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Abstract - With the increasing number of non-linear loads in 
industry and households, power quality is given more importance. 
Power supply continuity and unity power factor are the 
requirements on the grid and load, respectively. Both of these 
requirements are satisfied by the application of a hybrid UPS/APF 
system that can operate as an uninterruptible power supply (UPS) 
and as an active power filter (APF). Such a hybrid UPS/APF 
system is a modification of the Line-interactive single conversion 
UPS system.  When working as an APF, i.e. achieving a unity 
power factor, the hybrid UPS/APF injects such a current into the 
point of common coupling (PCC) that the source current becomes 
a sine wave synchronous with the source voltage. When working 
as a UPS, it supplies non-linear loads with power as when they 
were connected to the sine AC grid. The hybrid UPS/APF system 
consists of two converter circuits, i.e. the inverter/rectifier and the 
bidirectional DC/DC converter, and hybrid energy storage 
composed of a supercapacitor and battery. This paper presents a 
simulation model in which simulation experiments tested the 
functionality of the converters control methods of a hybrid 
UPS/APF system when operating in both modes. This paper also 
analyzes the model predictive control (MPC) algorithm for 
inverter/rectifier when working as an active power filter and the 
modified SPWM method when working as a UPS system.  

Keywords – non-linear loads, unity power factor, active power 
filter, uninterruptible power supply, model predictive control, 
modified sine PWM method 

INTRODUCTION  

With an increase in nonlinear loads for industrial and household 
needs, a rising necessity for electric power quality is gaining 
attention. Besides the requirement on the power grid regarding 
a continuity of power supply, additional requirements are being 
placed on the loads to have a unity power factor, i.e. the smallest 
possible phase shift and total harmonic distortion. The loads 

must satisfy requirements described in norms such as IEEE 519 
and IEC 555 (IEC 61000). Different approaches exist on how 
to satisfy the aforementioned norms, some of which are: (i) 
passive filters, (ii) multipulse solutions, (iii) rectifiers with 
power factor correction (PFC), (iv) UPS systems with power 
factor correction, (v) active power filters (APF), (vi) active 
front end converters (AFE). One of the devices meeting the 
continuity of power supply criterion and the unity power factor 
demand is Line-Interactive Delta Conversion UPS [1-3]. 
Another type of UPS, called Single Conversion UPS, cannot 
function as an active power filter, but recent trends are focused 
on control methods that would allow this type of UPS to 
function as an active power filter [4-8]. One particular case of 
the Line-Interactive Single Conversion UPS that uses a 
supercapacitor, instead of a commonly used electrolytic 
capacitor, is proposed in [9]. This hybrid UPS/APF system 
consists of two converters, i.e. a bidirectional inverter/rectifier 
and a bidirectional DC-DC converter, and a hybrid energy 
storage system consisting of a supercapacitor and a battery. 
When the system functions as an active power filter, the 
bidirectional inverter/rectifier along with the output inductor 
and the supercapacitor at the input compensates the electric 
current harmonics in the PCC caused by the non-linear loads. 
At the same time, the bidirectional DC-DC converter functions 
as the battery charger. When a power failure occurs, the 
bidirectional inverter/rectifier functions as a UPS, powering the 
non-linear loads with a sinusoidal voltage as if they were 
connected to the power grid, and the bidirectional DC-DC 
converter transfers the necessary energy from the battery to the 
supercapacitor.  

Depending on the operation mode, the hybrid UPS/APF system 
proposed in [9] uses different methods for controlling the 
inverter/rectifier and bidirectional DC/DC converter. To 
control of inverter/rectifier in APF mode and UPS mode the 
hysteresis regulator, and PWM method are used, respectively. 
To control the bidirectional DC-DC converter in both operation 
modes the method of phase shift is used. 

