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Abstract— Renewable energy sources have a great concern nowadays to overcome the conventional energy sources 
problem. The solar energy is one of the promising renewable energy that is implemented in different scale to the energy 
demand. The Photovoltaic cell (PV) is used to convert solar energy into electrical energy which has a non-linear 
characteristic between its current and voltage and also is highly sensitive to the atmospheric conditions, in particular 
temperature and solar radiation. This paper proposes an incremental conductance algorithm for MPPT of the PV system in 
order to enhance its performance, in transient and steady state, and robustness and accelerate the recovery time due to a 
sudden change in the connected load. The system described here monitors the moisture needs of crops through buried 
sensors and automatically pumps water for irrigation when the need arises. The system is very simple to operate and ideally 
suits the irrigation need of rural farmers. 
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I. INTRODUCTION 
 
Solar energy is the most abundant source of energy in 
the world. Due to the drastic increase of global 
energy demand and rapid consumption of 
conventional fossil fuel resource, solar energy has 
become one of the more popular renewable energies. 
Solar power is not only an answer to today’s energy 
crisis but also an environmental friendly form of 
energy. Photovoltaic generation is an efficient 
approach for using the solar energy. The cost of solar 
panels has been constantly decreasing which 
encourages its usage in various sectors. Among the 
various applications of photovoltaic technology, a 
stand-alone PV-battery powered pump system can be 
utilized in many areas such as urban street watering, 
rural farm irrigation and fish farms. One of the 
applications of this technology is used in irrigation 
systems for farming. 
An automated irrigation system has important 
advantages over the methods used by the local 
farmers. It ensures a more precise application and 
conservation of water, high crop yield as well as 
removal of human errors. Many of these automated 
systems use sensors to monitor parameters such as 
soil moisture, soil temperature, soil pH, leaf 
temperature, relative humidity, air temperature, 
rainfall, vapour pressure, and sunshine hours. The 
Solar powered irrigation system can be a suitable 
alternative for farmers in the present state of energy 
crisis in India. This is a green way for energy 
production which provides free energy once an initial 
investment is made. In this paper we propose an 
automatic irrigation system using solar power which 
drives water pump to pump water from the Reservoir 
to a storage tank and the outlet valve of tank is 
automatically regulated by using a controller and 
moisture sensor to control the flow rate of water from 
the tank to the irrigation field which optimizes the 
usage of water. 

II. EXISTING SYSTEM 
 
The most of the existing systems are manual system. 
The manual system needs labor for monitoring the 
productivity and health crop. Considering labor 
salary, the system will cost much more than the 
automatic system, in which there is no assistance to 
the system. The farmer himself has to check the 
moisture level of the soil and has to make a judgment 
whether the field requires water or not. This way of 
inspection of moisture level is not accurate and this 
drawback can be eliminated by using soil moisture 
sensor. 
 
III. PROPOSED SCHEME 
 
The Proposed irrigation system mainly consists of 
two modules. They are: 

 Solar pumping module 
 Automatic irrigation module. 

 
In solar pumping module a solar panel of required 
specification is mounted near the converter circuit it 
gives power to the water pump. Then the water is 
pumped into an overhead tank for storing water 
temporarily before releasing the water into the field. 
In automatic irrigation module the water outlet valve 
of the tank is electronically controlled by a soil 
moisture sensing circuit. The sensor is placed in the 
field where the crop is being cultivated. The sensor 
converts the moisture content in the soil into 
equivalent voltage. This is given to a sensing circuit 
which has a reference voltage that can be adjusted by 
the farmer for setting different moisture levels for 
different crops. The amount of water needed for soil 
is proportional to the difference of these two voltages. 
A control signal is given to a stepper motor whose 
rotational angle is proportional to the difference in 
voltage. The stepper motor in turns controls the cross-
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sectional area of the valve to be opened controlling 
flow of water. Therefore the amount of water flowing 
is proportional to the moisture difference. The block 
diagram of the proposed system is given below 
 

 
 

1. 1.The solar pump unit consists essentially of 
a solar array, a direct-current electric motor 
and a pumping unit. The other components 
are the electrical control and some 
mechanism for tracking the array against the 
sun. 

