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Method and apparatus for audio coding

The present invention relates to coding, and in particular, but not exclusively to speech

or audio coding.
BackgroUnd

Audio signals, like speech or music, are encoded for example to enable efficient

transmission or storage of the audio signals.

Audio encoders and decoders are used to represent audio based signals, such as
music and ambient sounds (which in speech coding terms can be called background
noise). These types of coders typically do not utilise a speech model for the coding
process, rather they use processes for representing all types of audio signals, including

speech.

Speech encoders and decoders (codecs) are usually optimised for speech signals, and

can operate at either a fixed or variable bit rate.

An audio codec can also be configured to operate with varying bit rates. At lower bit
rates, such an audio codec may work with speech signals at a coding rate equivalent to
a pure speech codec. At higher bit rates, the audio codec may code any signal

including music, background noise and speech, with higher quality and performance.

In some audio codecs the input signal is divided into a limited number of bands.
Furthermore some codecs use the correlation between the low and high frequency

bands or regions of an audio signal to improve the coding efficiency of the codecs.

As typically the higher frequency bands of the spectrum are generally quite similar to
the lower frequency bands some codecs encode only the lower frequency bands and
reproduce the upper frequency bands as a scaled lower frequency band copy. Thus by
only using a small amount of additional control information considerable savings can be

achieved in the total bit rate of the codec.
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One such codec for coding the high frequency region is known as higher frequency
region (HFR) coding. One form of higher frequency region coding is spectral-band-
replication (SBR), which has been developed by Coding Technologies. In SBR, a
known audio coder, such as Moving Pictures Expert Group MPEG-4 Advanced Audio
Coding (AAC) or MPEG-1 Layer lll (MP3) coder, codes the low frequency region. The
higher frequency region is generated separately utilizing the coded low frequency

region.

In SBR coding, the higher frequency region is obtained by transposing the lower
frequency region to the higher frequencies. The transposition is based on a Quadrature
Mirror Filters (QMF) filter bank with 32 bands and is performed such that it is
predefined from which band samples each high frequency band sample is constructed.
This is done independently of the characteristics of the input signal.

The higher frequency bands are modified based on additional information. The filtering
is done to make particular features of the synthesized high frequency region more
similar with the original one. Additional components, such as sinusoids or noise, are
added to the high frequency region to increase the similarity with the original high
frequency region. Finally, the envelope is adjusted to follow the envelope of the original

high frequency spectrum.

Higher frequency region coding however does not produce an identical copy of the
original high frequency region. Specifically, the known higher frequency region coding
mechanisms perform relatively poorly where the input signal has narrow power spectral

peaks, in other words does not have a spectrum with strongly noise-like characteristics.

Therefore based on the signal characteristics of a typical audio signal and the
characteristics of human hearing, it has been found beneficial to exploit the
dependencies between lower frequencies and higher frequencies of audio signals in
audio coding. For example, after a division of a full band (20 kilohertz bandwidth)
audio signal equally into two frequency regions it has been found that often the higher
band is quite similar to the lower band. This is especially beneficial because the higher
frequencies are not generally as sensitive to coding errors which are introduced during

the compression process as the low frequency part of the signal. This suggests that a
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lower bitrate (and a higher compression ratio) can be used for the high frequency
content than the corresponding low frequency content and that the high frequency
coding can be at least partially based on lower frequency coding. This has given rise
to so-called bandwidth extension methods commonly employed in modern low rate
audio coding. However, with decreasing bitrates noisy decoded signals are produced
as the spectral shape of the low frequency signal does not provide as good a starting

point for sufficiently good representation of the higher frequency coding.

For example an adaptive multi-rate wideband (AMR-WB) based low bitrate super
wideband extension highlights limitations with regards to existing super wideband
coding methods. The lower quality of the low band signal makes it harder to obtain
good quality high band signals as it is more difficult to find spectral shapes with a good
match for the high band when the low band is noisy. Furthermore using an adaptive
multi-rate wideband based ACELP coding up to 6.4 kilohertz means that the super
wideband extension requires to operate from fairly low starting frequencies which are
still fairly sensitive to coding errors and as such may produce inaccurate encoding of
the high band.

Summary of the Invention

This invention proceeds from the consideration that the currently proposed codecs lack
flexibility with respect to being able to code efficient and accurate approximations to the

signals.
Embodiments of the present invention aim to address the above problem.

There is provided according to a first aspect of the invention a method comprising:
determining at least one event from at least one audio signal, wherein the event
comprises a region of frequency components of the at least one audio signal;
generating a suppressed at least one audio signal by suppressing the at least one
event from the at least one audio signal; and encoding at least one event from the at

least one event.
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The method may further comprise: encoding the suppressed at least one audio signal;
and multiplexing the encoded suppressed at least one audio signal with the encoded at

least one event.

The method may further comprise: generating the at least one audio signal by filtering
at least one full audio signal into the at least one audio signal representing a higher
frequency part of the at least one full audio signal and a further at least one audio
signal representing a lower frequency part of the at least one full audio signal, and
wherein the encoding the suppressed at least one audio signal comprises: determining
at least one part of the suppressed at least one audio signal being similar to at least
one part of the further at least one audio signal; and generating an identifier for the at

least one part of the further at least one audio signal.

Determining at least one event from the at least one audio signal may comprise:
determining at least one activity value average for a first set of the at least one audio
signal; and determining the event as a region with an activity value greater than the at
least one activity value average by at least one predetermined value.

Determining the event as a region with an activity value greater than the at least one
activity value average by at least one predetermined value may comprise: identifying
the region with an activity value greater than a first of the activity value averages by a
first predetermined value; and identifying at least part of the region with an activity
value greater than a further of the activity value averages by a second predetermined
value, wherein the first activity value average is the average over a first window of
frequencies of the at least one audio signal and the second activity value is the

average over a second window of the frequencies of the at least one audio signal.

Generating a suppressed at least one audio signal may comprise at least one of:
setting at least one activity value for the region of frequency components to an average
frequency components activity for frequency components encompassing and
surrounding the region; setting at least one activity value for the region of frequency
components a smoothed value of the activity value for the region of frequency

components; and reducing the at the at least one activity value for the region of
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frequency component by a value dependent on the average frequency components for

frequency components encompassing the region.

Encoding at least one event from the at least one event may comprise: searching the at
least one event to find the at least one event to encode; and encoding the at least one

event selected.

Searching the at least one event may comprise: selecting a first event to be encoded;
determining at least one search range dependent on a previously selected event; and
selecting at least one further event to be encoded within the at least one search range

dependent on a previously selected event.

Searching the at least one event may comprise: selecting a first event to be encoded;
determining at least one masking function, each masking function surrounding and
dependent on a previously selected event; and selecting at least one further event to

be encoded dependent on the masking function.

Encoding at least event may comprise at least one of: identifying and encoding the
amplitude, sign and location of each event region frequency component; and

determining a shape and gain code book entry.

According to a second aspect of the invention there is provided an apparatus
comprising at least one processor and at least one memory including computer
program code the at least one memory and the computer program code configured to,
with the at least one processor, cause the apparatus at least to perform: determining at
least one event from at least one audio signal, wherein the event comprises a region of
frequency components of the at least one audio signal; generating a suppressed at
least one audio signal by suppressing the at least one event from the at least one audio

signal; and encoding at least one event from the at least one event.

