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Abstract

This study aims to provide a detailed procedure to deploy model predictive control (MPC) for the single-phase voltage-source inverter.
Simulation and implementation of other control methods for the single-phase voltage-source inverter, including the sinusoidal pulse width
(SPWM) and the hysteresis methods, are also given. In MPC control deployment for the single-phase voltage-source inverter, the
mathematical model of the inverter is first required. Based on the obtained model of the inverter, discrete-time forms of the inductor current
and the capacitor voltage can be conveniently formulated. The optimal control action in each sampling interval is selected based on the
minimum value of a cost function, defined as the difference between the predicted value and the desired value of the current or voltage.
Compared to conventional control methods for the single-phase inverter, the MPC method requires accurate sensors, and its implementation
is also sometimes challenging. In this study, control methods for the single-phase voltage-source inverter are conveniently deployed using
the KIT STM32F407 DISCOVERY. The simulation and experimental results have proven that the MPC algorithm is suitable for fully
understanding the concept of model-based discrete control of the single-phase voltage-source inverter and other types of power converters.
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Nghién cttu nay nhdm muc dich cung cip mot quy trinh chi tiét dé
trién khai didu khién du doan mé hinh (MPC) cho bd nghich luu
ngudn ap mot pha. M6 phong va trién khai cac phuong phap diéu
khién khéc cho bo nghich luu ngudn 4p mét pha bao gom phuong
phap didu ché do rong xung hinh sin (SPWM) va phuong phép tré
cling duoc dé cap trong nghién ctu nay. Trong qué trinh trién khai
didu khién MPC cho b nghich luu nguon 4p mét pha, trudc tién can
¢6 md hinh toan hoc cta b nghich Iuu. Dya trén mé hinh thu dugc
cua bd nghich luu, dang thoi gian roi rac caa dong dién qua cudn
cam va dién &p trén ty dién cé thé dugc xay dung mot cach thuan
tién. Hanh dong didu khién téi uu trong mdi khoang thoi gian ldy
mau duoc lya chon dua trén gia tri nho nhét cia ham chi phi duoc
dinh nghia 1a sy khéc biét giita gi tri dy bao va gia tri mong muén
cua dong dién qua cudn cam hoac dién &p trén tu dién. So véi cac
phuong phap diéu khién thong thuong cho bo nghich luu ngudn &p
mot pha, phuong phap MPC yéu cau cac cam bién chinh xac va viéc
trién khai phuong phap nay doi khi ciing gap nhiéu thach thirc. Trong
nghién ctru nay, cac phuong phap diéu khién cho bo nghich luu
ngudn &p mot pha dugc trién khai thuan tién bang cach s dung KIT
STM32F407 DISCOVERY. Két qua md phong va thuc nghiém d
chirng minh rang thuat todn MPC phul hop dé hiéu day du khai niem
didu khién roi rac dua trén mo hinh caa bd nghich luu ngudn 4p mot
pha ciing nhu cac loai bo bién ddi cong suat khac.

1. Introduction

Power converters have been in continuous development since
the second half of the 20th century. Power converter control
methods have also become interesting topics in the field of
power electronics. The single-phase voltage-source inverter is
ideally used in single-phase power supplies such as single-
phase uninterruptible power supply (UPS) applications, and
single-phase grid-connected systems [1-5]. Meanwhile, the
three-phase voltage-source inverter is mostly used in variable
frequency drives, three-phase UPS devices and flexible AC
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transmission systems. With recent advanced control
technologies in power electronics, UPS systems are required
to have an output voltage with very low total harmonic
distortion (THD). According to the IEEE 547 standard, the
minimum THD in the output voltage of UPS systems must be
maintained to be lower than 5% [1] for nonlinear loads.

The current-controlled single-phase inverters are more
popular than the voltage-controlled single-phase inverters.
The current-controlled single-phase inverters can be used in
grid-connected systems. The control of the single-phase
inverter’s output current can be classified into linear and
nonlinear techniques. In linear control methods, the output
current of the inverter can be controlled using a conventional
Pl controller with the use of the sinusoidal pulse width
modulation (SPWM) technique [6,7], Nonlinear control
strategies include dead-beat control [8], hysteresis control [9],
iterative learning control [10] and sliding mode control [11].

