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'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 raté ‘reduction

is carried out. The invention further relates to a receiver for receiving the sxgnals transmitted

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

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.Canda
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 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 (72) and (7b) respecnvely 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 quantlzanon noise. The aim of the above compression meens '

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 10-
obtain a replica of the signals L, R and C. The original signal components can be retrieved
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by demmgmg the dequantized signals L., R, and C. It has appeared that the received stereo

nal is sometimes affected by quantization noise whxch has become audible. The above

e,moued ICASSP publication has found a solution to this problem in that a prequantization
ndd corresponding dequantization is carried out on one one of the signal components. The
ransmitters described in the said publication however still suffer from a deterioration in the
yansmission 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 a first énd a second
main signal component and eventually at least one auxiliary signal component, insucha
way that upon decoding in a receiver, the deterioration described above can be overcome.
The transmitter for transmltt_xng at least a first and a second main signal

- component, therefore comprises

15

- at least a first and a second input terminal for receiving the first and second main signal

- component,

20

30

. 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 inbut into M subsignals and to apply the M
subsignals to its output,

- multiplexer means havmg 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 havmg 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 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 comprussion mms,' the'_,f_;:i_'__st;_fmaskin_g control signal having a relationship with a
masking threshold of the signal applied'to the input of the first compression means,

- first ?Xiiansion means having an input and an output, the input being coupled to the first |
compression means, the.expansion means béing adapted to carry out a data expansion on the
signal applied to its input 0 as to obtain a replica of the signal applied to the input of the
first compression means and to supply the rephca to its output, -
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) mamxing means having at least a first and a secorid input, the first input being coupled to
he first output of the multiplexer means and the second input being coupled to the output of
the first expansion means, the matrixing means further héving an output for supplying an
output signal, the matrixing means being adapted to cqi'nbine the signal applied to its first
input and at least the signal aﬁplied to its second input so as to obtain the output signal,

. 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 gerierati_ng 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 ihput 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 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 compdn_em 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,
- multiplexer means having at least a first, a second and a third input coupled to the outputs
of the at least three stgnal conversion means, at least a ﬁrst, a second and a third output and

~ a control signal input,

- first compression means havmg an input coupled to the at least third output of the
mulnplexer means, the first compression means being adapted to carry out a data reducuon |
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the signal applied to us mput in response to a ﬂrst maskmg control sxgnax and to
data compressed signal to an output,

PCT/1B94/00320

step on
supply @ first |
_ asking 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
nasking hreshold 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
pressmn means, the expansion means being adapted to carry out an expansion on the

signal applied 10 its input so as to obtain a replica of the signal applied to the input of the
first compmﬁ‘m means and to supply the rephca 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 expa_nslon means, the matrixing means
having a first and a second output for supplying a first and a second output signal, thé
matrixing means being adapted to combine the signals applied its inputs so as to obtain a first
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 corﬁponent and the at least one
auxxhary signal component, ' |

- second and third compressxon 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

. adapled to geneme 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 3 relauonshxp with a maskmg 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
Sgnal applied 1o the input of the first compress:on means, the second instruction signal being

| tenerated for enabling an expansxon in the receiver on the data reduced output signal of the
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 socond compression means so 2310 obtam a replica of the first output sxgnal of the matrixing
neanss the third instruction sxgnal being generated for enabling an expansion in the receiver
o the data reduced output slgnal of the third compresslon means so as to obtam a replica of
the second output signal of the matrixing means,
. control signal generator means for generating the control signal for the mulnplexer 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 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 ai least two input signals prior to
" matrixing and bitrate reduction. o ' |
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 matriking 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 io the
first input of the matrixing means. | | |
In the case that only three signals (L,R and C) are transmitted, this results
in | _ |
(a) eithér the L- and R-signal component applied to the first and mond 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 apphed to the thlrd input of the matrixing means
after prequantization and corresponding dequannzatlon. ' ' .
(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 componeants, 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 swit‘chirig over between signals applied to a certam 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 least
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signal components applied to the transmitt_er. This switching over, however, leads to
g transients in the signals obtained after reconstruction in the receiver, and thus to a

switchin
g lcm,ﬁmcm of those signals.

It has been found that the fact that swnchmg over between the signals
ook place in the wideband domain of said signals was the major cause of this deterioration.
i accordance with the invention, switching now takes place in the subsignal domain, that is:

Jfier the signals have been converted into the subsignals (elther transform coded signals or

subband 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 arrangement for

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 transmltter as described i in ﬁgure

4a of a previous patent application,
figure 1b shows an embodiment of a corresponding receiver, descnbed in

5 ﬁgure 4b of the previous application,
| figure 2 show signal waveforms as a function of time of the sxgna.ls L,R
figure 3a shows the signal waveform as a function of time, as apphed to | |

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

one of the compressmn means, :

| figure 4a shows the slgnal waveform of figure 3a after recepuon and
eéxpansion, _ _ _
figure 4b shows the signal waveform of figure 3b after reception and
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ap figure 5 shows the waveforms as a function of time of rephcas of the

and C obtained after reception, expansxon and reconstrucuon,
gl g 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

ecording the signals on a record carrier,
figure 11 shows an embodlment of a compensanon cxrcuxt that can be used

transmitters described,
figure 12 shows the compensatxon circuit used ina dxfferent way in the

in he

ransmilter, |
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 recexvmg the first and
second main sxgnal component transmitted by the transmitter of figure 13, '

figure 14a shows a detailed embodiment of the dematrixing and swm:hmg
means of figure 14,

figure 15 an explanation of muitiplexing 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 1a 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
o 93-002), which is document (2) in the list of references. Figure b shows the corresponding |
receiver, which is also described with reference to figure 4b in the said earlier filed US
w application. The transmitter of figure la is meant to transmit a first and a second main
n'm Component, such as the left and -right hand signal component L and R of a stereo audio
“8nal, and an auxiliary signal, as an example C, which is a central audio signal, viaa -
. :’:“ﬁ':‘;ﬁm medium TRMM. A digitized version of the left signal component L is applied
E Input terminal 1 and a dlgmzed version of the right mgnal component is applied to a
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econd nPUt terminal 90 and the central signal C is applied to the terminal 2. The terminals
21d 90 are .coupled to a-terminals of switches 70 and 110, incorporated in switching means

11, The terminal 2 is coupled t0 the b-terminal of the switch 71’ ip the switching means

11 Further, the terminal 1 is coupled to the c-terminal of the switch 71°, the terminal 90 is

-~ coupled to the a-terminal of the switch 71’ and the terminal 2 is coupled to the c-terminals of
the sthches 70 and 110.

