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Abstract— Aviation safety is highly influenced by weather conditions, particularly during take-off and landing, necessitating an accurate
feasibility assessment. Traditional manual methods rely on subjective judgment, making them prone to inconsistencies and errors. This
study proposes a decision support system utilizing Mamdani fuzzy logic to process real-time meteorological data from the Radin Inten Il
station and assess take-off and landing feasibility. The system evaluates key weather parameters, including wind speed, wind direction,
visibility, precipitation, and cloud height. Testing 31 data samples from BMKG, the system achieved an accuracy of 96.77%, with 30 out of
31 outputs matching standard aviation criteria. These results indicate that the system significantly improves decision-making reliability.
The Mamdani fuzzy logic approach proves effective in interpreting complex weather data and generating consistent, data-driven
recommendations to support safe aircraft operations.
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1. INTRODUCTION

Airplanes are currently the main means of transportation for people and goods. Compared to land or sea transportation, aircraft
allow movement between locations in a much shorter time [1]. Air traffic activity in Indonesia has continued to grow, with the
number of aircraft movements rising from 1,527,743 in 2015 to 1,735,788 in 2019 [2]. This rapid increase in flight operations
elevates the risk of accidents, highlighting the critical need to prioritize safety in aviation operations. Safety in air transportation
is a crucial aspect, especially during takeoff and landing, as it involves the transition of the aircraft between land and air. Boeing
data (1959-2017) shows that 63% of fatal accidents occur in these two phases, with 14% during takeoff and 49% during landing
[3]. This indicates that the takeoff and landing phases require special attention in flight safety design, including navigation
systems, pilot training, and other supporting technologies [4].

The aircraft take-off and landing process is heavily influenced by various weather parameters affecting flight safety and
success [5]. The International Civil Aviation Organization (ICAQ) states that weather forecasts for aviation safety must include
parameters such as wind, visibility, weather, clouds, and temperature [6]. These parameters are in line with those mandated by
Indonesia’s Civil Aviation Safety Regulation (CASR), issued under Ministry of Transportation Regulation No. 95 of 2018,
which requires the provision of standardized meteorological information containing surface wind, visibility, weather
phenomena, and cloud conditions for aviation safety purposes [7]. In response to these weather factors, pilots and Air Traffic
Control (ATC) officers work together to ensure a safe takeoff, supported by the latest weather information from the local
Meteorology, Climatology and Geophysics Agency (BMKG) station. Based on the weather data received, the pilot assesses
whether the conditions meet the safety limits set for the aircraft to be flown [8]. However, the manual or rule-based method of
assessing aircraft takeoff feasibility has several limitations, especially when faced with dynamic and complex weather
conditions [9]. In addition, manual decision-making relies heavily on individual experience and intuition, which can lead to
inconsistencies and potential human error.

A decision support system capable of processing large volumes of data in real time, identifying complex patterns, and
generating accurate recommendations is essential, particularly in environments characterized by uncertainty and imprecise
information. In such cases, conventional binary logic may be insufficient, as it limits reasoning to two absolute values: true (1)
or false (0). Fuzzy logic offers a more flexible approach by allowing truth values to exist on a continuous scale between 0 and
1. This enables systems to handle vague, uncertain, or subjective data more effectively. For instance, rather than simply
classifying a condition as “safe” or “unsafe,” a fuzzy logic system can assess it as “less safe” or “fairly safe,” assigning a
specific degree of membership to each category. This approach better reflects human reasoning in complex decision-making
scenarios [10]. To implement fuzzy logic in such systems, several methods have been developed. One widely used method is
the Mamdani approach, introduced by Ebrahim Mamdani in 1975. This method applies a set of linguistic rules to translate input
data into output decisions. It is particularly suitable for decision support systems, as it mimics the way humans reason under
uncertainty [11].

Previous research by Dagal et al. [12], Siahaan [13] , and Pratiwi [14] have demonstrated the effective use of fuzzy
logic to assess runway suitability for landing or takeoff by analyzing weather parameters such as visibility, wind direction, and
wind speed. While these studies have provided important insights, the scope of weather variables considered remains relatively
narrow. Building on these previous studies, the present research introduces additional parameters specifically, rainfall and cloud
height to enhance the decision-making process. These two additional parameters are crucial. Cloud height is used to determine
the ‘ceiling," which refers to the lowest altitude at which clouds cover more than half of the sky. This is especially important
for flight operations, particularly during approach and landing. Meanwhile, heavy rainfall can significantly affect visibility,
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aircraft performance, and operational safety [15]. For instance, intense rain can reduce visibility, interfere with the electronic
systems of light aircraft, and create water accumulation on runways, which may impair braking effectiveness [16]. By
integrating these variables, this study aims to offer a more comprehensive and adaptive analysis of real-time weather dynamics.
This extended approach represents a novel contribution, as it allows for a more detailed and realistic assessment of runway
conditions without disregarding the foundational work of earlier research.

Radin Inten Il Airport in South Lampung serves as the main gateway for air transportation in Lampung Province. The
surrounding area frequently experiences extreme weather conditions such as heavy rainfall and strong winds, which can
significantly impact flight safety, particularly during takeoff and landing operations. However, current decision-making in such
situations still heavily relies on manual judgment. This study fills the gap by designing a decision support system based on
Mamdani fuzzy logic, which analyzes real-time weather data from the Radin Inten Il meteorological station to provide
recommendations on the feasibility of takeoff and landing. Furthermore, the system is evaluated to assess its performance and
reliability in enhancing flight safety.

2. RESEARCH METHODOLOGY
2.1 Research Stages

Input
(Weather Data)

. . . . OQutput
Fuzzification Inference Defuzzification Pl
(Decision)

Figure 1 presents the flowchart of this research.This decision support system operates by analyzing five weather
parameters: wind direction, wind speed, visibility, rainfall, and cloud height. The system's workflow consists of two main
stages, namely data acquisition and data processing using Mamdani fuzzy logic. In the first stage, weather data is collected and
stored in Excel format (.xlIsx) after being retrieved from the database of the Class | Meteorological Station Radin Inten Il
Lampung in March 2023. In the second stage, the data is processed using fuzzy logic, which includes fuzzification, inference,
and defuzzification.The output of the system is a decision indicating whether an aircraft is suitable for takeoff or landing.

