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Abstract— In the present agricultural scenario creating the 

balance between the increasing population and decreasing 

food availability is the biggest challenge, so the traditional 

agricultural methods has to be replaced by the modern 

agricultural methods to eliminate manual mistakes in supply 

of fertilizers and over watering. The goal is to provide long 

term sustainable solution for automation of agriculture with 

real time intelligence provided by the Irrigation Data 

centre(IDC). The IDC is a data base with access to the real 

time information related to agriculture. This paper describes 

the automated irrigation system to make effective utilization 

of water resources and fertilizers by monitoring crop growth 

with the implementation of Sensor Node(SN) consisting of 

soil moisture sensor, IR transceiver, humidity and 

temperature sensor in the field. The signals from the sensors 

are coordinated by the processor of the XBee and 

transmitted to irrigation control centre(ICC) through XBee 

wireless radio communication module. The optimized usage 

of water for an agriculture crops has been achieved in the 

ICC successfully. 
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I. INTRODUCTION 

Agriculture is the backbone of the Indian economy, it 

contributes 18% of the total national income. But agriculture 

alone uses 91% of the available fresh water. To serve the 

food for increasing population we need to move towards 

modern methods like Automation in agriculture with real 

time intelligence. At present automated irrigation system 

was developed to optimize water use for agricultural crops. 

The system has a distributed wireless network of soil-

moisture and temperature and humidity sensors placed in the 

root zone of the plants(1). In order to control an irrigation 

system, many researchers have developed the 

communication methodology of the wireless sensor network 

for collecting environment data and sending control 

command to turn on/off irrigation system(1)(2). An 

agricultural information service platform called Field, in 

which more than 100 farmers in Hokkaido, Japan are 

participating on this development and they are utilizing this 

services for optimizing their daily agricultural practices(7). 

Most of the systems are run by batteries or solar panals(2) 

and they use soil moisture sensor, temperature sensor, 

humidity sensor commonly(1)-(7), some automation 

systems also use Leaf sensor to monitor weather leafs are 

healthy or not, PH sensor to monitor the soil condition, 

weather the soil having harmful acidic nature or normal base 

nature. If acidic nature is present means we have to dilute 

the content and neutralize it or we will provide the necessary 

fertilizer(9). The communication between the sensor node 

and controller takes place by RF module and antenna(4), or 

Zigbee(3) or Bluetooth(4), XBee(1) technology. Some 

systems use GSM technology to notify the farmer about the 

present condition of the field(1)-(3). In India, the 

Information and Communication technology (ICT) in 

agriculture field, is still to be exploited for its benefits. 

Many initiatives have been taken by Government of India to 

promote and introduce ICT in agricultural field(4). 

II. SYSTEM ARCHITECTURE 

A. System Overview 

The proposed system consists of three nodes, with the help 

of these nodes the system monitors and controls the field 

automatically and the 3 nodes are 

 Sensor Node(SN)  

 Irrigation Control Centre(IDC) 

 Irrigation Data Centre(ICC) 

The description of the system is given below along with the 

corresponding block diagrams. 

1) Sensor Node: 

In this node a Wireless Sensor Network is implemented with 

multiple sensors like humidity and temperature sensor, soil 

moisture sensor, IR Transceiver for monitoring the crop 

growth, and also for controlling and monitoring of water and 

fertilizer sprinklers over the field. These sensor data is 

coordinated with the processor of the XBee module, which 

sends these parameters periodically to the Irrigation Control 

Centre(ICC), where it will processes the sensor data, with 

the help of real time information received from the Irrigation 

Data Centre(IDC). After processing, ICC will send the 

necessary controlling command to the Sensor Node(SN). 

Then the Sensor Node will turn ON/OFF the water or 

fertilizer sprinkler as per the instructions. 

During cultivation of the crop the farmer need to 

perform manual adjustment of the sensitivity of the soil 

moisture sensor, according to the threshold value received 

from the Irrigation Data Centre, by sending the type of the 

crop of the being cultivated as SMS to the IDC. The block 

diagram of the Sensor Node is shown below, 

 
Fig. 1: Sensor Node 
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2) Irrigation Control Centre (ICC) :  

The ICC is the controlling unit which uses ARM7 

controller, it acts as communicating mediator between the 

farmer and the IDC. The communication between Sensor 

Node and ICC takes place through XBee technology, where 

as between ICC and IDC GSM technology is used. The 

Irrigation Control Centre also monitors the water level in the 

tank used for irrigation using Ultrasonic sensor.  

