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a new virtual image.
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HANDLING BLUR IN MULTI-VIEW IMAGING

FIELD OF THE INVENTION
The invention relates to the field of multi-view imaging. In particular, the invention

relates to processing multi-view data of a scene.

BACKGROUND OF THE INVENTION

Multi camera video capture, depth estimation and view-point interpolation allow for
applications such as augmented and virtual reality playback.

When a camera captures fast-moving objects, motion blur will occur. This can cause
multiple problems when synthesizing an image from various source views obtained from different
cameras. For instance, when performing multi-view depth estimation, the algorithm will have difficulty
determining a correct depth for the blurred foreground object due to the semi-transparent appearance and
the lack of texture. When the estimated depth maps are then used to synthesize a new image from the
source views, a single fast-moving object will be wrongly positioned and, potentially, visible at multiple
image locations due the fact that one or more source views estimated a wrong depth for the object.

Thus, there is a need for a method of handling motion blur when processing multi-view
data. More generally, there is a need for handing blur in multi-view data.

US 2012/212651 A1 discloses an image processing apparatus comprising an acquisition
unit for capturing an object from different viewpoints, a specifying unit configured to specify a defective
image and a determination unit configured to determine a weight for each captured image, for image

synthesis, based on the defective image.

SUMMARY OF THE INVENTION

The invention is defined by the claims.

According to examples in accordance with an aspect of the invention, there is provided a
method for processing multi-view data of a scene, the method comprising:

obtaining at least two images of the scene from different cameras;

determining a sharpness indication for each image; and

determining a confidence score for each image based on the sharpness indications,
wherein the confidence score is for use in the determination of weights when blending the images to
synthesize a new virtual image.

The method may solve the problem of erroneous or inaccurate depth and/or texture data

caused by the differences between cameras used to obtain the images. In particular, differences between
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the cameras may cause different degrees of blurring in the images. A significant difference between the
cameras is the pose of each camera. For example, different poses can lead to motion blur affecting the
different images to a greater or lesser extent. The method may be suitable for handling motion blur.

Motion blur is the apparent streaking or blurring of moving objects in an image. It results
from the object moving from a first position to a second position during a single exposure time.
Significant motion blur can occur due to rapid movement of the object or long exposure times.

Multi-view data of a scene typically requires data (e.g. depth maps and images) of the
scene being obtained by a number of different cameras. If there is a moving object in the scene, the extent
of the motion blur will depend on the positioning of the camera in the scene (and thus the viewpoint of
the image/depth map). For example, a camera imaging an object moving away from the camera may not
have much motion blur, however, an object moving horizontally across the viewpoint of the camera may
generate a significant amount of motion blur.

Thus, the inventors propose using sharpness indications for images from different
viewpoints to generate confidence scores for the images. The sharpness indication provides an indication
of an amount of blur in an image. For example, the blur may be motion blur. The sharper an image is, the
less blur there is in the image.

The sharpness indication may include a measure of sharpness. Sharpness is a measure of
an image's clarity in terms of both focus and contrast. The sharpness indication may include a
determination of contrast for the corresponding image.

A sharpness indication is determined for each image and the sharpness indication for each
image may be compared. A confidence score can be generated for each image based on the sharpness
indication. The confidence score may be a value between 0 and 1, where 0 is not confident and 1 is
confident. In general, images with a high sharpness indication (i.e. indicating a low amount of blur) will
have a higher confidence score compared to images with a low sharpness indication (i.¢. indicating a high
amount of blur).

The confidence score may be directly proportional to the sharpness. The confidence score
may be 0 for values of the sharpness indication lower than a cut-off threshold value (i.e. confidence =0
for particularly blurry objects). The confidence score could be limited to a plurality of discrete confidence
values, wherein each discrete confidence value is defined by different sharpness indications (e.g. for eight
discrete confidence values, divide sharpness indication into eight ranges).

The confidence score may be determined by comparing the sharpness indications at each
comparison viewpoint and determining the confidence score based on the corresponding sharpness
indication and the comparison. For example, for two images with relative sharpness indications of
“medium” and “low” for the first and second images respectively, the confidence score for the first image
will be higher than the confidence score for the second. However, if the first image had a relative
sharpness indication of “high”, the confidence score for the first image may be higher than in the previous

example.
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The confidence score may also be used to identify (and further reduce the effects of) the
causes of potential artefacts which could occur when synthesizing an image with the corresponding
images. These causes may occur due to the images being obtained with, for example, different sharpness
or different focal lengths as well due to motion blur (as described above).

