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Summary of the Invention Background of the Invention
Apparatus in accordance with the principles of the present invention are
defined in claims 1, 8 and This invention concerns apparatus for signifi-
5   15. They include means for processing a video signal cantly reducing or
eliminating unwanted diagonal im-  subject to exhibiting unwanted jagged
diagonal arti- age artifacts in an image displayed by a system em-  facts
due to intraframe signal processing, for exam- ploying intraframe signal
processing techniques, for  ple. In an illustrated preferred first
embodiment of the example.
invention at an encoder, information representative of A conventional
television receiver, such as a re-  10  moving images is intraframe
averaged over a given ceiver in accordance with NTSC broadcast standards
frequency range, e.g., above 1.5 MHz. Information adopted in the United
States and elsewhere, has a 4:3  representative of motionless images is
subjected to a aspect ratio (the ratio of the width to the height of a
field repeat process over a given frequency range. In displayed image).
Recently, there has been interest  a further non-adaptive illustrative
encoder embodi- in using higher aspect ratios for television receiver  15
ment for widescreen images, main panel and side systems, such as 2:1, 16:9
or 5:3, since such higher  panel information are subjectto field repeating
within aspect ratios more nearly approximate or equal the  a frame and
combined. At a decoder, information rep- aspect ratio of the human eye than
does the 4:3 as-  resentative of motionless images is subjected to a pect
ratio of a conventional television receiver. Video  frame repeat process,
while information representa- information signals with a 5:3 aspect ratio
have re-  20  tive of motion information is left unchanged. The ceived
particular attention since this ratio approxi-  adaptive processing of
motion and motionless image mates that of motion picture film, and thus
such sig-  information at the encoder and decoder is controlled nals can be
transmitted and received without crop-  in response to an auxiliary signal
component which ping the image information. However, widescreen tel-
contains field difference information and which is rep- evision systems
which simply transmit signals having   25  resentative of the presence or
absence of image mo- an increased aspect ratio as compared to convention-
tion. al systems are incompatible with conventional aspect  The disclosed
apparatus is described in the con- ratio receivers. This makes widespread
adoption of  text of a compatible widescreen EDTV television sys-
widescreen systems difficult.                     tem employing an
intraframe signal processing, e.g., It is therefore desirable to have a
widescreen sys-  30  averaging, technique. The widescreen EDTV signal tem
which is compatible with conventional television  contains plural
components, including a main first receivers. One such system is disclosed
in U.S. Pa-  component containing center panel and time com- tent
US-A-4,782,383 entitled APPARATUS FOR         pressed side panel
information, and an auxiliary sec- PROCESSING HIGH FREQUENCY EDGE INFOR-
ond component containing side panel information. In MATION IN AWIDESCREEN
TELEVISION SYSTEM   35  the main component, only center panel information
is which issued to M.A. Isnardi on November 1, 1988. It  subjected to
intraframe processing. In the disclosed is even more desirable to have such
a compatible  compatible widescreen EDTV television system, an widescreen
system with provisions for enhancing or  original high resolution,
progressively scanned wide- extending the definition of the displayed image
so as  screen signal is encoded to include four components. to provide
extra image detail For example, such wide-  40  The four components are
processed separately be- screen EDTV (extended definition television)
system  fore being recombined in a single signal transmission may include
apparatus for providing a progressively  channel. scanned image. A system
of this type is disclosed in  A first component is a main 2:1 interlaced
signal a paper entitled ENCODING FOR COMPATIBILITY       with a standard
4:3 aspect ratio. This component AND RECOVERABILITY IN THE ACTV SYSTEM by
45  comprises a central portion of the widescreen signal M.A. Isnardi et
al., published in IEEE Transactions on  that has been time expanded to
occupy nearlythe en- Broadcasting, Vol. BC-33, No.4, December1987, pp.
tire 4:3 aspect ratio active line time, and side panel 116- 123. The system
disclosed by isnardi et al. em-  horizontal low frequency information that
has been ploys signal time compression and intraframe proc  time compressed
into the left and right horizontal im- essing of center and side panel
image information.    50  age overscan regions where such information is
hid- It has been observed that intraframe processing  den from view in a
standard television receiver dis- of video image information can result in
reduced di-  play. Only the central portion of this component is agonal
edge resolution and produces unwanted jag-  subjected to intraframe
averaging above a given fre- ged diagonal artifacts. In accordance with the
princi-  quency. pies of the present invention, there is disclosed here-
55  A second component is an auxiliary 2:1 inter- in apparatus which
assists to reduce diagonal image  laced signal comprising left and right
side panel high artifacts.                                        frequency
information that have each been time ex- panded to half the active line
time. Thus expanded 2    3                   EP 0 403 540 B1
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side panel information occupies substantially the en-  gion of a standard
NTSC television receiver display, tire active line time. This component is
"mapped" so  but may sacrifice image resolution in the side panel as to
occupy the same time period as the center por-  regions of a reconstructed
widescreen picture. Since tion of the first component, and is intraframe
aver-  compression in time results in an expansion in the fre- aged.
5   quency domain, only low frequency components A third component is an
auxiliary 2:1 interlaced  would survive processing in a standard television
signal, derived from the widescreen signal source,  channel, which exhibits
a smaller bandwidth com- comprising high frequency horizontal luminance de-
pared with that required for a widescreen signal. tail information between
approximately 5.0 MHz and  Thus, when the compressed side panels of a
compat- 6.0 MHz. This component is also "mapped so as to  10  ible
widescreen signal are expanded in a widescreen occupy the same time period
as the center portion of  receiver, there results a noticeable difference
be- the first component, and is intraframe averaged. The  tween the
resolution or high frequency content of the intraframe averaged second and
third components    center portion of a displayed widescreen picture and
quadrature modulate a phase controlled alternate   the side panels, unless
steps are taken to avoid this subcarrier which is combined with the
intraframe   15  effect. This noticeable difference is due to the fact
averaged first component.                          that low frequency side
panel information would be A fourth component is an auxiliary 2:1
interlaced  recovered, but high frequency information would be "helper"
signal comprising temporal field difference  lost due to video channel
bandlimiting effects. luminance detail information to help reconstructmiss-
In the system of FIGURE 1, elements which are ing image information at a
widescreen EDTV receiv-  20  common to the more detailed system of FIGURE
1a er. The fourth component contains image motion in-  are identified by
the same reference number. As formation to which the disclosed adaptive
signal   shown in FIGURE 1, an original widescreen progres- processing
apparatus responds for reducing unwant-  sive scan signal with left, right
and center panel infor- ed diagonal image artifacts.
mation is processed so as to develop four separate At a widescreen EDTV
receiver, a composite sig-  25  encoding components. These four components
were nal containing the described four components is de-  described above,
and are illustrated pictorially in FIG- coded into the constituent four
components. The de-  URE 1. Processing of the first component (containing
coded components are processed separately and      time expanded center
portion information and time used to develop an image representative
widescreen  compressed side portion low frequency information) signal with
enhanced resolution.              30  is such that the resulting luminance
bandwidth does not exceed the NTSC luminance bandwidth of 4.2 Description
of the Drawing                         MHz in this example. This signal is
color encoded in standard NTSC format, and the luminance and chro- FIGURE 1
illustrates a general overview of a    minance components of this signal
are suitably pre- compatiblewidescreen EDTV encodersystem in-  35  filtered
(e.g., using field comb filters) to provide im- cluding apparatus in
accordance with the present  proved luminance-chrominance separation at
both invention;                                      standard NTSC and
widescreen receivers. FIGURE 1a shows a detailed block diagram of
The time expansion of the second component the encoder for the disclosed
system;           (side panel high frequency information) reduces its
FIGURES 1 b-1e contain diagrams helpful in un-  40  horizontal bandwidth to
about 1.16 MHz. This compo- derstanding the operation of the disclosed sys-
nent is spatially uncorrelated with the main signal tem;
(the first component), and special precautions are FIGURES 2-5 depict
signal waveforms and dia-    taken to mask its visibility on standard NTSC
receiv- grams helpful in understanding the operation of  ers, as will be
discussed. the disclosed system;                      45      The 5.0 to
6.0 MHz extended high-frequency lu- FIGURE 13 shows a block diagram of a
portion    minance information content of the third component of widescreen
EDTV receiverdecoder apparatus;   is first shifted downward in frequency to
a frequency and                                            range of 0 to
1.0 MHz before further processing. FIGURES 6-12 and 14-27 illustrate
aspects of       The fourth component (temporal field difference the
disclosed system In greater detail.    50  helper) is mapped into standard
4:3 format to corre- A system intended to transmit wide aspect ratio  late
it with the main signal component to thereby pictures, e.g., 5:3, through a
standard, e.g., NTSC,  mask its visibility on standard NTSC receivers, and
is broadcast channel should achieve a high quality pic-  horizontally
bandwidth limited to 750 KHz. ture display by a widescreen receiver, while
greatly   As will be discussed in greater detail subsequent- reducing or
eliminating observable degradations in a   55  ly, the first, second, and
third components are proc- standard 4:3 aspect ratio display. The use of
signal  essed by respective intraframe averagers 38, 64, and compression
techniques on the side panels of a pic-  76 (a type of vertical-temporal
(V-T) filter) to eliminate ture takes advantage of the horizontal overscan
re-  V-T crosstalk between the main and auxiliary signal 3    5
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components at a widescreen receiver. The center   factor (SCF) of
approximately six. If such time com- panel information of the first
component is intra-fra-  pressed information is intraframe averaged before
me averaged above approximately 1.5 MHz. The sec-  being time expanded at
the receiver for reconstruct- ond and third intraframe averaged components,
iden-  ing the image, the reconstructed side panel image in- tified as X
and Z, are non-linearly amplitude com-   5   formation would exhibit jagged
diagonals because pressed prior to quadrature modulating a 3.108 MHZ  the
horizontal frequency at which intraframe averag- alternate subcarrier ASC,
having a field alternating  ing began would then be approximately SCF times
(inverting) phase, in a block 80. A modulated signal  lower than forthe
center panel. Diagonal image infor- (M) from block 80 is added to the
intraframe averaged  mation becomes increasingly distorted ("jagged") as
first component (N) in an adder 40. A resulting output  10  the frequencies
over which intraframe averaging is signal is a 4.2 MHz bandwidth baseband
signal      performed decrease. For example, if the main signal (NTSCF)
that, together with a 750 KHz low pass fil-  is intraframe averaged
forfrequencies above 1.5 MHz tered fourth component (YTN) from a filter 79,
quad-  and the side panel low frequency information of com- rature
modulates an RF picture carrier in a block 57  ponent 1 is time compressed
with an SCF of six, in- to produce an NTSC compatible RF signal which can
15  traframe averaging of the side panel information ef- be transmitted to
a standard NTSC receiver ora wide-  fectively begins ata much
lowerfrequency of 250 KHz screen progressive scan receiver via a single,
stan-  (1.5 MHz/SCF), whereby jagged diagonals result. dard bandwidth,
broadcast channel.                 Thus jagged diagonals would be more
noticeable in The use of time compression on the first compo-  the
reconstructed side panel regions. Since compo- nent allows low frequency
side panel information to  20  nent I is not intraframe averaged in the
time com- be squeezed entirely into the horizontal overscan re-  pressed
side panel regions, the entire range of origi- gion of a standard NTSC
signal. The high frequency  nal frequencies in these regions (0-700 KHz)
retains side panel information of the second component and  full vertical
resolution withoutdistortion due tojagged the high frequency luminance
detail information of  diagonal artifacts. However, the intraframe
averaging the third component are spectrally shared with the   25
performed on component 1 in the center panel re- standard NTSC signal
through the video transmission  gion, as well as intraframe averaging
performed on channel, in a mannertransparenttoa standard receiv-
components 2 and 3, is likely to result in unwanted er, through the use of
an alternate subcarrier quad-  jagged diagonal artifacts, which are reduced
as will rature modulation technique involving block 80 as will  be
discussed. be discussed. When received by a standard NTSC re-  30
Component 2, containing the left and right side ceiver, only the center
panel portion of the main sig-  panel high frequency information, is mapped
so that nal (the first component) is seen. The second and  it occupies the
same time period as the center panel third components may create a low
amplitude inter-  portion of component 1. Thus the left and right side
ference pattern that is not perceived at normal view-  panel highs are time
expanded to fill the entire center ing distances and at normal picture
control settings.  35  panel region whereby component 2 exhibits an active
The fourth component is removed completely in re-  horizontal scanning
interval of approximately 50[err] ceivers with synchronous video detectors.
In receiv-  which corresponds tothe horizontal scanning interval ers with
envelope detectors, the fourth component is  of the center panel portion of
component 1. For this processed but not perceived because it is correlated
purpose the side expansion factor (SEF) is about with the main signal.
40  4.32, compared to an SEF of about 4.49 which would The main signal
(component 1) exhibits a stan-  be required to expand the left and right
side panel in- dard NTSC active horizontal line interval of approxi-
formation of component 2 to the full active line time mately 52
microseconds ([err]). Only high frequency in-  of 52[err].. formation of
this component above about 1.5 MHz is    Both components 2 and 3 are mapped
into the intraframe averaged. The time compressed side pan-  45  center
panel region because of the intraframe proc- el low frequency information
of this component is not  easing performed on main component 1 and
auxiliary subjected to the process of intraframe averaging. It  components
2 and 3. As will be explained subse- has been found that such selective
intraframe proc-  quently, intraframe averaging is a process which fa-
essing of the main component improves the resolu-  cilitates the separation
of two previously combined tion of diagonal side panel image information by
elim-  50  signal components, such as main signal N and auxil- inating
undesirable jagged diagonal artifacts, some-  iary modulated signal M in
this example. Since the re- times referred to as "jaggies", which would
otherwise  gion of intraframe processing in component 1 has be produced in
a reconstructed image if the com- been reduced to encompass only the
50[err] center pressed side panel information of the main signal  panel
region, the mapping of modulating components were intraframe averaged.
55   2 and 3 is similarly modified to encompass only the In this regard it
is noted that the side panel low  center panel region. frequency
information of the main signal component    As mentioned above, component 3
is mapped so has been time compressed with a side compression  as to
coincide with the center panel interval by line- 4    7
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arly time compressing the extended horizontal lumi-  age scanning format.
