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Abstract: In this paper the different algorithm is performed in MATLAB Simulink to extract large amounts of energy from the
pv system. MPPT algorithm is used to reduce complexity and to get better results, we used to perturb and observation,
incremental conductance and fuzzy logic algorithm. A three-phase NPC inverter is used to connect the PV array with grid
system, The PWM control method is used for the producing the PWM inverter signals. it contains PV array, dc / dc boost, three
level NPC inverter. To get the synchronization between PV system and grid the synchronous reference frame theory with PLL
block is used. The SRF theory will transform the three phase load currents (ia, ib, ic) to the two instantaneous active (id) and
reactive (iq) components. The MATLAB simulation is preformed and we get a constant high output voltage from low input
voltage and by changing the irradiance and temperature.

Keywords: Solar Photovoltaic System, Maximum Power Point, Neutral Point inverter, SRF theory.

I.  INTRODUCTION

The power of PV system with one or more photovoltaic system is depends on temperature, irradiance and current which is drawn
from the cell. PV generation will play a important role as solar based renewable source, but to get high efficiency from the PV
system the PV mismatch is and important issue due to different temperature irradiance and aging of a PV panel so maximum power
of each of the PV panel will be varies due to the above problem so for mismatch the individual panel require a high point of tracking
and control is required [1]. Solar power system with inverter it converts dc power from pv modules into alternating current and then
supplies to the public network. If the disturbance occurs at DC side during the voltage adjusting that may leads to over or under
voltage so to get a good performance of DC voltage control will directly contributes the performance of MPPT. The multilevel
inverter is used in order to implement to grid system, there is a solution to the solar-energy applications, such as a photovoltaic (pv)
array, directly related to each level of the inverter, and the NPC topology has advantage like DC- link capacitors are common to
three phase uses to reduce the total inverter losses and the over voltage across the switches. The multilevel inverter is connected to
Grid with interconnection of PV system. The PV system connected together with grid by using boost converter and multilevel
inverter with MPPT for control of grid system. The DC power which is generated using PV panels has to transform into ac using
dc/ac inverters and dc/dc boost converter for the connection with an AC grid.

The organization of this paper is in section Il the design of photovoltaic array is described, in section I11 different MPPT algorithms
is discussed, in section IV the design of boost converter, in section V Neutral point clamped inverter with pulse width modulation is
described, in section VI synchronous reference theory is explained, in section VII the simulation model and results is described, in
section VIII the conclusion is discussed.

1. SOLAR PHOTOVALTIC SYSTEM
The PV array can be connected together either series or parallel, but we use generally series connected to get the increased voltage
from PV panel and the current will be same. if the panel Is partially shaded it will not produce the same amount of current, but the
performance of PV arrays is rated according to maximum DC power [7]. Solar cells can be designed as a current source in
antiparallel with diode shown in Fig. 1 A direct current is made when the cell is illuminated by light, which varies in proportion to
the solar energy.
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Fig.1. PV Array Circuit
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From the equation PV output voltage (\Vc) above the performance of the photovoltaic current is determined by the load current
which depends on the sun's rays and the temperature.

1. MAXIMUM POWER POINT TRACKING
MPPT is desirable, to operate the at maximum efficiency, this technique will maximize power that comes from the PV array, When
the pv system is connected to power conditional unit, so we can say that maximizing pv power that is the output power of the load
increases, vice versa if the output power gets maximize of power conditional unit, then automatically PV power also increases [3].

A. Perturb and Observation Method

The P&O method used to trace MPP. In this method, a small perturbation is introduced, which allows for a change in the power
output of the PV module. From the flowchart shown in fig.2 we can see the first step is to measure the present voltage v(k) and
present current i(k) and past voltage v(k-1) and past current i(k-1) after measuring the two parameters. we calculate the change in
power. If there is a change of power (dp) is equal to zero the we get the output voltage as the same. but if the change in power is
grater, then zero it checks further that is if change is power is grater, then zero is True the it checks the change in voltage, if the
change in voltage is grater the zero is True then the output power decreases with the dV. if the change in voltage is not a grater, then
zero then the output voltage is increased by the dV. if the change in power is not a grater, then zero, if the change in voltage is less
than zero is true then the output power decreases with dV. if the change in voltage is not less than zero then the output voltage is

increased by the Dv [2].
( START )

Sample V(n), I(n)
dP = P(n)-P(n-1)
dVv =V(n)}V(n-1)

YES

Vref=Vref-dV Vref=Vref+dV Vref=Vref+dV Vref=Vref-dV

v ¥ ' ' Y

Fig 2 P&O Flow Chart
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B. Incremental conductance method