All the costs of publishing of this paper are co-financed by the
"MARETON" project co-funded under the Competitiveness and Cohesion
Operational Program from the European Regional Development Fund. 
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This paper proposes an improvement in control methods that 
are applicable for using in Single Conversion UPS system. As 
control method of the inverter/rectifier, a Model Predictive 
Control (MPC) method is proposed. MPC has been widely 
adopted for control of power converters. It uses the system 
model for optimizing the system behavior over the finite 
horizon. The MPC for power converters can be divided into a 
finite control set MPC (FCS-MPC) where the switches of the 
power converter are directly actuated, and continuous control 
set MPC (CCS-MPC) where a modulation scheme is used. In 
FCS-MPC the objective function is evaluated for all the 
possible combinations in the FCS, and the optimal control 
action is selected. The main advantage of such an approach is 
the ability to handle any type on the objective function, handle 
nonlinearities and influence the switching frequency. FCS-
MPC can result in fast transient response, however, it has a 
higher current ripple in the steady-state compared to CCS-
MPC, variable switching frequency and its complexity grows 
exponentially with the length of the prediction horizon. On the 
other hand CCS-MPC, can handle longer prediction horizon, 
has a fixed switching frequency and has a better steady state 
response. However, for implementing a CCS-MPC solving an 
optimization problem is required at each sampling instant [10, 
11]. Both FCS-MPC and CCS-MPC are reported for active 
shunt filter control in the literature. FCS-MPC together with 
implementation details for single phase and three phase 
converters are presented in [12-16]. CCS-MPC is reported for 
shunt active filter in [17], where authors proposed using the 
analytical solution for unconstrained quadratic program. A 
model predictive control with fixed switching frequency is 
proposed in [18] where a cost function-based modulator is 
proposed. It has the advantages of the FCS-MPC in terms of the 
transient response with a better harmonic spectrum. In this 
paper, the proposed control method to improve the bidirectional 
inverter/rectifier functionality is the CCS-MPC method.  In the 
active power filtering function mode, this method uses PWM 
for voltage modulation.  In the inverting function mode, the 
CCS-MPC method uses modified SPWM for voltage 
modulation. The problem is solved analytically and the speed 
of the transient response is the same as with the FCS-MPC 
while a modulator scheme reduces the current ripple in the 
steady state.  

Utilizing the developed simulation model and the conducted 
simulation experiments, the control methods functionality 
integrated into the hybrid UPS/APF system is examined. 

SYSTEM DESCRIPTION AND TOPOLOGY OF LINE-INTERACTIVE 
UPS WITH SHUNT ACTIVE POWER FILTER FUNCTION 

The line-interactive UPS system shown in Figure 1a), is 
specific to its bidirectional inverter/rectifier. During normal 
operation mode, i.e. while there is a power supply, the 
inverter/rectifier acts as a rectifier and charges the batteries 
while the load is powered directly from the AC grid. During 
battery operation mode, the inverter/rectifier acts as an inverter 
and changes the energy flow from the battery to the load.  

The structure of the line-interactive UPS system is similar to 
the shunt active power filter (SAPF) structure, shown in Figure 
1b). SAPF is an inverter that acts as a dynamic compensator for 
the higher harmonics of the load current using the energy stored 
in the capacitor. It is connected to the PCC between the power 
grid and nonlinear loads. With minor changes in the structure, 
and with the implementation of appropriate control methods, 
the line-interactive UPS can perform the function of active 
filtering.  
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a) b)
Figure 1 Comparison of topologies: a) line-interactive UPS and b) shunt 

active power filter 

Figure 2 represents the proposed topology of such a hybrid 
UPS/APF system. Hybrid UPS/APF system has two energy 
tanks; battery and supercapacitor. The supercapacitor provides 
significantly higher power density than batteries due to its 
lower equivalent series resistance (ESR) and higher energy 
density than other types of capacitors. The battery provides 
higher energy density. For energy conversion between the 
batteries and supercapacitors a bidirectional DC/DC converter 
is used. 
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Figure 2 Proposed hybrid UPS/APF system  

