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The present work focuses on a multifunctional Arduino-based smart robotic car capable of a range
of functionalities within the category of advanced control, automation, and interactivity. Wireless
communication is achieved by Bluetooth, voice control through the MIT App Inventor interface,
obstacle detection using ultrasonic and infrared sensors, and manual operation through a remote
controller and smartphone application. The vehicle is driven by DC (BO) geared motors, controlled
by an L298N motor driver connected to an Arduino UNO microcontroller. In this context, wireless
communication is enabled by the use of an HC-05 Bluetooth module that allows both manual and
voice-commanded navigation. The developed system with an HC-SR04 ultrasonic sensor combined
with IR sensors offers obstacle avoidance capability with reliable environmental awareness. The
robotic platform provides line-following and obstacle-avoiding features while remaining IR remote
controllable. In this work, we demonstrate a seamless integration of hardware and software, resulting
in a versatile platform for educational, research, and hobbyist applications in robotics and IoT.
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I. INTRODUCTION

A robot is an intelligent machine, which is controlled
through a computer program for different tasks, thus pro-
viding a set of services. The use of a robot is a crucial
aspect in the automation of many [1], including indus-
try, military, construction, health [2], and other fields.
They are widely used in accomplishing the kind of repet-
itive, dangerous, and precise tasks which humans find dif-
ficult or dangerous to carry out [3]. In order to address
the shortcomings associated with the traditional remote
control system, a number of different methods have been
offered. These include the control of the robot through
the application of the Bluetooth-based Android applica-
tion [4, 5], voice recognition [6–8], line sensing method
[9–11], IR remote control method [12, 13]. The imple-
mentation of the ultrasonic sensor has been offered in
the project to make the robot detect and avoid obsta-
cles Robots carry out their tasks faster compared to hu-
mans. Additionally, they improve the productivity and
efficiency of tasks, apart from eliminating human errors.
Furthermore, robots lower the expenditure of resources,
save energy, and save operational and maintenance costs.
Moreover, due to the increased efficiency and effective-
ness associated with robots, their application has grown
significantly within various sectors [14, 15].

Robots can be generally categorized into two types.
Type one is Autonomous robots [16], where the tasks
performed are carried out on their own using their intelli-
gence and sensors as aids. Type two is Remote-controlled
robots [17], where control is exerted from a distant loca-
tion using a control device that is operated by a human
being. These types are mainly applied where there is an
Exposure present like bomb diffusing, space exploration,

and other activities below water.

Embedded systems, wireless communications, and in-
telligent control systems integration has led to the evo-
lution of sophisticated robotic platforms that can per-
form intricate tasks autonomously as well as under hu-
man control. Among various smart robotic platforms,
smart robotic vehicles have been found to be equally use-
ful in automation, surveillance, delivery systems, as well
as in educational settings. Because they are adaptive,
modular, as well as relatively inexpensive, they are con-
sidered to be the best platforms to work with. In this
paper, the development of a smart robotic vehicle, using
Arduino, featuring multiple control modes as well as in-
telligence derived from sensors, has been presented. At
its core is the Arduino UNO microcontroller, which is
the processing engine of the system that communicates
through multiple sensors and various other modules like
the L298N motor driver, which allows it to move by re-
motely controlling four DC gear motors. It has the HC-05
Bluetooth module, which gives it the capability to be con-
trolled wirelessly by an Android application designed by
the authors using the MIT App Inventor [18, 19]. This
robot can function using both manual directional con-
trol and through voice recognition, offering the user a
friendly and interactive environment. For the purpose of
autonomous operation, the robot is equipped with obsta-
cle detection and avoidance functions via an ultrasonic
distance sensor (HC-SR04) and two IR sensors. More-
over, the RFID module adds identity verification and la-
beling functions [20, 21] to the robot, making this robot
qualified and skilled in secure access and inventory au-
tomation. A servo motor (SG90) is also added to deliver
mechanical movement functions, offering dynamic con-
trol functions like scanning or changing the orientation
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of an obstacle. The proposed robotic system is an exem-
plary model of a holistic approach to smart automation,
including real-time control functions, sensor fusion, and
mobile connectivity functions. The open-source nature
of this robot makes it an efficient learning and develop-
ment platform for robotics, embedded systems, and the
Internet of Things (IoT) [22].

II. MATERIALS AND METHODS

A. Electronic Components

Various electronic components are used to construct
electronic circuits. The components employed in the pro-
posed circuit diagrams are listed in Table 2.

