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FIG. 1

(57) Abstract: A method of generating a moving image in the form of a series of playback frames, wherein said moving image
is generated from: a first set of image data captured using a motion picture camera system having an associated movement capture
system; movement capture data generated by said movement capture system; and a second set of scenic image data captured using a
scene-scanning imaging system which provides image data from which images, representing viewpoints distributed across a scene
through which a virtual viewer is capable of navigating, are derivable, the method comprising: on the basis of said movement capture
data, selecting a first viewpoint position; deriving first scenic viewpoint image data from said second set of image data, based on the
selection of said first viewpoint position; combining image data from said first image data with said first scenic viewpoint image data
to generate a first playback frame; on the basis of said movement capture data, selecting a next viewpoint position from a plurality
of potential next viewpoint positions distributed relative to the first viewpoint position across said scene; deriving second scenic
viewpoint image data from said second set of image data, based on the selection of said next viewpoint position; and combining
image data from said first image data with said second scenic viewpoint image data to generate a second playback frame.
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Image Capture and Mot_ion Picture Generation

Field of the Invention

The present invention relates to capturing image data and subsequently

generating a moving picture in the form of a series of playback frames.

Background of the Invention

Traditional motion picture image capture and playback uses a motion
picture camera which captures images in the form of a series of image frames,
commonly referred to as footage, which is then stored as playback frames and
played back in‘the same sequence in which they are captured. A motion picture
camera may be either a film camera or a video camera (including digital video
cameras). Furthermore the sequence of image frames may be stored as a video
signal, and the resulting motion pictures may be edited or unedited motion
picture sequences which are used for motion picture film, TV, or other playback
channels. Whilst developments in recording and playback technology allow the
frames to be accessed separately, and in a non-sequential order, the main mode
of playback is sequential, in the order in which they are recorded and/or edited.
In terms of accessing frames in non-sequential order, interactive video
techniques have been developed, and in optical recording technology, it is
possible to view selected frames distributed through the body of the content, in a
preview function. This is, however, a subsidiary function which supports the
main function of playing back the frames in the order in which they are captured
and/or edited.

Computer generation is an alternative technique for generating video
signals. Computer generation is used in simulators and motion picture films. In
computer generation the video signals are computer-generated from a three
dimensional (3D) representation of the scene, typically in the form of an object
model, and by then applying geometry, viewpoint, texture and lighting
information. Rendering may be conducted non-real time, in which case it is

referred to as pre-rendering, or in real time. Pre-rendering is a computationally

CONFIRMATION COPY
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intensive process that is typically used for motion picture film creation, while
real-time rendering is used for simulators. For simulators, the playback
equipment typically uses graphics cards with 3D hardware accelerators to
perform the real-time rendering.

The process of capturing the object model for a computer-generated
scene has always been relatively intensive, particularly when.it is desired to
generate photorealistic scenes, or complex stylized scenes. It typically involves
a very large number of man hours of work by highly experienced programmers.
This applies not only to the models for the moving characters and other moving
objects within the scene, but also to the background environment. As computers
and motion picture film generation techniques become more capable of
generating complex scenes, and capable of generating scenes which are
increasingly photorealistic, the cost of capturing the object model has
correspondingly increased, and the initial development cost of a simulator or
computer generated motion picture film, is constantly increasing. Also, the
development time has increased, which is particularly disadvantageous when
time-to-market is important.

Image-based-rendering (IBR) is an alternative technique to 3D geometric
object modeling, for generating different viewpoint image data of an object
and/or scene. In IBR geometric data of an object and/or scene is derived from
previously captured 2D images of the object and/or scene. Provided these
captured images are taken from different arigles with respect to the object and/or
scene, geometrical data regarding the object and/or scene can be derived from
them. The computer-generated 3D object model of the scene allows one to
deduce different viewpoint images of the scene that have not been previously
captured.

Apple Computer Inc.’s proprietary QuickTime VR™ software system
generates panoramic images of a scene or object from pre-captured images of
different viewpoints of the scene or object. This is done by stitching together
the different viewpoint images whose totality represent a 360° viewpoint image

of the scene or object. In addition QuickTime VR™ can be used to generate a
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virtual walkthrough of the captured scene.. One can imagine the observer’s
viewing position as being the centre of a cylinder or sphere. By projecting
portions of the stitched 360° scenic image on the interior surface of a cylinder or
sphere, the viewer has the impression he/she is within this virtually constructed -
scene. Only selected portions of the stitched image are projected at any one
time, corresponding to the viewer’s field of vision. As the viewer rotates about
his/her viewing position different portions of the 360° scenic image are
displayed accordingly. This method has certain limitations: it cannot be used to
generate new perspectives of a captured scene — it can only display information
captured in the pre-captured images of the scene and/or object. Accordingly one
can zoom in or out, however a new perspective that was not captured in the pre-
captured images cannot be generated without the use of a 3D object model,
since the optical data defining such a new perspective is not known.

IBR techniques include methods based on the principle of light fields. A
light field of an object and/or scene can be described as a field of light reflected
from its surface, containing optical information characterising the scene. This
light field may be represented by a set of light rays reflected from the scene
and/or object. The light field is represented by a mathematical function called
the plenoptic function, describing the radiance of all required light rays, in all
required directions, at any required point in space. This relates to a technique of
IBR called Light Field Rendering (LFR). By manipulating information
contained within the light field (quantified by the plenoptic function), it is
possible to generate a desired perspective of a scene and/or object. This can be
achieved by sampling the light field at an appropriate rate such that the plenoptic
function for a particular light field can be suitably defined in a region of space.
In practice this is achieved by capturing many images of a scene, with suitable
apparatus, from different perspectives. Each captured light ray’s characteristics
are stored as a pixel, including: colour, brightness, directional and positional
data of the incident ray. When a suitable number of light ray characteristics
have been captured, new perspectives can be generated by selecting and

combining the pixels corresponding to the characteristics of individual light rays
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passing through a desired viewpoint position, to generate the image of the scene
and/or object as it appears from the chosen viewpoint position, without a
physical presence of the capture device. Levoy and Hanrahan describe in their
paper entitled “Light Field Rendering” (Proc. ACM SIGGRAPH 96) a
theoretical principle behind light field sampling and rendering, and illustrate
how a method of light field sampling can be used to generate new viewpoint
images of a static object. Light field rendering is discussed in Levoy’s article
entitled “Light Fields and Computational Imaging” (published in the August
2006 issue of the IEEE Computer Society journal).

US2005/0285875A1 relates to a process for generating and rendering an
interactive viewpoint video wherein a user can watch a video sequence and
change the viewpoint at will during playback. This is achieved by recording a
dynamic scene from a plurality of video cameras capturing a plurality of video
streams representing different viewpoints of the scene. The different viewpoints
are used to generate a 3D model of the scene and to generate disparity maps.
Disparity mapping is a technique for recovering crude 3D information of a
scene, however it is inherently limited and the quality of images derived in this
way will not generally suffice for motion picture films or TV production.

When making motion picture films and TV shows (and other motion
picture sequences) a large part of the development cost is in post-production.
Once sets have been destroyed or are no longer available no new footage can be
recorded. In such cases sets are either rebuilt, or a director may use poor
footage and special effects to overcome the issues with the footage. Both of
these solutions are expensive.

Chroma key techniques are used in both the motion picture and
television industries. Complex computer-generated background scenes can be
compiled with footage shot in front of a green screen. The time-consuming
editing work is still mostly undertaken manually by specialist motion picture
film editors. A significant amount of time is invested in ensuring the
background image is consistent with the foreground image. Only in the simplest

of applications, such as the weather forecast does the keying occur in real-time.
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It is one objective of the invention to improve computer generation

techniques for motion pictures.

Summary of the Invention

The present invention is set out in the appended claims.

The present invention provides a method of combining image data
generated by scene scanning a set, with image data captured with a motion
picture camera. ’

An advantage of the invention is that highly photorealistic scenes can be
computer-generated in correspondence with a motion picture capture sequence,
according to movement of the motion picture camera through an environment
corresponding to the scenes in any direction in at least a two dimensional space.
The computer-generation can be based on real photographic images, for
example of a motion picture film or TV set. The ability to virtually reproduce a
set would greatly reduce the cost, and allow a director more artistic freedom
during post-production.

In one embodiment of the present invention at each viewpoint position, a
stored image is used to generate the associated viewpoint image of the scene.

In another embodiment of the present invention a light field of a
particular scene is sampled by capturing image data of the scene, where said
captured image data represent images of the scene taken from different
viewpoints, this sampled light field data is then used to generate any desired
new viewpoint image of the scene. A

Using the present invention, scenes can be captured with a fraction of the
cost and time required using known techniques. Also, the scenes can be played
back at highly photorealistic levels, without requiring as much rendering as
computer generation techniques relying purely on object models.

