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Abstract

With the continuous advancement of the “dual carbon” strategy, research on plant carbon sequestra-
tion capacity has gradually become an important research direction in the fields of smart agriculture
and ecological environment monitoring. Traditional plant carbon sequestration environment moni-
toring mainly relies on manual measurement and laboratory analysis, which not only has low monitor-
ing efficiency but also makes it difficult to achieve long-term continuous acquisition of environmental
parameters. To address the problems of insufficient automation, poor real-time performance, and lim-
ited environmental regulation capabilities in traditional plant carbon sequestration monitoring sys-
tems, this paper designs an intelligent monitoring and automated control system for plant carbon se-
questration environment based on STM32. The system uses the STM32F103C8T6 microcontroller as
the core controller, combined with a BH1750 light sensor, an SHT30 high-precision temperature and
humidity sensor, and a JW01 carbon dioxide detection module to achieve real-time acquisition of plant
growth environment parameters. Compared to the traditional DHT11 sensor, the SHT30 offers higher
detection accuracy and long-term stability, effectively improving the reliability of plant carbon seques-
tration environment monitoring. Local data display is achieved via an OLED module, while remote data
upload is realized using an ESP8266 wireless communication module. To enhance the system’s auto-
mated control capabilities, this paper further introduces a PID closed-loop control algorithm to dynam-
ically adjust temperature, humidity, light intensity, and carbon dioxide concentration in the plant
growth environment. An environmental state model and an automated control model are established.
A dynamic simulation model of the system is built using MATLAB, and the system’s dynamic response
characteristics, error convergence characteristics, and environmental robustness are analyzed. Exper-
imental results show that the system possesses good dynamic adjustment capabilities and environ-
mental adaptability. The system’s light detection error is less than 2%, and the temperature stabiliza-
tion time is less than 8 seconds, maintaining high stability even under complex environmental condi-
tions. These research results provide valuable reference for research in intelligent agriculture, low-
carbon ecological environment monitoring, and automated control systems.
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Figure 1. Simulation diagram of system dynamic response
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