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METHOD AND SYSTEM FOR AUTOMATIC CAMERA CONTROL

Field of the invention

The present invention relates to video conferencing and

automatic adjustment of camera orientation and zoom.

Background of the invention

In most high end video conferencing systems, high quality
cameras with pan-, tilt-, and zoom capabilities are used to
frame a view of the meeting room and the participants in
the conference. The cameras typically have a wide field-of-
view (FOV), and high mechanical zooming capability. This
allows for both good overview of a meeting room, and the
possibility of capturing close-up images of participants.
The video stream from the camera is compressed and sent to
one or more receiving sites in the video conference. All
sites in the conference receive live video and audio from
the other sites in the conference, thus enabling real time

communication with both visual and acoustic information.

Video conferences vary a great deal when it comes to
purpose, the number of participants, layout of conference
rooms,xétc. Each meeting configuration typically requires
an individual adjustment of the camera in order to present
an optimal view. Adjustments to the camera may be required
both before and during the video conference. E.g. in a
video conference room seating up to 16 persons, it is
natural that the video camera is preset to frame all of the
16 available seat locations. However, if only 2 or 3
participants are present, the wide field of view camera
setting will give the receiving end a very poor visual

representation.

Adjustments to the camera are typically done via a remote
control, either by manually controlling the camera pan,

tilt and zoom, or by choosing between a set of pre-defined
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camera positions. These pre-defined positions are manually
programmed. Often, before or during a video conference, the
users do not want to be preoccupied with the manual control
of the camera, or the less experienced user may not even be
aware of the possibility (or how) to change the cameras
field of view. Hence, the camera is often left sub-
optimally adjusted in a video conference, resulting in a

degraded video experience.

Therefore, in order to ensure a good camera orientation for
every situation in a video conferencing room, an automatic

field of view adjustment system is desirable.

Some video conferencing systems with Camera Tracking
capabilities exist. However, the purpose of these systems
is to automatically focus the camera on an active speaker.
These systems are typically based on speaker localization
by audio signal processing with a microphone array, and/or

in combination with image processing.

Some digital wvideo cameras (for instance web—-cams) use
video analysis to detect, center on and follow the face of
one person within a limited range of digital pan, tilt and
zoom. However, these systems are only suitable for one
person, require that the camera is initially correctly

positioned and have a very limited digital working range.
Hence, none of the prior art mentioned above is describing
a system for automated configuration of the camera in a

video-conference setting.

Summary of the invention

It is an object of the present invention to provide a
method and a system solving at least one of the above-

mentioned problems in prior art.
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The features defined in the independent claims enclosed
characterise this method and system.

Brief description of the drawings

In order to make the invention more readily understandable,
the discussion that follows will refer to the accompanying

drawings.
Figure 1 illustrating a typical video conferencing room,

Figure 2 schematically shows components of “best view”

locator according to the present invention,

Figure 3 is a flow chart of the operation of the “best

view” locator,

Figure 4 schematically shows a typical video conferencing
situation, and exemplary initial orientations of the image

pickup device,

Figure 5 illustrates face detection in a image containing

two, participants,

Figure 6 illustrates one exemplary defined area of interest

(“best view”),

Figure 7 illustrates another exemplary defined area of

interest (“best view”),

Figure 8 illustrates a camera framing of said defined area
in figure 6,

Figure 9 illustrates an audio source detected outside the

currently framed image,

Figure 10 illustrates a camera framing including a

participant representing said audio source in figure 9,
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Figure 11 illustrates a participant leaving the cameras

field of view, where

Fig. 1lla illustrates that a person leaves the conference;

Fig. 1lb illustrates that a person is near the edge of the

frame;

Fig. 1lc illustrates the remaining two persons; and

Fig. 11d illustrates the optimal view for the remaining

persons.

Detailed description the invention

In the following, the present invention will be discussed
by describing a preferred embodiment, and by referring to
the accompanying drawings. However, people skilled in the
art will realize other applications.and modifications
within the scope of the invention as defined in the

enclosed independent claims.

