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Description

[0001] The invention relates to a method of rendering
image data for a multi-view display. In particular the in-
vention relates to a method of rendering image data for
a multi-view display by means of a depth dependent spa-
tial filter. The invention further relates to a multi-view dis-
play, to a signal rendering system and to computer read-
able code for implementing the method.
[0002] A multi-view display is a display capable of pre-
senting to a viewer, different images depending upon the
view direction, so that an object in an image may be
viewed from different angles. An example of a multi-view
display is an auto-stereoscopic display capable of pre-
senting a viewer’s left eye with a different image than the
right eye. Various multi-view display technologies exist,
one such technology is lenticular based. A lenticular dis-
play is a parallax 3D display capable of showing multiple
images for different horizontal viewing directions. This
way, the viewer can experience, e.g., motion parallax
and stereoscopic cues.
[0003] One problem relating to multi-view displays is
that images for different view-directions may overlap and
thereby giving rise to ghost images, or cross-talk between
images. Another problem relates to that the number of
view-directions may be relatively small, typically eight or
nine which may give rise to aliazing effects in some view-
directions.
[0004] The published US patent application US
2003/0117489 discloses a three dimensional display and
method of reducing crosstalk between left and right eye
images of a 3D auto-stereoscopic display. The disclosed
method of reducing crosstalk is based on adding a base
level of grey to every pixel of both the left and right images
so as to raise the background grey level.
WO2005/027052 discloses a 3D device based on a 3D
model generating a Z-stack for a main view point.
[0005] The inventor of the present invention has ap-
preciated that an improved method of rendering image
data is of benefit, and has in consequence devised the
present invention.
[0006] The present invention seeks to provide im-
proved means for rendering image data for a multi-view
display, and it may be seen as an object of the invention
to provide an effective filtering technique that ameliorates
the perceived image quality of a viewer, or user, of a
multi-view display. Preferably, the invention alleviates,
mitigates or eliminates one or more of the above or other
disadvantages singly or in any combination.
[0007] According to a first aspect of the present inven-
tion there is provided, a method of rendering image data
for a multi-view display, the method the comprising steps
of: receiving an image signal representing a first image,
the first image comprising image data and associated
depth data, spatially filtering the first image signal to pro-
vide a second image signal, the second image signal
representing a second image, the spatial filtering com-
prising a mapping between an image element of the first

image and an image element of the second image, a
strength of the spatial filter is determined by a difference
between a reference depth of the first image and a depth
of an image element of the first image, sampling the sec-
ond image to a plurality of sub-images, each sub-image
being associated with a view direction of the image,
wherein the image element of the first image is mapped
into a set of image elements (55) of the second image
and wherein the strength of the spatial filter is determined
as a size of the set of image elements of the second
image.
[0008] In a multi-view display, the image data is typi-
cally rendered for proper presentation. The rendering
may be needed since the image may be based on 2D
image data projected to the viewer in such a way that the
viewer perceives a spatial, or 3D, dimension of the image.
For each view-direction of an image, a sub-image of the
image as seen from that view-direction is generated, and
the sub-images are projected into the associated view-
direction.
[0009] The rendering process typically comprises sev-
eral operations or steps, e.g. depending upon the input
format of the image data, the display apparatus, the type
of image data, etc. Image data of a first image is provided
in a first step. This first step need not be a first step of
the entire rendering process. The first image is typically
in a format including image plus depth data, or an asso-
ciated depth map may be provided with the image data,
so that the 3D image data may be determined.
[0010] The inventor had the insight that spatial filtering
for improving the perceived image quality, especially in
terms of crosstalk and aliazing effect, is performed in the
output domain, i.e. it is performed at a rendering stage
where an input image has already been sampled, at least
to some degree, for multi-view display. By spatially filter-
ing the first image signal to provide a second image and
the second image being sampled to a plurality of sub-
images for multi-view, artefacts, such as crosstalk and
aliazing effects, are dealt with in the input domain on a
single image instead of in the output domain on a plurality
of images, thereby dealing with artefacts in an efficient
way.
[0011] While filtering a single image in the input domain
rather than the multitude of images in the output domain,
may be less perfect than the full-blown filtering of the
multitude of images in the output domain, most artefacts
may still be avoided or diminished, and a low-cost alter-
native in terms of processing power and time may thereby
be provided.
[0012] Further advantages of the invention according
to the first aspect include easy implementation in the ren-
dering pipeline of images for multi-view display. The in-
vention may be implemented in a separate pipeline step
before the actual multi-view rendering, allowing for a
more pipelined parallel implementation.
[0013] Furthermore, the method is effectively dealing
with reduction of artefacts, such as crosstalk and aliazing
artefacts, thereby rendering pre-processing or post-
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processing to further remove or diminish crosstalk or
aliazing artefacts unnecessary.
[0014] The optional features as defined in dependent
claims 2 and 3 are advantageous since band-pass filter-
ing done by low-pass filtering, high-pass filtering and/or
a combination of the two, are well-known band-pass fil-
tering techniques which may be implemented in variety
of ways, thereby ensuring robust and versatile implemen-
tation. In the low-pass filtering, frequencies higher than
the Nyquist frequency may be removed, whereas the
high-pass filter amplify high frequencies, e.g. the fre-
quencies below the Nyquist frequency.
[0015] The optional features as defined in dependent
claim 4 are advantageous since by determining the
strength of the spatial filter as a size of the set of image
elements of the second image, such as a radius or extend
of a distribution filter of the set of image elements, it is
ensured that objects near the reference plane are not
greatly affected by the spatial filtering, whereas objects
further away from the reference plane are affected by the
spatial filtering.
[0016] The optional features as defined in dependent
claims 5 and 6 are advantageous since by updating an
image element of the second image with a visibility factor,
problems relating to mixing of foreground and back-
ground objects may be countered in an effective way,
such problems may arise when a spatial filtered image
is rendered for a shifted viewpoint.
[0017] The optional features as defined in dependent
claim 7 are advantageous since by updating the depth
of the image elements of the second image an improved
handling of viewpoint changes may be provided. The
depth is updated by setting the depth of the image ele-
ment of the second image element to a value between
the depth of the image element of the first image and the
depth of the image element of the second image. In this
way, when an image element of the second image would
substantially be composed of foreground and only a little
of background, the depth may be set to a value substan-
tially towards the depth of the foreground, a gradual depth
transition soften the depth edge. In an embodiment may
the depth value be set to the maximum of the depth of
the image element of the first image and the depth of the
image element of the second image.
[0018] The optional feature as defined in claim 9 is ad-
vantageous since the 2.5D video image format is a stand-
ard and widely used format.
[0019] According to a second aspect of the invention
is provided a multi-view display device comprising: a dis-
play panel comprising an array of display elements, the
display elements being arranged in groups, each group
being associated with a view direction of an image, an
optical element for directing light emitted from the display
panel, so that light emitting from a group of display ele-
ments is directed into an angular distribution associated
with the view direction of the group, an input module for
receiving a first image signal representing a first image
comprising image data and associated depth data, a ren-

