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(57) Abstract: An error-concealing audio decoding method comprises: receiving a packet comprising a set of MDCT coefficients
encoding a frame of time-domain samples of an audio signal;identifying the received packet as erroneous;generating estimated
MDCT coefficients to replace the set of MDCT coefficients of the erroneous packet, based on corresponding MDCT coefficients as -
sociated with a received packet directly preceding the erroneous packet;assigning signs of a first subset of MDCT coefficients of the
estimated MDCT coefficients, wherein the first subset comprises such MDCT coefficients that are associated with tonal-like speciral
bins, to coincide with signs of corresponding MDCT coefficients of said preceding packet;randomly assigning signs of a second sub-
set of MDCT coefficients of the estimated MDCT coefficients, wherein the second subset comprises MDCT coefficients associated
with noise-like spectral bins; replacing the erroneous packet by a concealment packet containing the estimated MDCT coefficients
and the signs assigned.
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MDCT-DOMAIN ERROR CONCEALMENT

Technical field

The invention disclosed herein generally relates to encoding and decoding of

audio signals, and in particular to a method and apparatus for concealing errors.

Backaground art

Modified discrete cosine transforms (MDCT) and corresponding inverse
modified discrete transforms (IMDCT) are used for example in audio coding and
decoding techniques, such as MPEG-2 and MPEG-4 Audio Layer, Advanced Audio
Coding, MPEG-4 HE-AAC, MPEG-D USAC, Dolby Digital (Plus) and other
proprietary formats.

In application of such technigues, errors sometime occur due to loss of or
errors in packets relating to a transform of an audio signal, before or after the packets
are received in a decoding system. Such errors include for example loss or distortion
of packets and may result in an audible distortion of the decoded audio signal.

Methods have thus been provided for error concealment in case errors occur
in packets. The error concealment methods are generally divided into estimating
concealment methods where the erroneous frames are replaced by estimations and
non-estimating concealment methods for example using muting of erroneous frames,
frame repetition or noise substitution.

Estimating concealment methods include methods using estimations in the
frequency-domain, such as those disclosed in U.S. Pat. No. 8,620,644, and methods
using estimations in the time-domain, such as those disclosed in International Pat.
Pub. No. W0/2014/052746.

All techniques for concealment of errors suffer from issues relating to the
trade-off between the quality of the concealment and the complexity of the
estimations required. Hence, there is a need for further methods for error
concealment.

Brief description of the drawings

Example embodiments will now be described with reference to the
accompanying drawings, on which:
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figures 1A and 1B depict, by way of example, generalized block diagrams of
MDCT and IMDCT, respectively,

figure 2 is a generalized block diagram of a first decoding system,

figure 3 is a generalized block diagram of a second decoding system, and

figure 4 is a generalized block diagram of a third decoding system.

All figures are schematic and generally only depict parts which are necessary
in order to elucidate the disclosure, whereas other parts may be omitted or merely
suggested. Unless otherwise indicated, like reference numerals refer to like parts in
different figures.

Detailed description

In view of the above, an objective is to provide decoder systems and
associated methods aiming at providing desired error concealment without significant
complexity.

|. Overview — first aspect

According to a first aspect, example embodiments propose decoding methods,
decoding systems, and computer program products for decoding. The proposed
methods, decoding systems and computer program products may generally have the
same features and advantages.

According to example embodiments, there is provided a method for concealing
errors in packets of data that are to be decoded in a MDCT based audio decoder
arranged to decode a sequence of packets into a sequence of decoded frames. The
method includes receiving, from an MDCT based audio encoder arranged to encode
an audio signal, a packet comprising a set of MDCT coefficients associated with a
frame comprising time-domain samples of the audio signal, and identifying the
received packet to be an erroneous packet in that the received packet comprises one
or more errors. The method further includes generating estimated MDCT coefficients
to replace the set of MDCT coefficients of the erroneous packet, the estimated MDCT
coefficients being based on corresponding MDCT coefficients associated with a
received packet, which directly precedes the erroneous packet in the sequence of
packets. The method further includes assigning signs of a first subset of MDCT
coefficients of the estimated MDCT coefficients, wherein the first subset comprises
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such MDCT coefficients that are associated with tonal-like spectral bins of the packet,
to be equal to corresponding signs of the corresponding MDCT coefficients of the
received packet, which directly precedes the erroneous packet in the sequence of
packets, and randomly assigning signs of a second subset of MDCT coefficients of
the estimated MDCT coefficients, wherein the second subset comprises such MDCT
coefficients that are associated with noise-like spectral bins of the packet; generating
a concealment packet based on the estimated MDCT coefficients and the selected
signs of the packet; and replacing the erroneous packet with the concealment packet.

As used herein, "erroneous packet" represents a packet which includes MDCT
coefficients that differ in some way in relation to MDCT coefficients of a correct
MDCT of correct samples of the audio signal. This could mean that part of or the
whole packet is missing in the sequence of packets or that part of or the whole
packet includes distortions.

Identification of tonal-like spectral bins and noise-like spectral bins of the
packet may be performed using any suitable method. The order of identification of
tonal-like spectral bins and noise-like spectral is arbitrary and may for example
depend on the method used.

It is to be noted that the terms “first subset” and “second subset” are only used
to distinguish the two subsets from each other in the text and not to indicate the order
of processing in relation to the two different subsets. The order of which the assigning
is performed is arbitrary. Assignment may be performed for the MDCT coefficients for
the first subset first and second subset last or the other way around. Furthermore, in
some example embodiments the assignment may not be performed for the MDCT
coefficients such that all MDCT coefficients associated with the first subset are
assigned consecutively and all MDCT coefficients associated with the second subset
are assigned consecutively. In some example embodiments the assignment may be
made first for one or more MDCT coefficients of one of the subsets, then for one or
more MDCT coefficients of the other subset, then one or more of said one of the
subset, etc. Furthermore, a packet does not necessarily have MDCT coefficients
associated with both noise-like spectral bins and tonal-like spectral bins. In some
example embodiments the packet may have all MDCT coefficients associated with
noise-like spectral bins or all associated with tonal-like spectral bins such that one of
the subsets is empty. Finally, an MDCT coefficient is typically identified as either

-3
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belonging to the first subset or belonging to the second subset.

It is to be noted that basing estimations of MDCT coefficients and signs of
MDCT coefficients associated with the received packet, which directly precedes the
erroneous packet in the sequence of packets, does not exclude that the estimations
may additionally be based on MDCT coefficients and signs of MDCT coefficients
associated with received packets earlier in the sequence of packets than the packet
which directly precedes the erroneous packet.

As used herein, “generating estimated MDCT coefficients” relates to assigning
values to the MDCT coefficients which are not necessarily the best approximation of
the values the MDCT coefficients would have had if there had not been any errors in
the erroneous packet but which achieve desired error concealment properties such
that unwanted distortion of the decoded audio signal is avoided or reduced.

As used herein, “estimated MDCT coefficients” relates to the absolute value of
the estimated MDCT coefficients.

According to example embodiments the method further comprises
determining, for each of the estimated MDCT coefficients, whether the MDCT
coefficient is associated with a tonal-like spectral bin or a noise-like spectral bin
based on spectral peak detection of an approximation of a power spectrum
associated with the erroneous packet, wherein the approximated power spectrum is
based on the power spectrum associated with the received packet, which directly
precedes the erroneous packet in the sequence of packets.

According to some embodiments the method further comprises determining,
for each of the estimated MDCT coefficients, whether the MDCT coefficient is
associated with a tonal-like spectral bin or a noise-like spectral bin based on
metadata associated with the packet, wherein the metadata is received in a bit
stream comprising the sequence of packets and the metadata.

As used herein, “metadata” relates to bit stream parameters that are used for
controlling audio decoder processing.

The metadata may be sent in packets of the sequence of packets and outside
the packets in a bit stream comprising the sequence of packets and the metadata.

Metadata that may be used for determining whether MDCT coefficients are
associated with tonal-like or nose-like spectral bins is metadata that is used for
controlling certain audio decoder processing based on audio content-type. One

_4-
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example of such metadata is a metadata in relation to a companding tool used in AC-
4. In some embodiments, the companding tool may be switched off for tonal signals
and hence, if companding is OFF then the signal is assumed to be tonal. As another
example, if the longest MDCT is used, the audio content is most likely a tonal signal.

According to some embodiments, the estimated MDCT coefficients are
selected to be equal to the corresponding MDCT coefficients of the received packet,
which directly precedes the erroneous packet in the sequence of packets.

According to some embodiments, the estimated MDCT coefficients are
selected to be equal to the corresponding MDCT coefficients of the received packet,
which directly precedes the erroneous packet in the sequence of packets, energy
adjusted in scale-factor band resolution by an energy scaling factor. For a detailed
description of scale-factor band resolution reference is made to ETSI TS 103 190
V1.1.1 “Digital Audio Compression (AC-4) Standard, 2014-04, the contents of which
is incorporated herein by reference.

