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To minimize the negligence when charging electric vehicles, it is deemed
important to have an internet of things (IoT) based monitoring system using
a notification feature. The monitoring system of electric vehicle battery
charging used a voltage divider and temperature sensor (DS18B20) installed
on the Arduino Mega 2560 microcontroller with the addition of an ESP8266
Wi-Fi module for sending microcontroller data into the Blynk platform. A
notification feature was added as the reminder that the battery has been
overcharging or overheating. This study applied the Mamdani fuzzy logic
method to determine the conditions when notifications must appear. The
results of the application of the Mamdani fuzzy logic method were able to
determine the conditions for push notifications to appear using the
parameters as desired; by so doing, it is possible to create a battery
monitoring system with accurate push notification feature to prevent the
battery from being overcharged and overheated.
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1. INTRODUCTION

Technology in Indonesia, particularly in transportation has been very rapidly improving as seen, for
instance, in the development of the electric vehicle that has entered and is still being researched at Institut
Teknologi Telkom Surabaya. The electric vehicle uses 2 batteries of LifePo4 48 V, 48 Ah as electrical energy
in which these batteries have limited capacity that must be recharged when reaching a certain mileage.
However, many people are found still negligent when recharging electric vehicles, then leading to
overcharging and overheating, later on causing damage and reducing the battery life [1], [2].

To reduce negligence and monitor the temperature and capacity conditions of the battery during
electric truck charging, it is essential to design an advanced charging system. This system should allow users
to monitor the battery status online and in real-time via the internet. The system will use an Arduino Mega
2560 as the main controller [3], a temperature sensor (DS18B20) [4] to measure the battery temperature, a
voltage sensor to monitor the battery voltage, and a Node MCU ESP8266 Wi-Fi module for internet
connectivity [5]. All these components will be connected to an internet of things (1oT) platform that serves as
the monitoring and notification interface. As a result, users will receive notifications when the battery
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approaches overcharge or overheating conditions, thus preventing damage and extending the battery’s
lifespan [6]-[8].

Developed an automatic battery charging in electric car using loT for controlling system via
smartphone in which it enabled the users to know the complete status of the battery [9], [10]. However, this
system still had a weakness for having no push notification appearing when the battery has been fully
charged [11]. This system only provided a monitoring display only for the battery status but there was no
reminder for the user. In another study, developed an loT-based electric car battery monitoring system that
was previously Bluetooth-based only to monitor the battery condition but not monitoring the process of
battery charging [12], [13]. The application of a battery management system (BMS) using the state of charge
(SOC) with the modified coulomb counting (MCC) method where there was a re-measurement of the SOC
using the MCC method to result in a properly displayed SOC to avoid overcharging [14].

In another study, implemented the fuzzy logic method as a SOC measurement on electric car
[15]-[17]. The method used was through a simulation of SOC measurement with Kalman filter method
containing fuzzy logic implementation resulting in the more accurate SOC value measurement. Another
previous study about notification of indoor air quality with the 10T platform using Blynk apps connected to
Wemos and MQ135 in which the notifications appearing on Blynk apps was about the level of air quality as
detected in the room [18], [19].

Based on the literature studies above, it can be seen that various monitoring system designs have
succeeded in reducing an overcharge that can reduce the battery life. However, the monitoring system design
had a push notification to minimize the negligence during charging, which as a matter of fact also becomes a
factor of overcharging [20], [21]. Hence, to overcome these problems, the researcher developed an 10T-based
monitoring system by applying the Mamdani fuzzy logic method [22] in making push notifications on the
10T platform to reduce negligence when charging electric trucks using voltage and temperature parameters to
prevent the battery from being overcharged and overheated [23]-[26]. The main contribution of this research
is the development of a monitoring system that not only displays the battery status in real-time but also
provides immediate notifications to users when the battery approaches overcharge or overheating conditions.
Thus, this system is expected to enhance charging safety and efficiency, as well as extend the battery lifespan
in electric vehicles. This research also offers an innovative solution that can be adapted to various other types
of electric vehicles and can contribute to further developments in the field of battery technology and energy
management systems.

2. METHOD

This method was carried out using the Mamdani fuzzy logic method to determine the firm value of
several conditions when charging an electric truck battery. The study focused on using two critical
parameters: voltage (V) and temperature (C), to accurately assess the overcharging and overheating
conditions of a battery during the charging process.

2.1. Battery monitoring system design

The monitoring system design in displaying notifications and battery capacity status when charging
started from the EVB battery in which a voltage sensor made of a voltage divider circuit has been installed on
the battery and a temperature sensor (DS18B20) was attached to the body of the battery so that the battery
temperature when being charged could be detected. Subsequently, universal serial bus (USB) Type-A on
power bank was connected to the USB Type-B on the Arduino Mega 2560 as power to turn on the
microcontroller [27], [28]. When the microcontroller turned on, the Wi-Fi module was installed on the
microcontroller using the Node MCU ESP8266 serial software as an 10T supporting device by connecting
power (3.3 V & ground pins) as well as serial D1 & D2 with serial (RX & TX) on the microcontroller to
allow the module to receive and read programs from Arduino used for the input data values for the loT
platform [6], [29].

Having successfully paired the module, the device was paired with the loT platform, i.e., Blynk apps
in which all output results would be displayed on the app to be displayed as monitoring results when charging
[30]. It was then followed with the last scheme to add fuzzy algorithm into the microcontroller program [31]
for making push notifications on Blynk purposely to give notification if the battery has an overheating
temperature and has been being overcharged when charging was in the range between 99% and 100%
capacity [32]-[34]. By so doing, it could prevent overheating and overcharging. Figure 1 illustrates the
schematic circuit arrangement of this battery monitoring system. The output generated from the schematic
design should be compared with before and after the fuzzy logic implementation in the loT-based monitoring
system design. Therefore, in this study a comparison was made between when using push notifications and
when not using push notifications as the data analysis to answer the problem formulation in the study.
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Figure 1. Schematic design of l0T-based battery charging monitoring system

