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Virtual Reality Sickness Assessment based on Difference between
Head Movement Velocity and Virtual Camera Motion Velocity

DongUn Kim*, Yong Ju JungH

ABSTRACT

Virtual reality (VR) sickness can have an influential effect on the viewing quality of VR 3D contents.
Particularly, watching the 3D contents on a head—mounted display (HMD) could cause some severe level
of visual discomfort. Despite the importance of assessing the VR sickness, most of the recent studies
have focused on unveiling the reason of inducing VR sickness. In this paper, we subjectively measure
the level of VR sickness induced in the viewing of omnidirectional 3D graphics contents in HMD
environment. Apart from that, we propose an objective assessment model that estimates the level of
induced VR sickness by calculating the difference between head movement velocity and global camera
motion velocity.
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Fig. 2. VR 3D graphics content used in subjective experiments, (a) Scene composition, (b) Left and right stereoscopic

images rendered in the HMD,
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Table 1. Simulator sickness questionnaire factors

General discomfort

Fatigue

Headache

Eye strain

Difficulty focusing

Salivation increasing

Sweating
Simulator || Nausea
sickness o )
questionnaire Difficulty concentrating
factors

Fullness of the head

Blurred vision

Dizziness with eyes open

Dizziness with eyes close

Vertigo

Stomach awareness

Burping

ZrZyel VR 3D E¥l= AH F3 o
SSQ11] Bl=E= 9 ddAe] VR ©€rl&
8l JEAEHAY S =X 19 2 44y 4
o tj$t == none(fle, 03), slight(FzF, 1%
moderate( 2%, 23), severe(4 ¥, 34)22 H 735}
Atk A4 Al W& SSQOlA TCtotal score) S
&3t tH2l.

VR 3D 8 =&

ot
>
08(1‘4
e

ANZetr] Aol H2 e e ol A
A7) Y3 A "ol Bl22E4 Oculus Rift 2]
€ dddAbel st =4 A @A A= A

g deol 5Ao= Qlsf o FolA Hlo] Ajof Fojs}
VR 3D ZH= AH A3 oA EU7o] BoAls A

o

A skt
Al vl He] VR 3D 2 1
o7 AP AY. o] VR 3D ==
A S VR sickness®] 9&FS 7153
22k, @ W] VR 3D F6l= AlA A5 2089 F4
NS B3ttt 33 A3k VR 3D &
o #5 2N E AERTH6, 12]. 47 ool HA
)

Bk a4 WYL 5% FUY F UES o

g NS
rlo mlm
fu

o O

)

of
=

2 0 g 2
O:
1>

>

=)
H
)



114 ZEOICNEE ==X M223 K1=(2019. 1)

2ol 3P3t= VR 3D ZEl= AAH 27HA & A
2 02 EAL /MR Ao g FAS st

2tz B4 &&= 2pol7h §l& A9l VR ErE
3= A shuel BA &5 Apole wE VR gu]e
437 A% Aoz FAHA

VR 3D ZR=E AAst7] ol FdAAlA VR
3D ZEI= YR A 1 IS st Aol e
AANE FA AP A ] e A A= WEA 2
Ne AL 2 “=8A s S8AL &
T ShHE AAEHGTE S Ate] A 718 Wl
< flal AFATE HA AR A S B, skl
F 7HA S AA F 7 A Ao 2Rk AgEgit)

Zk7te]l VR 3D =25 AT 7 Zu= a9
VR 3D "=l U3 SSQE FAI=SE 319
ol& &8st Zt7te] VR 3D ZHl=0| q]sL VR ¥

v A=E SFAsA

118 el FHAPAE UdeR 2 &5 Aol
£ VR 3D "l 204 @A 7H 7helet 2
Y &£xo] @2 VR HuE AT B &5
ztol7h gle Rz A E /) A L= 7
Fhi et $=7F AX T o] A$ Jhvet mAe w
2 97 A AA A4 (global scene motion) 4
o oA VR EH 9 ztol& YERA] gkt

Fig. 5= 9484 119 gz 27t VR

25

20

10

Fast slow

Fig. 5. SSQ difference between “fast” virtual camera
motion experiment and “slow” virtual camera
motion experiment, The line bar represents
each standard error,

