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Abstract: 3D technology is broadly divided in to reconstructing 3D images (3DI) from given 2D images (2DI)
and 3D visualization (3DV) using stereo pairs (SP). Literature Review revealed that many satisfactory
techniques were developed for reconstructing 3DI from given 2DI and a reasonably good 3D reconstruction is
possible. When a stereopair is viewed through a slot no attachments are needed as the basic law of stereoscopy
is fulfilled, but focusing strains the eyes. The present work alienates the strain by positioning the stereopairs at
an angle parallel to the plane of the stereopair. Different geometric parameters namely the distance between the
plane of the eyes and the plane of stereo pair (L), distance between the stereopairs (s), width of the stereopairs
(b), the inclination of the stereopairs with the plane of the stereopair (theta) were tried and for each trial the
distance between the plane of stereo pair and the plane of 3DV window (L1) and the width of the window (d) are
measured / computed. The ratio L1/L = R is also computed. The optimum values of the parameters L,s,b, theta
resulting a minimum value of R are arrived at. 3DV using the above geometric parameters with and without
tilting of stereo pairs revealed that the 3DV with tilting offered a considerable reduction in straining the eyes.
Various results obtained through the experimental work are presented and discussed. The present work reveals
that 3DV using distorted Stereopairs offers less strain to the eyes compared to undistorted stereopairs,
enhancing the ease of 3DV.
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I.  Introduction

Reconstructing 3D images from given 2D images and 3D Visualization find extensive application in
medicine, shop floor production, geographical analysis, satellite communication etc [1]. The 3D reconstructed
images are 2D images shown pictorially. 3DV involves the third dimension (depth) which cannot be shown on a
2D image. Hence any 3DV is only a perception and not a 2D photography [2]. 3D image reconstruction involves
using many algorithms and packages [3]. 3DV normally uses stereopairs which are viewed by wearing
attachments to the eyes satisfying the law of stereoscopic 3DV [2]. Both cross eye and parallel eye 3DV are
commonly used [4]. 3DV/3D reconstruction offers significant data about the objects and their properties. Hence
the 3DV offers a new area of research providing techniques and tools for study of objects in space. The basic
issue involves in 3DV is application of attachments to the eyes. Any research that leads to the elimination of
attachments will go a long way in improving the 3DV technology [4].

Il.  Literature Review

Literature Review on 3D reconstruction revealed that image processing is an important aspect of 3D
image reconstruction [1]. Algorithms and packages used for reconstruction are reviewed [3]. Image data
management techniques for structural analysis for objects are reviewed [5]. Considerable work was carried out
on depth computations using color queuing theory and non linear projection methods [6],[7],[8],[9]. The
application of 3DV in robo operations revealed that there is a potential scope for using 3DV techniques in the
kinematic design of Robos [10]. Techniques such as computer tomography, magnetic resonance, imaging for 3D
reconstruction are reviewed in detail [11].

I11.  Methodology Of Present Work

The application of a 3DV window has resulted in the elimination of attachments to the eyes [4].
However, focusing the stereopairs on to the plane of the window resulted in straining the eyes. The methodology
used in the present work consists of fixing the stereopair at an angle to the plane of the pairs, thereby reducing
the distance between the planes of stereopairs and window. Figures 1 and 2 clearly illustrate, the basic principle
of window operations satisfying the law of stereoscopic 3DV. Further, they show how the distance between the
planes of stereopairs and window is reduced when the stereopairs are titled at an angle to the plane of the
stereopairs.

Referring to Figures 1 and 2, let
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e = distance between the two eyes of a normal human being

theta = angle by which the stereopair is tilted from the plane of the stereopair

s = distance between the stereopair

b = width of the stereopair

d = width of the window

L = distance between the planes of the eyes and the plane of the stereopair

L1 = distance between the planes of the window and stereopair

Let (x1, y1), (x4, y4) be the coordinates of left and right eyes;(x2,y2) and (x3,y3) be the coordinates of the
starting and ending of the right eye image. Similarly let(x5, y5) (x6, y6) be the coordinates of the starting and
ending of the left eye image. Let (X7, y7) be the coordinates of the start of the left side of the window and (x8,
y8) be the coordinates of the end of the right side of the window.

From figures 1 and 2 we have

L =vy4 —y5;

L1=y7-y2=y8-y5;

d = x8 — x7;

s =x5-x2;

Let m1,m2 ,m3,and m4 be the slopes of lines joining (x1yl), (x2,y2); (x4y4), (x3y3); (x4,y4), (x5,y5) and
(x1,y1), (x6,y6).