Compatibility also means that nance information to 50[err]. Time
compressing com-  extra non-standard components must be physically or
ponent 3 from 52[err] to 50[err] sacrifices some spatial  perceptually
hidden in the main signal when dis- correlation with main component 1, but
more impor-  played on standard receivers. To achieve compatibil- tantly
assures that the center and side panel regions   5   ity in the latter
sense, the disclosed system uses the of a reconstructed image will exhibit
similar horizontal  following techniques to hide the auxiliary compo-
resolution. Although spatial correlation between   nents. components 1 and
3 is desirable to mask the effects   As discussed above, the side panel
lows are of crosstalk between the alternate subcarrier and the  physically
hidden in the normal horizontal overscan main signal, the importance of
maintaining perfect  io  region of a standard receiver. Component 2, which
is spatial correlation of component 3 is reduced be-  a low-energy signal
compared to the side panel lows cause the alternate subcarrier already
contains non-  component, and component 3, which is a normally correlated
information in the form of component 2.  low energy high frequency detail
signal, are amplitude The amount of spatial correlation given up in compo-
compressed and quadrature modulated onto an alter- nent 3 is negligible and
is outweighed by the resulting   15  nate subcarrier at 3.108 MHz, which is
an interlaced similar center and side panel horizontal resolution.
frequency (an odd multiple of one-half the horizontal Component 4 is not
intraframe averaged and remains  line rate). The frequency, phase, and
amplitude of the unchanged, exhibiting a full 52[err] active line time con-
alternate subcarrier are chosen so that the visibility sistent with the
main signal.                      of the modulated alternate subcarrier
signal is re- In the decoder, as will be discussed in connection   20
duced as much as possible, e.g., by controlling the with FIGURE 13,
intraframe processing is performed  phase of the alternate subcarrierfrom
field to field so only with respect to the center panel region for sepa-
that it alternates [err] from one field to the next, un- rating signals M
and N. After demodulating compo-  like the phase of the chrominance
subcarrier from nent M into constituent components 2 and 3, compo-  one
field to the next. Although the modulated alter- nents 2and 3 are mapped
Intotheiroriginal timeslots,  25  nate subcarriercomponents reside entirely
within the i.e., to occupy a full active line interval of 52[err]
chrominance passband (2.0-4.2 MHz), the modulated FIGURE 1b illustrates the
RF spectrum of the    alternate subcarrier components are perceptually
disclosed EDTV widescreen system, including the    hidden because they are
displayed as field rate com- auxiliary information, compared to the RF
spectrum  plementary colorflicker, which is not perceived by the of a
standard NTSC system. In the spectrum of the   30  human eye at normal
levels of chrominance satura- disclosed system the side panel highs and the
extra  tion. Also, nonlinear amplitude compression of the high
frequency-horizontal luminance detail informa-  modulation components prior
to amplitude modula- tion extend approximately 1.16 MHz on either side of
tion advantageously reduces Instantaneous ampli- the 3.108 MHz alternate
subcarrier (ASC) frequency.  tude overshoots to an acceptable lower level.
Compo- The V-T helper signal information (component 4) ex-  35  nent 3 is
spatially correlated with respect to the cen- tends 750 KHz on either side
of the main signal pic-  tral information portion of component 1 and is
slightly ture carrier frequency.                            less spatially
correlated with respect to the left and Awidescreen progressive scan
receiver includes  right information portions of component 1. This is ac-
apparatus for reconstructing the original widescreen  complished by means
of a format encoder as will be progressive scan signal. Compared to a
standard  40  discussed. NTSC signal, the reconstructed widescreen signal
Component 4, the "helper" signal, also is hidden has left and right side
panels with standard NTSC re-  by time expanding the center panel
information to solution, and a 4:3 aspect ratio center panel with su-
match the standard 4:3 format, thereby spatially cor- perior horizontal and
vertical luminance detail partic-  relating component 4 with the main
signal. Compo- ularly in stationary portions of an image.    45  nent 4 is
removed at standard receivers with syn- Two basic considerations govern the
signal proc-  chronous detectors, and is perceptually hidden at easing
technique associated with the development   standard receivers with
envelope detectors because and processing of the first, second, third, and
fourth  it is spatially correlated with the main signal. signal components.
These considerations are compa-     Recovery of components 1, 2, and 3 at a
wide- tibility with existing receivers, and recoverability at  50  screen
progressive scan receiver is accomplished by the receiver.
utilizing a process of intraframe processing at the Full compatibility
implies receiver and transmitter  transmitter and receiver. This process is
associated compatibility such that existing standard receivers  with
elements 38,64, and 76 In the transmittersystem can receive widescreen EDTV
signals and produce a  of FIGURES 1 and 1a, and with associated elements
standard display without special adaptors. Compati-  55   at the receiver
as will be discussed. Intraframe aver- bility in this sense requires, for
example, that the  aging is a signal conditioning technique which pre-
transmitter image scanning format is substantiallythe  pares two visually
correlated signals for mutual com- same as, or within the tolerance of, the
receiver im-  bining so that they can be recovered efficiently and 5    9
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accurately afterwards, such as by means of a field  ceiver, the intraframe
averaged original information storage device, free from V-T
(vertical-temporal)  can be recovered substantially intact via intraframe
crosstalk even in the presence of motion In the case  processing since the
original highly visually correlat- of image representative signals. The
type of signal  ed information has been made substantially identical
conditioning employed for this purpose essentially in-   5
field-to-field. volves making two signals identical on a field basis,  Also
at the receiver, the RF channel is quadrature i.e., by obtaining two
samples with identical values a  demodulated using a synchronous RF
detector. Com- field apart Intraframe averaging is a convenient tech-
ponent 4 is thereby separated from the other three nique for achieving this
objective, but other techni-  components. Intraframe processing is used to
sepa- ques can also be used. Intraframe averaging is basi-  10  rate
component 1 from modulated components 2 and cally a linear, time varying
digital pre-filtering and  3, and quadrature demodulation is used to
separate post-filtering process to ensure the accurate recover-  components
2 and 3, as will be discussed with regard ing of two visually correlated
combined signals. Hor-  to FIGURE 13. izontal crosstalk Is eliminated by
guardbands be-     After the four components have been recovered, tween
horizontal pre-filters at the transmitterencoder  15  the composite signals
are NTSC decoded and sepa- and post-filters at the receiver decoder.
rated into luminance and chrominance components. Intraframe averaging is a
form of paired (group-  Inverse mapping is performed on all components to
ed) pixel processing. The process of intraframe aver-  recover the
widescreen aspect ratio, and the side aging in the time domain is
illustrated generally by  panel highs are combined with the lows to
recoverfull FIGURE 1c, wherein pairs of fields are made identical  20  side
panel resolution. The extended high frequency by averaging pixels (A, B and
C,D) that are 262H   luminance detail information is shifted to its
original apart. The average value replaces the original values  frequency
range and added to the luminance signal, in each paired group. FIGURE 1d
illustrates the proc-  which is converted to the progressive scan format
us- ess of intraframe averaging in the context of the sys-  Ing temporal
interpolation and the helper signal. The tem of FIGURE 1. Starting with
components 2 and 3,  25  chrominance signal is converted to progressive
scan pairs of pixels (picture elements) 262H apart within a  format using
unassisted temporal interpolation. Final- frame are averaged, and the
average value (e.g., X1,  ly, the luminance and chrominance progressive
scan X3 and Z1, Z3) replaces the original pixel values. This  signals are
converted to analog form and matrixed to V-T averaging occurs within a
frame and does not   produce RGB color image signals for display by a cross
frame boundaries. In the case of component 1,  30  widescreen progressive
scan display device. intraframe averaging is performed only on center
The process of intraframe averaging performed panel information above
approximately 1.5 MHz so as  at the encoder can produce unwanted jagged
diago- not to affect lower frequency vertical detail informa-  nal image
artifacts, in the form of stairstep-like ser- tion. In the case of
components 1 and 2, intraframe  rations, particularly in areas of
pronounced light-dark averaging is performed on a composite signal includ-
35  transitions. The visibility of these artifacts is signfi- ing luminance
(y) and chrominance (c) components   cantly reduced by adaptively modifying
the intra- throughout the chrominance band. The chrominance   frame
averaging process performed by units 38, 64 component of the composite
signal survives intra-  and 76 in the encoder depending upon the presence
frame averaging because pixels 262H apart are "in-  orabsence of image
motion. The adaptive processing phase with respect to the color subcarrier.
The   40  of the center and side panel information for the pur- phase of
the new alternate subcarrier is controlled so  pose of reducing jagged
diagonal artifacts is illustrat- that it is exactly out of phase for pixels
262H apart,  ed by FIGURES 25 and 26. and is unlike the phase of the
chrominance subcarri-   FIGURE 25, from left to right, respectively illus-
er. Thus when components 2 and 3 (after quadrature  trates a portion of the
video signal in its original form, modulation) are added to component 1 in
unit 40, pix-  46  thevideo signal as processed in the presence of mov- els
262H apart have the form (M + A) and (M - A),  ing image information, and
the video signal as proc- where M is a sample of the main composite signal
essed in the presence of still image information, all at above 1.5 MHz, and
A is a sample of the auxiliary  the encoder. FIGURE 26 illustrates the
manner in modulated signal.                                  which the
video signal is processed at the decoder in With intraframe averaging V-T
crosstalk is virtu-  50  the presence of still image information. ally
eliminated, even in the presence of motion. In this  The video signal in
its original and processed regard, the process of intraframe averaging
produces  forms is illustrated for odd and even frames each hav- identical
samples 262H apart. At the receiver it is a  ing an odd field (1) and an
even field (2). The odd simple matter to recover the information content of
fields in the odd and even frames include image pic- these samples exactly,
i.e., free from crosstalk, by  55  ture elements (pixels) A1, C1 and A2, C2
respectively. processing pixel samples 262H apart within a frame  The even
fields in the odd and even frames include as will be discussed, thereby
recovering main and  pixels B1, D1 and B2, C2 respectively. auxiliary
signal information. At a decoder in the re-  In the presence of a moving
image, networks 38, 6    11                  EP 0 403 540 B1
12 



64 and 76 of FIGURE 1 intraframe average the video  diagram of FIGURE 25.
On even frames, even field signal over a frequency range of approximately
1.5  samples are sent as a pair, and on odd frames odd MHz - 4.2 MHz, as
illustrated by the center diagram  field samples are sent as a pair. No
averaging is per- of FIGURE 25. The process of intraframe averaging  formed
and full vertical detail can be recovered in still has been discussed in
detail previously. In the pres-   5   areas by using, at a decoder, the
frame repeat sub- ence of still image information, networks 38, 67 and
stitution process illustrated by FIGURE 28. 76 perform field repeat
substitution over a frequency  The non-adaptive approach may cause motion
range of approximately 1.5 MHz to 3.1 MHz. Specifi-  artifacts in a
standard NTSC receiver. However, the cally, in this example, forodd frames
the odd field pix-  appearance of these motion artifacts can be reduced el
samples are conveyed as a pair 262H apart with  10  by means of V-T
filtering of the original widescreen the odd field pixel values (e.g., A1
and C1) replacing  progressive scan signal, such as by means of V-T fil-
the associated even field pixel values (e.g., B1 and  ter networks 16 in
the system of FIGURE 1a. If de- D1 respectively). The original pixel values
are desig-  sired, a complementary linear combination of pixel nated by a
black dot, and the replaced pixel values  values can be used to provide a
better tradeoff be- are designed byawhite dot. Similarly,forevenframes   15
tween motion artifacts in the standard NTSC receiver the even field pixel
samples are conveyed as a pair  and jagged diagonal artifacts in a
widescreen receiv- 262H apart, with the even field pixel values (B2 and
er. For example, in the field repeat substitution proc- D2) replacing the
associated odd field pixel values  ess, for even frames 75% of the even
field pixel val- (A2 and C2, respectively).                         ues and
25% of the odd field pixel values 262H apart At the decoder, frame repeat
substitution is per-  20  could be conveyed, and for odd frames 25% of the
formed in the case of still images, as illustratedby  even field pixel
values and 75% of the odd field pixel FIGURE 25. However, the intraframe
averaged signal  values 262H apart could be conveyed. from the encoder is
undisturbed at the decoder in the  The non-adaptive method, while
recovering full case of moving images. For still images the frame re-
vertical resolution in still portions of a widescreen im- peat substitution
is performed over the same fre-  25  age, may produce motion artifacts in
moving portions quency range (1.5 MHz - 3.1 MHz) overwhich field re-  of a
widescreen image. Motion adaptive processing at peat substitution was
performed at the encoder. Full  the encoder as discussed improves motion
rendition vertical detail is recovered in still image areas by re-  in both
standard NTSC and widescreen receivers. peating each original pixel value,
e.g., A1, C1, B2, D2,  Before discussing the compatiblewidescreen en-
forward into the same spatial location in the next  30  coding system of
FIGURE 1a, reference is made to frame, 525H away, as indicated by the solid
arrow in-  signal waveforms A and B of FIGURE 2. Signal A is a dicator
lines. Alternatively, the original even field pix-  5:3 aspect ratio
widescreen signal that is to be con- el values (e.g., B2, D2) could be
repeated into the  verted to a standard NTSC compatible signal with a same
spatial position in the preceding field, as indi-  4:3 aspect ratio as
depicted by signal B. Widescreen cated by the dotted arrow indicator lines.
In this case   35  signal A includes a center panel portion associated
frame repeat substitution would be complete within  with primary image
information occupying an interval four consecutive fields, which would be
convenient  TC, and left and right side panel portions associated for film
or tape editing purposes, for example. The in-  with secondary image
information and occupying in- formation content of the component 4 helper
signal  tervals TS. In this example the left and right side pan- can
conveniently be used to determined the pres-  40  els exhibit substantially
equal aspect ratios, less than ence or absence of image motion for
controlling the  that of the dominant center panel which is centered
operation of the adaptive processing described     therebetween. above.
Widescreen signal A is converted to NTSC signal When the chrominance
information band is re-    B by compressing certain side panel information
stricted to 500 KHz and intraframe averaging, field re-  45  completely
into the horizontal overscan regions asso- peat and frame repeat are
performed over the stated  ciated with time intervals TO. The standard NTSC
frequency ranges, jagged diagonal artifacts are re-  signal has an active
line interval TA (52.6 microsec- duced or eliminated up to 3.1 MHz, fewer
chromi-   onds duration) which encompasses overscan inter- nance signal
processing artifacts have been ob-    vals TO, a display time interval TD
which contains the served, and field averaging in the chrominance band   50
video information to be displayed, and a total horizon- yields improved
luminance-chrominance separation   tal line time interval TH of 63.556
microseconds dur- at the decoder.                                    ation.
Intervals TA and TH are the same for both the The jagged diagonal image
artifacts can also be  widescreen and the standard NTSC signals. It has
reduced by means of non-adaptive signal processing,  been found that almost
all consumertelevision receiv- but may introduce artifacts of its own. In a
non-adap-  55   ers have an overscan interval which occupies at least tive
scheme, blocks 38, 64 and 76 of FIGURE 1 would  4% of the total active line
time TA, i.e., 2% overscan be replaced by blocks which perform only the
field re-  on the left and right sides. At an interlace sampling peat
substitution function illustrated bythe right-hand  rate of 4 x fsc (where
fsc is the frequency of the color 7    13                  EP 0 403 540 B1
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subcarrier), each horizontal line Interval contains 910  age width of a
widescreen display with a 5:3 aspect pixels (picture elements) of which 754
constitute the  ratio is 1.25 times greater than the image width of a
active horizontal line image information to be dis-  standard display with
a 4:3 aspect ratio. This factor of played.
1.25 is a preliminary center panel expansion factor The widescreen
EDTVsystem is shown in greater   5   which must be adjusted to account for
the overscan detail in FIGURE 1a. Referring to FIGURE 1a, a 525  region of
a standard receiver, and to accountforan in- line, 60 field/sec. widescreen
progressive scan cam-  tentional slight overlap of the boundary regions be-
era 10 provides a widescreen color signal with R, G,  tween the centerand
side panels as will be explained. B components and a wide aspect ratio of
5:3 in this  These considerations dictate a CEF of 1.19. example. An
interlaced signal source could also be   10  The progressive scan signals
from filter network used, but a progressive scan signal source produces  16
exhibit a bandwidth of 0-14.32 MHz and are re- superior results. A
widescreen camera has a greater  spectively converted into 2:1 interlaced
signals by aspect ratio and a greatervideo bandwidth compared  means of
progressive scan (P) to interlace (I) conver- to a standard NTSC camera,
the video bandwidth of   ters 17a, 17b and 17c, details of which will be
dis- a widescreen camera being proportional to the prod-  15  cussed in
connection with FIGURES 22 and 23. The uct of its aspect ratio and the
total numberof lines per  bandwidth of output signals IF, QF and YF from
frame, among other factors. Assuming constant ve-    converters 17a-17c
exhibit a bandwidth of 0-7.16 locity scanning by the widescreen camera, an
in-    MHz since the horizontal scanning rate for interlaced crease in its
aspect ratio causes a corresponding in-  signals is half that of
progressive scan signals. In the crease in its video bandwidth as well as
horizontal  20  conversion process, the progressive scan signal is
compression of picture information when the signal is  subsampled, taking
half the available pixel samples displayed by a standard television
receiver with a 4:3  to produce the 2:1 interlaced main signal. Specifical-
aspect ratio. For these reasons, it is necessary to  ly, each progressive
scan signal is converted to2:1 in- modify the widescreen signal for full
NTSC compati-  terlaced format by retaining either the odd or even bility.
