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Abstract- This study mainly focuses on the utilization of renewable energy to drive machine loads i.e., solar energy to drive 
the induction motor. To lessenthe load on conventional energy sources there is a need to move towards solar energy to 
supply power to electrical loads. Solar power generation is a hygienic and pollution free power generation and it is an 
inexhaustible power generation too. In this paper, simulations of solar photovoltaic system fed induction motor is presented 
and analyzed briefly. In addition to this, controlling of solar photovoltaic system with fast digital controller i.e. FPGA based 
results also presented. An MPPT charge controller is used in solar energy harvesting applications to extract the maximum 
power from an ambient solar energy source even under variations in light intensity and temperature. Initial stage FPGA 
controlled charge controller provides constant DC power at its output terminals and it is converted into AC by using FPGA 
controlled 3- level diode clamped inverter. In this paper open circuit voltage mode FPGA controlled MPPT charge controller 
is designed to get constant DC power. This DC power is acting as a source to FPGA controlled 3-Level inverter; and 
converts into AC power by this inverter. Sinusoidal Pulse Width Modulation (SPWM) is implemented in a Xilinx system 
generator environment and MATLAB to control the inverter. This inverter output is used to feed the induction motor. THDs 
of voltages and currents of 3-level inverter and induction motor are also observed. 
 
Keywords- Solar PV system, Solar PV cells/modules, MPPT Technique, System model, DC-DC Boost converter, Multilevel 
Inverter, FPGA control algorithm 
 

 
I. INTRODUCTION 
 
Demand of electrical energy is increasing day by day, 
since almost all requirements of human beings are 
administrated through electrical power and hence the 
usage of electrical energy is reaching to the extent of 
peak level but power generation is not increased in its 
proportion. 
 
Therefore the gap between power generation and load 
is increasing day to day. This is a cause for the 
emerging of the Power Revolution in all over the 
world hence all countries take initiative to generate 
power from alternative sources to generate electrical 
energy. Most of the developed, developing and under 
developed countries depend on conventional energy 
sources (fossil fuels based), however, the amount of 
fossil fuels on the earth is inadequate, and their use 
has caused greenhouse effects such as rising global 
temperature and sea level leads to enormous change 
our living circumstances. Hence the complete world is 
looking for the best substitute for fossil fuel sources to 
generate electricity and found the solution, is 
renewable energy.  
The renewable energy source like solar will gives 
pollution free and clean power generation and it is an 
inexhaustible energy too, they add the much needed 
suppleness to the energy resource mix for decreasing 
the dependence on fossil fuels. Modular 
characteristics, ease of installation and location wise 
for installation of solar PV system are additional 
attractive features of solar PV Power generation. In 
distributed power generation Solar PV systems have 
immense potential. 

Figure1. Block diagram of proposed system 
 

Solar panels are used in Photovoltaic systems (PV 
system) which are directly converted the sunlight 
fallen on them into electrical energy. This extracted 
power from the sun through photovoltaic cell is in the 
form of variable D.C. By using power conditioning 
unit this variable natured direct current is converted 
into three phase alternating current (A.C).  
 
A power conditioning unit is nothing but an 
interfacingunit between the solar modules and 
required loads. In this proposed system, Power 
conditioning unit is a combination of MPPT charge 
controller and 3-Level diode clamped inverter. MPPT 
charge controllers used for basically for 2 functions; 
one is to extract maximum power from modules and 
another one is to convert variable DC into fixed DC. 
MPPT charge controller that will track the maximum 
power from the panels, electrical interconnections for 
effective controlling, Battery storage system, charger,  
solar concentrators and energy management software 
other equipment. An inverter is a power electronic 
device which can convert DC quantities to AC 
quantities in order to feed power to AC loads. The 
power which is generated from the sun is utilized to 
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single consumers as a standalone mode by this 
proposed system.  
The main objective of this proposed system is to run 
induction motor with the solar fed PV system. To test 
this proposed system with simulations comprises 
4stages; firstly 160 watts of 7 solar modules with the 
individual MPPT charge controller connected in series 
solar PV modules are modeled in MATLAB and 
tested their characteristics with standard PV module 
characteristics, Secondly modeled a diode clamped 
multi level inverter to run induction motor in 
MATLAB SIMULINK environment and lastly 
connected those two in order to meet the requirements 
and tested in SIMULINK environment. All the design 
and results for proposed system are presented in 
section 3.  
 
