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ABSTRACT

Objective: The aim of this study is to compare and evaluate the accuracy of workload distinction of quantification
measures (HR, SDNN, RMSSD, RMSE) by ROC analysis method to apply ECG biosignal to safe driving support
technology of intelligent vehicle. And a system applied ROC analysis method to analyze the accuracy of workload
distinction in real-time is developed. Background: Biosignals such as electrocardiography (ECG) can be used to analyze
driver’s cognitive workload which is one of safe driving support technologies of the intelligent vehicle. Driver’s workload
can be distinguished by analyzing heart rate (HR) and heart rate variability (HRV), which are calculated by ECG measured.
To distinguish workload level based on ECG, individually suitable quantification measures of ECG should be selected;
however, existing researches have used equal ECG quantification measures and ECG baseline. Method: System which can
analyze workload in real-time and discriminate the most suitable measure for ECG quantification is developed. Results: A
case study was conducted to test the system; consequently, HR was the most suitable measure for ECG quantification in the
case. Conclusion: The system will be complemented at the point of effectiveness and usability continuously and it will be
able to be applied and used to intelligent vehicle in the foreseeable future. Application: The system and the algorithm will
be useful in the research for workload based on ECG.
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2. Development of System

2.1 Development of System for Driving Workload Distinction
2.1.1 System Structure
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Figure 1. System structure: four system modules

2.1.2 Workload Discriminability Analysis

£ s ZhE BCG 5= lﬂ%f& 249 ECG A
3} 2= 4 workload J}ﬂﬂ 7]%% o
(receiver operating characteristic) —E"_r@,
A (discriminability) ¥4 WS A

mlo 1.3
1
(<0
ol
N
do
%
2
Py
(@)
(@]

& F7PE FoA = Aol o H ks et w
2 Aty &5 oin] L (falsealarm) FES X072 71
& WIS (sensitivity), 5-©] % (specificity) 5= I}tk 4

Ho]—lﬁg 0174&_1;]_(7113])\4 2008) :rL‘— ROC _1?_}:‘1 tlobg
< systemel] A-8-3Fo] ECG A5 2] 7|5 workload th®] =
3}ol whe} systemo] F0]%1 x}=+(N-back task)2] workload <=
& Jge] isks 45 At

o=
2.1.3 System Use Process

7k systeme] ARE Hxl= 7™ 20 YERA 3 ©SARE
|2 A, 7)EA A, aEa AARE FA)E 3 E
3 HA A M= 1F 3o YEbd A3 o] 3RS
AstA ) ol FHEA 92 AMEAR= A1) ECG
AANE T 245 Bl HA 3 HE " UES
47 3F= N-back task (5> -3} 0-back, =7} -3} 1-back,
& J3}) 2-back)S 19 49} Zo] =33k ¥} N-back
task—; A9 AbEe] &Aoo w A W 1)l AlF
off N o] x5 7]9sivl= 7] Zhgolth(Sonetal,,
2010). gfelxEl B -4zt sk YAAS W A=
system DBoll A= v, vl H system AME- Al S AR



A2 sk i ARl systemel] Abs o2 Wk ETh

Discriminability Analysis
(N-back task, 10 min)

Yes @

No [Non-driving]
[Driving]
Automatic
Measurement for ECG
Reference (3 min)
OO £
Saloruer
ynss |z |
Figure 3. Driver selection (illustrated)
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Figure 4. N-back task (illustrated)
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Figure 5. Automated measurement for heart rate reference
(illustrated)
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2.2 Development of ECG Measure Equipment
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Figure 6. Workload indicator (illustrated)
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Figure 7. Heart rate history indicator (illustrated)

Figure 8. Optical sensors attached on a wheel for ECG
signal measurement

3. Case Study: ECG Analysis
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Table 1. Result of ROC analysis
(Note: Percentage in parenthesis is given probability)

(a) SDNN
Response
Baseline 0B 1B & 2B
Baseline 97.3% 2.7% 0%
(53.7%)
Stimulus 0B 50.0% 50.0% 0%
(60.1%)
1B & 2B 33.9% 29.6% 36.5%
(100%0)
(b) RMSSD
Response
Baseline 0B 1B & 2B
Baseline 97.3% 2.7% 0%
(98.4%)
Stimulus 0B 0% 96.7% 3.3%
(75.7%)
1B & 2B 1.6% 28.4% 70.0%
(95.5%)
(c) RMSE
Response
Baseline 0B 1B & 2B
Baseline 80.5% 19.5% 0%
(81.1%)
Stimulus 0B 0% | 96.7% 3.3%
(72.8%)
1B & 9B 18.7% 16.7% 64.6%
(95.1%)
(d) Mean IBI
Response
Baseline 0B 1B & 2B
Baseline 100% 0% 0%
(100%)
Stimulus 0B 0% 100% 0%
(100%)
1B & 2B 0% 0% 100%
(100%0)
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