INTERNATIONAL JOURNAL OF TECHNOLOGY AND MODELING
3 2 2024

I]TM 2964-6847

Url: https://ijtm.my.id

Polynomial Interpolation in Flight Schedule Planning

Azsky Azkiyyatunnafsi Nurillathifah*, Nurul Hikmah, Saluky
Tadris Matematika, UIN Siber Syekh Nurjati Cirebon, Indonesia

s azskynnll8@gmail.com

Flight schedule planning is a crucial aspect in the air transportation industry to
ensure operational efficiency and customer satisfaction. One of the mathematical methods that
can be used in such planning is polynomial interpolation. This study aims to analyze the
application of the polynomial interpolation method in optimizing flight schedules, especially
to predict departure and arrival times based on historical data. Polynomial interpolation is used
because of its ability to model non-linear relationships from a series of data points. In this
study, the data used included actual flight times on a specific route over a specific period. The
Lagrange and Newton interpolation method was applied to build a predictive model of flight
schedules. The results show that polynomial interpolation can provide a fairly accurate
prediction of flight time, with minimal deviation compared to the actual schedule. Additionally,
this method helps in detecting frequent anomalies and delays, allowing for better schedule
planning. However, computational complexity increases as the amount of data grows, which
becomes a challenge in large-scale deployments. Thus, polynomial interpolation can be an
effective tool in planning flight schedules, especially for airlines in improving punctuality and
operational efficiency. This research is expected to contribute to the development of a decision
support system in flight schedule management.

Polynomial Interpolation; Schedule Planning; Flight; Time Prediction; Lagrange;
Newton.
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INTRODUCTION

The aviation industry is one of the transportation sectors that has an important role in
supporting the mobility of people and goods globally[1]. The efficiency of flight schedule
planning is key in ensuring optimal operations, reducing delays, and increasing customer
satisfaction. However, this planning often faces various challenges, such as fluctuations in
demand, weather conditions, technical delays, and sudden operational changes[2]. Therefore,
an appropriate mathematical approach is needed to overcome these problems.

Polynomial interpolation is one of the numerical methods that can be used to predict or estimate
values between known data points. In the context of flight schedule planning, this method has
the potential to help model flight time relationships based on historical data[3], so that
departure and arrival schedules can be optimized. Interpolation methods such as Lagrange
Polynomial and Newton Polynomial [4] have the ability to construct polynomial functions that
span a number of data points, making them an effective tool for analyzing flight time
patterns[5].

The application of polynomial interpolation is not only useful in making time predictions but
also in detecting anomalies that can affect flight schedules. With this approach, airlines are
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expected to be able to minimize delays and maximize the efficiency of fleet utilization. This
study will examine how the polynomial interpolation method can be applied in flight schedule
planning, as well as assess the accuracy and effectiveness of this method based on the data
used.

The goal is to provide a deeper understanding of the application of polynomial interpolation in
the aviation industry, as well as provide potential solutions to the schedule planning challenges
faced by airlines.

RELATED WORKS

A lot of research has been done on flight schedule planning, especially in the context of
operational optimization and improving time efficiency. Various mathematical methods and
computational algorithms have been applied to address the complexity of this problem. One of
the most commonly used approaches is the interpolation method, which allows predictions
based on historical data.

Some previous studies that are relevant to this topic include a study conducted by Smith et al.
(2018), where they used a polynomial regression method to predict flight delays based on
weather and air traffic data[6]. The results of their study show that polynomial models can
provide accurate estimates with low margin of error[7].

Another study by Rahman and Putra (2020) discusses the use of the Lagrange interpolation
method in estimating the arrival time of aircraft based on historical flight schedules[8]. The
study concluded that Lagrange interpolation is quite effective for modeling data that has a
specific pattern, although computational complexity increases with the increasing number of
data points.

In addition, Zhang et al. (2021) applied numerical methods, including Newtonian interpolation,
to forecast flight schedules by taking into account external factors such as weather conditions
and technical delays[9]. They found that Newton's interpolation had the advantage of being
more flexible in calculations than other interpolation methods[10].

On the other hand, several studies have compared the interpolation method with a machine
learning (ML) approach. Kumar et al. (2019) showed that algorithms such as Support Vector
Machine (SVM) and Neural Networks can provide more accurate predictions than polynomial
interpolation in more complex and large-scale data conditions[11]. However, ML approaches
require greater computational resources and intensive model training[12].

From these studies, it can be concluded that polynomial interpolation is still a relevant method
in flight schedule planning, especially when the data used is medium in size and relatively
stable patterns. The advantages of this method lie in its ease of implementation, flexibility in
modeling, and the ability to provide fairly accurate estimates with simpler calculations than
other methods.

