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Abstract - The Kontes Mobil Hemat Energi (KMHE) and the Shell Eco-marathon (SEM) are
competitions that encourage students to design and develop energy-efficient and environmentally
friendly electric vehicles. However, limited internet connectivity in competition track areas remains

a major challenge for acquiring real-time vehicle energy consumption data, which complicates
performance analysis and driving strategy optimization. This research aims to design and implement
a LoRa (Long Range)-based electric vehicle energy monitoring system that operates independently
of internet networks. The proposed system consists of transmitter and receiver units that monitor
voltage, current, power, and electrical energy parameters using a Current Transformer (CT) sensor,

a voltage divider circuit, an ADS1115 ADC module, and an ESP32 microcontroller as the main
controller. A LoRa RA-02 module operating at 433 MHz is used to wirelessly send data, which are
then shown in real time at the receiving device. Based on the test, the device can reliably send energy
data up to a distance of about 500 meters in places without internet connectivity. The system can
reliably calculate electrical power and energy during the vehicle is operating, and average errors

for voltage and current results tend to be modest when compared to reference values.
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I Introduction

The development of electric vehicle technology has
become a global initiative to reduce carbon
emissions and dependence on fossil fuels. One of the

activities that strongly encourages innovation in this



field is energy-efficient vehicle competitions, such as
the Kontes Mobil Hemat Energi (KMHE) and Shell
Eco-marathon, which are participated in by students
from various universities. In these competitions,
each team is required to design and develop a vehicle
that consumes minimal energy while achieving the
longest possible travel distance [1], [2]. Through
these activities, students are able to contribute
directly to the advancement of sustainable
transportation technologies in Indonesia.
Universitas Muhammadiyah Sidoarjo is one of the
higher education institutions actively involved in the
development of electric vehicles through student
participation in energy-efficiency competitions. The
development of electric vehicles represents an
important step toward promoting innovation in
sustainable energy systems and demonstrates
concern for realizing an environmentally friendly
future. In addition, such innovations foster student
awareness of global climate change issues and
environmental sustainability [3], [4].

The Universitas Muhammadiyah Sidoarjo IMEI
Team encountered problems in obtaining energy
usage statistics throughout the building process of
electric vehicles. The team has trouble getting real-
time data on energy while the car runs on testing
tracks or competitive circuits. Energy usage data is
only accessible after the car crosses the finish line,
and differences in track conditions result in
differences in vehicle energy consumption. Because
of this, the team found it difficult to assess vehicle
performance and adjust driving strategies during
competition or testing.

Previous studies have developed Internet of Things
(loT)-based electric vehicle energy monitoring
systems to observe energy consumption through

internet connectivity [5], [6]. However, when applied
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in competition environments, such systems cannot be

used due to the absence of reliable internet access.
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Consequently, the goal of this research is to build an
energy monitoring system that can adjust to
situations of competition in which internet
connectivity is either unavailable or restricted.

A monitoring system that can send data on electric
vehicle energy consumption in real time without
requiring internet connectivity is needed to solve this
problem. The application of Long Range (LoRa)
communication technology is one possible remedy.
Low frequencies (433 MHz, 868 MHz, or 915 MHz)
are used by LoRa, a wireless communication
technology that has a long communication range, low
power consumption, and the capacity to function
without access to the internet [7], [8], [9]. Because
this technology may attain communication ranges of
several meters under line-of-sight (LOS)
circumstances, it is ideal for monitoring systems in
competition regions. LoRa enables the direct
transmission of energy data from the electric car to
the pit monitoring area without the need for further
network equipment [10], [11].

This study designs and implements an electric
vehicle energy monitoring system utilizing LoRa
technology. The system is capable of displaying and
storing energy consumption data in real time while
the vehicle is operating on the track, enabling
accurate and timely performance analysis. The
system consists of two main components: a
transmitter unit installed on the vehicle and a receiver
unit located in the monitoring area. The system is
equipped with a Current Transformer (CT) sensor for
current measurement, a voltage divider circuit for
voltage sensing, an external ADS1115 analog-to-
digital converter (ADC) for accurate analog signal
acquisition, and an ESP32 microcontroller as the
main controller [12], [13], [14].