When hybrid UPS/APF system operating as SAPF, the 
rectifier/inverter injects such current into the PCC that, 
regardless of the higher harmonics caused by nonlinear loads, 
the grid current is in phase with the grid voltage and has a sine 
waveform. At the same time, the bidirectional DC/DC 
converter charges the battery. When the power supply fails, the 
hybrid UPS/APF system operating as a UPS. The battery then 
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represents the source, and the rectifier/inverter is changing into 
inverter mode providing the same current to the nonlinear loads 
as when they were connected to the grid. The bidirectional 
inverter/rectifier is realized as a full-bridge circuit with fully 
controlled switches, using inductance on the AC side and 
supercapacitor on the DC side. As a bidirectional DC/DC 
converter between supercapacitor and battery a half-bridge 
converter with a transformer is used. All switches in the system 
were realized as IGBT switches with anti-parallel diode.  

CONTROL METHODS  

Depending on the operation mode, the hybrid UPS/APF system 
uses different methods for controlling the inverter/rectifier and 
bidirectional DC/DC converter.  

A. APF mode 
1) Inverter/rectifier operates as a shunt active power filter 

In this mode, the hybrid UPS/APF system acts as a SAPF and 
simultaneously charging the battery. As shown in Figure 3, the 
basic function of SAPF is to input a current equivalent to the 
sum of higher harmonics into the PCC and to compensate the 
phase shift between the power grid current and voltage. In this 
way, a near unity power factor is achieved. The 
rectifier/inverter control during SAPF function is realized with 
an MPC algorithm with which the next switching state is chosen 
based on the active power filter reference current that must be 
injected into the PCC to achieve sine source currents. 
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Figure 3 Inverter/rectifier as a shunt active power filter  

The active power filter reference current ic_ref is equal to the 
difference between the measured load current iL and the 
reference source current is_ref. 

 ̴݅ ൌ ݅ െ ݅௦̴ (1) 

The source reference current is formed as the multiplication of 
the amplitude A and sine reference which is taken from the 
power grid's voltage waveform. In order to satisfy the necessary 
condition that the source reference current represents the first 
harmonic of the load current, a mean supercapacitor current 

value control is proposed. The supercapacitor current's mean 
value is measured (isc_avg), and if its value is above/below the 
given upper (IUL)/lower (ILL) limit, the amplitude A of the 
source current reference increases/decreases with a defined step 
(k). The mean value of the supercapacitor current is brought 
around zero within defined limits. In this way, the total energy 
needed to power a load is taken from the power grid, i.e. the 
source's sine reference current represents the load current's first 
harmonic. The proposed method to determine the active power 
filter's reference current is represented with the flow diagram in 
Figure 4.   
The three possible inductor voltages are: 

̴ǡଵݒ  ൌ ௌܸ െ  ௦ݒ
(2) 

̴ǡଶݒ  ൌ Ͳ െ  ௦ (3)ݒ
̴ǡଷݒ  ൌ െ ௌܸ െ  ௦ (4)ݒ

The reference inductor voltage can easily be calculated from 
reference inductor current and measured inductor current iC: 

 
̴̴ݒ ൌ ሺ̴݅ െ ݅ሻ

ܮ
௦ܶ

 
(5) 
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Figure 4 Flow diagram of proposed method to determine the active power 

filter's reference current 

To track the reference current, a continuous control set MPC 
that uses voltage modulation by unipolar PWM is applied. The 
active power filter's switching states represent three possible 
voltages that can be imposed on the active power filter's 
inductor Laf, Figure 5.  
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Figure 5 A simplified scheme of the shunt active power filter 

When the reference inductor voltage is inside the limits defined 
with ݒ̴ǡଵ and ݒ̴ǡଷ unipolar PWM is applied. In case when 
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the reference inductor voltage is outside the defined limits only 
one switching state is chosen for the next switching period. The 
value of the output current in the next switching period for each 
of three possible inductor voltages is given by the following 
formula:  

 ̴݅ௗ ൌ ܫ 
௦ܶ

ܮ
 ̴ (6)ݒ

where Ic is the instantaneous value of the active power filter 
current at the beginning of the switching state. After calculating 
each of the three possible currents, the optimal switching state 
is selected by minimizing the following objective function: 