dering module for spatially filtering the first image signal
to provide a second image signal, the second image sig-
nal representing a second image, the spatial filtering
comprising a mapping between an image element of the
first image and an image element of the second image,
a strength of the spatial filter is determined by a difference
between a reference depth of the first image and a depth
of an image element of the first image, an output module
for sampling the second image to a plurality of sub-im-
ages, each sub-image being associated with a view di-
rection of the image; wherein the image element of the
first image is mapped into a set of image elements (55)
of the second image and wherein the strength of the spa-
tial filter is determined as a size of the set of image ele-
ments of the second image.
[0020] The display device being a multi-view display
device enhanced with the rendering method of the first
aspect. It is an advantage of the present invention that
the multi-view display device may both be a display de-
vice born with the functionality according to the first as-
pect of the invention, or a display device not born with
the functionality according to the first aspect of the inven-
tion, but which subsequently is enhanced with the func-
tionality of the present invention.
[0021] The input module, the rendering module and
the output module may be provided as a signal rendering
system according to the third aspect of the invention.
[0022] According to a fourth aspect of the invention is
provided a computer program comprising instructions
which, when the program is executed by a computer,
cause the computer to carry out the method according
to the first aspect.
[0023] In general the various aspects of the invention
may be combined and coupled in any way possible within
the scope of the invention. These and other aspects, fea-
tures and/or advantages of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.
[0024] Embodiments of the invention will be described,
by way of example only, with reference to the drawings,
in which

Fig. 1 illustrates the principle of a 3D lenticular dis-
play,
Fig. 2 shows a sketch of a lenticular display in top
view,
Fig. 3 illustrates crosstalk between sub-images from
neighboring views,
Fig. 4 illustrates an example of blurring of an image
as a result of a camera focused at a particular depth,
Figs. 5A-5C illustrate an embodiment of a mapping
of a first image to a second image in a spatial filtering
process,
Figs. 6A and 6B illustrate an example of a 2D input
image with associated depth map,
Figs. 7A and 7B illustrate a depth dependent spatial
filtering of the input image and a shifted view of the
same image (or scene),
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Figs. 8A and 8B illustrate a depth dependent spatial
filtering of the input image where a visibility factor
has been applied and a shifted view of the filtered
image,
Figs. 9A and 9B illustrate a depth dependent spatial
filtering of the input image where an adjusted visibility
factor has been applied and a shifted view of the
filtered image,
Figs. 10A and 10B illustrate a spatially filtered depth
map and depth dependent spatial filtering of the input
image with the filtered depth map,
Figs. 11A and 11B illustrate a depth dependent spa-
tial filtering of the input image for a 1D situation and
a shifted view of the filtered image,
Figs. 12A-12F illustrate aspects concerning the ap-
plication of high-pass spatial filtering.
Figs. 1 and 2 illustrates embodiments of a multi-view
display, namely sketches of a 3D lenticular display
as seen from the side (Fig. 1) and in top view (Fig. 2).

[0025] Fig. 1 illustrates the principle of a 3D lenticular
display. A lenticular display is based on an LCD panel
display 1, in front of which lenses 2 are attached. The
lenses accommodate that for a specific viewing angle ϕ,
the viewer 3 only sees a subset of the pixels of the un-
derlying LCD. If appropriate values are set to the subset
of pixels associated to the various viewing directions, the
viewer will see different images from different viewing
directions. So that the viewer 3 sees a center view of the
image, whereas the viewer would see a side view of the
image from the view-angle denoted 6.
[0026] Each lens covers a number of pixels 4, 5 and
projects them out, as illustrated by the number of pixels
denoted 7. The viewer sees one subset of pixels 4 with
the right eye and another subset of pixels 5 with the left
eye. A 3D experience is thereby obtained.
[0027] Fig. 2A shows a sketch of lenticular display in
top view. The display comprises an array of display ele-
ments 20 or pixels, such as a conventional LC matrix
display panel, where the pixels are arranged in groups,
each group being associated with a view direction of an
image. Each group of pixel constitutes a sub-image, each
sub-image being associated with a view direction. An op-
tical element, i.e. the lenses, direct light emitted from the
pixels, so that light emitting from a group of pixels is di-
rected into an angular distribution associated with the
view direction of the group, thereby providing separate
images to a viewer’s eyes.
[0028] The lenticular lenses are in the illustrated em-
bodiment arranged at a slight angle or slanted with re-
spect to the columns of the pixels, so that their main lon-
gitudinal axis is at an angle with respect to the column
direction of the display elements. In this configuration the
viewer will see the points sampled along a direction 22
of the lens. In a nine-view display nine images, one for
each view direction, are concurrently computed and
shown on the group of pixels associated with a sub-im-
age. When a pixel is lit, the entire lens above the pixel is

