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Designing an Al-Powered Weather Prediction System using
Broadband Frequency Spectrum and Image Processing
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Abstract

In this paper, we implemented a precise weather prediction system based on machine learning through frequency
spectrum and image processing by utilizing Hack RF, an SDR device from 1MHz to 6GHz, and Raspberry Pi 5. For
more precise weather prediction, temperature, humidity, and atmospheric pressure data were collected using the BME
280 sensor of the Raspberry Pi, and Power Spectrum Density(PSD) changes in three frequency bands,
100MHz~300MHz, 600MHz~800MHz, and 2.3GHz~2.5GHz, were detected using the Hack RF, and RGB ratio
changes in weather images were detected using the OV5647 image sensor. The collected data was preprocessed into
a text file and sent to a laptop using Socket Communication. The received data was trained using the
RandomForestClassifer machine learning algorithm in Python to make weather predictions and compared with existing
weather forecasts to verify the accuracy of the new approach proposed in this paper.
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Table 2. Results from 14:00 to 15:00 on cloudy days
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Table 3. Results from 14:00 to 15:00 on a clear day
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Table 4. Comparison of the results measured by the
system with the prediction results of the ML model
(@ 7IHeE 22o o Z1f

(a) Prediction results of the machine learming model

Prediction results of machine learning model
Image Frequency Sensor

R Low frequency Temperature
32.65% 21.08W/Hz 31.67C

G Middle frequency Humidity
33.10% 21.01W/Hz 71.25%
Atmospheric

pressure
993.84hPa

B High frequency
34.25% 20.41W/Hz

weather forecast

Low High

middle
frequency frequency Cloud

Cloud Rain

Cloud

(b) AIAHS Sof FHe 21t

(b) As a result of measurement through the system

Measurement results measured by the system
Image Frequency Sensor

R Low frequency Temperature
26.87% 21.8W/Hz 286C
~36.47% ~236W/Hz “34.7C

G Middle frequency Humidity
31.76% 21.6W/Hz 60.9%
~34.00% ~22 2W/Hz ~89.8%

B High frequency Atmospheric
31.36% 200W/Hz pressure
~30568% ~37 5W/Hz 9%6.6%Pa

: ) 994.02hPa

weather forecast
Low .
- High -
middle 34
Cloud frequency frequency Cloud ™ Rain
Cloud Rain
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Table 5. Comparison of weather forecast and forecasting

results
Meteorological Meteprologycal -
L administration | Prediction
administration .
(synoptic weather|  result
forecast .
observation)
Temperature 31T 2715C 31.67C
Humidity 75% 92% 71.25%
Atmospheric 9939nPa | 993.84nPa
pressure
Weaher Cloud Rain(0.4mm) 3:Cloud




194 A S Fok 2 EY S omA A E o

I8 sE e gy sdY A 9 B Fy5
(2.3GHz~2.5GHz)rH°ﬂ°1V19] PSD # W3tE YERd
Aog e Jdd ALl PSD Fhol 40W/Hz ©
oz ZAFL W Y g Agoe
PSD Ztol 37TW/Hz~39W/Hz AFo]9] Zho] ZA4E o
o, Ao H] &0l 9l

High Freq y Range Zoom: 2.3GHz - 2.5GHz

40 :

35
- Time
E ° 10m!ns
2y T o
[ 40 mins
g * comee

25 | |

L]
-«
N EEEEEEEEEEEEENRE LR
2.300 2.325 2.350 2.375 2.400 2425 2.450 2.475 2.500
Frequency (GHz) e
@ 2 <
(@) clear day
High Freq y Range Zoom: 2.3GHz - 2.5GHz

40 =

35
. Time
E ® 10mins
2w " mn '

[a) 40 mins
£ L o
25
| |
L]
P 4 % % 93 4o« s q G Catgg " a
2.300 2.325 2.350 2.375 2.400 2425 2.450 2.475 2.500
Frequency (GHz) e
b) 32 <
(b) cloudy day

J7 8 144 =2(2.3GHZ25GHz) el PSD H&t

Fig. 8. PSD change in high (2.3 GHz to 2.5 GHz) band
at 14 o'clock
v. 2 &

2 =Ro|AE Hack RF, 72kl A E 283}
of 35 2H9EY, WY onlA, 1YL LE, &
= 7I5ke A9E g8t xH7] @A oSl Tt
S ARG 2d A2"S AT g4 o

U] o|uA] 2] RGB #g &&slo] g g3 &

A 9e T FE AL 5 goH, For anE

g AL 7]WE @X) S A 2F A

2] PSDEtS EEdlME A%Y v &4E
> s

LA

2747} HEAY o}oi‘xl @xi
L& 417°C, 20 75% XM %‘3 Atk o
A ENE %2—8}% 24 A 2 AEAE
QAR AZHET wehA o]F Hekastr] @l
ATollA= RGB TlolE e =L £o]7] ¢
3 71& A7 vl o @& 71 2d 9 Az
g olmA HolHE TRt thkdt Ex =4
X9 T4 2~2HEF HolHE &
ATl A e 714 gF BEY Aes Y A
7)24F 3tk E=38k MoE, CNN & theksl dug&
< A&t AL A8 »}a A o|tt.