Irrigation Control Centre receives the sensor 

parameters from the Sensor Node, where it compares the 

received sensor data with the defined threshold values as 

described by the IDC, it also uses real time information 

received from the IDC, to take the necessary actions in the 

field. For example if the received soil moisture level from 

the  Sensor Node of the field is below the threshold value, 

ICC will  check the real time information like power 

timings, probability of rainfall, water available for irrigation 

in the water tank, then sends the command to the Sensor 

Node to take necessary actions.. The block diagram of ICC 

is shown below, 

 
Fig. 2: Irrigation Control Centre 

3) Irrigation Data Centre : 

Irrigation Data Centre is like any private or government 

organization, where it will maintain the data of all the 

subscribed farmers received from the ICC on timely basis 

and store these data to the respective farmer, and also the 

IDC have the access with the agriculture department, 

KPTCL and weather forecasting of the local area, it sends 

these data to the ICC via GSM, with the help of these data, 

ICC decides when to irrigate, and when to fill the water 

tank. Also IDC is designed to send the information 

regarding fertilizers for particular crop based on the request 

from the farmer at the time of harvesting.  

 
Fig. 3: Irrigation Data Centre 

 

 
Fig. 4: Flowchart of the Proposed System 
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III. SYSTEM IMPLEMENTATION 

A. Implementation of sensor node 

The concept of wireless sensor network is based on simple 

equation: 

Sensing + CPU + Radio = Thousands of Potential 

Applications 

The main components of the sensor network 

consists of microcontroller, transceiver, external memory, 

power source and one or more sensors. Microcontroller 

performs tasks, process the data and controls the 

functionality of other components in the sensor node. In the 

proposed system XBee module is used for wireless 

communication, since it contains the inbuilt processor, the 

use of external microcontroller in the sensor node is 

eliminated. The details of the sensors used in the proposed 

system and their interfacing with the XBee module is given 

below,  

1) Soil moisture Sensor: 

Soil moisture sensor measures the water content in soil. 

Measuring soil moisture is important in agriculture to help 

farmers to manage their irrigation systems more efficiently. 

Not only are farmers able to generally use less water to grow 

a crop, but they are also able to increase yields and the 

quality of the crop by better management of soil moisture 

during critical plant growth stages.  

The module uses LM393 comparator to compare 

the soil moisture level with the preset threshold. When the 

soil moisture deficit module outputs a high level, and vice 

versa. 

The sensitivity of the sensor to the moisture content 

can be varied according to the needs of the crop being 

cultivated, so that the system is feasible with any type of 

crop with slight changes in sensitivity. This sensor gives 2 

state digital output so there is no need of analog to digital 

conversion. 

2) DHT 11 Humidity & Temperature Sensor 

DHT11 is a basic, low-cost digital temperature and humidity 

sensor. It uses a capacitive humidity sensor and a thermistor 

to measure the surrounding air, and spits out a digital signal 

on the data pin (no analog input pins needed). It’s fairly 

simple to use, but requires careful timing to grab data. The 

only real downside of this sensor is we can only get new 

data from it once every 2 seconds. Its small size, low power 

consumption and up-to-20 meter signal transmission making 

it the best choice for various applications, including those 

most demanding ones. The component is 4-pin single row 

pin package.  

Communication Process: Serial Interface (Single-

Wire Two-Way)  

Single-bus data format is used for communication 

and synchronization between MCU and DHT11 sensor. One 

communication process is about 4ms.  

Data consists of decimal and integral parts. A 

complete data transmission is 40bit, and the sensor sends 

higher data bit first.  

Data format: 8bit integral RH data + 8bit decimal 

RH data + 8bit integral T data + 8bit decimal T data + 8bit 

check sum. If the data transmission is right, the check-sum 

should be the last 8bit of "8bit integral RH data + 8bit 

decimal RH data + 8bit integral T data + 8bit decimal T 

data".  

3) Overall Communication Process  

When MCU sends a start signal, DHT11 changes from the 

low-power-consumption mode to the running-mode, waiting 

for MCU completing the start signal. Once it is completed, 

DHT11 sends a response signal of 40-bit data that include 

the relative humidity and temperature information to MCU. 

