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ABSTRACT

This paper describes the design of solar powered automatic irrigation system which increases the yield in the irrigation
system of rural areas. The main goal is to design and implement a solar power system using field programmable gate
array (FPGA). In our project soil moisture sensor is used to detect the moisture level of the soil. Measuring soil moisture
is important in agriculture to help farmers to manage their irrigation systems more efficiently. This enables the farmers
to use less water to grow a crop, and increase yields and the quality of the crop by better management of soil moisture
during critical plant growth stages. As the output of is analog the soil moisture sensor cannot be directly given to the
FPGA board. Hence an ADC (Analog to Digital Converter) is used between FPGA and the soil moisture sensor. The
motor can be switched on and switched off automatically through FPGA board according to the moisture content levels

which are displayed in the PC (Personal Computer) using visual basic coding.
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I. INTRODUCTION

In the modern world people are interested in
using compact equipments. Very large scale integration
(VLSI) is the latest technology which steeply reduces
the size of equipments. In this project describes the
design of solar powered automatic irrigation system
which increases the yield in the irrigation system of
rural areas. This system was implemented using field
programmable gate array (FPGA).

FPGAs are usually slower than application
specific integrated circuits (ASICs) but have the
advantage of shorter time to market, ability to be
re-programmed in the field for errors correction and
upgrades, flexibility, and low-cost. Therefore, they
combine many advantages of ASICs and digital signal
processors (DSPs) [3]. The use of hardware description
languages (HDLs) allows FPGAs to be more suitable
for different types of designs where errors and
components failures can be limited [1]. FPGA is
interfaced with the analog to digital converter (ADC) to
know the moisture content information of the soil from
the moisture sensor. And ADC converts the incoming
analog signal of moisture sensor into digital signal to
give the information to the FPGA board because FPGA
is operated only with the digital signals. The analog to
digital conversion operation is done by writing the
coding in the VHSIC hardware description language
(VHDL). Here the FPAG board is connected to the

personal computer through RS232 cable to display the
moisture content level information on the monitor.

Il. SYSTEM OVERVIEW

Solar powered FPGA based automatic irrigation
system is operated by solar power and the entire
system is controlled by FPGA board. Here the motor
is automatically switched on and according to soil
moisture content levels which is detected by the soil
moisture sensor. The moisture sensor signals are
displayed in the computer. Fig 1 shows solar powered
FPGA based automatic irrigation system.

PC SPARTAN -3E
FPGA
—» RELAY [—» MOTOR
i | I I With
EXTERNAL
SOLAR RS 232, LCD
PANEL [ (push biltton,, SOIL
connectors) l«— ADC }¢— MOISTURE
SENSOR

Fig. 1. Solar Powered FPGA based Automatic
Irrigation System
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lll. THE MAIN MODULE OF THE SYSTEM

A. Solar panel

Solar panels (arrays of photovoltaic cells) make
use of renewable energy from the sun [4], and are a
clean and environmentally sound means of collecting
solar energy. Solar power is the conversion of sunlight
to electricity. Sunlight can be converted directly into
electricity using photovoltaic’s (PV) [2].

B. Field Programmable Gate Array

SPARTAN-3E FPGA is used to connect all the
blocks of general block diagram. And here FPGA
consists of communication ports [8], external memory
extension SDRAM modules and external connectors to
interface the analog to digital convertor (ADC), relay
and personal computer (PC) with FPGA. Fig 2 shows
the Xilinx Spartan 3 FPGA board.
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Fig. 2. Xilinx Spartan -3 FPGA board

C. Analog to Digital Converter

Normally the soil moisture sensor gives the
analog signals but it cannot be directly given to the
FPGA board because FPGA board is operated with the
digital signals. So ADC (Analog to Digital Converter) is
used between FPGA and the soil moisture sensor. ADC
which converts the coming moisture sensor analog
signal into digital signals and it is then given to FPGA
board. Fig. 3 shows the basic block diagram of A/D
converter is as shown below.
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Fig. 3. A/D converter

D. Soil moisture sensor

The Soil Moisture sensor measures the soil
moisture’s electric resistance and converts it to
calibrated readings of soil water suction. The watermark
sensor consists of two concentric electrodes embedded
in reference granular matrix material. The matrix
material is surrounded by protective synthetic
membrane and is held in a stainless case. This device
is buried in intimate contact with soil, and reaches
equilibrium with the soil moisture. The adaptor excites
the electrodes with 5V AC current and measures the
electrical resistance which decreases with increasing
soil moisture. The data logger then converts the
resistance to soil moisture units.

E. The module of Relay

Relay is an electromagnetic switch and it is of
various types such as SPST, SPDT, DPDT and TPDT.
In this paper uses a single pole single throw (SPST)
relay that has five pins [5]. Two pins for providing
excitation voltage to relay coil. One pin common
(COM), One pin normally connected (NC) and one pin
normally open (NO).

F. The module of Motor

The two terminals of motor coil connected to the
common (COM) and normally open (NO) terminals pins
of the relay [6]. The connection is such that motor goes
on whenever excitation voltage [9] is provided across
the relay coil.

IV. RESULTS AND DISCUSSION

Variable resistance (Trim pot) is connected with
the analog to digital converter where the trim pot gives
the variable analog values and these values are
converted as digital values and it is given to the FPGA.
Through FPGA the corresponding digital values are
displayed as output values in the system window with
the hyper terminal option of windows xp.



42 National Journal on Electronic Sciences & Systems, Vol. 4 No. 1 April 2013

Hls9eE0

Fig 4. Connection Description

Fig 4 shows how to open connection description
window. Initially the start button has to click on the
desk top and go to all programs [7] then accessories
and communications. In the communication option the
hyper terminal will be displayed and clicking the hyper
terminal automatically the connection description will be
displayed here need to enter name and choose an icon
for the connection. Fig 5 shows the how to restore the
default values of the hyper terminal. Initially press the
start button in the task bar of system window. Then go
to all programs, accessories, communications and
hyper terminal. Then click on hyper terminal give the
file name and choose icon for making new connection
in the connection description. The communication port
will be displayed in this choose connect using
communication port 3 then click on ok. Then com3
properties will be displayed in that press the restore
defaults. Automatically the com3 will be restored by
default values.
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Fig 5. Restoring Defaults

Then Fig. 6 shows the different output values of
ADC through FPGA [10] with the variations of trim pot
and corresponding digital values are displayed in the
hyper terminal window simultaneously. By rotating the
trim part adjustment in the kit the corresponding analog
to digital converter values are displayed in the hyper
terminal window of the personal computer.
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Fig 6. Display of ADC values with Trim Pot
variations

V. CONCLUSION AND FUTURE WORK

Solar Powered FPGA Based Automatic Irrigation
System was designed and implemented with the
detailed study of FPGA and its external communication
devices such as analog to digital converter and soil
moisture sensors. And the corresponding soil moisture
sensor readings are converted to digital values in order
give to FPG with the help of analog to digital converter.
And the corresponding ADC values are displayed in
the personal computer through FPGA with the help of
communication ports.

Future work entails in order to make it suitable
for large scale irrigation systems the numbers of
sensors have to be increased and the sensors need
to be place in different places which are different from
the length of ground level to get clear information of
soil moisture of the land.
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