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As the community increasingly embraces electric vehicles over time, there is
a growing necessity for electric vehicle users to determine the real-time status
of their batteries and their locations. This enables them to estimate when and
where their electric vehicle batteries will need to be recharged. The battery
condition can be used to estimate the remaining distance that the electric
vehicle can travel while monitoring and observing the location of the electric
vehicle is required for security and can also be used as a suggestion for electric
vehicle users to carry out charging by adding information on the location of
the nearest charging station. The EM-IOT system is designed to be accessible
via an Android smartphone with an easy-to-understand and attractive user
interface. The wireless system is designed with the ES12E module and the
Thingspeak platform. Testing is done to ensure the system can work properly.
The test results of battery monitoring and location tracking on the EM-IOT
application have been able to display data with an average error not exceeding
5%. The data on the application is updated every 15 seconds. The EM-IOT
system can function properly to monitor battery voltage, battery percentage,
remaining distance, and the current location of the system vehicle.
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1. INTRODUCTION

The increasing number of motorized vehicles causes the consumption of fossil fuels to increase [1]. The
use of fossil fuels has a particularly bad impact on the environment. Gas from burning fuel in motor vehicles
produces emissions that cause air pollution. To minimize this, now motorized vehicles use environmentally
friendly energy, namely electricity as a driving force [2], [3]. Indonesia is preparing to enter the era of electric
vehicles with the issuance of Presidential Regulation Number 55 of 2019 concerning the Acceleration of the
Battery Electric Vehicle (BEV) Program for Road Transportation [4]. Based on this regulation, the government
is targeting the development of electric vehicles by 2035. The government targets production in 2030 to reach
approximately 3 million electric vehicles. Starting to enter a new era, electric vehicles are starting to develop
a lot [5], [6].

As time goes by and the acceptance of electric vehicles increases in society, supporting facilities for
electric vehicles are needed, namely Public Electric Vehicle Charging Stations. It is useful for charging
batteries in electric vehicles used by the public [7]. The need to know the condition of the battery in real time
requires electric vehicle users to estimate the remaining distance that can be traveled by the electric vehicle
used. Based on [8], [9] to find out the distance that can be traveled by an electric vehicle apart from knowing
the battery capacity there are variable factors that play a role. Such as the habits of the driver and environmental
factors that can change. Environmental factors in question are travel routes, congestion and temperature. This
is a consideration if electric vehicles are used long distances, it is necessary to prepare and adjust the energy
stored in the battery so that it does not interfere with the trip. Because charging the battery takes a long time
and the availability of charging stations for fast charging is currently still limited. Information about the
condition of the battery and the location or position of the vehicle is also important for the user to estimate
when and where the electric vehicle battery requires recharging. In addition, supervision and observation of
the location of electric vehicles is needed for security and at the same time can be used as advice to electric
vehicle users for charging by adding information on the location of the nearest charging station.

The growth of the Internet of Things (IoT) allows interconnection with many devices. IoT can also play
a role in solving problems in electric vehicles. In research [10]-[21] using IoT to facilitate monitoring of
electric vehicles. A battery condition monitoring system [12]-[17] is needed to determine the remaining
electrical energy stored in the battery and can also calculate the remaining distance that can be traveled. The
research that has been done [12]-[14] has not been equipped with a location tracking system and charging
station information. Vehicle position monitoring systems or location tracking are also carried out [11], [15],
[18], [20] needed to make it easier to find out the current location of the vehicle [18]. Have carried out location
tracking but the system is not yet equipped with a management battery, whereas in [15] they have designed a
location tracking system and battery management in the system but the system has not discussed that the system
is connected to a smartphone. Making a battery monitoring system and location tracking for electric vehicles
is divided into two, namely, hardware and software. Hardware is designed to be water resistant. The system
being worked on [10]-[21] has not been equipped with software that is designed in the form of an application
with an attractive and easy-to-understand User Interface (UI). The system is designed using wireless
technology [20] and can be monitored only via a special Android smartphone [14]. The purpose of this design
and research is to provide alternative solutions for monitoring and management of battery consumption in
electric vehicles and the current location of electric vehicles. EM-IOT as a solution for monitoring the
remaining battery capacity and tracking the location of electric vehicles and providing information on the
location of charging stations around them with a display that is easy to understand and attractive to the user.
The benefit of the design and research of this tool is that it makes it easier to set the time for charging the
vehicle's battery, knowing the location of the vehicle and knowing the location of the charging station around.

