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AN AUDIO SCENE MAPPING APPARATUS

Field of the Application

The present application relates to apparatus for the processing of audio and
additionally video signals. The invention further relates to, but is not limited to,
apparatus for processing audio and additionally video signals from mobile

devices.

Background of the Application

Viewing recorded or streamed audio-video or audio content is well known.
Commercial broadcasters covering an event often have more than one recording
device (video-camera/microphone) and a programme director will select a ‘mix’
where an output from a recording device or combination of recording devices is

selected for transmission.

Multiple ‘feeds’ may be found in sharing services for video and audio signals
(such as those employed by YouTube). Such systems, which are known and are
widely used to share user generated content recorded and uploaded or up-
streamed to a server and then downloaded or down-streamed to a
viewing/listening user. Such systems rely on users recording and uploading or up-
streaming a recording of an event using the recording facilities at hand to the
user. This may typically be in the form of the camera and microphone

arrangement of a mobile device such as a mobile phone.

Often the event is attended and recorded from more than one position by different
recording users at the same time. The viewing/listening end user may then select

one of the up-streamed or uploaded data to view or listen.

Where there is multiple user generated content for the same event it can be
possible to generate an improved content rendering of the event by combining

various different recordings from different users or improve upon user generated
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content from a single source, for example reducing background noise by mixing
different users content to attempt to overcome local interference, or uploading

errors.

Summary of the Application

Aspects of this application thus provide an audio source classification process
whereby multiple devices can be present and recording audio signals and a
server can classify and select from these audio sources suitable signals from the

uploaded data.

There is provided according to the application an apparatus comprising at least
one processor and at least one memory including computer code for one or more
programs, the at least one memory and the computer code configured to with the
at least one processor cause the apparatus to at least perform: receiving at least
one audio signal from a recording apparatus; receiving at least one orientation
indicator from the recording apparatus, each orientation indicator associated with
one at least audio signal; determining a recording orientation of the recording
apparatus dependent on the at least one audio signal; determining a relative
distance of the recording apparatus from a sound source dependent on the at
least one audio signal; and determining a relative position of the recording

apparatus dependent on the orientation indicator and relative distance.

The at least one orientation indicator may comprise at least one of: a compass
indicator signal; a gyroscope indicator signal; and a satellite position indicator

signal.

Determining a relative distance of the recording apparatus from a sound source
dependent on the at least one audio signal may cause the apparatus to at least
perform: determining an average audio signal level for at least two recording
apparatus; and mapping each of the at least audio signal to a relative distance
dependent on a signal level of the at least one audio signal compared against the

average audio signal level.
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Determining a recording orientation of the recording apparatus dependent on the
at least one audio signal may cause the apparatus to at least perform:
determining an energy spectrum for each audio signal; and determining the
recording orientation dependent on the energy spectrum and the orientation

indicator.

The apparatus may be further caused to perform: selecting at least one of the at
least one audio signal dependent on at least one of: the recording orientation of
the recording apparatus; the relative distance of the recording apparatus; and the

relative position of the recording apparatus.

The apparatus may be further caused to perform processing each of the at least
one of the at least one audio signal selected dependent on at least one of: the
recording orientation of the recording apparatus; the relative distance of the

recording apparatus; and the relative position of the recording apparatus.

Processing each of the at least one of the at least one audio signals selected may
further cause the apparatus to perform at least one of: filtering each of the at least
one of the at least one audio signal selected; mixing each of the at least one of
the at least one audio signal selected; and blending each of the at least one of the

at least one audio signal selected.

The apparatus may be further caused to perform outputting each of the at least

one of the at least one audio signal selected to a further apparatus.

The apparatus may be further caused to perform: receiving a selection indicator
from a further apparatus; and wherein selecting at least one of the at least one

audio signal is further dependent on the selection indicator.

According to a second aspect there is provided a method comprising: receiving at
least one audio signal from a recording apparatus; receiving at least one

orientation indicator from the recording apparatus, each orientation indicator
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associated with one at least audio signal; determining a recording orientation of
the recording apparatus dependent on the at least one audio signal; determining
a relative distance of the recording apparatus from a sound source dependent on
the at least one audio signal; and determining a relative position of the recording

apparatus dependent on the orientation indicator and relative distance.

The at least one orientation indicator may comprise at least one of: a compass
indicator signal; a gyroscope indicator signal; and a satellite position indicator

signal.

Determining a relative distance of the recording apparatus from a sound source
dependent on the at least one audio signal may comprise: determining an
average audio signal level for at least two recording apparatus; and mapping
each of the at least audio signal to a relative distance dependent on a signal level

of the at least one audio signal compared against the average audio signal level.

Determining a recording orientation of the recording apparatus dependent on the
at least one audio signal may comprise: determining an energy spectrum for each
audio signal; and determining the recording orientation dependent on the energy

spectrum and the orientation indicator.

The method may further comprise: selecting at least one of the at least one audio
signal dependent on at least one of: the recording orientation of the recording
apparatus; the relative distance of the recording apparatus; and the relative

position of the recording apparatus.

The method may further comprise processing each of the at least one of the at
least one audio signals selected dependent on at least one of: the recording
orientation of the recording apparatus; the relative distance of the recording

apparatus; and the relative position of the recording apparatus.

Processing each of the at least one of the at least one audio signals selected may

comprise at least one of: filtering each of the at least one of the at least one audio
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signal selected; mixing each of the at least one of the at least one audio signal
selected; and blending each of the at least one of the at least one audio signal

selected.

The method may further comprise outputting each of the at least one of the at

least one audio signal selected to a further apparatus.

The method may further comprise: receiving a selection indicator from a further
apparatus; and wherein selecting at least one of the at least one audio signal is

further dependent on the selection indicator.

According to a third aspect there is provided an apparatus comprising: means for
receiving at least one audio signal from a recording apparatus; means for
receiving at least one orientation indicator from the recording apparatus, each
orientation indicator associated with one at least audio signal; means for
determining a recording orientation of the recording apparatus dependent on the
at least one audio signal; means for determining a relative distance of the
recording apparatus from a sound source dependent on the at least one audio
signal; and means for determining a relative position of the recording apparatus

dependent on the orientation indicator and relative distance.

The at least one orientation indicator may comprise at least one of: a compass
indicator signal; a gyroscope indicator signal; and a satellite position indicator

signal.

The means for determining a relative distance of the recording apparatus from a
sound source dependent on the at least one audio signal may comprise: means
for determining an average audio signal level for at least two recording apparatus;
and means for mapping each of the at least audio signal to a relative distance
dependent on a signal level of the at least one audio signal compared against the

average audio signal level.
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The means for determining a recording orientation of the recording apparatus
dependent on the at least one audio signal may comprise: means for determining
an energy spectrum for each audio signal; and means for determining the
recording orientation dependent on the energy spectrum and the orientation

indicator.

The apparatus may further comprise: means for selecting at least one of the at
least one audio signal dependent on at least one of: the recording orientation of
the recording apparatus; the relative distance of the recording apparatus; and the

relative position of the recording apparatus.

The apparatus may further comprise means for processing each of the at least
one of the at least one audio signal selected dependent on at least one of: the
recording orientation of the recording apparatus; the relative distance of the

recording apparatus; and the relative position of the recording apparatus.

The means for processing each of the at least one of the at least one audio
signals selected may further comprise at least one of: means for filtering each of
the at least one of the at least one audio signal selected; means for mixing each
of the at least one of the at least one audio signals selected; and means for

blending each of the at least one of the at least one audio signal selected.

The apparatus may further comprise means for outputting each of the at least one

of the at least one audio signal selected to a further apparatus.

The apparatus may further comprise: means for receiving a selection indicator
from a further apparatus; and wherein the means for selecting at least one of the

at least one audio signal is further dependent on the selection indicator.

According to a fourth aspect there is provided an apparatus comprising: a
receiver configured to receive at least one audio signal from a recording
apparatus; the receiver further configured to receive at least one orientation

indicator from the recording apparatus, each orientation indicator associated with
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one at least audio signal; a recording direction determiner configured to determine
a recording orientation of the recording apparatus dependent on the at least one
audio signal; a relative distance determiner configured to determining a relative
distance of the recording apparatus from a sound source dependent on the at
least one audio signal; and a relative position determiner configured to
determining a relative position of the recording apparatus dependent on the

orientation indicator and relative distance.

The at least one orientation indicator may comprise at least one of. a compass
indicator signal; a gyroscope indicator signal; and a satellite position indicator

signal.

