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Abstract: To address the problem that severe peak overlap and nonlinear coupling in near-infrared
spectra make it difficult for traditional models to effectively exiract discriminative features and thus
limit classification accuracy in coal classification, this study proposes an intelligent classification
method based on a dual-gated high—resolution network (DG-HRNet). First, regularized Mahalano-
bis distance and standard normal variate transformation are combined to remove abnormal samples
and improve spectral data quality. Then, Unet is employed as the backbone network, and a dual-
gated high-resolution fusion mechanism is introduced to alleviate the loss of weak detailed features in
deep networks. Furthermore, an improved atrous spatial pyramid pooling module and a squeeze—
and—excitation attention mechanism are incorporated to enable effective modeling of long-range spec-
tral dependencies and adaptive selection of key features. Experimental results show that, in the four-
class coal classification task, DG-HRNet achieves an accuracy, precision, recall, and Fl-score of
0.961 0, 0.964 7, 0.958 6, and 0.961 4, respectively, significantly outperforming traditional
machine learning models and mainstream deep learning models. This study provides a new technical
route for rapid, accurate, and non-destructive coal identification in coal trade and customs supervi-
sion.
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Table 1  Summary of collected near—infrared spectral data

Particle size/mm Coal category Number of spectra Total spectra
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Fig. 1 Comparison of near—infrared spectra of coal samples

A. raw spectra; B. spectra after SNV preprocessing
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Fig. 5 Schematic diagram of Improved ASPP module
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Table 2 Performance comparison of different outlier removal strategies

Model Outlier removal Accuracy Precision Recall F1-Score
Unet ¥ 0. 864 4 0.8653 0.8340 0.8423
RR R 2 0.8593 0.8639 0.8853 0.8729
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Table 3 Impact of different spectral preprocessing methods on model performance

Model Preprocessing Accuracy Precision Recall F1-Score
Unet o 0.878 8 0.8892 0.9145 0.8973
H—1k 0.9025 0.9170 0.9025 0.906 8

—kr &N 0.9150 0.9137 0.9250 0.918 7

T2y 0.909 5 0.8928 0.904 7 0.898 4

SG 0.891 4 0. 906 3 0.890 8 0.896 8

SNV 0.940 1 0.9453 0.9328 0.9379
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Table 4  Performance comparison between traditional machine learning models and DG-HRNet

Model Accuracy Precision Recall F1-Score
SVM 0.8780 0.9147 0.8728 0.8903
RF 0.883 6 0.9173 0.8772 0.8943
LDA 0.894 1 0.908 1 0.9053 0.903 8
Lightgbm 0.8843 0.9205 0.8745 0.8932
LR 0.8502 0.8860 0.8542 0.868 3
DG-HRNet 0.961 0 0.964 7 0.958 6 0.961 4
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Table 5 Performance comparison of deep learning models and DG-HRNet

Model Accuracy Precision Recall F1-Score
Unet 0.940 1 0.9453 0.9353 0.9379
Unet++ 0.9373 0.943 4 0.938 8 0.9358
Unet3+ 0.9150 0.93138 0.8727 0.8856
DenseNet 0.9192 0.9208 0.930 1 0.9242
MobileNetvl 0.9352 0.9409 0.945 8 0.9417
MobileNetv2 0.9345 0.9422 0.9343 0.9371
MobileNetv3 0.9303 0.9400 0.9229 0.9307
DG-HRNet 0.9610 0.964 7 0.958 6 0.9614
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Table 6  Ablation experiment results of key modules of DG-HRNet

Model Accuracy Precision Recall F1-Score

Unet 0.940 1 0.9453 0.9353 0.9379
DG-HRfusion 0.9513 0.9579 0.9443 0.950 7
Stk ASPP 0.944 3 0.955 4 0.944 4 0.9492

SE 0.948 5 0.9523 0.949 1 0.950 4
DG-HRfusion+M#E ] ASPP 0.9540 0.9538 0.9520 0.9515
DG-HRfusion+SE 0.9582 0.9622 0.9580 0.9599
MY ASPP+SE 0.9526 0.9549 0.946 2 0.949 7
DG-HRNet 0.961 0 0.964 7 0.958 6 0.961 4

P, ANEREHRA A ERERI R4k 225 T;, HHH DG-HRFusion 55 SE B & B RCREAL,
RiKF]0.958 2, ZEA3PPEEG, DG-HRNet USSR AELE IR, MEMR | KRR . TR F1 4535057
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Fig. 7 t=SNE visualization of raw spectra, preprocessed spectra, and deep features of DG-HRNet
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