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Abstract—A finite control set model predictive control of 3-
Level T-type converter for grid tie application, with decoupled
active and reactive power control with addition to dc link
voltage balancing has been investigated and presented in this
project. Also, one notable constraint associated with employing
MPC is the variable switching frequency. This challenge can be
mitigated by comparing the switching states with a carrier wave
of constant frequency. Nevertheless, fine-tuning the weighting
factors poses a formidable challenge, particularly as and when
count of constraint to be included in designing of a cost-function
rises. Consequently, in this proposed approach, the complexity of
this tuning process is mitigated by adopting a MCDM technique,
specifically VIKOR. Through simulation, the suggested predictive
control algorithm is verified and demonstrates the ability to track
and regulate the input unity power factor

Index Terms—Model Predictive Control (MPC), Multi-Criteria
Decision-Making (MCDM), VIseKriterijumska Optimizacija I
Kompromisno Resenje (VIKOR)

I. INTRODUCTION

Power electronics converters have become essential ele-
ments across a spectrum of applications, encompassing indus-
trial operations, renewable energy utilization, electric vehicle
battery charging, and the smart grid infrastructure [1]. In
recent times, with the advancement control techniques of these
converters have raised to prominence as one of the focal
points of both academic and industrial research endeavors.
These converters are typically categorized into two main types:
two-level converters and multi-level converters (MLCs). While
former are characterized by their simplicity, cost-effectiveness,
and reduced component count, and later as it offers superior
power quality and enhanced efficiency. Consequently, MLCs
are progressively being adopted as replacements for traditional
two-level converters [2].

TWO-LEVEL (2-L) voltage source converters (VSCs) are
commonly used to link distributed energy resources (DERs)
to micro grids (MGs). However, for medium and high-
power applications, multilevel (M-L) VSCs are proven as
great alternative to traditional 2-L VSCs, offering enhanced
output waveform quality and reducing voltage stress on power
semiconductor devices. Also the adoption of M-L VSCs often
leads to the utilization of smaller AC filters, as the number of
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level increase leads to the output closer to sine wave which
further leads to low THD and smaller ac filter values [3].

The traditional control strategies used for these converters,
including direct power control (DPC) [4], virtual flux-oriented
PWM control [5], and voltage-oriented control (VOC) [6],
all depend on a PI controller to meet control goals. Active
and reactive power is indirectly controlled in VOC control by
adjusting input currents. The required current references for
DC link voltage control are produced via the outer PI control
loop. On the other hand, in DPC, measured line currents are
used to calculate active and reactive power, which is then
compared to reference power. Switching states are chosen
from a predetermined lookup table based on power faults. The
difficulty in using these traditional control methods lies in the
PI controller’s tuning, which can be challenging.

Compared to the classical controllers outlined above, model
predictive control (MPC) has received a lot of attention for its
seamless integration of constraints and non-linearities, rapid
dynamic response, and simplicity and intuitiveness [6]. One
further noteworthy benefit of MPC over classical controllers is
its ability to operate independently of pulse width modulation
specifications. Using a discrete-time system model, the MPC
algorithm predicts how control variables will behave in the
future over a predetermined time frame and chooses the
best course of action to minimise a cost function. Several
control objectives, including current tracking, real/reactive
power tracking, and speed and flux monitoring in electrical
drives, can be stated using this cost function in MPC. By
utilising these benefits, MPC has discovered numerous uses
in the power.

A finite control set model predictive control of 3-Level
T-type converter with decoupled active and reactive power
control with addition to dc link voltage balancing has been
investigated and presented in this project.Also, one notable
constraint associated with employing MPC is the variable
switching frequency. This challenge can be mitigated by
comparing the switching states with a carrier wave of constant
frequency [13]. Nevertheless, fine-tuning the weighting factors

poses a formidable challenge, particularly as and when
count of constraint to be included in designing of a cost-
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function rises. Consequently, in this proposed approach, the
complexity of this tuning process is mitigated by adopting
a MCDM technique, specifically VIKOR [14]. In this method
facilitates initial rankings and identifies the best switching state
out of the possible switching sates and applied to converter in
the next instant. This suggested control technique makes use
of the power converter’s discrete character to forecast how the
input system variables will behave in the future.

