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Fig. 1. In this paper, we present a new approach to mitigate cybersickness by applying subtle geometrical distortions to the animation frames. While the
modifications significantly reduce cybersickness, the details in the periphery can be preserved better than with the commonly used peripheral blurring.

Virtual reality has ushered in a revolutionary era of immersive content
perception. However, a persistent challenge in dynamic environments is
the occurrence of cybersickness arising from a conflict between visual and
vestibular cues. Prior techniques have demonstrated that limiting illusory
self-motion, so-called vection, by blurring the peripheral part of images,
introducing tunnel vision, or altering the camera path can effectively reduce
the problem. Unfortunately, these methods often alter the user’s experience
with visible changes to the content. In this paper, we propose a new technique
for reducing vection and combating cybersickness by subtly lowering the
screen-space speed of objects in the user’s peripheral vision. The method is
motivated by our hypothesis that small modifications to the objects’ velocity
in the periphery and geometrical distortions in the peripheral vision can
remain unnoticeable yet lead to reduced vection. This paper describes the
experiments supporting this hypothesis and derives its limits. Furthermore,
we present a method that exploits these findings by introducing subtle,
screen-space geometrical distortions to animation frames to counteract
the motion contributing to vection. We implement the method as a real-
time post-processing step that can be integrated into existing rendering
frameworks. The final validation of the technique and comparison to an
alternative approach confirms its effectiveness in reducing cybersickness.
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1 INTRODUCTION

Virtual reality (VR) rapidly evolves and captivates users with its
highly immersing experiences in virtual worlds. Its potential is vast
and varied, from the enhancement of entertainment and educa-
tion to innovative applications in design and therapy. However, a
significant barrier to its universal adoption lies in the onset of cy-
bersickness, a negative symptom similar to general motion sickness.
Cybersickness arises from a sensory mismatch between the vestibu-
lar system’s signals and the visually perceived motion of the virtual
experience [Reason and Brand 1975]. A crucial factor for cybersick-
ness is vection, i.e., the sensation of self-motion induced by visual
stimuli even when the body is physically motionless [D’Amour
et al. 2021]. People often experience such an illusion when sitting
on a stationary train and watching another train moving. The vi-
sual movement observed through the window leads to a feeling of
self-motion. In such cases, human perception attributes a higher
significance to the information-dense visual stimuli conflicting with
the vestibular signals [Bankieris et al. 2017; ter Horst et al. 2015],
often resulting in a negative sensation of sickness or discomfort.
In VR, virtual camera movements that are not accompanied by
physical motion are a significant source of vection, leading to cyber-
sickness. One of the solutions to reduce cybersickness is to limit the
visual vection cues. Common approaches modify the visual content
by occluding or blurring the peripheral vision or modifying the cam-
era path [Adhanom et al. 2020; Groth et al. 2021b; Hu et al. 2019].
These approaches aim to reduce visible movements, especially in the
periphery, which is considered a more motion-sensitive part of the
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visual eld [Exner 1886; Finlay 1982]. The methods, however, lead to
changes in the experience or loss of visual features in the periphery.
Other techniques focus on directly controlling the vestibular system.
Their active stimulation can reduce the sensory mismatch through
alignment with the visual motion [Groth et al2022; Sra et a2019].
However, such an enhancement requires specialized equipment that
is not yet universally accessible.

This paper proposes a novel technique to mitigate cybersickness
that is both subtle and e ective. We start by studying linear and ro-
tational camera motion to later address arbitrary camera paths. For
linear motion we aim to explicitly reduce the magnitude of perceived
motion by slowing down objects in the periphery. To maintain the
user's perception of the camera velocity, we demonstrate how the re-
duction of velocity magnitude in the periphery can be compensated
in the foveal region without reintroducing cybersickness. The cyber-

Murovec et al 2021]. VR delivers strong visual signals that shift
the users' feeling of presence to the virtual world. However, the
disconnection between visual movements in the virtual environ-
ment and actual body motion is a key contributor to cybersickness,
a form of motion sickness during VR exposure [Reason and Brand
1975]. When VR users navigate using controllers and continuous
movements, they experience motion in the virtual world that does
not coincide with their real-world physical state. This discrepancy
in perception is evoked by vection the sensation of self-motion
created by visual cues [D'’Amour et £2021]. In real life, a momen-
tary illusion of self-motion can be evoked, for instance, while sitting
in a stationary car and observing another car moving, exemplifying
the dominant of our perception in contradictory scenarios. Vection
primarily stems from the peripheral vision which is highly sensitive
to temporal changes [Guo et.#021; Thompson et 22007]. Reduc-

sickness caused by visual rotations is even more severe compareding motion cues in the peripheral vision can e ectively diminish

to linear camera movements [Groth et.&022; Kim et al2021]. To

cybersickness, due to the reduction of vection [Luu et 2021].

