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Abstract
In recent years, the robot is very widely used in practical applications; in particular, trajectory
planning of a planar is studied. The weakness point of previous methods for determining acceptable
trajectories, and its need long time to obtain a solution. In this a new intelligent approach is used to
enhance the output response for the system , since almost research in recent year ; integrate the
intelligent controllers to obtain modified controller , but a new problems are appear , such as
complexity in system, integrated, and the system programming for different inputs needs high
execution time, but in this approach, three controllers ( Neuro-PID-Fuzzy) are used separately in this
system , these controllers common in inputs, outputs and the PID controller is used here a a selector
switch to track the system on line and select the good response in specific time therefore the good
finally response is appear in the command output, this approach is simulated by MATLAB.

ﺍﻟﺨﻼﺼﺔ
 ﺘﻡ ﺩﺭﺍﺴﺔ ﺍﻟﺘﺘﺒﻊ ﺒﺎﻻﻨﺴﺎﻥ ﺍﻻﻟﻲ ﺨﻼل ﻤﺭﻭﺭﻩ ﻓﻲ، ﻓﻲ ﺍﻟﺴﻨﻭﺍﺕ ﺍﻻﺨﻴﺭﻩ ﺍﺴﺘﺨﺩﻡ ﺍﻻﻨﺴﺎﻥ ﺍﻻﻟﻲ ﺒﺸﻜل ﻭﺍﺴﻊ ﻓﻲ ﺍﻟﺘﻁﺒﻴﻘﺎﺕ ﺍﻟﻌﻤﻠﻴﺔ
ﻤﺴﺎﺭﺍﺕ ﻭﻭﺠﺩ ﺍﻥ ﻨﻘﻁﺔ ﻀﻌﻑ ﺍﻟﺒﺤﻭﺙ ﺍﻟﻘﺩﻴﻤﻪ ﻓﻲ ﻫﺫﺍ ﺍﻟﻤﻭﻀﻭﻉ ﻫﻲ ﻓﻲ ﺘﺤﺩﻴﺩ ﺍﻟﻤﺴﺎﺭﺍﺕ ﺍﻟﻤﻘﺒﻭﻟﺔ ﻭﺍﻟﺘﻲ ﺘﺤﺘﺎﺝ ﺍﻟﻰ ﺯﻤﻥ ﻁﻭﻴل

 ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺍﺴﺘﺨﺩﻤﺕ ﻁﺭﻴﻘﻪ ﺠﺩﻴﺩﺓ ﻤﺒﺘﻜﺭﻩ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺃﻓﻀل ﺍﺴﺘﺠﺎﺒﺔ ﻟﻠﻨﻅﺎﻡ ﺤﻴﺙ ﺇﻥ ﻤﻌﻅﻡ. ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺍﺸﺎﺭﻩ ﺠﻴﺩﻩ

 ﻭﻟﻜﻥ ﻅﻬﺭﺕ ﻤﺸﻜﻠﻪ ﺍﻟﺘﻌﻘﻴﺩ ﻓﻲ ﺍﻟﻨﻅﺎﻡ،ﺍﻟﺒﺤﻭﺙ ﻓﻲ ﺍﻟﺴﻨﻭﺍﺕ ﺍﻟﺤﺎﻟﻴﺔ ﺘﻘﻭﻡ ﺒﺎﻟﺩﻤﺞ ﺒﻴﻥ ﺃﻜﺜﺭ ﻤﻥ ﻤﺴﻴﻁﺭ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺍﺴﺘﺠﺎﺒﺔ ﺠﻴﺩﻩ

ﻭﺼﻌﻭﺒﺔ ﺍﻟﺩﻤﺞ ﺒﻴﻥ ﺍﻟﻤﺴﻴﻁﺭﺍﺕ ﺍﻟﺫﻜﻴﺔ ﻭﻜﺫﻟﻙ ﺼﻌﻭﺒﺔ ﺍﻟﺒﺭﻤﺠﺔ ﻟﻺﺩﺨﺎﻻﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺒﺎﻻﻀﺎﻓﻪ ﺇﻟﻰ ﺘﻘﻠﻴل ﺯﻤﻥ ﺘﻨﻔﻴﺫ ﺍﻟﺒﺭﻨﺎﻤﺞ ﺒﺸﻜل