Additionally, the technique chooses the switching state for
firing the converter in the subsequent sample interval that
minimises Q (vikor index) [14]. The FCS-MPC approach
promptly seeks and implements the optimal inverter switching
state to fulfil specific objectives, such as minimizing the error
or disparity between actual and reference dc-link voltage. This
ensures effective control of both power components (P and Q)
to align with their respective reference values along with dc
link balancing and constant switching frequency.

Firstly the mathematical modelling of the converter con-
nected to grid is shown and then the proposed algorithm
is discussed. And,then in simulation and results comparison
between conventional and proposed algorithm is discussed.

II. MATHEMATICAL MODELLING OF SYSTEM
A. Rectifier Model

Ll

T o 5 Uio
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Fig. 1. Circuit Diagram of T-type Converter Connected to Grid[8]

The T-type three-phase, which is a modified NPC (Neutral
Point Clamped) with a reduced switch count, has a three-
level inverter topology that consists of three bridge arms,
each with four power switches denoted as S, , Sy, , Sc,, Sd,
(z =1 to 4). Taking bridge arm ’a’ as the point of reference,
we can observe the following operational behaviour: When
Sa1,> Saz are off and S,3, Su4 are on, the bridge arm’s output
is Ugc which is true for any direction of current, and this state
is referred to as 'P’. Conversely, with S,2, S,3 active and S, 1,
Sgq4 inactive, the output is — Ugﬂ, also independent of current
direction, and is designated as 'N’. In the scenario where S,3,
Saq are off and S,1, S,2 are active, the output remains at zero
irrespective of the current flow, and this is labelled as O’ [8].

As,there are three phases and three distinct levels in each
phase of the inverter, which means that there are a total of
23 = 27 possible combinations of voltage vectors.The hexagon
shown in fig.2 below displays each of the 27 voltage vectors
together with the accompanying switching state [8].
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Fig. 2. Voltage Vectors and Corresponding Switching States

The voltage vector, which is determined by the inverter’s
switching state, can be written as follows in the coordinate
system [8]:

| Uae(250 — S, — S.)

Ua(k) 6 1
V3Uac(Sy — Se
Up(h) = === (6 b= 5) @)
Apply KVL to the circuit shown in fig.1
di,
an = Rsiq + Lo—— a 3
U tq + 7 +e 3)
di
Upn = Reiy + Lyt + € @)
dt
di.
cn — Rs .c Lsi c 5
U te + T +e %)
Apply Clark transformation:
dig,
o — Rs 'oc Lsi a 6
U i + 7 +e (6)
di
ug = Ryig + Lsﬂ +eg (7N

dt
Euler’s approximation can be used to determine the rate of
change of the currents i, and ig in a single sample period, as
indicated below:

—_

dig  io(k+

_ o ) B ’La(k)
T T ()
dig _ig(k+1) —ig(k)
at T ©)

The following can be used to get the expected value of
current 3o (k + 1), ig(k + 1) based on the equations:

ia(k+1) =is(k) + % (ea(k) —ua(k) — Rsin(k)) (10)
gk +1) = in(k) + f— (e (k) — us(k) — Raip(k) (1)
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At the kt sample time, the instantaneous active and reactive
power are provided by:

P(k) = Uala + U[ﬂ'g
Q(k) = Uﬁia — u/gia

12)
13)

Within the (k+1)" sample interval, the instantaneous active
and reactive power are provided by:

P(k+1) = ug(k+ Via(k+1) + ug(k+1)ig(k +1)
(14)

Q(k+1)=ug(k+1)iq(k+1) —ua(k+1)ig(k+1)
15)

The grid voltage components u, and ug can be considered
constant during the sample period because to the low variation
of the grid voltage in relation to the sampling and switching
frequencies, that is, uq(k + 1) = uq and ug(k + 1) = ug.

