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Method for transmitting an audio signal

The invention relates to a method for transmitting an audio

signal according to the general term of claim 1.

When transmitting an audio signal, e.g., in broadcasting, cable
transmission, satellite transmission, and recording devices, it
is known to convert the analog audio signal into a digital audio
signal with a certain resolution, transmit it in this form, and
convert it back into an analog signal during playback. Digital
transmission achieves a greater signal-to-noise ratio,

particularly during playback.

The bandwidth required for the transmission of such a signal is
essentially determined by the number of samples to be transmitted

per time unit and by the resolution.

In practice, there is a requirement to keep the bandwidth
required for transmission as small as possible in order to make
do with a narrowband channel or to be able to transmit as many
audio signals as possible simultaneously via an existing channel.
The required bandwidth can be reduced by reducing the number of

samples or the number of bits per sample.

However, this measure usually results in a deterioration in
playback. In a method known from DE-0OS 35 06 912, the digital
audio signal is transformed into a short-term spectrum in
successive time sections to improve the playback quality, which
represents the spectrum components of the signal for each of the
time sections, e.g., 20 ms. Due to psyocho-acoustic [sic: psycho-
acoustic] laws, components that are not perceived by the
listener, i.e., that are irrelevant in the communication sense,
can generally be found more easily in the short-time spectrum
than in the time domain. These components are weighted less in

the transmission or omitted completely. This measure allows a
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considerable part of the data otherwise required for transmission
to be omitted, so that the average bit rate can be considerably
reduced. Therefore, only a limited number of bits is made
available for coding the spectrum components present in the time
segments, namely the magnitudes and phases, which is specified by

the desired data reduction.

For the transmission of the transformed wvalues, which are
magnitudes and phases that characterize the spectrum lines of
the blocks of the audio signal, some of these spectrum lines are
assigned from the maximum number of bits available for each
block. It is important to quantize these values as precisely as
possible. The allocation of bits using a recursive method
requires a considerable amount of computing power, which makes

real-time processing almost impossible.

The invention is based on the task of assigning the bits
available for coding to the spectrum components to be transmitted
in the method described at the beginning in such a way that
quantization corresponding to the weighting of the spectrum
components can be realized within a short time while utilizing

the available bits as completely as possible.

This task is solved by the features specified in the

characterizing part of claim 1.

The first step in bit allocation is to assign a specified number
of bits to the absolute magnitude maximum, the magnitude maximum
in frequency groups of the short-time spectrum, the addresses of
the magnitude maximum and the dynamics of the frequency groups.
Quantization ratios are obtained from the dynamics of the groups
and bits are assigned to the remaining magnitudes according to
the quantization ratios. The phases are quantized with the same

number of bits.
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The assignment of the bits based on the quantization key figures
represents an approximative quantification. It is dimensioned so
that the number of bits available for coding is sufficient for
an initial assignment, even for short-time spectra with many

magnitudes and phases to be transmitted.

For short-time spectra with few magnitudes and phases to be
transmitted, this results in a more or less large number of
remaining bits. These are now assigned to those magnitudes and
phases that were initially only roughly quantized using the
quantization key figures. For the following steps, the absolute
values of the approximatively quantized magnitudes are
identified, i.e., the exact values that are not falsified by the

approximative quantification.

A control value is then defined which controls the distribution
of the remaining bits to selected spectrum components. It is
placed as a threshold in the magnitude spectrum, wherein the
height of the threshold depends on the number of bits not

distributed in the approximative quantification.

After comparing the control value with the approximatively
quantized magnitudes, only those values above the control value
are selected for bit allocation. By forming the difference
between the approximatively quantized magnitudes and the control
value, a modified spectrum is formed as the basis for further bit
allocation. The magnitudes of this modified spectrum are added
together. The non-distributed bits, divided by the previously
identified sum of the magnitudes, result in a characteristic
value as bits per dB. Multiplying the magnitudes of the spectrum
that are still selected for the allocation of bits by the
characteristic value results in the number of bits that are

distributed to the selected magnitudes of the spectrum.
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These values are generally not integers. However, as bits can
only be distributed as integers, there is a residual number of
bits available for distribution. These bits can either remain
unconsidered or be distributed by rounding up and down and

according to the absolute magnitudes of the magnitudes of the

spectrum.

Further embodiments and advantageous embodiments of the invention
are shown in the claims, the description and the drawing, which

explains the invention in more detail.

The following is shown in the drawing:

Fig. 1 a block of an audio signal transformed into the
frequency domain in magnitude representation,

Fig. 2 a modified spectrum.