25  lines in each field and reading out the retained pixels The color video
signal processed by the encoder  at a 4 x [err] rate (14.32 MHz). All
subsequent digital system of FIGURE 1 contains both luminance and
processing of the interlaced signals occurs at the 4 x chrominance signal
components. The luminance and   [err] rate. chrominance signals contain
both low and high fre-      Network 17c also includes an error prediction
quency information, which in the following discussion   30   network. One
output of network 17c, YF, is the inter- will be referred to as "lows" and
"highs", respectively.  laced subsampled luminance version of the prefil-
The wide bandwidth widescreen progressive        tered progressive scan
component. Another output scan color video signals from camera 10 are
matrixed  (luminance) signal of network 17c, YT, comprises in a unit 12 to
derive luminance componentY and col-  temporal information derived from
image field differ- or difference signal components I and Q from the R,  35
ence information and represents a temporal predic- G, B color signals.
Wideband progressive scan sig-  tion, or temporal interpolation, error
between actual nals Y, I, Q are sampled at an eight-times chromi-  and
predicted values of luminance samples "missing" nance subcarrier rate (8 x
[err]), and are converted  at the receiver, as will be explained. The
prediction is from analog to digital (binary) form individually by  based
on a temporal average ofthe amplitudes of "be- separate analog-to-digital
converters (ADC) in an   40  fore" and "after" pixels, which are available
at the re- ADC unit 14 before being filtered individually by sep-  cever.
Signal YT, a luminance "helper" signal that as- arate vertical-temporal
(V-T) low pass filters in a filter  sists to reconstruct the progressive
scan signal atthe unit 16 to produce filtered signals YF, IF and QF.
receiver, essentially accounts for an error that there- These signals are
each of the form indicated by wa-  ceiver is expected to make with respect
to non-sta- veform A in FIGURE 2. The separate filters are 3X3   45
tionary image signals and facilitates cancellation of linear time invariant
filters of the type shown in FIG-  such error at the receiver. In
stationary portions of an URE 10d as will be discussed. These filters
reduce  image the error is zero, and perfect reconstruction is.
vertical-temporal resolution slightly, particularly di-  performed at the
receiver. It has been found that a agonal V-T resolution, to prevent
unwanted interlace  chrominance helper signal is not needed as a practi-
artifacts (such as flicker, jagged edges, and otherali-  50  cal matter,
and that a luminance helper signal is suf- asing related effects) in the
main signal (component  ficient to produce good results since the human eye
1 in FIGURE 1) after progressive scan to interlace  is less sensitive to a
lack of chrominance vertical or conversion. The filters maintain nearly
full vertical re-  temporal detail. FIGURE 2a illustrates the algorithm
solution in stationary portions of the image.       used to develop helper
signal YT. The center panel expansion factor (CEF) is a   55    Referring
to FIGURE 2a, pixels A, X, and B in the function ofthe difference between
the width of an im-  progressive scan signal occupy the same spatial pos-
age displayed byawidescreen receiverand the width   ition in an image.
Black pixels such as A and B are of an image displayed by a standard
receiver. The im-  transmitted as the main signal and are available atthe 8
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receiver. A white pixel, such as X, is not transmitted  comes from an
interlaced signal source. In such case and is predicted by a temporal frame
average (A +  the helper signal will have more energy and will intro- B)/2.
That is, at the encoder a prediction is made for  duce slight artifacts in
still portions of a reconstructed "missing" pixel X by averaging the
amplitudes of "be-  image. Experiments have shown thatthe use of an in-
fore" and "after" pixels Aand B. The prediction value,   5   terlaced
signal source yields acceptable results with (A + B)/2, is subtracted from
the actual value, X, to  artifacts being noticeable only upon close
inspection, produce a prediction error signal, corresponding to  but that a
progressive scan signal source introduces the helper signal, with an
amplitude in accordance  fewer artifacts and produces preferred results.
with the expression X-(A + B)/2. This expression de-   Returning to FIGURE
1a, interlaced widescreen fines temporal field difference information in
addition   10  signals IF', QF' and YF' from converters 17a-17c are to
temporal frame average information. The helper  respectively filtered by
horizontal lowpass filters 19a, signal is lowpass filtered horizontally by
means of a  19b and 19c to produce a signal IF" with a bandwidth 750 KHzIow
passfilterand conveyed as helpersignal  of 0-600 KHz, a signal QF" with a
bandwidth of 0-600 YT. Bandlimiting of the helper signal to 750 KHz is
KHz, and a signal YF" with a bandwidth of 0-5 MHz. necessary to prevent
this signal from Interfering with  15  These signals are next subjected to
a format encod- the next lower RF channel after this signal is modu-  ing
process which encodes each of these signals into lated onto the RF picture
carrier. At the receiver, a  a 4:3 format by means of format encoding
apparatus similar prediction of missing pixel X is made by using
associated with a side-center signal separator and an average ofsamplesAand
B, and the prediction er-  processor unit 18. Briefly, the center portion
of each ror is added to the prediction. That is, X is recovered   20
widescreen line is time-expanded and mapped into by adding the prediction
error X-(A + B)/2 to the tem-  the'displayed portion of the active line
time with a 4:3 poral average (A + B)/2. Thus the helper signal facil-
aspect ratio. Time expansion causes a decrease in itates the conversion
from interlaced to progressive  bandwidth so that the original widescreen
interlaced scan format.                                       frequencies
are made compatible with the standard The helpersignal produced by the
disclosed tem-  25   NTSC bandwidth. The side panels are split into hori-
poral prediction algorithm advantageously is a low  zontal frequency bands
so that the I and Q color highs energy signal compared to a prediction
signal pro-  component exhibita bandwidth of 83KHz-600KHz (as duced by some
other algorithms, such as that used  shown forsignal IH in FIGURE 7) and
the Y luminance to produce a line differential signal as described by M.
highs component exhibits a bandwidth of 700KHz- Tsinberg in an article
"ENTSC Two-Channel Compat-  30  5.0MHz (as shown for signal YH in FIGURE
6). The ible HDTV System", IEEE Transactions on Consumer   side panel lows,
i.e., signals Y0, 10 and Q0 developed Electronics, Vol. CE-33, No. 3,
August 1987, pp. 146-  as shown in FIGURES 6 and 7, include a DC compo-
153. In still areas of an image,-the error energy is zero  nent and are
time-compressed and mapped into the because the prediction Is perfect. The
energycontent  left and right horizontal image overscan regions on of the
helper signal is indicative of whether or not the   35  each line. The side
panel highs are processed sepa- video signal contains still or moving image
informa-  rately. Details of this format encoding process follow tion. Alow
energy helper signal condition is manifest-  immediately below. ed by still
and substantially still images (such as a  In the course of considering the
following encod- news broadcast featuring a reporter against a still  ing
details, it will be helpful to also consider FIGURE background), while a
higher energy condition indi-  40  1e, which depicts the process of
encoding compo- cates image motion. The disclosed algorithm has    nents 1,
2, 3 and 4 in the context of displayed center been found to produce the
least objectionable arti-  and side panel information. Filtered interlaced
sig- facts after image reconstruction at the receiver, and  nals IF", QF"
and YF" are processed by side-center the helpersignal produced by the
disclosed algorithm  panel signal separator and processor 18 to produce
retains its usefulness after being bandlimited (fil-  45  three groups of
output signals: YE, IE and QE; YO, I0 tered) to about 750 KHz. The helper
signal produced  and QO; and YH, IH and QH. The first two groups of by the
disclosed algorithm advantageously exhibits  signals (YE, IE, QE and YO,
10, QO) are processed zeroenergy in the presence of still image
information,  to develop a signal containing a full bandwidth center and
consequently a helper signal associated with a  panel component, and side
panel luminance lows still image is unaffected by filtering.       50
compressed into horizontal overscan regions. The The disclosed temporal
prediction system is use-  third group of signals (YH, IH, QH) is processed
to de- ful for both progressive scan and interlaced systems  velop a signal
containing side panel highs. When with higher than standard line rates, but
works best  these signals are combined, an NTSC compatible with a
progressive scan source having pixels A, X and  widescreen signal with a
4:3 display aspect ratio is B occupying the same spatial position in an
image,  55   produced. Details of circuits comprising unit 18 will be which
results in a perfect prediction for still images.  shown and discussed in
connection with FIGURES 6, The temporal prediction will be imperfect even
in still  7 and 8. portions of an image if the original widescreen image
Signals YE, IE and QE contain complete center 9    17                 EP 0
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panel information and exhibit the same format, as in-  9. Modulated signal
CN is bandpass filtered in the dicated by signal YE in FIGURE 3. Briefly,
signal YE  vertical (V) and temporal (T) dimensions by means of is derived
from signal YF" as follows. Widescreen sig-  two-dimensional (V-T) filter
32, which removes cross- nal YF" contains pixels 1-754 occuring during the
ac-  talk artifacts in the interlaced chrominance signal be- tive line
interval of the widescreen signal, containing   5   fore it is applied to a
chrominance signal input of com- side and center panel information.
Thewideband cen-  bined 36 as a signal CP. Luminance signal YN Is ter panel
information (pixels 75-680) is extracted as  bandstop filtered in the
horizontal (H), vertical (V) and a center panel luminance signal YC via a
time de-mul-  temporal (T) dimensions by means of three- tiplexing process.
Signal YC is time expanded by the  dimensional H-V-T bandstop filter 34
before being ap- center panel expansion factor of 1.19 (i.e., 5.0 MHz-  10
plied, asasignal YP, toa luminance input of combine: 4.2 MHz) to produce
NTSC compatible center panel   36. Filtering luminance signal YN and
chrominance signal YE. Signal YE exhibits an NTSC compatible  color
difference signals IN and QN serves to assure bandwidth (0-4.2 MHz) due to
the time expansion by  that luminance-chrominance crosstalk will be
signifi- factor 1.19. Signal YE occupies picture display inter-  cantly
reduced after subsequent NTSC encoding. val TD (FIGURE 2) between overscan
regions TO.  15  Multi-dimensional spatial-temporal filters such as H-
Signals IE and QE are developed from signals IF" and  V-T filter 34 and V-T
filter 32 in FIGURE 1 comprise QF", respectively, and are similarly
processed in the  structure as illustrated by FIGURE 10 which will be
manner of signal YE.                              discussed subsequently.
SignalsYO, 10 and QO provide the lowfrequency     H-V-T bandstop filter 34
in FIGURE la exhibits side panel information ("lows") which is inserted
into  20  the configuration of FIGURE 10b, and removes up- the left and
right horizontal overscan regions. Signals  wardly moving diagonal
frequency components from YO, I0 and QO exhibit the same format, as
Indicated  luminance signal YN. These frequency components by signal YO in
FIGURE 3. Briefly,signal YO is de-  are similar in appearance to
chrominance subcarrier rived from signal YF" as follows. Widescreen signal
components and are removed to make a hole in the YF contains left panel
information associated with  25  frequency spectrum into which modulated
chromi- pixels 1-84 and right panel information associated  nance will be
inserted. The removal of the upwardly with pixels 671-754. As will be
discussed, signal YF"  moving diagonal frequency components from lumi- is
low pass filtered to produce a luminance lows signal  nance signal YN does
not visibly degrade a displayed with a 0-700 KHz bandwidth, from which
signal a left  picture because it has been determined that the hu- and
right side panel lows signal is extracted (signal  30  man eye is
substantially insensitive to these frequen- YL in FIGURE 3) via a time
de-multiplexing process.  cy components. Filter 34 exhibits a cut-off
frequency Luminance lows signal YL' is time compressed to pro-  of
approximately 1.5 MHZ so as not to impair lumi- duce side panel lows signal
YO with compressed low  nance vertical detail information. frequency
information in the overscan regions asso-   V-T bandpass filter 32 reduces
the chrominance ciated with pixels 1-14 and 741-754. The compressed   35
bandwidth so that modulated chrominance side panel side lows signal
exhibits an increased BW proportion-  information can be inserted into the
hole created in al to the amount of time compression. Signals I0 and  the
luminance spectrum byfilter 34. Filter 32 reduces QO are developed from
signals IF" and QF" respec-  the vertical and temporal resolution of
chrominance tively, and are similarly processed in the manner of
information such that static and moving edges are signal YO.
40  slightly blurred, but this effect is of little or no conse- Signals YE,
IE, QE and YO, IO, QO are combined  quence due to the insensitivity of the
human eye to by a side-center signal combiner 28, e.g. a time mul-  such
effect. tiplexer, to produce signals YN, IN and QN with an    An output
center/side lows signal C/SLfrom com- NTSC compatible bandwidth and a 4:3
aspect ratio.  biner 36 contains NTSC compatible information to be These
signals are of the form of signal YN shown in  45  displayed, as derived
from the center panel of the FIGURE 3. Combiner 28 also includes
appropriate   widescreen signal, as well as compressed side panel signal
delays for equalizing the transit times of the  lows (both luminance and
chrominance) derived from signals being combined. Such equalizing signal
de-  theside panels of the widescreen signal and situated lays are also
included elsewhere in the system as re-  in the left and right horizontal
overscan regions not quired to equalize signal transit times.      50  seen
by a viewer of an NTSC receiver display. The A modulator 30, bandpass
filter 32, H-V-T band-  compressed side panel lows in the overscan region
stop filter 34 and combiner 36 constitute an improved  represent one
constituent part of the side panel infor- NTSC signal encoder 31.
Chrominance signals IN    mation for a widescreen display. The other
constitu- and QN are quadrature modulated on a subcarrierSC  ent part, the
side panel highs, is developed by proc- atthe NTSC
chrominancesubcarrierfrequency, nom-  55   essor 18 as will be discussed
below. Side panel high inally 3.58 MHz, by modulator 30 to produce a modu-
signals YH (luminance highs), IH (I highs) and QH (Q lated signal CN.
Modulator 30 is of conventional de-  highs) are illustrated by FIGURE4.
