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ABSTRACT

Power efficiency is a key factor in military equipment, including field service boots used by person-
nel in various field situations that often demand durability and reliable electricity availability. This
research focused on improving the power efficiency of field service shoes by using capacitor bank
regulators and fast charging methods. By designing and implementing this system, this research aims
to optimize the use of power sources, extend battery life, and improve personnel comfort in the field.
The method used in this research is the fast charge method. The fast charge method enables faster
battery charging, which is important in field situations with limited time availability. The findings of
this research show that the capacitor bank regulator can keep the DC output stable despite instability
in the input. The total power usage in the circuit is 0.20 W, and the power efficiency is about 60.61%.
The research shows the potential of this voltage conversion circuit for efficient applications. Although
it has not achieved maximum efficiency, the capacitor bank regulator can maintain output stability
even in input voltage instability. This circuit can effectively cope with voltage conversion in various
applications with further optimization.
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1. INTRODUCTION
In maintaining the territorial unity of the Republic of Indonesia and carrying out its main duties, the Indonesian National Army

has military equipment. It requires the supply of electrical energy as one of its main needs. Through the Ministry of Energy and
Mineral Resources (ESDM), the Indonesian government has issued a policy to replace fossil fuels with environmentally friendly New
Renewable Energy [1]. This environmentally friendly energy resource can be obtained from mechanical energy, such as vibrations
produced by human footsteps using piezoelectricity [2]. A mini generator was designed in this study to overcome the problem of
charging. This generator can be operated in parallel to increase the power supply from the plant to each generator that multiplies
the load [3, 4]. In addition, this research also includes the development of a faster battery charging system with an automatic
circuit breaker function [5–15]. Using voltage, current, and temperature sensors connected to the PIC 16F877A microcontroller, the
measurement results are displayed on a 16x2 LCD [16]. This study also focused on installing parallel capacitors to compensate for
inductive loads in power systems, such as low-voltage main panels [17, 18]. Furthermore, this research includes a battery charging
system on solar UAVs using a DC-DC converter type boost converter and a fast charging controller for efficiency in charging batteries
[19–27]. Compared to these environmentally friendly energy resources obtained from mechanical energy, such as vibrations produced
by human footsteps [2]. This research focused on developing an electrical energy source using Stepper 28-BYJ48, which functions
as a generator of electrical energy sources by utilizing footsteps up and down as a power source located in the military field service
shoes [28–34, 26, 35]. Research [28] aims to improve the value of the power factor caused by inductive loads, with the results of the
research producing a capacitor bank tool that can change the value of the power factor. The research [30] aims to identify unit or
element failures in capacitor banks with the results of research into developing voltage differential protection functions for capacitor
banks. We utilize a bank capacitor regulator to ensure the output voltage remains stable with fluctuating inputs. However, no previous
research has designed a system that accelerates battery charging and automatic disconnection of the electric current, thus providing
innovative aspects in safety and efficient energy use. This aims to keep the voltage and current generated consistent and speed up the
charging process.

