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Abstract

DC-DC Interleaved Boost Converter (DC-DC IBC) topology was developed through the interleaving technique since
conventional DC-DC Boost Converter has many problems related to complex circuit control, harmonics, and output power. In
this research, DC-DC IBC was developed into a Two-Phase AC-AC Interleaved Boost Converter (TP AC-AC IBC), then
combined with a Two-Phase Full Bridge Inverter to become a Two-Phase DC-AC Interleaved Boost Inverter (TP DC-AC IBI).
TP DC-AC IBI has several advantages, including minimal current and voltage ripples and greater output power because it
consists of two AC-AC IBCs. This research aims to meet highly regulated AC voltage needs with the renewable energy source
input using the proposed topology, by implementing Proportional Integral (PI) close loop control system. The output voltage is
detected using a voltage transducer LV-25P, then compared with a reference voltage and controlled using a PI controller to keep
the output voltage consistently stable. The switching signal setting uses the Sinusoidal Pulse Width Modulation (SPWM)
technique by modulating the control output with a high frequency. As a verification step, testing was carried out using Power
Simulator (PSIM) software and then validated by hardware testing in the laboratory. Testing was carried out using several test
signals, and it was found that the proposed method worked well. System efficiency and Total Harmonic Distortion (THD) tests
carried out using various load values, and a maximum efficiency of 93.87% and a minimum THD of 2.46% were obtained.
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I. INTRODUCTION
Renewable Energy (RE) trends are overgrowing

these days due to global warming. RE sources, such as
wind turbines and photovoltaic (PV) panels, as the
provider of controlled output voltage in off-grid systems,
it usually consists of two converters, namely the DC-DC
Boost Converter (DC-DC BC) as a voltage increaser
and an inverter as a DC/AC voltage converter. However,
DC-DC BC has several performance constraints in the
form of high output voltage and input current ripples,
relatively small gain, and poor efficiency [1] , [2] . As a
solution, the interleaving or multi-phasing method is
applied to BC [2] , [3] . Interleaving in BC combines at
least two BCs in parallel [1]-[3], resulting in a topology
called a Two-Phase DC-DC Interleaved Boost
Converter (TP DC-DC IBC). Each IBC’s control
operates with a 1800 phase angle shift, as applied in
research [4] and [5].

TP DC-DC IBC has several performance
advantages compared to conventional BC, including
minimal current and voltage ripples, higher voltage gain,
higher energy density levels, and much better efficiency
[1] , [2] , [6] , [7] . Research [6] shows that IBC can
produce efficiency of up to 95%. Ripple reduction also
reduces voltage stress on the components [4] , [7] , [8] .
Because of these advantages, TP DC-DC IBC is

popularly applied to meet high voltage needs in RE
systems such as PV [7]-[9] and vehicle fuel cell systems
[10], [11].

Electrical energy is mostly needed in AC, while the
voltage output from RE sources is DC [12] , [13] .
Inverter must be used to convert DC into AC at certain
frequency and voltage levels [14] , [15] . The higher
output voltage of the RE systems results in broader
applications. Combining the Inverter with the BC circuit
allows the system to generate higher AC voltage [12] ,
[13].

Several studies have been carried out regarding
DC/AC Conversion System. In [12], [16], [17], the DC-
DC BC is used to increase the initial DC voltage from
PV output before being converted into AC voltage using
Inverter. In [11], [18], and [19], they used Three-Phase
DC-DC IBC instead of DC-DC BC, while the Four-
Phase type has been used in [20] . All those studies
applied the same conventional Boost DC/AC Inverter
topology structure, which has major disadvantages such
as poor filter performances and relatively high voltage
stress that will affect the system output’s quality. A new,
enhanced DC/AC Boost Inverter method is proposed.
TP DC-DC IBC will be developed into a Two-Phase
AC-AC Interleaved Boost Converter (TP AC-AC IBC)
by adding several power switches arranged back and
forth so that the IBC can work with AC input. TP DC-
AC IBC's input side is then combined with the output
from the Two-Phase Full Bridge Inverter (TP FBI), thus
forming a new power circuit topology called a Two-
Phase DC-AC Interleaved Boost Inverter (TP DC-AC
IBI). The DC voltage from the input will be directly
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converted into AC with TP FBI and then boosted with
TP AC-AC IBC. Although the proposed method will
increase switching losses, it can further reduce the
voltage stress of the electronic components, including
the power switches on the TP AC-AC IBC, which will
extend its service life. Moreover, the inductors on the
circuit will not easily get saturated because they are
working on AC. Thus, it increases the system’s
efficiency and reduces the current and voltage
harmonics. Both advantages will further enhance the
system’s output signal quality.

