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Abstract— India is one of the scarce water resources in 13 

countries in the world. It aims to provide the solution for 

automatic control of irrigation. This project has sensor 

network for real-time sensing and control of an irrigation 

system. This system provides uniform and required level of 

water for the agricultural farm and it avoids water wastage.  

This system allows monitoring of water level conditions, 

when the condition of watering the agricultural farm is 

abnormal then the system automatically switches ON the 

motor. When the water level reaches normal level the motor 

automatically switch OFF. Also the user can control the 

motor remotely using of internet. Along with this system 

temperature sensor and humidity sensor is interfaced with 

Microcontroller (ARM Cortex-M4). The ARM 

Microcontroller has the Ethernet connectivity to transfer the 

information over the Internet. The graphical interface 

software is developed using .Net Framework. Temperature 

and Humidity conditions are uniformly monitored through 

this graphical interface. 
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I. INTRODUCTION 

According to statistics, agriculture uses 85% of available 

freshwater resources worldwide, and this percentage will 

continue to be dominant in water consumption because of 

population growth and increased food demand. There is an 

urgent need to create strategies based on science and 

technology for sustainable use of water, including technical, 

agronomic, managerial, and institutional improvements [1]. 

Agricultural irrigation based on Internet technology is based 

on crop water requirement rules. By using Internet 

technology and sensor network technology to control water-

saving irrigation of farmland and to maximize the scientific 

use of water, not only can greatly improve the utilization of 

water, and can increase water productivity [2]. 

II. INTERNET OF THINGS AND AGRICULTURAL IRRIGATION 

India is known for the small farms. In India most of the 

crops depends upon rain. Near about 45% of the land 

irrigated. And almost half i.e. 55% of total population of 

India depends on agriculture .Comparing this with US; it is 

about 2% due of heavy mechanization of agriculture. The 

fact about Indian agriculture is that, though it is one of the 

biggest producers of agricultural products, other side it has 

very low farm productivity. Hence to increase the 

productivity is today's need and Precision agriculture may 

provide a way to do it. Precision agriculture (PA), as the 

name implies, refers to the application of precise and 

corrects amounts of inputs like water, fertilizers, pesticides 

etc. at the correct time to the crop for increasing its 

productivity and maximizing its yields. PA originated in the 

US and European countries [3]. Gartner, the world‟s leading 

information technology research and advisory company, 

said, in December 2013, that IoT will grow to 26 billion 

units in 2020, resulting in 1.9$ trillion in global economic 

value-add through sales into diverse end markets. Hence the 

statement we can conclude that the IoT is evolving and that 

it will generate billions of dollars in the upcoming years [4]. 

Similarly, Cisco also said that it will create, from 2013 to 

2022, a 14.4$ Trillion of value at stake for companies and 

industry [5]. 

Since we are talking about connecting everything 

to the Internet, there is an unimaginable amount of business 

opportunities involved. Industry, logistics and health are 

some of the sectors in which IoT is involved Because of this 

we can connect small objects or devices to the Internet, a 

whole new paradigm will emerge creating a big impact in 

people‟s lives. Intelligently connected appliances to the 

Internet, health-related devices collecting important data and 

wearable are just an example, and they are all trending. 

They will, definitely, deliver and improve our quality of life, 

making everything easier, practical, smarter and reliable. 

However, there is much work to be done in order for IoT to 

succeed and truly emerge: standards are needed to provide 

interoperability, security and confidentiality to protect 

individuals‟ data must be implemented and scalability must 

also be possible. Without these parameters, IoT won‟t 

succeed and all we will ever have small “islands” of IoT, not 

communicating with each other and that truly is not Internet 

of Things. 

The Internet Engineering Task Force IETF latest 

work, standards are now being deployed, allowing small 

embedded devices to connect to the internet, having an IPv6 

address (6LoWPAN – IPv6 over Low Power WPAN) 

[6].This, combined with connectivity to a Web Service 

designed for constrained network called CoAP (Constrained 

Application Protocol) created by CoRE, IETF‟s working 

group, will empower many IoT applications, at a reduced 

cost and efficiently [7]. 

III. BLOCK DIAGRAM 

A. Hardware Components of Irrigation System based on 

the Internet of things: 

 
Fig. 1: Hardware system for irrigation based on the Internet 

of things 

http://www.livemint.com/Opinion/nw9JKiPrDPpqCuWfmoibPN/Indias-agricultural-yield-suffers-from-low-productivity.html
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Hardware system for irrigation based on the Internet of 

things consists of five modules, namely Controller Unit-

ARM Cortex-M4, Sensor Network, DC Motor and Solenoid 

Valve, LCD Display, Ethernet Connection. Structure of the 

system as shown in Figure 1 

1) Controller Unit-ARM Cortex-M4 

The ARM® Cortex™-M4F processor provides a high-

performance, low-cost platform that meets the system 

requirements of minimal memory implementation, reduced 

pin count, and low power consumption, while delivering 

outstanding computational performance and exceptional 

system response to interrupts. Features include:  

 32-bit ARM® Cortex™-M4F architecture 

optimized for small-footprint embedded 

applications 

 120-MHz operation; 150 DMIPS performance . 