B. Arduino UNO

Arduino Uno [23–27] - Arduino Uno is one of the pop-
ular microcontroller boards based on the ATmega328 mi-
crocontroller. Arduino Uno has its own IDE where users
can develop code to execute on the microcontroller eas-
ily. In general, in an embedded system, there are differ-
ent sensors providing data about the environment to the
microcontroller. Then, the microcontroller processes the
data and accordingly activates different control signals to
the output peripherals or devices.

This Arduino board has a total of 28 pins, which in-
clude 14 dedicated digital input/output pins, of which
six are capable of pulse-width modulation, six for analog
input, and other pins for ground, 3.3V, 5V, VIN, Reset,
and the analog reference, AREF. There are also three
ground pins on this electronic circuit component. It is
equipped with an ATmega328 microcontroller that is ac-
companied by 32 KB of flash memory, 2 KB of SRAM,
and 1 KB of EEPROM memory that is useful for such
small to medium-scale applications. Arduino Uno micro-
controllers are mainly used for programming based on
C++ and are equipped with various interfaces such as
USB, DC jack for external DC power, ICSP program-
ming interfaces, and a reset button that helps to restart
the program.

The board operates at a voltage of 5 V and usually has
a requirement for the input supply voltage of around 7
to 12 V, which has a maximum limit of 20 V.

C. L298N Motor Driver Module

L298N Motor Driver Module [28, 29]: This is a dual
H-bridge motor driver module, generally utilized for the
control of the direction and speed of either one or two
DC motors. This motor driver module has the capability
of driving DC motors of a maximum current of up to 2A

for each channel, along with an operational voltage range
of 5V to 35V.
There are four output pins for DC motor connections

and four input pins for receiving the signals from the
microcontroller. Apart from this, it also comprises two
enable pins that can be linked with the pulse width mod-
ulation output of the microcontroller, and this enables
controlling the speed of the motor through this output
and removing the respective enable jumpers.
The L298N module also contains a built-in 5V voltage

regulator that can power and regulate external logic cir-
cuits. The built-in voltage regulator can be activated for
inputs with a max motor voltage of 12V; however, for
inputs above 12V, it must be shut down.

D. KY-022 IR Receiver Module

KY-022 IR receiver circuit [30] is introduced inside the
robotic car and is connected to Arduino pin 12. KY-022
IR receiver circuit works at an operational voltage range
of 2.7 - 5.5 V and at a frequency of 37.9 kHz. Its receiving
range is up to 18 m. Connectivity as well as decoding of
the IR signals sent through IR IR receiver circuit and
the IR remote is performed through the code written in
Listing 1.

1 #include <IRremote.h>

2

3 const uint8_t IR_RECEIVE_PIN = 12; // Use

9 if your hardware is connected to pin

9

4

5 void setup () {

6 Serial.begin (9600);

7 IrReceiver.begin(IR_RECEIVE_PIN ,

ENABLE_LED_FEEDBACK);

8 }

9

10 void loop() {

11 if (IrReceiver.decode ()) {

12 Serial.print("IRCode :0x");

13 Serial.println(IrReceiver.decodedIRData

.decodedRawData , HEX);

14 IrReceiver.resume ();

15 }

16 }

Listing 1: Arduino code for IR signal reception using the
KY-022 module

E. Servo Motor (SG90)

The SG90 micro servo motor [31, 32] has a rotation
of about 180◦, of which about 90◦ can be achieved in
each direction. The SG90 combines the controller of the
motor, the gearbox, and the position feedback system in
a single board, which can be precisely controlled in terms
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of angle. The motor can be operated through standard
servo libraries and control codes used for Arduino.

The servo works at an input voltage of around 5V and
is controlled through a pulse-width modulation signal
whose period is fixed at 20 ms and operates at a fre-
quency of 50 Hz. For the control signal, the pulse width
is usually varied between 1 ms to 2 ms for the minimum
and maximum angle positions, respectively. In the pro-
posed model, the signal pin of the SG90 servo motor is
wired to digital pin 5 of the Arduino microcontroller.

F. Ultrasonic Sensor (HC-SR04)

In the proposed robotic system, the HC-SR04 ultra-
sonic sensor is used for the purpose of obstacle detection
[33–35]. The working of the sensor is based on a DC
input voltage ranging between 3.3 and 5 volts, with a
typical current of around 15 mA, but the current is less
than 2 mA during the standby mode. The sensor works
on an ultrasonic frequency of 40 kHz, and its induction
angle is less than 15 degree. The HC-SR04 is capable
of detecting objects at ranges of 2 cm to 400 cm with a
resolution of about 1 cm and accuracy of about 3 mm.
To detect distances, the sensor requires a trigger pulse of
only 10µs, and the sensor returns the detected distance
in the form of an echo signal. It also supports a four-
pin TTL interface and is fully compatible with Arduino
technology. In our proposed system, the trigger pin of
the HC-SR04 is linked to digital pin 10 of Arduino, while
the echo pin is linked to digital pin 11 of Arduino.

