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Selecting viewpoints for generating additional views in 3D video

FIELD OF THE INVENTION

This invention relates to a method of encoding a video data signal, the method

comprising providing at least a first image of a scene as seen from a first viewpoint,

providing rendering information for enabling the generation of at least one rendered image of

the scene as seen from a rendering viewpoint and generating the video data signal comprising

encoded data representing the first image and the rendering information.

This invention further relates to a method of decoding the video data signal, an

encoder, a decoder, computer program products for encoding or decoding, the video data

signal and a digital data carrier.

BACKGROUND OF THE INVENTION

In the emerging art of three-dimensional (3D) video, various methods exist for

encoding a third dimension into the video data signal. Generally this is done by providing a

viewer's eye with different views of the scene being watched. A popular approach for

representing 3D video is to use one or more two-dimensional (2D) images plus a depth

representation providing information of the third dimension. This approach also allows 2D

images to be generated with different viewpoints and viewing angles than the 2D images

which are included in the 3D video signal. Such an approach provides a number of

advantages including allowing further views to be generated with relatively low complexity

and providing an efficient data representation thereby reducing, e.g., storage and

communication resource requirements for 3D video signals. Preferably, the video data is

extended with data that is not visible from the available viewpoints, but becomes visible from

a slightly different viewpoint. This data is referred to as occlusion or background data. In

practice, the occlusion data is generated from multiview data obtained by capturing a scene

with multiple cameras at different viewpoints.

It is a problem of the above described approaches that the availability of data

for reconstructing de-occluded objects in newly generated views may differ from frame to

frame and even within a frame. As a result, the quality of images generated for different

viewpoints may vary.



OBJECT OF THE INVENTION

It is an object of the invention to provide a method of encoding a video data

signal as described in the opening paragraph, which method enables generating higher quality

images with different viewpoints.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, this object is achieved by

providing a method of encoding a video data signal, the method comprising providing at least

a first image of a scene as seen from a first viewpoint, providing rendering information for

enabling the generation of at least one rendered image of the scene as seen from a rendering

viewpoint, providing a preferred direction indicator, defining a preferred orientation of the

rendering viewpoint relative to the first viewpoint, and generating the video data signal

comprising encoded data representing the first image, the rendering information and the

preferred direction indicator.

As explained above, the quality of images generated from different viewing

points is related to the availability of data needed for reconstruction of de-occluded objects.

Consider the situation wherein data is available for shifting the view point to the left, but not

for shifting the view point to the right. Consequently, shifting the viewpoint to the left may

lead to a generated image with a different quality than shifting the viewpoint to the right.

A similar difference in quality may occur when insufficient de-occlusion

information or no occlusion information is available for filling in de-occluded areas. In such

a case the de-occluded areas may be filled in using so-called hole-filling algorithms.

Generally such algorithms interpolate information from the direct vicinity of the de-occluded

area. Consequently, shifting the viewpoint to the left may lead to a generated image with a

different quality than shifting the viewpoint to the right.

Such differences in quality are not only influenced by the availability of

required data, but also by the size and the nature of the surface area being de-occluded when

shifting the viewpoint. As a result, the quality of a 3D video or image may vary according to

the newly selected viewpoint. It could, e.g., matter whether a new view is generated at the

left side or at the right side of the viewpoint of the already available first image.

According to the invention, it is a solution to generate a preferred direction

indicator and to include it in the video signal. The preferred direction indicator defines a

preferred orientation of the rendering viewpoint for an additional view relative to the original



viewpoint of the image already included in the video signal. When the video signal is

decoded, the preferred direction indicator can be used for selecting the rendering viewpoint

and generating the rendered image of the scene from the selected viewpoint.

The video data signal may comprise a preferred direction indicator for every

frame, every group of frames, every scene, or even for an entire video sequence. Encoding

such information on a per frame basis rather than on a coarser granularity enables random

access; e.g. for supporting trick play. As often the preferred rendering indicator is constant

for various frames and the size of the encoded video signal is typically relevant, the amount

of duplicate indicators may be reduced by instead encoding the information on group of

frame basis. An even more efficient encoding is to encode the preferred direction on a per

scene basis as preferably the preferred direction of rendering is kept the same throughout a

scene, thereby warranting continuity within a scene.