The techniques of the present invention may also be used in conjunction
with object modelling techniques. For example, stored images may be used to
generate the background scene whilst moving objects may be overlaid on the

background scene using object models, in addition to the objects which are
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captured using the motion picture camera. In this regard, object model data is
preferably stored with the stored images, and used for overlaying moving object
images correctly on the computer-generated scenes generated from the stored
images.

In certain embodiments the second set of image data comprise captured
images with a horizontal field of view which is more than 100°. The method of
the present invention preferably involves selecting a suitable part of the captured
image for playback, once the captured image has been selected on the basis of
the current location of view. In this way, the viewing direction can be altered, at
each viewpoint position.

In preferred embodiments of the present invention, a chroma \key
technique is used to combine the image data, and provides a means of
performing the image overlaying in real-time.

Further features and advantages of the invention will become apparent
from the following description of preferred embodiments of the invention, given
by way of example only, which is made with reference to the accompanying

drawings.

Brief Description of the Drawings

Figure 1 shows a schematic block diagram of apparatus according to a
first embodiment of the invention.

Figure 2 shows a plan view of a grid pattern used for image capture and
playback according to an embodiment of the invention.

Figure 3 shows a plan view of a triangular grid pattern used for image
capture and playback according to an alternative embodiment of the present
invention.

Figure 4 shows a perspective view of a set and/or scene and a planar 2D
grid image data capture pattern according to a first embodiment of the invention.

Figure 5 shows a perspective view of a set and/or scene and a 3D
volumetric grid image data capture pattern in accordance with an alternative

embodiment of the present invention.
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Figure 6 shows a flow diagram of a method of capturing image data at
each node position contained within an image data capture grid, according to an
embodiment of the invention.

Figure 7 shows a schematic block diagram of apparatus, comprising
amongst other elements a camera mounted on a robotic arm, used for image data
capture within a grid pattern according to an embodiment of the invention.

Figure 8 shows a perspective view of apparatus used to capture image
data of a set and/or scene at each node position contained within the grid,
according to an embodiment of the invention.

Figure 9 shows a panoramic lens arrangement for use in the image
capture apparatus shown in Figure 8.

Figure 10 is a schematic block diagram of elements of the image capture
apparatus shown in Figure 8.

Figure 11 is a schematic block diagram depicting components of video
playback apparatus in accordance with an embodiment of the present invention.

Figure 12a shows a schematic representation of image data as captured
and stored by a panoramic camera, in an embodiment of the invention.

Figure 12b shows a schematic representation of an image frame as
played back in an embodiment of the invention. . ‘

Figure 13 shows a flow diagram of a method of generating image
sequences from stored images according to an embodiment of the invention.

Figure 14 shows a flow diagram of a method of processing stored image
data to generate a first scenic viewpoint image according to an embodiment of
the invention.

Figure 15 shows a flow diagram of a method of generating a first scenic
viewpoint image by extrapolation using ray tracing techniques, according to an
alternative embodiment of the present invention.

Figure 16 is a schematic perspective view of the priﬁciple behind the
method of extrapolation of a first scenic viewpoint image using ray tracing
techniques, from stored image data, in accordance with an alternative

embodiment of the invention.
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Figure 17 shows a schematic block diagram of apparatus according to an
embodiment of the present invention used in conjunction with green screen
techniques.

Figure 18 shows a perspective view of a wall mounted camera on rails
used to capture image data of a set and/or scene, according to an alternative

embodiment of the invention.

Detailed Description of the Invention

The invention provides for a method of generating a moving image in
the form of a series of playback frames. The moving image represents
movement of a camera through a generated virtual scene, in certain preferred
embodiments a computer is used to generate the virtual scene. The moving
image is composed of a sequence of discretely captured images, captured in a
sequential order.

A first set of image data is captured using a motion picture camera,
which can be a video camera in certain preferred embodiments. The motion
picture camera has an associated motion recorder, such that the motion data of
the motion picture camera can be recorded.

A second set of image data is captured using a scene-scanning device.
The scene-scanning device provides image data of a scene, which in this
embodiment is a motion picture filming set, for example a motion picture film
set or TV set, taken at different positions along the scene, therefore providing
different perspectives or viewpoints of the scene. Using the motion data and
context data from the motion recorder and camera context recorder respectively,
of the motion picture camera, the appropriate scenic viewpoint image can be
selected for each image frame captured by the motion picture camera. The first
image data set and selected parts of the scenic image data set are then combined
to form playback frames. »

Figure 1 depicts a preferred embodiment of the present invention. A
motion picture camera 101 captures images of an actor 102 or other object. A

motion sensor unit 103 is attached to the motion picture camera 101. In this
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embodiment the motion sensor includes an accelerometer. The motion data of
the motion picture camera 101 is recorded by a motion sensor data recorder 104.
The motion sensor data recorder 104 takes motion picture camera motion data,
from the motion sensor unit 103, as an input and processes this to output motion
picture camera position data 108 associated with each captured image frame.
An image recording device 105 records the images captured by the motion
picture camera 101. In certain embodiments the image recording device 105
may be part of the motion picture camera 101. Stored image data 106 of a set or
scene, having been captured previously, are stored on a storage device 107.

An image processing device 109 receives motion picture camera position
data for a particular captured frame, and uses this data to recover a
corresponding stored image data 106 of a motion picture filming set from the
storage device 107. The motion picture camera context data 110 relates to data
such as zoom state and focal state. The motion picture camera context recorder
111 derives the motion picture camera context data 110 by analysing the
command signals of the motion picture camera to derive zoom state and focus
state of the motion picture camera. The motion picture camera context data 110
1s sent to the image processing device 109, where it is used to process the
selected scenic image data 106 to generate the corresponding scenic viewpoint
image. In this way the zoom state and focal state of the generated scenic
viewpoint image is consistent with the image captured by the motion picture
camera 101. For example if the captured image is a close-up of an actor 102,
the background scenic image data may be processed to generate a background
scenic viewpoint image which is out-of-focus. An in-focus stored image data
106 is processed to depict the correct zoom and focal states.

Having generated the background viewpoint image, the image captured
by the motion picture camera 101 and the processed background viewpoint
image are overlaid in the image overlay unit 112. The image overlay unit 112
correctly overlays the captured imagé in the foreground of the generated
background scenic viewpoint image. The resulting overlaid image can be

displayed on a display unit 113 and/or recorded by the overlaid image recording
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unit 114. In certain embodiments this process may occur in real-time, such that
an overlaid image of actor and scenic background image can be viewed on a
display 113 in real-time as the actor 102 is filmed. '

In another embodiment of the present invention the computer-generated
virtual scene is generated using captured images by taking the captured images
to have different viewpoints within the .virtual scene, the viewpoints
corresponding to different perspectives of the scene captured from different
points of capture. An image may be stored for each of the viewpoints, by
capturing a plurality of images based on the selection of a plurality of points of
capture.

In another embodiment the computer-generated virtual scene is
generated by extrapolating a particular viewpoint image of the scene from the
sampled light field data of the scene. Where said sampled light field data
corresponds to image data, positional and orientational data of incident light
rays, captured at different positions along the scene. In this embodiment it is
understood that both colour and intensity are part of said image data. The
different positions corresponding to capture nodes forming an array of points of
view or perspectives of said scene or set.

At least some of said points of capture (capture nodes) are distributed
with a substantially constant or substantially smoothly varying average density
across a first two-dimensional area. The capture nodes are distributed in at least
two dimensions, and may be distributed in three dimensions.

At least some of said points of capture are distributed in a regular pattern
including a two-dimensional array in at least one two-dimensional area, for
example in a grid pattern, if possible depending on the scene scanning imaging
device. One suitable grid formation is illustrated in Figure 2, which in this
example is a two dimensional square grid. The viewpoints are located at each of
the nodes of the grid.

The intended application of the generated background scene may
condition the choice of scene scanning imaging device, as the captured field of

view is dependent on the characteristics of said device. In many embodiments it
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is desirable to capture images with a horizontal field of view greater than 140°.
In other preferred embodiments the captured images comprise images with a
360° horizontal field of view. For example, this might be the desired choice if
one intended to generate a virtual scene, where it is desirable that a director has
the freedom to view in all directions about any viewpoint position. Each stored
image may be composed from more than one captured image. More than one
photograph may be taken at each capture node, taken in different directions,
with the captured images being stitched together into a single stored image for
each viewpoint or node position. It is preferable to use a single shot image
capture process to reduce geometrical errors in the stored image data which will
be amplified on playback as many images are played back per second. Where
the captured images are photographic images, these will have been captured at a
plurality of points of capture in a real scene using camera equipment. In one
embodiment the captured images will preferably have been captured using
panoramic camera equipment.