The IMEI Team of Universitas Muhammadiyah
Sidoarjo is anticipated to helping from the suggestion
LoRa-based energy monitoring system by increasing
energy efficiency, optimizing driving tactics during
competitions, and helping with the creation of more
intelligent, effective, and ecologically friendly

electric vehicle technologies.



IIl. Method

This study discusses the design and implementation
of an electric vehicle energy monitoring system
intended to operate in competition areas with limited
internet connectivity. The system is developed to
monitor voltage, current, power, and energy
parameters in real time by utilizing LoRa (Long
Range)-based wireless communication.

I1.1. Electric Vehicle Energy Monitoring System

The electric vehicle energy monitoring system is
designed to acquire real-time energy consumption
data while the vehicle is operating on the track. The
system consists of two main units: a transmitter unit
installed on the electric vehicle and a receiver unit

located in the monitoring area [14], [15].

The battery voltage is measured in the transmitter
unit using a voltage divider circuit, and the electric
current flowing from the battery to the load is

measured using a Current Transformer (CT) sensor.

The measured voltage and current data are processed
by an ESP32 microcontroller to calculate power and
energy values [5], [16]. The processed data are then
transmitted wirelessly to the receiver unit.

The receiver unit receives the transmitted data and
displays the measured voltage, current, power, and
energy values on an 12C LCD and serial monitor,
allowing the team to monitor the vehicle’s energy
consumption in real time during testing and
competition [12], [13], [17]. The block diagram of

the proposed system is shown in Fig. 1.

Fig. 1. Block Diagram

I.2. LoRa Systems and Communications

The electric vehicle energy monitoring system
utilizes LoRa-based wireless communication as the
data transmission medium between the transmitter
and receiver units. The RA-02 LoRa module
operating at a frequency of 433 MHz is selected due

to its long communication range and low power
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consumption, making it suitable for competition

areas with limited or no internet connectivity [8],

[10], [11].

On the transmitter side, the sensor measurement data
processed by the ESP32 microcontroller are
periodically transmitted via the LoRa module.
Meanwhile, on the receiver side, the LoRa module
receives the transmitted data and forwards them to
the ESP32 microcontroller for further processing and
real-time display. With this configuration, the system

is capable of monitoring the electric vehicle's energy
consumption directly without relying on an internet

connection [18].

Fig. 2. Flowchart

11.3. Circuit Design and Energy Calculation

The circuitry of the electric vehicle energy
monitoring system consists of a voltage
measurement circuit, a current measurement circuit,
and the overall circuitry of the transmitter and
receiver units [6], [19]. The voltage measurement
circuit employs a voltage divider method to reduce
the battery voltage of the electric vehicle to a level
compatible with the input limits of the ADS1115

ADC module. The output voltage from the voltage
divider circuit is then read by the ADC and processed
by the ESP32 microcontroller [14], [15].

The relationship between the input voltage and the
output voltage in the voltage divider circuit is

expressed by the following equation:

Vout = Vin x
R2
R1+R2

Vout : Output Voltage (V)
Vin : Electric Vehicle Battery Voltage (V)

R1, R2 : Resistance Values (Ohm)

Journal of Electrical Technology, Vol. xx, n. x



Where Vin represents the electric vehicle battery
voltage, R1 and R2 denote the resistance values of
the voltage divider, and Vout is the output voltage
supplied to the ADC input. The voltage divider

circuit used in this system is illustrated in Fig. 3.