The dead-beat control belongs in the family of predictive
regulators. If the dead-beat controller can be suitably tuned, it
can have a fast response with a very small tracking error.
However, the dead-beat controller tends to have uncertainties,
data mismatch and noise at a high sampling frequency. The
hysteresis control method is used to compare the output
current to the reference current to generate switching signals
for the inverter. The main advantage of this control method is
its simplicity in implementation.

Model predictive control (MPC) has recently emerged as an
effective control method for various power electronic
converters because it can deal with non-linearities of the
system and obtain a fast dynamic response. In the MPC
method, the discrete-time model of the system is considered
to predict the future behaviors of the variables over a time
frame [12-17]. These predictions are performed by using a
cost function which is simply defined as the error between the
desired controlled variable and the measured value.

MPC has several advantages over other control techniques,
such as its ability to handle complex and uncertain systems. It
can also consider constraints in a defined cost function. In
addition, MPC can incorporate feedback and feedforward
information, as well as external signals or references, to
improve tracking and disturbance rejection. MPC is also
easily tuned and modified by changing the parameters of the
cost function or the constraints.

Implementation of the MPC for power converters can be done
by taking advantage of the inherent discrete nature of power
converters. Since power converters only have a finite number
of switching states, the MPC application can be significantly
simplified and reduced to the prediction of the system
behaviors for possible switching states of the power
converter. This approach is also known as Finite Control Set
MPC (FCS-MPC) for power converters.

The pulse control for voltage modulation can be performed by
FCS-MPC with the following items:

e Defining a finite set of voltage states: a finite set of
possible voltage states is defined. Each state
corresponds to a specific configuration of the
switching devices in the power converter.

e Predicting future behaviour: At each control step, the
future trajectory of the output voltage or current over a
finite prediction horizon using the system model and
the chosen switching states

e Optimization: An optimization problem is solved to
select the switching sequence that minimizes the
deviation between the predicted output and the desired
output. This optimization is based on an objective
function, which typically includes tracking error (the
difference between the predicted and desired voltage
or current) and may also include other factors like
minimizing switching losses or ensuring system
stability.

e Discrete switching decision: Since the switching states
are discrete, the optimization considers only those
switching combinations that are available in the finite
set. These are usually based on predefined voltage
vectors.

o Feedback: After the control decision is made, the
switches are set to a new state, and the output voltage
or current is measured. The control loop then repeats
at the next sampling instant, where the algorithm takes
the updated system state into account.

The FCS-MPC can be utilized to effectively control the output
current of single-phase voltage-source inverters with low total
harmonic distortion (THD) and noise. However, the practical
implementation of the FCS-MPC is usually challenging.
Therefore, in this study, a general FCS-MPC approach for
controlling the output current of the single-phase voltage-
source inverter is described in detail with the inclusion of
theory, simulation, and implementation.

The contribution of this study is to describe clear steps to
implement the MPC for the single-phase voltage-source
inverter. This work has usually been mentioned briefly in
many publications. The hardware used in this study, the KIT
STM32F407 DISCOVERY, has a very reasonable price and
it can be utilized to quickly deploy complicated control
algorithms with the effective support of MATLAB Simulink.
The library to program the KIT STM32F407 DISCOVERY in
MATLAB Simulink is free and downloadable from the web
[18]. These are very valuable in studying the advanced control
methods of power converters both in theory and
implementation.

The study also gives a comparison between other control
methods and the FCS-MPC method of the current-controlled
single-phase inverter. According to the experimental results
obtained, the performance of the single-phase inverter
controlled by using the FCS-MPC method can outperform the
performance of the inverter controlled by other control
methods in the reduction of the inductor current’s harmonics.

