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Abstract

Under non-ideal weather conditions, distance measuring equipment (DME) must
be optimally positioned to reduce landing errors. In this context, interval type-2
fuzzy logic is used as an efficient method for determining the optimal position of
the DME. With this method, factors such as weather conditions, flight path, and
other related variables are evaluated fuzzily to determine the optimal position of
the DME. When unequal distances from the normal landing strip exist for each of
the DMEs, it is necessary to identify the most suitable location for the secondary
DME. To this end, the system is designed dynamically so that after identifying the
assumed centerline based on the initial placement of each DME, the optimal
location for the secondary DME is ultimately determined. These conditions only
apply if both DMEs have unequal distances. The results show that the use of the
Grey Wolf Optimization (GWO) algorithm has a significant impact on improving
aircraft landing conditions. With this algorithm, the reduction in the impact of
turbulence has increased from 20% to 40%. The probability of landing error has
decreased from 10% to 5%, and measurement accuracy has increased from 85%
to 95%. These results indicate a substantial improvement in landing safety under
non-ideal conditions. Given the reduction in the impact of turbulence and the
increase in measurement accuracy, the GWO algorithm plays a crucial role in
enhancing the safety and efficiency of aircraft landings.
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1- Introduction

During the last few decades, advances in

weakly coupled systems, there is no shared memory

microelectronics technology have made cheap and
fast processors available, and on the other hand,
advances in communication technology have made
faster and more cost-effective networks. The
combination of advances in these two fields has
resulted in a cheaper and more efficient technology
that instead of using a very fast processor, uses
regular multiprocessors that are connected together.
In terms of architecture, computers that consist of
multiple processors connected together are called
coupled systems, which are of two types: strong
coupled systems and weak coupled systems. In
strongly coupled systems, there is a common
memory that is shared among all processors, but in

and each processor has its own memory.

Usually, strongly coupled systems are called
parallel processing systems and weakly coupled
systems are called distributed computing systems.
Therefore, distributed systems are a set of
processors connected together in a communication
network, where each processor has local memory
and peripheral devices. It has its own that these
processors and their resources are called nodes or
sites or machines. Interval distributed systems are
designed to achieve the result of the operation of
several systems in terms of processing, the
efficiency of which is an acceptable and
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mathematically verifiable interval to achieve a
specific goal [1].

2- Control System

The experimental setup is constructed around a
dual-axis mechanism, where a rotating base
supports an elongated arm equipped with reaction
wheels at its extremities. The arm's rotation relative
to the base defines the inclination angle (8), while a
secondary rotational axis (y) is facilitated through a
turntable that underpins the entire assembly. The
frame, crafted using 3D printing technology,
leverages PLA polymer for its lightweight nature,
production flexibility, and suitability for intricate
designs. These characteristics ensure precise
alignment during assembly, reducing the risk of
component  misalignment and  enhancing
operational stability.

To control the system's orientation, reaction
wheels generate rotational forces. Achieving
substantial angular momentum without excessive
weight was realized by integrating 3D-printed
components with. The orthogonal arrangement of

these wheels minimizes cross-axis torque
disturbances, ensuring efficient  control.
Additionally, movable  counterweights are

strategically positioned to balance the structure and
maintain equilibrium in diverse configurations.
Even when motors are inactive, the system
incorporates stabilizing joints that uphold structural
integrity.

This modular and lightweight setup provides a
versatile platform for testing advanced control
algorithms, making it ideal for dynamic
experiments in  orientation regulation. As
demonstrated in Fig. 1, the design effectively
addresses challenges associated with multi-axis
dynamics.

The developed system incorporates diverse
control algorithms, which can be implemented on
the processing hardware. It facilitates seamless
online communication with a computer, supporting
real-time monitoring and enabling adjustments to
the controller parameters. This feature allows for the

implementation, testing, and observation of various
control strategies. The structure of the control
system is depicted in fig. 2.

The main problem in designing any fuzzy control
system is the shape of membership functions and
selection of fuzzy rules. The decision logic is
whatever the output of the controller is. Decision
logic uses input fuzzy sets and uses input values to
make decisions. In addition, the information base
includes information on the scope of application and
the purpose of control, which includes data and
control based on fuzzy rules. [6]

In Figure 1, the assumed triangle is the main
runway in the triangle rule and the location of the
plane is the vertex of the triangle. The ideal situation
for landing is the semi-circle formed by the apex of
the triangle. If the distance of the plane from each
of the gauges is the same, the plane is in the right
direction for landing
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Figure 1 :Formation of an isosceles triangle.

As shown in Figure 2, first DMEL is placed with
a different and acceptable distance in the desired
phase phase from DME2 to the centerline.
Considering the interval fuzzy system, a very small
and acceptable difference has been detected and as
it can be seen, the proposed centerline is in
accordance with the accepted centerline for landing.
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Figure 2 :Display of the output obtained from the basic
hypothesis of interval fuzzy.

In the following, in Figure 3, the result of work
innovation and consideration of non-ideal
atmospheric conditions (wind) has been presented.
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Figure 3 :Output display considering non-ideal conditions
(momentary wind).

As can be seen, taking into account the
momentary wind conditions from the side of gauge
number 1 to the aircraft body, the landing conditions
will be more difficult. Based on the output of Figure
3, it can be said that the green line shows the optimal
landing line. The red line shows the initial landing
conditions, taking into account the non-uniform
distance of the sensors from the centerline.

It is possible to show the landing line correctly
and according to the green line. But the addition of
the wind phenomenon and the created non-ideal
conditions lead to landing in incorrect conditions
and corresponding to the yellow color. Obviously,
in order to improve the landing conditions, by
identifying the correct location of gauge number 2;
Landing conditions were very close to ideal.

3- Results

In this article, the identification of the optimal
location of the distance measuring system was
discussed in order to identify the most suitable
approach in the landing of the plane and to identify
the optimal centerline. Among the most important
effective factors in simulating and analyzing
information is the initial placement of each sensor
and the initial position of the aircraft and its distance
from each of these two sensor systems. After the
completion of the first phase, which identified the
initial distance of the aircraft to each of the sensors
and also identified whether the distance of each
sensor to the main centerline was the same or not, in
the second phase, the location of the secondary
DME was optimized. and in the final stage,
compliance with the actual centerline of the
identified runway will be done.

In non-ideal weather conditions, such as strong
winds or sudden weather changes, it becomes very
difficult for distance measuring devices to function
correctly and accurately. The proposed method
using interval fuzzy logic helps to identify the most
optimal position for distance measuring devices to
minimize the effect of these atmospheric conditions
on the measurement accuracy.

For the improvement and practical application of
the presented methods in the aviation industry, the
following suggestions are significant:

The first suggestion is to use optimization
methods such as the gray wolf algorithm and
interval fuzzy logic to design and improve
navigation and landing systems in adverse weather
conditions. By using these methods, it is possible to
more accurately determine the optimal position of
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distance measuring devices (DME) and minimize
the influence of atmospheric conditions.

The second proposal is to integrate these methods
with artificial intelligence and machine learning
systems to predict and optimize flight dynamics in
real time. Using data collected from sensors and
measurement systems, accurate predictive models
can be created for atmospheric conditions and their
effects on aircraft landings.
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