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Abstract 
 

This paper investigates the problem of reducing chattering in the control input for a mobile robot. It is well known that the 
fuzzy logic controller is an effective solution to reduce chattering for the mobile robot navigation. Compared to the original 
method which uses the sign function in the control input, the developed method reduces chattering and presents a simple 
algorithm for solving the obstacle avoidance problem in unknown dynamic environment. In fact, the developed algorithm 
instructs the mobile robot to keep moving smoothly to the designed target without collision. Simulation results show the 
efficiency of the proposed control law which reduces the chattering phenomenon and illustrate that the developed algorithm 
can be well applied in the mobile robot navigation. 
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1. Introduction 
 

Several efforts have been conducted in autonomous mobile 
robot researches. This is due to the replacement of humans 
by robots in dangerous tasks or to provide better solutions for 
the industry. However, designing an efficient navigation 
procedure for mobile robots and ensuring its security are 
important issues in robotics. For this reason, the mobile robot 
should be equipped with an adequate perception system of 
the environment in order to give it a reactive behavior. Such 
a condition is provided, the robot will be able to ensure a 
fluid and reactive movement to the designed target without 
collisions with obstacles. 
 In fact, the entire process that enables a robot to 
memorize its environment and then move to reach a goal, can 
be divided into three interdependent phases: mapping, 
localization and planning. Mapping is the phase which 
allows the construction of a map reflecting the spatial 
structure of the environment from different information 
collected by the robot. Such a map is available, the 
localization is the way of determining the orientation and the 
position of the mobile robot in the map with respect to its 
surrounding. The robot needs to know the objects (target or 
obstacle) around it [1]. Finally, the knowledge of the 
environment map and the current position of the robot, 
planning is the phase that allows to decide the movement in 
order to reach a goal in the environment. Indeed, the mobile 
robot needs to find a collision free path between two points 
(from its beginning to its end). To be able to find this path, 
the mobile robot should run an adequate path planning 

algorithm. 
 Several research works, for path planning of mobile 
robots, have been proposed in the literature [2], [3], [4], [5], 
[6]. 
 The earliest approaches for robot navigation have 
developed reactive methods based on sensor inputs. The 
three most known algorithms for local navigation are: the 
Artificial Potential Field method (APF) [7], [8], [9], [10], the 
Vector Field Histogram method (VFH) [11], [12], and the 
Dynamic Windows Approach [13], [14]. Additionally, there 
are other approaches like Curvature Velocity Method [15], 
Lane Curvature, Method [16], the Beam Curvature Method 
[17], and other methods [18], [19]. Several classical 
approaches dedicated to static environments are extended to 
dynamic ones [20], [21], [22]. However, the problem of 
avoiding collisions in dynamic environment is much harder.
  Several works have been developed for dynamic 
environments like velocity obstacles [23], [24], collision 
cones [25], the rolling window method [26], inevitable 
collision state [27], the prediction model for Beam Curvature 
Method [28], and other methods [29], [30], [31], [32]. 
 In the other side, several researchers have been carried 
out using advanced techniques such as fuzzy logic systems 
[33], [34], [35], [36], [37], [38]. Fuzzy Logic systems have 
originally been advocated by Zadeh [39], Mamdani and 
Assilian [40].  They become a way of collecting human 
knowledge and experiences. Currently, fuzzy logic is 
becoming an interesting topic in control engineering and a 
successful solution to a variety of industrial systems and 
consumer products. Moreover, the use of fuzzy logic systems 
becomes very widespread to design a robust controller 
satisfying autonomous navigation problems. 
 This paper proposes a developed method for addressing 
chattering phenomenon with a simple and easy 
implementation. 
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 This is realized by replacing the sign function in control 
input used in [41] with a fuzzy logic system. This method 
allows chattering reduction in control input, while keeping 
the robustness characteristics of the robot mobile navigation. 
The task is to command the mobile robot in order to avoid 
obstacles and reach the goal while ensuring a smoothly 
trajectory in a static or a dynamic environment. 
 This paper is organized as follows. In the next section, 
the problem formulation is presented. Section 3 contains the 
navigation algorithm. Simulation results are given in Section 
4. Finally, conclusions are given in Section 5. 

