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Abstract—The aim of this paper is to reduce simulator sickness
caused by the low refresh rate of display in smartphone-based
VR system. Without regard to the improvement of hardware,
the method proposed in this paper reduces simulator sickness
by adding static symbol on the screen of the smartphone. A
series of user-participation experiments were done to validate
the effectiveness of the method. Participants’ responses to the
symbol with different textures (cross or Minion logo) and in
different positions (the center or near the corners) were
assessed by Simulator Sickness Questionnaire (SSQ). The
preliminary results demonstrate that the existence, the position
and complexity of the symbols can be factors in relieving
symptoms of simulator sickness.

Keywords-simulator  sickness;
mounted display; virtual reality

smartphone-based head-

L

Because of the occlusion of peripheral vision, people
wearing HMDs have to focus on the virtual contents on
display, which offers high immersion. However, the screen
refresh rate of smartphone is notably lower than the
integrated HMD. The low screen refresh rate of smartphone
may cause oscillatory images and blurring screen
instantaneously as users rotate their heads rapidly. This
makes people’s eyes out of focus, because there is no certain
object in their sight. This happens frequently and brings
people eyestrain and simulator sickness.

In 2001, Henry Duh suggested that an independent visual
background (IVB) may alleviate disturbance when
conflicting visual and inertial cues are likely to result in
simulator or VE sickness. And in Duh’s research, a brighter
IVB is easier to alleviate simulator sickness than a dim one
[1]. In 2005, Tsubaki et al. proposed a video stabilization
method for reducing visually induced motion sickness [2].
Tsubaki's system achieved the removal of oscillatory
motions in scenes. Moss et al. suggested that a degree of
sensory information of the external environment in the
periphery could be offered to reduce simulator sickness,
which meant not all the peripheral vision of the external real-
world environment should be occluded by HMDs [3]. In
2014, Llorach’s experiments showed that the position
estimation system did a better job in the reduction of
simulator sickness than the traditional game controller for
navigation [4]. In this paper, we proposed an approach to
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reduce simulator sickness evoked by the low refresh rate of
the smartphone screen by adding an overwritten static
symbol on it.

IL.

It is well known that in some highly immersive FPS
games, the simulator sickness is mainly caused by the
conflict between visual and vestibular self-motion systems
[5][6]. The game developers found out that some objects
which were static on screen could reduce simulator sickness
to some extent, such as a “virtual nose”. Analogously,
although the simulator sickness in smartphone-based VR
system is mainly caused by the screen blurring evoked by
low screen refresh rate rather than the reasons above, it could
be assumed that a static symbol displayed on smartphone
screen may attract user's attention and decrease the simulator
sickness.

METHODS

A. System Design

We hypothesized that the existence, position and
complexity of symbols are factors in the reduction of
simulator sickness. First of all, a first-person VR game with a
bright colorful scene was designed with Unity3D. It was
found out that people in standing condition have a higher
incidence of simulator sickness than those seated during
HMD console video games and that even simply making
active head movements may elicit symptoms of simulator
sickness [7][8]. So in this research, the players were asked to
stand in situ and turn their heads to seek coins in the virtual
scenes, wearing a smartphone-based HMD, in which a
smartphone was running the game. There is only one coin in
the scene at any moment, which stays at a fixed position and
rotates slowly (to get attention). The players need to find the
coin and turn their heads to make it at the center of the
screen. If so, the coin will disappear and then show up in
another random place, bringing one more score for the
players.

However, the refresh rate of our smartphone’s screen is
60 Hz, and it might take a long time for people to feel
simulator sickness from it. So there was an additional
blurring effect in this game, raising the level of blurry that a
screen could be, and increasing the chance that simulator
sickness can happen in a short time (we make it 3.5 minutes
in our experiment). If the player stays still or just turns his
head slowly, the smartphone will offer clear frames as usual.
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Only when the player turns his head in a fast speed would the
additional effect be active: in this case, the screen should
blur because of fast picture switching, while the additional
effect would heighten it, making it much more blurry than it
should be (Fig. 1).

