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Abstract: In the last years, besides the implementation in the smart city applications, IoT has 

also found significant place in the agricultural and food production process. In the paper we 

present an innovative, power efficient and highly scalable IoT agricultural system. This system is 

based on LoRaWAN network for long range and low power consumption data transmission from 

the sensor nodes to the cloud services. Our system of cloud services is highly scalable and 

utilizes data stream for analytics purposes. This system was designed for agricultural purposes 

where there is a need for lots of sensors that generate streams of data which needed to be 

analyzed. Besides the main purpose for this system to be used in agriculture, it can easily be 

applied to other social and production processes that have similar needs. This system consists of 

LoRaWAN network for data transmission between the sensor nodes and backend cloud services.  
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1. INTRODUCTION 

The IoT is perfect match for precision agriculture due to its highly interoperable, scalable, 

pervasive and open nature. There are a lot of IoT derived technologies and all of them bring 

various benefits including reducing the risk of vendor lock-in, adopting machinery and better 

sensing/automation systems. Being motivated by the above benefits and potentials of IoT applied 

in precision agriculture, considering the non-existence of complete reliable well-established and 

standard solution yet, we designed our model. In this paper we will propose a solution that 

provides easy and inexpensive network scalability, while maintaining the possibility of placing 

sensor nodes at a great distance from the base station which reduces the complexity and the cost 

of the overall network. Our model architecture is highly customizable and provides data analytics 

solution, enables large-scale data processing on real time observation streams of data coming 

from variety of sources, such as sensory network, weather forecasting services, etc. In our 

solution we use LoRaWAN LPWAN (low-power wide-Area Network) as a transmission 

protocol that is designed by the LoRa Alliance and meets the need of the IoT services.         

  

2. SYSTEM ARCHITECTURE  

The proposed system architecture is illustrated in Fig. 1. It includes three parts, i.e., Device, 

Cloud and Application.   
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Fig.1 Illustration for System Architecture 

 

A. Device 

There are so many sensors and gateway is used. Sensors are responsible for sensing and 

reporting status information of agricultural land which can be the core component of this 

agricultural system. It sends data through LoRa to gateway, and this information is transmitted to 

LoRa cloud server via Long Term Evolution (LTE) network or Ethernet. As a relay node, 

gateway is responsible for the data forwarding between nodes and server. The details of sensors 

and gateway are provided in the next section [1]. 

B. Cloud 

The cloud is mainly responsible for data processing, storage and providing APIs to the 

application. In order to ensure the scalability of the system, the cloud is divided into two parts, 

i.e., LoRa server and service server. The gateway communicates with the LoRa server directly. 

The communication protocol between gateway and LoRa server is User Datagram Protocol 

(UDP). LoRa server is responsible for validation, decryption, and analysis of data received from 

gateways. Cloud server is mainly responsible for data storage and implementation of HTTP and 

MQTT interfaces for both LoRa server and applications. LoRa server and cloud server interact 

with each other through MQTT and HTTP protocol [1]. 

C. Application 

By using the APIs provided by cloud server, diverse applications can be offered in 

application part, i.e., web applications, mobile applications developed in Android are iOS 
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platforms. Users can obtain the status of sensors in the field via application, and can also control 

the motor by sending control commands through applications. 

 

3. SYSTEM IMPLEMENTATION 

(i) Devices: 

The smart agriculture system is mainly consists of two parts, i.e., sensors and gateway. Sensors 

are used to sense the agricultural land and interact with gateway. Gateway is used to transfer 

signals between server and device. Details on sensors and gateway are described as follows. Here 

we use four sensors, i.e., temperature sensor, humidity sensor, flame sensor and vibration sensor.  

 
Fig.2 Structure of Agriculture System 

a) Temperature sensor 

       Temperature sensor is used to measure the temperature through an electrical signal. The 

LM35 series are precision integrated-circuit temperature devices with an output voltage linearly-

proportional to the centigrade temperature. The LM35 device has an advantage over linear 

temperature sensors calibrated in Kelvin, as the user is not required to subtract a large constant 

voltage from the output to obtain convenient centigrade scaling. The LM35 device does not 

require any external calibration or trimming to provide typical accuracies of ±¼°C at room 

temperature and ±¾°C over a full −55°C to 150°C temperature range. The low-output 

impedance, linear output and precise inherent calibration of the LM35 device makes interfacing 

to readout or control circuitry especially easy. 

b) Humidity sensor 

        A humidity sensor senses, measures and reports both moisture and air temperature. 

