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Abstract: This paper proposes a computationally efficient model predictive control strategy for quasi-
Z source inverter. Unlike the classical finite control set model predictive control method, besides the
ability of computational cost reduction, the proposed method considers the stability of the closed-
loop system in the control design. At each sampling period, only feasible switch control inputs that
satisfy the stability condition derived from a control Lyapunov function are taken into account in the
minimisation of the cost function. Therefore, the computation time of the optimisation problem is
decreased compared with the conventional algorithm. A comparison of the classical model predictive
control method is investigated by Matlab software in various operating conditions of the system.
The achieved results verify the benefit of the proposed approach for dealing with the stability and
computational burden over the conventional method while maintaining high control performance.
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1 Introduction

Power electronics play an important role in renewable energy
systems such as wind power generation, fuel cells and solar
photovoltaic (PV) system (Rezaei and Mehran, 2019; Li et al.,
2019). During the past decade, the Z-source inverter (ZSI) is
considered to be an interesting solution compared with the
traditional voltage source inverter thanks to its advantages:
capability to boot the DC voltage input and overcoming the
drawback of short-circuit effect in switching device (Liu et al.,
2016; Siwakoti et al., 2015). By improving the ZSI topology,
the quasi Z-source inverter (qZSI) is expected to be suitable
for PV system applications due to its ability to achieve the
continuous input current and decreasing the capacitor voltage
stress (Liu et al., 2016, 2014; Anderson and Peng, 2008).

Most of existing control methods use conventional
linear controllers and modulation techniques to generate the
switching signal of the inverter. In general, the control strategy
of the qZSI includes two control schemes for AC and DC
sides. The voltage on the DC side is controlled directly by
the DC-bus voltage (Ding et al., 2007a) or indirectly by
the capacitor voltage (Sen and Elbuluk, 2010; Ding et al.,
2007b). With regard to the AC side, the multiple control loops
(Li et al., 2013; Gajanayake et al., 2007) with inner current
and outer voltage are used to control the output current or
voltage. However, it has a low dynamic performance and its
performances depend on the quality of the internal current
controller. In this method, the state-space averaged or small-
signal model is employed to design the proportional-integral
(PI) regulators. This implies that it is necessary to tune the
gains of the controllers in the whole operating conditions.
Another drawback of this technique is a presence of non-
minimum phase phenomenon in the DC side, leading to an
instability of the whole system. In order to overcome these
problems, nonlinear control techniques have been developed

for qZSI such as fuzzy (Abu-Rub et al., 2013), sliding
mode (Shinde et al., 2017), and neural network (Rostami
and Khaburi, 2010). Comparing to the conventional PI
controllers, these approaches provide a fast dynamic transient
and improved stability. Nonetheless, the disadvantage of these
methods is the increase in design complexity.

Nowadays, model predictive control (MPC) has been
considered as an alternative and a powerful control methods
for power electronics applications (Rodriguez et al., 2013;
Kouro et al., 2009; Ngo et al., 2016; Mohamed et al., 2015). In
particular, the finite control set model predictive control(FCS-
MPC) is among the most widely applied to qZSI thanks to its
concept simplicity (without cascaded control loop structure
and modulation block) and easy implementation (Mosa et al.,
2013; Mo et al., 2011; Karamanakos et al., 2018; Mosa
et al., 2017; Bakeer et al., 2015; Ngo et al., 2019). The
principal benefit of FCS-MPC is that the non-linearities in
the multiple input multiple output systems, constraints and
delay compensation can be incorporated directly into the
controller. In this case, the cost function for qZSI consists of
load current, inductor current, and a capacitor voltage. Then,
its minimisation is carried out to obtain the best switching
state which is implemented to the inverters. However, the big
challenge of the FCS-MPC is the computational burden. In
fact, in the FCS-MPC, all switching states of the inverters
have to be calculated online for the evaluation of the cost
function to achieve the optimal value, leads to increase the
calculation time, especially with high number of switching
state and long prediction horizons. To address this issue,
a parallel algorithm of FCS-MPC for qZSI connectedRL

