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o (57) Abstract: A communication apparatus is desctibed that automatically allocates the position of participants in a group call at
various positions in sound-space. The position of each user is such that the user can distinguish between each participant of the call
by the position of their voice. This allows the user to visualise the location of each user , without having to manually determine the

position of each user.
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A Communication Apparatus

Background of the Invention
The present invention relates to a communication apparatus operable to

communicate with a plurality of devices, each device having a respective identifier

Cell phones ate known to include press-to-talk functionality. This allows a user to
contact other users in a group in a manner akin to a “walkie talkie”. A user can
define groups of other push-to-talk users, and initiate group calls to a group.

Group members that are currently registered with the PTT server, and whose
presence is set to available, if applicable, will receive the group call. In a half duplex
system, such as push-to-talk, only one user can talk at any one time. The voice of
the user who is speaking is provided on a loudspeaker of the cell phones of all the
other users. Some phones allow default audio output options, such as choosing
between loudspeaker or handset audio output.

As one of a number of usets may talk at any give;l time, there is sometimes
confusion over which member of the group is speaking. This usually requires a user

to identify him or herself before speaking. This hinders free-flowing conversation.

WO-A-03/022001 desctibes a method of managing a group call. The contents of
this document is herein incorporated by reference. In this document each user may
attribute a particular “spatial location” to each of the users in the group call. For
example, a user may want the voice of a first user to come from his right side, the
voice of a second user to come from directly in front of him and the voice of a third
uset to come from his left side. However, this requires the user to firstly know
which of the other users are available to speak and then to spend time arranging the
position of each of the other users. A similar system is described in US-A-5,734,724

the contents of which also are hereby incotporated by reference.

It is an aim of the present invention to mitigate problems with the prior art by
reducing the burden on the uset to position each of the other users, whilst still

being able to identify each uset from their spatial location.
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Summary of the Invention

According to one aspect of the invention, there is provided a communication
appatatus opetable to communicate with a plurality of devices, each device having a
tespective identifiet, the communication apparatus comprising a processot
configured to establish automatically plural weighting factors, each weighting factor
to be applied to an audio signal originating from a respective one of the plurality of
devices, according to a predetermined criterion in order to provide an audible
distance between said devices when said audio signals are output from at least two

speakers.

This allows a user, which is communicating with the plurality of devices, to visualise
each of the usets of the plurality of devices in different locations around him ot het.

The location of each of the usets of the devices is detetmined automatically.

The predetermined criterion may be dependent upon the number of devices for
which weighting factots have been established. In this case, a weighting factor
established for a device may be retained when that device leaves a call, and the

weighting factor may be used again when that device subsequently rejoins the call.

A weighting factor established for a device may not be altered during the duration

of a call.

Weighting factots established for devices may be maintained for the duration of a

call. In this case, the weighting factors may be abandoned at the end of a call.

A weighting factot established for a device may be retained when that device leaves
a call, and the weighting factor may be used again when that device subsequently
rejoins the call. Preferably, in this case, the apparatus is 2 mobile communications

terminal.

A different weighting factor may be established for each device.
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The processot may be configured to maximise the audible distance between each of

the said devices when output from at least two speakers.

Preferably, the apparatus is a mobile communications terminal.

Accotding to a second aspect of the present invention, thete is provided a method
of managing a communication appatatus which is operable to communicate with a
plurality of devices, each device having a respective identifier, the method
comptising establishing automatically plural weighting factors, each weighting factor
to be applied to an audio signal originating from a respective one of the plurality of
devices, according to a predetermined criterion in order to provide an audible
distance between said devices when said audio signals are output from a plurality of

speakers.

The predetermined criterion may be dependent upon the number of devices for

which weighting factors have been established.

The weighting factor established for a device may be retained when that device
leaves the call, and the weighting factor may be used again when that device

subsequently rejoins the call.

According to a third aspect of the present invention, there is provided a computer
program for use with a communication apparatus which is operable to communicate
with a plurality of devices, each device having a respective identifier, the program
comptising computer code for performing the step of establishing automatically
plural weighting factors, each weighting factor to be applied to an audio signal
originating from a respective one of the plurality of devices, according to a
predetermined ctiterion in order to provide an audible distance between said devices
when said audio signals are output from at least two speakers. There is also
provided a storage medium having a2 computet program according to the third

aspect of the present invention stored thetein ot thereon.
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Brief Description of the Drawings

Figure 1 is a block diagram illustrating components of a communication device
according to the present invention;

Figure 2 is a signal diagram of communication in a press-to-talk system having
communication devices according to the present invention located therein;

Figute 3 is a flow diagram describing a method according to the present invention;
Figute 4 is a diagtam representing a look-up table contained within the Figure 1
communication device when communicating according to the part of the scheme
lustrated in Figure 2;

Figute 5 is a diagram showing the spatial location of each of the other
communication devices in relation to one communication device according to the
present invention;

Figure 6 is a diagram representing a look-up table contained within the Figure 1
communication device when communicating according to the remaining part of the
scheme illustrated in Figure 2;

Figutre 7 is a diagram showing the spatial location of other communication devices

in relation to the user of the Figure 1 communication device.

