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Abstract 
 

In this paper, a Fuzzy Neural Petri Net (FNPN) controller has been designed established on Particle Swarm Optimization (PSO) for con-

trolling the path tracking of Wheeled Mobile Robot (WMR). The path planning controller problem has been solved using two FNPN 

controllers to get the desired velocity and azimuth. The PSO method has used to detection the optimal values parameters of FNPN con-

trollers. The overall models of wheeled mobile robot for path tracking control created on PSO algorithm are implemented in Simulink-

Matlab. Simulation outcomes demonstrate the suggested FNPN controllers is more effectiveness and has good dynamic performance 

than the conventional methods. 

 
Keywords: Mobile Robot; Modeling and Simulation; Trajectory Tracking Technique; PSO Algorithm; FNPN Controller. 

 

1. Introduction 

Nowadays, wheeled wheel robots have been generally utilized in 

many applications such as manufacturing automation, in hazard-

ous areas and inaccessible areas such as space and war environ-

ments, chemical waste cleaning, individual use in different ser-

vice, etc. Is a very important field in science. Humans have tried 

to build an independent robot several years ago [1]. 

The development of another advances of individuals end up genu-

ine. Mechanical autonomy draws in like manner individuals not 

just those informed in this field. The wheeled versatile robots are 

the most prevalent outlines [2]. There are two classes for robot 

which are stage robots and portable robots. the stage robot is 

mounted on a one physical area and materials transport to the 

stage close to the robot. The stage robot is generally used in auto 

processing plants, for welding or stamping which implies that is 

utilized as a part of large scale manufacturing. Versatile robots are 

not settled at one area and they can move around in their condi-

tion; along these lines, this sort of portable robots can be depicting 

as a movement gadget that execute computerized assignments, by 

utilizing manmade brainpower (AI) methods, contingent upon the 

human introduction or a particular program. Versatile robots like-

wise separated into wheeled, followed or legged robots, and they 

are more helpful than stage robots [3-4]. 

Automated frameworks have non-holonomic conduct which 

makes them especially fascinating and accessible in light of the 

fact that the most portable robots are non-holonomic wheeled 

mechanical frameworks which is caused troublesome control on 

the development of the wheeled has three points of adaptability to 

control the versatile robot, two controller movements further down 

the non-holonomic kinematics [3].  

 When all is said in done, the portable robot's route control issues 

can be requested into three orders: The primary arrangement is the 

position estimation of the robot in its workplace is one of huge 

issues in versatile robots which can be understood by utilizing its 

on-board sensors with dynamic condition changes. The second 

order is direction arranging and age. The direction arranging is 

executed by using certain enhancement procedures with taking 

parameters other than robot's elements and kinematics into 

thought. The third characterization is outlining and executing the 

route control framework so the versatile robot must have the ca-

pacity to track it to get the coveted direction with high precision 

and least mistake [3-5]. 

The portable robots have different practices that could be dis-

played way arranging, way following, Trajectory(path) following, 

versatile objective chasing. The way following control of portable 

robot is a basic part for present day robots. The principle undertak-

ing for any portable robots is to proceeding onward a particular 

way. Lately, numerous scientists have been managing looks into 

that worry with control methods to control way following. Moreo-

ver, numerous controlling systems have been used, for instance, 

sliding mode control, back venturing procedure, versatile control, 

fluffy control, and neural system control, and so on [5-6]. 

 This paper describes first the dynamic and kinematic model 

which used to simulate the movement of the mobile robot in an 

environment with used path planning and path tracking methodol-

ogy to calculate the distance and the angle that has to be covered 

in order to meet the destination. 

This paper present an effective and more important controller 

based on fuzzy neural petri net (FNPN) controller are used for 

controlling the wheeled mobile robot. The PSO algorithm used for 

numerical calculation of optimal FNPN controller parameters 

which is used to adjust the linear velocity and the azimuth for the 

wheeled mobile robot and give better performance. 

http://creativecommons.org/licenses/by/3.0/
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2. Modeling of mobile robot 

 Modeling and simulation for mobile robot has been designated in 

kinematic and dynamic model. The model deals with the geomet-

rical relations that studies the mathematics of motion and domi-

nate the system with taking into consideration effect the kinemat-

ics and dynamic forces. 