This study first mentions three control algorithms for the
output current of the single-phase voltage-source inverter
including the SPWM, hysteresis and MPC methods. Next, the
load voltage control of the voltage-controlled single-phase
inverter is presented. The paper is organized as follows.
Section 2 provides the concept of MPC for controlling the
inductor current of the current-controlled inverter and the
voltage across the capacitor of the voltage-controlled single-
phase inverter. Simulation tasks of MPC for the inverter are
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presented in Section 3. Details of the implementation of
different control strategies for the inverter are described in
Section 4. Finally, Section 5 is the conclusion and future
research direction for this topic.

2. Model Predictive Control of the Single-
Phase Voltage-Source Inverter

2.1. Current Predictive Control of the Single-Phase
Inverter

Figure 1 shows the topology of the single-phase voltage-
source inverter. The load has the inductive property with the
resistance R and inductance L . The inverter has four
semiconductor switches S;, S,, S, and S,. Switching states

of two switches in the same leg are opposite each other. This
means that if S, is switched on, then S, is switched off and

vice versa. Similarly, if S, isswitched on, then S, is switched
off and vice versa.

sd::rn—J

SJ:T-—J i
R

— Vpc
B

sﬂ% iy SJ;% A

Figure 1: Single-phase voltage-source inverter.

The output voltage of the inverter V,; is determined as
follows:
Vs =Vic (SA —SB) (1)
In which
e V. isthe DC source voltage.
e S, and S; are binary control variables having the

following properties:
- If S,=1, then S, is switched on and S, is

switched off.

- If §,=0, then S, is switched off and S, is
switched on.

- If Sy =1, then S, is switched on and S, is
switched off.

- If S;=0, then S, is switched off and S, is
switched on.

The voltage equation of the inverter is as follows:
Vg = L%+ Ri, 2
ﬂ ~ i (k)_iL(k_l) ©)

dt T.

S

The discrete-time form of equation (2) is given by:

Vag=t MO g g @

In which
o i (k) is the inductor current at the k -th sampling
instant.
e i (k—1) is the inductor current at the k-1 -th
sampling instant.
oV, (k) is the output voltage of the inverter at the K -

th sampling instant.
e T, isthe sampling interval.

Re-arranging equation (4) results in:

. T, L .
i, (k)= L+RTSVAB(k)+L+RT i (k-1) (5)
Moving one-step ahead for equation (5) gives:
. T, L .
i, (k+1)= L+RTSVAB(k+1)+ iR, i, (k) (6)

In equation (6), the current iL(k +1) is called the predictive

or future current at the K +1-th sampling instant. V,; (k +1)

is computed using (1). The predictive current control of the
inverter requires pre-determined values of V,.,Rand L.

The optimal control of the output current of the inverter is
equivalent to minimizing a cost function simply defined as
follows:

S =i —i (k+1) @)
In which i"(k+1) is the reference current at the (k+1)-th

sampling instant. Figure 2 shows a flowchart of the predictive
control of the load current.

4
S =i =i (k+D)[+wD [S;(k)-S;(k-1)] (8
i=1
where w is known as the weighting factor. S;(k) and

S, (k —1)is the switching state of the i -th switch at the k -th

and the (k—l) -th sampling intervals, respectively. A

flowchart of the predictive control of the load current is
described in Figure 2.



24

Journal of Measurement, Control, and Automation

Y

Apply S,,.., S

'dop s “Bop

)

Sampling 7, (k) 1, (F)

I{-J.B:yf‘k{'sid_SB:]
i (k+1)= % Viglk+1)+ i (k)
o " L+RT, % L+RT, ©

|

g =l i (k+1)
I
Ifg <Ew

S

Aop

o
Sop &

=3, SBop =35z

Figure 2: Flowchart of the predictive control of the load current.

2.2. Voltage Predictive Control of the Single-Phase
Inverter

The topology of the single-phase voltage-source inverter for
UPS applications is shown in Figure 3. The conventional
method for controlling the load voltage is related to the design
of two control loops: an inner current loop and an external
voltage loop as shown in Figure 4.

There are different choices for several controlled parameters
using the internal current loop such as the filter capacitor
current, inductor current and load current. After designing the
inner current loop, the voltage controller needs to be designed
such that all kinds of loads are fed with a fixed sinusoidal
voltage. The sinusoidal pulse width modulation (SPWM) can
be seen as the well-known technique to keep the sinusoidal
waveform for the load voltage.

