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1. Project Goal

Realizing a truly three-dimensional (3D) display 
environment has been an ultimate goal of visual computing 
communities. Laser-Plasma Scanning 3D Display (LPSD) 
is one of the most advanced 3D aerial display devices, 
which can plot a unicursal series of illuminants freely 
in the air. Though the LPSD device has been repeatedly 
updated, even the latest version is only capable of drawing 
a dynamic object at a rate of 5,000 illuminants per second, 
purely due to the hardware constraint. If we plotted the 
illuminants at a regular interval with a constant brightness, 
it might possibly lead to the loss of geometry and/or surface 
texture of a designed object. In this project, therefore, we 
attempt to seek a software-based solution to ameliorate 
this problem by the control of the brightness and density 
of plotted illuminants in accordance with existing surface 
descriptors, to convey salient features of 3D shapes with 
even a limited number of illuminants.

2. Technical breakthrough

Burton Inc. in Japan and others built upon the modern 
laser-plasma technology to come up with the LPSD as 
a promising device to 3D aerial display, with which the 
users are allowed to plot a unicursal series of illuminants 
freely in the midair, and thus the surrounding audience can 
enjoy watching different aspects of dynamic 3D geometric 
objects and line drawings from different positions, without 
any eye strain. An initial prototype was exhibited at ACM 
SIGGRAPH 2006 Emerging Technologies, while our main 
target device in this project is the latest version of the LPSD, 
termed SRV (Super Real Vision)-5000, whose potentials 
were actually demonstrated at ACM SIGGRAPH 2011 
Emerging Technologies [SIGGRAPH11]. 

Figure 1 shows an overview of the SRV-5000, whose 
remarkable advance lies in its resolution: from 300 points/
sec. to 5,000 points/sec. whereas the display volume gets 
a bit diminished and enclosed with a semi-transparent 
acrylic cover. By very recent invention of red and green 
as well as blue laser plasma display capability, the current 
monochromatic problem will be completely solved at 
one burst by the next version. The accompanying video 
(ETech11.mp4) shows how big difference the SRV-5000 
can make from the 2006 model.
Though the LPSD has been substantially updated, the latest 
version SRV-5000 hardware still suffers from the sparse 
appearance problem, as observed in Figure 1. If we still 
stayed with the conventional way to plotting laser plasma 
illuminants at a regular interval with a constant brightness, 
it might possibly lead to the loss of geometry and/or surface 
texture of a designed object, which should lead infallibly 
to inhibition of dissemination of the device to application 
fields where solid and realistic rendering plays a major 
role, such as design and film/game industries.
In this project, therefore, we considered a software-based 
solution to ameliorate this problem. To this end, we put 
another ray on the known techniques used in traditional 
non-photorealistic rendering [VC11]. In order to render as 
high quality 3D shapes as possible with a limited number 
of 3D illuminants, we presented a novel rendering method, 
which allows the users to control the brightness and density 
of plotted illuminants in accordance with existing surface 
descriptors. The actual surface descriptors employed 
include principal curvature, Gaussian curvature, mean 
curvature, Tangent Sphere Intersection Value, and mesh 
saliency. We introduced a sophisticated way to convert 
a given 3D polygonal model into a corresponding point 
sequence file whose format is acceptable by the SRV-5000, 
where the brightness and density of the plotted points were 
determined judiciously with reference to either of the pre-
computed surface descriptor values. A new simulation 
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software system, called Point Cloud Generator, was 
developed, which makes an advance shape evaluation of a 
target 3D object and then generates proper LPSD data for 
it [TVRSJ12], as shown in Figure 2. See the accompanying 
video (PCGdemo.wvm) to understand how the Point 
Cloud Generator actually works. Finally, we used images 
generated from an open set of simple 3D shapes to carry 
out a questionnaire survey and an evaluation experiment 
along with a gauge, to illustrate the feasibility of the present 
scheme of 3D point cloud rendering [TVRSJ12].
So far there have been several proposed ideas to make 
effective use of limited rendering resources, yet those 
control targets are mainly computation resources such as 
CPU and GPU. The method proposed in this project can be 
surely differentiated from them in that it focuses primarily 
on display resource, and pave a new way to 3D rendering, 
which will be able to be referred to as Resource-Aware 
Rendering [CSA11, CREST12].