The apparatus may be further caused to perform: encoding the suppressed at least
one audio signal; and multiplexing the encoded suppressed at least one audio signal

with the encoded at least one event.
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The apparatus may further be caused to perform: generating the at least one audio
signal by filtering at least one full audio signal into the at least one audio signal
representing a higher frequency part of the at least one full audio signal and a further at
least one audio signal representing a lower frequency part of the at least one full audio
signal, and wherein the encoding the suppressed at least one audio signal comprises:
determining at least one part of the suppressed at least one audio signal being similar
to at least one part of the further at least one audio signal; and generating an identifier

for the at least one part of the further at least one audio signal.

The apparatus caused to perform determining at least one event from the at least one
audio sighal may be further caused to perform: determining at least one activity value
average for a first set of the at least one audio signal; and determining the event as a
region with an activity value greater than the at least one activity value average by at

least one predetermined value.

The apparatus caused to perform determining the event as a region with an activity
value greater than the at least one activity value average by at least one predetermined
value, may be further caused to perform: identifying the region with an activity value
greater than a first of the activity value averages by a first predetermined value; and
identifying at least part of the region with an activity value greater than a further of the
activity value averages by a second predetermined value, wherein the first activity
value average is the average over a first window of frequencies of the at least one
audio signal and the second activity value is the average over a second window of the

frequencies of the at least one audio signal.

The apparatus caused to perform generating a suppressed at least one audio signal
may be further caused to perform at least one of; setting at least one activity value for
the region of frequency components to an average frequency components activity for
frequency components encompassing and surrounding the region; setting at least one
activity value for the region of frequency components a smoothed value of the activity
value for the region of frequency components; and reducing the at the at least one
activity value for the region of frequency component by a value dependent on the

average frequency components for frequency components encompassing the region.
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The apparatus caused to perform encoding at least one event from the at least one
event further may be caused to perform: searching the at least one event to find the at

least one event to encode; and encoding the at least one event selected.

The apparatus caused to perform searching the at least one event may be further
caused to perform: selecting a first event to be encoded; determining at least one
search range dependent on a previously selected event; and selecting at least one
further event to be encoded within the at least one search range dependent on a

previously selected event.

The apparatus caused to perform searching the at least one event may be further
caused to perform:  selecting a first event to be encoded; determining at least one
masking function, each masking function surrounding and dependent on a previously
selected event; and selecting at least one further event to be encoded dependent on
the masking function.

The apparatus caused to perform encoding at least event may be further caused to
perform at least one of: identifying and encoding the amplitude, sign and location of
each event region frequency component; and determining a shape and gain code book
entry.

According to a third aspect of the invention there is provided a method comprising:
receiving at least one indicator representing at least one frequency component event
from a region of frequency components; and modifying a decoded single frequency

component dependent on the indicator.

The method may further comprise decoding the indicator to determine at least one of

position, gain and sign of the at least one frequency component.

The method may further comprise: receiving an encoded event suppressed audio
signal; and decoding the encoded event suppressed audio signal to generate decoded

frequency components for the event suppressed audio signal.
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According to a fourth aspect of the invention there is provided an apparatus comprising
at least one processor and at least one memory including computer program code the
at least one memory and the computer program code configured to, with the at least
one processor, cause the apparatus at least to perform: receiving at least one indicator
representing at least one frequency component event from a region of frequency
components; and modifying at least one frequency component within the at least one

event dependent on the indicator.

The apparatus may be further caused to decode the indicator to determine at least one

of position, gain and sign of the at least one frequency component.

The apparatus may be further caused to perform: receiving an encoded event
suppressed audio signal; decoding the encoded event suppressed audio signal to
generate decoded frequency components for the event suppressed audio signal.

According to a fifth aspect of the invention there is provided an apparatus comprising:
an event determiner configured to determine at least one event from at least one audio
signal, wherein the event comprises a region of frequency components of the at least
one audio signal; an event suppressor configured to generating a suppressed at least
one audio signal by suppressing the at least one event from the at least one audio
signal; and an event encoder configured to encode at least one event from the at least

one event.

The apparatus may further comprise: a suppressed signal encoder configured to
encode the suppressed at least one audio signal; and a multiplexer configured to
multiplex the encoded suppressed at least one audio signal with the encoded at least

one event.

The apparatus may further comprise: a quadrature mirror filter configured to generate
the at least one audio signal by filtering at least one full audio signal into the at least
one audio signal representing a higher frequency part of the at least one full audio
signal and a further at least one audio signal representing a lower frequency part of the

at least one full audio signal.
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The suppressed signal encoder may further comprise: a signal identifier configured to
determine at least one part of the further at least one audio signal being similar to at
least one part of the suppressed at least one audio signal; and; and a identifier
generator configured to generate an identifier for the at least one part of the further at

least one audio signal.

The event determiner may comprise: an activity value average configured to determine
at least one activity value average for a first set of the at least one audio signal; and an
event selector configured to determine the event as a region with an activity value
greater than the at least one activity value average by at least one predetermined

value.

The event selector may comprise: a first event region detector configured to identify the
region with an activity value greater than a first of the activity value averages by a first
predetermined value; and a second event region detector configured to identify at least
part of the region with an activity value greater than a further of the activity value
averages by a second predetermined value, wherein the first activity value average is
the average over a first window of frequencies of the at least one audio signal and the
second activity value is the average over a second window of the frequencies of the at

least one audio signal.

The event suppressor may comprise an activity value suppressor configured to set at
least one activity value for the region of frequency components to an average
frequency components activity for frequency components encompassing and

surrounding the region;

The event suppressor may comprise an activity value suppressor configured to set at
least one activity value for the region of frequency components a smoothed value of

the activity value for the region of frequency components.

The event suppressor may comprise an activity value suppressor configured to reduce
the at least one activity value for the region of frequency component by a value
dependent on the average frequency components for frequency components

encompassing the region.
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The event encoder may comprise: an event candidate identifier configured to search
the at least one event to find the at least one event to encode; and a selected event

encoder configured to encode the at least one event selected.

The event candidate identifier may comprise: an event selector configured to select a
first event to be encoded; a search range determiner configured to determine at least
one search range dependent on a previously selected event; wherein the event
selector is further configured to select at least one further event to be encoded within

the at least one search range dependent on the previously selected event.

The event candidate identifier may comprise: an event selector configured to select a
first event to be encoded; a masking function generator configured to determine at
least one masking function, each masking function surrounding and dependent on a
previously selected event; wherein the event selector is further configured to select at
least one further event to be encoded dependent on the masking function.

The event encoder may comprise: an event identifier configured to determine the sign
and location of each event region frequency component; and event coder configure to

code the amplitude, sign and location of each event region frequency component.

The event encoder may comprise an event codebook identifier configured to identify
from a codebook a shape and gain of the event frequency components; and an event
codebook coder configured to code the shape and gain using the codebook.

According to a sixth aspect of the invention there is provided apparatus comprising: an
indicator receiver configured to receive at least one indicator representing at least one
frequency component event from a region of frequency components; and a signal
processor configured to modify at least one frequency component within the at least

one event dependent on the indicator.

The apparatus may further comprise an indicator decoder configured to decode the
indicator to determine at least one of position, gain and sign of the at least one

frequency component.
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The apparatus may further comprise: a suppressed signal buffer configured to receive
an encoded event suppressed audio signal; and a suppressed signal decoder
configured to decode the encoded event suppressed audio signal to generate at least

one decoded frequency component for the event suppressed audio signal.

