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Figure 1: Application images of Fairy Lights in Femtoseconds, aerial and volumetric graphics in air rendered by femtosecond lasers. (a)
A “fairy” flying in front of a finger. (b) A “sprout” coming out from a seed. (c) Interference between a point cloud and a finger. (d) The
SIGGRAPH logo.
We envision a laser-induced plasma technology in general applications for public use. If laser-induced plasma aerial images were
made available, many useful applications such as spatial aerial AR,
aerial user interfaces, volumetric images could be produced. This
would be a highly effective display for the expression of threedimensional information. Volumetric expression has considerable
merit because the content scale corresponds to the human body;
therefore, this technology could be usefully applied to wearable
materials and spatial user interactions. Further, laser focusing technology can add an additional dimension to conventional projection
technology, which is designed for surface mapping, while laser focusing technology is capable of volumetric mapping. This technology can be effectively used in real-world-oriented user interfaces.
High-intensity lasers are used to generate voxels in air (Figure 2).
The basic concept was demonstrated using a nanosecond laser and a
rendering speed was 100 dot/sec [Kimura et al. 2006]. Later, adoption of a femtosecond (100 fs) laser and 1,000 dot/sec was achieved
[Saito et al. 2008]. The color of voxels was bluish white because of
plasma emission.
In this study, we use femtosecond lasers with pulse width of 30-100
fs and rendering speed of 1,000 dot/sec, and 269 fs and 200,000
dot/sec, to explore the design space of laser-plasma vlumetric display. Femtsecond lasers generate calmer and safer plasma than
nanosecond lasers, which can be incorporated into our daily lives.
A galvano mirror and a varifocal lens are used to manipulate the
laser beam. In addition, a spatial light modulator (SLM) is used to
produce various spatial distributions of light based on interference.
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Figure 2: Plasma induced by focused femtosecond laser.

A liquid crystal SLM (LCSLM) is used in this study, which contains
a nematic liquid crystal layer. The molecule directions within this
layer are controlled by electrodes, i.e., pixels, and the phase of light
ray reflected by each pixel is modulated according to the direction
of the liquid crystal molecule. In other words, this device acts as an
optical phased array.
Figure 1 shows example images rendered in air by a femtosecond
laser. While the instantaneous intensity is sufficiently high to induce a plasma in air, the time-average intensity of a femtosecond
laser is so weak that a user can instantaneously touch the plasma
images with a finger. The damage on the skin is negligible.

References
K IMURA , H., U CHIYAMA , T., AND YOSHIKAWA , H. 2006. Laser
produced 3d display in the air. In ACM SIGGRAPH 2006 Emerging Technologies, ACM, New York, NY, USA, SIGGRAPH ’06.

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for commercial advantage and that copies bear this notice and the full citation on the
first page. Copyrights for third-party components of this work must be honored. For all
other uses, contact the Owner/Author.
Copyright is held by the owner/author(s).
SIGGRAPH 2015 Emerging Technologies, August 09 – 13, 2015, Los Angeles, CA.
ACM 978-1-4503-3635-2/15/08.
http://dx.doi.org/10.1145/2782782.2792492

S AITO , H., K IMURA , H., S HIMADA , S., NAEMURA , T., K AYA HARA , J., JARUSIRISAWAD , S., N OZICK , V., I SHIKAWA , H.,
M URAKAMI , T., AOKI , J., A SANO , A., K IMURA , T., K AKE HATA , M., S ASAKI , F., YASHIRO , H., M ORI , M., T ORIZUKA ,
K., AND I NO , K. 2008. Laser-plasma scanning 3d display for
putting digital contents in free space. Proc. SPIE 6803, 680309–
680309–10.

