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Abstract
The robot manipulator is a mechanical system nauticulated, in which each articulation is drivendividually by an electric
actuator is the most robot used in industry, tlyistem need an efficient control strategy.

In this present work we present a new approachafeobot manipulator with two degrees of freedomeohen the Fuzzy Logic
Controller (FLC) to ensure the position robot casitstrategy, the proposed control scheme is basedamlinear dynamic model

derived using Lagrange-Euler formulation.

Our robot manipulator fuzzy inference system cdistreimulated in Matlab Simulink environment, thesults obtained present the

efficiency and the robustness of the proposed obwith good performances compared with the claddiiD.
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1.INTRODUCTION

Research on the dynamic modeling and control ofaims
manipulators has received increased attention dineelast
years due to their advantages.

A robot manipulator is a high-speed process thatigghly

nonlinear, dynamically coupled and often it is adequate to
use linear servo control, if accurate performaneehigh

bandwidth operations is desired. Many efforts Hasten made
in developing control scheme to achieve the pretiseking

control of robot manipulators [1]-[2]-[3].

Knowledge based control, expert control and irgelt
control are somewhat synonymous and fuzzy contsoh i
particular type of intelligent control. Fuzzy logiontrol has a
great potential since it is able to compensatehferunlcertain
nonlinear dynamics using the programming capabitify
human control behavior. The main features of fuzaytrol is
that a control knowledge base is available withia ¢ontroller

and control actions are generated by applying iexgjst
conditions or data to the knowledge base, makingofs

inference mechanism[4]-[2]. Also, the knowledge éasd
inference  mechanism can handle no crisp,
information; the knowledge itself will improve arelolve
through learning and past experience [2].

incomplete

Fuzzy logic control does not require a conventianabel of

the process, whereas most conventional technigegsire

either an analytical model or an experimental mo#ekzzy
logic control is particularly suitable for compleand ill-

defined process in which analytical modeling ididifit due

to the fact that the process is not completely kmcand

experimental model identification is not feasiblechuse the
required inputs and output of the process may net
measurable [4].

In this work after the system modeling, simulatamd control
robot manipulator using two articulations for matiaising
MatLab/Simulink software were carried, when the paused
Fuzzy Logic controlled is used to improve the aftition
robot stability. Two types of control PID and FLCerg
studied and analysed and comparative studies wade.m
The reminder paper was structured as follow : tbkeot
modeling is presented in second part of this pape the
third part of this paper the Fuzzy logic is detdilehe results
discussion are presented in the last part of thigsep and
finally conclusion was given .
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Nomenclatures

g, g, ¢ Position, speed and acceleration of each articulgti
The inertial matrix ,rad, rad/s, ratl/s

M (a)

C(g, Matrix of all Coriolis and Centrifugal forces

Vector of all gravitational forces

G(A Length for link i (i=1,2), m
Mass for link i (i=1,2), Kg

2
m  Gravity (g = 9.81mA
g

The proportional term
Ky
k,  The derivative term

ki The integral term

q The input reference signal

G

. The output signal
e(t)  Error position, rad

Velocity error, rad/s
de(Y The crisp output
The aggregated output membership function

E 2 Gain of the error

A*™ Gain of the speed error
Kk, Gain of the speed error difference

Torque current variety output control

Kie
K,
U
Greek Symbols
£ The main position errors of each articulation
T.

! The torque applied on actuators for each articuhati
Nm

Abbreviations

NB  Negative Big

NM  Negative Medium

NS Negative Small

PB  Positive Big

PM  Positive Medium

PS  Positive Small

ZE  Zero

PID Proportional Integral Derivative

FL  Fuzzy Logic Controller

Cc

2. ROBOT DYNAMIC MODELLING

The dynamical equation of manipulator robot of ridso
articulated between us is given by the followinggtange
method [13]:

r=M(@g+C(q 9+ dq @

Where:

T is array of (nxl)of all efforts applied on actuators,
M () is the inertial matrix oi(nx n) , C(a, 9 present the
array of (nx1) of all Coriolis and centrifugal forcesc,;(q)

is the array of (nx1) of all gravitational references and

4.49:9 g position, speed and acceleration of each
articulations , as it shown on figure.1.