Three static symbols are chosen in this system: one is a
black ring inside white rim, one is a black cross inside white
rim, and the other one is a Minion logo carrying the most
abundant colors and texture among all symbols. All symbols
are digital images rendered on the screen and they are
immune to additional blurring effect. There are two ways the
symbols can be rendered on the screen: one single symbol
gets put on the center or the same four symbols get placed
near the four corners. The two ways will be described in Fig.
2.

B. Participants

A total of 40 participants (13 females and 27 males)
completed the experiments, all of whom are graduate
students in Beijing Institute of Technology in age from 21 to
28 years old. All participants were in good conditions before
experiments and clear that they got carsickness sometimes.
Participants were divided into five groups and the
arrangement of experiments is summarized in Table 1. The
vision in different groups is displayed in Fig. 2.

C. Procedure

As shown in Fig. 3, participants first stayed in calm for 3
minutes, looking at green trees, relieving their eyes. Then the
participant was asked to fill out a Simulator Sickness
Questionnaire (SSQ) regarding his or her current disposition.

TABLE I. THE ARRANGEMENT OF EXPERIMENTS

Conditions
Group —
Symbol Positions Males Females

A none _ 5 3
B cross center 5 3
C Minion center 6 2
D Cross near corners 5 3
E ring center 6 2

Fig. 1. The blur effect: calm (left) or active (right). When the state of
blurring effect changes from one to the other, the screen will look like a
low refresh-rate one.
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(c) Group C

(¢) Group E
Fig. 2. The vision in different groups

In the experiment phase, the participant worn a smartphone-
based HMD, playing the game which we designed in
different groups for 3.5 minutes. Finally, after finishing the
game, the participant completed a second SSQ and then got
rest. Fig. 4 presents pictures of the participants in the 3.5-
minutes game.

D. Procedure

In this paper, the SSQ proposed by Kennedy.R.S was
used to estimate simulator sickness of participants in our
system [9]. In SSQ, simulator sickness is measured by 16
items. The participants used variable score (0, 1, 2, 3) to
express how strongly they felt each item. Again, 0 being
Never and 3 being Extreme. The 16 items were grouped into
subscales, each subscale received its own score. The three
subscales used in our questionnaire are as follow: Nausea
(N), Oculomotor (O) and Disorientation (D). Then the Total
Scores (Ts) can be achieved by the formula:

Ts=3.74 x ([N] +[O] + [D]) (1)

III.

The differences between pre-game SSQ and post-game
SSQ were taken to quantify the impact that the game had on
participants. The mean differences in scores between pre-
game and post-game SSQ among all groups are given in Fig.
5 and Fig. 6.

RESULTS



00 Pre-Experiment Phase

3-Minutes Calm

@ Conditions @@ Experiment Phase

Post-Experiment Phase

n Post-Survey Rest
n Post-Survey Rest
‘ Post-Survey Rest
n Post-Survey Rest
D Post-Survey Rest

Fig. 3. The time-line of the experiment from left to right.

Fig. 4. The participants in the 3.5-Minutes Game

In general, for Fig. 5, the scores in Disorientation were
the highest among the 3 subscales, then Oculomotor, then
Nausea, which meant that the participants were more
sensitive to Disorientation than the other two aspects and that
the subscale Disorientation made the greatest contribution to
Total Scores.

As shown in Fig. 6, Group A has the highest total score
among all groups, Group D has the second highest of that,
Group B has the third, Group E the fourth and Group C the
lowest. So it can be concluded that in order of most severity

6.00

5.00

4.00

3.00

2.00

1.00

0.00
Disorientation

Oculomotor

Nausea
B GroupA EGroupB ™ GroupC B GroupD B GroupE

Fig. 5. The mean scores of subscales: Nausea, Oculomotor and Disorientation.
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of simulator sickness, it goes: A, D, B, E and C. The same
situations happened in subscale Disorientation.

And it could be seen from Fig. 5 and Fig. 6 that Group C
had the lowest scores in each subscale and Total Scores,
which indicated that the participants in Group C felt the least
severity of simulator sickness.