Figure 1 illustrates a typical video conferencing room 10,
with an exemplary video conferencing system 20. Video
conferencing systems 20 usually consist of the following
components; a codec 11 (for coding and decoding audio and
video information), a user input device 8 (i.e. remote
control or keyboard), a image capture device 6 (camera), an
audio capture device 4;7 (microphone), a video display 9
(screen) and an audio reproduction device 5 (loudspeakers).
Often, high end video conferencing systems (VCS) use high
quality cameras 6 with motorized pan-, tilt-, and zoom

capabilities.

The present invention uses video detection techniques to
detect participants and thelr respective locations in video
frames captured by the camera 6, and based on the location

and sizes of said detected participants automatically
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determine and use the optimal camera orientation and zoom

for capturing the best view of all the participants.

There may be many opinions on what the “best view” of a set
of participants in a video conference is. However, in the
following, a “best view” is referred to as a close-up of a
group of participants, where the video frame center
substantially coincide with the center of the group, and
where the degree of zoom gives a tightly fitted image
around said group. However, the image must not be too
tight, showing at least the participant’s upper body, and
give room for the participants to move slightly without

exiting the video frame.

Figure 2 schematically shows the modules in the “best view”
locator 52 according to the present invention. A video
detection unit 30 is configured to continuously detect
objects, e.g. faces and/or heads, in the frames of a
captured video signal. At predefined events (e.g. when the
VCS is switched on, when initiated through the user input
device 8, etc.) the camera zooms out to its maximum field
of view and moves to a predefined pan- and tilt-orientation
(azimuth- and elevation-angle), capturing as much as
possible of the room 10 where the system is situated. The
video detection unit 30 analyses the frames in the video
signal and detects all the faces/heads and their location
in the video frame relative to a predetermined and static
reference point (e.g. the center of the frame). The
face/head location and size (or area) in the video image is
transformed into camera coordinates (azimuth- and elevation
angles and zoom factors) Information about each detected
face/head (e.g. position, size, etc.) is sent to an image
processing unit 50 via face tracking unit 35. Based on said
face/head information the image processing unit defines a
rectangular area that at least comprises all the detected
faces/heads. A predefined set of rules dictate how the area
should be defined, and the area represents the best view of

the people in the frame (or video conferencing room 10).
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The camera coordinates (azimuth- and elevation angles and
zoom factors) for the defined area and its location is sent
to a control unit 45. The control unit instructs a camera
control unit 12 to move the camera to said camera
coordinates, and the camera’s 6 pan, tilt and zoom is
adjusted to frame an image corresponding to the defined

area.

The image pickup device (or camera) 6 includes a camera
control unit 12 for positioning the image pickup device.
The camera control unit 12 is the steering mechanism,
including motors, controlling the pan~- and tilt-orientation
and the degree of zoom of the image pickup device 6. The
camera control unit 12 can also report back its current
azimuth- and elevation angles and zoom factors on demand.
The image processing unit 50 and the control unit 45 may
supply control signals to the camera control unit 12.
Camera control unit 12 uses a camera coordinate system
which indicates a location based on azimuth- and elevation
angles and zoom factors which describe the direction of the
captured frame relative to camera 6 and the degree of zoom.
Video detection unit 30 is configured to convert coordinate
measurements expressed in a video (or image) coordinate
system to coordinate measurements expressed in the camera
coordinate system using the azimuth- and elevation angles
and zoom factors of camera 6 when the frame was captured by

camera 6.

Figure 3 is a flow chart of the operation of the “best
view” locator 52. Camera 6 outputs a video signal
comprising a series of frames (images). The frames are
analyzed by the video detection unit 30. At predefined
events, the camera control unit 12 is instructed to move
the camera to an initial orientation (step 60). The object
of the initial orientation is to make sure that the camera
can “see” all the persons in the meeting room. There are

several ways of deciding such an initial orientation.
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Referring to figure 4, according to one exemplary
embodiment of the invention, the camera zooms out to its
maximum field of view and moves to a predefined pan- and
tilt-orientation 13, capturing as much as possible of the
room 10a and/or capturing the part of the room with the
highest probability of finding meeting participants. The
predefined pan- and tilt-orientation (or initial
orientation) is typically manually entered into the system
through a set-up function (e.g. move camera manually to an
optimal initial position and then save position) or it is a

default factory wvalue.

