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METHOD AND APPARATUS FOR MULTIPLE-CAMERA IMAGING

TECHNICAL FIELD

The present application generally relates to multiple-camera imaging.

BACKGROUND

This section illustrates useful background information without admission of any

technique described herein representative of the state of the art.

Photographing has developed with increasingly rapid pace following the advancements
provided by digitized photographing and image processing. For instance, 3D and
augmented reality footage are shot with two or more cameras. Moreover, different views

can be enabled by providing users with multiple views of e.g. a sports event.

In real-time multiple-camera broadcast, numerous live video streams are transmitted.
The user can be provided e.g. thumb-nail video images representing the available video
streams so that the user can easily and intuitively select any of the views based on her
own preferences. In off-line video, however, different video footages are recorded
typically by different devices. A multiple-camera recording is then assembled from the
different recordings. This process can be performed e.g. manually by grouping
sequences of frames and mutually aligning them with a graphical user interface, e.g. by

dragging with a computer mouse.

SUMMARY

Various aspects of examples of the invention are set out in the claims.

According to a first example aspect of the present invention, there is provided an

apparatus comprising:
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a processor configured to obtain metadata configured to assist multiple-camera
imaging of a scene; and
an optical metadata distributor configured to distribute an optical indication of the

metadata via the scene under control of the processor.

The scene may consist of one or more image objects that are being imaged by multiple
cameras. Different cameras may have different views such that different cameras may

be directed or focused to different parts of the scene.

The optical metadata distributor may comprise a projector configured to distribute the
metadata in an automatically recognizable form. The automatically recognizable form
may comprise any of text; bar code; two-dimensional bar code; other symbols; and any
combination thereof.

The optical indicator needs not to be a static, but instead the optical indicator may be

dynamic i.e. changing in course of time.

The optical metadata distributor may comprise a pulsating light source configured to
cast on the scene pulsating light that is indicative of the metadata. The pulsating may be
modulated by amplitude modulation; pulse width modulation; pulse-position modulation;
pulse-duration modulation; and / or on-off keying. The pulsating light may vary with a

frequency less or equal to a frame rate of cameras used for imaging the scene.

The optical metadata distributor may be configured to distribute any of: visible light;

infra-red light; and ultraviolet light.

The optical metadata distributor may be configured to distribute metadata in two or
more parts. One metadata part may comprise any of: a time reference; scene
description; geographic location; resource locator associated to the scene; imaging
parameters for guiding cameras imaging the scene; and timing information (such as

interval) of subsequent metadata parts. Another metadata part may comprise any of: a
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timing indicator; a delta-coded indication of change in the location, imaging parameters

or timing information; and any combination thereof.

The optical metadata distributor may be controlled by the processor to indicate the

metadata via a surface of the scene.

The apparatus may further comprise a camera.

The processor may be further configured to identify the surface using the camera.

The processor may be further configured to detect when the camera is being used for
imaging and to identify the surface so that the surface is not in focus of the camera, if
the distributed metadata is visible to the camera.

The processor may be further configured to geometrically correct the distribution of the
metadata on the surface taking into account the geometry of the surface with relation to
the optical metadata distributor. The geometry may comprise the shape and / or angle

of the surface with regard to the optical metadata distributor.

The processor may be further configured to detect focused portion of the scene and to

identify the surface at or near the focused portion.

The imaging may refer to capturing of video image or a series of sub-sequent still

images with at least partial overlap.

The metadata may comprise at least one of: geographic position of the apparatus or of
the scene; resource locator associated to the scene; date; time; name of the scene;
description of the scene; and camera settings. The processor may be configured to
automatically obtain the metadata. The apparatus may comprise a positioning circuitry
configured to determine the position of the apparatus. The positioning may refer to

determining the position of the apparatus in three dimensions (e.g. Cartesian x-y-z
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dimensions) and to additionally determining the orientation of the apparatus around one
or more different dimensions (e.g. Cartesian x-y-z dimensions). The processor may
further configured to determine or estimate position of the scene based on the position
of the apparatus and estimated direction and distance to the scene. Alternatively or
additionally, the processor may further configured to determine or estimate position of
the scene based on content of images captured by the camera, such as the time and
position of the Sun and / or of the moon; the horizon; and orientation of walls or roofs of
buildings. The apparatus may further comprise a user input for receiving the metadata
or a portion thereof from a user of the apparatus.

According to a second example aspect of the present invention, there is provided an
apparatus comprising:

a memory configured to store camera captured image information of a scene;
and

a processor configured to obtain metadata from the image information.