 
 

2. Problem Formulation 
 
Robot navigation still represents a challenge for several 
applications in the real world. It aims is to develop a control 
law in order to find the path from the starting point to the 
goal avoiding collisions with obstacles. Several navigation 
approaches can be founded in the literature. The main idea of 
our work is inspired by the approach developed by Savkin 
and Wang in [41] and based on an integrated environment 
representation. In fact, the information about the 
environment which contains close multiple stationary and 
moving obstacles are included in the representation of a 
sensing area of the mobile robot. The approach, based on an 
integrated environment representation, has been implemented 
and tested in this work [42], [43]. In the following section, 
we introduce the proposed algorithm dedicated to the robot 
path planning in presence of static and dynamic obstacles. 
For that, we assume that positions of the mobile robot, the 
obstacles and the goal are known in advance. In order to 
reach the target, the designed strategy is working to solve 
several various issues such as: how the robot can detect and 
separate obstacles, how to privilege situations of obstacle 
avoidance to overcome, how to treat the situation with more 
than one obstacle... To this end, the proposed algorithm uses 
several assumptions to solve the matter mentioned above. 
 
 
3. Navigation Algorithm 

 
The navigation algorithm is divided into three general 
functions: the trajectory calculation, the fuzzy logic 
controller and the mobile robot model as shown in Fig. 1. 
 

 
Fig. 1 Block diagram of the navigation algorithm 

 
 

 Notions of Fig. 1 are: 
 
  • (Xg,Yg) represents the goal’s cartesian coordinates. 
  • (𝑋!, 𝑌!) is the robot’s cartesian coordinates and 𝛼! is the 
heading direction. 
  • φ represents the new angle that changes the robot’s 
direction. 

  • ω is the angular velocity of the mobile robot. (more details 
on φ and ω will be presented later) 
 
 During the actual move, the mobile robot acquires 
information about its environment containing static or 
dynamic obstacles. To achieve the goal, the robot uses the 
new direction angle φ as the main parameter. Then, the 
angular velocity ω is determined and given to the robot in 
order to be able to bypass between obstacles without being 
collided. 
 
A. Modelling of the mobile robot 
Several types of autonomous mobile robots have been 
developed to ensure a fluid and a reactive navigation. Among 
these types of mobile robots, we are interested by a mobile 
robot with two independent driving wheels which can be 
commanded and oriented by acting on the speed of each 
wheel. 
 We consider, as presented in Fig.2, a wheeled mobile 
robot for which its kinematic model is given by: 
 
𝑋! =

 !!!!!
!

 cos𝛼! 

𝑌! =
 !!!!!

!
 sin𝛼! 

𝛼! =
 !!!!!

!
 

 

 
 Where (𝑋!,𝑌!) is the robot’s cartesian coordinates. The 
heading direction 𝛼!  is taken counter-clockwise from the 
OX-axis. 𝑉! and 𝑉! are the robot right and left wheel 
velocities, respectively. L is the distance between the two 
wheels. The mobile robot is moving with a constant speed V 
and taking into account a maximum angular velocity equal to 
αmax which translates the robot limits. The objective 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 without hitting obstacles, taking 
into account physical constraints of the robot. 

 
 
Fig. 2 The schematic model of the mobile robot 

 
 

 We assume that the mobile robot satisfies those initial 
conditions: 
 

(1) 



Faten Cherni, Yassin Bouteraa, Chokri Rekik and Nabil Derbel/Journal of Engineering Science and Technology Review 9 (3) (2016) 41-48 

 
 

43 

𝑋! 0 = 𝑋!
𝑌!(0) = 𝑌!
𝛼!(0) = 𝛼!

 

 
 Let τ be the sampling rate and let 𝛼! ∈ − !

!
, !
!

 the 
desired goal direction assumed to be known to the robot and 
(Xg , Yg) are the goal’s cartesian coordinates. Then: 
 

  
α g = arctan

Yg −YR

X g − X R

⎛

⎝
⎜

⎞

⎠
⎟         (3) 

 
 Based on the computation angular velocity ω, we 
calculate the robot right and left wheel velocities as 
following: 
 
𝑉! = 𝑉 + !

