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(57)  Original digital audio signals are represented
as PCM sample values wherein the distance between
the values corresponds to the sampling frequency. Dig-
ital signals can have a length that is an integer multiple
only of this time element. In particular coded digital au-
dio signals are processed block-based, leading to a total
length that is a multiple only of the block unit. According

Method and apparatus for encoding and for decoding a digital information signal

to the invention, information about the exact length of
the original signal is transferred together with the encod-
ed audio information. Additionally, an information value
can be transferred that represents the total encoder and/
or decoder delay. The decoder extracts these items of
information and adjusts the total length of the decoded
signal by cutting off samples from the decoded program
or track.
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Description

[0001] The invention relates to a method and to an
apparatus for the bitrate-reducing encoding and decod-
ing of information, in particular digital audio signals.

Background

[0002] The digital representation of analog audio sig-
nals has a time structure that originates from the sam-
pling process. Digital audio signals represented in PCM
format consist of a sequence of values, wherein the dis-
tances between the values correspond to the sampling
frequency. That distance is the shortest element of the
signal by which the signal can be defined in the time
domain. Digital signals can have a length that is an in-
teger multiple only of this time element.

Invention

[0003] Encoders and decoders reducing the bitrate of
a digital audio signal (like MPEG1/2/4-Audio, Dolby Dig-
ital AC-3, mp3, ATRAC, Windows Media Audio WMA or
Real Audio) typically operate with short-time frequency-
domain representations of the signal. In order to convert
the signal into this domain, typically a number - e.g. 128,
256, 512, 1024 and 1152 - of signal elements are
grouped together - denoted as frames or blocks - and
thereafter transformed into the frequency domain.
When encoding a signal of arbitrary length, a typical au-
dio coder either discards some part of the audio signal
at its end or fills up the audio signal with a number of
zero-valued samples (stuffing bits). As a result, the
length - i.e. the quantity of samples or coefficients - of
any encoded or decoded audio signal can be a multiple
only of a further multiple of the initial time element men-
tioned above, i.e. a multiple of the frame or block length
that is required by the encoding or decoding process.
Therefore en-coded/de-coded digital audio signals rare-
ly do have the same length as the original audio signal.
This difference in lengths can be very annoying when
audio signals are to be edited or combined with precise
timing.

[0004] A problem to be solved by the invention is to
provide a block-based encoded/decoded audio signal
that has the original arbitrary length or quantity of sam-
ple values, in order to enable exact cutting or splicing.
This problem is solved by the methods disclosed in
claims 1 and 4. Apparatuses that utilise these methods
are disclosed in claims 8 and 9. A corresponding storage
medium is disclosed in claim 11.

[0005] According to the invention, information about
the exact length of the original signal is transferred to-
gether with the encoded audio information when broad-
casting or when recording on or replay from a storage
medium. This length value information is available dur-
ing the encoding process and is inserted into the encod-
ed audio bit stream. Insertion is made using e.g. the an-
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cillary data field as defined in the MPEG Audio standard
ISO/IEC 11172-3. The length information sent can have
different forms:

- absolute number of audio samples of the program
or track or encoding unit;

- number of audio frames of the program or track or
encoding unit, and number of samples in the last
frame;

- number of samples to be cut off at the start and/or
at the end of the program or track or encoding unit.

[0006] Additionally, an information value can be trans-
ferred that represents the total encoder and/or decoder
delay.

[0007] The decoder can extract these items of infor-
mation and adjust the length and the begin of the de-
coded signal by cutting off samples at the start and/or
at the end of the program or track or decoding unit out-
put.

[0008] The invention allows decoding an audio or oth-
er information signal with a length that matches exactly
the original length of the audio or information signal,
thereby enabling exact cutting and splicing of the audio
or information signal.

