TI TLE OF THE 1 NVENTI ON | nf or mati®n Encodi ng Met hod and Appar at us, 50T~ F

| nfor mati on Decodi ng Method and Apparatus and Recording NbdiunlBACEEhﬁaﬁ%QKBPY’
OF THE | NVENTI ON This inventiom rélates to an information encodi ng method’

and appar atus and an i nf or mat i oh decodi ng ket.hod and apparatus for encoding
and decpdfng signals of plural channels enployed in a nulti-channel sound
acoustic system such as a notion picture film projection system a video
tape recorder or' a video disc player. The invention also relates to a
recordi ng madmiE OF FHE INYBNTUEANI nfornmati on signals formed by the

I nformati on encodi ng nmet hod and apparatus. In a notion picture filmon

whi ch are rdeadodedtioni Bnopdinscdetsodnand Arpegatugl, dndoraled ionhBeecoding
occasi ons wherein digital audio signals of five channels,nanely a |eft
channel (L) Medhodnesd ARRAReftuscpndaRergReinsMRRIURR) a surround left

channel (SLEA%%%R%UEBrr%uQﬂErEg@EN%QSHneI (SR), are handl ed.

This invention relates to an information gncodinglnethod and
apparatus and an information decoding method and-apparatus for
encoding and decoding signals of plural channels émployed in a
multi—channél sound acoustic system, such ﬁs e motion picture
film projection system, a video tape recorder or a video disc
player. .The invention also relates to a recording medium on are
recorded information signals formed by the information encoding
method and apparatus.

In a motion picture film on which are recorded audio or
speech signals of plural channels, there are occasions wherein
digital audio signals of five channels,némely= a left channel
(L), a center channel (C), a right channel (R), & surround left
channel (SL)} and a surround righﬁ channel (SR), are handled.

Since a recording medium or a transmission nouté'pf a large
capacity is required if the signals of the res;ective channels
are directly recorded on a recording medium or transmitted on a
communicatidn roﬁte, these signals are customarily encoded by
high~-efficiency encoding for recording or transmission.

There exist a variety of systems for high efficiency
encoding of audio or speech signals. Among these systems, there

is known a so-called transform coding in which time-domain audio



Since a recording mediumor a transnmission route of a large capacity is
required if the signals of the respective channels are directly recorded on
a recording nediumor transmtted on a conmmunication route, these signals
are custonarily encoded by high-efficiency?encoding for recording or

transm ss®on. There exist a variety of systens for high efficiency encoding
of audi o or speech signals. Anbng these systens, there is known a so-called
transformcoding in which tinme-domain audio 2 signhals are divided into
unit time bl ocks, the bl ock-based tine- domain signals are converted by

orthogonal tdghsfQr BlreNi9viaEGUANGY HQTRLEImS! B16¢8s , WHE b 13k -IHadR adk Yheed

into plural frequency bands for encoding fromone band to another. There is

al so known ajgimdirbasdgaadsngadd diMertle@KbRg orthogonal transform into
frequency domain signals, which are then divided into plural
frequency bands for encoding from one band to another.

There is ayso known a sub-band coding or a non-blocking
frequency band splitting system in which time—domain audio
signals are divided into plural frequency bands for encoding
without dividing the time-domain audio signals into unit time
blbcks.

| In another high—efficiency encoding system consisting in
combination of the sub-~-band coding and transform coding; the
t%meQdomain signals are divided into plural frequency bands and
the signals of the respective bands are converted by orthogonal
transform into frequency-domain signals which then are encoded
from one band to another.

The apparétus for encoding the plural signals with the aid
of the above-described encoding systems for, recording or
transmission or the apparatus for decoding these encoded signals
for reproduction or reception is usually in need of a number of
encoding and decoding circuits equal to the number of the
channels. In the case of the above-~mentioned motion picture
film, encoding and decoding ¢ircuits for five channels are
required. '

Fig.1l shows a constrﬁction of an encoding apparatus

(encoder) for independently encoding digital audio signals of the



frequency band splitting systemin which tine-domain audio signals are
divided into plural frequency bands for encoding wthout dividing the

ti me-domain audio signals into unit time blocks. In another high-efficiency
encodi ng system consisting in conbinaticéh of the sub-band coding and
transfofm coding, the time-domain signals are divided into plural frequency
bands and the signals of the respective bands are converted by orthogonal
transforminto frequency:-domain signals which then are encoded from one
band to another. The apparatus for encoding the plural signals with the aid
of the ab&bevecaentienedntbyie hasya e f §L.r EcoPRi ¢ & frranshesspdnter

t he apparatus fqr decodi ng these encoded signals for reproduction or
receptionqnén&§3ally in need of a number of encoding and decoding circuits

ﬁggﬁgnto_the'nﬁgg%@qu t@g}cg@gn ks.%%ﬁﬁgafhguagge 1&&3 agquﬂﬂpnﬁggged

picture Ti1'm "éffcodi ng "and ’de INg circurts Tor five channels are
channel (L) and digital audio signals of the surround left
channel (SL) enter an input terminal 51; and an input terminal
512, respectively. In a similar manner, signals of the center
channel (C), surround right channel (SR) and the right channel
(R) enter input terminals 513,'514 and 515, respectively.

The digital audio signals of these plural channels are sent
via the input terminals _511 to .515, associated with the
respective channels, to encoding circuits 521 to 525, similarly
associated with the respective channels, respectively. The
signals encoded by these encoding circﬁits 52, to 52; are sent to
a codestring generating circuit 583.

The codéstring generating circuit 53 assembles the eﬁcoded
signalg of the plural channels into a codestring, in accordance

with a pre-set format, for transmission or recording on the

recording medium.

Fig.2 shows the construction of a decoding ~apparatus
(decoder) for decoding the recorded or transmitted encoded
signals of the plural channelsf

Referring to Fig.2, the encoded signals of the codestring,
reproduced from a recording medium or transmitted over a
transmission path, are supplied via an input terminal 61 to a

codestring separating circuit 62. The codestring separating



required. Fig.1l shows a construction of an encodi ng apparatus (encoder) for
I ndependently encoding digital audio signals of the 3 above-nenti oned
five channels L, SL, C, SR and R from channel to channel. Referring to
Fig.1l, digital audio signals of the |eft claannel (L) and digital audio
signal s of the surround | eft channel (SL) enter an input termnal [err]
and an input termnal 512, respectively. In a simlar manner, signals of
the center channel (C), surround right channel (SR) and the right channel
(R enter input terminals [err] and [err], respectively. The qlim%ital audi o
signal s of CA&ESBip|%A Zleramates| tharsurplited padeshaing fpgnaliseiptrapracodedr
to [err], asso iath wth the, . ) _
signals of the respective channels in accordance with a pre-set
format. The encoded signals of the respective channel are sent
to decoding circuits 631 to 635 provided for the respective
channels. The encoded left—channel signals are decoded by a
decoding circuit 631, while the encoded surround-left channel
signals are decoded by a decoding circuit 632. In a similar
manner, the encoded center channel, surround right channel and
the right channel signals are decoded by the decoding circuits
633, 634 and 635, respectively.

The digital audio signals of the respective channels L, SL,
C, SR and R, decoded by these decoding circuits 63l to 635, are
outputted via associated output terminals 64, to 64;.

For decoding and reproducing codestring signals, obtained
on encoding signals of respective channels, the number of the
reproducing apparatus, such as speakers and amplifiers, equal to
the number of the channels, are required. 1In the above example,
the reproducing components of five-channels arqurequired.

If a reproducing apparatus of a simplified structure is
employed, the?e are occasions wherein it is required to reproduce
the signals over the number of channels smaller than the number
of the original channels, for example, over two channels.

In such case, it is necessary to mix the playback signal of

the respective channels, decoded by the 5-channel decoder

described above, into two channels. This'may be realized by



respective channels, to encoding circuits [err] to [err], simlarly
associated with the respective channels, respectively. The signal s
encoded by these encoding circuits [err] to [err] are sent to a codestring
generating circuit 53. The codestring generating circuit 53 assenbles the
encoded s¥gnals of the plural channels into a codestring, in accordance
wWth a pre-set format, for transm ssion or recording on the recording
medium Fig.2 shows the construction of a decodi ng apparatus (decoder) for
decoding the recorded or transmtted encoded signals of the plural

channel s. Refer.ri.ng tq Eia. 2, .the encoded. signals of, the codestring,

repr oduced ré%ﬁg¥q%e3%r bﬁgnngﬁigﬂ?o?q??gh%%gtfi%j%ﬁﬂwagi'transnission pat h,
are supplied via an input termnal 61 to a codestring separating circuit
62. The codestring separating Lm=L+a*C+bxSL

(1)

Rm=R+a*C+bxSR

(2)
where Lm, Rm, L, R, C, SL and SR denote a mixed left channel, a
mixed right channei, a left channel, a right channel, a center
channel, a surround left channel and a surround right channel,
respectively. Also, a and b denote mixing cogfficients.
In such case, while it is sufficient to reproduce only two
channels, decoding circuits for five channels are required as a
decoder. Since the scale of the decoder is not changed from the

above~-mentioned decoder for the five channels, such decoder
cannot be realized easily:-

For easily reproducing two—-channel signals, it may be
contemplated to transmit signals obtained on pre—mixing signals
of channels other than the inherent channels on the two channels
for transmitted signals and to decode only the signals of these
two channels by the decoder. The method of pre-mixing signals
of pre—set channels is termed a pre-mix method.

For example, the ‘encoder' forms signals of respective

channels by the equations (3) to (7):



4 circuit 62 separates the supplied codestring signals into encoded signals
of the respective channels in accordance with a pre-set format. The encoded
signals of the respective channel are sent to decoding circuits [err] to

[err] provided for the respective channel . .The encoded | eft-channel
signals are decoded by a decoding circuit [err], while the encoded
surround-1eft channel signals are decoded by a decoding circuit [err]. In

a simlar manner, the encoded center channel, surround right channel and
the right channel signals are decoded by the decoding circuits [err]
respectively. The digital audio signals of the respective channels L, SL,
C, SR and [err] decoded by these decoding circuits [err] to [err], are
outputted via associ ated out put ter Bmrd+a*Cb*BLto [err]. For decodi ng and

reproduci ng codestring signals, obtained on encoding signals of respective
channel s, the nunber of the

(3)
Rm=R+axC+bxSR

(4)

c
(5)

SL
(8)

SR
- Q)

Thus it is sufficient for the decoder to have a decoding
circuit for two.channels, that is a mixed left channel (Lm) and
a mixed right channel (Rm), so that. the decoder can be realized
easily. |

On the other hand, for reproducing signals of e.g., the left
channel (L) and the right channel (R), signals of the channels
not transmitted independently need to be produced by subtracting

these signals from signals of the mixed channels, that is the



reproduci ng apparatus, such as speakers and anplifiers, equal to the nunber
of the channels, are required. In the above exanple, the reproducing
conponents of five channels are required. If a reproduci ng apparatus of a
sinmplified structure is enployed, there ate occasions wherein it is

requi redito reproduce the signals over the nunmber of channels snaller than
t he nunber of the original channels, for exanple, over two channels. In
such case, it is necessary to m x the playback signal of the respective
channel s, decoded by the 5-channel decoder described above, into two

channel s 03 TP SAIP °nl cne nfSSh 19035 SURULIY (e 2L 01
signals transmitted independently are subtracted from the signals
of the mixed channéls. This operation is termed a dematrixing'
operation.

For example, for producing signals of the left channel (L)

and the right channels (R) from the signals of the equations (3)

to (7), it is necessary to perform the operations of the

equations (8) and (8):

L=ILm-a*xC-b*SL

(8)

R=Rm-axC-b*SR

(9)

Fig.3 shows a construction of an encoder for encoding the
pr-mixed channel signals. In Fig.3, the components having the
similar function to that of Fig.l are depicted by the same
reference numerals.

Referring to Fig.a, an addition circuit 721 is arranged
upstream of the encoding circuit 524 provided in Fig.1 for e.g.
a left channel. The addition circuit 72; is fed with left-
channel signals entering the input terﬁinal 511, a signal.
obtained by multiplying the surround left channel signal entering

the input terminal 512 by the coefficient b by a multiplication



where Lm Rm L, R C, SL and SR denote a m xed |l eft channel, a nixed ri

channel, a left channel, a right chanhel, a center chan'? v‘QHEEFHRSWHEN
channel and a surround right channel, respectlvely Al sp, q&@Lhcg@note
m xi ng coefficients. In such case, while i8 is sufficie

two chanrfiel s, decoding circuits for five channels are rbqui r qgiW3dad

decoder. Since the scale of the decoder is not changed 1nagatgw 133HS SiHL
above-nenti oned decoder for the five channels, such decsder—earmmotr—De

realized easily. For easily reproducing two-channel signals, it may be
contenplated to transmt signals obtained on pre-m xing signals of channe

other than ¢hgchiherent aahannes Sgodi t B8 thRe§NBFNGMEL § P 1iIASThé { enter
signals and to decode”only the S|gnals of these two channels by the

decoder. ThehamhéDa i@naflr entexing sh@rnapuitotepntnsbts Ghaynais dos fifdrertedta

pre-m x nmethod. For exanple, the encoder fornms signals of respective

channel s byat heTkegeit § bgral8)ane fied by the addition circuit 72, to form
signals of the mixed left channel Lm. These mixed left channel
Lm are fed to the encoding circuit 521 to form encoded signals
which are sent to a codestring generating circuit 53.