3. Innovative Applications 

There already exist many types of 3D display based 
on modern technologies other than laser-plasma. It 
is believed, however, that the RAR-assisted software 
augmentation would increase most equally the potency of 
their expressiveness of any of the 3D displays, which are 
commonly expected to be utilized for highly-entertaining 
virtual reality contents or a variety of visualization. The 
design and development of an open-source, common RAR 
library would serve as a base for spread of true 3D displays 
and natural user interaction to the related communities. In 
addition to these, collaborative study with a new type of 
perceptive psychology would be a challenging research 
topic of 3D displays. 

4. Academic Achievement

The SRV-5000 device was demonstrated at a booth 
of Emerging Technologies during the week of ACM 
SIGGRAPH 2011 held in Vancouver in August 2011, and 
attracted much attention from the audience. SIGGRAPH is 
known as a premier international conference in computer 
graphics and interactive techniques.

5. Achievement in Talent Fostering

Ms. Ayaka Nakatani received her master of engineering 
degree from Graduate School of Science and Technology, 
Keio University in March 2012. Her thesis is entitled 
Resource-Aware Rendering for 3D Display Devices Using 
Surface Descriptors (in Japanese), and contains core results 
from this project.

6. Collaboration with Microsoft Research

We have benefitted from penetrating comments from and 
constructive discussions with Dr. Shixia Liu, MSR Asia 
during the project period. In March 2011, Dr. Liu and 
Issei Fujishiro were invited together to hold a panel on 
visualization research in Asia-Pacific area in IEEE Pacific 
Visualization Symposium 2011 in Hong Kong:

Huamin Qu, Issei Fujishiro, Seok-Hee Hong, Tung-Ju 
Hsieh, Shixia Liu, Qunzheng Peng, and Jinwook Seo: 
“Panel: Visualization Research in Asia Pacific,” Abstract 
available in Proceedings of IEEE Pacific Visualization
Symposium 2011, pp. 212-215, Hong Kong, March 3, 
2011.

7. Project Development

The project had been on going with a JST CREST project 
for 3D Aerial Display (main investigator: Hideo Saito, Keio 
University), and the two projects have benefitted from each 
other. Issei Fujishiro attempted to officially negotiate with 
JST in May 2011, another 5 year extension of the CREST 
project, but failed to be accepted at that time. We still plan 
to apply for public competitive funds sponsored by JST, 
JSPS, and MIC, the Japanese government.

8. Publications

Paper publication
[CSA11] Issei Fujishiro: “Resource-aware rendering for 3D 

display (in Japanese),” in SIG Reports on Fundamental 
Visual Information, The Color Science Association of 
Japan, No. 8, pp. 3-5, June 2011 [invited].

[VC11] Ayaka Nakatani, Issei Fujishiro, Hidei Kimura, and 
Akira Asano: “Advance evaluation of feature point 
cloud extraction for 3D display (in Japanese),” in DVD 
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Proceedings of IIEEJ Visual Computing/ IPSJ Graphics 
and CAD Joint Symposium 2011, No. 30, Matsue, June 
2011 [refereed].

[SIGGRAPH11] Hidei Kimura, Akira Asano, Issei Fujishiro, 
Ayaka Nakatani, and Hayato Watanabe: “True 3D 
display,” presented at Emerging Technologies, ACM 
SIGGRAPH 2011, Vancouver, August 2011, and abstract 
available in Full Conference DVD-ROM [refereed].

[TVRSJ12] Ayaka Nakatani, Issei Fujishiro, Hiroyo 
Ishikawa, and Hideo Saito: “Resource-aware rendering 
for 3D display devices using surface descriptors 
(in Japanese),” submitted to Transactions of Virtual 
Reality Society of Japan, June 2012 [refereed].

Other publication
[CREST12] Issei Fujishiro: “Resource-aware rendering 

based on surface descriptors (in Japanese),” CREST 
Final Symposium on Aerial 3D Display, co-located 
with Interaction 2012, Tokyo, March 2012.




