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ABSTRACT

Robot omnidirectional is a type of wheeled robot that can move efficiently in various directions. Generally,
this robot uses Omni wheels. In this study, the mobile robot omnidirectional was developed to move freely in
reaching the target point. The robot uses four Omni wheels, where the direction of movement of the robot
uses kinematic analysis. The method used for the movement of this robot is fuzzy logic control. The fuzzy
logic controller accepts input from five proximity sensors, and the output produces the action of the
movement of the robot. Fuzzy logic control in a robot is designed to work on two behaviors, namely
avoiding obstacles and approaching the target. The obstacle avoidance behavior is active if the sensors detect
an object or wall, while the behavior of approaching the target is based on the error value between the actual
position and the reference. The experimental results show that the robot can navigate with good movement in

avoiding obstacles and reaching the specified targets.
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1. INTRODUCTION

A robot is a device that is designed to move both
manually and automatically and can help continuous work
[1]. Generally, robots use actuators to move, such as
electric motors, servo motors, steppers, and others. The
drive system in a mobile robot uses electric motors with
wheels so they can move and change positions. Most
mobile robots use two electric motors and wheels, where
the movement of the robots is limited [2],[3]. This
limitation of the motion of the robot makes it cannot move
in various directions or namely differential steering. From
this situation, the robot omnidirectional has been
developed that can move freely in multiple directions and
is not easy to hit obstacles or walls. The movement of the
robot requires a control system embedded in the
microcontroller of the robot [4].

In general, the Proportional Integral Derivative (PID)
control is more often used in a linear system, because PID
is not suitable in non-linear systems. This non-linear
system requires additional algorithms to produce a stable
system. Several studies have developed a modern control
system based on artificial intelligence [5]. One of which is
the fuzzy logic controller that is used to overcome the
shortcomings of PID because this control system can
make decisions based on logic rules that mimic an expert
[5],[6]. The fuzzy logic controller makes computation
more dynamic compared to the conventional PID. The
fuzzy logic controller provides convenience in program
design and reduces the use of mathematical functions of
complex systems.

The fuzzy logic controller is used to control the movement
of the robot and reduce movement errors automatically
[71.[8]. Therefore this method can work well on non-linear
systems. The robot omnidirectional will have difficulty if
it uses conventional controllers. The problem in this work
is how the robot omnidirectional can navigate freely in an

unstructured environment and can reach the desired target
position. The solution we offer is to use a fuzzy logic
controller in managing this robot system so that the
system can make the right decisions in navigation.

In this study, the fuzzy logic controller method was
designed to work in the robot's behaviors, such as
avoiding obstacles and approaching the target. The reason
for choosing the fuzzy logic method was that it could be
programmed either in a microcomputer or microcontroller
that had a small memory, and it was low-cost. The
movement of the robot in navigation also used kinematic
analysis to get the actual position of the robot.

2. METHODS

A. Robot omnidirectional.

In this study, a mobile robot that was used is a type of
robot omnidirectional that has four actuators, and each has
an Omni wheel. The Omni wheel aimed to move in
various directions without rotating the robot's body, where
the robot was assumed to be moving in a flat or two-
dimensional area. Fig. 1 shows the robot omnidirectional
in Cartesian. Based on Fig. 1, parameters such as X and Y
were the position of the robot. C was the center of the
robot. 0 was the angle formed by the x-axis, and ® was the
angular velocity. The distance between the center and the
wheels showed in L, the linear velocity for each wheel
were v1, v2, v3, and v4. The linear velocity centered on C
was showed in V and Vn. The speed and angle was
influenced by each motor M1, M2, M3, and M4. The DC
motors used were all types of metal Gearmotor.
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From Eq. 2, also obtained formulation V and V, as in Eq.

4,
V, = %(Vl(t) _Vs(t))

V=20, 0-v0)

4)
Based on the formulation of non-holonomic constraints in
the robot omnidirectional, the actual position obtained as in
Eqg. 5and 6.

X(t) =V (t)cosa(t) -V, (t)sin 6(t)
y(t) =V (t)sing(t) +V, (t) cos O(t)
o(t) = o(t)

(&) ()
X(t) =V (t)cosa(t) -V, (t) cos (90 - O)(t)

y(t) =V (t)sin (90— H)(t) +V, (t)sin O(t)
0(t) = w(t)
(6)

In Eq. 6, combined with Eq. 4, results in the formulation of
positions in the form of a matrix as in Eq. 7 and 8.