FIGURES 6,7and sign and will be described in connection with FIGURE  8
illustrate apparatus for developing these signals, as 10    19
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will be discussed. In FIGURE 4, signals YH, IH and  52[err]. Specifically,
as shown in FIGURE 5, the expan- QH contain left panel high frequency
information as-  sion is accomplished by a mapping" process which sociated
with left panel pixels 1-84, and right panel  maps left side panel pixels
1-84 of signal NTSCH into high frequency information associated with right
pan-  pixel positions 15-377 of signal ESH, i.e., the left side el pixels
671-754.                             5   highs of signal NTSCH are expanded
to occupy ap- The center panel portion of signal C/SL is proc-  proximately
one half the line time of signal ESH. The essed by previously discussed
adaptive intraframe  right side panel portion (pixels 671-754) of signal
processor 38 to produce a signal N, which is applied  NTSCH is similarly
processed. The time expansion to an input of an adder 40. Intraframe
processed sig-  process reduces the horizontal bandwidth of the in- nal N
is essentially identical to signal C/SL because   10 formation comprising
signal ESH (compared to that of of the high visual correlation of
intraframe image in-  signal NTSCH) by a factor of 363/84. The mapping
formation of signal C/SL. In the presence of image  process by which time
expansion is accomplished motion processor 38 averages signal C/SL above
ap-  can be realized by apparatus of the type shown and proximately 1.5 MHz
and assists to reduce or elimin-  to be discussed in connection with
FIGURES 12-12d. ate vertical-temporal crosstalk between the main and   15
Signal ESH is adaptively intra-frame processed by a auxiliary signals. The
highpass frequency range of  network 64 as previously discussed, of the
type 1.5 MHz and above overwhich processor38 operates   shown in FIGURE
11a, to produce a signal X as illu- was chosen to assure that full
intraframe averaging is  strated in FIGURE 5. Intraframe averaged signal X
is accomplished for information at 2 MHz and above, to  essentially
identical to signal ESH because of the prevent luminance vertical detail
information from be-  20  high visual correlation of intraframe image
informa- ing degraded by the process of intraframe averaging.  tion of
signal ESH. Signal X is applied to a signal input Horizontal crosstalk is
eliminated by means of a 200  of a quadrature modulator 80. KHz guardband
between a filter associated with intra-  Signal YF' is also filtered by a
horizontal band- frame averager 38 in encoder 31 and a filter associ-  pass
filter 70 with a passband of 5 MHz - 6.0 MHz. ated with an intraframe
processor unit in the decoder  25  The output signal from filter 70,
horizontal luminance of FIGURE 13. FIGURE 11 b shows details of highs in-
highs, is applied to an amplitude modulator 72 where traframe processor 38.
FIGURES 11 band 13 will be  it amplitude modulates a 5 MHz carrier signal
[err]. Mod- discussed subsequently.                            ulator 72
includes an output low pass filter with a cut- Signals IH, QH, and YH are
placed in NTSC for-  off frequency of approximately 1.0 MHz to obtain a mat
by means of an NTSC encoder 60 which is similar  30  signal with a 0-1.0
MHz passband at the output of to encoder 31. Specifically, encoder 60
includes ap-  modulator 72. The upper (aliased) sideband (5.0 - 6.0 paratus
of the type shown in FIGURE 9, as well as ap-  MHz) produced by the
modulation process is re- paratus for quadrature modulating side panel
chromi-  moved by the 1.0 MHz lowpass filter. Effectively, hor- nance highs
information onto the side panel lumi-  izontal luminance highs frequencies
in the range 5.0 nance highs information at 3.58 MHz, to produce sig-  35
MHz - 6.0 MHz have been shifted to the range 0-1.0 nal NTSCH, the side
panel highs information in NTSC  MHz as a result of the amplitude
modulation process format. This signal is Illustrated by FIGURE 5.    and
subsequent low pass filtering. The carrier ampli- The use of
multi-dimensional bandpass filtering  tude should be large enough so that
the original sig- in NTSC encoders 31 and 60 advantageously permits   nal
amplitudes are retained after filtering by the 1.0 the luminance and
chrominance components to be   40   MHz low pass filter. That is, a
frequency shift without separated virtually free of crosstalk at the
receiver  affecting amplitude is produced. when the receiver includes
complementary multi-di-     The frequency-shifted  horizontal luminance
mensional filtering for separating the luminance and  highs signal from
unit 72 is encoded (time com- chrominance information. The use of
complementary  pressed) by means of a format encoder 74. That is, filters
for luminance/chrominance encoding and de-  45  encoder 74 encodes the
frequency shifted horizontal coding Is called cooperative processing and is
dis-  luminance highs so that this signal exhibits an active cussed in
detail in an article by C. H. Strolle titled "Co-  line interval of
50[err], less than the standard NTSC ac- operative Processing for Improved
Chrominance/Lu-  tive line interval of 52.6[err], by using techniques that
minance Separation", published in the SMPTE Jour-  will be discussed in
connection with FIGURES 6-8. nal, Vol. 95, No. 8, August 1986, pp. 782-789.
Even   50   When the input signal to encoder 74 is time com- standard
receivers using conventional notch and line-  pressed by encoder 74, its
bandwidth increases from comb filters will benefit from the use of such
multi-di-  approximately 1.0 MHz to 1.1 MHz at the output of en- mensional
pre-filtering at the encoder by exhibiting  coder 74. The signal from
encoder 74 is adaptively in- reduced chrominance/luminance crosstalk.
traframe processed by means of apparatus 76 as pre- Signal NTSCH is time
expanded by a unit 62 to  55   viously discussed, similar to that
illustrated in FIG- produce an expanded side highs signal ESH with a   URE
11a, before being applied to unit 80 as signal Z. 50 [err] active
horizontal line interval, i.e., less than the  Intraframe averaged signal Z
is essentially identical to standard NTSC active line interval of
approximately  the signal from encoder 74 because of the high visual    21
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nal from encoder 74. Modulating signal X, a compo-  formation, in the
disclosed compatible widescreen site signal containing luminance and
chrominance in-  system wherein non-standard auxiliary widescreen
formation, and modulating signal Z exhibit substan-  information is split
into low and high frequency por- tially the same bandwidth, approximately
0-1.1 MHz.   5   tions subjected to companding. At the decoder, non- As
will be discussed in connection with FIGURE  linear amplitude expansion of
the compressed high 24, unit 80 performs nonlinear gamma function am-
frequency information does not result in excessive plitude compression on
large amplitude excursions of  perceived noise since large amplitude high
frequency the two auxiliary signals, X and Z, before these sig-
information is typically associated with high contrast nals quadrature
modulate an alternate subcarrier sig-  10  Image edges, and the human eye
is insensitive to nal ASC. A gamma of 0.7 is used, whereby the abso-  noise
at such edges. The described companding lute value of each sample is raised
to the 0.7 power  process  also  advantageously  reduces  cross- and
multiplied by the sign of the original sample val-  modulation products
between the alternate and chro- ue. Gamma compression reduces the
visibility of po-  minance subcarriers, with associated reduction in
tentially interfering large amplitude excursions of the   15  visible beat
products. modulated signals on exisiting receivers, and allows  Luminance
detail signal YT exhibits a bandwidth predictable recoveryat the widescreen
receiversince  of 7.16 MHz and is encoded into the 4:3 format by the
inverse of the gamma function employed at the  means of a format encoder 78
(e.g., in the manner encoder is predictable and can be readily implement-
shown in FIGURE 6), and is horizontally lowpass fil- ed at the receiver
decoder.                   20  tered to 750 KHz by a filter 79 to produce a
signal The amplitude compressed signals are then      YTN. The side
portions are lowpass filtered to 125 quadrature modulated on a 3.1075 MHz
phase-        KHz before time compression by means of an input controlled
alternate subcairier ASC, which is an odd  lowpass filter of format encoder
78, corresponding to multiple of one half the horizontal line frequency
(395  input filter 610 of the apparatus shown in FIGURE 6 x H/2). The phase
of the alternate subcarrier is  25  but with a cut-off frequency of 125
KHz. The side por- caused to alternate [err] from one field to the next,
tion highs are discarded. Thus signal YTN is spatially unlike the phase of
the chrominance subcarrier. The  correlated with main signal C/SL. field
alternating phase of the alternate subcarrier   Signals YTN and NTSCF are
converted from dig- permits the auxiliary modulating information of sig-
ital (binary) to analog form by means of DAC units 53 nals X and Z to
overlap chrominance information and   30  and 54 respectively, before these
signals are applied produces complementary phased auxiliary informa-  toan
RFquadrature modulator57 for modulating aTV tion components Al, -A1 and A3,
-A3 of the modulat-  RF carrier signal. The RF modulated signal is after-
ed auxiliary signal, which facilitates the separation of  wards applied to
a transmitter 55 for broadcast via an the auxiliary information using a
relatively uncompli-  antenna 56. cated field storage device at the
receiver. The quad-  35  Alternate subcarrierASC associated with modu-
rature modulated signal, M, is added to signal N in ad-  lator 80 is
horizontally synchronized and has a fre- der 40. The resulting signal,
NTSCF, is a 4.2 MHz  quency chosen to insure adequate separation (e.g.,
NTSC compatible signal.                           20-30 db.) of side and
center information, and to have The described non-linear gamma function em-
insignificant impact upon an image displayed by a ployed in the encoder for
the purpose of large ampli-  40  standard NTSC receiver. The ASC frequency
prefer- tude compression is a constituent part of a non-linear  ably should
be an interlace frequency at an odd mul- companding (compression-expansion)
system which   tiple of one half the horizontal line rate so as not to also
includes a complementary gamma function in    produce interference which
would compromise the the decoder of a widescreen receiverfor the purpose
quality of a displayed picture. of amplitude expansion, as will be
discussed subse-  45  Quadrature modulation such as provided by unit
quently. The disclosed non-linear companding sys-  80 advantageously
permits two narrowband signals tem has been found to significantly reduce
the impact  to be transmitted simultaneously. Time expanding the of
auxiliary non-standard information upon the stan-  modulating highs signals
results in a bandwidth re- dard information, without causing visible
degradation  duction, consistent with the narrowband require- of an image
due to noise effects. The companding   50  ments of quadrature modulation.
The more the band- system uses a non-linear gamma function to instan-
width is reduced, the less likely it is that interference taneously
compress large amplitude excursions of   between the carrier and modulating
signals will re- auxiliary, non-standard widescreen high frequency  sult.
Furthermore, the typically high energy DC com- information at the encoder,
with a complementary  ponent of the side panel information is compressed
non-linear gamma function being used to correspond-  55  into the overscan
region rather than being used as a ingly expand such high frequency
information at the  modulating signal. Thus the energy of the modulating
decoder. The result is a reduction in the amount of in-  signal, and
therefore the potential interference of the terference with existing
standard video information  modulating signal, are greatly reduced. 12
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nal broadcast by antenna 56 is intended to be re-  ma function (gamma =
1/0.7 = 1.429), i.e., the inverse ceived by both NTSC receivers and
widescreen re-  of the non-linear compression function performed by
ceivers, as illustrated by FIGURE 13.             unit 80 in FIGURE 1a. In
FIGURE 13, a broadcast compatible wide-   5    A unit 1328 time compresses
the color encoded screen EDTV interlaced television signal is received
side panel highs so that they occupy their original by an antenna 1310 and
applied to an antenna input  time slots, thereby recovering signal NTSCH.
Unit of an NTSC receiver 1312. Receiver 1312 processes  1328 time
compresses signal NTSCH by the same the compatible widescreen signal in
normal fashion to  amount that unit 62 of FIGURE 1 a time expanded sig-
produce an image display with a 4:3 aspect ratio, with  10  nal NTSCH. the
widescreen side panel information being in part  A luminance (Y) highs
decoder 1330 decodes lu- compressed (i.e., "lows") into the horizontal
overscan  minance horizontal highs signal Z into widescreen for- regions
out of sight of the viewer, and being in part  mat by time expanding this
signal by the same (I.e., "highs") contained in the modulated alternate
amount as time compression of the corresponding subcarrier signal which
does not disrupt the standard  15  component in the encoder of FIGURE 1 a,
as indicat- receiver operation.                               ed by FIGURE
17, using mapping techniques descri- The compatible widescreen EDTV signal
re-      bed herein. ceived by antenna 1310 is also applied to a wide-
Modulator 1332 amplitude modulates the signal screen progressive scan
receiver 1320 capable of dis-  from decoder 1330 on a 5.0 MHz carrier
[err]. The am- playing avideo image with a wide aspect ratio of, e.g.,  20
plitude modulated signal is afterwards high pass fil- 5:3. The received
widescreen signal is processed by  tered by a filter 1334 with a 5.0 Mhz
cut-off frequency an input unit 1322 including radio frequency (RF) tu-  to
remove the lower sideband. In the output signal ner and amplifier circuits,
a synchronous video de-  from filter 1334, center panel frequencies of 5.0
to 6.0 modulator (a quadrature demodulator) which produc-  MHz are
recovered, and side panel frequencies of 5.0 es a baseband video signal,
and analog-to-digital  25  to 6.0 MHz are recovered The signal from filter
1334 (ADC) converter circuits for producing a baseband  is applied to an
adder 1336. videosignal (NTSCF) in binaryform. TheADC circuits   Signal
NTSCH from compressor 1328 is applied operate at a sampling rate of four
times the chromi-  to a unit 1340 forseparating the luminance highsfrom
nance subcarrier frequency (4 x fsc).            the chrominance highs to
produce signals YH, IH and Signal NTSCF is applied to an intraframe proces-
30  QH. This can be accomplished by the arrangement of sor 1324 which
processes image lines 262H apart   FIGURE 18. within frames, above 1.7 MHz,
to recover main signal  Signal N from unit 1324 is separated into its con-
N and quadrature modulated auxiliary signal M sub-  stituent luminance and
chrominance components YN, stantially free from V-T crosstalk. A 200 KHz
horizon-  IN and QN by means of a luminance-chrominance tal crosstalk
guardband is provided between the 1.7  35  separator 1342 which can be
similar to separator MHz lower limit operating frequency of unit 1324 and
1340 and which can employ apparatus of the type the 1.5 MHz lower limit
operating frequency of unit 38  shown In FIGURE 18. in the encoder of
FIGURE 1a. Recovered signal N      Signals YH, IH, OH and YN, IN, QN are
provided contains information which is essentially visually  as inputs to a
Y-I-Q format decoder 1344, which de- identical to image information of main
signal C/SL,  40  codes the luminance and chrominance components due to the
high visual intraframe image correlation of  into widescreen format. The
side panel lows are time original main signal C/SL as intraframe processed
in  expanded, the center panel is time compressed, the the encoder of
FIGURE 1a.                         side panel highs are added to the side
panel lows, and Signal M is coupled to a quadrature demodulator  the side
panels are spliced to the center panel in the and amplitude expander unit
1326 for demodulating   45  10-pixel overlap region using the principles of
FIG- auxiliary signals X and Z in response to an alternate  URE 14. Details
of decoder 1344 are shown in FIG- subcarrier ASC with a field alternating
phase, similar  URE 19. to signal ASC discussed in connection with FIGURE
Signal YF' is coupled to adder 1336 where it is 1a. Demodulated signals X
and Z contain information  summed with the signal from filter 1334. By this
proc- which is essentially visually identical to image infor-  50  ess
recovered extended high frequency horizontal lu- mation of signal ESH and
of the output signal from  minance detail information is added to decoded
lumi- unit 74 in FIGURE 1a, due to the high visual intra-  nance signal
YF'. The output signal from adder 1336 frame image correlation of these
signals as intra-  is conveyed to an interlace to progressive scan con-
frame processed by the encoder of FIGURE Ia. Unit  verter 1350 via an
adaptive frame repeat network 1326 also Includes a 1.5 MHz lowpass filter
to remove  55   1337 which also responds to motion representative unwanted
high frequency demodulation products at  helper signal YT. Network 1337
passes the output twice the alternate subcarrier frequency, and an am-
signal from adder 1336 to converter 1350 unchanged plitude expander for
expanding the (previously com- in the presence of image motion, as
indicated by the 13    25                  EP 0 403 540 B1
26 condition of signal YT. However, in the presence of  delayed by a unit
614 to compensate for the signal 



still image information network 1337 performs a    processing delay
offilter6l0. Combining delayed sig- frame repeat operation on the video
signal from 1336  nal YF" and filtered signal YL produces high frequen- for
widescreen format frequencies from 1.78 MHz to  cyluminance signal YH at
the outputof combiner612. 3.7 MHz before this signal is applied to
converter   5  Delayed signal YF" and signals YH and YL are 1350. The frame
repeat process is illustrated by FIG-  applied to separate inputs of
de-multiplexing appara- URE 26 as previously discussed. Details of network
tus 616, which includes de-multiplexing (DEMUX) 1337 are shown in FIGURE
27.                      units 618, 620 and 621 for respectively processing
Signals YF', IF' and QF' are converted from inter-  signals YF", YH and YL.
