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Abstract—Power converters are the main part of power
electronic applications. A predictive strategy is a new control
strategy to control cascaded H-Bridge (CHB) converter due to
the control of multivariables, simultaneously. This report presents
an overview on recent advanced predictive control techniques
applied to a cascaded H-bridge (CHB) multilevel converter.The
selected papers are chosen from the IEEE-explore database which
have been published in the last couple of years.

Index Terms—predictive control, cascaded h-bridge converter,
mathematical model.

I. I NTRODUCTION

The conventional multilevel converters-inverters
(MLCs/MLIs) configurations with industrial applications
include cascaded H-bridge (CHB), a flying capacitor (FC)
and natural diode clamped (NPC) multilevel converters
[1]. The CHB converter is formed by H-bridge cells series
connection and each cell is connected by dc isolated supplies.
The CHB converter based on DC isolated supplies values is
separated into two groups of symmetrical and asymmetrical
structures. The magnitudes of the whole input of dc supplies
are equal to the structure however in an asymmetrical one
they are dissimilar. This report focuses on a three-phase
cascaded H-bridge converter in the symmetrical mode, to
apply the voltage for an R-L load [2]. Generally, there are
three strategies in order to control and modulate a CHB
converter: linear control, pulse width modulation (PWM)
(carrier based) [3] and space vector modulation (SVM) [4],
[5]. Other control strategies for low switching frequency have
been suggested in [6]–[8].

New control methods have been introduced for power
converters in the last decades. The presented method is the
Model Predictive Control (MPC) which is used in the control
of power converters due to ease of non-linear access, fast
dynamic response and system constraints [9]–[11]. The MPC
considers a system model to estimate its next behavior at a
time horizon. In this case, to obtain the optimisation of the
system’s behavior a cost function is defined. On the other hand,
model predictive control solves the optimisation issue through

a string of future actions which are achieved by minimizing
the cost function. All calculations are done sequentially in
each instance period and the first component of the string is
implemented.

In this report, a review on recent predictive control schemes
for a CHB converter is presented. First, a mathematical model
of the CHB converter is illustrated in detail. Next, the principle
of predictive control applied to it is discussed. Finally, recent
research papers that have been presented on the IEEE-explore
database for CHB converters are reviewed, which have been
published in the last couple of years. It is expected that the
papers will contribute to all researchers that are startingto
work in multilevel application areas.

II. CHB CONVERTERMATHEMATICAL MODEL

Fig. 1 displays the power topology of a three-phase CHB
converter. This configuration includes two CHBs in each phase
[12]. Each CHB creates 3 voltage levels of± Vdc and 0.
Therefore, for each phase, the number of voltage levels is as
follows:

NL = 2n+ 1 (1)

Each cell in each phase is controlled by two independent
switching functions and the a-phase cell voltageVai is cal-
culated as:

Vai = Vdc(S1a,i − S2a,i) (2)

As a result, the output voltage of the converter in to the neutral
pointN includes the total of output voltages of each cell. The
VaN is obtained by:

VaN =

n
∑

i=0

Vai (3)

from the equations of (2) and (3), VaN can be expressed as:

VaN = Vdc

n
∑

i=0

(S1a,i − S2a,i) (4)

The number of switching statesKS for ann cell of the CHB
converter in each phase is obtained:

KS = 26n (5)
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Fig. 1: Two-cell CHB three-phase inverter.

Generally, the total of switching states in a 3-phase CHB
converter is 4096.

This number of switching states is highly satisfying. In this
way, in a 2-cell CHB converter, each phase creates 5 voltage
levels, therefore the sum of the voltage vectors are 125. Due
to the fact that several redundant states exist, the total different
voltage vectors will decrease to 61.