illuminated 21 - this is shown in Fig. 2B - so that for a
specific view direction it is the entire lens above the pixel
that is seen emitting the color of that pixel.
[0029] Figs. 1 and 2 describe a LCD-lenticular display,
it is however to be understood that the invention is not
limited to this type of display. For example may the in-
vention be applied with such displays as barrier-type dis-
plays, and the matrix display panel may be other than an
LC panel, such as other forms of spatial light modulators,
or other types of display panels such as electrolumines-
cent or plasma panels.
[0030] The visibility of sub-images from neighboring
views from a single viewing direction may cause artefacts
such as crosstalk. This is illustrated in Fig. 3 showing the
visible light, I, as a function of the view angle for a 4 2/3-
display, i.e. for a display where each lens cover 4 2/3
pixel in the horizontal direction. It is seen that the angular
distributions 30-34 from different sub-images overlap.
The perceived image of a viewer is the sum of the light
from each angular distribution and it may be seen that
for this particular example, three sub-images contributes
to the perceived image of each viewing direction.
[0031] The inventor of the present invention has ap-
preciated that by appropriate spatial filtering problems
relating to crosstalk, to ghost imaging and aliazing may
be removed or at least diminished. Furthermore, by spa-
tially filtering the input image before the image is rendered
for multi-view display, only a single image needs to be
filtered (and possible a depth map in accordance with
certain embodiments). Thereby providing an efficient
way of handling spatial filtering of multi-view image data.
[0032] Depth dependent spatial filtering is done to
counter crosstalk and/or aliazing effects. However, the
depth dependent spatial filtering on an input image which
is subsequently rendered for different viewpoints may
introduce new artefacts by the rendering. Such as arte-
facts relating to that foreground and background objects
mix for the rendered images with shifted viewpoint, there-
by diminishing the perceived image quality of the 3D im-
age at the different viewpoints.
[0033] In order to provide a 3D image with high per-
ceived image quality, the depth dependent filtering of the
image may be such that a blurring of the image is con-
sistent with a blur introduced by a camera focused at a
particular depth, this is illustrated in Fig. 4. The Figure
shows a scene from the TV-series Star Trek Enterprise,
showing two actors 41, 42 in front of a blurry background
44. The actor denoted 42 is also out of focus and as a
consequence of this, blurred. Looking at the shoulder of
the actor denoted 41 it is clear that background does not
blur over foreground objects, as a sharp outline 43 of the
shoulder is seen. The shoulder outline 45 of the actor
denoted 42 is, however, blurred, showing that foreground
objects do blur over background object. In an image ren-
dering process, following these rules of what blurs over
what in an image leads to an increased perceived spatial
dimension in a 3D image.
[0034] The band-pass filter is typically a low-pass or a
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high-pass filter. The low-pass filter mitigates problems,
typically alias problems, related to sampling the intensity
function into a low number of sub-images, such as eight
or nine, depending upon the number of views of the dis-
play. The high-pass filter mitigates problems relating to
crosstalk imposing blur in the view direction. A combina-
tion of high-pass filtering and low-pass filtering may be
performed to optimize the perceived image quality, or the
filters may be applied separately.
[0035] Figs. 5A-5C illustrate an embodiment of a map-
ping of a first image to a second image in a spatial filtering
process.
[0036] Firstly, an image signal representing a first im-
age comprising 3D image data is received or provided.
The 3D image data may be represented in any suitable
coordinate representation. In a typical coordinate repre-
sentation, the image is described in terms of a spatial
coordinate set referring to a position in image plane, and
a depth of the image in a direction perpendicular to the
image plane. It is, however, to be understood that alter-
native coordinate representations may be envisioned.
[0037] The filtering may be input-driven, and for each
input pixel, the input pixel also being referred to as the
source element, the difference in depth between the
source element and a reference depth is determined. The
reference depth being set to the depth layer in the image
which is in focus, or which should remain in focus. The
depth difference is then used as a measure for the
strength of the spatial filter. The strength of the filter may
in an embodiment be the number of pixels affected by
the intensity of the source element, i.e. as the size of the
set of image elements of the second image. The size of
the set of image elements may be the radius of a distri-
bution filter, distributing the intensity of the source ele-
ment to the set of destination elements. In the following
may source element and destination element be referred
to as source pixel and destination pixel, respectively.
[0038] Fig. 5A schematically illustrates the principle of
using the difference between the depth of a given pixel
and a reference depth, d-dref, as a measure of the radius,
r, of a distribution filter. The same is illustrated in Figs.
5B and 5C, but concretized with a section of a matrix
display panel, such as a LCD display, comprising a
number of image elements or pixels 51. A reference
depth is set for the entire image, and for each pixel a
depth of the pixel is determined. The intensity value of a
pixel 52 is distributed in a set of pixels in the second
image 53, the second image being an updated version
of the first image 50, where for all pixels 52, the intensity
of the pixel is distributed to a set of pixel elements sur-
rounding the pixel, the size of the set, or the radius, r, of
the area 55 of the affected pixel is determined from d-
dref. The intensity of a pixel in the set of pixels 55 may
be determined as Ip := Ip + f(r) *Iq, where Ip is the intensity
of the pixel, i.e. the output intensity that is accumulating,
f(r) is the distribution function and Iq is the intensity of
the source pixel at a distance r of the destination. The
distribution filter may be a cubic b-spline.