The details of de-multiplex- laced to progressive scan format by means of
conver-  10  ing apparatus 616 will be discussed In connection ters 1350,
1352 and 1354, respectively. Luminance  with FIGURE 8. De-multiplexing
units 618, 620 and progressive scan converter 1350 also responds to  621
respectively derive full bandwidth center panel "helper" luminance signal
YT from a format decoder  signal YC, side panel highs signal YH and side
panel 1360, which decodes encoded "helper" signal YTN.  lows signal YL' as
illustrated in FIGURES 3 and 4. Decoder 1360 decodes signal YTN into
widescreen   15  Signal YC is time expanded by a time expander format, and
exhibits a configuration similar to that of  622 to produce signal YE.
Signal YC is time expanded FIGURE 17.
with a center expansion factor sufficient to leave I and Q converters 1352
and 1354 convert inter-  room for the left and right horizontal overscan
re- lace to progressive scan signals by temporally aver-  gions. The center
expansion factor (1.19) is the ratio aging lines one frame apart to produce
the missing   20  of the intended width of signal YE (pixels 15-740) to
progressive scan line information. This can be ac-  the width of signal YC
(pixels 75-680) as shown in complished by apparatus of the type shown in
FIG-  FIGURE 3. URE 20.
Signal YL' is compressed with a side compres- Luminance progressive scan
converter unit 1350  sion factor by a time compressor 628 to produce sig-
issimilartothatshown in FIGURE 20, exceptthatsig-  25  nal YO. The side
compression factor (6.0) is the ratio nal YT is added as shown by the
arrangement of FIG-  of the width of the corresponding portion of signal
URE 21. In this unit a "helper" signal sample, YT, is  YL' (e.g. left
pixels 1-84) to the intended width of sig- added to a temporal average to
assist reconstructing  nal YO (e.g. left pixels 1-14) as shown in FIGURE 3.
a missing progressive scan pixel sample. Full tempo-  Time expanders
622,624 and 626 and time compres- ral detail is recovered within the band
of horizontal  30  sor 628 can be of the type shown in FIGURE 12, as
frequencies contained in the encoded line difference  will be discussed.
signal (750 KHz, after encoding). Above this band of  Signals IE, IH, IO
and QE, QH, QO are respec- horizontal frequencies signal YT is zero, so the
miss-  tively developed from signals IF" and QF" in a manner ing sample is
reconstructed by temporal averaging.  similarto that bywhich signalsYE,YH
and YO are de- Widescreen progressive scan signals YF, IF and   35  veloped
by the apparatus of FIGURE 6. In this regard QF are converted to analog
form by means of a digi-  reference is made to FIGURE 7, which illustrates
ap- tal-to-analog converter 1362 before being applied to  paratus for
developing signals IE, IH and I0 from sig- a video signal processor and
matrix amplifier unit  nal IF". Signals QE, QH and QO are developed from
1364. The video signal processor component of unit  signal QF" in a similar
manner. 1364 includes signal amplifying, DC level shifting,  40  In FIGURE
7, wideband widescreen signal IF", peaking, brightness control, contrast
control and  after being delayed by a unit 714, is coupled to de- other
conventional video signal processing circuits.  multiplexing apparatus 716
and is also subtractively Matrix amplifier 1364 combines luminance signal
YF  combined with low frequency signal IL from a low with
colordifferencesignals IF and QFto producecol-  pass filter 710 in a
subtractive combiner 712 to pro- or image representative video signals R, G
and B.  45  duce high frequency signal IH. Delayed signal IF" and These
color signals are amplified by display driver  signals IH and IL are
respectively de-multiplexed by amplifiers in unit 1364 to a level suitable
for directly  de-multiplexers 718,720 and 721 associated with de- driving a
widescreen color image display device 1370,  multiplexing apparatus 716 to
produce signals IC, IH e.g. a widescreen kinescope.
and IL'. Signal IC is time expanded by an expander FIGURE 6 illustrates
apparatus included in proc-  50  722 to produce signal IE, and signal IL'
is time com- essor 18 of FIGURE 1a for developing signals YE,   pressed by
a compressor 728 to produce signal IO. YO, and YH from wideband widescreen
signal YF.     Signal IC is expanded with a center expansion factor Signal
YF" is horizontally low pass filtered by an input  similar to that employed
for signal YC as discussed, filter 610 with a cutoff frequency of 700 KHz
to pro-  and signal IL' is compressed with a side compression duce low
frequency luminance signal YL, which is ap-  55  factor similar to that
employed for signal YL', also as plied to one input of a subtractive
combiner 612. Sig-  discussed. nal YF" is applied to another input of
combiner 612  FIGURE 8 illustrates a de-multiplexing apparatus and to time
de-multiplexing apparatus 616 after being  816 such as can be used for
apparatus 616 of FIG- 14    27                  EP 0 403 540 B1
28 URE 6 and 716 of FIGURE 7. The apparatus of FIG-   carrier rate (4 x
fsc) and are applied to signal inputs 



URE 8 is illustrated in the context of de-multiplexer  of latches 910 and
912, respectively. Latches 910and 616 of FIGURE 6. nputsignal YF" contains
754 pixels  912 also receive 4xfsc clock signals to transferin sig-
defining the image information. Pixels 1-84 define  nals IN and QN, and a 2
x [err]  switching signal which the left panel, pixels 671-754 define the
right panel,   5   is applied to an inverting switching signal input of and
pixels 75-680 define the center panel which over-  latch 910 and to a
noninverting switching signal input laps the left and right panels
slightly. Signals IF" and  of latch 912. Signal outputs of latches 910 and
912 are QF" exhibit similar overlap. As will be discussed, such  combined
into a single output line at which signals I panel overlap has been found
to facilitate combining  and Q appear alternately and are applied to signal
in- (splicing) the center and side panels at the receiver  10  puts of a
noninverting latch 914 and an inverting latch to substantially eliminate
boundary artifacts.     916. These latches are clocked at a 4 x fsc rate
and De-multiplexing apparatus 816 includes first,  receive aswitching
signal, at the chrominance sub- second and third de-multiplexer (DEMUX)
units 810,  carrier frequency fsc,atinverting and noninverting in- 812 and
814 respectively associated with left, center  puts respectively.
Noninverting latch 914 produces and right panel information. Each
de-multiplexer unit  15  an output alternating sequence of positive
polarity has an input "A" to which signals YH, YF" and YL are  signals I
and Q, and inverting latch 916 produces an respectively applied, and an
input "B" to which a  output alternating sequence of negative polarity I
and blanking signal (BLK) is applied. The blanking signal  Q signals, i.e.
-I, -Q. The outputs of latches 914 and may be a logic 0 level orground,
forexample. Unit810  916 are combined in a single output line on which ap-
extracts output signal YH, containing the left and right  20   pears an
alternating sequence of paired I and Q sig- highs, from input signal YH as
long as a signal select  nals of mutually opposite polarity pairs, i.e., I,
Q -I, - input (SEL) of unit 810 receives a first control signal  Q... etc.,
constituting signal CN. This signal is filtered from a count comparator 817
indicating the presence  by filter32 before being combined in unit 36 with
a fil- of left panel pixel elements 1-84 and right panel pixel  tered
version of luminance signal YN to produce elements 671-754. At other times,
a second control  25   NTSC encoded signal CISL of the form Y+I, Y+Q, Y-
signal from count comparator 817 causes the BLK    I, Y-Q, Y+I, Y+Q... and
so on. signal at input B ratherthan signal YH at input Ato be  FIGURE 10
illustrates a vertical-temporal (V-T) coupled to the output of unit 810.
Unit 814 and a count  filter which can exhibit V-T bandpass, V-T bandstop
comparator 820 operate in a similar fashion for deriv-  orV-T low pass
configurations by adjusting weighting ing side panel lows signal YL' from
signal YL. Unit 812   30  coefficients [err]. The table of FIGURE 10a
illus- couples signal YF" from its input Ato its output to pro-  trates the
weighting coefficients associated with V-T duce center panel signal YC only
when a control sig-  bandpass and bandstop filter configurations which nal
from a count comparator 818 indicates the pres-  are employed in the
disclosed system. An H-V-T ence of center panel pixels 75-680.
bandstopfiltersuch asfilter34 of FIGURE 1a, and H- Count comparators 817,
818 and 820 are syn-  35  V-T bandpass filters such as are included in the
de- chronized to video signal YF" by means ofa pulse out-  coder system of
FIGURE 13, respectively comprise put signal from a counter 822 which
responds to a  the combination of a horizontal lowpass filter 1020 clock
signal at four times the chrominance subcarrier  and a V-T bandstop filter
1021 as shown in FIGURE frequency (4 x fsc), and to a horizontal line
synchron-  10b, and the combination of a horizontal bandpassfil- izing
signal H derived from video signal YF". Each out-  40  ter 1030 and a V-T
bandpass filter 1031 as shown in put pulse from counter 822 corresponds to
a pixel  FIGURE 10C. position along a horizontal line. Counter 822 exhibits
In the H-V-T bandstop filter of FIGURE 10b, hor- an initial offset of a
-100 count corresponding to the  izontal lowpass filter 1020 exhibits a
given cut-off fre- 100 pixels from the beginning of the negative going
quency and provides a filtered low frequency signal horizontal sync pulse
attime [err] to the end of the hor-  45  component. This signal is
subtractively combined in a izontal blanking interval, atwhich time pixel 1
appears  combiner 1023with a delayed version ofthe input sig- at the onset
of the horizontal line display interval.
nalfromadelayunit1022toproduceahighfrequency Thus counter 822 exhibits a
count of "1" at the onset  signal component. The low frequency component is
of the line display interval. Other counter arrange-  subjected toaone
frame delay by means ofa network ments can also be developed. The
principles em-  50  1024 before being applied to an additive combiner
ployed by de-multiplexing apparatus 816 can also be  1025 for providing an
H-V-T bandstop filtered output applied to multiplexing apparatus for
performing a  signal. V-T filter 1021 exhibits the V-T bandstop filter
converse signal combining operation, such as is per-  coefficients shown in
FIGURE 1 Oa. An H-V-T band- formed by side-center panel combiner 28 in
FIGURE  pass filtersuch as included in the decoderof FIGURE 1a.
55   13 is shown in FIGURE 10c as comprising a horizon- FIGURE 9 shows
details of modulator 30 in en-   tal bandpass filter 1030 having a given
cut-off fre- coders 31 and 60 of FIGURE 1a. In FIGURE 9, signals  quency,
cascaded with a V-T bandpass filter 1031 IN and QN appear at a four times
chrominance sub-  having V-T bandpass filter coefficients as indicated 15
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FIGURE 10a.                        SW1 and SW2. Signals SW1 and SW2 are
derived 



The filter of FIGURE 10 includes a plurality of  from field identifier
logic control circuits of conven- cascaded memory units (M) 1010a - 101 Oh
for provid-  tional design such that input "1" of MUX 1106 is cou- ing
successive signal delays at respective taps [err],  pled to its output in
the presence of fields 1 and 4, in- and for providing an overall filter
delay. Signals con-   5   put "0" is coupled to the output in the presence
of field veyed by the taps are respectively applied to one in-  2, and
input "2" is coupled to the output in the pres- putof multipliers 1012a -
1012i. Anotherinputof each  ence of field 3. The output signal from MUX
1106 and of the multipliers respectively receives a prescribed  the center
tap signal from terminal b are summed by weighting [err] depending on the
nature of the fil- a network 1110 after being weighted by positive and
tering process to be performed. The nature of the fil-  10  negative unity
weighting factors respectively. The tering process also dictates the delays
imparted by  output signal from MUX 1108 and the center tap sig- memory
units 1010a - 1010h. Horizontal dimension   nal are combined by a network
1112 after being filters employ pixel storage memory elements such
weighted by positive and negative averaging factors thatthe overallfilter
delay is less than the time inter-  of 2. The weighting factors can be
provided by means val of one horizontal image line (1H). Vertical dimen-
15  of suitable matrixing networks within the combining sion filters employ
line storage memory elements ex-  network, or by means of signal
multipliers in the input clusively, and temporal dimension filters employ
signal paths of the combining network. frame storage memory elements
exclusively. Thus an     Output signals from combiners 1110 and 1112 are
H-V-T 3-D filter comprises a combination of pixel,  applied to signal
inputs of a MUX 1115, which also re- (<1 H), line (1 H) and frame (>1 H)
storage elements,  20  ceives a motion adaptive processing control signal
while a V-T filter comprises only the latter two types  MAP at its
switching control input. A combiner 1120 of memory elements. Weighted
tapped (mutually de-  sums the output signal from MUX 1115 after being fil-
layed) signals from elements 1012a - 1012i are com-  tered by a bandpass
filter 1116 with a 1.5 MHz - 3.1 bined in an adder 1015 to produce a
filtered output  MHz passband, and the output of combiner 1112 after
signal.                                       25  being filtered by a
highpass filter 1118 with a cut-off Such filters are non-recursive, finite
impulse re-  frequency of 3.1 MHz. The output signal from combin- sponse
(FIR) filters. The nature of the delay provided  er 1120 is summed by a
network 1125 with the center by the memory elements depends on the type of
sig-  tap signal from terminal b after being subjected to a nal being
filtered and the amount of crosstalk that can  delay 1127 which equalizes
the transit times of the be tolerated between the luminance, chrominance
30  signals combined by network 1125. and side panel highs signals in this
example. The      The apparatus of FIGURE 11a exhibits either sharpness of
the filter cutoff chracteristics is en-  field average operation in the
case of a moving image hanced by increasing the number of cascaded mem-
or field repeat operation in the case of a still image in ory elements.
response to control signal MAP applied to MUX 1115. FIGURE 10d illustrates
one of the separate filters  35   Control signal MAP, preferably a binary
signal, is de- of network 16 in FIGURE 1a, including cascaded     rived
from "helper" signal YT by means of a detector memory (delay) units
1040a-1040d, associated mul-  1130 which illustratively includes signal
conditioning tipliers 1042a-1042e with designated respective    and
threshold comparator circuits for sensing when weighting factors a1-a5 for
receiving signals from sig-  the magnitude of signal YT is indicative of
image mo- nal taps [err] and a signal combiner 1045 which sums   40  tion.
MUX 1115 is enabled and field repeat operation the weighted output signals
from multipliers [err] to  results when signal MAP indicates the presence
of a produce an output signal.                          still image. MUX
1115 is disabled and field intraframe FIGURE 11a depicts a motion adaptive
intra-     averaging results when signal MAP indicates the frame processor
suitable for use as units 64 and 76  presence of a given amount of image
motion. of FIGURE Ia. An input composite video signal is ap-  45  FIGURE
11b depicts a motion adaptive intra- plied to a delay network including
262H delay ele-  frame processor suitable for use as unit 38 of FIGURE
ments 1102 and 1104 with associated input, output  la. The apparatus of
FIGURE 11b is similar to that of and center tap terminals a, c and b
respectively. Sig-  FIGURE 11a except that a 1.5 MHz horizontal high- nals
from terminals a, b and c are applied to respec-  pass filter 1140, an
electronic gate 1144, and a com- tive signal inputs of a field repeat
multiplexer (MUX)  50  biner 1146 have been added in FIGURE 11 b. The out-
1106, and signals from terminals a and c are applied  put signal from
combiner 1125 is filtered by 1.5 MHz to respective signal inputs of a field
average MUX  horizontal high pass filter 1140 before being applied 1108.