The apparatus may further comprise a camera configured to form the image information
by imaging of the scene.

The processor may be further configured to control the operation of the camera based
on the metadata. The processor may be further configured to control, based on the
metadata, at least one of: focusing of the camera; focal length of the camera; white
balance of the camera; resolution of the imaging performed by the camera; field of view
of the imaging performed by the camera; time base of the camera; and illumination of

the scene by the camera and/or by other common or separate illumination equipment.

The camera and the optical metadata distributor may be configured to dynamically
allocate a frequency band to be used for distributing the metadata and for detecting the
metadata. The dynamic allocation may be based on one or more criteria. The criteria
may comprise any of: visibility of an optical metadata indication in prevailing conditions;

predetermined scheme of using different ranges for given types of metadata; and
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availability of possible frequency bands. The camera may be configured to operate with
visible light. Alternative and / or additionally, the camera may be configured to operate
with invisible light. The processor may be configured to modify the image information so

as to conceal the metadata if visible in images defined by the image information.

The processor may be configured to attach the metadata to the image information as
separate data. Alternatively or additionally, the processor may be configured to attach

the metadata to the image information by watermarking.

According to a third example aspect of the present invention there is provided a method
comprising:
obtaining metadata configured to assist multiple-camera imaging of a scene; and
distributing an optical indication of the metadata via the scene.

The distributing of the optical indication may comprise projecting the metadata in an
automatically recognizable form. The automatically recognizable form may comprise
any of text; bar code; two-dimensional bar code; other symbols; and any combination

thereof.

The optical indicator needs not to be a static, but instead the optical indicator may be

dynamic i.e. changing in course of time.

The method may further comprise identifying using a camera a surface of the scene on

which the optical indication is to be distributed.

The method may further comprise detecting when the camera is being used for imaging
and identifying the surface so that the surface is not in focus of the camera, if the

distributed metadata is visible to the camera.
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The method may further comprise geometrically correcting the distribution of the
metadata on the surface taking into account the geometry of the surface with relation to
the optical metadata distributor.

The method may further comprise detecting focused portion of the scene and identifying
the surface at or near the focused portion.

The method may further comprise automatically obtaining the metadata. The method
may further comprise determining the position of the apparatus. The method may
further comprise determining or estimating a position of the scene based on the position
of the apparatus and estimated direction and distance to the scene. Alternatively or
additionally, the method may further comprise determining or estimating a position of
the scene based on content of images captured by the camera. The method may further

comprise receiving the metadata or a portion thereof from a user of the apparatus.

According to a fourth example aspect of the present invention, there is provided a
method comprising:
storing camera captured image information of a scene; and

obtaining metadata from the image information.

The method may further comprise forming the image information by imaging of the

scene with a camera.

The method may further comprise controlling the operation of the camera based on the
metadata. The controlling of the operation of the camera may comprise controlling at
least one of: focusing of the camera; focal length of the camera; white balance of the
camera; resolution of the imaging performed by the camera; field of view of the imaging
performed by the camera; time base of the camera; and illumination of the scene by the

camera and/or by other common or separate illumination equipment.
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The method may further comprise dynamically allocating a frequency band to be used
for distributing the metadata and for detecting the metadata. The dynamic allocation
may be based on one or more criteria. The criteria may comprise any of: visibility of an
optical metadata indication in prevailing conditions; predetermined scheme of using
different ranges for given types of metadata; and availability of possible frequency
bands. The camera may be configured to operate with visible light. Alternative and / or
additionally, the camera may be configured to operate with invisible light. The method
may further comprise modifying the image information so as to conceal the metadata if
visible in images defined by the image information.

The method may comprise attaching the metadata to the image information as separate
data. Alternatively or additionally, the method may comprise attaching the metadata to

the image information by watermarking.

According to a fifth example aspect of the present invention there is provided a
computer program comprising computer executable program code for:
obtaining metadata configured to assist multiple-camera imaging of a scene; and
distributing an optical indication of the metadata via the scene;
when executed by an apparatus.

According to a sixth example aspect of the present invention there is provided a
computer program comprising computer executable program code for:

storing camera captured image information of a scene; and

obtaining metadata from the image information.

when executed by an apparatus.

The computer program may be stored in a memory medium. The memory medium may
be a non-transitory memory medium. The memory medium may comprise a digital data
storage such as a data disc or diskette, optical storage, magnetic storage, holographic
storage, opto-magnetic storage, phase-change memory, resistive random access

memory, magnetic random access memory, solid-electrolyte memory, ferroelectric
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random access memory, organic memory or polymer memory. The memory medium
may be formed into a device without other substantial functions than storing memory or
it may be formed as part of a device with other functions, including but not limited to a

memory of a computer, a chip set, and a sub assembly of an electronic device.

