- 2 -

TD 340 Rev.1 (GEN/9)


	INTERNATIONAL TELECOMMUNICATION UNION
	STUDY GROUP 9

	TELECOMMUNICATION
STANDARDIZATION SECTOR

STUDY PERIOD 2009-2012
	TD 340 Rev.1 (GEN/9)

	
	English only

Original: English

	Question(s):
	12/9
	Geneva 3-11 December, 2013

	TD

	Source:
	Editors

	Title:
	Output – Draft New Recommendation- P.3D-fatigue “Assessment methods of visual fatigue and safety guideline for 3D video” 


Note: This document represents the output from Q12/9 session during SG 9 meeting, 3-11 December 2013. It provide revisions based on the previous TD 846 (GEN/9). Note that the series was changed  from J.3D-fatigue to P.3D-fatigue.
----------------<Recommendation No.>
Draft New Recommendation P.3D-fatigue: Assessment methods of visual fatigue and safety guideline for 3D video
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Summary

This Recommendation addresses issues related to visual fatigue and safety guideline of 3D video. Issues addressed include 3D video characteristics that cause visual fatigue, symptoms of visual fatigue, viewing environment considerations, and viewing time considerations.
Keywords
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Introduction
3DTV systems are based binocular disparity. Basic 3D technologies provide two images only, regardless of viewer's head position. Other more developed systems (multi-view) provide a greater number of images, but with the same purpose of providing each eye with separate point source images, but which can change depending on the viewer's head position
1
Scope

This Recommendation describes the causes and symptoms of 3D visual fatigue, including problems caused by watching stereoscopic television. This information is primarily intended to be used for the design and conduct of subjective assessment of the video or audiovisual quality of 3D video. It is appropriate for all 3D viewing experiences. 
1.1
 Limitations
This Recommendation includes guidance on recognizing visual fatigue symptoms and identifying 3D programming clip characteristics that may cause visual fatigue. 

This Recommendation excludes objective assessment methods of 3D visual fatigue, because there is a lack of 3D subjective data. The following five topics are beyond the scope of this Recommendation given the current status of research into assessment methods for 3D visual fatigue: depth resolution, depth motion, crosstalk, discrepancy between eye convergence and accommodation, and interpupillary distance.
2
References
None.
3
Definitions






None.
3.2
Terms defined in this Recommendation

This Recommendation defines the following terms:

3.2.1
Binocular disparity - the difference between the pictures seen by the left and right eyes. This can be the strongest depth cue for close objects and has a strong influence on the “potency” of the image. 

3.2.2
Depth cues: Visual clues indicating relative distances between the observer and viewed objects. Depth cues include occlusion (objects hidden behind other objects), relative sizes of known objects, vanishing point perception, and others. Depth cues, except for binocular disparity, are provided in monocular planar images (SDTV, HDTV, and UHDTV).

3.2.3
Depth distortion or “Cardboard effect”: the imaging and display conditions may reduce the reproduction magnification ratio of depth directions and distort the perception of objects with visually imperceptible thickness. The 3-D positions of stereoscopic objects are perceived stereoscopically but they appear unnaturally thin.

3.2.4
Depth motion: a factor related to whether motion or movement along depth direction is reproduced smoothly.

3.2.5
Depth resolution: spatial resolution in depth direction. Coarse resolution in depth direction may reduce picture quality in 3D television.

3.2.6
Frame effect: 3D pictures appear highly unnatural when objects positioned in front of the screen approach the screen frame. This unnatural effect is called “the frame effect”. The effect is generally reduced with a larger screen, because observers are less conscious of the existence of the frame when the screen is larger.
3.2.7
Size distortion or “Puppet theatre effect”: the reproduction magnification ratio of an object at the shooting distance (the perceived size) varies with the imaging and display conditions. The resulting distortion in size may make an object be perceived as unnaturally small.
4
Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

ABV
Abnormal Binocular Vision
5
Conventions

None.







6
3D Video Content Guidelines
The sensation of reality a viewer sees depends on the combination of quality factors such as resolution, sharpness, color-fidelity, and a group of quality factors termed “depth cues”. The quality factors define the potential for the sensation of reality, but the actual sensation of reality achieved depends on the combination of the quality factors and the scene content itself. The scene content must 'exploit' the quality factors for their effects to be seen.   
Excessive disparity/parallax causes visual discomfort possibly, because it worsens the conflict between accommodation and vergence. Therefore, it has been suggested that to minimize the accommodation-vergence conflict, the disparities in the stereoscopic image should be small enough so that the perceived depths of objects fall within a “comfort zone”. 