Humidity sensors work by detecting changes that alter electrical currents or temperature in the 

air. The sensor is composed of two metal plates and contains a non-conductive polymer film 
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between them. This film collects moisture from the air, which causes the voltage between the 

two plates to change. These voltage changes are converted into digital readings showing the level 

of moisture in the air.  

c) Flame sensor 

       A flame detector is a sensor designed to detect and respond to the presence of a flame or fire. 

A flame detector can often respond faster and more accurately than a smoke or heat detector due 

to the mechanisms it uses to detect the flame. A flame sensor module that consists of a flame 

sensor (IR receiver), resistor, capacitor, potentiometer, and comparator LM393 in an integrated 

circuit. It can detect infrared light with a wavelength ranging from 700nm to 1000nm. The far-

infrared flame probe converts the light detected in the form of infrared light into current changes. 

Sensitivity is adjusted through the onboard variable resistor with a detection angle of 60 degrees. 

Working voltage is between 3.3v and 5.2v DC, with a digital output to indicate the presence of a 

signal. Sensing is conditioned by an LM393 comparator. 

d) Vibration sensor 

        It works on Electro-Mechanical principle. Vibration velocity sensor operates in accordance 

with the Electro dynamic principle and is used for measuring the bearing absolute vibration 

based on the piezoelectric effect. The change in resistance due to the force acting on it and 

convert it into 4-20mA. They are measuring differences in oscillation. The piezo electric based 

vibration sensor detects the vibration created on the surface. Shock sensor can also be used to 

detect vibration. 

e) Water level sensor 

Water level sensors detect the level of liquids and other fluids and powders that exhibit 

an upper free surface. Substances that flow become essentially horizontal in their containers (or 

other physical boundaries) because of gravity whereas most bulk solids pile at an angle of repose 

to a peak. There are many physical and application variables that affect the selection of the 

optimal level monitoring method for industrial and commercial processes. The selection criteria 

include the physical: phase (liquid, solid or slurry), temperature, pressure or vacuum, chemistry, 

dielectric constant of medium, density (specific gravity) of medium, agitation (action), acoustical 

or electrical noise, vibration, mechanical shock, tank or bin size and shape. 

 
Fig.3 Different Sensors 
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(ii) Gateways: 

As shown in Fig. 4. The gateway consists of three functional modules, i.e., the host, the LoRa RF 

transceiver and GPS module. The host is the bridge between LoRa RF transceiver used and LoRa 

server through UDP link and send message to LoRa RF. The LoRa RF transceiver is used to 

receive and demodulate RF packets, meanwhile, emit and modulate RF packets. The GPS 

module is used to provide location information.  

 
Fig.4 Different Gateways 

 

(iii) Cloud: 

LoRaWAN nodes in our system are separated into two groups (collectors and executors). 

Collectors are nodes equipped with variety of sensors that collect and transmit data to our cloud 

services, while executors are nodes equipped with actuators for controlling the automatic 

sprinklers. The whole architecture is flexible, scalable and extensible. It is not dependent on any 

platform and can easily be extended with other services and IoT network types. Its performance 

can be increased with just spawning new instances of the cloud services (e.g. if the analytics 

service is overloaded, we can instantiate new instance from the service to share the load). 

 
Fig.5 LoRaWAN Protocol 

 

(iv) Applications: 

A mobile application can be used to control the smart agriculture system. We provide both 

Android and iOS application to interact with the cloud platform. A mobile application mainly 

provides three functions, i.e., view device status, send on/off command in schedule, control 

devices in group. An android application is provided by figure 6. 
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Fig.6 Android Application 

 

4. DESIGN OF SMART AGRICULTURE SYSTEM 

This service collects and stores data using event sourcing pattern. The TTN platform routes the 

data to our REST endpoints which only publish the message to the queue (service bus). The data 

analytics service purpose is to extract knowledge from the raw data that was collected from the 

sensors, or to send a command via remote control service to the actuators connected on the 

network. This service has three access points. First access point is used for requesting some static 

data or calculation via the dedicated REST API to this service responsibility is to manage and 

control the executor nodes that are connected to the network. It is also designed like a consumer 

on the service bus (message queue) similar to the data collection service. Remote control service 

receives the control messages from the queue which may be sent by the data analytics service or 

the user from the web presentation. 

