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Abstract— An automatic irrigation system was developed to 

optimize water uses for agricultural crops. The main 

objective is to provide an energy efficient algorithm for 

wireless sensor network used in irrigation system to 

minimize power consumption. Communication between the 

sensor nodes and the data receiver is done via Zigbee 

protocol. Internet link allows supervision through mobile 

telecommunication devices, such as a Smartphone. The 

irrigation system can be adjusted to a variety of specific crop 

needs and requires minimum maintenance. The system has a 

distributed wireless network of soil-moisture and temperature 

sensors placed in the root zone of the plants to detect the 

water level and temperature respectively. This work 

describes details of the design and instrumentation of 

variable rate irrigation, a wireless sensor network, and 

software for real-time in-field sensing and control of a site-

specific precision linear-move irrigation system. This work 

also introduces the Soil moisture collection in a Precision 

Irrigation System using the new platform, named DZ50, 

which is based on the ATmega328P micro-controller and the 

RFM12b transceiver, and consumes very low energy in low-

power mode. 
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I. INTRODUCTION 

An agricultural country like India has been following the 

traditional methods for irrigation. Availability of energy is 

one of the important factors in the irrigation system. The use 

of traditional irrigation techniques considerably reduces 

water preservation. More than 50% of water would be lost in 

the irrigation, to overcome this problem the need of an 

efficient irrigation control system using a wireless sensor 

network. 

An alternative parameter to determine crop 

irrigation needs is estimating plant evapotranspiration (ET). 

ET is affected by weather parameters, including solar 

radiation, temperature, relative humidity, wind speed, and 

crop factors, such as stage of growth, variety and plant 

density, management elements, soil properties, pest, and 

disease control [8]. Systems based on ET have been 

developed that allow water savings of up to 42%on time-

based irrigation schedule [9]. In Florida, automated 

switching tensiometers have been used in combination with 

ET calculated from historic weather data to control 

automatic irrigation schemes for papaya plants instead of 

using fixed scheduled ones. Soil water status and ET-based 

irrigation methods resulted in more sustainable practices 

compared with set schedule irrigation because of the lower 

water volumes applied [10]. 

An electromagnetic sensor to measure soil moisture 

was the basis for developing an irrigation system at a 

savings of 53% of water compared with irrigation by 

sprinklers in an area of 1000 m2 of pasture [1]. A reduction 

in water use under scheduled systems also have been 

achieved, using soil sensor and an evaporimeter, which 

allowed for the adjustment of irrigation to the daily 

fluctuations in weather or volumetric substrate moisture 

content [1]. 

A system developed for malting barley cultivations 

in large areas of land allowed for the optimizing of irrigation 

through decision support software and its integration with an 

infield wireless sensor network (WSN) driving an irrigation 

machine converted to make sprinkler nozzles controllable. 

The network consisted of five sensing stations and a weather 

station. Each of the sensing stations contained a data logger 

with two soil water reflectometers, a soil temperature 

sensor, and Bluetooth communication. Using the network 

information and the irrigation machine positions through a 

differential GPS, the software controlled the sprinkler with 

application of the appropriate amount of water [7]. 

When the moisture level reaches the pre-set level, 

flow of water in the pipe adjusted accordingly. All the 

information such as flow, water pressure, moisture content 

etc. updated in the database along with time by which one 

can check the status of moisture level and motor running 

time on display and also on mobile via GSM [3] A data 

acquisition system was deployed for monitoring crop 

conditions by means of soil moisture and soil, air, and 

temperature measurement in cropped fields. Data were 

downloaded using a handheld computer connected via a 

serial port for analysis and storage [12]. 

A hard-wired system from in-field sensing stations 

to a base station takes extensive time and costs to install and 

maintain. It may not be feasible to hard wire the system for 

long distances, and it may not be acceptable to growers 

because it can interfere with normal farming operations. A 

wireless data communication system can provide dynamic 

mobility and cost free relocation. Radio frequency (RF) 

technology has been widely adopted in consumer wireless 

communication products, and it provides numerous 

opportunities to use wireless signal communication in 

agricultural systems [2]. 

