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Mining blasting operations significantly impact economic production but risk
damaging surrounding infrastructure, necessitating accurate prediction of
induced seismic vibrations. This study analyzes blast data from Gol-Gohar and
Sungun mines and employs deep learning (DL) to predict peak particle velocity
(PPV) as a function of distance and explosive charge. DL’s performance
(R2=0.952, RMSE=2.670, MAPE=2.003%) surpassed SVM, SGD, and
AdaBoost in comparative analysis. Its architectural flexibility and adaptability
to complex mining-related variables yielded superior results. The findings
highlight DL’s efficacy in high-uncertainty scenarios, offering a robust tool for
seismic risk mitigation in mining. Thus, DL-based approaches are
recommended for similar geotechnical challenges.
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EXTENDED ABSTRACT
1. Introduction

Blasting is the most common and effective method for fragmenting rock masses in large-scale open-
pit mines [1]. However, blasting generates unwanted side effects, including ground vibrations that
can propagate over long distances and cause damage to nearby infrastructure [2-4]. A key parameter
for assessing blast-induced ground vibration is the Peak Particle Velocity (PPV) [5]. Accurate
prediction of PPV is critical for safe blast design, minimizing environmental impacts, and ensuring
compliance with safety regulations [6].

Conventional empirical formulas and regression-based models often fail to achieve sufficient
accuracy due to the nonlinear, site-dependent nature of the blasting process. Advanced computational
techniques such as genetic algorithms, fuzzy systems, and artificial neural networks have been
applied in recent years. Nevertheless, these approaches may still lack robustness when confronted
with highly complex or large-scale datasets. Deep learning (DL), a subfield of artificial intelligence,
has emerged as a powerful method for modelling nonlinear systems with large and heterogeneous
data. This study applies deep learning to predict PPV using blasting data collected from Sungun
Copper Mine and Golgohar Iron Mine in Iran.

2. Methodology

This research used field data from over 1,000 blasting events conducted at the Sungun Copper and
Golgohar Iron open-pit mines. Ground vibrations were monitored using Instantel Minimate Plus
seismographs equipped with geophones and microphones to record three-axis ground motion and air
overpressure. For each blast event, the total charge weight per delay and the distance between the
blast and the monitoring station were recorded, along with the corresponding PPV.

To prepare the data, preprocessing steps included outlier removal, normalization, and variable
scaling. Outliers were identified using boxplots, and normalization ensured compatibility across
variable scales. After preprocessing, the dataset was split into training (70%), validation (15%), and
testing (15%) subsets.

The proposed DL model was a feedforward neural network with 7 hidden layers, each containing 10-
700 neurons. Rectified Linear Unit (ReLU) activation was adopted, and weights were initialized using
a uniform distribution. Optimization was performed using the Adam optimizer with an adaptive
learning rate. Hyperparameters such as batch size and number of epochs were tuned iteratively to
minimize error metrics. The model’s predictive performance was assessed using Root Mean Square
Error (RMSE), Mean Absolute Percentage Error (MAPE), and the coefficient of determination (R?).
To evaluate the robustness of DL, results were compared with three alternative models: Support
Vector Machine (SVM), Adaptive Boosting (ADA), and Stochastic Gradient Descent (SGD).

3. Findings and argument

The DL model demonstrated superior performance compared to conventional machine learning
approaches. Table 1 summarizes the evaluation metrics obtained for each model. As shown, DL
consistently achieved higher R? and lower RMSE and MAPE.

Table 1. Evaluators' values for selected prediction models.

Model Rz  RMSE (mm/s) MAPE (mm/s)
Deep Learning 0.932 1.527 0.124
SVM 0.911 3.631 1.887
ADA 0.845 4.773 2.786
SGD 0.809 5.308 2.119
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The results indicate that DL achieved an R2 of 0.932, which implies a strong correlation between
predicted and observed PPV values. Furthermore, DL achieved the lowest RMSE (1.527 mm/s) and
MAPE (0.124), confirming its ability to minimize prediction errors. By contrast, traditional methods
such as SGD performed poorly, with relatively high RMSE and lower predictive accuracy.

Graphical analyses provided additional evidence of DL model superiority. Scatter plots of observed
versus predicted PPV values demonstrated that DL predictions were closely aligned with the 1:1 line,
whereas other models exhibited greater dispersion. Residual error plots showed that DL errors were
symmetrically distributed around zero, indicating robustness and lack of bias. A Taylor diagram
further highlighted the DL model’s higher correlation and lower variance compared to benchmark

models.
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Figure 1. Scatter plot of predicted vs. observed PPV values for DL and alternative models.

Figure 2. Taylor diagram comparing DL's superior accuracy and stability.
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Figure 3. Residual error distribution across models, highlighting the robustness of DL.
The improved accuracy of DL can be attributed to its ability to capture complex nonlinear
relationships between input parameters and PPV. Unlike empirical formulas or shallow learning
models, DL leverages multiple hidden layers and nonlinear activation functions to approximate
intricate mappings. The availability of a relatively large dataset (~1000 events) further enhanced the
model’s learning capacity and generalization ability.

It is important to note that blasting-induced PPV is influenced not only by distance and charge weight
but also by geological and structural parameters, such as rock type, joint orientation, and bench
geometry. While this study focused on two primary parameters for simplicity, inclusion of additional
variables in future research could further improve predictive performance and site-specific
adaptability. The results also suggest that DL could be integrated into real-time monitoring systems,
where continuous feedback from field sensors could dynamically update predictions and inform safer
blasting practices.

4. Conclusions

This study successfully applied a deep learning model to predict blast-induced PPV in two large-scale
open-pit mines in Iran. The DL model outperformed SVM, ADA, and SGD across R?, RMSE, and
MAPE, demonstrating higher predictive accuracy and robustness. Graphical validation further
confirmed DL’s capability to generalize across diverse blasting conditions.

The study highlights DL as a valuable decision-support tool in mine blasting operations, capable of
reducing risks associated with Dblast-induced ground vibrations. Future directions include
incorporating additional geotechnical variables, exploring hybrid models, and developing real-time
predictive frameworks to support sustainable and safe mining practices.
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Hole Number 33
Hole diameter(in) 5.6
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