III - PCT/1IB94/00320
g :

The b-terminal of the switch 70 is coupled to a first mput 11 of matnxlng
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 input 4 in response to a
first masking control signal mcsi, 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 mentioned published European patent applications 457,390A1 (PHN
13.328) and 457,391A1 (PHN 13.329), ref (7a) and (7b). This embodimént 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 shbbandsignals SB in the various subbands. m runs from 1 to M. The bit
allocation information is the masking controi signal and is derived in the block denoted by
GEN1, on the basis of the subband sxgnals generated by the subband splitter SPL1. The

“subband signals obtained are supplied to the blocks denoted by GEN1 and BRRI. A
quantization is carried out (in the block BRR1) on the q samples having a precision of at

3 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
sample_s 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) i (are) applied the output 5 of the compression means 3. Moreover, the bit

allocation information n, to ny, is applied to an output 6. The bit rate reduction carried out is

b“‘d On the effect of masking, where a frequency component having a certain frequency and

* certain amplitude results in a maskmg effect of a cenam level for nexghbourmg frequency
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cnts. Neighbouring frequency components having an amplitude below the masking
mpon

* inaudible and need not be taken into account. The masking level in the various
jevel are

s ;on information information should thus be considered as the first masking control
allocatt

ignal mesl, as already mdxcated above, which is generated by the maskmg control signal
si |

the bit allocation information, that is the values n, to ny. This bit

generator GENL. o
Generally, scale factors for (and from) each of the time equivalent signal
iocks of q samples of the M subbandsignals are derived, so as to normalize the time
equwalem signal blocks prior to carrying out the data reduction step in the block BRRI. At
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

. n 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 isl applied to
the input 10, the expansion means 7 realizes a dequantization on the quantized signals applied
1o the input 8, so as to generate a replica of the original signal component applied to the
mput 4. This means that for tiine 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
samples in the subb_andsigna.l 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 thé original |
wideband signal component. "

Subband splitters and corresponding subband combiners are extensivély
described in the prior art, see eg. published European patent applicaﬁon 400,755 (PHQ
39 018A), document (6) in the list of references. |

It should be noted here, that the derivation of the bit allocanon .
information (the masking control signal) in the generators GEN1, GEN2 and GEN3 need not _
b derived from the subband signals. It is also possible to d’eﬁve 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
ove has been carried out in the subband signal domain, after having split the wideband
::::: udio signal into narrow band subband signals. It is however also possible to realize a -

Feduction by carrying out a transform encoding of the wideband signal so as 1o obtain

hqumy Components, on which the data reduction is carried out.
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It should alsd be noted that the input of the expansion means 7 need not

pecessarily be coupled to the output 5 of the compression means 3, but can alternatively be
coupled to an internal terminal in the bitrate reducer BRRI. The following gives an example
of this. |

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
pnormalization 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
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 represénted in
the 16-bit precision. In this situation, the input of the expander 7 is coupled to an internal
terminal inside the bitrate reducer BRR! where the 'rounded’ samples are available. Further,
only the scale factors need to be supphed to the expander 7, in order to obtain a rephca 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. _

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

‘Le=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-slgnal 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
7 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-51gnal 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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d posmon, the C-signal is applied to the input 11 of the matrixing means 13, the
¢

o1 the lied to the input 91 of the matnxmg means 13; and the L-signal is applied to

sgd) is app
flhe bit rate reducer 3.

1t should however be noted that in all cases the matrixing means 13
:he oucput signals L, and R, in accordance with the above formulae, irrespective of
qals &7 are applied to its mputs 11 91 and 12. |
wneh S8 That means that, in the situation (a), given above, the C-51gnal in the

jven above, is in fact the replica of the C-signal, which is applied to the input 12
wwm;xmg means 13. In the situation (b) given above, the R-signal is applied to the
O‘:IZ of the matrixing means, so that the R-signal in the formulae given above is in fact
the R-s:gnal supplied by the expansion means 7. In the situation

) given above, the L-signal in the formulae given above, is a replica of the L-signal, which

i supplled to the input 12 by the expansion means 7.

" The output 14 of the matrixing means 13 is coupled to an mput 17 of
second compression means 21, denoted CM2. The second compression means are adapted to
arry out a bit rate reduction on the signal L. in the element 18, denoted BRR2, under the

* .afluence of a second masking control signal mcs2 applied to.é control signal input 20. The

compression means 21 comprises second masking control signal generator means GEN2 for
generating the second masking control s:gnal mes2, which is applied to the control signal
put 20 of the bit-rate reduction element BRR2. The masking control sxgnal can again be in
the form of bit allocation information values n, to n,, 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 CMI1 is carried out. That means that a
subband splitter SPL2 is present to supply the subband signals to the element GEN2, in order
© derive the masking control signal mcs2 therefrom. Further, a subband splitter SPLA4 is
present 50 as to obtain the subband s:gnals from the L, signal t‘or the bit rate reduction step
'n the element BRR2. A data compressed signal is applied to an output 19 by the bit rate |
reducer 18, Moreover, a second instruction signal is2, which mcludes the second masking
control signal mes2 and further includes scale factor information, is applied to an output 23.
- The compression means CM2 further comprises a generator GEN3, which
:::::c:;‘ the same way as the generator GEN2, and which derives the masking control
Ve o~ from the signal applied to the input 91 of the matrixing means 13. Further, a
ucer element BBR3 is present, which functions in the same way as the bitrate
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R2 and which denves a data compressed output signal from the signal R,, which
;essed signal is ‘applied to its output. A subband splitter SPL3 is present so as to
bband signals for the generator GEN3J and a subband splitter SPLS is present so as

" subband signals from the signal R, which subband signals are supplied to the bit

PCT/IB94/00320

» educer BRR3. The masking control signal mcs3 is applied to an output 23’ as an

aF q signal is3, together with scale factor information.

agUCHO
25 It is shown that the derivation of the two masking control sxgnals mes2

gl T &3 is realized separately in the two elements GEN2 and GEN3. It should however be

P ied that poth 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 apphcanon 457,390A1 (PHN
13.3"8) . - : -
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 stereo-intensity mode 'codihg on
ame equivalent signal blocks of the corresponding subbandsignals in the first and second
autpiu signals of the matrixing means 13. A stereo-intensity mode coding of a stéreo 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 codmg _ '

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 prese_nt at the
output S of the compression means CMI is applied to an input 26 of' the combination means
2. Also the instruction signals isl, is2 and is3 are applied to inputs 27, 28 and 94
respectively of the combination means 29. | |

The combmanon means 29 combine the compressed signals and the

instruction signals (bit allocation information) so as to obtain a serial datastream that can be

“plied via an output 30 to a transmission medium TRMM.

