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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Pro-
visional Application Serial No. 61/388,149, filed by Hock
M. Ng on September 30, 2010, entitled "TECHNIQUE
FOR VIDEOCONFERENCING INCLUDING SPEAKER
LOCALIZATION AND TRACKING,". This application al-
so relates to commonly assigned co-pending U.S. Patent
Application Ser. No. 12/759,823, filed on April 14, 2010,
and U.S. Patent Application Ser. No. 12/770,991, filed
on April 30, 2010.

TECHNICAL FIELD

[0002] This application is directed, in general, to pro-
viding images to display, such as, providing images for
a videoconferencing terminal.

BACKGROUND

[0003] This section introduces aspects that may be
helpful in facilitating a better understanding of the disclo-
sure. Accordingly, the statements of this section are to
be read in this light and are not to be understood as ad-
missions about what is in the prior art or what is not in
the prior art.
[0004] Communication via computer networks fre-
quently involves far more than transmitting text. Compu-
ter networks, such as the Internet, can also be used for
audio communication and visual communication. Still im-
ages and video are examples of visual data that may be
transmitted over such networks.
[0005] One or more cameras may be coupled to a com-
puting device, such as a personal computer (PC), to pro-
vide visual communication. The camera or cameras can
then be used to transmit real-time visual information,
such as video, over a computer network. Dual transmis-
sion can be used to allow audio transmission with the
video information. Whether in one-to-one communication
sessions or through videoconferencing with multiple par-
ticipants, participants can communicate via audio and
video in real time over a computer network (i.e., voice-
video communication).
[0006] Document XP 050728678 discloses Group
communication media delivered via MBMS (Multimedia
Broadcast Multicast Service) Delivery in GCSE AS
(Group Communication Service Enabler Application
Server). Service continuity is asured when switching from
multicast (eMBMS) to unicast by "Make before Break"
pre-establishment of unicast UE. "Make before Break"
as a unicast bearer is established before the UE is unable
to receive data via MBMS Delivery anymore.

SUMMARY

[0007] The invention is defined by the independent

claims. Further embodiments are defined by the depend-
ent claims. One aspect provides an apparatus. In one
embodiment, the apparatus includes: (1) an audio source
identifier configured to locate an audio source based on
multimodal sensor data from at least two different types
of sensors and (2) an image selector configured to auto-
matically direct a camera to view the audio source.
[0008] In another aspect, a method of directing a cam-
era to view an audio source is disclosed. In one embod-
iment, the method includes: (1) locating an audio source
based on multimodal sensor data from at least two dif-
ferent types of sensors and (2) automatically directing a
camera to view the audio source.
[0009] In yet another aspect, a video conferencing ter-
minal is provided. In one embodiment, the video confer-
encing terminal includes: (1) a camera configured to cap-
ture images within a field of view and (2) an audio source
locator and tracker configured to locate an audio source
based on multimodal sensor data from at least two dif-
ferent types of sensors and automatically direct the cam-
era to view the audio source.

BRIEF DESCRIPTION

[0010] Reference is now made to the following descrip-
tions of embodiments, provided as examples only, taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic block diagram of an embodi-
ment of a videoconferencing infrastructure within
which a videoconferencing terminal constructed ac-
cording to the principles of the disclosure may oper-
ate;
FIG. 2 illustrates a block diagram of an embodiment
of a video conferencing terminal 200 constructed ac-
cording to the principles of the disclosure;
FIG. 3 illustrates an environment where an embod-
iment of a video conferencing terminal constructed
according to the principles of the disclosure may be
employed;
FIG. 3A illustrates a map representing potential au-
dio sources (i.e., the participants) of the environment
in FIG. 3;
FIG. 4 illustrates a state diagram representing the
operation of an audio source locator and tracker con-
structed according to the principles of the disclosure;
FIG. 5 illustrates a diagram of an embodiment of a
video conferencing terminal constructed according
to the principles of the disclosure;
FIG. 6 illustrates a flow diagram of an embodiment
of a method for directing a camera to view an audio
source carried out according to the principles of the
present disclosure.