According to some embodiments, the received packet comprises N/2 MDCT
coefficients associated with N windowed time-domain samples of the audio signal,
further comprising: generating an intermediate frame comprising N windowed time-
domain aliased samples from the concealment frame by means of IMDCT; modifying
windowed time-domain aliased samples of the intermediate frame based on
symmetry relations between the windowed time-domain aliased samples of the
intermediate frame.

As used herein, “N” is an even integer.

As used herein, “intermediate frame comprising N windowed time-domain
aliased samples” represents a frame of samples resulting from an IMDCT in a
decoder system of MDCT coefficients received from an encoder. In some example
embodiments an intermediate frame before overlap add is performed in the decoding
system in order to produce a decoded frames in the sequence of decoded frames.

According to some embodiments, the modifying uses symmetry relations
between a first half of a first half of the intermediate frame comprising N windowed
time-domain aliased samples and a second half of the first half of the intermediate
frame comprising N windowed time-domain aliased samples, and symmetry relations
between a first half of a second half of the intermediate frame comprising N
windowed time-domain aliased samples and a second half of the second half of the

.5
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intermediate frame comprising N windowed time-domain aliased samples.

As used herein, “a first half of the intermediate frame” represents the first N/2
samples of the intermediate frame. If the samples of the intermediate frame are
numbered consecutively from 0 to N-1, the first half would be samples 0 to N/2-1.
Furthermore, “a second half of the intermediate frame” represents the last N/2
samples of the intermediate frame. If the samples of the intermediate frame are
numbered consecutively from 0 to N-1, the second half would be samples N/2 to N-1.

As used herein, “a first half of a first half of the intermediate frame” represents
a subset comprising the first N/4 samples of the first half of the intermediate frame, “a
second half of the first half of the intermediate frame” represents a subset comprising
the last N/4 samples of the first half of the intermediate frame, “a first half of a second
half of the intermediate frame” represents a subset comprising the first N/4 samples
of the second half of the intermediate frame, and “a second half of the second half of
the intermediate frame” represents a subset comprising the last N/4 samples of the
second half of the intermediate frame.

According to some embodiments, the received packet comprises N/2 MDCT
coefficients associated with N windowed time-domain samples of the audio signal,
further comprising: generating an intermediate frame comprising N windowed time-
domain aliased samples from the concealment frame by means of IMDCT; modifying
windowed time-domain aliased samples of the intermediate frame based on relations
between the windowed time-domain aliased samples of the intermediate frame and
windowed time-domain samples of the N time-domain samples of the audio signal.

Example embodiments provide that a previous decoded frame associated with
a received packet, which directly precedes the erroneous packet in the sequence of
packets, can be used as an approximation in the relations between windowed time-
domain aliased samples of the first subset and windowed time-domain samples of
the N windowed time-domain samples of the audio signal. The relations may then be
used to modify the generated intermediate frame in order to enhance error
concealment properties.

According example embodiments, there is provided a decoding system for

~ concealing errors in packets of data that are to be decoded in an MDCT based audio

decoder arranged to decode a sequence of packets into a sequence of decoded
frames, the system comprising: a receiver section configured to receive, from an

-6-
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MDCT based audio encoder arranged to encode an audio signal, a packet
comprising a set of MDCT coefficients associated with a frame comprising time-
domain samples of the audio signal; an error detection section configured to identify
the received packet to be an erroneous packet in that the received packet comprises
one or more errors; an error concealment section configured to generate estimated
MDCT coefficients to replace the set of MDCT coefficients of the erroneous packet,
the estimated MDCT coefficients being based on corresponding MDCT coefficients
associated with a received packet, which directly precedes the erroneous packet in
the sequence of packets; assign signs of a first subset of MDCT coefficients of the
estimated MDCT coefficients, wherein the first subset comprises such MDCT
coefficients that are associated with tonal-like spectral bins of the packet, to be equal
to corresponding signs of the corresponding MDCT coefficients of the received
packet, which directly precedes the erroneous packet in the sequence of packets;
randomly assign signs of a second subset of MDCT coefficients of the estimated
MDCT coefficients, wherein the sécond subset comprises such MDCT coefficients
that are associated with noise-like spectral bins of the packet; generate a
concealment packet based on the estimated MDCT coefficients and the selected

signs of the packet; and replacing the erroneous packet with the concealment packet.

Il. Overview — second aspect According to a second aspect, example

embodiments propose decoding methods, decoding systems, and computer program
products for decoding. The proposed methods, decoding systems and computer
program products may generally have the same features and advantages.
According to example embodiments there is provided a method for concealing
errors in packets of data that are to be decoded in an MDCT based audio decoder
arranged to decode a sequence of packets into a sequence of decoded frames. The
method includes receiving, from an MDCT based audio encoder arranged to encode
an audio signal, a packet comprising N/2 MDCT coefficients associated with N
windowed time-domain samples of the audio signal, and identifying the packet to be
an erroneous packet in that the packet comprises one or more errors. The method
further includes estimating a first subset comprising N/4 windowed time-domain
aliased samples of a first half of an intermediate frame comprising N windowed time-
domain aliased samples associated with the erroneous packet, the estimation being

-7-
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based on relations between windowed time-domain aliased samples of the first
subset and windowed time-domain samples of the N windowed time-domain samples
of the audio signal, and estimating a second subset comprising remaining N/4
windowed time-domain aliased samples of the first half of the intermediate frame
based on symmetry relations between windowed time-domain aliased samples of the
second subset and windowed time-domain aliased samples of the first subset.

As used herein, “N” is an even integer.

As used herein, "erroneous packet" represents a packet which includes MDCT
coefficients that differ in some way in relation to MDCT coefficients of a correct
MDCT of correct samples of the audio signal. This could mean that part of or the
whole packet is missing in the sequence of packets or that part of or the whole
packet includes distortions.

As used herein, “intermediate frame comprising N windowed time-domain
aliased samples” represents a frame of samples resulting from an inverse MDCT in a
decoder system of MDCT coefficients received from an encoder. An intermediate
frame is thus a frame of windowed time-domain aliased samples before overlap add
is performed in the decoding system in order to produce a decoded frame in the
sequence of decoded frames.

As used herein, “a first half of an intermediate frame” represents the first N/2
samples of the intermediate frame. If the samples of the intermediate frame are
numbered consecutively from 0 to N-1, the first half would be samples 0 to N/2-1.

As used herein, “a first subset comprising N/4 windowed time-domain aliased
samples” represents a subset comprising N/4 samples of the first half of the
intermediate frame which need not be consecutive samples in the first half of the
intermediate frame but should be selected such that redundant information is not
produced in relation to information from the symmetry relations between samples of
the second subset and samples of the first subset.

As used herein, “estimating a first subset” and “estimating a second subset”
relate to assigning values to the windowed time-domain aliased samples of the first
subset and of the second subset which are not necessarily the best approximations
of the values they would have had if there had not been any errors in the erroneous
packet but which achieve desired error concealment properties such that unwanted
distortion of the decoded audio signal is avoided or reduced.

-8-
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According to example embodiments the estimation of the first subset is based
on a previous decoded frame associated with the received packet, which directly
precedes the erroneous packet in the sequence of packets.

It is to be noted that basing estimations on the previous decoded frame
associated with received packet, which directly precedes the erroneous packet in the
sequence of packets, does not exclude that the estimations may additionally be
based on earlier decoded frames associated with received packets earlier in the
sequence of packets than the packet which directly precedes the erroneous packet.

Estimation of the first subset based on the previous decoded frame may in
example embodiments be combined with the first subset comprising N/4 windowed
time-domain aliased samples being the first half of the first half of the intermediate
frame, wherein sample number n of the first subset is estimated as a windowed
version of sample number n of the previous decoded frame minus a windowed
version of sample number N/2-1-n of the previous decoded frame for n equals
0,1...,N/4-1.

Example embodiments provide that the relations between windowed time-
domain aliased samples of the first subset and windowed time-domain samples of
the N windowed time-domain samples of the audio signal can be reformulated by use
of the overlap properties of the N windowed time-domain samples associated with
the erroneous packet and previous N windowed time-domain samples associated
with the received packet, which directly precedes the erroneous packet in the
sequence of packets. Hence, a relation between the windowed time-domain aliased
samples of the first subset and windowed time-domain samples of the previous N
windowed time-domain samples of the audio signal is derived. Example
embodiments further provide that the windowed time-domain samples of the previous
N windowed time-domain samples of the audio signal can be approximated by
windowed versions of samples of the previous decoded frame.

Estimation of the first subset based on the previous decoded frame,
generating an estimated decoded frame, estimating a third subset and estimating a
fourth subset may in example embodiments be combined with the first subset
comprising N/4 windowed time-domain aliased samples being the first half of the first
half of the intermediate frame, the third subset comprising N/4 windowed time-
domain aliased samples being the first half of the second half of the intermediate

-9.
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frame, and wherein sample number n of the first subset is estimated as a windowed
version of sample number n of the previous decoded frame minus a windowed
version of sample number N/2-1-n of the previous decoded frame for n equals
0,1,...,N/4-1, and wherein sample number n of the third subset is estimated as a
windowed version of sample number n of the estimated decoded frame plus a
windowed version of sample number N/2-1-n of the estimated decoded frame for n
equals 0,1,...,N/4-1.

