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Abstract. In large-scale pig farms, environmental quality is critical for the health and growth of pigs. To
achieve optimal and real-time regulation of the pig building environment, an loT-based pig building
environment control system was developed by using an STM32 microcontroller as the core controller. The
system included a PC terminal and an APP remote monitoring platform as well as a touch screen on-site
monitoring platform, that can realize real-time control of pig building environment. Meanwhile, an
optimal control strategy for pig building environment based on double deep Q — Network ( Double DQN)
was proposed. It was shown that the average temperature and relative humidity could be controlled at
(20.53 £1.72)C and (74.16 +7.84)% . Compared with the control strategy on a single parameter of
temperature, the temperature, relative humidity, NH, concentration, and CO, concentration in the pig
building under the control of Double DQN were closer to the expected value (temperature was 19°C ,
relative humidity was 75% , NH, concentration was 10 pL/L, and CO, concentration was 800 wL/L).

The maximum relative error of indoor temperature and relative humidity under the Double DQN control
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strategy were 3.7% and 2.5% lower than that under the temperature threshold control strategy,

respectively. Furthermore, the average delay of sensor data upload and control instruction delivery were

226 ms and 140.4 ms, respectively, which achieved the control ability of small monitoring and control

delay and high stability. Under the Double DQN control strategy, the total operation time of three fans in

one day was 28.01 h, and the total power consumption was 11. 4 kW -h, which could save about 7. 39%

of the power consumption compared with that of the traditional temperature threshold method. Therefore,

the proposed lIoT-based control system integrated with deep reinforcement learning strategy was helpful to

improve the environmental quality of pig building and improve the level of automation and intelligent

control of breeding environment.

Key words: pig building environment; Internet of Things control system; energy saving; optimal control

strategy ; deep reinforcement learning
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Tab.5 Statistics of environmental factors in pig building

BT T FoME R BRRZEME HIEMAREZE
A NI BE/°C 17.90 31.94 14.04  23.25+3.23
B PR R B/ % 48.40 94.79 46.39  80.96 +9.73
& MR/ °C 6.57 38.20 31.63  21.67 +6.29
F MR B/ % 29.92 91.68 61.76  72.41 £15.56
NH % Z/(pL-L™") 0.10  7.32 7.22 2.10 +1.29

CO, e JiE/(pL-L™") 296.62 2067.85 1771.23 741.35 +320. 63
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48 d PV SR NG A B BUHE 69 120 41, i F 32 3
VBT FEL % I 445 A% i A5 5 T A R e, S B R AR R
68 784 4 , KA RAEFILF| 99.51% , T 2022 4 8

A 25 H X8 & 0 55 15 1 & g0 0y A% s s 1 Ag
DR I Rl N O 1 AN T 1 % S K R o
BOEE AL B, I35 6.7 FFn . & IR 5 1 1%
(7 28 48 38 S 226 ms, 5 il 48 4 F & 1Y OF ¥ 48 IR
140. 4 ms, 0] L% ] &R G809 RS e PR R, W
g i 2GR 80N, 5E 4 RE 06 T AL X R A A BT S
W i 7 oK o

F6 (RRESFRHIELMAER
Tab.6 Time delay of sensor data upload

28 Wi 1 W 2 Wi 3 Wi 4 W 5 -2 {E
e b A% %) 23.34.54. 450 23.37.20. 052 23.38.57.755 23.40:20. 644 23.40:47. 929
AR HE 05 21 23.34.:54. 677 23.37:20. 295 23:38:57. 998 23.40:20. 811 23.40.48. 179
FESR (I ] 2% ) /ms 227 243 243 167 250 226

Fx7 EHELTEER
Tab.7 Time delay of control instruction delivery

ZH W 1 Wi 2 Wit 3 i 4 W 5 -2 {H
&4 T &R A 23:42:12. 634 23.42:52. 829 23.43:24. 456 23.43.59. 764 23.44.26. 968
8445 e 2l 23.42.12.769 23.42.52.973 23.43.24. 589 23.43.59.917 23.44.27.105
FiER (B[] 2% ) /ms 135 144 133 153 137 140. 4

