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Abstract: An automated irrigation system was
developed to optimize water use for agricultural
crops. The system has a distributed wireless network
of soil-moisture and temperature sensors placed in
the root zone of the plants. In addition, a gateway
unit handles sensor information, triggers actuators,
and transmits data to a web application. An algorithm
was developed with threshold values of temperature
and soil moisture that was programmed into a
microcontroller-based gateway to control water
quantity. The system was powered by photovoltaic
panels and had a duplex communication link based
on a cellular-Internet interface that allowed for data
inspection and irrigation scheduling to be
programmed through a web page. The automated
system was tested in a sage crop field for 136 days
and water savings of up to 90% compared with
traditional irrigation practices of the agricultural zone
were achieved. Three replicas
of the automated
system have been used successfully in other places
for 18 months. Because of its energy \autonomy and
low cost, the system has the potential to be useful in
water limited geographically isolated areas.
Keywords: Microcontroller, GSM/GPRS Modem,
LCD display, Temperature Sensor, Humidity
Sensor, Water Level Sensor, Soil Sensor , Voltage
Sensor, ZIGBEE module
I.

Introduction

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 .There are many
systems to achieve water savings in various crops,
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from basic ones to more technologically advanced
ones. For instance, in one system plant water status
was monitored and irrigation scheduled based on
canopy temperature distribution of the plant, which
was acquired with thermal imaging .In addition, other
systems have been developed to schedule irrigation
of crops and optimize water use by means of a crop
water stress index (CWSI) [3]. The empirical CWSI
was first defined over 30 years ago [4]. This index
was later calculated
II.

The Hardware System

Micro controller:
This section forms the control unit of the whole
project. This section basically consists of a
Microcontroller with its associated circuitry like
Crystal with capacitors, Reset circuitry, Pull up
resistors (if needed) and so on. The Microcontroller
forms the heart of the project because it controls the
devices being interfaced and communicates with the
devices according to the program being written.
ARM7TDMI:
ARM is the abbreviation of Advanced RISC
Machines, it is the name of a class of processors, and
is the name of a kind technology too. The RISC
instruction set, and related decode mechanism are
much simpler than those of Complex Instruction Set
Computer (CISC) designs.
Liquid-crystal display (LCD):
LCD is a flat panel display, electronic visual display
that uses the light modulation properties of liquid
crystals. Liquid crystals do not emit light directly.
LCDs are available to display arbitrary images or
fixed images which can be displayed or hidden, such

285

as preset words, digits, and 7-segment displays as in a
digital clock. They use the same basic technology,
except that arbitrary images are made up of a large
number of small pixels, while other displays have
larger elements.

III.

Design of Proposed Hardware System
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In this paper, 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).
IV.

Fig.1.block diagram
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Temperature Sensor:
Thermistors are thermally sensitive resistors whose
prime function is to exhibit a large, predictable and
precise change in electrical resistance when subjected
to a corresponding change in body temperature.
Negative Temperature Coefficient (NTC) thermistors
exhibit a decrease in electrical resistance when
subjected to an increase in body temperature and
Positive Temperature Coefficient (PTC) thermistors
exhibit an increase in electrical resistance when
subjected to an increase in body temperature. U.S.
Sensor produces thermistors capable of operating
over the temperature range of -100° to over +600°
Fahrenheit. Because of their very predictable
characteristics and their excellent long term stability,
thermistors are generally accepted to be the most
advantageous sensor for many applications including
temperature measurement and control.
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Fig.2.block diagram
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moisture monitoring, etc. For domestic applications,
humidity control is required for living environment in
buildings, cooking control for microwave ovens,
etc. In all such applications and many others,
humidity sensors are employed to provide an
indication of the moisture levels in the environment.

