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Abstract: Aircraft systems are inherently unstable systems. The equations governing the motion of an aircraft are a very
complicated set of six non-linear coupled differential equations. The linearized equation around the operating point is simulated
in simulink MATLAB software. Also, the linear part of the system of nonlinear equations is simulated in simulink MATLAB
software. In this study, combinations of PD controllers with fuzzy controller in a unity feedback system has been employed. This
paper gives a comparison between the two types of FLC type-1 and type-2 in order to show the great effect of the new type of

FLC:s in reducing overshoot of the step response and improving the robustness of the system.
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1. Introduction

For linear systems and some of non-linear systems, classic
controllers such as PD and PID have been widely used in
industrial control processes because of their simple structure
and robust performance in a wide range of operating
conditions. Several numerical approaches such as Fuzzy
Logic Controller (FLC) algorithm and evolutionary
algorithms have been used for the optimum design of PID
controllers [1]. FLS constructed based on type-1 fuzzy
systems (T1FS), referred to as TI1FLS, have demonstrated
their ability in many applications, especially for the control of
complex nonlinear systems that are difficult to model
analytically [2, 3]. However, researchers have shown that
TI1FLS have difficulty in modeling and minimizing the effect
of uncertainties [4]. One reason for this is that TIFS are
certain in the sense that for each input there is a crisp
membership grade. T2FS, characterized by membership
grades that are themselves fuzzy, were first introduced by
Zadeh in 1975 to account for this problem [5]. However, there
were some obstacles about the implementation of the T2FLSs
on real world problems such as characterization of type-2
fuzzy sets, performing operations with type-2 fuzzy sets,
inferencing with type-2 fuzzy sets and obtaining the
defuzzified value from the output of a type-2 inference engine.

Since the publication of Karnik and Mendel [2], in which they
proposed new concepts to overcome the difficulties mentioned
above the number of literatures regarding T2FLSs have
increased rapidly [6, 7]. In Satish et. al, [8], a new hybrid
Fuzzy PD+ I controller (FPD+I) has been proposed and
implemented.

In this paper, a pitch displacement of aircraft has been
controlled and shows that the T2FL and PD controller with
respect to TIFLC and PD controller improves the
performance of a system.

This paper is organized as follows. Section 2 deals with the
approximation of pitch aircraft control system model. In
section 3, we present the analytical design of type-2 fuzzy
control. Later, some simulations are executed to verify the
validity of the proposed approach in section 4. Finally, section
5 concludes the paper.

2. Modeling a Pitch Aircraft Controller

The active and influential forces on an aircraft are shown in
the figure 1.
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Figure 1. Forces acting on an aircraff.

The equations governing the motion of an aircraft are a
very complicated set of six non-linear coupled differential
equations. This article assumes that airplanes in the sky along
the horizon is moving at constant speed and altitude. In this
case, the resultant forces weight and lift and the lift and the
resultant forces thrust where drag is equal to zero. Also, it is
assumed that change in pitch angle does not change the speed
of an aircraft. This assumption might seem unrealistic but
simplifies the problem. Under these assumptions, the
longitudinal equations of motion of an aircraft can be written
as:

& = pQo[—(Cp + Cpla + (1/(n— Cp))q — (Cysinye)0 + C] (1)

q'= puQ/2iyy, {[Cy —M(Cy, + Cp)]a + [Cy + oCy(1 —
uC)] + (MCySiny. )8 1} 2)

&=0q 3)

With replaced some numerical values of a Boeing 777 in

equation (1), (2) and (3) we reach the following equations
[10].

& = —0.313a + 56.7q + 0.2328, )
q = —0.0139a — 0.0426q + 0.02328, 5)
6 = 56.7q (6)

Where o, 0, q and §, are attack of angle, pitch angle, rate of
change of pitch angle and the elevator deflection angle,
respectively. To model systems, three state variable for the
system are considered and the matrices A and B was ob-tained,
as following:

& —-0.313 567 0]poq [ 0.232
Ql=[—0.0139 —0.042 0 H+ 0.0232][8e] (7)
0 56.7 o0lle 0

According to the output, matrices C and D derived as
follows:

(06
y=[0 0 1] [g]+[0][5e] )

After few steps of algebra, you should obtain the following
transfer function:

0(s) _  1.151s+0.1774 )
8e(s)  s3+0.739s2+40.921s

Figure 2 presents the open-loop system step of response [11].
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Figure 2. Open-loop step of response.

3. Design Type-2 Fuzzy Logic Controller

Fuzzy logic systems (FLCs) are based on the knowledge in
the form of “IF-THEN” rules. Figure 3 shows a type-1 fuzzy
logic system consisting of the fuzzifier and the defuzzifier.
As illustrated in figure 3, a type-1 fuzzy logic system consists
of 4 components: the rule base, the fuzzy inference engine,
the fuzzifier and the defuzzifier [4]. In the type-1 fuzzy logic
systems, for every input in the type-1 collection of fuzzy
there is degrees of membership with real recently, a type of
fuzzy sets characterized by membership grades that are
themselves fuzzy has been introduced. This fuzzy logic
systems is type-2 fuzzy logic systems [4].
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Output
Input ! P
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Figure 3. The main structure of type-1 fuzzy logic system.

