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OsciHead: Simulating Versatile Force Feedback on an HMD
by Rendering Various Types of Oscillation

SUBMISSION #1013
Current haptic devices are usually designed for mainly providing one type of force feedback, but most VR
scenarios require versatile force feedback, which may need to integrate different devices for providing various
types of forces. However, besides the main haptic effects caused by the forces, multiple types of oscillation may
also commonly accompany them, which are crucial to improving VR realism and immersion. Therefore, we
propose to simulate versatile force feedback by rendering the corresponding types of oscillation as the effects
caused by those forces. We take inertia and impact forces as examples in this paper and achieve versatility
using the proposed device, OsciHead, on a head-mounted display (HMD) instead of integrating different
devices. By controlling elastic bands’ elasticity and stored power, OsciHead uses two rotatable oscillators on
both sides of the HMD to render various multilevel and multidimensional oscillation feedback in 2D translation
and 2D rotation directions on a head. We explored different scenarios in that multiple types of oscillation could
be simulated by OsciHead in an exploratory study. We then observed oscillation level distinguishability in two
just-noticeable difference (JND) studies and evaluated the oscillation type recognition rates in a recognition
study. Based on the results, we performed a VR study to verify that the inertia and impact feedback simulated
by OsciHead enhances realism and achieves versatility.

CCS Concepts: • Human-centered computing→ Haptic devices; Virtual reality.

Additional Key Words and Phrases: Haptic feedback; Oscillation; HMD prototype; Virtual Reality.
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1 INTRODUCTION
Haptic feedback is critical for virtual reality (VR) realism and immersion. However, current haptic
devices are usually designed mainly to provide one type of force feedback, which is insufficient for
VR scenarios requiring various types of forces. To improve VR realism and immersion, integrating
different hardware designs to achieve versatile force feedback may be needed. However, besides
the main haptic effects caused by the forces, we observed that different types of oscillation might
also commonly accompany them. For example, when car brakes sharply, inertia forces resist users
from movement change, which shakes their head and causes slower but longer head oscillation.
As punched, impact forces instantly apply to users and cause faster but shorter head oscillation.
Although inertia and impact forces are pretty different and cause different haptic effects, oscillation
commonly occurs and accompanies them despite various types of oscillation in different frequencies
and duration. Therefore, we propose a novel concept to simulate versatile force feedback in VR,
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Fig. 1. OsciHead provides different types of oscillation feedback to simulate versatile force feedback in VR.
(a) Oscillation of impact simulation in a fighting game. (b) Oscillation of inertia simulation in a roller coaster
simulation.

e.g., inertia and impact, by rendering the corresponding types of oscillation as the effects caused by
those forces.
Previous methods rendered oscillation feedback by moving a weight or plates [1, 15, 17, 29] to

simulate oscillatory behaviors corresponding to the hand movement. Still, the motor delay issue is
inevitable, especially for irregular and complicated oscillation, as mentioned in [23]. To achieve
realistic oscillation feedback, some works leverage objects’ physical properties [3, 16, 23], e.g.,
water, elastic bands and a quaternion joint. However, the feedback is generated by shaking the
devices and corresponding to users’ movements but cannot be triggered by external events in VR.
Although Pull-Ups [31] uses pneumatic artificial muscles (PAMs) to pull users and produce body
oscillation, it is a grounded device that provides feedback in only one direction, which cannot
simulate versatile force feedback. We take inertia and impact feedbacks, which are common force
feedback on heads in VR, as examples in this paper to prove the proposed concept. For inertia,
previous works leverage the skin stretch, gyroscopic effect, asymmetric vibration, propellers, and
air jets [4, 7, 8, 11, 14] to provide resistive force or illusions of inertia feedback. For impact, current
methods use elastic bands, electrical muscle stimulation (EMS), and air jets [6, 12, 22] to generate
instant impact force. Although they render realistic feedback, they do not provide both inertia and
impact feedback with limited versatility. Besides, the actuator delay issue makes head shaking and
oscillation involving rapid and complicated resultant force change caused by inertia challenging to
be simulated.
We propose OsciHead to provide different types of multilevel oscillation feedback on a head-

mounted display (HMD) to simulate versatile force feedback in VR. OsciHead consists of a pair of
oscillators mounted on both sides of an HMD, and a proxy is connected with two elastic bands in
each oscillator. An oscillator pulls and releases the proxy to render oscillation feedback using the
elastic force. Different types of oscillation are provided for simulation, inertia, and impact feedback
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