In general, the differences in sharpness for each of the images is used to determine a
confidence score for each image. Different images (obtained at different viewpoints) may have different
levels of sharpness a variety of different reasons (e.g. different focus lengths, accidental unfocusing,
motion blur, post-processing blur etc.). Thus, the invention provides a method for handling blur in general
for multi-view data processing.

The sharpness indication may be a sharpness map comprising a plurality of sharpness
values each corresponding to one or more pixels of the corresponding image.

The confidence score may also comprise a map of confidence values, wherein each
confidence value corresponds to one or more pixels of the images and/or one or more sharpness values.
The confidence values may be determined based on the sharpness value of the corresponding pixels. The
higher the sharpness value, the higher the confidence value. In other words, pixels with high sharpness
will be given a high confidence value whilst a group of pixels with low sharpness will be given a low
confidence value. Each pixel in the image may have a corresponding sharpness value and a confidence
value. In other words, the confidence score may be a confidence map.

Determining a sharpness value for one or more pixels may be dependent on one or more
neighboring sharpness values

For example, motion blur typically affects a larger region than just one pixel. Thus, in
some instances, it may be advantageous to set the confidence value to low for the pixels being evaluated
directly and also for neighboring pixels. This may result in a gradient of confidence values in the
confidence map and a reduction in outlier confidence values. This is advantageous as it is unlikely that a
single pixel (or a small of group of pixels) will be blurry if the neighboring pixels are not blurry.

The method may further comprise obtaining at least one depth map of the scene warping
at least two of the images to a target viewpoint based on the at least one depth map and blending the
images at the target viewpoint to generate a synthesized image, wherein, during blending, each pixel in
the images is weighted based on the corresponding confidence score.

The method may further comprise obtaining at least one depth map of the scene, warping
at least one image to at least one image comparison viewpoint using the at least one depth map such that
there are at least two images at cach image comparison viewpoint and comparing the pixel color values of
the images at each comparison viewpoint, wherein determining a confidence score for each image is
further based on the comparison of the pixel color values.

A sharpness indication of an image will also correspond to any warped image obtained by
warping the image. A warped image contains the same pixel color values as the original image which was

warped projected to a different viewpoint (i.e. the comparison viewpoint). Similarly, the sharpness
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indication of a warped image will also correspond to the image which was warped to generate the warped
image.

In a multi-view camera set-up, the sensors (¢.g. cameras, depth sensors etc.) may be
positioned at different places in the scene and thus have different amounts of motion blur. This also
means that some images may have the expected color values of an object whilst some may not (i.¢. the
object will look blurry). Thus, the images can be warped to a comparison viewpoint and compared. The
images are warped to a comparison viewpoint such that the color values of the images can be compared
from a common viewpoint (i.¢. the texture data of one image can be compared to the corresponding
texture data of another image).

Each image is warped by using a depth map at the viewpoint of the image. A depth map
could be obtained at the viewpoint of each image or the method could obtain at least one depth map and
warp it to the viewpoint of each image. Each pixel of an image may be given a 3D coordinate in a virtual
scene by using the pose (position and orientation) of the viewpoint and the depth for each pixel (obtained
from the depth map at the viewpoint of the image). The pixel is then warped to a different viewpoint by
projecting the 3D coordinate to an imaging plane from a different pose in the virtual scene.

Corresponding pixel color values are compared, at the image comparison viewpoints, in
order to further determine the confidence score. One way of comparing the pixel colors is to determine
the mean color for a location for all views (e.g. averaging all pixels corresponding to a location) and, the
larger the difference between a pixel color and the mean from all views, the lower the corresponding
confidence value.

Thus, if one of the images is blurry and has pixel values of the background where an
object is supposed to be, the color values of the blurry area would have a low confidence value in the
confidence score.

The image comparison viewpoints may comprise or consist of all of the viewpoints of the
images.

Alternatively, the comparison viewpoints may consist of a subset of one or more of these
viewpoints.

The images, depth map(s) and corresponding confidence scores may be transmitted to €.g.
a client device that wishes to synthesize a new image based on the images.

In this case, the determination of the confidence scores could be done prior to any
rendering/synthesizing of a new image. For example, determination of the confidence score could be
performed at a server (or encoder) where there is more processing power available and then transmitted to
a client for rendering a new image with the transmitted images, depth maps and confidence scores.