Figure 1. Flowchart of Research Methods

2.2 Fuzzification

In assessing the feasibility of aircraft take-off, several input variables are used, such as wind speed, wind direction, visibility,
rainfall, and cloud height. Each fuzzy variable in the input data is divided into several sets. All fuzzy sets and each fuzzy
variable in the input data are represented using membership functions, that is in the form of a decreasing linear curve, trapezoid,
and an increasing linear curve. The end result is a decision regarding aircraft take-off, where the linguistic variable values for
each parameter category are described in Table 1.

Table 1. Variables and Categories of Each Parameter

No Parameter Criteria
0-5 Slow
1 Wind Speed (knots) 3-13 Medium
10-30 Strong
0-70 Danger 1
60 — 90 Moderately
Safe 1
2 Wind Direction (degrees) 80180 Safe
170 —200 Moderately
Safe 2
190 - 360 Danger 2
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0-5 Near

3 Visibility (km) 45-8 Medium
>7,5 Far
0-5 Mild

4 Rainfall (millimeters) 3-10 Medium
>8 Heavy
0-2000 Low

5 Cloud Height (m) 1800 — 7000 Medium
6000 — 13000 High
0-40 Feasible

6 Decision (%) 30-70 Caution
60 — 100 No Feasible

2.2 Inference

After the fuzzification process, the data is processed using a predetermined model, namely Mamdani to generate basic rules in
the fuzzy inference model. At this stage, the system processes the relationship between the input value (crisp input) and the
expected output value (crisp output) with rules. In this study, the decision-making model for determining aircraft takeoff
feasibility is constructed using the Mamdani fuzzy logic system, which incorporates five meteorological input variables: wind
speed, wind direction, visibility, rainfall, and cloud height. Each variable is discretized into linguistic categories, among which
certain values are defined as critical: high wind speed, danger 1 and danger 2 wind directions, low visibility, heavy rainfall,
and low cloud height, as decribed in Table 2.

Table 2. Definition of Input Parameters and Their Critical Categories

Parameter Total Number of Number of Critical
Categories (n) Categories ()
Wind Speed 3 1 (High)
Wind Direction 5 2 (Dangerl, Danger 2)
Visibility 3 1 (Low)
Rainfall 3 1 (Heavy)
Cloud Height 3 1 (Low)

The total number of input combinations is calculated by multiplying the number of linguistic terms (categories) for each
parameter:

Niotar =M1 XNy XNz XNy XN =3 X5%X3X%X3xX3=405

Let ¢ be the number of critical categories for each parameter, and C be the total number of critical categories present in a
specific combination. To determine the output classification for each combination, the number of critical categories present is
counted.

The output decision function D is defined as :

Feasible, ifC=0
D = { Caution, ifC=1lorC=2
Not feasible, ifC=3

A complete enumeration over the 405 combinations was performed, classifying each according to its value of C . The resulting
distribution was:

Disivie = 48, for combination with € = 0
D ,guiion = 269, for combination with € = 1 or € = 2
D ot feasivie = 88, for combination with € > 3

Table 3 presents examples of fuzzy rules derived from sample data used in this study. These examples represent a subset
of the full 405 possible parameter combinations. Specifically, the table showcases 31 selected rules that were formulated based
on observed data values during the research.
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Table 3. Fuzzy Rules Example

No ;"é g:é Wind Direction  Visibility ~ Rainfall Sé?;r?t outpu
(knot) (Degree) (km) (mm) (m)

1 Not

Medium Danger 2 Low Heavy Low Feasible
2 Slow Danger 2 Far Heavy Heavy Caution
3 Medium Danger 2 Far Medium Low Caution
4 Medium Danger 1 Far Medium Low Caution
5 Medium Danger 1 Far Medium Low Caution
6 Not

Medium Danger 2 Far Heavy Low Feasible
7 Not

High Danger 2 Far Heavy Low Feasible
8 Medium Danger 2 Far Heavy Heavy Caution
9 Not

Medium Danger 1 Far Heavy Low Feasible
10 Medium Safe Far Medium Low Feasible
11 Slow Danger 2 Far Medium Heavy Caution
12 High Danger 1 Far Medium Heavy Caution
13 Medium Danger 2 Far Medium Low Caution
14 Medium Danger 2 Medium Medium Low Caution
15 Medium Danger 2 Far Medium Low Caution
16 Medium Danger 2 Far Medium Heavy Caution
17 Medium Danger 2 Far Medium Low Caution
18 Medium Danger 1 Far Medium Low Caution
19 Slow Danger 1 Medium Medium Low Caution
20 Medium Danger 1 Far Medium Heavy Caution
21 Medium Danger 1 Far Medium Low Caution
22 High Danger 1 Far Medium Low Caution
23 Moderate Safe

Medium 1 Far Medium Heavy Feasible
24 Medium Safe Far Heavy Low Caution
25 Medium Safe Far Medium Heavy Feasible
26 Moderate Safe

Medium 2 Far Medium Heavy Feasible
27 Medium Safe Far Medium Light Feasible
28 Medium Danger 2 Far Medium Low Caution
29 Medium Danger 2 Medium Heavy Heavy Caution
30 Slow Danger 1 Far Medium Low Caution
31 High Danger 1 Medium Medium Heavy Caution

In this fuzzy logic system, five parameters can be included in the critical category, such as wind speed (strong), wind
direction (danger 1 or danger 2), visibility (Slow), rainfall (heavy), and cloud height (low). The rules used to determine the
output are as follows: if there are at least three parameters in the critical category, then the output is categorized as ‘“Not
Feasible.” If there are one or two parameters in the critical category, then the output is categorized as “Caution.” Meanwhile,
if there are no parameters in the critical category, then the output is categorized as “Feasible.”

