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Abstract. In intensive pig farming, the pig house environment is an important factor affecting the health
of pigs. However, the joint precise control of multiple environmental factors has always been a common
problem in pig house environment control. Therefore, the adaptive Gaussian filiering ( AGF) algorithm
combined with long short term memory networks ( LSTM) was used to predict the environmental factors
inside the pig house, providing support for optimizing the control strategy of the pig house environment.
By combining the weighted method, the weights of the environmental evaluation indicators inside the pig
house were determined, and an evaluation method based on the unknown measurement method was
constructed to provide reference for pig house environment control. The proposed method was validated by
using measured data from pig houses, and the results showed that compared with the LSTM prediction
model, the LSTM prediction model with the AGF optimization algorithm ( LSTM — AGF) improved the
prediction performance ( R’ ) of ammonia, temperature, relative humidity, and carbon dioxide
concentration by 0.33, 0.03, 0.05 and 0. 12, respectively. The proposed prediction evaluation method
based on the unknown measurement method had a sensitivity ( SENS) of 0.215, which was 20.8%
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higher than that of the traditional fuzzy comprehensive evaluation method. Therefore, the environmental

quality evaluation method proposed can provide feasible reference for precise control of the pig house

environment.

Key words: pig house environment; evaluation method; time series sequences; uncertain measurement;

deep learning
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Tab.1 Environmental data characteristics in pig house during summer and winter
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fe/ME TN I £ bRk 2 fe/ME TN I £ bR k2
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TR B R MR/ (mgem ) 491. 4 3243.6 1300.0 +606. 4 127.8 2303.1 947.8 +438. 4
Zx HNIR JE /C 15.3 38.7 23.6 £4.8 -28.4 10.9 -13.6 £9.1
A AN XTI/ % 40.0 89.6 74.2 £11.6 16.7 93.6 68.0 £19.8
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Tab.2 Indicator system for evaluating environment of pregnant pig house
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Tab.3 Prediction performance for different hidden nodes
R T b ks

8 20 50 100 150 175 200

R? 0.76 0.91 0.93 0.92 0.93 0.93 0.93

RMSE/C 1. 15 0.72 0.61 0.65 0.59 0.59 0. 60

it MAE/C 0.98 0.56 0. 47 0.52 0. 46 0. 45 0. 46
MAPE/ % 3.80 2.16 1.84 2.02 1.77 1.75 1.78

R? 0.89 0. 88 0. 88 0. 90 0.91 0. 89 0. 89

RMSE/ % 2.88 2.88 2.87 2.62 2.59 2.75 2.77

LR R MAE/% 2.10 2.11 2.08 1.91 1. 89 2.01 2.02

MAPE/% 2.45 2.43 2.39 2.19 2.19 2.30 2.31

R? 0. 66 0. 62 0.56 0.55 0.50 0.53 0.50

RMSE/(mg-m ~*) 0.63 0. 66 0.71 0.72 0.75 0.73 0.75

UL MAE/(mg-m %) 0. 48 0.51 0.56 0.57 0. 60 0.56 0.59
MAPE/ % 26. 85 27.73 29. 04 29.43 30. 95 30. 53 30. 87

R? 0. 81 0. 84 0.85 0.83 0.93 0.83 0.82
RMSE/(mg-m’3) 111.35 101. 70 99.51 103. 40 104. 26 105. 11 107. 10

AR VAR (mgem ) 84.08 73. 80 74.25 79.23 78.73 78. 41 80. 07
MAPE/% 11.52 11. 04 10. 72 11.46 11.54 11.47 11.65
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Tab.4 Prediction performance for different

