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ABSTRACT:  In recent years, Distributed Wireless sensor technology becomes very popular and extensively used in 
the scientific world. The WSN helps in the advancement of the current developing and rapidly changing technology. 
Power management, cost-saving and labour-saving is always a major issue in the research field of wireless sensor 
networks. This paper gives a review of some existing or proposed systems based on the different technologies and also 
focuses on generic automated irrigation system based on WSN with GSM-ZigBee for remote monitoring and 
controlling devices. The objective is to make use of wireless sensor network and communication technology such as 
ZigBee and GSM in industrial field to make low-cost automated irrigation system to monitor the condition of the soil 
and to lower the energy consumption. The system helps the farmer to monitor and control the parameters of the soil 
such as air temperature, humidity, soil moisture. At any abnormal condition, the farmer is informed and will be able to 
take actions remotely by using GSM. Due to its lower energy consumption and low cost, the system has the potential to 
be useful in semiarid or arid areas. 
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I. INTRODUCTION 
 
Irrigation is the application of water to the land or soil. It is an essential in all agriculture cropping systems. Agriculture 
requires usage of plenty of water. There is abundant of water on our planet. However, about or less than 1 % of the 
water is available for human use and approx.  70% is used for irrigation. Therefore, it becomes important to minimize 
the water waste. There are many irrigation systems are available, but most of them requires a lot of power that makes 
difficult for the farmers to gain information regarding soil or weather conditions. As a result, farmers suffer a lot. To 
overcome this issue, wireless sensor network and ZigBee technology is used. 
A WSN is a distributed network of tiny, lightweight wireless nodes that are implemented with sensors which provide 
real-time monitoring and controlling solutions. Sensor nodes are the basic part of the wireless sensor network. A typical 
node of wireless sensor network consists of a transceiver, sensors, memory and power source and it has the ability to 
sense, process the sensed data and communicate with each other. Therefore, the sensor node plays an important role in 
agriculture.  It is a reliable, high performance and cost effective solution through which many parameters can be 
controlled such as temperature, humidity, soil moisture and much more. 
ZigBee is IEEE 802.15.4 standard technology, used for short range WSN with small, low-power digital radios. It was 
selected for battery operated sensor network because it is simpler, less expensive, low power consumption and greater 
useful range as compared to other wireless networks (WPANs) such as Bluetooth or Wi-Fi. ZigBee devices can 
transmit the data over long distance through mesh networking where intermediate devices are used to reach more 
distant ones. The ZigBee communication protocol is basically useful for low data rate applications such as control and 
monitoring systems that require long battery life, short range and secure networking. 
Features:  

 Low battery consumption. The ZigBee devices can operate for months or even years without battery 
replacement.  

 Low cost. 
 The low data rate, maximum data rate is 250Kbps. 
 Easy to implement. 
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 Supports up to 65,535 nodes connected in a network. 
 More reliable as Channel access using Carrier Sense Multiple Access with Collision Avoidance (CSMA - CA). 
 A ZigBee end device can be in sleep mode and still keep its association with its network. 

