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Deep Neural Network-Based Time Series Atmospheric Refractivity Prediction
Model Using Meteorological Observation Data
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Abstract

In this study, we propose a methodology for training a deep learning model using historical time series data to predict current values.
Using 11,942 past meteorological observations collected over a specific period from the Osan weather station in Gyeonggi-do, we
predicted the atmospheric radio refractivity at the current time. As a result of predicting the atmospheric radio refractivity at 00Z on
August 4, 2023, and August 5, 2023, at the Osan weather station in Gyeonggi-do, the average MAPE(mean absolute percentage error)
and ARIMA(autoregressive integrated moving average) of the proposed model were 2.75 % and 7.61 %, respectively.

Key words: Meteorological Data, Atmospheric Radio Refractivity, Deep Neural Network, Long Short-Term Memory

1M 2 2 ole] 2o5 PAH, $3A B9S2 Sl

Agel] Eashe Aol As EAS FAT 431

AT A2 T2 RS 2 F P ZAW o 0y) 2889 o8 A4En U] 288 /18,
A 2, WAL AT /19 NE 2 FRES V19 AUEEY SAES B A3F A 1A

Fo] =% 20239 AF(TIAEA) Y Aoz st Ae ADE ol F35 AU (U210013YD).
*ol =t S Al § M| E 2 83K Department of Al Convergence Network, Ajou University)
#2918 AL A (Agency for Defense Development)
wrxg ol 8k M2} 7] 3-8F7K(School of Electronic and Electrical Engineering, Hongik University)
kol 2o 8. 7 243 83 (Department of Electrical and Computer Engineering, Ajou University)
1: A - B33 (https://orcid.org/0000-0002-2888-0340), 2: A - BMANE§ 314 (https://orcid.org/0000-0003-0151-484X),
3: 41919179 (https:/Jorcid.org/0000-0001-5683-2402), 4: ] 172 (https://orcid.org/0000-0001-7152-1442),
5: 2 5(https://orcid.org/0000-0002-8409-6964), 6: 3 5(https://orcid.org/0000-0002-7095-4614)
- Manuscript received October 12, 2023 ; Revised October 23, 2023 ; Accepted November 13, 2023. (ID No. 20231012-085)
- Corresponding Author: Yong Bae Park (e-mail: yong@ajou.ac.kr)

860 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



=)
2,
%)
|m
ox
N
T 2
s Qb I
Ogl _& mo
b =
] ﬁﬁ =:
1 >
”if o >
-3 li
(o]
o W
2 F te mg
T oL NS
ok —

2 ool T 9 om
N oo o o =
Doy i Moo
o B XN ol o2 |\
o my i > mu o ool ¥ o

fu e

o
oo
i
By
lo [o &2

2 o
h‘l El)’
( r_?i_tl

ol
Y]

H]O]Eig} H
A7 FRHA U, ol F
%"?_ ARZE glof olof digh <
=M e #AE AAE Hol i% K
Zahe gwed Zd9 ‘?3%
1dHSa0lA FA 54

d o] E 9} LSTM(long short-term memory):fL
19 B9E& o]&3ste] | A t7] =&

AN R o o
)
1o
=
¥
il

Y oN
~
>,
my
¥

ol
_,_,

2 8 o > opd ol &

N

>
é

OIﬂ
o
0,

e e ot &
A to
N

m e o N o
ot
™

iy I“N oY o

ffo W N M1 1o
NN

2 ff ox to 2L

I
o
v

. g2 7lge AAE o5

21 afd 7 AAE o F 28

E E(multi- layered perceptron MLP) —TLX
( 1)474] 9 24T F9< v A, )4 =45
07 AHAEste AR F7tE FHE A A

3= 7]5% Zh=th LSTM RNNd| Ao E
°l F7he AR, A7) 719 8ol 43HE L RNN
o 71&7] 24 FAE gstete] AIAY HolH e 7]
Al e shsrofl Agattill o] LSTM 214 %] &

0?~

S olEE ol &d Held 718 AAL By 248 oAF

A% $29 /] 2889 47159 9
; ERAAE U7 295 A
P29 ARWE AT

22 st H|OJE

2 =AM A7E QA 71dEEA A b7
ZHE dF317] Y5kl A7 2AkA 19919 1€ 31
[e)

b=y
2 9AIFE 20234 7€ 314 21A17HA] 122417 7HA O 7
ZE 11942719 #AC] 7)gRSdolHE o] &gttt
dlolE 2] 43L& $13] University of Wyoming®] 71435}
3 fis o)A 9] HoE o] A5 Fgati 7}t 742
T 712, 1Y, AUFEE 23em,
7] 2AEL g3 2 Ao & AR 4 (1)
oAM N 7] Z2HENnit], 75 71&[K], P Y
[mbar], e= §%7] HE4E[mbar]S LERAT

P

5 €
N= 73X 10°—
776T+373 0 e

1)

O 12 A7% Ak 714352 2 1,500 mol Al

[celcius]

20
0
=400
5380
360
2 340
£ 320
< 300
0 2000 4000 6000 8000
Time Sequence (12-hour interval)
d8 1. 718 B500lE Y] AAE BECIR, 7Y, A

Net, 24§)

Fig. 1. Time series distribution of meteorological observation
data (temperature, atmospheric pressure, relative
humidity, refractivity).
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Fig. 2. Example of generating training data using the
sliding window technique.
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Fig. 3. Training and validation loss.
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Fig. 4. Predictive performance on the validation dataset.
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Fig. 5. Comparison of errors for forecasted atmospheric
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