2. METHODS

The process begins with problem identification, literature study, proposed solutions, tool design, testing
and data collection, and analysis of the tools shown in Figure 1. In the early stages, problem identification is
carried out. The next stage is to conduct a literature study. Literature study has the aim of determining the
components and specifications of the tool in order to achieve the best proposed solution. The proposed solution
is battery monitoring and the current location of electric vehicles. Battery monitoring is carried out to determine
voltage, voltage percentage, and remaining mileage. Tool design is carried out based on the results of the
proposed solution. The tool system is designed to be divided into two, namely hardware and software.
Hardware and software are designed to meet predetermined specifications. The stages of testing and data
collection are carried out with the aim of ensuring that the tool complies with specifications and resolves
existing problems. Testing is done by comparing the results of the application with the comparison parameters.
This is done to determine the value of system accuracy based on error values. The final stage is to finalize the
tool. Finalize the tool by conducting analysis. The analysis was carried out based on the test results data.
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Figure 1. Research flowchart

2.1. System Design

The system designed is called EM-IOT, which is a battery monitoring system and the current location of
electric vehicles. Battery monitoring on the EM-IOT system displays voltage, battery percentage, and
remaining mileage. This system is designed based on IoT. The following is a block diagram of the EM-IOT
system shown in Figure 2.
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Figure 2. System block diagram

EM-IOT has a way of working that starts with reading the voltage from the electric motor battery using a
voltage divider circuit, and reading the latitude and longitude values to get the location point using the GPS
sensor. The reading results are processed using a microprocessor. The output from the microprocessor is the
remaining battery voltage, battery percentage, remaining mileage, and the current location of the vehicle. The
output is then sent to Thingspeak using a Wi-Fi connection. Data that has been stored on Thingspeak will be
displayed on the Android application. In the Android application there is a security feature using an account.
Registered account data is stored in Firebase Authentication.

The voltage divider circuit consists of two resistors as shown in Figure 3. The voltage divider circuit
functions to lower the input voltage in the range of 0 to 54 volts. Decreasing the value of the input voltage is
done to adjust the operating voltage of the microcontroller used. This is done so as not to exceed the operating
voltage. Therefore, the calculation of the value of the resistor on the voltage divider through (1) is carried out.

Vout

Ri R2

Figure 3. Voltage divider circuit

The result of reading the battery voltage is processed into a percentage. The battery percentage calculation
is carried out by taking into account two parameters, namely the maximum battery voltage of 54 volts and the
battery threshold of 39 volts. Battery percentage can be obtained by (2). The result of reading the battery voltage
is processed into the remaining mileage. This estimate is based on data from testing the EMPUS electric
motorcycle which was used as a test object. This electric motor spends 0.4 volts for 1 km of travel. The
estimated remaining EM-IOT application distance is obtained by (3).

Ry

Vour = ———=—XV; 1
out R1+R2 i ()
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. B Voltage — threshold % 100% )
persentage = maximum battery voltage — threshold ’ @
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2.1.1. Specifications

