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Abstract:
In this paper, a collision-avoidance robot was designed and built to move along a specific path, which
consists of various directions. The robot is programmed to avoid collisions within the path and maintain
a safe distance from the walls. To solve this problem, we used ultrasonic sensors to detect any
obstacles and also to determine the distance between the robot and the walls.
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Introduction

In recent years, there has been a focus on using Arduino boards to create robots in many Arab and
international universities. In Yemen, in 2016, a project was developed for a robot that operates via
voice, changing its direction and stopping when it approaches an object. One of the goals of this project
is to develop it for use by amputees. In 2014, the Advanced Technology Applications Center in Algeria
developed a mobile robot equipped with a robotic arm to transport objects from one place to another
[1-4]. In this research, we designed and built a self-driving wheeled vehicle (collision avoidance robot)
using ultrasonic sensors and an Arduino UNO board to perform the required task.

Arduino UNO board

A small electronic circuit used for programming the microcontroller from Atmel, ATmega328. This circuit
provides ports for connecting electronic components directly to the microcontroller through 6 analog
ports and 14 (input/output) digital ports. Of these ports, 6 can be used as PWM outputs, also known as
pulse-width modulation (Pulse Width Modulation). The circuit also includes a Crystal Oscillator with a
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frequency of 16MHz, in addition to a USB port for communication with the computer. There is a separate
power input, as well as an ICSP Header, which is an additional method for programming the
microcontroller while it is still connected to the board, unlike the USB. You can consider this Arduino
board as a mini development and programming board, ready for direct use. It almost contains everything
you need to work on it, whether through the USB port or an external power source like a battery [5-7].
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Figure (1): The Arduino UNO Board.

General specifications of the Arduino UNO board.

Table (1): General Specifications of the Arduino UNO Board.

The controller ATmega328
Operating voltage V5
Input voltage (preferred use) Vi12-7
Input voltage limits V20-6
Digital inputs and outputs 14
Analog inputs 6
The value of the DC current on each input/output mA40
The value of the DC current for the 3.3 V mA50
Flash Memory Flash Memory 32Kb
(0.5 KB is used to load the
application)
Processor speed 16MHz

The microcontroller and memory

Microcontrollers are similar to small computer units, and the ATmega328 microcontroller has a
processor speed of 16 MHz and a total memory of 32 Kilo Bytes.

* Boot Loader: The program responsible for how the circuit understands the Arduino C language.

* SRAM: It is the memory used to temporarily store variables.

* Flash Disk: A storage space used to store the program we will write to operate the controller. At first
glance, this number may seem very small, but in reality, it is sufficient to write many commands.

« EEPROM: The memory responsible for permanently recording some variables within the controller,
retaining their values even after power is disconnected. We can consider it similar to the Hard Disk drive
in a personal computer [8-10].

e

ATMEGA 328P- MEMORY

 SRAM - 2 Killobyte

E Flash Disk - 29 Killobyte
kd EEPROM - 1 Killobyte

B Bootloader 0.5 Killobyte

Figure (2): The memory distribution for the Arduino UNO board.
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Robot Control and Operation Circuit
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Figure (3): The robot's operating and control circuit.

The components used in the circuit
Table (2): The components used in the circuit.

Balance wheel

Number Type The The shape
number
1 Arduino UNO board 1
2 Motor driver cover L 293 1
3 Ultrasonic sensor 4
4 DC motor 2
5 Connecting wires 26
6 Robot structure 1
7
The battery 1
8
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Specifications of the circuit components

Arduino UNO board

It is the card responsible for receiving software commands from the computer and writing them into the
memory of the microcontroller embedded within it to perform the main task of the obstacle-avoiding
robot, which has been studied and its specifications are in section 2.

