Available online

European Journal of Advancesin Engineering and Technology, 2015, 2(5): 12-17

Qb= ’?vﬁ‘

Research Article ISSN: 2394 - 658X
ot g

Design and Analysis of ANFIS Controller to Control Modulation
Index of VSI Connected to PV Array

Pradeep Hunoor and SR Savanur

Department of Electronics and Electrical Enginegrin
BLDEA's College of Engineering and Technology, Kdaka, India
hpradeep.eee@gmail.com

ABSTRACT

This paper analyses the operation of an adaptiverouzzy inference system (ANFIS)-based maximusempo
point tracking (MPPT) for solar photovoltaic (SP¥)ergy generation system. The MPPT works on threcipie
of adjusting the voltage of the PV modules by ciranthe duty ratio of the Voltage source inverfEne duty ratio
of the inverter is calculated for a given solaradiance and temperature condition by a closed-lcoptrol
scheme. The closed-loop control of the VSI regsléte duty ratio and the modulation index to éffety control
the injected power and maintain the stringent wgdtacurrent, and frequency conditions. The ANFIBaied to
generate maximum power corresponding to the giwodar $rradiance level and temperature. The respoakthe
ANFIS-based control system is highly precise afigr®fan extremely fast response. The main objefdiva grid-
connected Photovoltaic (PV) inverter is to feed tlwvested energy from PV panels to the grid wiijhh
efficiency and power quality.

Key words: Maximum power point tracking (MPPT), Photovoltaiisem, Voltage Source Inverter, Modulation
index, ANFIS

INTRODUCTION

It is well known that the output power of photowiit (PV) panels holds highly non-linear charactaridor a
certain temperature and irradiation, there willdbgpecific maximum power at certain voltage soechthaximum
power point (MPP). The voltage of MPP changes #ithirradiation and especially the temperature ingryThus,
the system needs to operate at the MPP of PV #émyagontrolling the inverter, no matter how muchadiation,
what temperature or other conditions. Moreover, demerated energy from the PV system, which is Iyost
provided to the utility grid, not only should be sihusoidal current, but also must satisfy the emoents of the
power grids, such as no DC component of the invenigout current, minimization of the harmonicsaa®sult of
no harmonic pollutions on the power grids, and soThese requirements impose the inverter withgh-grade
control. The challenge is how to meet the abovairements with minimum cost, which has to be fatmdthe
majority of designers. Al based methods are moisalsle for improving the dynamic performance ofxinaum
power point tracking. Considering the non-lineaaratteristics of solar PV module, the Al methodsvjate a fast,
flexible and computationally demanding solution the MPPT problem. Fuzzy logic controller and il
neural networks are two main Al methods used folPNIPIn this paper, designing and implementatioANFIS
based MPPT scheme which is interfaced with Voltagarce Inverter presented. ANFIS combines the adges
of neural networks and fuzzy logic and hence deffisiently with non linear behaviour of solar PVonules.
Designing of voltage source Inverter is also cdrrait which is used for impedance matching and mari
power transfer between load and solar PV module.

Block Diagram of Proposed System

Fig. 1 illustrates the block diagram of the progbsgstem. MPPT is used for extracting the maximwanvgr from
the solar PV module and transferring that powethtothree phases ac load. A DC-DC converter [@8Ad] VSI
acts as an interface between the load and the Pdulemo Maximum power point tracker (MPPT) used lie t
proposed system [5] tracks the new modified maximpower point in its corresponding curve whenever
temperature and/or insulation variation occurse MPPT is used to adjust the modulation index ef\fl$l [6] in
order to maintain the power extracted. An ANFIStcoller is incorporated to automatically vary timedulation
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index of VSI in order to maintain the power exteattFig.1. illustrates the overall block diagranttu proposed
system. The proposed system consists of a PV 4t-2], ANFIS controller,Boost converte, VSI and three
phase ac load. The PV power generating system pesdiifferent voltages for varying temperature mratliance
[5-6]. By varying tempetare and irradiance two hundred sets of data anergéed in simulation. These data
used to train ANFIS in offline using MATLAB toolbofor the purpose of Maximum Power Point Track
(MPPT) [7]. Voltage from the PV array is boostedngsa boost corerter. The boosted voltage is given to
voltage source inverter. The inverter feeds the gyotw the three phase ac load. The output volfema the
inverter is given to the load.