Figure 4 illustrates the hardware schematic circuit of the EM-IOT, where a series of resistors is arranged
as a voltage divider circuit to reduce the voltage for processing by the microcontroller. The device's packaging
is designed to provide protection against heat and water drips, with an IP22 rating. The dimensions of the
packaging are 8.5x10%3.5 cm, ensuring compactness and portability. The packaging design for the EM-IOT
tool is depicted in Figure 5. The system utilizes the NodeMCU ESP 12E Microcontroller, which plays a key
role in processing data from the voltage divider circuit and GPS sensor. This processed data is then uploaded
to the cloud server, Thingspeak. The NodeMCU ESP 12E was selected due to its affordability and built-in Wi-
Fi module capabilities. The NEO 6M GPS sensor is employed in the system to accurately read the coordinates
of a location using latitude and longitude parameters. This compact sensor offers a positioning accuracy of up
to 2 meters. The GPS board has dimensions of 22x30x4 mm, while the antenna measures 20X5x5 mm.
Additionally, the XL7015 Step Down Module is incorporated in the system to reduce the battery voltage to a
maximum of 54 volts down to 5 volts, which serves as the main power source for the EM-IOT tool. The
XL7015 Step Down Module was chosen for its maximum operating voltage of 80 volts and adjustable output
voltage range from 1.25 volts to 20 volts.

U1
ESP8266-12E/ESP-12E

XD

STEPDOWN
7015

Figure 4. The schematic circuit diagram

Figure 5. The packaging design

2.1.2. Application

The software displays the results of battery monitoring readings and location tracking obtained from the
hardware. The program flowchart, depicted in Figure 6, illustrates the initialization process, battery and GPS
sensor calculations, and the display of battery percentage and remaining distance to the current location. The
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User Interface (UI) of the software is designed as an Android application using Kodular, as shown in Figure 7.
Proposed application design for users Figure 7(a) Application sign-up display: The application sign-up display
allows users to create a new account. It includes fields for entering personal information such as name, email,
and password. Users can also choose a profile picture. The design should be user-friendly and intuitive, with
clear instructions for creating a new account. Figure 7(b) Application login display: The application login
display enables users to log into their existing accounts. It includes fields for entering the registered email and
password. The design should be simple and straightforward, with a clear login button and an option for
password recovery if needed. Figure 7(c) Feature selection display: The feature selection display appears after
logging into the application. It provides a menu of available features for the user to choose from. The design
should present the options clearly and allow for easy navigation between features. Each feature should be
represented by an icon or text, making it visually appealing and user-friendly. Figure 7(d) Battery monitoring
display: The battery monitoring display shows real-time information about the battery status. It includes the
battery voltage, battery percentage, and the estimated remaining distance that can be traveled. The design
should present this data in a clear and visually appealing manner. It may include visual indicators such as
battery icons or progress bars to represent the battery level. Figure 7(e) Location tracking display: The location
tracking display shows the current location of the user's vehicle. It includes the latitude and longitude values
as well as a map that visualizes the vehicle's position. The design should provide an interactive and intuitive
map interface, allowing users to zoom in/out and explore the map. It may also include additional information
such as the user's destination or nearby points of interest. Figure 7(f) SPKLU list display: The SPKLU list
display presents a list of available Public Electric Vehicle Charging Stations (SPKLU). It includes information
such as the station name, address, and availability status. The design should present the list in a clear and
organized manner, allowing users to easily browse and select a preferred charging station. It may include search
and filter options to refine the results based on location or availability. Overall, the application design should
prioritize user experience, ensuring that the interface is intuitive, visually appealing, and provides easy access
to the desired features and information.

7
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INVALIDY
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Figure 6. Flowchart

Buletin Ilmiah Sarjana Teknik Elektro, Vol. 5, No. 2, June 2023, pp. 218-229



223 Buletin [lmiah Sarjana Teknik Elektro ISSN: 2685-9572

Welcome!
Login

To Your Account

Welcome!
Create

An Account

Romember Me! =

Refmember Mel
OR

Maps

(b)

<

Latitude Longitude
-7 .687011 110.410550

< Daftar Lokasi Charging Station

1. Charging Station Kawasan Candi
Informasi Baterai ETamkann
+ ik ‘ J1. Raya Solo - Yopyakarta
st MNo. 16 Prambanan, Kab.Sleman,
- L Daerah Istimewa Yogayakarta,
55571,
£s chal g Dtatlon RULES
I Yogyakarta
e J1. Gedongkuning Mo.3,
Tegangan: Batersd :: ¥ Pringgelayan, Banguntapan,
+ Bantul, DIY, 55798,
I::I
3. Charging 5tation Taman Wisata
G L3 Candi Borobudur
S

