; TrandM ssi on and reception of a first and a second main signal conpmRgat mes
- FIELD OF THE I NVENTI ON The invention relates to a transmitter for =

- transrn'tteg gspdes4 east a first and a second main signal congonent, in which
_a conbi néd” use® of - mt +iX¥ng land bit rate reduction is carried out. The
cinvention further relates to a receiverfor receiving the signals
transmtted by the transmtter, to conpensation neans that can be used in a
Lr ansim 41 ciriafh bt FedeBAH B 8 71rsd £1c a SAGHETRART) AENT! ON Mat i xi ng
can be %@?{;ﬂne out whehn transm tiing. a;._.f.__;....;w_.s‘__;n_.,.nai.gxiﬁl;‘spgn conmponent (the
left hand signal "c,orrponent L of:ra st eo:§ignal ) 5@ se¢ondrmd ' '
conponent (the right hand_iigﬂ ignalisaenpegeht. LRy prda#..adxi | i ary s?%?ﬁgs%mhﬁﬁce“ _

central signal conponent G¥ < suah tth’ﬂug&‘:.f.F[.SI) psicgna..qonpon " _ ‘ '
obt ai ned which equals L +ig C.anda _S;ﬁg&ﬂdﬁS.itgﬁﬁéedR%&i.s obt ai ‘M“m\“‘
equals. R + a.C, and where'g;wle:.._.__s.j:_.._g;nal spdul@r M. :Rhefen]...and C are S .
4pon reception- by, a standard. receiver..pot being providgd with a

correspondi ng dematri xi ng*-ei-f N (e Bh8] lﬁW - s L[err] and Rlerr]
are used for supplying viat m%t%rde%%ﬁmb
The invention relates to a transmitter for transmitting at least a first and a
second main signal component, in which a combined use of matrixing and bit rate reduction
is carried out. The invention further relates to a receiver for receiving the signais transmitted

5 by the transmitter, to compensation means that can be used in a transmitter and to a record

carrier.

BACKGROUND OF THE INVENTION
Matrixing can be carried out when transmitting a first main signal
10 | component (the left hand signal component L of a stereo signal), a second main signal
component (the right hand signal.cdmponem R) and an auxiliary component (a central signal
component C), such that a first signal component L. is obtained which equals L + a.Cand a
second signal R, is obtained which equals R + a.C, and where the signals L., R, and C are -
transmitted. Upon reception by a standard receiver not being provided with a corresponding
15 dematrixing circuit, the signal components L. and R, are used for supblying via tWo stereo
loudspeakers to a listener. The listener is thus able to perceive the C cbmpbnent transmitted
as well, although he has a standard receiver.
More sophisticated matrixing schemes are discussed in J.A.E.S., Vol. 40,
No. 5, May 1992, pp. 376-382, as well as in the publication *Matrixing of bitrate reduced .
20 audio signals’ by W.R.Th. the Kate et al, in Proc. of the ICASSP, 1992, March 23-26, San
Francisco, Vol.2, pp. II-20S to 11-208, documents (1a) and (1b) in the list of references.

- Compression means for bit rate reducing a signal has been described in
published European patent applications 457,390A1 (PHN 13.328) and 457,391A1 (PHN
13.329), the documents (7a) and (7b) respectively in the list of references. Bit rate reducing
the above signals L, R and C by means of the above compression means results in these
signals being contaminated with quantization noise. The aim of the above compression means
is to keep the quantization noise below the threshold of hearing. After transmission and
receiving the quantized signals, the quantized signals are dequantized in the receiver, so as to-
obtain 2 replica of the signals L, R and C. The original signal components can be retrieved
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OBJECT OF THE INVENTION
The invention has for its object to provide a transmitter including
0 matrixing means and compression means which is capable of encoding a first and a second
main signal component, and eventually at least one auxiliary signal component, in such a
way that upon decoding in a receiver, the déteriomion described above can be overcome.
The transmitter for transmitting at least a first and a second main signal
component, therefore comprises
{S - at least a first and a second input terminal for receiving the first and second main signal
component,
- at least a first and a second signal conversion means, each having an input coupled to a
corresponding one of the input terminals and an output, the conversion means being adapted
to convert an input signal applied to its input into M subsignals and to apply the M
20 subsignals to its output,
' - multiplexer means having at least a first and a second input coupled to the outputs of the at
least two signal conversion means, at least a first and a second output and a control signal
\ mput, '
- first compression means having an input coupled to the at least second output of the
‘25 multiplexer means, the first compression means being adapted to carry out a data reduction
step on the signal applied to its input in response to a first masking control signal and to
supply a data compressed signal to an output,
- masking control signal generator means for generating the first masking control signal for
the first compression means.' the'_fg,‘r_,sg,:,masking control signal having a relationship wi;h a
masking threshold of the signal a;pgiigd‘fto the input of the first compression means,
- first e_xPansion means having an input and an output, the input being coupled to the first

30

Compression means, the expansion means being adapted to carry out a data expansion on the
signal applied to its input so as to obtain a replica of the signal applied to the input of the
first compression means and to supply the replica to its output,
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input and at least the signal applied to its second input so as to obtain the output signal,
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. second compression means having an input coupled to the output of the matrixing means
and an output, the second compression means being adapted to carry out a data reduction
step on the signal applied to its input in response to a second masking control signal and to
supply a data reduced output signal to its output, the masking control signal generator means

»  being adapted to generate the second masking control signal for the second compression
means, the second masking control signal having a relationship with a masking threshold of
the signal applied to the first input of the matrixing means,

- instruction signal generator means for generating at least first and second instruction
signals, the first instruction signal being generated for enabling an expansion in a receiver on

} the data reduced output signal of the first compression means so as to obtain a replica of the
signal applied to the input of the first compression means, the second instruction signal being
generated for enabling an expansion in the receiver on the data reduéed output signal of the
second compressioh means so as to obtain a replica of the output signal of the matrixing
means,

) - control signal generator means for genemting the control signal for the multiplexer means, |
- signal combination means for combining the output signals of the at least first and the
second compression means as well as the first and second instruction signal and the control
signal so as to enable the transmission of those output signals.

The transmitter for transmitting a first and a second main signal

§ component and at least one auxiliary signai component therefore comprises
- at least three input terminals for receiving the at least three signal components,

- at least three signal conversion means, each having an input coupled to a corresponding one
of the input terminals and an output, the conversion means being adapted to convert an input
signal applied to its input into M subsighals and to apply the M subsignals to its output,

0 . muitiplexer means having at least a first, a second and a third input coupled to the outputs
of the at least three sighal conversion means, at least a first, a second and a third output and

~ acontrol signal input, | | | |
- first compression means having an input coupled to the at least third output of the |
multiplexer means, the first compression means being adapted to carry out a data reduction
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] st expansion means having an input and an output, the input being coupled to the first
compression means, the expansion means being adapted to carry out an expansion on the
signal applied to its input so as to obtain a replica of the signal applied to the input of the
first compression means and to supply the replica to its output,

. matrixing means having at least a first, a second and a third input, the first and second
input being coupled to the first and second output respectively of the multiplexer means, and
the third input being coupled to the output of the expansion means, the matrixing means
having a first and 2 second output for supplying a first and a second output signal, the
matrixing means being adapted to combine the signals applied its inputs so as to obtain a first
{S output signal which has a relationship to a combination of the first main signal component
and the at least one auxiliary signal component, and the second output signal which has a
relationship with a combination of the second main signal coniponent and the at least one
auxiliary signal component,
- second and third compressidn means, each having an input coupled to the first and second
20 output respectively of the matrixing means, and an output, the compression means being
adapted to carry out a data reduction step on the signals applied to its inputs in response to
second and third masking control signals and to supply data compressed first and second
;  output signals to their outputs, the masking control signal'genemor means being adapted to
generate the second masking control signal for the second compression means, and being
35 adapted to generate the third masking control signal for the third compression means, the
- second masking control signal having a relationship with a masking threshold of the signal
that is applied to the first input of the matrixing means, the third masking control signal

having a relanonshxp with a maskmg threshold of the signal applied to the second input of
the matrixing means,
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* instruction signal generator means for generating at least first, second and third instruction
Signals, the first instruction signal being generated for enabling an expansion in a receiver on
- the data redyceq output signal of the first compression means so as to obtain a replica of the
ignal 3pplied to the input of the first compression means, the second instruction signal being
§enerated for enabling an expansion in the receiver on the data reduced output signal of the
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5 - control s1gnal generator means for generating the control signal for the mulnp}exer means,
. signal combination means for combining the output signals of the first, second and third
compression means as well as the first, second and third instruction signais and the control
signal so as to enable the transmission of those output signals.

The invention is based on the following recognition. The transmitter in

) accordance with the invention applies multiplexing on the at least two input signals prior to
' matrixing and bitrate reduction. '

In the case that two signals (L and R) are transmxtted thxs resuits in either
the L-signal component applied to the first input of the matnxmg means and the R-signal
component applied to the second input of the matrixing means or the L-signal component
applied to the second input of the matrixing means and the R-signal component applied to the
first input of the matrixing means.

In the case that only three signals (L,R and C) are transmitted, this results

in N ' .
(a)-eithér the L- and R-signal component applied to the first and second input of the

| matrixing means, so that the C-signal component is applied to the third input of the matrixing
means after prequantization and corresponding dequantization,

(b) or the L- and C-signal component applied to the first and second input of the matrixing
means, so that the R-signal component is applied to the third input of the matrixing means
after prequantization and corresponding dequamiiation. .

i (c) or the C- and R-signal component applied to the first and second input of the matrixing
means, so that the L-signal component is applied to the third input of the matrixing means
after prequantization and corresponding dequantization.

- Itis determmed for time equivalent sxgnal portions of the at least three
signal components, which combination of two signals from the at least three input signals

! supplied to the transmitter, when applied to the first and second input of the matrixing
means, results in the maximum data reduction obtainable.

As a result, a switching over between signals applied to a certain input of
the m_atrixihg means as well as the bitrate reducing means can occur in the multiplexing
means, for each subsequent signal block of time equivalent signal portions of the at least
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control generator neans for_ generating the control signal for the
mul ti pl ew giesignals have been converted into the subslgnals (exther transform coded signals or
cubband coded signals).

If the transmitter is capable of exchanging the subsignal components of
the input signals before further encoding, the corresponding receiver should be capable of
rearranging the subsignals in their original order after decoding and prior to reconverting to
wideband signals. such receiver is the subject of the claims directed to such receiver.

In the situation where the transmitter is in the form of an arran'gement for
recording the signais on a record carrier, a record carrier thus obtained is characterized in
§ that the record carrier comprises the output signal of the signal combination means recorded

in the track, the said output signal comprising the at least first, second and third control

signal.

" BRIEF DESCRIPTION OF THE DRAWINGS
) The invention will be further described with reference to the following
figure description, in which |
| figure la shows an embodiment of the transmitter as described in figure
4a of a previous patent application,
figure 1b shows an embodiment of a corresponding receiver, descnbed in
3 ﬁgute 4b of the previous application,
figure 2 show signal waveforms as a function of time of the signals L, R
and C, . '
figure 3a shows the signal waveform as a function of time, as applied to
one of the inputs of the matrixing means, .
3 figure 3b shows the signal waveform as a function of time, as applied to
one of the compression means,
figure 4a shows the s:gnal waveform of figure 3a after recepnon and
éxpansion, _ : .
figure 4b shows the signal waveform of figure 3b after reception and
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| east ree signal | east three signal conversion neans,
each hgving an |nput coupled to a correspondi ng one of the input ternlnals

and an‘iout put, the conversion neans being adapted to convert an i nput
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to its output, - exer nmeans having at least a first, a second and a
third i nput co{u,‘g @dbmedh@ebmcﬁaﬂ%"v(ﬁxwfhﬂm ERCONSLTYRtON, si gnal conversi on

means, a fi @%Q‘pﬁ @ 3thbddimid D Q a control signal

st
input, - first conpr gasmeans aV| ng an |npu!# coup “gr'to the at | east
third output of the ﬁgﬂ:&lﬂi@mra firsaembotimenitiof she eseefver,ssi on nmeans bei ng

adapted to carry out a data reduction
s figure 8 shows a second embodiment of the transmitter,
figure 9 shows a second embodiment of the receiver,
figure 10 shows the transmitter in the form of a recording arrangement for
wording the signals on a record carrier,
figure 11 shows an embodiment of a compensation circuit that can be used

n the transmitters described,
figure 12 shows the compensation circuit used in a different way in the

msmllwf'
figure 13 shows an embodiment of the transmitter for transmitting a first

§ and second main signal component,
figure 14 shows an embodiment of the receiver for receiving the first and
second main sxgnal component transmitted by the transmitter of ﬁgure 13,
figure 14a shows a detailed embodiment of the dematrixing and switching
means of figure 14,
] - figure 15 an explanation of multiplexing on subsignal level for a 2-channel
version, and | |
figure 16 an explanation of multiplexing on subsignal level for a 3-channel

B | DESCRIPTION OF THE EMBODIMENTS
Figure la shows an embodiment of a traxismitter which is also described
vith reference 1o figure 4a in the earlier filed US Patent application ser. no. 32,915 (PHQ

. 93-002), which is document (2) in the list of references. Figure 1b shows the corresponding
feceiver, which is also described with reference to figure 4b in the said earlier filed US
Pieat application, The transmitter of figure la is meant to transmit a first and a second main
ﬁ_m component, such as the left and right hand signal component L and R of a stereo audio
%l and an auxiliary signal, as an example C, which is a central audio signal, via a
: Tasmission medium TRMM. A digitized version of the left signal component L is applied
- Pl Input terminal 1 and a dxgmzed version of the right signal component is applied to a
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The b-terminal of the switch 70 is coupled to a first input 11 of matrixing
“means 13. The b-terminal of the switch 110 is coupled to the (third) input 91 of the
' matrixing means 13, and the d-terminal of the switch 71" is coupled to an input 4 of first
10 .compression means 3 denoted by CM1.
In the first compression means 3, a bit rate reduction, namely in the
element denoted by BRR1, is carried out on the signal applied to its inpﬁt 4 in response to a
first masking control signal mcs!, which is applied to a control signal input of the bit rate
reducer BRR1. A possible embodiment of the compression means 3 has been extensively
5 described in the above mexitioned published European patent applications 457,390A1 (PHN
13.328) and 457,391A1 (PHN 13.329), ref (7a) and (7b). This embodiment compriSes a
subband splitter, indicated by SPL1, for subband splitting the input signal into a number of
M subband signals occurring in consecutive subbands. For time equivalent signal blocks of q
samples in each of the subbands, a bit allocation information n,, is derived from the signal
) contents of the subbandsignails SB, in the various subbands. m runs from 1 to M. The bit
allocation information is the masking control signal and is derived in the block denoted by
GEN1, on the basis of the subband signéls generated by the subband splitter SPL1. The
subband signals obtained are supplied to the blocks denoted by GEN! and BRR1. A
quantization is carried 6ut (in the block BRR1) on the q samples having a precision of at
5 least 16 bit (as an example), in the time equivalent signal blocks of the subband signais in the
~ M subbands in response to the bit allocation information n,, such that the q quantized
~samples in a signal block of the subband signal SB,, are now represented by n,, bits. When
the value of n_, averaged over the corresponding M values for n,, is, as an example, 4, this
means that a data reduction of a factor 4 (16/4) has been obtained, if the samples have an
original precision of 16-bit. The bit rate reduced signal (that is: the quantized subband
Signals) is (are) applied the output 5 of the compression means 3. Moreover, the bit _
llocation information n, 10 ny is applied to an output 6. The bit rate reduction carried out is
"‘.‘“ on the effect of masking, where a frequency component having a certain frequency and
4 eentain amplitude results in a masking effect of a certain level for néighbouring frequency
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Generally, scale factors for (and from) each of the time equlvalent signal

plocks of 4 samples of the M subbandsignals are derived, so as to normalize the time
equivalent signal blocks prior to carrying out the data reductiqn step in the block BRRI. At
|0 this moment, however, it will be assumed that the scale factors are derived in the generator
GEN[ and that the masking control signal also includes the scale factors.
The compressed data supplied by the compression means 3 is applied to
an input 8 of expansion means 7, denoted by DEQ. Further, the masking control signal mesl

is applied together with the scale factor information as the first instruction signal to a control

| signal input 10 of the expansion means 7. In response to the instruction signal is_l applied to
the input 10, the expansion means 7 realizes a dequantization on the quantized signals applied
10 the input 8, so as to generate a replica of the original signal component applied to the
input 4. This means that for time equivalent signal Blocks in the M subband signals, the
samples are retrieved from the compressed data received via the input 8, and the q n,-bit
0 samples in the subbandéignal SB,, are reconverted to 16-bit samples. The subband signais so
obtained are combined in a subband combiner so as to obtain the replica of the original
wideband signal component.
Subband splitters and corresponding subband combiners are extensivély
described in the prior art, see eg. published European patent application 400,755 (PHQ
5 8. 018A). document (6) in the list of references.
| It should be noted here, that the derivation of the bit allocation
information (the masking control signal) in the generators GEN1, GEN2 and GEN3 need not
be derived from the subband signals. It is also possible to derive the bit allocation
information from the wideband signal, using a Fast Fourier transformation.
| It shouid be further noted here, that the bitrate reduction as described
ave has been carried out in the subband signal domain, after having split the wideband
::2:: dudio signal into narrow band subband signals. It is however also possible to realize a
reduction by carrying out a transform encoding of the wideband signal so as to obtain
equency Components, on which the data reduction is carried out.
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Bitrate reducing the input signal in the bitrate reducer BRR1 means the
following steps to be carried out on the 16-bit (as an example) samples in a signal block of

5

the subband signal in subband m. First the q samples in the signal block are normalized in a
pormalization step, using the scale factor. Then a quantization step follows in which the 16-
pit samples are converted to n,-bit numbers. Supplying the n,-bit numbers to the expander 7

o0 requires that both the scale factors and the bitallocation information (the n,, values) are
supplied to the expander 7.

It is however also possible to supply 'rounded’ samples to the expander 7,
instead of their identifying n,-bit numbers. These 'rounded’ samples are still represented in
the 16-bit precision. In this situation, the input of the expander 7 is coupled to an internal

§ terminal inside the bitrate reducer BRRI where the ‘rounded’ samples are available. Further,
only the scale factors need to be supplied to the expander 7, in order to obtain a replica of
the input signal of the bitrate reducer BRRI.

The output 9 of the expansion means 7 is coupled to a second input 12 of
the matrixing means 13,

0 : The matrixing means 13 generates first and second output signals L, and
R, respectively at outputs 14 and 92 respectively, which satisfy the following equations:
' 'L,=L+a.C
R.=R+a.C
In dependence of the position of the switches 70, 110 and 71° in the
§ switching means 111, the following situations are possible.
(a) With the switches 70 and 110 being in the a-b position, and the switch 71’ in the b-d
position, the L signal is applied to the input 11 of the matrixing means 13, the R-signal is
applied to the input 91 of the matrixing means 13, and the C-signal is applied to the input 4
of the bit rate reducer 3. ' |
0 (b) With the switch 70 in the a-b position, the switch 110 in the c-b position and the switch
71" in the a-d position, the L-signal is apphed to the input 11 of the matrixing means 13, the
C-signal is applied to the input 91 of the matrixing means 13, and the R-signal is applied to
the input 4 of the bit rate reducer 3.
(c) With the switch 70 in the c-b position, the switctt 110 in the a-b position and the switch
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That means that, in the situation (a), given above, the C-signal in the

i given above, is in fact the replica of the C-signal, which is applied to the input 12
form

of e matrixing means
12 of the matrixing means, so that the R-signal in the formulae given above is in fact
nput

13. In the situation (b) given above, the R-signal is applied to the

rePh“ of the R-signal, supplied by the expansion means 7. In the situation
the

2) given above, the L-signal in the formulae given above, is a replica of the L-signal, which
s supplied 10 the input 12 by the expansion means 7.

The output 14 of the matrixing means 13 is coupled to an input 17 of
wcond compression means 21, denoted CM2. The second compression means are adapted to
ary out a bit rate reduction on the signal L, in the element 18, denoted BRR2, under the
fluence of a second masking control signal mcs2 applied to a control signal input 20. The
compression means 21 comprises second masking control signal generator means GEN2 for
generating the second masking control signal mcs2, which is applied to the control signal
'® nput 20 of the bit' rate reduction element BRR2. The masking control signal can again be in
~ the form of bit allocation information values n, to ny, as explained above. The masking
,  control signal mes2 is obtained from the signal applied to the input 11 of the matrixing
means 13. The compression carried out on the signal L, can be identical to the way in which
the bit rate reduction in the compression means CM1 is carried out. That means that a
S subband splitter SPL2 is present to supply the subband signals to the element GEN2, in order
o derive the masking control signal mcs2 therefrom. Further, a subband splitter SPL4 is
present 5o as to obtain the subband signals from the L, signal for the bit rate reduction step
@ the element BRR2. A data compressed signal is applied to an output 19 by the bit rate
feducer 18, Moreover, a second instruction signal is2, which includes the second masking
“oatrol signal mes2 and further includes scale factor information, is applied to an output 23.

- The compression means CM2 further comprises a generator GEN3, which
hctions in the same way as the generator GEN2, and which derives the masking control |
ﬂml mes3 from the signal applied to the input 91 of the matrixing means 13. Further, a

Teducer element BBR3 is present, which functions in the same way as the bitrate
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_ s It is shown that the derivation of the two masking control signals mcs2
i » mes3 i rwlizéd separately in the two elements GEN2 and GEN3. It should  however be

that both masking control signals can be derived in a combined procedure out of the
0 signals applied to the inputs 11 and 91 of the matrixing means 13. Reference is made in
s respect 10 document (7a), the published European patent application 457,390A1 (PHN
13.328).

It should further be noted that, in order to further reduce the bitrate in the
wcond compression means CM2, it is possible to apply a stereo-intensity mode coding on
ume equivalent signal blocks of the corresponding subbandsignals in the ﬁrst'_ and second
mtpht signals of the matrixing means 13. A stereo-intensity mode coding of a stereo signal is
extensively described in European patent application no. 402,973A1 (PHN 13.241), which is
| document (3) and European patent application no. 497,413A1 (PHN 13.581), which is
document (4) in the list of references. It is even possible to apply the stereo-intensity coding

on more than two signals.
‘The compressed 31gnals L. and R, are applied to mputs 25 and 93
respectively of signal combination means 29. Further, the compressed signal present at the

—‘ Iw—.—-..-

output 5 of the compression means CM! is applied to an input 26 of the combination means
3. Also the instruction signals isl, is2 and is3 are applied to inputs 27, 28 and 94
3 respectively of the combination means 29.

The combination means ‘29 combine the compressed signals and the
nstruction signals (bit allocation information) so as to obtain a serial datastream that can be
iplied via an output 30 to a transmission medium TRMM. |

Published European patent application 402,973 (PHN 13.241), document
Q), extensively describes how compressed signals and bit allocation information can be

mbined 0 as to obtain a serial data stream of information. Another way of combining

aious signal components is by applying hidden channel techniques. Reference is made in

bis tespect o the previously mentioned J.A.E.S. publication, document (1a). |
The transmitter of figure la further includes calculation means 65. The
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mes3 are derived from the signals L and R. The second data reduction ratio relates to the

amount of data reduction realized by the compression means CM1 and CM?2 together, for the
" case that the L signal component would have been applied to the input 11 of the matrixing
means 13, and the C signal component would have been applied to the input 91. In that case,
{0 the masking control signals mcs2 and mes3 are derived from the signals L and C. The third
data reduction ratio relates to the amount of data reduction that would have been obtained by
the compression means CM1 and CM2 together, for the case that the C signal component
would have been applied to the input 11 of the 'matrixing means 13 and the R signal
component would have been applied to the input 91. In that case, the masking control signals

15 mes2 and mcs3 are derived from the signals C and R.
The bit allocation information, derived in the two compression means
CM1 and CM2 and discussed previously, is a measure for such data reduction ratio, in that
the lower the values for n; to ny, the higher is the data reduction ratio. The calculation
means 65 is thereto capable of determining the bitallocation information n,, to n,, for the left
20 hand signal component L, capable of determining the bitallocation information n,, to n,,, for
the right hand signal component R, and capable of determining the bitaliocation information
n, t0 Ny, for the C signal. To that purpose, all three signal components are applied to inputs
of the means 65. The calculation of the three sets of values n,, to ny, n,, to ny, and n,, 10 Ny,
is thus carried out each time for time equivalent signal blocks of q samples of the subband

25 signals of the three signal components L, R and C.

Three data reduction ratios (or values) are thus determined. A first one
for the case that the first compression means CM1 compress the C signal component, and the
second compression means CM2 compress the signals L. and R., and where the masking
curves for the second compression means are derived from the L- and R- signal components.
A second one for the case that the first compression means CM1 compress the R- signal
Component and the second compression means CM2 compress the signals L. and R,, where
the masking curves for the second compression means are derived from the L- and C signal
Component. A third one for the case that the compression means CM1 compress the L-signal
Component and the compression means CM2 compress the signals R, and L., where the
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indicates that the left and nght hand mgnal components L and R realize the largest masking
; power, SO that the two compression means CM1 and CM2 realize the largest amount of data
compression. If the second data' reduction ratio appears to be the highest one, a second
control signal is applied to an output 69. A second control signal generated by the means 65
indicates that the left hand signal component L and the C signal component realize the largest
masking power, so that the two compression means CM1 and CM2 realize the largest
0 amount of data compression. If the third data reduction ratio appears to be the highest one, a
third control signal is applied to an output 69.A third control signal generated by the means
65 indicates that the right hand signal component R and the C signal component realize the
largest masking power, so that the two compression means CM1 and CM2 realize the largest
amount of data compression. As a result, always the maximum channel capacity is available

5 for the signal applied to the input 4 of the compression means CM1.
The first, second or third controi signal is applied to the swiwhing means
111 comprising the three switches 70, EiX and 110. In response to the first control signal, the
switch 70 is switched in its position a-b, the switch 110 is switched in its position a-b and the
switch 71" is switched in its position b-d, so that the L-, R- and C-signals are applied to the
0 inputs 11, 91 and 12 of the matrixing means 13 respectively. In response to the second
E control signal, the switch 70 is switched in its position a—b,' the switch 110 is switched in its
position c-b and the switch 71’ is switched in its position a-d, so that the L-, C- and R-
signals are applied to the inputs 11, 91 and 12 respectively of the matrixing means 13. In
response 1o the third control signal, the switch 70 switched in its position ¢-b, the switch 110
| F is switched in its position a-b and the switch 71" is switched in its position c-d, so that the C-
,» R- and L-signals are applied to the inputs 11, 91 and 12 of the matrixing means 13

respectively. | o

- The output 69 of the calculation means 65 is further coupled to a control
signal input 115 of the matrixihg means 13. In response to the first, second or third control
.50 signal applied to the input 115, the matrixing means 13 generate the first and second output
signals L, and R, in accordance with the formulae given above, irrespective of to which of
the inputs 11, 91 and 12 the three signals L, R and C are applied. The control signal
generated by the calculation means 65 is also applied to the input 73 of the combination
means 29, so as to enable the transmission of the control signal via the transmission medium
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It should be noted that in order to generate the first, second or third
control signal, the calculation means 65 have calculated three sets of bit allocation
information, naniely the values n,, to n,y, the values n,, and n,,, and the values n,, to ny,. The
same sets of values have been determined in the generators GEN1, GEN2 and GEN3. Those
| generators can thus be in common for the calculating means 65, and the compression means

" M1 and CM2. |

Figure 1b shows a receiver for receiving and decoding the compressed
signals transmitted by the transmitter of figure la via the transmission medium TRMM. The
j serial datastream is applied to an input 40 of a demuitiplexer 41, which splits the information
in the serial datastream into the original quantized samples of the signal L., which samples
are applied to an output 43, the original quantized samples of the signal R, which samples
are applied to an output 44, the original quantized samples of the third signal transmitted,
which is either the quantized L-, R- or C-signal, which samples are applied to an output 101,
(5 the first instruction signal isl, which is applied to an output 45, the second instruction signal
| is2, which is applied to an output 42 and the third instruction signal is3, which is applied to
an output 102. The outputs 43, 44 and 10! are coupled to signal inputs of expansion means
(dequantizers DEQ) 48, 49 and S0 respectively. The outputs 42, 45 and 102 are coupled to
control signal inputs of the quantizers 48, 49 and 50 respectively, so as to enable the
20 instruction signals to be applied to the dequantizers. The dequantizers 48, 49 and 50 function
in the same way as the dequantizer 7 in the transmitter of figure la. The dequantizer 48 thus
generates a replica L.’ of the signal L., which is supplied to an output 51. The dequantizer
! 49 thus generates the replica R,’ of the signal component R,, which is supplied to an output
 52. The dequantizer 50 thus generates a replica of the quantized third signal, that is either a
‘25 replica L' of the signal component L, or a replica R’ of the signal component R, or a replica
| C’ of the signal component C, which replica is applied to the output 53. The outputs 51, 52

and 53 are coupled to inputs 55, 56 and 58 respectively of a dematrixing means 57.
The demulﬁpléxer means 41 has an additional output 120 for supplying
the first, second or third control signal generated by the calculation means 65 of the
30 trahsmitter of figure la. The dematrixing means 57 has an additional control signal input 121
which is coupled to the output 120 of the demultiplexer means 41. If the control signal
applied to the control signal input 121 is the first control signal, this means that the signal
applied to the input 56 of the matrixing mmhs 57 is the replica of the C-signal. In that case,
the recei_vér functions so that replicas of the L- and R-signals are applied to outputs 105 and
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105 and 106 respectively, and thus to the terminals 60 and 125 respectively. If the
? o ol signal applied to the control signal input 121 is the third control signal, this means
al e signal applied to the input 56 of the matrixing means 57 is the replica of the L-
in that case, the dematrixing means 57 functions such that replicas of the C- and R-
gpals 4 applied to the terminals 60 and 125 respectively.
r omprising switches 77, 123 and 78’. In response to the first control signal applied to the
| quitching means 122, the switch 77 is switched in the position a-b, the switch 123 is

The receiver further comprises controllable switching means 122

. ilched in the position a-b and the switch 78’ is switched in the position b-d, so that the
eplicas L', R’ and C’ are appllied to the terminals 126, 127 and 128 respectively. In
' cesponse 10 the second control signal applied to the switching means 122, the switch 77 is
! qwitched in the position a-b, the switch 123 is switched in the position c-b and the switch 78’

. s switched in the position c-d, so that the replicas L', R* and C’ are again applied to the

\ erminals 126, 127 and 128 respectively. In response to the third control signal applied to the
. wiching means 122, the switch 77 is switched in the position c-b, the switch 123 is
? switched in the position a-b and the switch 78’ is switched in'the position a-d, so that the .