2.1. Kinematic model 

These model examinations the science of movement paying little 

respect to the powers that influence the movement. It is managing 

the geometrical relations that command the framework, and fur-

thermore manages the connection between the movement of a 

framework and the control parameters [4-6]. 

Fig.1. demonstrate the kinematics planner of a two-wheel robot. 

Where the universal coordinate represented in (O,X,Y), v is a 

robot velocity, w is a robot angular velocity, vl the left driving 

wheel velocity, vr the right motivating wheel velocity, 2b is a 

space in the middle of the two motivating wheels, r is a driving 

wheels’ radius, the position of the robot represented by x and y, 

and finally θ is a the orientation of the mobile robot.  

 

 
Fig. 1: Demonstrates the Kinematics Planner of A Two-Wheel Mobile 
Robot. 

 

Equations (1, 2) represent the motion differential drive for a two-

wheel mobile robot [1]. 

 

vl = wlr                                                                                        (1) 

 

vr = wrr                                                                                       (2) 

 

Where wl and wr are angular linear speeds for left and right moti-

vating wheels in that order [4-7]. 

The non-holonomic limitation equation of the robot is as follow-

ing: 

 

ẋ sinθ − ẏ cos θ = 0                                                                  (3) 

 

From the directly above formula the following equations have 

been obtained: 

 

v =
wr+wl

2
r ,                 w =

wr−wl

2b
r                                              (4) 

 

Equation (5) defined the dynamic function of the robot: 

 

ẋ = v cos θ,         ẏ = v sinθ,          θ̇̇ = w                                     (5) 

 

The combination of the latest two equations will produced the 

following: 

 

[
ẋ
ẏ

θ̇

] =

[
 
 
 
 
r

2
cos θ

r

2
cos θ

r

2
sin θ

r

2
sin θ

−
r

2b

r

2b ]
 
 
 
 

[
wl
wr
]                                                       (6) 

 

Accordingly, equation (6) should be separated. Where θ is just 

related to ω , x and y are just related only to v. So, the kinematics 

conventional model of the mobile robot is found as: 

 

[
ẋ
ẏ

θ̇

] = [
cos θ 0
sin θ 0
0 1

] [
v
w
]                                                                   (7) 

 

Where ẋ and ẏ represent the robot velocity in the direction of X-

axis and Y-axis, respectively, v represent the robot linear velocity, 

θ' represent the robot rotational velocity. Therefore, the kinematics 

classical model of the robot can be characterized by the following 

matrix: 

 

[
v
θ̇
] = [

r

2

r

2
r

2b
−

r

2b

] [
wl
wr
]                                                                  (8) 

2.2. Dynamics of mobile robot 

In this paper, a dynamic typical model of mobile robot will be 

derived according to a non-holonomic robot scheme is shown in 

fig.1. The location of the mass middle point of the robot can be 

used to defined the robot position in the complete coordination 

scheme {X, O, Y}. The equations of kinematic moveable mobile 

robot can be described from fig. (1) as follows [1], [6] [ 8]: 

 

Ivφ̈ = DrI − DlI                                                                           (9) 

 

Mv̇ = Dr + Dl                                                                             (10) 

 

Iwφ̈i + cφ̇i = kui − rDi (i = r, I)                                              (11) 

 

Where φ the Azimuth of robot, Iv Moment of inertia around the 

C.G. of robot, Dr and Dl are the forces for right and left driving, 

respectively; l is the space flanked by the right and left steering 

wheel; M is the mass of robot, v the linear speed of the robot, Iw 

the moment of inertia of wheel, c the viscous friction factor, k the 

driving gain factor, ui is the driving input, r the radius of wheel. 

further, the geometrical relationships between the three variables 

𝜑, v, θ. Given by: 

 

rθ̇r = v − Iφ̇                                                                              (12) 

 

rθ̇l = v − Iφ̇                                                                               (13) 

 

The mathematical model for the dynamic part of mobile robot can 

be described in state space. Where the state variables for the robot 

is defined as X= [ , v, θ], the worked adaptable inputs variables 

such as u=[ur, ul ] and the adaptable output variable such as y = [v, 

θ] . Then: 