Description of the Best Mode of Performing the Invention

Referring to Figure 1, a first cell phone 100 includes an antenna 170. The antenna
170 is connected to a teceiver 165 which converts received signals into digital data.
The data is fed to a signal processor 150 which controls the operation of the first
cell phone 100. A push button 145 is connected between the signal processor 150
and is pushed when a uset wishes to speak when the cell phone is operating in push-
to-talk (PTT) mode. When the button 145 is pressed, the voltage at the signal

ptrocessotr input 150 is changed from ground to +5Volts.

A microphone 155 into which the user speaks is also connected to the processot
150. An identification module 170 is connected to the processor 150. A transmitter

160 is connected between the identification module 170 and the antenna 170.

Additionally, a sound processor 135 is connected to the signal processor 150.

Memory 140 and an amplifier 130 are connected to the sound processor 135. Left
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and right stereo speakers 120, 125 are connected to the amplifier 130. These

speakers may be part of a pair of stereo headphones, a stereo hands-free kit or the

like.

The sound processor 135 generates audio signals on left and tight channels, each of
which are fed to the amplifier 130 for amplification before feeding to the left and

right speakers 120, 125, respectively.

Operation of the first cell phone 100 will now be described with reference to

Figures 1, 2 and 3.

The user of the first cell phone 100 according to the present invention wishes to
communicate with users of second, third, fourth and fifth cell phones 102, 104, 106,

108 respectively using PTT functionality. This is step S10 of Figure 3.

The user of the first cell phone 100 inputs the contact details, for instance the
phone numbert, of the second, third, fourth and fifth cell phones, 102, 104, 106 and
108. The contact details, as well as the request to communicate using PTT, are

forwarded to the network 150 in a first signal 110.

The request is generated within the signal processor 150 and includes details of, for
example the cell phone numbers of the second, third, fourth and fifth cell phone
102, 104, 106, 108. The request is passed to the identification module 170, which
adds an identifier unique to the first cell phone 100 to the request. The request
(including the identifier) is then coded and up-converted in the transmitter 160 and

is fed to the antenna 170 for sending to the network 150.

The network 150 forwards the request, along with information identifying the first
cell phone 100 to each of the second, thitd, fourth and fifth cell phones 102, 104,
106, 108 respectively, in a second signal 112. The second signal 112 may be
transmitted to each of the second, third, fourth and fifth cell phones 102, 104, 10,

108 simultaneously (as shown) or serially.
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In Figure 2, each of the second, third and fourth cell phones 102, 104, 106 accepts
the request and sends an acknowledgement back to the network 150. However, the
fifth cell phone 108 does not accept the request as it is already participating in a
voice call and so is busy. This information is also sent back to the network 150.
This is represented by a first signal group 114. The network 150 may ot may not
inform the first cell phone 100 of the status of each of the second, thitd, fourth and
fifth cell phones 102, 104, 106 and 108. If the network 150 does inform the first
cell phone 100 of the status of each of the second, third, fourth and fifth cell
phones 102, 104, 106 and 108, a third signal 116 is sent from the netwotk to the
first cell phone 100. The thitd signal is omitted if the netwotk does not inform the

first cell phone 1000f the statuses of the other phones.

The status (accepted or declined) of each cell phone 100, 102, 104, 106, 108 is held
by the network 150. If the status information is sent by the network 150, the status
information is displayed to the user.It may also be held by one or more of the other
cell phones. In the case of a Motorola GIR CDMA client/setver atchitecture being
used, the identities of a first user already in a call is not identified to a second user
of a phone that then joins the call. However, once the first uset speaks, the identity
of the first user is made available to the phone of the second user. This may then

be displayed to the second user if required.

Following the calls being answered at the second, thitd and fourth cell phones 102,
104, 106, the user of the second cell phone 102 is the first to speak. The speech is
converted, and an identifier added, and the tesult is transmitted to the network 150
as a fourth signal 118. The netwotk 150 forwards the fourth signal 118 to the first,
third and fourth cell phones 100, 104, 106. This is represented as a second signal
group 120. Only one uset can speak at a time. Thus, the users of the first, third

and fourth cell phones 100, 104, 106 listen to the user of the second cell phone 102.

