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Abstract:

In many instances, the mathematical model of the plant is simply unknown or ill-
defined, leading to greater complexities in the design of the control system. It has been
proved that intelligent control systems give a better performance in such cases. In this
paper two controllers are integrated to obtain the new intelligent controller .The
conventional (proportional- Integral- derivate ) controller is integrated with intelligent
controller ,Fuzzy logic Controller to control two complex plants. Two plants(Automatic
Voltage Regulator (AVR),& DC Motor)are taken in this paper and the simulation has
been performed using MA TLAB program. Determinately the idea for the proposed
method in this paper depends on study the behavior of PID controller on-line then the
PID parameters are adjusted by new rule base table for fuzzy controller which govern
the output response for the system .During PID studying properties, there are some
important relations between time response parameter and PID parameters such as: IF
steady state error (es) high THEN increases the Integral constant (Kj.), IF rise time (t,)
high THEN increase the proportional constant (K;), IF overshot(O.S) high THEN
increase the derivate constant (K;), and so on to fill the rule base table, therefore a
new rule base table is obtained with a good response for the systems.
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Introduction:

More than 90% of industrial controllers are still implemented based upon PID
algorithms, particularly at lowest levels [1]. 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|[2].

Fuzzy controllers are used to control consumer products, such as washing machines,
video cameras, and rice cookers, as well as industrial processes, such as cement kilns,
underground trains, and robots. Fuzzy control is a control method based on fuzzy logic. Just
as fuzzy logic can be described simply as "computing with words rather than numbers", fuzzy
control can be described simply as "control with sentences rather than equations"[3].

However, it has been known that conventional PID controllers generally do not work
well for nonlinear systems, higher order and time-delayed linear systems therefore various
types of modified conventional PID controllers such as auto tuning and adaptive PID
controllers were developed [4].

This paper is organized, including introduction, the controller types explanation,
finally test and simulation of the new controller.

Time Response Parameters and Performance Index:

Depending on the values of time response parameters (Rise Time, Peak Time,
Overshoot, Steady State Error ,Settling Time),the responses may be weighted (good or
bad).In this paper these parameters are used to control on the rules of Fuzzy logic controller to
compare and enhance the output response for the system.In general, the PID controller. design
method using the integrated absolute error (I4E), or the integral of squared-error (ISE), or the
integrated of time-weighted-squared-error (I7SE) is often employed in control system design
because it can be easily evaluated analytically [5].

PID Controllers:

There are several structures for the PID algorithms, but only two types are taken in
this paper :

1: Three-Term Functionality and the Parallel Structure [2]

A PID controller may be considered as an extreme form of a phase lead-lag
compensator with one pole at the origin and the other at infinity. Similarly, its cousins, the PI
and the PD controllers, can also be regarded as extreme forms of phase-lag and phase-lead
compensators, respectively. A standard PID controller is also known as the "three-term"
controller, whose transfer function is generally written in the "parallel form" given in eq. (1)
or its ideal form which is given in eq.(2)

G(s):KPJrK,lersKD )}
s

G(S)=K,(1+ TL +T,5) 2)

1S

where K, is the proportional gain, Kj the integral gain, Kp the derivative gain, T; the integral
time constant and, Tp the derivative time constant. The "three-term" functionalities are



highlighted by the following:

*The proportional term providing an overall control action proportional to the error signal
through the all-pass gain factor.

*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

2: Series Structure [2,6]
A PID controller may also be realized in the "series form" if both zeros are real, i.e., if

( T>=4Tp) . In this case, the transfer function can be implemented as a cascade of a PD and a
PI controller as shown in equation 6:

G(S) = K (@ +Tp8) < (1+ ) (3)
al;
1+ [1- 4;5
o=—>3 L (4
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Fuzzy logic controller :

Figure (1) shows the block diagram of a typical fuzzy logic controller (FLC) , and the
system plant as it is shown .
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Base Base
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Figure (1) Block diagram of a typical fuzzy logic controller [7]

The fuzzy logic controller consist of:

- Fuzzification (fuzzifier): Change crisp value to linguistic variable .

- Knowledge base: Provides all the necessary definitions for the Fuzzification process .
- Rule base: It is usually obtained from expert knowledge.

