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Fig.2 Algorithm flow of TPE-BP blasting vibration

velocity prediction model
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Table 1 Train data

KB Ml KPP E|H 12 0

s R/ WE/ W/ HEE/ HFE/ PrH/
kg m m m (kg/m?*) (em/s)

1 235.2 17 36.5 0 0.21 4.21
2 235.2 17 51.5 0 0.21 3.173
3 160 19 15 0 0.274 6.071
4 160 19 49 0 0.274 1.997
5 160 19 72 0 0.274 1.499
6 160 19 101.3 —41.9 0.274 0.7749
7 160 19 114.4 —41.9 0.274 0.753
8 160 19 123.8 —41.9 0.274 0.543
9 160 19 51.7 14.2 0.274 2.743
10 160 19 66.4 14.2 0.274 2.224
11 67.2 4 35 —2.5 0.18 1.658
12 252.45 18 65 —1.7 0.32 2.571
13 252.45 18 143 —30.7 0.32 1.763
14 252.45 18 120 —30.7 0.32 0.995
15 252.45 18 170 —49.7 0.32 0.684
16 252.45 18 180 —49.7 0.32 0.571
17 252.45 18 190 —49.7 0.32 0.554
18 160.05 12 162 25 0.235 1.254
19 255.81 18 712 52.4 0.33 0.069
20 255.81 18 90.1 32.1 0.33 1.722
21 255.81 18 98.7 32.1 0.33 1.053
22 255.81 18 168.6 —45 0.33 0.85
23 255.81 18 117.7  —22.7 0.33 2.895
24 153 12 143 —30 0.286 0.562
25 153 12 78 14 0.286 2.349
F2 MiXHE
Table 2 Test data

f’ij( Bt Al KE B|H W 25 2R/ “J%ﬂf:[

ey wm/ WE/ HEE/ BEE/ A P34/
kg m m m (kg/m®) (em/s)

26 235.2 17 68 0 0.21 2.864

27 67.2 4 64 —2.5 0.18 1.5
28 255.81 18 141.4 —45 0.33 0.927
29 160.05 12 188 25 0.235 0.898
30 252.45 18 35 0 0.32 5.133

3.2 FMERKEITEE
3.2.1 RS AT BP 4 M4 25

BP #f 28 0 45 fa 5 )2 0 8 m TS A R
mr,

h=+(m+n) +a (6)

Xbon MEAZTEEGh NEEZEN SEm R
i ZE e REREZZ Y W a=1,
2,3,+,10,

i3 2 0 20 UM R A 2 L 3~ 13, X 4
ANBCRE A2 T AT IR, 7 AR R BER R 1000 11
FAFF A AR 25 R L3R 3.



56 gL B R S5 A

2024,44(5)

*x3 AEAREETAHBP MENTNRELER
Table 3 The prediction error of BP network with

different numbers of hidden layer nodes

P 2 1A R TR R 2/
3 47.1
4 45.8
5 61.1
6 47.0
7 72.9
8 66.7
9 28.7
10 133.1
11 40.9
12 134.9
13 43.8
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Table 4 The results of blasting vibration velocity prediction

cm/s

, Fr5 YH15] &k kN
=% _

WO o TPEBP ppma AR AR

26 2.864 2.868 2.91 2.22 2.06

27 1.5 1.538 1.34 0.90 1.25

28 0.927 0.900 0.98 1.23 0.86

29 0.898 0.843 0.79 1.19 0.54

30 5.133 5.125 4.99 5.13 4,57
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Fig.3 Comparison chart of predicted blasting

vibration velocity values
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Table 5 The errors of vibration velocity prediction %;

45 TPE-BP SCHR[15]BP M4 £ /As Bl KRIE AR

26 0.13 1.60 22.33 28.07
27 2.51 10.67 39.91 16.67
28 2.86 5.70 32.98 7.20
29 6.29 12.20 32.70 39.87
30 0.16 2.80 0.11 10.97
Ty 2.35 6.59 25.61 20.56
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Study on Prediction of Blasting Vibration Velocity Based on TPE-BP Neural Network
CUI Hongyan', ZHANG Zilu', HU Jing', ZHANG Rongguo'» WANG Tong', WANG Yong*
(1.College of Computer Science and Technology. Taiyuan University of
Science and Technology, Taiyuan, Shanxi 030024, China;
2.Shanxi Coking Coal Explosion Group Mine Civil Explosion Engineering Branch, Taiyuan, Shanxi 030300, China)

Abstract: The blasting vibration velocity is one of the important factors that need to be considered in blasting design. However,
in predicting blasting vibration velocity, the determination of hyperparameters in BP neural networks depends on empirical
formulas and has subjectivity. To overcome this limitation and improve the accuracy of vibration velocity prediction, the
hyperparameter optimization algorithm of TPE was used to optimize the hyperparameters of the BP neural network. A BP
neural network ( TPE-BP) prediction model with 31 hidden layers neurons was established using the maximum explosive
charge, borehole depth, horizontal distance, vertical distance, and explosive consumption parameters as input. The average
prediction error of the blasting vibration velocity of the model was 2.35% , with a maximum error of 6.29%. Compared with the
BP neural network model based on empirical formulas to determine hyperparameters and the traditional BP neural network
model, the average prediction error was reduced by 23.26 percentage points and 4.24 percentage points, respectively. The
results indicate that the optimized parameters network of the TPE-BP prediction model can better fit the vibration data, and its
prediction results are closer to the true values. The study can provide a reference basis for blasting parameter design, thereby
further effectively control the blasting vibration.

Key words: Blasting vibration, Prediction of vibration velocity, BP neural network, TPE algorithm,

Hyperparameter optimization