Electric truck battery

2.1.1. Voltage divider

Voltage divider is a simple electronic circuit consisting of 2 resistors in series, which, as its name
implies, has a function as a voltage divider. In this study, it was used to divide the voltage from the DC/DC
buck converter output of 10 VDC into a maximum voltage of 5 VDC according to the maximum input
voltage on the Arduino ADC pin [21]. The series of voltage divider shown in Figure 2(a). The amount of
Vout can be (1):

R2

Vout = Vin (D)
R1+R2

In this context, Vout represents the output voltage, while Vin denotes the input voltage. The
parameters R1 and R2 refer to resistor 1 and resistor 2, respectively. Making the voltage divider into a
voltage sensor was conducted by finding the suitable resistor capacity dependent upon the input voltage to be
used to allow Arduino, which had a maximum capacity of Vin 5 V, to read the sensor. For example, in
making a voltage sensor with a voltage divider, if the input Vin voltage is 50 V, R1 will be 100 kQ and R2
will be 5 kQ as shown in Figure 2(b).

50V o=

100k

AAA-

Vout $—oVou =2381V

5k Q

i

(b)

Figure 2. Voltage divider; (a) series of voltage divider and (b) sample in calculating the voltage divider as the
voltage sensor

As seen in Figure 2(b), the Vout generated is shown in (2):

Vout =50V —=2 _ = 2381V @)
100k2+5k02

Thus, the resulting output voltage Vout to be received by the microcontroller is 2.381 V. This
voltage is a crucial piece of data, as it will be processed by the microcontroller to perform necessary
operations. To ensure the accuracy and relevance of this voltage in the context of the overall system, the
Vout value will be converted back into the input voltage Vin using the inverse of the voltage divider
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formula. This conversion is carried out by incorporating the original formula into the programming within the
Arduino software. By doing so, the microcontroller can interpret the Vout as it correlates to the initial Vin,
allowing for precise monitoring and control based on the original input conditions.

2.1.2. DS18B20 sensor

The DS18B20 temperature sensor is an electronic component that is able to capture any changes in
environmental temperature and then convert them into electrical quantities [35]. This sensor is a digital
sensor using 1 wire to communicate with the microcontroller [36]. Uniquely, each sensor has a serial code
allowing for the use of more than one DS18B20 in one 1 wire communication. DS18B20 is a digital
temperature sensor released by Dallas Semiconductor [37], [38]. For temperature reading, the sensor uses a 1
wire communication protocol. Figure 3 portrays the DS18B20 sensor.

Figure 3. DS18B20 sensor

DS18B20 has 3 pins consisting of Vs, ground and data input/output. The Vs leg is the source
voltage. The source voltage for the DS18B20 temperature sensor is about 3 V to 5.5 V. In general, Vs is
given with a +5 V voltage based on the working voltage of the microcontroller. Then, the ground leg is
connected to the circuit ground. While the detailed specifications of the DS18B20 sensor are presented as:
1-wire interface uniquely requires only one pin port for 1-Wire communication
Each device has a 64-bit serial code stored in an onboard ROM
It does not require any additional components
It works in the range of 3t0 5.5 V
It can measure temperature in the range of -55 to 125 °C
+0.5 °C accuracy from -10 to 85 °C
The user is able to select resolution between 9 and 12 bits
It has the maximum temperature converting speed of 750 ms

Se@meaooe

2.2. Process and making monitoring system

The process and making of monitoring system of electric truck battery charging consisted of several
stages such as literature study, design, making schematic design, sensor data retrieval, method
implementation, feature addition, and analysis. The process began by reading literature studies in the form of
previous journals that had the similar topic and by doing literature review related to the research title. Having
gained information from previous journals, it was continued with the redesign of the scheme of previous
research by adding supporting hardware and software components to be used in the study [39]. After
redesigning, a programming was added to show the notification bar as a push notification. Then, the tools and
programs that have been made were tested. When an error in the program was found and made the push
notification not to appear or errorous, then the improvement of the programmed algorithm was made to make
the notification able to appear and function properly [40], [41]. When all was able to run, an analysis of the
test results was conducted using the method that has been determined as a comparison of the research output.

2.3. Design and testing

Testing the monitoring system needs a design explaining the test flow to allow all components in the
monitoring system to run well. Figure 4 presents a design that has been made and displayed in the form of a
block diagram of an loT-based monitoring system.

The flow of the monitoring system started from the battery used as the input or the material to be
studied. Subsequently, it entered the sensor where this sensor would be used to detect what would be
monitored. Then, the sensor would send a signal to the microcontroller as the brain to manage programming
data from the sensor. Finally, the data managed on the microcontroller would be displayed using the data
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viewer module, i.e., the LCD [42]. From the literature study, there is a relationship between the material
described in this research, such as a monitoring system to be developed as a test tool to obtain data to be
displayed on the 10T platform to be later on forwarded as the input data for making push notification [43]. In
addition, the battery monitoring and estimating system are able to monitor and control based on previous
variables and generate new variables as the output, such as: i) battery charge when being fully charged,
ii) battery power at saturation state, iii) total energy delivered since it is firstly operated, iv) total length of
battery operation since first operation, and v) average current when traveling at a constant speed.

Initializing
temperature
sensor and
voltage sensor

Is
temperat
ure value
high?

Reading
temperature
values and

battery voltage voltage value is

overcharge?

Determining the No 1
output of push
notification using
fuzzy logic ‘

4

Notification does not
appear

®

Figure 4. Block diagram of 1oT-based battery charging monitoring system

Notification appears

The battery monitoring system is designed to interface the battery capacity with a graph of V,A
parameter indicators, and to measure the efficiency of battery consumption both at the end of use and in
charging. The battery management system is designed to estimate the health, life, remaining power of the
battery, and to report available battery power to find out the remaining mileage of electric vehicle.

3. FUZZY LOGIC METHOD

The application of the fuzzy logic method was by selecting the Mamdani method to determine the
condition of the push notification output (appears or not appear) using the voltage (V) and temperature (°C)
parameters. Figure 5 depicts the flowchart of fuzzy algorithm implementation for push notification.