The stereoscopic test content should be normally comfortable to watch. The visual comfort of stereoscopic images depends critically upon the disparity contained in the image. The visual comfort of stereoscopic images depends also upon the subject’s inter-pupilary distance and the viewing distance.

The following safety guidelines are recommended for filming, production, and selection of stereoscopic 3D video content. 

· Fast spatial and temporal changes of disparity in stereoscopic 3D content should be avoided. The fast change of binocular disparity may induce visual discomfort accompanied by symptoms such as focusing difficulty and eye strain.
· To prevent visual discomfort, excessive disparity of stereoscopic 3D content should be avoided. Excessive binocular disparity may induce visual discomfort accompanied by symptoms such as focusing difficulty and eye strain. 

· Image content with rotating or lateral shaking may induce the sensation of self-motion (visually induced self-motion sensation). 
· Viewers may not feel comfortable viewing left and right images that have size, verticality, inclination, and brightness differences. Cross-talk between the left and right images may also have an impact on viewing comfort.
These safety guidelines may be ignored for brief periods of time, for creative purposes. 
Thresholds for disparity should be expressed in angular degrees of the viewing angle.
All 3DTV systems displayed on a screen in a single plane (such as a television screen) have limitations for a number of reasons. One of them is the potential conflict between convergence (the object that they eyes point themselves towards) and accommodation (the point on which the lens of the eye focuses) which the two signals gives rise to. The human eye focuses on an object according to the distance to that object. At the same time, we also control the convergence point (gaze point) on the object. Therefore, there is no inconsistency between accommodation and convergence in our everyday life. However when viewing 3D images, the focus point (accommodation) must always be fixed on the screen, independent of the convergence point which is derived from the disparity of the signals. Otherwise, the observer cannot focus clearly. Thus, an inconsistency between accommodation and convergence is introduced in 3D systems Optimizing 3D systems is the process of minimizing the effects of the limitations.
Visual fatigue caused by viewing stereoscopic motion images is a particular safety concern. Viewers’ repeated adaptation to the discrepancy between eye convergence and accommodation causes a decline of their visual functions and results in visual fatigue.
Attention should be paid to the distribution of parallaxes in the stereoscopic images. From the correlations between psychological factors and the parallax distribution, we can grasp the essential characteristics of stereoscopic images, e.g., the sense of presence they convey and their ease of viewing. The parallax distribution of stereoscopic images is discontinuous during scene-change frames, where the scene depth and perceived convergence distance change. We need to evaluate how these changes affect the visual discomfort experienced during viewing of stereoscopic images.
How to compute Depth of Field (DoF) is an area for further study. Subjective tests show the “comfort zone” is delimited by the Depth of Field (DoF) of the human eye. For typical 3DTV viewing conditions, DoF=±0.2 diopters is used as a common threshold. To reduce bias due to the presence or feeling of visual discomfort on 3D source test material, it would be interesting to calculate the depth range of each scene in diopter unit to know whether the scene is in accordance with the comfort zone requirement. The depth range around the screen plane can be calculated in diopter unit knowing the maximum crossed and uncrossed horizontal disparities and the viewing conditions.
7
3D Viewer Guidelines
7.1
The Influence of Stereopsis and Abnormal Binocular Vision (ABV)
Subjects with abnormal binocular vision such as strabismus, amblyopia, and anisometropia have decreased 3D perception (e.g., more difficulty perceiving 3D).
Among people with ABV, subjects that have a normal degree of stereopsis are more sucsceptible to 3D fatigue than subjects that have poor stereopsis. This includes 3D fatigue symptoms such as dizziness, headaches, eye fatigue, and pain. A normal degree of stereopsis is for example good stereopsis as measured with a Titmus stereofly test. 
If a person cannot perceive 3D, or feels severe 3D fatigue while watching 3D content, he or she should consult ophthalmologic specialists for evaluation of abnormal binocular vision. However, badly produced 3D content will cause 3D fatigue in everyone.  
Visual functions vary greatly from person to person, so it is essential to understand that there are individual differences before subjective assessment begins. For instance, there are limits to the binocular parallax of left and right images which a person can fuse into one image; when the parallax exceeds these limits, a double image is perceived. In this situation, depth perception collapses and viewing becomes extremely uncomfortable. For this reason, it is necessary to know the range of binocular parallax over which two images can be fused into one. However, individual differences are vast and will necessitate a study of the stereopsis function of many people.
7.2
Warnings for Subjects

Viewers of 3DTV should be made aware of the following warnings:

· Avoid viewing 3D TV if body functions start to deteriorate or if excessive stress is perceived.