load is proposed in Mosa et al. (2014) which decreases
the computational time by using the high performance of
field programmable gate array (FPGA). Another method is
proposed in Bakeer et al. (2016) based on using the sub-cost
function of inductor current to select the optimal switching
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state for shoot-through (ST) and non-ST cases. As a result,
comparing with the conventional FCS-MPC, the amount of
calculation of this approach is reduced and the selection ofthe
weighting factors is simplified since the cost function consists
of only one weighting factor. However, the high processor
and cost are the major disadvantage of their techniques. In
Ayad et al. (2017) a branch-and-bound strategy with a move
blocking scheme for the optimisation problem is employed to
reduce the execution time of the MPC algorithm. Nevertheless,
these methods only focused on the reduction of computational
cost, not taking into account the stability analysis of the
system. With the purpose of address the stability issue, a
Lyapunov function based on an FCS model (Kwak et al.,
2014; Akter et al., 2016) is proposed for the three-phase two-
level voltage source converter. Their solutions are based on
the voltage reference vector in the cost function to reduce the
computational time. However, the current solution to the qZSI
is inefficient due to the presence of ST and non-ST cases in
the dynamic system. In Aguilera and Quevedo (2013, 2015)
the authors investigated the stability condition in a restricted
set with an explicit solution for the optimisation problem.
Unfortunately, these strategies are appropriate for the convex
MPC. Another technique suggested in Mohamed et al. (2019)
and Novak and Dragicevic (2020) used the artificial natural
network-based MPC for voltage source inverter to enhance
the control performance and reduce the computational burden.
Although this approach is interesting, it fails to take into
account the stability issue.

Although several studies have been devoted to
computational burden, less attention has been paid to consider
the stability of the FCS-MPC method. Motivated by the
benefits of the classical method in Bakeer et al. (2016),
we here propose an efficient model predictive control for
qZSI by taking into account the computational delay and
incorporating the stability in the control design. A dynamic
model of the qZSI is used to predict the performance of the
load current, inductor current and capacitor voltage for both
ST and non-ST cases. A control horizon of modified one-step
prediction is employed to compensate the computational
delay, resulting in an improved system performance. The
control objective is accomplished through a defined cost
function. In this paper, with the aim to guarantee the stability
of the closed-loop system, a control Lyapunov function is
proposed where only candidate switching states satisfying
the stability conditions are considered for the evaluation
of the main loop optimisation. Consequently, aside from
the reinforcement of the stability, the computational cost
of the proposed method is decreased with respect to the
conventional algorithm, leading to the feasibility of real-time
implementation with an increase of high sampling rate. This
means that the control performance can be improved by this
solution.

The remainder of the paper is structured as follows: the
dynamic model of qSZI is presented in Section 2, then the
detail of the proposed control scheme based on Lyapunov
function is described in Section 3. In Section 4, simulation
results are presented and a comparison study with the classical
FCS-MPC method is analysed. Finally, the conclusions are
outlined in Section 5.

2 Model of quasi Z-source inverter

Figure 1 presents a simplified diagram of a qZSI. The qZSI
consists of fifteen valid switching configurations: six active-
state vectors, two null-state vectors and seven ST state vectors
(Ayad et al., 2017; Mosa et al., 2017; Bakeer et al., 2017). In
order to decrease the computational complexity, the redundant
states produce the same output voltage vector which can be
considered for qZSI: seven for non-ST state and one for ST
state (Bakeer et al., 2016). The summary of the switching
status created by this topology is given as Table 1.

The inverter output voltage can be represented as:

uout =
2

3

(

uAN + auBN + a2uCN

)

, (1)

with a = ej2π/3 = − 1

2
+ j

√

3

2
.

uAN ,uBN , anduCN are the phase voltages of the inverter
which can be calculated based on switching stateSx and peak
value of DC-link voltageUinv as follows:

uAN = SaUinv; uBN = SbUinv; uCN = ScUinv, (2)

whereSx =

{

1 if upper switch is ON
0 if lower switch is ON

x ∈ {a, b, c} , Uinv = 2UC1 − Udc.

The dynamic model of the load is formulated as:

uout = Riout + L
diout

dt
, (3)

whereR,L denote the load resistance and inductance.uout =
[uAN uBN uCN ]T andiout = [ia ib ic]

T represents the load
current.