PTT requires the netwotk 150 to be continuously connected to all of the first,
second, third and fourth cell phones 100, 102, 104, 106 using a half duplex channel.
Therefore, when a user presses the button to talk, that user has exclusive access to

speak to the netwotk 150 ovet the channel, and thus control the channel. This
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speech is relayed by the network 150 to each of the other cell phones. Any suitable

PTT technique may be used.

When received by the fitst cell phone 100, the signal for the first cell phone 100
contained in the second signal group 120 is fed from the antenna 175 to the receiver

165, where it is downconverted and demodulated.

The downconverted signal is fed to the signal processor 151 which determines that
another cell phone (the second cell phone 102) is controlling the channel (step S20
of Figutre 3). Accordingly, the signal processor 151 knows to listen only to the

channel until the second cell phone relinquishes control.

The signal processor 150 feeds the part of the received downconverted signal to the
sound processor 135. In particular, the signal processor 151 feeds speech data and

data identifying the cell phone controlling the channel.

The sound processor 135 identifies that the signal originated from, in this case, the
second cell phone 102, and searches the memory 140 to establish whether the
second cell phone 102 has previously taken control of the channel (i.e. spoken to
the other cell phones) since the first cell phone 100 initiated the call (i.e. in this PTT

session). This is step S30 of Figure 3.

As this is the first time that the second cell phone 102 has spoken in this PTT
session, the sound processor 135 determines a suitable channel weighting to
attribute to the second cell phone 102. This is step S50 of Figure 3. In order to do
this, in this example, the sound processor 135 determines whether any other cell
phones have spoken in this session. As, at this point, no other cell phones have
spoken, so the sound processor 135 automatically attributes a weighting of 100% to
the left channel and 0% to the tight channel. This channel weighting is stored with
a suitable cell phone identifier in the memory 140. The channel weighting is then
applied to the channels (step S60 of Figure 3). This means that the voice of the

user of the second cell phone 102 is output only using the left speaker 120, giving
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the user of the first cell phone 100 the impression that the user of the second cell

phone 102 is located on his or het left side.

If the second cell phone 102 had previously spoken in this PTT session, the sound
processor 135 would have extracted the left and right channel weightings from the
memory 140 associated with the second cell phone 102. This is step S40 of Figure
3.

The weighted signal is fed to the amplifier 130 and subsequently onto the speakers
120, 125. Therefote, in this case, only the left speaker 120 outputs the voice of the

uset of the second cell phone 102.

The second cell phone 102 relinquishes control of the channel when the user of the
second cell phone 102 does not want to speak anymore and so releases the button
145. This is step S70 of Figure 3. When this occurs, the channel weighting is not
applied to any incoming speech signals (step S80 of Figure 3).

The user of the fourth cell phone 106 is next to speak. The speech is converted
into signal 116 and transmitted to the network 150. This is a fifth signal 122. The
network 150 forwards the information to the first, second and third cell phones 100,

102, 104. This is represented by the third signal group 124.

A similar procedute to that outlined above takes place. The downconverted and
demodulated signal containing speech and cell phone identifying data is sent to the
sound processotr 135, which checks whether the fourth cell phone 106 has
previously spoken during this session (S30). As this is the first time that the fourth
cell phone 106 has controlled the channel, the sound processor 135 determines the
channel weighting to be atttibuted to the fourth cell phone 106 (S50). As the
second cell phone 102 has spoken and thus a channel weighting has been attributed
to it, the sound processot 135 automatically atttibutes a weighting of 100% to the
right channel and 0% to the left channel. This means that the voice of the user of
the fourth cell phone 106 is output only using the tight speaker 125, giving the user
of the fitst cell phone 100 the imptession that the uset of the fourth cell phone 106
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is located on his or her right side (S60). This provides an effective distance between
the positions, in sound-space, of the users of the second and fourth cell phones 102,
106. The distance, in this case angular distance, is sufficient such that the user can
differentiate the positions between the voice of the users of the second and fourth
cell phones 102, 106. This reduces confusion as to which user is speaking at any

particular time.

The weighted signal is fed to the amplifier 130 and subsequently onto the speakers
120, 125. Thetefote, only the right hand speaker 125 outputs the voice of the user
of the fourth cell phone 106.