III. PRINCIPLE OFPREDICTIVE CONTROL IN CHB
CONVERTERSWITH R-L LOAD

The predictive current control uses the switching state
selection of the converter for providing the controlled variables
to the desired references. In this control method, the objective
is to the next treatment of variables upon a time structure that
uses multiples of the sample time. A simple load model and
the relation of it to the output voltage can be expressed as:

vao = Ria + L
dia

dt
(6)

vao = vaN + vNo (7)

wherevao is the load voltage. Considering the Clarcke trans-
formation:
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whereα andβ are the vector variables and the 3-phase system
variables area, b, andc. Therefore, the relation of (6) will be
rewritten as follows:

vα,β = L
diα,β

dt
+Riα,β (9)

where iα,β and vα,β are the load current and the inverter’s
voltage vector, respectively. Considering the definition of the
derivative and substituting in (9), we will have:

iα,β =
Ts

L
(vα,β [k]− iα,β [k](R−

L

Ts

)) (10)

The current following error is a key variable in current control
methods. Therefore, the simplest and most straightforward
option for the cost function is the absolute value of the current
error. Other options are the square error, the current error
integral, and the changing of the rate of error. For the square
current error, the cost function will be as follows:

g[k+1] = |i∗α[k+1]− iα[k+1]|+ |i∗β[k+1]− iβ[k+1]| (11)
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Fig. 2: Predictive control diagram for CHB inverter.

where i∗α,β[k + 1] is the reference current vector prediction.
By assumingi∗α,β[k + 1] ≈ i∗α,β [k] makes longer small
sampling times. Extraction of the reference is essential for
larger sampling time.

The cost function is calculated for each voltage vector and
the smallest value is chosen. Namely, the relations of (11)
and (12) are computed 125 times for a five-level converter
to achieve the most adequate solution. Fig. 2 displays the
predictive current control scheme. In this state, considering n

number of voltage vectors, the monitored currents are applied
to estimaten future values of the load. Finally, by the cost
function, the predictions are estimated and the voltage vector
that minimises the function is chosen.

IV. RECENT PREDICTIVE CONTROL METHOD APPLIED TO

CHB CONVERTERS

Based on the review done in [13]–[15], the CHB converter is
utilized as a static synchronous compensator (STATCOM) and
an FCS-MPC is employed to control the CHB converter. In a
cascaded h-bridge converter applied to a STATCOM system,
the components of the verification objects are the plot of
the reference current, the balance of the capacitors’ voltage
balance, and optimisation of the switching frequency. In this
case, by defining a cost function and the weighting of the
coefficients, the total of the control objects is evaluated.

The finite control set-MPC standard strategy for cascaded
h-bridge STATCOM is displayed in Fig. 3. As one can note,
this strategy contains the reference current production and a
finite control set-MPC. The reference current consists of two
active and reactive components so that the first is obtained
from the general external voltage loop [16], and the latter
is specified by the demand for compensation of the reactive
power. Considering the sampling and calculation delay, the
model predictive control should be applied in a two-step
estimation approach [17].

In this way, extrapolation and prediction cycles are neces-
sary. At the sampling time oft = kTs , suppose thati∗

α,β[k]

is the reference currents andV ∗

C(k) is the reference voltage of
capacitor. To hypothesis the voltage of the capacitors and refer-
ence currents, the hypothesized cycle is used att = (k+2)Ts.
By the switching states given in the final sampling cycle and
sample values, the prediction cycle is applied to predict the
grid current and voltage att = (k + 1)Ts. Therefore, the
relation of prediction currents and voltages of the capacitors



will be:

iPα,β(k+2) = îα,β(k+1)+(v̂sα,β(k+1)−Rîα,β(k+1)vα,β(k+1))
Ts

L
(12)

v
p

c(pi)(k+2) ≈ vC(pi)(k) + s(pi)(k+1)ip(k+1)
Ts

C
(13)

Therefore, the cost function in a standard finite control set-
MPC is determined as:

J(spi(k+1)) = λcap

n
∑

1

‖vref
C(k+2)e− v

p

Cpi(k+2)‖+

‖ i
ref

α,β(k+2) − i
p

α,β(k+2)‖+ λswitch

n
∑

1

‖spi(k+1) − spi(k)‖

(14)
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Fig. 3: FCS-MPC Standard scheme for STATCOM based on CHB inverter.

