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Auxt— In the paper a model prescient control (MPC)
has been planned and actualized on the Packed U-Cell (PUC)
inverter which has one olated DC source and one capacitor as
a helper DC interface. The MPC intended to manage the
capacitor voltage at the ideal greatness to have seven voltage
levels at the yield of the inverter. Since lattice associated
application focused by th application, the inverter ought to be
fit for providing mentioned measure of dynamic  and
responsive force at the purpose of regular coupling (PCC) too.
Subsequently, MPC ought to likewise consider the line current
control so as to screen the trading of responsive force with
the lattice while infusing suitable dynamic force at low THD.
Different exploratory tests remembering change for DC
source voltage, dynamic force variety and activity at various
force factor (PF) have been performed on a research facility
model to approve the great exhibition acquired by the
proposed MPC. The dynamic exhibition of the regulator
during abrupt changes in dc capacitor voltage, flexibly current
and PF shows the quick and exact reaction and the
predominant activity of the proposed regulator
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I.INTRODUCTION

These days, staggered inverters (MLIS) are in fast
turn of events and have become an exceptionally helpful
answer for environmentally friendly power assets
applications because of its capacity to manage
distinctive force rating, exchanging semiconductors,
working recurrence, and applied voltage and current MLI
geographies like Cascaded H-Bridge (CHB), Flying
Capacitor(FC), Neutral-Point Clamped(NPC), and Packed
U-Cells (PUC) inverters. PUC inverter (delegated FC
inverter) has a great deal of focal points contrasted and
other MLI geographies A model prescient control (MPC)
has been planned and executed on the Packed U-Cell
(PUC) inverter which has one separated DC source and
one capacitor as an assistant DC connect. The MPC is
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intended to direct the capacitor voltage at the ideal
extent to have seven voltage levels at the yield of the
inverter. Since matrix associated application is focused
by this application, the inverter ought to be fit for
providing mentioned measure of dynamic and receptive
force at the purpose of regular coupling (PCC) too.
Contrasted and run of the mill 2 level converters,
development converters will offer partner degree
prudent option in contrast to high power applications,
giving a prime quality yield voltage, expanding the
strength and heartiness, and lessening the attraction
impedance. Energy strength, reliableness, power
thickness, straightforwardness, value adequacy,
decreased structure with lower scope of dynamic and
latent parts, high force quality, and application field ar
the most themes for particular totally various
geographies of development converters . Specialists
wherever the globe are payment pleasant endeavors to
present new geographies for staggered converters. As
of late, a part of development converters is risen, during
which their 'decreased structure' geographies use lower
scope of gadgets contrasted with the available
geographies . to encourage a worth effective convertor,
lower scope of parts moreover as prime quality
waveforms, development converters with a 'diminished
structure' (MCRS) are fitting for top or medium force
frameworks. Multilevel inverters (MLIS) have been widely
used in interruptible power supplies, renewable energy
integration, and motor drive applications due to their
high power quality, reduced switching losses, higher
number of levels (better voltage waveform), and
possible operation in high power applications Various
MLI topologies have been reported in the literature for
different applications Recently, the packed U-cell (PUC)
inverter has been considered as one of the most
interesting single DC source MLI topologies due to its
high reliability (reduced number of active and passive
lements),
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high power quality, and large multilevel voltage
synthesis versatility However, the effective operation of
the PUC inverter depends mainly on the appropriate
selection of the switching patterns to guarantee high
tracking accuracy of the state variables and
minimization of the switching losses. When a
proportional—integral (Pl) controller is used, the
inclusion of the system nonlinearities becomesa major
problem. Model predictive control (MPC) has been
considered as a promising alternative tostandard
controllers, especially in the presence of system
nonlinearities