Varying
Temprature .
» PV System > Boost » Voltage Source » Three Phase
: > »|  Controller . Inverter > Load
Varying|lrrisior >
ANFIS
» Controller

Fig.1 Block diagram

Simulation M odels
Fig. 2 is the proposed simulation model which issisting of PV module, Boost converter, ANFIS coliér,

Voltage source inverter and three phase
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Fig. 2 Simulation Module
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A PV cell can be represented by equivalent cirshibwn in Fic 3. The characteristics of this PV cell can
obtained using standard equation. This cell modebudes a current source which depends on solgatiaia and
cell temperature, a diode in which the inversersdion current lo depends mainly on the opeg temperature, a
series resistance Rs and the shunt resistance Rp talkes into account the resistive los
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Fig. 2 Solar cell model using singlediodewith Rsand Rp
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ANFISfor MPPT Tracking

The PV cell temperature varies from 10° C to 70if@ step of 6°C and the solar irradiance variemf60 to
1000W/sg.m in a step of 50 W/sq.m. By varying thege environmental factors a set of data is geeeran
simulation. The overall neuro-fuzzy structure show which is a five-layer network [8]. The strurts shows
two inputs of the solar irradiance and the cell gemature, which is translated into appropriate mensiip
functions, three functions for the solar irradiaacel three functions for temperature. These merhigefanctions
are generated by the ANFIS controller based omtloe knowledge obtained from the training data[Sgt

[ i e gt ipat

H

Fig. 4 ANFISbased MPPT Algorithm

Control Strategy
This section describes the control strategy invibltee achieve the desired objectivég. 4 illustrates the control

scheme diagram involved in MPPT system using ANFIS.

PWM Control
The boosted output voltage of the converter Vdcompared with the carrier signal and the outpugiven as
gating signal to the MOSFET switch of the boostveoter.

Voltage Regulation

The voltage obtained from the boost converter @ntfed to the three phase voltage source invertes. gating
signals for the devices in VSI are obtained usitf=S controller. The crisp value of output Vmpptbé ANFIS
controller [13] is compared with the output voltagiethe boost converter. The output signal is giterhe Pl
controller. A Proportional integral controller & generic control loop feedback mechanism .Thed®troller
calculates the error value as the difference batwee measured process variable (voltage) andisedeset point.
The controller attempts to minimize the error byuating the process control outputs. The compedssignal
from PI controller is given as the carrier signad 8PWM technique. The pulses obtained using SPWi\haren
to the three phase VSI and the desired voltagbtamed. Then it is to the three phase ac load.

SIMULINK MODELS
PV Array

PV ARRAY MODEL
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M odel without ANFIS Controller
Fig. 6 depicts thatnodel PV array iconnected to boost converter which boost the veltagequired level and tt

output of converter is fed to VSI and for the gsigmnal of VSI standard gate signal pulses are
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Fig. 6

Model with ANFIS Controller (Changein temperature and constant irradiation)
Fig. 7 depicts thatnodel PV array is connected to boost converter wbmost thevoltage to required levend the
output of converter is fed to VSI to invert the putt And gate signal of VSI is supplied by the ASFontroller
which contols the modulation index of inverter and delivenax power at the output side. During simulal
irradiation is maintained constant and temperasighangec
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Model with ANFIS Controller (Changein Irradiation and constant temper ature)

Fig. 8 shows thamodel PV array is connected to boost converter lwbimost the voltage to required le and the
output of converter is fed to VSI to invert the putt And gate signal of VSI is supplied by the ASRiontroller
which controls the modulmn index of inverter and delivers max power a¢ thutput side. During simulatic
temperature is maintained constant and irradia§amanget

RESULTS
P-V and |-V Characteristics of PV Module
Fig. 9 shows the PV characteristics of PV moduleenghwecan observe the max power point. With MF
algorithm it is possible to change the operatingnpof PV panel to maximum value. Fig. 10 shows t-V
characteristics of PV panel in both current sowand voltage source mode and (Vmp, Ir Fig. 11 shows the
nonlinear characteristics of PV array (Voltage Viie) whereas Fig. 12 shows the nonlinear chariatites of PV
array (Current V/s Time)Fig. 13 & 14 shows the waveforms from the simulatiesults obtained from voltay
source inverter with andithout ANFIS controller (Line voltage of all thredases
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Fig. 9 PV characteristics of PV Panel Fig. 101-V characteristics of PV panel

Fig. 11 The nonlinear characteristics of PV array (Voltage V/s Time)

Fig. 12 The nonlinear characteristics of PV array (Current V/s Time)

Fig. 13 Simulation results of wavefor ms obtained from voltage sour ce inverter with ANFIS controller
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Fig. 14 showsthe smulation results obtained from voltage sour ce inverter without ANFIS controller

CONCLUSION

This paper has suggested a PV generation systantetdace the solar power to the three phase ad lsing
ANFIS MPPT controller. The ANFIS controller has hemplemented using MATLAB/SIMULINK software. The
interface stage between the generation source fendoad is accomplished by a boost converter andliage
source inverter. The boost converter boosts theubutoltage from the PV array of 22 V to about 415Whe
boosted voltage is given to the inverter and tleethé three phase load. The maximum power poiokitng [14],
voltage boost and inversion are achieved usingpifoposed system. The simulation has been carriédinou
MATLAB/SIMULINK environment and the partial resulteave been produced.
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