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Ensuring Flight Safety by Optimizing Test Points in Fighter
Aircraft
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Parameters of the flight test

Flight test in safe conditions

A critical aspect of flight testing is the analysis of risk

The ANFIS method is a technique employed in the field of fuzzy logic
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Graphical Abstract

In the study, the user inputs the eight flight test parameters into the system at specified intervals,
generating a flight test point risk level output.
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Figure. Flight Test Risk Modelling
Aim

The numerical representation of flight parameters and the development of risk output.

Design & Methodology

The Adaptive Neuro Fuzzy Inference System (ANFIS) is implemented using the MATLAB Fuzzy Logic Toolbox.
Originality

The study significantly contributes to the current literature by completing a thorough examination of the potential
risks associated with flight testing involving eight inputs.

Findings
A risk analysis of flight test outcomes for unstable parameters utilizing various membership functions is provided.
Conclusion

The risk level of the flight test parameters is categorized into five distinct classifications: Very Safe, Safe, Moderate,
Risky, and Very Risky.
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Ensuring Flight Safety by Optimizing Test Points In
Fighter Aircraft
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ABSTRACT

Fighter aircraft have undergone numerous testing procedures throughout their historical evolution to improve their efficiency during
modernization. This study provides an analysis of the parameters, outcomes, and safety standards related to flight testing. The aim
of this study is to assess the ability of fighter aircraft to execute the specified test points safely and under controlled conditions. A
risk analysis is performed to ensure the test's dependability and safe execution. The testing process is executed systematically and
under controlled conditions, with negligible departure from the ideal values. The data provided relates to flying tests of fourth and
fifth-generation conceptual fighters with specified attributes. The conceptual aircraft is designed simultaneously with the F-16 and
the strategically important Hiirjet. Upon completion of the study, due to the intrinsic challenges in articulating complex systems
characterized by uncertainty through straightforward mathematical formulas, the ANFIS method—an adaptive learning model
derived from literature research utilizing the MATLAB Fuzzy Logic Sugeno Module—is utilized to analyze intricate data sets and
effectively forecast risk factors. The established approach facilitates the assessment of numerical risk levels for flight test points
using eight input variables, thereby averting hazardous flights and reducing the potential for loss of life and property.

Keywords: Flight test, flight safety, risk analysis, ANFIS.

Savas Ucaklarinda Test Noktalarinin Optimizasyonu
Ile Ucus Glivenliginin Saglanmasi

0z

Savas ucaklar1, modernizasyon sirasinda verimliliklerini artirmak igin tarihsel evrimleri boyunca ¢ok sayida test prosediiriinden
geemistir. Bu ¢alisma, ugus testleriyle ilgili parametrelerin, sonuglarin ve giivenlik standartlarinin bir analizini sunmaktadir. Bu
caligmanin amaci, savas ucaklarmin belirtilen test noktalarini giivenli bir sekilde ve kontrollii kosullar altinda yiiriitme yetenegini
degerlendirmektir. Testin giivenilirligini ve gilivenli yiiriitilmesini saglamak igin bir risk analizi yapilmaktadir. Test siireci
sistematik olarak ve kontrollii kosullar altinda, ideal degerlerden ihmal edilebilir bir sapma ile yiiriitiilmektedir. Saglanan veriler,
belirtilen niteliklere sahip dordiincii ve besinci nesil kavramsal savag ucaklarimin ugus testleriyle ilgilidir. Kavramsal ugak, F-16 ve
stratejik agidan 6nemli Hiirjet ile ayni anda tasarlanmaktadir. Caligmanin tamamlanmasmin ardindan, belirsizlikle karakterize
edilen karmasik sistemleri basit matematiksel formiillerle ifade etmedeki igsel zorluklar nedeniyle, MATLAB Bulanik Mantik
Sugeno Modiiliinii kullanan literatiir aragtirmasindan tiiretilen uyarlanabilir bir 6grenme modeli olan ANFIS yontemi, karmagik
veri kiimelerini analiz etmek ve risk faktorlerini etkili bir sekilde tahmin etmek i¢in kullanilmaktadir. Kurulan yaklasim, sekiz girdi
degiskeni kullanilarak ugus test noktalar igin sayisal risk seviyelerinin degerlendirilmesini kolaylastirmaktadir, boylece tehlikeli
uguslar1 6nlemektedir ve can ile mal kayb1 potansiyelini azaltmaktadur.