Thus, MPC is one of the most interesting control
methods for MLIs as it combines the discrete
characteristic of the controller in a simple way with the
discrete characteristic of the converter a finite control
set MPC (FCS-MPC) was proposed as an optimized
control solution to achieve good dynamic performance
using an optimized cost function. However, one of the
greatest technical challenges in the design of the MPC
algorithm is the determination of appropriate weighting

factors to obtain the desired control objectives.The
best sellection of the cost function is a challenging task,
where a bad design could lead to system instability. In
this context, trial and error techniques have been mostly
used for selection of the

most suitable weighting factor that can lead to the
aimed control performance [19]. However, these
techniques are time-consuming and noneffective when
applied at different operational conditions in which the
selected weighting factor could be optimized locally. In
order to decrease the computation time, a branch-and-
bound method was investigated in , where the weighting
factor is selected empirically. The study in proposed a
recursive multi criteria optimization algorithm for the
tuning of the weighting factors. The authors in proposed
a weighting factor optimization technique based on
estimation of the absolute error of the state variable
tracking. In , an adaptation strategy of online weighting
factors was presented using an analytical variant.
However, the proposed method has no constraint on the
average switching frequency,
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terms of cost. Due to the excellent characteristics of Packed U
Cell topology there is no need of filter requirement, because of
output voltage and current are nearer to sinusoidal. To
highlight the merits and performance of this proposed concept
was simulating in MATLAB/Simulink

10) Shunlong Xiao ; Morcos Metry ; Mohamed Trabelsi ;
Robert S. Balog ; Haitham Abu

A Model Predictive Control technique for utility-scale grid
connected battery systems using packed U cells multilevel
inverter IECON 2016 - 42nd Annual Conference of the IEEE
Industrial Electronics Society Grid-connected energy storage
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1l CONCEPT

This paper describes a photovoltaic-grid connected
Nine Level Packed U Cell (PUC9) topology using a Finite
Control Set — Model Predictive Control (FCS-MPC)
technique. The proposed system is a singlephase
multilevel inverter, with four pairs of switches that work
in a complementary matter, one DC source and two
flying capacitors connected to the grid through afiltering
inductor. This topology has the ability to generate nine
different voltage levels with less number of active and
passive components comparing with conventional
multilevel inverter topologies. The proposed control
technique (FCS-MPC) aims at reducing the total
harmonic distortion (THD) of the grid injected current
while balancing the capacitors’voltages at their nominal
reference values. Robustness analysis of the proposed
model including the effect of a step change in the
injected current into the grid, parameters’ mismatching,
and grid voltage sag and swell have been conducted on
a single phase low power (PUC9) inverter. Theoretical
analysis, mathematical modelling and simulation results
using MATLAB/SIMULINK software are presented in this
paper. The global electrical energy consumption is
estimated to rise on a positive slope for the coming
years; therefore the installed production capacity of
classical high power stations may not be able to meet
the ever increasing demand. Moreover, tolerating the
conventional energy sources such as fossil fuel, nuclear
and perhaps gas is becoming a social issue limiting
possible implementations of such technology due to
pollution impact and for safety consideration as well. In
orderto answerthe evergrowing energy demand, call for
clean and renewable type of energy sources, tofillup the
gap left by holding classical plant development, is
answered by the industry which nowadays is developing
commercial Solar, Wind, Biomass, and Geothermal.

These sources have become an important asset of
the world’s energy resources because of their non-
polluting nature, little maintenance, at acceptable price.
The solar cell behaves as a controlled current source
which converts the irradiance energy directly into DC
current. To convert the DC current/voltage into AC
current/voltage while targeting high efficient scheme,
less polluted with low emission of harmonics, power
electronic converters are necessary; moreover, multilevel
family type of converters are the most appropriate
topologies to be considered.

Conventional inverters have some drawbacks like non
sinusoidal output voltage rich in harmonic distortion
(THD), high switching losses and thermal stress at high
switching frequency with high level of common mode
noise. Multilevel inverters constitute a class of devices
which present interesting features that are naturally

adapted to solar energy conversion schemes and
therefore constitute an interesting solution to the
proliferation of solar energy technology. Multilevel
inverters make use of switches and floating capacitors
to produce various symmetrical voltage levels when
controlled properly. The higher number of voltage levels
produced, the lower is the harmonic content.

Traditional multilevel inverters present many
drawbacks though, they are costly and hard to
implement when the number of voltage levels increases.
In order to attenuate the impact of such problems,
several studies have been conducted and new multilevel
inverters topologies have been proposed. One promising
topology is the Packed U- Cells (PUC) which combines
advantages of flying capacitor (FC) and cascaded H-
Bridges (CHB) and makes use of only one isolated DC
source while the second DC bus should be regulated at a
desired voltage level which influence the output voltage
number of level.