. replicas L', R’ and C”* are again applied to the terminals 126, 127 and 128 respectively.

It will be clear that the dematrixing means 57 and the switching means

12 can be combined into one combined dematrixing means having three outputs, which

supplies the first and second main signal components L' and R’ to its first and second outputs
and the auxiliary signal C’ to its third output in response to the control signals applied to the
combined dematrixing means.

: From the description of the transmitter of figure 1la, it can be seen that the
switching between the three slgnal components take place in the wideband domain. This has
: the following disadvantage. ,
Figure 2 shows an example of waveforms of the three signals L, R and C
82 function of time, applied to the terminals 1,90 and 2 respectively of the transmitter of
figure 1a. 1t is assumed that prior to the time instant t=t,, a first control signal is generated
+ by thejcalculation means 65. That is: the L and. R signals are applie_d to the inputs 11 and 91

Tspectively of the matrixing means 13, and the C signal is applied to the input 4 of the
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Si_-' g%rréaéa SHOWRAAE WaveforPad b FHnétfonPf time of the signal applied to the input 11 of
the matrixing means 13 and figure 3b shows the waveform of the signal applied to the input
4 of the compression means 3. As can be seen in both waveforms, a switching transient
occur at the time instant t=t,.

These transients have a high frequency content, and are encoded in' the
wransmitter as if they belong to the original signal. As a result, the calculation of the masking
control signals in the generators GEN1 and GEN2 will not be fully correct, as the masking
effect in the high frequency range is overestimated, so that the transients at the output of the
expansion means 48 and 49 in the receiver of figure lb will be distorted and have a
waveform as a function of time as shown in figure 4a and figure 4b respectively. As a result
of the reconversion by means of the switching means 122, signals L’ and C’ appear at the
output terminals 126 and 128, having a waveform as a function of time as shown in figure S.
The signals L’ and C’ of figure 5 differ quite significantly from the signals L and C
respectively of figure 2, at the location of the switching instant at t=t,, |

A solution to this problem is given in figure 6.' The solution is in fact
based on the recognition that switching should take place in the subband signal domain, and
not in the wideband signal domain. More specifically, the switching should take place at the
boundaries of the signal blocks of q samples of the subband signals. |

The transmitter of figure 6 has its input terminals 1, 90 and 2, to which

the signals L, R and C respectively are supplied coupled to subband splitters SPL1, SPL2

5

and SPL3 respectively. The subband signals obtained are supplied to inputs 150, 151 and 152
respectively of a multiplexer 111°. The multiplexer 111' has the same function as the
switching means 111 of figure la, except for the fact that it now multiplexes subband signals
instead of wideband signals. Outputs 154 and 155 of the multiplexer 111° are coupled to
inputs 11° and 91’ respectively of matrixing means 13°. The matrixing means 13’ has the

‘same function as the matrixing means 13 of figure la, except for the fact that it now

matrixes subband signals instead of wideband signals. The output 156 of the multiplexer 111°

8 coupled to an input of the bitrate reducing means BRRI, which has the same function as

the bitrate reducing means BRRI of figure la. The output of the bitrate reducing means
BRRI is coupled to the input of expansion means (DEQ) 7, as well as to the input 26 of the
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expander 7’ in figure 6.
That means that the expander 7' can receive the fully encoded datareduced

. information form the bitrate reducer BRRI, in which case the expander 7' requires the

second L term nahsﬁﬁetauadBdehRZﬁﬁmfal signal Cis applied to the |

t er min v Igadger m are coupledtoatermn ches
70 and ’Pﬂcor por mg Eml ai?l'lgwﬁwzﬁ
t

bitallocation information as well as the scale factors. The input of the expander 7° can, for
example, also be coupled to a terminal inside the bitrate redhcer BRR1 where the only
‘rounded’ samples are available. In that case, the expander 7' only requires the scale factors.
The supply of the scale factors and/or the bitallocation information to the expander-‘7' is only
schematically given by means of the broken interconnection between the bitrate reducer
BRR1 and the expander 7.

Outputs 14° and 92’ of the matrixing means 13° are coupled via bitrate
reducing means BRR2 and BRR3 respectively, to the inputs 25 and 93 respectively of the
combining means 29. The bitrate reducing means BRR2 and BRR3 have the same function as
the bitrate reducing means BRR2 and BRR3 respectively in figure la.

- Also calculation means 65° are present. The calculation means 65’
function in the same way as the calculation means 65 in figure la, in that it also generates
the first, second or third control signal at its output 69. This control signal is applied a
control signal input 158 of the multipiexer 111°, to the control signal input 115 of the

~ matrixing means 13’ and to the input 73 of the combining means 29, in the same ‘way and
| for the same reason as shown and eﬁplained in figure la. The calculation means 65° is a little
~ bit different from the calculation means 65 in figure 1a, in that the generators GEN1, GEN2
. and GEN3, shown in figure la as included in the compression means CM1 and CM2, are
now included in the calculation means 65°. The circuit diagram of the calculation means 65’
! in figure 6 shows that the first,. second or third control signal generated at the output 69, is
~ derived from the bit allocation information (masking control 'signals) derived from the three
* wideband signals L, R and C by means of the generators GEN2, GEN3 and GENI
! respectively in a unit 160. The masking control signals generated by the generators GEN1,
© GEN2-and GEN3 are supplied to inputs 161.3, 161.1 and 161.2 respectively of a second
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si gnal (appligd tostherinputed/baf thesepmbipingrmeans 29 as the instruction signal isl. The masking
b control signal mcs2 is applied to the bitrate reducing means BRR2 . If the masking control -
. signal mcsz also includes the scale factors, it can also directly be applied to the input 28 of
~ the signal combining means 29 as the instruction signal is2. The masking control signal mcs3
is applied to the bitrate reducing means BRR3 and if the masking control signal mcs3
includes the scale factors, it can also directly be applied to the input 94 of the combining

5 means 29 as the instruction signal is3.

As can be seen in figure 6, it is assumed that the masking control signals
only include the bitallocation information, so that the scale factors have been derived in the
bitrate reducers BRR1, BRR2 and BRR3. Those bitrate reducers add the scale factors to the
masking control signals to form the instruction signals. The latter are applied to the
lo combining means 29. It is to be noted that the instruction signals may also contain other
" information besides the mentioned scale factors, for example, information related to the

above mentioned intensity coding techniques may be contained in the instruction signals.
: In response to the first control signal applied to the input 158, the
¢  multiplexer 111° is switched in such a position that the subband signals of the L-, R- ahd C-
LS signals are applied to the inputs 11°, 91® and 12' respectively of the matrixing means 13°.
Further, the multiplexer 162 is switched in a such a position that the masking control signal
‘generated by the generator GENI is ihe first masking control signal mcsl, the masking
~ control signal generated by the generator GEN2 is the second masking control signal mcs2,
 and the masking control signal generated by the generator GEN3 is the third masking control
% signal mes3. |
| In response to the second control signal, the multiplexer 111’ is switched
in such a position that the subband signals of the L-, C- and R-signals are applied to the
inputs 11°, 91’ and 12’ respectively of the matrixing means 13'. Further, the multiplexer 162
is switched in such a position that the m'asking control signal generated by the generator
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§ such a position that the subband signals of the C-, R- and L-signals are applied to the inputs
11°, 91’ and 12’ respectively of the matrixing means 13°. Further, the multiplexer 162 is
switched in a such a position. that the masking control signal generated by the generator
GENI is the second masking control signal mcs2, the masking control signal generated by
the generator GEN2 is the first masking control signal mcél, and the masking control signal
’o generated by the generator GEN3 is the third masking control signal mcs3.

l

As already explained with reference to figure la, the matrixing means
generates in response to the control signal applied to its control signal input 115, at its output
14’ subband signals L ; and at its_' output 92° subband signals R; which satisfy the following
equations: |

5 - | L;=L,+a.C,
R;=R;+a.C;
 irrespective of the first, second or third control signal applied to its control signal input 115,
and where L, Ri'and C; are the subband signals in which the signals L, R and C are split up
in the splitters SPL2, SPL3 and SPL1 respectively.

Figure 7 shows an embodiment of the receiver for receiving -the signal
| transmitted by the transmitter of figure 6. The receiver of figure 7 shows much resemblance
 with the receiver of figure 1b. The demultiplexer means 41 is the same as in figure 1b. The
t outputs 43, 101 and 44 of the demultiplexer means 41 are coupled to expansion means 48°,
| 50" and 49" respectively. The expansion means 48°, 50’ and 49" has the same function as the
”5 expansion means 48,' 50 and 49 of figure 1b, except for the fact that they do not include the
subband synthesis filters so as to combine the subband signals into a wideband signal.
Outputs 51°, 53' and 52’ of the expansion means 48', 50’ and 49" respectively are coupled to
inputs 55°, 58° and 56 respectively of dematrixing means 57°. The dematrixing means 57°
L combine the functions of the matrixing means 57 and the switch means 122 of ﬁguré 1b,

except for the fact that it now dematrixes and switches subband sign’a!S instead of wideband
 signals. The dematrixing means 57° now has the subband signals of the signals L, R and C
Present . at its outputs 167, 168 and 169 respectively. The outputs 160, 161 and 162 are
Coupled to the output terminals 126, 127 and 128 respectively via synthesis filter means
l SYNTH2, SYNTH3 and SYNTH]! respectively, which synthesis filter means combine the
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SmPE%lgnﬁPWd%ht The transmitter of figure 8 shows much resemblance with the
mnsmlﬁﬂ' of figure 6. The S-signal component can be considered as a surround signal
wmponem for two loudspeakers positioned on the left and right hand side behind the
jistener. The S-signal component can be one single signal, in which case the S-signal is
3pphed to both loudspeakers, or two signals §, and S,, for the left and right loudspmker
behind the listener respectively. The transmitter of figure 8 shows much resemblance with
e transmitter of figure 6. The transmitter has at least a fourth input terminal 130 for
receiving the S-signal component. The input terminal 130 is coupled to a fourth splitter
means SPL4, in which the S-signal is split into subband signals. The terminal is also coupled
1o the calculation means 65°°, in which there is provided a further generator GEN4 for |

generating bitallocation information (a masking control signal) from the S-signal. This

information is applied to the unit 160’ as well as to the second multiplexer 162°.

| The output of the splitter SPLA4 is coupled to an input 171 of thc first
multipiexer means 111°°. A further output 170 of the multiplexer means 111 is present
which is coupled to an input of a fourth bitrate reduction means BRR4, which has an output
coupled to an input of expansion means 172 as well as to an input 131 of the combination
means 29°. An output of the expansion means 172 is coupled to an input 135 of the
matrixing means 13°°. |
The first masking control signal mcsl is applied to BRR1. The first
instruction signal isl is applied to the input 131 of the combination means 29°,
The second masking control signal is applied to BRR2. The second
instruction signal is2 applied to the input 28 of the combination means 29°.
The third masking control signal is applied to BRR3. The third instruction
signal is3 applied to the input 94 of the combination means 29°. |
The fourth masking control signal mcs4 is applied to BRR4. A fourth
instruction slgnal is4 is applied to the input 132 of the combination means 29°.
. The cooperation and interconnection between the bitrate reducer BRR4
and the expander 172 is the same as has been described above for the cooperation and the

So as to nornalize
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¥ 170. That means that the first masking control signal mesl is obtained by the generator
GEN1, that the second masking control signal mes2 is obtained by the generator GEN2, that
the third masking control signal mcs3 is generated by GEN3 and that the fourth masking
control signal mcs4 is generated by GEN4,

; The calculation means 65’ are also capable of generating a second control:
:10 signal at the output 69 in the situation when the multiplexer applies the L signal to the output
154, the C-signal to the output 155, the R-signal to the output 156 and the S-signal to the
“output 170. That means that the first masking control signal mcsl is obtained By the
generator GEN3, the second masking control signal mcs2 is obtained by the generator
GENZ2, the third masking control signil mcs3 is generated by GEN1 and the fourth masking

5 control signal mcs4 is generated by GEN4. -

The calculation means 65’ are also capable of generating a third control
signal at the output 69 in the situation when the multiplexer applies the L signal to the output
156, the C-signal to the output 154, the R-signal to the output 155 and the S-signal to the
coutput 170. That means that the first masking control signal mcsl is obtained by the

0 generator GEN2, the second masking control signal mcs2 is obtained by the generator
GEN]I, the third masking control signal mcs3 is generated by GEN3 and the fourth masking
control s1gna1 mcs4 is generated by GEN4

The calculation means 65" are further capable of generating a fourth
control signal at the output 69 in the suuat:on when the multiplexer applies the L slgnal to

|5 the output 154, the S-signal to the output 155, the C-signal to the output 156 and the R-signal
W the output 170. That means that the first masking control signal mcsl is obtained by the
generator GEN1, the second masking control signal mcs2 is obtained by the generator
GEN2, the third masking control signal mes3 is generated by GEN4 and the fourth masking

control sxgnal mcs4 is generated by GEN3.
The calculation means 65" are moreover capable of generaung a fifth

har 28

Control signal at the output 69 in the situation when the mulnplexer applies the L sxgnal to
the output 170, the S-signal to the output 154, the C-signal to the output 156 and the R-signal
o the output 155. frhat means that the first masking control signal mcsl is obtained by the
Enerator GEN1, the second masking 'contrdl signal mcs2 is obtained by the generator
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’ R.,=R+a.C+b.S

in'espeﬂi"e of the first, second, third, fourth or fifth control signal applied to the control

slgﬂal input 115 . . :
' Both signals L., and R,, are applied to the compression means BRR2 and

o BRR3 respectively.
r : - The first, second, third, fourth or fifth control signal is generated by the

unit 1607 in the calculation means 65'*, dependent of which of the five permutations of the
four signals given above realizes the largest compression ratio.
Figure 9 shows an embodiment of a receiver for receiving the signals
5 transmitted by the transmitter of figure 8. The receiver of figure 9 shows much resemblance
with the receiver of figure 7. The demultiplexing means 41° has further an output 180 for
supplying the fourth instruction signal is4, an butput 181 for supplying the data reduced
information to a further expansion means DEQ 182. An output of the expansion means 182
is coupled to a further input 183 of the dematr'ixi'ng means 57°'. The dematrixing means 57"’
;) functions in the same way as the dematrixing means 57° in figure 7. It dematrixes the signals
applied to its inputs and switches the signals obtained in such a way that subband signals
. corresponding to the L-, the R-, the C- and the S-signal are present at the outputs 167, 168,
169 and 184 respectively. After subband signal combination in the subband synthesis filters
SYNTH2, SYNTH3, SYNTH1 and SYN’_I‘HQ, the replicas L’, R’, C’ and S’ of the signals
* L, R, C and S respectively are present at the output terminals 126, 127, 128 and 185
respectively. | | |
For the situation that five signals are applied to the transmitter, the
matrixing means generates first aridd second output 'signals L.’ and R,,’ which satisfy the
following equations:
* L,=L+a.C+b. Si+c.5,
R,, R+a.C+c.§;+b.S,
From a further description of a transmitter for encoding and transmmmg
the five signals given above, and from a further description of a receiver for receiving and
decoding the five signals given above, is refrained as, with the information given above, such
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| The transmitter can be used in an arrangement for recording the signal
qupplied by the signal combination means 29 and 29" on a record carrier. Figure 10
schematically shows such a recording arrangement. The block denoted by 190 is one of the
wansmitters described previously. The block denoted by 191 is a channel encoder, in which
the signal applied to its input 192 is encoded in, as an example a Reed-Solomon encoder, and
an interleaver, so as to enable an error correction to be carried out in the receiver. Further,
again as an example, an 8-to-10 modulation well known in the art, 'see document (35) in the
list of references, is carried out. The signal thus obtained is recorded in a track on a record
carrier 193, such as a magnetic or optical record carrier, by means of writing means 194,
such as a magnetic or optical head 195.

The receiver (not shown in the figures) can be used in an arrangement for
reproducing the first and second main signal component and the at least one auxiliary signal
component from the above record carrier. A signal processing must be carried out on the
reproduced information which is inverse to the signal proéessing during recording. That is: a
10-t0-8 reconversion must be carried, followed by an error correction and a de-interleaving.
This is followed by a circuit such as the circuit of figure 7 or 9.

Figure 11 shows a further improvement of the transmitter of figure 1, 6
en 8. Suppose that in the transmitter of figure 6, the third control signal is supplied by the
calculation means 65, and that the constant a equals unity. As a result, the signals L., R, and
L are transmitted after quantization. That is: the (L+C)-signal, after quantization under the

 influence of the masking control signal mcs2 derived by GEN1 from C, where L has been

Quantized, i.e. the quantized replica of the original L-signal is used in creating the (L+C)-
signal, the (R+C)-sigxial after quantization under the influence of the masking control signal
mes3 derived by GEN3 from R, and the L-signal after quantization under the influence of the
masking control signal mcsl derived by GEN2 from L. |

At the receiver, the C- and R-signal§ are to be determined by means of |
dematrixing of the three transmitted signals. C is obtained from the received (L+C)-signal.
ad the L-slgnal Due to the measures taken upon quantizing (L +C), namely prequantization
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5 gmmeed. The replica of the R-signal, is calculated from the received (R+C)-signal, using
the C-signal obtained in the way as explained above. The (R+C)-signal has been quantized
under the influence of the masking control signal derived from the R-signal, but the C-signal
part in the (R+C)-signal has not been prequantized. This could of course have been
implemented in 2 way analogous to the way as explained in the documents (1b) and (2).
ko However, this solution leads to a rather complex structure.

A more simple configuration to implement this is given in figure 11.

The compensation circuit 210 of figure 11 can be inserted between th_é
outputs 14’ and 92° of the matrixing means 13' or 13'* and the inputs 25 and 93 of the signal
combination means 29 or 29°. |
5 As can be seen in figure 11, the compensation circuit 210 includes an
expansion means 200, which carries out an expansion on the datareduced signﬂ supplied by
the bitrate reducer BRR2, under the influence of the same instruction signal -i32. The
dequantizéd subband signals thus obtained in the expansion means 200 are supplied to an
input 202 of a subtractor circuit 201. Further, the subband signals supplied by the matrixing
b means at its output 14’ is supplied to a second input 203 of the subtractor circuit 201. In the
subtractor circuit 201, each subband signal of the M subband signals supplied by the
matrixing means 13" are subtracted from the corresponding subband signal of the M subband
signals supplied by the expansion means 200, so as to obtain M compensation signals. Those
compensation signals are supplied to an input 204 of an adder circuit 20S. The output 92° of
* the matrixing means 13’ is coupled to a second input 206 of the adder circuit 205, an output
of which is coupled to the input of the bitrate reducer BRR3. Each of the M compensation
signals is added to a corresponding oné of the M subband signals applied by the matrixing
means 13°, and the signals thus obtained are applied to the bitrate reducer BRR3.

| 'The cooperation and the interconnection between the bitrate reducer BRR2
& and the expander 200 is the same as has been described above for the cooperation and
interconnection between the bitrate reducer BRR1 and the expander 7. _ |

The signal combination circuits 201 and 205 are in the form of a
subtractor and an adder respectively. It should however be noted that, if one of the signals
appliéd to one of the signal combination circuits 201 and 205 have an inverse polarity, the
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o that it is als0 masked by the (R+C)-signal.
At the receiver Slde, the C-signal is derived in the dematrixing means 57’
om the (L+C)-signal and the L-signal. As the L-componem in the (L+C)-signal is the
ame L-signal as that received, the C-signal so derived contains thus exactly the same {
quannla"m‘ distortion as the received (L+C)-signal. This distortion is also present in the
2w received (R+C)-signal and thus will be removed upon deriving the R-signal component
# sy subtracting C from R+C. The only quannzanor_l distortion that remains in the now
akulated R-signal is that due to the quantization of (R+C). This quantization component
vas based upon the masking_control signal mcs3 derived from R and will thus be masked.

It should be noted that, if the R-signal is the third signal transmitted
ogether with the L, and R, signal, the 'mirrored’ circuit of figure 12 should be used instead
' ofthe circuit of figure 11. | .

Either circuit needs to be used if a signal which is mixed in both
ompatible signals L, and R, is calculated by the receiver from these compatible signal (like
Cin the above example). The selection whether the circuit of figure 11 or figure 12 applies
dpends on which signal of the compatible pair is quantized under the influence of the

2asking control signal derived from that common signal. In the above example, this was the
L+C)-signal, and thus figure 11 was used.

—

More specxﬂcally, in the embodiment of figure 6: if the (L+C)-s1gnal the
R+C)-signal and the C-signal are transmitted, the compensation circuits of figure 11 or 12
¥R %0t used, If the (L+C)-signal, the (R+C)-s:gnal and the L-signal are transmitted, the
ot of figure 11 is used. If the (L+C)-signal, the (R+C)-s1gnal and the R-signal are
- Thitted, the circuit of figure 12 is used.
For the embodiment of figure 8: if the (L+C+S)-signal, the (R+C+S)-
al and the S-signal are transmmed “the compensation circuits of figure 11
sed. If the (L+C+S)-signal, the (R+C+S)-signal, the L-signal and the S-

o, the C-sign
Y12 e not y
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transmitter circuits of figures 6 and 8 in the way shown in figure 11 (a mode one) or in the

5 13. The co @I Eascﬁb@rfkfpgcéa“t on the signal L[err] can be identical

way shown in figure 12 (a mode two), dependent of which signals are transmitted. Switching
means (not shown), should be available to realize the switching of the compensation circuit
into the transmitter circuit (in the modes one and two) or out of the transmitter circuit (in a

third mode). The switching means can switch the compensation circuit into the various

modes in response to the first, second or third control signal, discussed with reference to the

embodiment of figure 6, or in response to the first to the fifth control signal, discussed above
-with reference to the embodiment of figure 8. '

15 The compensation circuit described in figure 11 and 12 can also be used
in the known transmitters described in the US Patent application ser. no. 32,915 mentioned
previously or in the transmitter of figure 1.

A further embodiment of the transmitter apparatus is shown in figure 13.
The transmitter of figure 13 has input terminals 1 and 2, to which the

':- 20 signals L, R respectively are supplied. Those input terminals are coupled to subband splitters
SPL2 and SPL1 respectively. The subband signals obtained are supplied to inputs 150 and
v 152 respectively of muitiplexer 11la. The muitiplexer 111a has the same function as the
, switching means 111° of figure 6, except for the fact that it now multiplexes only two signal

components. The output 154 of the multiplexer 111a is coupled to input 11’ of matrixing

% means 13a. The output 156 of the multiplexer 111a is coupled to an input of the bitrate
reducing means BRR1. The output of the bitrate reducing means BRRI is coupled to the
input of expansion means (DEQ) 7°, as well as to the input 26 of the signal combination
means 29a. An outpui of the expansion means 7’ is coupled to the input 12’ of the matrixing

. Mmeans 13a.

3230 What has been said above in relation to the cooperation and
interconnection between the bitrate reducer BRRI and the expander 7 in figure 1, is equally
valid for the bitrate reducer BRR1 and expander 7" in figure 13.

The matrixing means 13a functions so as to obtain an output signal M at
an output 14’ which is proportional to the sum of the signals applied to the inputs 11’ and
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control signal input 115 of the matrixing means 13a and to the mput 73 of the combining
neans 292 The calculation means 65a comprise the generators GEN1 and GEN2. The
masking control sxgnals generated by the generators GEN1 and GEN2 are supplied to inputs
161.3 and 161.1 respectively of a second multiplexer 162a. At outputs 164.1 and 164.2 are
. nasking control sigpals mscl and mes2 respectively available.

The masking control signal mcsl is applied to the bitrate reducing means
BRR1. The masking control signal mcs2 is applied to the bitrate reducing means BRR2.
In response to ‘the first control signal applied to the input 158; the

5 multiplexer 111a is switched in such a position that the subband signals of the L- and R-
signals are gpplied to the inputs 11’ and 12' respectively of the matrixing means 13a.
Further, the multiplexer 162a is switched in a such a position that the masking control signal

\ generated by the generator GENI is the first masking control signal mcsl and the masking

control signal generated by the generator GEN2 -is the second masking control signal mcs2.

In response to the second control signal, the multiplexer 111a is switched

1=

e p bt

in such a position that the subband signals of the L- and R-signals are applied to the inputs
12' and 11’ respectively of the matrixing means 13a. Further, the multiplexer 162a is
switched in such a position that the masking control signal generated by the generator GEN2
is the first masking control signal mcsl and the masking control signal generated by the
3 generator GEN is the second masking control signal mes2. |

As already explained, the matnxmg means 13a generates in response to
the control signal applied to its control signal input 115 at its output 14’ subband .'ngnals M;
which satisfy the following equauon

Mi=a.Li+b.Ri.