MUX 1108 is switched at the field rate in re-  to electronic transmission
gate 1144. Gate 1144 re- sponse to a 30 Hz switching signal SW which is
vert-  sponds to a switching control signal for passing the ically
synchronized in response to vertical Interval  55   high frequency signal
from the output of filter 1140 sync pulses associated with the input
compoisite vid-  only during the center portion of the main signal eo
signal. MUX 1106 switches its inputs (labeled 0, 1,  (component 1). At this
time gate 1144 is open (con- 2) to its output in response to switching
control signals  ductive). Gate 1144 is closed (nonconductive) during 16
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side panel portions of the main  duce signal N at a rate slower than that
of signal M. 



signal, e.g., during the illustrated positive pulse inter-  Conversely, to
achieve signal compression, PROM vals of the control signal. The output
signal from gate  1212 provides signal N at a rate greater than that of
1144 is summed in combiner 1146 with the delayed  signal M. composite video
signal from center tap terminal b.   5  Video input signal S is delayed by
cascaded pixel The gate control signal is vertically synchronized in  delay
elements 1214a, 1214b and 1214c to produce response to vertical interval
sync pulses associated  video signals S(N+2), S(N+1) and S(N) which are mu-
with the input composite video signal. The gate con-  tually delayed
versions of the video input signal. trol signal is also horizontally
synchronized. Horizon-  These signals are applied to video signal inputs of
re- tal sync can be achieved by means responsive to the   10  spective dual
port memories 1216a - 1216d, as are horizontal line synchronizing pulse
component of the  known. Signal M is applied to a write address input of
input composite video signal and including a pixel  each of memories 1216a
- 1216d, and signal N is ap- counter to determine the timing of the
positive pulse  plied to a read address input of each of memories
components of the gate control signal following each  1216a - 1216d. Signal
M determines where incoming horizontal line synchronizing pulse. A
predetermined   15  video signal information will be written into the mem-
time interval can readily be established between a  ories, and signal N
determines which values will be horizontal line sync pulse and the first
image pixel.  read out of the memories. The memories can write FIGURE 12
illustrates raster mapping apparatus  into one address while simultaneously
reading out of which can be used for the time expanders and com-  another
address. Output signals S(N-1), S(N), pressors of FIGURES 6 and 7. In this
regard, refer-  20  S(N+1) and S(N+2) from memories 1216a-1216d ex- ence is
made to the waveforms of FIGURE 12a which  hibit a time expanded or time
compressed format de- illustrates the mapping process. FIGURE 12a shows
pending upon the read/write operation of memories an input signal waveform
S with a center portion be-  1216a- 1216d, which isafunction of how PROM
1212 tween pixels 84 and 670 which is intended to be map-  is programmed.
ped into pixel locations 1-754 of an output waveform   25  Signals S(N-1),
S(N), S(N+1) and S(N+2) from W by means of a time expansion process. End
point  memories 1216a - 1216d are processed by a four- pixels 1 and 670 of
waveform S map directly into end  point linear interpolator including
peaking filters 1220 point pixels 1 and 754 of waveform W. Intermediate
and 1222, a PROM 1225 and a two point linear inter- pixels do not map
directly on a 1:1 basis due to the  polator 1230, details of which are
shown in FIGURES time expansion, and in many cases do not map on an   30
12b and 12c. Peaking filters 1220 and 1222 receive integer basis. The
latter case is illustrated when, for  three signals from the group of
signals including sig- example, pixel location 85.33 of input waveform S
nals S(N-1), S(N), S(N+1) and S(N+2), as shown, as corresponds to integer
pixel location 3 of output wa-  well as receiving a peaking signal PX. The
value of veform W. Thus pixel location 85.33 of signal S con-  peaking
signal PX varies from zero to unity as a funo- tains an integer part (85)
and a fractional part DX   35  tion of the value of signal DX, as shown in
FIGURE (.33), and pixel location 3 of waveform W contains an  12d, and is
provided by PROM 1225 in response to integer part (3) and a fractional part
(0).       signal DX. PROM 1225 includes a look-up table and In FIGURE 12,
a pixel counter operating at a 4 x  is programmed to produce a given value
of PX in re- fsc rate provides an output WRITE ADDRESS signal    sponse to
a give value of DX. M representative of pixel locations (1 ... 754) on an
out-  40  Peaking filters 1220 and 1222 respectively pro- put raster.
Signal M is applied to PROM (Programma-  vide peaked mutually delayed video
signals S'(N) and ble Read Only Memory) 1212 which includes a look-
S'(N+1) to two-point linear Interpolator 1230 which up table containing
programmed values depending    also receives signal DX. Interpolator 1230
provides a upon the nature of raster mapping to be performed,  (compressed
or expanded) video output signal eg., compression or expansion. In response
to signal  45  where output signal W is defined by the expression M, PROM
1212 provides an output READ ADDRESS             W = S'(N) + DX [S'(N + 1)
- S'(N)] signal N representing an integer number, and an out-  The
described four-point interpolator and peaking put signal DX representing a
fractional number equal  function advantageously approximates a (sin X)/X
in- to orgreaterthan zero but less than unity. In the case  terpolation
function with good resolution of high fre- of a 6-bit signal DX (26=64),
signal DX exhibits frac-  50  quency detail. tional parts 0, 1/64, 2/64,
3/64 ... 63/64.           FIGURE 12b shows details of peaking filters PROM
1212 permits expansion or compression     1220 and 1222, and interpolator
1230. In FIGURE of a video input signal S as a function of stored values
12b, signals S(N-1), S(N) and S(N+1) are applied to of signal N. Thus a
programmed value of READ AD-   a weighting circuit 1240 in peaking filter
1220 where DRESS signal N and a programmed value of fraction-  55  these
signals are respectively weighted by peaking al part signal DX are provided
in response to integer  coefficients -1/4, 1/2 and -1/4. As shown in FIGURE
values of pixel location signal M. To achieve signal ex-  12c, weighting
circuit 1240 comprises multipliers pansion, for example, PROM 1212 is
arranged to pro-  1241a - 1241c for respectively multiplying signals 17
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S(N+1) with peaking coefficients- -  which has the configuration of FIGURE
10c and a 



1/4, 1/2 and -1/4. Output signals from multipliers  passband of 3.58  0.5
MHz, passes signal NTSCH 1241a - 1241c are summed in an adder 1242 to pro-
to a subtractive combiner 1814, which also receives duce a peaked signal
P(N), which is multiplied by sig-  signal NTSCH after being passed through
a transit nal PX in multiplier 1243 to produce a peaked signal   5   time
equalizing delay 1812. Separated luminance which is summed with signal S(N)
in adder 1244 to  highs signal YH appears at the output of combiner produce
peaked signal S'(N). Peaking filter 1222 ex-  1814. The filtered NTSCH
signal from filter 1810 is hibits similar structure and operation.
quadrature demodulated bya demodulator 1816 in re- In two point
interpolator 1230, signal S'(N) is sub-  sponse to chrominance subcarrier
signal SC for pro- tracted from signal S'(N+1) in a subtractor 1232 to  io
ducing chrominanoe highs IH and QH. produce a difference signal which is
multiplied by sig-  In FIGURE 19, signals YN, IN and QN are sepa- nal DX in
a multiplier 1234. The output signal from  rated into compressed side panel
lows YO, 10, QO multiplier 1234 is summed with signal S'(N) in an ad-  and
into expanded center panel signals YE, IE, QE by der 1236 to produce output
signal W.              means of a side-center panel signal separator (time
FIGURE 15 shows details of intraframe processor  15  de-multiplexer) 1940'
Demultiplexer 1940 can em- 1324 of FIGURE 13.
ploy the principles of demultiplexer 816 of FIGURE 8 An input composite
video signal to processor   discussed previously. 1324 in FIGURE 15
illustratively includes, in a first  Signals YO, IO and 00 are time
expanded by a field, signal components "YI +C1" and M1+A1". In a  side
expansion factor (corresponding to the side succeeding second field the
input signal includes  20  compression factor in the encoder of FIGURE Ia)
by components "Y2+C2" and "M1-A1". Components        means of a time
expander 1942 to restore the original Y1 +C1, M1 and Y2+C2, M1 are
components provided  spatial relationship of the side panel lows in the
wide- by intraframe processor 38. Components +A1 and -  screen signal, as
represented by restored side panel Al represent the alterate subcarrier
signal modulated  lows signals YL, IL and QL. Similarly, to make room with
component 2 and component 3 intraframe proc-  25  for the side panels,
center panel signals YE, IE and essed information from units 64 and 76, for
respective  QE are time compressed by a center compression succeeding
fields. In this regard reference is made to  factor (corresponding to the
center expansion factor FIGURES 1, 1a and FIGURE 1d in particular.       in
the encoder of FIGURE 1a) by means of a time With MUX 1525 in position 1,
field difference  compressor 1944 to restore the original spatial rela-
component is obtained at the output of combiner  30  tionship of the center
panel signal in the widescreen 1528. After filtering by high pass filter
1530 and gat-  signal, as represented by restored center panel sig- ing by
unit 1532, the result is a component -A1 which,  nals YC, IC and QC.
Compressor 1944 and expander when combined with signal Y1+C1, Ml+Al in com-
1942 can be of the type shown in FIGURE 12 dis- biner 1534, cancels the
modulated auxiliary subcar-  cussed previously. rier component (+Al) to
produce a recovered main  35  Spatially restored side panel highs YH, IH
and signal Y1+C1, M1. Component Y1+C1 of the recov-   QH are combined with
spatially restored side panel ered main signal is unaltered below the 1.7
MHz cut-  lows YL, IL and QL by a combiner 1946 to produce re- off
frequency of high pass filter 1530, and component  constructed side panel
signals YS, IS and QS. These Ml represents intraframe processed center
panel in-  signals are spliced to reconstructed center panel sig- formation
above approximately 1.7 MHz. The field  40  nal YC,IC and QC by means of a
splicer 1960 to form difference cancellation term (-Al), after inversion by
a fully reconstructed widescreen luminance signal a unity gain amplifier
1535, is the recovered modulat-  YF' and fully reconstructed widescreen
color differ- ed auxiliary signal A1.                           ence
signals IF' and QF'. Splicing of the side and cen- Recovered main signal
Y1+1, M1 corresponds    ter panel signal components is accomplished in a to
signal N in FIGURE 13, and is further processed by  45  manner which
virtually eliminates a visible seam at network 1342 as discussed. Recovered
auxiliary sig-  the boundary between the center and side panels, as nal Al
corresponds to signal M in FIGURE 13 and is  will be seen from the
subsequent discussion ofsplicer demodulated by network 1326.
1960 shown in FIGURE 14. FIGURE 16 illustrates the operation of network
In FIGURE 20, interlace signals IF' (or QF') are 1324, as shown in FIGURE
15, for the next succeed-  50  delayed 263H by an element 2010 before being
ap- ing image field. In this case signal Y2+C2, M1-Al is  plied to an input
of a dual port memory2020. This de- developed between delay elements 1520
and 1522,   layed signal is subjected to an additional 262H delay and MUX
1528 occupies position 2 for receiving sig-  byan element2012 before being
added with the input nal Y1+C1, M1+A1. A recovered main signal Y2+C2,
signal in adder 2014. The output signal from adder M1 is produced at the
output of combiner 1534, and   55  2014 is coupled to a divide-by-two
network 2016 be- an oppositely phased modulated auxiliary signal -A1  fore
being applied to an input of a dual port memory is recovered.
2018. Memories 2020 and 2018 read data at an 8 x In FIGURE 18 an H-V-T
bandpass filter 1810,   fsc rate and write data at a 4xfsc rate. Outputs
from 18    35                  EP 0 403 540 B1                36 memories
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regions and contain 



(MUX) 2022 for producing output progressive scan  values between 0 and 1.
Afterweighting, the side and signals IF (QF). Also shown are waveforms
illustrative  center panel pixels are summed by combiner 1415 so of the
interlace input signal (two lines, with pixel sam-  that each reconstructed
pixel is a linear combination pies C and X designated) and the progressive
scan   5   of side and center panel pixels. output signal comprising pixel
samples C and X.       The weighting functions preferably should ap- FIGURE
21 illustrates apparatus suitable for use  proach unity near the innermost
boundary of the as converter 1350 for signal YF' in FIGURE 13. Inter-
overlap region, and should approach zero at the out- laced signal YF' is
delayed by elements 2110 and  ermost boundary This will insure that the
corrupted 2112 before being combined in an adder 2114 as  10  pixels have
relatively little influence on the recon- shown. The delayed signal from
element 2110 is ap-  structed panel boundary. The illustrated linear ramp
plied to a dual port memory 2120. An output signal  type weighting function
satisfies this requirement. from adder 2114 is coupled to a divide-by-two
net-  However, the weighting functions need not be linear, work 2116, the
output of which is added to signal YT  and a nonlinear weighting function
with curvilinear or in an adder 2118. The output from adder 2118 is ap-  is
rounded end portions, i.e. in the vicinity of 1 and 0 plied to a dual port
memory 2122. Memories 2120 and  weight points, can also be used. Such a
weighting 2122 write at a 4 x fsc rate and read at an 8 x fsc rate,
function can readily be obtained by filtering a linear and provide output
signals to a multiplexer 2124  ramp weighting function of the type
illustrated. which develops progressive scan signal YF.
Weighting functions W and 1-W can be readily FIGURE 14 depicts side
panel-center panel splic-  20  generated by a network including a look-up
table re- ing apparatus suitable for use as splicer 1960 in FIG-  sponsive
to an input signal representative of pixel URE 19, for example. In FIGURE
14, the splicer is  positions, and a subtractive combiner. The side- shown
as comprising a network 1410 for producing   center pixel overlap locations
are known, and the full bandwidth luminance signal YF' from side panel
look-up table is programmed accordingly to provide luminance signal
component YS and center panel lu-  25  output values from 0 to 1,
corresponding to weighting minance signal component YC, as well as an I
signal  function W, in response to the input signal. The input splicer 1420
and a Q signal splicer 1430 which are  signal can be developed in a variety
of ways, such as similar in structure and operation to network 1410.  by a
counter synchronized by each horizontal line The center panel and the side
panels are purposely  synchronizing pulse. Complementary weighting func-
overlapped by several pixels, e.g. ten pixels. Thus the   30  tion 1-W can
be produced by subtracting weighting center and side panel signals have
shared several re-  function W from unity. dundant pixels throughout the
signal encoding and     FIGURE 22 shows apparatus suitable for use as
transmission process prior to splicing.            progressive scan to
interlace converter 17c for signal In the widescreen receiver, the center
and side  YF in FIGURE 1a. FIGURE 22 also shows a diagram panels are
reconstructed from their respective sig-  35  of a portion of progressive
scan input signal YF with nals, but because of the time expansion, time
com-  samples A, B, C and X in a vertical (V and temporal pression and
filtering performed on the panel signals,  (T) plane indicated, as also
shown in FIGURE 2a. Pro- several pixels at the side and center panel
boundaries  gressive scan signal YF is subjected to a 525H delay are
corrupted, or distorted. The overlap regions (OL)  via elements 2210 and
2212 for producing relatively and corrupted pixels (CP; slightly
exaggerated for  40  delayed samples X and Afrom sample B. Samples B
clarity) are indicated by the waveforms associated  and A are summed in an
adder 2214 before being ap- with signals YS and YC in FIGURE 14. If the
panels  plied to a divide-by-two network 2216. An output sig- had no
overlap region, the corrupted pixels would be  nal from network 2216 is
subtractively combined in a abutted against each other, and a seam would be
visi-  network 2218 with sample X to produce signal YT. ble. An overlap
region ten pixels wide has been found   45  Signal YT is applied to an
input of a dual-port memory to be wide enough to compensateforthreetofive
cor-  2222, and signal YF from the output of delay 2210 is rupted boundary
pixels.                           applied to an input of a dual-port memory
2223. Both The redundant pixels advantageously allow      memories 2222 and
2223 read at a 4 x fsc rate and blending of the side and center panels in
the overlap  write at an 8 x fsc rate, for producing signals YF' and
region. A multiplier 1411 multiplies side panel signal  so  YT in interlace
form at respective outputs. YS by a weighting function W in the overlap
regions,  FIGURE 23 shows apparatus suitable for use as as illustrated by
the associated waveform, before sig-  converters 17a and 17b in FIGURE 1a.