3.4 AERBERESSH

SN EAIE Double DQN A5 %Y 1 52 B #2 % 3%, F
2022 4 8 J] 23 .24 H 43 i AE 7] — A4 55 IT R X L
e, Herb,8 J1 23 HERJHJE T Double DON (Y 3£ 455
PR SRENE 8 F 24 H SR FHHE T il J3E 190 ] A 20 95 47 1l
TR, A 2 4 SR I 24 b AR S SR il AR
JECES W 2 RS R .8 H 23 H i AME AR LT
Bl 9.9 ~31.7°C, A XS B2 28 f Y il O 33.3% ~
88.1% ,KJE N 98. 4 kPa, X Jy 10 km/h;8 H24 H
MR EEIEE DY 9.7 ~32. 1°C, R X 1 A2 Ak
T 28.8% ~89.9% , S kK 97.7 kPa, X i# S~y
9 km/h, R A HM IR BE A5 b BB AT B0 L.
J£T Double DON I T~ I B [ {4 (1) 9 b 3 &5 24 854
A ) R TS A 0 4 <R P 2 O (M s o 2 B 5% 8
B

*8 BENBETFHEMRAS
Tab.8 Mean value and variance of environmental

factors in pig building

HEEH T Double DQN 5 il % w5 B2 1) i 42 ) 5K mis
R/ C 20.53 +1.72 20.79 +2.06
A N HE O R/ % 74.16 +7. 84 75.81 +9. 53
NH, W/ (pL-L™") 2.54 +£1.01 2.64 +1.02

CO, ¥ fiE/(uL-L™") 772.96 +247.27 898.2 +373. 89

P o 4 ) SR T AR < B TN R AR B0 A
9 JIT/R o PR S N i BE AR AL T 18 ~ 25°C L [l
KA G R B R B R27°C 0 R E Y

WIEE A 19°C , Double DON # i S W& N 7Y fi /& Ui 2
Ty 23.5C, F AR 18.4°C IR B i 25 B 1Y
RN 4. 5C | RAXT 2258 23. 7% ; i 2 1B {H
P W T 0 e R 24.2°C, I IR JE R
18. 2°C , I B i 125 101 S8 (B A e KB R 5. 2°C, B KA
X% 2N 27. 4% . H Double DQN $: il 5 W& (19 15 {8
bR UE 22 (20.53 + 1.72) °C f T I BE 99 1 45 )
(20.79 £2.06)°C ., 8 H 23 .24 H ¥ & A XF V5 i #B
AEXT A58 R, 2R T) A X 1 B AR FF 7 80% ~ 85% , it i
I Ui ) AR B DX R A T B
B 75% ,Double DQN 5 il S Mg T 14 $5¢ g AH X {2
Bl 84.9% , He AR AH XS ¥2 BE R 60. 1% , AH X ¥ B i
B R R RIE N 9.9% , s RA MR 2ZE K
13.2% ;¥ B 10 1 455 Tl 5K & 109 B e A X BE Oy
86. 8% , e Al AH X BE A 57. 1%, Al % 1 BE i 5 39
A KME N 11. 8% , i KAHXF IR 22 K 15.7%
£ b, 7% Double DQN 45 i 5 W T, i P Il 18 B 068 (L
3 MR T U B AR R SR e 0. 7°C 1.9 AN 43
R, B RO X R 22 43 IR T IR R R SR g
3.7% F 2. 5% , H iR W B2 i 3 A8 A B PR

Double DQN #% il % W& & NH, ¥ JZ & = N
6.9 WL/L, iR AEN 0.7 wl/L il B2 B {R0 4% il 5% i T
NH, e B8 fe 5 6 pL/L, ikl 1 wL/L,NH, 332
Rk e AR A R 2 S HE T P Y R P
Yoy i ok R NH, ok B2 G 32 2202 38 XU R 48 o 4
DL 3% 5 A H O R E B S FERT R, CO, MR B AE R
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Fig.9 Changes of environmental factors in pig building under two control strategies

b i SR WS B 4R, — ELALF 1600 pwL/L LLR Ay
KV, BI04 SR 5 L B 3 X R Rk 2 1 1 2 1 AR
N CO, ¥ BE #5111 K vk BE A X AR, Double
DOQN Fi1 i B 15 {8 455 1 5 s R 19 % 4 CO, VR JiE 418
AR ME 22 4% 9 K (772.96 + 247.27) pl/L Al
(898.2 +373.89) pL/L, % /& H T Double DQN fE
% 38 o8 TR BE DA KA SR vk B S O O B
Be , i N BE S B ARG R e — B B,
7T A2 49 %) U B8 1 1 vk L e R T 4 N R BE IR T, 22
W T HL Al IR BT PR R
3.5 gL

DL 2022 45 8 A 23.24 H K H, X H T Double
DOQN 1 T Uik J32 10 {455 i 5K W 1) 4% 5 i XU 2R 4t g
FEIEAT 00T o TEME & 4500 HBGR (&AM R &R
(PR A A KA BLIE AL ) AR TR 1Y 25 4 T, 4 N 3 XL
ARGFEREERE SRR IR RN BEREEFE, @
It LB AE R A R e U AR A TR e R
I AL FE T AR O