Kawasan Candi Borobudur,
Magelang, Jawa Tengah, 56553,

4. Charging Station PLN UP3
Surakarta

JL. 5lametr Riyadi No.46%,

@ Purwosari, Kec. Laweyan, Kota
surakarta, Jawa Tengah,

(d) (e (®
Figure 7. Proposed application design for users. (a) Application sign-up display, (b) application login display
(c) feature selection display, (d) battery monitoring display, (e) location tracking display, (f) SPKLU list
display

The battery monitoring feature of the EM-IOT application includes warning notifications, as depicted in
Figure 8. When the battery percentage reaches 50%, the application shows a notification warning that the
battery will run out, as illustrated in Figure 8(a). This notification serves as an alert to the user to take action
and recharge the battery. When the battery percentage drops to 34%, the EM-IOT application displays a
charging notification, as shown in Figure 8(b). This specific percentage (34%) was chosen as the threshold for
triggering the charging notification based on the testing conducted on the EM-PUS motor, which demonstrated
that it was unable to continue functioning below this battery level. Finally, when the battery percentage reaches
100%, the EM-IOT application displays a notification indicating that the battery is fully charged, as depicted
in Figure 8(c). This notification informs the user that the battery has reached its maximum capacity and is ready
for use.
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< < <

(a) () (c)
Figure 8. Notification display. (a) When the battery percentage is 34%, (b) when the battery percentage is
50%, (c) when the battery percentage is 100%

2.1.3. Validation process

The system validation process will be conducted through testing in June 2022 within the Integrated
Campus area of the Islamic University of Indonesia. The testing will involve five different travel routes, each
serving a specific purpose. First Route is UII Sports Building — UII Sports Building. This route, illustrated in
Figure 9, is designed to assess the battery performance by traveling within the vicinity of the UII Sports
Building. Second Route is UII Industrial Technology Faculty Building — UII Faculty of Law Building. Figure
10 displays the second route, which involves traveling between the Ul Industrial Technology Faculty Building
and the UII Faculty of Law Building. This route aims to evaluate battery performance during a specific inter-
faculty journey. Third Route is UIl Law Faculty Building — UII Faculty of Law Building. Figure 11 illustrates
the third route, which focuses on traveling between the UIl Law Faculty Building and the UII Faculty of Law
Building. This route allows for the assessment of battery performance within a specific faculty area. Fourth
Route is UIl Main Gate — UII Main Gate. Figure 12 showcases the fourth route, which involves traveling from
the UII Main Gate to the UIl Main Gate. This circular route helps assess battery performance during a complete
loop around the campus perimeter. Fifth Route is UII Library Building — UII Library Building. The fifth route,
displayed in Figure 13, is designed to evaluate battery performance by traveling within the vicinity of the UII
Library Building. Throughout these five routes, measurements of battery voltage will be taken both before and
after each journey. These voltage measurements provide valuable insights into the battery's performance and
any potential changes in its condition during the testing process.

s LOBIIm -

a ! & .

Figure 10. Second route (UII Faculty of Industrial Technology Building— UII Faculty of Law Building)
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' .
30

Figure 13. Fifth route (UII Library Building — UII Library Building)

3.  RESULT AND DISCUSSION

The test is divided into two parts, namely battery monitoring and location tracking. System testing is done
to ensure the system can work properly. The system works well if it meets the 5% error tolerance on the
readings of voltage, percentage, remaining distance, latitude and longitude. The test was carried out in the
Integrated Campus area of the Islamic University of Indonesia with 5 different routes. Data collection was
carried out at the beginning and end of each test route.

