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1. Introduction 
The mobile robot trajectory following problem is largely subject to searches. Specifically, to 

obtaining a controller that follows trajectory and avoids obstacles at the same time. The most used 
control algorithm implemented in this field are PID Controllers, Model Predictive Controllers, 
Reinforcement Learning Controllers and Fuzzy Logic Controllers [1]–[4]. 
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 Mobile robots are favorites to industrial applications nowadays. They 
become popular in a several fields. This increases the need of control to get 
more precise and autonomous ones. From the most challenging control 
methods to mobile robot, we can find methods to introduce real-time 
control motion as well as methods that solve the problems of the 
environment. This paper introduces both kind of control.  In fact, a system 
of reactive navigation containing two fuzzy controllers is developed. The 
first is to allow the real-time trajectory tracking of a mobile robot in a 
partially known environment. The second is a self-correction of the 
trajectory according to the unexpected obstacle that can be found 
differently in the environment. The dual fuzzy controller is executed 
simultaneously in real time. To carry out these algorithms, a planner 
module delivers the former. The dual controller is designed using Saphira 
software and MATLAB then tested. First, we sample the trajectory and 
supply it in different shapes. Then, we use sorting algorithm to determine 
the point of alignment with the reference trajectory. In the second 
controller, we use avoidance for static and unforeseen obstacles. Finally, 
we present a series of simulations for these controllers in the case of the 
Pioneer 2P robot in multiple environments. Results of real experiments 
show the satisfactory and efficiency of these algorithms. Is achieved a 95 
% obstacle avoidance rate and value of trajectory tracking error of 5% so 
is well done and the unforeseen obstacles was avoided with the proposed 
method. Without divergence from the trajectory. In other words, by 
rejoining the desired trajectory quickly after just moving away from the 
obstacle. 
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The use of PID algorithms provide a powerful dynamics and excellent mobility precision [4]. 
This algorithm can be applied in motor control level or kinematic control. In the later control needs 
improvement to get the best results. Towards performance variation in system parameters. Such as 
robot weights [2]–[8]. This improvement can be done by affecting PID parameters or by adding other 
control techniques. 

Many authors use time-varying PID controllers [9]–[12] and test them even for several 
disturbances. However, they often need another algorithm when an increase in precision or speed is 
needed. The meta-heuristics algorithms are the most used here [13]–[15].  

Another solution is the use of fractional-order FOPID for robot mobile tracking with obstacle 
avoidance problems. This gives a better result than simple PID, but the tuning of parameters is needed 
more attention from the designer. In [16] the FOPID combined with backstepping is developed for the 
trajectory tracking of mobile robots. It is used in more Beetle swarm optimization algorithms to tune 
the parameters of the kinematic and dynamic controllers. In [17], the Gray Wolf Optimization is used. 
In [18], a nonlinear neural fractional-order proportional integral derivative (NNFOPID) controller is 
proposed for the motion control of a non-holonomic differential drive mobile robot (DDMR). The 
tuning of these parameters uses a modified adaptive particle swarm optimization. In [19], a Gray Wolf 
Optimizer is used for FO-PID controllers. Time-varying PID parameters is considered in [20], the 
authors design a PID controller with time-varying parameters for trajectory tracking. The [21] presents 
a variable parameter PID controller for a differential-drive mobile robot with a desired time-varying 
velocity. Moreover, in [22], a robust tuning scheme is proposed where a fuzzy rule-based set point 
weighting technique is proposed for an initially designed fuzzy PID controller. The [23] focuses on 
the design of a fuzzy-PID controller for a laser sensor-based mobile robot to detect and avoid 
obstacles. The PID or FOPID controllers are founded in recent literature as a hybrid algorithm with 
meta heuristics, adaptive, fuzzy, or neuro-fuzzy. In this case, the PID is initially designed and is built 
through the result [24]–[29].  

Model Predictive Controllers (MPC) develop the controllers implicitly by resolving an 
optimization problem that can be constrained. It uses a horizon optimization. The best control series 
across a limited potential horizon for N steps is discussed in [30]–[33]. The need for improvement 
also appears to be a simpler and precise controller in [34] receding horizon control. The use of fuzzy, 
meta-heuristics, quadratic programming, etc. [35]–[39]. Real-time predictive control is proposed in 
[40]–[41], nonlinear MPC is seen in [42]–[45].  