There is previous research related to the bank’s capacitor regulator, namely the design of a prototype single-phase Permanent
magnet generator axial flux type at low rotation [35]. This study designed a generator system of one phase, axial flux type using
a permanent magnet type of neodymium iron boron that rotates at low speed. Design a fast battery charging system and automatic
circuit breaker with an LM338K regulator [27]. In this study, we designed a faster battery charging system to cut off the electric
current automatically working principle of synchronous generator in this study, synchronous machines are often operated in parallel.
The purpose of parallel generators is to increase the power supply from the given generator to each generator delivered to the
loadinstallation of capacitor banks for power factor repair [2]. In the study, series and parallel capacitors in the power system generate
reactive power to improve power and voltage factors because they increase system capacity and reduce losses of single-phase bank
capacitor regulator with power up to 3500V an Arduino [25]. In research, measuring power factor with the zero-crossing detector
method works well at inductive linear loads. Analysis of the use of bank capacitors is to improve power factor. This research uses
capacitor banks to improve the power factor in reactive, capacitive, and resistive power loads. Design a solar panel charge controller
using a fast-charging system. This study needs an efficient charger controller and a battery that can receive large currents to support
the fast-charging system. The electric energy harvester floor uses piezoelectric [2]. In this study designing piezoelectricity on the
floor, waste energy from footsteps was utilized. Piezoelectricity produces low power due to pressure. Designed a lead acid and li-ion
battery charger automatically using a powered PIC 16F877A microcontroller with a pi controller. In this study, the lead acid and
li-ion battery fillers were designed automatically using the PIC 16F877A microcontroller, which has a system to stop charging the
battery when the battery is full and is equipped with voltage and current temperature sensors to determine the condition of the battery.
Design a wireless battery monitoring system based on Esp32 design and construction of wireless battery monitoring [25]. In this
research, designing a monitoring system using microcontrollers and sensors was developed into monitoring using the IoT concept.
Product planning for a fast-charging charger for USB Type-C involves the application of the Quality Function Deployment method
[36]. This study discusses the quality function deployment method, which aims to create fast charging products that shorten the
battery charging time and ensure stable power. Fast charging technique for lithium-ion batteries using fuzzy logic [37]. This study
uses the fuzzy method in charging PWM (Pulse with Modulation) as a temperature and voltage control when charging the battery.
The difference between this research and previous research is the focus on developing a faster and more automatic battery charging
system using an LM338K regulator. Previous studies, such as research [25, 36], focused more on the development of generators, the
working principle of synchronous generators, and the design of fast battery charging systems. This research aims to design a system
that speeds up battery charging and automatically cuts off the electric current, providing innovative aspects of safety and energy use
efficiency.

The contribution of this research to the development of science and its benefits is to improve our understanding of how to
use human physical movement as a reliable source of electrical energy, especially in military contexts where energy resources are
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often limited. With this approach, we hope to provide innovative solutions to address energy supply issues in emergencies or special
missions where rapid and stable energy availability becomes critical to maintaining the readiness of military personnel. Based on
the problems described, this paper’s writing structure is as follows: the second subsection will explain the applied research method.
The third subsection will discuss design results, test results, and analysis. The last subsection will summarize the conclusions of this
study and provide suggestions for future research based on the findings obtained in this study.

2. RESEARCH METHOD
The stage in this study is to start. Data collection is the stage of looking for literacy as a theoretical basis in starting research.

Data Analysis or sorting data to be used to support research. System design is the process of designing and designing. The design’s
implementation becomes a tool per the plan made. System testing is used to determine the design results, and system analysis is
recording results. The conclusion describes the data obtained compared to planning. The stages of research begin with the analysis
and formulation of the problem. Then, proceed with the data collection stage, looking for relevant information. The next stage
of system design focuses on designing the structure and features of the system to be developed and implemented in the system
implementation stage. After that, the system is tested in the system testing phase to ensure it works as expected. The data analysis
phase evaluates system performance using data generated during testing. Finally, the project or system development cycle closes,
signifying the completion of the project with the expectation that the system can be used for its original purpose.

2.1. Proposed system
The design of the lamp control system consists of several interconnected devices. The generator used by the 28BYJ-48 stepper

motor is used to change the step pressure to rotate the stepper shaft to produce AC voltage. The rectifier converts AC voltage to
DC using MB10F diodes arranged in parallel. The input INA219 sensor reads the voltage and inrush current from the rectifier to be
transmitted to the microcontroller. The Boost Converter folds the voltage from the rectifier to a 5V output. The battery is used as
storage/storage of voltage from the step results and as a supply device and output device. The voltage sensor is used to determine
the battery voltage for processing on the microcontroller as a percentage. A Buck-Boost converter is used to increase/decrease the
voltage for the supply of output devices. The INA219 sensor (output) reads the voltage and outflow from the Buck-Boost converter to
be delivered to the microcontroller. Microcontrollers process data from INA219 input/output and voltage sensors to be sent to OLED.
OLED is used to display data from microcontrollers. The output is a voltage connector out of storage to a load or other equipment.
The block diagram of the Capacitor Regulator system can be shown in Figure 1.

