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Abstract- The purpose of this paper is to design and analyze a hybrid controller for controlling a parallel robot arm
(stewart). In this article, the direct kinematics of the robot is solved by the quadrilateral method. The results of this
analysis along with numerical inverse dynamics can be applied to a robot of a certain size that works with electric
jacks. In the following, a proportional, derivative and fuzzy integral controller is proposed to control the Stewart
robot. This controller is optimized with genetic algorithm and woa method. Meanwhile, fast and appropriate
performance, reduction of controller rules, resistance to specific limitations and controllability have always been
among the goals. Also, by separating the independent dynamic equations, due to the use of fewer sensors, it
facilitates optimal implementation of fuzzy proportionality and low implementation cost. In the applications of this
design, accuracy, hardness and high capacity are provided. These types of designs are used in the manufacture of
medical equipment, airplane simulators, CNC machines, stadium filming. Among the advantages of this unique
design, high speed and accuracy, greater hardness due to its inherent structure and the ability to move with high
precision can be mentioned.
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moving platform and a base bed whose position and
direction of the base bed are fixed and the position
and direction of the moving platform change with the
length of the arms. Heading styles. One of the most
important and successful applications of the Stewart
mechanism is its application in various types of
simulators. In fact, Stewart made his first proposal for
use in the flight simulation process.

It can be said that the most important and functional
which have been developed to imitate human hands

Introduction

With the development of industry and the emergence
of new equipment, the need to invent precision
control devices becomes more apparent. In addition,
the production of new generations of robots that have
a special mechanism has led to more research in the
field of invention of control and precision control
devices and the design of robots to be designed more
accurately and with higher quality. Automation has
emerged in various sectors of industry and
manufacturing in recent decades and is developing
day by day. It has not been more than a few decades
since the advent of fully mechanized factories in which
all processes are automatic and manpower has no
executive role, but in recent years we have seen the
emergence of mechanized factories whose design,
construction and operation are truly amazing. Stewart

[1]. Robots are more useful than human beings in
these jobs for several reasons (e.g., safety, accuracy,
speed, increase in generation power, and flexibility)
and are used in costly, dangerous, repetitive, and
tedious tasks in industry as well as in harsh
environments such as space, and in nuclear reactors.
When controlling the position and velocity of robotic
manipulators, having knowledge of their position and
Robot A parallel robot consists of two rigid objects: a velocity is important. In practice, however,
disturbances affecting the manipulator, uncertainties
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in the model, mismatches in system parameters, and
the existence of higher-order dynamics lead to
changes in model parameters that can decrease
proper control and cause system instability. In recent
decades, attention has been focused on controlling the
movement of the robot manipulator. A variety of
control methods and controllers have been
implemented, each with its own advantages and
disadvantages. The following

control methods are examples: robust [2, 3], optimal
[4, 5], adaptive [6, 7], linear PID [8, 9], intelligent
(including neural networks and fuzzy control types I
and II), nonlinear sliding mode controller (SMC),
inverse dynamic controller (IDC), computed torque
[10], and Lyapunov-based control methods [11, 12]. PI
and PID linear controls are conventional control
methods for robotic manipulators that are widely
used in industry [13]. As is evident, linear controls are
inefficient and subject to uncertainties, and do not
exhibit appropriate and robust performance. On the
other hand, although local methods are fast, they do
not guarantee overall convergence of the system
[15].In addition, the use of global activation functions
and local learning methods create that include low
speed in learning, probability of failure to reach an
appropriate answer, and extreme sensitivity to initial
network weights. The control of the manipulator
position using fuzzy and Metaheuristic algorithm has
been addressed in several articles [17-20].it can be
applied easily and performs well in systems that are
compley, ill defined, nonlinear, and time varying. The
primary advantage of fuzzy control is the use of
human knowledge (expert experience), which is part
of the process of control [21].the theory of fuzzy
controller stability. In fact, fuzzy control cannot
guarantee the stability of a system because it lacks an
explicit mathematical model to show it. For example,
SONG et al [22] used a fuzzy control method to control
the computed. Moreover, PILTAN et al [23] applied a
fuzzy logic controller for a PUMA robot.

method for nonlinear systems that has a simple design
and is efficient and practical in overcoming structured
uncertainties, no structured uncertainties, and
external disturbances of the system. It also has a fast
transient response and appears to be a highly
desirable method of controlling robotic manipulators.
However, its control signal is discontinuous and
produces adverse chattering phenomena [28] that
may stimulate the high frequency dynamics of system
and, in the worst case, cause system instability. In this
study, to solve the problem of chattering,