!
 𝐿𝜔

𝑉! = 𝑉 − !
!

 𝐿𝜔
          (4) 

 
B. Trajectory calculation 

In the following, we present the trajectory calculation which 
contains the algorithm in order to determine the angle φ. We 
assume that all obstacles are circles in order to facilitate the 
present work. We define the disc C of the radius R centred at 
the point Ω that is ahead of the mobile robot’s position as 
shown in Fig. 3. 

 
 

Fig. 3 Representation of the disc 
 
 
 The geometric sense of the disc C choice is to ensure an 
efficient detection of obstacles. Indeed, the geometric shape 
covers the entire area in front of the robot. Really, the 
developed obstacle avoidance approach looks for having 
points of the intersection between virtual disc and real 
obstacles (see Fig.4a). In Fig.4b we have two intersection 
points 𝑁!(𝑋!",𝑌!") and 𝑁!(𝑋!",𝑌!"). The angle θ1 is given 
by: 

 

   
θ1 = arctan

YN1 −YR

X N1 − X R

⎛
⎝⎜

⎞
⎠⎟

      (5)

 

 
 The idea is to compute the angle that makes the disc C 
with two intersection points of obstacles. Based on the 
computation angle, a new direction φ close to α! will be 
provided. The objective behind the calculation of the new 
direction is to change the robot’s heading in order to avoid 
obstacles detected in front. That remains now is to move 
towards the goal. To this end, the angular velocity, that 
guides the robot to the target direction without hitting 
obstacles, should be determined by the fuzzy logic controller. 
 The flowchart algorithm presented in Fig.5, contains four 
steps which are explained in the following: 
  

 
 

 
Fig. 4 Obstacles detection 
 
 
Step 1: Let 𝜃!  the set which contains all values of 
𝜃 calculated by Eq.5. 

  
θT ={θ1,θ2...θ j−1,θ j}where j∈{1,2,...,2n} and n is the 

number of obstacles. Fig.6 illustrates the distribution of 
different intervals. 

(2) 
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Step 2: We note 𝐼!" the index of the angle that is closest to 
the robot current heading 𝛼!.  
 

  Ind = arg min(|θT −α R |)                                                      (6) 
 
 Moreover we note:  

  

S1 =α R −
π
2

S2 =θT ( Ind −1)

S3 =α R +
π
2

S4 =θT ( Ind +1)
S5 =θT ( Ind )

  

 
Step 3: If the robot is in front of obstacles, there are four 
cases depending on the value of the index 𝐼!":  
 

• If 𝐼!" is odd:  
• Case 1:  If  𝐼!" =1   then 𝜑 = 𝑆! 
• Case 2: If  𝐼!" ≠ 1   then 𝜑 = 𝑆! 

 
• If  𝐼!"  is even:  

• Case 3: If  𝐼!" =2n then 𝜑 = 𝑆! 
• Case 4: If  𝐼!" ≠ 2𝑛 then 𝜑 = 𝑆! 

 
Step 4: Based on the computation angle 𝜑, we compute the 
new direction: 
 

  

γ =
S5 +ϕ

2
if   length(θT ) ≠ 0

α g elsewhere

⎧

⎨
⎪

⎩
⎪

                                     (7) 

 
   
 If length (𝜃!  ) = 0, the direction γ represents the middle 
of the interval closest to 𝛼!   . If there isn’t any obstacles in 
front of the mobile robot, then γ represents the desired goal 
direction given by Eq.3. 
 
 
C. Fuzzy logic controller 

The Fuzzy logic controller is simple to design, easy to 
implement and has several robust properties. Thus, it can be 
used to control the navigation behavior of the mobile robot. 
In fact, the fuzzy system allows the mobile robot to find the 
path from the starting point to the target. To increase the 
autonomy and the robustness of the mobile robot, we can use 
one or several fuzzy logic controllers. 
 A typical fuzzy logic controller includes a fuzzifier, 
membership functions, control rule base, an inference engine, 
and a defuzzifier. 
 In our case, the controller input is the angle φ calculated 
by the trajectory calculation and represents the new direction 
that makes the robot changes its direction when it senses 
obstacles in front. 
 The controller output is the angular velocity ω that will 
be given to the mobile robot in order to guide the robot 
smoothly to the target without hitting obstacles. 