Anahtar Kelimeler: Ugus testi, ucus giivenligi, risk analizi, ANFIS.

1. INTRODUCTION

Since the introduction of technology systems in warfare,
combat aircraft have been the principal factor in
determining operational capability across nations.
Initiatives to upgrade and prolong the operational
lifespan of aircraft models are in progress. Intermediate-
generation fighter jets are classified as 4th and 5th
generation and have the capability to avoid radar
detection [1]. The fifth generation, presently operational
and under ongoing development, plays a crucial part in

be executed under diverse situations and must satisfy
both design performance and flight safety requirements.
Fighter jets incorporate several mission systems, posing
a challenge to flight safety assurance [2].To alleviate this
risk, many regulations have been instituted to avert loss
of life after a system failure. The aviation sector has a
history of incidents, resulting in the cliché that "Aviation
history is inscribed in blood." This occurs because
regulations and standards are frequently instituted post-
accident [3]. Consequently, flying safety holds utmost

the military superiority of nations. The development of
an airplane is a multifaceted and elaborate process,
commencing with a conceptual idea. The aircraft must be
engineered to effectively execute its mission in flight and
land safely without incurring damage. This mission must

*Sorumlu Yazar (Corresponding Author)
e-mail : hediz@gazi.edu.tr

significance in this scenario.

This study offers a quantitative risk evaluation of test
sites in flight tests performed by TAI (Turkish Aerospace
Industries), a Turkish defense and aerospace firm. The
study aims to diminish the frequency of hazardous flights
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by performing a risk analysis of the accident fractures
that have transpired in aviation. Flight tests rely on a
sequence of measurements conducted throughout the
flight. Therefore, numerous values must be measured and
assessed concurrently during any flight test. The process
is highly complex and time-intensive, leading to
considerable financial strain [4]. The research, titled
"Ensuring Flight Safety by Optimizing Test Points in
Fighter Aircraft," focuses on the fundamental aspect of
this procedure: flight safety. Safety is of utmost
importance throughout the entire process, encompassing
the pilot's safety throughout tests, attaining success under
optimal conditions, and executing process enhancements.
The ability to conduct the test "regarding safety” under
optimal settings positively influences the overall testing
process [5].

The literary studies are categorized into two segments.
The preliminary step of the project involves an analysis
of risk assessment approaches related to aviation safety
[6]. After identifying the ideal risk assessment approach
for fighter aircraft, the subsequent phase of the study
concentrated on a comprehensive analysis of its
application in the literature. The majority of literature
research on fourth generation fighter jets, which were
designed and deployed in the 1970s, were undertaken in
the 1980s [7]. A thorough search was performed utilizing
several search engines and keywords related to flight
safety and flying danger. To locate relevant material on
flight safety, the following keywords were employed:
"flight test, flight safety, flight risk, flight integration,
dynamic flight, aerodynamics, aviation hazards, and risk
analysis." The keywords were subsequently searched
across the Web of Science, Y6k Thesis, Google Scholar,
and Scopus platforms. The dates were chosen to
guarantee the incorporation of more current and relevant
information than that offered by risk analysis techniques.
A thorough examination of the literature was performed
for the employed approaches. The literature review
utilizes the fuzzy-based Sugeno approach and expert
opinion for flight risk analysis, making it particularly
appropriate for the issue at hand [8]. Fuzzy-based
approaches are utilised for the modelling of uncertainties
and the enhancement of decision-making processes[9].
Analysis of existing literature reveals that the "Adaptive
Neuro Fuzzy Inference System" (ANFIS) method is
primarily utilized in the risk assessment of flight test
operations through the Matlab Fuzzy Logic module [10].
All studies, including Ervural, have been reviewed, and
with the endorsement of experts from the TAI Integrated
Flight Test Team, the risk analysis of flight test points
has been incorporated into the literature utilizing the
ANFIS method, an adaptive learning model capable of
processing complex data sets and accurately forecasting
risk factors [11]. Complex systems characterized by
uncertainties are challenging to articulate using
straightforward and exact mathematical methods and
equations [12].

