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~ Said aim is achieved by the invention described in claim 1.
Advantageous developments of the 1nvent10n are described in the
sub~-claims.

The invention is based on the following findings and consider-
ations. The digital audio signal in the time domain, which signal
thus represents successively in time the individual samples of
the analog signal, is transformed in sections succeeding one
another in time into a short-time spectrum, which represents in
each case for the short time, e.g. 20 ms, the spectral components
of the signal. In the short time spectrum it is generally
possible, on the basis of psychoacoustic findings, for components
which are not detected by the listener, i.e. are irrelevant in
a communications sense, to be detected better than in the time
domain. Consequently such components are according to the
invention weighted less strongly or omitted completely during the
transmission. By means of said measure a considerable portion of
the bits required in theory may be dropped during the trans-
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Further material features and advarntages of the solution
according to the invention follow from the exemplifying embodi-

\/ ment, which is explained below with reference to the drawing.

Here

Fig. 1 shows the sequence in time of the method according to
the invention,

Fig. 2 the windowing of the signal in order to obtain the
successive blocks,

Fig. 3 amplitude characteristic curves used for the
windowing,

Fig. 4 subdivision of the frequency band of the short-time

spectrum into individual fregquency ranges and the
amplitude evaluation of the components and

Fig. 5 an additional treatment of the signal for a specific
signal content.

In Figure 1 the analog signal a(t), which represents an audio
signal such as e.g. speech or music, is converted in the analog-
to-digital convertor 1 into a corresponding digital audioc signal.
In stage 2 there takes place by means of time windows succeeding
and overlapping one another in time a so-called windowing of said
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\/' the analog signal b(t) Said signal is not identical to the
signal a(t), because in the coder 5 during the coding spectral
components have been weighted differently or suppressed. The
difference between the analog signals b{(t) and a(t) is however
such that said difference is not noticed by the listener at the
reproduction stage. In the signal, therefore, only irrelevant
information, inaudible to the listener, is removed, in order to
reduce the required bit rate during the transmission via the
transmission channel 7, in particular the decision content is
reduced. :

Figure 2 A - C show the windowing of the signal in stage 2. The
signal a(t) is evaluated by means of a time window with the
amplitude characteristic curve WA of t1 - t7, i.e. the signal
values of the signal a(t) as per Figure 2 A are multiplied by the
values of the characteristic curve WA as per Figure 2 B. The
characteristic curve has from tl to t2 a sinusoidal shape over
a quarter cycle and from t6 to t7 a cosinusoidal shape over a
quarter cycle and between the latter from t2 to t6 it has the
constant value 1. The steady shape of tl - t2 and t6 - t7 is
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dUQ\/ sine in stage 2. Since the same curve is effective on the receive

s1d? in stage 11, said sample will be multiplied altogether oy
sin’ (x), which would meanza weakening in the amplitude of said
sample by the factor sin® (x). During the period t1 - t32,
however, the descending, cosinusoidal slope of the preceding time
window is effective additionally, so that the same sample %s due
to the cosinusoidal slope multiplied altogether by cos® (x).
Because of the linear overlapping of the two signals and the
mathematical relationship

sin2 (x) + cosz (x) =1

there is thus obtained also during the overlapping periods the
constant amplitude factor 1. This is shown in Figure 3 B by the
upper horizontal line in the overlapping periods tl - t2 and t6 -
t7. Altogether there is thus obtained continuously for the signal
the amplitude transmission value 1, so that no amplitude
distortion of the signal takes place.
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Lo A considerable reduction in the amount of data required for the

- transmission is already achieved by the coarse quantization of
the amplitude and phase values with 2 bits. An additiqnal saving
on bits is also made during the transmission, however, by the
dropping of components, namely of the phase values for the
amplitude values 25, 26 in the frequency group f4 - f12. Said
liberated bits may be used for the transmission of a more
detailed amplitude subdivision in the ranges Al - A3. To this
end, for example, each range Al - A3 is divided into two ranges
of 5 dB each. Moreover there is assigned to each freguency value -
20 - 24 a bit which indicates whether the amplitude value, e.g.
20, 21, lies within the first 5 dB or the second 5 dB below the
maximum 16. The assignment of said bits takes place on the basis
of a table 28 which is created on the transmit side and is
reconstructable on the receive side. To this end there is placed
over the whole plot of the frequency spectrum as per Figure 4 a
grid 27 with a gradation in stages of 6 dB. The amplitude values
20 - 24 are therefore assigned to said grid. The table 28 assigns
to each amplitude value 20 - 24 a particular position in relation
to the maximum 16. The table 28 begins with the lowest frequency