2.3 Defuzzification
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Finally, the results of the inference process using the Mamdani method are in the form of fuzzy numbers, which are
subsequently converted into crisp values through the defuzzification process. In fuzzy systems, after fuzzy rules are applied
and inference is carried out, the results are still in the form of membership degrees in several fuzzy sets. Since this result is still
in an uncertain form or cannot be directly used by deterministic systems, a defuzzification process is needed to convert it into
a single value that can be interpreted more clearly. In this study, the defuzzification method used is the Centroid or Center of
Gravity (CoG), which calculates the center of the area under the aggregated membership function curve to produce a
representative crisp output.

3. RESULT AND DISCUSSION
3.1 Design of Fuzzy System

In this study, the data was analyzed using fuzzy logic by taking 31 random samples from the data set representing each criterion
in the aircraft flight decision variable. In this study, MATLAB was utilized to implement the fuzzy inference system due to its
robust and versatile environment for fuzzy logic development. The Fuzzy Logic Toolbox in MATLAB offers integrated
functionalities for constructing Mamdani-type systems, including the specification of input and output variables, the design of
membership functions, and the formulation of fuzzy rules. One of MATLAB’s notable strengths lies in its user-friendly
graphical interface, which enables researchers to intuitively define fuzzy sets and rules, perform simulations of the inference
process, and visualize defuzzification outcomes in real time [17]. Furthermore, MATLAB supports a variety of membership
function shapes that are essential for accurately modeling uncertainty and smooth transitions between linguistic terms. The first
step in building this application is to enter the initial data into the Fuzzy toolbox, which includes five input variables and one
output variable. Figure 2 shows the design of the fuzzy system designed.

I M.

Wind Speed i .
| ] it
Wind Directon "=~ .
I —_— — ’_ Take Off and Landing
— \
visbity = (MAMDANTI)
-\></ S L= -1
~—— — - - >
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| >//—\\ — |' " Decision
o

Cloud Height
Figure 2. Fuzzy System Design
3.2 Membership Function

To define each variable, a fuzzy set is created as described in Table 1. Then, to represent these variables, two types of
membership function curves are used. A membership function is a curve that describes the mapping of input data points into
their membership values, which are often referred to as membership degrees, with a range between 0 and 1 [18]. One method
to determine the membership value is with a function approach. There are several types of function curves that can be used in
this process, including linear curves, triangles, trapezoids, shoulders, bells, and others [19].

In this research, two types of curves are used to represent each variable which can be seen in Figure 3. In the wind speed
variable, there are three fuzzy sets defined: slow, medium, and fast. Slow and fast fuzzy sets are represented with trapezoidal
curves, while medium fuzzy sets use triangular curves. In the wind direction variable, five fuzzy sets are defined, namely danger
1, moderately safe 1, safe, moderately safe 2, and danger 2. All fuzzy sets in this variable are represented with trapezoidal
curves. Wind direction and wind speed are closely related and affect the aircraft landing process because they can produce
crosswind [20].

In the visibility variable, the three fuzzy sets defined are near, medium, and far. The near and far fuzzy sets are
represented with a trapezoidal curve, while the medium fuzzy set uses a triangular curve. In the rainfall variable, the three fuzzy
sets defined include light, medium, and heavy. Light and heavy fuzzy sets are represented with trapezoidal curves, while
medium fuzzy sets use triangular curves. In the cloud height variable, there are three fuzzy sets, which are low, medium, and
high. The low and high fuzzy sets are represented with a trapezoidal curve, while the medium fuzzy set uses a triangular curve.
Finally, in the decision variable, the three fuzzy sets defined are feasible, cautious, and infeasible. The feasible and infeasible
fuzzy sets are represented with a trapezoidal curve, while the cautious fuzzy set uses a triangular curve.
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Figure 3. Membership Function Curves for All Variables
3.3 Fuzzy System Testing

A fuzzy inference system (FIS) can be defined as a nonlinear mapping that produces outputs based on fuzzy reasoning and a
set of fuzzy IF-THEN rules. The rapid development of fuzzy set theory has led to the emergence of various types of FIS, with
the most commonly used systems being Mamdani, Sugeno, and Tsukamoto [21]. The Mamdani method is chosen because it
mimics human decision-making processes. The process begins with fuzzification, where numerical inputs—such as weather
parameter data—are converted into linguistic variables, namely weather criteria, using fuzzy membership functions. These
values are then processed in the fuzzy inference stage, which uses a set of IF-THEN rules stored in a rule base. These rules
connect input variables to outputs based on linguistic logic [22]. For example: “If wind speed is strong, wind direction is
dangerous, visibility is low, rainfall is heavy, and cloud height is low, then the output is not suitable for takeoff/landing.” The
inference mechanism then combines this information to determine a fuzzy output. Afterward, defuzzification is carried out to
convert the fuzzy output into a numerical value that can be used in a control system, as illustrated in Figure 2.

In this study, the accuracy level of the developed Mamdani fuzzy system was measured. Accuracy is defined as the
degree to which the measurement results approach the actual value [23]. In this context, accuracy refers to how closely the
output value of the Mamdani method matches the predetermined standard value. This standard value is determined based on
the membership function of the output variable in the fuzzy logic system used to make aircraft takeoff decisions [24].
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Next, the fuzzy system that was built was tested. Testing was carried out on 31 samples of BMKG data in the Radin
Inten Il Lampung Airport area. The calculation results are expected to produce fuzzy logic values that are in accordance with
the standards/rules that have been made. After determining the membership function value for each variable, the next step is to
test the program in MATLAB. At the end of the calculation, a Z value will be obtained, which is the result of calculations using
Mamdani fuzzy logic. Figure 4 below shows the test results based on the data that has been entered into the fuzzy variables.
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Figure 4. Fuzzy Testing Results. The decision output is 81.2% which indicates that the aircraft is
not suitable for take-off/landing.