The literature research has thoroughly analyzed risk
assessment methodologies. Risk analysis methodologies

are primarily utilized in relation to civil aviation
difficulties, as evidenced by Kurnaz and Sunar’s
academic work [13]. Military aviation systems' intricate,
non-linear, and stochastic nature renders precise and
accurate mathematical modeling of most physical
systems difficult [14]. Due to the challenges in
characterizing complex systems with uncertainty through
straightforward mathematical formulas, the literature
review concluded that the fuzzy logic method, a flight
safety risk analysis technique, presents the most
promising solution to the identified issue [15]. After
meetings with academic and industrial experts, the
findings from the literature review and the fuzzy logic
approach were considered suitable for implementation.
In the subsequent section of the literature review, the
following search terms were employed: "Flight test risk
assessment,” "flight test risk analysis,” "risk assessment
in aviation flight tests,” "ANFIS in risk assessments,"
"fuzzy logic in risk assessments,” "flight test risk
management methodologies," and "flight test safety
analysis." The terms were queried on the Web of Science,
Yok Thesis, Google Scholar, Scopus, and SpringerLink
platforms.

The research involved a comprehensive analysis of risk
assessments utilizing ANFIS and fuzzy logic. The fuzzy-
based cockpit warning system was developed to
minimize the incidence of critical situations leading to
aviation accidents. The suggested system utilizes a fuzzy-
based sensor to detect flying parameter values instantly.
This strategy is crucial for implementing preventative
interventions in the presence of unidentified risk factors.
The proposed system aids the pilot in executing measures
that maximize risk mitigation for potential scenarios. The
study utilized the fuzzy-based Sugeno approach
alongside expert opinions [16].

This study utilized a test point risk assessment approach
to examine the relative significance of two fighter jets:
the "Hiirjet," crucial for national strategic defense, and
the "F16," presently undergoing modernization efforts.
Due to the similarities between the Hiirjet and F16
models, assessing them concurrently was considered
more effective. A 4.5-generation conceptual airplane was
delineated based on these aircraft models. This research
significantly enhances the current literature and the
aviation sector. the aircraft features and capabilities were
precisely defined, and a design was developed to enable
the requisite tests [17]. This risk assessment program,
designed for the conceptual aircraft, can be utilized by
inputting alternative aircraft's parameters and value
ranges and functioning as an 8-input ANFIS research.
The following portions of the study elucidate the fuzzy
logic method, introduce the inputs, and establish their
ranges. Furthermore, figures from the Matlab
implementation are provided, and the findings are
analyzed.
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2. MATERIAL and METHOD
2.1. Fuzzy Logic

Fuzzy sets and fuzzy logic theory constitute a significant
application in control systems. These systems are
generally built on knowledge or rules. Effective system
control necessitates the selection of a suitable
mathematical model. Fuzzy sets address scenarios
characterized by uncertainty, as opposed to conventional
set theory, which relies on definitive options such as "1"
(exist) or "0" (do not exist). In conventional set theory,
no value exists between "0" and "1." Nonetheless, fuzzy
sets are appropriate for addressing uncertainty-related
issues. This facilitates the incorporation of a controller
that demonstrates human-like behavior within the
system. Figure 1 illustrates the configuration of the fuzzy
inference procedure [18].

Fuzzy Rule
= Crisp Output
Base ¢

Fuzzifier J’*( Fuzzy Inference Engine %—b‘ Defuzzifier

Fuzzy Sets
(Output)

Crisp Inputs

Fuzzy Sets
(Input)

Figure 1. Fuzzy logic process

A fuzzy control system converts precise input values into
fuzzy values based on the membership functions. Figure
2 illustrates that distinct input values on the x-axis
correlate with membership degrees on the y-axis,
determined by established membership functions such as
low, mid, and high [19]. During this process, each input
value is allocated to a fuzzy set defined by its
corresponding membership function. This assignment
process quantifies the extent to which the input values
align with the designated membership function. The
imprecise values signify the extent of membership within
a specific membership function, therefore facilitating the
processing of input values through fuzzy logic.