The relative distance determiner may comprise: a signal average configured to
determine an average audio signal level for at least two recording apparatus; and
a signal mapper configured to map each of the at least one audio signal to a
relative distance dependent on a signal level of the at least one audio signal

compared against the average audio signal level.

The recording direction determiner may comprise: an energy determiner
configured to determine an energy spectrum for each audio signal; and a direction
determiner configured to determine the recording orientation dependent on the

energy spectrum and the orientation indicator.

The apparatus may further comprise: a selector configured to select at least one
of the at least one audio signal dependent on at least one of: the recording
orientation of the recording apparatus; the relative distance of the recording

apparatus; and the relative position of the recording apparatus.

The apparatus may further comprise a digital signal processor configured to
process each of the at least one of the at least one audio signal selected
dependent on at least one of: the recording orientation of the recording apparatus;
the relative distance of the recording apparatus; and the relative position of the

recording apparatus.




10

15

20

25

30

WO 2012/171584 PCT/EP2011/060147

The digital signal processor may comprise at least one of: a filter configured to
filter each of the at least one of the at least one audio signal selected; and a

mixer configured to mix each of the at least one of the at least one audio signal
selected; and a blender configured to blend each of the at least one of the at least

one audio signals selected.

The apparatus may further comprise an output configured to output each of the at

least one of the at least one audio signal selected to a further apparatus.

The apparatus may further comprise: the receiver configured to receive a
selection indicator from a further apparatus; and wherein the selector is
configured to select at least one of the at least one audio signal is further

dependent on the selection indicator.

A computer program product stored on a medium may cause an apparatus to

perform the method as described herein.

An electronic device may comprise apparatus as described herein.

A chipset may comprise apparatus as described herein.

Embodiments of the present application aim to address problems associated with
the state of the art.

Summary of the Figures

For better understanding of the present application, reference will now be made

by way of example to the accompanying drawings in which:

Figure 1 shows schematically a multi-user free-viewpoint service sharing

system which may encompass embodiments of the application;
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Figure 2 shows schematically an apparatus suitable for being employed in
embodiments of the application;

Figure 3 shows schematically an audio scene mapping system according
to some embodiments of the application;

Figure 4 shows schematically a sound direction determiner as shown in
Figure 3 according to some embodiments of the application;

Figure 5 shows schematically a virtual position determiner as shown in
Figure 3 according to some embodiments of the application;

Figure 6 shows schematically a recording direction determiner according to
some embodiments of the application;

Figure 7 shows a down mixer as shown in Figure 3 according to some
embodiments of the application;

Figure 8 shows a flow diagram of the operation of the audio mapping
system, as shown in Figure 3;

Figure 9 shows a flow diagram of the operation of the sound direction
determiner as shown in Figure 4 according to some embodiments of the
application;

Figure 10 shows a flow diagram of the operation of the virtual position
determiner 207 as shown in Figures 3 and 5 according to some embodiments of
the application;

Figure 11 shows a flow diagram of the operation of the recording direction
determiner as shown in Figures 3 and 6 according to some embodiments of the
application;

Figure 12 shows a flow diagram of the operation of the down mixer as
seen in Figures 3 and 7 according to some embodiments of the application; and

Figure 13 shows the quadrant division according to some embodiments of

the application.

Embodiments of the Application

The following describes in further detail suitable apparatus and possible
mechanisms for the provision of effective audio scene mapping and furthermore

selection. In the following examples audio signals and audio capture uploading
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and downloading is described. However it would be appreciated that in some
embodiments the audio signal/audio capture, uploading and downloading is one

part of an audio-video system.

The concept of the application is an attempt to improve on a selection criteria
which can have a poor typical accuracy. For example using satellite (also known
as global positioning system GPS) positioning, it can be possible to locate a
device to within a region of between 1 to 15 metres. In some embodiments as
described herein by improving the localisation for each recording source using the
satellite information received at each recording device an improved position or
localisation in the selected listening point can be generated. Furthermore the
application attempts to improve performance for operation in indoor or poor
satellite signal areas which further can complicate the localisation of recording
sources.  Furthermore, aspects of the application attempt to provide a
functionality where information concerning the relative positions of the recording
sources can be made available in such a way that they enable different audio
scene compositions to be created and offered for an end user or for an

application used by the end user.

Thus the application concept in some embodiments is to provide a “map of
shooters” method for multi-user recordings to be performed. In other words in
remote listening and/or viewing, embodiments of the application enable
individually recorded content to be combined and associated sensor information

[

to be presented as a “map of shooters” describing the recorded audio visual
scene. This can, for example, in some embodiments of the application be
described as a four-step process whereby the first step is the operation of
calculating the recording angle (or azimuth) of the recording sources, the second
step being the operation of calculating sound source directions for the scene, the
third step being the operation of determining virtual positions of the recording
sources, and the fourth step being the operation of selecting recording sources to

be consumed based on the direction, azimuth and virtual position.
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With respect to Figure 1 an overview of a suitable system within which
embodiments of the application can be located is shown. The audio space 1 can
have located within it at least one recording or capturing devices or apparatus 19
which are arbitrarily positioned within the audio space to record suitable audio
scenes. The apparatus shown in Figure 1 are represented as microphones with a
polar gain pattern 101 showing the directional audio capture gain associated with
each apparatus. The apparatus 19 in Figure 1 are shown such that some of the

apparatus are capable of attempting to capture the audio scene or activity 103

~within the audio space. The activity 103 can be any event the user of the

apparatus wishes to capture. For example the event could be a music event or

audio of a news worthy event. The apparatus 19 although being shown having a

“directional microphone gain pattern 101 would be appreciated that in some

embodiments the microphone or microphone array of the recording apparatus 19

has a omnidirectional gain or different gain profile to that shown in Figure 1.

Each recording apparatus 19 can in some embodiments transmit or alternatively
store for later consumption the captured audio signals via a transmission channel
107 to an audio scene server 109. The recording apparatus 19 in some
embodiments can encode the audio signal to compress the audio signal in a
known way in order to reduce the bandwidth required in “uploading” the audio

signal to the audio scene server 109.

The recording apparatus 19 in some embodiments can be configured to estimate
and upload via the transmission channel 107 to the audio scene server 109 an
estimation of the location and/or the orientation or direction of the apparatus. The
position information can be obtained, for example, using GPS coordinates, cell-ID
or a-GPS or any other suitable location estimation methods and the
orientation/direction can be obtained, for example using a digital compass,

accelerometer, or gyroscope information.

In some embodiments the recording apparatus 19 can be configured to capture or
record one or more audio signals for example the apparatus in some

embodiments have multiple microphones each configured to capture the audio
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signal from different directions. In such embodiments the recording device or
apparatus 19 can record and provide more than one signal from different the
direction/orientations and further supply position/direction information for each
signal. With respect to the application described herein an audio or sound source
can be defined as each of the captured or audio recorded signal. In some
embodiments each audio source can be defined as having a position or location
which can be an absolute or relative value. For example in some embodiments
the audio source can be defined as having a position relative to a desired
listening location or position. Furthermore in some embodiments the audio source
can be defined as having an orientation, for example where the audio source is a
beamformed processed combination of multiple microphones in the recording
apparatus, or a directional microphone. In some embodiments the orientation may
have both a directionality and a range, for example defining the 3dB gain range of

a directional microphone.

The capturing and encoding of the audio signal and the estimation of the

position/direction of the apparatus is shown in Figure 1 by step 1001.

The uploading of the audio and position/direction estimate to the audio scene

server 109 is shown in Figure 1 by step 1003.

The audio scene server 109 furthermore can in some embodiments communicate

via a further transmission channel 111 to a listening device 113.

In some embodiments the listening device 113, which is represented in Figure 1
by a set of headphones, can prior to or during downloading via the further
transmission channel 111 select a listening point, in other words select a position
such as indicated in Figure 1 by the selected listening point 105. In such
embodiments the listening device 113 can communicate via the further

transmission channel 111 to the audio scene server 109 the request.

The selection of a listening position by the listening device 113 is shown in Figure
1 by step 1005.
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The audio scene server 109 can as discussed above in some embodiments
receive from each of the recording apparatus 19 an approximation or estimation
of the location and/or direction of the recording apparatus 19. The audio scene
server 109 can in some embodiments from the various captured audio signals
from recording apparatus 19 produce a composite audio signal representing the
desired listening position and the composite audio signal can be passed via the

further transmission channel 111 to the listening device 113.

The generation or supply of a suitable audio signal based on the selected

listening position indicator is shown in Figure 1 by step 1007.

In some embodiments the listening device 113 can request a multiple channel
audio signal or a mono-channel audio signal. This request can in some
embodiments be received by the audio scene server 109 which can generate the

requested multiple channel data.

