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Abstract - The aviation industry gives the highest priority to
passenger and aircraft safety. With the increasing number of
flights worldwide, analyzing potential risks and preventing aviation
accidents has become very important. This research proposes a
machine learning-based system for predicting possible aircraft
crash risks by analyzing historical aviation data. The proposed
approach uses datasets that contain information such as weather
conditions, aircraft specifications, flight details, and operational
factors. Before applying machine learning algorithms, the collected
data is cleaned and processed to remove missing values and
unnecessary information. Several machine learning algorithms
including Decision Tree, Random Forest, and Support Vector
Machine (SVM) are used to study patterns in aviation datasets and
identify factors that may lead to accidents. The trained models are
capable of estimating crash risk levels based on input flight
conditions and generating early warning indicators for aviation
authorities. The results show that machine learning techniques can
successfully analyze complex aviation data and help improve
safety monitoring systems. This predictive approach can support
decision makers in identifying risky situations in advance and
taking preventive measures to enhance aviation safety.
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1. INTRODUCTION

Advancements in technology have greatly improved
the ability to analyze large volumes of data and identify
hidden patterns. Machine Learning (ML), a branch of
Artificial Intelligence, allows computer systems to learn from
historical data and make predictions without being directly
programmed for every task. In the aviation industry, machine
learning techniques can be applied to analyze past accident
records and identify risk factors that may lead to aircraft
incidents.

Classification is an important process in machine
learning where a model predicts the category or outcome of a
dataset based on its features. Before classification models are
applied, the collected dataset must be processed and prepared
to ensure data quality. This process includes filtering
irrelevant information and normalizing the dataset to improve
the efficiency of the prediction model.

Aviation safety is a critical concern for airline
operators, aviation authorities, and passengers. Accident
investigation reports usually contain both structured and
unstructured information related to flight operations, weather
conditions, and technical issues. By analyzing these datasets,
machine learning models can identify patterns that may
contribute to aviation accidents.

Feature selection plays a significant role in building
an effective machine learning model. It helps in identifying
the most important attributes that influence accident
prediction while removing redundant or irrelevant data.
Eliminating unnecessary features reduces model complexity
and improves prediction accuracy.

Various machine learning algorithms such as Support
Vector Machine (SVM), K-Nearest Neighbors (KNN),
AdaBoost, and XGBoost can be used for aviation safety
analysis. The performance of these models is evaluated using
metrics like precision, recall, and Fl-score to determine the
reliability of the prediction system.

2. LITERATURE SURVEY

Many studies have investigated how data analytics
and machine learning can enhance aviation safety.

® S Gupta et al. (2022) proposed a machine learning-based
model to analyze aviation accident datasets and identify
patterns associated with crash risks. Their work
demonstrated that predictive analytics can support early
detection of safety issues.

® M. Kumar and R. Sharma (2021) used decision tree and
random forest algorithms to analyze aviation safety data
and improve accident prediction accuracy. Their study
showed that machine learning models can provide better
insights compared to traditional statistical methods.

® T. Singh et al. (2020) applied artificial neural networks
to analyze complex relationships between flight
parameters and accident risks. The results indicated that
neural network models are capable of identifying hidden
patterns in aviation datasets.

These studies highlight the importance of machine
learning techniques in improving aviation safety and
predicting accident risks.

3. PROPOSED SYSTEM

The proposed system focuses on improving aviation
safety by predicting potential aircraft crash risks using
machine learning techniques. The system analyzes historical
aviation accident data and identifies patterns that may indicate
possible safety threats. By evaluating factors such as weather
conditions, aircraft specifications, flight details, and
operational parameters, the model can recognize situations
that may increase the risk of accidents.

The overall system is designed to process aviation
data through multiple stages including data collection,
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preprocessing, feature extraction, machine learning model
training, and crash risk prediction. Each stage performs a
specific function in transforming raw aviation data into useful
insights that support safety analysis.