T2 FLSs are characterized by the shape of their MFs. The
membership function of general type-2 fuzzy is shown in
figure 4 [6]. The extra mathematical dimension is provided
by the blurred area. The FOU is bounded by upper and lower
MFs.
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Figure 4. Type-2 fuzzy set.

The structure of a type-2 FLS is shown in figure 5 [4].
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This structure is very similar to the type-1 fuzzy systems.
Since the main difference between type 1 and type 2 fuzzy
systems is the fuzzy sets. The only difference between type-1
and type-2 fuzzy logic system structure is in the block
"type-reducer " .

Qutput processing

Rule base

| |Defurzificrm— Cutput
Input d m— ;
.' . [Type-1
=i Fuzzifier, [TTeE N
L . . | reduced | §
] T'y'pe-}_’
Inference
engine |

’ Wi = F Z2ZV O sots
Fuzzy input Sets uzzy output sets

Figure 5. The main Structure of a T2 FLS

Each block is introduced in the following section:
3.1. Fuzzifier

The fuzzifier maps the input variables with the actual values
to a type-1 or type-2 fuzzy set or a singleton fuzzy set in input.

3.2. Rule base

Fuzzy rule base is a set of fuzzy "if - then" rules. I-th law
type 2 fuzzy systems is shown as follow:
Ri: IF x, is Fl and x, is F}and ..andx, is Fi,

Then y is G! (%)

Where i = 1,...,M and N is the number of rules. where "™
" implies that the fuzzy set is a type-2 fuzzy set. Where Xx;s are
inputs j = 1,...,n, F} is are input sets, G's are output sets and
y is the output.

3.3. Fuzzy Inference Engine

The inference engine of a type-1 FLS provides a mapping
from input type-1 fuzzy sets to output type-1fuzzy sets by
using all rules. The inference process in a type-2 FLS is very
similar to that in a type-1 FLS. Hence a type-2 fuzzy member
function mapping from input space to output space based on
type-2 fuzzy logic is created.

3.4. Type-reduced

In a type-1 FLS, the output of the inference engine is
normally a type-1 fuzzy set but, in a type-2 FLS, the output of
the inference engine is normally a type-2 fuzzy set. Hence,
using a type-reduced block a type-1 fuzzy set is obtained from
the type-2 output sets of the FLS. This operation is called type
reduction.

3.5. Defuzzification

In the defuzzification, a type-1 fuzzy set is produced to a
crisp output.

Pitch Aircraft Control with Type-2 FLC and PD Controller

4. Simulation and Results

The main goal of this study is to investigate and see whether
the T2FLC performs better than similar TIFLC in controling
the system. Therefore, in both cases we consider the same
situation. The controller is designed mamdani type that in the
number of rules and fuzzy sets for input and output are the
same. Block diagram of the control structure using T2FLC and
control of PD in the figure 6 is shown. In this paper, the
parameters of PD controlling is set with trial that kp and kq
are considered 25 and 4, respectively.

—|emor
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+
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durdt uz
Addi
d-errar

Type? Fuzzy Logic Controller
Figure 6. Block diagram of controller structure

In this study, the fuzzy controller has two inputs and one
output. The error e(t) and the change of error ((de(t))/dt)
signals are used To design the fuzzy controller. In type 1 and
type 2 fuzzy controller, gaussian functions are used as the
input and output. Input variable are marked with three belong
with the label of N, Z and P and output variables are marked
with the label GN , N, Z , P, GP GN. All the membership
functions of the two FLCs inputs and outputs are shown in
figures 7, 8, 9, and 10.
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Figure 7. Type-1 fuzzy sets for the input variables.

Figure 8. Type-1 fuzzy sets for the output variable.
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Figure 10. Type-2 fuzzy sets for the output variable.

Since we have considered for each input three fuzzy sets,
we can evaluate the whole nine. All of the fuzzy rules
collection are available in table 1.

Table 1. Rule base of the two FLCs

Table 2. The properties of each controller

Mp% t, t, ts Properties Controller
12% 0.6675 0.4514 1.76 Controller PD

14.6% 0.6562 0.445 1.7 Controller PD and T1FLC
9.4% 0.5338 0.401 1.5 Controller PD and T2FLC

d-error / error N Z P
N GN N Z
7 N Z P
P Z P GP

In the fuzzy controller type -1 centroid method for
defuzzification mechanism and in type-2 fuzzy controller to
reduce the type of center method and center of gravity method
for defuzzification is used for building. These methods using
toolbox fuzzy type 2 is selected in the MATLAB environment
[9]. Results are depicted in figure 11 and a comparison
between the two types of FLCs and PD controller is done. The
properties of each controller is shown in table 2.
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Figure 11. System response with TIFLC and T2FLC

5. Discussion and Conclusion

In this study, a PD controller with fuzzy controller is used.
Fuzzy controllers are compared in two states: type 1 and type
2. As mentioned in table 2, we can conclude type-1 fuzzy
controller does not always improve response. PD controller
with the type- 2 fuzzy controller percent of rate overshoot step
response other than the controller reduces. Also, we can
conclude that, with given the uncertainty of fuzzy functions,
the output response of the system is robust. These results are
implemented using the IT2FLS toolbox in MATLAB software
environment.
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