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Abstract—Mobile robots are increasingly used in service and
industrial activities. For many previous decades, its
navigation has always remained an open problem for
researchers in the World. The target of this research is to
develop a control method for mobile robots operating in
dynamic and unknown environments with both static and
moving obstacles. The method utilizes a fuzzy logic
approach based on a Lidar sensor to gather information
about the environment and make decisions for navigation.
The study focuses on the use of mobile robots in material
handling applications such as warehouses or libraries with
flat floors. The results demonstrate the ability of the
proposed method to navigate the mobile robot around both
static and moving obstacles, enabling its use in various
material handling applications. The study provides a
potential solution for the open problem of mobile robot
navigation in complex environments.

Keywords—fuzzy controller, mobile robot, wheeled robot,
path planning, trajectory

I. INTRODUCTION

Nowadays, the service robots have abilities of working
in complex environment as well as avoiding the moving
obstacles and static one like as map. The mobile robot’s
navigation includes sensing of surrounding environment,
localization, path planning, and motion control. Lidar
sensor is used to percept its surrounding environment,
determine its position and velocity of obstacles forward.
Planning path in accordance with the task by using
cognitive decision-making is a necessary stage before
tracking to following the pre-determined trajectory by
affordable controller.

Many researchers have expected that mobile robots
undertake a variety of tasks in various fields, such as the
supply of agricultural weeds, warehouses, construction
sites and hospital etc. [1-4]. For applications in
warehouses, mobile robots are used to handle the
transport of materials from storage rooms to production
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sites or production lines and inventory various goods. For
this reason, communication control needs to be suitable
for the movement and navigation of a mobile robot in a
predetermined environment. Indeed, the mobile robot’s
control requires the following good features: Self-
organization, flexibility, improved result quality, and
energy savings. In this paper, a fuzzy logic controller is
used because it does not require a mathematical model of
the controlled process. This will give the vehicle control
with different mathematical models. In this paper, model
of static and dynamic obstacle avoidance for the mobile
robot is described with constant velocity of the moving
obstacle. The robot can be able to flexibly move on the
map in many different situations in order to get an
optimal path.

In this work, two Fuzzy Logic Controller (FLC), using
different membership functions, are used for mobile robot
navigation in an unknown and dynamic environment. A
Tracking Fuzzy Logic Controller (TFLC) is occurred to
navigate the WMR to the target. An obstacle avoidance
of fuzzy logic controller (OAFLC) is used to perform
obstacle avoidance behavior. The main challenge in the
navigation operation of the WMR is the dynamic
environment and the insufficient information on the
environment. The traditional mobile robot planning
approaches remain not outstanding and unable to
overcome challenges. Therefore, many reaction
approaches have been introduced that allow the use of
artificial intelligence techniques, including problem
solving, learning, and reasoning. In this domain, fuzzy
logic [5-7], neural networks [8-10] and other controlling
techniques [11-13], have become the cornerstone of the
navigation system in mobile robots. At stated in
Pradhan et al. [14], a navigation approach for several
mobile robots in an unknown environment using the
fuzzy logic technique has been presented. In this paper,
the Fuzzy Logic Controller (FLC) is used by the authors
with a lot of different membership functions (three-
membership functions and five-membership functions) to
control  their mobile robots in an unstructured
environment. According to Oriolo et al. [15], A real-time
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fuzzy target tracking control scheme for autonomous
mobile robot using infrared sensors is presented. It uses
two robots, the first WMR is the moving target and the
second is tracking to it. Li et al. [16] have presented
indoor navigation using fuzzy logic. This paper proposed
how to use FLC for the target tracking control of WMRs.
As reported by Rashid et al. [17], they just use FLC for
motion and do not use any FLC to avoid obstacles.
Another indoor navigation system using fuzzy logic is
expressed in [18]. The authors used the fuzzy logic and
visual sensors to control the robot to the target. But this
scheme just uses FLC for WMR motion, it does not use
FLC to avoid the obstacles.

Il. KINEMATIC OF WHEELED MOBILE ROBOT

The mobile robot has to move from a start point from
desired one along the pre-determined path and avoid the
obstacles, which percept in working process. The
controller decides the optimal path of combine between a
planning path and obstacle-avoidance trajectory, it is
collision-free path. This paper gives some assumptions
like as: all of obstacles are presented by respective
bounding circles; there is only an obstacle in considering
area; no slip occurs on the pure-rolling wheel of mobile
robot. The mobile robot is in this study a four-wheel
platform with two separate driving wheels mounted on
the same axle and the remaining castor wheels to balance
the mobile robot during movement. These two active
wheels are independently controlled by two actuators to
reach desired position and orientation (Fig. 1). The
dynamic model of mobile robot is described by the
following nonlinear Egs. (1)—(3) [16].