It is to be noted that basing estimations on the estimated decoded frame
associated with the erroneous packet, does not exclude that the estimations may
additionally be based on earlier decoded frames associated with received packets
earlier in the sequence of packets than the erroneous packet.

Example embodiments provide that the windowed time-domain samples of the
previous N windowed time-domain samples of the audio signal can be approximated
by windowed versions of the samples of the previous decoded frame and of the
estimated decoded frame.

In some example embodiments the estimation of the first subset is based on
an offset set comprising N/2 samples of a previous decoded frame associated with a
received packet, which directly precedes the erroneous packet in the sequence of
packets, and a further previous decoded frame associated with a received packet,
which directly precedes the packet associated with the previous decoded frame in the
sequence of packets, the offset set comprising k last samples of the further previous
decoded frame and all samples except the k last samples of the previous decoded
frame, where k<NJ/2. In the present example embodiments, k may be set based on
maximization of self-similarity of a frame to be estimated with previous frames and k
may for example be dependent on N.

Instead of using N/2 samples of the previous decoded frame only, N-k
samples of the previous decoded frame are used together with k samples from the
further previous decoded frame. More specifically, the k last samples of the further
previous decoded frame and all samples except the k last samples of the previous
decoded frame are used. This requires that k<N/2.

Estimation of the first subset based on the previous decoded frame,
generating an estimated decoded frame, estimating a third subset and estimating a
fourth subset may in example embodiments be combined with the estimation of the

- 10 -
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first subset being further based on a further previous decoded frame associated with
a received packet, which directly precedes the packet in the sequence of packets
associated with the previous decoded frame, the first subset comprising N/4
windowed time-domain aliased samples being the first half of the first half of the
intermediate frame, the third subset comprising N/4 windowed time-domain aliased
samples being the first half of the second half of the intermediate frame, sample
number n of the first subset being estimated as a windowed version of sample
number N/2-1+n-k of the further previous decoded frame minus a windowed version
of sample number N/2-1-n-k of the previous decoded frame for n equals 0,1,....kand
estimated as windowed version of sample number n-k-1 of the previous decoded
frame minus a windowed version of sample number N/2-1-n-k of the previous
decoded frame for n equals k+1,...,N/4-1, and sample number n of the third subset
being estimated as a windowed version of sample N/2-1+n-k of the previous decoded
frame minus a windowed version of sample number N/2-1-n-k of the estimated
decoded frame for n equals 0,1,....k and wherein sample number n of the third subset
being estimated as a windowed version of sample number n-k-1 of the estimated
decoded frame plus a windowed version of sample number N/2-1-n-k of the
estimated decoded frame for n equals k+1,...,N/4-1, where ksN/4-1.

In example embodiments there is provided a decoding system for concealing
errors in packets of data that are to be decoded in an MDCT based audio decoder
arranged to decode a sequence of packets into a sequence of decoded frames, the
system comprising: a receiver section configured to receive, from an MDCT based
audio encoder arranged to encode an audio signal, a packet comprising N/2 MDCT
coefficients associated with N windowed time-domain samples of the audio signal; an
error detection section configured to identify the packet to be an erroneous packet in
that the packet comprises one or more errors; an error concealment section
configured to: estimating a first subset comprising N/4 windowed time-domain aliased
samples of a first half of an intermediate frame comprising N windowed time-domain
aliased samples associated with the erroneous packet, the estimation being based
on relations between windowed time-domain aliased samples of the first subset and
windowed time-domain samples of the N windowed time-domain samples of the
audio signal, and estimate a second subset comprising remaining N/4 windowed
time-domain aliased samples of the first half of the intermediate frame based on

S 11 -



10

15

20

25

30

WO 2016/091893 PCT/EP2015/079005

symmetry relations between windowed time-domain aliased samples of the second

subset and windowed time-domain aliased samples of the first subset.

lll. Overview — third aspect According to a third aspect, example embodiments

propose decoding methods, decoding systems, and computer program products for
decoding. The proposed methods, decoding systems and computer program
products may generally have the same features and advantages.

In some example embodiments there is provided a method for concealing
errors in packets of data that are to be decoded in an MDCT based audio decoder
arranged to decode a sequence of packets into a sequence of decoded frames. The
method includes receiving, from an MDCT based audio encoder arranged to encode
an audio signal, a packet comprising N/2 MDCT coefficients associated with N
windowed time-domain samples of the audio signal, and identifying the packet to be
an erroneous packet in that the packet comprises one or more errors. The method
further includes estimating a decoded frame comprising N/2 samples associated with
the erroneous packet to be equal to a second half of a previous intermediate frame
comprising N non-windowed time-domain samples associated with a received
packet, which directly precedes the erroneous packet in the sequence of packets.

As used herein, “N” is an even integer.

As used herein, "erroneous packet" represents a packet which includes MDCT
coefficients that differ in some way in relation to MDCT coefficients of a correct
MDCT of correct samples of the audio signal. This could mean that part of or the
whole packet is missing in the sequence of packets or that part of or the whole
packet includes distortions.

As used herein, “estimating a decoded frame” relate to assigning values to the
samples of the decoded frame which are not necessarily approximations of the
values they would have had if there had not been any errors in the erroneous packet
but which achieve desired error concealment properties such that unwanted
distortion of the decoded audio signal is avoided or reduced.

As used herein, “a second half of a previous intermediate frame” represents
the last N/2 samples of the previous intermediate frame. If the samples of the
intermediate frame are numbered consecutively from 0 to N-1, the second half would
be samples N/2 to N-1.

-12-
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In some example embodiments there is provided estimating a subsequent
decoded frame comprising N/2 samples associated with a received packet, which
directly follows the erroneous packet in the sequence of packet, to be equal to a first
half of an subsequent intermediate frame comprising non-windowed time-domain
samples associated with the received packet, which directly follows the erroneous
packet in the sequence of packets.

In some example embodiments there is provided a decoding system for
concealing errors in packets of data that are to be decoded in an MDCT based audio
decoder arranged to decode a sequence of packets into a sequence of decoded
frames, the method comprising: a receiver section configured to receive, from an
MDCT based audio encoder arranged to encode an audio signal, a packet
comprising N/2 MDCT coefficients associated with N windowed time-domain samples
of the audio signal; an error detection section configured to identify the packet to be
an erroneous packet in that the packet comprises one or more errors; an error
concealment section configured to estimate a decoded frame comprising N/2
samples associated with the erroneous packet to be equal to a second half of a
previous intermediate frame comprising non-windowed time-domain samples
associated with a received packet, which directly precedes the erroneous packet in
the sequence of packets.

In some example embodiments the method further comprises: determining
available complexity resources and determining a method to apply for concealing

errors based upon the available complexity resources.

V. Example embodiments

Figures 1A and 1B depict by way of example an MDCT and inverse transform,
respectively together with which example embodiments may be implemented. In an
audio encoding/decoding system an audio signal is typically sampled and divided into
a sequence of frames 101-105 at an encoder side, wherein each frame of the
sequence corresponds to a respective interval of time -2, t-1, t, t+1, t+2. Each of the
frames 101-105 comprises of N/2 samples, where N may be 2048, 1920, 1536 etc.
depending on the encoder type and time frequency resolution selected. Instead of
applying the MDCT to the frames 101-105, the MDCT is applied to combinations of
two neighbouring frames. Hence, MDCT makes use of overlapping and is an
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example of a so-called overlapped transform. From a sequence of frames 101-105,
each comprising N/2 time-domain samples of an audio signal, frames are combined
two and two in consecutive order with overlap, such that for example, a first frame
101 and second frame 102 of the sequence of frames 101-105 are combined to a
first combined frame 110, the second frame 102 and a third frame 103 are combined
to a second combined frame 111 etc., which means that the first combined frame 110
and the second combined frame 111 have an overlap in that they both include the
second frame 102. In order to smoothen the transition between sequential frames, a
window function wjn] (n=0, ..., N-1) is applied to each combination of two frames of
the sequence of frames to generate combined frames 110-113 of N windowed time-
domain samples. As depicted in figure 1A, the first and second frames 101 and 102
corresponding to time intervals -2 and t-1, respectively, are combined and a
windowing function is applied to the combination to generate a first combined frame
110 comprising N windowed time-domain samples x,st_z) (n=0, ..., N-1), the second
and third frames 102 and 103 corresponding to time intervals -1 and t are combined
and a windowing function is applied to the combination to generate a second
combined frame 111 comprising N windowed time-domain samples x,(f'l) (n=0, ..., N-
1), the third and fourth frames 103 and 104 corresponding to time intervals t and t+1
are combined and a windowing function is applied to the combination to generate a
third combined frame 112 comprising N windowed time-domain samples x,(f) (n=0, ...,
N-1), and the fourth and fifth frames 104 and 105 corresponding to time intervals t+1
and t+2 are combined and a windowing function is applied to the combination to
generate a fourth combined frame 113 comprising N windowed time-domain samples
x&* (n=0, ..., N-1).