. Low Mid High

/
Lz

1 2.5 3 4 a5 6

Figure 2. Fuzzification process

The preliminary phase in the formulation of a fuzzy
inference system generally involves the establishment of
a table of if-then rules. Specialists generally formulate
these regulations. A fuzzy rule base is a system that
encapsulates the correlations between input and output
fuzzy sets. This mechanism is responsible for
aggregating the operations that dictate how a fuzzy
control system generates an output in response to inputs.
The system's behavior is dictated by the inferences
derived from each rule, which are amalgamated to yield

this result. This crucial element is known as the
"inference engine" or "fuzzy engine" and constitutes the
basis for fuzzy logic control. Fuzzy rule-based systems
may utilize many analytical methodologies. The most
prominent among these are the Mamdani and Sugeno
models.

The outcome of the inference process is a fuzzy set.
Fuzzy expressions or fuzzy sets generally lack direct
significance in the real world. Therefore, it is imperative
to convert the ambiguous information obtained from the
inference process into actionable data for practical
application. The transformation process occurs during
the clarifying phase [20].

2.2. Artificial Neural Networks

Artificial Neural Networks (ANNs) are algorithms
modeled after the human brain, designed to acquire new
knowledge and extract insights from the information
obtained. As ANNs mimic the human brain, they possess
the ability to learn from provided data, generalize, and
operate with an infinite number of variables. Figure 3
illustrates that ANNs consist of separate layers like
artificial neurons. In this context, it is comparable to
biological neurons. The basic operational units in an
ANN are known as artificial neurons or processing
elements.

Hidden
Layer

input Output
Layer . Layer

input 1 -‘ / :‘ » Output 1
input 2 ’. y " = Oumi 2
Input 3 " ’ » Output 3

®

Figure 3. Multilayer Artificial Neural Networks

In  ANNSs, processing units are organized into
interconnected networks. Upon receiving weight values,
the network commences training. Initially, these values
may be allocated arbitrarily. As ANN assimilates data
over time, it adjusts the connection values and formulates
the learning rules. For the ANN to execute this function,
it must be capable of processing numerical data. The
aforementioned properties aid in resolving intricate
situations where formulating a mathematical model is
difficult [21].

2.3. ANFIS

ANFIS is fundamentally a fuzzy inference system
designed for adaptive networks. A hybrid learning
method allows ANFIS to develop an input-output
framework that embodies fuzzy-based rules and human
expertise. ANFIS produces all possible rules relevant to
the topic being examined or, alternatively, permits
assignment by an expert. ANFIS generates all potential
rules relevant to the topic at hand or permits their
assignment by an expert. Consequently, in numerous
predictive tasks, artificial neural networks (ANN)
leverage expert insights and yield superior outcomes
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compared to the mean square error criteria. In order to
model uncertainties and improve safety in flight test
processes, risk assessment was performed in this study
with an ANFIS-based fuzzy modeling approach, similar
to the fuzzy fault tree analysis applied on robotic
lines.[22]

ANFIS comprises six levels. The initial layer is referred
to as the input layer. Data flow is supplied by external
cells. The secondary layer is referred to as the blurring
layer. Jang's ANFIS model is employed to categorize
input values into fuzzy sets. The nodes' output fluctuates
based on the input values and the employed membership
function. The rule is established at the third tier. The
result of each rule is the multiplication of the membership
degrees from the second layer. The fourth layer is the
normalizing layer. The defuzzification process is
executed in the fifth layer. In this layer, the weighted
values of the specified rule are computed at each node.
The sixth and final layer is the entire layer. The definitive
output value of the ANFIS system is derived by
aggregating the output values of each node in the fifth
layer [23].

3. FINDINGS

The aim of the study, titled "Ensuring Flight Safety by
Optimizing Test Points in Fighter Aircraft," is to execute
a risk analysis for flight reliability and to conduct the test
safely. The aim is to ascertain the parameters that
constitute the test points and evaluate the corresponding
risk of flight testing at different levels of these
characteristics. Upon determining the risk level based on
the test parameter values, the ideal test spots can be
selected, facilitating the safe execution of the flight test.
The procedural phases of the investigation are presented
in the sequence illustrated in Figure 4.

