-
signals are used by the widescreen progressive scan screen EDTV interlaced
television signal Is received  receiver 1320 as described below. by an
antenna 1310 and applied to an antenna Input     The following is an
overview of the operation of of an NTSC receiver 1312. Receiver 1312
processes   35  an exemplary receiver timing signal generator 1325 the
compatible widescreen signal in normal fashion to  shown in FIGURE 26. The
generator includes a phase produce an image display with a 4:3 aspect
ratio, with  locked loop system which generates a clock signal, the
widescreen side panel Information being in-part  CLK4, having a frequency
that is substantially equal (i.e., the low frequency components) compressed
to 4 x fsc and that is locked in phase to the color burst into the
horizontal overscan regions out of sight of the   40  signal component of
the signal NTSCFA. The pulses viewer, and being in part (i.e., the high
frequency  of this signal are counted to produce a pixel identify-
components) contained in the modulated alternate   ing signal, PID, and an
Internal horizontal sync pulse, subcarrier signal which is perceptually
hidden in the  IHS. A microprocessor 2640 is responsive to the sig- display
produced during standard receiver operation.  nal IHS, and to a signal,
L22, which Indicates the ac- In FIGURE 13, the compatible widescreen EDTV
45  tive pixel interval of the 22nd horizontal line of each signal received
by antenna 1310 is also applied to a  field, to collect samples of the
training signal and to widescreen Progressive scan receiver 1320 capable
correlate them to a stored version of the training sig- of displaying a
video Image with a wide aspect ratio  nal held In a ROM 2650. From this
correlation, the mi- of, e.g., 5:3. The received widescreen signal is proc-
croprocessor 2640 adjusts the phases of the signals eased by an Input unit
1322 including radio frequency   so   CLK4 and IHS so that they are aligned
with the train- (RF) tuner and amplifier circuits and a synchronous  ing
signal to within five ns. The microprocessor 2640 video demodulator (a
quadrature demodulator) which  also generates a signal FID which indicates
which produces a baseband video signal (NTSCFA) repre-   field of the NTSC
fourfield sequence is currently be- senting the in-phase component of the
RF video sig-  ing processed. The signals PID and FID are applied nal and a
signal (YTNA) representing the quadrature  55   as address signals to ROMs
internal to the timing sig- phase component of the RF video signal and
analog-  nal generator to produce the signals ASC, ASC' and to-digital
(ADC) converter circuits which digitize the  fc. signals NTSCFA and YTNA to
produce digitized sig-      Specifically, in the arrangement shown in FIG-
16    31                 EP 0 433 366 B1                32 URE 26, the
analog in-phase signal, NTSCFA is ap-  signal WREQ to store samples of the
signal NTSCF plied to conventional synchronizing signal separation  that
are applied to Its input port. When the FIFO is 



circuitry 2610which separatesthe horizontal line syn-  ready to accept a
new sample, it applies a logic-one chronization signal, HS, and the
vertical field syn-  valueasthesignalWRDYtothedatawritecontrol cir-
chronization signal, VS, from the signal NTSCFA. The   5   cuitry 2642. The
FIFO 2644 Is conditioned by the sig- signals VS and HS are applied to the
respective reset  nal WREQ to store all of the samples of the signal and
dock Input terminals of a ten-bit counter 2612.  NTSCF occurring between
the time that the signal The output signal of this counter is the line
number, In  L22 Indicates that samples from the 22nd horizontal the current
field, of the samples of the signals NTSCF  line interval of a field are
being provided and the oc- and YTN that are currently being provided by the
ADC   10  currence of the pulse of the signal IHS. When the sig- 1323. This
signal Is applied to a line 22 detector 2614  nal IHS is properly aligned
to the training signal, this which generates a signal L22. The signal L22
is a  operation stores the complete training signal compo- pulse occurring
once per field which spans the 22nd  nent of the signal NTSCF into the FIFO
2644. horizontal line Interval of the field.               In an
alternative embodiment of the Invention, A burst gate signal BG, is also
produced by the  15  the signal WREQ is further coupled to a FIFO 2646
circuitry2610. This signal is applied to a conventional  (shown In phantom)
to condition the FIFO 2646 to PLL2616which uses the burstgate
signaltoseparate  store samples representing the 22nd line interval of the
burst signal component from the signal NTSCFA.  the signal YTN. These
samples are used by the mi- The PLL 2616, which includes a resonant
crystal,  croprocessor 2840 to correlate the received training 2617,
regenerates the chrominance subcarriersignal,  20  signal to the stored
training signal and so synchronize Fsc, which is locked In phase to the
burst signal com-  the timing signals used in the receiver to those used
ponent of the signal NTSCFA. The signal Fsc is ap-  in the studio. In this
alternative configuration, the sig- plied to one input terminal of a
conventional control-  nal WRDYfrom the FIFO 2648 is logicallyANDed (not
lable phase shifting circuit 2618. The circuit 2618 is  shown) with the
signal WRDY provided by the FIFO responsive to an analog phase shift
control signal,  25  2644 for application to the data write control circuit
PH, applied to a control Input terminal, for shifting the  2642. phase of
the signal Fsc by an angle between -45 and  The sample values stored during
the 22nd hori- +45 degrees. The phase shiftcontrol signal PH is pro-
zontal line Interval of a field are read from the FIFO vided by the
microprocessor 2640 via a DAC 2654.  2844 during the ensuing field
interval. The micropro- The generation of the signal PH is described below
in  so  cessor 2840 reads data from the FIFO 2644, via the reference to
FIGURES 26a through 26f.            buss RDATA, by repeatedly causing a
pulse signal The phase shifted signal Fsc, provided bythe cir-  RREQ to be
generated. The FIFO Indicates that it is cultry 2618 is applied to a
further PLL 2620. The PLL  ready to provide the next sample value by
applying a 2620, which may be of conventional design, provides  logic-one
value, as a signal RRDY, to the micropro- an outputoscillatorysignal, CLK8,
that has afrequen-  35  cessor 2640. When the last data value stored of the
cy substantially equal to 8 x fsc and that Is locked In  FIFO 2644 has been
read, the FIFO applies a logic phase to the signal Fsc. The signal CLK8 is
applied  one value as the signal END to the microprocessor to a frequency
divider 2622 which halves the frequen-  2840. When the microprocessor 2840
receives a one- cy of the signal CLK8 to produce the signal CLK4.  valued
END signal, it causes a pulse signal RST to be The signal CLK4 is applied
to the dock input ter-  40  generated which, in turn, resets the FIFO 2644,
ena- minal of a ten-bit counter 2624. The output signal of  bling itto
acceptdataforthe nextfield. In the alternate the counter 2824 is the signal
PID which, when the  embodiment of the Invention, the FIFO 2646 provides
system is synchronized, contains a sample Index, rel-  signals RRDYJ, ENDJ
and JDATA which correspond ative to the start of the horizontal blanking
Interval, for  to the signals RRDY, END and RDATA provided by the each
sample of the signals NTSCF and YTN provided  45  FIFO 2644. The signals
END and ENDJ are logically by the ADC's 1323. This sample index Is used to
gen-  ORed (not shown) so that either one may indicate the erate the
various timing and synchronization signals  end of valid data to the
microprocessor 2840. as described below. The signal PID is applied to the
The data read from the FIFO 2644 and optionally input port of a decoding
circuit 2638. The circuit 2638  from FIFO 2646 are correlated to samples
stored in generates the pulse signal, IHS, which Is in a logic-  5o  the
ROM 2650 which, for the PN sequence, are sub- one state for one period of
the signal CLK4 coincident  stantially identical to one repetition of the
samples of with the signal PID having a value of 909.       the training
signal stored In the ROM 2544 of the stu- The signal IHS Is applied to an
Input terminal of  dio timing signal generator 2. When the filtered and
data write control circuitry 2642. The circuitry 2642 Is  time-reversed 2T
pulse Is used as a training signal, responsive to the signals IHS, CLK4 and
L22 and to  55  the stored training signal is substantially a time re- a
write ready signal, WRDY, for generating a write re-  versed version of the
2T pulse that was used to gen- quest signal, WREQ, for a first-in-first-out
(FIFO)  erate the training signal. memory 2644. The FIFO 2644 is responsive
to the     In order to obtain as dose a correlation between 17    33
EP 0 433 366 B1                34 the received and stored training signals
as is possi-  The program steps illustrated by FIGURE 28c ble, the
microprocessor 2640 adjusts the phase of the  use the results of the
correlation operation illustrated 



signal IHS via a signal applied to the presetvalue (PV)  by FIGURE 26b to
calculate new values for the phase input port of the counter 2624. When a
pulse of the  adjust signal PH and for the signal PV. This adjust- signal
IHS occurs, the instantaneous value of the sig-   5   ment brings the
timing and dock signal generated by nal applied to the PV input port of the
counter Is load-  the circuits illustrated in FIGURE 26 into proper align-
ed as the initial countvalue. The microprocessor2640  ment with the
corresponding signals used in the wide- adjusts the phase of the signal
CLK4 by changing the  screen EDTV encoder. value of the phase shift signal
PH applied to the   The process begins In FIGURE 26a with a block phase
shift circuitry 2618. The correlation operation   10  2660 labeled START.
This block represents, for ex- is repeated on each field of the received
signal to  ample, any initialization procedures which are per- maintain the
synchronization of the receiver within  formed by the microprocessor before
the correlation close tolerances (i.e. within 5ns). The signals PV and
process begins. When the system is Initialized, the PH are, in effect, time
reference signals which align  microprocessor, at step 2662, waits fora
negative-go- the signals derived from the signal P[err] and the coun-  15
ing transition of the signal L22. This transition marks ter 2624 to
corresponding signals generated by the  the end of the 22nd horizontal line
interval of a field. widescreen EDTV encoder described above with ref-
When this transition Is detected, the training signal erence to FIGURE 1a.
should be stored in the FIFO 2644. At step 2664, the In the present
embodiment of the Invention, the  microprocessor 2640 zeroes each entry in
an array of ROM 2650 includes a stored program which controls  20  memory
locations, ACC, and assigns a value of zero the functioning of the
microprocessor 2640. In addi-  to the variable SCCOUNT and to the output
signals tion to the ROM 2650, the microprocessor 2640 uses  PV and DPH. The
array ACC is used to accumulate a RAM 2648 as a scratchpad memory during
the cor-  the repetitions of the training signal; the variable relation
process.                                SCCOUNT holds a count of the sample
values read The correlation process performed by the micro-  25  from the
FIFO 2644. At step 2666, the microprocessor processor2640 is illustrated
bythe flowcharts shown  2640 reads a sample value from the FIFO 2644, as-
in FIGURES 26a through 26f. To simplify the explan-  signs the sample value
to the variable RDATA. Atatep ation of the correlation process, the
description below  2668, the microprocessor increments the sample initially
assumes that samples of the PN sequence  count variable, SCCOUNT. training
signal are stored in the FIFO 2844. Modifica-  30  As each sample value is
read from the FIFO tions to the process to use the FIFO 2646 and to use
2644, the microprocessor, at step 2670, checks the the time reversed 2T
pulse as the training signal are  state of the signal END provided by the
FIFO 2644. If described separately.                            the signal
END is In a logic-one state, no more sam- The following is an overview of
the processing  pies may be read from the FIFO 2644. In this in-
represented by the flow charts In FIGURES 26a  35  stance, the
microprocessor 2640 resets the FIFO .  through 26c. After Initializing the
memory locations  2644 at step 2672. If, at step 2674, the sample count
used by the microprocessor (steps 2662-2664), the  (SCCOUNT) is greater
than 898, indicating that a program in FIGURE 26a extracts sample values
from  complete training signal was stored into the FIFO the FIFO 2644 and
accumulates them In 124 memory  2644, the microprocessor 2640 branches to
block locations of a data array ACC (steps 2666, 2668 and   40  2682 of
FIGURE 26b. Otherwise, at step 2676, a val- 2680). If the program
determines (step 2674) that the  ue of 899 minus the sample count (SCCOUNT)
is as- samples were not taken at the proper time during line  signed to the
signal PV and the correlation process is 22, it conditions the
microprocessor to change the  restarted. The steps 2672 through 2676 ensure
that preset value, PV applied to the counter 2624 (step  the signal IHS Is
roughly aligned with the signal L22 2676) to correct the timing error, and
then repeats the  45  before a correlation is attempted. sample
accumulation steps.                          If, at step 2670, the signal
END is In a logic-zero In FIGURE 26b, the program conditions the mi-
state, the microprocessor, at step 2678, checks if the croprocessor 2640 to
calculate a sequence of sum-of  sample count Is less than 154. If so, the
samples rep- product values. Each sum-of-product value repre-  resent the
portion of the 22nd horizontal line Interval sents the sum of each sample
held in the array ACC   50  which includes the horizontal blanking
interval. This multiplied by a corresponding value from a reference
interval Is ignored since it does not include any of the array REFwhich
hold one instance of the training sig-  training signal. Consequently, the
yes (Y) branch nal. The different sum-of-product values indicate dif-  from
the decision block 1678 conditions the micropro- ferentalignments ofthe
samplesfrom the arraysACC  cessor 2640, at step 2666, to read the next
sample and REF. As it calculates the different sum of product  55  value
from the FIFO 2644. values, the microprocessor (at step 2698) determines
If the sample count, SCCOUNT, at step 2678 is the maximum sum of product
value and the alignment  greater than or equal to 154, the microprocessor
ac- of the arrays ACC and REF which produced it.      cumulates the sample
value, RDATA, In the array 18    35                 EP 0 433 366 B1
38 ACC. Since each repeated sequence of the training  senting values less
than 30 IRE are negative and signal includes 124 sample values, samples
that are  samples representing values greater than 30 IRE are 



