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(57) Abstract

The description relates to a process for reducing data in the transmission and'or 
storage of digital signals from several dependent channels. The dependence of the sig­
nals in a channel, e.g. in a left and right-hand stereo channel, can be used for further da­
ta reduction. Prior art processes like central/side-band coding or the intensity stereo pro­
cess result in detectable interference with an unfavourable signal composition. The pro­
cess of the invention avoids such interference in that the channels are jointly coded only 
if the signals in both channels have similar enough spectra. In addition, it is possible 
with the process of the invention to attain further data reduction in that in frequency 
ranges in which the energy spectrum of a channel does not exceed a predeterminable 
fraction of the total energy spectrum, the relevant spectrum values are zeroed. As the 
process is independent of the specific inner structure of the coding process, it is highly 
versatile.

(57) Zusammenfassung

Beschrieben wird ein Verfahren zur Reduzierung von Daten bei der Ubertragung und/oder Speicherung digitaler Signale 
mehrerer abhangiger Kanale. Die Abhangigkeit der Signale in den Kaniilen, beispielSweise in einem linken und einem rechten 
Stereokanal, kann zu einer zusatzlichen Datenreduzierung verwendet werden. Bekannte Verfahren wie die Mitte/Seite-Codierung 
Oder das Intensity-Stereoverfahren fiihren bei ungiinstiger Signalzusammensetzung zu wahrnehmbaren Storungen. Das erfin- 
dungsgemaRe Verfahren vermeidet solche Storungen, indent eine gemeinsame Codierung der Kanale nur erfolgt, wenn eine aus- 
reichende spektrale Ahnlichkeit der Signale in den beiden Kanalen vorliegt. Weiter kann die mit Hilfe eines erfindungsgemaSen 
Verfahrens zusatzliche Datenreduzierung dadurch erreicht werden, dafi in solchen Frequenzbereichen, in denen die spektrale 
Energie eines Kanals einen vorgebbaren Bruchteil dergesamten spektralen Energie nicht iibersteigt, die zugehorigen Spektralwer- 
te zu Null sesetzt werden. Da das Verfahren unabhangig vom spezifischen inneren Aufbau des Codierverfahrens ist, ist es vielsei- 
tig einsetzbar. . '
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METHOD FOR REDUCING DATA IN THE TRANSMISSION
AND/OR STORAGE OF DIGITAL SIGNALS OF SEVERAL

DEPENDENT CHANNELS

DESCRIPTION

TECHNICAL FIELD
The invention relates to a method for reducing data in the transmission and/or 
storage of digital signals of several dependent channels according to the preambles of 
claims 1 or 8.

Methods in which e.g. audio signals are transmitted in frequency-coded manner, are 
e.g. known from PCT publications WO88/01811 and WO89/08357. Express 
reference is made to the latter documents for explaining terms which are not clarified 
here.

Many known methods for data-reduced coding of digital auoio signals code the■f-rzfAST'siriYveHoA
signals in the frequency range and use for the^transmissien·of the^signals from the 
time range into the frequency range {m-speetr-al valu^^a^suh^ble imag^n^pro^ ' 

cedure, e.g. a FFT, DCT, MDCT, polyphase filter bank or hybrid filter bank.
i

These methods lead to a high degree of utilization of signal redundancy and 
irrelevance with respect to the characteristics of the human ear. If during the 
transmission of signals of several channels the signals are not independent of one 
another, an additional reduction of the data quantity to be transmitted is possible. 
This requirement is e.g. fulfilled in the case of signals in the channels of a 
quadruphonic or stereophonic audio signal.

I

PRIOR ART
A method for the utilization of the redundancy/irrelevance between the two channels 
of a stereo audio signal is described in the publication by J.D. Johnston, "Perceptual 
Transform Coding of Wideband Stereo Signals", IEEE, 1989, pp. 1993-1996. In this 
so-called MS coding (middle/side coding) instead of the left and right channel the 
sum (=centre) and the difference (=side) of the stereo signal is coded. This leads to 
a saving in the quantity of data to be transmitted. pji

I )
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The dependence of signals of two stereo channels is also utilised in the 
intensity stereo process known from "Subband Coding of Stereophonic Digital 
Audio Signals", IEEE 1S31, pp.3601 to 3604. In this process the monosignal 
and an additional information concerning the left/right distribution of the signal 
are transmitted.

