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Abstract- Today, it is clear that desertification due to global warming caused removal of nutrient contents
of the soil, making land infertile and unusable for arable farming. To get rid of this problem, it is possible
to use renewable energy to pump water and irrigate the fields. Continuous monitoring of temperature,
soil moisture, water level of wellness and nutrient contents manually and regularly gives information to
the grower to better understand, how each factor affects growth and how to manage maximal crop
productiveness. The current paper highlights the development of mineral and soil moisture that can be
placed at suitable locations on field for monitoring of moisture and nutrient contents of the soil. This
project presents FPGA based monitoring for agricultural field using smart sensors for betterment of
agricultural yield.

Index Terms: Photovoltaic,FPGA, Energy storage, irrigation, Pumping motor, Relay.

l. INTRODUCTION

In most country’s economy, agriculture has been playing a vital role. In developing countries, uneducated
farmers tend to use more water than the required water, hence wasting then soil moisture sensors are used in
such situation to indicate to the farmer where it is needed to cultivate the field.. Nowadays agriculture field
suffers from different climatic conditions such as drought, flood, etc., it caused a loss in agriculture protection.
In agricultural applications, the photovoltaic pumping is by far the most used. The photovoltaic pumping system
consists of a solar panel, control unit and pump unit. A solar PV cell converts photon energy to electricity, but
the problem with solar cell technology is low efficiency and non-linear |-V characteristics [1].

However, it is not enough just to have a photovoltaic pumping system to solve the impact of desertification,
but an efficient power management system is needed to make good decisions for better utilization of the
available energy [4] [7]. An efficient management system is needed to make decisions for battery use of energy.
An automated irrigation system was developed to optimize water use for agricultural crops [8]. The solar
powered water pump along with an automatic water flow control using a moisture sensor and mineral sensor is
the proposed solution to the present energy disaster for Indian farmers [9]. The smallest element of a PV panel is
the solar cell. Each solar cell has two or more specially prepared layers of semiconductor material that produce
direct current (DC) electricity when exposed to light. This DC current is collected by the wiring in the solar
panel. It is then supplied either to a DC pump, which in turn pumps water whenever the sunshine or stored in
batteries for later use by the pump [16].

The paper is organized as follows: Section Il describes the system description. In the Section |11, proposed
methodology is presented. Hardware design is detailed in section I1V. Experimental results are discussed in
section V; some of the concluding remarks are presented in section V1.

1. SYSTEM DESCRIPTION

The photovoltaic pumping system comprises of a photovoltaic subsystem consisting of a photovoltaic panel
of 1kw, a power DC-DC buck converter and MPPT controller, and it contains short term energy storage
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subsystem, i.e. electrochemical batteries of 275.92Ah; the pumping system is composed of permanent magnet
DC motor (PMDC) coupled with the centrifugal pump and it contains a tank to stock the water. Instead of
batteries, the water tanks are preferred storage option in PV pumping system. The centrifugal pumps are usually
preferred for PV water pumping system due to the simplicity.

A. Photovoltaic Energy Conversion System

Photovoltaic will produce electricity only
When the sunlight is available, therefore stand-alone system obviously needs some amount of backup energy
storage, which makes them available through the night or bad weather conditions. Solar cells are assembled to
form a module. The converter technology has a significant impact on efficiency and effectiveness. In buck
converter, continuous output current gives the less output voltage ripple. The input voltage and output voltage
can be calculated as:
Maximum Duty Cycle: D= Vout/Vin
Where V, is the output voltage and Vi,is the input voltage.

B. Water Pumping System

DC pumps are set as either displacement or centrifugal pump, and can be either submersible or surface
types. The motor converts the electrical energy into mechanical energy. This pump converts this mechanical
energy into hydraulic energy.

The water pumping can be done using various electric motors. One of the most suitable motors is PMDC
motor. This water pumping system consists of the PV array, DC-DC converter and PMDC motor connected to a
water pump as shown in fig. 1. Pumping system having brushed PMDC motor coupled to centrifugal pump is
the simplest and most commonly used. Hence, in this project, the system considered in the fig. 1 is PMDC
motor driven centrifugal pump connected to PV panel through MPPT converter.