In FIGURE 23 nal YS is applied to a signal combiner 1415. Similarly,
progressive scan signal IF (or QF) is applied to a 525H a multiplier 1412
multiplies center panel signal YC by  delay element 2310 before being
applied to a dual a complementary weighting function (1-W) in the  55
port memory 2312 which reads at a 4 x fsc rate and overlap regions, as
illustrated by the associated wa-  writes at an 8 x fsc rate, for producing
interlace output veform, before signal YC is applied to combiner 1415.
signal IF' (or OF'). Also shown are waveforms illustra- These weighting
functions exhibit a linear ramp-type  tive of the progressive scan input
signal with first and 19    37                 EP 0 403 540 B1
38 second lines associated with samples C and X, and  applied to an input
SEL of MUX 2715. AND gate 2720 



the interlace output signal (the first line with sample  responds to an
output signal from a logic OR gate C stretched at a H/2 rate). Dual port
memory 2312  2722 and to motion adaptive processing signal MAP outputs only
the first line sample (C) of the input sig-  derived from luminance helper
signal YT by means of nal, in stretched form.                       5   a
detector 2724. OR gate 2722 responds to a field 2 FIGURE 24 shows details
of unit 80. Signals X  identifiersignal F2 and to a field 3
identifiersignal F3. and Z are applied to address inputs of non-linear am-
Identifier signal F2 is also applied to a switching con- plitude
compressors 2410 and 2412, respectively.  trol input SEL of MUX 2714. MUX
2715 couples its "1" Compressors 2410 and 2412 are programmable
signalinputtoitsoutputwheneverANDgate2720ex- read-only memory (PROM)
devices each including a   10  hibits a "1" output logic level. This occurs
in the ab- look-up table containing programmed values corre-  sence of
image motionwhen signal MAP exhibits a "1" sponding to the desired
non-linear gamma compres-  logic level, and when either of identifier
signals F2 or sion function. This function is illustrated by the instan-
F3 exhibit a "1" logic level when fields 2 or 3 are pres- taneous input vs.
output response adjacent to unit  ent. Apparatus suitable for producing
field identifier 2412. Compressed signals X and Z from data outputs  15
signals can be readily developed as explained, for ex- of units 2410 and
2412 are applied to signal inputs of  ample, in the text "Circuit Concepts"
by Gerald A. signal multipliers 2414 and 2416, respectively. Refer-
Eastman, Television Waveform Processing Circuits, ence inputs of
multipliers 2414 and 2416 receive re-  1969, No. 062-0955-00, pp. 88-92,
available from spective alternate subcarrier signals ASC in mutually
Tektronix, Inc., Beaverton, Oregon. quadrature phase relationships, i.e.,
signals ASC are  20 in sine and cosine form. Output signals from multipli-
ers 2414 and 2416 are added in a combiner 2420 to  Claims produce
quadrature modulated signal M. In the de- coder arrangement of FIGURE 13,
compressed sig-    1. A system for encoding a television-type signal, nals
X and Z are recovered via a conventional quad-  25  comprising control
means responsive to said tel- rature demodulation technique, and
complementary      evision signal for providing a control signal indi-
non-linear amplitude expansion of these signals is    cative of the image
motion content of said televi- performed by associated PROMs with look-up
tables     sion signal; said system being characterized by: programmed with
values complementary to the val-           adaptive means (38,64,76)
responsive to ues of PROMs 2410 and 2412.                   30      said
control signal (YT) for (a) intraframe process- FIGURE 27 shows details of
adaptive frame re-     ing said television signal in the presence of an im-
peat unit 1337 of FIGURE 13. An input signal from     age containing a
given amount of motion, and for block 1336 of FIGURE 13 is applied to a
delay unit    (b) field repeating said television signal within a 2710 and
to one signal input of a multiplexer (MUX)   frame in the presence of
significantly less than 2714. Another input of MUX 2714 receives a version
35  said given amount of image motion. of the input signal delayed by units
2710 and 2712. A MUX 2715 receives the output signal from MUX 2714  2.
Asystem according to Claim 1, further character- at one input, and a center
tap signal, derived from a  ized in that point between delay networks 2710
and 2712, at an-        said adaptive means (38) performs said other input.
The center tap signal and the output sig-  40  intraframe processing and
said field repeating nal from MUX 2715 are applied to filters 2730 and
over a range of signal frequencies above a band 2732 respectively. The
output signals from filters    of frequencies occupied by vertical detail
image 2730 and 2732 are combined to produce an output       information;
and signal which is coupled to network 1350 of FIGURE          said
adaptive means (38) performs said 13.
45      field repeating in the presence of a substantially Filter 2730
exhibits a lowpass response for fre-  motionless image. quencies from DC to
1.78 MHz, and a bandpass re- sponse for frequencies from 3.7 MHz to 5.0
MHz. Fil-  3. A system according to Claim 2, characterized in ter 2732
exhibits a bandpass response for frequen-    that said field repeating is
performed over a cies from 1.78 MHz to 3.7 MHz, and a highpass re-  50
range of frequencies less than that over which sponse for frequencies above
5.0 MHz. Those fre-      said intraframe processing is performed. quency
responses, in the widescreen format, are dic- tated by the frequency
responses of the filters in the  4. A system according to Claim 1, further
character- encoder arrangements of FIGURES 11a and 11b,           ized in
that which process signals encoded for transmission in a   55   said
adaptive means (38, 64,76) provides standard aspect ratio format.
groups of mutually exclusive intraframe image in- The switching of MUX 2715
is controlled in re-    formation pixels of identical value within each
sponse to an outputsignal from a logicAND gate 2720   group, in the
presence of image motion. 20    *   C  L  M  S  * 37                  EP 0
403 540 B1                38 



second lines associated with samples C and X, and  applied to an input SEL
of MUX 2715. AND gate 2720 the interlace output signal (the first line with
sample  responds to an output signal from a logic OR gate C stretched at a
H/2 rate). Dual port memory 2312  2722 and to motion adaptive processing
signal MAP outputs only the first line sample (C) of the input sig-
derived from luminance helper signal YT by means of nal, in stretched form.
5   a detector 2724. OR gate 2722 responds to a field 2 FIGURE 24 shows
details of unit 80. Signals X  identifier signal F2 and to afield 3
identifiersignal F3. and Z are applied to address inputs of non-linear am-
Identifier signal F2 is also applied to a switching con- plitude
compressors 2410 and 2412, respectively.   trol input SELof MUX 2714. MUX
2715 couples its "1 Compressors 2410 and 2412 are programmable
signal input to its outputwhenever AND gate 2720 ex- read-only memory
(PROM) devices each including a   10  hibits a "1" output logic level. This
occurs in the ab- look-up table containing programmed values corre-  sence
of image motion when signal MAP exhibits a "1" sponding to the desired
non-linear gamma compres-  logic level, and when either of identifier
signals F2 or sion function. This function is illustrated bythe instan-  F3
exhibit a "1 " logic level when fields 2 or 3 are pres- taneous input vs.
output response adjacent to unit  ent. Apparatus suitable for producing
field identifier 2412. Compressed signals X and Z from data outputs  15
signals can be readily developed as explained, for ex- of units 2410 and
2412 are applied to signal inputs of  ample, in the text "Circuit Concepts"
by Gerald A. signal multipliers 2414 and 2416, respectively. Refer-
Eastman, Television Waveform Processing Circuits, ence inputs of
multipliers 2414 and 2416 receive re-  1969, No. 062-0955-00, pp. 88-92,
available from spective alternate subcarrier signals ASC in mutually
Tektronix, Inc., Beaverton, Oregon. quadrature phase relationships, i.e.,
signals ASC are  20 in sine and cosine form. Output signals from multipli-
ers 2414 and 2416 are added in a combiner 2420 to  Claims produce
quadrature modulated signal M. In the de- coder arrangement of FIGURE 13,
compressed sig-    1. A system for encoding a television-type signal, nals
X and Z are recovered via a conventional quad-  25  comprising control
means responsive to said tel- rature demodulation technique, and
complementary      evision signal for providing a control signal indi-
non-linear amplitude expansion of these signals is    cative of the image
motion content of said televi- performed by associated PROMs with look-up
tables     sion signal; said system being characterized by: programmed with
values complementary to the val-            adaptive means (38,64,76)
responsive to ues of PROMs 2410 and 2412.                   30      said
control signal (YT)for (a) intraframe process- FIGURE 27 shows details of
adaptive frame re-     ing said television signal in the presence of an im-
peat unit 1337 of FIGURE 13. An input signal from     age containing a
given amount of motion, and for block 1336 of FIGURE 13 is applied to a
delay unit    (b) field repeating said television signal within a 2710 and
to one signal input of a multiplexer (MUX)   frame in the presence of
significantly less than 2714. Another input of MUX 2714 receives a version
35  said given amount of image motion. of the input signal delayed by units
2710 and 2712. A MUX 2715 receives the output signal from MUX 2714  2. A
system according to Claim 1, further character- at one input, and a center
tap signal, derived from a  ized in that point between delay networks 2710
and 2712, at an-          said adaptive means (38) performs said other
input. The center tap signal and the output sig-  40  intraframe processing
and said field repeating nal from MUX 2715 are applied to filters 2730 and
over a range of signal frequencies above a band 2732 respectively. The
output signals from filters    of frequencies occupied by vertical detail
image 2730 and 2732 are combined to produce an output       information;
and signal which is coupled to network 1350 of FIGURE           said
adaptive means (38) performs said 13.
45      field repeating in the presence of a substantially Filter 2730
exhibits a lowpass response for fre-   motionless image. quencies from DC
to 1.78 MHz, and a bandpass re- sponse for frequencies from 3.7 MHz to 5.0
MHz. Fil-  3. A system according to Claim 2, characterized in ter 2732
exhibits a bandpass response for frequen-    that said field repeating is
performed over a cies from 1.78 MHz to 3.7 MHz, and a highpass re-  50
range of frequencies less than that over which sponse for frequencies above
5.0 MHz. Those fre-      said intraframe processing is performed. quency
responses, in the widescreen format, are dic- tated by the frequency
responses of the filters in the  4. A system according to Claim 1, further
character- encoder arrangements of FIGURES 11a and 11b,          ized in
that which process signals encoded for transmission in a   55   said
adaptive means (38, 64,76) provides standard aspect ratio format.
groups of mutually exclusive intraframe image in- The switching of MUX 2715
is controlled in re-     formation pixels of identical value within each
sponse to an output signal from a logic AND gate 2720  group, in the
presence of image motion. 20    39                  EP 0 403 540 B1
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5. AsystemaccordingtoClaim 1, further character-        television signal
substantially undisturbed In the ized in that
presence of said given amount of image motion. said adaptive means
(38,64,76) intraframe averages said television signal in the presence of
10. Asystem according to Claim 8, furthercharacter- image motion.
5       ized in that said adaptive means (1337) performs said 6. A system
according to Claim 1,further character-   frame repeating over a range of
frequencies ized in that                                       above a
range of frequencies occupied by verti- said television signal is
representative of a  cal detail information. widescreen image having an
aspect ratio greater  10 than that of a standard television image and con-
11. Asystem according to Claim 8, further character- taining main panel and
side panel image informa-   ized in that tion;
said received television signal is represen- said adaptive means includes
(a) first       tative of a widescreen image having an aspect ra- adaptive
means (38) responsive to said main  15    tio greater than that of a
standard television im- panel image information and to said control sig-
age and containing encoded main panel and side nal for intraframe
processing and field repeating  panel image information. said main panel
information within a frame in the presence of more and less than a given
amount   12. A system according to Claim 11, further charac- of image
motion, respectively; and (b) second   20  terized in that adaptive means
(64) responsive to said side pan-         said television signal is in
interlaced form; el image information and to said control signal for
said system includes means (1350) for intraframe processing and field
repeating said     converting said interlaced signal to progressive side
panel information within a frame in the pres-  scanning form; and ence of
more and less than a given amount of im-  25     said adaptive means (1337)
couples said age motion, respectively; and                      television
signal to said converting means. means for combining (40) output signals
from said first and second adaptive means.      13. Asystem according to
Claim 8, for receiving a tel- evision signal modulated with baseband lumi-
7. A system according to Claim 8, furthercharacter-  30 nance and
chrominance information and repre- ized in that
sentative of a widescreen image having an as- said first (38) and second
(64) adaptive      pect ratio greater than that of a standard televi- means
perform intraframe averaging and field re-   sion image and containing main
panel and side peat within a frame in the presence and absence    panel
information, said system including means of image motion, respectively,
overa range of fre-  35  for demodulating said widescreen television sig-
quencies exclusive of a range of vertical detail   nal to recover said
baseband signal, said system image information frequencies.
characterized in that said system includes means (1334-1337) 8. A system
for receiving a television-type signal    for frame repeating said baseband
luminance in- having been subjected to intraframe processing,  40
formation in the presence of a substantially mo- characterized by
tionless image. control means (1360) for providing a con- trol signal (YT)
indicative of the image motion  14. A system according to Claim 13, further
charac- content of said television signal;                 terized in that
adaptive means (1337) responsive to said  45       said received television
signal is a signal control signal and to said television signal for
having been subjected to field repeat processing passing said television
signal substantially un-   within a frame in the presence of a
substantially changed in the presence of a given amount of im-   motionless
image. age motion, and for frame repeating said televi- sion signal in the
presence of significantly less  50  15. A system for encoding a television
signal repre- than said given amount of motion; and              sentative
of a widescreen image having an as- image signal processing means (1364)
re-      pect ratio greater than that of a standard televi- sponsive to
output signals from said adaptive      sion image and containing main panel
and side means.                                             panel
information, characterized by 55           first means (38) for
non-adaptive field re- 9. AsystemaccordingtoClaim8,furthercharacter-
peating said main panel information within a ized in that
frame; said adaptive means (1337) passes said             second means (64)
for non-adaptive field 21    41                  EP 0 403 540 B1
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repeating said side panel information within a     Vorhandensein von
Bildbewegung Gruppen ge- frame; and
genseitig exidusiver Intraframe-Bildinforrnations- means (40) for combining
output signals from       pixel gleichen Werts innerhalb jeder Gruppe lie-
said first and second means.                       fert. 5 16. A system
according to Claim 15, further charac-  S. System nach Anspruch 1, ferner
dadurch ge- terized In that
kennzeichnet, daM said first (38) and second (64) means re-          die
adaptive Einrichtung (38, 64, 76) beim peat information from a spatial
location in a first  Vorhandensein von Bildbewegung eine Intraframe- field
to a spatial location in a second field 262H   10  Mittelung des
Fernsehsignals durchfihrt. apart from said first field location for odd
frames, and repeat information from a spatial location in  6. System nach
Anspruch 1, ferner dadurch ge- a second field to a spatial location in a
first field  kennzelchnet, daM 262H apart from said second field location
for           das Fernsehsignal darstellend fOr ein even frames.
