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ABSTRACT: Implementation of renewable energy resources is a big challenge in electronic circuits and also
especially in solar cells it isa MODERN challenge in this project active power filters implementation with the four leg
Inverter Voltage source inverter using predictive controller scheme is presented. as we know that the voltage source
inverter allows the compensation of current harmonic components now a days for a modern power systems a big
objective is to control the current control implementation from harmonics in this project a solar cell is made for this
voltage source converter and powered after that the compensation performance of the power filter as shown in the
transient operating condition is demonstrated through simulation results.
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I.INTRODUCTION

Current power generation distribution transmission is showing big effects of additional requirement of Power
generation. In order to overcome all these things there is a scope of renewable energy resources. Which has been now
the world looking for the advancements in renewable energy resources and the implementation of green energy and
Clean Energy. Especially the Council had made by US government call ECBC which is concentrating about the
building energy consumption in that building power consumption totally about the LED lights that means carbon
fluorescent emission, carbon dioxide and carbon in atmosphere leads to reduction of oxygen levels and some other
things like green house gases. In future a human lost his presence or he need to have an additional arrangements to his
body , like a different suits to control the temperature in future survival of human is also a big task so that's why Alot of
advancements to the power systems we are implementing renewable energy resources like only solar cells everywhere
solar cells has proven the perfect alternate to the power generation in this project also | am presenting renewable energy
generation effects and its power quality due to its non linearity solar possession plants and wind generation brands must
be connected to the grid through the high power static pulse width modulation converters why because the traditional
converter is pulse width modulation from the starting of the power electronic development and thyristor and easy BTE
converters Power Electronics switches only pulse width modulation is the following technique to this is the new
scenario in power system distributions will require more sophisticated composition techniques all through the active
power filters implemented with three phase 4-Leg Inverter have already been presented in the technical literature the
primary contribution of this paper is about to predictive control algorithm which is designed and implemented
specifically for this application so coming to creative current controller is it good task and application for electronic
circuits which are running basic the power electronic family devices .... Current power generation distribution
transmission are showing a big effects of additional requirement of generation in order to overcome all these things
there is a scope of renewable energy resources has been English now the old looking for the advancements in
renewable energy resources and the implementation of green energy and Clean Energy especially the Council had made
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by US government call ECBC which is concentrating about the building energy consumption in that building power
consumption totally about the LED lights that means carbon fluorescent emission of carbon dioxide and carbon in
atmosphere leads to reduction of oxygen levels and some other things so due to that in future a human lost his presence
or he need to have an additional arrangements to his body like a different suits to control the temperature in future
survival of human is also a big task so that's why Abbott advancements to the power systems we are implementing
renewable energy resources like only solar cells everywhere solar cells has proven the perfect alternate to the power
generation in this project also | am presenting renewable energy generation effects and its power quality due to its non-
linearity solar possession plants and wind generation brands must be connected to the grid through the high power
static pulse width modulation converters why because the traditional converter is pulse width modulation from the
starting of the power electronic development and thyristor and easy BTE converters Power Electronics switches only
pulse width modulation is the following technique to this is the new scenario in power system distributions will require
more sophisticated composition techniques all through the active power filters implemented with three phase 4 login
waters have already been presented in the technical literature the primary contribution of this paper is about to
predictive control algorithm which is designed and implemented specifically for this application so coming to creative
current controller is it good task and application for electronic circuits which are running basic the power electronic
family devices . In order to improve the quality of the power injected into a grid, this paper presents a model predictive
control strategy for three-phase four-leg grid-tied inverters. For the convenience of optimization, the discrete-time
model of the inverter in which duty ratios are modelled as continuous control variables is investigated. A current
tracking error oriented cost function is employed as a criterion to optimize duty ratios of the inverters

I1.PREDICTIVE CONTROL STRATEGY

MPC is usually used to predict output trajectory of a process and compute a series of control actions that will minimize
the error between the predicted trajectory and desired trajectory. A significant advantage of the MPC over other control
schemes is its ability to deal with multi-variables. Generally, the MPC control process consists of future states or output
prediction, scrolling optimization, and control signal implementation. An important step is to set a cost function for
optimizing. In this paper, the most important control objective is to minimize current tracking errors between desired
output and real output of the inverter. As a result, the cost function is defined as the following.