 ( ﻤﻨﻔﺼﻠﺔ ﻓﻲ ﻨﻅﺎﻡ ﻭﺍﺤﺩ ﺤﻴﺙ ﻴﻌﻤل ﻜلFUZZY- PID - NEURAL)  ﻤﺴﻴﻁﺭﺍﺕ٣  ﺃﻤﺎ ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻓﻘﺩ ﺍﺴﺘﺨﺩﻤﺕ، ﻤﻠﺤﻭﻅ

PID ﻭﺍﺴﺘﺨﺩﻡ ﺍﻟﻤﺴﻴﻁﺭ ﺍﻟﺜﻼﺜﻲ.ﻤﺴﻴﻁﺭ ﻋﻠﻰ ﺤﺩﻩ ﺒﺩﻭﻥ ﺍﻻﻋﺘﻤﺎﺩ ﻋﻠﻰ ﺍﻷﺨﺭ ﻭﻟﻜﻥ ﺠﻤﻴﻌﻬﺎ ﺘﺸﺘﺭﻙ ﻓﻲ ﺇﺨﺭﺍﺝ ﻭﺍﺤﺩ ﻭﺇﺩﺨﺎل ﻭﺍﺤﺩ

ﻜﻤﻔﺘﺎﺡ ﺍﺨﺘﻴﺎﺭ ﻟﻼﺴﺘﺠﺎﺒﺔ ﺍﻟﺠﻴﺩﺓ ﺃﻟﺨﺎﺭﺠﻪ ﻤﻥ ﺍﻟﻤﺴﻴﻁﺭ ﺍﻟﻀﺒﺎﺒﻲ ﻭﺍﻟﻤﺴﻴﻁﺭ ﺍﻟﻌﺼﺒﻲ ﺤﻴﺙ ﻴﻘﻭﻡ ﺒﻤﺭﺍﻗﺒﻪ ﺍﻻﺴﺘﺠﺎﺒﺔ ﻋﻠﻰ ﻁﻭل ﺍﻟﻔﺘﺭﺓ
ﺍﻟﺯﻤﻨﻴﺔ ﻭﻓﻲ ﻜل ﻟﺤﻅﻪ ﻴﺨﺘﺎﺭ ﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﺠﻴﺩﺓ ﺒﺎﻟﺘﺎﻟﻲ ﺴﺘﻜﻭﻥ ﺍﻻﺴﺘﺠﺎﺒﺔ ﻟﻠﻨﻅﺎﻡ ﻫﻲ ﺒﺎﻟﺤﻘﻴﻘﺔ ﻤﺘﻜﻭﻨﺔ ﻤﻥ ﺃﻓﻀل ﺍﻹﺨﺭﺍﺝ ﻟﻠﻤﺴﻴﻁﺭﻴﻥ
ﺍﻟﺫﻜﻴﻴﻥ ﻭﻁﺒﻘﺕ ﺃﻟﻁﺭﻴﻘﻪ ﻋﻠﻰ ﺤﺭﻜﻪ ﻋﺸﻭﺍﺌﻴﺔ ﻟﺫﺭﺍﻉ ﺍﻹﻨﺴﺎﻥ ﺍﻵﻟﻲ ﻭﺃﺨﺫﺕ ﺇﺩﺨﺎﻻﺕ ﻤﺨﺘﻠﻔﺔ ﻭﻗﻭﺭﻨﺕ ﻤﻊ ﻤﺴﻴﻁﺭﺍﺕ ﺫﻜﻴﻪ ﻤﻔﺭﺩﻩ

