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Abstract

Model Predictive Control (MPC) for grid-connected inverters has been presented in this
paper. The standard proportional-integral controller based system is replaced by this control
method for a two-level inverter using Euler's approximation technique to improve the
inverter's dynamic response. To anticipate the grid-connected inverter's longer-term
behaviour, a replacement predictive mathematical model is offered, which is likened to the
reference signal to decide the system's cost function. With this MPC approach, the cost
functions of the converter are derived using all possible switching vectors. The associated
switching vector for the minimal possible function is then chosen to activate the inverter
switches throughout the subsequent sampling instant. The suggested scheme is validated in
Simulink to verify its effectiveness and performance. In comparison to the Pl-based

controller, total harmonic distortion (THD) and current error are minimized.
Keywords: Model Predictive Control, Total harmonic distortion

1. Introduction

As energy from renewable sources has risen in importance, more distributed energy
units are being used and tied to local power systems via power converters, such as PV panels,
wind turbines etc. These DGs are assimilated to a common AC or DC bus with energy
storage systems (ESS) to frame a microgrid in to get more capacity and control adaptability
to meet system stability and power quality standards. Grid supporting capacity is another
promising capability of DG systems. Because of varying load demand, power system

stabilization has been a difficult research task in past few decades. In this sense, the DGs can
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be configured to provide active and reactive power compensation, and thus to provide active

and reactive power compensation.

In this context, the DGs can be controlled to provide active and reactive power
compensation, thereby supporting the voltage and frequency adjustment of the main power
system. As a result, power converters must operate more efficiently and effectively in order
to ensure high power quality and dynamic stability. There are several existing control
strategies for grid-connected inverters, with direct power control (DPC) being one of the most

popular.

Model based control has recently emerged as an appealing substitute for power
converter management due to its flexible control scheme that allows for the easy integration
of system limitations. The model of the system is utilized in this control to forecast system
behaviour based on current states and control actions, and a cost function is then used as a
criterion to identify the best switching states. However, there is relatively little information in
the literature regarding MPC-based variable power regulation for grid-connected inverters. In
reality, flexible power regulation is crucial for DGs since, as previously stated, following grid
connection, frequency regulation via active power management and voltage support via
reactive power compensation are required. This paper proposes a model-predictive direct
power regulation technique for grid-connected inverters in PV systems that takes use of the
flexibility of the MPC approach. To decrease power ripples, a cost function is first defined.
Then, to compensate for the one-step delay in digital implementation, a model-based system
is designed. Furthermore, another standard is familiarized into the cost function to minimalize
the frequency of switching in order to reduce inverter switching loss and thus boost power

conversion efficiency. The simulation and experimental data both support the hypothesis.

2. Proposed Work

In this proposed work, two complex load current references are displayed for the
duration of the reference. Currents at i’(k + 1) are computed by numerical computation and
using the numerical value of measured current and all the possible voltages. Consider the
voltage V, which represents the anticipated current that is nearest to the expected value, as
depicted in Figure 1. But i, (Vo) refers to the expected current if the voltage Vo or V7 is
applied at time k. Vector V, and Vg minimize the error in current l,, while vectors V; and V3
in the current l;. The value of cost function is directly related to the inaccuracy as shown in

table 1. For present control, viewing these errors and distances is simple, but for more
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sophisticated cost functions, these charts become difficult or impossible to construct. The
selection of voltage vector which is related to the minimum current error is computed
numerically as shown in Figure 2. The voltage vector V, causes the minimum error in this

case. After that, the voltage V, is chosen and applied to the inverter.
2.1 Working Principle

The process of discretization of the current flow through the load for a sample time is
described in this section. From observed current and voltage at the present sampling point k,
the model is utilized to estimate the load current at the next interval. Several discretization
approaches can be utilized to create a discrete-time model that can be used to make
predictions. The discrete-time model can be derived by a straightforward approximation of
the derivative if the load can be treated as a first-order system. The system with high
complication, this technique may lead to flaws into the system, necessitating the use of a

more precise discretization process.
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Figure 1. Reference and predicted currents

Table 1. Cost function

Voltage vector Cost function

Vo, V7 Co7=10.6
V1 €,=0.892
V, c,=0.24
Vs c3=0.42
V4 c4=0.96
Vs cs=1.24
Ve ce=1.19
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The derivative of the load current is replaced with a forward Euler’s technique.

That is, the derivative

di i(k+1)-i(k)
dt Ts

current for different voltages.

= ———— is substituted in voltage equation forecast the load

In this way, the estimated current is being related at each sampling interval and then

the minimum numerical value of cost function is selected, and hence the switching vector

related to the minimum error is selected.
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Figure 2. Voltage vectors with their switching combinations.

2.2 Flow diagram
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Figure 3. Flow diagram
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Figure 3 depicts the system's flow diagram. In which the first step is to find i(k) and
then using i(k), the instantaneous value of grid voltage is estimated. By using the grid
voltage, i(k+1) is computed. Then cost function is evaluated to switch on the power
electronics switch to reduce the error. This is how this algorithm works at each sampling

instant.

