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Abstract: Aiming at the difficult problem of agricultural planting data collection, the 

article designs a data collection system for planting environment. The system 

comprehensively uses multi-sensor data acquisition technology, ZigBee self-organizing 

network technology, IoT gateway technology and GPRS network to realize the 

monitoring of environmental data such as temperature and humidity, light intensity, 

and soil moisture in the citrus growing environment that are extremely important for 

crop growth. The system achieves a reasonable balance between low cost, low power 

consumption and high performance, so as to provide technical support for the 

realization of smart agriculture. 
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1. Introduction 

Traditional agricultural management in my country mainly relies on human perception 

to manage various environmental parameters, which cannot achieve the accuracy of 

management. Moreover, traditional agriculture consumes a lot of manpower and 

material resources, so it is more important to break the traditional working method of 

"facing the loess and back to the sky" [1]. With the rapid development of high 

technology such as computers, wireless sensors, and communications, the application 

of the Internet of Things to agricultural monitoring systems is a new development 

trend. Smart agriculture will process, transmit, process and control the collected 

agricultural information such as environmental temperature and humidity, light 

intensity, soil moisture, soil temperature, CO2 content, and plant growth status, so 

that agricultural production can shift from relying mainly on natural conditions and 

natural resources to the main Relying on the transformation of information resources, 

the uncontrollable industries can be effectively controlled. 
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In recent years, many people have devoted themselves to the research of modern 

agricultural information management, and put forward and designed a series of ideas. 

However, due to cost, network coverage and technical difficulties, there are many 

promotion aspects. Problems, thus restricting the promotion of modern agricultural 

technology. At the same time, citrus, as the main economic agricultural product in 

Quzhou, its growth is relatively affected by the environment [1], so the data collection 

of citrus planting environment is a very important issue. With the current development 

of ZigBee ad hoc network technology [2], ZigBee with its low power consumption, low 

cost, and high security characteristics, especially its strong networking capabilities, 

makes the collection and transmission of growth environment data It's possible. 

Moreover, with the development of modern wireless communication technology, base 

stations have been covered in some relatively remote rural areas, and low-cost public 

networks have realized the connection of Internet of Things data with Internet data, 

making it convenient for technicians to detect planting environment data and enabling 

timely According to the growth situation, the greenhouse is controlled accordingly to 

ensure the normal growth of citrus and improve its economic effect. This system is 

designed on the basis of low cost and low power consumption, which is convenient 

for promotion and plays a significant role in citrus planting. 

 

2. System Structure 

The planting environment monitoring system consists of 4 parts, including data 

collection, IoT gateway, GPRS data transmission and online data monitoring part [3]. 

As shown in Figure 1, the main function of the collection part is to collect the 

temperature, humidity, light intensity and other data inside the plantation, and 

transmit the monitoring data collected by the respective collection nodes to the Zig 

Bee coordinator for unified forwarding through the ZigBee self-organizing network. 

Then it is transmitted to the Internet through the gateway. The main function of the 

Internet of Things gateway is to gather, package and transmit data [4]. It is the core 

part of the system. The gateway uses STM32F407ZGT6 as the main control chip and 

uses the MG323GPRS module to realize the wireless sensor network and The 

intercommunication of the two heterogeneous networks on the Internet enables 

technicians to monitor environmental data online and make corresponding processing 

in time. 
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Figure 1 the structure of the data acquisition system 
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Figure 2 Wireless network node hardware structure 

 

3. Hardware implementation scheme 

3.1 ZigBee wireless communication module design 

The CC2530 is used in the communication module. CC2530 is a SOC (System On Chip) 

compatible with IEEE802.15.4 standard protocol. The 802.15.4 application market and 

ZigBee, ZigBeePR and ZigBeeRF4CE protocol standards can all be perfectly supported. 

CC2530 provides a link quality of 101 decibels [8], high sensitivity of the receiver, 

reliable equipment, multiple power supply modes, various flash memory specifications, 

and a wealth of peripheral interface devices-2 UART serial ports, 12 bits 8-channel 

ADC and 21 general-purpose GPIO ports. In addition to high-performance RF, it also 

adopts 8051 standard enhanced kernel. CC2530 can also use various TI standards or 

dedicated network protocol stacks (RemoTI, Z-Stack) to simplify the development 

process, and this design uses OSAL's Z-Stack protocol stack is developed. 

Modules can be divided into gateways and sensor nodes. As a gateway, the 
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coordinator is connected to the host computer through the CH340 serial port to USB. 