The algorithm of INC MPPT depends on dP/dV, from the flow chart VV(k) and 1(k) are the present solar voltage and current with k is
time variable. it reads the present solar panel voltage and current, and in the past, the solar panel voltage and current, which is equal
to V(k-1), and I(k-1) is the voltage change dv in the current change di. If the change in voltage dVV=0 then it will chick for current if
change in current dI=0 then we get the output voltage. if the change in the output voltage dv£0 then it will chick for change in the
conductance and solar panel conductance that is if di/dV= -1/V then we get the output voltage. if the dI/dV# -1/V then it will chick
di/dv> -1/V that the changes in the conductivity is grater, then the solar panel conductance it means solar panel conductance is less,
we have to increase the conductance of solar panel so we add and extra voltage delV so we get Vref+delV. If the change in the solar
panel conductance is less than solar panel conductance dI/dV< -1/V that is nothing but solar panel conductance is more than change
in solar panel conductance the we have to decrement the conductance of solar panel Vref-delV. After checking the change in solar
panel voltage dV=0 if the change in solar panel current dI>0 if yes then the solar panel conductance will increase Vref+delV if
change in conductance is less that is dI1<0 then solar panel conductance will decrease Vref-delV [11].

Reading V(K), I(k)

dV=V(k)}-V(k-1)
di=(kM(k-1)

vietsvret || Vret-vretsdelv || vret-vretdelv || V" VROV || retevrefede || Vretvret

) X -
L

Fig 3 INC Flow chart

C. Fuzzy logic method

The fuzzy logic algorithm is used for fast response and it also improve the performance. the fuzzy logic requires the input voltage
and current and the output will be duty cycle, this value of duty cycle is used for pulse-width modulation generation and this signal
is used in the switch of the converter, the switch there are four different stages [10] The two observations are sensed from the input
controller that is voltage and current (vm) and (Im)of a PV module. the output of the fuzzy logic duty cycle (D) will generate the
pule width modulation and this plus is given to the converter switch. The fuzzy logic subset, three subsets are small, medium and
high are chosen for the input variables and trapezoidal shape is used for the membership function. the range for the member ship
function taken from the PV model is (Voc= 37 V, Isc = 8 A).
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V. BOOST CONVERTER TOPOLOGY
The design of the DC / DC converter is important for PV application to get high output voltage from the low input voltage, but the
The solar system will operate at a low power supply voltage. high voltage is produced to get efficient conversion using DC-AC
inverter. The output voltage of this DC-converter has to be within a range of about 800 volts DC for a typical DC link voltage for a
three-phase.
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Fig 4 Boost converter

V. THREE LEVEL NEUTRAL POINT MULTILEVEL INVERTER
A multi-level NPC inverter consists of several levels, the capacitor voltage. A N-1 level inverter consists of (N-1) DC-bus
capacitors, 2 (N) switching devices for each phase, and 2(N-2) clamping diodes for each phase. The power supply is divided into
three levels of two DC capacitors, C1 and C2. This capacitor will divide the input voltage at the VDC/2, the voltage is limited by
means of a single capacitor, by the clamp diode [4].

vel ! f 1 : 1

vde

7=
=1
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Fig 5 Neutral point clamped inverter

In the single leg operation, the switch S1 and S2 will operate the voltage across capacitor C1 will get as +Vdc/2 shown in fig 5.
When switch S3 and S4 will operate then voltage across capacitor C2 will get as -Vdc/2 shown in fig 5 when both the switches S2
and S3 is operated then we get voltage as zero.

+
+
+
+ .
1 vclcliL
VCIT {
e . vdc

+ | + - 4
vcz;{: vcd2:L
Fig 6 Mode one Fig 7 Mode two
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Table 1 switching of the inverter

Voltage Switching condition

+Vdc/2 S1and S2 on, S3, and S off
0 S2 and S3 on, S1, and S2 off

-Vdc/2 S3and S4 on, S1, and S2 off

VI. SINUSOIDAL PWM TECHNIQUE
Sinusoidal pulse width modulation as a PWM control method for setting the reference voltage to ac Vref is compared with the
frequency of the carrier wave to determine the switching states of per leg inverter. during the comparison of each leg there are some
rules which is shown below.
If reference voltage Vref > triangular wave Vc: higher switch will be turned on (leg voltage = vdc/2)
If reference voltage Vref < triangular wave Vc: higher switch will be turned on (leg voltage = -vdc/2)
The maximum value to triangular carrier wave is given to DC voltage Vdc. But the pwm technique the condition is that reference
voltage Vref must be less than the carrier voltage Vc. that is Vref<Vc . for this PWM technique we used high frequency modulation
voltage so it is called as carrier based PWM technique. also called as SPWM technique because the reference is given as sine wave.