Battery monitoring testing uses a battery with a maximum voltage of 54 volts and a threshold of 39 volts.
Voltage measurements are made with a voltmeter and readings on the EM-IOT application. Then, the error
calculation is performed from the results. Percentage data and residual stress on the application are then
compared based on calculations. Based on these data, error calculations are also performed. Location tracking
testing is divided into two, namely latitude and longitude values. Latitude and longitude are geographical
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coordinates that are always present at each location. Latitude is the longitude which stretches from north to
south, while longitude is the latitude which stretches from west to east. Testing is done by determining the
location using Google Maps. Based on these locations, data was collected using the EM-IOT application. The
results are then calculated error using formulation (4).

approximated — exact

%eror = p—— x 100% “

3.1. Battery Monitoring

The battery voltage monitoring test is carried out by collecting data at the starting point and ending point
on each route. Before carrying out the test, a digital voltmeter was measured with a multimeter as a voltage
meter as shown in Figure 14. The results of the battery voltage test are shown in Table 1. The results of the
battery voltage readings displayed on the EM-IOT application are processed into a percentage using
formulation (2). The data shows that from the 5 routes that were tried with measurements at the beginning and
end of each route, an average error of 1.71% and 1.77% was obtained. The error value is calculated by
comparing the voltage read on the EM-IOT with the voltage read on the voltmeter. The results of the battery
percentage test are contained in Table 2. The data on the percentage value of the remaining voltage in the
battery is compared to the percentage displayed in the application with the percentage calculation done
manually. The remaining battery voltage experiment shows that the average error is 0.53% and 0.52% for the
start before and after taking each route. The results of the battery voltage reading displayed on the EM-IOT
application are processed into the remaining mileage. The results of the remaining mileage test are contained
in Table 3. Formulation (3) is used to find the remaining distance that can be traveled. Testing the remaining
distance is measuring the voltage and converting it into a percentage of the remaining mileage which will then
be compared with the percentage displayed on the application. The remaining distance test shows that the
average error is 0.75% and 1.39% for the start before and after taking each route.

The results of the battery monitoring test consisting of voltage, battery percentage, and remaining mileage
displayed on the EM-IOT application have been able to display data with an average error not exceeding 5%.
Then the system is said to work properly according to predetermined specifications. The data on the application
is updated every 15 seconds. This time is the delay in sending data on Thingspeak.

Table 1. Test results monitoring battery voltage
The voltage read on the voltmeter (volts) The voltage read on the EM-IOT (volts) Eror (%)

Route Start Finish Start Finish Start__Finish
I 522 51.8 53.16 52.72 1.83 1.78
2nd 51.8 51.4 52.66 52.33 1.66 1.80
3 51.4 51.0 52.33 51.78 1.80 1.53
4th 50.7 49.8 51.40 50.80 1.38 2.00
5t 49.8 49.4 50.74 50.25 1.89 1.72
Average Eror (%) 1.71 1.77
Table 2. The results obtained from monitor the battery voltage percentage
Route Voltage (volt) The percentage is dlsl():zgfed on the application The Percent(aogi calculation Eror (%)
Start _ Finish Start Finish Start Finish Start _ Finish
1 53.16 5272 94 91 94.4 91.47 0.42 0.51
2ond 52.66  52.33 91 88 91.07 88.87 0.08 0.98
31 5233 51.78 88 85 88.87 85.20 0.98 0.23
4h 51.40  50.80 82 78 82.67 78.67 0.81 0.85
5t 50.74  50.25 78 75 78.27 75.00 0.34 0.00
Average Eror (%) 0.53 0.52
Table 3. The remaining distance test results
Route Voltage (volt) Remaining mileage on the application (%) The Percentage calculation (%) Eror (%)
Start  Finish Start Finish Start Finish Start _ Finish
I 53.16  52.72 35 34 354 343 1.13 0.87
2nd 52.66  52.33 34 33 34.15 33.33 0.44 0.98
31 5233 51.78 33 31 33.33 31.95 0.98 2.97
4th 51.40  50.80 31 29 31.00 29.50 0.00 1.69
st 50.74  50.25 29 28 29.35 28.13 1.19 0.44
Average Eror (%) 0.75 1.39
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Figure 14. Comparison of measurements between a multimeter and a digital voltmeter. (a) Battery voltage
measurement with a multimeter, (b) battery voltage measurement with a digital voltmeter