G. Bluetooth Module HC-05

The HC-05 [36–38] is a popular Bluetooth Serial Port
Protocol (SPP) wireless communication device for real-
izing straight wireless communication between electronic
apparatus. The device has the ability to support both
Master and Slave modes, thus providing appropriateness
in wireless transmission of data. The module meets the
specifications of the Bluetooth v2.0 + EDR (Enhanced
Data Rate), with a data transfer rate of a maximum of 3
Mbps, and it also contains a complete radio transceiver
and baseband controller operating on a 2.4 GHz fre-
quency. HC-05 contains a total of six pins and connects
with the microcontroller using these pins, enabling the
communication process between two devices. The pins
housed by HC-05 are: ENABLE, VCC, GND, TX, RX,
and STATE.

This HC-05 module works on a voltage of 3.3-5V and
gives a communication range of up to 90 m when used
wirelessly.

H. Android Mobile Application

In this case, the android application is software cre-
ated through programming languages that is capable of
running on android operating systems. For the purpose
of controlling the robotic car, an android application is
developed in this work that is freely downloadable from
the source given out in [39–41].
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III. DESIGNING METHODOLOGY

A. Robotic Motor Control using L298N Module

This paper introduces the design, development, and
implementation of a two-wheel driving robotic car, which
uses an L298N motor driver module as the control mech-
anism. The major aim of this development is to ensure
that the directional control of this robotic car can be
done in an accurate and programmable manner through
digital logic signals. The design uses an L298N H-bridge
module as its major component. A detailed motor con-
trol table was designed to link the input commands with
the actions of the motors, which would allow the robot
to move ahead, retreat, as well as turn. The enable pins,
ENA and ENB, were used for power control of the mo-
tors.

The top-down schematic diagram explains the opera-
tion of the two-motor system quite effectively with ap-
propriate markings given for both left and right wheel
rotations. The experimental result with calculations for
angular velocities revealed that the vehicle made 5.5 rev-
olutions within a time of 5 seconds with an angular ve-
locity of 396◦/s.

In conclusion, this project illustrates a viable and eco-
nomical way of performing basic robotic motion control
using low-cost components. ¿The motor control logic and
motion behaviors can be referred to by Tables 2 and
3. These tables show the behaviors of the robot when
the motors move in different directions based on the sig-
nals. With these findings, there can be good support
for further improvement work on achieving completely
autonomous mobile robots with sophisticated navigation
skills. Moreover, Fig. 1 shows a top-down schematic di-
agram of the two-wheel drive robotic platform with rep-
resentation of motors A and B showing the left and right
sides of the robot with their respective rotations marked
by the arrow marks.

A B

FIG. 1: Top-view schematic of a two-wheel differential
drive robot. Motors A and B represent the left and
right wheel drives, respectively. Arrows indicate the

direction of motor rotation.

B. Angular Velocity Calculation

In order to examine the rotational motion of the vehi-
cle, the angular velocity was calculated in terms of the
revolutions made within a specific time interval. The ve-
hicle made a total of 5.5 revolutions in 5 seconds.
The angular displacement θ (in degrees) is given by:

θ = N × 360◦ = 5.5× 360◦ = 1980◦ (1)

The angular velocity ω is then calculated using the
relation:

ω =
θ

t
=

1980◦

5 s
= 396◦/s (2)

Therefore, the angular velocity of the vehicle is 396◦/s.
The direction of the rotation depends on the sign of the
angular velocity. A positive sign indicates a left turn,
which is counterclockwise, and a negative sign indicates
a right turn, which is clockwise. In this case, the analysis
of the drive system determined the sign of the angular
velocity.

