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end tends to affect the accuracy of the complemen- tary expansion function
at the receiver. This Invention concerns a video signal noise re-
Nominally noise in reproduced images Is less ob- duction system employing
companding and predic-   jectionable in Images containing object motion
than in tive signal processing.                        5   still images. In
addition, for temporally processed vid- Transmitting a video signal such as
a television  eo signals at the transmitter, a nonlinear compansion signal
over a potentially noisy channel typically in-  process creates greater out
of band components for volves considerations of how to prevent channel
moving images than for still Images. Therefore, it is noise from degrading
the signal-to-noise ratio of the  advantageous to compand video signals
with differ- video signal and the quality of a reproduced picture.  10  ing
compansion functions depending upon the de- Companding is one way to
Improve the quality of a  gree of motion in respective reproduced images,
that video signal conveyed in a noisy environment. In com-  is to perform
greater compansion for temporally proc- panding, the amplitude of a video
signal is com-   emssed still Images and lesser companson for tempor-
pressed at the transmitter, thereby raising its aver-  ally processed
moving images. age-to-peak power ratio and hence its Immunity to  15  The
present Invention is embodied in a video sig- noise. The signal is
amplitude expanded at the receiv-  nal transmission system including a
compandor hav- erwith the inverse transferfunction of the transmitter  ing
a plurality of selectable companson characteris- compression function, to
restore the original video  tics. Circuitry is included for predicting,
e.g., the am- signal amplitude distribution so as to obtain a correct
plitude of a video signal and responsive thereto deter- signal for display.
When non-linear compression is  20   mining the particular compansion
characteristic to be performed at the transmitter, the signal is modified
by  used. means of a combination of small signal expansion and   Figures 1
and 2 are block diagrams of compan- large signal compression. Complementary
functions  sion apparatus which may be utilized for companding are
performed at the receiver. An example of fixed  video signals in the
transmitting and receiving ends transfer function companding is shown in
published   25  of a television system respectively. patent document
GB-A-2,196,205.                        Figures 3 and 4 are block diagrams
showing in- Noise power is reduced as a function of the slope  clusion of
compansion circuitry In the transmitting of the compandor transfer
function. The steeper the  and receiving portions respectively of a
widescreen slope the greater the noise reduction. The region of  television
signal processing system. the compandor transfer function having a steep
slope   30  Figures 5A and 6 are block diagrams of adaptive Is limited by
dynamic range considerations. For most  compansion circuitry in the
transmitting and receiv- signals, the dynamic range of the signal over
different  ing portions respectively of a television signal trans-
intervals of time is different. If one had knowledge a  mission system.
priori of the relative dynamic range over the different  Figure 5B is a
block diagram of circuitry which time intervals, one could adjust the
compandortrans-  35   may be utilized to realize the direct compandor and
fer function to operate optimally for the respective in-  compandor control
elements of FIGURE 5A. tervals. Note howeverthat the relative dynamic range
Figures 7 and 8 are block diagrams of an alterna- information must be
available to both the transmitting  tive embodiment of adaptive compansion
circuitry in and receiving end of the companslon system.        the
transmitting and receiving portions respectively, It is well known that
video signals from horizontal  4o  of a television signal transmission
system. line-to-horizontal line orframe-to-frame are highly re-  Figure 9
and 10 are block diagrams of a further dundant. Due to this redundancy the
amplitude val-  alternative adaptive video signal compansion system ues of
video signal can be predicted with relatively  including compansion
circuitry in the transmitting and high accuracy. Knowing the relative
amplitude of the  receiving end of the system respectively. current video
signal, via prediction from prior occur-  45  Figure 11 Illustrates a
plurality of oompandor ring signal, one can determine the Instantaneous dy-
transfer characteristics which may be implemented in namic range of the
signal over respective signal inter-  an adaptive compandor. vals. Using
predicted values of successively occur-   In the transmitter arrangement of
Figure 1, an In- ring video signal an adaptive compansion system can  put
video signal Is applied to one input of a signal sub- be Implemented in a
video signal transmission sys-  50  tracter 10, the other input of which
receives a signal tem.                                               from a
signal predictor network 15 as will be dis- Nonlinear amplitude compression
at the trans-   cussed. An output difference signal (DIFF) from sub- mitter
can produce unwanted out-of-band high fre-  tractor 10 representing a
temporally processed video quency signal components, e.g., above 4.2 MHz in
signal, is subjected to nonlinear amplitude compres- the case of a
television type video signal. These un-  55  sion by means of an amplitude
compressor 12 having wanted high frequency components can be removed    a
nonlinear transfer function as Illustrated above by a transmitter output
low pass filter. However, re-  block 12. Compressor 12 amplitude compresses
moval of frequency components at the transmitting  large signals
greaterthan a given amplitude threshold 2  



3                   EP 0 494 945 B1                 4 and amplitude expands
(amplifies) small amplitude  picture points from multiple fields. Nominally
the signals. Compressor 12 constitutes a componentof a  scaling factor "A"
Is constrained to a value less than companding system together with an
amplitude ex-   unity to maintain the integrating loop stable. pander,
having a complementary transferfunction, at    Returning to Figure 1, the
prediction signal from a receiver.                                    5
the output of predictor 15 represents an estimate of The nonlinear transfer
characteristic of compres-  the delayed receiver output signal, scaled by
factorA. sor 12 can generate unwanted high frequency com-   Unit
10subtracts the prediction signal from the input ponents (e.g. harmonics)
which extend above the 4.2  signal to produce a difference signal which is
proc- MHz upper limit of the video signal band in this exam-  essed by
units 12 and 14 to produce the output signal pie. These out-of-band high
frequency components  io   which is transmitted. arefiltered bya low pass
filter 14 before the OUTPUT   At the transmitter apparatus of Figure 1, the
dif- signal is transmitted over a channel likely to include  ference signal
is the difference between the input sig- signal corrupting noise. Filter
14. however, is likely to  nal and prediction signal. The output of adder
18 Is a introduce unwanted signal distortion of its own. This  model of the
receiver's output. It can be shown that filter distortion, as well as
distortion associated with  15  the signal atthe receiver's output is
similar to the sig- a mismatch between the compression and expansion   nal
applied to the transmitter input. If the difference functions atthe
transmitter which may appear In prac-  signal produced by subtracter 10 at
the transmitter is tice, particularly in the case of image motion for ex-
small (indicating a good prediction), nonlinear ampli- ample, are reduced
or eliminated with the cooper-  tude compressor 12 will amplify the
difference signal ation of predictor network 15.                20  and
thereby advantageously enhance its signal-to- Predictor 15 is a replica of
an amplitude expander  noise characteristics prior to transmission. and
predictor network found in a receiver which re-    With the disclosed
system operating with respect ceives a signal transmitted by the apparatus
of Figure  to a 4.2 MHz luminance signal a noise reduction of 2.7 1.
Referring to Figure 2 for the moment, the received  db was observed with a
scaling factor A of 0.75 and input signal, which had been nonlinearly
amplitude   25  with a [err]law compandor having a companding para-
compressed at the transmitter, Is amplitude expand-  meter [err] of 11. A
noise reduction of 4.1 db was ob- ed with the inverse of the transmitter
nonlinear trans-  tained for A of 0.90 and [err] of 40. fer function by
means of an amplitude expander 216.    Figure 3 shows a block diagram of an
encoderfor Expander 216, like Compressor 12 at the transmitter,  a
compatible widescreen television system, e.g. for provides an instantaneous
transfer function and may  30  processing a 5:3 wide aspect ratio signal,
including be Implemented in the form of a ROM look-up table.  compression
and prediction networks of the type de- The remaining elements of the
Figure 2 circuitry  picted by Figure 1. With the exception of such net-
perform several functions including generating a pre-  works, the system of
Figure 3 Is disclosed In greater diction signal corresponding to the
prediction signal  detail In U.S. Patent 4,816,899 - Strolle et al.
produced by the predictor 15 of Figure 1. In Figure 2   35  In Figure 3 a
source of widescreen television sig- the output signal from expander 216 is
a video differ-  nals 310 provides widescreen television color video ence
signal. Adder 218, delay element 220 and am-  components Y (luminance) and
I, Q (color difference) plifler 222 are arranged in a dosed loop to forma
lea-  in digital form. Source 310 also illustratively includes ky
Integrator to Integrate the video difference signal  matrix,
analog-to-digital converterand low pass filter- and provide a reconstructed
videosignal atthe output  40  ing circuits. Thesignalsfrom source 310are
process- terminal of the adder 218. The delay element 220 may  ed by a
side-center panel signal separator and proc- be a frame delay and due to
the highly redundant na-  essor 318 to produce three groups of output
signals: ture of video signals, provides at Its output a predic-  YE, IE
and QE; YO, 10 and QO; and YH, IH and QH. tion of the currentvideo signal.