Different non-binding example aspects and embodiments of the present invention have
been illustrated in the foregoing. The embodiments in the foregoing are used merely to
explain selected aspects or steps that may be utilized in implementations of the present
invention. Some embodiments may be presented only with reference to certain example
aspects of the invention. It should be appreciated that corresponding embodiments may

apply to other example aspects as well.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of example embodiments of the present invention,
reference is now made to the following descriptions taken in connection with the
accompanying drawings in which:

Fig. 1 shows an architectural overview of a system of an example embodiment of the
invention;

Fig. 2 shows an apparatus according to an example embodiment, which apparatus is
suitable for use as a first apparatus of Fig. 1;

Fig. 3 shows an apparatus according to an example embodiment, which apparatus is
suitable for use as a second apparatus of Fig. 1;

Fig. 4 shows a flow chart illustrating a process in the first apparatus of Fig. 1, according
to an example embodiment;

Fig. 5 shows a flow chart illustrating a process in the second apparatus of Fig. 1,
according to an example embodiment;

Fig. 6 shows a flow chart illustrating another process of an example embodiment e.g. in
the first apparatus of Fig. 1; and

Fig. 7 shows a flow chart illustrating another process of an example embodiment e.g. in

the second apparatus of Fig. 1.
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DETAILED DESCRIPTION OF THE DRAWINGS

An example embodiment of the present invention and its potential advantages are
understood by referring to Figs. 1 through 7 of the drawings. In this document, like

reference signs denote like parts or steps.

Fig. 1 shows an architectural overview of a system 100 of an example embodiment of
the invention. The system comprises a first apparatus 110, a plurality of second
apparatuses 120 that comprise cameras, an optical metadata distributor 140 (or more
than one in some example embodiments) configured to distribute optical indication 150
of the metadata via a scene 160. The optical metadata distributor 140 is here drawn
separately, as it can be built as a separate unit configured to communicate with the first
apparatus over a wired or wireless connection (universal serial bus, Bluetooth, wireless
local area network, infrared), although in another example embodiment, the optical
metadata distributor 140 is comprised by the first apparatus 110. Notice that Fig. 1 is
simplified for easier illustration of at least one image object (the drawn house or details
thereof) and a relatively uniform surface (for reflecting the optical indication 150) near

the house such as a pavement.

In an example embodiment, the system 100 also comprises a plurality of metadata

distributors 140 each under control of the first apparatus 110.

In an example embodiment, the scene consists of one or more image objects that are
being imaged by multiple cameras (comprised by the second apparatuses). Different
cameras may have different views such that different cameras may be directed or

focused to different parts of the scene.

The first apparatus 110 need not have different structure than the second apparatuses
120. One apparatus is denoted as the first apparatus 110 for the purpose of simplifying

this description. It should be also understood that the second apparatuses need not all
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be identical or similar by their structures. In an example embodiment, the first apparatus
comprises two or more cameras, wherein one of the cameras is dedicated to facilitating
the optical metadata distribution and at least one other camera is dedicated for taking
normal digital images (e.g. for a situation in which the first apparatus 110 operates as

the second apparatus).

Some example embodiments of the first apparatus and of the second apparatus will

next be provided with reference to Figs. 2 and 3.

Fig. 2 shows an apparatus 200 according to an example embodiment, which apparatus
200 is suitable for use as the first apparatus 110 and comprises a processor 210, a
memory 220 for storing metadata 222 that is configured to assist multiple-camera
imaging of the scene 160; and an optical metadata distributor 140 configured to optically
cast the optical indication 150 of the metadata 222 via the scene 160 under control of
the processor 210. The memory 220 further comprises computer program code or
software 224 configured to control the operation of the apparatus 200 when executed by
the processor 210. Fig. 2 is further drawn to contain a camera 130 as in an example

embodiment, the first apparatus is also capable of operating as the second apparatus.

