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ABSTRACT

In this study, a chest deflection is predicted by introducing a deep learning technique with the results of
the frontal impact of the USNCAP conducted for 110 car models from MY2018 to MY2020. The 120 data
are divided into training data and test data, and the training data is divided into training data and validation

data to determine the hyperparameters. In this process, the deceleration data of each vehicle is averaged

in units of 10 ms from crash pulses measured up to 100 ms. The performance of the deep learning model

is measured by the indices of the mean squared error and the mean absolute error on the test data. A DNN

(Deep Neural Network) model can give different predictions for the same hyperparameter values at every
run. Considering this, the mean and standard deviation of the MSE (Mean Squared Error) and the MAE (Mean

Absolute Error) are calculated. In addition, the deep learning model performance according to the inclusion

of CVW (Curb Vehicle Weight) is also reviewed.
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Table 1 US NCAP test results for frontal impact

Average Acceleration Chest Deflection
veh &9 W m)
0.
0-10ms| ... |91-100ms| kg |Driver|Passenger
1 8.30 2.74 2,207 26 17
1556 | .. -0.86 2,289 24 17
3.70 0.58 1,719| 23 18
110 | 4.36 0.41 2,161 29.3 15.3
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Fig. 1 Construction of DNN model
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Table 2 Performance of DNN for chest deflection on driver side with CVW considered (Case study 1: Ny =2, a=0.0001)
Case N N, N MSE’ MAE" MSEn MSEs MAEn, MAE,
1 4n 10 0.1 22.809 3.847 24.248 0.868 3.901 0.053
2 5n 10 0.1 20.492 3.468 23.075 1.182 3.783 0.132
3 6n 10 0.1 20.059 3.538 23.460 2.688 3.852 0.267
4 4n 20 0.1 22.693 3.731 23.794 0.767 3.807 0.078
5 5n 20 0.1 19.214 3.461 22.647 1.582 3.745 0.167
6 6n 20 0.1 21.823 3.663 22.896 0.597 3.766 0.063
7 4n 10 0.2 14.886 3.041 18.246 1.792 3.317 0.178
8 5n 10 0.2 14.799 3.013 17.559 1.363 3.311 0.168
9 6n 10 0.2 15.328 3.018 19.257 2.968 3.391 0.243
10 4n 20 0.2 19.196 3.333 20.148 0.605 3.442 0.067
11 5n 20 0.2 18.195 3.331 20.311 0.873 3.472 0.072
12 6n 20 0.2 17.008 3.196 18.689 1.235 3.372 0.123
Table 3 Performance of DNN for chest deflection on passenger side with CVW considered (Case study 1: Ny=2, a=
0.0001)
Case Na Np N MSE® MAE" MSEn MSEs MAE,, MAE,
1 4n 10 0.1 15.523 3.100 19.811 2.414 3.692 0.330
2 5n 10 0.1 18.451 3.501 21.620 1.113 3.905 0.143
3 6n 10 0.1 18.057 3.480 21.420 1.348 3.893 0.149
4 4n 20 0.1 14.188 2.950 16.474 2.846 3.167 0.398
5 5n 20 0.1 14.053 2.932 18.018 3.507 3.427 0.468
6 6n 20 0.1 14.490 2.972 19.649 2.996 3.643 0.423
7 4n 10 0.2 19.527 3.815 20.935 1.083 3.955 0.087
8 5n 10 0.2 19.067 3.749 21.216 1.093 3.945 0.080
9 6n 10 0.2 20.691 3.900 21.713 0.740 3.992 0.053
10 4n 20 0.2 13.702 2.941 19.244 2.552 3.706 0.378
11 5n 20 0.2 19.357 3.757 20.492 0.779 3.879 0.084
12 6n 20 0.2 14.961 3.058 20.054 1.728 3.834 0.261
ANSAerEES Xl M153A, M1E, 2023 57
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Table 4 Performance of DNN for chest deflection on driver side without CVW considered (Case study 1: N, =2, a = 0.0001)

Case Na Ny Ns MSE’ MAE" MSEn MSE; MAE,, MAE;