[0009] In principle, the inventive encoding method is
applied to a digital information signal - e.g. an audio sig-
nal - having an arbitrary number of original sample val-
ues for a specific program or track and thus having an
arbitrary length, wherein the encoding operation is
based on value blocks related to said sample values,
said value blocks each containing multiple values,
wherein the encoded digital information signal is output
as a code that, when correspondingly decoded, repre-
sents a decoded digital information signal having a total
length of multiple units corresponding to the length or
lengths of said value blocks, and wherein data repre-
senting said original sample values arbitrary-length
number

- aresupplementing at least one frame of said encod-
ed digital information signal output code, for exam-
ple the last frame or the penultimate frame of said
encoded digital information signal,

- or are repeatedly arranged in said encoded digital
information signal.

[0010] In principle, the inventive decoding method is
applied to an encoded digital information signal - e.g. an
audio signal - having an arbitrary number of original
sample values for a specific program or track and thus
having an arbitrary original length, wherein the decoding
operation is based on value blocks related to said sam-
ple values, said value blocks each containing multiple
values, wherein the encoded digital information signal
is input as a code that after decoding represents a de-
coded digital information signal having a length of mul-
tiple units corresponding to the length or lengths of said
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value blocks, and wherein data representing said origi-
nal sample values arbitrary-length number and supple-
menting frames of the encoded digital information signal
input code, for example the last frame or the penultimate
frame of said encoded digital information signal, or be-
ing repeatedly arranged in said encoded digital informa-
tion signal, are used for limiting the block unit based total
length of the decoded digital information signal to said
arbitrary original length.

[0011] In principle the inventive apparatus for encod-
ing a digital information signal - e.g. an audio signal -
having an arbitrary number of original sample values for
a specific program or track and thus having an arbitrary
length, said value blocks each containing multiple val-
ues, includes:

- means for encoding said digital information signal,
wherein the encoding operation is based on value
blocks related to said sample values and which out-
put the encoded digital information signal as a code
that, when correspondingly decoded, represents a
decoded digital information signal having a total
length of multiple units corresponding to the length
or lengths of said value blocks;

- means for providing data representing said original
sample values arbitrary-length number;

- means for supplementing at least one frame of said
encoded digital information signal output code with
said data representing said original sample values
arbitrary-length number, for example the last frame
or the penultimate frame of said encoded digital in-
formation signal,

- or means for arranging repeatedly in said encoded
digital information signal said data representing
said original sample values arbitrary-length
number.

[0012] In principle the inventive apparatus for decod-
ing an encoded digital information signal - e.g. an audio
signal - having an arbitrary number of original sample
values for a specific program or track and thus having
an arbitrary original length, includes:

- means for decoding said encoded digital informa-
tion signal, based on value blocks related to said
sample values, said value blocks each containing
multiple values, wherein the encoded digital infor-
mation signal is input as a code that after decoding
represents a decoded digital information signal hav-
ing a length of multiple units corresponding to the
length or lengths of said value blocks;

- means for extracting from frames of said encoded
digital information signal code, for example from the
last frame or from the penultimate frame of said en-
coded digital information signal, data representing
said original sample values arbitrary-length
number;

- means for providing said means for decoding with
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information derived from said arbitrary-length
number data for limiting the block unit based total
length of the decoded digital information signal to
said arbitrary original length.

[0013] Advantageous additional embodiments of the
invention are disclosed in the respective dependent
claims.

Drawings

[0014] Exemplary embodiments of the invention are
described with reference to the accompanying draw-
ings, which show in:

Fig. 1 Original audio signal having a length of n sam-
pling values;

Fig. 2  The audio signal at decoder output, including
the n sampling values, the encoder/decoder
delay and stuffing information;

Fig. 3  Inventive encoder and decoder.