In this figure (Figl) a schema of a two degreereéflom of
arm manipulator is given.

y

Yo

Figure.l. Structure of manipulator robot of two degree of
freedom
The robot dynamics is defined as:

—_ Mll M12
M(q"[Mu MJ )
. Cll
C(a.9 {c j (3)
G(a) {G 1} (4)
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r:(qj 5)
TZ

With:

My =(m+m)g+mg+2mag¢
M,=m&+maag

My =ma&+maac

M, =m, & 2.1)
Ch=-maa(2qg+ q) s

C,=maaqs 3.1)
G,=(m+m)gact mgag

G, =m,0aq, (4.1)
And

¢, =Cos(q, ) ¢, =cos(q, )
s =sin(q) s, =sin(q,) ¢, =cos(, + d,)
S, =sin(g+ q,)

The table 1 presents the used robot manipulatoulation
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 (al) 1.5m
Lenght of link 2 (a2) 1.2m

3. CONTROL LAW USED
3.1. Classical PID Controller

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

The classical PID control law of first articulatiagiven by:

dg(t) , 1
e O

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

de,(t)

I,(t) = sz‘gz(t) +Ky2 dt

+é‘|‘£2(t)dt )

Where: £=4-9(=12) is the main position errors of

each articulation controlled independentlgi, is the input

K Ka define:

. K. K.
reference signal and the term§', ""ii and
* The proportional term: providing an overall casitaction
proportional to the error signal through the abgagain factor

[8, 9, 10].

* The integral term: reducing steady state ertbreugh low
frequency compensation by an integrator.

* The derivative term: improving transient resporiseugh
high frequency compensation by a differentiator.

So, the general equation of the manipulator arm
introducing parameters PID controller would be:

Km(q_Q)+ Kl-[é(q)dt_ Kf

\ | (8
Kp2(02—02)+ szg(op)dt_ |ﬁ§z

E‘j=M(q)‘l[-<J(q 9-Gg {

The figure.2 shows the structure of arm manipulatdryot
classical PID Control.

3.2. Fuzzy Logic Position Control Strategy

The principal design elements in a general fuzgyclaontrol
system shown in Figure. 3 are as follows: Fuzzificg
Control rule base establishment and Deffuzificafi@n
The figure.3 shows the Fuzzy logic controller stune
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Fig-2: Arm manipulator robot classical PID Control
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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 automiatev a
human expert who is successful at this task woaldrol the
system. First, the expert tells us (the designérthe fuzzy
controller) what information she or he will useiaguts to the
decision-making process.

For the robot arm manipulator we will use

e(K=q-q(i=12) ©)

oK)= dk)-ek-1) e(k 1) (10)

Where At is sample cycleg is the output signal anq*is

the input reference position, (9) and (10) deteanrtime input
variables on which to base decisions. Certainlgreahare
many other choices [4] (e.g., the integral of there could
also be used) but this choice makes good intugerese.

Clearly, Output variable is also determined by fuzagic
speed regulator. Because of no particular theodesigning a
best rule-base on terms, fuzzy inference basedilenbase is

artificial from the designer's experiences and espe
knowledge. More terms, and more rules will resultniore
complicated fuzzy inference.

3.2.1 Fuzzy Inference System

The fuzzy inference system has been considerechthenax
method Mamdani), where the implication has been assumed
to min and the aggregation has been consideredata m
addition, the Deffuzification method has been cdesid to
the centroid method.

3.2.2 Input and Output Variables

The position control of the robot arm manipulatorequires
two FLC controllers (FLC1 applied to the first joiand FLC2
applied to the second joint). Where two inputs and output
have been considered for the FLC1, same thing fQ2F

The two inputs areql (reference position)g1 (angular speed)
for the first controller an82, qzfor the second controller. The

output is n(t) (torque) for FLC1 andrz(t) for FLC2.
The fiigur.4 shows the structure of control.
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3.2.3 Member ship Function

In the proposed fuzzy logic control (FLClor FLC2)five-
term set {negative big (NB), negative small (NQra (ZE),
positive small

G —» 50— e L2, . >0

M anipulator
%— &)—>| FAC2| 7@ —> %

Fig-4: Arm manipulator robot Fuzzy logic control structure

(PS), positive big (PB) is applied to defining in@und output

linguistic variable. o N8B NS % P/‘\S F;B
= /\
This present fuzzy logic control is showed in Fig.In this g 08 /\ / \\ /,
figure, ke, kde, and ku are gains of the speedr exrspeed g /N / \ /
error difference and torque current variety outpantrol U T 0.6 / \ / \ / .
here U means the torque estimed. E X )
o 04 / ANVAN
A fuzzy set can convert fuzzy input-out term intoaqtitative § / / \ / \
description, which is called fuzzification. > 0.2 / / \ / \
D / \
Meanwhile, membership function and its discretatiare 0 ‘ ‘ ‘
first. to be qualified. The corresponding quaniiatinput 4 2 0 2 4

field is defined as {-4, -2, 0, 2, 4} and {-4, -Q, 2, 4} as it

shown in figures 5, 6. Velocity error [derr]