IV. ULTRASONIC SENSOR–BASED OBSTACLE
AVOIDANCE SYSTEM

Figure 4 shows the circuit design of the obstacle avoid-
ance control system constructed using the HC-SR04 ul-
trasonic sensor. The robotic car operates autonomously
and detects obstacles by adjusting its path according to
the distances measured by the ultrasonic sensor. Figure 3
illustrates the circuit diagram of the obstacle avoidance
system, while Figure 4 shows the physical setup of the
robotic vehicle.
The hardware setup for the obstacle avoidance system

consists of an Arduino Uno, an HC-SR04 ultrasonic sen-
sor, and an SG90 servo motor. The trigger pin of the
ultrasonic sensor is connected to Arduino digital pin 10,
and the echo pin is connected to digital pin 11. The VCC
and GND of the sensor are connected to the Arduino’s
5V supply and ground, respectively. The SG90 servo mo-
tor is used to rotate the ultrasonic sensor for scanning.
Its signal pin is connected to Arduino digital pin 5, with
VCC and GND connected to the 5V supply and ground,
as shown in Figures 9 and 8.
Obstacle-detection functionality is then provided, after

integrating the sensors and servos, by calling the appro-
priate ultrasonic sensing library. The car drive system is
implemented with an L293D or L298N motor driver mod-
ule along with an Arduino Uno and four DC gear motors.
The motor driver control inputs have to be attached to
the Arduino digital pin and extra pins for PWM have to
be used in order to vary the motor speed - as can be seen
in Fig. 9.
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FIG. 2: L298N Motor Driver Module used to control the direction and speed of DC motors.

FIG. 3: HC-SR04 Ultrasonic Sensor used for obstacle detection by measuring distance using sound waves.

V. IRREMOTE CONTROLLED ROBOT

The IR remote-controlled robot is designed with an
Arduino Uno microcontroller, an L298N motor driver
module, four DC gear motors with wheels, an KY-022
IR receiver module, an IR remote control, jumper wires,
and a power supply system using three batteries with
2400 mAh capacity. The hardware connection of the IR
control system is shown in Fig. 5. Infrared communica-
tion necessitates a combination of an infrared transmitter
and an infrared receiver. The infrared remote is equipped

with an integrated infrared transmitter that sends an in-
frared signal each time a button is pressed on this device.
This infrared signal is then received from an infrared KY-
022 receiver module as depicted in Fig. 9. This infrared
received signal is then processed and interpreted by an
Arduino controller using an IRremote library, created by
Ken Shirriff [42]. Each of the pushbutton switches on
an infrared remote is programmed to have a predefined
hexadecimal (HEX) code [42].

Based on the decoded HEX values, it allows command-
ing the robotic car’s movements to move forward, go
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FIG. 4: Tinkercad simulation showing the interfacing of the HC-SR04 Ultrasonic Sensor with Arduino UNO for
obstacle detection.

FIG. 5: Infrared (IR) control interface of the robotic car showing the KY-022 receiver module integrated with the
Arduino Uno for remote-based navigation and control.

backward, turn left or right, or even stop. Moreover,
the same IR-based interface enables higher-level modes of
operation, such as obstacle avoidance, line-following be-
havior, and voice-assisted control [30, 31]. Control logic
devised for these modes runs in real time, thus making
the operation of robot navigation effective and trustwor-
thy. KY-022 IR receiver module consists of three pins.
These are VCC, GND and DATA, where the VCC pin is
connected to the Arduino 3.3–5 V power supply. supply,

GND to ground and DATA is interfaced with Arduino
digital pin 12, which receives the infrared control signals
as shown in Fig. 7 9.
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FIG. 6: Bluetooth HC-06 module used for wireless communication between the Arduino and a smartphone
application.

VI. SPEECH-CONTROLLED AUTOMATION
SYSTEMS (SCAS)

This paper aims to create a robotic vehicle that can
be managed by voice commands directed by humans.
Such technology is generally known as Speech-Controlled
Automation Systems (SCAS). In this proposed system,
it can be considered as an initial prototyping stage of
Voice-Controlled Robotic Vehicles (VCRVs) that can be
remotely controlled using an Android smartphone. An-
droid smartphones are efficient and proficient interfaces
for robotic control, as they have integral functionalities
involving microphones, wire connectivity, and comput-
ing capacity. In this proposed system, an Android app is
linked with an microcontroller, and communication be-
tween smartphones and robotic vehicles can be done us-
ing Bluetooth technology. The voice commands provided
by users can be wirelessly received and processed by the
Bluetooth module in order to be directed by the control
unit.