The audio scene server 109 in some embodiments can receive each uploaded
audio signal and can keep track of the positions and the associated
direction/orientation associated with each audio source. In some embodiments
the audio scene server 109 can provide a high level coordinate system which
corresponds to locations where the uploaded/upstreamed content source is
available to the listening device 113. The “high level’ coordinates can be
provided for example as a map to the listening device 113 for selection of the
listening position. The listening device (end user or an application used by the
end user) can in such embodiments be responsible for determining or selecting
the listening position and sending this information to the audio scene server 109.
The audio scene server 109 can in some embodiments receive the
selection/determination and transmit the downmixed signal corresponding to the
specified location to the listening device. In some embodiments the listening
device/end user can be configured to select or determine other aspects of the
desired audio signal, for example signal quality, number of channels of audio

desired, etc. In some embodiments the audio scene server 109 can provide in
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some embodiments a selected set of downmixed signals which correspond to
listening points neighbouring the desired location/direction and the listening

device 113 selects the audio signal desired.

In this regard reference is first made to Figure 2 which shows a schematic block
diagram of an exemplary apparatus or electronic device 10, which may be used to
record (or operate as a recording device 19) or listen (or operate as a listening
device 113) to the audio signals (and similarly to record or view the audio-visual
images and data). Furthermore in some embodiments the apparatus or electronic

device can function as the audio scene server 109,

The electronic device 10 may for example be a mobile terminal or user equipment
of a wireless communication system when functioning as the recording device or
listening device 113. In some embodiments the apparatus can be an audio player
or audio recorder, such as an MP3 player, a media recorder/player (also known
as an MP4 player), or any suitable portable device suitable for recording audio or

audio/video camcorder/memory audio or video recorder.

The apparatus 10 can in some embodiments comprise an audio subsystem. The
audio subsystem for example can comprise in some embodiments a microphone
or array of microphones 11 for audio signal capture. In some embodiments the
microphone or array of microphones can be a solid state microphone, in other
words capable of capturing audio signals and outputting a suitable digital format
signal. In some other embodiments the microphone or array of microphones 11
can comprise any suitable microphone or audio capture means, for example a
condenser microphone, capacitor microphone, electrostatic microphone, Electret
condenser microphone, dynamic microphone, ribbon microphone, carbon
microphone, piezoelectric microphone, or microelectrical-mechanical system
(MEMS) microphone. The microphone 11 or array of microphones can in some
embodiments output the audio captured signal to an analogue-to-digital converter
(ADC) 14.
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In some embodiments the apparatus can further comprise an analogue-to-digital
converter (ADC) 14 configured to receive the analogue captured audio signal
from the microphones and outputting the audio captured signal in a suitable digital
form. The analogue-to-digital converter 14 can be any suitable analogue-to-

digital conversion or processing means.

In some embodiments the apparatus 10 audio subsystem further comprises a
digital-to-analogue converter 32 for converting digital audio signals from a
processor 21 to a suitable analogue format. The digital-to-analogue converter
(DAC) or signal processing means 32 can in some embodiments be any suitable
DAC technology.

Furthermore the audio subsystem can comprise in some embodiments a speaker
33. The speaker 33 can in some embodiments receive the output from the digital-
to-analogue converter 32 and present the analogue audio signal to the user. In
some embodiments the speaker 33 can be representative of a headset, for

example a set of headphones, or cordless headphones.

Although the apparatus 10 is shown having both audio capture and audio
presentation components, it would be understood that in some embodiments the
apparatus 10 can comprise one or the other of the audio capture and audio
presentation parts of the audio subsystem such that in some embodiments of the
apparatus the microphone (for audio capture) or the speaker (for audio

presentation) are present.

In some embodiments the apparatus 10 comprises a processor 21. The
processor 21 is coupled to the audio subsystem and specifically in some
examples the analogue-to-digital converter 14 for receiving digital signals
representing audio signals from the microphone 11, and the digital-to-analogue
converter (DAC) 12 configured to output processed digital audio signals. The
processor 21 can be configured to execute various program codes. The
implemented program codes can comprise for example audio encoding code

routines.
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In some embodiments the apparatus further comprises a memory 22. In some
embodiments the processor is coupled to memory 22. The memory can be any
suitable storage means. In some embodiments the memory 22 comprises a
program code section 23 for storing program codes implementable upon the
processor 21. Furthermore in some embodiments the memory 22 can further
comprise a stored data section 24 for storing data, for example data that has
been encoded in accordance with the application or data to be encoded via the
application embodiments as described later. The implemented program code

stored within the program code section 23, and the data stored within the stored

:data section 24 can be retrieved by the processor 21 whenever needed via the

memory-processor coupling.

In some further embodiments the apparatus 10 can comprise a user interface 15.
The user interface 15 can be coupled in some embodiments to the processor 21.
In some embodiments the processor can control the operation of the user
interface and receive inputs from the user interface 15. In some embodiments the
user interface 15 can enable a user to input commands to the electronic device or
apparatus 10, for example via a keypad, and/or to obtain information from the
apparatus 10, for example via a display which is part of the user interface 15.
The user interface 15 can in some embodiments comprise a touch screen or
touch interface capable of both enabling information to be entered to the

apparatus 10 and further displaying information to the user of the apparatus 10.

In some embodiments the apparatus further comprises a transceiver 13, the
transceiver in such embodiments can be coupled to the processor and configured
to enable a communication with other apparatus or electronic devices, for
example via a wireless communications network. The transceiver 13 or any
suitable transceiver or transmitter and/or receiver means can in some
embodiments be configured to communicate with other electronic devices or

apparatus via a wire or wired coupling.
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The coupling can, as shown in Figure 1, be the transmission channel 107 (where
the apparatus is functioning as the recording device 19 or audio scene server
109) or further transmission channel 111 (where the device is functioning as the
listening device 113 or audio scene server 109). The transceiver 13 can
communicate with further devices by any suitable known communications
protocol, for example in some embodiments the transceiver 13 or transceiver
means can use a suitable universal mobile telecommunications system (UMTS)
protocol, a wireless local area network (WLAN) protocol such as for example
IEEE 802.X, a suitable short-range radio frequency communication protocol such

as Bluetooth, or infrared data communication pathway (IRDA).

In some embodiments the apparatus comprises a position sensor 16 configured
to estimate the position of the apparatus 10. The position sensor 16 can in some
embodiments be a satellite positioning sensor such as a GPS (Global Positioning
System), GLONASS or Galileo receiver.

In some embodiments the positioning sensor can be a cellular ID system or an

assisted GPS system.

In some embodiments the apparatus 10 further comprises a direction or
orientation sensor. The orientation/direction sensor can in some embodiments be
an electronic compass, accelerometer, a gyroscope or be determined by the

motion of the apparatus using the positioning estimate.

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

supplemented and varied in many ways.

Furthermore it could be understood that the above apparatus 10 in some
embodiments can be operated as an audio scene server 109. In some further
embodiments the audio scene server 109 can comprise a processor, memory and

transceiver combination.
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With respect to Figure 3 an overview of the application according to some
embodiments is shown with respect to the audio scene server 109 and listening
device 113. Furthermore the operation of the audio scene server 109 according

to some embodiments is shown with respect to Figure 8.

As described herein, the audio scene server 109 is configured to receive the
various recording capture or audio scene capture 19 sources with their uploaded
audio signals. This is shown with respect to Figure 3 by the input to the audio
scene server 109 of the sensor data from the capture sources and the recorded
data or audio data from the capture or recording device sources. In some
embodiments the audio signals and/or capture device (recording apparatus)
orientation indicators can be received at some means for receiving such as a

receiver, or receiver portion of a transceiver.

The operation of receiving the audio data is shown in Figure 8 by step 701.

The operation of receiving the sensor data is shown also in Figure 8 by step 703.

In some embodiments the audio scene server 109 can comprise a recording
direction determiner 201, or means for determining a recording orientation of the
recording apparatus, which is configured to receive the sensor data from the
capture devices. The recording direction determiner 201 can be configured to
determine the recording direction of each capture device using the information
provided from the capture device sensors such as compass sensor data. The
output of the recording direction determiner 201 can be passed to the sound
direction determiner 203, the down mixer 205, and furthermore to the end user or
listening device 113 and in some embodiments the renderer 209 associated with

the listening device 113.

The operation of determining the recording direction is shown in Figure 8 by step
705.
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In some embodiments the audio scene server 109 can comprise a sound
direction determiner 203. The sound direction determiner 203 can be configured
to determine the sound direction of the scene using the recorded audio data from
the capture devices combined with the information of the recording angle or
direction from the recording direction determiner 201. The sound direction
determiner 203 can furthermore be configured to output the sound of direction
values to the down mixer 205 and furthermore to the listening device 113 and

specifically in some embodiments the renderer 209 of the listening device 113.