U

Fig 8 Pulse width modulation

VII.SYNCHRONOUS REFERENCE FRAME THEORY
The synchronous reference frame theory is used for reference current generation to develop in time domain reference current
generation, the three phase la, Ib, Ic are converted into active and reactive components that is Id and Iq In rotating frame. it uses
direct and inverse(dq) prank transformation [8].it convert three phase reference frame a-b-c to d-q0, this two-phase id and iq will
rotate at synchronous speed w in space, 6 is transformation angle, and the current ia will rotate at angular speed w=2nf. This
transformation is calculated by
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A. Phase lock loop

For high accuracy and fast dynamic response, the Pl controller with PLL algorithm is employed. The below figure shows three
blocks that are low pass filter (Pl controller) to attenuate the input AC components at high frequency. where the voltage-controlled
oscillator will generate the sinusoidal voltage at the frequency of wqg and low pass filter is used as PI control. the output power is
transmitted to the input signal by pie / 2 radians., by producing cosine function which makes the maximum frequency a double grid
frequency that limits the bandwidth of PLL. So, the performance limits the bandwidth of PLL [6].

B. Synchronous Frame -PLL

For grid connected converters it is critical to control the phase angle of the grid, since there are control strategies like vector control,
direct power control. to implement the control unit like dq reference frame and dq variables extraction. therefore, grid
synchronization serves as the part of grid connected converters. there are many different approaches to achieve fast synchronization.
but the grid voltage at the time of Grid synchronized might occur in usual or unusual conditions, like single phase grid voltage,three
phase imbalanced grid voltage, or three phase distorted grid voltage [6]

VIIl. SIMULATION MODEL
Fig 10 shows the system configuration. The boost converter was attached to the solar Power system, which increases the output
voltage. of PV array. A Three-phase NPC (Neutral point clamped) inverter is connected by the boost DC-DC converter which is
included in the system. This NPC inverter is connected to grid. This system includes an MPPT with voltage controller and the pulses
are given to the boost converter.

Fig 9 Simulink model of three phase grid connected three level NPC inverter.

A. Control strategy of perturb and observe method

Conn3

Fig 10 perturb and observe method
The p&o algorithm is developed by talking the solar panel voltage and solar panel current and given to the zero-order hold which

will hold the values for 0.02 sec to calculate the change in voltage and power. the step of 5 volt is given to gel the change in output
voltage.
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Fig 11 incremental conductance method

C. Control Strategy of fuzzy Logic Method

|

T s Bk

Conn1 R1 L1

-y

8. bt

ED

Conn3

Fig 12 Fuzzy logic method

D. Perturb and Observation Results
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Fig (a) Irradiation at 1000 w/m2 and temperature 25C
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Fig (b) Irradiation at 600 w/m2 and temperature 25C
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Fig (c) Irradiation at 400 w/m2 and temperature 25C

1) The above results are performed firstly at standard constant temperature and irradiation conation at (G= 1000 w/m2 an T = 25C)
2) After the simulation is performed at variable irradiation (G) from 200 w/m2 to 1000 w/m2

From the fig a, b, c the above results are of perturb and observe method which we got constant output voltage at different irradiation
and temperature.

E. Incremental Conductance Results

| |
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Fig (d) Irradiation at 1000 w/m2 and temperature 25C
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Fig (e) Irradiation at 600 w/m2 and temperature 25C
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Fig (f) Irradiation at 400 w/m2 and temperature 25C

From the fig d, e, f the above results are of incremental conductance method which we got constant voltage at different irradiation
and

temperature. compare to P&O, incremental conductance method offers better performance, with less oscillation.

F. Fuzzy logic results
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Fig (g) Irradiation at 1000 w/m2 and temperature 25C
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Fig (h) Irradiation at 600 w/m2 and temperature 25C
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Fig (h) Irradiation at 600 w/m2 and temperature 25C

From the fig h, i, j the above results are of fuzzy logic method which we got constant voltage at different irradiation and
temperature. compare to P&O and incremental conductance, fuzzy logic shows no oscillation and better stability.
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Fig 13 Three level NPC voltage
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Fig 14 Grid Voltage waveform
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Fig 15 Grid Current Waveform

XI1. CONCLUSION
It can be concluded by using a solar panel operating under constant irradiation and temperature we get oscillating voltage from P&O
algorithm further the oscillations are reduced using incremental conductance algorithm and for fuzzy logic algorithm there is no
oscillation and we get constant voltage during constant temperature and irradiation. Under varying irradiation and temperature from
the solar panel using P&O, INC and Fuzzy logic algorithm we get constant voltage under varying climatic condition. The three level
NPC inverter which is connected in between PV system and grid we get three level output voltage with grid synchronization
waveform.
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