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Abstract. Concentrations of ammonia and carbon dioxide are important indicators for indoor environment
control in pig house. Due to the time-varying and nonlinear coupling characteristics of gas concentration,
the prediction accuracy of pig house environment prediction models is still relatively low. Aiming to
achieve the precision control for gases concentration in pig house, a time-series data prediction model
named ISSA — GRU — ARIMA for harmful gas concentrations was proposed based on gated recurrent unit
(GRU) , improved sparrow search algorithm (ISSA) fused with autoregressive integrated moving average
model (ARIMA). Firstly, a GRU gas concentration time series prediction model was constructed, and
Tent chaotic sequence, chaotic disturbance and Gaussian mutation were introduced to enhance the local
optimization ability of ISSA algorithm and optimize the hyperparameters of GRU model; then the statistical
learning ARIMA method was used to extract the linear features of the optimized ISSA — GRU model’s

prediction residuals in order to improve the prediction accuracy of the model. A dataset with 1 248
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environment data that collected for 52 d was used for model training and testing. It was shown that the
RMSE, MAPE and R® of ISSA — GRU — ARIMA model for ammonia concentration prediction were
0.263 mg/m’, 8.171% and 0. 928, respectively, and those for carbon dioxide concentration prediction
were 55.361 mg/m’, 4. 633% and 0. 985, respectively. The constructed ISSA — GRU — ARIMA had high

predictive performance, it can provide scientific basis for accurate control of harmful gases in pig house.

Key words: air quality in pig house; environmental control; time-series prediction; residual

0 3|

K A3 U SR R W) A R A BRE ) G B A
R EBEWE RS CENREZ — AT
TE AR R R R A 1Y CO, R 2 PR A5 R I R e R
BR324 19 NH, (H, S CH, S5 7 3 ST 19
A B R U OR G . o NH, 5 COL 1Y
SR BE 28552 R TE . BRI NH J& —F g 68 H A
SR A F A, ARV BE (1 NH, 23 X5 5 (19 09 0 &
G5 RIS 1 SO [R) AR B 405, O H NHL HEOE 25
A IR BTG g R CO, R Y R A A%
ENEABERA W EERRE, EEERA THEN
WK, & N COL Y BE 3 iy AN A 2 3 A Sk e 0 A 7
PERE T B, B AT 0T RE XA 1 R L A
Xif A v NH AT CO, 3 79 it AR o B2 2R A7 1 I 5 42
il 2 S A A PR Y I AT S5, il K
W9 gn et TE s & W EAT — RV, BT S
WL T b, < A Al B AR R 2 A B B
o 38 Tk P AR U B AR AR R AT O, AT LA S B
T PR A o B 0 AT R A A AR O 4R, DT 9K b
TE K 5 PR B8 5 s 42 1 gk A v 190 A 05 4 o OR 3 J 11
[) 5,

HEl, & 8 & WA FH R E B R A
P, —Ff o i T BEAR G T RS Y 3 R R 5 i X
S 7 HE AL B B AN [ 5 0 TR 3R AT 43 B A A
DALY 451 - SCRR [ 3 ] 78 22 F AN [6] 23 A0 BE AT 2s <
W EE2H 5 T % S i 22 RS 1) NH, R AR X0 3
NH, HE B AY 5 ST [ 4 ]38 52 %] 22 B AS [a] 1 A 28 #Y 1Y)
H A 1 NH HEHE AT A 00 R0 53 B, A5 30 A (5] M Al 2K
TG 5 1) NH, HE 2R B, i e R0 8 5 ik B R %
HZ9hndm & & aitysgm R, S s 2. 55—
S TN T RE B0 A RO ASE Y 491 B, T 34 1)
& [AJH#L ( Support vetor regression, SVR) | Bifi #IL £ Ak
(Random forest, RF) #% FR FEHL# ( Extra tree , ET) 45
LG HLAE 7 >0 B b A T A 0 TR T B
1 25 M 4% ( Convolutional neural networks, CNN) .GRU
SR 2 o B R A A T AR g e
F I ( Autoregressive model, AR ) . ARIMA %5 45 i} 24
MRS P g A ) B B SS A IR A T A

