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A Display that Projects Invisible Shadows by High-speed Switching
Control of the Liquid Crystal Shutter Using a Solar Light Source

YUNOSUKE NAKAYAMA™

TOMOHIRO YOKOTA™

TOMOKO HASHIDA™

Abstract: In this research, we propose a display that uses sunlight as a light source and temporal controls the transmission/shading
of direct sunlight by opening and closing the liquid crystal shutter at high speed, thereby presenting visual pattern only during
camera shooting. We focused on the fact that a short change in time can be captured by setting the shutter speed at high speed but
cannot be visually recognized with the naked eye because there is a difference in temporal resolution between the naked eye and
the camera. The user can capture the projected image without making specific settings or operations on the camera because the
shutter speed of the camera will be set to a high value when using bright light such as direct sunlight. In this paper, we describe a
concrete system implementation method, investigate the characteristics of a camera mounted on a smartphone, and evaluate the
visibility of the proposed system. In addition, we will also introduce two applications, one for animation display and one as a

photography assistance mechanism using the proposed system.
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Figure 1  Appearance of the system operating.
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Figure 2 System overview.
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Appearance of the system.
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Tablel  Time of day and shutter speed of camera.
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Figure 4  Captured Image by each opening/closing

frequency of liquid crystal shutter.
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Figure 5 Example of displaying shadow animation.
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Figure 6
photography assistance with topical light shading (Right).
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