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The present invention relates to an arrangement for
processing signals which are grouped in periodic clusters,
such as images, and intended to be transmitted and/or stored
block-wise over/on a passband-limited information carrier,

5 which implies a reduction in the quantity of data to be
transmitted and/or stored.

The invention also relates to a signal transmission
and/or storage system comprising a transmission stage and,
after transmission and/or storage of the signals transmitted

10 via a passband-limited information carrier which implies a
reduction processing of the quantity of data to be transmit<
ted and/or stored, a receiving and/or read stage of the
transmitted and/or stored signals, and in which the said
transmission stage incorporates such a processing

15 arrangement.

The invention also relates to a processing
arrangement for signals which were previously transmitted
and/or stored after reduction of the guantity of data to be
transmitted and/or stored, which is effected in accordance

20 with a first mode of transmission and/or storage referred to
as compensated mode using a temporal sub-sampling sub-
assembly having a predetermined sub-sampling ratio and being
provided to supply a first signal sequence, or in accordance
with a second mode of transmission and/or storage referred to

25 as fall-back mode using a fall-back processing sub-assembly
provided to add to the said first sequence a second signal
sequence, the choice of the sa%d modes being effected with
the aid of a decision-taking sub-assembly and on the basis of
motion data, which are also transmitted and/or stored, and an

30 data comparison associated with either one or the other mode,
respectively.

The invention further relates to an arrangement for
processing ;ignals which were previously transmitted and/or
stored after a reduction of the quantity of data to be

35 transmitted and/or stored, effected in accordance with a

This Sheet Has Been Replaced

[T




TFhe prestht invention relates to an arrangement for processi ng SI nal s
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notion conpeRgAtdsO¥torage fall-back mode and with the aid of a fall-back
processing sub-assembly intended to add to the said first
sequence a second sequence of signals, with a spatial sub-

.. sampling of the said sequences, and for effecting the

10 alternate selection of one or the other of the spatially sub-
sampled sequences, the choice of the said mode being effected
with the aid of a decision-taking sub-assembly and on the
basis of motion data which are also transmitted and/or
stored, and a comparison of the data which are associated

15 with either one or the other mode, respectively, with a view
to selecting either the output of the said motion compensat-
ion sub-assembly or the output of the said fall-back
processing sub-assembly.

Finally, the invention alsoc relates to a signal

20 transmission and/or storage system comprising a transmission
stage and after transmission and/or storage of the signals
transmitted via a passband-limited information carrier which
implies a reduction processing of the quantity of data to be
transmitted and/or to be stored, a receiving and/or read

25 stage for the transmitted and/or stored signals.

This invention has a particularly interesting
application in the case in which the signals to be processed
include data which represent animated images and in which a
compact disc is used as the carrier of the transmitted and/or

30 stored signals.

'The transmission and/or storage of a very large
quantity of data, associated, for example, with images,
generally implies a compression of the signals to be
transmitted and/or to be stored, that is to say a reduction,

35 in a predetermined ratio, of their number. The reduction
ratio is inter alia determined by the fact that a sufficient
guantity of signals must be preserved to avoid that the
overall information they carry is not degraded too much, for



The invention also relates to a signal transm ssion and/ or storage system
conprising a transm ssion stage and, after transm ssion and/ or storage of
the signals transmtted via a passband-limted information carrier which

i nplies a reduction processing.-of the quantity of information conponents to
be transm tt egypngd ofsstored, a receiving gnd/or read stage for the
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example when used in storing or processing images on compact
disc, this ratio is not sufficient and a complementary

10 reduction processing in a ratio of 2 to 1 was found to be
indispensable.

It is therefore an object of the invention to
provide a signal processing arrangement which obviates
previously found insufficiencies as regards the flow-rate

15 reduction.

To this end the invention relates to a signal
processing arrangement of the type defined in the opening
paragraph, which is characterized in that it comprises:

(a) a temporal sub-sampling sub-assembly in a

20 predetermined ratio, provided to supply in a first
transmission and/or storage mode, denoted compensated mode, a
first sequence of signals to be transmitted and/or to be
stored having a rate lower than that of the original signal
clusters;

25 (b) a2 motion estimation sub-assembly for estimating
motion between blocks which belong to consecutive periodical
clusters, provided to supply block-wise a motion information
to be transmitted or to be stored by replacing those blocks
which are cancelled by said temporal sub-sampling;

30 ~{(c) a signal block recovering sub-assembly with
motion compensation, provided to supply on the one hand from
those blocks which in the original signals provide the
transmission and/or storage in accordance with the
compensated mode and on the other hand from the motion data

35 associated with the said blocks by replacing the cancelled
block, the signal blocks such as they are recovered at the
receiving end by replacing the cancelled blocks and from the

transmitted signal and motion data sequences;
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(d) a decision-taking sub-assembly, provided to
supply block-wise, on the basis of a comparison involving the
original signals and also the said signals recovered after
motion compensation, an information about whether the said
compensated mode is chosen or not chosen depending on the
result of this comparison;

(e) a fall-back processing sub-assembly provided to
add block-wise to the said first signal sequence, in
accordance with a second fall-back transmission and/or
storage mode, which, as a function of the result of the
comparison serves as a substitute for the first compensated ,
mode, at least a second signal sequence which is in
synchronism with the first signal sequence.

In the structure thus proposed, the said
predetermined ratio is preferably equal to 1/2. In that case
and in accordance with an advantageous embodiment, the fall-
back processing sub-assembly includes a delay circuit
producing a delay equal to the period of the original
signals, followed by a temporal sub-sampling circuit
operating in the same ratio as the ratio of the temporal sub-
sampling sub-assenbly.

In a further, still more improved embodiment, the
fall-back processing sub-assembly includes a spatial sub-
sampling sub-assembly which comprises, arranged in parallel,
a first and a second spatial sub-sampling path in the said
predetermined ratio, the spatial sub-sampling frame being
independent of the motion and being fixed but for the
temporal resolution of the signals.

In this first structure, when the said
predetermined ratio is equal to 1/2 the arrangement is
preferably characterized in that:

(A) the spatial sub-sampling sub-assembly
comprises, in each channel a spatial filtering circuit
followed by a spatial sub-sampling circuit operating in a
ratio 1/2, and, at the output of the two channels, a
switching circuit provided to select alternately one or the
other of the outputs of the spatial sub-sampling circuits, at
a twice lower frequency than that of the original signals;
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out put of said notion-conpensation subasse e out put of sai
back processi$¥PARReMEHN| \the arrangement is also characterized in that:

(A) the temporal sub-sampling ratio is equal to
1/2;

10 (B) the fall-back processing sub-assembly includes,
arranged in parallel with the said temporal sub-sampling sub-
assembly, a spatial sub-sampling sub-assembly which comprises
two parallel-arranged channels the first of which comprises a
first spatial sub-sampling circuit and the second comprises,

15 arranged in series, a delay circuit producing a delay of one
period of the original signals and a second spatial sub-
sanmpling circuit, the spatial sub-sampling grid being
independent of the motion and being fixed but for the
temporal resolution of the signals, and the said two parallel

20 channels being preceded, arranged in series, by a spatial
filtering circuit and followed by a switching circuit
provided to select alternately one or the other of the
outputs of the spatial sub-sampling circuits, at a frequency
which is half that of the original signals;

25 (C) the decision-taking sub-assembly comprises a
change-over switch controlled by a decision circuit for
selecting, in the compensated mode, the output signals of the
temporal sub-sampling sub-assembly and, in the fall-back
mode, the output signals of the said change-over switch.

30 _In the specific application in which the signals to
be transmitted and/or to be stored are representative of
images, the signal processing arrangement is characterized in
that the selection is effected for each block of the image
and in that the decision circuit comprises a motion-

35 compensated, .interpolation circuit, an interpolation error
calculation circuit and an error fall-back calculation
circuit.

When this application to image signals is used, the



Finally, the invention relates to a signal transm ssion and/or storage
system conprising a transm ssion stage and, after transm ssion and/or
staerage: of the signals transmtted via a passband-limted information
carrier which inplies a reduction processing of the quantity of information
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contained in the original signals.

To that effect the invention relates, in a first

10 embodiment, to an arrangement which is characterized in that
it comprises:

(a) a motion-compensated sub-assembly provided to
receive the transmitted and/or stored signals corresponding
to the output signals of the said temporal sub-sampling sub-

15 assembly;

(b) a change-over switch receiving at a first input
the output of the motion-compensation sub-assembly and at a
second input the transmitted and/or stored signals
corresponding to the output signals of the said fall-back

20 processing sub-assembly and supplying from its output, in
accordance with the said mode information corresponding to
the first or the second mode of operation either the signals
present at the said first input or the signals present at the
said second input, respectively;

25 (c) an alternating selection change-over switch for
selecting at a frequency twice as high as that of the input
signals, either the said output of this change-over switch or
the input of the said motion-compensation sub-assembly but
delayed by a half-periocd of the rate of the said input

30 signals of the signal processing arrangement.

' The invention also relates, in a variation
constituting a second embodiment, to an arrangement which is
characterized in that it comprises:

(a) a first sub-sampling and interpolation sub-

35 assembly of the received signal corresponding to the
previously transmitted and/or stored signals and constituting
the input signals of the arrangement;

(b) a motion~-compensation sub-assembly whose input
This Sheet Has Been Replaced
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this flow ratpypegoicéspn i s based on orthogonal transforns of the dlscrete
cosine transformtype, which allow a flowrate reduction in a ratio of the

order of 10 t@slcof@écted, in accordance with the said selection of the
first or the second operating mode, respectively, either

directly to the input of the said arrangement or to this same

input but via the said first sub-sampling and interpolation

5 sub-assembly;

(c) a second sub-sampling and interpolation sub-

assembly whose input is connected, in accordance with the

said selection of the first or the second mode of operation,

- respectively, either to the output of the said motion-

10 compensation sub-~assembly, or directly to the input of the

said arrangement;

(d) a change-over switch which from its output or

in accordance with the said mode information corresponding to

the selection of the first or second mode of operation,

15 respectively, supplies from its output either the output of

the said motion-compensation sub-assembly or the output of

the said second sub-sampling and interpolation sub-assembly;

(e) a change-over switch for alternately selecting

at a frequency twice as high as the frequency of the input

20 signals, either the said input of this change-over switch or

the input of the said motion-compensation sub-assembly but

delayed by a half-period of the rate of the said input

signals of the arréngement.

In the case of this second embodiment, the

25 arrangement is preferably characterized in that the first and

second sub-sampling and interpolation sub-assemblies each

comprise a spatial sub-sampling circuit and a spatial

interpolation circuit, and in that the motion-compensation

sub-assembly comprises image stores and an adder, with a view

30 to a motion-compensated interpolation on the basis of the

output image of the first of these memories of the input

image of the second of these memories and of motion

information between the said input and output images, the

delay produced by each of these stores being equal to half

35 the period of the input signals of the processing
arrangement.

In one or the other of these structures,

the

arrangement is advantageously characterized, in that the
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now become more apparent in a more detailed manner from the
following description which is given, by way of non-

10 limitative example, with reference to the accompanying
drawings, in which:

- Fig. 1 shows a first example, in accordance with
the invention, of an embodiment of the arrangement for
processing signals intended to be transmitted and/or stored,

15 after flow rate reduction;

- Fig. 2 shows, in this arrangement, an embodiment
of the recovery sub-assembly with motion compensation and of
the decision circuit of the decision-taking sub-assenmbly;

- Fig. 3 shows, in combination with Fig. 1, a

20 further embodiment of the fall-back processing sub-assembly;

- Figs. 4a to 4c show three examples of transfer
characteristics of the filtering circuits of the structure of
Fig. 3, adapted to different sub-sampling lattices,
respectively, such as those shown in Figs. 5a to 5c;

25 - Fig. 6 shows a second example, in accordance with
the invention, of an embodiment of the arrangement for
processing signals intended to be transmitted and/or stored
after flow rate reduction; ’

- Fig. 7 is an embodiment, in accordance with the

30 invention, of the arrangement for processing previously
transmitéed and/or stored signals after processing in an
arrangement of the type corresponding to the arrangement
shown in the associated Figs. 1 and 3, and shown in Figs. 7a,
7b, 7c for three different modes of operation.

35 In the application described here, the input
signals have, for example, a repetition rate of 25 Hz and the
processing arrangement for these signals must then supply
signals at a rate of 12.5 Hz. This temporal sub-sampling by a
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frequency of the original signals in a predetermined ratio.

Here this sub-assemlby consists of a temporal sub-sampling

10 circuit 10'a operating at half a ratio. On the other hand the
arrangement includes a motion estimation sub-assembly here
formed by a motion estimation circuit 20. The temporal sub-
sampling circuit 10'a is, in the present case, a change-over
switch which is controlled at half the original repetition

15 rate, that is to say at 12.5 Hz here, and which consequently
cancels one signal image out of every two signals in the
sequence of image signals, for example the even images. The
motion estimation circuit 20 acts on the non-cancelled
images, in this case the odd images. In the example

20 described, it is assumed that the image data are processed in
blocks of 16 x 16 image signals. For each of these blocks,
the circuit 20 looks for the direction of the motion so as to
ultimately deduce an approximation of this block on the basis
of on the one hand the motion information thus obtained,

25 denoted D, and on the other hand of the content of two images
adjacent to the cancelled image. The motion-data must also be
transmitted and/or stored, by replacing those blocks which
are cancelled by the temporal sub-sampling operation. Fig. 1
shows an example of the motion estimation circuit comprising

30 two imagg stores 21 and 22 and a block correlator 23.

Correlators of this type are already known, for
example from the article by J.R. Jain and A.K. Jain,
"Displacement measurement and its application in interframe
image coding", IEEE Transactions on Communications, vol. COM-

35 29, no. 12,.December 1981, pp. 1799 to 1808. The motion
estimation by correlation thus proposed has for its effect to
determine a displacement vector D for each block of the

cancelled image, for example I

Y in a sequence of images I,
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effected in accordance with a rhythm which is typical of eactmﬁgmuﬂﬂﬂ m’

corresponds to a respective sub-sanpling structure adapted t

di spl acenment gppirgh idx4 he 10
Iz, 1., etc. ....) in such a manner that it is possible to
deduce from this knowledge of D an approximation I*. of the

2
cancelled image from the half-sum of the non-cancelled images

I, and I, surrounding it, in accordance with a relation of
5 the type:
I, (X) = (1/2) (I, (X-D) + I,(X+D))
wherein X is the spatial index of the current image element,
Il' Iz, I3, the ?riginal images, D the shift (in image

elements), and I _ the searched for approximation of the

10 intensity of the zlement X of the current block of the
cancelled image.

Expressed in other terms, this motion estimation is
a search for each block, represented by a current element X,
a vector D in such a manner that the expression:

15 s (DFD(X,D))?
for the totality of blocks is minimal. In this expression,
DFD, which is an abbreviation of the term "Display Frame
Difference", is the approximation error linked with the
current block and is equivalent, for this block, to the sum

20 of the square of the approximation errors over all the image
elements of the block. Consequently, this approximation error
has for its expression:

T (I,(X) = (1/2) (I, (X+D) + I,(x-D))>

(blocks)

25 and for this expression the minimal value is searched. The
selected displacement vector is the vector which is
associated with this minimal value, after an exhaustive test
of all the possible displacement vectors in a search range
limited by the horizontal and vertical values Dx and.Dy,

30 respectively.

The signal processing arrangement also includes a
fall-back processing sub-assembly which is intended to take
over the operation in the compensated mode when the motion
estimation sub-assembly is omitted in accordance with a

35 predetermined criterion which will be described in greater
detail hereinafter. In a general manner, the normal mode of
operation is the motion estimation mode, which will allow an
ultimate motion compensation and which consequently will be



| mages (80 ns path: stationary inmages or inages show n sllght motion; 40
ms path: images showi ng noderate notion; 20 ns péﬁﬁ&mﬁ ¢N%Whg rapld
not:i on): The aconpensated node" can be accepted as peratlon of
this systemwhen it is the output signal of the 4 that only)
which is sel esgedad bppause in this case thg transnttted S|gnals are
acconpani ed by notion I nformati on conponents with which those signals that

have not beeméﬁéﬁ‘@dnﬁﬁéd:&l@bﬁ&t%ﬁbﬁéaﬁe%h& ﬁﬁsgnﬁéfm@t afbde Midy am t he
ot her hand the nodes of Peratlon inwhich it is the out$§é S|gnal of t he

20 ms path orCPRER 1S AP BearRPMAFEA ¥ §e’f‘%‘%?e‘ﬂie’i‘ tddiofalds
out put si gnalbadk titedelO TR Al Icdackn phocesstngesiio+ essaib o cunprti®es a

"fall-back | f foLhe Lh h f

one. out of ¢ FASEY I & rodts oASIBdr BEFENPahEs KB A1 e HE 268 one
of the oét put°§|ml®‘15}aatajd@sqmats ofintlhe temporakrsub+sangleing esa'tquld:ase,
the arrangemeyyn a5, Y ¢/ dd'Q 5 Whie %tgﬁta' Rg+RAL RS, tl?é‘tré@léc&é)rtﬂ&fs‘e ecte the

ci rcunst ances e|ther only one or have therr output signa
This selecti od®5¥- one or two output signals of these paths results in

taki ng a decision on wWpakhgighl® processing arrangement also includes a
recovery sub-assembly with motion compensation intended to

10 supply, on the basis of a portion of those blocks which, in
the original signals, induced the transmission and/or storage
in accordance with the compensated mode and on the other hand
motion data associated with the said blocks by replacing the
cancelled blocks, the signal blocks such as they will be

15 recovered, on reception, by replacing the non-transmitted
blocks, on the basis of the transmitted signal sequences and
transmitted motion data. Here this sub-assembly includes, as
shown in Fig. 2, image stores 91a, 91b and 92, and also an
adder 93. These elements render it possible to effect a

20 motion-compensated interpolation, by a half-sum of the image
I1 (present at the output of the store 91a whilst taking into
account the displacement vector D selected by the motion
estimation circuit 20) and the image I3 (present at the
output of the store 92 whilst also taking D into account),

25 the addresses in these stores 91a and 91b also being shifted,
by -D in the store 91ia and by +D in the store 92. The motion-
compensated image resulting from this interpolation is
supplied by the adder 93.