An MDCT is then applied to the combined frames 110-113 resulting in a
sequence of packets 120-123, each comprising N/2 MDCT coefficients. As depicted
in figure 1A, an MDCT is applied to the first combined frame 110 to generate a first
packet 120 comprising N/2 MDCT coefficients c,Et'z) (k=0, ..., N/2-1), an MDCT is
applied to the second combined frame 111 to generate a second packet 121
comprising N/2 MDCT coefficients ¢{"™" (k=0, ..., N/2-1), an MDCT is applied to the
third combined frame 112 to generate a third packet 122 comprising N/2 MDCT
coefficients c” (k=0, ..., Ni2-1), and an MDCT is applied to the fourth combined
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(t+1)

frame 113 to generate a fourth packet 123 comprising N/2 MDCT coefficients ¢,
(k=0, ..., NI2-1).

At the decoder side, an IMDCT is applied to the packets 120-123, each
comprising N/2 MDCT coefficients, to generate intermediate frames 130-133
comprising N time-domain aliased samples. As depicted in figure 1B, an IMDCT is
applied to the first packet 120 to generate a first intermediate frame 130 comprising N

windowed time-domain aliased samples 22 (n=0, ..., N-1), an IMDCT is applied to
the second packet 121 to generate a second intermediate frame 131 comprising N

windowed time-domain aliased samples a?ff"l) (n=0, ..., N-1), an IMDCT is applied to
the third packet 122 to generate a third intermediate frame 132 comprising N

windowed time-domain aliased samples fff) (n=0, ..., N-1), and an IMDCT is applied
to the fourth packet 123 to generate a fourth intermediate frame 133 comprising N

windowed time-domain aliased samples 257 (n=0, ..., N-1).

In order to generate decoded frames 150-1 52 of decoded samples, overlap
add operations 140-142 are performed on the intermediate frames 130-133 under
consideration of the window function win]. As depicted in figure 1B, a first overlap
add operation 140 is performed between the first half of the second intermediate
frame 131 and the second half of the first intermediate frame 130 to generate a first
decoded frame 150 comprising N/2 decoded samples corresponding to time interval
t-1, a second overlap add operation 141 is performed between the first half of the
third intermediate frame 132 and the second half of the second intermediate frame
131 to generate a second decoded frame 151 comprising N/2 decoded samples
corresponding to time interval ¢, a third overlap add operation 142 is performed
between the first half of the fourth intermediate frame 133 and the second half of the
third intermediate frame 132 to generate a third decoded frame 152 comprising N/2
decoded samples corresponding to time interval t+1.

Errors may occur in a packet comprising MDCT coefficients or a packet or a
part of a packet may be lost. Unless the errors are corrected or lost packets are
reconstructed, such errors or loss may affect the decoded frame in such a way that
the decoded audio signal is impaired such that information is lost or unwanted
artefacts occur in the decoded audio signal. For example and with reference to figure
1B, if errors are detected in the third packet 122 at the decoder side, the third
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intermediate frame 132 will normally be affected by the erroneous third packet 122. In
the present document, a packet including errors will be referred to as an erroneous
packet and the intermediate frame, corresponding to a same time interval as the
erroneous packet, will be referred to as the intermediate frame associated with the
erroneous packet, or the intermediate frame comprising N time-domain aliased
samples associated with the erroneous packet. Furthermore, the second decoded
frame 151 will normally be affected by the erroneous packet as the third intermediate
frame 132 is used in the overlap add operation 141 to produce the second decoded
frame 151. In the present document, the decoded frame, corresponding to the same
time interval as the erroneous packet, will be referred to as the decoded frame
associated with the erroneous packet. Furthermore, the third decoded frame 152 will
also normally be affected by the erroneous packet as the third intermediate frame
132 is used also in the overlap add operation 142 to produce the third decoded frame
152.

Due to the overlap properties of the combined frames, a relation can be
derived according to equation 1 between the first N/2 samples of the combined frame
associated with time interval t and the last N/2 samples of the combined frame

associated with time interval t-1:

x,(f) = x,_s,_:ll),forn =0,1, ,LVZ- -1 (1)
2

Furthermore, a decoded frame is generated using overlap add between a first
half of an intermediate frame and a second half of a previous intermediate frame.
Hence, a decoded frame associated with the time interval t is generated according to:

) =250 20, forn = 01,5~ 1 (2)
2

Special properties between windowed time-domain samples of the
intermediate frames can be used in estimating intermediate frames affected by an
erroneous packet. More specifically, it can be proven that each intermediate frame
possesses odd and even symmetries between the windowed time-domain samples of
in the first and second half. For the time interval £, the following relations can be
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proven:
2 - —
2O _ 50 forn=01,..,7—1 (3)
g_,_n N—-1-n
5 Furthermore, it can be proven that windowed time-domain aliased samples

can be derived explicitly in terms of the original windowed samples of the audio
signal according to the following (see V. Britanak et al., “Fast computational

structures for an efficient implementation of the complete TDAC analysis/synthesis

MDCT/MDST filter banks”, Signal Processing, Volume 89, Issue 7 (July 2009), pages

10 1379-1394, the contents of which is incorporated herein by reference):

(8 ) ()
X, =X, " —X
n n g—l—n N

Using equation (1) in equation (4), the following relation is derived:

15
Q'(lt) - xg::) - xl(\/t——llzn N
2 —
SO (t+1)  (e+1) forn=01,..,7 -1 (5)
Xn. =xy Ty
7tn Z-1-n

In another approximation decoded frames affected by an erroneous packet
can be estimated using frames of a non-windowed time-domain aliased signal ¥,
20 according to the following:

N o x
" gm0, 1 (6)
St () R
XN-1-n xﬂ—l-—n
2

)..Cr(LC+1) R x7(1t+1) .
£§t+1) 5 (D) forn = 0,1, oy 1 (7)

N
-2——1—n ;—l—n
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In equations (6) and (7), the notation a — b indicates that variable b is
assigned value a.

Figure 2 depicts by way of example a generalized block diagram of a first
decoding system 200. The decoding system 200 is arranged to conceal errors in
packets of data that are to be decoded in a MDCT based audio decoder arranged to
decode a sequence of packets into a sequence of decoded frames.

The system includes a receiver section 201 configured to receive a sequence
of packets where each packet comprises a set of MDCT coefficients associated with
a frame comprising time-domain samples of the audio signal. The sequence of
packets is typically generated as described in relation to figure 1A by applying an
MDCT to combined frames of N windowed time-domain samples. Each packet of the
sequence of packets includes N/2 MDCT coefficients.

The decoding system 200 further comprises an error detection section (not
shown) configured to identify if a received packet is an erroneous packet in that the
received packet comprises one or more errors. The way errors are detected in the
error detection section is arbitrary and the location of the error detection section is
also arbitrary as long as erroneous packets that require error concealment are
detected and the detected erroneous packets can be identified in the error
concealment of the decoding system 200.

The decoding system 200 further comprises an error concealment section 202
configured to estimate MDCT coefficients of erroneous packets, assign signs to the
estimated MDCT coefficients, generate concealment packets and replace the
erroneous packets with the concealment packets in the sequence of packets. The
concealment packet is generated as the estimated MDCT coefficients with the
corresponding selected signs of the erroneous packet.

The decoding system 200 further comprises an IMDCT section 203 for
applying an IMDCT to each of the packets of the sequence of packets including
concealment packets which replace erroneous packets in the sequence of packets.
The output from the IMDCT section 203 is a sequence of intermediate frames of N
windowed time-domain aliased samples.

The decoding system 200 further comprises an overlap add section 204 for
performing overlap add operation between overlapping portions of consecutive
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intermediate frames in the sequence of intermediate frames in order to generate
decoded frames of N/2 samples.

In one embodiment, the estimated MDCT coefficients are based on
corresponding MDCT coefficients associated with a received packet, which directly
precedes the erroneous packet in the sequence of packets. In a further embodiment,
the estimated MDCT coefficients are selected to be equal to the corresponding
MDCT coefficients of the received packet, which directly precedes the erroneous
packet in the sequence of packets. Furthermore, signs of a first subset of MDCT
coefficients of the estimated MDCT coefficients are assigned to be equal to
corresponding signs of the corresponding MDCT coefficients of the received packet,
which directly precedes the erroneous packet in the sequence of packets. The first
subset comprises such MDCT coefficients that are associated with tonal-like spectral
bins of the packet. Signs of a second subset of MDCT coefficients of the estimated
MDCT coefficients are randomly assigned. The second subset comprises such
MDCT coefficients that are associated with noise-like spectral bins of the packet. The
error concealment section 202 continuously receives MDCT coefficients of each
packet of the sequence of packets from the receiving section 201 together with the
signs for each of the MDCT coefficients. The error concealment section 202 further
receives identification of erroneous frames from the receiving section. When an
erroneous frame is received, the error concealment section 202 can extract the
MDCT coefficients and corresponding signs of a previous packet received directly
before the erroneous packet in the sequence of packets and generate estimated
MDCT coefficients of the erroneous packet and assign signs using the MDCT
coefficients and signs together from the previous packet. When coefficients and signs
have been estimated and assigned, a concealment packet based on the estimated
MDCT coefficients and the selected signs of the packet is generated and the error
concealment section replaces the erroneous packet with the concealment packet in
the receiving section 201 and the concealment packet is forwarded from the receiving
section 201 to the MDCT section 203.