Next, the accuracy level of the fuzzy system formed is measured. Accuracy is defined as, the extent to which the
measurement results are close to the true value. In this research, accuracy refers to the suitability of the output value of the
Mamdani method with a predetermined standard value. The standard value is determined based on the membership function of
the output variable in the fuzzy logic system used to determine aircraft take-off decisions. Next, the accuracy level of the fuzzy
system formed is measured. Accuracy is defined as, the extent to which the measurement results are close to the true value. In
this research, accuracy refers to the suitability of the output value of the Mamdani method with a predetermined standard value.
The standard value is determined based on the membership function of the output variable in the fuzzy logic system used to
determine aircraft take-off decisions.
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Table 4. Measurement Data and Comparison of Data Results.
Wind Cloud Rule

No Date Wll’ll(d Stpeed Direction VISII(bI|Ity Rainfall Height (Standard %ystten:
(knots) (degrees) (km) (mm) (m) Value) utpu
1 Not
01-03-2023 11.64 310 1 9 1500 Not Feasible Feasible
2 02-03-2023 3.88 350 30 23.2 6000 Caution Caution
3 03-03-2023 11.64 330 30 3.6 1500 Caution Caution
4 04-03-2023 5.82 10 20 35 1500 Caution Caution
5 05-03-2023 7.76 10 40 8 1500 Caution Caution
Not
6 06-03-2023 7.76 320 10 11.5 1500 Not Feasible Feasible
Not
! 07-03-2023 17.46 270 20 9.5 1500 Not Feasible Feasible
8 08-03-2023 5.82 290 10 455 2100 Caution Caution
Not
9 09-03-2023 5.82 30 50 66 1600 Not Feasible Feasible
10 10-03-2023 7.76 150 30 0.2 1500 Feasible Feasible
11 11-03-2023 3.88 260 20 29.3 6000 Caution Caution
12 12-03-2023 17.46 10 30 0 6000 Caution Caution
13 13-03-2023 7.76 310 30 1 1500 Caution Caution
14 14-03-2023 9.7 330 6 0 1500 Caution Caution
15  15-03-2023 7.76 360 40 6 1600 Caution Caution
16  16-03-2023 9.7 320 40 0 7000 Caution Caution
17  17-03-2023 9.7 20 40 0.6 1500 Caution Caution
18  18-03-2023 11.64 40 8 0 1500 Caution Caution
19  19-03-2023 3.88 30 8 0 1600 Caution Caution
20  20-03-2023 5.82 20 40 45 6000 Caution Caution
21  21-03-2023 9.7 60 20 6 1500 Caution Caution
22  22-03-2023 17.46 40 30 0 1600 Caution Caution
23  23-03-2023 7.76 80 20 0 8200 Feasible Feasible
24 24-03-2023 9.7 150 56 56 1500 Caution Caution
25  25-03-2023 7.76 120 40 0.5 7000 Feasible Feasible
26  26-03-2023 7.76 190 58 0 6500 Feasible Feasible
27  27-03-2023 11.64 130 58 0 8100 Feasible Feasible
28  28-03-2023 9.7 360 30 0 1500 Caution Caution
29  29-03-2023 7.76 350 7 11.1 6000 Caution Feasible
30 30-03-2023 3.88 10 10 7.9 1500 Caution Caution
31 31-03-2023 17.46 70 7 15 6000 Caution Caution

Determination of the accuracy level is carried out with the following criteria: a) if the fuzzy calculation result is by the
predetermined standard value, it is declared accurate and, b) if the calculation result does not match, it is declared inaccurate.
After the data is processed using the MATLAB toolbox, the output value of the Mamdani method can be analyzed and displayed
in Table 3. The accuracy level of the Mamdani method in this study can be calculated as a percentage of the number of accurate
results against the total samples tested. Of the total 31 samples analyzed, 30 data were declared accurate. Thus, the accuracy
level of the fuzzy system formed is 96.77%.

These results indicate that the Mamdani method has a high level of accuracy in assessing aircraft takeoff and landing
feasibility. However, discrepancies between the output and the actual values may be caused by various factors, such as
uncertainties in the input data and imperfections in the fuzzification and defuzzification processes [25]. These two factors can
be optimized to improve accuracy by using a broader data sample. Moreover, further research is needed to compare the
Mamdani method with other fuzzy approaches, such as the Sugeno method, in order to provide a more comprehensive insight
into the application of fuzzy logic in aircraft takeoff and landing decision-making systems. In addition to technical factors,
membership function parameters and fuzzy rules also influence the final output of this decision support system [26]. Therefore,
future work may focus on optimizing membership functions and fuzzy rules, comparing Mamdani with other fuzzy methods
like Sugeno, and developing real-time decision support systems.
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4. CONCLUSION

A fuzzy logic system built using the Mamdani method in MATLAB has been successfully used to analyze aircraft flight
decisions based on weather variables. Five input variables including wind speed, wind direction, visibility, rainfall, and cloud
height were successfully converted into decision variables using trapezoidal and triangular membership functions. Testing 31
samples of BMKG data at Radin Inten Il Airport Lampung showed that the fuzzy system developed was able to produce
decisions that were in accordance with the standard rules that had been set. From the comparison results, 30 out of 31 samples
showed accurate results, so this system has an accuracy rate of 96.77%. This shows that the fuzzy logic approach with the
Mamdani method can be an effective tool in helping decision-making related to aircraft flight feasibility based on weather
conditions.
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Abstract— Aviation safety is highly influenced by weather conditions, particularly during take-off and landing, necessitating an
gccurate feasibility assessment. Traditional manual methods rzly on subjective judgment, making them prone o inconsistencies
and errors. This study proposes a decision support system utilizing Mamdan: fuzzy logic w precess rzal-tme metzorological data
from the Radin Inten 11 station and assess take-off and landing feasibility. The system cvaluates key weather paremeters, including
wind speed, wind direction, visibility, precipitation, and cloud height. Testing 31 data samples from BMKG, the system achievad
an accuracy of 96 77%, with 30 out of 31 outputs matching standard aviaton crteria. These results indicatz that the system
sigmbicanily improves decision-making reliabihiy. The Mamedan y loge approach proves affective nonterpreting complax
weather data and generating consistent, data-driven recommendations Lo support safe aircraft operations.

