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(54) Portable electronic equipment with 3D audio rendering

(57) The present invention relates to a portable elec-
tronic equipment (5) with at least one loudspeaker (11)
for outputting audio signals in a three-dimensional man-
ner, detecting means (14; 15) for detecting the spatial
location of a user in relation to the electronic equipment
(5), and processing means (9) for dynamically adjusting
the three-dimensional output of audio signals from the at

least one loudspeaker (11) depending on the detected
location of the user. The present invention further relates
to a method for controlling the audio output from such a
portable electronic equipment and a computer pro-
gramme directly loadable into the internal memory of
such a portable electronic equipment for performing the
method steps.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a portable elec-
tronic equipment, for example a mobile phone which is
able to output audio signals in an audio-spatial manner.

DESCRIPTION OF RELATED ART

[0002] The output of audio signals in an audio-spatial
manner, also called three-dimensional audio very simply
means sound which comes from all around the listener.
A human being can hear three-dimensionally in the real
world using just two ears. On this basis, many three-di-
mensional audio products have been built, which provide
a realistic three-dimensional effect using just two speak-
ers or a set of head phones. This technology is called
three-dimensional audio, which is the ability to position
sound anywhere in a three-dimensional space. Three-di-
mensional audio is therefore achievable on all usual play-
back environments, such as head phones, stereo speak-
ers and of course multi-speaker arrays. In the "3D Audio
Rendering and Evaluation Guidelines" issued by the In-
teractive Audio Special Interest Group, the term interac-
tive three-dimensional audio is used for on-the-fly posi-
tioning of sounds anywhere in the three-dimensional
space surrounding a listener. The output of the audio
signals is changed interactively on the basis of the fact
that the listener’s head motion is simulated, for example
using inputs from a joy stick, a mouse or from a
head-tracking system. Interactive three-dimensional au-
dio rendering is applicable to all kinds of technologies,
such as 3D websites or video games, phone- or video
conferences with multiple participants placed in 3D audio
space, air traffic controllers, air planes and so forth.
[0003] All known (interactive) three-dimensional audio
systems, however, are restricted to a known or assumed
user position. A known user position is for example shown
in Fig. 1, in which case a user 1 wears a pair of head
phones 2. In this case, the user’s position is obviously
known as being between the loudspeakers of the head
phones. Fig. 2 schematically shows the home stereo sit-
uation, in which speakers 3, 4 are located on fixed posi-
tions for example in a living room. The position of the
user 1 is assumed to be at a certain location in the living
room, as e.g. on the couch and the audio properties of
the speakers 3, 4 are set to this specific situation. Another
example is a user sitting in front of a desktop computer,
which has a pair of speakers. If the user plays a game
on the computer or works on any kind of application, the
position of the user is always fixed in front of the joy stick
or keyboard of the computer and thus in a fixed relation-
ship to the speakers. In all these cases, the exactly known
or assumed position of a user does not change so that
the three-dimensional audio properties of the speakers
can be fixedly set.
[0004] For portable electronic equipment, as e.g. mo-

bile phones, personal digital assistants, pagers, commu-
nicators and so forth, the situation is different. Fig. 3 sche-
matically shows different situations in which e.g. a mobile
phone 5 can be used. In a normal use mode, a user 1
uses a mobile phone 5 by holding the phone on his or
her ear in order to listen to the loudspeaker (s) and to
speak into the microphone as shown in Fig. 3A. Another
situation is that the user 1 holds the mobile phone 5 in
his or her hand in front of this face in order to look at the
display and to listen to audio signals output from the loud-
speaker (s), as shown in Fig. 3B. In a further situation, a
mobile phone 5 can be placed on a table 6 so that a user
1 which is sitting or standing close to the table can listen
to audio signals output from the mobile phone 5 as shown
in Fig. 3C. In all these situations, the position of a user 1
in relation to the mobile phone is variable and changed
depending on the desired application. The output of
three-dimensional audio signal on the basis of a known
or assumed user position is therefore not possible.

