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ABSTRACT
We introduce a novel wearable haptic feedback device that magni-
fies the visual experience of virtual and augmented environments
through bidirectional vibrotactile feedback driven by electromag-
netic coils with permanent magnets. This device creates guidance
haptic effect through magnetic attraction and repulsion. Our proof-
of-concept prototype enables haptic interaction through altering
position of wearable structure, vibrating with different intensity,
and waveform pattern. Example applications illustrate how the
proposed system promotes guided and rich haptic feedback.
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1 INTRODUCTION
Recent development of AR/VR interfaces has led to enhanced vi-
sual experiences that can be magnified with supporting sensing
and feedback devices [3]. These interfaces depend mostly on basic
haptic feedback methods such as vibrotactile and force feedback.
Moreover, researchers employed electromagnets and passive mag-
nets to create effective vibrotactile and force feedback [2, 4, 5, 7].
Here, we aim to develop a novel wearable interface that enables
rich interaction by utilizing attractive and repulsive force feed-
back between a permanent magnets and electromagnetic coils. The
proposed wearable interface provides a user with a guided haptic
experience without the need for a stationary magnetic system (e.g.
tabletop or patches) and controllable force feedback feature.

2 SYSTEM OVERVIEW
Hardware. Our prototype is designed to be fit with an index

finger. The device consists of an inner and Moving Guide: the Inner
Guide holds the Moving Guide and passive magnets and the Moving
Guide slides back and forth with electromagnetic coils to create
haptic feedback. Moving Guide slides within the Inner Guide’s
top and bottom plates. Passive magnets (6mm diameter and 10mm
length) are inserted in the Inner Guide as shown in Figure 1. In
terms of hardware, we use microcontroller (Teensy 4.0) and motor
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Figure 1: Guide Ring Prototype. The Inner Guide is embedded
with magnets on top and bottom. The Moving Guide has a
coil wrapped around which freely moves on the Inner Guide.

driver (VNH5019, Pololu) to control the amount of current applied
to the electromagnetic coils.

Coil Design. We tested various wire sizes and chose 0.5mm diam-
eter copper wire with PEW coating for our coil. We observed that
the diameter of the coil influences the coil’s magnetic field strength
more than the length of the coil used [6]. However, a coil with a
bigger diameter could limit the number of wraps around the ring,
but the number of coil wraps did not affect the coil’s magnetic field
significantly from the user’s perspective. We measured the distance
from the coil where the vibration was still detectable for different
supply voltages. The results showed that increasing the number of
wraps from 100 to 300 increases the distance by only 2∼3mm. Thus,
we employed 100 wraps for the prototype.

Waveform Selection. The different waveform pattern on the driv-
ing current can increase the strength of haptic feedback. We tested
four different waveform patterns including sine, triangle, sawtooth
and square, with 500 milliseconds duration. The sensation felt
weaker for sine and triangle waveform and the strongest for saw-
tooth waveform. Then, we further adjusted the frequency of the
waveform pattern to maximize the sensation. According to the
threshold for vibration detection [1], the feedback is the most de-
tectable between 40∼300 Hz. In our experiment, we found that
75∼90 Hz was the most effective frequency range.

Magnet Placement. To confirm the magnetic field strength from
given permanent magnets, we carried out a Finite Element Method
based simulation. Here, we simulated a planar view of the magnetic
field’s density (Figure 2). From the simulation, we found that the
side of the Moving Guide has the strongest magnetic field. We
installed permanent magnets in the side of the Moving Guide to
maximize actuator performance.
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Figure 2: Planar simulation ofmagnetic field strength density
in oval shape.

Table 1:Magnetic strengthmeasurement for different shapes.

Measurement location Round Square Oval Rectangle
Outer edge 2.38mT 1.54mT 1.67mT 1.29mT
Middle 0.37mT 0.16mT 0.32mT 0.16mT

Shape. We evaluated different shapes of Moving Guide (round,
square, oval, and rectangle) to verify the user’s wearable experience
and magnetic field strength. For each shape, we put 35 turns of
0.5mm PEW wire. We measured the magnetic field strength using
Magnetic Field Meter (MG-3002, LUTRON) on two locations: outer
edge and middle of the guide. Users reported discomfort in wearing
round shape guide since the structure easily contacts neighborhood
fingers. We chose oval shape guide even though the oval shape
showed the second strongest magnetic field next to the round shape.