Exemplary embodiments

[0015] In studio sound or audio processing the avail-
able analog audio signals (e.g. at the output of micro-
phone amplifiers) are converted into digital signals, ap-
plying the principles of sampling and quantisation.
'Sampling' means that signal amplitude values are taken
in regular intervals. The reciprocal value of the temporal
intervals is the sampling rate. According to the Nyquist
or sampling theorem the original content of the sampled
signals can be recovered error-free, if they contain max-
imum frequencies up to half the sampling rate only. Typ-
ical sampling rates used in audio processing are e.g.
44 .1kHz or 48kHz, which correspond to sampling inter-
vals or clocks of 22.67us or 20.83us, respectively.
'Quantisation' means that a reduced quantity of ampli-
tude values is assigned to the basically finely resolved
signal sample values, according to a quantisation char-
acteristic. Thereby the resolution of the amplitude val-
ues becomes limited and the irreversible loss of infor-
mation detail in the correspondingly inverse quantised
values cannot be avoided. For example, a 16-bit ampli-
tude value range extends from - 32768 to +32767, and
is also called 16-bit quantisation or 16-bit PCM (pulse
code modulation). A two-channel audio signal that was
sampled with 44.1kHz sampling frequency and quan-
tised with 16 bits leads to 1411200 bits per second to
be processed. 16 bits correspond to 2 bytes, a value
which can be easily handled in typical computers or mi-
croprocessors. Due to the byte-based processing and
the relatively high sampling frequency and thus high
time resolution, cut and insert processing can be carried
out without problems when editing such digital audio sig-
nals.

The disadvantage of the high data quantities to be proc-
essed is apparent when transferring and storing such
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signals. Therefore the above-mentioned data reducing
methods are applied, which perform suppression of re-
dundant as well as irrelevant signal components, based
on psycho-acoustic laws. Data reduction factors of 10
or more can be achieved.

[0016] The data reduction effect is achieved more ef-
fectively, if the signals are represented and processed
in the frequency domain that is entered either by short
time frequency transformation (e.g. short time fast Fou-
rier transformation FFT) or by multi-frequency band fil-
tering called subband filtering. The result of both kinds
of operations is a representation of the audio signal as
a temporal sequence of short time spectra. In the de-
coder, a corresponding inverse transformation or in-
verse subband filtering, respectively, is carried out in or-
der to re-enter the time domain.

The transformation is usually carried out on input sam-
ple blocks having lengths that fully or partly correspond
to an integral power of '2', e.g. 128, 256, 512, 1024 or
1152 values as mentioned above, because of computa-
tional simplification. Most data reduction coder and de-
coder types further operate with blocks overlapping in
the time domain.

When using overlapping blocks, the total length values
possible are an integral multiple of a section of the block
length, e.g. an integral multiple of one half of the block
length.

In subband coders a split into e.g. 32 frequency bands
is carried out, and blocks of sampling values are likewise
formed. E.g. MPEG Audio Layer3 (mp3) codecs use a
block length of 1152 sampling values, corresponding to
a time period of 24ms at 48kHz sampling rate.

The resulting coded signal representations are ar-
ranged in corresponding frames according to standard-
ised rules, whereby the frames contain strongly signal-
dependent binary signals. These frames usually contain
sections with important control information (e.g. data
packet header information with, side information) and
sections with less important however strongly signal-
adaptive frequency coefficient information called 'main
information'. Because the quantity of information to be
transmitted varies strongly depending on the audio sig-
nal characteristic and practically never completely fills
the capacity of the frames, the frames can also contain
parts that represent no standardised useful information.
These parts are called for instance 'ancillary data' and
can be used freely for different purposes.

One task of the encoder is therefore controlling the cod-
ing such that the amount of coded data just fits the
frames, i.e. does not exceed the given maximum data-
rate but makes full use of it. This is mainly achieved by
adjusting the coding quality, e.g. the coarseness of the
quantisation. The coder can be controlled such that a
desired amount of the total datarate is kept for ancillary
data.