L293 Motor Driver Cover

The L293 motor driver shield is one of the most notable features of Arduino boards due to its ease of
installation and programming. DC motors consume a very high current that the controller cannot supply
directly because its current is very limited. Therefore, we resort to a circuit called a motor driver circuit,
which provides sufficient current for the motor to operate based on commands from the controller. This
achieves electrical isolation to protect the controller from damage and also protects the controller from
reverse currents, as it contains a diode in its internal structure that works only in the forward bias and
prevents any currents in the reverse bias [11-13]. This shield is supported by a software library that
allows it to work with DC motors, servo motors, or stepper motors. In this research, we will focus on
controlling DC motors only.
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Figure (4): The engine cover drive outlets.
This cover can control the direction and speed of 4 DC motors by connecting the motors to the ports
(M1, M2, M3, M4). Each port can only handle 600 mA, so when we want to connect motors to the robot
with this cover, we only connect one motor to each port to avoid burning the cover. To control the motor
speed, we use the programming code (motor.setSpeed). The speed can be adjusted between 0 and
255 in the programming code, as desired. The direction of the motor rotation can be controlled using
the programming code (motor.run()), and one of the following commands should be placed between
the parentheses:
(RELEASE) Stop
(FORWARD) Forward
(BACKWARD) Backward
Ultrasonic sensor
It is a sensor that uses the speed of sound to measure the distance between it and the target, where it
has two ports on its front side, one for sending sound waves and the other for receiving the reflection
of these waves after they collide with the object [14,15]. By recording the time taken for sending and
receiving, the distance traveled can be determined using the following formula:
The distance between the sensor and the target = speed * (time / 2) ....... The time for the round trip
- The speed of waves in a vacuum is approximately 340 m/s.
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i
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~ Echo Time Pulse

Figure (5): The principle of the ultrasonic sensor.
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DC Motor

DC motor converts electrical energy into kinetic energy and operates only on direct current systems.
DC motors rotate at a high number of revolutions per minute (rpm) relative to their size and can rotate
clockwise or counterclockwise. According to Faraday's theory (if an electrical conductor is supplied
with a current placed in a magnetic field, an electromotive force is generated for this conductor).

The field coils are supplied with direct current, creating a magnetic field. At the same time, the
armature coils are supplied with direct current through carbon brushes, creating another magnetic
field. The presence of these two magnetic fields generates a torque that causes the rotor to rotate [5].
Robot Structure

It is the one that brings together all the components of the circuit.

Balance Wheel

It provides balance at the rear of the robot and offers better rotation and path change for the robot.
Robot's Work Path

The robot's path or work area is a 60 cm wide path surrounded by walls on both sides, with different
directions. In this research, we aim for the robot to move from the starting point to the end within the
path and avoid colliding with the walls, maintaining a 20 cm safety distance between itself and the
walls.

End

1+ start

Figure (6): The robot's operational path.

Symbols of the tools used in the circuit.
Table (3): The symbols of the tools used in the circuit.

The Name Code
The sensor at the front of the robot S1
The sensor on the right side of the robot S2
The sensor on the left of the robot S3
The sensor at the top of the robot S4
The motor on the left of the robot M1
The motor on the right of the robot M2

The terminals connected to the control panel

All terminals are connected to the digital ports of the control panel:
1(.Pin 0) The input port connected to the receiver in sensor S2

2.(Pin 1) The input port connected to the transmitter in sensor S4

3.(2 Pin) The input port connected to the receiver in sensor S1

4.(Pin 3) Output port connected to the motor control panel

5.(Pin 4) Output port connected to the motor control panel

6. Output port connected to the motor control panel(Pin 5)Output port connected to the transmitter in
sensor S2

7.(Pin 6) Output port connected to the receiver in sensor S4

8.(Pin 7) Output port connected to the motor control panel

9.(Pin 8) Output port connected to the motor control panel

10.(Pin 9) Output port connected to the transmitter in sensor S1
11.(Pin 10) Output port connected to the transmitter in sensor S3
12.(Pin 11) Output port connected to the motor control panel

13.(Pin 12) Output port connected to the motor control panel

14.(Pin 13) The input port associated with the transmitter in sensor S3
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Principle of Operation

When we power the motor control board, the controller immediately follows the programming steps.
The controller activates the transmitter in the sensors (S1, S2, S3, S4) via the digital pins Pin[9,5,10,6]
on the controller, which have been programmed to be outputs. According to the order of activation of
each transmitter in the program, the controller triggers the transmitter with a pulse of length (us 10) to
send 8 pulses of length (kh) 40) into the void. When the wave hits the wall, it reflects back as an echo
to the receiver in the sensor and then to the controller via the digital pins Pin[2,0,13,1], which have been
programmed to be inputs. The echo pulse signal is converted into a distance in (Cm) using the Pulse
In() function. From here, we obtain the distances between the robot and the walls within the robot's
working area, compare the distance values for each sensor, and execute the algorithm conditions as

illustrated in the figure (7).
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Figure (7): The driver algorithm.

