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Abstract 

The robot manipulator is a mechanical system multi-articulated, in which each articulation is driven individually by an electric 
actuator is the most robot used in industry, this system need an efficient control strategy.  
 
In this present work we present a new approach for a robot manipulator with two degrees of freedom based on the Fuzzy Logic 
Controller (FLC) to ensure the position robot control strategy, the proposed control scheme is based on nonlinear dynamic model 
derived using Lagrange-Euler formulation. 
 
Our robot manipulator fuzzy inference system control’s simulated in Matlab Simulink environment, the results obtained present the 
efficiency and the robustness of the proposed control with good performances compared with the classical PID.  
 
Keywords: Robot manipulator, Fuzzy Logic, PID. 

-----------------------------------------------------------------------***---------------------------- ------------------------------------------- 

1. INTRODUCTION  

Research on the dynamic modeling and control of the arms 
manipulators has received increased attention since the last 
years due to their advantages. 
 
A robot manipulator is a high-speed process that is highly 
nonlinear, dynamically coupled and often it is not adequate to 
use linear servo control, if accurate performance in high 
bandwidth operations is desired. Many efforts have been made 
in developing control scheme to achieve the precise tracking 
control of robot manipulators [1]-[2]-[3].  
 
Knowledge based control, expert control and intelligent 
control are somewhat synonymous and fuzzy control is a 
particular type of intelligent control. Fuzzy logic control has a 
great potential since it is able to compensate for the un1certain 
nonlinear dynamics using the programming capability of 
human control behavior. The main features of fuzzy control is 
that a control knowledge base is available within the controller 
and control actions are generated by applying existing 
conditions or data to the knowledge base, making us of 
inference mechanism[4]-[2]. Also, the knowledge base and 
inference mechanism can handle no crisp, incomplete 
information; the knowledge itself will improve and evolve 
through learning and past experience [2]. 

Fuzzy logic control does not require a conventional model of 
the process, whereas most conventional techniques require 
either an analytical model or an experimental model. Fuzzy 
logic control is particularly suitable for complex and ill-
defined process in which analytical modeling is difficult due 
to the fact that the process is not completely known and 
experimental model identification is not feasible because the 
required inputs and output of the process may not be 
measurable [4].  
 
In this work after the system modeling, simulation and control 
robot manipulator using two articulations for motion using 
MatLab/Simulink software were carried, when the proposed 
Fuzzy Logic controlled is used to improve the articulation 
robot stability. Two types of control PID and FLC were 
studied and analysed and comparative studies were made. 
The reminder paper was structured as follow : the robot 
modeling is presented  in  second part of this paper , in the 
third part of this paper the Fuzzy logic is detailed , the results 
discussion are presented in the last part of this paper and 
finally conclusion was given . 
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Nomenclatures 
 

, ,q q q& &&

 
( )M q

 
 

Position, speed and acceleration of each articulations 
The inertial matrix ,rad, rad/s, rad/s2 

( , )C q q&
 
 

( )G q
 

ia  

im  
g  
 

pik  

Matrix of all Coriolis and Centrifugal forces 
 
Vector of all gravitational forces 
 

Length for link i (i=1,2), m 
 

Mass for link i (i=1,2), Kg 
 
Gravity (g = 9.81m/s2) 
 

 
The proportional term 
 

dik  

iik  
 

*
iq  

iq  

( )e t
 
 

( )de t
 

*u  
( )Au z

 

ek  

dek  

uk  

U 

The derivative term 
 

The integral term 
 

The input reference signal  
 

The output signal 
 

Error position, rad 
 
 

Velocity error, rad/s 
 

The crisp output 
 

The aggregated output membership function 
 

Gain of the error  
 

Gain of the speed error 
 

Gain of the speed error difference 
 

Torque current variety output control  
 

Greek Symbols 

iε  

iτ  

The main position errors of each articulation 
 
The torque applied on actuators for each articulations, 
Nm 

Abbreviations 
NB 
NM 
NS 
PB 
PM 
PS 
ZE 
PID 
FL
C 

Negative Big 
Negative Medium 
Negative Small 
Positive Big 
Positive Medium 
Positive Small 
Zero 
Proportional Integral Derivative 
Fuzzy Logic Controller 