%(v4 ()~ v, (1)) cos o(t) - %(v1 ()~ v, (1)) cos(90 - A)(1)
X(t)
X
o J(0 | = %(VA(t)—vz(t))sin9(t)+%(vl(t)—v3(t))sin(90—0)(t)
Figure 1. (a) Robot omnidirectional, and (b) o) 1
illustration of the direction of movement [9]. i I(Vl(t)+V2(t)+v3(t)+v4(t)) |
@)
The basic formulation for kinematic in the robot is shown —1005(90—9)(0 —lcosa(t) 1cos(90—0)(t) 1cos,e(t) w(t)
in Eq. 1. The TNH(q) parameter is a non-holonomic X(t) ! i 21 i Vl(t)
transformation of the mobile robot, and u(t) is input used to y(t) [=| =sin(@0-6)(t) -=sind(t) —=sin(Q0-A)t) =sind(t) || >
estimate the position and velocity of the robot in cartesian 6(t) 2 2 2 vs(®
space. 1 1 1 1 v
. 4L 4L 4L 4L
X(t) ®)
() =T u(t From these equations, the actual positions are the output,
y( ) NH (Q) ( ) and the velocity vi, vz, v, and v, are the input.
o(t)
(1h) | | f - d Mot (v) L Puston
In Fig. 1, there is linear velocity for each of vi, v,, v, an v , A
vy are: PfOlelty FUZZy l()gl(: Motor2(v)) —» o i hde)
=p Robot omnidirectionsl =

U O Lot Motor 3 (v5) =
v, (t) =V (t) + Lo(t)
vy (t) =V, () + Laoo(t) k)

v, O =V(®)+Lao(t) Figure 2. The fuzzy logic control for movements of the
robot in avoiding obstacles.

SEnsors control

S A A ¢

(@)
Velocity v; to vy, if added together, will produce an angle
is given in Eq. 3.
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B. Fuzzy logic controller.

The fuzzy logic controller is an artificial intelligence that
mimics the workings of an expert based on experience in
decision making. The fuzzy logic control consists of
fuzzification, inference and logic rules, and defuzzification
[71.[8].[10]. In this study, fuzzy logic control was
implanted into the robot's behavior, such as avoiding
obstacles and approaching the target. The block diagrams,
respectively, are shown in Fig. 2 and Fig. 3. The fuzzy logic
method used was the Sugeno model because the
computation was simple and suitable to be embedded in a
microcontroller-based system.

Set point Mo 1) Poiton
(080D ~ sy | Fuzzv loic —»! Mor2() (00800
MRARINELC L Robot omnidirectional ==
; oonfrol = Mo v

Mator4 (v,)

Figure 3. The fuzzy logic control for the robot moves
to approach the target.

Figure 4. The positioning of proximity sensors.

Fig. 2 is the block diagram for obstacle avoidance behavior,
where the input came from proximity sensors, and the
output produced navigation of robotic to avoid obstacles.
The positioning of the proximity sensors with an angle of
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45° is shown in Fig. 4. Fig. 3 is the block diagram for the
behavior of approaching the target, where the input was the
difference between the reference position and the actual
position, and the output was the actual position. The actual
position was obtained from the kinematic formulation of
the robot because in Eq. 8, the input was the speed of each
wheel and the output was the actual position. These
behaviors were active alternately depending on the stimuli
received by the robot. The behavior of avoiding obstacles
had a higher priority than the behavior of approaching the
target. The design of fuzzy logic to these behaviors is as
follows:

X (error)

Ut} negative zero positive
10 0 10 ]
@
Ut near far
|
|
|
|
: X (cm)
5 15 30 100
(b)

Figure 5. The membership function, (a) for error
values, and (b) proximity sensors.

1. Fuzzification: In this study, there are two
fuzzifications, namely, to approach the target and
avoid obstacles. The fuzzification for
approaching the target behavior is the error value
between the actual position and the reference
position. Fuzzification for avoiding obstacles is
the value of proximity sensors. Fig. 5 shows the
membership function for error values and the
membership function for the proximity sensors.