The dynamic model of the load can be expressed in
the stationary reference (αβ) frame by taking the Clarke
transformation for (3):

diout_α

dt
=

1

L
(uout_α −Riout_α)

diout_β

dt
=

1

L
(uout_β −Riout_β) ,

(4)

where the output voltage in theαβ frame is obtained by the
peak DC-bus voltageUinv and the switching status of qZSI
Sx:

uout_α =
1

3
Uinv (2Sa − Sb − Sc)

uout_β =

√
3

3
Uinv (Sb − Sc) .

(5)

In order to reduce the number of state variables, considering
the symmetry of the network (iL1 = iL2, uC1 = uC2), the
continuous-time model of the capacitor voltage and inductor
current depend on the operating condition of the inverterwhich
can be defined as:

a) Non-ST state:(Figure 2(a))

C1

duC1

dt
= iL1 − iinv

L1

diL1

dt
= Udc −RL1iL1 − uC1,

(6)



Computationally efficient model predictive control for quasi-Z source inverter based on Lyapunov function 345

Figure 1 The configuration of quasi Z-source inverter
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Table 1 Switching status generated by qZSI

Operational state Inverter output voltage S1 S3 S5 S2 S4 S6

Non-ST states U0 = 0 0 0 0 1 1 1

U1 =
2

3
Uinv 1 0 0 0 1 1

U2 =
1

3

(

1 + j
√

3
)

Uinv 1 1 0 0 0 1

U3 =
1

3

(

−1 + j
√

3
)

Uinv 0 1 0 1 0 1

U4 = −

2

3
Uinv 0 1 1 1 0 0

U5 =
1

3

(

−1− j
√

3
)

Uinv 0 0 1 1 1 0

U6 =
1

3

(

1− j
√

3
)

Uinv 1 0 1 0 1 0

ST state U7 = 0 1 1 1 1 1 1

Figure 2 Simplified representation of the QZSI for non-ST and ST states: (a) non-ST case and (b) ST case
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whereUdc represents the DC-source voltage andRL1,L1,C1

signify the resistance, inductance, and capacitance of theLC
network, respectively.

The input current of the inverteriinv is achieved by the
load currents and the switching states of inverter:

iinv = Saia + Sbib + Scic. (7)

b) ST state:(Figure 2(b))

C1

duC1

dt
= −iL1

L1

diL1

dt
= uC1 −RL1iL1.

(8)

3 Proposed Lyapunov function-based model
predictive control

The main aim of the proposed direct predictive method is to
track the load current referencesi∗out_α andi∗out_β . Moreover,

the inductor currentiL1 and the capacitor voltageuC1 are
adjusted to their referencesi∗L1 andu∗

C1 which are derived
from the reference calculation. To fulfill these control goals,
the cost function of the conventional model predictive control
strategy for qZSI is formed by weighting the terms proposed
in previous studies (Liu et al., 2016; Mosa et al., 2013; Bakeer
et al., 2015):

g =
(

i∗out_α − i
p
out_α

)2
+
(

i∗out_β − i
p
out_β

)2

+ λiL (i∗L1 − i
p
L1
)
2
+ λuC (u∗

C1 − u
p
C1

)
2
,

(9)

where λiL, λuC denote the weighting factors of inductor
current and capacitor voltage.

Based on equations (6) and (8), it is obvious that the
prediction value of inductor current has only two values for
all possible switching. Therefore, with the aim to reduce the
computational burden, a modified FCS-MPC without delay
compensation is suggested in Bakeer et al. (2016) which use
the sub-cost function outside the main loop optimisation for
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the inductor current. In this case, by taking into account the
computationaldelay, the main cost functionof control strategy
can use the following terms:

g(uk+1) =
(

i∗out_α(k + 2)− i
p
out_α(k + 2)

)2

+
(

i∗out_β(k + 2)− i
p
out_β(k + 2)

)2

+ λuC (u∗

C1(k + 2)− u
p
C1

(k + 2))
2
.

(10)

According to equation (4), considering a sampling timeTs

the discrete-time model of the load is achieved by using the
forward Euler approximation as follows:

îout_α(k + 1) =

(

1−
RTs

L

)

iout_α(k)

+
Ts

L
uout_α(k)

i
p
out_α(k + 2) =

(

1−
RTs

L

)

îout_α(k + 1)

+
Ts

L
uout_α(k + 1)

îout_β(k + 1) =

(

1−
RTs

L

)

iout_β(k)

+
Ts

L
uout_β(k)

i
p
out_β(k + 2) =

(

1−
RTs

L

)

îout_β(k + 1)

+
Ts

L
uout_β(k + 1),

(11)

where the components of load currentîout_α(k + 1) and
îout_β(k + 1) at instantk + 1 are estimated based on the
previous best switching statusuout_α(k), uout_β(k) at instant
k. i

p
out_α(k + 2), i

p
out_β(k + 2) are predicted using the

estimated values atk + 1 and all possible switching states of
the inverter at timek + 1.