On the other hand, an addition circuit 722 is arranged
upstream of an encoding circuit 525 provided in Fig.1 for e.g.,
a right channel. The addition circuit 721 is fed with right-
channel signals entering the input terminal 515, a signal
obtained by multiplying the surround right channel signal
entering the input terminél 513 by the coefficient a by a
multiplication circuit 711 and a signal obtained by multiplying
the center channel signai entering the input terminal 513 by the
coefficient a by a multiplication circuit 71,. These signals are
mixed by the addition circuit 722 to form signals of the mixed
right channel Rm. Tﬁese mixed right channel Rq'are fed to the
encoding circuit 525 to form encoded signals which are sent to
the codestring generating circu@t 53.
The signals of thé surround left channel, center channel and

the surround right channel, entering the input terminals 512 to
514. respectively, are encoded by associated encoding circuits
522 to 524, and thence supplied to the codestring generating

circuit 53.

The codestring generating circuit 53 generates the
R —
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6 [err] (7) Thus it is sufficient for
t he decoder to have a decoding circuit for two channels, that is a m xed

| eft channel (Lnm) and a m xed right channel (Rn), so that the decoder can
be realized easily. On the other hand,. fo® reproducing signals of e.g., the
| ef t+ channel (L) and the right channel (R), signals of the channels not
transmtted independentl’y need to be produced by subtracting these S|gnals
fromsignals of the m xed channels, that is the 7

.codestring of the pre-set format, from the signals encoded by the
encoding circuits 521 to 52;, and outputs the signals of the
cédestring at the terminal 54.

Fig.4 shows an arrangement of a decoder for decoding and
reproducing only signqls of two mixed channels, that is the mixed
left channel and the mixed right channel, from the codestring
containing signals of the channel obtained by pre-mixing by the
arrangement of Fig.3; In Fig.4, the components having the same
function as that of -éimilar componenfs shown in Fig.2 are
depicted by the same reference numerals.

In Fig.4, only signals of the mixed left channel and thé
mixed right channel are taken-out from the codestring signals
entering the input terminal 61 so as to be sent to the associated
decoding circuits_631 and 632. The signals decoded.by the
decoding ciréuit 631 are outputted at the output terminal 641 as
signals of the mixed left channel Lm, while the signals decoded
by the decoding circuit 632 are outputted at the'output terminal
64, as signals of the mixed right channel Rm.

Fig.5 shows an arrangement of a decoder for decoding the
codestring signals comprised of the pre-mixed channels and
dematrixing the codestring signais to the non-pre—mixed state.
In Fig.5, the components Aaving the same function as- that of
similar components éhown in Fig.2 are depicted by the same

reference numerals.

Referring to Fig.5, the codestring signals entering the



m xed | eft channel and the nixéd ri ght channel s. That is, signals
transmtted i ndependently are subtracted fromthe signals of the m xed

channel s.

This operation is terned a dematri xi ng operation. For exanple,

for producing signals of the left channel 10L) .and the right channels (R)
fromthesignals of the equations (3) to (7), it is necessary to perform
t he operations of the equations (8) and (9): [err] (9) Fig.3 shows a
construction of an encoder for encoding the pr-m xed channel signals. - In
Fig.3, the conponents having the simlar function to that of Fig.1l are
depicted by the sane reference nunerals. Referring to Fig.3, an addition

circuit
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| eft-

circuit 62 into encoded signals of the mixed 1left channel,
surround left channel, center cﬁannel, surround right channel and
the mixed right channel. The encoded signéls of the mixed left
charinel are decoded by the decoding circuit 631, while the
encoded signals of the surround left channel are decoded by the
decoding circuit 632. In a similar manner, the encoded signals of
the center channel, right surfound channel and the mixed right
channel are decoded are decoded b& the decoding circuits BSP 634
and 635, respective;y. The decoded signals of the surround left,
center and right surround channels are outputted at associated
output terminals 642, 643 and 644, respectively.

An addition circuit 821 is arranged downstream of the
decoding circuit 631 configured for decoding the mixed left
channel. This a&dition circuit 821 is supplied with the signals
of the mixed left channel, decoded by the decoding circuit 63P
as an addifion signal. The addition circuit i; also supplied
with a signai obtained on multiplying the surround left channel
signal decodéd by Qhe decodiqg circuit 632 witﬁ the coefficient
b, by tﬁe multiplication circuit 812, as a subtraction signal,
and with a signal obtained on multiplying the center channel
signal decoded by the decoding circuit.633 with the coefficient
a by a mﬁltiplication circuit 811, as a subtraction signal.' Thus
the addition c¢ircuit 82, @generates a signal obtained on

subtracting the surround left channel signal and the center



channel signals entering the input termnal [err], a signal obtained by

mul tiplying the surround | eft channel signal entering the input term nal
512 by the coefficient b by a nultiplication circuit 712 and a signal
obtained by nultiplying the center channdll signal entering the input
term nal ¥513 by the coefficient a. These signals are m xed by the addition
circuit [err] to formsignals of the m xed | eft channel- Lm These m xed

| eft channel Lmare fed to the encoding circuit [err] to form encoded
signals which are sent to a codestring generating circuit 53. On the other
hand, an addition circuit [err] is arranged upstream of an encoding circuit

525 provi de@h‘aﬂ Eh9s % HOY 8rm' tRe’LO0Y Phél%‘”ﬁl. Jﬂ?ecﬁdfjéﬂ é\r x{&lu' ttr[aet”]

is fed with R &hnel sl gnha S Bn erlng t put termn éﬂ

si gnal obtau@eduba Myt PbibAge i he iganound 'IFH:QJ“ 1ehanr1ﬂlar&1@1nal51gna1 is
outputted at the output terminal 64P

" On the other hand, an addition circuit 82.2 is arranged
downstream of the decoding circuit 635 configured for decoding
the mixed right channel. This addition circuit 822 is supplied
with the signals of the mixed right channei, decoded by the
decoding circuit 635, as aﬁ addition signal. In addition, the
addition. circuit is supplied with_ a signal obtained on
ﬁﬁltiplying the surround right channel signal decoded by fhe
decoding circuit 634 with the coefficient b by a multiplication
circuit 813, as a subtraction signal, and with a signal obtained
on multiplying the center channel signal decoded by the decoding
circuit 633 by the coefficient g.by the multiplication circuit
811, as a Ssubtraction signal. Thus the addition circuit 822'
generates a signal obtained on éubtracting the surround right
channel signal and the center channel signal from the signal from
the mixed right channel, that is the right channel signal. This
right channel signal is outputted at the output terminal 64?
‘The above-described system represents a technique employed

in the MPEG2 audio standard (ISO/IEC 13813-3) by the Moving
Picture Image Coding Experts Group (MPEGQ) for encoding moving
pictnres for storage installed under the auspices of the
Internatiénal Organization fqr Standardization (IS0).

Meanwhile, signals reproduced on dematrixing tends to be



entering the input termnal [err] by the <coeff cient b by a :
multiplication circuit 713 and a signal obtained by multiplying the center
channel signal entering the input termnal [err], by the coefficient a by a
mul tiplication circuit [err]. These signald are nmixed by the addition
circuit 722 to formsignals of the mxed right channel Rm These nixed
right channel [err] are fed to the encoding circuit [err] to form encoded
signals which are sent to the codestring generating circuit 53. The signals
of the surround | eft channel, center channel and the surround right
channel, entering the input termnals 512 to 514, respectively, are encoded
by associ atiatRafE®s rgn ch9 £86 t&s [ eeppared [ ke rthenarifined Sigpried, THifhe
codestring generatinq‘chquit 53. The co est[ing generating circuit 53
gener at es Hgise is p ovisionally termed the mixing noise.
It is assumed that the signal level of the left channel L
" in the equation (3) is significantly smaller than the signal
level of other channels (a*C) or (b*SL). If the signal mixed with
the other channels is encoded in accordance with the high
efficiency encoding system and subsequently decoded and
dematrixed, the quantization noise of the other channels becomes
predominant such that the left chanpel signal obtained by the
calculation of the'equation (8) superimposed by the quantization
noise of the other channels is issued as an output signal.
Examples of the increased noise are explained with -reference
to waveform signals of the respective channels shown in Fig.6.
Fig.6A shows examples of the signal waveforms of the
channels L, R, C, SL and SR entering the input terminals 511 to
51, of Fig.3. Fig.6B shows signal waveforms of the respective
channels shown in Fig.6A which are pre-mixed by the configuration
6f Fig.3 and are subsequently supplied to the_eﬁcoding circuits
52, to 52;. That is, Lm and Rm in Fig.6B stand for the signal
waveforms of the mixed left channel and the mixed right channel,
respectively. The signal waveforms of the remaining three
channels are the same as thosg shown in Fig.6A. Fig.B8C shows
examples of signal waveforms of the respective channels L, R,

C, SL and SR obtained by sending the signals of the respective

channels shown in Fig.6B to the configuration of Fig.5 for



9 codestring of the pre-set format, fromthe signals encoded by the
encoding circuits [err] to [err], and outputs the signals of the codestring
at the termnal 54. Fig.4 shows an arrangenent of a decoder for decoding
and reproducing only signals of two m xegschannels, that is the mxed left
channel and the m xed right channel, fromthe codestring containing signals
of the channel obtained by pre-m xing by the arrangenent of Fig.3. In
Fig.4, the conponents having the sane function as that of simlar
conponents shown in Fig.2 are depicted by the sane reference nunerals. In
Fig.4, only signals of the mxed |eft channel and the m xed right channel

BRI R b R D R R DR
signal s decplan M i dd 3 ndeRecdhiinbt dlidndl th PLE. SUPHLL ok aéxatnﬁﬁe%uwut
termnal [err| as signhals of t m xed | eft channél Lm while the signals
decoded the signal waveforms outputted by the output terminals 64, to
64;. |
.Comparison of the signal waveforms of the respective
channels of Fig.6A to those of Fig.GC reveals that fhe decoded
and dematrixed signals of the left channel L and the right
channel R of Fig.6C contain signal componénts not present in the
encoded signal of the respective channels shown in Fig.6A. This
noise is the mixed noise generated by dematrixing aslé result of
superimposition of the quantization noises of the other channels.
Such phenomenon of noise generation is known to occur most
significantly with signals of the channels having a small signal
level.
| For overcoming such inconvenience, it has been contemplated
to selectively switch the respective channels of small signal
levels for independent coding. )

There is also known a system which is known as a
simulcasting system in which the number of channels is increased
and which consists in encoding signals of all the independent
channels and signals of mixed channels.

Fig.7 shows an encoder consisting in encoding signals in
accordance with the simulcast system. In Fig.7, the components
having the function similar to that_shown in Figs.1l or 3 are

indicated by the same reference numerals.



by the decoding circuit [err] are outputted at the output termnal [err],
as signal's of the mxed right channel Rm Fig.5 shows an arrangenent of a
decoder for decoding the codestring signals conprised of the pre-m xed
channel s and dematri xing the codestring sithals to the non-pre-m xed state.
In FFg.5,"the conponents having the sane function as that of simlar
conponents shown in Fig.2 are depicted by the sane reference nunerals.
Referring to Fig.5, the codestring signals entering the 10 i nput
termnal 61 are separated by the codestring separating circuit 62 into
encoded signal s otefdwerimgaed Fegt 7¢haindalef tsohdmmet slighta 1shanppl jedertd ehe
channel , surround right channel and the m xed right channel. The encoded
signal s of thepwtxteirhial 51; are sent to the encoding circuit 52, and to
the addition circuit 721. The signals encoded by the encoding
circuit 52, are sent to the codestring generating circuit 53.

On the other hand, the addition circuit 72l is fed with the
left channel signal from the input terminal 51;. The addition
circuit 7211s also fed with a signal obtained by multiplying the
surround left channel entering the input terminal 512 with the
coefficient b by the multiplication circuit 71z and with a signal
obtained by multiplying the center channel entering the input
terminal 514 with the coefficient a by the multiplication circuit
711. These signals are mixed together by the addition circuit
721 so as to form signals of the mixed left channel Lm. These
mixed left channel signals are sent to and encoded by the
encoding c¢ircuit 52.1 so as to be sent to the codestring
generating circuit 53.

The right channel signals supplied to the input terminal 51
are sent to an encoding circuit 525 and to the.addition circuit
72r The signals encoded by the encoding circuit 522 are sent to
the codestring generating circuit §53.

