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ABSTRACT

We developed a directional volumetric display that
exhibits different images depending on the viewing
direction. The display can be expected to be applied to
multilingual signage that transmits information in different
languages. In this study, we develop a display that exhibits
images according to the language used by the observer.

1 INTRODUCTION

In  previous studies, we developed directional
volumetric displays that exhibit different images depending
on the viewing direction [1][2]. Figure 1 and Fig. 2 show
the results of those volumetric displays. Figure 1 is a
display using a 3D crystal and Fig. 2 is a display using
threads and a projector. One can see that different images
are exhibited depending on the viewing direction on each
display. However, the display using 3D crystal records a
pattern directly on the 3D display, so only fixed still images
can be exhibited. On the other hand, the display using
threads and a projector can express moving images, but it
can only exhibit images with a low resolution of 20x20
pixels. However, according to the result of Fig. 2, it is
thought that it is sufficient to express characters and
symbols.

A display that can exhibit different images depending
on the viewing direction can be expected to be applied to
multilingual signage that transmits information in different
languages as shown in Fig. 3. A display that exhibits
images according to the language used by the observer
can be expected to have high information transmission
capabilities. But to do so, it is necessary to identify the
language used by the observer.

On the other hand, speech recognition technology that
can identify the language from human voice has been
developed in recent years [3][4]. By using this technology,
it is possible to input voice data for a few seconds and
identify the language of the voice data. Therefore, in this
study, we aim to develop a thread volumetric display that
can change the image exhibited on the display according
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Fig. 1 3D crystal volumetric display.
(a) General view,
(b) Original images,
(c) Crystal seen each direction.
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Fig. 2 Directional volumetric display.
a) Original image viewing from the front,
b) Original image viewing from the side,
c) Projection result from the front,

(d) Projection result from the front.

to the language of the observer.

2 METHOD

In this section, we describe the overview of volumetric
display to be developed in subsection 2.1 and the
language identification technology used in this study.
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2.1 Volumetric Display Overview

The thread volumetric display that we have developed
so far has succeeded in exhibiting images in any direction.
However, the display developed in this study is considered
to exhibit different images on the front and side.

Figure 4 shows a schematic diagram of the display to
be developed. In the example of Fig. 4, information is
initially exhibited in Japanese from the front of the display
and in English from the side. Microphones are installed on
the front and side of the display, respectively. By inputting
voice data in a predetermined language from the
microphone, information corresponding to the language of
the voice data is exhibited. In the example of Fig. 4,
Korean voice data is input from the front microphone, and
information exhibited on the front display is switched from
Japanese to Korean. At this time, the input voice data is
language-identified, and the image exhibited from the
projector is changed according to the language. The input
voice data corresponds to any word in each language. As
described above, a display that changes the exhibited
images according to the input language by using language
identification is developed.

2.2 Language Identification

In this study, Cloud Speech-to-Text provided by Google
is used for the language identification [5]. Cloud Speech-
to-Text is a powerful speech recognition API that uses the
latest deep learning neural network algorithms. One of the
functions of Cloud Speech-to-Text is a language
identification function that uses voice data as input and
automatically identifies the language. In this study, this
function is used to identify the language used by the
observer.

3 RESULTS

In this section, we describe the overview of the actual
thread volumetric display used for study in subsection 3.1,
Cloud Speech-to-Text parameters in subsection 3.2, and
the study results in subsection 3.3.

3.1 Volumetric Display Used for Study

Figure 5 shows the thread volumetric display used in
this study. The thread volumetric display that can exhibit
images of 20 x 20 pixels was created by arranging 20 x 20
threads in an 80 cm square. However, 359 threads could
be actually placed due to the placement constraint. In
addition, microphones for voice input were installed on the
front and side of the display.

3.2 Cloud Speech-to-Text

Cloud Speech-to-Text has several parameters that
should be set for language identification. This section
describes two important parameters in this study. The first
is setting the language to be identified. For language
identification, it is necessary to set the language to be
identified in advance. This time, it was set to be identified
in three types: Japanese, Korean, and English. The
second is the number of seconds of input voice data. The
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Fig. 3Directional volumetric display.
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Fig. 4 Volumetric dlsplay overview.
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Fig. 5 Volumetric display used in study.
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Fig. 6 Original images.
longer the time, the higher the accuracy, but it was set to

2 seconds because it was judged that the identification
accuracy was sufficient even in a short time.

3.3 Implementation Results
Figure 6 shows the original images for each language
used for exhibit on the volumetric display. (a), (b) and (c)



directions. In addition, in order to improve information
transmission ability, we aim to develop a display that can
exhibit higher resolution images.
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Fig. 7 Implementation results.

in Fig. 6 are Japanese, English and Korean, respectively.
Figure 7 shows the results exhibited from the thread
volumetric display. Figure 7 (a) shows that the original
Japanese image is exhibited on the front and the original
English image on the side. From this situation, when any
Korean was input to the side microphone, the result shown
in Fig. 7 (b) was obtained. One can see that the original
Japanese image is exhibited from the front and the original
Korean image in the side. Furthermore, when inputting any
Korean from the front microphone and any English from
the side microphone, the result of Fig. 7 (c) was obtained.
One can see that the original Korean image is exhibited
from the front and the original English image in the side.

4 CONCLUSIONS

The purpose of this study was to develop a thread
volumetric display that can change the image exhibited on
the display according to the language used by the
observer. By using language identification, we have
succeeded in developing a display that fulfills that purpose.

In this study, we developed a thread volumetric display
that supports only the front and side directions. As future
work, we aim to develop a volumetric display that can track
a person in real time and input voice data from any
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