Fig. 3. Voltage Divider Circuit

In addition to voltage measurement, the system is
also equipped with a current sensor based on a
Current Transformer (CT) to measure the electric
current flowing from the battery to the vehicle load.
The acquired voltage and current data are then
utilized to calculate the electrical power and energy
consumption [5], [16]. The power calculation is

performed using the following equation:

P=VxI

P : Power (W)
V: Voltage (V)

|': Current (A)

Meanwhile, the electrical energy is calculated as the
accumulation of power over the measurement
duration. The electrical energy calculation is

expressed by the following equation:

W=Pxt

W : Energy (Wh)
P : Power (W)

t:Time(s)

The overall circuitry of the electric vehicle energy
monitoring system, which includes the transmitter
and receiver units, is designed using the ESP32
microcontroller as the main controller, the ADS1115
module as an external ADC, and the LoRa RA-02
module as the wireless communication medium [19],
[20], [21]. The schematic diagram of the complete

system is presented in Fig. 4.
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Fig. 4. Energy Monitoring System Series

Ill. Result and Discussion

This section discusses the results of the design and
implementation of the LoRa-based electric vehicle
energy monitoring system. The system development
process began with the identification of energy
monitoring requirements, followed by the selection
of voltage and current sensors, the design of the
electronic circuitry, and the integration of hardware
and software components in both the transmitter and
receiver units.

The final prototype of the developed electric vehicle
energy monitoring system is shown in Fig. 5, which
illustrates the physical appearance of the device prior

to further testing and performance evaluation.

Fig. 5. Design Results

Furthermore, performance testing was conducted to
evaluate the system’s capability in measuring
electrical parameters, calculating power and energy,
and transmitting data wirelessly using LoRa
communication.

I11.1. Voltage Sensor Testing

The voltage sensor testing was performed to
determine the accuracy of the system in measuring
the electric vehicle battery voltage through the
voltage divider circuit. The voltage readings
obtained from the system were compared with
measurements from a digital multimeter as a
reference instrument. The results of the voltage

sensor testing are presented in Table 1.

TABLE |

VOLTAGE SENSOR TESTING RESULTS
No

Reference Voltage

(Digital Multimeter)

V)

Measured Voltage

Journal of Electrical Technology, Vol. xx, n. x



by Microcontroller
(LCD 12C) (V)

Error

(%)

149,66 49,63 0,06 %
249,59 49,57 0,04 %
349,51 49,47 0,08 %
449,44 49,41 0,06 %
549,40 49,39 0,02 %
649,33 49,32 0,02 %
749,29 49,27 0,04 %
849,21 49,18 0,06 %
949,19 49,15 0,08 %
1049,14 49,13 0,02 %
11 49,11 49,09 0,04 %
12 49,05 49,02 0,06 %
13 48,88 48,85 0,06 %
14 48,81 48,79 0,04 %

15 48,74 48,70 0,08 %

Based on the results presented in Table 1, the voltage
readings obtained by the system exhibit relatively
small deviations compared to the reference values
measured using a digital multimeter. The resulting
error percentages remain within acceptable tolerance
limits for electric vehicle energy monitoring
applications. This indicates that the voltage divider
circuit and the analog-to-digital conversion process
employed in the system operate accurately and
stably.

I1.2. Current Sensor Testing

The current sensor testing was conducted to evaluate
the performance of the Current Transformer (CT)-
based sensor in measuring the electric current
flowing from the battery to the vehicle load. The
sensor readings were compared with current
measurements obtained using a digital multimeter as
the reference. The results of the current sensor testing

are presented in Table 2.
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TABLE 2

CURRENT SENSOR TESTING RESULTS
No

Reference Current

(Digital Multimeter)

(A)

easured Current by

Microcontroller

(LCD 12C) (A)

Error

(%)

1000%

20,43 0,41 4,65%

3047046213 %

40,500,500 %

50,480,46 4,17 %

60,520,511,92%

70,56 0,55 1,79 %

80,470,470 %

90,560,553,33%

100,60 0,58 1,64 %

110,61 0,60 2,00 %

120,58 0,58 0 %

130,50 0,49 2,00 %

140,49 0,48 2,04 %

150,52 0,50 3,85 %

The test results indicate that the current sensor is
capable of detecting current variations effectively
under different load conditions. The discrepancies
between the system readings and the reference
measurements are influenced by the characteristics
of the CT sensor as well as current fluctuations

during the testing process. Overall, the current sensor
demonstrates good measurement stability and is
suitable for use as a basis for power and electrical

energy calculations.