The output of the delay  The first two groups of signals (YE, IE, QE and
YO, element 220 Is weighted by a factor less than one in  45  10, QO) are
processed to respectively develop a sig- the amplifier 222. Amplifier 222
provides a weighted  nal containing a center panel component, and side
prediction signal which is substantially equal to the  panel low frequency
luminance information (lumi- prediction signal generated by predictor 15.
nance lows) time compressed into horizontal image The integrator including
elements 218, 220 and  overscan regions. The third group of signals (YH,
IH, 222 Inherently forms a recursive filter. Due to the re-  so   QH) is
processed to develop a signal containing side dundant or correlated
characteristics of successive  panel high frequency information (side panel
highs). frames of video signals, the recursive filtering action  When the
center and side panel signal components of the Integrator tends to increase
the signal-to-noise  are eventually combined, an NTSC compatible wide-
ratio of the signal provided by the adder 218.     screen signal with a 4:3
display aspect ratio is pro- The prediction process In the presentexample
In-  55   duced. Signals YO, 10 and QO provide the low fre- volves
temporally delayed samples from a single pic-  quency side panel
information, exclusive of side pan- ture point, however it is to be
appreciated that it may  el high frequency information, which Is Inserted
Into include a number of samples from spatially related  the left and right
horizontal overscan regions. Signals 
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individually processed by ampli-  separated, and the luminance side panel
highs are tude compression and prediction networks (of the  time compressed
to produce side panel highs signal type shown in Figure 1) within block 322
before being  components YH, IH and QH. combined with signals YE, IE and QE
by a side-center  Signals YN, IN and QN are separated Into lowfre- signal
combiner 328, e.g., a time multiplexer. Combin-   5   quency side panel
components YO, 10, QO and cen- er 328 produces signals YN, IN and QN with a
stan-  ter panel components YE, IE, QE by means of a side- dard 4:3 Image
aspect ratio.                       centerseparator (de-multiplexer) 440.
Signals YE, IE, A signal processor and NTSC encoder 336 proc-  QE are time
compressed by a unit 444 to occupy the easses signals YN, IN and QN to
develop an NTSC   prescribed center panel display region. Signals YO,
compatible composite output signal C/SL comprising   10  10, Q0 are
individually subjected to amplitude expan- center panel Information, and
side panel low frequen-  sion and predictive signal processing in network
442 cy information compressed into horizontal overscan  before being time
expanded by a unit 445 to occupy regions. Unit 336 includes luminance and
chromi-  the prescribed side panel display region. Network 442 nance
filters, a chrominance modulator, and conven-  contains circuits of the
type shown In Figure 2 for re- tional NTSC encoding circuits for encoding
luminance  15  spectively processing signals YO, 10 and QO. and chrominance
information.                         Side panel lows signals from time
expander 445 Side panel high frequency components YH, IH   and side panel
highs signals from processor 454 are and QH are additionally processed by a
unit 343 after  combined in a unit 446 to produce side panel lumi- being
time expanded by unit 321. In unit 343 the side  nance and chrominance
signals YS, IS and QS. Re- panel highs modulate an auxiliary suppressed
sub-  20  constructed side panel signals YS, IS, QS are spliced carrierwith
a phase that reverses atthefield rate. The  to reconstructed center panel
signals YC, IC, QC modulated subcarrier is subjected to amplitude com-
from time compressor 444 by means of a splicer 460 pression and bandpass
filtering to develop a side  to form a fully reconstructed widescreen
signal con- panel highs signal SH. This signal is combined with  taining
components Y, I and Q. signal C/SL in a combiner 340 to produce a wide-  25
Widescreen signals Y. 1, Q are converted to ana- screen compatible signal
NTSC. Signal NTSC is con-  log form by means of a digital-to-analog
converter verted to analog form bya digital-to-analog converter  (DAC)462
before being applied toavideosignal proc- (DAC) 354 before being applied to
an RF modulator  ssor and matrix amplifier 464. The video signal proc- and
transmitter network 355 for broadcast via an an-  essor component of unit
464 includes signal amplify- tenna 356.
30  ing, DC level shifting, peaking, brightness control, Amplitude
compression and prediction network   contrast control and othervideo signal
processing cir- 322 can be similarly situated In an enhanced Image  cults
of a conventional nature. Matrix amplifier 464 definitionversion ofthe
illustratedwidescreenencod-  combines luminance signal Y with color
difference er system disclosed In the Strolle et al. patent. Such  signals
l and Q to produce color Image representative an enhanced definition system
Is disclosed in a co-  35  video signals R, G and B. These color signals
are am- pending U.S. patent application Serial No. 139,339 of  plified by
display driver amplifiers in unit 464 to a level J.S. Fuhrer titled
Compatible Television System with  suitable for directly driving a
widescreen color Image Companding of Auxiliary Signal Encoding Informa-
display device 470, e.g., a widescreen kinescope. tion."
As noted above, the encoder arrangement of Fig- Figure 4 depicts a block
diagram of a widescreen   40  ure 3 encodes low frequency side panel
Information receiver decoder for the compatible widescreen tele-  in time
compressed form. Illustratively, luminance in- vision signal developed by
the transmitter encoder of  formation from DC to 700 KHz is time compressed
Figure 3. With the exception of expansion and predic-  approximately 6:1 so
thatthe side panel low frequen- tion network 422, the system of Figure 4 is
disclosed  cy information occupies a 4.2 MHz bandwidth. The re- in greater
detail in the aforementioned Strolle et al.  45  ceiver (Figure 4) performs
a corresponding time ex- patent.
pansion as mentioned. The process of nonlinear am- The transmitted
compatible widescreen signal is  plitude compression at the transmitter is
particularly received by an antenna 410 and demodulated by an  likely to
generate unwanted out-of-band frequencies input demodulating and signal
processing unit 422 to  when, as in this example, the time compression
proc- develop signals YN, IN, QN and side panel highs sig-  50  ess
produces a signal exhibiting frequencies at or nal SH. Unit 422 Includes
filtering and amplitude ex-  near the upper limit of the desired frequency
band panding networks for recovering signal SH, and sig-  (e.g., 4.2 MHz).
nal combining, filtering and chrominance demodula-   Because of time
compression and expansion, the tion networks for recovering signals YN, IN
and QN.  side panel low frequency component contains much A processor 454
responds to side highs signal SH for  55   more noise energy under noisy
channel conditions producing signals YH, IH, and QH. In processor 454  than
the same frequency band of center panel Infor- 



the auxiliary subcarrier is demodulated, luminance  mation. This condition
manifests Itself as an objec- and chrominance side panel highs components
are   tionable difference in the noise between displayed 4    7
EP 0 494 945 B1                8 center panel and side panel images.
Specifically,  tractor 500, and scaled and frame delayed video sig- side
panel Images exhibit horizontally "streaky" low  nal, from elements 580 and
570, Is applied to a sec- frequency noise which contrasts with the broader
ond input terminal of subtractor 500. For still Images bandwidth noise in
the center panel Image and is  and/or still areas of images the dynamic
range and more objectionable. Side panel information therefore   5   the
amplitude of the differences provided by the sub- appears visibly different
from center panel informa-  tractor500will be relativelysmall. Formoving
images tion, particularly for transmission channels with sig-  and images
in which the brightness level changes, nal-to-noise ratios below about 35
db. Thus the appa-  the dynamic range and amplitude of the differences
ratus of Figures 1 and 2 are advantageously used to  increase. enhance the
signal-to-noise characteristic of the time   io  The difference values from
subtractor 500 are compressed side panel low frequency information.
applied to a compandor circuit 510 which has select- The disclosed
apparatus alternatively can be em-   able transfer functions with a slope
greater than one ployed in the transmitter system of Figure 3 between  for
a predetermined amplitude range of input signals unit 318 and time
compressor 320, In which case the  (e.g., about zero) and a slope less than
one for am- outputsignal path of the Figure 1 apparatus would be   15
plitudes of the input signal outside the predetermined low pass filtered to
700 KHz for luminance lows com-  range. Output signal from the compandor
510 is pressed 6:1.                                      transmitted to a
receiving apparatus (not shown). The disclosed signal companding and
prediction  Output signal from the compandor 510 is also cou- apparatus
also can be used for processing time ex-  pled to a compandor 520 which
performs the inverse panded side panel high frequency signals YH, IH and
20  function of the compandor 510. Compander520emu- QH from unit 321 In
Figure 3. In this regard it is noted  lates the compandor situated in the
receiving appara- that with the Figure 3 system as illustrated, the side
tus. Expanded difference values from the compandor panel high frequency
Information obtains a signal-to-  520 are coupled to circuitry including an
adder 560, noise improvement due to time expansion by expan-  delay element
570 and scaler 580, which Integrates der 321. However, this Improvement is
compromised   25  the expanded difference signal to produce a scaled by the
amplitude attenuation which unit 343 Imparts  prediction of the input
signal. In this embodiment the to the side highs modulated auxiliary
subcarrier to  total delay around the loop between the output and make the
modulated auxiliary subcarrier less visible  second Input terminals is one
image period, for exam- when the widescreen television signal is received
by  pie one horizontal line Interval, one field interval or a standard
television receiver having a standard 4:3  30  one frame interval, etc. The
signal delay provided by aspect ratio. The disclosed noise reduction
apparatus  the delay element 570 is selected to satisfy this con- can be
used to enhance the noise immunity of the  straint. In view of this
constraint It may be necessary side highs information, depending on the
require-  to include compensating delay elements in certain ments of a
particular system.                      signal paths as for example between
elements 580 Referring again to Figure 1, it will be appreciated   35  and
560. However, one familiar with circuit designs by those skilled In the art
of video system design, that  will readily realize such requirements and
include the the amplitude of the difference signal provided by the
necessary elements. subtracter 10 is a function of interframe motion. Con-
Interimage period signal changes or Interimage sider that the scale factor
A is set to unity. In this in-  motion may be detected by subtracting video
signals stance, If successive images are all alike, i.e., repre-  40  from
successive image periods. This is accomplished senting a still image, the
difference signal will be of  In subtractor 550 by subtracting the current
video zero amplitude. Conversely, If successive images are  sample applied
to the delay element 570, from video different, the difference signal will
represent the dif-  signal delayed one image period output from delay
ferences between successive images and be of       element 570. The motion
signal provided by subtrac- greater amplitude. The energy density of the
differ-  45  tor 550 is applied to a low pass filter 540 to ameliorate ence
signal will Increase as the differences between  the effect of noise or
quantization errors in the video successive images increases.