The principle of the robot's operation within its designated path relies on comparing distance values
and then executing the conditions written in the program. The program's conditions are as follows:

The first condition

If the value of S2 is less than or equal to 20 cm, or if the value of S1 is less than or equal to 20 cm and
the value of S2 is less than S3, the controller executes the first condition, which is to execute the
FORWARD command on motor M2 and the BACKWARD command on motor M1, at a speed of (80).

The first condition and execution command are as follows:

if({(3d «=20) || (3] «<=20)e=&(32 <33))
{

left():
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void left()
{

motorl.
motorl.
motord.ru
motorz.

}

The second condition
If the value of S3 is less than or equal to 20 cm, or if the value of S1 is less than or equal to 20 cm and

the value of S3 is less than or equal to S2, the controller executes the first condition, which is to execute
the BACKWARD command on motor M2 and the FORWARD command on motor M1 at a speed of 80.
The second condition and execution command are as follows:

elae if((s3 <=20) || (sl <=20) &= ({33 <s2})
{
ritel);
1
vold rite()
{
motorl.ru
motorl.se
motor.ru
motord. se

}

The third condition.
If the value of S4 is less than or equal to 20 cm, the controller executes the third condition, which is to

execute the RELEASE command on motors M1 and M2 at speed (0). The third condition and the
execution command are as follows:

elae i (34 <=20)
{

stopl();

}

wvold stopl()
{

motorl.ru
motorl.
motord. ru

motord.

}

The fourth condition.
If all the previous conditions are not met, the controller executes the fourth condition, which is to

execute the FORWARD command on motors M1 and M2 at a speed of (80). The fourth condition and
the execution command are as follows:

13e

—_— D

forward();

I
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vold forward()

{

motorl. run (FORWARD) ;
motorl.setipeed (80)
motor?. run (FORWARD) ;
motor?.setSpeed (80) ;
l

The final form of the robot

Figure (8): The final design of the collision avoidance robot.

Discussion of the results.
In this paper, the robot was tested on its designated path, as shown in the figure (9).

Figure (9): The robot's operating path.

The robot was tested in its designated work area, and the results were as follows: -
When the robot was started from the starting point, it moved forward approximately 90cm, meaning the

controller executed the fourth condition in the program, which was explained earlier. Figure (10) shows
the robot at the starting point and when it moved forward.
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Figure (10): The robot when it was at the starting point and when it moved forward.

While the robot was moving and approaching the wall, it changed its direction to the left, meaning that
the controller executed the first condition in the program which was explained earlier. Figure (11) shows
the robot with the wall in front of it, and when it changed its direction to the left.

Figure (11): The robot with a wall in front of it, and when it changed its direction of movement to the
left.

The robot moved forward approximately 15cm and approached another wall on the left side. The robot
then redirected itself, moved away from the wall, and continued its path. This means that the controller
executed the second condition, which was explained earlier. Figure (12) shows the robot approaching
the wall on the left side and changing its direction of movement.

Figure (12): The robot approaching the wall from the left side, and when it changed the direction of its
movement.
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While the robot was following its path, it approached another wall in front of it. The robot then changed
its direction to the right, meaning the controller executed the second condition. Figure (13) shows the
robot in front of the wall, and when it changed its direction to th right.

il

Figure (13): The robot with a wall in front of it, and when it changed its direction of movement to the
right.

When the robot approached the endpoint, it veered to the left and got closer to the wall, then changed
its direction to the right, meaning the controller executed the second condition. However, while changing

its direction to the right, the robot moved towards the wall. Figure (14) shows the robot approaching the
wall from the left side and then from the right side.

e | "

Figure (14): The robot approaching the wall from the left side and then from the right side.

The robot changed its direction to the left, meaning the controller executed the first condition. Then,
the robot moved forward, meaning the controller executed the fourth condition. While the robot was
moving forward, it stopped working, meaning the controller executed the third condition, which was

explained earlier. Thus, the robot reached the endpoint, and Figure (15) illustrates the robot's movement
towards the endpoint and when it stopped working.

Figure (15): The robot moving towards the endpoint and stopping.

219 | Afro-Asian Journal of Scientific Research (AAJSR)



Conclusion

In this paper, the following has been designed and implemented:

1. Design and implementation of a collision avoidance robot control system using an Arduino UNO
board. Design and implementation of a collision avoidance robot control system using an Arduino
UNO board.

2. Building an algorithm to program the microcontroller (Arduino UNO) to control the robot within the
work area. Building an algorithm to program the microcontroller (Arduino UNO) to control the robot
within the workspace.

3. Achieving the best results. Getting the best results.
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