hidden layer nodes

ReUH )= 245 1y
BTN T fitn 50 =50~ 3737~
150 75-75
50 38-38
R 0.93  0.91  0.88 0.70
. RMSE/C 0.59 0.68  0.81 1.08
e MAE/C 0.46  0.53  0.65 0.75
MAPE/ % 1.77  2.08  2.53 3.02
R 0.91 0.89  0.87 0. 82
RMSE/ % 2.59  2.87  3.07 2.82
HxTREE MAE/ % 1.89 2,03 213 2.05
MAPE/ % 2,19 2,32 2.47 2.39
R 0.50 0.47  0.55 0.77
gegn RMSE/(mgem™®)  0.75 0.78  0.72 0.33
itk MAE/(mg-m™*) 0.60 0.63  0.57 0.25
MAPE/ % 30.95 32,22 29.43 14.6
R 0.93  0.80  0.75 0.73
—&ifp e RMSE/(mgem™) 104.26 113.57 127.09  121.79
Bk s MAE/(mg-m™®) 78.73 88.12 99.67  84.15
MAPE/ % 11.54 12.26 13.31 13.52
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Tab.5 Prediction performance for different Batch sizes

W T Ei=E7N B

8 16 32 64 128 256 512 1024

R? 0.94 0.94 0. 94 0.93 0.94 0.94 0.93 0.95

RMSE/C 0.56 0.59 0.58 0. 62 0.58 0.57 0.58 0.52

it B MAE/C 0.43 0. 46 0.43 0.48 0. 44 0.43 0.45 0.39
MAPE/% 1.68 1.77 1.68 1.84 1.71 1.66 1.71 1.51

R’ 0.91 0.91 0. 90 0.89 0.91 0.91 0.90 0.90

RMSE/% 2.54 2.56 2.66 2.71 2.59 2.56 2.67 2.74

AR MAE/% 1.84 1.88 1.93 1.97 1.86 1.87 1.97 1.97
MAPE/% 2.12 2.18 2.23 2.27 2.14 2.15 2.27 2.27

R’ 0.54 0.57 0.55 0.53 0.58 0.53 0.57 0.57

RMSE/(mg-m ) 0.73 0.71 0.72 0.74 0.70 0.74 0.71 0.71

RURR MAE/(mg-m ™) 0.57 0.53 0.50 0.57 0.53 0.58 0.55 0.54
MAPE/% 29. 84 28.53 29.79 29.79 26. 68 30.83 29.24 29. 14

R? 0.83 0.84 0.83 0.83 0.83 0.82 0.83 0.82
RMSE/(mg-m~?) 104.70  102.28  104.87  102.98  104.84  107.22  105.20  106.43

AR AR MAE/(mg-m~?) 79. 06 76. 03 78.85 76. 64 79. 42 81.94 79. 54 80.13
MAPE/% 11.58 11.29 11.35 11.31 11.59 11.84 11.63 11. 64

BX TR TS R 2Z, NE6 hraTLIFEH,
TEREAS 100 3] 150 i [l N 28 Ak sk 2 i B0 88 K 2%,
RV H 0. 53, BE %5 I Hi 70300 H: 3 2 #, 32 B
PR T 2,01 R A P R 2 At P 85 T AN o, . —
LSTM f U H2g ) Uk i 25 . Ha WA &
FETERCR T 22 1k 3, T 3 K 1 e 7 2 0 LSTM
HB LA A T g 2

N AGF Bk Ja , fHE B — 1) LSTM A Y|
R F 16.25% ,RMSE MAPE #1 MAE 3 3 45
W TR 23.85% 21.69% 23.73% , & N&ES &

W BE IR RE L RE R ORE L AR A e BT vk R T,
LSTM — AGF #% %1 [f LSTM [ %% fy R* 43 5 42 Tt
0.33.0.03.0.05.0. 12, H i 405 iy R 32 7h #15 F
HAb PG 7B & .

N T iE— 2P i s LSTM — AGF R 4 81 AL 1 P
BE , B¢ LSTM #5743 51| 5 Movemean . sgolay , Gaussian
DL rloess 1 #EAT Rl &, B 8 I M 0 58 — E
5. WS Fros, o wO A g5 R e DLk B, Rl A
AGF Bk R IRl i o, 3 R e 0.97, Ju
SO A A ik o i R B 1 MAPE 25 L IR T
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Tab.6 Comparison of evaluation metrics between
LSTM and LSTM — AGF