signals and/or to preclude abrupt motion signal The degree of noise
reduction which can be ach-  changes. The low pass filtered motion signal
is cou- ieved by compansion is afunction of input signal stat-  pled to a
compandor control circuit 530 which deter- istics and the dynamic range of
the output signal  so   mines the transfer characteristics of the
compandors channel. If the dynamic range of the input signal to the  510
and 520. compandor for particular signal Intervals Is known, It  The
compandor control circuit 530 and the com - is advantageous to selectively
tailor the compansion  pandor circuit 510 (520), in a digital signal
processing function for the respective dynamic range.
implementation, may be realized with the circuit ele- 



Referto Figure 5A which shows an adaptivevideo  55   ments 531 and 511
respectively, shown In Figure 5B. signal companslon system having its
transfer func-  The compandor control circuit 531 is a read only tion
selectable responsive to Image motion. Input vid-  memory (ROM) having the
motion signal from the low so signal is applied to one input terminal of
the sub-  pass filter 540 applied to Its address input port. ROM 5    9
EP0494945B1                     10 531 is preprogrammed at its respective
storage loca-  560 and therefore the output of adder 610 are accu- tions to
output the appropriate control signal corre-  rate representations of the
original Input signal. sponding to the respective address values. Forexam-
Figure 7 isan alternative embodimentofan adap- pie the ROM 531 may be
programmed to provide a     tive compansion system. The Figure 7 apparatus
op- control signal of binary value 00 foraddress values of   5   erates
similarly to the Figure 5A apparatus except in 0-20 units, a binary control
value of 01 for address  the generation of the compandor control signal
gen- values of 21-40 units, a binary control value of 10 for  eration. In
Figure 7 the compandors 710 and 720 are address values of 41-60 units and a
binary control  adjusted to the expected dynamic range of the signal value
of 11 for address values greater than 80 units,  differences provided by
the subtractor 700 rather etc.                                          10
than to Image motion. The compandor 511 is a further ROM having the
Assume that the range of values of the input sig- video signal coupled to
ones of its address input ter-  nai is from zero to 100 units. The dynamic
range of minals and the control signals coupled to others of its  the
differences provided by subtractor 700 is thus address Input terminals. ROM
511 has its storage lo-  200 units, i.e., from -100 to +100 units. However,
if cations arranged as a plurality of tables, each table  15  the amplitude
of the Input signal can be predicted being programmed with a particular
compansion      then the dynamic range of the difference signal can
function. The particulartable utilized Is determined by  be predicted.
Assume the amplitude of the input sig- the value of the control signal. The
video difference  nal is predicted to be X, then the amplitude range of
signal addresses the respective storage locations in  the difference signal
will be from -X to 100-X units. the table utilized, which locations are
preprogrammed   20   For example, if X Is predicted to be 25 and the actual
with companded output signals corresponding to the  Input signal Is one of
the extremes of zero or 100, then respective address values. For example
ROM 511     the difference signal will be -25 or +75, having a dy- may
Include fourtables which are selected by control  namic range of 100 units.
Therefore, from an ampli- addresses 00,01, 10 and 11. Assume that those
con-  tude prediction of the value of the input signal, the dy- trol
addresses correspond to the control values set  25  namic range of the
signal provided by subtractor 700 forth in the example for ROM 531. In this
instance the  Is reduced by a factor of 112. However, this is a float-
compansion function defined by the tables addressed  ing dynamic range In
that It is not fixed about specific by successively larger control values
may be de-   amplitude limits. However, knowing the predicted val- signed
to optimally compand Input signals having   ue of the input signal, at any
Instance in time the limits successively greater amplitudes.
30  of the floating dynamic range are known and the Figure 6 illustrates
the receiver portion of the  transfer characteristics of the compandor can
be se- adaptive compansion system. In Figure 6 the trans-  lected according
to the relative position of the current mitted companded video difference
signal Is coupled  dynamic range of the signal difference. to the Inverse
compandor 600 which Is similar to the   In Figure 7 the delay in the
Integrating loop is split compandor 520 of Figure 5A. The expanded video
dif-  35  between two elements 770 and 750. The combined ference signal
provided by Inverse compandor 600 is  delay of these elements Is selected
so that the total applied to the circuit elements Including adder 610,
delay around the loop between the output and input delay element 630 and
scaler 620 which Integrate the  terminals of the subtractor 700 Is one
Image period. video difference signal to regenerate the original vid-  The
delay is split so that the predictor circuitry may eo signal. Motion
detection circuitry, similar to the   40  be arranged such that its
response timing is properly motion detection circuitry in Figure 5A,
Including the  time aligned to the signal applied to the compandors.
subtractor 640 coupled to the delay element 630, and   Input signal level
prediction is accomplished by the low pass filter 650 generates a motion
signal  spatially filtering or averaging, In a filter 740, a num- which is
coupled tothe compandorcontrol circuit660.  berof pixels from, for example,
a previous frame, dis- Responsive to the motion signal, the compandorcon-
45   posed about the corresponding pixel currently repre- trol circuit 660
adaptively controls the transfer char-  sented by the input signal. The
predicted signal value acteristics of the compandor 600.
from the spatial filter740 Is coupled to the compandor The compandor 510 in
the transmitting system    control circuit 730. It may be desirable to low
pass fil- develops a robust signal which is not significantly af-  ter the
prediction signal provided by the spatial filter fected by noise in the
transmission channel. There-  so  740 to preclude noise corrupting the
process or to fore, the signal applied to the compandor 600 in the  prevent
excessive changing of the compansion func- receiver is substantially
similar to the signal applied  tion. 



to the compandor 520 In the transmitter. Since the cir-  The compandor
control 730 and the compandor cultry of Figure 6 is similar to the
combination of cir-  circuit 710 (720) may be arranged similarly to the ap-
cuit elements 520-580 of Figure SA, it will accurately  55   paratus of
Figure 5B. In this instance the control ROM emulate its response. Further,
since the circuitry in  531 will be preprogrammed with control values
corre- Figure 5A is arranged In a dosed feedback loop to  sponding to the
expected dynamic range (-X, R-X) of minimize processing errors, the output
from adder  the difference signal where X is the prediction value 6    11
EP 0 494 945 B1                 12 and R Is the maximum value of the input
signal (as-  selection of the particulartable used at any given time suming
the Input signal ranges between 0 and R).  is determined by a control
signal developed by the The compandor ROM 511 will be preprogrammed
compandor control circuit 980. with respective tables of transfer functions
appropri-  The companded signal is also coupled to inverse ate for the
different signal dynamic ranges deter-   5   compansion circuitry Including
elements 910-980 mined by the control signals.                     which
emulates the expansion circuitry at the receiv- Figure 8 Illustrates the
complementary compan-  ing end of the transmission system. Expanded signal
slon apparatus at the receiving end of the Figure 7  from the compandor 910
is applied to a first signal compansion system. In Figure 8 it can be seen
that  prediction circuit including elements 920-923 and to the circuitry,
exclusive of the optional coring circuit  10  a second signal prediction
circuit including elements 800 which will be explained later, includes
similar sig-  930-938. nal prediction and compandor control circuitry as
the  The second prediction circuit includes the cas- Figure 7 apparatus.
Elements in Figure 8 designated  cade arrangement of a delay element 930
which de- with like numbers to elements in Figure 7 perform like  lays
signal by substantially one video frame period functions.