2. ROBOT DYNAMIC MODELLING 

The dynamical equation of manipulator robot of n solids 
articulated between us is given by the following Lagrange 
method [13]: 
 

( ) ( , ) ( )M q q C q q G qτ = + +&& &  
(1) 

 
Where: 

τ  is array of  ( 1)n× of all efforts applied on actuators, 
( )M q  is the inertial matrix of ( )n n× , ( , )C q q&  present the 

array of ( 1)n×  of all Coriolis and centrifugal forces, ( )G q  

is the array of  ( 1)n×  of all gravitational references and  
, ,q q q& &&  are  : position, speed and acceleration of each 

articulations , as it shown on figure.1. 
In this figure (Fig1) a schema of a two degree of freedom of 
arm manipulator is given. 
 

 
 

Figure.1. Structure of manipulator robot of two degree of 
freedom 

The robot dynamics is defined as: 
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(5) 

 
With: 

2 2
11 1 2 1 2 2 2 1 2 2

2
12 2 2 2 1 2 2

2
21 2 2 2 1 2 2

2
22 2 2

( ) 2M m m a m a m a a c

M m a m a a c

M m a m a a c

M m a

= + + +

= +

= +

=                 (2.1) 
 

2
11 2 1 2 1 2 1 2

2
21 2 1 2 1 2

(2 )C m a a q q q s

C m a a q s

= − +

=

& & &

&
                                  (3.1) 

 

11 1 2 1 1 2 2 12

21 2 2 12

( )G m m ga c m ga c

G m ga c

= + +
=

                           (4.1) 
 
And 

1 1cos( )c q=
 , 2 2cos( )c q=

  

1 1sin( )s q=
 2 2sin( )s q=

 12 1 2cos( )c q q= +
 

12 1 2sin( )s q q= +
  

 
The table 1 presents the used robot manipulator simulation 
parameters  
 

Table-1: The used Robot Parameters 
 

Phyical system parameter Value 

Mass of link 1 (m1) 0.432 Kg 
Mass of link 2 (m2) 0.432 Kg 

Lenght of link 1 (a1) 1.5 m 
Lenght of link 2 (a2) 1.2 m 

 
 
3. CONTROL LAW USED  

3.1. Classical PID Controller 

Generally, a classical PID controller of each articulation 
controlled independently is given with the main following 
formula [6, 7, 8, 10]: 
 

The classical PID control law of first articulation is given by:  
 

1
1 1 1 1 1

1

( ) 1
( ) ( ) ( )p d

i

d t
t K t K t dt

dt K

ετ ε ε= + + ∫
 

 
(6) 

 
When the classical PID control law of second articulation is 
given by:  
 

2
2 2 2 2 2

2

( ) 1
( ) ( ) ( )p d

i

d t
t K t K t dt

dt K

ετ ε ε= + + ∫
 

 
(7) 

 

Where: 
* ( 1,2)i i iq q iε = − =  is the main position errors of 

each articulation controlled independently, 
*
iq
 is the input 

reference signal and the termspiK
, iiK

 and  diK
 define: 

 
 * The proportional term: providing an overall control action 
proportional to the error signal through the all pass gain factor 
[8, 9, 10]. 
 
 * The integral term: reducing steady state errors through low 
frequency compensation by an integrator. 
 
* The derivative term: improving transient response through 
high frequency compensation by a differentiator. 
 
So, the general equation of the manipulator arm by 
introducing parameters PID controller would be: 
 

[ ]
*

1 1 1 1 1 1 11 1

*
2 2 2 2 2 2 2 2

( ) ( )
( ) ( , ) ( )

( ) ( )

p i d

p i d

K q q K q dt Kq
M q C q q G q

q K q q K q dt K

ε ε

ε ε
−

 − + ∫ − 
= − − +   − + ∫ −    

&&&
&

&& &
 

 
(8) 

 
The figure.2 shows the structure of arm manipulator robot 
classical PID Control.  
 