Synthesizing images from multi-view data may be based on blending the pixel values of
different images of the multi-view data. If the different images show a fast moving object with different
amounts of motion blur, the synthesized image may show the fast moving object at the wrong position in

the scene or even at multiple positions in the scene.
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Thus, it is proposed to use the confidence score to weight each pixel in an image during
the blending of the images to generate the synthesized image. For pixels with areas in an image with large
amounts of motion blur, the corresponding depth maps will likely have confidence scores with low
confidence scores (¢.g. for that particular area). Thus, pixels showing significant motion blur will be
weighted low relative to other corresponding pixels with no motion blur during the blending and the
synthesized view is less likely to show a fast moving object at a different position (or at multiple
positions).

The color value of a pixel in the synthesized image may be: Cg o YL ; W;C;, where n is
the number of depth maps, C is a color value of the corresponding pixel in a warped depth map and W is
a corresponding numerical confidence score.

The image comparison viewpoint may be a target viewpoint and the method may further
comprise blending the images at the target viewpoint to generate a synthesized image, wherein, during
blending, each pixel in the images is weighted based on the corresponding confidence score.

The determination of the confidence scores could be done during the synthesizing of a
new image. Images may need to be warped during synthesizing and they also need to be warped in order
to be compared. Thus, both warping steps can be combined and, when the images are warped for
synthesizing a new image, but before they are blended, a confidence score can be determined for use in
the blending (i.¢. for use as an indication of the weights for the pixels).

The method may further comprise obtaining at least two depth maps, wherein the depth
maps are obtained from different sensors or generated from at least one different image of the scene,
warping at least one depth map to at least one depth comparison viewpoint such that there are at least two
depth maps at each image comparison viewpoint, comparing the depth maps at each depth comparison
viewpoint and determining a confidence score for each depth map based on the comparison of the depth
maps.

The depth comparison viewpoint(s) may be one or more of the viewpoints of the depth
maps. In this case, each depth map can be warped to one or more viewpoints of the other depth map(s)
and compared at each of the depth comparison viewpoint. Alternatively the depth comparison viewpoints
may be one or more of the image comparison viewpoints. The depth comparison viewpoint may only be a
target viewpoint.

The depth maps from different viewpoints will have different depth values for an object
based on the amount of motion blur. For example, a depth map may be generated based on performing
depth estimation on two images. If the two images have a significant amount of motion blur, the object
(or part of the object) may seem semi-transparent in the images and the texture values of the pixels
corresponding to the object may be partly based on the background texture value. Thus, the estimated
depth maps may have background depth values for a position corresponding to the object.

Similarly, a depth map obtained with a depth sensor may have erroneous depth values for

an object due to the movement of the object during the capture/exposure time of the depth sensor.
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Thus, the confidence score may further indicate the likelihood of the depth values for
particular regions of the depth map being correct. For example, for a depth map estimated from two
images with a significant amount of motion blur, the depth map may only have depth data for the
background (not the object). When the depth map is warped and compared to other warped depth maps
with correct depth values for the object, a low confidence value may be given in the corresponding region
of a confidence map where the object is expected to be (i.¢. based on the other depth maps). If two (or
more) warped depth maps have the same (or similar) depth data then a high confidence value may be
given in the corresponding region of the confidence map.

A depth map that may likely have a correct depth for a foreground object (¢.g. by
checking for high confidence in corresponding depth confidence map) can be warped to another
viewpoint to determine if it is expected that the depth map of the other viewpoint has a wrong depth by
comparing with that depth in that other view. In other words, the depth map of a first viewpoint may be
warped to a second viewpoint and the predicted depth at the second viewpoint is compared to help
determine if the observed depth of the second viewpoint is correct. If not, it can be flagged in the target
view and given a low confidence score.

The method may further comprise obtaining at least two depth confidence maps
corresponding to the depth maps and warping at least one depth confidence map to the at least one depth
comparison viewpoint with the corresponding depth maps, wherein comparing the depth maps at each
depth comparison viewpoint further comprises comparing the corresponding depth confidence maps.

In some cases, each depth map may be associated with a depth confidence map which
was generated during the generation of the corresponding depth map and may provide an indication of the
likelihood of each depth value being accurate. The indication of likelihood for a particular depth value
may be based on the available data (e.g. images) used during the estimation of the depth value.

The invention also provides a computer program product comprising computer program
code which, when executed on a computing device having a processing system, cause the processing
system to perform all of the steps of the method for processing multi-view data of a scene.

The invention also provides a system for processing multi-view data of a scene, the
system comprising a processor configured to:

obtain at least two images of the scene from different cameras;

determine a sharpness indication for each image; and

determine a confidence score for each image based on the sharpness indications, wherein
the confidence score is for use in the determination of weights when blending the images to synthesize a
new virtual image.