Figure 1. Block Diagram System
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The 28BYJ-48 stepper motor generates AC voltage as a step generator. MB10F diodes are arranged parallel in a rectifier to
convert AC voltage to DC. The input INA219 sensor reads the voltage and inlet current from the rectifier to be transmitted to the
microcontroller. Boost Converter is used to increase the voltage from the rectifier to 5V. The battery serves as a storage voltage and
power source for the device. A voltage sensor is used to monitor battery voltage. The buck-boost converter regulates the outgoing
voltage from storage for the output device. The INA219 sensor (output) reads the voltage and outflow from the Buck Boost converter.
The microcontroller processes data from the INA219 input/output sensor and voltage sensor for display on the OLED. Oled displays
data processed by microcontrollers. The output connector directs the voltage from the storage to the load or other equipment.

2.2. Tool Planning
In the design process, researchers design or design mechanical designs and detailed schematic designs of tools. The mechanical

design is a series of PDL shoes with steppers, springs, and aluminum plates whose design is such that it can rotate the stepper shaft
to produce induction voltage. The mechanical design can be shown in Figure 2, which can be seen in Figure ?? ??.

Figure 2. Mechanical Design of Shoes

(a) (b)

Figure 3. (a) The Mechanical Design of Power Storage Top View; (b) Mechanical Design of Power Storage Side View

The schematic design is a wairing from input to output in which electronic components are arranged sequentially (diode
bridge, capacitor, boost converter, INA219 sensor, Arduino nano, OLED, Li-ion battery). The schematic design design can be shown
in Figure 4.
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Figure 4. Effects of selecting different switching under dynamic condition

This system uses a 28BYJ-48 stepper motor to generate steps converted into AC voltage. The rectifier with MB10F diode con-
verts AC voltage to DC. The INA219 input sensor reads the incoming voltage and current; the results are sent to the microcontroller.
Boost Converter increases the voltage to 5V. The battery functions as a voltage storage and power source. The voltage sensor on
the battery provides information in percentages. Buck Boost Converter increases/ decreases the voltage for the output device. The
INA219 sensor (output) reads the output voltage and current. The microcontroller processes data and displays information on an
OLED screen. The voltage connector directs the voltage to the load or equipment as an output.

2.3. Software Design
A flowchart diagram represents an algorithm or flow of thought that defines the steps and decisions to perform a process. Start

on the flowchart when the switch at the voltage ON position turns on the circuit. The INA219 sensor reads the voltage and current
from the footsteps; if the voltage is read, it will be forwarded to the microcontroller for data processing. It will return to read on the
INA219 sensor if it is not read. The voltage and current reads are processed by a microcontroller (Arduino Nano) to be displayed on
an OLED LCD. When the switch as supply position is OFF, the circuit will stop.

3. RESULT AND ANALYSIS
The findings of this research are that the use of a 28BYJ-48 stepper motor as a generator, followed by a rectifier with an MB10F

diode, Boost Converter, and Buck-Boost Converter, can produce an efficient voltage to supply the output device. This research’s
results align with previous findings [37], highlighting stepper motors’ potential to produce electrical energy. In this context, previous
research has provided a strong foundation for this approach, and our findings further strengthen the sustainability and efficiency of
the method.

Analysis of the results of this study also provides insight into potential implications for similar research in the future. By
utilizing stepper motors as main generators, rectifiers, boost converters, and buck-boo converters, this research describes an approach
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that can be adopted to face electrical power challenges. These implications contribute to the practical and applicable understanding
of the development of more efficient energy resources, especially in the context of similar research that focuses on increasing the
availability of electrical energy in an environmentally friendly manner. Thus, the findings of this research provide a strong basis
for further consideration in implementing innovative and sustainable solutions for generating electrical power. The implications of
these results can be a valuable guide for further research. They can play an important role in positively contributing to developing
alternative energy resource technologies.