Controlling the output voltage, especially in high-
voltage applications, is essential [21]. According to [22]
and [23], changes in output load can affect the system’s
stability. A closed loop system with Proportional
Integral (PI) control is used to control and regulate the
output voltage [22] , [24] , [25] . This research aims to
meet highly regulated AC voltage needs with the RE
source as the system’s input using TP DC-AC IBI
topology by applying the PI closed-loop control system
for AC load usage. The PI controller will stabilize
(regulate) the output voltage according to the reference
voltage. The power circuit’s output voltage is detected
using a Voltage Transducer LV-25P, then compared
with the reference value and, controlled with a PI
controller, then modulated as a signal controller for each
power switch (MOSFETs). The switching signal setting
uses the Sinusoidal Pulse Width Modulation (SPWM)
technique by modulating the control output with a high
frequency. STM32F407VET6 microcontroller is used in
this research, regulating the PI control algorithm and
switching logic.

The explanation of how TP DC-AC IBI works and
the proposed voltage control strategy are described in
Section II. Section III will present the results of
simulation and hardware testing then compare the two,
as well as THD and efficiency testing. The conclusion
of this research will be presented in Section IV.

II. METHODS

A. Two Phase DC-AC Interleaved Boost Inverter
Figure 1 is a schematic of the TP DC-AC IBC

circuit, consisting of DC voltage source ( ��� )
considered as the RE DC Output, TP FBI and TP AC-
AC IBC.

The TP FBI applied in this research is a two-phase,
three-leg Voltage Source Inverter (VSI) with a Unipolar
Pulse Width Modulation (Unipolar PWM) control
method. It consists of six power switches, S1 – S6,
which regulate the current path from the source to the

power circuit and vice versa. A high-frequency SPWM
switching technique is applied for S1 and S2 to regulate
the current through Leg A. It is similar to S3 and S4 but
for Leg B. Meanwhile, a low-frequency PWM switching
technique is applied for S5 and S6 to regulate the
current through Leg C as a Zero Crossing Detector
(ZCD). Control signals for Leg A and Leg B are phase-
shifted by 1800. Equation (1) shows the relation
between the output voltage of TP FBI ( ��_���) and ���

��_��� = ���� (1)

where � is the Inverter’s Modulation Index.
The output from the TP FBI will be connected to

the TP AC-AC IBC circuit, which consists of two
Inductors L1 and L2, six power switches Q1 – Q8,
capacitor C and resistive load R. Inverter Leg A is
connected to L1, Q1, Q2, Q3 and Q4 (the first AC-AC
IBC), while Inverter Leg B is connected to L2, Q5, Q6,
Q7 and Q8 (the second AC-AC IBC). A high-frequency
PWM switching technique is applied for Q1 – Q8. Q1,
Q4, Q5 and Q8 are placed in reverse as current paths in
the negative cycle. Equation (2) shows the relation
between the TP AC-AC IBC output voltage ( �� ) to
��_���

�� = ��_���
1−�

(2)

where � is the duty cycle of the control signals.
Substitute (1) into (2), then the AC output voltage of TP
DC-AC IBI ( ����) can be obtained using Equation (3).

���� = �� = ����
1−�

(3)

This research attempts ���� to become two times
the ���, so � was set at 1, while � was set at 50%.

B. Operational Modes
TP DC-AC IBI has four switching modes, which is

a combination of the power switches conduction state
(ON State) and non-conduction state (OFF State) in
positive and negative cycles, with the flow as described
in several studies [1], [3]-[5]. Table 1 shows the TP FBI
switching pattern, while Table 2 shows the TP AC-AC
IBC switching pattern, both on positive cycles.