[0039] For areas where the depth values are near the
reference depth, the radius of the distribution filter is
small, so destination pixels only receive contribution from
the corresponding source pixel. For areas where the
depth is much different from the reference value, source
pixel intensities are distributed over large areas and the
mix, resulting in a blur.
[0040] To generate a blur that is consistent with the
blur introduced by cameras focused on a particular depth,
a visibility factor, v, is multiplied to the distribution func-
tion, so that Ip := Ip + f(r)*Iq * v. The visibility factor equals
zero when the destination pixel is much closer to the view-
point than the source pixel, thereby ensuring that back-
ground does not blur over foreground. The visibility factor
equals one when the source pixel is much closer to the
viewpoint than the source pixel, and has a gradual tran-
sition between the two values. The distances between
the source pixel, the destination pixel and the viewpoint
may be evaluated from the spatial coordinates of the
source pixel, the destination pixel and the viewpoint, for
example by comparing the distances between the source
pixel and the viewpoint and between the destination pixel
and the viewpoint to one or more minimum distances so
as to determined when the source pixel is much closer
than the destination pixel to the viewpoint, and vice versa.
The visibility factor has the effect that destination colors
have to be normalized according to the summation of
weights, since the sum of weights cannot be held con-
stant beforehand.
[0041] In the following embodiments relating to depth-
dependent blur are addressed. A depth-dependent spa-
tial filter can nevertheless be used to both depth-depend-
ing blurring (low-pass filtering) and to depth dependent
sharpening (high-pass filtering) which is discussed in
connection with Fig. 12.
[0042] Figs. 6 to 11 illustrate the effect of the applying
a depth filter in accordance with the present invention on
a scene from the game Quake™.
[0043] Fig. 6A illustrates the scene as used in the
game, and Fig. 6B illustrates the depth map of the image
(or scene). In the depth map, the grey-scale corresponds
to disparity, so that bright objects are closer than dark
object. The reference depth is set to the pillar 60 in the
middle. In the following images, the image of Fig. 6A is
the first image to be mapped into a second image by a
spatial filtering according to the present invention. The
image of Fig. 6A in combination with the depth map of
Fig. 6B is hereafter referred to as the source image. The
second image may hereafter be referred to as the desti-
nation image.
[0044] Figs. 7A and 7B illustrate the depth-dependent
blur without the visibility factor. Fig. 7A shows a blurring
of the source image without the visibility factor, i.e. a des-
tination image obtained without the visibility factor. The
image of Fig. 7B is derived from the destination image
of Fig. 7A for a shifted viewpoint using the depth map
shown in Fig. 6B.
[0045] It is seen in Fig. 7A that the background is blur-
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ring over the foreground. This may e.g. be seen by the
white background area which blurs over the pillar 70. This
blurring has an effect for the shifted viewpoint (Fig. 7B),
since some white area 71 may be seen even though it
should not be visible from the specific view-angle. Blur-
ring of background over foreground results in a halo-ef-
fect counteracting the occlusion.
[0046] Figs. 8A and 8B illustrate the depth-dependent
blur with the visibility factor. Fig. 8A shows a blurring of
the source image with the visibility factor, i.e. a destina-
tion image obtained with the visibility factor. The image
of Fig. 8B is derived from the destination image of Fig.
8A for a shifted viewpoint, similar to Fig. 7B.
[0047] Both in the destination image (Fig. 8A) and the
shifted viewpoint image (Fig. 8B) are the artefacts dis-
cussed in connection with Figs. 7A and 7B removed. A
sharp edge is obtained for the left side of the pillar 80,
and the pillar occlude the white area in the shifted view 81.
[0048] However, the halo-artefacts remain for silhou-
ettes where foreground blurs over background. The de-
occlusion that occurs with the object at the lower left cor-
ner 84 is not just a repetition of a background color, but
of a color which for a large part is made up of foreground
color, i.e. a semi-transparency is introduced.
[0049] In a situation where additional viewpoints of an
image is rendered from image plus depth information,
different solutions exists as how to diminish or even re-
move the halo-effects.
[0050] In an embodiment, the visibility factor is modi-
fied so that source pixels only contribute to destination
pixels of similar depth. The result of such a filtering is
shown in Figs. 9A and 9B. It may be seen that the halo-
effect is removed, but the sharp edge of the foreground
object 90, 91 remains. Such sharp silhouette edges may
result in double images due to crosstalk, even though
the interior of the object is blurred.
[0051] In another embodiment, halo-effects are coun-
tered by filtering the depth map. The halo-effects 84 as
seen in the lower left corner of Fig. 8B are largely due to
foreground color being repeated, because the pixels that
originally contained background colors only, contain a lot
of foreground color after the blurring. The halo-artefacts
are enlarged when shifted views are computed, because
a color which consist for a large part of foreground color
is now used to fill in a de-occlusion area.
[0052] A solution, which at least reduces the artefacts
considerably, is to also filter the depth map itself, thereby
ensuring that the artefacts are not enlarged as much by
the rendering.
[0053] Any destination pixel to which a foreground
color is distributed, should also have foreground depth,
thereby avoiding that such a pixel will be used in the multi-
view rendering to fill in de-occlusion areas. This can be
done by applying a depth-dependent morphological filter:
when an source pixel is distributed to a destination pixel,
the depth of the destination pixel is set to the maximum
of the depth of the source pixel and the previous depth
of that destination pixel. This naturally follows the visibility