According to another exemplary embodiment of the invention,
the camera is configured to capture the entire room by
examining a set of initial orientations (14, 15) with a
maximum field of view, and where the set’s fields of view
overlaps. In most cases, a set of 2 orientations will
suffice. However, the number of orientations will depend on
the cameras maximum field of view, and may be 3, 4, 5, 6,
etc. For each orientation (14, 15) the one or more video
frames are analyzed by video detection unit 30 to detect
faces and/or heads and their respective locations. After
analyzing all the orientations, the image processing unit
50 calculates the pan- and tilt orientation that includes
all the detected participants, and defines said calculated

orientation as the initial orientation.

A video detection unit 30 analyzes the video signals 25
from the camera 6 to detect and localize faces and/or heads
(step 70) in a video frame. The video detection unit 30
measures the offset of the location of the detected
faces/heads from some pre-determined and static reference

point (for example, the center of the video image).

Different algorithms can be used for the object detection.
Given an arbitrary video frame, the goal of face detection
algorithms i1s to determine whether or not there are any

faces in the image, and if present, return the image



10

15

20

25

30

35

WO 2009/011592 PCT/NO2008/000249

location and area (size) of each image of a face. Referring
to figure 5, according to one exemplary embodiment of the
present invention, an analysis window 33 is moved (or
scanned) over the image. For each position of the analysis
window 33, the image information within the analysis window
33 is analyzed at least with respect to the presence of
typical facial features. However, it should be understood
that the present invention is not limited to the use of
this type of face detection. Further, head detection
algorithms may also be used to detect participants whose

heads are not orientated towards the camera.

When an image of a face/head is detected, the video
detection unit 30 defines a rectangular segment (or box)
surrounding said image of a face/head. According to one
embodiment of the invention, said rectangular segment is
said analysis window 33. The location of said segment
containing an image of a face/head is measured relative to
a video coordinate system which is based on the video
frame. The video coordinate system applies to each frame
captured by camera 6. The video coordinate system has a
horizontal or x-axis and a vertical or y-axis. When
determining a position of a pixel or an image, video
detection unit 30 determine that position relative the x-
axis and the y-axis of that pixel's or image's video frame.
In one exemplary embodiment of the invention, the analysis
window 33 center point 31 (pixel in the middle of the
window) is the location reference point, and its location
is defined by the coordinates x and y in said video
coordinate system. When the video detection unit 30 has
calculated the location (x,y) and size (e.g. dx=20 dy=24
pixels) of all the faces/heads in a frame, the video
detection unit 30 use knowledge of the video frame, optics
and mechanics to calculate (step 80) the corresponding
location (o,9) and size (Aa,A @) in azimuth and elevation
angles in the camera coordinate system for each image of a
face/head. The camera coordinates for each face/head are
then sent to a face tracking unit 35.
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Face tracking unit 35 correlates the detected faces from
the current video frame to the detected faces in the
previous video frames and hence tracks the detected faces
through a series of frames. Only if a face/head is detected
at substantially the same location throughout a series of
frames, the detection is validated as a positive detection.
First of all this prevents false face detections, unless
the same detection occurs in several consecutive video
frames. Also, if the face detection unit fails to detect a
face in the substantially same coordinates as a face has
been detected before, the image tracking unit does not
consider the face as absent from the image unless the
detection has failed in several consecutive frames. This is
to prevent false negative detections. Further, the tracking
allows for obtaining a proper position of a participant who
may be moving in a video frame. To perform this tracking,
face tracking unit 35 creates and maintains a track file
for each detected face. The track file can for example be

stored in a memory device.

In step 90, the image processing unit 50 defines an area of
interest 34 (best view). The area of interest 34 is shown
in the in figure 6, where said area 34 at least comprises

all the detected images of faces in that frame.