B EEL L
A J_*i;
: 1

i

Figure 3: Single-phase UPS.
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Figure 4: Block diagram of the single-phase voltage-source inverter with
two control loops.

<4 v Load

where
eV isthe reference voltage
e V. isthe measured voltage
e 1, isthe reference current through the inductor
e |, isthe measured current through the inductor

e L isthe inductance of the inductor
e C isthe capacitance of the capacitor
e |, isthe load current

e G isthe inverter gain
e V,z is the output voltage of the inverter

e G (s) is the transfer function of the current controller

o G, (s) isthe transfer function of the voltage controller
The output voltage of the inverter is given by:
Vag =V (SA _SB) )
The inductor current is expressed as follows:

L9 _

= Ve Ve (10)

The derivative in (10) can be approximated with a sample
time T, at the k -th sampling interval as follows:

(L7 R=D)  g—v (k)

T (11)
Re-arranging (11) gives:
iL(k)=iL(k—l)+T—L5|:vAB(k)—vC(k):| (12)
Moving one-step ahead for equation (12) results in:
iL(k+1):iL(k)+Tf[vAB(k+1)—vC(k+1)] (13)
If v. is continuous and T, is small enough, then

Ve (K+1) =V (k). v, (k+1) is still determined according
to (9). Equation (13) yields:

L (c40) =i (+E v () (k)] ()
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The voltage across the capacitor (the load voltage) is given
by:
CdL =i, —i,
dt
The derivative in (15) can be approximated with a sample

time T, at the k -th sampling interval as follows:

(15)

Cw =i, (k)—is (k) (16)
Re-arranging (16) resulsts in:
io(k)=iL(k)—TC—s[vc(k)—vc(k—l)] (17)
Re-arranging (16) results in:
Ve (k) =Ve (k=1)+2 (i (K) =i (K)) (18)
Moving one-step ahead for equation (18) results in:
Ve (k+1)=v, (k)+-(|;—5(iL (k+1)—ig (k+1)) (19)
If i, is continuous and T, is small enough, then
ip (k+1) = iy (k) and equation (19) yields:
(k) = () + 21 (k+D)-4 () (20)
In (20), the load voltage can be estimated as follows:
io(k):iL(k)+$—s[vc(k)—vc(k—l)} (21)

Finally, the optimal control of the load voltage is equivalent
to minimizing a cost function is defined as follows:

S =g —Vg (k+1) (22)
In which Vv (k+1) is the (K +1)-th reference load voltage. In

some cases, the cost function should be defined with the
inclusion of the frequency constraints as follows:

S =g —Ve k+1|+WZ|:S =S, (k-1)]

The flowchart of the predictive control of the load voltage is
shown in Figure 5.

(23)

3. Simulation

3.1. Current Control Using the SPWM Method

Figure 6 shows a Simulink-based simulation diagram of the
load current control of the single-phase voltage-source
inverter using the SPWM method. The output of the inverter
provides power to a load formed by an inductor of 0.6667 H
connected in series with a resistor of 210 Q.

The SPWM method requires a comparison of a modulation
wave and a carrier wave. The modulation wave is a 50Hz sine
wave and the triangle carrier wave has a frequency of 50 times
the modulation wave's frequency. A proportional-integral (PI)
controller is responsible for maintaining the desired value of
the inductor current. The controller has a proportional gain of
100 and an integral gain of 1. The RMS value of the desired
load current is 0.5 (A). Figure 7 shows waveform and FFT
analysis of the load current.

h 4

3,

Bop

Apply S,

)

Sampling v, (k),v,(k).i, (k)i (k)

Vi =Vdc{s_4 =53 :]

.
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T
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|
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(i;(k+1)—iy(k))

gp_g S:iop

=S, Sap=5s

Figure 6: Simulink-based simulation diagram of the load current control of
the inverter using the SPWM method.
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Figure 7: Waveform and FFT analysis of the load current (the SPWM
method).