Published European patent apphcanon 402,973 (PHN 13 241), document
@), extensively describes how compressed signals and bit allocation’ information can be
“mbined so as to obtain a serial data stream of information. Another way of combining
"rious signaj components is by applying hidden channel techmques Reference is made in
s respect to the previously mentioned J.A.E.S. publication, document (1a).

- The transmitter of ﬁgure l1a further includes calculation means 65.'The |

- . ’ I

——
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_jation means 65 calculate three d’ata reduction ratios. A first data reduction ratio which
calcu

4 measure for the amount of data reduction realized by the first and second compression
eans cM1 and CM2 together for the case that the ﬁrst main signal component L would
een applied to the mput 11 of the matrixing means 13, and the R signal component

have b
1d have been applied to the input 91. In that case, the masklng control signals mcs2 and

r:::g 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 CM2 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,
the masking control signals mcs2 and mcs3 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
mes2 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 n,, 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
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 bimiioéation information

My 10 Dy 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 ny, 10 Ny, 0y, 10 Ny, and N, tO Ny,
is thus carried out each time for time equivalent éignal blocks of q samples of the subband
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 CMI 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 .CMl compress the L-signal
COmponent and the compression means CM2 compress the signals R, and L,, where the
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maskiﬂg curves for the compressxon means are derived from the R and C signal components.

14

If the first data reduction ratio appears to be the highest one, a first
control sxgnal is applied to an output 69. A first control slgnal generated by the means 65
indicates that the left and right hand sxgnal ‘components L and R realize the largest maskmg
power, SO that the two compression means CM! 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 CM! and CM2 realize the largest
ainount 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 _compohcnt 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 avaﬂable
for the signal applied to the input 4 of the compression means CM1.

The first, second or third control s1gnal is applied to the switching means
111 coniprising the three sthc_hes 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
ihputs 11, 91 and 12 of the matrixing means 13 respectively. 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 thé 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. | ' o S
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
signal applied to the input 1'15 , the matrixing means 13 generate the first and second output
signals L, and R, in accordance with the formulaé given above, irrespective of to which of
the inputs 11, 91 and 12 the three sigﬂals L, R and C are applied. The control signai
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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contI'Ol signal, the calculation means 65 have calculated three sets of bit allocation

It should be noted that in order to generate the ﬁrst second or third

information, namely the values n; to ny, the values n,, and n,,, and the values n,, to ny.. The
same sets of values have been determined in the generators GENI, GEN2 and GEN3. Those
generators can thus be in common for the calculating means 65, and the compression means

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 quaniized samples of the signal L., which samples
are applied to an output 43, the original q'uantized 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 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 50 respectively. The outputs 42, 45 and 102 are coupléd to
control signal inputs of the quantizers 48, 49 and 50 respectively, so as to enable the
instruction signals to be applied to the dequaritizers. The dequantizers 48, 49 and 50 function
in the same way as the dequantizer 7 in the transmitter of figure la. The dequantizei 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 dequaritizer 50 thus generates a replica of the quantized third signal, that is either a
replica L’ of the signal cdmponent L, or a replica R’ of the signal component R, or a replica
C’ of the signal component C, which rep)icé 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 demultiplexer means 41 has an additional output 120 for supplying
the first, second or third control 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 m_u'ns_that the signal
applied to the input 56 of the matrixing meaﬁﬁ 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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ivelys and thus to terminals 60 and 125 respectively. If the control signal applied

0. oatrol s,gnal input 121 is the second control signal, this means that the signal applied
put 56 of the matnxmg means 57 is the rephca of the R-signal. In that case, the
ing means 57 functions such that replicas of the L- and C-signals are applied to the
s 105 and 106 respectively, and thus to the terminals 60 and 125 respectively. If the
ol S;gnal applied to the control signal input 121 is the third control signal, this means |
e sngnal applied to the input 56 of the matrixing means 57 is the replica of the L-
o that case, the dematrixing means 57 functions such that replicas of the C- and R-
are applied to the terminals 60 and 125 respectively.

ogrds

r omprising switches 77, 123 and 78". In response to the first control signal applied to the

The receiver further comprises controllable switching means 122

ilching means 122, the switch 77 is switched in the position a-b, the switch 123 is
;_ ,mtched 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 applied to the terminals 126, 127 and 128 respectively. In
' esponse 10 the second control s1gnal apphed to the switching means 122, the switch 77 is
! m;ched 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 rephcas 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
© 122 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 apphed to the
combined dematrixing means. |
From the descnptlon of the transmitter of t' igure la, it can be seen that the
SWltChmg between the three s:gnal components take place in the w1deband domain. This has
: the followmg disadvantage. _ '
Figure 2 shows an example of waveforms of the three signals L, Rand C
% a function of time, applied to the terminals 1 ,90 and 2 respectively of the transnutter of
;  figure 12, 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
% , ®spectively of the matrixing means 13, and the C signal is applied to the input 4 of the




20

eet Has Been Replaced.

- i -

pfesswﬂ means 3. It is further assumed that a third control signal is generated by the
com

alc jlation means 65 after the time instant t=t,. That means that the C signal is apphed to
gt 11 of the matrixing means 13, the R signal is applied to the input 91 of the

th:t::ng means 13 and the L signal is applied to the input 4 of the compression means 3.
Figure 32 shows the waveform as a function of time of the signal applied to the input 11 of
he 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 hlgh frequency content, and are encoded in the
msmltter as if they belong to the original signal. As a result, the calculation of the masking
control signals in the generators GEN! 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 1b 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. 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

and SPL3 respectively. The subband signals obtained are supplied to inputs 150, 151 and 152
respectively of a multiplexer 111°. The muitiplexer 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 I55 of the multiplexer 111° are coupled to

inputs 11’ and 91’ respectively of matrixing means [3'. 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°
is coupled to an input of the bitrate reducing means BRR1, which has the same function as

the bitrate reducing means BRR1 of figure la. 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



—_ R

- This Sheet Has Been Replaced i

Pt i II

p ‘nal combination means 29. An output of the expansion means 7’ is coupléd to the input
s of the matrixing means 13°. The expansion means 7° has the same function as the
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pansion means 7 of figure la, except for the fact that it does not include the subband
y,‘mests filters so as to combine the subband signals into a wideband signal.

What has been said above in relation to the cooperation and the

' jterconnection between the bitrate reducer BRR! and the expander 7 of figure 1, is equally -

b alid for the cooperation and the interconnection between the bitrate reducer BRR1 and the

| ,xpander 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
_bitallocatidn 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 redhcér BRR1 where the only
‘rounded’ samples are available. In that case, the expander 7° only réquim 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°.