separated by 123 intervening samples are corre-   positive. While this
approximation is less rigorous sponding sample values fromrsuccessive
sequences.  than a true multiplication operation, the inventors The step
2680 determines the index (IXP) in the array   5   have determined that it
produces satisfactory results ACC for the current sample using modulo (MOD)
124  and significantly reduces the computation time for addition (step
2680) and then adds the sample value  the correlation operation. to the
accumulated sum at that index. The micropro-  Step 2692 increments the
index variables IXR cessor 2640 branches to the step 2666 once the step
and IXP. The variable IXP is incremented modulo 124 2680 has been
performed.                      10  to implement the circular correlation
described The step 2682 of FIGURE 26b, which is per-     above. The
decision block 2894 causes the sum and formed due to a Y branch from the
decision block  product operations to repeat while IXR is less than 2674,
begins the correlation process. In this process,  124. When IXR equals 124,
all entries of the refer- the accumulated data In the array ACC is
correlated  ence array have been used and the sum and product to reference
data in an array REF which is stored in  15  operation Is complete for the
offset value held in the the ROM 2650. The correlation process treats each
variable INIX. of the arrays ACC and REF as being circular In struc-  The
decision block 2696 compares the absolute ture, that Is, it assumes that
the entry at Index 0 fol-  value of the newly computed sum to the absolute
val- laws the entry at index 123. Ideally, the correlation  ue of the
largest sum computed so far, MSUM. If the process would proceed as follows.
Each value In the   20  new sum is greater than MSUM, it is assigned, at
step array ACC is multiplied by a corresponding value in  2698, to MSUM,
and the offset, INIX, between the ar- the array REF and the resultant
products are summed  rays ACC and REF that was used to develop the new to
generate one value. Next, the indicies of the arrays  sum Is assigned to
the variable MIX. After executing ACC and REF are offset to change their
correspon-  step 2698 - or on the no (N) branch of the decision dence and
another value would be generated. This  25  block 2696 - the value of the
variable INIX is in- process Is repeated until all possible correspondenc-
creased by one. If, at stop 2702, the value of INIX is es have been tried.
It is a property of the PN se-  less than 123, the computation of the sum
of products quence that the largest generated value occurs at the  terms
continues, at step 2884, with a larger offset be- closest correlation
between the arrays ACC and REF.  tween the arrays ACC and REF. Referring to
FIGURE 26b, the step 2682 assigns  3o  When the value of INIX equals or
exceeds 122, a value of zero to a variable INIX which holds the in-  the
circular correlation of the arrays ACC and REF is dex offset value for the
arrays ACC and REF. In step  complete. The microprocessor 2640 next
executes 2683, a variable MSUM which holds the maximum     the decision
block 2704 shown in FIGURE 26c. The sum of products value is assigned a
value of zero and  block 2704 compares the sum of product values for each
entry of an array SUM Is set to zero. The array   35 the index offset
values that immediately surround SUM holds the sum-of-product values for
each corre-  MIX If the magnitude of the sum of product value for spondence
between ACC and REF as they are calcu-  the index less than MIX is
greaterthan thatfor the In- lated. The next step, 2684, assigns the value
in INIX  dex greater than MIX, the step 2708 assigns SUM to the index, IXP,
forthe array ACC and assigns aval-  [MIX - 2] to a variable PSUM and
assigns the value us of zero to the index, IXR, for the array REF.  40  MIX
- 1 to a variable PIX Otherwise the values of The steps 2688,2688 and 2690
implementan ap-   SUM [MIX + 2] and MIX+ I are assigned to the vari-
proximation of a multiplication operation that Is used  ables PSUM and PIX
in the step 2714. These steps to form each product of a sum of products
value. The  establish the optional offset between the arrays ACC decision
block 2686 checks if the currently Indexed  and REF as being between the
values held In MIX and reference value is negative. If so, theY branch of
the   45  PIX Decision blocks 2710 and 2716 following the re- decision
block causes step 2688 to be executed next.  spective steps 2708 and 2716
check the magnitude Otherwise, step 2690 is executed. Stop 2688 sub-  of
the respective difference between I SUM[MIX + tracts the currently indexed
value of ACC from the  1]  and PSUM or I SUM[MIX - 1] and PSUM against
value in the array SUM, while step 2690 adds the in-  a minimum threshold
value, DELTA. A difference less dexed value of ACC to the value In the
array SUM.  so  than this threshold value indIcates that the receiver This
process effectively reduces the array REF to an  and transmitted signal are
aligned to within 5ns. If the array containing only values of +1 or -1 to
the extent  difference exceeds the threshold value, further ad- that the
entries of the array REF multiply entries of  justment in the phases of the
signals CLK4 and IHS the array ACC. Since, In the present embodiment of  Is
desirable. Thus, at the respective steps 2712 and the invention, television
signals are quantized in  55   2718, the microprocessor2640 assigns
newvalues to eight-bit twos complement values, where -40 IRE and  the
variables PV and DPH. The determination of 100 IRE correspond to respective
quantized values of  whether a phase adjustment is needed and calcula- -128
and +127, samples of the training signal repre-  tion of the phase
adjustment value to be assigned to 19    37                 EP 0 433 366 B1
38 the variable DPH use product-of-sum values that are  FIGURES 26d, 26e,
26f are described. In FIGURE displaced by one Index In each direction from
MIX and  26d a variable JDATA and an array ACCJ are added 



PIX. These product-of sum values lie on portions of a  to hold the
quadrature phase samples provided by the bell-shaped curve that have the
greatest slope. Con-  FIFO 2646. Sample values are provided to the vari-
sequently, these product-of-sum values are the most   5   able JDATAfrom
the FIFO 2646 at step 2766. Atstep sensitive to the slight phase changes
caused by ad-  2780, samples from the FIFO 2646 are accumulated justing the
value of the signal PH.               in the arrayACCJ atthe same time that
samples from After executing either of the steps 2712 or 2718  the FIFO
2844 are accumulated in an array ACCR. or on the Y branches of either of
the decision blocks  The array ACCR is the same as the array ACC of FIG-
2710 or 2718, the microprocessor 2640 executes the   10  URE 26a. decision
block 2720. The block 2720 checks if the    When step 2782 of FIGURE 26e Is
executed, the largest sum of products value is negative. If so, the  arrays
ACCR and ACCJ have values representing the value of the signal FID,
provided by the microproces-  respective accumulation of six Instances of
the In- sor 2640 to a latch 2652, is set to zero at step 2724.  phase
component and six Instances of the quadrature Otherwise, the value of FID
is incremented at step   15  phase component of the training signal. Atstep
2783, 2722. As setforth above, the training signal provided  arrays SUMR
and SUMJ are initialized In addition to by the encoder is inverted (i.e.
100 IRE corresponds  the array SUM. At step 2786, the product of samples to
-128 and -40 IRE corresponds to +127) once every  representing the in-phase
component of the training four fields to transmit the field Identifier (0,
1, 2, or 3)  signal held In the arrayACCR and samples ofastored to the
receiver. After executing either of the steps  20  In-phase training
signal, held in an array REFR, and 2722 or 2724, the microprocessor 2640
branches to  the product of samples representing the quadrature step 2662
to begin the correlation operation for the  phase component of the training
signal held In the ar- next video field. Thus, the correlation operation
con-  ray ACCJ and samples of a stored quadrature phase tinues as long as
widescreen EDTV signals are re-  training signal, held in an arry REFJ are
summed and ceived.                                      25  stored into an
array SUMR. At step 2786, the product Since the NTSC video signal is
transmitted as a  of corresponding values in the arrays REFJ and vestigial
sideband signal, and since the training sig-  ACCR is subtracted from the
product of values in the nal, whether It is the PN sequence or the filtered
and  arrays REFR and ACCJ. The resulting difference val- time-reversed 2T
pulse, occupies the full bandwidth  ues are accumulated In an entry of the
array SUMJ. of the video signal, the correlation operation descri-  30
Corresponding values in the array SUMR and SUMJ bed above may be affected
by multipath distortion. A  are squared and summed in step 2795 to
calculate a strong secondary (ghost) signal may cause crosstalk  value for
the array SUM. The calculation illustrated in between the in-phase and
quadrature phase compo-  step 2786 is a multiplication of a complex vector
nents of the primary video signal by changing the ap-  (ACCR, ACCJ)
representing the in-phase and quad- parent phase of the video carrier
signal. This apparent  35  rature phase components of the received training
sig- phase error occurs because the carrier detected by  nal by the complex
conjugate, a complex vector the synchronous demodulator 1322 of FIGURE 13
is  (REFR, REFJ) representing the in-phase and quad- the vectorsum of the
carriers ofthe primaryand ghost  rature phase components of the stored
reference signals. When this detected carrier Is used to demod-  training
signal. ulate the video signal, portions of In-phase compo-  40  When step
2804 of FIGURE 26f is executed, the nent of the primary signal appear in
the demodulated  array SUM holds values representing the sum-of- quadrature
phase component and vice-versa. This   productsofthe arrays ACCR, ACCJ and
REFR, REFJ reduces the amplitude of the training signal and adds  for each
correspondence of Indicies between the two quadrature distortion to it.
sets of arrays. The algorithm In FIGURE 26f differs One method of
compensating for potential multi-  45  from that of FIGURE 26c In that the
absolute value path distortion is to use both the in-phase and quad-
operation is not used In steps 2704, 2710, and 2716, rature phase
components of the training signal in the  and that the value SUMR [MIX] Is
used in place of correlation operation. This is accomplished by treat-
MSUM in step 2720. Since the value SUMR [MIX] Is ing the in-phase and
quadrature components of the  the product of the in-phase components of the
re- video signal, NTSCF and YTN, respectively as the  50  ceived and
reference training signals at the index cor- real and imaginary parts of a
single complex signal.  responding to a maximum sum-of-products value, it
Modifications of the FIGURES 26a, 26b and 26c to  Is essentially the same
as the value MSUM used in accommodate the signal YTN in addition to the
signal  FIGURE 26c. The value MSUM is not used in this al- NTSCF are shown
in FIGURES 26d, 26e and 26f, re-  ternative algorithm to synchronize the
field sequence spectively. The algorithm described by these figures  55  of
the television receiver to that of the widescreen is essentially the same
as the algorithm described  EDTV encoder because, due to the squaring
opera- above. Consequently, only the differences between  tions in step
2786, the value of MSUM Is always pos- the FIGURES 26a, 26b and 26c and the
respective   itive. 20    39                 EP 0 433 366 B1
40 In addition to compensating for multipath distor-  cuitry as described
below. tion, the algorithm illustrated by FIGURES 26d-26f   The signal O/E
and the signal FID are further ap- 