The operation of determining the sound direction can be seen in Figure 8 by step
709.

In some embodiments the audio scene server 109 can be configured to receive
the recorded audio data from the capture devices and further be configured to
determine the virtual positions of the capture devices and map these onto the
positioning values. The output of the determined virtual positions can be passed
to the down mixer 205 and further to the listening device renderer 209. In some
embodiments the virtual position determination can be performed by a means for
determining a relative distance of the recording apparatus from a sound source
dependent on the at least one audio signal and furthermore using means for
determining a relative position of the recording apparatus dependent on the

orientation indicator and relative distance.

The operation of determining the virtual position of the sources is shown in Figure
8 by step 707.

In some embodiments the audio scene server 109 can comprise a down mixer
205. The down mixer 205 can be configured to receive the recording direction,
sound direction and virtual position of the capture devices together with a
selection for a specified position from the listening device. The selection
performed by the down mixer 205 thus can use the “map of shooters” information
in the preparation for the composition of the audio sources used in the down

mixing operation.
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Furthermore the operation of selecting and generating the down mix is shown in

Figure 8 by step 711.

In some embodiments the down mixer 205 can be configured to use the selected
audio sources to generate a signal suitable for transmitting on the transmission
channel 111 to the listening device. For example in some embodiments the down
mixer 205 can receive multiple audio source signals, and dependent on the
source data, recording direction, sound direction and virtual position of the
capture devices select and generate a multi-channel or single (mono) channel
simulating the effect of being at the desired listening position and in a format
suitable for listening to by the listening device 113. For example where the
listening device is a stereo headset, the down mixer 205 can be configured to

generate a suitable stereo signal.

The operation of outputting to the listening device 113 or end user device a

suitable signal is shown in Figure 8 by step 713.

Furthermore in some embodiments the listening device 113 can comprise a
renderer 209. The renderer 209 can be configured to receive the down mixed
output signal via the transmission channel 111 and generate a rendered signal
suitable for the listening device 113 end user. For example in some
embodiments, the renderer 209 can be configured to decode the encoded audio
signal output by the down mixer 205 in a format suitable for presentation to a

stereo headset or headphones or speakers.

With respect to Figure 4, the sound direction determiner is shown in further detail.
Furthermore with respect to Figure 9 the operation of the sound direction

determiner as employed in embodiments of the application is further shown.

In some embodiments the sound direction determiner 203 can be configured to

receive the recorded data from the various audio sources or capture devices.
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The reception of the recorded/audio data is shown in Figure 9 by step 801.

Furthermore in some embodiments the sound direction determiner 203 can
comprise a Discrete Fourier Transformer 301. The Discrete Fourier Transformer
can be configured to transform a time domain representation of the capture
device or recording source signal X, where m represents the device or source
reference into a frequency domain representation. In some embodiments of the

application the transformation can be represented by the following equation:

Xm [bin’ l] = TF(xm,bm,l,T)

where m is the recording source index, bin is the frequency bin index, / is time
frame index, T is the hop size between successive segments, and TF() the time-
to-frequency operator. In the current implementation, a Discrete Fourier

Transform (DFT) is used as the TF operator as follows

N-1

TF(xm,bin,I,T)= Z(win(n) ‘X, (n +1. T)~ oI Mo )

n=0

2.7 bin , . , . . .
where w,, == win(n) is a N-point analysis window, such as sinusoidal,

Hanning, Hamming, Welch, Bartlett, Kaiser or Kaiser-Bessel Derived (KBD)
window. To obtain continuity and smooth Fourier coefficients over time, the hop
size is set to T=N/2, that is, the previous and current signal segments are 50%

overlapping.

The transformation applied by the Discrete Fourier Transformer 301 can be
determined on a frame-by-frame basis where the size of a frame is of a
determined short duration. For example in some embodiments the frame duration
is less than 50 milliseconds, for example 20 milliseconds. In some embodiments
the Discrete Fourier Transformer 301 can be replaced by any suitable time-to-

frequency domain transformer such as a Cosine or Sine Transformer such as a
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Modified Discrete Cosine Transformer (MDCT), a Modified Discrete Sine
Transformer (MDST), a Quadrature Mirror Filter (QMF), or a Complex Valued
Quadrature Mirror Filter (cv-QMF). The output of the Discrete Fourier
Transformation or time-to-frequency domain transformer in the form of a series of

frequency bins or divisions can be output to the energy determiner 303.

The operation of performing the Discrete Fourier Transform is shown in Figure 9
by step 803.

Furthermore in some embodiments the sound direction determiner 203 can be
configured to comprise an energy determiner 303 or means for determining an
energy spectrum for each audio signal. The energy determiner 303 can be
configured to receive the output of the Discrete Fourier Transformer 301 in the
form of the Fourier Domain representations and determine an input signal energy
for each capture device or recording source. In some embodiments the input
signal energy of each capture device or recording source can be computed

according to the following equation:

sbOfset[sb+1}-1
eX,, = i+ |, (Bin,1)*

bin=sbOffset|sb]

where sbOffset defines the boundaries of the frequency bands to be covered in
the determination of the input signal energy determination. These bands can be,
for example, linear or perceptually determined. In other words as the human
auditory system operates on a pseudo logarithmic scale, non-uniform frequency
bands can be used to more closely reflect the auditory sensibility with respect to
the energy levels of the input signals. In some embodiments the non-uniform
bands can be configured to follow the boundaries of the equivalent rectangular
bandwidth (ERB) bands. The above determination can be performed or repeated
for each of the number of frequency bands defined for the frame. In other words
the determination can be performed in some embodiments for values of SB
between 0 and nSB, where nSB is the number of frequency bands defined. In

some embodiments the value of nSB can cover or define the entire frequency
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spectrum of the input signal, or in some other embodiments define only a portion
of the input frequency spectrum. For example in some embodiments the input
energy determination is performed only for lower frequency regions as these

frequencies typically carry the most relevant information about the audio scene.

The operation of determining the energy values is shown in Figure 9 by step 805.

The energy determiner 303 can be then configured to output the determined

energy values to the direction determiner 305.

In some embodiments the sound direction determiner 203 can comprise a
direction determiner 305 configured to receive the determined energy values of
the input sources and be configured to convert these frequency domain energy
values to sound direction vectors. The sound direction vectors can indicate the
direction angle of the sound recorded with respect to a forward axis. Thus for a
vector time index k, the perceived direction of a sound can be determined using

the following expressions:

N-1 N-l
> eXX,, 0 cos(g,) Y eXX, . . sin(g,,)
— m=0 ' — m=0
alfa_?‘k’ky,ke - N-1 3 alfa_.lk,ks,ke - N-1
ZeXX ks ke Ze)ﬂY m,ks ke

m=0 m=0

ke-1

1
e‘XXm,ks,ke = m ) ZeXm,i
- j=ks

where ¢, , describes the recording angle (azimuth) of the m" capture device or

recording source relative to the forward axis within the direction vector time index,
N is the number of capture devices or recording sources present in the audio-
visual scene, and ks and ke define the start and end indices (within the time
frame index domain) for the time index k, respectively. The direction angle is then

determined as follows
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0, = Z(alfa Feair_st)dir_ek)» alfa _ Lidi skydir_e(k) )

where dir_s(k) and dir_e(k) are functions that determine the start and end indices
for the k" time index, respectively. In some embodiments the time index k covers
time instants 0 seconds (k = 0), 3s (k = 1), 6s (k= 2), 9s (k=3), ... till the end of
recordings. The calculation window for each time index k in such embodiments is
set to 8 seconds, and the values of dir_s and dir_e both cover 4 seconds
preceding and following the current time index. For example, at time index k=2,
the values of dir_s and dir_e are set so that they correspond to time instants 6 — 4

= 2s and 6 + 4 = 10s, respectively.

It would be understood that other time instant periods could also be calculated in
other embodiments of the application. In some embodiments the recording angle
difference with respect to the sound direction can then be determined according

to the following expressions:

Am,k = {a’ |a| ” Iﬂl

B, otherwise

a=0,-¢,,, B=360-a

The operation of determining the direction of the sound can be shown in Figure 9
by step 807.

With respect to Figure 5 and Figure 10, an example of the virtual position
determiner and the operation of the virtual position determiner according to some

embodiments of the application is shown in further detail.

