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1 Introduction

As part of the Study Item on “Improved Video Coding Support” (S4-100379), stereoscopic video for mobile devices is evaluated. Compared to Broadcast TV where stereoscopic video is displayed on a large TV screen, stereoscopic video for mobile devices is displayed on much smaller 3D displays.

How 3D is perceived on such smaller 3D display is a topic of investigation. Typically, stereoscopic video is produced for larger screens. It is of special interest to investigate how such kind of content is perceived on a mobile device in terms of 3D i.e. depth impression.

In this contribution, the impact of the screen size on 3D perception is discussed closely following the thoughts and considerations in [1].
2 Impact of screen size on stereoscopic video

2.1 Geometry of stereoscopic video

In case of stereoscopic video, two separate images (one for the left eye and one for the right eye) are provided. Figure 1 shows the basic geometry in case of stereoscopic video and how the depth of an object is perceived. 

[image: image6.png]Figure 3: Scene from Figure 2, as perceived on a screen of half size





Figure 1
Geometry of stereoscopic video (from [1]).
Using simple geometry, the following formula using the symbols from Figure 1 is derived
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(1).
The formula shows that the perceived depth is inversely proportional to the separation of the renditions. Scaling the separation (as in the case of a display size reduction) does not have a linear impact on the depth at which the object is perceived.

2.2 Depth range
Figure 2 shows the perceived depth placement for several objects based on the separation of the left and right rendition of the objects. Each object is also labelled with the separation of its left and right renditions on the screen as a multiple of eye separation. From (1), it can be noted that an object with rendition separation s=e would appear at infinite depth. 
Typically, objects in a scene appear in a certain depth range. Placing objects at the border or outside the depth range will limit the comfort of the viewing experience. 
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Figure 2
Depth placements of objects and the related left-right separations (from [1])
2.3 Effect of display size changes
Now, the stereoscopic image pair is displayed on a screen with a reduced size. Since the screen size scales, the separations of the object renditions scale, and so the perceived depth of the objects.

Figure 3 shows the effect on the depth range when the objects are displayed on a screen half of the size, showing the objects at their newly labelled positions. One result of this scaling is that objects that were previously at infinity are moved to a depth of 2t2 (this is shown as ∞ in Figure 3), where t2 is the viewing distance from the scaled screen. 
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Figure 3
Scene from Figure 2, as perceived on a screen of half size (from [1]).
As seen from Figure 3 reducing the screen size compresses the depth range. The perceived depths for the original and half screen sizes are listed in Table 1. 
It should be noted that due to the reduced screen size the viewing distance t2 is significantly smaller than the viewing distance t1.
	Object
	Separation
	Depth

	
	
	Original size
	Half size

	A
	-e/2
	2t1/3
	4t2/5

	B
	-e/4
	4t1/5
	8t2/9

	C
	0
	t1
	t2

	D
	+e/4
	4t1/3
	8t2/7

	E
	+e/2
	2t1
	4t2/3

	F
	+2e/3
	3t1
	3t2/2

	∞
	e
	∞
	2t2 


Table 1
Variation in perceived depth as screen size scales
2.4 Discussion

Looking at the results from Figure 3 and Table 1 the following effects are observed when the screen size is reduced:

· All objects seem to move towards the screen.
· Distant objects move closer (e.g. from ∞ to 2t2)
· Depth range is non-linear compressed
· An object traveling with constant speed towards the viewer seems to change speed (accelerating when approaching screen, slowing down when moving away from screen)

· Impossible to place objects at infinity distance

· “Close” objects move even closer to the viewer (and also to the screen)

· Objects may move out of stereoscopic comfort zone.

Taken these effects into account, corrections of object separations may be necessary to improve the perceived depth of stereoscopic video content, if content that is produced for a larger screen is displayed on the 3D display of a mobile device. Proposals for such depth correction can be found in [1]. 
3 Proposal

It is proposed to add Section 2 to the Draft TR about “Improved Video Codec Support”.
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[image: image4.png]Figure 2: Depth placement of objects and the related left-right separation
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Figure 1: S3DTV Geometry Diagram
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