- Inference engine

- Defuzzification: Change linguistic variable to crisp value.

Fuzzy PID Controller Structure and Algorithms :

In this section the Fuzzy- PID (FPID )controller will be explained in details .also the
proposed algorithm structure for this controller.



Figure (2),shows the general block diagram for FPID controller .The fuzzy controller

is used to adjust the PID controller parameters (K», K" Kp), to obtain the optimal

three parameters which gives the best response.
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In this paper two controllers (PID and FUZZY) are used to enhance the output
response for the systems, the algorithm which merged these controller explained bellow in
figure (3).

Simulation Result :

To check the proposed controller , two plants are taken (AVR and DC Motor):
1 Automatic Voltage Regulator (AVR) plant

The basic work of an Automatic Voltage Regulator (AVR) is to hold the output terminal
voltage magnitude of a synchronous generator at a limited level. Generally the Automatic
Voltage Regulator (AVR) system consist of four main components, namely( Amplifier,
Exciter, Generator, and Sensor). For mathematical modeling and transfer function of the four
components, these components must be linearized, which takes into account the major time
constant and ignores the saturation or other nonlinearities [8,9]. The following model in
Figure (4) provide an AVR compensated system

Input Amplifie Wr | Exciter |Vz| Limiter Generator Output
—YC Ir’ Vgl X 5 - >
_ Vr
Vs
Measurement .
and filter N

Figure (4):Block diagram of AVR without controller

The transfer function of these components may be represented, respectively, as follows.
-Amplifier Model.

The amplifier model is represented by a gain K, and a time constant 14 ; the transfer function
is:

GA(S):KA/(1+STA) (5)

Typical values of (Ka) are in the range of vary with range (10 to 400). The amplifier time
constant (1) is very small ranging from( 0.02 to 0.1 )sec [9].

-Exciter Model.

The transfer function of a modrn exciter may be represented by a gain K and a single time
constant 7g

Ge(s)=Kg/(1+Stg) (6)



Typical values of K in the range of (10 to 400). The time constant tg is in the range of(0.5 to
1.0) sec [9].

-Generator Model.

In the linearized model, the transfer function relating the generator terminal voltage to its
field voltage can be represented by a gain K and a time constant tg- SO the transfer functions
for the simplest first order model of S.G. is

Gg(s)=Kg/(1+S15) (7)
These constants are load dependent, may vary between (0.7 to 1.0) for K; and between (1.0
and 2.0) sec for 1 g, from full load to no load [9].

-Sensor model.
The sensor is modeled by a simple first-order transfer function, given by:

Gr(s)=Kr/(1+STR) (8)

Kk is very small, ranging from of ( 0.001 to 0.06)
For practical AVR system the parameters are shown in this table (2) [9] :

Table(2): AVR system parameters
KA KE KG KR TA TE TG TR
10 1 1 1 0.1 0.5 1 0.06

The output response without controller is shown in figure (5 )

out

4 i i i i
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TIME

Figure (5):AVR Step output response without controller

1.1: AVR plant with classical PID controller



Figure (9),show the block diagram of AVR Classical -PID Controller
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Figure (6): AVR with PID- FUZZY controller

the control action transfer function for the PID is :
where Kp, Ti and 7d are the proportional gain, integral time and derivative time, respectively,

1
U(S)—Kp(l+ﬁ+TdS)E(S) 9)

E(s) and U(s)are Laplace transforms of the control signal and the error between the reference
signal and the plant output. The PID-controller proposed by Clarke [10 ,11] is used because
of its better derivative part.

The controller is of the form

KpTds
——7 10
1+aTds & {9

where a is the filtering constant at the interval (0,1), and U(s) is Laplace transform of the plant
output. The implementation of the derivative part is more realistic than in (9). The low pass
filter reduces the effect of the measurement noise, and only the plant output, which is
continuous, is differentiated. This controller can be discredited with an approximation s =1 -
d / h , where h is the sampling interval, and d is the delay operator. Thus, the discrete
controller is of the form:

1
U(S) = Kpll +— -+ TAS)E(S) -

u, (k) =1, (k~1)+ Kp(de(k) +§’.e(k)>
l
z/lmin <: upi (k)<: z/lmax

0,00 == (=)~ K, (b)Y (an

u(k) =u,, (k) +u, (k),u;, (Fu(k) (=,
where k is a sampling time, e(k)=r(k)-y(k) is the error signal, de(k)=e(k)-e(k-1) and

dy(k)=y(k)-y(k-1) are the differences. The control signal is restricted to the interval
||lumin,umax|. To optimized PID controller we used Ziegler- Nichols formula [10]:




K,=0.5Kc, Ti=0.5Tc, T=0.125T, (12)
where 7c is ultimate period and the process gain Kc approximately given by:

K. =4_p (13)
Ta

m

where a,, is amplitude of limit cycle and p is the relay amplitude
The output response with classical PID controller is obtained by :

Vout

TIME (sec)

Figure (7):AVR Step output response with PID controller

1.2: AVR plant with FUZZY-PID controller

Figure (11), show the block diagram of AVR with FUZZY-PID Controller
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Figure (8): AVR with PID- FUZZY controller



The output responses with this controller is shown in figure (9).
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Figure (9): AVR Step output response with Fuzzy —PID controller

Table (3): Step input Time response parameters with ISE for AVR plant

Controller type ISE % Time response parameters (sec) 100%
Rise time | Peak time | Overshoot | steady state error (ess)(2%)
Without controller | 24.2574 0.06 0.075 3.05% 0.2
Classical PID 2.4689 0.06 0.07 0.3% 0.25
FUZZY-PID 1.11521 0.07 0.08 -—- 0.18

2: DC Motor plant

A permanent magnet direct current (DC) motor is a very common component within
many dynamic systems. This case study describes the physics of a standard DC motor. From
this general understanding, differential equations are developed to describe the motor's
dynamic behavior [9,10]. The block diagram for this plant is shown in figure (8)

Va Te Wa(s)
1/(LaS+Ra) | Kt 1/JS+B) I. -

_ TL(s)
Ve |
| kv I‘

Figure (10): Feedback control system with DC MOTOR plant

the overall transfer function between the output(angular velocity ) and input applied voltage
given as :



w, k /LJ
= eq(9)
v, S°+IRJ+L,B)/LJls+(RB+kk,)/ L,J

a

Where :

Va: Voltage source across the coil of armature

Ia :Armature current

La: Inductance, which represent the electrical equivalent of the armature coil
Ra: Resistance of armature

Ve: Induced voltage which opposes the voltage source, which generated by rotation of the
electrical coil through the fixed flux lines of the permanent magnets

kt: Torque constant

kv: constant ,Vc=kt x Wa

J: Inertia of rotor and the equivalent mechanical load

B: Damping coefficient associated with mechanical rotational system of machine
Wa: Angular velocity

The output responses with different controllers are shown in (figure(11),figure
(12),figure(13))

output
|
|
|
|
|
|
|
|
|
k-t - -
|
|
|
|
|
|
|
|
|
AN
|
|
|
|
|
|
|
|
|
e
|
|
|
|
|
|
|
|
|
|

o
A
o
o
o
]
-

TIME (sec)

Figure (11):DC Motor Step output response without controller
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Figure (12): DC Motor Step output response with PID controller
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Figure (13):DC Motor Step output response with FUZZY-PID controller

Table (4): Time response parameters with ISE for DC Motor plant

Controller type ISE% Time response parameters
Rise time | Peak time | Overshoot | steady state error (ess)%
Without controller | 35.63% 0.03 0.05 4.4% 0.22
Classical PID 2.9641% 0.04 0.055 1.23% 0.21
FUZZY-PID 1.42% 0.02 0.04 0.50% 0.18
Conclusion:

This paper has presented an intelligent controller (Fuzzy-PID) ,and compared with
another controller (classical PID) , also the output responses without any controller are plotted

From the simulation results :

- Integrated two controller to produce an intelligent controller is really very good method ,
since the ISE decreased from high (35.63%)value in DC Motor plant to very small value
(1.42%) .

-The proposed approach can perform an efficient three term controller , when two parameters
of the controller are tuned, a little better performance at settling time is achieved comparing
with one parameter adjustment case. Also The proposed controller is really very good
controller, since the good responses for two plants with step input are obtained

-More robust stability and good performance characteristic than another controllers such as
classical PID or when not use any controller(without controller).
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