Finally, the signal processing arrangement includes

30 a decision-taking sub-assembly, which here comprises a
change-oéer switch 80'a which is controlled by a decision
circuit. In the example described here (see Fig. 2), the
decision circuit (94 to 103) is formed by a subtractor 94,
which subtracts the image I,, present at the output of the

35 store 91b, from the motion-compensated image present at the
output of the motion-compensation recovery sub-assembly (that
is to say at the output of the adder 93), and a means 95 for
squaring the output of this subtractor 94 which together form



operation of the arrangenent proceeds in accordance with a conpensated
nmode, in which only one first signal sequence ( aflusghéet plgged ch i s

tw ce kower than that of the original signals bef ub- sanpl i ng)
is transmtted and/or stored, or whether a fall-b ich said
first signal Egguggcgshs almays present, ig,conplete y a second sequence
whi ch is synchronous wth the first. In accordance with an

advant ageous Eﬂb%tgﬁfi&la{:g 6n' &bt a&dy &l | g %@QWBS)'BQEPQE%&‘

delay circuit prod UCIn% a equal tot period of the’or
signals, foll éRefhgyng %6ﬁp6?@?e%ﬁﬂﬁ¥ﬁnqﬂqqﬁ}(ﬂhﬂ@u#thE@PéFFhsnaFr¥ﬁ§ kaine

ratio as the bab.balﬁf:eahEoi’eé@@ﬁaﬂ)l&é!@ SR pid S YBeaS 99NObY, 93, 100,
In a further, éﬁtlll nor e ocessin

yp enbodi ment, the fall-g HE
sub- assenbl y aPde HRérudBe s%%é}?%&ysikﬁgﬁﬁnﬁqlﬁ§QBEb§§ Pglﬁﬂléﬂ the
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sub-sanpling matri X of eaéh he3ﬁo |on and bei ng
fixed but forc9ﬁ§rﬂ§ﬁﬁ§rélSP@%E@MtftﬁtQﬁ Qﬁupnﬂ%ﬁuﬂﬂﬁ a subtractor 97 or

99, thereafter means 100 and 101 for squaring the output

P signals of the said spatial filtering circuits, an adder 102
10 which produces the half-sum of the output signals of these
squaring means 100 and 101, and a comparator 103 comparing
the output signals of the squaring means 95 and of the adder
102. This comparator 103 selects the output which is the
weakest and for each image block supplies a corresponding
15 mode information: the compensated mode in the case the output
of the squaring means 95 is selected, and the fall-back mode
in the opposite case.
The mode of operation of the arrangement shown in
Fig. 1 is as follows. In accordance with the first
20 transmission mode (compensated mode), the temporal sub-
sampling sub-assembly - in this case the circuit 10'a -
supplies a first signal sequence. The ratio of the temporal
sub-sampling being equal to 1/2 in the example described, the
frequency of these signals is, as has already been described,
25 equal to 12.5 Hz. In accordance with the second transmission
mode (fall-back mode) a second signal sequence which is in
synchronism with the first signal sequence is also
transmitted, namely the output signals of the temporal sub-
sampling circuit 1i0"a. Thus, the normally transmitted signals
30 are the blocks available at the output S and the fall-back

1!

blocks present at the output S, are adjacent thereto (when

the decision circuit 90 controis closure of the change-over
switch 80'a).
In a variation of the embodiment, the fall-back
35 processing sub-assembly also includes a spatial sub-sampling
sub-assembly. The latter, shown in Fig. 3, comprises itself a
first and a second spatial sub-sampling path which is

and Sq+ respectively.

arranged in series with the outputs S,



I.n the latter structure, the arrangenent is preferably cha c erized |n-

t hat : (A) the spatial sub-sanpling sub- assenbl mmi

each path, a spatial filtering circuit foll owed by a spati al
The first path includes a spatial filtering circuit 30'a and

circuit operating at a ratio
S PHF 89.552 13

a first spatial sub-sampling circuit 40a which operate in a
ratio 1/2 (for example a sub-sampling in line quincunx, or
rather an orthogonal sub-sampling). The second path includes
5 a spatial filtering circuit 30"a which is identical to the
preceding circuit and a second spatial sub-sampling circuit
60a operating at a ratio 1/2, the latter sub-sampling being
similar or complementary to the sub-sampling effected by the
circuit 40a, that is to say in the case of the cited sampling
10 matrix examples, the sub-sampling in line quincunx or the
identical or complementary orthogonal sub-sampling operation.
Examples of filtration effected by the spatial
filtering circuits are shown in the Figs. 4a to 4c in
accordance with the nature of the sampling grid: if fp and fo
15 are the horizontal frequencies (elements) and vertical
frequencies (lines), respectively, of the image, Fig. 2a
shows the filtering mode effected for the case of a line
quincunx sub-sampling operation such as the one shown in Fig.
5 (the crosses and points represent the preserved image
20 elements and the cancelled image elements, respectively,
during the sub-sampling operation), in Fig. 4b for the case
of a vertical orthogonal sub-sampling operation (one line out
of two is omitted, as shown in Fig. 5b), and in Fig. 4c for
the case of a horizontal orthogonal sub-sampling operation
25 (one element out of every two elements of each line is
omitted, in vertically aligned positions as shown in Fig.
5c).
The spatial sub-sampling sub-assembly also
includes, arranged at the output of the two parallel paths, a
30 switch 70a whose output alternately receives either the
output of the spatial sub-sampling circuit 40a, or the output
of the spatial sub-sampling circuit 60a. Thus, on the basis
of samples of two consecutive images, a complete image is
available at the frequency of 12.5 Hz at the output of the
35 change-over, switch 70, this image being obtained by mixing
two previously filtered images.
For the case of this variation shown in Fig. 3, the
decision-taking sub-assembly includes a second change-over



1/2, and, at the output of the two paths, a swt h|n CII‘CUIt prow ded to
select aIternater one or the other of the outp
sub-sanpling circuits at a frequency which is tw that of the
original signals; - (B) the deci sion- t enbly
i ncl udes a chpgpgepyesssw tch controlled tojgelect, in the corrpensat ed node,
the output signals of the tenporal sub- sanpling sub assenbly or, in the
fall-back nmodewitdte St Quitirfi<Hds t@f s%@;'e@tSV\hhaéfnﬂhélcEGMﬁel of the
In a further rrbodlrrent of thefall-l%?‘ﬁ processin ass ‘%‘é Q?
arrangenent | aHEHPR KA ER i 2d i aFD“‘pensate no e, (Hye (MERY | - back
processing subiguaksrids thEHSEhﬁndIﬂ&mp@t&ﬁlGhbHthpSﬁnd ¢orpoial10ta or,
sub-sampl ing_ phbegs opp] yun o Rlden! U0 HRPRE! D8Pz aspemBL WA 70a.
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conprises two parallel-arrange pa{t hsS ™t conprises a
spatial Sub- Babplsekeetiyuiis affactedseesnbrevipusipys, blockeriss, ky del ay
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second spatial sub-sa ing circuit, t
these examples being llmltatlve) For each block it is again

one of the two modes which ultimately allows an image
recovery with a minimal error chosen by the decision circuit.

10 The realisation of the fall-back processing sub-
assembly corresponding to the combined Figs. 1 and 3 is not
the only possible realisation. Fig. 6 shows a variation of
the embodiment of the signal processing arrangement according
to the invention in which another realisation of the fall-

15 back processing sub-assembly is provided, equivalent to the
last-mentioned realisation.

The signal processing arrangement shown in Fig. 6
includes, as in the preceding cases, a temporal sub-sampling
sub-assembly, which here is a temporal sub-sampling circuit

20 10b operating at a ratio of 1/2 (identical to the circuits
10*'a and 10''a), a motion estimation sub-assembly 20, a
motion-compensation recoyering sub-assembly, and a decision-
taking sub-assembly. It also includes, as in the preceding
cases, a fall-back processing sub-assembly which however is

25 realised in the following manner. This sub-assembly includes
first of all a spatial filtering circuit 30b which is
intended to limit the passband of the signals. This spatial
filtering circuit is followed by two parallel-arranged paths,
the first of which includes a first spatial sub-sampling

30 circuit 40b sampling at a rate of 1/2 (for example a sub-
sampling.in line gqguincunx, or rather an orthogonal sub-
sampling), and the second path includes a delay circuit 40b
and a second spatial sub-sampling circuit 60b sampling at a
ratio 1/2. The delay produced by the circuit 50b is equal to

35 the period of the original signals (here 25 Hz). The spatial
sub-sampling realised by the circuit 60b is similar or
complementary to the spatial sub-sampling realised by the
circuit 40b, that is to say in the case of the sampling



spatial sub-sanpling matrix of each path being independent of the notion
and being fixed but for the tenporal resolution of the s ﬁh¥§mmﬁth®aRdmwﬂl

two parallel paths being preceded, in series, by a spatlal

circuit and followed by a switching circuit provided to seI

one or the otdigF gf . ddie outputs of the spa%gal sub-sanpl i ng ci rcwts at
frequency which is twice lower than that of the original signals;

(B) the deci shpirihakdihptidy ageeab! ¥h§0%BL§§ﬁp§1E@aﬁgeIﬂVé9r SMduk or
controlled by a decisioon circuit for selectin

% in"the co ensa,ted node,
the output sighlideiticnd ©@@mSormRLeRgptarkpPF §°%%%3]as§‘e‘??g% 94in the
1|‘al I hback mo]ge theI outrpyt falﬂn%éjk qﬁrcﬁ@ésismljifﬂﬁr-fa\é%l’emﬁwt amso 4 and)
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conput at i ons for Pecti I'ng he S
of the spatial sub-sampllng circuit 60b. Thus, at the ocutput

of the switch 70b, there is available, from the samples of
two consecutive images, a complete image at the frequency of
10 12.5 Hz, obtained by mixing two previously filtered images.
The signal processing arrangement also includes, as
in the preceding case, a decision-taking sub-assembly, but
which this time includes a change-over switch 80b, which is
controlled by the decision circuit 90 to select, in the
15 compensated mode, the output signals of the.temporal sub-
sampling circuit 10b or, in the fall-back mode, the output
signals of the switch 70b.
It will here be noted that the invention is not
limited to the processing arrangements described in the
20 foregoing, but that it also relates to any type of
transmission and/or signal storage system which on the one
hand includes a stage intended to transmit data which are
representative of these signals towards a transmission or
storage information carrier for these data, and on the other
25 hand a stage intended to receive data thus transmitted and/or
to read the data thus stored: in the case in which this
information carrier is of the limited passband type and in
which a processing operation to reduce the gquantity of data
before transmission and/or storage has proved to be
30 necessary, the invention relates to such a system when its
transmission stage includes one of the above-described signal
processing arrangements.
Conversely, when the data have been processed by a
signal processing arrangement of the type described in the
35 foregoing, it is thereafter provided to recover the signals
at the original time rate. This operation can then be
realised by a post-processing which will now be described
with reference to Fig. 7 for the case in which a spatial sub-



Wien this application to image signals is used, the invention can be
enpl oyed in a particularly advantageous manner ﬂh@ﬁm$ﬁb55wn8ﬂﬁmﬂﬁor t he

transmtted and/or stored signals is of the conp
rangement.

A further object of the invention is to provide
for previousl ygirgesessted and/ or stored signals, apte at the rece|V|ng
side, to a

sampling has been effected on transmission. The structure of
the arrangement in the absense of such a spatial sub-sampling
at transmission can then easily be deduced from this Fig. 7.
The signal processing arrangement shown in Fig. 7

5 in three distinct situations corresponding to Figs. 7a, 7b
and 7¢, respectively, and explained hereinafter, receives, in
the example described, input images at a frequency of 12.5 Hz
(which consequently follow each other every 80 ms) and, at
the output of the arfangement, cne wants to have images

10 available at a frequency of 25 Hz. The input images are
accompanied by motion data D and data M relative to the mode
(motion compensated mode or fall-back mode), these motion and
mode data being also transmitted and/or stored by means of
the said information carrier (see Fig. 1 or Fig. 6).

15 The processing arrangement shown in Figs. 7a to 7c¢
then includes, first of all, a motion compensation sub-
assembly which itself comprises image stores 20la, 201b and
202 and an adder 203. This motion compensation sub-assembly
is preceded by a change-over switch 110 which directly

20 receives the input images at a first input terminal and at a
second input terminal these same input images but via a first
sub-sampling and interpolation sub-assembly. This first sub-
sampling and interpolation sub-assembly includes a first
spatial sub-sampling circuit 211 and a first spatial

25 interpolation circuit 212, which is adapted to the sub-
sampling mode employed in the circuit 211. The change-over
switch 210 receives for each image block the mode information
and, as a function thereof, changes to the direct connection
position to the input (motion compensation mode, denoted C at

30 the corresponding input of the change-over switch 110) or, in
contrast'thereto to the opposite position (fall-back mode,
denoted R at the corresponding input of the change-over
switch 110), to select in this position the output signals of
the first sub-sampling and interpolation sub-assembly.

35 The processing arrangement shown in Figs. 7a to 7c¢
also include a second sub-sampling and interpolation sub-
assembly, which itself includes a second spatial sub-sampling
circuit 221 and a second spatial interpolation circuit 222,



si.gnal recovery without |loss of information conponents with respect to the
notion contained in the original signals. ThmsmmﬂﬂuBe
the invention relates, in a first enbodinent, to !nﬂ WhICh |s

characterized in that it conprises:
nmot i on- conpenggki 89 §yPp- assenbly provi ded {9 rece| ve t transmtted
and/ or stored signals corresponding to the output signals of said tenporal

sub- sanpl i ng ﬁﬂbcﬁséﬁébi&entlcal to the cirddWit® @hangagqoyer,switch
recei ving at aflrs;: gtg eout ut. of the
Ave

sub- assenbly ARGPEE F RO o e TN T TRERE b L6 1 ot
correspondi ngatseemheyozzputzzzgnﬂé q:mécmdj Hyala chatlgeppoeesswigch 220

oubasserbly gd 13PBl1LIRTEPIL L Bl Ber RGREROSIN" At HhoRdh S0
node, eitther EWétchghdpsreceitess att adidst rigputnpermionalt hhespghpiit

present at sagd ﬁSQQnﬂrbﬁpﬂﬁe RESRRE tdotlahsation su -assembi9) &nd at a
change- over smn? for al ternately selectln%' at, a Fre guency  which 1s
second input terminal directly the input images, and, in

accordance with the mode information received, selects either
. . the motion compensated signals (motion compensation mode,

10 denoted C), or the input images (fall-back mode, denoted R).
At a first input terminal the change-over switch 130 also
receives the output signals of the motion compensation sub-
assembly, and at a second input the output signals of the
second sub-sampling and interpolation sub-assembly, and, in

15 accordance with the mode information received, selects either
the motion compensated signals, (motion compensation mode,
denoted C), or the output signals of the second sub-sampling
and interpolation sub-assembly (fall-back mode, denoted R).

The processing arrangement of Figs. 7a to 7c

20 finally includes a change-over switch 250 which, at twice
higher rate than the input images (at the frequency of 25 Hz
in the present case, since the input images here have a
frequency of 12.5 Hz), alternately selects the output of the
change-over switch 130 or that of the image store 201b.

25 The mode of operation of this processing
arrangement will now be described for three situations which
can be met in actual practice, with reference to the
corresponding Figures 7a to 7c. First it should be remembered
that the input images of the afrangement may be constituted

30 by processed image blocks, before transmission and/or
storage,'either_in accordance with the motion compensation
mode, or the fall-back mode, or also in accordance with one
or the other of these two modes, these three alternatives
corresponding to the said three situations.

35 Let it first be assumed (first situation, shown in
Fig. 7a) that the input images are exclusively formed by
processed image blocks, before transmission and/or storage,
in accordance with the motion compensation mode. The



twice as high as that of the input signals, either—sard output of this
change-over switch, or the input of said nDtionqgggm§n§§h&ﬁmw@ﬁh}assenbly

but delrayed by a half period of the rate of sald of t he
si gnal processing arrangenent. The i !Bm* relates, in
a vari ant congﬁyty% 8ga second enbodi ment 4gto0 an ich is
characterized 1nt |t conpri ses: (a) a first sub-sanpling
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80 ms after I 1s available at the input of the image store
201b. The change-over switch 250 then selects, in its
position denoted IC, the output of the adder 203 of the
10 motion compensation sub-assembly. The image denoted IA2
available at this output is the image having a parity
opposite to that of the images Il and I3 and is recovered,
between these two images, at 40 ms from each of them, by the
half-sum of these images I, and I, and takes the direction of
15 the displacement vector D (which was previously selected and
applied to the said motion compensation sub-assembly) into
account. At the frequency of 25 Hz, that is to say 40 ms
later, the change-over switch 250 has changed state and, in
its position denoted IT, selects the output of the store
20 201d, this output now being I, since I, appeared 40 ms
earlier at the input of the store 201b.
The same change-of-state cycle then proceeds, and
the change-over switch 250 thereafter selects the image I‘

4

which is the weighted average of I, and I in the direction

25 of the new selected displacement vector, thereafter the image
IS' then 1‘6’ I7, I g7 I9 etc. ... . Finally, at the output
of the change-over switch 250 and consequently of the

processing arrangement of Fig. 7a an image sequence of the

type Il' I X I3, IA4, IS’ IAG, I,, etc. ..., is available at
30 a frequency twice as high as the frequency of the input
images.