address this type of movement, we propose to create an illusion of However, even when suppressing the subconscious e ect of vection,
objects moving along a linear trajectory instead of rotating around a humans are still able to experience the movements of the virtual
particular axis. We show that simple geometric distortions that mod- camera, due to the conscious perception of the apparent motion in
ify the screen-space size of the objects are a powerful tool to achieve the fovea. This distinction between apparent motion and vection is a
this goal. By a series of perceptual experiments, we study the e ec- key factor in understanding and properly addressing cybersickness.

tiveness and visibility of the proposed manipulations (Section 3).

Based on the results, we present a perceptual model that describes  Visual Techniques for Cybersickness Redusfainus techniques

the manipulations that lead to the maximum reduction of vection
that can be performed without objectionable changes to the content

have been explored that modify the visual stimuli for cybersickness
mitigation. Opaque occlusions in the visual eld, either in the center

(Section 4). The model provides scene and eccentricity-dependent region [Bos et al2010; Lin et al2002; Seay et &2001] or based on

parameters for the nal method. While our initial experiments make
use of complete control over 3D scenes, such control is not always

eye tracking [Adhanom et aR020; Groth et aR021a,b], are notable
for reducing vection and cybersickness. A more common and less

feasible in complex scenes. Therefore, we propose a method for intrusive technique includes blurring of the periphery [Groth et.al

applying our manipulations using a simple image-based warping
method, which modi es the geometrical information of the scene
by introducing subtle image deformations (Section 5). Since the de-
formations accumulate over time, we exploit saccadic suppression
and eye blinks to restore the frame content to the original rendering.
The e ciency of the method enables real-time execution and easy
integration to any rendering engine. We validate our method in an
experiment comparing with subtle blurring of peripheral content
(Section 6). While the comparison was not perfectly analogous, the
results demonstrate the e ectiveness of our approach in reducing
cybersickness while the visual delity of the scene is preserved,
providing a promising direction for future research.

2 RELATED WORK

In this section, we describe how vection leads to cybersickness
and explore former research on mitigation of cybersickness in vir-
tual reality. Techniques that reduce cybersickness can generally be
separated into two categories: visual content manipulations and
vestibular perception enhancement. In the following, we will focus
on visual methods that do not require further equipment.

Vection and its Role for Cybersicknébtike traditional displays

2021b; Hillaire et aR008; Patney et 22016], xed outer regions [Lin

et al 2020a] or object-dependent areas [Nie et2117, 2019] using
gaussian lters. Also learning approaches were proposed for motion
reduction [Kaplanyan et al2019]. These approaches, acting as a
low-pass lter, reduce contrast and information perception, thereby
diminishing cybersickness. However, the information reduction in
the periphery can be an issue in applications that require fast re-
actions like VR shooter games. With our method, we preserve the
visual details of the scene over the entire eld of view (FOV) by sub-
tly reducing vection with content-aware distortions. Recent methods
include integrating reverse optical ow visualizations [Kim and Kim
2022; Park et aR022]. The idea is based on the larger pooling of
the ganglion cells in the peripheral vision [Anderson et 4091].
Parket al.'s experiment with reverse optical ow arrows reduced
cybersickness but signi cantly a ected participants' experience due
to its application in both peripheral and foveal regions [2022]. We
calibrate our modulations to stay under the threshold of detectabil-
ity to keep the virtual experience immersive and enjoyable. The
relationship between geometry appearance, motion perception, and
cybersickness remains underexplored. However, temporal geometri-
cal modi cations can change the basic visual motion perception of
objects and are highly interesting for reducing vection. In a simple

such as monitors or TVs, VR displays deliver stereoscopic images prototype of Louet al., the geometry of a building is squeezed

that isolate the user from the real world, deepening their immersion
in the virtual environment. When determining what is real, the
human brain tends to prioritize visual cues [Bankieris et 2017;
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towards the viewport's edge during forward movements [2022].
While their project was not generally applied or experimentally
validated the authors' approach motivated the use of geometrical
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