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Abstract; The specific impulse of shaped charge is an important parameter in underwater explo-
sions. It is used to represent the destructive effect of a shock wave on a target. In order to predict
the specific impulse, a prediction model of shaped charge based on gene expression programming
optimized deep neural network ( AGEP-DNN)is proposed. Considering the complex nonlinear rela-
tionship between the structure and the specific impulse value of the charge, AUTODYN is applied
to build finite element models. Empirical formulas are used to validate the data. Based on the simu-
lation experimental data,an adaptive gene expression programming( AGEP)is designed to optimize
deep natural network ( DNN ) hyperparameters. The AGEP-DNN model is constructed to intelligently
predict the specific impulse. Experimental results show that among the nine prediction models,
AGEP-DNN has the highest accuracy.
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Fig.1 Shaped charge structure
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Fig.2 Simulation model of shaped charge and schematic

diagram of measurement point
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Table 1 Comparison of partial simulation

data and empirical formula results
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ZRn TESE

I/d h/d r/d FAXTERZE/ %

1.5 0 3.75 135 136.32 147 583.23 9.21

1.5 0.3125 3.75 134 720.81 144 833.78 7.51

1.5 0.625 3.75 133 498.72 142 455.56 6.71
1.25  1.25 3.75 128 946.65 122 616.13 4.91
1.25 1.875 3.75 122362.23 113 458.00 7.28

2 2.5 1.875 158943.72 138 562. 10 12. 82
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Fig.3 Network structure of DNN underwater shaped

charge specific impulse prediction model
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Fig.4 Chromosome compilation process
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Fig.5 Cross and variation of chromosomes
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Fig.6 Curve of crossover rate and variability rate
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Fig.7 Flow chart of AGEP-DNN network
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Table 2 Partial original data

l/d h/d r/d AART i /(Nesem ™)
0.75 0 0.562 5 88 655.176 8
0.75 0 0.75 131 422.985 2
0.75 0 1.25 132 631. 108 1
0.75 0 1.875 122 882.482 4
0.75 0 2.5 114 267. 366 3
2 2.5 2.5 140 885.874 3
2 2.5 3.75 131 854.512 1
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Table 3 GEP and AGEDP initial parameters

Ak 38 IV B PR FREER/N HEALAAL PRI FEA%L KEBK AR 38 R
GEP RMSE 50 20 + - x/ 9 3 0.1 0.3
AGEP RMSE 50 20 + =%/ 9 3 [0.05,0.1] [0,0.6]
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Table 4 Neural network parameters settings

Ak FeU 2 S22 58 ERTIEe SRS ARV
BP 1 6 0.08 4000
DNN 6 8,16,32,32,16,8 0.08 4000
GEP-DNN 8 20,2,9,2,1,20,2,4 0.08 4000
AGEP-DNN 8 14,4,6,5,12,3,5,4 0.08 4000
F5 9 FEEREILL M ETNLE R
Table 5 Comparison of nine intelligent models for predicting specific impulse
R RS MAE MSE RMSE MAPE/ %
BP 27 652.919 9 175 159 575.315 2 23 234.786 5 16. 06
GA-BP 29 440. 490 4 372 856 428. 467 2 19 309. 490 6 13. 04
BP Ffi 22 W 2%
ABC-BP 14 028.362 5 356 907 976.247 0 18 892. 008 2 14.72
PSO-BP 10 217.814 5 227 654 740.902 5 15 088.231 8 19.37
LR R 45 CNN 7 685.063 5 195 150 920. 881 7 13 672. 905 2 7.09
TEIAH 22 1 4 LSTM 4 280. 709 7 46 458 779. 666 9 6737.279 3 7.77
DNN 3 780. 675 2 28 656 340. 528 9 5353.161 7 5.29
TRBEHN 25 ) 45 GEP-DNN 2 685.579 0 12 563 529. 908 4 3 544.507 0 3.69
AGEP-DNN 2274.319 4 12 453 712. 544 7 3528.981 8 2.79
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Fig.8 Prediction results of comparative algorithms
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