Let it now be assumed (second situation, shown in
Fig. 7b) that the input images are exclusively formed by
processed image blocks, before transmission and/or storage,
35 in accordance with the said fall-back mode. The corresponding
mode information this time maintains the three change-over
switches 110 to 130 in their position R. The spatial sub-
sampling circuit 211 sub-samples the determined parity images



respectively, either to the output of said notion-conpensation-
sub-assenmbly, or directly to the input of said arrangenment; This Sheet Has Been Replaced

(d)- a change-over switch which supplies fromits output or
with said node information corresponding to the sel ection of ]Mﬁﬂl Emmm
second node, pgppgsiéyely, either the outpyp of said notion-

sub-assenbly or the out put

(for example odd images, that is to say the images Il' I3,
IS’ etc. ... ) in accordance with the same sampling matrix as
that used during the processing operation at the transmission
end, thereafter, the spatial interpolation circuit 212

5 recovers the missing samples. If for an input image I,, the
image available at the output of the circuit 212 of the first
sub-sampling and the ihterpolation sub-assembly is denoted
I3R' it will then be found that, now, the image I3R is
substitutgd for the input image I,.

10 Similarly, the spatial sub-sampling circuit 221,
and the spatial information circuit 222 ensure respectively .
the sub-sampling of the images having an opposite parity (for

s Le

with the same phase of the sampling matrix as that previously

example the even images Iz' I etc. ....), in accordance

15 employed, and the recovery of the missing samples. For an

input impage I this image recovered at the output of the

3I
circuit 222 of the second interpolation sub-sampling sub-

assembly is now denoted I The change-over switch 250 then

2R’
selects in its position IC the image designated IZR available

20 at the output of the said second sub-assembly and, in its

position IT, the image designated I available 40 ms

3R’
earlier at the output of the first sub-sampling and
interpolation sub-assembly and now available at the output of
the image store 201b. This time, an image sequence of the

25 type Iigs Iypr Ipe I4ge Igpe
output of the processing arrangement of Fig. 7c, always at a

etc. ...., is available at the

frequency which is twice the frequency of the input images.
Let it finally be assumed (third situation shown in

Fig. 7c, and in general the most frequently occurring

30 situation) that the input images are recovered simultaneously
from image blocks processed at the transmission end in
accordance with the motion compensation mode, and image
blocks processed at the transmission end in accordance with
the fall-back mode. The mode information, corresponding to

35 each of the.two modes, then switches the three change-over
switches 110, 120, 130, alternately to their position C or to
their position R, according to the processing type to which
the image blocks appearing at the input of the processing
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7 of said second sub-sanpling and |nterpolat|0n sub- asseqbly, W
(e) a change-over switch for alternately selectlnamsﬁrﬂ§h§ﬁmmm$may which is
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to half the perlod inp t signals o
212) consecutively provides the recovery of the samples of

the images of a predetermined parity (odd, for example) and

the recovery of the missing samples. The blocks I available

3R
10 at the output of the said first sub-assembly are then
reinserted by the change-over switch 110 into the input image

13: 3CR*
for the case of fall-back mode blocks, the second sub-

to form the future output image called I Similarly,
sampling and interpolation sub-assembly (221, 222) provides

15 the recovery of the images of the opposite parity (here the
even images), by processing the output signals of the change-
over switch 120, which has for its function, in this second
situation, to insert the compensated blocks I, (available in
the manner already described, at the output of the motion

20 compensation sub-assembly 20la to 203) into the input image
I,. The image thus formed at the input of the said second
sub-assembly is designated IZ", and the image at the output

is designated I" The change-over switch 130 then renders

2R°
it possible to complete the future output image IZCR by

25 selecting, as a function of the mode information it receives
and which controls its position, either the compensated
output block IA2
the interpolated output blocks I" of the second sub-

2R
sampling and interpolation sub-assembly.

of the motion compensation sub-assembly, or

30 Then, in this third situation the change-over
switch 250 can now select either, in its position denoted IC,

the output image I of the change-over switch 130, or, in

2CR
its position IT, the image I available 40 ms earlier at

the output of the change-oveicgwitch 110 and now present at
35 the output of the image store 201b. Again, at the output of
the processing arrangement of Fig. 7c, a sequence of images

I etc. .... is

of the type I cps Izcr’ Iscr’ Tacr’ Iscre
available again at a frequency twice the frequency of the



processi ng arrangenent . In one or the other—aof these _
structures, the arrangenment is advantageously characterized.in that the
setecti'on at the input of the nption-conpensation sub- assenﬁ?‘ﬁ‘eiﬁdslﬁqekeplaced

sel ection at the input of the second sub-sanpling and int erpj " HHMMM’
e

sub- assenbly paregefésgted with the aid ofa first and d sec
swtch, respectively, which are controlled in accordance with said no
i nformati on. input images. Particul ars and advantages of the invention wll
now become nore appare i nor.e dgt giSIﬁed manner fromthe fallow ng

n.a
description which is gi %LaHE?“ﬂS?eB -PFAFEaT RS %, 2% h
reference to thanaswisspomyamdy ok sstiogsie idesariibed in the foregoing Rvith 1
shows a first ' orfdance ] he i nt. | odi ment
of the arranggﬁg%?%g? %ér;lp%gi’siﬁg Si ge\rgﬁ%dfsnl?gn?jég %g?ggg%%ﬁgmf ed and/ or
stored, & terPFPERFFaRg $Fianrls defore transmission ghg/op shemagein this

arrangenent, assefbpEa BRtaffod it 1AL MY tHePzoabspEa! P‘i?‘ﬂ hy "BRd o\, 1n
compensation gﬂg gﬁséﬂgqug'éﬁé”ééﬁéfﬁf %u%tsggglggglghogfag§$£égion (that
is to say with only the fall-back processing sub-assembly as
described in Figqg. i) the processing arrangement of Fig. 7 is
10 simplified in the following manner. On the one hand the two
interpolation and sub-sampling sub-assemblies (211, 212) and
(221, 222), are omitted, and also the corresponding change-
over switches 110 and 120. On the other hand, the signals

corresponding to the signals S, and S, of Fig. 1 are now,

i5 taking this suppression into account,zapplied to the input of
the motion compensating sub-assembly, (common input of the
stores 201b and 202) and to the input R of the change-over
switch 130, respectively. These modifications which can
easily be understood from Fig. 7, are therefore not shown.

20 It must be understood that the present invention is
not limited to the examples described thus, on the basis of
which variations can be proposed without departing from the
scope of the invention. Certain of these variations have
already been mentioned. It will alsoc be noted that the

25 criterion used to determine whether the motion estimation
circuit 20 is lacking and must be replaced by the fall-back
processing sub-assembly can correspond to a large range of
situations. The main criterion which can be maintained is,
for example, the fact that the motion is either too fast or

30 not too fast and that then the motion estimation circuit
moves outside its operating range. But it is also possible to
provide a trigger control in the fall-back mode when the
noise becomes too great and results in estimation errors, or
when operations are effected in an image zone where the

35 objects have opposite motions and put the motion estimation
circuit out of order.

Moreover, it is obvious once again that the

invention is not limited to the processing arrangement just



sub- assenbl y; - Fig. 3 shows, in conbination with Fig. 1, a
further enbodi nent of the fall-back processing sub-assenbly; -
Figs. 4a to 4c show three exanples of transfer characteristics of the
filtering circuits of the structure of Fig. 3, adapted to different
sub-sanpl i ng Py r1gL.8B2 respectively, such gs those shown in Figs. 5a to 5c;

described, but that it also relates to any transmission
and/or signal storage system comprising on the one hand a
stage intended to transmit data representative of these
signals to a transmission or storage carrier of these data,

5 and on the other hand a stage intended to receive the data
thus transmitted and/or to read the data stored thus: in the
case in which this information carrier has a limited passband
and in which a processing operation for reducing the quantity

. . of data before transmission and/or storage proves to be
10 necessary, the invention also relates to such a system when
its receiving stage includes one of the signal processing

arrangements described in the foregoing.

This Sheet Has Been Replaced
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8 - Fig. 6 shows another exanple of the arrangenent for
processi ng signals; - Fig. 7 is an enbodi nent, in accordance
wi th the invention, of the arrangenent for processing previously
transmtted and/or stored signals after processing in an arrangenent of the
type correspobgFngot §shhe arrangenent showjsin the associated Figs. 1 and
3, and shown in Figs. 7a, 7b, 7c for three different nodes of ‘operation—
In the applicetpemsdescri bed here, the input signals mmﬂhsdwwﬂﬁxﬁﬁm&ﬁmmﬁ

repetition rate of 25 Hz and t he processi ng arrangenent fﬂ!”gngluﬁml S
ng
din

must then supply signals at a rate of 12.5 Hz. This tenpo
connection with mainly the Figs. 1, and 3. The signa

by a factor of 2 is realised in the foll ow ng manner, whic
processi ng arrangenent shown in Fig. 1 includes first of all a

1. An arrangement for processing signals which are
grouped in periodic clusters, such as images, and intended to
be transmitted and/or stored block-wise over/on a passband-
limited information carrier, which implies a reduction in the

5 quantity of data to be transmitted and/or stored,
characterized in that it comprises:

(a) a temporal sub-sampling sub-assembly in a
predetermined ratio, provided to supply in a first
transmission and/or storage mode, denoted compensated mode, a

10 first sequence of signals to be transmitted and/or to be
stored, having a rate lower than that of the original signal
clusters;

(b) a motion estimation sub-assembly for estimating
motion between blocks which belong to consecutive periodical

15 clusters, provided to supply block-wise a motion information
to be transmitted or to be stored by replacing those blocks
which are cancelled by said temporal sub-sampling;

(c) a signal block recovering sub-assembly with
motion compensation, provided to supply on the one hand from

20 those blocks which in the original signals provide the
transmission and/or storage in accordance with the
compensated mode and on the other hand from the motion data
associated with the said blocks by replacing the cancelled
blocks, the signal blocks such as they are recovered at the

25 receiving end by replacing the cancelled blocks and from the
transmitted signal and motion data sequences;

(d) a decision-taking sub-assembly, provided to
supply block-wise, on the basis of a comparison involving the
original signals and also the said signals recovered after

30 motion compensation, an information about whether the said
compensated mode is chosen or not chosen, depending on the
result of this comparison;

(e) a fall-back processing sub-assembly provided to

O L




tenporal sub-sanpling sub-assenbly provided for supplying, in accordance-

with a first transm ssion and/or storage node referred to as eplaced
node, a first signal sequence (to be transmtted and/ or store
frequency which is |lower than the frequency of the original

predet er m nedpgiptg®. sdiere this sub-assenbl¥4consists of a tenpora
sub-sanpling circuit 10'a operating at haltf a ratio. On the other hand the

arrangement i fgd UEScie-wdd b atHd Rlila0F isdh- §§§ﬁ§@|¥e&§éﬁcé0rﬂﬁd by a
notion estinmation %IrCUIt 20. In this case, the tenporal  su -saqpllng

Circuit 10' a FECOrABTRAIHR SRITN BRIdNIREKe SRAPBRE8RIaR ABIAOE he

ori gi nal rfapestair@?‘e rmdde, tvhﬁitclh ad @ myxo&tlfoiaZoS Hﬁehﬁéeulﬁrr:ﬁlf Viheh f
consequent |y el s one_signa |na of _eye wo.in_ the se ue ce o
i mage si gnal sga&f‘% arﬁpsfeér\??ﬁe %@é tfhéo flSnféE# narT TR %‘bl t
20 acts onSt heoden- @anbeaSExhlsanyan signali seqaeacehehddd ismyes. In t he

exanpl e descr'%)?ﬁ% | énié'?féﬁ% thals gqghgriggoéﬂégégat I on conponents are

processed in 6 I mage sign of these bl ocks, the
circuit 20 | odks for tﬁ@ Grﬁéégﬁmﬁnéfa%hélﬂtm¢éwﬂ%c¢¥ﬁ#m<i:s&@@é@€§ﬁ€ﬂ?ed

deduce an appiRxth#t i€me Hed 1t forPltaiki e slheaB38hB1ly includes a change-
over switch controlled by a decision circuit for selecting,

10 in the compensated mode, the output signals of the temporal
sub-sampling sub-assembly, and in the fall-back mode the
output signals of the fall-back processing sub-assembly.

3. An arrangement as claimed in one of the Claims 1
and 2, characterized in that the said predetermined ratio is

15 equal to 1/2.

4. An arrangement as claimed in Claim 3, characterized
in that the fall-back processing sub-assembly includes a
delay circuit producing a delay equal to the period of the
original signals, followed by a temporal sub-sampling circuit

20 operating in the same ratio as the ratio of the temporal sub-
sampling sub-assembly.

5. An arrangement as claimed in any one of the Claims
1 to 4, characterized in that the fall-back processing sub-
assembly includes a spatial sub-sampling sub-assembly which

25 includes, arranged in parallel, a first and a second spatial
sub-sampling channel in the said predetermined ratio, the
spatial sub-sampling grid being independent of the motion and
being fixed but for the temporal resolution of the signals.
6. An arrangement as claimed in Claim 5, characterized

30 in that the said predetermined ratio is equal to 1/2.

7. An arrangement as claimed in Claim 6, characterized
in that: |

(A) the spatial sub-sampling sub-assembly
comprises, in each channel a spatial filtering circuit

35 followed by..a spatial sub-sampling circuit operating in a
ratio 1/2, and at the output of the two channels, a switching
circuit provided to select alternately one or the other of
the outputs of the spatial sub-sampling circuit at a

L




of the nmotion information thus obtai ned, denotedD—andof the—content of

two i nages adjacent to the cancelled i nage. The gg%d%gﬁa QL FBALQN
conponents nust also be transmitted and/ or stored, p t hose
bl ocks which are cancelled by the tenporal sub-sa m N: n.

shows an exang cgg.t%ez notion estimation citcuit
menories 21 and 22 an

Fig. 1
I mage

a a bl ock correl ator : Correl ators of

this type are gldRadheK QMWL fl%rwe?x?gghgelr'lggnkf\gﬁ ALiicle by, ‘J'rg.'rgfilrngair}g and

A K lain, "D splacenent neasurenent a app

fcatron 1nin

i mge codi ng" S4B ST ansact i ons on Communi cations, vol. COM 29, no

10

15

20

25

30

35

(B) the decision taking sub-assembly includes a
change-over switch controlled by a decision circuit to
select, in the compensated mode, the output signals of the
temporal sub-sampling sub-assembly or, in the fall-back mode,
the output signals of the said switching circuit.

8. An arrangement as claimed in Claim 1, characterized
in that:

(A) the temporal sub-sampling ratio is equal to
1/2;

(B) the fall-back processing sub-assembly includes,
arranged in parallel with the said temporal sub-sampling sub-
assembly, a spatial sub-sampling sub-assembly which comprises
two parallel-arranged channels the first of which comprises a
first spatial sub-sampling circuit and the second comprises,
arranged in series, a delay circuit producing a delay of one
period of the original signals and a second spatial sub-
sampling circuit, the spatial sub-sampling grid being
independent of the motion and being fixed but for the
temporal resolution of the signals, and the said two parallel
channels being preceded, arranged in series, by a spatial
filtering circuit and followed by switching circuits provided
to select alternately, one or the other of the outputs of the
spatial sub-sampling circuit at a frequency which is half
that of the original signals;

(C) the decision-taking sub-assembly comprises a
change-over switch controlled by a decision circuit for
selecting, in the compensated mode, the output signals of the
temporal sub-sampling sub-assembly and, in the fall-back
mode, the output signals of the said change-over switch.

0. An arrangement as claimed in one of the Claims 7
and 8, for the case in which said signals are signals which
are representative of images, characterized in that the
selection is effected by image blocks and in that the
decision circuit comprises an interpolation error calculating
circuit and a fall-back error calculating circuit.

10. An arrangement as claimed in Claim 9, characterized

* [~ L M ] *




9 12, Decenber 1981, pp. 1799 to 1808. The notion estinmation by~
correlation thus proposed has for its effect to ThetSbeenilaaBeea Replapl acenent
vector D for each block of the cancelled inage, f in a
sequence of images I[err], I[err], I[err], etc ... manner t hat
it is possible?ﬁp gledyse fron1this know d ? of D an approXxi mation I[err]
of the cancel | mage fronlthe hal f - sum of "t he non-cancel | ed i mages

[err 1 and 1 Lesal et coyngh b e smagatich, saceial o8 g the

i s the spatial “PRERK o¢1§%e Eﬂﬁfent pi xel, I[err], I[err], I[err], the
original inages1.D the Sshlélﬁ;n@lntthth);s:.aﬂdahcﬁ%ﬂ' éi&é@@rﬁﬁé
approxi mati on of g |nten5|t the pixel X of

in tra sm1551on stage and after transmission and/or

5 storage of the signals transmitted on a passband-limited
information carrier implies a processing for reducing the
quantity of data to be transmitted and/or to be stored, a
receiving and/or read stage for the signals to be transmitted
and/or stored, characterized in that the said transmission

10 stage includes an arrangement as claimed in any one of the
Claims 1 to 10.
12. An arrangement for processing previously
transmitted and/or stored signals after reduction of the
quantity of data to be transmitted and/or stored, effected
15 either in accordance with a first compensated transmission
and/or storage mode and with the aid of a temporal sub-
sampling sub-assembly in a predetermined ratio, provided to
supply a first signal sequence, or in accordance with a
second fall-back transmission and/or storage mode and with
20 the aid of a fall-back processing sub-assembly provided to
adapt a second signal sequence to the said first sequence,
the choice of the said mode being effected with the aid of a
decision-taking sub-assembly and on the basis of the likewise
transmitted and/or stored motion daté and an data comparison
25 associated with one or the other mode, respectively,
characterized in that it includes:

(a) a motion compensated sub-assembly provided to
receive the transmitted and/or stored signals corresponding
to the output signals of the said temporal sub-sampling sub-

30 assembly;

'(b) a change-over switch receiving at a first input

the output of the motion-compensation sub-assembly and at a
second input the transmitted and/or stored signals
corresponding to the output sighals of the said fall-back

35 processing sub-assembly and supplying from its output in
accordance with the said mode information corresponding to
the first or the second mode of operation, either the signals
present at the said first inputs or the signals present at

P S i B Sl




current bl ock of the cancelled i mage. Expressed—#n-e@hmu__“___
terms, this notion estimation is a search for each bl ock, rq@rgﬁ g %
current pixel X, a vector D in such a manner that the express een Replaced
[err] (DFD(X,D))[err] for the totality of blocks is mninal. ”M[
expression, Obfp y4iskris an abbreviation g4 the term"Displ

Difference", is the approximation error linked with the current bl ock and

S eqU|vaIentthéogaial§e&$ﬁuﬂqn§dttlyégygaﬂqbeqpe square of the
approxi mation errors over all the pixels of_the, bl ock. Cbnseguentl this

approximation error is &pPBs@ &eﬁ ating selection ghange Swigch for

(1/2)(I[err](%&I&cﬁlméeﬁt]d)fﬂaddéﬂdﬂ thce as highoaksthavdof othé hirput
The sg gcted di spl acenent vector

expression th is se

Tt he vect or SRR e R e S HEEeE e Ehar carlRSTarFE Satech
exhaustive 5 eet the aimplniheotbdst_xa tsas‘.djlnquWnpemsatedssuh-asse@bm bwtnge
limted by hogbzopldlnPnd WEI¢ Igdliod of the rate of the said input

signals of the signal processing arrangement.