The main purpose of VCRV is to identify the user-
defined voice commands and act accordingly. Voice com-
mands include basic motion-related commands like for-
ward, backward, left, right, and stop. Initially, the sys-
tem needs voice training or predefined command map-
ping after which the microcontroller interprets the re-
ceived commands to execute related actions. The devel-
opment of a voice-controlled robotic vehicle is supported
with the motivation of decreasing man’s efforting and
making the operation hands-free. In conventional vehi-
cles, man is solely responsible for all operations regarding
steering, applying brakes, and giving acceleration. How-

ever, in advanced technologies, advantages can be ex-
tended regarding automation and users’ convenience by
including modes of operation using voice and gestures.

Voice and gesture recognition systems can greatly help
in natural human machine interaction through the inter-
pretation of voice and body language commands, thereby
improving the communication channel between humans
and machines. The objective of this study is to make the
robot control system simpler while improving its safety
and usability functions as mentioned in [43]. Voice com-
mands can be executed through an advanced smartphone
application, and the system performance can be evalu-
ated through experiments. The feasibility of distant voice
control and system response can be evaluated based on
different system interaction levels. Applications of this
system can be found in an industrial setup, healthcare
centers, home automation, and environment monitoring
labs.

Speech recognition functionality in the proposed sys-
tem is achieved using smartphone voice processing capa-
bilities, either through the smartphone’s microphone or
an Android application [44]. Voice-controlled robotic as-
sistants have the potential to greatly aid humans in their
everyday chores and act as Intelligent Personal Assistants
(IPAs) that provide various services. In this research,
an Arduino-controlled unit is employed for designing the
robotic vehicle, which forms the heart of this system.
Voice commands fed into the Android smartphone are
processed into text messages and sent to the Arduino
controller through theBluetooth device.

Upon receiving the command, the robot performs the
respective action or motion. Moreover, for advanced
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designs, a camera component can be employed for ob-
ject recognition within the robot environment. Subse-
quently, the robot can turn entirely within 360 degrees
and examine pictures taken by cameras to determine the
mean distance of objects. There have also been designs
proposed for four-wheeled robots controlled by Android
smartphones through Bluetooth technology [45]. More-
over, voice-controlled software designs always comprise
recognition and monitoring interfaces through which one
can confirm the interpretation of the command and re-
sulting actions of the robot. A structured command vo-
cabulary and grammar play an important role in success-
ful robot control [46].

The Android app communicates, in the proposed sys-
tem, directly with the interfaced HC-05 Bluetooth mod-
ule to an Arduino Uno R3 microcontroller. It receives
voice from a smartphone and forwards the signal to the
control unit, thereby allowing voice-based or push-button
control modes [47]. In summary, efficient human–robot
interaction is the ultimate achievement of the proposed
voice-controlled robotic vehicle, where it can listen and
act accordingly to user commands intuitively and reli-
ably.

VII. DESIGN AND IMPLEMENTATION OF A
LINE-FOLLOWING ROBOT

Line Following is one of the basic applications of mobile
robotics. A line-following robot is an autonomous robot
that is able to detect and trace a pre-defined path that is
usually demarcated on a smooth surface with a black line
on a white background. The working of a line-following
robot is dependent on the reflective behavior of light on
a contrasting surface. White surfaces are reflective to a
great extent compared to a black surface, which is usually
absorbing.

A line follower robot uses infrared (IR) transmitter and
receiver modules (photodiodes) for line tracking. The
IR transmitter transmits infrared light toward the sur-
face, and the reflected signal is received by the IR sen-
sor. When the infrared light reflects off a white surface,
it is picked up by the receiver, and a voltage change is
detected. Black surfaces absorb infrared light, and no
signal is received by the sensor.

Based on the output of the sensors, the Arduino Uno
processes the input signals. Whenever the IR sensor finds
a white surface, it gives the Arduino a logic high signal
(1) as compared to the logic low signal (0) that is given
when it finds the black line. The digital inputs help the
microcontroller of the Arduino to produce the necessary
signals for controlling the movements of the robots so
that it follows the line successfully.

The essential components of the line-following robot
consist of an Arduino Uno, IR sensors, an L293D motor
driver, four BO series DC motors, a 4-wheel drive kit, and

a 3.7V lithium-ion battery pack. In this configuration,
motors 1 and 2 share a single channel of the motor driver,
and motors 3 and 4 share another channel. The input
pins of the motor driver, namely IN1, IN2, IN3, and IN4,
can be directly connected to Arduino Uno pins 6, 7, 8,
and 9, respectively. A jumper wire connects the +5V
source and the enabling pins EN1 and EN2, enabling
speed control using Arduino pins 5 and 10 with direct
and PWM signals.
BO series DC motors have been selected due to their

