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Abstract- Starting from the first ever a car invented until
now in the automotive industry, safety is the main issues
highlighted especially involving consumer driving
activities. Therefore, this study is an attempt in
investigating and designing a new concept of technology
for future car based on Virtual Light Communication
(VLC) technology that involves the developing technology
for driverless car. The objective for this project is to design
and develop a new model in transmitting signal from a car
to another car for inter vehicle communication using the
approach of virtual light conception. Moreover, there are
three stages available in carrying out the system elements;
sensing, controlling and notifying stages. The receiver
sensing elements will wait until the system receives the
transmitting signal for the sensing stage. In the meantime,
for the controlling part it will supervises the motor
performance based on the transmitting and receiving
signal. Hence, an indicator is used for the notification stage
will notify the current condition of vehicle. At the end of
this paper, the system is successfully being designed,
developed and tested at the prototype level for the three
stages of the system. More to the point, the system will
starts to trigger the IR sensor whenever the digital input
becoming HIGH which will respond to the mechanical
output. Nevertheless, the IR transceiver required a 38 kHz
modulated frequency to match the operating system of the
transmitter and receiver.
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I. INTRODUCTION

Virtual Light Communication system is one of wireless
communication systems that are still at the very early stage of
usage. Depend on the desired design, the VLC for application
in automotive industry using IR transceiver expected to
revolutionize the technology for the new car feature that is
driverless car. This paper presents the application of VLC in
the area of vehicle industry that is expected in reducing the
road accident via transmitting the speed data as an alert for the
driver to be prepared. Hence, the paper examines the
necessary elements for the realization of developing the
driverless future car technology in the automotive industry.
This study will benefit users in increasing their safety

especially during driving environment. Instead of giving
advantages to the user, it is also environmental friendly as it
does not produce any harmful gasses or wasted raw material.
Furthermore, it is practical to make with the simple design and
minimal cost. Compared to what has been achieved in the arca
of infrared (free optic space), the application of VLC has taken
the idea from what are commonly applied at the television and
remote control. It is a low cost way to connect with other
device or application. In order for the infrared receiver to
receive the data, the angle of the VLC receiver and transmitter
must be in the range of 90° line of sight (LOS). If the angle is
out of sight, data will never be received or it will receive a non
existing data. That is why this project is design and builds
with the objective in reducing small collision between vehicles
during a traffic jam with the functionality of the new car
technology.

From the former research of Enabling Vehicular Vehicle
Light Communication (V?LC) Network[1], it examines the
feasibility on realizing the VLC network influenced by noise
and interference sources together with the capability of the
V2LC network for the requirement of the vehicle application.
This research shows on how the LED could send and receives
data using the image sensor that actually consists of
photodiodes. Another research is on Visible Light
Communication for Advance Driver Assistance System. This
project is an outdoor application that used the application of the
traffic light system for traffic information transmission[2].
These two researches are using the different indication on
applying VLC concept with a different method.

Apart from these two researches, it can be preserve that
virtual light communication could offer various kinds of
applications that could benefits people although by using a low
cost communication system. In the meantime, throughout this
project in developing the technology of the driverless future car
is defined by the meaning of the robotic car that allow the
system to maintain the speed of a car and distance from other
vehicle that permit an inter vehicle communication. What
makes this system different from others is, it simplicity in
developing complex system by using light as the medium that
may complete further from existing technology like self
parking and cruise control. Using the medium of infrared in



transmitting signal for real measurement, it could detect the
signal up until 6 meter or less while for the digital IR module
used in this project prototyping could transmit up to 200 cm
due to some limitation that involved in prototyping level.
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Figure 1. The block diagram for (a) VLC transmitter and (b) VLC receiver.

A general block diagram for the transmitter unit is
shown in figure 1(a). It introduced VLC with IR
transmitter used in transmitting the signal when input is
detected. The system is power up by 9V voltage that
gives sufficient power in converting electrical to
mechanical energy to run motor output. Meanwhile, the
digital input that is either HIGH (1) or LOW (0) signal
will be convert into analogue signal and transmitting the
signal to the receiver. Referring to figure 1(b) the
receiver part will respond to the receiving signal from
the transmitter in producing the desired output. IR
communication module both transmitter and receiver
design with modulated frequency of 38 kHz. The
function is similar to the transmitted part, but the
difference is at the output that consists of liquid crystal
display (LCD) in displaying another vehicle speed and
DC motor reducing its speed.

