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ABSTRACT

Obijective: The present study is to develop an effective evaluation method for a driver’s cognitive workload using
electrocardiography (ECG) signal. Background: ECG measures such as heart rate (HR) and heart rate variability (HRV)
have been used for cognitive workload evaluation. Since ECG changes by cognitive workload vary largely depending on
personal characteristics, an optimal analysis protocol of ECG needs to be tailored to each individual accordingly; however,
existing studies have not considered personal characteristics in ECG analysis for cognitive workload evaluation. Method:
The proposed evaluation method uses the area under the receiver operating characteristic (ROC) curve (AUC). A
preliminary analysis was conducted with ECG data collected in a driving simulator while an n-back task was conducted.
AUC analysis was performed for four ECG metrics (mean IBI, SDNN, RMSSD, and RMSE), three window spans (20, 30,
and 40 seconds), and three update rates (1, 2, and 3 seconds). Results: It was identified that the optimal ECG analysis
parameters of metric, window span, and update rate maximizing the discriminability of cognitive workload evaluation
varied between individual drivers. Conclusion: The finding of the present study supports the use of an individually
customized ECG analysis protocol for better evaluation accuracy of a drivers’ cognitive workload. Application: The
proposed ECG analysis method for cognitive workload evaluation can be applied to development of a safe driving support
system.

Keywords: ECG, Cognitive workload, Heart rate, Heart rate variability, AUC analysis

1. Introduction A28 Jpute] ECGZ 4817 o8I ECG A
g3t sfof gl o] Tasit
QA H-a} shote $13 ECG wA ol tharst A

SRR QA FEkE hefaty] fF Fd A Al eks) 21 5(od): mean IBI, SDNN, RMSSD)o] ARg-#t.
A A|AE Jibell = 417 I (electrocardiography; ECG) ECGE 21815 (heart rate; HR)Z} 218} w10] = (heart rate

7F A o A 1A ks BARE 2 yardability; HRV) Q) H R FEEHECLHRS ol® S
oS 87, iz T 19 AR sl o8l X w vaoetal. (2008)S ECGE HRE A Elsto] v]d)

Aow obd = Stk 1A F-ahrt oA o= 7] A5 Zelo] Fa i 2 Aol A ¢33 wr)
Al SEE] JFOR AWM NE B aukgo) felahl Tk Ao® Wit

tl, AbsAp7F Ak Ak WskE ZAske] Q1A HRV= SDNN, RMSSD, 1217 RMSE¢} 7-& A 2ks}
HFokE oSk A A1 B s . »ug wWsiEe) ox Rl Wel =X Aew 4

BAS Algste tig Abrs el BAEES 2 o)n) o) 2 So) Wood etal. (2002)} Schubert et al.
TE QT T EE /P e Bas F AT (2000) ZHzF v wRS Ao} TR wki 249 e

1l o =



o] o uh2} SDNNo] W slshi= A
Gould et al. (2009)> =3 =7} 2ol L} Sl nawgatlon
Wl Eel sk 4luk Holk Ao RMSSDE AHE-
319 © 1}, RMSSD= AH} navigation2] ARE o] o
w2 A el WstE AdsiA whedehA| Eﬁ}b
Zoz Baskleh &3 o)A £1(2010)= &4 5
A3} gk 28 A Aro] Ab] ot
AAE] AR SR EE e aEsk] sl
RMSES ECG &3t 2= ARg-87] = sk3it.

71£2] ECG 7|REe] Q1A -5} 4] 4= N
QI Ak B4 Zpol& aelehA| X3k sAlE AY
I Slek ol€lA] 91(2010)= A o o] wst
= WA Yell= ECG A&t =7t Abgwitt

F e et ont Zi1E Aluk 540 Zjo)

A QA Fah EA e AgskE Wi AlAls)
Fopitt Wb ECG 7IWEe] Q1A Faf A W
= A %75_ Al A 2Eof] Agal7] flaiM =
H ECG A3} HE okl 21X
gsh= W) o] Fasith wEE
Kl ;(] OJ }\]/\Eﬂo] el ECG EAS 1
sto] HRFe] Q1A HalE AAZIO R A 9
gl Aol Al H A sk AR A4 Z27(e): ECG
sampling 712 4 A3 mpetsto] A|AEle] 2Ag-gk
J] ¢} 7]_ O]]:}.

= 03%_& AL 7R)1e] Aluk SA4do] meH Q1A
B3l sdS 9ste] el A ECG A3 AT
(¢1]: mean IBI SDNN, RMSSD, RMSE) & s}e}31+= 1
W sarstelnh £z Ao HA Aks) Hee
2 3}7] 913l area under the ROC curve(AUC) 415
Eoto] 2] Hab el e Q1| Fak g A
_‘g_g% ;q_o}—g]_oﬂq. U:s]. /\]/\]7]— H/ﬂ ‘3 ,ﬂz‘s]— data
sampling 71 (window span % update rate)oﬂ w4
F3} A2 AUCE Aste], Qi FH A ] A
7V datasampling %712 shetabgich

