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This research aims to enrich the soundscape virtualized by portable music players, noise-canceling technology,
and stereophonic technology with musical vibrations generated by and synchronized with music. We first aimed to
realize a highly effective musical haptic wearable suitable for use during everyday travel. To enhance the music
listening experience with musical vibrations, transmitting powerful low-frequency vibrations over a wide area is
important. However, a linear vibrator, often used in general musical haptic wearables, cannot be used within small
devices to transmit low-frequency vibrations over a wide area due to its driving principle. We thus invented a
tension-based vibration generation mechanism using motors and a thread that is compact in principle and capable
of transmitting powerful low-frequency vibrations over a wide area. To demonstrate the feasibility of a practical
musical haptic wearable utilizing the proposed mechanism, we developed a necklace-type acoustic device,
Hapbeat. Measurements showed that Hapbeat could transmit powerful 20 Hz vibrations over the chest and neck
and output over an amplitude of 10 m/s? in a frequency range of 2.2—470 Hz, and its response speed is 2.74 ms,
which indicates excellent characteristics as a musical haptic wearable. We next aimed to extend soundscape
expression and proposed a 2D navigation and 3D guidance method using musical vibration. The methods
modulate the musical vibrations' amplitude presented by Hapbeat according to the positional relationship between
the user and an arbitrary target in terms of direction, height, and distance. For the evaluation, we conducted a task
of walking to a destination while listening to music for the 2D navigation method and a task of shooting a moving
target in a 3D VR space for the 3D guidance method. The result showed that the proposed method contributes to
accomplishing the tasks and improves the music-listening experience even during the tasks. We expect our
findings to contribute to the future development of soundscape expression and expand the use of haptic
technologies.
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