
Aerial Image on Retroreflective Particles 

Many kinds of methods can be used to render aerial images. Among these, fog 
screens have been used as primary diffusers of passive aerial display. In this　
type of display systems, diffusers are generated by the fog generator, and the 
projector projects images onto the fog. However, there are some issues to be 
considered. The first problem is that the equipment is large and heavy. The se-
cond is that the screen is not stable because of low wind tolerance. Aerosol-
based screens can resist the wind and exhibit a high portability. However, there 
are limits on the size and the time to project.  

We propose a new method of rendering aerial images using retroreflective part- 
icles. Owing to the properties of the retroreflective material, it is possible to pla- 
ce the projector in the same direction as the observer with respect to the scree- 
n.  This has an advantage that the image can be observed without facing the li- 
ght source. In addition, each particle is heavy enough to fall vertically due to gr- 
avity and there is no limit on the size in this method.

This system consists of retroreflective particles, a device to control the fall of r-
etroreflective particles, and the laser projector. We drop retroreflective particle- 
s from the control device, and  project aerial images from the observer's side. 

Retroreflective particles consists of glass beads and reflective films. Glass bea- 
ds are coated with reflective films. By coating reflective films, the light from the 
laser projector is reflected straight back along the same path from which it ca- 
me when we drop retroreflective particles from the control device. When we d- 
rop retroreflective particles, retroreflective particles fall in various orientation. 
Therefore the incident light collides directly with the reflective film without pas- 
sing through the glass beads according to a prescribed probability. Then the  
incident light scatters.  

By using the stepper motor, it is possible to control the width of the slit. This d- 
evice can be controlled in 1 mm.

We measure the light amount of the display and calculate the ratio of the light 
amount from the laser projector to the light amount from the display. Assuming 
that the light amount from the projector and the light amount from the display. 

We use an optical sensor to measure the light amount. When we measure the 
light amount, we place the optical sensor at the position where the image is p- 
rojected during the fall of retroreflective particles.  

As a result, the light amount observable by the display is 70.050% of the light 
amount from the laser projector.

We measure the maximum luminance of each angle and identify the viewing 
angle of the proposed display.  We project an image of a white point from t- 
he laser projector and take a picture of the aerial image while changing the 
angle formed by the projector optical axis and the line of sight of the observer. 

For the luminance measurement, we use a digital camera(α7s-2 SONY). We 
fix to ISO 4000, F 3.2 and choose the pixel with the maximum luminance of 
each image. Luminance is measured by the following formula. L(luminance) 
is the sum of each value about RGB (0 to 255). 

The result is shown in figure below. It is observed that the maximum lumina- 
nce decreases as the angle decreases. The result showed that when the 60 
degree angle was shifted from the position showing the highest luminance, 
the luminance at that angle was about 54% of the highest luminance. Howe- 
ver, it is true that the viewing angle of our proposed display is wider than that 
of the fog display. Although the viewing angle of Pixie Dust 
[Ochiai et al. 2014] is wider than that of the proposed method, the resolution 
of this method is higher than that of Pixie Dust because the size of retrorefle- 
ctive particles is smaller. 
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