15  minus one horizontal line period, and delay elements Figure 9
illustrates a furtherembodimentof video  931 and 932 each of which delay
signals by one hor- signal adaptive compansion circuitry. This circuitry,
izontal line period. Video signals from the delay ele- however, operates
directly on the video signal rather  ments 930, 931 and 932 are coupled to
signal weight- than video signal differences.                    ing
circuits 935, 934 and 933 respectively. The Typically compandors (at the
transmitting end of  20  weighting circuits 935, 934 and 933 scale the
signals a system) operate to expand the amplitude of low am-  applied
thereto by the factors 114, 112 and 1/4 respec- plitude signals and
compress the amplitude of higher  tively. Video signal from the weighting
circuits 933- amplitude signals to effect an improvement of signal-  935
are summed in an adder circuit 936 which gener- to-noise ratio. Such a
process tends to enhance the  ates a prediction signal temporally related
to the cur- quality of the lower level signals, but does little to im-  25
rent video signal. The temporal prediction signal from prove higherlevel
signals. On theother hand if the rel-  adder 936 Is coupled to a variable
weighting circuit ative amplitude of the signal to be processed Is  942
which scales the temporal prediction signal by a known, by adaptive
compansion, the signal-to-noise  variable factor K provided by a control
signal genera- ratio of signals of almost any level can be Improved.  tor
960. This  is accomplished by selecting a compansion   30  The temporal
prediction signal may include con- transfer characteristic which has Its
greatestslope lo-  tributions from the current image. This Is indicated by
cated in the range of amplitudes in which signal sam-  the broken arrow
connection between the output of ples are expected to occur. Considerthe
compansion  the compandor 910 and the adder circuit 936. This curves
illustrated in Figure 11 which are applicable for  connection is intended
to Imply that signal from one a compandor implemented in the transmitting
end of  35  ormore picture points of the current image frame may a
compansion system. (It will be appreciated that by  be weighted and
combined with the signals from the changing the axis designation from Input
and Output  previous frame. to Output and Input, the curves will correspond
to the  The first prediction circuit develops a prediction inverse or
receiving end compansion curves.) It can  signal from signal from the
current image field. In the be seen that if the amplitude of the Input
signal is ex-  40  exemplary embodiment of Figure 9, output signal pected
to be between, e.g., 80 and 100 IRE, signal in  from compandor 910 is
delayed by one horizontal line this range will be expanded, and
lesseramplitude sig-  period minus T In delay element 920. The time T is a
nals will be compressed. Alternatively, if the signal is  short time period
typically equal to one quarter of the expected to be 50 IRE, signals in the
range of about  period of the color subcarrier or a multiple thereof. 50 10
IRE will be expanded and signals of greater  45  The delayed signal is
further delayed in the cascade and lesser amplitude will be compressed. It
may be  connected delay elements 921 and 922 each of which said that a
system which operates in this manner is an  provides a delay of period T.
Delayed signals from de- amplitude tracking compansion system. It happens
lay elements 920-922 are coupled to scaling and that the high correlation
of video signals from line-to-  combining circuitry 923 which develops a
spatial pre- line, field-to-field, or frame-to-frame permits the re-  50
diction signal. The scaling and combining circuitry 



alization of such a tracking compansion system.   923 may be similar to
elements 933-936 of the tem- In Figure 9, video signal to be companded is
ap-  poral prediction circuit. The spatial prediction signal plied to a
multicharacteristic compandor 900 which  provided by element 923 is coupled
to a variable provides a companded signal to be transmitted at the
weighting circuit 940, which scales the spatial predio- terminal OUTPUT.
Compander 900 may be a ROM   55  tion signal by a variable factor (1-K)
provided by the programmed with a plurality of tables of transfer char-
control circuit 960. acteristics, each table defining one companding char-
For non-moving images, or areas of images acteristic such as those
illustrated in Figure 11. The  which contain no interframe motion, the
temporal 7    13                 EP 0 494 945 B1                 14 average
tends to be a more accurate prediction of the  duced by incorporating a
coring circuit 800 between current signal. Formoving Images, or areasof
Images  the weighting circuit 780 and the adder 760. If such that contain
interframe motion, the spatial average  coring circuit is Included in the
Figure 8 circuitry, a tends to be a more accurate prediction of the current
similar coring circuit should also be Included at the signal. In order that
the system perform well for both   5   output of the weighting circuit 780
in Figure 7 so that conditions of image motion and non-motion, the ex-  the
prediction signals generated by both the Figure 7 panded signal from the
compandor 910 Is monitored  and Figure 8 apparatus are similar. The coring
circuit for motion to enable selection of the appropriate pre-  800 may be
of conventional design having a transfer diction signal.
function which damps signal in a particular range of A motion detector 950
Is coupled between the In-  10  amplitude to a predetermined value, and
which pass- put to delay element 930 and the output of delay ele-  es
signal outside the particular range substantially ment 931. Motion detector
950 provides a signal cor-  unaltered. Forexample, the coring circuit may
pass all responding to Interframe image signal differences.  signal
amplitude values which are greater and lesser This difference signal is
coupled to the control signal  than plus and minus, e.g., 5 IRE
respectively, and generator 960 which generates variable control sig-  15
clamp signal amplitudes of between plus and minus nals, K, for particular
ranges of the difference signal.  5 IRE to a zero IRE value. Alternatively,
the coring cir- For Image areas containing no motion, Le., when the  cult
may be of the adaptive type as for example the difference signal provided
by the motion detector 950  coring circuit set forth in U.S. Patent No.
4,538,236 is zero, the control signal generator provides a K val-  which Is
incorporated herein by reference. ue corresponding to one. In this Instance
the weight-  20  It may be desirable to include coring circuitry in ing
circuits 942 and 940 are respectively conditioned  any of the Figure 1,
Figure 2, Figure 5A and Figures to pass the temporal prediction and exclude
the spa-  6-10 apparatus, and such coring circuitry may be in- tial
prediction. When the motion detector generates a  cluded at locations other
than the output of the large amplitude difference signal, Indicating
signifi-  weighting circuit (e.g., 780). For example, In Figures cant Image
motion, generator 960 provides a value of  25  7 and 8 a coring circuit may
be Included between the K corresponding to zero which conditions the
weight-  adder 760 and the delay element 750, or between the Ing circuits
940 and 942 to pass the spatial prediction  compandor 720 and the adder
780. In each instance to the exclusion of the temporal prediction. For
Inter-  the effectwill be a reduction of noise powerattheout- mediate
valued Image difference signals, generator  put of the adder 760. It is
also advantageous to in- 960 develops values of K Intermediate zero and
one,  30  dude coring circuitry between the delay element 750 which values
of K condition the weighting circuits 940  and the compandor control
circuitry 730. and 942 to pass the spatial and temporal prediction  Coring
circuitry may also be used to advantage signals In complementary
proportions.             to reduce quantization errors. An example Is the
cor- The weighted spatial and temporal prediction sig-  ing circuit 970
included between the adder circuit 944 nals from the weighting circuits 940
and 942 are cou-  35  and the compandor control circuit 980 in Figures 9
pled to an addercircuit 944 which provides a sum oor-  and 10. Consider
that generator 960 Is configured to responding to the desired prediction
signal. The pre-  generate only nine different values of K correspond-
diction signal, from the adder circuit 944, Is coupled  ing to 0,
1/8...7/8, 1 and that the weighting circuits 940 to the compandor control
circuit 980. The compandor  and 942 are of the bit shift and add type. In
this In- control circuit 980, responsive to the prediction signal  40
stance the output of the adder 944 may produce sums from the adder circuit
944, develops appropriate con-  with quantization errors. Such quantization
errors trol signals to condition the compandors 900 and 910  tend to be
more significant for low amplitude signals. to operate according to a
particular one of Its select-  Therefore, it Is desirable to eliminate the
possibility of able transfer characteristics. Note the compandor  errors
overthe lowest range of prediction signals. The control circuit 980 and the
compandor 900 (910) may  45  coring circuit 970 has a transfer function
which pro- be configured similarto the circuitry illustrated In Fig-  vides
a zero valued output signal fora predetermined ure 5B.
range of signal amplitudes about zero, and passes all Figure 10 illustrates
compansion circuitry for the  other signals, thereby eliminating
quantization errors 



receiving end of a system Incorporating the compan-  for low level signals.
sion circuitry of Figure 9 at the transmitting end of the   50  It will be
appreciated that compensating delay system. Elements designated with like
numerals as  elements may be required in certain signal paths in elements
In the Figure 9 apparatus are similar and  each of the circuits of Figures
5-10 in order to appro- perform like functions.