On the other Qand, the addition circuit 722 is fed with the
right channel signals from the input terminal 51;. The addition
circuit 7Zzis also fed with a signal obtained by multiplying the

surround right channel signal entering the input terminal 514

with the coefficient b by the multipl'ication circuit 71, and with



channel are decoded by the decoding circuit [err], while the encoded
signals of the surround |l eft channel are decoded by the decoding circuit
[err]. In a simlar manner, the encoded signals of the center channel,

ri ght surround channel and the m xed ri ghtS channel are decoded are decoded
by the decoding circuits 633, 634 and [err], respectively. The decoded
signals of the surround left, center and right surround channels are
outputted at associated output terminals [err] and [err], respectively. An
addition circuit [err] is arranged downstream of the decoding circuit

fi d f di the nixed | eft ch | . . This, additi,
CErcuit 821 K S PEESIRER Hna i IRE g PRGCRTRER TATTREh SRTA" e fBied
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by the nultiplication™circuit 812, as a subtraction signal, and with a

si gnal obt ai eieeewie Mt 5ol ¥4 Y tfrcenzaklehainthe mixed right channel Rm.
These mixed right channel signals are sent to.and encoded by a
encoding circuit 527 so as to be sent to the codestring
generating circuit 53.

The surround left channel signals and the surround right
channels, entering the input terminals 512 tp 514, are encoded by
associated encoding circuits 523 to 525 before being sent t6 the
codestring generating circuit 53.

The codestring generating circuit 53 generates the above-
mentioned_codéstring of the pre-~set format from the signals
encoded by the above-mentioned encoding circuits 521 to SZT
This codestring is outputted at the terminal 54.

Thus, with the encoder shown in Fig.7, the mixed left and
mixed right channel signals are encoded along with signals of the
other independent channels.

The simplified decoder for decoding only signals of the two
mixed channels, associated with the encoder shown in Fig.7, is
of the same configuration as that shown in Fig.4 and hence is not
explained for simplicity.

The decoder for decoding the encoded signals of the
simulcast system is the same as that shown in Fig.3 and henée is

not explained specifically for simplicity. That is, with the



si gnal decoded by the decoding circuit [err] with the coefficient a by a
multiplication circuit [err], as a subtraction signal. Thus the addition
circuit [err] generates a signal obtained on subtracting the surround
| eft channel signal and the center chammel .signal fromthe signal of the
m xed | efit channel, that is the l|eft channel signal. This left
channel signal 1is outputted at the output termnal [err]. On the other
hand, an addition circuit [err] is arranged downstream of the decodi ng
circuit 635 configured for decoding the m xed right channel. This addition
circuit [err] is supplied with the signals of the m xed right channel,
decoded by then#egasdatifosi Auwh GID, FAg. AN ad@nt iiGn Shgnalodesitriagdi $igmgl
the addition <circuit 1is supplied with a signal obtained on
mul ti pl yi ng obhéasueddendthé giunftilpunedlion grfalFidefodedsbyplhed at the input
terminal 61, the mixed left and mixed right signals are not
decoded.

The above~described technique of switching the contents of
the independent encoding channels as means for reducing the
mixing noisé produced on_dematrixing'the signal of the mixed
channels is effective if the signals to be mixed together are of
a low signal level. However, if the signal is higher in level
and has no correlation with other channels, the mixed noise tends
to be heard. On the other hand, for implementing this technique,
the operation of detecting the signal level or of switching the
channels becomes complex and the circuit scale is increased,
while a switching control signal specifying which channel has
been selected needs to be transmitted to the decoder.

If, as means for decreasing the mixed noise generated on
dematrixing the mixed channel signals, the technique of
increasing the number of channels and encoding the independent
channels and the mixed channels, the problem of deteriorated
sound quality is raised due to shortage of the number of bits
caused by increase in the number of channels. Since the number
of bits needs to be increased for prohibiting the sound quality
from _being lowered, the above-mentioned technique is
inapprdpriate for a recording medium having a limited volume of

[N
~

the recordable information.



decoding circuit 634 with the coefficient [err] by a multiplication circuit
813, as a subtraction signal, and with a signal obtained on nmultiplying the
center channel signal decoded by the decoding circuit 633 by the
coefficient [err] by the nultiplication ciitvcuit [err], as a subtraction
signal. *Thus the addition circuit [err] generates a signal obtained on
subtracting the surround right channel signal and the center channel signal
fromthe signal fromthe m xed right channel, that is the right channel
signal. This right channel signal is outputted at the output term nal

[err]. The abﬁve-ggngiggg Eéftiﬁ r?presents a technique enployed in the
MPER audi o 3) by the Moving Picture I mage Codi ng
Experts Group (MPEQ f£or I ng nmovi ng. pictures.for e .l .l ed
under the auspicegnglihgﬁgﬁ%g?ﬂ%tF@naqgﬁgﬁén?gaﬁ¥gh Pgégéfgndg&g%?é?Soﬁo

(1SO). Meanwyrlo§.iasi 987! SifEHFAMUGHRT UhARIBLS | e BokeNdSdt CaPBaratus, an

information decoding method and apparatus and a recording medium
whereby ﬁhe mixed noise generated on dematrixing the mixed
channel signals may be decreased effectively.

With the information encoding method and apparatus according
to the present invention, independently encoded signals of
independent channels and signals of non-independent channels not
encoded independently are mixed together to generate signals of
mixed channels, which are encoded. These encode signals are then
decoded and signals of independent channels are generated from
the decoded signals. Difference signals between these generated
signals of the independent channelé and pre—mixing signals of
non—independent channels are encoded and codestring signals are
subsequently generated from the encoded signals of the
independent channels, encoded signals of the mixed channels and
the encoded difference signals. |

With the information decoding method and apparatus according
to the present invention, the encoded sign&ls of the iﬁdependent
channels, encoded signals of the mixed channels and the encoded
difference signals are separated from the codestring signals
obtained by the information encoding method and apparatus for
decoding. The signals. of the non—~independent channels are

generated from the decoded signals of the independent channels



12 increased in noise as conpared to the original signals. This noise is
provisionally ternmed the m xing noise. It is assuned that the signal |evel
of the left channel L in the equation (3) is significantly smaller than the
signal level of other channels [err] or [el].. If the signal mxed with the
ot her channels is encoded in accordance with the high efficiency encoding
system and subsequently decoded and dematrixed, the quantization noise
of the other channel s becones predoni nant such t hat the |l eft channel signal
obtai ned by the cal cul ati on of the equation (8) superinposed by the

quanti zat i onandi seeofietbdedt Bagnahanwdl hes mikededhannen sout (ife Sggadated

Exanpl es of the increased noise are explained with reference to waveform
signal s of thégnetpeet ithe cloaniokdepehdenti chéine s aFiegadAedhdast e aigsrase dof
t he signal waveforns of the channels L, R C SL and SR entering the input
termnal s [efiffegence signals. .

The recording medium according to the present invention has
recorded thereon the codestring signals generated by the
information encoding method and apparatus of the present
invention. '

That is, according to the preseq£ invention, signals of the
channel made up of difference signals between the pre-mixing
signals of the non-independent channels and the signals of the
non—independent channels as found by dematrixing signals of mixed
chaﬁnels are prdvided in addition to the signals of non-
independent channels and the signals of the mixed channels.
These signals are encoded at the time of encoding for generating
codestring signals. The difference signals are added during
decoding to the signals of the non-independent channels as found
on dematrixing the signals of the mixed channels for preventing
deterioration otherwise caused by noise mixi%g. Since the
difference signals are defived from quantization noise components
of the mixed channel signals, a smaller numbe? of bits required
for éncoding suffices than when directly encoding the signals of
the independent channels,

If the difference signals are not decoded on the decoder

side, the decoder is of the same construction as the conventional

decoder performing dematrixing, so that interchangeability with



515 of Fig.3. Fi g. 6B shows signal waveforns of the respective channels
shown in Fig.6A which are pre-m xed by the configuration of Fig.3 and are
subsequently supplied to the encoding circuits [err] to [err]. That is, Lm
and Rmin Fig.6B stand for the signal wavadBorns of the m xed | eft channel
and the m xed right channel, respectively. The signal wavefornms of the
remai ning three channels are the sane as those shown in Fig.6A Fig:6C
shows exanpl es of signal. waveforns of the respective channels L, R C, SL
and SR obt ai ned by sending the signals of the respective channel s shown in
Fig.6B to the con uration_ of Fig.5 for 13 decodi.ng by the associ at ed
decodi ng ci r'éif FP]LPSaﬁerFF gﬁﬁrfoﬂsdeW&ﬂPFﬁﬁﬂﬁdrn FHétHﬁﬁﬂgFeas Shewn

E[ gr ;I %aFS E Qd?';s] Iltos%)@r@ec% fuet r.}ea.sSI agngea. ¥gf %BQE (ilét pclg.[r} el()je bgm;t){'oyeélt QUt
conjunction with the technique of switching the contents of the
encoded channels as shown in the conventional system described
above.

Thusj in accordance with the present inveﬁtion, when
encoding multi-channel audio or speech signals inclusive of
signals of the mixed chennels, whereb& the audio orr speech
signalé become reproducible even with the simplified decoder
described above, the noise generated on dematrixing the signals
of the mixed channels are included in the codestring signals as
the difference signals between the pre—mixing signals of the non-
independent channels and the signals of the non—-independent
channels as found by dematrixing signals of mixed channels, thus
preventing the number of bits from being increased due to
increase in the number of channels. In addition, it becomes
possible to prevent noise from being produced due to pre-mixing

and dematrixiﬁg thus realizing a higher encoding efficiency than

with the conventional method.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l1 is -a schematic block circuit diagram showing an
arrangement of a conventional encoder for directly encoding
signals of plural channels.

Fig.2 is a schematic block circuit diagram showing an

arrangement of a conventional decoder for decoding signals of



[err]. Conparison of the signal waveforns of the respective channels of.
Fig. 6A to those of Fig.6C reveals that the decoded and denatri xed signals
of the left channel L and the right channel R of Fig.6C contain signal
conponents not present in the encoded sign2P of the respective channels
shown in Fig.6A This noise is the m xed noi se generated by dematri xi ng as
a result of superinposition of the quantization noises of the other
channel s. Such phenomenon of noi se generation is known to occur nost
significantly with signals of the channels having a small signal |evel. For
over com ng such inconveni ence, it has been contenplated to selectively

switch the re3peali ¢BaghianBelrsofl aSddest AN di@wallS J¥aink@eRANAE Hect 1y
coding. There is also known a systemwhich is known as a sinmul casting

system i n whidelotiagnsikealsfofhtnaepsursl ictamaagad and which consists in
encodi ng signals of all the independent

Fig.3 is a schematic block circuit diagram showing an
arrangement of a conventional encoder employing pre-mixing.

Fig.4‘ is a schematic block circuit diagram showing an
arrangement of a simplified decoder reproducing only 2-channel
signals from the pre—-mixed codestring'signals.

Fig.5 is a block circuit diagram showing an arrangement of
a8 conventional decoder configured for dematrixing the pre-mixed
codestring signals.

Figs.6A to 6C are waveform diagrams showing signal waveforms
of wvarious componeﬂts of a conventional encoder and a
conventional decoder configured for effecting pre-mixing and
dematrixing, respectively. |

Fig.7 is a block circuit diagram showing an arrangement of

a conventional encoder configured for encoding pre—-mixed channels

and independent channels. i

w

Fig.8 is &a block circuit diagram showing a Dbasic
construction of an information encoding apparatus for carryiﬁg
out the iﬁformation encoding. method of the present invention.

Fig.9 1is a block <circuit diagram showing a  Dbasic
constructiqn of an information decoding‘apparatus for carrying
out the information decoding method of the present invention.

Fig.10 is a block circuit diagram showing an illustrative

arrangement of the informatidn encoding apparatus according to



channel s and signals of m xed channels. Fig.7 shows an encoder consisting
I n encoding signhals in accordance with the sinulcast system In Fig.7, the
conponents having the function simlar to that shown in Figs.1l or 3 are

i ndi cated by the same reference nuneral s31 14 Referring to Fig.7, the

| eft. channel signals supplied to the input term nal rﬁ E sert—t+-e—the
encoding circuit 522 and to the addition circuit [err] &%@ EWI%EEN

encoded by the encoding circuit [err] are sent to the codeshER EBeneraf i ng
circuit 53. On the other hand, the addition circuit [err] Is Ted WTh e
| eft channel signal fromthe input termnal [err]. The addition circuit
[err] is a|§@ef@a%meeﬁ dn¥iegkapPnoebt ai ned by nultiplying the surround |eft

channel enterin the ut termnal [err t he
gFi . QS a.%lock 01rcuﬂt\g1agram shOW1ng an illustrative

arrangement of an information decoding apparatus according to the
present invention.

. Fig.12 is a waveform diagram for illustrating the effect of
an illustrative embodiment of the present invention.
'DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the dra&ings, preferred embodiments of the
present'invention will be explained in detail.