Fig-6: Velocity error membership functions

_g— NB NS /Z\ F;\S F}B And the output field is selected as {-4, -2, 0,4, The
7 /A / / d bership function is fi d as Fig. 7.
E 0.8 / \ / \ /] proposed membership function is figured as Fig
£ N N
g 06 / N/ VAR NB NS Z Ps PB
S 0.4 / I\ N £ o
g / SN /N 208 M J\
g / /N /N E o6l . ]
a) 0 / / \ E \‘ \ \
| | ‘ 5 04) ] y
4 2 0 2 4 S | [
Position error [err] § 0.2 | *
ol 1| |
Fig-5: Position error membership functions ‘ ‘ ‘
-4 2 0 2 4

Output contol [u]

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

Building fuzzy logic rule is the key step in thegrovement of
system performance, which is a set of Statemen{skas. .,
THEN . . .}. For instancelF inputl isNB and input2 isNB,
THEN output isPB. These rules can be produced by rule
base. By off-line calculation and regulation, thigzy logic
inference rules is showed in the Table 1. Howewvee can
easily design a good fuzzy logic by MATLAB tools.

Table.1l. Fuzzy inference rules

ue) &)

NB[NS[ Z [PS] PB
NB [ NB|NB|NS|] NS| Z
NS|[NB | NS|] NS|] Z] PS
de(t) | z INS| NS] z ] pPs| PS
PS [ NS | z | PsS|] PS| PB
PB| z | ps| Ps| PB|] PB

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

Surface plot depicted in Figure.8 shows the refatiip
between error [err] and Derivative of Error [deen] the input
side, and controller output [u] on the output sidée plot
results from a rule base with Twenty five rules #mel surface
is more or less bumpy. The horizontal plateausdareto flat
peaks in the input sets. The plateau around thyggnarplies a
low sensitivity towards changes in either ErrorD®rivative
of error near the reference. This is an advanthgieei noise
sensitivity must be low when the process is neardfierence.

2
[derr] 4 4 [err]

Fig-8: Control surface

3.2.5 Deffuzification

The Deffuzification is required to transform fuzzgntrol
signal into exact control output. The weighted ogidtmethod

is applied to deffuzzify the fuzzy control sign@his method
can be expressed as:

juA(z).zdz

) IuA(z) dz

(11)
u

Where, UA(Z) is the aggregated output membership function

and U is the crisp output.

4. SMULATION

SISO control based on classical PID model and ligesit
control based on FLC model were tested to sinuporese
trajectory. This simulation applied to two degreédreedom
robot arm was implemented in Matlab/Simulink. Tcajey
performance and position error are compared in ethes
controllers.

e« Thetrajectory performances:

Figures (9, 10, 11, and 12) are show tracking perémce for
first and second arm (link) with PID and FLC fomgs
trajectories.

By comparing sinus trajectory with PID and FLC:

For the first link (joint) controlled by PID, trmutput does not
coincide with the reference (Fig.9) but by the Flti@y

coincident as shown in (Fig.10), the overshoot Blbigher

than FLC1

PID 1- First Link

ref

Input/Output response

Fig-9: PID (First link trajectory)
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FLC1-First Link -datal: ref
L5 | | T ref ] Error computation compare :
e T ouR Figures (13, 14, 15, and 16) are shown error perdoice, by
3 1 1 1 1 comparing position error for the first and secomk.l The
§ st b ey FLC Control ensure the robot manipulator's stapillly
) ’ | | |
(0] g =
= o maintaining the error position equal to zer%( & O) SO
[=N 1 T - - 1 e - . . . . . .
! i PID (i)'s error position isrespectively higher than FLC (i)
3 osbdd-H-HH- - -H -4 where (i=1, 2).
E | | | |
1 - ,,,:, __ :,, _ ,:, - :,,,, PID 1- Position error of joint 1
| | | |
l l l l
15 1 1 1 1
0 2 4 6 8 10
Time[sec]

Fig-10: FLC (First link trajectory)

For the second link controlled by PID, the outpoes not
attaint the reference signal (Fig.11) but by theCFthey
coincident as shown in (Fig.12).