Defining the 4.5th generation concept fighter aircraft

Defining the parameters of test points and
establishing risk levels
I_' Risk analysis with ANFIS method _I

Figure 4. Implementation phase

Based on expert opinion, this study utilized ANFIS to
identify eight risk criteria and their ranges for fighter
aircraft. As highlighted in Table 1, each parameter was
chosen to align with the specifications of the 4.5th
generation concept aircraft, whose mission capabilities
were previously established. The ANFIS model was
subsequently executed, and the feasibility and
dependability of the flight were analyzed. Figure 5
illustrates the overall architecture of the neural fuzzy
inference system developed for risk analysis.

A test point is delineated as a collection of test parameters
along with their corresponding values. A modification in
the value of any parameter inherently leads to the
establishment of a distinct test point. This section

Table 1. Concept aircraft specification

2 Flight Hours Endurance

Ability to perform day and night operations

Dual cockpit with tandem seats

Jet turbofan engine with afterburner

Fully authorized digital flight control system

Full stops/turns/authorized departure features

Autopilot with direction, attitude, and altitude

modes

Escape system with ejection seats

8000 ft minimum runway length

7 tons of weight without ammunition

Maximum loaded weight of 10 tons

35,000 ft maximum altitude

¢ Adjustable cabin pressure control according to
the altitude at which the aircraft is flying

e Minimum speed 0.2 mach

e Maximum speed 1.2 mach

A0A (angle of attack) capability between -5/25

degrees

Throttle lever value capability between 20/100

30 knot crosswind landing capability

3G/+8G Normal Load Limits

Mission capability in -30/50 degree outdoor

environment

e Advanced jet trainer to test all capabilities

identifies eight test parameters—altitude, speed, angle of
attack, load factor, center of gravity, crosswind,
temperature, and weight—deemed appropriate for the
test points in agreement with the TAI Flight Test
Specialist. The choice of test parameters was predicated
on the belief that continuous functions and unstable
parameters would yield more precise evaluations of the
flying test's risk level. Moreover, the chosen parameters
are the most appropriate and widely employed for the test
points used in flight test campaigns.

Regarding the importance of parameter selection, if we
clarify this part further, the procedure used is as follows.

The procedure applied in the selection of eight
parameters was selected by considering the most
important parameters in flight test campaigns in military
aviation with the opinion of experts at the defense
industry company TAI, with whom the research was
jointly conducted. For example, in aviation tests, pilots
gave subjective feedback, especially when testing angles
of attack. In light of pilot experiences, the angle of attack
parameter will be selected and an objective evaluation
opportunity will be provided with a mathematical
equivalent. There are also uncontrollable realities while
performing the test. These are environmental factors. For
this reason, the most obvious environmental effect,
temperature, was also selected as one of the main
parameter elements. The study allows the update of
parameters and their membership functions in both
qualitative and quantitative terms. In this respect, it is an
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Figure 5. Fuzzy inference system

Table 2. Input parameter values

Input Input Name Fuzzy Label Explanation
Altitude . Reduced air density at high altitudes reduces the
| 1 Low-High .
nput (0-35000) ow-HIg performance of airplanes.
Speed . . Too high speeds can negatively affect the situation—the
| 2 low-M -High . .
nput (0.2-1.2) Slow-Medium-Hig risk level increase from slow to fast.
Angle of Attack .
Input 3 ( (2?)_‘322) ttac Risky AoA - Safe AOA  The greater the angle of attack, the greater the danger.
To achieve the desired flight path, the pilot needs to move
Load Factor . . .
Input 4 ((-3)-8) Risky LF -Safe LF correctly. This means they need to fly faster or increase the
angle of attack.
Center of Gravity . . The center of gravity allows the pilot to control the stability
| F -R .
nput 5 (25-33) ront Side- Rear Side of the aircraft
Input 6 Sideslip Stable-Windy [?urlng r.10rmal flight operations, the risk increases as the
(0-30) sideslip increases.
Temperature  changes  affect the  aerodynamic
Temperature . . .
Input 7 (-30 +50) Cold-Warm-Hot characteristics of the aircraft, engine performance, fuel
consumption, and the operation of other systems.
Weight Light-Medium-Heavy In general, the risk of danger increases as the weight
Input 8 .
(7-10) increases and the maneuver angle decreases.

open template. It will shed light on future risk analysis
measurements using the same methodology (ANFIS). In
this respect, it is also a dynamic study.