 

5. EXPERIMENTAL RESULTS AND ANALYSIS 

Figure 7 illustrate the experimental results and analysis. In this project we use five sensors. We 

discuss the detailed features and functions of these sensors in the above section. If the 

temperature sensor detects the high level of temperature the buzzer will goes on. If the humidity 

level reaches to the high or low the humidity sensor will sends and run the buzzer. If the flame or 

fire detects the flame sensor LED will glow and motor will be on. If the vibration sensor detects 

any objects vibration it will end alert message the same case will repeat if the water level goes 

high or low. 

 
Fig.7 End Devices 
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6. CONCLUSION 

The communication technologies of IoT play a very important role in smart agriculture system. 

This paper proposes a smart agriculture system based on LoRa technology. In order to validate 

the excellent performance of the proposed agriculture system, experiments have been carried out. 

Experimental results validate the applicability of the proposed system. At the same time, the 

advantages of LoRa technology adopted in smart agriculture system have been shown by 

experiments. The system proposed by us facilitates more efficient, also minimizes the cost of 

deployment and maintenances. The communication distance between the sensors and gateway is 

upto 8km, thus the agriculture system can cover upto 200 hectares. By mobile app, users can 

control the agriculture system remotely and check the status of system in time. It is believed that 

adopting LoRa technology significantly simulate development of smart city applications. Of 

course, we have a lot of follow-up work to do to make the system more intelligent and precise 

controlling. 

 

REFERENCES 

1.  Wenju Zhao, Shengwei Lin, Jiwen Han, Rongtao Xu, Lu Hou, “Design and implementation of 

smart irrigation  system based on LoRa”, Intelligent computing and communication Lab, 978-1-

5386-3920-7/17/$31.00 2017 IEEE 

2. M. Centenaro, L. Vangelista, A. Zanella, M. Zorzi, "Long-range Communications in Unlicensed 

Bands: The Rising Stars in the IoT and Smart City Scenarios", IEEE Wireless Communications, 

vol. 23, no. 5, pp. 60-67, 2016.  

3. L. Vangelista, A. Zanella, M. Zorzi, "Long-Range IoT Technologies: The Dawn of LoRa™" in 

Future Access Enablers of Ubiquitous and Intelligent Infrastructures, Springer, pp. 51-58, 2015.  

4. C. Goursaud, J.-M. Gorce, "Dedicated networks for IoT: PHY/MAC state of the art and 

challenges", EAI endorsed transactions on Internet of Things, 2015.  

5. D. Bankov, E. Khorov, A. Lyakhov, "On the Limits of LoRaWAN Channel Access", Engineering 

and Telecommunication (EnT) 2016 International Conference on, pp. 10-14, 2016.  

6. K. Mikhaylov, J. Petäjäjärvi, T. Hänninen, "Analysis of the Capacity and Scalability of the LoRa 

Wide Area Network Technology", Proceedings of 2016 22nd European Wireless Conference, 

May 2016.    

7. F. Adelantado, X. Vilajosana, P. Tuset, B. Martinez, J. MELIA-SEGUI, T. Watteyne, 

"Understanding the Limits of LoRaWAN", IEEE Communications Magazine, June 2017.  

8. N. Abramson, "THE ALOHA SYSTEM: Another Alternative for Computer 

Communications", Proceedings of the November 17–19 1970 Fall Joint Computer Conference 

AFIPS '70 (Fall), pp. 281-285, 1970.    

9. A. Augustin, J. Yi, T. Clausen, W. M. Townsley, "A Study of LoRa: Long Range & Low Power 

Networks for the Internet of    Things", Sensors, vol. 16, no. 9, pp. 1466, 2016. 

10. L. Vangelista, A. Zanella, M. Zorzi, "Long-Range IoT Technologies: The Dawn of LoRa" in 

Future Access Enablers of Ubiquitous and Intelligent Infrastructures, Springer, Cham, pp. 51-58. 

International Journal of Scientific Research and Review

Volume 8, Issue 3, 2019

ISSN NO: 2279-543X

Page No: 232

https://scholar.google.com/scholar?as_q=Analysis+of+the+Capacity+and+Scalability+of+the+LoRa+Wide+Area+Network+Technology&as_occt=title&hl=en&as_sdt=0,31
https://scholar.google.com/scholar?as_q=THE+ALOHA+SYSTEM:+Another+Alternative+for+Computer+Communications&as_occt=title&hl=en&as_sdt=0,31