The main objective of the proposed system is to
assist aviation authorities and airline operators in identifying
high-risk conditions at an early stage. By predicting potential
crash risks in advance, the system can help in taking
preventive measures and improving decision-making
processes in aviation safety management. The overall working

process of the proposed system is illustrated in Fig. 1.
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Fig. 1 Stages for Machine Learning Models

3.1 DATA COLLECTION

Data collection is the first step in developing the
aviation crash prediction system. In this stage, aviation
accident datasets are gathered from reliable aviation safety
databases and research repositories. The collected datasets
include important information related to flight operations,
aircraft specifications, weather conditions, airport details, and
historical accident reports.

These datasets provide valuable insights into the
factors that contribute to aviation incidents. Common causes
of aviation accidents include weather disturbances, pilot errors,
mechanical failures, and operational issues. By collecting a
large amount of historical aviation data, the system can
analyze patterns that may indicate potential safety risks.

The quality and reliability of the collected data play a
crucial role in improving the performance of the machine
learning model. Therefore, the datasets are selected carefully
to ensure that they contain accurate and relevant information
required for prediction analysis. The aviation data collection
process is illustrated in Fig. 2.
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Fig. 2 Aviation Data Collection for Machine Learning
Models

3.2 DATA PREPROCESSING

After collecting the aviation datasets, the next step is
data preprocessing. Real-world datasets often contain
incomplete information, duplicate entries, and inconsistent
values that may affect the performance of machine learning
models. Therefore, the raw data must be cleaned and
organized before applying machine learning techniques.

The preprocessing stage involves several important tasks such
as removing duplicate records, handling missing values, and
converting categorical attributes into numerical form. In
addition, irrelevant features that do not contribute to
prediction accuracy are removed from the dataset.

Another important preprocessing step is data
normalization, which ensures that all attributes are within a
similar range. This helps machine learning algorithms process
the data more efficiently and improves the accuracy of the
prediction model. Proper preprocessing plays a key role in
preparing high-quality data for machine learning analysis. The

preprocessing workflow is shown in Fig. 3.

DATA PREPROCESSING

Fig. 3 Data Preprocessing

© 2026, IJSREM | www.ijsrem.com

DOI: IJSREM.RACCES036

| Page 2


http://www.ijsrem.com/

¢ IISREM

««na 77 [nternational Journal of Scientific Research in Engineering and Management (IJSREM)

W Conference - Volume 10 RACCES -2026

SJIF Rating: 8.659 ISSN: 2582-3930

3.2 MACHINE LEARNING MODEL

In this stage, machine learning algorithms are applied
to train the model using the processed aviation dataset. The
dataset is divided into training and testing sets to evaluate the
performance of the model.

Algorithms such as Decision Tree, Random Forest,
and Support Vector Machine (SVM) are commonly used for
classification tasks in aviation safety research. These
algorithms analyze patterns within the aviation dataset and
identify relationships between different factors that contribute
to accidents.

The machine learning model training process is
illustrated in Fig. 4.
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Fig. 4 Machine Learning Model Training
3.3 CRASH RISK PREDICTION

After training the machine learning model, it can be
used to predict potential crash risks based on new flight data.
The system analyzes parameters such as weather conditions,
aircraft specifications, and flight operations to determine
possible risk levels.

The prediction results can help aviation authorities
and airline operators identify high-risk conditions and take
preventive measures before accidents occur. The crash risk
prediction workflow is shown in Fig. 5.

Fig. 5 Aviation Crash Prediction System

4. SYSTEM ARCHITECTURE

The system architecture of the proposed aviation
crash prediction system represents the structural framework
that integrates different components required for analyzing
aviation data and predicting potential crash risks. The
architecture combines data processing techniques with
machine learning models to identify patterns related to
aviation accidents. The system is designed to handle large
aviation datasets, process them efficiently, and generate
accurate predictions regarding flight safety.