For voltage balancing, the equations involved are as follows:
According to Ohm’s law, the current through the resistors is
given by [15]:

Ve

Tdel = (16)
el Rload
‘ Voo
i = > (17)
a2 Rload
The voltage difference is given by:
AVie(k) = Ver — Ves (18)
The capacitor currents are given by [15]:
Lel = el — (kaia + kbib + kcic) (19)
ic2 - ich + (kaia + kbib + kcic) (20)
Where k,, ky, k. are given by:
1 if (S, =1)
ky =<1 if (S, =-1) 21

0 Otherwise
Where x = a, b, c.
Thus, the difference between the capacitor voltages at the
k + 1 instant is given by [15]:

T . .
AVge(k +1) = 6(%‘1 —ic2) + AV (k) (22)

III. PROPOSED ALGORITHM AND CONTROLLER DESIGN

The block diagram of the suggested method shown in fig. 3
is included in this section and design aspects of the controller
is discussed in detail.

Starting with the cost functions of the algorithm consist of
three terms. The sum of squares of the differences between
the reference and anticipated values of the active and reactive
powers makes up the first term in the cost function. Thus, we
define the cost function as
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Fig. 3. Block Diagram of Proposed Algorithm

The first cost function g; is given by:

91 = (Qrer — Qus1)” + (Prer — Prs1)’ (23)
The second cost function represents the disparity between
the two DC link capacitors, V1 and Vo, and is given by:
g2 = (AVae(k +1))° (24)
Now, when all of the previously defined cost functions are
combined with appropriate weighting factors, such as A; and
A2, the whole cost function as calculated using the usual
method is as follows:
g =191+ X292 (25)
However, adjusting the weighting factors presents a signifi-
cant challenge, especially when the count of constraints within
the cost function increases. As a result, the proposed approach
mitigates the complexity of this tuning process by employing
a MCDM technique, namely VIKOR. This approach aids in
establishing initial rankings and determining the best switching
state from the available options, which is then applied to the
converter in the subsequent instant [14]. Implementation of
VIKOR method in order to find the best switching state:
Step 1: Generation of Cost Function Matrix
As stated above, g; represents the cost function related to
active and reactive power control, and g, represents the cost
function related to balancing of the two capacitor voltages,
i.e., DC link balancing control. Now, in this method, we first
need to create the cost function matrix, which is formed by
individually evaluating the cost functions for all the available
switching states. As we have 27 switching states corresponding

to all the 27 voltage vectors, the C;; matrix formed will be of
order 27 x 2 [14].
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Ci1 Ci2

(26)

Con Cora] oo

Step 2: Determine the positive and negative optimal values
for each cost function after evaluating the cost functions for
each switching state. In each column of Cj;, the positive
optimal value denotes the maximum and the negative optimal
value, the minimum. Since the goal of this strategy is to reduce
error, the negative ideal value is thought to be the best option
[14].

article amsmath

Cy = (minCy); Cy = (minCya);
Cf = (maxCyy); Cf = (maxCi);

Step 3: The utility measure in step three the average scores
are marked by Si and the scores of the worst group are shown
by the regret measure R; [14].

27

2 C; —Cyj
Si=> wjxL—= (28)
j=1 Cj o Oj
R G =% (29)
i — wj * — T
c; —C;

According to the VIKOR technique, In the preceding equa-
tions, W; denotes the weight given to the jt" cost function.
All weights added together must always equal one, i.e., [14].

S,
j=1

Step 4: Using the VIKOR index (Q), the best switching state
is selected from the various options in this method’s last step.
The method used to calculate Q is... [14]

Q:m[H] 0 -m) [H} G31)

(30)

St —5- Rt — R~
Within this context, the group utility factor m is often set to
0.5. The superscripts '—’ and '+’ indicate the minimum and
maximum values, respectively. Every switching state has its
Q) value calculated, and the state with the lowest () value is
the best one to use in the control phase that follows.

