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Evaluation of Fatigue during Car Driving

Toshiyuki Taguchi
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Abstract

There are many factors including environmental,
mechanical and human factors that cause driver fatigue
during driving. Among these factors, vibration is one
of the major factors because drivers are usually
exposed to sustained mechanical vibrations inducing
mental aswell as physical stress. This paper reports
theinfluence of vertical vibrations lasting for along
time on the driver fatigue. For the assessment of the
driver fatigue accumulated over an expanded period of
time, experiments have been conducted in three steps:
the extraction of avalid index among physiological
variables, avibration-load test using a mechanical
vibrator, and aroad test using an actual car.

ooooo

Statistical analyses of the relations between
subjective ratings of fatigue and physiological
variables indicated urinary adrenaline as avalid index.
The results of the vibration-load test in terms of
urinary adrenaline suggested that the vertical vibration
at low freguencies of 1 to 2 Hz, corresponding to the
resonance of head, induced a driver to graduall
accumulate fatiguey and certainly. Thisfact has never
been reported before in riding comfort studies.
Moreover, it was confirmed in the road test that the
suspension control capable of reducing the vertical
vibration of 1 to 2 Hz reduced driver fatigue at a
statistically significant level in actual driving.
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Table 1 Subjective rating of fatigue.

Rating point Anchored key word

1 Not tired at all
Minimally tired
Somewhat tired
Tired
Considerably tired
Very tired
Extremely tired
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Table 2 Correlation coefficient between fatigue score
and physiological indices.

Fat. Adr. Nor. Cor. HR MWSA RSA
Fat. 1.0
Adr. 0744 10
Nor. 0202 0245 10
Cor. 0404 0292 0031 10
HR -0.226 0.021 -0.289 -0.038 1.0
MWSA | 0516 0338 0.261 0.086 0.011 1.0
RSA 0.344 0130 0.247 0.104 -0.803 0.121 1.0
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Fig. 1 Result of cluster analysis.
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Fig. 2  Comparison among adrenaline, MWSA and
fatigue score. Each fluctuation (meant SEM,
n=4) isindicated as relative value to its

control level.
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Fig. 3 Apparatusfor the vibration-load test.

Table 3 Experimental conditionsin the vibration-load

test.
Title Experimental condition
Subject Six males
Apparatus Electro-hydraulic vibrator

Computer for driving simulation

Vertical vibration of 0.1G for 60 min
(1-10 Hz of sinusoidal wave form)

Vibration exposure

Physiological index ~ Adrenalinein urine
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Fig. 4  Comparison of urinary adrenaline (meant
SEM), for vibration exposures ([0 ) at 1.6 Hz
and (m ) at 4 Hz, at each time, for six subjects.

29

Uz2HzO OO OoOooooooobooooooo
Ooooooo(boo)yb2oobooboOoOoO
gooooooobooobbuooobboon
uoboooooobooobbooobboon
gboooobgd
gobogog4sbooonsbogoedbbgod
(OOoOobOO0ob400O0 )Y OODOODbOODOoOo
ooooboooobobooobobooobboon
goooooobobooobbooobboon
gboooooooobobon
402 DOO0OO
gobooboboooooboboooooobobog
FFTOOODOO0OO000000ooooobood
Ob0O00b00Rrg.60000ODOODOODOODO
oboiloz2dz00oooooooogn 20

Immediately after vibration exposure

1 hour after vibration exposure
Chest

Abdomen

=
©

B Head

N
N b »

Adrenaline in urine

=
o

0.8
o/ 2 4 6 8 10
Control level Frequency

Fig. 5 Comparison of urinary adrenaline (meant
SEM), for (O ) immediately after and (e ) 1
hour after vibration exposure, at each
frequency, for six subjects.

Table 4 Experimental conditionsin the road test.

Title Experimental condition
Subject Four male drivers
Vehicle 3000cc passenger car
with / without suspension control
Test road Circular course including arough
paved road segment
Driving time 270 min : six sets of 45 min drive

and 15min rest
Physiological index Adrenainein urine, MWSA
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Fig. 6 Comparison of mean power spectral density of
vertical acceleration, for the cars with and

without suspension control in the road test.
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Fig. 7 Comparison of urinary adrenaline (meant
SEM), for the cars (e ) with and (0 ) without
suspension control, for four subjects. Results
from statistical analyses by pairedt -test are

indicated: *p<0.05.
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