DETAILED DESCRIPTION

[0011] The disclosure provides a locating and tracking
scheme that employs sensor data from multiple types of
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sensors (i.e., multimodal sensor data) to locate and track
audio sources. The disclosure provides an apparatus for
locating and tracking a single or multiple audio sources
and directing a camera to capture an images, or images,
of the located and tracked audio source. Locating an au-
dio source enables pointing a camera thereat even when
there may be multiple audio sources in vicinity. Tracking
an audio source enables directing the camera to follow
the audio source as it moves.
[0012] A video conferencing terminal may employ the
disclosed locating and tracking functionality. According-
ly, the audio source to locate and track may be a partic-
ipant of a video conference who is speaking. In a video-
conferencing scenario where there are multiple persons
in a meeting room, detecting the participant speaking and
targeting the camera on that participant so that a remote
location receives the image of the active speaker can be
a challenge. A video conferencing terminal with the lo-
cating and tracking functionality as disclosed herein al-
lows a person at a remote location from the camera to
be able to view the participant who is speaking without
the remote person manually steering the camera to stay
on the speaker.
[0013] As such, a video conference terminal disclosed
herein may include speaker localization that allows point-
ing a camera at the speaker even when there are multiple
persons seated around a meeting table. Additionally, the
video conferencing terminal may include speaker track-
ing that allows following the speaker who is not static but
is moving around. An example of this case would be when
the speaker gets up and starts walking towards a white-
board.
[0014] The locating and tracking functionality dis-
closed herein may combine audio, video and other sen-
sors, such as thermal and ultrasonic sensors, to locate
and track an audio source. In contrast, speaker localiza-
tion schemes that only use audio (sound source locali-
zation) to locate speakers may be prone to errors from
background noises and may fail when there are multiple
simultaneous speakers. Thus, the disclosure combines
sensor data, such as sound source localization with ther-
mal and ultrasonic measurements, to increase accuracy
when pointing a camera. The combination of the various
types of sensors provides sensor data fusion which is an
algorithmic combination of multimodal sensor inputs, i.e.,
combining data from not just multiples of sensors but also
different types of sensors. The combination of the thermal
and ultrasonic sensors enables the detection of a person
even when the person is not speaking. This is advanta-
geous over audio-only methods (cannot detect when a
person is quiet) and video methods such as face detec-
tion (where there can be detection failure due to occlu-
sions or rotation of a target face away from the camera).
The sensors that are employed may be mounted with a
locating and tracking apparatus, such as a video confer-
encing terminal. In addition, information from other sen-
sors mounted on the walls, ceiling or furniture may be
used for sensor data fusion.

[0015] FIG. 1 is a schematic block diagram of an em-
bodiment of a videoconferencing infrastructure 100 with-
in which a videoconferencing terminal constructed ac-
cording to the principles of the disclosure may operate.
This embodiment of the videoconferencing infrastructure
100 is centered about a telecommunications network 110
that is employed to interconnect two or more videocon-
ferencing terminals 120, 130, 140, 150 for communica-
tion of video signals or information, and perhaps also
audio signals or information, therebetween. An alterna-
tive embodiment of the videoconferencing infrastructure
100 is centered about a computer network, such as the
Internet. Still another embodiment of the videoconferenc-
ing infrastructure 100 involves a direct connection be-
tween two videoconferencing terminals, e.g., connection
of the videoconferencing terminals 120, 130 via a plain
old telephone (POTS) network. Additionally, a direct con-
nection via a network connection is yet another option of
connection. As represented in the videoconferencing ter-
minal 120, the videoconferencing terminals 120, 130,
140, 150, may include components typically included in
a conventional videoconferencing terminal, such as, a
microphone, a speaker and a controller. The controller
may be a type of processor with an associated memory
that includes a series of operating instructions that direct
the operation of the controller when initiated thereby. In
some embodiments, the controller may include an audio
source locator and tracker as disclosed herein. The mi-
crophone can be configured to generate an audio signal
based on acoustic energy received thereby, and the
speaker can be configured to generate acoustic energy
based on an audio signal received thereby. At least one
of the videoconferencing terminals 120, 130, 140, 150,
may be, for example, a cell phone, a personal digital as-
sistant, a laptop or a desktop computer. At least one of
the videoconferencing terminals, e.g., video conferenc-
ing terminal 130 includes locating and tracking function-
ality as disclosed herein. FIG. 2 provides an embodiment
of such a video conferencing terminal.
[0016] FIG. 2 illustrates a block diagram of an embod-
iment of a video conferencing terminal 200 constructed
according to the principles of the disclosure. The video
conferencing terminal 200 includes a camera 210, a dis-
play 220, locating and tracking sensors 230 and an audio
source locator and tracker 240. One skilled in the art will
understand that the video conferencing terminal 200 may
also include additional components that may be included
in conventional video conferencing terminals, such as a
speaker. For example, the video conferencing terminal
200 may include a controller that is configured to direct
the overall operation thereof.
[0017] In one embodiment, the video conferencing ter-
minal 200 may be implemented as a single device, such
as illustrated in FIG. 5. In another embodiment, the video
conferencing terminal 200 may have a distributed archi-
tecture wherein each component may not be included
within a single structure. For example, the camera 210,
the display 220 or the locating and tracking sensors 230
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may not be physically located within a single device but
may be dispersed in a room and coupled to the audio
source locator and tracker 240 via hardwire or wireless
connections. In one embodiment, a portion of the video
conferencing terminal 200 may be implemented as a cel-
lular telephone. For example, a video camera of a cell
telephone or a processor of a cell telephone may be em-
ployed as a camera and an audio source locator and
tracker.
[0018] The camera 210 is configured to capture imag-
es. The camera 210 may be a video camera, such as a
webcam. Additionally, the camera 210 can be used for
locating and tracking audio sources such as, for example,
individuals who are speaking during a video conference.
Accordingly, the camera 210 has pan, tilt and zoom ca-
pabilities that allow the camera 210 to dynamically cap-
ture images of located and tracked audio sources. The
camera 210 may include pan and tilt servos to view a
located and tracked audio source. To view an audio
source, the camera 210 is manipulated so that a field of
view thereof includes the audio source. In some embod-
iments, the video conferencing terminal 200 itself may
move to allow the camera 210 to view a located or tracked
audio source. Accordingly, the video conferencing termi-
nal 200 may include pan and tilt servos that move the
video conferencing terminal 200 to view an audio source.
As such, the pan and tilt servos may be located in a base
of the camera 210 or in a base of the video conferencing
terminal 200. In addition to pan and tilt capability, the
camera 210 may include the ability to zoom-in and zoom-
out.
[0019] The display 220 may be a conventional display,
such as a flat panel display, that presents a view based
on input data. In one embodiment, the display 220 may
be a liquid crystal display (LCD). The display 220 is cou-
pled to the audio source locator and tracker 240. Con-
ventional audio-video cable may be used to couple the
devices together. Wireless connections may also be em-
ployed. In some embodiments, the display 220 may be
a stand-alone, projector display.
[0020] The locating and tracking sensors 230 include
multiple types of sensors for locating and tracking an au-
dio source. The various types of sensors are used to
provide multimodal sensor data for audio source locating
and tracking. The locating and tracking sensors 230 may
include a sound sensor 232, a thermal sensor 234 and
a distance sensor 236. The locating and tracking sensors
230 may include an additional sensor or sensors as rep-
resented by the component 238.
[0021] The sound sensor 232 may be a microphone or
multiple microphones that are configured to generate an
audio signal based on acoustic energy received thereby.
As such, the sound sensor 232 may be used to locate
the audio source based on audio. In some embodiments,
an array of microphones may be used. In one embodi-
ment, stereo microphones may be used.
[0022] The thermal sensor 234 is configured to detect
an audio source based on temperature. In one embodi-