Table 1. The logic rules for the robot approaching the target.

error X
negative zZero positive
vi o vl = positive | v1 = positive
positive
errory | negative
va= V2 = Zero v2 = negative
positive
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v3 = . v3 = negative | v3 = negative
negative
va = . v4 = zero v4 = positive
negative
vl = zero vl = zero vl = zero
v2 ” V2 = zero V2 = negative
positive
zero
v3 = zero v3 = zero v3 = zero
va = . V4 = zero v4 = positive
negative
vl = . .
. v1 = negative | v1 = negative
negative
v2 o V2 = zero V2 = negative
positive
positive

v3= . .

. v3 = positive | v3 = positive
positive
va = . v4 = zero v4 = positive
negative

Table 2. The logic rules for the robot avoiding obstacles.

Sensors 4 and 5
near, near near, far far, near far, far
vl= vl=
negative negative vl = negative | v1 = negative
V2 =
near, near, V2 = positive | positive V2 = positive | v2 = zero
near V3 =
v3 = positive | positive v3 = positive | v3 = positive
v4 = v4 =
Sensors 1 negative negative v4 = negative | v4 = zero
2, and 3 vl = vl =
negative negative vl = negative | v1 = negative
V2 =
V2 = positive | positive V2 = positive | v2 =zero
near, near, far
v3 =
v3 = positive | positive v3 = positive | v3 = positive
v4 = v4 =
negative negative v4 = negative | v4 = zero
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vl= vl=
negative negative v1 = negative | v1 = negative
V2 =
V2 = positive | positive V2 = positive | v2 = zero
near, far, near
v3=
v3 = positive | positive v3 = positive | v3 = positive
v4 = v4 =
negative negative v4 = negative | v4 = zero
vl= vl=
negative negative vl = zero vl = zero
V2 =
V2 = positive | positive V2 = negative | v2 = negative
near, far, far
v3 =
v3 = positive | positive v3 = zero v3 = zero
v4 = v4 =
negative negative v4 = positive | v4 = positive
vl= vl=
negative negative vl = negative | v1 = negative
V2 =
V2 = positive | positive V2 = positive | v2 = zero
far, near, near
v3 =
v3 = positive | positive v3 = positive | v3 = positive
v4 = v4 =
negative negative v4 = negative | v4 = zero
vl= vl=
negative negative vl = negative | v1 = negative
V2 =
V2 = positive | positive V2 = positive | v2 = zero
far, near, far
v3 =
v3 = positive | positive v3 = positive | v3 = positive
v4 = v4 =
negative negative v4 = negative | v4 = zero
vl =
vl = positive | positive vl = positive | v1 = negative
V2 = zero V2 = zero V2 = zero V2 = zero
far, far, near
v3= v3 =
negative negative v3 = negative | v3 = positive
V4 = zero V4 = zero V4 = zero V4 = zero
vl=
far, far, far v1 = positive | positive vl = zero vl = zero
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V2 = Zero V2 = zero V2 = negative | v2 = negative
v3= v3 =

negative negative v3 = zero v3 = zero

v4 = zero v4 = zero v4 = positive | v4 = positive

Inference and logic rules: In this study, the logic
rules are determined based on our experience
while learning the stages of fuzzy logic. The logic
rules that we have designed for the robot
approaching the target and avoiding obstacles can
be seen in Table 1 and Table 2, respectively. The
fuzzy output of the logic rules must be
synchronous with the membership function on the
crisp output of the system, as shown in Fig. 6. As
for the minus sign, it is the direction of movement
that is opposite to the illustration of normal
movement (see Fig. 1(b)). The decision-making
to produce fuzzy output using the max-min
mechanism [7],[10]. The output of this
membership function applies to these two
behaviors.

the second experiment, this condition changed at the initial
position of the robot (35, 75), and the final position (230,
135). The experimental result on the robot for one obstacle
is shown in Fig. 7(b). Based on Fig. 7(b), it can be seen the
navigation of the movement of the robot when detecting an
obstacle, and the robot could maneuver, and after that, the
robot went directly to the target. The robot activated the
obstacle avoidance behavior as the priority.

