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ABSTRACT

Stereoscopic displays are used in various designs. Those display systems compose of
creating 3D from a pair of 2D images while the goal is to maintain quality of the image and give a
comfortable viewing experience. Due to human factor in visual perception in case of too much
depth range in the image will cause viewer’s eyestrain and unclear depth perception. Thus sterco

image has to be taken in a studio that can control image contents to make appropriate depth range.

This thesis takes human factor in visual perception and display limitation into the image
processing on purpose to adjust disparity range of stereoscopic image contents and append
monocular depth cue on stereo image. For properly view with causing no eyestrain and still
present good depth perception on region of interest. So this method could be used to take
stereoscopic image on real world scene where the disparity on the scenc content is hardly
controlled. Experimental results using the Middlebury stereo dataset demonstrate the good depth

perception of the proposed method.
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Abstract

Since a single photograph could not capture all the scene along
the street and a photograph with wide angle lens would make distortion on
the edges of the image. Route panorama is the image that contain entire
scene along the route. It is an image medium to profile cities or enhanced
map navigation which has viewpoint like a viewer naturally see. In this
paper, the algorithm for route panorama background mosaic with motion
segmentation is proposed. The motion which zelated to depth effect is
employ to extract background then improve the motion laver quality with

tensor voting.

Keyword: multi-perspective mosaicking, route panorama, background

extraction
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Abstract
Stereoscopic displays are used in design variefies.

Those display systems composes of creating 3-D from a
pair of 2-I) images while maintain quality of the image
and give a comfortable viewing experience. In case of
too much depth range in the image will cause viewer's

eyestrain and wnclear depth perception. Thus stereo

665

image has to be taken in a studio that can control
image contents to make appropriate depth range.

This paper takes Iumen factor in visual perception
and display limitation nto the image processing on
purpese to adjust disparity range ef stereoscepic image
contents for properly view with causing no evestrain
and still present good depth perception on region of
interest. So this method could be used to lake
stereoscopic image on real world scene where (he

disparity on the scene contentis hardly controlled

Keyword: Stereoscopic, Human Factors, Rendeting
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Abstract— R ly, three-di ional displays are being
expected attention and the display method that is popular is
stereoscopic  system. Displaying 3D image using planar
stereoscopic display is limited in depth expression due to human
vision factor. Since the binocular vision contains a single-view
images for each eye, therefore the use of image processing to
create the monocular depth cues on each single-view image
should recompense the perceive depth that has been compressed.
The goal of this research Is to get the procedure to deal with
images capture using stereo camera to create the appropriate
image content to view by stereoscopic display. Experimental
results using the Middlebury stereo dataset demonstrate the good
depth perception of the proposed method.

Keywords— 3D display, stereoscopic, depth perception, image
processing

I INTRODUCTION

Recently, three-dimensional displays are being expected
attention.  For the reason that the three-dimensional display
provides humans with the wonderful viewing experience and
understand content better  The display method that is popular
is stereoscopic system [ 1], which creates a depth perception to
the viewer with binocular vision. Stereoscopic display require
a device, such as analysing glasses, that force left and right
eye to see the correct view. A three-dimensional display has
to provide a good picture quality, good depth perception and
must be viewed comfortable. Factors that affect the quality of
three-dimensional display are not only method and device, the
images that will be presented is affected the viewing quality as
well

Displaying 3D image using planar stereoscopic display is
limited in depth expression due to human vision factor [2], [3]
That make optimum viewing depth range has to be within a
limited range. Especially in the case of capturing images in the
open environment, contents of the image may have large
depth range then they need to be compressed

Beside perceived depth from binocular depth cue based on
a retina disparity, humans can identify depth from single
image of what is called monoeular depth cue or pictorial depth
cue. Since the binocular vision contains a single-view images
for each eye, therefore the use of image processing to create
the appearance of depth on each single-view image should
recompense the perceive depth that has been compressed.
In addition to providing image content from open environment
for stereoscopic display can be used with ease, this research
presents the procedure of processing. This procedure consist
of how to capture stereo images, together with steps of image
processing, and get result as images for the left and right eye
channels that are appropriate for display.

The goal of this research is to get the procedure to deal with
images capture using stereo camera, with parallel aligns to
each other, to create the appropriate image content to view by
stereoscopic display. Furthermore those images should have
proper and clear depth perception without causing eye stress
to the viewer by adding monocular depth cue into each eye
channel.