Charger
Voltage .
C t —>» M troll >
urren Sensors |crolc0n rotier loT Platform
Sensor - Arduino Mega Blvnk A
) 2560 ynik App
+ . 3
LifeP04 Temperature
battery Sensors Wi-Fi Module
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ESP 8266

Figure 5. Flowchart of fuzzy algorithm implementation for push notification

The first step was to arrange the flow of using the Mamdani fuzzy logic method started from the
initialization of the temperature sensor and voltage sensor into the process of reading the temperature and
voltage values. It was then continued by determining the output of push notification until the push
notification output appeared or not on the loT-based battery charging monitoring system out as targeted in
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this study. The fuzzy algorithm design consisted of 3 parts: i) fuzzyfication, ii) fuzzy system inference, and
iii) defuzzification [44]. The results of fuzzy algorithm output were in the form of push notification
condition. The results of this test were used to compare the output in the form of C language source code
with the output in the results of MATLAB software simulation. The results of this test were also used to
determine the % error of each variable determined.

3.1. Fuzzy logic analysis technique

In this final project, analytical technique used was by applying the fuzzy logic method by choosing
the Mamdani method to determine the condition of the push notification output (appearing or not appearing)
using the parameters of V and °C. Figure 6 depicts the flowchart of using the analysis technique of push
notification controlling system using a fuzzy algorithm.

Initializing Temperature
sensor and Voltage sensor

Reading temperature
values and battery
voltage

Determining the output of
Push Motification Using
Fuzzy Logic

Is temperature
value high?

No

Is voltage
overcharge?

No

Y

Notification is not Appear Motification is Appear

Figure 6. Flowchart of fuzzy algorithm implementation for push notification

The first step was to arrange the flow of using the Mamdani fuzzy logic method started from the
initialization of the temperature sensor and voltage sensor into the process of reading the temperature and
voltage values. It was then continued by determining the push notification output until the push notification
output appeared or not on the loT-based battery charging monitoring system as targeted in this study. The
fuzzy algorithm design consisted of 3 parts: i) fuzzification, ii) fuzzy system inference, and iii)
defuzzification [45]. The output of the fuzzy algorithm was in the form of the push notification condition.
The results of this test were used to compare the output in the form of the C language source code with the
output in the MATLAB software simulation results. The results of this test were also to determine the %
error of each variable determined.

3.2. Fuzzification

In this part, the variable of membership function was determined from two input parameters, i.e.,
based on the value of the temperature sensor and voltage sensor. In this case, the temperature sensor variable
had two membership functions: low and high. For voltage sensor variable, it had three membership functions:
undercharge, full charge, and overcharge. Once the fuzzification process was done, fuzzy input would be
obtained and entered in the inference part of the fuzzy system to determine the rule-base [46]. The fuzzy
membership function used as input in the fuzzification process is presented in Figure 7.
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3.2.1. Temperature sensor input variable (°C)
As shown in Figure 7(a), the variable membership function of temperature sensor input consisted of

two sets: low and high. The low temperature set was in the range of 0—39 °C and the high temperature set was
in the range of 39—40 °C. Commonly, the temperature level of the battery is in the range of 0-40 °C.

3.2.2. Voltage sensor input variable
Based on Figure 7(b), the variable of membership function of voltage sensor input consisted of three

sets: undercharge, full charge, and overcharge. The undercharge voltage set had a range of 45 to 57.5 V, the
full charge voltage set was in the range of 57.5 to 58 V range, and the overcharge voltage set was in the range
of 58 to 59 V. The battery voltage value used was in the range of the 45t0 59 V.

3.3. Fuzzy system inference (rule-base)
This part refers to the condition of the value of the fuzzy input variable used. This rule refers to the

push notification displayed on the loT platform if it fulfills the membership function of the two input parameters
during the fuzzification process. In this case, a notification must be displayed when the battery is overcharging
and overheating where overcharge is a condition when the battery is almost full, i.e., 58-59 V (90%-100%) and
overheating is a condition when the battery temperature is high or hot (39-40 °C). Thus, the rules (rule-base) for
testing the push notification prototype on the loT-based monitoring system are made as follows:

[R1] if the battery temperature is low, and the voltage is low, then the notification does not appear.

[R2] if the battery temperature is low, and the voltage is full, the push notification does not appear.

[R3] if the battery temperature is low, and the voltage is over, then the notification is overcharging.

[R4] if the battery temperature is high, and the voltage is low, then the notification is overheating.

[R5] if the battery temperature is high, and the voltage is full, then the notification is overheating.

[R6] if the battery temperature is high, and the voltage is over, then the notification is overheating and
overcharging.

Based on the results of processing the rules above, if the battery temperature reaches a high point,
above 38 °C and if the voltage reaches the overcharging point, hitting 58 V-59 V, a notification will appear
with the indicators of overcharge, overheat, and overheat and overcharge. After processing the fuzzy
inference system (rule-base), the next process is defuzzification to see the output of the fuzzy algorithm.

3.4. Defuzzification
In this part, the processing results from the fuzzy algorithm would be read by the microcontroller,

later on to be used as a reference for the appearance of push notifications on the IoT platform to be used.
Figure 7(c) displays the membership function of the fuzzy algorithm output. Based on the results of the
defuzzification, the output value to be obtained was in the form of the appearance of push notification. The
three-dimensional rule evaluation surface of a fuzzy logic control is presented in Figure 8.
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Figure 7. Membership function; (a) temperature (°C), (b) voltage, and (c) output of push notification

Bulletin of Electr Eng & Inf, Vol. 14, No. 1, February 2025: 118-131



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 125

notification
~N
1

40

55 20
o temperature

50
voltage 45

Figure 8. Rule evaluation surface notification

Figure 8 shows a graph of the effects of input on the resulted output based on the rule-base that has
been made on fuzzy Mamdani. Based on the surface results, the surface graph would change along with the
changes in the value of the fuzzy data input variable from the temperature sensor and voltage sensor. It can
be seen from the green and turquoise patterns showing the condition of the push notification output of
overheat, overcharge, and overheat and overcharge or the membership function temperature and voltage in
the desired range (for temperatures above 38 °C and for voltages above 58 V). Meanwhile, the blue pattern
indicates the push notification output condition that does not appear or a minimal condition where the
notification will not come out because it has not touched the desired range value, indicating the safe value of
the membership.