Optionally when the size of the encoded signal is less critical information may

be encoded on frame, group of frame and scene level alike, as long as all indicators are set in

conformity with one another.

As changes in the choice of the rendering viewpoint may affect perceived

continuity of the content at rendering, the preferred direction indicator is preferably kept

constant for several frames. It may e.g. be kept constant throughout a group of frames or

alternatively throughout a scene. It is noted that even when the preferred direction indicator is

kept constant for several frames, it may still be advantageous to encode the constant preferred

direction indicator on a smaller granularity than strictly necessary to facilitate random access.

The preferred orientation may be left, right, up, down or any combination of

those directions. In addition to an orientation, a preferred distance or preferred maximum

distance may be provided together with the preferred direction indication. If sufficient

information about occluded objects and/or depth values of objects in the first image is

available, it may be possible to generate multiple high quality additional views from

viewpoints which may be further away from the original viewpoint.

The rendering information may, e.g., comprise occlusion data representing

background objects being occluded by foreground objects in the first image, a depth map

providing depth values of objects in the first image or transparency data for these objects.

The preferred direction indicator indicates for which possible rendering

viewpoint the best rendering information is available. For more information relating to the

rendering of layered depth images, see e.g. International Application WO2007/063477,

hereby incorporated by reference. For more information regarding hole filling algorithms for



use in filling de-occluded regions when rendering layered depth images, see e.g.

WO2007/099465, hereby incorporated by reference.

According to a further aspect of the invention, a method of decoding a video

data signal is provided, the video data signal comprising encoded data representing a first

image of a scene as seen from a first viewpoint, rendering information for enabling the

generation of at least one rendered image of the scene as seen from a rendering viewpoint and

a preferred direction indicator, defining a preferred orientation of the rendering viewpoint

relative to the first viewpoint. The method of decoding comprises receiving the video data

signal, in dependence of the preferred direction indicator selecting the rendering viewpoint,

and generating the rendered image of the scene as seen from the selected rendering

viewpoint.

These and other aspects of the invention are apparent from and will be

elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 shows a block diagram of a system for encoding video data according to

the invention,

Fig. 2 shows a flow diagram of an encoding method according to the

invention,

Fig. 3 shows a block diagram of a system for decoding video data according to

the invention, and

Fig. 4 shows a flow diagram of a decoding method according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a block diagram of a system for encoding video data according

to the invention. The system comprises two digital video cameras 11, 12 and an encoder 10.

The first camera 11 and the second camera 12 record the same scene 100, but from a slightly

different position and thus also from a slightly different angle. The recorded digital video

signals from both video cameras 11, 12 are sent to the encoder 10. The encoder may, e.g., be

part of a dedicated encoding box, a video card in a computer or a software implemented

function to be executed by a general purpose microprocessor. Alternatively, the video

cameras 11, 12 are analog video cameras and the analog video signals are converted to digital

video signals before they are provided as input for the encoder 10. If the video cameras are



coupled to the encoder 10, the encoding may take place during the recording of the scene

100. It's also possible to record the scene 100 first and to provide the recorded video data to

the encoder 10 later.

The encoder 10 receives the digital video data from the video cameras 11, 12,

either directly or indirectly, and combines both digital video signals into one 3D video signal

15. It is to be noted that both video cameras 11, 12 may be combined in one 3D video

camera. It is also possible to use more than two video cameras to capture the scene 100 from

more than two viewpoints.

