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Abstract : This paper presents the maximum power point tracking (MPPT) technique for increasing the output
voltage of the photovoltaic (PV) system. In order to increase the output voltage of the system, boost converter is
connected to the PV system. However, when connecting the boost converter to the PV system the voltage value at
the output equal to the input voltage. According to the principle of boost converter, output voltage must be higher
than the input voltage. The output voltage depends upon the switching frequency and duty cycle of the converter,
as to increase the output voltage of the PV system based on boost converter characteristics. The control
strategies can be used based on the combination between the Particle Swarm Optimization (PSO) method and the
Proportional Integral (PI) controller that strategies can be extract the maximum power from a PV system. The Pl
Controller is used to tracking the maximum power from the PV panel, at different atmospheric condition. The
Solar PV power generation system is comprised several elements like solar panel, DC-DC converter, MPPT
Control Strategies and load. The Simulation result from MATLAB/SIMULINK is presented to verify the
performance of the converter.

Keywords - Photovoltaic (PV) system; Maximum Power Point Tracking (MPPT); DC-DC Boost Converter;
Proportional Integral (P1) and Particle Swarm Optimization (PSO).

l. INTRODUCTION

In the field of power sector one of the major concerns in these days is day-by- day increase in power
demand. But, the quantity and availability of conventional energy sources are not enough to meet up the current
day’s power demand. While thinking about the future availability of conventional sources of power generation, it
becomes very important that the renewable energy sources must be utilized along with source of conventional
energy generation systems to fulfill the requirement of the energy demand. In order to overcome current day’s
energy crisis, one renewable method is to extract power from the incoming sun radiation called Solar Energy,
which is globally free for everyone. The solar photovoltaic (PV) is a popular source of renewable energy due to
several advantages, notably low operational cost, almost maintenance free and environmentally friendly [1], [2].

In this paper, the PI controller with PSO algorithm is used for boost converter to convert DC to DC
voltage. The controlled voltage is used for some application such as battery charging, UPS, etc. The comparator
is comparing the reference voltage with output voltage then it will produce the error signal that error signal is
given to PI controller. The PI controller is used for controlling the voltage signal after that it will send to PWM
generator then the PWM generator is generate the PWM signals for power module. The PSO-based optimization
algorithm is used to deal with the different disturbances that can affect the normal operation of the PV panel. The
performance of this optimization algorithm is further improved by the introduction of a Pl controller that
accelerates the rising time and eliminates the steady state error [3]. The PWM generator is used for commutating
the duty cycle then the switch is used for close and open operation for boost converter. When the switch is open
the inductor gets energized if the switch is closed the energy will goes to diode the diode operates only in forward
direction the capacitor is used for removing the ripple component. Then only the constant output voltage is
maintained in load side.
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1. SOLAR CELL CHARACTERISTICS
The solar cell is mainly made of PV wafers, converts the light energy of solar irradiation into voltage
and current directly for load, and conducts electricity without electrolytic effect. The electric energy is obtained
from the PN interface of semiconductor directly; therefore, the solar cell is also known as PV cell [4], [5].The
equivalent circuit of solar cell as shown in Figurel.
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Figure 1: Equivalent Circuit of solar cell

The mathematical model of solar cells in series or parallel connection can be simply expressed as,
Tpy = Ipp — Lo (E"'I“F Ver — 1} (1)

BET

Where

Ipy is output current of solar cell

Vpy is output voltage of solar cell

I IS reverse saturation current of solar cell
Ion is current output of solar cell

q is quantity of electronic charge

k is Boltzmann constant

B is ideal factor of solar cell

T is solar cell surface temperature.

1. BOOST CONVERTER
The DC — DC boost converter is used which consists of boost inductor, diode, MOSFET used as a switch,

output filter capacitance and resistive load. When supply voltage is given, inductor current increases when the
switch is closed. When the switch is opened, both inductor voltage and supply voltage gets discharged through
the load. Hence a higher Voltage at the output is obtained than the given input voltage [6].
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Figure2: Boost converter

The circuit diagram of traditional boost converter is shown in Figure 2. It consists of constant input voltage
(Vs). Boost converter is connected between the supply and the load. To maintain constant output voltage a
capacitor is connected to the load. The feedback is provided by the controller connected to the output of the
boost converter.
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Figure 3: Boost converter with MPPT

The Figure 3 Shows the circuit diagram of boost converter with MPPT. It consists of two main parts
they are boost converter and PI controller. Initially the voltage is maintained constantly after that again it feeds to
boost regulator through PI controller. The output voltage is given to the comparator that comparator compares the
reference voltage and the error signal from the comparator is given to the Pl controller, the PI controller control
the output voltage[7]. Boost converter is used to convert DC to DC source basically the solar panel is converting
light energy into DC voltage. The output voltage is constant by PI controller; it is used to controlling the output
voltage. The error signal is getting from comparator. Again the output voltage is continuously getting as a
constant output voltage [8]. When the switch is opened the inductor gets charged after closed the switch inductor
charge will goes to the diode and the diode only conducted in forward biasing after that capacitor removes the
ripple component [9].