Reinforcement Learning Controller (RL) is one of the most famous heuristic approaches that is 
used for the navigation of mobile robots in a complicated environment. Meanwhile, RL is an algorithm 
that finds the best decision via experience [4], [46]. To reduce these difficulties, [47] a fuzzy based 
system is designed to collect data sets for training of RL. The RL is used in [10] with neural networks. 

The fuzzy controller is used for mobile robotic control since it can define linguistic words and 
make decisions consistently with predictability. As a result, FLC is suited for operating a mobile robot 
due to its ability to make decisions. Even in the face of unpredictability, it subsequently employs a 
collection of linguistically fuzzy rules to apply expert skills in a variety of circumstances [4], [48]–
[51]. Meanwhile, for insufficient data, the improvement is necessary. It can include the Adaptive fuzzy 
sliding-mode control design [52]. The adaptive fuzzy controller is proposed in [3]. 

These controls are proposed for motion planning and a collision-free control algorithm. Fuzzy 
logic is used where inaccurate information can be processed. Fuzzy logic allows decision-making 
based on a priori knowledge of the controlled system. The mathematical modeling and the 
implementation of tracking position control of autonomous mobile robots can be processed using 
fuzzy logic. In a known environment, the robot's evolution can be summarized in a series of simple 
convergence tasks towards the goal. However, the knowledge of its environment does not give the 
necessary information about the followed path. Therefore, moving the robot from an initial position 
A to a final position B requires a hierarchy of actions as in [53]. If the environment perceived by the 
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robot is unknown—it may contain unforeseen obstacles—the unexpected obstacles can lead to failures 
in robot navigation, which requires an adaptation to new situations.  

The uncertain environments or the presence of unexpected obstacles is seen in some literatures 
using deep learning control [54], a probabilistic online computation constraint [55], [56] fuzzy neural 
network with self-learning, Reinforcement learning as in [39], Adaptive Nonlinear Sliding mode 
control technique in [57], [58] etc. 

For all of these studies, the major steps of trajectory tracking, with or without unexpected 
obstacles, is first the determination of error position, then alignment with the reference trajectory, and 
finally the determination of the point situated on the trajectory that has a minimum distance from the 
current position of the mobile robots. Thus, in this paper, we propose a kind sorting algorithm as a 
solution to answer this subject. In fact, a number of simplifying assumptions of the environment 
evolution are generated, and a path following module is requested. We consider that the planner 
delivers a reference trajectory and the tracking trajectory controller follow it reactively by amending 
it if is necessary according to the current situation.  

The main objective in this work is to give a powerful method for determining the alignment point 
with the reference path. Therefore, a fuzzy controller of position error minimization and reference 
trajectory alignment is developed. On the other hand, in order to take into account unexpected 
obstacles on the planned trajectory, we develop a fuzzy controller for the obstacle avoidance. Some 
situations are guessed to test the collision-free algorithm. Consequently, developing a dual fuzzy 
controller for trajectory tracking and unforeseen obstacle avoidance in partially known environments 
with unexpected obstacles. 

Using the environment information, the proposed algorithm must: (1) Generate a trajectory 
between A and B, which is achievable by the robot. The planning data are expressed as a defined 
trajectory given by a sequence of points corresponding to the transition situations 𝐺! 	in the 
environment. (2) Follow this trajectory using the perception system (sensors) and actuators. The first 
module (path planning) is a deliberative module that relies on a representation of the environment in 
the form of a real or fuzzy map. 

2. Control Strategy 
In general, path-planning strategies are global or local in relation to the information around the 

environment. In global path planning the robot can reach the target by following a predefined path, 
global path planning is off-line path planning. In local path planning, the robot moves in real-time 
monitoring online path planning [59]–[61].  

However, Global path planning need to build a global map model, to obtain the optimal path to 
guide the robot to go safely toward the target point in the actual environment. In this work, it is a 
combine global and local path to goals to find the global optimal path with real-time obstacle 
avoidance planning. In this work to get a sampled point’s vector as flow:  

The reference trajectory is given in the form of sampled points defined by a vector G of dimension 
N+1: 

 𝐺 = {𝐺", 𝐺#, …𝐺$}  (1) 

Each point 𝐺! of this set G is characterized by:  

Cartesian coordinates (𝑥! , 𝑦!) 