Considering (14), the aim of each term is, respectively, to
set the voltage of the capacitors, set the current, limit the
switching attempts, andλswitch is the weighting factor. To
express the error between the reference and the expected value
a rule function is used, which is chosen from 1 to∞-norm.

Considering (14), the cost function is specified through
J(spi(k+1)). By selecting the switching mixture which can
minimize J(spi(k+1)), it is possible to obtain the control
objectives.

A fast MPC diagram for a CHB based on STATCOM
has been presented in [13] for solving the problem of an
exponentially increasing computational burden of an FCS-
MPC. The presented MPC can find the overall best outcome
by applying the polynomial subject to time. This is obtained
by the three subsequent ways. First, a laminated optimisation
procedure is adjusted to separate the standard model predictive
control into a model predictive control current and model
predictive control of balancing voltage of the capacitor. The
current control cost function is expressed as:

J1(sα,β(k+1)) = ‖iref
α,β(k+2) − i

p

αβ(k+2)‖+

λs1‖Sα,β(k+1) − Sα,β(k)‖
(15)

Thus, the cost function to balance the capacitor voltage and
to optimise the switching frequency is explained as:

J2(spi(k+1)) =

n
∑

1

‖vref
C(k+2) − v

p

Cpi(k+2)‖+

λs2

n
∑

1

‖spi(k+1) − spi(k)‖

(16)

In the second one, to detect the best outcome of the model
predictive control current, a dynamic decoding algorithm
is used. In this approach, considering (15), the relation of
J1(Sαβ(k+1)) is defined as:










J1(Sαβ(k+1)) = Jα(k) + Jβ(k)

Jα(k) = ‖iref
α(k+2) − i

p

α(k+2)‖+ λs1‖Sα(k+1) − Sα(k)‖

Jβ(k) = ‖iref
β(k+2) − i

p

β(k+2)‖+ λs1‖Sβ(k+1) − Sβ(k)‖
(17)

Third, a diverse optimisation algorithm has been developed
to solve the best switching mixture in balancing the capacitors’
voltage. Reduction of the calculation volumes to polynomial
time creates the model prediction control which is employed
online for a cascaded h-bridge-STACOM. In this case, the
running time of the finite control set-MPC has decreased the
exponential level to a multinomial level, additionally, when the
voltage of the capacitor is well balanced it achieves the overall
optimisation outcome. The output current waveform with this
method is approximately identical (via a lower calculation
time) to the standard overall optimisation strategy. In [14],
an easy branch and bound method has been presented to
attempt a reduction of the calculation of the cascaded h-bridge-
STATCOM. In this method, the main idea is founded on the
branch and bound strategy. The presented method can decrease
the calculation volume of a current prediction control cycle to
a linear time horizon. The presented method in [14] contains
three stages: initially, the optimisation issue in the current
predictive control cycle is changed to a two-variable integer
decoding criterion with traditional 60gh peculiarities. [18].
The transformation among thegh, abc andαβ is provided as:
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In the second stage, after choosing the value of one variable
as a branch, for every branch, a programming problem of a
single-variable integer is formulated. Finally, the overall out-
come is achieved by the re-count of the best integer outcome of
each single-variable integer decoding issue. Thus, the number
of values of the branch with regard to the series steps is
linear, the calculation complication of the presented method is
a linear time level. On the other hand, the presented algorithm
finds the optimal overall results. In [15], a new predictive
modulation strategy has been developed that distributes losses
equally between semiconductors, balances capacitor voltages,



and produces output voltage with a high spectral quality
waveform. This strategy switches an H-bridge during each
confirmation step to deploy the required voltage to step deeply
into the capacitor’s bridge voltage and the loss condition to the
semiconductor components. Modulation provides significant
computational models that supply a significant method for
the regulation of the capacitor’s voltage and loss distributions
between the units of the cascaded converter. The presented
control method for the CHB-STATCOM is displayed in Fig.
4. In order to compute the needed output voltage CHB-
STATCOM based on the dead-beat equations, are given as
follows:

v
ref
k+1 =

L

T
(irefk+1 − îk) + v̂

sys
k+0.5 (20)

îk = i(k−1) +
T

L
(vk − v̂

sys
k+0.5) (21)

where, the value of the reference current isk ∈ Z, irefk+1

and the instantaneous sample of the current isik−1.
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Fig. 4: Presented MPM scheme to control H-STATCOM in [15].

