NULAVLATIUY

WUUNBSUVBULUALASITY TEAM-PROJECT 3

Fonwilng  msvineuiinaudidnaseuluduussenialeleluaile ety Useius
Yon1919900Y  PREDICTION OF IONOSPHERIC TOTAL ELECTRON CONTENT USING
ARTIFICIAL INTELLIGENCE

lny
WY 0AYT LNSTUNT sadnAnY 66010905
wg gunains Jalsiuving swatnfny 66011343
919158NU3nWIMaN
(A.A3.N5Te NINETT) GNVEHINT / /
91915891U3nw15 9
(n3.350% ynasin) GNIRFeiNiy / /

TnguszasAlagasIvanIsinauelassy TEAM-PROJECT 3

1. iefnwuagiinssinansenurestuussoneleleluailod fnasenuanunsalunslyuins
ﬁﬁagaLLﬁlﬁumwmmﬂLﬂﬁlaué’agmmﬁé‘uwaLaa

2. ednwuaglitynuseivg viouueduatuis 1un1iﬂmﬂ1iaiﬁﬁjaaﬂasuaa§Lﬁﬂmauiu%gu
ussmialeleluafles wuuiaierlngiviouvuidenlng

3. WIATIERLSIAIUDINAREAITABY (Satellite drag)



NULAVLATIUY

YBULUAVRIATI9UY TEAM-PROJECT 3

1. 1d¥oyafu (Raw Data) 99nannil GNSS 5 aanil 910 32 satellite LiloTATiUTINABIENATOU
Tutuussenieleleluaifies

2. UsznanadeyauuuiFualnsl (Real-Time Processing) ilesesiunislinuiidesnisausania

3. anenuManuy (Features) 3ndaya GNSS Iagldlunauuy Single Shell lun1sAwins Total
Electron Content (TEC) wag Rate of TEC Index (ROTI)

a. 14wada Machine Learning Vislusuuuunissuunivnnisal (Classification) wagnsviuneids
USnas (Prediction) Wiledtaszvinunltimesdeya

5. fﬁﬂLLuﬂamuw‘%amaﬂ’ﬁajﬁlﬁmsﬁumﬂ%ga TEC WU ANURAUNAYRIaN T NDINAVTONANTENY

podaaId GNSS

6. AATRLsdueInIAdanfisn (Satellite drag) nelulszimalne

vaanlnazwnsuvadlasIuNlLEue

j* FEATURING DATA [—»| Single-Shell [t
GNSS RAW DATA —» RINEX > SLANT TEC

VERTICALTEC ~ |—» Al model | OUTPUTDATA  —»| APISERVER LAYER

wuNISUHURNURGEANIANTTANEY

PS5 BAUUNLANTUNNS
ANUUY
P a ) ¢ ~ = Ay A oA v v o P
WauN 1 #UAYN 1 | Anwenansusenuiiefinenteanutuussennidlolaluaileshay
(5.9, 2568) FuanaIduedaed

g ]

Ainw dataset TEC N19gly aanwuulasIasnaseuy flowchart

dUaviel 2 | 13091 data preprocessing WagYIINNINTINHOUNTDIVBYAAMAINA

dUn19in 3 | a3u feature Magld Wy Aady, AnuUsUsIy, solar flux,

sutaunuiivanlan wisy dataset #1113V train/test




NULAVLATIUY

#UANYN 4 | ARYINLALAITIENUANUAINLNASIN 1

Waun 2 #UauN 1 | @579 baseline model (Decision Tree, XGBoost) N1aaad

(4.A. 2569) classification N157MS39TUAIURAUNG

a2 | naes prediction Ingnstaluiaa Al (LSTM, transformer)

dUanifl 3 | W3suisunaansiUeedu (classification vs prediction)

#UAYN 4 | ARYINLATAITIEUANUAINLNASIN 2

wHuN1sUURIURaaANIANSANE (AD)

