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<@Ĝ I-JK_`,a2Hb@���DE�cdV-

987,� d-efg@hij,k8l)���mn

opq&r<Gs�B �����It<$�uH]@

skovwHb@G��t<�xyz Y{-|l}~

wSx��VR: Virtual Reality������o��I�b
V��; ��k UV;V�&-��N���{,�

��o��,<@[1]G
�����^����z ��78���W@�
Q


�q,� I�¡¢g@�£¤�Gss,-���	¥


�¦bI§¡()¨©I�-ª«¬z �����z

���­�oW@G^I-®¯°:�$±;²sg��

�v³$�´g@�µ$¶UV�&-m·k¸¹�·I

ºg@»¼½78-��t<o�uNg<k¾¿bV<

@[2]G

Motion Vector
scene

brightness

color

scenario

filtering

frame rate

Specification of Display

Prediction

visual characteristics

£¤������À Á

(7( o8-mÂÃ�gÄVo��t<$�u@¿

Å,� <G�q&-��oÆu,WUV�mÂÃ�Ç

ÈÁITUV��78ÉÅ@��Ê�ËÌ�ÍÎIÏ<

oW@FÐÑGsbI�-ÒÓ���z ÔÕÕÖ×�

�oºØg@kÙ¿b@Gg ¿Ú-°:$ÛÑÓÜI

TUVÕÖ×��Ý¨NLÞßào!bá!£b)�7

�âãÞä�IºØg@FÐÑGq)-ÇÈÁ�ªå­

�k(V-æçNèéIT@�·«�êëì«�®íÒ

Ó« !�LÞ­�o�)8gÇÈÁGH8I-�¼�

­:AoW@Gî(V-sb8�­�$BC ªåïð

¥�78 @��2ñ78ò@skk @�£ó�G

Autonomic Nervous
System
for Continuing Physical
Activity

Motivation for Exercise

Proprioception

Brain

Muscles

Visual System

Somatic Sensors

Vestibular System

for Controlling Exercise
Neuromuscular system

Motor Command

Energy Metabolism
for Continuing Exercise

time-scale

long

short

£ó���2ñ�ªåïð¥��Ï<

ôÃA�-xõ��Iö(V���:;÷øù�kú

­4��2ñk�ºØ$¼Ä-:;÷øù��^�z 

­�oûügËÌ$g,Iý()[3]-[5]G �-:;÷
øù�������z���­�k(V�¥�þ���

I���qbV<@��,W@Gss,�- xõ���
ËÌFÅ, d-����ËÌ�Sb)xõ���å,

�:;÷øù�kÆu�@�<$g@	�	R¥	�


��$5%(-sb$��
�kg@��ËÌ$¼Ä)G

��	
��
��������������	��

Assessment of Cybersickness by the Motion Vectors and Biosignals
���� �� !"# 


T. Kiryu1 and T. Bando2

��������®������-
���������������
1Graduate School of Science and Technology,

2Graduate School of Medical and Dental Science, Niigata University

Abstract: Virtual reality (VR) is a promising technology in biomedical engineering, but at the same
time enlarges another problem called cybersickness.  We used the motion vectors to quantize image
scenes and measured electrocardiogram, blood pressure, and respiration for evaluating the autonomic
regulation.  Using the estimated motion vectors, we further synthesized random-dot pattern images as
contents-free images.  In a test by synthesized images, we surveyed which component of the global
motion vector seriously affected the autonomic regulation.  The results showed that the zoom
component would induce sickness and under unpleasant situation the time-frequency representation of
motion vectors revealed the switching behavior of a dominant vibration frequency that was related to
camera work.
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¯°=�ËÌ-5Ḡ °=�Í&ÎlR
��ËÌ,W@G

q)-��mÂ¸ÀI 3 ©å��¿$iU)GxÜ�ï
ø����¿]�-fMRI ,y<8bV<@ÏaÐ��ø
Ñ�j���[8]$Ò.IÓp()G
7(7���?@