priately time align predicted signals and/or control Refer back to Figure 8
and considerthe recursive  signals with the current input sample. However,
those loop including elements 750-780. This recursive loop  55  persons
skilled In the art of circuit design will readily tends to increase the
noise power at the output of the  recognize where such delays are necessary
and in- adder 760, even though the loop improves the signal  corporate them
In their systems. Further, lowpass fil- to noise ratio. The increase in
noise power can be re-  ters may be included between the direct and inverse
15                  EP 0 494 945 B1                 16 compandors In the
circuitry of Figures 5A 7 or 9 to        means (940-944,960) responsive to
said eliminate out of band frequency components gener-      motion signal,
said spatial prediction and said ated by nonlinear companson. Finally, it
will be rec-  temporal prediction for generating said signal in- ognized
that the apparatus of Figures 5A, 7 or 9 may   dicative of an attribute. be
incorporated in the Figure 3 widescreen video sig-   5 nal transmission
system and the apparatus of Figure  4. The adaptive compansion system set
forth In 6, 8 or 10 may be incorporated in corresponding Fig-   claim 3
Including a coring circuit (970) for cou- ure 4 widescreen video signal
receiving system.        pling said signal indicative of an attribute to
said While compansion circuitry Is shown only In the side   means for
generating said control signal. panel low frequency signal paths of Figures
3 and 4,  10 similar compansion circuitry of the type described  5. The
adaptive compansion system set forth in herein may also be included in the
side panel high fre-  claim 1 wherein the means forgenerating a signal
quency signal paths.                                  indicative of an
attribute includes means (740) re- sponsive to said output video signal for
generat- 15     Ing a signal representing a spatial prediction of Claims
the amplitude of said video signal represented by said adaptively companded
signal. 1. An adaptive compansion system for processing a video signal
comprising:                        6. The adaptive companson system set
forth in means for applying an adaptively com-  20    claim 5 wherein the
means for generating a signal panded signal representing a video signal
char-    indicative of an attribute further includes: acterized by;
means (930-936) responsive to said out- an adaptive compandor (600) having
an         putvideosignalforgenerating asignal represent- outputterminal
and a control terminal, and having  ing a temporal prediction of said video
signal rep- a plurality of compansion transfer characteristics   25
resented by said adaptively companded signal; selectably responsive to a
control signal applied  and tosaid control terminal, said adaptive
compandor         means (940-944,960) for combining said being responsive
to said adaptively companded      signals representing said spatial and
temporal signal for performing a compansion function to     predictions to
generate said signal Indicative of produce a noncompanded signal
representing   30    an attribute. said video signal; means (610) coupled
to the output termi-  7. The adaptive compansion system set forth in nal of
said adaptive compandor for providing an    claim 5 Including a coring
circuit (970) for cou- output video signal;
pling said signal representing said spatial predic- means (630-650)
responsive to said out-  35  tion to said means for generating said control
sig- put video signal for generating a signal indicative  nal. of an
attribute of said video signal; means (660) responsive to said signal In-
8. The adaptive compansion system set forth in dicative of an attribute of
said video signal for  claim I wherein said means (630-650) for gener-
generating said control signal.            40      ating a signal
indicative of an attribute includes means (740) responsive to said output
video sig- 2. The adaptive compansion system set forth in         nal for
generating a signal representing a predic- claim I wherein said means for
generating a sig-   tion of the ampiltude of video signal represented nal
indicative of an attribute includes a motion de-  by said adaptively
companded signal. tector (950) for generating a motion signal Indl-  45
cating interimage motion.                       9. The adaptive compansion
system set forth in claim 8 further Including a coring circuit (970) for 



3. The adaptive compansion system set forth in         coupling said signal
representing a prediction to claim 2 wherein said means for generating a
sig-   said means for generating said control signal. nal indicative of an
attribute further Includes:  50 means (920-923) responsive to said out-
10. The adaptive compansion system set forth In put video signal for
generating a spatial predic-  claim 8 including coring circuitry (800) for
cou- tion of the amplitude of said video signal repre-  pling said output
video signal to said means for sented by said adaptively companded signal;
generating a signal representing a prediction. means (930-936) responsive
to said out-  55 put video signal for generating a temporal predic-  11.
The adaptive compansion system set forth in tion of the amplitude of said
video signal repre-  claim I wherein said adaptively companded sig- sented
by said adaptively companded signal; and    nal representing a video signal
is a companded 9    15                  EP 0 494 945 B1                  16
compandors in the circuitry of Figures 5A, 7 or 9 to        means
(940-944,960) responsive to said eliminate out of band frequency components
gener-      motion signal, said spatial prediction and said ated by
nonlinear companslon. Finally, it will be rec-  temporal prediction for
generating said signal in- ognized that the apparatus of Figures 5A, 7 or 9
may   dicative of an attribute. be incorporated in the Figure 3 widescreen
video sig-   5 nal transmission system and the apparatus of Figure  4. The
adaptive compansion system set forth in 6, 8 or 10 may be incorporated in
corresponding Fig-   claim 3 including a coring circuit (970) for cou- ure
4 widescreen video signal receiving system.        pling said signal
Indicative of an attribute to said While compansion circuitry Is shown only
in the side   means for generating said control signal. panel low frequency
signal paths of Figures 3 and 4,  10 similar compansion circuitry of the
type described  5. The adaptive companson system set forth in herein may
also be included in the side panel high fre-  claim I wherein the means for
generating a signal quency signal paths.
Indicative of an attribute includes means (740) re- sponsive to said output
video signal for generat- 15     ing a signal representing a spatial
prediction of Claims                                                 the
amplitude of said video signal represented by said adaptively companded
signal. 1. An adaptive compansion system for processing a video signal
comprising:                        6. The adaptive companson system set
forth in means for applying an adaptively com-  20    claim 5 wherein the
means for generatingasignal panded signal representing a video signal char-
indicative of an attribute further includes: acterized by;
means (930-936) responsive to said out- an adaptive compandor (600) having
an         putvideosignal forgenerating a signal represent- output terminal
and a control terminal, and having  ing a temporal prediction of said video
signal rep- a plurality of compansion transfer characteristics   25
resented by said adaptively companded signal; selectably responsive to a
control signal applied  and to said control terminal, said adaptive
compandor        means (940-944,960) for combining said being responsive to
said adaptively companded      signals representing said spatial and
temporal signal for performing a compansion function to     predictions to
generate said signal indicative of produce a noncompanded signal
representing   30    an attribute. said video signal; means (610) coupled
to the output termi-  7. The adaptive compansion system set forth in nal of
said adaptive compandor for providing an    claim 5 Including a coring
circuit (970) for cou- output video signal;
pling said signal representing said spatial predic- means (630-650)
responsive to said out-  35  tion to said means for generating said control
sig- put video signal for generating a signal indicative  nal. of an
attribute of said video signal; means (660) responsive to said signal in-
8. The adaptive compansion system set forth in dicative of an attribute of
said video signal for  claim I wherein said means (630-650) for gener-
generating said control signal.            40      ating a signal
Indicative of an attribute includes means (740) responsive to said output
video sig- 2. The adaptive compansion system set forth in         nal for
generating a signal representing a predic- claim I wherein said means for
generating a sig-   tion of the amplitude of video signal represented nal
indicative of an attribute Includes a motion de-  by said adaptively
companded signal. tector (950) for generating a motion signal indi-  46 



cating interimage motion.                       9. The adaptive compansion
system set forth in claim 8 further including a coring circuit (970) for 3.
The adaptive compansion system set forth In         coupling said signal
representing a prediction to claim 2 wherein said means for generating a
sig-   said means for generating said control signal. nal indicative of an
attribute further includes:  50 means (920-923) responsive to said out-
10. The adaptive compansion system set forth in put video signal for
generating a spatial predic-  claim 8 including coring circuitry (800) for
cou- tion of the amplitude of said video signal repre-  pling said output
video signal to said means for sented by said adaptively companded signal;
generating a signal representing a prediction. means (930-936) responsive
to said out-  55 putvideo signal for generating a temporal predic-  11. The
adaptive compansion system set forth In tion of the amplitude of said video
signal repre-  claim I wherein said adaptively companded sig- sented by
said adaptively companded signal; and    nal representing a video signal is
a companded 9    17                 EP 0 494 945 B1                18
difference signal representing differences of vid-  15. The adaptive
companson system set forth in eo signals from successive Image periods and
claim 14 including a signal coring circuit coupled said means for providing
said output video signal  between the output terminal of said signal com-
comprises:                                       bining means and the input
terminal of said delay signal combining means (610) having a   5   means.
first input coupled to the output terminal of said adaptive compandor,
having a second input ter-  16 The adaptive companson system set forth in
minal, and having an output terminal for providing  claim 14 Including a
signal coring circuit (800) said output video signal;
coupled between the output terminal of said de- delay means (630) having an
input termi-  10  lay means and the second input terminal of said nal
coupled to the output terminal of said signal  signal combining means.
combining means, and having an output terminal, said delay means for
delaying a signal applied  17. The adaptive companson system set forth In
thereto by substantially one Image period; and   claim I wherein said means
for applying an adap- a weighting circuit (820), having input and  15
tively companded signal representing avideosig- output terminals
respectively coupled to the out-  nal comprises: put terminal of said delay
means and the second        a video signal input terminal for providing
input terminal of said signal combining means, for  an input video signal;
scaling a signal applied thereto by a factor of one    a further adaptive
compandor (520) hav- or less.                                 20      ing
an input terminal coupled to said video signal input terminal, having an
output terminal for pro- 12. The adaptive compansion system set forth in
viding said adaptively companded signal repre- claim 11 further including a
signal coring circuit  senting a video signal and having a control ter-
coupled between the output terminal of said sig-  mainal coupled to said
means (530) for generat- nal combining means and the Input tenminal of  25
ing a control signal, said further adaptive corn- said delay means.
pandor (520) responsive to said control signal for performing an Inverse
compansion function to 13 The adaptive compansion system set forth In
said adaptive compandor. claim 11 further including a coring circuit (800)
coupled between the output terminal of said de-  30  18. An adaptive
compansion system for processing lay means and the second Input terminal of
said  video signals includes a compandor (510) having signal combining
means.                          an input terminal for receiving a video
signal, an output terminal for providing processed video sig- 14. The
adaptive compansion system set forth in      nal, characterized by said
compandor having a claim 11 wherein said means for applying an  35
plurality of compansion characteristics selectably adaptively companded
signal representing a vid-  responsive to a control signal and means eo
signal includes:                              (520,530,550,570) coupled to
the output terminal a video signal Input terminal for providing  of said
compandor and responsive to said proc- an Input video signal;
essed videosignal forgenerating said control sig- subtractive signal
combining means (700)  4o  nal to selectably control said compandor. having
a first input terminal coupled to said video signal input terminal, having
a second Input ter-  19. The adaptive compansion system set forth in minal
and an output terminal;                     Claim I wherein said adaptively
companded sig- 



a further adaptive compandor (720) hav-     nal representing a video signal
is a companded ing an input terminal coupled to the output termi-  45
difference signal representing differences of vid- nal of said subtractive
signal combining means,  eo signals from successive Image periods and
having an output terminal for providing said adap-  said means for
providing said output video signal tively companded signal representing
said video  comprises; signal, and having a control Input terminal cou-
signal combining means having a first in- pled to said means (730) for
generating said con-  50  put coupled to the output terminal of said adap-
trol signal, said further adaptive compandor re-  tive compandor, having a
second Input terminal, sponsive to said control signal for performing the
and having an output terminal for providing said inverse compansion
function to said adaptive     output video signal; compandor, and
delay means having an input terminal cou- means for coupling the output
terminal of  55  pled to the output terminal of said signal combin- said
weighting circuit (780) to the second input  ing means, and having an
output terminal cou- terminal of said subtractive signal combining    pled
to the second Input terminal of said signal means.