The sensor node can not only act as a router node, but also as a terminal node. It 

only needs a battery to power it, and the node can communicate through the ZigBee 

wireless connection. The hardware structure of the wireless network node is shown in 

Figure 2: 

The coordinator node is the node that collects, analyzes, processes and sends data 

from all nodes. It communicates with the computer through the URAT serial port, and 

communicates with each sensor node through the CC2530 radio frequency part. 

The running process of the sensor node program is shown in Figure 3. 
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Figure 3 Sensor node structure 

CC2530 transmission is based on extended frequency conversion. First, the hardware 

generates the transmission frame guide sequence, and each 4-bit symbol needs to be 

expanded into a 32-bit sequence and then output to the DAC. The DAC sends the 

signal to the mixer through an analog low-pass filter. The circuit can be improved by 

adding power amplification and then output to the antenna, so that the communication 

distance can reach two kilometers. 

When the network connection starts, the coordinator first connects to the host 

computer through the serial port, and then the gateway detects other ZigBee nodes; 

after the sensor terminal node is connected to the power supply, it will actively search 

for nearby gateway devices, and the indicator light will start Flashing, the indicator 

light stops flashing after the network is found and joined, which indicates that the 

node has joined the network. 

3.2 Sensor module design 

There are many dust sensors on the market, good and bad. The good ones can 

measure the concentration of 0.3-10 micron suspended particles in the air, and the 

bad ones can only distinguish the good air.A dust sensor SDS001-PM2.5 on the market 

is a very high-precision dust sensor, but the high-precision corresponding to the price 

is also too high, not suitable for mass deployment. The dust sensor is a sensor suitable 

for this design, with an accuracy of 0.8 microns, which is also very high, and 

inexpensive, suitable for mass applications. GP2Y1014AU dust sensor is shown in 

Figure 4: 
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Figure 4 GP2Y1014AU dust sensor 

Optical dust sensors are very effective in detecting fine particles, such as mosquito 

coils and smoke, and are often used in air condition detection devices for air purifiers. 

There is a hole in the center of the sensor that allows air to pass through at will. An 

infrared light-emitting diode and a phototransistor are arranged diagonally, and 

particles such as dust in the air scatter infrared light. The operating current 

consumption of this sensor is very low, and the input voltage range is wide. The output 

is an analog voltage proportional to the measured dust concentration, with a sensitivity 

of 0.5/0.1mg/m3. 

3.3 CC2530 core design 

The core circuit includes crystal oscillator, antenna and power supply. The antenna 

part needs to add a low-pass filter circuit, and the radio frequency part is the 

communication frequency of the high-frequency circuit up to 2.4Ghz. The core circuit 

is shown in Figure 5. 

 

Figure 5 Core board schematic diagram 
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3.4 Power circuit design 

As a wireless module terminal, the most important thing is true wireless, so you can 

use lithium or alkaline power supply mode. Here, four alkaline batteries are used to 

power the terminal. Each 1.5V four is 6V enough to power the module. After the 6V 

output, the chip and the sensor are powered by the voltage regulator circuit. The 

circuit diagram is shown in Figure 6: 

 

Figure 6 Power circuit diagram 

 

3.5 Voltage detection circuit 

Turn on the BATT_CHK port to enable power supply voltage detection. The voltage at 

which Q1 turns on ANIO is 2/5 of the power supply voltage. The power supply voltage 

is greater than 6V, which has exceeded the AD range of CC2530, so the voltage 

division is adopted. The specific circuit is shown in Figure 7: 

 

Figure 7  Power supply voltage detection circuit 

 

3.6 Sensor circuit design 

The sensor is an optical dust sensor that detects the concentration of dust particles in 

the air, and the output analog voltage is proportional to the measured dust 

concentration. Therefore, the output is an analog voltage, which can be recognized 

by the CPU after AD sampling. The sensor output terminal is connected to P05 of 

CC2530, so ADC channel 5 is adopted. The sensor connection line is shown in Figure 
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8: 

 

Figure 8 Sensor connection circuit 

 

Figure 9  Coordinator, terminal node 

 

4. Experimental test and analysis 

The purpose of the test is to test the distance of wireless communication, anti-

interference ability, and data communication stability. First, the communication 

distance is the test target, and the test is performed in an open place. The data is 

received every 5 seconds to check the distance at which the data is lost and record. 