The processor may be further configured to obtain at least one depth map of the scene,
warp at least two of the images to a target viewpoint based on the at least one depth map and blend the
images at the target viewpoint to generate a synthesized image, wherein, during blending, each pixel in

the images is weighted based on the corresponding confidence score.
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The processor may be further configured to obtain at least one depth map of the scene,
warp at least one image to at least one image comparison viewpoint using the at least one depth map such
that there are at least two images at each image comparison viewpoint and compare the pixel color values
of the images at each comparison viewpoint, wherein determining a confidence score for each image is
further based on the comparison of the pixel color values.

The image comparison viewpoints may comprise or consist of all of the viewpoints of the
images.

The image comparison viewpoint may be a target viewpoint and the processor may be
further configured to blend the images at the target viewpoint to generate a synthesized image, wherein,
during blending, each pixel in the images is weighted based on the corresponding confidence score.

The processor may be further configured to obtain at least two depth maps, wherein the
depth maps are obtained from different sensors or generated from at least one different image of the
scene, warp at least one depth map to at least one depth comparison viewpoint such that there are at least
two depth maps at each image comparison viewpoint, compare the depth maps at each depth comparison
viewpoint and determine a confidence score for each depth map based on the comparison of the depth
maps.

These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and to show more clearly how it may be
carried into effect, reference will now be made, by way of example only, to the accompanying drawings,
in which:

Fig. 1 illustrates a scene imaged by a multi-camera setup;

Fig. 2 shows a first embodiment for determining a confidence score; and

Fig. 3 shows a second embodiment for determining a confidence score.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention will be described with reference to the Figures.

It should be understood that the detailed description and specific examples, while
indicating exemplary embodiments of the apparatus, systems and methods, are intended for purposes of
illustration only and are not intended to limit the scope of the invention. These and other features, aspects,
and advantages of the apparatus, systems and methods of the present invention will become better
understood from the following description, appended claims, and accompanying drawings. It should be
understood that the Figures are merely schematic and are not drawn to scale. It should also be understood

that the same reference numerals are used throughout the Figures to indicate the same or similar parts.
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The invention provides a method for processing multi-view data of a scene. The method
comprises obtaining at least two images of the scene from different cameras, determining a sharpness
indication for each image and determining a confidence score for each image based on the sharpness
indications. The confidence score is for use in the determination of weights when blending the images to
synthesize a new virtual image.

Fig. 1 illustrates a scene imaged by a multi-camera setup. The multi-camera setup shown
comprises five capture cameras 104 and one virtual camera 108 for which a virtual view image will be
synthesized. Fig. 1 is used to show potential problems which arise when processing multi-view data of a
fast-moving object.

A fast-moving circular object 102 is illustrated by a set of circles that are all captured
within a specific integration time by all cameras 104. The cameras 104 are assumed to be synchronized in
this example for simplicity. The magnitude of the induced motion blur due to the motion of the object 102
is indicated by the solid line on each projection plane 106a-¢ for each of the five cameras 104. The
motion blur is relatively small in the projection planes 106a and 106b and larger in the projection planes
106¢ and 106d. The projection plane 106e shows a motion blur that is neither large nor small. A virtual
camera 108 is illustrated for which a virtual image will be synthesized at a target viewpoint.

Depth estimation will likely succeed for the images corresponding to the projection
planes 106a, 106b and 106e. However, depth estimation will likely fail for the images corresponding to
the projection planes 106¢ and 106d due to motion blur. Motion blur removes texture from the image of
the foreground object 102 and may make it appear semi-transparent. The latter may mean that the depth
estimation likely ‘sees-through’ the fast-moving foreground object 102 and will assign the local
background depth to the pixels in the blurred region. In other words, the background texture may shine
through the foreground object 102 in areas with motion blur and thus the depth map generated from the
images with motion blur would show the foreground object 102 as having the depth of the background.

When an image is synthesized at the target viewpoint of the virtual camera 108 by using
images and depth maps corresponding to the projection planes 106d and 106¢ (i.e. the projection planes
with the most motion blur), the new virtual image may show a blurry texture of the object 102 which
appears to be in the background. Thus, other images which are not as blurry may need to be used. In order
to determine which images to use, it is proposed to determine a sharpness indication for each image. The
sharpness indication is a measure of blurriness in each image.

