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2.1.2. SSQ Xa7
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an = 9.54, ap =758, ap = 13.92, ap = 3,74
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2.4. EBJ7O0b30
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Sub. A High speed Low speed
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FEER 1 EFAERIC SSQ A T 7T & B FEM MR 24Ty, F 7RI & B AR A B ROL DOIRIE &
LT, RN 0ER? S HEE L0 2 Bz, (OIARENE, BB ISR S /0 ER D 5 Berger
FIZk o TRz, 208%, LHAEBONT —AR7 bVvERD, ARSEROGEHFEE LTX{fEbhb
LF #38 (0.05-0.15Hz) (249 % HF #4% (0.15-0.3Hz) O LAV F -1, §7%4b5 HF/LF & fvT, 2R
#ER 7 & RIS EARKE R DIE BN T > A DFHli 2 1T - 72.

[ 7 I2HERE C 0, M8 IZIZHERE D O3> 2130 — VDD AD S 7% B ERBMREHERD SSQ 227
RARL7z. ARERASCBSE, FHRRDTE — VG DA T FE o 2B AMYEBISRED SSQ A3 T Th B,

9, 10 12td, #EBE C 256 ICHERE D O/ F 7213 0 — VKD % & A 7P ENBLEEIEE O HRV
(HF/LF) Z/RL7z. 7, {8 LEFRIS, R#ASYHGr, FRDS Y o & o 72 E NG S EkE O HRV
(HF/LF) T 5. &8, KBOZOICHWERLy > a Y ORBICBITL 7T 27 A7) — A EBRERICEH
&N7-HRV (HF/LF) ZMz7-12tvysror—49z7ay L. 1&12yvayOER7TI 07 A
7)) = VBB DT -5 Th 5.
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4, E=

EE1OFHRELTHOLNASSQ 2 a7 DR, HI1E (K3), WBH A D/3r - SEEMFIIBWT, Bf
O OBETEMAT100 282 THBY, MOV ERLTWAZ LA 5 (M 3(a) DikE) . L LEYES, %
DRDLEMIZBNTIE, £y a Y O#ITIES THEEDS D IR T 2000, MERVOIREEIZIEE > T
WHEWZ ERD, FAFIvIIATLAR Y MIXDBRENMEGED»HI1E, TERINGHWEELIZC WD
LEZOLND.

—H, FAFIv Iy FAFy FEBEL TV LBOBBMEN O MBS EL LS & (K5, K6),
WTNOBERE D, EBROMITICE > TIRAICEIZY 7 MY AMEAVRE N2, BMEESERRAFE 2513 L
FRDOWE EHWREL R, FHOMSHEEIC RS EEZHN5.

SSQ I & 5 EBIHY L v DRFAM & EARED O F I BRATRE R & s 5 & %@@@“:ﬁofﬁﬁﬁ%ﬁ
YT b BHEMATIE, BEENOREFHIME L LB R & 20 & THER T 210125 5. BgE ORAFHIED
DO RE LB L 7WERE A O8>y - wddfE Tl ,v@@mﬁﬁbgﬂﬁwﬁ,uﬂiWW@LﬁKﬁO
THREDPE K holz/zdi, 20 WHOBHTIX A X v ¥ a YRHGE» 5 B2 CREHW T LIPE TE o7z
D THHEEZLND, KR, BHRE A DX — 24 - HHEEFIIBOTE, HBRERDTHLICHVEEL T
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HRETHLHOD (X3(c) D) , ERMEIOW L ED T —idty va Y RBETREL->TBY (X
5(c) DEM) , FERMIEL B ORED EICERIEEY ZF TV L EEEND 5.

MR &L, BEERE PRESONERORNAMIC L o TRET A LEZ LN TEY (D)) IRERESH]
HREDESLFHENDLH, EBR1 OBRICEDTIE, BEEOFERIC X o TERMESR T 2 ks
OB E RITL TV AR R SNz, £72, FEOEHG LA b 722 nETH - TH WG VD
VA2 LTEY, —~EREHOREIZE > T, BEERVCOFERIEITT S EPRINT.

K7, M8IT/RL7-FE2DSSQ A7 DRI LIL, #ilEE C, D WINOREIIBVWTY, NUES%
GUMEEBILLGED SSQ A2 71E, U— Ve GOME 2 BIE LB TRERELZR L.
B2, BEBRED T, £y a vOBFOSSQ AT TH 1002 BATEY, BWOIRIEICH DL EZZ OB,

NV S R G OIS T — VST R SO IMEICHEL L T, BRICE 2 A HESRE VT L, OIERE
5L ZENAMAAA. K10 RTHERE D O/ &85 HRV (HF/LF) &, o= V&f1281) % HRV
(HF/LF) ICHAEWEEZRLTB Y, KBAROTHEIC L - T, BEEVOREDGE L 2o T b 2 L A7RE
END, BRENZ LI, ¥A4F3Iv 205 Ly PEMWAERICBATYH, /SUBERISGRVE Z i
L7ABBREDHEE L2 05, BERETERB X ORMERER & OREBIRIZB 2 KF L OEE K>
DEBERET HULEND 5.
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A quantitative evaluation of visual factors of cybersickness by analyzing

fixation eye movements and heart rate variability.

Takeshi Kohama' Hisashi Yoshida' Yuya Kitabayashi? and Hiroki Hyodo?

Videos with camera shake containing strong vibrational or rotational motion may cause some symptoms
similar to motion sickness such as nausea, dizziness and headache. It is called cybersickness, or visually
induced motion sickness. In this paper, we have evaluated cybersickness by analyzing fixation eye movements
and heart rate variability of subjects viewing videos of which content was restricted to certain visual factors
in order to identify the effective motion component for cybersickness. Firstly, fixation eye movements while
subjects were watching random dots which consist of each of three visual factors, such as Pan, Roll and Zoom
were measured and evaluated by spectral analysis. The results show that variability of the eye movements
is increased as the experiment session progresses and it suggests that it is difficult to maintain the attention
of fixation as cybersickness progresses. Secondly, we have evaluated the heart rate variability while subjects
were watching the motion pictures which are not random dots but well-controlled motion pictures of an
indoor scene and an out outdoor scene. Spectral analysis of the heart rate variability demonstrates that
HF/LF measure in the Pan condition has lower values than in the Roll condition and it suggests that Pan
motion in the video increases sympathetic nerve activity. These results indicate that cybersickness is caused
by cumulative inconsistencies among visual, vestibular, and somatosensory systems for a long time while
watching videos. Also, we have shown that progression of sickness can be quantified by analyzing fixation
eye movements and heart rate variability.

Keywords: Cybersickness, Visual factor, Fixation eye movements, Heart rate variablility,

Autonomic nervous system.
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