combining means, said delay means for delaying 10    19                 EP
0 494 045 B1                20 a signal applied thereto by substantially
one im-  2. Adaptives Kompandlerungssystem  nach An- age period.
spruch 1, bel welchem die das Merkmalssignal erzeugende Einrichtung eonen
Bewegungsdetek- 20. The adaptive companslon system set forth in      tor
(950) enthalt zur Erzeugung elnes Bewe- Claim 19 wherein said means for
applying an   s   gungasignals, welches eine zwischen Bildern adaptively
companded signal representing a vid-   auftretende Bewegung anzeigt. eo
signal includes: a video signal input terminal for providing  3. Adaptives
Kompandierungssystem  nach An- an input video signal;
spruch 2, bel welcher die des Merkmalssignal er- a subtractive signal
combining means  10    zeugende Elnrichtung enthalt: having a first input
terminal coupled to said video    eine auf dasAusgangsvldeosignal anspre-
signal input terminal, having a second input ter-  chende Einrichtung (920
bis 923) zur Erzeugung minal and an output terminal;
einer riumlichen Vorhersage der Amplitude des a further adaptive compandor
having an      durch das adaptiv kompandierte Signal darge- input terminal
coupled to the output terminal of  15  stellten Videosignals, said
subtractive signal combining means, having        eineauf das
Ausgangavideosignal anspre- an output terminal for providing said
adaptively  chende Einrichtung (930 bis 936) zur Erzeugung companded signal
representing said video sig-     einer zeitlichen Vorhersage der Amplitude
des nal, and having a control input terminal coupled  durch des adaptiv
kompandlerte Signal darge- to said means for generating said control
signal,  20  stellten Videosignals, und said further adaptive compandor
responsive to          eine Einrichtung (940) bis 944, 960), die said
control signal for performing the inverse    aufgrund des Bewegungssignals,
der raumlichen compansion function to said adaptive compan-      Vorhersage
und der zeitlichen Vorhersage das dor; and
Merkmalssignal erzeugt. means for coupling the output terminal of  25 said
delay means to the second input terminal of  4. Adaptives
Kompandierungssystem  nach An- said subtractive signal combining means.
spruch 3, mit einer Entkernungsschaltung (970) zum Koppeln des
Merkmalsuignals, an die des Steuersignal erzeugende Einrchtung.
PatentansprOche                              30 5. Adaptives
Kompandierungasystem  nach An- 1. Adaptives Kompandierungsaystem
zurVerarbel-       spruch 1, bei welcher die das Merkmaissignal er- tung
eines Videosignals mit einer Elnrichtung zur  zeugende Einrichtung elne auf
des Ausgangsvi- Zufuhrung elnes adaptiv kompandierten Signals,    deosignal
ansprechende Einrichtung (740) zur welches ein Videosignal darstelt,
gekennzelch-  95  Erzeugung eines Signals enthilt, welches elne net durch
raumliche Vorhersage der Amplitude des durch elnen adaptiven Kompander
(600) mit ei-     das adaptiv kompandierte Signal dargesteliten nem
Ausgangsanschlul und elnern Stueran-          Videosignals darstellt.
schlul, der sine Mehrzahl von Kompandierungs- Obertragungscharaiteristiken
aufwelst, die In  40  6. Adaptives Kompandierungssystem  nach An-
Abhingigkelt von einem dem Stsueranschlug zu-     spruch 5, bei welchem die
das Merkmalssignal 



gef'Ohrten Steuersignal wahlbar sind, wobel der   erzeugende Einrichtung
weiterhin enthalt adaptive  Kompander  auf  des  adaptiv
eine auf dasAusgangevideosignal anspre- kompandlerte Signal anspricht mit
der Durchfilh-  chende Einrichtung (930-936) zur Erzeugung el- rung einer
Kompandlerungsfunktion zur Erzeu-  45  nes Signals, welches sine zeitliche
Vorhersage gung eines das Videosignal darstellenden nicht-   des durch das
adaptiv kompandierte Signal dar- kompandierten Signals,
gesteilten Videosignals darstellt und eine mit dem Ausgangs anschlull des
sine Einrichtung (940 bis 944, 960) zur adaptiven Kompanders gekoppelte
Einrichtung       Kombinierung der die riumliche und die zeitliche (110)
zur Lieferung elnes Ausgangavideosignals,  5o  Vorhersage darstellenden
Signals zu dem Merk- eine aufgrund des Ausgangsvideosignals
malssignal. eln Signal erzeugende Einrichtung (630 bis 850), welches ein
Mal fOr en Merkmal des Vldeosi-    7. Adaptives Kompandierungssystem  nach
An- gnals let,                                        spruch 5, mit elner
Entkernungsschaltung (970) und eine auf desses Merkmalssignal an-  5s  zum
Koppeln des die riumliche Vorhersage dar- sprechende Einrlchtung (880) zur
Erzeugung        stellenden Signals zu der das Steuersignal er- des
Steuersignals.                                zeugenden Schaltung. 11
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22 8. Adaptives Kompandierungssystem  nach An-         schaltung (800), die
zwlschen den Ausgangsan- spruch 1, be! welchem die das Merkmalssignal
schluiu der Verz8gerungseinrichtung und den erzeugende Einrichtung
(630-850) sine Einrich-   zweiten Eingangsanschlul der Signalkombinati-
tung (740) enthilt, welche auf des Ausgangsvi-   onsschaltung gskoppelt
ist. deosignal anspricht und sin Signal erzeugt, des   5 eine Vorhersage
der Amplitude des durch des   14. Adaptives Kompandibrungasystem  nach An-
adaptiv kompandierte Signal dargesteliten Si-    spruch 11, bel welcher die
Einrichtung zurZuf Oh- gnals darsteilt.
rung sines ein Videosignal darstelienden adaptiv kompandierten Signals
enthalt: 9. Adaptives Kompandisrungssystem  nach An-  10           elnen
Videosignaleingangsanschlug fMr spruch 8, weiterhin enthaltend sine Entker-
sin Videoeingangssignal, nungsschaltung (970) zum Koppeln des sine
sine Signals subtraktliv kombinierte Ein- Vorhersage darstellenden Signals
an die das      richtung (700), die mit einem ersten Eingangsan-
Steuersignal erzeugende Einrichtung.             schluB an den
V1dsosignaleingangsanschlulB ge- 15     koppelt ist und einen zweitsn
EingangsanschluP 10. Adaptives Kompandierungssystem  nach An-        sowle
einen Ausgangsanschlurl hat, spruch 8, enthaltend sine Entkernungsschaltung
einen weiteren adaptiven Kompander (800) zum Koppen des
Ausgangsvidsosignals an     (720), der mit einem Elngangsanschlul an den
die Einrichtung zur Erzeugung sines sine Vor-    Ausgangsanschlug der
Signals subtraktiv kombi- hersage darstsllsnden Signals.           20
nlerenden Einrichtung gekoppelt ist und sinen Ausgangsanschlug zur
Lieferung des das Video- 11. Adaptives Kompandierungssystem  nach An-
signal darstilenden adaptiv kompandierten Si- spruch 1, be! welchem das sin
Videosignal dar-   gnals sowh einen mit der das Steuersignal or- stellende
adaptiv kompandierbs Signal sin        zeugenden Einrichtung (730)
gelcoppelten Steuer- kompandiertes Differenzslgnal ist, welches Dif-  25
signaleingangsanschluB aufweist, wobei derweite- ferenzen von Videosignalen
von aufeinanderfol-   re adaptive Kompander auf das Steuersignal an- genden
Bildpsrloden darstellt, und bei welchem   spricht mit der Durchfihrung
elner zum adaptiven die das Ausgangssignal liefernde Schaltung snt-
Kompander Inversen Kompandisrungsfunktion, hilt
und sine Signalkombinationsschaltung (810),  30      sine Einrichtung zur
Kopplung des Aus- die mit einem erstbn Eingang an den Ausgangs-
gangssignals der Gewichtungsschaltung (780) anschlulS des adaptiven
Kompanders ange-         an den zweitsn Eingangsanschlu% der Signals
schlossen ist, die einen zwelten Eingangsan-     subtraktliv kombinierenden
Einrichtung. schluB hat und einen Ausgangsanschlul zur Lie- ferung des
Ausgangsvidsosignals hat,     35  15. Adaptives Kompandlsrungssystsm  nach
An- sine Signalverzagerungsoinrichtung (830),   spruch 14, enthaltend sine
Signalentkernungs- die mit einem Eingangsanschlug an den Aus-
schaltung, die zwischen den AusgangsanschluB gangsanschluB der
Signalkombinationschaltung     der Signalkombinationsschaltung und den Ein-
angeschlossen ist und einen AusgangsanschluB     gangsanschluB  der
Verzogerungseinrichtung 



aufweistund sin lhrzugef0hrtes Signal um imwe-  40  gekoppeit Ist.
sentlichen sine Bildpernodes verz~gert, und sine Gewichtungsschaltung
(620), die  16 Adaptives Kompandierungssystem  nach An- mit einem Eingangs-
bzw. einem Ausgangsan-       spruch 14, enthaltend sine Signalentkernungs-
schluB an den Ausgangsanschlull der Verz8ge-     schaltung (800), die
zwlschen den Ausgangsan- rungseinrichtung bzw. an den zweibtn Eingangs-  45
schluB der VerzOgerungseinrichtung und den anschluR, der
Signalkombinationsschaltung an-    zweltbn EingangsanschluB der
Signalkombinati- gekoppelt lstzurSkallerung elnes ihrzugefflhrten
onsschaltung gekoppelt lst. Signals mit einem Faktor von I oder weniger.