Journal of Electrical Technology, Vol. xx, n. x



I1.3. LoRa Communication Testing

LoRa communication testing was conducted to
evaluate the effective communication range and data
transmission stability between the transmitter and
receiver units. The observed parameters include the
data reception rate, RSSI values, and the reception
conditions at various testing distances. The results of
the LoRa communication testing are presented in

Table 3.

TABLE 3
LORA COMMUNICATION TESTING RESULTS

No Distance (m) RSSI (dBm)
Data

Received

10-31 Yes

22-35Yes

35-38VYes

48-39 Yes

510-40 Yes

620-51 Yes

730-65 Yes

850-77 Yes

975-80 Yes

10100 -89 Yes

11200 -92 Yes

12500-102 Yes

13 1000 Not Connected No
14 2000 Not Connected No

15 5000 Not Connected No

Based on the test results, the LoRa communication
system demonstrates good performance at short to
medium distances. Data transmission remains stable
up to a distance of 500 meters with an RSS! value of
-102 dBm. However, at distances beyond 500
meters, a significant degradation in communication
quality is observed, as indicated by the failure to
receive data at distances ranging from 1000 meters
to 5000 meters.

The attenuation of the LoRa signal as the
transmission distance grows, together with other
environmental factors including physical

impediments, land conditions, and antenna setup



during testing, are the main causes of this reduction
in communication performance. Although long-
range communication is possible in principle with
LoRa technology, the practical results show that the
effective communication range is only about 500
meters given the system design and field
circumstances used in this study. As a result, the
suggested electric car energy monitoring system is
still dependable enough to be used in competitive
settings, but its communication range should be
viewed as a constraint for larger-scale applications.
I11.4. Power and Energy Calculation Testing

To confirm that the system can correctly calculate
electrical power and energy values based on voltage
and current data, power and energy calculation
testing was carried out. After the test was run with a
constant load for a predetermined amount of time,
the computed outcomes were contrasted with
reference data. The results of the power and energy

calculation testing are presented in Table 4.

TABLE 4
POWER AND ENERGY TESTING RESULTS

No
Voltage

V)

Current

U}

Power

(W)

Energy

(Wh)

Time

(Minutes)
149,6300,000,000
249,570,4120,320,170,5
349,47 0,46 22,76 0,37 1
449,41 0,50 24,71 0,57 1,5
549,39 0,46 22,72 0,77 2
649,32 0,51 25,15 0,98 2,5
749,27 0,5527,101,213
849,18 0,47 23,11 1,41 3,5
949,15 0,55 27,03 1,64 4

1049,13 0,58 28,50 1,88 4,5



1149,09 0,60 29,452,135
1249,02 0,58 28,43 2,37 5,5
1348,850,49 23,942,576

14 48,79 0,48 23,42 2,77 6,5

A. Rifai, I. Sulistiyowati, A. Ahfas, S. D. Ayuni
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15 48,70 0,50 24,35 2,98 7

The test results indicate that the system is capable of
calculating electrical power and energy values
consistently in accordance with variations in voltage,
current, and measurement duration. The observed
deviations remain within acceptable limits and are
influenced by sensor accuracy and the time
resolution of data acquisition. Therefore, the system
is suitable for real-time monitoring of electric vehicle
energy consumption.

111.5. Overall System Performance Discussion

The overall system testing was conducted to evaluate
the integrated performance of the electric vehicle
energy monitoring system under conditions that
closely resemble actual competition track usage. In
this stage, the transmitter unit was installed on the
electric vehicle, while the receiver unit was
positioned in the monitoring area. The overall system

testing conditions are illustrated in Fig. 6.

Fig. 6. Overall System Operation Testing

Based on the experimental results, the system is able
to read and display voltage, current, power, and
energy parameters in real time as long as the LoRa
communication remains within its effective coverage
range. The measured data are clearly displayed on
the LCD, and the system responds well to load

variations during vehicle operation.

