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Coal mine dust concentration prediction method based on multivariate time series
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Abstract: To enhance the accuracy of dust concentration prediction in coal mines,a prediction method of coal mine dust
concentration based on multivariate time series analysis was proposed according to the time series characteristics of coal mine
dust concentration data. The method began by employing variational mode decomposition ( VMD) to decompose the dust
concentration time series signal into three components: trend, periodic, and random fluctuations. Subsequently, each component
was predicted using different models; the grey prediction model (GM(1,1)),the Holt—Winters triple exponential smoothing
method ,and the autoregressive moving average ( ARMA (p,q)) model. The prediction results from these models were then
combined to produce the final forecast value. The proposed method of dust concentration prediction was verified by using the
existing mine monitoring data. Experimental results indicate that the method based on multivariate time series achieves an average
absolute error (MAE) of 0.009 4,a mean square error (MSE) of 0.000 1,a root mean square error (RMSE) of 0.010 4,and a
maximum relative error of 0. 48%. Compared with the classical single and fused method , the dust concentration prediction method
based on multivariate time series is superior to the classical method in MSE, RMSE and maximum relative error, which verifies

the effectiveness of the method.
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Table 1 Original dust concentration time series data

W2 BB FRAEWE/ (grem™)|| WZ] BB/ (g-cm™)
8:00 3.245 10:00 3.214
8:05 3.194 10:05 3.191
8:10 3.186 10:10 3.174
8:15 3.180 10:15 3.215
8:20 3.182 10,20 3.189
8:25 3.199 10:25 3.202
8:30 3.259 10:30 3.204
8:35 3.185 10:35 3.169
8:40 3.171 10:40 3.177
8:45 3.201 10:45 3.189
8:50 3.208 10:50 3.208
8:55 3.181 10:55 3.181
9.00 3.253 1100 3.202
9.05 3.182 1105 3.171
910 3.176 11:10 3.195
9:15 3.215 11:15 3.205
920 3.209 11:20 3.184
925 3.194 11:25 3.198
9.30 3.227 11:30 3.197
9.35 3.198 11:35 3. 156
9.40 3.187 11:40 3.182
9.45 3.221 11:45 3.192
9:50 3.196 11:50 3.200
9.55 3.197 11:55 3.191
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Fig.2  Original dust concentration time series
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Fig. 3 Dust concentration data for each dimension after

VMD decomposition
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Table 2 predicted data in trend dimension

s TR R B/ (geom™)
1 3.1911
2 3.190 8
3 3.190 5
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Table 3 Predicted data in periodic dimension

s TR 2R B/ (geom™)

1 0.0125
2 0.007 5
3 -0.005 3
4 -0.012 0
5 ~0. 006 0
6 0. 004 9
7 0.012 6
8 0
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Fig.4 ACF and PACF analysis of time series data for

random fluctuations dimension
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Table 4 Predicted data in random fluctuations dimension

s BN A BT R B/ (g-om ™)

1 -0. 006 7
2 0.003 8
3 0.005 7
4 -0.007 0
5 0.003 2
6 0.010 4

-0.002 6
8 -0.008 5
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Table 5 Comparison of comprehensive predicted
values and measured values

PS5 SRR (grem™ ) BB ARFERRE/ (g-em™)

1 3.18 3.20
2 3.20 3.20
3 3.20 3.19
4 3.16 317
5 3.18 3.19
6 3.19 3.20
7 3.20 3.20
8 3.19 3.18
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Fig. 5 Comparison plot of comprehensive predicted

values and measured values
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Table 6 Error values of proposed prediction method on
the prediction dataset

BREEHR WA
TR (MAE) /(g-cm™) 0. 009 4
Y7k (MSE) /(grem™) 0. 000 1
¥ RiR2% (RMSE) /(grem™) 0.010 4
RS TR 2E/ % 0.48
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Fig. 6 Comparison plot of prediction results from

five different methods with original data
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Table 7 Error values of different prediction methods on
the prediction dataset
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