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Abstract— Electricity is one of the most important needs.
There are many electronic devices that support and facilitate
human. Electrical disturbances are an inseparable part of the
existence of electrical energy and we often encounter power
outages with very fast and sudden time lags. The sudden
disconnection of the power source can cause various losses,
one of which is damage to the electronic equipment used or
the loss of important data. Losses resulting from an
abrupt power source failure can be effectively managed and
reduced by incorporating a UPS (Uninterruptible Power
Supply) unit between the power source and electronic devices.
The converter and method used in this journal is the Half-
Bridge Converter with the Type 2 Fuzzy Logic Controller
method which functions to control the output of the Converter
to be stable. The PLN source or input will be rectified with the
Rectifier and lowered by the Half-Bridge Converter which will
later be used to charge the battery. The output of the Half-
Bridge Converter will be controlled using the Type 2 Fuzzy
Logic Controller method. When the PLN source is still there,
the battery will be in a charging position, and after the PLN
source is lost or extinguished, the static switch will change the
load source from the PLN source to a battery source. The
output from the battery will be forwarded to the inverter and
directly to the load. In this journal, the results of each
simulation carried out are appropriate and close to the value
of the plan. From the tests that carried out with Fuzzy Type-
2, the average voltage value was 13.802V with an average
error value of 0.055%, which is close to the planning and the
error obtained is relatively small.
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I. INTRODUCTION

Energy is the most important area of the industrial sector
and the world economy in general [1]. Nowadays, the demand
for digital technology and electronic equipment is increasing
along with advancements and modernization in economic
activities, industry, medical fields, and transportation systems
with ensure reliable power supply to high-tech enterprises [2].
Digital technology and electronic equipment are often highly
sensitive to disturbances, including issues
as harmonics, overvoltage, undervoltage, transients, and power
outages. These disturbances can significantly impact

the performance of electronic devices and systems [3].
Unstable voltage or frequent voltage fluctuations over a long
period and with high intensity can cause fatal damage, including
damage to electronic equipment, malfunction of critical loads,
and loss of unsaved data, resulting in significant losses across
various sectors including industrial production [4], [5], [6].
Based on data in 2019, the number and duration of power
outages in Indonesia increased. This causes a high possibility
of equipment damage which is detrimental to companies and
individuals. The main goal of the electric grid complex is to
guarantee a consistent flow of electricity to consumers. This
reliable and uninterrupted supply of electricity is crucial for the
effective operation of numerous electronic devices and systems
that are essential to modern society. [7].

In order to reduce the potential dangers caused by power
interruptions, Uninterruptible Power Supply (UPS) systems are
frequently installed at equipment locations. These UPS systems
are designed to guarantee that the equipment can still operate
even without external power, offering a crucial level of
safeguard against power failures and other disturbances. [8]. So,
when a power outage occurs, the load supply will automatically
move from main source to the battery in the UPS without
turning off electronic equipment using static transfer switch [9].
Meanwhile, when main source electricity is supplied again, the
battery in the UPS is in charging mode. However, the increasing
number of sensitive loads in information technology,
communications systems, industry and health equipment means
it is necessary to develop an UPS system.

In this research, the UPS is designed using a Half-Bridge
Converter with the Type 2 Fuzzy Logic Controller method with
battery capacity around 36 Ah [10]. Half-bridge cascading
configurations facilitate synchronized power transfer from the
input stage to the output stage in a single switching cycle,
enabling efficient energy utilization. [11]. Apart from that, the
output voltage of the Half-Bridge Converter (a half of the input
voltage) is considered more efficient in reducing voltage as a
battery charger [12].

In this system, the Half-Bridge Converter is controlled using
a Fuzzy Logic Controller Type 2 because it has a better dynamic
response than the PID method when large disturbances
occur[13],[14], [15], [16]. The simulation outcomes and certain
real-world control challenges demonstrated that an interval
type-2 fuzzy controller delivered superior control performance
compared to a type-1 fuzzy controller or a PID controller. [14],
[17]. This method can also handle more parameter variations
compared to the PID method. Integrating type-2 fuzzy

Jurnal Teknologi Elektro, Vol. 16. No. 01, Januari 2025

273



D. B. Setiawan et al., UPS With Half-Bridge Converter Based on Type-2 Fuzzy Logic Controller

sets into clustering algorithms provides increased flexibility in
managing uncertainties related to membership
concepts induced by a noisy environment. [18].