Keywords: Mamdani Fuzzy Logic: Decision Support System: Weather: Flight Safety; Takeoffand Landing
1. INTRODUCTION

Alrplanes are currently the main means of transportation [or people and goods. Compared Lo land or sea lransporlation,
aireraft allow movement between locations in a much shorter time [1]. Air traffic activity in Indonesia has continued
to grow, with the number of aircraft movements rising from 1,527,743 in 2015 to 1,735,788 in 2019 [2]. This rapid
increase in flight operations elevates the risk of accidents, highlighting the criti ritize safety in aviation
aperations. Safety in air transportation is a erucial aspect, especially during takeoff and landir it involves the
transition of the aircraft between land and air. Boeing data {1959-2017) shows that 63% of fatal accidents occur in
these two phases, with 14% during takeoff and 49% during landing [3]. This indicates that thz takeoft and landing
phases require special attention in flight safety design, including navigation systems, pilot tramning, and other
supporting technclogies [1].

The aireraft take-off and landing proce

15 heavily influenced by various weather parameters affecting flight
safcty and success [5]. The Intemational Civil Aviation Organization (ICAQ) states that weather forceasts for aviation
safety must include parameters such as w: ility, weather, clouds, and temperature [6]. These parameters are in
line with those mandated by Indonesia™s Civil Aviativn Salcty Regulation (CASR), issued under Ministry of
Transportation Regulation No. 95 of 201 8. which requires the provision of standardized meteorological information
containing surface wind visibility, weather phenomena, and cloud conditions for aviation safety purposes [7]. In
response to these weather factors, pilots and Air Traffic Contral (ATC) offi work together 10 ensure a safe lakeoff,
supported hy the latest weather information from the local Meteorology, Climarology and Geophysics Agency
(BMKG) station. Based nn the weather data received, the pilot assesses whether the conditions meet the safety limitg
set for the aircratt to be flown |8]. However, the manual or rule-based method of assessing arcratt takeott teasibality
eral limitations, especially when faced with dynamic and complex weather conditions [9]. In addition, manual
on-making relies heavily on individua! experience and intuition, which can lead to inconsistencies and potential
human eror.

A decision support system capable of processing large volumes of data m real time, identifying complex
patterns, and generating accurate recommendations is cssential, particularly in environments characterized by
uncertainty and imprecise information. In such cases, conventiona! binary logic may be insufficient, as it lLimits
reascning to two absclute values: true (1] or false (0). Fuzzy logic offers a more flexible approach by allowing truth
values Lo exist ona continuous scale between O and 1. This enables systems o handle vague, uncertain, or subjective
data more effectively. For instance. rather than simply classifving a condition as “‘s unsafe.” a fuzzy logic
sysiem can assess 1t as “less safe™ or “fairly safe,” assigning a specific degrze of membership to each cawegory. This
approach bhetter reflects human reasaning in complex decisinn-making scenarios [10]. To implement fuzzy logic in
such systams, several methnds have heen developed. One widely used merhod is the Mamdani approach, introduced
by Ebrahim Mamdaniin 1975, This method applies a set of inguistic rules to trans ate input data into cutput decisions.
It is particularly suitable for decision support systams, as it mimics the way humans reason undzr uncertainty [11].

Previous research by Dagal et al. [12], Siahaan [13], and Pratiwi [ 14] have demonstrated the effective use of
fuzzy logic to assess runway suitability for landing or takeoff by analyzing weather parameters such as visibility, wind
direction, and wind spead. While these studies have provided important msights, the scope of weather variables
considered remains relatively narrow, Building on these previcus studics, the present rescarch introduces addit:enal
paramgcters specifically, rainfall and cloud height to cnhance the decision-making process. These two additional
parameters are crucial. Cloud height is used to determine the ceiling,' which refers to the lowest altitude at which
clouds cover more than hall of he sky. This is especially inportant for light operations, particularly during approach
and landing. Meanwhilz, heavy rainfall can significantdy affect visibility, arcraft performance, and operational safety
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[15]. For instance, intense rain can reducs visibility, interfere with the electronic systems of light aircraft, and creste
water accumulation on nmways, which may impair hraking affzctiveness [16] By integrating these variahles, this
study amms to offer a more comprehensive and adaptive analysis of real-time weather dynamics. This extended
approzch rzpresents a novel contribution, as itallows for a more detailzd and realistic assessment of rumway conditions
without disrz garding the foundational work of earlier research.

Radin Inten [T Airport in South Lampung serves as the main gateway for air transportation in Lampung
Province. The surrounding area frequently experiences extreme weather conditions such as heavy rainfall and strong
winds, which can significantly impact flight safcty, particularly during takeeff and landing operations. However,
current decision-making in such situations st:1! heavily relics on manual judgment. This study 1lls the gap by designing
a decision support system based on Mamdani fuzzy logic, which analyzes real-time weather data from the Radin Inten
11 meteorological station o provide reconunendations on the Teasibility of takeu [T and landing. Furthermore, the
system s evaluated 1o assess its performance and reliability in enhancing flight safety.

2. RESEARCH METHODOLOGY

2.1 Research Stages

Start
Input . e Output
End
Figure 1. Flowchart of Reszarch Methods
Figure 1 presents the flowchart of this rescarch.This decision support system operates by analyzing five

weather parameters: wind direction, wind spead, visibility, rainfall, and cloud height. The svstem's workflow consists
ol two main slages, namely dala acquisition and data processing using Mamdan! luzey logic. Tn the (irst stage, weather
data is collzcted and stored in Excel format (.xIsx) aller being retrieved [tom the database ol the Class T Meteorological
Station Redm Inten 11 Lampung in March 2023, In the second stage, the data is processed using fuzzy logic, which
includes fuzzification, inference, and defuzzification. The output of the system is a decision indicating whether an
aircraft is suitable for takeofT or landing.

