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Abstract : The paper suggests an algorithm for detecting driver’s high cognitive workload using driving performance and
physiological data. The algorithm adopts radial basis probabilistic neural network (RBPNN) to construct estimation models. In
order to train and test the models, combinations of two driving performance data including velocity and steering wheel reversal
rate(SRR), and three physiological signals including inter-beat interval(IBI), skin conductance level(SCL) and skin temperature
were considered as measures of cognitive workload. The training and testing data were collected from on-road driving
experiments of 13 subjects who were asked to complete three levels of difficulty of a delayed digit-recall task (n-back task). As
a result, The best performance was achieved from a combination of measures including SCL, skin temperature and velocity
over 10 seconds time window with an average accuracy of 94.2%. It is expected that the accuracy can be improved applying
more sophisticated algorithms and various window sizes and combinations.
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Table 1 Feature Combination
Feature no. Feature combination
1 1 RRI
2 2 SCL
3 3 SKT
4 4 SPD
5 5 SRR
6 12 RRI, SCL
7 13 RRI, SKT
16 123 RRI, SCL, SKT
31 12345 RRI, SCL, SKT, SPD, SRR
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Table 2 Accuracy, sensitivity, specificity on window size and feature combination

10s window size

20s window size

30s window size

feature Accuracy |Sensitivity |Specificity | Accuracy |Sensitivity |Specificity | Accuracy |Sensitivity |Specificity
1 80.77 80.77 80.77 84.62 88.57 81.40 86.54 88.00 85.19
2 87.18 90.28 84.52 89.74 89.74 89.74 78.85 77.78 80.00
3 80.77 81.58 80.00 83.33 86.11 80.95 69.23 66.67 72.73
4 68.59 67.47 69.86 64.10 64.10 64.10 65.38 62.50 70.00
5 58.97 58.54 59.46 46.15 46.81 45.16 51.92 52.17 51.72
12 82.69 82.28 83.12 85.90 88.89 83.33 88.46 85.71 91.67
13 82.05 7841 86.76 80.77 78.57 83.33 75.00 69.70 84.21
14 78.85 7848 79.22 79.49 76.74 82.86 84.62 82.14 87.50
15 73.08 72.50 73.68 80.77 81.58 80.00 73.08 68.75 80.00
23 88.46 87.50 89.47 84.62 84.62 84.62 76.92 73.33 81.82
24 85.26 85.71 84.81 84.62 86.49 82.93 86.54 85.19 88.00
25 8141 81.01 81.82 79.49 79.49 79.49 78.85 80.00 77.78
34 8141 80.25 82.67 70.51 73.53 68.18 75.00 7241 78.26
35 76.92 77.63 76.25 79.49 82.86 76.74 73.08 68.75 80.00
45 63.46 64.00 62.96 67.95 66.67 69.44 57.69 56.67 59.09
123 90.38 87.95 93.15 88.46 85.71 91.67 80.77 76.67 86.36
124 87.18 86.25 88.16 87.18 83.72 91.43 88.46 85.71 91.67
125 84.61 83.75 85.53 87.18 85.37 89.19 90.38 88.89 92.00
134 82.05 79.76 84.72 85.90 83.33 88.89 75.00 7241 78.26
135 83.97 81.18 87.32 83.33 84.21 82.50 75.00 70.97 80.95
145 70.51 68.60 72.86 82.05 77.78 87.88 78.85 80.00 77.78
234 91.67 92.21 91.14 84.62 84.62 84.62 84.62 82.14 87.50
235 82.05 80.49 83.78 82.05 83.78 80.49 75.00 76.00 74.07
245 82.69 81.48 84.00 79.49 79.49 79.49 9231 9231 9231
345 80.13 80.52 79.75 75.64 79.41 72.73 73.08 70.00 77.27
1234 89.74 88.75 90.79 88.46 87.50 89.47 82.69 79.31 86.96
1235 87.18 84.52 90.28 89.74 87.80 91.89 80.77 78.57 83.33
1245 87.18 86.25 88.16 87.18 85.37 89.19 94.23 96.00 92.59
1345 78.85 77.11 80.82 84.62 81.40 88.57 78.85 77.78 80.00
2345 86.54 85.19 88.00 87.18 87.18 87.18 84.62 80.00 90.91
12345 87.82 86.42 89.83 87.18 85.37 89.19 86.54 82.76 91.30
Mean 81.37* 80.54* 82.36 81.35* 81.19* 81.83 78.78* 76.75* 81.65
SD 7.65 7.63 7.93 8.94 8.71 9.80 941 9.79 9.42
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