3.2. Fuzzy Logic Position Control Strategy   

The principal design elements in a general fuzzy logic control 
system shown in Figure. 3 are as follows: Fuzzification, 
Control rule base establishment and Deffuzification [4]. 
The figure.3 shows the Fuzzy logic controller structure 
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 Fig-2: Arm manipulator robot classical PID Control 

 

 

 

 

 

 

 

 

 

Fig-3: Fuzzy logic controller structure 
 
 
Where: FUZZIFICA is the Fuzzification process and 
DEFFUZIFF is the Deffuzification process. 
 
This fuzzy controller is to be designed to automate how a 
human expert who is successful at this task would control the 
system. First, the expert tells us (the designers of the fuzzy 
controller) what information she or he will use as inputs to the 
decision-making process.  
 
For the robot arm manipulator we will use 
 

*( ) ( 1,2)i ie k q q i= − =  
(9) 

 
 

( ) ( ) ( )
t

keke
ke

∆
−−= 1

 

(10) 
 

 

 

Where t∆  is sample cycle, iq is the output signal and *iq is 

the input reference position, (9) and (10) determine the input 
variables on which to base decisions. Certainly, there are 
many other choices [4] (e.g., the integral of the error e could 
also be used) but this choice makes good intuitive sense.  
 
Clearly, Output variable is also determined by fuzzy logic 
speed regulator. Because of no particular theory in designing a 
best rule-base on terms, fuzzy inference based on rule base is 

artificial from the designer's experiences and experts' 
knowledge. More terms, and more rules will result in more 
complicated fuzzy inference. 
 
3.2.1 Fuzzy Inference System 

The fuzzy inference system has been considered the min-max 
method (Mamdani), where the implication has been assumed 
to min and the aggregation has been considered to max. In 
addition, the Deffuzification method has been considered to 
the centroid method. 
 
3.2.2 Input and Output Variables 

The position control of the robot arm manipulator   requires 
two FLC controllers (FLC1 applied to the first joint and FLC2 
applied to the second joint). Where two inputs and one output 
have been considered for the FLC1, same thing for FLC2 
 

The two inputs are 
*
1q

(reference position), 
*
1q&
(angular speed) 

for the first controller and
*
2q
,

*
2q&
for the second controller. The 

output is 1( )tτ
 (torque) for FLC1 and  2

( )tτ
 for FLC2. 

The fiigur.4 shows the structure of control. 
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3.2.3 Membership Function 

In the proposed fuzzy logic control (FLC1or FLC2), a five-
term set {negative big (NB), negative small (NS), zero (ZE), 
positive small 

 
 

 
 
 

Fig-4: Arm manipulator robot Fuzzy logic control structure 

 
(PS), positive big (PB) is applied to defining input and output 
linguistic variable.  
 
This present fuzzy logic control is showed in Fig. 5. In this 
figure, ke, kde, and ku are gains of the speed error e, speed 
error difference and torque current variety output control U 
here U means the torque estimed.  
 
A fuzzy set can convert fuzzy input-out term into quantitative 
description, which is called fuzzification. 
 
Meanwhile, membership function and its discretization are 
first. to be qualified. The corresponding quantitative input 
field is defined as {-4, -2, 0, 2, 4} and {-4, -2, 0, 2, 4} as it 
shown in figures 5, 6. 
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Fig-5: Position error membership functions 
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Fig-6: Velocity error membership functions 
 
And the output field is selected as {-4, -2, 0, 2, 4}. The 
proposed membership function is figured as Fig. 7. 
 

-4 -2 0 2 4

0

0.2

0.4

0.6

0.8

1

Output contol [u]

D
eg

re
e 

o
f 

m
em

b
er

sh
ip

NS Z PSNB PB

 
 

Fig-7: Output control membership functions 
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3.2.4 Fuzzy Rule- Base 

Building fuzzy logic rule is the key step in the improvement of 
system performance, which is a set of Statements as {IF . . . , 
THEN . . .}. For instance, IF input1 is NB and input2 is NB, 
THEN output is PB. These rules can be produced by rule 
base. By off-line calculation and regulation, this fuzzy logic 
inference rules is showed in the Table 1. However, one can 
easily design a good fuzzy logic by MATLAB tools.  
 

Table.1. Fuzzy inference rules 
 

)(tu  )(te  

NB NS Z PS PB 

( )de t  

NB NB NB NS NS Z 
NS NB NS NS Z PS 
Z NS NS Z PS PS 
PS NS Z PS PS PB 
PB Z PS PS PB PB 

 
Where:  e (t) and de (t) are the position error and the velocity 
error variation respectively. 
 