 

ẋ =  Ax +  Bu                                                                            (14) 

 

y =  Cx                                                                                        (15) 

 

Where:  

 

        A = [
a1 0 0
0 0 1
0 0 a2

]                                   b = [
b1 b1
0 0
b2 −b2

]  

 

                                      C = [
1 0 0
0 1 0

]  

 

             a1 =
−2c

Mr2+2Iw
                                      a2 =

−2cI2

Ivr
2+2IwI

2  

 

             b1 =
k r

Mr2+2Iw
                                      b2 =

−krI

Ivr
2+2IwI

2  
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The following equations (16) and (17) represent the relation be-

tween the input torques to the robot (ur and ul) and the output of 

the controller( uv and uφ): 

 

𝑢𝑟 = 𝑢𝑣 + 𝑢𝜑                                                                             (16) 

 

𝑢𝑙 = 𝑢𝑣 − 𝑢𝜑                                                                              (17) 

 

Where uv, uφ are the torque required to control the linear speed 

and azimuth of mobile robot  

3. Navigation of a mobile robot 

Route of versatile robots in a hazy and vague condition which is 

spoken to a stress for the portable robot because of different deter-

rents that versatile robots confronted it in his way which need to 

distinguished and dodged with no impacting. Route of the versa-

tile robots can be created by using wise frameworks with en-

hancement strategies. The route issue control of portable robots is 

arranged to three conceivable movement undertakings as takes 

after [1], [4], and [8]: 

4. Path tracking (trajectory tracking) 

A ton of looks into are occupied with the direction following con-

trol for portable robots. It alludes to the situation where a robot 

needs to direction the way as indicated by a period reference [9-

10]. In the trajectory tracking control system the velocity error 𝑒𝑣 
and the azimuth error 𝑒𝜃 are represented as the inputs while the 

developing torque desired for driving the wheels ur and ul are rep-

resented as the output. The following equations represent input 

deviation ev and eφ: 

 

𝑒𝑣 = 𝑣𝑑–  𝑣                                                                                 (18) 

 

𝑒𝜑  =  𝜑𝑑  –  𝜑                                                                             (19) 

 

Where vd, represents the desire linear speed, φd is the reference 

azimuth, v is the actual linear speed, and φ the azimuth of the 

mobile robot. 

5. Path planning 

The delinquent covenants with discovering the track near the cer-

tain objective. The difficult develops even supplementary multi-

faceted if the robot requirements to catch an optimum track known 

roughly restrictions comparable shortest path or smallest time or 

even minimization of motors power [4-6]. First step, the mobile 

robot can travel in the direction of the favorite power point since it 

distinguishes first and last point. The distance between robot and 

its objective is [4-5]: 

 

𝑑 = √(𝑦𝑡𝑟𝑔 − 𝑦𝑟𝑏𝑡)
2 + (𝑥𝑡𝑟𝑔 − 𝑥𝑟𝑏𝑡)

2                                     (20) 

 

𝜑 = 𝑡𝑎𝑛−1
𝑦𝑡𝑟𝑔−𝑦𝑟𝑏𝑡

𝑥𝑡𝑟𝑔−𝑥𝑟𝑏𝑡
                                                                    (21) 

 

Where 

 

𝑦𝑡𝑟𝑔 = 𝑦𝑡𝑎𝑟𝑔𝑒𝑡 𝑦𝑟𝑏𝑡 = 𝑦𝑟𝑜𝑏𝑜𝑡, 𝑥𝑡𝑟𝑔 = 𝑥𝑡𝑎𝑟𝑔𝑒𝑡and 𝑥𝑟𝑏𝑡 = 𝑥𝑟𝑜𝑏𝑜𝑡 

 

Allowing for that φ is the favorite angle attendant to the conven-

tional distance starting from the present location towards the ob-

ject. 

6. Fuzzy neural petri net (FNPN) 

The configuration of the projected FNPN is displayed in Fig.2, 

and the system scheme has the subsequent three stratums and them 

can be called as layers [11-12]: 

• Input layer containing of N input spaces, they can be called 

input layer. 