The evaluation of risk analysis techniques provides a
methodological framework analogous to the ANFIS-
based approaches employed in our study, thus leading to
the development of a comparable strategy for prioritizing
risk factors.[24]. Each test point parameter consists of
subcomponents, namely membership functions in the
ANFIS methodology. The parameter ranges were
established based on the attributes of our 4.5th generation
fighter aircraft, which was conceptualized. The
membership functions for each parameter and the
sequence of risk generation for these values are presented
below. Table 2 presents the names, characteristics, and
value ranges of the eight inputs utilized in the study.

The outputs indicating the system's mathematical results,
specifically the risk levels, are delineated and instructed
from Risk Level 1 to Risk Level 10 for the purpose of
sensitization. The final results are shown in Table 3,

categorized into five distinct levels: Very Safe, Safe,
Medium, Risky, and Very Risky, according to standard
practices in fuzzy logic risk analysis found in the

literature.
Table 3. Risk level ratin
Risk Level 1
Risk Level 2
Risk Level 3
fi
Risk Level 4 safe
Risk Level 5 .
Risk Level 6 Medium
Risk Level 7 .
Risk Level 8 Risky
Risk Level 9
Risk Level 10

Table 3 highlights that risk, the sole outcome utilized in
the study, is categorized into 10 levels and articulated
through 5 distinct fuzzy linguistic variables.
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The risk analysis study utilized grid partitioning to
develop ANFIS. The model was constructed utilizing the
ANFIS interface, which operates as a fuzzy logic
function integrated within the MATLAB environment.
Figure 6 illustrates that from a total of 150 data sets
identified as appropriate for training the network, 120
were allocated to the training set, while 30 were
designated for the test set.

Testing Data {...)
i L)
uiciziin]
(D

5 (D
£ D
8] Juzceczeng

40 60 &0 100 120

data set index
Figure 6. Training set and test set

During the development of the risk analysis model, the
data was partitioned into three distinct datasets.
Additionally, a total of 100 data sets were employed for
the control set, excluding the outputs used for the risk
level. Upon entering the data into the model for training,
the network acquires the correlation between inputs and
outputs. The parameters of the membership functions are
further modified until the target error level is attained.
The justification for integrating the control data into the
model with the training set is that, at a certain point, the
error rate of the control set abruptly increases while the
error rate of the training set decreases. This event is
termed the "overfitting point." The testing phase begins
thereafter. The test dataset is utilized to evaluate the
network's learning and generalization capabilities using
data that the trained and parameterized model has not
before encountered.

Figure 7 illustrates that subsequent to selecting the kind
and quantity of the membership function from the
interface, the preferred number of iterations is inputted in
the "epochs" field on the screen. The network training
commences upon selecting the "train now" option.

4. Add Membership Functions = O >
——INPUT

Mumber of MFs: MF Type:
23222233

. . gaussmf
To assign a different
number of MFs to each g:::szrnf
input, use spaces to N
separate these numbers. d.s!gmf

peigmf

—OuUTPUT

WF Type: linear

OK |

Cancel | |

Figure 7. Membership function type

Figure 8a illustrates the training procedure of the fuzzy
neural network. The graph illustrates the progression of
training error over time, as shown by the curve. The
training error exhibited a declining trend until it attained
the value of 20. A persistent inaccuracy is noted from the
20th data point onward. Consequently, it is unnecessary
to await the 100th iteration. The resultant data is
presented in Figure 8b. Upon completion of the network
training, the testing phase commences. The inaccuracy
rate of the network's data predictions is shown in the
bottom left corner of the figure. Should the error rate be
considered excessive, the parameters are adjusted.
Nevertheless, as the error rate was maintained at an
acceptable threshold of 13%, the intended network
architecture was successfully realized.

1073 Training Error

g
w
1
0
0 20 40 60 80 100
Epochs
(@)
Testing data:. FIS output : *
10 +¥¥
#+¥
8 e
¥y
=N 4 ¥
£ *4 ¥
O 4 ¥
PR
2 * 4%
e
0
0 5 10 15 20 25 30
Index
(b)

Figure 8. (a) Training process, (b) testing process

Figure 9 illustrates the architecture of the ANFIS model,
comprising eight inputs, one output, and 864 rules. Each
input value corresponds to a specific quantity of
membership functions. The input data have been
modified to enable comparison between the model
developed by expert opinion and other models.

