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Relevance



There are more than 5000 stations



IGS (2464)

GSI (1200) 

NGS (1041)

UNAVCO (798)

SONEL (794)
…

СHAIN (23) –
измерения 
мерцаний и данные 
с высоким 
разрешением

MGEX (5) –
multiGNSS and high 
resolution data
*01.01.2017

There are a lot of different networks



Global ionosphere maps 
(GIM) of Vertical TEC

Several laboratories produce GIM (CODE, JPL, UPC, 
ESA, IGS). Highest time resolution – 15 min (UPC).



Madrigal Database at Haystack 
Observatory: Vertical TEC



DRAWING-TEC



IGS: ROTI maps – new product



Our tasks

1) “Ionosphere” maps of high time-space 
resolution.

2) Treat data from a lot of sources. 

3) Treat data from all GNSS: GPS, GLONASS, 
Galileo, Beidou (+SBAS).



SIMuRG:
System for the Ionosphere Monitoring 

and Researching from GNSS 

https://simurg.iszf.irk.ru/



Stations



https://simurg.iszf.irk.ru/



Flow to treat the GNSS Rinex data

- Download data (navigation and 
observations). 

- TEC calculation from phase and 
pseudorange. 

- Elevations and azimuths calculation. 

- Variation filtering.

- Database.

- Maps of TEC variations. 

- * Preliminary analysis.



SIMuRG products

1) Global and regional maps

2) Data from a single station

3) Secondary data treatment

1) TEC variations of 2-10 min, 10-20 min, 
20-60 min

2) ROTI

3) TEC adjusted



Graphical interface vs API



SIMuRG



Graphical interface vs API



SIMuRG: data series



SIMuRG: data series



SIMuRG: global electron content



SIMuRG: глобальное электронное содержание



SIMuRG: 2-10 min TEC variations maps



SIMuRG

For provided GNSS data we acknowledge: Austrian data center (BEV), Northern California Earthquake Data 
Center, Pacific Northwest Geodetic Array (PANGA), INGV - Rete Integrata Nazionale GPS, Institute of 
Geodynamics, National Observatory of Athens, Dutch Permanent GNSS Array (DPGA), Scripps Orbit and 
Permanent Array Center, UCSD\cite(Dow2009), Earth Observatory of Singapore, Royal Observatory of 
Belgium\cite(Bruyninx2012), REseau NAtional GPS permanent (RENAG), Institute of solar-terrestrial 
physics SB RAS \cite(Yasyukevich2018).



SIMuRG: ROTI maps



Computer vision

ROTI map

Preliminary treatment
(mathematical morphology, 

Data restoration)

Data segmentation
(Otsu, K-means)

Oval fitting





Instead conclusion
It is free-to-use system - https://simurg.iszf.irk.ru/

We will be glad if

1) Someone would like to use SIMuRG and need assistance.

2) You find any errors.

3) You have some suggestions how to improve or where to apply.

4) You are ready to exchange your data or would like to 
incorporate your data in the system.

Just mail me!
yu.yasyukevich@gnss-lab.org



Thank you for attantion!

simurg.iszf.irk.ru

yu.yasyukevich@gnss-lab.org
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