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Abstract; In intensive sheep farming, the lack and backwardness of environmental management
technologies are key factors contributing to the deterioration of sheep house environments. Accurately
predicting changes in sheep house environmental parameters are crucial for ensuring the healthy growth of
sheep and improving the economic benefits of the sheep farming industry. To accurately understand the
PM,  concentration patterns within sheep houses, the wavelet transform ( WT) was used to decompose
and reconstruct sheep house environmental parameter data to eliminate data noise. The sparrow search
algorithm (SSA) was then used to optimize the number of hidden layer neurons, learning rate, and batch
size of the LSTM model. This approach also adjusted the input model parameters to avoid randomness in
parameter selection and further improve model performance. Experimental results showed that the WT —
SSA — LSTM model outperformed other prediction models in all metrics, with MAE, RMSE, MSE,
NRMSE, and R’ reaching 0. 349 7 pg/m’, 0.600 4 pg/m’, 0.360 5 pg’/m®, 0.005 7, and 0.998 1,
respectively. This demonstrated the high accuracy and stability of the proposed WT — SSA — LSTM
prediction model, effectively providing guidance for monitoring and regulating PM, . levels in intensive
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sheep farming facilities. Future applications suggested that the proposed model could be applied to

environmental parameter prediction for other animal housing applications, such as piggeries and cattle

sheds.

Key words: sheep house; PM, ; concentration prediction; wavelet transform noise reduction; sparrow

search algorithm; long short-term memory network
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Internet of Things
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Tab.1 Raw data of some sheep house environments collected from February 8 to March 26, 2021
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2021 -02-08 17:11:56 4.2 78 1355 16.3 81.3 146 31.1 120.7 5.2
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Fig.5 Original PM, 5 concentration change curve
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Tab.2 Noise reduction effects of four wavelet functions on sheep house environmental data
. - USSR
HEESH WA bR - -
Daubechies — 8 Haar Coiflets Symlets
. SNR/dB 32.982 625 33.024 642 33.206 166 33.554 132
2R
NCC 0.998 828 0.998 812 0.998 923 0.998 975
SNR/dB 41. 837 740 41. 064 457 41. 661 144 42.366 931
23 SN
NCC 0.996 711 0. 996 640 0. 996 776 0.997 082
. SNR/dB 29. 376 446 26. 623 473 29. 056 035 29. 560 205
CO, ¥
NCC 0.998 613 0.997 102 0. 998 647 0.998 710
. SNR/dB 21. 659 508 20. 025 064 22.294 947 22.238713
PM,
NCC 0.993 344 0.991 082 0.994 404 0.994 077
. SNR/dB 21. 087 268 19.729 038 22. 650 248 21. 483 862
PM]OYZE}_E‘_
NCC 0. 993 558 0.992 103 0.995 752 0.993 997
SNR/dB 19.752 973 20. 193 638 22.387 201 19. 420 483
O B B
NCC 0. 996 004 0.996 473 0.997 701 0.995 363
_— SNR/dB 28.210 707 28.161 010 28. 427 409 28.283 992
SR 75 55 o
NCC 0. 995 884 0.995 828 0. 995 997 0.995 873
. SNR/dB 21. 449 347 19. 956 633 23.016 239 22.102 738
TSP ¥k
NCC 0.993 737 0.992 045 0. 995 872 0.994 515
N SNR/dB 25.437751 25.417 253 24.707 927 24.965 719
H,S ¥
NCC 0. 996 925 0.997 028 0. 996 455 0.996 570
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Fig.6 Comparison of original data of sheep house environment and data after wavelet transform noise reduction
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Fig.7 WT —SSA — LSTM prediction results
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Fig.8 Comparison of prediction results of different models
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Fig.9 WT — SSA — LSTM prediction results for

PM, 5 in next hour
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Fig. 10 Box plot of prediction results of different models
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Fig. 11 Taylor diagram of prediction results of different models
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Tab.3 Comparison of evaluation indicators of different prediction models

T A Y MAE/(pg'm~>)  RMSE/(pg-m~3)  MSE/(pg’-m~°) NRMSE R?
GRU 6.2605 7.8898 62.249 6 0.0711 0.7125
BPNN 2.0145 8.116 6 65.8793 0.073 1 0. 6957
LSTM 1.7633 4.0370 16.298 1 0.0386 0.9173
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