““ Constants a and b are equal to each other, the control signal A apphed to the control
g input 115, and thus the control signal input 115 itself, may be dispensed with.
Fxgure 14 shows an embodiment of the receiver for receiving the signal
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means SYNTH1 and SYNTH2 respectively, which synthesis filter means combine the

subband signals so as to obtain replicas L' and R' of the originai signals L and R
respectively.
l0 | ‘Figure 14a shows a more detailed diagram of the dematrixing and
switching means 57a of figure 14. It is assumed here that the constants a and b of the
formula given above both equal unity. The means 57a include a dematrixing unit which
combines the .signais applied to the inputs 55' and 56 and generates either the L or the R
signal component, dependent of which of the two signal coniponents is applied to the input
5 55°. Further, controllable switches are present to couple, in response to the control signal
applied to the control signal input 121 of the means 57a, the outputs 167 and 168 to either
the output of the dematrixing unit and the input 55' or the other way around, again
dependent of which of the R and L signal components is applied to the input 55°.
It has been explained above that the blocks denoted by GEN generate the
l) bit allocation information which enables a data compression means td carry out data
compression on the signal that should be compressed. Those generatoi' blocks GEN generally'
comprise a power determining means for determining the signal power in the subbands or for

_ deﬁennining the signal power as a function of frequency. Further, a masking value
determining means is present for determining a masking power value in each of the subbands
§ or for détermining the masking power as a function of frequency, using the power
information obtained by the power determining means. Fuyrther, bit allocation determining |
means are present for determining the bit allocation information (the number of bits per
sample for samples in time equivalent signal blocks, one signal block in each of the
subbands). | | |
& ~If the switching in the multiplexer 111’ takes place on the boundaries of
those signal blocks, it may be possible to move the bitallocation means of the three
generators, such as in figure 6, to a position after the muitiplexer 162. This for the reason
that the power information may be sufficient for the block 160 to derive the control signal -
therefrom
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In the foregoing, it has been eﬁ:plained how complete signal components
are multiplexed, such as by multiplexer 111’ in figure 6. This means that all M subsignals of
3 signal component are multiplexed to the same output 154, 155 or 156. In a further
embodiment however, it may be possible to multiplex corresponding subsignals or

corresponding subsignal groups to different outputs. This means that the control signal A,
generated by the units 160, 160’ and 160a in the figures 6, 8 and 13 respectively is now a
multi component control signal, one for each of the subsignal groups to be multiplexed. The
functioning of such embodiment for transmitting a two channel signal L and R, will be
further explained with referencé to figure 15, where further use will be made of the
embodiment of figure 13. | |

In (a) of figure 15, it is assumed that the frequency range of the left hand
signal coinponent L is divided into four subsignal frequency bands so as to obtain 4
subsignals. Or M equals 4. For multiplexing in the multiplexer 111a in figure 13, the two
highest frequency bands are grouped together. As a result, three groups of frequency bands
G, G, and Gy are present. The numbers 3, 4, 6 and 4 indicate the numbers of bits per
samplé required to data compress the four subsignals in the left hand signal component. In
the same way, (b) in figure 15 indicate by the numbers 2, 5, 8 and 1 the numbers of bits per
sampie required to data compress the four subsignals in the right hand signal componeﬁt R.
‘Those numbers have been obtained in a well known way.

Upon comparing the numbers of bits per sdmple for the various subsignals
of the left and right hand signal components, it can be decided which group of subsignals is
supplied to which output of the multiplexer 11la. Those group of subsignals having the
highat number of bits per sample will be applied to the output 154 of the multiplexer 111a.
As a result, shown in (c) .of figure' 15, the subsignal groups G, and G, of the L signal
component and the subsignal group' G, of the R signal component is supplied to the output
154, The decision for the subsignal group G, is based on adding the numbers of bits per
sample for the two subsignals of the L signal and of the R signal in said group and on
deciding which sum is higher. As a result, at the output 156 of the multiplexer appear the
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e for the bitrate reduction in BRRI, is given in (f) of figure 15, and follows straightforward
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;0 from the fact that in the subsignal groups G, and G; of the R signal component and the
subsignal group G, of the L signal component are supplied to the bitrate reduction unit
BRRI. _

The numbers of bits per samplé for the bitrate reducer BRR2 are obtained
in the following way. The signal power P, in each of the four frequency bands for the sum
5 signal L+R is derived in a well known way. Further, the masking threshold MT, in each of
~ the four -frequency bands is derived in the following way. MT, is the masking threshold of
the L signal component in the first frequency band, MT, is the masking threshold of the R
signal component in the second frequency band, and MT, and MT, are the masking
thresholds of the L signal component in the two highest frequency bands, see also (c) of
figure 15. Next, the bitneed in each subsignal frequency band can be derived from P, - M,,
as the bitneeds are proportional to P, - M, Osing these four values for the bitneeds, the bit
allocation information (the four numbers of bits per sample, one for each of the four

o gmp—

frequency bands, and thus the mcs, information) can be obtained in a well known way.
It will be clear that the modified version of the control signal A is needed

L in the receiver in order to combine the correct subsignals in the dematrixing and switching
'j unit 57a so as to obtain the replica of the L and R signal component.
5 Next, the three-channel version will be explained with reference to figure
: 16, in combination with figure 6.
L In (a) of figure 16, the frequency range of the left hand signal component

L is shown, divided into four frequency bands. Again, four subsignals are assumed to cover
the complete frequency spectrum. For multiplexihg in the multiplexer 111° in figure 6, the
two highest frequency bands are grouped together. As a resuit, three groups of fréquency
bands G,, G, and G, are present. The numbers 2, 5, 7 and 3 indicate the numbers of bits per
sample required to data compress the four subsignals in the left hand signal component. In
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where the  {rpon comparing the numbers of bits per sample for the various subsignals
of the L, R and C signal components, it can be decided which group of subsignals is
supplied to which output of the multiplexer 111°. Again. for ease of explanation, the decision
qule is used that those group of subsignals having the lowest number of bits per sample will
55 applied to the output 156 of the multiplexer 111°. As a result, shown in (f) of figure 16,
the subsignal groups G, of the L signal, G, of the C signal and.G, of the R signal component
is supplied to the output 156. (d) of figure 16 indicates which subsignal components are
applied to the output 154 and (e) of ﬁgure 16 indicates which subsignal components are

supplied to the output 155 of the multiplexer 111°. This all happens in response to a three

component control signal A, applied to the control input 158.
At the output 14’ of the matrixing means 13°, the sum of the subsignals
L+C in each group is available, as shown in (h) of figure 16. At the output 92’ of the

| matrixing means 13°, the sum of the subsignals R+C in each group is available, as shown in

—

- -__.G

@) in figure 16. The numbers of bits per sample needed for the bitrate reduction in BRRI, is
given in (g) of figure 16, and follows straightforward from the fact that the subsignals in
group G, of the L signal component, in group G, of the C signal component and in group G; -
of the R signal component are supplied to the bitrate reduction unit BRR1.

The numbers of bits per sample for the bitrate reducer BRR2 are obtamed'
in the following way. The signal power P, in each of the four frequency bands for the sum
signal L+C is derived in a well known way. Further, the masking threshold MT; in each of
the four frequency bands is derived in the following way. MT, is the maskmg threshold of
the C signal component in the first frequency band and MT,, MT; and MT, are the maskmg
thresholds of the L signal component in the second, third and fourth frequency band, see also
(d) of figure 16. Next, the bitneeds are again derived from P; - M;. Using these four values
for the bitneeds, the bit allocation: information (the four numbefs of bits per sample, one for
each of the four frequency bands, and thus the mcs, information) can be obtained in a well
known way. |

| The numbers of bits per sample for the bitrate reducer BRR3 are obtained
in the following way. The signal power P, in each of the four frequency bands for the sum

s 65. MIOH of ‘the three sets of values n,, t'd"'r‘li errl,

Three data reduction ratios (or val ues)
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gmple, one for each of the four frequency bands, and thus the mcs, information) can be

qiained in a well known way.

It will be clear that the modified version of the control signal A is needed
) in the receiver in order to combine the correct subsignals in the dematnxmg and switching
0 unit 57" so as to obtain the replicas of the L, R and C signal component. It will further be

clear that the switching means, such as the switching means in figure 14a and such as
: included in the dematrixing and switching means in the figures 7 and 9 must be capable of
: switching the various (groups of) subsignals to the correct outputs.




anount of data conpression. As a result, al ways t he maxi mm channel
capacitv. is availabiefer—the signal appl ied to the input 4 of the

conps 3 rreans %sn T e first, second or third control signal is.applied
to t Pt las¢dng the three switches }Qm&wﬂﬂ 110.
| n r eduene othef ignal, the switch 70 is swtched inits
positiggh a-b, thes i’ tchqglnlts position a-b and the switch
71' i sfswitched in |ts p05|t|on -d, so that the L-, R and Csignals are

to Eﬁ@l‘ﬁputs 11, 91 and 12 of the matrixing neans 13 respectively.
In redp e second control signal, the switch 70 is switched in its
posi tipn. g;flrelated cdocuments, folbe psntedadncﬂhedrom page op thel patent documentd t he switch
[ sbﬂtched inits position a-d, so that the L-, G and R signals are

In regponse to tyhe g Ri rvlolcqotw 5S|mgsallggj% 376igh, 70 switched in its
|

p05|tior(|13)c- b, the switch 110" is SW tched i ts position a-b and the switch
71 i g ?x\p’ t ched "Matiixipg pd diitrate reduced audio: $ignals’Hay W.R=Thathe¢ Kateieyahlin Proe
appl i qd'to the | 9 [iX s 1 e
The oftput 69 of® Eﬁ%fgékﬁ i?%ﬂﬁ g%’%@%ﬁ'ﬂf‘?’ﬁ%ﬁ %%Il’é’d%{ gﬁig%ﬁéd%
o US Patent application ser. no. 32,915 (PHQ 93-002)
5 0) European Patent Apphcat:on no. 402,973 (PHN 13.241).
@) European patent application no. 497,413A1 (PHN 13.581)
6) - US patent spec. no. 4,620,311 (PHN 11.117).
e European Patent Appliéation no. 400.755 (PHQ 89.018A).
. () European Patent Application no. 457,390 (PHN 13.328).
i

r (Th) European Patent Application no. 457,391 (PHN 13.329).




signal input.. ~t-he matri xi ng neans 13. I'n response to the f| rst,

seCONE zcontrol signal applied to the input 115, the’ matri xi ng
means it e the first and second output signals L, and R in

accor da Pth_ihe fornul ae given above, irrespective of t BCTER940B ¢ he
I nput s » 12 the three signals'L,_R and C are applied. The control

g ated by the cal cul ation mean%s 65 is also applied to the input
¥ conbi nation nmeans 29, so as to enable the transm ssion of the

73. of
control dE¥gnal via the transnission medium 15 TRW —H_%hem—d-be_nm_ed_l
that in @ ‘0 generate th '

g&gﬁ hird co nal, the .
cal cul at igpr¥means 65 have cal of bit a °°“Re laced

i nf or mat igon, nanely the val uegmlm m‘mm! he val ues Hu, l‘ :
nferr], & d the values n[err] to erLr e sane sets of een -

determ n@gd in the generators GENI, GEN2 and GEN3. Those

A transmitter for transmitting at least a first and a second main signal
b ent via a transmission medium, the transmitter comprising |
st & ﬁrst and a second input termiqal for receiving the first and second main signal
ponenl,
4 least 3 first and a second signal conversion means, each havmg an input coupled to a
: ,nespof‘dmg one of the input terminals and an output the conversion means being adapted
convert an input signal applied to its input into M subsignals and to apply the M
,Jbggnals to its output, .
. pultiplexer means having at least a first and a second input coupled to the outputs of the at

h st two signal conversion means, at least a first and a second output and a control signal
aput, o '
. first compression means having an input coupled to the at least second output of the
multiplexer means, the first compression means being adapted to carry out a data reduction
sep on the signal applied to its input in response to a first masking control signal and to
r supply a data compressed signal to an output, | |
- masking control signal generator means for generating the first masking control signal for
the first compression means, the first masking control signal having a relationship with a
masking threshold of the signal applied to the input of the first compression means,
- first expaniion means having an iriput and an output, the input being coupled to the first
| » compression means, the expansion means being adapted to carry out a data expansion on the
sgnal applied to its input so as to obtain a replica of the signal applied to the input of the
first compression means and to supply the replica to its output,
* matrixing means having at least a first and a second. input, the first input being coupled to
e first output of the multiplexer means and the second input being coupled to the output of
the first expansion means, the matrixing means further having an output for supplying an
Wiput signal, the matrixing means being adapted to combine the signal applied to its first
input and at least the signal applied to its second input so as to obtain the output signal,
“%econd compression means having an input coupled to the output of the matrixing means
4 an output, the second compression means being adapted to carry out a data reduction
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‘ l which splits the information in the serial
pstreaminto the original quanti Zéd sanples of the signal L[err] which
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r espheec STy, SO as to enable the i'nstruction signals to be applied to the
dequ a%nm,ane; first hnstmyction sighalchaing) genetted far &mabling @niexpansion in a receiver on

e dat2 reduced output signal of the first compression means so as to obtain a replica of the

ggnal applied to the input of the first compression means, the second instruction signal being

r- ;merated for enabling an expansion in the receiver on the data reduced output signal of the

second compression means so as to obtain a replica of the output signal of the matrixing

| _ !
" control signal generator means for generating the control signal for the multiplexer means,
. ignal combination means for combining the output signals of the at least first and the
’ scond compression means as well as the first and second instruction signal and the control
" sgnal so as to enable the transmission of those output signals.
. A transmitter for trans'mining a first and a second main signal component
wd at least one auxiliary signal component via a transmission medium, characterized in that
* e transmitter comprises
O - & least three input terminals for receiving the at least three signal components,
© -aleast three signal conversion means, each having an input coupled to a corresponding one
_ ¥the input terminals and an output, the conversion means being adapted to convert an input
sgnal applied to its input into M subsignals and to apply the M subsignals to its output,
-+ aultiplexer means having at least a first, a second and a third input coupled to the outputs
¥ the 3t Jeast three signal conversion means, at least a first, a second and a third output and
oawol signal input, o
; qm Compression means having an input coupled to the at least third output' of the
tplexer means, the first compression means being adapted to carry out a data reduction
“ :: the signal applied to its input in response to a first masking control signal and to
_‘ first data compressed signal to an output,
:ﬁm 8 control signal generator means for generating the first masking control signal for
é- Nty :;:hp::smﬂ mu.ns, the first masking control signal having a relationship with a
n — : the slgt.lal th.at is applied to the input of the first compression means,
ans having an input and an output, the input being coupled to the first
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case,. the receiver, functi.ons so.that replicas of the L-
cﬁ ' Vnd oﬁjtput {" r sup ?ymg a ﬁrrstpax{dc a secon output sxgnal the

matrixing means being adapted to combine the signals applied to its inputs so as to obtain the
first output signal which has a relationship with a combination of the first main signal
component and the at least one auxiliary signal component, and the second output signal

_ which has a relationship with a combination of the second main 'signal component and the at
least one auxiliary signal component,

| . second and third compression means, each having an input coupled to the first and second

output respectively of the matrixing means, and an output, the compression means being
adapted to carry out a data reduction step on the signals applied to its inputs in response to
second and third masking control signals and to supply data compressed first and second

~ output signals to their outputs, the masking control signal generator means being adapted to
- generate the second masking control signal for the second compression means, and being

adapted to generate the third masking control signal for the third compression means, the
second masking control signal having a relationship with a masking threshold of the signal
that is applied to first input of the matrixing means, the third ma'sking control signal having a
relanonshlp with a masking threshold of the signal applied to the second input of the
matrixing means,. '
- instruction signal generator means for generating at least first, second and third instruction
signals, the first instruction signal being geherated for enabling an expansion in a receiver on
the data reduced output signal of the first compression means so as to-obtain a replica of the
signal applied to the input of the first compression means, the second instruction signal being
generated for enabling an expansion in the receiver on the data reduced output signal of the
second compression means so as to obtain a replica of the first output signal of the matrixing
means, -the third instruction signal being generated for enabling an expansion in the receiver
on the data reduced output signal of the third compression means so as to obtain a replica of
the second output signal of the matrixing means,

control signal generator means for generating the control signal for the multiplexer means,
- signal combination means for combining the output signals of the first, second and third
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| OBk, Sebond Afid Sthirli Clbmipréssich means together, in the case that the first main signal
component would have been applied to the first input of the matrixing means, the second
main signal component would have been applied to the second input of the matrixing means,
and the at least one auxiliary signal component would have been applied to the input of the

b first compression means, a second data reduction ratio relating to the amount of data

reduction realized by the first, second énd third compression means together, for the case
that the first main signal component would have been applied to the first inpt-u.'of the
matrixing means, the at least one auxiliary signal component would have been applied to the
second input of the matrixing means, and the second main signal component would have
‘been applied to the input of the first compression means, a third data reduction ratio relating
to the amount of data reduction ruhzed by the first, second and third compression means
together, for the case that the at least one auxiliary signal component would have been
applied to the first input of the matrixing means, and the second main signal component
would have been applied to the second inﬁut of the matrixing means and the first main signal
component would have been applied to the input of the first compression means, thé

: multiplexing means being adapted to interconnect its inputs with its outputs in such a way

that, if the first data reduction ratio is larger than the other data reduction ratios, its first
input is connected to its first output, its second in'put is connected to its second output and its
third input is connected to its. third output, and if the second data reduction ratio is larger
than the other data reduction ratios, its first input is connected to its first output, its second
input is connected to its third output and its third input is connected to its second output, and
if the third data reduction ratio is larger than the other data reduction ratios, its third input is
connected to its first output, it second input is connected to its second output, and its first
input is connected to its third output, the control signal generator means being adapted to

» generate a first control signal in response to the first data reduction ratio being larger than

the other data reduction ratios, a second control signal in response to the second data
reduction ratio being larger than the other data reduction ratios, and a third control signal in
Iesponse to the third data reduétion ratio being larger than the other data reduction ratios,

the .s_ignal combination means also being adapted to receive the at least three control signals
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figuge | F:‘ratoi’ forC enekdtinge i fifsbimasking control signal, a second masking control signal
ge,,muor for generating the second masking control signal and a third masking control signal
generator for generating the third masking control signal, each having outpqts coupled to
inputs of 2 second multiplexer means, at least three outputs of the second multiplexer means
forming the outputs of the masking control signal generator means, the second multiplexer
* means having a control signal input for receiving the control signal from the control signal
generator means. | |

A transmitter as claimed in claim 2, 3, 4 or §, for transmitting a first and

‘;
i
* 4 second main signal component and at least a first and a second auxiliary sngnal component
! via the transmission medium, characterized in that the transmitter further comprises
% -a fourth input terminal for receiving the at least second auxiliary sxgnal component,
‘_ -2 fourth signal conversion means, having an input coupled to the fourth input terminal and |
| a output, the fourth conversion rheans being adapted to convert the second auxiliary signal
‘ xmponent applied to its input into M subsignals and to apply the M subsignals to its output,
!‘ % multiplexer means having a fourth input coupled to the output of the fourth signal
ﬂmon means, and a fourth output,
*%urth compression means having an input coupled to the fourth output of the muitiplexer
Tens, the fourth compression means being adapted to carry out a data reduction step on the
* Wl applied to its input in response to a fourth masking control signal and to supply a
. Compressed signal to an output, .
% masking control signal genemtor means being further adapted to generate the fourth
g ontrol signal for the fourth compression means, the fourth masking control signal

1 rehllonslup with a masking threshold of the signal applied to the input of the fourth
Means,

M Xpansion means havin
g an input and an output, the input being coupled to the
m‘m means, the expansion means being adapted to carry ‘out a expansion on
\ ‘Pphed 0 its input 50 as to obtain a replica of the signal applied to the input of the
Means and to supply the replica to its output,
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component and the at least first and second auxiliary signal component,

e instruction signal generator means being further adapted to generate a fourth instruction
il for enabling an expansion in the receiver on the data reduced output signal of the
ourth compression means so as to obtain a replica of the signal applied to the input of the
ourth compression means, '

. the signal combination means being further adapted to combine the output signal of the
" jourth compression means as well as the fourth instruction signal so as to enable the

ransmission of those signals.
A transmitter as claimed in claim 6, characterized in that,the control

P
signal generator comprises calculation. means for calculating at least five data reduction
ntios, a first data reduction ratio relating to the amount of data reduction realized by the

first, second, third and fourth compression means together, in the case that the first main
signal component would have been applied to the ﬁrét input of the matrixing means, the
second main signal component would have been applied to the second input of the matrixing
| means, the first auxiliary signal component would have been applied to the third input of the
matrixing means and the second auxiliary signal component would have been applied to the
fourth input of the matrixing means, a second data reduction ratio relating to the amount of
data reduction realized by the first, second, third and fourth compressien means together, for
the case that the first main signal component would have been applied to the first input of the
- matrixing means, the first auxiliary signal component would have been applied to the second
input of the matrixing means, the second main signal component would have been applied to
the third input of the matrixing means, and the second auxiliary signal component would
have been applied to the fourth input of the matrixing means, a third data reduction ratio
_ relating to the amount of data reduction realized by the first, second, third and fourth

’ Compression means together, for the case that the first auxiliary signal component would
have been applied to the first input of the matrixing means, and the second main signal
component would have been applied to the second input of the matrixihg means, the first
signal signal component would have been applied to. the third input of the matrixing means,
and the second auxiliary signal component would have been applied to the fourth input of the

. l * c L M S *
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et together, for the case that the second auxiliary signal component would have been
plied 10 the first input of the matrixing means, the second main signal component would

save been applied to the second input of the matrixing means, the first auxiliary signal signal
omponent would have been applied to the third input of the matrixing means, and the first
-ain signal component would have been applied to the fourth input of the matrixing means,
4¢ control signal generator means being adapted to generate a first control signal in response
o the first data reduction ratio being larger than the other data reduction ratios, a second
aotrol signal in response to the second data reduction ratio being larger than the other data
«eduction ratios, é third control signal in response to the third data reduction ratio being
arger than the other data reduction ratios, a fourth control signal in response to the fourth
4n reduction ratio being larger than the other data reduction ratios, and a fifth control
sral in response to the fifth data reduction ratio being larger than the other data reduction
anos, the multiplexing means being adapted to inierconnect its inputs with its outputs in
mch a way that, in response to the first control signal, its first input is connected to its first
%put, its second input is connected to its second output, its third input is connected to its
ind output, and its fourth input is connected to its fourth output, and in response to the
®ond control signal, its first input is connected to its first output, its second input is
Tnected to its third output, its third input is connected to its second output, and its fourth
Mt is connected to its fourth output and in response to the third control signal, its third
& is connected to its first output, it second input is connected to its second output, and its
™ inpu is connected to its third output and its fourth input is connected to its fourth
™, and in Mponse to the fourth control signal, its first input is connected to its first

m‘ %, its fourth mput is connected to its second output, its third input is connected to its
Output

» and its second input is connected to its fourth output, and in response to the
control signal, its

Weecteq

fourth input is connected to its first output, its second input is
' its second output, its third input is connected to its third output, and its first
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put of expanS| on neans (%) , as to the input 26 of the
signal generator for generaung the fourth maskmg control signal, the fourth masking control

signal generator having an output coupled to a fourth input of the second multiplexer means,

at least four outputs of the second multiplexer means forming the outputs of the masking
control signal generator means, the second muitiplexer means having a control signal input
for receiving the control signal from the control signal generator means.
10. A transmitter as claimed in any one of the claims 2 to 9, characterized in
_ Jﬁ that the transmitter further comprisés compensation means having

- a first, a second and a third input terminal and an output terminal,

- third expansion means with an input coupled to the first input terminal for réceiving an

input signal and with an output for supplying an expanded output signal, |

- second signal combination means having a first input coupled to the output of the third |
) expansion means, a second input coupled to the s_eéond input terminal of the compensation
means, a third input coupled to the third input terminal of the compensation means, and an
output, the said output being coupled to the output terminal of the compensation means.
11. A transmitter as claimed in claim 10, characterized in that, the second
signal combination means is adapted to add the signal applied to its secohd input to the signal
applied to the first input in a subtractive way, and to add the signal apphed to its third input
in an additive way.

12. A transmitter as claimed in claim 10 or 11, characterized in that, the
transmitter comprises switching means

- for coupling, in a first mode, the fx_fSt input terminal of the compensation means to the
‘ second compression means, the second input terminal of the comp_ehsation means to the first
output of the matrixing means, the third input terminal of the compensation means to the
second output of the matrixing means , and the output terminal of the compensation means to
the input of the third compression means, |
- for coupling, in a second mode, the first input terminal of the Wt&
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expansi on ngeans 77 i s coupled to \“ﬁ“& the matrirxrng

3’ . The exparnsisSheet W@ BSen Replasd t he S t he expansi on

¥/ of fi urela efact*that |t does not i nclude the
subbafd SWF? 12284 ¢ | mmmﬂ EU conbi ne the subband si gnZCIIBIVS320

wi debgnd signal. Wat above in relation to the cooperation
and tHlle i nterconnection between the bitrédie reducer BRRI and the expander 7

ure 1, is equally valid for the cooperation and the interconnection
n thind compressionr meanse theRfdRang: icput hermingdaofcibe compensation umeans to Thensecond

reans ft %Ep\.ﬁ 3P i Rﬁﬂ%ﬁng ma%g,nthreetﬁi?d \fgputtqgm];t%ll of t‘ﬁgcc%(rjn%%nd?ito% rrgagalﬁg%g the first
| output of the matrixing means, and the output terminal of the compensation means to the
input of the second compression means, and
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k- for decoupling the compensation means in a third mode.

13. A transmitter for transmitting a first and a second main signal component
and at least one auxiliary signal component via a transmission medium, characterized m that
the transmitter comprises _

- at least three input terminals for receiving the at least three signal components,

p - multiplexer means having at least a first, a second and a third input coupled to the at least
 three input terminals, at least a first, a second and a third output and a control signal input
for receiving a control signal, '

- first compression means having an input coupled to the at least third output of the
multiplexer means, the first compression means being adapted to carry out a data reduction
| step on the signal component applied to its input in response to a first masking control signal
~and to s'upply a first data compressed signal component to an output,

- maskmg control signal generator means for generating the first masking control signal for
the first compression means, the masking control signal generator means being adapted to
derive the masking control signal from the signal component applied to the input of the first
compression means,

- first expansion means having an input and an output the input bemg coupled to the first
compression. means, the expansnon means being adapted to carry out an expansion on the
signal applied to its input so as to obtain a replica of the signal component applied to the
input of the first compression means and to supply the replica to its output,

- matrixing means having at least a first, a second and a third input, the first and second
input being coupled to the first and second output respectively of the multiplexer means, and
the third input being coupled to the output of the expansion means, the matrixing means
having a first and a second output for supplying a first arid a second output signal, the
matﬁxing means being adapted to combine the first main signal component and the at least
one auxiliary component so as to obtain the first output signal, and being adapted to combine
the second main signal component and the at least one auxiliary sxgnal component so as to
obtain the second output signal,

~second and third compression means, each having an input coupied to the first and second
Output respectively of the matrixing means, and an’output, the compression means being

.
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signal generator means being adapted to derive the second masking control signal from the
signal component that is applied to the first input of the matrixing means and being adapted
to derive the third masking control signal from the signal componént that is applied to second
input of the matrixing means, |
- instruction signal genérat_or means for generating at least first, second. and third instruction
signals, the first instruction signal being generated for enabling an expansion in a receiver on
the data reduced output signal of the first compression means so as to obtain a replica of the
signal component applied to the input of the first compression means, the second instruction

signal being génera’ted for enabling an expansion in the receiver on the data reduced output

signal of the second compression means so as to obtain a replica of the first output signal of

the matrixing means, the third instruction signal being generated for enabling an expansion in
the receiver on the data reduced output signal of the third compression means so as to obtain
a replica of the second output signal of the matrixing means,

- control signal generator means for generating the control signal for the multiplexer means,

- signal combination means for combining the output signals of the first, second and third
compression means, the control signal as well as the first, second and third instruction
sigxials SO as to enable the transmission of those signals, and that the transmitter comprises
the compensation means of claim 10, 11 or 12.

14, A transmitter as claimed in any one of the claims 1 to 13, charactenzed in
that the transmitter is in the form of an arrangement for recording the output signal of the
signal combination means on a record carrier.

15. A record carrier obtained by the transmitter as claimed in claim 14,
comprising the output signal of the signal combination means recorded in the track, the said
output signal comprising the at least one control signal.

16. A receiver for receiving at least a first and a second main sxgnal
Component that have  been transmitted via a transmission medium by a transmitter,
characterized in that the receiver comprises

. demultipiexer means for retrieving first and second instruction signals, compressed first and
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161.12" respecti vel y, of a second REPLACEMENT SHEET 2 2 MAR
5 first one of said at least two outputs, to carry out a data expansion on the second

compressed signal in response to the second instruction signal so as to obtain a replica of an
oﬁginal uncompressed second signal and to supply the replica to the second one of said at
Jeast two outputs, |

- dematrixing means having at least a first and a second input coupled to the at least first and
second output _respeétively of said expansion means and having at least one output, the
dematrixing means being adapted to combine the signals applied to its inputs so as to obtain
M subsignals'corresponding 1o an output signal at its at least one output,

- switching means having a control signal input for receiving the control signal, the switching
means being adapted to receive the output signal of the matrixing means and one of the
~ output signals of the expansion means and being adapted to supply either the m-th subsignal
of the output signal of the dematrixing means to a first output, or the m-th subsignal of the
said one output signal of the expansion means to said first output in response to said control
signal, '

- first reconversion means having an input coupled to the first output of the switching means
' and an output coupled to a first output terminal for supplying the replica of the first main
signal component, where m is an integer.