MATLAB ﻋﻠﻰ ﻨﻔﺱ ﺍﻟﻨﻅﺎﻡ ﻭﺘﻡ ﺒﺭﻤﺠﺘﻬﺎ ﺒﺒﺭﻨﺎﻤﺞ

1- General Introduction:
Robots are effectively used in a wide range of applications; they must gain the ability
to work in unpredictable and changing environments. Robots used in space
exploration and construction will have to sense their environment and carryout their
tasks regardless of the presence of objects in the work area. The ability to move an
arm around an obstacle and to a goal is an intuitive skill for human beings [Kellyn,
1994].The ability of a machine to emulate human behavior has always been the goal
of artificial intelligence. More than 90% of industrial controllers are still implemented
based around PID algorithms, particularly at lowest levels. With its three-term
functionality covering treatment to both transient and steady-state responses,
proportional- integral-derivative (PID) control offers the simplest and yet most
efficient solution to many real-world control problems [Ang et al., 2005]. The PID
controller is a one of the earliest industrial controllers. It has many advantages: Its
cost is economic, simple easy to be tuned and robust. This controller has been proven
to be remarkably effective in regulating a wide range of processes[Gaing, 2004].
Neural networks and fuzzy logic systems are two of the most important results of
١٦٢
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research in the area of artificial intelligence. They have been effectively applied to
everything from voice and image recognition to toasters and automobile
transmissions. Neural networks are best known for their learning capabilities. Fuzzy
logic is a method of using human skills and thinking processes in a machine. While
neural networks and fuzzy logic have added a new dimension to many engineering
fields of study, their weaknesses have not been overlooked. In many applications, the
training of a neural network requires millions of iterative calculations. Sometimes the
network can not adequately learn the desired function. Fuzzy logic systems, on the
other hand, acquire their knowledge from an expert who encodes his knowledge in a
series of IF/THEN rules. Fuzzy logic systems are easy to understand because they
mimic human thinking. The problem arises when systems have many inputs and
outputs. Obtaining a rule base for large systems is difficult, if not impossible [Kellyn,
1994, Cirstea et al., 2002].

2: Fuzzy Logic Controller:
Fuzzy logic has its roots in the work of renegade mathematicians who saw the value
of a multivalent logic system. The credit for fuzzy logic's application to the areas of
control and in engineering belongs solely to Lotfi Zadeh. In 1965, he formalized fuzzy
set theory and in 1973 brought fuzzy set theory into the context of control systems.
According to Lotfi Zadeh, fuzzy logic brings to control systems a "higher machine
intelligence quotient" [Cox E. 1993]. Figure (1) shows the block diagram of a typical
fuzzy logic controller (FLC) and the system plant as described in [Cirstea et al.,
2002].

Knowledge
Base

Input

Scaling factor
normalization

Rule
Base

Fuzzification

Inference

Output scaling
factor

Defuzzification

Plant

Sensors

Figure (1) :Fuzzy logic controller structure
Fuzzy logic is a technique that attempts to systematically and mathematically emulate
human reasoning and decision-making. Fuzzy logic allows engineers to exploit their
empirical knowledge and heuristics represented in the “if/then” rules and transfer it to
a function block. Fuzzy logic thus provides engineers with a clear and intuitive way to
implement control systems, decision-making and diagnostic systems in various
branches of industry [DAVE C.JEFF S.2007]
There are five principal elements to a fuzzy logic controller:
The fuzzy logic controller consist of:
- Fuzzification (fuzzifier): Change crisp value to linguistic variable .
- Knowledge base: Provides all the necessary definitions for the Fuzzification.
- Rule base: It is usually obtained from expert knowledge.
١٦٣

Output

- Inference engine: Any rule which its firing
- Defuzzification: Change linguistic variable to crisp value.

3- Neural Network
The attitudes of researchers toward neural networks have experienced an evolution
since their inception in the early 1940s. According to Leon Cooper, these attitudes
"progressed from skepticism through romanticism to what we have at present: general
realistic acceptance of neural networks as the preferred -most efficient, most
economic - solution to certain classes of problems"[Kellyn, 1994] [Richard et al.,
1991].Neural networks are composed of simple elements operating in parallel. These
elements are inspired by biological nervous systems. As in nature, the network
function is determined largely by the connections between elements. You can train a
neural network to perform a particular function by adjusting the values of the
connections (weights) between elements. Commonly neural networks are adjusted, or
trained, so that a particular input leads to a specific target output. Such a situation is
shown below. There, the network is adjusted, based on a comparison of the output and
the target, until the network output matches the target. Typically many such
input/target pairs are needed to train a network. [Matlab,2007]

