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Prediction Model of Blasting Fragmentation Based on ACO-
BP Neural Network and Its Application

YU Qing-lei, WU Jia-wei, LI You, PU Jiang-yong
(School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China. Corresponding
author: YU Qing-lei, E-mail: yuginglei@mail.neu.edu.cn)

Abstract: Blasting fragmentation is governed by the combined interplay of rock properties,
blasting parameters, and explosive characteristics. Its accurate prediction is the key to achieving
the coordinated optimization of precision blasting in mines and energy consumption during
mining and processing. To improve prediction accuracy, a blasting fragmentation prediction
model was constructed using ant colony optimization (ACO) and a back propagation (BP) neural
network, and the key influencing factors of blasting fragmentation were identified. Based on the
Sijiaying open pit mine, a blasting case database was established to train the model and improve
prediction accuracy, and the weights of the influencing factors were analyzed. Results show that
ACO significantly improves model performance. Among the influencing factors of blasting
fragmentation, blasthole spacing has the highest weight, and minimum burden has the lowest
weight. Blasting parameters exhibit optimal ranges for blasting fragmentation, but single-
parameter adjustments cannot sustainably improve blasting fragmentation. This model provides
an effective means and theoretical basis for inverse optimization of blasting design based on
blasting effect requirements.

Key words: ACO-BP neural network; precision blasting; blasting fragmentation; weight of
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Fig. 1 Flow chart of ACO—-BP algorithm
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Table 1 Sample data of 11 groups from Sijiaying
R, R, E Iy p v Pa
FEAR S/H  B/H W/H  t/ms d/cm
MPa  MPa GPa  %m”® kgm> kgt m-s” geem”
1 16.88 175.57 72.53 8. 06 3.32 0.57 0.43 0.27 0.29 42 4500 1.2 25.25
2 17.44 177.90 74.16 7.33 2.69 0.28 0.17 0.24 0.11 42 4500 1.2 39.52
3 17.44 177.90 74.16 8.43 2.69 0.28 0.17 0.30 0.11 42 4500 1.2 36.22
4 18.44 198.64 65.46 3.62 2.72 0.21 0.16 0.24 0.11 42 4500 1.2 34.31
5 15.42 192.46 73.84 3.43 2.74 0.33 0.28 0.25 0.11 42 4500 1.2 45. 82
6 11.33 155.33 55.35 1. 84 2. 64 0.40 0.30 0.30 0.20 42 4500 1.2 22.02
7 13.43 183.05 65.37 6. 62 2.67 0.27 0.20 0.38 0.13 42 4500 1.2 30.79
8 17.01 172.02 70.45 5.29 2.65 0.41 0.35 0.16 0.12 42 4000 1.0 16. 11
9 15.37 196.53 66.61 3.33 2.62  0.33 0.28 0.25 0.11 42 4000 1.0 27.71
10 20.87 218.36 75.66 5.82 2.69 0.47 0.35 0.30 0.12 42 4500 1.2 19.55
11 12.54 169.36 56.33 3.86 3.38 0.47 0.35 0.29 0.12 42 4000 1.0 36. 18
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Table 2 Prediction results and actual values of
blasting fragmentation
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Table 3 Index values of prediction results of different

models
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Fig. 3 Prediction error of model under different
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Table 4 Weights from input layer to hidden layer
) w.
R, R, E J, p S/H B/H q w/H t v Py
1 0. 63 0.63 -5.36 -2.75 .13 -1.59 -0.02 -0.27 -0.56 0.46 -1.72 -0.61
2 1.43  -0.47 2.54 5.27 1.88 0.97 -2.83 0. 83 .60 -2.88 -2.25 -6.90
3 2.25 0.07 -0.16 -2.99 1. 50 4.96 0.28 .28 -1.28 -1.76 -3.96 0.25
4 6. 64 .38 -1.14 -2.74 6. 14 6.31 2.45 -3.82 1.59 -3.43 -2.75 -0.31
5 .01 -0.36 -2.41 6.10 -3.44 4.21 5.57 2.05 0.11 0.53 -0.72 -1.09
6 0.53 3.26 0.14 -2.29 -2.15 -4.81 2.59 4.25 -0.42 0.13 -2.14 -0.86
7 0.32 0.88 -0.83 -2.42 -0.62 7.10 2.41 -5.22 0.88 2.52 0.64 -3.99
*5 BREEIHHEZEHNE
Table 5 Weights from hidden layer to output layer
B =1 A 1 2 3 4 5 6 7
BUE 0.409 6 0. 0600 0.143 6 -0.470 8 0.0952 -0.3553 -0.3020
*6 MAUEEPZBMASHINE
Table 6 Weights of each input parameter in prediction model
2 R, R, E J, p S/H B/H q W/H t v Py
WHE - 0.34  0.24  0.20 -0.28 0.19 0.37 0.32 -0.28 0.15 -0.08 -0.05 -0.12
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Fig.4 Influence of main parameters on blasting fragmentation
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