may improve the Image produced by an EDTV receiv-  plied to a ROM 2634. The
ROM 2834 is programmed er from a weak or noisy signal. This Improvement in
to produce a logic-one output signal for each horizon- performance occurs
because the correlation opera-   5   tal line interval In which the first
active video sample tion uses signal energy in the quadrature component
has a chrominance signal component at the Q phase of the recieved signal in
addition to energy in the in-  of the regenerated color subcarrier signal,
Fsc. The phase component. The algorithm presented above    signal provided
by the ROM 2634 is logically ANDed with reference to FIGURES 26a-26c
usesonly energy  with thesignal H byan AND gate 2636. The pulse sig- In the
in-phase component of the received signal.    io  nal provided by the AND
gate 2636 is applied to the If the time-reversed filtered 2T pulse is used
as  reset input terminal, R. of a frequency divider 2632. the training
signal, the correlation process is modified  The signal input terminal of
the frequency divider to include additional calculations (not shown) be-
2632 Is coupled to receive the 4 x fsc dock signal, tween the step 2674 of
FIGURE 26a and step 2882   CK4. The output signal of the frequency divider
2832 of FIGURE 26b which simulate the filter shown in  15  Is the signal
ICK which has a frequency substantially FIGURE 25c, and to replace the
steps 2686,2688 and  equal to 2 x fsc and which has negative going transi-
2690 with a step (not shown) that actually multiplies  tions that occur In
substantial coincidence with the I the entries in the array ACC by entries
In the array  phase of the color subcarrier signal, Fsc. REF. It may also
be desirable to shorten the number  Referring to Figure 13, the signal
NTSCF is ap- of samples in the repeated sequence to, for example,  20
plied to an intraframe averager-differencer unit 1324 40, since there is
negligible energy in the filtered 2T  which averages (additively combines)
and differenc- signal beyond 40 samples. Otherwise, the procedure  es
(subtractively combines) image lines 262H apart for correlating the
training signal to the reference sig-  within a frame, at frequencies
greater than 1.7 MHz, nal is the same as that described above. As an alter-
to recover main signal N and quadrature modulated native tosimulating the
all-pass filter, shown in Figure  25  signal M substantially free from V-T
crosstalk. A 200 25d, using the microprocessor2840, the receivertim-  KHz
horizontal crosstalk guardband is provided be- ing signal generatorshown In
FIGURE 28 may include  tween the 1.7 MHz lower limit operating frequency of
circuitry (not shown) such as that shown in Figure  the intra-frame
averager-differencer 1324 and the 28d, at the Input port of the FIFO 2844.
This circuitry  1.5 MHz lower limit operating frequency of the Intra- would
cause a sequence of six repetitions of a time-  30  frame averager 38, used
in the encoder of FIGURE reversed 2T pulse to be stored In the FIFO 2844.
In  1a. This guard bandsubstantiallyeliminates crosstalk this embodiment,
the stored training signal would  between the signal M and the luminance
signal com- also be a time-reversed 2T pulse.                 ponents of
the signal N. The recovered signal N con- Referring, once more, to FIGURE
26, the pixel  tains information which Is essentiallyvisually identical
Identification signal, PID, generated by the counter  35  to Image
information of main signal CISL, due to the 2624 is applied to a
decoder2626 which emits a time  high visual intraframe image correlation of
original reference pulse signal, H, having a pulse width of ap-  main
signal CISL as intraframe averaged in the en- proximately 70 ns when the
value of the signal PID is  coder of Figure Ia. 158. This time reference
pulse is emitted once for   Details of averager-differencer unit 1324 are
each horizontal line of video signal and corresponds  4o  shown In FIGURE
15. Signal NTSCF Is low pass fil- to the first sample of active video on
the line. The sig-  tered by unit 1510 to produce a "LOWS" component nal
PID; the field Identification signal, FID, generated  which is
subtractively combined with signal NTSCF in by the microprocessor 2640 and
stored in the latch  a unit 1512 to produce the "HIGHS component of sig-
2652; and a signal O/E, provided by the counter2612,  nal NTSCF. This
component is delayed by one field which indicates whether the current line
of samples is  45  period, averaged (additively combined) and differ- an
odd oran even line in its field; are applied to ROMs  enced (subtractively
combined) by a unit 1513 to pro- 2628 and 2630. These ROMs may be
programmed       duce an averaged highs component NH at an averag-
similarly to the respective ROMs 2530 and 2532 de-  ing output (+), and
signal M at a differencing output scribed above in reference to FIGURE 25.
The only  (-). Exemplarycircuitryforuseastheaverager-differ- difference
between the ROMs 2828, 2630 and the   60  encer 1513 is shown in Figure 16.
Component NH is ROMs 2530,2532 Is the numberof bits in the address  summed
inan adder 1514 with a262H delayed output signal PID. The signal PID in
FIGURE 26 Is a ten-bit  signal from filter 1510 to produce signal N. signal
which changes at a rate of 4 x fsc while the sig-  Referring to Figure 13,
the signal M is coupled to nal PC used in FIGURE 25 is an eleven-bit signal
a quadrature demodulator and amplitude expander which changes at a rate of
8xfsc The ROM 2628 gen-  55  unit 1326 for demodulating auxiliary signals X
and Z erates the alternate subcarriersignalsASC andASC .  in response to
alternate subcarrier signals ASC and The ROM 2630 generates the 5 MHz
heterodyning     ASC' which have the same characteristics as the sig-
signal fc. These signals are used by the decoder cir-  nals ASC and ASC'
described above in reference to 21    41                 EP 0 433 366 B1
42 the widescreen EDTV encoder circuitry. Demodulat-  URE 14, the splicer
Is shown as comprising a network ed signals X and Z contain information
which is es-  1410 for producing full bandwidth luminance signal 



sentially visually identical to image information of sig-  YF' from side
panel luminance signal component YS nal ESH and ofthe output signal from
unit 74 in Figure  and center panel luminance signal component YC, as 1a,
respectively, due to the high intraframe Image   5   well as an I signal
splicer 1420 and a Q signal splicer correlation of these signals as
Intraframe averaged  1430 which are Identical in structure and operation to
by the encoder of Figure 1a. Exemplary circuitry  network 1410. The center
panel and the side panels which may be used for the quadrature demodulator
are purposely overlapped by, for example, ten pixels; and amplitude
expander 1326 is shown In FIGURE    the centerand side panelsignals have
shared several 27. This circuitry includes two multipliers 2750 and   10
redundant pixels throughout the signal encoding and 2752 which multiply the
signal M by ASC and ASC',  transmission process as illustrated by Figure 3.
respectively. The signals provided by the multipliers  In the widescreen
receiver, the center and side 2750 and 2752 are filtered by respective
low-pass fil-  panels are reconstructed from their respective sig- ters
2753 and 2757, which have a passband from, for  nals, but because of the
time expansion, time com- example 0 to 1.5 MHz. The filters 2752 and 2757
re-  15  pression and filtering performed on the side and cen- move
unwanted high-frequency modulation compo-   ter panel signals, several
pixels at the side and center nents. The signals provided by the filters
2753 and  panel boundaries are corrupted, or distorted. The 2757 are
subject to an inverse gamma function, via  overlap regions (OL) and
corrupted pixels (CP; slight- the PROM's 2754 and 2756 respectively, to
produce  ly exaggerated for clarity) are Indicated by the wave- the signals
X and Z.                         20  forms associated with signals YS and
YC in FIGURE Referring to FIGURE 13, a unit 1328 time com-  14. If the
panels had no overlap region, the corrupted presses the color encoded side
panel highs (signal X)  pixels would be abutted against each other, and a
so that they occupy their original time slots, thereby  seam would be
visible. An overlap region ten pixels recovering signal NTSCH. The signal
NTSCH is sub-  wide has been found to be wide enough to compen- stantially
Identical to the signal NTSCH described   25  sate for three to five
corrupted boundary pixels. above in reference to Figure 1a.
In the splicer 1410, a multiplier 1411 multiplies A luminance (Y) highs
decoder 1330 decodes the  side panel signal YS by a weighting function W in
the luminance horizontal highs (signal Z) into widescreen  overlap regions,
as illustrated by the associated wa- format. The sides are time expanded to
reverse the  veform. The signal produced by the multiplier 1411 is time
compression performed by the encoder of FIG-  3o  applied to a signal
combiner 1415. Similarly, a multi- URE 1a, and the center is time
compressed to re-  plier 1412 multiplies center panel signal YC by a com-
verse the time expansion performed by the encoder  plementary weighting
function (1-W) in the overlap of FIGURE 1a.
regions, as illustrated by the associated waveform, In FIGURE 17, which
shows details of unit 1330  and applies the resultantsignal to the combiner
1415. of FIGURE 13, signal Z is applied to aside-centersep-  35  The
weighting functions W and 1-W exhibit a linear arator(demultiplexer)
1710which provides separated  ramp-type characteristic over the overlap
regions luminance highs side and center signals, YHO and  and contain
values between 0 and 1. After weighting, YHE respectively. The
demultiplexer 1710 is control-  the side and center panel pixels are summed
by com- led by a counter 1706 and a decoder 1708. The coun-  biner 1415 so
that each reconstructed pixel is a linear ter 1706 is reset by thesignal H
ata time correspond-  40  combination of side and center panel pixels. ing
to the first active pixel of the signal Z and is  The weighting functions
preferably should ap- clocked by the 4 x fsc signal CK4 to count the pixels
proach unity near the innermost boundary of the of the signal Z. The
decoder 1708 is responsive to a  overlap region, and should approach zero
at the out- count value signal provided by the counter 1706 to  ermost
boundary. This will insure that the corrupted produce a control signal
which conditions the demul-  45  pixels have relatively little influence on
the recon- tiplexer 1710 to direct side panel pixels (count values
structed panel boundary. 0-13 and 740-753) to the signal YHO and to direct
the  Weighting functions W and 1-W can be readily center panel pixels
(countvalues 14-739) to the signal  generated by a network Including a
look-up table (not YHE. The signals YHO andYHE are respectivelytime  shown)
responsive to an input signal representative expanded and time compressed
by units 1712 and  50  of pixel positions, and a subtractive combiner (not
1714 using mapping techniques, described above In  shown). The look-up
table is programmed to provide referenceto FIGURES 12 and 12a through 12d
to pro-  ramp function output values from 0 to I in the overlap duce
signals representing the luminance high fre-  region, in response to the
inputsignal. The input sig- quency components for the sides and center of
the  nal can be developed in a variety of ways, such as by image, YHS and
YHC, respectively. These signals  55   a pixel counter which is reset by
the signal H. are spliced by a unit 1716.
Referring to FIGURE 13, an amplitude modulator FIGURE 14 depicts side
panel-center panel splic-  1332 amplitude modulates the signal from decoder
ing apparatus suitable foruse as splicer 1716. In FIG-  1330 on a 5.0 MHz
carrierfc. The amplitude modulat- 22    43                 EP 0 433 366 B1
44 ed signal Is afterwards high pass filtered by a filter  Signals YO, 10
and QO are time expanded by a 1334 with a 5.0 Mhz cut-off frequency to
remove the  side expansion factor (the Inverse of the side corn- 