17. Receiver as claimed in claim 16, characterized in that the switching means
. are further adapted to supply either the n-th subsignal of the said one output signal of the
expansion menni to said first output, or the n-th subsignal of the output signal of the
dematrixing means to said first output in response to said control signal, where n is an
integer unequal to m.

18. , Receiver as claimed in claim 16, characterized in that the switching means
are adapted to supply either the M subsignais of the output signal of the dematrixing means
ﬁ to said first output, or the M subsignals of said one output signal of the expansion means to
said first output in response to said control signal.

19, Receiver as claimed in claim 16, characterized in that the switching means
are further adapted to supply either the m-th subsignal of the said one output signal of the
expansion means to a second output, or the m-th subsignal of the output signal of the
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19 mul tiplexer 162. At outputs 164.1, 1 e maski ng contr ol
Si - nmsc[err], ncs2 and nts[err] re mt‘ Mﬂﬁm Af the.
ors GENl GERioShget dia sedq F o obt ain the
mas S|g klng control S|gnals on e the
bi t I o‘gﬁgy I nf o ?ﬁ [err] values). In that gg@%ﬁscal e
s in the varlous subbands wll be derived in the various bitrate
redu ers (where the subband si gnal s ar #6avai | abl e); The rraski ng control
ncsl,is applied to the bitrate reduci ng neans BRR t he maski ng
453 {1 1o sscamdeougHl i TROBFE 10 Aty SAMEPl. Seialy dfe recastet
appl ite ]ﬁgﬁg 27 of the conbining neans 29 as the instruction signal.

i sl. The maski ng control signal ncs2 is applied to the bitrate reducing
meang BRENd reconvessiomgheang lmsmgrm inpiugicatplad So the second couipssofi the switching

conbi nighd 288 anooiful enipied Yo AedtBha indidemial " hoslafe sbe Felicdoft e

Si gnf‘l sé&ﬁ& mhain 3ipnkl @&nf,&é‘pe bi t rate reduci ng neans BRR3 and if the
ngqcontrol signal hcs3 includes the scale factors, it can also-

be appl i ed Reseivee as alaimedin climHY, charseiarizeg in that the switching means
are further adapted to supply either the n-th subsignal of said one output signal of the

diregt

expansion means to said second output, or the n-th subsignal of the output signal of the
dematrixing means to said second.output in response to said control signal, where n is an

integer unequal to m.

21. -Receiver as claimed in claim 19, characterized in that the switching means
. ; are adapted to supply either the M subsignals of the said one output signal of the expansion
means to said second output, or the M subsignals of the output signal of the dematrixing
means to said second output in response to said control signal.

p? - 22, _ A receiver for receiving a first and a second main signal component and
at least a first auxiliary signal component that have been transmitted via a transmission
medium by a transmitter, characterized in that the receiver c'omprisés

- demultiplexer means for retrievin'g first, second and third instruction signals and
compressed first, second and third signals from an information signal received from the
transmission medium, and for supplying said signals to

ety

- expansion means havmg at least three outputs, the expansion means being adapted to carry
out a data expansmn on the first compressed signal in response to the first instruction signal
S0 as to obtain a replica of the original uncompressed first signal and to supply the replica to
i a first one of said at least three outputs, to carry out a data expansion on the second
+ compressed signal in response to the second instruction signal so as. to obtain a replica of the
original uncompressed second signal and to supply the replica to the second one of said at
least three outputs, to carry out a data expansion on the third compressed signal in response
to the third instruction signal so as to obtain a replica of the original uncompressed third
* signal and to Supply ihe replica to the third one of said at least three outputs,

- dematrixing and switching means having at least a first, second and a third input coupled to
the at least first, second and third'output respectively of said expansion means and having at
least three outputs, the dematrixing and switching means being adapted to combine the |
signals applied to its inputs so as to obtain M subsignals corresponding to the first main
signal component at its first output, M subsignals corresponding to the second main signal
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e fifsbendin si édtfipérengi gnal s are applied to the inputs 11' 91' and

ispectlvely of the matrixing neans 13'. Further, the nultiplexer 162
i s swift crseepndnTEGORNEESOR, TRR3AS NAVIAS tan NPyl roupleditp ihe serand utpyt i dhe dematrixing

by thg geperat o ' Lehit ' (of s : '
oynt rd) 50 Sicing Tridhed. 8nd 35 odeh cdIBIeH 19 ac QbR oui? AimiFE or SubRIYRRE the0
contrdl @medfmsa&onandaihrmmakmpmsmntrol signal generated by the

generdtor GEN3 is the third masking control .
: - at least a third reconversion means having an input coupled to the third output of the

-

p dematrixing and switc_hing means and an output coupled to a third output. terminal for
supplying the replica of the at least first auxiliary signal component.

23. - A receiver as claimed in claim 22, characterized in that the demultiplexer
means is further adapted to retrieve at least the first, second third control signals from the
information signal received from the transmission medium, and to supply said control signals
§ to an output,

the said output being coupled to a control signal input of the dematrixing and switching
means.

24, A receiver as claimed in claim 22 or 23, fbr receiving a first and a second
main signal component and at least a first and a second auxiliéry signal component, that have
) been transmitted via the transmission medium by the transmitter, the demultiplexer means
further being adapted to retrieve at least a fourth compressed signal and at least a fourth
instruction signal from the information signal received from the transmission medium, and to
supply said fourth compressed signal to a fourth output, the said fourth output being coupled
to a fourth input of the expansion means, the expansion means being adapted to carry out a
5 data expansion on the fourth compressed signal in response to the fourth instruction signal so
as to obtain a replica of the original uncompressed fourth signal and to supply the replica to
a fourth output, the dematrixing and switching means further having at least a fourth input
coupled to the at least fourth output of said expansion means and having at least a fourth
output, the defnatrixing and switching means further being adapted to combine the signals
0 applied to its inputs so as to obtain M subsignals corresponding to the at least second
auxiliary signal component at its fourth output, | ' |
- fourth reconversion means having an input éoupled to the fourth output of the dematrixing
and switching means and an output coupled to a fourth output terminal for supplying the

replica of the second auxiliary signal component.
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ncs3. In response to the second control signal, the nultiplexer 111
t uch a position that the subband signals of cﬁﬁﬁ Pum: and
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switched in a such a position that the masking control signal generated by
rator GEN1 is the second masking control signal nts2, the masking
signal generated by the generator GEN2 is the first masking control
siwo asithakdre nasking control signal generated by theg g‘fﬁf{‘ﬁ*’% GEN3
hird masking control signal ncs3. As already explaine _
refererice to figure la, the matrixing means generates in response to the
control{ signal applied to its control signal i nput 115, at its output 14
subband si gnal s L[err] and at its outp subband signals R err] which
satisfy the follow ng equati ons: L[err] ]92 .+a. (err]
Rlerr]=Rlerr]+a.Jerr] irrespective of the f=|sty, second or third control
signal applied to its control signal input L /~and where L,, Rerr] and
Clerr] are the subband si.gnal ' re split up
inthe splitters SPL2, SPL3 4nd SPLI respectiyely. Fi gure 7 sho an

enbodi nent of the receiy r receiving the gnal transmtted] &y the
transmtter of figure 6. T |recei ver of figuE 7 shows nuch re | ance
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with the receiver of figure |b. The demul ti pl exer means 41 is the sane as

WO gsiig2sde | b,

dematjri xi ng neans 57'.

ire | b. The outputs 43, 101 and 44 of the denultipl exer neans 41 are
t o expansi on neans 48', 50
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wi deband signals. The dematrixi ng means 57' now has the subband signals of
the signals L, R and Cgaw@sent atet

160, 16
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21 subband signals so as to obtain replicas L', R and C of the original
signals L, R and C respectively. As the systen1|s backwar ds conpati bl e, the
. the outputs 51' and 53' can be used in a standard stereo decoder
_btaln a W de band stereo audio signal. Figure 8 shows an
t 0 nsmtter for transmtting at |east four sj
[ ‘i?}ﬁu&!f‘aeady nmentioned L-, R and C- signal corrpontﬁ?%%?ﬂ
addi tion I S-signal conponent. The transmitter of figure 8 shows nuch
resenbl apce with the transmtter of figure 6. Thé S-signal conmponent can be
considergd as a surround signal conponegt for two | oudspeakers positioned

ft and right hand side behind ﬂdah i stener. The S-signal conponent
‘can be ohe single signal, in which case the S-signal is applied to both
ers, or two S|gnals S[err] and S[err], for the left and right
Ioudspeaker behind the |istener respe& ively. The transmtter of figure 8
shows much resenbl ance with the trans ter of figure 6. The transmtter

has at lleast a fourf?/hxfut term nal /130\f or
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he S-signal conponent. The input termnal 130 is coupled to a
jlitter means SPL4, in which the S-signal is split into subband
“The terminal is also coupled to the cal cul ati on neans 65", in
e lheeqPr OVi ded a further generator GENA for gen i
3 &éf’é}?ﬁ.‘nf ormation (a nmasking control signal) f.rorenf Ited;g’wsslz nal .
_ formation is applied to the unit 160" as well as to the second
mul ti p§ exer 162'. The output of the splitter SPL[err] is coupled to an
i nput 171 of the first nultiplexer s 111". A further output 170 of the
mul ti pl exer means 111" is present V\:ze/a&l s coupled to an input of a fourth
bitrate reducti on neans BRR4, which has an output coupled to an input of
expansi on neans 172 as well as to arg input 131 of the conbination neans
29' . An output of t expansi on nmegfys 172 is coupled to an input 135 of the
-matrixi ng neans 13" i Ki signal nctsl is applied to
BRR1. The first | Rt S~ . fe—Nppii-aa=t 0 t he i nput 131 of

! -2 g con signal is applied to
BRR2. The second instruction signal |s plied to the input 28 of the

conbi nati on nmeans 29'.
F16.4a

A

———— FI65
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”sking contro

.ap ljed to the input 94 of the conbination nea The fourth
%b45|gnal ncsd4 is applied to BRRA. A fourth ﬁ%?@&ﬁﬂFP&h si gnal

signal is applied to BRR3. The third instruction
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and t he

expander: 7' .
control signa

on and interconnection between the bitrate reducer BRR4 and the
172 is the sane as has been _descri bed above for the cooperation
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second maski ng control signal nts2 is obtained by the

EN2, that the third masking control 'signal nts3 is generated by

the fourth masking control signal nts4 is generated by GEM.
means 65" are al so capabl e of generating ontrol

si gnal &pﬂ utput 69 in the situation when the nultiplexer appﬁles the L
si gnal he output 154, the C-signal to the output 155, the R-signal to
the out it 156 and the S-signal to the output 170. That nmeans that the
first king control signal ntsl i ained by the generator GEN3, 'the
second sking control signal nts2 tained by the generator GEN2, the

third masking

maski ng control

are al so capa
the situation
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GEN1, the third masking control signal nts[err] is generated by GEN3 and
the fourth nmasking control signal nts4 is generated by GEN4A. The

PMfeans 65[er] are further capable of generating. a fourth

mal at the output 69 in the situation when the nultipl exer

3 L signal to the output 154, the S-signal to the output 155, the
_ in £sput put 156 and the R-signal to the output PpCamBIdRs20TEaNS
that t hd¥f#8°St maski ng control signal ntsl is obt ai ned by the generator
second masking control signal nts2 is obtained by the generator
third masking control signal ncs3 is generated by GENd and the
sking control signal nts4 |SZ?32Frated by GEN3. The cal cul ation
are noreover capable of gen ng a fifth control signal at the

means 65

output 69 in the situation when the multiplexer applies the L signal to the

output 170, the S-signal to the output 154, the C-S|gnal to the output 156
and the R-signal to the output 155. That neans t the first masking
control signal ntsl is obtained by the generatoF= GEN1, the second maski ng

control signal nts2 is obtalnedhb WV
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23 GEM, the third masking control signal ncs3 is generated by GEN3 and.t he.

fourth maski-ng control signal nts4 is generated by GEN2. The matri xi ng '

: generates first and second output signals L,, and Rlerr],

re‘d Fel y at outputs 14 and 92 respectlvely, whi ch satisfy the

fol '8 f e ons: L,[err]=L+a.C+b. S R =R+[err]. C+[err] I ve of
R t¢o§@%§ﬂ third, fourth or flfth control signal §§BPi%@ﬁ§§;the

cont r ol si ghal |nput 115. Both signals L[err] and Rlerr], are applied to

t he corpressi on nmeans BRR2 and BRR3 respectively. The flrst second, third,

fourth pr fifth control signal is gegﬁﬁzﬁed by the unit 160" in the
cal cul afi on neans 65", dependent of [ of the five pernutations of the
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four signals given above realizes the | argest conpression ratio. Figure 9

S nbodi t of a receiver for receiving the signals transmtted by .
er of figure 8. The receiver of figure 9 shoys.nuech

Fwith the receiver of figure 7. The demultipl exi ng neans 41' has
~out put 180 for supplying the fourth instruction signal is4, an

i suppl ying the data reduced information toPET/ARS400320

ans DEQ 182. An output of the expansion neans 182 is coupled to
a furthd@ input 183 of the dematrixing means 57". The denmtrixi ng neans 57"
functio in the sane way as the demnatrixing nmeans 57' in figure 7. It
dematrixes the signals applied to in]thuts and switches the signals

obtai ned in such a way that subband signals corresponding to the L-, the

R-, the'C—g&nd the S-signal are present at the outputs 167, 168, 169 and
184 respeciiwety. T ATLEr EUBmag signal conbination in the subband synthesis

out puf:
expansi

filters SYNTH2, SY . NTHL angZSYNTH4, the replicas L', R, C and S
of the sidnals L, 108jc an res vely are present at the output
termnal s 126, 127, 1 nd 885 respectively. For the situation that five

signal s are apoltap e t ﬁ&%m’]lﬁ ®164.} he
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) nmeans generates first and second output signals'L,' and Rerr]’ ~
iti sfy the follow ng equations: L[err], =L+[err[.Ctb. S err]+err].s,

Rl err Wed¥1228 [ err]. S[err]+b. S[err] From a. further descPCEIBWN0I0 a
transnftter for encoding and transmtting the five signals given above, and
from a§further description of a receiver for receiving and decodi ng the

five silgnals given above, is refrained as, with the information given

above, such 24 transmtter and re$§MeZ< is a straightforward further
devel o receivers discussed earlier. e Sskilled man will be able to devel op
an enbodi ment of jgych transmtter and receiver, using his skill and w thout

the need of any, tig/e activity. It should further be noted that
extensions to '

.aigive si gnal 5%6
49" 56! /157 126
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transm ssion is possible. In a six-signal transm ssion, the sixth signal
‘can ‘befgan effect signal, which signal is well known in novie reproduction.
The trgnsmitter can be used in an arrangenent for recording the signal
suppl i §d bwo9s42384gnal conbi nati on neans 29 and 29' on a rec%qmg?,w 'k@r.

Fi gure :10 schematically shows such a recordi ng arrangenent. e 03
denoted by 190 is one of the transmtters described previously. The bl ock
denoted by 191 is a channel encoder, in which the signal applied to its
input 192 is encoded in, as an exanpl? ? Eged-SolonDn encoder, and an
interleaver, so as to enable an error J J ction to be carried out in the
receiver. Further, again as an exanple, an 8-to-10 nodul ation well known in
the art, see docunent (5) in the list of references, is carried out. The
signal thus obtained is recorded in a track on a record carrier 193, such
as a magnetic or optical record carrier, by means of witing neans 194,
such as a magnetic or optical head 195. The receiver (not shown in the
figures) can be used in an arrangenent for reproducing the first and second
mai n si gnal conponent and the at |east one auxiliary signal conponent from
t he above record carrier. A signal processing nust be carried out on the
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reproduced information which is inverse to the signal processing during-
.recenfing. That is: a 10-to-8 reconversion nust be carried, followed by an
errorfcorrection and a de-interleaving. This is followed by a circuit such
as the circuit of figure 7 or 9. Figure 11 shows a further inprovenent of
the tranwoiossrsef figure 1, 6 en 8. Suppose that in the tPOTABY4E0320 Of
figure 6, the third control signal is supplied by the cal cul ati on neans 65,
and that the constant a equals unity. As a result, the signals L[err],
Rlerr] and L are transmtted after quantization. That is: the (L+C)-signal,
after quantization under the influenﬁgéﬂz t he masking control signal nts2
derived by GENI from C, where L has quanti zed, i.e. the quantized
replica of the original L-signal is used in creating the (L+C)- signal, the
(R+C)-signal after quantization under the influence of the masking control
signal ncs3 derived by GEN3 from R err] and the L-signal after quantization
~under the influence of the masking control signal ntsl derived by GEN2 from
L. At the receiver, the G and R-signals agp tgp be dgjerm ned by neans of
dematrixing of the three transmtted signgEe\ i ined fromthe

received (L+C)-signal and the L-signal. Due to the neasures taken upon
quantizing (L+C), nanely prequantization :

a . :2:'5:7:3:
b. R ':3:&:1;24
c c —_ 8,1,
d at 154 :c:L:L:'L:
e ot ® R R C _C
f ot 158 L, C R R,
g.  mes) :.2:3:1:2:
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25 ofg L and the nasking control signal being derived fromth
quantii zati on_di stortion in the so-calcul-ated replica of Cw

A

PR gnal, the,
g

maskgd, as hIRCHEen expl am@@wmmwpgﬁ_my%nd (2). eever, upon
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) Title: TRANSMISSION AND RECEPTION OF A FIRST AND A SECOND MAIN SIGNAL COMPONENT
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#57) Abstract

Cast two inputs signals to a first input (11°) of matrixing means (13°), and to an input of first bitrate reducing mm;gngvgfogfg
itrate reducing means is for carrying out a data reduction step on the signal applied to its input and to supply a ¢-* u

pansion on the data information applied to its input, so as to obtain a replica of the signal applied to the j¥ut Of the b‘“‘?‘?ﬂ““‘;ﬁ;‘,‘l‘s
means at an output. Said output is coupled to a second input (12') of the matrixing means (13"). An outpr (14") of the mr::m. 8 means
(13") is coupled to signal combination means (29) via second bitrate reducing means (BRR2). The outpit /0 the first bitrate © ucmgo 2 10
(BRR1) is also coupled to the combination means (29). The signal combination means (29) is adaped to combine ““i:;%s 50) snd
enable the transmission of those output signals. Conversion means (SPL2, SPL3) are.provided between the input termina gnals (6ig. 6)
the inputs of the multiplexer means (111°) for converting the input singals into corresponding subsignals, such as subband si g 2

signals supplied by the combination means can be recorded on a record carrier (193) (fig. 10).

A transmitter for transmitting at least a first and a second main signal component (L+R) is disclosed, having at lfl‘;'x;:: ;‘:‘:
inals (1, 90) for receiving the at least two input signals. The transmitter comprises multiplexer means (111°) for ADIE

output. Expansion means (7°) are present, having an input coupled to the first bitrate reducing means (BRRI’ or carrying out a data

er, a receiver for receiving the signals transmitted by means of the transmitter via the transmission medium, is disclosed (fig. 7). The




*

The conpensation circuit 210 of figure 11 can be inserted between t hefom et 7
Joutputs 14' and 92' of the matrixing means 13' or 13" and the inputs 25 and
93 of the signal conbination neans 29 or 29'. As can be seen in figure 11,
the conpensation circuit 210 includes an bxpan3|on means 200, which carries
out an expansion on the dataréeduced signal supplied by the bitrate reducer
BRR2, undéFrassnrissionfdndcracaption of Adirstang a morrdjmammgmi gemporiest. The
dequantlzed subband signals thus obtained in the. expan I @n--peans,

supplied to an input 202 of a subtractor CIrCUItFZO ﬁ*"*“ €
signal s supplied by the matrixing means at its out fut’
second input 203 of the subtractor circuit 201. In?
201, each subband signal of the M subband signal s
nmeans 13' are subtracted fromthe correspondi ng subband si-gnal™

subband signal s supplied by the ~so as to obt ain M ”

conpensation signals. Those corﬂﬁ&a&?oﬂagllgﬁ 199% suppl-ied;"to” anuM‘!puL R

204 of an adder circui {rhe fivendoireditésdidla %snﬂ&ertiﬁﬁuﬂﬁﬁﬁxhiﬂg% l%?ﬁﬁré%nm% s
I ch

coupled to a second input 206 of the adder circuit 205, an output of
i s coupl eeeandmain signalicoptponens, in whish @ qombined ruseREMatTixing and bttmterwducnon

conpensat ;0P rred out. The invention further relates to a receiver for receiving the signals transmitted
' by the transmitter, to compensation means that can be used in a transmitter and to a record

e

I
)
1
:
!
[
i
i
i

carrier.

BACKGROUND OF THE INVENTION .

Matrixing can be carried out when transmitting a first main signal
component (the left hand signal component L of a stereo signal), a second main signal _
component (the right hand signal component R) and an auxiliary component (a central signal
component C), such that a first signal component L. is obtained which equals L + a.C and a
second signal R, is obtained which equals R + a.C, and where the signals L, R, and C are
transmitted. Upon reception by a standard receiver not being provided with a corresponding
dematrixing circuit, the signal components L, and R, are used for supplying via two stereo
loudspeakers to a listener. The listener is thus able to perceive the C component transmitted

as well, although he has a standard receiver.

| More sophisticated matrixing schemes are discussed in J.A.E.S., Vol. 40,
No. 5, May 1992, pp. 376-382, as well as in the publication *Matrixing of bitrate reduced
audio signals’ by W.R.Th. the Kate et al, in Proc. of the ICASSP, 1992, March 23-26, San

~ Francisco, Vol.2, pp. II-205 to II-208, documents (1a) and (1b) in the list of references.

Compression means for bit rate reducing a sigr{al has been described in
published European patent applications 457,390A1 (PHN 13.328) and 457,391A1 (PHN _
13.329), the documents (7a) and (7b) respectively in the list of references. Bit rate reducing
the above signals L, R and C by means of the above compression means results in these
signals being contaminated with quantization noise. The aim of the above compression means
is to keep the quantization noise below the threshold of hearing. After transmission and
receiving the quantized signals, the quantized signals are dequantized in the receiver, so as to
obtain a replica of the signals L, R and C. The original signal components can be retrieved
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signals is added to a correspondi ng one of the M subband signals applied by
.the matrixing neans 13', and the signals thus obtained are applied to the
bitrate reducer BRR3. The cooperation and the interconnecti on between the
bitrate reducer BRR2 and the expander 200 is the sane as has been descri bed
above for the cooperation and interconnectgon between the-bitrate reducer
BRR | and the expander 7'. The signal conbination circuits 201 and 205 are

in the fornpplermatfiking tRe SQjuamtivdd aignald Ay RY SRDEC Itihas lappeardd thinthé dedeived sereche
noted that, 1f _one or, thefsi nal s applied to one ?‘f ghe slfgg&,ll %rbébnation
circuits 2042nahds smmetimes af Y gpantizatign nqise, whigh has begome G P¥io a
subtract or iohkd FCXSSB Publicatibl) Ris fouhd Wisblutidif o th@dprobleay int thax 4 Gdntigations
201 and ZOSEE‘?)&:PI%&have_bggn combi ned int_g one si gna conbi_natio?;&ﬁnit, W th
three i nput andDeorrespandingideguantization isrragriesheut sntqratone v ikg $1g9ah sompensats. dhe
the circul U erdhitters described in the said publication however still suffer from a deterioration in the
transmission characteristics.

OBJECT OF THE INVENTION

The invention has for its object to provide a transmitter including
matrixing means and compression means which is capable of encoding 2 first and a second
main signal component, and eventually at least one auxiliary signal component, in such a
way that upon decoding in a receiver, the deterioration described above can be overcome.

The transmitter for transmitting at least a first and a second main signal
component, therefore comprises
- at least a first and a second input terminal for receiving the first and second main signal
component,
- at least a first and a second signal conversion means, each having an input coupled to a
corresponding one of the input terminals and an output, the conversion means being adapted
to convert an input sighal applied to its input into M subsignals and to apply the M
subsignals to its output,
- multiplexer means having at least a first and a second input coupled to the outputs of the at
least two signal conversion means, at least a first and a second output and a control signal
input, .
- first compression means having an input coupled to the at least second output of the
multiplexer muns; the first compression means being adapted to carry out a data reduction
step on the signal applied to its input in response to a first masking control signal and to
supply a data compressed signal to an output, ' '
- masking control signal generator means for generating the first masking control signal for
the first compression means, the first masking control signal having a relationship with a
masking threshold of the signal applied to the input of the first compression means,
- first expansion means having an inp.ut and an output, the input being coupled to the first
compression means, the expansion means being adapted to carry out a data expansion on the
signal applied to its input so as to obtain a replica of the signal applied to the input of the
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first compression means and to supply the replica to its output,




By neans of the elenments 200 and 201 in the circuit 210, the quantization
.distortion in the (L+C)-signal, present at the output of the bitrate
reducer BRR2 is determned and is added to the (R+C)-signal by neans of the
el enent 205. The signal thus obtained is quantized under the influence of
the masking control signal (nts3) derived fromthe R-signal. Note, that the

di stort dded, to the, (R+C ked by th
15 a0 s EREPE ARt ROGPE 8 (Fass T and & SraRd fhuk. G St G e, coHBIed 18
derived in :ﬁ@ﬁrsiismehf datxmwnmemﬁﬁean& hfdtHeRcdrld iRputheinpatouplid thike output. of

L-signal . L-conponent 1n the (L+C)-signal is the sane_ L-signal
that recei \mm Rxpagsion gieans, dbe matmixing meank Grther bavirg anautpyt for sepplying an~

20" pr ase dhh gl b nfind S Rl kb o SOrRG e Moy piedib il
deriving t lispuRasd gnliehst sensignad applind ®uikst seoartd mgutcsofasdmdaam thEhmitput signal,,

quanti zation_di st or nal hat
Quet ot he e SuranohRienk EiVEhk R ity SR oie B Suigilh SF e aoasts shint
upon the rraﬁklaﬂ@uqmttho kecond) Iﬁﬁﬂnpfﬁsﬁen dreans/seing mmda toredrryidut atdatasrelisetion
masked. |t shoultﬂ otegeé I he R-S|tqonal I s . the th|rd sg a{
transnit t edtep on the sign to its mput m response 0 a second masking control signal and to
supply a data reduced output signal to its output, the masking control signal generator means

being adapted to generate the -second masking control signal for the second compression
means, the second masking control signal having a relationship with a masking threshold of
the signal applied to the first input of the matrixing means,
- instruction signal generator means for generating at least first and second instruction
signals, the first instruction signal being generated for enabling an expansion in a receiver on
the data reduced output signal of the first compression means so as to obtain a replica of the
signal applied to the input of the first compression means, the second instruction signal being
generated for enabling an expansion in the receiver on the data reduced output signal of the
second compression means so as to obtain a replica of the output signal of the matrixihg
‘means, |
- control signal generator means for generating the control signai for the multiplexer means,
- signal combination means for combining the output signals of the at least first and the
second compression means as well as the first and second instruction signal and the control
signal so as to enable the transmission of those output signals.