il

RS S AL g A G AR R A e, TN T
RE A3k A AR HAT TR 2, AT B A R RO
W AR AL RRAE A0 A, & R B 8 & AR BR S 4R
GUSAF T TR

BB N R BE B () AN W7 AR AL, B
S IR 9 B0 RO RRAE T . 1R A 22 RO R T
ML GRU A5 AU A 4 42 B[] 7 %) AR 2
PER IR ¢ R BN GR sl e, I, P 22 &
ST GRU A58 e Bk 1] 7 50 5 4 g Fm -7 [l it
REHE CNNTE I HLH 5 GRU B AU A il £ 9 TR
A AR LR R R 9 B0 A O R AT K
FESRICAE Iy o RIS R 91 B0HR T b 22 1) 45 A5 A
th OB S HOR R AR RE Y R . AR, K A
1 455 25 5 1 WU 2 BOTE AE BME LA RAF280CR .
I, 27 AT T IR 22 K 08 RR 42 8 R 5503k (Sparrow
search algorithm, SSA ) | i T B¢ L 1k & ¥ ( Particle
swarm optimization, PSO) | JK A ff 4k B ¥ ( Grey wolf
optimization, GWO ) S5 fJL A0 59 125 3 47 M 28 I 4% 8 2 KL
TR ok B T R 4% B R O VE R BF gT R
B, 300 Ao AL RR 4 B D £ 0 Rl SR A AT A T
R A AR B A RORE i S 4
T PSO ,GWO Filjst f& H 7% ( Genetic algorithm, GA) ,
{H I SSA {5 SR A7 AL 25 5y B A Jma 358 St Py ) 2 3k
17T 3 SRS A 50 00 A FE AR o

N TR A T AR B T AR R AE A Y T
TG B2 AT Y ) 8, A SC M) B T ISSA — GRU —
ARIMA F %% 5 A7 3 AU o S5 To0m A5 2 G248 20 i ]
AP R A 48 R AT GRU B RS 2 Btk 47 -4, LU
$ETH GRU 8 L UL 5 RE 7, W) I fil 5 ARIMA
AR T I 8] F7 915 B 1) 5% 22 1y 1045 8 3k — 20 2 B LA
P e A B T K B

1 #M#EERFE

1.1 HEkRR
1.1.1 &4

AR SRR R R T TR e VA W R T T 1 AR T AR
JIIEAT IR GE e H (44, 78°N, 128, 47°F) iy — I Uk
BRS04 b T2 K U8 T ZE b AR . B R
19.5mx10.5 m x2.4 m, RN H 2.2 m x
0.65 m x 1 m, %% & HIPLE K, — M5 2 T



5730 WEkA 4 EEARS

383

3 AN KL, AL 1 (fanl ) FOKUAL 2 (fan2) RoAf 12k
0.8 m x0.8 m, i EHHKA 0.37 kW, X AL 3 (fan3)
RAFR 1T mx 1 om, §E ) HH 0.55 kW, & 1 57
A 37 KIEWREERE BT Y B 29y 165 kg, 85 A L
imE 1 pros ,F g mEl 2 fros .

[ g R
Fig.1 Scene drawing of pig house
19.5
- I I TN
12,2213 13 L d, 3 s
fanl
o} O O
fan2

fan3

L 1es

Hfim [ B ERBL o FREZMIL |:| R A
B2 g4 Vi b

Fig.2 Plane structure diagram of pig house
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Tab.2 Statistical results of environmental data B 6 AR GRU J2 K F 0 (4 ¥ 77k 52 22 745 fk,
of pig house Fig.6 RMSE variations of GRU prediction model
BN T BORME fwm/MA P bR with different numbers of sublayers

NH, R g/ (mg-m ) 7.6 0.3 2.2 1.2 ) .

CO, IHWEE/(mgem ™) 3681 844 1457 529 i F ISSA Bk % GRU #l48 W 2% By B[R] 25 1

2 BRI /C 37.8 3.1 1.7 1.0 R MEH GRU FJ)2 1 &t % .GRU F

AL/ % 9.0 1.7 0.0 199 J2 2 M LA M 5 AN BGI AT 08, T

I 010 207 I 4 TR . ISSA X GRU M8 2 30 f i 72

% o 1 B/ %% . : . ) . . " . . T 2D v S .

B AR/ % 93.9 43.5 77.0 11.4 PR A R R B O 10, 2R R

B EZ/ (m® +min ") 435.7 17.2 89.2 77.3
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Tab.3 Pearson coefficient factor correlation analysis

B %% NH, [ i e B2 CO, Ji 4 ¥R Ji
3 R -0.36 -0.48
A X 0.21 0.30
&AM -0.58 -0.81
CO, T i vk i 0.72 1
NH, 5 it e i 1 0.72
A PR X B 0.26 0.41
IR -0.49 -0.62

By Rk —0.49, —0.58 fil —0.36;NH, Jfi ik fF 5
B M HAT TE ARG, H DG R E05 9 R 0. 26
0.21, ¥ W CO, T RVR EE 5 & N AMEXHE B A
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JE 5 5 AL R E XU S B A R 1 A A DG M
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R 2 TT i H 230 O 486 1 315 I AR R P kS i
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Tab.4 ISSA optimization parameters

FRSH FEH SRS
i R] i H 1~10 3
ER 0. 000 1 ~0. 001 0. 000 6
Eliq=] 32 ~500 71
GRU T2 1 #r & e/ % 1 ~600 486
GRU T2 2 ¥4 e~ 5L 1 ~600 315