An orientation 𝛼! of the trajectory at this point.  
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 𝐺! = ,
𝑥!
𝑦!
𝛼!
- (2) 

The trajectory is valid when the continuity conditions of the Cartesian coordinates and the continuity 
of the orientation are ensured. Fig. 1 illustrates the principle of trajectory tracking: Where it is in the 
current time "i". 

 
Fig. 1. Trajectory tracking principle distance point search algorithm   

The 𝜂%!& represents the minimum distance between the robot's current position and the reference 
trajectory, 𝐺' represents the future point, 𝐺%!& represents the point defining the distance 𝜂%!&, 𝜃( is 
the angle between the direction of the robot and the orientation of the trajectory at point 𝐺'. We will 
designate it later as misalignment, 𝜙%!& represents the angle between the robot's main axis and the 
minimum distance segment; 𝑥𝑜𝑦 is robot frame and 𝑋𝑂𝑌 is absolute frame. 

From a known configuration of the robot, the trajectory-tracking controller must ensure:  

• Convergence in position by minimizing the distance 𝜂%!&.  

• An alignment with reference trajectory by the minimization of 𝜃(. 

2.1. Search Algorithm for the Minimum Distance Point  

To carry out a search of the robot trajectory minimum distance point, we proceed as in classical 
sorting algorithm which consists of finding an  interval [𝑃)	, 𝑃* 	]	of points of 𝐺! included in the vector 
of G, afterward we calculate the distances of 𝜂! from robot to different points of 𝐺!.  

We choose the width of the search interval so that the trajectory is almost linear. We would also 
take into account the robot dimensions and the trajectory points (sampling).   

Knowing that robot state vector given by: 

  𝑞+,* = ,
𝑥+,*
𝑦+,*
𝜃+,*

-  (3) 

We define the distance 𝜂! between robot and the point 𝐺! as follows:  

 𝜂! = 9(𝑥! − 𝑥+,*)- + (𝑦! − 𝑦+,*)-  (4) 

Therefore, it catches the minimum distance calculated over this interval by:  

  (𝜂%!&, 𝑖%!&) = 𝑚𝑖𝑛(𝜂!)  (5) 
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with 𝑖%!&𝜖A𝑃) , 𝑃'B is the index of the point that satisfies the condition (5). It corresponds to the desired 
point 𝐺%!& given by (6):  

 𝐺%!& = ,
𝑥%!&
𝑦%!&
𝛼%!&

-  (6) 

After determining this point, the update of the search interval is as follows:  

   C𝐼𝑓	(𝑖%!& − 𝐶#) ≥ 0	𝑡ℎ𝑒𝑛		𝑃) =	 (𝑖%!& − 𝐶#)
Else		𝑃) = 0  

P
𝐼𝑓	(𝑖%!& + 𝐶-) < 𝑁	𝑡ℎ𝑒𝑛		𝑃' =	 (𝑖%!& + 𝐶-)

Else		𝑃' = 𝑁  
(7) 

The robot coordinate system can be transformed by using 𝐺%!& point coordinates. They are expressed 
in the global former: 

   
𝐺%!&. = S

𝑋%!&.

𝑌%!&.

𝛼%!&.

T (8) 

So, the coordinates of point of 𝐺%!& point in robot global coordinate system becomes:   

   S
𝑋%!&.

𝑌%!&.

𝛼%!&.

T = U
Δ/ cos(𝜃+,*) + Δ0 sin(𝜃+,*)
−Δ/ sin(𝜃+,*) + Δ0 cos(𝜃+,*)

Δ1
[  (9) 

With 

 
U
Δ/
Δ0
Δ1
[ = U

(𝑥%!& − 𝑥+,*)
(𝑦%!& − 𝑦+,*)
𝛼%!& − 𝜃+,*

[ 

We deduce that: 

 𝜙%!& = 𝑎𝑟𝑐𝑡𝑎𝑛(
𝑌%!&.

𝑋%!&.
) (10) 

The coordinates of the future point noted 𝐺', which will be used for the alignment with the trajectory, 
are determined as follows:  

 𝐺' = U
𝑋'
𝑌'
𝛼'
[ 					𝑤𝑖𝑡ℎ		𝑓 = 𝑖%!& + 𝐶2 (11) 

Where 𝐶2 is the number of steps to choose in the future. 