According to one embodiment of the invention, based on the
location (a,@) of each face and their corresponding sizes
(Aa,A¢), the image processing unit 50 may calculate a
first area restricted by a set of margins (M;, Mz, M3 and
My) , where said margins are derived from the left side of
the leftmost face segment (M;), upper side of the uppermost
face segment (M3), right side of the rightmost face segment
(Mz) and the bottom side of the bottommost face segment
(Mg) . The location of the center (o, ¢za) of said first
area can now be calculated in camera coordinates based on
said margins. The location of said first area is relative
to a reference point (oo,®o), typically the direction of

the camera when azimuth and elevation angle is zero.
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Further, the width and height of the first area is

transformed into a zoom factor (Z:z).

This first area is very close to the participants’ faces
and may not represent the most comfortable view (best view)
of the participants, especially when only two participants
are present as shown in this exemplary embodiment.
Therefore, when said margins (M;, M,, M3 and Mg) has been
calculated, a second area (best view frame 34) is defined
by expanding said margins by a set of offset values a,b,c
and d. These offset values may be equal, or they may
differ, e.g. to capture more of the table in front of the
participants than above a participants head. The offset
values may be preset and static, or they may be calculated
to fit each situation.

According to another exemplary embodiment, the best view
frame 34 is defined by Jjust substracting a compensation
value Z. from the calculated zoom factor Zea, making the
camera zoom out an additional distance. The compensation
value. Z. may be static, or vary linearly depending on the

size of the first area zoom factor Zg,.

Figure 7 schematically shows an examplary video frame taken
from an initial camera orientation. 3 faces have been
detected in the video frame, and the image processing unit
50 has defined a best view frame 34, and calculated the

location (Ofa,®za) Of the best view frame.

Most image pickup devices 6 for video conferencing systems
operate with standard television image aspect ratios, e.g.
4:3 (1.33:1) or 16:9 (1.78:1). Since most calculated best
view frames 34 as described above have aspect ratios that
deviate from the standards, e.g. 4:3 or 16:9, some
considerations must be made when deciding the zoom
coordinate. Since A¢ is the shortest edge of area 34, if
the camera zooms in to capture the exact height A¢, large

parts of the area will miss the light sensitive area (e.g.
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image sensor) in the camera because its aspect ratio is
different than the defined area. If the camera zooms in to
capture the exact width Aa of the defined area 34, no

information is lost.

Therefore, according to one exemplary embodiment of the
present invention, the two sides A, and A, of the best view
frame 34 are compared. Each of the two sides defines a zoom
factor needed to fit the area of interest in the image
frame, in the horizontal and vertical direction
respectively. Thus, the degree of zoom is defined by the
smallest of the two calculated zoom factors, ensuring that
the area of interest is not cropped when zooming to the

area of interest.

In step 100, the image processing unit 50 supplies the
camera control unit 12 with the camera positioning
directives (Ofa,@fa,2) derived in step 90, via control unit
45. Once the camera positioning directives is received, the
camera moves and zooms to the instructed coordinates, to
get the best view of the participants in the video
conference. Figure 8 shows the best view of participant 1

and 2 from meeting room 10a in figure 6.

When the camera has moved to the new orientation, it will
stay in that orientation until an event is detected (step
110) . As mention earlier, the camera is only instructed to
move the camera to an initial orientation (step 60) on
certain predefined events. Such predefined events may
include when the video conferencing system is started, when
it 1s awaken from a sleep mode, when it receives or sends a
conference call initiation requiest, when initiated by a
user via e.g. remote control or keyboard, etc. Usually when
an optimal view of the participants has been found, there
is usually little need to change the orientation of the
camera. However, situations may arise during a video
conference that creates a need to reconfigure the

orientation, e.g. one of the participants may leave, a new
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participant may arrive, one of the participants change
his/her seat, etc. Upon such situations, one of the users
may of course initiate the repositioning (step 60) by
pushing a button on the remote control. However, an

automatic detection of such events is preferable.