�_£$%¥�ï$���,Ô�(-¥.$Õøù$

Ö×()À-ØÙ�IVFGg@ R °�L¥øªååÚ
�RR åÚ�$´Q)G �-:;÷øù�kÆu7
#
�
B¯°= 30 Hz ,�7
#�
Bg@sk,-Aå
Ú RR åÚª«¬$Û)Gq)-�þ- ¡�ÆBIh
�ù�$¯°= 1 Hz k @N:o¹,o9�$Ü()À-
3 aï#j�
Ýå(V78���$R¥�R¥ù,W
@ 30 Hz ,�7
#�
B()G �-®íÒÓ«Ê�
ËÌ$,pg@)Q- Gabor º=$ Mother Wavelet kg
@�� Wavelet 6ÞITUV-Mayer °K­�0.04–0.15
Hz�$�þ°Ý78- ¡ÁßÁ»à��RSA�K­
�0.16–0.45 Hz�$ ¡°Ý78¼Ä)G �-^���
8b)�åIö(V:;÷øù��ªå¯°=6Þ

�Wavelet­v�$iU)G

A�BC
xõ��,�º�ïR¥-I

Q
C�ø-C�ø

R¥ï,§©oád @yÜÃoú7U)Gss,-I



Q
C�ø�xõ��o§¶Úá<kâl)Èoã

{-î�ÑÚj
����ù��¥
�01-CG��§
¶Úá7U)È�ä{,WU)GåI-xõ��o§¶

Úád <kâl)ã{, CG �§¶Úád 7U)È
�ó{,WU)G

|l}-C�øR¥ï���I�<V GMV $ªå¯
°=6Þ()æçITb}-GMV � 8–14 Hz �[(<�
:78 0.5–2 Hz�XUd&k()�:ÊèI­�()�£
ä�Gs�sk78-:;÷øù��è[ ¯°=�Í&



BPES 2003 �18��������	
��
���� ������������������������� 

����������������������������SY0007/03/0000-0000 © 2003 SICE

ÎlN^p�é<¯°=¨©o��IËÌ$êlV<@

ëÞÁoWU)G*+-s�^�$I

Q
C�ø�

��Iö(V®íÒÓº�¨©,´Q)æç-§¶Úo

á<Y�I�þ�é¯°=¨©oªæg@7- ¡�ì

¯°=¨©�ªå­�o»��k @^�oP8b)�£

í�GaI-CG ��Iö(V������ËÌ$¼Ä)
æç-GMV �¨©�ÑÚ8¥�k�
� LF ¨©
�0.04–0.15 Hz�N LF/HF$ªæH]�HF¨©�é1�-

.�ù� HF ¨©�0.16–0.45 Hz�N LF ¨©$ªæH]
)�LF/HF �é1�G£ãIyÜÃ¤{,�æç$ GMV
�î¨©¶I®íÒÓ«º�¤t�­�k(Vý()-

q)-£ï�yÜÃ 10 {Iög@ LF/HF ,r()æç
,W@Gî�æç-xõ��Iö(V LF/HF oì<yÜ
Ã�ÆBIj
����ù��¥
Iö(V� LF/HF o
ìd-H8I-xõ��,t<$ýH 7U)yÜÃ,

�8¥�N�
�ËÌ$ÉÅV<)G

£ä�:;÷øù�k:;÷øù��ªå¯°=6Þ

(a) ðñðñ,»�� (b) xõ,»��
time [sec]

0 20 40 60 80 100 120
time [sec]

0 20 40 60 80 100 120

1.0
0.8
0.6
0.4
0.2

0

1.0
0.8
0.6
0.4
0.2

0

1.0
0.8
0.6
0.4
0.2

0

1.0
0.8
0.6
0.4
0.2

0

respiration

blood pressure

respiration

blood pressure

HF

LF

CG

real image

HF

LF

CG

real image CG

real image
CG

real image

£í�xõ��k CG��Iög@òì� HF, LF¨©����           ��£ã�GMVî¨©o®íÒÓ«º�
��������������������������������             ¤tÊêl@ËÌ