Figure (2): Basic configuration of ANN

Neural networks have been trained to perform complex functions in various fields,
including pattern recognition, identification, classification, speech, vision, and control
systems.
4-PID Controller
The PID algorithm remains the most popular approach for industrial process control
despite continual advances in control theory. This is not only due to the simple
structure, which is conceptually easy to understand and implemented in practice. the
general equations for the PID controller is:
1
+ SK D
S

eq .(1)

1
+ TD S )
T1 S

eq .( 2 )

G (s) = K P + K I ×

G ( S ) = K P (1 +
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The control variable is thus a sum of three terms : P-term (proportional error) , I- term
( integral error), and D-term (derivative error) . the controller parameters are the
proportional gain Kp, Ti, and derivative time Td .To obtain the PID parameters the
Ziegler Nichols closed loop method can be used. This method is straightforward.
First, set the controller to P mode only. Next, set the gain of the controller (kc) to a
small value. Make a small setpoint (or load) change and observe the response of the
controlled variable. If kc is low the response should be sluggish. Increase kc by a
factor of two and make another small change in the setpoint or the load. Keep
increasing kc (by a factor of two) until the response becomes oscillatory. Finally,
adjust kc until aresponse is obtained that produces continuous oscillations. This is
known as the ultimate gain (ku). Note the period of the oscillations (Pu)
[Pirabakaran and Becerra, 2001]. The control law settings are then obtained from
the following table (1),
Table (1): Control law for the PID parameters [Pirabakaran K.and Becerra
V.M.2001]

5-Modeling of Robot Arm
For robots to become effectively used in a wide range of application, they must
gain the ability to work in unpredictable and changing environments. Robots used in
space exploration and construction will have to sense their environment and carry out
their tasks regardless of the presence of objects in the work area. This paper addresses
the problem of planning the trajectory of A Single-link robotic arm and the objective
is to control on the movement of this link , as shown in figure (3). The PID controller
in previous research is a convenient structure that has been employed for control the
robot arm movement purposes [Ferreira and Machado, 2003].

Figure(3).: A diagram of A Single-link robotic arm [Ferreira F. and Machado T., 2003] .

The equation of motion for the arm is [Cirstea et al., 2002.]
d 2φ
dφ
= −10 sin φ − 2
+u
------(3)
2
dt
dt
Where ( φ ) is the angle of the arm, and (u) is the torque supplied by the DC motor.
The output of reference model
d 2 yr
dy
= −9 sin y r − 6 r + 9r
------(4)
2
dt
dt
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where yr is the output of the reference model, and r is the input reference signal.
Using state space to analysis the system
From equation (3)
θ ′′ = −10 sin θ − 2θ ′ + u
x1 = θ
x2 = θ ′
x1′ = θ ′ = x 2
x 2′ = θ ′′ = −10 sin x1 − 2 x 2 + u
in state space

form

1⎤ ⎡sin x1⎤ ⎡0⎤
⎡ x ′1 ⎤ ⎡0
+
u
⎢ x ′2⎥ = ⎢− 10
− 2⎥⎦ ⎢⎣ x 2 ⎥⎦ ⎢⎣1 ⎥⎦
⎣ ⎦ ⎣
From equation (2)
″
′
y r = −9 sin y r − 6 y r + 9r
′
z1 = y r
z2 = yr
′
″
z1′ = y r = z 2
z 2′ = y r = −9 sin z1 − 6 x 2 + 9r

in state space

form

⎡ z1′ ⎤ ⎡0
⎢ z 2 ′⎥ = ⎢ − 9
⎣ ⎦ ⎣

1⎤ ⎡sin z1⎤ ⎡0⎤
+
r
− 6 ⎥⎦ ⎢⎣ z 2 ⎥⎦ ⎢⎣9⎥⎦

Where :
θ = angle of the arm
y r = output of the reference model
X ′ = stat variables for the angle of arm
Z′ = stat variables
u = input torque
r = refrence input
The arm should operate in two dimensions in an environment containing a
randomly desired placed. The starting position and desired position of the arm are
arbitrary, as well. The arm will be modeled as a single-link planar manipulator. The
controller will determine a series of joint angles, Q(t), that move the end effectors
from a given starting position (xs, ys) to a desired final position (xg, yg)