1L. BACKGROUND

This section discusses about the basic knowledge and the
limitations of depth perception in binocular vision including
monocular depth cue and how to estimate depth from stereo
image pair.

A. Limits of Depth Judgment in Stereoscapic Display

Depth perception through planar stereoscopic image has
been widely studied and the geometry of stereoscopic depth
perception is well known (1], [4]. Once human seen the planar
stereascopic image which produce the retina disparity between
the two eyes, their brain will interprets the disparity as
perceived depth in front or behind the display plane, as shown
in Fig, 1.

z
RN
o d* .
= » B perccived depth
Z. viowing distance
@, cye scparation
d, screen disparity
v
L - id
) 5"
4 ra
Fig. | Percewved depth behind (upper) and front (lower) of display plane

14]

The issue of viewing comfort for stereoscopic display is
studied in detail in relatively human factor publications. There
is a similar conclusion is drawn by all studies that the amount
of disparity in stereoscopic images should be limited to be
within a defined comfortable range. The main reason given for
this is that the human visual system normally operates such
that the convergence of the eyes and accommodation (focus)
are linked. For all stereoscopic displays this relationship is
thought to be stressed by requiring the viewer's eyes to
converge perceive depth a long way off display plane but still
being required to focus on the display plane.
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In the past, there are researches on the controlling perceived
depth in stereoscopic by mapping actual scene depth onto
appropriate perceived depth on display screen. There are
solutions that map a single range of scene depth onto the target
display range as a single region [5] or define different
mappings from real scene depth onto perceived display depth
as multiple regions [6], as shown in Fig 2. However, those
solutions will cause depth compression to maintain comfort in
viewing,

e SCeiie depth rge m—
- ole @

NR  Regonolmterest IR

(a)

Phy >|ui|1dl.\";)]ig\_
° ]
$ g
° ‘ Q s

i3 == Perceived depth range—
b

° @ ¢
° @O‘

= Perceived depth range—

(c)

[ig. 2 Stercoseopic image maps a seene depth range to a display pereeived

depth mnge () scene depth range, (b) map using single region and (¢} map
using multiple regions 6]

B. Monocular Depth Cues

In the visual system even people with monocular vision are
able to perform well when judging depth in the real world.
Therefore in the design of 3D displays-it is important to be
attentive to the major contribution of monocular 2D depth
cues in depth perception:

Fig. 3 Picture illustrating the depth cues available ina 219 image, (Gustave
Callebotte, Paris Street; Rainy Pay, 1877)

The monocular depth cues are experiential and over time
observers learn the physical significance of different retinal
images and their relation to objects in the real world. The
monocular depth cues include: interposition, linear perspective,
light and shade, texture gradient and aerial perspective.

Fortunately, some of those certain characteristics can be
simulated via digital image processing such as using contrast
[7] or blur [8] as depth cue.

1 PROCEDURE DESIGN

This research presents the concept of depth compensation
in three-dimensional stereoscopic images that have been
compressed due to limitation of display depth range by
processing 2D depth characteristics onto each viewing channel
To test this concept and to develop the process of creating
image content that appropriate to display as stereoscopic
images, thus the procedure to deal with stereo image has been
designed. This stereoscopic camera system for this procedure
is required to have parallel axes and necessary to avoid
vertical disparity. For a parallel camera system, points at
infinity have zero disparity so everything is on the front of
display plane. The procedure process steps are as follow

Input images.

Y

| Create disparity map
L =

A 2

! Decompose image to
depth layers

-

A4

Pracess monocular

| cepth cue to layers
v

Map scene depth to
display depth

¥ V
| Reconstruct the images
v
Stereoscopic image
pair

Fig. 4 Block diagram of stereoseopic depth perception enhancement
procedure

A Depth Lstimation using Stereo Matching

Depth estimation of each pixel in the image related with the
disparity between stereo images pair, which can be obtained
from the process of stereo matching. Stereo matching process
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is intended to determine disparities that are indicating the
difference in locating corresponding pixels.

In this research, segment-based stereo matching methods [9]
is applied to create a disparity map due to their good
performance. They are based on assumption that the scene
structure can be approximated by a set of non-overlapping
planes in the disparity space and that each plane is coincident
with at least one homogeneous color segment in the reference
image In other words, disparity values vary smoothly in
homogeneous color regions and that depth discontinuities only
oceur on region boundary.