1 4n 10 0.1 23.036 4.111 27.403 2.419 4.480 0.228

2 5n 10 0.1 18.799 3.716 25.782 3.910 4.323 0.330

3 6n 10 0.1 19.417 3.744 25.951 3.434 4.337 0.313

4 4n 20 0.1 24.476 4.179 28.431 2.110 4.527 0.217

5 5n 20 0.1 26.356 4.521 28.620 1.205 4.571 4.571

6 6n 20 0.1 20.958 3.954 24.788 2.755 4.245 0.184

7 4n 10 0.2 19.935 3.741 22.717 1.778 3.977 0.135

8 5n 10 0.2 18.818 3.636 21.605 1.851 3.869 0.128

9 6n 10 0.2 16.568 3.533 19.156 2.017 3.699 0.188

10 4n 20 0.2 21.639 3.835 25.160 1.471 4.084 0.101

11 5n 20 0.2 21.325 3.781 24.195 2.364 4.011 0.173

12 6n 20 0.2 20.301 3.804 22.795 1.642 3.946 0.134

Table 5 Performance of DNN for chest deflection on passenger side without CVW considered (Case study 1: Nn=2, a=

0.0001)

Case Nn Ny N;s MSE MAE MSEn MSEs MAE:n MAEg
1 4n 10 0.1 17.010 3.244 21.881 1.904 3.902 0.233
2 5n 10 0.1 18.103 3.486 21.556 1.624 3.897 0.215
3 6n 10 0.1 18.679 3.529 22.011 1.548 3.943 0.199
4 4n 20 0.1 14.530 2.980 16.784 2.409 3.237 0.347
5 5n 20 0.1 14.918 2.956 17.087 2.291 3.271 0.355
6 6n 20 0.1 15.470 3.024 19.667 3.042 3.619 0.434
7 4n 10 0.2 20.478 3.926 22.099 1.361 4.033 0.077
8 5n 10 0.2 20.778 3.914 21.750 0.631 4.026 0.062
9 6n 10 0.2 20.087 3.902 21.468 0.731 3.999 0.065
10 4n 20 0.2 14.851 3.010 20.520 1.961 3.850 0.285
11 on 20 0.2 20.633 3.931 21.387 0.751 3.981 0.069
12 6n 20 0.2 20.738 3.965 21.508 0.721 3.996 0.049
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Table 6 Performance of DNN for chest deflection on driver side with CYW considered (Case study 2: N, =5, a =0.00001)

Case Na Ny Ns MSE’ MAE’ MSE, MSE; MAE,, MAE;
1 50n 10 0.1 22.089 3.570 25.408 1.907 3.873 0.208
2 75n 10 0.1 24.087 3.824 27.151 2.167 3.962 0.153
3 100n 10 0.1 20.709 3.489 26.579 2.565 3.959 0.200
4 50n 20 0.1 22.689 3.718 26.121 2.600 3.997 0.200
5 75n 20 0.1 22.781 3.574 26.839 2.192 4.013 0.223
6 100n 20 0.1 20.831 3.633 25.631 2.349 3.944 0.171
7 50n 10 0.2 23.055 3.798 26.604 2.802 4.108 0.201
8 75n 10 0.2 23.871 4.111 28.489 2.893 4.318 0.235
9 100n 10 0.2 26.471 4.133 29.637 2.795 4.336 0.229
10 50n 20 0.2 23.011 3.593 26.960 3.153 4.156 0.283
11 75n 20 0.2 22.799 3.823 27.751 3.268 4.226 0.232
12 100n 20 0.2 24.083 3.884 27.569 2.512 4.202 0.174

Table 7 Performance of DNN for chest deflection

on passenger side with CVW considered (Case study 2: Nn=5, a=

0.00001)

Case Nn Ny N;s MSE MAE MSEn MSEs MAE:n MAEg
1 50n 10 0.1 18.204 3.535 19.773 0.779 3.579 0.055
2 75n 10 0.1 18.462 3.502 20.345 2.286 3.608 0.152
3 100n 10 0.1 18.849 3.518 19.893 0.492 3.568 0.066
4 50n 20 0.1 18.936 3.528 19.911 0.688 3.616 0.043
5 75n 20 0.1 18.872 3.561 19.375 0.432 3.545 0.057
6 100n 20 0.1 18.534 3.471 19.825 0.819 3.580 0.083
7 50n 10 0.2 20.150 3.650 21.530 1.027 3.640 0.097
8 75n 10 0.2 20.760 3.563 23.249 2.224 3.731 0.175
9 100n 10 0.2 22.066 3.679 25.161 3.240 3.882 0.281
10 50n 20 0.2 19.758 3.619 21.764 1.062 3.693 0.094
11 75n 20 0.2 20.402 3.539 21.697 1.357 3.670 0.131
12 100n 20 0.2 19.473 3.472 22.122 1.192 3.674 0.116
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