an SMC with a boundary layer is used. However, the
use of this methods (fuzzy & metaheuristic) can
slightly increase the steady-state error of the system.
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with the investigation of the theory of fuzzy controller
stability. PILTAN et al [29] used to control PUMA
robot in a MATLAB/Simulink environment.
CORRADINI et al [30, 31], CAPISANI et al [32-34], and
JIN et al [35] implemented SMC on industrial and
laboratory robotic manipulators and tested them
experimentally. SOLTANPOUR et al [43, 44] presented
arobust fuzzy SMC and examined a robust
fuzzy-adaptive SMC for tracking a 6-DOF robot
manipulator in the presence of uncertainties. An
optimal fuzzy SMC approach was used [45], and VEYSI
et al [46] designed a self-adaptive optimal fuzzy SMC
for tracking a 6-DOF robot manipulator in the
presence of uncertainties, which led to successful
results. Adaptive neuro-fuzzy control has been
implemented in industrial and laboratory robotic
manipulators in previous studies [47-50]. WANG et al
[51] and SUN et al [52] introduced a combined SMC
and neural network control method for controlling
robot manipulators. WAI et al [53, 54] used a
combined SMC and neuro-fuzzy control method to
control a 2-link robot manipulator. HU et al [55] used
a combined SMC and neural network method with a
fuzzy supervisor to control a 2-link robot
manipulator. introduced an optimal hybrid control
approach called the optimal general fuzzy sliding
mode to control electric vehicles [56]. This interesting
idea can be used to control a robot manipulator.

In a recent paper [57], we combined SMC and an
adaptive neuro-fuzzy network (ANFIS) with the fuzzy
supervisor method to control the first three links of an
IRB-120 robot. Note that this was not amature work
and contained deficiencies and faults that we are
trying to address to improve the control method. The
results of that research will be presented in the form
of a new article in the near future. 6-DOF IRB-120
robot manipulator in the presence of uncertainties.
The results were simulated, tested, and compared in a
MATLAB/Simulink further
validation, the results were also tested and confirmed

environment. For

experimentally on an actual IRB-120 robot
manipulator. The main contribution of the current
study and its unique features are as follows: This
marks that a controller has been designed for an IRB-
120 industrial robot manipulator for which all of the
kinematic and dynamic equations were extracted. The
current study can be the beginning of more extensive
studies on the design of controllers of IRB-120 robot
manipulators. The problem of chattering in sliding
mode controllers has been solved with the
introduction of a simple control method and tiny
modifications to the control input signal equation to
obtain relatively suitable results. In conventional
methods, fuzzy control and adaptive control or
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metaheuristic algorithm have been used in place The
use of each method has its own problems and
complexities. Some of these problems are as follows.
The main problem of the use of fuzzy control in Refs.
[37-46] and [56, 57] was addressed as a lack of an
explicit mathematical model. In addition, the
formulation and estimation of the disturbances along
with the system dynamics are difficult. The lack of an
explicit mathematical model leads to the inability to
investigate and guarantee the stability of a fuzzy
control system. In other words, there is an inherent
weakness in theoretical investigations of fuzzy
controller stability. The main problem in the use of
adaptive control in Refs. [37, 44, 46], and [47-50] has
been explored. This problem is related to the
application of adaptive parameters in the adaptive
update rules, which requires more inputs and
parameters in these controllers. As a result, the
computation volume increases, which is not optimal.
The primary problem of the use of neural networks in
Refs. [47-54, 57] has been stated to be learning by the
neural network. Learning by neural networks causes
the transient response of the system to slow and
become inappropriate. This reduces the convergence
rate of the error, which is of great importance when
controlling robotic manipulators [58-60]. In general,
the main advantages of the proposed control method
as compared to other methods are, its simplicity, the
smoothness of the control scheme, and the absence of
the problems and complexities mentioned above.

In this paper, we design a functional controller for the
desired Stewart robot. In working with robots, direct
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kinematics are usually used; On the other hand, the
kinematics and dynamics of the Stewart robot are
completely non-linear. The use of classical control in
controlling this mechanism requires having
information and accurate knowledge of its dynamics;
And by changing the load or the size of the robot, the
dynamics of the robot will change and the controller
will show different behavior.

However, it seems necessary to use an applied
method that can be built and used in practice.
Therefore, using the fuzzy, proportional and optimal
method by genetic algorithm, we try to design an
application controller that can adjust the robot in any
case. Determining the fuzzy rules of a fuzzy control
strategy is difficult. Fuzzy PID strategy parameters
can be updated according to practical conditions.
Improved robot control efficiency and accuracy based
on fuzzy PID algorithm. The paper is arranged as
follows: Section 2 introduces the dynamics and
kinematics of the robot. Section 3 presents the PID
controller and the mathematical model.

Section 4 describes the fuzzy control method. Section
5 describes the design and improvement of a fuzzy
and optimized genetic algorithm PID controller.
Section 6 compares the simulations between a PID
controller and a fuzzy one optimized by a genetic
algorithm. And Section 7 summarizes the conclusion.

The introduction and model of the system

Figure 1 shows the 6-DOF IRB-120 robot. It is
composed of a base, waist, arm. The robot kinematic
model is described by homoge- neous coordinates.