- (i
W F Eisk iy

LSTM— AGF  LSTM

R? 0.97 0.94

RMSE/C 0.43 0.57

IR MAPE/% 1.30 1. 66
MAE/C 0.33 0.43

R? 0.96 0.91

RMSE/% 1. 62 2.56

LERLRITY: MAPE/% 1. 40 2.15
MAE/% 1.22 1.87

R? 0.86 0.53

RMSE/(mg-m %) 0.38 0.74

U MAPE/% 15.9 30. 83
MAE/(mg-m~3) 0.30 0.58

R? 0.94 0.82
RMSE/(mg-m ) 40. 33 107.22

SRR\ apr 4.00 11.84
MAE/(mg+m~3) 27.57 81.94

Gaussian rloess

Movmean

k)
A

R

Movmean sgolay AGF Gaussian rloess

=R =

Eanl)
IS 5 Tl AN [m] 08 e B0 ok U 445 2R X 10
Fig.5 Comparison of prediction results of five

filtering algorithms
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fif 4 2= 4 O BE 8% B (2022 4F 12 27
H—2023 4£ 1 J] 8 H ) 47 & #5050, LLg Uk i
P2 B LSTM — AGF R A& B A7 AN 6] 2= 75 T Y Fl il
RO, R K 48 h AL R A 6 iR, BE 7 Al
H1L,LSTM — AGF &1 Xt F B 2= 4 4 iR B #0089 R
RMSE . MAPE . MAE 4} %] % 0.97 .0.43°C .1.30% .
0. 33°C 3 B X & Z 5 P T B T A1) BF 4 38 Ak 2 1) A
0.93.0.74°C 4.37% .0.61°C , [ 5 2= 5 < & W
J3E 1 4% 25 AR X R A1, 4 R 4 B0 R H4E 0. 93
PL ko #R4E RMSE F1 R3x 2 T 45 45 o] LAAG i, 41 %t
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Fig.6  48-hour indoor environment prediction results

52 1) BR 85 IR - T 5 R A T A2
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(5 1545 2% 43 51 A 0.22°C . 0.084% .0.12 mg/m’ .
4. 63 mg/m3 M 0.44°C ., 0.35% . 0.03 mg/m3\
46.78 mg/m’ . H R BT M A R
JE AR AR B R R ) B AR A R I+ BRfE 22
ARk (24.6 £2.7)C (83.8 £7.5)% . (1.5 =
1.1) mg/m’ (1 299.8 +606.4) mg/m’ Fl (12.9 +
2.9)C.(93.9 £2.9)% . (6.7 +2.5) mg/m’,
(1660.5 +785.0) mg/m’, LSTM — AGF & & T5i Il
RERL 28 K2 ZEF0IN 435 2R - X a5 22 B oK 8 i & R
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Tab.7 Prediction performance of LSTM — AGF

model for summer and winter

o Y
W R 7 eI e P
R? 0.97 0.93
RMSE/C 0.43 0.74
e MAPE/ % 1.30 4.37
MAE/C 0.33 0. 61
R? 0.96 0.85
RMSE/% 1.62 0.97
AR 2 MAPE/ % 1.40 8.21
MAE/ % 1.22 0.79
R? 0.86 0.94
RMSE/(mg-m %) 0.38 0.75
AR MAPE/ % 15.9 5.88
MAE/(mg-m %) 0.30 0.50
R? 0.94 0.94
RMSE/(mg-m %) 40. 33 101.05
SRR ypppsg, 4.00 6.92
MAE/(mg-m~3) 27.57 67.13

LSTM — AGF B RN <& R K 12 h ) R 358 K dls 2k 47
Iy BTG IE , ansk 8 iR o

% 8 LSTM — AGF #% 2 i) £ #7
Tab.8 LSTM — AGF model predicted data

y AR, BRRBWE, R TR
R/ C

% (mg-m~*) J/(mg-m ")
06 .00 22.33 88. 02 1.23 717.79
07.00 21.76 89.93 1.32 656. 31
08 .00 23.23 89.24 2.29 780. 25
09.00 25.31 84. 39 1. 86 515.08
10:00 28. 66 77.90 1.08 359. 60
11.00 29.06 73. 06 0.98 328.29
12.00 25.99 68. 47 0.26 257.23
13.00 26.49 68.76 0.50 296. 45
14 .00 26. 87 69. 10 0. 36 274. 82
15.00 25.17 72.90 0.41 291. 20
16 :00 25.62 73.90 0. 40 312.91
17:00 24.96 76. 60 0.16 301.71

