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Assessment of Cybersickness
by the Motion Vectors and Biosignals
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Abstract:- Virtual reality (VR) is a promising technology in biomedical engineering, but at the same time enlarges another problem cal
cybersickness. We used the motion vectors to quantize image scenes and measured electrocardiogram, blood pressure, and respiratior
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evaluating the autonomic regulation. Using the estimated motion vectors, we further synthesized random-dot pattern images as contet
free images. In a test by synthesized images, we surveyed which component of the global motion vector seriously affected the auton
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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Approaches

~—1.-Database of Biosignals affected by Vection-Induced
Images: BREBERTZEDHIRMNEZR SN TULSHBRERIIXL,
ERIESTHONHBOT—2 A—R 1k

2 . Featuring the Components of Image by Motion Vectors:
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3 Analysis by Synthesized Images: M{EEZZHLIZE
Z1z02aL—2 3 VBEEFHEL, BREBEREZE ZHEHN

4 . Estimation of System Function by Multivariate ARX
Model: BMEDEIZAY FILZ AN E L. BEMBEROBEZR
HEAERES (DREECTRKR., MEKFGEE) ZHANE
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Several Time-Scales in Biosignals
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Rating of Personal Features
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Disturbance for Autonomic Regulations

BEMERANDR

Influence of Vection-Induced Images on Autonomic Regulation Evaluated by Time-Varying Behavior of Motion Vectors , MEB Symposium 2003, September 5, 2003

S80I

=
=

\\\



Overview
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Quantization of Image by Motion Vector

Local Motwn Vector " Global Motwn Vector
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Bottom up approach

BREXAXD, “AT754 MERDIHOI/O—/NIVE—2 3>
BHELTBADER" , BFEREEFSMERIEED,
J83-D-ll, 2: 535-544, 2000.
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Signal Processing

Vection-induced Image' -
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Experiments under Real Images

real images subjects
1st Experiment: Five healthy elderly subjects (from
Parachute 52 to 71 yrs. old) and six elderly subjects with mild
Bobsleigh hypertension or diabetes mellitus (5 males and 1
female from 50 to 71 yrs. old) .
boat ey 2nd Experiment: ten healthy young subjects (8 males |
Go cart and two female from 21 to 24 yrs. old)
Hang glider |
Mountain-bike Measured Biosignals
Car race ECG: .ches.st
Bungee jump Respiration: tube sensors around the chest
diving and the abdomen
Bike race Blood Pressure: tonometry method ,W
_ Blood flow: Laser Doppler at thumb sphere of
Vehicle left hand
experiencing video Perspiration: Capsule type sensor at thumb
sphere of left hand

at Niigata University (Nov. 13, 14, 1999, Jan. 19, 21, Mar. 17, 2000)
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Time-varying Behavior of Motion Vectors
in Unpleasant State (roas@mcosmz~s )

unpleasantstate @~
 frequency [H | g <

long interval long interval

""" | < > < >

ik vibration i quick vibration
 (8Hz-14Hz) (8Hz-14Hz)

o —— .

ﬁfeqitency [Hz] <—> - switching

v 1

~ slow vibration

~ (0.5Hz-4Hz)

| time [sec]

- quick vibration of motion vectors possibly affect on autonomic reqgulations
- switching of frequency ranges and their elapsed time interval
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Searching Candidates from Components
of Motion Vectors @z~4 rLoE®s23)

Experimental Protocol Subjects
T :
R Ky T1 |s| 12 |s|---| 76 |S| R ten healthy young subjects (8 males
and two female from 21 to 24 yrs.
> < > < >
3 min 3 min 2 min 1 min old)

R : rest S : still picture T : test under conditioned image

random dot pattern synthesized by CG

based on motion vectors from real mountain bike image

. a . b . c
Comparison between .- 5 :
1. GMV and LMV 0 | : ‘S'yh‘t'hésfzé'd'
2. among GMYV parameters T3 ' ' ' ' only by motlon
; t
3. among LMYV parameters T4 ' esiar,
4. among frequencies 75 | ‘b’ s Loom
: : . : al’l
5. among frequencies for T6 I - Z’l y
switching : : : :

at Niigata University on Dec. 1-22, 2002.
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TFRs of Biosignals under Real and CG images
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HF and LF Components of Biosignals

high frequency in respiration
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Changes in Autonomic Indices affected by
Components of Motion Vectors

ot low frequency : 0.03 - 0.15 Hz
—#— LF : power of low frequency ( blood pressure ) high frequency : 0.16 — 0.45 Hz
-~ HF : power of high frequency ( respiration)
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Adding zoom- and pan-components
caused decrease of HF, increase of

03 1IN LF and LF/HF.
02 4 . — degeneration of parasympathetic
0.1 - nerve activity and enlargement of
............ S T T T sympathetic nerve activity
zoom
Dan 1 FIL b EEIRK AR Z 5 E
..... Adding tilt-component caused increase of
e e ot B o HF and LF, and decrease of LF/HF.
— degeneration of sympathetic nerve
zoom effect tilt effect

activity and enlargement of
pan effect parasympathetic nerve activity
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Discussion (&z:cemiLy)
— Differences between Real and CG Images —

Real Image CG Image
— same motion vector L A
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Effect of Image Contents Vlsual & Vestlbular mfo
- psychological element ‘ uﬂ *ﬂ
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Discussion (xE:cenigly)
— Prediction of Traveling dlrectlon by and Motion Vector —
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t affected on
autonomic regulations, referring
to the experimental results.

X } ADEBEMHERICREESA T
(VS

motion [a.u.] zoom component might be used for
L1 | zoom _prediction of traveling direction
1.0 I P“MI}W
L T

frequency [Hz]

Quick vibration appeared in motion
vector could disturb prediction

 BE~s Nmﬁwﬁ@g,ﬂ zw:—-/
FHICRTEE®E

Influence of Vection-Induced Images on Autonomic Regulation Evaluated by Time-Varying Behavior of Motion Vectors , MEB Symposium 2003, September 5, 2003

50 55 60 65 70 time [ sec]