In an example embodiment, the metadata 222 comprises at least one of: geographic
position of the first apparatus 110 or of the scene 160; date; time; name of the scene;
description of the scene; and camera settings (e.g. desired settings for use by second
apparatuses). In an example embodiment, the processor 210 is configured to
automatically obtain the metadata 222. In an example embodiment, the first apparatus
110 comprises a positioning circuitry configured to determine the position of the first
apparatus 110. In this context, the positioning may refer to determining the position of
the apparatus in three dimensions (e.g. Cartesian x-y-z dimensions) and in an example
embodiment to additionally determining the orientation of the apparatus around one or
more different dimensions (e.g. Cartesian x-y-z dimensions). The processor 222 can be
further configured to determine or estimate a position of the scene 160 based on the

position of the first apparatus 110 and estimated direction and distance to the scene
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160 (e.g. using a compass and focusing based distance estimation). In an example
embodiment, the processor is additionally or alternatively configured to determine or
estimate position of the scene based on content of images captured by the camera,
such as the time and position of the Sun and / or of the moon; the horizon; and
orientation of walls or roofs of buildings. In an example embodiment, the first apparatus
110 further comprises a user input for receiving the metadata 222 or a portion thereof

from a user of the first apparatus 110.

In an example embodiment, the optical metadata distributor 140 comprises a projector
configured to distribute the optical indication 150 in an automatically recognizable form.
The automatically recognizable form comprises, for example, any of: text; bar code;

two-dimensional bar code; other symbols; and any combination thereof.

In an example embodiment, the optical metadata distributor 140 comprises a pulsating
light source configured to cast on the scene 160 pulsating light that forms the optical
indication 150. The pulsating may be modulated by any of: amplitude modulation; pulse
width modulation; pulse-position modulation; pulse-duration modulation; on-off keying;
and any combination thereof. The pulsating light may vary with a frequency less or
equal to a frame rate of cameras used for imaging the scene 160.

In an example embodiment, the optical metadata distributor 140 is configured to

distribute any of: visible light; infra-red light; and ultraviolet light.

In an example embodiment, the optical metadata distributor 140 is configured to the
optical indication 150 in two or more parts. One indication part comprises, for example:
a time reference; scene description; contextual sensor data recorded by the first
apparatus 110; geographic location; resource locator associated to the scene; imaging
parameters for guiding cameras imaging the scene; timing information (such as interval)
of subsequent indication parts; and any combination thereof. In an example

embodiment, the another indication part comprises: a timing indicator; a delta-coded
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indication of change in the location, imaging parameters or timing information; and any

combination thereof.

In an example embodiment, the optical metadata distributor 140 is controlled by the

processor to cast the optical indication 150 via a surface of the scene.

In an example embodiment, the apparatus further comprises a camera.

In an example embodiment, the processor is further configured to identify the surface

using the camera.

In an example embodiment, the processor is further configured to detect when the
camera is being used for imaging and to identify the surface so that the surface is not in

focus of the camera, if the distributed optical indication 150 is visible to the camera.

In an example embodiment, the processor is further configured to geometrically correct
the distribution of the optical indication 150 on the surface taking into account the
geometry of the surface with relation to the optical metadata distributor 140. The
geometry comprises, for example, the shape and / or angle of the surface with regard to

the optical metadata distributor 140.

In an example embodiment, the processor is further configured to detect focused
portion of the scene and to identify the surface at or near the focused portion.

In an example embodiment, the imaging refers to capturing of video image or a series of

sub-sequent still images with at least partial overlap.

Fig. 3 shows an apparatus 300 according to an example embodiment, which apparatus
300 is suitable for use as the second apparatus 120. The apparatus 300 comprises a
processor 310; a memory 320 configured to store camera captured image information

322 of the scene 160 (comprising the optical indication 150) and to store computer
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program code or software 324 for controlling the apparatus 300 when run by the
processor 310; and a camera 130 configured to form the image information by imaging
of a scene. In another example embodiment, the apparatus 300 lacks the camera 130
and instead has a remote camera interface 330 (e.g. universal serial bus, Bluetooth,
wireless local area network, and / or HDMI interface) configured to receive the image

information from an external camera 130.

In an example embodiment, the processor 310 is further configured to control the
operation of the camera based on the metadata 222 that is obtained from the optical
indication 150. For example, the processor 310 can be further configured to control,
based on the metadata 222, at least one of: focusing of the camera; focal length of the
camera; white balance of the camera; resolution of the imaging performed by the
camera; field of view of the imaging performed by the camera; viewing direction of the
camera; time base of the camera; and illumination of the scene by the camera and/or by

other common or separate illumination equipment.

In an example embodiment, the camera 130 is configured to operate with visible light.
Alternative and / or additionally, the camera 130 can be configured to operate with
invisible light. In an example embodiment, the apparatus 300 comprises or uses two or
more cameras 130 for obtaining image information using visible light and invisible light.
The processor 310 can be configured to modify the image information so as to conceal

the optical indication 150 if visible in images defined by the image information.