3.2. Current Control Using the Hysteresis Method

Figure 8 shows a Simulink-based simulation diagram of the
load current control of the single-phase voltage-source
inverter using the hysteresis method. A Pl controller is
responsible for maintaining the desired value of the current.
The controller has a proportional gain of 100 and an integral
gain of 1. The RMS value of the desired current is 0.5 (A).
Figure 9 shows waveform and FFT analysis of the load
current.

[

Figure 8: Simulink-based simulation diagram of the load current of the
inverter using the hysteresis method.
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Figure 9: Waveforms and FFT analysis of the load current (the hysteresis
method).

3.3. Current Control Using the MPC Method

Figure 10 shows a Simulink-based simulation diagram of the
predictive load current control of the single-phase voltage-
source inverter using the MPC. The RMS value of the desired
current is 0.5 (A). Figure 11 shows waveform and FFT
analysis of the load current.

Table 1 indicates total harmonic distortion (THD) of the load
current corresponding to three control methods. The MPC
method can result in the lowest value of the THD.

Figure 10: Simulink-based simulation diagram of the load current control
of the inverter using the MPC method.

A MATLAB function of the MPC controller in Simulink has
the following form:

function u = MPC(iL, Iref)

R =210;

L =0.66667;

Vdc = 260;

Ts = 1e-5;

Sa_opt =0;

Sb_opt =0;

g_opt =inf;

for Sa=10:1

for Sbh=0:1

Vab = Vdc*(Sa - Sh);
iL_1=Ts/(L + R*Ts)*Vab + L/(L + R*Ts)*iL;
g = abs(Iref - iL_1);

if (g <g_opt)
Sa_opt = Sa;
Sb_opt = Sb;
g_opt=g;
end
end
end
Sa = Sa_opt;
Sb = Sb_opt;

u = [Sa; not(Sa); Sh; not(Sh)];

Table 1: THD of the load current corresponding to three control methods.

Control Method THD (%)
SPWM 22172
Hysteresis 1.6733
MPC 1.5649




Journal of Measurement, Control and Automation 27
1 1
z z SN SN N
e - N N\ N N\
1 -1
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08
Time (s) Time (s)
1
1002\ A ™\ ™\
2 05 AN ANYANA
— ®)
- > -100 \ \ \ \
\/ A4 A4 A4
0
0 50 100 150 200 250 300 0 0.02 0.04 0.06 0.08
Frequency (Hz) Time (s)

Figure 11: Waveform and FFT analysis of the load current (the MPC
method).

3.4. Voltage Control Using the MPC Method

Figure 12 shows a Simulink-based simulation diagram of the
load voltage control of the single-phase voltage-source
inverter using the MPC method. The desired RMS value of
the sinusoidal load voltage is 100 (V). Figure 13 shows
waveforms of the inductor current and load voltage.
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Figure 12: Simulink-based simulation diagram of predictive capacitor
voltage control.

MATLAB function of the MPC controller in Simulink has the
following form:

function u = MPC(iL,Vc,i0,Vref)

L = 0.6667;

C =8e-6;

Vdc = 260;

Ts = le-4;

Sa_opt =0;

Sbh_opt=0;

g_opt = inf;

for Sa=0:1

for Sh=0:1

Vab = Vdc*(Sa - Sb);
iL_1=iL + Ts/L*(Vab - Vc);
Vc_1=Vc + Ts/C*(iL_1 - i0);
g = (Vref - Vc_1)"2;

if (g <g_opt)
Sa_opt = Sa;
Sh_opt = Sb;
g_opt=g;
end
end
end
Sa = Sa_opt;
Sbh = Sb_opt;

u = [Sa; not(Sa); Sh; not(Sh)];

Figure 13: Waveforms of the inductor current and load voltage.
4. Experiment

To consolidate the effectiveness of the FCS-MPC method for
the single-phase voltage-source inverter, the following
experiments were carried out:

e The inductor current in the current-controlled inverter
was controlled using the SPWM method, the hysteresis
method and the FCS-MPC method.

e The capacitor voltage in the voltage-controlled was
controlled using the FCS-MPC method.

An experimental system shown in Figure 14 was established
with the following components:

e A DC voltage source.

A single-phase H bridge.