3D EE=o| Mol $SQ B#A & ojrlsh Zelth
9% o) ez 5 4G Aol A WA )
ek A48 W by Abie £

]E
3+ A3 Ato|th(h, = 29.64 deg/sec). LEZ =)
JZ= AP ANA = A INE E8gdes A
AE " 7 AivilE 23S =8 3 Ay E

o] tH(h,, = 13.07 deg/sec).

w2 3] H o] A9 SSQ Htol 8440l = 3|
o] A SSQ HFo] 852, F&o] Ao YU 4
F9] SSQE YERATh 7 ZhHE A 571
w2v et s ARgAEe] 1) 3 L£57) M FhelEr
&= 9} YA SSQ Waks A9 giokes A5
7} Bl HTh

3.2 2M £ Xfolof E VR HO| £F

ruz
oo
N
l-'-_l

2 AolAe VR 3D 1 ZHlx
&= zo|7t vhe Aol BAskE VR
ARSI AE8 A% B &5 Zolrt A
SSQ7} Z7Veh= Agko] Ytk AL 3l
ok A A @2 F VRERZE A skA] &
olBl& Al¢jstaAnt

Fig. 6= 7} 7hilet B &= AHgAEe] a7y
3] EYA Axol met Z49 SSQoll s 73t
H GE YeERd Aotk 2 xF9 A L=
2}l (motion velocity difference)& 17 3] 2
o 713 Fhelgt A £59 2ol E v g
&5 xpol o] ke Adte] A F AolE
A sk

HAE AFHE ngo R

a2
2

g 2
X

Lovo &y o o

J

RIS N e/

f
oy 1
Ho

L
-

Sl—nihj
RUNC A

24 &= atol9k SSQ

$5Q and Motion Velocity Difference

2 20
15
10
5
0

0.0~ 5.0 5.1~10.0 10.1~15.0 15.1~20.020.1 ~ 25.0

W
w
L

Motion Velocity Difference(deg/sec)

Fig. 6. Average SSQ value according to motion velocity
difference, The line bar represents each stand—
ard error,



AER Ol s2e

o HAE IA EAHNE A o
g5 Ao
s = 14.87 logd, + 12.42

o71A se A= VR Ev] A &2, de
Z}o] (motion velocity difference)S YeRA T
FAE, olgg At A3 Al Al =" Q1A
oA F2 A8-5+= Weber-Fechner's law$} 2

23 a8 dojxrH1s, 141
Fig. 69 34 Yo+ A% 43 dole g B+
271 Aotk d, = 758, SSQ = 1802). & A&
o3 Ho] Q=5 PHAFAE Yo A=
188 APt A5AE A9 BAH £ Aol
[x°] 51~10.0%1 F3tell A EF2a M9 W=
o) o)

AU

T2 74
(4)
2A

=
vl
)

o |d oIOl' Ap

1 A
|

i o mlo

e

>~
T

2

&
riu

B =Fo|ME VR 3D Zelx oA ALgxt

%7 VR Hule #AE AF3t9th VR 3D 21l
9} AHgAke] HE 23 Y o] W& VR v =
A8 B A3} VR 3D 8= Yol e Aol w
2A w3l g= AR uia +23 £571 Al
7 olm| A 9] Wsle] oHﬂo}L ot W shghc}
| VR ®Hule F

VR 3D Zel=9] 714 7}uﬂa} )
2] 317 3)A 3H t‘%x]% FE= 1) 9
2 Ax 7P ghvEr 3
37 7o) zpoldl mA
gzt ARE & F

VR 3D 29I~ &
WA= T3 890 VR
olm| A BA 1 ApA| K
VR 3D Edl=9] 714 ﬂvﬂa} A
EYR w ol G
NY AxE B2 VR aule Zo)7] A= A
Sk A Yo Hulgk dXsHA VR 3D ¥4 =Hl
Zol| A W-3-3HA 3= Aol nigA s

o2

By =
= =

=E

pti)

g
A&
=4

REFERENCE

[1] CM. Lee and J.H. Jeong, “The Study on an
Using Effect of Head Mounted Display to the

AC

=T

O DA Jttiet &

[2]

[3]

[4]

[5]

[6]

[7]

[8]

a3

Mol & 2t

XOI01 [THE VR 20|

=X
=

115
Body in Virtual Environments,” Journal of
Korea Multimedia Society, Vol. 3, No. 4, pp.
389-398, 2000.

B. Aykent, Z. Yang, F. Merienne, and A.
Kemeny,
Between a Limited Field of View Virtual
Reality Head Mounted Display (Oculus) and
a Medium Range Field of View Static Ecolog—

ical Driving Simulator (Eco2),”

“Simulation Sickness Comparison

Proceeding of
Driving Simulation Conféerence, pp. 65-71,
2014.

