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1. INTRODUCTION

The most important form of energy in the modern world is electricity. Electricity is essential to the
functioning of many aspects of human life in the modern world. Many public facilities, such as train stations,
hotels, shopping malls, movie theaters, and airports, use modern technology as a means of improving the
work of a place. Electricity is the primary power source used to run the facilities in these types of public
facilities, such as train stations, hotels, shopping malls, and movie theaters. Walking is one of the activities
that causes humans to expend a significant amount of energy daily. In public buildings, where a large number
of people walk throughout the day, having floors that generate electricity will be very useful [1].

Among all energy sources that can be extracted from human motion, footstep motion has the highest
potential for energy (about 67 W, estimated in [2]). However, the low movement frequency and limited
vertical deformation of the footwear make collecting energy from footsteps a big challenge [3]. Different
mechanisms have been investigated to overcome these problems, such as gear trains [4] or frequency up-
conversion [5] used to increase the excitation frequency, a rotary arm [6], or a trapezoid-shaped slider [7]
used to generate rotation from the shoe distortion. However, all these devices still have the issues of
complications, bulk, and high costs. The most commonly used energy harvesting mechanism based on
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footstep generators is the piezoelectric mechanism [8]-[14]. However, the amount of energy produced by
piezoelectric is relatively small, so it can’t be reliable and efficient to apply in public spaces.

Mechanical electricity-producing floor gears that use buck selectors and boost converters can be an
alternative to the use of low-power tools or technology that is typically utilized in public facilities. By
utilizing the unused energy that people produce as they walk across floors, this is possible. To function or
operate, low-power technology typically employs a 5 VDC voltage. The selector system must be configured
in such a way that it can choose a voltage that is either greater than or lesser than 5 VDC for the output to be
in the vicinity of 5 VDC. This type of technology uses very little power and can come in the form of
smartphones, tablets, fans, and power banks.

This research begins with the design of a gear mechanical system to drive a generator that will be
installed under the floor and stepped on by pedestrians. The system's gears will be the ones driving the
generator. In this experiment, a 12 VDC generator transforms the pressure that pedestrians apply into an
electrical current. The mechanical energy that results from the force that pedestrians exert on the floor mats
will power the generator that generates electricity. Nandan and Trivedi [15], using the stepped-on method,
the voltage that is produced by the footrests of individuals who have varying body weights will be measured
and then compared as a sample. The output of the generator will be connected to the buck selector circuit as
well as the boost converter circuit. This will allow approximately 5 V to be obtained from the generator. This
circuit makes use of the working principle of a single pole double throw (SPDT) relay, which employs the
normally closed (NC) and normally open (NO) functions. For the input at the relay coil terminal to be
chosen, a voltage divider circuit needs to be used.

2. RESEARCH METHOD
2.1. Mechanical electrical generating floor gear

Electricity-generating floors are an alternative form of energy generation that converts the energy of
a person's footsteps into electrical power [16]. The force exerted by pedestrians can be converted into rotary
motion so that it rotates the alternator, which will produce a potential difference or voltage. This is
accomplished by providing a mechanical system using gears that convert the force into rotary motion.
Mechanical electricity-generating floors use an alternator as a power plant.

In this study, Figure 1 shows an electricity-generating floor. A floor designed to generate electricity
was used, as shown in Figure 1(a). Walkers exert force on the floor, causing the mechanical system to rotate
the alternator or generator and generate electrical energy. An alternator that is rotating transforms pedestrian
energy, which is mechanical energy, into electricity. Figure 1(b) illustrates the mechanical components used
in the tool to ensure that it works properly and as expected. The shock breaker, crank lever, gears, axle shaft,
generator, timing belt, and frame are the mechanical components used to support the mechanical system and
make it work properly. Table 1 shows the detailed specifications of the major mechanical components used
in the proposed mechanical footstep power generator.