The deployment of an automated irrigation system 

based on microcontrollers and wireless communication at 

experimental scale within rural areas is presented. The aim 

of the implementation was to demonstrate that the automatic 

irrigation can be used to reduce water use. The 

implementation is a photovoltaic powered automated 

irrigation system that consists of a distributed wireless 

network of soil moisture and temperature sensors deployed 

in plant root zones. Each sensor node involved a soil-

moisture probe, a temperature probe, a microcontroller for 

data acquisition, and a radio transceiver; the sensor 

measurements are transmitted to a microcontroller-based 

receiver [1]. This gateway permits the automated activation 



Automatic Irrigation System using Wireless Sensor Network 

 (IJSRD/Vol. 4/Issue 05/2016/417) 

 

 All rights reserved by www.ijsrd.com 1702 

of irrigation when the threshold values of soil moisture and 

temperature are reached [1]. 

The Internet connection allows the data inspection 

in real time on a website, where the soil-moisture and 

temperature levels are graphically displayed through an 

application interface and stored in a database server. This 

access also enables direct programming of scheduled 

irrigation schemes and trigger values in the receiver 

according the crop growth and season management. Because 

of its energy autonomy and low cost, the system has 

potential use for organic crops, which are mainly located in 

geographically isolated areas where the energy grid is far 

away. 

II. AUTOMATED IRRIGATION SYSTEM 

A. Basic Block Diagram 

1) Transmitter 

 
Fig. 1: Transmitter Section 

2) Receiver 

 
Fig. 2: Receiver section 

3) Description 

The development of the automated irrigation system based 

on microcontrollers and wireless communication at 

experimental scale within rural areas is presented. The aim 

of the implementation was to demonstrate that the automatic 

irrigation can be used to reduce water use. 

A microcontroller for data acquisition, and 

transceiver; the sensor measurements are transmitted to a 

microcontroller based receiver. This gateway permits the 

automated activation of irrigation when the threshold values 

of soil moisture and temperature is reached. Communication 

between the sensor nodes and the data receiver is via the 

Zigbee. 

This 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 cellular global system for 

mobile communications (GSM). 

The Internet connection allows the data inspection 

in real time on a website, where the soil-moisture and 

temperature levels are graphically displayed through an 

application interface and stored in a database server. This 

access also enables direct programming of scheduled 

irrigation schemes and trigger values in the receiver 

according the crop growth and season management. Because 

of its energy autonomy and low cost, the system has 

potential use for organic crops, which are mainly located in 

geographically isolated areas where the energy grid is far 

away. 

III. ALGORITHMS 

A. Automated Irrigation System using a Wireless Sensor   

Network and GPRS Module 

 
Fig. 3: Configuration of the automated irrigation system. 

WSUs and a WIU, based on microcontroller, ZigBee, and 

GPRS technologies [1] 

1) Description 

The automated irrigation system consisted of two 

components (Fig 3), wireless sensor units (WSUs) and a 

wireless information unit (WIU), linked by radio 

transceivers that allowed the transfer of soil moisture and 

temperature data, implementing a WSN that uses ZigBee 

technology. The WIU has also a GPRS module to transmit 

the data to a web server via the public mobile network. The 

information can be remotely monitored online through a 

graphical application through Internet access devices. 

 
Fig. 4: Algorithm of wireless sensor unit (WSU) for 

monitoring the soil moisture and temperature [1] 
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Fig. 5: Algorithm of the master microcontroller in the WIU 

for the automated irrigation system. [1] 

2) Description 

Four different irrigation actions (IA) are implemented in the 

WIU algorithm, 

 fixed duration for manual irrigation with the push 

button 

 Scheduled date and time irrigations through the web 

page for any desired time. 

 Automated irrigation with a fixed duration, if at least 

one soil moisture sensor value of the WSN drops below 

the programmed threshold level.  

 Automated irrigation with a fixed duration, if at least 

one soil temperature sensor value of the WSN exceeds 

the programmed threshold level.  

3) Main Component 

a) Wireless Sensor Unit 

 
Fig. 6: Communication frames between a WSU and the 

WIU [1] 

b) Description 

A WSU is comprised of a RF transceiver, sensors, a 

microcontroller, and power sources. Each unit is based on 

the microcontroller PIC24FJ64GB004 that controls the radio 

modem Zigbee. This unit contains microcontroller, radio 

modem, rechargeable batteries, and electronic components 

which were selected to minimize the power consumption for 

the proposed application. 

c) Wireless Information Unit (WIU) 

Four different irrigation actions (IA) are implemented in the 

WIU algorithm. 

1) Fixed duration for manual irrigation with the push 

button 

2) Scheduled date and time irrigations through the web 

page for any desired time 

3) Automated irrigation with a fixed duration, if at least 

one soil moisture sensor value of the WSN drops below 

the programmed threshold level.  