Finally, the misalignment is determined by (12):  

 𝜃( = `𝛼' − 𝜃+,*a  (12) 

Once the transformation and calculation of the variables is carried out, the main objective of the 
trajectory-tracking controller is specified by:  
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• Minimizing 𝜂%!& through 𝜙%!&, to reduce error in position. 

• Minimizing 𝜃(	to reduce error in orientation. 

2.2. Problem Formulation 

The planning module shown in the in Fig. 2, determines a trajectory within a modelled 
environment with a grid map using the methods. We notice that the proposed planner operates with a 
defined time horizon T, which required a previous prediction of the future states of the environments 
on this horizon, according to perceptive information characterizing the current situation. 

 
Fig. 2. Control architecture for trajectory tracking 

Such prediction induces uncertainties and inaccuracies, which increase progressively with the 
time horizon. Therefore, two strategies are observed and defined: Uncertainties and inaccuracies are 
commonly modelled to generate the safest possible trajectories. In these cases, the limited space of 
solutions constitutes the main disadvantage. Some simplifying assumptions of the environment 
evolution are generated before the path following module is requested.  

This work uses the second approach. We consider that the planner delivers a nominal trajectory, 
and the tracking trajectory controller follows it reactively by amending it if necessary, according to 
the current situation. Moreover, in the considered partially known environments, the fixed obstacles 
are modelled. The planning module generates a free trajectory, which the robot should follow. 
However, during the evolution, the robot may encounter unexpected (unforeseen) obstacles that 
interrupt its trajectory. 

We note that, to perform the real experimentation, we use a mobile robot Pioneer 2P (Fig. 3) of 
the Activimdia firm [62]. The robot has eight ultrasonic sensors 𝑆𝑖 through eight transducers, which 
are placed as in Fig. 4. The front sonars are positioned as follows: one on each side and six on the 
front, separated by twenty degrees [62]. 

The main objective of this work is to create a fuzzy controller to track the nominal trajectory 
delivered by the path planning module. In our tracking experiments, we assume that the environment 
is uncluttered. That means the robot follows a path without using the obstacle avoidance module. 
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Fig. 3. Experimental platform of Pioneer 2P 

 

Fig. 4. Ultrasonic sonar position of Pioneer 2P 

For each robot position in the absolute coordinate system, inputs values can be calculated for 
each moment of T. Therefore, it is necessary to elaborate a search algorithm of the point located on 
the trajectory and closest to the current position of the robot. The Fig. 5 carry on the proposed 
minimum distance point search. 

3. Design of the Trajectory Tracking Controller 
3.1. Fuzzy Controller Trajectory Tracking  

To acquire the fuzzy controller, the first step in design is to identify the inputs/outputs to the 
controller. According to trajectory tracking for mobile robot, this needs different types of information: 
We need to know where the robot is located at each time, for this, we use sensor; we need to get the 
destination or the direction where the robot will move. Aimed at this, rotation of the robot in the 
appropriate direction needs the two angles as defined in (5) and (10). Therefore, from this information, 
we took the input variables as 𝜂%!&, 𝜃(, and 𝜙%!&.  

Each input of the fuzzy controller (𝜂%!&,𝜃(, 𝜙%!&) is decomposed into fuzzy sub-sets to get 
membership functions (see Fig. 6). The used labels are near and far, for the distance 𝜂%!& and N 
(negative), Z (zero), P (positive) for the angles: 𝜃(, 𝜙%!&.  

To get output of the fuzzy controller, the necessary information is to identify what we want from 
fuzzy controller: is to make the robot move to the destination. To accomplish this task. The robot has 
two controlled wheels. In general [48], [49], [63], the outputs to the controller are the speed of DC 
motors directly fixed to the right and left wheels of the robot. In this paper, the output variables are 
identified as the rotation velocity 𝑉*34 which gives order to DC motor to turn left or right with a fixed 
values and as translation one 𝑉45 which gives order to robot to go left or right. The values of 𝑉*345 . 
Fig. 7 shows an overview of the used fuzzy controller. 
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Fig. 5. Membership functions for input/output variables (fuzzification) 

 
Fig. 6. Flow chart of the proposed method 

 
Fig. 7. The overview of the used fuzzy tracking controller 
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The translation speed output 𝑉45 is partitioned into three fuzzy sub-sets: Zero (Z), Medium (Mm) 
and Maximum (Max). The rotation speed 𝑉*345 is divided into three fuzzy subsets: Turn Left (TL), 
Zero (ZE) and Turn Right (TR) (see Fig. 8). We get the fuzzy tracking controller as in Fig. 9. This 
partition provides a concise rule base as shown in Table 1 and Table 2. 