Conventionally, when synthesizing a new virtual image at the target viewpoint of the
virtual camera 108, the images corresponding to the projections planes 106d and 106¢ would have a
higher weight as they are the closest and the images of 106a and 106b would have the lowest weights as
they are the furthest from the virtual camera 108. However, a new confidence score can be given for each
image based on the sharpness indication, and the synthesizing of a new virtual image can be further

weighted based on the confidence score.
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Thus, when synthesizing a new virtual image, the pixels in the sharper images of 106a
and 106b which are used in the generation of the new virtual image may be weighted higher than the
pixels in the blurry images of 106d and 106¢ and, similarly, the pixels in the image of 106¢ may be
weighted higher than the image of 106d. Some pixels in the sharper images of 106a and 106b (or any of
the images) may not be used as they are not needed for the generation of the new virtual image. For
example, the image of 106a contains mostly texture data of the left side of the object 102 whilst the
virtual camera 108 is mostly “imaging” the right side of the object 102. Thus, most of the pixels in the
image of 106a may not be used in the generation of the new virtual image.

For example, as the image of 106¢ is the closest and is not the blurriest (compared to the
other images), the overall weighting (¢.g. based on the confidence score and proximity) during synthesis
may be high for the image of 106e, slightly lower for the images of 106a and 106b and the lowest for the
images of 106¢ and 106d.

The method may be used during rendering or as a pre-processing step prior to rendering.

Fig. 2 shows a first embodiment for determining a confidence score during rendering.
While rendering from source view images 202 to a target viewpoint, pixels originating from uncertain
source view pixels in the source view image 202 are detected by comparing the sharpness of incoming
warped source view pixels in the target coordinate system. This case is relevant since it allows, on-the-fly
(during rendering) source view analysis and synthesis.

It should be noted that it is also possible to determine confidence scores at different
viewpoints (¢.g. the coordinate system of the source view images 202) as a separate pre-processing step
where the source views images 202 are first warped to one or more comparison viewpoints to establish a
confidence score for each pixel before using the data to start rendering.

Three camera views 208, 210 and 212, from a set of multiple camera views, are shown in
Fig. 2. The source view image 202 for camera view 208 is a sharp image of a circular object. The source
view image 202 for camera view 210 is a somewhat sharp image of the circular object showing a sharp
region in the center of the image and a blurry section (e.g. due to motion blur) around the sides of the
object.

The source view image 202 for camera view 212 is a blurry image of the circular image.
Each source view image 202 is warped to the target viewpoint and a sharpness indication is determined
for each warped image 204. The sharpness indication is a measure of sharpness for each warped image.
For example, a measure of per-pixel contrast may be used to determine the sharpness indication. A
measure of focus may also be used.

Additionally, if the predicted color originating from a source view image differs much
from the predicted mean over all source view images, then that source view contribution receives a lower
confidence resulting in a lower blend weight. This covers the case when a blurred foreground object is

falsely measured as having the background depth as, in that case, it will be warped to a wrong position
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(i.e. based on the wrong depth) and will likely end up at a location where the other source views predict a
different color (e.g. the green grass).

If, for a source view contribution (¢.g. a pixel of a warped image 204), a measure of
image sharpness is much lower than the average from the other contributions, then that source view
contribution also receives a lower confidence also resulting in a lower blend weight. This covers the case
that the blurred foreground object (possibly in part) has the correct depth and hence mapped onto the right
location. Weighting a blurred pixel contribution equally to the other, sharper, contributions may result in
image blur.

The sharpness indication may be based on identifying blurry regions of the warped
images 204. For example, a per-pixel contrast value may be determined for each pixel in the warped
image 204 creating a contrast map for each warped image 204. The contrast map could thus be used as
the sharpness indication. Alternatively, the sharpness indication may be a single value which can be
compared to the sharpness indication of the other warped images 204.

The sharpness indications of the warped images 204 are then compared at the comparison
viewpoint and confidence scores 206 are generated for each camera view. The confidence scores 206
illustrated in Fig. 2 are confidence maps. A confidence map 206 comprises a confidence value for each
pixel (or group of pixels) in the corresponding source view images 202.

The confidence map 206 of camera view 208 shows a high confidence (illustrated as
white) for the whole source view image 202 of camera view 208, as the source view image 202 is sharp
and thus the sharpness indication will be high. The confidence map 206 of camera view 210 shows a high
confidence for the sharp region of the object but a low confidence (illustrated as black) for the blurry
regions of the image 202. Similarly, the confidence map 206 of camera view 212 shows a low confidence
for the blurry region.