 
1) Fuzzy partition of input variables: 
The angle φ is defined in − !

!
, !
!
. Membership functions of 

the parameter φ is Gaussian (see Fig. 7) and given by the 
following expression: 

𝐺𝑎𝑢𝑠𝑠 𝑥,𝜎, 𝑎 = 𝑒𝑥𝑝 − !!!
!

!
            (8) 

 
 From several experiments and from different desired 
precision, we have associated seven linguistic values for the 
angle φ (NL: Negative Large; NM: Negative Medium; NS: 
Negative Small; Z: Zero; PS: Positive Small; PM: Positive 
Medium; PL: Positive Large). 

 
Fig. 5 Block diagram of the navigation algorithm 

 
 

 
Fig. 6 Illustration of the intervals 
 
2) Rule basis:  
In this part, we determine relations between the fuzzy input 
variable φ and fuzzy output variable ω. These rules are given 
by: 
 
If (φ is 𝐴! ) then (ω = 𝑦! ) 
 
with i = 1, 2..., m, where m is the rule number. 
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Fig. 7  Membership functions for the angle φ (in rad) 

 
 
 Following several simulations and experiment tests, we 
manually constructed the fuzzy inference table 
(situation/action). Tab.1 represents the suggested fuzzy rules. 
 
Table 1. Inference table for the angle ω  

 
  
3) Fuzzy controller outputs:  
The fuzzy controller output is the angular velocity ω. It is 
defined by: 
 
𝜔 = !! !!!

!!!
!! 

!
!!!

         (9) 

 
with  𝛼!  is the level activation of rule i.  
 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 
variables of the fuzzy rule consequences as following: NL: 
Negative Large; NM: Negative Medium; NB: Negative Big; 
Z: Zero; PS: Positive Small; PM: Positive Medium; PB: 
Positive Big. Based on simulations and experimentation 
tests, we have attributed to each linguistic variable a 
numerical value as shown in Fig. 8. 
 

 
Fig. 8 Numerical values of fuzzy rules output 

 
 

4. 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 including 
static obstacles. In all simulations, the linear velocity and the 
maximum angular velocity have been chosen respectively as 
V = 0.2 ms−1, αmax = 0.3 rad.s−1. The sampling rate is set 
to be τ = 0.1s. 
 
A. Navigation with static obstacles 
In order to prove that the developed approach is robust and 

efficient in partially known environment, we have 
constructed a virtual environment containing static obstacles. 
In this scene, five static obstacles, with different shapes, are 
placed with an arbitrary way in front of the robot path and 
between the robot initial position and its goal. We assume 
that the robot start its motion from the initial position [𝑋!  
(0), 𝑌!  (0), 𝛼!  (0)] = [0, 0, !

!
 ]. The robot should begin at 

point S (0, 0) and finish at point G (0, 12). In such a crowd 
environment the developed algorithm is used to guide the 
mobile robot to fulfill the task. 
 Fig.9 and Fig.10 illustrate the mobile robot trajectory 
depicted with small circles. Once the mobile robot senses the 
obstacle, it changes its heading towards a safe direction in 
order to avoid collision with obstacles. As we can see in both 
figures, the robot is able to move around static obstacles or to 
pass through the middle of the gap between them. 
 
B. Navigation with moving obstacles 
In this case, the robot is navigating with 3 dynamic obstacles 
starting its motion as mentioned in Tab.2. We assume that 
the robot start its motion from the initial position [𝑋!  (0), 𝑌!  
(0), 𝛼!  (0)] = [0, 0,  !