Next is the explanation of each mode in the positive
cycle referring to Figure 1, Table 1 and Table 2. In each
mode, the voltage on L1 ( ��1 ), L2 ( ��2 ), and ����

Figure 1 . Two Phase DC-AC IBI Schematic Diagram

TABLE 1
TP FBI SWITCHING PATTERN ON POSITIVE CYCLE

Mode S1 S2 S3 S4 S5 S6
1 On Off On Off Off On
2 On Off On Off Off On
3 On Off On Off Off On
4 On Off On Off Off On

TABLE 2
TP AC-AC IBC SWITCHING PATTERN ON POSITIVE CYCLE
Mode Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
1 Off On On On Off On On On
2 On On Off On Off On On On
3 Off On On On On On Off On
4 On On Off On On On Off On



90  Juan Marco Alexander Wasiatno, et. al.

p-ISSN: 1411-8289; e-ISSN: 2527-9955

will also be determined using KVL analysis [3], [4].
In the positive cycle, S1 and S3 are active using a 10

kHz SPWM switching technique, S6 is active using a 50
Hz PWM switching technique, while Q1, Q3, Q5, and
Q7 are active with a 10 kHz PWM switching technique.
Q2, Q4, Q6 and Q8 are always active, while S2, S4 and
S5 are inactive.

1) In Mode 1, Q3 and Q7 are active. Current from DC
Source ( ��� ) flows through S1 and S3, then charges
energy in L1 and L2 so that the L1 current ( ��1 ) and
L2 current ( ��2 ) increases. Next, ��1 flows back to
inverter through Q3 and Q4, while ��2 through Q7
and Q8. Both currents flow back to ��� through S6.
Simultaneously, the energy stored in C is released
towards R (freewheeling).
Figure 2 is the equivalent TP DC-AC IBI circuit in
Mode 1. ��1 , ��2 , and ���� formulas in this mode
are shown in Equations (4a) – (4c).

��1 = �1 ���1
��

= ��� (4a)

��2 = �2 ���2
��

= ��� (4b)

���� = �� (4c)

2) In Mode 2, Q7 is active, while Q3 is inactive. ���
flows through S3, then charges energy at L2 so ��2
increases. ��2 returns to ��� through Q7, Q8, and S6.
Because Q3 is inactive, ��1 flows to C and R first
through Q1 and Q2 before returning to ��� through
S6. The energy stored in L1 is also discharged
towards C and R so that ��1 decreases.
Figure 3 is the equivalent TP DC-AC IBI circuit in
Mode 2. ��1 , ��2 , and ���� formulas in this mode
are shown in Equations (5a) – (5c).

��1 = �1 ���1
��

= ���� − ��� (5a)

��2 = �2 ���2
��

= ��� (5b)

���� = ��� + ��1 (5c)

3) In Mode 3, Q3 is active, while Q7 is inactive. ���
flows through S1, then charges energy at L1 so ��1
increases. ��1 returns to ��� through Q3, Q4, and S6.
Because Q7 is inactive, ��2 flows to C and R first
through Q5 and Q6 before returning to ��� through
S6. The energy stored in L2 is also discharged
towards C and R so that ��2 decreases.
Figure 4 is the equivalent TP DC-AC IBI circuit in
Mode 2. ��1, ��2 and ���� formulas in this mode are
shown in Equations (6a) – (6c).

��1 = �1 ���1
��

= ��� (6a)

��2 = �2 ���2
��

= ���� − ��� (6b)

���� = ��� + ��2 (6c)

4) In Mode 4, Q3 and Q7 are inactive. ��� flows through
S1 and S3, then proceed towards C and R through
Q1, Q2, Q5, and Q6. The energy stored in L1 and L2
are also discharged towards C and R so that ��1 and
��2 decreases. The currents return back to ���
through S6.
Figure 5 is the equivalent TP DC-AC IBI circuit in
Mode 4. ��1, ��2 and ���� formulas in this mode are
shown in Equations (7a) – (7c).

��1 = �1 ���1
��

= ���� − ��� (7a)

��2 = �2 ���2
��

= ���� − ��� (7b)

���� = ��� + ��1 = ��� + ��2 (7c)

For the negative cycle (still referring to Figure 1), S2
and S4 are active using the 10 kHz SPWM switching
technique, S6 is active using the 50 Hz PWM switching
technique, while Q2 Q4, Q6 and Q8 are active with the

Figure 2. TP DC-AC IBI Equivalent Circuit in Mode 1

Figure 3. TP DC-AC IBI Equivalent Circuit in Mode 2

Figure 4. TP DC-AC IBI Equivalent Circuit in Mode 3

Figure 5. TP DC-AC IBI Equivalent Circuit in Mode 4
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10 kHz PWM switching technique. Q1, Q3, Q5 and Q7
are always active, while S1, S3 and S6 are inactive.

Table 3 shows the TP FBI switching pattern, while
Table 4 shows the TP AC-AC IBI switching pattern,
both on negative cycle.