 Outstanding processing performance combined 

with fast interrupt handling 

 Thumb-2 mixed 16-/32-bit instruction set delivers 

the high performance expected of a 32-bit ARM 

core in a compact memory size usually associated 

with 8- and 16-bit devices, typically in the range of 

a few kilobytes of memory for microcontroller-

class applications 

 Single-cycle multiply instruction and hardware 

divide  

 Atomic bit manipulation (bit-banding), delivering 

maximum memory utilization and streamlined 

peripheral control  

 Unaligned data access, enabling data to be 

efficiently packed into memory  

 IEEE754-compliant single-precision Floating-Point 

Unit (FPU)  

 16-bit SIMD vector processing unit  

 Fast code execution permits slower processor clock 

or increases sleep mode time  

 Harvard architecture characterized by separate 

buses for instruction and data  

 Efficient processor core, system and memories  

 Hardware division and fast digital-signal-

processing orientated multiply accumulate  

 Saturating arithmetic for signal processing  

 Deterministic, high-performance interrupt handling 

for time-critical applications  

 Memory protection unit (MPU) to provide a 

privileged mode for protected operating system 

functionality  

 Enhanced system debug with extensive breakpoint 

and trace capabilities  

 Serial Wire Debug and Serial Wire Trace reduce 

the number of pins required for debugging and 

tracing  

 Migration from the ARM7™ processor family for 

better performance and power efficiency  

 Ultra-low power consumption with integrated sleep 

modes 

2) Why Cortex-M4: 

a) Energy efficient digital signal control:- 

The Cortex-M4 processor has been designed with a large 

variety of highly efficient signal processing features 

applicable to digital signal control markets. The Cortex-M4 

processor features extended single-cycle multiply 

accumulate (MAC) instructions, optimized SIMD 

arithmetic, saturating arithmetic instructions and an optional 

single precision Floating Point Unit (FPU). These features 

build upon the innovative technology that characterizes the 

ARM Cortex-M processor family. 

b) Responsiveness and Low Power: 

In common with the other members of the Cortex-M family 

of processors, the Cortex-M4 has integrated sleep modes 

and optional state retention capabilities which enable high 

performance at a low level of power consumption. The 

processor executes the Thumb®-2 instruction set for optimal 

performance and code size, including hardware division, 

single cycle multiply, and bit-field manipulation. The 

Cortex-M4 Nested Vectored Interrupt Controller is highly 

configurable at design time to deliver up to 240 system 

interrupts with individual priorities, dynamic reprioritization 

and integrated system clock. 

In this system we have used Tiva™ 

TM4C1294NCPDT Microcontroller. This controller is 

connected to sensor hub. It takes input from sensors and 

based on that control Solenoid value and Motor. Functioning 

will be discussed in upcoming section.   

3) Sensor Hub: 

In this system we are going to sense basic two parameters 

named as Humidity and Temperature. 

a) 1K NTC Thermistors- Temperature Sensor 

A  thermistor is a type of resistor whose resistance is 

dependent on temperature, more so than in standard 

resistors. Assuming, as a first-order approximation, that the 

relationship between resistance and temperature is linear, 

then: 

                      

where, 

                   , change in resistance 

             , change in temperature 

, first-order temperature coefficient of resistance 

Thermistors can be classified into two types, 

depending on the classification of . If  is positive, the 

resistance increases with increasing temperature, and the 

device is called a positive temperature coefficient (PTC) 

thermistor, or posistor. If  is negative, the resistance 

decreases with increasing temperature, and the device is 

called a negative temperature coefficient (NTC) thermistor. 

Resistors that are not thermistor are designed to have a  as 

close to 0 as possible, so that their resistance remains nearly 

constant over a wide temperature range. 

b) DHT11-Humidity Sensor 

DHT11 digital temperature and humidity sensor is a 

composite Sensor contains a calibrated digital signal output 

of the temperature and humidity. It ensure that the product 

has high reliability and excellent long-term stability. The 

sensor includes a resistive sense of wet components and an 

NTC temperature measurement devices. DHT11 is -Low 

cost, long-term stability, relative humidity and temperature 

measurement, excellent quality, fast response, strong anti-

interference ability, long distance signal transmission, 

digital signal output, and precise calibration. 