II. METHODOLOGY
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Figure 2. Operation of the project.

Figure 2 shows the flow chart of the Virtual Light
Communication (VLC) for application in the automotive
industry. Once the user turns the vehicle brake, it will send the
digital signal to the controller and transform into an analog
signal and hence transmitting the signal to the receiver. The
transmitting input is the value being set at the Pulse Width
Modulation (PWM) input for the DC motor speed.
Meanwhile, there is an IR receiver waiting to identify the
receiving data from the IR transmitter. The receiver will wait
until it receives the matching data via IR transmitter and
display the data through the LCD. In addition, the system of
the VLC for application in the automotive industry will
automatically reduce it speed for about 50% of duty cycle
once it received the signal. Else, if the sensor cannot detect the
transmitter signal it will loop again or wait until the
transmitter send signals again.

B. Circuit Design

In circuit designing, connection of the circuit and pin
location is important for the system to be operating
successfully. Experimenting process for the circuit is another
step to be undergo in identifying whether the circuit is



complete routing and well-designed for the model to operate.
The circuit will be tested on the breadboard to check whether
it has an error and synchronous with the programming. If
there’s error, circuit will undergo the testing and
troubleshooting process again.

There are two circuits used in this project one is connected
with Arduino Uno microcontroller and another with Arduino
Mega microcontroller. Both are using the same ATMEL328
integrated circuit. However both of the microcontrollers being
set with different tasks, one for transmitter and another is
receiver. The output for both circuits is the DC motor and
indicator.
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Figure 3. IR transmitter with Arduino UNO schematic.

Figure 3 is the schematic diagram for the transmitter part
of the VLC. It consists of Arduino Uno microcontroller as the
control unit, motor driver and IR LED as mean of
communication. Motor driver used to drive current that needed
to operate the motor and its system that connects at the digital
pin. Meanwhile, the speed of the motor is control by the duty
cycle being set at the digital pin of Arduino using pulse width
modulation (PWM) technique. The most important component
for this project is the IR LED transmitter that used in
transmitting signal or data. It will start to trigger the signal as
soon as it receives a digital input and thus will send the signal
to the receiver for the data reading.
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Figure 5. IR receiver with Arduino MEGA.

For the receiver part shows on figure 5, there are three
main components involved namely, Arduino MEGA with
more than 12 digital inputs, IR receiver, motor driver and
LCD as an indicator. With the addition of the LCD as an
indicator, it will display the current situation of the IR receiver
for the user to read the data receive. LCD is also one of the
digital input devices. The receiving part also has an IR
receiver as the receiving sensor that connected to digital pin 3
of Arduino MEGA.

C. Design Specification

IR Transmitter Module is designed for IR communication
pairing with the IR receiver module. Nevertheless, it also has
its own limitation that is needed to synchronous with the
whole system. Below is the table for the IR transmitter
specification.

TABLE 1. IR TRANSMITTER SPECIFICATION

IR transmitter

Power supply: 5V
Interface: Digital
Modulate frequency: 38 kHz

IR is widely used in remote control application. With the
IR receiver, project is able to receive command from any IR
remote controller if the receiving terminal is connected with
the matching IR module. The specification for the IR receiver
is corresponding with the IR transmitter as can be compared at
table 1 and table 2.
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TABLE 2. IR RECEIVER SPECIFICATION

IR receiver

Power supply: 5V
Interface: Digital
Modulate frequency: 38 kHz

Another important element in this project is to move the
motor and its chassis. In order to move the whole system, an
additional power supply is needed to move and support the
DC motor to operate. DC motor needs a motor driver to drive
the maximum current of 1A to the motor. Thus, DC motor will
receive the sufficient current for both motor used in this
system for a vehicle to rotate with the same current and
voltage in prototyping level. Therefore, table 3 shows the
specification for the motor shield Arduino.

TABLE 3. MOTOR SHIELD FOR ARDUINO USES L293 CHIP

1A Motor Shield

2 way 7-12V motor drive

Up to 1A current each way

Pin 5,6,7,8 to drive two DC motor (for Arduino Uno)
Support PWM speed control

III. RESULTS AND DISCUSSION

Mostly there has been a revolution of the new technology
system. Technology in using wireless has spreading up and
infrared is one of the low cost wireless communications that
can be improve more in its application. The design of the
VLC for vehicle use is one of the ways that expected to reduce
the small accident heading for the new technology of
driverless car. It is a low cost way to be used in
communication between vehicles. This project of VLC uses
two cars as a model to describe the application.

IR transmitter is one of the sensors that will modulate
signal in the range of frequency being set for the sensor.
Therefore, it will transmit data within the range of 38 kHz
frequency as long it is synchronous together IR receiver. Here
are some data to observe whether the distance effect the time
taken for a data to transmit from the transmitter to the
receiver.