The transmitter for transmitting a first and 2 second main signal
component and at least one auxiliary signal component therefore comprises
- at least three input terminals for receiving the at least three signal components,
- at least three signal conversion means, each h.aving an input coupled to a corresponding one
of the input terminals and an output, the conversion means being adapted to convert an inp\it
signal applied to its input into'M subsignals and to apply the M subsignals to its output,
- multiplexer means having at least a first, a second and a third input coupled. to the outputs
of the at least three signal conversion means, at least a first, a second and a third output and
a control signal input,
- first compression means having an fnput coupled to the at least third output of the
multiplexer means, the first compression means being adapted to carry out a data reduction




together with the L, and R signal, the "mrrored circuit of figure 12
shoul d be used |nstead of the circuit of figure 11. Either circuit needs to
be used if a signal which is mixed in both conpatible signals L, and Rl err]
is calculated by the receiver fromthese npati ble signal (like Cin the
above exanple). The selection whether the circuit of figure 11 or figure 12

| d nd ' d
Che | nf1 ueted Sy B bt RS Rpurih FeEBRAY it ARling Cordf Sgnaiiha i le!
signal. In shﬁpiyalih!taiam(w@ressed sigsalwaan oput,L+C) - si gnal , and thus figure 11
d. Mo | | ' h di . of f] 6. LI the.
(L20) Sot gnalmaskiiE orreh Serel Renemuprmess 1or Ermane e Al isHine penytol Siggat for

.conpensat i qge fitst Gothpressidn mestis! melfirsmaﬂcmgadoauapsxgm dving & reladiofshi nﬁ agnal ,
the (R+tC)-signal and the L-signal are transmtted, the CII’CUI'[ of figure 11

i s used. | fmaskiag (tlrst!pl%%ﬁamznﬂh@at( iRapplied; tgihs inputiok the wsqogmss'aﬁ dneans,

transmtted, f qure
8: if the (L?%Mf@#ﬁ%‘ﬂthh&h?%%&s@hi%ﬁg&m g “E X gnal % tﬂé fitst

$-signal arcompressienmenrsy the erpansien Banstheins aﬁapvsdu m sarey ou guw@ans;on on the
signal applied to its mput so as to obtain a replica of the signal applied to the input of the

first compression means and to supply the replica to its output,

- matrixing means having at least a first, a second and a third input, the first and second
input being coupled to the first and second output respectively of the multiplexer means, and
the third input being coupled to the output of the expansion means, the matrixing means
having a first and a second output for supplying a first and a second output signal, the '
matrixing means being adapted to combine the signals applied its inputs so as to obtain a firs
output signal which has a relationship to a combination of the first main signal component
and the at least one auxiliary signal component, and the second output signal which has a
relationship with a combination of the second main signal component and the at least one
auxiliary signal component,

- second and third compression means, each having an input coupled to the first and second
output respectively of the matrixing means, and an output, the compression means being
adapted to carry out a data reduction step on the signals applied to its inputs in response to
second and third masking control signals and to supply data compressed first and second

. output signals to their outputs, the masking.control signal generator means being adapted 10
generate the second masking control signal for the second compression means, and being
adapted to generate the third masking control signal for the third compression means, the
second masking control signal having a rela}ionship with a masking threshold of the signal
that is applied to the first input of the matrixing means, the third masking control signal
having a relationship' with a masking threshold of the signal applied to the second input of
the matrixing means,
- instruction signal generator means for generating at least first, second and third instruction
signals, the first instruction signal being generated for enabling an expansion in a receiver on
the data reduced output signal of the first compression means so as to obtain a replica of the
signal applied to the input of the first compression means, the second instruction signal being
generated for enabling an expansion in the receiver on the data reduced output signal of the




or 12 are not used. If the (L+C+S)-signal, the (R+C+S)-signal, the L-signal
and the S- 27 signal are transmtted, the circuit of figure 11 is used.
I'f the (L+C+S)-signal, the (R+C+S)-signal, the R-signal and the S-signal
are transmtted, the circuit of figure 12Ciss used. If the (L+C+S)-signal,
the (R+tC+S)-signal, the L-signal and the CGsignal are transmtted, the

[ it of fi ' L+CES).- si gnals_th R+C+S) - si gnal. ,.
the R si gnaeodi fopmlessibn, 8l o0 as b Gorkin s el P8 e i oA e g
used. Ther eheins, the hitird instractdnt sigral being igenepated fatastablirigharoedpansiéin the receiver

ircuit which is swtched into the transmtter circuits of

? ?3‘3 ?226‘2' mg dat reguced, oytpuk sigpaliaf the @Erﬂe’—omrqs&%msms ¥y obugin 3 repliga of

shown in figalsRodd oliputSigifal lofhe mateRApAAInsOf Which signals are _
transrrittedt.géjS\Mptc,hitgg n‘%m;’ls (not _shown), shoul d be available to realize

~ the swi t chi-rfgneel signe! Benssaas meprsfor igprasating the contral signaharitke multiplexermeas, n
the nodes Q'}?gxﬁﬂgmﬂ%ﬂatioﬂrm%"s £6f cdnifinihf S RiehdtSignals’ tthd fitd sekond and third

compression means as well as the first, second and third instruction signals and the control

signal so as to enable the transmission of those output signals.

.The invention is based on the following recognition. The transmitter in
accordance with the invention applies multiplexing on the at least two input signals prior to
matrixing and bitrate reduction. _

" In the case that two signals (L and R) are transmitted, this results in either
the L-signal component applied to the first input of the matrixing means and the R-signal
component applied to the second input of the matrixing means or the L-signal component _
applied to the second input of the matrixing means and the R-signal component applied to the
first input of the matrixing means.

In the case that only three signals (L,R and C) are transmitted, this results

" in _
-(a) either the L- and R-signal component applied to the first and second input of the

| matrixing means, so that the C-signal component is applied to the third input of the matrixing
means after prequantization and corresponding dequantization, :
(b) or the L- and C-signal component applied to the first and second input of the matrixing
means, so that the R-signal component is applied to the third input of the matrixing means
after prequantization and corresponding dequantization,
(c) or the C- and R-signal component applied to the first and second input of the matrixing
means, so that the L-signal component is applied to the third input of the matrixing means
after prequantization and corresponding dequantization.

It is determined, for time .equivalent signal portions of the at least three
signal components, which combination of two signals from the at least three input signals
supplied to the transmitter, when applied to the first and second input of the matrixing
means, results in the maximum data reduction obtainable.

As a result, a switching over between signals applied to a certain input of
the matrixing means as well as the bitrate reducing means can occur in the multiplexing
means, for each subsequent signal block of time equivalent signal portions of the at |
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third node). The swi tching nmeans can switch the conpensation circuit into
the various nodes in response to the first, second or third control signal,
Ui scussed with reference to the enbodi ment of figure 6, or in response to
the first to the fifth control signal, discussed above with reference to
the embodi nent of figure 8. The conpensatidh circuit described in figure 11
and 12 can al so be used in the known transmtters described [n the US

Pat ent appl thres signal sempongsts applied to tetrangmitter- o s swilehige eyer; h°‘f’ﬁ‘@’ , leads to

transmtter if ichts i iR afBN fecOfsttubiod IS Fecelvef, AARAESOUS
I s shown mfﬁ%‘?fr‘%%l&%h@ t&?éﬁ?ﬁ&ft gﬁﬂofa fi-gureﬂ-13 hasn I nput termnals |
~and 2, to widetetioratien of thosd sighals.R r espectively are supplied. Those input
~termnals are coupl ed tog,subband.splitters. SPL2 and, SPL| | 1. 1he
subband si gnal s obt ai nednj?éggﬂ‘pfﬂuﬁﬁh‘a} ghel fﬁﬁm ngif@ﬁq""féﬁa?'gé'%g%?.&%‘gﬁsy of
mul ti pl exer tdokl place Th ¢hewidebsrldedattiaih lof 8aith 3ignills avas ahe mbjon chuserof ahis ideerioration.
swi tching ans 111 err‘g of . fiqure 6 excegt for@ihe.fg&t [ hat it _now
g" _i:(n
sig

nul ti pl exes AT g iny n SYitching-Aow takes placs dny, g3\ drmalyy thak is

L1 [err] isafi@uné Signdl hhvidbéen Icbheéried ifo th kibisignals (mmmzbmmmmorl%
of the nultiplexer 111[err1
subband coded signals).

I's coupled to an i nput of the bitrate

If the transmitter is capable of exchanging the subsignal components of
the input signals before further encoding, the corresponding receiver should be capable of
rearranging the subsignals in their original order after decoding and prior to reconverting to
wideband signals. such receiver is the subject of the claims directed to such receiver.

In the situation where the transmitter is in the form of an arrangement fo
recording the signals on a record carrier, a record carrier thus obtained is characterized in
that the record carrier comprises the output signal of the signal combination means recorded
in the track, the said output signal comprising the at least first, second and third control
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described with reference to the following
figure description, in which |

figure la shows an embodiment of the transmitter as described in figure
4a of a previous patent -application,

figure 1b shows an embodiment of a corresponding receiver, described is
figure 4b of the previous application,

figure 2 show signal waveforms as a function of time of the signals L, R
and C, . |
, figure 3a shows the signal waveform as a function of time, as applied to
one of the inputs of the matrixing means,

figure 3b shows the signal waveform as a function of time, as applied to
one of the coinpression means,

figure 4a shows the signal waveform of figure 3a after reception and
expansion, | '

REPLACEMENT SHEET| figure 4b shows the signal waveform of figure 3b after reception and
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reduci ng neans BRR1. The output of the bitrate recRE'P S
coupled to the input of expansion neans :(DEQ 7', |as u'[. 4rg I nput
26 of the signal conbination neans 29a. An output Jof the expansio ans 7'
is coupled to the input 12' of the matrixing neang 132 2WAR 99Fs pepn said
above in relation to the cooperation-and ihterconpegtion between fh
bitrate reducer BRRI and the expander 7 in figuref{l, is equalTy™valid for
the bitrat expégiongr BRR1 and expander 7' in figure~i3..The matrixing nmeans

13a functions so as to gbtain an output signal at. an.aqutp 4' Jich is
proportional to the su ‘GP"‘tﬂé‘“’é’Ysg‘ﬁﬁle?"ﬁfaﬁﬁ? &y ‘8‘°Pﬂ'é°f?fﬂ\§t#t'fé‘f‘@f e
28 12' . ThejgaisNVindle obBinddftefRédebiion) xpindion ahddedons@@dtiohed via bitrate

reduci ng neans BRR2, to_the input 25 of the conbining nmeans 29a.
figure 6 shows a first embodiment of the transmitter,

figure 7 shows a first embodiment of the receiver,
figure 8 shows a second embodiment of the transmitter,
| figure 9 shows a second embodiment of the receiver,

figure 10 shows the transmitter in the form of a recording arrangement for
recording the signals on a record carrier,

figure 11 shows an embodiment of a compensation circuit that can be used
in the transmitters described,

figure 12 shows the compensation circuit used in a different way in the
transmitter,

figure 13 shows an embodiment of the transmitter for transmitting a first
and second main signal component,

figure 14 shows an embodiment of the receiver for receiving the first and
second main signal component transmitted by the transmitter of figure 13,

figure 14a shows a detailed embodiment of the dematrixing'and switching
means of figure 14, |

figure 15 an explanation of multiplexing on subsignal level for a 2-channel
version, and

' figure 16 an explanation of multiplexing on subsignal level for a 3-channel

version.

DESCRIPTION OF THE EMBODIMENTS

Figure la shows an embodiment of a transmitter which is also described
with reference to figure 4a in the earlier filed US Patent application ser. no. 32,915 (PHQ
93-002), which is document (2) in thé list of references. Figure 1b shows the corresponding
receiver, which is also described with reference to figure 4b in the said earlier filed US
patent application. The transmitter of figure la is meant to transmit a first and a second main
signal component, such as the left and right hand sign'al component L and R of a stereo audio
signal, and an auxiliary signal, as an example C, which is a central audio signal, via a
transmission medium TRMM. A digitized version of the left signal component L is applied
to a first input terminal 1 and a digitized version of the right signal component is applied to a



Cal cul ati on neans 65a are present. The cal cul ati on neans 65a function in an
equi valent way to the cal culation neans 65 in figure 6, in that it now
-generates a first and second control signal only at its output 69. This
control signal is applied a control signal input 158 of the nultiplexer-
111[err], to the control signal input of #8he nultiplexer *162a, to the
control signal input 115 of the matrixing neans 13a and to the input 73 of

t he conbi nsesgndrinputtepminal 90 and tiecagntali ignahEdn appivd te dhpierminal heThiteEpinglss s

GENl and E@ﬁ:}ﬂd C i< GLEH rape rtﬁeaﬁ?'\'l
and GEN2 ﬁgaggg%ﬁe ton‘?naggﬁg{n% 10?5 andéfg%ﬁﬁ lﬁg’sglggatbiove yﬁg‘mgﬁg@con
mul ti pl exellll6lhe. terivinal R jswtospled 40 thecnterminal of the switels i nig the switehling mgans! s

appl i od t oL Eh e dbt efwiral fy oFIRLonEs B ttal 32 R i 73, THF el o0
i's appl i edcéupiddne the a-teriindl of tied SEHERN anBNERerntifalr 2Boupied td tHeBietringls of

control signal ,appljed to the input 158, the nmultiplexer Ilais switched in
such a pos isaﬂmi‘%a*o%f@ubband signals of the L- and R signals are

applied to the inputs Ijhe Bidétmisal of @fePfdich\70liY colipléd® I1Rist inpuh¥1 BE Aatrixdsa
Further, the multiplexer 162a is switched in a _such a _position that the
maski ng comepns| 13s{Tsdrterminal of the switch 110 is coupled to the (third) input 91 of the

matrixing means 13, and the d-terminal of the switch 71 is coupled to an input 4 of first

compression means 3 denoted by CM1.

In the first compression means 3, a bit rate reduction, namely in the
element denoted by BRR1, is carried out on the signal' applied to its input 4 in response toa -
first masking control signal mcsl, which is applied to a control signal input of the bit rate
reducer BRR1. A possible embodiment of the compression means 3 has been extensively
described in the above mentioned published European patent applications 457,390A1 (PHN
13.328) and 457,391A1 (PHN 13.329), ref (7a) and (7b). This embodiment comprises a
subband splitter, indicated by SPL1, for subband éplitting the input signal into a number of
M subband signals occurring in consecutive subbands. For time equivalém signal blocks of q
samples in each of the subbands, a bit-allocation information n,, is derived from the signal
contents of the subbandsignals SB,, in the various subbands. m runs from 1 to M. The bit
allocation information is the masking control signal and is derived in the block denoted by
GENI1, on the basis of the subband signals generated by the subband splitter SPL1. The
subband signals obtained are supplied to the blocks denoted by GEN1 and BRR1. A
quantization is carried out (in the block BRR1) on the q samples having a precision of at
least 16 bit (as an example), in the time equivalent signal blocks of the subband signals in the
M subbands in response to the bit allocation information n,,, such that the q quantized
samples in a signal block of the subband signal SB,, are now represented by n,, bits. When
the value of n,,, averaged over the correspand'ing M values for n, is, as an example, 4, this
means that a. data reduction of a factor 4 (16/4) has been obtained, if the samples have an
original precision of 16-bit. The bit rate reduced signal (that is: the quantized subband
signals) is (are) applied the output 5 of the compression mﬁns 3. Moreover, the bit

~ allocation information n, to ny, is applied to an output 6. The bit rate reduction carried out is
based on the effect of masking, where a frequency component having a certain frequency and
a certain amplitude results in a masking effect of a certain level for neighbouring frequency
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generated by the generator GENL is the first masking control signal ntsl
and the masking control signal generated by the generator GEN2 is the
second nmaski ng control signal ncs2. In response to the second control
signal, the multiplexer 111[err] is switched in such a position that the
subband signals of the L- and R-signals aregappl led to the inputs 12' and
11' respeéectively of the matrixing nmeans 13a. Further, the nultiplexer 162a
i s swi t ched cpmpaneats- Nejgbooyringnireqiency FRMPRISRIS 13Ving 3p AFIPlityds below; tespasking y
the gener at of 3 dndiitid'end héedindi e tAIRY iR HcEAUnt ST AbskiRS levalid thé) GariBrs ki Ng
control signal generated by the generator GENL is the second masking .
control si gisabibandsszlatento the bitallpcation information, [that i the valyeg nmtaps. Tivg bit
generates i 0, ' ' t.Q r | gnal
put 115,  ANAERGR bt fioh iirofidn ShoRladA v RitslaEita e Bk Bkl D
fol | owi ng egigadlimesl, A4 alrealiy[indicdted flwove] whicR[is gerderated by ke maskingacdntroh signal b
are equal to each gh?ﬁr the control signal A applied to the control signal
i nput 115, EFRFAY e control signal input 115 itself, may be di spensed
with. | Figure 14 shows anGendraMy,sile fadtodsfor (and drotsY each lof HRCEMY iefivilaR signal
si gna

blocks of q samples of the M subbandsignals are derived, so as to normalize the time
equivalent signal blocks prior.to carrying out the data reduction step in the block BRR1. At
this moment, however, it will be assumed that the scale factors are derived in the generator
GENI, and that the masking control signal also includes the scale factors.

|  The compressed data supplied by the compression means 3 is applied to
an input 8 of expansion means 7, denoted by DEQ. Further, the masking control signal mcsl
is applied together with the scale factor information as the first instruction signal to a control
signal input 10 of the expansion means 7. In response to the instruction signal isl applied to
the input 10, the expansion means 7 realizes a ﬁequantization on the quantized signals applied
to the input 8, so as to generate a replica of the original signal component applied to the
input 4. This means that for time equivalent signal blocks in the M subband signals, fhe

" samples are retrieved from the compressed data received via the input 8, and the q n,-bit
samples in the subbandsignal SB_, are reconverted to 16-bit samples. The subband signals so
obtained are combined in a subband combiner so as to obtain the replica of the original
wideband signal component. _ '

Subband splitters and corresponding subband combiners are extensively
described in the prior art, see.eg. published European patent application 400,755 (PHQ
89.018A), document (6) in the list of references. '

It should be noted here, that the derivation of the bit allocation _
information (the masking control signal) in -the.generators GENI, GEN2 and GEN3 need not
be derived from the subband signals. It is also possible to derive the bit allocation
information from the wideband signal, using a Fast Fourier transformation.

It should be further noted here, that the bitrate reduction as described
above has been carried out in the subband signal domain, after having split the wideband
digital audio signal into narrow band subband signals. It is however also possible to realize a
bitrate reduction by carrying out a transform encoding of the wideband signal so as to obtain
frequency components, on which the data reduction is carried out.




29 transmtted by the transmitter of figure 13. The outputs 43 and 44 of
the denmul ti pl exer nmeans 4l1la are coupled to expansi on neans 48 and 49
-respectively. Qutputs of the expansion neans 48 and 49' are coupled to

i nputs 55" and 56' respectively of dematrjxing-and sw tching nmeans 57a. The
dematri xi ng and swi tchi ng neans 57a now h&s the 'subband signals of the

[ ls L d R t.at i tputs 167 and 1 respectively._The
oULputs 167 and 165 ar dt SRR 80 Do Aoied R e iApyicet o, SFAEn o M 1 peed not
respect i veh&a&&hﬁlﬁ@%ﬁ&h&o kel dutputSeaitfic Sompredsicimeans Sl Hat A ARFhdtvElyYbe

whi ch synthests filter neans conbi ne the subband signals so as to obfain
replicas Ltoupled tRandntemngbtesmingl mﬂhcbitmraﬂueermh'ﬂ@sfpawmmm apicyample]14a
shows a nog, etail ed diagram of the dematrixing and switching nmeans 57a of
figure 14. I's assuned here that the constants a and b of the

Bitrate reducing the input signal in the bitrate reducer BRR1 means the

following steps to be carried out on the 16-bit (as an example) samples in a signal block of
the subband signal in subband m. First the q samples in the signal block are normalized in a
normalization step, using the scale factor. Then a quantization step follows in which the 16-
bit samples are converted to n,-bit numbers. Supplying the n_-bit numbers to the expander 7
requires that both the scale factors and the bitallocation information (the n, values) are
supplied to the expander 7.

It is however also possible to supply 'rounded® samples to the expander 7, -
instead of their identifying n,-bit numbers. These 'rounded’ samples are still represented in
the 16-bit precision. In this situation, the input of the expander 7 is coupled to an internal
terminal inside the bitrate reducer BRR1 where the 'rounded’ samples are available. Further,
only the scale factors need to be supplied to the expander 7, in order to obtain a replica of
the input signal of the bitrate reducer BRR1.

The output 9 of the expansion means 7 is coupled to a second input 12 of
the matrixing means 13. .

The matrixing means 13 generates first and second output signals L, and
R, respectively at outputs 14 and 92 respectively, which satisfy the following equations:

L.=L+a.C
R.=R+a.C

In dependence of the position of the switches 70, 110 and 71’ in the
switching means 111, the following situations are possible.

(2) With the switches 70 and 110 being in the a-b position, and the switch 71° in the b-d
position, the L signal is applied to the input 11 of the matrixing means 13, the R-signal is
applied to the input 91 of the matrixing means 13, and the C-signal is applied to the input 4
of the bit rate reducer 3.

(b) With the switch 70 in the a-b position, the switch -110 in the c-b position and the switch
71’ in the a-d position, the L-signal is applied to the input 11 of the matrixing means 13, the
C-signal is applied to the input 91 of the matrixing means 13, and the R-signal is applied to
the input 4 of the bit rate reducer 3. |

(c) With the switch 70 in the c-b position, the switch 110 in the a-b position and the switch
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formul a gi ven above both equal unity. The neans 57a include a dematri xi ng
unit which conbines the signals applied to the inputs 55 and 56' and
generates either the L or the R signal conponent, dependent of which of the
two signal conponents is applied to the ipput 55 . Further, controllable
switches are present to couple, in respon to the control signal applied

to th | signal jnput 121. of. the & 57 tputs.167 168
Lo it hor THan iR fdpastdon e Crrlehnk i gl o, e bt 1 i, Pl efici B,
way ar oundr-spaal 3 A3PRENUE tHe iﬁﬁutvﬁli 6hthefmitHRinR Msds 135 aid e Laipaaniipplied to

applied to the input 55 . It has been expl ai ned above that the bl ocks
denot ed byinpeid gbthe bit mte reduesrt3. al | ocati on i nf or mati on which enables a data

- conpression neans to cagr t Welgl t [ ur,,gﬁ% I
be conpressed. Those ggﬁles}sg@grh ocC ?@ﬁ?ﬁ@r gf)ﬂ} %%%%ru%gzﬁaa po “rﬁ&?lkl £
det er m ni nggnemtenthefastpud sigaalsilniand Rhis accopdancepwitk the abavedfonniiae ricrespectiveoof

Val e det SFWERSiRDuR AR R o B idhuld TSR T RS Y g power val ue 11
each of the subbands orTHaormehns eharj iin rthe tsheativasta) ngivenvabovgsthe Csipnal m ties
reans o OHRHAE gven BBt it i B e repies A the C-sighl, whicth &' ppice o tht it 2
of the matrixing means 13. In the situation (b) given above, the R-signal is applied to the
input 12 of the matrixing tﬁeans, so that the R-signal in the formulae given above is in fact
the replica of the R-signal, supplied by the expansion means 7. In the situation
(c) given above, the L-signal in the formulae given abdve, is a replica of the L-signal, which
is supplied to the input 12 by the expansion means 7.

The output 14 of the matrixing means 13 is coupled to an input 17 of
second compression means 21, denoted CM2. The second compression means are adapted to
carry out a bit rate reduction on the signal L. in the element 18, denoted BRR2, under the
influence of a second masking control signal mcs2 applied to a control signal iﬂput 20. The

-compression means 21 comprises second masking control signal generator means GEN2 for
_generating the second masking control signal mcs2, which is applied to the control signal
input 20 of the bit rate reduction element BRR2. The masking control signal can again be in
the form of bit allocation information values n, to n,, as explained above. The masking
control signal mcs2 is obtained from the signal applied to the input 11 of the matrixing
means 13. The compression carried out on the signal L. can be identical to the way in which
the bit rate reduction in the compression means CM1 is carried out. That means that a
subband splitter SPL2 is present to supply the subband signals to the element GEN2, in order
to derive the masking control signal fncsz therefrom. Further, a subband splitter SPL4 is
present so as to obtain the subband signals fr.om the L. signal for the bit rate reduction step
in the element BRR2. A data compressed siénal is applied to an output 19 by the bit rate
reducer 18. Moreover, a second instruction signal is2, which includes. the second masking
control signal mcs2 and further includes scale factor information, is applied to an output 23.

The compression means CM2 further comprises a generator GEN3, which
functions in the same way as the generator GEN2, and which derives the masking control
signal mcs3 from the signal applied- to the input 91 of the matrixing means 13. Further, a
bitrate reducer element BBR3 is present, which functions in the same way as the bitrate
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means are present for determning the bit allocation information (the
nunber of bits per sanple for sanples in tinme equival ent signal bl ocks, one
signal block in each of the subbands). If the switching in the nultiplexer
111" takes place on the boundaries of those signal blocks, it my be
possible to nove the bitallocation neans 2 the three generators, such as
in figure 6, to a position after the multiplexer 162, -This f@é t he, reason

that the pawduces BBBZnend Whichwulpries 2 GF‘Pi"@f“é’Fﬁssqdo?“‘P‘Hé_'ﬁ_S’Pbngl SEES‘aH_ pri Wiaich

00 and 2 odiPyREresRE R i appticd’® 1 0MPR, NSRRGSR STLTR prbich e oo

the mul ti plobmn subbandisipnals for. theigenerator IGENS angh afsubband splitért SPLeis presenhgo as

bl ock 160 btg o%%lxp lstlxbrl].ugnJ Qi%nél? %ﬂ? tl(l)cf si%xrllﬁ tR,le ic gu%bgrpde sn'grrxlﬁslsJ tan: supplied to the bit
rate reducer BRR3. The masking control signal mes3 is applied to an output 23' as an
instruction signal is3, together with scale factor information.

It is shown that the derivation of the two masking control signals mcs2
and mcs3 is realized separately in the two elements GEN2 and GEN3. It should however be
noted that both masking control signals can be derived in a combined procedure out of the
two signals applied to the inputs 11 and 91 of the matrixing means 13. Reference is made in
this respect to document (7a), the published European patent application 457,390A1 (PHN
13.328). - '

, It should further be noted that, in order to further reduce the bitrate in the
second compression means CM2, it is possible to apply a stefeo—intensity mode coding on
time equivalent signal blocks of the corresponding subbandsignals in the first and second
output signals of the matrixing means 13. A stereo-intensity mode coding of a stereo signal is
extensively described in European patent application no. 402,973A1 (PHN 13.241), which is
document (3) and European patent application no. 497,413A1 (PHN 13.581), which is
document (4) in the list of references. It is even possible to apply the stereo-intensity coding
on more than two signals. _

The compressed signals L, and R, are applied to inputs 25 and 93
respectively of signal combination means 29. Further, the compressed signal present at the
output 5 of the compression means CM! is applied to an input 26 of the combination means
29. Also the instruction signals isl, is2 and is3 are applied to inputs 27, 28 and 94
respectively of the combination means 29.

The combination means 29 combine the compressed signals and the
instruction signals (bit allocation information) so as to obtain a serial datastream that can be
applied via an output 30 to a transmission medium TRMM.

Published European patent application 402,973 (PHN 13.241), document
(3), extensively describes how compressed signals and bit allocation information can be
combined so as to obtain a serial data stream of information. Another way of combining
various signal components is by applying hidden channel techniques. Reference is made in

this respect to the previously mentioned J.A.E.S. publication, document (1a).

REPL ACEMENT SHEET ' The transmitter of figure la further includes calculation means 65. The
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termnals via power determ ni ng neans defi ned above, and generators GENL,
GEN2 and GEN3 coul d have been inserted directly after the nultiplexer 162
50 as to obtain the masking control signals ntsl, nts2 and nts3. In the
foregoing, it has been expl ai ned how conp fle Si gnal conponents are
mul ti pl exed, such as by multipl exer Ill[err] in figure 6. This nmeans that

a1, M SUbSL Rl fn Hheas B5CRO TROSAL (B RATY LhIGR! KRk ! A ARAE 0 Wi

154, 155 o owever POSSI b
mul tiplex gar mmﬁr@eamngnéhatacedmﬁon afezpuudlllbyghs ipsti apdasecondd ograpression

di fferent autputs. Thi ans.th the con ner at ed hy th
ni ts 160, W Ch A ENER R top apkc.cisg ey e rstoPein e Py 1 il

mul ti  CconpRuve Heek @pjlied! toSthgriaput DIN6F tier memmgoﬁxei&:emml GeR sgmua@nmehxe
mul ti pl exed. The fﬁnct i oni n% of such_enbodi ment for transmtting

channel siWewlf have, Reen-anplieg tothe inpt 91,Ip that case, | the mag RFtcﬁnﬁr%‘f%&’@#cE’c’E?oa“d
figure 15, Tmeﬁ% dedived) $fom! S Wehdls 1CaAPRE THe debhd®ERe GediRlibn Fhtid 'rﬂh‘lE? tc]-%xe

In (a) of figure 15, it is asstuned that the frequency range of the

hand si gnaamq;mtrpﬁdz,tmrechxcngn aealizetbbly the: eontpsession uneang (M1 an %eggesmdfgrsh;
as to obt aéase lt]hat the L signal component would have been applied to the input 11 of the matrixing
means 13, and the C signal component would have been applied to the input 91. In that case,
the masking control signals mcs2 and mes3 are derived from the signals L and C. The third

data reduction ratio relates to the amount of data reduction that would have been obtained by
the compression means CM1 and CM2 together, for-the case that the C signal component
would have been applied to the input 11 of the matrixing means 13 and the R signal
component would have been applied to the input 91. In that case, the masking control signals
mcs2 and mes3 are derived from the signals C and R.