Figure 2 shows a flow diagram of an encoding method according to the

invention. This encoding method may be performed by the encoder 10 of the system of figure

1. The encoding method uses the recorded digital video data from the cameras 11, 12 and

provides a video data signal 15 according to the invention. In base image providing step 21,

at least a first image of the scene is provided for inclusion in the video data signal 15. This

base image may be standard 2D video data coming from one of the two cameras 11, 12. The

encoder 10 may also use two base images; one from the first camera 11 and one from the

second 12. From the base images, color values of all pixels in each frame of the recorded

video can be derived. The base images represent the scene at a certain moment in time as

seen from a specific viewpoint. In the following, this specific viewpoint will be called the

base viewpoint.

In 3D enabling step 22, the incoming video data from the video cameras 11,

12 is used to add information to the base image. This added information must enable a

decoder to generate a rendered image of the same scene from a different viewpoint. In the

following, this added information is called rendering information. The rendering information

may, e.g., comprise depth information or transparency values of objects in the base image.

The rendering information may also describe objects that are blocked from being viewed

from the base viewpoint by objects visible in the base image. The encoder uses known,

preferably standardized, methods for deriving this rendering information from the recorded

regular video data.

In direction indicating step 23, the encoder 10 further adds a preferred

direction indicator to the rendering information. The preferred direction indicator defines a

preferred orientation of the rendering viewpoint for an additional view relative to the base

viewpoint. When, later on, the video signal is decoded, the preferred direction indicator can

be used for selecting the rendering viewpoint and generating the rendered image of the scene

100 from the selected viewpoint. As described above, the quality of a 3D video or image may



vary according to the newly selected viewpoint. It could, e.g., matter whether a new view is

generated at the left side or at the right side of the viewpoint of the already available first

image. The preferred direction indicator which is added to the rendering information may,

e.g., be a single bit indicating a left or right direction. A more advanced preferred direction

indicator may also indicate an up or down direction and/or a preferred or maximum distance

of the new viewpoint relative to the base viewpoint.

Alternatively, the preferred direction indicator may provide a preferred

orientation and/or distance of multiple rendering viewpoints relative to the first viewpoint.

For example, it may be preferred to generate two rendering viewpoints at the same side of the

first viewpoint or one at each side. The preferred position(s) of the rendering viewpoint(s)

relative to the first viewpoint may depend on the distance between those two points. It may,

e.g., be better to render an image from a viewpoint at the left side of the first viewpoint when

both viewpoints are close together; while for larger distances between both viewpoints to the

left side of the first viewpoint may be more suitable for generating the rendering viewpoint.

The decision as to which particular direction is more favorable may be

determined automatically; e.g. when encoding a stereo pair as a layered depth image, using

an image, depth and occlusion representation, it is possible to use either the left or right

image as the image of the layered depth image, and to reconstruct the other image based

thereon. Subsequently a difference metric can be computed for both alternatives and the

preferred encoding and therewith direction can be determined based thereon.

Preferably the differences are weighted based on a model of the human visual

perceptive system. Alternatively, in particular within a professional setting the preferred

direction could be selected based on user-interaction.

In signal generating step 24, the information provided in the previous steps 21,

22, 23 is used for generating a video data signal 15 according to the invention. The video data

signal 15 at least represents the first image, the rendering information and the preferred

direction indicator. A preferred direction indicator may be provided for each frame, for a

group of frames or for a complete scene or even a complete video. Changing the position of

the rendering viewpoint during a scene may have a negative influence on the perceived 3D

image quality, but may on the other hand be necessary if the availability of rendering

information for different directions changes considerably.

Figure 3 shows a block diagram of a system for decoding video data according

to the invention. The system comprises a decoder 30 for receiving the video data signal 15

and converting the video data signal 15 into a display signal which is suitable for being



displayed by a display 31. The video data signal 15 may reach the decoder 30 as part of a

broadcasted signal, e.g., via cable or satellite transmission. The video data signal 15 may also

be provided on request, e.g., via the Internet or via a video-on-demand service. Alternatively,

the video data signal 15 is provided on a digital data carrier, such as a DVD or Blu-ray disc.