SUMMARY

[0005] The object of the present invention is therefore
to provide a portable electronic equipment and a method
for controlling the audio output from a portable electronic
equipment which enable the output of three-dimensional
audio signals in a flexible and variable manner depending
on a respective application.
[0006] The above object is achieved by a portable elec-
tronic equipment according to claim 1, comprising at least
one loudspeaker for outputting audio signals in a three-di-
mensional manner, detecting means for detecting the lo-
cation of a user in relation to the electronic equipment,
and processing means for dynamically adjusting the au-
dio-spatial output of audio signals from the at least one
loudspeaker depending on the detected location of the
user.
[0007] The above object is also achieved by a method
for controlling the audio output from a portable electronic
equipment according to claim 8, comprising the steps of
detecting the spatial location of a user in relation to the
electronic equipment, and dynamically adjusting the au-
dio-spatial output of audio signals from the at least one
loudspeaker depending on the detected location of the
user.
[0008] The portable electronic equipment and the
method for controlling the audio output from such a port-
able electronic equipment according to the present in-
vention therefore enable the variable and flexible adap-
tation of the audio-spatial output of audio signals depend-
ing on the detected spatial location of a user in a simple
and easy manner.
[0009] The present invention therefore improves the
three-dimensional audio experience in portable electron-
ic equipments. The process of three-dimensional audio
rendering is greatly simplified and can be flexibly adapted
to the spatial location of the user.
[0010] Advantageously, the processing means contin-
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uously adjusts the audio-spatial output of the audio sig-
nals depending on the detected location of the user.
Since the adjustment and adaptation of the audio-spatial
output of the audio signals is continuously performed, a
portable electronic equipment can be used in any kind
of situation and location. The present invention therefore
allows a dynamic and quick adjustment of the three-di-
mensional rendering in a continuous manner. A user
therefore has the desired three-dimensional audio effect
for any spatial relationship between himself and the port-
able electronic equipment. Hereby, the detecting means
could detect the spatial location or position of a user in
regular intervals. Alternatively, the detecting means
could only detect the spatial location of a user in relation
to the electronic equipment after a corresponding input
instruction from a user.
[0011] Further advantageously, the detecting means
detects the distance and the angular position of a user
in relation to the electronic equipment. Hereby, the spatial
location of a user in relation to the electronic equipment
is calculated on the basis of the detected distance and
the detected angular position. Other suitable detecting
means for directly detecting and determining the spatial
location of a user can of course be implemented. For
example, the detecting means may comprise a camera
for visually detecting the spatial location of a user. Alter-
natively or additionally, the detecting means may com-
prise a microphone for detecting the location of a user
on the basis of received audio signals from the user. In
this case, the microphone for detecting the spatial loca-
tion of a user can be the same microphone as the one
which is usually used for detecting speech or other audio
signals from a user in order to transmit the signals to a
communication partner or the like, in case that the port-
able electronic equipment is a portable radio communi-
cation device or the like.
[0012] Further advantageously, the portable electronic
equipment could comprise two or more loudspeakers for
outputting audio signals. Although three-dimensional au-
dio rendering is possible with one loudspeaker, two loud-
speakers provide a better three-dimensional effect. Of
course, more than two loudspeakers, e.g. three or four
loudspeakers could be used in order to improve the
three-dimensional audio rendering. In case of two loud-
speakers, one loudspeaker could e.g. be the normal loud-
speaker which is used to output received audio signals
to a user, and the second loudspeaker could be a second
loudspeaker which is used to output an alarm or ring sig-
nals in case that the portable electronic equipment is a
portable radio communication device.
[0013] Advantageously, the electronic equipment is a
portable radio equipment for communication in a wireless
communication system such as the GSM, UMTS or any
other wireless communication system. Hereby, the term
portable radio communication equipment includes all
equipment such as mobile telephones, pagers, commu-
nicators, e.g. electronic organisers, smart phones and
the like.

[0014] It is to be noted that the present invention further
relates to a computer programme product directly load-
able into the internal memory of a portable electronic
equipment, comprising software code portions for per-
forming the steps of the method for controlling the audio
output from a portable electronic equipment according
to the present invention, if said product is run on the port-
able electronic equipment.
[0015] Further, it should be emphasised that the term
comprises/comprising when used in this specification is
taken to specify the presence of stated features, integers,
steps or components, but does not preclude the presence
or addition of one or more other features, integers, steps,
components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the following description, the present inven-
tion is explained in more detail in relation to the enclosed
drawings, in which

Fig. 1 schematically shows a user with head phones,

Fig. 2 schematically shows a user with two loud-
speakers on fixed locations,

Figs. 3A, 3B and 3C schematically show a user and
a portable electronic equipment in different spatial
relationships, and

Fig. 4 schematically shows a block diagram of a port-
able electronic equipment according to the present
invention.