During playback, the video frames are preferably generated at a rate of at
least 30 frames per second. The spacing of the points of capture in the virtual
scene, and also the real scene from which the virtual scene is initially captured,
is determined not by the frame rate but the rate at which the human brain is
capable of detecting changes in the video image. Preferably, the image changes
at a rate less than the frame rate, and preferably less than 20Hz. The viewpoint
position spacing is determined by the fact that the brain only really notices up to
14 changes in images per second. While we can see 'flicker' at rates up to 70-
80Hz. Thus the display needs to be updated regularly, at the frame rate, but the
image only needs to really change at about 14Hz. The viewpoint position
spacing is determined by the speed in meters per second, divided by the selected
rate of change of the image. For instance at a walking speed of 1.6m/s images
are captured around every 50mm to create a fluid playback. For a driving game
this might be something like one every meter (note that the calculation must be
done for the slowest speed one moves in the simulation). In any case, the points

of capture, at least in some regions of said real scene, are preferably spaced less
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than Sm apart, at least on average. In some contexts, requiring slower
movemént through the scene during playback, the points of capture, at least in
some regions of said real scene, are spaced less than 1m apart, at least on
average. In other contexts, requiring even slower movement, the points of
capture, at least in some regions of said real scene, are spaced less than 10cm
apart, at least on average. In other contexts, requiring yet slower movement, the
points of capture, at least in some regions of said real scene, are spaced less than
lcm apart, at least on average.

The capturing comprises recording data defining the locations of
viewpoint positions in the virtual scene. For example in most embodiments, the
viewpoints’ locations may correspond to the locations of points of capture in
said real scene. A position of each point of capture may thus be recorded as
location data associated with eaéh captured scenic image data, for subsequent
use in selecting the viewpoint. In a preferred embodiment, when the position of
the motion picture camera is close to a particular node position, then the scenic
image data associated with the node position is selected and the appropriate
viewpoint is selected therefrom when moving through the virtual scene.

Returning to Figure 2, it can be seen that the nodes of the grid,
representing a plurality of points of capture and stored image data, are
distributed relative to a first point of capture, let us take for example point nl, in
at least two spatial dimensions. The points of capture are distributed around
point nl, across four quadrants around the first point of capture.

Whilst Figure 2 illustrates a square grid, at least some of the points of
capture may be distributed in a non-square grid across the first two-dimensional
area. In an alternative embodiment, at least some of the points of capture are
distributed in a triangular grid across the first two-dimensional area, as shown in
Figure 3.

Alternatively, or in addition, at least some of the points of capture may
be distributed in an irregular pattern across the first two-dimensional area — this
may simplify the capture process. In this case, images are captured which

irregularly, but with a constant or smoothly varying average density, cover the
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area. This still allows the playback apparatus to select the nearest image at any
one time for playback - or blend multiple adjacent images, as will be described
in further detail below |

Different areas may be covered at different densities. For example, an
area in a virtual environment which is not often visited may have a lower
density of coverage than a more regularly visited part of the environment. Thus,
the points of capture may be distributed with a substantially constant or
smoothly varying average density across a second two-dimensional area, the
second two-dimensional area being delineated with respect to the first two-
dimensional area and the average density in the second two-dimensional area
being different to thé average density in the first two-dimensional area. If one is

sampling the light field then a relatively dense capture node distribution will

allow one to generate more new viewpoint images without having to use

interpolation or other approximations.

The viewpoint positions may be distributed across a planar surface, for
example in a virtual scene representing an in-building environment.
Alternatively, or in addition, the viewpoint positions may be distributed across a
non-planar surface, for example in a virtual scene representing rough terrain in a
driving game for example. If the surface is non-planar, the two dimensional
array will be parallel to the terrain i.e. it will move with the ground. The terrain
may be covered using an overlay mesh - each part of the mesh may be divided
into a triangle which includes a grid pattern inside the triangle similar to that
shown in Figures 2 or 3, and the surface inside each triangle will be flat (and the
triangles will.in some, and perhaps all cases, not be level). All triangles will be
at different angles and heights with respect to each other, to cover the entire
terrain. During the capture process, it is possible to survey the area prior to
scanning it, and create a 2D mesh of triangles, where all neighbouring triangle
edges and vertices line up. The capture apparatus can be repositioned,
sequentially collecting data in each of the triangles.

In another embodiment, the array of viewpoint positions or nodes may

be a two-dimensional planar surface, substantially perpendicular to the ground.
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This is particularly useful when a scene-only needs to be captured from a
particular range of directions. For example, during conventional filming of a
scene in a motion picture, the motion picture film camera captures a set from a
particular viewpoint angle. The objective of capturing many images of the
scene is to permit one to reproduce viewpoint images, hence it is unnecessary to
capture more viewpoints of the set than will potentially be used. Rather,
restricting the array to cover the area the motion picture film camera may move
in will suffice. This planar, perpendicular orientation of the capture grid is also
used in a preferred ‘embodiment when sampling the light field of a scene
(including a motion picture filming set) and/or object. Figure 4 illustrates one
such embodiment. A capture plane 401 is oriented perpendicular to the ground
and parallel to a set 403. The capture plane 401 consisting of a number of nodes
402 designating the positions at which image data of the set will be captured by
a camera.

The previous argument is also valid for 3D arrays of viewpoint positions
or nodes. If a director is aware of the general range of viewpoint images that are
required, then the array of capture node positions can be restricted to cover the
viewpoint positions of this selected range of viewpoint images.

In a further embodiment, the.viewpoint positions or nodes are distributed
across a three-dimensional volume, for example for use in a flight simulator or
otherwise. The node positions may be arranged in a regular 3D array. Figure 5
depicts an example of a volumetric array for capturing a scene. The capture
volume 501 consists of a number of nodes 502, representing the positions where
image data of a set 503 is captured by a camera.

Figure 6 is a flow chart illustrating a method 600 of sequentially
capturing scenic image data at each node inside a chosen capture space. The
capture space can be a 2D area, or a 3D volume, as mentioned above. The 2D
area may be planar or non-planar. The 3D volume may be divided into a 3D
grid composed of many parallel planes, or a more complex grid pattern, such as
a pyramidal 3D grid. Both types of capture spaces are composed of nodes,

designating the positions where image data is captured. The method involves
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defining the capture space 601, whether it is a 2D area or a 3D volume and the
shape of said chosen space. The next step is to define the spacing of the nodes
602 within the chosen capture space. A scene scanning imaging device is
placed at a designated starting node 603 where a first image of the scene is
captured 604. The captured image is then stored 605. It is determined 606 if
there remain any nodes wherefrom image data has not been captured. If nodes
remain, then the scene scanning imaging device is repositioned to the next node
607 where another image of the scene is captured and stored. This process is
repeated until image data at all nodes in the designated capture space have been
captured, at which point the process is ended 608.

In another embodiment of the invention, the images are captured using
an automated mechanically repositionable camera. The automated mechanically
repositionable camera is moved in a regular stepwise fashion across the real
scene.

Figure 7 depicts an image capture device 700 used in an embodiment of
the invention. A wide-angle camera 701 mounted on a servo 702, which in turn
is mounted on a dolly 703 having a robotic arm 704, is used to capture different
image data at different viewpoint or node positions. The servo 702 controls
three angular degrees of freedom (e.g. pan, tilt and yaw) of the camera 701,
whilst movement along three locational degrees of freedom (e.g. x, y and z-axis)
are controlled by the dolly unit 703. In particular movement in the vertical
direction (along the z-axis) is controlled by the robotic arm 704 which is itself
part of the dolly unit 703. A motion sensor 705, in this embodiment including a
plurality of sensors capable of detecting changes in any one of the six degrees of
freedom, is attached to the wide-angle camera 701. The motion sensor 705
continuously captures and sends motion data to the motion controller 706. The
motion data is used to calculate the current position and viewing direction of the
camera 701. The motion controller is connected (either physically or wirelessly)
to both the servo control unit 707 and dolly control unit 708. Using the motion
data from the motion sensor 705, the motion controller 706 can control all

movement of the servo 702 and dolly unit 703 to a high degree of precision. In
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certain embodiments the motion controller 706 can be configured to receive
positional instructions remotely. For example, one may generate a number of
positional instructions on a computer or other processing device, and send these
positional instructions to the motion controller 706. The motion controller 706
will translate these positional instructions into independent instructions destined
for the servo 707 and dolly control units 708. In this manner the capture process
is fully automated and does not require manual control. Furthermore, when an
image is captured and recorded on the image recorder 709, the image recorder
709 will record the position data from the motion controller 706 associated with
the particular recorded image. The recorded image with associated position data
is stored on a storage medium 710.