A resistive-inductive load.

Voltage and current isolators

Voltage and current sensors.

A KIT STM32F407 DISCOVERY.

A NI-USB 6009 data acquisition device.

A laptop with a graphical user interface (GUI) software
for data acquisition, as shown in Figure 15.

The voltage isolator can work with the input voltage ranging
from 0 to +/-600V corresponding to the output voltage
ranging from 0 to +/-10V. The current isolator can work with
the input current ranging from 0 to +/-5A corresponding to the
output voltage ranging from 0 to +/-10V. The signals from the
output voltages of the voltage and current isolators are
required to be further processed to obtain the DC voltage
accepted for the range of the ADC inputs of the KIT
STM32F407 DISCOVERY.

The graphical user interface (GUI) software was written using
the LabVIEW software to display real-time waveforms and
rms values of the output voltage of the inverter and the
inductor current. These waveforms were recorded in data files
to re-plot using the MATLAB software for an off-line analysis
of harmonic distortion of the inductor current.

The KIT STM32F407 DISCOVERY, based on the
STM32F407 microcontroller, allows its users to conveniently
develop control algorithms. It is produced with a trade-off
between the high performance and expense of its. The KIT
STM32F407 DISCOVERY can be programmed using either
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C programming language or MATLAB Simulink. In this
study, MATLAB Simulink was used to develop control
algorithms for the single-phase voltage-source inverter. In
particular, the Waijung Blockset, a free and downloadable
MATLAB Simulink library for the KIT STM32F407
DISCOVERY, is used to deploy control algorithms for the
inverter [18].

The Waijung Blockset allows users to program the control
algorithm using MATLAB Simulink. In addition, the user can
use the Build Model to directly transfer the proposed control
algorithm from the Simulink environment to the KIT
STM32F407 DISCOVERY.

—
Voltage and Inductive Load

Current Isolators
5

NIDAQ
6009 Voltage and

{
\ o Current Sensors | 5
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Source

H Bidge

STM32F4
Discovery Board

Figure 14: The experimental system.
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Figure 15: GUI of the software for data acquisition.
4.1. Current Control Using the SPWM Method

Figure 16 is a Simulink-based diagram to deploy the SPWM
control method on the KIT STM32F407 DISCOVERY. The
control method requires the measurement of the inductor
current with a Proportional-Integral (P1) controller.
Waveform and RMS value of the inductor current were also
acquired using the NI-6009 DAQ device for an offline
analysis using MATLAB. Figure 17 is waveform and FFT
analysis of the inductor current to visualise amplitudes of the
inductor current harmonics.

Waijung: 18.10a
Compiler: GNU ARM
MCU: STM32F4171G

Auto Compile Dow nload: ON
Full Chip Erase: OFF
Auto mn app: ON
Execution Profiler: None

Base Te (sec): 0.01

ADC Module: 1
Output Data Type: Double ANO
T (sed): 0

»{ pA2
3 5 Port: A
S2] PA 3
B PA3 Speed (MHz): 100
S5 Type (PP/OD): Push Pull
[S3] PA4 1N
Ts (sec): 0.0001
-[541 PAS

PWM

Figure 16: Simulink diagram to deploy the SPWM method on the KIT
STM32F407 DISCOVERY.
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Figure 17: Waveform and FFT of the inductor current (the SPWM
method).

4.2. Current Control Using the Hysteresis Method

Figure 18 is a Simulink diagram to deploy the hysteresis
control method on the KIT STM32F407 DISCOVERY. The
control method needs the measurement of the inductor
current. When the error between the reference and measured
currents crosses either the positive or negative boundary of
the hysteresis band, a significant change in the output of the
controller occurs. Therefore, the controller can quickly react
to any deviation from the reference current, which is the
reason for the high gain behaviour of the controller.

Compared to the SPWM method, the hysteresis method does
not require the generation of PWM, and it is also quite simple
to be implemented and belongs to non-linear control
techniques. In this case, waveforms and RMS values of the
inverter output voltage and the inductor current were also
acquired using the NI-6009 DAQ device for an offline
analysis using MATLAB. Figure 19 is waveform and FFT
analysis of the inductor current.
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Figure 18: Simulink diagram to deploy the hysteresis control method on the
KIT STM32F407 DISCOVERY.
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Figure 19: Waveform and FFT analysis of the inductor current (the
hysteresis method).