 
Fig. 8. The Membership functions for the output variables (defuzzification) 

 

Fig. 9. The fuzzy tracking controller  

Table 1.  Tracking Rule base of  𝑉!" & 𝑉#$!" respectively 

Ba 
Bmin N Z P 

N Z Mm Mm 
Z Mm Max Mm 
P Mm Mm Z 

Table 2.  Rule base for tracking 

Ba 

Bmin 
N Z P 

N TR TR ZE 
Z TR ZE TL 
P ZE TL TL 

 

Using the consequent membership functions of the rules, the defuzzifier transforms the linguistic 
variables and get a crisp output value. This produces a non-fuzzy value. In the simulation, to get this 
result, the ‘evalfis’ function of MATLAB is used.   

3.2. Fuzzy Controller Unforeseen Obstacle 

We consider a safety distance such that the robot must not cross it "𝐷'*66" As the robot is far 
from this value, the avoidance procedure is ineffective and the robot is safe as long. As soon as it 
approaches, avoidance must begin. At that moment, tracking of desired trajectory is useless! 

Starting from this principle, we built controller. Taking this distance 𝐷'*66 	as the goal to create 
the fuzzy controller. It seems clear that a Mamdani model is sufficient. We divide the space seen by 
the obstacle detector sensors into three parts, then, it creates three inputs for the fuzzy controller (Fig. 
10 and Table 3). The output is always 𝑉*34 and 𝑉45 but with a repulsive effect. 

This is justified in the case of mobile robot navigation. Indeed, depending on the distance between 
the sensors and their positioning to detect obstacles far from "𝐷'*66, and due to the constant values of 
the inductive sensor, blind spots appear. This indicates that obstacle detection is limited. The transition 
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from tracking to avoidance can be done automatically, whether the sensors are activated or 
disactivated. 

 

Fig. 10. The proposed Fuzzy avoidance 

Table 3.  Obstacle avoidance rule base of 𝑉!" & 𝑉#$!" respectively 

𝑮𝑮 
𝑮𝑫 P M L 

P TR TR TR 
M TR TR TR 
L TR TR TR 

 
𝑮𝑮 
𝑮𝑫 P M L 

P TR TL TR 
M TR TR TL 
L TR TR TR 

4. Simulation of the Proposed Controller 
Unlike in [48], [49] in this work the number of fuzzy sub-sets for each input is reduced to three. 

Also, recovers accuracy with Sugeno model. In [48] uses for inputs: inductive sensor (divided to five 
fuzzy subsets), the "Proximity Sensors": Left Front and right divided each to three fuzzy subsets (C: 
Near, M: Mid, FR: Far), for the output, the linear velocity divided to five fuzzy subsets and the angular 
velocity to seven fuzzy subsets. It uses a Mamdani type. External disturbances are used in 
experimentation to test the influence of using Fuzzy type2. 

In [49] uses as six inputs: Distance to the destination (divided to three fuzzy subsets), Direction 
of destination from current location (five fuzzy subsets), Front obstacle (three fuzzy subsets), Left 
obstacle (three fuzzy subsets), Right obstacle (three fuzzy subsets), Back obstacle (three fuzzy 
subsets). As outputs uses 2: left motor speed (seven fuzzy subsets) and right one (seven fuzzy subsets). 
It is used a Mamdani and simulation tests are based more on obstacle detection. 

To choose the number of fuzzy subsets or linguistic values for each input must done carefully. 
Certainly, the more fuzzy subsets number, the more the controller will be accurate but the more 
expensive to implement the electronic device required. Consequently, designer considers optimization 
of cost and accuracy. 

