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Abstract—Human visual system takes advantage of differentues
simultaneously to provide us the perception of dept When 3D
images are shown on a planar stereoscopic displapinocular

disparity becomes a pre-eminent depth cue. But itnduces
simultaneously the conflict between accommodation nal

vergence, which is often considered as a main reasfor visual

discomfort. If we limit this visual discomfort by decreasing the
disparity, the apparent depth also decreases. We @pose to
decrease the (binocular) disparity of 3D presentabns, and to
reinforce (monocular) cues to compensate the los$ perceived
depth and keep an unaltered apparent depth. The ihience of a
monocular depth cue, blur, on the apparent depth oftereoscopic
scenes was studied in our recent work. We conductedsubjective
experiment using a two-alternative forced choice k. Observers
were required to identify the larger perceived deph in a pair of

3D images with/without blur. By fitting the result to a
psychometric function, we obtained points of subjeaive equality

in terms of disparity. We found that when blur is alded to the
background of the image, the viewer can perceive figer depth

comparing to the images without any blur in the bakground.

The increase of perceived depth can be considered afunction

of the relative distance between the foreground antlackground,

while it is insensitive to the distance between theéewer and the
depth plane at which the blur is added.
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. INTRODUCTION

an important monocular depth cue. Some previous
investigations have shown clear contributions af b depth
perception[1-4], while others showed that blur leéither no
effect[5] or only some qualitative effects on péved depth
ordering[6-8].

However, most of the previous literature measures t
influence of the blur cue by adding blurriness catlyhe screen
plane, while the depth cues’ magnitude varies ametion of
distance. Another limitation in most of the predaiudies was
the experiment apparatus. CRT monitors were useldtlzsia
type of displays has some limitations: (1) the atef
containing stimuli was slightly curved, (2) thenstili's virtual
distance was affected by refraction due to thetfgtess plate,
and (3) the screen was usually not large enougtoter a
favorable field-of-view. Depending on the monitesed, the
speed of the phosphor changes might also have dause
crosstalk.

. EXPERIMENT

A. Design and procedure

In our study, we conducted the subjective expertmsimg
a state-of-art stereoscopic display system, the sSag
SyncMaster 2233RZ which is a 22.5-inch 1680*1050@HZ2
wide-screen LCD monitor working with active shuttgasses
from NVidia. The stimuli used in the experiment taned a
background plane and a single object in the foraplpboth of

Recently, stereoscopic image and video productien iwhich were chosen closer to natural content congptoethe

gaining an increasing amount of attention. The ldigp

stimuli used in previous publications. The imageaddfutterfly

nowadays used to show these 3D productions arelljusuawas used as the foreground object, since it isafyatomplex

planar so that binocular disparity on the displEanp becomes
a pre-eminent depth cue enabling viewers to peeaddpth. As
a binocular cue, disparity is stable, but on theext planar
displays, it induces a conflict between accommaodatnd

vergence of the eyes. This conflict is usually &®d as one
main reason for visual discomfort, especially whtre

disparity is large. If we decrease this binoculae,cdisparity,

to limit the visual discomfort, the apparent degito decreases.

Several other depth cues besides binocular digpaiffiect
also the apparent depth. We propose to decreagbitiogular)
disparity of 3D presentations, and to reinforce rfowular)
cues to compensate the loss of perceived depthkeeg an
unaltered apparent depth. The limitation of degtfiedd of
human eyes causes blur in the retinal image wisidméwn as

enough, containing regions with both low and higdyfiency.

Background
(sharp)

Figure 1. Schematic diagram of the experiment setup

In our experimental observations, observers viestaduli
in a two alternative forced choice (2AFC) task,nigefequired
to select the stimulus with largest depth interbatween



Figure 2. The left views of an sharp-background stimulus atwur-background stimulus

foreground and background. Two sources of percedegth
are used: disparity and blur. The perceived daptin Qisparity
stems from the difference of disparity betweenftveground
object and the background. The perceived depth fidumn
stems from the amount of blur introduced to thekgemund by
convolution with a Gaussian kernel (Figure 2). Bdtte
absolute position and relative distance betweerfdreground
and background stay as a free parameter (Figurghiy.setup
is able to evaluate how the combination of disgaaitd blur
affects the perceived depth of objects located ifierdnt
distance. Details of the experiment are describgé]i

B. Result and analysis

We plot the curve of the PSE as a function of thpthl
interval between the foreground and backgroundgureé 3. 0
cm means that the foreground and the backgroundhtatiee
same depth. The figure shows a clear increase meved
depth created by the influence of blur. We can filgbthat the
enhancement of perceived depth increases with dsirrg
depth interval between the fixated sharp foregrooinjéct and
the defocused blurred background.
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Figure 3. Results from the experiment shows the increasemigived depth
as a function of relative distance.

Ill.  CONCLUSION

The experimental result indicates that image blakes
contributions to the impression of depth perceivad
stereoscopic images, when measured against degiyes in

stereoscopic images without blur. The increaseepttdcan be
considered as a function of the relative distanesvéen the
fixated foreground ground object and the blurredkbeound,
while this increase is insensitive to the distabetween the
viewer and the depth plane at which the blur issddd

The feasibility of enhancing the perceived depth by
reinforcing a monocular cue, namely defocus blupyjgdes an
interesting way to deal with the conflict betweesrgence and
accommodation and when 3D images are shown onrampla
stereoscopic display. Generally, the foregroun@aipopping
out of the screen is the most important objecthi@ $cene,
while the large disparity of the object may lead visual
discomfort when it is focused by the observer. @esults
show that it is feasible to decrease the disparfitihis object
without losing the pop-out effect by adding somerhin its
background.
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