In some embodiments the virtual position determiner 207 can be configured to
comprise an average signal level determiner 401 or means for determining an
average audio signal level for at least two recording apparatus. The average
signal level determiner 401 can be configured to receive the recorded/audio data

from each device or source.
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The operation of receiving the recorded/audio data is shown in Figure 10 by step
901.

The virtual position determiner 207 can be configured to determine the virtual
position of the capture devices or recording sources present in the scene based
on the audio signal that each capture device or recording source is recording. In
other words as recording sources close to the sound source have in general a
higher microphone signal pick-up then for the recording sources which are further
from the sound source, then the virtual position can in some embodiments be
determined based on this. The average signal level determiner 401 can be
configured to determine the average signal level for each recording source,
initially using a high temporal resolution (higher than the resolution set for the time
index k but less than the resolution used in the time-to-frequency determination).
This average signal level can then be converted to a positioning value on a
coarser resolution mapping. The average signal level determiner 401 can in
some embodiments determine the average signal level according to the following

equation:

1 le(lk)-1
levelX = 1)~ Is(Ik)
evelX, i le(llc)—Is(k) i=ls(lk)(

where /s(k) and le(k) are functions that determine the start and end indices (within
the time frame index domain) for the /K" intermediate level index, respectively. In
an example implementation, the intermediate level index /k covers time instants O
milliseconds (/k = 0), 200ms (/k = 1), 400ms (lk= 2), 600ms (/k=3), ... till the end of
recordings. The calculation window for each intermediate level index /k can in this
example be set to 2.5 seconds, and the values of /s and /e both cover 1.25
seconds preceding and following the current intermediate level index. For
example, at intermediate level index k=10 (1800ms), the values of /s and /e can
in some embodiments be set so that they correspond to time instants 1800 —
1250 = 550ms and 1800 + 1250 = 3050ms, respectively.
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The output of the average signal level determiner can be passed to a mapper
403.

The determination of the average signal level can be shown in Figure 10 by step
903.

In some embodiments the virtual position determiner 207 can be configured to
comprise a mapper 403 or means for mapping each of the at least audio signal to
a relative distance. The mapper 403 can be configured to receive the average
signal level value and map the average signal level value to a relative position
distance. The mapper 403 on receiving the average signal level determinations
from the average signal level determiner 401 can be configured to determine the
signal level for each source. This, for example can be carried out according to

the following equation:

lX(m) = levele,,s(,k)’,e(,k) , 0Ssm<N

The operation of determining the signal level for each source is shown in Figure
10 by step 905.

Furthermore in some embodiments the mapper 403 can comprise an importance
order sorter 451. The importance order sorter 451 can be configured to sort the
signal levels for each recording source into a decreasing order of importance.
Thus, for example where siX represents the sorted vector and sIX_ldx represents
the corresponding index in IX. The sorted importance order values can then be

passed to an accumulator 453.

The sorting of the sources in order of importance is shown in Figure 10 by step
907.

In some embodiments the mapper 403 can comprise an accumulator 453. The
accumulator 453 can be configured to receive the sorted signal level values and

accumulate the relative changes in the amplitude level for each recording source.
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For example the accumulator 453 can in some embodiments carry out the

following expressions to the sorted amplitude levels:

siX (mx)

sIX (0) ’

tSig, (k) =1tSig, (Ik)+ 0<m<N

mx =slX _Idx(m)
where the value of tSig is initiatlized to zero at start-up.

The output of the accumulator values can then be passed to a position value

determiner 455.

The operation of accumulating the relative changes in amplitude level for each

recording source is shown in Figure 10 by step 909.

In some embodiments the mapper 403 can comprise a position value determiner
455. The position value determiner 455 can be configured to receive the
accumulated relative change values produced by the accumulator 453 and
determine the virtual position value for each recording source. In some
embodiments the position value determiner 455 can be configured to produce

such a determination using the following equation:

1 te(tk )1
S Vi
te(tk )~ ts(tk) iz,s(,kl; ig. (1)

tDistance,, (k) =
where fs(k) and fe(k) are functions that determine the start and end indices for the
tk" level index, respectively. In the example implementation, the level index tk
covers the same time instants as time index k discussed herein. The calculation
window for each level index tk is thus in some embodiments set to 8 seconds,
and the values of fs and te both cover the 4 seconds preceding and following the

current intermediate index. For example, at intermediate level index tk=2 (6s), the
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values of ts and fe are set so that they correspond to time instants 6 — 4 = 2s and

6 + 4 = 10s, respectively.

The operation of determining the position value for each source can be shown in
Figure 10 by step 911.

With respect to Figure 6 and Figure 11, the recording direction determiner

according to some embodiments is shown in further detail.

In some embodiments the recording direction determiner 201 can be configured
to receive the sensory information from the audio sources. The sensory
information from the audio sources can then be analysed. In some embodiments
the recording direction determiner 201 can thus comprise a recording direction
extractor 501. The recording direction extractor 501 can be configured to receive,
for example, stored compass sensor data to extract the recording direction at the
given time. For example the recording direction extractor 501 can be configured
to calculate the recording direction for the time index k according to the following

expression:

1 kegi—l
Bk =W‘ 2O

_ y¢m,i’ q14m == True
™\ x8,,  otherwise

180—x¢ otherwise

m,i®

{(180—x¢,,,,,.)+360, x4, >180
Y i

where x¢ . describes the compass angle value for the m™ recording source at

time frame index /. The variable q14 is used to indicate whether the compass
angle values cover both in the 18t and 4™ quadrant as shown in Figure 5. If
compass angle values covering indices between ks(k) and ke(k) are found to be

present in x4,,, q14,is set to True, otherwise it is set to False. The quadrant
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detection is needed in order to obtain correct recording angle for the time index as
the angle is calculated as the mean of the compass angle values in the current

implementation. The variable gl14,is used in some embodiments to temporarily

shift the compass angle values from the 1%t and 4" quadrant in order the mean
calculation produces the correct results (as the mean angle between the 18t and
4™ quadrant is 0°/360° instead of 180°). After obtaining the mean angle value for

the recording source, the shift in the angle value is removed according to

(180-g¢,,)+360, 4, ,>180
mk 180—4,, ;> otherwise

The above equation is computed when g¢14, is set to value True. The recording

angle in some embodiments can be obtained also using median value (in which
case no quadrant detection is needed), and/or a combination of mean and
median, combination of weighted mean and median, or histogram analysis (that is
in such embodiments the recording angle, within certain angle variations, that

appears most gets selected).

The output of the recording direction extractor 501 can then be passed to the

quadrant detector 503.

The operation of extracting the recording direction is shown in Figure 11 by step
10010.

Furthermore the quadrant detector 503 can be configured to receive the output of
the recording direction extractor 501 and further determine whether the angle
value covers which quadrant. For example as shown in Figure 13, the first 1201,
second 1203, third 1205 and fourth 1207 quadrants are shown in a clockwise

progression from “ahead” 0°, 90° and 270°.

The determination or detection of the quadrant operation is shown in step 10030

in Figure 11.




10

15

20

25

30

WO 2012/171584 PCT/EP2011/060147

30

With respect to Figure 7 the down mixer 205 is shown in further detail.
Furthermore with respect to Figure 12 the operation of such a down mixer

according to some embodiments is shown also.

The down mixer 205 can be configured to select and down mix the audio data or
source data dependent on the selected input and the source input or map of
shooters information for various time indexes. In some embodiments as

described herein, this “map of shooters” information can comprise at least one of:

tDistance - position in value of each recording source:

The tDistance variable describes the positioning value for each capture device or
recording source recording to the output of the virtual position determiner 207.
The positioning value varies between values of 0 and 1, where a value of 1 can
indicate that the recording source is closest to the sound source and values below
1 indicate that the recording source is further away from the assumed sound

source.

azimuth — recording angle of each recording source:

The azimuth variable describes the recording angle for each capture device or
recording source. The recording angles are determined, for example by the
recording direction determiner 201. The recording angle can then in some
embodiments be used as an indicator in the composite mixture, where a

recording angle is configured to control the composition of the down mixed signal.
direction — sound direction in the audio scene:
The direction variable describes the direction of the sound in the audio scene.

The direction angle is determined according to the output of the sound direction

determiner 203. The direction angle can be used as an indicator in the composite
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mixture where the sound direction is configured to control the down mixed signal

mixture.

diffDir — recording angle difference:

The diffDir variable describes the recording angle difference with respect to the
sound direction for each capture device or recording source according to the
output of the sound direction determiner 203. The difference angles can be used
in some embodiments to track the recording sources that more closely follow the

sound sources.