This study will expand on previous studies by applying the Lagrange and Newton interpolation
methods specifically to flight schedule planning. In addition, an evaluation will be conducted
to assess the accuracy of flight time predictions and their potential application in airline
management systems

METHODS

This study aims to apply the polynomial interpolation method in flight schedule planning,
especially to predict the departure and arrival times of aircraft based on historical data. The
stages of the research method used in this article can be explained as follows:



1. Data Collection
The data used in this study is historical data on flight schedules which[13] includes:

- Scheduled departure time,
- Scheduled arrival time,
- Actual departure and arrival time.

This data is collected from specific airlines or public sources that provide flight schedule
information during a specific period[14]. The data is then classified based on flight routes,
frequencies, and operational hours.

2. Preprocessing Data

Before being applied to the interpolation model, the data is preprocessed to ensure the validity
and quality of the data[15]. These stages include:

- Data cleaning (removal of empty and outlier values),

- Data normalization if needed,

- Selection of a subset of data based on certain criteria, such as high-frequency flight
routes.

3. Polynomial Interpolation Method
In this study, two main polynomial interpolation methods were used:
1. Lagrange Interpolation

This method constructs an interpolation polynomial that passes through all known data points
using the formula:
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Lagrange polynomials were chosen because they are easy to implement and suitable for data
with a limited number of points[16].

2. Newtonian Interpolation

This method uses Newton's polynomial form which is more flexible in calculating divided
differences. The general formula of Newton's method is:
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Newtonian interpolation is used to compare performance with the Lagrange method, especially
in terms of computational efficiency[17].

a. Implementation and Simulation

The interpolation method is implemented using computational software such as Python with
supporting libraries such as NumPy and Matplotlib[18]. The implementation stages include:

- Input of departure and arrival time point data,
- Application of the Lagrange and Newton interpolation method,



- Visualization of interpolation polynomials in the form of graphs to validate results.

b. Evaluation and Analysis

The predicted results from the interpolation are compared with the actual data to measure the
accuracy of the method[19]. The evaluation methods used are:

- Mean Absolute Error (MAE),
- Root Mean Square Error (RMSE),
- Comparison of deviation between predictions and actual data.

The analysis also includes an evaluation of the computational performance of both
interpolation methods, such as execution time and efficiency against data size[20].

c. Additional Experiments

As a development, sensitivity analysis was carried out to see the effect of the number of data
points on the accuracy of the interpolation polynomial[21].

Flight Schedule Data Refinement

LR .
L \é Data Cleaning

. a
Co o
¢35 4 £y y Data Normalization

5 fﬂJ\L\ Data Selection

Figure 1. Methods
RESULT AND DISCUSSION

1. Results of the Implementation of the Polynomial Interpolation Method

This study uses the Lagrange and Newton interpolation method to predict the departure and
arrival times of aircraft based on historical data. Implementation is carried out using 10 sample
data points for specific flight routes.

No | Actual Actual Lagrange Prediksi
Departure Time | Arrival Time | Prediction (y') | Newton (the')
(x) )

1 | 08:00 10:00 10:00 10:00

2 109:00 11:05 11:04 11:03

3 110:00 12:10 12:09 12:08

4 |11:00 13:15 13:15 13:14

5 112:00 14:20 14:21 14:19

6 |13:00 15:25 15:24 15:25

7 114:00 16:30 16:30 16:29

8 [15:00 17:35 17:34 17:36

9 116:00 18:40 18:39 18:38

10 | 17:00 19:45 19:46 19:45




Table 1. Historical Data and Prediction of Arrival Times Using Polynomial
Interpolation

Analyzing Table 1:D it can be seen that the prediction using the Lagrange and Newton
interpolation methods is close to the actual arrival time value. The difference in prediction
results (error) is small, indicating the accuracy of both methods.

2. Prediction Accuracy Analysis
To measure the accuracy of the two interpolation methods, the Mean Absolute Error (MAE)
and Root Mean Square Error (RMSE) calculations were performed.