Xo =V c05(6) (1)
Yo =V -sin (6 ) )
Gy = Ay @3)

where x and y are the coordinates of the position of the
robot. 0 is the direction of the mobile robot with respect
to the positive direction X-axis. Besides, v is the linear
velocity and o is the angular velocity.
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Fig. 1. Kinematics of mobile platform.
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I1l. DEAD-RECKONING

Dead-reckoning is used to estimate the position and
direction of a WMR during motion. The dead-reckoning
method is based on the previous position and direction at
time t =t (k) to calculate the next position and direction
at t = t (k+1). Using the Euler approximation, Eq. (1) is
written as follows:

Xty = X V0 T ~cos(9(k)) )
Yo = Yie V(e - Ts -sin (e(k)) ©)
Oy = Gy T Oy - T (6)

where Ts = tw+1)—tg is the sampling time. It is preferable
to use the distance travelled by the mobile robot during Ts
which can be calculated by using pulses of the encoders
on each motor of the robot DC wheel. This mathematical
model is described by these following equations.

-D (Ar, +Ar,
X = X +ﬂ7¥ : cos(e(K)) ()
7-D (Ar +Ar) .
Yiksny = Yk +T'—'Sm(9(k)) (8)
7-D (Arg—Ar)
0(k+l) :g(k)+ dst : Rr - 9

w

where AT = T(k+1)-T(k) are the pulses of the encoders
(L stands for left and R stands for right) during the
sampling time Ts, dst is the distance between the leading
wheels, D is the diameter of leading wheels, and Tw is
the number of encoder pulses for a full rotation. It is
known that this method is not accurate for fast dynamic
motion of a WMR or slipped. However, using dept sensor
lidar together can eliminate cumulative errors.

IV. Fuzzy LoGIc CONTROLLER

Two fuzzy logic controllers are developed and used to
navigate the mobile robot from its original configuration
to the target.

Tracking Fuzzy Logic Control (TFLC) and Obstacle
Avoidance Fuzzy Logic Control (OAFLC) are combined
to move the mobile robot to the target along a collision
path. In the first, the algorithm starts with TFLC. If any
obstacles appear inside safe zone of the mobile robot,
continue checking to see if obstacles are in the avoiding
zone. If the avoiding zone is compromised, then the
controlling algorithm switches to the OAFLC. Otherwise,
it will continue to be in TFLC algorithm. The output of
TFLC and OAFLC are the left and right velocities of
each leading wheel. Fig. 2 illustrates the fuzzy controller
of both TFLC and OAFLC. Because the robot do not
always need to avoid obstacles. If collision does not
occur there is no need to start with the definition of a safe
zone (S) first. Safe zone is an area that surrounds the
robot and the area predicted in the future (at a time At)
the robot able to collide with obstacles (Fig. 3).
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Fig. 2. Flowchart of the fuzzy logic algorithm.

Fig. 3. Simulation of safe zone.

The region is based on the input factors related to Vp
which is the instantaneous velocity of the robot in m/s. Rp
is the radius of the robot, Rq is the radius of the obstacle
and Vo is the maximum velocity whose obstacle can be
achieved. For example, obstacles moving at a speed too
fast will not be considered. The safe zone is defined by
drawing a circle with radius Ry centered at the center of
the robot (P). R; is equal to the sum of R; radius, obstacle
radius Rp and safety factor y are selected from 50 mm to
200 mm.

10
R=R+R,+7 (10)

Next is drawing a circle with radius R,. The center of
this circle is about a distance X from the center of (P, R1)
equal to the magnitude of the velocity of the robot Vp
multiple the collision prediction time At. R, represents the
maximum magnitude of the obstacle velocity (Vo) which
multiplied by the collision prediction time (At).
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11
X =V, -At )
R, =V, ‘At (12)

After that, draw two tangent segments of the two
circles just drawn. The area of the total of the closed
shapes is the safe zone need to find:

S:Rlz.arccos m +
X
) 2 (13)
+RZ-| 1-arccos m +
X
+(R+R,)-y/X?~(R,~R)’

After checking if the obstacle is in the safe zone,
continue to check in the avoiding zone (A). Basically, the
Avoiding zone is only different from the safe zone in Ry,
which means the Avoiding zone will have the second

circle whose radius will be R} . The R; is the value of the

instantaneous velocity of the Vo obstruction multiplied
by the time of collision prediction At.