302,01 SR IN BE T0I0 DA A5 R 55 I

ST IR A8 bR AR R A5 0 A PR S
(14 45 A PEA F8 b 119 5000 32 bR B3, X6 4 T B8 7
AL T 4 A& IE 37.30% . 7.89% . 11.51% .
29.33% . X (4) 15 1 FWALE K WAL E 284

AE L, 9 i,
3.2.2 PSSR AT XL

PL8 H 2 H 07:00 FilAE i £ & A A1 I B 1
PrE %, T A 07 :00 1) 2248 R s 4 00 B2 PEA 1) o,
M B =(0.242,0.353,0.214,0.003,0.187),

£9 EMEREENE

Tab.9 Composite weight values of evaluation metrics

BRI F WA H WA i AU
i i 0.589 43 0.224 0.567
AH X 9 0.206 28 0.215 0. 190
BT 0. 124 65 0. 260 0. 139
AR R 0.079 64 0.301 0.103

MG B A5 B R B MEN B A =0.5,8, +B, =0.595 >
0.5, [ 45 07 :00 % & P4 I8 B (9 B0 3 5 2
DTH(K), #H8 H 2 H 06:00—17:00 ixX — 4 H
TR 3 F A AR I ) SRAG ROk 12 h (9 4% IR
o 78 A A5 ) 25 R B RN B, Tk 10 T
£10 EORUEERESARBAONE
Tab.10 Comprehensive unknown measurement

of pig house environment at each moment

S A B

i [11) - :

I () I(R) |IRQED) V(%) V(%)
06:00 0.242 0.189 0.378 0.075 0.115
07:00 0.242 0.352 0.214 0. 002 0.187
08:00 0.242 0. 000 0.515 0. 081 0. 161
09:00 0.242 0. 000 0. 059 0. 698 0. 000
10:00  0.242 0. 000 0.180 0.010 0.567
11:00 0.242 0.169 0.021 0. 000 0.567
12:00 0.344 0.088 0. 000 0.380 0.186
13:00  0.337 0. 095 0. 000 0.191 0.375
14:00  0.328 0. 104 0. 000 0. 050 0.516
15:00  0.242 0.175 0. 090 0. 491 0. 000
16:00  0.242 0.137 0.053 0.521 0.045 4
17:00  0.242 0. 034 0.277 0. 445 0. 000

SIS SR & BL,8 A 2 H 07:00 52 BRI
JEh 21. 80°C  AHXS MR N 91. 70% , 2 < T & Wk J&
0.77 mg/m’ |, — 4G AL 5T 5 Wk i 708. 18 mg/m’ | &
FEXIIR B AR AR Ah , AR bR S FE G FAE N 456
B0 BE AN B e R T % (L), R YR & N
MRS ETAE o 5 A% SR FTR A Bl 22 T 46 15 A 1 3
JEE A AR U ) 45 R — K

AR SR VT M AR R X 4 A B O A A R
JE SENS 2 0. 215, 78 JC % A A7 7 19 15 oL T, 1%
BE W BRI 255 PP SENS SR 0. 178 4% 45 ity 58 25
B VAR i S5 KSR T R R R A ) T AN AR G
1277 vk g AL TR Y L 0 s 2 AT R 4 3
T O PR I s L b SRS B T B R T H At
2 ISR @ B i, SENS 3 RISk O, 6 5 o 4 Jl 43 9 f
G, T AR SCHR A A B 0 R OR AR 6t
F o KSR JE B RN, R AR XA AT AR A
gy, B4 T+ T SENS, H H & G2 85501 25 & 0 4
JEE = 20. 80% . LA, Al F AR 48 i LUIR BE S 3219
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BERVZEAE S 1 A Ba 2 (150 > Ba e 15 i .256 it
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W8 FRALEE , X 4 35058 5% P 19 32 0 4 i) 8 IE
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