13. An arrangement for processing previously
. transmitted and/or stored signals after reduction of the

10 guantity of data to be transmitted and/or stored, effected
either in accordance with a first mode denoted the compen-
sated transmission and/or storage mode and with the aid of a
temporal sub-sampling sub-assembly in a predetermined ratio
provided to supply a first signal sequence, or in accordance

15 with a second mode, denoted the fall-back transmission and/or
storage mode and with the aid of a fall-back processing sub-
assembly provided to add a second signal to the said first
sequence with spatial sub-sampling of the said sequences, and
to effect the alternate selection of one or the other of

20 these spatially sub-sampling sequences, the choice of the
said mode being effected with the aid of a decision-taking
sub-assembly and on the basis of likewise transmitted and/or
stored motion data, and a data comparison associated with one
or the other mode, respectively, with a view to selecting

25 either the output of the said motion-compensated sub-assembly
or the output of the said fall-back processing sub-assembly,
characterized in that it comprises:

(a) a first sub-sampling and interpolation sub-
assembly of the received signais corresponding to the

30 previously transmitted and/or stored signals and constituting
the inpué signals of the arrangement;

(b) a motion-compensation sub-assembly whose input
is connected in accordance with the said selection of the
first or the second operating mode, respectively, either

35 directly to the input of the said arrangement or to this same
input but via the said first sub-sampling and interpolation
sub-assenmbly;

(c) a second sub-sampling and interpolation sub-

UL




values Dierr] and D err], respectively. T The signalprocessing
arrangenent al so i ncl udes-a fall - back processi Ng i reAIREREA Nephtach 1's

i nt.ended to take over the operation in the conpen the not i on
estimation sub-assenbly is omtted in accordance 5{" m a{ m ned

criterion which will be described in greater det aill In a
gener al nanne?ﬂﬁﬂ%? RoPmal node of operati &¥ is the nDtlon estlnatlon node,
which will allow a bs uent h on co ensa |0n an Wg

consequent | y BESEE Y & 40PH l%o?r?) ' Pdl R CRTE ATSs wﬁ&?‘nﬁpermde

may in certai sasic M]Je@rtaoheofephacﬁﬂrw arntide seafond ewbdeo ofS opleeation,

fal |- back modgechlct lahl, bagknBLOgE LS NE Y LAWHRTBL2 del 2y

circuit 50, thls e|n e peri e origina
si gnal s, anc|e;qmpﬁmﬁaglogu5ub-assemb1y, or directly to the input of the

5 said arrangement;

(d) a change-over switch which, in accordance with
the said mode information corresponding to the selection of
the first or second mode of operation, respectively, supplies
from its output either the output of the said motion-

10 compensation sub-assembly or the output of the said second
sub-sampling and interpolation sub-assembly;

(e) a change-over switch for alternately selecting
at a frequency twice as high as the frequency of the input
signals, either the said output of this change-over switch or

15 the input of the said motion-compensation sub-assembly but
delayed by a half-period of the rate of the said input
signals of the arrangement.

14. An arrangement as claimed in Claim 13,
characterized in that the first and second sub-sampling and

20 interpolation sub-assemblies each comprise a spatial sub-
sampling circuit and a spatial interpolation circuit, and in
that the motion-compensation sub-assembly comprises image
stores and an adder, with a view to a motion compensated
interpolation on the basis of the output image of the first

25 of these stores, of the input image of the second of these
stores, and of the information about movement between the
said input and output images, the delay caused by each of the
said stores being equal to half the period of the input
signals of the processing arrangement.

30 15. _An arrangement as claimed in one of the Claims 13
and 14, characterized in that the selection at the input of
the motion compensation sub-assembly and the selection at the
input of the second sub-sampling and interpolation sub-
assembly are effected with the aid of a first and a second

35 change-over, switch, respectively, which are provided to
switch in accordance with the said mode information.

16. A signal transmission and/or storage system
including a transmission stage and, after transmission and/or

R ARV




10 sampling circuit 10"a operating in the sanme ratio as the ratio of the
circuit 10" a. The signal processing arrangenent al so includes
a recovery sub-assenbly with notion conpensation intended to supply, on the
basis of a portion of those blocks which, in the original signals, induce
the transm ssion and/or storage in accordance with the conpensated node and
nmot i on i nf or NBHFoR9e¢BhRonent s associ at ed wiz%h sai d bl ocks by replacing the
cancel | ed bl ocks, the signal blocks such as they will be recovered, on
reception, bySteprdei A§ ghe ALE0R EANETANIREE tRdh s 2 RRSShangxdiaisedt he

transmtted Shﬁ@ékm&%ﬁ&ﬁ“é&fr@éﬂ %ﬁf@ﬁr&ééf&héﬁBdﬂﬂbﬂdEéﬁgﬂﬂg ePeratRBACHbS-

Here this subra gge t%e quantity of data to be transmitted and/or to be
stored, a receiving and/or read stage for the transmitted

5 and/or stored signals, characterized in that the said
receiving and/or read stage includes a signal processing

arrangement as claimed in any one of the Claims 12 to 15.
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i icl udes, as shown in Fig. 2, inmage menories 91a, 91b and 92, and al so an
a@der 03. WD#BH6WI8ents render it possible to effect a notiporNvoARess cd
igtérpolation, by a half-sumof the image I[err] (present at the output of
the nenory 91a while taking into accoUnt-tﬂ ydi spl-acerent -vector D sel ected
by the notion estimation circuit 20) and t z- nage I[err] (present at the
output of the nmenory 92 while also taking D into account), the addresses in
these nenories 9la and 92 being shifted, by -Din the ne @91a and by +D
in the menory 92. The notion-co hensat ed | mage resultlng ¥Yromthis (§

: : . : _ _ th

I ally, 2
signal processing arr Hawgﬁt"ﬁﬁgéﬁﬁTﬁ
whi ch here conprises h chanfe=over sw t cH=g e whi ch i's=gom*rol l ed by a
decision circuit. In fhe exSOﬁIe descrlbem)@ere (see Fig.l 2), the decision
circuit (94 to 103) i'p nore specifically formed in the fdllowi ng way. A
subtracter 94, which pubtracts the inmage 12, ,pfesent at theompatiof the
menory 91b, framtge otion-conpensated |naga \Q\Snt at the outpu{ of the

not i on- conpensati on rpcovery sub- assenbly (that is 51
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‘ | |
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to say, at the output of the adder 93), and a means 95 for squaring the
out put of wiygh/pe18gr acter 94 which together forman interpolation error
cemputing circuit (94, 95) operating in the notion- conpensat F&T/NBAHYO008S; s
| nterpotattomerror i's conputed.for each blogk.. A circuit (96, 97, 98, 99,
100yhiskfidet Hab®2en REQ@Pa si nilarly all ows an erQ Lcorrput ation’in the fal | - back
node end includes.spatial filtéring circuits. (96, 97) and (98,
99) B ﬁm‘g} ﬂ , eachrtonprisinga spatlal filter 96 or 98 and a

subt , thereafter neans 100 and 101 for squaring the output
S|gnals of said spatial fig4
hal f-sum of the’ out put S|gna
conpar at or 103 conparlng 2
t he adder 102.¢ : -
weakest and for each |"

ring cfrcarts,

$ of tlhese squar
put| si gn he s
s cts out ppit  si

¢ _
A _ Af At f

| S
#I—n

FG.4b  FG.4c
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correspondi ng node information: the conpensated node if the output of the
squari ng LS selected, and the fall-back nbode in the i se.
The node %Mg{ on of the arrangenment shown in Fig. 1 is a&f’%ﬁ‘l"h&pﬁ% In
accordance with the first transm ssi on node (conpensated node), the

tenporal sub- sanpling sub-assenbly - in qg[ case the circuit 10" a -
supplies a first signal sequence. As the ratio of % t enpor al

sub-sanpling is equal to 1/2 in the exanple describ€ t he
0b
= T
I B S e I
— Vb, s
> > I
———— l
|
e M,
|
' 50
i 2 n | 1
| — s
i_ 23/ [ —— [)D

& FIG. 7a
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ftequency of these signals is equal to 12.5 Hz, as has already been

descri bed.y ,ﬂﬁiQrdance with the second transm ssion node %ﬁjl-back
mode) a second signal sequence which is in synchronismwth £NE90/0Q085
signal sequence is also transnmtted, nanely the output signals of the
tenporal sub-sanpling circuit 10"a. Thus, L?&Lnornally transmtted signals
are the blocks available at the output S[err], and the fall-back bl ocks
present at the output S[err] are adjacent thereto (when the decision
circuit 90 controls closure of the change-over switch 80" a).

In a variant of the enbodi nent, the faII-baqk*proce hWRg subp
I ncl udes a spatial sub-sanpling subass | y." “The | at ,
conprises a first and a second spati.al ﬂpfgaﬁp =

in series with thg outputs S[err| and STEL

I ncludes a spatial] filtering circuit 3@ ke a f
circuit 40a which |Joper2flg at a r 2429 '
sub-sanpling, or r :

i ncl udes a spati al
preceding circuit |

FIG.Tc
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sanpling circuit 60a operating at a ratio 1/2, the latter sub-sanpling
being simlar or conplenentary to the sub-sanpling effected by the circuit
40a, that is to say in the case of the cited sanpling matri x exanples, the
staggered sub-sanpling or the identical or conplenmentary orthogona
sub-sanpl i ng operation. Exanpl es of filtration effected by
the spatial filtering circuits are shown in Figs. 4a to 4c in accordance
with the nature of the sanpling matrix: if f and fo are the horizonta
frequenci es (pixels) and verti cal frequeggies (rows), respectively, of the
i mage, Fig. 2a shows the filtering node effected for the case of a
st aggered sub- sanpling operation such as the one shown ija,Fig. 5 (the
crosses and dots represent the preserved pixels and the n@el | ed pixels,
respectively, during the °ub sanmpl ing operation), in Ei 4b for thg ase
U

of a vertical orthogonal per atipn (one
omtted, as shown |% Flgf
ort hogonal sub-sanplli ng of

wat of two
g. ,4c} for d cdsSof a ﬁonéont al
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12 rowis omtted, in vertically aligned positions as shown in Fig. 5c).
The spatial sub-sanpling sub-assenbly al so includes, at the output of the
two parallel paths, a switch 70a whose output alternately receives either
the output of the spatial sub-sanpling circuit 40a, or the output of the

spatial sub-sanpling circuit

) 1a 103—T B

1o !
: —
S8 I
N 96 . ] 94, 102
| N\ Y N
. 1002
L r _—’I ‘
99T g~

This Sheet Has Been Replaced

AR

This is the replacement sheet

e

"~ M ot
Lo BRI WRYG
e g AY Ho 31



60a. Thus, on the basis of sanples of two consecutive inages, a conplete
image is avail able at the frequency of 12.5 Hz at the output of the
change-over switch 70, this inmage being obtained by m xing two previously
filtered images. For the case of this variant shown in Fig.
3, the decision-taking sub- assenbly includes a second change-over sw tch
80"a intended to select, under the control of the decision circuit 90, in
t he conpensat ed node, the output signals of the tenporal sub-sanpling
circuit 10°a or, in the fall-back node, the output signals of the swtch
70a. This selection is effected, as pr&:iously, bl ock-w se, by considering
bl ocks of 16 x 16 or blocks of 8 x 8 (w hout these exanpl es being
limtative). For each block it is again one of the two nbodes which
subsequently allows an i mage recovery with a mininmal error chosen by the
decision circuit. The enbodi ment of the fall-back processing
sub-assenbly corresponding to the conbined Figs. | and 3 is not the only
possi bl e one. Fig. 6 shows a variant of the enbodi nent of the signal
processi ng arrangenent in which this arrangenent

0a L0a.
2 . \l a
[
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i ncludes, as in the preceding cases, a tenporal sub-sanpling sub-assenbly,
which is here a tenporal sub-sanpling circuit 10b operating at a ratio of
1/2 (identical to the circuits 10'a and 10"a), a notion estimtion
sub-assenbly 20, a notion-conpensation recovery sub-assenbly, and a

deci si on-taki ng sub-assenbly, as well as a fall-back processing

sub- assenbly which, however, is'realised in the follow ng manner. This sub-
assenbly includes a spatial filtering ciycuit 30b which is intended to
limt the passband of the signals, t hend ol | owed by two parallel-arranged
paths, the first of which includes a first spatial sub-sanpling circuit 40b
sanpling at a ratio of 1/2 (for exanple a staggered sub-sanpling or rather
an orthogonal sub-sanmpling), and the second path includes a delay circuit
50b and a-second spatial sub-sampling circuit 60b sanpling at a ratio 1/2.
The del ay produced by the circuit 50b is equal to the period of the
original signals (here 25 Hz). The spatial sub-sanpling realised by the
circuit 60b is simlar or conplenentary to the spatial sub-sanpling
realised by the circuit 40b, that is to say in the case of the sanpling
matri x exanples cited, the staggered sub-sanpling or the
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i dentical or conplenentary orthogonal sub-sanpling. The fall-back
processi ng sub- TmsSheetHasBk:&lReﬂlaced

assenbly conprises, at the output of the two parallel paths
whose out put receives alternately either the output of the s m 'I I
sub-sanpling circuit 40b, or the
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out'put of the spatial sub-sanpling circuit 60b. Thus, at the output—of—the
switch 70b, there is available, fromthe sanples of two conssgdkh i es,

a conplete image at the frequency of 12.5 Hz, obtained by nixj of Has B ceg
previously filtered i mages. The deci si on- taking sub-assenbl yME’}ﬂHM”’MIIm

i ncl udes a change-over switch 80b which is controlled by the

circuit 90 to select, in the conpensated node, the output signals of the
tenporal sub-sanpling circuit 10b or, iél the fall-back node, the output
signals of the switch 70b. It will here be noted that the

I nvention is-not limted to the processing arrangenents described, but that
it also relates to any transm ssion and/or signal storage system which on

the one hand includes a stage intended to }¥@nsnmit 2@1brmat| on copnonent]s

whi ch are representative of these sigmals Yowards a trahsmgsio Gst orfage

i nformati on car r ife+—Fe+—those—-hiowati ~ hand

a stage intended]to receive information and/|or
t hifs

i nformati on carriler i )

™

to read the inforinati conpone t hiR
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W“Q?Mﬂnﬂnﬂ
the’limted pas,si;ra{r -Lype-and-inwhich a proce55| ng per:ati. ;.--, o r‘educe the-
quantity & inforimtion conponent's: bef gre transni ggi-on ,and/or si, s{;or age_ h?§ :
proved to’gﬁ heceséhr? *{he-inpentiln.fel ates to sdch a gysten1wh§n its

det. |
transm ssi sta je i nctuded. omprof . £hel above- descr# bed S|g ar e§sqhg 5
arrangeneé ' g_} fpaged. ﬁC@nver$eW@ lmhen t he |n(ornat on Qnﬂo elfit s ha |
been procé@ied by- a gqigndlprogessi mg. arrangenent of” the typ@‘dé§brrbéﬂ*v~~ :
t he foregovng, it he signals_are subsequbntly rechered at_the origi aI time |
rate. This operation can then be - reaki-sed by neaHS'of aﬂgésﬂpfb?e§ Tﬁgx%és |
operation ' oF & o
p Wmhsmbérﬁﬁ%@?p@?g dd&‘iglg‘é"'ﬁ&gyé ﬁ@@f?s{randsﬁgc The

I n which a spatial sub-sanplin ed on on. .
structure of the arrangenent in the absence of such a spatial sub-sanpling

upon transm ssion can then easily be deduced fromthis Fig. 7.

Th [ I ssin rr nt _shown in Fi 7 .in three distinct
SISUZL?S?S ngfgspgng‘% QEHE inventﬁﬁpzﬁﬁfé%? 8s BB RFTangemeny for

expl ai ned h@FeFREFiRg S#Qﬂﬁ%ﬁuﬁhlqhnarheGEQan@delmkgnrndﬁmh dlustterspages at
t he frequensycbfa§21ﬁé¢£s£Wihdﬂlntended to be transmitted and/or stored

block-wise over/on a passband-limited information carrier’

which implies a reduction in the quantity of data to be
transmitted and/or stored.

The invention also relates to a signal transmission
and/or storage system comprising a -transmission stage and,
after transmission and/or storage of the signals transmitted
via a passband-limited information carrier which implies a
reduction processing of the gquantity of data to be transmit-
ted and/or stored, a receiving and/or read stage of the
transmitted and/or stored signals, and in which the said
transmission stage incorporates such a processing
arrangement. '

The invention also relates to a processing
arrangement for signals which were previously transmitted
and/or stored after reduction of the quantity of data to be
transmitted and/or stored, which is effected in accordance
with a first mode of transmission and/or storage referred to
as compensated mode using a temporal sub-sampling sub-
assembly having a predetermined sub-sampling ratio and being
provided to supply a first signal sequence, or in accordance
with a second mode of transmission and/or storage referred to
as fall-back mode using a fall-back processing sub-assembly
provided to add to the said first sequence a second signal
sequence, the choice of the said modes being effected with
the aid of a decision-taking sub-assembly and on the basis of
motion data, which are also transmitted -and/or stored, and an
data comparison associated with either one or the other mode,
respectively.