Therefore, according to one embodiment of the present
invention, audio source localization is used as an event
trigger in step 110. As discussed above, figure 8 shows an
optimal view of the 2 participants 1 and 2 in the large
meeting room 10a. As can be seen in figure 8, in this view
the camera has been zoomed in quite extensively, and if a
person was to enter the conference late and sit down in one
of the chairs 12, he/she would not be captured by the
camera. When entering a meeting, it is natural to excuse
yourself and/or introduce yourself. This is a matter of
politeness, and to alert the other participants (that may
be joining on audio only) that a new participant has
entered the conference. By using known audio source
localization arrangements 7;40, the video conferencing
system can detect that an audio source (participant) 200
has been localized outside of the current field of view of
the camera. The audio source locator 40 operates in camera
coordinates. When an audio source has been detected and
localized by the audio source locator 40, it sends the
audio source coordinates to the control unit 45. Nothing is
done if the audio source coordinates is within the current
field of view of the camera. However, if the audio source
coordinates 1s outside the current field of view, it
indicates that the current field of view is not capturing
all the participants, and the detection process according
to steps 60-100 is repeated. The result can be seen in
figure 10. Therefore, according to one embodiment of the
invention, such detection of at least one audio source
outside of the current field of view of the camera is
considered as an event in step 110 triggering repetition of
steps 60-100.
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Audio source localization arrangements are known and will
not be discussed here in detail. They generally are a
plurality of spatially spaced microphones 7, and are often
based on the determination of a delay difference between
the signals at the outputs of the microphones. If the
positions of the microphones and the delay difference
between the propagation paths between the source and the
different microphones are known, the position of the source
can be calculated. One example of an audio source locator

is shown in U.S. patent number 5,778,082.

According to another embodiment of the present invention
another predefined event is when a participant is detected
leaving the room (or field of view). Such detection depends
on the tracking function mentioned earlier. As shown in
figure lla, when a participant leaves the room, the track
file or track history will show that the position/location
(o,@) of a detected face changes from a position (a3, @3)
to a position (os,@s) close to the edge of the frame, over
a sequence of frames (figure 1la-11lb). If the same face
detection suddenly disappears (no longer detecting a face)
and do not return within a certain time frame (figure 1llc),
the face detection is considered as a participant leaving
the conference. Upon detection of such an event, step 60-
100 is repeated to adjust the field of view of the camera

to a new optimal view as shown in figure 11d.

According to yet another embodiment of the present
invention, another predefined event is when movement is
detected near the edge of the video frame. Not everybody
entering a video conferencing room will start speaking at
once. This will depend on the situation, seniority of the
participant, etc. Therefore, it may take some time before
the system detects the new arrival and acts accordingly.
Referring back to figure 9, parts 38 of a participant may
be captured in the video frame, even though most of the
person 1s outside the camera’s field of view. Since people

rarely sit completely still, relative to the static
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furniture, the parts 38 can easily be detected as movement
in the image by video detection unit 35. Upon detection of
such an event (movement is detected near the image/frame

edge), step 60-100 is repeated to adjust the field of view

of the camera to a new optimal view.

The systems according to the present invention provide a
novel way of automatically obtaining the best visual
representation of all the participants in a video
conferencing room. Further, the system is automatically
adapting to new situations, such as participants leaving or
entering the meeting room, and changing the visual
representation accordingly. The present invention provides
a more user friendly approach to a superior visual

experience.
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1. A method for automatically steering the orientation
and zoom of an image pickup device associated with a video
conferencing system, wherein said method comprises the

5 steps of

generating, at said image pickup device, an image signal
representative of an image framed by said image pickup

device, and

processing the image signal to identify objects in said

10 image, and, if predetermined events occur:

steering the image pickup device to an initial

orientation,

determining the location of all identified objects
relative to a reference point and their respective

15 sizes,
defining an area of interest in said image, where said
area of interest at least comprises all identified

objects,

steering the image pickup device to frame said defined

20 area of interest.