R, =V, At (14)
JX2=(R. =R
A =R/ -arccos (Xz Rl) +
2 C 2
+R? - 1-arccos X (R2 Rl) +
X
(15)
+(R AR, )-X2 (R, ~R)’

A. Tracking Fuzzy Logic Controller (TFLC)

TFLC is proposed to move the robot to its target
smoothly. The inputs of TFLC are the angle between the
robot and the target (error angle), and the distance from
the robot to its target. The outputs of TFLC are the
velocities of the left and right wheels. Besides, each input
of TFLC is performed with seven membership functions
as illustrated in Fig. 4(a) and Fig. 4(b). The linguistic
variables used for the angle between the robot and the
target (error angle) are: N: Negative, SN: Small Negative,
NNZ: Near Negative Zero, Z: Zero, NPZ: Near Positive
Zero, SP: Small Positive, and P: Positive. The variables
used for input distance are: Z: Zero, NZ: Near Zero, N:
Near, M: Medium, NF: Near Far, F: Far, and VF: Very
Far.

LE. Angle= {N, SN, NNZ, Z, NPZ, SP, P}
LDistance= {Z, NZ, N, M, NF, F, VF}

TFLC is implemented with seven membership
functions for each output (Left Velocity LV and Right
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Velocity RV of the wheel) as illustrated in Fig. 4(c). The
variables used for the fuzzy rules of TFLC are: Z: Zero, S:
Slow, NM: Near Medium, M: Medium, NH: Near High,
H: High, and VH: Very High.

LLV=LRV={Z, S, NM, M, NH, H, VH}
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Fig. 4. Membership functions for (a) the distance, (b) the error in angle,
and (c) left and right velocities.

The velocities (LV and RV) of the leading wheels of
the robots are calculated using the defuzzification step.
Note that in this work the robot have adopted the
weighted average defuzzification technique. Further, if an
obstacle is detected around (from 0<=to 360<) the mobile
robot, the control algorithm switches over to the OAFLC.
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B. Obstacle Avoidance Fuzzy Logic Controller (OAFLC)

OAFLC is proposed to generate a control signal (LV
and LR) so as to avoid obstacles in unknown dynamic
environments. The input of OAFLC will be taken from
the Lidar sensor and then processed by the data to give 3
input coefficients which are the velocity value of the
obstacle (V,), the relative position of the obstacle with
the robot (P,) and deflection angle of the velocity vector
of the obstacle with the velocity vector of the robot (8,),
as illustrated in Fig. 5.

Y

o X

Fig. 5. Simulation for the input variables of both robot and obstacle.

These values are generated through the processing of
signals from the Lidar sensor. The output of OAFLC is
the velocities of the left and right wheels (Fig. 6(a)). The
value of the obstacle velocity is divided into 2
components (S, M) which are static and mobile. The
relative position of the obstacle is divided into 3 members
(L, R, B): Left, Right and Behind, shown in Fig. 6(b).
The deflection angle of the obstacle velocity vector and
the robot velocity vector are divided into 8 members
corresponding to the rotation angle of 45<around the
center of the obstacle (45< 90< 135< 180< 225< 270<
315< 3609, as shown in Fig. 6 (c).
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Fig. 6. Outputs for (a) The velocity of obstacle, (b) relative position of

obstacle with the robot (c) error in angle of obstacle to robot, (d) the left
and right velocity of OAFLC.

Vo = {S, M}
Po={L, B, R}
9o = {45, 90, 135, 180, 225, 270, 315, 360}

For the outputs, OAFLC is implemented with seven
membership functions for each output (left velocity LV
and right velocity RV) as illustrated in Fig. 6(d). The
variables which are used for the fuzzy rules of OAFLC
are: Z: Zero, S: Slow, NM: Near Medium, M: Medium,
NH: Near High, H: High and VVH: Very High.

