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A Study of Time-Series Prediction Model of

Methane Concentration in Cattle Barns
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Abstract: Methane concentration has a large impact on cattle growth and development, and the prediction
of methane concentration in cattle barns can provide a scientific reference for the precise control of cattle
barn environment. A methane prediction model based on the combination of gated recurrent neural net-

work, improved sparrow search algorithm (ISSA) and back propagation algorithm (BP) was constructed
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for cattle barn. Firstly, the Gated Recurrent Unit (GRU) model was used to extract the nonlinear features
from environmental data of the barn, and then the hyperparameters of the GRU model were optimized by
ISSA to obtain the optimal GRU model, so as to improve the models ability to fit the nonlinear features.
Finally, the BP model was used to further fit the predicted residual features after optimization of the ISSA-
GRU model, so as to improve the model prediction accuracy. Using the data collected in the experimental
barn from April 29 to June 30, 2024 for training and testing, the results showed that the model was able to
effectively fit the multi-environmental parameters of the barn. Compared with BP, GRU, GRU-BP, SSA-
GRU, ISSA-GRU and ISSA-GRU-ARIMA, the ISSA-GRU-BP model proposed in this paper has a high
prediction accuracy, with R, RMSE, and MAPE of 0. 934, 0.899X10"°, and 9. 638% , respectively.

Key words: cattle barn; methane concentration prediction; gated recurrent neural network; improved spar-

row search algorithm; back propagation algorithm; residuals
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R4 TEIEBR TN EX

Y R* RMSE/10™° MAPE/%
BP 0. 831 0. 979 10. 605
GRU 0. 851 0. 963 10. 417
GRU-BP 0. 895 0. 929 10. 012
SSA-GRU 0. 885 0. 937 10. 098
ISSA-GRU 0.919 0.911 9.774
ISSA-GRU-ARIMA 0.913 0.915 9.833
ISSA-GRU-BP 0. 934 0. 899 9.638

H A% 4 AT UL, A SCHT R B2 ) ISSA-GRU-BP 19 0 455 760 4% B8 e f Y e vk B T ) R* . RMISE Fll MAPE
AR 0,934, 0.899X 10 ° F1 9. 638% , it BH 38 4 ole 1 bR 42 8 R 509 ISSA Ak GRU #5851 % 3 B 4 5 30
53 R 09 A 2 M RRAE I 2 BP A28 X 46 A5 U it A7 006 T DL s A AR Y TR B

4 Z5ie

K ISSA HiE X GRU #8188 S8 AT Ak, 35 7 GRU BB AEL R BLGRE 1, A NTA 082 7t
TR o A R T A R AR BE L AR BG IR BA . AS SCHR Y ISSA-GRU-BP 58 8 g 5 A 30 A A4 A L B S8
B v P o vl B TN . TUINAS BE 5 T GRU . BP SR, Oy 4= B A K IR 0t B 406 17 0 SEL I N O 7k

o AT LS I ASCHE B A R T R TR S 22 0 2 AR AR R S A Ak . DA R A Y 32 1k g
J1 AT DLaE— 25 i A AR e 2, g R Ay L A RO 2L R AR, DU TR X A A O R
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