IV. SIMULATION RESULTS

The effectiveness of T-type converter for grid-tie application
is validated by simulating the proposed control scheme in
MATLAB Simulink. The simulation parameters are listed in
Table I, and the simulation was conducted with a sampling
period of T = 10 uS.Here comparison of conventional MPC
and proposed MPC is presented. Fig.4 represents the block
diagram of conventional MPC in which optimal state of
switching is directly given to the converter which leads to
variable frequency which sometimes can be higher frequency
which results in higher switching losses. Table 1 shows the
parameters used in the simulation

Parameter Value
Line Resistance R 0.2 Q
Line Inductance L 10 mH
DC-Link Capacitance C,C2 | 4700 uF, 4700 uF
Grid Frequency F' 50 Hz
DC-Link Reference V. (ref) 800 V
Sampling Period T’ 10 ps
Weighing Factors W1, Wa 0.99, 0.01
Load Resistance Ry, 100 2
PI Controller Gains Kp, K; 1, 100
Phase Voltage Peak eg 3388 V
TABLE I
SYSTEM PARAMETERS
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Fig. 4. Block Diagram of Conventional MPC

It can be observed from Fig. 5 that the reference DC-link
voltage is initially 700V, and it changes to 800V at ¢t = bs.
The controller successfully tracks the updated reference volt-
age, demonstrating a strong dynamic response to the voltage
change. Fig. 6 illustrates the voltages of the two capacitors, C1
and C2, as well as the capacitor voltage balancing. Figure 7
displays the grid voltage and current waveforms for the same
phase (phase-a) in this instance. One can observe that the grid
currents exhibit a sinusoidal pattern and align with the grid
voltage, resulting in a power factor of unity.

The THD examination of the phase-A grid current, depicted
in Fig.8, indicates a resulting current THD of (4.05%) for
phase A, with comparable outcomes across the other phases.
These findings demonstrate compliance with international
standards, as the observed THD remains below the defined
maximum threshold of 5% for low voltage applications.

Variable switching frequencies caused by conventional MPC
can occasionally also be extremely high, which raises switch-
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ing losses even further. So, it is required to make the switching
frequency constant.To overcomes this disadvantage the sug-
gested controller is designed such that the controller chooses
state which minimises the Q (vikor index) after evaluating Capacitor voltages ﬂ
the value of the cost function for each states. The proper a00k ‘ ‘ ‘ —e
switching sequence is chosen based on the minimum Q, and it
is then compared with a carrier signal of constant frequency to
produce switching pulses for the inverter. Fig.3 shows block
diagram of proposed algorithm.Reference dc-link voltage is
set as 700V and at t = 5s it is changed to 800V, and
from the below fig.9, it can be analyzed that the controller
is able to track the reference dc-link voltage effectively.Also 2807 ‘ ‘ ‘ . ‘ ‘ ‘ ‘ ]
it is able to track the change in reference voltages when a o1 2z 3 4 Tifne & 7 &8 9 10
step change is given at t=5.Fig.10 shows capacitor voltage
balancing of C1 and C2.Fig.11 shows the grid voltage and Fig. 10. Capacitor Voltages Vcl and Vc2
currents in-phase leading to UPF.The THD examination of the
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V. CONCLUSION

Model Predictive Control of T-type rectifier for low volt-
age applications is designed and verified through MAT-
LAB/SIMULINK. In this project there are various system
parameters that are being controlled such as dc-link voltage,
capacitor balancing or neutral point voltage balancing, active
power reactive power with constant and reduced switching
frequency. Source currents are found to be balanced in the
simulation experiments. By contrasting the suggested MPC
algorithm with the traditional approach, it was possible to
determine that, in the latter scenario, the switching frequency
is variable and constant, respectively. As a result, the proposed
algorithm’s constant switching frequency MPC helps to greatly
reduce switching losses while overcoming the variable switch-
ing frequency constraint of MPC without sacrificing THD.
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