ment, the thermal sensor 234 may measure the average
temperature sensed in a cone of a given angle. The cone
may be in a range between about 10 degrees to about
35 degrees. The average temperature may be obtained
as a background temperature of a location, such as room,
without a person. The average temperature can then be
used as a reference. When a person steps into the pur-
view (i.e., the cone) of the thermal sensor 234, such as
a speaker during a video conference, the temperature
measured would be higher than the background temper-
ature. The distance of the person from the thermal sensor
234 can be determined depending on the measured tem-
perature including the person. The distance may be de-
termined based on a corresponding range of expected
temperature values. The corresponding ranges may be
stored in a memory associated with a controller of the
video conferencing terminal 200. In one embodiment, the
thermal sensor 234 may be a conventional thermal sen-
sor.
[0023] The thermal sensor 234 may include multiple
thermal sensors or thermal detecting devices. In one em-
bodiment, the thermal sensor 234 may include an array
of thermal sensing devices. The multiple thermal sensing
devices may be distributed around a rotating portion of
the videoconferencing terminal 200. As such, a map of
a room can be provided with a scan of a smaller angular
range for the video conferencing terminal 200.
[0024] The distance sensor 236 obtains and provides
data on the distance of objects from the distance sensor
236. As such, the distance sensor 236 may be a conven-
tional range finder. Accordingly, the distance sensor 236
may also be configured to detect movement towards and
away therefrom. In one embodiment, the distance sensor
236 may be an ultrasonic range finder. An ultrasonic
range finder, which may have up to 1-inch accuracy, can
be used. Other types of range finders in addition to an
acoustic range finder, such as an optical or radar based
range finder, may also be used.
[0025] The distance sensor 236 may also include mul-
tiple distance sensing devices such as range finders. In
one embodiment, the distance sensor 236 may include
an array of distance sensing device. The multiple dis-
tance sensing devices may be distributed around the ro-
tating portion of the videoconferencing terminal 200 to
allow mapping of a room employing a smaller angular
scan. Thus, compared to having just a single sensor, the
videoconferencing terminal 200 would not have to make
a larger scan of the room (e.g., 360 degrees) to obtain a
map of the people in the room.
[0026] The additional sensor 238 may be yet another
type of sensor used to collect data for locating and track-
ing an audio source. The additional sensor 238 may be
a video-based sensor that is used to detect movement
of an audio source. As such, the additional sensor 238
may be a motion detector in one embodiment. In other
embodiments, the additional sensor 238 may be another
type of sensor (e.g., another type of conventional sensor)
that may be employed to collect and provide data for
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locating and tracking an audio source.
[0027] The audio source locator and tracker 240 is con-
figured to locate and track an audio source and direct the
camera 220 to view the located and tracked audio source.
The audio source locator and tracker 240 performs the
locating and tracking based on multimodal sensor data
received from multiple types of sensors. The audio
source locator and tracker 240 may be embodied as a
processor with an associated memory that includes a
series of operating instructions that direct the operation
of the processor when initiated thereby. In some embod-
iments, the audio source locator and tracker 240 may be
implemented as dedicated hardware or a combination of
dedicated hardware and software. When embodied as a
processor, the functions of the audio source locator and
tracker 240 may be provided by a single dedicated proc-
essor, by a single shared processor, or by a plurality of
individual processors, some of which may be shared.
Moreover, explicit use of the term "processor" or "con-
troller" should not be construed to refer exclusively to
hardware capable of executing software, and may im-
plicitly include, without limitation, digital signal processor
(DSP) hardware, network processor, application specific
integrated circuit (ASIC), field programmable gate array
(FPGA), read only memory (ROM) for storing software,
random access memory (RAM), and non volatile storage.
Other hardware, conventional and/or custom, may also
be included. In one embodiment, the audio source locator
and tracker 240 may be implemented as part of the con-
troller of the video conferencing terminal 200.
[0028] The audio source locator and tracker 240 in-
cludes an audio source identifier 244 and an image se-
lector 248. The audio source identifier 244 is configured
to locate an audio source based on multimodal sensor
data from the locating and tracking sensors 230. The
image selector 248 is configured to automatically direct
the camera 210 to view the audio source. In some em-
bodiments, the audio source identifier 244 is further con-
figured to locate potential audio sources based on at least
some of the multimodal sensor data. The image selector
248 may also be configured to generate a map of the
potential audio sources. The location of the potential au-
dio sources may be mapped with respect to a location of
the camera 210, the locating and tracking sensors 230
or the video conferencing terminal 200 itself. In one em-
bodiment, the map may be pre-determined before locat-
ing the audio source. In other embodiments, the map
may be dynamically determined when locating the audio
source. FIG. 3A includes an example of a map that may
be generated.
[0029] FIG. 3 illustrates an environment where an em-
bodiment of a video conferencing terminal 300 construct-
ed according to the principles of the disclosure may be
employed. The representative environment is a confer-
ence room with participants sitting around a conference
table. FIG. 3A illustrates a map 350 representing poten-
tial audio sources (i.e., the participants) of the environ-
ment in FIG. 3.