Thus, the confidence maps 206 can be used during synthesis of a new virtual image as
part of the weighting. The blurry regions in camera views 210 and 212 will have a relatively low
weighting when synthesizing the circular object compared to the sharp regions of camera views 208 and
210.

Fig. 3 shows a second embodiment for determining a confidence score in pre-processing
(i.e. prior to rendering). In the second embodiment, uncertain regions of an image are detected by
comparing the depth and sharpness of corresponding pixels for multiple source view images 302. Three
source view images 302 of a scene are shown with corresponding depth maps 304 and confidence maps
306. Camera views 308 and 310 show sharp images 302 of a fast-moving circular foreground object. The
corresponding depth maps 304 show an estimation of the depth of the circular object.

Camera view 312 shows an image 302 with motion blur for the object. Consequently, the
background texture (illustrated as white) is visible through the semi-transparent foreground object

(illustrated as black). The corresponding estimated depth map 304 shows the background depth where the
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circular object is expected to be. A dotted line is shown in the depth map 304 corresponding to camera
view 312 showing where the depth of the circular object should have appeared in the depth map 304.

In order to avoid synthesis errors when synthesizing a new virtual image from the three
camera views 308, 310 and 312, a confidence map 306 is generated for each camera view, where the
generation of the confidence maps 306 is further based on a comparison between the depth maps 304 as
well as the source view images 302 in addition to the comparison of sharpness indications.

Each source view 302 is warped to all other views using the associated depth maps 304.
A source view pixel is further flagged as having a low associated confidence if the color and/or texture
variation of the warped source view differs too much from the color and/or texture variation of the target
view. For example, when warping source view 308 to source view 310, the colors will match as the
object’s color and local texture variation will closely match. This will also hold when warping source
view 310 to source view 308. However, when warping the pixels in source view 312 to either 308 or 310,
the color and/or texture variation of the object will not match as the depth that was used to warp the
object’s pixels was incorrect. Thus, the confidence score is set to a low value for the object’s pixels in
source view 312.

Using the depth maps 304 as an additional measure for generating the confidence maps
306 may increase the accuracy of the confidence maps 306. For example, for complex images with
varying levels of sharpness, a comparison between depth maps 304 may further aid in identifying the
most blurry regions of the complex images.

A new image is typically generated from the source view images 302 by warping the
source view images 302 to a target viewpoint and then blending the warped images. The image region
around the source view 302 for camera view 312 corresponds to a blurred object and, thus, has a low
confidence value on the confidence map 306. The confidence map 306 can be warped with the source
view image 302 to the target viewpoint and used as a weight in the blending operation for the generation
of a new virtual image. As a result, the fast-moving object will appear sharp in the new virtual image.

In summary, it is proposed to use the differences in sharpness (and potentially color and
depth) between source views to solve the problems of depth estimation and new view synthesis. During
depth estimation, the estimated depth and texture difference (i.e. color and sharpness) between source
views may be compared. This information is then used to estimate a confidence score for the images (and
corresponding depth maps) where the pixels corresponding to motion blur (or any blur in general) are set
to a low confidence. For example, when considering motion blur, the confidence scores of the images
may provide indications about the locations where fast-moving objects are more likely to be positioned in
3D space.

One approach of determining the sharpness indication is to calculate a local, per-pixel,
contrast measure for each image in the source view image coordinate system and then warp the measure
together with the color (and optionally depth) using a depth map to a target viewpoint (i.e. viewpoint at

which a new image will be generated).
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It is also possible to only warp color for each image to the target viewpoint. For instance,
eight source views may provide eight images which could be warped to a target virtual viewpoint and the
result is stored in GPU memory (i.e. a memory module of a graphics processing unit). In a separate
shader, local contrast can be calculated for each warped image. Based on the local contrast, confidence
(and thus a blend weight) is determined. Both approaches may also be used with comparison viewpoints
instead of the target viewpoint, where the comparison viewpoints will typically comprise the viewpoints
of each of the images.

Additionally, during novel image synthesis, image regions with a lower confidence score
may receive a low blend weight. The use of confidence scores for novel view synthesis may avoid
multiple copies of fast-moving objects becoming visible and, thus, causes the newly synthesized image to
be sharper than it would have been without the use of the confidence scores.