According to a seventh aspect of the invention there is provided a computer-readable
medium encoded with instructions that, when executed by a computer perform:
determining at least one event from at least one audio signal, wherein the event
comprises a region of frequency components of the at least one audio signal;
generating a suppressed at least one audio signal by suppressing the at least one
event from the at least one audio signal; and encoding at least one event from the at

least one event.

According to an eighth aspect of the invention there is provided a computer-readable
medium encoded with instructions that, when executed by a computer perform:
receiving at least one indicator representing at least one frequency component event
from a region of frequency components; and modifying at least one frequency
component within the at least one event dependent on the indicator.

According to a ninth aspect of the invention there is provided an apparatus comprising:
an event determining means configured to determine at least one event from at least
one audio signal, wherein the event comprises a region of frequency components of
the at least one audio signal; an event suppressor means configured to generating a
suppressed at least one audio signal by suppressing the at least one event from the at
least one audio signal; and an event encoder means configured to encode at least one

event from the at least one event.

According to a tenth aspect of the invention there is provided an apparatus comprising:
receiver means configured to receive at least one indicator representing at least one
frequency component event from a region of frequency components; and a signal
processing means configured to modify at least one frequency component within the at

least one event dependent on the indicator.
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An electronic device may comprise apparatus as described above.
A chipset may comprise apparatus as described above.
Brief Description of Drawings

For better understanding of the present invention, reference will now be made by way
of example to the accompanying drawings in which:

Figure 1 shows schematically an electronic device employing some
embodiments of the application;

Figure 2 shows schematically an audio codec system employing some
embodiments of the application;

Figure 3 shows schematically an encoder part of the audio codec system
shown in figure 2 according to some embodiments of the application;

Figure 4 shows a schematic view of the higher frequency region encoder
portion of the encoder as shown in figure 3 according to some embodiments of the
application;

Figure 5 shows a flow diagram illustrating the operation the audio encoder as
shown in figures 3 and 4 according to some embodiments of the application;

Figure 6 shows a schematic view of a high frequency event detector as shown
in figure 4 according to some embodiments of the application;

Figure 7 shows a flow diagram illustrating the operation of the high frequency
event detector as éhown in figure 4 according to some embodiments of the application;

Figure 8 shows a schematic view of a high frequency event encoder as shown
in figure 4 according to some embodiments of the application;

Figure 9 shows a flow diagram illustrating the operation of the high frequency
event encoder as shown in figure 4 according to some embodiments of the application;

Figure 10 shows schematically a decoder part of the audio codec system as
shown in Figure 2;

Figure 11 shows a flow diagram illustrating the operation the audio encoder as
shown in figure 10 according to some embodiments of the application; and

Figure 12 shows a schematic view of an example audio signal and an example
audio signal with suppressed high frequency events according to some embodiments

of the application.
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Description of Embodiments of the Application

The following describes in more detail possible codec mechanisms for the provision of
layered or scalable variable rate audio codecs. In this regard reference is first made to
Figure 1 which shows a schematic block diagram of an exemplary electronic device or
apparatus 10, which may incorporate a codec according to an embodiment of the

invention.

The apparatus 10 may for example be a mobile terminal or user equipment of a
wireless communication system. In other embodiments the apparatus 10 may be an
audio-video device such as video camera, a Television (TV) receiver, audio recorder or
audio player such as a mp3 recorder/player, a media recorder (also known as a mp4

recorder/player), or any computer suitable for the processing of audio signals.

The apparatus 10 in some embodiments comprises a microphone 11, which is linked
via an analogue-to-digital converter (ADC) 14 to a processor 21. The processor 21 is
further linked via a digital-to-analogue (DAC) converter 32 to loudspeakers 33. The
processor 21 is further linked to a transceiver (RX/TX) 13, to a user interface (Ul) 15

and to a memory 22.

The processor 21 may be configured to execute various program codes. The
implemented program codes in some embodiments comprise an audio encoding code
for encoding a lower frequency band of an audio signal and a higher frequency band of
an audio signal. The implemented program codes 23 in some embodiments further
comprise an audio decoding code. The implemented program codes 23 can in some
embodiments be stored for example in the memory 22 for retrieval by the processor 21
whenever needed. The memory 22 could further provide a section 24 for storing data,

for example data that has been encoded in accordance with the invention.

The encoding and decoding code in embodiments can be implemented in hardware or

firmware.

The user interface 15 enables a user to input commands to the electronic device 10, for

example via a keypad, and/or to obtain information from the electronic device 10, for
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example via a display. In some embodiments a touch screen may provide both input
and output functions for the user interface. The apparatus 10 in some embodiments
comprises a transceiver 13 suitable for enabling communication with other apparatus,

for example via a wireless communication network.

It is to be understood again that the structure of the apparatus 10 could be

supplemented and varied in many ways.

A user of the apparatus 10 for example can use the microphone 11 for inputting speech
or other audio signals that are to be transmitted to some other apparatus or that are to
be stored in the data section 24 of the memory 22. A corresponding application in
some embodiments can be activated to this end by the user via the user interface 15.
This application in these embodiments can be performed by the processor 21, causes

the processor 21 to execute the encoding code stored in the memory 22.

The analogue-to-digital converter (ADC) 14 in some embodiments converts the input
analogue audio signal into a digital audio signal and provides the digital audio signal to
the processor 21. In some embodiments the microphone 11 can comprise an
integrated microphone and ADC function and provide digital audio signals directly to

the processor for processing.

The processor 21 in such embodiments then process the digital audio signal in the

same way as described with reference to Figures 2 o 9.

The resulting bit stream can in some embodiments be provided to the transceiver 13
for transmission to another apparatus. Alternatively, the coded audio data in some
embodiments can be stored in the data section 24 of the memory 22, for instance for a

later transmission or for a later presentation by the same apparatus 10.

The apparatus 10 in some embodiments can also receive a bit stream with
correspondingly encoded data from another apparatus via the transceiver 13. In this
example, the processor 21 may execute the decoding program code stored in the
memory 22. The processor 21 in such embodiments decodes the received data, and

provides the decoded data to a digital-to-analogue converter 32. The digital-to-



10

15

20

25

30

WO 2011/114192 PCT/1IB2010/051210

15

analogue converter 32 converts the digital decoded data into analogue audio data and
can in some embodiments output the analogue audio via the loudspeakers 33.
Execution of the decoding program code in some embodiments can be triggered as

well by an application called by the user via the user interface 15.

The received encoded data in some embodiment can also be stored instead of an
immediate presentation via the loudspeakers 33 in the data section 24 of the memory
22, for instance for later decoding and presentation or decoding and forwarding to still

another apparatus.

It would be appreciated that the schematic structures described in figures 2 to 4, 6, 8,
and 10 and the method steps shown in figures 5, 7, 9 and 11 represent only a part of
the operation of an audio codec as exemplarily shown implemented in the electronic

device shown in figure 1.

The general operation of audio codecs as employed by embodiments of the application
is shown in figure 2. General audio coding/decoding systems comprise both an
encoder and a decoder, as illustrated schematically in figure 2. However, it would be
understood that embodiments of the application may implement one of either the
encoder or decoder, or both the encoder and decoder. lllustrated by Figure 2 is a
system 102 with an encoder 104, a storage or media channel 106 and a decoder 108.
It would be understood that as described above some embodiments of the apparatus
10 can comprise or implement one of the encoder 104 or decoder 108 or both the
encoder 104 and decoder 108.