3.1. AC Output Test Results With Load
the AC output voltage with a load of 1K Ohms is carried out by connecting the stepper output (1 coil) and then measured using

a multimeter. The voltage results obtained can be seen in Table 1. The test results of AC output with a load of 1K Ohms with thirty
steps taken get an average of 1.25 volts. The test results are listed in Table 1 and correspond to Figure 5.

Table 1. 1K Ohm load AC voltage output test result

NO NUMBER OF STEPS TIME ( S) V
1 10 00.07.69 1.243
2 15 00.11.42 1.24
3 23 00.17.36 1.321
4 31 00.23.77 1.286
5 36 00.26.84 1.29
6 44 00.32.86 1.374
7 54 00.41.09 1.201
8 66 00.50.18 1.349
9 75 00.58.09 1.179
10 87 01.07.90 1.172
11 98 01.15.61 1.174
12 107 01.23.47 1.196
13 112 01.29.42 1.194
14 122 01.37.00 1.209
15 134 01.49.08 1.202
16 136 01.51.32 1.2
17 168 02.23.20 1.18
18 180 02.35.00 1.074
19 185 02.50.63 1.124
20 195 02.50.63 1.129
21 212 03.09.05 1.219
22 222 03.16.96 1.223
23 234 03.29.06 1.248
24 238 03.33.76 1.454
25 244 03.39.78 1.431
26 246 03.42.75 1.4
27 264 04.00.86 1.137
28 268 04.05.34 1.117
29 276 04.13.28 1.13
30 300 04.37.62 1.855

Figure 5. 1K Ohm load AC voltage output test chart
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3.2. Test Results of Series Series DC Output Rectifier
Series circuit DC output testing is performed by measuring the output voltage at the rectifier. A circuit of 4 coils is connected

to the rectifier using an MB10F diode with the outputs connected in series. The following is the data obtained according to Table 2.
The test results of the MB10F diode output are assembled in series to have a greater voltage value with a smaller current value. The
test result data shows that the average current produced is 28.5 mA.

Table 2. Series Circuit DC Output

No Step Time Voltage (V) Current (mA)
1 6 00.03.94 4.3 26.875
2 9 00.05.38 4.44 27.75
3 17 00.12.57 4.75 29.6875
4 20 00.14.41 4.56 28.5
5 32 00.20.95 4.26 26.625
6 34 00.23.77 4.19 26.1875
7 46 00.32.06 4.27 26.6875
8 53 00.36.10 5.06 31.625
9 64 00.43.94 4.83 30.1875
10 68 00.48.44 4.94 30.875

3.3. Test results of parallel circuit DC output rectifier
Parallel circuit DC output testing is performed by measuring the output voltage at the rectifier. A circuit of 4 coils is connected

to the rectifier using an MB10F diode with the outputs connected in parallel. The following is the data obtained according to Table 3.
In testing the assembled MB10F diode circuit, parallel gets an average of 66.5 mA.

Table 3. Parallel Circuit

No Step Time Voltage (V) Current (mA)
1 5 00.03.94 1.3 65
2 7 00.05.38 1.44 72
3 10 00.07.66 1.14 57
4 13 00.09.17 1.43 71.5
5 18 00.12.57 1.75 87.5
6 21 00.14.41 1.56 78
7 24 00.16.89 1.02 51
8 27 00.18.86 1.22 61
9 30 00.20.95 1.26 63
10 34 00.23.77 1.19 59.5

3.4. Test Results of DC Output with Step Speed
The DC output test with step speed is carried out by changing the step speed within a specified time. Voltage measurement

is carried out using a multimeter at the output of the capacitor as a stabilizer of the output of the rectifier. The results obtained are
according to Table 4. In the DC output test with a slow stroke, the maximum voltage value is 5.65 volts in the fifty-seventh step; for
the normal step, it obtains a maximum voltage of 5.26 volts in the sixty-fourth step; for the last step, the maximum voltage is 7.14
volts in the eighty-second step. The test was carried out with three variables of step speed, namely slow, normal, and fast, by walking
for one minute.
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Table 4. DC Output Testing with Step Speed