JK) =q- XPi=1]i*2a (k+1i) — i2ak + ik)]2

+q - XPi=L[i*2b (k + i) — i2b(k + ik)]2

+q- XPi=l[i*2c (k+i)—i2c(k +ik)]2 +r- X Mj=1 Ta(k +j— 1)2+1 - X Mj=1 Tb(k +j — 1)2
+r-XMj=1Te(k+j— 1)2+r-XMj=1 Tnk +j— 1)

Where g and r are weighting factors of output error and control variable, respectively. i = 2a (k+i), i * 2b (k+i), and i *
2c (k+i) are desired output at instant k +i. i2a(k +i|k), i2b(k +i|k), and i2c(k +i|k) are predictive output of instant k +i.
Ta(k +j—1), Tb(k +j — 1), Te(k +j — 1), and Tn(k + j — 1) are duty ratios of upper switches of leg A, B, C, and N at
instant kK + j — 1, respectively. In equation (9), there are two control objectives. As primary terms, the first three terms
deal with tracking of output currents. Rests of the terms are used to smooth the control variable. Weighting factors are
employed.

These output parameters are obtained from the converter output ripple filter and the power system equivalent
impedance. The converter output ripple filter is part of the active power filter design and the power system impedance
is obtained from well-known standard procedures [18], [19]. In the case of unknown system impedance parameters, an
estimation method can be used to derive an accurate R-L equivalent impedance model of the system [20]. This paper
presents the mathematical model of the 4L-VSI and the principles of operation of the proposed predictive control
scheme, including the design procedure. The complete description of the selected current reference generator
implemented in the active power filter is also presented. Finally, the proposed active power filter and the effectiveness
of the associated.
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1.3 Two-level four-leg PWM-VSI Solar Cell topology

111.FOUR-LEG CONVERTER MODEL

The above figure shows the configuration of a typical power distribution system which was connected to renewable
energy resources like solar and wind power generation has presented and also the renewable energy resources r having
fixed power converters like AC to AC standing pwm converter and DC to DC pwm Converter and directly providing
AC power to the grid the proposed power filter which was connected on next to the distribution substation as presented
and shown above after the power filter the lord will distributed residential and small industries... these converters
perform maximum power point tracking to exact maximum energy possible from the solar and wind which can process
the grid required voltages without unbalancing effect all inverters are synchronized to grid to achieve the study state
stability the four leg converter topology is similar to the conventional three phase converter with 1V leg connected
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neutral bus of the system. The four-leg PWM converter topology is shown in Fig. 3. This converter topology is similar
to the conventional three-phase converter with the fourth leg connected to the neutral bus of the system. The fourth leg
increases switching states from 8 (23 ) to 16 (24 ), improving control flexibility and output voltage quality [21], and is
suitable for current unbalanced compensation. The voltage in any leg x of the converter, measured from the neutral
point (n), can be expressed in terms of switching states, as follows:

Vin = Sx = S Vge , X = U, V, W, N, =m=mmmmmmmmmmemmeee (1)

The mathematical model of the filter derived from the equivalent circuit shown in Fig. 2 is

Vo = Vin — Req 1o — Leg dio/dt 2

Where Req and Leq are the 4L-VSI output parameters expressed as Thevenin impedances at the converter output
terminals Zeq . Therefore, the Thevenin equivalent impedance is determined by a series connection of the ripple filter
impedance Zf and a parallel arrangement between the system equivalent impedance Zs and the load impedance

ZL Zeq = ZsZL /(Zs + ZL + Zf) = Zs + Zf . (3)

This control scheme is basically an optimization algorithm; thus, it has to be implemented digitally in microprocessor-
based hardware. Consequently, the analysis has to be developed using discrete

Mathematics to consider additional restrictions, such as delays and approximations, Predictive control is characterized
by its use of the system model to predict the behavior of the variables to be controlled. The controller uses this
information to obtain the optimal actuation, according to a predefined optimization criterion. Furthermore, the
predictive control algorithm is very easy and intuitive to understand, consisting of the following three main steps