P 2 92 1) R W REFE XS B L AN 9 BTR o 2022
48 H 23 H R ZEET Double DQN % 45 ¥ 5%
RN, — RN 3 G5 RHLILIZFT 28.01 h, BFEH
HON 11,4 kW-h;8 H 24 H R AY & 3 T 18 5 3 (5
M & A RN, — RN 3 & KLk iE 17
29.73 h, BAEH N 12,31 kW - h, 55 35 B 13 {8 1l
WG AH L, Double DQN 45 il S B T XUBL &4 47 B[R]
ARRI1.72 h,—RNILATEH 25 7. 39% L S FE

K 3% 4 SR BE B2, 8 23 .24 H 08 00—
18:30 B Bt & o4 il B 3 4, o i (] B2l XU R 55 6
SET AR, FEHm AR I E &, L8 H 23,24 H
15:23—16:34 [ — B} Bt S 1], X5 b 43 A 0 A 42 ol

x99 FWHEHIRMEEFEIL
Tab.9 Comparison of energy consumption between

two control strategies

12 il e fi b KHBLL RHL2 RAL3 ki
BATH ] /h 9.70 12.59 5.72 28.01
Double DQN
FER T/ (kW h) 3.59 4.66 3.15 11.40
‘ BT[] /h 10.53 11.95 7.25 29.73
L B

A/ (KW-h) 3.90  4.42  3.99 12.31

M T WAL R GE ) SE i B FEAS O, BLET By, P H 1Y
W4k R FE S O 22.9°C, B AR E Y 22.7°C,
Double DQN #% | S W& T 3 5 KUHL B3z 17 Iy
2.55 h, GFEHLE N 11 KW -hg i R 4 ) 5K i
T3 AN EEITI KR 3.27 h, BFEH &R
1.41 kW-h, P9 H SbE B (9 57 257 38 5 bR i 22 539
H(22.73 £0.14)°C f1(23.03 £0.21)°C, 7 WL, 7F
] —Bf B 9, 5 0B A 4% ] 3R B AH L, Double
DOQN F5 i S W F 1Y 4% 5 P4 - 108 B8 o T 0
8, WS /N [Rl B, iZ BB P Double DQN 4%
il 5 s N XL Iz 7 B [B) BB 6 41 45 0. 72 h, #E HL &
W2 0.31 kWeh,5H %4 22% |

Z5 I, Double DQN 4% il 3 W& A {H 58 A J 2 3 455
36 & P & 2 B, i HAUAE T 3 & XL S
P A 30 XA GEFE L B/ T TR B R 4 T oK
WS 1 FE FEL B, REFE AR X B3 2 /0, AT DA e Jistm XL
RE (-1 o [F] I, BT Double DQN ) 42 il 5 W 114 X
BUR 45030 R 8 22, A B T 080/ b KUAIL AR FH 25 iy 19

%ﬁu[ﬁ‘lo
4 i

(1) B A 0 5 T STM32 (4 & PR 12 1l &R 4t v)
POREPESE , [F) B AT PC A 4% 7 6 i 525
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MG 6. ZRGE BT R A, 1L 3 5
AE R EAEIR Oy 226 ms, il 45 4 R K 17 1 4E
RH 140. 4 ms, W5 4 i 48 3R 82/ FaE Tk 0k
5E 4 BB Tl 2 A A PR 1) S 4 I R

(2) #9519 £ T Double DQN [y %% &5 35 58 1 1k
P AR B T e g SRR I A 25 (B2 IR R
KA VR AT [P A, GO 2 [ R i R T R RS
PEFE AR T DON BLRL Jovpr e St ~F- 35 [l 42 {6
Ff K R AB 53 5100 T DON AEAY 32, 1% F119%

(3) 552 13 {8 45 1 5 W& AH L , Double DQN 45

il W R ) 8 IR KRR R NHL ¥R EE A CO,
JEE T 40 30 U S BRI, 2 H A P L R G I
SEHE 4> Bk (20.53 = 1.72)°C Fl (74.16 =
7.84) % ;IZ K W T A PR B 0% (8 43 BIK TR E
1 42 1 5% W% 0. 7°C F1 1.9 AN 4% A5, Bk KAH X i
2243 AR T BE 1 R 45 T SR 3.7 % F 2. 5%

(4) Double DQN 4% il 5 g T 1Y) 7 5t BEAE LA,
— KW 3 G XA ILZEFT 28.01 h, B FE H 5= R
11,4 kW -h; 2500 KL 2 17 B (8] e 3 B2 15 i
PEH R4 1. 72 h FERR T AN 7.39% .

Spatiotemporal distribution characteristics of environmental parameters of
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