In an example embodiment, the processor 310 is configured to attach the metadata 222
to the image information as separate data. Alternatively or additionally, the processor
310 is configured to attach the metadata 222 to the image information by watermarking.

In sake of simplicity, let us consider a use case in which a first apparatus 110 projects
on the scene 160 the optical indication 150 invisibly e.g. as a bar code, 2-dimensional
bar code, quick response code, or other machine readable form. The projection can be

made using infrared, ultraviolet or other invisible wavelength that is detectable with
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camera sensor, and / or using brief pulses that short that the optical indication 150
appears invisible to human eye. Let us here clarify that invisibility may generally refer to
non-recognizable by human eye. That is, some people with very fast visual perception
might notice minor flicker of light, but not recognize the optical indication 150, if the
optical indication 150 is produced in isolated image frames lasting no more than e.g. 50
milliseconds. The second apparatuses 120 image the scene 160 and obtain from their
image information the projected optical indication 150 so that they can have similar
metadata 222 stored on or with images taken at the same time of the same place or
otherwise associated with the images e.g. in metadata parts of image files. After
obtaining the information on scene 160, the second apparatuses 120 then recognize the
metadata 222 from the optical indication 150 e.g. using OCR or bar code recognition

and store the metadata 222 in image/video frame metadata.

In an example embodiment, the second apparatuses 120 are configured to use the
metadata 222 obtained from the optical indication 150 for video synchronization. Making
use of the metadata 222, all of the second apparatuses 120 can synchronize their time
reference to one global clock based on which the optical indication 150 has been

projected on the scene.

In an example embodiment, multi-camera clock synchronization is performed (e.g. for
video capture) so that the first apparatus 110 first sends a base metadata data package
as a first optical indication 150 (e.g. with complete clock data). Subsequently, say once
a second, 5 seconds or 10 seconds, the first apparatus sends only one pulse. In this
manner, an initial synchronization can be performed at the frame rate of the cameras
130 of the second apparatuses 120 (with possibility of individual variation — some
second apparatuses may have higher temporal resolution). In an example embodiment,
the subsequent updating optical indications 150 are sent with predetermined times and
durations according to a predetermined schedule so that each second apparatus 120
can interpolate its exact timing with respect to the first apparatus e.g. using Vernier

interpolation.
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In an example embodiment, the optical indication 150 is formed by transmitting
modulated infrared radiation that is reflected from the target, recorded and decoded with
suitable infrared detectors. Such infrared detectors need not be cameras: in one robust
and simple example embodiment, they are formed of an infrared detector such as an
infrared transistor and a pipe or optical light converging element configured to provide
the infrared detector field of view corresponding to that of its associated camera 130. In
an example embodiment, the field of view of the infrared detector is changeable
correspondingly to that of the camera 130 e.g. by moving a detector deeper or less
deep in the pipe or by zooming in / out by the optical light converging element.

In an example embodiment, the first apparatus 110 is configured e.g. using suitable
software to select on the scene 160 an area that is suitable for the optical indication 150
projection, for example large continuous objects at or near desired imaging target, and
to cause projecting the optical indication 150 on that area. In another example
embodiment, the first apparatus is configured e.g. using suitable software to selects on
the scene 160 a plurality of areas that are suitable for the optical indication 150
projection, for example large continuous objects at or near desired imaging target, and
to cause projecting the optical indication 150 on those areas for assisting second
apparatuses 120 that obtain their image information from different parts of the scene.
For example, some second apparatuses 120 may see one area too blurred because of
its focal field and some may be simply directed to other imaging parts or be obscured

from seeing one area because of any intermediate objects or the shape of the scene.

In an example embodiment, the first apparatus 110 is configured to (e.g. using suitable
software) to identify one or more objects in focus and to cause the projection of the
visual indication 150 so that the area in focus is avoided.

In an example embodiment, the first apparatus 110 is configured (e.g. using suitable
software) to identify one or more objects in focus and to cause the projection of the
visual indication in the vicinity of these objects if the visual indication 150 is related to

the objects. This example embodiment is usable with an example embodiment in which
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different image objects are associated with individual (possibly locally or globally

unique) metadata for tagging these objects to the second apparatuses 120.

In an example embodiment, the projected visual indication 150 is usable for
automatically steering the cameras 130 to particular (possibly different) focal distances,
exposure times, and even to correct spread of positions (to enable better panoramas
and 3d scene reconstruction). The positioning can be implemented e.g. using automatic
turning mechanisms, using adjustable cropping on a large-sensor camera, using image
stabilization actuators to steer field of view of the camera in question, and / or by issuing

(e.g. visual and / or audible instructions) to people operating the cameras 130.