As a result of both these procedures in the case of an unfavourable signal 
composition high interference levels can occur. For example, a very differing 
signal composition in the left and right channels in MS coding leads to defects 
which are not concealed by the signal present in the channel. Therefore e.g. a 
loud saxophone signal, which is almost only contained in the right channel, 
leads to interference on the left channel, which is not concealed and which can 
therefore be clearly heard. When using the intensity stereo method the spatial 
sound impression is lost if the left and right channels have a widely differing 
spectral composition.

Thus, the known methods are only useable if no unfavourable signal 
composition is to be expected, or if interference can be accepted in favour of 
reducing the data quantity.

DESCRIPTION OF THE INVENTION
The problem of the invention is to provide a method for reducing data in the 
transmission and/or storage of digital signals of several dependent channels, in 
which the dependence of the signals in the different channels is utilised and 
which does not lead to a subjectively perceivable interference of the 
transmitted signals. Inventive solutions of this problem are given in claims 1 
and 8.

According to the invention the signals of the different channels are firstly 
transformed into spectral ranges. Then, from the value of the spectral 
components, which belong to the corresponding blocks of the channels, a 
quantity is determined and this constitutes a measure for the spectral distance 
between the signals. The more similar the values of the spectral components 
of the corresponding blocks the smaller this quantity. If this quantity drops 
billow a predetermined threshold, the encoding of the signals no longer takes

X -Ar Vi
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place separately in the individual channels and instead a common encoding 
takes place. The common encoding takes place according to known 
processes, which leads to a reduction of the quantity of data to be transmitted. 
On exceeding the predetermined threshold a common encoding of the signals

1 : : of the different channels is no longer performed. Therefore, in favour of the 
quality of the transmitted data, temporarily there is no additional data reduction.

Further developments and variants of the invention are characterised in the 
subclaims.

According to claim 2 all of the values of the spectral components belonging to a 
block are not used for determining the spectral distance. Instead the spectral 
distance is determined from parts of the frequency range, so that several 
values of the spectral distance per block are determined. Therefore this

; ·, method reacts more quickly to changes in the spectral distance.
ij t i

I I
ί . ,, * According to claim 3 the method according to the invention can be used with. i

: ·' particular advantage for signals from two acoustic stereo channels. For this| ,
j " case a preferred instruction for the determination of a quantity is given, which
| ‘ ·; represents a measure for the spectral distance.

If the spectral spacing or distance SD/SE standardised for the spectral energy 
is below a threshold constant c, it is ensured that the spectral similarity is 
adequate for a common coding of the two channels. In this case, the masking 
thresholds for both channels determined according to psychoacoustics are also 
similar enough to ensure that defects occurring during common coding are 
effectively masked in both channels.

An alternative rule for determining the spectral distance is given in claim 4.
The threshold constant c is to be determined empirically and is between 0.5 
and 1 according to claim 5.

Particularly advantageous developments of the common coding or encoding
are given in claims 6 and 7. According to claim 6 the common coding takes
place by a per se known middle/side coding. This method is preferably used if
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importance is attached to maximum quality for low bit rates. A simple method
according to claim 7 uses intensity stereo coding.

The independent claim 8 characterises a further method solving the problem
according to the invention.

From the value of the spectral components of corresponding parts of the
frequency range of the different channels, quantities are determined which
represent a measure for the spectral energy of these parts of the frequency
range. These spectral energies of the different channels are compared with
the total spectral energy of all the channels.

In the channels in which in a part of the frequency range the spectral energy
drops below a predetermined fraction of the total spectral energy of all the
channels in this part, the value 0 is associated with the corresponding spectral
components. This method is then particularly advantageous if the number of
bits used for the transmission is adapted to the value of the spectral
components to be transmitted. The desired data saving then occurs, because
zeros can be transmitted with a particularly low number of bits. ί

According to claim 9 the method is used on individual spectral components. ' ’
Thus, in individual channels, prior to transmission it is possible to remove ; i
selected individual special components from the overall spectrum, which would J '
in any case not be perceived by the psychoacoustic effect of masking. ?

In the method characterised in claim 10 signals from two acoustic channels are ;
transmitted, which are formed by forming a matrix from the stereo signals. This '
method is particularly effective if by the forming of a matrix according to claim '
11 a middle/side encoding is brought about. Particularly in the case of stereo
signals, which are characterised by a high spectral similarity of the two ,
channels, with middle/side encoding different spectral energies occur in the (
middle an< n the side channel. In this case small frequency coded values in >
the side channel can be replaced by zero without subjectively perceivable f
interference occurring. However, the method is also useable for the middle |



channel, if the side channel has a sufficiently high spectral energy compared
with the middle channel.
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Advantageous rules for the selection of spectral values which are set at zero 
are given in claims 12 and 13. Whereas according to claim 12 in each case 
individual values of the spectral components are used for determining the 
spectral energies, the method according to claim 13 operates with pairs of 
spectral values. This method is advantageously used if, for transmission 
purposes, use is made of a two-dimensional coding, in which pairs of adjacent 
spectral values are jointly coded. Obviously the instruction given can also be 
extended to multidimensional coding methods.