15      Breitwandbild ist, das ein gr6ieres Bildseitenver- haltnis als ein
herkommliches Fernsehbild hat und Hauptfeld- und Seltenfeld-Bildinformation
Patentanspruche                                       enthalt, Is
die adaptive Einrichtung folgendes ent- >>    1. System zur Codierung eines
Signals vom Fern-  20    halt a) eine erste adaptive Einrichtung (38), die
sehtyp, mit einer Steuereinricht, die auf das be-  auf die
Hauptfeld-Bildinformation und auf das sagte Fernsehsignal anspricht, um ein
Steuersl-    Steuersignal anspricht, um beim Vorhandensein gnal zu liefern,
welches anzeigend frir den BSid-  von mehr bzw. weniger als einem gegebenen
MaB bewegungsgehalt des Fernsehsignals ist, ge-        an Bildbewegung eine
Intraframe-Verarbeitung kennzeichnet durch:                        25
bzw. eine Teilbildwiederholung der Hauptfeld-Bil- eine adaptive Einrichtung
(38,64,76), die     dinfbrmation innerhalb eines Vollbildes durchzu- auf
das besagte Steuersignal (YT) anspricht, um    fuhren, und b) eine zweite
adaptive Einrichtung a) beim Vorhandensein eines Bildes, des ein ge-
(64), die auf die Seitenfeld-Bildinformation und gebenes MaB an Bewegung
enthalt, eine              auf das Steuersignal anspricht, urn beim Vorhan-
Intraframe-Verarbeitung  des  Fernsehsignals  30   densein von mehr bzw.
weniger ale dem gegebe- durchzufiihren, und um b) beim Vorhandensein
nen MaM an Bildbewegung eine Intraframe- von wesentlich weniger als dem
gegebenen Ma%       Verarbeitung bzw. eine Teilbildwiederholung der an
Bildbewegung eine Teilbildwiederholung des      Seltenfeld-Information
durchzufflhren, und Fernsehaignals innerhalb eines Volibildes durch-
eine Einrichtung zum Kombinieren (40) zuffhren.
35      von Ausgangssignalen der ersten und der zwei- ten adaptiven
Einrichtung. 2. System nach Anspruch 1, ferner dadurch ge- kennzeichnet,
daB                               7. System nach Anspruch 6, ferner dadurch
ge- die  adaptive  Einrichtung  (38)  die         kennzeichnet, daB
Intraframe-Verarbeitung und die Teilbildwieder-  40      dIe erste (38) und
die zweite (64) adaptive holung Ober elnen Bereich von Signalfrequenzen
Einrichtung beim Vorhandensein bzw. beim Feh- durchflhrt, der oberhalb
eines Frequenzbandes      len von Bildbewegung eine Intraframe-Mittelung
liegt, das durch die Information vertikaler Blidde-  bzw. eine
Teilbildwiederholung innerhalb eines tails belegt ist, und
Vollbildes Ober einen Bereich von Frequenzen die adaptive Elnrichtung (38),
die Teilbild-  45  durchfuhren, der den Bereich der Frequenzen wiederholung
beim Vorhandenseln eines im we-       vertikaler Detailinformation des
Bildes aus- sentlichen bewegungslosen Bildes durchfuhrt.       schlieRt. 3.
System nach Anspruch 2, dadurch gekennzeich-    8. System zum Empfang eines
Signals vom Fern- net, daB                                   50
sehtyp, das elner Intraframe-Verarbeitung unter- die Telbildwiederholung
Ober einen Be-       worfen worden ist, gekennzeichnet durch reich von
Frequenzen durchgefihrtwird, derklei-          eine Steuereinrichtung
(1360) zur Liefe- ner !st als derjenige, Ober den die Intraframe-    rung
eines Stbuersignals (YT), das anzeigend fOr Verarbeitung durchgefihrt wird.
den Bildbewegungsgehalt des Fernsehsignals 55      ist, 4. System nach
Anspruch 1, ferner dadurch ge-               eine adaptive Einrichtung
(1337), die auf kennzeichnet, daB                                  das
Steuersignal und auf des Fernsehsignal an- die adaptive Einrichtung (38,
64, 76) beim   sprIcht, um beim Vorhandensein eines gegebe- 22    43
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Bildbewegung das Fernsehsignal        sentlichen bewegungslosen Bildes
Vollbildwie- 



im wesentlichen unverindert durchzulassen und      derholung der
Basisband-Leuchtdichteinformati- beim Vorhandensein von wesentlich weniger
als      on durchzuf~hren. dem gegebenen MaB an Bildbowegung eine Voll-
bildwiederholung des Fernsehsignals durchzu-   5   14. System nach Anspruch
13, ferner dadurch ge- f~hren, und
kennzeichnet, dae sine Bildsignal-Verarbeitungseinrichtung           das
empfangene Fernsehsignal sin Signal (1364), die auf Ausgangssignale von der
adapti-    ist, das beim Vorhandensein sins im wesentlichen ven Einrichtung
anspricht.                         bewegungslosen Bildes einer
Teilbildwiederho- 10     lungs-Verarbeitung innerhalb eines Vollbildes un-
9. System nach Anspruch 8, ferner dadurch ge-         terworfen worden 1st.
kennzeichnet, daB die adaptive Einrichtung (1337) beim Vor-  15. System zum
Codieren sines Fernsehsignals, das handensein des gegebenen Males an
Bildbewe-        sin Breitwandbild darstellt, welches sin gr6Beres gung das
Fernsehsignal im wesentlichen unbe-  15   Bildseitenverhfltnis als sin
normales Fernseh- hindert durchlMt.                                 bild
hat und Hauptfeld- und Seitenfeldinformati- on enthflt, gekennzeichnet
durch 10. System nach Anspruch 8, ferner dadurch go-               ine
erste Einrichtung (38) zur nicht- kennzeichnet, daM
adaptiven Teilbildwiederholung der Hauptfeldin- die adaptive Einrichtung
(1337) die Voll-  20  formatlon innerhalb sines Vollbildes;
bildwiederholung uiber eonen Bereich von Fre-            sine zweite
Einrichtung (64) zur nicht- quenzen durchfulhrt, der oberhalb sines durch
adaptiven Teilbildwiederholung der Seitenfeldin- Vertikaldetailinformation
belegten Frequenzbe-     formation innerhalb sines Volibildes und rehchs
liegt.                                            sine Einrichtung (40) zum
Kombinieren 25      von Ausgangssignalen der ersten und der zwei- 11.
System nach Anspruch 8, ferner dadurch ge-        ten Einrichtung.
kennzeichnet, dal das empfangene Fernsehsignal sin Breit-   16. System nach
Anspruch 16, ferner dadurch ge- wandbild darstellt, dessen
Bildseitenverhiltnis    kennzeichnet, dal gr6ger ist als dasjenige eines
normalen Fernseh-  30     die ersto (38) und die zweite (64) Einrich-
bildes und das codierte Hauptfeld- und Seiten-     tung fOr ungerade
Vollbilder Information von ei- feld-Bildinformation enthilt.
ner rfiumlichen Position in einem ersten Teilbild an einer rfiumlichen
Position in einem zweieten 12. System nach Anspruch 11, ferner dadurch ge-
Teilbild wiederholen, die um 262H von der Posi- kennzeichnet, daM
35      tion im ersten Teil bild beabstandet ist, und fOr ge- das
Fernsehsignal im Zeilensprungformat      rade Vollbilder Information von
einer riumlichen ist;
Position in einem zweiten Teilbild an einer rium- das System sine
Einrichtung (1350) zur       lichen Position in einem ersten Teilbild
wiederho- Umwandlung des im Zeiiensprungformat vorlie-       len, die von
der besagten Position im zweiten gonden Signals in das Format fortlaufender
Ab-  40  Telibild um 262H entfernt liegt. tastung enthalt, und die adaptive
Einrichtung (1337) das Fern- sehsignal auf die Umwandlungseinrichtung kop-
Revendications pelt. 45  1. Systeme de codage d'un signal de type- 13.
System nach Anspruch 8 zum Empfang eines           television, comprenant
des moyens de comman- Fernsehsignals, das mit Leuchtdichte- und Farb-    de
sensibles audit signal de tel6vision pour four- artinformation aus dem
Basisband moduliert ist     nir un signal de commands indicatif du contenu
sin Breitwandbild darstellt, dessen Bildsoitonver-  en mouvement d'image
dudit signal de t6levi- haltnis grdger lot als dasjenige sines normalen
50  sion ; ledit systeme 6tant caract6ris6 par: Fernsehbildes und das
Hauptfeld- und Seiten-             des moyens adaptateurs (38, 64, 76) sen-
feldinformation enthilt, wobei das System eine     sibles audit signal de
commands (YT) pour (a) Einrichtung zum Demodulieren des Breitwand-
traitoment intratrame dudit signal de t6l6vision en Fernsehsignals enthalt,
um das Basisbandsignal     prisence d'une image contenant une quantite
wiederzugewinnen, dadurch gekennzeichnet,  55      donn~e de mouvement et
pour (b) repetition de dal
champ duditsignal de television A l'int6rieurd'une das System sine
Einrichtung (1334-1337)      trame en presence de nettement moins de mou-
enthalt, um beim Vorhandensein sines im we-        vement d'image quo
laditb quantite donnee. 23    45                 EP 0 403 540 B1    *   C
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plus en ce que                                         lesdits premiers
(38) et seconds (64) lesdits moyens adaptateurs (38) effeo-      moyens
adaptateurs effectuent l'op~ration de fai- tuent ledit traitement
intratrame et ladite r6peti-  re la moyenne intratrame et la rep6tition de
tion de champ sur une gamme de fr6quences de   5  champ A I'interieur d'une
trame respectivement signaux au-dessus d'une bande de frequences       en
pr6sence at en l'absence de mouvement occupees par l'information image fine
verticale;  d'image surune gammo de frbquences exclusive et
d'une gamme de frequenoes d'information Ima- lesdits moyens adaptateurs
(38) effeo-      ges fines verticales. tuent ladite repetiiton de champ en
presence  10 d'une image sensiblement sans mouvement.       8. Systeme pour
recovoir un signal de type televi- sbon ayant ete soumis A un traitement
intratrame, 3. Systeme solon la revendication 2, caractbrise en
caractbrise par ce quo ladite repetition de champ est effectube        des
moyens de commando (1360) pour sur une gamme de frequences inferieure A
cello  15  fournir un signal de commande (YT) indicatif du sur laquelle
ledit traitement intratrame est effso-  contenu on mouvement d'image dudit
signal de tue.                                              television; des
moyens adaptateurs (1337) sensibles 4. Systeme selon la revendication 1,
caracterisb de  audit signal de commando et audit signal de tele- plus en
ce quo lesdits moyens adaptateurs  20     vision pour faire passer ledit
signal de television (3B,64,76) fournissent des groupes de pixels d'in-
sensiblement inchange en presence d'une quan- formation image intratrame
mutuellement exclu-    tite donn6e de mouvement d'image et pour la re- sifs
de valeur identique A l'intefieur de chaque  petition de trames dudit
signal de tblevision on groupo, en presence de mouvement d'image.
prbsence de nettementmoins de mouvementque 25     ladito quantite donnhe ;
et 5. Systbme salon la revendication 1, caracterise en        des moyens de
traibtment du signal image outre, en ce quo lesdits moyens adaptatburs
(1634) sensibles aux signaux de sortie desdits (38,64,78) font la moyenne
intratrame dudit si-   moyens adaptatburs. gnal de telbvision en presence
de mouvement d'image.                                  30  9. Systeme solon
la revendication 8, caracterise , de plus, en ce quo lesdits moyens
adaptatburs 6. Systbme solon Ia revendication 1, caractefise de  (1337)
font passer ledit signal de televisbon sen- plus, en ce quo ledit signal de
television estrepre-  siblement sans ftre perturbA en pr6sence de la-
sentatif d'une image grand ecran possedant un     dito quantite donnee de
mouvement d'image. formatsuperieura celui d'une image de tblevision   35
standard et contenant l'information image du   10. Systime solon la
revendication 8, caractrise de panneau central et des panneaux latbraux;
plus, en ce quo lesdits moyens adaptatours lesdits moyens adaptatours
incluent (a)      (1337) effectuent ladite repetition de trame sur des
premiers moyens adaptatours (38) sonsibles    une gamme de frequences
occupee par l'infor- A ladito information image du panneau principal  40
mation fine verticale. et audit signal de commando du traitement intra-
trame et de repetition de champ de laditb infor-  11. Systeme solon la
revendication 8, caracterisb, de mation de panneau central A l'interieur
d'une tra-  plus, en ce quo ledit signal de tblevision recu est me en
prbsence, respectivement, de plus et        representatif d'une image grand
ecran ayant un moins de mouvement d'image quo la quantitb  45
formatsuperieura celui d'une image de television donn~e ; et (b) des
seconds moyens adaptatours    standard et confonant l'information image
codbo (64) sensibles A ladite information image de pan-  du panheau central
et du panneau latbral. neau latfral et audit signal de commando de trai-
tement intratrame et de repbtition de champ de  12. Systeme solon la
revendication 11, caractbri- ladibo information de panneau latbral A
l'interieur  50  s6 ,de plus, en ce quo leditsignal de tiblvision est d'une
trame en presence, respectivement, de       sous forms entrelaceo; plus et
moins de mouvement d'image qu'une              ledit systeme inclut des
moyens (1350) quantite donn~e ; et                              pour
convertir ledit signal entrelacb en une forme des moyens de combinaison
(40) des si-       de balayage progressif ; et gnaux de sortie desdits
premiers et seconds  55        lesdits moyens adaptatburs (1337) cou-
moyens adaptatburs.                               plent ledit signal de
television auxdits moyens de conversion. 7. Systeme solon la revendication
6, caracterise de 24    47                 EP 0 403 540 B1
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un signal de television modul6 avec l'information de chrominance et de
luminance en bande do                               * base et repr6sentatif
d'une Image grand 6cran ayant un format superieur A celul d'une image de
5 t6levision standard et contenant l'information de panneau central et de.
panneau lateral, ledit sys- teme incluant des moyens pour demoduler ledit
signal de telivision grand ecran pour recuperer ledit signal en bando de
base, ledit systeme etant  10 caract6ris6 en ce quo ledit systeme inclut
des moyens (1334- 1337) de repetition de trames de ladite informa- tion de
luminance en bande de base en presence d'une image sensiblement sans
mouvement.  15 14. Systeme solon la revendication 13, caractirisA en outre,
en co quo ledit signal de television recu est un signal ayant etb soumis au
traitement de repetition de champ A I'interieur d'une trame en  20 presence
d'une image sensiblement sans mou- vement 15. Systeme pour coder un signal
detelevision repre- sentatif d'une Image grand 6cran ayant un format  25
superieur A colul d'une image de television stan- dard et contenant
l'information de panneau con- tral et de pannneau lateral, caracterise par
des premiers moyens (38) pour repetition de champ non adaptative de ladite
information de   30 panneau central A l'interieur d'une trame; des seconds
moyens (64) pour repetition de champ non adaptative de ladite information
de panneau lateral A l'interieur d'une trame ; et des moyens (40) pour
combiner les si-  35 gnaux de sortie desdits premiers et seconds moyens. r
16. Systeme solon la revendication 15, caracterise, de plus, en co quo
lesdits premiers (38) et se-  40 conds (64) moyens repetent l'information a
partir d'une position spatiale dans un premier champ A une position
spatiale dans un second champ dis- tante de 262 H de ladite position de
premier champ pour les trames impaires et rhpbtent I'in-  45 formation A
partir d'une position spatiale dans un second champ A une position spatiale
dans un premier champ distant. de 262 H de ladite posi- tion de second
champ pour les trames paires. 50 55 25    