TABLE 4. DIFFERENT BETWEEN TIME AND DISTANCE OF IR

Distance between IR transmitter and receiver (cm)

5 10 15 20 25 30 35 40

Time 131151719 | 19 1.9 24 2.0
taken to
transmit(s)

To have data to be transmitted successfully to the receiver
the specification given is as long as it in the frequency of 38
kHz. From the testing of the IR transmitter and receiver, it has
shown that the time taken for a data to transmit with the
varying distance is small. The different between each of the

distance taken only has small delay, but it still can transmit
faster than we can ever realize the differentiation.
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Figure 6. Time VS distance graph.

From the graph develop from table 4, it can be seen that
short distance transmit data transmission faster compared to
the longer distance. Time is varies according to the distance
and longer distance show unstable in transmission data. In
addition, the graph has proved that IR could transmit data for
the long and short distance using the virtual light. In the
meantime, it is good to know that from the graph short
distance time taken to transmit is faster as for this project
design to avoid collision especially during traffic jammed and
for the new future of driverless car.

transmitter

receiver

Figure 7. Virtual light transmitting data using IR.

The picture of figure 7 above shows the distance between
IR transmitter and receiver. As long as it still in 38 kHz
frequency IR will transmit data up to above 200 cm from the
random testing that we made. Nevertheless, the IR transceiver
will transmit a data if it was located in parallel condition as
shown in figure 7. For the project modeling, two sets of car
are used to synchronous with the operation of the project.
When the brake light is emitting, the IR transmitter will send
data to alert the car behind.



Figure 8. Prototype parts of cars.

Model of the VLC for application in the automotive
industry construct successfully in figure 8. DC motor is
attached at the car chassis for the tires to move when the
system is power up. Meanwhile, figure 9 shows the speed of
the DC motor is controlled by the amount of the duty cycle
being set. The DC motor is set to operate at 80% of duty cycle
for normal condition that is equal to 204 rpm and reducing its
speed to 127.5 rpm with 50% of duty cycle when receiving the
IR signal. By using the pulse width modulation (PWM)
technique, it simulates an ON and OFF signal between 5V and
0V that as can be seen from the figure 9. The transition is the
time duration that gives faster switching signal for high duty
cycle and wider time duration for reducing a duty cycle.
Hence, the changing result is obtained at the waveform from
the testing that been made in changing the speed of DC motor.
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Figure 9. Changing in duty cycle (a) 80% of PWM duty cycle and (b)
50% of PWM duty cycle.

In order for the user to notify the receiving data, LCD
plays the role as indicator displaying the speed of the car in
front as awareness for the car behind. The car behind will
reduce its speed automatically but not dramatically as being
set at PWM. Users are still able to control their car manually
since the system only reduces its speed whenever the receiving
signal is occurs. Nevertheless, user can choose either to
continue with the speed change or increase the speed for
normal driving. It is just as one of the precaution steps for the
driver to be cautious of the environment at the road.

Dirive Careful

Figure 10. Normal condition for LCD.

In the normal condition user do not receive any signal from
the transmitter; the LCD will always displaying “Drive
Carefully”. Thus, this means that the condition between
vehicles or the distance is still in save situation for the driver.



Figure 11. LCD when receive information.

Indicator at the figure 11 shows that the system has
received a signal from the transmitter. Each time the car
receives information, it will give the present speed of the car
in front. The receiver can only receives information or data
only from the matching and pairing IR transceiver. In addition,

user can monitor the condition of the surrounding from the
LCD.

IV. CONCLUSION

A virtual light communication for the application in
automotive industry is presented in this paper. It is observed
from the model that, not only manage to transmit and receive
signal successfully but able to control the mechanical output
using the PWM technique. The proposed VLC model can
transmit and received signal as long as the transmitter and
receiver are in the range of 38 kHz with both of the
transmitting and receiving terminal is powered with the
sufficient supply. When the digital input goes HIGH,
transmitter will transmit a signal to the receiver and hence
automatically reduce duty cycle of the DC motor on receiver
part. If not, the car will be operating with the normal duty
cycle set. The only transmitting that necessary is once the
input asserted is HIGH. Moreover, there is no demand to
increase the powering supply in moving two DC motor for a
car as the motor driver has supplied the sufficient current for
the system operation. For the future development, as an
improvement for the product to be marketable, more features

need to be added and improved since the project prototype has
some limitations; for example in detecting the range or
distance between cars. It is hoped that the low cost
commercial version of this device could be develop to benefit
all the road users in the future.
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