2.2 Fuzzification

Ine

ssing the feasibility of aircraft take-off, several input variables are used, such as wind speed, wind direction,
ty, rainfall, and cloud height. Each fuzzy variable in the input data is divided inte several sets. All fuzzy sets
and cach fuzzy variablc in the mput data arc represented using membership functions, that 1s in the form of a deercasing
lincar curve, trapezoid, and an mereasing lincar curve. The end result is a decision regarding aircraft take-off, where
the linguistic variable values for cach parameter category arc described in Table 1.

Table 1. Variables and Categories of Each Parameter

No Parameter Criteria
0-5 Slow
Wind Spezd (knots) 3-13 Medium
10-30 Strong
0 70 Danger |
60-90 Modcrately Safc 1
2 Wind Dircction (degrees) §0-180 Safe
170 -20D Moderately Safe 2
190 - 36D Danger 2
0-5 Near
3 Visibility (km) 4,5-8 Medium
>15 Far
n-5 Mild
4 Ramfall (millimeters) 3-10 Medium
>8 Heavy
0 — 2000 Low
5 Cloud Height (m) 1800 — 7000 Medium
6000 13000 High
6 Deeision (%) 0-40 Feasible
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in-70 Cantion
60— 100 No Feasiblz

1.2 Inference

After the fuzzification process, the data is processed using a predetermined modcl, namely Mamdani to generate basic
rules in the fuzzy inference model, At this stage, the system processes the relationship between the mput value (crisp
input) and the expected output value (crisp outpul) with rules, To this study. the decisien-mak ing model for deternmining
aircrall takeoll Ceasibility s constucted wsing the Mamdani fucey Jogic system, which mcorporates five
meteorological mput variables: wind speed. wind direction, visibility, rainfall, and cloud heighr. Each variable is
discratized into linguistic categories, among which certain values are defined as critical: high wind speed. danger 1
and danger 2 wind directions, low visihility, heavy rainfall, and low clond height, as decribed in Table 2

‘T'able 2. Defimtion of Input Parameters and Their Critical (Categorias

Total Number of Number of Critical
Parameter . .
Catcgories (n) Categories (¢)
Wind Speed 3 1 {Tigh)

Wind Direction 5 2 (Dangerl, Danger 2)
Visibility 3 1 (Low)
Rainfall 3 1 (Heavy)

Cloud Height 3 1 (Low)

The total number of input combinations is calculated by multplying the number of linguistic terms (categories)
for 2ach parameter:

Npgrag =M Xnig K3 X0y Xng =3 X5 X3 x3x3=405

Let ¢ be the number of critical categories for cach parameter, and € be the total number of critical categories present
i a specilic combinaton, To detenming the output classilication for cach combination, the number of critcal
categories present is counted. The output decision function D 18 defined as :

Feasible, ift=0
D =< Caution, ifC=1lorC=2
tht feasible, ifc=3

A complete enumeration aver the 405 combinations was parformed, classifying each according to its value of C The
resulting distribution was:
Dy = 4B. for combination with € = 0
Doy = 269, for combination with€ = Lor € = 2
D et oasivte = 68, for combination with £ > 3

Table 3 presents examples of fuzzy rules derived from sample data used in this study. These examples represent
a subset of the full 405 possible parameter combinations. Specifically. the table showcases 31 selected rules that were
formulated based on observed data values during the research.

‘Table 3. Fuzzy Rules Example

No Wind

Wind Direction Visibility Rainfall Cloud
Specd (Degree) (kkm) (mm) Height (m) Output
(knot) ‘et &
1 Medium Nanger 2. Low Teavy Low Not Feasible
2 Slow Fau Heavy Heavy Caution
3 Medium = Far Medium Low Caution
4 Medium 1 Far Medium Low Caution
5 Medium 1 Far Medium Low Caution
6 Medinm Z Far Heavy Tow Not Feasihle
7 High 2 Far Heavy Low Not Feasible
8 Medium 2 Far Heavy Heavy Caution
9 Medium 1 Far Heavy Low Not Feasible
10 Medium - Far Medium Low Feasible
11 Slow Far Medium Heavy Caution
12 High R Far Mecdium Heavy Caution
13 Medium Far Medium Low Caution
14 Medium Lunga - Medium Medium Low Caution
15 Medium Danger 2 Far Medium Low Caution
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No Wind

8 Wind Direction Visibility Raintal! Cloud

le:’;g {Degree) (km) (mm) Height (m) Qutpat
16 Medium Danger 2 Far Medium Heavy Caution
17 Medium Danger 2 Far Medium Low Caution
18 Medium Danger 1 Far Medium Low Caution
19 Slow Danger 1 Mcdium Mecdium Low Caution
20 Medium Danger 1 Medium Heavy Caution
21 Medium Danger 1 Medium Low Caution
22 High Danger 1 Medium Low Caution
23 Medium Moderate Safe 1 Medium Heavy Feasible
24 Medium Safe Heavy Low Caution
25 Medium Safe Medinm Heavy Feasible
26 Medium Maoderate Safz 2 Medium Heavy Feasible
27 Medium Sate Medium Light Feasible
28 Medium Danger 2 Medium Low Caution
29 Medium Danger 2 dium Heavy Heavy Caution
30 Slow Danger 1 Medium Low Caution
31 High Danger 1 dium Medium Heavy Caution

T this fuzzy logic systen, five parameters car— included in the critical calegory, such as wind speed (strong),
wind direction (danger 1 or danger 2), visibilily (Siow), rainfall (heavy), and cloud height (low). The rules used o
determine the output are as follows: if there are at least three parameters in the critical category. then the output is
categorizad as “Not Feasible.” If there are one or two parameters in the critical categery, then the output is categorized
as “Cauntion.”” Meanwhile, if there are no paramaters in the critical category, than the output is categorized as
“Feasible.”