In a system that can be driven, gears are one of the mechanical components that serve the dual
purpose of transmitting power while also transmitting rotary motion. Gears are not only used in the
construction of vehicles but also in the construction of systems that convert rotary motion to linear motion or
vice versa [17]. To connect two gears utilizing a timing belt, which is a type of belt that is frequently utilized
in applications dealing with motion transfer. The construction of timing belts has uniformly spaced
serrations. The gears that were utilized in this investigation were either reduction gears or various shaft gears.
This gear has a different shaft, and it is part of a configuration that uses a timing belt to connect two gears
that have different shafts [18].

The crankshaft is a component of the engine that is directly connected to the piston. When the piston
moves from the top dead center to the bottom dead center, and so on, it causes the crankshaft to rotate in a
circular motion [19]. The authors modified the work function of the crankshaft and piston lever in this study
so that when the lever pushed the crankshaft, which has a unique shape, from the top dead center to the
bottom dead center, the crankshaft assisted the lever in returning to top dead center.

There are two types of generators, namely alternating current (AC) generators and direct current
(DC) generators. The difference between these two generators lies in the construction of the coils. The coil in
the DC generator is located on the rotor, while the coil in the AC generator is located on the stator [20]. This
study uses a DC motor with a type of PG28. A DC motor can be used as a motor or generator. When the rotor
lever on this motor is rotated, it will produce a potential difference in voltage between the two poles.

2.2. Buck selector and boost converter system
The operational functionality and capabilities of buck and boost converter selector systems are
derived from the underlying working principle of relays, which possess NC and NO contacts, respectively. It
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is expected that this system, with the inclusion of supplementary circuits such as rectifiers, voltage dividers,
and relay module circuits, will possess the capability to choose the input voltage and direct it towards either
bucking or boosting, as illustrated in Figure 2. This circuit has been modified; these modifications serve the
purpose of rectifying the output of the generator when there are changes in its rotation. Additionally, the
system incorporates a voltage divider that facilitates the division of the generator output voltage, ensuring
that the selector remains inactive when the voltage falls below 5 V. Furthermore, a relay circuit is integrated
to enable the continuation of the generator's output voltage to the buck or boost converter.
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Figure 1. Electricity generating floors view in the form of (a) 3D design of mechanical electric generating
floor and (b) side view of the mechanical construction

Table 1. Specification of major components in the proposed mechanical footstep power generator

Specification Value Gearl Gear?2

Gear  Gear thickness mm 9 9

Gear diameter mm 235 75

Number of teeth 43T 13T
Chains  Distance between gear shafts mm 190

Size mm 428

Length mm 895
Spring  Spring length mm 125

Wire diameter mm 4.2

Inner diameter mm 48

Outer diameter mm 56

Total number of coils 5

Spring stiffness N/mm -
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Figure 2. Schematic diagram of the selector circuit

Mechanical gear footstep power generation using a mini generator with buck and boost ... (Tole Sutikno)



346 a ISSN: 2252-8814

An AC circuit that is converted into a DC circuit is referred to as a rectifier circuit [21]. The function
of the voltage divider circuit is to reduce the initial high input voltage to a lower value at the circuit's output
[22]. A relay is a type of electronic component that performs the duties of a switch in an electrical circuit.
The working principle of the relay is based on the coil. If voltage is applied to two of the coil's poles, the
relay will move the iron rod, shifting from a position where the common (COM) pin is connected to NC to a
position where the COM pin is connected to NO [23].

In this particular investigation, a buck converter of type LM2596 was used. Buck converters are a
type of DC-DC converter circuit that can reduce the input voltage [24]. And make sure to use a boost
converter of type MT3608. The boost converter is a type of DC-DC converter that can raise the voltage to a
greater level [25].

2.3. Block diagram of an electrical generating floor mechanical system

Figure 3 illustrates how the electricity-generating floor system works to generate voltage. In the
design of the energy system, the pressure exerted by pedestrians on the floor will move the large ratio gears,
which are then connected to the small ratio gears to produce faster rotation. This rotation will cause the DC
generator to spin and produce more electricity than if there was no system for transmitting electrical energy
or potential difference. In this study, data is collected by applying a force to the footing floor mat, which then
rotates the gears and rotates the generator to generate electricity, which is selected by the buck selector and
boost converter systems. Force is applied by 15 people using various weights and stamping techniques.