Surface plot depicted in Figure.8 shows the relationship 
between error [err] and Derivative of Error [deer] on the input 
side, and controller output [u] on the output side. The plot 
results from a rule base with Twenty five rules and the surface 
is more or less bumpy. The horizontal plateaus are due to flat 
peaks in the input sets. The plateau around the origin implies a 
low sensitivity towards changes in either Error or Derivative 
of error near the reference. This is an advantage if the noise 
sensitivity must be low when the process is near the reference. 
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Fig-8: Control surface 
 

 

3.2.5 Deffuzification 

The Deffuzification is required to transform fuzzy control 
signal into exact control output. The weighted centroid method 

is applied to deffuzzify the fuzzy control signal. This method 
can be expressed as: 
 

*

( ).

( )

A

z

A

z

u z zdz

u
u z dz

=
∫

∫
      

 
        (11) 

 

Where, 
( )Au z

is the aggregated output membership function 

and 
*u is the crisp output. 

 
4. SIMULATION 

SISO control based on classical PID model and intelligent 
control based on FLC model were tested to sinus response 
trajectory. This simulation applied to two degrees of freedom 
robot arm was implemented in Matlab/Simulink. Trajectory 
performance and position error are compared in these 
controllers.  
 
• The trajectory  performances:  

Figures (9, 10, 11, and 12) are show tracking performance for 
first and second arm (link) with PID and FLC for sinus 
trajectories. 
 
By comparing sinus trajectory with PID and FLC: 
 For the first link (joint) controlled by PID, the output does not 
coincide with the reference (Fig.9) but by the FLC they 
coincident as shown in (Fig.10), the overshoot PID’s higher 
than FLC1 
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Fig-9: PID (First link trajectory) 
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Fig-10: FLC (First link trajectory) 
 
For the second link controlled by PID, the output does not 
attaint the reference signal (Fig.11) but by the FLC they 
coincident as shown in (Fig.12). 
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Fig-11: PID –Second link trajectory 
 

0 2 4 6 8 10
-1.5

-1

-0.5

0

0.5

1

1.5

Time [sec]

In
p
u
t/
O

u
tp

ut
 r

es
p
on

se

FLC2- Second Link

 

 
data1
Output

 
 

Fig-12: FLC (Second link trajectory) 
 

-data1: ref 
Error computation compare :  
Figures (13, 14, 15, and 16) are shown error performance, by 
comparing position error for the first and second link. The 
FLC Control ensure the robot manipulator’s stability by 

maintaining the error position equal to zero (1 1 0ε ε= =
) so 

PID (i)’s error position is respectively higher than FLC (i) 
where (i=1, 2). 
 

0 2 4 6 8 10
-1

-0.5

0

0.5

1

1.5

2

Time [sec]

P
os

iti
o
n 

1
 e

rr
o
r 

[r
ad

]

PID 1- Position error of joint 1

 

 

Position 1 error

 
 

Fig-13: PID 1 for the first link position error 
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Figure.14. FLC 1 for the first link position error 
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Figure.15. PID 2 for the second link position error 
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Fig-16: FLC 2 for the first link position error 
 
We can summaries all the obtained results in the table 2: 
 

Table-3: PID and FLC Results 
 

Controller PID1 PID2 FLC 1 FLC2 

Links Link1 Link2 Link1 Link2 

Position 
error[rad] 

 
0.445 

 
0.159 

 
0.003 

 
0.001 

overshoot [%] 5% - 0% 0% 

Torque [Nm] 185.9 1034 117.1 288.2 

Rise time [s] 0 0 0 0 

 
CONCLUSIONS 

In  this present work an arm manipulator robot using two 
degree of freedom  was controlled using two types of controls 
strategies , SISO control based on  classical PID model and 
intelligent control based on Fuzzy logic (FLC) , this last one 
present maximum control structure of our control model and 
give more and more efficiency for the robot model with more 
position stability and good dynamical performances with no 
overshoot  so industrials would take into account the 
efficiency of  the developing control  model for the futures 
two freedom  robot design considerations 
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