[0030] The video conferencing terminal 300 can gen-
erate the map 350 before a video conference even be-
gins. With use of mechanical motion, an initial scan of
the conference room may be performed to pre-determine
the proximate locations of participants in the room. Know-
ing the proximate locations of the participants can assist
the video conferencing terminal 300 in making intelligent
decisions about the location of actual audio sources dur-
ing a video conference.
[0031] The video conferencing terminal 300 may make
an initial scan of the room and infer from thermal and
distance information where the participants are located
relative to a position of the video conferencing terminal
300. In some embodiments, the scan may be 360 de-
grees. In other embodiments, the scan may be less than
360 degrees, such as when the videoconferencing ter-
minal 300 has multiple of the same type of sensors. In
another embodiment, the video conferencing terminal
300 may determine the positions of the participants as a
video conference progresses using the directions (e.g.,
a radial angle with respect to a "home" position of the
video conferencing terminal 300) where speech and par-
ticipants are detected. Both these methods allow the vid-
eo conferencing terminal 300 to form and maintain a map
of the participants in the room as illustrated by the map
350.
[0032] The video conferencing terminal 300 includes
an audio source locator and tracker. Additionally, the vid-
eo conferencing terminal 300 may include a camera, var-
ious types of sensors, and a display. A field of view for a
camera of the video conferencing terminal 300 is denoted
in FIG. 3 and is directed to an audio source. In one em-
bodiment, the video conferencing terminal 300 may be
the video conferencing terminal 200 of FIG. 2. In some
embodiments, the map 350 may be generated by a video
conferencing terminal such as illustrated in FIG. 5. In
another embodiment, the video conferencing terminal
300 may be utilized as a target acquisition device that
includes multiple sensors on a moving platform. In this
embodiment, the video conferencing terminal 300 may
not include a display. For example, a projector 370 may
be used with a screen 375 for video conferencing ses-
sions.
[0033] FIG. 4 illustrates a state diagram 400 represent-
ing the operation of an audio source locator and tracker
constructed according to the principles of the disclosure.
The state diagram 400 represents tracking of a located
audio source based on measured temperatures and
speech detection. A thermal sensor and a sound sensor,
such as the thermal sensor 220 and the sound sensor
210 of FIG. 2, may be used to detect the temperatures
and speech. A audio source locator and tracker, such as
the audio source locator and tracker 240 of FIG. 2, may
be configured to perform tracking according to the state
diagram 400. The state diagram 400 illustrates four dif-
ferent states, a track state 410, a wait state 420, an idle
state 430 and a search state 440. Each of these states
is determined based on an angle θSSL, temperature T
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and TP and the presence of speech. The angle θSSL may
be determined from a sound source localization algorithm
with inputs from a sound sensor. The temperatures T and
TP may be determined by a thermal sensor and the
speech may be detected by a sound sensor. The tem-
perature T represents a measured temperature and the
temperature TP represents a threshold temperature for
detecting a person. The temperature TP may be estab-
lished as a background temperature.
[0034] The track state 410 is maintained when the an-
gle θSSL is zero and the temperature T is equal to the
threshold temperature TP. Accordingly, tracking a locat-
ed audio source can be performed without detecting
speech. If the angle θSSL is greater than zero, or there is
silence (i.e., no speech detected) or the measured tem-
perature T is less than the threshold temperature TP, then
the wait state 420 is entered. At the wait state 420, a
timer is initiated. The timer may be set based on experi-
ence. Different times may be established for the timer
based on desired sensitivity levels or based on different
locations. The timer may be set during manufacturing or
may be set by an end user employing a user interface.
A display may provide a user interface to set the timer.
[0035] The wait state 420 is maintained as long as the
angle θSSL is greater than zero, the measured tempera-
ture T is less than the threshold temperature TP and the
timer is greater than zero. Additionally, the wait state is
maintained when there is silence, the timer is greater
than zero and the measured temperature T is equal to
the threshold temperature TP.
[0036] From the wait state 420, all of the other states
may be entered depending on the status of the various
conditions. If there is silence, the timer equals zero and
the measured temperature T is less than the threshold
temperature TP, then the idle state 430 is entered from
the wait state 420. Upon reaching the idle state 430, the
video conferencing terminal can move to either the
search state 440 or the track state 410 depending on the
angle θSSL and the measured temperature T. If the angle
θSSL is greater than zero and the measured temperature
T is less than the threshold temperature TP, then the
search state 440 is entered. If the angle θSSL is equal to
zero and the measured temperature T is equal to the
threshold temperature TP, then the track state 410 is en-
tered. Thus, even if speech is not detected, the video
conferencing terminal may move from the idle state 430.
[0037] If the timer is equal to zero and the angle θSSL
is equal to zero, then the video conferencing terminal
moves from the wait state 420 to the track state 410.
Additionally, if the timer is equal to zero and the angle
θSSL is greater than zero, then the video conferencing
terminal moves from the wait state 420 to the search
state 440. The search state 440 is maintained when the
angle θSSL is greater than zero and the measured tem-
perature T is less than the threshold temperature TP.
When the angle θSSL is equal to zero and the measured
temperature T is equal to the threshold temperature TP,
then the track state 410 is entered from the search state