The signal shown in Fig. 1 is obtained by converting a low-pass
filtered audio signal into a digital signal by means of an
analog/digital converter, cutting out a certain section of the
digital audio signal from the long-term signal by means of a time
window and transforming the resulting block from the time domain
into the frequency domain. In the illustration, a number I of
spectrum lines occurring within a transformed block are plotted
in relation to an O-dB line. These are the magnitudes B. A
control value St, which results from the number of non-
distributed bits, is shown as a horizontal line. It is determined

using the empirical formula:

St = k1l + f£* (number of saved bits - k2),
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wherein the following parameters have been set:

kl = 30 dB
f = 0.06 dB
k2 = 447

As can be seen, the spectrum lines end partly above and partly
below the control value St. The magnitudes B below the control
value are not assigned any bits. The difference between the
magnitudes B above the control value St and the control value St
itself results in a modified spectrum, which is shown in Fig. 2.
To identify the measure for the allocation of the bits for the
following precise quantification, the control value St is
compared with the magnitudes B. Only those magnitudes B that are
above the control value B are taken into account. The result is
shown in Fig. 2. The magnitudes B of this modified spectrum are
added together. The values B are added up according to the

formula:

S = sum B(I) with I = 1 to N.

The non-distributed bits, divided by the previously identified sum
S of the magnitudes, result in a characteristic value X as bits
per dB. By multiplying the magnitudes B of the spectrum that are
still selected for the allocation of bits by the characteristic
value X, the numbers of bits that are distributed to the selected
magnitudes of the spectrum are obtained according to the following

formula:
Bit per spectr.(I) = X * B(I) wherein 1<I<N.
These values are generally not integers. However, as bits can

only be distributed as integers, there is a residual number that

is still available for distribution. These bits are distributed
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by rounding and transmitting the remainder according to the

absolute magnitudes of the magnitudes of the spectrum.

The procedure is as follows: The first number of bits to be
distributed is first rounded down and the remainder is
temporarily stored between the non-integer and the integer number
of bits. The temporarily stored remainder is then added to the
next number of bits to be distributed. The resulting sum is
rounded down again, and the remainder is stored again
temporarily. The remainder is added to the next number of bits to
be distributed. These cycles are repeated for each magnitude to
be quantized until the last number of bits to be distributed has
been distributed. Since the value “one” is very likely to be
reached after adding several remainders, a further bit can be
distributed repeatedly after several cycles, so that finally only

one or no bit remains.
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Claims

1. Method for transmitting an audio signal, in which the
analog signal is converted into a digital signal,
transmitted digitally and converted back into an analog
signal, wherein the signal is converted before transmission
into a short-time spectrum which is represented by
magnitudes and phases, for the transmission of which a
predetermined number of bits is available and components of
the spectrum are weighted differently in their
representation accuracy on the basis of psychoacoustic laws

during coding, characterized by the following method steps:

a. approximative quantification of the magnitudes and
phases by allocating a portion of the bits to be
distributed,

b. determination of the absolute magnitudes of the
approximatively quantized magnitudes,

C. determination of a control value depending on the
remaining part of the bits to be distributed,

d. comparison of the control value with the
approximatively quantized magnitudes,

e. formation of the difference between the
approximatively quantized magnitudes and the control
value to obtain a modified spectrum as the basis for

further bit allocation,
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f. formation of the sum of the magnitudes of the
modified spectrum,

g. identification of a characteristic value from the
saved bits and the previous sum

h. assignment of the remaining bits to the magnitudes

and phases based on the characteristic wvalue.

2. Method according to claim 1, characterized in that the
numbers of bits calculated for the assignment to the
already approximatively quantized magnitudes and phases are

converted into positive integer numbers of bits.

3. Method according to claim 2, characterized in that the non-

integer numbers of bits are always rounded down.

4, Method according to claim 2, characterized in that the non-
integer numbers of bits are rounded up and down depending

on the bits available for allocation.

5. Method according to claim 2, characterized in that the
first number of bits to be distributed is first rounded
down and the remainder between the non-integer and the
integer number of bits is temporarily stored, in that the
temporarily stored remainder is added to the next number of
bits to be distributed, in that the sum obtained is rounded
down and the remainder is again temporarily stored and then
added to the next number of bits to be distributed until
the last number of bits to be distributed has been
distributed.
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6. Method according to one or more of claims 1 through 4,
characterized in that the control value is determined
according to the following empirical formula:

St = k1l + f£*(number of saved bits - k2),

wherein the following parameters were set in a preferred

version:
k1 = 30 dB
f =0.06 dB
k2 = 447
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