The display 3 1 is capable of providing a 3D presentation of the scene 100 that

was captured and encoded by the encoder 10 of the system of figure 1. The display 3 1 may

comprise the decoder 30 or may be coupled to the decoder 30. For example, the decoder 30

may be part of a 3D video receiver which is to be coupled to one or more normal television

or computer displays. Preferably, the display is a dedicated 3D display 3 1 capable of

providing different views to different eyes of a viewer.

Figure 4 shows a flow diagram of a decoding method as it may be performed

by the decoder 30 of figure 3 . In video data receiving step 41, the video data signal 15

encoded by the encoder 10 is received at an input of the decoder 30. The received video data

signal 15 comprises encoded data representing at least the first image of the scene 100,

rendering information and the preferred direction indicator.

In additional viewpoint selection step 42, the preferred direction indicator is

used for selecting at least one additional viewpoint for a respective additional view. In

additional view rendering step 43, one or more additional views from the selected viewpoint

or viewpoints are generated. In display step 44, two or more views from different viewpoints

may then be provided to the display 31 for showing the scene 100 in 3D.

It will be appreciated that the invention also extends to computer programs,

particularly computer programs on or in a carrier, adapted for putting the invention into

practice. The program may be in the form of source code, object code, a code intermediate

source and object code such as partially compiled form, or in any other form suitable for use

in the implementation of the method according to the invention. It will also be appreciated

that such a program may have many different architectural designs. For example, a program

code implementing the functionality of the method or system according to the invention may

be subdivided into one or more subroutines. Many different ways to distribute the

functionality among these subroutines will be apparent to the skilled person. The subroutines

may be stored together in one executable file to form a self-contained program. Such an

executable file may comprise computer executable instructions, for example processor

instructions and/or interpreter instructions (e.g. Java interpreter instructions). Alternatively,

one or more or all of the subroutines may be stored in at least one external library file and

linked with a main program either statically or dynamically, e.g. at run-time. The main



program contains at least one call to at least one of the subroutines. Also, the subroutines may

comprise function calls to each other. An embodiment relating to a computer program

product comprises computer executable instructions corresponding to each of the processing

steps of at least one of the methods set forth. These instructions may be subdivided into

subroutines and/or be stored in one or more files that may be linked statically or dynamically.

Another embodiment relating to a computer program product comprises computer executable

instructions corresponding to each of the means of at least one of the systems and/or products

set forth. These instructions may be subdivided into subroutines and/or be stored in one or

more files that may be linked statically or dynamically.

The carrier of a computer program may be any entity or device capable of

carrying the program. For example, the carrier may include a storage medium, such as a

ROM, for example a CD ROM or a semiconductor ROM, or a magnetic recording medium,

for example a floppy disc or hard disk. Further the carrier may be a transmissible carrier such

as an electrical or optical signal, which may be conveyed via electrical or optical cable or by

radio or other means. When the program is embodied in such a signal, the carrier may be

constituted by such cable or other device or means. Alternatively, the carrier may be an

integrated circuit in which the program is embedded, the integrated circuit being adapted for

performing, or for use in the performance of, the relevant method.

It should be noted that the above-mentioned embodiments illustrate rather than

limit the invention, and that those skilled in the art will be able to design many alternative

embodiments without departing from the scope of the appended claims. In the claims, any

reference signs placed between parentheses shall not be construed as limiting the claim. Use

of the verb "comprise" and its conjugations does not exclude the presence of elements or

steps other than those stated in a claim. The article "a" or "an" preceding an element does not

exclude the presence of a plurality of such elements. The invention may be implemented by

means of hardware comprising several distinct elements, and by means of a suitably

programmed computer. In the device claim enumerating several means, several of these

means may be embodied by one and the same item of hardware. 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.



CLAIMS:

1. A method of encoding a video data signal (15), the method comprising:

providing at least a first image (21) of a scene (100) as seen from a first

viewpoint,

providing rendering information (22) for enabling the generation of at least

one rendered image of the scene (100) as seen from a rendering viewpoint,

providing a preferred direction indicator (23), defining a preferred orientation

of the rendering viewpoint relative to the first viewpoint, and

generating (24) the video data signal (15) comprising encoded data

representing the first image, the rendering information and the preferred direction indicator.

