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Longwall mining This study aims to develop accurate data-driven models for predicting the
maximum ground surface subsidence maximum ground surface subsidence (Syq) induced by longwall coal mining,
Support vector regression (SVR) one of the key challenges in mining engineering. Accurate prediction of Sy, is

Golden eagle optimizer (GEO)

: e g crucial for minimizing damage to surface and subsurface structures and
Nonlinear multivariate regression (NLMR) & g

enhancing operational safety. A total of 46 datasets from literature, involving
three influential parameters including coal seam thickness (%), depth of cover
(H), and panel width (L), were collected. Two predictive models were
developed: a support vector regression (SVR) model optimized using the
Golden Eagle Optimization (GEO) algorithm (SVR-GEO), and a nonlinear
multivariate regression model (NVLMR). The generalization ability of SVR-GEO
was validated using 5-fold cross-validation. Models’ performance in both
training and testing phases was evaluated using Taylor diagrams, regression error characteristic (REC) curves, and six
statistical indices (R?, VAF, a20, RMSE, MAE, and MAPE), and compared against six empirical equations. Results
showed that SVR-GEO outperformed both NLMR and empirical models, achieving R? values of 0.988 (training) and
0.942 (testing). Sensitivity analysis revealed that coal seam thickness (/%) had the greatest impact on S..., followed by
panel width (L) and depth of cover (H). The SVR-GEO model is proposed as a robust and reliable tool for predicting
Smax in longwall mining projects.

Introduction

Longwall mining often causes ground surface subsidence due to stress redistribution and roof collapse in the mined-out
area. Accurate prediction of maximum subsidence (S,..) is essential for protecting surface and subsurface structures and
ensuring operational safety. Current empirical equations have attempted to estimate Sy..x using key parameters such as
coal seam thickness (%), depth of cover (H), and panel width (L), but they often fall short in accuracy and
generalizability. This study develops and compares two predictive models: a Support Vector Regression (SVR) model
optimized via the Golden Eagle Optimization (GEQ) algorithm (SVR-GEO), and a Nonlinear Multivariate Regression
(NLMR) model. Using validated in-situ datasets, the models are assessed against current empirical equations based on
statistical indices and visual diagnostic tools to identify the most robust approach for predicting Sy due to longwall
mining operations.

Methodology and Approaches

In this study, two new data-driven models of SVR-GEO and NLMR were developed to predict the maximum ground
surface subsidence (S.) caused by longwall coal mining. A database of 46 reliable in situ cases including 4, H, and L.,
was compiled. The SVR-GEO model was trained and validated using 5-fold cross-validation to ensure generalization and
robustness. Both models were evaluated and compared with six current empirical equations using Taylor diagrams,




JOURNAL OF ROCK MECHANICS

ISRM

Regression Error Characteristic (REC) curves, and six statistical indicators: R? VAF, a20, RMSE, MAE, and MAPE.
Sensitivity analysis was also conducted to determine the relative importance of input parameters.

Results and Conclusions

The SVR-GEO and NLMR models were evaluated for predicting Sy.x and compared with current empirical equations
using six statistical indices. SVR-GEO achieved the highest accuracy in both training (R?= 0.988, MAPE = 5.7%) and
testing (R?= 0.942, MAPE = 19.71%) phases, significantly outperforming NLMR and all empirical equations, whose R*
values ranged between 0.579—0.667 (training) and 0.823—0.855 (testing). Moreover, Taylor diagrams and REC curves
confirmed the superior performance of SVR-GEO model. Sensitivity analysis showed coal seam thickness (%) had the
greatest impact on Sy.qx, followed by panel width (L,,) and overburden depth (H). These results establish SVR-GEO model
as a robust and reliable tool for more accurate prediction of Syqr in longwall mining.
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