KIPS Trans. Softw. and Data Eng. CAM 7|819] AZH 3 BN 28 RS Zest 284 239 4E ¥ §8 Y X9t 439

Vol.10, No.11 pp.439~448 https://doi.org/10.3745/KTSDE.2021.10.11.439
ISSN: 2287-5905 (Print), ISSN: 2734-0503 (Online)

Distracted Driver Detection and Characteristic Area Localization by
Combining CAM-Based Hierarchical and Horizontal Classification Models

Sooyeon Go' - Yeongwoo Choi'"

ABSTRACT

Driver negligence accounts for the largest proportion of the causes of traffic accidents, and research to detect them is continuously being
conducted. This paper proposes a method to accurately detect a distracted driver and localize the most characteristic parts of the driver.
The proposed method hierarchically constructs a CNN basic model that classifies 10 classes based on CAM in order to detect driver distration
and 4 subclass models for detailed classification of classes having a confusing or common feature area in this model. The classification result
output from each model can be considered as a new feature indicating the degree of matching with the CNN feature maps, and the accuracy
of classification is improved by horizontally combining and learning them. In addition, by combining the heat map results reflecting the
classification results of the basic and detailed classification models, the characteristic areas of attention in the image are found. The proposed
method obtained an accuracy of 95.14% in an experiment using the State Farm data set, which is 2.94% higher than the 92.2%, which is
the highest accuracy among the results using this data set. Also, it was confirmed by the experiment that more meaningful and accurate
attention areas were found than the results of the attention area found when only the basic model was used.
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Fig. 6. Heatmaps for Base and Sub-class Models and Their Final Combined Heatmap
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Table 1. Train, Validation and Test Data Sets

Test

Train VR Test set 1 Test set 2
CO Drive safe 1,992 497 121 114
C1 Text right 1,814 453 130 100
C2 Talk right 1,854 463 147 104
C3 Text left 1,877 469 127 103
C4 Talk left 1,861 465 112 104
C5 Adjust radio 1,850 462 140 107
C6 Drink 1,860 465 118 101
C7 Reach behind 1,602 400 119 106
C8 Hair&Make up 1,529 382 102 100
C9 Talk to passenger 1,704 425 120 106
Total 17,943 4,481 1,236 1,045




CAM 7|gte| AZH

TN 2R 2US ZYE LUK PIO UE Y SY ¥ NSt 445

Table 2. Compared Model Accuracies

Original Model Accuracy Sub Model Accuracy Ours

Test set 1 Test set 2 Test set 1 Test set 2 Test set 1 Test set 2
CO Drive safe 90.1% 88.6% 93.3% 94.7% 96.7% 92.2%
C9 Talk to passenger 60.0% 63.2% 86.6% 89.6% 76.6% 85.8%
C1 Text right 84.6% 81.0% 100.0% 100.0% 96.9% 98.0%
C2 Talk right 98.0% 98.0% 98.6% 99.0% 98.0% 100.0%
C3 Text left 100.0% 100.0% 99.2% 97.1% 100.0% 100.0%
C4 Talk left 96.4% 92.3% 94.6% 93.2% 98.2% 92.3%
C5 Adjust radio 90.0% 91.5% 100.0% 99.1% 97.1% 97.2%
C7 Reach behind 90.8% 96.2% 100.0% 100.0% 98.3% 97.2%
C6 Drink 68.6% 73.2% 92.3% 93.1% 90.6% 83.2%
C8 Hair&Make up 75.5% 89.0% 91.1% 96.0% 94.1% 97.0%
Total 86.00% 87.36% 95.87% 96.17% 95.15% 95.12%
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Table 3. Accuracies According to the Number of Hidden
Units and Activation Functions

Hidden layers(Nodes) Activation Function Accuracy
RelU 93.61%

2(15, 10) i
Sigmoid 93.53%
1(25) ReLU 93.28%
ReLU 94.90%

1(20)

Sigmoid 94.98%
1(18)(Ours) Sigmoid 95.15%

Table 4. Compared with other methods using
the same State Farm Dataset

Method Accuracy
Optical flow(Single Frame)[11] 82.38%
3D Convolutional Neural Networks(Single Frame)[12] | 85.00%
DD-RCNNI10] 92.20%
Test set 1 95.15%
Ours
Test set 2 95.12%

CO Drive safe E#jAE *AHE F = F& 99, C1
Text right, C2 Talk right, C3 Text left®} C4 Talk left
ZHAEL HJTES Z1 Y= Oxix].g £ J9go] EX 9
ooltt. C5 Adjust radio €84 LS XA 511
QE& 9 C6 Drink iﬂﬁit 2555 FHa A
¥, C7 Reach behind SHAEFHE EOIEI Q)
9] Mgl 99, C9 Talk to passenger &
e A dF Y 2ANE FL O]‘t— T 39
A dgog A3ttt C8 Hair&Make up A= AR}
ol Hol= Ag g9o] A==, ol= C2 Talk right,
C6 Drink 24259 2E8¢ g3} FE5H7] YolA] CNN
o] g5otHA o5 FEH AL FI2 o] Y29 EF
FYgog 42 Aolr},

Table 5= HIAE Al 10] tishA] 7|& CAM 23} o] =
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Table 5. Accuracy Comparison of Characteristic Atention Area

Original CAM Accuracy Ours

CO Drive safe 84.3% 90.1%
C1 Text right 83.8% 97.7%
C2 Talk right 94.6% 96.6%
C3 Text left 99.2% 100.0%
C4 talk left 76.8% 93.8%
C5 Adjust radio 74.3% 95.7%
C6 Drink 61.9% 69.5%

C7 Reach behind 82.4% 96.6%
C8 Hair&Make up 48.0% 97.1%
C9 Talk to passenger 13.3% 61.7%
Total 73.0% 89.9%
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