The threshold factor k essential for the selection of spectral values set at zero,
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According to claim 14 different threshold factors are determined for different 
frequency ranges, so that better account is taken of the characteristics of the human 
ear.

When transmitting digital audio signals generally a psychoacoustic model is used for 
calculating a masking threshold. As the masking threshold is a measure of which 
components of an acoustic signal can be perceived by the human ear, according to 
claim 15 the threshold factor is derived from the masking threshold. The masking 
threshold is a time-variable quantity, which is continuously adapted to the threshold 
factor. This method makes it possible to obtain an optimum data reduction with 
respect to the perceivability in the decoded signal. In the case of particularly critical 
frequency ranges with tonal components,, there is a conservative treatment of the 
frequency-coded values, whereas^+mes-are removed from the spectrum m non­
critical areas.

The essential advantages of the invention are that without significantly increasing the 
complexity of the transmission process an additional data reduction is obtained. The 
method according to the invention is independent of the specific construction of the 
coding method used and can therefore be employed in a universal manner.

The method merely requires an additional signal processing in the^e^tieF^whereof 

only small numbers are required, on the transmitter side, but not in the decoder, 
which is used in large numbers by the final consumer.

BRIEF DESCRIPTION OF THE DRAWINGS
An embodiment of a method according to the invention is described in greater detail 
hereinafter with reference to the drawings, wherein show:
Fig. 1 A block circuit diagram of a method according to the invention:

a) encoding
b) decoding.

MANNER OF PERFORMING THE INVENTION
The time signals of a left-hand stereo channel L and a right-hand stereo channel R 
are^if2ns^Slnto the frequency range in analysis filter banks la, lb and for this 

purpose several methods are available such as FFT, DCT, MDCT, polyphase filter 
bank, hybrid filter bank, etc. ■
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Α coding matrix (stage 2) is used on the signals transformed in the frequency 
range and this permits a common encoding of the two channels. In the present 
embodiment middle/side encoding is used.

In stage 3, data reduction takes place by eliminating certain frequency ranges. 
In the side channel or in the middle channel, in frequency ranges in which the 
signal has a comparatively low spectral energy, corresponding spectral 
components are set to zero. The signals are then encoded in a two-channel 
audio data encoder, stage 4, e.g. an entropy encoder and transformed with the 
aid of a multiplexer into a bit stream.

To control the middle/side encoding, the elimination of the frequency ranges 
and the audio data encoding, the input signals undergo a further analysis.
With the aid of a psychoacoustic model in a stage 6 the masking threshold is 
calculated, this being decisive for the audio data encoding of stage 4. From 
the masking threshold is derived a threshold factor as a condition for which 
spectral components in which frequency ranges in stage 3 are set to zero.

By means of the spectral spacing of the signals in the two channels, 
determination takes place in stage 5 as to whether there is to be a middle/side 
encoding for a selected signal portion by using the coding matrix stage 2. If in 
the selected signal portion the spectral similarity of the data is too low, in stage 
2 no middle/side encoding takes place and instead both channels are 
separately encoded. The bit stream formed in the encoder is transmitted to the 
decoder, whose construction is shown in Fig. 1b.

ΐ

In the decoder and in stage 7 the bit stream is decoded and subsequently in 
stage 8 from the middle/side-encoded signals the signals of the left and right 
channels are formed, which in the synthesis filter banks 9a, 9b are transformed

ί <
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CLAIMS

• · 3 ·1 ·

1. Method for reducing data during the transmission and/or storage of 
digital signals from N dependent channels, in which sampled signals from the 
time range are transformed blockwise into the frequency range into spectral 
components, which are encoded, transmitted and/or stored, decoded and 
transformed back into N channels in the time range, characterised in that from 
the values of the spectral components of corresponding blocks of the different 
channels is determined a quantity, which is a measure for the spectral distance 
between signals of the different channels, and is compared with a 
predetermined threshold and that on dropping below the threshold there is a 
common encoding of the signals from the different channels.

2. Method according to claim 1, characterised in that the spectral distance 
between the signals of different channels is determined from corresponding 
parts of the frequency range of the signals.