Figure 10 illustrates the membership functions of the
altitude data, which constitute the model's first input.
Membership functions categorized as low and high
denote the proportion of any value to which the
respective function pertains.
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Figure 9. ANFIS rule structure
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Figure 10. Altitude membership function

For example, when the altitude is designated as 0, it is
categorized inside the low membership function with a
membership degree of around 1. If the altitude is set at
17,500 m, it is categorized as belonging to both the low
and high membership functions with a membership
degree of 0.5.

Figure 11 illustrates the rules generated by the fuzzy
neural network. The 864 established rules facilitate the
observation of output variations as a function of input
values.

Figure 12 illustrates the risk level corresponding to the
input values obtained from the network structure's
learned rule.
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Figure 11. Fuzzy rules

Table 4 contains values for eight entries corresponding to
their respective ranges. Consequently, the output level
achieved and the associated fuzzy linguistic variable are
documented. To reduce the error of the mathematical
model, a plot of the squared errors was generated. Upon
generating the R? chart for 120 data points in the training
dataset, the model exhibits an accuracy rate of 99%, as
illustrated in Figure 13. The equation for the risk level
line was established.

Upon applying the R? test to the 30 data points
comprising the test dataset, the model has a 98% success
rate, as illustrated in Figure 14.

Table 4. Fuzzy test parameters example

Risk Level 7,58 Risky Flight

-

TEST PARAMETERS FUZZY LINGUISTIC VARIABLES
Altitude 2766 Low
Speed 1 High
Angle of Attack -4 Risky AoA
Load Factor 8 Safe LF
Center of Gravity 29 Rear Side
Sideslipe 29 Windy
Temperature 45 Hot
Weight 9 Heavy
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The equation for the risk level was also eliminated. The
R? test evaluates the model's ability to elucidate or
forecast the dependent variable. The R? value is a
coefficient that varies from 0 to 1. A rating of 0.99
signifies the model's excellent fit to the data.
Simultaneously, the R? score signifies the model's
capacity for precise forecasting of forthcoming data.

Figure 15 illustrates the correlation between Inputl,
altitude, and Input3, angle of attack. As altitude
diminishes and the angle of attack escalates, the risk level
output on the surface correspondingly intensifies.

20

input3

<10 ’ 25
input1

a5

Figure 15. Relationship between altitude and angle of attack

4. DISCUSSION

4.1. Model Benchmarking

Alongside the 2 3 2 2 2 2 3 3 membership functions
established by expert consensus, the model was

additionally evaluated against three distinct types of
membership functions for comparative analysis.

Figure 16 illustrates the impact of altering the
membership functions of the inputs utilized in the study
on the error rate.

m23222223
0.14

m22222222 | m33222333 | m33322333

RMSE

0.24
Figure 16. RMSE benchmarks

0.66 0.88

A decrease in the number of membership functions to
two caused a decline in the model's sensitivity, resulting
in an elevated error rate. As the number of membership
functions in the model's inputs is elevated to three, the
error rate escalates once again due to the disruption in the
integration of the features associated with the idea of
"fighter aircraft" within the fuzzy system. The model
study results suggested that the membership functions
ought to be established as 2, 3, 2, 2, 2, 2, 3, 3 based on
expert opinion. The literature review revealed that the
error rate has been diminished to an acceptable threshold.

5. GAINS

This work significantly contributes to the aviation and
defense sectors by creating risk analysis methodologies
for evaluating next-generation concept warplanes under
secure flight conditions. The risk analysis conducted
using the ANFIS method in the study facilitates the
identification and mitigation of hazards associated with
flight test processes. This approach enhances flight safety
and mitigates potential accidents and security breaches.
Optimal test processes, devoid of randomness, minimize
test length and reduce expenses. Consequently, testing
procedures are executed with more efficiency and cost-
effectiveness.

In contrast to existing literature, the comprehensive rule
structure employed in this work, along with the ANFIS
model of 864 rules, achieved elevated accuracy rates in
risk analysis. The methodology and technology
employed in the study have been rendered adaptable for
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various aircraft and systems. A versatile framework is
introduced for assessing risks, particularly for unmanned
aerial vehicles and other aerial systems.