Several control techniques have been studied
concerning the PUC like hysteresis current control, and
nonlinear controllers. All those controllers have been
implemented on the stand-alone inverter or rectifier
application of the PUC topology. Therefore, they were
mainly dealing with unity power factor operation as well
as supplying power to the stand-alone loads. Moreover,
adjusting multiple gains and using modulators to send
the required switching pulses to the power electronic
devices are the main drawbacks of the reported
works.Nowadays, power inverters are asked to provide
both active and reactive power for the utility in which the
grid voltage and current phase-shift as well as the
current amplitude should be monitored and regulated
online. Though the idea of MPC was developed in 1960s,
it remains simple and intuitive.

IV OBJECTIVES

1. .One of the major advantages of the FCS-MPC
compared to a traditional PI controller is the flexibility
to control different variables, with constraints and
additional system requirements. Besides, using MPC
avoids the cascade structure which implies inner
faster dynamic loop and outer slower dynamic loop to
control system parameters; such a scheme is typically
used in a linear control. The drawbacks of FCS- MPC
is that such a controller can operate at variable
switching frequency and also It requires a high
number of calculations to generate its output,
compared to a classical continuous control scheme.

2.To Implement Different models of multilevel inverters

related to thesis topic have been simulated using
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MATLAB/SIMULINK

advantages and disadvantages of those

software for analyzing the
reported
technologies.

3.To design Mathematical modeling of the proposed
converter topology, in order to select the suitable control
technigue based on the switching behaviors and related
performances.

4. To design Mathematical modeling of the selected
control technique(FCS-MPC)

5 To Simulate model using MATLAB/SIMULINK software

for the proposed inverter topology.
IV PROTOTYPE
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Fig 1V. 7-Level PUC Inverter in grid-connected
application

Fig. iv presents a general scheme for MPC to control the
grid-connected inverter. In general, MPC consists of
measuring the variable x(k) and use it in the predictive
control in order to calculate the future value x(k+1) of
the controlled variable for each one of the switching
states. Then, a cost function is calculated in order to
choose the minimum value corresponding to the optimal
state and apply it on the PUC inverter through the
switching pulses.

V Research Methodology/Planning of Work

. In this paper, MPC is developed for the PUC
inverter for grid-connected application. The PUC inverter
has been studied and investigated as a renewable
energy conversion device to deliver green power to the
grid while generating multilevel voltage waveform with
low harmonic contents at the ac output. Consequently,
the PUC inverter capacitor voltage and the grid current
should be controlled to have desired predefined power
quality regulated voltage of the second DC bus as well
as the desired operating Power Factor by changing the
grid voltage and current phase-shift accordingly. The
paper is organized as follow: after an Introduction to

multilevel converters and MPC, includes the PUC
topology description and switching sequences. MPC
technique applied on the PUC inverter has been
investigated and designed accurately.

The proposed work is planned to be carried

out in the following manner:

1) Study of basic concepts of inverter.

2) Finding the problems from conventional system by
surveying literature.

3) Design and study of circuits.

4) Analysis of the proposed topology.
5) Study of the control strategies

CONCLUSION

In this reenactment, a Model Predictive Control has
been utilized for the seven level PUC inverter in
framework associated method of activity, a brilliant
contender for photovoltaic and utility interface
application to convey green capacity to the utility. MPC
is a straightforward and instinctive technique that
doesn'thave befuddlingincreasestochange. Ithasbeen
exhibited that the DC connect capacitor voltage has
been directed at wanted level and 7-levellvoltage
waveform has been produced at the yield of the inverter.
The infused current to the matrix was effectively
controlled to have managed sufficiency and
synchronized waveform with the network voltage to
convey greatest force with solidarity power factor.
Hence this 7-level PUC inverter gives the 7-level voltage
waveforms at the inverter yield with basic circuit which
joins favorable circumstances of flying capacitor and fell
H-Bridges and utilizes just one disconnected DC source
with Unity power factor and with the incredible
effectiveness than the ordinary inverters
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