4. RESULTS AND DISCUSSION

This study developed and tested an loT-based electric truck battery charging monitoring system
with a push notification feature. The testing was divided into three main categories: sensor testing, fuzzy
logic implementation, and notification testing. Sensor testing involved evaluating temperature sensors’
response to air-conditioned room temperature changes and voltage sensor’s performance under varying load
values using a DC power supply. Fuzzy logic implementation tested the integration and effectiveness of
algorithms in managing battery charging. Notification testing ensured that the system accurately sent real-
time updates to users.

4.1. Sensor testing

The process of testing the two sensors on objects with certain parameters was based on their specific
characteristics. Temperature sensors were evaluated based on their response to changes in air-conditioned
room temperature. Similarly, voltage sensors were tested by varying load values using a DC power supply.
The tests aimed to assess the accuracy and stability of the sensors under different conditions to ensure they
perform reliably in their intended applications.

4.1.1. Testing 1

The data from the temperature sensor test results were taken by measuring the temperature of the
object in an air-conditioned room with temperature parameter that have been set using an AC remote. As
seen in Table 1, the temperature that has been read on the temperature sensor followed from the temperature
of the air-conditioned room, set using the AC remote although there was still a slight difference because the
AC remote used integers and the temperature sensor readings used decimal numbers or used comma (,).
Figure 9(a) illustrates a graph of the results of the temperature sensor test.

Table 1. Data of the temperature values in air-conditioned room
Room AC  Temperature sensor

29 29.20
30 29.55
29 28.95
28 28.30
29 29.15
29 28.70
27 27.50
28 28.15
28 27.68
28 27.92
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4.1.2. Results of voltage sensor test

Data from the test results of the voltage sensor were taken by changing the voltage value measured
using a DC power supply. As seen in Table 2, the value of the appearing voltage sensor followed the voltage
value as set and changed using a DC power supply. However, the value of the appearing power supply was
the result of rounded value coming out from the voltage sensor because the voltage sensor was able to read
decimal values up to 0.00. It was different from the power supply which was only able to read decimal values
up to 0.0. Figure 9(b) shows the graph of the results of the voltage value test.

Table 2. Data of voltage value in DC power supply
DC power supply  Voltage sensor

10.2 10.24
155 15.54
16.3 16.33
16.8 16.82
171 17.11
19.5 19.51
20.6 20.63
22.8 22.82

4.2. Fuzzy logic output calibration results

The results of fuzzy logic calibration were obtained from the comparison of the 2 outputs before and
after being given with the fuzzy algorithm as seen on the Arduino serial monitor. Then, the calibration
between the results of fuzzy logic output from the Arduino software and the output generated from the
MATLAB software simulation was done.

4.2.1. Testing 2

The results of fuzzy logic implementation data on Arduino microcontrollers were obtained from a
comparison of 2 serial monitor outputs on Arduino software, i.e., the output before and after the implementation of
fuzzy logic. Fuzzy logic had output variable only presenting LABEL values, time, V, A, power (W), temperature
(C) indicating that it was still only the output data value from the sensor and has not been added with the results of
the implementation of fuzzy logic in the form of fuzzy output value. Furthermore, there were the results of output
data after fuzzy logic was entered into programming. After the fuzzy implementation has been successfully done,
the output that previously only presented LABEL values, time, V, A, W, C changed into LABEL, time, V,A, W, C,
where notification referred to the output value generated from the fuzzy logic implementation.

4.2.2. Results of implementation output with the MATLAB simulation

The results of the output calibration data of Arduino software with MATLAB software were divided
into several conditions based upon the Mamdani fuzzy rule-base. There were 6 rule-bases created. Then,
from the rule-base a calibration test was carried out on each rule-base by matching the defuzzification data on
the Arduino software and MATLAB software. Table 3 presents the results of the 6 rule-base tests.

Table 3. Results of the defuzzification value calibration test data implemented with simulation
Results of defuzzification Error

Rule-base Implementation  Simulation (%)
1 0.39 0.378 3.17

2 0.42 0.415 1.20

3 1.50 1.500 0.00

4 2.50 2.500 0.00

5 2.50 2.500 0.00

6 3.52 3.540 0.56
Mean error 0.82

As seen in Table 3, the error percentage from the calibration results from the first to the sixth
rule-base had the highest error during the first rule-base calibration, i.e., 3.17%. While, the lowest one was
during the fourth and fifth rule-base calibration, i.e., 0% (no error). Thus, the average error obtained from the
overall rule-base calibration was 0.82%, indicating that the value was relatively low and the fuzzy
implementation output calibration was successful. Figure 9(c) presents the graphs of the results of the
calibration data of the two software. As seen from the graph in Figure 9(c), the calibration values of the two
software were very closely the same, meaning that the calibration has been successfully to be carried out.

Bulletin of Electr Eng & Inf, Vol. 14, No. 1, February 2025: 118-131



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 127

331 2 30
~— Temp sensor +- DC Power Supply
32 — AC - Voltage Sensor
25
31
o 20 = o
5 30 2
§ 20 S - St S
] 15 A
3 s
Q% £ 017
27 S
26 5
2501 . L . L L L i 0 :
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8
Change to- Change to-
(@) (b)
4
+—= Arduino
25 *-Matiab |
2 -
T 2 7
>
e
§7%° g
3 2
=
N 15} —
=
3 g
rd
05, e
ol . 1 L . |
1 2 3 4 5 6
Rule-base to-
(©

Figure 9. The graph of; (a) temperature sensor test in air-conditioned room, (b) voltage sensor test using
DC power supply, and (c) Arduino defuzzification value calibration data with MATLAB simulation