ܬ  ൌ ሺ݅ െ ̴݅ௗሻଶ (7) 

2) Bidirectional DC/DC converter operates as battery 
charger 

During the APF function mode, while the inverter/rectifier 
functions as a shunt active power filter, the bidirectional 
DC/DC converter functions as a battery charger, Figure 6. The 
converters on the primary and secondary transformer side 
operate with a duty cycle of 0.5, i.e. the primary and secondary 
voltages are square waveforms.  Using the phase shift between 
these voltages, the amplitude and phase angle of the first 
harmonic from the leakage inductance Lk voltages, i.e. the 
inductance current, is controlled. This approach also controls 
the power and the energy flow direction in the bidirectional 
DC/DC converter. If the primary voltage precedes the 
secondary voltage, the energy is flowing from the primary to 
the secondary and the battery is charging. On the contrary, the 
battery functions as an energy source. During battery charging, 
a special control device controls the phase shift and charging 
current value, which is not considered in this paper. 
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Figure 6 a) Bidirectional DC/DC converter as battery charger,                     b) 

equivalent circuit of bidirectional DC/DC converter 

B. UPS mode 
1) Inverter/rectifier operates as an inverter 

In this mode, the hybrid UPS/APF system acts as a UPS with 
the basic duty to provide sine voltage to the loads, i.e. to supply 
the loads with the same current as before grid failure. To 
achieve this, applying the usual sine PWM method is not 
sufficient since the output inductor is not part of the sine filter. 
The output inductor is sized to provide the hybrid UPS/APF 

system operates as an active power filter. For this reason, it is 
necessary to add the output inductor voltage drop to the sine 
reference of the applied PWM method. This voltage drop is 
averaged over the switching period and divided by the voltage 
of the supercapacitor (input voltage to the inverter):   

̴തതതതതതതݒ  ൌ െܮ
ο݅
௦ܶ

 (8) 

Such a modified sine reference signal is fed to a comparator 
with a triangular carrier signal. A block diagram of the 
proposed PWM method with a modified sine reference signal 
is shown in Figure 7.   
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Figure 7 Modified SPWM method 

In case that the reference inductor voltage is outside the defined 
limits only one of three possible switching state is chosen for 
the next switching period. The optimal switching state is 
selected by minimizing the following objective function: 

ܬ  ൌ ሺݒ̴ െ  ̴തതതതതതതሻଶ (9)ݒ
 

2) Bidirectional DC/DC converter operates as energy 
provider from the battery to the supercapacitor 
In UPS mode, the bidirectional DC/DC converter transfers the 
energy from the battery to the supercapacitor while the inverter 
is supplying the loads, Figure 8. The current from the 
supercapacitor (iSC) is equal to the fully rectified load current.    

BAT
SC

iSC

ǻt=Tgrid

Periodic average

iref =f(iref)


iDC/DC
=

=
____

 
Figure 8 A simplified scheme of the bidirectional DC/DC converter control 

circuit  
The DC/DC converter, as in APF mode, is controlled by the 
phase angle between the primary and secondary voltage of the 
transformer. In UPS mode, the secondary voltage precedes the 
primary voltage, and the energy is transferring from the 
secondary to the primary, i.e. the battery acts as a source. The 
control circuit regulates the phase shift between primary and 
secondary voltage to achieve the average value of the DC/DC 
converter current (iDC/DC) to be equal as the average value of the 
supercapacitor current, i.e. ensures a constant voltage of the 
supercapacitor. In this case, the whole energy to supply loads is 
taken from the battery. Figure 9 shows the current through 
leakage inductance Lk and the total current through switch Q1 
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and its diode D1, from Figure 6 a), while voltages vp and vs are 
phase-shifted by angle !.  

iLk

x

y



t
iQ1(D1)