Fig. 1. The IRB-120 robot system

Table 1
D-H parameters of the IRB-120 arm
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Joint Nr i [°] di [mm)] ai [mm] ai [°]
1 0, 0 0
2 92 al _T[/Z
3 0, a, 0
4 94 a3 _T[/Z
5
05 0 /2
6 0, 0 -1/2

Table 2 Performance of IRB-120 in accordance with ISO 9283

1 kg picking cycle IRB 120
25x300x 25 mm 0.58s
25x 300 x 25 with
.92
180° axis 6 reorientation 092
Acceleration time 0-1 m/s 0.07 s
Position repeatability 0.01 mm

kinematics involves geometric and time- based
motion properties, in this paper, kinematics is
described. The six links are built in separate coordi-
nates; their positions and orientations are described
in the coordinates

In this paper, kinematic analysis is performed. The
movable plate is an equilateral triangle and the fixed

plate is a regular hexagon with two consecutive
corners of the two operators connected to one of the
corners of the moving plate. It is noteworthy that only
two interfaces are connected to each corner of the
animated screen.

Fig. 2 Stewart mechanism

The active variables of the joint space consist of six
scalar lengths for each interface or g, which are called
independent generalized coordinates. (i = 1... 6) and
passive joints variables including three lengths (A_j) (]
= 1.2.3) and mechanism workspace variables
including 6 parameters @¥«@ <F,P,P that the first
three parameters represent the rotation angle,
respectively The error of rotation, or rotation about

the x-axis, and the rotation or rotation around the y-
axis, and the rotation or rotation around the z-axis,
and the second three parameters represent the
position vector components of the center of the
moving platform relative to the reference frame or
vector Py.

The main measurable variables in the system are the
length of the six interfaces that connect the two pages.
Also, to calculate the direct kinematic solution, three
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sub-variables are used, which are the length of the
direct distance between points P;and point E and are
represented by )T] The center vector of the moving
screen coordinate device is displayed in the base

coordinate system with P—E.[61-63] Each of the
rotational motions around the axes of the coordinate
system connected to the moving platform, mentioned
in the above cases, can be expressed by a 3 x 3 matrix
called the rotational matrix around the corresponding
axis [64-69] These matrices are:

1 0 0
0 cosp -—sing
0 sing cosp
cosyp 0 siny
Rpitch=[ 0 1 0 l
—siny 0 cosyp

Rroll=

cos§ —sinf 0
Ryaw=|sin0 cos@ 0
0 0 1

The system rotation matrix is expressed as follows:
Rrp: RrollRpitch

In positional kinematics, by having the matrix R and
the vector ﬁErelative to the reference frame, changes
in the scalar length of the interfaces or g, can be
obtained.

Inverse kinematics positioning:

7= RN
To calculate the length of scalar )TJ, the following
equation can be used:

&=[|Pll=(. B)= (PP

Speed inverse kinematics:

Qup =RRT=
0 —Wmp;  Wump,
Wpp, 0 —Wpyp,
—Wymp,  Wyp, 0

By deriving from the relationship
g=|Ll|=0.- 1)= (171D %

The following matrix equation can be obtained with
respect to time and by definition

Agxe tox1 +Boxs Gox1 =06x1
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(P x )T [T
(P xI)" I
P, xL) IT
Agxe = 2 3 N Beyxe=

The matrices Agyg , Bgxg are the Jacobin matrices of
the system and the vector ggy; is the generalized
independent velocity vector of the system and the
vector typ is the angular velocity vector of the linear
velocity of the platform. They are called mobile. Now,
using the matrix equation and knowing the angular
velocity vector wyp from the external multiplication
matrix g, from the kinematic part of position and
vector P? , the rate of change of scalar length of the
interfaces can be obtained as follows:

q=-B~'At

Because the scalar length of interfaces or g, is never
zero, there will always be an inverse of matrix B.

At this stage of inverse kinematic analysis, because the
second derivative of the periodic matrix with respect
to time or R or and the second derivative of the
position vector of the geometric center of the moving

platform with respect to time or P; can be easily
calculated by having them and calculating parameters
In the previous two sections, we can calculate the rate
of change of generalized independent velocities, or in

other words, the generalized independent

accelerations (?l as well as the rate of rate of change of

passive variables or 4;
q=lill=0 1= (17 1)

Agxe tox1 +Boxs Gox1 =06x1
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[=¢; 0 0

( 0 0 0|
0 =g 0 0 0 0
o o = 0 0 0
Bexe = -
0 0 0 —q O 0
0 0 0 0 =g O
o0 0 o9 o =5l
[ (QupPy x I + Py x )T T |
(QMPT’;XE"‘PTXE)T E
; (QMP?ZXE+FZ\XE)T E
Agxe = . N N