2.4. Testing of gear mechanical electrical generating floor

This test is divided into several stages, which are as: i) Applying a force to the floor mat while
keeping the generator's output voltage over 5 V allows the selector system to function properly, with the
selector system's output having a value of around 5 via the LM2596 buck converter and ii) The boost
converter mode is tested by applying a force to the floor mat while keeping the output voltage below 5 V so
that the selector system can function effectively with a marked output from the selector system with a value
of around 5 through the MT3608 boost converter. The entire system was tested by having 15 people with
varying body weights stamped on it. These 15 people of varying weights will exert force on the floor with
one stamp, ten stamps in ten seconds, ten stamps in eight seconds, and ten stamps in four seconds.

3. RESULTS AND DISCUSSION

The goal of this study is to build an electricity-generating floor out of a tiny generator whose output
voltage is selected using a buck selector and boost converter system to provide a voltage of roughly 5 V. In
this research, several parameters can be measured to obtain optimal experiment results for the developed
system. The mechanical footstep electric generator device is used as an electricity generating device, then a
selector series is used to convert and stabilize the voltage output, while the oscilloscope and multitester are
used as instruments for measuring output power.

To get varied and accurate results, a measurement method was used that involved several different
variables, such as the user's body weight and the length of time he stepped on the plate. Testing was carried
out 10 times for each variable and the average of the measurement results obtained was taken. Table 2 shows
the sample output voltage generated by the device with 10 times foot strikes in 8 seconds.

Figure 4 is showing voltage data graph. The voltage data for one stamping is displayed in Figure
4(a). During the testing, it was discovered that the relationship between the weight of the pedestrian and the
output voltage created by the generator is not directly proportional to one another. This was discovered when
the tool was given one pedal. When this information is processed by the selection system, it will also affect
the output voltage.

To get more accurate data, another experiment was conducted with varying the variable of time the
floor gets struck. In the experiment with stamping variations, Figures 4(b) to (d) illustrate the results of 10
stampings in 10 seconds, 10 stampings in 8 seconds, and 10 stampings in 4 seconds, respectively. It is clear
from the graph that the weight of the pedestrian does not have a direct proportional relationship with the
amount of voltage that is produced by the generator. Nevertheless, the selector system can choose the output
voltage of the generator and can produce a voltage of approximately 5 V. In this experiment, it was also
discovered that the rate at which force is applied to the floor mat is directly proportional to the magnitude of
the output voltage produced by the generator. This was demonstrated by displaying a graphic comparison of
the results of 10 strokes in 10 seconds, 10 strokes in 8 seconds, and 10 strokes in 4 seconds.
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Figure 3. Block diagram of the electrical generating floor mechanical system

Table 2. Output voltage data with 10 strokes in 8 seconds
Body weight (Kg)  Voltage before selector (V)  Voltage after selector (V)

37 8.82 511
48 7.77 5.03
50 9.24 5.07
51 8.64 5.07
55 7.89 5.03
58 9.10 5.11
59 5.42 4.93
60 9.56 511
61 8.22 4.69
65 8.77 511
68 7.45 5.00
70 8.80 5.11
74 7.90 511
76 7.99 5.09
82 8.98 5.11
7 8
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Figure 4. Voltage data graph for (a) one-time stamp, (b) 10 stamps in 10 seconds, (c) 10 stamps in 8 seconds,
and (d) 10 stamps in 4 seconds
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4. CONCLUSION

A gear mechanical electricity-generating floor is one option for generating power by harnessing
pedestrian energy. The functioning principle of this electricity-producing floor is to generate a stepping force
on the floor mat, which then moves the gears and rotates the generator to generate voltage. This floor's
voltage output can reach 11 V. The output voltage created by this floor is directly related to how rapidly the
force is pushed to the floor rather than directly proportional to the pedestrian's body weight. The buck and
boost converter selection systems can direct the generator's output voltage to either the buck converter
LM2596 or the boost converter MT3608. The selector system produces a voltage that is significantly
different from 5 volts because charging the magnetic field in the inductor and charging the electric charge in
the capacitor has not filled it. It is intended that this research can be refined and expanded by focusing on the
mechanical system of the floor, specifically the part of the floor mat that does not protrude when subjected to
force to bring comfort to pedestrians. In the charging portion of the inductor magnetic field and the electric
charge of the capacitor, the selector system is produced.