criterion: depth information from background objects
does not change depth information of foreground objects
(which for example will keep the depth transitions of for
example the pillar to its background sharp, both in color
and in depth). In general, may the updating of the depth
map be done by instead of setting the depth of the des-
tination pixel to the maximum value as mention above,
to set the depth of the destination pixel to a value between
the depth of the source pixel and the depth of the desti-
nation pixel.
[0054] In a situation where the image filter blurs fore-
ground over background, the depth map is updated with
the foreground depth to extend the foreground object.
The result is shown in Fig. 10A, showing the updated
depth map. Comparing the depth map of Fig. 6B and the
depth map of Fig. 10A, the dilation of the foreground ob-
jects is clear (the object in the lower left corner 101, but
also in the background to the right of the pillar 100).
[0055] Using this filtered depth map, along with the fil-
tered image from Fig. 8A results in the alternate view
shown in Fig. 10B. Some halos 102 are still visible, due
to the semi-transparency of the blurred edges which are
now rendered at foreground depth, and also due to de-
occlusions now being filled with color information origi-
nating from quite far from the edge, but by far not as
severe as those depicted in Fig. 8B.
[0056] The spatial filtering as discussed in connection
with Figs. 5 to 10 is a 2D filtering in the sense that the
set of destination pixels is a set of pixels in an image
plane. Such 2D filtering may be necessary in order to
mimic the out-of-focus blur of a real camera, and thereby
improve the perceived image quality of a viewer. How-
ever, to counter effects of coarse sampling in the view
direction as may be present on multi-view display devic-
es, as well as crosstalk, a horizontal filter may suffice. In
a horizontal filter, or a 1D filter, instead of the set of des-
tination pixels being comprised within an area 55 as
shown in Fig. 5C, the set of destination pixels extend
along the horizontal direction on both sides of the source
pixel. An example of an image and an image with a shifted
viewpoint is shown in Fig. 11 for 1D horizontal depth de-
pendent spatial filtering. As can be seen when comparing
Fig. 11A to Fig. 6A, the horizontal blur has been applied.
Fig. 11B shows the situation with a shifted viewpoint for
a case where the depth map has been filtered, as in con-
nection with Figs. 10A and 10B. Also in the 1D situation
large halo artefacts are prevented from appearing.
[0057] In horizontal filtering vertical halo-effects are
avoided for shifted viewpoints. An example of a vertical
halo-effect that is avoided in this situation may be seen
be comparing the top of the pillar 110 on Fig. 11B and
Fig. 7B. On Fig. 7B vertical halo-effects are introduced
by the shifting of viewpoint.
[0058] A high-pass filtering is typically applied in order
to pre-compensate blurring of an image introduced later
on, e.g. in connection with the multi-view rendering or
sampling of the image.
[0059] Fig. 12A schematically illustrates an input im-
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age with an edge. Multi-view rendering will shift this im-
age, according to depth, so a second view will be a shifted
version of the image (assuming constant depth in that
area in this case). This is shown in Fig. 12B. On a multi-
view display exhibiting crosstalk a viewer will not purely
see one view (say view 1), but see a mix of the view one
should see, and the neighboring views. As an example
Fig. 12C illustrates the situation where 1/8th of a neigh-
boring view is seen, thus Fig. 12C illustrate the combi-
nation of 1/8th of a neighboring view (Fig. 12B) and 7/8th
of the view itself (Fig. 12A). The edge is split over 2 small-
er steps, i.e. the edge is blurred.
[0060] To counter this, the input image can be high-
pass filtered. Usually resulting in some overshoot before
and after the edge, making the edge "higher". This is
drawn schematically in Fig. 12D. Fig. 12E shows the shift-
ed version of Fig. 12D, and Fig. 12E illustrates a situation
where crosstalk has been introduced, i.e. Fig. 12F is the
combination of Fig. 12E (the shifted view) and Fig. 12D
(the original view). As shown, the edge is still sharp, de-
spite the crosstalk.
[0061] For high-pass filtering areas which have a depth
similar to the reference depth no or only little sharpening
occurs, as the difference between the reference depth
and the depth of the area increases, the radius, or extent,
of the area affected by the sharpening increases, match-
ing the distance between edges in neighboring views.
[0062] In an embodiment, the signal including the im-
age data to be presented to the viewer is inputted into
an input module, as a first image signal. The depth de-
pendent spatial filtering of the first image to provide a
second image is conducted at a rendering module, the
rendering module typically being a processor unit. The
input module, rendering module and output module, need
not, but may, be separate entities.
[0063] The rendering module may also apply addition-
al rendering functions to the image data, e.g. the image
data may be properly scaled to the view resolution, colors
may be adjusted, etc. The rendering of the image signal
may be done separately for different color components
and the view-dependent intensity function may be deter-
mined for at least one color component of the image, and
the band-pass filtering applied to the at least one color
component of the image. For example, since in an RGB-
signal the green component is the most luminous com-
ponent, the spatial filtering may in an embodiment only
be applied for the green component.
[0064] The invention can be implemented in any suit-
able form including hardware, software, firmware or any
combination of these. The invention or some features of
the invention can be implemented as computer software
running on one or more data processors and/or digital
signal processors. The elements and components of an
embodiment of the invention may be physically, function-
ally and logically implemented in any suitable way. In-
deed, the functionality may be implemented in a single
unit, in a plurality of units or as part of other functional
units. As such, the invention may be implemented in a