II. PROPOSED MODEL 
 
Due to the output voltage of an individual solar cell is 
very low (usually 0.5V-0.7V), manufacture will 
connect the so many cells are in series to get more 
voltage, called solar module. Series connected solar 
cellarrangement is assembled into a protective 
weatherproof enclosure, so that making a solar PV 
module. SPV modules are connected together to form 
an SPV array. SPV array is produced required power 
for feeding loads but it can't feed directly to load since 
it is variable natured DC power.  
 
Hence there is need of power condition to feed the 
power to AC load. This power conditioning will be 
done with MPPT charge controller and 3-level diode 
inverter is used as a power conditioning unit. After 
power conditioning of solar power will be given to 
induction motor. All these individual devices which 
have been used in the proposed system are explained 
in the following subsections.  
 
2.1. SOLAR CELL MODEL: 
Solar panels are becoming popular now a day due to 
the fact that almost all the world is looking for 
alternative energy and solar power adopted as a good 
choice. Since solar cell is a fundamental element to 
extract electrical energy from ambient sun power.  
 
Solar PV cell equivalent circuit consists of current 
sources, diode, series resister, parallel resister and load 
resister which is shown in the below figure 2. 
Magnitude of current from the current source in the 
equivalent is a function of temperature and irradiation 
as shown in following equations. 
 

Figure2.Practical model of solar cell 

Basic Equations of solar PV cell: 

Load current (I) = I − I e ∗ − 1 −  

Photon Current (I ) = I (1 + α∆T)  

Thermal voltage (V ) =  ∗  
Diode Voltage V = V + IR  
 
Where I sc=Short-circuit current due to sunlight; 
Id=Current shunted through the diode; 
R=Load resistance; 
V=Voltage on the load; 
Rs=series resistance; 
Rp=Shunt resistance; 
q=Electron charge (1.602e-19C); 
K=Boltzmann’s constant; 

 
 
2.2 MPPT charge converter: 
The location of the MPPT charge controller is next to 
solar modules, to get the maximum possible power 
from the PV module. Solar cells have an intricate 
relationship between irradiation, temperature and total 
resistance that produces a non-linear output efficiency 
known as the I-V curve.  
 
The role of the MPPT system to sample the output of 
the solar PV modules and determine the resistance 
(load) to obtain maximum power for any given 
environmental conditions. This MPPT controller 
always tries to match the load resistance with a source 
resistance in order to get maximum power from the 
module by changing the firing angle to boost 
converter. 

 

 
Figure3.Open Circuit Voltage method MPPT charge controller 
 
There are three main types of MPPT algorithms have 
been invented by many researchers to operate the solar 
module at the optimum operating point. In this study, 
the constant voltage method is implemented to extract 
maximum power from solar modules under any 
atmospheric conditions. This method is implemented 
in digital platform for real time implementation in 
FPGA controllers. 
 
2.2.1 DC-DC BOOST CONVERTER: 
The circuit topology of DC-DCconverter to boost the 
voltage is shown in followingfigure4. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-2, Feb.-2015 

FPGA Controlled Solar Photovoltaic System fed Induction Motor through MLI 
 
8 

 
Figure4.DC-DC Boost converter 

 
Generally the output voltage from solar PV modules is 
of low level, to increase its level there is a need of 
voltage boost conversion in the system in order to 
meet the requirements of higher DC bus voltage 
without any transformer. Hence DC-DC Boost 
converter is used to convert low level DC voltage into 
high level DC voltage i.e. from 24 V to 48 V. 
Theseconverters have wide range of applications like 
MPPT's, charging the storage elements i.e., batteries. 
In designing process, the switching frequency is set at 
20 kHz and the duty cycle, D is 50%. 
 
The Operation of DC-DC Boost converter contains 
two modes namely charging mode or discharging 
mode. These modes are depending on the ON and 
OFF control of the main switch in its power circuit.  
This electronically controlled switch is controlled with 
duty ratio, calculated from MPPT algorithm. Based on 
this duty cycle, electronic switch will be in either ON 
mode or OFF mode. 
 