on bits is also made during the transm ssion, however, by the dropping of
conponents, nanely of t'he phase values for the anplitude values 25, 26 in
the frequency group f4 - f12. Said liberated bits nay be used for the
tran8m ssion of a nore detailed anplitude subdivision in the ranges Al -
A3. 6 this end, for exanpl e, each range ﬁ% - A3 is divided into two ranges
of 5 dB each. Mreover there is assigned to each frequency value 20 - 24 a

bit which |‘p eat Vg}let‘ge }g'? e, valhde 12 ¢ %%"j; Ade | 'o%,%tVMOHP 1;}‘
the f t lﬁf%j:g
e fire a5|so a abl e 2%‘56&(: |sceated on

said bits ta es pﬁace on the

transmt sigde AptehSr eEEESHING! AL L INBHILCE VEuSH £PisTont BES thRd 5t *K%' e
is placed qufifgddamtwl .9 @8 PhnkbE Wi EHUBECYaSPEEHT BLAS TRE sib@ina o1 ch
grid 27 w tgrctdidaly Be ton6iAgea DAdSFIBitdhe. ahY khvdagvahuest2land dhe
are therefaige assi gadd twitsai do@l i rhf ivindrtb| €f 28has HeFe utd @ACHs argernddie
val ue 20 - athptipss tquantizgpobeni on in relation to the maxi num 16. The

tabl e 28 begins with the | owest frequency 6 val ue and shows by neans of
the |ine tHiigwspéctshoerpddid imretpromdstimn ofo 4 saddexi mewusftichevent 29
correspondivwigidlr expeancy widiigen &f timetwdndéwetl brit7ant bhai Pabhg, ia time
sub®vi si ort®f Shehs aB mawptiqt evens dBY abgesevi | | the caltmkansutof Tige
subdi vi si orfpragsdes. bereohreaesdingodeseriked tgkessaipng an Eisurand
the use of dnistage S +f dher epPHStaft eaﬁnthéﬁiﬂe%oﬂﬁq dﬁ‘el“se d4e4 hyd 2a@xSshpot
quanti zati qgt ‘ﬁegurté "é’n e gt e iersmgran a 6% dus a'EOGsPir@lé\Pént
29 whi ch odt&f ‘ﬁrri’é’ \ﬁ"c”f"erstlf’“a nt"r‘fe ey

an ;acoust i C"b\’fzﬁlgenﬁ l‘BZF %E‘ requency

pr expr ocessW {ﬁf ég*goﬁaéb;hﬁﬁ i it ?W‘itﬁ“s;%?g% t'he

event 29 15,4 i;f’@{zea?f ?anQ acoorf’r? Lk Vﬁx\éer
i naudi bl e qlig,di, ! thhBlr e s"fi%aw Bk b e S éu'eeer
frequency shRAld ¢ieNwihdd% 41! 0 599%61& tIELEr Ard SRS dd 183 r%a%Qu'zJ}er €
frequency gQMBIyaidI1d Hiadt WY Ldh | Y CGE&Sr e SRREIA ., di stribution in the
‘window tl - t7. Since in the case of said signal the assignment of spectral
‘lines to indi virdead tpOopPbeehl ERTB ¥WLiDlcondd Pabiddafdtt | aNgemet dielow
pl ace, the tAvent t29 cavesbgedbdoek tie ghbdevide® WnBeoB2 | subiBleeksd The

t her ef or e lanpdd thideaciof Wher ried i vidtwaildidube bdioskar Arendstgradaed .adsa soon
result. |nesz dar anplitedentjwm dStmdrde adarel0aldBeodehiest be&weiene twonsmy~t 1
- t7 or el d8drkeck psodudbedviideFigure 32 dub-tHeockvenTh@%anpin t addd tdonale
i ndi vi dual megisusleowkilabe teiggerndd. SaNsl seasuas aonahpt st inethefipcdl thete
t han’20 dB rsdeur sobthaeenpl wbudebiump ddies signedusedby meanmaf 3 spmpgader

| event 29, mma.eﬁareﬁéagurenmhe bé‘I‘PPiSQgére‘élldgaladldneﬁﬁ?‘ésé’eﬁén@ﬁéyl n
ithe fact tHRdusedy raatadrf r@aml regel ‘Enﬁl‘i’ﬁe Eh nabPoye-Bgntigpedodefects