(QupP, X I, + P, x )T 1,
(QMP?BXE+FS\XE)T I5
| (QupPs X Ig + P3 x Ig)T T

Suppose the direct distance (scalar length) between
the points P;and the base reference device is displayed
with A™_j, and the decision is made to find these points
by the interpolation method. If the three vectors 131 132
133 are displayed in the reference device (base page)
and the lengths of these vectors are considered as
unknown variables, the relations can be converted to
scalar relations using the internal multiplication
relation:

(P.B)g=12

(P.B)e=(P,.F, +P,. B, +P;B)

(P, — P)g. (B, — B)g=12+1% — 2P.P=C?)
Aj=h=F x+B_y+H 2

Now we can define a pyramid by defining
quadrilaterals such b,b,EP;with three A, ,g;,g,two
vectors bhbz. With the above information, the vertex
of the point P; pyramid can be uniquely calculated and
obtained.

K 2 2 2 2
2RZ+223-13-13%

A
11]_ 2R3 A =JIA2 = 12, — 2
112 L%—A% ’ 13 | 1 11 12|
2
[ 2m 2m 2R%+223-1%-12
cos— —sin— —_—
A2 3 3 2RV3 -
Aol | s 21 . 2T 12_12 ’ 23 —
22 sin— sin— 3754
| 3 3 2

M% - 151 - l§2|
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*
A3z cos(— _) 1g-13
2

2R2+22%-1%-12
/131] cos(— —) —sin(— —) BT
sin(— —)

133 - A - Ag‘»l 32|

The geometric characteristics of a pre-designed robot
are as follows. According to the figure above, the fixed
platform is a regular hexagon that is placed in a
circumferential circle with a radius of 104 cm. That s,
each side of this hexagon is equal to 104 cm. Also, the
moving platform is an equilateral triangle that is
placed in a circumferential circle with a radius of 54
cm. That is, each side of this hexagon is equal to 93.5
cm. The vector of the corners of the fixed platform
with respect to the reference frame E or bi The vector
of the corners of the moving platform or Pj with
respect to the frame connected to it M is as follows:

SR
SRS

To analyze a smooth motion for a moving platform, a
sinusoidal motion with a amplitude of 20 cm is
considered for the three linear coordinates x,y,z In

0
0

PZ_

this motion, the angular coordinates of error, torsion,
and rotation are kept constant and zero. The position
vector of the geometric center of the moving platform
is as follows:

0.2sin ("?t)
+10.2cos (%t)
Tt

2 l’l(?)

0
MPE = 0
1.02

The PID controller model in a robot

The general schematic of the robot, the feedback part
and the controller is given in the figure. As shown in
the figure, the desired coordinates are given to the
controller input. In the feedback section, the length of
the jacks is sampled and after direct kinematic
solving, the current position of the robot also goes to
the controller as input. The controller is inherently
multi-input

multi-output and  simultaneously

monitors and controls every 6 degrees of freedom.
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Code Disk |«
0
Xq Inverse +X 1 PID 6
~ y % C * q
Kinematics ; U eoiftiollét Robot Model
d

Fig. 3. The traditional PID based on position feedback

The actual true 0 is calculated. Although the
traditional PID controller can detect the final effect
parameter values, the disadvantage of the traditional
PID algorithm is obvious because its parameters
cannot adjust themselves to control complex and
nonlinear subjects. Therefore, this method may cause
errors. Fuzzy PID can be applied to this robot, which
allows it to cope with the problem of complex
nonlinear systems. A fuzzy PID algorithm can adjust
the parameters according to the rules designed by the
experimenter.

u(t) = Kq(6z — 0) — Kp (82— 0) — K; [ (64 —
9) dt = Kde + Kde + Ki fotedt

G(s) =" =Kys + K, +
K
s

The process of obtaining the ideal response from the
PID controller by setting the PID is called scaling the
controller. Adjusting the PID means adjusting the
optimal interest rate of the fit, derivative and integral
response. The PID controller is scaled to prevent
distortion, meaning that it stays at a set point and
follows the command, that is, if the set point changes,
the controller output follows the new point. If the
controller is balanced correctly, the output of the
controller will follow the adjustable set point with less
oscillation and less attenuation. There are trial and
error methods, Ziegler-Nichols 0 method and
optimization-based adjustment method to adjust the
PID controller parameters. The method used in this
dissertation is trial and error method and adjustment
method is based on fuzzy method and optimization. In
this method, where the parameters are set manually,

we first increase the value of Kp until the system
reaches an oscillating response, but the system should
not be unstable and we set the values of Kd and Ki to
zero. Then adjust the Ki value in a similar way to stop
the system from oscillating, and finally adjust the Kd
value for a quick response.