This study can enhance risk analysis and testing
processes in national projects, given Turkey's
advancements in the defense sector. Thus, it can
significantly contribute to the creation and evaluation of
domestic and national defense systems. Alongside flying
safety, enhancing operational efficiency is a significant
accomplishment of this endeavor. Identifying the optimal
test points enhances the efficiency and management of
warplane development processes.

The findings of the study and the employed
methodologies illuminate potential avenues for further
research. A foundation has been established for
conducting risk analyses and optimizing tests for various
aircraft models and types. This study significantly
enhances tactics for improving operational efficiency and
safety by optimizing risk analysis and testing processes
in the aviation and defense industries.

6. CONCLUSION

This study delineates all physical and technical
characteristics pertaining to the F16 and Hiirjet aircraft
4.5. It encompasses studies to conduct testing of the next-
generation conceptual combat aircraft under secure
conditions. Conceptualize aircraft resembling fighter
jets; it is characterized as analogous to the Hiirjet and F-
16. This can subsequently illuminate the flight test
procedures of existing programs. The objective of the
study "Ensuring Flight Safety By Optimizing Test Points
In Fighter Aircraft" is to conduct a risk analysis for flight
reliability and to execute tests safely. This approach will
expedite the testing process and diminish associated
expenditures. The testing process can be conducted at an
optimal level, free from randomness.

Literature studies have concentrated on the various
categories of threats that warplanes may face. The risk
analysis methodologies employed in military aviation
were scrutinized. The paper provides a comprehensive
discussion of risk analysis approaches. The literature
review revealed that the fuzzy-based Sugeno method
employed in Wagner and Westphal's research, along with
the flight risk analysis incorporating expert opinions, is
appropriate for the investigation. Upon reviewing other
research in the literature, the intricacy of the overall
architecture of flight test operations, together with non-
linearity and unpredictability, becomes evident. It is
recognized that perfect modeling is challenging for
numerous reasons. Consequently, research has
demonstrated the application of the "Adaptive Neuro
Fuzzy Inference System," abbreviated as ANFIS, in
conjunction with the "Matlab Fuzzy Logic" module for
risk analysis. All studies relevant to the literature were
reviewed, and with the endorsement of TAI Integrated
Flight Test Team specialists, a risk analysis was
conducted using the ANFIS approach in the research
titled "Test Point Optimization under Safe Flight
Conditions for Warplanes". 4.5 The utilization of next-

generation conceptual fighter aircraft and the selection
and quantity of test parameters distinguish this study
from others. It has enhanced the literature with a far more
intricate rule structure.

The application phase involved determining the test point
settings and establishing risk levels based on expert
opinion. Parameters serve as inputs for risk assessment.
The study identified eight critical inputs, namely test
parameter values, for assessing flight risk. Each
parameter assumes changeable values and amalgamates
them to provide a distinct quantity of test points for
execution in various test campaigns. The output "Risk
Level," which assesses flying safety, establishes five
distinct risk categories based on the value of each
parameter. Two distinct data sets were utilized in the
development of the risk analysis model in the study. Out
of the total 150 data sets designated for network training,
120 were allocated to the training set and 30 to the test
set. The membership function established by expert
consensus generates 864 rules within the ampis
methodology. The error rate of the data trained with
ANFIS was a satisfactory 0.13, and the intended network
architecture was realized. This study presents alternate
models developed with various membership functions
for comparison with the primary model. The study
employed the square error method to evaluate the model's
accuracy. It was noted that 99% accuracy was achieved
on the training set and 98% accuracy was attained on the
test data.

The findings from the study illuminate possible solutions
to enhance flight safety and operational efficiency.
Mathematical outputs derived from risk analysis can
facilitate the efficient optimization of flight test
procedures, expedite the construction of military aircraft,
and enable the execution of testing processes at reduced
costs. The application is available for development for
potential future research. The quantity of parameters and
the criteria for their selection are subject to modification.
This modification enables the system to be adaptive for
various aircraft types. In light of our nation's
advancements in unmanned aerial vehicles and other
aerial systems, as well as in defense, a system has been
developed to enhance risk assessment in national
projects. Future studies should prioritize the practical
implementations of these optimization methodologies
and their impacts on various aircraft models.
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