The fourth cell phone 106 relinquishes control of the channel when the user of the
fourth cell phone 106 does not want to speak anymore. This is step S70 of Figure
3. When this occuts, the channel weighting is not applied to any incoming speech

signals (step S80 of Figure 3).

The uset of the thitd cell phone 104 is next to speak. The speech is converted into
signal 116 and transmitted to the network 150. This is 2 sixth signal 126. The
network 150 forwards the information to the first, second and fourth cell phones

100, 102, 106, respectively. This is fourth signal group 128.

A similar procedute to that outlined above takes place. The downcoverted and
demodulated sound signal containing speech and cell phone identifying data is sent
to the sound processor 135, which checks whether the third cell phone 104 has
pteviously taken control of the channel during this PTT session (§30). As this is the
first time the third cell phone has taken control of the channel, the sound processor
135 determines the channel weighting to atttibute to the third cell phone 106 (S50).
As the second and fourth cell phones 102, 106 have already spoken, the sound
processor 135 automatically attributes a weighting of 50% to the left channel and
50% to the right channel.

The weighted signal is fed to the amplifier 130 and subsequently onto the speakerts
120, 125. Therefore, both the left and right hand speakers 120, 125 equally output
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the voice of the user of the third cell phone 102 (S60), giving the user of the first
cell phone 100 the imptession that the user of the third cell phone 104 is located

directly in front of him or her.

This weighting again provides sufficient angular distance between the positions, in
sound-space, of the users of the second, fourth and third cell phones 102, 106, 104,
for the user of the first cell phone 100 to differentiate between the voices of the

users’of the cell phones.

The third cell phone 104 relinquishes control of the channel when the uset of the
third cell phone 104 does not want to speak anymore. This is step S70 of Figure 3.
When this occurs, the channel weighting is not applied to any incoming speech

signals (step S80 of Figure 3).

Referring to Figure 4, a look-up table stored in the memory 140 is shown. This

associates cell phone ID numbers with weighting factors.

Referring to Figure 5, the user of the first cell phone has the users which have
spoken during this PTT session positioned equally atound him or het. As the usets
are positioned equally around the user, the angular distance between each user is

maximised.

The skilled person will appreciate that the angular distance is maximised in this case
to ensure that the location of each of the other users (and therefore identity) can be
morte easily distinguished by the user of the first cell phone 100. Howevet, it is not
necessary to maximise the distance in order for the user to distinguish the location
of the other users. Indeed, any alternative algorithm may be implemented which
provides this result. One such alternative is described hereinafter with reference

back to Figure 2.

Referring to Figure 2, the fifth cell phone 108 has finished the pre-existing voice
call and requests to join this PTT session. The fifth cell phone 108 sends a request

to join signal 200 (signified by a dotted line) to the network 150. This request is
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distributed by the network 150 to each of the first, second, third and fourth cell
phones 100, 102, 104, 106 as shown by signal group 202. It will be appreciated that
the time by which the user of the fifth cell phone 108 must join the PPT session is
dependent upon the particular implementation of the invention. For example, in
the described embodiment, the user of the fifth cell phone 108 joins the PTT
session a considerable length of time after the session began. However, it is
undetstood that that other implementations may tequite the user of the fifth cell
phone 108 to join the PTT session within a short period of time (for example 2

seconds).

The uset of the fifth cell phone 108 now speaks. A similar procedure to that
outlined above takes place. The downconverted and demodulated sound signal
containing speech and cell phone identifying data is sent to the sound processot
135, which checks whether the fifth cell phone 104 has previously spoken during
this session (S30). As the fifth cell phone 108 has not spoken during this PTT
session, the sound processot 135 determines the channel weighting to attribute to
the fifth cell phone 108 (S50). As the second, fourth and third cell phones 102, 106,
104 have already spoken and thus been allocated weighting factors, the sound
processor 135 automatically attributes a weighting of 75% to the left channel and
25% to the right channel. This means that the voice of the user of the fifth cell
phone 108 is output mote from the left speaker 120 than the right speaker 125
(S60). This gives the uset of the fitst cell phone 100 the impression that the uset of
the fifth cell phone 108 is located directly between the second and third cell phones
102, 104 i.e. at 45° from the left hand speaker 120.

As is seen, the embodiment described in relation to Figure 2 does not maximise the
angular distance between each of the second, third, fourth and fifth cell phones 102,
104, 106, 108. However, the angular distance between each cell phone is such that
the user of the first cell phone 100 can distinguish between each of the usets of the
second, third, fourth and fifth cell phones 102, 104, 106, 108. The newly allocated
weighting factor gives rise to the fifth cell phone 108 having maximum separation

between the second and fourth cell phones 102, 106.
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Referting to Figute 6, the look-up table stored in the memory 140 is shown.