In an example embodiment, the camera 130 is configured to be capable of detecting
wavelengths beyond the visible light, i.e. in infrared or ultraviolet, for example. This can
be achieved by adding a secondary camera for specific wavelengths, or using a specific
amount of pixels in the main camera sensor for this function. For this purpose, the
camera 130 can be adapted capable of detecting infrared or ultraviolet wavelengths with
a high enough resolution in the mobile device. As mentioned in the foregoing, it is also
possible to distribute the optical indicator 150 using pulsating light that may be visible or
invisible to human eye. In case of infrared or ultraviolet pulsating light being used for
this purpose, the cameras 130 and / or the second apparatuses can be equipped with
suitable detectors that can be implemented using a single detector or one or more

multiple-pixel sensors.

In an example embodiment, the optical metadata distributor 140 comprises e.g. a
projector capable of projecting the optical indication 150 in the desired spectrum of light.
In example embodiments in which pulsating light is being used for delivery of the optical
indication 150, the optical metadata distributor 140 can be implemented simply with a

suitable lamp, light emitting diode or other illuminator.

In an example embodiment, the first apparatus 110 comprises a camera 130 and the

first apparatus is further configured to be capable of detecting optical indication 150
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produced by another first apparatus 110. In case that one or more other first
apparatuses are projecting the visual indications 150 detectably by a given first
apparatus, the given first apparatus can detect the mutual locations of the other first
apparatuses 110 based on the appearance of these visual indications 150, according to
an example embodiment. Further, the given first apparatus can be further configured to
select the area used for distributing its visual indication 150 to be non-overlapping with
other visual indications 150 at least in one of: time and location. Further or alternatively,
in an example embodiment, the optical metadata distributor is configured to dynamically
allocate a frequency band to be used for distributing the metadata and for detecting the
metadata. The dynamic allocation may be based on one or more criteria. The criteria
may comprise any of: visibility of an optical metadata indication in prevailing conditions;
predetermined scheme of using different ranges for given types of metadata; and
availability of possible frequency bands. In an example embodiment, the possible
frequency bands comprise any one or more of: different visible light frequency bands
(e.g. 400 nm to 420 nm, 430 nm to 450 nm and 460 nm to 480 nm and so on up to 700
nm i.e. relatively narrow bands with a guard range in between); low infrared band;

medium infrared band; and high infrared band; and ultraviolet band.

Fig. 4 shows a flow chart illustrating a process in the first apparatus 110, according to
an example embodiment, in which the relative pose of an imaging target or geometric
properties such as distance, orientation and shape of surfaces are analyzed 410 within
the field of view of the camera 130 from which the first apparatus 110 receives imaging
information. Term pose may herein refer to the location and orientation with respect to
the camera 130. The optical indicator is then adjusted 420 to avoid or reduce geometric
distortions on projecting the optical indicator 150 onto a surface of the scene 160. The
optical indicator is projected 430 on its adjusted form for producing the optical indicator

with reduced geometric distortion.

Fig. 5 shows a flow chart illustrating a process in the second apparatus 120, according
to an example embodiment. Captured video footage and / or one or more images are

received 510 by the second apparatus 120 e.g. from the camera 130 of the second
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apparatus (that may be, as with other example embodiments, e.g. built-in or separate
camera). The optical indicator 150 is detected and the geometric properties or pose of
its surfaces or at least some of its surfaces is estimated for the camera 130 with which
the image(s) or video were captured. The estimated pose is then associated 530 with
the captured images or video footage e.g. by containing a numeric estimation of an
angle between the camera and the optical indicator. For instance, in a very simplistic
case in which the camera is imaging only perpendicular surfaces and the optical
indicator 150 is oriented 20 degrees clock-wise with respect to the camera 130 that is
imaging the optical indicator for the second apparatus 120, the image of the optical
indicator 150 can simply be rotated. However, often the optical indicator 150 is
projected on uneven surface and / or not perpendicularly so that the optical indicator
150 is geometrically distorted, and / or the camera 130 of the second apparatus 120 is
not imaging the optical indicator quite perpendicularly. In such a case, the geometric
distortions may involve e.g. of non-linear compression or expansion, trapezoid distortion
or any other distortions. The compensative correcting of such geometric distortions is
well-known from various projectors and the correction of geometric errors in captured
images by computers (e.g. by post-processing) is also well-known e.g. in

photogrammetry.