2. A method according to claim 1, where said step of

steering the image pickup device comprises the sub steps of

varying the azimuth angle and elevation angle of the

image pickup device, and

25 varying the zoom of the image pickup device.
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A method according to claim 1, where said step of

steering the image pickup device to an initial orientation

further comprise the sub steps of

4.

zooming the image pickup device out to a maximum field
of view and moving the image pickup device according
to a predefined pan- and tilt-sequence, framing as

much as possible of a room in which it is situated.

A method according to claim 1, wherein the image

signals represent frames of video images, and the step of

identifying objects further comprise the sub step of

5.

detecting images of the faces and/or heads in said

frames of video,

tracking the detected faces/heads through a series of

frames,
identify a detection as a face/head only if said
detection occurs in all of a predefined number of

succeeding frames.

A method according to claim 4, where the step of

defining an area of interest further comprise the sub steps

of

6.

defining a set of margins for a first area, where said
first area is the smallest definable area enclosing

all of said detected images of faces and/or heads, and

defining said area of interest by expanding said

margins by a set of offset values.

A method according to claim 5, where the area of

interest is further expanded to fit a standard image aspect

ratio.
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7. A method according to claim 1, wherein said area of
interest represents a close-up view of an object or a group

of objects.

8. A method according to claim 1, where said predefined

events comprise,

switching on the video conferencing system, receiving
or sending a conference call initiation request,

and/or receiving a command from a user.

9. A method according to claim 1, where said method

further comprises,

processing an audio signal from a set of audio pickup
devices, to determine the location of an audio source

relative to a reference point.

10 A method according to claim -8, where the said

predefined events comprises,

detecting the presence of an audio source outside the

framed area of interest.

11. A method according to claim 1, where the said

predefined events comprises,

detecting the disappearance of one or more of the

participants from the framed area of interest.

12. A system for automatic steering of the orientation and
zoom of an image pickup device associated with a wvideo
conferencing system, wherein said image pickup device
generates image signals representative of an image framed
by said image pickup device, where the system comprises a
video detection unit configured to process the image signal

to identify objects in said image, and determine the
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location of all identified objects relative to a reference

point and their respective sizes,

characterized in that it further comprises

an lmage processing unit configured to define an area of
interest in said image, where said area at least comprises
all identified objects,

a control unit configured to, on predefined events,

steer the image pickup device to an initial

orientation,

receive camera coordinates from said image processing

unit corresponding to said area of interest,

steer the image pickup device to frame said defined

area of interest.

13. A system according to claim 12, wherein the image
signals represent frames of video images, and where the
identified objects are detected images of faces and/or

heads in said frames of wvideo.

14. A system according to claim 13, further comprising

a face tracking unit configured to track the detected

faces/heads through a series of frames, and

identify a detection as a face/head only if said
detection occurs in all of a predefined number of

succeeding frames.

15. A system according to claim 13, wherein said image
processing unit is further configured to
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define a set of margins for a first rectangular area, where
said first area is the smallest definable area enclosing

all of said detected images of faces and/or heads, and

define said area of interest by expanding said margins by a

set of offset values.

16. A system according to claim 15, where the area of
interest is further expanded to fit a standard image aspect

ratio.

17 A system according to any of claims 13 - 16, the

system further comprising,

an audio source locator configured to process an audio
signal from a set of audio pickup devices, to
determine the location of an audio source in camera

coordinates.

18. A system according to any of claims 13 - 17, wherein

. said control unit is further configured to,

receive audio source coordinates from said audio

source locator,

compare said audio source coordinates to current field

of view.

19. A system according to any of claims 13 - 18, wherein
said image pickup device comprises a camera control unit
for positioning said image pickup device, wherein the
control unit supplies control signals to said camera
control unit for the orientation and zoom of the image
pickup device, the control signal being generated based on

said area of interest.

20. A system according to one of the proceeding claims,
where the said predefined events comprises,
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detecting the presence of an audio source outside the

current field of view.

21. A system according to one of the proceeding claims,

where the said predefined events comprises,

5 detecting the disappearance of one or more of the

participants from the framed area of interest.

22. A system according to one of the proceeding claims,

where the said predefined events comprises,

detecting the presence of an audio source outside the

10 currently framed area of interest.

15
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