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Abstract. In modern agricultural production and life, the demand for automatic 

irrigation in traditional Chinese medicine greenhouse planting is increasing, and 

the traditional irrigation system often fails to the demand due to the lack of auto-

matic control function. To solve this problem, this article designs and implements 

an automatic irrigation system based on Internet of Things technology. The sys-

tem is based STC89C52 single-chip microcomputer, and monitors soil moisture, 

environmental temperature and humidity and other parameters through wireless 

devices. Through actual testing, the stability and of the system are verified. The 

results show that the system can achieve precise irrigation of crops in traditional 

Chinese medicine greenhouse planting under unmanned circumstances, reduce 

manual operation, improve irrigation, and automatically adjust irrigation strate-

gies according to environmental changes to meet the needs of different traditional 

Chinese medicine plants, showing a good application prospect. 

Keywords: Automatic irrigation, Internet of Things technology, microcontroller, 

soil moisture sensor 

1 Introduction 

The greenhouse plays an important role in the production of agriculture and sideline 

products[1]. The environment of the greenhouse has a great impact on the yield of 

crops, among which the temperature and humidity of the air and soil are particularly 

prominent. Therefore, it is very necessary to carry out multi-point detection and adjust-

ment of the greenhouse environment[2]. present, the control of the greenhouse environ-

ment mostly focuses on temperature and adopts manual regulation[3]. In addition, the 

detected data cannot be automatically recorded and stored in real time, which is 

notducive to the analysis and optimization in the future. Based on this, this design has 

developed a system that can real-time multi-point detection and adjustment of the 

greenhouse environment This design can not only save consumption and reduce human 

labor, but also achieve accurate control, which is beneficial to the growth of crops and 

is of great significance to improve the yield of[4]. 
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2 System Overall Scheme Design 

This design takes STC89C52 as the core of the main control module, and is composed 
of 9 modules: the main control module the environment temperature and humidity de-
tection module, the soil moisture detection module, the AD/DA analog-to-digital con-
version module, the data display module, the water tank water level module, the relay 
module, and the Bluetooth module[5]. The overall structure diagram of the integrated 
automatic irrigation system is shown in Figure 1.  
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Fig. 1. Overall structure diagram of the integrated automatic irrigation system 

3 System Hardware Design 

3.1 Sensor Design 

The system realizes multi-point detection of the environment of the traditional Chinese 
medicine greenhouse through multiple sensors. A waterproof temperature sensor 
DS18B20 used to measure the air temperature and soil temperature[6]. This sensor is 
the latest digital single bus device launched by DALLAS Semiconductor Company of 
the United States after the DS120. Although the soil moisture sensor and the air humid-
ity sensor are different products, their output values are both voltage signals[7]. The 
corresponding relationship between the voltage value and humidity is known so as long 
as the voltage value is measured and the data is calculated and processed by the single 
chip microcomputer, the temperature and humidity value can be obtained[8]. 

3.2 Data Collection Design 

This design collects data through the AD/DA analog-to-digital conversion module. The 
AD/DA analog-to-digital conversion module uses the PC8591 conversion chip, which 
communicates via the I2C bus. During communication, the microcontroller first sends 
a start signal and address 0x90 to the PCF8591, and then sends the register address to 
configure the ADC working mode and select the channel[9]. The PCF8591 converts 
the -bit digital signal acquisition result of the specified channel and transmits it to the 
microcontroller via I2C[10]. 
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3.3 Design of Wireless Communication Device 

The design uses a data display module and a Bluetooth communication module to im-
plement the real-time display of environmental parameters and the functions of wireless 
data transmission, realizing human-computer interaction[11]. The data display module 
uses a 0.96-inch blue OLED monochrome LCD display, which is connected to the mi-
crocontroller via an2C bus interface. First, the OLED clock frequency division and 
contrast and other parameters are initialized to ensure normal operation; then, by setting 
the cursor position and offset functions, decimal value and character form of the data 
of the sensor parameters such as the water level of the water tank, the environmental 
temperature and humidity, and the soil humidity are displayed on the [12]. 

The Bluetooth communication module uses the commonly used HC-06 module, 
which is connected to the microcontroller through the serial port to realize data trans-
mission. reading and writing the serial data buffer register SBUF and setting the over-
flow rate of Timer1, the configuration of serial port communication under different 
baud rates is realized[13]. This implements the real-time display of the real-time data 
of the environmental parameters collected by each sensor module on the screen through 
the OLED display module, and at the same time the Bluetooth communication module 
is used to transmit the data to the mobile phone or other terminal devices in a wireless 
way[14]. 