single unit, or may be physically and functionally distrib-
uted between different units and processors.
[0065] Although the present invention has been de-
scribed in connection with preferred embodiments, it is
not intended to be limited to the specific form set forth
herein. Rather, the scope of the present invention is lim-
ited only by the accompanying claims.
[0066] In this section, certain specific details of the dis-
closed embodiment are set forth for purposes of expla-
nation rather than limitation, so as to provide a clear and
thorough understanding of the present invention. How-
ever, it should be understood readily by those skilled in
this art, that the present invention may be practiced in
other embodiments which do not conform exactly to the
details set forth herein, without departing significantly
from the scope of this disclosure. Further, in this context,
and for the purposes of brevity and clarity, detailed de-
scriptions of well-known apparatus, circuits and method-
ology have been omitted so as to avoid unnecessary de-
tail and possible confusion.
[0067] Reference signs are included in the claims,
however the inclusion of the reference signs is only for
clarity reasons and should not be construed as limiting
the scope of the claims.

Claims

1. Method of rendering image data for a multi-view dis-
play (1), the method comprising the step of:

- receiving an image signal representing a first
image (50), the first image comprising image da-
ta and associated depth data, and character-
ized by further comprising the steps of:
- spatially filtering the first image signal to pro-
vide a second image signal, the second image
signal representing a second image (53), the
spatial filtering comprising a mapping between
an image element (52) of the first image and an
image element (52, 55) of the second image, a
strength of the spatial filter is determined by a
difference between a reference depth of the first
image and a depth of an image element of the
first image,
- sampling the second image to a plurality of
sub-images, each sub-image being associated
with a view direction of the image; wherein the
image element of the first image is mapped into
a set of image elements (55) of the second im-
age and wherein the strength of the spatial filter
is determined as a size of the set of image ele-
ments of the second image.

2. Method according to claim 1, wherein the spatial filter
is a band-pass filter.

3. Method according to claim 2, wherein the band-pass
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filter is selected from the group of a high-pass filter,
a low-pass filter and a combination of a high-pass
filter and a low-pass filter.

4. Method according to claim 1, wherein the size of the
set of image elements of the second image is a radius
(r) or extent of a distribution filter.

5. Method according to claim 1, wherein an image el-
ement of the second image is updated with a visibility
factor, the visibility factor being determined from dis-
tance between a viewpoint and a spatial coordinate
of the image element of the first image and a distance
between the viewpoint and a spatial coordinate of
the image element of the second image.

6. Method according to claim 5, wherein the visibility
factor is equal to zero when the destination element
is closer than a first minimum distance to the view-
point than the source element, and wherein the vis-
ibility factor is equal to 1 when the source element
is closer than a second minimum distance to the
viewpoint than the destination element, and wherein
the factor follow a gradually transition between the
two values.

7. Method according to claim 1, wherein the depth of
the image element of the second image is updated,
so that the updated depth of the image element of
the second image element is set to a value between
the depth of the image element of the first image and
the depth of the image element of the second image,
so that the sampling of the second image is done
using the updated depths of the image element of
the second image.

8. Method according to claim 1, wherein the image el-
ement of the first image and the set of the image
elements of the second image are aligned along a
horizontal line of the first image.

9. Method according to claim 1, wherein an image for-
mat of the first image signal is a 2.5D video image
format.

10. Signal rendering system comprising:

- an input module for receiving a first image sig-
nal representing a first image (50) comprising
image data and associated depth data, and fur-
ther comprising:

- a rendering module for spatially filtering
the first image signal to provide a second
image signal, the second image signal rep-
resenting a second image (53), the spatial
filtering comprising a mapping between an
image element (52) of the first image and

an image element (52, 55) of the second
image, a strength of the spatial filter is de-
termined by a difference between a refer-
ence depth of the first image and a depth of
an image element of the first image,
- an output module for sampling the second
image to a plurality of sub-images, each
sub-image being associated with a view di-
rection of the image; wherein the rendering
module is arranged to map the image ele-
ment of the first image into a set of image
elements (55) of the second image and
wherein the strength of the spatial filter is a
size of the set of image elements of the sec-
ond image.

11. Multi-view display device comprising:

- a display panel (1) comprising an array of dis-
play elements (20, 51), the display elements be-
ing arranged in groups, each group being asso-
ciated with a view direction (ϕ) of an image,
- an optical element (2) for directing light emitted
from the display panel, so that light emitting from
a group of display elements is directed into an
angular distribution (30-34) associated with the
view direction of the group, and
- a signal rendering system according to claim
10.

12. Computer program comprising instructions which,
when the program is executed by a computer, cause
the computer to carry out the method of claim 1.