The invention further relates to an arrangement ﬁpr
processing signals which were previously transmitted and/or
stored after a reduction of the quantity of data to be

transmitted and/or stored, effected in accordance with a
This is the replacement sheet
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consequently follow each other every 80 ns) and, at the output of the
arrangenent, inmages at the frequency of 25 Hz. The input inages ar

s e o
“acconpani ed by notion information conponents D and i nf or mat/PEake codh
relative to the node (notion- , I , l
14

2

first mode of transmission and/or storage, referred to as
compensated mode and with the aid of a temporal sub-sampling
sub-assembly having a predetermined sub-sampling ratio and
being intended to supply a first signal sequence, or in
accordance with a second mode of transmission and/or referred
to as storage fall-back mode and with the aid of a fall-back
processing sub-assembly intended to add to the said first
sequence a second sequence of signals, with a spatial sub-
sampling of the said sequences, and for effecting the
alternate selection of one or the other of the spatially sub-
sampled sequences, the choice of the said mode being effected
with the aid of a decision-taking sub-assembly and on the
basis of motion data which are also transmitted and/or
stored, and a comparison of the data which are associated
with either one or the other mode, respectively, with a view
to selecting either the output of the said motion compensat-
ion sub-assembly or the ocutput of the said fall-back
processing sub-assembly.

Finally, the invention alsc relates to alsignal
transmission and/or storage system comprising a transmission
stage and after transmission and/or storage of the signals
transmitted via a passband-limited information carrier which
implies a reduction processing of the quantity of data to be
transmitted and/or to be stored, a receiving and/or read
stage for the transmitted and/or stored signals.

This invention has a particularly interesting
application in the case in which the signals to be processed
include data which represent animated images and in which a
compact disc is used as the carrier of the transmitted and/or
stored signals.

The transmission and/or storage of a very large
quantity of data, associated, for example, with images,
generally implies a compression of the signals to be
transmitted and/or to be stored, that is to say a reduction,
in a predetermined ratio, of their number. The reduction _
ratio is inter alia determined by the fact that .a.sufficient
gquantity of signals must be preserved to avoid that the
overall information they carry is not degraded too much, for
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conpensat ed node or fall-back node), these notion and node-+nformation

conponents being also transmtted and/or stored by neans _of I d
nto ; This Sheet Has Beenkewg@pr ocessi ng

information carrier (see Fig. 1 or Fig. 6). A1 _
arrangenment shown in Figs. 7a to 7c then incl ut“wumt\ﬂm& all, a notion
conpensati on sub-assenbly which conprises inmag la, 201b and 202

and an adder 203. This notion conpensatiop sub-assenbly is preceded by a
change-over switch 110 which directly receives the input inages at a first

i nput term t S [ | ng..i ] nal but
l/i gua first %%@%ﬁpk{yie%ﬁea%g? itnt;egér‘lé o+%9§%§%br%as§gg%b?9 . Q%%g{%ﬁr'&st

sub- sanpl i ngph‘h‘ﬂl%ﬂéﬁa&gﬁiéﬁ MARNSRLERR sHFANSY Afnsheded tadf Apaliepaiam
sub-sanpling circuit PHd wejbmithy rost t&pabkabe?ﬂifzrmx&% qurg,_faur %Ftlg %2, e
which is ad h - | e.e ed.i.n e circui .
ch;?\gel- gvera@éﬁc ftfogreggglséggﬂ%p&eﬁ%ﬁtﬁaﬂgrg%éFgéﬁnt RES B fbr mat i on
and, as a fictgeredetEansferapges the idiscreset coning tramsfomoryeet,i on to

the input (neHicm aQQBRERS 8LbRAr&0d erediRNAlRd it 8l rhb8oCOE &SP U LW JenP Ut
of the ChanQﬁiQ%F&.SW%ECQ significant number of applications and, for
example when used in storing or processing images on compact
disc, this ratio is not sufficient and a complementary
reduction processing in a ratio of 2 to 1 was found to be
indispensable.

It is therefore an object of the invention to
provide a signal processing arrangement which obviates
previously found insufficiencies as regards the flow-rate
reduction.

To this end the invention relates to a signal
processing arrangement of the type defined in the opening
paragraph, which is characterized in that it comprises:

(a) a temporal sub-sampling sub-assembly in a
predetermined ratio, provided to supply in a first
transmission and/or storage mode, denoted compensated mode, a
first sequence of signals to be transmitted and/or to be
stored having a rate lower than that of the original signal
clusters;

(b) a motion estimation sub-assembly for estimating
motion between blocks which belong to consecutive periodical
clusters, provided to supply block-wise a motion information
to be transmitted or to be stored by replacing those blocks
which are cancelled by said temporal sub-sampling; .

(c) a signal block recovering sub-assembly with
motion compensation, provided to supply on the one hand from
those blocks which in the original signals provide the
transmission and/or storage in accordance with the
compensated mode and on the other hand from the motion data
associated with the said blocks by replacing the cancelled:
block, the signal blocks such as they are recovered at the '
receiving end by replacing the cancelled blocks and from the
transmitted signal and motion data sequences;
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110) or, in contrast, to the opposite position (fall-back node, denoted R
at the correspondi ng i nput of the change-over switch 110), to select in
this position the output signals of the first sub-sanpling and

i nt er pol ati on sub-assenbly. The processing arrangenment shown
in Figs. 7a to 7c also includes a second sub-sanpling and interpolation
sub-assenbly, which includes a second spatial sub-sanpling circuit 221 and
a second spatial interpolation circuit 222, which are identical to the

ts 211 d 212 e N
cirouits 211 and 212,(g)eanagbiyeby.cdibiry recegsgh\gﬁa”ggbwdé&‘

i nterpolation sub-assenbly (221, 222 ange-over sw tch
120 and is PBHPPLYERLIRK ﬁ%n@@ Sher Qmﬁc‘hf 1%(?%&?@@%@&@&@@5%@% 120

recei ves at oaﬁ;insl siyndld @rrm adlsot bﬁeoy&mltsﬁqw &-édo@@rbheaﬂe&ton
compensal i 0f4Rs Asslate AN ah 3n28ER0EI LOPHlodE IRl dkhECLL Yo he

i nput i mages, accor adce Wi node 1 n 'on recel ve
sel ects e|tﬁempﬁﬁﬁﬁﬁﬁﬁ|Nﬂ¢%ﬂi@péh9aﬁed°§|g%%]%hQ#ﬂn|4§Peﬂ§#p6n§attbﬁ mode,

denoted C), rekulbent NHils idBMRT icbal;| - back node, denoted R). At a first
nput terminal the chagog- gYer_siLi Y kA0 50 SLBOELYERn 1 op W Ml Y9 o
of the

add block-wise to the said first signal sequence, in

accordance with a second fall-back transmission and/or

storage mode, which, as a function of the result of the

comparison serves as a substitute for the first compensated

mode, at least a second signal sequence which is in

synchronism with the first signal sequence.

In the structure thus proposed, the said
predetermined ratio is preferably equal to 1/2. In that case
and in accordance with an advantageous embodiment, the fallh.
back processing sub-assembly includes a delay circuit
producing a delay equal to the period of the original
signals, followed by a temporal sub-sampling circuit
operating in the same ratio as the ratio of the temporal sub-
sampling sub-assembly.

In a further, still more improved embodiment, the
fall-back processing sub-assembly includes a spatial sub-
sampling sub-assembly which comprises, arranged in parallel,
a first and a second spatial sub-sampling path in the said

" predetermined ratio, the spatial sub-sampling frame being
independent of the motion and being fixed but for the
temporal resolution of the signals.

In this first structure, when the said
predetermined ratio is equal to 1/2 the arrangement is
preferably characterized in that:

(A) the spatial sub-sampling sub-assembly
comprises, in each channel a spatial filtering circuit
followed by a spatial sub-sampling circuit operating in a
ratio 1/2, and, at the output of the two chamnels, a u'
switching circuit provided to select alternately one or the'
other of the outputs of the spatial sub-sampling circuits, at
a twice lower frequency than that of the original signals;
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noti on conpensatt+oen——sub—assenbly, and at a second input the output signals
of the secomsi Suéb Hacdwaey kpfceand i nterpol ation sub-assenbly, and, in

‘accor dance m” gnf or mati on recei ved, selects either the
rmtion-cor-rperl H i EME (rmotion conpensation node, denoted C), or the
out put si gnal d sub-sanpling and interpolation sub-assenbly

(fall-back node, denoted R). 5

(B) the decision-taking sub-assembly includes a
change-over switch controlled by a decision circuit to
select, in the compensated mode, the output signals of the
temporal sub-samplinq sub-assembly or, in the fall-back mode,
the output signals of the said switching circuit.

In a further embodiment of the fall-back processing
sub-assembly, the arrangement is also characterized in that:

(A) the temporal sub-sampling ratio is equal to
1/2;

(B) the fall-back processing sub-assembly includes,
arranged in parallel with the said temporal sub-sampling sub-
assembly, a spatial sub-sampling sub-assembly which comprises
two parallel-arranged channels the first of which comprises a
first spatial sub-sampling circuit and the second comprises,
arranged in series, a delay circuit producing a delay of one
period of the original signals and a second spatial sub-
sampling circuit, the spatial sub-sampling grid being
independent of the motion and being fixed but for the
temporal resolution of the signals, and the said two parallel
channels being preceded, arranged in series, by a spatial
filtering circuit and followed by a switching circuit
provided to select alternately one or the other of the
outputs of the spatial sub-sampling circuits, at a frequency
which is half that of the original signals;

(C) the decision-taking sub-assembly comprises a
change-over switch controlled by a decision circuit for
selecting, in the compensated mode, the output signals of the
temporal sub-sampling sub-assembly and, in the fall-back
mode, the output signals of the said change-~over switch.

In the specific application in which the signals to
be transmitted and/or to be stored are representative of
images, the signal processing arrangement is characterized in
that the selection is effected for each block of the image
and in that the decision circuit comprises a motion-
compensated interpolation circuit, an interpolation error
calculation circuit and an error fall-back calculation
circuit.

When this application to image signals is used, the
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15. The processing arrangenent of Figs. 7a to 7c finally

I ncl udes a change- over switch 250 which, at a twice higher rate than the
“input images (at the frequency of 25 Hz in the present case, since the

i nput i mages here have a frequency of 12.5 Hz), alternately selects the
out put of the change-over switch 130 or that of the inmage nenory 201b.

The node of operation of this processing arrangement wll now be described
for three situations which can be net, wth reference to the correspondi ng

fihgur es 7a itrﬁ/e?z;t-ioﬁi e%h bé é:hm&t : )?arpqtr){ %W%Ebe&edéabﬁp é&%ﬂm&k uigrr?ges of

e arrangenen constitute processe ge b] ocks, ore
transni ssi Wﬁ?&Ygﬁgnsgg?aﬁ%?riﬁﬁté%ri ea%EBPﬁﬁﬁEéé%h??#%?ﬁaé%ﬂﬁegn
conpensat i rigmads, isr of hthé atdmpratk dimedéyper al so in accordance with one
or the other of thesge #¥QnmdgsjebBese LR etnvaltiall ¥8SpealigePNding to

said three situations. . )
processing arrangement for previcusly transmitted and/or

stored signals, adapted, at the receiving side, to a signal
recovery without loss of data with respect to the motion
contained in the original signals. _

To that effect the invention relates, in a first
embodiment, to an arrangement which is characterized in that
it comprises:

(a) a motion-compensated sub-assembly provided to
receive the transmitted and/or stored signals corresponding
to the output signals'of the said temporal sub-sampling sub-
assembly;

(b) a change-over switch receiving at a first input -
the output of the motion-compensation sub-assembly and at a
second input the transmitted and/or stored signals
corresponding to the output signals of the said fall-back
processing sub-assembly and supplying from its output, in
accordance with the said mode information corresponding to
the first or the second mode of operation either the signals
present at the said first input or the signals present at the
said second input, respectively;

(¢) an alternating selection change-over switch for
selecting at a frequency twice as high as that of the input
signals, either the said output of this change-over switch or
the input of the said motion-compensation sub-assembly but
delayed by a half-period of the rate of the said input
signals of the signal processing arrangement.

The invention also relates, in a variation
constituting a second embodiment, to an arrangement which is
characterized in that it comprises:

(a) a first sub-sampling and interpolation sub-
assembly of the recéived signal corresponding to -the .
previously transmitted and/or stored signals and constituting
the input signals of the arrangement;

(b) a motion—compensafion sub-assembly whose input

& -Mma
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Let it first be assuned (first situation, shown in Fig. 7a) that the input
I mges are exclusively fornmed by processed i mage bl ocks, before

‘transm ssion and/or storage, in accordance with the notion conpensation
node. The information of the corresponding node then keeps the three
change-over switches 110 to 130 in their position C. |If, noreover, the
sequence of input inmages is denoted I[err], I[err], I[err], If[err], etc.
and at a considered instant t[err] the inmage I[err] (conpensated by -D) is

avai | a:al[e ais t:ba_naﬁtealt i@fadd&gg'damerﬁﬂof.l[de29éﬁd_Qélé&lﬁi&ﬁ:&* kRSt ﬁnt “the
i mage I[err]. ic pear e ns _.after [[err is. availa at the input
of the i m§atfEntFy*t Jfﬁcﬁﬂﬂaqgﬁ§ﬁ§é98v8Pd§mﬁf%%Pe 1% Hen &Cts, inits
posi ti on dddgeetlyCrot tize ciriguit off theesaddearp@gefentheomutc dhis same

conpensat i QRpa¥PEEESEIP! the HMEd rﬁ%tdgustsgmg;{%cg laraideahl® 18k 1bRi S

output is the |nage having a parity opposite to that of the images I[err]
and | [err] S¥R32PEeRREBIered, between these two inages, at 40 ms from each
of them by the hal f—jum skcbhéssubragrgsl ifeerand dmitelrpediatiandsuli-akes t he

di rection %sla@ﬁ)ﬁgitél%é&%’%ﬂk ECLAhnE Q&@}aﬁgﬁx‘;‘?éc&{&a‘ﬂéw%%hs‘%kgm ed and

applied to sai I on conpensation subass I nto account. At the
frequency §Ridsselection of the first or the second mode of operation,

respectively, either to the output of the said motion-
compensation sub-assembly, or directly to the input of the
said arrangement; _

(d) a change-over switch which from its output or
in accordance with the said mode information corresponding to
the selection of the first or second mode of operation,
respectively, supplies from its output either the output of
the said motion-compensation sub-assembly or the output of
the said second sub-sampling and interpolation sub-assembly;

(e) a change-over switch for alternately selecting-
at a frequency twice as high as the frequency of the input
signals, either the said input of this change-over switch or
the input of the said motion-compensation sub-assembly but
delayed by a half-period of the rate of the said input
signals of the arrangement. .

In the case of this second embodiment, the
arrangement is preferably characterized in that the first and
-second sub-sampling and interpolation sub-assemblies each
comprise a spatial sub-sampling circuit and a spatial
interpolation circuit, and in that the motion-compensation
sub-assembly comprises image stores and an adder, with a view
to a motion-compensated interpolation on the basis of the
output image of the first of these memories of the input
image of the second of these memories and of motion
information between the said input and output images, the
delay produced by each of these stores being equal to half
the period of the input signals of the processing
arrangement.

In one or the other of these structures, the
arrangement is advantageously characterized, in that the
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Hz; that is to say 40 ns |later, the change-over switch 250 has changed
state and, inits position denoted IT, selects the output of the nenory
"201b, this output now being I[err] since I[err] appeared 40 ns earlier at
t he i nput of the nenory 201b. The same change-of-state cycle
then proceeds, and the change-over switch 250 thereafter selects the inmage
I[err] which is the weighted average of JJ[err] and Is in the direction of

t he new sel ected di spl acenment vector, t Rereafter the i mage I[err] then

Iferr], I[efd rﬂecthkgré{ r'cxiée{r( uflde o E#a@ilu\ycoﬂﬁeﬁ'g@tﬂm% of the
changeover swtc uent
assembly and the selec ion at the input of the second sub-
sampling and interpolation sub-assembly are effected with the
aid of a first and a second change-over switch, respectively,
which are provided to switch in accordance with the said mode
information.

Particulars and advantages of the invention will
now become more apparent in a more detailed manner from the
following description which is given, by way of non-
limitative example, with reference to the accompanying
drawings, in which:

- Fig. 1 shows a first example, in accordance with
the invention, of an embodiment of the arrangement for
processing signals intended to be transmitted and/or stored,
after flow rate reduction;

- Fig. 2 shows, in this arrangement, an embodiment
of the recovery sub-assembly with motion compensation and of
the decision circuit of the decision-taking sub-assembly;

- Fig. 3 shows, in combination with Fig. 1, a
further embodiment of the fall-back processing sub-assembly;

- Figs. 4a to 4c show three examples of transfer
characteristics of the filtering circuits of the structure of
Fig. 3, adapted to different sub-sampling lattices,
respectively, such as those shown in Figs. Sa to Sc;

- Fig. 6 shows a second example, in accordance with
"the invention, of an embodiment of the arrangement for
processing signals intended to be transmitted and/or stored
after flow rate reduction;

- Fig. 7 is an embodiment, in accordance with the
invention, of the arrangement for processing previously
transmitted and/or stored signals after processing in an
arrangement of the type corresponding to the arrangement
shown in the associated Figs. 1 and 3, and shown in Figs. 7a,
7b, 7c¢ for three different modes of operation.

