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NEUROFUZZY CONTROL STRUCTURE FOR
' A ROBOT MANIPHLATOR

Br. Turki Y. Abdalla Ammar A. Abdulhmeed

College of Engineering
University of Basrah
Basrah, Irag

Abstract

In this paper a neurofuzzy control structure is presented and used for controlling the
two-link robot manipulator. A neurofuzzy networks are constructed for both the
controller and for identification model of robot manipulator.

The performance of the proposed structure is studied by simulation. Different
operating conditions are considered. Results of simulation show good performance
for the proposed control structure |
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L Introduction:

The motion of the end-effector of robot
manipulater s affccted by nonlinearities
in  the dynamics, upknown load
variabons, and physical nonlinearties
such as fnction, backlash, and unknown
of un-maodeled parameter
variations[1].Motion control of a robot
manipulator requires a mapping between
ithe Cartesian coordinates in which the
robol manipulator is controlled{2).1t is
therefore necessary to design robust
controller for a robot manipulater to
ensurc that its end-effector tracks a given
trajectory in Cartesian space in the
presence of such nonlinearitics and un-
modeled dynamics. To control the
motion of the end-effector in Cartesian
space .l 1% necessary {o obtain
measurement of the end-effector motion.

Adaptive control technigues have
been proposed to cope with dynamic
uncertainty [1]. An advantage of this
approach is  that the coatrolier
performance improves with time, while,
disadvantage it requires complicated
slructure, due to the complexily of the
adaplation mechanism [3],

Another approach for the confrel of
robot manipulator 18 the use of variable
structure control (VSC) theory [4]. In [5]
a two cascaded control loops, in the
inner loop, internal model contro! (IMC)
1s adopted for perturbation rejection, for
the outer loop, variable structure
controller providing accurate tracking of
molion trajeclory.

In this paper, a ncurofuzzy control
sttuctore 15 proposed for trajeclory
tracking ol a two link robot manipulator
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Two neurofuzzy network are designed,
one for the forward model identifier, and
the other for the controller. A simulation
result  illustrates that the proposed
struclure shows good performance under
different operation condition.

2. Mathematical model of robot
manipulator:

The dynamic equation of motion of
robol derived manipulator from the
Lagrangian equation [6]

L(g.q) = T(g,q} - G{q) (1)

where:
T(q,q) 18 the kinetic cnergy of the
manipulator structure , given as:

, 1, i
T(q,q}=5q""M{q}q (2)

and q is {nx1) vector of generalized joint
coordinates , M(g) is the (nxn) inertial
matrix . Gi(g) is the (nxl) vector of
gravity forces .

LA I I (8
dt 3q;  da,
Where n 15 number of rigid bodies,

f; the generalized force performing on g,
f=(ui ... 00"
and uw;, denotes the external torque
supplied by the motor at joint i.
Computing the denvative nceded in (3)
leads to the set of n second order
nonlinear differential equation of the
form
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M{q)j + B(q,q}j + G(q) =u (4
where B(q,§}q is (nx1) vector of corigtis
and centrifugal forces terins.

B(g,4)q = M) - %t%{qfﬂtqu

The dynamic model of the manipulator
in eq.(4} has the property that the inertial
matrix M{q) is symmetric and positive
definite {31,

In this paper, a neurofuzzy control
sttucture is proposed for trajectory
tracking of robot mantpulator.

3. Neurofuzy structure:

Fuzzy lopic and neural networks have
been combined in a variety of ways .In
general, hybrid systems of fuzzy logic
and neural networks are often referred to
as neurofuxzy networks [7]. Neurcfuzzy
system have been widely used in control
systems, pattern recognition, medicine,
Expert systems ...etc. [8]. The best well
known defuzzification method, is the
center of area method which can be
given as[7]:

¥ = z;. (LT Fi)wa +{6)
i=1

where :

vk 18 the kth output

n is the number of inputs

m is the number of membership

functions for each input
wy is the weight between node i and k
Fj is the membership functions , terms

F, j=ﬁaijabij)-

)

wd5)
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The membership function is selected to
be the gaussian function;

xl_ﬁ?ﬂ }}2

(T}
h|j

K, = Exp{—%[

Figure(l) shows the Gaussian function
for different values for a;and b;=0.2.

Figure (2)shows the neurofuzzy
stracture.

4. Neurofuzzy control structure;

The newrofuzzy controller s a

combination of a fuzzy logic comroller
and a neurzl network, which makes the
controller self tuning and adaptive .The
neurofuzzy confrollers are attracting
more and more interest since they are
more efficient and powerful than either
neural networks or fuzzy systerns.
Figure (3} shows the plant with
controlier, where the controller generate
a control signal that make the output of
the plant tracking the desired trajectory,
the controller will be trained and then it
is connected to this structure.

4.1 Model Identification:

The problem of identification consists
of setting up a suitably parameters to
optimize performance function based on
the error between the plant outpuis and
the ideatifier outputs .It will be trained
by using back propagation algorithm.
Traiming process stops when the error is
sufficiently small.

Figure (4) shows the forward identifier

structure . The equations that used to

ﬁpdate the weights and parameters of
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Gaussian function {1e R and l:au) are
Jisted below:

wyp (K +1)=wpp (k) + e 0 we{B)
Wi (k+1) = w3 (k) +Tqe50, A9)
Ak +1) = ag (k) + 1, e,wy (k+1)+
e gz (K + 1

(x) =y ()M (by (k) (10}
by(k+1) = by(K)+ 1y, (e k + 1)+

€qW (K + 1))u;

(xj = ay; (k + 1) i(byg(k))° w113
where:

H=9—mMm

€ =q; Dy .

p and p»  are outputs of the forward

identifier model.q, and q; are the outputs
of plant,

uy = Fjy . Fyg. e

n is the number of input , _
TwisTlwaTlal and 1y, are learning rates.

