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Assessment of Driver's Emotional Stability by Using Bio-signals
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ABSTRACT

Objective: The aim of this study is to introduce a methodology to assess driver's emotion stability by using bio-signals.
Background: Psychophysiological analysis of driver's behavior has been conducted to improve the driving safety and
comfort. However, the variability of bio-signal and individual difference made it difficult to assess the psychophysiological
status of drivers that can be expressed as emotional stability of drivers. Method: Two experimental studies were reviewed
and summarized. New techniques assessing emotional stability of drivers were explained. Statistical concept and multi-
dimensional space were used to identify the emotionally stable conditions. Conclusion: Psychophysiological approach can
provide information of driver's emotional status. The experimental methodology and algorithm used in this study showed the
possibility of parameterization of psychophysiological response. Application: Currently measured statistical and geometrical
data can be further applied to develop an interactive device monitoring and reacting driver's emotion when driver experiences
emotionally unstable or uncomfortable situation.
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1. Introduction Apgae] Ao R Qs Ala= A7) o7 Qs
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st Abs Ak 3ol mE Sy Asak FEdTE A I8 F e 244 221 (human factor) & EZv
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AJATe] 7kl A RFgEL AEZHQ SR sk 2 1AHI Qi) o]gfst A 291 4 F yete
20109 114 715 3 AFsat Bt 17927k o) o] ol BAlTE FEte] EAlskaL Qi
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plethysmograph; PPG), 34%-&%(skin temperature; SKT),
el ekt8-% (electrooculogram; EOG) 52 =733}
o] BAah=
1993; Kecklund and Akersted, 1993; Waard et al, 1995;
Gundel ef al., 1995; Milosevic, 1997; Richter et al, 1998;
Gobel et al, 1998).

o 9]ol| A= Helander (1975) ¢} Brookhuis and Waard
(1993) 7+ —eré‘%“‘t XPEkJ AN A 7HE Al =4
= 1 A E AEE
3k3let. o] ‘?ﬂ?*t— *ﬁﬂ’ﬂiiﬂ ARR= %@3}0% A sh=t
= 914 9ol
= FAI7E AUk Kecklund and
Akersted(1993), Brookhuis and Waard(1993), Grundel
et al.(1995) & 329 HIHEEG) & S35t 1442
243, E8+ I22E FAstuAt 1910 H, OHanlon
and Kelly (1977)& ofzt 24 5 2342 ks wskE
79313 1, Richer et al(1998) & £
Aste] & S AHE JAHsE E239
AEAZE 52 Wsle] Whgehs AEE AT8I3ITE Tara
et al (2003) 387 o] 4Jul4=¢} gt (blood pressure),
3] 5248 (skin conductance) G& WH3FAIZIThAL 33T
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A WEAILE o]ojx| = AT} =k Itk (Lee, 2001).

Kim and Yoon (2004a, 2004b), Kim et a.(2004b) 2]
TollA ke A, Aeld WS Hut, 9FAE, v
%E, Eel Uid A= skl AANEE A6t
v FEHE] (parameter) & ER38EL 3733l wE gk
FES Jheglet g, Akke] Eieo] mhE AU (heart
rate ratio), ¥FA Y, LS 57 8}01 X}g"% ]
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gl wE A 2349 *@3]‘?}%—% —?—xé &} -rtﬁ?_‘r
B AR el dezdwidel sle wgE Fohdaat sk
th. Lee ef al (2010)& w2 Aree] of 113421 ¥
SHEEG) Z =4 9 BAzle] mwatz A9} Sl EA|
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A 552 WA (variability) ©] Z17] Wizl 719 7]
Ql Ao OHHOVIOHE FAge 548 7}
e AE e AL S HeEe AlojiH ol

A7} o] Fo1 A gt (Brookhuis and Waard,

gt S A dERIA, ARl e 1 A
o|7} Actar sHltH(Kim et al, 2004b).
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2. Parameters to Measure Emotional
Variability

Ak A Al s el Al gkt =)
gt = Y9 Ais s FAst] 2AdS BHrke
WS okt AFE-Eo] gtttk BEAlsE s
7He UREA O % 7|=BARS AlAtste] E4 8k ol
AREE I Q) oy AEjA g o] WAk (variability) 0 & <18}o]
M F 7L A Ao] vehvta Qe Aot Kim et al,
2004b). WA, 7)Eel AR 7 AlEE ol &5 A
ol FAR ] sHAE Bekslr] f1gk el tiste] &
HEa, ojE@A AE3 = gleTtel digk Es AllE
F3to] ®Bodt)