NO Step Time V
1 4 00.04.05 2.92
2 8 00.06.07 3.67
3 13 00.10.20 4.28
4 18 00.13.74 4.23
5 23 00.17.21 4.32
6 29 00.21.40 4.58
7 33 00.24.53 4.94
8 37 00.27.50 4.93
9 45 00.32.96 4.92

10 50 00.36.82 4.97
11 54 00.39.70 5.17
12 59 00.43.36 5.19
13 64 00.47.22 5.26
14 69 00.50.94 5.23
15 80 00.59.24 5.22

3.5. Output Boost Converter Test Results
The output boost converter is tested by measuring the output voltage before entering storage. The test results are according to

Table 5. In the boost converter test, the Vin voltage gets the result = 3.05 V, so it is not stable, but for the Vbost voltage, it gets a
value = 5 V, so it is stable.

Table 5. Boost Converter Testing

NO STEP TIME Wine Vbost
1 4 00.03.20 3.65 5.02
2 8 00.06.21 3.66 5.02
3 11 00.08.62 2.95 5.02
4 16 00.12.55 3.07 5.01
5 20 00.15.55 3.43 5.02
6 23 00.17.78 2.99 5.01
7 27 00.21.30 3.04 5.02
8 31 00.24.57 2.86 5.01
9 35 00.28.10 2.87 5.01

10 39 00.31.30 3.24 5.01
11 42 00.33.78 2.66 5.02
12 46 00.37.44 3.42 5.01
13 50 00.40.46 2.76 4.91
14 54 00.43.90 2.45 4.96
15 69 00.56.30 2.65 4.94

3.6. Storage Load Calculation Results
Calculating load on storage to determine power usage as an operational tool consisting of Oled, buck-boost converter, and

Arduino.
1. Oled = 0.02 W
2. Buck boost converter = 0.10 W
3. Arduino nano = 0.05 W
4. INA219 = 0.03 W

3.7. The result of the calculation of efficiency
Efficiency calculation is the calculation of input power compared to the power used in the circuit. This calculation aims to

determine the tool’s efficiency to work optimally. The results obtained are as follows:
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Boost voltage = 5 volts
Current I Max = 0.066 A
Input force (P input) V × I = 5 V times 0.066 A = 0.3 W
Output power (output P) = 0.20 W (assumed you have this data)
The correct calculation of efficiency is:

Efficiency (n) = (Output power / Input power) × 100%
Efficiency (n) = (0.20 W / 0.33 W) × 100%
Efficiency (n) ≈ 60.61%

So, the power efficiency of the capacitor bank regulator is about 60.61% at each step performed. This means that of the input
power of 0.33 W, about 60.61% is effectively used in the circuit.

3.8. Analysis

This circuit can produce a stable AC voltage at a load of 1K Ohms. MB10F diodes can convert AC voltage to DC voltage,
and series and parallel diode configurations provide the option to adjust voltage and current as needed. DC output has a maximum
voltage variation depending on stroke speed, which indicates that the stroke speed level affects circuit performance. The capacitor
bank’s regulator can keep the DC output stable despite the instability in the input. The total power usage in the circuit is 0.20 W, and
the power efficiency is about 60.61%. In the overall analysis, this circuit can be used in various applications that require good voltage
conversion and power efficiency. However, improvements may be required to optimize efficiency or performance under various steps
and load conditions.

4. CONCLUSION

This research details the tested circuits’ broad applicative potential, especially in applications requiring optimal voltage con-
version and power efficiency. Although current efficiency has not yet peaked, the findings show that capacitor bank regulators
successfully maintain stable output, even under conditions of input voltage instability. This illustrates the circuit’s ability to maintain
consistent output power. However, these findings also highlight the potential for further improvement and optimization, especially in
the face of changes in stride and variations in load levels. The limitations of this research can be seen from the level of efficiency,
which still needs to be optimal. Therefore, future work could focus on improving circuit performance in terms of efficiency and
robustness to input and load variations. Future research could explore solutions to improve efficiency and implement more adaptive
automatic adjustments under varying operational conditions. Thus, this research provides a solid foundation for further development,
emphasizing improving and optimizing the circuit to meet specific challenges and needs in various applications.
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