In some embodiments, this information together with a selection input can be
received by a selection controller 603. The selection controller 603 can be
configured to, based on the various information control the selection of source
data or audio data and further control the mixture or blending or filtering of the
selected audio sources. Any suitable selection control apparatus can be used, for
example in some embodiments a minimum error between the selected estimate
and the source input variables can be used to select the closest or minimal

closely matching sources.

The operation of receiving the source data/selection input data and source input

can be seen in Figure 12 by step 1101.

In some embodiments the down mixer 205 comprises a selector 601 or means for
selecting at least one of the at least one audio signal or sources. The selector
601 can comprise a series of switches configured to output at least one source
data input to a mixer/blender/filter 605 or means for filtering/mixing/blending each
of the at least one of the at least one audio signals selected, dependent on the

input provided from the selector control 603.

The selection of source data dependent on the selection/source values can be

seen in Figure 12 by step 1103.
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Furthermore in some embodiments the down mixer comprises a
mixer/blender/filter 605 configured to receive the selected source data output by
the selector 601 and furthermore the selector control 603 information with regards
to controlling the operation of mixing, blending or filtering the selector outputv
source data streams. Any suitable mixing/blending or filtering operation can be
employed in some embodiments of the application. The operation of
mixing/blending/filtering the selected source data is shown in Figure 12 by step
1105. The output of the mixer/blender/filter 605 can be passed to an encoder or

transmitter 607.

In some embodiments the encoder/transmitter 607 can be configured to receive
the mixed audio signal and output the mixed/blended/filtered data to the end user
or listening device 113 via the network transmission channel 111. Thus in some
embodiments the encoder/transmitter 607 can be configured to encode or modify

the output audio stream to be suitable for transmission to the listening device 113.

The map-of-shooters information can in some embodiments be used with the
selection controller 603 to control the selection of capture device or recording
sources for mixing/blending/filtering in the downmix signal(s) selection process

according to following principles :

1. Change listening/viewing angle, maintain distance:

In this selection mode, the selection controller receives information indicating that
the listening/viewing angle from a sound source is changed at certain time
intervals (which may be constant or arbitrary) but the positioning distance is kept
the same, as far as possible. The angle can for example be changed from 45° to
135° but the positioning distance with the new angle is kept the same. The
change in the angle value may be based on the recording angle, direction angle

or recording angle difference.

2. Change distance, maintain listening/viewing angle:
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In this selection mode, the selection controller receives information indicating that
the positioning distance from a sound source is changed while the
listening/viewing angle stays the same. The positioning distance in this example
can be changed, for example, from distance of 0.91 to less than that so that the
distance to the sound source is greater than what is was previously. In some
embodiment the listening/viewing angle is not necessarily exactly the same as the
previously indicated or desired angle but can be within a defined threshold, for

example, within 10°, 20°, 30° or within the same quadrant.

3. Change distance and listening/viewing angle:

In this selection mode the selection controller receives information indicating that

both the positioning distance and the listening/viewing angle are to be changed.

4. (Arbitrary) combination of the above:

In this selection mode, the selection controller receives information indicating that
any combinations of the changes described herein are to be used in the selection

process for the downmixed signal(s).

As an illustrative example, the table 1 contains map-of-shooters information for 3
different time instants. The time instants used 0, 1, 2 are illustrative only and any
suitable instant period can be used. The time instants for example can represent
in some embodiments constant intervals or they can be based on irregular
intervals. The selection controller can in such an example select signal

composition with different selection modes such as:

Example Mode

1. Distance of 0.9 or greater is to be maintained, while scanning the

listening/viewing angles:
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For the time instant 0, recording source 4 at recording angle 17° is first selected.
For time instant 1, the recording source is changed to source 1 at recording angle
319°, the distance is slightly below the 0.9 threshold but it is the only recording
source at the given recording angle so it gets selected. For time instant 2, the

recording source is changed to source 3 and the recording angel is 118°.

Example Mode

2. Maintain listening/viewing angle difference at maximum 45° while distance is

freely allowed to change:

For the time instant 0, recording source O is first selected. For time instant 1, the
recording source is changed to 4 as the recording angle for this source is within
the 45° difference. For time instant 2, the recording source is changed either to 0
or 1 as the recording angle difference with respect to the starting angle is less
than 45° difference.

Table 1:
Time instant | Recording source index | tDistance Bk 0, Ak
0|0 0.790983 0| 29 -28
1 0.908615 318 | 29 -71
2 0.684939 85| 29 56
3 0.869253 119 | 29 89
4 0.980899 17| 29 -11

0.816162 0| 33 -32
0.898264 319 33 -74
0.708678 141| 33| 107
0.872649 118 | 33 84
0.997981 19| 33 -13

Al W N 2 O
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2|0 0.799266 0| 13 -12
1 0.890542 323 | 13 -50
2 0.702039 204 13| -169
3 0.860678 118 | 13| 104
4 0.998136 22| 13 9

The map-of-shooters information in some embodiments can further provide/use

with the following information:

isRO! — Region-of-Interest:

The isROI variable can in some embodiments describe whether the recording
source follows the region of interest in terms of the recording angle. This value
can then be used in the selection controller in some embodiments to control
whether the recording source at the particular time index is following the audio
scene consistently. The region of interest flag can in some embodiments be
determined by calculating the variance of the recording angle within the time
index and if recording angle value varies significantly then the capture device or
recording source can be determined not to be following the audio scene at that
particular time index. For example, the user of the capture device can be
determined not to be recording the audio scene but is doing something else that
distracts from recording. The variation in the recording angle value can in some

embodiments be calculated according to

1 ke%—l (9 )2
zm,k —\/ke(k)—kg(k)—l ' m,i ——¢m,k

i=ks(k)

In some embodiments when the variance for the m" recording source at time
index k exceeds some threshold, for example 45°, the isROI/ variable can be set
to False, otherwise the isRO/ value it is set to True. In the selection process, the
selection controller can be configured in some embodiments to examine the isRO/

value and for recording sources that have isROI set to value True avoid selecting
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the audio signal associated with the capture device or recording source as the

device/source may not contain interesting content for the end user.

recPos — Positioning code for each recording source:

The recPos variable can be configured in some embodiments to describe the
positioning value in a coarser scale for each recording source. For example, in
some embodiments only 3 positions are given for each recording source; Close,
Medium, and Far. The Close position can indicate that the recording source is
close to the sound source, the Medium position can indicate that the recording
source is at a “medium” distance from the sound source, and the Far position can
indicate that the recording source is at a “far’ distance from the sound source.
The assignment to limited number of positions can be done according to the

following expressions:

p—
Z

tMean =

=z
A

=0\ k=0

=1 TK~1
Dzstancem

d 1 N-1/TK-1 k
—_— (tD
1St N TR Z(Zt istance, (tk )— tMean)’ j

m=0\ k=0

where TK is the number of level indices tk. The recPos values can thus be in
some embodiments determined using the following pseudo-code which assigns

the positioning codes for each recording source according to

Pseudo-code 1:

Form=0toN

recPosID, (k) = N_ID_POS-1;

AW ON -

tmp = 1.0f - tStd;

For posID =0to N_ID_POS-1
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{
Form =0 to N-1
if( tDistance, (k) >= tmp && idxTxt[m] == N_ID_POS-1)
recPosID,, (k) = idx;

6

tmp -= tStd;
8}

The above pseudo-code can in some embodiments be repeated for 0<%k <7K
and N_ID_POS is the number is positioning codes being used (set to 3 in our
example). The variance of the distance positions over all time indices is thus in
some embodiments calculated first. The variance is then used in such
embodiments as a threshold value when assigning the positioning codes for each
recording source (such as shown in pseudo-code 1). The positioning code in such
embodiments can be configured to map distance positions within the threshold as
defined by the variance into one positioning code. This mapping can in some
embodiments serve as a basis for the downmix signal(s) selection by the
selection controller. Although 3 codes are defined it can be understood that more
than 3 codes can be defined. Furthermore in some embodiments the selection
controller can define a selection pattern to follow some pre-defined pattern such
as Close, Medium, Far, Far, Medium, Close; or Close, Far, Close, Medium,

Close, Far, Medium, Close.

Although the above has been described with regards to audio signals, or audio-
visual signals it would be appreciated that embodiments may also be applied to
audio-video signals where the audio signal components of the recorded data are
processed in terms of the determining of the base signal and the determination of
the time alignment factors for the remaining signals and the video signal
components may be synchronised using the above embodiments of the invention.
In other words the video parts may be synchronised using the audio

synchronisation information.
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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

apparatus as described above.

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.