· Stop viewing 3D TV if double vision is experienced.
· Image content with rotating or lateral shaking may induce the sensation of self-motion (visually induced self-motion sensation). Stop watching 3D TV temporarily if you feel uncomfortable with this sensation.
· Individuals with a shorter interpupilary distance may feel more visual discomfort with 3D TV than others (e.g., children).
· Individuals who experience motion sickness in automobiles or amusement park rides may experience more visual discomfort during 3D TV viewing.
8
3D Viewing Environment and Playback Guidelines

Illumination, sound, viewing height, and TV brightness and focus should be adjusted to comfortable levels when watching 3D TV. 
If an image appears as a double image or if it is hard to perceive a 3D image, stop using the system and check for errors in the display settings. If you still experience stereopsis problems with no apparent hardware problems, then you should temporarily stop viewing 3D TV. 
Some viewers might not notice whether left and right images are reversed. The reversed vision of left and right images can cause visual fatigue and discomfort. Reversed left and right images can be caused by many problems (e.g., editing errors, hardware problems, camera setup, viewing angle). 

8.1 Relationship Between Viewer and 3D Monitor 

The viewer should be seated as advised by the 3D television manual, at a comfortable distance from the monitor. For television monitors, a minimum of 3H (three times picture height) is advised. For computer monitors, a minimum of 1.5H is advised.

Optimal 3D viewing means the viewer should be seated upright, in front of the screen (i.e., minimal head tilt). The viewing direction should be normal (e.g., head facing perpendicular) to the screen.  The horizontal viewing angle from the screen should be minimum (e.g., face the screen directly instead of at an angle).

[image: image1]
Figure 1. Diagram demonstrates viewing direction and viewing angle. 
It is generally said that the minimum value for depth of field of the human eye is ±0.3 D, where diopter (D) is the reciprocal value of distance (m). This means that we can perceive the image without defocusing when the object is located within ±0.3 D. When viewing 3D television, the accommodation point is fixed on the screen, and therefore 3D pictures should preferably be displayed within this range. Since ordinary television programs include images at infinite distance, the desirable range of depth to be displayed with 3D systems is considered to be within 0 to 0.6 D. Therefore, 0.3 D, i.e. 3.3 m, is considered to be the optimum viewing distance.

Camera parameters (camera separation, camera convergence angle, focal length of lens), resolution of the system and the frame effect should be taken into account in determining viewing conditions (screen size). In the case of HDTV when watching at the standard viewing distance of 3 H (H denotes picture height), the viewing distance of 3.3 m corresponds to a 90-inch screen. In the case of standard definition television (SDTV) when watching at the standard viewing distance of 6 H, this distance corresponds to a 36 inch screen. A subjective assessment of the relationship between screen size and depth perception was carried out with 3D HDTV system, and the results showed that the most natural depth perception was obtained with a screen size of 120 inches, which corresponds to viewing distance of 2.2 H.

The effective viewing angle should allow 20% angular rotation of head movement in the horizontal plane.

8.2 Viewing Time and Visual Fatigue
Acceptable viewing time for 3D content varies depending upon the content. A short time resting is recommended for every 1 or 2 hours, or when the eyes feel tired. 
The following symptoms may indicate 3D visual fatigue:

· Difficulty in tracking the motion on TV

· Eye strain: blurred vision, bleary, dry eyed, gritty, eye ache, sting, eyes heavy, hazy, warm eyes, flickering and watery eyes.
· Focusing difficulty: double vision, near vision difficulty, far vision difficulty, and trouble fusing stereoscopic images.
· General fatigue symptoms: feeling heavy in the head, difficulty in concentration, dizziness, stiff shoulder and stiff neck.
· Headache: pain in the temple and pain in the middle of the forehead.
· Nausea: vomiting and vertigo.
· Transient visual dimness after watching TV
 If a person feels any visual fatigue, he or she should stop 3D TV viewing until the side effect disappears. 
If a person repeatedly experiences 3D fatigue problems, he or she should consult ophthalmologic specialists for evaluation of abnormal binocular vision. The 3D TV hardware operation should also be examined for problems. Annex A.
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Example Informed Consent Form

(This appendix does not form an integral part of this Recommendation)


<sample to be inserted>


Appendix II

Example Instructions
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The viewer has the preferred viewing direction and viewing angle: head facing perpendicular to the screen, and zero degree viewing angle.
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