2. Method
2.1 Participants
A5te] Adele AdaA 3 A3l gl
Xd_ 7dElo] 3 d o]l 20 of 4 157 B

o} A Fofzbso] Het A 27.74)(range = 25
34,SD =3)% YETE A3 FortzelA= =4

BAo] o] o] Hk,
2.2 Apparatus

#9151 STISIM Drive™ (Systems Technology Inc.,
USA)S ARgato] A-sak AlEeold Fao] 3y
AT} STISIM Drive™ & 19 13} o] 2pFaf &=
T2 AT =1024 X 768)S A3 Froiztel 7|
#|-&-$Fe}, Driving scenario= A% 2229 14 %
(EF Z =45Tm)E oF 30kmE F33h= Hoz 31
k|t A9 Feixte] ECG A M= MEDAC
System/3 (Biomation, USA; ©]3} MEDAC)S AF-3}o]
T Fe) o Bl 22 9 2709 AAE R
sto] Ao ® AAE ] SHHIT

Figure 1. Adriving screen on STISIM (illustrated)
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2.4 Analysis Method

2.4.1 Data for analysis
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Figure 2. AUC analysis plotted (illustrated)

3. Result
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Table 1. Results of AUC analysis
(Note: Bold values are the maximums in each comparison among tasks)

(a) AUC analysis between two tasks

(b) AUC analysis among three tasks

Workload Result of AUC Analysis Workload Result of AUC Analysis
Window BL-0B | BL-0B-IB | og\s | oB-1B Window BL-0B vs. BL vs. BLvs. 0B
VS, VS. 0B-1B vs.
span & update ra 1B-2B 2B 1B-2B vs. 2B span & update rate 1Bvs.2B 2B vs. 1B-2B
Mean 1Bl | 0944 0870 0782 | 0740 Mean 1B 1647 1673 1679
SDNN | 0511 0.589 0165 | 0445 SDNN 1122 1122 1,062
20&1 TRvSSD | 0.69 0.980 0037 | 0253 20&1 mRyssp 1115 1159 0.934
RMSE | 0499 0.666 0296 | 0486 RMSE 1085 1081 1192
Mean IBI | 0.941 0.866 0774 | 073 Mean IBI 1639 1657 1670
SDNN | 0501 0581 0147 | 043 SDNN 1104 1096 1,044
20&2 MRyvssD | 0888 0975 0395 | 0.702 20&2 TRysSD 1405 1601 1291
RMSE | 0493 0.657 0298 | 0485 RMSE 1058 1086 1195
Mean 1Bl | 0.945 0873 0782 | 0754 Mean IBI 1,655 1683 1678
SDNN | 0.233 0.356 0167 | 044l SDNN 0.753 0.752 1.064
20&3 TRvSSD | 0.166 0599 0057 | 0329 20&3 "RvssD 0.948 1023 0.953
RMSE | 0328 0399 0301 | 0487 RMSE 0.933 0,821 1198
Mean IBI | 0.950 0.785 0753 | 0606 Mean 1B 1521 1472 1650
SDNN | 0.398 0.600 0141 | 0516 SDNN 1098 1178 1038
30&1 MRvssD | 0711 0.985 0021 | 0123 30&1 mRyssD 1113 1,049 0918
RMSE | 0464 0579 0156 | 0421 RMSE 1097 1.140 1052
Mean IBI | 0.945 0.780 0745 | 0603 Mean IBI 1512 1463 1641
SDNN | 0415 0.603 0142 | 0516 SDNN 1113 1185 1039
30&2 MRvssD | 0931 0.980 0149 | 0491 30&2 mRMssD 1442 1411 1.046
RMSE | 0466 0585 0171 | 0430 RMSE 1057 1138 1067
Mean 1Bl | 0941 0.763 0769 | 0501 Mean 1BI 1484 1367 1,666
SDNN | 0.168 0425 0128 | 0499 SDNN 0.747 0,837 1025
30&3 "RmssD | 0658 0.745 0255 | 0644 30&3 "RvssD 1249 1348 1151
RMSE | 0192 0.295 0162 | 03901 RMSE 0725 0.782 1,059
Mean IBI | 0.948 0.778 0723 | 0554 Mean 1B 1481 1492 1620
SDNN | 0.276 0586 0059 | 0419 SDNN 0.864 1032 0.956
40&1 TRvssD | 0659 0.983 0020 | 0472 40&1 TRMssD 1124 1,062 0917
RMSE | 0271 0515 0068 | 0398 RMSE 1012 1088 0.965
Mean IBI | 0.945 0.778 0720 | 0554 Mean IBI 1472 1486 1616
SDNN | 0275 0.568 0059 | 0394 SDNN 0.859 0.998 0.956
40&2 MRyvssD | 0877 0.989 0069 | 0344 40&2 mRyssD 1305 1226 0.965
RMSE | 0249 0.504 0077 | 0375 RMSE 0.993 1058 0.974
Mean IBI | 0.946 0.777 0715 | 0540 Mean 1BI 1463 1471 1611
SDNN | 0.11 0.349 0064 | 0430 SDNN 0,695 0.761 0.960
40&3 "RvssD | 0563 0.661 0053 | 0322 40&3 mRvssD 1020 1,006 0.950
RMSE | 0109 0305 0074 | 0384 RMSE 0.684 0.732 0971




4. Discussion
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