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1 s t A p p r o a c h :  T e m p o r a l  I o n o s p h e r i c  T E C  m o d e l l i n g



I O N O S P H E R E  P I E R C E  P O I N T  ( I P P )



Te m p o r a l  M o d e l l i n g :  WAV E T E C  A R C H I T E C T U R E



𝑏𝑖𝑎𝑠𝑟
𝑠 𝑡 = 𝑣𝑡𝑒𝑐𝑟,𝐶𝑁𝑁

𝑠 𝑡 − 𝑣𝑡𝑒𝑐𝑟,𝐺𝑅𝑂𝑈𝑁𝐷 𝑇𝑅𝑈𝑇𝐻
𝑠 (𝑡)

• s is the GPS satellite in view  (G01, G02, …, G32),
• r is the receiver station (MGEX experiment  STATIONS: bor1, ganp, graz, leij, pots, 

wtzz),
• 𝑣𝑡𝑒𝑐𝑟,𝐶𝑁𝑁

𝑠 𝑡 the predicted TEC value from the CNN model

• 𝑣𝑡𝑒𝑐𝑟,𝐺𝑅𝑂𝑈𝑁𝐷 𝑇𝑅𝑈𝑇𝐻
𝑠 (𝑡) the ground truth value (GAMP software)
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𝑣𝑡𝑒𝑐𝑟,𝐶𝑁𝑁
𝑠 𝑡 − 𝑣𝑡𝑒𝑐𝑟,𝐺𝑅𝑂𝑈𝑁𝐷 𝑇𝑅𝑈𝑇𝐻

𝑠 (𝑡)

METRICS



C O M PA R I S O N S



C O M PA R I S O N S



A graph convolutional layer is followed by a CNN-based structure. The graph convolutional layer operates on A
and X(t) to capture the spatial dependence, while the temporal CNN layer slides over X along the time axis to
capture the temporal dependence. The output layer generates a prediction for each node, such as its future
value at the next time step.

Deep Learning Architecture

𝐺(𝑡) = (𝑉, 𝐸, 𝑋 𝑡 )
V = IGS permanent stations network
E =  elements of the adjacent matrix,
Euclidean distances between the stations
X = solar and geo-magnetic indices that affect the 
ionosphere at time t 

𝐺(1) … 𝐺(𝑡) → 𝐺(𝑡+1)

F u t u re S t e p s : S p a t i a l - Te m p o r a l  G r a p h s  f o r  i o n o s p h e r i c  T E C  m o d e l l i n g



Thank you !