For combining every phase demanded in the output voltage,
the model predictive modulation block is accountable. This
approach exerted two adjoining voltage levels into every
verification cycle for every phase. In order to obtain the voltage
reference time integral, they are waited by time.

Then, the algorithm attempts to distribute switching losses
depending on which semiconductors have incurred the
most/least total loss. By applying the subsequent specification,
each leg is assessed. If the error related toErrleg,j = inf

considering that a leg has been set as fixed, then it is
established as fixed, otherwise, the value of the leg’s error
is upgraded as:

Errleg,j = Errleg,j ± α2(Eloss,j − Eloss,avg) (22)

where±α2 is a factor for the value of switching losses,Eloss,j

is the total accumulated loss in thejth leg, andEloss,avg is
the average loss accumulated in all legs in the phase. The next
step is the extension of the system’s model which supplies a
significant method to control the loss dispensed between the
whole of the switches of the converter. Total loss for each
diode that starts conducting during the next control periodis
updated as:

Ej,x,d = Ej,x,d + T (VON,d |̂ik|+ î2kRON,d) (23)

where Ej,x,d is the present value of the accumulated loss
for the jth leg wherex represents either the upper or lower
switching device in the leg,VON,sw and,VON,d is the ON-
state voltage drop of the switching device andRON,sw, RON,d

is the ON-state resistance of the switching device. The CHB
converter configurations are cell-based built, which include
several dc-dc converters and H-bridges. The cascaded h-bridge
configuration individually prospers for the PV farms into
the power grid, because many PV panels can be connected
separately to each cell [19].

Therefore, the maximum power in each PV chain may be
different. Hence, an important challenge for these systems
is the injection of balanced energy to the power network in
an unbalanced condition due to the nature of PV systems,
that amount of power generation depends on the weather
changing. In [20] a finite control set-MPC in an unbalanced
energy production for a cascaded h-bridge converter in PV
applications has been reported with a satisfying cost function
to overcome this problem.
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Fig. 5: Presented MPC in [21].

In the presented cost function, the problem of unbalanced
energy generation is considered for the best control which
consists of an input following error.

Furthermore, the predictive controller is formulated in
the ABC-coordinate directly, to consider the common-mode
voltage. By applying the transformation, the controller does
the following on the balanced currents such as synthesizing
an asymmetrical converter voltage and guarantees interface
energy balancing. As a result, this predictive controller re-
quires no online frame rotations. Therefore, this controller
shows a simple construction and does not require any frame
rotations while there is a reduction in series control steps.
The conventional cost function of an FCS-MPC strategy by
accounting the following input error is expressed as [21].

JK = ‖i′ab(k+1)− i∗ab(k+ 1)‖22 + σ‖u′(k) + u∗(k)‖22 (24)

Fig. 5. displays the presented control strategy presented
in [21]. In order to decrease the computation count of the
CHB multilevel converter, a novel MPC strategy is reported
in [22]. Consisting of three voltage level of the inverters,
this strategy used by predicted voltage vectors that founded
based on their references situations. For the optimal vector
in the next stage, only the three closest vectors surrounding
the triangular area are considered as the applicant when the
triangular area is selected at each sampling step. This method
has decreased the voltage vectors’ applicant and computational



count (regardless of the converter’s level) due to the fact that
only three surrounding vectors are applied. The voltage-based
cost function to choose an optimal vector is expressed as :

gv = (v∗α[k+1]− vα[k+1])2+ v∗β [k+1]− vβ[k+1])2 (25)

An optimal vector and its switching state are found by
repetitive computations.