lower sideband. In the output signal from filter 1334,  pression factor In
the encoder of FIGURE 1a) by center panel frequencies of 5.0 to 6.2 MHz are
recov-  means of a time expander 1942 to restore the original ered, and
side panel frequencies of 5.0to 5.2 MHzare   5   spatial relationship of
the side panel lows in the wide- recovered. The signal from filter 1334 is
applied to an  screen signal, as represented by restored side panel adder
1336.                                       lows signals YL, IL and QL.
Similarly, to make room Signal NTSCH from compressor 1328 Is applied   for
the side panels, center panel signals YE, IE and to a unit 1340 which
separates the luminance highs  QE are time compressed by a center
compression from the chrominance highsto produce signals YH, IH  10  factor
(the inverse of the center expansion factor In and QH. This can be
accomplished by the arrange-  the encoder of FIGURE 1a) by means of a time
com- ment of FIGURE 18.                                pressor 1944 to
restore the original spatial relation- In FIGURE 18 an H-V-T bandpass
filter 1810,    ship of the center panel signal In the widescreen sig-
which has the configuration of FIGURE 10c and a   nal. The output signals
produced by the compressor passband of 3.58  0.5 MHz, passes chrominance-
15  1944 are the restored center panel signals YC, IC and band components
of the signal NTSCH to a subtrac-  QC. Compressor 1944 and expander 1942
can be of tive combiner 1814, which receives the signal NTSCH  the type
described above in reference to FIGURE 12. that has been delayed through a
transit time equaliz-  Spatially restored side panel highs YH, IH and Ing
delay 1812. The separated luminance highs signal  QH are combined with
spatially restored side panel YH appears at the output of combiner 1814.
The fil-  20  lows YL, IL and QLby a combiner 1948 to produce re- tered
signal NTSCH from filter 1810 is quadrature de-  constructed side panel
signals YS, IS and QS. These modulated by circuitry which Includes latches
1815  signals are spliced to the reconstructed center panel and 1818,
selective twos complementing circuits   signal YC, IC and QC by means of a
splicer 1960 to 1818 and 1820, an inverter 1822 and afrequencydiv-  form a
partially reconstructed widescreen luminance ider 1824. The latches 1815
and 1816 are responsive   25  signal YF[err]' and reconstructed widescreen
color dif- to the signal ICK and its logical inverse, respectively,
ference signals IP and QF'. Splicing of the side and to store samples
representing the respective I and Q  center panel signal components is
accomplished in a color difference signals. As set forth above, in refer-
manner which virtually eliminates a visible seam at ence to FIGURE 9, these
samples alternate In polar-  the boundary between the center and side
panels, ity. To invert the polarity of alternate ones of each of  30
apparatus suitable for use as the splicer 1960 is de- the I and Q
colordifferencesamples, thedemodulator  scribed above In reference to
FIGURE 14. includes the selective two's complementing circuits   Referring
to FIGURE 13, the signal YF[err]' provided 1818 and 1820. These circuits
are responsive to a sig-  by the decoder 1344 is coupled to the adder 1336
nal provided by the frequency divider 1824, having a  where it is summed
with the high frequency lumi- frequency that Is half the frequency of the
signal ICK   35  nance signal from filter 1334 to generate a recon- to
invert only alternate ones of the sample values pro-  structed wide
bandwidth luminance signal, YF'. vided by the latches 1815 and 1816. The
output sig-   Signals YP, IP and QF, are converted from inter- nals of the
two's complementing circuits 1818 and  laced to progressive scan format by
means of conver- 1820 are the respective color difference signals IH  ters
1350, 1352 and 1354, respectively. Luminance and QH.
40  progressive scan converter 1350 also responds to Signal N from unit
1324 Is separated into its con-  "helper" luminance signal YT from a format
decoder situent luminance and chrominance components YN,  1360, which
decodes encoded "helper" signal YTN. IN and QN by means of a
luminance-chrominance     Decoder 1360 decodes signal YTN into widescreen
separator 1342 which may be the same as the sepa-  format, and
exhibitsaconfigurationofthe type shown rator 1340, described above.
45  in FIGURE 17. Signals YH, IH, QH and YN, IN, QN are provided    The
land Q converters 1352 and 1354 convert in- as inputs to a Y-l-Q format
decoder 1344 which de-  terlace scan signals to progressive scan signals by
codes the luminance and chrominance components    temporally averaging
lines one frame apart to pro- Into widescreen format. Details of decoder
1344 are  duce the missing progressive scan line information. shown in
FIGURE 19.                          so  This can be accomplished by
apparatus of the type In FIGURE 19, signals YN, IN and QN are sepa-  shown
in FIGURE 20. rated into compressed side panel lows YO, 10, QO     In
FIGURE 20, interlace signals IF' (or QP) are and into expanded center panel
signals YE, IE, QE by  delayed 263H by an element 2010 and then applied
means of a side-center panel signal separator (time  to the Input port of a
dual-port memory 2020. This de- de-multiplexer) 1940. Demultiplexer 1940
can employ  55  layed signal is subjected to an additional 262H delay the
principles of demultiplexer 1710 and its peripheral  by an element 2012
before being added to the unde- circuits 1706 and 1708 discussed previously
in refer-  layed input signal in adder 2014. The output signal ence to
FIGURE 17.                                from adder 2014 Is coupled to a
divide-by-two net- 23    45                  EP 0 433 366 B1
48 work 2016. The signal produced by the network2016     nal; is applied to
the input port of a dual-port memory          said signal separating means
(1322-1323) 



2018. Memories 2020 and 2018 accept data at a 4 x     additionally
separates said training signal corn- fac rate and provide data at an 8 x
fsc rate. The output  ponent from said television signal provided by ports
of the memories 2018 and 2020 are coupled to   5  said source; and said
apparatus further compris- a multiplexer (MUX) 2022 which switches between
es: the signals provided by the memories 2018 and 2020          means
(1325), coupled to said signal sep- to produce an output progressive scan
signal IF(QF).  arating means, for processing said training signal Also
shown in FIGURE 20 are waveforms Illustrative    component to develop a
time-reference signal; of the interlace input signal (two lines, with pixel
sam-   10  decoding means (1326), coupled to said pies C and X designated)
and the proscan output sig-  signal separating means and responsive to said
nal comprising pixel samples C and X.                 time-reference signal
for decoding said encoded The luminance progressive scan converter unit
augmentation signal component to generate a 1350 is similar to that shown
in FIGURE 20, except    decoded augmentation signal (YH); that signal YT is
added as shown by the arrangement  15  means, responsive to said time
reference signal, of FIGURE 21.                                         for
aligning the augmentation signal and the Referring to FIGURE 13, widescreen
progressive     separated components of the main signal to pro- scan
signalsYF, IF and QF provided by the converters  duce respective time
aligned signals. means 1350,1352 and 1354 are converted to analog form by
(1344) for combining said time aligned decoded means of a digital-to-analog
converter 1362 which  20  augmentation signal with one of said luminance
produces signals Y. I and Q that are applied to a video  signal
sub-component and said color Information signal processor and matrix
amplifier unit 1364. The  signal sub-component to generate video signals
video signal processor component of unit 1364 in-     representing an
enhanced video Image. cludes signal amplifying, DC level shifting, peaking,
brightness control, contrast control and other con-  25  2. The apparatus
set forth in Claim 1, wherein: ventional video signal processing circuits.
Matrix am-      said television signal includes first and plifier 1364
combines luminance signal Y with color   second synchronizing signal
components having difference signals I and Q to produce color image rep-  a
mutual phase relationship which repeats with a resentative video signals R,
G and B. These color sig-  period of N field Intervals, where N is a
positive nals are amplified by display driver amplifiers In unit  30
integer greater than one; 1364 to a level suitable for directly driving a
wide-      said training signal is reversed in polarity screen color image
display device 1370, e.g. a wide-  for one out of every N field intervals
to indicate screen kinescope.                                     the phase
relationship; and said means (1325) for processing said 35     training
signal Includes means responsive to the Claims
polarity of said training signal for generating said first (CLK4) and
second (IHS) synchronizing sig- 1. Apparatus comprising:
nal components having substantially said mutual a source of television
signal having a main  phase relationship. signal component including a
luminance signal  40 subcomponent and a color information signal    3. The
apparatus set forth in claim 1 wherein: sub-component, and an encoded
augmentation              said training signal includes plural repeti-
signal component                                  tiona of a basic training
signal occurring during signal separating means, coupled to said     each
field period of said television signal; source, for separating said main
signal compo-  45      said means (1325) for processing said nent and said
encoded augmentation signal com-   training signal Includes: ponent from
said video signal;                          sample value accumulating means
(2644 main signal processing means, coupled to     or 2848) for combining
said signal separating means, for separating the        the plural
repetitions of the basic training luminance signal sub-component and the
color  50   signal occurring during one field period of said tel-
information signal sub-component from said         evision signal to
develop an accumulated basic main signal component;
training signal; and wherein
means (2840,2650) for correlating said ac- said television signal provided
by said      cumulated source (1310) includes a training signal compo-  55
basic training signal to a reference nent comprising a sequential signal
pattern       training signal to to generate said time-reference which
repeats a plural number of times during a    signal. given horizontal line
period of said television sig- 24    45                  EP 0 433 366 B1
46 work 2016. The signal produced by the network 2016    nal; is applied to
the input port of a dual-port memory          said signal separating means
(1322-1323) 