When switch 'S' is in ON position: Inductor is in 
charge state and load is isolated from input side. When 
switch 'S' is in OFF position: Stored energy in the 
inductor and supply will feed to load. Inductor is in 
discharging state. 
 
The variation of current and voltage in the continuous 
conduction mode areshown in the above wave forms. 
Boost converter circuit contains inductor, a diode and 
a fast operated switch as main elements.  
 
The relation between output voltage and source 

voltage is given as:  

Figure5.Waveform of D.C-D.C boost converter 

2.3 Multilevel Inverter: 
Multilevel inverters are gaining more and more 
popularity due to its merits over conventional 
inverters. In this MLI is used to drive the induction 
motor. Some of the important advantages related to 
induction motor drives are common mode voltage is 
zero leads to increase the life time of motor, lower 
THD without increase the switching frequency 
caused for beneficial to cost reduction of filter and 
less torque pulsation favors to less noise in the drive 
system. High powered AC drives having an obscure 
to hook up with the medium voltage level grids (2.3 
to 6.9KV); this obscurity can be overcome by 
multilevel inverters with higher voltage levels. 
Additionally multilevel inverter at high power 
levelsoffers coupling transformer less configuration. 
It has self-voltage balancing ability also. 
 
Hence multilevel inverters are found in many 
industrial applications such as drives, static VAR 
compensators and AC power supplies etc. Multilevel 
inverters have been classified into three categories 
based on its topologies namely diode clamped, 
capacitor clamped and cascaded H-bridge multilevel 
inverter. 
 
The control strategies adopted for multilevel inverters 
are:  

(1) Multi level sinusoidal pulse width modulation 
(PWM)  

(2) Multilevel selective harmonic elimination, and 
(3) Space-vector modulation (SVM). 

 
2.4 INDUCTION MOTOR 
Induction motors are the most widely used motors due 
to very rugged in construction, having high reliability, 
low cost and less maintenance due to the absence of 
brushes and slip rings as in the case of DC motors. 
However induction motors do not inherently have the 
capability of variable speed operation. Due to this 
reason, earlier DC motors were applied in most of the 
electrical drive. But the recent developments in speed 
control methods of the induction motor have led to 
their large scale use in almost all electrical drives. 
 
III. SIMULATION RESULTS AND 

DISCUSSIONS 
 
Simulations of proposed system have been done in 
MATLAB Simulink Environment with the support of 
Xilinx system generator. This total work is done in 3 
sections;  

 

Figure 6. Simulink Model of Proposed System 
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1) Design of each individual block (Solar PV Module, 
MPPT Boost Converter, MLI and Induction Motor),  
2) Modeling of each individual block (Solar PV 
Module, MPPT Boost Converter, MLI and Induction 
Motor)  at specific values and generating Gate pulses 
through Xilinx System generator and  
3) Integration of all individual blocks to make total 
system. 
 
3.1. System Design Specifications: To design 
proposed system design specifications of each 
individual system are given as following subsections. 
 
3.1.1. Solar PV module: 
SPV module: Datasheet values and estimated 
parameters of a module are listed below table. 

 
Table.Datasheet values of solar PV module 

Data Sheet Values  Estimated Parameters  

Isc(Short 
circuit 
current)  

7.36A  Iph(Photon 
current)  

7.36  

Voc (Open 
circuit 
voltage)  

30.4V  Io(diode 
current)  

0.104
e-6A  

Vmpp 
(Voltage at 
maximum 
power)  

24.2V  A ( Diode 
factor)  

1.310  

Impp(Current 
at maximum 
power)  

6.83A  Rs(series 
resistance)  

0.251
ohm  

ns(No. of 
Series 
connected 
solar cells)  

50  Rsh(Shunt 
resistance)  

1168o
hm  

Temperature Coefficients  

Ki(Temperatu
re Coefficient 
for current)  

0.057
%  

Kv(Temperatu
re Coefficient 
for voltage)  

-
0.346
%  

 