!
 ]. The robot should begin at point S (0, 

0) and finish at point G (8,10).  
 In such a crowd environment the developed algorithm is 
used to guide the mobile robot to fulfill the task. In the 
following simulations, we show different scenarios 
illustrating the mobile robot moving towards the goal in a 
dynamic environment. As it can be seen in Fig. 11 and 
Fig.12, the robot tries to detour the moving obstacles from its 
front and changes its direction when it detects the obstacle. 
Finally, the mobile robot accomplishes successfully the 
navigation mission and reaches the stationary goal. 

 
Fig. 9 Path planning with original method [41] in static 

environment starting at (0,0) and ending at (0,12).  
 
 Moreover, we define   △S = s2 − s1 the covered distance 
between the starting and the ending points. In fact, in the 
original method, the robot spends a long time to attain the 
target which results in a much longer path △S = 17.68m. 
 While in the developed method, the travelled distance to 
the goal is △S = 14.82m. Indeed, due to the developed 
algorithm, the path is optimized and the robot seeks with the 
shortest path to the destination and the lowest elapsed time 
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Fig. 10 Path planning with developed method using fuzzy 

logic controller in static environment starting at (0,0) 
and ending at (0,12). 

 
  
. 
 
 
Table 2   Initial conditions of mobile obstacles  

 
 
 
 In order to prove that there are no collision between the 
robot and obstacles, we illustrate in Fig. 13 the curves of the 
robot’s cartesian coordinates (𝑋! , 𝑌! ) depicted with 
continuous line and the curves of cartesian coordinates of 
different obstacles represented by dotted lines. If there is a 
collision between the robot and obstacles, they will have the 
same cartesian coordinates at the same time. Observing 
Fig.13, it is easy to conclude that there is no collision 
between the robot curves and obstacles. This proves that the 
robot moves away from mobile obstacles and doesn’t collide 
them. 
 

 

 
Fig. 11 Mobile robot navigation with originally method [41] 

in dynamic environment (17.68 m path length) 
 
C. Chattering problem 
The chattering phenomenon is an undesirable phenomenon 
that generates oscillations in the control input which can 
result the deterioration anticipated of the control system. 

 

 
Fig. 12 Mobile robot navigation using fuzzy logic controller 

in dynamic environment (14.82 m path length) 
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Fig. 13   Cartesian coordinates curves of the robot and obstacles 
 
 

 
Fig. 14   Control input in static environment: (a) original method (b) 
developed approach 
  

 
Fig. 15   Control input in dynamic environment: (a) original method (b) 
developed approach 
 
 To limit this phenomenon, the fuzzy logic controller is 
introduced to replace the sign function and to solve the 
chattering problem in order to provide the stability and the 
robustness of the system. 
 In fact, the switching caused by the sign function 
presented in Eq.10 [41] involves the appearance of the 
chattering phenomenon which is characterized by high 

frequencies (see Fig.14.a and Fig.15.a). 
 
if m(kδ) = 0 then u(t) = Umax sign [𝜃! (t) − θ(t)] 
if m(kδ) = 1 then u(t) = Umax sign [C(t) − θ(t)]       (10) 
∀t ∈ [kδ, (k + 1)δ) 
 
 Where: 
  m(kδ) is a function taking 0 when the mobile robot does not 
sense the environment in front itself or 1. 
when the mobile robot senses the environment. u(t) the 
angular velocity , 𝑈!"# the maximum angular velocity. θ! 
represents the desired goal direction and C(t) the new 
direction. δ is the sampling period.    
Simulations results, given by Fig.14.b and Fig.15.b, prove 
that the chattering phenomenon has been eliminated from the 
control command of the angular velocity and show clearly 
that the use of the fuzzy logic controller gives good 
performances and reduces the chattering phenomenon. 
 

5. Conclusion 
 

In this paper, we have proposed a developed algorithm based 
on an integrated representation of the environment. 
 The aim has been to reduce chattering phenomenon in the 
control law using the fuzzy logic controller compared to the 
original method which uses the sign function. Based on the 
developed algorithm, the mobile robot is able to find a 
collision-free path between the starting point and the goal in 
cluttered environment containing static and moving 
obstacles. 
 Simulation results prove that the developed algorithm 
proves a high effectiveness in obstacle avoidance and for the 
convergence to the target. 
 
 

 
______________________________ 
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