ACKNOWLEDGEMENTS
This project was funded and supported by the Embedded Systems and Power Electronics Research
Group (ESPERG).

REFERENCES

[1] G. Dhanalakshmi, T. Manjulai, M. Mirunalini, and S. Sangeetha Mary, “Footstep power generation system,” International
Journal Of Engineering And Computer Science, vol. 6, no. 4, 2017, doi: 10.18535/ijecs/v6i4.38.

[2] T.E. Starner and J. A. Paradiso, “Human-generated power for mobile electronics,” in Low-Power Electronics Design, 2004, doi:
10.1201/9781420039559.ch45.

[3] H.Fu, R. Xu, K. Seto, E. M. Yeatman, and S. G. Kim, “Energy harvesting from human motion using footstep-induced airflow,”
in Journal of Physics: Conference Series, 2015, doi: 10.1088/1742-6596/660/1/012060.

[4] J. Y. Hayashida, “Unobtrusive integration of magnetic generator systems into common footwear,” BS thesis, Dept. of Electrical
Engineering and MIT Media Laboratory, Massachusetts Institute of Technology, 2000.

[5] L. Moro and D. Benasciutti., “Harvested power and sensitivity analysis of vibrating shoe-mounted piezoelectric cantilevers,”
Smart Materials and Structures, pp. 1-13, 2010, doi: 10.1088/0964-1726/19/11/115011.

[6] J. A. Paradiso and T. Starner, “Energy scavenging for mobile and wireless electronics,” IEEE Pervasive Computing, 2005, doi:
10.1109/MPRV.2005.9.

[7]1 L. Xie and M. Cai, “Human motion: sustainable power for wearable electronics,” IEEE Pervasive Computing, vol. 13, no. 4, pp.
42-49, 2014, doi: 10.1109/MPRV.2014.67.

[8] M. Venugopal and G. V Jayaramaiah, “An efficient hybrid biomechanical energy harvesting system using human motions for
low-power applications,” International Journal of Power Electronics and Drive Systems, vol. 14, no. 1, pp. 433-443, 2023, doi:
10.11591/ijpeds.v14.i1.pp433-443.

[91 W. H. A. Al Ameer, M. A. F. Al-Qaisi, and A. Al-Gizi, “Comparison between piezoelectric transformer and electromagnetic
transformer used in electronic circuits,” Telkomnika (Telecommunication Computing Electronics and Control), vol. 18, no. 3, pp.
1567-1572, 2020, doi: 10.12928/ TELKOMNIKA.v18i3.14334.

[10] Y. Baba and M. Bouzi, “A study on modeling of a piezoelectric motor,” International Journal of Power Electronics and Drive
Systems, vol. 12, no. 2, pp. 695-702, 2021, doi: 10.11591/ijpeds.v12.i2.pp695-702.

[11] A. Gamayel, M. Zaenudin, and B. W. Dionova, “Performance of piezoelectric energy harvester with vortex-induced vibration and
various bluff bodies,” Telkomnika (Telecommunication Computing Electronics and Control), vol. 21, no. 4, pp. 926-934, 2023,
doi: 10.12928/ TELKOMNIKA.v21i4.24330.

[12] S. Touairi and M. Mabrouki, “Vibration harvesting integrated into vehicle suspension and bodywork,” Indonesian Journal of
Electrical Engineering and Computer Science, vol. 23, no. 1, pp. 188-196, 2021, doi: 10.11591/ijeecs.v23.i1.pp188-196.

