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[IpoxykTel T HCC

To4yHOCTH NO3UIIMOHUPOBAHUS
Bapuanuu 119C
HMHaeKCchl BO3MYIIIEHHOCTH Ha OCHOBE [1DC

AOCOJIIOTHOE IIOJTHOE IJICKTPOHHOC COACPKAHUC



OmmnOKa NO3UIMOHUPOBAHMS BO BpEMSI MAarHUTHBIX Oypb
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Omunoku PPP, 23 aBrycra 2010 .
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Solar Flux Units
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HoHochepa

I19C (TEC) — I1o1HOE 3JIeKTPOHHOE
coagep:xkanue (total electron content)

h — “nariionHoe” IIC
Ne — koHLIeHTpa U

IJIEKTPOHOB

F-caoun (300 xm)

E-c10ii (100 kM)
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Ilonnoe anexkrponHoe conepkanue B I HCC
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Ilonnoe anexkrponHoe conepkanue B I HCC
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JIK3 B 4aCTOTHBIX KaHAJIaX
HABUTALIMOHHBIX CITYTHUKOB
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llonnoe anexTpoHHOoe conepkanue B I HCC
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' HCC-30ua0upoBanue
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Pazsutne | HCC

1) ITporpecc KOCMHYECKOIO CErMEHTA:

- IlosgsBneHue HOBBIX HABUTAIIMOHHBIX CUCTEM
- PocT criyTHUKOBOM IpyIIIIUPOBKH

- BHenpeHue HOBBIX CUTHAJIOB

2) IIporpecc cermeHTa NOTPEOUTEIICH:
- Poct umncna crannuu
- HoBbIe IpUEMHUKH

3) HoBbie MeTO1bI 00pa0OOTKH JAHHBIX
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N3menenue unucjaa crannum | HCC
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PacrnpeneiceHue ynciaa CTaHIuu
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[ nobanpHas kapTuHa Bo3MyIleHur 119C Bo BpeMsi MarHUTHOM Oypu
22 nmwons 2015

2015-06-22T17:00:00Z (DOY 173)
10-20 minute TEC variations
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https://simurg.iszf.irk.ru/ or

https://simurg.space/

SIMuRG Home Sites Data ~ Queries ~ Events ~ GEC ~ Documentation ~

O

SIMuRG: System for lonosphere Monitoring and Research

from GNSS.

SIMURG is the tool for collecting, processing, storage and presentation of GNSS total electron content data. The data product are TEC variations
series, corrected TEC, TEC variations maps, Wtec and Iv indices, ionospheric disturbances parameters

Developed under Russian Science Foundation supportiproject N 17-77-20005)

Latest maps

Interesting event
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2-10 minute TEC variations
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Pabora cuctemnl — 00padoTka THCC
NaHHBIX B (popmare Rinex

- COop maHHBIX (nav U obs (aibl).

- Pacuer [19C no pa3oBbIM U rpyIIOBEIM
M3MEPECHUSIM.

- Pacyer yrimoB Mecra 1 a3uMyTOB.
- OwpTparys Bapyarym.
- CoxpaHeHue B 0a3¢ JaHHBIX.

- Kaptsl [12C.
- * [IpenBapUTEIbHBIN aHAJIN3.



[Ipoaykrel SIMuRG

1) I'moGanbHBIe/perMOHAIBHBIC KaPThI
2) JlaHHBIE C OTACIBHOM CTAHLIUM
3) Bropuunas o0paboTKa

1) Bapuanuu [19C B njnana3zonax 2-10 mus, 10-
20 muH, 20-60 MmuH

2) ROTI/AATR
3) TEC adjusted



Graphical interface vs API

SIMuRG Home FIPs Recelvers Queries ~

TEC variations maps

[= ]