2. 2.The circuit comprises of sensor parts built 
using op-amp IC. Op-amp’s are configured 
here as a comparator. Two stiff copper wires 
are inserted in the soil to sense whether the 
soil is wet or dry. 

3. 3.A microcontroller is used to control the 
whole system by monitoring the sensors and 
when sensors sense the condition of soil, 
then the microcontroller will send command 
to relay driver IC, the contacts of which are 
used to switch on or switch off the motor 
according to the dry or wet condition of the 
soil. 

4. 4.The microcontroller does the above job as 
it receives the signal from the sensors 
through the output of the comparator, and 
these signals operate under the control of 
software which is stored in ROM of the 
microcontroller. The condition of the pump 
i.e., ON/OFF is displayed on a 16X2 LCD 
which is interfaced to the microcontroller. 

 
SOLAR PANEL 
Solar panel is an assembly of solar cells. Solar cell or 
photovoltaic cell is made up of silicon semiconductor. 
Electricity is produced when the sunlight strikes the 
solar cell, causing electrons to move around. The 
energy generated from photons striking the surface of 
the solar panel allows electrons to be knocked out of 
their orbits and released, and electric fields in the 
solar cells pull these free electrons in a directional 
current, from which metal contacts in the solar cell 
can generate electricity. This is called photo-voltaic 
effect. 

MICROCONTROLLER 
The PICI6F877A is a 8 bit microcontroller and it is a 
very robust controller that suits this particular 
application. The PICI6F877A is a low-power CMOS 
FLASH-based 8-bit microcontroller. The 
PIC16F877A features 256 bytes of EEPROM data 
memory, self programming, an LCD, 2 Comparators, 
8 channels of 10-bit Analog-to-Digital (A/D) 
converter, 2 capture/compare/PWM functions, the 
synchronous serial port can be configured as either 3-
wire Serial Peripheral Interface or the 2-wire Inter-
Integrated Circuit bus and a Universal Asynchronous 
Receiver Transmitter (USART). All of these features 
make it ideal for more advanced level A/D 
applications in automotive, industrial appliances and 
consumer applications. PIC16F874A/877A devices 
are available in 40-pin and 44-pin packages. 
 
RELAY 
A relay is an electrical switch that opens and closes 
under the control of another electrical circuit. In the 
original form, the switch is operated by an 
electromagnet to open or close one or many sets of 
contacts. A relay is able to control an output circuit of 
higher power than the input circuit. 
 
LCD 
The LCD will display the alphabets, numbers, 
characters and symbols. The LCD used here is eight 
bit parallel type and the display size is 16*2. Liquid 
Crystal Display is used for displaying the moisture 
value.LCD consists of three control pins and eight 
data pins. Based on the commands given to the 
control pins, data can be read from or write to the 
LCD. The eight data pins of the LCD are connected 
to the PORTB pins RB0-RB7. Three control pins are 
connected to PORTC pins. RC0, RC1, RC2 are used 
for register select (RS), read/write (R/W) and enable 
(E) respectively. 
 
HUMIDITY AND SOIL MOISTURE SENSOR 
The humidity sensor HIH4000/HSY220, 
manufactured by Honeywell is used for sensing the 
humidity. It delivers instrumentation quality RH 
(Relative humidity) sensing performance in a low 
cost, solder able single in line package. Relative 
humidity is a measure in percentage of the vapor in 
the air compared to the total amount of vapor that 
could be held in air at a given temperature. 
The moisture sensor is buried in the ground at 
required depth. The working of the moisture sensor is 
simple and straight forward. The moisture sensor just 
senses the moisture of the soil. 
 
