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Design and Experiment of Collaborative Intelligent Environmental Monitoring
System for Multi-span Greenhouse Based on STM32H750

Luo Dong' Zhang Xingjian® Fan Daijia' Song Daping'
(1. Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China
2. Beijing Bihaiyuan Ecological Agriculture Sightseeing Co. , Lid. , Beijing 101104, China)

Abstract; Aiming at the problems of low environmental perception accuracy, lagged control response,
poor communication reliability, weak system integration and high operation cost in large-scale multi-span
greenhouses in China, taking a 22 000 m” Venlo-type glass multi-span greenhouse in Tongzhou District,
Beijing as the experimental platform, an edge intelligent controller was designed based on STM32H750.
A four-layer IoT architecture, including perception, control, transmission, and application, was
constructed, and an intelligent collaborative environmental monitoring system was developed with multi-
dimensional perception, zonal linkage, hybrid communication self-healing and cloud-edge collaborative
management. The system adopted key technologies such as hardware modular photoelectric isolation,
software redundancy and fault tolerance, temperature-humidity coupling decoupling, hierarchical
collaborative fuzzy PID control, zonal energy consumption optimization, offline data transmission and
adaptive link switching, which solved the problem of long-term stable operation under high temperature,
high humidity and strong electromagnetic interference. The 72-hour continuous test and full growth period
experiment showed that the data acquisition cycle was 1 s, the control response time was (0.7 £0.2) s,
the equipment execution lag was 4.2 ~ 8.5 s, the communication packet loss rate was no more than
0.1% , the steady-state error of temperature control was controlled within a +0.4°C , and the control

error of relative humidity was controlled within a +2.7% . The temperature fluctuation was controlled within a
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£0.5°C and humidity fluctuation was controlled within a +3% under day-night conditions. Compared

with the traditional scheme, the energy consumption was reduced by 18.6% , the manual operation and

maintenance cost was decreased by 62.3% , the tomato yield was increased by 12. 7% , and the disease

incidence was reduced by 41.3% (P <0.01), with a static payback period of 1.7 years. The research

results could provide technical support for intelligent production in large-scale multi-span greenhouses.

Key words: multi-span greenhouse; edge intelligent control; collaborative monitoring; STM32H750;

hybrid communication ; facility agriculture
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Fig.5 System test site and hardware deployment
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Tab.2 Test results of system real-time performance and control accuracy (n =72 x60)

IR 8 A IR (T) Wit HE bR XFHEZH 1(CK1) XFRRZL 2 (CK2) seiifl x4l 3 (CK3) Sl

B R4 R /s 1.0 1.0 5.020.2 - 3.020.1

2 55 Wi 7 1 )/ 0.7 0.2 <1 3.5£0.5 =30 2.1+0.3

TEL R 4 iR 22/ °C -0.4~0.4 -0.5~0.5 -1.2~1.5 -2.0~2.5 -0.81~0.9

R X P A o 1R 2/ % -2.7~2.7 -3-~3 -5.0~6.0 -8.0~10.0 -3.8~4.1

S8 AT B JE/ms <180 <300 <500 - <420

WS EAE/ % 0.06 0. 01 <0.1 1.2 0.1 - 0.9 +0. 1

72 h B AT B2 % 0 0 3.2+0.3 2.8+0.3 1.8 0.2

Wi 72 h B S R % 99.94 0. 02 =99 85.3 1.2 - 89.6 1.0

T R BOE D P R+ AR 5 - 7 R AL 2 (CK2) Iy N T8 As, T8 A 2l 5% 42 8 3 Al 7 & A0 R A5 idla

H1 22 2 T, T R R A TR DT L s, 4
MR (0.7 £0.2) s, & AT G 4.2 ~8.5 s;
TR ) IR 22 AR E AE - 0.4 ~0.4°C MR JE 4%
MR -2.7% ~2.7% , N T WitHEbr. BK
HEETON, HORUR B sh AR £ 0. 5C {5 [l
PN, R RS B 38 Bl 4 ) TR £ 3% 35 BN 6 (8] i R
PSP AE £ 0. 3°C i Bl N, AH I 5 i B0 5 i 7E
+2% B N, 2 4000 W Rl 5 R, 3R B R E
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Tab.3 Comparison results of algorithm performance and environmental stability

T e iR/ TR 3 BN AR R R K T 4 R XU I
Ak P20 1 I ) /s
C C /% it/ % /%
I (T) 0.4+0.1 8.5+1.2 0.3£0.1 (95.2+£1.3)° (94.7£1.5)" (1.2£0.2)°
Xt AR4H 1(CK1) 1.6 £0.3 22.3£3.5 1.2+0.2 (78.5 £2.4)" (76.3 £2.6)" (7.6 £0.8)"
Y B4 2 (CK2) 2.7+0.5 65.8 £8.2 2.1+0.3 (62.1+3.1)° (59.8 £3.3)°¢ (15.8 +1.5)"
X} R4 3(CK3) 0.9+0.2 15.6 +2. 1 0.7+0.1 (87.3+2.0)" (86.1%2.2)" (3.5+0.4)"

T R PR TR) /NG S8 % R ) 22 5 40 25 (P < 0. 01) PR R R R 2 R A B35, Tl
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Tab.4 Test results of hybrid communication link

switching performance

W 5 SENE LTI
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4.5 BRRSTHEMEAREFUE

WA I B & 09 3 2 BE FE I 5 42 2 B dls 2t
IR 4 AL BB AT A, A ORISR S R, i
6 2H e o AR 0 DX A i S5 RERE A ALk, LB T
FH AL

RS REEBETHRASEFUHEMNLER

Tab.5 Comparison results of system operation cost and economic benefit
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Tab.6 Comparison results of tomato growth yield and quality
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