3 EXAMPLE APPLICATIONS
VR Controller Haptic Feedback. Figure 3 illustrates depth percep-

tion with haptic feedback. When the user’s hand moves deeper
inside of a virtual object, the vibration gets more intense. For VR
gun shooting game experience, the Moving Guide moves back and
forth when the shot is made to provide realistic shooting experience.

Mobile Status Feedback. As shown in Figure 4, our prototype can
provide information about the interaction status. Here, the user
copies and pastes a phone image using hand gestures. When it is
in copying phase, the coil moves away from the phone and stays in
that position. When the user pastes image, drop feedback is made
by releasing the coil from its previous position.

Figure 3: The depth perception could be entitles by increasing
intensity as user moves deeper.

Figure 4: Our ring depicts the status of the interaction by
altering the position of the moving guide.

4 CONCLUSION
We proposes a novel wearable device driven by electromagnetic
coils and permanent magnets. We enable guidance haptic effect
through magnetic attraction and repulsion while providing con-
ventional vibrotactile feedback. In the future, we would carry out
a user study to evaluate the performance of the suggested haptic
feedback in mobile and AR/VR interfaces.

ACKNOWLEDGMENTS
This work was supported by the National Research Foundation
of Korea grant (NRF#2022R1F1A1065277 & #2022R1A4A5033689).
Any opinions, findings, and conclusions expressed in this material
are those of the authors and do not necessarily reflect the views of
the funding agency.

REFERENCES
[1] S Bolanowski, George Gescheider, R Verrillo, and CCheckosky. 1988. Four channels

mediate the mechanical aspects of touch. The Journal of the Acoustical Society of
America 84 (12 1988), 1680–94. https://doi.org/10.1121/1.397184

[2] Julian Kreimeier, Sebastian Hammer, Daniel Friedmann, Pascal Karg, Clemens
Bühner, Lukas Bankel, and Timo Götzelmann. 2019. Evaluation of different types
of haptic feedback influencing the task-based presence and performance in vir-
tual reality. In Proceedings of the 12th acm international conference on pervasive
technologies related to assistive environments. 289–298.

[3] Alex Mazursky, Shan-Yuan Teng, Romain Nith, and Pedro Lopes. 2021. MagnetIO:
Passive yet interactive soft haptic patches anywhere. In Proceedings of the 2021
CHI Conference on Human Factors in Computing Systems. 1–15.

[4] Masa Ogata. 2018. Magneto-haptics: Embedding magnetic force feedback for
physical interactions. In Proceedings of the 31st Annual ACM Symposium on User
Interface Software and Technology. 737–743.

[5] Fabrizio Pece, Juan Jose Zarate, Velko Vechev, Nadine Besse, Olexandr Gudozhnik,
Herbert Shea, and Otmar Hilliges. 2017. MagTics: Flexible and Thin Form Factor
Magnetic Actuators for Dynamic and Wearable Haptic Feedback. In Proceedings
of the 30th Annual ACM Symposium on User Interface Software and Technology
(UIST ’17). Association for Computing Machinery, New York, NY, USA, 143–154.
https://doi.org/10.1145/3126594.3126609

[6] Slawomir Tumanski. 2007. Induction coil sensors—A review. Measurement Science
and Technology 18, 3 (2007), R31.

[7] Malte Weiss, Chat Wacharamanotham, Simon Voelker, and Jan Borchers. 2011.
FingerFlux: near-surface haptic feedback on tabletops. In Proceedings of the 24th
annual ACM symposium on User interface software and technology. 615–620.

https://doi.org/10.1121/1.397184
https://doi.org/10.1145/3126594.3126609

	Abstract
	1 Introduction
	2 System Overview
	3 Example Applications
	4 Conclusion
	Acknowledgments
	References