The bit allocation information, derived in the two compression means

CM1 and CM2 and discussed previously, is a measure for such data reduction ratio, in that

~ the lower the values for n, to ny, the higher is the data reduction ratio. The calculation
means 65 is thereto capable of determining the bitallocation information ny; to nyg for the left
hand signal component L, capable of determining the bitallocation information n,, to n,, for
the right hand signal component R, and capable of determining the bitallocation information
n;. to ny, for the C signal. To that purpose, all three signal components are applied to inputs
of the means 65. The calculation of the three sets of values n,, to n,,, n,, to n,, and n,, to n,
is thus carried out each time for time equivalent signal blocks of q samples of the subband
signals of the three signal components L, R and C.

Three data reduction ratios (or valués) are thus determined. A first one
for the case that the first compression means éMl compress the C signal component, and the
second compression means CM2 compress the signals L. and R, and where the masking
curves for the second compression means are derived from the L- and R- signal components.
A second one for the case that the first compression means CM1 compress the R- signal
component and the second compression means CM2 compress the signals L. and R,, where
the masking curves for the second compression means are derived from the L- and C signal
component. A third one for the case that the compression means CM1 compress the L-signal
component and the compression means CM2 compress the signals R, and L., where the




subsignals. O Mequals 4. For multiplexing in the nulti EP{QQCEMEN&SHEE’P.
figure 13, the two highest frequency bands are grouped t ¢gf ;

fesult, three groups of frequency bands Jerr], Jerr] ahdlg rm,ﬁq&_,
present The nunbers 3, 4, 6 and 4 indicate the nunbers o ' per” sanpl
required to data conpress the four subsigpals in the |ef
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amount of data compression. If the third data reduction ratio appears to be the highest one, a
third control signal is applied to an output 69.A third control signal generated by the means
65 indicates that the right hand signal component R and the C signal component realize the .
largest masking power, so that the two compression means CM! and CM2 realize the largest
amount of data compression. As a result, always the maximum channel capacity is available
for the signal applied to the input 4 of the compression means CM1.

‘The first, second or third control signal is applied to the switching means
111 comprising the three switches 70, 71’ and 110. In response to the first control signal, the
switch 70 is switched in its position a-b, the switch 110 is switched in its position a-b and the
switch 71’ is switched in its position b-d, so that the L-, R- and C-signals are applied to the

~inputs 11, 91 and 12 of the matrixing means 13 respectivély. In response to the second
control signal, the switch 70 is switched in its position a-b, the switch 110 is switched in its
position c-b and the switch 71° is switched in its position a-d, so that the L-, C- and R-
signals are applied to the inputs 11, 91 and 12 respectively of the matrixing means 13. In
response to the third control signal, the switch 70 switched in its position c-b, the switch 110
is switched in its position a-b and the switch 71" is switched in its position c-d, so that the C-
, R- and L-signals are applied to the inputs 11, 91 and 12 of the matrixing means 13
respectively.

The output 69 of the calculation means 65 is further coupled to a control
signal input 115 of the matrixing means 13. In response to the first, second or third control
signal applied to the input 115, the matrixing means 13 generate the first and second output

. signals L, and R, in accordance with the formulae given above, irrespective of to which of
. the inputs 11, 91 and 12 the three signals L, R and C are applied. The control signal
generated by the calculation means 65 is also applied to the input 73. of the combination
means 29, 50 as to enable the transmission of the control signal via the transmission medium



deci ding which sumis higher. As a result, at the output 156 of the

mul ti pl exer appear the 31 conplenentary subsignals, see (d) of figure
15. This all happens in response to a three conponent control signal A
applied to the control input 158. It should be noted that the decision rule
presented above does not yield the optimajgswitching settings. Better
settings are obtained if the switching is based on the power in each

subsi gnal ngHP: The decision rule presented above has been used for
clarity of explanation. At the output 14' of the matrixing nmeans 13a, the

sum of the subsignals i} shagld be qoledi thahimiardas) o, gereratniip finst, (seponsk oF jthisd e
15. Th nb i t | d ' QN af1ensi
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fact that inforniatios uimsneiy the waluess, t&ngy, the waldesGf,pand ngfanthike Ralsesgmato ny,.. The

component saarr]t?e gert]seof values have been determined in the generators GEN1, GEN2 and GEN3. Those

generators can thus be in common for the calculating means 65, and the compression means
cma;andcmmz. '

Figure 1b shows a receiver for receiving and decoding the compressed
signals transmitted by the transmitter of figure la via the transmission medium TRMM. The
serial datastream is applied to an input 40 of a demultiplexer 41, which splits the information
in the serial datastream into the original quantized samples of the signal L, which samples
are applied to an output 43, the original quantized samples of the signal R, which samples
are applied to an output 44, the original quantized samples of the third signal transmitted,
which is either the quantized L-, R- or C-signal, which samples are applied to an output 101,
the first instruction signal isl, which is applied to an output 45, the second instruction signal
is2, which is applied to an oixtput 42 and the third instruction signal is3, which is applied to

~ an output 102. The outputs 43, 44 and 101 are coupled to signal inputs of -expansion -means
(dequantizers DEQ) 48, 49 and 50 respectively. The outputs 42, 45 and 102 are coupled to
c;ontrol signal inputs of the qﬁantize’rs 48, 49 and 50 respectively, so as to enable the
instruction signais to' be applied to the dequantizers. The dequantizers 48, 49 and 50 function
in the same way as the dequantizer 7 in the transmitter of figure la. The dequantizer 48 thus
generates a replica L.’ of the signal L., which is supplied to an output 51. The dequantizer
49 thus generates the replim R.’ of the signal component R,, which is supplied to an output
52. The dequantizér 50 thus generates a replica of the quantized third signal, that is either a
replica L' of the signal component L, or a replica R' of the signal component R, or a replica
C’ of the signal component C, which replica is applied to the output 53. The outputs 51, 52
and 53 are coupled to inputs 55, 56 and 58 res;;ectively of a dematrixing means 57.

The demultiplexer means 41 has an additional output 120 for supplying
the first, second or third qontrol signal generated by the calculation means 65 of the
transmitter of figure 1a. The dematrixing means 57 has an additional control signal input 121
which is coupled to the output 120 of the demultiplexer means 41. If the control signal
applied to the control signal input 121 is the first control signal, this means that the signal
applied to the input 56 of the matrixing means 57 is the replica of the C-signal. In that case,
the receiver functions so that replicas of the L- and R-signals are applied to




subsignal group & of the L signal conponent are supplied to the bitrate
reduction unit BRRL. The nunbers of bits per sanple for the bitrate reducer
BRR2 are obtained in the following way. The si gnal power Plerr] in each of
the four frequency bands for the sum S|g % L+R is derived in a well known
way. Further, the masking threshold IVrI'[er ] in each of the four frequency

bands is derlvedlnthef |1 owi n Y, t he t hre hold of the
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signals are applied to the terminals 60 and 125 respectively.

The receiver further comprises controllable switching means 122
comprising switches 77, 123 and 78°. In response to the first control signal applied to the
switching means 122, the switch 77 is switched in the position a-b, the switch 123 is
switched in the position a-b and the switch 78" is switched in the position b-d, so that the
replicas L’, R’ and C' are applied to the terminals 126, 127 and 128 respectively. In
response to the second control signal applied to the switching means 122, the Switch 77 is
switched in the position a-b, the switch 123 is switched in the position c-b and the switch 78°
is switched in the position c-d, so that the replicas L', R' and C' are again api:lied to the
terminals 126, 127 and 128 respectively. In response to the third control signal applied to the
switching means 122, the switch 77 is switched in the posi.tion c-b, the switch 123 is
switched in the position a-b and the switch 78’ is switched in the position a-d, so that the
replicas L’, R’ and C’ are again applied to the terminals 126, 127 and 128 respectively.

It will be clear that the dematrixing means 57 and the switching means
122 can be combined into one combined dematrixing means having three outputs, which

~ supplies the first and second maih signal components L’ and R’ to its first and second outputs
and the auxiliary signal C’ tb its third output in response to the control signals applied to the
combined dematrixing means. .

From the description of the transmitter of figure la, it can be seen that the
switching between the three signal components take place in the wideband domain. This has
the following disadvantage.

Figure 2 shows an example of waveforms of the three signals L, R and C
as a function of time, applied to the terminals 1,90 and 2 respectively of the transmitter of
figure la. It is assumed that prior to the time instant t=t,, a first control signal is generated
by the calculation means 65. That is: the L and R signals are applied to the inputs 11 and 91
respectively of the matrixing means 13, and the C signal is applied to the input 4 of the
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unit 57a so as to obtain the replica of the L and R signal conmponent. Next,
the three-channel version will be explained with reference to figure 16, in
conbi nation with figure 6. In (a) of figure 16, the frequency range of the
| eft hand signal conponent L is shown, divided into four frequency bands.
Agai n, four subsignals are assuned to covier the conpl ete frequency
spectrum For nultiplexing in'the nultiplexer 111' in figure 6, the two

hi ghest f rasmpeessipn ragans 3ark isyfunthes assuseas: that 2 third coptral, signalt is rgeaergied s ther
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si gnal corgigirerBa shows the waveform as a function of time of the signal applied to the input 11 of
the matrixing means 13 and figure 3b shows the waveform of the signal applied to the input
4 of the compression means 3. As can be seen in both waveforms, a switching transient
occur at the time instant t=t,.

These transients have a high frequency content, and are encoded in the
transmitter as if 'they belong to the original signal. As a result, the calculation of the masking
control signals in the generators GENI1 and GEN2 will not be fully correct, as the masking
effect in the high frequency range is overestimated, so that the transients at the output of the
expansion means 48 and 49 in the receiver of figure Ib will be distorted and have a
waveform as a function of time as shown in figure 4a and figure 4b respectively. As a result
of the reconversion by means of the switching means 122, signals L' and C' appear at the
output terminals 126 and 128, having a waveform as a function of time as shown in figure 5.
The signals L’ and C’ of figure 5 differ quite significantly from the signals L and C
‘respectively of figure 2, at the location of the switching instant at t=t, '

_ A solution to this problem is given in figure 6. The solution is in fact
based on the recognition that switching should take place in the subband signal domain, and
not in the wideband signal domain. Morc specifically, the switching should take place at the
boundaries of the signal blocks of q samples of the subband signals.

The transmitter of figure 6 has its input terminals 1, 90 and 2, to which
the signals L, R and C respectively are supplied coupled to subband splitters SPL1, SPL2
and SPL3 respectively. The subband signals obtained are supplied to inputs 150, 151 and 152
respectively of a multiplexer 111°. The multiplexer 111" has the same function as the
switching means 111 of figure la, except for the fact that it now multiplexes subband signals
instead of wideband signals. Outputs 154 and 155 of the multiplexer 111’ are coupled to
inputs 11’ and 91° respectively of matrixing means 13'. The matrixing means 13’ has the
same function as the matrixing means 13 of figure la, except ft.>r the fact that it now
matrixes subband signals instead of wideband signals. The output 156 of the multipiexer 111°
is coupled to an input of the bitrate reducing means BRRI!, which has the same function as
the bitrate reducing means BRR! of figure la. The output of the bitrate reducing means
BRRI is coﬁpled to the input of expansion means (DEQ) 7°, as well as to the input 26 of the
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R (c) in figure 16 indicates by the nunbers 5, 3, 8 and I the nunbers of
bits per sanple required to data conpress the C signal conponent. Those
nunmbers have been obtained in a well known way. Upon conparing the nunbers
of bits per sanple for the various subsignals of the L, R and C signal

conponent s,

It can be decided which group!®f subsignals is supplied to

whi ch output of the multiplexer 111'. Again, for ease of explanation, the
deci si on r uighal somisinationhmeant 29 eArgputppt off the dspansivnl medrsvT 'niy ddupled coghe input
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whi ch _subsisgwgfs_'%ﬁﬁia’aﬁ _ﬁ%?%‘?’%b'afpgﬁeiseﬁbi%a sighals &‘E’*dffB%‘da%\%Faé-e) of figure
16 indicates which subsivgel 0BRSS aBove SHPRIIARA & thBecsdpeRiion il Qe
the multiplexer | | 1'. This all happens_in response to a_three conponent
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as shown in (h) of figure 16. At the output 92' o
expander 7° in figure 6.

That means that the expander 7° can receive the fully encoded datareduced
information form the bitrate reducer BRRI, in which case the expander 7' requires the
bitallocation information as well as the scale factors. The input of the expander 7' can, for
example, also be coupled to a terminal inside the bitrate reducer BRR1 where the only
'rounded’ samples are available. In that case, the expander 7' only requires the scale factors.
The supply of the scale factors and/or the bitallocation information to the expander 7 is only
schematically given by means of the broken interconnection between the bitrate reducer
BRRI and the expander 7°.

Outputs 14’ and 92' of the matrixing means 13° are coupled via bitrate
reducing means BRR2 and BRR3 respectively, to the inputs 25 and 93 rcspectivély of the
combining means 29. The bitrate reducing means BRR2 and BRR3 have the same function as
the bitrate reducing means BRR2 and BRR3 respectively in figure la.

Also calculation means 65' are present. The calculation means 65’
function in the same way as the calculation means 65 in figure la, in that it also generates
the first, second or third control signal at its output 69. This control signal is applied a
control signal input 158 of the multiplexer 111°, to the control signal input 115 of the
matrixing means 13’ and to the input 73 of the combining means 29, in the same way and
for the same reason as shown and explained in figure la. The calculation means 65’ is a little
bit different from the calculation means 65 in figure la, in that the generétors GEN1, GEN2
and GEN3, shown in figure 1a as included’in the compression means CM1 and CM2, are

- now included in the calculation means 65°. The circuit diagram of the calculation means 65°

in figure 6 shows that the first, second or third control signal generated at the output 69, is
derived from the bit allocation information (masking control signals) derived from the three
wideband signals L, R and C by means of the generators GEN2, GEN3 and GENI

. respectively in a unit 160. The masking control signals generated by the generators GEN1,

GEN2 and GEN3 are supplied to inputs 161.3, 161.1 and 161.2 respectively of a second
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matri xi ng means 13', the sum of the subsignals R+C in each group is

ayvail able, as shown in (i) in figure 16. -The nunbers of bits per sanple
needed for the bitrate reduction in BRRL, is given in (g) of figure 16, and
follows straightforward fromthe fact that the subsignals in group err]

of the L signal conmponent, in group & of Phe C si gnal conponent and in
plied to the hitrate

rou err] of the signal c onent_ ar u i
?edugt iG'E)n l&‘]ﬁﬂl'llplﬁmll.ﬁ T ﬁé%ﬁmef@?bf 1@,-% @‘gég‘tgmr@ﬂm cppieol | signalst Bsqle duRsar
BRR2 are ogh@wgswbayfmm.ng way. The signal power Plerr] in each of
the four frequency bands for the sum si gnal L+C is derived in a well known
way. Further, the maski Hgthehgensrasors GENEr (GENZ apd CBENS usher fFourier transfemm \to

bands is degived J f i ' e Ki hreshol.d of
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er sanple e far each of t four frequency bands, and thus e ntslerr
Pnf or marr}t)i oﬁ’&ga# &9 %ﬁ%‘?‘&\&ﬂ“ signgk also |inglydes iy scale factors, it can also directly be
applied to the input 27 of the combining means 29 as the instruction signal isl. The masking
control signal mcs2 is applied to the bitrate reducing means BRR2 . If the masking control

signal mes2 also includes the scale factors, it can also directly be applied to the input 28 of

the signal combining means 29 as the instruction signal is2. The masking control signal mcs3
is applied to the bitrate reducing means BRR3 and if the masking control signal mcs3
includes the scale factors, it can also directly be applied to the input 94 of the combining
means 29 as the instruction signal is3.

As can be seen in figure 6, it is assumed that the masking control signals
only include the bitallocation information, so that the scale factors have been derived in the

bitrate reducers BRR1, BRR2 and BRR3. Those bitrate reducers add the scale factors to the
masking control signals to form the instruction signals. ‘The latter are applied to the
combining means 29. It is to be noted that the instruction signals may also contain other
information besides the mentioned scale factors, for example, information related to the
above mentioned intensity coding techniques may be contained in the instruction signals.

In response to ‘the first control signal applied to the input 158, the
multiplexer 111’ is switched in such a position that the subband signals of the L-, R- and C-
signals are applied to the inputs 11°, 91° and 12’ respectively of the matrixing means 13'.
Further, the multiplexer 162 is switched in a such a position that the masking control signal
generated by the generator GENI is the ﬂrsE masking control signal mcsl, the masking
control signal generated by the generator GéNZ is the second masking control signal mcs2,
and the masking control signal generated by the generator GEN3 is the third masking control
signal mes3.

In response to the second control signal, the multiplexer 111’ is switched
in such a position that the subband signals of the L-, C- and R-signals are applied to the
inputs 11°, 91° and 12’ respectively of the matrixing means 13'. Further, the multiplexer 162
is switched in such a position that the masking control signal generated by the generator

REPLACEMENT SHEET
2 2 MAR 1997

A e |




The nunbers of bits per sanple for the bitrate reducer BRR3 are obtained in
the followi ng way. The signal power P[err] in each of the four frequency
*bands for the sum 33 signal R+Cis derived in a well known way. Further,
the masking threshold Mi[err] in each of jhe four frequency bands is
derived in the follow ng way. MI, and MIZ are the maski ng t hreshol ds of the
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can be obtained in a we nown wa e clear that the nodified
ver si on of such@ position dhatghe) subibapd slsnﬂeeﬂ&c C-, R- and L-signals are applied to the inputs

11°, 91’ and 12’ respectively of the matrixing means 13°. Further, the multiplexer 162 is

switched in 2 such a position that the masking control signal generated by the generator
GEN1 is the second masking control signal mcs2, the masking control signal generated by
the generator GEN2 is the first masking control signal mcsi, and the masking control signai
generated by the generator GEN3 is the third masking control signal mcs3.

As already explained with reference to figure la, the matrixing means
generates in response to the control signal applied to its control signal input 115, at its output .
14® subband signals L ; and at its output 92’ subband signals R;; which satisfy the following
equatiohs:

L;,=L+a.C;

R.=R;+a.C;
irrespective of the first, second or third control signal applied to its control signal input 115,
and where L;, R; and C, are the subband signals in which the signals L, R and C are split up
in the splitters SPL2, SPL3 and SPL! respectively.

Figure 7 shows an embodiment of the receiver for receiving the signal
transmitted by the transmitter of figure 6. The receiver of figure 7 shows much resemblance
with the receiver of figure 1b. The demultiplexer means 41 is the same as in figure 1b. The
outputs 43, 101 and 44 of the demultiplexer means 41 are coupled to expansion means 48°,
50’ and 49’ respectively. The expansion means 48°, 50" and 49° has the same function as the
expansion means 48, 50 and 49 of figure 1b, except for the fact that they do not include the
subband synthesis filters so as to combine the subband signals into a wideband signal.
Outputs 51°, 53’ and 52’ of the expansion mea;xs 48, 50' and 49’ respectively are coupled to
inputs 55°', 58' and 56' respectively of dematrixing means 57'. The dematrixing means 57"
combine the functions of the matrixing means 57 and the switch means 122 of figure 1b,
except for the fact that it now dematrixes and switches subband signals instead of wideband
signals. The dematrixing means 57° now has the subband signals of the signals L, R and C
present at its outputs 167, 168 and 169 respectively. The outputs 160, 161 and 162 are
coupled to the output terminals 126, 127 and 128 respectively via synthesis filter means
SYNTH2, SYNTH3 and SYNTHI respccnvely, which synthesis filter means combine the




in the receiver in order to conbine the correct subsignals in the

dematri xing and switching unit 57' so as to obtain the replicas of the L, R
and C signal conponent. It will further be clear that the sw tching neans,
such as the switching nmeans in figure l1l4a,and such as included in the
dematri xing and switching neans in the f?ﬁbres 7 and 9 nust be capabl e of
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32,915 (PHQ 93-002
Figure 8 shows an embodiment of a transmitter for transmitting at least
four signal components: the aiready mentioned L-, R- and C-signal component and an
additional S-signal component. The transmitter of figure 8 shows much resemblance with the
transmitter of figure 6. The S-signal component can be considered as a surround signal
component for two loudspeakers positioned on the left and right hand side behind the
listener. The S-signal component can be one single signal, in which case the S-signal is
applied to both loudspeakers, or two signals S, and §,, for the left and right loudspeaker
behind the listener respectively. The transmitter of figure 8 shows much resemblance with
the transmitter of figure 6. The transmitter has at least a fourth input terminal 130 for
receiving the S-signal component. The input terminal 130 is coupled to a fourth splitter
means SP14, in which the S-signal is split into subband signals. The terminal is also coupled
to the calculation means 65, in which there is brovided a further generator GEN4 for
generating bitallocation information (a masking control signal) from the S-signal. This
information is applied to the unit 160’ as well as to the second multiplexer 162'. N

The output of the splitter SPL4 is coupled to an input 171 of the first
multiplexer means 111°". A further output 170 of the multiplexer means 111°° is present
which is coupled to an input of a fourth bitrate reduction means BRR4, which has an output
coupled to an input of expansion means 172 as well as to an input 131 of the combination
means 29'. An output of the expansion means 172 is coupled to an input 135 of the
matrixing means 13,

The first masking control signal mcsl is applied to BRRI1. The first
instruction signal isl is applied to the input 131 of the combination means.29’.

The second masking contré:l signal is applied to BRR2. The second
instruction signal is2 applied to the input 28 of the combination means 29".

' The third masking control signal is applied to BRR3. The third instruction

signal is3 applied to the input 94 of the combination means 29°.

The fourth masking control signal mcs4 is applied to BRR4. A fourth
instruction signal is4 is applied to the input 132 of the combination means 29°.

The cooperation and interconnection between the bitrate reducer BRR4
and the expander 172 is the same as has been described above for the cooperation and the
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(3) Eur opean Patent Application no. 402,973 (PHN 13.241). (4)

Eur opean patent application no. 497,413A 1 (PHN 13.581) (5) US pat ent
spec. no. 4,620,311 (PHN 11.117). (6) Eur opean Patent Application no.
400. 755 (PHQ 89.018A). (7a) Eur opean Patent Application no. 457,390
(PHN 13.328). (7b) Eur opean Patent Aplication no. .457,391 (PHN
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the R-signal to the output 155, the C-signal to the output 156 and the S-signal to the output
170. That means that the first masking control signal mcsl is obtained by the generator
GENI1, that the second masking control signal mcs2 is obtained by the generator GENZ2, that
the third masking control signal mes3 is generated by GEN3 and that the fourth masking
control signal mcs4 is generated by GEN4.

The calculation means 65'" are also capable of generating a second control
signal at the output 69 in the situation when the muitiplexer applies the L signal to the output
154, the C-signal to the output 155, the R-signal to the output 156 and the S-signal to the
output 170. "That means that the first masking control signal mcsl is obtained by the
generator GEN3, the second masking control signal mcs2 is obtained by the generator
GEN2, the third masking control signal mcs3 is generated by GEN1 and the fourth masking
control signal mcs4 is generated by GEN4.

The calculation means 65 are also capable of generating a third control
signal at the output 69 in the situation when the multipiexer applies the L signal to the output
156, the C-signal to the output 154, the R-signal to the output 155 and the S-signal to the
output 170. That means that the first masking control signal mcsl is obtained by the
generator GEN2, the second masking control signal mcs2 is obtained by the generator
GEN]1, the third masking control signal mcs3 is generated by GEN3 and the fourth masking
control signal mcs4 is generated by GEN4.

The calculation means 65’ are further capable of generating a fourth
control signal at the output 69 in the situation when the multiplexer appiies the L signal to
the output 154, the S-signal to the output 155, the C-signal to the output 156 and the R-signal
to the output 170. That means that the first masking control signal mecsl is obtained by the
generator GEN1, the second masking control signal mes2 is obtained by the generator
GEN2, the third masking control signal mes3 is generated by GEN4 and the fourth masking
control signal mcs4 is generated by GEN3. '

The calculation means 65’ are moreover capable of generating a fifth
control signal at the output 69 in the situation when the multiplexer applies the L signal to
the output 170, the S-signal to the output 154, the C-signal to the output 156 and the R-signal .
to the output 155. That means that the first masking control signal mcsl is obtained by the
generator - GEN1, the second masking control slgnal mcs2 is obtained by the gen ator
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signal input 115.

Both signals L., and R,, are applied to the compression means BRR2 and
BRR3 respectively. |

The first, second, third, fourth or fifth control signal is generated by the
unit 160’ in the calculation means 65°°', dependent of which of the five permutations of the
four signals given above.realizcs the largest compression ratio.

Figure 9 shows an embodiment of a receiver for receiving the signals
transmitted by the transmitter of figure 8. The receiver of figure 9 shows much resemblance
with the receiver of figure 7. The demultiplexing means 41' has further an output 180 for
supplying the fourth instruction signal is4, an output 181 for supplying the data reduced

“information to a further expansion means DEQ 182. An output of the expansion means 182

is coupled to a further input 183 of the dematrixing means 57'°. The dematrixing means 57"’
functions in the same way as the dematrixing means 57’ in ﬁgure 7. It dematrixes the signals
applied to its inputs and switches the signals obtained in such a way that subband signals
corresponding to the L-, the R-,' the C- and the S-signal are present at the outputs 167, 168,
169 and 184 respectively. After subband signal combination in the subband synthesis filters
SYNTH2, SYNTH3, SYNTH1 and SYNTH4, the replicas L’, R’, C’ and S’ of the signals
L, R, C and S respectively are present at the output terminals 126, 127, 128 and 185
respectively. i '

For the situation that five signals are applied to the transmitter, the
matrixing means generates first and second output signals L,' and R’ which satisfy the
following equations: '

L.,=L+a.C+b.S§,+c.S,
R,=R+a.C+c.§,+b.S,

From a further description of a transmitter for encoding and transmitting

the five signals given above, and from a further description of a receiver for receiving and

decoding the five signals given above, is refrained as, with the information given above, such
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The transmitter can be used in an arrangement for recording the signal
supplied by the signal combination means 29 and 29’ on 2 record carrier. Figure 10

.schematically shows such a recording arrangement. The block denoted by 190 is one of the

transmitters described previously. The block denoted by 191 is a channel encoder, in which
the signal applied to its input 192 is encoded in, as an example a Reed-Solomon encoder, and
an interleaver, so as to enable an error correction to be carried out in the receiver. Further,
again as an example, an 8-to-10 modulation well known in the art, see document (5) in the
list of references, is carried out. The signal thus obtained is recorded in a track on a record
carrier 193, such as a magnetic or optical record carrier, by means of writing means 194,
such as a magnetic or optical head 195.

The receiver (not shown in the figures) can be used in an arrangement for

reproduciné the first and second main signal component and the at least one auxiliary signal

component from the above record carrier. A signal processing must be carried out on the

reproduced information which is inverse to the signal processing during recording. That is: a
10-to-8 reconversion must be carried, followed by an error correction and a de-inf:erleaving.
This is followed by a circuit such as the circuit of figure 7 or 9.

Figure 11 shows a further improvement of the transmitter of figure 1, 6
en 8. Suppose that in the transmitter of figure 6, the third control signal is supplied by the
calculation means 65, and that the constant a equals unity. As a result, the signals L, R, and
L are transmitted after quantization. That is: the (L+C)-signal, after quantization under the
influence of the masking control signal mcs2 derived by GEN! from C, where L has been
quantized, i.e. the quantized replica of the original L-signal is used in creating the (IL+C)-
signal, the (R+C)-signal after quantization under the influence of the masking control signal
mes3 derived by GEN3 from R, and.the L-signal after quaptization under the influence of the
masking control signal mcsl derived by GEN2 from L.

At the receiver, the C- and R-signals are to be determined by means of
dematrixing of the three transmitted signals. C is obtained from the received (L +C)-signal

.and the L-signal. Due to the measures taken upon quantizing (L+C), namely prequantization
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implemented in a way analogous to the way as explained in the documents (1b) and (2).

However,this solution leads to a rather complex structure.

A more simple configuration to implement this is given in figure 11.