- In the application described here, the input
signals have, for example, a repetition rate of .25 Hz and the
processing arrangement for these signals must then supply
signals at a rate of 12.5 Hz. This temporal sub-sampling by a
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16 " the processing arrangenment. of Fig. 7a an inmage sequence of the type
I[err], I[err], I[err], I[err], I[err], I[err], I[err], etc....

available at a frequency which is twi ce as hlgh as the fredmeﬁ 1@$Bﬁh8ﬂmmﬂl
I nput i nages. Let it now be assunmed (second si

in Fig. 7b) that the input imges are exclusively formed by

bl ocks, before transm ssion and/or storage, in accordance w sal

fall -back node. The correspondi ng node information this tinme nmaintains the

three changg@ues oWt ghesedifsdd ﬁ?QHhe” f&ﬁ&b&lﬂﬁ fgéha“ wxm Sieat i al

sub-sanpling circuit 211 sub-sanp eterm (for
exanpl e odfSsfEjbed t‘ﬁaf"’T‘%e?'bl%’ay‘”t% “‘iaﬁﬁ‘éé‘str‘ﬁeﬂ?s I{*er:’r]an [5err]
et c. ) in accordariee sidgriall beosaseifgnptrawgyemint shawnt Hat Figedl pluri ng

the pfOCGSS&AHidEQEr?&kQE 8t iPf 4 "ATAY 2peBYnpling sub-assembly

provided for supplying, in accordance with a first so-called

transmission and/or storage mode, a first signal sequence (to
be transmitted and/or stored) of a frequency lower than the
frequency of the original signals in a predetermined ratio.
Here this sub-assemlby consists of a temporal sub-sampling
circuit 10'a operating at half a ratio. On the other hand the
arrangement includes a motion estimation sub-assembly here
formed by a motion estimation circuit 20. The temporal sub-
sampling circuit 10'a is, in the present case, a change-over
switch which is controlled at half the original repetition
rate, that is to say at 12.5 Hz here, and which consequently
cancels one signal image out of every two signals in the
sequence of image signals, for example the even images. The
motion estimation circuit 20 acts on the non-cancelled
images, in this case the odd images. In the example
described, it is assumed that the image data are processed in
blocks of 16 x 16 image signals. For each of these blocks,
the circuit 20 looks for the direction of the motion so as to
ultimately deduce an approximation of this block on the basis
of on the one hand the motion information thus obtained,
denoted D, and on the other hand of the content of two images
~adjacent to the cancelled image. The motion-data must also be
transmitted and/or stored, by replacing those blocks which
are cancelled by the temporal sub-sampling operation. Fig. 1
shows an example of the motion estimation circuit comprising
two image stores 21 and 22 and a block correlator 23.
Correlators of this type are already known, for

example from the article by J.R. Jain and A.K. Jain,
"Displacement measurement and its application in interframe
image coding", IEEE Transactions on Communications, wvol. COM-
29, no. 12, December 1981, pp. 1799 to 1808. The motion
estimation by correlation thus proposed has for its effect to
determine a displacement vector D for each block of the
cancelled image, for example IZ' in a sequence of images I
Thig e e 1opiac @m“ﬂﬁ spest
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thereafter, the spatial interpolation circuit 212 recovers the m ssing
sanples. If for an input image I[err], the imge avail able at the output of
the circuit 212 of the first sub- sanpling and interpol ation sub-assenbly
is denoted I[err], it will then be found that, now, the inage I[err] is
substituted for the input inmage I[err]. Simlarly, the
spatial sub-sanpling circuit 221 and th@ospatial I nterpolation circuit 222
ensure the sub-sanpling of the images having an opposite parity (for

s, Tgre s Ly ey it bt ) s i,
recovery ofﬁefqﬂé’em §§|"“n§h% ‘g"éle‘#%ﬁgctq V2| 9pg|§8f‘“§ﬁt+ Lﬁ i r‘i%a ®lerr],

this image caomidedd iaageheromt thi ofl Adsanc ofcthe A3R-ocdnt¢dEl &k dmades

sub-sanpl i ng azﬂfécmz gB?héﬁai’H eﬂ? %ﬁ?%@&éd'aﬁcgo%gfgé’tﬁé’lﬂf‘d [ log The

change- over kw en se ItsS posIti nage §e5|gnated
| [err] avai'th®ItyPas the output of the said second sub-assenbly and, in its

position IT, the imge dﬁphgqayeq(t eKFD) aVﬁth¢5ﬁ94O s earl|er at the
Ut Pt P, el SRR RRACER Al PRl Al LOR SHE- ARRT R, OV

avail abl e a e out ut

1, 2, 3, the orlglnal images, D the shift (in image

elements), and I the searched for approximation of the

intensity of the zlement X of the current block of the
cancelled image.

Expressed in other terms, this motion estimation is
a search for each block, represented by a current element X,
a vector D in such a manner that the expression:

£ (DFD(X,D))2
for the totality of blocks is minimal. In this expression,
DFD, which is an abbreviation of the term "Display Frame
Difference", is the approximation error linked with the
current block and is equivalent, for this block, to the sum
of the square of the approximation errors over all the image
elements of the block. Consequently, this approximation error
has for its expression:

T (I,(X) = (1/2) (I,(X+D) + I (x-D))?

{blocks)
and for this expression the minimal value is searched. The
selected displacement vector is the vector which is
associated with this minimal value, after an exhaustive test
of all the possible displacement vectors in a search range
limited by the horizontal and vertical values Dx and Dy,
respectively.

The signal processing arrangement also includes a
fall-back processing sub-assembly which is intended to take
over the operation in the compensated mode when the motion
estimation sub-assembly is omitted in accordance with a
predetermined criterion which will be described in greater:
detail hereinafter. In a general manner, the normal mode of
operation is the motion estimation mode, which will allow an
ultimate motion compensation and which consequently will be

Sheet Has Been Replaced 4 sheet

H“m ‘I““ “Ill ‘H‘ This is the replacemernt
= % APR 997

Date:




This time, an i mge sequence of the type I[err]l[err] IJerr], I[err],

I[err], etc .... , is available at the output of the processing arrangenent
of Fig. 7b, always at a frequency which is twice the frequency of the input
I mages. Let it finally be assuned (third situation shown in

Fig. 7c, and in general the nost frequently occurring situation) that the
| nput i mages are recovered sinultaneoua]y fromimge bl ocks processed at
the transnission end in accordance witH%he notion conpensati on node, and

i mage bl oc&&‘&&fw@oﬁbehgstaaaﬂmssaw e 'r{m%qorneaecw Lﬂ the

fall -back node., The node i nformation, corresponding to each ese two

modes, t heFPEWR it fdSvakdons, be ERRbREed Ry asm%éénﬁed the, fakly

back mode. This fall-back processing sub-assembly comprises a
delay circuit 50, this delay here being equal to the period
of the original signals, and a temporal sub-sampling circuit
10"a operating in the same ratio as the ratio of the circuit
10'a

The signal processing arrangement also includes a
recovery sub-assembly with motion compensation intended to
supply, on the basis of a portion of those blocks which, in
the original signals, induced the transmission and/or storage
in accordance with the compensated mode and on the other hand
motion data associated with the said blocks by replacing the
cancelled blocks, the signal blocks such as they will be
recovered, on reception, by replacing the non-transmitted
blocks, on the basis of the transmitted signal sequences and
transmitted motion data. Here this sub-assembly includes, as
shown in Fig. 2, image stores 91a, 91b and 92, and also an
adder 93. These elements render it possible to effect a
motion-compensated interpolation, by a half-sum of the image
I1 (present at the output of the store 91a whilst taking into
account the displacement vector D selected by the motion
estimation circuit 20) and the-image I3 (present at the
output of the store 92 whilst also taking D into account),
the addresses in these stores 91a and 91b also being shifted,
by -D in the store %1a and by +D in the store 92. The motion-
compensated image resulting from this interpolation is
supplied by the adder 93.

Finally, the signal processing arrangement includes
a decision-taking sub-assembly, which here comprises a
change-over switch 80'a which is controlled by a decision
circuit. In the example described here (see Fig. 2), the
decision circuit (94 to 103) is formed by a subtractor 94,
2 present at the output of the
store 91b, from the motion-compensated image present at the
output of the motion-compensation recovery sub-assembly (thaﬁ
is to say at the output of the adder 93), and a means 95 for
squaring the output of this subtractor 94 which together form

which subtracts the image I
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WA

Dais: o 9 KPR ST



17. alternately to their position Cor to their position R according to
the processing type to which the inmage bl ocks appearing at the input of the
‘processi ng arrangenent were previously submtted: the processing operations
effected in this arrangenent will then be those processing operations
effected in the case of the first or the second situation, as the case may
be. Actually, in the casg,of the fall-back node blocks, the
first sub-sanpling and interpol ation su%-assenbly (211, 212) consecutively

ensur es t hen rifRQeol a®fiohhersafnt £icdiatifg c1Reastofoa, Psdedfudcied parity
(odd, for f&(atrH)el %?ot%gcrii-tc:ggpggsc.gt\:/forr}/ mcgde. This interpolation error is

calculated for each block. A circuit (96, 97, 98, 99, 100,

101, 102, 103) similarly allows an error calculation in the

fall-back mode, and to this effect includes spatial filtering

circuits (96, 97) and (98, 99) of the image I3, each

comprising a spatial filter 96 or 98 and a subtractor 97 or

99, thereafter means 100 and 101 for squaring the output

signals of the said spatial filtering circuits, an adder 102

which produces the half-sum of the output signals of these

squaring means 100 and 101, and a comparator 103 comparing

the output signals of the squaring means 95 and of the adder

102. This comparator 103 selects the output which is the

weakest and for each image block supplies a corresponding

mode information: the compensated mode in the case the output

of the squaring means 95 is selected, and the fall-back mode

in the opposite case. )

The mode of operation of the arrangement shown in

Fig. 1 is as follows. In accordance with the first

transmission mode (compensated mode), the temporal sub-

sampling sub-assembly - in this case the circuit 10'a -

supplies a first signal sequence. The ratio of the temporal

sub-sampling being equal to 1/2 in the example described, the

frequency of these signals is, as has already been described,
equal to 12.5 Hz. In accordance with the second transmission

mode (fall-back mode) a second signal sequence which is in

synchronism with the first signal sequence is also

transmitted, namely the output signals of the temporal sub-

sampling circuit 10"a. Thus, the normally transmitted signals

are the blocks available at the output Sy and the fall-back

blocks present at the output S2 are adjacent thereto (when
the decision circuit 90 controls closure, of the change-over
switch 80'a).

In a variation of the embodiment, the fall-back
processing sub-assembly also includes a spatiéi sub-sampling
sub-assembly. The latter, shown in Fig. 3, comprises itself a
first and a second spatial sub-sampling path which is

arranged in series with the outputs s, and 51' respectively.

A nenmant shest
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t he- m ssing sanples. The blocks I[err] available at the output of said
first sub-assenbly are then reinserted by t he change- over over SMAtCh 110 into

the input image I[err], to formthe future ouﬂb&ﬂw I[err]
Simlarly, for the case of fall-back node bl oc sub sanpl i ng
and interpolation sub-assenbly (221, 222) ensur y of the

I mges of the opposite parity (here the §ven | mges), by processing the
out put signals of the change-over swtch 120, which in this thlrd

si tuation, f t n th rr]
(avail abl e ﬁ%%t ﬁgE%n g{r:H TC' B'cribel';sgeé{sc %6:531 ?%Egggfgg ﬁlclplftot |don
conpensatloﬁ-§G55§S§Bﬁﬁﬁ?lZﬂqkr%%ﬁHﬂxﬂﬂ Fﬁﬁ@uﬂﬁe4PﬁpM@1¢hm&R?qqﬁ§'FF aThe

i mage thus fxartrradlab wherléb@aﬁpﬁ aswi:-%eﬁl m(ﬂn§ubna§§ ‘ym@rd@swnat ed
I[err], and th 8e a% i S eS| &g [ " % Q e- over
switch 130 RS eFeﬁ eP§ 5‘?9 sta3'p et Fhﬁe k2 "5\5{1

I[err] by se&l spetiagl aslaetmg:tamtnft Dl@é‘anwuéchni@rrmrnmalt 'crcec!;braves and

whi ch contr g r%c'eh&n?oéi{—éﬁf't &id mersééa%acgggemiﬁt eﬁlb%mnq %%%uhkerr] of

t he notion caonpensa n sub-assenply, | nt er pol at ed put bl ocks
|"[err] of tsr?é‘ §886ﬁ81§‘ébagaﬁ‘rpﬁa}"rfg’ aH&'l her bSFE‘FFoﬁ“‘%lﬁ?ma%]s’é’i%l ing

similar or complementary to the sub-sampling effected by the
circuit 40a, that is to say in the case of the cited sampling

matrix examples, the sub-sampling in line quincunx or the
identical or complementary orthogonal sub-sampling operation.

Examples of filtration effected by the spatial
filtering circuits are shown in the Figs. 4a to 4c in
accordance with the nature of the sampling grid: if fp and fo
are the horizontal frequencies (elements) and vertical
frequencies (lines), respectively, of the image, Fig. 2a
shows the filtering mode effected for the case of a line
quincunx sub-sampling operation such as the one shown in Fig.
5 (the crosses and points represent the preserved image
elements and the cancelled image elements, respectively,
during the sub-sampling operation), in Fig. 4b for the case
of a vertical orthogonal sub-sampling operation (one line out
of two is omitted, as shown in Fig. Sb), and in Fig. 4c for
the case of a horizontal orthogonal sub-sampling operation
(one element out of every two elements of each line is
omitted, in vertically aligned positions as shown in Fig.
5¢c).

The spatial sub-sampling sub-assembly also
includes, arranged at the output of the two parallel.paths, a
switch 70a whose output alternately receives either the
output of the spatial sub-sampling circuit 40a, or the output
of the spatial sub-sampling circuit 60a. Thus, on the basis
of samples of two consecutive images, a complete image is
available at the frequency of 12.5 Hz at the output of the
change-over switch 70, this image being obtained by mixing
two previously filtered lmages.

For the case of this variation shown in Fig. 3, the
decision-taking sub-assembly includes a second change-over

This i the repiacement sheet
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Then, in this third situation the change-over switch 250 can now sel ect
either, inits position denoted IC, the output image I[err]R of the
‘change-over switch 130, or, inits position IT, the inage I[err] avail able
40 s earlier at the output of the change- over switch 110 and now present
at the output of the inmage nenory 201b. Again, at the output of the
'processi ng arrangenent of Fig. 7c, a segyence of images of the type I[err],
I[err], I[err], I[err], I[err], etc. avai l abl e again at a frequency

which is t‘t%f?.@ hhgofrng &{ ﬁt Qelﬂt hHEQFStne contd:7or ];I;e

arrangerren processi ng ter ‘t ransm ssi st orage

descri bed @ﬁctlﬁé"f*o?éﬁ%"r‘h@ ‘-Wrt hU”r é‘-fh@r epppengated mydeorthas sittdti o t he

arrangenenigigaalpr o€ eesé Ngesd i denpdehar gubr-aslﬁm §x$<_k O R/ tor 09ta0bage
descri bed |n gﬁsogﬁgilon wi th, the, conmbine I n,the %bsence of

t he spati alt B %r{uqc} NS Sgugﬁugt ﬁé Rals opq:he switch™ 7

This selection is effected, as previously, block-wise, by
considering blocks of 16 x 16 or blocks of 8 x 8 (without
these examples being limitative). For each block it is again
one of the two modes which ultimately allows an image
recovery with a minimal error chosen by the decision circuit.

The realisation of the fall-back processing sub-
assembly corresponding to the combined Figs. 1 and 3 is not
the only possible realisation. Fig. 6 shows a variation of
the embodiment of the signal processing arrangement according
to the invention in which another realisation of the fall-
back processing sub-assembly is provided, equivalent to the
last-mentioned realisation.

The signal processing arrangement shown in Fig. 6
includes, as in the preceding cases, a temporal sub-sampling’
sub-assembly, which here is a temporal sub-sampling circuit
10b operating at a ratio of 1/2 (identical to the circuits
10'a and 10''a), a moticn estimation sub-assembly 20, a
motion-compensation recovering sub-assembly, and a decision-~
taking sub-assembly. It also includes, as in the preceding
cases, a fall-back processing sub-assembly which however is
realised in the following manner. This sub-assembly includes
first of all a spatial filtering circuit 30b which is
intended to limit the passband of the signals. This spatial
filtering circuit is followed by two parallel-arranged paths,
the first of which includes a first spatial sub-sampling
circuit 40b sampling at a rate of 1/2 (for example a sub-
sampling in line quincunx, or rather an orthogonal sub-
sampling), and the second path includes a delay circuit 40b
and a second spatial sub-sampling circuit 60b sampling at a
ratio 1/2. The delay produced by the circuit 50b is equal to
the period of the original signals (here 25 Hz). The spatial
sub-sampling realised by the circuit 60b is similar or
complementary to the spatial sub-sampling realised by the
circuit 40b, that is to say in the case of the sampling

. i shesi
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18 'is to say,

Fig. 1) the processing arrangenent of Fig. 7 is sinplified in the TollTow ng
the two sub-sanpling and i nter pol atrhio$heet Has Been Replaced
sub-assenblies (211, 212) and (221, 222), are onmtted, and al

correspondi ng change-over switches 110 and 120. On the ot her mu&n JIM!
this suppression into account, the sigﬂmﬂg corresponding to t

manner. On the one hand,

Slerr]

with only the fall-back processing sub-assenbly as shown in

matrix examples cited, the sub-sampling in line quincunx or
the identical or complementary orthogonal sub-sampling.

The fall-back processing sub-assembly also

comprises, arranged at the output of the two parallel paths,

a switch 70b whose output receives alternately either the

output of the spatial sub-sampling circuit 40b, or the output
of the spatial sub-sampling circuit 60b. Thus, at the output
of the switch 70b, there is available, from the samples of
two consecutive images, a complete image at the frequency of
12.5 Hz, obtained by mixing two previously filtered images.

The signal processing arrangement also includes, as

in the preceding case, a decision-taking sub-assembly, but
which this time includes a change-over switch 80b, which is
controlled by the decision circuit 920 to select, in the
compensated mode, the output signals of the temporal sub-
sampling circuit lob.or, in the fall-back mode, the output
signals of the switch 70b.

It will here be noted that the invention is not

limited to the processing arrangements described in the
foregoing, but that it also relates to any type of
transmission and/or signal storage system which on the one
hand includes a stage intended to transmit data which are
representative of these signals towards a transmission or

storage information carrier for these data, and on the other
hand a stage intended to receive data thus transmitted and/or
to read the data thus stored: in the case in which this
information carrier is of the limited passband type and in
which a processing operation to reduce the quantity of data

before transmission and/or storage has proved to be

necessary, the invention relates to such a system when its

transmission stage includes one of the above-described signal

processing arrangements.