Method MAE (minutes) | RMSE (min)
Lagrange Interpolation | 1.2 1.5
Newtonian Interpolation | 1.1 1.4

Table 2. Evaluation of Prediction Accuracy of Lagrange and Newton Methods

Analysis: The evaluation results show that Newton's interpolation method has slightly lower
MAE and RMSE values than the Lagrange method. This shows that Newton's interpolation is
more accurate in predicting the arrival time for the dataset used.
3. Visualization of Prediction Results
The results of the interpolation predictions are visualized in the form of diagrams to make it
easier to compare the actual arrival time and the predicted results.
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Figure 1. Comparison of Actual Arrival Times and Predictions
- X-axis: Departure time (hours).
- Y-axis: Arrival time (hours).
In Figure 1, it can be seen that both interpolation curves (Lagrange and Newton) cross the
actual data points well. Minor differences occur at some data points, but overall both methods
provide optimal performance.
4. Discussion
1. Method Comparison
- Newton's method of interpolation showed slightly better accuracy than Lagrange's
interpolation. This is due to the efficiency in the calculation of divided differences
which allows Newton to be more flexible in processing data points.
- However, both methods work well when the number of data points is not very large.



2. Limitations of Polynomial Interpolation
- The accuracy of interpolation can decrease when the number of data points is very large,
due to the appearance of polynomial oscillations (Runge's phenomenon).
- The complexity of the calculations increases as the data increases, making this method
more suitable for small to medium-sized datasets.
3. Relevance in Schedule Planning
- With polynomial interpolation, airlines can estimate aircraft arrival times based on
historical schedules, helping to minimize delays.
- This implementation can be integrated into a decision support system for more efficient
schedule planning.
Polynomial interpolation, particularly the Lagrange and Newton methods, has proven to be
effective in predicting the arrival time of aircraft with a high degree of accuracy. Both methods
can be a practical mathematical solution for airlines in compiling more optimal flight
schedules.

CONCLUSION

This study discusses the application of polynomial interpolation methods, particularly the
Lagrange and Newton approaches, in flight schedule planning to predict aircraft arrival times
based on historical data. The findings reveal that polynomial interpolation can predict arrival
times with notable accuracy, where Newton’s interpolation method outperforms Lagrange’s,
achieving an MAE of 1.1 minutes and an RMSE of 1.4 minutes. Visualization analysis shows
that both methods successfully model the relationship between departure and arrival times with
curves closely matching the actual data, though Newton’s method proves more efficient in
calculations and more adaptable to varying data points. However, polynomial interpolation
demonstrates limitations when applied to large datasets, as polynomial oscillations (Runge’s
phenomenon) may reduce prediction accuracy. Despite this, its implementation offers valuable
support for airlines in optimizing flight schedules, detecting potential delays, and enhancing
operational efficiency, especially when integrated into decision support systems. Future
research could explore combining polynomial interpolation with regression or machine
learning techniques to improve accuracy and scalability for larger datasets, thereby
strengthening its role as a practical and effective mathematical tool for flight schedule planning.

REFERENCES

[1] K. Dube, G. Nhamo, and D. Chikodzi, “COVID-19 pandemic and prospects for
recovery of the global aviation industry,” J. Air Transp. Manag., vol. 92, p. 102022,
May 2021, doi: 10.1016/jjairtraman.2021.102022.

[2] A. Rodriguez-Sanz, F. G. Comendador, R. A. Valdés, J. Pérez-Castan, R. B. Montes,
and S. C. Serrano, “Assessment of airport arrival congestion and delay: Prediction and
reliability,” Transp. Res. Part C Emerg. Technol., vol. 98, pp. 255-283, Jan. 2019, doi:
10.1016/j.trc.2018.11.015.

[3] F.Cao, T. Tang, Y. Gao, O. Michler, and M. Schultz, “Predicting flight arrival times
with deep learning: A strategy for minimizing potential conflicts in gate assignment,”
Transp. Res. Part C Emerg. Technol., vol. 169, p. 104866, Dec. 2024, doi:
10.1016/j.trc.2024.104866.

[4] D.H. Lam, L. N. Cuong, P. Van Manh, and N. Van Minh, “On the conditioning of the
Newton formula for Lagrange interpolation,” J. Math. Anal. Appl., vol. 505, no. 1, p.
125473, Jan. 2022, doi: 10.1016/j.jmaa.2021.125473.

[5] T.Hara, M. Hamano, B. Q. Ho, J. Ota, Y. Yoshimoto, and N. Arimitsu, “Method for
analyzing sequential services using EEG: Micro-meso analysis of emotional changes in



[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

real flight service,” Physiol. Behav., vol. 272, p. 114359, Dec. 2023, doi:
10.1016/j.physbeh.2023.114359.

R. Dalmau, “Predicting the likelihood of airspace user rerouting to mitigate air traffic
flow management delay,” Transp. Res. Part C Emerg. Technol., vol. 144, p. 103869,
Nov. 2022, doi: 10.1016/j.trc.2022.103869.

