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Research on Multi-Step Prediction of Roadway Deformation Based on AE-TCN-Transformer Parallel Model
WANG Longfei'» CHEN Junzhi' » REN Chunfang' » CAI Chuanchuan'» XU Xiaowen' + LIU Yang® . HE Changyao
(1.Faculty of Land Resources Engineering, Kunming University of Science and Technology » Kunming, Yunnan 650093, China;
2.Faculty of Public Safety and Emergency Management, Kunming University of
Science and Technology, Kunming, Yunnan 650093, China)

Abstract: To achieve accurate prediction of roadway deformation, a parallel prediction model that combines a Temporal
Convolutional Network (TCN) and a Transformer. optimized using the Alpha evolution (AE) algorithm was proposed. This
model integrated TCN and Transformer architectures through a parallel framework. The TCN utilized dilated causal
convolutions to extract local temporal features, while the Transformer employed a multi-head self-attention mechanism to
enhance the capture of long-term temporal patterns. Finally, the model output results through a dynamic multi-model feature
fusion mechanism guided by temporal attention. At the same time, the AE algorithm was introduced to optimize hyper
parameters, leveraging adaptive evolutionary paths and a two-step mechanism to enhance the model’s robustness as handling
complex time-series data. Experimental validation was conducted using roadway displacement monitoring data from three
different monitoring points in the middle levels of an iron ore in Yunnan. The results show that when the prediction step size
ranges from 6 to 48, the AE-TCN-Transformer model maintains a root mean square error (RMSE) below 0.013 2 mm, a
symmetric mean absolute percentage error (SMAPE) below 0.09% , and a coefficient of determination (R?) above 0.97. These
performance metrics significantly outperform those of single models such as TCN, Transformer, LSTM, and other single-
model approaches. This fully validates the accuracy and reliability of the AE-TCN-Transformer model in roadway deformation
prediction and provides a new approach for precise prediction of roadway deformation.

Key words: Prediction of roadway deformation, AE-TCN-Transformer parallel model, Temporal convolutional network, Alpha

evolution algorithm, Multi-scale feature fusion
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Fig.4 Processing results of W1430-4 displacement data
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Fig.5 Processing results of W1430-4 stress data

WA IS IR ) B MR B A B 8+ 1+ 1 1Y Ik
5 3 R U 2 4 IR 4R L 3R TR 4R L AT — B 25 3 A
min-max JH — fb &b B J5 5 A AE-TCN-Transformer
FEATRERL rp AT T0
23 BEEMRK

8 BT JR 9 3 A 1 CAED 43 B X%F TCN A
Transformer B8 8 S 047 0 AE S 8UHLX

MR AR 50, R YRR 3, | Rk AR AL
9100, it AE BiEXF TON By 24 ) R At K/
i G FGE AT 00, Hrh 2 2] RGE B S [0.000 01,
0.001 7] b K/NJE M [16, 1287, 18 18 5 30 Hl Ky
[16,64], [HEF, i AE 8% Transformer )2
21 3% d_model Fl gt a8 2 E0E 41T T8, 2 > R H
“~[0.000 01,0.000 1],d_model JEH ~[16,256],
i 2 BGEE A2, 6], &fifb)E & BLALE =
R,

x1 EEBSY

Table 1 Hyper parameters of the models
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Table 2 Optimization results of hyper parameters
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Table 3 Comparison of model evaluation indicators
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