The encoder 104 compresses an input audio signal 110 producing a bit stream 112,
which in some embodiments can be stored or transmitted through a media channel
106. The bit stream 112 can be received within the decoder 108. The decoder 108
decompresses the bit stream 112 and produces an output audio signal 114, The bit
rate of the bit stream 112 and the quality of the output audio signal 114 in relation to
the input signal 110 are the main features which define the performance of the coding

system 102.
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Figure 3 shows schematically an encoder 104 according to some embodiments of the
application. The encoder 104 in such embodiments comprises an input 203 arranged to
receive an audio signal. The input 203 is connected to a low pass filter 230 and high
pass/band pass filter 235. The low pass filter 230 furthermore outputs a signal to the lower
frequency region (LFR) coder (otherwise known as the core codec) 231. The lower
frequency region coder 231 is configured to output signals to the higher frequency region
(HFR) coder 232. The high pass/band pass filter 235 is connected to the HFR coder 232.
The LFR coder 231, and the HFR coder 232 are configured to output signals to the
bitstream formatter 234 (which in some embodiments of the invention is also known as the
bitstream multiplexer). The bitstream formatter 234 is configured to output the output
bitstream 112 via the output 205.

In some embodiments of the invention the high pass/band pass filter 235 may be optional,
and the audio signal passed directly to the HFR coder 232. In some further embodiments
the operation of the low pass filter 230 and high pass filter 235 can be implemented as a
quadrature mirror filter (QMF) configuration which outputs a lower frequency component to
the LFR coder 231 and a higher frequency component to the HFR coder 232.

The operation of these components is described in more detail with reference to the flow

chart, figure 5, showing the operation of the coder 104.

The audio signal is received by the coder 104. In some embodiments the audio signal is a
digitally sampled signal. In some other embodiments the audio input may be an analogue
audio signal, for example from a microphone, which is analogue to digitally (A/D) converted
in the coder 104. In some further embodiments the audio input is converted from a pulse

code modulation digital signal to amplitude modulation digital signal.
The receiving of the audio signal is shown in figure 5 by step 601.

The low pass filter 230 and the high pass/band pass filter 235 receive the audio signal and
define a cut-off frequency about which the input signal 110 is filtered. The received audio
signal frequencies below the cut-off frequency are passed by the low pass filter 230 to the
lower frequency region (LFR) coder 231. The received audio signal frequencies above the

cut-off frequency are passed by the high pass filter 235 to the higher frequency region
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(HFR) coder 232. In some embodiments of the invention the signal is optionally down
sampled in order to further improve the coding efficiency of the lower frequency region
coder 231.

The splitting or filtering of the signal into lower frequency regions and higher frequency

regions is shown in figure 5 by step 603.

The LFR coder 231 receives the low frequency (and optionally down sampled) audio signal
and applies a suitable low frequency coding upon the signal. In a first embodiment of the
invention the low frequency coder 231 applies a quantization and Huffman coding with 32
low frequency sub-bands. The input signal 110 is divided into sub-bands using an analysis
filter bank structure. Each sub-band may be quantized and coded ultilizing the information
provided by a psychoacoustic model. The quantization settings as well as the coding
scheme may be dictated by the psychoacoustic model applied. The quantized, coded
information is sent to the bit stream formatter 234 for creating a bit stream 112.

Furthermore the LFR coder 231 converts the low frequency content using a modified
discrete cosine transform (MDCT) to produce frequency domain realizations of synthetic
LFR signal. These frequency domain realizations are passed to the HFR coder 232.

This lower frequency region coding is shown in figure 5 by step 606.

In some other embodiments other low frequency codecs may be employed in order to
generate the core coding output which is output to the bitstream formatter 234. Examples
of these further embodiment low frequency codecs include but are not limited to advanced
audio coding (AAC), MPEG layer 3 (MP3), the ITU-T Embedded variable rate (EV-VBR)
speech codec which is also known as G.718, and ITU-T G.729.1.

Where the lower frequency region coder 231 does not effectively output a frequency
domain synthetic output as part of the coding process the low frequency region (LFR)
coder 231 may furthermore comprise a low frequency decoder and frequency domain
converter (not shown in figure 3) to generate a synthetic reproduction of the low frequency
signal. These may then in embodiments of the invention be converted into frequency

domain representations and, if needed, partitioned into a series of low frequency sub-
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bands which are sent to the HFR coder 232.

This allows in some embodiments the choice of the lower frequency region coder 231 to be
made from a wide range of possible coder/decoders and as such the embodiments are not
limited to a specific low frequency or core code algorithm which produces frequency

domain information as part of the output.

The higher frequency region (HFR) coder 232 is schematically shown in further detail in

figure 4.

The higher frequency region coder 232 receives the signal from the high pass/band pass
filter 235. In some embodiments the HFR coder 232 comprises a modified discrete cosine
transform (MDCT )/shifted discrete Fourier transform (SDFT) processor 301 configured to
receive the signal from the high pass/band pass filter 235 and transform a time domain
signal into a frequency domain signal. It would be understood that any suitable time

domain to frequency domain converter may be employed.

In some embodiments the MDCT/SDFT processor furthermore divides the higher
frequency audio signal into short frequency sub-bands. These frequency sub-bands in
some embodiments can be of the order of 500-800Hz wide. In some embodiments of the

invention the frequency sub-bands have non-equal band-widths.

In some embodiments, the frequency sub-band bandwidth is constant, in other words does
not change from frame to frame. In some other embodiments, the frequency sub-band
bandwidth is not constant and a frequency sub-band may have bandwidth which changes

over time.

In some embodiments, this variable frequency sub-band bandwidth allocation may be
determined based on a psycho-acoustic modelling of the audio signal. These frequency
sub-bands may furthermore be in various embodiments successive (in other words, one

after another and producing a continuous spectral realisation) or partially overlapping.

The frequency domain output from the MDCT/SDFT transformer 301 is passed to the high

frequency event detector 303, and the higher frequency event suppressor 305.
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The time domain to frequency domain transformation and sub-band organisation step is

shown in figure 5 by step 607.

The high frequency region coder 232 in some embodiments comprises a high
frequency event detector 303. The high frequency event detector 303 in these
embodiments receives the frequency components from the MDCT/SDFT 301 and

outputs a series of detected high frequency events.
The operation of the high frequency event detection is shown in Figure 5 by step 609.

A high frequency event is one which within the high frequency band differs the most
from otherwise noisy type content and is therefore typically audible and perceptually

important.

The high frequency event detector 303 in some embodiments receives the high
frequency part of the current frame of the signal in the frequency or transformed

domain. This may be represented mathematically by X, (k).

The transformed domain signal used in the coding may also additionally include the

lower frequencies which are represented mathematically X, (k).

Furthermore the synthesised lower frequency components may be represented

mathematically by X’L k).

For example where the input signal is sampled at 32 kHz with a 14 kHz signal

bandwidth, the low frequency synthesis components )QL(k) may have a frequenéy

range of 6.4 kilohertz (where K is divided into 256 frequency components, i.e. k =0, 1,

2..., 255), while the high frequency part X, (k) covers frequencies between 6.4 kHz
and 14 kHz (where k = 256, 257..., 559).
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With respect to Figure 6, a high frequency event detector 303 is shown in further detail
according to some embodiments of the application. With respect to Figure 7, the
operation of the high frequency event detector according to some embodiments is

shown.