4 System Software Design 

The software part of the system can be divided into six parts: the system initialization 
module, the signal acquisition module, the data storage module, the data module, the 
control watering module and the low power consumption sleep module[15]. The system 
initialization module is mainly used to initialize the LCD screen and other peripherals. 
The main function of signal acquisition module is to extract the soil humidity value of 
traditional Chinese medicine plants[16]. The data storage module completes the storage 
of the RS485 interface output results of the soil humidity, and the data display module 
can display the detected soil humidity value on the LCD screen. The control module is 
used to water or stop watering according to different situations of soil humidity[17]. 
low power consumption sleep module can achieve the function of low power consump-
tion by entering the sleep mode of the system. 

5 Practical test and Analysis 

5.1 Water Tank Water Level Detection Test 

This design displays the water level in the water tank through the water tank water level 
detection module and relay module, and controls the water pump for irrigation. water 
tank water level detection module uses an ultrasonic sensor to detect the water level in 
the water tank, and indicates the water level through three different colors of LED lights 
(green yellow, and red). The ultrasonic sensor sends ultrasonic pulses through the Trig 
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pin and receives the reflected ultrasonic waves through the Echo pin, and then the dis-
tance between the water level and the sensor based on the round-trip time[18]. The 
water level status is displayed in real-time according to different distance ranges and 
the on-off of the LED lights. In this design, the height of the water tank is about 300 
mm, and the detection of the water level in the water tank is shown Table 1.  

Table 1. Water level detection of water tank 

Measured distanc 
(h/mm) 

LED 
lighting status 

Water level 
situation 

Water demand 

h <50 Green, Yellow, Red High Not needed 
50 <h<200 Yellow, Red Med m Not needed 

h >200 Red d 

5.2 Soil Moisture Detection Test 

The sampling interval was set to 6 h. After the system has been running for a period of 
time, the user can extract the humidity data values stored the register[19]. Table 2 shows 
the soil humidity values in the automatic mode of system operation for 6 days, and the 
test results show that the soil humidity values can be recorded 6 days of system opera-
tion when watering is carried out one day after the soil humidity is lower than 15%, and 
the function of autonomous learning is realized 

Table 2. Automatic mode soil moisture values 

Time 

04: 00 10: 00 16: 00 22: 00 

May 5, 2025 26.65 25.54 25.15 23.43 

May 6, 2025 23.65 23.21 21.89 19.43 
May 7, 2025 17.67 16.63 15.22 14.21 
May 8, 2025 27.68 26.23 25.88 24.65 
May 9, 2025 22.13 21.67 20.77 18.90 
May 10, 2025 17.93 16.06 15.65 14.32 

6 Limitations and Prospects 

This paper still has some limitations in its design. For example, when the number of 
monitoring sensor nodes is large, their high power consumption leads to a shorter run-
ning time; to enable remote control, it is necessary to connect each node to the network. 
To address these issues, further research and experiments need to be conducted with 
fewer monitoring sensor nodes to continuously improve system functionality. With the 
rapid development of artificial intelligence and machine learning technologies, envi-
ronmental data analysis will enter a new intelligent era. AI and machine learning can 
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automatically identify pollution sources, predict environmental trends, and provide pre-
cise early warnings and decision support by analyzing and mining large amounts of 
environmental data[20]. In addition, data fusion technology will become an important 
trend in future ecological and environmental monitoring. By integrating data from dif-
ferent monitoring devices and sources, a more comprehensive and accurate view of 
environmental data can be formed. The further development of environmental early 
warning systems will also rely on big data analysis, cloud computing, and AI technol-
ogies to achieve quick responses and warnings regarding changes in environmental 
quality, providing real-time and accurate environmental information to governments 
and the public. At the same time, the sustainability of environmental monitoring tech-
nologies will be a key consideration. The design and lifespan of monitoring equipment 
will be optimized to ensure long-term stable operation and reduce maintenance costs. 
Future environmental monitoring systems will place greater emphasis on long-term 
management, being able to continuously provide efficient and accurate monitoring ser-
vices, supporting long-term environmental protection and ecological restoration efforts. 
Through sustainable monitoring methods, governments and enterprises can manage en-
vironmental resources more scientifically, formulate reasonable policy measures, and 
promote green and low-carbon transitions. Overall, the future of ecological and envi-
ronmental monitoring technology will continuously develop towards intelligence, inte-
gration, and sustainability, providing more precise, efficient, and economical technical 
support for environmental protection, contributing to the improvement of the global 
ecological environment and sustainable development. 

7 Conclusion 

This design takes STC89C52 as the control core, and the parameters of temperature, 
humidity and soil humidity in the environment are detected soil humidity sensor and 
environmental temperature and humidity sensor. The detected data is transmitted to the 
OLED screen for display through AD/DA analog-to-digital conversion module, and the 
control signal waters the plant properly. At the same time, it can measure the water 
level of the water tank through the water tank water level detection module, and show 
the water level the water tank intuitively through the lighting and extinguishing of three 
different color LED lights. The system is designed to be simple and convenient, with 
high feasibility and considerable application prospects. 

Acknowledgments 

This work was financially supported by the Science and Technology Research Project 
of Jilin Provincial Department of Education (JJKH20241037CY).  



