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Abstract

By defining a uniform 3D reference point array
corresponding to the 3D voxel array and abandoning
voxels whose deviations from their respeciive reference
points exceed a given folerance, the distribution of
voxels within the volumetric 3D image space gets
uniform, effects of non-uniform distribution upon the
image reconstructing are eased.

1. Introduction

Volumetric three-dimensional (3D) display systems
permit the generation, absorption, or scattering of
vigible radiation from voxels within a transparent
image spacel’l. Due to persistence of vision, viewers
can perceive a 3D image. Based on current advanced
science and technologies, we developed a volumetric
3D display system utilizing a rotating LED panel?.
As showed in Fig.1, the LED panel rotates to provide
multiple display planes within the 3D image space.
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Fig.1. A LED panel rotates to provide multiple
display planes within the 3D image space.

The objective of this paper is to discuss the
distribution of voxels within the volumetric 3D image
space and present a method of making it uniform so as
to ease effects of non-uniform distribution of voxels
upon the image reconstructing.
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2. Theory

Each LED is instantaneously addressed while the
panel is in rapid rotation, producing multiple voxels
during cach cycle of rotation. Assumed that each LED
in Fig.1 is responsible for the production of 8 voxels
along its own respective circumferential rotation path,
then the 5x5 LEDs in Fig.l will produce 5x5x<8
voxels within the volumetric 3D image space. These
voxels form a 3D voxel array, as Fig.2 shows.
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Fig.2. A 3D voxel array composed of Sx3x8 voxels.

Since LEDs are arranged equidistantly into a 2D
array on the panel, the linear velocity of each LED
varics in proportion to its corresponding distance from
the axis of rotation. This leads to different interspaces
between voxels in the direction of the LED panel's
rotation. It is apparent that under the cylindrical polar
coordinate system (ROZ) and Cartesian coordinate
system (XYZ) established in Fig.2, voxels are lined up
equidistantly in directions of R and 7 respectively, but
not equidistantly in the direction of the panel's rotation
due to the different linear velocities of LEDs. It means
that referring to the Cartesian coordinate system, the
distribution of voxels is non-uniform.



To overcome the above-mentioned non-uniformity
within the volumetric 31D image space, we present a
method as follows.

First, define a uniform 3D reference point array
corresponding to the 3D voxel array, wherein each
reference point is arranged at the same interspace

along the directions of X, Y and 7, as showed in Fig.3.

Besides, the interspace of reference points needs to be
greater than or equal to the interspace of voxels.
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Fig.3. A 3D reference point array composed of
Sx3x5 reference points

Second, superpose the 3D reference point array over
the 3D voxel array as illustrated in Fig.4, wherein
assumed that the two arrays are composed of 5x<28>28
reference points and 5x40>128 voxels respectively.

Third, compute the deviation of each voxel from its
respective reference point. For example, given the
Cartesian coordinates of any voxel and any reference
point 18 (Xyox, Vvoxs Zvox) aNA (Xrer, Vier Zrer) TESpEctively,
then we can compute the deviation o

d= \/(xvox = Xref )2 + (yvox = Yret )2 + (zvox = Zpet )2 (1)

Finally, judge whether the following conditional
inequality is satisfied or not,

d<e (2)

wherein e denotes the maximum tolerance permitted
when positions of the voxel and the reference point
don’t coincident. If it 1s satisfied, reserve the voxel,
otherwise, abandon the voxel. That is, abandon voxels
whose deviations from their respective reference
points exceed the given tolerance and reserve voxels
whose deviations from their respective reference
points don’t exceed the given tolerance.

The distribution of voxels gets uniform by adopting
the above-mentioned method, as showed in Fig.5(a)
and Fig.5(b). They differ in the ratio of the reference
point interspace to the voxel interspace.

27-4 /Y. Lin

Reference point

voxel

Fig.4. Planform of a 3D reference point array
superposing over a 3D voxel array.

o
o o o og

o o 4 g
o a
o
a
o
a
o

The direction of Y

o @ 0 a
a
o

o o
o o
o

o
L a o o o 4
a o g o 8o o g & a @ a

The direction of X

(a) Reference point interspace=2xVoxel interspace.
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(b) Reference point interspace=2xVoxel interspace.

Fig.S The distribution of voxels gets uniform.
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3. Experiments and discussions

To verify the feasibility and effectivity of the above-
mentioned method of voxel distribution unifying,
experiments were done utilizing our LED volumetric
3D display system, wherein LEDs are arranged into a
dot matrix with 64 rows and 256 columns on a thin
panel, the external dimension of LED is 1.6 mm x (.8
mm x 0.6 mm, which can produce a 3D voxel array
composed of 512 =< 256 x 64 voxels and display 3D
scenes statically or dynamically within a $292 mm x
165 mm cylindrical volumetric 3D image space.

Obviously, as a consequence of the non-uniform
distribution of voxels within the volumetric 3D image
space, the image quality of reconstructed 3D scenes
will vary when they are positioned within different
regions of the 3D image space or oriented in different
ways. For example, Fig.6 shows the different
reconstructed images of a same plane when its right
wing (Fig.6(a)) and its head (Fig.6(b)) is positioned
around the axis of rotation respectively.

(a) The plane's right wing is positioned around the
axis of rotation.

(b) The plane's head is positioned around the axis
of rotation.

Fig.6 Different reconstructed images of a same
plane which is oriented in different ways.
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From Fig.6(b), we can find that the reconstructed
plane's head was excessively brighter than the other
parts. The reason for this is that the mismatching of
the geometrical characteristics with the electrical
characteristics of LEDs causes duplicate mapping and
overlap of voxels around the axis of rotation, which
was analyzed in the reference®.

The above-mentioned method could help to case the
effects of non-uniform distribution upon the image
reconstructing. Here take Fig.7 for example, before
adopting the method, the reconstructed plane's center
around the axis of rotation was excessively brighter
than the other parts (Fig.7(a)). After adopting the
method, not only the above-mentioned excessively
brighter phenomenon disappeared (Fig.7(b)), but also
the variations in the image quality of the reconstructed
plane caused by the different orientations was eased,
as showed in Fig.7(b) and Fig.7(c).

(a) The plane's center is positioned around the axis
of rotation. Before adopting the method.

(b) The plane's center is positioned around the axis
of rotation. After adopting the method.

(c) The plane's head is positioned around the axis
of rotation. After adopting the method.

Fig.7 Reconstructed images of a same plane under
three different circumstances.



4. Summary

In the volumetric 3D display systems utilizing a
rotating LED panel, the linear velocity of each LED
varies in proportion to its corresponding distance from
the axis of rotation, this leads to different interspaces
between voxels in the direction of the LED panel's
rotation and hence a lack of uniformity with respect to
the distribution of voxels.

A method of making the distribution of voxels
uniform within the volumetric 3D image space is
presented. It includes four primary steps, i.c., define a
uniform 3D reference point array corresponding to the
3D voxel array, superpose the two arrays, compute the
deviation of each voxel from its respective reference
point, abandon voxels whose deviations from their
respective reference points exceed the given tolerance
and reserve voxels whose deviations don’t exceed the
given tolerance. As a consequence, the distribution of
voxels gets uniform.

Although the reconstructed 3D scenes has lower
resolution due to the amount decrease of voxels after
adopting the method, nevertheless, it is a low-cost
feasible and effective method. Experimental results
show that effects of non-uniform distribution of
voxels upon the image reconstructing were eased.

Our work provides good guidelines for further
rescarches of the volumetric 3D display. Part of this
work and the foregoing statements are applicable to
those volumetric 3D display systems utilizing other
rotating 2D panelst*!,
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