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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 
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2.1.3 System Use Process 
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Figure 2. System use process 

Figure 3. Driver selection (illustrated) 

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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(a) Low workload (stable) 

(b) Middle workload (unstable) 

(c) High workload (dangerous) 

Figure 6. Workload indicator (illustrated) 

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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4. Discussion 
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Table 1. Result of ROC analysis 
(Note: Percentage in parenthesis is given probability) 

(a) SDNN 
Response

Baseline 0B 1B & 2B 

Stimulus 

Baseline 
97.3% 

(53.7%) 
2.7% 0%

0B
50.0% 50.0% 

(60.1%) 
0%

1B & 2B 
33.9% 29.6% 36.5%

(100%)
(b) RMSSD 

Response
Baseline 0B 1B & 2B 

Stimulus 

Baseline 
97.3% 

(98.4%) 
2.7% 0%

0B
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(75.7%) 
3.3%
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1.6% 28.4% 70.0%

(95.5%)

(c) RMSE 
Response
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(95.1%)

(d) Mean IBI 
Response

Baseline 0B 1B & 2B 

Stimulus 

Baseline 
100%

(100%)
0% 0%

0B
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