X7 =(y3-y2+ml*x2- m2 * x3)/(ml—m2)

y7=y2+ml>* (X7 —x2)

X8=(y6—y5+md*x6—- m3 * x5)/(m4—-m3)

y8 =y5 +m3* (x5 — x8)

IV.  Experimental Work
The tilting of the stereopairs, the planes of the stereopairs, window and eyes along with the geometric
parameters theta, L, s, b and e are shown in Figure 2. Different combinations of values for L,s and b are tried out
and in each trail the values of L1, ratio R=L1/L and d are computed. The parameters offering the least value for
R are chosen as optimum values. For each trail the strain experienced is qualitatively noted down. The values
are tabulated in Table-1.

V.  Results And Discussions

Figure 1 illustrates the schematic arrangement of the components involved in 3DV with the application
of 3DV window along with parameters L,s,b,e without tilting of stereopairs. Figure 2 illustrates the tilting of the
stereopairs at an angle theta.
Table 1 reveals that, for given values of theta, e, s and b: L1 increases considerably as L is increased, resulting
in increase in the strain on the eyes.
Table 1 also reveals that, for given values of e, theta, L1 and b there is a slight decrease in the value of L1 as s
is increased, resulting in a slight decrease in the strain on the eyes.
Table 1 further reveals that, for given values of e, theta, L and s there is a considerable increase in the value of
L1 as the value of b is increased, resulting in considerable increase in the strain on the eyes.
In all combinations the ratio L1/L is maximum when theta = 0.
The R value for the combination e=60mm, theta=45°,L = 240 mm, s=100 mm, b=80 mm offered the least value
for R namely R=0.35 (sl. no 4 in Table 1) and offered a qualitative minimum strain on the eyes. These values
are chosen as the optimum values of the parameters for the experimental set up.
By further increasing theta, the value of R can further be reduced rendering still lesser strain on the eyes.
However, it has been observed during the experimentation that as theta is increased beyond 45 degrees the
clarity of the 3DV is reduced. Hence, the limiting value of theta is chosen as 45 degrees. The above 3DV is
based on cross eye 3DV. The equations are derived based on trigonometry.

VI.  Conclusion
Visualization through stereopairs offers 3DV in its real terms and 3D images reconstructed from 2D
images is again a 3D representation on a 2D plane and hence is not 3DV par se.
As such, a 3DV using distorted stereo pairs (as a result of tilting the pairs), has been shown to be offering lesser
strain to eyes, compared with 3DV using undistorted stereopairs.

References
[1] IJCSNS International Journal of Computer Science and Network Security, VOL.9 No.11, November 2009 234 Manuscript received
November 5, 2009 Manuscript revised November 20, 2009 Efficient 3D Object Visualization via 2D Images Kitara Kadhim Al-
Shayeh andf{ and Muzhir Shaban Al-Anitt, 7Al-Zaytoonah University of Jordan, Department of MIS, Amman - Jordan
77Amman Arab University, Faculty of IT, Amman - Jordan - 11953

www.iosrjournals.org 90 | Page



Development Of A Cost Effective 3d Window For Stereoscopic 3d Visualization Using Distorted

[2]

(3]

[4]

[5]

(6]

[71

(8]

[9]

[10]

[11]

N. Sandyarani, Dr. V.Vaithyanathan “AN EXPERT SYSTEM FOR STEREOSCOPIC 3D VISUALISATION (WITHOUT THE
APPLICATION OF CONVENTIONAL ATTACHMENTS TO THE EYES) OF COMPUTER GENERATED STEREOPAIRS”
was accepted and published in the International Journal of Computer Science, Newyork, USA. ISSN 1549-3636, Journal of
Computer Science 5 (12): 1051-1057, 2009

A. Bardera et al. "Image Segmentation Using Access Entropy"”, Journal Signal Processing Systems, vol.54, no.1-3, pp 205-214,
2009.

Meisam Aliroteh and Tim Mclnerney, "SketchSurfaces: Sketch Line Initialized Deformable Surfaces for Efficient and Controllable
Interactive 3D Medical Image Segmentation”, Third International Symposium on Visual Computing (ISVC07), LNCS 4841, Lack
Tahoe, Nevada/California, November 26-28, pp 542-553, 2007.