Patentansprüche

1. Verfahren zur Wiedergabe von Bilddaten für ein Mul-
tiview-Display (1), wobei das Verfahren die folgen-
den Schritte umfasst, wonach:

- ein Bildsignal empfangen wird, das ein erstes
Bild (50) darstellt, wobei das erste Bild Bilddaten
und zugeordnete Tiefendaten umfasst, und da-
durch gekennzeichnet ist, dass es weiterhin
die folgenden Schritte umfasst, wonach:
- das erste Bildsignal räumlich gefiltert wird, um
ein zweites Bildsignal bereitzustellen, wobei das
zweite Bildsignal ein zweites Bild (53) darstellt,
wobei die räumliche Filterung eine Zuordnung
zwischen einem Bildelement (52) des ersten Bil-
des und einem Bildelement (52, 55) des zweiten
Bildes umfasst, wobei eine Stärke des räumli-
chen Filters durch eine Differenz zwischen einer
Referenztiefe des ersten Bildes und einer Tiefe
eines Bildelements des ersten Bildes ermittelt
wird,
- das zweite Bild auf mehrere Teilbilder abge-
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tastet wird, wobei jedes Teilbild einer Ansichts-
richtung des Bildes zugeordnet wird; wobei das
Bildelement des ersten Bildes einem Satz von
Bildelementen (55) des zweiten Bildes zugeord-
net wird, und wobei die Stärke des räumlichen
Filters als eine Größe des Satzes von Bildele-
menten des zweiten Bildes ermittelt wird.

2. Verfahren nach Anspruch 1, wobei der räumliche Fil-
ter ein Bandpassfilter ist.

3. Verfahren nach Anspruch 2, wobei der Bandpassfil-
ter aus der Gruppe eines Hochpassfilters, eines Tief-
passfilters sowie einer Kombination aus einem
Hochpassfilter und einem Tiefpassfilter ausgewählt
wird.

4. Verfahren nach Anspruch 1, wobei die Größe des
Satzes von Bildelementen des zweiten Bildes ein
Radius (r) oder ein Ausmaß eines Verteilungsfilters
ist.

5. Verfahren nach Anspruch 1, wobei ein Bildelement
des zweiten Bildes mit einem Sichtfaktor aktualisiert
wird, wobei der Sichtfaktor aus dem Abstand zwi-
schen einem Betrachtungspunkt und einer räumli-
chen Koordinate des Bildelements des ersten Bildes
und einem Abstand zwischen dem Betrachtungs-
punkt und einer räumlichen Koordinate des Bildele-
ments des zweiten Bildes ermittelt wird.

6. Verfahren nach Anspruch 5, wobei der Sichtfaktor
gleich Null ist, wenn das Zielelement näher als ein
erster Mindestabstand zu dem Betrachtungspunkt
als das Quellelement ist, und wobei der Sichtfaktor
gleich 1 ist, wenn das Quellelement näher als ein
zweiter Mindestabstand zu dem Betrachtungspunkt
als das Zielelement ist, und wobei der Faktor einem
graduellen Übergang zwischen den zwei Werten
folgt.

7. Verfahren nach Anspruch 1, wobei die Tiefe des Bil-
delements des zweiten Bildes aktualisiert wird, so
dass die aktualisierte Tiefe des Bildelements des
zweiten Bildes auf einen Wert zwischen der Tiefe
des Bildelements des ersten Bildes und der Tiefe
des Bildelements des zweiten Bildes festgelegt wird,
so dass das Abtasten des zweiten Bildes unter Ver-
wendung der aktualisierten Tiefen des Bildelements
des zweiten Bildes vorgenommen wird.

8. Verfahren nach Anspruch 1, wobei das Bildelement
des ersten Bildes und der Satz der Bildelemente des
zweiten Bildes entlang einer Horizontallinie des ers-
ten Bildes ausgerichtet werden.

9. Verfahren nach Anspruch 1, wobei ein Bildformat
des ersten Bildsignals ein 2.5D-Videobildformat ist.

10. Signalwiedergabesystem, umfassend:

- ein Eingangsmodul zum Empfang eines ersten
Bildsignals, das ein erstes Bild (50) darstellt, das
Bilddaten und zugeordnete Tiefendaten um-
fasst,

und weiterhin umfassend:

- ein Wiedergabemodul zur räumlichen Filterung
des ersten Bildsignals, um ein zweites Bildsignal
bereitzustellen, wobei das zweite Bildsignal ein
zweites Bild (53) darstellt, wobei die räumliche
Filterung eine Zuordnung zwischen einem Bild-
element (52) des ersten Bildes und einem Bild-
element (52, 55) des zweiten Bildes umfasst,
wobei eine Stärke des räumlichen Filters durch
eine Differenz zwischen einer Referenztiefe des
ersten Bildes und einer Tiefe eines Bildelements
des ersten Bildes ermittelt wird,
- ein Ausgangsmodul, um das zweite Bild auf
mehrere Teilbilder abzutasten, wobei jedes Teil-
bild einer Ansichtsrichtung des Bildes zugeord-
net ist, wobei das Wiedergabemodul so einge-
richtet ist, dass es das Bildelement des ersten
Bildes einem Satz von Bildelementen (55) des
zweiten Bildes zuordnet, und wobei die Stärke
des räumlichen Filters eine Größe des Satzes
von Bildelementen des zweiten Bildes darstellt.

11. Multiview-Display, umfassend:

- ein Anzeigefeld (1) mit einem Array von Anzei-
geelementen (20, 51), wobei die Anzeigeele-
mente in Gruppen angeordnet sind, wobei jede
Gruppe einer Ansichtsrichtung (ϕ) eines Bildes
zugeordnet ist,
- ein optisches Element (2), um von dem Anzei-
gefeld emittiertes Licht zu leiten, so dass von
einer Gruppe von Anzeigeelementen emittiertes
Licht in eine der Ansichtsrichtung der Gruppe
zugeordnete Winkelverteilung (30-34) geleitet
wird, sowie
- ein Signalwiedergabesystem nach Anspruch
10.