 
Figure 9 Current through leakage inductance iLk and the total current through 

switch Q1, while voltages vp and vs are phase-shifted by angle ! 
The averaged value of the DC/DC converter current is equal to 
the averaged switch current value iQ1(D1). Based on the 
waveforms in Figure 9, the following equations can be applied 
to calculate the average value of the DC/DC converter current: 

 
ݔ ൌ

ȁ ଵܸ  ଶܸȁ
ܮ

כ I כ ௦ܶ

ʹ
 (10) 

 
ݕ ൌ

ȁ ଵܸ െ ଶܸȁ
ܮ

כ ሺͳ െ Iሻ כ ௦ܶ

ʹ
 (11) 

 
݅Ȁሻ ൌ

ݔ כ ሺͳ െ Iሻ െ ݕ כ I
Ͷ

 (12) 

where V1 and V2 are the amplitudes of the rectangular voltages 
on the primary and secondary sides of the transformer. The 
phase angle ! can be computed as a function of the average 
DC/DC converter current:   

 

I൫ଓȀതതതതതതതത൯ ൌ

ͳ െ Ͷ כ ඨ
ܮ כ ଓȀതതതതതതതത

௦ܶ כ ଶܸ

ʹ
 

(13) 

By selecting the desired phase angle, the average value of the 
DC/DC converter current is equal as the average value of the 
supercapacitor current. 

SIMULATION MODEL 
The simulation model of the hybrid UPS/APF system is created 
using the PLECS simulation tool, Figure 10. The model 
parameters are given in Table 1. 

 
Figure 10 The hybrid UPS/APF system simulation model  

Table 1 Simulation model parameters   
Elements Parameters/Value

V_s 325 VAC, 50 Hz 
D1 – D8 Forward voltage: 0, On-resistance: 0 
S1 – S8 Initial conductivity: 0 

L_af Initial current: 0; L=6 mH 
L_load Initial current: 0; L=2 mH 

L Initial current: 0; L=400 mH 
R R=10 �  
L2 Initial current: 0; L=100 µH 
R1 R=100 � 
C Initial voltage: 300V; C=300 µF 

C1, C2 Initial voltage: 200V; C=500 µF 
C3, C4 Initial voltage: 300V; C=500 µF 

Lk Initial current: 0; L=30 µH 
Tr Number of turns: [30 15] 

Lch Initial current: 0; L=5 mH 
ESR R=30 m� 
SC Initial voltage: 420V; C=25 F 

The model can be divided into four parts: (i) AC grid with non-
linear loads, (ii) a bidirectional inverter/rectifier with a 
supercapacitor, (iii) a DC/DC converter with a battery, and (iv) 
control blocs.    

A. AC grid with non-linear loads 

The AC grid is represented by the ideal voltage source V_s. The 
grid can be switched off and on by a sw signal to simulate a 
drop and re-connection to the grid. Inductive and capacitive 
load are connected to the PCC. Inductive load can be connected 
and disconnected using signal swL and the capacitive load using 
signal swC. The sw, swL i swC signals control has been 
implemented within the Switch control subsystem.   

B. Bidirectional inverter/rectifier with a supercapacitor 

The bidirectional inverter/rectifier with a supercapacitor is 
presented in the simulation model with switches S5 - S8, 
inductance L_af, and supercapacitor presented with capacitance 
CS and equivalent series resistance ESR. Control of the 
inverter/rectifier is realized within AC/DC control subsystem, 
Figure 11.  

 
Figure 11 AC/DC control subsystem 

When operating as APF, inverter/rectifier control algorithms 
are implemented within the C-Script1 and C-Script2 blocks. At 
the input of the C-Script1 block is the value of the measured 
load current, and at the output is the value of the source current 

606

Authorized licensed use limited to: University of Zagreb: Faculty of Electrical Engineering and Computing. Downloaded on November 25,2020 at 09:40:08 UTC from IEEE Xplore.  Restrictions apply. 



first harmonic amplitude. From the amplitude of the first 
harmonic according to equation (1), the reference current of the 
active filter is obtained. The corresponding algorithm is 
described in the flowchart in Figure 4.  Within the C-Script2 
block, the CCS MPC algorithm is realized. The inputs of the 
block are the reference current of L_af inductor (filter), the 
measured filter current, the measured source voltage and the 
measured supercapacitor voltage, while the outputs of the block 
are two reference signals for each comparator of unipolar 
PWM. Logical operators and C-Script4 blocks are used to select 
the right combination of the control signals of switches S5 - S8. 
Switching frequency is 20 kHz. The algorithm is the 
implementation of equations (2-7).  