Start date and time End date and time

FZ?.O?,ZOIB 00:00 l Fﬂ.O?.ZOlB 23:59 J

Additional settings

Vmin Vmax Output data format

r—O,S J rﬂ,S J | HDF5 v |
Filtration range (periods) Colormap

l 2-20 min jet

Aspect Grid

I equal v | subionospheric points

SIMURG group 2018



SIMuRG

E-mail
Email
Start date and time({UTC) End date and time(UTC)
‘ 2019-06-23 00:00 ﬁj ‘ 2019-06-23 23:59 @J
l Min. lat. -/3.82 Max. lat. 7363 \
‘ Min. lon. -180.00 Max. lon. 180.00 \
Product type
2-10 minute TEC variations v
(O Using SIMURG database TEC only Data available:
(X) Create maps images (X) Create maps movies (3 Solar terminator (X) Magnetic equator
\ 4

Product type

2-10 minute TEC variations v

2-10 minute TEC variations

10-20 minute TEC variations
20-60 minute TEC variations
ROTI

Adjusted TEC




Graphical interface vs API

API for SIMURG use JSON-format both for queries/requests and its replies. API for SIMuRG is under development. Please, check method names by request:

¥ Details

import json
import requests
rq = requests.post("https://simurg.iszf.irk.ru/api”,
json={"method": "get_list_of_methods", # This method
# provides you list of our methods
"args": {} # It doesn't need any arguments

}
)
methods = rq.json()
print(methods)

-

What kind of result you should get:

¥ Details

([", 'check', 'delete', 'create map', 'create series', 'get_site', 'get data_count'

r

'get_list of methods',

'get_limbo',

'get_al

»




SIMuRG: data series

TEC data products for IRKJ-G18 line of sights
22 Jun 2015 - 22 Jun 2015 (DOY: 173-173)

= 2-10 minute TEC variations, TECu
~ 10-20 minute TEC variations, TECu
= 20-60 minute TEC variations, TECu
= ROTI, TECu/min :

0.3 1

0.2 A

TECu, TECu/min




SIMuRG: data series
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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: 2-10 min TEC variations maps

2015-06-22T718:40:00Z (DOY 173)
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2-10 minute TEC variations
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PacnopeneneHue yncia CTaHIuu




Pacnpenenenune naaexkca ROTI
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Pacnpenenenune naaexkca ROTI
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KOMITBIOTEPHOE 3pECHUE

A. Vasiliev et al. Computer Vision for GNSS-based Detection of the Auroral
Oval Boundary // International journal of artificial intelligence. 2021. V 19,
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SIMuRG: ' mno0anbHOE 3JIEKTPOHHOE COACPKAHNE

Global Electron Content
(integral TEC over the Globe)
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Afraimovich E. L., Astatyeva E. 1., Oifdts A.V., Yasukevich Yu. V., Zhivetiev 1.
V. Global electron content: a new conception to track solar activity, Ann.
Geophys., 2008, 26, 335-344, DOI: 10.5194/angeo-26-335-2008.
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Cpennss omurOka npu yganeHuu Tpeaga I110C
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YUTo nenarps €eciau eCcTh
TOJIBKO OJ1HA CTAHIINS
' HCC B pernone




IIpoOnema: a TamM JIh MBI U3MEPSEM
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OuneHka napaMeTrpoB paiuoKaHaJIa

Onenka HakiaoHHBIX I1DC Ha ocHoBe ganHbix THCC (GPS, ITTOHACC ...)

Onenka BeprukaibHOrO I19C 1 ero rpaauenTos, JIK3

AOCOIIIOTHBIN AOCOIIOTHBIN
BepTUKAIBbHBIN [1DC HaKJIOHHBIN [1DC

KoppekTupoBka MOAEIN 110
[IpocTpaHCTBEHHAS] HHTEPIIOJISIIUS IJ100JIbHBIM MapaMeTpaM 1
pacyeT napaMeTpoB paaroOKaHala

JlokasibHast KOPPEKTUPOBKA MOJIEIN

1 pacyeT mapaMeTpoB paJroOKaHala.
Omnenxa MITY.
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AOCOJIFOTHOE MOJHOE DJICKTPOHHOE
COACp KaHHUE
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4acTOTa BCTPEYACMOCTH, OTH. €11. 4acToTa BCTPEYAEMOCTH, OTH. €]1.
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