The obstacle avoidance controller used in this work is switched with the tracking controller as in 
[62], who uses two fuzzy controller one to avoid a dynamic obstacle as a primary task and the second 
to do the trajectory task, but in this paper the tracking is considered as primary task. 

4.1. Alignment Point with the Reference Path 

The defined fuzzy controller is simulated using different forms of reference trajectories (See Fig. 
11 and Fig. 12). When it shows a rectilinear form (Fig. 11), the robot initially is on the trajectory but 
with a different orientation as in Fig. 11–(A). The controller minimizes the error distance and then the 
alignment error with the trajectory in Fig. 11–(B).  



2928 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 5, No. 6, 2025, pp. 2918-2937 

 

 

Messaouda Benzaoui (Real-time Trajectory Tracking in a Partially Known Environment Using Dual Fuzzy 
Controller) 

 

In the second test, a circular reference trajectory is given by (Fig. 12–(A)). and the robot 
orientation is different of the reference trajectory. Initially, the robot performs a rotation on sit to rejoin 
the nearest point on the trajectory (Fig. 12–(B)). 

The Fig. 13 shows the performed trajectories by the robot to track the reference trajectory (using 
eq5). Consequently, the developed algorithm provides 𝐺! point in the reference path, which has the 
minimum distance to the robot's current position. Further, fuzzy controller generates the necessary 
path.  

 

Fig. 11. Evolution of the robot on a rectilinear trajectory   

 
Fig. 12.  Evolution of the robot on a circular trajectory tracking 

 
Fig. 13.  Straight and Curvature trajectory tracking 

.   
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4.2. Case Unforeseen Obstacles on the Trajectory  

The previous case treats trajectory tracking in an unencumbered environment. However, during 
displacement, the robot may encounter unexpected obstacles. Therefore, a fuzzy obstacle avoidance 
controller is developed. The robot avoids collision with unforeseen (unexpected) obstacles in the 
environment. Consequently, the developed control achieves both behaviors tracking trajectory and 
avoiding obstacles. A switching between the two behaviors is determined using the sensors reading 
𝑆!. In each situation encountered by the robot 𝐴!, a priority to one behavior is given. Knowing that 
each of them works well when acting alone. This switching is used to determine the appropriate 
transition moments between the commands of the two-controller’s-trajectory tracking and obstacle 
avoidance- Using (7), the switching between the two behaviors, based on the sensor readings, is given 
with (13), (14) and (15). 

 
Trajectory	tracking	 n

𝐼𝑓	𝐺7 ≥ 350	𝑚𝑚
𝑎𝑛𝑑		𝐺8 ≥ 350	𝑚𝑚	
and		𝐺9 ≥ 350	𝑚𝑚

 (13) 

where 

And 𝑆! 	stands for the sensors reading in the situations 𝐴!. 

5. Simulation Results 
5.1. Random form path with unforeseen obstacles 

Fig. 14 shows a robot trajectory in an environment congested by obstacles close to the reference 
trajectory, presented in small blue circles; the trajectory simulated by using the algorithm already 
developed presented by pink circles. This figure shows that the robot follows correctly the trajectory 
and bypasses unforeseen obstacles, which clash with the path; the robot avoids the obstacles without 
moving away from the reference trajectory. 

 
Fig. 14. Avoidance of unexpected obstacles on the reference trajectory 

 

𝐺8 = min(𝑆", 𝑆#, 𝑆-) 

𝐺7 = min(𝑆-, 𝑆2, 𝑆:, 𝑆;) 

𝐺9 = min(𝑆;, 𝑆<, 𝑆=) 

(14)          

 Obstacle	avoidance	 n
𝐼𝑓	𝐺7 ≤ 350	𝑚𝑚
𝑜𝑟		𝐺8 ≤ 350	𝑚𝑚
or		𝐺9 ≤ 350	𝑚𝑚

 (15) 
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5.2. Circular Path with Unforeseen Obstacles 

In the second simulation, shown in Fig. 15, the robot is brought to follow a circular trajectory 
between A1 and A2. By using the control algorithm developed in this work, trajectory tracking is, 
perfectly done, with satisfactory precision. In fact, the reference and actual trajectories are 
superimposed. However, between A2 and A3 it appears a small deviation because of the black object 
that inter almost in the desired path, therefore the robot deviates from the reference trajectory to avoid 
the unexpected obstacle as clearly shown in Fig. 16. Likewise, on the section between the points A3 
and A4, the robot joins the well tracked. In sections A4 − 5 and A5 A6 − A7, the robot encounters 
again unforeseen obstacles whether inside or outside the circle. Controller sends the order to the robot 
motors to turn right or left with the satisfactory angle. Then it joins again the reference trajectory. 

