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Transformer — BILSTM Greenhouse Nighttime Temperature Prediction Model
Based on Optimized Sensor Deployment and Weather Forecasting

Zhou Wei'® Liu Shuo' Dong Yuande'” Guo Junxian'? Liu Na’
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
2. Xinjiang Key Laboratory of Intelligent Agricultural Equipment, Urumgqi 830052, China
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Abstract: Aiming to address challenges such as high spatial heterogeneity, cost constraints, and lack of
future weather data in solar greenhouse nighttime temperature prediction, a Transformer — BiLSTM hybrid
model integrating optimized sensor deployment and weather forecasts was proposed. Firstly, by
constructing a multi-sensor data integration framework based on a particle swarm optimization-
backpropagation ( PSO — BP) neural network, and then applying the entropy weight method to evaluate
data quality and spatial representativeness across physical zones, an optimized sensor deployment
(reducing monitoring points from 12 to 4) was achieved. This significantly cut costs while preserving key
representative information of the overall greenhouse temperature field. Building on this, a Transformer —
BiLSTM hybrid prediction model incorporating weather forecasts was developed. The model fused
BiLSTM’ s bidirectional temporal dependency capture with Transformer’ s global attention mechanism for
enhanced modeling of complex environmental dynamics. Experimental results from a Urumqi solar
greenhouse demonstrated superior performance over baseline models ( BILSTM, Transformer), achieving

an R® of 0.98, MAE of 0.30°C , and RMSE of 0.43°C. The model also showed robust generalization
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across diverse weather conditions, with R” values consistently above 0.96, particularly excelling under

cloudy and rainy conditions.

Key words: solar greenhouse; temperature prediction; Transformer — BiILSTM ; sensor deployment; data

integration ; weather forecasting
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simple mean values
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Tab.3 Evaluation results of S1 ~ S12 sensors on three

indicators
ﬁéj e R ILT EZ%T };Ufff?‘ GATA
st 0.0799 0. 609 6 5.72 0.4799
s2 0.1189 0.9103 6.42 0.673 8
s3 0.0949 0.443 8 23. 89 0.788 2
s4 0.063 7 1.2733 1.39 0.047 4
s5 0.0767 0.7418 7.12 0.4308
S6 0.089 6 1.3772 2.95 0.1860
s7 0.088 2 1.289 7 2.87 0.1598
S8 0.079 1 0.3190 29. 58 0.8859
S9 0.077 6 1.1580 3.30 0.2052
S10 0.0782 0.6348 5.21 0.430 4
Si1 0.0679 0.677 6 4.25 0.3857
S12 0.0853 0.898 7 8.32 0.637 4
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Fig.9 Optimized sensor placement scheme
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Tab.4 Prediction performance comparison under

different sensor deployment schemes

ES R e ATV T R* MAE/°C RMSE/C
ES! 12 & AR 0.98 0.28 0.35
VEY) S1,S3,58,512,52,S5 0.98  0.31 0.38
e S1,S3,58,512 0.98 0.33 0.39
VEX S3,S8 0.97 0.40 0. 49
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Fig. 13 Validation of models for different weather conditions
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Tab.5 Indicators of model under different weather
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PN 0. 96 0.32 0.51 2024/12/21
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