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Abstract

The request is to accommodate in H264 for this depth map format to be included together with the 2D video. It is proposed to do this making use of the auxiliary pictures mechanism.

Depth Map Stream Format

Introduction to depth map streams

Image plus depth provides a suitable data format for 3D stereoscopic video. The format can be used to create images for both glasses-based displays and multiview auto-stereoscopic displays in a large variety of products, ranging from large, very high quality television sets to tiny mobile devices. 

Important issues are:

· Allow for low overhead of the depth information compared to the 2D video stream (2-10% range)

· Simple solution (quick, cheap)

· Display independency

· Backward compatibility with 2D video services

· Re-use of existing standards as much as possible

· Enable for adjustable depth-effect at display

· Enable for adjustable depth location at display

Picture depth

· Depth range

This specification defines depth relative to the 2D picture size by means of two parameters, kfar and knear. These parameters specify the range of the depth information behind and in front of the picture, respectively, in terms of the picture width W. The maximum depth behind the picture the picture is defined by 
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For example, if kfar = 8 and if knear = 2, then the depth within the picture can vary between 8W behind the picture and 2W in front of the picture. 

For the parameters kfar and knear the default values kfar = 8 and knear = 2 are defined; this accommodates the need for a depth range behind the picture larger that is larger than the range in front of the picture. However, other values may be conveyed by means beyond the scope of this Specification that take priority over the default values. 

This Specification does not specify how to render the 2D picture with the associated depth information on the screen. In some cases it may be desirable to modify the kfar and knear values. For example, 2D video and the associated depth information with its kfar and knear values may be prepared for display without subtitles, but when subtitles are positioned on top of the 2D picture with depth, it may be desirable to position the subtitles in the 3D space on the screen, and to set knear = 0, so as to make sure that the whole picture is displayed behind the screen, and thereby not in front of the subtitles. Note that setting of knear = 0 can be done at service level (e.g. prior to broadcast) and in the receiver, depending on who is in control of the subtitling. Also, it may be desirable from user perspective to modify the kfar and knear values, for example to accommodate a different viewing distance. 
· Depth representation

The actual 8 bit depth values are determined by linear interpolation between 
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 denote the 8-bit per pixel coded depth information. The value 
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Coding of picture depth 

The 8 bit depth information of a picture is coded as a luminance signal by means of a aux channel.

Metadata requirements for depth map streams

To correctly decode a depth map stream there may be a need to convey metadata by means beyond the scope of this Specification to specify the range of the depth information and the applied sub-sampling ratios. For this purpose, the use of the following parameters is recommended:

· nkfar, a 1 byte unsigned integer specifying kfar as follows: kfar = nkfar / 32;

· nknear, a 1 byte unsigned integer specifying knear as follows: knear = nkfar / 128.

The use of these parameters is summarized in table 1.

	Name
	Type
	Length (bytes)
	Condition for mandatory availability

	Nkfar
	Unsigned integer
	1
	Default depth range for kfar does not apply 

	Nknear
	Unsigned integer
	1
	Default depth range for knear does not apply


Table 1: List of metadata to correctly decode a depth map stream.


Usage of depth map streams for stereo and multiview auto-stereoscopic viewing

Screen parallax

Given an image I and a depth map z, a new image for a new viewpoint on the display can be created by shifting the camera. Figure A-1 illustrates the geometry. The origin of the coordinate system is taken at the display. The problem can be seen as the x-axis being a frosted glass and how the object is mapped onto the frosted glass as seen from the 2 different viewpoints. 

The z-coordinate is pointing towards the viewer. Lets assume that the central image will be viewed by the left-eye which is located at 
[image: image15.wmf])

,

0

(

D

. A right-eye image can now be created by selecting a new viewpoint at location 
[image: image16.wmf])

,

(

B

D

x

. Figure 1 shows that the same object point 
[image: image17.wmf](

)

p

p

,

z

x

 is now shifted to the right on the picture. This effect is called screen parallax.
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Figure A-1: Stereoscopic viewing.

Let 
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 denote the image coordinate of the left-eye view and let 
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 denote the coordinate of the right-eye view. Using equal triangles, we can write
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and
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Subtracting the left hand side of (2) from the left hand side of (A1) and the right hand side of (A2) from the right hand side of (A1) we obtain:
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The parallax 
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 can be solved from equation (A3):

                                                                     
[image: image25.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

-

=

p

B

1

z

D

D

x

p
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The parallax is a non-linear function of the z-coordinate. Equation (A4) specifies how much screen parallax should be displayed for a given depth 
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 if we are given a fixed viewing distance 
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Instead of an exact non-linear relation between parallax and depth for obtaining a ‘good’ depth impression, a linear approximation for equation (A4) is derived here. This linear approximation may yield an advantage when implementing the algorithm in a computer. It is known that  
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for 
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. The division in (A4) can therefore be approximated by
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for 
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. This yields the following linear approximation for the relation between screen parallax and depth:
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According to equation (A7), screen parallax is proportional to depth. Figure 2 compares the approximate relation between parallax and depth of equation (A7) with the exact relation of equation (A4). A typical eye separation of 
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 cm was selected as baseline and a typical living room viewing distance of 
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 cm was used to generate figure A-2. In such environment it is expected that for comfortable viewing, objects will not be displayed more than 50 cm in front of the display. It can be seen that the distortion in depth due to the linear relation between parallax and depth is than rather limited. Note that the effect of a non-linear distortion of the depth effect is unknown.
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Figure A-2: Comparison of approximation (broken line) with the exact (solid line) relation between screen parallax and depth. A baseline of 
[image: image37.wmf]6

B

=

x

 cm and a viewing distance of 
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 cm were used to produce this graph.

Deriving screen parallax from a depth value

Conversion to parallax (non-linear case)

Solving equation (4) for 
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The parallax as a function of 
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 can now be solved for the non-linear case. Combining equation (2) and equation (A-8) gives:
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Conversion to parallax (linear case)

For the linear approximation in equation (A7), the parallax as a function of 
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 becomes:
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Let 
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be the width of the display  [m] and 
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 the number of horizontal pixels of the display.

We can now calculate the parallax 
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 expressed in units of pixels:
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using the approximation  of equation (A10) we get for the pixel parallax:
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From equation (A9) and (A11) also the exact parallax 
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 can be calculated:
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Multiview rendering

This is relevant for display systems with shutter glasses and headtracking and for auto-stereoscopic displays such as lenticular displays.

The variable 
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 can be introduced to accommodate the varying views in a multiview-view autostereoscopic system.  The parallax in the first view must be multiplied with the integers 
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 to obtain the parallax of the other views:
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where 
[image: image55.wmf]v

n

is the number of fractional views per stereo pair.
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