_Ohx%;(}gq /«gﬂ/\ = *Eﬂ/\liﬂ H]—S}_]E].E: 3HH-517H _?4;2]

of| w2} £3417 7 (central nervous system) 9} WxA174

Al (peripheral nervous system) A& 2 &7F38kaL, ojuf st

shepilEE 538 & 94 geskel nghh

2.1 Parameters that can be derived from central nervous
system
AAZFE 54T 5 e dxnFd s
= ZPJOI AAE o HAYE = 9] Al
=& &9t Ak Zox, =A A=A
el 10/20 AT AHE F2 ARl vk (Papanicolaou
et al, 1998). H35471E T3l 54 H ¥ (raw signal)
+ power spectrums #4317] $18Fe] FFT (fast fourier
transformation) & ©]g-sto] Wgket § Fup HE FHot
th Hub= Fukg Wl wet AlER(9) 3t (3~THz), €3t
()3 (8~12Hz), #IEH(8) 3 (13~30Hz) 2 273kl 3
t}H(Coutin—Churchman et al, 2003).

HukE o]&3to] IS St A sk ATEC] Bol
AP Pom, F2 7| AFS o|&s T4 45 ol&
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ato] APzl wet Yt W9k wke-e S4etust
Stk HukE ol gsto] TS FHsh=u AHEEU
3£2]Q1 stehlEl S Aejehd Table 13} &tk

Table 1. The pattern of parameters measured from
central nervous system

Parameters Lobe Conditions Patterns

Theta wave Froptgl, Sleepiness, boredom, Increase
occipital memory load

Alpha wave Frontal Relax Increase
Frontal, Alert, arousal,

Beta wave . Increase
temporal excited

Beta/alpha Froptgl, Increased mental Increase
occipital workload

(alpha+theta)/ | Temporal, .

beta parietal, central Awakening Decrease

Table 12] d}HE &2

YoM SHE = AETE AHEY BAS Folo] &3]0
stetElEe] WstE glste] IS Frisit) o &
o, EHAY AF3 AgeE A5 (fronta) ¥ 354
(occipital) ©|A thetam}7} Z7)sl= eS LERAL) 314
g 71953817t F7kkE Aol s thetadrt S7kek= A3
o] Yyehdtt, wehA, setdE e 534S SulEA oldlsta
ARESHA] ko FAEs M-S T R Q= SHAE 7HA

I A

2.2 Parameters that can be derived from peripheral
nervous system

B2 XA A= A XA A (somatic nervous system) 2+
A2 73 Al (autonomic nervous system) & #E5FHc} AA
AAAE 5T A4 dEE AAAE Ddepe, Z4Lo]
w9 3-2] 7H7}e]| 2Hg-3tt}(Ministry of Education, Science
and Technology, 1998). A/ dA174A12] kg2 =2 ZAE
(electromyography; EMG), ¢F2% (electrooculogram;
EOG) & ARgste] 43t A&AAAE 48l 38, &
o] ApBA o7 Aojdt 4= gl 7wl #ofsta ik A
AAA kS-S Auk3= (heart rate; HR), 418F4 ¥ (heart
rate variability; HRV), Zx8 ¥ (peripheral plethys—
mograph; PPG), I|%d7|4-8(galvanic skin response;
GSR), ¥%-& % (skin temperature; SKT) 507 =%4gH
T Atk SRAFEA WS o] gste] S AT 4 9l
+ JetEl 52 Table 20| £HF3F3ch

Table 298] AF4lE FTHEI S 71EFAF 4 ollA

AHSSHE Hatglk vlweks thEA APAlE ] AAIE (time
series) W35 #Fslo] B4 FItolAle] AEils JHELJ
WS o]gste] e Hrishs Wi AEsigleh o] »
He B4 A e Fat ) 4% % }%0} 71&2] wgel
Hlsl Bt dad d9g o =
3 ATl &8 5 S FOE ofHrt dE =0, &
e AgFet =AY 79 AEs 48R sk A
of ¥k (HR) 8} 9%-7191-8- (GSR) ©] S71sta, wxd
IS (PPG), ¥HF-%(SKT), ¢H2% (eye movement)
o] Frashe Fdo] vehdtt
SHAEE, 71 ATEolA tiFEe] 2
geteE Eo] =AA=E] 73 Ak
Ak, JH-L2E(SKT) & F-224 o= gt
SAtH(Kim et al, 2004b). T3k, ¥H-A 75 (GSR) o] 7
—orc F7 A lA 7“3‘?}%9] ztol 7} WABEHA] ok
$7F @Astk I S, Al EE A=l dis] =T
%OV]J_ Mel=7}h ELE‘rJ_ 3} tH(Chung et al, 1999). u}
oA, Aelals slepeg o] WskE ARgatel S Brtst
= ASel= st 7 sl E ARS-SE BrhR U = 7EA
o’e] dhetHElE ARESte] 1 A4S S-S aEste] Bt
k= zlo] o A&l Frpio® ARkt 3 4 qlrh