The advantage of this UPS is that it is able to control the
output of the converter using type-2 fuzzy logic so that the
converter output value is much more stable and the battery life
time is longer. The use of type-2 fuzzy logic can also overcome
things that affect the output in reaching the set point, such as
temperature or environmental changes. For example, the
change in voltage on the battery when charging for the battery
itself is around 110-115% of the battery voltage.

For battery design in this research, a capacity of 36 Ah is
used which lasts for 2 hours with a load of 200 W because this
research is on a prototype scale. The aim of this research is to
test the load conditions when the main source goes out
(switching supply) when using an UPS system with a Half-
Bridge Converter based on the Type-2 Fuzzy Logic Controller.
This is to determine the suitability between the system design
and the implementation of the journal created.

This research shows that by using Fuzzy Type-2 in Half-
Bridge Converter can be developed for optimization purposes.
However, there is currently still no research on the use of Fuzzy
Type-2 in Half-Bridge Converter for a better voltage balance in
Battery charging. This research opportunity could significantly
contribute to the progress of Voltage balancing in Converter.

II. RELATED RESEARCHES

Creating a UPS using a half-bridge converter controlled by
atype-2 fuzzy logic controller has not been attempted yet,
although there have been various similar studies conducted
previously. In the journal that explained about another UPS
Technique [3]. The objective of this research was to develop an
online Uninterruptible Power Supply (UPS) system
incorporating a double conversion technique. The system was
designed and simulated using MATLAB software, allowing for
a detailed analysis and evaluation of its performance under
various conditions. All simulation results of the converters,
achieved using MATLAB SIMULINK R2015, are both
desirable and ideal. The rectifier designed in this study
efficiently transforms the AC waveform into a smooth DC
waveform with minimal voltage loss and ripple. This ensures
stable and reliable DC power supply for the UPS system,
contributing to its overall effectiveness in maintaining power
continuity for critical equipment. Furthermore, the SMC boost
converter demonstrates robustness to input voltage fluctuations,
consistently maintaining output voltage level of 24V. The
inverter simulation successfully generates a 24V pure sine wave
with a frequency of S0Hz. The performance analysis of the UPS
system indicates compliance with relevant standards, such as
IEEE standard 159 for THD, thereby ensuring the power quality
is suitable for supplying critical loads.

This paper [19] introduces a transformerless single-phase
online UPS featuring a novel half-bridge doubler-boost
converter with switched-capacitor operation. The UPS supports
both AC and DC input sources, ensuring high power efficiency
and a unity power factor for optimal performance in line voltage
applications. Experimental validation with a 2.5 kW prototype

shows efficiency levels up to 94.9%, highlighting its practical
feasibility and effectiveness.

In this journal [20], the study investigates about reducing
harmonics in UPS outputs connected to nonlinear loads. It
employs a Hybrid Active Power Filter (HAPF) with a Fuzzy
Logic Current Controller (FLCC) to achieve significant
harmonic reduction. The FLCC generates PWM signals in a
single-phase half-bridge HAPF, studied under steady and
transient conditions. The research compares various power
filter topologies and reference current extraction methods to
optimize UPS performance with nonlinear loads, demonstrating
a THD reduction to 1.09%, meeting IEEE-519 standards.

Another journal [17] discussed about a detailed overview
of Type-2 Fuzzy Logic Systems (T2FLS) and their successful
applications in pattern recognition, classification, and control.
It also includes a comparison with Type-1 Fuzzy
Systems (T1FS) to illustrate the differences and strengths of
these two fuzzy logic systems. The paper provides a succinct
overview of Type-2 Fuzzy Logic Systems (T2FLS) and their
prominent applications in pattern recognition, classification,
and control, comparing them with Type-1 Fuzzy Systems
(T1FS). Emerging in the early 2000s, T2FLS evolved from
traditional Type-1 FL concepts to better model uncertainty and
handle noise. Type-2 Fuzzy Logic (T2FL) has become
increasingly popular due to its capacity to handle elevated
levels of uncertainty and vagueness compared to traditional
fuzzy logic systems. This enhanced capability makes T2FL a
valuable tool in various applications where precise modeling of
complex and uncertain systems is required. The reviewed
papers highlight various successful applications of T2FL and
discuss its potential in solving complex problems amidst vast
information.