~ Qutputs 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 mulﬁplexér 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 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 GENI,
~ GEN2 and GENS3 are supplied to inputs 161.3, 161.1 and 161.2 respectively of a second
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multiplexer 162. At outputs 164.1, 164.2 and 164.3 are masking control signals mscl, mes2

d ‘mes3 respectively available. | . _ _
If the generators GEN!, GEN2 and GEN3 use a Fourier transform to

| obtain the masking control signals, those masking control signals only comprise the bit
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auocatioxi information (the n, values). In that case, the scale factors in the various subbands
wul be derived in the various bitfate reducers (where the subband signals are available).

The masking control signal mcsl is applied to the bitrate reducing means
; Bmu If the masking control signal also includes the 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

B e —

, sigﬁal‘ mes2 also includes the scale factors, it can also directly be applied to the input 28 of
- the sigﬁa_l 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 mes3
includes the scale factors, it can also directly be applied to the input 94 of the combining
¥ means 29 as the instruction signal is3. | | o |
As can be seen in figure 6 it is assumed that the masking control signals
only include the bltal_locauon 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 sigtials. The latter are applied to the
}o combinirig 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 techmques may be comamed 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-
Li_ 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 maskmg control signal ‘generated by the generator GEN3 is the third masking control
L) s1gnal 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 ¢or_n:ol signal generated by the generator'
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GEN3 is' the first masking control signal mesl, 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 GENI is the third masking control signal mcs3.

In response to the third control signal, the muitiplexer 111’ is switched in
such a position that the subband signals of thé 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
GEN1 is the second masking control signal mcs2, the masking control Signal generated by
the generator GEN? is the first masking control signal mesl, and the masking control signal
generated by the generator GEN3 is the third masking control signal mcs3.

As already explained with reference to figure la, the mat,rixing means
genérates in response to the control signal applied to its control signal input 115, #t its output
14’ subband signals L, and at its output 92° subband signals R, which satisfy the following
equations: ' |

Li=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 SPLI respectively. | _

Figure 7 shows an embodiment of the receiver for receiving-the signal
transmitted by the transmitter of figure 6. The receiver of 'fi'gure 7 shows much fesemblance
with the receiver of figure 1b. The demultiplexer means 4! 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 means 48°, 50" and 49" 'respéctively 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 ﬁguré 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 SYNTH! respectively, which synthesis filter means combine the
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. signals so as to obtain replicas L', _R' and C' of the original signals L, R and C

~ As the system is backwards compatible, the signals at the outputs 51’ and

can be used in 3 standard stereo decoder so as to obtain a wide band stereo audio signal.

53
- Figure 8 shows an embodiment of a transmitter for transmitting at least

four signal components: the already mentioned L-, R- and C-signal component and an

addltlo“al S-signal component. The transmitter of figure 8 shows much resemblance with the
iter of figure 6. The S-signal component can be considered as a surround signal

mponent 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
apphed to both loudspeakers, or two signals S, and S,, for the left and right loudspmker
pehind 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 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 SPL4 is coupled to an input 171 of th_e first
multiplexer means 111°*. A further output 170 of the multiplexer means 111°* is present

which is coupied 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 maskmg control s:gnal mcsl is apphed to BRRI. The first

instruction signal is1 is applied to. the input 131 of the combination means 29°.

The second masking control s:gnal is applied to BRRZ 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 thlrd 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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1nwﬂ;onnecnon between the bitrate reducer BRR! and the expander 7.

The caiculation means 65'° are capable of generanng a first control sxgnal |

51 the output 69 in the situation when the muitiplexer applies the L sngnal to the output 154,

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 con_trol signal mcsl is obtained by the generator

GEN1, that the second masking cont:oi signal mcs2 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 GE_N4. |

The calculation means 65" are also capable of generating a second control:

signal at the outpdt 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
GEN2, the third masking control sig_nal mes3 is generated by GENI and the fourth masking
control signal mcs4 is generated by GEN4. _ | '

The calculation means 65°" are also capable of genei'ating 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

output 170. That means that the ﬁ_rst masking control signal mcsl is obtained by the

generator GEN2, the second masking control signal mcs2 is obtained by the generator
GEN1, the third masking control signal mcs3 is generated by GEN3 and the fourth masking
control s1gnal mes4 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 mulnplexer applies 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 nians 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 generatmg a ﬁfth
control signal at the output 69 in the situation when the muln_plexer applies the L sngnal to
the output 170, the S-signal to the output 154, the C-signal to the output 156 and the R-signal
'0 the output 155. That means that the first masking control signal mcsl is obtained by the
$nerator GEN1, the second masking control signal mes2 is obtained by the generator



Sheet Has Been Replaced -

ot ||II||||||I|| |ll I . —

GENA, the third masking control signal mcs3 is generated by GEN3 and the fourth maskmg
ontrol signal mes4 is generated by GEN2. ' |
The matrixing means 13" generates first and second output signals L., and

7, mspe‘;tively at outputs 14’ and 92 respectively, which satisfy the following equations:
' ' L,=L+a.C+b.S '
R,=R+a.C+b.S .
pecuve of the first, second, third, fourth or fifth control s1gnal apphed to the control

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 realizes the largest compression ratio.

Figure 9 shows an embodiment of a receiver for receiving the signals |

wransmitted by the transmitter of figure 8. The receiver of figure 9 shows much resemblance
with the receiver of figure 7. The demuitiplexing 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 dem_aﬁixing means 57"°. The dematrixing means 57°’
func'tiohs 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, SYN‘I‘I-B,'SYNTHI 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. | o | | "
For the situation that five signals are applied to the transmitter, the
matnxmg means generates first and second output 51gnals L, and R’ which satisfy the
following equations:
L,.=L+a C+b S.+c S,
| R.=R+a.C+c.5,+b.S,
From a further description of a transmitter for encoding and transmitting
the five si_gnals' 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

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

ki
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: qansmitter and receiver is a straightforward further development of the transmitters and

ceceivers discussed earlier. The skilled man will be able to develop an embodiment of such
qransmitter and receiver, using his skill and without the need of any inventive activity.

It should further be noted that extensions to more than a five signal
mnsmission is possible. In a six-signal tranSmission the sixth signal can be an effect signal,
which signal is well known in movie reproduction. :

The transmitter can be used in an arrangement for recording the s1gnal
supplied 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
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,

";‘G'd” . e .

suchas a magneuc or optical head 195.

The receiver (not shown in the figures) can be used in an arrangement for
reproducing the first and second méin signal component and the at least one auxiliary signal
: component from the above record carrier. A signal processing must be carried out on the
P reproduced information which is inverse to the signal proéessing during recording. That is: a

10-to-8 reconversion must be carried, followed by an error correction and a de-lnterluvmg

This is followed by a circuit such as the circuit of figure 7 or 9. .
i 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
‘5 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
t 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)-sigr1a1 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 signai mesl derived by GEN2 from L.

