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Feasibility Study on Assessment of Driver’s Stress from Differential Skin Temperature
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Measurement under Simulated Monotonous Driving
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.o £ .o sesksk
Yujiro Goron, Hajime HIROSE

Abstract Prolonged monotonous driving may lower a driver’'s awareness level as well as increasing their
stress level due to the compulsion to maintain safe driving, which may result in an increased risk of a traffic
accident. There is therefore an opportunity for technological assessment of driver physiological status to be
applied in-car, hopefully reducing the incidence of potentially dangerous situations. As part of our long-term aim
to develop such a system, we describe here the investigation of differential skin temperature measurement as a
possible marker of a driver's stress level. In this study, after giving informed consent 25 healthy male (z = 18) &
female (# = 7) subjects (26.8 = 8.0 S.D. yrs) were investigated under environment-controlled conditions, whilst
being subjected to simulated monotonous travel at constant speed on a test-course. We acquired physiological
variables, including facial skin temperature which consists of truncal and peripheral skin temperatures (Ts)
using thermography, beat-by-beat blood pressure (BP), cardiac output (CO), total peripheral resistance (TPR),
and normalized pulse volume (NPV) used as an indicator of local peripheral vascular tone. We then investigated
the driver’s reactivity in terms of skin temperatures with this background of cardiovascular haemodynamics. We
found that the simulated monotonous driving produced a gradual drop in peripheral Ts following the driving
stress, which, through interpretation of the TPR and NPV recordings, could be explained by peripheral
sympathetic activation. On the other hand, the truncal Ts was not influenced by the stress. These findings lead us
to suggest that truncal-peripheral differential Ts could be used as a possible index indicative of the driver’s stress.
In fact, a significant correlation was confirmed between stress reference of BP and differential skin temperatures.

Keywords : cardiovascular parameters, monotonous driving, safer driving, skin temperature, stress.
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Table 1 Basic information of between individuals (sex, age, driving experience,

driving time).

Subject No. Sex Age

Driving experience, year

Driving time, min

Young male

Sub.01 M 21 1.5 120
Sub.02 M 21 1 107
Sub.03 M 21 2 62
Sub.04 M 21 2 105
Sub.05 M 21 2 120
Sub.06 M 21 15 61
Sub.07 M 22 2 112
Sub.08 M 21 2 120
Sub.09 M 23 0 120
Sub.10 M 23 3 52
Sub.11 M 21 1 120
Mean 21 1.64 99.91
S.D. 0.8 0.78 27.36
Young female
Sub.12 F 23 2 120
Sub.13 F 22 3 55
Sub.14 F 27 5 67
Sub.15 F 26 1 68
Sub.16 F 23 2 110
Sub.17 F 22 2 89
Sub.18 F 21 1 57
Mean 23 229 80.86
SD. 22 1.38 25.96
Middle male
Sub.19 M 31 8 120
Sub.20 M 31 10 120
Sub.21 M 31 8 120
Sub.22 M 35 10 120
Sub.23 M 49 30 120
Sub.24 M 44 24 120
Sub.25 M 33 14 120
Mean 36 14.86 120.00
S.D. 73 871 0.00
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5: Bottom of face region; Tsf
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Fig. 2 Region definition of the face.
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Young female: n=7 mean = S.E.M.
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temperatures. Asterisks indicate significant deviation
according to the Dunneit test (*p < 0.05, “p < 0.01).
See text for symbols and explanation. (Young female
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Middle male: n=7 mean = S.E.M.

140 77 T Sk s Y

: e L
MBP 1201 1608 -
[mmHg] 4004 |
80 +————————————1

9307 :
ms) O At

780+ T : |

730 +— . ——————

51—
CO: A5 =
WVmin] 444
35+ et
37 ] s FEOFE Rk
' *
TPR 3} -
[mmHgmin] o5 W |
19 : 1
4 1
3 [ |
I\_IF'V 24— Al L BT ST
[unitless] 7 | 1
0+
BT
L i il S
rer a4
29 +—4
34_. .:..
3351 ..:.
Ton T 1
el gl BE & AR = NP S :
32— — —r— |
UST 1
agd— : s |
I T S S

335411 : - .
rer "l |

325+

BT

54— |
Ten o T T aE a e B
rel 1*

/51— |

23 +—4
35—

34541 !
L e = e
el 3354 |

33 +— !

351

g4 |
Tst P

33514 |
rer 7, : .

32,5 4+—

Tun P 5 g ¥ ¥ |
sih-sn i
[C] oyt
il
4 d ¥ *k &
Tsch-sn 2 Y 32
rel 14—
0+—
31—
Tai 2 :.; LT b P 1 x4 “.
sj-sn ' % - ¥E
re 14 |
]
Do
27 E'au't * ok o T gy B ¥ g
Tsten 17 W
rc o &5 |
A !

fﬂ 10203]40506070303}1{"]1‘
Basel® Time of simulated driving period [%] =g her™?

6 FH G & KR E A O RRFIZEAL (AR g
%7 %)

Fig. 6 Summarized results of trend-charts of physiological
variables together with those of differential skin
temperatures. Asterisks indicate significant deviation
according to the Dunnett test ("p < 0.05, “p < 0.01).
See text for symbols and explanation. (Middle male
subjects: 7z = 7)
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Fig.7 Summarized results of trend-charts of physiological
variables together with those of differential skin
temperatures. Asterisks indicate significant deviation
according to the Dunnett test (“p < 0.05, *"p < 0.01).
See text for symbols and explanation. (Whole sub-
jects:n = 25))
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Table 2 Test statistic of 1-way analysis of variance.

Measures YM* YF® MM" Whole*

Fin n’, Fiig n’, Flig n’, Fiioa e n’,
MBP, mmHg 14.73** 0.60 5.70** 0.49 15.77** 0.72 32.45** 022 058
RR, ms 491** 0.33 0.71 0.11 115 0.16 1.30 023 005
CO, 1/min 1.94* 0.16 241* 0.29 0.61 0.09 0.83 034 003
TPR, mmHg/l/min  1517** 0.60 335" 0.36 12.33*" 0.67 2711%F 0.24 0.53
NPV, unitless 10.36** 051 9.29** 0.61 9.05"* 0.60 26.82** 028 053
T, C 1.80 0.15 11.64** 0.66 462** 0.44 10.89** 026 031
T, C 8.82** 047 4.74%* 0.44 2.25* 0.27 11.92** 052 033
Ty C 1.16 0.10 1.96* 0.25 147 0.20 3.82* 023 014
Ty C 1.21 0.11 043 0.07 0.26 0.04 0.76 047 003
T,, C 2.33* 0.19 1.55 021 1.08 0.15 353** 052 013
T, C 2.22* 0.18 094 0.14 0.90 0.13 2.00 050 008
Ty C 1241%* 055 10.90** 0.65 4.24** 041 21.98** 034 048
Ton-sw C 11.51%* 054 758%* 056 2.62** 0.30 16.77** 042 041
Ty w C 16.21** 0.62 7.62%* 056 385" 0.39 21.99** 047 048
Ty o C 12.98"* 057 8.76** 059 320%* 0.35 21.99** 047 048

YM: Young male, YF: Young female, MM: Middle male
n=11. " n=7. ‘n=25
**p < 001. "p < 0.05.
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Passing and Bablok regression analysis (25 male & female 26.8+ 8.0 SD: #=250)
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Fig. 8 Correlation between stress reference of mean blood pressure and differential skin

temperatures.
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