Manuel Ferre et al., "3D Image Visualization and Its Performance in Teleoperation”, HCI International Conference (HCII 2007),
Peking, China; 22.07.2007 - 27.07.2007; in: "Virtual Reality, Vol.14, LNCS 4563, R. Shumaker (Hrg.); Springer, Volume 14, LNCS
4563 (2007), pp 669-707, 2007.

K. Krechetova et al., "3D Medical Image Visualization and Volume Estimation of Pathology Zones", NBC - 14th Nordic-Baltic
Conference on Biomedical Engineering and Medical Physics, Latvia (IFMBE Proceedings) Vol. 20, pp 532-535, 2008.

N. Sandyarani, Dr. V. Vaithyanathan “DEPTH FIELD COMPUTATIONS USING NON-LINEAR PROJECTION METHODS” —
Paper published in the proceedings of the International Conference on Computing Communication and Networking (ICCCN —
2008), December 18 — 20, 2008, Chettinad College of Engineering & Technology, Karur, TamilNadu conducted by the IEEE
Madras Section & IEEE CS Madras Chapter. (http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4787757) — IEEE Explore.

N. Sandyarani, Dr. V. Vaithyanathan “DEPTH COMPUTATIONS USING DATA IN THE FORM OF INTENSITY OF PIXELS
FOR ENHANCED COMPUTER VISION” — Paper published in the proceedings of the International Conference on Computing
Communication and Networking (ICCCN — 2008), December 18 — 20, 2008, Chettinad College of Engineering & Technology,
Karur,  TamilNadu  conducted by the IEEE  Madras Section & IEEE CS  Madras  Chapter.
(http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4787729) — IEEE Explore.

N. Sandyarani, Dr. V. Vaithyanathan “Design and Development Of A High Quality Window For 3D Visualization “- paper
accepted for publication at the international conference on computational intelligence and multimedia applications- 2007 at Mepco
Sivskasi Engg college-India.

Dr. M. Narayana Rao & V. Vaithyanathan “VISUAL COMPUTING OF PARAMETERS / ATTRIBUTES OF GEOMETRIC
SOLIDS USING COLOR GRADATION / QUEUING THEORY AND ITS APPLICATIONS IN ENGINEERING GRAPHICS” —
Paper published in the proceedings of the International Conference on Computing Communication and Networking (ICCCN —
2008), December 18 — 20, 2008, Chettinad College of Engineering & Technology, Karur, TamilNadu conducted by the IEEE
Madras Section & IEEE CS Madras Chapter. (http://ieeexplore.ieee.org/xpl/freeabs all.jsp?arnumber=4787756) — IEEE Explore.
Dr. M. Narayana Rao & V. Vaithyanathan “COMPUTER AIDED INTERACTIVE LEARNING OF ENGINEERING GRAPHICS
— AN E-LEARNING MODULE” - Paper published in the proceedings of the International Conference on Computing
Communication and Networking (ICCCN — 2008), December 18 — 20, 2008, Chettinad College of Engineering & Technology,
Karur, TamilNadu conducted by  the |IEEE Madras Section & IEEE CSs Madras  Chapter.
(http://ieeexplore.ieee.org/xpl/freeabs all.jsp?arnumber=4787747) — IEEE Explore.

Plane of the Sterec Pair

g = Distance Between
Stereo Pairs

Right Eve Image Left Eyve Image

*,
b = width of the
Sterec Palr

o = width of
the Window |

A
\/ \/ / Flane of the eves

Left Eve [\ Right Eve
e = distance
hetwean the eyes

Figure 1: Schematic Representation of 3DV using a 3D window with undistorted Stereopair (theta = 0)

using cross eye 3DV
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Figure 2: Schematic Representation of 3DV using a 3D window with distorted Stereopair
(theta > 0) using cross eye 3DV
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e theta | L S b d (mm)|L1L (mm)
SILNo | (mm) | (deg) | (mm) | (mm) | (mm) | computed | computed | R=L1/L
1 60 0 240 100 80 80 144 0.6
2 60 15 240 100 80 84 128 0.53
3 60 30 240 100 80 88 116 0.48
4 60 45 240 100 80 92 84 0.35
5 60 45 360 100 80 88 148 0.41
6 60 45 480 100 80 84 220 0.46
7 60 45 600 100 80 80 284 0.47
8 60 45 600 160 80 120 280 0.46
9 60 45 600 220 80 144 276 0.46
10 60 45 600 280 80 184 272 0.45
11 60 45 600 280 120 160 320 0.53
12 60 45 600 280 160 152 352 0.58
13 60 45 600 280 200 140 358 0.59
Table 1
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