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SWIGPAD and GPI

« Space Weather Impact on GNSS Performance:

Application Development (SWIGPAD) - project JALE
created GNSS performance indicators (GPI) B 1O
& 7
* GPI combines multiple space weather data into ™ o?
a simple indicator value — L

ROTI, Bz Kp

fFZDt

P
- Data Is available in ESA Space Weather X M’("%
Service Portal (ESA SWE) | — N
https://swe.ssa.esa.int/ | o < 120 and 021 > T
* Object of GPI Is to simplify space weather
products for user friendly format



http://ahttps/swe.ssa.esa.int/

GPIl source data

* The source data used for GPI is available from the ESA SWE portal
- Scintillation indices: S4, o,

* Total Electron Content (TEC)

» Rate of change of TEC (ROT)

- Rate of change of TEC index (ROTI)

» Geomagnetic activity (Kp)



Data providers

» German Research Centre for Geosciences (GFZ)

* German Aerospace Center (DLR)

* Institute of Space Science Romania (ISS Romania)
« Swedish Institute of Space Physics (IRF)

* Norwegian Mapping Authority (NMA)



GNSS Scintillation

Time series of scintillation indices for GNSS station MSTEO01:
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Total Electron Content (TEC)
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Total Electron Content (TEC)

Swarm A, 2023-10-10: TEC

175

150

e Swarm TEC

[
N
w

TEC [TECU]
=
~ o
wu o

(%
o

N
w

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Civil Date UTC [HH:MM]

¢ Swar m R O T Swarm A, 2023-10-10: ROT [TECU/s] North pole

180° 150°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°

. D oL
180° 150°W 90°W 60°W 30°W 0° 30°E 60°F
+ 0.0=ROT=0.1[TECU/s] 'ongitude [*]

ILMATIETEEN LAITOS 0.1 < ROT < 0.4 [TECU/s]
METEOROLOGISKA INSTITUTET

FINNISH METEOROLOGICAL INSTITUTE * 0.4 <ROT [TECU/s]



Global geomagnetic activity (Kp)

* 3h Kp index

» Kp forecast
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Nowcast Kp index, GFZ G R h Centre for G ces (CC BY 4.0)
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User groups

* ESA has identified 6 groups of GNSS users

* GPl is calculated for the user groups differently depending on the
group interest and which parameter is more valid for it

* In future the scaling could be modifiable by user

Table 1
User groups of the ESA space weather service networks transionospheric radio link service domain defined in the SSA customer requirements document.
USER GROUP DESCRIPTION
SWE-CRD-TIO-USR-01 Users of GNSS Single frequency services with average accuracy, no integrity (e.g. typical GNSS mass market user)
SWE-CRD-TIO-USR-02 Users of GNSS Single frequency services with average accuracy, using integrity (e.g. European Geostationary Navigation Overlay Service
(EGNOS) user)
SWE-CRD-TIO-USR-03 Users of multi-frequency GNSS systems with average multifrequency accuracy, no integrity (commercial services, Public Regulated
Services (PRS))
SWE-CRD-TIO-USR-04 Users of multi-frequency GNSS systems with average accuracy, integrity (aeronautical multifrequency)
SWE-CRD-TIO-USR-05 Users of multi-frequency GNSS systems with very high accuracy (e.g. GNSS geodetic users, Real-time kinematic positioning (RTK))
SWE-CRD-TIO-USR-06 Users of satellite data communications with high availability { continuity (e.g. Search-and-Rescue, Air Traffic Control/Management via

Satellite, high availability/continuity data networks such as Galileo Ground Segment Data Network) and other space-based

METEOROLOGISKA INSTITUTET . . - . .
FINNISH METEOROLOGICAL INSTITUTE altimetry, UHF/low microwave radio astronomy and deep space communications)

@ ILMATIETEEN LAITOS services/products users affected by the ionosphere (Ultra-high frequency (UHF) - C-band radars, GNSS reflectometry (GNSS-R)

(1]



GPIl parameters

* User group (1-6)
 Location (latitude and longitude)
» Datetime or timeseries (max 6 points)

» Advanced:
- Satellite constellations (GPS, GLONASS, Galileo, BEIDOU, QZSS)
« Coordinate error accuracy (North, East, Vertical)
* Positioning error probability confidence level (sigma)

