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Experienced vs. less-experienced

A|9| )g'iﬂ *._|§ —E—&! (Verwey and Veltman, 1996; Boucsein et al., 2007;

Perala and Sterling, 2007)
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ST MH AT WM HUE 5H AN

A =2l 7|17t 20073 8& ~ 2008E 1&

| AKXt 20CHet 600 HLH & 60F

Z£7d data
2™ MH| M3 Electrocardiogram(ECG), skin conductance level(SCL), respiration rate
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=X Scenario

Event type
Driving events (Cll: curve, hill, traffic light, construction zone, =42 &)
Cognitive events: city?} highwayOf| A 2f2h 278 A[ZF S2t2| cognitive task &F
Scenario= 10702] MEFZHOl: urban, city, rural, highway §)2 2 71 &
T 2T A2l 226,500 ft (2F 69 Km)

&8 | Scenario 1| 72+ A21(fy | Scenario 2 | 72+ A2 (ft)_

1 Pre-training 20,000 Pre-training 20,000

2  Urban 4 8,500 Urban 3 8,500 Cognitive event &4
3 Urban 5 11,500 Rural 5 24,000

4 |city7 20,000 Highway 6 72,000 |

5 Urban 6 9,500 Rural 6 24,000

6  Boring 5 18,500 Boring 5 18,500 Cognitive event &4
7 Rural 5 24,000 Urban 5 11,500

8 | Highway 6 72,000 City 8 20,000 |

9  Rural 2 24,000 Urban 6 9,500
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Heart rate, respiration rate, skin conductance 2#& %1 158 review
MR AlS ZA HEH O 5 Abg IOt
Data filtering (Gll: noise S O|&HX| X|#)
Data transformation (0l: ECGEEE{ inter-beat interval (IBl) datag& F&)
Data 241 & oA 2
dH A= HE

Possible range for

Typical range for

Bio-signal " extreme workload
cognitive tasks e
conditions
Heart rate Beats/min 50 ~ 150 50 ~ 200
Skin conductance Microsiemens 2 ~ 25 2 ~ 30
Respiration rate  Breaths/min 10 ~ 30 5~ 50
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Heart Rate Variability (HRV) Measures

Heart rate= raw electrocardiogram(ECG) data25-E £440| &0|
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[ Time-Domain Measures } [ Frequency-Domain Measures }
Statistical Geometric Short-term Long-term
measures measures recordings (2~5 min) recordings (24 h)
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HRV measures commonly employed for analysis onshort-term recordings
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Representative HRV Measures

_Category | Measure | Unit | Descripion

SDNN (SDyn) ms SD of all NN intervals

Time-
domain The square root of the mean of the sum of the
TR RMSSD ms squares of differences between adjacent NN
intervals
LE ms? » Power in low frequency range (0.04 ~ 0.15 Hz)
» Both sympathetic and parasympathetic origin
zlroer?]l;ienncy— HEF ms? » Power in high frequency range (0.15 ~ 0.4 Hz)
» Parasympathetic origin
measures .
LF/HE * Ratio between LF and HF

* Indicating sympatho-vagal balance ratio

: . 0.015
‘| NN interval (= RR interval) |
| > -

PSD (s7Hz)

Transformed signal

' '?f‘ﬁ.s(frequency domain)
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Effects of Cognitive Stress on HRV Measures

Physical | Autonomic nervous Cardiac
factors . system (ANS) ‘ output

‘ Sinoatrial (SA) ‘ '
o . RR intervals ’
Menta . Node activity |
factors ’ Blood
pressure
- Parasympathetic nerves ‘| .'
Emotional . (vagus nerves) (HR ) oow -
factors -_—
AT Arterial
. baroreflex
Aortic baroreceptors

Statistical Short-term
measures recordings (2~5 min)
| | | | |
SDNN RMSSD LE/HE
(D) iz 13 OB immzmisvete
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|  Ecezy |

Raw ECG
data

\ 4
[ R-peak detection ] LIBROW™Z2| MATLAB

open source= 0|26}
ECGEEH R-peak T=

Inter-beat interval
(IBI) data

\ 4
[ HRV analysis ] Free software ¢!
Kubios-HRVE 0| £3}0
HRV, SDNN, LF/HF ==
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Respiration Rate
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Data filtering E!;I' Iﬂ (Papp et al., 1997; Bloch et al., 1990)
ol B8 HA

=d 25+ €Al L= AALKG0 Ofd) 2(10 O[5 B% HA
H

24 A7ZF 7k RR B X|0f| CHSt significant difference =41 (ANOVA)

Workload * = Respiration rate*

Y2

70

Time in Seconds

f=5 ZuSudtta
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Skin Conductance Level (SCL)

Data B2t Q10| ZtEtSt filtering & 78 B X E 8910 &4 24 +=
Data filtering 22! (81-sheiknh, 2006; Lim et al, 1996; Mehler et al, 2008; Shimomura et al, 2008)
S & He| 2~30 microsiemens 0|2| XA
SignalQ| fluctuation Lfef (A& E=X)

=2 —‘rL7+ 7+0| SCL " X| 0 I:HOF[isngnn‘lcant difference &4 (ANOVA)

Workload * = SCL * ol

Subject A

10} Subject B

0 2 4 ] 8 [min]

Fie. 4 An example of variation in SCR. Subjects A and B performed a
task of the same difficulty in the present experiment. Transient
variation in SCR components was clearlv observed in subject B.
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1. Raw data X 2|

2. 2| data

3. Data &AM
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H A 2M Protocol =

A protocol T+

ECG

Data transformation
(ECG to IBI)

RR, SCL

Data filtering and
smoothing

IBI data
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data: 1470 28 L 2HH B (O 2, XpMd HE, At &

g 3)

Scenario data: 1078 7+¢F 657l event & cognitive task event
2T A2 1A 7 LY 2|

24 A E SAH 240 7hs8t format2 = data &
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o = O] A= =
* Subject
i e Scenario and event
o AN
I’é'wltli ECG, RR, SCL XS . 2H Hp
MH NS 2o 2 $YUE BN
subsystem subsystem
ECG RR, SCL
. . R-R interval
S I ~
ignal processing data A=
Data filtering and Data

Data filtering and
smoothing

smoothing

Raw data

transformation

Filtered data Event 7+7+ & « Driving event

data segmentation |* Cognitive event

Event 77+ &
data segmentation

Output: Kubios

. * RR interval
analysis format

Output: 4 &4
format

fo=y EUIata

e
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Event 77+ &

data segmentation

Output: 84 &4
format
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System Demonstration
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Input - Analysis information

Participants
Gender ,.dhlm - Female
Age (120 [ 60

Number of participants o

Data types
[« Blo-signal data

[\ Driving performance data

Scenarios
[ Whale avent pariad

. Cogita task period

Analysis

Output - Analysis result

Scanarios
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