4.2.3. Testing monitoring and sending notifications to the Blynk app

After the fuzzy implementation was carried out, there were 10T display results using the Blynk
application as monitoring when charging the electric truck battery under undercharge and low temperature
condition as shown in Figure 10(a). Figure 10(a) illustrates that when the battery was undercharged and the
temperature was low, there was no push notification appearing and the notification indicator had a value of 0
indicating that push notifications would not appear in these conditions. Figure 10(b) shows the Blynk display
of the battery condition in a full charge and low temperature. As seen in Figure 10(b), the push notification
still did not appear when the battery was fully charged and the temperature was low because the condition
was 0 as shown in the notification indicator. Figure 11(a) presents the Blynk display when the battery was
overcharged with low temperature.

il Tsel-PakaiMasker LTE @ 06.14

wil’ Tsel-PakaiMasker LTE @ 06.14

&« Monitoring Baterai = & oo <« Monitoring Baterai & oo
Voltage Temperature Voltage Temperature
295° 2913
notifikasi notifikasi
0 0
0 60
(a) (b)

Figure 10. The display of Blynk; (a) battery was undercharged with low temperature and (b) battery is
fully charged with low temperature

As seen from Figure 11(a), the overcharge notification appeared when the battery was overcharged
with low temperature where this condition had a value of 1 on the notification indicator indicating an
overcharge notification would appear on Blynk. There was also a Blynk display when the battery temperature
was high but the battery voltage was undercharged as shown in Figure 11(b). As seen in Figure 11(b), the push
notification of overheating appeared when the battery temperature was high and the voltage was undercharged
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where the notification indicator was worth 2 meaning that the overheating notification would appear during
these conditions. The final Blynk display was when the battery was overcharging and the battery temperature
was high, as shown in Figure 11(c). Figure 11(c) shows the appearance of overcharge and overheat notifications
when the battery was overcharging and the temperature was high where the notification indicator was 3
requiring the appearance of notification of overheating and overcharging on the Blynk application.

ol Tscl-PakaiMasker LIE @ 06.04 ol Tool-PakaiMoskor LTE @ 06.08 LEZ) il Tsol-Pakoildosker LTE © 06.09 8 22%0

&« Monitoring Baterai & oo &« Monitoring Baterai %\ oco <« Monitoring Baterai & oee
Volage Tomporaturo Voltage Tomporature Voltage Tomporature
2188* 475" 50"
noufikas! notfkosi notifikas!
58.09 1 2 60 3
° 60 0 60
] i Blynk Notification
Blynk Notlflcanpn Blynk Notification Monitoring Bateral:
Moaitoring Baterai: Monitoring Baterai: notif_heatandcharge
notif overcharge notif overchorge Your Battery Is Overheat &
Your Battory is Overchargol! Your Battery is Overcharge!! Ovorcharge!!
Ploaze Dischorge Your Battery!! Pleose Dischorge Your Battory! Please Discharge Your Battery!!
OK oK OK
(a) (b) (c)

Figure 11. The display of Blynk; (a) battery was overcharged in low temperature, (b) battery was
undercharged with high temperature, and (c) battery was overcharged with high temperature

5. CONCLUSION

The membership function on the fuzzy Mamdani output was made as if it were a condition of 0 to 4
because it had 4 conditions based on the notification that would appear whether it was
overcharged/overheating/overheating and overcharging. The new version of the Blynk application (Blynk
2.0) is different from the old version of the Blynk loT application because the new version of Blynk has no
notification widget where push notifications in the new version of the application use the event or reminder
feature as push notifications in the new version of the application. The implementation of fuzzy logic until
the interface on the 10T platform was running correctly, but push notifications was only able to appear 1 to 4
times for using the Blynk application which is not paid making it to have a database limit every day; as a
consequence, push notifications were not able to appear continuously.

ACKNOWLEDGEMENTS

This research is supported by Penelitian Disertasi Doktor (PDD), Universitas Sebelas Maret,
Number: 194.2/UN27.22/PT.01.03/2024. The author thanks the reviewers who have played a role in
improving the manuscript by providing comments and suggestions.

REFERENCES

[1]  D.Javaheri, P. Lalbakhsh, S. Gorgin, J.-A. Lee, and M. Masdari, “A new energy-efficient and temperature-aware routing protocol
based on fuzzy logic for multi-WBANSs,” Ad Hoc Networks, vol. 139, p. 103042, Feb. 2023, doi: 10.1016/j.adhoc.2022.103042.

[2] R.S.C.Ferraz et al., “An experimental and theoretical approach on real-time control and monitoring of the apparent viscosity by
fuzzy-based control,” Journal of Petroleum Science and Engineering, vol. 217, p. 110896, Oct. 2022, doi:
10.1016/j.petrol.2022.110896.

[31 C. F. Wulandari and A. Fadlil, “Center of Pressure Control for Balancing Humanoid Dance Robot Using Load Cell Sensor,
Kalman Filter and PID Controller,” Control Systems and Optimization Letters, vol. 1, no. 2, pp. 75-81, May 2023, doi:
10.59247/csol.v1i2.22.

[4] V.F.Rahmadini, A. Ma’arif, and N. S. Abu, “Design of Water Heater Temperature Control System using PID Control,” Control
Systems and Optimization Letters, vol. 1, no. 2, pp. 111-117, Aug. 2023, doi: 10.59247/csol.v1i2.41.

[5] C. D. Setyawan and A. Wisaksono, “Body Posture Position Alarm Prototype Based on NodeMCU ESP8266,” Buletin lImiah
Sarjana Teknik Elektro, vol. 5, no. 4, pp. 614-622, 2024, doi: 10.12928/biste.v5i4.9543.

[6] J. D. Franco, T. A. Ramirez-delReal, D. Villanueva, A. Garate-Garcia, and D. Armenta-Medina, “Monitoring of Ocimum
basilicum seeds growth with image processing and fuzzy logic techniques based on Cloudino-lIoT and FIWARE platforms,”
Computers and Electronics in Agriculture, vol. 173, p. 105389, Jun. 2020, doi: 10.1016/j.compag.2020.105389.

[71 D. K. Mishra, A. Thomas, J. Kuruvilla, P. Kalyanasundaram, K. R. Prasad, and A. Haldorai, “Design of mobile robot navigation
controller using neuro-fuzzy logic system,” Computers and Electrical Engineering, vol. 101, p. 108044, Jul. 2022, doi:
10.1016/j.compeleceng.2022.108044.

