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Abstract: Real-time estimation of the rate of climb (RoC) is a vital parameter in modern aviation, essential for ensuring optimal
flight performance, safety, and energy management. This paper presents a comprehensive review of the model's architecture, the
training process, evaluation metrics, and results obtained through simulation. The performance of the model, demonstrated
through metrics like R2 score and RMSE, indicates the effectiveness of neural networks in accurately capturing the nonlinear
dynamics of flight.
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I. INTRODUCTION

The rate of climb is a key metric in aircraft performance, representing the vertical speed during ascent, and is typically measured in
feet per minute. Accurate real-time prediction of RoC is crucial for air traffic control, flight trajectory planning, collision avoidance,
and efficient fuel usage. Traditionally, RoC is calculated using physics-based equations involving thrust, drag, and climb angle, but
such methods may not capture the nonlinear behaviour and dynamic variability observed in real flight scenarios. The need for
adaptive and intelligent systems that can infer patterns from operational data has led to the adoption of machine learning techniques
in avionics.

This review discusses the development of a real-time RoC prediction system built using a neural network. The project was executed
during an engineering internship with a focus on practical application of programming and machine learning principles. Python
programming was used extensively, employing libraries such as TensorFlow, Keras, Scikit-learn, NumPy, and Pandas. The
predictive model used in this project leverages historical flight data to infer RoC from features like thrust, drag, weight, velocity,
and climb angle. The final model was trained, tested, and evaluated for prediction accuracy and generalization, and the results affirm
the suitability of neural networks for such applications.

Il. LITERATURE REVIEW
Several studies have been conducted in recent years that explore the use of machine learning and simulation-based models for
predicting flight performance parameters, particularly the rate of climb. These studies offer valuable insights and serve as a
foundation for the development of the neural network-based RoC prediction system implemented in this project.
K. Sharma et al. [1] utilized time-series analysis of flight log data and implemented a hybrid approach combining neural networks,
ensemble learning, and Principal Component Analysis (PCA). Although the focus was on anomaly detection rather than RoC
prediction, the study demonstrated the importance of robust data preprocessing and real-time monitoring pipelines, which are
concepts applicable to the current project, especially for managing noisy flight data.
L. Zhang et al. [2] analysed aircraft trajectories under reduced RoC constraints through simulation and statistical analysis. It found
that lower minimum climb rates marginally increase risk, emphasizing the importance of accurate climb predictions in safety-critical
scenarios. This validates the real-time prediction objective of the current project in safety-sensitive aviation operations.
T. Brooks et al. [3] introduced a probabilistic model that enforces monotonicity to preserve physical realism in climb profiles. It
achieved better performance compared to traditional regressors and highlighted the importance of incorporating uncertainty in
safety-critical predictions. Concepts like uncertainty-aware prediction and physics-informed learning are aligned with the long-term
objectives of enhancing robustness in models like the one developed in this project.
S. Patel et al. [4] employed XGBoost regression on ADS-B data and validated the outcomes using full flight simulator results. The
findings revealed that machine learning significantly outperformed the traditional BADA model in consistency and accuracy. The
paper's emphasis on real-time applicability and learning-based approaches supports the methodology chosen for this project,
especially the use of real-time predictors with engineered features.
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F. Dubois et al. [5] evaluated XGBoost, Random Forests, and Deep Neural Networks for predicting airspeed. Feature selection was
done using mutual information scores, and the best results were obtained with Random Forest and DNN models. Though focused on
airspeed, the study's structure for flight parameter prediction and its emphasis on model interpretability and efficiency in limited-
data settings were helpful in shaping the neural network model of this project.

R. Karthik et al. [6] employed analytical modelling using BADA to simulate climb and descent profiles. The paper provided
detailed modelling of aircraft trajectories, which served as a comparative baseline for evaluating machine learning approaches in
this project.

M. Ruiz et al. [7] compared regression models such as Random Forest and Multi-Layer Perceptron against physics-based point-mass
models (PMM), showing that machine learning models outperformed traditional approaches, especially in varying atmospheric
conditions. This provides strong evidence for the use of neural networks, reinforcing the choice of methodology in the current
project.

Y. Chen et al. [8] machine learning techniques including gradient boosting and random forests were used to analyse operational
factors like speed and weight. The study found significant improvements in prediction accuracy, supporting the inclusion of aircraft-
specific operational inputs in the present model such as thrust, drag, and weight.

P. Thompson et al. [9] provided analytical expressions and performance diagrams to explain aircraft RoC behaviour. This paper was
instrumental in understanding the underlying physics and formulating the synthetic dataset used in this project.

M. Varma et al. [10] used simulations based on the EUROCONTROL BADA model to examine the trade-offs in step climb
strategies and found that reducing RoC improved fuel efficiency without compromising safety. This insight supports the practical
value of RoC prediction models in optimizing flight trajectories.

A. Ivanov et al. [11] applied a variety of supervised learning algorithms such as Random Forest, Gradient Boosting, and Gaussian
Process Regression for predicting climb rates and estimating aircraft mass from flight and weather data. The study showed that mass
estimation significantly enhanced model accuracy, reinforcing the decision to include weight as a feature in this project’s neural
network model.

Together, these papers offer a comprehensive overview of the current state of research in aircraft climb prediction. They underscore
the advantages of machine learning models over classical physics-based models and emphasize the importance of feature selection,
validation strategies, and explainability. The knowledge synthesized from this literature review greatly influenced the architecture,
feature engineering, and validation process of the RoC prediction model developed during the internship.

111.CONCLUSION AND FUTURE SCOPE

The real-time rate of climb prediction system developed using a neural network model has demonstrated the practical potential of
applying machine learning techniques to aviation performance analysis. By utilizing key flight parameters and implementing a
structured neural network in Python, the system effectively models the complex relationships involved in aircraft climb behaviour.
The project highlights the feasibility of integrating such predictive systems into flight planning and monitoring frameworks.

Looking ahead, the model can be enhanced further by incorporating additional parameters such as environmental conditions,
altitude layers, and engine-specific data to improve accuracy and adaptability. There is also scope for deploying the model in real-
time embedded systems within aircraft for onboard decision support, alert generation, and performance optimization. This work lays
a strong foundation for continued exploration of intelligent flight analytics and their applications in modern avionics.
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