The high frequency event detector 303 in some embodiments comprises a sub-band
generator 311 which receives the high frequency components and from the high
frequency components generates a range of sub-bands covering the complete spectral
range of the high frequency band. In some embodiments there is only one sub-band,
in other words the sub-band is the complete spectral range. In some other
embodiments there are between 1 and N sub-bands generated by the sub-band
generator 311. Each sub-band may be contiguous, in other words non-overlapping or
in some embodiments the sub-bands may overlap. Furthermore each sub-band in
some embodiments can be equal in frequency range or in some embodiments the
range or bandwidth for each sub-and can differ. In some embodiments the sub-band

generator 311 generates sub-bands according to a psychoacoustical process.

The sub-band generator outputs the sub-band components to the average amplitude
generator 313 and to the metric generator 315.

In some embodiments the high frequency event detector further comprises an average
amplitude generator 313. The average amplitude generator 313 in such embodiments
is configured to generate an average amplitude for the analysis window (which in some
embodiments comprises the length of the sub-band). The mathematical description of

which can be represented as:

il,xluﬂ +Le”l -1

2. (m)

M=y gary

aver; =
Len,

where aver, is the average amplitude over the analysis window for the i sub-band i; sian
is the index of the start of the i sub-band and Le, is the length of the i sub-band in

frequency index components..
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The average amplitude generator 313 in such embodiments outputs the average

amplitude values aver; to the metric generator 313.

The generation of the amplitude average for each sub-band is shown in Figure 7 by
step 651.

In some embodiments the high frequency event detector further comprises a metric
generator 315. The metric generator 315 can be configured to perform an index

search comparing the index amplitude against the amplitude average for the sub-band.

The setting up of the index search is shown in Figure 7 by step 653. Furthermore the
metric generator 315 can in some embodiments generate an error metric based on the
comparison. The generation of the error metric is shown in Figure 7 by step 655. The

generated error metric can in some embodiments be passed to the event detector 317.

In some embodiments the high frequency event detector 303 further comprises an
event detector 317. The event detector 317 compares the error metric against a
predefined value to determine whether or not the index value is an event candidate.

In some embodiments the high frequency event is defined as a segment of a relatively
short duration that differs considerably from the overall high frequency region, a sub-
band of it, or a sliding window that is considerably longer than the event itself. The
high frequency event may differ from the overall signal, for example due to it having a
different local spectral shape or significantly different energy or amplitude. The high
frequency event in some embodiments can be assumed to be audible and thus
perceptually important. Thus the high frequency event has to be replicated quite
accurately to maintain good quality. Where the bitrate does not permit accurate
modelling of the high frequency event it should at least be made sure that it is not

coded incorrectly in a way that introduces perceptual degradation.

In the following examples, the high frequency event is defined as a short energy peak
which may be represented mathematically as a high frequency event located at sub-

band index n as a single sample.
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X7 (n) =X, (n)

Furthermore the high frequency event may be more than a single sample, for example

mathematically by

wy,X,(n-1)
Xfy(n) =9 W, Xp (1)
w Xy (n+1)

where W, are weighting factors where typically at least W, would be a value of 1.
Furthermore in some embodiments, the high frequency event is not defined by three

sample sub-bands but more than three sample sub-bands.

The operation of detecting whether or not the error metric is significant is shown in step
657.

The event detector may then store the index as the event candidate if it is significant.

The event detector may then determine whether or not the index search can be
terminated. The event detector 317 when detecting that there is further searches to
occur may then progress the search to the next index and request from the metric
generator the next index metric value. The operation of performing a check step to

determine whether or not the search is at the end, is shown in Figure 7 by step 659.

Furthermore the progression operation to determine the next index is shown in Figure 7
by step 658.

Where the event detector has determined that it is the end of the search, the event
detector then compiles a list of event candidates and outputs these event candidates
as detected events to the high frequency event suppressor 305 and to the high

frequency event encoder 305.

The compilation of the list of event candidates is shown in Figure 7 by step 661.
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In the above example, the whole high frequency band is divided into at least one sub-
bands, however it would be understood that using the single sub-band, in other words
the whole of the high frequency band as the analysis window the values of i = 0, ii, start =
256 and len; = 304. In some other embodiments the sub-bands generated by the sub-
band generator 311 are similar to the sub-bands used later during the suppressed high
frequency encoder 307 to encode the high frequency region when the selected one or

more events have been suppressed.

Furthermore in some embodiments, rather than the high frequency band Xy (k) a
smoothed version can be used AN’H (k) to determine event location, size, length, etc.

The use of the smoothed version is in some embodiments useful as this value can be
used in some embodiments in the high frequency event suppression operations

described later.

In some embodiments the metric generator 315 may generate more than a single
metric for any single index or frequency component. For example in some
embodiments not only is the average amplitude generator 313 configured to generate a
global (with regards to the sub-band) average amplitude generator 313 but can also
generate a “local” average amplitude value. For example in some embodiments global
average amplitude generation may be calculated for the sub-band or the whole of the
HF bandwidth whereas the local average considers a much smaller group or set of
frequency components surrounding the index:value being tested. This global and local
metric generation has a further advantage in that it reduces the possibility of detecting
local peak plateau regions as being events whereas they can be conveniently encoded

due to their plateau noise behaviour.

In some embodiments the event detector 317 is configured to select a predefined
minimum number of events in each sub-band. For example the event detector 317 in
some embodiments does not compare the metric or metrics against a predefined value
but instead orders and selects the index value with the biggest error values up to the

number of events required to be detected within that sub-band.
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The detection of high frequency events has a first aim to determine where such events
are in order to suppress them, and a second aim to find events to then encode

separately in order for them to be more accurately represented.

In some embodiments the high frequency event detector 303 can first perform a first
search of the high frequency band to find a minimum number of high frequency events
for encoding purposes and then perform a second search to locate a second number of
high frequency events (and in some embodiments “all” high frequency events) that fulfil
a predefined criteria for suppression. For each determined event, the event detector
317 in some embodiments can save a set of parameters for subsequent processing
(i.e. suppression or coding) for each determined high frequency event. In some
embodiments the event detector 317 stores the absolute amplitude and sign of all of
the samples of the event and the positions of the event. In some other embodiments,
the event detector 317 stores only the position of the event (especially where it has
been predetermined that this event is not to be encoded, i.e. found on a second or

“less important” search).

In some embodiments the higher frequency region coder 232 further comprises a high
frequency event suppressor 305. The high frequency event suppressor 305 is

configured in some embodiments to receive the high frequency domain components Xy

and also receive indications for the determined high frequency events X7". The high

frequency event suppressor 305 is thus configured to suppress or remove the high
frequency event occurrences in order that the output high frequency components from

the suppressor 305 are more easily encoded using conventional codecs.

In some embodiments the high frequency suppression can be performed by setting the
sample index value of an event to the average value of the corresponding analysis
window or sub-band aver., In some other embodiments the samples may be
suppressed by using the smoothed version of the HF band signal Xy. In some other
embodiments the high frequency event suppressor 305 suppress the HF events from
the HF signal by reducing the corresponding amplitude of each index value determined
to be a high frequency event candidate towards the average value. In some further

embodiments the corresponding index high frequency event candidate amplitude may
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be reduced by an amount of the average value aver;. In some further embodiments the
weighting factor w.;, wo, wq of @ multiple sample form of event candidate can be used to

window the suppression effect.