DETAILED DESCRIPTION OF EMBODIMENT

[0017] The example of a portable electronic equipment
schematically shown in Fig. 4 is a portable radio commu-
nication device, such as a mobile phone, a personal dig-
ital assistant of the like. However, it is to be understood
that the portable electronic equipment according to the
present invention is not limited or restricted to a portable
radio communication device.
[0018] The portable radio communication device 5
shown in Fig. 4 comprises an antenna 7 and an RF part
8 for transmitting and receiving radio frequency signals.
The RF part 8 is connected to a processing means 9,
which is e.g. a base band processor or any other suitable
processing means. The processing means 9 can be im-
plemented by means of hardware or software compo-
nents or a mixture thereof. The processing means 9 either
comprises or is connected to a memory means 10, in
which data and/or software code is stored.
[0019] In the example shown in Fig. 4, the portable
radio communication device comprises a microphone 14
for detecting audio signals, e.g. speech signals from a
user. Further, the processing means 9 is connected to
at least one speaker 11 for outputting audio signals, as
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e.g. speech signals, music signals, alarm signals and so
forth. Optionally, the processing means 9 could be con-
nected to a second speaker 12. Further optionally, the
processing means 9 is connected to a third speaker 13.
It is to be understood that more than three speakers can
be implemented in the radio communication device 5.
[0020] The radio communication device 5 further com-
prises a digital camera 15 which is connected to the
processing means 9. The camera 15 enables a user to
take still and/or moving pictures which are then further
processed in the processing means 9 and eventually
stored in the memory means 10. The pictures taken with
the camera 15 can also be communicated via the RF part
8 and the antenna 7 to a communication partner in the
wireless communication system.
[0021] The speaker 11 and optionally the speakers 12
and 13 are adapted to output audio signals in a spatial
manner (i.e. three-dimensional manner). The three-di-
mensional or audio-spatial output of the audio signals is
hereby controlled and processed by the processing
means 9. The specific implementation of the three-di-
mensional audio rendering in the processing means 9
can be done on the basis of any known or future three-di-
mensional audio rendering model or system. The Inter-
active Audio Special Interest Group describes an inter-
active three-dimensional audio system consisting of es-
sentially three layers, which are the application, the ap-
plication programming interface and an audio renderer.
The application is e.g. a software application, such as a
game, a music playback-composition programme and
the like. For most implementations, an interactive
three-dimensional audio compatible application pro-
gramming interface is required to do the translation be-
tween the application and the audio renderer. The audio
renderer can either be hardware or software and must
be able to interpret the received events and successfully
produce a believable three-dimensional audio output. It
is to be noted that the application usually accepts data
from the user via a joy stick, a mouse, a key board or any
other input device which provides the interactive element
by modifying the final positional information of the user.
The present invention enhances the system by suggest-
ing the additional use of a detecting means for directly
detecting the spatial location of the user in relation to the
portable radio communication device 5. Hereby, the cam-
era 15 can be used to detect the spatial location of the
user. Alternatively or additionally, the microphone 14 can
be used to detect the location of a user on the basis of
received audio signals from the user. Both the visual and
the aural detection of the spatial location of the user can
be implemented on the basis of known or future detection
technologies. It is to be understood, that any other de-
tection technology for detecting the spatial location of a
user can be used such as the detection on the basis of
infrared light, ultrasonic rays and so forth. Some detec-
tion technologies might detect the spatial location of the
user on the basis of the distance and the angular position
of a user in relation to the radio communication device