The architecture consists of several modules
including the data input layer, preprocessing layer, feature
extraction layer, machine learning processing layer, prediction
module, and decision support system. Each module performs
a specific function in the overall workflow of the system. The
interaction between these modules ensures that the aviation
data is transformed into meaningful insights for safety
analysis. The complete architecture of the proposed aviation
crash prediction system is shown in Fig. 5.

Aviation Crash Prediction
Systeom Architecture
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Fig. 6 System Architecture of Machine Learning Based
Aviation Crash Prediction System

4.1 INPUT DATA LAYER

The first component of the system architecture is the
input data layer, which is responsible for collecting aviation-
related data from different sources. Aviation safety analysis
requires large volumes of data collected from aviation
databases, airline operational records, flight monitoring
systems, and accident investigation reports.

The collected data contains several parameters that
influence aviation safety. These parameters include aircraft
specifications, flight route details, environmental conditions,
and operational information. The data collected from these
sources forms the foundation for the machine learning model.
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Typical aviation data attributes include: that all variables are within a similar scale. Proper data
preprocessing improves the quality of the dataset and
- Aircraft type and model enhances the performance of the prediction model. The

preprocessing workflow used in the system is shown in Fig. 8.
- Airline and flight identification number
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The input data layer plays an important role in
ensuring that sufficient information is available for training
the prediction model. The quality and quantity of the collected
data directly affect the accuracy and reliability of the machine
learning system. The structure of the input data layer is

illustrated in Fig. 7. Fig. 8 Data Preprocessing Process
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The machine learning model layer is the core part of
the proposed system. In this stage, the selected features are
used to train classification models that analyze aviation
accident patterns. Several machine learning algorithms such

as SVM, KNN, AdaBoost, and XGBoost are used for
4.2 DATA PREPROCESSING LAYER prediction. The model training workflow is shown in Fig. 9.

Fig. 7 Input Data Layer

The collected aviation datasets may contain missing
values, inconsistent entries, duplicate records, and irrelevant
information. Therefore, the next stage in the architecture is the
data preprocessing layer, which prepares the raw data for
machine learning analysis.

Data preprocessing involves several important steps — : @
such as data cleaning, transformation, and normalization. In ' . Crash
the data cleaning process, incomplete or incorrect records are ' Ssanan
identified and corrected. Duplicate entries are removed to
avoid redundancy in the dataset.

Handling missing values is another important task in
this stage. Missing data may occur due to incomplete data
recording or sensor errors. Various techniques such as mean
substitution or interpolation may be used to handle these
missing values.

Fig. 9 Machine Learning Model Layer

The preprocessing stage also converts categorical
attributes such as aircraft type or weather condition into
numerical form so that they can be processed by machine
learning algorithms. Finally, the data is normalized to ensure
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4.5 OUTPUT
SYSTEM

AND DECISION SUPPORT

The final stage of the system architecture provides
prediction results and safety recommendations. The system
identifies the risk level and provides useful insights for
aviation safety management. The output generation process is
illustrated in Fig. 10.

Output & Dedsion Support Systern

Fig. 10 Output and Decision Support System
5. RESULTS AND DISCUSSION

The proposed machine learning model was trained
using aviation datasets containing various flight parameters
and accident-related information. The model successfully
identified patterns associated with potential crash risks.

The results indicate that machine learning algorithms
can effectively analyze complex aviation datasets and detect
hidden relationships between different flight parameters. The
predictive model provides early warnings that can help
aviation authorities reduce accident risks.

By integrating predictive analytics into aviation
safety systems, decision-makers can improve monitoring

processes and take proactive measures to enhance flight safety.

6. CONCLUSION

This paper presented a machine learning-based
approach for predicting aviation crash risks using historical
aviation data. The proposed system analyzes important flight
parameters and identifies patterns associated with accident
risks.

The results demonstrate that machine learning
techniques can improve the accuracy of aviation safety
predictions and support better decision-making. By predicting
potential crash risks in advance, aviation authorities can take
preventive actions and enhance overall flight safety.

Future work may focus on improving the prediction
accuracy by using advanced deep learning models and
integrating real-time flight data.
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