When decoding (after storage or transfer) the corre-
spondingly inverse processing takes place on the
frames/blocks.
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[0017] When applying above coding/decoding princi-
ples, two problems arise that strongly limit in particular
the use of the decoded sound signal for editing:

a) Due to the block-based short time transform
processing, or the use of filters for splitting the sig-
nal into frequency bands, a delay of the decoded
audio signal will be introduced. For example, for an
audio signal consisting of a single sample value s,
attime instantty, after encoding and decoding a sig-
nal appears at the decoder output that likewise con-
sists of an individual sample value s, this sample
value however no longer being located at time in-
stant ty but being shifted by some hundred sampling
clocks. Such encoding delay is on one hand de-
pendent on the type of the subband filters or the
transform length used, on the other hand depending
on the construction of the encoder circuitry or soft-
ware. For example, encoders require a certain pre-
processing time before being able to adjust adap-
tive processes like quantisation step size correctly.
b) Apart from the encoder and/or decoder delay, the
block-based processing leads to total length values
of the decoded audio signals that are an integral
multiple of the block length used and thus do not
correspond to the original total length.

[0018] If the above-described coding procedures are
used in continuously operating transmission circuits, e.
g. in broadcasting or in microwave links between broad-
casting studios, the basic delay and the blocked struc-
ture do not impose a serious problem. However, if the
audio signals are stored in coded form on data carriers
with certain data lengths (as 'files'), both problems are
particularly unfavourable when cutting and editing the
audio signals. Contrary to the short cutting/editing time
units of approximately 20us available with PCM Audio
signals, here only time units are present that are about
500 or 1000 times longer. Thereby the typical cutting
and editing processes can be carried out in a limited
fashion only.

[0019] To solve these problems, the following is sup-
posed to be known:

- The construction-dependent basic delay of the
combination of encoder and decoder;

- The total length of the audio program or track at the
input of the encoder, e.g. the number of samples in
a PCM file representing the audio signal.

[0020] According to the inventive solution, the basic
delay value and the total length value are signalled to
the decoder. This signalling can be performed by any
means, for instance in a separate file or channel, pref-
erably however together with the encoded data in the
same data stream or data file, e.g. as 'ancillary data' or
additional header data.

[0021] The decoderis designed such that it calculates
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at the start of decoding a certain number (corresponding
to above basic delay value) of samples in the usual way
but does not output these samples.

Furthermore the decoder is designed such that it initially
calculates the audio signal at the end of the program or
track in the usual way, but thereafter the output audio
signal is limited in its total length corresponding to the
transferred information on the total length value.
[0022] Advantageously, the transfer of the additional
information, i.e. the basic delay value and the total
length value, occurs within the ancillary data area. If
necessary, the encoder must be controlled such that it
reserves enough data capacity for the additional infor-
mation.

[0023] Advantageously, the information about the ba-
sic delay is transmitted in the first frame or in one of the
first frames. Advisable is transmitting it as a quantity of
samples that are to be removed at the beginning. Trans-
mitting this information repeatedly can also be an ad-
vantage.

[0024] The information about the total length value
can be sent in different ways and at different locations
within the Data stream or file, e.g. as a quantity of sam-
ples that are to be removed from the initially calculated
end, or as a quantity of relevant samples within the last
data frame, or as an absolute quantity of samples for
the total length. This information can be transmitted in
the first frame or in one of the first frames or within a
later frame, e.g. the last or the second last frame. Trans-
mitting this information repeatedly can also be an ad-
vantage.

[0025] Advantageously, the basic delay value and/or
the total length value are preceded or initiated by an
identification data pattern, and are protected by error
protection data, e.g. a CRC check.

[0026] In Fig. 1 an audio signal is depicted that has a
length of N samples, N being an integer number.
[0027] In Fig. 2 the audio signal output from the de-
coder has a length of (ENCDECD + N + STI) samples,
wherein ENCDECD is the basic encoder plus decoder
delay, STl is stuffing information (e.g. a number of zero-
amplitude samples), and (N + STI) equals (m * block
length), m being an integer number, i.e. a multiple of the
block or frame length on which the processing in the au-
dio encoder or decoder is based. The final start and end
time instants of the decoded audio signal are derived
from the basic encoder and decoder processing delay
value and from the total length value, whereby the stuff-
ing samples or bits (corresponding to STI) at the end of
the data stream or track and the samples corresponding
to the processing delay ENCDECD at the start of the
data stream or track are discarded.