Referring first +to Fjg.B, the basic arrangement of an
encoding apparatus (encoder) according to the present invention
will be briefly explained. |

In Fig.8, signals comprised of signals of plural channels
are supplied as input signals to an input terminal 1. These
input signals are sent to a pre-mixer 2 and an error signal
detection unit 6.

The pre-mixer 2 generates mixed channel signals from the
multi-channel signals entering the input terminal 1 and transmits
the mixed channel signals to_the encoding unit 3 along with
signals of the remaining independenfly encoded channels.

The eneoding unit 3 encodes the multi-channel signals,
inclusive of the mixed channel signals supplied from the encoding
unit 2, and sends the encoded signals to a multiplexor 8 and to

a decoding unit 4.

The decoding wunit 4 decodes the multi-channel signals,

e ——
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coefficient b by the multiplication circuit [err] and wth a signal
obtained by nultiplying the center channel entering the input term nal

[err] with the coefficient a by the nmultiplication circuit [err]. These
signals are m xed together by the additionygircuit [err], so as to form
signals of the mxed |left channel Lm These m xed | eft channel signals are
sent to and encoded by the encoding circuit [err] so as to be sent to the
codestring generating circuit 53. The right channel signals supplied to the
i nput term nal 515 are sent to an encoding circuit 526 and to the addition
circuit [err The, s a encod e encodi ng_ci.r.c are ent
to the codesl’?‘f]h‘bslg“('a‘ﬁg?1 %ﬁﬁd"’c’fer hta¥‘§§ TETHE Sg’l?é’rhﬁgngrg he ad’(ﬁ‘lct0 afie
circuit [err e t £ n a r t na
For o], The. it 155l (dbddif nltactBane) B 025 LIAEMAPPLLIAK LA
nul tiplying the stié GétdtiridihgChianpesd nt3i xRt ehbNdedb®ed MLt -RHENRAIL

514 with the coefficient [err] by the nmultiplication circuit 713 and with
signals, inclusive of the mixed channel signals supplied from the
decoding unit 4, for generating dematrixed multi—~channel signals.
The dematrixed multi—channel signals are sent to the‘érror signal
detection unit 6.

The error signal detection unit 6 detects error signals, as
difference signals, from the dematrixed multi-channel signals
supplied from the dematrixing unit 5§ and the multi—channel
signals supplied from the input terminal 1, and sends the error
signals as channel error signals to an error signal encoding unit
. . .

The error signal encoding unit 7 encodes the channel error
signals from the error signal detection unit 6 and sends an
encoded signal of the channel error signals resulting from the
encoding to the multiplexor 8. .

The multiplexor 8 multiplexes the encoded signals from the
encoding unit 3 and the encoded signals from the error signal
~encoding unit 7 for forming a codestring signal of a pre-—set
format and outputs the codestring signals at an output terminal
9.

Referring to Fig.9, the basic arrangement of a decoding

apparatus (decoder) for carrying out the decoding method of the

present invention is briefly explained.



15 a signal obtained by multiplying the center channel entering the input
termnal 513 with the coefficient [err] by the nultiplication circuit
[err]. These signals are m xed together by the addition & - §?ﬂ@
e
e

to formsignals of the mixed right channelpsRm These ni xddiHb i
signals are sent to and encoded by a encoding circuit [eri] soREEL
sent to the codestring generating circuit 53. The surround=Te€ft channel
signals and the surround right channels, entering the input termnals [err]
to [err], are encoded by associated encoding circuits 523 to 525 before

bei t toth tgi | | ' i : ' co
eing sent to thergodestsi ng,gege gii &ﬂéf“ﬁédé%%ﬁfﬁggégggﬁéﬁéﬂ'%h%ﬁ%§1ve

generating circuit 53 generates t above- nentione rrng o
pre-set forngt themehB8d8hJBAKS multiplexed mixed—channel signals from the

-

encoder of Fig.l and channel error signals are supplied to the
input terminal 11.

The codestring signals, entering the inﬁut terminal 1, are
sent to a demultiplexor 12. The demultiplexor 12 demultiplexes
the multi~channel codestring signals containing'the multiplexed
mixed channel signals and the channel error signals and sends the
encoded signals of the respective channels to a decoding unit 13.

The decoding unit 13 decodes the encoded signals of the
respective channels. Of the signals produced on decoding, the
channel error signals are.sent to an error correction unit 15,
while the multi-channel signals, inclusive of the mixed channel
signals, are sent to a dematrixing unit 14.

The _dematrixing unit 14 dematrixes the multi—channei
signals,.inclusive of éhe decoded mixed channel signals, and

sends the dematrixed multi-channel signals to the error

-

correction unit 15?

The error correcting unit 15 corrects the dematrixed channel
signals from the dematrixing unit 14 based upon the channel error
signals from the decoding unit 13. The multi-channel signals,
thus corrécted for errors, are outputted at an output terminal
16.

Referring to Figs.10 and 11, the basic arrangement of the

illustrative encoder and decoder in case of applying the basic

-

e
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encoded by the above-nentioned encoding circuits [err] to [err]. This
codestring is - outputted at the termnal 54. Thus, with the encoder shown in
Fig.7, the mxed left and m xed right channel signals are
with signals of the other independent chagpels. The sinpl | THISISHEEOHAD
decodi ng 'only signals of the two m xed channels, associ at&d w tgEPLABED
encoder shown in Fig.7, is of the sane configuration as thet—strowmr1T F . 4
and hence is not explained for sinplicity. The decoder for decoding the
encoded signals of the sinulcast systemis the sane as that shown in Fig.3
and hence is | ol I sid g Gt T t,he
o Conflguratcls‘rgénugﬁcp‘lfdrﬂ%‘% %R%% & £ab sY E gggg Gel¥ive. J}?&qﬂeﬁs, 'felhel}

even estring signha
the above-mentioned left channel, surround left channel, center

channel, surround right channel and the right channel, is now
explained.

Fig.10 shows an illustrative arrangement of an encoder for
encoding signals of the five channels.

Referring to Fig.10, audio signals of the left channel L are
supplied to an input terminal 211, while audio signals of the '
surround left channel SL, center channel C, surround right
channel SR and the right channel R are supplied to input
terminals 211, le 213L le respectively. These input terminals
211 to 2.15 correspond to the input terminal 21 of Fig.l.

The left channel signals supplied to the input terminal 211
are sent to an addition.circuit 23; and to an addition ciréuit
ZBP as later explained, as aﬂ addition sighal 'and as a
subtraction signal, respectively. The addition circuit 231 is
also fed with a signal obtained by multiplying thg surround left
channel signals entering the input terminal 212 with the
coefficient b by a multiplication circuit 222 and with a signal
oftained by multiplying the ceﬁter channel signals entering the
input terminal 213 with the coefficient g by a multiplication
circuit 22F These sigﬁals are mixed in the addition éircuit 231
for forming the mixed left channel sigpals Lm.

The right channel signals supplied to the input terminal
21; are sent to an addition circuit 23, and to an additi?n

R

[
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obt ai ned by the configuration of Fig.7 is supplied at the input term nal
61, the mxed left and m xed right signals are not decoded. The
above-described technique of switching the contents of the independent

encodi ng channel s as means for reduci ng thesnm xi ng noi
demat'ri xi ng the signal of the m xed channels is effect
be m xed together are of a | ow signal |evel. However,

e _nro

|V’Hﬂ€.fSﬁEﬁu‘M ﬁé@& to
f t he REPONGED |

hi gher in I evel and has no correlation with other channets;
tends to be heard. On the other hand, for inplenenting this technique, the
operation of detecting the signal level or of switching the channels

b ' d,
ecomes COMPLe¥eANd 182 Gl v rSEaheat AhlCLEEE taadlLLEn % NI ENUAW 0 &

control signal speci “whi'ch ‘channe een selec

The ntxed noi se

transnitted gqbthsc@lesadetgnaf, ragpdRafseh or d%ree%%mrt&ﬂome di A oy 5e

generated on dematrixing the mixed channel signals,

th

lS
e technlqde

i ncreasing thespundewiah ehanged b cbth gD B Ngu T tip Iyidepamdestrround rlght

channel signals entering the input terminal 214 with the
coefficient b by a multiplication circuit 223 and with a signal
obtained by multiplying the center channel signals entering the
input terminal 213 with the coefficient a by the multiplication
circuit er These signals are mixed in the addition circuit é32
for forming the mixed right channel signals Rm.

The signals of the mixed left channel Lm, thus formed, are
sent to an encoding circuit 241, while siénals of the mixed
right channel Rm are sent to an encoding circuit 24r The
signals of the surround left channel, center channel and tne
surround'right channel are sent as independently coded signals
of independent channels to associated encoding circuits 243_to
24& respectively. These encoding circuits 241 to 245encode the
respective supplied signals. Thus, wﬁth the "arrangement of
Fig.10, the arfangement of forming the signals of the mixed
channels correspond to the pre-mixer 2 of Fﬁg.s, while the
encoding circuits 241 to 245 correspond to the encoding unit 3 of
Fig.1. In addition, the left and right channei signals
cqnstitute signals of independent channels which are not encoded,
independently.

The encoded signals of the encoding circuits 241 to 245.are

sent to associated decoding circuits 251 to 255, respectively,

Has Been Rep|laced
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channel s and the m xed channels, the problem of deteriorated sound quality
Is raised due to shortage of the nunber of bits caused by increase in the
nunber of channels. Since the nunber of bits needs to be increased for
prohibiting the sound quality from beingyg | owered, t he
above- nenti oned t echni que I's inappropriate for a recording nedi um
having a imted volune of the recordable information. 17 SUMVARY OF THE
INVENTION It is therefore an object of the present invention to provide an
i nformati on encodi ng net hod and apparatus, an information decodi ng net hod
and apparatus and a recordi ng nedi um whereby the m xed noi se generated on
dematri xi ng the m xed channel -signals nmay be decreased effectively,
. while also being sent to a codestring generating circuit’30. The
decoding circuits 25; to 25; correspond to the decoding unit 4 of
Fig.8, while the codestring generating circuit 30 corresponds to
the multiplexor 8 of Fig.8.

Of the signals decoded by the decoding circuits 251 to 255,
the mixed left channel signals are sent as addition signals to
an addition circuit 271. The addition circuit 271 is also fed
with a signal obtained by multiplying the surround left channel
signal decoded by the decoding circuit 25, with the coefficient
b by a multiplication circuit 262, as a subtraction signal, and
with a signal obtained by multiplying the center channel signal
decoded by the decoding circuit 253with the coefficient a by a
multiplication circuit 26;,, as a subtraction signal. Thus the
addition circuit 271 forms a signal corresponding the mixed left
channel signals less the surround left channel and center channel
signals, that is the left channel signals containing the mixing
noise. The left channel signals, containing the mixing noise, are
sent as addition signals to an addition circuit 28r

Of the signals decoded by the decoding circuits 25, to 25,
the mixed right channel signals are sent as addition signals to
an addition circuit 272. The addition circuit 27, is also fed
with a signal obtained by multiplying the surround right channel
signal decoded by the decoding circuit 254 with the coefficient

b by the multiplication circuit zsp_as a subtraction signal, and

with a signal obtained by multiplying the center channel signal



Wth the informati on encodi ng net hod and apparatus according to the present
I nvention, independently encoded signals of independent channels and
signal s of non-independent channels not encoded independently are m xed
together to generate signals of m xed chapfels, which are encoded. These
encode signals are then decoded and signals of independent channels are
generated fromthe decoded signals. Difference signals between these
generated signals of the independent channels and pre-m xi ng signals of
non-i ndependent channel s are encoded and codestring signals are
subsequently generated from the encoded signals of the independent
channel s, encoded signals of the m xed channels and the encoded difference

signals. W tdleddded fyortimt HeBodeag0 N e 26¢ with apeacakFiacent di gy tthe
the present invention, the encoded signals of the independent channels,

encoded si grnah bt il 1dmt el mhanndl 6 ,and heubtoedddodi sfignedce Jhysalthe
are separated fromthe codestring signals obtained by the information
encodi ng netﬁ%@ihﬁ@na%h%?%&%ssznforms a signal corresponding to the mixed
right channel signals less the surround right channel and center
channel signals, that is the right channel signals containing the
- mixing noise. The-right channel signals, containing the mixing
noise, are sent as addition signals to an addition circuif.zar
The arrangement for generating the left channel signals
containing the mixing noise and for generating the right channel
signals similarly containing the mixing noise corresponds to the
dematrixing unit 5 shown in Fig.8.
On the other hand, the addition circuits 28, and 28,
correspond to the error signal detection unit 6 shown in Fig.8.
The addition circuit 281 finds the difference between the pre-
mixing left channel signals from the input terminal 211 and the
left channel signals from the addftion circuit 271containing the
' mixing noise, while the addition circuit 28, finds the
difference between the pre—-mixing right channel signals from the
input terminal 215 and the right channel signals from the
addition cifcuit 272 containing the mixing noise. The difference
signals from the addition circuits 281 and 282 are sent as
respective error signalé Le and Re to associated encoding
circuits 291 and 292, respectively.
These encoding circuits 291 and 292, corresponding to the

error signal encoding circuit 7 of Fig.8, encode the supplied



decodi ng. The signals of the non-independent channels are generated
fromthe decoded signals of the independent channel s 18 and the decoded
signals of the m xed channels. The generated signals of the

non-i ndependent channel s are added to the ggcoded difference signals. The
recordi ng medi um according to the present invention has recorded thereon
the codestring signals generated by the information encoding nethod and
apparatus of the present invention. That is, according to the present

i nvention, signals of the channel nmade up of difference signals between the
pre-m xi ng signals of the non-independent channels and the signals of the

non- i ndependgpf , shpNNElSr a5 Jnd oy dRTRL th¥i DHc5h88A Srd U s to the

codestring generating circuit 30.