At the receiver, the C- and R-signalé 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-signal. Due to the measures taken upon quantizing (L+C), namely prequantimtion

Il
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of L and the masking control 51gnal bemg derived from the C-sxgnal the quanuzauon
gistortion in the so-calculated replica of C wnll remain masked, as has been explamed in the

documents (1b) and (2). .
However, upon calculating the replica of the R-signal, uus is not

uaranmd The rephca of the R-signal, is calculated from the received (R+C)-signal, using
the c-ggnal obtamed in the way as explained above. The (R+C)-signal has been quantized |
under the x_nﬂuence of the masking control signal derived from the R-signal, but the C-signal
parl in the (R+C)-signal has not been prequantiied. This could of course have been
implemented in a way analogous to the way as explained in the documents (1b) and (2).
However,tlus solution leads to a rather complex structure.
A more simple configuration to implement thxs 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 xncludes 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 ihstruction aignal -is2. The
dequanuzed subband signals thus obtained in the expansion means 200 are supplied to an
input 202 of a subtractor circuit 201. Further, the subband signals suppiied 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 corresoonding 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 matnxmg 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 correspondmg one 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 cooperanon and
'mterconnecuon between the bitrate reducer BRRI and the expander 7.

The sxgnal combination circuits 201 and 205 are in the form of a
subtractor and an adder respectxvely It should however be noted that, if one of the sxgnals
apphed to one of the signal combination circuits 201 and 205 have an inverse polarity, the
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qms into 3 subtractor and vice versa. Further, it will be clear that the two circuits 201
d 205 0
403 and 206, and only one output, namely the output of the circuit 205.

uld have been combined into one signal combination unit, with three inputs 202,

By means of the elements 200 and 201 in the circuit 210, the quanuzanon

son qion in the (L+C)-signal, present at the output of the bitrate reducer BRR2 is

Wmmed and is added to the (R+C)-signal by means of the element 205. The signal thus
mned is quantized under the influence of the masking control signal (mcs3) derived from

e R-signal. Note, that the distortion added to the (R+C)-signal is masked by the C-signal,

othat it is also masked by the (R+C)-s1gna1

At the receiver s:de, the C-signal is denved in the dematrixing means 57°

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

m L-signal as that received, the C-signal so derived contains thus exactly the same
.wmzauon distortion as the received (L+C)-sxgnal This distortion is also present in the
~ow received (R+C)-signal and thus will be removed upon deriving the R-signal component '
% subtracting C from R+C. The only quantization distortion that remains in the now
alculated R-signal is that due to the quantization of (R+C). This quantization component
«as based upon the masking control signal mes3 derived from R and will thus be masked.

It should be noted thit if the R-signal is the third signal transmitted
‘ogether with the L. and R, signal, the 'mirrored’ circuit of fi gure 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
mpatible 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

Spends on which signal of the compatible pair is- quantized under the _inﬂuence of the
msking control signal derived fi'om that common signal. In the above example, this was the
+Cy-signal, and thus figure 11 was used.
More specxﬁcally, in the embodiment of figure 6: if the (L+C)-s1gnal, the
‘I*Q‘ﬂ!nal and the C-signal are transmitted, the compensation circuits of figure 11 or 12
® %0t used. If the (L++C)-signal, the (R+C)-signal and the L-signal are transmitted, the
et of figure 11 is used. If the (L+C)-signal, the (R+C)-s1gnal and the R-signal are
- Tesitied, the circuit of figure 12 is used.
' For the embodiment of figure 8: if the (L+C+S)-signal, the (R+C+S)-
":‘:::'Slgnal and the S-signal are transque_d, the compensation circuits of figure 11
Ot used. If the (L+C+8)-signal, the (R+C+S)-signal, the L-signal and the S-
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signal are ransmitted, the circuit of figure 11 is used. If the (L+C+S)-signal, the
(R+C+s)-signa1, the R-signal and the S-signal are transmitted, the circuit of figure 12 is
used. If the (L+C+S)-signal, the (R+C+S)-signal, the L-signal and the C-signal are
transmitted, the circuit of figure 11 is used. If the (L+C+S)-signal, the (R+C+S)-signal,
the R-signal and the C-signal are transmitted, the circuit of figure 12 .is used. Therefore, the
transmitters can be provided with one such compensation circuit which is switched into the
mgmitter 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 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.

. 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 SPL1 respectively. The subband signals obtained are supplied to inputs 150 and
152 respectively of muitiplexer 111a. The muitiplexer 1112 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 132. The output 156 of the multiplexer 111a is coupled to an input of the bitrate
reducing means BRR1. The ouiput of the bitrate reducing means BliRl is coupled to the
input of expansion means (DEQ) 7°, as well as to the input 26 pf 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 BRR1 and the expander 7 in figure 1, is equally
valid for the bitrate reducer BRRI and expéndér 7" in figure 13.

The matrixing means l'3a 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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'rhe outpllt 14’ of the matnxmg means 13a is coupled via bitrate reducing means BRR2,
the combining means 29a.

" Calculation means 65a are present. The calculation means 65a function in
eqmvaleﬂt way to the calculation means 65° in figure 6, in that it now generates a first
0 second control signal only at its output 69. This control signal is applied a control signal

aput 158 of the multiplexer 111a, to the control signal xnput of the multiplexer 162a, to the
wnml signal input 115 of the matrixing means 13a and to the input 73 of the combmmg
neans 29a. The calculation means 65a comprise the generators GENl1 and GEN2. The
masking control sxgnals generated by the generators GENI and GEN2 are supplied to inputs

61.3 and 161.1 respectively of a second multiplexer 162a. At outputs 164.1 and 164.2 are

. masb"g control slgnals mscl and mcs2 respectively avanlable

The masking control signal mcsl is applxed to the bitrate reducing means
BRRI. 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
multiplexer 1112 is switched in such 'a _position that the subband signals of the L- and R-
signals are applied to the inputs 11’ and _12' fespeciively of the matrixihg 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 mgnal mes2.

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 muitiplexer 162a is
switched in such a position that the masking control signal generated by the generator GEN2
is the first maskmg control signal mcsl and the masking control signal generated by the
generator GENI is the second masking control signal mes2.

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 sxgnals M;
which satisfy the following equanon

M;éa.Li+b.Ri.
! the constants a and b are equal to each other, the control signal A applied to the control

ol input 115, and thus the control signal input 115 itself, may be dispeosed with.
Figure'l4 shows an embodiment of the receiver for receiving the signal



0

- Wm .

