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Abstract. Machine learning for autonomous can be done by recording the dis-
placement and condition of the vehicle through manual control by humans and
modeling the data. The research proposes designing a data collection system for
tree-based data modeling on Internet of Things (IoT) based autonomous electrical
vehicles (EV). The system consists of four ESP32 cameras with servos mounted
on the left, right side of the carmirror, front (dashcam), and rear. The system is also
equipped with an Arduino Nano connected to GPS, a gyroscope, and four proxim-
ity sensors. Arduino nano is connected via serial software to the Wemos D1 mini,
which is connected to a relay module to control lights and wipers and is equipped
with an LDR sensor. Data collected via the internet (wifi) will be formed in tree-
based datamodeling for future genetic programmingmachine learning algorithms.
System evaluation includes Quality of Service (QoS) data communication, statis-
tical data collected, and electrical IoT devices built. Based on testing using an
intelligent car chassis in an environment still affordable by wifi, it produces an
average delay of 0.02 s and a PDR of 99.87%. The highest correlation matrix
archived as 0.872 for longitude, latitude, and gyro data in detecting vehicle turns.
The electricity evaluation result consists of average power consumption of 0.344
W for the ESP32 camera, 0.663 W for the Arduino nano, and 0.291 W for the
Wemos d1 mini. In the future, testing will be carried out using an actual EV on a
real track and in data communication outside of wifi.
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1 Introduction

Machine learning for autonomous can be done by recording the displacement and condi-
tion of the vehicle through manual control by humans and modeling the data [1, 2]. The
research proposes designing a data collection system for tree-based data modeling [3] on
the Internet of Things (IoT)-based automated electrical vehicles (EVs). The developed
system can also simultaneously function as navigation for manual controls to obtain data
when mounted on an actual EV [4].
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Electric vehicles are environmentally friendly because they can be supplied with
renewable energy sources such as solar power [5]. The development of electric vehicles
requires considerable costs, especially to realize large-powered vehicles capable of lift-
ing heavy loads like humans [6]. Electric vehicles are a popular research topic in the
automotive industry to academia [7].

The systemconsists of fourESP32 cameraswith servosmounted on the left, right side
of the car mirror, front (dashcam), and rear. The system is also equipped with an Arduino
Nano connected to GPS, a gyroscope, and four proximity sensors. Arduino nano is
connected via serial software to theWemosD1mini,which is connected to a relaymodule
to control lights and wipers and is equipped with an LDR sensor. Data collected via the
internet (wifi)will be formed in tree-based datamodeling for future genetic programming
machine learning algorithms [8]. Genetic programming was chosen because it has a
concise data modeling structure and is easily distributed through the MQTT protocol
used in this system.

System evaluation includes Quality of Service (quality of service) data communica-
tion, statistical data collected, and electrical IoT devices built. The test was carried out
using a smart car chassis in an environment that was still affordable by wifi. The data col-
lected was tested through statistics for variables GPS (longitude, latitude), gyro(x,y,z),
and four-way proximity sensor. When there is a turn, image data is also related to sensor
data, especially the proximity sensor. Electrical testing was carried out with a 3.7 V
18650 battery which was stepped up to 5 V to obtain device power consumption data.

2 Related Research

Research on automatic control of IoT-based electric cars with a cyber-attack protection
approach has been conducted [9]. Research related to monitoring the behavior of IoT-
based electric vehicles has also been carried out [4]. Both studies focus on control
monitoring, while the proposed research focuses more on the remote control for machine
learning using genetic programming.

The design of an automatic car using computer vision and IoT has been carried out
[10]. Research by conducting an automatic car with road features has also been carried
out [11]. Both studies use the camera as machine learning for automatic control. The
proposed research uses cameras only to assist with remote control, and machine learning
is carried out based on manual controls recorded and modeled by genetic programming.

3 Review of the Presented System

An overview of the system is shown in Fig. 1. The system consists of four parts: sensor
nodes, camera nodes, relay module nodes, and Online Analytics Processing (OLAP)
Server [12]. The sensor node functions to record GPS coordinates via the GPS module
and the Gyro sensor to record the tilt orientation in x, y, and z format. The camera node
records photos and videos from four sides: front, back, left, and right.

The camera node is equipped with an infrared obstacle sensor to record the distance
based on reflected light. The relay module controls lights, wipers, or other devices. The
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Fig. 1. General View of The System

OLAP and storage server sections are used to receive, store and process data according
to the system’s purpose, namely tree-based data modeling.

The flow chart of the system presented is shown in Fig. 2. The system starts by
providing IoT Devices, Android tablets, and the system’s interface. The first process is
continuous data collection, namely GPS and Gyro coordinates. If the GPS coordinates
change, the system will indicate a car’s movement and mark the direction.

As the car moves, event-driven data is recorded, namely infrared obstacle sensors to
mark nearby objects. If an object is found nearby, it is marked by an object around and
activates the camera. Through the camera, an image of the object is obtained according
to the direction it is detected.