4) Automated irrigation with a fixed duration, if at least 

one soil temperature sensor value of the WSN exceeds 

the programmed threshold level. 

d) Web Application 

 Graphical user interface software was developed for 

real time monitoring and programming of irrigation 

based on soil moisture and temperature data. 

 The soil-moisture and temperature graphs, the web 

application displays the total water consumption. 

 The web application for monitoring and programming 

was coded in C language. 

Sr. No Devices Part Number 

1 Transceiver XBee pro S2 

2 

Miscellaneous (voltage 

regulators,connectors,capacitors,

resistors,pcb,RS232 transceiver, 

relays, PVC box etc. 

 

3 Battery L-24M/DC-140 

4 Live well Pumps(2) 1100 GPH 

Table 1: Components For WIU [1] 

B. Remote Sensing and Control of an Irrigation System 

using a Distributed Wireless Sensor Network 

 
Fig. 7: Conceptual system layout of in-field wireless sensor 

network for site-specific irrigation [2] 

1) Description 

Efficient water management is a major concern in many 

cropping systems in semiarid and arid areas. Distributed in 

field sensor-based irrigation systems offer a potential 

solution to support site-specific irrigation management that 

allows producers to maximize their productivity while 

saving water. This paper describes details of the design and 

instrumentation of variable rate irrigation, a wireless sensor 

network, and software for real-time in-field sensing and 

control of a site-specific precision linear-move irrigation 

system. Field conditions were site-specifically monitored by 

six in-field sensor stations distributed across the field based 

on a soil property map, and periodically sampled and 

wirelessly transmitted to a base station. An irrigation 

machine was converted to be electronically controlled by a 

programming logic controller that updates geo-referenced 

location of sprinklers from a differential Global Positioning 

System (GPS) and wirelessly communicates with a 

computer at the base station. Communication signals from 

the sensor network and irrigation controller to the base 

station were successfully interfaced using low-cost 
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Bluetooth wireless radio communication. Graphic user 

interface-based software developed in this paper offered 

stable remote access to field conditions and real-time control 

and monitoring of the variable-rate irrigation controller. 

2) Main Component 

a) Site-Specific Field Configuration 

The spatial variability of agricultural fields has been widely 

addressed in precision agriculture; however, optimizing field 

configurations for site-specific management in each field 

remains a difficult task. The spatial variation of the study 

site was examined in this paper so that a minimum number 

of in-field sensor systems could be placed with optimal 

impact for characterizing the scope of the field information. 

In this case, the optimal distribution of the in-field sensing 

stations was determined on the basis of the spatial soil 

variability [2]. Soil properties such as a water-holding 

capacity can have a major impact on crop yield [2]. 

Apparent soil electrical conductivity (ECa) was used to map 

the field for its variability, primarily as an indicator of 

water-holding capacity as well as salinity. ECa mapping has 

been widely used as one way to characterize variability of 

agricultural fields [2]. The ECa is a measure of the amount 

of salt in soil, which is directly related to the water-holding 

capacity, and other soil properties such as the percentage of 

sand, clay, and organic matter. 

b) In-Field Sensing Stations 

System components of the in-field sensing stations and 

weather station contained three main parts: data logging, 

wireless data communication, and power management. A 

data logger measured field sensors and was self-powered by 

a solar panel that recharged a sealed lead acid 12-V battery, 

through a voltage regulator .The sensory data were 

transmitted via a Bluetooth radio transmitter. 

c) Real-Time Remote Monitoring and Control of 

Irrigation 

The real-time remote monitoring and control of the variable 

rate irrigation system was implemented by the WISC 

software. The WISC software displayed two dialog screens: 

“Control Panel” and “Real-time GPS-based Irrigation 

Control and Monitoring”. The “Control Panel” screen 

allowed local time conversion from GPS’s Greenwich Mean 

Time based on time zone and displayed the status and 

number for the communication port to the PLC. It also 

provided an option to synchronize the base computer time 

with the GPS for time sensitive operations and offered 

automatic data saving based on either GPS travel distance or 

time. 

C. An Automatic Irrigation System using ZigBee in 

Wireless Sensor Network 

1) Requirement Level 

It is a first level of the design process of proposed an 

automatic irrigation system it is divided into two types and 

they are as follows:  

a) Functional Requirement  

Functional requirements consist of technical details, data 

manipulation and processing, sensing and indication. The 

proposed system uses a sensing device to detect soil 

moisture, temperature and humidity. It uses an automatic 

indication to detect an automatic operation such as Motor 

Pump, Fan (ON/OFF), and Buzzer Below. 

b) Non-functional requirement  

It is mutually exclusive of functional requirement. The 

proposed system consists of monitoring and controlling 

water level of soil, environmental temperature and humidity. 