[0028] The left part of Fig. 3 shows an inventive en-
coder receiving an original audio signal that is windowed
in the time domain, or subband-filtered, in a correspond-
ing encoder windowing stage EW, and is thereafter en-
coded using data reduction in an encoder stage ENC.
From stage ENC, or alternatively from stage EW, or in
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bitstream formatter BSF, a total-length information is
provided to a length information coder LIC, the output
signal of which is combined with the frequency domain
output signal of stage ENC in bitstream formatter BSF.
Additionally a basic encoder delay value can be added
to the bitstream in bitstream formatter BSF.

The right part of Fig. 3 shows an inventive decoder, re-
ceiving an encoded audio signal that includes a total-
length information value or in addition a basic encoder
delay value. Alternatively, if the basic encoder delay is
fixed and known, it can be input for evaluation in the
decoder itself.

[0029] The bitstream de-formatter BSD extracts and
provides the received total-length information value to
a length information evaluator LIE that feeds the re-
quired total length information - optionally together with
the basic encoder delay information or in addition with
the basic decoder delay in-formation - to a decoder win-
dowing stage DW and/or to a decoder stage DEC. Al-
ternatively, the basic encoder delay information or the
basic decoder delay information can be provided from
any other source to DW and/or to DEC. Stage DEC car-
ries out the main decoding operations for the audio sig-
nal code received from stage BSD. The time domain
output signal of stage DEC is thereafter windowed cor-
respondingly to the encoder windowing in stage EW. In
case of subband en-coding/decoding, the synthesis fil-
ter DW converts the audio signal from the frequency do-
main back to the time domain. Between stages BSF and
BSD a recording unit or a broadcast or cable transmis-
sion channel is passed.

[0030] Instead of a digital audio signal any other in-
formation signal can be processed, e.g. a digital video
signal.

Claims

1. Method for encoding (EW, ENC, BSF) a digital in-
formation signal (ODIS) - e.g. an audio signal - hav-
ing an arbitrary number of original sample values
for a specific program or track and thus having an
arbitrary length (N), wherein the encoding operation
(EW, ENC) is based on value blocks related to said
sample values, said value blocks each containing
multiple values, wherein the encoded digital infor-
mation signal (EDIS) is output as a code that, when
correspondingly decoded, represents a decoded
digital information signal (DDIS) having a total
length (N, STI) of multiple units corresponding to the
length or lengths of said value blocks, character-
ised in that data (LIC) representing said original
sample values arbitrary-length number (N)
are supplementing at least one frame of said encod-
ed digital information signal output code, for exam-
ple the last frame or the penultimate frame of said
encoded digital information signal,
or are repeatedly arranged in said encoded digital
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information signal.

Method according to claim 1, wherein in addition da-
ta representing the basic delay (ENCDECD)
caused by said encoding operation are supple-
menting frames of said encoded digital information
signal output code, for example in the first or the
second frame of said encoded digital information
signal.

Method according to claim 1 or 2, wherein said data
representing said original sample values arbitrary-
length number and said data representing the basic
delay caused by said encoding operation are ar-
ranged in ancillary parts of said frames, in particular
in an error-protected fashion, e.g. CRC protected.

Method for decoding (BSD, DEC, DW) an encoded
digital information signal (EDIS) - e.g. an audio sig-
nal - having an arbitrary number of original sample
values for a specific program or track and thus hav-
ing an arbitrary original length (N), wherein the de-
coding operation (DEC, DW) is based on value
blocks related to said sample values, said value
blocks each containing multiple values, wherein the
encoded digital information signal (EDIS) is input as
a code that after decoding represents a decoded
digital information signal (DDIS) having a length of
multiple units corresponding to the length or lengths
of said value blocks, characterised in that data
(LIE) representing said original sample values arbi-
trary-length number (N) and supplementing frames
of the encoded digital information signal input code,
for example the last frame or the penultimate frame
of said encoded digital information signal, or being
repeatedly arranged in said encoded digital infor-
mation signal, are used for limiting the block unit
based total length (N, STI) of the decoded digital
information signal to said arbitrary original length

(N).