It is to be noted that when referring to estimated MDCT coefficients in relation
to estimation together with assigning a sign to each of the estimated MDCT
coefficients, this implicitly refers to the absolute value of the estimated MDCT
coefficients. Even though assignment of sign for the MDCT coefficients is disclosed
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for the first subset first and the second subset second, assignment of sign may be
performed in opposite order. Hence, in example embodiment the assignment may be
performed for the second subset first and first subset last. In fact, assignment may be
performed for the MDCT coefficients in any order. In example embodiment the
assignment may not necessarily be performed consecutively for all MDCT
coefficients associated with tonal-like spectral bins and consecutively for all MDCT
coefficients associated with noise-like spectral bins. For example, assignment may
first be made for one or more of the MDCT coefficients associated with the first
subset, then for one or more of the MDCT coefficients associated with the second
subset, then for one or more of the MDCT coefficients associated with the first subset
etc. Furthermore, a packet does not necessarily have MDCT coefficients associated
with both noise-like spectral bins and tonal-like spectral bins. Instead, a packet may
have all MDCT coefficients associated with noise-like spectral bins or all associated
with tonal-like spectral bins such that one of the first subset and the second subset is
empty. Finally, an MDCT coefficient is typically identified as either belonging to the
first subset or belonging to the second subset.

Estimating signs of MDCT coefficients based on content type may provide an
improved result in terms of error concealment properties than estimation using only
random assignment or estimations based only on signs of MDCT coefficients of
previously received packets in the sequence of packets. MDCT coefficients relating
to noise-like spectral bins may be sufficiently accurate if estimated by means of
random assignment, whereas MDCT coefficients relating to tonal-like spectral bins
may provide improved results in terms of error concealment properties by means of
assignment based on corresponding MDCT coefficients of the received packet, which
directly precedes the erroneous packet in the sequence of packets. Furthermore, as
the MDCT coefficients are estimated based on corresponding MDCT coefficients
associated with the received packet, which directly precedes the erroneous packet in
the sequence of packets, error concealment can be achieved using data from
previously received packets only.

In some prior art, more complex methods have been used including estimation
of signs for all MDCT coefficients and using no random assignment. In other prior art,
additional metadata have been provided for use in estimating the sign which adds
further complexity to the method and requires change of the data streams from the
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coder to the decoder. Furthermore, such metadata has to be transferred in packets
following the erroneous packets which delays the time when estimation of signs can
be performed in the decoding system.

By selecting the estimated MDCT coefficients to be equal to the corresponding
MDCT coefficients of a preceding packet, complexity may be kept low whilst a
concealment packet may be achieved providing desired error concealment properties
if this is combined with estimation of signs of MDCT coefficients based on content
type according to example embodiments.

In a further embodiment the MDCT coefficients of the previbus packet are
energy adjusted in scale-factor band resolution by an energy scaling factor before
they are selected as an estimation of the MDCT coefficients of the erroneous packet.

By selecting the estimated MDCT coefficients to be equal to the corresponding
MDCT coefficients of a preceding packet, energy adjusted in scale-factor band
resolution by an energy scaling factor, the error concealment properties achieved by
the concealment packet may be enhanced whilst complexity may only be increased
slightly.

There are several alternative ways of determining whether a MDCT coefficient
of a packet (for example an erroneous packet) in the sequence of packets is
associated with a tonal-like spectral bin or a noise-like spectral bin. In one example,
the determining is based on spectral peak detection of an approximation of a power
spectrum associated with the erroneous packet, wherein the approximated power
spectrum is based on the power spectrum associated with the received packet, which
directly precedes the erroneous packet in the sequence of packets. In another
example, a MDCT sub-band spectral flatness measure is used. If the value of a
MDCT sub-band spectral flatness is above a certain threshold the sub-band
spectrum is flat which implies that it is noisy. Otherwise, the spectrum is peaky which
implies that it is tonal. MDCT sub-band flatness is estimated as the ratio between the
geometric mean and the arithmetic mean of the magnitude of MDCT coefficients. It
expresses the deviation of a power spectrum of a signal from a flat shape. This
measure is computed on a band-by-band basis, where the term “band” relates to a
set of MDCT coefficients and the width of these bands are according to perceptually
relevant scale-factor band resolution. For a description of spectral flatness measure
reference is made to N. Jayant and P. Noll, Digital Coding of Waveforms, Principles
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and Applications to Speech and Video, Englewood Cliffs, NJ: Prentice-Hall (1984). In
a further example, determining is based on metadata received in the packets or in a
bit stream comprising the sequence of packets and the metadata. The metadata to
be used may for example be metadata used for controlling certain audio decoder
processing based on audio content-type. In AC-4 for example, there is a companding
tool which has to be switched off for tonal signals. Hence, if metadata is received
indicating that the companding is switched off, the signal can be assumed to be
tonal. Also, if for example longest MDCT is used, the audio content is most likely a
tonal signal.

In one embodiment, the symmetry relations of equation (3) between the
windowed time-domain aliased samples of the intermediate frame associated with an
erroneous frame are used to modify the windowed time-domain aliased samples of
the intermediate frame associated with an erroneous frame. When an erroneous
frame has been identified associated with time interval t, a concealment packet is
generated in the error concealment section 202 and the concealment packet
replaces the erroneous frame. In the IMDCT section 203, an IMDCT is applied to the
concealment packet which generates an intermediate frame associated with the
erroneous packet. The generated intermediate frame associated with the erroneous
packet is forwarded from the IMDCT section 203 to the error concealment section
202. The error concealment section 202 then modifies the windowed time-domain
aliased samples of the generated intermediate frame such that the relations of
equation (3) are better satisfied.

Symmetry relations that can be proved between windowed time-domain
aliased samples of the intermediate frame may be used to modify windowed time-
domain aliased samples of the intermediate frame in order to enhance error
concealment properties. An enhancement of the error concealment properties may
then achieved whilst complexity may only be increased slightly.

In a further embodiment, the relations of equation (5) between the windowed
time-domain aliased samples of the intermediate frame associated with an erroneous
frame and the original data samples are used to modify the windowed time-domain
aliased samples of the intermediate frame associated with an erroneous frame.
When an erroneous frame has been identified associated with time interval ¢, a

concealment packet is generated in the error concealment section 202 and the
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concealment packet replaces the erroneous frame. In the IMDCT section 203, an
IMDCT is applied to the concealment packet which generates an intermediate frame
associated with the erroneous packet. The generated intermediate frame associated
with the erroneous packet is forwarded from the IMDCT section 203 to the error
concealment section 202. The error concealment section 202 then modifies the
windowed time-domain aliased samples of the generated intermediate frame such
that the relations of equation (5) are better satisfied. For example, the right hand side
of the first relation of equation (5) relating to the first half of the intermediate frame
associated with the erroneous packet is approximated by a past decoded frame
associated with time interval t-1 received in the error estimation section 202 from the
overlap add section 204. The result is an alternative estimation of the first half of the
intermediate frame associated with the erroneous packet which can be used to
modify the first half of the intermediate frame associated with the erroneous packet
as generated by applying an IMDCT to the concealment packet generated in the
concealment section 202. Furthermore, the right hand side of the second relation of
equation (5) relating to the second half of the intermediate frame associated with the
erroneous packet is approximated by a decoded frame associated with time interval ¢,
that is the decoded frame based on the modified first half of the intermediate frame
associated with the erroneous packet. The decoded frame associated with time
interval tis received in the error estimation section 202 from the overlap add section
204. The result is an alternative estimation of the second half of the intermediate
frame associated with the erroneous packet which can be used to modify the second
half of the intermediate frame associated with the erroneous packet as generated by
applying an IMDCT to the concealment packet generated in the concealment section
202.

Figure 3 depicts by way of example a generalized block diagram of a second
decoding system 300. The decoding system 300 is arranged to conceal errors in
packets of data that are to be decoded in a MDCT based audio decoder arranged to
decode a sequence of packets into a sequence of decoded frames.

The system includes a receiver section 301 configured to receive a sequence
of packets where each packet comprises a set of MDCT coefficients associated with
a frame comprising time-domain samples of the audio signal. The sequence of
packets is typically generated as described in relation to figure 1A by applying an
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MDCT to combined frames of N windowed time-domain samples. Each packet of the
sequence of packets includes N/2 MDCT coefficients.