Figure 8 shows an image capture device 802 in another embodiment,
comprising a base 804, a moveable platform 806, a turret 808, and a camera
809. The base 804 is mounted on wheels 812 whereby the device is moved
from one image capture position to another. The moveable platform 806 is
mounted on rails 814 running along the base 804 to provide scanning movement
in a first direction X. The turret 808 is mounted on a rail 816 which provides
scanning movement in a second direction Y, which is perpendicular to the first
direction X. Note that the rails 814 may be replaced by high-tension wires, and
in any case the moveable platform 806 and the turret 808 are mounted on the
rails or wires using high precision bearings which provide sub-millimetre
accuracy in positioning both the first and second directions X, Y.

Mounted above the camera 9 is a panoramic imaging mirror 810, for
example the optical device called “The 0-360 One-Click Panoramic Optic”™

shown on the website www.0-360.com. This is illustrated in further detail in

Figure 9. The optical arrangement 810 is in the form of a rotationally symmetric
curved mirror, which in this efnbodiment is concave, but may be convex. The
mirror 810 converts a 360 degree panoramic image captured across a vertical
field of view 926 of at least 90 degrees into a disc-shaped image captured by the
camera 9. The disc-shaped image is shown in Figure 12a and described in more

detail below.
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In the image capture device shown in Figure 8, the base may have linear
actuators in each corner to lift the wheels at least partly off the ground, in order
to substantially level the image capture apparatus on uneven terrain. Lifting the
wheels at least partly off the ground also helps to transfer vibration through to
the ground — to reduce lower frequency resonation of the whole machine during
image capture. A leveling system may also be provided on the turret. This
allows fine calibration to make sure the images are substantially level.

Figure 10 shows a control arrangement 1000 for the device illustrated in
Figure 8. The arrangement includes image capture apparatus 1002 including the
panoramic camera 9, x- and y-axis control arrangement including stepper motors
1020, 1030, and corresponding position sensors 1022, 1032, tilt control
arrangement 1006 including x-axis and y-axis tilt actuators 1040, and
corresponding position sensors 1042, and drive arrangement 1008, including
drive wheels 812 and corresponding position sensors 1052. The control
arrangement is controlled by capture and control computer 1012, which controls
the position of the device using drive wheels 812. When in position, the turret
808 (Figure 8) scans in a linear fashion, row by row, to capture photographic
images, which are stored in media storage device 1014, in a regular two-
dimensional array across the entire area of the base 804. The device is then
moved, using the drive wheels 812, to an adjacent position, and the process is
repeated, until the entire real area to be scanned has been covered.

Returning to Figure 2, during playback, a video signal comprising a
moving image in the form of a series of playback frames is generated using
stored images by taking the stored images, which are stored for each of the
nodes n of the grid, according to the current position P (defined by two spatial
coordinates x,y) of the viewer. Take for example an initial position of the
viewer PI(x,y), as defined by a control program which is running on the
playback apparatus, which tracks the location of the motion picture camera as
the camera moves through the computer-generated scene. The position of the
viewer is shown using the symbol x in Figure 2. A first stored image based on

the selection of a first viewpoint position nl which is closest to the initial
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position PI(x.y) is selected. The playback apparatus then generates a first
playback frame using the first stored image. More than one playback frame may
be generated using the same first stored image. The position of the viewer may
change. The viewer, in a preferred embodiment, may move in any direction in
at least two dimensions. A plurality of potential next viewpoints np, shown
using the symbol “0” in Figure 2, are distributed around the initial viewpoint
position nl. These are distributed in all four quadrants around the initial
viewpoint position nl across the virtual scene. The viewer is moved to position
P2(x,y). The playback apparatus selects a next viewpoint position n2 from the
plurality of potential next viewpoint positions distributed relative to the first
viewpoint position across the computer-generated scene, on the basis of
proximity to the current position of the viewer P2(x,y). The playback apparatus
then selects a second stored image on the basis of the selected next viewpoint
position; and generates a subsequent playback frame using the second stored
image.

In certain embodiments the viewer may be the motion picture camera. In
such an embodiment the motion of the motion picture camera is recorded and
the positional coordinates of the camera’s motion trace out a movement path.
This movement path can be used within the computer-generated scene to select
and display the correct scenic viewpoint images. This corresponds to selecting
and displaying the viewpoint images captured at the capture nodes, within the
array of capture nodes, that intersect (or are nearest to) the motion picture
camera’s motion path, when said motion path is embedded on the array of
capture nodes.

In another embodiment, interpolation can be used to generate the motion
picture camera’s associated scenic viewpoint image. Stored images nearest to
the motion picture camera’s position are selected, and from these stored images
the viewpoint at the motion picture camera’s current position is interpolated.
Metadata can be calculated and stored in advance to aid the interpolation

between multiple images.
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The generation of playback frames may comprise generating playback
frames based on selected portions of the stored images. The playback frame’s
field of view is less than the captured scenic image data’s field of view. The
captured images may have a field of view of more than 140° whilst the selected
portions may have a field of view of less than 140°, and the playback equipment
in this example also monitors the current viewing direction in order to select the
correct portion of the image for playback. In an embodiment involving the
overlaying of a moving image with a computer-generated background image,
the position, and context data of the motion picture camera is used to select the
correct portion of the stored image, to generate a scenic viewpoint image for
playback. In particular the positional data provides information used in
selecting the correct viewpoint and viewing direction. The zoom state helps in
establishing the correct field of view of the scenic image intended for playback.
The focal data is used to achieve the required focal state of the scenic image. In
one embodiment, the selected portions have a field of view of approximately
100°.

As described above, in one embodiment the playback method comprises
receiving data indicating a position of the motion picture camera, and selecting a
next viewpoint on the basis of the position. The selecting comprises taking into
account a distance between the Aposition and the plurality of potential next
viewpoint positions in the virtual scene. The method preferably comprises

taking into account the nearest potential next viewpoint position to the current

position and comprises taking into account a direction of travel of the camera, in

addition to the position. The playback apparatus may receive a directional
indication representing movement of the camera, and calculating the position on
the basis of at least the directional indication.

Figure 11 illustrates playback equipment 1100, according to an
embodiment of the invention. The playback equipment 1100 includes a control
unit 1110, a display 1120 and a man-machine interface 1130. The control unit
1110 may be a computer, such as a PC, or a game console. The control unit

1110 is comprised of the following components: conventional /O interface
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1152, processor 1150, memory 1154, storage 1160, and operating system 1162.
In certain embodiments the control unit 1110 additionally comprises control
software 1164 and stored photographic images 1172, along with other graphics
data 1174. The control software 1164 operates to monitor the position of the
viewer in a virtual scene, as controlled by the user using man-machine interface
1130. As described above, the control software generates video frames using
the stored images 1172, along with the other graphics data 1174, which may for
example define an object model associated with the stored images 1172, using
the process described above. In another embodiment, motion picture camera
position data 1156, zoom state data 1158 and focal state data 1 157, are fed to the
playback equipment 1100 through the I/O interface 1152. The image
processing/editing software 1176 uses the positional data 1156 and the zoom
state data 1158 to retrieve the correct scenic image from the stored images 1172,
and to select the correct viewpoint image therefrom. The focal state data 1157 is
used to generate the correct focal resolution. The resulting scenic viewpoint
image can then be displayed on a display unit 1120.

Figure 12a illustrates an image 1200 as stored in one embodiment, when
a 360° viewpoint image is used. The image 1200 includes image data covering
an annular area, corresponding to the view in all directions from a particular
viewpoint position. When the viewpoint position is selected by the playback
apparatus 1100 (Figure 11), the playback apparatus selects a portion 1220 of the
stored image 1172 (Figure 11) corresponding to the current direction of view of
the viewer. The playback apparatus 1100 then transforms the stored image
portion 1220 into a playback image viewpoint 1220°, by performing a dewarp
coordinate transform on it and placing the data as regularly spaced pixels within
a rectangular image frame 1270, shown in Figure 12b. When conducting the
transformation, a good way to do it is to map the stored image portion onto a
shape which recreates the original environment. For some camera setups, this
will mean projecting the stored image portion on the inside of a sphere or
cylinder. On others it might mean just copying the stored image to the display

surface.
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Figure 13 shows a flow diagfam of a method 1300 of generating image
sequences from stored image data 1172 (Figure 11). Motion picture camera
position data 1156 is received 1310, for an individual frame, by a control unit
1110, and used to select the image data 1320, from stored images 1172,
corresponding to the position of the motion picture camera. Motion picture
camera context data 1350 is used to process 1330 the selected stored image data.
This may include manipulating fhe zoom and focus state of the selected stored
image. The processed image is then stored 1340 either in a work memory 1154
or on a storage medium 1160 for future use, and represents one image frame
within an image sequence, consisting of a plurality of image frames. It is
determined 1360 whether any more images remain to be processed in the
sequence. If there are remaining images to be processed then steps 1310-1360
are repeated for all remaining images. Once all the images within a sequence
have been processed, the individual processed images may be merged to form an
image sequence, this merged image sequence is then stored 1370 and may be -
displayed 1380 on a display unit such as 1120. A dynamic image sequence is
created by individually processing a plurality of pre-captured images stored on a
storage media.