 PCT/IB94/00320

is Sheet Has Been Replaced

i i

n,nsnutted by the transmitter of figure 13. The outputs 43 and 44 of the demultiplexer
neans 4la are coupled to expansion means 48’ ‘and 49’ respectxvely Outputs of the
expansion means 48" and 49’ are coupled to inputs 55° and 56 respectively of dematrixing
snd switching means 57a. The dematrixing and switching means 57a now has the subband
ggnals of the signals L and R present at its outputs 167 and 168 respectively. The outputs
167 and 168 are coupled to the output terminals 126 and 127 respeetively via synthesie filter
means SYNTHI and SYNTHZ respectively, which synthesis 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
formﬁla 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 corﬁponents is applied to the input
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

‘bit allocation information which enables a data compression means to carry out data

compression on the signal that should be compressed. Those generatoi' blocks GEN generaily
comprise a power determining means for determining the signal power in the subbands or for
determining the sngnal power as a funcuon of frequency. Further, a maskmg value
determmmg means is present for determmmg 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 allocation information (the number of bits per
sample for samples in time equivalent signal blocks, one signal block in each of the
subbands). | | o o
. 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, t0 a positien after the multiplexer 162. This for the reason
that the power mformanon may be sufficient for the block 160 to derive the control signal -
therefrom.
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In another embodtment the termmals 1, 90 and 2 could have been
coupled to the inputs 161.1, 161.2 and 161.3 of the multiplexer 162 directly. The control
signal can be obtained by the block 160 by coupling the inputs of that block to the input
:etmi“als via power determining means defined above, and generators GEN1, GEN2 and
GEN3 could have been inserted directly after the multiplexer 162 so as to obtain the masking
control signals mes1, mecs2 and mes3. |

In the foregoing, it has been exp‘lained' how complete Isignal 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
muiti component control slgnal one for each of the subsignal groups to be multiplexed. The
functioning of such embodiment for transmitting a two channel signal L and R, wxll be
further explained with referenco to figure 15, where further uso will be made of the
embodiment of figure 13. | o

In (a) of figure 13, it is assumed that the freouency range of the left hand
signal'_conxpc')nent L is divided into four subsignal frequency bands so as to obtain 4

subsignals. Or M equals 4. For multipléxing in the multiplexer 111a in figure 13, the two

highest frequency bands are grouped together. As a result, three groups of frequency bands
Gy, 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, S, 8 and 1 the numbers of bits per
sampl_e required to data compress the four subsignals in the right hand signal component R.

‘Those numbers have been obtained in a2 well known way.

Upon comparing the numbers of bits per sa'mp_'le 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 1lla. Those group of subsignals having the
highesi number of bits per sample will be applied to the output 154 of the multipleker i1la.
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 ontp_ut'
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 multipiexer appear the
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o mplemen'ﬂf)' subsxgnals, see (d) of fi gure 15. This all happens in response to a three
mponeﬂt control signal A, applied to the control input 158. |

It should be noted that the decision rule presented above does not yield the
opﬁm*ﬂ switchi_ng settings. Better settings are obtained if the s'witching is based on the power
in each subsignal group. The decision rule presented above has been used for clarity of
sxl,muatinn. | _
- At the output 14’ of the matrixing means 13a, the sum of the subsignals in
each group is available, as shown in (e) of figure 15. The numbers of bits per sample needed
for me bitrate reduction in BRRl is given m (D) of figure 15, and follows straxghtforward
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. o | |
' 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 eomponent 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, ﬂsing these four values for the bitneeds, the bit
allocation information (the four numbers of bits per ,sample., one for each of the four

2 frequency bands, and thus the mcs, infermati_on)_ can be obtained in a well known way.

- v———-—

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 572 $0 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 sngnal component
Lis shown, divided mto 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 compress the four subsignals’ in the left hand signal component. In
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o SAE way, (b) in figure 16 indicatesl by the numbers 3, 4, 1 and 2 the numbers of bits

sample required to data compress the four subsignals in the right hand signal component
g (@ in ﬁg'u're. 16 indicates by the numbers 5, 3, 8 and | the numbers of bits per sample
;eq““'ed to data compress the C signal component. Those numbers have been obtained in a
w,u known way. '

, Upon comparing the numbers of bits per sample for the various subsignals
of the L R and C signal components, it can be decxded which group of subsignals is
supphed to which output of the multiplexer 111°. Agam, for ease of explanation, the decision

rule is used that those group of subsxgnals having the lowest number of bits per sample will

5e applied to the output 156 of the multiplexer 111°. As a result shown in (f) of figure 16,
the subslgnal groups G, of the L signal, G, of the C signal and G, of the R sxgnal component
is supphed to the output 156. (d) of ﬁgure 16 indicates whlch subsignal components are
applled to the output 154 and (e) of fi igure 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 fi igure 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 nombers 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 s1gnal component and in group G; -

of the R signal component are supphed to the bitrate reduction unit BRRI.

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 sxgnal component in the second, third and fourth frequency band, see also
(d) of figure 16. Next, the bitneeds are again deﬁved from P, - M;. Using these four vaiues
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, infofmati_on) 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 banos for the sum
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R+C is derived in a well known way. Further, the mﬁskir_ng threshold MT; in each of

o four frequency bands is derived in the following way. MT, and MT, are the masking
olds of the R signal component in the first and second frequency bands and MT, and
T, 25 the masking thresholds of the C signal component in the third and fourth frequency
wnds 58 also (e¢) of figure 16. Next, again the bitneeds are denved from P, - M, Using
4 inese four values for the bitneeds, the bit allocation information (the four numbers of bits per
ample, one for each of the four frequency bands, and thus the mcs, information) can be

obmned in a well known way.
It will be clear that the modnﬁed version of the control signal A is needed

? in the receiver in order to combine the correct _subsngnals in the dematnxmg and switching
' ynit 57’ so as to obtain the replicas of the L, R and C signal component. It will further be
dw that the switching means, such as the switching means in ﬁgure 14a and such as

mcluded 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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s of related documents, to be printed on the front page of the patent document. |

J.A.E.S., Vol. 40, No. 5, May 1992, pp. 376-382,

((::; | ‘Mgtrixing 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. I1-205 to II-208.
0 US Patent application ser. no. 32,915 (PHQ 93-002) |
} o) European Patent Apphcanon no. 402,973 (PHN 13. 241)
@) European patent ap_phcaqon no. 497,413A1 (PHN 13,581)
6 - US patent spec. no. 4,620,311 (PHN 11.117).
) European Patent Application no. 400.755 (PHQ 89.018A).
i (Ta) European Patent Application no. 457,390 (PHN 13.328).