 
II. LITERATURE SURVEY 

 
WSNs have been widely used in many irrigation systems to obtain accurate results. Each application has its own 
characteristics and objectives. [15] Proposed an economical and generic automatic irrigation control system using GSM 
and Bluetooth. This paper gives a detailed survey of various remote monitoring and control systems based on different 
technologies. In the proposed system, both GSM and Bluetooth modules are interfaced with the 8-bit microcontroller. 
GSM is used for remote monitoring and controlling the devices via messages and Bluetooth was also used for the same 
purpose but within a range of few meters which eliminates the cost of network usage to a great extent. If the moisture 
or temperature exceeds the predefined threshold values then the system informs the user via SMS from the GSM 
Module to the user's smartphone and actions will be taken by the user accordingly. But this system was not efficient for 
strong real-time monitoring. 
[2] Proposed, the ARM control based Drip irrigation system for sensing various parameters of the soil. The proposed 
system utilizes micro sensors for N, P, K measurement, temperature, humidity, soil moisture, soil PH for the agriculture 
environment and interfaced with ARM LPC2148 Microcontroller. The content measurement of N, P, K elements helps 
to decide fertilizers requirement and also useful to manage the content of these elements in chemical mixing during the 
formation of fertilizers. This system uses a wired communication network to control the valves of the drip irrigation 
system. 
[5] Proposed, an automatic irrigation system using ZigBee and WSN to make effective utilization of water resources 
for agriculture. It consists of distributed wireless sensor system consisting soil moisture and temperature sensors fixed 
near roots of the plants and all the components are powered by a solar panel for charging the battery so that need not to 
worry about the battery replacement every time. All the data received from the wireless sensor unit is identified, 
recorded, analysed and the information is transferred to the web server via GPRS Module. The farmer can set crop 
types such as Wheat, Bajra, Rice, and Jowar in the master node. Moisture, temperature and humidity value required for 
a particular crop are set in the microcontroller as a threshold value. The actual values are compared with the threshold 
values. If the actual value crosses the threshold values then corresponding pump, buzzer, fan is switched on.  In future 
mobile can be used to receive messages directly instead of PC. 
Gutierrez, Jessica, et al.[1] proposed an automated irrigation system using GPRS Module for the effective 
utilization of water in agriculture. It consists of distributed wireless sensor unit with soil moisture and temperature 
sensors deployed in plant root zones. The data from the wireless sensor unit is transferred to the main controller where 
the data is identified, recorded and analysed. This main controller permits the automated activation of irrigation when 
the threshold value of soil moisture and temperature are reached. The communication between the sensor node and the 
main controller is via ZigBee protocol under the IEEE 802.15.14WPAN.The receiver unit also has a duplex 
communication link based on a cellular-Internet interface, using general packet radio service (GPRS) protocol, which is 
a packet-oriented mobile data service used in 2G and 3G cellular global system for mobile communications (GSM)[1]. 
The data is allowed to transfer to the web server in real time through the internet, where the soil moisture and 
temperature levels are graphically displayed and stored in a database server. 
Patel, Nirmit, and Nilseh Desai[4] proposed a system that aims in designing an automatically operated system 
which is capable of controlling the electrical devices based on sensor unit. The system uses solar panel for power 
supply and charging battery for WSN. The entire system is divided into two parts one is WSU (wireless sensor unit) 
and another is WUI (wireless information unit). WSU contain all sensors and ZigBee transmitter which is located in the 
field section of the soil. WIU contain ZigBee receiver, Wi-Fi module and electrical devices coolant fan and motor 
pump and buzzer which is located in the monitoring section of control room. Whenever the sensors unit gets the input 
from respected sensors like temperature LM35 sensor, water level indicator sensor LM324 and Gas leakage detector 
these inputs are fed to the ARM 7 microcontroller and the controller takes the responsibility to transmit the monitored 
data to the monitoring section using ZigBee module. The Another ZigBee module which is located at monitoring 
section receives the data and fed as input to another ARM-7 Microcontroller performs an appropriate task related to the 
data received like motor ON/OFF control, fan as coolant control system. The data is also transmitted directly to the 
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predefined web page using router connected to Wi-Fi wireless network. The monitored data displays the status directly 
to the webpage. 
 
A. Limitations of the Existing System  

 
 All the proposed systems have used the star topology. This topology consists of a central node to which all 

other nodes are connected. But if the central node fails then the entire system is affected.  
 PC incurs additional cost, although one can monitor and control devices remotely from any part of the world 

provided internet access is available. 
 Normally farms are very far from the house so the farmers have to travel to the farm for irrigating the crops 

which cause inconvenience, takes time and requires fuel consumption. There should be a way through which 
user can perform various actions remotely.  

 Security is always a major concern in everywhere. In dry or hot season, the outsider can use the water tank to 
irrigate their own crops.  

 Low-cost product with more features always a requirement.  
 If the farmer is out of his farm then in any emergency he should be notified automatically.  
 As the farmers does not know the technical details of the device. Data is displayed in terms of values which 

are difficult for the farmers to understand.  
 

III. AUTOMATED IRRIGATION SYSTEM 
 
The objective is to make use of wireless sensor network and communication technologies like ZigBee, GSM in 
industrial field to design a remote control and monitoring system for farmers that would graphically represent the soil 
condition of the crop distantly using ZigBee. At any abnormal condition, an alarm is raised and an alert message is sent 
to the user via GSM so that user can remotely perform an action by sending a message. 
A. System Architecture 

Fig 1 shows, the designed system with two nodes i.e.  Sensor node and Coordinator node, linked by radio 
transceivers that allow the transfer of sensor data using ZigBee technology. The coordinator node receives, analyse 
and store the data to the database. 

 
Figure 1: Architecture of Automated Irrigation System 

 
1) Sensor Node:A node is comprised of RF transceiver, Sensors, a microcontroller and Power sources. The number 

of WSUs can be deployed in the field to configure a distributed sensor network. Each unit is cable to route the 
sensor data with some delay of seconds to the Coordinator node via ZigBee. The sensor unit supports sleep mode 
to decrease power consumption by transmitting data at one-minute interval. 
For our implementation, AVR microcontroller is used which is a 32-bit RISC microcontroller with Harvard 
architecture. AVR is selected due to its high performance and lower power consumption functionality and offers 
wide range of innovative technical features. AVR also have some standard features such as on-chip 32K program 
ROM, 2K data RAM, 1K data EEPROM, 3 timers and 32 I/O pins. It also has some additional features like Analog 
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to Digital converter(ADC), PWM and different serial interface such as UART, SPI, I2C, CAN, USB. The AVR is 
preferred because it is easy to program in embedded C and inexpensive with low power consumption. 
The system utilizes different sensors to control and monitor the various parameters of the soil such as Soil 
temperature sensor, Humidity sensor, soil moisture sensor. Fire sensor is used for fire detection. Grove soil 
moisture sensor, DHT11 humidity sensor and Fire sensor is used. Measuring soil moisture is important to get the 
information regarding the exact quantity of the water needed to irrigate the crops. Humidity sensor gives two 
parameters; humidity and air temperature. The sensor has a crucial role in plants growth; low temperature causes a 
decrease in the absorption and movement of water in the plants and low humidity causes fast transpiration. Fast 
transpiration means the plants using lots of water (nutrients).  