N T HAFPEAL ISSA SRS GRU A5 R i 00 KG 1
A AL , A SCHE B PSO B3k | SSA BIE A GWO ik
PEAT X . WA T Bron o B EACUCE A HE i 4 Rl
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7o CNN.GRU,SVR RF 2 I, 4 il 42 %, PSO —
GRU .GWO — GRU ,SSA — GRU J& fff F H A i Ak 55 12
XF GRU #% %I 34 47 1 4k , ISSA — CNN | ISSA — CNN —
ARIMA J&{#i ] ISSA 7% A1 ARIMA 5394 X} CNN it
ikt
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DUPHG B2 Je A, NH, J5t 5t 3k B2 5000 ) RMSE \MAPE Al
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Tab.5 Comparison of model prediction accuracy
o NH, J57 & ¥k CO, Uit ¥k i
RMSE/(mg-m %) MAPE/% R? RMSE/(mg-m %) MAPE/% R?
GRU 0. 381 11.247 0. 849 83. 151 6.916 0.967
CNN 0.393 11.453 0. 839 91. 882 7.448 0.959
SVR 0.599 16. 575 0. 654 147.737 10. 685 0. 895
RF 0.722 20. 592 0.498 170. 873 12.926 0. 859
PSO - GRU 0.368 12. 653 0. 859 79. 744 6.561 0.969
GWO — GRU 0.337 10. 074 0. 882 79.722 6.471 0. 969
SSA - GRU 0.322 10. 935 0. 892 69. 741 5.912 0.976
ISSA — GRU 0.298 9.301 0.907 65.974 5.515 0.979
ISSA — CNN 0.343 11. 842 0.878 68. 251 5.524 0.977
ISSA — CNN — ARIMA 0.319 10. 833 0. 894 56. 882 4. 646 0.984
ISSA — GRU — ARIMA 0.263 8. 171 0.928 55.361 4.633 0.985

0. 722 mg/m’ .20. 592% #i1 0. 4978, CO, Jii & #k J& Fi
W RMSE F1 MAPE 1 R* 4% %2/ 170. 873 mg/m” |
12.926% F1 0. 859, 7 SCHL%I 5 RF KL% 4 |1, NH,
Jo e EE T RMSE Fil MAPE 43 51 F [ 63. 51% Al
60.31% , R 4 F+ 86.41% , CO, 5t &t v JF 7 il (4
RMSE #1 MAPE 43 % T [% 67. 58% #1 64. 14% ,R* 4%
F 14.65% .

ISSA — GRU #i% 5 GRU # %I AH It , NH, #i1 CO,
Jo R TN () RMSE Fi1 MAPE 43 51 B A% 21. 69%
F1 20.66% , 17.25% F1 20.25% ; R 4 B4 F+ T
6.87% Fl 1.28% , i W] fiff Al ISSA 59k #E 47 -1k W
F A2+ GRU BEAI B FU A £ . ISSA — GRU §
PSO — GRU .GWO — GRU #iI SSA — GRU #§ I, NH, Ji&
R T B RMSE 43 51 F [ 18.97% 11.57% Fil
7.27% , CO, JT 4 v B 1 0 /) RMSE 43 5 & K&
17.26% .17.24% 1 5. 40% ; NH, Ji & W B 15 0 1
MAPE 43 %I F [ 26. 48% 7. 64% F1 14.91% , CO, it
SV B TN Y MAPE 43 51 F [% 15.94% (14. 77 % #il
6.71% 3 NH, i B 4 B #0009 R 400 b= 7+ 5. 63% |
2.92% Ml 1.69% , CO, Jfi 5 ¢ J& i 19 R* 4331 1 7t
1.01% .1.00% F1 0. 26% , i B ISSA AH . H:Ath 45 1k
BN A AT SRR

ISSA — GRU — ARIMA #5715 ISSA — GRU [,
NH, 5t £ ¥ & #0 9 RMSE F1 MAPE 43 5 F [%
11.66% F1 12. 13% ,R*$2F} 2. 24% , CO, Jii 15 1 i i
W) RMSE 1 MAPE 435 R B 16. 08 F1 15.99% ,
R4ETH0.64% , L ml WL, fib & £e P 453 ARIMA J7
%5 ) ISSA — GRU — ARIMA BB, A L 58 73 42 4
ISSA — GRU i 5% 22 15 91 A TS &, it — 2P 4
A5 AR T INORG
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i ] 22 FhpIL A 2 > 45578 X NHL o o ok B adR A7 100
BB 4R T Ak IO T B Y T RLR L R R
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WA R 5 B 0.4 ~ 0.9, A% 3CHT # H ISSA —
GRU —ARIMA #5750 %§ NH, i & 1 B 1 CO, Jifi 4 ¥k J3
B R 4350 & 0.928 1 0. 985, f T b ik & 47 #f 5%
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3 it
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