Figure 14 is a detailed flow chart of a method 1400 of processing stored
image data, in accordance with the method described in Figure 13, to generate a
first scenic viewpoint image for use in creating an image sequence. It is to be
noted that the method applies to each individual image used to create a
sequence. The correct stored image is received 1320 by using the motion
picture camera position data. The motion picture camera position data 1430 is
used to select the portion of the stored image with the correct field of view 1420.
For example this may ensure that the orientation and the aspect ratio of the
stored image correspond with the motion picture camera data. The correct
magnification of the stored image is determined 1440, by comparison with the
motion picture camera zoom state data 1450. If required the stored image
magnification is increased or decreased appropriately 1460. This ensures there

is no optical discontinuity between the foreground image (as captured by the
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motion picture camera) and the background-image when overlayed. The correct
focal clarity of the stored image being processed is determined 1470 by using
the motion picture camera focal state data 1490. If required the focal clarity is
manipulated 1480 to be consistent with the motion picture camera settings. The
process is ended 1411 and is repeated for each individual stored image within
the sequence.

In another embodiment of the present invention, the generated scenic
image viewpoint position is not restricted to being contained within that of the
corresponding positions of the array of capture nodes. In this embodiment a
desired viewpoint position is selected which lies outside a defined grid of image
data capture nodes. The chosen viewpoint position may lie between the grid of
capture nodes and the scene, or further away from the scene. The range of
viewpoint positions available and the quality of the resulting generated image is
dependent on the resolution of the captured scenic image data, and the density of
the capture nodes. Special scenic image data capturing devices are used when
capturing scenic image data of the scene. The capture device is in this
embodiment constructed such that each pixel on the image plane of the capture
device is associated to one light ray within the light field, such as in a plenoptic
camera arrangement or equivalent.

For each light ray incident on the front element of the capture device, the
position and angle of incidence is recorded along with the corresponding pixel.

For each captured ray the following data is recorded: colour
(wavelength), intensity (brightness), position and angular direction.

The scenic viewpoint image associated with the desired viewpoint
position is then extrapolated from the captured scenic image data captured at
each capture node, using ray tracing techniques, to identify individual light rays
that pass through the chosen position from the set of pre-captured scenic images,
and to combine the pixels associated to the identified light rays to form a
coherent scenic viewpoint image of the scene as would be observed at the

chosen viewpoint position.
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The method 1500, shown in Figure.'15, involves defining a virtual or
imaginary camera position 1501, virtual is used in this context to indicate the
absence of a real physical camera. This position can be arbitrarily selected and
corresponds to the position where the desired scenic viewpoint image of the
scene and/or set is to be taken from. The optical properties of this virtual
camera are defined, step 1502. This may include defining the optical
arrangement of lenses inside the virtual camera, and defining quantities such as
focal length, aperture size, etc. With the optical imaging properties of the
camera defined one can model the light ray capturing process, or imaging
process of the virtual camera. Imaginary rays of light are backwards-traced
1503 from the virtual camera lens’s front element to the grid of nodes of
captured image data, where the point 1504 and angle 1505 of intersection
between grid and imaginary ray are recorded. The point and angle of
intersection of the imaginary light ray with the capture grid are used in
identifying and relating pixels within captured scenic image data to specific light
rays.

The backwards ray-tracing technique is conceptually illustrated in Figure
16. Light rays 1601 are back traced from a virtual camera 1602, through a
capture plane 1603, to a set or scene 1604. It is determined 1506 (Figure 15) if
the point of intersection between the imaginary ray and grid corresponds to a
node position 1605. If the point of intersection between the imaginary ray and
grid corresponds to a node position, then the associated image data captured at
the node is recovered 1507. If the point of intersection does not correspond to
an existing node position, then the image data at the node nearest 1508 to the
point of intersection between imaginary ray and grid is selected and recovered
1509. The scenic image data at the point of intersection can be interpolated
1510 from the scenic image data captured at the nodes nearest to the point of
intersection.

The angle of intersection 1505 between imaginary ray and grid can then
be used to identify the pixel 1511 on the selected image data, caused by a

captured light ray having intersected the current node in substantially the same
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direction and with substantially the same angle as the imaginary ray. The
process 1s repeated for all imaginary rays entering the virtual camera, such that a
pixel can be associated with each imaginary ray 1512.

The set of pixels are then compiled 1513 together to form one scenic
viewpoint image which can be stored 1514. Furthermore the colour and
intensity of each pixel may be averaged proportionately to the deviation of the
virtual ray from the real ray.

The image quality of the generated scenic image viewpoint using this
backwards ray-tracing technique is dependent on the angular resolution of the
scenic image data captured at each capture node. When the angular resolution is
high, the method is more accurate as less approximation is made when relating
pixels on captured scenic image data to light rays.

In a preferred embodiment the capture node spacing is relatively small
and the pixel density of the scene-scanning imaging device is relatively high.
Since optical characteristics of the virtual camera are arbitrarily defined, one can
define an optical system having any number of optical characteristics including
aberrations such as: coma, spherical aberration, astigmatism, chromatic
aberration etc. This may be desirable for achieving desired visual effects.

Another embodiment of the present invention involves an improvement
to chroma key, also known as colour keying, techniques. Figure 17 illustrates a
method of using the current invention with a chroma key technique. An actor
1701 or other moving object, placed in front of a green screen 1702 (or other
monochromatic colour screen) is captured by a first camera system 1703, which
is a motion picture camera system.

The motion picture camera system 1703 is composed of a motion picture
camera 1404 mounted on a servo device 1707, which is mounted on a dolly unit
1705. A motion sensor 1709 sends motion picture camera motion data to a
motion sensor data recorder 1710, whilst the motion picture camera 1704 films
the actor 1701. The motion picture camera’s captured images are recorded on

an image recording device 1711. Motion picture camera zoom state data, focal
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state data and other defining state data of the motion picture camera’s optical
system are recorded by a motion picture camera context recorder 1712.

A virtual camera system 1713 which navigates within a virtual motion
picture filming set 1714, is comprised of a camera 1715, a servo device 1716
mounted on a dolly unit 1717 (also comprising a robotic arm), an associated
dolly control unit 1718, servo control unit 1719, and a camera control unit 1720.
The camera control unit 1720 is able to control all functions of the virtual
camera 1715, such as zoom state, focal state, aperture size etc. The virtual
motion picture filming set 1714 is generated by sampling the light field of the
corresponding real motion picture filming set from a plurality of different
viewpoint positions. Light field sampling of the real motion picture filming set
can either be achieved by a single repositionable camera or in an alternate
embodiment, by an array of stationary cameras.

Motion data from the motion sensor data recorder 1710 of the first
camera system 1703 is sent to the motion controller 1721 controlling the virtual
camera system 1713. The motion controller 1721 translates the motion sensor
data into separate instructions destined for the servo control unit 1719 and/or
dolly control unit 1718 of the virtual camera system 1713. Zoom state data and
focal state data for each captured image frame of the first camera system 1703,
is sent to the camera control unit 1720 of the virtual camera system 1713, from
the motion picture camera context recorder 1712. This data allows the virtual
camera system 1713 to reproduce the first camera system’s 1703 movement and
contextual behaviour, such as zoom and focal resolution, for each captured
image frame, within the virtual set 1714. This is achieved by selecting scenic
image data, from the sampled light field data, on the basis of the first camera
system’s 1703 motion data; and using the context data to generate the associated
scenic viewpoint image data. The virtual camera system uses the motion and
context data of the first camera system, to navigate and generate new scenic
viewpoint image data, from the set of scenic image data captured during

sampling of the motion picture filming set’s light field. The result of this
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process is that the virtual camera has reproduced exactly, the first camera
system’s motion and context data within the virtual motion picture filming set.

The generated scenic viewpoint images of the motion picture filming set
are recorded on an image recording device 1722. Both camera systems’
recorded images are then overlaid in the image editing device/overlay system
1723. This involves keying out the green screen 1702 from the image recorded
by the image recording device 1711, and replacing it with the generated
background image of the virtual set 1714 recorded by the image recording
device 1722. The resulting overlaid image can then either be displayed on a
display unit 1724, or alternately recorded on an appropriate storage medium (not
pictured). This process is repeated for every image frame captured by the first
camera system 1703.

The method can be performed in real-time, wherein the first camera
system 1703 and the virtual camera system 1713 perform their respective tasks
simultaneously, and the resulting overlaid image sequence is displayed on the
display unit 1724 as the camera systems capture/generate their respective
images. Note that the first camera system 1703 and the virtual camera system
1713 need not be in geographic proximity. It is envisioned that the two systems
may be remote with a suitable communication channel being provided between
the two systems.