The codestring generating circuit 30, corresponding to the
multiplexor 8 of Fig.8, assembles signals of respective channels,
encoded by the encoding circuits 241 to 24$ and the channel
error signals encoded by the encoding circuits 291 and 292, into
a codestring for transmission or recording on a recording medium
in accordance with a pre-set format, and qutputs the codestring
éignals via a terminal 31. | |

The codestring signals, outputted_at the termingl 31, are
recorded or transmitted over a transmission route. For recording,
the codéstring-signals'are transmitted to a récording device 32.
The recording device 32 includes an error correction code
appenﬁing_circuit, a modulation circuit etc., ahd fecords the
codestring signals processed by the error correction code
appending circuit or the modulation circuit, on a recording
medium typified by an optical disc 33. If theufbcording medium
is a read-only ROM disc, such as a compact disc, it is fabricated
as a master disc, whereas, if the recording médium is an
overwritable RAM-disc, codestrings are directly recorded on the
disc.

The simplified decoder configured for reproduping only the
two pre-mixed channel signals from the encoded multi-channel
signals is configured similarly to the device shown in Fig.4 and

hence is not explained for simplicity.



channel s are provided in addition to the signals of non- ‘i ndependent
channel s and the signals of the m xed channels. These signals are encoded
at the tine of encoding for generating codestring si-gnals. The difference
signal s are added during decoding to the spgnal s of the non-independent
channel s as found on dematrixing the signals of the m xed channels for
preventing deterioration otherwise caused by noise m Xxing. Since the
difference signals are derived fromquantizati on noi se conponents of the

m xed channel signals, a smaller nunber of bits required for encoding

IR T AR TR WY R o
the decpder E%v%%tﬁgg S@HEW 0 %ﬁuqbkon ggcthg 9<ﬂ¥e t%%@%&iqgceggrencoded
perform ng dematrixing, SO ﬁhgf |ﬁiercﬁange%%lf| y ﬁ#?h
multi-channel signals to the non-pre—-mixed state is configured
as shown in Fig.1ll.

In this figure, the codéstring signals reproduced or
transmitted from the recording medium over a transmission path
are fed via an input terminal 41 to a codestring separating

.circuit 42, which then separates the supplied codestring signals
into channel-based eﬁcoded signals in accordance with a pre-set
format. The codestring separating circuit 42 corresponds to the
demultiplexor 12 of Fig.S8.

The channel-based encoded signals, separated by the
codestring separating circuit 42,-'£re sent to channel-based
decoding circuits 431 to 437 for decoding. For example, the
encoded signals of the channel error signals Le from the left
channel, containing the above—-mentioned mixing noise, are decoded
by the decoding circuit 431, while the encoded signals from-the
left channel'are decoded by the decoding circuit 43? In a
similar manner, the encoded signals from the surround 1left
channel, the encoded signals from the center channel, the encoded
signals from the surround right channel, the encoded signals from
the right channel, the encoded signals from the right channel and

- the encoded signals of the channel error signals Re generated
from the right channél containing the mixing noise, are decoded

by the decoding circuits 433, 430 43¢, 43; and 43,4, respectively.



19 the conventional decoder is maintained. Furthernore, the disclosed
techni que has a feature that it can be enployed in conjunction with the
techni que of switching the contents of the encoded channels as shown in the
conventional system described above. Thus,3¢g n accordance with the present

I nventi orr, when encoding nmulti-channel audio or speech signals inclusive of
signals of the m xed channels, whereby the audi o or speech signals becone
reproduci ble even with the sinplified decoder described above, the noise
generated on dematrixing the signals of the m xed channels are included in
t he codestring signals as the difference signals between the pre-m Xxing

signals of thg n ”aeLBﬁZRgggﬁ@%ugﬁggﬂggst%”iaFh%o%}ggg%gdggotW%e decodi

non-independen?schanne oun matri xXi'ngsi m xed c amuﬂ%,

thus prevent ;R9+¢t g sHEREriRfrPilg. from being increased due to increase in
t he nunber of channels. In addition, it becomes

Of the signals decoded by the decoding circuits 43, to 43,4,
the mixed left channel signals from the decoding circuit 432 are
sent as addition signals to an addition circuit 45P The
addition circuit 451 is also fed with a signal obtained by
multiplying the surround 1left channel signal decoded by the
decoding circuit 433 with the coefficient b by a multiplication
circuit 44,, as a subtraction signal, and with a signal obtained
by multiplying the center channel signal decoded by the decoding
circuit 434 with the coefficientlg by the multiplication circuit
441, as a subtraction signal. Thus the addition circuit 45,
forms as signal corresponding to the mixed left channel signals
less the sufround_left channel and Ceﬁter channel signals, that
is the left channel signals containing the mixing noise. The
left channel signals, containing the mixing noise, are sent as
addition signals to an addition circuit 46r

Of the signals decoded by the decoding circuits 431 to 437,'
the mixed right channel signalé from the decoding circuit 436 are
sent as addition signals tb an addition circuit 452. The
addition circuit .45, is also fed with a signal obtained by
multiplying the surround right channel signal decoded by the
decoding circuit 435 with the coefficient b by a multiplication
circuit 443, as a subtraction signal, and with a signal obtaihed

by multiplying the center channel signal decoded by the decoding



possi ble to prevent noise from being produced due to pre-m xing and
dematri xing thus realizing a higher encoding efficiency than with the
conventional mnethod. BRI EF DESCRI PTION OF THE DRAWNGS Fig.1 is a schematic
bl ock circuit diagram showi ng an arrange t of a conventional encoder for
directly ®encodi ng signals of plural channels. Fig.2 is a schematic bl ock
circuit diagramshow ng an arrangenent of a conventional decoder for
decodi ng signal s of 20 plural channels froma codestring signal obtained
on directly decoding signals of the plural channels. Fig.3 is a schematic
bl ock circuit diagram show ng an arrangenent of a conventional encoder
enpl oyi ng prein¢u1¥mﬁ34vdth the coefficient a by the multiplication circuit
441, as a subtraction signal. Thus the addition circuit 452
forms a signal corresponding to the mixed right channel signals
less the surround right channel and center channel signals, that
-is the right channel signals containing the mixing noise. The
right channel signals, containing the mixing noise, are sent as
addition signals to an addition circuit 46?

The configuration for forming the right channel signals
containing mixing noise, similarly to the left channel signals
containing the mixing noise, corresponds to the dematrixing unit
14 shown in Fig.8.

The addition circuit 461effects an addition operation, with
the left channel signal containing the mixing noise from the
addition circuit 451 as the addition signal and with the channel
error signal Le from the left channel containing the mixing error
signals from the decoding circuit 431as the subtraction signal,
for correcting errors in the left channel signal- containing the
mixing noise. OQutput signals of the addition circuit 461-are
sent as error—-corrected left channel signals to an output
terminal 47P

The addition circuit 462effects an . addition operation, with
the right channellsignal containing the mixing noise from the
addition circuit 452 as the addition signal and with the channel

error signal Re from. the right channel containing the mixing

error signals from the decoding circuit 43, as the subtraction



Fig.4 is a schematic block circuit diagramshow ng an arrangenent of a
sinplified decoder reproducing only 2-channel signals fromthe pre-m xed
codestring signals. Fig.5 is a block circuit diagram show ng an arrangenent
of a conventional decoder configured for gematrixing the pre-m xed
codestring signals. Figs.6A to 6C are waveform di agrans show ng si gnal
wavefornms of various conponents of a conventional encoder and a

conventi onal decoder configured for effecting pre-mxing and dematri xi ng,
respectively. Fig.7 is a block circuit diagramshow ng an arrangenent of a
convent i onals igmedder feonfdogureed ih@r encods ngimr éhei xeigitharhehgedndsignal

i ndependent channels. Fig.8 is a block circuit diagram show ng a,
basi ¢ const coatiedRisg dhe Misting i onlencodOngrappaignad st &f e y?ﬁglb’d‘?n
the information encodi ng met hod of the present invention, Fi %.9 L s_a, bl ock
circuit di agﬁ"é‘rﬁuslﬁoﬁllsmgarae 5Shtc as error—corrected right channel signals to

an output terminal 47;.

The addition circuits 46, and 46, correspond to the error
correction unit 15 shown in Fig.8.

Of the signals decoded by the decoding circuits 431 to 437,
the decoded signals for the. channels independently encoded by the
encoder of Fig.10, herein the decoded signals of the center
channel, surround left channel and the surround right qhannel,
are outputted at associated output terminals 47, to 474,
réspectively.

It is seen from above that, while the prior—art device
simply encodes signals of the respective channels, part of the
encoded signals of the channels are decoded within the encoder
with the present invention and difference signals, that Iis
channel error signals, are obtained by pre-set processiﬁg
operations. This partial decoding is termed loca£ decoding. The
¢hannel error signals are produced using the signals obtained by
local decoding. The decoder executes processing operations on
the channel error signals and signals of the channel containing
the mixing noise for ultimately forming signals of the respective
channels. |

Reference is had to Fig.12 showing the waveforms of various

portions in the configuration shown in Figs.ll and 12 for



construction of an information decodi ng apparatus for carrying out the

I nformati on decodi ng nethod of the present invention. Fig.10 is a bl ock
circuit diagramshowing an illustrative arrangenent of the information
encodi ng apparatus according to 21 the y3resent invention. Fig.1l1l is a

bl ock circuit diagram showi ng an illustrative arrangenent of an information
decodi ng apparatus according to the present invention. Fig.12 is a waveform
diagramfor illustrating the effect of an illustrative enbodi ment of the
present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to
the draw ngs, preferred enbodi nents of the present invention will be

expl ai ned i rexiet=diling the effects proper to the illustrative embodiment of
the present invention.

Fig.12A shows examples of the signal waveforms of the
respective channels L, R, C, SL and SR entering thé input
terminals 211 to 2150f Fig.10. The signal waveforms of Fig.12A
are of the same waveforms as those shown in Fig.6A for comparison
with Fig.6. Fig.12B shows signal wa?eforms of the respective
channels obtained on pre-mixing the signals of respective
channels shown in Fig.l12A by the configuration shown in Fig.10
and supplying the resultihg pre—mixed signals tq the encoding
circuits 241 to 245, and signal waveforms of the channel error
signals outputted by the addition circuits 281 and 28? That is,
Lm and Rm in Fig.12B stand-for the signal waveforms of the mixed
left channel and the mixed right channel, respectively, while the
remaining three channels C, SL and SR are the same as those shown
in Fig.12A. In Fig.lZB, Le and Re stand for channel error signals
outputted by the addition circuits 281 gnd 282; respectively.
The signals of the respective channels, _shown in Fig.12B,
correspond to signéls on the recording medium and on the
transmission route. Fig.12C shows signal waveforms of the
respective channels L, R, C, SL'ahd SR obtained on sending the
signals of the respective channels shown in Fig.12B to the
configuration shown in Fig.11l, decoding the respective Signals
by the decoding ciréuits 43, to 43; associated with the

respective channels and processing the depoded signals_by the



Referring first to Fig.8, the basic arrangenent of an encodi ng apparatus
(encoder) according-to the present invention will be briefly explained. In
Fig.8, signals conprised of signals of plural channels are supplied as
i nput signals to an input termnal 1. Thesg input signals are sent to a
pre-m xer*2 and an error signal detection unit 6. The pre-m xer 2 generates
m xed channel signals fromthe nmulti-channel signals entering the input
terminal 1 and transmts the m xed channel signals to the encoding unit 3
along with signals of the remaining i ndependently encoded channels. The
encodi ng unit 3 encodes the nulti-channel signals, inclusive of the m xed
channel si gn§e@atgizipgqand FEiHe Hifctdne confjgurabheR shewentpdeie. 11,
signals to a nultLgI or 8 ang to a_decoding unjt 4. The decoding, unii 4
decodes t he %ﬁaﬁi} hgﬁﬁeﬁlgpa aygyeforms ougpu{Qedz%y ghe output “terminals
47, to 47;.

As apparent from comparison between the signal_waveform of
Fig.12C and that of Fig.6C, the mixing noise of the left and
right channels is diminished with the above—~-described embodiments
of the present invention.

