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Abstract—Designing an efficient navigation procedure of mo- [14]. The Fuzzy Logic Controller has become a way of
bile robots, ensuring their securities, is an important isse in  collecting human knowledge and experience. Now, the fuzzy
robotics. Path planning for mobile robots ensures a smootiyl logic is becoming an interesting topic in control enginegri

trajectory to the designed target without collision with static or d ful solution t ietv of industrial t
moving obstacles. The aim of this paper is to develop an algithm and a successiul solution 10 a variety or Industrial systems

using fuzzy logic controller in order to find a feasible collsion- and consumer products. Moreover, the use of fuzzy logic
free path with obstacles moving with varying velocities. Tle main ~ system becomes very widespread to design a robust controlle
idea of the present work is based on an integrated environmen satisfying autonomous navigation problems.

representation. In fact, information about the environmert which . .
contains close multiple stationary and moving obstacles ar This paper proposed a developed method for addressing

included in the representation of a sensing area of the motsl Chattering phenomenon with a simple and easy implementa-
robot. Simulation results are performed to demonstrate the tion. This is realized by replacing the sign function in goht
efficiency of the proposed approach which can be well applied input used in [15] with fuzzy logic controller. This method
in the mobile robot navigation. o ~allows chattering decrease in control input, while keepthney
ror'];deer):t I;)Tess_e mgﬁgﬁ rf?};(;; E)%T: ggl?c')ﬂgr_' integrated envi- o1 ,stness characteristics of the robot mobile navigatitwe

' task is to command the mobile robot in order to avoid obstacle
and reach the goal while ensuring a smoothly trajectory in an
static or dynamic environment.

Nowadays, robots represent an essential elements inocietThjs paper is organized as follows. In the next section,
This is due to replace humans by robots in dangerous tagkg problem formulation is presented. Section 3 contaies th
or to provide better solutions for the industry. Designing &rajectory calculation. The fuzzy logic controller is givén
intelligent and independent moving robot is the most modeection 4. In Section 5, simulation results are presented.
technology in robotics. Path planning for a wheeled robot gsnally, conclusions are given in Section 6.
defined as finding a free path that helps the mobile robot to
reach the target without hitting obstacles. For this reatiom
mobile robot must be equipped with an adequate perception

system of the environment in order to give it a reactive geyeral navigation approaches can be founded in the liter-
behavior. Such a condition is provided, the robot will beeabl ,re. The main idea of our work is inspired by the approach
to ensure a_fl_uid anq reactive movement to the designed targglieloped in [15] and based on an integrated environment
without collisions with obstacles. representation. In fact, this approach is efficient and earsy
Indeed, the mobile robot needs to find a collision free pajg implement [16], [17]. In the following, we introduce the
between any two points (from its beginning to its end). Tgroposed algorithm dedicated to the robot path planning in
be able to find this path, the mobile robot should run ghesence of static and dynamic obstacles. Hence, we assume

adequate path planning algorithm. Several research worift the positions of the robot, the obstacles and the geal ar
for path planning of mobile robots, have been proposed i own in advance.

the literature [1], [2], [3]. Hence, there is some classical |, his paper, we consider a mobile robot which takes as
approaches dedicated to static environments are extelcndeqinbut the angular velocitys. The kinematic model of the
dynamic ones [4], [5], [6]. However, the problem of avoiding, opile robot is given by:

collisions in dynamic environment is much harder. Several
works have been developed for dynamic environments like
velocity obstacles [7], [8], collision cones [9], the rob
window method [10], inevitable collision state [11]. Y=V sinagp (1)
In the other side, researchers have been carried out using
advanced techniques such as fuzzy logic systems [12], [13],