FUZZY FRACTIONAL ORDER PID ALGORITHM
Fractional Order Controller, With the development of
modern technology and computer application
technology, the theory of FRACTIONAL ORDER
CONTROLLER BASED FUZZY CONTROL ALGORITHM
fractional order calculus provides a theoretical basis
and mathematical tool for the development of many
disciplines. Fractional order theories and fractional
order co ntroller become new research areas in the
control system, the main problem is solving fractional
equations. In recent years, numerical methods and
algorithms of the fractional calculus improving
continuously, analysis methods and control strategy
of various fractional order systems are put forward, as
well as design method of fractional order controller,
which further promotes the application and rapid
development of fractional order control.

Fractional order controller can be described by
fractional differential equations. These systems that
can be described by fractional model and they can be
regarded as fractional order control system. From
controlling theory of fractional order, closed- loop
control system consists of four categories [70, 71]:
integer order controller and integer order controlled
targets, integer order controller and fractional order
controlled targets, fractional order controller and
integer order controlled targets, fractional order
controller and fractional order controlled targets. App
location of fractional calculus in PID controller can
enhance controlling performance it is better than

672



Journal of Harbin Engineering University
ISSN: 1006-7043

traditional PID controllers, significantly [72].
Theoretically, fractional order controller can be used
to control targets with any orders, the traditional PID
controller is just special case of fractional order
controllers.

Professor 1. Podlubny proved that the fractional order
PIADp controller controls better than the integer order

Ky
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on fractional targets, and it can obtain better
performance and robustness. The fractional order
PIADp controller is the generalized form of the
conventional PID controller, including an integration
order A and a differential order p, A and p can be any
real numbers.

1(t) R e(t) )
1% g

KpS*

Gs)

Fig. 4 . Structure diagram of the fractional order PIADu controller

In figure 4:

e(t)=r(t)-y(t) is signal errors of system, it is input
signal of fractional order controller;

r(t) is expect signal of fractional order system;

y(t) is the actual output of fractional order system;
G(s) is transfer function of fractional order PIADpu
controller;

C(s) is transfer function of controlled targets.

The transfer function of Fractional PIADu controller
can be express equation

1
u(t) = Kpe(t) + K;D*e(t) + Kp D" e(t)

It is similar with integer order PID, in equation:
KP is the proportional factor;

Kl is the integral coefficient;

KD is the differential coefficient;

Ais the order of integration;

u is the order of differential.

The traditional integer order PID controller is a
special case of fractional order PID controller when
fractional order PID controllerisA =1 and p=1. When
A=1and p=0,itis ainteger order PI controller; when
A=0and p=1,itisainteger order PD controller; when
A =0 and p =0, it is a integer order P controller, as
shown in figure 5(a). Thus it can be seen which all of
these types of PID controllers are special cases of
fractional order PID controller [15]. Differently, the
parameter values of fractional order PID controller
are not on the fixed point, but on the P-I-D plane
discretionarily, as shown in figure 5(b).

Figure 5(a). Integer order PID controller
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PID

Figure 5(b). Fractional order PID controller

Compare with traditional integer order PID controller,
because the fractional order PIADu controller has two
more adjustable control parameters and p , It is has
more two design freedom. Thus, it is difficult for
tuning and optimizing these five parameters. But it is
easier to change frequency response of the control
system by changing the order of differentiation and
integration, which is compare with changing
controller proportional, differential and integral
coefficients. So we can get the better dynamic
performance and robustness than traditional integer
order PID.

Fractional Order PID Algorithm Fractional calculus as
a new language, it has its own unique logic and
grammar rules. Fractional calculus allows any one
order to be calculus order and it is extension of classic
integer calculus. Fractional calculus has no uniform
mathematics definition. Currently, there are three
definitions  [73]:
definition, Griinwald-Lethnikov definition and Caputo

fractional Riemann-Liouvile
definition.in the GL(Griinwald-Letnikov) fractional
calculus definition

5]

DEF(E) = lim b~ on (1) (7) F(t - jh)

in equation:

D{is the fractional calculus operator;

@Ris the calculus order, meanwhile, it could be a real
number;

ARand t represent the bounds of the fractional

b ((X) al
operators, | ; | = ——
p J Jia=j)!

According to the GL fractional calculus definition,
discretize the equation [73], the fractional order PID
expression is gotten as shown in equation

k
u(k) = Kpe(t) + KiT2 Y gy e(k )
Z :

k
+ KT, Z die(k —j)
j=0

in equation:

Ts is the sampling time;

gj and dj are binomial coefficients;
u(k) is the output of controller,
e(k) is the deviation of controller.

Because of its technical features, such as serious
nonlinearity, variable structure and parameters, it is
difficult to establish the precise mathematical model
of the SRM. It could not obtain ideal performance
indicators using the conventional fixed parameter PID
control method with various control strategies. The
order of integral and differential can be extended to
any real number in conventional controller by
Fractional calculus, it provide a better performance
extension for the design of controller.