The decoding system 300 further comprises an error detection section (not
shown) configured to identify if a received packet is an erroneous packet in that the
received packet comprises one or more errors. The way errors are detected in the
error detection section is arbitrary and the location of the error detection section is
also arbitrary as long as erroneous packets are detected that require error
concealment and that the detected erroneous packets can be identified in the error
concealment of the decoding system 300.

The decoding system 300 further comprises an error concealment section 302
configured to estimate the windowed time-domain aliased samples of an intermediate
frame comprising N windowed time-domain aliased samples associated with the
erroneous packet.

The decoding system 300 further comprises an IMDCT section 303 for
applying an IMDCT to each of the packets of the sequence of packets. The output
from the IMDCT section 303 is a sequence of intermediate frames of N windowed
time-domain aliased samples.

The error concealment section 302 is further configured to replace an
intermediate frame comprising N windowed time-domain aliased samples associated
with an erroneous packet with an estimated intermediate frame.

The decoding system 300 further comprises an overlap add section 304 for
performing overlap add operation between overlapping portions of consecutive
intermediate frames in the sequence of intermediate frames in order to generate
decoded frames of N/2 samples.

In an embodiment, when an erroneous packet is identified in a time interval ¢,
an intermediate frame associated with the erroneous packet may be estimated. The
estimation is performed using the relation between windowed time-domain aliased
samples of the intermediate frame associated with time interval t and terms of the
original windowed samples of the audio signal of equation (5) and the symmetry
relations of equation (3). A first subset comprising the first N/4 windowed time-
domain aliased samples of the first half of the intermediate frame comprising N
windowed time-domain aliased samples associated with the erroneous packet, that is
associated with timer interval ¢, are estimated. The estimation is made by means of
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the first relation of equation (5), where the samples of right hand side are
approximated with samples of the previous decoded frame, where the previous
decoded frame is associated with time interval t-1. The decoded frame associated
with time interval t-1 is received in the error estimation section 302 from the overlap
add section 304. More specifically, sample number n of the first subset is estimated
as a windowed version of sample number n of the previous decoded frame minus a
windowed version of sample number N/2-1-n of the previous decoded frame for n =
0,1...,N/4-1. The second subset comprising the remaining, that is the last, N/4
windowed time-domain aliased samples of the first half of the intermediate frame are
estimated by means of the symmetry relations of equation (3). An estimated decoded
frame associated with the erroneous packet, that is associated with time interval t, is
generated in the overlap add section 304 by adding the first half of the estimated
intermediate frame to a second half of a previous intermediate frame associated with
the received packet, which directly precedes the erroneous packet in the sequence of
packets, that is associated with time interval t-1.

By using symmetry relations between windowed time-domain aliased samples
of the second subset and windowed time-domain aliased samples of the first subset
to estimate the second subset, a reduction of the complexity of the estimation may be
achieved whilst maintaining the achieved error concealment properties.

By using the previous decoded frame as an approximation in the relations
between windowed time-domain aliased samples of the first subset and windowed
time-domain samples of the N windowed time-domain samples of the audio signal for
generating the estimation of the first subset, a low complexity of the estimation may
be achieved whilst achieving desired error concealment properties.

A third subset comprising the first N/4 windowed time-domain aliased samples
of a second half of the intermediate frame associated with the erroneous packet is
estimated. The estimation is made by means of the second relation of equation (5),
where the samples of right hand side are approximated with samples of the
estimated decoded frame, where the estimated decoded frame is associated with the
erroneous packet, that is with time interval t. The estimated decoded frame
associated with time interval t is received in the error estimation section 302 from the
overlap add section 304.More specifically, sample number n of the third subset is
estimated as a windowed version of sample number n of the estimated decoded
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frame plus a windowed version of sample number N/2-1-n of the estimated decoded
frame for n = 0,1,...,N/4-1.The fourth subset comprising remaining, that is the last,
N/4 windowed time-domain aliased samples of the second half of the intermediate
frame are estimated by means of the symmetry relations of equation (3). It is to be
noted that sample number n of the third subset is sample number N/2+n of the
intermediate frame for n = 0,1,...,N/4-1 as the third subset is the first half of the
second half of the intermediate frame. A subsequent estimated decoded frame
associated with the received packet, which directly follows the erroneous packet, that
is associated with time interval t+1, is generated in the overlap add section 304 by
adding the second half of the estimated intermediate frame associated with time
interval t to a first half of the subsequent estimated intermediate frame.

In an alternative embodiment, the estimation of the first subset is based on an
offset set comprising N/2 samples of a previous decoded frame associated with time
interval t-1, and a further previous decoded frame associated time interval -2 (not
shown) and the estimation of the third subset is based on an offset set comprising
N/2 samples of an estimated decoded frame associated with time interval ¢, and the
previous decoded frame associated time interval -1. The offset set comprising k last
samples of the further previous decoded frame and all samples except the k last
samples of the previous decoded frame, where k<N/2. More specifically, for ksN/4-1,
sample number n of the first subset is estimated as a windowed version of sample
number N/2-1+n-k of the further previous decoded frame (not shown) minus a
windowed version of sample number N/2-1-n-k of the previous decoded frame for n =
0,1,...,k. Sample number n of the first subset is estimated as windowed version of
sample number n-k-1 of the previous decoded frame minus a windowed version of
sample number N/2-1-n-k of the previous decoded frame for n equals k+1,...,N/4-1.
Sample number n of the third subset is estimated as a windowed version of sample
N/2-1+n-k of the previous decoded frame minus a windowed version of sample
number N/2-1-n-k of the estimated decoded frame for n = 0,1,...,k. Sample number n
of the third subset is estimated as a windowed version of sample number n-k-1 of the
estimated decoded frame plus a windowed version of sample number N/2-1-n-k of
the estimated decoded frame for n = k+1,...,N/4-1.

The value of k may be computed to maximize self-similarity of a frame to be
estimated with previous frames or it may be pre-computed to save complexity.
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Furthermore, k is typically dependenton N.

Error concealment properties may be improved in relation to when windowed
versions of the samples of the previous decoded frame only are used for estimating
the windowed time-domain aliased samples of the first subset. More specifically,
enhanced error concealment properties may result from using an offset by a number
of samples or an offset in time in the estimation of the windowed time-domain aliased
samples of the first subset.

Figure 4 depicts by way of example a generalized block diagram of a third
decoding system 400. The decoding system 400 is arranged to conceal errors in
packets of data that are to be decoded in a MDCT based audio decoder arranged to
decode a sequence of packets into a sequence of decoded frames.

The system includes a receiver section 401 configured to receive a sequence
of packets where each packet comprises a set of MDCT coefficients associated with
a frame comprising time-domain samples of the audio signal. The sequence of
packets is typically generated as described in relation to figure 1A by applying an
MDCT to combined frames of N windowed time-domain samples. Each packet of the
sequence of packets includes N/2 MDCT coefficients.

The decoding system 400 further comprises an error detection section (not
shown) configured to identify if a received packet is an erroneous packet in that the
received packet comprises one or more errors. The way errors are detected in the
error detection section is arbitrary and the location of the error detection section is
also arbitrary as long as erroneous packets are detected that require error
concealment and that the detected erroneous packets can be identified in the error
concealment of the decoding system 400.

The decoding system 400 further comprises an error concealment section 402
configured to estimated a decoded frame comprising N/2 samples associated with
the erroneous packet to generate an estimated decoded frame. The decoded frame
is estimated to be equal to a second half of a previous intermediate frame comprising
N non-windowed time-domain samples associated with a received packet, which
directly precedes the erroneous packet in the sequence of packets.

The decoding system 400 further comprises an IMDCT section 403 for
applying an IMDCT to each of the packets of the sequence of packets. The output
from the IMDCT section 403 is a sequence of intermediate frames of N windowed
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time-domain aliased samples.

The decoding system 400 further comprises an overlap add section 404 for
performing overlap add operation between overlapping portions of consecutive
intermediate frames in the sequence of intermediate frames in order to generate
decoded frames of N/2 samples.

The error concealment section 402 is further configured to estimate a
subsequent decoded frame comprising N/2 samples associated with a received
packet, which directly follows the erroneous packet in the sequence of packet, to be
equal to a first half of an subsequent intermediate frame comprising non-windowed
time-domain samples associated with the received packet, which directly follows the
erroneous packet in the sequence of packets. The error concealment section 402 is
further configured to replace a decoded frame associated with the erroneous packet
from the overlap add section 404 with the estimated decoded packet and to replace a
subsequent decoded frame associated with the erroneous packet from the overlap
add section 404 with the estimated decoded packet.

The decoding system 400 makes use of the approximations of equations (6)
and (7).

Estimation of samples of a decoded frame of samples associated with the
erroneous packet with non-windowed time-domain samples of a previous
intermediate frame may provide a low complexity method for providing error
concealment.

Furthermore, an adaptable method may be provided where available
complexity resources are determined, for example the method continuously
determine the level of complexity allowed for error concealment. For example, when
an erroneous packet is identified, the available complexity resources are determined
and, a method for error concealment is selected in accordance with the determined

available resources.