17. Adaptives Kompandlerungasystem nach An- 12. Adaptives
Kompandierungssystsm  nach An-  50    spruch 1, be! welcher die Einrichtung
zur Zufbh- spruch 11, ferner enthaltend sine Signalentker-  rung sines sin
Videosignal darstellenden adaptiv nungsschaltung, die zwischen den
Ausgangsan-     kompandierten Signals aufwsist schluB der
Signalkombinationsschaltung und             elnen
VideosIgnalielngangsanschlul fOr den Eingangsanschlug der Verzdgerungsein-
sin Eingangsvideosignal, richtung gekoppelt ist.                  cs
und eonen weiteren sdaptiven Kompander (520), der mit einem
EingangsanschluB an den 13. Adeptives Kompandierungssystem  nach An-
Vldeosignalelngangsanschlul gekoppelt ist und spruch 11, ferner enthaltend
sine Entkernungs-  oenen Ausgangsanschlul3 zur Lieferung des sin 12 1,V,,,
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24 Videosignal darstellenden adaptiv kompandierten   anschluB der Signals
subtraktiv kombinierenden Signalssowie enen mtderein Steuersignal erzeu-
Schaltung gekoppelt !st und elnen Ausgangsan- genden Einrichtung (530)
gekoppelten Steueran-    schlul3 zur Lieferung des das Videosignal darstel-
schlul hat, wobel der waiters  adaptive          lenden, adaptiv
kompandiorten Signals sowie el- Kompander (520) auf das Steuersignal
anspricht   5  non mit der das Steuersignal aezougenden Einulch- und sine
zum adaptiven Kompander inverse         tung gekoppelten Steuereingang hat
und der In Ab- Kompandierungsfunktion durchfflhrt                hangigkeit
von dem Steuersignal elne zum adapti- ven Kompander Inverse
Kompandierungsfunktion 18. Adaptives Kompandierungsaystem zur Verarbel-
durchfflhrt, tung elnes Videosignals, enthaltend oinen   10         und
eine Einrichtung zur Kopplung des Kompander (510) mit einem
Eingangsanschlug        Ausgangssignals der Verzogerungseinrichtung zur
Zufuhrung elnes Videosignals und elnem        an den zweiten
ElngangsanschluS der Signal. AusgangsanschluM zur Lieferung eines verarbei-
subtraktiv kombinierenden Einrichtung. teten Videosignals, dadurch
gekennzeichnet, dag der Kompander elne  Mehrzahl von   15
Kompandierungscharakteristiken hat, die in Ab-  Revendicatlons hlngigkelt
von einem Steuersignal wahlbar sind, und eine mit dem  Ausgangsanschlug des
1. Systbme adaptatif de compresslon-extension Kompanders gekoppelte
Einrichtung (520, 530,      pour traitor un signal vid6o comprenant: 550,
570), die auf das verarbeltete Vldeosignal  20    un moyen pourappliquerun
signal compri- anspricht und das Steuersignal zur wahlweisen     me-6tendu
de fagon adapatative representant un Steuerung des Kompanders erzeugt.
signal vid6o caract6ris6 par; un  compresseur-extenseur  adaptatif 19.
Adaptives Kompandierungsaystem  nach An-         (600) comportant une borne
de sortie et une bor- spruch 1, bel welcher das emn Videosignal darstel-
25  ne de commando et ayant une plurallti de carao- lende  adaptiv
kompandierte  Signal  sin        t6ristlques de transfert de compression
repon- kompandlertes Differenzsignal Ist, welches Dif-   dantde facon
sleoctive hun signal de commando ferenzen von Videosignalen aus
aufeinanderfol-    appliqu6 a ladite borne de commando, ledit genden
Bildperioden darstellt, und bel welcher    compresseur adaptatif sensible
audit signal die das Ausgangssignal llefernde Schaltung auf-  30
oomprim6-etendu de faoon adaptative pour ef- weist:
fectuer une fonction de compression-extension sine
Signalkombinationsschaltung, die       afin de produire un signal sans
compression-ex- mit einem ersten Eingang an den Ausgangsan-       tension
repr6sentant ledit signal vid6o; schluB des adaptiven Kompanders
angeschlos-            un moyen (610) couple Ala borne de sortie sen Ist
und einen zwelten Eingangsanschlul so-  35  dudit oompresseur-extonsour
adaptatif pour wie oenen AusgangsanschluB zur Lieferung des     fournir un
signal vid6o de sortie; 



Ausgangsvideosignals hat,                              un moyen (630-650)
sensible audit signal und sine Verzogerungseinrichtung, di el-    video de
sortie pour g6n6rer un signal indicateur non mit dom Ausgangsanschluil der
Signalkom-      d'un attribut dudit signal video; binationsachaltung
gekoppelton Eingang und ei-  40     un moyen (660) sensible audit signal
indi- non mitdemzwelten Eingang derSignalkombina-       catbur d'un
attrlbut dudit signal vid6o pourg6n6- tionsachaltung gekoppelten
Ausgangsanschlul3      rer ledit signal de commando. und die ein Ihr
zugefuhrtes Signal um im wesent- lichen sine Bildperiode verz8gert.
2. Systeme adaptatif de compression-extension se- 45     Ion la
revendication 1, dans loquel ledit moyen 20. Adaptives Kompandierungssystem
nach An-         pour gen6rer un signal indicateur d'un attribut in- spruch
19, bel welcherdie Elnrichtung zurZufrih-  clutun'd6tecteurde mouvement
(950) pourgen6- rung eines sin Videosignal darstollenden adaptiv  rer un
signal de mouvement indiquant un mouve- kompandlerten Signals enthilt,
ment entre images. elnen VideosignaleingangsanschluP, fOr  50 sin
Videosingangssignal,                      3. Systeme adaptatif de
compression-extension se- elne Signal. subtraktiv kombinierende       Ion
la revendication 2, dans lequel ledit moyen Einrichtung, die mit einem
ersten Eingang an den  pour g6nerer un signal indicateur d'un attribut
VldeosignaleingangsanschluM gekoppelt ist und     comprend de plus: elnen
zweltn EingangsanschluM sowie oinen  6s         un moyen (920-923) sensible
audit signal AusgangsanschluB aufwelst,                        vid6o de
sortie pour g6n6rer une pr6dictlon spa- einen weiteren adaptiven Kompander,
der     tiale de l'amplitude dudit signal vid6o repr6sent6 mit elnem
Elngangsanschlug an den Ausgangs-       par ledit signal comprim6-6tendu de
fagon adap- 13 , ,l...  11l l1111  11    25                 EP 0 494 945 BI
26 tative;                                          .nerer ledit signal de
commands. un moyen (930-936) sensible audit signal vid6o de sortie pour
generer une pr6diction tem-  10. Systemeadaptatffdocompression-extensionse-
porelle de l'amplitude dudit signal video repre-  Ion la revendication 8
Incluant un circuit magn6- sente par ledit signal comprim6-6tendu de fagon
5  tique (800) pour coupler ledit signal vid6o de sor- adaptative; et
tie audit moyen pour g6nerer un signal represen- un moyen (940-944, 960)
sensible audit sl-  tant une prediction. gnal de mouvement A ladite
prediction spatial. et A ladite prediction temporelle pour gen6rer ledit
11. Systeme adaptatif de compression-extension se- signal indicateur d'un
attribut.          10     Ion la revendlcatlon 1, dane loquel ledit signal
comprime-6tendu de fagon adaptative represen- 4. Systeme adaptatifde
compression-extension se-     tant un signal video est un signal de
diff6rences Ion la revendication 3, comprenant un circuit ma-
comprim6-6tendu repr6sentant des differences gnetique (970)
pourcouplerleditsignal Indicateur  des signaux video venant de periodes
d'images d'un attributauditmoyen pourgenererleditsignal  15  successives et
ledit moyen destIn6 A fournir ledit de commande.
signal vid6o de sortie comprend: un moyen de combinalson de signaux S.