From Equations (5c), (6c) and (7c), it is known that
���� will always be greater than ��� . This theoretically
proves the basic principle of the TP DC-AC IBI in this
research as a voltage increaser. Figure 1 shows that the
circuit output current ( ���� ) on average is the sum of
the output currents from each IBC, which is shown in
Equation (8) below.

��1 + ��2= ���� = ��� + ��� (8)

Thus, the amount of power that can be generated on
the output side of the TP DC-AC IBI ( ���� ) can be
determined using Equation (9) below.

���� = �������� = ��1 + ��2 ���� (9)

From Equation (9) it is known that this topology
can produce power up to twice the conventional BC.

C. Voltage Transducer LV-25P
This research uses a Voltage Transducer LV25-P as

the sensor for ���� . The LV25-P output is the actual
system value ( ���� ) which is then scaled to the
maximum ADC value of the microcontroller ( ���� ) to
carry out AC sampling voltage (STM32F407VET6 is
used on this research). LV25-P was also used in [21]
and [26] because of several advantages such as high
reading accuracy, wide internal bandwidth, good
linearization process, and better immunity to external
interference.

Figure 6 is a circuit diagram of the LV-25P based
on the datasheet. There are two terminals on the primary
side, connected to ���� , namely ‘+ HT’ and ‘–HT’. On
the secondary side, there are three terminals. Terminal
‘+’ and ‘–’ are the power supply terminals (12 V – 15
V), while terminal 'M' or ‘Measure’ is the LV-25P
output terminal, resulting ����.

Based on the datasheet, it is known that the nominal
primary r.m.s current ( ��� ) is 10 mA. The LV-25P can
also read input voltage between 10 V – 500 V. ���� is
adjusted to 100 VAC, so it is measurable for LV-25P.

Applying Ohm's Law to achieve the ��� of 10mA, the
LV-25P’s input resistor ( ��� ) can be determined using
Equation (10) below [21], [26]. Thus, a 10 kΩ 3 W
resistor is used as ���.

��� ≥ ����
���

= 100�
10��

= 10�Ω (10)

There is also a measurement resistor �� connected
in series with the ‘M’ terminal, which value adjusting
the ���� that is 3.3 V at maximum. Based on the
datasheet, it is also known that the LV-25P has a
Conversion Ratio 2500:1000, which is the nominal ratio
of the secondary r.m.s current ( �� ) to ��� . So, if ��� is
10 mA, then �� is 25 mA. Therefore, for ���� 3.3 V,
the value of �� can be determined using Equation (11)
below [21], [26]. Thus, a 150 Ω 0.5 W resistor is used
as ��.

�� ≥ ����
��

= 3.3�
25��

= 132Ω (11)

D. PI Control
This research applies a close loop system as voltage

control using Proportional Integral ( PI ) control as
implemented in [22] and [25]. Figure 7 is a block
diagram of PI control system in general.

PI control is a combination of Proportional and
Integral control. Apart from being easy to implement,
this control has a fast response time and minimum noise,
thus chosen as a solution to overcome the output
instability from TP DC-AC IBI due to load changes [22],
[23], [25]. Referring to Figure 7, the PI control equation
can be written in Equation (12) below [23], [24].

� � = ��� � + �� 0
� � � ��� (12)

�� is the Proportional Gain, �� is the Integral Gain,
and � � is the actual output of the system, which is
���� in this research. �� and �� values are obtained by
trial-and-error method until an appropriate value is
found. � � is the system error, the difference between
the desired or reference value � � and � � , which is
formulated in Equation (13) [23], [24].

TABLE 3
TP FBI SWITCHING PATTERN ON NEGATIVE CYCLE

Mode S1 S2 S3 S4 S5 S6
1 Off On Off On On Off
2 Off On Off On On Off
3 Off On Off On On Off
4 Off On Off On On Off

TABLE 4
TP AC-AC IBC SWITCHING PATTERN ON NEGATIVE

CYCLE
Mode Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
1 On Off On On On Off On On
2 On On On Off On Off On On
3 On Off On On On On On Off
4 On On On Off On On On Off

Figure 6. LV-25P Schematic Diagram

Figure 7. PI Controller Block Diagram
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� � = � � − �(�) (13)

E. Voltage Control Strategy
Figure 8 is the output voltage control strategy

scheme proposed in this research.
Referring to Figure 8, � � as ���� will be

compared with � � as ���� resulting in � � , then
processed using the PI control algorithm. The PI-
controlled sinusoidal output signal ( �� ) will be
compared with several control signals to produce
SPWM and PWM switching signals.
1) For TP FBI

�� will be compared with 10 kHz carrier triangle
waves that are mutually shifted by 1800 to produce
SPWM control signal for S1 and S3. �� will also be
phase-shifted by 1800, resulting in ! �� , and will be
compared again with each carrier signal to produce
SPWM control signal for S2 and S4. �� will be
compared with Ground or 0 V as well, to produce 50
Hz PWM control signal for S5 and S6 (ZCD).