In some embodiments the operation of suppression can differ from event candidate to
event candidate dependent on the signal characteristics. For example in a single
sample event suppression the average value may be used whereas in a multiple
sample event suppression, the weighting factors can be used (as well as in some
embodiments the smoothed HF band signal). It would be appreciated that any suitable
smoothing or suppression may be used in order to obtain a more “noise-like” sample
signal. An example of the suppression of events can be seen for example with respect
to Figure 12 which show an example frequency domain representation and the

suppressed frequency domain representation in Figure 12 .

The suppression of the high frequency event is shown in Figure 5 by step 611.
Furthermore the high frequency event suppressor outputs the suppressed high

frequency samples to the suppressed high frequency encoder 307.

In some embodiments the high frequency event suppressor may perform more than
one suppression operation upon the same sample group. For example in some
embodiments where more than one cycle of search and suppression is carried out in a
first operation a short analysis window or single sample peak search is carried out to
find a suppress single sample peaks and then a further operation to find and suppress
is performed where the longer segment has longer segments a milder suppression of
the values then applied to the single sample values. In such samples the second

operation or search may be seen to be a localised smoothing of the signal.

The suppressed high frequency encoder 307 receives the suppressed high frequency
component and the low frequency region coded signal and may perform any suitable
bandwidth extension encoding which is suitable for noise-like signals. For example the
suppressed high frequency encoder 307 can in some embodiments use the quantised

and locally synthesised low frequency signal XL(/c) as the basis for selecting and

encoding the high frequency suppressed components. In such embodiments it is not
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necessary to have this signal available for event suppression/coding and it may in
some embodiments be possible to encode the noise part without the low frequency
synthesis. In these non-synthesised embodiments the computational complexity may

be lower.

Furthermore in some embodiments, for example where tonal signals are found to be
common and thus where the output of the high frequency event suppression 305 is not
necessarily very noise-like non-noise like encoding may be carried out such as multi-
mode or tonal encoding. In some embodiments where multi-mode encoding is used, at
least one of the modes is suitable for encoding noise-like characteristics and another

mode suitable for non-noise type or tonal characteristics of the signal. For example

- tonal encoding operations are described in detail in Nokia published patent application

W02009/059633.

The output of the suppressed high frequency encoder signal is passed to the

multiplexer 311.

The high frequency event encoder 309 receives the high frequency event detection
candidates from the high frequency event detector 303. The high frequency event
encoder 309 can in some embodiments select a sub-set of the event candidates and

encodes these sub-set events for transmission or storage.

With respect to Figures 8 and 9, the structure of suitable high frequency event encoder
309 and operation of the high frequency event encoder according to some

embodiments is described.

In some embodiments the high frequency event encoder 309 comprises an event
selector 321 configured to receive the candidate high frequency event parameters and
is configured to attempt to select event candidates for encoding. In some embodiments
the event selector 321 performs a recursive search which aims to maximise at each

stage the perceptual importance of the combination of the selected high frequency
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jluxl
: : EV,SEL __ EV
events. This may be expressed mathematically as X —ma){ ij,MASKXj J
jzjﬁrxt

where k is the current high frequency event index and j is greater than k.

The perceptual importance can in some embodiments be estimated by considering at
least one of the amplitudes of the events, the amplitude of the events in relation to the
local noise level, and/or the amplitude of the events when taking into account also their
position. Thus in some embodiments the perceptual importance selection can be
implemented as a type of psychoacoustical selection where the position of a single
high frequency event creates a mask around the index making close-by events less
important.  In some embodiments the effect of this mask may be denoted
mathematically by w;, mask. In these embodiments the relative importance of an events
amplitude is decreased as a function of the closeness to the pre-selected events (j, j-1,
..., Q).

In some other embodiments the HF events themselves may be provided with a positive
bias which are further away from each other such that as wide a frequency range as
possible is covered by the selected HF events. In these embodiments the bias may be
implemented as a weight factor larger than 1 which increases the further apart two
events are. In these embodiments the weighting factor may be used in common with

or instead of the masking weighting factor described above.

In such embodiments the selection may limit the recursive searching to only a few high
frequency event candidates for encoding at any recursive step to limit the
computational complexity. Furthermore in some embodiments where high frequency
events have been found and suppressed very close to each other (for example in
adjacent sample index values), the encoding event selector 321 skips such samples

when selecting the search range for the encoded events.

In some embodiments the encoding event selector 321 divides the high frequency
bands into sub-bands for the search and suppression step as well as the high

frequency event encoding step.
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As can be seen in Figure 8 for example, the encoding event selector 321 selects a
predefined minimum number of suppressed HF events for each sub-band (or performs
a recursive search such as described above for each sub-band). By using sub-bands
rather than the whole frequency range to encode events there is a greater probability

that the whole of the high frequency band is covered.
The output of the encoding event value selected is shown in Figure 9 by step 673.

The selected events are passed to the event classifier 323. The event classifier 323
can in some embodiments determine whether or not the event is a single sample or
multiple sample event and thus provide the event encoder quantizer 325 with

information enabling a more optimal encoding of the event value.

The event encoder/quantizer 325 having received the selected event candidates and
the classification values of each may then represent each event in an encoded form.

For example where the HF event has been determined to be a single sample, in some
embodiments the event encoder may represent the event as an amplitude, sign and
location. The amplitude values in some embodiments for example can be scalar
quantized or in some other embodiments vector quantized efficiently. The sign of
single samples can be transmitted using a single bit for each event, wherein the

location information may be similarly encoded using any suitable encoding mechanism.

Where the event encoder has received a selected event which is classified as a

multiple or group event, a similar encoding of each sample can be employed.

However, in some embodiments the event encoder/quantizer 325 when indicated that a
multiple sample event is to be encoded can use a shape and gain codebook to select
an entry from the codebook with a representation of sign and relative amplitude of the
samples to shape the event and a overall gain factor to scale the whole event. In some
embodiments the sign of the candidate can be considered in the selection process for
coding the high frequency event by giving more weight in selection to those events that
can be efficiently represented by a single sign. The encoding of selected events

dependent on classification is shown in Figure 9 by step 677. These encoded events
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are passed to be comprised with the suppressed high frequency encoded bits to form
an encoded higher frequency encoded data stream and passed to the bitstream
formatter 232.

The bitstream formatter 234 receives the lower frequency coder 231 output, the higher
frequency region processor 232 output and formats the bitstream to produce the bitstream
output. The bitstream formatter 234 in some embodiments of the invention may interleave
the received inputs and may generate error detecting and error correcting codes to be

inserted into the bitstream output 112.

The step of multiplexing the HFR coder 232 and LFR coder 231 information into the output

bitstream is shown in figure 5 by step 617.

To further assist the understanding of the invention the operation of the decoder 108
with respect to the some embodiments is shown with respect to the decoder
schematically shown in figure 10 and the flow chart showing the operation of the

decoder in figure 11.

The decoder comprises an input 413 from which the encoded bitstream 112 may be
received. The decoder furthermore in some embodiments comprises a bitstream

unpacker 401 configured to receive the input 413.

The bitstream unpacker 401 in such embodiments demultiplexes, partitions, or unpacks
the encoded bitstream 112 into three separate bitstreams. The low frequency encoded
bitstream is in these embodiments passed to a lower frequency region decoder 403,
the high frequency event encoded bitstream is passed to a high frequency event
decoder 405 and the encoded suppressed high frequency bitstream is passed to a high

frequency region decoder 407.
This unpacking process is shown in figure 11 by step 701.