• Transmission layer containing of hidden layers, they can be 

called transition layer. 

• Output layer containing of M output spaces, they can be 

called output layer. 

 Input layers are noticeable by the rate of the quality. Transitions 

turn as dispensation components. The firing has been determined 

by the factors of transmission layer, which called as thresholds, 

and the factors of the relations are called weights. The shapes of 

the output apartment reproduce a side by side of membership of 

the form in the conforming class. 

 The system requirement is presented in Fig. 3 as shadows [11-

12]: Pj is the pattern equal of j-th input place manufactured by a 

triangular charting function. The maximum of the triangular chart-

ing function is positioned on the average opinion of the input prin-

ciples. The dimension of triangular base is designed since the 

variance in the middle of the smallest and determined values of 

the contribution input, the structure is found in Fig.2 [11]. 

 

 
Fig. 2: The Structure of FNPN. 

 

The altitude of the triangle is union. This development holds onto 

the involvement of the system inside the period [0, 1]. This over-

simplification of the Petri Net will be in complete stabilization 

with the two-valued general description of the Petri Net [11]. 

 

 
Fig. 3: Fragment Net Frameworks the Systems. 

 

𝑃𝑗 = 𝑓(𝑖𝑛𝑝𝑢𝑡(𝑗))                                                                       (22) 

 

Where f is a trilateral planning formula that is displayed in Fig. 4. 

 

 
Fig. 4: The Triangular Mapping Function. 
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Wij is the weightiness between the i-th transition and the j-th input 

apartment, dth is a threshold level accompanying with the side by 

side of design of the j-th input place and the i-th transition, Zi is 

the activation level of i-th transition and defined as founds in [11]: 

 

𝑓(𝑗) =

{
 
 

 
 

𝑗−𝑚𝑖𝑛 (𝑗)

𝑎𝑣𝑔(𝑗)−𝑚𝑖𝑛 (𝑗)
𝑖𝑓 𝑗 < 𝑎𝑣𝑔(𝑗)

𝑚𝑎𝑥 (𝑗)−𝑗

𝑚𝑎𝑥(𝑗)−𝑎𝑣𝑔(𝑗)
𝑖𝑓 𝑗 > 𝑎𝑣𝑔(𝑗)

1 𝑖𝑓 𝑗 = 𝑎𝑣𝑔(𝑗)

                                    (23) 

 

• Petri Net Layer 

This layer is applied to yield demonstrations that create use of 

emulation commandments for node firing as found in [11]: 

 

𝑡𝑖𝑗 = {
1 𝑖𝑓 𝜇𝑖𝑗 ≥ 𝑑𝑡ℎ
0 𝑖𝑓 𝜇𝑖𝑗 < 𝑑𝑡ℎ

                                                           (24) 

 

Where tij is the value of transition point and dth is the efficient 

value of threshold point that show a discrepancy with miscalcula-

tion and it has been modified by the next formula [11]: 

 

𝑑𝑡ℎ =
𝛼𝑒(−𝛽𝐸)

1+𝛼𝑒(−𝛽𝐸)
                                                                           (25) 

 

Where α and β are authentic factors can be selected arbitrarily. If 

the error develops big, the threshold magnitude will be reduced to 

excitement further rules for the present position. Of course unique 

can use a persistent magnitude for the threshold.  

• Rule Layer 

The produce of output at respectively output node is the result of 

its inputs values and hidden values are followed in [11]: 

 

𝑡𝑖𝑗 = {
∏ 𝜇𝑖𝑗
𝑛
𝑖 𝑖𝑓 𝑡𝑖𝑗 = 1

0 𝑖𝑓 𝑡𝑖𝑗 = 0
                                                       (26) 

 

Where ∅𝒋 is the production of the jth node of the rule layer; n is the 

measure of crisp inputs. 

• Output Layer 

Output node determines complete output y as a collection of in-

puts indications as found in [11]: 

 

𝑦 = ∑ 𝑤𝑗∅𝑗
𝑛𝑖
𝑗                                                                               (27) 

 

Where the construction weights wj is the output accomplishment 

strong point connected with the jth rule; ni is the quantity of rules. 