In an alternative embodiment LFR (light field rendering) is not used to
generate new scenic viewpoint images, rather scenic viewpoint images are
generated by processing stored scenic image data using motion and context data
from the first camera system.

In embodiments of the invention where the motion picture camera 1704
does not have an electronic control interface, such as older video cameras used
for TV, the motion picture camera’s context data can be derived from image
analysis of the image data captured with the motion picture camera. For
example, neighbouring captured image frames may be compared to derive

motion picture camera zoom state and focal state data.
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In an alternate embodiment of the present invention used in motion
picture production, specific scenes can be re-filmed once the motion picture
filming sets have been destroyed or are no longer available. For example, a
director could select the motion picture footage representing a particular scene
which he/she wishes to re-film. This consists in identifying the individual
motion picture image frames of the scene in question. The selected plurality of
image frames are removed from the original motion picture footage, where said
footage is comprised of an actor filmed on a motion picture filming set, so-
called “on-scene”, and replaced with new footage filmed “off-scene.” This new
footage can be generated by re-filming the actor or plurality thereof in front of a
monochromatic background screen. New scenic viewpoint image data of the
motion picture filming set is generated by rendering the desired viewpoint
images from within the virtual scene, using the sampled light field data of the
real motion picture filming set. These computer-generated scenic viewpoint
images are then overlaid with the footage of the actor captured in front of the
monochromatic background, using chroma keying. The overlaid footage can
then be re-inserted into the original motion picture footage in the appropriate

location.

Further embodiments of capture apparatus

In a further embodiment of the invention, the image capture apparatus
may be ceiling-mounted within a building, as depicted in Figure 18. A camera
1801 is mounted on a rail 1803, itself suspended on rails 1802 lining a wall of
the closed set 1806. A capture plane 1804 is defined consisting of a number of
capture nodes 1805 distributed throughout the capture plane. The camera 1801
is positioned at an initial node 1805 where image data of the set 1806 is
captured. The camera 1801 is sequentially repositioned to neighbouring nodes
by moving along the rail 1803 in the horizontal direction, sequentially capturing
image data of the set 1806 at each node. Camera movement in the vertical
direction is controlled by moving rail 1803 vertically along rails 1802. The

horizontal image capture sequence is repeated for each vertical position of the
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rail 1803. This allows a plurality of image data of the set 1806 to be captured
from different viewpoint positions. This arrangement may be used for capturing
an artificial scene constructed from miniatures (used for flight simulators for
instance).

In a further embodiment, the image capture apparatus is wire-mounted or
otherwise suspended or mounted on a linear element, such as a pole or a track.
The capture device obtains a row of images when the linear element is moved.
This can be used for complex environments like rock faces or over areas a
ground-mounted image capture apparatus is unable to be placed. The wire or
other linear element may be removed from the images digitally.

A two-step photographing process may be used — at each point two
photographs are captured rather than one. This may be done by using a wide
angle lens (8mm or 180 degrees). The image capture apparatus takes all
photographs in its grid area, then rotates the camera a half turn, then takes
photographs at each node again.

The number of points of capture is preferably at least 400 per square
meter, and in a preferred embodiment the number per square meter is 900, and
where two photographs are taken per point, there are 1800 raw photographs per

square meter.

Recovering physics data from the images

An object model accompanying the stored images may be generated
from the stored images themselves. 3D point/mesh data may be recovered from
the images for use in physics, collision, occlusion and lighting calculations.
Thus, a 3D representation of the scene can be calculated using the images which
have been captured for display. A process such as disparity mapping can be
used on the images to create a 'point cloud' which is in turn processed into a
polygon model. Using this polygon model which is an approximation of the real
scene, we can add 3D objects just like we would in any 3D simulation. All
objects, or part objects, that are occluded by the static captured environment are

(partially) overwritten by the static image.
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Alternatively, or in addition, the 3D representation of the scene may be
captured by laser scanning of the real scene using laser-range-finding

equipment.

The above embodiments are to be understood as illustrative examples of
the invention. Further embodiments of the invention are envisaged. For
example, in the above embodiments, the image data is stored locally on the
playback apparatus. In an alternative embodiment, the image data is stored on a
server and the playback apparatus requests it on the fly. It is to be understood
that any feature described in relation to any one embodiment may be used alone,
or in combination with other features described, and may also be used in
combination with one or more features of any other of the embodiments, or any
combination of any other of the embodiments. Furthermore, equivalents and
modifications not described above may also be employed without departing

from the scope of the invention, which is defined in the accompanying claims.
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Claims

1. A method of generating a moving image in the form of a series of
playback frames, wherein said moving image is generated from:

a first set of image data captured using a motion picture camera system
having an associated movement capture system;

movement capture data generated by said movement capture system; and

a second set of scenic image data captured using a scene-scanning
imaging system which provides image data from which images, representing
viewpoints distributed across a scene through which a virtual viewer is capable
of navigating, are derivable, the method comprising:

on the basis of said movement capture data, selecting a first viewpoint
position;

deriving first scenic viewpoint image data from said second set of image
data, based on the selection of said first viewpoint position;

combining image data from said first image data with said first scenic
viewpdint image data to generate a first playback frame;

on the basis of said movement capture data, selecting a next viewpoint
position from a plurality of potential next viewpoint positions distributed
relative to the first viewpoint position across said scene;

deriving second scenic viewpoint image data from said second set of
image data, based on the selection of said next viewpoint position; and

combining image data from said first image data with said second scenic

viewpoint image data to generate a second playback frame.

2. A method according to claim 1, wherein said motion picture
camera system has a motion picture camera context capture system, and wherein
said moving image is further generated from motion picture camera context

capture data generated by said motion picture camera context capture system.
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3. A method according to claim 2, wherein said motion picture
camera context capture data is used with said motion picture camera movement
capture data to derive a first scenic viewpoint image data from said second set of
scenic image data, the method comprising:

on the basis of said motion picture camera movement capture data,
selecting a first viewpoint position; and

on the basis of said selected first viewpoint position and said motion
picture camera context capture data, deriving a first scenic viewpoint image data

associated with said first viewpoint position.

4. A method according to claim 2 or 3, wherein said motion picture
camera context capture data is used with said motion picture camera movement
capture data to derive a second scenic viewpoint image data, the method
comprising:

on the basis of said motion picture camera movement capture data,
selecting a next viewpoint position from a plurality of potential next viewpoint
positions distributed relative to the first viewpoint position across said scene;
and

on the basis of said motion picture camera context capture data, deriving
second scenic viewpoint image data associated with said selected next viewpoint

position.

5. A method according to any preceding claim, wherein said
generating of playback frames comprises generating playback frames based on

selected portions of images in said second set of scenic image data.

6. A method according to claim 5, wherein said selected portions

have a field of view of less than 140°.

7. A method according to claim 5 or 6, wherein said selected

portions have a field of view of more than 100°.



WO 2009/093136 PCT/IB2009/000119

10

15

20

25

30

32

8. A method according to any preceding claim, wherein said second
set of scenic image data comprises photographic images which have been
captured at a plurality of points of capture in a real scene using camera

equipment.

9. A method according to claim 8, wherein said photographic

images have been captured using panoramic camera equipment.

10. A method according to claim 8 or 9, wherein said points of
capture, at least in some regions of said real scene, are spaced less than 5m

apart.

11. A method according to claim 10, wherein said points of capture,

at least in some regions of said real scene, are spaced less than 1m apart.

12. A method according to claim 11, wherein said points of capture,

at least in some regions of said real scene, are spaced less than 10cm apart.

13. A method according to claim 12, wherein said points of capture,

at least in some regions of said real scene, are spaced less than 1cm apart.

14. A method according to any preceding claim, comprising
receiving data indicating a position of said viewer in said virtual scene, and

selecting a next viewpoint position on the basis of said position.

15. A method according to claim 14, wherein said selecting
comprises taking into account a distance between said indicated position and

said plurality of potential next viewpoint positions in said virtual scene.
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16. A method according to claim 15, comprising taking into account

the nearest potential next viewpoint position to said indicated position.

17. A method-according to claim 14, 15 or 16, comprising taking
into account a direction of travel of said viewer, in addition to said indicated

position.

18. A method according to any of claims 14 to 17, comprising
receiving a directional indication representing movement of the viewer, and
calculating said indicated position on the basis of at least said directional

indication.

19. A method according to any preceding claim, wherein said
plurality of potential next viewpoint positions are distributed relative to the first

viewpoint position across said virtual scene in at least two spatial dimensions.

20. A method according to claim 19, wherein said plurality of
potential next viewpoint positions are distributed across at least two adjacent

quadrants around said first viewpoint position, in said virtual scene.