5
i
[
it
K
©

o Lo flf i ro o

T

References

[1] 2024-Meteorological Technology Policy Information
Trends, NIMS, Jul. 2024.

[2] SBS NEWS, https://news.sbs.co.kr/news/endPage.do
Mews_1d=N1007714290&plink=ORI&cooper=NAVER
[accessed: Aug. 15, 2024]

[3] Korea
government jointly, "2023 Abnormal Climate

Meteorological ~ Administration ~ and
Report", Korea Disease Control and Prevention
Agency, Apr. 2024

[4] W. J. Choi and S. J. Shin, "A Study on
Temperature Prediction Model Using Weather
Image", Journal of Next-generation Convergence
Technology Association, Vol. 4, No. 4, pp.
400-405, Aug.  2020. https://doi.org/10.33097/
JNCTA.2020.04.04.400.

[5] B. Y. Bak. S. Namkoong, and T. L. Lim,
"Development of the Road Weather Detection
Algorithm on CCTV Video Images using Double
Decision Trees", The KIPS Transactions:PartB,
Vol. 14B, No. 6, pp. 445452, Oct. 2007.
https://doi.org/10.3745/KIPSTB.2007.14-B.6.445.



Journal of KIIT. Vol. 23, No. 2, pp. 187-195, Feb, 28, 2025. pISSN 1598-8619, elSSN 2093-7571 195

[6] S. J. Hong, J. H. Kim, D. S. Choe, and K. H.
Baek, "Development of Surface Weather Forecast
Model by wusing LSTM Machine Learning
Method", Korean Meteorological Society, Vol. 31,
No. 1, pp. 73-83, Mar. 2021.
https://doi.org/10.14191/Atmos.2021.31.1.073.

[71 A. J. Charlton-Perez, et al, "Do ai models
produce better weather forecasts than physics-based
models? A quantitative evaluation case study of
storm ciaran", npj Climate and Atmospheric
Science, Vol. 7, No. 93, Apr. 2024
https://doi.org/10.1038/s41612-024-00638-w.

[8] B. Kosovic, et al., "A comprehensive wind power
forecasting system integrating artificial intelligence
and numerical weather prediction”, Energies, Vol.
13, No. 6, pp. 1372, Mar.  2020.
https://doi.org/10.3390/en13061372.

[9] X. Ren, X. Li, K. Ren, J. Song, Z. Xu, K. Deng,
and X. Wang, "Deep learning-based weather
prediction: a survey", Big Data Research, Vol. 23,
pp. 100178, Feb. 2021. https://doi.org/10.1016/j.bdr.
2020.100178.

[10] W. Fang, Q. Xue, L. shen, and V. S. Sheng,
"Survey on the application of deep learning in
extreme weather prediction", Atmosphere, Vol. 12,
No. 6, pp. 661, May 2021.
https://doi.org/10.3390/atmos12060661.

[11] P. Hess and N. Boers, "Deep learning for
improving numerical weather prediction of heavy
rainfall", Journal of Advances in Modeling Earth
Systems, Vol. 14, No. 3, Mar. 2022
https://doi.org/10.1029/2021MS002765.

[12] P. Gronquist, C. Yao, T. B. Nun, N. Dryden,
and P. Dueben, "Deep learning for post-processing
ensemble Philosophical
Transactions of the Royal Society A, Vol. 379,
No. 2194, Apr. 2021. https://doi.org/10.1098/rsta.
2020.0092.

weather  forecasts",

XMAL2IH

H 2 M (Bo-Seok Jung)
20204 3¥ ~ #A -
e o= k1w

STl EA RIS FI A

Ol Ml & (Se-Hyeon Lee)
20234 3¢¥ ~ dA) .
THFFUn
2P EA R &F 8T StAA
FA R : AFAE, dlolEA g

Ofol

el # (Ic-Pyo Hong)

19943 2€ : AA|thstw
27288738
1996 2¢ : AAHEtn
AAE 8 (FEA A
2000 2€ : AAthstw

AR FAANLE AddTd

20061 29 ~ 20079 2¢¥ : Texas A & M University,
Visiting Scholar

2012\d 29 ~ 2013'd 24 : Syracuse University, Visiting
Scholar

2003 34 ~ dA : FHEFHGL
2PIER R ST alg

ok : AR £A4, T4 AT



	광대역 주파수 스펙트럼과 이미지처리를 이용한 기계학습 모델 기반 날씨 예측 시스템 설계
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 설계 및 시뮬레이션
	Ⅲ. 제작 및 측정
	Ⅳ. 결론
	References