3.2. Location Tracking

The location tracking testing involves determining the starting and ending locations of the route using
Google Maps to obtain the actual latitude and longitude values. The latitude and longitude values are recorded
in DD (Decimal Degrees) format. Data collection is conducted at both the starting and ending points of each
predetermined route. The test results for the latitude and longitude values at the beginning of the route are
presented in Table 4, while the results at the end of the route are displayed in Table 5. The actual location point
data is obtained from Google Maps, whereas the EM-IOT location point represents the point read by the
application. The error is calculated by comparing the EM-IOT location points with the actual location points.
Based on the testing, it was observed that the errors obtained were minimal when comparing the initial travel
route data with the final travel data. This indicates that the accuracy of the EM-IOT system in tracking the
location points is good, as the discrepancies between the EM-IOT readings and the actual location points are
very small.

Table 4. Location tracking trial results at the start of the travel route

Route Actual Point Location EM-IOT Location Point Eror (%)
Latitude Longitude Latitude Longitude  Latitude Longitude
I -7.686477  110.409726  -7.686530  110.409733 0.0007 0.000006

24 7686700 110410362 -7.686714 110410372  0.0002  0.000009
3¢ 7688885 110413215 -7.688910 110.413198  0.0003  0.000015
4 7687679 110418630 -7.687731 110418542  0.0007  0.00008
st 7.688699 110415420  -7.688617  110.415496  0.0011 _ 0.000069

Average Eror (%) 0.0006 __ 0.00004

Table 5. Location tracking trial results at the end of the travel route

Route Actual Point Location EM-IOT Location Point Eror (%)
Latitude Longitude Latitude Longitude  Latitude Longitude
I -7.686477  110.409726  -7.686532  110.409772 0.0007 0.000042

24 7689126 110413310 -7.689292 110413271  0.0022  0.000035
3¢ 7688885 110413215 -7.688910 110.413198  0.0003  0.000015
4 7687679 110418630 -7.687731 110418542  0.0007  0.00008
5% 7688699 110415420  -7.688642  110.415534  0.0007  0.000103

Average Eror (%) 0.0009 __ 0.00006

The location tracking test results for the latitude and longitude values displayed on the EM-IOT
application demonstrate that the system is able to provide data with an average error that does not exceed 5%.
This indicates that the system reads accurate data and meets the predetermined specifications. The application
updates the data every 15 seconds, which represents the delay in sending the data to Thingspeak, the cloud
server used in the system. Location tracking plays a crucial role in helping electric vehicle users accurately
monitor and track the location of their vehicles, which are connected to the EM-IOT system. This feature
enables users to have real-time information about the whereabouts of their electric vehicles. By knowing the
precise location of their vehicles, users can efficiently manage and utilize their electric vehicles, enhancing
convenience and control over their usage.

4. CONCLUSION

Based on the test results, it can be concluded that the EM-IOT system functions effectively in monitoring
battery voltage, battery percentage, remaining distance, and the current location of the vehicle. The monitoring
results can be easily accessed through the Android application. The system exhibits an average error of 1.71%
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in reading the initial route voltage and 1.77% at the end of the route. The battery percentage accurately shows
0% when the battery voltage reaches the threshold of 39 volts and 100% when the maximum voltage of 54
volts is reached. The average error in reading the percentage at the beginning of the route is 0.53%, while it is
0.52% at the end of the route. This allows the EM-IOT system to provide users with precise voltage information
and remaining battery capacity, enabling them to estimate the remaining distance accurately. In terms of
location tracking, the system exhibits an average error of 0.0006% in reading the initial latitude of the route
and 0.0009% at the end of the route. The average error in reading the initial longitude is 0.00004%, and
0.00006% at the end of the route. This demonstrates that EM-IOT can provide highly accurate location
information. The system updates the data every 15 seconds due to the delay in sending data to Thingspeak. In
future developments, it is expected that EM-IOT will be equipped with an anti-theft security system and
provide users with advice on when and where to charge their batteries. Overall, EM-IOT serves as a valuable
addition to the features of electric vehicles within the Indonesian Islamic University.
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