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Abstract — In this paper, it has been conducted a study
referring to building an autonomous robot, whose
mission is to look for the flames that have occurred
accidentally, to warn human operators of the existence
of the fire and to extinguish it. The robot described in
this paper is capable of detecting sources of fire
regardless of the angle they are under, being equipped
with four flame sensors. While moving to the source of
fire, the robot will avoid all the obstacles encountered
in his path. When the robot reaches the fire, the two
robotic arm servomotors are actuated in order to pose
the end-effector (a fan) so that it will extinguish the
fire.
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l. INTRODUCTION

An autonomous robot is a mobile robot that is not
commanded by a human operator, but moves
according to predefined rules to perform various
tasks [1].

In principle, the general architecture of a mobile
robot is made up of four basic subsystems, as shown
in Fig. 1. These are:

- the mechanical structure through that the
robot interacts  with  the  external
environment;

- the control and task management unit;
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Figure 1. The architecture of an autonomous robot

- the sensory system capable of sensing
different parameters;

- the power supply that provides the robot with
extended autonomy [2].

An autonomous robot must be able to move
smoothly through the environment avoiding any
impact with the obstacles while traveling. The
mechanism of this operation is called navigation and
involves directing the robot through an unknown
area. One of the most important features for
navigating mobile robots is localization. It is a
function that helps the robot to determine its current
location. Fig. 2 schematically shows how the robot
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Figure 2. The diagram of the process of locating the robot


mailto:badicioiugabriel@yahoo.com
mailto:asavulescu@upg-ploiesti.ro

6 Gabriel-Petrut Badicioiu, Alexandru Savulescu

manages to locate himself in the external area [3, 4].

As it can be observed, the input elements
required for localization are:

- a map of the area where it is located,;

- an estimate of its current position derived
from the previous location or a known position of
several landmarks;

- readings of a set of sensors;

The output is represented by the position and the
orientation of the robot in relation with a fixed
coordinate system .

1.  ELEMENTS OF KINEMATICS OF AN
AUTONOMOUS RoBOT

A kinematic study of an autonomous robot
consists of the kinematic study of the two main
components of the robot: the robotic arm and the
mobile platform of the robot.

A. Kinematic analysis for robot arm

Generally, a robotic arm consists of a base that
is the support point of the robotic arm and that
ensures its activity, followed by the shoulder. In the
middle is the elbow that allows the upper section to
move back and forth or to rotate and the wrist that is
located at the end of the arm where the end-effector
is being connected [5]. Fig. 3 shows the components
of the robot arm for the experimentally built robot.

If the robot performs machining operations, the
end effector can be a tool, a gripper for material
handling robots or any other device that the robot
needs to accomplish the task (in the presented case,
the end effector is a fan that the robot directs toward
the flame to extinguish it).

Figure 3. The physically made robotic arm

End-effector

Figure 4. a) The position and the orientation of a solid body
b) The position and the orientation of the end effector

The kinematics of the robotic arm is studied by
direct kinematics or inverse kinematics.

Direct kinematics is the set of equations that
defines the position of the end effector depending on
the joint coordinates, practically ensuring the
conversion of internal (articular) coordinates into
external (operational).

Inverse kinematics allows the calculation of the
joints coordinates, which bring the end effector in
the desired position and orientation, depending on
the external (operational) coordinates [6].

Fig. 4 shows the representation of the coordinate
systems for the position and the orientation of a solid
body (Fig. 4a) or of the end-effector of the robot
(Fig. 4b).

The position of the end-effector is represented by
X=[Xq, Xp, ... , Xy] @and the joints are represented by
g=[q, 92, --- », O] - The function of direct kinematics
problem is X=f (q) and the function of inverse
kimematic problem is g=f ™*(X).

B. Expressions of rotation matrices corresponding
to rotations performed around a single axis (OXx,
Oy or Oz) of a coordinate system.

e Rotation around Ox axis

The versors of the B axis system, obtained from
the rotation around the Ox-axis (Fig. 5) is expressed
in relation to the initial system wversors (A axis
system) by the following system of equations, as in
[7, 8]

Figure 5. The rotation of the system around Ox axis
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=114~ 0-js-0-ky
JE=0-04 +CO ja + 506 k4 (1)
kp=0-14-58-j4+Ch ky
The following notations were used: CO = cosf
and S0 = sin 6.

The rotation matrix from position A to position
B, after a rotation around Ox axis with 6 angle is
called *Rg(x, ©) and is expressed through:

1 0 0
ARs(x,B)=| 0 C& —58 (2)
058 C6

e Rotation around Oy axis

Fig. 6 shows the initial coordinate system (A)
and the system obtained from the rotation around Oy
with 6 angle (B system). The versors of the B axis
system, in relation to the versors of the A system
are:

ip=CF iy +0-jg-58 ky

Laa

JE=0-i4+1-j4+0- ks (3
kp=58-14+0 -j4+Ch ky
The rotation matrix from position A to position
B, after a rotation around Oy - axis with 6 angle is:
e 0 58

ARgv @)= 0 1 0 (4)
58 0 C

Figure 6. The rotation of the system around Oy axis

e Rotation around Oz axis

The versors of the B axis system, obtained from
the rotation around the Oz-axis (Fig. 7), in relation to
the versors of the initial system A are:

ig=CB- 1y~ 56 -j4+0 - ky
Je=-50-i4+-C8-j4+0-ky (3)
kp=0-i4+0 JJ +1-ky
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Figure 7. The rotation of the system around Oz axis

and the rotation matrix around Oz axis is:

Co 58 0

S8 6 0 ()
o 01

ARE(z. B) =

C. The kinematics of a three wheel mobile robot

The platform of the robot built in this project
has a kinematic representation as shown in Fig. 8.