[13] M. Venugopal and G. V Jayaramaiah, “Simulation and performance analysis of self-powered piezoelectric energy harvesting
system for low power applications,” International Journal of Electrical and Computer Engineering, vol. 12, no. 6. Institute of
Advanced Engineering and Science, pp. 5861-5871, 2022, doi: 10.11591/ijece.v12i6.pp5861-5871.

[14] 1. A. H. Al-Najati, K. W. Chan, and S.-Y. Pung, “Tire strain piezoelectric energy harvesters: a systematic review,” International
Journal of Power Electronics and Drive Systems, vol. 13, no. 1, pp. 444459, 2022, doi: 10.11591/ijpeds.v13.i1.pp444-459.

[15] S. Nandan and R. Trivedi, “Design and fabrication of mechanical footstep power generator,” International Journal of Engineering
Applied Sciences and Technology, pp. 1-10, 2019, doi: 10.33564/ijeast.2019.v04i05.033.

[16] B. Munaswamy, C. Prudhvi, V. Srikanth, B. Kirankumar, and B. Pradeep Kumar, “Mechanical footstep power generation,”
International Journal of Engineering Trends and Applications (IJETA), vol. 5, 2018.

[17] X. Hua and E. Gandee, “Vibration and dynamics analysis of electric vehicle drivetrains,” Journal of Low Frequency Noise
Vibration and Active Control, vol. 40, no. 3, pp. 1241-1251, 2021, doi: 10.1177/1461348420979204.

[18] X. Niu, G. Feng, S. Jia, and Y. Zhang, “Control of brushless DC motor based on fuzzy rules optimized by genetic algorithm used
in hybrid vehicle,” Journal of Computational Methods in Sciences and Engineering, vol. 21, no. 4, pp. 951-968, 2021, doi:
10.3233/JCM-204628.

[19] A. M. Pulungan, “Experimental test of single cylinder otto engine performance on dynotest chassis using premium fuel types,
pertalite and pertamax,” International Journal of Mechanical Computational and Manufacturing Research, vol. 10, no. 1, pp. 31—
40, 2021.

[20] R. D. Fernandez, F. Valenciaga, and R. R. Pefia, “Wind energy conversion system under asymmetrical voltage failures: analysis
and nonlinear control,” Asian Journal of Control, vol. 24, no. 1, pp. 58-73, 2022, doi: 10.1002/asjc.2462.

[21] A. K. Kumar, A. V Kumar, D. J. Arockiaraj, and G. U. Prasad, “Energy harvesting using rack and pinion mechanism,” IOSR
Journal of Mechanical and Civil Engineering (IOSR-JMCE) e-ISSN, vol. 15, no. 1, pp. 75-80, 2018, doi: 10.9790/1684-
1501047580.

[22] 1. Vourkas, J. Gomez, A. Abusleme, G. C. Sirakoulis, and A. Rubio, “Voltage divider for self-limited analog state programing of
memristors,” IEEE Transactions on Circuits and Systems Il: Express Briefs, vol. 67, no. 4, pp. 620-624, 2019, doi:

Int J Adv Appl Sci, Vol. 12, No. 4, December 2023: 343-349



Int J Adv Appl Sci ISSN: 2252-8814 a 349

10.1109/iscas45731.2020.9181041.

[23] H. Alnabhi, Y. Al-naamani, M. Al-madhehagi, and M. Alhamzi, “Enhanced security methods of door locking based fingerprint,”
International Journal of Innovative Technology and Exploring Engineering, vol. 9, no. 3, pp. 1173-1178, 2020, doi:
10.35940/ijitee.b7855.019320.

[24] M. O. Alsumady, Y. K. Alturk, A. Dagamseh, and M. Tantawi, “Controlling of DC-DC buck converters using microcontrollers,”
International Journal of Circuits, Systems and Signal Processing, vol. 15, pp. 197-202, 2021, doi: 10.46300/9106.2021.15.22.