Bulletin of Electr Eng & Inf, Vol. 14, No. 1, February 2025: 118-131



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 129

(8]
[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]
[28]
[29]
[30]
[31]

[32]

[33]

[34]

[35]

M. Wozniak, A. Zielonka, and A. Sikora, “Driving support by type-2 fuzzy logic control model,” Expert Systems with
Applications, vol. 207, p. 117798, Nov. 2022, doi: 10.1016/j.eswa.2022.117798.

S. F. da Silva, J. J. Eckert, F. C. Corréa, F. L. Silva, L. C. A. Silva, and F. G. Dedini, “Dual HESS electric vehicle powertrain
design and fuzzy control based on multi-objective optimization to increase driving range and battery life cycle,” Applied Energy,
vol. 324, p. 119723, Oct. 2022, doi: 10.1016/j.apenergy.2022.119723.

K. M. Kotb, M. F. Elmorshedy, H. S. Salama, and A. Dan, “Enriching the stability of solar/wind DC microgrids using battery and
superconducting magnetic energy storage based fuzzy logic control,” Journal of Energy Storage, vol. 45, p. 103751, Jan. 2022,
doi: 10.1016/j.est.2021.103751.

M. Murugan and S. Marisamynathan, “Analysis of barriers to adopt electric vehicles in India using fuzzy DEMATEL and
Relative importance Index approaches,” Case Studies on Transport Policy, vol. 10, no. 2, pp. 795-810, Jun. 2022, doi:
10.1016/j.cstp.2022.02.007.

S. Hussain et al., “A two-layer decentralized charging approach for residential electric vehicles based on fuzzy data fusion,”
Journal of King Saud University - Computer and Information Sciences, vol. 34, no. 9, pp. 7391-7405, Oct. 2022, doi:
10.1016/j.jksuci.2022.04.019.

S. Fateme Attar, M. Mohammadi, S. H. Reza Pasandideh, and B. Naderi, “Formulation and exact algorithms for electric vehicle
production routing problem,” Expert Systems with Applications, vol. 204, p. 117292, Oct. 2022, doi: 10.1016/j.eswa.2022.117292.
L. K. Amifia, “Model Parameter Identification of State of Charge Based on Three Battery Modelling using Kalman Filter,”
Engineering Letters, vol. 30, no. 3, pp. 1128-1137, 2022.

C. Llopis-Albert, D. Palacios-Marqués, and V. Simon-Moya, “Fuzzy set qualitative comparative analysis (fsQCA) applied to the
adaptation of the automobile industry to meet the emission standards of climate change policies via the deployment of electric
vehicles (EVs),” Technological Forecasting and Social Change, vol. 169, p. 120843, Aug. 2021, doi:
10.1016/j.techfore.2021.120843.

M. A. George, D. V. Kamat, and C. P. Kurian, “Electric vehicle speed tracking control using an ANFIS-based fractional order
PID controller,” Journal of King Saud University - Engineering Sciences, Jan. 2022, doi: 10.1016/j.jksues.2022.01.001.

P. Ziemba, “Multi-criteria approach to stochastic and fuzzy uncertainty in the selection of electric vehicles with high social
acceptance,” Expert Systems with Applications, vol. 173, p. 114686, Jul. 2021, doi: 10.1016/j.eswa.2021.114686.

I. Ullah, H. Y. Youn, and Y.-H. Han, “Integration of type-2 fuzzy logic and Dempster—Shafer Theory for accurate inference of
loT-based health-care system,” Future Generation Computer Systems, vol. 124, pp. 369-380, Nov. 2021, doi:
10.1016/j.future.2021.06.012.

M. M. Kamruzzaman, S. Alanazi, M. Alruwaili, I. Alrashdi, Y. Alhwaiti, and N. Alshammari, “Fuzzy-assisted machine learning
framework for the fog-computing system in remote healthcare monitoring,” Measurement, vol. 195, p. 111085, May 2022, doi:
10.1016/j.measurement.2022.111085.

F. J. Vivas, F. Segura, and J. M. Andujar, “Fuzzy logic-based energy management system for grid-connected residential DC
microgrids with multi-stack fuel cell systems: A multi-objective approach,” Sustainable Energy, Grids and Networks, vol. 32, p.
100909, 2022, doi: 10.1016/j.segan.2022.100909.

R. Zahedi and M. Moeini-Aghtaie, “Operational strategy optimization of a hybrid green power system based on fuzzy logic
controller with considering for optimal sizing and analysis of different priorities for energy storage,” Sustainable Energy, Grids
and Networks, vol. 32, p. 100809, 2022, doi: 10.1016/j.segan.2022.100809.

Y. Yuliza, N. Sari, R. Muwardi, L. Lenni, and Y. Rahmawati, “Fiber Optic Attenuation Analysis Based on Mamdani Fuzzy Logic
in Gambir Area, Central Jakarta,” Jurnal llmiah Teknik Elektro Komputer dan Informatika (JITEKI), vol. 8, no. 4, p. 610, 2022,
doi: 10.26555/jiteki.v8i4.24549.

Shwetank, Suhas, and J. K. Chaudhary, “Hybridization of ANFIS and fuzzy logic for groundwater quality assessment,”
Groundwater for Sustainable Development, vol. 18, p. 100777, Aug. 2022, doi: 10.1016/j.gsd.2022.100777.

S. Sharif, S. A. H. Seno, and A. Rowhanimanesh, “A fuzzy-logic-based fault detection system for medical Internet of Nano
Things,” Nano Communication Networks, vol. 30, p. 100366, Dec. 2021, doi: 10.1016/j.nancom.2021.100366.

T. Hai, A. K. Alazzawi, J. Zhou, and H. Farajian, “Performance improvement of PEM fuel cell power system using fuzzy logic
controller-based MPPT technique to extract the maximum power under various conditions,” International Journal of Hydrogen
Energy, vol. 48, no. 11, pp. 44304445, Feb. 2023, doi: 10.1016/j.ijhydene.2022.10.103.