440. At the search state 440, servos are activated to
move the sensors locate an audio source.
[0038] FIG. 5 illustrates a diagram of an embodiment
of a video conferencing terminal 500 constructed accord-
ing to the principles of the disclosure. The video confer-
encing terminal 500 may be used in a room for video
conferencing. In one embodiment, the video conferenc-
ing terminal 500 may be sized to place on a table for
video conferencing. As such, the various sensors may
be positioned on the video conferencing terminal 500 to
proximately coincide with the heads of participants of the
video conference at the table. The video conferencing
terminal 500 includes a display 510, microphones 520,
a thermal sensor 530, a range finder 540, a camera 550,
a speaker 560 and a base 570. As noted with respect to
FIG. 2, multiple sensors of each type may be distributed
across the video conferencing terminal 500 in some em-
bodiments to allow mapping a room using a smaller scan
angle. The video conferencing terminal 500 also includes
a coupling interface (not illustrated) configured to provide
terminations for various cables, conductors, power
cords, etc. The coupling interface may be configured to
allow coupling to a communications network and a power
source. In one embodiment, the coupling interface may
allow wireless connections. The interface may be a con-
ventional interface.
[0039] The display 510 may be a conventional display
that is configured to provide images for viewing. The dis-
play 510 may provide images from a remote location for
the video conference. The display 510 may also be con-
figured to provide a user interface. The user interface
may include menus activated by touch or by a coupled
keyboard, mouse, etc., via the coupling interface. The
user interface may allow a user to program various set-
tings for the video conferencing terminal 500 or adjust
the picture of the display 510.
[0040] The sound sensor 520 is configured to detect
sound. The sound sensor 520 includes stereo micro-
phones. The thermal sensor 530 is used to detect heat
and the range finder 540 is used to determine distance.
Each of these sensors may be conventional devices. In
one embodiment, the range finder 540 may be an ultra-
sonic sensor. These sensors provide the multimodal sen-
sor data that is used by a audio source locator and tracker
(not illustrated) of the video conferencing terminal 500 to
locate and track audio sources.
[0041] The camera 550 is configured to capture imag-
es and the speaker 560 is configured to provide audio.
The camera 550 and the speaker 560 may be conven-
tional devices that are employed with video conferencing
systems.
[0042] The base 570 is configured to support the com-
ponents of the video conferencing terminal 500. The base
570 is configured to set on top of a table for a video con-
ference. The base 570 includes servos to rotate and tilt
the video conferencing terminal 500. As illustrated, the
base 570 may rotate the video conferencing terminal 500
360 degrees and tilt the video conferencing terminal 500
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45 degrees.
[0043] FIG. 6 illustrates a flow diagram of a method
600 for directing a camera to view an audio source carried
out according to the principles of the present disclosure.
At least part of the method 600 may be carried out by an
audio source locator and tracker. In one embodiment, a
video conferencing terminal may be employed to perform
the method 600. The method 600 begins in a step 605.
[0044] In a step 610, a map of potential audio sources
is generated based on multimodal sensor data. The data
may be provided by multiple sensors or different types
of sensors. For example, a thermal sensor and a range
finder may be used to provide the multimodal sensor da-
ta. The map may be generated with the potential audio
sources positioned with respect to a video conferencing
terminal or a camera of the video conferencing terminal.
[0045] In a step 620, an audio source is located based
on multimodal sensor data from at least two different
types of sensors. The map may be used to assist in lo-
cating the audio source. In addition to the thermal sensor
and the range finder, a sound sensor may also be em-
ployed to provide the multimodal sensor data. In some
embodiments, other types of sensors may also be used
to provide multimodal sensor data.
[0046] A camera is automatically directed to view the
audio source in a step 630. The camera is moved such
that the audio source is within the field of view of the
camera. The camera may also be directed to zoom-in or
zoom-out.
[0047] In a step 640, the audio source is tracked. Mul-
timodal sensor data may be used to track the audio
source. Tracking may be performed according to the
state diagram illustrated in FIG. 4. In a step 650, the cam-
era is automatically steered to view the audio source dur-
ing tracking. As such, the camera may be rotated, tilted,
zoomed-in or zoomed-out. The camera can capture im-
ages of the located and tracked audio source. These cap-
tured images can be provided to a remote locate for view-
ing. The method 600 ends in a step 660.
[0048] A person of skill in the art would readily recog-
nize that steps of various above-described methods, in-
cluding method 600, can be performed by programmed
computers. For example, an audio source locator and
tracker may be employed to work with other components
of a video teleconferencing terminal to perform the steps
of the method 600. Herein, some embodiments are also
intended to cover program storage devices, e.g., digital
data storage media, which are machine or computer
readable and encode machine-executable or computer-
executable programs of instructions, wherein said in-
structions perform some or all of the steps of said above-
described methods. The program storage devices may
be, e.g., digital memories, magnetic storage media such
as a magnetic disks and magnetic tapes, hard drives, or
optically readable digital data storage media. The em-
bodiments are also intended to cover computers pro-
grammed to perform said steps of the above-described
methods.

