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Abstract

A volumetric 3D display system based on a rotating two
dimensional color LED array is set up. It has a cylinder
display space @800x640mm3 which is composed of 256
slices of pictures in one 3D image with each slice 320x256
LED pixels. The volumetric image has 4 gray scales and 64
colors. The main structure and working principle of the
system is described in detail.

1. Introduction

Volumetric display is a kind of technology to
presents 3D scenes to multiple individuals who view
from different directions. The realization technology
of this kind of display can be in several ways. One is
holographic displays which reproduce a 3D light field
with the same intensity, phase and transmit direction
as that from the real object by diffraction of light from
a holographic pattern [1]. Another technology is to
sweep a time-varying 2D image through a 3D spatial
volume at a higher frequency than the human eye can
resolve. It can be realized by sweeping a screen
mechanically on which a series of images is displayed
[2][3], or by sweeping a laser beam in a 3D
photoluminescence medium[4]. These display systems
show the 3D scene in 360 degrees.

In order to get high spatial resolution and stable
volumetric 3D picture, a high frame rate image
generator is usually needed in swept-volume
volumetric display systems. One of these generators
is the DMD device which is used in data projectors.
Another one is LED screen whose response time can
reach tens of nanoseconds. Here we present a color
large volumetric display system based on a rotating
two-dimensional LED array which has a cylinder
display space ®800x640mm’ with 256 slices of
pictures in one 3D image and 320x256 pixels in per
slice.
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2. System Configuration

The system is composed of three parts: the LED
screen, the date processing system and the rotation
mechanics, as shown in Fig.1. The LED screen
consists of 20 sub-LED panels each of which has
64(horizontal)x64(vertical) pieces of three-color
LED(R,G,B) arranged in pitch size 2.5mm. The panels
are arranged in 4 lines and 5 columns so that the
screen has the total resolution of 320x256 pixels with
the screen area about 800mmx650mm. The rotation
mechanics enable the screen to rotate about 900rpm to
form a cylinder volumetric 3D image. The electric
power is transmitted through 2 electric slip rings to
the LED panels which has the maximum power
consumption about 800 Watt. The data processing
system is rotated with the LED screen. The display
signal from computer is transmitted by optical fiber
and a fiber optic rotary joint to the data processing
system.
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Fig. 1. The schematic diagram of the LED
volumetric display system
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Fig. 2. The schematic diagram of the data
processing system

The structure of the data processing system is
shown in Fig.2. The volumetric image data generated
in a computer is converted to optical signal by a PCIE
card and transmitted in a 2.5G fiber. The image data is
then received by an optical electrical converter in the
data processing system. After segmented to 20 sub-
images, the image data is distributed to 20 data
distribution FPGA boards separately by the FPGA
main board. Because the image displayed on the
screen should be correspond to the position of the
screen in rotation, each sub-image data received by
the data distribution FPGA board is stored in a DDR
RAM first, and write to the driving board later in
proper time.

The LED driver is composed of 20 sub driver
boards, each of which 1is connected to its
corresponding sub LED panel. All the panels are
working in parallel. In each panel, every 16 columns
of the LED pixels are addressed in progressive
scanning method. The system is designed to display
30 volumetric frames per second. For one turn the
screen scan the cylinder space twice, the rotation
speed is 15rps. The scan time for every column is
1/(256x30%xx16) = 8.138 us. Because the time for the
LED driver IC receiving the driving data is about
1.5ps, the time left for LED lighting is about 6.6us.
The gray scale of the LED screen is obtained by
PWM(pulse width modulation) method. For the long
response time of the commercial LED driving IC,
large amount of gray scales can not be obtained. Here
we encode the gray scales in 2bits which gives 4 gray
scales. The lighting time of LED for each gray scale is
shown in table 1. The maximum numbers of the color
now obtained is 64.
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Table1 Thegray scaleand LED lighting time

Bit of gray scale Light time (us)
00 0
01 2.2
10 4.4
11 6.6

3. Results and discussion

The system and the volumetric image displayed are
shown in Fig.3 and Fig.4 respectively. The whole
volumetric 3D image is composed of 2562 slices of
images in one turn. The screen rotation speed is about
900rpm. Because the gray scale can be separated into
different numbers of individual light pulse, the
number of the slices can be 3 times larger if the
system only shows the binary 3D images.

Fig.4. The displayed volumetric image of the
system
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The total voxels in the volumetric 3D image can be
calculated by multiplication of the number of slices
and the LED pixels of the screen. It is about 63M for
red, green and blue voxels in this system. The data
quantity of the image for one rotation is about 0.25G.
If the refresh rate of the image is 151/s, the image data
flow will be 3.75Gbits/s which is larger than the data
transmission rate of the fiber. It is reasonable to
control the data transmission rate at 1Gbits/s when
considering the performance of the fiber, computer
and the software. So the refresh rate of the volumetric
3D image is about 4{/s. If only some part of the image
data is changed between two frames, the refresh rate
will be more than 4f/s when we transmit the data in
incremental transmission method.

In the 3D image shown in fig.4, some dark areas
near the center of the image which face to your
viewing direction can be seen. It is a common
phenomenon in most screen rotation volumetric
display systems. The reason why the dark area is
formed is that the brightness of the LED screen is
reduced when the view direction is becoming to be
parallel to the screen surface. The brightness (cd/m?)
of a small cubic (4x4x4 voxels) in white light changed
with the viewing azimuth angle is shown in Fig.5. It
can be seen that the brightness decreases fast when the
azimuth angle is near 0°. The dark area is about
15degrees.

Fig.5. Brightnessversusthe viewing azimuth angle

The brightness reduction near 0° is because the
LED far from the rotation center will block the light
emitted from the LED near the center. The light is not
surface emitted. In the LED the diodes are
encapsulated in the bottom of a plastic cube. At the
same time, the red, green and blue diodes are placed
in different side of the plastic cube that it also induces
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small color variation when viewing from different
direction. The difference of the u,v color coordinates
is less than 0.01 for a white spot when the viewing
azimuth angle changes from 0° to 180°.

4, Summary

LED has fast response time that it is very suitable
for volumetric 3D display. The system in this paper is
based on a rotating two dimensional color LED array
to get a cylinder display space ®800x640mm’. The
volumetric image is composed of 256 slices of
pictures with each slice 320x256 LED pixels. The
screen rotation speed is 15rps with the 3D image data
refresh rate more than 4frames/s. It has 4 gray scales
and 64 colors. The advantages of this LED volumetric
display system are the large display space and
relatively high brightness.

The disadvantage of the system is the heavy weight
of the LED screen and the driving circuit which
makes the rotation mechanics complex and difficult.
Besides that, spatial scanning method makes the
volumetric image transparent that it is not similar to
the scene we see from the real world. Special LED
screen which emits light in certain small direction
may be designed to get nontransparent 3D images.
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