21. A method according to claim 20, wherein said plurality of
potential next viewpoint positions are distributed across four quadrants around

said first viewpoint position, in said virtual scene.

22. A method according to any preceding claim, wherein at least
some of said viewpoint positions are distributed with a substantially constant or
substantially smoothly varying average density across a first two-dimensional

area in said virtual scene.
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23. A method according to claim 22, wherein said at least some of
said viewpoint positions are distributed in a regular pattern including a two-

dimensional array in said first two-dimensional area.

24. A method according to claim 23, wherein said at least some of
said viewpoint positions are distributed in a square grid across said first two-

dimensional area.

25. A method according to claim 23, wherein said at least some of
said viewpoint positions are distributed in a non-square grid across said first

two-dimensional area.

26. A method according to claim 25, wherein said at least some of
said viewpoint positions are distributed in a triangular grid across said first two-

dimensional area.

27. A method according to claim 22, wherein said at least some of
said viewpoint positions are distributed in an irregular pattern across said first

two-dimensional area.

28. A method according to any of claims 22 to 27, wherein said
viewpoint positions are distributed with a substantially constant or smoothly
varying average density across a second two-dimensional area, said second two-
dimensional area being delineated with respect to said first two-dimensional
area and the average density in said second two-dimensional area being different

to the average density in said first two-dimensional area.

29. A method according to any preceding claim, wherein said

viewpoint positions are distributed across a planar surface.
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30. A method according to any of claims 1 to 28, wherein said

viewpoint positions are distributed across a non-planar surface.

31. A method according to any preceding claim, wherein said

viewpoint positions are distributed across a three-dimensional volume.

32. A method according to any preceding claim, wherein said first
image data includes images of one or more objects captured against a
substantially monochrome background, and said combining comprises laying
said objects over said first scenic viewpoint image data on the basis of detection

of said substantially monochrome background.

33. A method according to claim 2, 3 or 4, wherein said motion
picture camera context capture system comprises an image zoom state recording
system for generating image zoom state data, wherein said method comprises:

on the basis of said image zoom state data, selecting portions of said

second scenic image data.

34, A method according to claim 2, 3, 4 or 33, wherein said motion
picture camera context capture system comprises an associated image focus
state recording system for generating image focus state data, wherein said
method comprises:

on the basis of said image focus state data, manipulating said first scenic
viewpoint image data, until said manipulated first scenic viewpoint image data’s

focal state is consistent with said first set of image data’s focal state.

35. A method according to claims 2, 3 or 4, wherein said motion
picture camera context capture data includes data related to variables affecting

the optical imaging properties of the motion picture camera.



WO 2009/093136

10

15

20

25

30

PCT/IB2009/000119

36

36. Computer software arranged to conduct the method of any of

claims 1 to 35.

37. Apparatus arranged to conduct the method of any of claims 1 to
35.

38. A method of capturing image data for subsequently generating a
video signal comprising a moving image in the form of a series of playback -
frames, the moving image representing movement of a viewer through a
computer-generated virtual scene, the scene including a representation of a fixed
background set and a representation of a moving object within the scene,
wherein said computer-generated virtual scene is capable of being generated
using captured images of said fixed background by taking said captured images
to have different viewpoints relative to said fixed background set, said
viewpoints corresponding to different points of capture, and by combining said
captured images with images of said moving object which are filmed at a
location separate from the location of said fixed background, the method
comprising:

capturing a plurality of images of said fixed background set based on the
selection of a plurality of points of capture,

wherein at least some of said points of capture are distributed with a
substantially constant or substantially smoothly varying average density across a

first two-dimensional area.

39. A method according to claim 38, wherein said captured images

comprise images with a greater than 180° horizontal field of view.

40. A method according to claim 38 or 39, wherein said captured

images comprise images with a 360° horizontal field of view.
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41. A method according to any of claims 38 to 40, wherein said
captured images comprise photographic images which have been captured at a

plurality of points of capture in a real scene using camera equipment.

42. A method according to.claim 41, wherein said captured images

have been captured using panoramic camera equipment.

43. A method according to claim 41 or 42, wherein said points of
capture, at least in some regions of said real scene, are spaced less than 5m

apart.

44. A method according to claim 43, wherein said points of capture,

at least in some regions of said real scene, are spaced less than 1m apart.

45. A method according to claim 44, wherein said points of capture,

at least in some regions of said real scene, are spaced less than 10cm apart.

46. A method according to claim 45, wherein said points of capture,

at least in some regions of said real scene, are spaced less than 1cm apart.

47. A method according to any of claims 38 to 46, wherein said
capturing comprises recording data defining viewpoint positions in said virtual
scene, the viewpoint positions corresponding to the locations of said points of

capture in said real scene.

48. A method according to any of claims 38 to 47, wherein said

images are captured using an automated mechanically repositionable camera.

49. A method according to claim 48, wherein said automated
mechanically repositionable camera is moved in a regular stepwise fashion

across said real scene.
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50. A method according to any of claims 38 to 49, wherein said
captured images comprise images which are rendered from a computer-

generated scene.

51. A method according to any of claims 38 to 50, wherein a
plurality of points of capture are distributed relative to said first point of capture

in at least two spatial dimensions.

52. A method according to claim 51, wherein said plurality of points

of capture are distributed around said first point of capture.

53. A method according to claim 52, wherein said plurality of points
of capture are distributed across four quadrants around said first point of

capture.

54. A method according to any of claims 38 to 53, wherein said at
least some of said points of capture are distributed in a regular pattern including

a two-dimensional array in said first two-dimensional area.

55. A method according to claim 54, wherein said at least some of
said points of capture are distributed in a square grid across said first two-

dimensional area.

56. A method according to claim 55, wherein said at least some of
said points of capture are distributed in a non-square grid across said first two-

dimensional area.

57. A method according to claim 56, wherein said at least some of
said points of capture are distributed in a triangular grid across said first two-

dimensional area.
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58. A method according to any of claims 38 to 53, wherein said at
least some of said points of capture are distributed in an irregular pattern across

said first two-dimensional area.

59. A method according to any of claims 38 to 58, wherein said
points of capture are distributed with a substantially constant or smoothly
varying average density across a second two-dimensional area, said second two-
dimensional area being delineated with respect to said first two-dimensional
area and the average density in said second two-dimensional area being different

to the average density in said first two-dimensional area.

60. A method according to any of claims 38 to 59, wherein said

viewpoint positions are distributed across a planar surface.

61. A method according to any of claims 38 to 59, wherein said

viewpoint positions are distributed across a non-planar surface.

62. A method according to any of claims 38 to 61, wherein said

viewpoint positions are distributed across a three-dimensional volume.

63. Computer software arranged to conduct the method of any of

claims 38 to 62.

64.  Apparatus arranged to conduct the method of any of claims 38 to
62.

65. A method of generating a moving image in the form of a series of
playback frames for use in a me:ion picture production environment, wherein

said moving image is generated from:
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a first set of image data captured using a motion picture camera system
having associated movement and context capture systems;

movement capture data and motion picture camera context capture data
generated by said movement capture system and said context capture system
respectively; and

a set of sampled light field data of a scene captured using a scene-
scanning imaging system which samples the light field of said scene at a
plurality of different capture positions, the method comprising;:

on the basis of said movement capture data selecting a first viewpoint
position; and A

generating a first scenic viewpoint image data light field rendering, on
the basis of said selected first viewpoint position, said motion picture camera
context capture data and said captured sampled light field data;

combining image data from said first set of image data with said
generated first scenic viewpoint image data to generate a first playback frame;

on the basis of said movement capture data, selecting a next viewpoint
position relative to said first viewpoint position; and

on the basis of said motion picture camera context capture data and said
captured sampled light field data, using light field rendering to generate a
second scenic viewpoint image data of said scene; and

combining image data from said first image data with said second scenic

viewpoint image data to generate a second playback frame.

66. A method according to claim 65, wherein said sampled light field
data includes scenic image data of said scene; wherein each pixel in said
captured light field data is associated with a light ray in said scene’s sampled

light field.

67. A method according to claim 66, wherein said scenic image data
comprise photographic images which have been captured at a plurality of

different capture positions in a real scene using plenoptic camera equipment.
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68. A method according to any of claims 65 to 67, wherein said
generating of said first scenic viewpoint image data using ray tracing, includes
tracing rays from said selected scenic viewpoint position to said viewpoint
positions of said captured sampled light ﬁeld data; and

identifying pixels caused by said traced rays from said selected first

scenic viewpoint position.

69. A method according to any of claims 65 to 68, wherein a
plurality of potential next sampled light field’s viewpoint positions are
distributed relative to the first sampled light field’s viewpoint position across

said light field in at least two spatial dimensions.