DC-DC
PV module Converter
PMDC ]
MOTOR
Centrifugal
pump
Gating signal
Ppv
MPPT
lpy > PWM
CONTROL
GENERATOR

Fig. 1 Block diagram of PMDC Pumping system

I1l. PROPOSED METHODOLOGY
A.  Working of the system
The area which is to be cultivated will be

classified into a large number of discrete zones of possible different soil condition, where each zone includes at
least one sprinkler head, or other water disposing device and a solenoid valve having an “on” state and an “off”
state for controlling the flow of water to such device for that zone and which consists a moisture sensor disposed
in the soil in each of the cones and, when interrogated, produces an electrical signal proportional to the level of
moisture in the soil proximate that sensor and mineral sensor that monitors the nutrient contents in the soil. The
mineral sensor and moisture sensor are connected to the FPGA. The FPGA is connected to relay 1 and relay 2.
The relay that receives or retransmit the information to pump motor and solenoid valve.When the solenoid is not
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energized, then the valve is termed normally open. Similarly, when the solenoid is energized, then the valve is
termed normally closed.

9
PV BATTERY INVERTER
V | RELAY1
POWER
SUPPLY
PUMP
MOTOR
MOISTURE | FPGA
SENSOR —>| RELAY 2
I\glEl\ll\JEsF:)ARL | SOLENOID
VALVE

Fig. 2 Block Diagram of FPGA based monitoring system for agriculture field using smart sensor.

B. Components

1) Solar PV module

The PV array consists of an array of solar

Cell modules to provide the desired DC voltage and current. A photovoltaic system consists of an array of
photovoltaic modules, an inverter, a battery bank model for storage, interconnection wiring and solar tracking
mechanism as shown in fig. 2. It can produce only a limited amount of power. The solar irradiance received on
the surface of the PV cells is connected into electric power by PV effect.

The photovoltaic energy conversion is a physical process that directly converts sunlight into electricity.
The basic element of a photovoltaic system is the photovoltaic cell. To produce more power, solar cells are
assembled to form a module. In order to extract maximum power from solar panel, a maximum power point
tracker (MPPT), which is a DC/DC converter, is normally connected between the load and the panel.

2) Battery

The energy generated through the solar
panel will be send to a DC battery. The battery will store the energy for future purposes. Now we are connecting
a water pump to the battery so that the motor run on the power generated by the solar panel. The pump will
supply the water automatically when the land needs it.The battery that is connected to the inverter and power
supply.

A 60V, 275.92Ah lead acid battery bank is used as the electric energy storage system. The battery bank
model is considered as an ideal voltage source. In this paper, the most commonly used technique is adopted for
the state-of-charge calculation.
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3) Inverter
The pump controller prevents the pump
from high or low voltage conditions and it increases the amount of water pumped in less than ideal conditions.
A DC electricity from the solar panel is converted into AC electricity to operate the pump, and will
automatically regulate output frequency according to sun radiance intensity, maximally realize MPPT tracking
function. The battery is connected to the inverter to convert the DC electricity to AC electricity. The inverter
does not produce any power and the power is provided by the DC source. The output of solar cell modules is
changeable according to solar radiation intensity and the solar cell module's temperature. As the voltage of solar
cell modules decreases when the current increases, thus there is a good point of maximum power.

4) Solenoid Valve
A solenoid valve is an Electro-
Mechanically operated valve.In a two-port solenoid valve the water flow is switched on or off and in three-port
solenoid valve, the outflow is switched between the two outlet ports. Multiple solenoid valves can be placed
together on a water pipe. For example, a two-way valve has 2 ports. If the solenoid is open, then the two ports
are connected and fluid may flow between the ports. If the valve is closed, then ports are isolated. When the
solenoid is not energized, then the valve is termed normally open. Similarly, when the solenoid is energized,
then the valve is termed normally closed. A 3-way valve has 3 ports, it connects one port to either of the two
other ports. The relay that passes the information to pump motor and solenoid valve.