When operating as an UPS, inverter/rectifier control algorithms 
are implemented within the C-Script3 block. The inputs of the 
block are the measured filter current, the sine reference, the 
measured supercapacitor voltage and the measured PCC 
voltage, while the outputs of the block are two reference signals 
for each comparator of unipolar PWM. Within the C-Script3 
block, the average voltage across the inductor L_af is calculated 
from the measured current through the inductor, according to 
equation (8). The average voltage is then added to the sine 
reference and divided by the value of the measured 
supercapacitor voltage (V1), which is representing the PWM 
reference signal. Logical operators and C-Script5 blocks are 
used to select the right combination of the control signals of 
switches S5 - S8. Switching frequency is 20 kHz.  

C. DC/DC converter with a battery 

DC/DC converter is a bidirectional half-bridge with a 
transformer. The battery is presented with a Plexim lithium-ion 
battery model [17]. The converter control is realized within the 
DC/DC control block, Figure 12. The entire DC/DC converter 
control logic is based on the phase shift between the primary 
and secondary voltage of the transformer, both rectangular 
waveform with the 0.5 duty cycle. In APF operation mode, the 
phase shift of the secondary voltage corresponding to the 
primary voltage is 0° or 2° in this simulation experiment, i.e., 
the battery is charging if the supercapacitor voltage is higher 
than 420 V. In UPS operation mode, when the battery acts as a 
source, the phase shift changes from 0 to -90°. The reference 
phase shift calculation is implemented in the C-Script block, 
according to equation (13). Blocks phase shift, phase shift 1, 
and phase shift 2 receive a phase shift reference (values from -
0.5 to 0.5) to the input, while at the output generate a 
rectangular high-frequency (20 kHz) signal, delayed for the 
phase reference multiplied by 180°.     

Figure 12 DC/DC control subsystem 

SIMULATION RESULTS 

The simulations of the model behavior of the hybrid UPS/APF 
system shown in Figure 10, while working in APF mode, were 
carried out with inductive, capacitive, and simultaneously 
connected inductive and capacitive loads.  
Figure 13 shows waveforms of the source current is, SAPF 
current iaf, and load current iload in a case where only the 
capacitive load is connected to the PCC. Load current THD is 
116.4%, and the source current THD is 6.4%.  

  
Figure 13 Source current, SAPF current and capacitive load current 

Figure 14 shows waveforms of the source current, SAPF 
current, and load current in a case where only the inductive load 
is connected to the PCC. Load current THD is 39.1%, and the 
source current THD is 2.1%.  

 
Figure 14 Source current, SAPF current and inductive load current 

Figure 15 shows waveforms of the source current, SAPF 
current, and load current in a case where inductive and 
capacitive loads are simultaneously connected to the PCC. 
Load current THD is 31.2%, and the source current THD is 
1.8%. 

 
Figure 15 Source current, SAPF current and load current with inductive and 

capacitive loads simultaneously connected  

The reference amplitude A of the source current, calculated 
according to the algorithm from Figure 4, followed throughout 
the simulation experiment (together with the source current, 
active filter current, and load current) is shown in Figure 16. 
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Figure 16 Source current, SAPF current and load current throughout the 
simulation experiment with the reference amplitude of the source current 

When the hybrid UPS/APF system switches from APF to UPS 
mode, the energy flow from the battery to the supercapacitor 
and the inverter/rectifier working as an inverter. Figure 17 
shows waveforms of the source current, SAPF current, and load 
current in a case where inductive and capacitive loads are 
simultaneously connected to the PCC right before and after the 
moment when the main supply failed. 