There are different approaches for when and where to determine the confidence scores
and by whom it is determined. In one example, an encoder may determine the confidence scores as and
when (or after) the images are obtained and transmit/broadcast the confidence scores with the images.
Thus, a decoder can receive the images and confidence scores and synthesize a new image using the
images and confidence scores. In another example, a decoder may receive the images, determine the
confidence scores and synthesize a new image. The confidence scores may be determined during
rendering (as shown in Fig. 2) or as a pre-processing step prior to rendering (as shown in Fig. 3).

As discussed above, the method makes use of warping images and depth maps. Warping
may comprise applying a transformation to a source view image and/or a source view depth map, wherein
the transformation is based on the viewpoint of the source view image and or/source view depth map and
a known target viewpoint. The viewpoints are defined at least by a pose of a virtual camera (or sensor) in
3D space (i.e. a position and an orientation). For example, the transformation may be based on the
difference between the pose corresponding to the depth map and a known target pose corresponding to
the target viewpoint. When referring to warping, it should be understood that forward warping and/or
inverse (backwards) warping could be used. In forward warping, source pixels are projected onto the
target image using point or triangle primitives constructed in the source view image coordinate system. In
backward warping, the target pixels are inversely mapped back to a position in the source view image and
sampled accordingly.

Possible warping approaches include using points, using a regular mesh (i.e. predefined
size and topology) and/or using an irregular mesh.

For example, using points may comprise using a depth map (for each given pixel) from a
first viewpoint (view A) to calculate the corresponding location in a second viewpoint (view B) and
fetching the pixel location from view B back to view A (i.e. an inverse warp).

Alternatively, for example, using points may comprise using the depth map (for each
given pixel) of view A to calculate the corresponding pixel location in view B and mapping the pixel

location from view A to view B (i.e. a forward warp).
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Using a regular mesh (e.g. two triangles per pixel, two triangles per 2x2 pixels, two
triangles per 4x4 pixels etc.) may comprise calculating 3D mesh coordinates from the depth map in view
A and texture mapping data from view A to view B.

Using an irregular mesh may comprise generating a mesh topology for view A based on
the depth map (and, optionally, texture and/or transparency data in view A) and texture mapping the data
from view A to view B.

An image may be warped by using corresponding depth maps. For example, for an image
view A and a depth map at view B, the depth map can be warped to view A and then the image can be
warped to a different view C based on warping depth pixels corresponding to the image pixels.

The skilled person would be readily capable of developing a processor for carrying out
any herein described method. Thus, each step of a flow chart may represent a different action performed
by a processor, and may be performed by a respective module of the processor.

As discussed above, the system makes use of a processor to perform the data processing.
The processor can be implemented in numerous ways, with software and/or hardware, to perform the
various functions required. The processor typically employs one or more microprocessors that may be
programmed using software (e.g., microcode) to perform the required functions. The processor may be
implemented as a combination of dedicated hardware to perform some functions and one or more
programmed microprocessors and associated circuitry to perform other functions.

Examples of circuitry that may be employed in various embodiments of the present
disclosure include, but are not limited to, conventional microprocessors, application specific integrated
circuits (ASICs), and field-programmable gate arrays (FPGAs).

In various implementations, the processor may be associated with one or more storage
media such as volatile and non-volatile computer memory such as RAM, PROM, EPROM, and
EEPROM. The storage media may be encoded with one or more programs that, when executed on one or
more processors and/or controllers, perform the required functions. Various storage media may be fixed
within a processor or controller or may be transportable, such that the one or more programs stored
thereon can be loaded into a processor.

Variations to the disclosed embodiments can be understood and effected by those skilled
in the art in practicing the claimed invention, from a study of the drawings, the disclosure and the
appended claims. In the claims, the word "comprising" does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality.

A single processor or other unit may fulfill the functions of several items recited in the
claims.

The mere fact that certain measures are recited in mutually different dependent claims
does not indicate that a combination of these measures cannot be used to advantage.

A computer program may be stored/distributed on a suitable medium, such as an optical

storage medium or a solid-state medium supplied together with or as part of other hardware, but may also
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be distributed in other forms, such as via the Intemnet or other wired or wireless telecommunication
systems.

If the term "adapted to" is used in the claims or description, it is noted the term "adapted
to" is intended to be equivalent to the term "configured to".

Any reference signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. A method for processing multi-view data of a scene, wherein the multi-view data
comprises at least two images of the scene, the method comprising:

obtaining the at least two images of the scene from different cameras at different
viewpoints;

determining a sharpness indication for each image, wherein the sharpness indication is a
sharpness map comprising a plurality of sharpness values, each sharpness value corresponding to
one or more pixels of the corresponding image; and

determining a confidence score for cach image based on the sharpness indications,
wherein the confidence score is for use in the determination of weights when blending the

images to synthesize a synthesized image via view-point interpolation.