Fuzzy control method is a way of intelligent control
method that it is used in the control engineering
application widely. It is a kind of nonlinear control
strategy essentially and is not depend on exact
mathematical model of controlled object. It could
obtain better control effect at nonlinear, time-varying,
time-delay or variable structure control objects by the
fuzzy control method, especially at the switched
reluctance motor which is very difficult to be
established the exact model. In recent years, more and
more research and application have been acquired
about fuzzy control method.
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Combined with fractional proportional PID controller
and fuzzy control logic, the fuzzy fractional PID

controller can be created. It has characteristics of

intelligent inference and nonlinear, particularly the

PID controller based on fuzzy logic self-tuning

parameters. It could obtain better control effect at
complex control objects when it is used for some
complex control object which is difficult to be
modeled. [74] completed fuzzy fractional order PID
control algorithm to fuzzy reasoning through fuzzy
inference’s proportional coefficient KP. integral
coefficient KI and differential coefficient KD and

regulated the weight of each aspect.

Vol 44 No. 9
September 2023

This paper achieve the fuzzy fractional order PID
control algorithm by choosing proportional
coefficient KP. integral order A and derivative order
u to complete fuzzy reasoning. The principle diagram
of fuzzy fractional order PID controller is shown in
figure 6. Both deviation and deviation rate are as the
input of fuzzy reasoning, and proportional coefficient
. integral order and derivative order as the output of
fuzzy inference, the controller object can be
controlled by passing these three parameters to the
fractional order PID controller

| de 7 .
dat fuzzy reasoning
Kp u A
input deviation ! I |
Y Fractional order Controlled output
B PID = object

Figure 6. The principle diagram of fuzzy fractional order PID controller

The proper movement of a robot arm can be achieved
with the right settings to meet the exact needs. If the
desired path is specified, the PID controller is placed
in the above linear system. Features time-based
geometric motion, especially interactions between
different links over time. Kinematics and their
position and orientation The links are described in a
separate coordination. The kinematic model is based
on previous calculations and the parameters of the
Servo Mac link. The kinematics in question and the
kinematic model and the relationship between the
position P = (P,,Py,P;) from the end of the effector
and the angular joint 8 According to the link to the
position and orientation of the reference coordination
system, inverse kinematics is used to calculate each
common variable. The error between the desired joint
and the actual angular joint is considered as input.
The fuzzy PID control algorithm

In the value controller

ec=(0,—6),e=(0,—6)

Are considered as inputs; These are exported to a
robot arm by the controller model. The common
angular error ec and e is transmitted to the fuzzy

controller; The values Akp, Aki "," Akd are issued by
the fuzzy controller. The values Akp, Aki "," Akd are
considered as PID control inputs for setting the values
Akp, Aki "," Akd ". The three optimal parameters Akp,
AKki, Akd are set from the PID controller by the fuzzy
controller. Fuzzy laws are shown as equations (5).
Fuzzy subsets PB, PM, PS, Z, NS, NM, NB and fuzzy
domain -3,-2,-1, 0, 1, 2, 3 where PB, PM, PS, Z, NS, NM
, NB for large negative, medium negative, small
negative, zero, small positive, medium positive and
large positive. E indicates the error and ec indicates
the error. The attribution function for each fuzzy
variable is shown, which shows the membership
(dk] _d, [dk] . [
_p, respectively. The number of fuzzy sets is

performance curves of e, ec,
dK]
selected based on the desired production needs. In
general, there is no specific design method. The error
between the joint angle and the actual joint angle of
the final joint is considered as input, denoted by e. The
value of e is fuzzy with respect to the fuzzy controller
used in fuzzy operators. This is the process of fuzzy
reasoning, which obtains the optimal fuzzy value. (fig
6-1,6-2,6-3)To obtain the exact value, which is used in
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the robot mathematical model, the desired fuzzy value
must be fuzzy
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Degree of membership

PM o

Fig 6-1 Membership function curves of e and ec
fig 6-2 Membership function curves of dK, and dK;
fig 6-3 Membership function curves of dKq4

Take the current sampling

value @(k)
v

¢=0,(k)-0(k)

Ae=ce(k)—e(k-1)
Fuzzification of eand Ae

Fuzzy tuning IAkP’Mf"Akd
|

|

| PID Operation |

¥

Solutions of defuzzification
nd C lat
and Caculate k”,kr_,kd

| Robot model |

v

Return

Fig 7 The fuzzy PID algorithm flow chart

Three positive fuzzy sets are needed to cover the input
and output variables: The analysis of the force
between the arm and the path of motion driven by the
robot arm is considered. By combining the proposed
paths and default conditions, three different fuzzy
rules are used and three parameters Kp, Ki, Kd can be
designed to be applied to the PID controller and the
fuzzy PID controller. Fuzzy rules must be clearly
classified to increase effectiveness. However, many
rules have a negative impact on system stability.
Depending on the situation, if the fuzzy sets have less
than two rules, the fuzzy subset becomes NB, NS, Z, PS,
PB. Because the robot arm travels irregularly, the two
laws cannot meet the need for change, which must
change. However, if there are too many rules, the
stability of the final effect is reduced. Therefore, three
fuzzy sets are more logical. In the PID system, the
response speed and steady-state error are affected by