Users can choose to collect (read) some data. Without the 

start signal from MCU, DHT11 will not give the response 

signal to MCU. Once data is collected, DHT11 will change 

to the low-power-consumption mode until it receives a start 

signal from MCU again.  

 

 
Fig. 5: Overall Communication Process 

4) Crop Growth Sensor 

Crop growth sensor is a simple concept, in which IR 

transceiver is used in terms of 4 levels, to detects the growth 

status of the crop in the field. IR (infrared)-proximity 

sensors can sense the presence of an object, its distance from 

a reference, or both. To sense an object(key), a proximity 

sensor transmits IR pulses toward the object and then 

“listens” to detect any pulses that reflect back. An IR LED 

transmits the IR signals, and an IR photo detector detects the 

reflected signal. The strength of this reflected signal is 

inversely proportional to the distance of the object from the 

IR transceiver. Because the reflected IR signal is stronger 

when the object is close, we can calibrate the output of the 

photodiode detector to determine the exact trigger distance 

of an object. This Design Idea describes an IR proximity 

sensor with simple transmitter and receiver sections (Figure 

7). 

 
 

Fig. 6: an IR-Proximity Sensor Detects an Object by 

Receiving Reflected  Light 

5) XBee Pro RF Modules 

The XBee Pro RF Modules were engineered to meet IEEE 

802.15.4 standards and support the unique needs of  low-

cost, low-power wireless sensor networks. The modules 

require minimal power and provide reliable delivery of data 

between devices. The modules operate within the ISM 2.4 

GHz frequency band and are pin-for-pin compatible with 

each other. 

  The XBee Programmable module is equipped with 

a Free scale application processor. This application 

processor comes with a supplied boot loader. This feature of 

XBee RF module eliminates the use of controllers in the 
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sensor node. The XBee module with sensors is configured 

as end device, and the one with controller in the ICC side is 

configured as coordinator. 

B. Implementation of ICC 

The heart of the ICC is ARM7 controller, which is 

interfaced with various units, like XBee module to receive 

the sensor parameters from sensor node, Water level sensor 

to find the level of available water in the tank for irrigation, 

and to check whether to switch on the motor are not before 

sending the command for irrigation. ICC is also interfaced 

with GSM to communicate with remote Irrigation Data 

Centre(ICD). LCD is used to display the received sensor 

parameters.  

1) ARM7 

The ARM7TDMI is a member of the Advanced RISC 

Machines (ARM) family of general purpose 32-bit 

microprocessors, which offer high performance for very low 

power consumption and price. The ARM architecture is 

based on Reduced Instruction Set Computer (RISC) 

principles, and the instruction set and related decode 

mechanism are much simpler than those of micro 

programmed Complex Instruction Set Computers. This 

simplicity results in a high instruction throughput and 

impressive real-time interrupt response from a small and 

cost-effective chip. 

2) Ultrasonic Sensor 

Ultrasonic sensor module is used for measuring the distance 

between the sensor and an obstacle. Here the ultrasonic 

sensor is used to monitor the water level in the tank. 

Ultrasonic sensors (also known as transceivers when they 

both send and receive, but more generally 

called transducers) work on a principle similar to radar or 

sonar, which evaluate attributes of a target by interpreting 

the echoes from radio or sound waves respectively. The 

sensor produces the high frequency sound and evaluates the 

echo received by the sensor. Sensor then calculates the time 

interval between sending the signal and receiving the echo 

to determine the distance between the objects.  

The Ultrasonic sensor provides 2cm - 400cm non-

contact measurement function, the ranging accuracy can 

reach to 3mm. The sensor includes ultrasonic transmitter, 

receiver and a control circuit. The working principle of the 

module is as follows- set the trigger pin high for at least 10 

μs, then module automatically sends eight pulses of 40 KHz 

and detects whether the pulses are echoed or not. The echo 

pin goes high and remains high till the echo is received 

(38ms Max).Calculations are as follow:  

Test Distance = (High level time X Velocity of the 

sound (340M/S))/2. 