2. The method of claim 1, further comprising:

obtaining at least one depth map of the scene;

warping at least two of the images to a target viewpoint based on the at least one depth
map; and

blending the images at the target viewpoint to generate the synthesized image, wherein,
during blending, each pixel in the images is weighted based on the corresponding confidence

Score.

3. The method of claim 1, further comprising:

obtaining at least one depth map of the scene;

warping at least one image to at least one image comparison viewpoint using the at least
one depth map such that there are at least two images at said at least one image comparison
viewpoint; and

comparing corresponding pixel color values of the at least two images at said at least one
image comparison viewpoint, wherein determining a confidence score for each image is further

based on the comparison of the pixel color values.

4. The method of claim 3, wherein the image comparison viewpoints comprise or consist of

all of the viewpoints of the images.
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5. The method of claim 3, wherein the image comparison viewpoint is a target viewpoint
and the method further comprises blending the images at the target viewpoint to generate a
synthesized image, wherein, during blending, each pixel in the images is weighted based on the

corresponding confidence score.

6. The method of any one of claims 1 to 5, further comprising:
obtaining at least two depth maps, wherein the depth maps are:
obtained from different sensors; or
generated using the images of the scene, wherein each depth map is generated
using at least one image of the scene not used to generate the other, at least one, depth map;
warping the depth maps to at least one depth comparison viewpoint such that there are at
least two depth maps at the at least one image comparison viewpoint;
comparing the depth maps at the at least one depth comparison viewpoint; and
determining a confidence score for each depth map based on the comparison of the depth

maps.

7. The method of any one of claims 5 or 6, further comprising;

obtaining at Ieast two depth confidence maps corresponding to the depth maps, wherein
each depth confidence map comprises a plurality of depth confidence values and each depth
confidence value provides an indication of the likelihood of each depth value, in the
corresponding depth map, being accurate; and

warping the depth confidence maps to the at least one depth comparison viewpoint with
the corresponding depth maps,

wherein comparing the depth maps at each depth comparison viewpoint further

comprises comparing the corresponding depth confidence maps.

8. A computer program product comprising computer program code which, when executed
on a computing device having a processing system, cause the processing system to perform all of

the steps of the method according to any of claims 1 to 7.

9. A system for processing multi-view data of a scene, wherein the multi-view data
comprises at least two images of the scene, the system comprising a processor configured to:

obtain the at least two images of the scene from different cameras at different viewpoints;
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determine a sharpness indication for each image, wherein the sharpness indication is a
sharpness map comprising a plurality of sharpness values, each sharpness value corresponding to
one or more pixels of the corresponding image; and

determine a confidence score for each image based on the sharpness indications, wherein
the confidence score is for use in the determination of weights when blending the images to

synthesize a synthesized image via view-point interpolation.

10.  The system of claim 9, wherein the processor is further configured to:

obtain at least one depth map of the scene;

warp at least two of the images to a target viewpoint based on the at feast one depth map;
and

blend the images at the target viewpoint to generate the synthesized image, wherein,
during blending, each pixel in the images is weighted based on the corresponding confidence

sCore.

11.  The system of claim 9, wherein the processor is further configured to:

obtain at least one depth map of the scene;

warp at least one image to at least one image comparison viewpoint using the at least one
depth map such that there are at least two images at said at least one image comparison
viewpoint; and

compare corresponding pixel color values of the at least two images at said at least one
comparison viewpoint, wherein determining a confidence score for each image is further based

on the comparison of the pixel color values.

12.  The system of claim 11, wherein the image comparison viewpoints comprise or consist of

all of the viewpoints of the images.

13.  The system of claim 11, wherein the image comparison viewpoint is a target viewpoint
and the processor is further configured to blend the images at the target viewpoint to generate the
synthesized image, wherein, during blending, each pixel in the images is weighted based on the

corresponding confidence score.
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14.  The system of any one of claims 9 to 13, wherein the processor is further configured to:
obtain at least two depth maps, wherein the depth maps are:
obtained from different sensors; or
generated using the images of the scene, wherein each depth map is generated
using at least one image of the scene not used to generate the other, at least one, depth map;
warp the depth maps to at least one depth comparison viewpoint such that there are at
least two depth maps at the at least one image comparison viewpoint;
compare the depth maps at each depth comparison viewpoint; and
determine a confidence score for the at least one depth map based on the comparison of

the depth maps.
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