12. Computerprogramm mit Anweisungen, die, wenn
das Programm durch einen Computer ausgeführt
wird, den Computer veranlassen, das Verfahren
nach Anspruch 1 auszuführen.

Revendications

1. Procédé de rendu de données d’image pour un af-
ficheur multivue (1), le procédé comprenant les éta-
pes consistant à :
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- recevoir un signal d’image représentant une
première image (50), la première image com-
prenant des données d’image et des données
de profondeur associées, et caractérisé en ce
qu’il comprend en outre les étapes consistant à :
- filtrer de manière spatiale le premier signal
d’image pour fournir un second signal d’image,
le second signal d’image représentant une se-
conde image (53), le filtrage spatial comprenant
un mappage entre un élément d’image (52) de
la première image et un élément d’image (52,
55) de la seconde image, une puissance du filtre
spatial est déterminée par une différence entre
une profondeur de référence de la première ima-
ge et une profondeur d’un élément d’image de
la première image,
- échantillonner la seconde image en une plu-
ralité de sous-images, chaque sous-image étant
associée à une direction de vue de l’image ;
dans lequel l’élément d’image de la première
image est mappé dans un ensemble d’éléments
d’image (55) de la seconde image et dans lequel
la puissance du filtre spatial est déterminée
comme étant une taille de l’ensemble d’élé-
ments d’image de la seconde image.

2. Procédé selon la revendication 1, dans lequel le filtre
spatial est un filtre passe-bande.

3. Procédé selon la revendication 2, dans lequel le filtre
passe-bande est choisi dans le groupe comprenant
un filtre passe-haut, un filtre passe-bas et une com-
binaison d’un filtre passe-haut et d’un filtre passe-
bas.

4. Procédé selon la revendication 1, dans lequel la taille
de l’ensemble d’éléments d’image de la seconde
image est un rayon (r) ou une étendue d’un filtre de
distribution.

5. Procédé selon la revendication 1, dans lequel un élé-
ment d’image de la seconde image est mis à jour
avec un facteur de visibilité, le facteur de visibilité
étant déterminé à partir d’une distance entre un point
de vue et une coordonnée spatiale de l’élément
d’image de la première image et d’une distance entre
le point de vue et une coordonnée spatiale de l’élé-
ment d’image de la seconde image.

6. Procédé selon la revendication 5, dans lequel le fac-
teur de visibilité est égal à zéro lorsque l’élément de
destination est plus proche qu’une première distan-
ce minimale du point de vue que l’élément de source,
et dans lequel le facteur de visibilité est égal à 1
lorsque l’élément de source est plus proche qu’une
seconde distance minimale du point de vue que l’élé-
ment de destination, et dans lequel le facteur suit
une transition de manière progressive entre les deux

valeurs.

7. Procédé selon la revendication 1, dans lequel la pro-
fondeur de l’élément d’image de la seconde image
est mise à jour, de telle sorte que la profondeur mise
à jour de l’élément d’image du second élément
d’image soit réglée sur une valeur entre la profon-
deur de l’élément d’image de la première image et
la profondeur de l’élément d’image de la seconde
image, de telle sorte que l’échantillonnage de la se-
conde image soit fait en utilisant les profondeurs mi-
ses à jour de l’élément d’image de la seconde image.

8. Procédé selon la revendication 1, dans lequel l’élé-
ment d’image de la première image et l’ensemble
des éléments d’image de la seconde image sont ali-
gnés le long d’une ligne horizontale de la première
image.

9. Procédé selon la revendication 1, dans lequel un for-
mat d’image du premier signal d’image est un format
d’image vidéo 2.5D.

10. Système de rendu de signal comprenant :

- un module d’entrée permettant de recevoir un
premier signal d’image représentant une pre-
mière image (50) comprenant des données
d’image et des données de profondeur asso-
ciées, et comprenant en outre :
- un module de rendu permettant de filtrer de
manière spatiale le premier signal d’image pour
fournir un second signal d’image, le second si-
gnal d’image représentant une seconde image
(53), le filtrage spatial comprenant un mappage
entre un élément d’image (52) de la première
image et un élément d’image (52, 55) de la se-
conde image, une puissance du filtre spatial est
déterminée par une différence entre une profon-
deur de référence de la première image et une
profondeur d’un élément d’image de la première
image,
- un module de sortie permettant d’échantillon-
ner la seconde image en une pluralité de sous-
images, chaque sous-image étant associée à
une direction de vue de l’image ; dans lequel le
module de rendu est agencé pour mapper l’élé-
ment d’image de la première image dans un en-
semble d’éléments d’image (55) de la seconde
image et dans lequel la puissance du filtre spa-
tial est une taille de l’ensemble d’éléments
d’image de la seconde image.

11. Dispositif d’affichage multivue comprenant :

- un panneau d’affichage (1) comprenant un ré-
seau d’éléments d’affichage (20, 51), les élé-
ments d’affichage étant agencés en groupes,
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chaque groupe étant associé à une direction de
vue (ϕ) d’une image,
- un élément optique (2) permettant de diriger
de la lumière émise à partir du panneau d’affi-
chage, de telle sorte que la lumière en train
d’être émise à partir d’un groupe d’éléments
d’affichage soit dirigée dans une distribution an-
gulaire (30-34) associée à la direction de vue du
groupe, et
- un système de rendu de signal selon la reven-
dication 10.

12. Programme d’ordinateur comprenant des instruc-
tions qui, lorsque le programme est exécuté par un
ordinateur, amènent l’ordinateur à mettre en oeuvre
le procédé de la revendication 1.
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