310             N. Qu et al.

References 

1 Zhang Meng. Research on the Application of Electrical Automation Technology in Green-
house Planting [J]. Agricultural Machinery Research, 2023(3): 129-137.  

. 

2 Lü Aihua. Research on the Application of Greenhouse Irrigation Devices under PLC Control 
[J]. Agricultural Machinery Research, 2023(11): 217-221.  

. 

3 Lin Fengsheng, Fu Xiang. Design of a Multi-node Temperature Control System for Green-
house Planting Based on EIGRP [J]. Agricultural Machinery Research, 2023(7): 210-213. 

. 

4 Li Zhu, Zhu Delan, Lu Liqiong, et al. Research on Greenhouse Environment Prediction and 
Film Rolling Decision Method Based on XGBoost [J]. Water-saving Irrigation, 2023(3): 67-
74.  

. 

5 Li Minghua, Lu Jiayu. Analysis of Safety Management Technology for Secondary Equip-
ment Maintenance in Substations Based on IoT [J]. Integrated Circuit Applications, 2023, 
40(11): 234-235.  

. 

6 Miao Junchen, Wang Ruihao, You Da, et al. IoT-based Intelligent Greenhouse Monitoring 
System for Agriculture [J]. IoT Technology, 2023, 13(10): 16-18.  

. 

7 An Yong’e, Wang Yun, An Xuexue, et al. Exploration of the Application of Smart Agricul-
ture Technology in Vegetable Greenhouse Design [J]. Agricultural Development and Equip-
ment, 2024, (6): 22-24. 

. 

8 Xue Yutong, Gao Shenyuan, Wang Jing, et al. PID Optimal Control of Greenhouse Tem-
perature Based on Adaptive Particle Swarm Algorithm [J]. Digital Technology and Appli-
cations, 2023, 41(3): 90-93.  

. 

9 Yu Wenhao, Qi Lizhe, Liang Hanwen, et al. Layered Adaptive PID Control Algorithm 
Based on Deep Reinforcement Learning [J]. Computer System Applications, 2024, 33(9): 
245-252. 

. 

10 Zhao Hong, Li Jiarui, Liu Jing. Multi-peak Optimization Algorithm Based on Local Tem-
poral and Spatial Factors and Its Application in PID Control [J]. Journal of Computer Re-
search, 2024, 47(6): 1323-1340. 

. 

11 Wu Zonghou, Yu Ye, Liu Siyao. Application of Intelligent Substation Status Monitoring 
and Auxiliary Control System [J]. Information Technology, 2024, (1): 170-175, 188.  

. 

12 Chen Guorong, Nangongzijun, Liu Bo. PID Design Method for Electromechanical Servo 
Systems Aimed at Dynamic Characteristic Indicators [J]. Journal of Vibration Engineering, 
2024, 37(10): 1767-1774.  

. 

13 Shi Jiao, Gu Zemming, Guo Kai. Research on Temperature Control of Electrical Equipment 
Using Adaptive Fuzzy PID Controller [J]. Computer Technology and Automation, 2024, 
43(3): 26-30.  

. 

14 Kang Long, Liu Qingxi, Yin Lijian, et al. FMAPID Control of Electro-hydraulic Propor-
tional Position System Based on Equivalent Modeling with Area Differences [J]. Science 
and Technology and Engineering, 2024, 24(27): 11741-11751. 

. 

15 Xing Yunpeng, Xue Boyuan, Qi Peishi, et al. Research and Application Progress of Envi-
ronmental Monitoring Optical Sensors Based on Smartphones [J]. Environmental Monitor-
ing and Early Warning, 2022, 14(03): 43-48. 

. 

16 Jiang Dachun. Application of Electrochemical Sensors in Environmental Monitoring [J]. 
Yunnan Chemical Industry, 2021, 48(11): 86-88. 

. 

17 Guan Lan. Application Analysis of Biosensors in Environmental Monitoring [J]. Leather 
Manufacturing and Environmental Protection Technology, 2022, 3(05): 46-48. 

. 

18 Zhang Ruxuan, Zong Xiaohang, Yu Tingting, et al. Detection and Recognition of Mixed 
Gas Components Based on Nanomaterial Sensor Arrays [J]. Acta Physica Sinica, 2022, 
71(18): 38-46. 

. 



19 Wang Puhong, George Hong, Hu Yunli, et al. Key Technologies of Wireless Sensor Net-
works and Their Applications in Environmental Monitoring [J]. Automation Technology 
and Applications, 2021, 40(12): 116-120. 

. 

20 Yang Sijun, Pan Jingying. Design and Research of Environmental Monitoring System for 
Degradation of Papermaking Pollutants Based on STM32 [J]. Paper Science and Technol-
ogy, 2024, 43(10): 80-83. 

. 

Design of an Integrated Automatic Irrigation System for …             311

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
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permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Design of an Integrated Automatic Irrigation System for Traditional Chinese Medicine Greenhouse Planting