2018. Memories 2020 and 2018 accept data at a 4 x     additionally
separates said training signal corn- fsc rate and provide data atan 8 x fsc
rate. The output  ponent from said television signal provided by ports of
the memories 2018 and 2020 are coupled to   5  said source; and said
apparatus further compris- a multiplexer (MUX) 2022 which switches between
es: the signals provided by the memories 2018 and 2020          means
(1325). coupled to said signal sep- to produce an output progressive scan
signal IF(QF).  arating means, for processing said training signal Also
shown In FIGURE 20 are waveforms illustrative    component to develop a
time-reference signal; of the interlace Inputsignal (two lines, with pixel
sam-   10  decoding means (1326), coupled to said pies C and X designated)
and the proscan output sig-  signal separating means and responsive to said
nal comprising pixel samples C and X.                 time-reference signal
for decoding said encoded The luminance progressive scan converter unit
augmentation signal component to generate a 1350 Is similar to that shown
in FIGURE 20, except    decoded augmentation signal (YH); that signal YT is
added as shown by the arrangement  15  means, responsive to said time
reference signal, of FIGURE 21.                                         for
aligning the augmentation signal and the Referring to FIGURE 13, widescreen
progressive     separated components of the main signal to pro- scan
signals YF, IF and QF provided by the converters  duce respective time
aligned signals. means 1350,1352 and 1354 are converted to analog form by
(1344) for combining said time aligned decoded means of a digital-to-analog
converter 1362 which  20  augmentation signal with one of said luminance
produces signals Y. I and Q that are applied to a video  signal
sub-component and said color information signal processor and matrix
amplifier unit 1364. The  signal sub-component to generate video signals
video signal processor component of unit 1364 in-     representing an
enhanced video image. cludes signal amplifying, DC level shifting, peaking,
brightness control, contrast control and other con-  25  2. The apparatus
set forth in Claim 1, wherein: ventional video signal processing circuits.
Matrix am-      said television signal includes first and plifier 1364
combines luminance signal Y with color   second synchronizing signal
components having difference signals l and Q to produce color image rep-  a
mutual phase relationship which repeats with a resentative video signals R,
G and B. These color sig-  period of N field Intervals, where N is a
positive nals are amplified by display driver amplifiers in unit  30
integer greater than one; 1364 to a level suitable for directly driving a
wide-       said training signal Is reversed in polarity screen color image
display device 1370, e.g. a wide-  for one out of every N field intervals
to indicate screen kinescope.                                     the phase
relationship; and said means (1325) for processing said 35     training
signal includes means responsive to the Claims
polarity of said training signal for generating said first (CLK4) and
second (IHS) synchronizing sig- 1. Apparatus comprising:
nal components having substantially said mutual a source of television
signal having a main  phase relationship. signal component Including a
luminance signal  40 sub-component and a color Information signal   3. The
apparatus set forth in claim I wherein: sub-component, and an encoded
augmentation              said training signal includes plural repeti-
signal component;                                  tions of a basic
training signal occurring during signal separating means, coupled to said
each field period of said television signal; source, for separating said
main signal compo-  45      said means (1325) for processing said nent and
said encoded augmentation signal com-   training signal includes: ponent
from said video signal;                          sample value accumulating
means (2644 main signal processing means, coupled to     or 2646) for
combining said signal separating means, for separating the        the
plural repetitions of the basic training luminance signal sub-component and
the color  50   signal occurring during one field period ofsaid tel-
Information signal sub-component from said         evision signal to
develop an accumulated basic main signal component;
training signal; and wherein
means (2640,2650) for correlating said ac- said television signal provided
by said      cumulated source (1310) includes a training signal compo-  55
basic training signal to a reference nent comprising a sequential signal
pattern       training signal to to generate said time-reference which
repeats a plural number of times during a    signal. given horizontal line
period of said television sig- 24    47                  EP 0 433 366 B1
48 4. The apparatus set forth in claim 3 wherein:         evision image;
said training signal includes an in-phase          said main signal
component includes said 



component and a quadrature phase component;        luminance signal
sub-component and said color said sample value accumulating means in-
Information signal sub-component which repre- dudes means (2644,2646) for
separately com-   5   sent an image having substantially the same lev-
bining the plural repetitions of the In-phase and  el of horizontal detail
as said conventional televi- quadrature phase components of said basic
sion image; training signal to develop respective in-phase           said
auxiliary signal component (YT) In- and quadrature phase accumulated basic
train-      cludes a frequency-shifted, high-pass filtered lu- ing signals;
and                           10      minance signal, representing the
difference in said means for correlating includes means     horizontal
detail between the Image represented for correlating said in-phase and
quadrature       by the signal provided by said source and the im- phase
accumulated training signals with In-pha-    age represented by said main
signal component, se and quadrature phase reference training sig-    and
occupying a band of frequencies within the nals to generate said time
reference signal.  15   band of frequencies occupied by said main signal
component; 5. The apparatus set forth in claim 3 wherein said          said
means (1325) for processing said basic training signal and said reference
training  training signal includes means responsive to said signal
represent a pseudo-random noise se-         time-reference signal and to
said reference oscil- quence.                                    20
latory signal for generating an oscillatory carrier signal; 6. The
apparatus set forth in claim 3 wherein:              said decoding means
includes means said basic training signal is a time-        (1326) for
heterodyning said oscillatory carrier reversed all-pass filtered
raised-cosine 2T pulse;  signal with said frequency-shifted, high-pass fil-
said reference training signal is a time-  25  tered luminance signal to
generate a high-pass reversed raised-cosine 2T pulse; and
filtered luminance signal; and said means for correlating includes:
said combining means includes means means for filtering said basic training
sig-  (1336) for additivelycombining said high-pass fil- nal to generate a
modified training signal repre-  tared luminance signal and said main
signal com- senting a time-reversed raised-cosine 2T pulse;  30  ponent to
generate said video signals represent- and
ing said enhanced video image, having greater means for correlating said
modified train-    horizontal detail than said conventional television ing
signal to said reference training signal.      Image. 7. The apparatus set
forth In Claim 1, wherein:  35  9. The apparatus set forth in Claim 8,
wherein: the color information signal sub-compo-            the
frequency-shifted, high-pass filtered nent of said main signal component
includes first  luminance signal of said auxiliary signal compo- and second
color difference signals which mod-     nent modulates a suppressed
alternate subcarri- ulate a suppressed subcarrier signal in quadra-    er
signal having a frequency within the band of ture and a color reference
burst signal having   40  frequenciesoccupied bysaid main signal compo-
substantially the same frequency as said sup-      nent; pressed subcarrier
signal;                               said means (1325) for processing said
tim- said means for processing said training       Ing signal includes
means responsive to said signal includes means (2616,2618) responsive to
time-reference signal and to said reference oscil- said to said color
reference burst signal and to  45  latory signal for regenerating said
alternate sub- said training signal for generating a reference os-  carrier
signal (ASCASC'); and cillatory signal; and
said decoding means (1326) includes said main signal processing means In-
means, responsive to said auxiliary signal com- dudes means (1342),
responsive to said refer-      ponent and to said regenerated alternate
subcar- ence oscillatory signal, for demodulating the col-   50  rier
signal, for demodulating said frequency- or Information signal
sub-component of said main   shifted high-pass filtered luminance signal.
signal component to obtain said first and second color difference signals.
10. The apparatus set forth in claim 1, wherein: the television signal
provided by said 8. The apparatus set forth in Claim 7 wherein:  55
source represents a widescreen Image having an the television signal
provided by said        aspect ratio greater than a conventional aspect
source represents an image having significantly    ratio; greater
horizontal detail than a conventional tel-       said main signal component
Includes first, 25    49                  EP 0 433 366 B1
50 second and third portions representing respec-           into said main
and auxiliary signal compo- tive center panel and left and right side panel
por-  nents, said main signal component representing tions of said
widescreen image, wherein said       an image having a conventional aspect
ratio and 



center panel portion has an aspect ratio substan-  said auxiliary signal
component representing an tially equal to said conventional aspect ratio,
and   5  enhancement signal for reconstructing with said wherein said
second and third portions represent   main signal component, said
widescreen image; relatively low detail information in the side panel
said source of said training signal portions of said widescreen image;
(2) includes timing means for generating a com- said auxiliary signal
component (X) in-       posite synchronizing signal including horizontal
cludes first and second portions representing rel-  10  and vertical
synchronizing signal components atively high detail information In the
respective  and a color reference burst signal component, left and right
side panel portions of said wide-   and said training signal, wherein said
predeter- screen image; and                                  mined instant
is defined relative to pulse of said said decoding means includes means
horizontal synchronizing signal; and (1328,1328,1340), responsive to said
time-  15                said means for combining includes: reference
signal, for aligning the first and second           means for combining
said main and portions of said encoded auxiliary signal compo-   auxiliary
signal components with said composite nent with the respective second and
third por-     synchronizing signal to generate a combined sig- tions of
said main signal signal component to pro-  nal; and duce said decoded
auxiliary signal component.   20            means (8) for inserting said
training signal between 11. A system for controlling the relative timing of
a       two consecutive pulses of said horizontal plurality of signal
components of an augmented     synchronizing signal component of said com-
video signal, comprising:                          bined signal to generate
said transmitted video a source (54) of augmented video signal  25
signal. including main and auxiliary component signals; a source of a
training signal (2) occurring  13. The system set forth in Claim 12,
wherein said during a given horizontal line period of said video  timing
means includes: signal and representing a predetermined instant
means (2544) for generating a basic train- relative to a horizontal
synchronizing component   30  ing signal having a predetermined
displacement means (6,8) for combining said augment-      in time from said
pulse of said horizontal syn- ed video signal and said training signal to
gener-  chronizing signal; and ate a transmission signal;
means for repeating said basic training means (1322), coupled to receive
said        signal an Integral number of times to generate transmission
signal, for separating the training   35  said training signal. signal from
said transmission signal; means (1325) for processing said training  14.
The system setforth In Claim 11 wherein said ba- signal to generate a
time-reference signal Indica-  sic training signal is a pseudo-random noise
se- tive of said predetermined instant;                quence. means
(1324), coupled to receive said  40 transmitted signal, for separating the
main and  15 The system set forth in Claim 12, wherein said auxiliary
component signals therefrom;             basic training signal is a
time-reversed, all-pass means (1326,1342), responsive to said
filtered, raised-cosine 2T pulse. time-reference signal, for aligning said
main and auxiliary signals to produce time-aligned main  46  16 The system
set forth in Claim 12, wherein: and auxiliary signals;
said combined signal includes an active means (1344) for combining said
time-         video interval which contains Image information aligned main
and auxiliary signals to generate     and a vertical blanking Interval
which contains no video signals representing an enhanced Image.      image
information; and 50           said training signal occurs within said ac-
12. The system set forth in Claim 11, wherein:        tive video Interval.
said source of augmented video signal includes: a source (10) of enhanced
video      17. The system set forth In Claim 13, wherein said signal
representing a                              means for processing said
training signal in- widescreen Image having an aspect ratio  55   cludes:
greater than a conventional aspect ratio;                sample  value
accumulating  means means (18) for separating said en-      (2644,2646),
coupled to said means for separat- hanced video signal
Ing said training signal from said transmitted sig- 26    51
EP 0 433 366 B1                52 nal, forcombining instances of the
repeated basic      sehuignal trennt; und die Vorrichtung ferner training
signal from the training signal to gener-     enthilt: ate an accumulated
basic training signal; and        - ein Mittel (1325), gekoppelt mit dem
Signal- 