2.3 Defuzzification

Finally, the results of the inference process using the Mamdani method are in the form of fuzzy numbers, which are
subsequently converted into crisp values through the defuzzification process. In fuzzy systems, after fuzzy rules are
applicd and infcrence is carricd out, the results arc still in the form of membership degrees in several fuzzy scts. Since
this result is still in an uncertan form or cannot be directly used by deterministic systems, a defuzzification process is
needed o convertit into a single value that can be interpreted more clearly. Tn this study, the defuzzification method
used is the Centoid or Center of Gravity (CoGl, which calculates the center of the arca under the aggregated
membership function curve to produce a representative crisp output.

3. RESULT AND DISCUSSION
3.1 Design of Fuzzy System

In this study, the data was analyzad using fuzzy logic by taking 31 random samples from the data set representing
each criterion in the aircraft flight decision variable. In this study, MATI.AR was utilized to implement the fuzzy
ference system due to its robust and versatile environment for fuzzy logic devalopment. The Fuzzy Logic Toclbox
in MATLAR offers integrated functionalities for constructing Mamdani-type systems, including the specification of’
input and cutput variables, the design of membership functions, and thz formulation of fuzzy rules. One of MATLAB’s
natable strengths lies in its user-friendly graphical interface, which enables researchers to intuitively define fuzzy sets
and mules, perform simulations of the inference process, and visualize defuzzification outcomes in real time [17].
Furthermore, MATLAB supports a variety of membership function shapes that are essential for accurately modeling
unccrtainty and smooth transitions between Iinguistic terns. The first step in building this application is to cnter the
initial data into the Fuzzy toolbox, which includes five input variables and one output variable. Figure 2 shows the
design ol the fuzzy system desizned.

Wine Direction
— —
o
Vaibilty = (MAMDANI) /

A

e R vecison

Tace Off and Landing / ><

Lloud Reight

Figure 2. Fuzzy System Design
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3.2 Membership Function

“T'o define each vaniable, a fuzzy set 1s creatzd as deseribed m Tzble 1. T'hen, to represent these variables, two types of
membzrship function curves are used. A membership finction is a curve that describes the mapping of input data
peints into their membership values, which are often referrad to as membership degrees, with a range between 0 and
1[18]. One methed to determine the membership value is with a function approach. There are several types of function
curves that can be used in this process, including linear curves, triangles, rapezoids, shoulders, bells, and others [19].

In this rescarch, two types of curves arc used to represent cach variable which can be scen in Figure 2. In the
wind speed variable, there arc three fuzzy scts defined: slow, medium, and fast. Slow and fast fuzzy scts arc
represented with trapezoidal curves, while medium fuzzy scts use triangular curves. In the wind direction variable,
five fuzzy sets are defined, namely danger 1, moderately safe 1, sale, moderately safe 2, and danger 2. All ey sets
in this able are represented with trapezoidal curves. Wind direcrion and wind speed are closely related and affect
the aircraft landing process because they can produce crosswind [20].

In the visibility variable, the three fuzzy sets defined are nzar, medium, and far. The near and far fuzzy sets are
representad with a trapazoidal curve, while the medinm fuzzy set uses a trangular curve. Tn the minfall variable, the
three fuzzy sets defined include light, medium, and heavy. Light and heavy fuzzy sets are represented with trapezoidal
curves, while medium fuzzy sets use triangular curvas. In the cloud height variable, there are thrze fuzzy sets, which
are low, medium, and high. The low and high fuzzy sets are rzpresented with a trapezoidal curve, while the madium
fuzzy set uses a triangular curve. Finally, m the decision vanable, the three fuzzy sets defined are feasible, cautious,
and infeasible. The fzasible and infeasible fuzzy sets are represented with a trapezoidal curve, while the cautious fuzzy
sct uscs a triangular curve.

bl " Milkd Medium Heavy
Slow Medinm Strong
&
2) Wind Speed %
d) Rainfall
D VI Tnger 2 Low Vedinm High
. 3 » J |
| ‘ g
| z. /
, g ]
&
i
. = o - =0 E B0 e ’t’
b. Wind Direction ] e w
¢) Cloud Height
Mear Bcdin Far Feasible Caution No Feasitle
)ﬁ 4
/
£ /
= / =
g " é
£ /
= / 2.
/ 3
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4 2
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Figure 3. Mcmbership Function Curves for All Variables
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3.3 Fuzzy System Testing

A fuzzy inference system (FIS) can be defined as a nonlinear mapping that preduces outputs based on fuzzy reascning
and a set of fuzzy IF~THEN rulss. The rapid development of fuzzy set theory has led to the emergence of various
types of FIS, with the mast ly used sy being Mamdani, Sugenc, and Tsukameto [21]. The Mamdani
method is chosen because it mimics human decision-making processes. The process begins with fuzzification, where
numerical inputs  such as weather parameter data  are converted into linguistic variables, namely weather criteria,
using fuzzy membership functions. These valucs arc then pr d in the fuzzy inf; stage, which uscs a sct of
IF-THEN rules stored m a rule base. These rules connect input variables to outputs based on linguistic logic [22]. For
example: “If wind speed is srong, wind direction is dangerous, visibility is low, rainfall is heavy, and cloud height is
low, then the output is not suitable for takeeTlanding.” The inference mechanism then combines Lhis information to
determine a fuzzy outpur. Afterward. defuzzification is carried out to convert the fuzzy cutput into a numerical value
that can be used in a control system, as illustrated in Figure Z.

In this study. the accuracy leve! of the developed Mamdani fuzzy system was measured. Accuracy is defined
as the degres to which the measurement results approach the actual valuz [23]. In this context, accuracy refars to how
closely the output value of the Mamdan1 method matches the predetermimed standard value. This standard value 1s
determined based on the membership function of the output variable in the fuzzy logic system used to make aircraft
takeoft decisions [24].