P () European Patent Application no. 457,391 (PHN 13.329).
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A transmitter for transmxttmg at least a first and a second main signal

¢ via a transmission medium, the transmitter comprising

20p00e0
Iﬁst a

ﬂponeﬂts
g least @ first and a second signal conversion means, each havmg an input coupled toa

ﬁrst and a second input terminal for receiving the first and second main signal

J"‘mpondmg one of the input terminals and an output the conversion means being adapted

o convert an input signal applied to its input into M subs1gnals and to apply the M
,Jbggna.ls to its output, .
mulnplexef means having at least a first and a second input coupled to the outputs of the at
- st two signal conversion means, at least a _t' irst and a second. output and a control signal

o, . ) : | . .

. first compression means having an input coupled to the at least second output of the
aultiplexer 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
W 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 mput being coupled to the first
» tompression 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 sngnal applxed 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 inpixt being coupled to
the first output of the mulnplexer means and the second input being coupled to the output of
the first expansion means, the matnxmg means further having an output for supplying an
Wtput signal, the matrixing means being adapted to combine the signal applied to its first
inut 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 rhams_
0 an output, the second compression means being adapted to carry out a data reduction
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' qzp OO the signal applied to its input in response to a second masking control signal and to
apply 2 data reduced output signal tp its output, the masking control signal generator means
veinB adap_ted to generate the second masking control signal for the second compression
2ealS: the sgcond masking controll signal having a relationship with a masking threshold of

" signal applied to the first input of the matrixing means,

. ipstruction signal generator means for generating at least first and second instruction
ggnals, the first in;truction signal being generated for enabling an expansion in a receiver on
e daia reduced output signgl of the first compression means so as to obtain a replica of the
gnal 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

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

means, - :
ﬁn’ol signal generator means for generating the control signal for the multiplexer means, '
: . ggnal combination means for combining the output signals of the at least first and the
; wecond compression means as well as the first and second instruction signal and the control
- signal 50 as to enable the transmission of those output signals.
N A transmitter for trans'mitting a first and a second main signal cbmponent
wd at least one auxiliary signal cbmponent via a transmission medium, characterized in that
. 3¢ transmitter comprises
i - at least three input- terminals for receiving the at least three signal componénts,

| -atleast three signal conversion means, each having an input coupled to a corresponding one
i o the input terminals and an output, the conversion means being adapted to convert an input
. %¢ral 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 at least three signal conversion means, at least a first, a second and a third output and
- Voouwol signal input, '

’ 5" ompression means having an input coupled to the at least third output of the

ltiplexer Means, the first compression means being adapted to carry out a data reduction
* 00 the signal applied to its input in response to a first masking control signal and to
; ”le; first data compressed signal to an output,
:Shng °°n_“'°1 signal generator means for generating the first masking control signal for
Nin; Compression means, the first masking control signal having a relationship with a
oy ;::::d of the signal th.at is applied to the input of the first mmp@on means,

Means having an input and an output, the input being coupled to the first
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pression means, the expansion means being aidapted to carry out an expansion on the
ggnﬂ applied to its input s0 as to obtain a replica of the signal applxed to the input of the |
st compression means and to supply the rephca to its output '
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. matrixing means having at least a first, a second and a third input, the first and second
L input being coupled to the first and second output respectively of the inulﬁplexer means, and

e third input being coupled to the output of the expansion means, the matrixing means
yaving 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 to its mputs $0 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 sngnal component and the second output signal
: which has a relatxonshlp with a combination of the second main sxgnal 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 mms, and an output, the compression means being

| adapted to carry out a data reduction step on the signals apphed 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 bemg adapted to
- generate the socond, 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 masking control signal having a
relanonshlp with a masking threshold of the signal apphed to the second input of the
matnxmg 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 cxpansion 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 thu'd instruction signal belng generated for enabhng 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 s1gna1 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

i
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c‘,mpxession means as well as the first, second and third instruction signals and the control
ggnal so as to enable the transmission of those output signals.

3. ' A transmitter as claimed in claim 2, characterized in that the control
ggnal generator comprises calculation means for calculating at least three data reduction
atios, a first data reduction ratio relating to the amount of data reduction realized by the
first, s_econd and third compression means together, in the case that the first main_ signal
component would have been applied to the first input of the matnxmg 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 componeﬁt would have been applied to the input of the
first 'co'mpression means, a second data reduction ratio relating to the amount of dafa
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 inpﬁt_ 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 relatin'g
to the amount of data reduction realized by the first, second and third compression means

together, for the case that the at least one auxnhary signal component would have been
applied to the first input of the matrixing means, and the second main signal component
would have been a'ppli_ed 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 ohtput, 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 reductibn mﬁo 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
fenerate 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 re‘dui:ti_on ratio being larger than the other data reduction ratios,

the signal combination means also being adapted to receive the at least three control signals
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s0 as to enable the transmission of those control signajs.
| S A transmitter a5 claimed in clg;

_""‘hns .contro] sjgna) generator meang being further




Vo Vim0 o

patrixing means having a fourth input being coupled to the output of the second
means, the matrixing means being adapted to combine the signals applied to its
4’“ sxoﬂas 1o obtain the first output signal which has a. relatxonshlp with a combination of
P iomam signal component and the at least first and second auxiliary signal component,
¥ firs second output signal which has a relationship with a combination of the second main
:omponent and the at least first and second auxiliary signal component,
30 ;pstruction signal generator means being further adapted to generate a fourth instruction
spoal for enabling an expansion in the receiver on the data reduced output 51gnal of the
murﬂ‘ compression means so as to obtain a replica of the signal applied to the 1nput of the
¥ ourth 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

' ransmission of those signals. _ |
i 7 A transmitter as clalmed in claim 6, characterized in that,the control
| ,,g,;al 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 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 compressibn 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 apphed to the first input of the matrixing means, and the second main signal
¢0mponent would have been applied to the second input of the matrixing means, the first
lignal 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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{




PCT/IB94/00320

.,,;wms«t ““\‘“ ﬁi“’“‘f“\“‘i\ﬁ“d Hll\ll\ I A

ing means, 3 fourth data reduction ratio relating to the amount of data reduction
py the first, second third and fourth compressxon means together, for the case that
ﬁxst main signal component would have been apptlied to the first input of the matrixing
the second auxiliary signal component would have been applied to the second input of
natrixing means, the first auxiliary sngnal s:gnal component would have been applied to
uurd input of the matrixing means, and the second main signal component would have
e applled to the fourth input of the matrixing means, a fifth data reduction ratio relatmg
o the amount of data reduction realized by the first, second, third and fourth compression
geats together, for the case that the second auxiliary signal component would have been
_ ppled 10 the first input of the matrixing means, the second main signal component would
B B
omponent would have been applied to the third input of the matrixing means, and the first

peen applied to the second input of the matrixing means, the first auxiliary signal signal