means (2640,2650) forcorrelating said ao-         Trennmittei, zum
Verarbeiten derTrainings- cumulated basic training signal with a reference
5   signal-Komponente,  um   ein  Zeit- training signal to generate said
time-reference        Bezugssignal zu bilden; signal.
- ein Decodiermittel (1326), gekoppelt mit dem Signal-Trennmittel und
ansprechend 18 The system set forth in Calm 16 wherein:                auf
das Zeit-Bezugssignal, zum Decodie- said training signal Includes in-phase
and   io  ren dercodlerten Erweiterungssignal-Kom- quadrature-phase
components;                           ponente, um ein decodiertes
Erweiterungs- said sample value accumulating means In-          signal (YH)
zu bilden; dudes means for separately combining the re-         - ein
Mittel, ansprechend auf das Zeit- peated instances of the respective
In-phase and        Bezugssignal, zum Abglelchen des Erwei- quadrature
phase components of said training   15      terungssignals und der
getrennten Kompo- signal to generate respective in-phase and quad-
nenten des Hauptsignals, umjewellige zeit- rature phase accumulated basic
training signals;       lich abgeglichene Signale zu erzeugen; and
- eMittel (1344) zum Kombinieren des zeit- said means for correlating
Includes corn-         lich abgeglichenen decodlerten Erweite- plex value
correlating meansforcorrelating a first  20  rungasignals   mit  entweder
der complex signal which Includes said In-phase and
Luminanzsignal-Untbrkomponente  oder quadrature phase accumulated basic
training            der Farbinformationssignal-Unterkompo- signals with a
second complex signal which In-         nente, um Videosignale zu erzeugen,
die dude in-phase and quadrature phase reference           ein verbessertes
Videobild darstellen. training signals, to generate said time reference
25 signal.                                        2. Vorrichtung nach
Anspruch 1, bei der - das Fernsehsignal sine erste und eine zweite
Synchronsignal-Komponente bein- PatentansprOche
haltet mit elner gegenseitigen Phasenbe- 30          ziehung, die sich mit
einer Periode von N 1. Vorrichtung, enthaltend:
Halbbild-Intervallen wiederholt, wobei N ei- - sine Quelle eines
Fernsehaignals mit einer         ne positive ganze Zahl gr6Ber als Eins lt;
Hauptsignal-Komponente, die eine Luml-           - die Polaritit des
Trainingssignals fOr eines nanzsignal-Unterkomponente  und  eine
aus jeweils N Halbbild-Intervallen umge-
Farbinformationssignal-Unterkomponente   3S        kehrt wird, um die
Phasenbeziehung zu beinhaltet, und mit elner codlerten Erweite-
kennzelchnen; und rungssignal-Komponente (Augmentation-            - das
Mittel (1325) zum Verarbeiten des Trai- Signal);
ningssignals sin Mittel beinhaltet, das auf - sin Signal-Trennmittel,
gekoppelt mit der         die Polaritat des Trainingssignals anspricht,
Quelle, zum Trennen der Hauptsignal-  40           zum Erzeugen der ersten
(CLK4) und der Komponente und der codierten Erwelte-              zweiten
(IHS) Synchronsignal-Komponents rungasignal-Komponente von dem Videosi-
mit Im wesentlichen der gegenseitigen gnal;
Phasenbezishung. - sin Hauptsignal-Verarbeitungsmittel, ge- koppelt mit dem
Signal-Trennmittei, zum   45  3. Vorrichtung nach Anspruch 1, bei der
Trennen der Luminanzsignal-Untorkompo-           - das Trainingasignal
mehrfache Wlederho- nente und der Farbinformnationssignal-Un-
lungen elnes Grund-Trainingesignals, das terkomponente von der
Hauptaignal-Kom-             wahrend jeder Halbbild-Periode des Fern-
ponente; wobei                                     sehaignals auftritt,
enthilt; - des durch die Queile (1310) bereitgestolte  5o   - das Mittel
(1325) zum Verarbeiten des Trami- Fernsehsignal eine Trainingssignal-Kom-
ningssignals beinhaltet ponente beinhaltet, die sin fortlaufendes Si-
-- ei  Abtastwert-Akkumullerungsmittel gnalmustbr enthalt, das sich wahrend
einer           (2844 oder 2646) zum Kombinieren der gegebenen
Horizontal-Zellenperlode des               mehrfachen   Wiederholungen
des Fernsehsignals mehrere Male wiederholt;   U
Grund-Trainingesignals, das wahrend - das Signal-Trennmitel (1322-1323)
aulSer-            einer Halbbild-Periode des Fernsehsi- dem die
Trainingsaignal-Komponente von               gnals auftritt, zum Bilden
eines akku- dem durch die Quell. bereitgestellten Fern-          mullerten
Grund-Trainingasignals; und 27    53                  EP 0 433 366B1
1 '!1'1J 111111 11111 fIJ1111 1 -in Mittel (2640,2850) zum Korrelieren
gnals ein Mittel (2616,2618) beinhaltet, das des akkumulierten
Grund-Trainings-             auf dis Farbbezugs-Burstsignal und auf signals
mit elnem Bezugs-Trainingesi-           das Trainingssignal anspricht, zum
Erzeu- 



gnal, urn das Zeit-Bezugssignal zu er-          gen sines
Bezuge-Osziliatorsignals; und zeugen.                             c
- das Hauptsignal-Verarbsitungsmittel ein Mittel (1342) beinhaltet, dis auf
dis Refe- 4. Vorrichtung nach Anspruch 3, be! der
renz-Oszillatorsignal anspricht, zum Demo- - dis Trainingasignal sine
phasengleiche             dulieren der Farbinformationsaignal-Unter-
Komponentb und sine um 90 phasenver-              komponents
derHauptsignal-Komponente, schobene Komponentb beinhaltet,       10
um dis ersat und dis zweibt Farbdifferenz- - dis
Abtast-Akkumulierungsmittel sin Mittel         signal zu erhalten.
(2644,2646) beinhaltet zum getrennten Kombinieren dermehrfachen
Wiederholun-     8. Vorrichtung nach Anspruch 7, bei der gen der
Gleichphasen- und der Quadratur-         - dis durch die Quells
bereitgestellte Fern- phasen-Komponente    des    Grund-  is
sehsignal sin Buid darstellt mit signifikant Trainingesignals, urn
jeweilige akkumulier-        gr6Berern horizontalern Detail als sin kon- te
Gieichphasen- und Quadraturphasen-              ventioneiles Ferneehbild;
Grund-Trainingssignaie zu bilden; und            - die
Haupteignal-Komponente    die - dus Mittel zum Korrelieren ein Mittel zum
Luminanzsignal-Unterkomponente und die Korrelleren der Gleichphasen- und
der um   20      Farbinformationssignal Unterkomponente 900
phasenverschobenen akkumullerten               beinhaltet, die ein Bild mit
im wesentlichen Trainingssignale mit Gleichphasen- und um
demselben Grad horizontalen Details wie 900 phasenverschobenen
Bezugs-Trai-               dis konventlonelle Fernsehbild darstellen;
ningssignalen beinhaltet, um dis Zeit-           - die
Hilfasignal-Komponentb (YT) sin fre- Bezugssignals zu erzeugen.
25           quenzverschobenes,  hochpalgefiltertes Luminanzsignal
beinhaltet, dis den Unter- 5. Vorrichtung nach Anspruch 3, bei derdas
Grund-          schied des Horizontal-Details zwIschen Trainingesignal und
daes Bezugs-Trainingesignal         dem von dem - von der Quelle
bereitgestell- sine Pseudo-Zufalls-Rauschsequenz darstellen.          ten -
Signal reprisentierten Bild und dem 30          von der
Hauptsignal-Komponente repra- 6. Vorrichtung nach Anspruch 3, bei der
sentierten Buid darstellt und des sin Fre- - dis Grund-Trainingssignal sin
zeitrever-           quenzband innerhalb dermvonder Hauptsi- slerter
allpalIgefilterter srhoht-cosinusfor-      gnal-Komponentb belegten
Frequenzband miger 2T-lmpuls ist                                belegt; -
dis Bezugs-Trainingssignal sin zeitrever-  35    - dis Mittel (1325) zum
Verarbeiten des Tral- sierter erhoht-cosinusformiger 2T-impuls
ningseignals sin Mittel beinhaibt, dis auf Ist und
dis Zeit-Bezugssignal und das Referenz- - dis Mittel zum Korrelieren
beinhalbtt:             Oszillatorsignal anspricht, zum Erzeugen - em
Mittel zum  Filtern des. Grund-             sines Oszillator-Tragersignals;
Trainingssignals, um sin modifiziertes  4o     - das Decodiermittel ein
Mittei (1326) bein- Trainingssignal zu erzeugen, das einen
haltetzurn Oberlagern ("heterodyning") des zeitreverslerten
erhoht-cosinusforrmi-          Oszillator-Tragersignals mit dem frequenz-
gen 2T-Impuls reprisentiert; und                verschobenen,
hochpaB-gefilterten Lumi- -sin Mittel zum Korrelleren des modifi-
nanzsignal, um  sin hochpaggefiltertes zierten Tralningasignals zu dem Be-
45          Luminanzslgnals zu erzeugen; und zugs-Tralningssignal.
- dis Kombiniermittel sin Mittel (1338) bein- halbtt zurn additiven
Kombinberen des 7. Vorrichtung nach Anspruch 1, be! der-
hochpaG~gefiiterten Luminanzeignals und - die
Farbinformationseignal-Unterkompo-            der Hauptsignal-Komponente,
um dis - das nente der Hauptsignal-Komponente sin er-  5o       verbesserte
Videobild darsteliende - Video- stes und sin zweites Farb-Differenzeignal
signal mitgr6gerem horizontalem Detail als beinhaltet, die sin
untardr~cktes Zwischen-        dis herk8mmliche Fernsehbild zu erzeu-
trigersignal mit 900 Phasenverschiebung            gen. und sin
Farbbezugs-Burstsignal mit im we- sentlichen derselben Frequenz wie dis un-
5s   9. Vorrichtung nach Anspruch 8, bei der terdruckte
Zwischentragersignal modulie-         - dis frequenzverschobons
hochpa&-gefil- ren;                                               torte
Luminanzsignal der Hilfssignal-Kom- - dis Mittel zurn Verarbeiten des
Trainingasi-       ponente sin unterdrflcktes Wechsel-Zwi- 28    55
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das elne Frequenz In-           wahrend einer gegebenen horizontalen
nerhalb des durch die Hauptsignal-Kompo-          Zeilenperiode des
Videosignals auftritt und nente belegten Frequenzbandes besitzt,
das einen vorbestimmten Zeitpunkt bezflg- 