Approaching equation (6) in the same way, the capacitor
voltage and inductor current at the non-ST case can be
represented in discrete-time as follows:

ûC1(k + 1) = uC1(k) +
Ts

C1

(iL1(k)− iinv(k))

îL1_ns(k + 1) =

(

1−
RL1Ts

L1

)

iL1(k)

+
Ts

L1

(Udc(k)− uC1(k))

u
p
C1

(k + 2) = ûC1(k + 1)

+
Ts

C1

(

îL1_ns(k + 1)− i
p
inv(k + 1)

)

i
p
L1
(k + 2) =

(

1−
RL1Ts

L1

)

îL1_ns(k + 1)

+
Ts

L1

(Udc(k + 1)− ûC1(k + 1)) ,

(12)

where the input currents of inverteriinv(k) andipinv(k + 1)
are achieved from equation (7) based on the switching status
and the load currents.

Similarly, the discrete-time forms for capacitor voltage and
inductor current at ST case can be obtained from equation (8)
for one-step prediction as:

ûC1(k + 1) = uC1(k)−
Ts

C1

iL1(k)

îL1_s(k + 1) =

(

1−
RL1Ts

L1

)

iL1(k) +
Ts

L1

uC1(k).

(13)

The state errors of the load current and capacitor voltage are
assigned as:

˜iout_α = iout_α − i∗out_α,
˜iout_β = iout_β − i∗out_β (14)

Replacing equation (14) in equations (4) and (6), thereby
obtaining

d˜iout_α

dt
=

1

L
(uout_α −Riout_α)−

di∗out_α

dt
,

d˜iout_β

dt
=

1

L
(uout_β −Riout_β)−

di∗out_β

dt
,

dũC1

dt
=

1

C1
(iL1 − iinv)−

du∗

C1

dt
.

(15)

Since the sampling frequency (fs = 20 kHz) is too large than
the frequency of the load current (f = 50 Hz), it is negligible
the variation of the load current during the sampling interval.
Then, we can assume that:

di∗out_α

dt
= 0,

di∗out_β

dt
= 0,

du∗

C1

dt
= 0. (16)

In this paper, the control Lyapunov candidate function (CLF)
is proposed:

V
(

˜iout_α,˜iout_β

)

=
1

2
Kα

˜i2out_α +
1

2
Kβ

˜i2out_β

+
1

2
KuC ũ

2
C1

(17)

with derivative

V̇
(

˜iout_α,˜iout_β , ũC1

)

= Kα
˜iout_α

d˜iout_α

dt

+Kβ
˜iout_β

d˜iout_β

dt
+KuC ũC1

dũC1

dt
,

(18)

whereKα, Kβ andKuC denote the positive gains.
The variation of the load current reference is insignificant

due to the small sampling time (Ts = 50 µs) of the controller.
To decrease the computational time, the extrapolation of its
value can be simplified as:

i∗out_α(k + 2) = i∗out_α(k), i∗out_β(k + 2) = i∗out_β(k). (19)

