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1  Introduction 
 
We demonstrate a system which enables users with bare hands 
and naked eyes to tactually interact with midair three-dimensional 
objects. The displayed midair images are three-dimensional and 
can be seen and touched from multiple angles. By creating neatly 
controlled and designed ultrasound fields, our system can create 
rich tactile textures added onto them with no devices to be worn 
by the users, all of which are programmable. 
 
2  Technologies 
 
The key technology to generate tactile feedback is phased arrays 
of ultrasound transducers. By controlling phase shift and output 
amplitude of each transducer, we can design the resulting 
ultrasonic field. The acoustic energy distribution exerts pressure 
on the surface of our body, which enables remote and non-contact 
tactile stimulation. The field can be foci formed from planer 
phased arrays [Hoshi 2010, Hasegawa 2013, Carter 2013], a 
standing wave from pairs of phased arrays facing each other, and 
even a free 3D shape of energy distribution [Inoue 2015]. 
Properly designed ultrasonic fields generate various touchable 
textures. A vibrotactile spot with 1 kHz bandwidth ranging from 
DC (0Hz) can be generated by amplitude modulation of the 
ultrasonic field, and standing waves yields static elastic textures. 

Aerial images are created with an optic component named 
“Aerial Imaging Plate (AIP)” invented by ASUKANET 
Corporation [Asukanet 2011]. The AIP is composed of tiny corner 
mirrors arrayed in a planer lattice, which results in creating three-
dimensional midair images of objects placed behind the AIP. The 
generated image can be seen from arbitrary viewpoints. The 
original source images should be planer LCDs if we need planer 
midair images. For generating volumetric midair images, 
corresponding image source should also be volumetric.  

Finger and hand motion is captured with commercially 
available sensors, the Leap Motion and other infrared sensors.  
Integrating all the technologies above, our system provides midair 
visuo-tactile interaction via their bare hands. 
 

3  Applications 
 
The first step of wide variety of applications would be a dirt-free 
midair touch panel. Such aerial touch panels never transmit germs  
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Figure 1: System Overview 
 
and are free from visible dirt. It is even erasable when 
unnecessary. 
    The second step would be an intuitive 3D modeling interface. 
Haptic feedback is indispensable especially in handling 3D virtual 
objects. Midair tactile feedback enables 3D CAD interface where 
the designer can handle 3D virtual objects intuitively as if they are 
real objects. It would be even possible to deform virtual clay by 
kneading, twisting, or pinching. Once the technology is 
established and the cost is lowered, this technology will be used 
as general computer interfaces.  

    As the next steps, communication among people and human 
motion support would attract great interests. In the demos we 
show the concrete examples of the future applications in these 
steps. 

 

Acknowledgements 
This work was partly supported by JSPS KAKENHI Grant 
Number 25240032.  
 

References 

HOSHI, T., TAKAHASHI, M., IWAMOTO T., AND SHINODA, H., 2010, 

Noncontact tactile display based on radiation pressure of 

airborne ultrasound, In Trans. on Haptics, Vol. 3, No. 3, 

pp.155-165, IEEE. 

HASEGAWA, K., AND SHINODA, H., 2013, Aerial display of 

vibrotactile sensation with high spatial-temporal resolution 

using large-aperture airborne ultrasound phased array, In 

World Haptics Conference, IEEE. 

CARTER, T, SEAH, S., LONG, B., DRINKWATER, B., SUBRAMANIAN 

S., 2013,  UltraHaptics: multi-point mid-air haptic feedback 

for touch surfaces, In UIST, ACM. 

INOUE, S., Makino, Y., AND SHINODA, H., 2015, Active Touch 

Perception produced by airborne ultrasonic haptic hologram, 

In World Haptics, IEEE. 

ASUKANET, 2011. Aerial imaging. http://aerialimaging.tv. 