III. RESEARCH METHODOLOGY

The planning of a UPS system with a half-bridge converter
based on a type-2 fuzzy logic controller is presented in the
following block form in Figure 1:

p N DC e DC N V- p
Supply PLX Rectifier Couverter . . coatic S
20v ACtoDC —°  (HaltBridge Battery |— laverter Static Switch Load
L J Converter) \ J L J o\ AN J

L, Voltage
Divider

PN | Vaitage 4 PWA

Divider | ADCZ ADC1

Type 2 Fuzzy Logic
Controller

Voltage

——{ 1 A
Divider [\ ADES DA

Information:

Not

Figure 1 Flowchart of UPS system with a half-bridge
converter based on a type-2 fuzzy controller

The system begins with a single-phase AC mains supply
(220 V), which is then converted to DC voltage using a full-
wave rectifier. The rectifier's output voltage is reduced with a
DC-DC half-bridge converter and then used as a battery charger.
The output from the converter also goes to a voltage divider,
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which is then processed using a type-2 fuzzy logic controller
method to control the PWM and stabilize the converter's output.
When the mains power (PLN) fails, a static switch changes the
power source from the mains to the battery. The battery voltage
is then processed with an SPWM inverter to produce AC
voltage, which can be used to supply the load.

A. Battery Capacity Method

The AH size of the battery must be taken into account
because this system must be able to last for 2 hours.
Determining the battery current required by the UPS system
with a 200 W load and 90% efficiency, Equation 1 is used:

P
—_out 1)
N X Vpc
Using an emergency time of 2 hours, the battery capacity in
ampere-hours (Ah) is determined using Equation 2 as below:

Iin

Ah = Iy X temergency 2)

Based on the calculations from Equations 1 and 2, a battery
with a capacity of 36 Ah has been selected, as it aligns with the
commercially available options. For more comprehensive
information about the parameters of the Battery Capacity,
please consult Table 1.

Table 1. Parameters of Design Battery Capacity

Parameter Value
Battery Input Current 1851 A
Battery Capacity 36 Ah

B. Fuzzy Type-2 Logic Algorithm Programming Method

The programming method for the Type-2 Fuzzy Logic
Algorithm uses the toolbox in MATLAB software as a
simulation planning medium. In this simulation, input
variables, output variables, rule bases, and the type reducer in
the Type-2 Fuzzy algorithm are declared. The flowchart for the
Type-2 Fuzzy Logic to control the duty cycle in the converter
is as follows.

Tnitial Value
Duty Cycle (D)

D=D=dE |<—| Calculate dE |
:
.
| Rule Base | | Defuozzification

Calculate Error (E),
E(k) =V - V(k) * T+
Interference ype
And, Change Error 7 Engine [P  Reducer
(dE)
dE(k) = E(k) - Ek-1)

Figure 2 Flowchart Fuzzy Type-2 Logic Algorithm

The flowchart in Figure 2 initiates with the initialization of
the initial duty cycle in the system. The initial declaration is the

mid-value duty cycle between the maximum and minimum [0 —
0.45], which is 0.25. Next, the output voltage from the converter
is measured using a voltage sensor or voltage divider. The
measured parameter is declared as V(k). The program then
calculates the values of E(k) and dE(k) from V(k). The input
variables in this type-2 fuzzy method are Error and delta Error.
Error (E) is obtained by subtracting the Set Point from V(k), and
delta Error (dE) is the difference from the previous Error.

The Error and Delta Error values will be used as input
parameters for the Type-2 Fuzzy system and processed into
membership functions of Type-2 Fuzzy. The membership
functions consist of Upper and Lower. These memberships are
given a Rule Base as specified in Table 2. The parameters of
these membership functions will be processed based on the
Type-2 fuzzy calculation method using the Karnik-Mendel type
reduction method.

Table 2. Rule Base Fuzzy Type-2

]S E NB NS V4 PS PB
NB NB NS NB NS NB
NS NS Y4 NS Z NS

Z NS Y4 Z Z PS
PS PS Y4 PS Z PS
PB PB PS PB PS PB

The crisp values from the Type-2 fuzzy output will be in the
form of dD values, which are then added to the Initial Duty
Cycle. After calculation, the result of this Duty Cycle is
compared to the Triangle signal emitted from the
microcontroller, yielding respective high and low PWM
signals.

C. Half-bridge Converter Method

Under normal conditions, the load is supplied by PLN, so
there is a charging process on a 12 V battery. The required
charging voltage is 115% of the battery voltage (Vo) which is
13.8 V. With the input of the rectifier output (Vs) of 311V, it
requires a voltage drop using a half-bridge converter. By using
a duty cycle (D) of 0.45, the transformer ratio of the half-bridge
converter is determined by Equation 3.

N
Vout:Vian_XD 3
p

Then determine the inductor value as a filter from the output of
half-bridge converter through Equation 4 with switching
frequency (fs) value of 40 kHz.