The main variables describing the platform
kinematics are: the position vector p and the speed
vector dp/dt.

Xpg dxp/ i
p=|xya dp/di= | dyg / di ]
] apar

The angular position of the right wheel and the
left wheel are determined by {6, d6/dt} and
{6, do/dt }, asin [9].
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Figure 8. Geometry of a three wheel mobile robot
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I1l.  CONSTRUCTIVE DESCRIPTION OF THE ROBOT e two geared motor DC 6V. They are used
CAPABLE OF DETECTING AND EXTINGUISHING to actuate the wheels of the robot in order to
A FLAME enable the motion of the robot;
The physically made mobile robot is shown in e the L298N driver to control the DC
Fig. 9 and its electrical diagram is shown in Fig. 10. motors;
The robot’s components are: o four flame sensors, one in the front, two in
o the Arduino UNO microcontroller [10]: the sides and one in the back so it can sense

the flame from any angle;

Figure 9. The physically made mobile robot
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Figure 10. The electrical diagram of the robot
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e three SG90 servomotors (one used for the
neck, one for the elbow and one for the
wrist);

e one HC-SRO04 ultrasonic sensor used for
obstacle detection;

e a fan that represents the end-effector of the
robotic arm;

e abuzzer used as an alarm system;

e two LEDs used as beacons;

IV. THE ROBOT OPERATION PRINCIPLE

The robot is equipped with four flame sensors,
positioned so that they cover all possible directions.
The reads of the analog values given by the flame
sensors are between 0 and 1024 depending on the
intensity of the fire. The main perturbation that acts
on these sensors is the sunlight as it emits the same
light wavelengths as the fire. Therefore, the robot
first checks the values of the flame sensors in the
sunlight, compares them and takes the lowest value
as the reference. Then it continues to read the sensors
values and compares them to the established
reference.

If the sensors values are greater than or equal to
the value of the reference, it means there is no fire,
and in this situation, the robot will move around
looking for a source of fire. While he is moving, it
will avoid all the obstacles with the help of the
ultrasonic sensor that provides information about the
distance to the first obstacle. If the distance is less
than 20 cm, the robot stops and, with the help of a
servo, it will point the ultrasonic sensor in each
direction to make measurements, then compares the
right distance with the left distance and turns in the
direction where he has more space to move.

If the flame sensors values decrease under the
reference value, it means that a fire source has
appeared and the robot will compare the values of the
four sensors and will turn in the direction of the
sensor with the smallest value. When it reaches a
suitable distance from the fire source, using the
robotic arm that has a fan as the end effector, it
extinguishes the flame with a rush of air, than
continues its route avoiding obstacles and
extinguishing any flames he detects.

V. SOFTWARE EXEMPLIFICATION

The program built and implemented on the robot
consists of two basic functions called detour() and
firefighter() and thirteen auxiliary functions
[11, 12].

One of the important auxiliary functions in the
program, whose code is presented below, is the
measurement() function. This function is used by
the robot when he moves to measure the distance to
the first obstacle. If the distance is less than 20 cm,
the robot stops and with another auxiliary function
called orientation() checks the distance on each
direction, compares and goes in the direction where
he has more free space.

Measurement function code

Void measurement()

{

digitalWrite(trigPin, LOW); // set trig pin on
Low

delayMicroseconds(2000); // time for the
signal to settle

digitalWrite(trigPin, HIGH); // set trig pin on
HIGH

delayMicroseconds(15); // time for the signal
to settle

digitalWrite(trigPin, LOW); // set trig pin on
LOowW

delayMicroseconds(15); // time for the signal
to settle

//This LOW-HIGH-LOW transition creates an
ultrasonic signal that is sent outward, hits the first
object and returns to the sensor

time=pulseln(echoPin, HIGH); // the pulseln
command searches for a HIGH signal at the echo
pin, measures its length which indicates in
microseconds the time passed since the ultrasonic
signal returns to the sensor.

time=time/1000000; // convert time to
seconds

time=time/3600; // convert seconds in hours

distance=speedOfSound*time;  //
distance

calculate.

distance=distance/2; // the sound travels to
the target and back so we have to divide by 2 to get
the actual distance

distance=distance*100000; // convert km in
cm }

CONCLUSION

Robotics has advanced considerably nowadays,
from a simple mechanical bird to robots that possess
artificial intelligence and think autonomously.

As a result of an extensive documentation on
mobile robots, it has been successfully created an
autonomous robot that is capable of detecting a
flame that can be seen from any angle and of
extinguishing it. The robot is also able to avoid
obstacles and it can warn the users about the
presence of a fire using an alarm system.

The main disturbances that act on the flame
sensors are other sources of ultraviolet rays, such as
sunlight. This disturbance can be completely
eliminated by improving the robot’s sensor system
(smoke sensors, temperature sensors, gas Sensors
can be added).

The flame extinguishing system can be improved
by replacing the fan with a water pump or by adding
more degrees of freedom to the robotic arm.
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The robot achieves his mission of detecting and
extinguishing the flame if the flame stays put or
even if it changes its position. The robot runs the
program correctly even under strong sunlight
conditions,  having  comparison instructions
implemented between the four sensors.
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