4) DC Motor and Solenoid Valve 

A solenoid valve, is also known as an electrically-operated 

valve and is an automatic valve which serves the purpose of 

https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Linear
https://en.wikipedia.org/wiki/Temperature_coefficient
https://en.wikipedia.org/wiki/Positive_number
https://en.wikipedia.org/wiki/Temperature_coefficient#Positive_temperature_coefficient_of_resistance
https://en.wikipedia.org/wiki/Temperature_coefficient#Negative_temperature_coefficient


IoT based Automated Irrigation System using ARM Cortex M4 

 (IJSRD/Vol. 3/Issue 05/2015/223) 

 

 All rights reserved by www.ijsrd.com 958 

removing the need for an engineer to operate a valve 

manually. Solenoids operate using an electromagnetic 

solenoid coil to change the state of a valve from open to 

closed, or vice-versa. If the solenoid valve is „normally 

closed‟, when the coil is energized, the valve gets lifted 

open by the electromagnetic force produced by the coil. It is 

used to control the flow of water . 

IV. WORKING 

Let us see the working of IoT based Automated irrigation 

system using following flow chart. 

 
Fig. 2: Flow Chart - IoT based Automated Irrigation System. 

This system allows monitoring of water level 

conditions, when the condition of watering the agricultural 

farm is abnormal then the system automatically switches 

ON the motor. When the water level reaches normal level 

the motor automatically switch OFF. Also the user can 

control the motor remotely using of internet. Along with this 

system temperature sensor and humidity sensor is interfaced 

with Microcontroller (ARM Cortex-M4). The ARM 

Microcontroller has the Ethernet connectivity to transfer the 

information over the Internet. The graphical interface 

software is developed using .Net Framework. Temperature 

and Humidity conditions are uniformly monitored through 

this graphical interface. 

A. System Start: 

Firstly we need to provide power supply to the system. With 

this first will start. on board the LCD will start displaying 

message that the system is been ON now. 

B. System Initialization Call: 

When you switch on the microcontroller, all of the 

microcontroller's will go to default setting, and then 

PC(program counter) will go to address #000000h to read 

the program, notice that interrupt vector table for reset is the 

same address(#000000h). So if you trigger the reset button, 

the PC will be go to address #000000h. When we write 

startup program, the startup program will initialize our 

setting(processor setting,). After initialize is done, it will 

jump to your main program. In this it will getting connect 

with PC via internet. Here thing should be noted that PC and 

Hardware system are physically distinct. They are not 

connected via cable. Connection is setup via Internet. 

C. Running: 

As of now we have seen that, System get connected to PC 

via internet. On PC Windows application is been created in. 

Net technology and installed. Which helps the end user to 

monitor the physical parameter -Humidity and Temperature 

and also allows to control the watering to farm. Also note 

that this application is also able to work in automatic mode, 

in which human intervention is not required. Now coming to 

point that, Sensors are placed in soil of farm where they 

sense the Temperature and humidity. In the running mode, 

reading will be send to the controller. This process is also 

called as real time sensing 

D. Temperature Comparison: 

Now we saw that sensor sensed the temperature and 

humidity. By default temp X is been set in the system. Now 

let's us say temperature sensed is greater than the X 

temperature, With this information, the When condition of 

watering the agricultural farm is abnormal then the system 

automatically switches ON the motor. When the water level 

reaches normal level the motor automatically switch OFF 

V. SOFTWARE 

The task of the software of data acquisition nodes includes 

regularly informing the gateway nodes the current network 

status, timing the collection of soil information and 

uploading it to the routing nodes. The task of the software of 

the lower position machine control nodes includes regularly 

informing the wireless routing nodes the current network 

status, and receiving the command that controlled the valve 

opening and closing of the wireless routing nodes. The tasks 

of the software of wireless routing nodes includes 

formatting networks, informing the wireless gateway the 

current network status regularly, accepting the soil 

information sent by sensor nodes of the ad hoc networks 

regularly, sending regularly the soil information of each 

node in the group network to the wireless gateway and 

receiving control commands from the wireless gateway. The 

wireless gateway node in the network is mainly responsible 

for establishing and network management, it allows denies 

any of the sensing node into the network, and sends the data 

of the sensor nodes to the Internet, then monitoring client 

read and record data by the internet. 

 
Fig. 3: GUI - IoT based Automated Irrigation System 
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The gateway node has been in the state and will not 

sleep. The course of its work is generally divided into 

waiting for the monitoring command, networking, joining 

the nodes, waiting for the data, sending the data. The 

primary mission of the client software is displaying the data 

of the remote monitoring and control, sending control 

commands according the appropriate algorithms for 

displaying the system operation, the flow chart of the 

control program while the system is running as shown in 

Figure 4 

 
Fig. 4: Control flow chart of the system software running 

VI. CONCLUSION 

The application of agriculture networking technology is 

need of the modern agricultural development, also but also 

an important symbol of the future level of agricultural 

development; it will be the future direction of agricultural 

development. after building the agricultural water irrigation 

system hardware and analyzing and researching the network 

hierarchy features, functionality and the corresponding 

software architecture of precision agriculture water 

irrigation systems, actually applying the internet of things to 

the highly effective and safe agricultural production has a 

significant impact on ensuring the efficient use of water 

resources as well as ensuring the efficiency and stability of 

the agricultural production. 
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