Z. Shi, R. Zhen, and J. Liu, “Fuzzy logic-based modeling method for regional multi-ship collision risk assessment considering
impacts of ship crossing angle and navigational environment,” Ocean Engineering, vol. 259, p. 111847, Sep. 2022, doi:
10.1016/j.oceaneng.2022.111847.

Alankrita, A. Pati, N. Adhikary, S. K. Mishra, B. Appasani, and T. S. Ustun, “Fuzzy logic based energy management for grid
connected hybrid PV system,” Energy Reports, vol. 8, pp. 751-758, 2022, doi: 10.1016/j.egyr.2022.05.217.

I. Diahovchenko et al., “Mitigation of transformers’ loss of life in power distribution networks with high penetration of electric
vehicles,” Results in Engineering, vol. 15, no. August, 2022, doi: 10.1016/j.rineng.2022.100592.

W. Prawoto and A. Yudhana, “Chili Plants Soil Fertility Monitoring System Based on Internet of Things (IoT),” Buletin lImiah
Sarjana Teknik Elektro, vol. 4, no. 3, pp. 161-171, 2023, doi: 10.12928/biste.v4i3.5298.

G. Ramirez et al., “Accident Risk Detection in Urban Trees using Machine Learning and Fuzzy Logic,” Procedia Computer
Science, vol. 203, pp. 471-475, 2022, doi: 10.1016/j.procs.2022.07.064.

F. Umam, Ach. Dafid, and A. D. Cahyani, “Implementation Of Fuzzy Logic Control Method On Chilli Cultivation Technology
Based Smart Drip Irrigation System,” Jurnal llmiah Teknik Elektro Komputer Dan Informatika, vol. 9, no. 1, pp. 132141, 2023.
A. K. Mohanty and S. B. Perli, “e-Prime - Advances in Electrical Engineering, Electronics and Energy Fuzzy logic based multi-
objective approach for optimal allocation of charging stations for electric vehicles,” e-Prime - Advances in Electrical Engineering,
Electronics and Energy, vol. 2, no. November, p. 100089, 2022, doi: 10.1016/j.prime.2022.100089.

E. Brazélez, H. Macia, G. Diaz, M. Baeza Romero, E. Valero, and V. Valero, “FUME: An air quality decision support system for
cities based on CEP technology and fuzzy logic,” Applied Soft Computing, vol. 129, p. 109536, Nov. 2022, doi:
10.1016/j.aso0c.2022.109536.

M. Mazzoleni et al., “A fuzzy logic-based approach for fault diagnosis and condition monitoring of industry 4.0 manufacturing
processes,” Engineering  Applications of Artificial Intelligence, vol. 115, p. 105317, Oct. 2022, doi:
10.1016/j.engappai.2022.105317.

M. T. N. Efendi, I. Sulistiyowati, S. Syahrorini, and 1. Anshory, “Designing a Monitoring System and Optimizing Water Quality
in Tilapia Farming Ponds in Phokecik Hamlet Using Ubidots,” Buletin limiah Sarjana Teknik Elektro, vol. 6, no. 1, pp. 34-44,
2024, doi: 10.12928/biste.v6i1.10090.

Fuzzy logic method for making push notifications on monitoring system of ... (Agsha Al Madani Kurniawan)



130

a ISSN: 2302-9285

[36]

[37]

[38]
[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

S. R. Zahra, M. A. Chishti, A. |. Baba, and F. Wu, “Detecting Covid-19 chaos driven phishing/malicious URL attacks by a fuzzy
logic and data mining based intelligence system,” Egyptian Informatics Journal, vol. 23, no. 2, pp. 197-214, 2022, doi:
10.1016/j.€ij.2021.12.003.

K. Mattas, G. Botzoris, and B. Papadopoulos, “ScienceDirect Safety aware fuzzy longitudinal controller for automated vehicles,”
Journal of Traffic and Transportation Engineering (English Edition), vol. 8, no. 4, pp. 568-581, 2021, doi:
10.1016/j.jtte.2020.12.006.

X. Ou, M. Wu, Y. Pu, B. Tu, G. Zhang, and Z. Xu, “Cuckoo search algorithm with fuzzy logic and Gauss—Cauchy for minimizing
localization error of WSN,” Applied Soft Computing, vol. 125, p. 109211, 2022, doi: 10.1016/j.as0c.2022.109211.

D. Kumar, R. Pamula, and D. Singh, “Query expansion — Hybrid framework using fuzzy logic and PRF,” Measurement, vol. 198,
no. April, p. 111300, 2022, doi: 10.1016/j.measurement.2022.111300.

S. Zhou, Z. Ju, Y. Liu, H. Zhang, and H. R. Karimi, “Driver state detection for driver-automation shared control with fuzzy
logic,” Control Engineering Practice, vol. 127, no. November 2021, p. 105294, 2022, doi: 10.1016/j.conengprac.2022.105294.

N. Osman, H. M. Khalid, T. O. Sweidan, M. I. Abuashour, and S. M. Muyeen, “A PV powered DC shunt motor: Study of
dynamic analysis using maximum power Point-Based fuzzy logic controller,” Energy Conversion and Management: X, vol. 15,
no. June, p. 100253, 2022, doi: 10.1016/j.ecmx.2022.100253.

G. M. R. Fitra and S. Sunardi, “Design and Development of a loT-Based Moisture Detection Device for Corn Seeds,” Buletin
limiah Sarjana Teknik Elektro, vol. 5, no. 3, pp. 359-366, 2023, doi: 10.12928/biste.v5i3.8345.

M. H. R. Miranda, F. L. Silva, M. A. M. Lourengo, J. J. Eckert, and L. C. A. Silva, “Vehicle drivetrain and fuzzy controller
optimization using a planar dynamics simulation based on a real-world driving cycle,” Energy, vol. 257, p. 124769, 2022, doi:
10.1016/j.energy.2022.124769.