B. Decompase Image (o Depth Lavers

This process decomposes the image into a set of depth
layers, and then each layer will be processed to create the
appearance of monocular depth cue. Results of the
decomposition process should be significant layers and have
sufficient image content enough to do image processing

In this research, select separate points using analysis of
disparity map of original image First make histogram of
disparity map then use values at local minima points as the
depth separation points. In the case of depth layers which
contain less content of image than value specified, they will be
merged into the closest layer.

Fig, 5 Disparity map, histogram wath local minima point nnd example of
depth layers

. Process Monocular Depth Cuie to Layers

After receipt a set of depth  layers then process
characteristic of monocular depth cue and adding to the layers
By adding depth cue to the layers to show the difference depth,
viewers will allowed 10 judge distance better.

In this research, blurring is applied to show the difference
depth. This blurring is made by using of image filter with
Gaussian lowpass filter, which can adjust the blur from the
standard deviation value. The standard deviation value, sigma,
is the ratio of distance of a layer to the focus per distance of
viewer to the focus as in (1),

di—d
o'l-:k“ focus| )
docus
where o is a sigma value of layer i, d; is the average depth of
all pixel in layer i, d,,,,, is the average depth of all pixel in
layer covering focus and k is the coefficient for blur

Fig. 6 Ongnal image (uppen) compare to depth enlianced image (lower)

In addition, due to the nature of image filtering process, to
prevent the disturbing from the outlier region into the layer’s
content. Layers need to be padded the edge of objects in
layer’s content before the process. Image dilation is applied to
solve this problem.

L. Map Scene Depth 1o Display Perceived Depth

As already mentioned depth range in the scene may not be
suitable for stereoscopic display for reason of human factor.
Therefore depth mapping method from actual scene depth into
appropriate perceived depth has been used to solve this
problem. The method used is an applied sigmoid function, as
shown in (2). This function has the properties that match to
the preferred solution. There is a high slope in the phase
change, which can highlight region of interest in depth, and
scope of the upper and lower limit, as shown in Fig 7
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P(x) = Amax—dmin + dinin (2) IV, IMPLEMENTATION

14e5(2-x)

The variables in (2) are defined as follows: dyyay, dmin is
the most and the minimal, respectively, depth that the viewer
can perceive through target display, s is the slope of the
function, which affects the range of region of interest in the
scene, and z is the distance of virtual display plane in the
actual scene, focus distance. However, physical display plane
must be center between dpqy, and dpy, due to the character of
sigmoid function. This function will improve perceived depth
representation in the region of interest (region around virtual
display plane) compare to other regions of the scene by
compress the region away from the plane to be within suitable
depth range. Moreover, the region boundary is change
smoothly. Result in Fig. 8 shown that overall depth range is fit
within the confines while region of interest has wide depth
range

=8

Fig. 7 The result of applying mapping wigonthm. The seene depth, sd s
plotied agawnst the geometric percerved depth, gpd

After get the proper depth value of each object in the scene
then transtorm the distance to disparity on the display screen,
detail in [4]. The image will be reconstruct with a new
disparity that make viewer recognize the depth correctly by
move each object in the scene from both left and right image.

Fig. 8 Dispanty map and histogram of the origmal stereo pair (upper)
compare 1o the result of applving mapping algonthm (lower)

The set of stereo images using in this research are from
Middlebury stereo dataset [10], which is meet the terms of
capture process. Besides, there are varying of range and depth
of objects in the scene

Stereoscopic display system use anaglyph image This
method is viewing through the glasses where the two lenses
are different (usually chromatically oppesite) colors, in this
case red and cyan,

V. CONCLUSIONS

Result of the image mapping from actual scene depth into
stereoscopic display perceived depth; note that the perceived
depth in region of interest has the wide depth range which
makes clear in the depth judgment While the near and far
regions look quit flat as a result of force compression.
Nevertheless, in those regions still can judge the depth from
the monocular depth cue and overall depth range is still within
the contines of the viewer that can view without too much
stress to their eyes.

This research demonstrates that the use of monocular depth
cue can compensate depth distance that is compressed by
display system. However, addition of blur, there are other
depth cues to indicate depth of scene in different environment
In-addition, the sclection of method in other processes, such as
slereo malching or depth mapping method, to create a better
result can be developed easier by this procedure
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