939N13 wHLIUTaEAuNNg
Atiueu
doud 3 Ui 1 | USu hyperparameters ¥04luiaa
(n.w. 2569) Wi feature engineering 14U seasonality, local time

dUann 2 | Usziliuwasmeal Mean Absolute Error , Root Mean Squared Error

qUAIN 3 | AATIEiNANIENURDANUI D UDELDE LAY IATIZIRIIAUBINA

AannLIBL (Satellite drag)

FUANN 4 | 9RYILALEITIENUANUAMINLNASTIN 3

= a (% ¢l a dnl/ £ 4 (Y o
LAUN 4 dumuin 1 WHUTIPNUNANITNARDILUBIAUY AANINTIN

(8.A. 2569) AU HUTIURARNS

daein 2 | aguten-tedninvedluwa washuInensiaullusuiag

damin 3 | deviuardsenuatuauysal

NN8L1R

eNUANUAIMTITdfmuedwamnabiou amuUsenaveinaiv Inglusenulzaediningiu
HANSANTEUNWTIUTEINY 19U HANITNAGDY HANITNARDU WAL ABAAT DINNULNUNTUJURNUT LA

wangby



NULAVLATIUY

UNAnNEalAsI9IY TEAM-PROJECT 3

Fonwilng  nsvineuiinaudidnaseuluduussenidleleluaflofie gy Useius
%ammé’mqw PREDICTION OF IONOSPHERIC TOTAL ELECTRON CONTENT USING
ARTIFICIAL INTELLIGENCE

UNANED

(%
A o

TAseuddlauanIswaLIszuuAInNIsalUSInaBanasaulutuussennialaleluaiies Inely

wiatindayguszaus (Al) atinauwiuglun19tAaT1z9 Total Electron Content (TEC) wag Rate of

e

¥

TEC Index (ROTI) n1eli@n13e space weather inanviaty syuulasudeyaduainaniil GNSS way

I
¥ L 4

Uszaanawuutnisealnl Tngldlaaauuu single shell iiearinnudnuuzddyvestoya ntutoya

wQNAWNIU APl AT g ldnuanansafslaaznin seuudsenausiedunaunan loun ns

1Y

FIUTILALATIADUANNNTBYS TEC N15ain feature WU ANRAY AMULUTUTIU solar flux Uagnvil

awuudmanlan mavaulaea Al isluguwuunisdwunimanisal (classification) wazn1sviuneids

£%
[

Uued (prediction) W%faumsﬂﬁmﬁuwaé’aaﬁﬁmmmgm WU Mean Absolute Error bag Root Mean
Squared Error Haansazuansluguluuns U suBuUANRSITUAITYIUIY N3 OUTEUNUINN VDS
e":l' a ‘:9; z.:glJ 1 'y U Q{' Ly % = A a & a
WANFUNAATY 1AT1UEAINIIE AN TORRIUITEUUAUKUUNTBITUNTHAIAABUNTONTIATIE LT
AnAerduNIsUasuLUawed TEC way ROTI @9azidudselominanisidesiunisdeals n1suineee

GNSS KagnSNENNTUENINDINALUBUIAR



NULAVLATIUY

Abstract

This project presents the development of a system for predicting electron content in the
ionosphere using artificial intelligence (Al) techniques. The system aims to enhance the accuracy
of Total Electron Content (TEC) and Rate of TEC Index (ROTI) analysis under various space weather
conditions. Raw data is collected from GNSS stations and processed in a big real-time framework.
A single shell model is employed to extract key features from the GNSS signals, and the processed
data is delivered to users via a custom-built API. The system workflow includes TEC data
collection and quality verification, feature extraction (e.g., mean, variance, solar flux, geomagnetic
indices), and Al model development for both classification of events and quantitative prediction.
Model performance is evaluated using standard metrics such as Mean Absolute Error and Root
Mean Squared Error. The results are visualized through comparative graphs showing actual versus
predicted values, along with event categorization. This project is expected to produce a prototype
system capable of supporting early warning and in-depth analysis of TEC and ROTI variations. It
will contribute to research in a satellite communication, GNSS based navigation, and space

weather forecasting.