7. Particle swarm optimization 

PSO is a randomly determined optimization technique which re-

sulting from the fundament of cooperative actions of natures (bird 

congregates, fish groups) in the course of their investigation on 

sustenance. 

Each constituent part protected own aforementioned knowledge 

and involvement of bordering constituent part in its group to 

choice the best location for itself which known as the personal 

best position (known as the Pbest). When a constituent part in the 

entire flight consume the best position in the group which is called 

the global best position(gbest), the best value of FNPN in all 

search to give the best fitness function or saying the best values to 

give minimum error in trajectory. Where the best foregoing loca-

tion of any constituent part is known as local best position (lbest), 

the best values of FNPN parameters in iteration k. The presenta-

tion of apiece constituent part to adopt whether the best clarifica-

tion is consummate conferring to the dispassionate purpose [13-

15]. The dispassionate purposes reconnoitered are founded on the  

looked-for criterion. The most corporate presentation principles 

are founded on the miscalculation criterion such as Integrated 

Absolute Error (IAE), Integrated of Time weight Square Error 

(ITSE) and Integrated of Error Square (ISE) [15-17]. Miscellany 

of these principles be determined by on both organization and 

controller. The speed and location of each constituent part in the 

group are modernized by using the next formulas: 

 

𝑆𝑖
𝑘+1 = 𝑤 𝑆𝑖

𝑘 + 𝑐1𝑅1(𝑙𝑏𝑒𝑠𝑡𝑖 − 𝑄𝑖
𝑘) + 𝑐2𝑅1(𝑔𝑏𝑒𝑠𝑡𝑖 − 𝑄𝑖

𝑘)      (28) 

 

𝑄𝑖
𝑘+1 = 𝑄𝑖

𝑘 + 𝑆𝑖
𝑘+1                                                                    (29) 

 

Where: 𝑄𝑖
𝑘 is the direct location of the value of FNPN parameters 

in i at iteration k ; 𝑣𝑖
𝑘 is the jump step of the value of FNPN pa-

rameters in i at iteration k; c1 andc2 are the hastening coefficients; 

R1, R2 are arbitrary variables sandwiched between 0 and 1. 

 In this article, an Integral of Squared Error (ISE) dispassionate 

function is applied to treasure trove the optimal explanation with a 

minimum speed and azimuth miscalculation. The cost fitness is 

calculated as found in [14-18]:  

 

𝑓𝑖𝑡𝑛𝑒𝑠𝑠 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =  𝑚𝑖𝑛(𝐼𝑆𝐸)                                               (30) 

 

Where 

 

𝐼𝑆𝐸 = ∫ 𝑒2 (𝑡)𝑑𝑡                                                                       (31) 

 

𝑒(𝑡) = 𝑒𝑣2(𝑡)  +  𝑒𝜃2(𝑡)                                                          (32) 

 

In PSO algorithm apiece constituent part considerations are started 

to generate a residents and then comprehensive the procedure as in 

flowchart in Fig.5. which consist of altering the factors of FNPN 

controller for, to guarantee the minimization of dispassionate 

function. 

 

 
Fig. 5: Flowchart of PSO. 

Start 

Generation of population constituent part 

Initializations of each constituent part 

Run Mobile Robot with Two FNPN con-

troller 

Evaluate Fitness Function 

Update the speed and the current location 

Reach Max itera-

tion 

NO 

Select best individual and sent value to 

Simulink environment 

End 

Yes 
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8. Design and Simulink implementation of tra-

jectory tracking for mobile robot using 

FNPN controller 

The Fuzzy Neural Petri Net (FNPN) controller based on PSO al-

gorithm is proposed for controlling the path tracking of Mobile 

Robot. The dynamic and kinematic model of a mobile robot with 

the trajectory tracking controller are implemented according to the 

mathematical equations given in sections [2-3]. The overall block 

diagram of mobile robot with path tracking control system is 

shown in Fig.6.  