LLV=LRV={Z, S, NM, M, NH, H, VH}

V. EXPERIMENTS AND DISCUSSIONS

The platform of mobile robot used is our own research
and design to suit the purpose. Robots are used in a
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wheel-design platform system that allows them to
navigate an unreasonably flat environment. Using the
Lidar RPLIDAR A2 2D 360°sensor, it is able to detect
the depth of the right scanned object and can rotate 360
degrees to rotate the center to get results from different
directions. In addition, it uses the C++ interface as a
programming language. In the past experiment, the
recommended sizes for using obstacles are: Vomax = 0.3 m
/S,Ro=0.8m, y=02m,Rp=0.2m, At=2sand Ty
1600 (pulses/round). Based on the experiments of
research on this issue, we have divided it into three
scenarios. In the first scenario, the robot will move in an
environment without obstacles and has not been built
before in the programming system, as shown in Fig. 7(a).
In the second case, the robot system is moved in the same
environment.
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Fig. 7. The simulating trajectories of the robots in three scenario (a)
First scenario (environment without obstacles). (b) Second scenario
(environment has static obstacles). (c) Third scenario (workspace with
mobile obstacle).
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But static obstacle suddenly appears on the trajectory
of the path of the robot. When scanning in the safe zone
where obstacles are present, the robot will continue to
process in the area to be avoided in order to provide the
best  obstacle  avoidance  plan, shown in
Fig. 7(b). In the third case, On the trajectory, there is a
mobile obstacle, and the robot relies on the input data to
provide an appropriate evasion direction, as shown in
Fig. 7(c). In all three scenarios to move to the target, the
robot moves through the intermediate target to add an
objective part in the research process. In Fig. 7(a), the
simulation of the simple path finder algorithm to navigate
to the target was designed by the fuzzy logic controller.
Note that this data is generated using the dead calculation
algorithm.

Fig. 8. The movements of the robots in three scenario (a) First scenario
(environment without obstacles). (b) Second scenario (environment has
static obstacles). (c) Third scenario (workspace with mobile obstacle).
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When the speed of the mobile robot is slow, the
algorithm provides precise positioning and orientation for
the robot. The robot moves from the initial point to the
intermediate point, and then ends at the target point. In
the second scenario, two obstacles suddenly appear
without prior notice. As shown in Fig. 8(b), the first
obstacle appears in a safe zone. But after the robot
continues processing in avoiding zone, obstacle is outside
of avoiding zone so it does not need to change the
trajectory of the path. Therefore, the control algorithm
returns to TFLC algorithm. When the robot continues to
move from intermediate point to target, there is second
obstacle. But now, the obstacle appears in both the safe
zone and the avoiding zone so the moving algorithm is
changed from TFLC to OAFLC to avoid obstacles. As
being seen from Figs. 7(a) and 7(b), the movement of the
robot in the first scenario is much different from the
second. This difference comes from the second obstacle
that the robot scanned and need to change the moving
trajectory to be able to avoid obstacle. Fig. 8(b) illustrates
the actual results of the second scenario, where two
obstacles were added in the unknown environment. Fig.
7(c) also shows us that the robot has overcome both
obstacles.

The experiment created in Fig. 8(a) creates the path in
Fig. 7(a). And the experiment in Fig. 8(b) gives the path
in Fig. 7(b). In Fig. 8(c), show the mobile obstacle with
another robot moving directly towards the robot with a
velocity Vo = 0.15 m/s. With the proposed algorithm and
the input parameters are set before, the robot will judge
the collision in the future At = 2 s. The robot then devised
a plan to avoid obstacles. Looking at Fig. 7(c), we see the
solution of the robot to avoid obstacles relatively simple
and effective.

VI. CONCLUSIONS

This paper presents a proposal to use fuzzy logic to
control mobile robots and avoid both static and mobile
obstacles. The goal is to demonstrate the mobility of self-
propelled robots in flat and unknown environments, such
as warehouses or libraries, where traditional methods of
detecting colored lines are not applicable. The use of self-
propelled robots offers great potential for flat
environments that are not overly complex and where
obstacles may appear unexpectedly. The proposed fuzzy
logic algorithms allow the robot to determine its own
behavior and provide optimal solutions for obstacle
avoidance. The research results indicate that the robot is
capable of effectively and smoothly navigating both
structured and unstructured environments using fuzzy
algorithms. In the future, research work can focus on
further improving the efficiency and reliability of the
fuzzy logic algorithms, as well as exploring their
potential applications in more complex and dynamic
environments. Additionally, it would be beneficial to
investigate the integration of additional sensors or
systems, such as vision-based obstacle detection, to
enhance the performance and capabilities of the self-
propelled robots.
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