INCREMENTAL CONDUCTANCE ALGORITHM 
This method exploits the assumption of the ratio of 
change in output conductance is equal to the negative 
output Conductance Instantaneous conductance. 
We have, 
P = V I ---------------------(1) 
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Applying the chain rule for the derivative of products 
yields to 
∂P/∂V = [∂(VI)]/ ∂V ------------------(7) 
At MPP, as ∂P/∂V=0 ------------------(8) 
 
The above equation could be written in terms of array 
voltage V and array current I as 
∂I/∂V = - I/V --------------- (9) 
 
The MPPT regulates the PWM control signal of the 
dc – to – dc boost converter until the condition 
(∂I/∂V) + (I/V) = 0 is satisfied. The Flow chart of 
incremental conductance MPPT is shown below. 
 

 
 
IV. BOOST CONVERTER 
 
A boost converter (step-up converter) is a DC-to-DC 
power converter with an output voltage greater than 
its input voltage. It is a class of switched-mode power 
supply (SMPS) containing at least two semiconductor 
switches (a diode and a transistor) and at least one 
energy storage element, a capacitor, inductor, or the 
two in combination. Filters made of capacitors 
(sometimes in combination with inductors) are 
normally added to the output of the converter to 
reduce output voltage ripple. 
 

 

V. SIMULATION RESULTS 
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CONCLUSION 
 
By implementing the proposed system there are 
various benefits for the government and the farmers. 
For the government a solution for energy crisis is 
proposed. By using the automatic irrigation system it 
optimizes the usage of water by reducing wastage and 
reduces the human intervention for farmers. The 
excess energy produced using solar panels can also be 
given to the grid with small modifications in the 
system circuit, which can be a source of the revenue 
of the farmer, thus encouraging farming in India and 
same time giving a solution for energy crisis. 
Proposed system is environment friendly solution for 
irrigating fields. The system requires minimal 
maintenance and attention as they are self-starting. To 
further enhance the daily pumping rates tracking 
arrays can be implemented. This system demonstrates 
the feasibility and 
application of using solar PV to provide energy for 
the pumping requirements for sprinkler irrigation. 
Even though there is a high capital investment 
required for this system to be implemented, the 

overall benefits are high and in long run this system is 
economical. 
 
REFERENCES 
 

[1] Amit Desai, “Application for solar PV based pumping 
for irrigation: A Survey report”, IIT Bombay, December 
2012. 

[2] Amine Daoud, Abdelhamid Midoun, “Single Sensor 
Based Photovoltaic Maximum Power Point Tracking 
Technique for Solar Water Pumping System”, Electrical 
Power Quality and Utilization, Journal Vol.XIV, No. 2, 
2008. 

[3] Dr. A. Moussi , A. Saadi, A. Betka, G.M. Asher, 
“Photovoltaic pumping systems technologies trends”, 
Larhyss Journal, ISSN 1112-3680, n°02, Juin 2003, pp. 
127-150. 

[4] G.Bayrak and M.Cebeci, “A PV based automation 
system for fish farms: An application study”, in Proc. 
ELECO,2011, pp.1-23-1-27. 

[5] Moussi, “Photovoltaic Pumping Systems Technologies 
Trends”, Larhyss Journal, ISSN 1112-3680, No.02, pp. 
127-150, June 2003. 

[6] M. Benghanem, A. Hadj Arab, “Photovoltaic Water 
Pumping Systems for Algeria”, Elsevier, Science 
Direct, pp. 50-57, 2009. 

[7] Anna Mathew, “MPPT Based Stand-Alone Water 
Pumping System,” International Conference on 
Computer, Communication & Electrical Technology– 
ICCCET, 2011, pp. 455-460, March 2011. 

[8] Taufik, Akihiro, “Modelling and Simulation of 
Photovoltaic Water Pumping System” IEEE Third Asia 
International Conference on Modelling & Simulation, 
pp.497-502, May 2009. 

[9] Le An, Dylan Dah-Chuan Lu, “Design pf a Single 
Switch DC/DC Converter for a PV Battery Powered 
Pump System with PFM+PWM Control”, 0278-0046, 
IEEE 2013, Transactions on Industrial Electronics. 

 
 
 
 
 
 
 


 