N,
% (§2) - voor
L=——"F""—"— 4
Aif )
With the inductor current value (iL) equal to output current
value of the battery charging current (0.1 of the 18.51 A battery
current) and the current ripple (riL) of 20%, the AiL value is
calculated with Equation 5.
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Figure 4. A Series of System Integration Simulations with Fuzzy Type-2

Aiy =1, X i, (5)

Next, determine the value of the capacitor as a filter from the
output of the half-bridge converter with an output voltage ripple
(rVo) of 0.1% through Equation 6.

1-D

C=——0
8L, TV, f?

(6)

Meanwhile, to determine the capacitance value of the
capacitor on the half-bridge converter side using the input
voltage value (Vs). Because the function of these 2 capacitors
as input voltage divider, the voltage of each capacitor is half of
the input voltage which is about 100 V. So, it uses 100 uF 100
V capacitors as on the market. For more comprehensive
information about the parameters of the Half-Bridge Converter,
please consult Table 3.

Table 3. Parameters of Design Half-Bridge Converter

Parameter Value

Aiy 037 A
Inductor 526.01 uH
Capacitor 81.68 uF

Switching Frequency 40 kHz

IV. RESULT AND ANALYSIS

This chapter contains data on the results of several tests
carried out on all parts of the system. The system design is
simulated via PSIM software, to determine the output results.

The simulation circuit is shown in Figure 3 and the
simulation results are shown in Figure 5.

Voltage (v)

Time (s)
Figure 5 Open Loop integration system simulation results

From Figure 5 it can be seen that the output voltage value of
the integrated system is 13.28 V with quite high voltage ripple.
The results of the output value in the Open Loop integration
system simulation are slightly close to the output value which
should be 13.8 V. Without using Fuzzy Type-2, the Half-Bridge
Converter in the simulation does not produce optimal output, so
Fuzzy Type-2 is needed so that the output results are good. The
result is more stable and optimal.

Yout = 13.805V

Voltage (v)

Time (s)

Figure 6 Simulation results of system integration with Fuzzy
Type-2
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Figure 7 Comparison of Fuzzy Type-2 with Fuzzy Type-1

From Figure 4 and Figure 6 we can see the circuit and
simulation results from integrated simulation testing using
fuzzy type-2. In Figure 1.6 we can see the decrease in voltage
ripple values in system testing using Fuzzy Type-2 compared to
Open Loop system testing. Fuzzy Type-2 makes the voltage
value more stable by referring to the set point that has been set.
In Figure 7 you can see a comparison of the simulation results
when compared with Fuzzy Type-1. The difference in output
and set point will create a difference in value which requires
Fuzzy Type-2 to calculate and set the Duty Cycle value on the
MOSFET to the duty value it should be. The output value in the
simulation results with Fuzzy Type-2 shows a value of 13.805V
which is close to the design value in planning.

Table 4. Comparison of the output voltage results of Fuzzy
Type-1 and Fuzzy Type-2

Input Output Output Error | Error
Vollt)a o Voltage Voltage Fuzzy | Fuzzy
(V)g with Fuzzy | with Fuzzy | Type-1 | Type-
Type-1(V) | Type-2(V) | (%) | 2(%)

218 13.73 13.79 0.5 0.07
219 13.735 13.795 0.47 0.03
220 13.75 13.805 0.36 0.03
221 13.756 13.808 0.32 | 0.058
222 13.77 13.812 0.22 | 0.087

In Table 4 You can see the difference in the simulated
voltage output of the Half-Bridge converter with Fuzzy Type-2
and Fuzzy Type-1. The converter output using Fuzzy Type-2
has an output value that is closer to the expected value with an
average output voltage value of 13.802V with an average error
value of 0.055% compared to Fuzzy Type-1 which has an
average output value of 13.75V with an average error value of
0.37%. In the study, it was demonstrated that Type-2 Fuzzy
Logic is more reliable in ensuring that the output value
consistently approaches the set point. The reliability of Type-2
Fuzzy Logic was confirmed through a comparison between
the converter output and the set point. This comparison allowed
for the generation of a duty cycle value, which played a crucial
role in adjusting the MOSFET to achieve the desired output.
This duty cycle value is then utilized to adjust the MOSFET to
generate the desired output, highlighting the effectiveness
of Type-2 Fuzzy Logic in achieving precise control.

V. CONCLUSION

After carrying out the design and system creation stages and
continuing with testing and analysis, several conclusions can be
drawn. Are as follows:

1. In partial simulation using PSIM, the converter has worked
according to design, namely converting a DC input voltage of
311 Volts with a duty cycle value of 45% to produce a DC
output voltage of 13.8 Volts.

2. In the integration simulation using PSIM, the output results
were slightly different compared to those during partial testing.
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