high torque, sufficient rotational speed, and low power
consumption at a relatively low operation voltage. The
motors come in both single-shaft and dual-shaft builds,
and this project requires four single-shaft BO motors will
be needed. Power supply used for this purpose involves
three 3.7-V lithium-ion batteries connected in series to
provide a total voltage of 11.1 V, besides an on–off switch
enabling safe power supply. Electrical connections will be
ensured through the use of male-to-female jumper wires,
while all components are fixed on a robotic chassis that
may be bought from the market or self-made using card-
board.
If the bot does not move in the proper direction after

uploading the control code to the Arduino, motor wiring
may be changed. Besides, IR sensors need to be tuned
by adjusting their onboard potentiometer for accurate
detection between a black line and white background.
Figure 9 gives the working principle of a line follower
robot with a track prepared by black tape on a white
surface. Also, a corresponding block diagram 8 of the
system is included for clarity.

VIII. SOFTWARE DESCRIPTION

The software environment provided by the Arduino de-
velopment kit is utilized for designing and uploading the
control codes that determine the overall functionality of
the proposed system. Moreover, the programming code
for the system is developed using the C/C++ program-
ming language supported by the Arduino Integrated De-
velopment Environment (IDE) software version 1.8.12.
After the development of the programming code, the code
is uploaded into the microcontroller, wherein the code is
stored in non-volatile memory for execution. This paper
utilizes the Arduino development kit for firmware devel-
opment. Simulations involving microcontrollers are car-
ried out through use of the Proteus Design Suite by load-
ing either the hex or debug file into the microcontroller
in the schematic. The Proteus Design Suite supports co-
simulation of microcontrollers with interconnected ana-
log and digital electronic components. In addition to
Proteus, other software tools that are employed in the
development process include Tinkercad, which is used
for simulation of circuits, Fritzing, which is employed to
create schematic and wiring diagrams, and MIT App In-
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FIG. 7: Bluetooth remote control interface developed using MIT App Inventor for controlling the robotic car via
smartphone.

FIG. 8: Flowchart of the complete robotic car control system.

ventor, which is employed for designing and implement- ing the Android smartphone application that controls the
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FIG. 9: Experimental setup of the proposed robotic car showing the Arduino controller, ultrasonic obstacle detection
module mounted on a servo motor, DC gear motors with motor driver, power supply, and remote-control interface.

robotic car.

IX. CONCLUSION

This article has discussed the design and implementa-
tion of single hardware and multiple application robotic
car control systems using the Arduino platform. To en-
sure multiple functionalities, the system has been de-
signed to support various operational capabilities like
line following, obstacle avoidance, IR remote control, and
Android mobile control using the MIT App Inventor de-
velopment platform with voice recognition capabilities.
To accomplish obstacle detection, an ultrasonic sensor is
employed. Line following capabilities have been incorpo-
rated using IR proximity sensors. IR remote control func-
tionality has been added to the system using the KY-022
infrared receiver module. To establish wireless transmis-
sion of commands, Bluetooth communication has been
used. Though Bluetooth allows for wireless communica-
tions with low expenses for development and operation,
the actual operational range allowed for this type of sys-
tem is no more than 10-15 m. This results in discon-
nections that lead to delay times for control commands
transmitted to the system. Noise in the environment also
affects the voice commands used for system control. The
system has been validated through the development of
a laboratory-scale hardware implementation for reliabil-
ity, simplicity, flexibility, and applicability at low costs.
It appears that the system is easily scalable for various
application domains. The possible application domains
for this system could be smart cars, home automation

robots, articulated robots, humanoid robots, quadruped
robots, and hybrid robotic systems. It appears that the
single-hardware multi-application robotic control system
proposed has several advantages in terms of design com-
plexity, power consumption, simplicity, and scalability
for various applications.

X. FUTURE WORK

Future researchers will work towards improving the
functionality and scalability of the proposed design for
the robotic car system. The Global Positioning System
(GPS) module will be added to the design to allow the
system to track the position and navigate accordingly.
Additionally, the power source of the system will be com-
plemented with a solar source, considering that solar cells
are capable of providing direct current (DC) to power the
system and the electronics, which are required by the re-
ceiver.

The system can also be modified to work together with
different robotic controlling systems without any major
modifications. Moreover, since Bluetooth has poor com-
munication range, wireless communication can be done
using Wi-Fi technology through either the installation
of local routers or by installing a GSM module. Addi-
tionally, a wireless camera can be incorporated into the
system to provide live streaming of images to facilitate
remote controlling of the robotic vehicle through its cam-
era.
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