Fig.3.Temperature Sensor
Fig.5.Humidity Sensor
Soil sensor:

Water level Sensor:

The circuit designed uses a 5V supply, fixed
resistance of 100Ω, variable resistance of 10ΚΩ, two
copper leads as the sensor probes, 2N222N transistor.
It gives a voltage output corresponding to the
conductivity of the soil. The conductivity of soil
depends upon the amount of moisture present in it. It
increases with increase in the water content of the
soil. The voltage output is taken at the transmitter
which is connected to a variable resistance. This
variable resistance is used to adjust the sensitivity of
the sensor

The purpose for this Sensor is to allow the user to
evaluate a pressure sensor for not only water level
sensing and to replace a mechanical switch, but also
for water flow measurement, leak detection, and
other solutions for smart appliances. This system
continuously monitors water level and water flow
ZIGBEE:
ZIGBEE is a specification for a suite of high level
communication protocols using small, low-power
digital radios based on the IEEE 802.15.4-2003
standard for Low-Rate Wireless Personal Area
Networks (LR-WPANs), such as wireless light
switches with lamps, electrical meters with in-homedisplays, consumer electronics equipment via shortrange radio needing low rates of data transfer. The
technology defined by the ZIGBEE specification is
intended to be simpler and less expensive than other
WPANs, such as Bluetooth. ZIGBEE is targeted at
radio-frequency (RF) applications that require a low
data rate, long battery life, and secure networking.

Fig.4.Soil Sensor
Humidity Sensor:
Humidity is the presence of water in air. The amount
of water vapor in air can affect human comfort as
well as many manufacturing processes in industries.
The presence of water vapor also influences various
physical, chemical and biological processes.
In agriculture, measurement of humidity is important
for plantation protection (dew prevention), soil
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ZIGBEE is a low-cost, low-power, wireless
mesh networking standard. First, the low cost allows
the technology to be widely deployed in wireless
control and monitoring applications. Second, the low
power-usage allows longer life with smaller batteries.
Third, the mesh networking provides high reliability
and more extensive range.
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Fig.6.ZIGBEE Module
Relays:
A relay is an electrically controllable switch widely
used in industrial controls, automobiles and
appliances. Relays are used where it is necessary to
control a circuit by a low-power signal (with
complete electrical isolation between control and
controlled circuits), or where several circuits must be
controlled by one signal.
The relay allows the isolation of two separate
sections of a system with two different voltage
sources i.e., a small amount of voltage/current on one
side can handle a large amount of voltage/current on
the other side but there is no chance that these two
voltages mix up.
GPRS:
GPRS technology enabled much higher data rates to
be conveyed over a cellular network when compared
to GSM.GPRS technology offering data services with
data rates up to a maximum of 172 kbps, facilities
such as web browsing and other services requiring
data transfer became possible. GPRS and GSM are
able to operate alongside one another on the same
network, and using the same base stations. However
upgrades are needed. The network upgrades reflect
many of those needed for 3G, and in this way the
investment in converting a network for GPRS
prepares the core infrastructure for later evolution to
a 3G W-CDMA / UMTS.
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V.

CONCLUSION

The automated irrigation system implemented was
found to be feasible and cost effective for optimizing
water resource for agricultural production. This
irrigation system allows cultivation in places with
water scarcity thereby improving sustainability. The
automated irrigation system developed proves that
the use of water can be diminished for a given
amount of fresh biomass production. The use of solar
power in this irrigation system is pertinent and
significantly important for organic crops and other
agricultural products that are geographically
insolated, where the investment in electric power
supply would be expensive. The irrigation system can
be adjusted to a variety of specific crop needs and
requires minimum maintenance. The modular
configuration of the automated irrigation system
allows it to be scaled up for larger greenhouses or
open fields. In addition, other applications such as
temperature monitoring in compost production can be
easily implemented. The Internet controlled duplex
communication system provides a powerful decision
making device concept for adaptation to several
cultivation scenarios. Furthermore, the Internet link
allows
the
supervision
through
mobile
telecommunication devices, such as a smart phone.
Besides the monetary savings in water use, the
importance of the preservation of this natural
resource justify the use of this kind of irrigation
systems.
VI.
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