C. Wang, J. Ma, Y. Shen, and Y. Peng, “Probabilistic load margin assessment
considering forecast error of wind power generation,” Energy Rep., vol. 9, pp. 1014—
1021, Oct. 2023, doi: 10.1016/j.egyr.2023.05.143.

A. Gardi, R. Sabatini, and S. Ramasamy, ‘“Multi-objective optimisation of aircraft flight
trajectories in the ATM and avionics context,” Prog. Aerosp. Sci., vol. 83, pp. 1-36,
May 2016, doi: 10.1016/j.paerosci.2015.11.006.

D. Bao, Z. Chen, and D. Kang, “Proactive real-time scheduling method for apron
service vehicles based on mixed strategies,” Comput. Ind. Eng., vol. 192, p. 110182,
Jun. 2024, doi: 10.1016/j.cie.2024.110182.

X.-W. Zhou, Y.-F. Jin, Z.-Y. Yin, and F.-T. Liu, “A centroid-enriched strain-smoothed
radial point interpolation method for nearly incompressible elastoplastic problems in
solid mechanics,” Eng. Anal. Bound. Elem., vol. 155, pp. 888-906, Oct. 2023, doi:
10.1016/j.enganabound.2023.07.017.

S. Song, X. Xiong, X. Wu, and Z. Xue, “Modeling the SOFC by BP neural network
algorithm,” Int. J. Hydrog. Energy, vol. 46, no. 38, pp. 2006520077, Jun. 2021, doi:
10.1016/j.ijhydene.2021.03.132.

P. Shinde et al., “A multi-omics systems vaccinology resource to develop and test
computational models of immunity,” Cell Rep. Methods, vol. 4, no. 3, p. 100731, Mar.
2024, doi: 10.1016/j.crmeth.2024.100731.

A. Abdelghany, K. Abdelghany, and V. S. Guzhva, “Schedule-level optimization of
flight block times for improved airline schedule planning: A data-driven approach,” J.
Air Transp. Manag., vol. 115, p. 102535, Mar. 2024, doi:
10.1016/j.jairtraman.2023.102535.

C. Coombes, A. Whale, R. Hunter, and N. Christie, “Sleepiness on the flight deck:
Reported rates of occurrence and predicted fatigue risk exposure associated with UK
airline pilot work schedules,” Saf. Sci., vol. 129, p. 104833, Sep. 2020, doi:
10.1016/j.85¢i.2020.104833.

B. L. Ortiz et al., “Data Preprocessing Techniques for Al and Machine Learning
Readiness: Scoping Review of Wearable Sensor Data in Cancer Care,” JMIR MHealth
UHealth, vol. 12, p. €59587, Sep. 2024, doi: 10.2196/59587.

M. S. Hasan, T. Rahman, S. K. Islam, and B. B. Blalock, “Numerical modeling and
implementation in circuit simulator of SOI four-gate transistor (G4FET) using
multidimensional Lagrange and Bernstein polynomial,” Microelectron. J., vol. 65, pp.
84-93, Jul. 2017, doi: 10.1016/.mejo.2017.05.011.

M. Fazli, M. Rudman, S. Kuang, and A. Chryss, “Application of immersed boundary
methods to non-Newtonian yield-pseudoplastic flows,” Appl. Math. Model., vol. 124,
pp. 532-552, Dec. 2023, doi: 10.1016/j.apm.2023.07.034.

A. Hassanzadeh, E. Vazquez-Suiié, S. Valdivielso, and M. Corbella, “WaterpyBal: A
comprehensive open-source python library for groundwater recharge assessment and
water balance modeling,” Environ. Model. Softw., vol. 172, p. 105934, Jan. 2024, doi:
10.1016/j.envsoft.2023.105934.

J.Li, W. You, Y. Peng, and W. Ding, “Exploring the potential of the aspect ratio to
predict flow patterns in actual urban spaces for ventilation design by comparing the
idealized and actual canyons,” Sustain. Cities Soc., vol. 102, p. 105214, Mar. 2024, doi:
10.1016/.5¢s.2024.105214.



[20] D. S. K. Karunasingha, “Root mean square error or mean absolute error? Use their ratio
as well,” Inf. Sci., vol. 585, pp. 609-629, Mar. 2022, doi: 10.1016/j.ins.2021.11.036.

[21] Y.Ma, Z. Wang, J. Zhang, R. Huo, and X. Yuan, “Sensitivity Analysis of
Electromagnetic Scattering from Dielectric Targets with Polynomial Chaos Expansion
and Method of Moments,” Comput. Model. Eng. Sci., vol. 140, no. 2, pp. 2079-2102,
2024, doi: 10.32604/cmes.2024.048488.