Test according to the communication manual of zigbee. Experimental equipment: 1 

computer, 1 host computer software, 1 coordinator, and 1 terminal node. The 

experimental equipment is shown in Figure 9: 

4.1 Communication test steps and results 

Indoor environment test: 

The coordinator serial port is connected to the computer USB (make sure that the 
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CH340 driver is installed on the computer), open the serial port debugging tool and 

select the corresponding serial port COM number, the baud rate is 115200, the eight 

data bits, and the parity check is not. 

Hold the node device at a distance of 6 meters from the coordinator. Turn on the 

power and wait for the indicator light to go out and start timing. 

Turn off the power after 30 seconds have passed. Return, record the number of data, 

and clear the receiving area. 

Increase the distance by two meters and repeat steps 2-3. 

The experimental results are shown in Table 1: 

Table 1 Indoor experimental data 

Distance Indicator light Number of data Packet loss % Remarks 

6 off 6 0 normal 

6 off 5 17 Packet loss 

8 off 6 0 normal 

8 off 6 0 normal 

10 off 4 33 Packet loss 

10 off 5 17 Packet loss 

12 on 0 100 
unable to 

connect 

12 on 0 100 
unable to 

connect 

It can be seen from the experimental results that the normal communication and 

complete data reception can be guaranteed within 10m indoors. There will be no 

serious signal loss problems. 

Outdoor environment test: 

1. In an open open air environment, the test connection method and software 

configuration are the same as the indoor test. 

2. Hold the node device and place it at a distance of 30 meters from the coordinator. 

Turn on the power and wait for the indicator light to go out and start timing 

3. Turn off the power after 1 minute has passed. Return, record the number of data, 

and clear the receiving area. 

4. Increase the distance by 5 meters and repeat steps 2-3. 

5. When the maximum communication distance described in the manual is 75 meters, 

the step will gradually decrease. 

4.2 Sensor test 

The experiment is divided into the natural environment air quality on the test day and 

the artificial manufacturing environment test. When testing the natural environment, 

the air quality of the day’s weather forecast is used as the standard judgment basis. 
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When testing the man-made environment (open and sealed room), the air quality 

changes in different time periods are detected and the data changes are observed. 

Experimental location: Jianong Fruit and Vegetable Farm in Qujiang District 

1. The sensor nodes are taken outdoors every morning, midnight and evening for 

detection, and the detection is performed every ten minutes and the data is recorded. 

2. Record three times a day, half an hour a day for three days. 

3. Record the humidity report of the weather forecast. 

The final data results are shown in the air humidity data table in Table 2: 

Table 2 Sensor data 

Time Sensor data 
Weather forecast 

data 
Relative error 

2019.04.30 first 38 46 17.39% 

2019.04.30 second 47 59 20.34% 

2019.04.30 third 51 63 19.05% 

2019.05.01 first 50 58 13.79% 

2019.05.01 second 52 63 17.46% 

2019.05.01 third 59 70 15.71% 

2019.05.02 first 47 56 16.07% 

2019.05.02 second 42 50 16.00% 

2019.05.02 third 36 43 16.28% 

 

4.3 Summary of test results 

Observed from the test data, in terms of communication distance, indoor 

communication can be arranged in each room at most, so that the integrity and 

reliability of the data can be guaranteed. If the distance can be greatly increased 

outdoors, a sensor node arranged at a distance of 70 meters can ensure that the 

connection is online, and no data or node loss will occur. If it is a large-scale layout, 

then each network needs to be configured with a concentrator, that is, the upper 

computer of the coordinator. The upper computer can be designed separately, and 

the dedicated coordinator upper computer for embedded system development is used, 

and only the centralized transmission of data is performed. The system can use 4G 

network connection. 

In terms of test accuracy, the test accuracy cannot be done like a laser sensor, but 

the data and actual values are not difficult to refer to. The relative error is about 17%, 

which can be used as a certain reference value and provide certain help to life and 

travel. . When the pollution is serious, the changes in the environment can also be 

clearly perceived, indicating that this system is feasible. 
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5. Conclusion 

Citrus has relatively high requirements for the growth environment, whether it is light, 

air temperature and humidity, and soil moisture, all have a great impact on the quality 

of citrus. Based on this background, the article designs a data collection suitable for 

citrus planting environment The module is an extension of the Internet of Things 

technology in modern agricultural applications. Under the condition of ensuring the 

stability and reliability of the system, the hardware of each module of the system is 

based on cost considerations, ensuring the promotion of the system, and has a great 

impact on the development of citrus planting smart agriculture. Important role. 
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