The MPC method presented in [22] is exhibited in Fig. 6. In
a CHB converter, the number of possible switching states will
increase, by adding a number of cells which in turn, increases
the computational burden.
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Fig. 6: Presented Model Predictive control in [22].

In [23], a new FCS-MPC approach is presented for a
cascaded h-bridge multilevel converter which is a method
based on a cell-by-cell algorithm. Namely, the sampling cycle
Ts is separated inton equal interruptions for ann-cell CHB
converter. In the presented way to obtain these goals, the cost
functions are expressed as:

gi = |i∗s − is|λv|v
∗

Ci − vCi| (26)

The flow diagram for this control method [23] is illustrated
in Fig. 7. In this way, similar to the conventional FCS-MPC
strategy, a two-step forward prediction has been considered.
For compensation of the computation lag, the first stage is
applied and the optimisation issue is resolved in the second
stage.
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Fig. 7: Block diagram of cell-by-cell MPC control presentedin [23].

In [24], a long prediction horizon FCS-MPC for CHBMLI
is developed that considers, the whole of the steady-state
system of the output voltages and currents in the general abc-
coordinate. Fig. 8 shows the block diagram of the presented
method in [24]. In order to achieve a minimum common mode

voltage (CMV), input references are designed. The presented
cost function is:

JN =

k+N−1
∑

l=k

‖iab(l + L)− i∗ab(l + L)‖22 + σ‖u(l)− u∗(l)‖22

(27)
Here, u(k) is the temporary control input that creates

the current predictioniab(k + 1), and u∗(k) represents the
needed output voltages of the CHB in order to keep the
current references at steady-state. Furthermore, to decrease the
calculation a model predictive control it has changed into an
equivalent optimisation issue that is resolved by the sphere
decoding algorithm (SDA). According to this transformation,
a graphical analysis of the recommended model predictive
control was presented.
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Fig. 8: MPC control strategy of presented in [24].

V. D ISCUSSION

The model predictive control uses the model of the system
to estimate the next behavior of variables at a time horizon.In
the MPC system, the control action in a controller is executed
by selecting online all possible switching states calculated in
the discrete-time prediction model, so that the cost function
is minimized. Therefore, with the proper formulation and
designing a new cost function that includes all variables ofthe
system, the flexibility function is possible. In this paper,we
have evidenced the main nuances that have been documented
by researchers which are, capacitor voltages balancing, op-
timisation of the switching capacitors, control of powers in
STATCOM, reducing the computation burden.

Some of these papers worked on power control in STAT-
COM applications. In this way, in [13]–[17] by changing
sampling times and considers capacitor voltages and load
currents in the cost function, laminated optimisation process,
current control and selection the best switching states to
balance of the voltage’s capacitors.

In a CHB converter, the number of possible switching states
will increase by adding a higher quantity of cells. Research
in [18]–[23]focused on the branch bound method, cell by cell
algorithm in order to in order to reduce the CHB computation
calculations. Finally, further investigations were conducted on
long prediction horizon MPC by sphere decoding algorithm.

VI. CONCLUSION

In this report, an overview of recent model predictive con-
trols (MPC) applied to a CHB converter and its applications
were presented. The research articles selected were extracted
from the IEEE-explore database from the last couple of years.
In order to fully comprehend the MPC strategy applied to CHB



converters, the mathematical model of a three-phase CHB
converter was explained. Then, the conventional MPC strategy
normally applied to CHB converters was analyzed. The main
objective behind this strategy radicated in the CHB converter
was, the reduction of the computation burden, command mode
voltage (CMV) as well as an in the grid-connected CHB
converter such as STATCOM and PV systems, the control
objectives were, the balancing of the capacitor voltage in each
cell, the tracking of the reference current and the optimisation
of the switching frequency.
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