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 program steps, or interconnected logic circuits, blocks and
functions, or a combination of program steps and logic circuits, blocks and
functions. The software may be stored on such physical media as memory chips,
or memory blocks implemented within the processor, magnetic media such as
hard disk or floppy disks, and optical media such as for example DVD and the

data variants thereof, CD.

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
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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 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.

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. Apparatus comprising at least one processor and at least one memory
including computer code for one or more programs, the at least one memory and
the computer code configured to with the at least one processor cause the
apparatus to at least perform:

receiving at least one audio signal from a recording apparatus;

receiving at least one orientation indicator from the recording apparatus,
each orientation indicator associated with one at least audio signal;

determining a recording orientation of the recording apparatus dependent
on the at least one audio signal;

determining a relative distance of the recording apparatus from a sound
source dependent on the at least one audio signal; and

determining a relative position of the recording apparatus dependent on

the orientation indicator and relative distance.

2, The apparatus as claimed in claim 1, wherein the at least one orientation
indicator comprises at least one of:

a compass indicator signal;

a gyroscope indicator signal; and

a satellite position indicator signal.

3. The apparatus as claimed in claims 1 and 2, wherein determining a relative
distance of the recording apparatus from a sound source dependent on the at
least one audio signal cause the apparatus to at least perform:

determine an average audio signal level for at least two recording
apparatus; and

map each of the at least audio signal to a relative distance dependent on a
signal level of the at least one audio signal compared against the average audio

signal level.
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4, The apparatus as claimed in claims 1 to 3, wherein determining a
recording orientation of the recording apparatus dependent on the at least one
audio signal cause the apparatus to at least perform:

determine an energy spectrum for each audio signal; and

determine the recording orientation dependent on the energy spectrum and

the orientation indicator.

5. The apparatus as claimed in claims 1 to 4, further caused to perform:
selecting at least one of the at least one audio signal dependent on at least
one of:
the recording orientation of the recording apparatus;
the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

6. The apparatus as claimed in claim 5, further caused to perform processing
each of the at least one of the at least one audio signal selected dependent on at
least one of:

the recording orientation of the recording apparatus;

the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

7. The apparatus as claimed in claims 5 and 6, wherein processing each of
the at least one of the at least one audio signal selected further causes the
apparatus to perform at least one of:
filtering each of the at least one of the at least one audio signal selected;
mixing each of the at least one of the at least one audio signal selected;
and

blending each of the at least one of the at least one audio signal selected.

8. The apparatus as claimed in claims 5 to 7, further caused to perform
outputting each of the at least one of the at least one audio signal selected to a

further apparatus.
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9. The apparatus as claimed in claims 5 to 8, further caused to perform:
receiving a selection indicator from a further apparatus; and wherein
selecting at least one of the at least one audio signal is further dependent on the

selection indicator.

10. A method comprising:

receiving at least one audio signal from a recording apparatus;

receiving at least one orientation indicator from the recording apparatus,
each orientation indicator associated with one at least audio signal;

determining a recording orientation of the recording apparatus dependent
on the at least one audio signal;

determining a relative distance of the recording apparatus from a sound
source dependent on the at least one audio signal; and

determining a relative position of the recording apparatus dependent on

the orientation indicator and relative distance.

11.  The method as claimed in claim 10, wherein the at least one orientation
indicator comprises at least one of:

a compass indicator signal;

a gyroscope indicator signal; and

a satellite position indicator signal.

12. The method as claimed in claims 10 and 11, wherein determining a relative
distance of the recording apparatus from a sound source dependent on the at
least one audio signal comprise:

determining an average audio signal level for at least two recording
apparatus; and

mapping each of the at least audio signal to a relative distance dependent
on a signal level of the at least one audio signal compared against the average

audio signal level.
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13. The method as claimed in claims 10 to 12, wherein determining a
recording orientation of the recording apparatus dependent on the at least one
audio signal comprise:

determining an energy spectrum for each audio signal; and

determining the recording orientation dependent on the energy spectrum

and the orientation indicator.

14. The method as claimed in claims 10 to 13, further comprising:

selecting at least one of the at least one audio signal dependent on at least
one of:

the recording orientation of the recording apparatus;

the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

15. The method as claimed in claim 14, further comprising processing each of
the at least one of the at least one audio signal selected dependent on at least
one of:

the recording orientation of the recording apparatus;

the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

16. The method as claimed in claims 14 and 15, wherein processing each of
the at least one of the at least one audio signal selected comprises at least one
of:
filtering each of the at least one of the at least one audio signal selected;
mixing each of the at least one of the at least one audio signal selected;
and

blending each of the at least one of the at least one audio signal selected.

17. The method as claimed in claims 14 to 16, further comprising outputting
each of the at least one of the at least one audio signal selected to a further

apparatus.
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18. The method as claimed in claims 14 to 17, further comprising:
receiving a selection indicator from a further apparatus; and wherein
selecting at least one of the at least one audio signal is further dependent on the

selection indicator.

19.  An apparatus comprising:

means for receiving at least one audio signal from a recording apparatus;

means for receiving at least one orientation indicator from the recording
apparatus, each orientation indicator associated with one at least audio signal;

means for determining a recording orientation of the recording apparatus
dependent on the at least one audio signal;

means for determining a relative distance of the recording apparatus from
a sound source dependent on the at least one audio signal; and

means for determining a relative position of the recording apparatus

dependent on the orientation indicator and relative distance.

20. The apparatus as claimed in claim 19, wherein the at least one orientation
indicator comprises at least one of:

a compass indicator signal;

a gyroscope indicator signal; and

a satellite position indicator signal.

21. The apparatus as claimed in claims 19 and 20, wherein the means for
determining a relative distance of the recording apparatus from a sound source
dependent on the at least one audio signal comprise:

means for determining an average audio signal level for at least two
recording apparatus; and

means for mapping each of the at least audio signal to a relative distance
dependent on a signal level of the at least one audio signal compared against the

average audio signal level.




10

15

20

25

30

WO 2012/171584 PCT/EP2011/060147

45

22. The apparatus as claimed in claims 19 to 21, wherein the means for
determining a recording orientation of the recording apparatus dependent on the
at least one audio signal comprise:
means for determining an energy spectrum for each audio signal; and
means for determining the recording orientation dependent on the energy

spectrum and the orientation indicator.

23. The apparatus as claimed in claims 19 to 22, further comprising:

means for selecting at least one of the at least one audio signal dependent
on at least one of:

the recording orientation of the recording apparatus;

the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

24. The apparatus as claimed in claim 23, further comprising means for
processing each of the at least one of the at least one audio signal selected
dependent on at least one of:

the recording orientation of the recording apparatus;

the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

25. The apparatus as claimed in claims 23 and 24, wherein the means for
processing each of the at least one of the at least one audio signal selected
further comprises at least one of:

means for filtering each of the at least one of the at least one audio signal
selected;

means for mixing each of the at least one of the at least one audio signal
selected; and

means for blending each of the at least one of the at least one audio signal

selected.
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26. The apparatus as claimed in claims 23 to 25, further comprising means for
outputting each of the at least one of the at least one audio signal selected to a

further apparatus.

27. The apparatus as claimed in claims 23 to 26, further comprising:
means for receiving a selection indicator from a further apparatus; and
wherein the means for selecting at least one of the at least one audio signals is

further dependent on the selection indicator.

28.  An apparatus comprising:

a receiver configured to receive at least one audio signal from a recording
apparatus;

the receiver further configured to receive at least one orientation indicator
from the recording apparatus, each orientation indicator associated with one at
least audio signal;

a recording direction determiner configured to determine a recording
orientation of the recording apparatus dependent on the at least one audio signal;

a relative distance determiner configured to determining a relative distance
of the recording apparatus from a sound source dependent on the at least one
audio signal; and

a relative position determiner configured to determining a relative position
of the recording apparatus dependent on the orientation indicator and relative

distance.

29. The apparatus as claimed in claim 28, wherein the at least one orientation
indicator comprises at least one of:

a compass indicator signal;

a gyroscope indicator signal; and

a satellite position indicator signal.

30. The apparatus as claimed in claims 28 and 29, wherein the relative

distance determiner comprises:
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a signal average configured to determine an average audio signal level for
at least two recording apparatus; and

a signal mapper configured to map each of the at least one audio signal to
a relative distance dependent on a signal level of the at least one audio signal

compared against the average audio signal level.

31. The apparatus as claimed in claims 28 to 30, wherein the recording
direction determiner comprises:

an energy determiner configured to determine an energy spectrum for
each audio signal; and

a direction determiner configured to determine the recording orientation

dependent on the energy spectrum and the orientation indicator.