I. INTRODUCTION

Il. PROBLEM FORMULATION

Xr=V cosagr

dR:w
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Obstacley

g

where: i _:Jyz\ M, Obstacles
o (Xg,YR) is the robot's cartesian coordinates. N1l : ’,\
e «ap is the heading direction. N
« V andw are the translational and rotational velocities,
respectively.
Let (Xr(0),Yr(0),ar(0)) the initial condition of the robot
and letr the sampling rate.
The purpose of this paper is to produce a reliable and a
smooth trajectory in a static and a dynamic environment and

to guide the robot towards the target direction withoutirmft |

obstacles, taking into account physical constraints ofdbet. 1) prg X
IIl. TRAJECTORY CALCULATION (a) Intersection points
. . . Y
We assume that all obstacles are circles in order to faeilita A
the present work. We define the diScof the radiusk centred Obstacle

at the pointQ2 that is ahead of the mobile robot’s position as
shown in Figure 1.

Yif oo

0 XR XnNn1
(b) Definition of angled

| Fig. 2: Obstacles detection
. . X
0] Xp

Fig. 1: Representation of the disc

The flowchart algorithm presented in Figure 3, contains four
steps which are explained in the following:

The geometric sense of the dig¢ choice is to ensure step 1: et the set which contains all values ®talculated
an efficient detection of obstacles. Indeed, the geometfg equation (2).

shape covers the entire area in front of the robot. Realy, th,, — {61,6,..0,_1,6,} wherej € {1,2,...,2n} andn is the

developed obstacle avoidance approach looks for havimg0inymber of obstacles. Figure 4 illustrates the distributién
of the intersection between virtual disc and real obstaclggferent intervals.

(see Figure 2a). In Figure 2b, we have two intersection poingtep 2: We notel,,, the index of the angle that is closest to
Ni(Xn1,Yn1) andN2(X w2, Yv2). The angledy is given by ©  the robot current heading.

0, = arctan (M) ) Ing = arg min(|0r — ag|) (3)
Xn1—XRr _
The idea is to compute the angle that makes the disc Moreover we note:
with two intersection points of the obstacles. Based on the Si=ar—7% ; So=0r(lha—1)
computation angle, a new directiof close toagr will be Ss=ap+75 ; Si=0r(lha+1)
provided. The objective behind the calculation of the new S5 = 01 (Ina)

direction is to change the rohot's heading in order 1o aVOE"[ep 3: If the robot is in front of obstacles, there are four
obstacles detected in front. That remains now is to MOY&cas depending on the value of the ind@ac,

towards the goal. To this end, the angular velocity, thatlgsii ,

the robot to the target direction without hitting obstagles * !f Zna iS 0dd:
should be determined. For this, we propose a fuzzy logic = — Case 1:1fl,4 =1 theny =25,

controller to calculate the angular velocity of the mobdeat. — Case 2: Ifl,q #1 thenyp =5



o If I,,4 is even: We propose a navigation scheme which is divided into three

— Case 3: If,,; = 2n thenp = S5 general functions: the trajectory calculation , the fuzagi¢
— Case 4: Ifl,q # 2n thenyp = S, controller and the mobile robot as shown in Figure 5.
Step 4: Based on the computation angle we compute the P
new dlreCtIon Y Trajectory ) i FLC i Mobile A
55;@ lf length(eT) 7& 0 4 calculation 4>% 5&, robot, Y
7= o, = arctan ( ;Z:?; ) elsewhere (4) (’ ’ Fuzzifier H e : ar
Where: o, € [-7,7] the desired goal direction and
assumed to be known to the robot af¥,,Y;) is the goal's
cartesian coordinates. If lengtf;) # 0, the directiony Fig. 5: Block diagram of the navigation algorithm

represents the middle of the interval closesttg . If there

isn’t any obstacles in front of the mobile robot, then . (X,,Y,) represents the goal's cartesian coordinates.

represents the desired goal direction « (Xg,YR) is the robot's cartesian coordinates amg is
the heading direction.

o ¢ represents the new angle that changes the robot’s

direction.

o w is the angular velocity of the mobile robot.