Input

COMPAR-ATOR

_

PID

Fuzzy
controller

LIMITER

Switch Selector

NEURAL
NETWO-RK

PLANT
MODEL
ROBOT

Output

Figure (4): Block diagram of the proposed intelligent controller with closed loop model
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6- Simulation Result
Planning the trajectory of a robotic arm has been itself a topic of many
research projects. Planning the trajectory of a redundant robotic arm adds a new
dimension to the problem, more degrees of freedom, more nonlinear equations. Place
an obstacle in the work area and the problem becomes a challenge of optimizing
differential equations, iterative numerical solutions, and "guess and shoot" methods
[Cirstea et al., 2002.].The main problems in previous researches, is that the computer
resources necessary to solve a system of equations or optimize a performance index.
Researchers acknowledge that "minutes" are necessary to plan one trajectory on some
of the world's fastest computers. Simply determining the equations to be solved is a
formidable task. What is needed is an approach that is easy to apply and will work in
real-time. Also when using the mixed intelligent controllers some problem will
appear such as increase the system complexity ,increase the execution time for the
program , increase the complexity in system structure. Therefore to solve these
problems a novel approach is used here by separated neuro-fuzzy techniques, which
controlled by PID controller ,the PID controller work as a selector switch as shown in
figure(4) , to select the desired response from the intelligent controllers , finally the
good output response will appear with high efficiency . Also in this approach a
solution is not found by analytical or numerical techniques. While an analytical
technique is difficult, moving an arm in the presence of an desired position. Separated
Neuro-fuzzy systems excel in using sample data to determine an input-output
relationship. Separated neuro-fuzzy technology is the fusing of both neural networks
and fuzzy logic. Neural networks bring to this solution the ability to learn while fuzzy
logic is based on mimicking an expert's thinking. Figure (4) show the system model
using the Matlab Simulink

Figure (5): Matlab Simulink model for robotic arm with separated Neuro- PID-Fuzzy
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Form this model , 3 controllers are used (Neural, Fuzzy, PID) and finally the selector
switch is used to select the good response ,since this switch is controlled by PID
controller , the internal structure and the Scope drawing for the system are shown
bellow :
-Neural controller (model Reference control) and Fuzzy Rule Viewer

Figure (6): Model Reference Control

Figure (7): Fuzzy Rule Viewer

The Scope drawing for the system with random reference input, are shown bellow,
since the signal is tracked from the input to output by 15 Scopes :
X Y Plot
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Figure (8): Scope No.15 : Final Output /Input Responses
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Figure (9): Input Signal

Figure (12): PID output Signal

Figure (15): Fuzzy output

Figure (10): Limited Change Error Signal

Figure (13): Limited PID output Signal

Figure (16): Neuro output

Figure (11): Change Error Signal

Figure (14): Fuzzy Inputt Signal

Figure (17): control Action

Figure (15): Friction signal

Figure (18): Gravity signal

Figure (19): Friction signal
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Figure (20): Robot Arm signal

Figure (21): Velocity Input

Figure (22): Velocity output
X Y Plot
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Figure (23): Half Step
X Y PLOT FOR SIN INPUT
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Figure (24): Sine Input /Output Response

Figure (25): Neuro Out for sin input

Figure (26): Fuzzy
١٧٠ Out for sin input

Figure (27): Limited PID Out
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7-Conclusion
The intelligent control technique is very useful technology in robot system, since
the ability to learn how to control a process from sample data. In this paper, separated
Neuro-PID-Fuzzy controller is proposed to emulate a human’s example control of
robotic arm, from the experimental result, several conclusions can be concluding.
-The proposed intelligent controller is a powerful controller to control on robotic arm
model, since the good output responses are obtained.
- More robust stability and good performance characteristic is obtained
- Can be integrate genetic algorithms as a future work to obtain more enhancement in
the output response and to develop this method
-The rule table for the different inputs can be extracted from the output response than
modify it to enhance the output, therefore this method not depends on any human
expert to provide initial control rules for the fuzzy controller
- Small execution time and un complex controller can be obtained by this method.
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