32. The apparatus as claimed in claims 28 to 31, further comprising:

a selector configured to select at least one of the at least one audio signal
dependent on at least one of:

the recording orientation of the recording apparatus;

the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

33. The apparatus as claimed in claim 32, further comprising a digital signal
processor configured to process each of the at least one of the at least one audio
signal selected dependent on at least one of:

the recording orientation of the recording apparatus;

the relative distance of the recording apparatus; and

the relative position of the recording apparatus.

34. The apparatus as claimed in claims 32 and 33, wherein the digital signal
processor comprises at least one of:

a filter configured to filter each of the at least one of the at least one audio
signal selected; and

a mixer configured to mix each of the at least one of the at least one audio

signal selected; and
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a blender configured to blend each of the at least one of the at least one

audio signal selected.

35.  The apparatus as claimed in claims 32 to 34, further comprising an output
configured to output each of the at least one of the at least one audio signal

selected to a further apparatus.

36. The apparatus as claimed in claims 32 to 35, further comprising:
the receiver configured to receive a selection indicator from a further
apparatus; and wherein the selector is configured to select at least one of the at

least one audio signal is further dependent on the selection indicator.

37. A computer program product stored on a medium for causing an apparatus

to perform the method of any of claims 10 to 18.

38.  An electronic device comprising apparatus as claimed in claims 1 to 9 and
19 to 36.

39. A chipset comprising apparatus as claimed in claims 1 to 9 and 19 to 36.




WO 2012/171584 PCT/EP2011/060147

1/13

&
A

O

~—y

35/ Microphone
@O polar pattern \\ @
“ &~

101
5’ 105 Selected
H — Ilstenlng \
O,
~ pomt §l
19 )

§I
Q

@'w/

- Capture audio signal 7001 N sianals
- Encode audio signal \/\7 g

- Estimate position/direction |Transmission| [ 107

channel
- Upload audio + position/ 113
direction 1003 \4 109 111 Downmixed
\ signal
Audio scene Transmission
server <:lJ> channel <7’—:>
1007f 1005
- Generate/supply audio based - Select listening
on selected listening position position/direction
and uploaded audio + position/ - Pass selection to
direction data audio scene server

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584 PCT/EP2011/060147
2/13
Microphone Speaker Elgé:\t;ggm
16 \1 1 \33 10
Position
s_ensor/ ADC OAC
orientation
sensor
\s4 3,
15 f21 13\
Ul > Processor RX/TX
22
Memory
23
ya
Program code
24
S
Stored data

FIG. 2

SUBSTITUTE SHEET (RULE 26)



PCT/EP2011/060147

WO 2012/171584

2/13

£ Old

60¢

SUBSTITUTE SHEET (RULE 26)‘

jauuey)
uoissiwisuel |
PIIIVETN]
— L
L \N 601
\
.\ —. Jaulwalep <
! 1 suolisod [enyIA
I 1
I 1 N
1 1
1 | 20¢
I |
A A — - A 4
i I
. i [(s)reubiis] Jsulwislep j
1919puSd |y I Jaxiuumoq X uonoasnp punog | eep
! _ 9pI02d
A \ ~— w 7.y N pap. o
3
! ) £0¢
‘| soe
Jauiwiaep i’
uopoaulp buipiooay ejep Josuog
)
\
Loc



WO 2012/171584 PCT/EP2011/060147

4/13
203 e — e —————— -
Recorded : /’ ~
7 \
data I . \
| _—~301 1
1 |
I DFT |
| |
i |
1 |
i
: \ 4 I
" ——304 "
I Energy I
1 determiner :
l !
\ /
\ -~ e b - P4
P e e B \
{ |
® I . ' —305 |
Recording l Direction I
direction : determiner :
| I
N o ————d VY /
—

SUBSTITUTE SHEET (RULE 26)




PCT/EP2011/060147

WO 2012/171584

5/13

G old

b Jaulweag

anjeA uonisod

(74
Jjoje|nwinaoy

[Xei4 180
JaplQ souepodw)

14

o)

Jaddeyy

Loy

Jauluglaq
[ana7]
leubis

abelony

N
O
N

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584 PCT/EP2011/060147

6/13
b
c 5
S5 o
T O (=
© + Ty’
5 ©
o0
L

[@)] —
€58 |
T s O |
598 S
o“;_’g 0
N agn]
(1

=

QO

N

SUBSTITUTE SHEET (RULE 26)



Z Old

PCT/EP2011/060147

7/13

€09
nduy
jouon 22IN0g
10)09j8g
nduj
uolosjes
_
209 G09 109
S
{opilisuel] 1apualg 10)09[eS eje
Jlapoou3 / a
[1SXIN 280In0g
G0

WO 2012/171584

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584 PCT/EP2011/060147

8/13
701~ L~ 703
Receive Audio Data Receive Sensor Data
A
——~705
Determine Recording
Direction
A 4 y
707~ 709—~—
Determine Virtual Determine Sound
Position Direction
—~711

Select & Generate Downmix

——~713
Output To End User Device

Recover/Render Audio Signal At
End User Device/Apparatus

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584 PCT/EP2011/060147

9/13

—801
Receive Recorded/Audio Data
4
——803
Perform DFT
——~805
Determine Energy Values
——~807

Determine Direction

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584 PCT/EP2011/060147

10/13

——901
Receive Recorded/Audio Data
y
——903
Determine Average Signal Level
A4
——905
Determine Signal Level For
Each Source
A 4
——907
Sort Sources In Importance
Order
A
Accumulate Relative Changes ——909
In Amplitude Level For Each
Recording Source
\ 4
—911
Determine Position Value For
Each Source

FIG. 10

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584 PCT/EP2011/060147

11/13

—~— 10010

Extract Recording Direction

—~ 10030

Determine/Detect Quadrant

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584

12/13

PCT/EP2011/060147

Receive Source Data/Selection
Input/Source Input

—~— 1101

Select Source Data Dependent
on Selection/Source Values

~— 1103

Mix/Blend/Filter Selected
Source Data

—~ 1105

Output Mixed/Blended/Filtered
Data [Encoding/Transmission]

~— 1107

FIG. 12

SUBSTITUTE SHEET (RULE 26)



WO 2012/171584 PCT/EP2011/060147

13/13
10°
- aAT=-al
P - ' S~ ~
,, ! \\
1207 .* E ‘o 1201
’ ! \
/ | \
/! 4th quadrant | 15t quadrant \

’I' : ‘\
] \

!

270% _ o ___ e e e 0

' [ i

\ ] !

\ t 1

“ ' II

\ 3"d quadrant , 2" quadrant /
\\ ( I,
\ '
. ! . 1203
12056 \\\ | L7
\\\\ : . ’/
S~ - _| - -

11800

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/060147

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R3/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4S HOAR

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y paragraph [0012]
figure 1
paragraph [0039]

paragraph [0037]

paragraphs [0056] - [0066]

X US 2010/008515 Al (FULTON DAVID ROBERT 1,3,10,
[CA] ET AL) 14 January 2010 (2010-01-14) 12,19,

21,28,
30,37-39
2,4-9,
11,
13-18,
20,
22-27,
29,31-36

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

6 March 2012

Date of mailing of the international search report

15/03/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Heiner, Christoph

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/060147

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

OJANPERAE JUHA [FI])
14 May 2010 (2010-05-14)
page 3, line 13 - line 23; figures 1,2

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2011/064438 Al (NOKIA CORP [FI]; 2,4-6,9,
OJANPERAE JUHA [FI]) 11,
3 June 2011 (2011-06-03) 13-15,
18,20,
22-24,
27,29,
31-33,36
page 9, line 20 - line 22
page 11, line 13 - line 17
page 6, line 9 - Tine 20
page 5, line 20 - line 25
Y WO 2009/109217 Al (NOKIA CORP [FI]; OJALA 7,8,16,
PASI [FI]) 11 September 2009 (2009-09-11) 17,25,
26,34,35
page 3, line 4 - Tine 5
claim 37
A WO 20107052365 Al (NOKIA CORP [FI]; 1-39

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2011/060147
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010008515 Al 14-01-2010 US 2010008515 Al 14-01-2010
WO 2010005610 Al 14-01-2010
WO 2011064438 Al 03-06-2011  NONE
WO 2009109217 Al 11-09-2009 CN 101960865 A 26-01-2011
EP 2250821 Al 17-11-2010
US 2011002469 Al 06-01-2011
WO 2009109217 Al 11-09-2009
WO 2010052365 Al 14-05-2010  EP 2356653 Al 17-08-2011
US 2010119072 Al 13-05-2010
WO 2010052365 Al 14-05-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - wo-search-report
	Page 65 - wo-search-report
	Page 66 - wo-search-report