olo

Table 2. The pattern of parameters measured from
peripheral nervous system

Parameters Conditions Outcomes
e s vrkood S8
HRV Tension Decrease
PPG Tension, attentive Decrease
GSR Tension, attentive, awakening Increase
SKT Tension, attentive, awakening Decrease
Eye movement | Increased workload, awakening | Decrease
Eye blink Boredom Decrease

3. Methodology Assessing Emotional
Stability

3.1 Use of normative range

3.1.1 Experiment

AA R dojd Ak Adedel A wkgol
A4 AAletaL(Figure 1), =32k A2z del=
& 7 Sl FEdE (parameters) & 27 913l d%
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Figure 1. Experimental vehicle for highway driving
(adapted from Korea Institute of Construction Technology, 2002)

3] WAL 1S5ER] AYS 7E
o7 A FAa ‘tl" 3} (workload demand) =] wheh
3% (high, moderate, low) 2 F-¥Ith E29] 70|
A2 7 Wstel] S AW FAAel el o
T vA st Adsto] WAE = Qv 7MY o, Al
R A H 54 o) sk 28] 78l (road
slope) 7} e 35 1A GAlFste 77t 7 2 (high
demand) A9ez At A2} GLHste 7T F
7kl (moderate demand) A 92 AFITAIRIET}E A H ot
57 olgtoln EE 7L 27 Yl
o, 74 2 (low demand) AL Al 7]=o] glom,
okm AL F A7 o] Eohe= g o7 AHE ST

F

Mshe AREY B4 F 3575 3L B s

Atetd AN EE 50 st 10% (HACE s,
50% &<tel WskE 7187 (slope) & AAFete] (Equation
1), AIZF W3slef e A g W3l Aoz A oJssict
(Figure 2).

n X
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% vl de auﬁ HOJ= WAE Table 30 80F5}
gt

Occipital

Figure 2. The slope of parameters at driving situation

Table 3. Parameters of bio-signals with consistent pattern

Measuring site Slope parameter
Frontal lobe left a, 0,(0+a)B, Bla
right -
Central lobe _
Parietal lobe 0
Occipital lobe Bla

3.1.2 Assessment of emotional stability
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Figure 3. Examples of the emotional stability area of parameters
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3.2 Use of multidimensional space
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Kim et al. (2004b) & F.2] A%
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1% #H-S- (peripheral plethysmograph; PPG), I5-&%
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ot : PPG MIA| oF

Figure 4. Installation of PPG, GSR and SKT

3.2.2 Assessment of emotional stability
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Table 4. Ranked information for individual driving condition

Situation PPG | Gsr | Fimal | Final
ranking | score
Normal driving 4 6 4 1
High speed driving 8 5 8 3
TG out 9 8 9 4
Tension | Short tunnel 6 4 5 0
Long tunnel 5 7 7 2
Cut in front a truck 3 3 2
Change lanes 1 1 1 4
Delay 7 2 3
Relax
Sleepiness 2 9 6 21

W3l= y—Fof FAIEA T Figure 5)
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Figure 5. Two dimensional mapping for emotional stability
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Table 5. The pattern of parameters measured from
autonomic nervous system

Parameters Conditions Outcomes
PPG Tensed, excited Increase

HR Slightly increase
GSR Increase

SKT Slightly increase
PPG Tensed, irritated Decrease

HR Decrease

GSR Increase

SKT Decrease

Mo
)
<>?~
(o}
s
o
=
ey
|o
i
o
)
2
o
)
o
o3
ol
i=h
N
N
o
ey

A AAF QPP AReA 1Y 5L et
L ETR A F 98 golth B AT PHES Qo

3.3.1 Use of normative range
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3.3.2 Use of multidimensional space
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< Foto] 1A AR HHEE FrkskE WS
2t A APddnE EdZ geig e sey) 4
el BAE Akl & ATelA AiE WHES
AR of 2}, thekst A1 (mental workload) &
BYshE AR A EE Sk €82 5 3
= Zlojth
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