Although the foregoing description has been made with
reference to a mulfi—channel system employing five channels, the
present invention is not limited to this specific number ' of
channels For example, the present invention may be applied to
a seven—~channel system in which, in addition to the above given
five channels, a left center channel is provided between the left
channel and the center channel and a right center channel is
ﬁrévided between the right channel and the center channel. The
present invention may be applied to a larger number of channels,
or a smaller number of channels, such as three or.four channels.

In addition, the signals formed by the enéoding method or
apparatus of the present invention may be recorded on a variety
0of recording media, such as films, tape-shaped recording media
or semiconductor memories, in addition to the above—mentioned
optical discs. Furthermore, the signals formed by the encoding

method or apparatus of the present invention may be transmitted

over a telephone network or transmission routes such as

broadcast.



22 inclusive of the m xed channel signals supplied fromthe encoding unit
3, and sends the decoded signals to a dematriXxing unit 5. The dematrixing
unit 5 dematrixes the decoded nulti-channel signals, inclusive of the m xed

channel signals supplied fromthe decodi ng3unit 4, for—gew
demat'ri xed mul ti-channel signals. The dematri xed rruI t | -channel signals are

sent to the error signal detection unit 6. The error i H uﬂmﬂlmr","rt
6 detects error signals, as difference signals, fromth

mul ti-channel signals supplied fromthe dematrixi ng unit 5 and“the ©

mul ti-channel signals supplied fromthe input terminal 1, and sends the
error signalwHes IhauagMen M®: signals to an error si gnal encodi ng unit 7.

The error signal encoding unit 7 encodes the channel error
1. An information encoding method for encoding signals of a

plurality of channels comprising:

a channel mixing step of mixing signals' of independently
coded independent channels and signals of non-independent
channels not encoded independéntiy for generating signals of
mixed channels;

a channel signal encoding step of encoding the signals of
the mixed channels and the signals of the independent channels;

a channel signal decoding step of decoding the gncoded
signals of the mixed channels and the encoded signa;s of the
independent channels;

a channel signal generating step of generating signals of
non—independent channels from the decoded signals of the mixed
channels and the decoded signals of the independent channels;

é channel signal generating step of generating signals of
the non-independent channels from the decoded signals of the
mixed channels and the decoded signals of the non-independent
channels;

a difference signal geherating step of generating difference
signals between the signals of the non—-independent channels
generated by the chaqnel signal generating step and the signals
of the non~independent channels pr;or to mixing; a difference
signal encoding step of encdding said difference signal; and

a codestring generating step of generating a codestring



signals fromthe error signal detection unit 6 and sends an encoded si gnal
of the channel error signals resulting fromthe encoding to the multipl exor
8. The multiplexor 8 nultiplexes the encoded signals fromthe encodi ng unit

3 and the encoded signals fromthe error 86gnal encodi hg—unit 7 for form ng
a codestring signal of a pre-set format and outputs the codestrl ng signals

at an output termnal 9. Referring to Fig.9, the basic, mmwﬂ' 'm,
decodi ng apparatus (decoder) for carrying out the decodl
present invention is briefly explained. 23 In Fig.9, the mul'ti ? chiinrel

codestring signals, inclusive of the encoded and nul ti pl exed m xed-channel
Slgnals fromifghel from the encoded signals of the independent channels, the

encoded signals of the mixed channels and the encoded difference
signals.
2. The information encoding method as‘claimed in claim 1
wherein, during the channel mixing step, the signals of the non-
indepéndent channels are summed to signals obtained on
multiplying the signais of the independent channels to generate
the signals of the mixed channeis.
3. The information encoding méthod. as claimed in claim 1
'wherein,. during the channel signal generating step, signals
obtained on multiplying the signals of the decoded independent
channels with a pre-set coefficient are subtracted from the
decoded signals of thé mixed channels for generating signal of
the non—independént channels.
4. An information encoding apparatus for encoding signals of
a plurality of channels comprising:

channel mixing means for mixing signals of- independently
coded. independent channels aﬁd signals of non-independent
channels not encoded independently for genera£ing signals of
mixed channels;

channel signal encoding means for encoding the signals of
the mixed channels and the signals of the.independent channels;

channel signal decoding means for Aecoding the encoded

signals of the mixed channels and the encoded signals of the

independent channels;



encoder of Fig 8 and channel error signals are supplied to the input
termnal 11. The codestring signals, entering the input termnal 1, are
sent to a denultiplexor 12. The denul tipl exor 12 demultiplexes the _
mul ti-channel codestring signals containigg the nultiﬁlexed m xed channel

signals and the channel error signals and sends the'e ﬁ”llﬁlg”ﬂgjum t he
s the
L

respective channels to a decoding unit 13. The decodi

encoded signals of the respective channels. O the signals produced on
decodi ng, the channel error signals are sent to an error correction unit
15, while the nulti-channel signals, inclusive of the m xed channel
signals, are sent to a dematrixing unit 14. The dematrixing. unit 14 .
dematri xes the mfR$eR$h N, FRFating qeens Jon Benfeordos §ighgls of
channel signals, . e t.he de rix g} | ti-channel . signals 1.0
the error c%‘r)r?Jé%:x?l €§rtljgn‘lg b Ererpeg Sg‘ra#r@f“ 3 o erHé “’lor‘liéa'dur?illgnf%scc?%r gi’:’fes miggd
dematrixed CPARARL1s and the decoded signals of the independent channels;

channel signal generating means for generating signals of
the non—independent channels from the decoded signals of the
mixed channeLs and the decoded signals-of the non~independent
channels;

difference signal generating means for generating difference
signals between the signals of the non-independent channels
generated by Fhe channel signal generating step and the signals
of the non—independent channels prior to mixing;

difference signal &encoding means for encoding said
difference signal; and

codestring generating means for generating a codestring
signal from the encoded signals of the independent channels, the

encoded signals of the mixed channels and the encoded difference

signals.
5. The information encoding apparatus as claimed in claim 4
wherein, during the channel mixing step,‘the signals of the non-
independent channels are summeq to signals obtained on
multiplying the signals of the independent channels to generate
the signals of the mixed channels.

8. The information encoding apparatus as claimed in claim 4
‘wherein, during the. channel signal generating step, signals

obtained on multiplying the signals of the decoded independent



signals fromthe demat ri xi ng unit 14 based upon the channel error si gnal s
fromthe decoding unit 13. The nulti-channel signals, thus corrected for
errors, are outputted at an output term nal 16. Referri ng to F'gTIO‘aTrd—

11, the basic arrangenent of the illustraggve encoder Bm,m

of applyinhg the basic 24 construction of Figs.8 and Wﬂﬂl ve
channel s, nanely the above-nentioned |eft channel, surrolind®|eft schan
center channel, surround right channel and the right channel, is now

expl ained. Fig.10 shows an illustrative arrangenent of an encoder for

encodi ng Si goph$néfs tb‘%tfx' %€ SPANNEL S ¢ oBREGLLERY hReF dhitkha il Of SAANZHE

of the left channel are
decoded s1gnals of the mixed channels for generating signal of

the ndﬁ—independent channels.

7. An information decoding method for decoding signals of
'plural channels from encoded codestring signals obtained on
encoding signals of a plurality pf channels comprising:

a separating step -of separating, from said codestring
signals, independently encoded signals of independent channels,
encoded signals of mixed channels obtained on_mixing signals of
non—independent channels not encoded independently and the
signalé of the independent channels, and encoded differencg
signals representing the differ%nce between the signals of the
independent channels prior to mixing and the signals of non-
independent channels generated -from the encoded signals of the
independent channels and encoded signals of the mixed channels;

a.signal decoding step of decoding the encoded signals of
the independent channels, the encoded signalsv of the mixed
channels and the encoded difference signals;

a channel signal generating step of generating signals of
non~independent channels from the decoded. signals of the
independent channels and the decoded signals of the mixed
channels; and

an addition step of adding the signals of the non-
independent channels generated by the channel signal generating

step and the decoded difference signals.



supplied to an input termnal [err], while audio signals of the surround
| eft channel SL, center channel C, surround right channelSR-anrd-the right

channel R are supplied to input termnals [err] respecti These i nput
termnals [err] to [err] correspond to B#e input ternj r{?ﬂ)ﬂ[ﬂwuﬁ’lﬂﬂlﬂmrhe
| ef t+ channel signals supplied to the input termnal [err]«al

addition circuit [err] and to an addition circuit [err] as later ° * _
explained, as an addition signal and as a subtraction signal, '

respectively. The addition circuit 23 is also fed with a signal obtained

by mul tiplyiglg t gesuispeitat £54 cRABAGhgS K ca eRkerdNbidde iAPWiaim 7
termnal [err] with the eoefficient [errf by a nultiplication circuit 222

and with a sitgiedingbt dunidg bytheul dhgine NgstBrRateetveraltdngel ssémnNakignals

entering the input termnal 213 with the coefficient [err] by [err]

mul ti plicatiahtedineguion [mrlt]jiplitiege thiegrcodade siignedsi 0t tbeadddependent

circuit 23 for formng the mxed left channel signals Lm The right channel

si gnal s suppihathals PHes infansaterapfifiicient are subtracted from the decoded
signals of the independent channels for generating the signals
of the independent channels.

9. An information decoding apparatus for decoding signals of
plural channels from encoded codestring signals obtained on
encoding signals of a plurality of channels comprising:

separating means for séparating, from said codestring
signals, independently encoded signals of independent channels,
encoded signals of mixed channels obtained on mixing §ignals of
non—independent channels not encoded independently and the
signals of the independent channels,. and encoded difference
signals representing the difference between the signéls of the
independent channels prior to mixing and the sigﬁals of non-—
independent channels generated from the engoded‘signals of the
independent channels and encoded signals of the mixed channels;

signal decoding means for decoding the encoded signals of
the independent channels, the encoded signals of the mixed
channels and the encoded difference signals;

channel signal generating means for generating signais of
non—-independent channels from the decoded signals of the

independent channels and the decoded signals of the mixed

channels; and addition means for adding the signals of the non-



21 are sent to an addition circuit 232 and to an addition 25 circuit

[err], as later explained, as an addition signal and as" a subtraction

signa, respectively. The addition circuit 232 is also f
obtained by nultiplying the surround righ® channel si gn lllmrl m‘muﬂm
input termnal f[err] with the .coefficient [err] by [err] multipticati*on

circuit 223 and with a signal obtained by nultiplying the center —Thanmet—
signals entering the input termnal 213 with the coefficient [err] by the

Ciroult 232 TAeSpERbhy Fhdinet BRI ByokRe TiEhal SIEAC UMby

the mixed Iefsrteshaaaethwae&mf@ff@&eﬂee ssi‘agﬁtaﬂso an encoding circuit
[err], while signals of the m xed right channel Rm are sent to an encodi ng

circuit [ernp. ThBeinformation decoding apparatus as claimed in claim 7
wherein, during the channel signal generating step, signals
obtained on multiplying the decoded signals of the independent
channels By a pre—set coefficient are subtracted from the decoded
signals of the independent channels for generating the signals
of the independent channels.

11. A recording medium having encoded signals of a plurality of
channels recorded thereon, wherein the improvement resides 1in
that the encoded signal recorded are codestring signals
comprising:

independently coded signals of independent channels; signals
of mixed channels obtained on mixing and encoding signals of non-—
ihdependent channels not encoded independently and the signals
of the independent channels; and encoded difference signals
representing' the difference between the signals of the
independentlchannels prior to mixing and the_;ignals of non-
independent channels generated from the enéodéd signals of the
independent channels and encoded signals of the mixed chanﬁeis.

4
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signals of the surround |eft channel, center channel and the sur
channel are sent as independently coded signals of indepef
associ ated encoding circuits [err] to 244, respectively.

wi th'the ‘arrangenent of Fig.10, the arrangenent of formng thé 5|gnals of

the m xed clHANFORWATTONENCHOINGI MERHOD ANIP APPARRTOS, ANPORMATIOR DEGLDING t he
encodi ng ci rMBTHOS ANDr ABPARATUS: AND RECOREENGOMEDIUM t he encoding unit 3 of Fig
8. In addition, the left and right channel signals constitute
signal s of independent channels which are not encoded independently. The
encoded signals of the encoding circuits [err] to [err] are sent to
associ ated BBRML circuits [err] to [err] respectively 26

An information encoding and decoding apparatus and an
information encoding and decoding. ﬁethod for effectively
diminishing thé mixing noise by pre-mixing and dematrixing. When
encoding multi-channel audio or speech signals inclusive of
signals of the mixed channels, whereby the audio or speech
signals become reproducible even with a simplified decoder, the
noise generated on dematrixing the,signals of the mixed channels
are included in the codestring signals as the difference signals
between the pre—mixing signals of the non—independent channels
and the signals of the non-independent channels as found by
dematrixing signals of mixed channels. Thus the number of bits

may be prevented from being increased despite increase in the

number of channels.