Position 1 error [rad]

PID2-Second Lin

T T T T ‘
| | | |
15 — — — — 7‘ 77777 : 77777 7‘ [E—— Output
| | | e Fig-13: PID 1 for the first link position error
P _ _ . _ _ .
5 k | | | ) y
s i [ \ [ l l FLC1-Position erroe of joint 1
g 05 y I | B 2 T T T T
2 I | | | |
g o = 1 1 1 1
5 | I ] ] I T [ ]
3 051 - B = } } Position 1 error
=T s e |
A L A RN 8 | | | |
c | | | |
asl - HE A Ao o H . T T B
| | | | 8 | | | |
| | | |
2 | | | | o 0 : : : :
0 2 4 6 8 10 ‘ ‘ ‘ ‘
Time [sec] | J]_ | |
0.5 ! ime [SeQ] !
0 2 4 6 8 10

Fig-11: PID —Second link trajectory
Figure.14. FLC 1 for the first link position error
FLC2- Second Link

15

datal | PID2- Postition error of joint 2
— ——  Output

Input/Output response
Position 2 error [rad]

0.5 '

-1.5

|
| |
| |
| | | |
| | | |
1 1 1 1
0 2 4 6 8 10
Time [sec]

|
|
1
4
Time [sec]

Fig-12: FLC (Second link trajectory)
Figure.15. PID 2 for the second link position error

Volume: 02 I'ssue: 07 | Jul-2013, Available @ http://www.ijret.org 144



IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

[5]. Atef A.ata, “Optimal trajectory planning of mipulator:

01 FLC2- Position error of joint 2 review”, Journal of Engineering Science and Tecbgg| 2(1)
' 1 1 1 1 2007,32-54.
_ o l l } } [6]. Ang K.H., Chang G., Yun Li, PID control systeamalysis,
8 o1 t, o L L L design and Technology, IEEE Transaction on Cor8ysitem
5 | | | | Technology, 2005, 13(4), p. 559-577.
& 02f -~ Attt b oo . [7]. Astrom K.J., Hagglund T., PID controllers: drg, design,
S osl---- R L oo _ and tuning, 2nd ed.Instrument society of Americ&g5L
= ; ; Posttion 2 error [8]. Wang J.S., Zhang Y., Wang W., Optimal desi§®PBPD
<ad I A ot T controller for non- Minimum phase system,Transani of
] e e ] the Institute of Measurement and Control, 20061287-35.
; ; ; ; [9]. Bingul Z., “A new PID tuning technique usingfférential
% 2 4o [secﬁ 8 10 evolution for unstable and integrating processéh time

delay”, ICONIP, Proceedings Lecture Notes in Coraput
Science, 2004, 3316, p. 254-260.

[10]. Boumediéne Allaoua, Abdellah Laoufi and Brrahi
Gasbaoui ,” Multi-Drive Paper System Control Based
Multi-Input Multi-Output PID Controller” Leonardoadirnal
of Sciences, Issue 16, January-June 2010, p. 59-70.

[11]. Muna H. Saleh, Arif Al-Qassar, Mazin Z. Othma

Fig-16: FLC 2 for the first link position error
We can summaries all the obtained results in thie t2

Table-3: PID and FLC Results

Abdulkarem Sh. Mahdi,” Devloppement of the Cross-
Controller PID1 PID2 FLC1} FLC2 Coupling phenomena of MimoFlight system using fulomjic
controller”,
Links Linkl Link2 Linkl Link2 [12]. Davi.d I, Roble§ G, PID control dynamics ofRabotic
arm manipulator with two degrees of Freedom, Cdntifo
_ Processos Robotica, August 17, 2012.
Position [13]. F.Baghli, Y.Lakhal, L.El bakkali, Contrdledynamique
errorfrad] 0.445 ]0.159 | 0.003 | 0.001 d’un bras manipulateur a deux dégrées detéibgar un
overshoot [%] | 5% - 0% 0% contréleur PID, 11éme Congrés International de Mignee,
Agadir 23 ,26 avril 2013.
Torque [Nm] 185.9 1034 117.1 288.2 [14]. C.Ham, Z.Qu and R.Johnson,“Robust fuzzy auinfior
Rise time [s] 0 0 0 0 robot manipulators”. IEE proceedings on Control drye

Applications, Vol.147.No.2, March 2000

[15]. J.J spong and M.Vidyasagar, “Robot dynamicsl a
CONCLUSIONS Control”, New york: Wiley, 1989
In this present work an arm manipulator robot gsiwo

degree of freedom was controlled using two tydesoatrols

strategies , SISO control based on classical Ptddahand

intelligent control based on Fuzzy logic (FLC) isthast one

present maximum control structure of our controldeloand

give more and more efficiency for the robot modéhwnore

position stability and good dynamical performanoéth no

overshoot so industrials would take into accouhe t

efficiency of the developing control model foretffutures

two freedom robot design considerations
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