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ABSTRACT

Smart agriculture, which combines the Internet of Things (loT) with agriculture, is the future of agricultural
development. In China, manual irrigation is currently the dominant method for seedling irrigation management,
but it is inefficient and can lead to water waste. To improve seedling quality and output, reduce labor costs,
and conserve water resources, this paper presents a design for an loT system that uses soil moisture detection
and remote precision irrigation for seedlings. The system includes a STC12C5A60S2 microcontroller, an
ESP8266-01S communication module, a PRISON PR-3000-ECTH-NO1 soil temperature and humidity module,
and a 12V water pump. The system is connected to the OneNET platform via the MQTT protocol of the Wi-Fi
module and includes software modules for data processing, Wi-Fi communication, and relay control. The
OneNET platform allows users to monitor and record real-time temperature and humidity data and switch
between automatic and manual modes and seedling threshold types. The system was tested for 24 hours and
collected 28,000 temperature and humidity data points every 3 seconds with a packet loss rate of less than
5%. The results show that the system is stable and reliable.
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INTRODUCTION

As a large agricultural country, the application of water resources has a fundamental impact on
agriculture, even the lifeblood of the country and agricultural industry. China's water resources are relatively
poor, lower than the global average precipitation. It has 2.8 trillion cubic meters of fresh water resources every
year, with an average per capita water volume of less than 2300 cubic meters, ranking 109th in the world, and
accounting for only 1/4 of the world's per capita level (Liu and Chen, 2022). One of the objectives of the
irrigation system is to track the water demand of crops based on the collected data and drive the water flow
according to the expected set demand without the participation of operators (Sinha and Dhanalakshmi, 2022).
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As a large agricultural production country, China's agricultural irrigation water accounts for 70% - 80%
of the total water consumption. However, the utilization rate of agricultural water is only about 40%, which is
far from that of developed countries (Shen, 2021).

There are many problems in China's smart agriculture development, such as lack of overall planning,
difficulties in data collection and application, low level of scientific and technological investment and
informatization, large impact of factor resources on smart agriculture development, and lack of innovative
agricultural business models. These should be solved from the top design arrangement, scientific and
technological research and development investment, professional talent training, and policy system
construction (Song, 2020). The development of smart agriculture is an important part of China's high-quality
agricultural development during the 14th Five-Year Plan period and even in 2035. The development of smart
agriculture in the future urgently needs to work together in technology development, application demonstration,
policy experiment and social experiment (Zhao, 2021).

Agricultural digitalization has improved the efficiency and productivity of the industry, and the agricultural
10T is a promising direction for the technological breakthrough of rational resource-saving Agriculture 4.0
(Solodovnik et al., 2021). A UAV part was introduced to collect these environmental data from different areas
of the farm, and the developed system can monitor water demand to guide farmers (Karar et al., 2021). The
form of agricultural 10T is also constantly innovating. The Internet of Underground Things (IoUT) is a new view
of loT. Through testing, ESP8266 nodes were buried in fields of 10 cm, 20 cm, 30 cm and 40 cm, and the
nodes programmed by AP (access point) were placed at several distances of 50 cm high. The results showed
that the coverage effect of nodes with a depth of 20 cm was better (Garcia et al., 2019). The IoUT consists of
sensors and communication equipment, partially or completely buried underground for real-time perception
and monitoring (Vuran et al., 2018). It is particularly suitable for the 10T systems of irrigation and precision
agriculture. Because these devices will not hinder the work of machines and farmers, and will also reduce the
physical damage that nodes deployed on the field may suffer, while Wi-Fi allows underground and
aboveground communication to provide communication protection (Garcia et al., 2020).