Figure 10
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while also being sent to a codestring generating circuit 30. The decoding

circuits [err] .to [ekr] correspond to the decoding unit 4 of ﬁ.?,gsq_'

the codestring generating circuit 30 corresponds to the nultji

g\fw SBEEN
Fig.8. O the signals decoded by the decoding circuits [err] fnrfn EH

m xed | eft channel signals are sent as addildion signals to an addi ti on
circuit [err]. The addition circuit [err] is also fed wth a signal
obtained by nultiplying the surround | eft channel signal decoded by the
decoding circuit 252 with the coefficient b by a multiplication circuit
[err], as a subtraction signal, and with a signal obtained by multiplying
the center channel signal decoded by the decoding circuit 253 with the
coefficient a by a nultiplication circuit [err], as a subtraction signal.
Thus the addition circuiit [err] forms a signal corresponding the m xed |eft

channel signals less the surround | eft channel and center channel

si gnal s,

that is the left channel signals containing the mxing noise. The |eft

channel signals, containing the m xing noise, are
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sent as addition signals to an addition circuit [err]. O the 5|gnals

decoded by the decoding circuits . [err] to [err], the m xed rgght—ch
signals are sent as addition signals to an addition circuit ['é'ﬂp] HE%#ewAS BEEN

addition circuit [err] is also fed with a signal obtained by| mult REPVAGED

the surround right channel signal decoded2#}lthe decoding cifFcurt |err]
with the coefficient b by the nultiplication circuit [err] as a subtraction
signal, and with a signal obtained by nultiplying the center channel signal
27 decoded by the decoding circuit 253 with the coefficient [err] by the
mul tiplication circuit [err], as a subtraction signal. Thus the addition
circuit [err] forns a signal corresponding to the m xed right channel
signals | ess the surround right channel and center channel signals, that is
the right channel signals containing the
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m xi ng noise. The right channel signals, containing the mixing noise _are

sent as addition signals to an addition circuit [err]. Thel BiiGaSHESTEMAS BEEN
generating  the left channel . signals containing the m xing noi $EppacEd or
gener ati ng the right channel signals simlarly containing W '
corresponds to the dematrixing unit 5 shodilin Fig.8. On the other hand,
the addition circuits [err] and [err] correspond to the error signal
detection unit 6 shown in Fig.8. The addition circuit [err] finds the

di fference between ghe pre- rri7('2|?g | ef t ch%f??I signals fromt I nput
termnal [err] and tpe | eft chafnnel signal S/ omthe addition ETrcuit [err]
containing the mxin ' Ile {The _—addirjionf—crrcuit [ err]

finds the different ! Nlﬁ i hannel signals fromthe
i nput termnal 215 and the rj e _Lal- frpmthe additijon circuit
272 contai ning the nixi Agzngi se. The difference sighal's fromthe addition
circuits [err] and [err] as resPéaive errpr signals Lel and Re to
associ ated encoding 5 /2 '
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circuits [err] and [err] respectively. These encoding circuits [err] and
[err] corresponding to the error signal encoding circuit 7 of Fig.8, encode

the supplied 28 channel error signals and send the encodery|§'SHEETHAR BESN
to the codestring generating circuit 30. The codestring geqerati gAY t
30, corresponding to the multiplexor 8 of 4Fily. 8, assenbl es lsi-graks-oti
respective channels, encoded by the encoding circuits [err] to [err], and

t he channel error signals encoded by the encoding circuits [err] and [err],
into a codestring for transm ssion or recording on a recording nmediumin
accordance wth a pre-set format, and outputs the codestring signals via a
termnal 31. The codestring signals, outputted at the termnal 31, are
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recorded or transmtted over a transm ssion route. For recording, the
codestring signals are transmtted to a recording device 32. The recordi ng

device 32 includes an error correction code appending circui tTW%éSrﬁgrl tg 8@5'\[

circuit etc., and records the codestring signals processed Qjy
correéction code appending circuit or the dul ation circuit, ano
medi um typified by an optical disc 33. If the recording nediumis a
read-only ROM di sc, such as a conpact disc, it is fabricated as a naster-

di sc, whereas, if the recording nediumis an overwitable RAM di sc,
codestrings are directly recorded on the disc. The sinplified decoder
configured for reproducing only the two pre-m xed channel signals fromthe

encoded nul ti-channel signals is configured simlarly to the device shown
in Fig.4 and hence is not explained for sinplicity.
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29 As an illustrative arrangenent of the decoder of the present invention,
shown in Fig.9, a decoder for dematrixing the encoded nultj Lgn ‘
to the non-pre-mxed state is configured as shown in Fig. 1LTHINSHEETSHAS BEEN
figure, the codestring signals reproduced or transmtted f on1th§ylggpmding
medi‘um over a transm ssion path are fed g%ﬁlan I nput term khe—4t—to—6
codestring separating circuit 42, which then separates the supplied
codestring signals into channel - based encoded signals in accordance with a
pre-set format. The codestring separating circuit 42 corresponds to the
denul ti pl exor 12 of Fig.8. The channel -based encoded signals, separated by
the codestring separating circuit 42, are sent to channel -based decoding

circuits [err] to [err] for decoding. For exanple, the encoded signals
of the channel error signals Le fromthe |eft -
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channel , containing the above-nenti oned m xi ng noi se, are decoded by the
decoding circuit [err] while the encoded signals fromthe |eft channel are
decoded by the decoding circuit [err]. In a simlar nmanngr—tke—encoded

signals from the surround I|eft channel _ the.encoded si gn'EHiﬁ §HE5T HAS BEEN
center channel, the encoded signals from AL sur r ound ri gt chaRBBILACEDhe

encoded signals fromthe right channel, the encoded signal 3 TTOmM e~ 1T gt
channel and the encoded signals of the channel error signals Re generated
fromthe right channel containing the m xing noise, are decoded by the
decoding circuits [err] respectively. 30 These decoding circuits [err]
to [err] correspond to the decoding upit 13 shown in Fig.8 O the signals

decoded by the decoding circuitf [erT iz to [Err],
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the m xed | eft channel signals fromthe decoding circuit 432 are sent as
addition signals to an addition circuit 45 The addition

t hao

circuit [err] is also fed with a signal obtained by nmultipl
surround | eft channel signal decoded by the decoding circuilf HASHIEEERN
coefficient b by a nultiplication circui8/X¥42 as a subtract]j on sRgHACEDand

with a signal obtained by nultiplying the center channel stgrardgecoded oy
the decoding circuit [err] with the coefficient a by the nmultiplication
circuit [err] as a subtraction signal. Thus the addition circuit [err]
forns [err] signal corresponding to the mxed left channel signals |ess the
surround | eft channel and center channel signals, that is the |left channel
signals containing the m xing noise. The |left channel signals, containing
the m xi ng noise, are sent as addition signals to an addition circuit

[err]. O the signals decoded by, the decoding circuits [err] to [err] the

m xed right channel signals frond1e decoding circuit [err] are sent as

addition signals to an addition dircuit [err]. e
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addition circuit [err] is also fed wwth a signal obtained by multiplying
the surround right channel signal decoded by the decoding ciLcuit [err]
with the coefficient b by a nultiplication circuit [err], a mlslgblggamgoggg”
signal, and with a signal obtained by nultiplying the cente chang@il_ Egnal
decoded By the decodi ng 31 circuit 434myth the coeffici
multiplication circuit [err] as a subtractl on signal. Thus the addition
circuit [err] forms a signal corresponding to the m xed right channel
signals | ess the surround right channel and center channel sigrats;—that is
t he right channel signals containing the m xing noise.
signals, containing the m xi ng noi se,
addition circuit [err]. The configur
signal s
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containing mxing noise, simlarly to the | eft channel signals containing
the m xi ng noi se, corresponds to the dematrixing unit 14 sh in Fig. 8.

The addition circuit [err] effects an addition operation, w ﬂ'HlS BHEETEHAS BEEN
channel signal containing the mxing noise fromthe additiop ci rq;qu_A{;g?r .
as the addition signal and with the chann@é/Xrror signal Lefremthe—tekt
channel containing the mxing error signals fromthe decoding circuit [err]
as the subtraction signal, for correcting errors in the |left channel signal
containing the mxing noise. Qutput signals of the addition circuit [err]
are sent as error-corrected |left channel signals to an output_term nal

[err]. The addition circuit [err] effects an.addition operation, with the

ri ght channel signal containing the m xing noise fromthe addlmissheedﬁaSB@nntR laced
[err] as the addition signal and with the channel error signal ‘

ri ght channel containing the mgpng error si&??l s fromthe deco

[err] as the subtraction -/
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32 signal, for correcting errors in the right channel signal containing the
m Xi ng noi se. Qut put signals of the addition circuit Jerrl. are—sept—as
error-corrected right channel signals to an output terHiTi-HS QHEET |HASTBEEN
addition circuits [err] and [err]

correspond to the errjor coRERKAGERN uni t
15, shdwn in Fig.8. O the sighals decodetylly the decodi crTCur TS [ err]

to
[err], the decoded signals for the channels i ndependently encoded by the
encoder of Fig.10, herein the decoded signals of the center
surround | eft channel and the surround right channef; are outputte at
associated output termnals 472

to 474, respectipgl sheet Hos Hedt ce'dfrom
above that, while the prior-art device \ Y
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simply encodes signals of the respective channels, part of the encoded

signals of the channels are decoded within the encoder wtlg fEAGENﬁﬁ*FSHE%T
i nvention ard difference signals, that is channel error sighgs—are

obtai ned by pre-set processing operations. ghis partial de Oﬁlnq_§§ LSE

| ocal decoding. The channel error signals are produced usifg}the? &hdr
obt ai ned by | ocal decoding. The decoder executes processingioperations
the channel error signals and signals of the channel contailning the m xing
noise for ultimately formng signals of the respective channels—~Ret

T CI CIlivT
is.had to F|g 12 shomnng t he maveforns of various portions in the
conf i gur at ' 091??‘%’\9 *7? tha 9{%‘]‘3 I)?b.inecig?’ngmxluqltqyigikge tﬁxfef egéﬁter
proper to the ustrative enbod
channel signal entering the input terminal 514 by the coefficient
&. These signals are mixed by the addition circuit 721 to form
signals of the mixed left channel Lm. These mixed left channel
Lm are fed to the encoding circuit 521 to form encoded signals

which are sent to a codestring generating circuit 53.

On the other hand, an addition circuit 72, is arranged

upstream of an encoding circuit 525'provided in Fig.1l for e.Eg.

a right channel. The addition circuit 72, is .fed with right-

. channel signals entering' the input terminal 515, a signal

obtained by multiplying the surround right channel signal

entering the input terminal 5I; by the coefficient b by a
multiplication circuit 7l; and a signal obtained by multiplying
the center channel signal entering the input terminal 513 by the

coefficient a by a multiplication circuit 71;. These signals are

mixed by the addition circuit 722 to form signals of the mixed

right channel Rm. These mixed right channel Rmare fed to the

encoding circuit 525 to form encoded signals whizh are sent to

the codestring generating circuit 53.

The signals of the surround left channel, certer channel and

the surround right chaﬁnel. entering the input tsrminals 512 to

514, respectively, are encoded by associated encoding circuits

522 to 524, and thence supplied. to the codestring generating

circuit 53.

The codestring generating <circuit 52 gensrates the



t he present invention. Fig.12A shows exanples of the signal waveforns of
the respective channels L, R, C, SL and SR entering the in ..I..er-m-nal—

[err] ta [err] of Fig.10. The signal wavwgforns of Fi g. 12A afe’ ‘ﬂvﬁ:f%’hbﬂEBT.
waveforns as those shown in Fig.6A for conparison with Fig. §6 |—| o) J_ZI:S

shows signal wavefornms of the respective channel s obtained :o pr e rit
the signals of respective channels shown in Fig.12A by the inf i gurat | on
st.l.o—t hn

shown in Fig.10 and supplying the resulting pre-mxed sign
encoding circuits [err] to [err] and signal waveforns of th channel error

si ghal s outtjhet tpere sl tt Hevaadiitonon circuits [err] and [err]. at—Ts, Lm
and Rmin Fig.12B stand for the signal waveforns of the m xed |eft channel

and the m xed riFji&- Idhdrned bYaddpeciTomelty diggtam t showimgiah nhl lwskrative
channels C, SL and SR are the sane as those shown in Fig.12A 1In Fig.12B,
Le and Re @RRAN&Sethfnan ’é’rﬁ'cb“r‘“s‘i‘gﬁhld§°8&1t1ﬁ}§t?%%a’b%/t‘gﬁé"&d’d‘dtll% o the

circuits [err d lerr espectlvely The signals of the respective
channel s, s?‘fb%/% Th llﬂv 'g :

Fig.12 is a waveform diagram for illustrating the effect of
an illustrative embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the
present invention will be explained in detail.

Referring first to Fig.8, the basic arrangement of an
encoding apparatus (encoder) according to the present invention
will be briefly explained.

In Fig.8, signals comprised of signals of plural channels
are supplied as input signals to an input terminal 1.  These
input signals are sent to a pre-mixer 2 and an error signal
detection unit 6.

