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Practical BioSignal analysis for Nausea detection in VR environment

M. J. Park, H. T. Kim=*, K. &, Park
Biomedical Engineering, Seoul National University
Psychology, Korea University#

ABSTRACT

We developed nausea, caused by disorder of
autonomic nervous system, detection  system
uging bio-signal analysis and artificial neural
network in virtual reality environment. We usged
16 bio-signals, 3 EEGs, EOG, ECG, SKT, PPG,
SR, RSP, EGG, which has own  analysis
methods. We estimated nausea level by artificial
netital network.

Introduction

In wvirtual reality enviromment, so many people
suffer VR motion sickness, such as nausea,
headache, eye strainl’. Many research about
motion gdekness are published by using fmanual
analysis method such ag uging questonnaire?).
But because threshold of nausea reporting is
different between the subjects, nausea reports are
different each other, too.

In this research, we developed motion sickness
reduction system, which use bhio—gignal analysis
and Artificial neural network and ICA, wavelet
and efc.. We use 16 hio—signals which have its
own analysis method, o analysis  simulator
sickness. Because traditional off-line hio-signal
analysis methods are not sufficient at real-time
analysis and don't have same characteristics for
input parameters of artificial neural network
between the subjects, we should modify the
methods.

Main discourse

We developed bio—signal analysis method
which iz fitted for wirtual reality environment.
For example, in previous research, we used skin
ternperature itgelf, but our desired features are
parameters which is well expressed changing of
bio-gignal. Therefore, we use not only data in
virtual reality environtrent, but alzo data in real

envitonmment. We  divided three stages in
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experiment procedure, resting, starbng, main.
Resting  ws  starting  means  virtual  reality
sickness, and starting vs main means motion

gickness. For macroscopic naugea estimation, we
uge resting vs main navigation. In addition,
hin—signals have their own analysis methods
EE: g¢ignal's frequency band is  (.2~50Hz,
although EGG  gignal’s  frequency  band  is
Zepm(0.05Hz) ~ 15epm((0.25H2)3), Because EGG is
very low frequency signal, analysis method is
not common.
We use 16 hin-signals, 9§ EEGs, EQG, ECG,
SKT, PP, GSR, RSP, EGG.
1. EEG analysis
We divided 9 spectral bands, delta, theta,
alpha, beta, gamma and fast alpha, slow alpha,
fast beta, slow beta. For using delta ((.2-4Hz)
band which conflict fregquency bhand of EOG,
we use ICA (Independent Component Analysis)
to remove EQG artifact in EEG signals?.
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Fig 1. Remove EQG artifact from EEG by
ICA

2. EOG
We estimate eve blink count® using modified
Tomkin's method of ECG analysis.
3. ECG
We estimate heart rate variability. For very
slow HRV detection, we use waveletd),



4, SKT
Skin temperature iz a litfle wariation
bio-signal. We measured the rate and the
variation of main navigation vs resting stage.
5 PPG
PP& iz paced bin—signal with ECG. We
estimated PTTT (Pulse Transit Time) using
PPG peak-to-peak detection methods and ECG
R-peak detection methods.
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Fig 2. Definition of PTT

6. GSR
ZSE have two tvpes in varving shape. One
iz pulse type, the other iz step type. Common
character between two types s increaging. We
meagured increaging amount of GSR
7. RSP
RSP iz paced with ECG. We estimate
regpiration count and mean, standard deviation
of rate
8 EGG
EGG iz very low frequency signal. For time
regolution of analysis and satisfaction of
Nyquist theorem, we set length of dataset 20
seconds. We estimated only 9 cpm (cyele per
minute) activity which indicates natsea, but
we dont use 3 cpm activity which indicates
normal gastric activity.

After these analysis, we trained artificial neural
network which iz two layer feed forward
back-propagation  network®, to  estimation
bio-logical changes like natsea.

Conclizsion

We developed natszea detection svstem which
1ses real-time bio—signal analyzis methods and
artificial  neural network. TUsing results of
artificial  neural network, we can decrease
gmulator or motion gickness in almost real-time.
Thiz research can help enjoyving more comfort
virtual reality environment.
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