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Abstract. A lightweight and powerful tactile display is required for a natural tactile experience.
In this study, we demonstrate a fingertip-mounted passive haptic device remotely driven by
airborne focused ultrasound. This plastic passive device is lightweight (6.2 g) and presents strong
haptic stimuli of 0.39 N. The device amplifies an input acoustic radiation force (0.02 N) using a
lever mechanism and presents the amplified force (0.39 N) to the finger pad in 46 ms.
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Fig. 1 1) Concept of ultrasound-driven passive haptic device using a simple lever mechanism. 2)
Developed finger-mounted passive haptic device. The device amplifies applied ultrasound
radiation force 19.8 times and presents the amplified force (haptic stimulus) to the finger pad.
The amplified force was up to 0.39 N in this setup. 3) Schematic of the finger-mounted device.
4) Driving system of the device.

1 Introduction

Haptics is applied for many applications such as immersive VR. For a natural tactile
experience, a haptic device that does not restrict the user's movement is needed.

This study proposes a fingertip-mounted passive haptic device driven by airborne
focused ultrasound (Fig. 1). This device is lightweight (6.2 g) and does not require
complex wiring even when multiple devices are used. The device presents strong haptic
stimuli (0.39 N) to the finger pad in 46 ms by amplifying an input acoustic radiation
force (0.02 N) which is a weak noncontact force generated at ultrasound focus. The
amplification is realized by a lever mechanism. This device has a large workspace and
fast presentation time compared to conventional passive devices [2, 4].

The amplification of ultrasound radiation force using a lever, shown in Fig. 1-(1), is
effective for developing such a high-speed and powerful passive actuator. Since the
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radiation force is presented at the sound velocity, even if the force is amplified by a
lever, the presentation speed of the amplified force is still fast.

2 Fingertip-Mounted Passive Haptic Device

The developed passive haptic device for a fingertip is shown in Fig. 1-(2) and (3) and
the driving system is shown in Fig. 1-(4). The plastic haptic device weighs 6.2 g and
was developed using a lever-crank mechanism. By applying ultrasound radiation force
to the edge of the lever, the device is driven and presents the amplified force (haptic
stimulus) to the finger pad. The amplification factor was 19.8 times. The driving system
consists of six airborne ultrasound tactile displays (AUTDs) generating focused
ultrasound [1, 3, 5] and a depth camera (RealSense D345, Intel). The depth camera
measures the edge position of the lever, and the AUTDs focused ultrasound on the edge
and drive this haptic device in real-time (60 fps).

In this demo, participants can experience a strong haptic stimulus up to 0.39 N
presented by the passive haptic device. This device also can present a low-frequency
vibration (5-10 Hz) by modulating applied radiation force.

3 Conclusion

In this study, we proposed a fingertip-mounted passive tactile device driven by airborne
ultrasound. The device is lightweight and can present strong constant force (0.39 N)
and low-frequency vibration. In the future, we will develop various forms of an
ultrasound-driven passive actuator, such as an accessory type.
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