£ï�j
����ù��¥
,� GMV¨©�óôk®íÒÓ«�ji¥�

zoom
pan

tilt

0.5
0.4
0.3
0.2
0.1

0

0.7
0.6

0.8
normalized power

LF/HF

LF

HF

(c)  tilt(a)  zoom (b)  pan

14
12

8
10

6

4
2

frequency [Hz] frequency [Hz] frequency [Hz]

time [sec] time [sec] time [sec]
7050 55 60 65

14
12

8
10

6

4
2

14
12

8
10

6

4
2

7050 55 60 65 7050 55 60 65

30

0

-30

motion vector motion vector motion vector
30

0

-30

1.1

1.0

0.9

[pixel]

1.00.2 0.4 0.6 0.80

1.0

0.2

0.4

0.6

0.8

0

LF/HF

LF/HF

pan

pan
1.0

0.2

0.4

0.6

0.8

0
1.00.2 0.4 0.6 0.80

LF/HF

LF/HF

zoom

zoom

1.00.2 0.4 0.6 0.80

1.0

0.2

0.4

0.6

0.8

0

LF/HF

LF/HF

right-left

right-left
���������	
��
�

�������������

���������	
����
�

�������������



BPES 2003 �18��������	
��
���� ������������������������� 

����������������������������SY0007/03/0000-0000 © 2003 SICE

D�EF
®¯°:��W@��t<,�-v³Iõ(VèI�

�o­�())Q-m·koö�·k�åIWX��ï

I�.o²s&-H8I-W@ÍÎî�¼½o¶�()

æç-»��o�u)ëÞÁoì<G(7( o8-÷

ø�ùú�ûüz ®íÒÓ«N-
ð¥ù¼ý !o

þ¦,WU)Gss,�-��t<$ý()xõ���

WX$:;÷øù�k(VqGzIp4�()G

î�æçG:;÷øù�ITUV-|l}-��t<

$ý()C�øR¥ï���I�<V-:;÷øù��

8–14 Hz �[(<�:o 0.5–2 Hz �XUd&k()�:
ÊèI­�()k;-q)-2–4 Hz�¨©o�³Hb)G
()oUV-s�B -:;÷øù��è[ ¯°=�

Í&ÎlN^p�é<¯°=¨©o��IËÌ$êlV

<@ëÞÁoW@Gs�BI-���:;÷øù��-

s���$6�g@ó� ¢�k.l8b)G

0à�æç�j
����ù��¥
IT@ïø�¥

�
B��5%�ó�Á-H8I�) ��z�¥�I

!"d����ËÌùú��¢o7&$ý�(V<@G

����ËÌ�ÇÈÁ�R�Q�
BoºØg@sk7

8Æu���Æu:;÷øù��,�-�
Q
�NÇ

ÈÁ�Ï<ITUVËÌ�ÍÎo? @FÐÑGg ¿

Ú-���:;÷øù�,po5%ªI�	g@k(V

�-��Ê�ËÌ�ÇÈÁIº¿@BC É?,î�Y

î�Y�öão3�k @G


À�öã$qkQ@k01�TÑI @G

1G	�	R¥	�
��IT@���À ÁÊ�ö
ã�����ËÌ�'So��HbV<@xõ��78

:;÷øù�$�'(-,p():;÷øù�78j


����ù��¥
IT@	�	R¥	�
��$5%

g@GH8I-j
����ù��¥
Ê��
Q
�

N9Î-=>IT@
eÅ%�$À zIiÑGsbI

TUV-����$BCIæl)	�	R¥	�
��

�!�R÷����o��IËÌ$êl@�7$¼Ä@G

2G��2ñIT@ÇÈÁ��³�I

Q
C�øN
	�	R¥	�
�� !���t<$²s(Ng<t

���Iö(V-��­:-�þ- ¡-�¦-�¥°

:-�Ö:�A$�³(-®íÒÓ«Nm·�^Á$,

pg@G®íÒÓ«I�<V���­:-�þ- ¡ 

!�ª«¬$ªå¯°=6Þg@Gq)--�hij 

!ITUV�m(V<@Ö©-�m(V< <Ö©,�

�����z��k�ºØ$ò@���m-¯�mk�

ºØ�Gq)--
ð¥ù¼ý�i<-��z�¥�,�

�³(;b <���ò@3�oW@G

3G����ËÌv³2�,p�:;÷øù� !��
���kî���Iö(V�³Hb)ÇÈÁ��ji¥

�k78ú­46Þ !ITUV-����ËÌv³2

$,p,;@ëÞÁoW@GW@<�-���:;÷ø

ù�$;äk(-®íÒÓ«��¯�z ��2ñ��

�­:N ¡°Ý-�þ°Ý !�$'äkg@	ïQ

�º=z -#%¥.oëÞ,W@Gs��-:;÷ø

ù�I�Ö©Ö©�^�$rg LMV khij�:;$
rg GMV koW&-BC :;÷øù�����¿]
$;äk()6Þk @GsbITUV,pHb)	ï

Q�º=I����^�o�Q�qb@GsbITUV-

����ËÌv³2,pÊ�É?oàÑFÐÑG

G�H��
®¯°:��W@����$:;÷øù��R÷�,

©6(-®íÒÓ«�ùú¤t78��t<k�º�$

¼Ä)Gg ¿Ú-xõ��78�®íÒÓ«�¤t�

ËÌ$ûüg�å,�:;÷øù��ªå¯°=��$

#87I(-Æu:;÷øù�$¶�j
����ù�

�¥
78�:;÷øù���¨��¶���ËÌ$¼

Ä)Gî�æç-xõ���:;÷øù�,�-î�¯

°=�Í&Î¿&-H8I-j
����ù��¥
7

8�B%¥C� :;÷øù�¨©�ÑÚ-8¥�k�


o�þ°ÝI�8b@é¯°K­���¥$ªæH]

V<)G


À-��Hb)�¥�$�¥�I��
B !�+

�IT&6Þg@sk,-!bd8<��ç�ÓÜ�N

�¼ 8}-!�ÍÎ���q,�ËÌo�l8b@�

7$v³,;@��ËÌv³2o#87I UVd@,

WÐÑGq)-� Î®:ùú	ïQ��!�z ��

�ëÞI @��kÙ¿b@G

IJ
����"#�È_±WX��$�%&78�'(I

T@��,W@Gq)-:;÷øù��)'IW)&-

NTT 7�C¥ï*¥ï��Z +,-./0�1%äI
�2<)(qgG

KELM
[7] Nichols and H. Patel, "Health and safety implications of

virtual reality: a review of empirical evidence," Appl Ergon,
vol. 33, no. 3, pp. 251-71, 2002.

[2] L. J. Hettinger, K. S. Berbaum, R. S. Kennedy, W. P. Dunlap,
and M. D. Nolan, "Vection and simulator sickness," Mil
Psychol, vol. 2, pp. 171-81., 1990.

[3] 345±-67�8-9:;<-x=q>-"®¯°
:�$ÛÑ���:;÷øù�IT@��ËÌ"-�
17 ��������	
��
����, pp. 143-144,
2002.

[4] T. Kiryu, Y. Nanbo, N. Kobayasi, and T. Bando,
"Relationship between Motion Vectors of Vection-Induced
Image and Multivariate Biosignals under Visual Tasks," in
Proc. 4th International Workshop On Biosignal
Interpretation, Como, Italy, pp. 517-520, 2002.

[5] 67 8-34 5±-9: ;<-x= q>�":;
÷øù�$y<)��©6IT@®¯°:��W@�

����ËÌùú"-_±WX12�&����X?-
MBE2003-9, pp. 47-52, 2003.

[6] R. H. Y. So, A. Ho, W. T. Lo, "A metric to quantify virtual
scene movement for the study of cybersickness: Definition,
implementation, and verification, Presence, vol. 10, no. 2,
pp. 193-215, 2001.

[7] �@A,B�C,�����µ�þ��!D-pp.44-47,
�Ó BP'EM
�¥-:F-1996.

[8] G6HI, 67�8, @��ä,J�j�
�2ñ©T
k fMRIµ�6ÞÊ�ãy,KBME, vol.16, no.5, pp. 24-
31, 2002.