-in 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
p the first data reduction ratio being larger than the other data reduction ratios, a second
xatrol signal in response to the second data reduction ratio being larger than the other data
<duction ratios, a 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
sgnal in response to the fifth data reduction ratio being larger than the other data reduction
aties, the multiplexing means being adapted to interconnect itS ihputs with its outputs in

: acha way that, in response to the first control signal, its first input is connected to its first
| mt, its second input is connected to its second output, its third input is connected to its
*urd 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
“unected to its third output, its third input is connected to its second output, and its fourth
3t is connected to its fourth output, and in response to the third control signal, its third
it is connected to its ﬁrst output, it second input is connected to its second output, and its
o input i connected to its third output and its fourth input is connected to its fourth
", and in response to the fourth control signal, its first input is connected to its first

::‘- its fourth mput is connected to its second output, its third input is connected to its
Output

) : . , |
_ Sontrol signal, its 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

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




’ WO 95/12254 : M/mmmzo

. - < 0N ) A 0

and the signal combmauon means also bemg adapted to receive the at least five control
. signals so asto enable the transmission of those control SIgnals

8. " A transmitter as claimed in claim 7, characterized in that the matrixing
§ means comprise a control signal mput for receiving the at least first, second, third, fourth -
and fifth control signal.
9. A transmitter as claxmed in claxm 6, 7 or 8, characterized in that, the
masking control signal generator means further comprise at least a fourth masking control
signal generator for gene._-rating the fourth ntésking control signa!, the fourth masking control
P signal generator having an output coupied 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 t_x'ansmittex_"as claimed in any one of the claims 2 to 9, characterized in
§ 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 héving a first input cuupled 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 clatmed in claxm 10, characterized in that, the second

signal combination means is adapted to add the sngnal applied to its second input to the stgnal'
applied to the first input in a subtractxve way, and to add the sxgnal applied to its third input

in an addmve way. |
12, ' A transmitter as clatmed in claim 10 or 11, characterized in that, the

transmitter compnses switching means _

- - for coupling, in a first mode, the ﬁrst input terminal of the compensa.non 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 termmal of the compensation means to
the mput of the third compression means,

- for coupling, in a second mode, the first input terminal of Wm
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third compression means,' the second input terminal of the compensation means to the second

output of the matrixing means, the third input terminal of the compensation means to the first

~ output of the matnxmg means, and the output terminal of the compensanon means to the
input of the second compression means, and

- for decoupling the compensation means in a third mode. _

13. A transmitter for transmitting a first and a second main sxgnal 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,

- 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

mulnplexer muns, the first compression means being adapted to carry out a data reduction

step on the slgnal 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,

- maskmg control signal generator means t'or 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 apphed to the input of the first

compression means, .

- first expansion means having an mput 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 component applied to the o

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

- matrixing means having at least a first, 2 second and a third input, the first and second
input bexng coupled to the first and second output respectively. of the multxplexer means, and
the third mput being coupled to the output of the expansion means, the matrixing means
having a first and a second output for supplymg a first and a second output sxgnal, 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 sngnal 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 niatrixing means, and an"output, the compression means being
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ada‘pfed to carry out a data reduction step on the signals applied td its inputs in respohse to
second and third masking control signals and to supply data compressed first and second
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output signals to their outputs,
. second masking control signal generator means being adapted to generate the second
askmg control signal for the second compression means, and bemg adapted to generate the
third masking control signal for the third compressxon 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 métrixin_g means and beihg 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 5o as to obtain a replica of the
signal component applied to the mput of the first compression means, the second instruction
slgnal 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 mstructxor_\ s1gnal 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 réplica of the second output signal of the matrixihg 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
compressmn 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 u'ansmxtter comprises
the compensation means of claim 10, 11 or 12.
14, A transmitter as claimed in any one of the claims 1 to 13, characterized in
that the transmitter is in the form of an arrangement for recording the output sxgnal of the
sxgnal 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. |
6. A receiver for receiving at least a first and a second main signal
Component that have . been transmitted via a transmission medium by a transmmer,
tharacterized in that the receiver comprises |
- demultiplexer means for retrieving first and second instruction signals, compressed first and
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gcond signals and a control signal from an information signal received from the transmission
medium, and for supplying the instruction signals and the first and second signals to

_ expansion means having at least two outputs, the expansmn means being adapted to carry
out @ data expansion on the first compressed signal in response to the first instruction signal
50 as to obtam a replica of an original uncompressed first signal and to supply the replica to
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
original 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 respectively of said expansion means and having at least one butput, the
dematrixing means being 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 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 expansi'on means to said first output in response to said control
signal, '
- first reconversion meané 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. |

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 dutput, 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
expansio:i means to a second output, or the m-th subsignal of the 'ou'tput signal of the
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dematrixing means to said second 'output in responsé to said control signal, the receiver
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further comprising

- second reconversion means having an input coupled to the second output of the switching
means and an output coupled to a second output terminal for supplying the replica of the
second main signal component.
20. Receiver as claimed in claxm 19, characterized in that the switching means
are further adapted to supply either the n-th subsignal of said one output signal of the

- 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, charactenzed in that the swuchmg 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, charactenzed in that the receiver compnses |

- demultiplexer means for retnevmg first, second and third instruction s1gnals and
compressed first, second and third signals from an mformanon sxgnal received from the
transmission medium, and for supplying said signals to _

- expansion means havmg at least three outputs, the expansion means bemg adapted to carry
out a data expansxon on the first compressed signal in response to the first instruction signal
so 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 t:arry out a data expansion on the second
compressed signal in response to the second instruction signal so as to obtam a rephca of the

| ongmal 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 ongmal 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 mput 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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component at its second output and M subsignals corresponding to the at least first auxiliary
signal component at its at least third output, |

. first reconversion means having an input coupled to- the first output of the dematrixing and
~ switching means and an output coupled to a first output terminal for supplying the replica of
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 signal component, |

- at least a third reconversion means having an input coupled to the third output of the
dematrixing and switchihg 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 auxiliiry signal oomponent, 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 oompmsed 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 subs;gnals correspondmg to the at least second
auxlhary signal component at its fourth output -
- fourth reconversion means having an input coupled to the fourth output of the dematrixing
and switching means and an output coupled to a fourth output terminal for supplying the
repﬁcu of the second auxiliary signal component.
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| . N A receiver as claimed in claim 22, 23 or 24, characterized in that th
! receiver is in thi ’ .
! in the form of an arrangement for reproducing the first and second main signal

d g
! component and the at least one auxiliary signal component from a record carrier
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