In this paper, a FNPN controller is proposed to ensure the mobile 

robot can track target trajectory with high precision. Two FNPN 

controllers are utilized for motion control of mobile robot. The 

first one of FNPN controller is utilized to control the linear speed 

and other to control azimuth of the mobile robot. A PSO algorithm 

is utilized for tuning the parameters of FNPN controller to get 

better performance according to the fitness function. Fig.7 shows 

the complete Simulink model of the mobile robot control with two 

FNPN controllers. While the Simulink model of FNPN controller 

is shown in Fig. 8. 

 

 
Fig. 6: Overall Block Diagram of Mobile Robot with Trajectory Tracking 
Control System. 

 

 
Fig. 7: The Overall Simulink Model of the Mobile Robot with Path Track-
ing Control Using Two FNPN Controllers. 

 

 
Fig. 8: The Simulink Model of FNPN Controllers. 

9. Simulation results 

The simulink model of mobile robot with FNPN controller based 

on PSO algorithm for controlling the trajectory tracking is imple-

mented in Simulink / Matlab program. The mobile robot ‘s param-

eters values in simulation are taken from [7]: M = 24 kg, 

Iv=0.4732 kg.m2, IW=0.0198 kg.m2, l=0.36m, r=0.057m, 

c=0.15833kg/s, k=1.7.  

Fig.9 shows the optimization value fitness function (optimization 

function) of the two FNPN using PSO algorithm. 

 

 
Fig. 9: Fitness Function. 

 

Fig.10 shows the optimization value for the parameters of the two 

FNPN using PSO. This paper has been solved path tracking prob-

lem of navigation for wheeled mobile robot. In path tracking strat-

egy using different shapes to investigation the goal of the FNPN 

controller with minimum error.  

 

 
Fig. 10: FNPN Parameters under Optimization. 

 

Fig.11 shows the optimization value for memberships for FNPN 

and sketch at optimization values. 

 

 
Fig. 11: FNPN Memberships. 
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In this paper, three desired trajectories are tracked in order to in-

vestigation the features of FNPN controller: 

1) Linear Trajectory 

To achieve the mobile robot tracking through a Linear path with 

linear desired velocity vd = 0.25 [m/sec]. While the X-Y axis for 

linear path tracking and Error in X-Y for linear path tracking is 

shown in Figs. (12-14).  

 

 
Fig. 12: Linear Path Tracking. 

 

 
Fig. 13: X&Y for Linear Path Tracking. 

 

 
Fig. 14: Error in X&Y for Linear Path Tracking. 

 

2) Circular Trajectory 

To achieve the mobile robot tracking through a circular path with 

desired linear velocity vd = 0.25 [m/sec] and desired azimuth giv-

en as: 

𝜃𝑑  = (2 ∗ 3.14 ∗ f (t)/m) rad,      with m= -50                             (33) 

 

Where: f (t) = t , 0 ≤ t ≤ 50, m is the slop and 𝑇𝑠= 0.001 sec. The 

simulation result of the reference and actual circular path is pre-

sented in Figs. (15-17).  

 

 
Fig. 15: Circular Path Tracking. 

 

 
Fig. 16: X&Y for Circular Path Tracking. 

 

 
Fig. 17: Error in X&Y for Circular Path Tracking. 

 

3) Sinusoidal Trajectory 

To achieve the mobile robot for tracking square path with desired 

velocity vd = 1 [m/sec] and desired azimuth given by: θd=sin(𝑡). 
The simulation result of the sinusoidal trajectory is shown in Figs. 

(18-20). 

 

 
Fig. 18: Sinusoidal Path Tracking. 

 

 
Fig. 19: X&Y for Circular Path Tracking. 
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Fig. 20: Error in X&Y for Circular Path Tracking. 

10. Conclusion 

This paper presents FNPN controller with PSO algorithm for con-

trolling the path tracking of mobile robot. The trajectory tracking 

problematic for the velocity and azimuth of a wheeled mobile 

robot has been solved by utilizing two FNPN controllers with PSO 

method. This controller offers a required performance as it makes 

the robot able to track the different tracks accurately so it is eligi-

ble to work in difficult and dangerous environments. The PSO 

method is utilized for learning the parameters of FNPN control-

lers. The simulated results demonstrate that the proposed control-

ler is more efficient to solve problem of target tracking with dif-

ferent paths. 
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