4.2.Neurofuzzy control structure for
trajectory . . tracking af robot
manipulator:

Since the robot manipulator compose
of two link , so thal the confroller can be
proposed, as two conireller one for each
lmk{dewupled controller). or as one
contraller for, .‘both link (coupled
controller) by f:xp_eriment the coupled
controller is best than . decoupled
controller.

Figure (5} ‘shows the cnntml structure
for training of the coupled controlier for
robot manipulator . In this figure the
purpose of the identifier is to be used as
a path for the output error propagation to
the neurofuzzy controller. This controller
will be trained by using back

propagation  aigorithm . The ermror
between the outpuls of plant (q} and
desired- trajectory (g4} will be minimized
during training phase.

The training process stops when the
error is small.
The equations that were used to update
the weights of controller and the
parameter of Gaunssian function are listed
below: -
Wl “.' +11= Wey l:.k} e ?jw3(€3ﬂr| + E4d1)u,
Wyg(k +1) = woa (k) — g (eaedy +eqdy e,
ﬂrs{k + 1} = EJ',S“C} ’?QZ{EE (dlwrl ('k + 1} +
[fgwr:g_(k +11 + 434((3!"211-',.] UC + 1} + d4wr2 (k+ 1}}“,-

(%5 — e (D} (B (RN 1)
ba(i+1)= brs &) — mpa(ey(diwa (ke +1)+

L12)

Cdyweglk A D+ ey (dawy (R +1) + dgwqlk +1}

tp (g — thy (e + 1) 1By () ~{15)
where:

r=1.2,...v;5=12,...¢

¢ is the number of input of the controller
; v is the aumber of membership
functions in the controller structure ,and
di=6q)/ou, ; dy=8qy/du, ; dy=0q,/Eu; and
dy=8g,/00; ' '
11r=FrI+Fr2-“-Frc

£3=q1a-41 » €47q24~q2

Thws Mwa a2 AN Tz are learning rates.

A.Simulation result:

" A two-link manipulator is shown in
fig.(5) . The dynamic is given by

13)
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Mu}it’fl}[ﬁu 3:2}[@1}[@1:
[ My Mo Qe | [ Bay Bozldz] (G

My, =(m; +my)li +m,l3 4
2m;h ) cos(q;) + ¥y

M,; = My, = myl] +myl 1, cos(q,)

Mi;:mzli'h]t

By =—2m;l )24, sin{q;)

By = ~mall1;9, sing;)
By =m,l 154, sin(q,)
By =0
Gy o= {(my +m3)l, cos(q, )+
m,; cosiq, +42))8

Gy =(myl; cos(q, +q;))g

The parameter values are
Li=1m  length of upper link.
l=0.8m length of lower link.
m=0.5kg mass of upper arm.
m,=0.3kg mass of lower arm.
["‘ ] =[5 “} . the inertiz of the

0 J,; |05
two joints.

The robot is idle at q,=-1.57 rad and
qQ2=2.967 rad and it is required to track
the trajectory for 1=2.5 sec
qd1{t) = -1.57 + 0.916{1 — cos(1.26¢))
qd2(t) = 2.967 — L0491 — cos{l.261))

rad

rad

for 1=2.5 sec
qd1(t) = 0.2618 rad

gd 2(i) = 0.87269 rad

The simulation is conducted by means
of the 4" order Runge-Kutta method.
Neuwrcfuzzy identification model 1s

constructed as shown in fig.(4).It has six
inputs(y (k-1),q:(k-2)ga(k-1),

qolk-2)ufk-1)ua(k-1))  and  two
outputs(p (k),pa(k)) Training is
performed wusing back propagation
method,

Figure {7) shows the output of plant
and output of identifier for first and
second iteration (where s denoted the
mumber of iterations), Figure(8) shows
thc output of plant and outpui of
identifier for last two iterations . Figure
(9)shows the performance measure of
error for both links{calculate from eq.
(17) apainst the number of iteration.
Figure{(10) and Fig.(11} show the
tracking error for first link and secend
link respectively against the time for
various iterations.

Neurefuzzy controller is constructed as
shown m Fig.(5) . Il has six inpuis (q,{k-
13,01k-2),qa(k- 1), qa(k-2),, (k). g2 (k)
and two outputs{u; (k),um(k)).
Figs.{12,13)show the output of plant and
the desired trajectory for various
iterations Figure (14) shows the
performance measure of error for both
links(calculate from eq. (17)) against the
number of iteration .

Figure{15) and Fig.(16) show the
tracking error for first link and second
link respectively against the time for
various iterations,

. Simulation is performed for different
values of mass of lower arm {m;). Table
{1) shows the mean squared error (MSE}
at changing the wvalues of m,.
Performance measure MSE is evaluated
by using

1
€m ='N'ZE=1“§ we(17)
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where k denotes the step number of the
numerical integration and N is the total
number of steps.

From this table it was concluded that the
proposcd: controiler structure is robust,
since it is not affected by changing of
operating condition,

6.conclusion:

A neurofuzzy control structure for
trajectory-tracking of robot mantpulator,
is proposed .The designed structure is
tested by sirmulation of a two link robot
manipulator. Results of simulation

reveais that the proposed structure has -

good tracking capabilities for different
operating conditions.
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Fig.(1) Gaussian function for different values of a; at b;=0.2

W11
F, \
F u Wi ﬁ ¥i
Fl L W,
u —
F ¥z
Wan
- W,
: i
Fm W
rl
F \‘
' ¥r
1II:"'l'
wr
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Table (1) Mean squared crror for both link
of rohot manipulator
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