After the data is collected, the tablet is sent to be uploaded to the internet. Sensor data
is stored in CSV format via the MQTT protocol [13]. At the same time, the image data
from the camera is stored directly in JPEG format. The collected data are combined as a
unitary agency, and statistical analysis results are obtained in mean, median, submedian,
and standard deviation. The last process is forming a data model as a tree based on
the results of statistical conclusions, especially the correlation matrix, which will be
discussed in the results section.

4 Detail of the Presented System

4.1 System Navigation Interface

The system interface was developed using Apache Cordova (HTML5 and Javascript)
so that it is easier to communicate synchronizing with the web server [14], which in
the research is used Raspberry Pi, as shown in Fig. 3. The interface aims to display a
four-way camera based on gyro conditions, detecting proximity sensor objects and car
movement (reverse parking); displays numerical sensor data, including GPS navigation,
into a touchscreen control interface. Store and analyze data transmitted by smart cars
over the internet; become an MQTT broker. Genetic programming algorithm is planned
to map the condition of the sensor in the form of a tree and developed based on python,
including its web server (flask based) [15].
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Fig. 2. Flowchart of The System

4.2 IoT Devices

The circuit for the sensor node is shown in Fig. 4. The sensor node consists of two
micro-controllers, Arduino Nano and Wemos D1 Mini, connected via serial software.
Bothmicro-controllers are supplied with 5 V power. GPS, Gyro, infrared obstacle sensor
connected with Arduino nano. The relay module and LDR sensor are connected to the
Wemos d1.

The realization of the PCB is shown in Fig. 5. In the realization, two PCBsmeasuring
7 × 5 cm are used with serial software that can relate to a cable connector. Each PCB
also has a power cable to connect to a 5 V source. Wemos functions to connect to the
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Fig. 3. Raspberry Pi for The Web Interface and Uploader

Fig. 4. Circuit of Sensor Node
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Fig. 5. PCB of Sensor Node

Fig. 6. Circuit of Camera Node

internet and control relays based on Android tablet input and light sensors (for lights).
Arduino nano is connected to a GPS module, gyro, and 4 proximity sensors that require
higher computing.

The camera node circuit is shown in Fig. 6. The circuit is simple because the camera
is already installed on the ESP32. The serial pins on the ESP32 are used for servos and
5 V sources only.

The PCB realization for the camera node is shown in Fig. 7. The PCB realization
is a half size, 7 × 5 cm. The camera node can function as a video streaming service
accessed via the web by the android interface. The servo can be controlled manually or
automatically detects nearby objects.Detection of objects usingOpenCV(HaarCascade)
is on the python server but is not discussed in this paper.
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Fig. 7. PCB of Camera Node

5 Result and Evaluation

The test was carried out not using a full-size car but using a small smart car chassis
[16]. Control of the smart car chassis is carried out via the internet remotely. The route
involves straight movement, turning right and left at 45 and 90 degrees, respectively.

5.1 QoS Evaluation

The results of the quality-of-service evaluation are shown in Table 1. The test is based
on packet delivery ratio (PDR) and delay [17]. The test is divided into 7 parts and 3 data
transmission methods: serial software [18], WLAN, and the Internet.

Software serialization occurs via cable between Arduino nano to Wemos D1 and
produces the best results. WLAN occurs from Wemos d1 and ESP32 devices, which

Table 1. QoS Evaluation

Direction Method PDR (%) Delay (s)

Arduino Nano to Wemos D1 Software Serial 99.992 0.001

Wemos D1 to RPi WLAN 99.796 0.026

ESP32 (left) to Rpi WLAN 99.872 0.021

ESP32 (right) to Rpi WLAN 99.883 0.022

ESP32 (front) to Rpi WLAN 99.781 0.024

ESP32 (back) to Rpi WLAN 99.871 0.024

Rpi to Server Internet 98.783 0.218

99.711 0.048
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Table 2. Electricity Evaluation

Devices Current (A) Voltage (V) Power (W)

Arduino Nano 0.433 3.029 2.165

Wemos D1 0.223 3.223 1.115

Arduino Nano +Wemos D1 0.633 2.893 3.165

ESP32 0.257 3.176 1.285

Rpi +Monitor 0.898 2.789 4.490

0.489 3.022 2.444

have a built-in wifi module. Data transmission over the Internet was done via raspberry
pi and had the worst results but still on a normal scale. The overall results show an
average of 99,711 for PDR and 0.048 for the delay.

5.2 Electricity Evaluation

The electrical evaluation is shown in Table 2. The evaluation is divided into 5 parts.
Tests were carried out with a 3.7 V 18650 battery with a 1 A limit using the diode on
the TP4056 module. The data collected using IoT devices from previous research [19].

Power is calculated using the assumed 5 V voltage step-up from 3.7 V. Rpi with
its monitor shows the highest results, followed by a combination of Arduino nano and
Wemos d1, which is supplied by a single 5 V source. The lowest results were obtained
on Wemos d1. The overall average produces 0.489 A for current, 3.022 V for voltage,
and 2,444 W for power.