2) For TP AC-AC IBC
�� will be compared with Ground or 0 V to produce
50 Hz PWM control signal ( � ). Then, � will be fed
to the OR logic gate circuits along with constant 10
kHz High-Frequency Pulse Width Modulation
(HFPWM) signal, resulting in 10 kHz PWM control
signal to operate Q1 – Q8.

The duty cycle of the switching signal is set first to
50%; the PI control will always compensate the value
� � so ���� will always adjust ���� . Based on this
description, it can be said that only the TP FBI section is
controlled, while the PWM on the TP AC-AC IBC is
constant, so that it can be called the independent control.
The proposed control strategy flow is then simplified
into a flowchart, as shown in Figure 9.

III. RESULTS AND DISCUSSION

A. Components and Parameters
TP IBI DC-AC circuit consists of 14 MOSFETs as

power switches. The switching signals resulting from
the processing of the STM32F406VET6 microcontroller
are then fed to the driver circuit consisting of 14
TLP350 optocouplers as intermediaries for the

switching signal at the gate of each MOSFET.
The computational simulation is then implemented

in the laboratory hardware to prove the system that has
been designed, with parameters as shown in Table 5.
Figure 10 is a portrait of the implementation of the TP
DC-AC IBI hardware in the laboratory, with component
specifications as shown in Table 5.

B. Results and Discussion
The first four tests were carried out using a 10 Ω

Resistor ( � ) as Load. The first test is the ��� and ����
test for TP DC-AC IBI. Figure 11(a) shows the relation
between ��� and ���� , carried out by computational
simulation with PSIM software. Figure 11(b) is the
result of hardware testing measured using a Digital
Oscilloscope (10x probes gain); using 50 VDC as ���
(blue), the TP DC-AC IBI is able to produce ���� (red)

Figure 8. Proposed Control Voltage Strategy for TP DC-AC IBI

Figure 9. Flowchart of TP DC-AC Interleaved Boost Inverter Operation

TABLE 5
RESEARCH PARAMETERS

Components Value
DC Input 50 VDC

Load Resistor R 5 Ω – 100 Ω
Capacitor C 47 µF

Inductors L1 & L2 2 mH
Switching Frequencies 10 kHz
Operational Frequency 50 Hz
Proportional Gain K p 1
Integral Gain Ki 0.08
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up to 100 VAC, which is almost twice the ���, as shown
in Figure 11(a). From the first test, it can be concluded
that the TP DC-AC IBI in this research can work
correctly as a voltage increaser and convert DC voltage
to AC.

The second test was carried out using various test
signals, namely sinusoidal, square and triangular waves
which were carried out by simulation and computation.
The actual voltage has been adjusted according to ����
which is 3.3 V at maximum. The second test uses LV-
25P to prove whether ���� can always follow the desired
���� . The first test signal used is a sinusoidal wave
signal as ���� with amplitude adjusted to 1.5 Vpp.
Figure 12(a) shows the relation between ���� and ����
in a computational simulation, here the two will always
coincide ( ���� always follow ����). Figure 12(b) shows
the result of hardware measurements using a Digital
Oscilloscope (1x probes gain); it can be seen that ����
(blue) always follows ���� (yellow) as shown in the
computational simulation result (Figure 12(a)).