Through the above experiments, we can get some
conclusions. First, Group B has lower Total Scores than
Group A in Fig. 6, which shows that the static symbol plays
a role in decreasing simulator sickness. It can catch users’
attention when the screen of smartphone blurs because it
becomes the target that users can focus on. Second, the Total
Scores of Group B are lower than those of Group D,
indicating that the symbols placed on the four corners of the
screen may reduce simulator sickness but it works not as
well as one of those placed in the center. In terms of human's
viewing habits, the objects placed in the central parts of the
field of view are easier to notice than those around. Third,
Group E has lower Total Scores than Group B, suggesting
that a smooth symbol (ring) may work a little better than an
angular one (cross). A more smooth shape is easier to be
noticed. Fourth, the Total Scores of Group C are lower than
those of Group E, which means that a symbol with abundant
colors and texture is more effective in the reduction of

40.00

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00

GroupA GroupB GroupC GroupD GroupE

Fig. 6. The mean Total Scores in 5 groups.



simulator sickness than that with a simple texture. The
abundance of color and texture catch people's eyes,
especially when there are colorless objects with less texture
nearby.

And more interestingly, the male participants found
more coins in the game and had lower Total Scores in SSQ
than the females. The reason given by some male
participants was that the experiences of first-person games,
such as Counter-Strike and Call of Duty, made them more
adaptive in first-person environment.

IV. DiscussioN

We put forward a static overwritten symbol placed on the
screen to reduce simulator sickness which is mainly caused
by low screen refresh rate of smartphones in smartphone-
based HMDs.

We chose a ring, a cross and a Minion logo as the
alternative symbols. The center and the points near the four
corners in the screen are optional positions where the
symbols can be put. The participants were divided into
different groups, where the combination of the symbol and
the position was unique. All participants were asked to spend
3.5 minutes on a VR game run by a smartphone-based HMD.
SSQ acted as a tool to evaluate simulator sickness evoked by
the game in all groups. Our research demonstrates that the
existence, the eye-catching position and the abundant texture
of static symbols can decrease simulator sickness to some
extent.

However, the size of static symbols was not taken as a
variable in our experiment though it should be. And our
research mainly targets at simulator sickness caused by
initiative rotation of participants in stationary scenes rather
than the motion of scenes with participants still. Further
studies are planned with an increasing number of cases.

ACKNOWLEDGMENT

429

This work was supported by National Science-
Technology Support Plan of China (grant No.
2012BAH64F01, No. 2012BAH64F02, No. 2012BAH64F03,
No.2012BAH64F04) and the National Natural Science
Foundation of China (grant No. 61370134).

REFERENCES

H Duh, D Parker and T Furness "An Independent Visual Background
reduced balance disturbance evoked by visual scene motion:
Implication for alleviating simulator sickness." Proceedings of Chi
(2001):85-89.

I Tsubaki, T Morita, T Saito and K Aizawa. "An adaptive video
stabilization method for reducing visually induced motion sickness."
IEEE International Conference on Image Processing 2005:191-199.

JD Moss and ER Muth. "Characteristics of head-mounted displays
and their effects on simulator sickness." Human Factors the Journal of
the Human Factors & Ergonomics Society 53.3(2011):308-19.

G Llorach, A Evans and J Blat. "Simulator sickness and presence
using HMDs: comparing use of a game controller and a position
estimation system." Vrst '14 Proceedings of the ACM Symposium on
Virtual Reality Software and Technology 2015:137-140.

MH Draper, ES Viire, TA Furness and VJ Gawron. "Effects of image
scale and system time delay on simulator sickness within head-
coupled virtual environments." Human Factors the Journal of the
Human Factors & Ergonomics Society 43.1(2001):129-146.

C Diels and PA Howarth. "Frequency characteristics of visually
induced motion sickness." Human Factors the Journal of the Human
Factors & Ergonomics Society 55.3(2013):595-604.

O Merhi, E Faugloire, M Flanagan and TA Stoffregen. "Motion
sickness, console video games, and head-mounted displays." Human

Factors the Journal of the Human Factors & Ergonomics Society
49.5(2007):920-34.

JD Moss, J Austin, J Salley, J Coats, K Williams and ER Muth."The
effects of display delay on simulator sickness." Displays
32.4(2011):159-168.

RS Kennedy, NE Lane. "Simulator Sickness Questionnaire : An
Enhanced Method for Quantifying Simulator Sickness." International
Journal of Aviation Psychology 3.3(1993):203-220.

(1]

(2]

(3]

(4]

(3]

(6]


https://www.researchgate.net/publication/317352360