The compensation circuit 210 of figure 11 can be inserted between the
outputs 14’ and 92’ of the matrixing means 13’ or 13*" and the inputs 25 and 93 of the signal
combination means 29 or 29°.

As can be seen in figure 11, the compensation circuit 210 includes an
expansion means 200, which carries out an expansion on the datareduced signal supplied by
the bitrate reducer BRR2, under the influence of the same instruction signal is2. The
dequantized subband signals thus obtained in the expansion means 200 are supplied to an

| input 202 of a subtractor circuit 201. Further, the subband signals supplied by the' matrixing
means at its output 14’ is supplied to a second input 203 of the subtractor circuit 201. In the
subtractor circuit 201, each subband signal of the M subband signals supplied by the
matrixing means 13’ are subtracted from the corresponding subband signal of the M subband
signals supplied by the expansion means 200, so as to obtain M compensation signals. Those
compensation signals are supplied to an input 204 of an adder circuit 205. The output 92’ of
the matrixing means 13’ is coupled to a second input 206 of the adder circuit 205, an output
of which is coupled to the input of the bitrate r_educer BRR3. Each of the M compensation
signals is added to a corresponding one of the M subband signals applied by the matrixing
means 13', and the signals thus obtained are applied o the bitrate reducer BRR3.

The cooperation and the interconnection between the bitrate reducer BRR2
and the expander 200 is the same as has been described above for the cooperation and
interconnection between the bitrate reducer BRR1 and the expander 7°.

The signal combination circuits 201 and 205 are in the form of a
subtractor and an adder respectively. It should however be noted that, if one of the signals
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0% sizant, Wbt that' it aPsrod addet to the (R-+C)-signal is masked by the C-signal,
so that it is also masked by the (R+C)-signal.

At the receiver side, the C-signal is derived in the dematrixing means 57°

from the (L+C)-signal and the L-signal. As the L-component in the (L+C)-signal is the

same L-signal as that received, the C-signal so derived contains thus exactly the same

quantization distortion as the received (L+C)-signal. This distortion is also present in the
now received (R+C)-signal and thus will be removed upon deriving the R-signal component
by subtracting C from R+C. The only quantization distortion that remains in the now
calculated R-signal is that due to the quantization of (R+C). This quantization component
was based upon the masking control signal mcs3 derived from R and will thus be masked.

It should be noted that, if the R-signal is the third signal transmitted
together with the L, and R, signal, the 'mirrored’ circuit of figure 12 should be used instead
of the circuit of figure 11.

Either circuit needs to be used if a signal which is mixed in both
compatible signals L, and R, is calculated by the receiver from these compatible signal (like
C in the above example). The selection whether the circuit of figure 11 or figure 12 applies
depends on which signal of the compatible pair is quantized under the influence of the

-masking control signal derived from that common signal. In the above example, this was the

(L+C)-signal, and thus figure 11 was used. .

More specifically, in the embodiment of figure 6: if the (L+C)-signal, the
(R+C)-signal and the C-signal are transmitted, the compensation circuits of figure 11 or 12
are not used. If the (L+-C)-signal, the (R+C)-signal and the L-signal are transmitted, the
circuit of figure 11 is used. If the (L+C)-signal, the (R+C)-signal and the R-signal are
transmitted, the circuit of figure 12 is used.

For the embodiment of ﬁgure 8: if the (L+C+S)-signal, the (R+C+S)-
signal, the C-signal and the S-signal are transmitted, the compensation circuits of figure 11
or 12 are not used. If the (L+C+S)-signal, the (R+C+S)-signal, the L-signal and the S-




maski ng threshold of the signal that is applied to the input of the first
conpression neans, - first expansi on nmeans having an input and an out put,
the input being coupled to the first 37 conpression neans, the expansion
means bei ng adapted to carry out an expan ZOn on the signal applied to its
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so as to obteaRsignleand; the C-signy)are sragsmittedinthe einguis of figureal? imused pTherefore, the
conbi nat i O, ofnib S dah "ba! prdRidad Sit'Bhe such compensation circuit which is switched into the

" transmitter circuits of figures 6 and 8 in the way shown in figure 11 (a mode one) or in the

way shown in figure 12 (a mode two), dependent of which signals are transmitted. Switching

- means (not shown), should be available to realize the switching of the compensation circuit
into the transmitter circuit (in the modes one and two) or out of the transmitter circuit (in a
third mode). The switching means can switch the compensation circuit into the various
modes in response to the first, second or third contro! signal, discussed with reference to the
embodiment of figure 6, or in response to the first to the fifth control signal, discussed above
with reference to the embodiment of figure 8. |

The compensation circuit described in figure 11 and 12 can also be used
in the known transmitters described in the US Patent application ser. no. 32,915 mentioned
previously or in the transmitter of figure 1.

A further embodiment of the transmitter apparatus is shown in figure 13.

The transmitter of figure 13 has input terminals 1 and 2, to which the
signals L, R respectively are supplied. Those input terminals are coupled to subband splitters
SPL2 and SPLI respectively. The subband signals obtained are supplied to inputs 150 and
152 respectively of | multiplexer 111a. The multiplexer 111a has the same function as the
switching means 111’ of figure 6, except for the fact that it now multiplexes only two signal
components. The output 154 of the multiplexer 11la is coupled to input 11' of matrixing
means 13a. The output 156 of the multiplexer 11la is coupled to an input of the bitrate
reducing means BRR1. The output of the bitrate reducing means BRR1 is coupled to the
input of expansion means (DEQ) 7°, as well as to the input 26 of the signal combination .
means 29a. An output of the expansion means 7' is coupled to the input 12° of the matrixing
means 13a.

What has been said above in relation to the cooperation and
interconnection between the bitrate reducer BRR! and the expander 7 in figure 1, is equally
valid for the bitrate reducer BRR1 and expander 7° in figure 13.

The matrixing means 13a functions so as to obtain an output signal M at
an output 14* which is proportional to the sum of the signals applied to the inputs 11° and
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conponent and the at |east one auxiliary signal conponent, and the second
out put signal which has a relationship with a conbination of the second
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masking control signals generated by the generators GEN1 and GEN2 are supplied to inputs

161.3 and 161.1 respectively of a second multiplexer 162a. At outputs 164.1 and 164.2 are
masking control signals mscl and mes2 respectively available.
' The masking control signal mes! is applied to the bitrate reducing means.

BRR1. The masking control signal mcs2 is applied to the bitrate reducing means BRR2.

In response to the first control signal applied to the input 158, the
multipiexer 111a is switched in such a position that the subband signals of the L- and R-
signals are applied to the inputs 11’ and 12° respectively of the matrixing means 13a.
Further, the multiplexer 162a is switched in a such a position that the masking control signal
generated by the generator GENI1 is the first masking control signal mcsl and the masking
control signal generated by the generator GEN2 is the second masking control signal mcs2.

In response to the second control signal, the multiplexer 111a is switched
in such a position that the subband signals of the L- and R-signals are applied to the inputs
12' and 11° respectively of the matrixing means 13a. Further, the multiplexer 162a is
switched in such a position that the masking control signal generated by the generator GEN2
is the first masking control signal mcsl and the masking control signal generated by the
generator GEN1 is the second masking control signal mcs2. _

As already explained, the matrixing means 13a generates in response to
the control signal applied to its control signal input 115, at its output 14 subband signals M;
which satisfy the following equation: .

M,=a.L,+b.R;.

If the constants a and b are equal to each other, the control signal A applied to the control
signal input 115, and thus the control signal input 115 itself, may be dispensed with.

Figure 14 shows an embodiment of the receiver for receiving the signal

P meaten
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signals, the first instruction signal being generated for enabling an
expansion in a receiver on the data reduced output signal of the first
¢onpression neans so as to obtain a replica of the signal applied to the
i nput of the first conpression neans, the éecond i nstruction signal being
generated for enabling an expansion in th& recei ver on the data reduced
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means SYNTH1 and SYNTH2 respectively, which syathesis filter means combine the

subband signals so as to obtain replicas L' and R’ of the original signals L and R
respectively.

Figure 14a shows a more detailed diagram of the dematrixing and
switching means 57a of figure 14. It is assumed here that the constants a and b of the
formula given above both equal unity. The means 57a include a dematrixing unit which
combines the signal's applied to the inputs 55° and 56 and generates either the L or the R
signal component, dependent of which of the two signal components is applied to the input
55°. Further, controliable switches are present to couple, in response to the control signal
applied to the control signal input 121 of the means 57a, the outputs 167 and 168 to either
the output of the dematrixing unit and the input 55° or the other way around, again

- dependent of which of the R and L signal components is applied to the input 55°.

It has been explained above that the blocks denoted by GEN generate the
bit allocation information which enables a data compression means to carry out data
cbmpression on the signal that should be compressed. Those generator blocks GEN generally:
comprise a power determining means for determining the signal power in the subbands or for
determining the signal power as’ a function of freqﬁency. Further, a masking value
determining means is present for determining a masking power value in each of the subbands
or for determining the masking power as a function of frequency, using the power
information obtained by the power determining means. Further, bit allocation determining
means are present for determining the bit aliocation information (the number of bits per
sample for samples in time equivalent sighal blocks, one signal block in each of the
subbands). '

If the switching in the multiplexer 111’ takes place on the boundaries of
those signal blocks, it may be possible to move the bitallocation means .of the three
generators, such as in figure 6, to a position after the multiplexer 162. This for the reason
that the power information may be sufficient for the block 160 to derive the control signal

therefrom.
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signal so as to enable the transm ssion of those output signals. 3.

A transmtter as clainmed in claim 2, characterized in that the contro
signal generator conprises calculation nmeans for calculating at | east three
data reduction ratios, a first data reducééon'ratio rel ating to the amount
of data reduction realized by the first, cond and third conpression neans

together, in the case that t finst. main.signal co ,

applied to the first in tanSF'S{ ﬁg‘br?ﬂﬁre%&i rtlhg %é%’?fs gﬁgélgg%%\rll%%r?g}aﬂié‘?egﬁgﬁp
conponent \gougled inve inpers Bilpl,i B61.2 and H61SeeHd e mopiplexed 162 dimetly. i Riengpntrol
means, and {-he_at ] east.o ayxi liar Lgnal gonponent | d ve been.
applied to s!gq.él' th? 06'1“1‘33’3? H}es'?]"@f)ﬁrﬁ& @gsqqyﬁﬁ%nﬁ}%gnpgu\é\%g@ﬁhg@g?éo e input
reduction nadigald ladbbwér B&tefnkiRingMbdds dafinehtaBoves indt pedbraicts| GENT, GEN2hEnd
first, second and third conpression neans together, for the case that the

first nain GENhaould baysobrentinsested dimethoafinsdhe mupiplexsr 462 stas $9 ebjainithe, mesking
the matri xi 1e auxiliary signal- conponent woul d have
been appli e‘% tot esslgé(}ghgklsin%ﬁ&c#t he matrixing means, and the second

mai n signal conponent wiuthe foxegoingsdh hap pesncexplained bow vomplets sighal damponents

o ¢S apd e i o 9. LS LT AR 6 bl N BBl
' a signal component are multiplexed to the same output 154, 155 or 156. In a further
embodiment however, it may be possible to multiplex corresponding subsignals or
corresponding subsignal groups to different outputs. This means that the control signal A,
generated by the units 160, 160’ and 160a in the figures 6, 8 and 13 respectively is now a
multi component control signal, one for each of the subsignal groups to 5e multiplexed. The
functioning of such embodiment for transmitting a two channel signal L and R, will be
further explained with reference to figure 15, where further use will be made of the
embodiment of figure 13.

In (a) of figure 15, it is assumed that the frequency range of the left hand
signal component L is divided into four subsignal frequency bands so as to obtain 4
subsignals. Or M equals 4. For multiplexing in the multiplexer 111a in figure 13, the two
highest frequency bands are grouped together. As a result, three groups of frequency bands
G, G, and G, are present. The numbers 3, 4, 6 and 4 indicate the numbers of bits per
sample required to data compress the four subsignals in the left hand signal component. In
the same way, (b) in figure 15 indicate by the numbers 2, 5, 8 and 1 the numbers of bits per
sample required to data compress the four suI;signals in the right hand signal component R.
Those numbers have been obtained in a well known way.

Upon comparing the numbers of bits per sample for the various subsignals
of the left and right hand signal components, it can be decided which group of subsignals is
supplied to which output of the multiplexér 11la. Those group of sﬁbsignals having the
highest number of bits per sample will be applied to the output 154 of the multiplexer 111a.
As a result, shown in (c) of figure 15, the subsignal groups G, and G, of the L signal
component and the subsignal group G, of the R signal component is supplied to the output
154. The decision for the subsignal group G; is based on adding the numbers of bits per
sample for the two subsignals of the L signal and of the R signal in said group and on
deciding which sum is higher. As a result, at the output 156 of the multiplexer appear the
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t oget her, f
woul d have

or the case that the at |east one auxiliary si gnal conponent
been applied to the first input of the matrixing neans, and the

second mai n signal conponent woul d have been applied to the second input of

the matrix
applied to
bei ng adapt

ng means and the first main sigpal conponent would have been
the input of the first conpression neans, the nultiplexing neans

Chat 11 ¢t SBRRRIL 1ot BEwE' 5] TS SRRy f YR i ¥ e

reducti on redmponenticostréli sigyial m;appliddstoctmumntoedhﬁuolg&s fi rﬁt gut put, its
second. inpuw is connected to, jts second output a its third input is
connect ed ltoo its third (L)[hglﬂh‘fd L%H?F‘&fhaf . A:‘E@mo"“ .?’&sqnlé“lﬁ‘tﬁf’f’l"f)ﬁ SAqt ield the
| ar ger t hanoginfal eWwitehing fdtfingse Bdfér RRingsatcOsbraind® iff thé %(vitblﬂﬁ%ﬂis based OR Qﬁ&b@@eJ

.to its first output Eflﬁﬁ]s second input is connected to its
its third iiAptach;subs

) hird output”an
SEPRRI The idecisiow duledPrssaniag: abawedhast beaneuserli fo clarity of

reduction r&pjafadon. | arger than the other data reduction ratios, its third
input is connected to its first output, it second input is connect ed_to its
second out put, and its fAtrthe ohtpptii4’iof the magixingimeansi 133, thei suh ofithesubsigrads in

Sianar i n o ERERSE Bvnltr B ol P RERRER Js” TRERGRRR o bt sSea nordeg

ot her data

foe thecbitrate redtdtion, inaBRRE,0iscgicemin (f) ofifigusé 15 anc: Sollvvaestiaiztitfotward

second datd . the fact that in the subsignal groups G, and G; of the R signal component and the

subsignal group G, of the L signal component are supplied to the bitrate reduction unit
BRRI.

The numbers of bits per sample for the bitrate reducer BRR2 are obtained
in the following way. The signal power P, in each of the four frequency bands for the sum
signal L+R is derived in a well known way. Further, the masking threshold MT; in each of
the four frequency bands is derived in the following way. MT, is the masking threshold of
the L signal component in the first frequency band, MT, is the masking threshold of the R
signal component in the second frequency band, and MT; and MT4 are the masking
thresholds of the L signal component in the two highest frequency bands, see also (c) of
figure 15. Next, the bitneed in each subsignal frequency band can be derived from P, - M;,
as the bitneeds are proportional to P; - M;. Using these four values for the bitneeds, the bit
allocation information (the four numbers of bits per sample, one for ‘each of the four
frequency bands, and thus the mcs, information) can be obtained in a well known way.

It will be clear that the modified version of the control signal A is needed
in the receiver in order to combine the correct subsignals in the dematrixing and switching
ﬁnit 57a so as to obtain the replica of the L and R signal component.

Next, the three-channel version will be explained with reference to figure
16, in combination with figure 6. ' |

In (a) of figure 16, the frequency range of the left hand signal component
L is shown, divided into four frequency bands. Again, four subsignals are assumed to cover
the complete frequency spectrum. For multiplexing in the multiplexer 111’ in figure 6, the
two highest frequency bands are grouped together. As a result, three groups of frequency
bands G,, G, and G, are present. The numbers 2, 5, 7 and 3 indicate the numbers of bits per

sample required to data rqabsignals in the left hand signal component. In
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reduction ratio being larger than the other data reduction ratios, and a
third control signal in response to the third data reduction ratio being
-l arger than the other data reduction ratios, the signal conbination nmeans
al so being adapted to receive the at |east three control signals SO -as
to enable the transnission of those conti3@l signals. 4. - A

transmtter as clainmed in claim3, characterized in that the matri xi ng

means conphe Seme wagn(b)oin ﬁgxgaailﬁ mdqaatr-s by the awebers r3g 4, Heangk 2 |they sumbers f bits
second and third contr

in claim BT S3MBF rHquigs aﬁ"adé%e?‘r%a”u the fpu rwb?'ﬁ a[ls E%%&é\cﬁ%ﬁﬁm bﬁb F&Q
gener at or RE@)In G lﬁemﬂéatésebgé?theanﬁmtress 5rr8$Blamg L dret nohbess gfi dits pensampler

for generating the first masking control ﬁlag,l secong F’kl ng .con roI
si gnal gerfequifedr tos gata fj‘é‘ﬁmmﬁ tSHED2S EQBRRRS lE‘P?Fg" Ve @
third maskjdpidwf way. signal generator for generating the thi rd maski ng

control signal, each having outputs coupled to -
Upon comparing the numbers of bits per sample for the various subsignals

of the L, R and C signal components, it can be decided which group of subsignals is
supplied to which output of the muitiplexer 111°. Again, for ease of explanation, the decision
rule is used that those group of subsignals having the lowest number of bits per sample will
be applied to the output 156 of the multiplexer 111°. As a result, shown in (f) of figure 16,
the subsignal groups G, of the L signal, G, of the C signal and G, of the R signal component
is supplied to the output 156. (d) of figure 16 indicates which subsignal components are-
applied to the output 154 and (e) of figure 16 indicates which subsignal components are
supplied to the output 155 of the multiplexer 111°. This all happens in response to a three
component control signal A, applied to the control input 158.

At the output 14’ of the métrixing means 13°, the sum of the subsignals
L+C in each group is available, as shown in (h) of figure 16. At the output 92° of the
matrixing means 13’, the sum of the subsignals R+C in each group is.available, as shown in
(i) in figure 16. The numbers of bits per sample needed for the bitrate reduction in BRR1, is
given in (g) of figure 16, and follows straightforward from the fact that the subsignals in
group G, of the L signal component, in group G, of the C signal component and in group G,
of the R signal component are supplied to the bitrate reduction unit BRR1. '

The numbers of bits per sample for the bitrate reducer BRR2 are obtained
in the following way. The signal power P; in each of the four frequency bands for the sum
signal L+C is derived in a well known way. Further, the masking threshold MT; in each of
the four frequency bands is derived in the following way. MT, is the masking threshold of
the C signal component in the first frequency band and MT,, MT, and MT, are the masking
thresholds of the L signal component in the se.cond, third and fourth frequency band, see also
(d) of figure 16. Next, the bitneeds are again derived from P; - M;. Using these four values
for the bitneeds, the bit allocation information (the four numbers of bits per sample,.one for
each of the four frequency bands, and thus the mcs, information) can be obtained in a well
known way. '

The numbers of bits per sample for the bitrate reducer BRR3 are obtained
in the following way. The s1gnal power P; in each of the four frequency bands for the sum




I nputs of a second multiplexer neans, at |east three outputs of the second
mul ti pl exer nmeans form ng the outputs of the masking control signal
generator neans, the second multipl exer nmeans having a-control signal input
for receiving the control signal fromtheaqgontrol signal generator neans.

6 Atransmtter as clainmed in claim2, 3, 4 or 5, for

transnitting & £irst and a.second main | g opponent I _
first and 5@5@5@35’5 létf@ Ivf‘gfrﬁlas“l’eglnlgfowé‘ong)'ng@tme\% gq%trﬁﬁsnlﬂgaaﬁgﬁﬁélg i@ﬁ‘siﬁs |‘:ﬁrﬂf
charact ler}mdfduﬁ f_quaéncyhﬁmtif wlﬂeﬂiwdern fhier tdlewirgglo_wpy.i ME and?M'IQLurt: hthe mmsking
term nal for receivi t he at | east second auxiliar i gnal comnponent. . -
fourt hsi gAFsneInREBE B end compRRe 15 th Nt 1e5unA Badiegey REndcHnd, BT 2
term nal angradte ke Mdiking Bftesholdstof thO TV aESdl ROmPBRENS i e thirddha! fBdrth Frequenc
convert the second auxjliary si conponent applied to its input into

nal ) . .
subsi gnal sbafd se® algaple) of Higume égbﬁeﬁhaﬁﬁ“‘t the; bitneedp; prgr derived from (B gl McePsing
means havi fQsAsduP Walubs fd2ithé b&%&ﬁ&,eﬂe bt difoearfilinkrmatiod (ife ?&Hrﬂdﬁxb%&.ﬁ&ﬁ&its
conver st on neans, and a fourt _out put, - ourth conpressi on nmeans avin an
i nput coupkample,oonenforf eagh taf thatfpun frequanky bands,iandethus thames; information) can be

conpr essi on, DRang g«ajeﬁ%%%%%q to carry out a data reduction step on the
It will be clear that the modified version of the control signal A is needed

in the receiver in order to combine the correct subsignals in the dematrixing and switching

unit 57° so as to obtain the replicas of the L, R and C signal component. It will further be

clear that the switching means, such as the switching means in figure 14a and such as

included in the dematrixing and switching means in the figures 7 and 9 must be capable of

switching the various (groups of) subsignals to the correct outputs.
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signal applied to its input in response to a fourth masking control signal
and to supply a fourth data conpressed signal to an output, - the masking
¢ontrol signal generator neans being further adapted to generate the fourth
maski ng control signal for the fourth conpression neans, the fourth nmasking
control signal having a relationship with a masking threshold of the signal

applied to the input of the fourth conpreggion neans, - second expansion
nmeans having an input and an output, the I nput being coupled to the fourth
conpressi o e expansi on neans being adapted to carry out a
expansi on al applied to its input so as to obtain a replica of
t he signal Iastmflrddtedcdocttments;putbe(pﬁ'xntcldeonflbel front pageyef dbs paentrdeaumenind t o
supply the replica to its output, 40 - the matrixi ng neans having a
fourth input being coupled to the output of the second
(1a) J.AE.S., Vol. 40, No. 5, May 1992, pp. 376-382,
(1b) *Matrixing of bitrate reduced audio signals’ by W.R.Th. the Kate et al, in Proc.
of the JICASSP, 1992, March 23-26, San Francisco, Vol.2, pp. 1I-205 to 11-208.
(v US Patent application ser. no. 32,915 (PHQ 93-002)
3 European Patent Application no. 402,973 (PHN 13.241).
- (4) European patent application no. 497,413A1 (PHN 13.581)
&) US patent spec. no. 4,620,311 (PHN 11.117).
(6) - European Patent Application no. 400.755 (PHQ 89.018A).
- (7a) European Patent Application no. 457,390 (PHN 13.328).
(7b) European Patent Application no. 457,391 (PHN 13.329).
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expansi on neans, the matrixing nmeans being adapted to conbine the signals
applied to its iiputs so as to obtain the first output signal which has a
rel ati onship with a conbination of the first main signal conponent and the
at least first and second auxiliary signahgconponent, and the second out put
signal which has a rel ati | ] I nati on of the second nmain

si gnal con‘Eoneni .and t nd second auxiliary signal.
conmponent, ‘instryic ey at or nmeans being further adapted
to generate a fourth ipsl : or enabli'ng arrexpa’mn’gﬁe'
recei ver on-the data r¢d ignpl. of the fourt ) S
S0 as to obtain a repl {cq pplied to the=n msl“lﬂll‘IMh
conpressi on neans, - the signal conbinatj on nmeans bei nb farthnen adapfed*to
conbi ne the output si gket—oet—the-fou onpression nmeans as well as the
fourth instruction signal so as to enable the transm ssion of those
SLOnalS. Ty o i o bR Sincfuiik U B itk Unfl £ scdcB! il g
: gnal generator conprises calculation nmeans for
cal cul at i ngorfiporiestowit aftransmiksion mediuwn] thentransmities compfisingt dat a reducti on

ratio relatin nt of r ion reali h o
atiorelal Ia.t ?eatstoa tf{;set and a sgcogd iggt}tatem%ga C}olr q'ecen%r?g Itl%ceﬂrs?%né Second main signal

}o o

component, :

- at least a first and a second signal conversion means, each having an input coupled to a
corresponding one of the input terminals and an output, the conversion means being adapted
to convert an input signal applied to its input into' M subsignals and to apply the M
'subsignals to its output,

- multiplexer means having at least a first and a second input coupled to the outputs of the at
least two signal conversion means, at least a first and a second output and a control signal
input,

- first compression means having an input coupled to the at least second output of the
multiplexer means, the first compression means being adapted to carry out a data reduction
step on the signal applied to ité input in response to a first masking control signal and to
' supply a data compressed signal to an output, ,

- masking control signal generator means for generating the first masking control signal for
the first compression means, the first masking control signal having a relationship with a
masking threshold of the signal applied to the input of the first compression means,

- first expansion means having an input and' an output, the input being coupled to the first
compression means, the expansioh means being adapted to carry out a data expansion on the
signal applied to its input so as to obtain a replica of the signal applied to the input of the
first compression means and to supply the repiica to its output,

- matrixing means having at least a first and. a second input, the first input being coupled to
the first output of the multiplexer means and the second input being coupled to the output of
the first expansion means, the matrixing means further having an output for supplying an
output signal, the matrixing' means being adapted to combine the signal applied to its first
input and at least the signal applied to its second input so as to obtain the output signal,

- second compression means having an input coupled to the output of the matnxmg means
and an output, the second compression means being adapted to carry out a data reduction



fi rst, second, third and fourth conpression neans together J
that the first main signal conponent woul d have been! M\l{“ EBWSt
«input of the matrixing neans, the second main signal l C ave

been applied to the second input of the nmatrixing neans, the first
auxi | i ary signal conponent woul d have beet applied to the third input of

the matri xi ng neans, and the second. auxiliary signal, conponent ul d have
been appl i &8P ©8 the @88 APPHed IRHliE IMPHL T EPSPRASF 1% ian%‘:‘ﬁﬁé’aﬁ‘é’,@%ﬁ E‘é‘ﬁ%’g&g& %f'ad to
reduction 5\?31}‘33 ith 3eduded baphl Sz M cRiputlatha niaRivg tcomrolr sigral generipr imgns
first, second, third and fourth conpression neans together, for the case

that the fbeisg adapted 49 @ensrateothsoveepnd MIskings 1£R0Ol BgRAl PR the Fegand; pRMBrRssign
i nput of t | % fd | L '

nave been HEATS dif iy Hadte chittol dgual pavtiy = Blaiofniy adn 20 FRAREY Inribltor
mai N si gnathecsigmabapplied wothedirstoimputinfcehe maprixingimeanst he third i nput of the
mat ri xi ng neans, ..and. t second auxiljar | I have heen
appl i ed to"t‘ﬁgﬂfgfﬂ tswnﬁﬁﬁ?e%tf’r t%?h@?ié?%‘égﬁgéﬁ?%oﬁ?%ﬁa%% dr ?‘&'%quo(')‘n
rati o rel agigids,tthe fibse inseodn signal dieingrgederated for emabling enl ekpansioe ifi iarstsiver on

second, third, and foyrth conpression neans together, for the case that _.the
first auxi Meda wdced ouspt siamehof e irst SOMRISSIOR MeaDs 5P &% 19 SOIA FFRliSt Of iyt
of t h? Mat gigxd) RYpHEAADthe Hiphlt b he STHSOEYIPTRIsidnSheRa) the second instruction signal being

generated for enabling an expansion in the receiver on the data reduced output signal of the

second compression means so as to obtain a replica of the output signal of the matrixing
means, |

- control signal generator means for generating the control signal for the multiplexer means,

- signal combination means for combining the output signals of the at least first and the
second compression means as well as the first and second instruction signél and the control
signal so as to enable the transmission of those output signals.

2. A transmitter for transmitting a first and a second main signal component
and at least one auxiliary signal component via a transmission medium, characterized in that
the transmitter comprises

- at least three input terminals for receiving the at least three signal components,

- at least three signal conversion means, each having an input coupled to a corresponding one
of the input terminals and an output, the conversion means being adapted to convert an input
signal applied to its input into M subsignals and to apply the M subsignals to its output,

- multiplexer means having at least a first, a second and a third input coupled to the outputs
of the at least three signal conversion means, at least a first, a second and a third output and
a control signal input, .