I0T is one of the key technologies of Agriculture 4.0. Agriculture 4.0 is still limited in theory and has been
shelved for a long time (Monteleone et al., 2020). In smart agriculture, 10T equipment is installed in an open
field under harsh environmental conditions, and it may not be able to communicate in time and transmit the
acquired data to the server or cloud (Gzar et al.,, 2022). Currently, the main research objects of smart
agriculture and agricultural 10T are greenhouse crops, and there is little intelligent system design on seedlings.
There are many high-value and high-income seedlings in China, such as camphor, yew and ginkgo, which
lack intelligent irrigation systems, have high cultivation costs and poor manual cultivation, and urgently need
the input of freshwater intelligent management systems for agricultural precision irrigation, which is essential
to improve crop yields and reduce costs, while contributing to environmental sustainability (Boursianis et al.,
2021). This paper aims to research and design for the defects of the current irrigation mode of seedling class,
and build a simple, efficient as well as low-cost intelligent irrigation system with STC12C5A60S2
microcontroller as the core, while compared to the current widely practical STM32 chip-based irrigation system
(Zzhang and Guo, 2022). This system has much lower cost and power consumption, more consideration of
economic practicality, and is also more suitable for application scenarios that need to run for a long time,
especially seedlings class perennial needs to monitor the soil moisture and irrigation, which can guide the
current situation.

The current 10T irrigation system is generally a single operating platform, such as in the Android mobile
terminal, IOS system terminal, or computer terminal for terminal monitoring and remote operation, such as
“loT-based automatic irrigation system design and implementation of the system” (Xia and Wu, 2022), and “A
distributed system for supporting smart irrigation using Intemet of Things technology” (Ahmed et al., 2021).
Their terminal platforms are the Android cell phone platform, which is limited and lacks flexibility. This system
uses the online OneNET platform as the terminal, which is very flexible and convenient as it can be
transplanted and practiced on any operating platform. Since the soil environment of seedlings is different in
different regions, such as the north is mainly temperate while the south is mostly subtropical, this system has
set different seedling thresholds for precise irrigation of seedlings in different regions, which can adapt to
different regions and seedling types. Finally, the results show that the paper has the practical reference
significance for future research on more diversified intelligent systems of seedlings.
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MATERIALS AND METHODS

Overall system design

The Internet of Things is one of the most advanced technologies available, and it can be easily integrated
with almost all traditional methods to perform tasks (Jadon and Singh, 2022). The development and integration
of sensor technology, high-speed information processing technology, and stable communication technology
have provided the foundation for the formation of the Internet of Things (Seng et al., 2022). The soil moisture
detection and remote precision irrigation system of seedlings based on loT is mainly divided into two parts: the
client data display instruction control part, and the main control chip MCU part and the controlled end (Lu et
al., 2021). For the client part, the system adopts China Mobile's OneNET cloud platform, mainly including the
creation of products and equipment, data connection and data visualization interface drawing, to achieve clear
and stable display of soil data on the interface. It also includes the buttons, such as system working mode, to
ensure that the cloud platform can realize the issuance of data instructions after the user presses a button,
thereby realizing information interaction through the Internet and single-chip microcomputer to achieve the
cloud control.

For intuitive understanding, the structure diagram Fig. 1 is as follows:

H

g

2,

‘o{& Relay Interface Water Pump
@ {

o T e 0 (T \
: RS-485 : 5 ‘
: Master Control Interface | Wired ‘ Soil Sensors |
| Module FI . |
| 3 : | |
| - \ \
" E \é\g(sglms /Vlv\,E/ld\STCII\ZACCSL,JAGOSZ :  Controlled |
[| ESPosob- | } Modules |
| \
|
| \ \
: ' | |
| \
| \
( )

Client Module

OneNET
Cloud Platform

Fig. 1 - System structure diagram

MCU of the main control chip includes the MCU using STC12C5A60S2, the Wi-Fi mode ESP8266-01S
chip, the soil data acquisition part of the RS-485 interface and the relay part connecting the water pump for
irrigation control. The programming part is mainly to program the STC12C5A60S2 single chip computer to
realize the communication and control of the Wi-Fi module, sensor module and relay module, so as to realize
the system design. The single chip computer connects the instructions sent by ESP8266-01S through the
serial port and connects to the OneNET platform. Through the serial port, the single chip computer sends the
data frame request to the RS-485 soil sensor to obtain the real value after the sensor data analysis.

Each module works together to realize the system design. The intelligent irrigation system is generally
divided into three parts: client cloud platform, master chip control and terminal execution equipment. The client
is the platform module that customers can see and use. The client used in this system design is China Mobile's
OneNET cloud platform. The instructions of the OneNET cloud platform are all open sources, and the details
of both data upload and instructions can be clear.