3. Method according to claim 1 or 2, characterised in that signals from two 
acoustic stereo channels are transmitted and that the condition for the common 
encoding of the signals is described by the following rule

SD/SE < c,
in which SD is a measure for the spectral distance between the signals from the 
right and left stereo channels and is formed according to the following 
instruction:

t
ί

•iί

Λ
ί
ί/2-1

SD = Σ
/=/1
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in which Lj or Rj are the coefficients of the left or right stereo channel

f

j
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are the index limits of the considered frequency interval, the quantity LR .RATIO is 
the ratio of the sigtisl quantities of the left to the right channel and SE the spectral 
energy of the stereo signal and which is formed according to the following instruc­
tion:

SE = Χ^|Π+ίβΓ 

i=(1

and c is a predeterminable threshold constant with 0 < c < 1.

4. Method according to claim 3, characterized in that the measure for the
spectral distance SD is formed according to the following instruction:

SD =

'2-1

Σ
i=(1

/LR.RATIO - R

5. Method according one of the claims 3 or 4, characterized in that the
threshold constant c is chosen between 0.5 and 1.

6. Method according to any one of the claims 3 to 5, characterized in
that the common encoding takes place by a middle/side encoding and the quantity 
LR-RATIO is set at 1.

7. Method according to any one of the claims 3 to 5, characterized in
that the common encoding takes place by a intensity stereo encoding and for the 
quantity LR-RATIO the following applies:

Π-1

ΣΜn

LR RATIO-·
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8. Method according to the preamble of claim 1, characterised in that from 
the value of the spectral components of corresponding parts of the frequency 
range of the different channels, quantities are determined which represent a 
measure for the spectral energy of these parts of the frequency range, that 
these quantities for the different channels are compared with the spectral 
energy of all the channels in these parts of the frequency range and that in 
parts of the frequency range in which the spectral energy in individual channels 
drops below a predeterminable fraction of the total energy of all the channels, 
the corresponding value of the spectral components of the part of the frequency 
range are set at zero.

9. Method according to claim 8, characterised in that individual values of 
the spectral components from the different channels are used for determining 
the spectral energy.

10. Method according to claim 8, characterised in that signals from two 
acoustic channels are transmitted which are formed by forming a matrix of the 
signals of a left and a right channel of a stereo signal.

11. Method according to claim 10, characterised in that the forming of a 
matrix is a middle/side encoding.

12. Method according to claim 11, characterised in that spectral values Sj in 
the difference channel (Sj = Lj - Rj) or in the sum channel (Sj = Lj + Rj) are 
replaced by the value zero in accordance with the following instruction;

if i Sj | n<k*( | Lj | n + | Rj | n)t

then Sj; = 0

(

ΐ

in which Lj or Rj are the coefficients of the left or right stereo channel frequency 
encoded with the block length IBLEN, n is a freely selectable integer number 
and k is an appropriately chosen threshold factor, i running from 0 to the block 
length IBLEN (exclusively).

I V
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13. Method according to any one of the claims 8 to 11, haracterised in that
for determining the spectral energy use is made of corresponding pairs of 
sampled data from the time domain signal and the spectral values S2j and 
S21+1 in the difference channel or in the sum channel are set to the value zero 
according to the following instruction:

1ί
{

I
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in which the index i runs from zero to half the block length IBLEN (exclusively).

14. Method according to one of the claims 12 or 13, characterized in that
the threshold factor k is chosen differently in different frequency ranges.

15. Method according to any one of the claims 12 to 14, characterized in
cornozjneA+s,

that in encoding the spectral values use is made of a psychoacoustic model for the 
Λ · «πcalculation of a masking threshold and the threshold factor k is derived/n-adaptive 

manner from this masking threshold.
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METHOD FOR REDUCING DATA IN THE TRANSMISSION
AND/OR STORAGE OF DIGITAL SIGNALS OF SEVERAL

DEPENDENT CHANNELS

A BSTRACT

A method for reducing data during the transmission and/or storage of the digital
signals of several dependent channels is described.

The dependence uf the signals in the channels, e.g. in a left and a right stereo
channel, can be used for an additional data reduction. Known methods such as j
middle/side encoding or the intensity stereo process lead to perceptible interference j
in the case of an unfavourable signal composition. \

The method according to the invention avoids such interference, in that a common >
encoding of the channels only takes place if there is an adequate spectral similarity ;
of the signals in the two channels. ;

With the aid of the method according to the invention an additional data reduction i
can be achieved in that in those frequency ranges where the· spectral energy of a
channel does not exceed a predeterminable fraction of the total spectral energy, the 