 
Figure 17 Source current, SAPF current and load current with inductive and 
capacitive loads simultaneously connected right before and after the moment 

when the main supply failed  

To achieve the load current in the UPS mode to be equal as in 
APF mode, the voltage at the PCC needs to be the same as in 
APF mode, i.e., a sine voltage of 325 V amplitude and 50 Hz 
frequency. Figure 18 shows the waveforms of the voltage 
(v_PCC) and the average voltage (v_PCC_avg) measured at the 
PCC right before and after the moment when the main supply 
failed. The figure shows that the averaged voltage of the PCC 
is almost sine wave except for the jump at moments when the 
current has a sudden change of direction.  

 
Figure 18 Voltage and the average voltage measured at the PCC right before 

and after the moment when the main supply failed  

Figure 19 shows the averaged voltages at the output of the 
inverter/rectifier (v_PWM_avg), at the active filter inductor 
(v_Laf_avg) and the PCC in a case when the standard sine 
PWM modulation is applied.   

 
Figure 19 Averaged voltages at the output of the inverter/rectifier, at the 

active filter inductor and the PCC - sine PWM 

Achieving the sine average voltage at the PCC requires 
modifying the sine PWM method, as shown in Figure 7. Figure 
20 shows the averaged voltages at the output of the 
inverter/rectifier, at the active filter inductor and the PCC in a 
case when the modified sine PWM method is applied.   

 
Figure 20 Averaged voltages at the output of the inverter/rectifier, at the 

active filter inductor and the PCC - modified sine PWM 

The bidirectional DC/DC converter is controlled by the phase 
shift between the primary and secondary voltage of the 
transformer in both modes. In APF operation mode, the phase 
shift is 2° in this simulation experiment. In UPS mode, the 
phase shift is variable and varies with the mean value of current 
from the supercapacitor to the inverter. Figure 21 shows the 
averaged values of the supercapacitor current (i_sc_avg) and 
the current through the switch Q1 (i_Q1_avg) throughout the 
simulation experiment. 

 
Figure 21 Supercapacitor average current and average current through the 

switch Q1 throughout the simulation experiment 

Figure 22 shows the current through switch Q1 (i_Q1), its mean 
value, and the current through the leakage inductance (i_Lk) of 
the transformer in battery operation mode. The value of the 
mean current through switch Q1 is positive, i.e., energy flow is 
from the battery to the supercapacitor.  

 
Figure 22 Current through switch Q1, its mean value, and the current through 

the leakage inductance - battery operation mode  
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CONCLUSION 
By using the power converters reactive power is increased, and 
higher harmonics are injected into the power supply grid, thus 
reducing the power quality. One way to provide the continuity 
of power supply to the loads and correction of the power factor 
is the use of a hybrid UPS/APF system. The hybrid system is 
based on a line-interactive UPS and consists of a bidirectional 
inverter/rectifier and a bidirectional DC/DC converter and two 
energy storage tanks, i.e. a supercapacitor and a battery.  For 
the two modes of the hybrid UPS/APF system operation, there 
are several methods of controlling the inverter/rectifier and a 
DC/DC converter. By performing a simulation experiment of 
the simulation model, the functionality of the control methods 
was tested. The MPC method of controlling the 
inverter/rectifier when operating as a shunt active power filter 
and the modified SPWM method when operating as a UPS 
system were analyzed particularly. Using the proposed MPC 
control algorithm, approximately the same THD source current 
is achieved (within ±0.5%) as in the case of a hysteresis 
controller proposed in [9] but with a fixed 20 kHz switching 
frequency instead of approximately 20 kHz switching 
frequency (in the worst case it can goes up to 30 kHz) which 
was the case with the hysteresis controller. The proposed 
modified sinusoidal PWM method for controlling the 
inverter/rectifier working as an inverter corrects the influence 
of higher voltage harmonics due to the output inductor of the 
active power filter. 
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