modullert;                                        lich elner
Horizontal-Synchron-Komponen- - das Mittel (1325) zum Verarbeiten des Zalt-
5   to reprse8ntlert, steuersignals ein Mittel beinhaltet, das auf     -
ein Mittel (6,8) zum Kombinieren des erwel- das Zelt-Bezugesignal und das
Oszlllator-         terten Videosignals und des Trainingesi- Bezugesignal
anspricht, zum Regenerieren           gnals, um ein Obertragungssignal zu
or- des wechselnden Zwischentragersignals              zeugen; (ASC,ASC');
und                       *0         - gin Mittel (1322), gekoppolt zum
Empfang - das Decodiermittel (1326) sin Mittol bein-        des
Obertragungssignals, zum Trennen haltst, das auf die Hilfasignalkomponente
des Tmlningsslgnals von dam Obertra- und das regenerierte Wechsel-Zwischen-
gungssignal; tragersignal anspricht, zum Demodulieren         - gin Mittel
(1325) zum Verarbelten des Tral- des frequenzverschobenen, hochpalgefil-
15        ningesignals zum Erzeugen sines Zelt- terten Luminanzsignals.
Bezugssignals, das den vorbestimmten Zeitpunkt kennzelchnet; 10.
Vorrichtung nach Anspruch 1, bei der                 - gin Mittel (1324),
gekoppelt zum Empfang - das durch die Quell. bereitgestellte Fern-
des fibertragenen Signals, zum Trennen sehsignal eln Breitschirm- oder
Breitwand-  20     der Haupt- und Hilfskomponentensignale bild mit elnem
Bildseitnverhaltnis groBer        von demselben; als gin herkommiches
BildseitnverhAltnis         - gin Mittel (1326,1342), ansprechend auf
reprisentlert;                                     das Zelt-Bezugssignal,
zum Abglelchen - die Hauptsignal-Komponent einen ersten,
oderAusrichten der Haupt- und Hilfesignale elnen zweiten und einen drittbn
Abschnitt  25      zum  Erzeugen  zeitlich abgeglichener beinhaltet, die
elnen Mittenfeld- bzw. rechte      Haupt- und Hilfbsignale; und linke
Seitenfeldabschnitte des Breit-        - sin Mittel (1344) zum Kombinieren
derzeit- bilds darstellen, wobel der Mittenfeldab-          lich
abgeglichenen Haupt- und Hilfssignale schnitt eln Bildseitenverhiltnis
(Aspect-          zum Erzeugen von Videosignalen, die gin Ratio) besitzt,
des Im wesentlichen glelch   30    verbessertes Bild reprasentieren. dem
herk8mmllchen Bildseltenverhaltnis ist, und wobel derzweite und der dritte
Ab-  12. System nach Anspruch 11, bei dem schnitt verhiltnismiSig geringe
Detail-In-       - die Quell. des erwelterten Videosignals be- formation In
den Seitenfeldabschnitten des         inhaltet Breitbilds darstellon;
35           -- sine Quelle (10) eines verbesserten VI- ;_         - die
Hilfsignalkomponente (X) einen ersten            deosignals, das eln
Breitbild mit einem und eonen zweiten Abschnitt beinhaltet, die
Blldseibtenvrhfltnis gr6Ber ale gin her- verhaltnismAgig starke
Detail-Information            k8mmliches Bildseitenverhaltnis repra- im
rechton bzw. linken Seitenfeldabschnitt           sentbert; des Breitbilds
darstellen; und        40            -- sin Mittel (18) zum Trennen des
verbes- - das    Decodiermittel   gin    Mittel                serten
Videosignals in die Haupt- und (1326,1328,1340) beinhaltet, das auf das
Hilfssignal-Komponenten, wobel die Zeit-Bezugssignal anspricht, zum Abglei-
Hauptsignal-Komponente gin Bild mit chen des ersten und des zweiten Ab-
einem  herk8mmlichen Bildseltenver- schnitts der codierten
Hilfasignalkompo-  45         haltnls darsteilt und die Hilfssignal- nento
mit dem zweiten bzw. dritten Ab-               Komponente sin
Verbesserungs-Signal schnitt der Hauptsignal-Komponente zum
reprasentlertzum Wiederhersetllen des Erzeugen der decodierten
Hilfssignalkom-             Breltbilds mit der Hauptsignal-Kompo- ponente.
nente; 60        - wobel die Quele des Trainingssignals (2) 11. System zum
Steuern des relativen Zeitverhal-           elnen Zeltgeber beInhaltet zum
Erzeugen tens ("Timing" mehrerer Signalkomponentbn ei-          eines
Composit-Synchronsignals mit Hori- nes erweiterten Videosignals (augmented
si-            zontal- und Vertikal-Synchionsignal-Kom- gnal), enthaltend:
ponenten und einer Farbbezugs-Bursthi- - eine Quelle (54) elnes erweiterten
Vldeosi-  5s   gnal-Komponente sowie des Trainingssi- gnals, das Haupt- und
Hilfskomponentensi-          gnals, wobel der vorbestimmte Zeltpunkt in
gnale enthilt;                                     bezug auf den Impuls des
Horizontal-Syn- - sine Quelle sines Trainingssignals (2), das
chronsignals festgelegt lst; und das Mittel 29    57
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*  ~~~~~~C   L  M zum Kombinleren beinhaltet                        punktb
(Instances) der Gleichphasen- bzw. - ein Mittel zurn Kombinieren der Haupt-
und       Quadraturphasen-Komponenten des Tral- 



Hilfssignal-Komponenten    mit   dam             ningssignals zum Erzeugen
von Gleichpha- Composit-Synchronsignal zum Erzeugen             son- bzw.
Quadraturphasen-Akkumulator- sines kombinierten Signals; und      5
Grund-Trainingssignalen; und - sin Mittel (8) zum Einfflgen des
Trainingasi-  - das Mittel zum Korrelieren sin Komplex- gnals zwischen zwei
aufeinanderfolgende          wert-Korrelationsmittel beinhaltet zum Kor-
Impulse der Horizontal-Synchronsignal-           relleren sines ersten
komplexen Signals, Komponentb des kombiniortsn Signals zum          das die
Gleichphasen- bzw. Quadraturpha- Erzeugen des (Obertragenen Videosignals.
10     sen-Akkumulator-Grund-Trainingsslgnale enthilt, mit elnem zweiten
komplexen Si- 13. System nach Anspruch 12, be! dem derZeitgeber
gnal, das Gleichphasen- bzw. Quadratur- beinhaltot:
phasen-Bezugs-Trainingssignale enthilt, - sin Mittel (2544) zum Erzsugen
sines             um das Zelt-Bezugssignal zu erzeugen.
Grund-Trainingssignals mit elnem vorbi-   5 stimmten zeitlichen Abstand von
dam Im- puls des Horizontal-Synchronsignals; und  Rovendicatlons - sin
Mittel zum ganzzahligen Wiederholen des Grund-Trainingssignals zum Erzougen
1. Apparell comprenant: des Trainingssignals.                20
une source de signaux de t6levision comportant une composante de signal
principal 14. System nach Anspruch 11, bel dom das Grund-      incluant une
sous-composantb de signal de lumi- Trainingsslgnal sine
Pseudo-Zufalls-Rauschse-     nance et une sous composante de signal
d'infor- quenz ist.                                       mation coulour,
et une composantb de signal 25      d augmentation cod6; 15. System nach
Anspruch 12, bel dam das Grund-           un moyen de s6paration des
signaux, cou- Trainingssignal ein zeitroversierter, allpalgefil-  pl6 a
ladit source pours6parer laditb composan- terter, erh8ht-cosinusformiger
2T-lmpuls lst.    to de signal principal et ladite composante de si- gnal
d'augmentation codo vonant dud it signal vi- 16 System nach Anspruch 12,
be! dem          30      d6o; - das kombinierte Signal sin aktives Vldooin-
un moyen de traitement du signal princi- tbrvall, das Bildinformation
enthilt, und sin  pal, couple audit moyon do separation de si- vertikales
Austastintervall, welches keine   gnaux, pour separer ia sous-composante do
si- Bildinformation enthilt, beinhatet; und      gnal do luminance et la
sous-composanto de si- - das Trainingssignal innerhalb des aktiven  35
gnal d'information couleur de ladite composante Videointervalls auftritt.
de signal principal; dans loquo: 17. System nach Anspruch 13, bel dam das
Mittel           ldit signal de telivision fourni par ladite zum
Verarboiten des Trainingssignals boinhaltet:  source (1310) comprend une
composants de si- - ein Abtastwert-Akkumulationsmittbl (2644,  4o  gnal
d'instructbon compronant une configuration 2846), gekoppelt mit dom Mittel
zum Tren-    de signal sequentlollo qul so repteo un grand nen des
Trainingssignals von dem Gbertra-    nombre de fois pendant une periode de
ligne ho- genen Signal, zum Kombinieren von ZoU-       rizontale donne.
dudit signal de television, punkten oder Belspielen des wiederholton
ledit moyon de separation de signaux Grund-Trainingssignals aus dem
Trainings-  45  (1322-1323) separe, de plus, laditb composante signal zum
Erzougen oines akkiumullerten     de signal d'instruction dudi signal de
tdlovision Grund-Trainingssignals; und                  fourni par ladite
source ; ot ledit appareil - ein Mittol (2640,2650) zum Korrelieren des
comprend de plus: akkumuliertbn Grund-Trainingssignals mit          un
moyen (1325), couple audit moyen do elnem Bezugs-Trainingssignal zum Erzeu-
so  soparation de signaux, pour traitor ladito compo- gen des
Zoit-Bozugasignals.                  santo de signal d'lnstructlon afin de
d~volopper un signal de referenco de temps; 18. System nach Anspruch 16,
be! dem                      un moyen de decodage (1326), couplo au- - das
Trainingssignal In-Phasen- und Qua-      dit moyen de separation de signaux
et sonsible dratur-Phasen-Komponentbn enthalt;   55      audit signal de
reforence de tomps pour decoder - das Abtastwert-Akkumullerungsmittel sin
ladito composantb du signal d'augmentation Mittel beinhaltt zum getrennten
Kombinie-    codo pourcreer un signal d'augmentation docodA ran der
wiederholten Boispiele odor ZoU-     (YH); 30    59                 EP 0
433 366 B1                 60 1 un moyen, sensible audit signal de r6fe-
de d6velopper des signaux d'instruction de base rence de temps, pour
aligner lo signal d'augmen-  cumul6s on phase et on quadrature de phase; et