During the actual move, the mobile robot acquires infor-
mation about its environment containing static or dynamic
obstacles. To achieve the goal, the robot uses the newidinect
angle¢ as the main parameter. Then, the angular velogity
is determined and given to the robot in order to be able to
bypass between obstacles without being collided.

The controller input is the angle® calculated by the
trajectory calculation and represents the new directiat th
makes the robot changes its direction when it senses oéstacl
in front. The controller output is the angular velocitythat
will be given to the mobile robot in order to guide the robot
smoothly to the target without hitting obstacles.

o

‘gpzsngo:SQ‘ ‘pzSgH@:&‘ A. Fuzzy partition of input variables
| | | | The angleg is defined in[—Z, Z]. Membership functions
St of the parameteky is Gaussian. From several experiments
9 2 and from different desired precision, we have associategise
l l linguistic values for the anglé (NL: Negative Large; NM:
Negative Medium; NS: Negative Small; Z: Zero; PS:Positive

¢p=7—ag Small; PM: Positive Medium; PL: Positive Large).

Fig. 3: The proposed algorithm B. Rules basis
In this part, we determine relations between the fuzzy input
variable¢ and fuzzy output variable. These rules are given
directio‘\ of robot by
If (¢ is A; ) then w = y;)
Obs; Obss Obs, with ¢ = 1,2...,n, wheren is the rule number.
Following several simulations and experiment tests, we
have manually constructed the fuzzy inference table (situa

ar—5 O 0 03 0a O 0; or*3 tion/action). Tables | represents the suggested fuzzysrule
Fig. 4: lllustration of the intervals C. Fuzzy controller outputs
Fuzzy controller output is the angular velocity. It is
defined by:
IV. FUzzy LOGIC CONTROLLER n
. > Y
The Fuzzy logic controller can be used to control the w = =1 )

navigation of the mobile robot. In fact, the fuzzy systenowah 2”: o
the robot to find the path from the starting point to the target =1 !



TABLE I: Inference table for the angle

14

¢ NL | NM | NS | Z | PS|PM| PL 12

10

w NB | NM | NS|Z]|PS|PM| PB

with «; is the level activation of rule. a
The elaborated fuzzy controller is a Sugeno fuzzy logic

system of order zero. Thus, fuzzy rule consequences are

constants. We have chosen seven values as linguistic lesiab 0

of the fuzzy rule consequences as following: NL: Negative

I';argg,NM. Ne.gatlv.e Me_d_|um,N3. N(.ega'u.ve B|_g_, Z Z_ero, F)SFig. 7: Path planning with original method [15] in static
ositive Small; PM: Positive Medium; PB: Positive Big. Baseenvironment starting at (0,0) and ending at (0,12).

on simulations and experimentation tests, we have atéibtat ’ ’

each linguistic variable a numerical value as shown in FEgur 14

6.

12

NB NS NM / PM PS PB

03 -02 -01 0 01 02 03
Fig. 6: Numerical values of fuzzy rules output

10

w (rad/s) 8

»
»

V. SIMULATION RESULTS

To conclude the performances of the developed method %
using the principle of the fuzzy logic controller, we will
present simulations of an arbitrarily environment inchgli Fig. 8: Path planning with developed method using fuzzydogi
static obstacles. In all simulations, the linear velocitylahe controller in static environment starting at (0,0) and eqdht
maximum angular velocity have been chosen respectively @s12).
V=02 ms !, amaes = 0.3 rad.s~'. The sampling rate is
set to ber = 0.1s.