[0049] Those skilled in the art to which the application
relates will appreciate that other and further additions,
deletions, substitutions and modifications may be made
to the described embodiments. Additional embodiments
may include other specific apparatus and/or methods.
The described embodiments are to be considered in all
respects as only illustrative and not restrictive. In partic-
ular, the scope of the invention is indicated by the ap-
pended claims rather than by the description and figures
herein.

Claims

1. (Currently Amended) An apparatus, comprising:

an audio source identifier configured to locate
an audio source based on multimodal sensor
data from an audio sensor and at least two other
different types of sensors, wherein said at least
two other different types of sensors include at
least one type of sensor that is not a video sen-
sor, and the at least one type of sensor is se-
lected from the group consisting of a thermal
sensor, an ultrasonic sensor, a range finder, and
a distance sensor;
a base including servos configured to rotate and
tilt the apparatus to locate and track said audio
source based on said multimodal sensor data;
and
an image selector configured using the base in-
cluding servos to automatically direct a camera
to view said audio source.

2. The apparatus as recited in Claim 1 further compris-
ing said camera and said at least two different types
of sensors.

3. The apparatus as recited in Claim 1 wherein said at
least two different types of sensors are selected from
the group consisting of:

a video sensor;
a thermal sensor; and a
range finder.

4. The apparatus as recited in Claim 1 wherein said
audio source identifier is further configured to locate
potential audio sources based on multimodal sensor
data.

5. The apparatus as recited in Claim 4 wherein said
image selector is further configured to generate a
map of said potential audio sources.

6. The apparatus as recited in Claim 4 wherein said
audio source identifier is configured to locate said
potential audio sources before locating said audio
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source.

7. The apparatus as recited in Claim 1 wherein said
audio source identifier is further configured to detect
movement of said audio source based on data from
at least one of said at least two different types of
sensors.

8. The apparatus as recited in Claim 7 wherein said
image selector is further configured to automatically
steer said camera in response to said detected
movement to track said audio source.

9. (Currently Amended) A method of directing a camera
to view an audio source, comprising:

locating an audio source based on multimodal
sensor data from at least two different types of
sensors, wherein said at least two different types
of sensors include at least one type of sensor
that is not an audio sensor nor a video sensor
and the at least one type of sensor is selected
from the group consisting of a thermal sensor,
an ultrasonic sensor, a range finder, and a dis-
tance sensor; and
automatically directing a camera using a base
including servos to view said audio source
based on said multimodal sensor data, the base
including servos configured to pan and tilt the
camera to locate and track said audio source
based on said multimodal sensor data.

10. (Currently Amended) A video conferencing terminal,
comprising:

a camera configured to capture images within a
field of view;
a base including servos configured to rotate and
tilt the apparatus to locate and track said audio
source based on multimodal sensor data; and
an audio source locator and tracker configured
to locate an audio source based on said multi-
modal sensor data from at least two different
types of sensors and automatically direct said
camera using the base including servos to view
said audio source, wherein said at least two dif-
ferent types of sensors include at least one type
of sensor that is not an audio sensor nor a video
sensor, and the at least one type of sensor is
selected from the group consisting of a thermal
sensor, an ultrasonic sensor, a range finder, and
a distance sensor.

11. The apparatus as recited in Claim 1 [[11]] further
comprising an array of at least one of said at least
two different types of sensors distributed around said
rotating base and configured to generate a map of
a room through an initial scan prior to location of said

audio source, wherein said at least one of said two
different types of sensors are selected from the
group consisting of:

a thermal sensor; and
a -range finder.

12. The apparatus as recited in Claim 3 wherein said
thermal sensor is configured to detect said audio
source based on temperature through comparison
of a reference temperature in a cone of a given angle
against a measured temperature in the cone when
said measured temperature is higher than the aver-
age temperature to indicate a presence of said audio
source in said cone.

13. The apparatus as recited in Claim 12 wherein said
reference temperature is an average temperature
sensed in said cone without the presence of said
audio source.

Patentansprüche

1. (Derzeit geändert) Apparat, umfassend:

einen Audioquellen-Identifikator, der so konfigu-
riert ist, dass er eine Audioquelle anhand von
multimodalen Sensordaten von einem Audio-
sensor und mindestens zwei anderen verschie-
denen Sensortypen lokalisiert, wobei die min-
destens zwei anderen verschiedenen Sensor-
typen mindestens einen Sensortyp umfassen,
der kein Videosensor ist, und wobei der mindes-
tens eine Sensortyp aus der Gruppe ausgewählt
ist, die aus einem thermischen Sensor, einem
Ultraschallsensor, einem Entfernungsmesser
und einem Abstandssensor besteht;
eine Basis, die Servos umfasst, die so konfigu-
riert sind, dass sie den Apparat drehen und nei-
gen, um die Audioquelle anhand der multimo-
dalen Sensordaten zu lokalisieren und zu ver-
folgen; und
einen Bildwähler, der unter Verwendung der Ba-
sis, die Servos umfasst, konfiguriert ist, um eine
Kamera automatisch so auszurichten, dass sie
die Audioquelle betrachtet.