, cof/tpode/tfs +o
associated spectral^-va/ues- are set -a^zero. ,

As the method is independent of the specific internal form of the encoding method, it . i
■ I

is universally usable. ί
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I. KLASSIFIKATION DES ANMELDUNGSGEGENSTANDS (bei mchmren Klassifikatioassyabolea sind tile anzugebeo)*

Nadi der lnlernatinn.-ien Patentklassifikation (IPC) oder nach der aationdcn KJastiflkatioa und da IPC

Int.Kl. 5 H04S1/00; H04H1/00; H04B1/66; G11B20/00

D. RECHERCHIERTE SACHGEBIETE

Rechechierte Mindestpritfstoff 1

Klassifikationssytem Klassifikatioossymhole

Int.Kl. 5 H04S ; H04H ; H04B ; G11B

Recherchierte nicht zum Mindestpritfstoff gtiihnude Verbffentlichungen, sowetf diee 
unter die rechachierten Sachgebiae ftiltn *

III. EINSCHLAGIGE VEROFFENTUCHUNGEN ’

Arts Kennzachnung der Verbffentlichung11 , soweit erforderlich unter Angabe der mallgeblichen Teile u Bar. Anspruch Nr.u

A

A

ICASSP 91 Toronto, Ont., Canada, 14. Mai
1991, Band 5, Seiten 3601-3604,
R.G. VAN DER WAAL et al. : "Subband Coding 
of Stereophonic Digital Audio Signals " 
in der Anmeldung erwahnt 
siehe das ganze Dokument

ICASSP 89 ; Glasgow , Schottland
23. Mai 1989 ; Band 3 , Seiten 1993 - 1996
J. D. JOHNSTON : " Perceptual Transform
Coding of Wideband Stereo Signals " 
in der Anmeldung erwahnt
siehe das ganze Dokument

1

1

° Besondere Kategorien von angegebenen Verbffentlichungen 10 :

Ά" Verbffentlichung, die den tiigemeinen Stand der Tecfanik *T* Splttre Verbffentlichung, die nach dem internationtien An-
definiert, aber nicht als hesonden bedeutsam anzuschen ist mddedatum Oder dem Prioritttsdatum verbffentlicht word»

-E' Uteres Dokument, das jedoch erst am Oder nach dem interna.tiontien Anmdded.tu» vebffentiicht worden ist Vmdndtis

'L' Ύ Verbffentlichung vou besouderer Bedeutung; die beanspmeb-
™ ™tMr 

nannten Verbffentlichung belegt werden soil Oder die aus einem ktit berunene aaracata weneu
anderen besonderen Grand angegeben ist («ie ausgefuhrt) *Y* Verbffentiichung vou besonderer Bedeutung; die beanspruch-

·η· ν»η«.ιΝ<+..ι<ο at. cick .,rf .i.. rw-k.n,». «· Erfindung kann nicht als auf erfinderischer Tltigkeit 0:-O Verbffetlichung, die sich auf eine mUndllche Offenbyung, mbaud werden, wenn die Verbffentlichung mlit
eine Benutzung, cine Ausstellung Oder andere MaQnahaen diner gg* meurmu anderen Verbffentlichungen dieser IKate-
0«D*hl gone in Verbindung gebracht wird und diese Verbindung filr

*P* Verbffentlichung, die vnr dem internationalen Anmeldeda- einen Fartimann aaheiiegend Ist .
turn, aber nach dem beanspruchten Prioritltsdatum verbffent- ·Λ· Verbffanfbchung, die Mitglied derselben Patentfamilie ist
licht worden ist
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An" Kenniechnung <er Veroffentliehung, sowet erfoiOerlich unter Angabe Oer nafigeblicben Tele Betr. Anspruch Nr.

A ICASSP 89 ; Glasgow , Schott!and
23. Mai 1989 ; Band 3 , Seiten 2009 - 2012
R. N. J. VELDHUIS et al. : " Subband
Coding of Digital Audio Signals Without
Loss of Quality "
siehe Kapitel 3 und Kapitel 4

1

A W0,A,9 016 136 (BRITISH TELECOMMUNICATIONS
PUBLIC LIMITED COMPANY)
27. Dezember 1990 
siehe Anspruche

1

. -

FMtWI PCT/ISA/210 (Zautiten·* (Jaw I «Ml
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In diesem Anhang sind die MitgKedcr der PatentfamiKen der im obengenannten mternationaien Recherchenbericht angefiihrten
Patentdokumeate angegeben.
Die Angabcn iiber die Familienmitglieder entsprechcn dem Stand der Date! des Europaischen Patentaads am
Diese Angabea dieaen nur zur Unterrichtung und erfolgea ohae Gewiihr. 02/02/93
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