hol
?ggﬁggge;gﬁ%’ﬂ%’ é”ézﬁ/e&é‘?‘?fﬂ’e rﬁ%@ ntloneeEiVCﬁc:Lf Z%‘?ZIHI ﬁngW o

N\ Fig. 6 shows an alternative to the transmission of more detailed
amplitude subdivisions. A grid 40 is laid over the frequency
spectrum. The uppermost limit of said table coincides with the
absolute maximum 15. The grid 40 comprises not more than sixteen
6 dB gradations and thus extends over a range of 96 dB. On the
basis of said grid 40 a table 41 is created. The table is created
on the receive side and is reconstructable on the transmit side.
This means that the position of the values 42, 44, 43, 20, 21,
22, 23 and 45 in the table is reconstructable. The table
indicates by means of a bit (0 or 1) whether a pertinent value
lies in the 5 dB range or in the 6 -~ 10 dB range of the ranges
Al - A3, A5 - AT. For the more detailed amplitude sub-division
only one bit is therefore transmitted for a value. For the value
20 2 0 will be transmitted, in order to indicate that the value
20 lies in the 0 - 5 dB range of Al. The values 42 and 44 will
be assigned to the 0 dB line, the values 43, 20, 21 to the 6 dB
line, the values 22, 23 to the 12 dB line, the value 45 to the
18 dB line. The bits corresponding to the values will be
transmitted in lines starting with the 0 dB line as per table 41.
The transmission time is the same for all frequency spectra.
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2. Method according to claim 1, characterised in that the
conversion is carrled out by means of a Fourier transform
(FT).
3. Method according to claim 2, characterised in that the

transform is a Fast Fourier transform (FFT).

4, Method according to claim 1, characterised in that the
short time lies in the order of magnitude of 20 ms.

5. Method according to claim 1, characterised in that compo-
nents of the signal are weighted less strongly or sup-
pressed for the coding.
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The dotted |line 46 sets the boundary between the |ines 47 and 48. The bit
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and free bits not required so far for the transmission are
used for the more detailes subdivision of the value ranges.

2. Method according to claim 1, characterised in that the
conversion is carried out by means of a Fourier transform
(FT).

3. Method according to claim 2, characterised in that the

transform is a Fast Fourier transform (FFT).

4, Method according to claim 1, characterised in that the
short time lies in the order of magnitude of 20 ms.

5. Method according to claim 1, characterised in that compo-
nents of the signal are weighted less strongly or sup-
pressed for the coding.
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‘overlapping tinme (tl - t2; t6 - t7). 14. Method according to claim12

land/or 13, characterised in that the plot of the anplitude characteristic
Lcurve (WA, MB) dytihd lakeoeddahigappi 6Yatimn®, | chakapiasr toed Hai thati hhesaitle
‘time the sum of wihslgwsoduerdapl dree sargilidnidin dhiareac- teristic curve (WA
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! 11, Method according to claim 10, characterised in that the

S overlapping time (tl - t2; t6 - t7) lies in the order of

el magnitude oy 5 - 8%, e.g., 6.25% of the duration of one time
: window. : '

12. Method according.'ha claim 9, characterised in that the

. amplitude characteristic curve (WA, WS) of the time windows

-/ is identical on the transmit side and the receive side
{Fig. 3).

13, Method according to claim 9, characterised in that the
amplitude characteristic curve (WA, WS) of the blocks has
a continuously rising or descending shape during the
overlapping time (tl1 - t2; t6 -~ t7).

14. Method according to claim 12 and/or 13, characterised in
that the plot of the amplitude characteristic curve (wa,
WS) during the overlapping time is shaped so that during
said time the sum of the products of the amplitude charac-
teristic curve (WA, WS) over transmit side and receive side
equals 1.
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t he ,descendi ng sl ope of the anplitude characteristic curve at
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19. Method for transmitting an audio signal, in which the
' analog signal is converted into a digital signal, is prior
to the transmission converted into a signal representing
the short-time spectrum, in which the whole freguency band
L is divided up into a plurality of frequency groups. signal
gg cemponents in the frequency groups are on the basis of
pPsychoacoustic laws weighted differently in their represen-
tational accuracy during the coding of the signal to be
transmitted, the code signal is transmitted, and after th=s
transmission decoded, inverse-transformed and converted
back into an analog signal, characterised in that the
\_/ transformed magnitude values are divided up into frequency
groups starting from the respective maximum magnitude above
a threshold in the value range and the magnitude values
lying in the same value range are transmitted as the same
value, and that magnltude values below the threshold are

set as zero.

20. Method according to claim 19, characterised imn that the
subdivision of the value ranges depends on the number of
free bits available.