5.3 Data Evaluation

The evaluation of the correlation matrix [20] is shown in Table 3. The correlation matrix
is carried out only with continuous variables from three sensors: GPS, Gyro, and infrared
obstacle. GPS consists of latitude and longitude coordinates that indicate the car’s dis-
placement. TheGyroGyro consists of a tilt indicated byX,Y, andZ. The infrared obstacle
sensor consists of four directions: left, right, front and rear.

The correlation matrix results show that GPS highly correlates with the Gyro, espe-
cially the X and Y angles. The Z of Gyro has a low correlation because the car only
moves on the X and Y axes. Z tilt only occurs when a shock makes the car lift or fall.
Correlation with distance occurs because the object is near when making a turn or a long
distance when in front of an empty car far away.

GPS datamodeling is shown in Table 4. The data recorded in the system is the latitude
and longitude location according to the GPS module and displacement from the initial
position. The data is standardized for processes like the correlation matrix discussed
earlier. The test is carried out in four movements, namely turning left and right at 90 and
45, respectively. Through this modeling data, we get variations in coordinate shifts in
general and can be processed as continuous data.



138 W. Wedashwara et al.

Table 3. Correlation Matrix

GPS Lat GPS
Long

Gyro X Gyro Y Gyro Z dist L dist R dist F dist B

GPS
Lat

1 0.678 0.457 0.446 0.189 0.245 0.238 0.129 0.162

GPS
Long

0.678 1 0.781 0.453 0.156 0.215 0.217 0.134 0.153

Gyro
X

0.457 0.781 1 0.435 0.241 0.231 0.242 0.152 0.121

Gyro
Y

0.446 0.453 0.435 1 0.218 0.102 0.092 0.034 0.035

Gyro
Z

0.189 0.156 0.241 0.218 1 0.001 0.001 0.001 0.001

dist L 0.245 0.215 0.231 0.102 0.001 1 0.219 0.032 0.043

dist R 0.238 0.217 0.242 0.092 0.001 0.219 1 0.026 0.021

dist F 0.129 0.134 0.152 0.034 0.001 0.032 0.026 1 0.022

dist B 0.162 0.153 0.121 0.035 0.001 0.043 0.021 0.022 1

Table 4. GPS Data Modeling

Lat Long Movement Potition

Lat Long

8.574056 116.102543 0 0 Initial

8.573866 116.102318 −0.00019 −0.00023 Turn Left 90

8.573505 116.102446 −0.00036 0.00012 Turn Left 45

8.57395 116.103004 0.0004 0.00056 Turn Right 90

8.573547 116.102945 −0.00040 −5.89999E−05 Turn Right 45

Gyro data modeling is shown in Table 5. The data recorded on the system is the same
as GPS data modeling, namely the position according to the gyro sensor and its changes.
Changes in X and Y are permanent depending on the direction the car moves. So that
data modeling is carried out to normalize changes in the direction of car movement. The
Z axis only changes if the car vibrates.

5.4 Tree Data Modeling

The tree-based data model is shown in Fig. 8. Tree Data Modeling is based on the
correlation matrix, GPS and Gyro data modelling. The label consists of the car’s dis-
placement direction, turning right and left, 45 and 90 degrees, respectively. GPS data
consists of latitude and longitude. Gyro only consists of X and Y based on the results of
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Table 5. Gyro Data Modeling

X Y Z Movement Potition

X Y Z

0.002 0.001 0.001 0 0 0 Initial

−0.231 −0.132 0.002 −0.233 −0.133 0.001 Turn Left 90

−0.128 −0.102 0.001 0.103 0.030 −0.001 Turn Left 45

0.253 0.162 0.002 0.381 0.264 0.001 Turn Right 90

0.131 0.156 0.001 −0.122 −0.006 −0.001 Turn Right 45

Fig. 8. Tree Data Modeling

data correlation. Results with proximity are merged into a single node, such as Lat2, a
combination of −0.00036 and −0.00040 values. Another combination is GX1 which is
a combination of −0.233 and −0.122 values.

6 Conclusion

Based on testing using a smart car chassis in an environment still affordable by wifi, it
produces an average delay of 0.02 s and a PDR of 99.87%. Collected 15268k data with
the highest correlation matrix between 0.872 for longitude, latitude, and gyro data in
detecting vehicle turns. When there is a turn, image data is also related to sensor data,
especially the proximity sensor. Electrical testing was carried out with a 3.7 V 18650
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battery, which was up to 5 V. The test resulted in average power consumption of 0.344
W for the ESP32 camera, 0.663 W for the Arduino nano, and 0.291 W for the Wemos
d1 mini. Tree Data Modeling is based on the correlation matrix, GPS and Gyro data
modelling. The label consists of the car’s displacement direction, turning right and left,
45 and 90 degrees, respectively. GPS data consists of latitude and longitude. Gyro only
consists of X and Y based on the results of data correlation. In the future, testing will
be carried out using an actual EV on a real track and in data communication outside of
wifi.
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