The pre-mixer 2 generates mixed channel signals from the
multi-channel signals entering the input terminal 1 and transmits
the mixed channel signals tb the encoding unit 3 along with.
\signals of the remaining independently encoded channels.

The encoding unit 3 encodes the multi-channel signals,
inclusive of the mixed channel signals supplied from the premixer

2 and sends the encoded signals to a multiplexor 8 and to

a decoding unit 4.

The decoding unit 4 decodes the multi-channel signals,



correspond to signals on the recording mediumand on the tfgh .
rout e. Fig.12C shows signal waveforns of the respecti gﬂgﬂ%ﬁﬁ&ﬁﬁﬁ1s
C, SL and SR obtai ned on sending the sigpnals of the respecti ye channels

shown in Fig.12B to the configuration s in Fig.11, dec¢ding DREC 195
respective signals by the decoding circuits [err] to {[érr]
associated wth the respective channels and processing the decode

signals by the 34 dematrixing and error correcting confiiquration shown.
in Fig.11, that is the si%nal wavef ornms outputted by the output term nals

[err] to [err]. IRsFagplreftbef myrhtdospaninsdncpde®bBANEhE18NgAEl WAFANSANEOSf
Fig.12C and that of Fig.6C, the m xing noise of the Ie{t and {igpt ch%nnels
s i mi ni sRéd W% PRaRsSdnd dealt plekedipiragrtiennel sfghals ron The .

encoder of Fig 8 and channel error signals are supplied to the

input terminal 11.

The codestring signals, entering the input terminal 1, are
sent to a demultiplexor 12. The demultiplexor 12 demultiplexes
the multi-channel codestring signals containing the multiplexed
mixed channel signals and the channel error signals and sends the
encoded signals of the respective channels to a decoding unit 13.

The decoding unit 13 decodes the encoded signals of the

respective channels. Of the signals produced on decoding, the

channei error signals are sent to an error correction unit 15,
while the multi-channel signals, inclusive of the mixéd channel
signals, are sent to a dematrixing unit 14.

The dematrixing wunit 14 dematrixes the multi-channel
signals, ’

inclusive of the aecoded mixed channel signals, and

sends the dematrixed multi-channel signals to the error

correction unit 165.

The error correcting unit 15 corrects the dematrixed channel

signals from the dematrixing unit 14 based upon the channel error

signals from the decoding unit 13. The multi-channel signals,

thus corrected for errors, are outputted at an output terminal

16.

Referring to Figs.10 and 11, the basic arrangement of the

illustrative encoder and decoder in case of applying the basic



of the present invention. Although the foregoing descripti

"I TTOAD U 1iJ;: 1
with reference to a multi-channel system enploying five c%hhﬂ@ﬁ@hﬁﬂﬂwi KL

present ,invention is not linted to th|§ speci fic number Cnannels For
exanpl e, the present invention may be applled to a seven- h pDECSioem i p
which, in addition to the above given five channels, a |efft cen er channe
IS provided between the | eft channel

and the center channdl uyu$4}4ﬁ1ﬁﬂ——"
center channel is provided between the right channel and tihe center

channel . The present inv ntjon be applied to e
channel s, SP“EtEHﬁFFgP ?lfej %’rﬁ’aﬁnél@“%&ﬁ%&f 1ﬁ’r‘g"e “F‘%ﬁls 'cl‘?&l‘ﬂ‘?élys

| addi 1 0gy Dok RELE HREATeBY (RS SOFOCL IO BN A ARARIAL VS i

§u center
i nvention nma é'récorded on a varte recordi ng e | , such as

Fi s, ¢ apersRAREd oAl taﬂ{arﬁETrt%MUGﬁQr A" e8Snnk

. P LR aqdi %)
to the above- nentlone optical ~discs I nor e e signal s formed by

the encodi RgprRtihed.or apparatus of the present |nvent|on may be
transmtted

Fig.10 shows an illustrative arrangement{ of an encoder for
encoding signals of the five channels.

Referring to Fig.10, audio signals of the left channel L are
supplied to an input terminal 21‘, while audio signals of the
surround left channel 8L, center channel C, surround right
channel SR and tﬁe right channel R are supplied to input
terminals 21,_; 21,, 21, 215, eespectively. These input terminals
21, to 21y correepond to the input terminal } of Fig 8.

The left channel signals supplied to the input terminal 211
are sent to an addition circuit 23; and to an addition circuit
28y, as later explained, as an addition signal and as a
subtraction signal, respectively. The addition circuit 231 is
also fed with a signal obtained by multiplying the surround left
channel signals entering the input terminal 21, with the
coefficient b by a multiplication circuit 222 and with a signal
obtained by multiplying the center channel signals entering the
input terminal 21y with the coefficient a by a multiplication
circuit er These signals are mixed in the addition circuit 231
for forming the mixed left channel sigﬁals Lm.

The right channel signals supplied to the input terminal

215 are sent to an addition cifcuit 23z and to an addition



over a tel ephone network or transm ssion routes such as broadcast.

WHAT IS CLAIMED | S 1. An information encodi ng net hod 506 SUEF"
signals .of a plurality of channels conprising: a channeI{mLkﬁngﬁgigg_ﬁﬁbi
m xi ng signals of independently coded ind%%endent channe¢l ¢ and signals

non-i ndependent channel s not encoded i ndependently for ge eravﬁﬁgfpﬁﬁna s
of m xed channels; a channel signal encoding step of engodi ng the signals}
of the m xed channel s and the signals of the independentf channel's; a

channel signal decoding step of decoding the encoded sigpnals . of the nxed
channel s and the encoded signals of the '

c1rcu1t 282, as later explained,

"as an addition signal and as a

subtraction signa, respectively. The addition circuit 232 is

also fed wiﬁh a signal obtained by multiplying the surround right
channel signals entering the input terminal 214 with the
coefficient b by a multiplication circuit'zza'and with a signal
obtained by multiplying the center channel signals entering thé

input terminal 213 with the coefficient a by the multiplication

circuit 22r These signals are mixed in the addition circuit 23,

for forming the mixed right channel signals Rm.

The signals of the mixed left channel Lm, thus formed, are

sent to an encoding circuit 241, while signals of the mixed

right channel Rm are sent to an encoding circuit 245. ~ The

signals of the surround left channel, center chlannel and the

surround right channel are sent as independently coded signals

of. independent channels to associated encoding circuits.ZQz‘to

24_, respectively. These encoding circuits 241 to 245 encode the

respective supplied signals. Thus, with the "arrangement of
Fig.10, the arrangement of forming the signals .of the mixed

channels correspond to the pre-mixer 2 of Fig.8, while the
encoding circuits 241 to 24ﬁ correspond to the encoding unit 3 of
‘Fig 8. In addition, the 1left and right channel signals
constitute signals of independent channels which are not encoded
independently.

The encoded signals of the encoding circuits 241 to 245 are

sent to associated decoding circuits 251 to 255, respectively,




i ndependent channel s; a channel signal generating step @f Rﬁﬁ%ﬁ@ﬂPﬁT'
si gnal s of. non-i ndependent channel s fromthe decoded s ‘gge~§¥mfhe—ﬂr7 d
channel s and

ii0

|'s of thggindependent ch%n el s u%%nel
si gnal gener "ﬂﬂ@i@g@i rating signals of the nonti ndeée‘fé::‘dé
channel s from#* he decodeds Si
signal s of the non-independent channels;

step of generatl ﬂ dlfference signal s betmeen t he si gnat-s—ef—the
non- |ndepe

and the si

als of the m xed channel sf and _t he decodec

a difference sjgnal generating

T LA

r&P@GW&%e@héychhﬂnéha%?@ha?1§%ﬁér%f?ﬁ@&%%%%

| th t channel ¢ ,
differencegggga%ﬁ eh%% %$£ﬂ£5$pen C ang@gﬁ prior to mixing; a

§ ‘difference signal; and a

codestring, genegay i E'Qfé&ﬁ@t%ngSch:EQtthgappS?Q?é&riaﬁgclaimed in claim 9

.that the encoded signal recorded are

wherein, during the channel signal generating step, signalé

obtained on multiplying the decoded signals of the independent
channels by a pre—~set coefficient are subtracted from the decoded

signals of the independent channels for generating the signals
of the independent channels.

11. A recording medium having encoded signals of a plurality of

channels recorded thereon, wherein the improvement resides in

codestring signals
comprising:

indgpendently'coded signals of independent channels; signals
of mixed channels obtained on hixing and encoding signals of non-

independent channels not encoded independently and the signals

of the independent channels; and encoded difference signals

représenting the difference between the signals of the

independent channels prior to mixing and the signals of non-
independent channels generatéd from the encoded signals of the

independent channels and encoded signals of the mixed channels.



36 si rom-:t c.od als of the inde
signa%t he %S“eﬂgu w(éﬂ'g‘nd t he encoded § 2. The
i nfor i on encodlng nethod as clalned inclaifpl mhereln urlng t he
(.,llclIIIIUI rlr)ul Ste] the a[gnala of—ttre—TTom |||uepelluenl chanmmers are
sunmed  tT0RASK Iﬁ BYIRACTd on mul tiplying the signals of the |ndependent
hannels to generate the signals of the mxed channels. 3. - The
nformati on encoding nmethod as clained in claim 1 wherein, during the
hannel signal generating step, signals obtained on nultiplying the si gnal

f the decoded independent channels with a pre- s t coefficient are
ubt rac’f’éd"g?‘ﬂ?ﬂtﬂ% NELB UL 28 SPi"Hfart‘q?é'a Sxéa Arahf rgxahﬂn 5870409 ng

i gnal &id dbeoding- mémaeftﬂeefféclt&ww dimthishfiy thé arimbng @oisnbgdpmegmixing
ppar at ahd dgmatm?(?rcljgi.n%h %n%(|)31ng m1 €3 l—é'tr!aa}:lnies yau(afioCJ}‘agﬂgéc% g%mrlgs'f.n@%sive
of signals of the mixed channels, whereby the audio or speech signals become
reproducible even with a simplified decoder (25), the noise'generated on de-
matrixing the signals of the mixed channels are included in the codestring
signals (31) as the difference signals between the pre-mixing signals of the
non-independent channels and the signals of the non-independent channels as
found by dematrixing signals of mixed channels. Thus the number of bits may
be prevented from being increased ‘despite increase in the number of channels.
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channel m xing neans for mxing signals of independently coded independent
channel s and si gnal s of non-independent channels not encoded i ndependently
for generating signals of m xed channels; channel signal encodi ng nmeans for
encodi ng the signals of the m xed channels and the signals of the

i ndependent channel s.; channel signal decodin% means for decoding the
encoded signals of the m xed channels and t{d lencoded signals of the

i ndependent channel s; channel signal generating nmeans for generating
signal s of non-independent channels fromthe decoded signals of the m xed
channel s and the decoded signals of the independent channels; channel

si gnal generating neans for generating signals of the non-independent

channel s fromthe decoded signals of the . .
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m xed channel s and the decoded signals of the non-independent channels;
di fference:si gnal generating neans for generating difference signals
bet ween the signals of the non-independent channel s gener atreg—By-t-he-

channel signal generating step and the signals of the non-iRﬁEbéGHMﬁmﬁ‘SHEET

channel s prior to mixing; difference sighghy encoding nean T or
encoding said difference signal; and codeString generatin qugt@nwgs
generating a codestring signal fromthe encoded signals of {the | ndependent
channel s, the encoded signals of the m xed channels and th

di fference signals. 5. The information éncodi ng apparatug as clainmed in
claim4 wherein, during the channel m xing step, the signal’s of Tne nomn-

i ndependent channels are sumed to signals obtained on nultiplying
the signals of the independent channels to generate the signals of the

m xed c¢hannel s.
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6. The information encodlng apparatus as clainmed in cl
during,the channel signal generating step, signals obtai
the signals of the decoded i ndependent 38 channel s wi
coefficient are subtracted fromthe decoded signals of t
for generating signal of the non-independgmil channels. 7
decodi ng net hod for decoding signals of plural channels
codestring signals obtained on encoding signals of a plu
conprising: a separating step of separating, fromsaid c
i ndependently encoded signals of independent channels, e
m xed channel s obtai ned on mi xing signals of non- |ndepen
encoded i ndependently and the
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signals of the independent channels,
representi;ng the difference between the signals of the ind

and encoded di fference signals
ependent.. channel s

prior to mxing and the signals of non- independent channei®sHoaPMERY SHE
t he encoded signals of the independent channels and encodefgz:gnéggFg?sin

m xed channel s; a signal decoding step ogﬂgﬁgoding t he enc
t he i ndependent channel s, the encoded si of the m xed
encoded difference signals; a channel signal generating st
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39 8. The information decoding nmethod as clained in claim 7 wherein,
during the channel signal generating step, signals obtained on nultlplylng
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wherein, during the channel signal generating step, signals obtained on
mul tiplying the decoded signals of the independent channels by a pre-set
coefficient are subtracted fromthe decoded signals of theig ?mﬁﬁwkﬁﬂ&ﬁT
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