The system encounters difficulties sending data to
the receiver unit when the communication distance is

longer than the effective LoRa range. However, the



voltage and current measurement processes, as well
as the power and energy calculations on the
transmitter unit, continue to operate correctly. The
measured data are still processed and temporarily
stored on the transmitter side, allowing the system to
resume normal data transmission once the LoRa
connection is re-established without affecting the

accuracy of the energy parameters.

These findings show that the key characteristics of
the electric vehicle energy monitoring system are
still dependable in spite of the wireless
communication range restrictions. Because of this
feature, the suggested system is thought to be
appropriate as a supplementary tool for monitoring
energy usage in electric car efficiency contests, since
the track area typically stays within the

communication range.

IV. Conclusion

This study successfully designed and implemented a
LoRa-based electric vehicle energy monitoring
system capable of measuring voltage, current, power,
and energy in real time without relying on an internet
connection. The system consists of transmitter and
receiver units integrated using an ESP32
microcontroller, a Current Transformer (CT) current
sensor, a voltage divider circuit, an ADS1115
external ADC module, and a LoRa RA-02
communication module.

Experimental results indicate that the proposed
system is able to measure voltage and current with
good accuracy and to calculate power and electrical
energy consistently during vehicle operation. The
system can transmit measurement data wirelessly
using LoRa with stable performance within an
effective communication range under field
conditions. Beyond this range, data transmission to
the receiver becomes limited; however, the
measurement and energy calculation processes on

the transmitter unit continue to operate correctly.



The developed energy monitoring system can assist
the team in performing more structured and accurate
analysis of electric vehicle energy consumption
during both testing and competition stages. Real-
time energy consumption information provides a
valuable basis for evaluating driving strategies and
improving vehicle energy efficiency.

Further development of the system is still possible.
Communication range improvement may be
achieved through the use of higher-gain antennas,
transmission power optimization, or the addition of
signal amplification. These enhancements are
expected to support broader system deployment and

improve performance in larger competition areas.

References

[1]1 N.-T. Hoang, H.-P. Vo, P.-T. Le, C.-L. Tran,
N.-D. Trinh, and T.-A.-D. Pham, “The Innovative
Design of the Electric Vehicles for Shell Eco-

Marathon Asia Contest,” in 2022 6th International

A. Rifai, I. Sulistiyowati, A. Ahfas, S. D. Ayuni
Copyright © 2022 Journal of Electrical Technology UMY
Conference on Green Technology and Sustainable

Development (GTSD),

2022, pp. 296-302. doi:

10.1109/GTSD54989.2022.9988988.
[2] A. Dukenderov, A. Abilez, A. Onabek, A.
Aitbayev,

Y. Baimukhan, and E. Shehab, “Systems
Engineering Approach for Designing Electrical
Vehicle for Shell Eco-Marathon,” in 2023 IEEE
International Conference on Smart Information

Systems and Technologies (SIST),

2023, pp. 451-

456. doi: 10.1109/SIST58284.
2023.10223502.

[31S. lliev and D. Lyubenov, “Investigation

Dynamic Characteristics of Electric Vehicle

Journal of Electrical Technology, Vol. xx, n. x



Participating in the Competition Shell Eco-
Marathon,” in 2022 International Conference on
Communications, Information, Electronic and

Energy Systems (CIEES),

2022, pp. 1-4. doi:
10.1109/CIEES55704.

2022.9990721.
[4]1S. Sabarad and S. Sanyal, “Establishing an
optimal eco-driving strategy for an electric vehicle
through testbed simulation — A case study from
Shell Eco-Marathon 2018,” in 2019 IEEE Students
Conference on Engineering and Systems (SCES),
2019, pp. 1-6. doi:
10.1109/SCES46477.2019.8977209.