2) Coordinator Node:The soil moisture, humidity and temperature data from the WSU are transferred to the 
Wireless information unit via ZigBee receiver. The PC with GSM and ZigBee is used as a Coordinator node to 
identify and analyze the data. Farmers can easily visualize the condition of the soil through graph. The collected 
data is updated to the MySQL database by which one can easily check the previous day’s data and make an 
appropriate decision for the crops. The user is allowed to set the threshold value for the particular crop. If the 
running value crosses the threshold value then a warning message is sent to the user mobile device via GSM. In 
case of fire, an alert message is displayed on the screen as well as send to the user’s mobile. The user can also 
perform an action through an on/off message. 
 

IV. WORKING 
 

The designed system consists of three nodes, Node 1 and Node 2 called as sensing node and node 3 is a 
Coordinator node. Coordinator node plays an important role in the automated irrigation system. Node1 and Node 2 
perform the same operation as it senses the information by using sensors and this sensing information is transferred 
to the ADC. The ADC is inbuilt in AVR microcontroller where ADC converts the Analog data to digital data and 
transfer to the UART for serial communication. The ZigBee communication protocol is used for a wireless 
transmission of data. ZigBee transmits the data of Node1 and Node2 to the Coordinator node where ZigBee 
receiver connected to PC receives and display the data graphically on the screen. For any particular crop, the 
threshold value can be set by the user and compare the threshold value with the actual value. If the threshold value 
exceeds the actual value then automatically alarm is raised and message is sent via GSM on the registered number. 
In case of fire, an alert message is sent to the user mobile. LED is used in place of pump so that a message can be 
sent by the user to on/off LEDs. 

 
Figure 2 Workflow of the Automated Irrigation System 
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Figure 3 Interfacing Diagram:DHT11 is interfaced with atmega32 via PINC0, VCC and Ground. Grove soil moisture sensor interfaced via PIN A1. 

Zigbee is connected to Port D. 
 

V. EXPERIMENTAL RESULTS 
 

These are the following results after receiving the data from different nodes: 
 Sensor node read the data from different sensors and transmitted the serial data to the coordinator node via 

ZigBee. The ZigBee works as a transmitter whereas at the coordinator node ZigBee works as a receiver.  
Figure 4 shows, Atmega32 Microcontroller are interfaced with DHT11, Soil Moisture sensor and Fire Sensor. 
Microcontroller read the data and transfers to the main controller via ZigBee Transceiver. 
 

 
Figure 4: DHT11, Fire Sensor, Grove soil moisture sensor and ZigBee interfaced with Atmega 32 

 
 Matlab software is used for creating the GUI and connected with MySQL Database. In figs 4, (a) shows Real-

time sensor data i.e. Humidity, Temperature and soil moisture is presented graphically with respect to time 
and the user can also set the threshold value according to crop in the text box. (b) Shows, the threshold value 
of the temperature exceeds and a warning message is displayed on the screen. 
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(a)        (b) 

Figure 5: (a) Humidity, Temperature and Soil Moisture represent graphically (b) Warning message displayed on the screen ‘Temperature is High”. 
 

 The database using MySQL open source software created. In Database, the values of the sensor are stored 
with date and time. Figure 6 Shows, Table of Humidity, Temperature and soil moisture real time data with 
date and time. 
 

 
Figure 6:  MySQL Database to store sensor value with date and time. 

 
VI. CONCLUSION 

 
In this paper, detailed study and literature survey of various automated irrigation system have been presented. We 
have successfully designed a remote control and monitoring system for farmers that will graphically represent the 
soil condition of the crop distantly using ZigBeeThe designed system is Power-efficient, cost-effective and user-
friendly that is efficient enough to monitor the crop condition and remotely control the peripherals of the irrigation 
system which will make the job of the farmers easier.This system is scalable, as it allows any number of devices to 
be added with no major changes in its core architecture. Currently, the soil humidity, soil moisture sensor and fire 
sensor has been successfully interfaced with Atmega32. Wireless transmission between sensor and coordinator 
node is done through ZigBee. GSM is used as a remote controller to perform action remotely if the user is out of 
range. In future, the following points will be covered. 
 At least the network of three or four nodes will be created using mesh networking. 
 More sensors will be interfaced such as pressure sensor to know weather conditions, Soil temperature sensor 

and PH sensor to make the system much more efficient. 
 The software will be developed on the server where a user can view the sensor data and schedule the irrigation 

schemes remotely. 
 Creating a mobile application to retrieve information related to soil and perform actions remotely using Wi-Fi 

or GPRS. 
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 Security is always a major concern. Encryption of data will be done if needed. 
 Providing the data in more precise and accurate way as industrial application require 99% accuracy for its 

system deployment in the practical field. 
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