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Description

[0001] The Dolby Surround Sound system is widely
used as the sound system of movies but also in video
cassettes and other video recordings. The system is al-
so extending to television applications with stereo
sound. The system has four sound channels: left (L),
right (R), center (C) and surround (S). They are encoded
in a Dolby encoder so that L and R are transmitted in
the normal way, but the C and S channels are phase
encoded and included in the L and R channels. Both the
center channel C and the surround channel S are divid-
ed equally into the L and R channels, but the compo-
nents of the surround channel S added to the left and
right channels have a phase difference of 90 degrees.
[0002] The decoder again separates the encoded four
channels. In the passive decoders of the first generation
the left channel L and the right channel R are supplied
as such to the decoder output. These channels also con-
tain information of the channels C and S. The center
channel is detected as the sum of the the L and R chan-
nels (the surround information with opposite phases is
canceled) and the S channel is detected as their differ-
ence (the center channel information with the same
phase is canceled).

[0003] Ifthe Dolby encoded sound is reproduced with
conventional two channel stereo equipment the L and
R sounds are localized in a normal way. The center
channel C is localized in the middle of the stereo pair,
and the surround channel S is not clearly localized an-
ywhere, but is heard from an indefinite direction.
[0004] The encoder is quite simple to realize, and it
comprises mainly a simple differential amplifier, a delay
means and filters. The disadvantage of the encoder is
that even if the difference between the main channels L
and R as well as the difference between the center chan-
nel C and the surround channel S is higher than 40 dB,
the difference between the adjacent channels (e.g. S
and L) is only 3 dB. Therefore we have a quite small
area in which the stereo pattern is good, and in which
the center channel sound seems to be emitted from the
middle. Also there is not a good isolation between the
front and back areas, because the surround loudspeak-
ers placed behind or on the sides of the listening space
will reproduce also the difference information between
the left channel L and the right channel. Therefore pas-
sive decoders cannot locate the sounds very accurately,
in other words, the sound is not received from a correct,
defined direction, but there is an indefinite impression
of the sound.

[0005] The disadvantages of passive decoders are
reduced by an active decoder. An active decoder could
be conceived as a passive decoder having a processing
circuit connected to it. The active decoder is called Dol-
by Prologic. This process examines the balance on the
axes L-R and C-S. The Prologic processing tries to keep
the total power at a constant level. A dominating sound
is enhanced by attenuating the other channels. Thus it
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is possible to substantially increase the apparent chan-
nel difference.

[0006] Figure 1 shows a block diagram of the known
Dolby Prologic decoder. The decoder inputs are the left
channel Lt and the right channel Rt, containing the en-
coded center channel C and the surround channel S.
The level difference of the input signals is corrected in
blocks 1 and 2. The adaptive matrix block 6 of the Pro-
logic circuit generates all channels L, R, C and S. The
surround channel S is supplied to the filter 7 preventing
enfolding, and through the delay means 8 adjusted by
means 9, and through the low-pass filter 10 to a modified
B-type Dolby noise attenuator 11. The modified Dolby B
noise attenuator is developed by Dolby, and it differs
from a conventional in that its noise attenuation is only
half of that in the conventional attenuator. The surround
signal S obtained from the attenuator outputis then sup-
plied to the output level controller 12, which also re-
ceives the signals of the left L, the right R and the center
channels generated by the adaptive matrix block 6 of
the Prologic circuit. At the output of the level controller
we obtain all four channels as encoder output signals.
The noise sequencer 3 can adjust the correct levels of
the different channels.

[0007] The adaptive matrix block 6 is the nucleus of
the decoder, and at the same time the fact distinguishing
it from a passive decoder. The block comprises two main
sections: the adaptive logic, and a matrix comprising
voltage controlled amplifiers VCA which improve the
channel separation. The adaptive block continuously
monitors the Rt and Lt sound channels at its input and
from these it in a known way calculates sums and dif-
ferences of the sound channels utilizing the signal level
ratios of the R and L channels and C and S channels.
So it examines in which direction the momentary domi-
nance of the sound field is located. To determine this
each main signal (L, R, C, S) is first full-wave rectified,
the obtained DC voltages are logarithmically trans-
formed in pairs, and then their differences are formed.
This produces two independent control signals, one rep-
resenting the dominance on the left-right axis, and the
other on the center-surround axis. The control signals
are further processed in the adaptation section of block
6 so that a set of control voltages (16 voltages) are ob-
tained and supplied to the amplifier section of block 6,
the amplifier section thus comprising a matrix of several
voltage controlled amplifiers (VCA). The VCA matrix al-
so receives as input signals the received signals left Lt
and Rt. Control voltages control the amplification of the
VCA amplifier, and then the matrix produces as outputs
the signals R, L, C and S containing the direction infor-
mation, which is amplified in the dominance direction
and proportional to them as calculated by the adaptation
block. Then, in the same way as in a passive Dolby de-
coder, the L, R and C signals are supplied to the main
level controller 12 which also receives S through the
side branch, as shown in figure 1.