Conversely, when the data have been processed by a

signal processing arrangement of the type described in the
foregoing, it is thereafter provided to recover the signals
at the original time rate. This operation can then be

realised by a post-processing which will now be described
with reference to Fig. 7 for the case in which a spatial sub-
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and S2 of Fig. 1 are now, applied to the input of the notion conpensating
sub- assenbly, (common input of the nenories 201b and 202) and to the input
R of the change-over swi tch 130, respectively. These nodifications which
can easily be understood fromFig. 7, are therefore not shown.

It should be noted that the present invention is not limted to the
exanpl es descri bed, on the basis of which variants can be proposed w t hout
departing fromthe scope of the inventio Some of these vari ants have

al r eady bee@amﬁmah?n&‘gs bdeMdirades@ BR GQLRQmi o r&_r 'élt‘ifuc% Usgg to

determ ne wh he notion estimation circult must be
repl aced by *H'ReaFERNIBERAL piib ddiss i2R§e8s8- 8§s§%ﬁ@yarﬁﬁF?kﬁ# #@"PYiRg | ar ge
range of si attatransmiddbonadan mhidnecasi 1yhbe hdemicde ﬂmmnttaursem s,7for

exanple, the fact th ttﬂgggtll r?céﬁelther Itsa%%uez as no;b‘térgﬁh? and

that the notion estimati on-cric range.
But it is aﬂ@otbﬁégl@Aﬁﬁxmpqnsxnuy§lansrpgge¢smmmﬂxmg HQ1&H9§ f qal, - Back node

when the noiaga hegorBspéOiHIRAL anad k@It hed | MeSindldrON rRkkeQ¥ s, 0fnWhen
operations %Be exampigmhééhéykédﬂaqnpugn?mgggéeathf frequency of 12.5 Hz
(which consequently follow each other every 80 ms) and, at
the output of the arrangement, one wants to have images
available at a frequency of 25 Hz. The input images are
accompanied by motion data D and data M relative to the mode
(motion compensated mode or fall-back mode), these motion and
mode data being also transmitted and/or stored by means of
the said information carrier (see Fig. 1 or Fig. 6).

The processing arrangement shown in Figs. 7a to 7c
then includes, first of all; a motion compensation sub-
assembly which itself comprises image stores 20la, 201b and
202 and an adder 203. This motion compensation sub-assembly’
is preceded by a change-over switch 110 which directly
receives the input images at a first input terminal and at a
second input terminal these same input images but via a first
sub-sampling and interpolation sub-~assembly. This first sub-
sampling and interpolation sub-assembly includes a first
spatial sub-sampling circuit 211 and a first spatial
interpolation circuit 212, which is adapted to the sub-

" sampling mode employed in the circuit 211. The change-over
switch 210 receives for each image block the mode information
and, as a function thereof, changes to the direct connection
position to the input (motion compensation mode, denoted C at
the corresponding input of the change~over switch 110) or, in
contrast thereto to the opposite position (fall-back mode,
denoted R at the corresponding input of the change-over
switch 110), to select in this position the output signals of
the first sub-sampling and interpolation sub-assembly.

The processing arrangement shown in-figs. 7a to 7t
also include a second sub-sampling and interpolation sub- -
assembly, which itself includes a second spatial sub-sampling
circuit 221 and a second spatial interpolation circuit 222,
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obj ects have opposite notions and put the notion estimation circuit out of
order. Mbreover, it is ObVIOUS once agaln that the invention
is not linmted to the processing arrangement ppdigenReplededbef ore, but
that it also relates to any transnission and/o l“ mum lmge system
conprising on the one hand a stage |ntended to rmation
conponents representative of these signals to a transm ssion or storage
carrier of these information conponents and on the other hand a stage

i nt ended t owhéeRi xeet hdentifcdINRd QReCQ’ifPQGEEE SziﬁUaSnci rzq@sm tted and/or to
jn the case in _which this

dth ts th
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operation fépsevlly Rl t A2 udst prpcefled nbyr anthanycaveanenitchebpoe

Lransm s! onandl ofo I QRHSPLORANLA-BEPCAIRSAN Yoo d ML RRN N LS
relates to sucpﬁa astem eén Its récelving i'ncl udes —one 3ot °YRe

si gnal proc&Y%% 9éﬂﬂ%ﬁﬁﬁﬁ%a&sad@éé?be@P*ﬁw?ﬁﬁﬂ*ﬂadréhe output

signals from the motion compensation sub-assembly, and at a

second input terminal directly the input images, and, in
accordance .with the mode information received, selects either
the motion compensated signals (motion compensation mode,
denoted C), or the input images (fall-back mode, denoted R).
At a first input terminal the change-over switch 130 also
receives the output signals of the motion compensation sub-
assembly, and at a second input the output signals of the
second sub-sampling and interpolation sub-assembly, and, in
accordance with the mode information received, selects either
the motion compensated signals, (motion compensation mode,
denoted C), or the output signals of the second sub-sampling
and interpolation sub-assembly (fall-back mode, denoted R).

The processing arrangement of Figs. 7a to 7c
finally includes a change-over switch 250 which, at twice
higher rate than the input images (at the frequency of 25 Hz
in the present case, since the input images here have a
frequency of 12.5 Hz), alternately selects the output of the
change-over switch 130 or that of the image store 201b.

The mode of operation of this processing
arrangement will now be described for three situations which
can be met in actual practice, with reference to the
corresponding Figures 7a to 7c. First it should be remembered
that the input images of the arrangement may be constituted
by processed image blocks, before transmission and/or
storage, either in accordance with the motion compensation
mode, or the fall-back mode, or also in accordance with one
or the other of these two modes, these three alternatives
corresponding to the said three situations. _

Let it first be assumed (first situation, shown in
Fig. 7a) that the input images are exclusively formed by
processed image blocks, before transmission and/or storage,
in accordance with the motion compensation mode. The
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information of the corresponding mode then keeps the three
change-over switches 110 to 130 in their position C. If,
moreover, the sequence of input images are denoted Il' I

18

'
Is, I7, etc. ... and at a considered instant tc the imaqi I
(compensated by -D) is available at the ocutput of the image
store 20la, at the same instant the image I3, which appeared
80 ms after Il, is available at the input of the image store
201b. The change-over switch 250 then selects, in its
position denoted IC, the ocutput of the adder 203 of the
motion compensation sub-assembly. The image denoted IA2

1

available at this output is the image having a parity
opposite to that of the images I1 and 13 and is recovered,
between these two images, at 40 ms from each of them, by the
half-sum of these images Il and I3 and takes the direction of
the displacement vector D (which was previously selected and
applied to the said motion compensation sub-assembly) into
account. At the frequency of 25 Hz, that is to say 40 ms
later, the change-over switch 250 has changed state and, in’
its poéition denoted IT, selects the output of the store

201d, this output now being I3 since I, appeared 40 ms

earlier at the input of the store 201b?
The same change-of-state cycle then proceeds, and
the change-over switch 250 thereafter selects the image I‘4
which is the weighted average of I, and 15 in the direction
of the new selected displacement vector, thereafter the image
5 then Ifs, 17, Ihs; I9 etc. ... . Finally, at the cutput
of the change-~-over switch 250 and consequently of the
processing arrangement of Fig. 7a an image sequence of the
52, 13, IA4, IS' IAG, I7, etc. ..., is available at

a fregquency twice as high as the frequency of the input

type Il, I

images.

Let it now be assumed (second situation, shown in
Fig. 7b) that the input images are exclusively formed by
processed image blocks, before transmission and/or storage,
in accordance with the said fall-back mode.. The correspording
mode information this time maintains the three change-over
switches 110 to 130 in their position R. The spatial sub-
sampling circuit 211 sub-samples the determined parity images
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1. An arrangenent for proce55|ng_ngnals_mthh~aLe grouped in

periodic clusters, such as inmages, and intended to be tr tted and/ or
stored bl ock-wi se via a passband-limted in , Which inplies
a reduction in the quantity of information c transmtted
and/ or stored, conprising: (a) ate |ng sub-assenbl y

provided to supply in a first transm ssign and/or storage node, denoted
conpensat ed node, a first sequence of signals to be transmtted and/or

slt ored, havifur ahxraaabaev\/eaehmégéy\n Q.ehatow tohaayt Bﬁ%l Qﬁa%@@ prl o r;al si gnal
clusters; mption estimatiaqn,s asse stlmatlng
s o bt vha CoeRs - uhi o BEFEraRTer sotes e SARE P YRt MRS

provi ded t chafppisgdbHuclkngi tike cpratdsmingnopemration ab tize t trarsmitsisddnand/ or

stored by ré%{é 2GndgehBOSE, PERS ko MY AN 13 pBAGEE LRI PV AL & 2 Por al

sub-sanplin
recovers the missing samples. If for an input image I the

image available at the output of the circuit 212 of the first
sub-sampling and the interpolation sub-assembly is denoted
IBR' it will then be found that, now, the image I3R is
substituted for the input image I,-

Similarly, the spatial sub-sampling circuit 221,
and the spatial information circuit 222 ensure respectively
the sub-sampling of the images having an opposite parity (for
4 IG’ etc. ....), in accordance
with the same phase of the sampling matrix as that previously
employed, and the recovery of the missing samples. For an

example the even images Iz, I

input impage I, this image recovered at the output of the -
circuit 222 of the second interpolation sub-sampling sub-

assehbly is now denoted I_,_. The change-over switch 250 then’

selects in its position :gRthe image designated 12R available
at the output of the said second sub-assembly and, in its
position IT, the image designated I,ge available 40 ms
earlier at the output of the first sub-sampling and
interpolation sub-assembly and now available at the output of
the image store 201b. This time, an image sequence of the
type Iips Ipe Iggps I4pe Isge
output of the processing arrangement of Fig. 7c, always at a

etc. ...., is available at the

frequency which is twice the freqﬁency of the input images.

Let it finally be assumed (third situatiocn shown in
Fig. 7c, and in general the most frequently occurring
situation) that the input images are recovered simultaneously
from image blocks processed at the transmission end in
accordance with the motion compensation mode, and image
blocks processed at the transmission end in accordance with
the fall-back mode. The mode information, corresponding to.
each of the two modes, then switches the three change—over
switches 110, 120, 130, alternately to their position C or to
their position R, according to the processing type to which
the image blocks appearing at the input of the processing

This i3 the replacemeﬂt sheet
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(c) a recovering sub=assettbby—w-th-noti on conpensation (91a, 91b, 92, 93);

sai d arrangenent beirggq}%e terized in that it also includes: (d)
a fall-back processi NGugslmas: dprovi ded to add bl ock-wi se to said
first signal sequencg’mn i cond signal sequence which is in
synchronismw th the upplied in accordance with a second

fall-back node, substituting the first,gonpensated node as a function of
the result provided by a decision-taking sub- assenbly on the basis of a

conpar i sonaPeinRfMerithGepkl Ei:aaig@égﬁaélﬁonar&ehhetﬁégﬁabéeégpwer ed by said
recovering_sub s.senble%‘s_vm% drmt I on, co%prensat I on bai?dtgn téantshm tted and/ or
stored bl o%%?%W% BEGRYI AP oY R i T GFPERENPE 1 Lothen be those,,
ar r angenenpresesHixgregerat Cbas ne if eattwal dot ehiez edsenof htbet HiErskecrsi on-
g

t aki ng subg sz‘él%ln)é isnelydesna ggqrg}g;-%%r i t,gh (80"a) which is
controlled}gfl a ecigi on c?rrcl.hit (94, 95, é%w g% 98, 99, 100, 101, 102,
103) for sel ecti ng, AFH AW cofpéheacadenplethenfititRaBumede $ilgRkPs of t he
tenporal sthe syt BRbssAmpSSRGANG (I dpolatdohnstibeassbmbbaciemde, al so
the OUtpUtzfaﬁﬂggﬁiéghtﬁbgl;a$éé$Egg%I¥H£: 2oVery of the samples of

the images of a predetermined parity (odd, for example) and

the recovery of the missing samples. The blocks I3R available

at the output of the said first sub-assembly are then

reinserted by the change-over switch 110 into the input image

I,, to form the future ocutput image called I Similarly,

for the case of fall-back mode blocks, the s:gind sub-
sampling and interpolation sub-assembly (221, 222) provides
the recovery of the images of the opposite parity (here the
even images), by processing the output signals of the change-
over switch 120, which has for its function, in this second
situation, to insert the compensated blocks I2 (available in-
the manner already described, at the output of the motion
compensation sub-assembly 20la to 203) into the input image
13. The image thus formed at the input of the said second
sub-assembly is designated 12“, and the image at the output

is designated I"__. The change-over switch 130 then renders

it possible to cgﬁplete the future output image IZCR by
selecting, as a function of the mode information it receives
and which controls its position, either the compensated
output block IA2 of the motion compensation sub-assembly, or
the interpolated output blocks I"2R of the second sub-
sampling and interpolation sub-assembly.

_ Then, in this third situation the change-over
switch 250 can now select either, in its position denoted IC,

the output image I of the change-over switch 130, or, in

2CR

its position IT, the image I3CR available 40 ms earlier at

the output of the change-over switch 110 and now present at
the cutput of the image store 201b. Again, =at the output of

the processing arrangement of Fig. 7¢c, a sequence of images

of the type IlCR' IZCR' chR’ I4CR' ISCR' etc. .... 1s
available again at a frequency twice the frequency of the

+
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subassenbly. 3. An arrangenent as clainmed in any one of Clains 1

and 2, charagterized in that the fall-back processing
sub- assenbl I|ie I‘iﬁm‘ﬁiﬂ%l ay circuit (50) producing a
21

input images.

The arrangement for processing signals after
transmission and/or storage described in the foregoing with
reference to Fig. 7 corresponds to the arrangement for
processing signals before transmission and/or storage
described in association with the combined Figs. 1 and 3. In
the absence of the spatial sub-sampling on transmission (that
is to say with only the fall-back processing sub-assembly as
described in Fig. 1) the processing arrangement of Fig. 7 is
simplified in the following manner. On the one hand the two
interpolation and sub-sampling sub-assemblies (211, 212) and
(221, 222), are omitted, and also the corresponding change-
over switches 110 and 120. On the other hand, the signals

corresponding to the signals S1 and S, of Fig. 1 are now,

taking this suppression into account,zapplied to the input of
the motion compensating sub-assembly, (common input of the
stores 201b and 202) and to the input R of the change-over
switch 130, respectively. These modifications which can
easily be understood from Fig. 7, are therefore not shown.
It must be understood that the present invention is
not limited to the examples described thus, on the basis of
which variations can be proposed without departing from the
scope of the invention. Certain of these variations have
already been mentioned. It will also be noted that the
criterion used to determine whether the motion estimation
circuit 20 is lacking and must be replaced by the fall-back
processing sub-assembly can correspond to a large range of
situations. The main criterion which can be maintained is,
for example, the fact that the motion is either too fast or
not too fast and that then the motion estimation circuit
moves outside its operating range. But it is also possible to
provide a trigger control in the fall-back mode when the
noise becomes too great and results in estimation errors, or
when operations are effected in an image zone where the
objects have opposite motions and put the motion estimation
circuit out of order. .
Moreover, it is obvious once again that the
invention is not limited to the processing arrangement just

i ® -l
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del ay equal to the period of the original signals, followed by a tenporal
sub-sanpling circuit (10"a) operating at the sane ratio as the ratio of the
tenporal sub-sanpling sub- assenbly. 4. An arrangenent as cl ai med
in any one of the Clains 1 to 3, characterized in that the fall-back
processi ng sub-assenbly al so includes a spatial sub-sanpling sub- assenbly
whi ch conprises, in parallel, a first (80" a, 40a) and a second spatial sub-
sanpling path (30"a, 60a) in the sanme ratio as that of the tenporal

sub- sanpl i agsct bbedpabitl tiEd-izaankbnge IRt és Xt OfarBa At apaini skebRY

i ndependent gf ;_he. rmti on and bei nPg_ fixed but, for tt@et %rrpo&gl resol ution
of the sigRBF{OTsSignal storage,gysEen GalpntSing qn,i sy 5% 8PAfnf 4,

char act er i stdgenintended to trangmitt Hatspuepresentinttiveplotnghess- assenbly
conpri ses, gignge e da Nrshsilallidh bl b€bide CdMidr 30 'tResdVdatal ol | oved
by a spatial sub-sanpling circuit (40a,,660a)_ operating.at a ratio 1/2, and,
at the out pif BF the IWMFH AR aasiapechhendsd &R tre(c%}é()e FPEVAAEE to

sel ect al t ennat etynsmnicttord tand /erhen péad hehougtd stafredaittiuspainathe

sub-sanpliggse in which this information carrier has a limited passband
and in which a processing operation for reducing the quantity
of data before transmission and/or storage proves to be
necessary, the invention also relates to such a system when
its receiving stage includes one of the signal processing
arrangements described in the foregoing.
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circuits at a frequency which is twice |lower than that of the original

si gnal s; (B) the decision-taking sub-assenbly includes a changeover
switch (80"a) controlled to select, in the conpensated node, the out put
signals of the tenporal sub- sanpling sub-assenbly (10'a) or, in the
fall-back node, the output signals of said swtching ETTEUTT“t?Ga)— ~6—
An arrangenent as claimed in Caimb5, fgog the case in ms;,&tgglgj Hnaks

are signals which are representative of T nages, charact the
selectionigL%iggidecision-taking circuit is effected pe and
after interpolation error and fall- back error conputat for
selecting the smallest error. 7. An arrangenent as clalned I n
Claim 6, characterized in that the passband- limted information carrier is
of the conpact disc type. 8. A signal transm ssion and/or storage
system conprising a transm ssion stage and, after transm ssion and/or
storage of the signals transmtted via a passband- limted information

carrier whixch inpli esn arnetdenedt PoOCHESEdEE g Idinauanivhii¥hOhre
grouped in periodic clusters, such as images, and intended to
be transmitted and/or stored block-wise over/on a passband-~
limited information carrier, which implies a reduction in the
quantity of data to be transmitted and/or stored,
characterized in that it comprises:

(a) a temporal sub-sampling sub-assembly in a
predetermined ratio, provided to supply in a first
transmission and/or storage mode, denoted compensated mode, a
first sequence of signals to be transmitted and/or to be
stored, having a rate lower than that of the original signal
clusters; )

{b) a motion estimation sub-assembly for estimating
motion between blocks which belong to consecutive periodical
clusters, provided to supply block-wise a motion information
to be transmitted or to be stored by replacing those blocks
which are cancelled by said temporal sub-sampling;

(c) a signal block recovering sub-assembly with
motion compensation, provided to supply on the one hand from
those blocks which in the original signals provide the
transmission and/or storage in accordance with the
compensated mode and on the other hand from the motion data
associated with the said blocks by replacing the cancelled
blocks, the signal blocks such as they are recovered.at the
receiving end by replacing the cancelled blocks and from the
transmitted signal and motion data sequences;

(d) a decision~taking sub-assembly, provided to
supply block-wise, on the basis of a comparison involving the
original signals and also the said signals recovered after
motion compensation, an information about whether the said :
compensated mode is chosen or not chosen, depending on the - - - -
result of this comparison;

(e) a fall-back processing sub-assembly provided to
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i nformation conponents to be transmtted and/or stored, a—+eceiving and/or
read stage for the transmtted and/or stored signals, char cterlzed |n that

said transm ssion stage includes an arrangenent as cl ai ne
Clains | to 7. 9. An arrangenent for processing p
transmtted and/or stored

21
24

add block-wise to the said first signal sequence, in
accordance with a second fall-back transmission and/or
storage mode, which as a function of the result of the
comparison serves as a substitute for the first compensated
mode, at least a second signal sequence which is in
synchronism with the first signhal sequence.