2.3 System modeling

i(k)* Sa

Minimization Sb
of cost Inverter i
- functi
- Predictive P(k+1) unction sc

model

Figure 4. Block diagram

As show in figure 4, the overall system consists of an inverter and associated control

block with grid.
2.4 Converter Model

The three-phase inverter's power circuit diagram is represented in Figure 5. The
switching states Sy with g=1,2,..., 6, are mentioned below:
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Figure 5. Voltage source inverter power circuit

This switching combination defines the value of the output voltages,

Van= SaVdc, Von= Sp Ve , Ven= Sc Ve
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Figure 6. Inverter simulink model

Considering the vector a = e/2™/3 | which signifies the 120" phase angle between

the phases. The voltage vector can be defined as

v =2 (Vavt aVenta'Ven) 1)
where ,

Van IS the phase voltage of the inverter. Similarly, all the voltages for each possible

switching sequence are computed.
2.5 Modeling of Grid

Taking into account the definitions of variables from the circuit shown above, the

equations for load current dynamics for each phase can be written as

Van =LE2 4RI+ Vi 16 )
Vin=L 32+ Rio+ Ve @3)
Ven :L%+Ric+VnN+ec 4

Where,

R and L are line resistance and inductance respectively.

The voltage equation can be computed as follow,
V=L 5 (Cia+aip+a%i) ) + R (3 (ia+aly + i) ) + (5 (60 + agy + %) ) + (5 (Ve + aVew +@Vy) ) (B)

The grid voltage and load currents are estimated by using the following expressions.
i = = (ia* aipta’ic) (6)
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e = g(ea+ aep+a’ec) (7

Then the load current dynamics can be described by the vector differential equation

. di
V = Ri+L—+e (8)
dt
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Figure 7. Grid model

3. Results and Discussion

The system parameters considered for simulation is tabulated as shown in table 2.

Table 2. System parameters

Resistance R 10
Inductance L 10mH
Grid voltage \Y/ 100V (p-p)
Frequency f 50Hz
DC source voltage Vg 500V
Sampling period T 10 and 25 ms

The simulation model consists of five important elements such as references,

coordinate conversion, control algorithm, model of inverter and the grid.
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An embedded MATLAB function block was used to create the prediction method. At
the sample time defined for the prediction algorithm, this block must be configured to use a
discrete updating mechanism. This may be done quickly with the Simulink model explorer,

which also allows the algorithm's variables to be defined as inputs, outputs, or parameters.

The control function is declared in the code, with the gating signals as outputs. The

reference and the measured value of current both stated in two-phase coordinates are the

algorithm's inputs.

By applying the Laplace transform,

. I 1 ..
. is calculate by VaniEa =R and similarly for other phases.

The uppercase variables in the time domain reflect the appropriate lower case
variables' Laplace transformations. The load current is the output of the grid model using line
parameters, and the voltage derived by subtracting the instantaneous value of grid voltage
from the equivalent load voltage is the input. To recreate the grid voltage, which is assumed

to be sinusoidal in shape with constant amplitude, standard sine wave blocks are employed.

For this algorithm to operate, the ideal vector chosen by the technique and the
instantaneous value of measured current must both be retained from the previous sampling

instant. These values are used to evaluate the load back-emf, to establish and configure these

persistent variables, and to estimate the grid voltage.
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Figure 8. Line current spectrum in steady state
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Transient evaluations using the MPC approach, as shown in Figure 8, are performed
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to demonstrate the resilience of the control schemes. In addition, a step reference is given,
with the results displayed in Figure 8, where the amplitude of the step reference is 5 A during
the time period 0.0 to 0.05 S, and increases to 10 A at the time instant of 0.05 S. The findings

reveal that the predictive current replicates the reference current without delay, although it

performs better in terms of benchmark deviation than the reference current.

Accurate current conrol is possible in this control with minimum error and better

transient response as shown in figure 8. Since the response time is minimum, power flow is

smooth in nature.

Line current (Ts=10e-6 S)

L | /\\
[ x -W

sH ;\ 1 He ‘ . |
’ W :/ \a }/ I / \ ' / I\ // |
— ).'1 \l }/ :" \ ".{({," ;" \ " y" ':» \\' E/}. jj \ ,/'I
LT
I

ANNAANAN
V| ./ VYV VYV

1/\\,
[

current in A

|

[\
¥

|

\
b

’ *®" Time (seconds) '

Figure 9. Line current at Ts=10e-6 S

For Ts =10e-6 S, THD= 1.22%
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Sine wave sources produce three-phase current references with the required peak

amplitude, phase angel, and frequency.

Line current (Ts=25e-6 S)
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Figure 11. Line current at Ts=25e-6 S

For Ts = 25e-6 S, THD=3.19%
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Figure 12. Line current THD at (Ts=25e-6 S)

The control can be done in complex coordinates (aff coordinates) to minimize the

number of predictions. The transformation from one to another must be given, because both
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the measured value of load and reference currents are in three phase quantities. This step is

not required in few situations where the current reference is in two phase coordinates.

Voltage waveform

400 T
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Figure 13. Phase voltage waveform in steady state

The MPC algorithm is employed as an embedded MATLAB S-function, with

reference and measured currents given in coordinates as inputs.

4. Conclusion

When compared to a typical Pl control system, the suggested approach achieves
reduced current error and lower harmonic contents. The performance of Pl controllers is
determined by how well their parameters are adjusted. There are no parameters to alter in this
proposed control approach, but the cost function needs to be defined. The current error can be
altered by altering the value of Ts (sampling time). Even though the duty cycle can be
modified, it is limited since the inverter's switching state can only be changed once per
sample. It performs well in both transient and steady state situations. As a result, the inverter
which is connected to the grid could achieve flexibility in power control. Due to the rise of
electrification and the ever-increasing demand for high-efficiency electric components, the
worldwide megatrend of decarbonization will promote MPC applications in electronics even
more. Model-based predictive control (MPC) can be useful in a variety of sectors, including
climate control systems (specifically heating, ventilation, and air conditioning applications).
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