In a practical system, delay compensation is required for
implementation due to the computational time and the
communication time (Geyer and Quevedo, 2015; Rodriguez
and Cortes, 2012; Vazquez et al., 2017). With the aim to reduce
the prediction error due to computational delay and improve
the performance of the system, one common compensation
technique (Rodriguez and Cortes, 2012; Vazquez et al., 2017;
Kouro et al., 2009) is based on estimating the value at
instantk + 1 utilising the previous switching status at time
k. Then, the optimal switching status that is obtained from
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Figure 3 Computational cost reduction in the loop optimisation of the proposed method: (a) the improved MPC algorithm with reduced
candidate sequences and delay compensation and (b) the prediction derivative of Lyapunov function for all switching status
(see online version for colours)
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minimising the cost function at timek + 2 is applied to qZSI.
Consequently, a large amount of computational calculation
makes it difficult to execute the algorithm with a high sampling
rate in real-time. In order to address this issue, the modified
algorithm is proposed in Bakeer et al. (2016) for reducing the
computational cost and simplifying the selection of weighting
factor. Approaching this method and achieving a significant
reduction of computational burden, a pruning approach is
imposed to select the available finite set of controls based
on the decrease of the Lyapunov functionV (17). Under this
circumstance, two cases are considered for the cost function
optimisation: the first one corresponds to the ST state and the
second one is the non-ST state. In the first one, the ST state
is selected as the optimal switching state by comparing the
sub-cost function as illustrated in Figure 3(b) (for example at
time t = 0.20512 s). In this case, the criteria function of the
inductor current is recognisedas a key to solve the optimisation
problem (see Algorithm 1). On the contrary, at each prediction
interval, the derivative of the Lyapunov functionV̇ is evaluated
with all possible switching states of the inverter. As illustrated
in Figure 3(b), ones a predictive switching status is determined
to pass a stability criterion (V̇ < 0), then this viable alternative
is chosen for the evaluation of the main cost function. As
highlighted in Figure 3(b), there are some unstable switching
states which can be eliminated for the prediction and loop
optimisation. For instance, at the timet = 0.20515 s, there are
only two switching states which are selected for optimisation.
Although the increase of evaluation for the Lyapunov function
is unexpected, the computational burden of the proposed
approach is decreased with respect to the classical method.
Table 2 summarises the comparison of the necessary amount of
calculation between the previous FCS-MPC and the proposed
method. It is clear to note that the proposed algorithm
is improved by reducing the candidate control input for
prediction and enumeration of the cost function instead of
evaluating all considered switching states. Consequently, our
technique provides additional support for long prediction
horizon and multilevel inverter. Furthermore, this method
represents a valuable alternative to link the stability guarantees
of the closed-loop system with the optimisation problem. The

best sequence of control inputuopt = [Sa Sb Sc]
T is obtained

from minimising the cost function below:

uopt = arg

{

min
uk+1∈{0,1}3

g (uk+1)

}

subject to
·

V(k + 1) < 0

(20)

It is worthwhile to mention that the selection is not redundant
with the optimisation MPC problem. In this case, control
performance can be decreased due to the consideration of the
stability in the optimisation problem. This is the price to be
paid to ensure a Lyapunov decrease by minimising the cost
function. Therefore, the stability of the closed-loop system is
always guaranteed for all operating circumstances. Finally, the
proposed control technique is described as Algorithm 1.

Algorithm 1 Algorithm of model predictive control
based on Lyapunov function for qZSI

1: Input: ia(k), ib(k), ic(k), Udc(k), uC1(k), iL1(k),
i∗out α(k), i

∗

out β(k), i
∗

L1(k) and u∗

C1(k)
2: Output: Sa, Sb, Sc

3: Estimate Uinv(k), iinv(k) from (2) and (7)
4: Initialize xopt, gopt
5: Calculate îout α(k + 1), îout β(k + 1) using (1), (2)

and (11)
6: Predict îL1 ns(k + 1), îL1 s(k + 1), ûC1(k + 1) using

(12), (13)

7: if

(

i∗L1(k + 1)− îL1 s(k + 1)
)2

<
(

i∗L1(k + 1)− îL1 ns(k + 1)
)2

then

8: xopt = 8
9: else

10: for i = 1 to 7 do

11: Calculate uout α(k + 1), uout β(k + 1) from
(1) and (2)

12: Evaluate V̇ (k + 1) based on (15) and (18)
13: if V̇ (k + 1) < 0 then

14: Predict i
p
out α(k + 2), i

p
out β(k + 2) from

(12)
15: Predict up

C1
(k + 2) based on (12)

16: Compute g(uk+1) from (10)
17: if g(uk+1) < gopt then

18: gopt = g(uk+1);xopt = i

19: Store xopt
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Figure 4 Transient response and FFT of the load current for the classical FCS-MPC and proposed method: (a) three-phase load current of
the conventional algorithm; (b) three-phase load current of the proposed method; (c) FFT of the load current for the conventional
algorithm and (d) FFT of the load current for the proposed method (see online version for colours)
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4 Simulation results

In order to prove the validation of the proposed control
strategy, the simulation using Matlab/Simulink software are
carried out under different conditions of the reference. Table 3
summarises the simulation parameters of the system.