[51). Wang, “Research on Monitoring Strategy

dx.doi.org | 10T Integrated Electric Car Energy Monitoring System: Case Study of IMEI TEAM UMSIDA
http://dx.doi.org/10.21070/ups.6033

lt‘m

of New Energy Vehicle Power System Based on the

Internet of Things,”
in 2022 2nd International

Signal Processing, Communications and

Engineering Management Conference (ISPCEM),

2022, pp. 105-108. doi:
10.1109/ISPCEM57418.

2022.00027.
[6] M. A. Fudin, I. Sulistiyowati, and A. H.
Falah, “loT Integrated Electric Car Energy
Monitoring System: Case Study of IMEI TEAM
UMSIDA,” Jambura Journal of Electrical and
Electronics Engineering, vol. 6, no. 2, pp. 189-195,
2024, doi: 10.37905/jjeee.v6i2.25198.
[71Z.). R. Kamoona and M. llyas,
“Investigating the Performance of LoRa
Communication for Nominal LoRa and Interleaved
Chirp Spreading LoRa,” in 2022 International
Conference on Artificial Intelligence of Things

(ICAloT),



2022, pp. 1-7. doi:

10.1109/ICAl0T57170.

2022.10121818.
[8]Y. Liu, J. Cai, and M. Qiu, “Research on
low-power and low-cost smart animal husbandry
positioning system based on LoRa transmission,” in
2025 5th International Symposium on Computer

Technology and Information Science (ISCTIS),

2025, pp. 571-575. doi:
10.1109/ISCTIS65944.

2025.11065437.
[9] K. P. Kamble, “LoRa Communication based
Wireless Sensor Monitoring system,” in 2022
International Conference on Sustainable Computing

and Data Communication Systems (ICSCDS),

2022,

pp. 1127-1131. doi:
10.1109/ICSCDS53736.2022.9760796.
[10] H. Aghajari, S. Ahmadinabi,

H. B.

Babadegani, and M. N. Soorki, “Empirical

www.nature.com | Measurement of LoRa signal propagation in urban areas utilizing aerial gateway and ground gateway | Scientific Data
https://www.nature.com/articles/s41597-025-05802-2

|E’|32

Performance Analysis and Channel Modeling of

UAV-Assisted LoRa Networks,”
in 2022 30th

International Conference on Electrical Engineering

(ICEE),

2022, pp. 463-468. doi:
10.1109/ICEE55646.2022.9827258.

[11]S. B. Gayathri, V. B. Varshini, S. Shanmati,

A. S., M. Muniraj, and S. Shoba, “Performance
Analysis of LoRa Communication Under Building

Obstruction Using LoRa ESP32-V3,” in 2025 IEEE



Wireless Antenna and Microwave Symposium
(WAMS), 2025, pp. 1-5. doi:
10.1109/WAMS64402.2025.11158138.

[12] V. Chandani, A. Kotnis, and N. R. Kolhare,
“Affordable Heart Health Monitoring System Using
ESP32, AD8232 and MAX30102,” in 2025 IEEE

Madhya Pradesh Section Conference (MPCON),

2025, pp. 806-811. doi:
10.1109/MPCON66082.2025.11256709.
[13]N.Ya'acob, S. I. Ismail, M. Z. M. Amin, and
N.

F. A. Aziz, “Design and Implementation of a
Wireless Health Monitoring System for Real-Time
Patient Data Using ESP32," in 2024 IEEE 15th

Control and System Graduate Research Colloquium

(ICSGRQ),

2024, pp. 149-153. doi:
10.1109/ICSGRC62081.2024.10691254.
[14] E. S. Duvanov, A. F. Pashchenko, M. Y.
Shishov,

and D. A. Churkin, “Development of an
Automated Microclimate Monitoring System Based

on the ESP32 Microcontroller,” in 2025 7th

doi.org | Peningkatan Kestabilan Sistem Kontrol UGV melalui Optimalisasi Manajemen Core dan Free-RTOS pada ESP32
https://doi.org/10.33795/elkolind.v10i2.3720

IE’DB

International Conference on Control Systems,

Mathematical Modeling, Automation and Energy

Efficiency (SUMMA),

2025, pp. 158-161. doi:

10.1109/SUMMA6G8668.