Fig. 6 shows a flow chart illustrating another process of an example embodiment e.g. in
the first apparatus 110 of Fig. 1. The process comprises obtaining 610 metadata
configured to assist multiple-camera imaging of a scene; and distributing 620 an optical
indication of the metadata via the scene.

Fig. 7 shows a flow chart illustrating another process of an example embodiment e.g. in
the second apparatus 120 of Fig. 1. The process comprises: storing 710 camera
captured image information of a scene; and obtaining 720 metadata from the image

information.

Without in any way limiting the scope, interpretation, or application of the claims

appearing below, a technical effect of one or more of the example embodiments
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disclosed herein is that multiple-camera imaging can be automatically controlled
through metadata that is optically distributed without any preceding communications
between different cameras that are imaging same scene. Another technical effect of one
or more of the example embodiments disclosed herein is that the metadata can be
distributed to all the imaging cameras exactly simultaneously with reference to each
camera. Even if one of the cameras were thousands of kilometers away, the image
information obtained by such a camera would comprise metadata with matching timing
with relation to events in the scene as another camera capturing image information 20
meters apart of the scene. Another technical effect of one or more of the example
embodiments disclosed herein is that no common control system is needed between
the different cameras that participate to multiple-camera imaging. To the contrary,
crown imaging of one event can be automatically combined to a common multiple-
camera presentation e.g. using Youtube® uploads of hundreds video clips. Yet another
technical effect of one or more of the example embodiments disclosed herein is that the
optical distribution of metadata using the visual indicators enables embedding metadata
in events that copyright protected for automatic detection of illegal video uploads.
Another technical effect of one or more of the example embodiments disclosed herein is
that stitching of a panorama images can be facilitated by use of the optical indicator that
helps initial correlating of different images.

Embodiments of the present invention may be implemented in software, hardware,
application logic or a combination of software, hardware and application logic. The
software, application logic and/or hardware may reside on non-volatile memory of the
first apparatus, of the second apparatus or any other apparatus in communication
connection with one or more of the first and second apparatuses. If desired, part of the
software, application logic and/or hardware may reside on the first apparatus, part of the
software, application logic and/or hardware may reside on the second apparatus, and
part of the software, application logic and/or hardware may reside on a server computer
or other communicatively connected apparatus. In an example embodiment, the
application logic, software or an instruction set is maintained on any one of various

conventional computer-readable media. In the context of this document, a “computer-
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readable medium” may be any non-transitory media or means that can contain, store,
communicate, propagate or transport the instructions for use by or in connection with an
instruction execution system, apparatus, or device, such as a computer, with one
example of a computer described and depicted in Fig. 2 or 3. A computer-readable
medium may comprise a computer-readable storage medium that may be any media or
means that can contain or store the instructions for use by or in connection with an

instruction execution system, apparatus, or device, such as a computer.

If desired, the different functions discussed herein may be performed in a different order
and/or concurrently with each other. Furthermore, if desired, one or more of the before-

described functions may be optional or may be combined.

Although various aspects of the invention are set out in the independent claims, other
aspects of the invention comprise other combinations of features from the described
embodiments and/or the dependent claims with the features of the independent claims,

and not solely the combinations explicitly set out in the claims.

It is also noted herein that while the foregoing describes example embodiments of the
invention, these descriptions should not be viewed in a limiting sense. Rather, there are
several variations and modifications which may be made without departing from the

scope of the present invention as defined in the appended claims.
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WHAT IS CLAIMED IS

1. An apparatus comprising:

a processor configured to obtain metadata configured to assist multiple-camera
imaging of a scene; and

an optical metadata distributor configured to distribute an optical indication of

the metadata via the scene under control of the processor.

2. The apparatus of claim 1, wherein the scene consists of one or more image

objects that are being imaged by multiple cameras.

3. The apparatus of claim 2, wherein different ones of the multiple cameras have
different views of the scene.

4, The apparatus of any of preceding claims, wherein the optical metadata
distributor comprises a projector configured to distribute the metadata in an

automatically recognizable form.

5. The apparatus of claim 4, wherein the automatically recognizable form
comprises any of: text; bar code; two-dimensional bar code; other symbols; and any

combination thereof.

0. The apparatus of any of preceding claims, wherein the optical indication is
dynamically changing.

7. The apparatus of any of preceding claims, wherein the optical metadata
distributor comprises a pulsating light source configured to cast on the scene pulsating
light that is indicative of the metadata.

8. The apparatus of any of preceding claims, wherein the optical metadata
distributor is configured to distribute optical indicator using any of: visible light; infra-red

light; and ultraviolet light.
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9. The apparatus of any of preceding claims, wherein the optical metadata
distributor is configured to distribute metadata in two or more parts.