Referring to Figure 7, even when other usets join the session, the user of the first
cell phone 100 has the usets which have spoken duting the PTT session positioned
around him or her so that the location of each other user in sound-space is

distinguishable.

It is preferable that even if a user were to leave the session, for example, to attend a
voice call, the angular position of that user would remain so if the user were to re-
join the session, he ot she would be allocated the weighting and thus the same

“location” in sound-space.

Although the foregoing relates to the first cell phone 100, it is understood that the
second, third, fourth and fifth cell phones 102, 104, 106, 108 may ot may not also

include the embodiments according to the present invention.

The present invention can be implemented using any system where the identity of a
cell phone whose uset is speaking is provided to the network 150 and/or other cell
phones. Fot example, in CDMA PTT, the network 150 needs to know the identity

of each cell phone in otder to correctly route audio data. This information is used

to identify the cell phone which is currently talking for the purposes of this

invention.

It is understood that the foregoing is not only be relevant to PTT systems. For
example, it may be implemented wherever a group of people wish to talk, for
example in video ot audio conferencing. It is also understood that the invention is
not limited to two channel systems. For example, whete a quadraphonic sound
system is suppotrted, the channel weightings for each channel may be such that the
other users appear to be located behind the user of the communication system. This

provides increased flexibility to the system.

It is envisaged that the foregoing method is implemented in softwate stored in

memoty within a cell phone. This software may be stored before installation on the
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phone on any kind of computer-readable medium such as ROM, RAM, CD, DVD,
floppy disk, a cartier or a setver. It may also be transient as a signal, for example
transmitted over the Intetnet or the like. Moreovert, it will be appatent that many
modifications and variations may be made without departing from the scope and

spirit of the invention.
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What is Claimed is:

1. A communication apparatus operable to communicate with a plurality of
devices, each device having a respective identifier, the communication apparatus
comprising:

a processor configured to establish automatically plural weighting factors,
each weighting factor to be applied to an audio signal originating from a respective
one of the plurality of devices, according to a predetermined critetion in order to
provide an audible distance between said devices when said audio signals are output

from at least two speakers.

2. A communication apparatus according to claim 1, wherein the predetermined
criterion is dependent upon the number of devices for which weighting factors have

been established.

3. A communication apparatus according to claim 1, wherein a weighting factor

established for a device is not altered during the duration of a call.

4. A communication apparatus according to claim 1, wherein weighting factors

established for devices are maintained for the duration of a call.

5. A communication apparatus according to claim 4, wherein the weighting

factors are abandoned at the end of a call.

6. A communication apparatus according to claim 1, wherein a weighting factor
established for a device is retained when that device leaves a call, and the weighting

factor is used again when that device subsequently rejoins the call.

7. A communication apparatus according to claim 2, wherein a weighting factor
established for a device is retained when that device leaves a call, and the weighting

factor is used again when that device subsequently rejoins the call.

8. A communication apparatus according to claim 1, wherein a different

weighting factor is established for each device.
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9. A communication apparatus according to claim 1, wherein the processor is
configured to maximise the audible distance between each of the said devices when

output from at least two speakers.

10. A communication apparatus accotding to claim 1, wherein the appatatus is a

mobile communications terminal.

11. A communication apparatus according to claim 6, wherein the apparatus is a

mobile communications terminal.

12. A method of managing a communication apparatus which is operable to
communicate with a plurality of devices, each device having a respective identifiet,
the method comprising:

establishing automatically plural weighting factors, each weighting factor to
be applied to an audio signal originating from a respective one of the plurality of
devices, according to a predetermined ctiterion in order to provide an audible
distance between said devices when said audio signals are output from a plurality of

speakers.

13. A method according to claim 12 whetein the predetermined criterion is
dependent upon the number of devices for which weighting factors have been

established.

14. A method according to claim 12, wherein a weighting factor established for a
device is retained when that device leaves the call, and the weighting factor is used

again when that device subsequently rejoins the call.

15. A computer program for use with a communication apparatus which is
operable to communicate with a plurality of devices, each device having a tespective

identifier, the program comprising computet code for performing the step of:
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establishing automatically plural weighting factots, each weighting factor to
be applied to an audio signal originating from a respective one of the plurality of
devices, according to a predetermined criterion in order to provide an audible

distance between said devices when said audio signals are output from a plurality of

speakers.

16. A storage medium having a computetr progtam accotding to claim 15 stored

therein or thereon.
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