When this factor crosses the threshold value of particular 

crop it automatically start respective operation of Pump, Fan 

and Buzzer. 

 
Fig. 8: Architecture of proposed automatic irrigation System 

[3] 

 
Fig. 9: Design sequence of proposed automatic irrigation 

system [3] 

2) Specification Level 

Specification is a detailed assessment of requirements of 

devices. The table gives a specification of devices used. 

Sr. 

No 
Devices Specification 

1 
Microcontroller 

PIC 18F458 

CAN bus, Inbuilt ADC, 

High Performance 

2 Sensors 
LM-35 ,SY-HS-220 ,Soil 

Moisture 

Table 2: Devices Specification [3] 

3) Architecture Level 

It consists of the specified hardware device partition, 

performance and trouble shooting. The proposed system 

consists of three nodes .Node 1 and Node 2 called as sensing 

node and Node 3 called as receiver node. The receiver node 
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plays an important role in an automatic irrigation system. In 

Node 1 and Node 2 have same operation, but the address of 

the destination is different. The address of the destination is 

set on receiver node. Node 1 and Node 2 sensed the 

information by using sensor this sensing information 

transmitted to ADC .An ADC converts it from analog to 

digital then transmitted the digital data to UART for serial 

communication. This is inbuilt in PIC Microcontroller 

18F458. ZigBee is used for wireless transmission of data. 

ZigBee transmits data of Node 1 and Node 2 to the receiver 

node of ZigBee. This Receiver node sends the data to PIC 

18F458 microcontroller and information display on the LCD 

of receiver node as well as PC. If we want to monitor the 

particular crop, then pressed the respective crop type and it 

will be the display threshold value of crop on the LCD and 

PC and it compares the threshold value of crop and running 

value. When running value crosses the threshold value then 

automatic operation start. 

4) Precision Irrigation System 

 
Fig. 10: Soil moisture collection in a Precision Irrigation 

System [4] 

a) Description 

The sensors are deployed in the agriculture area, where 

every sensors is equipped with a set of soil moisture sensors 

as depicted in Fig. 9. The sensor nodes detect the amount of 

water in the soil via the soil moisture nodes. To give an 

accurate detection, the soil moisture nodes may be placed on 

different levels of the ground. Periodically, the sensor nodes 

measure the amount of water in the soil and then 

communicate the measured results to a control station (i.e., 

the base station). The collected report messages can be used 

for automatic control of solenoid valves, or saved in a 

database for post-analysis. 

 DZ50 MicaZ TelosB 

MCU 

Architectu

re 

Flash 

SRAM 

I/O Pin 

count 

Atmega328P 

Havard 8 bits 

32 KB 

2KB 

23 

Atmega12

8L 

Harvard 8 

bits 

128KB 

4KB 

53 

MSPA430F16

11 

Von Neumann 

16bits 

48KB 

10KB 

48 

Transceiv

er 

Frequency 

band 

Data rate 

RFM12b 

433,868,915M

Hz 

115.2kbps 

CC2420 

2.4GHz 

250Kbps 

CC2420 

2.4GHz 

250Kbps 

Table 3: DZ50, MicaZ and TelosB hardware specifications 

[4] 

IV. SUMMARY OF AUTOMATED IRRIGATION SYSTEM 

 
Table 4: Summary of irrigation system 

V. CONCLUSION 

Energy efficient algorithm is used to minimize power 

consumption of the irrigation system. According to above 

summary Zigbee technology is more preferable because In 

Bluetooth, up to 8 cell nodes can be connected to each other 

while in Zigbee more than 65,000 cell nodes can be 

connected together. Automatic irrigation system using 

GPRS Module is good result than other algorithm for 

irrigation and also the Internet controlled duplex 

communication system provides a powerful decision making 

device concept for adaptation to several cultivation 

scenarios. The irrigation system can be adjusted to a variety 

of specific crop needs and requires minimum maintenance. 

The automated irrigation system developed proves that the 

use of water can be diminished for a given amount of fresh 

biomass production. The automated irrigation system is 

implemented to feasible and cost effective for optimizing 

water resources for agricultural production. 
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