The lower frequency region decoder 403 receives the low frequency encoded data and

constructs a synthesized low frequency signal by performing the inverse process to
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that performed in the lower frequency region coder 231. This synthesized low

frequency signal is passed to the higher frequency region decoder 407.

This lower frequency region decoding process is shown in figure 11 by step 707.

The decoder in some embodiments comprises a high frequency event decoder 405
which receives encoded event information from the bitstream unpacker 401 and
generates event reconstruction data which may be passed to the higher - frequency
region decoder 407. The high frequency event decoder 405 in these embodiments can
carry out the inverse operation to the high frequency event encoder. For example in
some embodiments the high frequency event decoder 405 generate a position,

orientation, amplitude information for single index events.

The decoding of the data is shown in figure 11 by step 703.

In some embodiments the high frequency event decoder controller 405 can be

implemented as part of the higher frequency region decoder 407.

The HFR decoder 407 in some embodiments receives the suppressed event high
frequency encoded data, the lower frequency region decoded data and the event

indications and carries out a replicant HFR reconstruction operation.

The HFR decoder 407 in these embodiments performs the inverse to the suppressed
high frequency encoder 307. For example the HFR decoder in some embodiments
replicates and scales the low frequency components from the synthesized low
frequency signal as indicated by the high frequency reconstruction bitstream in terms of

the bands indicated by the band selection information.
This high frequency suppressed replica construction is shown in figure 11 by step 705.
The HFR decoder 407 furthermore in some embodiments carries out an event

decoding and injection operation. Thus in other words the HFR decoder performs the

inverse operation to the high frequency event suppressor 305.
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The injection of high frequency events is shown in figure 11 by step 709.

The reconstructed high frequency component bitstream is passed to the reconstruction
decoder 409.

The reconstruction decoder 409 receives the decoded low frequency bitstream and the
reconstructed high frequency bitstream to form a bitstream representing the original

signal and outputs the output audio signal 114 on the decoder output 415.

This reconstruction of the signal is shown in figure 11 by step 711.

The embodiments of the invention described above describe the codec in terms of
separate encoders 104 and decoders 108 apparatus in order to assist the
understanding of the processes involved. However, it would be appreciated that the
apparatus, structures and operations may be implemented as a single encoder-
decoder apparatus/structure/operation. Furthermore in some embodiments of the
invention the coder and decoder may share some/or all common elements.

Although the above examples describe embodiments of the invention operating within
a codec within an apparatus 10, it would be appreciated that the invention as described
below may be implemented as part of any audio (or speech) codec, including any
variable rate/adaptive rate audio (or speech) codec. Thus, for example, embodiments
of the invention may be implemented in an audio codec which may implement audio

coding over fixed or wired communication paths.

Thus user equipment may comprise an audio codec such as those described in

embodiments of the invention above.

It shall be appreciated that the term user equipment is intended to cover any suitable
type of wireless user equipment, such as mobile telephones, portable data processing

devices or portable web browsers.

Furthermore elements of a public land mobile network (PLMN) may also comprise

audio codecs as described above.
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In general, the various embodiments of the invention may be implemented in hardware
or special purpose circuits, software, logic or any combination thereof. For example,
some aspects may be implemented in hardware, while other aspects may be
implemented in firmware or software which may be executed by a controller,
microprocessor or other computing device, although the invention is not limited thereto.
While various aspects of the invention may be illustrated and described as block
diagrams, flow charts, or using some other pictorial representation, it is well understood
that these blocks, apparatus, systems, techniques or methods described herein may be
implemented in, as non-limiting examples, hardware, software, firmware, special
purpose circuits or logic, general purpose hardware or controller or other computing

devices, or some combination thereof.

Thus at least some embodiments of the encoder may be an apparatus comprising at
least one processor and at least one memory including computer program code the at
least one memory and the computer program code configured to, with the at least one
processor, cause the apparatus at least to perform: determining at least one event from
at least one audio signal, wherein the event comprises a region of frequency
components of the at least one audio signal; generating a suppressed at least one
audio signal by suppressing the at least one event from the at least one audio signal;
and encoding at least one event from the at least one event.

In some embodiments of the decoder there may be an apparatus comprising at least
one processor and at least one memory including computer program code the at least
one memory and the computer program code configured to, with the at least one
processor, cause the apparatus at least to perform: receiving at least one indicator
representing at least one frequency component event from a region of frequency
components; and modifying at least one frequency component within the at least one

event dependent on the indicator.

The embodiments of this invention may be implemented by computer software
executable by a data processor of the mobile device, such as in the processor entity, or
by hardware, or by a combination of software and hardware. Further in this regard it

should be noted that any blocks of the logic flow as in the Figures may represent
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program steps, or interconnected logic circuits, blocks and functions, or a combination

of program steps and logic circuits, blocks and functions.

Thus at least some embodiments of the encoder may be a computer-readable medium
encoded with instructions that, when executed by a computer perform: determining at
least one event from at least one audio signal, wherein the event comprises a region of
frequency components of the at least one audio signal; generating a suppressed at
least one audio signal by suppressing the at least one event from the at least one audio

signal; and encoding at least one event from the at least one event.

Furthermore at least some of the embodiments of the decoder may be provided a
computer-readable medium encoded with instructions that, when executed by a
computer perform: receiving at least one indicator representing at least one frequency
component event from a region of frequency components; and modifying at least one
frequency component within the at least one event dependent on the indicator.

The memory may be of any type suitable to the local technical environment and may
be implemented using any suitable data storage technology, such as
semiconductor-based memory devices, magnetic memory devices and systems, optical
memory devices and systems, fixed memory and removable memory. The data
processors may be of any type suitable to the local technical environment, and may
include one or more of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASIC), gate level circuits and processors based on multi-core processor

architecture, as non-limiting examples.

Embodiments of the inventions may be practiced in various components such as
integrated circuit modules. The design of integrated circuits is by and large a highly
automated process. Complex and powerful software tools are available for converting a
logic level design into a semiconductor circuit design ready to be etched and formed on

a semiconductor substrate.

Programs, such as those provided by Synopsys, Inc. of Mountain View, California and

Cadence Design, of San Jose, California automatically route conductors and locate
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components on a semiconductor chip using well established rules of design as well as
libraries of pre-stored design modules. Once the design for a semiconductor circuit has
been completed, the resultant design, in a standardized electronic format (e.g., Opus,
GDSII, or the like) may be transmitted to a semiconductor fabrication facility or "fab" for

fabrication.

As used in this application, the term ‘circuitry’ 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: (i) to a
combination of processor(s) or (ii) to portions of processor(s)/software (including digitalr
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.

This definition of ‘circuitry’ applies to all uses of this term in this application, including
any claims. As a further example, as used in this application, the term ‘circuitry’ would
also cover an implementation of merely a processor (or multiple processors) or portion
of a processor and its (or their) accompanying software and/or firmware. The term
‘circuitry’ would also cover, for example and if applicable to the particular claim
element, a baseband integrated circuit or applications processor integrated circuit for a
mobile phone or similar integrated circuit in server, a cellular network device, or other

network device.

The foregoing description has provided by way of exemplary and non-limiting examples
a full and informative description of the exemplary embodiment of this invention.
However, various modifications and adaptations may become apparent to those skilled
in the relevant arts in view of the foregoing description, when read in conjunction with
the accompanying drawings and the appended claims. However, all such and similar
modifications of the teachings of this invention will still fall within the scope of this

invention as defined in the appended claims.
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Claims:

1. A method comprising:

determining at least one event from at least one audio signal, wherein the event
comprises a region of frequency components of the at least one audio signal;

generating a suppressed at least one audio signal by suppressing the at least
one event from the at least one audio signal; and

encoding at least one event from the at least one event.