the value of Kp. At the beginning of the setting, the Kp
value is increased to achieve a faster response speed.
In the middle of the regulation, smaller shifts and
faster response times should be considered and the
Kp value should be reduced. Increasing Kp in the end
increases the accuracy of the arm. KpA is the
compensatory value. Integral also fixes system steady
state error. At the beginning of the adjustment, Ki is
unchanged to prevent integral saturation Fig 7. In the
middle of the regulation, Ki rises to ensure system
stability. Finally, as Ki increases, the static error
decreases. kiA is the compensation value. Differential
can change dynamic properties. At the beginning of
the adjustment, Kd is increased to prevent excessive
rotation of the robot arm. In the middle of the setting,
Kd is reduced to a constant. In the end, to reduce the
time, Kd is further reduced
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Fig 8 The fuzzy PID controller.

Fuzzy control rules When e is greater, 4kp must be e = NM,ec = NL =§Kp is PL,
larger, kdA smaller and Aki = 0 When e is an average AKi = NB,AKd = PS.

value, 4kp must be reduced, and Akd and Aki must

be of average value. When e is a smaller value, Akp and e = PL,ec = PL AKp = NL,
A ki must be greater and 4kd must be an average AKi = PB,AKd = PB

value. The rules for fuzzy PID controller are as follows

e = NL,ec= NL AKp =

pL, [ — p

AKi = NB,AKd = PS.

Table3 AKp
e/ec NL NM NS ZE PS PM PL
NL 3 3 3 3 2 1 0
NM 3 3 3 3 2
NS 2 2 2 2 0 1 1
ZE 2 2 1 0 -1 -1 -1
PS 1 1 0 -2 -2 -2 -2
PM 1 0 -1 -2 -2 -2 -3
PL 0 0 -2 -2 -2 -3 -3

Table 4 AKi
e/ec NL NM NS ZE PS PM PL
NL -3 -3 -2 -2 -1 0 0
NM -3 -3 -2 -1 -1 0 0
NS -3 -2 -1 -1 0 1 1
ZE -2 -2 -1 1 2 2
PS -2 -1 0 1 1 2 3
PM 0 0 1 -2 2 3 3
PL 0 0 1 2 2 3 3

Table 5 AKd
e/ec NL NM NS ZE PS PM PL
NL 1 -1 -3 -3 -3 -2 1
NM 1 -1 -3 -2 -2 -1 0
NS 0 -1 -2 -1 -1 -1 0
ZE 0 -1 -1 -1 -1 -1 0
PS 0 0 0 0 0
PM 0 1 1 1 1 1 3
PL 3 2 2 2 1 1 3
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u(t) = Kd(gd - 9) - kp(gd -0)—K; fot(ed -
0) dt

-

Kd = kd + Akd
&p .Ki .Kd

Are improved values modified by the fuzzy PID
controller Kp, Ki, Kd are the main values. The center
mean method was used for reduction. The output u is
calculated as follows: .

d Tieg duifia;
u S
i=1 HAiQ

If the input is known, the output can be calculated with
the above equations. To control the path of the final
effect from the combination of the above equations,
Kp, Ki, Kd are obtained. The path of motion Kp, Ki, Kd
is set by fuzzy PID under processing conditions.

Experiments and simulation analysis

Controllers built with soft computing methods such as
fuzzy have excellent capabilities in dealing with
indeterminate and nonlinear systems. Especially if the
advantages of these methods are combined in a

Vol 44 No. 9
September 2023

network such as fuzzy. But there is a point in this.
Network performance is highly dependent on proper
design; And this also depends on the designer's
sufficient knowledge of the overall performance of the
system. However, the use of the advantages of
different control methods and their combination, such
as proportional-fuzzy, along with taking into account
the necessary considerations, provides better and
newer control tools. In this paper, more than the
control of the Stewart robot, it has been important to
create the ability to control systems with uncertainty,
several degrees of freedom and nonlinearity. They are
sampled at any time. Fuzzy PID algorithm improves
performance and accuracy. The simulation results
show that the fuzzy PID algorithm meets the
debugging processing needs and in comparison with
the PID controller, the fuzzy PID controller ensures
the stability of the closed loop system and selects the
appropriate parameters according to the control
rules. . In this paper, the results of simulating the
position of a moving geometric center (Stewart) and
simulating a 6-degree freedom arm using a fixed
coefficient PID controller, a fuzzy controller and a
fuzzy PID controller optimized by a genetic algorithm
are presented. The results of arm simulation of six
degrees of freedom using fixed, fuzzy and fuzzy PA
controllers optimized with GA were also presented.
System response performance was significantly
improved by fuzzy controllers, with GA-optimized
fuzz performing better than fuzzy.

