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Introduction
Date of receive: . L . . L
The Loran terrestrial navigation system is recognized as one of the key systems for providing

2025/01/28 precise positioning services and improving navigation performance on a global scale. These systems
Dt P e s transmit low-frequency (LF) electromagnetic waves to deliver highly accurate timing signals to
ground users, enabling access to high-precision positioning data. However, the performance of

LS these systems is significantly influenced by environmental and geographical factors, including land
Date of accept: cover, elevation, surface temperature, humidity, electrical conductivity, and thermal conductivity.
2025/05/09 These factors can introduce an additional secondary factor (ASF) error, causing changes in

the path and intensity of electromagnetic waves, which consequently reduce the accuracy and
Date of online publication: reliability of signals. The importance of analyzing these factors and developing models to mitigate
2025/05/09 their effects is particularly critical in areas with diverse geographical characteristics. Additionally,

the complexity of environmental factors such as topographical and climatic variations necessitates
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advanced methods for modeling and analyzing their impacts. In this context, combining numerical

e glifiomal Sezmmiiny methods with deep learning has emerged as an effective solution to reduce errors arising from

Factor, . . N
o these factors and improve the performance of terrestrial navigation systems.
Loran navigation system,

positioning,

. Materials & Methods
Deep learning network,
1. Numerical Modeling Using the FDTD Method

The finite-difference time-domain (FDTD) method is a powerful numerical approach for simulating

Time difference error,

Finite-difference time-
domain method electromagnetic wave propagation under various environmental conditions. ... p Page 28
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By discretizing Maxwell's equations, this method
effectively models the interaction between electromagnetic
waves and complex environmental features. In this study,
the research area includes 17 distinct land cover classes
such as dense forests, water bodies, and arid regions,
enabling a comprehensive analysis of the environmental
influences on ASF values. This modeling enhances our
understanding of the interaction between electromagnetic
waves and environmental conditions, paving the way for
more accurate solutions to reduce errors stemming from
these influences.

2. Integration of Meteorological Data

One of the main challenges in this study was the
limited availability of meteorological data from weather
stations. To address this issue, data from nine weather
stations in the study area were integrated with MODIS
(Moderate
satellite imagery. Satellite data, with its extensive spatial

Resolution Imaging Spectroradiometer)
coverage and high temporal resolution, provides more
accurate inputs for predicting environmental parameter
changes. Variables such as temperature, humidity, and
air pressure were processed and combined to enhance
the quality of the model inputs. This data integration not
only increased spatial and temporal resolution but also
improved the accuracy of ASF predictions.
3. Deep Learning Using LSTM Networks

Long short-term memory (LSTM) networks, a type
of advanced deep learning model, are particularly well-
suited for analyzing sequential data. In this study, LSTM
networks were employed to predict the spatiotemporal
These
networks, by identifying long-term temporal dependencies

distribution of meteorological parameters.
in the data, significantly improved the accuracy of ASF
predictions. The integration of inputs derived from
the FDTD method and meteorological information
provided a robust framework for analyzing the nonlinear

relationships among environmental variables.

Results and Discussion

Key Findings

1- Impact of Land Cover: The results revealed that areas
with dense vegetation and high electrical and thermal
conductivity exhibited higher ASF values. This can be
attributed to the significant influence of these land covers
on the absorption and reflection of electromagnetic

waves. Conversely, arid regions with low conductivity
showed lower ASF values.

2- Impact of Elevation: Higher elevations were
associated with increased ASF values. This increase is
due to variations in atmospheric pressure and temperature
at these elevations, which affect the path and intensity of
electromagnetic waves.

The
demonstrated a direct relationship between temperature,

3- Meteorological Relationships: findings
humidity, and ASF values. Warmer and more humid
conditions amplified ASF errors, while cooler and drier
conditions reduced these errors.

4- Temporal Variations: ASF values exhibited daily
and seasonal variations, influenced by fluctuations in
temperature and humidity over time. These variations
necessitate periodic adjustments to maintain the accuracy

of navigation systems.

Integration of Numerical Modeling and Deep Learning

The results of this study demonstrated that combining
the FDTD method with LSTM-based deep learning
models provides an effective approach for mitigating
ASF errors. The FDTD method accurately simulated
complex environmental conditions, while the LSTM
model identified long-term temporal patterns. This
combination significantly enhanced the reliability of
terrestrial navigation systems and reduced errors arising
from environmental conditions.

Conclusion

This study successfully integrated numerical modeling
and deep learning to address the challenges associated
with ASF errors in terrestrial navigation systems. The
findings clearly highlighted the importance of considering
environmental factors such as elevation, land cover, and
meteorological conditions in improving the accuracy and
performance of these systems. The proposed combined
approach not only ensures the reduction of errors due to
environmental conditions but also lays a foundation for
future research in navigation and geospatial analyses.
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