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Abstract

To address the limitations in forecasting performance caused by the non-stationary nature and high
noise levels of stock time series, this paper proposes the VMD-PCA-BiLSTM stock price forecasting
model. By combining average sample entropy with adaptive variational mode decomposition, the
model decomposes closing price sequences to achieve frequency-domain denoising and multi-scale
feature decoupling. Simultaneously, principal component analysis is employed to reduce the dimen-
sionality of volume-price data and technical indicators, eliminating multicollinearity among varia-
bles and reconstructing a low-dimensional time-domain feature space. The model employs a dual-
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branch bidirectional long short-term memory (BiLSTM) network to extract frequency-domain and
time-domain features, respectively, and deeply integrate them to perform forecasting. Experimental
results demonstrate that this model effectively addresses the smoothing effects and time lag issues
inherent in traditional methods, reducing the root mean square error (RMSE) to 28.55 and achiev-
ing a coefficient of determination of 97.95%, thereby significantly improving forecasting accuracy
and robustness.
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Figure 1. Results of VMD modal decomposition for stock time series
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Figure 2. PCA eigenvalue distribution and percentage of variance explained
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Table 1. Comparison of performance evaluation metrics for different models
= 1. TEMEEITN Y s AN HE R T EE

(e} RMSE MAE MAPE R2
BiLSTM 42.02 32.02 9.99 95.62
PCA-BILSTM 38.90 23.74 7.53 96.25
VMD-BILSTM 34.93 24.47 7.72 96.97
VMD-PCA-BILSTM 28.55 20.28 6.47 97.95
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PCA-BILSTM ik 2 1 B 4E ML, AT5EE RMSE P& % 38.90. R? flli@# F+ &2 96.25, #A1 RMSE /3% 3%
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Figure 3. Comparison of prediction curves from different models
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Table 2. The VMD-PCA-BILSTM model had large prediction errors on trading days
%< 2. VMD-PCA-BILSTM #REFMIRER KX 5 H

xHH s RIME 1E RE FAXTIRZE
2024-09-26 155 3000.95 2910.98 ~89.98 3.00%
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g%k
2024-09-30 157 3336.50 3166.16 —170.34 5.11%
2024-10-08 158 3489.78 3261.02 —228.76 6.56%
2024-10-15 163 3201.29 3278.42 77.13 2.41%
2025-04-07 279 3096.58 3227.84 131.26 4.24%
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Figure 4. Comparison of prediction curves from different models of the Shenzhen Stock Index
B 4. FIERBA R R TN th4k Xt
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Table 3. Comparison of performance evaluation indicators for different models of the Shenzhen index
= 3. RIS EHEB TN M B TN FE AR RT EE

7Y RMSE MAE MAPE R?
BiLSTM 208.69 153.03 1.17 98.71
PCA-BILSTM 191.49 149.71 1.16 98.92
VMD-BIiLSTM 160.75 128.17 1.03 99.24
VMD-PCA-BIiLSTM 146.22 110.50 0.87 99.37
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Table 4. Shanghai composite index test range sliding window backtest results
= 4. BiER#UMKX B s E O B4R

WO Aa=ReA | FEAHL RMSE MAE MAPE
w1 0~60 61 25.62 19.67 0.66
w2 61~120 60 16.41 13.42 0.45
w3 121~180 60 50.04 33.02 1.06
HI 4 181~240 60 27.40 21.54 0.65
HH5 241~300 60 25.57 16.40 0.50
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55 2 % 1 RMSE X9 16.41, B # BT Fal BT A g Se L e sk FE U4 55 3 % 1 RMSE J12%
50.04, WEETHABE 1, XTRIATCHE 4.4 NI REA S 157~158 [T = S 2 sh %, 4
W17 37 IR 2 R D)4 B R B R T P RS . 55 4. 4B 5 B DR EE IS, FMIBIR A& IR R
.
5. &5

ARIARFE I RN SEARIRFREHE, W VMD-PCA-BILSTM TR AL, SRR, I 47 2% >
NEZE . BRSSP IIREARIIAL VMD 280, MR AL ST IR S . 1 0ok, SCBLRAN e 41 A sl e
M FEME; I PCA XS Z AEfabr bR 4R, A3 R0HER 2 BEILLEME . BIRE I W7 3 BILSTM 735l 12 UM
S I SRRAE I e R G, SE RO ER R SEEL P R AR . SEIRR I, AR ROG T RAEFEEH RMSE
28.55, YE RHUL 97.95%, TR EHtESEhAEMIEIL TR, B 7T RN 5 r A, AT RIE
Wi JS2 A% 2l L2 SR e
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