TABLE II: Initial conditions of mobiles obstacles
A. Navigation with static obstacles

In order to prove that the developed approach is efficient in Tobs | Yobs | Oobs | Vobs
. - . T
partially known environment, we have constructed an emviro 0’;5'5“;61 121 g i %%%
. . obstacles -0.
ment containing static obstacles. We assume that the rtdrot s obstacles T3 7 -7 [ o1

its motion from the initial positiofX(0), Yz(0), ar(0)] =

[0,0,0]. Figure 7 and Figure 8 illustrate the scene supplied
to the mobile robot and show the mobile robot trajectort¥] . . . )
depicted with small circles. In this scene, five static otlets € mobile robot moving towards the goal in a dynamic

with different shapes, are placed with an arbitrary way. THgViIronment. As it can be seen in Figure 9 and Figure 10,
robot should begin at poir{d, 0) and finish at point0, 12). In the robot trles_, to Qetqur the moving obstacles from its front
such a crowd environment, we are compared the algorithm @id changes its direction when it detects the obstaclellf;ina
the original method and the developed algorithm with fuzZA€ mobile robot accomplishes successfully the navigation
logic controller. In both methods, the mobile robot fulfilMission and reaches the stationary goal. Moreover, we define
successfully the task and reach the final destination withda> = S2 — 1 the covered distance between the starting and
being collide with obstacles. the ending points and the perigidt = ¢t — t;.
o _ ) Using the developed approach, we remark that the mobile

B. Navigation with moving obstacles robot selects the shortest smooth path in the shortestipessi

In this case, the robot is navigating with 3 dynamic obstacléme until reaches the target. In fact, the robot accompighe
starting its motion as mentioned in table Il. The desired goaavigation mission withAS = 14m path length and spends
(xg,y4) = (8,9). The mobile robot start its motion fromAt¢t = 70s to achieve the target. However, in the original
the initial position[X(0),Yr(0), ar(0)] = [0,0,a4]. In the method, the robot spend&t = 82.1s with AS = 16.42m
following simulations, we show different scenarios iliaging path length.
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Fig. 9: Mobile robot navigation with original method [15] inFig. 10: Mobile robot navigation using fuzzy logic conteil
dynamic environment in dynamic environment

Indeed, the path is optimized and the robot spends a sh e , ‘ ,
time. ] R D e e

In order to prove that there are no collision between tf 17 R R R ST
robot and obstacles, we illustrate in Figure 11 the curw
of the robot’s cartesian coordinat¢Xz, Yr) depicted with
continuous line and the curves of cartesian coordinates ‘ L ‘ ‘ L ‘ ‘
different obstacles represented by dotted lines. If thera i “
collision between the robot and obstacles, they will hawe tl
same cartesian coordinates at the same time. ObservingeFic
11, it is easy to conclude that there is no collision betwéen t
robot curves and obstacles. This proves that the robot mo
away from mobile obstacles and doesn’t collide them.
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C. Chattering problem .

The chattering phenomenon is an undesirable phenome
that generates oscillations in the control input which ezsult
the deterioration anticipated of the control system.

To limit this phenomenon, the fuzzy logic controller is. .
introduced to replace the sign function and to solve ta:eIgure 12 and Figure 14).
chattering problem in order to provide the stability and theif m (k) =0 then wu(t) = Upasr sign [0o(t) — 0(2)]
robustness of the system. if m(kd) =1 then wu(t) =Upma. sign [C(t) —0(t)] (6)

In fact, the switching caused by the sign function presentedlt € [kd, (k + 1)0)
in equation (6)[15] involve the appearance of the chatterin
phenomenon which is characterized by large oscillatioas (s

'El)é] . 11: Cartesian coordinates curves of the robot and olesta
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Fig. 12: Control input of the original method in static envifig
ronment
Fig. 13: Control input with fuzzy logic controller in staticFig

environment

Where:
m(kd) is a function takingd when the mobile robot does
not sense the environment in front itself bwhen the mobile )
robot senses the environmen(t) the angular velocityl/,,, ..
the maximum angular velocity, represents the desired goa 7l
direction andC(t) the new directiond is the sampling period. [g)
Simulations results, given by Figure 13 and Figure 15, prove
that the chattering phenomenon has been eliminated from the
signal of the angular velocity and show clearly that the use o
the fuzzy logic controller gives good performances and cedu
the chattering phenomenon.

(5]

[10]

VI. CONCLUSION [11]

In this paper, one of major tasks of path planning of
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