Figure7. Ambient temperature variation in system  
 

Figure8. Ambient irradiance variation in system  

In this proposed study 160watt solar PV modules are 
modelled with 24.2V DC voltage at maximum power 
point under STC conditions by connecting 50 solar 
cells in series. And 3 solar PV modules are connected 
together in parallel mode to form one array of 480W 
and then these arrays connected in series to get 
960Watt. This output voltage is fed to MPPT based 
charge controller in order to extract maximum power 
from the solar PV module. The design of that MPPT 
boost converter of constant voltage mode designed for 
480W with the following specifications for each array. 
3.1.2. MPPT Based Boost Converter:Input voltage 
Vi=24V, output voltage Vo=48V, drain to source 
resistance rDS = 0.1800Ω, Inductor L=700µH, 
Winding resistance of inductor rL=0.19Ω, 
Capacitance C=47µF, Capacitor ESR rC=0.1110Ω, 
Diode forward resistance RF=0.0720Ω, Output power 
Po=150W, Switching frequency Fs=10kHz,  
Switching period Ts=100µSec, Duty ratio D=0.5. 
 
3.1.3. 3-Level Diode Clamped Inverter:Diode 
clamped multilevel inverter is designed to convert 
DC into stepped AC at 10Khz switching frequency by 
employing SPWM technique. (20+47J) ohm RL Load 
is connected to the inverter and observed the phase, 
line values of  voltages, currents and THDs are 
observed for analysis. 
 
3.1.4. Asynchronous Motor:  
Induction motor ratings: 5.4HP (4KW) at 400V, 50Hz 
1430RPM 
After successful completion of mathematical design of 
all subsystems of the proposed system; modeled in 
MATLAB individually then taken several modules 
which are connected in series and parallel to meet load 
demand for the integration ofcomplete systems. 
Variable temperature and variable irradiation inputs 
shown in figure7 and 8 are given as input to the solar 
PV module. For these inputmodulesproduce variable 
DC current and voltage as discussed earlier and their 
voltage versus current, power versus current and 
voltage versus power characteristics are shown in 
following figures9,10 and 11. From these modules, 
arrays are formed as discussed earlier to meet the 
demand of required load power. And this output 
voltage and current of array are shown in figure 12 
and 13. 
 

 
Figure9. Voltage versus Current of Solar PV Module under 

varying Irradiance Conditions 
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Figure10. Power versus Current of Solar PV Module under 

varying Irradiance Conditions 
 

 
Figure11. Voltage versus Power of Solar PV Module under 

varying Irradiance Conditions 
 

 
Figure12. Solar Array output current 

 

 
Figure13. Solar Array output voltage 

 
The variable natured DC voltage and currents are fed 
to the constant voltage MPPT based boost DC-DC 
converter. This converter converts these variable 
natured parameters into fixed. This fixed DC act as 
input to 3-level diode clamped inverter. 
 

Figure14. Charge controller output current  

Figure15. Charge controller output Voltage 
 

Diode clamped inverter is synthesized input DC into 
stepped square wave, which is having better quality 
compared to classical two level inverter. These 
waveforms are shown in figure 16 and 17. The output 
of this inverter in solar PV system is fed to induction 
motor and observed the speed of induction motor and 
measured the THD of inverter and observed that 
current THD of 3-level inverter is 1.5%. 
 

Figure16. 3-Level inverter phase voltage 
 

Figure17. 3-Level inverter line voltage 
 

Figure18. Speed waveform of Induction motor 
 
CONCLUSION 
 
Simulations of Solar PV system fed induction motor 
have been done on the platform of MATLAB 
Simulink environment and Xilinx System generator. 
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Solar PV module, Boost Converter and 3-Level Diode 
clamped inverter are modeled in MATLAB Simulink 
environment to drive the 3-phase induction motor. 
Gate firing pulses have been generated from Xilinx 
System generator to control both MPPT based Boost 
converter and 3-Level Diode clamped inverter. The 
MPPT based boost converter is designed with Phase 
Margin is 57.4 and gain margin of 14; these reflect 
that designed boost converter is fully stable. 3-level 
inverter is providing input to induction motor at 
current THD of 1.4%, which meets IEEE standards. 
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