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Enhancing the Prediction of Propagation Characteristics in the
Atmosphere Using Combined Deep Learning-Based Time-Series
Forecasting and Spatial Interpolation
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Abstract

In this study, we proposed a method for accurately modeling atmospheric refractivity by combining long short-term memory
(LSTM)-based time-series forecasting with spatial interpolation. The LSTM was trained on atmospheric refractivity time-series data
measured at weather stations with suspended operation observations to predict future values, thereby increasing the number of
interpolation samples for atmospheric refractivity modeling from 9 to 12. By applying the refractivity predicted from the expanded
samples to predict the propagation characteristics of a geostationary satellite antenna in a downlink scenario, this study demonstrated
that the integration of LSTM-based time-series forecasting and spatial interpolation could serve as an effective approach for enhancing
propagation prediction in atmospheric environments.
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Fig. 1. Time series of atmospheric refractivity at Cheju sta-
tion.
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Table 1. Performance comparison of time series fore-
casting models at each station.

Station | Model | Training set Test set | MAPE (%)
LSTM | 2001~2016 | 2016.09~11 1.00
47090 RNN | 2001~2016 | 2016.09~11 3.66
ARIMA | 2001~2016 | 2016.09~11 547
LSTM | 2022~2023 | 2023.01~03 145
47155 RNN | 2022~2023 | 2023.01~03 4.58
ARIMA | 2022~2023 | 2023.01~03 6.71
LSTM | 1989~2016 | 2016.03~03 1.56
47185 RNN 1989~2016 | 2016.03~05 8.01
ARIMA | 1989~2016 | 2016.03~05 5.84
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Table 2. Configuration of time series forecasting models.

Model LSTM RNN ARIMA
Type Seq2Seq Seq2Seq @1 ,831;?11?/1[?, 12)
Input 60 steps 60 steps 4 steps
Output 10 steps 10 steps 1 steps
Layer 2 2 -
Hidden units 128 128 -
Parameters 023 M 0.17 M 10 coefficients
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Fig. 2. Horizontal profiles of refractivity with varying num-
ber of interpolation samples.
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Fig. 4. Comparison of received power dlstrlbution, location of maximum received power, and communication coverage under

free-space and the atmosphere.
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