V. MAXIMUM POWER POINT TRACKING

The PV system output power can be increased by using a controller connected to a DC-DC converter for
tracking system. However, the Maximum Power Point (MPP) changes with insulation level and temperature due
to the nonlinear characteristic of PV modules. Each type of PV module has its own specific characteristic. In
general, there is a single point on the V-1 or V-P curve is called as MPP, at which the entire PV system operates
with maximum efficiency and produces its maximum output power [10]. This point can be located a PV system
with MPPT controller has been shown in block diagram of Figure 4.
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Figure 4: Block diagram
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Maximum Power Point Tracker, frequently referred to as MPPT, is an electronic system that operates
the PV modules in a manner that allows the modules to produce all the power they are capable of MPPT is not a
mechanical tracking system that “physically moves” the modules to make them point more directly at the sun.
MPPT is a fully electronic system that varies the electrical operating point of the modules so that the modules are
able to deliver maximum available power.

A. PI CONTROLLER
The proportional and Integral controller produces an output signal, u (t) proportional to both input signal,
V; (t) and integral
ult) = K,V (£} + K; f V() (2

From the MPPT a reference voltage (Vg is Obtained. This V; is compared with the PV voltage (V,,) and
an error signal is obtained and is given to the PI control. By properly selecting the proportional gain (K,) and
integral gain (K;) the desired response can be obtained. Once boost converter is injected with the power from the
PV panel and the PI controller starts function, it varies the value of the duty cycle which will change the input
value that is sensed by the PI controller [11].
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Figure 5: Proportional band (P)

The Figure 5 shows the proportional band of the controller. The process of selecting controller
parameter to meet given performance specification is known as controller tuning. Ziegler and Nichols suggested
rules for tuning PI controller (mean to set the values of K, and K;) based on the experimental step response or
based on the value of K, that result is marginal stability, when only proportional control action is used. Ziegler-
Nichols rules, which are briefly presented in the following, are useful when mathematical models of plans are not
known. These rules can, of course, be applied to design of system with known mathematical models. Such rules
suggest a set of values of K, and K; that will give a stable operation of the system. However, the resulting system
may exhibit a large maximum overshoot in step response, which is unacceptable [12]. In such a case, we need
series of fine tunings until an acceptable result is obtained. In fact, the Ziegler-Nichols tuning rules give an
educated guess for parameter values and provide a starting point for fine tuning, greater than giving algorithm the
final settings for K, and K; in a single shot.

B.PARTICLE SWARM OPTIMIZATION

Proposed in 1995 by Kennedy and Eberhart [13], particle swarm optimization algorithm refers to an
optimization approach for the public interest in a society. The basic operational principle of the particle swarm is
applicable for the flock of birds or fish or for a group of people. While searching for food, the birds are either
dispersed or go together before they locate the place where they can find the food. While the birds are searching
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for food from one place to another, there is always a bird that can smell the food very well, that is, the bird can
observe the place where the food can be found. Because they are transmitting the information, especially the
good information at any time while searching the food from one place to another, getting the good information,
the birds will eventually flock to the place where food can be found [14]-[16].

In PSO, each single solution is a "bird" in the search space. We call it "particle”. All of particles have fitness
values, which are evaluated by the fitness function to be optimized, and have velocities, which direct the flying of
the particles. The particles fly through the problem space by following the current optimum particles. When a
particle takes part of the population as its topological neighbors, the best value is a local best and is called p-best.
Figure 6 shows the flowchart of Particle Swarm Optimization. In the particle swarm optimization algorithm,
particle swarm consists of “n” particles, and the position of each particle stands for the potential solution in D-
dimensional space. The particles change its condition according to the following three principles:

(1) To keep its inertia
(2) To change the condition according to its most optimist position

(3) To change the condition according to the swarm’s most optimist position

: The general flow chart of PSO can be described as follows

GENERATION OF INTIAL STEP 1
CONDITIOM OF EACH AGENT

EVALUATION OF SEARCHING STEP 2
POINT OF EACH AGENT

NO

MODIFICATION OF EACH
SEARCHING POINT STEP 3

_—<EACH THE EXIT CON DITIGI\>

YES

Figure 6: Flow Chart of PSO

Step 1: Generation of initial condition of each agent Initial searching points and velocities of each agent are
usually generated randomly within the allowable range. The current searching point is set to ppes for each agent.
The best-evaluated value of ppeg is Set to gpest and the agent number with the best value is stored.