Table 2 Comparison of computational cost of two controllers

Classical Proposed
Variables FCS-MPC method

îout_α(k + 1), îout_β(k + 1) 1 1
îL1_ns(k + 1) 1 1
îL1_s(k + 1) 1 1
ûC1(k + 1) 1 1
uout_α(k + 1), uout_β(k + 1) 7 7
i
p

out_α(k + 2), ip
out_β(k + 2) 7 3

u
p

C1
(k + 2) 7 3

g(uk+1) 7 3
V̇ (k + 1) 0 7

Total 32 27

To estimate the average frequency inverter obtained by
the FCS-MPC, the following formulation recommended in
Rodriguez and Cortes (2012) can be employed:

fsw =
fsw_A + fsw_B + fsw_C

3

=
nsw_A + nsw_B + nsw_C

3Tsim

,

(21)

where nsw_A, nsw_B, and nsw_C indicate the number of
commutation in the control signals of three inverter’s branches
by measuring over a simulation time (Tsim).

Table 3 Parameters for simulation investigation

Parameter Value Description

Udc 70 [V] DC-source voltage
f 50 [Hz] Frequency of load current
RL1 0.1 [Ω] Resistance of inductor
L1 2 [mH] Inductance of inductor
C1 480 [µF] DC capacitance
R 12 [Ω] Load resistance
L 24 [mH] Load inductance
Ts 50 [µs] Sampling time of control method
λuC 1.2 Weighting factor of capacitor voltage
Kα, Kβ , KuC 1.5 Positive gains

The reference of load current is obtained from the desired
output power asi∗out =

√

2P ∗

out/3R. Ignoring the power
losses in the inverter and filter, the inductor current reference
is calculated based on the output poweri∗L1 = P ∗

out/Udc. For
the simplicity, the capacitor voltage reference should more
than double than the peak phase output voltage according to
Li et al. (2013).

The results achieved from the conventional algorithm of
MPC (Bakeer et al., 2016) is introduced in this research to
study better the effectiveness of the proposed method. To
generate the samefsw = 6 kHz, the sampling time of the
MPC is consideredTs = 50 µs. The designed output power
(P ∗

out) is stepped from 250 W to 450 W at instantt =
0.25 s, while the reference of peak phase load current and
inductor current are changed from 3.7 A to 4.95 A and from
3.6 A to 6.42 A, respectively. The capacitor voltage reference
is kept at 120 V. Figure 4(b) shows the dynamic response
of three-phase load current for the proposed technique. In
particular, comparing with the classical FCS-MPC method,
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Figure 5 Performance of load current, inductor current, capacitor voltage and DC-link voltage: (a) phase current; (b) inductorcurrent; (c)
capacitor voltage and (d) zoom of DC-link voltage (see online version for colours)

0.1 0.15 0.2 0.25 0.3

-10

-5

0

5

10

Time [s]

Ph
as
e
cu
rr
en
t
[A
]

0.2 0.202 0.204

-5

-4

-3

-2ib_ref
ib_proposed
ib_FCS_MPC

0.1 0.15 0.2 0.25 0.3

0

2

4

6

8

10

Time [s]

In
d
u
ct
or
cu
rr
en
t
[A
]

iL1_ref

iL1_FCS_MPC

iL1_proposed

(a) (b)

0.1 0.15 0.2 0.25 0.3
0

50

70

100

120

150

Time [s]

V
ol
ta
g
e
[V
]

uC1_ref

uC1_FCS_MPC

uC1_proposed

Udc

0.22 0.2202 0.2204 0.2206 0.2208 0.221
0

50

100

150

200

Time [s]

In
ve
rt
e
r
in
p
u
t
vo
lt
a
g
e
[V
]

Shoot Through StateActive States

(c) (d)

the proposed method achieves the same performance of the
load current as illustrated in Figure 4(a) and (b). It can be seen
from Figure 5 that the proposed method obtains an accurate
current tracking ability and reach its steady state within a
short transient response time. Further, by using Powergui Fast
Fourier Transform (FFT) toolbox, the harmonic spectra of
the load current for the conventional algorithm and proposed
method are also analysed and compared inFigures 4(c) and (d).
As shown in these figures, the total harmonic distortion (THD)
of the current for the proposed method increases slightly
from 1.72% to 1.89% compared with the classical FCS-MPC
algorithm. On the other hand, the proposed method is capable
to track the capacitor voltage as illustrated in Figure 5(c),
leading to the peak DC-link voltage of 170 V (Figure 5(d)).
Figure 5(d) presents the shaped pulse voltage to illustrate
the capability of boot DC voltage input. In addition, the
inductor current is maintained at its reference value as shown
in Figure 5(b).