The main control module is composed of the single chip MCU, single chip STC12C5A60S2, Wi-Fi
module ESP8266-01S, relay interface and RS-485 interface. MCU, as the core, sends commands to each
module for communication. The controlled end is the final command realization end. RS-485 sensor is selected
for data acquisition according to the requirements in this design. The sensor can sense and will detect the
sensed information and output regular signals to achieve stable transmission and convenient processing of
information.
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System hardware design

The hardware is mainly the main control module and the controlled module, including the physical
connection and working principle of the MCU STC12C5A60S2, the Wi-Fi module ESP8266-01S, the relay
pump, the sensor and more.

Selecting a single chip computer is the first and one of the most important steps in system design. To
meet the design requirements, the main selection indicators are RAM, ROM and serial port. The system needs
a set of serial ports to communicate with each other in order to realize the data collected by RS-485 soil sensor
and sent to the single-chip microcomputer; then the network transmission is carried out through the Wi-Fi
module. The single chip also needs to communicate with the Esp8266-01S and a set of serial ports for
communication. As a result, at least two sets of serial ports are required for independent communication, and
STC12C5A60S2 dual-serial port single chip microcomputer is selected to enhance its performance. On a
single chip, STC12C5A60S2 provides flexible and effective solutions for many embedded control application
systems with a smart 8-bit CPU and in-system programmable Flash.

The soil sensor data communication adopted by this system is based on the RS-485 protocol. The main
control chip of RS-485 module is MAX485 chip, which mainly realizes signal conversion. Through MAX485
chip, TTL-signal and RS-485-signal can be stably converted to achieve data transmission. RS-485
communication has many advantages. When a specific RS-485 device exchanges data with a single chip
computer through an interface, it first converts the TTL and RS-485 signals in two directions through the
MAX485 chip. The interface at both ends of the chip is the standard RS-485 interface A/B interface, which
connects the A/B line of the sensor respectively. The other end of the chip is the RS-485 communication
direction control terminal used to control the data transmission direction and the RX/TX terminal used to
communicate with the single-chip computer. Of course, the soil sensor needs to share power and ground with
the SCM, and can use the power and ground of the SCM power module to achieve stable work, as shown in
Fig. 2.
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Fig. 2— RS-485 interface schematic

The system uses the PR-3000-ECTH-NO1Ver 2.0 model RS-485-soil temperature and humidity sensor
of Prison, with stable working performance and high sensitivity and accuracy. Through measuring the dielectric
constant of the soil, the moisture content and temperature value of the soil can be directly obtained, which
conforms to the international standard measurement method. The working voltage of the sensor is 4.5V -30V
DC; the working temperature is -40°C~+60°C, and the protection grade is IP68. The product specification is
45*15*123 mm, and the output signal is RS-485 signal, as shown in Fig. 3.
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Fig. 3 — RS-485 soil temperature and humidity sensor
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The baud rate it supports is 9600 bit/s, 2400 bit/s and 4800 bit/s. Modbus protocol is a serial
communication protocol, and the data is sent and received in the form of data frame. A frame message of
Modbus protocol includes address code, function code, data and CRC check code. When there are multiple
devices, the communication device can be determined according to the address code; the function code
indicates the function of sending instructions to the host, and the device only uses the function 0x03 to read
register data.

Wi-Fi serves as the foundation and hub of Internet of Things (IoT) implementations, due to the increasing
popularity of smart products, rapid advancements in wireless technology, and upgrades to various
communication interfaces. The use of WI-FI technology and wired network for integration and networking to
realize |IOT can greatly reduce costs (Qiu, 2017). The design of this system uses the chip ESP8266-01S as
the Wi-Fi module. It is developed and manufactured by the Ai-Thinker company, and the main frequency
supports 80 MHz and 160 MHz. The built-in TCP/IP protocol stack can realize TCP transparent transmission.
It supports local firmware upgrade and cloud OTA upgrade, and local firmware burning and upgrading have
been performed for ESP8266-01S in the design of this system. ESP8266-01S has three working modes, STA,
AP and STA+AP, for selection. The working voltage is 3.0-3.6 V, and the typical value of 3.3 V is generally
used for power supply. The ESP8266-01S firmware of this system needs to be burned, and the firmware
burning needs to use the Download Tool GUI instruction software. After entering the software, ESP8266
Download Tool is selected to choose the bin file to be burned at the corresponding address, and then some
indicators corresponding to the ESP8266-01S to be burned are set. SPI SPEED selects 40MHz; SPI MODE
selects DOUT mode; FLASH SIZE selects 8Mbit, and then the baud rate setting. The default baud rate of
ESP8266-01S is 115200. If the baud rate of ESP8266-01S has been set previously, the set will be changed.
The pins of ESP8066-01S are shown in Fig. 4.
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Fig. 4 - ESP8266-01S pinout