5) Soil moisture sensor
Soil moisture sensor measure the
Volumetric content in soil and temperature at different levels of the earth’s atmosphere. Choose an area that
needs to be watered the most frequently. Place the sensor within that area, in a particular area that receives an
average of slightly less than average water from the irrigation system. It is controlled by many factors, including
incoming solar radiations, humidity and altitude. It measures the water content in the soil. Measuring soil
moisture is very important in agriculture to help farmers manage their irrigation system more efficiently.
Farmers able to generally use less water content to grow a crop, they are able to increase yields and the quality
of the crop by proper management of soil moisture during critical plant growth stages.

6) Mineral sensor
Soil nutrient testing is a managementtool

that can accurately determine the nutrient contents in the soil and guide the efficient use of fertilizers with the
increasing awareness of fertilizer effects on environmental and soil quality. Soil tests have been instrumental in
determining where insufficient or excess nutrient levels occur. Nutrient contents in the soil can be analyzed by
using mineral sensor and it will make the agriculture more profitable. The design of the system that may monitor
the farm by installing mineral sensors at the boundary of thefarm. The use of mineral sensor helps in deploying
it in any type of environment for monitoring, making it flexible and robust. Nutrient contents in the soil can be
analyzed by using mineral sensor and it will make the agriculture more profitable. It will lower the risk of water
contamination by nitrate.

V. HARDWARE DESIGN

Many studies have been conducted on the use of FPGA for co-simulation, implementation and control
systems. In this section, we present the hardware description in VHDL language of the best power management
strategy to implement it in an FPGA. We start with the design of the power management algorithm is translated
into VHDL for being synthesized. The software used for FPGA based monitoring system using smart sensors in
VHDL ISE Xilinx ISE Design Suite 8.1i as shown in fig. 3. After the development of code, it can be simulated
in a computer to verify the correct operation of the circuit and can be synthesized to a physical device.The
pumping motor will pump the water into the field by until the field is wet which is continuously monitored by
the FPGA. The system used Xilinx ISE Design Suite to automate the process of water pumping in an over-head
tank storage system and has ability to detect the level of water in a tank, switch on/off the pump accordingly and
display the status on an LED.We create a special program, known as a test bench. The test bench is composed of
three parts [6]

(Fig. 4)
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Fig. 4VHDL Code verification process
V.

EXPERIMENTAL RESULTS

Fig. 5 Hardware Arrangement

The hardware arrangement for the FPGA monitoring system for agricultural field using smart sensors
is shown in fig. 5. The mineral and moisture sensors are connected to the FPGA and the relay that sends the
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information to a solenoid valve and pump motor. If any of the moisture or mineral contents is low, LED will be
turned on.

Qe

10T BASED MINERAL MONITORING IN AGRICULTURE

Fig. 6 Simulated Result
The simulation results are shown in fig. 6. Depending upon the simulation results the pump motor will
be turned on or off.
» If there is insufficient mineral and soil moisture contents in the soil, LED will be turned on.
» 10T is used to indicate the exact scenario. The pump motor status will be displayed by using 10T.

VI. CONCLUSION

The result is a scalable, implementable technology that we have tested and validated numerical in the field.
By using this sensor, we can find whether the soil is wet or dry and test the nutrient contents in the soil. The
prospects of mineral sensors for real-time mapping of important soil chemical and physical properties to
facilitate precision soil nutrient management and monitoring are promising. In future days to come, we can
apply food nutrients to the plant and crop by air mixed with very less water content, with very less water
content, with better monitoring and processing. The developed technology can also transfer fertilizer and the
other agricultural chemicals to the agricultural fields by adding new sensors and valves. The system can act as an
early warning system for upcoming problem, a monitoring system constantly reporting on the status of farms or
livestock. It is claimed that such a system is relevant in the network security and that there is sufficient technical
knowledge to provide its implementation not only feasible, but also cost effective.
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