2 . A method of encoding a video data signal (15) as claimed in claim 1, wherein

the preferred direction indicator comprises a single bit for defining whether the preferred

orientation of the rendering viewpoint relative to the first viewpoint is to the left or to the

right of the first viewpoint.

3 . A method of encoding a video data signal (15) as claimed in claim 1, wherein

the a preferred direction indicator is encoded in the video data signal (15) using at least one

of the following options:

a preferred direction indicator is encoded for every frame;

- a preferred direction indicator is encoded for every group of frames; and

a preferred direction indicator is encoded for every scene.

4 . A method of encoding a video data signal (15) as claimed in claim 3, wherein

the value of the preferred direction indicator is constant for one of:

- a group of frames and

a scene.



5 . A method of encoding a video data signal (15) as claimed in anyone of claims

1, 2, 3, or 4 wherein the preferred orientation is dependent on a distance between the first

viewpoint and the rendering viewpoint.

6 . A method of encoding a video data signal (15) as claimed in anyone of claims

1, 2, 3, or 4 wherein the rendering information comprises depth indication values for pixels in

the first image.

7 . A method of encoding a video data signal (15) as claimed in anyone of claims

1, 2, 3, or 4 wherein the rendering information comprises alpha values for pixels in the first

image, the alpha values indicating a transparency of the respective pixels.

8. A method of encoding a video data signal (15) as claimed in anyone of claims

1, 2, 3, or 4 wherein the rendering information comprises occlusion data representing data

being occluded from the first viewpoint.

9 . A method of decoding a video data signal (15), the video data signal (15)

comprising encoded data representing a first image of a scene (100) as seen from a first

viewpoint, rendering information for enabling the generation of at least one rendered image

of the scene (100) as seen from a rendering viewpoint and a preferred direction indicator,

defining a preferred orientation of the rendering viewpoint relative to the first viewpoint, the

method comprising:

receiving the video data signal (41),

in dependence of the preferred direction indicator, selecting the rendering

viewpoint (42), and

generating (43) the rendered image of the scene (100) as seen from the

selected rendering viewpoint.

10. An encoder (10) for encoding a video data signal (15), the encoder

comprising:

means for providing at least a first image of a scene (100) as seen from a first

viewpoint, rendering information for enabling the generation of a rendered image of the

scene (100) as seen from a rendering viewpoint and a preferred direction indicator, defining a

preferred orientation of the rendering viewpoint relative to the first viewpoint,



means for generating the video data signal (15) comprising encoded data

representing the first image, the rendering information and the preferred direction indicator,

and

an output for providing the video data signal (15).

11. A decoder (30) for decoding a video data signal (15), the decoder (30)

comprising:

an input for receiving a video data signal (15), the video data signal (15)

comprising encoded data representing a first image of a scene (100) as seen from a first

viewpoint, rendering information for enabling the generation of a rendered image of the

scene (100) as seen from a rendering viewpoint and a preferred direction indicator, defining a

preferred orientation of the rendering viewpoint relative to the first viewpoint,

means for, in dependence of the preferred direction indicator, selecting the

rendering viewpoint,

means for generating the rendered image of the scene (100) as seen from the

selected rendering viewpoint, and

an output for providing the rendered image.

12. A computer program product for encoding a video data signal, which program

is operative to cause a processor to perform the method as claimed in claim 1.

13. A computer program product for decoding a video data signal, which program

is operative to cause a processor to perform the method as claimed in claim 9 .

14. A video data signal (15) comprising encoded data representing:

at least a first image of a scene (100) as seen from a first viewpoint,

rendering information for enabling the generation of a rendered image of the

scene (100) as seen from a rendering viewpoint, and

a preferred direction indicator, defining a preferred orientation of the rendering

viewpoint relative to the first viewpoint.

15. A digital data carrier having encoded thereon a video data signal (15) as

claimed in claim 14.
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