V. Equivalents, extensions, alternatives and miscellaneous

Further embodiments of the present disclosure will become apparent to a
person skilled in the art after studying the description above. Even though the
present description and drawings disclose embodiments and examples, the
disclosure is not restricted to these specific examples. Numerous modifications and
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variations can be made without departing from the scope of the present disclosure,
which is defined by the accompanying claims. Any reference signs appearing in the

claims are not to be understood as limiting their scope.

Additionally, variations to the disclosed embodiments can be understood and
effected by the skilled person in practicing the disclosure, from a study of the
drawings, the disclosure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps, and the indefinite article "a"
or "an" does not exclude a plurality. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that a combination of these
measured cannot be used to advantage.

The devices and methods disclosed hereinabove may be implemented as
software, firmware, hardware or a combination thereof. in a hardware
implementation, the division of tasks between functional units referred to in the above
description does not necessarily correspond to the division into physical units; to the
contrary, one physical component may have multiple functionalities, and one task
may be carried out by several physical components in cooperation. Certain
components or all components may be implemented as software executed by a
digital signal processor or microprocessor, or be implemented as hardware or as an
application-specific integrated circuit. Such software may be distributed on computer
readable media, which may comprise computer storage media (or non-transitory
media) and communication media (or transitory media). The software may be
distributed on specially-programmed devices which may be generally referred to
herein as "modules”. Software component portions of the modules may be written in
any computer language and may be a portion of a monolithic code base, or may be
developed in more discrete code portions, such as is typical in object-oriented
computer languages. In addition, the modules may be distributed across a plurality of
computer platforms, servers, terminals, mobile devices and the like. A given module
may even be implemented such that the described functions are performed by
separate processors and/or computing hardware platforms. As is well known to a
person skilled in the art, the term computer storage media includes both volatile and
nonvolatile, removable and non-removable media implemented in any method or
technology for storage of information such as computer readable instructions, data
structures, program modules or other data. Computer storage media includes, but is
not limited to, RAM, ROM, EEPROM, flash memory or other memory technology,
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CD-ROM, digital versatile disks (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,
or any other medium which can be used to store the desired information and which
can be accessed by a computer. As used in this application, the term “section” refers
to all of the following: (a)hardware-only circuit implementations (such as
implementations in only analog and/or digital circuitry) and (b) to combinations of
circuits and software (and/or firmware), such as (as applicable): (i) to a combination
of processor(s) or (ii) to portions of processor(s)/software (including digital signal
processor(s)), software, and memory(ies) that work together to cause an apparatus,
such as a mobile phone or server, to perform various functions) and (c) to circuits,
such as a microprocessor(s) or a portion of a microprocessor(s), that require software
or firmware for operation, even if the software or firmware is not physically present.
Further, it is well known to the skilled person that communication media typically
embodies computer readable instructions, data structures, program modules or other
data in a modulated data signal such as a carrier wave or other transport mechanism
and includes any information delivery media.
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CLAIMS

1. A method for concealing errors in packets of data that are to be decoded in a
modified discrete cosine transform (MDCT) based audio decoder arranged to decode
a sequence of packets into a sequence of decoded frames, the method comprising:

receiving, from an MDCT based audio encoder arranged to encode an audio
signal, a packet comprising a set of MDCT coefficients associated with a frame
comprising time-domain samples of the audio signal,

identifying the received packet to be an erroneous packet in that the received
packet comprises one or more errors;

generating estimated MDCT coefficients to replace the set of MDCT
coefficients of the erroneous packet, the estimated MDCT coefficients being based
on corresponding MDCT coefficients associated with a received packet, which
directly precedes the erroneous packet in the sequence of packets;

assigning signs of a first subset of MDCT coefficients of the estimated MDCT
coefficients, wherein the first subset comprises such MDCT coefficients that are
associated with tonal-like spectral bins of the packet, to be equal to corresponding
signs of the corresponding MDCT coefficients of the received packet, which directly
precedes the erroneous packet in said sequence of packets;

randomly assigning signs of a second subset of MDCT coefficients of the
estimated MDCT coefficients, wherein the second subset comprises such MDCT
coefficients that are associated with noise-like spectral bins of the packet;

generating a concealment packet based on the estimated MDCT coefficients
and the selected signs of the packet; and

replacing the erroneous packet with the concealment packet.

2. The method of claim 1, further comprising:

determining, for each of the estimated MDCT coefficients, whether the MDCT
coefficient is associated with a tonal-like spectral bin or a noise-like spectral bin
based on spectral peak detection of an approximation of a power spectrum
associated with the erroneous packet, wherein the approximated power spectrum is
based on the power spectrum associated with the received packet, which directly
precedes the erroneous packet in said sequence of packets.
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3. The method of claim 1, further comprising:

determining, for each of the estimated MDCT coefficients, whether the MDCT
coefficient is associated with a tonal-like spectral bin or a noise-like spectral bin
based on metadata associated with the packet, wherein the metadata is received in a
bit stream comprising the sequence of packets and the metadata.

4. The method of any one of claims 1-3, wherein the estimated MDCT
coefficients are selected to be equal to the corresponding MDCT coefficients of the
received packet, which directly precedes the erroneous packet in said sequence of
packets.

5. The method of any one of claims 1-3, wherein the estimated MDCT
coefficients are selected to be equal to the corresponding MDCT coefficients of the
received packet, which directly precedes the erroneous packet in said sequence of
packets, energy adjusted in scale-factor band resolution by an energy scaling factor.

6. The method of any one of claims 1-5, wherein the received packet comprises
N/2 MDCT coefficients associated with N windowed time-domain samples of the
audio signal, further comprising:

generating an intermediate frame comprising N windowed time-domain aliased
samples from the concealment frame by means of inverse MDCT (IMDCT);

modifying windowed time-domain aliased samples of the intermediate frame
based on symmetry relations between the windowed time-domain aliased samples of
the intermediate frame.

7. The method of claim 6, wherein the modifying uses symmetry relations
between the first half of the first half of the intermediate frame comprising N
windowed time-domain aliased samples and the second half of the first half of the
intermediate frame comprising N windowed time-domain aliased samples, and
symmetry relations between the first half of the second half of the intermediate frame
comprising N windowed time-domain aliased samples and the second half of the
second half of the intermediate frame comprising N windowed time-domain aliased
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samples.

8. The method of any one of claims 1-7, wherein the received packet comprises
N/2 MDCT coefficients associated with N windowed time-domain samples of the
audio signal, further comprising:

generating an intermediate frame comprising N windowed time-domain aliased
samples from the concealment frame by means of IMDCT,;

modifying windowed time-domain aliased samples of the intermediate frame
based on relations between the windowed time-domain aliased samples of the
intermediate frame and windowed time-domain samples of the N time-domain
samples of the audio signal. |

9. The method of any one of claims 6-8, wherein the received packet comprises
N/2 MDCT coefficients associated with N windowed time-domain samples of the
audio signal, further comprising:

generating an estimated decoded frame by adding first half of the generated
intermediate frame to a second half of a previous generated intermediate frame
comprising N windowed time-domain aliased samples associated with the received
packet, which directly precedes the erroneous packet in the sequence of packets.

10. The method of any one of claims 1-5, wherein the received packet comprises
N/2 MDCT coefficients associated with N windowed time-domain samples of the
audio signal, further comprising:

generating an intermediate frame comprising N windowed time-domain aliased
samples from the concealment frame by means of IMDCT;

generating an estimated decoded frame by adding first half of the generated
intermediate frame to a second half of a previous generated intermediate frame
comprising N windowed time-domain aliased samples associated with the received
packet, which directly precedes the erroneous packet in the sequence of packets.

11. A decoding system for concealing errors in packets of data that are to be
decoded in a modified discrete cosine transform (MDCT) based audio decoder
arranged to decode a sequence of packets into a sequence of decoded frames, the
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system comprising:

a receiver section configured to receive, from an MDCT based audio encoder
arranged to encode an audio signal, a packet comprising a set of MDCT coefficients
associated with a frame comprising time-domain samples of the audio signal;

an error detection section configured to identify the received packet to be an
erroneous packet in that the received packet comprises one or more errors; and

an error concealment section configured to:

generate estimated MDCT coefficients to replace the set of MDCT
coefficients of the erroneous packet, the estimated MDCT coefficients being
based on corresponding MDCT coefficients associated with a received packet,
which directly precedes the erroneous packet in the sequence of packets;
assign signs of a first subset of MDCT coefficients of the estimated MDCT
coefficients, wherein the first subset comprises such MDCT coefficients that
are associated with tonal-like spectral bins of the packet, to be equal to
corresponding signs of the corresponding MDCT coefficients of the received
packet, which directly precedes the erroneous packet in the sequence of
packets;

randomly assign signs of a second subset of MDCT coefficients of the
estimated MDCT coefficients, wherein the second subset comprises such

MDCT coefficients that are associated with noise-like spectral bins of the

packet;

generate a concealment packet based on the estimated MDCT
coefficients and the selected signs of the packet; and
replacing the erroneous packet with the concealment packet.