2. Apparat nach Anspruch 1, ferner umfassend die Ka-
mera und mindestens zwei verschiedene Sensorty-
pen.

3. Apparat nach Anspruch 1, wobei die mindestens
zwei verschiedenen Sensortypen aus der Gruppe
ausgewählt sind, bestehend aus:

einem Videosensor;
einem Wärmesensor; und
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einem Entfernungsmesser.

4. Apparat nach Anspruch 1, wobei der Audioquellen-
Identifikator ferner so konfiguriert ist, dass er poten-
zielle Audioquellen anhand von multimodalen Sens-
ordaten lokalisiert.

5. Apparat nach Anspruch 4, wobei der Bildwähler fer-
ner konfiguriert ist, um eine Karte von den potenti-
ellen Audioquellen zu erzeugen.

6. Apparat nach Anspruch 4, wobei der Audioquellen-
Identifikator so konfiguriert ist, dass er die potentiel-
len Audioquellen lokalisiert, bevor er die Audioquelle
lokalisiert.

7. Apparat nach Anspruch 1, wobei der Audioquellen-
Identifikator ferner so konfiguriert ist, dass er die Be-
wegung der Audioquelle anhand von Daten von min-
destens einem der mindestens zwei verschiedenen
Sensortypen erfasst.

8. Apparat nach Anspruch 7, wobei der Bildwähler fer-
ner so konfiguriert ist, dass er die Kamera als Reak-
tion auf die erfasste Bewegung automatisch lenkt,
um die Audioquelle zu verfolgen.

9. (Derzeit geändert) Verfahren zum Ausrichten einer
Kamera zum Betrachten einer Audioquelle, Folgen-
des umfassend:

Lokalisieren einer Audioquelle anhand multimo-
daler Sensordaten von mindestens zwei ver-
schiedenen Sensortypen, wobei die mindestens
zwei verschiedenen Sensortypen mindestens
einen Sensortyp umfassen, der weder ein Au-
diosensor noch ein Videosensor ist und wobei
der mindestens eine Sensortyp aus der Gruppe
ausgewählt ist, die aus einem Wärmesensor, ei-
nem Ultraschallsensor, einem Entfernungsmes-
ser und einem Abstandssensor besteht; und
automatisches Ausrichten einer Kamera unter
Verwendung einer Basis, die Servos umfasst,
um die Audioquelle anhand der multimodalen
Sensordaten zu betrachten, wobei die Basis
Servos umfasst, die zum Schwenken und Nei-
gen der Kamera konfiguriert sind, um die Audi-
oquelle anhand der multimodalen Sensordaten
zu lokalisieren und zu verfolgen.

10. (Derzeit geändert) Videokonferenz-Endgerät, um-
fassend:

eine Kamera, die konfiguriert ist, um Bilder in-
nerhalb eines Sichtfelds aufzunehmen;
eine Basis, die Servos umfasst, die so konfigu-
riert sind, dass sie den Apparat drehen und nei-
gen, um die Audioquelle anhand der multimo-

dalen Sensordaten zu lokalisieren und zu ver-
folgen; und
einen Audioquellen-Lokalisierer und -Verfolger,
der so konfiguriert ist, dass er eine Audioquelle
anhand der genannten multimodalen Sensorda-
ten von mindestens zwei verschiedenen Arten
von Sensoren lokalisiert und die Kamera unter
Verwendung der Basis, die Servos umfasst, au-
tomatisch so ausrichtet, dass sie die Audioquel-
le betrachtet, wobei die mindestens zwei ver-
schiedenen Arten von Sensoren mindestens ei-
nen Sensortyp umfassen, der weder ein Audio-
sensor noch ein Videosensor ist, und wobei der
mindestens eine Sensortyp aus der Gruppe
ausgewählt ist, die aus einem Wärmesensor, ei-
nem Ultraschallsensor, einem Entfernungsmes-
ser und einem Abstandssensor besteht.

11. Apparat nach Anspruch 1 [[11]], ferner umfassend
eine Anordnung von mindestens einem der mindes-
tens zwei verschiedenen Sensortypen, die um die
rotierende Basis herum verteilt und so konfiguriert
sind, dass sie eine Karte eines Raums durch eine
anfängliche Abtastung vor der Lokalisierung der Au-
dioquelle erzeugen, wobei der mindestens eine der
zwei verschiedenen Sensortypen aus der Gruppe
ausgewählt ist, bestehend aus:

einem Wärmesensor; und
einem Entfernungsmesser.

12. Apparat nach Anspruch 3, wobei der thermische
Sensor so konfiguriert ist, dass er die Audioquelle
basierend auf der Temperatur durch Vergleich einer
Referenztemperatur in einem Konus eines gegebe-
nen Winkels mit einer gemessenen Temperatur in
dem Konus erfasst, wenn die gemessene Tempera-
tur höher als die Durchschnittstemperatur ist, um ein
Vorhandensein der Audioquelle in dem Konus an-
zuzeigen.