[0008] However, this known Dolby Prologic decoder
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has some disadvantages, particularly in television ap-
plications. More and more television receivers are pro-
vided with Dolby Surround Sound decoders. As said
above, after the encoder there are four audio channels,
L R, C and S, which are available for any further
processing of the audio signal arranged by the television
manufacturer. Thus the further processing must be
made separately for each audio channel, which leads to
very expensive practical realizations. The object of the
invention is to create an arrangement to minimize the
effort of the further processing.

[0009] Thisis realized so that in the adaptive Prologic
matrix a block performing linear signal processing oper-
ations in front of the matrix block of the VCA amplifiers,
but regarding the input signal lines Rt and Lt after that
point, from which the input signals are supplied to the
adaptation block, in the same way as in the prior art en-
coder. But they are not supplied directly to the VCA ma-
trix block, as in the prior art encoder, but first to a signal
processing block performing linear operations (DSP),
where the signals are processed. At the output of the
DSP block there are processed R and L signals, which
then are supplied to the VCA matrix block. In this way
there are only two signals to be processed instead of
four, but still the processing results are obtained in all
four output channels of the decoder. The invention is
particularly suitable to be used when all four channels
are processed in the same way, e.g. filtered.

[0010] After the dematrix process the surround chan-
nel is processed by Dolby B decoding, as illustrated in
figure 1. This is a non-linear operation producing an ef-
fect which changes as the signal value changes. Be-
cause the signal processing block of the invention
changes the value of the surround signal, it can not be
supplied to the Dolby B decoder. Therefore, in the ap-
plication according to the proposed solution, the level of
the surround signal is detected before the linear DSP
block, and this information is used to control the Dolby
B process, whereby the linear operations in block DSP
do not anymore have an adverse effect on the operation
of the Dolby B block.

[0011] The invention is described with the aid of the
enclosed drawings, in which

figure 1 shows the block diagram of the known Pro-
logic decoder, and

figure 2 shows how the DSP block according to the
invention is located in the decoder of figure 1.

[0012] The structure of figure 1 was already described
above. Figure 2 shows the adaptation and VCA amplifier
matrix block 6 of figure 1, to which a linear signal
processing block 23 of the invention is added. The input
signals to the prior art block 6 (figure 1) are the sound
channel signals right Rt and Lt, into which the center
channel C and the surround S channel are encoded (fig-
ure 2). In prior art the encoded input signals would be
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connected both to the Dolby Prologic adaptation block,
which determines the direction having the momentary
dominating signal, and to the amplifier block, which
comprises a matrix of voltage controlled amplifiers VCA.
The adaptation block forms control signals controlling
the gain of each VCA amplifier. At the output of the ma-
trix we obtain four audio channels R, L, C and S.
[0013] According to the invention we place a block 23
performing linear signal processing operations after that
point, from which the left channel Lt and the right chan-
nel Rt are branched to the adaptation block, but before
the channel input to the VCA matrix block. The block 23
contains at least one digital signal processor DSP.
[0014] On the audio signals of the left channel and the
right channel the DSP block 23 can perform desired op-
erations, such as filtering, equalization and so on. The
desired operations can be selected for each application
and can be freely determined by the television manu-
facturer. Because there are only two channels to be
processed we need only two filters and not four, as the
case would be, if the audio signals would be processed
after the Dolby encoder.

[0015] The processed signals of the left and right
channels are connected from the DSP block to the VCA
amplifier block 22, which then in a known way generates
the four audio channels.

[0016] The surround signal obtained from the ampli-
fier block 22 can not be supplied to a non-linear Dolby
B decoder, because the DSP block 22 has changed the
value of the surround signal. Therefore the input signals
are connected also to the surround signal level detector
24. The detected surround signal is now a surround "cor-
rectly" encoded into the input signals, so that this signal
is connected to the Dolby B decoder. This decoder now
operates properly.

[0017] The invention has several advantages com-
pared to audio signal processing after the decoder. First
of all there are only two channels (Lt, Rt) to be proc-
essed, and still this has an effect on all four output chan-
nels of the decoder. In the second place there is a small-
er need for equipment when the processing is made in
hardware, or less signal processor code is required
when the arrangement is realized in software. In the
third place the processing of two channels does not re-
quire as much processing power as the processing of
four channels. The linear processing made according to
the invention does not interfere with the function of the
Dolby decoder itself.

Claims

1. Decoder, which receives a two channel audio signal
(Lt, Rt) and decodes it into a four channel audio sig-
nal (left, right, center, surround), and having a Dolby

Prologic adaptive matrix block (6) comprising

- amatrix section (22) formed by voltage control-
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led amplifiers (VCA), whose amplifiers are indi-
vidually controlled by amplifier gain control sig-
nals, and whose output signal is a four channel
audio signal (L, R, C, S),

- an adaptation section (21), having as input sig-
nal the two channel audio signal (Lt, Rt) and as
output signals said control signals for the am-
plifier gains, whereby the decoder further com-
prises a Dolby B decoder section to process the
surround signal detected from the two channel
audio signal,

characterized in that the two channel audio signal
(Lt, Rt) is supplied to a block (23) performing linear
signal processing operations and processing sepa-
rately the signals of both channels, and that the two
channel output signal (L't, R't) of said block is the
input signal of the matrix section (22).