Systbme adaptatif de compresslon-extension so-    (610) comportant une
premiere entree couplee A lon la revendicatlon I ,dans loquel le moyen pour
la borne de sortie dudit compresseur-extenseur generer un signal indicateur
d' un attribut  20   adaptatif, possedant une seconde borne d'en- comprend
un moyen (740) sensible audit signal     tr6e et poss6dant une borne de
sortie pour four- vid6o de sortie pour g6nerer un signal repr6sen-  nir
ledit signal viddo de sortie; tant une prediction spatiale de l'ampiltude
dudit      un moyen de retard (630) possedant une signal video repr6sente
par ledit signal compri-  borne d'entrae coupleA ala borne de sortie dudit
me-tbndu de fagon adaptative.             25      moyen de combinalson de
signaux et possedant une borne de sortie, ledit moyen de retard etant 6.
Systeme adaptatif de compression-extenslon se-    destine A retarder un
signal qui lul est applique Ion la revendicatlon 5 dans lequel le moyen
pour  sensiblement d'une poriode d'image; et genorer un signal indicateur
d'un attribut:            un circuit de pondoration (620), compor- un moyen
(930-936) sensible audit signal  3o  tant des bornes d'entree at de sortie
respective- vid6o de sortie pour g6n6rer un signal represen-  ment coupl6es
A la borne de sortie dudit moyen tant une prediction temporelle dudit
signal video  de retard ot A la seconde borne d'entr6e dudit represente par
ledit signal comprim6-oabndu de    moyen de combinaison de signaux, afin de
traitor 



fagon adaptative ; et                             un signal qul lul
estappliqu6 par un facteurde ca- un moyen (940-944,960) pour combiner  35
drage de un ou inf6riour A un. les signaux representant lesdites
predictions spatlales et temporelles afin de gen6rer ledit si-  12. Systeme
adaptatif de compression-extension se- gnal indicateur d'un attribut.
Ion la revendication 11, comprenant de plus un circuit magn6tique de
commando coupIl entre la 7. Systeme adaptatifde compression-extension se-
40  borne do sortie du moyen de combinaison de si- Ion Ia revendlcation 5,
comprenant un circuit ma-  gnaux et la borne d'entree dudit moyen de
retard. gn6tique (970) pourcouplerleditsignal repr6sen- tant ladite
prediction spatiale audit moyen pour  13. Systome adaptatif de
compression-extenslon se- g6n6rer ledit signal de commando.
Ion la revondication 11 comprenantde plus un cir- 45     cult magn6tique
(800) coupIl entre la borne de 8. Systeme adaptatif do
compression-extension se-    sortie dudit moyen de retard et la seconde
borne Ion la revendicatlon 1, dans lequel ledit moyen   d'entr6e dudit
moyen de combinaison de si- (630-650) pour g6norer un signal indicateur
d'un  gnaux. attribut Inclut un moyen (740) sensible audit si- gnal vid6o
de sortie destIn6 A generer un signal  5o  14. Systbme adaptatif de
compression-extension se- repr~sentant une pr6diction de l'amplitude du si-
Ion la revendication 11, dans lequel ledit moyen gnal vid6o represente par
ledit signal comprime-  destin6 A appliquer un signal comprlm6-etendu
6tendu de fagon adaptative.                       de fagon adaptative
reprosentant un signal viddo comprend: 9. Systeme adaptatif de
compression-extenslon se-  55      une borne d'entree de signaux viddo pour
Ion la revendication 8 comprenant de plus un air-  fournir un signal video
d'entree; cuit magnotique (970 ) pour coupler ledit signal       un moyen
de combinaison soustractive de reprdsentant une prddiction audit moyen
pourgd-   signaux (700) posaedant une premibre borne 14 I 1!11111 111111
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d'entr6e coupl6e a laditb borne d'entreo de si-  borne d'entrie
pourrecevoirun signal vido, une gnaux video, comportant une seconds borne
borne de sortie pour d6livrer un signal video trai- d'entree et une borne
de sortie;                t6, caracterise par ledit compresseur-extenseur
un oompresseur-extenseur adaptatif sup-    poss6dant une pluralite de
caracteristiques de plementaire (720) possedant une borne d'entree   5
compression-extension repondant de facon s6- coupl6e A la borne de sortie
dudit moyen de      lective A un signal de commando et des moyens
combinalson soustractive de signaux, possedant   (520, 530, 550, 570)
coupl6s A la borne de sortie une borne de sortie pour fournir ledit signal
dudit compresseur-extenseur et sensiblos audit comprim6-6tendu de fagon
adaptative repr6sen-    signal vid6o traite pour g6n6rer lodit signal de
tantledit signal vid6o etayant une borne d'entr6e  1o  commando afin de
commander de fagon s6lecti- de commando coupl6 audit moyen (730) pour ge-
ve ledit compresseur-extenseur. n6rer ledit signal de commando, ledit
compres- seur-extensour adaptatif suppl6mentaire btant  19. Systeme
adpatatif de compression-extensionse- sensible audit signal de command
atfin d'effec-  Ion la revendication 1, dana lequel ledit signal tuer la
fonction de oompression-extension Inver-  15  comprim6-6tbndu de fagon
adaptative repr6sen- se audit compresseur-extenseur adaptatif,et      tant
un signal vid6o est un signal de diff6renoes un moyen pour coupler la borne
de sortie   comprim6-6tendu reprbsentant des differences dudit circuit de
pond6ration (780) A la seconds  de signaux vid6o venant de peiodes d'images
borne d'entrbe dudit moyen de combinaison       successives et ledit moyen
pour d6livrer ledit si- soustractive de signaux.                 20
gnal vid6o de sortie comprend: un moyon de combinaison de signaux pos- 15.
Systeme adaptatif de compression-extension so-  s6dant une premibre entree
coupl6e A Ia borne lon la revendication 14 comprenant un circuit ma-  de
sortie dudit compresseur-extensour adaptatif gnetique de commando coupl6
entre la borne de    poss6dant une seconde borne d'entr6e et sortie dudit
moyen de combinalson de signaux et  25  comportant une borne de sortie
pourd6livrerledit la borne d'entree dudit moyen de retard.         signal
vid6o de sortie; un moyen de retard poss6dant une borne 1. Systame
adaptatif de compression-extension so-   d'entrbe couplbe A la borne de
sortie dud it moyen Ion la revendication 14, comprenant un circuit
decombinaisondesignauxetayantunebornedo magnetique de commando (800) couple
entre la  30  sortie coupl6e A la seconds borne d'entr6e dudit 



borne de sortie dudit moyen de retard etla secon-  moyen de combinaison de
signaux, ledit moyen do borne d'entree dudit moyen de combinaison     de
retard 6tant destine A retarder un signal qui lui de signaux.
est applique sensiblement d'une p6riode d'ima- ge. 17. Systbme adaptatif de
compression-extension so-  35 Ion la revendication 1, dane loequl ledit
moyen  20. Systhme adaptatif decompression-extension so- pour appliquer un
signal comprim6-etendu de fa-  Ion la revendication 19, dans loquel ledit
moyen gon adaptative repr6sentant un signal vid6o      destin6 A appliquer
un signal comprim6-6tbndu comprend:
de fagon adaptative representant un signal vid6o une borne d'entr6e de
signaux video pour  40  comprend: d6livrer un signal vid6o d'entr6e;
une borne d'entree de signaux vId6o pour un compresseur-extenseur adaptatif
sup-    d6livrer un signal vid6o d'entr~e; pl6mentalre (520) poss6dant une
borne d'entr6e        un moyen de combinalson soustractive de coupl6e A
ladite borne d'entr6e de signauxviddo,  signaux possedant une premiere
borne d'entrde poss6dant une borne de sortie pour d6livrer ledit  45
coupl6e A ladite borne d'entr6e de signaux vid6o, signal comprim6-6tbndu de
fagon adaptative re-   comportant une seconde borne d'entr6e et une
pr6sentant un signal video et possedant une bor-  borne de sortie; ne de
commando couplbe audit moyen (530) pour         un compresseur-extenseur
adaptatif sup- g6nerer un signal de commando, ledit compres-    pl6mentaire
possedant une borne d'entr6e oou- seur-extenseur adaptatif suppl6mentalre
(520)  5o  pl6e A la borne de sortie dudit moyen de combi- etant sensible
audit signal de commando afin     naison soustractive de signaux poss6dant
une d'effectuer une fonction de compression-exten-   borne de sortie pour
d6l1vrer ledit signal compri- sion Inverse audit compresseur-extenseur
adap-   m6-6tendu de fagon adaptative representant ledit tatif.
sinal vidho et poss6dant une borne d'entr6e de 55     commando coupl6e
audit moyen pour g6n6rer Ie- 18. Systeme adaptatif de compression-extension
dit signal de commando, ledit compressour-ex- destin6 A traitoer des
signaux vid6o comprenant  tonseur adaptatif supplbmentaire btant sensible
un compresseur-extenseur (510) comportentune     audit signal de commande
pour effectuer une 15 .'IN~lI/ /q// III//l~ll    29                  EP 0
404 045 B1                 30 fonction de compression-extension inverse
audit compresseur-extenseur adaptatif ; et un moyen pour coupler la borne
de sortie dudit moyen de retard A la seconds borne d'en- trie dudit moyen
de combinaison soustractive de   5 signaux. 15 20 25 30 35 40 45 50 55 16