4.3. Current Control Using the MPC Method
Figure 20 is a Simulink diagram to deploy the MPC method

on the KIT STM32F4 DISCOVERY. Figure 21 is waveform
and FFT analysis of the inductor current.
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Figure 20: Simulink diagram to deploy the MPC method on the KIT
STM32F407 DISCOVERY.

The MATLAB function of the MPC controller in Simulink
has the following form:

function pulse = MPC(i,i_ref)

R =210;

L = 0.6667;

Vdc = 320;

Ts = le-4;

Sa_opt =0;

Sbh_opt =0;

g_opt =inf;

for Sa=0:1

for Sb =0:1

Vab = Vdc*(Sa - Sh);
i_1=L/(L+R*Ts)*i + Ts/(L + R*Ts)*Vab ;
g = abs(i_ref -i_1);

if (9 <g_opt)
Sa_opt = Sa;
Sh_opt = Sb;
g_opt=g;
end
end
end
Sa = Sa_opt;
Sh =Sb_opt;

pulse = [Sa; not(Sa); Sh; not(Sh)];
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Figure 21: Waveform and FFT analysis of the load current (the MPC
method).

Table 2 shows a comparison of three control methods of the
output current of the inverter. In general, three control
methods can result in sinusoidal waves with very low THD.
However, the MPC method can give the lowest THD with a
percentage of 0.9825.

Table 2: THD of the inductor current corresponding to three control

methods.
Control Method THD (%)
SPWM 5.0378
Hysteresis 1.3650
MPC 0.9825

4.4. Voltage Control Using the MPC Method

In UPS applications, the capacitor voltage needs to be
controlled so that it can have a nearly sinusoidal wave. In this
case, the desired amplitude of the capacitor voltage is 100 (V).
Figure 22 is a Simulink diagram to deploy the MPC method
on the KIT STM32F407 DISCOVERY. Figure 23 shows
waveform and FFT analysis of the capacitor voltage.
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Figure 22: Simulink diagram to deploy the MPC method on the KIT
STM32F4 DISCOVERY.

The MATLAB function of the MPC controller has the
following form:

function u = MPC(iL,Vc,i0,Vref)

L =0.6667;

C = 8e-6;

Vdc = 260;

Ts = 1e-3;

Sa_opt=0;

Sbh_opt =0;

g_opt = inf;

for Sa=0:1

for Sb=0:1

Vab = Vdc*(Sa - Sh);
iL_1=iL + Ts/L*(Vab - Vc);
Ve _1=Ve + Ts/C*(iL_1 - i0);
g = (Vref - Vc_1)2;

if (g <g_opt)
Sa_opt = Sa;
Sb_opt = Sb;
g_opt=g;
end
end
end
Sa = Sa_opt;
Sb = Sb_opt;
u = [Sa; not(Sa); Sb; not(Sh)];
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Figure 23: Waveform and FFT analysis of the capacitor voltage.

DISCOVERY, which is computationally fast and has also a
reasonable price. With the use of the Waijung library, the KIT
STM32F407 DISCOVERY can conveniently allow users to
directly transfer proposed control algorithms from the
Simulink environment to the KIT STM32F407 DISCOVERY.
In addition, the proposed control algorithms for the single-
phase voltage-source inverter can be easily verified by
Simulink-based simulation tasks before they can be deployed
on the KIT STM32F407 DISCOVERY. The study performs
three control methods for the current-controlled single-phase
inverter. The output voltage control of the single-phase UPS is
also mentioned in detail. According to the experimental results
obtained, the performance of the inverters controlled by the
FCS-MPC method can outperform the performance of the
inverter controlled by conventional control methods. The
future work of this study is to explore the KIT STM32F407
DISCOVERY to control current and voltage the three-phase
voltage-source inverter and other types of power converters
using the FCS-MPC algorithm.
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