Step 2: Evaluation of searching point of each agent. The objective function value is calculated for each agent. If
the value is better than the current pyes Of the agent, the ppest Value is replaced by the current value. If the best

value of pyegt IS better than the current guest, Onest IS replaced by the best value and the agent number with the best
value is stored.
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Step 3: Modification of each searching point. The current searching point of each agent is changed.
Step 4: Checking the exit condition such as maximum number of iteration.

The PSO Algorithm having following advantages such as, (I) PSO is based on the intelligence. It can be
applied into both scientific research and engineering use. (I1)PSO have no overlapping and mutation calculation.
The search can be carried out by the speed of the particle. During the development of several generations, only
the most optimist particle can transmit information onto the other particles, and the speed of the researching is
very fast. (I11)The calculation in PSO is very simple. Compared with the other developing calculations, it
occupies the bigger optimization ability and it can be completed easily. (1) PSO adopts the real number code,
and it is decided directly by the solution. The number of the dimension is equal to the constant of the solution.

V. SIMULATION RESULTS

In that model the MOSFET is used as a switch for the best performance of voltage control, fast
switching and low losses. Here initially given input supply voltage is 5V. In that supply voltage will be boosted
and maintain the constant output voltage in load resistance(R).There are three boost converter parameters are
monitoring by using displays. Here the freewheeling diode to maintain the continuous current path in the input
supplies. When the MOSFET switch is tuned ON supply voltage is connected to inductor and the inductor current
starts to increase and store the energy. When the MOSFET switch is turned OFF, both inductor voltage and
supply voltage gets discharged to the load through diode. Hence a higher voltage at the output is obtained than
the given input voltage[17]

The simulation circuit is necessary to get the output waveform. In input side we are giving 5V that
voltage is getting in output side as 14V. The scope has four signals for PWM, Input voltage, output voltage, load
current.

In Figure 7 shows the simulation model of boost converter with PI controller. In that model the IGBT is
used as a switch for the best performance of voltage control, fast switching and low losses. Here initially given
input supply voltage is 5V. In that supply voltage will be boosted and maintain the constant output voltage in
load. There are three boost converter parameters are monitoring by using displays. In that PI controller output is
act as the modulation index of the converter[18] The relational operator can be comparing the reference signal to
the carrier signal. To set the maximum reference value of Pl controller output is 0.6V. When the carrier signal
voltage is more than reference voltage that time IGBT go to OFF or O states. Otherwise the IGBT maintain the

On state.[20]
—
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Figure 7: Simulation diagram for boost converter with PI controller

The simulation circuit is necessary to get the output waveform. In input side we are giving 5V that voltage
is getting in output side as 12V. For the PWM generation, there are two signals given to the relational operator
one from PI controller[19] output signal and other from triangular carrier signal and the relational operator output
is PWM signal, that signal is given to the switch. The Figure 8(a) shows the Pl controller output and triangular
multi carrier signal. The Figure 8(b) shows the PWM pulses for switch. Figure 9(a), (b), (c) and (d) show the
PWM pulses, Input voltage, output voltage, load current of the boost converter.
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Figure 8: PWM Generation (a) Pl and (b) PWM Pulses and Triangular multicarrier
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Figure 9: Simulation results for boost converter with P1 controller (2)PWM , (b)Input Voltage, (c)Output
Voltage and(d)Load Current
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VI. CONCLUSION

This paper presents Pl controller with particle swarm optimization are used to obtain the maximum
power of a PV system. By using this control strategies gives a number of advantages such as, It has a faster
tracking speed , It exhibits zero oscillations at the MPP , It could locate the MPP for any environmental variations
and the algorithm can be easily developed using a low-cost microcontrollers. The PI controller is used to achieve
less response time and eliminate the steady state error. The PV system with an intelligent MPPT has been
modeled using MATLAB/SIMULINK. The entire PV system is simulated and simulation results are verified.
The maximum power point tracker tracks the MPP and the boost converter boosts the output voltage from the
solar panel to the maximum power point voltage thus improving the efficiency of the panel.
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