How Game Designers Find Ways around VR
Motion Sickness, https://www.theverge. com/
2016/10/13/13261342/virtual-reality —ocu-
lus-rift-touch-lone-echo-robo-recall
(accessed Dec., 10, 2018).

P.A. Howarth and P.J. Costello, “The Occur—
rence of Virtual Simulation Sickness Symp-
toms When an HMD was Used as a Personal
Viewing System,” Displays, Vol. 18, No. 2, pp.
107-116, 1997.

S. Bruck and Paul A. Watters,
Cybersickness of Simulated Motion Using the

“Estimating

Simulator Sickness Questionnaire (SSQ): A
Controlled Study,” Proceeding of Sixth Inter-
national Conféerence on Computer Graphics,
Imaging and Visualization, pp. 486-488, 2009.
H.G. Kim, W.]J. Baddar, H. Lim, H. Jeong, and
Y M. Ro, “Measurement of Exceptional
Motion in VR Video Contents for VR Sickness
Assessment Using Deep Convolutional Au-
toencoder,” Proceeding of 23 Association for
Computing Machinery Symposium on Virtual
Reality Sofiware and Technology; pp. 36, 2017.
A.S. Fernandes and S.K. Feiner, “Combating
VR Sickness Through Subtle Dynamic Field-
of-view Modification,” Proceeding of IEEE
Symposium on 3D User Interfaces, pp.
201-210, 2016.

E.L. Groen and J.E. Bos,

Depends on Frequency of the Simulator Mo-

“Simulator Sickness

tion Mismatch: An Observation,” Presence:



116 ZEOICNEE ==X M223 K1=(2019. 1)

Teleoperators and Virtual Environments, Vol.
17, No. 6, pp. 584-593, 2008.

[9] L.C. Trutoiu, B.J. Mohler, J. Schulte-Pelkum,
and H.H. Blthoff, “Circular, Linear, and
Curvilinear Vection in a Large-screen Virtual
Environment with Floor Projection,” Compu-
ters and Graphics, Vol. 33, No. 1, pp. 47-58,
2009.

[10] KM. Stanney, R.S. Kennedy, and J.M. Drexler,
“Cybersickness Is Not Simulator Sickness,”
Proceedings of the Human Factors and
Ergonomics Society Annual Meeting, Vol. 41,
pp. 1138-1142, 1997.

[11] R.S. Kennedy, N.E. Lane, K.S. Berbaum, and
M.G. Lilienthal, “Simulator Sickness Ques-
tionnaire: An Enhanced Method for Quantify—
ing Simulator Sickness,” 7he International
Journal of Aviation Psychology, Vol. 3, No. 3,
pp. 203-220, 1993.

[12] J. Treleaven, ]J. Battershill, D. Cole, C. Fadelli,
S. Freestone, K. Lang, et al., “Simulator
Sickness Incidence and Susceptibility during
Neck Motion—controlled Virtual Reality Tasks,”
Virtual Reality, Vol. 19, No. 3-4, pp. 267-275,
2015.

[13] M.W. Levine and J.M. Shefner, Fundamen-
tals of Sensation and Perception, Brooks/Cole
Publishers, United States of America, Califor—

nia, Pacific Grove, 1991.

[14] Y.J. Jung, S. Lee, H. Sohn, HW. Park, and
Y.M. Ro, “Visual Comfort Assessment Metric
Based on Salient Object Motion Information
in Stereoscopic Video,” Journal of Electronic
Imaging, Vol. 21, No. 1, 011008, 2012.

4 5 ¢

2016 7P ti3ta X ESost
FHEAD)

ooty axEOlAT

(44444
Aok R, 24U,
G4
¥ g F

20053 KAIST AHREA-Fstat
ukA}

20051 ~20103 A A A £33
=d YA+

2010 ~2014¢ KAIST AT

A

]

2014 ~20161d 44 M 2F Al 2”ILST o] v A Al A 71 i e
FAATH

20169~ 84 AL 2ZES ST za s

A Bo: Image/video processing, Computer vision