Next, the fuzzy system that was built was tested. Testing was carried out on 3 1 samples of BMKG data in the
Radin Inten II Lampung Airport area. The calculation results are expected to produce fuzzy logic values that are in
accordance with the standards/rules that have been made. After determining the membership function valuc for cach
variablc, the next step 1s to test the program in MATLAB. At the end of the calculation, a Z valuc will be obtained,
which is the result of calculations using Mamdani fuzzy logic. Figure 4 below shows the test results based on the data
that has been entered intw the fuzzy variables.
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Figurc 4. Fuzzy Testing Results. The dzcision output is 81.2% which indicates that the aircraft is
not suitable for takc-off/landing.

Next, the accuracy level of the fuzzy system formed is measured. Accuracy is defined as, the extent to which
the measwement results are close (o the tue value. I this research, accuracy refers w the suitability of the vutpul
value of the Mamdani method with a predetermined standard value. The standard value is determined based on the
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memharship fimetion of the output variahle in the fuzzy logic systam used to determing aircraft take-off decisions.
Next, the accuracy leval of the fuzzy system formed is measured. A acy is defined as, the extent to which the
measurement resulls are close to the true value. In this research, accuracy refers to the smtability of the output value
of the Mamdani method with a predeterminzad standard value. The standard value is determined based on the
membzrship function of the output varizkle in the fuzzy logic system used to determine aireraft take-off decisions.

Table 4. Measurement Data and Comparison of Data Results.

Wind Speed Wmd WVisibility  Rainfall Cloud Rule Syslem
o Date (knots) Direction (k) (mm) Height (Standard Output
- (degrees) § im) Valuz)

Nor
01-03-2023 1164 3l 1 9 1500 Not Feasihle Fzasible
2 2-03.2023 3.88 350 30 212 LoD Caution Caution
3 03-03-2023 11.64 330 30 3.6 1500 Caution Caution
4 04-03-2023 5.82 10 20 35 1500 Caution Caution
5 05-03-2023 7.76 10 40 g 1500 Caution Caution

6 Not
06-03-2023 7.76 320 10 113 1500  NotFcasible Feasible

- Not
! 07-03-2023 1746 270 20 9.5 1500  NotFeasible Feasible
8 08-03-2023 5.82 290 0 45.3 2100 Caulivn Caution

9 Not
09-03-2023 5.82 30 50 00 1600  NotFeasible Fzasible
mn 10-03-2023 71.76 150 30 0.2 1500 Faasible Teasihle
11 11-03-2023 3.8% 260 n 193 G000 Cantinon Cantion
12 2-03-2023 1746 i) 30 0 600 Caution Caution
13 13-03.2023 7.76 310 30 1 1500 Caution Caution
14 14-03-2023 9.7 330 6 0 1500 Caution Caution
15 15-03-2023 7.76 360 40 6 1600 Caution Caution
16 16-03-2023 97 320 40 0 7000 Caution Caution
17 17-03-2023 9.7 20 40 0.6 1500 Caution Caution
18 18-03-2023 11.64 40 8 0 1500 Caution Caution
19 19-03-2023 3.88 30 8 0 1600 Caution Caution
20 20-03-2023 5.82 20 40 4.5 6000 Caulion Caution
21 21-03-2023 9.7 60 2 6 1500 Caution Caution
22 22-03-2023 1746 40 30 0 1600 Caution Caution
23 23-03-2023 1.76 R0 20 0 ®200 Fzasible Feasihle
74 14-D3-2023 9.7 150 56 56 1500 Cantion Cantion
25 25-03-2023 176 120 40 0.5 00 Fzasible Feasible
26 26-03.2023 7.76 190 58 0 6500 Fzasible Feasible
27 27-03-2023 11.64 130 58 0 8100 Feasible Feasible
28 28-03-2023 9.7 360 30 ] 1500 Caution Caution
20 29-03-2023 176 350 7 111 6000 Caution Feasible
30 50-03-2023 3.88 10 10 79 1500 Caution Caution
31 31-03-2023 17.46 70 7 1.5 G000 Caution Caution

Determination of the accuraey level is carried out with the following criteria: a) if the fuzzy caleulation result
is by the predeterminzd standard valug, it is declared accurate and, by if the calculation result dees not match, it is
declared inaccurate. Afrer the data is procassed nsing tha MATT AR toalbox, the ontput value of the Mamdani method
can he analyzed and displaved in Table 3. Thaa oy level of the Mamdani method in this stiudy can be calenlated
as a percentage of the number of accurate results agamst the total samples tested. Of the total 31 samples analyzed,
30 data were dzclared accurate. Thus, the accuracy lavel of the fuzzy system formed iz 96.77%.

Th esults indicate that the Mamdani method has a high level of accuracy in assessmg aircraft takeoff and
landing fe. lity. However, discrepancies between the outputand the actual values may be cansed by various factors,
such as uncertainties in the input data and imperfections in the fuzzification and defuzzification processes [25]. These
two factors can be optimized fo improve accuracy by using a broader data sample. Morcover, further rescarch is
needed to compare the Mamdani method with other fuzzy approaches, such as the Sugeno methed, in order to provide
a more comprehensive insight into the application of fuzzy logic in aircraft takcoff and landing decision-making
systetns. In addition o technical factors, membeship function parameters and luzzy rules also nfluence the (al
output of this decision support system [26]. Therzfore, future work may focus on oprimizing membership functions
and fuzzy rules, comparing Mamdani with other fuzzy methods like Sugeno, and developing real-ime decision
support systams
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4. CONCLUSION

A [uzzy logic system built using the Mamdani method in MATLAB has been successlully used o analyeze aicrall
flight dzcisions based on weather variables. Five input variables including wind speed, wind direction. visibility,
rainfall, and cloud height were successfully converted into decision variables using trapezoidal and triangular
membarship funchions. Testing 31 samples of BMKG data at Radm Inten 1T Airport Lampung showed that the fuzzy
system develnped was ahle 1o praduce decisions that were in accordance with the standard miles thar had hzen set.
From the comparison vesults, 30 out of 31 samples showed accurate resu'ts, so this system has an accuracy rate of
96.77%. This shows that the fuzzy logic appreach with the Mamdani method can be an effective tool in helping
decision-making related to aircrafl flight feas:bility based on weather cenditions.
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