Method according to claim 4, wherein in addition da-
ta representing the basic encoder delay (ENCD-
ECD), which data are supplementing frames of said
encoded digital information signal input code, for
example in the first or the second frame of said en-
coded digital information signal, are used for remov-
ing a corresponding number of output sample val-
ues from the beginning of the decoded digital infor-
mation signal.

Method according to claim 4 or 5, wherein said data
representing said original sample values arbitrary-
length number and said data representing the basic
delay caused by said encoding operation are ex-
tracted from ancillary parts of said frames, in partic-
ular in an error-protected fashion, e.g. CRC protect-
ed.
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7.

Method according to claim 5, wherein a basic de-
coder delay value is used together with said data
representing said basic encoder delay for removing
a corresponding number of output sample values
from the beginning of the decoded digital informa-
tion signal.

Apparatus for encoding a digital information signal
(ODIS) - e.g. an audio signal - having an arbitrary
number of original sample values for a specific pro-
gram or track and thus having an arbitrary length
(N), said value blocks each containing multiple val-
ues, said apparatus including:

- means (EW, ENC) for encoding said digital in-
formation signal, wherein the encoding opera-
tion is based on value blocks related to said
sample values and which output the encoded
digital information signal (EDIS) as a code that,
when correspondingly decoded, represents a
decoded digital information signal (DDIS) hav-
ing a total length (N, STI) of multiple units cor-
responding to the length or lengths of said value
blocks,

characterised by:

- means (LIC) for providing data representing
said original sample values arbitrary-length
number (N);

- means (BSF) for supplementing at least one
frame of said encoded digital information signal
output code with said data representing said
original sample values arbitrary-length number,
for example the last frame or the penultimate
frame of said encoded digital information sig-
nal, or,
or means (BSF) for arranging repeatedly in said
encoded digital information signal said data
representing said original sample values arbi-
trary-length number.

Apparatus for decoding an encoded digital informa-
tion signal (EDIS) - e.g. an audio signal - having an
arbitrary number of original sample values for a spe-
cific program or track and thus having an arbitrary
original length (N), said apparatus including:

- means (DEC, DW) for decoding said encoded
digital information signal, based on value
blocks related to said sample values, said value
blocks each containing multiple values, where-
in the encoded digital information signal (EDIS)
is input as a code that after decoding repre-
sents a decoded digital information signal
(DDIS) having a length of multiple units corre-
sponding to the length or lengths of said value
blocks,
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characterised by:

- means (BSD) for extracting from frames of said
encoded digital information signal code, for ex-
ample from the last frame or from the penulti-
mate frame of said encoded digital information
signal, data representing said original sample
values arbitrary-length number (N);

- means (LIE) for providing said means (DW,
DEC) for decoding with information derived
from said arbitrary-length number data for lim-
iting the block unit based total length (N, STI)
of the decoded digital information signal to said
arbitrary original length (N).

Apparatus according to claim 9, wherein said data
representing said original sample values arbitrary-
length number and said data representing the basic
delay caused by said encoding operation are ex-
tracted from ancillary parts of said frames, in partic-
ular in an error-protected fashion, e.g. CRC protect-
ed.

Storage medium, in particular an optical disc or hard
disc, containing or having recorded on it a sequence
of digital information signal data - e.g. audio signal
data

- that are encoded according to the method of
claim 1, wherein, when the data of said storage
medium is input into an apparatus according to
claim 9, said digital information signal data
cause carrying out a method according to claim
4.
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