- first compression means having an input coupled to the at least third output of the
multiplexer means, the first compression means being adapted to carry out a data reduction
stép on the signal applied to its input in response to a first masking control signal and to
supply a first data compressed signal to an output, _

- masking control signal generator means for generating the first masking control signal for
the first compression means, the first masking control signal having a relationship with a
masking threshold of the signal that is applied to the input of the first compression means,

- first expansion means having an input and an output, the input being coupled to the first
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conmponent woul d have been applied to the second input of the matrix+ng
means, the first signal signal conponent woul d have been aﬁﬁl led to

Chird input of the matrixing means, and the second ayjij Lmjmu!“‘“\iﬁng

conponent woul d have been applied to the 'ﬁ)urth i nﬁ__u g
nmeans, a fourth data reduction ratio relating to the anount of data
reduction realized by the first,. second,, thir gq%d fourth conpression neans

t oget her, FYRPIEFION;HIERNS, (the cXPARSIOn Weanj heings Bofoh et 3RFTPESRR, 87 JB%n

appl i ed t Osigm a?:bﬁédt to 119 iHipuP o 2l Qo BB %1 rBSNicAEG e sighQl BESIRACkoAH ihpudlaf the
si gnal conponent”woul d have been applied to the second input of the
mat ri xi ng fisteempression means andXp supply the waliga WiigrtPBonponent woul d have

been applied . | of Fiho L% : eson i n
o gnal " corpoRaiptiCmieais fevdiel e 4 ff R sklokis Mo F B G, BB TehC el
mat ri xi ng mpanesingcdupladhtodthe dirstcmdcsecand ouwptit gespettivelyngf the multipleaenumeansf and

moans t ogeliretrd Aapls e XolpIgt 16 ¢ puE B dhe, bbb Mednd e pRRBIAE ekl
woul d havehdwvirgna first and a second output for supplying a first and a second output signal, the
matrixing means being adapted to combine the signals applied to its inputs so as to obtain the
first output signal which has a relationship with a combination of the first main signal
component and the at least one auxiliary signal component, and the second output signal

which has a relationship with a combination of the second main signal component and the at

least one auxiliary signal component,
- second and third compression means, each having an input codpled to the first and second
output respectively of the matrixing means, and an output, the compression means being
adapted to carry out a data reduction step on the signals applied to its inputs in response to
second and third masking control signals and to supply data compressed first and second
output signals to their outputs, the masking control signal generator means being adapted to
generate the second masking control signal for the second compressibn means, and being
adapted to generate the third masking-control signal for the third compression means, the
second masking control signal having a relationship with a masking threshold of the signal
that is applied to first i'gput of the matrixing means, the third masking control signal having a
relationship with a masking threshold of the signal applied to the second input of the
matrixing means, | _
- instruction signal generator means for generating at least first, second and third instruction
signals, the first instruction signal being generated for enabling an expansion in a receiver on
the data reduced output signal of the first compression means so as to obtain 2 replica of the
signal applied to the input of the first compressi;m means, the second instruction signal being
generated for enabling an expansion in the re;:eiver on the data reduced output signal of the
Second compression means so as to obtain a replica of the first output signal of the matrixing
means, the third instruction signal being generated for enabling an expansion in the receiver
on the data reduced output signal of the third compression means so as to obtain a replica of
the second output signal of the matrixing means,
- control signal generator means for generating the control signal for the multiplexer means,

~ - signal combination means for combining the output signals of the first, second and third
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applied to the first input of the matrixing neans, .'mnal

conponent woul d have been applied to the second ianlm L,X1 Ng

means, the first auxiliary signal signal component . Wﬂﬁhgmgpl i ed
Sl :

to the third input of the matrixing means, and the first mhinw
conponent woul d have been applied to the 3urth input of the matrixing

means, the control signal generator nmeans bei ngﬂ_adapt ed to generate a first
control si gempression meansrrseweld as tee firstssecand and itk insupctiont signalseandythe Fogel

than the ot o Q3 kAl Gantd ol signal in response
to the sec%‘gg%lcfgt%ét%r g‘?&?sétcﬁ%n ra1.|o8 gr%ﬁg%gtr nan the other data
reduction Batios, a thiAdtransmitter assiclaimed iim claimp@nwbanacterizad imithad thetcantrol
reduction rati,o bei | arger than f.he ot her, data [;educti.on rati a. faourth
Cont ol i A5 pRErHE ety cAruael, B (0% SPEUaREs oh Ipk Fbe, B R,
than the otdtiek, &diret d224lweduction ritic elatingn®d el dridunt ©Frdataotedactipnatealized by the
response tq the fifth 3@3 reduct.ion ratio bein Iarggsr %haﬂ\etfbe ot her. data
reduction it o0 rad Fe i OMPRTSHER (FREATS tB%’T“_FFé’ 05 &S a5 eheh Mt sige

i nputs wit Boxh?&xe_ﬂ)ﬂﬁvﬁhmshdve_ e MapplideYo EHeAtirst iifput STRRE SRatfifing tReahs,” the second

control signal, its first input I's connected to its first output, its
second i npmain sigeab cAmperent would havechesm @ppliedJatthe secend jinputiof His matriging means,

connect od iy bieSaefbist Bne ity ) bbApbthf Wauld Vv tesn SHARAC e bput bF the

fourth out I'n respon ]
first compression means, a second data reduction ratio relating to the amount of data

reduction realized by the first, second and third compression means together, for the case
that the first main signal component would have been applied to the first input of the
matrixing means, the at least one auxiliary signal component would have been applied to the
second input of the matrixing means, and the second main signal component would have
been applied to the input of the first compression means, a third data reduction ratio relating
to the amount of data reduction realized by the first, second and third compression means
together, for the case that the at least one auxiliary signal component would have been
applied to the first input of the matrixing means, and the second main signal compbnent
would have been applied to the second input of the matrixing means and the first main signal
component would have been applied to the input of the first compression means, the
multiplexing means being adapted to interconnect its inputs with its outputs in such a way
that, if the first data reduction ratio is larger than the other data reduction ratios, its first
input is connected to its first output, its second.input is connected to its second output and its
third input is connected to its third output, and if the second data reducﬁon ratio is larger
than the other data reduction ratios, its first input is connected to its first output, its second
input is connected to its third output and its third input is connected to its second output, and
if the third data reduction ratio is larger than the other data reduction ratios, its third input is
connected to its first output, it second input'is connected to its second output, and its first
input is connected to its third output, the control signal generator means being adapted to
generate a first control signal in response to the first data reduction ratio being larger than
" the other data reduction ratios, a second control signal in response to the second data
reduction ratio being larger than the other data reduction ratios, and a third control signal in
response to the third data reduction ratio being larger than the othier data reduction ratios,
the signal combination means also being adapted to receive the at least three control signais
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: generator for generating the first masking control signal, a second masking control signal
generator for generating the second masking control signal and a third masking control signal
genergtor for generating the third masking control signal, each having outputs coupled to
_/mpz‘ of a second multip_lexer means, at least three outputs of the second multiplexer means
forming the outputs of the masking control signal generator means, the second multiplexer
means haviné a control signal input for receiving the control signal from the control signal
generator means.
6. A transmitter as claimed in claim 2, 3, 4 or 5, for transmitting a first and
a second main signal component and at least a first and a second auxiliary signal component
via the transmission medium, characterized in that the transmitter further comprises |
- a fourth input terminal for receiving the at least second auxiliary signal component,
- a fourth signal conversion means, having an input coupled to the fourth input tefrninal and
an output, the fourth conversion means being adapted to convert the second auxiliary signal
component applied to its input into M subsignals and to apply the M subsignals to its output,
the multiplexer means having a fourth input coupled to the output of the fourth signal
conversion means, and a fourth output,
- fourth compression means having an input .coupled' to the fourth output of the multiplexer
means, the fourth compressicn means being adapfed to carry out a data reduction step on the
signal applied to its input in response to a fourth masking control signal and to supply a
fourth data compressed signal to an output,
- the masking control signal generator m&n; being further adﬁpted to generate the fourth -
masking control signal for the fourth compre.ssion means, the fourth masking control signal
having a relationship with a masking threshold of the signal applied to the input of the fourth
compression means, _
- second expansion means having an input and an output, the input being coupled to the
fourth compression means, the expansion means being adapted to carry out a expansion on
the signal applied to its input 50 as 10 obtain a replica of the signal applied to the input of the
fourth compression means and to supply the replica to its output, F‘*
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fourth compression means,
- the signal combination means being further adapted to combine the output signal of the
fourth compression means as well as the fourth instruction signal so as to enable the
transmission of those signals.
7. A transmitter as claimed in claim 6, characterized in that,the control
signal generator comprises calculation means .for calculating at least five data reduction
ratios, a first data reduction ratio relating to the amount of data reduction realized by the
first, second, third and fourth compression means together, in the case that the first main
~ signal component would have been applied to the first input of the matrixing means, the
second main signal component would have been applied to the second input of the matrixing
means, the first auxiliary signal component would have been applied to the third input of the
matrixing means and the second auxiliary signal component would have been applied to the
fourth input of the matrixing means, a second data reduction ratio relating to the amount of
data reduction realized by the first, second, third and fourth compression means together, for
the case that the first main signal component would have been applied to the first input of the
matrixing means, the first auxiliary Signal component would have been applied to the second -
input of the matrixing means, the second main .signal component would have been applied to
the third input of the matrixing means, and the second auxiliary signal component would
have been applied to the fourth ihpﬁt of the matrixing means, a third data reduction ratio
relating to the amount of data reduction realized by the first, second, third and fourth |
compression means together, for the case that the first auxiliary signal component would
have been applied to the first input of the matrixing means, and the second main signal
component would have been applied to the second input of the matrixing means, the first
signal signal component would have been applied to the third input of the matrixing means,
and the second auxiliary signal component would have been applied to the fourth input of the
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to the amount of data reduction realized by the first, second, third and fourth compression
means together, for the case that the second auxiliary signal component would have been
applied to the first input of the matrixing means, the second main signal component would
have been applied to the second input of the matrixing means, the first auxiliary signal signal
component would have been applied to the third input of the matrixing means, and the first
main signal component would have been applied to the fourth input of the matrixing means,
the control signal generator means being adapted to generate a first control signal in response
to the first data reduction ratio being larger than the other data reduction ratios, a second
control signal in response to the second data reduction ratio being larger than the other data
reduction ratios, a third control signal in response to the third data reduction ratio being
larger than the other data reduction ratios, a fourth control signal in response to the fourth
. data reduction ratio being larger than the other data reduction ratios, and a fifth control
signal in response to the fifth data reduction ratio being' larger' than the other data-reduction
ratios, the multiplexing means being adapted to interconnect its inputs with its outputs in
such a way that, in response to the first control signal, its first input is connected to its first
output, its second input is connected to its second output, its third input is connected to its
third output, and its fourth input is connected to its fourth output, and in response to the
second control signal, its first input is connected to its first output, its second input is
connected to its third output, its third input is connected to its second output, and its fourth
input is connected to its fourth output, and ir; response to the third control signal, its third
input is connected to its first output, it second input is connected to its second output, and its
first input is connected to its third output and its fourth input is connected to its fourth
output, and in response to the fourth control signal, its first input is connected to its first
output, its fourth input is connected to its second output, its third input is connected to its
third output, and its second input is connected to its fourth output, and in response to the
fifth control signal, its fourth input is connected to its first output, its second input is
cénngcted to its second output, its third .input is connected to its third output, and its first
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| east three input tern Aatrenshiditer’ £CElaMMdAYint SlBinA, [ch@rdétefitadein tHagfte! matrixing
conponent S’means comprise a control signal input for receiving the at least first, second, third, fourth
and fifth control signal. -

9. . A transmitter as claimed in claim 6, 7 or 8, characterized in that, the
masking control signal generator means further comprise at least a fourth masking control
signal generator for generating the fourth masking control signal, the fourth masking control
signal generator having an output coupled to a fourth input of the second multiplexer means,
at least four outputs of the second multiplexer means forming the outputs of the masking
control signal generator means, the second multiplexer means having a control signal input
for receiving the control signal from the control signal generator means.

10. A transmitter as claimed in any one of the claims 2 to 9, characterized in
that the transmitter further comprises compensafion means having

- a first, a second and a third input terminal and an output terminal,

- third expansion means with an input coupled to the first input terminal for receiving an
input signal and with an output for supplying an expanded output signal,

- second signal combination means having a first input coupled to the output of the third
.expansion means, a second input coupled to the second input terminal of the compensation
means, a third input coupled to the third input terminal of the compensation means; and an
output, the said output being coupled to the output terminal of the compensation means. |

11. A transmitter as claimed in claim lO,. characterized in that,. the second
signal combination means is adapted to add the signal applied to its second input to the signal
applied to the first input in a subtractive way, and to add the signal applied to its third input
in an additive way. '

12. A transmitter as claimed in claim 10 or 1!, characterized in that, the
transmitter comprises switching means

- for coupling, in a first mode, the first input terminal of the compensation means to the
second compression means, the second input terminal of the compensation means to the first
output of the matrixing means, the third input terminal of the compensation means to the
second output of the matrixing means , and the output terminal of the compensation means to
the input of the third compression means,

- for coupling, in a second modé, the first input terminal of the compensation means to the
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- at least three input terminals for receiving the at least three signal components,
- multiplexer means having at least a first, a second and a third input coupled to the at least
three input terminals, at least a first, a second and a third output and a control signal input
for receiving a control signal, . _
- first compression means having an input coupled to the at least third output of the
multiplexer means, the first compression m&ans being adapted to carry out a data reduction
step on the signal component applied to its input in response to a first maSking control signal
and to supply a first data compressed signal component to an output,
- masking control signal generator means for generating the first masking control signal for
the first compression means, the masking control signal generator means being adapted to
derive the masking control signal from the signal component applied to the input of the first
compression means, .
- first expansion means having an input and an output, the input being coupled to the first
compression means, the expansion means being adapted to w.rry out an expansion 6n the
signal applied to its input 5o as to obtain a replica of the signal component applied to the
input of the first compression means and to supply the replica to its output,
- matrixing means having at least a first, a second and a third input, the first and second
input being ;:oupled to the first and second output respectively of the multiplexer means, and
the third input being coupled to the output of the expansion means, the matrixing means
having a first and a second output for supplying-a first and a second output signal, the
matrixing means being adapted to combine the first main signal component and the at least
one auxiliary component so as to obtain the first output signal, and being adapted to combine
the second main signal component and the at least one auxiliary signal component so as to
obtain the second output signal, _
- second and third compression means, each having an input 'coupled to the first and second
output respectively of the matrixing means, and an output, the compression means being
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pmasidng controlrrsIggnal for the second compregssion means, and being adapted to generate the

third masking control signal for the third compression means, the second masking control
signal generator means being adapted to derive the second masking control signal from the
signal component that is applied to the first input of the matrixing means and being adapted
to derive the third masking control signal from the signal component that is applied to second
input of the matrixing means, -

- instruction signal generator means for generating at least first, second. and third instruction
signals, the first instruction signal being generated for enabling an expansion in a receiver on
the data reduced output signal of the first compression means so as to obtain a replica of the
signal component applied to the input of the first compression means, the second instruction
signal being generated for enabling an expansion in the receiver on the data reduced output
signal of the second compression means so as to obtain a replica of the first output signal of
the matrixing means, the third instruction signal being generatéd for enabling an expansion in
the receiver on the data reduced output signal of the third compression means so as to obtain
a replica of the second output signal of the matrixing means,

- control signal generator means for generating the control signal for the multiplexer means, -
- signal combination means for combining the output signais of “the first, second and third
compression means, the control signal as well as the first, second and third instruction
signals so as to enable the transmission of those signals, and that the transmitter comprises
the compensation means of claim 10, 11 or 12.

14. A transmitter as claimed in any one of the claims | to 13, characterized in
that the transmitter is in the form of an arrangement for recording the output signal of the
signal combination means on a record carrier. | '

15. A record carrier obtained by the transmitter as claimed in claim 14,
comprising the output signal of the signal combination means recorded in the track, the said
output signal comprising the at least one control signal.

16. ' A receiver for receiving at least a first and a second main signal
component that have been transmitted via a transmission medium by a transmitter,-'
characterized in that the receiver comprises

- demultiplexer means for retrieving first and second instruction signals, compressed first and
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i nstruction
original uncompressed second signal and to supply the replica to the second one of said at

least two outputs,

- dematrixing means having at least a first and a second input coupled to the at least first and
second output respectively of said expansion means and having at least one output, the
dematrixing means béing adapted to combine the signals applied to its inputs so as to obtain
M subsignals corresponding to an output signal at its at least one output,

- switching means having a control signal input for receiving the control signal, the switching
means being adapted to receive the output signal of the matrixing means and one of the
output signals of the expanéion means and being adapted to supply either the m-th subsignal
of the output signal of the dematrixing means to a first output, or the m-th subsignal of the
said one output signal of the expansion means to said first output in response to said control
signal,

- first reconversion means having an input coupled to the first output of the switching means
and an output coupled to a first output terminal for supplying the replica of the first main
signal component, where m is an integer.

17. Receiver as claimed in claim 16, characterized in that the switching means
are further adapted to supply either the n-th subsignal of the said one output signal of the
expansion means to said first output, or the n-th subsignal of the output signal of the
dematrixing means to said first output in response to said control signal, where n is an
integer unequal to m. i . |

18. Receiver as claimed in claim 16, characterized in that the switching means
are adapted to supply either the M subsignals of the output signal of the dematrixing means
to said first output, or the M subsignals of said one output signal of the expansion means to
said first output in response to said control signal.

19. Receiver as claimed in claim 16, characterized in that the switching means
are further adapted to supply either the m-th subsignal of the said one outpﬁt signal of the
expansion means to a second 'o'utput, or the m-th subsignal of the output signal of the
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dematrixing means to said second output in response to said control signal, where n is an

integer unequal to m.
21. Receiver as claimed in claim 19, characterized in that the switching means
.are adapted to supply either the M subsignals of the said one output signal of the expansion
means to said second output, or the M subsignals of the output signal of the dematrixing
means to said second output in response to said control signal.
22. A receiver for receiving a first and a second main signal component and
at least a first auxiliary signal component that have been transmitted via a transmission
medium by a transmitter, characterized in that the receiver comprises

. - demultiplexer means for retrieving first, second and third instruction signals and
compressed first, second and third signals from an information signal received from the
transmission medium, and for supplying said signals to
- expansion means having at least three outputs, the expansion means being adapted to carry
out a data expansion on the first compressed signal in response to the first instruction signal
$0 as to obtain a replica of the original uncompressed first signal and to supply the replica to
a first one of said at least three outputs, to carry out a data expansion on the second
compressed signal in response to the second instruction signal so as to obtain a replica of the
original uncompressed second signal and to supply the replica to the second one of said at
least three outputs, to carry out a data expansion on the third compressed signal in response
to the third instruction signal so as to obtain a replica of the original uncompressed third
signal and to supply the replica to the third one of said at least three outputs,
- dematrixing and switching means having at least a first, second and a third input coupled to
the at least first, second and third output respectively of said expansion means and having at
least three outputs, the dematrixing and switching means being adapted to combine the

signals applied to its inputs so as to obtain M subsignals corresponding to the first main

signal component at its first output, M subsignals corresponding to the WPMW
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unconpr esse st signa to supp the replica
the first main signal component,

- second reconversion means having an input _coupled to the second output of the dematrixing
and switching means and an output coupled to a second output terminal for supplying the
replica of the second main si-gnal component,

" - at least a third reconversion means having an input coupled to the third output of the
dematrixing and switching means and an output coupled to a third output terminal for
supplying the replica of the at least first auxiliary signal component.

23. A receiver as claimed in claim 22, characterized in that the demultiplexer
means is further adapted to retrieve at least the first, second third control signals from the
information signal received from the transmission medium, and to supply said control signals
to an output,

the said output being coupled to a control signal input of the dematrixing and switching
means.

24. A receiver as claimed in claim 22 or 23, for receiving a first and a: second
.main signal component and at least a first and a second auxiliary signal component, that have
been transmitted via the transmission medium by the transmitter, the demultiplexer means
further being adapted to retrieve at least a fourth compressed signal and at least a fourth
instruction signal from the information signal received from the transmission medium, and to
supply said fourth compressed signal to a fourth output, the said fourth output being coupled
to a fourth input of the expansion means, the expansion means being adapted to carry out a
data expansion on the fourth compressed signal in response to the fourth instruction signal so
as to obtain a replica of the original uncompressed fourth signal and to supply the replica to
a fourth output, the dematrixing and switching means further having at least a fourth input
coupled to the at least fourth output of said expansion means and having at least a fourth
output, the dematrixing and switching means further being adapted to combine the signals
applied to its inputs so as to obtain M subsignals corresponding to the at least second
auxiliary signal component at its fourth output,

- fourth reconversion means having an ihput coupled to the fourth output of the dematrixing

and switching means and an output coupled to a fourth output terminal for supplying the
replica of the second auxiliary signal component. ' REPLACEMENT SHEET
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a first one of said at |least two outputs, to carry odt—a—eata—expamsion on
t he second conpressed signal in response to the secon na

so as to obtain a replica of an original unconpressed ’ﬂﬂﬂm[mw! ﬂl “ip to
supply the replica to the second one of said at |east =
dematri xi'ng neans having at |east a first{gmia.second i nput coupled to the
at least first and second output respectively of said expansion neans and
having at |g¢ast one out pyt e X4 N e adapt conbl e
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means and one of the output signals of the expansion neans and being
adapted to supply either the mth subsignal of the output signal of the
dematri xing neans to a first output, or the mth subsignal of the said one
out put signal of the expansion nmeans to said first output in response to
said-control signal, - first reconversion means having-an i nput coupled to
the first output of the sw tching neans
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and an out put

coupled to a first output termnal for supplying the replica _

of the first main signal conponent, where mis an integer. 17.

Recei ver as cl

aimed in claim16, characterized in that the swi tching nmeans

are further adapted to supply either the n-th subsignal of the said one

out put signal
subsi gnal of t

of the expansion means to é8id first output,-or the n-th
he output signal of the dematrixing neans to said first
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ans are adapted to supply either the M subsignals of the
ggb?%%a%%natrixing means to said first output, or the M

éﬁid one put put_signal of, the ex sion neans to said first
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clained in claisedéndcmaiacteiguall icompoaenthe S(W+Rohi:gg m&ms.o@e@,fgrth?ar
adapted to su )t h t t bsignal of .th ai ne tp si gna
p ppﬁé(vﬁﬂ% e tH8 Bt %‘58 5 Ut O?.e 1?1a§.tsh gﬁ 935':?6” %t&rthe

of the expansi
out put signal

on neans to a Sseco out’put e nr bsi
ofeggiving the at least two input signals. The

transmitter comprises multiplexer means (111’) for
multiplexing the at least two inputs signals to a
first input (11’) of matrixing means (13’), and to an
input of first bitrate reducing means (BRR1). The
first bitrate reducing means is for carrying out a
data reduction step on the signal applied to its input
and to supply a data reduced version to an output.
Expansion means (7') are present, having an input
coupled to the first bitrate reducing means (BRR1), for
carrying out a data expansion on the data information
applied to its input, so as to obtain a replica of the
signal applied to the input of the bitrate reducing
means at an output. Said output is coupled to a second
input (12’) of the mafrixing means (13’). An output
(14’) of the wmatrixing means (13’) is coupled to
signal combination means (29) via second bitrate
reducing means (BRR2). The output of the first bitrate
reducing means (BRR1) is also coupled to the
combination means (29). The signal combination means
(29) is adapted to combine the signal so as to enable
the transmission of those output signals. Conversion
means (SPL2, SPL3) are provided between the input
terminals (1, 90) and the: inputs of the multiplexer
means (111’) for converting the input signals into
corresponding subsignals, such as subband signals
(fig. 6). Further, a receiver for receiving the
signals transmitted by means of the transmitter via
the transmission medium, is disclosed (fEig. 7). The
signals supplied by the combination means can be
recorded on a record carrier (193) (fig. 10).
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dematri xi ng neans to said second output in response to said control signal,
the receiver further conprising - second reconversion neans having an i nput
coupled to the second output of the sw tching neans and an output coupled
to a second output termnal for supplying the replica of the second main

si gnal conponent. 20. Receiver as clainmed in claim19,
characterized in that the switching neansqsare further adapted to supply
either the n-th subsignal of said one output sighal of the expansi on neans
to said second output, or the n-th subsignal ofgfthg output signal of the
dematri xi ng means to said second output in r espe to said control signal
where n is an integer unequal tqgnmr ZI. - Recerver as qlained in
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means to said second output in response to said control signal. 22.

A receiver for receiving a first and a second main signal conponent and at
| east a first auxiliary signhal conponent that have been transmtted via a
transm ssion nmediumby a transmtter, characterized in that the receiver
conprises denultiplexer neans for retrieving first, second and third
instruction signals and conpressed first,gsecond and third signals from an
information signal received fromthe transm ssion nmedium and for supplying
said signals to - expansion neans having at |east three outputs, the
expansi on means being adapted to carry out ‘a data expansion on the first
conpressed signal in responsetw the fieedy instrﬁétgpn signal so as to
obtain a replica of the origi unconp sed fir%ﬁ“signal and to supply
the replica to a first one of {said at | ¢ast threejoutputs, to carry out a
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signal and to supply the replica to the third one of said at |east three
outputs, - dematri'xing and sw tching neans having.at least a first, second
and a third input coupled to the at |east first, second and third output
respectively of said expansi on neans and having at |east three outputs, the
dematri xi ng and swi tchi ng neans bei ng adapted to conbi ne the signals
applied to its inputs so as to obtain M sgpsignals corresponding to the
first main signal conponent at its first output, M subsignals corresponding

to the se 47 conponent at its second output and M subsignals
corresponding to the at least first auxﬂliary,signal conponent at its at
| east third output, - first reconversio ans having an input coupled to

the first output of the trixing an ls t chi ng means and an out put

coupled to a first outp erm nal for, %upp ying,LEe replica of the first
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- second reconversi on means having an input coupled to the second output of
the dematri xing and swi tching means and an output coupléd to a second
output terminal for supplying the replica of the second main signal
conmponent, - at least a third reconversion means having an input coupled to
the third output of the dematrixing and sw tching méans and an out put
coupled to a third output term nal for sugflylng the replica of the at

| east first auxiliary signal conponent. ! A recei.ver as
clainmed in claim_22, characterized in that the denultiplexer neans is
further adapted to retrieve,at |least the f4rst, second third control
signals fromthe informatigq |gnal receifad fromthe transm ssion nedi um
and to supply said contral , A sai d out put being
coupled to a control sigMal inp ] ' 8 i
24. - A receiver as claimed in cl or receiving a
first and a second main signal conponent apd at |east a first and a second
auxi liary signal conponent, that have beenkin nsmtted via the transm ssion
medi um by the transmtter, the denul ti pl exer n®ans FIG 40
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further being adapted to retrieve at |least a fourth compressed signal and
at least a fourth instruction signal fromthe information signal received
fromthe transm ssion medium and to supply said fourth conpressed signal
to a fourth output, the said fourth output being coupled to a fourth input
of the expansion neans, the expansi on neans being adapted to carry out a
data expansion on the fourth conpressed shgnal in response to the fourth

i nstruction signal so as'to obtain a replica of the original unconpressed
fourth signal and to supply the replica to a fourth output, the dematrixing
and switchirg neans further having at least a fourth input coupled to the
at least fourt =t =0 =S a3 I on nmeans and having at |east a fourth

output, the dematrixin ﬁn =t CHi ns further being adapted to
conbi ne the sidnals apgp ed to ' so as to obtain M subsignals
corresponding tlo the at le ecqrgtiauxiliary signal conponent at its

fourth output, } fawur rdcg. Si ns.havi ng an input coupled to the
fourth output df the égﬁﬁiriﬁin dﬂW1WEQ 7“‘3 3 ggan out put - coupl ed
| f [ :

to a fourth outjpuy t e PhsEA t he second
auxiliary signa‘l cc-ﬂa@. -
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48 25. A receiver as clainmed in claim22, 23 or 24,
characterized in that the receiver is in the formof an arrangenment for
reproduci ng the first and second nain signal conponent and the at | east ohe
auxi liary signal conponent froma record carrier.
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