2. An arrangement as claimed in Claim 1, characterized
in that the decision-taking sub-assembly includes a change-
over switch controlled by a decision circuit for selecting,
in the compensated mode, the output signals of the temporal
sub-sampling sub-assembly, and in the fall-back mode the
output signals of the fall-back processing sub-assembly.

3. An arrangement as claimed in one of the Claims 1
and 2, characterized in that the said predetermined ratio is
equal to 1/2.

4. An arrangement as claimed in Claim 3, characterizéd_'
in that the fall-back processing sub-assembly includes a
delay circuit producing a delay equal to the period of the
original signals, followed by a temporal sub-sampling circuit
operating in the same ratio as the ratio of the temporal sub-
sampling sub-assembly.

5. An arrangement as claimed in any one of the Claims
1 to 4, characterized in that the fall-back processing sub-
assembly includes a spatial sub-sampling sub-assembly which
includes, arranged in parallel, a first and a second spatial
sub-sampling channel in the said predetermined ratio, the
spatial sub-sampling grid being independent of the motion and
being fixed but for the temporal resolution of the signals.

6. An arrangement as claimed in Claim 5, characterized
in that the said predetermined ratio is equal to 1/2.

7. An arrangement as claimed in Claim 6, characterized
in that:

(A) the spatial sub-sampling sub-assembly
comprises, in each channel a spatial filtering circuit
followed by a spatial sub-sampling circuit operating in a
ratio 1/2, and at the output of the two channels, a switchihg- '
circuit provided to select alternately one or the other of
the outputs of the spatial sub-sampling circuit at a

Thig ia the rapiacament sheet
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signals after a reduction of the quantity-ef—nformationm conponents to be
transmtted and/or stored, effected either ) JaceRdisBea®eplaed h a first

conpensated node and with the aid of a tenpo ng sub-assenbly
provided to supply a first signal sequence, %ﬂ“ﬂmﬁ ce with a second
fall-back node and with the aid of a fall-ba I'ng sub-assenbly
provided to add to said first sequence a second signal sequence synchronous
with the first, the choice of said node?Being effected with the

transm ssi tiQn compon th | d of. a

deci si on- tg% %eﬁc g‘é’é%nb?y“r']%n oﬁuteﬁlgybggf’gv%'% ?Eoﬁ’? P HeBiton
conmponent s Sdlgn@Asare al so transnitted and/or stored, and a conparison of

i nformation conponengg vﬁuecfae%&‘glaﬁseskﬁﬁ@dsdmugs%ﬂm‘y i98gulbst fe ot her
node, respectivel characterized 1.n that I n¢cl udes (a) a notion
conmpensat i (ﬁ%‘ é&ﬁnﬁ?’&%@ﬁ%{‘“ﬁﬂﬁd ?@523 Qﬁg}sb?’bv‘?’o%'ﬂ“tto Y% cei ve the

transm ttec‘sed.led:/tor ist thedcemperedatechbmodepotiengutput heignajmutofsicheal s of
sai d te”poQ%hp%lesQHBLégﬁbf&ﬂﬁEgﬁgaggéghbly or, in the fall-back mode,

the output signals of the said switching circuit.

8. An arrangement as claimed in Claim 1, characterized
in that: '

(A) the temporal sub-sampling ratio is equal to
1/2;

{B) the fall-back nrocessihg sub-assemb;y inciﬁdes,
arranged in parallel with the said temporal sub-sampling sub-
assembly, a spatial sub-sampling sub-assembly which comprises
two parallel-arranged channels the first of which comprises a
first spatial sub-sampling circuit and the second comprises,
arranged in series, a delay circuit_producing a delay of one
pericd of the original signals and a second spatial sub-
sampling circuit, the spatial sub-sampling grid being
independent of the motion and being fixed but for the
temporal resolution of the signals, and the said two parallel
channels being preceded, arranged in series, by a spatial
filtering circuit and followed by switching circuits provided
to select alternately, one or the other of the outputs of the
spatial sub-sampling circuit at a frequency which is half
that of the original signals;

(C) the decision-taking sub-asséembly comprises a
change-over switch controlled by a decision circuit for
selecting, in the compensated mode, the output signals of the
temporal sub-sampling sub-assembly and, in the fall-back
mode, the 6utput signals of the said change-over switch.

9. An arrangement as claimed in one of the Claims 7

and 8, for the case in which said signals are signals which
are representative of images, characterized in that the
selection is effected by image blocks and ifi"that the
decision circuit comprises an interpolation error calcuiating‘
circuit and a fall-back error calculating circuit.

10. An arrangement as claimed in Claim 9, characterized

MR R Y Thls s the replacoment she=
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(b) a change-over swteh—(130)—+eceiving at a first input the output of the
not i on- conpensati on gibsRssEHLYrRAAL 42t @ second input the transmtted
and/or stored signals to the output signals of said fall-back
processi ng sub-assenbl m%g g l "ug fromits output, in accordance with
sai d node information to the selection of the first or the
second node, either the signals presentagssaid first input or the signals
present at said second input, respeptrvely; : (c) a change-over
switeh (250) 1hOendt e PadohatRl-qhii Bl Fhe Srdd CUPUGEC ! Se! thee as
high as that of the |nput signals, either sald output of this change-over
swi tch (130) SOBPa¢HAIFH YRS said notion conpensation sub-assenbly but
del ayed by aihal f peraodighalateandmide omiathd/BRUEtotggal syefer he signal
processi ng ak t . s A angens, fQr__processing vi ously
transmtted %ﬁgy%ff%]oar e"}q‘sﬁ?‘g’}‘rﬁr“%°3f_ Eg‘géa ar‘rgéc?luac“{]:lteorn 5 "tsﬁ'ésaﬁgﬂt?‘%f%’f
i nformati on EBAFRARME the isdInpaRskransnitirl]l h &t MassbasfifFddnétedither in
accordance Wihhofmdt i mm%&sahgdiééaa%%&éém@%@ reliQegdg epde and
with the ai dq@én@iéf@ford%ltas%% %gnﬁgll:'larqgmlsg@e_ sasne oxy tlonb% stored, a
receiving and/or read stage for -the signals to be transmitted
and/or stored, characterized in that the said transmissiaon

stage includes an arrangement as claimed in any one of the
Claims 1 to 1l0. '

12. An arrangement for processing previously
transmitted and/or stored signals after reduction of the
quantity of data to be transmitted and/or stored, effected
either in accordance with a first compensated transmission
and/or storage mode and with the aid of- a temporal- sub-
sampling sub-assembly in a predetermined ratio, provided to
supply a first signal sequence, 6r in accordance with a
second fall-back transmission and/or storage mode and with
the aid of a fall-back processing sub-assembly provided to
adapt a second signal sequence to the said first sequence,
the choice of the said mode being effected with the aid of a
decision-taking sub-assembly and on the basis of the likewise
transmitted and/or stored motion daté and an data comparison
associated with one or the other mode, respectively,
characterized in that it includes:

(2a) a motion compensated sub-assembly provided to
receive the transmitted and/or stored signals corresponding
to the output signals of the said temporal sub-sampling sub-
assembly; .
‘(b) a change-over switch receiving at a first input
the output of the motion-compensation sub-assembly and at a
second input the transmitted and/or stored signals
corresponding to the output signals of the said fall-back
processing sub-assembly and supplying from its output in.
accordance with the said mode information corresponding to
the first or the second mode of operation, either the signals
present at the said first inputs or the signals present at
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predeterm ned Tatio provided 1o supply a first signa

sequence, or in

accordance W trhis BheSt@9BEn Réeplakedback node and with the aid of a fall-back

processi ng sub-
first sequence
sequences, the
sub- sanpl ed sequences,

ded to add a second
m H !l after spatial sub-
ction of one or the

si gnal
sanpling of said

ot her of these spatially
t he choi ce of sai @mode being effected with the

sequence to said

transm ssion of a node information conponent with the aid of a
deci si on-t akthg sadd asswmd \ingod, onespectively;

{(c) an alternating selection change-over switch for
selecting at a frequency twice as high qswthéé of the input
signals either the said outputs of this change-over switch,
or the input of the said motiom-compensated sub-assembly but
delayed by a half period of the rate of the said input
signals of the signal processing arrangement.

13. An arrangement for processingnpreviously
transmitted and/or ‘stored signdls after reduction of the
quantity of data to be transmitted and/or stored, effected
either in accordance with a first mode denoted the compen-
sated transmission-and)or storaéewmode and with the aid . of a
temporal sub-sampling sub-assembly in a predetermined ratio
provided to supply a first signal sequence, or in accordance
with a second mode, denoted the fall-back transmission and/or
storage mode and with -the aid of- a fall-back processing sub-~
assembly provided to add a Second signal to the said first '
sequence with spatial sub-sampling of the said sequences, and
to effect the alternate selection of one or the other of
these spatially sub-sampling sequences, the choice of the
said mode being effected with the aid of a décision-takinq
sub-assembly and on the basis of likewise transmitted and/or
stored motion data, and a data comparison associated with one
or the other mode, respectively, with a view to selecting
either the output of the said motion-compensated sub-assembly
or the output of the said fall-back processing sub-assembly,
characterized in that it comprises:

(a) a first sub-sampling and interpolation sub-
assembly of the received signals corresponding to the
previously transmitted and/or stored signals and constituting
the input signals of the arrangement;

(b) a motion-compensation sub-assembly whose input
is connected in accordance with the said selection of the
first or the second operating mode, respectively, either _
directly to the input of the said arrangement or to this same
input but via the said first sub-sampling and interpolation

sub-assembly;

(c) a second sub-sampling and interpolation sub-

A, T e

Tt cﬂ! umg;



22 ' the basis of notion information conponents which are_also transmtted
and/ or stored, and a conparison of the information conponents which are

associated with either one or the other node, respectlveIWmSﬁFﬁﬁh%B%ﬂ aged
selecting either the output of said notion conpensation su I[
the output of said fall-back processing sub- assenbly, char

that it conprises: (a) a first §yb sanpling and interpolation

sub-assenbly (211, 212) of the received signals corresponding to the

previ ous! y REaiainy Wbl dhgles " 8nRhoRal > A deciRshibULLDg Lhe | nPU

signals of the arran | on- conpensati on su -assenbly

(201a, 201bsa2®2selﬁygalqm@§ethﬁp§f-r$§ %ntﬁa:taas:ondnmaéeopéaﬂeerwm,sal d

sel ection otespéctiveily Oleithers€60te "B Ut &SP aMel \salm, metiggL directly to

the input Ofoﬁé%nsarfgﬁq S ggsgﬁbio t£¥fﬁf¥g“%fynQo t e input of the
said arrangement;

{(d) a change-over switch which, in accordance ﬁith
the said mode information corresponding to the selection of
the first or second mode of operation, respectively, supplies
from its output either the output of tHe said motion-
compensation sub-assembly or the output of the said second _
sub-sampling and interpolation sub-assembly;

(e} a"€hange-over switch for alternately-selecting-
at a frequency twice as high as the frequency of the input
signals, either éhe said output of this change-over switch or
the input of the said motion-compensation sub-assembly but
delayed by a half-period of the rate of the said input
signals of the arrangement.

14. An arrangement as claimed in. Claim 13,
characterized in that the first and second sub-sampling and
interpolation sub-assemblies each comprise a spatial sub-
sampling circuit and a spatial interpolation circuit, and in
that the motion-compensation sub-assembly comprises image
stores and an adder, with a view to a motion compensated
interpolation.on the basis. of the output image of the first
of these stores, of the input image of the second of these
stores, and of the information abdut movement between ﬁhe
said input and output images, the delay caused by each of the
said stores being equal to half the period of the input
signals of the processing arrangement.

15. An arrangement as claimed in one of the Claims 13
and 14, characterized in that the selection at the input of
the motion compensation sub-assembly and the selection at the
input of the second sub-sampling and interpolation sub-
assembly are effected with the aid of a first and a second
change-over switch, respectively, which are provided to
switch in accordance with the said mode information.

16. A signal transmission and/or storage system
including a transmission stage and, after transmission and/or

KA A0 AR O
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via'said first sub-sanpling and interpol ati on sub-assenbly; (c) a
second sub-sanpling and interpolation sub-assenbly (221, 222) whose i nput
is connected, in accordance with said selection of the first or the second
node, respectively, either to the output of said notion conpensation
sub-assenbly, or directly to the input of said arrangenent; (d) a
change-over switch (130) which supplies fromits output or in accordance
with said node information correspondingz?o the selection of the first or
second node_,r cLikvely, . elther th ut of said tipn-.c nsation
sub-assenbl?tgggggeégug%%ts%ﬁnégﬁ &&gggggéggébgga%xﬁ?ﬁéﬁ%ﬂé?% ﬁﬁgggolation
sub- assenbl ynformation (eyramiehadehogarriest cut (PEUjesHing|apenaiiony to
sel ecting, gbgack’ enrepsantdYEbd JaltW €6 Ba BigRsAStidE diceeney pal the
i nput mgnalg,o ei.ther said out put, of th|§ chan oV

e

- tch,(130Q th
i nput of saPfF°KBEr of TTRPEHIE 11}/ SFpF5e ﬁﬁ??ggﬁ?r r%}g&q(%wl&tﬁgl)fogerigd
of the rateanﬁ/saithrggnsigq;mﬂ,scmbrngeamza@gEmntﬁat:Ehe said An

arr angement ra3e¢h #hgend foll Add Waghlidnashgbhzgds {dhd Nrddiklingst and

arrangement as claimed in any one of the Claims 12 to 15.
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second sub-sanpling and interpolation sub- assenbl i es each conprise a
spatial sub- sampling circuit (211, 221) and a spatial interpolation
circuit (212, 222), and in that the notion conpensation sub-assenbly _
conprises image nenories (20la, 201b, 202) and an adder (203), with a view
to a notion-conpensated interpolation on the basis of the output inmge of
the first of these nenories, of the ingput inmage of the second of these
menories, and of the notion information~between said i nput and out put

i mages, the delay produced by each of said nenories being equal to half the

period of th@RANSMESSIQNAOUTRUT t REDYCING SSIGNAIA FRUUESSING DEVICE

Abstract

A signal transmission and/or storage system comprising
a transmission stage and, after transmission and/or
storage of signals transmitted on a limited band-pass
medium involving processing to reduce the volume of
information to be transmitted and/or stored, a
receiving and/or reading stage for signal transmitted
and/or stored, with an outgoing signal processing
device comprising a time-division sub-sampling sub-
system (10’a), a transaction-estimating sub-system
(20), a transaction-compensating recreation sub-
system, a decision-making sub-system (80’a, 90), and
a fall-back processing sub-system (50, 10’'a), with or
without space-division sub-sampling. Incoming signal
processing devices correspond to said devices with or
without said space-divigion sub-sampling.
Applications: in information transmission and/or
storage systems interactively using compact disc-type
media.

[ Figure 1]
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e @b

An arrangenent as clainmed in one of the Clains 10 and 11,

characterized in that the selection at the input of the notion conpensatlon
sub-assenbly and the selection at the input of the second sub-sanpling and
i nterpol ati on sub-assenbly are effected with the aid of a first and a

second change-over switch (110, 120),
accordance with said node i nformation. 13.

and/ or storage systemconprising at

respectively, which are controlled
A signal

ran4i ssi on stage and, after

transm ssi on and/ or storage of the signals transmtted via a passband-
limted i nf ERICENFOR' SIGNAMPROCESSING BEFOREI WND QF TER TRANSMISST Ok he
quantity of @E STOR AGERRPEN AT L RETE RESUCTIY AN SYSTEMSFORR
receiving a sMI#FINGERD/OR STORING SIGNALS INCLUDING SUCH DEVICES.

s
medium involving processing tc raduce the volume of

R s .
intormation  to Da

and/or stored, with an cutgoxng signal process;“g
device comprising a time-divisicn sub-sampling sub-
systam (10'a), a transaction-estlmatlng sub-systam

(20), a

transm ssi on

transaction-compensating recreation sub-
g0}, and

with or

system, a decision-making sub-system (80'a,

a fall-back processing sub-system (50, 10’a),
without space-division sub-sampling. Incoming signal
processing devices corraspond to said devices with or

without said space-division sub-sampling.

Applications: in information transmission and/or
storage systems interactively using compact disc-type

media.

( Figure 1]
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for the transmtted and/or stored signals, characterized in that said

recei ving and/or read stage includes a si'gnal .processing arrangenent as
claimed in any one of lainms 9 to 12.
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