R. Ghasemi and N. A. Hazaveh, “Ultimately Bounded TSK Fuzzy Management in Urban Traffic Stream Mechanism: Multi-
Agent Modeling Approach,” Control Systems and Optimization Letters, vol. 1, no. 1, pp. 58-63, May 2023, doi:
10.59247/csol.v1i1.16.

Z. Fahrunnisa, R. Rahmadwati, and R. A. Setyawan, “Adaptive Traffic Light Signal Control Using Fuzzy Logic Based on Real-
Time Vehicle Detection from Video Surveillance,” Jurnal limiah Teknik Elektro Komputer Dan Informatika, vol. 10, no. 2, pp.
235-251, 2024.

I. R. Imaduddin, “Design of Water Level Control in Tank Based on Fuzzy Logic,” Buletin llmiah Sarjana Teknik Elektro, vol. 2,
no. 3, p. 145, Jan. 2021, doi: 10.12928/biste.v2i3.3307.

BIOGRAPHIES OF AUTHORS

Agsha Al Madani Kurniawan EJ B8 2 is a Bachelor’s graduate from the Department of
Electrical Engineering at the Telkom University. He is interested in doing research in the
fields of quality control, network administrator, manufacturing, and product operations. He
can be contacted at email: agshaalmadani@gmail.com.

Lora Khaula Amifia & EJ B8 © is a lecturer at the Telkom University. She is interested in
research in the field of battery management. Several studies have been carried out such as the
Battery Management System (BMS) project in the Mobil Listrik Nasional (MOLINA)
Research which was funded by LPDP, Ministry of Finance, Republic of Indonesia, Design of
Logistic Transporter Robot System in the Institute Teknologi Telkom Surabaya, and
Autonomous Electic Vehicle in the Telkom University. She can be contacted at email:
loraamifia@telkomuniversity.ac.id.

Moch. Iskandar Riansyah ' B4 B8 12 s a lecturer at Telkom University. He received a
Masters degree at the Bandung Institute of Technology in 2017. He is interested in research in
the fields of robotics, intelligence systems, computer vision, and control systems. He can be
contacted at email: riansyah@telkomuniversity.ac.id.

Bulletin of Electr Eng & Inf, Vol. 14, No. 1, February 2025: 118-131


https://orcid.org/0009-0000-9509-2873
https://orcid.org/0000-0002-5935-428X
https://scholar.google.com/citations?hl=id&user=NMxEzn0AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57190380068
https://orcid.org/0009-0008-2475-3134
https://scholar.google.com/citations?hl=id&user=GHtaGbQAAAAJ

Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 131

Furizal © BIBd © jsan 1T Programmer and Researcher who was born in Riau, Indonesia in
1999. He received the bachelor’s degree from the Department of Informatics Engineering,
Universitas Islam Riau, in 2022, and the master’s degree from the Department of Informatics,
Universitas Ahmad Dahlan, in 2023. In 2021, he became an IT Programmer at the Faculty of
Engineering, Universitas Islam Riau, and since 2024, he has been an IT Programmer at Bank
Syariah Indonesia. His research interests include deep learning, machine learning, artificial
intelligence, fuzzy sets, control system, and loT. He can be contacted at email:
furizal.id@gmail.com.

Iswanto Suwarno Bl 2 was born in Yogyakarta, Indonesia. He received the S.T.,
M.Eng., and Dr.Eng. degrees from the Department of Electrical Engineering, Universitas
Gadjah Mada. He is currently a Lecturer with the Department of Electrical Engineering,
Universitas Muhammadiyah Yogyakarta. His research interests include instrumentation,
control systems, robotics, and artificial intelligence. He is the Editor-in-Chief of the Journal of
Robotics and Control (JRC) and a Reviewer of the International Journal of Electrical and
Computer Engineering (IJECE). He can be contacted at email: iswanto_te@umy.ac.id.

Alfian Ma’arif 0 BRI B © (Member, IEEE) was born in Klaten, Central Java, Indonesia, in
1991. He received the Bachelor’s degree from the Department of Electrical Engineering,
Universitas Islam Indonesia, in 2014, and the Master’s degree from the Department of
Electrical Engineering, Universitas Gadjah Mada, in 2017. From 2017 to 2018, he was a
Lecturer with the Department of Electrical Engineering Education, Universitas Negeri
Yogyakarta. Since 2018, he has been a Lecturer with the Department of Electrical
Engineering, Universitas Ahmad Dahlan. He is currently an Assistant Professor, since 2020.
His research interest includes control systems. He is a member of IAENG and ASCEE. He is
the Editor in Chief of International Journal of Robotics and Control Systems and the
Managing Editor of the Journal of Robotics and Control (JRC). He can be contacted at email:
alfianmaarif@ee.uad.ac.id.

Hari Maghfiroh g 2 (Member, IEEE) received the Bachelor’s degree from the
Department of Electrical Engineering and Information Technology, Universitas Gadjah Mada,
Indonesia, in 2013, and the double Master’s degree from the Department of Electrical
Engineering and Information Technology, Universitas Gadjah Mada, Indonesia, and the
National Taiwan University of Science and Technology, in 2014. He is currently a Lecturer
with the Department of Electrical Engineering, Sebelas Maret University, Indonesia. His
research interests include control systems, electric vehicles, and railway systems. He can be
contacted at email: hari.maghfiroh@gmail.com.

Fuzzy logic method for making push notifications on monitoring system of ... (Agsha Al Madani Kurniawan)


https://orcid.org/0000-0001-6042-3986
https://scholar.google.com/citations?hl=id&user=9_KS_VUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=58069155200
https://www.webofscience.com/wos/author/record/ITT-8961-2023
https://orcid.org/0000-0001-8459-3920
https://scholar.google.com/citations?user=ydwgnMwAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=56596730700
https://www.webofscience.com/wos/author/record/Y-9361-2018
https://orcid.org/0000-0002-3482-971X
https://scholar.google.com/citations?hl=id&user=xTe7as0AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57195619646
https://www.webofscience.com/wos/author/record/1492275
https://orcid.org/0000-0002-5851-4798
https://scholar.google.com/citations?hl=id&user=HGuY2jQAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56103976500
https://www.webofscience.com/wos/author/record/AGE-7797-2022