2, The method as claimed in claim 1, further comprising:
encoding the suppressed at least one audio signal; and
multiplexing the encoded suppressed at least one audio signal with the

encoded at least one event.

3. The method as claimed in claims 1 and 2, further comprising:

generating the at least one audio signal by filtering at least one full audio signal
into the at least one audio signal representing a higher frequency part of the at least
one full audio signal and a further at least one audio signal representing a lower
frequency part of the at least one full audio signal, and wherein the encoding the
suppressed at least one audio signal comprises:

determining at least one part of the suppressed at least one audio signal being
similar to at least one part of the further at least one audio signal; and

generating an identifier for the at least one part of the further at least one audio

signal.

4, The method as claimed in claims 1 to 3, wherein determining at least one event
from the at least one audio signal comprises:

determining at least one activity value average for a first set of the at least one
audio signal,

determining the event as a region with an activity value greater than the at least

one activity value average by at least one predetermined value.
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5. The method as claimed in claim 4, wherein determining the event as a region
with an activity value greater than the at least one activity value average by at least one
predetermined value comprises:

identifying the region with an activity value greater than a first of the activity
value averages by a first predetermined value; and

identifying at least part of the region with an activity value greater than a further
of the activity value averages by a second predetermined value, wherein the first
activity value average is the average over a first window of frequencies of the at least
one audio signal and the second activity value is the average over a second window of

the frequencies of the at least one audio signal.

6. The method as claimed in claims 1 to 5, wherein generating a suppressed at
least one audio signal comprises at least one of:

setting at least one activity value for the region of frequency components to an
average frequency components activity for frequency components encompassing and
surrounding the region;

setting at least one activity value for the region of frequency components a
smoothed value of the activity value for the region of frequency components; and

reducing the at the at least one activity value for the region of frequency
component by a value dependent on the average frequency components for frequency

components encompassing the region.

7. The method as claimed in claims 1 to 6, wherein encoding at least one event
from the at least one event comprises:
searching the at least one event to find the at least one event to encode; and

encoding the at least one event selected.

8. The method as claimed in claim 7, wherein searching the at least one event
comprises:

selecting a first event to be encoded;

determining at least one search range dependent on a previously selected
event; and

selecting at least one further event to be encoded within the at least one search

range dependent on a previously selected event.
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9. The method as claimed in claim 7, wherein searching the at least one event
comprises:

selecting a first event to be encoded;

determining at least one masking function, each masking function surrounding
and dependent on a previously selected event; and

selecting at least one further event to be encoded dependent on the masking

function.

10. The method as claimed in claims 1 to 9, wherein encoding at least event
comprises at least one of:

identifying and encoding the amplitude, sign and location of each event region
frequency component; and

determining a shape and gain code book entry.

11. An apparatus comprising at least one processor and at least one memory
including computer program code the at least one memory and the computer program
code configured to, with the at least one processor, cause the apparatus at least to
perform:

determining at least one event from at least one audio signal, wherein the event
comprises a region of frequency components of the at least one audio signal;

generating a suppressed at least one audio signal by suppressing the at least
one event from the at least one audio signal; and

encoding at least one event from the at least one event.

12. The apparatus as claimed in claim 11, further caused to perform:
encoding the suppressed at least one audio signal; and
multiplexing the encoded suppressed at least one audio signal with the

encoded at least one event.

13. The apparatus as claimed in claims 11 and 12, further caused to perform:
generating the at least one audio signal by filtering at least one full audio signal
into the at least one audio signal representing a higher frequency part of the at least

one full audio signal and a further at least one audio signal representing a lower
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frequency part of the at least one full audio signal, and wherein the encoding the
suppressed at least one audio signal comprises:

determining at least one part of the suppressed at least one audio signal being
similar to at least one part of the further at least one audio signal; and

generating an identifier for the at least one part of the further at least one audio

signal.

14, The apparatus as claimed in claims 11 to 13, caused to perform determining at
least one event from the at least one audio signal, further caused to perform:
determining at least one activity value average for a first set of the at least one
audio signal,
determining the event as a region with an activity value greater than the at least

one activity value average by at least one predetermined value.

15. The apparatus as claimed in claim 14, caused to perform determining the event
as a region with an activity value greater than the at least one activity value average by
at least one predetermined value, further caused to perform:

identifying the region with an activity value greater than a first of the activity
value averages by a first predetermined value; and

identifying at least part of the region with an activity value greater than a further
of the activity value averages by a second predetermined value, wherein the first
activity value average is the average over a first window of frequencies of the at least
one audio signal and the second activity value is the average over a second window of

the frequencies of the at least one audio signal.

16. The apparatus as claimed in claims 11 to 15, caused to perform generating a
suppressed at least one audio signal further caused to perform at least one of:

setting at least one activity value for the region of frequency components to an
average frequency components activity for frequency components encompassing and
surrounding the region;

setting at least one activity value for the region of frequency components a

smoothed value of the activity value for the region of frequency components; and



10

15

20

25

30

WO 2011/114192 PCT/1IB2010/051210

39

reducing the at the at least one activity value for the region of frequency
component by a value dependent on the average frequency components for frequency

components encompassing the region.

17. The apparatus as claimed in claims 11 to 16, caused to perform encoding at
least one event from the at least one event further caused to perform:
searching the at least one event to find the at least one event to encode; and

encoding the at least one event selected.

18. The apparatus as claimed in claim 17, caused to perform searching the at least
one event further caused to perform:

selecting a first event to be encoded;

determining at least one search range dependent on a previously selected
event; and

selecting at least one further event to be encoded within the at least one search

range dependent on a previously selected event.

19. The apparatus as claimed in claim 17, caused to perform searching the at least
one event further caused to perform:

selecting a first event to be encoded;

determining at least one masking function, each masking function surrounding
and dependent on a previously selected event; and

selecting at least one further event to be encoded dependent on the masking

function.

20. The apparatus as claimed in claims 11 to 19, caused to perform encoding at
least event further caused to perform at least one of:

identifying and encoding the amplitude, sign and location of each event region
frequency component; and

determining a shape and gain code book entry.

21, A method comprising:
receiving at least one indicator representing at least one frequency component

event from a region of frequency components; and
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modifying at least one frequency component within the at least one event

dependent on the indicator.

22. The method as claimed in claim 21, further comprising decoding the indicator to
determine at least one of position, gain and sign of the at least one frequency
component.
23. The method as claimed in claims 21 and 22, further comprising:

receiving an encoded event suppressed audio signal;

decoding the encoded event suppressed audio signal to generate decoded

frequency components for the event suppressed audio signal.

24, An apparatus comprising at least one processor and at least one memory
including computer program code the at least one memory and the computer program
code configured to, with the at least one processor, cause the apparatus at least to
perform:

receiving at least one indicator representing at least one frequency component
event from a region of frequency components; and

modifying at least one frequency component within the at least one event

dependent on the indicator.

25. The apparatus as claimed in claim 24, further caused to decode the indicator to
determine at least one of position, gain and sign of the at least one frequency

component.

26. The apparatus as claimed in claims 24 and 25, further caused to perform:
receiving an encoded event suppressed audio signal;
decoding the encoded event suppressed audio signal to generate decoded

frequency components for the event suppressed audio signal.
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