The decoder of claim 1, characterized in that the
two channel audio signal (Lt, Rt) is also supplied to
the surround signal detector (24), which detects the
surround signal (S) encoded into the input signals
(Lt, Rt), whereby the output signal of the detector is
the input signal of the Dolby B decoder section.

The decoder of claim 1, characterized in that the
block (23) performing signal processing is a digital
signal processor.

The decoder of claim 1 or 3, characterized in that
the linear operation is filtering.

The decoder of claim 1 or 3, characterized in that
the linear operation is equalization.

Patentanspriiche

1.

Decoder, der ein Zweikanal-Tonsignal (Lt, Rt) emp-
fangt und es in ein Vierkanal-Tonsignal (links,
rechts, Mitte, Surround) umwandelt, und mit einem
adaptiven Dolby Prologic Matrixblock (6), umfas-
send:

- eine Matrixsektion (22) aus spannungsgesteu-
erten Verstarkern (VCA), wobei die Verstarker
individuell durch Verstarkungssteuersignale
gesteuert werden und wobei ihr Ausgangssi-
gnal ein Vierkanal-Ausgangssignal (L, R, C, S)
ist,

- eine Adaptionssektion (21), deren Eingangssi-
gnal das Zweikanal-Tonsignal (Lt, Rt) ist und
deren Ausgangssignale die genannten Steuer-
signale fiir die Verstarkungen sind, wobei der
Decoder ferner eine Dolby B Decoder-Sektion
aufweist, um das Surround-Signal zu verarbei-
ten, das aus dem Zweikanal-Tonsignal deco-
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diert wird,

dadurch gekennzeichnet, dass das Zweikanal-Ton-
signal (Lt, Rt) zu einem Block (23) geleitet wird, der
lineare Signalverarbeitungsvorgange durchfiihrt
und die Signale beider Kanale separat verarbeitet,
und dass das Zweikanal-Ausgangssignal (L't, R't)
des genannten Blocks das Eingangssignal der Ma-
trixsektion (22) ist.

2. Decoder nach Anspruch 1, dadurch gekennzeich-
net, dass das Zweikanal-Tonsignal (Lt, Rt) auch
zum Surround-Signaldetektor (24) gesendet wird,
der das in die Eingangssignale (Lt, Rt) codierte Sur-
round-Signal (S) decodiert, wobei das Ausgangssi-
gnal des Detektors das Eingangssignal der Dolby
B Decoder-Sektion ist.

3. Decoder nach Anspruch 1, dadurch gekennzeich-
net, dass der Block (23) zur Ausfiihrung der Signal-
verarbeitung ein Digitalsignalprozessor ist.

4. Decoder nach Anspruch 1 oder 3, dadurch gekenn-
zeichnet, dass der Linearvorgang Filterung ist.

5. Decoder nach Anspruch 1 oder 3, dadurch gekenn-
zeichnet, dass der Linearvorgang Entzerrung ist.

Revendications

1. Décodeur, qui regoit un signal audio deux voies (Lt,
Rt) et le décode en un signal audio quatre voies
(gauche, droite, centrale, d'ambiance) et ayant un
bloc de matrice adaptative Prologic Dolby (6)
comprenant :

- une section matricielle (22) formée par des am-
plificateurs commandés en tension (VCA), dont
les amplificateurs sont commandés individuel-
lement par des signaux de commande de gain
d'amplificateur et dont le signal de sortie est un
signal audio quatre voies (L, R, C, S);

- une section d'adaptation (21) ayant comme si-
gnal d'entrée le signal audio deux voies (Lt, Rt)
et comme signaux de sortie lesdits signaux de
commande pour les gains des amplificateurs,
de telle maniére que le décodeur comprend en
outre une section de décodage Dolby B afin de
traiter le signal d'ambiance détecté a partir du
signal audio deux voies ;

caractérisé en ce que le signal audio deux
voies (Lt, Rt) est fourni a un bloc (23) effectuant des
opérations de traitement de signal linéaires et trai-
tant séparément les signaux des deux voies, et en
ce que le signal de sortie deux voies (L't, R't) dudit
bloc est le signal d'entrée de la section matricielle
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(22).

Décodeur selon la revendication 1, caractérisé en
ce que le signal audio deux voies (Lt, Rt) est aussi
fourni au détecteur de signal d'ambiance (24) qui 5
détecte le signal d'ambiance (S) codé dans les si-
gnaux d'entrée (Lt, Rt), de telle maniére que le si-
gnal de sortie du détecteur est le signal d'entrée de
la section de décodage Dolby B.

10
Détecteur selon la revendication 1, caractérisé en
ce que le bloc (23) effectuant le traitement de signal
est un processeur de signal numérique.

Systéme selon la revendication 1 ou 3, caractérisé 15
en ce que l'opération linéaire est un filtrage.

Systéeme selon la revendication 1 ou 3, caractérisé

en ce que l'opération linéaire est une égalisation.
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