13. Apparat nach Anspruch 12, wobei die Referenztem-
peratur eine Durchschnittstemperatur ist, die in dem
Konus ohne das Vorhandensein der Audioquelle ge-
messen wird.

Revendications

1. (Actuellement modifié) Appareil comprenant :

un identifiant de source audio, configuré pour
localiser une source audio en fonction de don-
nées de capteur multimodal provenant d’un cap-
teur audio et d’au moins deux autres types de
capteurs différents, lesdits au moins deux autres
types de capteurs différents comportant au
moins un type de capteur qui n’est pas un cap-
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teur vidéo et l’au moins un type de capteur étant
choisi dans le groupe constitué d’un capteur
thermique, d’un capteur à ultrasons, d’un télé-
mètre et d’un capteur de distances ;
une base comportant des servos configurés
pour faire tourner et pour incliner l’appareil, pour
localiser et pour suivre ladite source audio en
fonction desdites données de capteur
multimodal ; et
un sélecteur d’image, configuré à l’aide de la
base comportant des servos permettant de di-
riger automatiquement une caméra afin de vi-
sualiser ladite source audio.

2. Appareil selon la revendication 1, comprenant en
outre ladite caméra et lesdits au moins deux types
de capteurs différents.

3. Appareil selon la revendication 1, dans lequel lesdits
au moins deux types de capteurs différents sont
choisis dans le groupe constitué :

d’un capteur vidéo ;
d’un capteur thermique ; et
d’un télémètre.

4. Appareil selon la revendication 1, dans lequel ledit
identifiant de source audio est en outre configuré
pour localiser des sources audio potentielles en
fonction de données de capteur multimodal.

5. Appareil selon la revendication 4, dans lequel ledit
sélecteur d’image est en outre configuré pour géné-
rer une application desdites sources audio potentiel-
les.

6. Appareil selon la revendication 4, dans lequel ledit
identifiant de source audio est configuré pour loca-
liser lesdites sources audio potentielles avant de lo-
caliser ladite source audio.

7. Appareil selon la revendication 1, dans lequel ledit
identifiant de source audio est en outre configuré
pour détecter le mouvement de ladite source audio
en fonction de données provenant d’au moins un
desdits au moins deux types différents de capteurs.

8. Appareil selon la revendication 7, dans lequel ledit
sélecteur d’image est en outre configuré pour diriger
automatiquement ladite caméra en réponse audit
mouvement détecté pour suivre ladite source audio.

9. (Actuellement modifié) Procédé d’orientation d’une
caméra pour visualiser une source audio,
comprenant :

la localisation d’une source audio en fonction de
données de capteur multimodal provenant d’au

moins deux types différents de capteurs, lesdits
au moins deux types différents de capteurs com-
portant au moins un type de capteur qui n’est ni
un capteur audio ni un capteur vidéo et l’au
moins un type de capteur étant choisi dans le
groupe constitué d’un capteur thermique, d’un
capteur à ultrasons, d’un télémètre et d’un cap-
teur de distances ; et
l’orientation automatique d’une caméra à l’aide
d’une base comportant des servos permettant
de visualiser ladite source audio en fonction des-
dites données de capteur multimodal, la base
comportant des servos configurés pour panora-
miquer et pour incliner la caméra afin de locali-
ser et de suivre ladite source audio en fonction
desdites données de capteur multimodal.

10. (Actuellement modifié) Terminal de visioconférence,
comprenant :

une caméra, configurée pour capturer des ima-
ges à l’intérieur d’un champ de vision ;
une base comportant des servos, configurés
pour faire tourner et pour incliner l’appareil afin
de localiser et de suivre ladite source audio en
fonction de données de capteur multimodal ; et
un localisateur et un traqueur de source audio,
configurés pour localiser une source audio en
fonction desdites données de capteur multimo-
dal d’au moins deux types de capteurs différents
et pour diriger automatiquement ladite caméra
à l’aide de la base comportant des servos per-
mettant de visualiser ladite source audio, lesdits
au moins deux types de capteurs différents com-
portant au moins un type de capteur qui n’est ni
un capteur audio ni un capteur vidéo, et l’au
moins un type de capteur étant choisi dans le
groupe constitué d’un capteur thermique, d’un
capteur à ultrasons, d’un télémètre et d’un cap-
teur de distance.

11. Appareil selon la revendication 1 [[11]] comprenant
en outre un réseau d’au moins un desdits au moins
deux types de capteurs différents, répartis autour de
ladite base rotative et configurés pour générer une
application d’une salle par un balayage initial avant
l’emplacement de ladite source audio, ledit au moins
un desdits deux types de capteurs différents étant
choisi dans le groupe constitué :

d’un capteur thermique ; et
d’un télémètre.

12. Appareil selon la revendication 3, dans lequel ledit
capteur thermique est configuré pour détecter ladite
source audio en fonction de la température par com-
paraison d’une température de référence dans un
cône d’un angle donné à une température mesurée
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dans le cône lorsque ladite température mesurée est
supérieure à la température moyenne, pour indiquer
une présence de ladite source audio dans ledit cône.

13. Appareil selon la revendication 12, dans lequel ladite
température de référence est une température
moyenne détectée dans ledit cône en l’absence de
ladite source audio.
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