2025.11302387.
[15] M. R. Nugraha et al., “Radiosonde System
Using ESP32 and LoRa Ra-02 Web-Based for
Upper-Air Profile Observation,” in 2024

International Conference on Information



Technology and Computing (ICITCOM),

2024, pp.

213-217. doi:
10.1109/ICITCOM62788.

2024.10762300.
[16]1D.V M, S. A, E. H.,, and S. PL, “Electric
Vehicle Battery Parameters Monitoring System
using loT,” in 2025 International Conference on

Visual Analytics and Data Visualization (ICVADV),

2025, pp. 386-391. doi:

10.1109/ICVADV63329.

2025.10961381.
[17]1 Z. K. Farej and H. Y. Al-hayaly, “Accuracy
Evaluation of Healthcare Monitoring System Based

on ESP32 Microcontroller with oT,” in 2023

A. Rifai, I. Sulistiyowati, A. Ahfas, S. D. Ayuni
Copyright © 2022 Journal of Electrical Technology UMY  Journal of Electrical Technology, Vol. xx, n. x
International Conference on Engineering, Science

and Advanced Technology (ICESAT),

2023, pp. 90-

94. doi: 10.1109/ICESAT58213.
2023.10347330.

[18]Y. Raghavi, V. Chakravarthy, R. S. Sri, S. N.

K. G, R. Lingarao, and V. Vivek, “Real-Time Bus

Tracking Using LoRa Technology,” in 2025 IEEE

Wireless Antenna and Microwave Symposium

(WAMS),

2025, pp. 1-5. doi:

10.1109/WAMS64402.2025.11158837.

[19] P.K. S.S.H.,,S.R,S.H.,,A.D,,and S.
G.,

“Advanced loT-Driven Battery Management

System for Electric Vehicles Integrated with



Renewable Energy,” in 2025 5th International
Conference on Pervasive Computing and Social

Networking (ICPCSN),

2025, pp. 565-570. doi:
10.1109/1ICPCSN65854.

2025.11035405.
[20] S. Dlamini, B. Mendu, and B. Monchussi,
“Control Strategies and Battery Management for
Hybrid Energy Systems and Electric Vehicles,” in
2024 International Conference on Electrical and

Computer Engineering Researches (ICECER),

2024, pp. 1-6. doi:
10.1109/ICECER62944.

2024.10920414.
[211A. B., S. L. Neeraja, T. V Kishore, U.
Deepika, S. Prathyusha, and K. V., “loT-Enabled
Advanced Health Monitoring System using ESP32
and UBI DOTS,” in 2024 International Conference
on loT Based Control Networks and Intelligent

Systems (ICICNIS),

2024, pp. 403-408. doi:

10.1109/ICICNIS64247.

2024.10823147.
Authors' information
Achmad Rifa'i is an active student in the
electrical engineering program, Faculty of
Science and Technology, Muhammadiyah
University of Sidoarjo, Indonesia. He is an
active member of the IMEI Team as the

head of the technical division.

Indah Sulistiyowati is an active lecturer

in the Electrical Engineering study program
at the Faculty of Science and Technology,
Muhammadiyah University of Sidoarjo,

Indonesia. She earned his Bachelor's degree



from the University of Muhammadiyah
Malang and his Master's degree from the

Sepuluh Nopember Institute of Technology

Akhmad Ahfas is an active lecturer in the
Electrical Engineering study program at the
Faculty of Science and Technology,
Muhammadiyah University of Sidoarjo,
Indonesia. He earned a Bachelor's degree
from Muhammadiyah University of
Sidoarjo and a Master's degree from the

Surabaya Technical College.

Shazana Dhiya Ayuni is an active lecturer
in the Electrical Engineering study program
at the Faculty of Science and Technology,
Muhammadiyah University of Sidoarjo,
Indonesia. She earned a Bachelor's degree
from the Surabaya State Electronics
Polytechnic and a Master's degree from the

Sepuluh Nopember Institute of Technology.



