
Bare-Hand Continuous VR Locomotion Using Beyond-FOV,
Around-HMD Unimanual Gesture

Shaikh Shawon
Arefin Shimon

ssarefin@uwaterloo.ca
University of Waterloo
Waterloo, ON, Canada

Junwei
Sun

jwsun@idt.eitech.edu.cn
Ningbo Institute of Digital

Twin, Ningbo, China

Qiang
Xu

qiang.xu1@huawei.com
Huawei Technologies
Markham, ON, Canada

Jian
Zhao

jianzhao@uwaterloo.ca
University of Waterloo
Waterloo, ON, Canada

Abstract
We present Beyond-FOV locomotion, a continuous VR navigation
technique using above-neck unimanual gestures outside visual frus-
tum of HMD-mounted cameras, supporting simultaneous naviga-
tion and object interaction without lower-limb movement, preserv-
ing natural head- and gaze-based exploration across diverse pos-
tures, and improving accessibility for bare-hand users with lower-
limb disabilities. Evaluated as an imaginary interface using external
motion tracking in a within-subjects study (N=16), Beyond-FOV
matched or exceeded the performance of within-FOV bare-hand
locomotion techniques, establishing it as a promising, accessible,
and space-efficient method for bare-hand VR locomotion.

CCS Concepts
•Computingmethodologies→Motion capture; •Human-centered
computing → Mobile devices; Empirical studies in ubiqui-
tous and mobile computing; Gestural input; • Hardware→
Emerging interfaces.
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1 Introduction
Modern consumer VR systems enable natural, controller-free inter-
action via hand tracking within the field of view (FOV) of cameras
on head-mounted displays (HMDs) [2]. However, effective bare-
hand continuous locomotion remains challenging — especially in
space-constrained or accessibility-limited settings — despite its
importance for immersive VR. Continuous locomotion better sup-
ports immersion, presence, and spatial awareness than telepor-
tation [17], but most existing techniques rely on lower-limb in-
put—such as room-scale walking [18], walking-in-place [23], or
specialized seated hardware [5, 10] — which limits accessibility
and practicality in seated or reclined settings [9, 21]. Upper-body
alternatives, including arm-swinging, head movement, and gaze-
directed navigation [4, 22, 24], often cause fatigue and interfere
with interaction or visual exploration [8, 14]. Within-FOV bare-
hand techniques preserve natural head and gaze movement, but
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Figure 1: User interface for all locomotion approaches.

suffer from gestural interference and visual occlusion during ob-
ject interaction [11, 19]. Previous below-neck and behind-body ap-
proaches [3, 6, 7, 12, 13, 15, 20] can also cause gestural interference
and visual occlusion during head movement — or are ergonomically
unsuitable for sustained use.

To address these limitations, we introduce Beyond-FOV loco-
motion, a bare-hand VR locomotion technique using above-neck,
around-HMD unimanual gestures outside the visual frustum to
separate locomotion from object interaction during natural head
movement. By avoiding HMD contact, it prevents headset distur-
bance and visual jitter while supporting continuous movement,
turning, crouching, and jumping without lower-limb input or body
reorientation, and additionally enabling seamless transitions be-
tween unimanual locomotion and bimanual object interaction. We
evaluated Beyond-FOV using external optical tracking, independent
of current sensing limitations, in a within-subjects study (𝑁 = 16)
against a controller baseline and two within-FOV bare-hand lo-
comotion techniques, and found the performance comparable to
or better than within-FOV approaches in most cases. This posi-
tions Beyond-FOV input around HMD as a promising direction for
accessible and space-efficient VR locomotion, motivating further
on-device sensing approaches for practical deployment.

2 Interaction and Environment Design
Figure 1 summarizes the gesture and key mappings for all four
locomotion techniques. All techniques were performed seated on a
stationary non-swiveling chair (Figure 2b). Gesture mappings were
developed through a 2-hour co-design session with six participants,
building on prior within-FOV locomotion techniques [1, 11, 19].
All locomotion input used the non-dominant hand, preserving the
dominant hand for object interaction during navigation [16]. Fig-
ure 2a illustrates the VR environment, divided into three task zones
of increasing complexity. Task 1 required navigating a 110𝑚 × 10𝑚
corridor while touching pillars. Task 2 added turning, jumping, and
crouching in a 143𝑚 × 10𝑚 corridor. Task 3 combined complex
locomotion with simultaneous object interaction in a 138𝑚 × 10𝑚
corridor, where participants used a sword to strike pillars while
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