tation et les composantes s6parees du signal           ledit moyen de
correlation inclut un moyen principal afin de produire des signaux
respectifs,  destin6 A correler lesdits signaux d'instruction align6s, dans
la temps;                   5       cumul6s en phase et en quadrature de
phase un moyen (1344) pour combiner ledit si-     avec des signaux
d'lnstruction do ref6renco en gnal d'augmentation d6code alignes dans le
phase et on quadrature de phase pour cr6er ledit temps avec l'une desdites
sous-composantes de     signal de ref6renco de temps. signal de luminance
et de signal d'information couleurafin de creordes signaux vid6o repr6sen-
10  5. Appareil solon la revendlcation 3 dans lequel ledit tant une Image
vid6o am6liorhe.                   signal d'instruction de base et ledit
signal d'Ins- truction de reference representent une sequence 2. Appareil
solon la revendication 1, dans lequel:   de bruit pseudo-al6atoire. ledit
signal de tel6vision indut des premio- re etseconde composantes de signal
de synchro-  15  6. Apparell solon la revendication 3, dana lequel nisation
possedant une relation de phase mutuol-       led it signal d'instruction
de base oat une le qul so repteb avec une p6riode de N intorvalles
impulsion en cosinus Zr elev6 , filtree passe- de champ , ob N est un
ontler positif plus grand  tout, Invers6e dans le temps. quo un;
ledit signal d'instructlon de ref6renco sat ledit signal d'instructlon eat
inverse on po-  20  une Impulsion en cosinus 2T 6levo, invers6e larite lors
d'un intorvalle tous lea N intervalles de  dane Is temps; et champ en vue
d'indiquor la relation de phase; at       lodit moyen de correlation
comprend: leditmoyen (1325) destin6 i traitorleditSi-       un moyen
destin6 A filtrer lodit signal gnal d'instruction inclut un moyen sensible
A la  d'instruction de base pour cr6er un signal d'lns- polarit6 dudit
signal d'instruction afin de cr6er  25  truction modif16 repr6sentant une
impulsion en lesdites premibre (CLK4) ot seconde (IHS)         cosinus 2T
eleve, inversee dans le temps ; et composantes de signal de synchronisation
pr6-          un moyen destino A correler ledit signal sentant sensiblement
ladit relation de phase      d'instruction modifi6 audit signal
d'instruction de mutuelle.
reference. 30 3. Appareil solon la revendicatbon 1 dans lequel:  7.
Appareil solon la revendication 1, dana loquel ledit signal d'lntructlon
Incutde multiples       la sous-composantb de signal d'informa- r6p6titions
d'un signal d'instruction de base se  tion couleur de ladite composante de
signal prin- produisant pendant chaque p6riode de champ        cipal inclut
des premier et second signaux de dif- dudit signal de t6l6vislon;
35      f6rence de coulour squi modulent en quadrature ledit moyen (1325)
destino Atraitorleditsi-  un signal de sous-portbuse supprim6 etun signal
gnal d'instruction inclut:                        de salve de r6ference de
couleur ayant sensible- un moyen d'accumulation de valeurs           ment
la m6me frequence quo leditsignal de sous- d'echantillon (2644 ou 2646)
pour combiner        porteuse supprim6; les multiples r6petitions du signal
d'ins-  40    ledit moyen destine A traitor ledit signal truction do base
so produisant pendant une p6-    d'instruction comprend un moyen (2616,
2618) riode de champ dudit signal de tel6vision afin de  sensible audit
signal de salve de r6f6rence de d6volopper un signal d'instructlon de base
cumu-  couleur et audit signal d'instruction pour cr6er un 16; et
signal oscillatoire de r6ference ; et un moyen (2640, 2650) pour correler
ledit  46    ledit moyen de traibtment du signal princi- signal
d'instruction de base cumul6 A un signal   pal comprend un moyen (1342),
sensible audit si- d'instruction de reference en vue de creer ledit si-
gnal oscillatoiro de reference , pour demoduler la gnal de rifdrence de
femps.                       sous-composantb de signal d'information cou-
leurde ladito composante de signal principal afin 4. Appareil salon la
revendicatlon 3 dans lequel:    50  d'obtnir lesdits premier et second
signaux de ldit signal d'instruction inclut une compo-  difference de
couleurs. santb en-phase et une composante on quadratu- re de phase;
8. Apparell s lon la revendication 7 dane loquel ledit moyen d'accumulatlon
des valeurs           Is signal de t6livision fourni par ladite
d'6chantillon comprend un moyen (2644, 2646)  55  source represento une
image ayant un detail ho- pour combiner separement les multiples repeti-
rizontal significativement sup6rieur A une image tions des composantes en
phase et en quadratu-    de tilivision conventionnelle; re de phase
duditsignal d'instruction de base afin     ladite composantb de signal
principal in- 31    -   61              EP 0 433 366B1                  62
1           1111111111111 clut ladite sous-composanto de signal de lumi-
clut des premiere, seconde et troislime partles nance et ladito
sous-composante de signal din-     representant des parties respectives de
panneau 



formation couleur qul representent une Image       central et de panneaux
latiraux de drolte et de ayant sensiblement le meme niveau de detail ho-
gauche de laditb image grand ecran, dans les- rizontal quo ladite image de
tilivision classique;   5  quelles ladite partie de panneau central
presento laditb composante de signal auxillaire (YT)   un format
sensiblement egal audit format classi- inclut un signal de luminance filtre
passe-haut,   quo et dane lesquelles lesdites secondo et trol- decalI en
frequence, reprisentant la difference    sieme parties representent une
information de de detail horizontal entre l'image representee par  detail
relativementfaible dans les parties de pan- ls signal fourni par ladite
source et l'image repre-  io  neau lateral de ladito Image grand ecran;
sentee par ladite composante de signal principal         ladite composante
de signal auxiliaire (A) et occupant une bands de frequences a l'intirieur
inclut des premibre et seconds parties reprisen- de la bands de frequences
occupee par ladite       tantune Information de dtail relativementeleveo
composante de signal principal;                    dans les parties de
panneaux lateraux respecti- ledit moyen (1325) pour traiter ledit signal
15  ves de gauche et de droite de ladito image grand d'instruction comprend
un moyen sensible audit     ecran ; et signal de reference de temps et
audit signal os-         ledit moyen de decodage comprend un cillatoirede
reference pourcreerun signal de por-  moyen (1326, 1328, 1340) ,sensible
audit signal teuse oscillatoire;                                de
refirence de temps pour aligner les premibre ledit moyen de dicodage
comprend un   20      et seconds parties de ladite composante de si- moyen
(1326) pour un couplage heterodyne dudit     gnal auxiliaire codee avec les
seconds et troisie- signal de porteuse oscillatoire avec ledit signal de
me parties respectives de ladite composante de luminance filtri passe-haut,
decale en frequence   signal principal afin de produire ladite composan-
afin de creer un signal de luminance filtri passe-  to de signal auxilibire
decodee. haut; et                                   25 ledit moyen de
combinaison comprend un    11. Systbme pour commander la synchronisation
re- moyen (1336) pourcombinerdefagon additive le-      lative d'une
pluralite de composantes de signaux dit signal de luminance filtre
passe-haut et ladite  d'un signal video augmente, comprenant: composanto de
signal principal afin de produire          une source (54) de signal video
augmente lesdits signaux video reprisentant ladite image   30  comprenant
des signaux de composantes princi- video amelioree, presentant un detail
horizontal   pale et auxiliaire; superiour A ladite image de television
classique .       une source de signal d'instruction (2) se produisant
pendant une periode de ligne horizon- 9. Appareil selon la revendication 8,
dans loquel     tale donnie dudit signal video et reprisentant un le signal
de luminance filtri passe-haut,  35  instant pridtesrmini par rapport A une
compo- decalI en frequence de laditb composantb de si-    santo de
synchronisation horizontale; gnal awdilaire module un signal supprime de
un moyen (6,8) pour combiner ledit signal sous-portbuse A l'altbrnat ayant
une friquence     video augmente et ledit signal d'instructlon afin situbs
dane la bands des frequences occupbe        de crier un signal d'bmission;
par ladito composante de signal principal;  40           un moyen (1322),
couplI pour recevoir le- ledit moyen (1325) pour traitor ledit signal  dit
signal d'emission , afin de separer Is signal de synchronisation comprend
un moyen sensible      d'instruction dudit signal d'emission; audit signal
de riffirence de temps et audit signal      un moyen (1325) pour traibtr
ledit signal oscillatoire de reference pour riginirer ledit si-
d'instructlon afin de crber un signal de refirence gnal de sous-portouse A
l'alternat (ASC,ASC'), et  45  de temps indicateur dudit instant
prbdtebrmine; ledit moyen de dicalage (1326) comprend            un moyen
(1324), couplI pour recevoir le- un moyen, sensible A laditb composanto de
si-      dit signal emis, pour separer de celui-cl les si- gnal auxillaire
et audit signal de sous-porteuse A  gnaux de composantes principals et
auxilialre; I'altornat riginir6 pourdemoduler ledit signal de        un
moyen (1326,1342), sensible audit si- luminance filtrb passe-haut, dicalI
en friquen-  5o  gnal de rbference de temps, pour aligner leadits ce.
signaux principal et auxillaire en vue de produire des signaux principal et
auxillaire alignis dans le 10. Appareil selon la revendication I dane
lequel:     temps; le signal de tilevision fourni par ladite          un
moyen (1344) pour combiner lesdits si- source representb une image grand
ecran ayant  55  gnaux principal et auxillaire alignes tbmporelle- un
format d'aspect plus grand qu'un format         ment afin de crier des
signaux vidio reprbsen- conventlonnel;
tant une image amilioree agrandie . ladite composante de signal principal
in- 32    63                 EP 0 433 366 B1                 64
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revendication 11, dans lequel:  16. Systeme solon Ia revendication 12, dane
lequel 



laditb  source de signal vid6o augmenti                leditsignal combin6
comprend un interval- comprend:                                        la
video.actif qui contient une Information image une source (10) d'un signal
video eiargi re-  et un Intervalle de suppression verticale qui ne
prisentant                                s       contlent aucune
Information image; et une Image grand ecran prisentant un for-
ledit signal d'instruction se produit a l'inte- mat plus grand qu'un format
cdassique;            rieur dudit intervalle video actif. un moyen (18)
pour separer ledit signal vi- deo augmente.
17. Systeme solon la revendication 13, dans lequel en lesdites composantes
de signaux prin-  10  ledit moyen destine A traitor leditsignal d'instruc-
cipal et auxiliaire, ladite composanto de signal  tion comprend: principal
representant une Image presentant un         un moyen d'accumulation des
valeurs format dassique et ladite composante de signal    d'echantillon
(2644,2646) couplI audit moyen auxiliafre reprisentant un signal
d'augmentation  destino a separer ledit signal d'instruction dudit en vue
de reconstruire avec ladite composante  f5  signal emis pour combiner des
valeurs du signal de signal principal ladite Image grand ecran;
d'instruction de base repeti a partir du signal ladite source dudit signal
d'instruction (2)  d'lnstruction afin de crier un signal d'instruction
comprend un moyen do synchronisation pour         de base cumuli ; et creer
un signal de synchronisation composite In-       un moyen (2640, 2850) pour
cornler ledit cduant des composantbs de signaux de synchro-  20  signal
d'instructlon de base cumule A un signal nisation horizontale it vertical.
et une compo-   d'instruction de refirence pour crier ledit signal sante de
signal de salve de riference de couleur  de refirence de temps. et lodit
signal d'instruction, dans lequel ledit ins- tant pridotermin oestdfini par
rapport a une Im-  18. Systeme solon la revendlcation 16, dana lequol:
pulslonduditsignaldesynchronisation horizonta-  25     ledit signal
d'instruction incut lea compo- Ie; et
santes en phase et en quadrature de phase; ledit moyen pour combiner
comprend:               ledit moyen d'accumulation des valours un moyen
pour combiner lesdites compo-      d'dchantillon comprend un moyen pour
combiner santes de signaux principal et auxiliaire avec ledit  siparement
lea cas repitea des composantes signal de synchonisation composite afin de
crier  so  respectives en phase et en quadrature de phase un signal
combini; et                             dudit signal d'instructlon pour
crier des signaux un moyen (8) pour insMrer ledKt signal       respectifs
d'lnstruction de base cumulis on pha- d'instruction entre
so et en quadrature do phase et deux impulsions consicutives de ladite
ledit moyen de correlation comprend un composante de signal de
synchronisation hori-  35  moyen de correlation do valeur complexe pour
zontalo dudK signal combini afin de crier leditsi-  corrilerun premiler
signal complexe qui comportl gnal vidio imis.
lesdits signaux d'une baso cumulie en phase et en quadrature de phase A un
second signal 13. Systeme solon la revendication 12, dane loquel   complexe
qui inclut des signaux d'lnstruction de lodit moyen de synchronisation
comprend:  40      r6firence en phase et en quadrature de phase, un moyon
(2544) pour ginerer un signal       afin de crier ledit signal de reference
de temps. d'instructbon de base prisentant un dicalage priditermin6 dans lo
temps A partir de ladit im- pulsbon dudtsignal de synchronisation
horizonta- I; et                                    45 un moyen pour
ripeter ledit signal d'ins- truction de base un nombre entler de fois pour
crier ledit signal d'instruction. 14. Systeme salon la revendication 11
dans lequel Ii-  50 dit signal d'instruction de base est une s6quence A
bruit pseudo-aliatoire. 15. Systeme selon la revendication 12, dans lequel
ledit signal d'lnstruction de baso est une impul-  55 slon en cosinus 2T
eleve, invers6e dane Is tamps, filtree passe-tout. 33    