10. The apparatus of any of preceding claims, wherein the optical metadata
distributor is controlled by the processor to indicate the metadata via a surface of the

scene.

11. The apparatus of any of preceding claims, wherein the apparatus further

comprises a camera.

12. The apparatus of claim 11, wherein the processor is further configured to

identify the surface using the camera.

13. The apparatus of claim 11 or 12, wherein the processor is further configured to
detect when the camera is being used for imaging and to identify the surface so that the

surface is not in focus of the camera.

14. The apparatus of any of claims 11 to 13, wherein the camera is dedicated to
facilitating the optical metadata distribution.

15. The apparatus of any of preceding claims, wherein the processor is further
configured to geometrically correct the distribution of the metadata on the surface taking
into account the geometry of the surface with relation to the optical metadata distributor.

16. The apparatus of any of preceding claims, wherein the processor is further
configured to detect focused portion of the scene and to identify the surface at or near

the focused portion.

17. The apparatus of any of preceding claims, wherein the metadata comprises at

least one of: geographic position of the apparatus or of the scene; resource locator
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associated to the scene; date; time; name of the scene; description of the scene; and

camera settings.

18. The apparatus of any of preceding claims, wherein the processor is configured
to automatically obtain the metadata.

19. An apparatus comprising:
a memory configured to store camera captured image information of a scene;

a processor configured to obtain metadata from the image information.

20. The apparatus of claim 19, further comprising a camera configured to form the

image information by imaging of a scene.

21. The apparatus of claim 20, wherein the processor is further configured to

control the operation of the camera based on the metadata.

22. The apparatus of claim 21, wherein the processor is further configured to
control, based on the metadata, at least one of: focusing of the camera; white balance
of the camera; resolution of the imaging performed by the camera; field of view of the
imaging performed by the camera; time base of the camera; and illumination of the

scene by the camera and/or by other common or separate illumination equipment.

23. The apparatus of any of claims 20 to 22, wherein the camera is configured to
operate with visible light.

24, The apparatus of any of claims 20 to 23, wherein the camera is configured to

operate with invisible light.

25. A method comprising:
obtaining metadata configured to assist multiple-camera imaging of a scene; and

distributing an optical indication of the metadata via the scene.
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26. The method of claim 25, wherein the distributing of the optical indication

comprises projecting the metadata in an automatically recognizable form.

27. The method of claim 25 or 26, further comprising identifying using a camera a

surface of the scene on which the optical indication is to be distributed.

28. The method of claim 25, wherein the camera is used for imaging and identifying
the surface so that the surface is not in focus of the camera.

29. The method of claim 27 or 28, further comprising geometrically correcting the
distribution of the metadata on the surface taking into account the geometry of the
surface with relation to the optical metadata distributor.

30. The method of any of claims 25 to 29, further comprising automatically
obtaining the metadata.

31. The method of claim 30, further comprising determining or estimating the
position of the apparatus and using the determined or estimated position of the
apparatus in the automatic obtaining of the metadata.

32. A method comprising:
storing camera captured image information of a scene; and

obtaining metadata from the image information.

33. The method of claim 32, further comprising forming the image information by

imaging the scene with a camera.

34. The method of claim 33, further comprising controlling the operation of the
camera based on the metadata.

35. The method of claim 34, wherein the controlling the operation of the camera
comprises controlling at least one of: focusing of the camera; focal length of the camera;

white balance of the camera; resolution of the imaging performed by the camera; field of
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view of the imaging performed by the camera; time base of the camera; and illumination
of the scene by the camera and/or by other common or separate illumination

equipment.

36. The method of any of claims 32 to 35, further comprising dynamically allocating
a frequency band to be used for distributing the metadata and for detecting the

metadata.

37. A computer program comprising computer executable program code for:

obtaining metadata configured to assist multiple-camera imaging of a scene;

and
distributing an optical indication of the metadata via the scene;
when executed by an apparatus.
38. The computer program of claim 37, further comprising computer executable

program code for causing the apparatus, when executing the computer program, to
perform the method of any of claims 26 to 31.

39. A computer program comprising computer executable program code for:
storing camera captured image information of a scene; and
obtaining metadata from the image information.

when executed by an apparatus.

40. The computer program of claim 39, further comprising computer executable
program code for causing the apparatus, when executing the computer program, to
perform the method of any of claims 33 to 36.

41. A non-transitory memory medium comprising the computer program of any of
claims 37 to 40.
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