Figure 6 Number of switching states for main optimisation loop
(see online version for colours)
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Table 4 Comparison of two controllers for one-step horizon with
delay compensation

Method
Conventional Proposed

Performance algorithm method
THD of ia with P0 = 250 W 1.72% 1.89%
THD of ia with P0 = 450 W 1.66% 1.67%
Average prediction states 7 3
considered for loop
optimisation
Average computation time 28µs 23µs

As previously mentioned, seven predictions of switching
state at non-ST case have to be evaluated in the main cost
function for the algorithm proposed in Bakeer et al. (2016).
On the contrary, the average predictions considered of loop
optimisation are only 3 for the proposed method (see Figure 6).
The computational cost depends on the measured states
and the references. The simulation result indicates that the
maximum and minimum switching states for evaluating the
main cost function are 5 and 2, respectively. As a result, the
proposed method is more attractive from the perspective of
the computational cost compared with the classical FCS-MPC
method. To show the computational efficiency of the proposed
strategy, we test the algorithm by employing the S-function
block in the Simulink with embedded coder tools. The function
tic-toc of Matlab is utilised to estimate the computation time.
In fact, the average computation time of the classical method
is about 28µs while the proposed method requires only
23µs in a 2.2 GHz, i5-5200 CPU. The detail comparisons of
two controllers, comprehending the THD of the load current
and computation time are reported in Table 4. The most
striking observation to emerge from the data comparison was
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Figure 7 Simulation results with parameter variation: (a) waveformof three-phase load current; (b) steady-state of capacitorvoltage and (c)
steady-state of inductor current (see online version for colours)
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Figure 8 Performance of proposed method under step change in DC inputvoltage: (a) dynamic response of DC input and capacitor voltages
and (b) three-phase load current waveform (see online version for colours)
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the assurance of the closed-loop stability and decrease in
computational load. Consequently, our study provides the
framework for a new way to support the feasibility of the real-
time FCS-MPC implementation with a lower processor and
long prediction horizon.

To confirm the robustness of the controller against
parameter variations, an examination with an increase of 50%
in the load resistance and inductance is conducted in our study.
Figure 7 illustrates the results of the proposed method under
parameter variations. It can be observed that the proposed
method is continued to reach the desired values of inductor
current and capacitor voltage with small deviations. The THD
of the load current increases from 3.11% to 4.6% but it still
meets within the limit required of the IEEE 519 standard.

Nowadays, the qZSI is recognised as a suitable topology
for PV system. In this case, the DC input voltage is
incorporated into PV system, leading to the variation of the
DC voltage due to the change of the weather. In order to

investigate the performance of the proposed scheme under
this circumstance, the DC input voltage is changed from
70 V to 90 V at instantt = 0.2 s, while the load current and
capacitor voltage are kept at 5.3 A (P0 = 500 W) and 160 V,
respectively. As can be seen in Figure 8, the capacitor voltage
and load current return their references after the transient time
in spite of the step change in DC input voltage.

5 Conclusion

This paper introduces a computationally efficient model
predictive control approach for qZSI. With the aim to solve
the challenges of using FCS-MPC for qZSI, the development
of FCS-MPC based on the Lyapunov function is proposed in
this technique. At each sampling time, only available switch
state that guarantees the stability criteria is taken into account
in the optimisation problem. As a result, the computation
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time of the proposed method is reduced by 18% compared
with the classical FCS-MPC algorithm thanks to stability
consideration, facilitating the implementation of the MPC
method in real-time applications. In order to illustrate the
effectiveness of the control strategy, a comparative study
between the proposed method and conventional FCS-MPC is
investigated. The simulation results validate the feasibility of
the proposed method in regard to THD of load current and
computational burden. To further our research, we intend to
implement the proposed strategy in a real-time system.
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