10



GPI GUI at ESA SWE & esa

 Avallable at ESA SWE (Login required)
https.//swe.ssa.esa.int/

» Expert Service Center -> lonospheric Weather -> Contributions ->
DLR

voen >+ THE EUROPEAN SPACE AGENCY

Weicome to the ESA Space Weather Service Network

CURRENT SPACE WEATHER
SPACE WEATHER SERVICES

Tonospheric Weather Expert Service Centre (I-ESC)
SPACE WEATHER AT £5A

EXPERT SERVICE (CENTRES
SR BIOCUCTS Promoad by 1 -E5C and avalable In SWE seoaces

w Genman Asiospace Centes (DLR)

INFORMATION FOR USERS

USER FEEDBACK

CONTACT THE HELPDESK
ILMATIETEEN LAITOS

METEOROLOGISKA INSTITUTET » German Ressarch Contre for Geosciences (GFZ)
FINNISH METEOROLOGICAL INSTITUTE TERMS OF USE
b Helogeoptysical Prediction Senice Labosaiy (SRC PAS)


http://Ahttps:/swe.ssa.esa.int/

GPI GUI at ESA SWE & esa

Federated products from the German Aerospace Center (DLR)
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GPI1 with SWIGPAD API

* GPl is also available from an API (Requires login token)
https://swigpad.impc.dir.de/api/vl/

» Add token in POST cookies and request parameters in POST data
* Returns data in json format

13


https://swigpad.impc.dlr.de/api/v1/

Use case: GPIl timeseries

» Use case when user is only interested of a single point information
» Single API call can have max 6 timesteps

» Continuous monitoring requires multiple API calls with modifying the
time start and stop parameters
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GPI

GPI

GPI USRO1 values at Helsinki (60.2N, 24.9E)
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GPI

GPI
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Use case: GPI map

» Users that have interest for monitoring broad range of coordinates

« Each map point requires a call, thus parallel calls are recommended
» Map resolution for GPI is related on the source data resolution

* TEC resolution is higher compared to Kp or scintillation

* Using timeseries allows 6 maps to be created at the same time
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GPI USRO5 map created for looping 144 points with 6timestep
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Conclusions

* The GPI combines a variety of data affecting the GNNS and
provides a simple traffic light approach for GNSS precision

* The GPI and its source data are available at ESA SWE portal
* 6 predefined user cases that weight the source data differently

 The SWIGPAD API can be used to customize the GPI presentation
for example long time variability and maps
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Source data classifications

Table 2 Table 5
Table of performance indicator value based on S4 scintillation index. Table of performance indicator value based on TEC variability.
1Performance indicator value S4 index Performance indicator value dTEC (TECU) Description Color
(no unit) Description Color 0 “no data.” Gray
0 “no data.” gray 0 = dTEC = dTECmax "Correct estimation of TEC." Green
0<54<03 "No amplitude scintillation to weak amplitude scintillation."  Green dTEC > dTECmax "Incorrect estimation of TEC." Red
03 =S4 <06 "Mean/moderate amplitude scintillation intensity." Yellow
S4 = 0.6 "Strong amplitude scintillation.” Red
Table 6
Table of performance indicator value based on positioning error probability 1 x o and Gaussian distribution of error.
Table 3

Table of performance indicator value based on o scintillation index. Performance indicator value

probability in% Description Color
Performance indicator value o¢ (rad) Description Color
0 “no data.” Cray
0 “no data.” Gray p < 68.3% "Positioning error variability lower than criterion.” Green
0<o¢p <01 "No phase scintillation.” Creen p = 68.3% "Positioning error variability higher than criterion." Red
0.1 =o¢ < 0.25 "Weak phase scintillation.” Green
025 =o0gp < 05 "Moderate phase scintillation intensity." Yellow
g =05 "Strong phase scintillation.” Red Table 7
Table of performance indicator value based on Kp index.
Table 4 Performance indicator value Kp Description Color
Table of performance indicator value based on ROTI scintillation index. -
0 “no data. Gray
Performance indicator Kp < 4 "Low magnetic activity or normal activity." Green
value ROTI (TECU/60 s) Description Color Kp = 4 "High magnetic activity, indicating a geomagnetic storm." Red
0 “no data.” Gray
0 < ROTI = 1 "Low activity. No adverse effects expected.” Green
1 < ROTI < 3 "Normal activity. For most users, this level of activity will not cause Green

problems. A slight increase in position error may be detected in
high-accuracy applications.”

3 =ROTI <5 "Moderate activity. Users may have difficulty getting a good coordinate Yellow
solution."
ROTI = 5 "High activity. Users will have difficulty getting a good coordinate solution. Red

Network base stations may lose lock on satellites.”
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