[25] A. Haseeb, M. Edla, M. Ucgul, F. Santoso, and M. Deguchi, “A voltage doubler boost converter circuit for piezoelectric energy
harvesting systems,” Energies, vol. 16, no. 4, p. 1631, 2023, doi: 10.3390/en16041631.

BIOGRAPHIES OF AUTHORS

Tole Sutikno Bd 12 is a lecturer in the Master Program of Electrical Engineering,
Faculty of Industrial Technology, Universitas Ahmad Dahlan, Indonesia. He received his
B.Eng., M.Eng., and Ph.D. degrees in Electrical Engineering from Universitas Diponegoro,
Universitas Gadjah Mada, and Universiti Teknologi Malaysia, in 1999, 2004, and 2016,
respectively. He has been an Associate Professor at Universitas Ahmad Dahlan, Yogyakarta,
Indonesia since 2008. He is currently an Editor-in-Chief of the TELKOMNIKA and the Head
of the Embedded Systems and Power Electronics Research Group (ESPERG). His research
interests include the fields of digital design, industrial applications, industrial electronics,
industrial informatics, power electronics, motor drives, renewable energy, FPGA applications,
embedded systems, artificial intelligence, intelligent control, information technology, and
digital libraries. He can be contacted at email: tole@ee.uad.ac.id.

Rizki Fernando © B4 B € received his B.Eng. in Electrical Engineering from Universitas
Ahmad Dahlan, Indonesia, in 2023. His research interests include renewable energy
technology, robotics, and the Internet of Things. He can be contacted at email:
muhamad1700022073@webmail.uad.ac.id.

Anggit Pamungkas £ B 2 received his B.Eng. degree in Electrical Engineering from
Universitas Ahmad Dahlan, Yogyakarta, Indonesia in 2018. After receiving his degree, he
became a member of the Embedded Systems and Power Electronics Research Group
(ESPERG). His research interests include power electronics, renewable energy technology,
robotics, and the |Internet of Things. He <can be contacted at email:
anggitpamungkas17@gmail.com.

Hendril Satrian Purnama © B4 B3 € received his B.Eng. degree in Electrical Engineering
from Universitas Ahmad Dahlan, Yogyakarta, Indonesia in 2017. After receiving his degree,
he became a member of the Embedded Systems and Power Electronics Research Group
(ESPERG) and worked there as a researcher. In addition, he is also active as assistant editor in
several international journals in the fields of electrical engineering, computer, and informatics.
His research interests include power electronics, renewable energy technology, robotics, and
the Internet of Things. He can be contacted at email: Ifriyan220@gmail.com.

Ahmad Raditya Cahya Baswara B 2 is a lecturer in the Electrical Engineering
Department at Universitas Ahmad Dahlan (UAD), Yogyakarta, Indonesia. He has been a
Senior Assistant Professor at UAD, Yogyakarta, Indonesia, since 2023. He received his
B.Eng. and M.Eng. degrees in electrical engineering from Universitas Gadjah Mada in 2014
and 2017, respectively. His areas of research interest include electrical power systems, energy
conversion, wireless power transfers, power electronics, power engineering, and renewable
energy. He can be contacted at: ahmadradityac@ee.uad.ac.id.

Mechanical gear footstep power generation using a mini generator with buck and boost ... (Tole Sutikno)


https://orcid.org/0000-0002-1595-2915
https://scholar.google.com/citations?user=haR50igAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=35794013800
https://www.webofscience.com/wos/author/record/2280719
https://orcid.org/0000-0002-6716-6852
https://orcid.org/0000-0003-1970-4166
https://scholar.google.com/citations?hl=en&user=O__7hNkAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57226306685
https://www.webofscience.com/wos/author/record/28390593
https://orcid.org/0000-0001-9209-8911
https://scholar.google.com/citations?hl=en&user=vzWsYEsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57209973020
https://www.webofscience.com/wos/author/record/31796756
https://orcid.org/0000-0003-2208-0331
https://scholar.google.com/citations?hl=id&user=uT9hsXkAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57221417122