IV.DIGITAL PREDICTIVE CURRENT CONTROL

Avrtistic functionalities of a predictive current controller is the use the system model to predict the future behaviour of
the variables to be controlled and it will be the advanced control method of the following with all power electronic
converters and inverters which are in applications the controller uses the information to select the optimum switching
state and that will be applied to the power converter has the power converter will receive this information regarding
that according to the predefined functions and Optimisation criteria the predictive current controller is following the
specified algorithm and which is very easy to implement and understand so the predictive current controller is purely
depending upon algorithm and it can be implemented with the three main blocks as shown one is the current reference
generator and second one is the predictive model and third one is the cost function Optimisation.
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Figl.4 Proposed predictive digital current control block diagram
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V.CURRENT REFERENCE GENERATION

Dg-based current reference generator scheme is used to obtain the active power filter current reference signals. This
scheme presents a fast and accurate signal tracking capability. This characteristic avoids voltage fluctuations that
deteriorate the current reference signal affecting compensation performance [28]. The current reference signals are
obtained from the corresponding load currents as shown in Fig. 5. This module calculates the reference signal currents
required by the converter to compensate reactive power, current harmonic and current imbalance. The displacement
power factor (sin @(L)) and the maximum total harmonic distortion of the load (THD(L)) defines the relationships
between the apparent power required by the active power filter, with respect to the load, as shown

SAPF __ fsine(L) + THD(L) 2
sL

\/\/sin o(L) + THD(L) 2

Where the value of THD (L) includes the maximum compensable harmonic current, defined as double the sampling
frequency fs. The frequency of the maximum current harmonic component that can be compensated is equal to one half

of the converter switching frequency.
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Fig 1.5 dg-based current reference generator block diagram.

One of the major advantages of the dg-based current reference generator scheme is that it allows the implementation of
a linear controller in the dc-voltage control loop. However, one important disadvantage of the dg-based current
reference frame algorithm used to generate the current reference is that a secondorder harmonic component is generated
in id and ig under unbalanced operating conditions. The amplitude of this harmonic depends on the percent of
unbalanced load current (expressed as the relationship between the negative sequence current iL,2 and the positive
sequence current iL,1 ). The second-order harmonic cannot be removed from id and iq , and therefore generates a third
harmonic in the reference current when it is converted back to abc frame [31]. Fig. 6 shows the percent of system
current imbalance and the percent of third harmonic system current, in function of the percent of load current imbalance.
Since the load current does not have a third harmonic, the one generated by the active power filter flows to the power
system.

DC-Voltage Control The dc-voltage converter is controlled with a traditional PI controller. This is an important issue in
the evaluation, since the cost function (6) is designed using only current references, in order to avoid the use of
weighting factors. Generally, these weighting factors are obtained experimentally, and they are not well defined when
different operating conditions are required. Additionally, the slow dynamic response of the voltage across the
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electrolytic capacitor does not affect the current transient response. For this reason, the PI controller represents a simple
and effective alternative for the dc-voltage control. ¥ The dc-voltage remains constant (with a minimum value of 6
vs(rms)) until the active power absorbed by the converter decreases to a level where it is unable to compensate for its
losses. The active power absorbed by the converter is controlled by adjusting the amplitude of the active power
reference signal ie , which is in phase with each phase voltage. In the block diagram shown in Fig. 5, the dc-voltage vdc
is measured and then compared with a constant reference value v«dc . The error () is processed by a Pl controller, with
two gains, Kp and Ti. Both gains are calculated according to the dynamic response requirement. Fig. 7 shows that the
output of the PI controller is fed to the dc-voltage transfer function Gs, which is represented by a first-order system .

VII.SIMULATION DIAGRAM OF PROPOSED &RESULTS
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VII. CONCLUSION

Improved dynamic current harmonics and a reactive power compensation scheme for power distribution systems with
generation from renewable sources has been proposed to improve the current quality of the distribution system.
Advantages of the proposed scheme are related to its simplicity, modelling, and implementation. The use of a
predictive control algorithm for the converter current loop proved to be an effective solution for active power filter
applications, improving current tracking capability, and transient response. Simulated results have proved that the
proposed predictive control algorithm is a good alternative to classical linear control methods. And the Solar System is
also the best means of inverter The predictive current control algorithm is a stable and robust solution. Simulated and
experimental results have shown the compensation effectiveness of the proposed active power filter.
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