High level Time = Timer count * Time period 

 
Fig. 7: Working of Ultrasonic Sensor 

3) LCD 

A 16x2 Liquid Crystal Display is used in Irrigation 

Control Centre to display the sensor parameters.A 16x2 

LCD means it can display 16 characters per line and there 

are 2 such lines. In this LCD each character is displayed in 

5x7 pixel matrix. This LCD has two registers, namely, 

Command and Data. 

The command register stores the command 

instructions given to the LCD. A command is an instruction 

given to LCD to do a predefined task like initializing it, 

clearing its screen, setting the cursor position, controlling 

display etc. 

The data register stores the data to be displayed on 

the LCD. The data is the ASCII value of the character to be 

displayed on the LCD. Click to learn more about internal 

structure of a LCD. 

For displaying a character we should enable the 

enable pin, by giving a pulse of 450ns, after enabling the 

pin, we should select the register select pin in write mode. 

To select the register select pin in write mode you have to 

make this pin high (RS=1), after selecting the register select 

you have to configure the R/W to write mode that is R/W 

should be low (R/W=0). 

4) Global System for Mobile communication  

In this project GSM is used to communicate between 

Irrigation Control Centre and Irrigation Data Centre and also 

between the ICC and farmer. A GSM modem is a wireless 

modem that works with a GSM wireless network. A 

wireless modem behaves like a dial-up modem. The main 

difference between them is that a dial-up modem sends and 

receives data through a fixed telephone line while a wireless 

modem sends and receives data through radio waves. Here 

we are using SIM900 GSM modem.  

SIM 900 is a GSM modem with a simple serial 

interface. SIM 900 modem can accept any GSM network 

operator SIM card and act just like a mobile phone with its 

own unique phone number. With this module one can 

send/receive sms, connect to internet via GPRS and receive 

calls. The modem can either be connected to PC serial port 

directly or to any microcontroller. 

C. Implementation of Irrigation Data Centre 

IDC consists of GSM to communicate with the Irrigation 

Control Centre, Sql data base to store the data related to the 

irrigation field, monitor for display purpose. 

1) SQL Data Base 

SQL is Structured Query Language, which is a computer 

language for storing, manipulating and retrieving data stored 

in relational database. SQL is the standard language for 

Relation Database System. All relational database 

management systems like MySQL, MS Access, Oracle, 

Sybase, Informix and SQL Server use SQL as standard 

database language. 

In this project SQL Data Base is used to store the 

parameters received by the ICC regarding the growth status 

of the crop. It also receives the weather information, the 

fertilizers for the crop, the availability of power, etc from 

the respective departments and send them to the ICC, to help 

the ICC in the possessing and to take necessary actions in 

the field. SQL is selected because of the following reasons: 

 Allows users to access data in relational database 

management systems. 

 Allows users to describe the data. 

 Allows users to define the data in database and 

manipulate that data. 

http://www.engineersgarage.com/insight/how-lcd-works
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 Allows to embed within other languages using SQL 

modules, libraries & pre-compilers. 

 Allows users to create and drop databases and 

tables. 

 Allows users to create view, stored procedure, 

functions in a database. 

 Allows users to set permissions on tables, 

procedures, and views 

RDBMS stands for Relational Database Management 

System. RDBMS is the basis for SQL and for all modern 

database systems like MS SQL Server, IBM DB2, Oracle, 

MySQL, and Microsoft Access. A Relational database 

management system (RDBMS) is a database management 

system (DBMS) that is based on the relational model as 

introduced by E. F. Codd. 

The data in RDBMS is stored in database objects called 

tables. The table is a collection of related data entries and it 

consists of columns and rows, table is the most common and 

simplest form of data storage in a relational database. 

D. Cost of the equipment 

The cost of all electronic components and devices of the 

developed system is given in Table 1. In the system all of 

component was selected are low cost materials. So that it 

can be used in all of commercial application. 

 
Table 1: The Cost of the Electronic Components and 

Devices. 

IV. CONCLUSION 

The designed system proves to provide automation in 

irrigation with real time intelligence from the Irrigation Data 

Centre. All the controlling activities of irrigation system are 

taken in the Irrigation Control Centre efficiently. The 

designed system is a model to modernize the agriculture 

industries at a mass scale with optimum expenditure. They 

can provide irrigation to larger areas of plants with less 

water consumption and effective fertilization. Using this 

system, one can save manpower, electric power, water to 

improve production and ultimately profit. 
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