 
Fig. 15.  Trajectory tracking and avoidance of unexpected obstacles  

 

Fig. 16.  Reference trajectory and robot trajectory paths  

5.3. Random path with Unforeseen Obstacles  

This simulation, shown in Fig. 17 and Fig. 18, the desired path is circular, the unforeseen 
obstacles are interrupting the robot to follow the reference trajectory. The robot avoids fixed obstacles 
and follows correctly the trajectory defined between the starting points and the goal. Fig. 17 shows 
the reference trajectory delivered by the path-planning module. The robot manages correctly to follow 
this trajectory. Fig. 18 shows the reference trajectory (blue) and the robot performed trajectories (red) 
simultaneously. In Fig. 17–(A), an unexpected obstacle intersects the reference trajectory. The control 
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system then uses the obstacle avoidance module to allow the robot to bypass it, and then the robot 
manages to join the reference trajectory in Fig. 17–(B). 

 
Fig. 17. Reference and robot performed trajectories  

 
Fig. 18. Reference and robot performed trajectories 

6. Real Experimentations on Pioneer 2P 
This study allows the tracking of a planned trajectory in a partially known environment of a 

holonomic wheeled mobile robot Pioneer 2P. The Pioneer II robot is controlled by Saphira software 
developed by Kurt Konolige of the International Artificial Intelligence Laboratory (IRS) [62]. From 
version 8.x, several core functions of Saphira have been moved completely to the ARIA software 
"Activmedia Robot Interface for Application". The updating frequency includes other functionalities 
motion control and data logging of robot with laser and embedded camera in the robotic, Floor plan 
of the test environment is approximately 4 Hz. 

Saphira and Aria are written in the C++ language, and their APIs use the properties of C++ 
objects to provide an efficient interface to robot programming. For programming ease, a block 
diagram of Simulink is used with APIs (S-Function) of MATLAB, which groups together the main 
functions of Saphira of perception, localization and commands.  

6.1. Tracking Trajectory without Obstacles 

In this test, the robot follows the circular trajectory shown in Fig. 15 right. The robot initial 
position is different from the reference trajectory. In first step, it catches the trajectory by eliminating 
the position and alignment error in Fig. 19 represents the different real movements of the robot to 
track this trajectory.   
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6.2. Tracking Trajectory with Unforeseen Obstacle  

The planned trajectory has a sinusoidal curvature. In this real test, an unexpected obstacle is on 
the reference path of the robot. Fig. 20 shows that the robot manages to avoid the unforeseen obstacle 
and then follow the planned trajectory.  

 
Fig. 19. Real experimentation of tracking trajectory without unforeseen obstacle 

 
Fig. 20. Real experimentation of tracking trajectory with unforeseen obstacle  

7. Conclusion 
In this paper, we have developed a navigation system for the robot based on fuzzy controllers, 

which allows tracking a reference trajectory. The fuzzy controller tracks the sampled reference path 
delivered by the planner. When the robot operates in an environment consisting of fixed and 
unexpected obstacles, the navigation module uses the obstacle avoidance fuzzy controller. The 
switching between the two behaviors is done correctly according to a simple logic. An efficient search 
algorithm of the nearest point has been developed. All programs elaborated are simulated with 
Simulink of MATLAB and Sapphira software. Based on our results and observations, for both 
simulations and real experiments on the robot, the obtained results are considered satisfactory since 
tracking error is 95% without obstacle. Nevertheless, the presence of the obstacle does not allow to 
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judge tracking well: the more the obstacle enters the more the trajectory is modified but t the algorithm 
quickly rejoins the desired path as soon as the robot moves away.    

As a perspective of further work, we will try to optimize the membership functions of the fuzzy 
systems by using artificial intelligent techniques, we are thinking of testing this method for other types 
of mobile robots in a dynamic environment. This may require the addition of a hybrid control with 
DL for example. 
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