Fig 9 Dynamic analysis of the robot arm is shown

In this simulation with MATLAB, the geometric
characteristics of a pre-designed robot are given in
Chapter 3 and the position of the geometric center of

the moving platform is shown, which indicates the
distance between the corners of the moving platform
and the origin of the reference device.
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Fig 10 The system simulation is displayed using Stuart robot kinematic numerical analysis

In this section, the results of the simulation using the
classic PID controller using feedback are reviewed. In
this simulation, the desired value is considered. There
are different methods for designing PID controller
coefficients. In this research, trial and error method
has been used to achieve the minimum fluctuations
and the time to achieve the desired value. By

Constant Input

optimizing fuzzy membership functions by genetic
algorithm, system performance, especially error
reduction, is improved. Figure 10 shows the system
response to a fixed input for the intended controllers.
From this figure we can see the better performance of
fuzzy PID controllers and optimal fuzzy PID than PID
and WOA-PID. Figure 10 shows the system response
to a fixed input for the intended controllers.

12 T T T
10 {— & —
st
PID
= Fuzzy PID
> 6 Fuzzy PID Optimized by GA |
PID Optimized by WOA
Reference
4 H
2
0

0 5 10 15 20 25 30
time(s)

35

40 45 50

Fig 11The system output is displayed for fixed input mode
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Fig 12 System error is displayed for fixed input mode
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Fig 13 Simulation of the value of fuzzy and optimal PID control coefficients with genetic algorithm for fixed input
mode is shown
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Fig 14 The coefficients of the controllers for the noise input mode are displayed
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Fig16 The coefficients of the controllers for the sine input mode are displayed
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Conclusion

From all these figures it can be seen that the fuzzy and
fuzzy controllers optimized with GA performed much
better than the fixed PID. The worst case scenario of
uncertainty is related to Scenario 1. Although the
system response with PID controller is fluctuating and
has many errors, but the controllers based on fuzzy
logic have been able to change the controller
coefficients well by changing the conditions in the face
of uncertainty. Achieve much better and less error.
Among the fuzzy logic-based controllers, the GA-
optimized fuzzy controller performed better because
its membership functions were optimally performed
by a genetic algorithm. The table below shows the
values of the different indicators for different
scenarios and the optimal PID, WOA-PID, fuzzy PID
and fuzzy PID controllers. From the results it can be
seen that the performance of fuzzy PID optimized with
GA in other cases was better than other controllers.
In this paper, the results of simulation of a robot arm
with six degrees of freedom using fixed, fuzzy and
fuzzy PA controllers optimized with GA were
presented. System response performance was
significantly improved by fuzzy controllers, with GA-
optimized fuzz performing better than fuzzy. In this
paper, the results of simulation of a robot with six
degrees of freedom using fixed PID, fuzzy PID and GA-
optimized fuzzy PID controllers were presented.
System response performance was significantly
improved by fuzzy PID controllers, with GA-optimized
fuzzy PID performing slightly better than fuzzy PID.
However, to improve the performance of the system,
adaptive controllers can be used, which can adjust the
controller coefficients adaptively under the conditions
of changes in system conditions and parameters, as
well as the uncertainty of the model parameters. In
general, controllers built with soft computing
methods such as fuzzy have excellent capabilities in
dealing with indeterminate and nonlinear systems.
Especially if the advantages of these methods are
combined in a network such as fuzzy PID. But there is
a point in this. Although neither the designer nor the
controller need to know the math inside the system,
the performance of the network depends heavily on its
proper design; And this also depends on the designer's
sufficient knowledge of the overall performance of the
system. However, using the advantages of different
control methods and combining them, such as fuzzy
PID and optimization with genetic algorithm (an
innovative adaptive search algorithm), together with
possible considerations, provides better and newer
control tools. In this project, more than anything, it has
been important to create the ability to control systems
with uncertainty, several degrees of freedom and

Vol 44 No. 9
September 2023

nonlinearity. In fact, the control goal of this system is
to quickly achieve the desired amount of output, so for
the first time, this hybrid model was proposed with a
smooth motion analysis for the moving platform and
controllers that are a combination of other
controllers. To adjust the output value of the fuzzy PID
controller method optimized with the Genetically
Adaptive Innovative Algorithm, it has been
considered in the design and the results indicate that
the fuzzy PID optimized with the Genetically Adaptive
Innovative Algorithm is superior to the fuzzy PID PID
controllers. it works. An optimized fuzzy PID
algorithm with an innovative adaptive genetic
algorithm improves efficiency and accuracy. The
simulation results show that the fuzzy PID algorithm
optimized with the Genetically Adaptive Innovative
Algorithm meets the debugging processing needs, and
compared to the PID controller and the fuzzy PID
controller, the fuzzy PID optimized with the
innovative Genetic Adaptability Genetic Innovation
Algorithm Ensures the closed loop and selects the
appropriate parameters according to the control
rules.
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