70. A method according to claim 69, wherein said plurality of
potential next sampled light field’s viewpoint positions are distributed across at
least two adjacent quadrants around said first viewpoint position, in said virtual

scene.

71. A method according to claim 70, wherein said plurality of
potential next sampled light field’s viewpoint positions are distributed across

four quadrants around a first sampled viewpoint position, in said light field.

72. A method according to any of claims 65 to 71, wherein said

viewpoint positions are distributed across a three-dimensional volume.

73. A method according to any of claims 65 to 72, wherein said first
image data includes images of one or more objects captured against a
substantially monochrome background, and said combining comprises laying
said objects over said generated first scenic viewpoint image data on the basis of

detection of said substantially monochrome background.
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74. A method according to any of claims 65 to 73, wherein said
motion picture camera’s context capture data includes data related to variables

affecting the optical imaging properties of said motion picture camera.

75. A method according to claim 74, wherein said motion picture

camera’s context capture data includes image zoom state data.

76. A method according to claim 74 or 75, wherein said motion

picture camera’s context capture data includes image focus state data.

77. A method according to claim 67, wherein said sampled light field
data is captured using an automated mechanically repositionable plenoptic

camera.

78. A method according to claim 77, wherein said automated
mechanically repositionable plenoptic camera is moved in a regular stepwise

fashion across said light field of said real scene.

79. Computer software arranged to conduct the method of any of

claims 65 to 78.

80.  Apparatus arranged to conduct the method of any of claims 65 to
78.



PCT/IB2009/000119

WO 2009/093136

1/16

eleqg
abew| palojg

901

} Old

Hun

Buipiooay abew) pielisnQ

nun Aejdsig ebew)

A

1477

CRINETe]
Buissaosold abew

/moh

\o:

Y

nun Aepanp sbew

¢l

A

ad1naQ Buiploosay abew

Bjep IXajuod

esswed ainoid uonop

Joplodal

210]3

r 3

1X8)Ju0o BJaWED ainjoid uolo

_/ ejep uonisod
eJjowed
ainjoid uonow

Ll

1api029y Bleq Josuas UoHoN

moh\

m.os\

0l

gLl

SUBSTITUTE SHEET (RULE 26)



WO 2009/093136 PCT/IB2009/000119
2/16

ra
Figure 3

<
<
Tk
AN
| \L
~
‘é-—-—'// X 4 El
——t o4

F‘ZK
P1 &



| ///%f// /
/WMW//////// N
F2 VANA NN — | Dy

[
— NN

[ B
_
~_ /V /Vm /# T
177 i ~__
. //g

AL

FIG. 4

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2009/093136 PCT/IB2009/000119
4/16

Grid Node Image Capture Process

600

N

Define grid capture space .

601

Define grid node spacing \

602

A 4

Position camera at start node \

603
v
Capture image of set
604
607
v /
605  —— Store Image Reposition camera to next node

A

Y
Y
Any remainm
606
End process
Figure 6 608



PCT/IB2009/000119

WO 2009/093136

5/16

Z Ol

> Hun Ajlog
80/ £0.
,(E
90/
10/ ) 20/
— Ja|jonuo) uonon \ N/
| Nun onlss
elswe)
9|buy-apIM
S0. L0Z
aoIne( obei0)g < lapiooay abew /
o 60z 002

SUBSTITUTE SHEET (RULE 26)



WO 2009/093136 PCT/IB2009/000119
6/16

810
809
Z
Y 808 |
X
,Y/'
814 X
806
816
804
\ 802
812
FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2009/093136 PCT/IB2009/000119
7/16

> N

809
\

FIG. 9

SUBSTITUTE SHEET (RULE 26)



PCT/IB2009/000119

WO 2009/093136

8/16

¢i8 8001 .
/ /> [4%s}*
A
v \ Y
— ¥
1]
SIEBUM MG < Jendwod AH
jonuo) pue ainde)
. Y 4
. | sIosueg
zs0L — uoisod
v
oy B 2eol 2201
cvo uonisod : :
A A 4
$I0SUSS siosuag
uofjisod uonisod
sloyenjoy HiL
SIXE-A PUEB SIXe-¥X
Jojo Jeddalg Jojo leddeyg
: SIXe-A SIXe-YX
ovoL : :
BlaUE) JlWeloURd —- 6
0ol 0204
; ; S_
8001 001 2001 :

0001
Aynoyg jonuod joqoy

0l aInbld

vi0}



PCT/IB2009/000119

WO 2009/093136

9/16

L Ol

ejep solydeibreyo - V4E)

alemyos jojuony [-—=—r9ti

Euum>w Bugesedg [--—-—¢944

sabew| paioyg [---C X

. /Buissaooid sbew)

alemyos bupipe ——9/1L1

\vm:

Aowsw Buppop

Ndd

Gl

0LLL
S

0L
S

T_:: aoepaUI mc_comE-cms__

ejep 9)ejs wooz
eJowed ainjoid uono
8GL1

ON:\

Aeidsiq

/ ejepuonisod
/ elawed ainjoid uoljoiy
9511

BJED 9]E}S SNJ0)
eJowed ainyoid oo
LGl

/Qo:

SUBSTITUTE SHEET (RULE 26)



WO 2009/093136 PCT/IB2009/000119
10/16

1220"\ 1270\

//
e
- ﬁ FIG. 12b

1200

FIG. 12a

SUBSTITUTE SHEET (RULE 26)



WO 2009/093136 PCT/IB2009/000119
11/16

[ 1300
1310 :
Receive motion picture camera
position data
1320
\ :
Selectstored image
1330 1350
\ ; S
Process image Motion Picture camera context data
1340
Store processed image
1360
. . Y
Are any motion picture camera

images remaining in sequence?

1370

Store processed image
sequence

1380

Display processed image
sequence

FIG. 13

SUBSTITUTE SHEET (RULE 26)



PCT/IB2009/000119

WO 2009/093136

12/16

08yl
/

Ll

/

m $5800.d pu3z v

abewl jo Ajuepd |Bo0y $890014

\ 4

A

aney abe

ejep aje)s [eoo)

elawed ainoid uolow
oovi

—~ \

15142 »| abews AjuBew-ap;Ajubepy

Zuoneayiub

<

oSyl

~—

BJEp S1E)S WOO0Z BI8Wed a1njoid uchow

1220} 1091100

aney abew saoQq

=te]

Wi $90(]

BLU }084100

¥1 sinbig

(A"

ovyi

MBIA JO plol

ejep oalss ‘Bo
BjEP Uonisod elalwed aimoid oo

oevi .\

v abews yo uo

109400 YIMm
wod 108198

— 0cvl

A

afew; paiols anLI9Y

J 0zel 00vi




PCT/IB2009/000119

WO 2009/093136

13/16

\mmmE_ [enUIA w._ou@l
viGl

uopoasiajul jojulod je

sjexid ajldwon

ZPpunoy uaaq shel ||
J0 sjexid saeH

€lsl

abew sjejodisyuj

%

abew) pajeloosse Jon0ooy

apoujsaieau}os|es

Ae) paoen-yoeq
Jo |axidjo9leg

GL Ol

Zuojisod spou e 0} puodsalo
uonoasia)ul jojulod sao(

LISt

Y

9051
puUb QIM uonoasiajul
Jo s|bue aulusleqg /
a Ggosi
PUb Ulim uogoasiajul
jojuiod auiulsiag
» /vomﬁ
IS WED [ENHIA
wiolj aoeln Ael spiemoeg /
» €051
sonsua)oeIeyo
|eondo auyaq
3 /womh
uonisod

BJoWed |enyIA J08j8S

/Sm 2

| abew| pajeloosse JaA00aYy

2051

SUBSTITUTE SHEET (RULE 26)



PCT/IB2009/000119

WO 2009/093136

14/16

FIG. 16

SUBSTITUTE SHEET (RULE 26)



PCT/IB2009/000119

WO 2009/093136

15/16

—>

wiajsAs Aepano

Jao1nap Bunips abew

ZL Ol

mwmh\

yun Aeidsiq

vel s\

NNNF/

201Aap Buiplooal abew

3

/t&“

uunfjoq
wts\

6LL1L

A 4

_ome

\QKF

ejawe) (|

J13]|0U0D UOHON

A

FNNF\

Nks/

€Ll

1opI0281 X8} U0d
elawes ainoid uono

021" _

GLLl

moms/

yun Ajjog

[ @o1nap Buipiooai abeuw| |e

:mh\

20/}

IVER)

L{18pJ0031 E}Ep JOSUDS UOHON e

oth\

mct\

\mouh

BISWED
ainjoid uono

_
! /vot

L0LL

J|
o0t

SUBSTITUTE SHEET (RULE 26)



WO 2009/093136 PCT/IB2009/000119
16/16

1806

5
Lr

FIG. 18

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings

