Feasibility study on assessment of driver's stress
from differential skin temperature measurement
under simulated monotonous driving
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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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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.

1. & U &

(2

2009 4 12 H 11 H22fF, 2010 45 2 H 12 HeLET, 2010 4 3
H 9 HFET
Received December 11, 2009; revised February 12, 2010,
March 9, 2010.
SR AER A BE A IRFL =0T 7E Rt
Graduate School of Natural Science & Technology,
Kanazawa University
RN - AR v 5 — R PR ZE T S PR A
Department of Adult Mental Health, National Institute of
Mental Health, National Center of Neurology and Psychiatry
T GIRR AR E D A A R
Department of Business Administration, Kinjo College

*

BT OB FHGRFTC X HE, K 20 4E1E o5 E S
WP $51% 5,155 AT, P4 EDO Y — 78 (11451 A)
IR ERBIHRALTETWA[L]. ZOREIE, L
¥R LTwb ABS (Antilock Brake System) % T 7
Ny TS T RO R OISO 7 B
A= —, B & O BB i R % 4B i AR 03 I
DHLAZERFR T HIBRO B OREZESbATw
. LaL%A5, 5000 A%z 285z <, K&
PR LTmWwAREZ MR L Cw A Fgs S (7075
) A BEE W0 HAN) ZEANE, B
DRBEHT 2D L Z EDWDTEETH 5.



(164) AAKET S 48% 2% (20104E4 H)

INOSOREHEBOERE LTI, 1) AWER GER
DOEN, HW - BAEI AR L), 2) BREEN CREE - Ei%
WKz &), 3) BHMERN CEMARRLKEZR L), 25880F
LA, FHIMERD 8~ EIIAWERICL b DL
EhILTWA[2]. BIRLAO AWE RO IZIL#EZE O
THRHEZTLERPOTH b0, BIZIZAE— FiE
KR kil Elne E 3D 5. LL, ZoOHTHIRAKES
W7 &N EIEA ML R EEZREINDDONS
< B3Iz LT, B A & AARENI AT S Aokt
RKe T REEELIE Y AT LOMENLIENS (3, 4].
HEY Oz &3 [RRAI—= W —3E] O—HOIE¥E %
DBEFTZETHY, TNLEERNT =< A (G - H
Wi - BeERE))) OB TAANEROREERZT] &k
9. —HT, HLAHAEBLHEFOHET ‘NI -3
A" L ANV AT OMICEE LR GE U TR A
MUADETECHETETCH NN T+ =<V RIETT
%) BIHDHIELHIRENTEY, HEpHEKE VWo 7z
WiRTH A DL AOBE A RN T k- U A
DIKT” \CERLEEZLND.

FITAMETIZZOEIEZA PLAICEHL, ZOWK
A R R A AR & L 7o e e i S ¥ A T A DR
a2 P, hob@BkiEix GBY, FIRY, Kry)i
&) WRFEIN L WP Elin S — TILEIR A b L AP
WIRIICE AN, KA N—DfifE/ N7 + =< Y ADKTF
BELWVI EPETLEINTNAS[3,4]. TOZ LiFESE
N CFER D by 758 RiElR (8 16%) THH I L
PO LWHLNTH AL Foxk e L TITHEHA LKA
(Lane Keeping Assist : AR OMEFF 2 i35 T A7 L)
[6]%° ADA (Active Driving Assist : % & <> B [ i gt % —
BV AT L) [T EPHEINTETVWDLA, 2
NHEHLETTRIAN—DOEEIRER BT LR TH
D, FEPIET 2 &) BUETRIFEICHENTD 525,
B HRE PRS0 TR R\, #KEED T
(B IR Y EEEFGIE) &) BT, XA -
W - DIAEB e & & o 72 AERIER S b Fik o Gk % £
PRI L & 9 & W I BFZE[8-10] B A I fThIlT w5
A, REZEMHE LB REHEIENOPEIRTH 5.

VLB SRR TIE, EliEA b L AFHMEY AT A DFEH
WHESE % & 2 7= B IR AP R AR O il A & v o 725018
e 72 BATE ORI (B2 )8 KM © DAER, R i
EIER) EWICHH L, DST ZfFiE=s) A ML AGE
filiid: (k) & @t d 2 FEz vz Z b L 2AOBM
ZHIBT. b, HHRERE EFREREICHN L) &
WA RA RO STV A[11-16]. Zh 5 D%
&, RAERE IR () OREMIERICHE S R L%
A ML REH B B WIZEBKEETMICH TV 5, hikd
B ARMGE DR A N L AL, EEIEA) S O
JE[11] L SO THETH 555, BB CREMAE 2 2 b

LVZHEREZHIET W) BIRTIIEM E TP RZ L. K
WCRfsEDE—BIEE LT, #ixyIalb—F—2Hw
72 HLEERS 2 b L ARAT (MR &2 Sl I T 225 2
EI2X %) EREAT, FHEIEEREROEKEHR 2 FIIL
e UTAMIZETRE L T3 A b L AFHIliEO A kD
RBENME 21T 0 72D THGE T 5.

2. E#H X ML XFF{Hi;Z DST (Differential Skin
Temperature) X b L XFHiliiE—

2 TlE, AW CIRET A EiRE vz 2 b L
AFHME R BRD . AMAA ML AZKE S & HAMRZ
L, WSR-S - DIRINE R 7% SIS EE 52 5
[17]. EEOHEH LTV L EERERD [REMROIT
TE— AR IS D I — AR 0 ML 12 kA — A 08 Bz 1 i A
Tl vy 2R L AT BERED—DTHY, A b
L A G RAS ER R e W BRI LIF LIRS RS
[11-16, 18-19]. Bz ik Pesz R T-1&%9 80% 75 K2 i T Ifil
WRIHEIET 5201 L EDNT VB, ZDOMOSE T
WX BIREELDL MR TE R, 22 TRIFIMRET &
W) DI AR 2 B (EAE - ) & BB 4 2235
(G, - fBE - R - BOHREE) Td % [20].

KWFGEH Y —4 v b & LT3 HEyEE T & v 9 R
THMERE VA b VAGHIIZ 179 Yy, Jelcak~<7-4}
BHRFZ2F5 eV $5Z D MFICEEE RS, 1251,
TR KR - RO NMRERIKRES LD D L1IEHE
AL VOT, REERELTF Y IV LTA ML AGHIZ
19 Pz L s, 22T, KNREMAREEORE (A
b L AIZ X MBS AR & WHIBIIR, B X OBEIRY
HIE (AVA ) o &% 26021 22 % KA,
FNDHN O EEE L E#T S, UTICEAR ML
A G O BER 1 7 2 R T

9, KB B O TUIRHFREDOR I (Tors) & BB
HHELC & B KIS (AT wa) 12 X0 8 H RO B2 i
(Te) RESINS.

Ta= Tsrest ATsa* + + D
KBTI RHFRED KT (Topresr) & BREEHVELIC
X BRI (ATwa) CMZT, A bLAHEKDIL
A - PRBRIC X BIRBEZALS (AT pstress) DIFEET B &
EZbNb.

Top= Tsprestt ATspa® AT spstress = = = @
22T, AMELIC X B IREALSAN3I3H L < 7 B KA
R (ATga= ATwa @) PHEET B EARET N,
ZOEGHEIZIZIZEA NV ADRIBF L 72D DI b &%
Abhb.

Ti— Ty =% AT psress+ o (const.) » + + @

272, a RO 2 AL O AR E [T



IBRAE AT A
_____ environment , ___.
* control room
monotonous 1300
test course ]

100inch-screen

7553 R BE R IO L % T 728 2 b L A FHI O3 A

(165)

Thermistor Device

Finger tip T¢

BP-CO System

" L]
: :
1 G ||ty ’
1] 1
L} L]
n [
' H SBP, MBP, DBP
: A v ECG-RR, CO
=l 50 :
' ' FPG Dvice
| =~ - NPV
e~ oA RM ;
——— ' '
( ‘\ : £+ : Thermography
1K ¥ —— T Face T
L )\ LS I
] 1 a
' : ) o
' 1+ Projector =
Course Length 2,414 m | : ..
Vertical Interval 3.0 m : :
Straight 600 m ' '
Turns 2 : - %
. CCD camera-2 ' !
' ' [
: I (==
\ CCD camera-1 ! Real-time monitorring

X1 FEBY AT LOME
Fig.1 Schematic drawing of experimental system.

COEHIT, BREERICLAAE TS RERZ
RHIET 2 720K E OXES % L DT, boh
NHOMEMNINCE Y FHF SR TBY, ZITIdAREIKE
LT “40 %EHINSLE LTw5. Z0HETIE, Bk
BB COEMNERIEELZ IR L LA M L A% W R
ELTEY, RExZmBREOZIIIEE L IRIICH
b. ZOL ) BIMBIREZEACO DR VIR TIE, RIS
FAERD “HB” DA OFRALTE 2 H T ES I A T
VARG OAREFMITEDEEZ NG, L L, K
NY =47y FELTWADIZHBFEEERETHY, H
5 - BEPNRIR AL - 223 X B A E Vo 22 BREESELD T
AW LTEY, EEORERD WICERH L TWwaIR
EARTFHEINL, 22T, TOEBEEHI*T Y 2NV TE
5 &9 7%, TbbORDSEM% W7 SREE O EE IIA
FHEOBEL LW THY, FBEEHLEEZ 5. KD
WIZEA T v 7 CIIBRBAVELART R 2 1T\, R 5200 Wit
o ZORBREFEREREL TV TFETHL. K
FTlE, KMELE LT (BZ3FL LTHRRTLAEH),
ks e LCOROEM Az Mifsc& 20, W, H
NP5, ZLCTHRRSFH SN TVLHD 47 FTlHE
HLTHEBRB X O 217 72

EBRUFE

3-1 EBRYATLEEE

B 1ICHERS AT LOMEZRY. FEBRD AT LI
7Y sy — (LV-5210, ¥/ ¥ (#R), Hit), 100-
inch 27V — >, W#HE#Es I 21 —%— (PLAYSTA-
TION3, v =— (), ®x), &gz v 7y b (HIE),
R BB CCD 7 27 2 (WAT-232, 77 v 7

3.

(BR), W), FEREAiiE i IR [23-25] o i i1 ST 5
(B1E : RLEOFHINEE O FEH & RSk E (26, 27] %+ 5
Ehzwv,), WEERNT K3 ¥ v AFEEB[28] D00
IR FH S (F1E[26, 27]), G H QIR 268 5t
(MPN1001, x5 4 & ¥ 2 (Bk), Hy), < VFFL A —
¥ — 3 A5 A (WEB-5000, HANEE KRR, #HyD), ¥—
IZAFZE Y (DS100, 727 /7 v (#), Bk KE =+
0.05C, 4 f#EE 0.001°C), y—<%2F 7 4 — (THI100-
MLN, NEC =% (#k), Bt W+ 2 CXEHAED =
2D VIFNPREVE, FREE004TC), TAZ My T
PC2 & (Dimension XPS Gen4, DELL (#%), Texas), %
LT v 7 b v 7 PC2# (INSPIRON, DELL (#),
Texas) 25K 5.

3-2 EHAINRE

REBIZBI BEHIN SRR 2 - 1 THlRA7- 28 %
L, DWFoERERE G —O0HEo LEROGH
M B (RR ms), 041 M & (cardiac output ; CO
I/min), a7 FL ) AMEBPERMEAREOB & 2R3
FLHEAL IR I & 7% (normalized pulse volume ; NPV unit-
less) [29], BHTH O &AL OFIGMEE (45540 FHFH %
DOFANIE 2 2 2M), Z L TEMIBTH 2 IR E iR
(TtC) THA.

SHIITEIRR A L AOFBINIEEE L LT, FHE
HaE V0o E e (systolic blood
pressure ; SBP) * %3 (mean blood pressure ; MBP) -
I fRIE  (diastolic blood pressure ; DBP) mmHg! % illl
E L7z, WSS 0RlE (X ML R) BATIER, |
W ARR S H AARR & A L CORIE R % 2~ ba—)v
T5EE, TOELDZHMHMEEKITME, %&b bIAT))



(166) AAKET S 48% 2% (20104E4 H)

®1 WEET— (M, Fin, EEE, ERERE)

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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Fig. 2 Region definition of the face.
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Young female: n=7 mean = S.E.M.
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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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