Relay is an electrical controller with two parts: control system and controlled system. It uses weak control
voltage to control high voltage and high current equipment when working and is widely used in automatic
control circuits. As shown in Fig. 5, P1 has three ports: NC normally closed end, COM common end and NO
normally open end. It is only necessary to connect the positive and negative poles of electrical equipment such
as water pump to COM end and NO end to realize on-off control. J15 terminal is the trigger signal terminal,
which can be connected to any I/O port on the single chip computer to realize the high- and low-level control
of power-on or not. The schematic diagram of relay is shown in Fig. 5:

C )¢ ivcc
P1 RK1
1 NC s com []] R3
2 1
2| _com ] . £ oo | K oL
6 DK1 ¥
8 NO 3 100R
RELAY
1
e J15
GND

Fig. 5 - Relay schematic

System software design

The software design and programming of this system are all implemented in Keil uVision5 software,
using C51 programming language. The program is mainly divided into main function module, serial port 1
module, RS-485 module, serial port 2-module, timer module and delay function module.
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The total function of the code is that the microcontroller obtains the soil temperature and humidity data
collected by RS-485 sensor through serial port 2 module, and sends it to OneNET cloud server through serial
port 2 and displays it through data visualization. The client can control the irrigation system by issuing
commands based on real-time soil data to achieve remote control of loT.

The general structure of the program is shown in Fig. 6. The main function module is used to call other
module functions to realize the design: serial port 2 module code part, serial port 2 and RS-485 soil sensor are
connected through MAX485 chip interface, so the function of serial port 2 is to obtain the data of soil sensor.
The program includes serial port initialization; serial port sending function and serial port interrupt function.
When the serial port receives the data, it will have an interrupt request and enter the interrupt. The serial port
sending data function should meet the requirements of RS-485 to send the inquiry frame. One frame of data
is 8 bytes and needs to control the direction. The interrupt service function is called when receiving the data
sent by the sensor, and uses the judgment method of timeout reception to determine whether a frame of data
has been received. After acceptance, it will be stored in a register to wait for decoding.

Serial 1
initialization
Serial 2
initialization

WiFi connection Z
command sending N

OneNET connection
command sending

neNE N
nnected?
Y
A,
Give cloud-based | Soil temperature and humidity
commands collection

) l

Calling the Cloud .
Command Module Calling the RS485 module

) l

Calling the pump . .
work module Calling the data processing module

| l

Upload temperature and humidity

End
Fig. 6 - Data receiving and processing structure

Designing a data decoding program is a guarantee of data accuracy. Modbus data processing function,
whose main function is to calibrate the data read from the sensor by the single chip computer and converts it
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to the decimal real value. The data obtained from the sensor is hexadecimal, and the first step is to convert it
to decimal, for example, for the hexadecimal data abcd(H), the humidity decimal value is:
H=abcd(H)=ax16°+bx 161 +cx16%+d x 163 @
The true value of humidity data h is:
h =H/1000 2)
The temperature data also needs to be converted from hexadecimal to decimal first, and when the
temperature is positive, the data is transmitted in the true form as follows:

T, = abcd(H) = ax16°+ b x 16" + ¢ X 16* + d x 163 3)
When the temperature data is negative, the data is transmitted in two's complement, as follows:
T, =—(2%-T,) (4)

K is the data length in binary, and the data length in this system is 16, so k is 16. The true temperature

value conversion formula is as follows:
t=T/10 (5)
H and T are the byte values after processing in the data processing program. The flowchart is shown in

Fig. 7.
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Fig. 7 - Data receiving and processing structure

The CRC checksum used in the figure is calculated as follows. The data byte is divided into an
information segment and a check segment, and the length of the code word is set to N, the information field is
L bits, and the check field is R bits (N=L+R). There exists and only exists a polynomial of order R g(x).