5, whereas others are able to directly detect the location
of a user.
[0022] The processing means 9 dynamically and con-
tinuously adjusts the audio-spatial output of audio signals
from the loudspeaker 11 and optionally the loudspeakers
12 and 13 depending on the spatial location and position
of the user as detected by the detecting means or e.g.
the camera 15 and/or the microphone 14. Hereby, the
three-dimensional audio rendering can be implemented
in one of the known or future technologies. The general
and common feature is that the three-dimensional audio
system reproduces and outputs a realistic three-dimen-
sional sound field around the user on the basis of a rep-
lication of the three-dimensional audio cues which the
ears of a user hear in the real world.
[0023] Hereby, the two primary localisation cues are
called interaural intensity difference and interaural time
difference. Further listening cues are e.g. the outer ear
effect and so forth. Most three-dimensional audio tech-
nologies are at some level based on the concept of head
related transfer functions. A head related transfer func-
tion can be though of as a set of audio filters for each ear
that contain all the listening cues that are applied to a
sound as it travels from the sound’s origin (its source or
position in space) through the environment and arrives
at the listener’s eardrums. The filters change depending
on the direction from which the sound arrives at the lis-
tener. Hereby, not only the motion and position of a user’s
head but also the absolute position of the user’s head in
relation to the portable radio communication device 5 is
essential for the three-dimensional audio rendering.
[0024] The three-dimensional audio rendering as dis-
cussed above is implemented in the processing means
9 and/or the memory means 10 either on the basis of
hardware or on the basis of software code or on the basis
of a mixture thereof. It is to be understood, that addition-
ally to the detection of the spatial location of a user in
relation to the portable radio communication device, ad-
ditional means for detecting the head movement and
head position of the user in relation to the portable radio
communication device 5 can be implemented. The de-
tection of the head movement can also be done by the
microphone 14 and/or the camera 15 or any other suit-
able detection means.
[0025] It is to be noted that a schematic drawing in Fig.
4 only shows the essential elements for understanding
the present invention. However, in reality, the portable
radio communication device 5 will comprise further ele-
ments which are necessary for the operation, such as
input keys, display and so forth.

Claims

1. Portable electronic equipment (5), with
at least one loudspeaker (11) for outputting audio
signals in a audio-spatial manner, detecting means
(14; 15) for detecting the spatial location of a user in
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relation to the electronic equipment (5), and
processing means (9) for dynamically adjusting the
audio-spatial output of audio signals from the at least
one loudspeaker (11) depending on the detected lo-
cation of the user.

2. Portable electronic equipment (5) according to claim
1,
characterized in,
that the processing means (9) continuously adjusts
the audio-spatial output of the audio signal depend-
ing on the detected location of the user.

3. Portable electronic equipment (5) according to claim
1 or 2,
characterized in,
that the detecting means (14; 15) detects the dis-
tance and the angular position of a user in relation
to the electronic equipment.

4. Portable electronic equipment (5) according to claim
1, 2 or 3,
characterized in,
that the detecting means (14; 15) comprises a cam-
era (15) for visually detecting the location of a user.

5. Portable electronic equipment (5) according to one
of the
claims 1 to 4,
characterized in,
 that the detecting means (14; 15) comprises a mi-
crophone (14) for detecting the location of a user on
the basis of received audio signals.

6. Portable electronic equipment (5) according to one of
the claims 1 to 5,
characterized by
two loudspeakers (11, 12) for outputting audio sig-
nals.

7. Portable electronic equipment (5) according to one of
the claims 1 to 6,
characterized in,
that the electronic equipment is a portable radio
equipment for communication in a wireless commu-
nication system.

8. Method for controlling the audio output from a port-
able electronic equipment (5), with the steps of
detecting the spatial location of a user in relation to
the electronic equipment, and dynamically adjusting
the audio-spatial output of audio signals from the at
least one loudspeaker depending on the detected
location of the user.

9. Method according to claim 8,
characterized in,
that in the processing step the audio-spatial output

of the audio signal is continuously adjusted depend-
ing on the detected location of the user.

10. Method according to claim 8 or 9,
characterized in,
that in the detecting step the distance and the an-
gular position of a user in relation to the electronic
equipment are detected.

11. Method according to claim 7, 8 or 9,
characterized in,
 that in the detecting step the location of a user is
visually detected.

12. Method according to one of the claims 8 to 11,
characterized in,
that in the detecting step the location of a user is
detected on the basis of received audio signals.

13. Computer program product directly loadable into the
internal memory of a portable electronic equipment,
comprising software code portions for performing the
steps of one of the claims 8 to 12 when said product
is run on a portable electronic equipment.
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