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Abstract 

In recent years, the Internet of Things industry has developed rapidly, and the 
application of the Internet of Things system in the agricultural field has become more 
and more extensive. This paper briefly describes the design of the Internet of Things 
smart agriculture control system based on Niagara4. Complete the connection between 
hardware and software based on the general environment of Niagara4. Remote 
monitoring and control of agriculture and intelligent decision-making through wireless 
networks. 
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1. INTRODUCTION 

China has always been a large agricultural country since ancient times, with a long history of 
farming and complex technology inheritance. With the development of China's urbanization 
process, more and more people gather in cities, and the demand for agricultural and sideline 
products is gradually increasing, the growth of people’s pursuit of healthy diet, the demand of 
fruits and vegetables also increase. The original agricultural greenhouse cultivation technology 
is not enough to meet the current needs [1, 2]. 

With rapid development in recent years, the Internet of Things (IoT) technology has been 
widely used in various industries. The application of the Internet of Things in agriculture is also 
becoming more widespread. Observing from the more developed areas such as North America, 
the technical of IoT system monitoring is gradually established and improved [3]. Make full use 
of the IoT technology to improve the existing agricultural management model, improve 
agricultural production efficiency, achieve farm production, management refinement, 
intelligence, and improve the quality of agricultural products [4, 5]. 

2. IOT CONTROL SYSTEM DESIGN 

The system is divided into two parts: PLC-based equipment, and Niagara4-based control 
program.  

Based on Niagara4, the information transmission between the device and the software is 
realized. The information collected by the sensors and other devices is transmitted to the 
Niagara4 from the PLC through the ZigBee network [6], then the data would be packaged and 
sent to the control program through Niagara4. The control system consists of a user interface, a 
calculation program for processing and calculating data, and an information reporting and 
alarming system. The control program is built by Unity 3D [7]. Niagara4 communicates with the 
control program using the MQTT protocol [8]. The video information of the video monitoring 
device is directly connected to the control system. The overall design concept is shown in Figure 
1. 
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Figure 1. Control program overall design concept 

 

Information collection mainly includes agricultural related information such as soil moisture, 
temperature, light intensity, and carbon dioxide concentration. A variety of sensors involved are 
connected to the device using the RS485 communication protocol, and devices such as motors 
and lights are controlled by contactors. The control system includes two sets of application 
interfaces on the PC side and the mobile phone Android side, and is connected through a 
wireless network connection. The control system consists of three modes of operation. 

The non-intervention mode: the Niagara4 preset command is used to execute the control or 
the control system is offline; 

The automatic mode based on data: the system program calculates and determines the 
operating state of each device according to various collected data; 

Manual mode: controls the device according to the needs of the operator. 

The non-intervention mode of work has a lower priority. The automatic mode and the manual 
mode have the highest priority and the two modes of operation are not compatible. Only one 
operation mode can be used. When the manual mode is activated, devices not involved are still 
operating in the non-intervention mode. 

3. SETTINGS OF NIAGARA4 

Data acquisition and device control are relayed through the Niagara4 platform, and Niagara4 
contains the basic control program for the device. Niagara4 provides a common environment 
that can be used as a middleware in an IoT system to realize a "device-related device-to-device 
system-independent" conversion [9]. 

3.1. Settings of Sensors 

The entire system contains a variety of sensors for different uses, and each sensor needs to 
be set separately in Niagara4. The settings mainly include addresses, calculation formulas, and 
sub-categories. The sensor address settings are shown in Figure 2. 
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Figure 2. Part of the sensor address setting  

 

The data returned by each sensor is calculated by an independent calculation formula to 
obtain the corresponding result. As shown in Figure 3, the upper part is the temperature in a 
certain part of the system, and the humidity is displayed by the lower part at the same point. 

 

 

Figure 3. Temperature and humidity data collected 

3.2. Settings of Control Device 

The default setting mainly uses two methods: using schedule and comparing sensor date.  
For example, Figure 4 shows Niagara4 setting of the greenhouse ventilation system. 

The device corresponds to four operating states, and the final operating state is the operating 
state with the highest priority. The module named "BooleanWritableFan8" represents this 
device, in Niagara4.  

(1) According to the setting of the schedule, the ventilation setting will be automatically 
turned on within the specified time period, with the lowest priority (“in16”);  

(2) According to the direct comparison between the measured temperature of the sensor and 
the relevant data, the device switch is determined, and the priority is higher (“in10” and “in11”); 

(3) The decision of the control system determines the operation of the equipment, with the 
highest priority (“in5”). 
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The working state corresponding to "in5" has the highest priority, "in10" is second, "in11" is 
third, and "in16" is the lowest. In the current state, the module runs as the working state 
corresponding to "in11". 

 

 

Figure 4 Ventilation device control settings in Niagara4 

4. CONTROL PROGRAM 

The control program consists of three main parts: the user interface, the calculation program, 
and the monitoring system. In the user interface, managers can view current information, 
retrieve historical data, change work patterns as needed, and enter the monitoring system. The 
calculation program mainly serves the automatic working mode, and dynamically modifies the 
running status of each device according to the parameter settings.  

The data collected by the sensors and the operation of the devices can be viewed in the user 
interface. Data information includes temperature, humidity, light intensity, carbon dioxide 
concentration, soil PH value, etc. And equipment operation information includes equipment 
working status, cumulative working hours, current working hours, etc. 

Working mode can select disposable completion settings and single device settings. The 
automatic working mode has preset setting parameters, which can be selected as needed. At the 
same time, you can fine tune as needed, or you can add presets as needed. The control program 
will call the calculation program to calculate and implement automatic control. The monitoring 
device is directly connected to the control system via a wireless network. 

5. INFORMATION AND SECURITY 

The control program has an account number and password to ensure the safety of the control 
system. Niagara4 collects data about the environment and the running state of the equipment 
through sensors. According to the logic judgment whether break through the critical value. If 
the critical value is exceeded, the alarm information is generated and transmitted to the control 
program. The control program calculates the range of normal values of the environment and 
equipment status during the operation of the device, and returns Niagara4.  

Information is classified as alarm information and routine information. 

The alarm information is displayed on the user interface in different ways according to the 
threat level. When the equipment alarms, the system intelligently calculates and infers the cause 
of the problem based on the alarm information, and provides the corresponding data and 
solutions. Then the system notifies the relevant staff for troubleshooting and equipment 
maintenance. 
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Conventional information is systematically collected and collated into historical records for 
later reference. According to the comparison between the cumulative running time of the 
equipment and the average life of the equipment, when the cumulative running time reaches a 
certain value, the system generates prompt information to prompt the operator for 
maintenance or replacement. 

6. CONCLUSION 

With the continuous development of image recognition technology, if image recognition 
technology is added to the control system, crop growth can be effectively monitored, relevant 
data can be analyzed, and recommendations can be made. Industrial robots combined with 
image recognition technology can realize agricultural automatic picking function. With the 
advancement of science and technology, agriculture is developing in the direction of high 
efficiency, science and intelligence, and it provides great help for green food. 
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