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Abstract

There are many people who suffer from simulation sickness when

immersing in virtual reality. In this study, we analyzed two
photoplethysmogram (PPG) parameters - a second derivative parameter and
power spectral density ratios - in order to relate PPG parameters with

simulation sickness. 36 young, healthy subjects were participated in the
experiment, and each subject was equipped with a PPG electrode during his
or her immersion. Simulation sickness section was defined as a 7- second
section which starts from the point where a subject reported simulation
sickness, and normal section as a same- length section where no physical
stimuli was presented to him or her. We compared the PPG parameters of
the simulation sickness sections with the normal sections, - d/a ratio is
believed to have lower value during vasodilation and higher valie during
vasoconstriction, however, we c¢ould not find much difference in the
parameter between normal and simulation sickness sections. We also
compared 1 to 10Hz power spectral density ratios in normal sections with
in simulation sickness section, and found that & density ratios among them
have different value. Therefore, the density ratios might be utilized as
parameters to detect simulation sickness of subjects.

Keywords ; photoplethysmograpy (PPG), simulation sickness, second
derivative of PPG(SDPTG), power spectral density ratio
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INT RODUCT ION

VR (Virtual Reality) system has been

widely used for various purposes.
However, during immersing in virtual

environment, many people suffer from

simulation sickness ; which includes
various symptoms such as nausea,
vertigo, disorientation, malaise, and

dizziness.[1] Each symptom comes from
a specific physiological reasons. For
example, nausea is evidence of altered
autonomic (especially parasympathetic)
activity, such as skin pallor, increased
perspiration, and occasionally,
hypotension and bradycardia. [2]

Digital photoplethysmogram (PPG)
measures the amount of the light that is
absorbed by hemoglobin. Kenji et al.[3]
discussed that PPG signal is related with
the blood volume changes in the bhlood
vessel - vasodilation and
vasoconstriction. They also discussed
that the neagtive dfa ratic of second
of PPG(SDPTG)

significantly with vasodilation.

derivative decreases
In this study, we compared - d/a ratio
and power spectral density ratios of PPG
signal in simulation sickness section with
in normal section. Furthemore, we
constructed an automatic PPG  signal

analysis system that can be used for

on- line data analysis or bio- feedback.

METHODS

1. Subjects and signal acquisition

Thirty six young, healthy subjects(19
males and 17 females) with meanxSD
age of 2144303 wyears navigated a

virtual reality environment. The overall

experiment was composed of one minute

pre- immersion period, 9.5 minute
immersion period, and one minute
post- immersion period. During the

experiment, PPG signal was measured
from the middle fingertip of a subject,
400Hz with other

signals

and sampled at
electrophysiological including

EEG, ECG, EOQG, ete.

2. Data analysis

One period of PPG signal is
automatically
filtering (fe=0.5Hz),
(f:=10Hz), normalizing, thresholding and

determined by highpass

lowpass filtering
some other techniques. The reason why
we filtered the signal at 10 Hz is that
PPG signal can be reconstructed by first
10 harmonics at low error rate.[4]
Determmed one-period PPG time series
is depicted in Fig. 1 and second
derivative of PPG(SDPT G) is shown also
in  Fig. 1. The

consists of a, b, ¢, and d peaks in

second derivative
systole and e peak in diastole as marked
in Fig 1.

Each peak amplitude is processed

Fig 1. A typical PPG one- period waveform (upper)

and SDPTG for thizs one- period waveform
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normal gection

Simulation sgickness

Parameters parameters section parameters p- value
{averaged value) {averaged value)
- dfa ratio 0.16350 0.1518 0.13
Power spectral density
ratios for each
frequency (Hz)
1 0.04363 0.02400 0.013%
2 0.3624 0.3797 0.43
3 0.5419 0.5258 0.45
4 0.02393 0.02806 0.040%
5 0.01925 0.02855 0.0032%=
& 0.007807 001135 0.087
7 0.0006732 0.001203 0.00081#%=
& 0.0002465 0.0003046 02513
g 0.00007400 0.00005698 0.016%
10 0.00003435 0.00005907 0.024*

Table 1 3tatistical analysis of the parameters for normal section and nansea section for all subjects
*p=<0.03, **p<0.01)

automatically by the zerocrossing points
of lowpass- filtered derivative of SDPTG.
A simulation sickness section was
defined as a 7-second section which
starts from the point where a subject
reported simulation sickness, and normal
section as a same- length section where
no physical stimulis was presented to
him or her.

In each section, periods were analyzed
for each period, a - d/a parameter was
calculated in a period, and then averaged
for all periods m a section. A power
spectral density ratio for a frequency
was calculated by dividing the frequency
power spectral density by 1- 10Hz band
power. For each subject, all simulation
sickness sections and all normal sections
(7- second length windows non-
overlapped in 1 minute pre- immersion

section) are analyzed and compared.

RESULTS

The comparison result of the grand
averaged PPG  parameters in the
simulation sickness sections with in the
normal sections 1s shown m Table 1.
- d/a ratios is not statistically different in
two sections. (p=0.05) 6 power spectral
density ratios out of 10 were statistically
different, above all, 35 and 7Hz density
ratios were

different.

strongly statistically
Among statistically different
ratios, 1 and 7 Hz density ratios were
bigger in normal sections, on the
contrary, 4, 5, 9, 10 Hz ratios were
sections than

smaller in normal

simulation sickness section.
DISCUSSION
-d/a ratios did not have statistical
difference between normal sections and
simulation sickness sections in value.
- d/a ratios were believed to reflect
vasodilation or wvasoconstriction, it is

possible that - d/a ratio could not reflect
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the complex essence of simulation
sickness, since simulation sickness has a
variety of symptoms each of which has
different physiclogical characteristics.

However, & ©parameters of power
spectral density ratios were statistically
different, which implies that these
spectral ratios might be utilized as
parameters detecting simulation sickness

based on bicelectric signals.
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