V(x) = A(x)g(x) = xRm(x) + r(x) (6)
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where m(X) is the original information polynomial of order L, r(X) is the checksum polynomial of order R-1 and
g(x) is called the generating polynomial.
gx)=9g0+g1x1+ g2x2+...+g(R—1)X(R—1)+g(R)XR (7

The sender generates the CRC code word by the specified g(x), and the receiver verifies the received
CRC code word by this g(x). With this calculated checksum, abnormal transmission data can be discarded.

The system has two working modes: automatic mode and manual mode. Taking the variable Mode as
the flag bit, it is automatic mode when Mode=0, and the default is automatic mode; when Mode=1, it is manual
mode. When the temperature is greater than the set threshold Value_Temp_H or the humidity is less than the
set threshold Value_Humb_L, the water pump working flag Water_pin will be triggered to achieve automatic
irrigation. When the temperature is less than the set threshold value_ Temp_ L and the humidity is greater
than the set threshold Value_Humb_H, it will be set to zero and the irrigation will be stopped. In this design,
four seedling thresholds, yew, ginkgo, poplar and sandalwood are set. When instructions are sent on the
OneNET client, it will judge and accept the instructions and assign the threshold of temperature and humidity
to switch different seedling thresholds. At startup, the default threshold value is set such that the pump will
automatically start pumping water when the humidity is less than 40% or the temperature is greater than 25°C.
Conversely, the pump will automatically stop pumping water when the humidity is more than 50% and the
temperature is less than 21°C. In manual mode=1, only the two control commands OPEN and CLOS are the
instructions for pump on/off respectively. The flowchart in automatic mode is shown in Fig. 8:
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Fig. 8 - Automatic mode flowchart
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The client adopts the OneNET platform and carries out visual design. OneNET provides a wealth of data
visualization tools, including drag-and-drop editing, 3D project support, various industry templates, and multi-
data source docking, which can greatly facilitate and beautify the design interface, and be applied in smart
furniture, smart agriculture, water conservancy and hydropower. The open OneNET as an open service
platform is used to reduce the development difficulty, save the development cost and shorten the development
cycle (Zhang and Chen, 2020). To make the data display and command control more humanized, a data
visualization interface with some components and data interface connectivity is designed. The components
mainly use control switches, instrument panels and line diagrams. Data filtering is required in data connection,
and the filter functions of temperature and humidity instrument panel and line chart are shown in Fig. 9:

I0T-based Soil Moisture Detection and Remote Precision Irrigation System for Seedlings

© ® o Temperature Trend Chart Default: 25°C/50%
30°C/60% 20°C/30%
CHD vew I Ginkgo
25°C /40% 20°C/55%
I wite poplas (I Sandalwood
® Huve Humidity Trend Chart
s 10

Water Pump Mode

I Open
Water Pump Switch

Soil Moisture

Fig. 9 - OneNET client data visualization interface

RESULTS
After the system design is completed, the function and stability of the whole system are tested to

determine whether the system can meet the requirements of the actual working environment. According to the
24-hour test, it mainly tests the ability of the system to work for a long time and the ability of data control
accuracy. According to the 24-hour records, the temperature and humidity data are exported to the EXCEL
file. The data is updated every three seconds, and the sampling test is selected due to the huge data. The
data are shown in Table 1, Table 2 and Table 3, respectively:

Table 1
Test data 1
Time 2022-05-13 2022-05-13 2022-05-13 2022-05-13
00:00 02:00 04:00 06:00
Temperature / °C 17.8 17.5 17.2 17.5
Humidity / % 55.0 54.4 54.0 53.3
Water Pump Off Off Off Off
Table 2
Test data 2
Time 2022-05-13 2022-05-13 2022-05-13 2022-05-13
08:00 10:00 12:00 14:00
Temperature /°C 18.0 19.0 20.1 20.2
Humidity /% 53.0 38.0 58.0 57.6
Water Pump Off On Off Off
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Table 3
Test data 3
Tim 2022-05-13 2022-05-13 2022-05-13 2022-05-13
ime 16:00 18:00 20:00 22:00
Temperature /°C 27.0 19.6 18.3 18.0
Humidity % 56.5 56.0 55.8 55.4
Water Pump On Off Off Off
System Data Test Plot
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Fig. 10- System test data line chart

In addition, to visually display the changes of each data, the corresponding data line chart is made as
shown in Fig. 10. At 10:00 on May 13, human intervention reduced the soil humidity to 38%, and the default
automatic mode was automatic watering when the temperature was higher than 25°C or the humidity was less
than 40%. When the temperature was lower than 30°C or the humidity was higher than 50%, the watering
would be stopped. Therefore, it can be seen from the data that the system has completed the set function. The
same intervention was also carried out at 16:00 on May 13. The sensor was pulled out of the soil and held by
hand to make the temperature rise to 27°C, and then inserted into the soil, which also triggered the water pump
to work and raised the humidity to 70.5% and reduced the temperature to 19.6°C. The system stability was
tested for 24 hours, and the data was collected every 3 seconds. A total of 28000 temperature and humidity
data were collected, and the packet loss rate was less than 5%. The conclusion is that the system is stable,
accurate and reliable without obvious deviation of data, and the system can work stably for a long time and
meet the test requirements.

Compared to the study on the precise irrigation system of a blueberry garden based on LoRa and SVM-
Markov (Wu et al., 2022), which requires the purchase of corresponding hardware equipment that uses LoRa
technology, and has a high computational complexity in the SVM-Markov algorithm that necessitates high-
performance computers, this system uses ESP8266-01S as the basis for IOT implementation. It utilizes the
STC12C5A60S2 microcontroller as the main control chip, and is easy to operate. In terms of management and
maintenance complexity, the LoRa and SVM-Markov system orchards requires regular maintenance and
management, and requires technicians to monitor and maintain the system. Our system is very simple and
efficient in maintenance due to its simple structure and easy operation. Limited scope of application: The LoRa
and SVM-Markov system orchards has a limited scope of application and cannot meet all irrigation needs; Our
system is designed with automatic and manual modes for various seedling types and can be programmed to
modify the optimal irrigation thresholds for various seedlings and realize the irrigation needs of different
seedlings.
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Compared with the design of smart planter remote control system based on STM32 and OneNET cloud
platform (Zhang and Guo, 2022), the use of STM32 chip is more costly and not suitable for low-cost application
scenarios; at the same time, the power consumption is not suitable for application scenarios that need to run
for a long time. This system adopts STC12C5A60S2, which has lower cost and is suitable for low-cost
application scenarios, especially for seedlings, which need to be applied in large quantities, and cost control
is an important factor. The STC12C5A60S2 also has higher operating frequency and faster digital input/output
response time. The STC12C5A60S2 also has a more flexible way to build the system, supporting multiple
programming modes, such as assembly language and C Programming Language, for more diversity in system
programming to suit different conditions.

CONCLUSIONS

1) A seedling soil moisture detection and irrigation system based on WI-Fl and OneNET cloud platform
is proposed and designed. The system can update soil data in real time with high accuracy and convenient
operation. It is applicable to many different seedlings and can be switched between manual and automatic
modes. The user is simple to operate, and the operation can be synchronized at the computer end, tablet end
and mobile phone end.

2) Taking ESP8266-01S as the basis for the implementation of 0T, STC12C5A60S2 single chip
microcomputer as the main control chip to make each module communicate with each other, the soil
temperature and humidity detection and remote precision irrigation system based on loT are realized. The
system design structure is reasonable, and the data packet loss rate is less than 5% with certain promotion
and application value.

3) Taking the OneNET platform as the client, the data visualization interface is designed to accurately
display real-time data and issue commands, and realize wireless, long-distance and real-time monitoring of
seedling soil. The intelligent level of soil environment monitoring is improved, and intelligent irrigation of other
types of crops also has certain reference significance.
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