In the third experiment, there were three obstacles placed
in front of the robot. In this experiment, the initial position
(80, 230) and the final position (230, 110), were
determined. The experimental result in this environmental
condition is shown in Fig. 7(c). When the robot was
activated, the robot moved to approach the target and
detected an obstacle. The robot activated obstacle
avoidance behavior, and after that, the robot moved to

3. Defuzzification: The defuzzification is used to approach the target. In the fourth experiment, there were
change the value of fuzzy output to crisp output. four obstacles, where the robot can navigate to avoid
The Sugeno model represents the membership obstacles and reach the target as shown in Fig. 7(d). This
function of fuzzy output as a singleton is shown fourth experiment was a determined initial position (110,
in Fig. 6. In this study, the defuzzification process 230), and the final position (115, 55). Based on Fig. 7(d),
uses the Centre of Area method [6],[7]. the robot avoided two obstacles, namely the form of a

rectangle and triangle, and the robot could also navigate on
n _ o this condition.
Ux) negative Zero positive
-
Finish (124
x (%PWN .
(_.= ’ /" Trajectory
-20 0 20 4

Figure 6. The membership function for crisp output of
the system.

EXPERIMENTAL RESULTS

The experiment was conducted to determine the response
of the movement of the robot in the environment. The robot
was tested in a flat area with a length of 300 cm and a width
of 250 cm, and there were various obstacles. In this study,
the robot omnidirectional was tested in six environmental
conditions. In the first experiment, the robot was placed in o
an environment that had no obstacle. In this condition, the Finish
robot moved directly to the target as shown in Fig. 7(a). The P ,x@
initial position was Xs(t) = 160 cm and ys(t) = 110 cm, and — e

the target was final position x.(t) = 230 cm and yi(t) = 230 -

cm. The initial and final positions were freely determined.
In Fig. 7(a) it is seen that the robot navigated a linear
trajectory because the kinematics of the robot system
accepted input motor speed, and the output produced the
actual position. In the second experiment, there was one
obstacle condition that was placed in front of the robot. In (b)

Trajectory
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Figure 7. The trajectory on the robot omnidirectional
in various environmental conditions. (a) without
obstacle, (b) one obstacle, (c) three obstacles, (d) four
obstacles, (e) five obstacles and (f) seven obstacles.

Next, in the fifth experiment, there were five obstacles. The
robot and the target determined at the initial and final
positions, were respectively (70, 225) and (250, 130). The
experimental result on the robot in this environment is
shown in Fig. 7(e). The robot could navigate in avoiding
two obstacles in the form of a circle and rectangular
obstacle, after which the robot could reach the target. In the
last experiment, there were many obstacles. This
experiment was similar to the previous experiment, and
there were additional obstacles in the corner of the
environment. The initial and final positions were (35, 70)
and (250, 65), respectively. The trajectory of the robot on
the seventh experiment is shown in Fig. 7(f). In this
condition, the robot was also able to navigate, avoiding two
rectangle obstacles, and then the robot moved to the target.
In  experiments that had been done, the robot
omnidirectional could work well when avoiding obstacles
and moving approaching the targets with various
environmental conditions. This experiment had also
performed a comparison with the movement of the robot
without using the fuzzy logic controller. The results of the
movement of the robot using fuzzy logic and produced
smaller errors in reaching the target position compared to
without fuzzy logic can be seen in Table 3. This work could
be achieved because fuzzy logic control could make
decisions when controlling the system with various inputs
and conditions.
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Table 3. The comparison of error on the movement of the robot to reach the target by using fuzzy logic and

without fuzzy logic.

Experimental with Using the fuzzy logic Without the fuzzy logic
No | several environment controller controller
conditions error X errory error x errory
1 | without obstacle 0.9 -1 4.2 -4.6
2 | one obstacle 1.9 1 4.8 4.5
3 | tree obstacles 2 0.9 4.4 4.5
4 | four obstacles 1.9 2 -4.5 -4.5
5 | five obstacles -1.6 -1 -5 -4.5
6 | seven obstacle 2 0.9 4.3 4.5
[3] B. Deepak and D. R. Parhi, “Path Generation
CONCLUSION of a Differential Mobile Robot Using Fuzzy Inference

Robot omnidirectional has succeeded in carrying out tasks
such as avoiding obstacles and reaching targets. This robot
has five proximity sensors and four electric motors. The
positioning of the proximity sensors with angle is 45°, and
the motors of 90°. In this study, robot's experiments have
been carried out in various environmental conditions,
ranging from without obstacle to many obstacles. The
control system that is implanted in this robot
omnidirectional is fuzzy logic control, which is designed to
work on two behaviors, namely avoiding obstacles and
approaching the target. These experiments show that robot
omnidirectional can navigate in avoiding various obstacles
and reaching the specified targets. It can be concluded that
fuzzy logic control can make decisions in controlling
systems based on reasoning.
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