12. A method for concealing errors in packets of data that are to be decoded in a
modified discrete cosine transform (MDCT) based audio decoder arranged to decode
a sequence of packets into a sequence of decoded frames, the method comprising:
receiving, from an MDCT based audio encoder arranged to encode an audio
signal, a packet comprising N/2 MDCT coefficients associated with N windowed time-
domain samples of the audio signal;
identifying the packet to be an erroneous packet in that the packet comprises

one or more errors,
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estimating a first subset comprising N/4 windowed time-domain aliased
samples of a first half of an intermediate frame comprising N windowed time-domain
aliased samples associated with the erroneous packet, the estimation being based
on relations between windowed time-domain aliased samples of the first subset and
windowed time-domain samples of the N windowed time-domain samples of the
audio signal; and

estimating a second subset comprising remaining N/4 windowed time-domain
aliased samples of the first half of the intermediate frame based on symmetry
relations between windowed time-domain aliased samples of the second subset and

windowed time-domain aliased samples of the first subset.

13.  The method according to claim 12, further comprising:

generating an estimated decoded frame associated with the erroneous packet
by adding the first half of the intermediate frame to a second half of a previous
intermediate frame associated with a received packet, which directly precedes the

erroneous packet in the sequence of packets.

14.  The method according to claim 12, wherein the estimation of the first subset is
based on a previous decoded frame associated with a received packet, which directly
precedes the erroneous packet in the sequence of packets.

15. The method according to claim 14, further comprising:

generating an estimated decoded frame associated with the erroneous packet
by adding the first half of the intermediate frame to a second half of a previous
intermediate frame associated with the received packet, which directly precedes the
erroneous packet in the sequence of packets;

estimating a third subset comprising N/4 windbwed time-domain aliased
samples of a second half of the intermediate frame associated with the erroneous
packet, the estimation being based on the estimated decoded frame associated with
the erroneous packet; and

estimating a fourth subset comprising remaining N/4 windowed time-domain
aliased samples of the second half of the intermediate frame based on symmetry

relations between windowed time-domain aliased samples of the fourth subset and

-35.



10

15

20

25

30

WO 2016/091893 PCT/EP2015/079005

windowed time-domain aliased samples of the estimated third subset.

16.  The method according to claim 15, further comprising:

generating a subsequent estimated decoded frame associated with the
received packet, which directly follows the erroneous packet in the sequence of
packets, by adding the second half of the intermediate frame to a first half of a
subsequent intermediate frame associated with the received packet, which directly

follows the erroneous packet in the sequence of packets.

17.  The method according to claim 14, wherein the first subset comprising N/4
windowed time-domain aliased samples is the first half of the first half of the
intermediate frame, and wherein sample number n of the first subset is estimated as
a windowed version of sample number n of the previous decoded frame minus a
windowed version of sample number N/2-1-n of the previous decoded frame for n
equals 0,1...,N/4-1.

18.  The method according to claim 15, wherein the first subset comprising N/4
windowed time-domain aliased samples is the first half of the first half of the
intermediate frame, the third subset comprising N/4 windowed time-domain aliased
samples is the first half of the second half of the intermediate frame, and wherein
sample number n of the first subset is estimated as a windowed version of sample
number n of the previous decoded frame minus a windowed version of sample
number N/2-1-n of the previous decoded frame for n equals 0,1,...,N/4-1, and wherein
sample number n of the third subset is estimated as a windowed version of sample
number n of the estimated decoded frame plus a windowed version of sample

number N/2-1-n of the estimated decoded frame for n equals 0,1,...,N/4-1.

19.  The method according to claim 12, wherein the estimation of the first subset is
based on an offset set comprising N/2 samples of a previous decoded frame
associated with a received packet, which directly precedes the erroneous packet in
the sequence of packets, and a further previous decoded frame associated with a
received packet, which directly precedes the packet associated with the previous
decoded frame in the sequence of packets, said offset set comprising k last samples
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of the further previous decoded frame and all samples except the k last samples of
the previous decoded frame, where k<N/2.

20. The method according to claim 19, wherein k is set based on maximization of

self-similarity of a frame to be estimated with previous frames.

21.  The method according to any one of claim 19 and 20, wherein k is dependent

on N.

22. The method of claim 15,

wherein the estimation of the first subset is further based on a further previous
decoded frame associated with a received packet, which directly precedes the packet
in the sequence of packets associated with the previous decoded frame,

wherein the first subset comprising N/4 windowed time-domain aliased
samples is the first half of the first half of the intermediate frame, the third subset
comprising N/4 windowed time-domain aliased samples is the first half of the second
half of the intermediate frame,

wherein sample number n of the first subset is estimated as a windowed
version of sample number N/2-1+n-k of the further previous decoded frame minus a
windowed version of sample number N/2-1-n-k of the previous decoded frame for n
equals 0,1,...,k and estimated as windowed version of sample number n-k-1 of the
previous decoded frame minus a windowed version of sample number N/2-1-n-k of
the previous decoded frame for n equals k+1,...,N/4-1, and

wherein sample number n of the third subset is estimated as a windowed
version of sample N/2-1+n-k of the previous decoded frame minus a windowed
version of sample number N/2-1-n-k of the estimated decoded frame for n equals
0,1,....k and wherein sample number n of the third subset is estimated as a windowed
version of sample number n-k-1 of the estimated decoded frame plus a windowed
version of sample number N/2-1-n-k of the estimated decoded frame for n equals
k+1,...,NI4-1, where ksN/4-1. |
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23. Adecoding system for concealing errors in packets of data that are to be
decoded in a modified discrete cosine transform (MDCT) based audio decoder
arranged to decode a sequence of packets into a sequence of decoded frames, the
system comprising:

a receiver section configured to receive, from an MDCT based audio encoder
arranged to encode an audio signal, a packet comprising N/2 MDCT coefficients
associated with N windowed time-domain samples of the audio signal;

an error detection section configured to identify the packet to be an erroneous
packet in that the packet comprises one or more errors;

an error concealment section configured to:

estimating a first subset comprising N/4 windowed time-domain aliased
samples of a first half of an intermediate frame comprising N windowed time-
domain aliased samples associated with the erroneous packet, the estimation
being based on relations between windowed time-domain aliased samples of
the first subset and windowed time-domain samples of the N windowed time-
domain samples of the audio signal, and

estimate a second subset comprising remaining N/4 windowed time-
domain aliased samples of the first half of the intermediate frame based on
symmetry relations between windowed time-domain aliased samples of the
second subset and windowed time-domain aliased samples of the first subset.

24. A method for concealing errors in packets of data that are to be decoded in a
modified discrete cosine transform (MDCT) based audio decoder arranged to decode
a sequence of packets into a sequence of decoded frames, the method comprising:

receiving, from an MDCT based audio encoder arranged to encode an audio
signal, a packet comprising N/2 MDCT coefficients associated with N windowed time-
domain samples of the audio signal,

identifying the packet to be an erroneous packet in that the packet comprises
one or more errors;

estimating a decoded frame comprising N/2 samples associated with the
erroneous packet to be equal to a second half of a previous intermediate frame
comprising N non-windowed time-domain samples associated with a received

packet, which directly precedes the erroneous packet in the sequence of packets.
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25. The method of claim 24, further compriSing:

estimating a subsequent decoded frame comprising N/2 samples associated
with a received packet, which directly follows the erroneous packet in the sequence
of packet, to be equal to a first half of an subsequent intermediate frame comprising
non-windowed time-domain samples associated with the received packet, which
directly follows the erroneous packet in the sequence of packets.

26. A decoding system for concealing errors in packets of data that are to be
decoded in a modified discrete cosine transform (MDCT) based audio decoder
arranged to decode a sequence of packets into a sequence of decoded frames, the
system comprising:

a receiver section configured to receive, from an MDCT based audio encoder
arranged to encode an audio signal, a packet comprising N/2 MDCT coefficients
associated with N windowed time-domain samples of the audio signal,

an error detection section configured to identify the packet to be an erroneous
packet in that the packet comprises one or more errors,

an error concealment section configured to estimate a decoded frame
comprising N/2 samples associated with the erroneous packet to be equal to a
second half of a previous intermediate frame comprising non-windowed time-domain
samples associated with a received packet, which directly precedes the erroneous
packet in the sequence of packets.

27.  The method of any one of claims 1-10, 12-22, 24 and 25 further comprising:
determining available complexity resources and
determining which one of the methods of claims 1-10, 12-22,24 and 25 to

apply for concealing errors based upon the available complexity resources.

28. A computer program product comprising a computer-readable medium with
instructions for performing the method of any of claims 1-10, 12-22, 24,25 and 27.
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through the multiple possible dependencies claimed with the wording "The
method of any one of claims 1-10, 12-22, 24 and 25" combined with the
step "determining which one of the methods of claims 1-10, 12-22, 24 and
25 Claim 27 does not meet the requirements of Art. 6 PCT and a
meaningful search is thus not deemed practicable.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter 11 procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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