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ABSTRACT

Long term monotonous driving has been ofien found to decrease the driver s arousal level and effect
s hers property of perception, cognitton and judgment. 1t s preferable (o apply aronsal assist for the
driver mstead of huge stimulus such as warnimg sound and vibration to the driver while driving. On the
other hand, the effect of the scent 1s also reported as an environmental stimudus for driver.

In this study, the seven kinds of scent were used as olfactory sumulation and the influence of xeent on
the driver s psychosomatic state was exawmined using o fixed-hased driving simudator by measurmg hio-
logical measurements meluding electrocardiogram and finger plethysmograph. As for bram activity of
olfactory cortex. the multi-channel near-mfrared spectroscopy (MNIRS) has been shown 1o enable the
evaluation of changes i hemodvnamic. The MNIRS was also used to monitor the activity of the frontal
cortex as mirrored by hemodynamic responses subjected to olfactory stimulation.
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As a result. it is verificd that not only characterisues of the scent but also the driver ¥ preference and

subjecnve judement of scent changes affect on the each drvving pevformance. The hram aciviny change

v olfuctory sumudation and the braw blood flow change by other stmulation were alsa mvesipated

The effects of the funcnonal brav imaging of ol factory: activity were measured and the comfuriabie scent
for the mdndnad subject was vertfied to be effective for mamtannng the aronsal level

INTRODUCTION

Monotonous and drow sy driving 1s a major cause
ol accidents in situations involving long-term
highway driving. To assist the driver and prevent
an accident. the usc of arousal assistance for the
driver s preferable to a huge stimulus such as a
warning sound or vibration. There are various
reports concerning the effects ol arousal upon
a dnver and its role in maintaimng lis or her
awarenessof trafTic environments, (Hurata, 2001)

In this study. we examined the effect of scent
on the driver’s psychosomatic state by using a
driving simulator and measuring biological in-
dicators by methods such a clectrocarchogram.
clectrooculogram and Ninger plethysmograph
With respect to brain activity in the ollactor
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cortex, the multi-channel near-infrared spectros-
copy (MNIRS) system can be used 1o evaluate
changes mhemody namicstKobavashietal. 2007)
The MNIRS system was used to monitor the
activity of the frontal cortes as murored by the
hemodynamic responses in respanse Lo ol factors
stimulation In addition. changes in brain activiny
in response to olfactory stimulation and changes
in blood flow m the bram in response o other
stimuli were mvestigated,

EXPERIMENTAL PROCEDURE
1. Experiment 1 on Driving Simulator

In this study. two Kinds of expeniments were
exceuted. as described i Table | In experiment
1. the subjeet drove along u straight road for 20
minutes at 60 km/husing a driving simulator (DS)
(DS-2000. Mitsubishi Precision co Ltd) (Frgure
[ Under thiscondition. almostall subjects tended
to become somnolent. We attempted to maintain

Figure 1 Driving semnlaior
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wakclulness by supplying scents (o the subject
Fourkinds of scents wercuscd in the experiments,
which were sclected individually using a prelimi-
nary questionnaire. The gencrator of the scents
was "Aromax silent” (Air-aroma Inc). To remove
lingering scents. the subject used a nasal cannula
When the subject became sleepy. as indicated by
the vehicle behavior on the DS and watching the
overstepolthessideline. the experimenter supplicd
a scent for 15 scconds

2. Experiment 2 on Seating
Condition

Blood flow was measured Lo cstimate the clTect
of the scent on the driver’s psychosomaltic state
The measuring device was a multi-channel ncar-
mfrared spectroscopy (NIRS) svstem (Hitachi
Medical Corporation) with 22-channel clectrodes.
Both the gencration of scent and varicty of scents
were the same as in Exp. | The supply time was
15 scconds. and the shutofT time was 45 scconds
(Figure 2).

3. Variety of Scents

In this experiment. a varicty of scents were used
These seents were peppermint, lavender. lemon.
sandalwood. vanilla. rose. and jasmine. The fil-
tering of the scents was based on carlicer studies

4. Subjects

The subjects included 11 adults (10 males and |
female) ranging in age from 20 (0 25 (ay crage age
=22.6). The study was conducted during the same
period of the day to account forcircadian rhythms

5. Measuring Items

In addition to subjective judgment. lateral displace-
ment ol the vehicle in the DS. electrocardiogram.
finger plethy smograph. clectroencephalogram
and blood flow were measured.
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Electrocardiograms were measured using
PowerLab (AD Instruments. In¢.) The heartbeal
interval (RR1) was determined over a 180-second
period as a moving average for eveny 18-sccond
scgment. and the RRI time-series for cach subject
was compared with those for the other subjects In
addition. LF/HF was calculated using a wavcelet
tansform. A large LF/HF valuc indicates stress.
Finger plethy smograph (CCI. Inc.) was used (o
measurc blood flow changes at the forefinger
The recorded signals were analvzed by chaos
analysis. which calculates the Maximum Ly apu-
nov exponent. Considered a measurcment for
stress. a larger Maximum Lyapunoy exponent
value indicates increased levels of stress in the
subject. Electrocncephalograms were measured
using FM-515A (FUTEC. Inc.) The a. ff and 1)
waves were measured and compared as a ratio
lo the total wave amount. which was taken as
a moving average for eveny 18 scgment over a
I80-sccond period sliding period

TASTE FOR SCENT
1. Subjective Judgment

Subjective evaluations were performed by has -
ing the subjects snilTl seven scents and Ol out a
seven-stage questionnaire that categonzed his
or her responsc to cach scent as Comfortables
Uncomfortable and Excitement/ Remission There
was vartation in the taste of cach subjeet for cach
scent The average of the subjective judgment fo
cach ol the 11 subjects is shown in Figure 3, with
the X-Y planc as Comfortable - [: xettement (Min
etal. 2005, Min et al. 2003)