The following tests use the triangular wave and
square wave signal as ���� using the same amplitude of
1.5 Vpp. Figures 13(a) and 14(a) show the relation
between ���� and ���� based on computational
simulation, where the two will always coincide ( ����
always follow ���� ). Figures 13(b) and 14(b) are the
hardware measurement results using a Digital
Oscilloscope; it can be seen that ���� (blue) always
follows ���� (yellow) as shown in computational

simulation (Figures 13(a) and 14(a)). Based on Figures
11 to Figure 14, it can be concluded that ���� can follow
the desired ���� value and even adjust the signal shape,
which means the PI control applied to the TP DC-AC

(a)

(b)
Figure 11. ��� and ���� measuring results using: (a) PSIM; and (b)

Digital Oscilloscope

(a)

(b)
Figure 12. Sinusoidal Wave ���� and ���� measuring results using:

(a) PSIM; and (b) Digital Oscilloscope

(a)

(b)
Figure 13. Triangular Wave ���� and ���� measuring results using:

(a) PSIM; and (b) Digital Oscilloscope

(a)

(b)
Figure 14.Square Wave ���� and ���� measuring results using:

(a) PSIM; and (b) Digital Oscilloscope

Figure 10. Hardware Laboratory Implementation
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IBI can always adequately compensate for the error
signal, which means the controller works well.

The fourth test was carried out by comparing ����
with ����. Figure 15(a) is the measurement result of ����
and ���� in computational simulation, where both are in
phase (power factor ( cos � ) is unity). Figure 12(b)
shows the result of hardware measurements using a
Digital Oscilloscope, where ���� is measured at 100
VAC (10x probe gain), and ���� is approximately 1 A
(1x probe gain); it can be seen that ���� (yellow) and
���� (blue) have identical shapes and are in phase, as
shown in the computational simulation result (Figure
15(a)). This occurs because the system uses � as Load.

The final test is the Total Harmonic Distortion
(THD) test for ���� and ����, and also the system efficiency
( � ) test, using various � values. The load used is a
resistor with a test value range from 5 Ω to 100 Ω. Thus,
� can be determined by comparing the amount of power
on the input ( ��� ) and output ( ���� ) sides, as shown at
Equation (14).

� = ����
���

× 100% (14)

Table 6 shows the ��� , ���� , � , and THD values
obtained using various � values. Figure 16(a) shows the
���� versus � graph while Figure 16(b) shows the ����
versus THD graph. Both are based on Table 6, showing
the ���� correlation between � and THD respectively.

We can conclude from Table 6 that the increase in ����
also causes THD to increase but decreases �. The small
� value produces large ���� which resulting in a large
���� , and vice versa. Maximum ���� of 797 W is
achieved using � = 5 Ω, which resulting a minimum �
at 84.51% and a maximum THD at 5.88%. While
minimum ���� of 46 W is achieved using � = 100 Ω,
which resulting a maximum � at 93.87% and a
minimum THD at 2.46%.

The THD obtained for ���� and ���� are both equal.
According to the IEEE 519 standard, the THD value
must not exceed 5%. Table 6 shows the THD results for
the two in various � and ���� values. A 5.88% THD
value is obtained, only when using � less than 10 Ω,
which is 5 Ω. Using the other � values shown, the THD
level meets the IEEE 519 Standard which is < 5%.

IV. CONCLUSION

The TP DC-AC IBI prototype works correctly based
on research and laboratory testing. Using 50 VDC as the
input voltage, the proposed topology can generate an
output voltage of up to 100 VAC, almost twice the input.
The implemented PI control has been proven to regulate
the system’s output voltage so that it can constantly

(a)

(b)
Figure 15. ����and ���� measuring results using: (a) PSIM; and

(b) Digital Oscilloscope

TABLE 6
OUTPUT POWER, EFFICIENCY, AND THD OBTAINED ON

VARIOUS LOAD
� (Ω) ��� (W) ���� (W) � (%) THD (%)
5 943 797 84.51 5.88
10 489 441 90.18 3.56
20 241 217 90.04 3.29
30 151 137 90.72 3.27
40 126 115 91.26 3.09
50 96 89 92.71 3.13
60 82 76 92.68 2.84
70 71 66 92.96 2.71
80 65 60 92.30 2.49
90 58 54 93.10 2.53
100 49 46 93.87 2.46

(a)

(b)
Figure 16. Output Power versus: (a) Efficiency; (b) THD; for

various load values
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adjust the reference’s signal values and shapes. From
the load changes test, it can be concluded that higher
system power causes higher THD and lower efficiency.
The system’s efficiency is more than 90% on average,
and meets the IEEE 519 THD Standard (2.46% - 3.56%)
when using a 10 Ω Load value at a minimum. This TP
DC-AC IBI has been proven to be able to produce high,
regulated, less harmonic output and can be applied as an
industrial-scale AC voltage provider utilizing RE
sources such as wind turbines and PV panels.
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