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■ Presente rs:

■ Bast iaan  Ober (In tegricom)
■ Jiří Doubek (Iguassu  Software  Systems)
■ János Nemes (GeoX)
■ Csongor Feke te  (GeoX) 
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Pro ject  in t roduct ion
■ Object ive : invest iga te  and  demonst ra te  the  use  of 

ML in  the  GNSS context
■ Current  GNSS performance  simula t ions a re  often  e ither:

■ High-end  simula t ions: complica ted  and  t ime-consuming
■ Macro-model based: simplist ic, fast , ca lib ra ted  (less generic)

■ Use ML to  pred ict  GNSS performance
■ Faste r and  easie r to  use  than  h igh-end  simula tors
■ More  performant  than  macro  models

■ Applica t ion  is proposed  by the  tendere r
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The  Team
■ Iguassu  Software  Systems (Prague , CZ)

■ EGNOS expert ise , GNSS tooling  for ESA
■ GeoX Kft  (Budapest , HU)

■ Machine  Learn ing  expert ise
■ In tegricom (Leiden , NL)

■ Error mode lling  and  predict ion  expert ise
■ Including  ionosphere , o rb it s and  clocks

■ (RAIM) predict ion  systems expert ise
■ Project  management
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ESA support
■ Many thanks to  ESA’s support
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Source : h t tps://egnos-user-support .essp-sas.eu /sit es/default /files/documents/EGNOS_GALILEO_avia t ion .pdf

EGNOS Approaches
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Source : h t tps://egnos-user-support .essp-sas.eu /services/safe ty-of-life -service /forecast -performance/apv1-ava ilab ility-performance

Pred icted Availab ility



© Integricom, 2024. 
The  copyright  in  th is document  is vested  in  In tegricom.

Source : EGNOS Safe ty of Life  SDD

EGNOS v2
Monitoring
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EGNOS 
RIMS 
Monitoring  
Sta t ions

Source : EGNOS Safe ty of Life  SDD
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EGNOS v2 
broadcast

Source : EGNOS Safe ty of Life  SDD

Correct ions
Uncerta in t ies

Data  since
2014 (EDAS)
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Uncerta in t ies (4-b it  in tegers):
GIVEI ionospheric delay 
UDREI orbit + clock

IGPs

Source : Navipedia
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Machine  Learn ing: Classifica t ion
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Da ta  Fea tures
UDREI prediction model inputs:
- Geometry: RIMS loca t ions, number of RIMS in  view, DOP
- Mult ipa th  variances
- Weather ind ica tors
- Space-wea ther ind ica tors
- Sa te llit e : posit ion , b lock, clock type
GIVEI prediction model inputs:
- IGP loca t ion
- Number of IPPs, IPP loca t ions near the  IGP
- Mult ipa th  variances
- Globa l space-wea ther ind ica tors
- Loca l space-wea ther: TEC va lues and  grad ien ts
- Sa te llit e : posit ion , b lock, clock type
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Da ta  Fea tures
UDREI prediction model inputs:
- Geomet ry: RIMS loca t ions, number of RIMS in view , DOP
- Mult ipa th  variances
- Weather ind ica tors
- Space-wea ther ind ica tors

GIVEI prediction
- IGP loca t ion
- Number of IPPs , IPP loca t ions near the  IGP
- Mult ipa th  variances
- Sa te llit e : posit ion , b lock, clock type
- Globa l space-wea ther ind ica tors
- Loca l space-wea ther: TEC va lues and  grad ien ts

Macro Model :
# RIMS-> UDREI
# IPPs -> GIVEI
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70%

30%

Train ing  and Performance  Valida t ion

5.5 
years
da ta
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Tra in ing  Infrast ructure
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GNSS Preprocessor
GNSS data preparation for ML:
- Labe ls (GIVEI, UDREI) and  fea tures genera t ion
- 3 opera t iona l modes: t ra in ing , p red ict ion  and  labe ls on ly
Input data:
- All modes: t ime  in te rva l, RIMS, mult ipa th
- Tra in ing

- Source : EDAS (SBAS, RINEX), IONEX, SBAS
- Tra in ing  period : 2014-2022
- Mult iprocessing , 3 machines, few weeks to  genera te  

a ll t ra in ing  da ta
- Predict ion : a lmanacs, NANU, IONEX, PRN and  iono  masks, 

RIMS outages, p red ict ion  t ime: <90 min  for 1 day
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GNSS Preprocessor
Output data:
- Labe ls (t ra in ing  and  labe l mode): UDREI for a ll sa te llit e s 

and  GIVEI for a ll IGPs
- Fea tures (t ra in ing  and  pred ict ion):

- IPPs: monitoring , IPP coords, PRN, mult ipa th
- IGPs: IPP list , TEC da ta , sun  posit ion , loca l t ime
- Sa te llit e s: ECEF, PRN mask, IPP list , reverse  DOPs, 

monitor flag
- Format : JSON (zip), one  file  pe r hour, one  fo lder per day
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Tra in ing  da ta : 5.5 years required

GIVEI Full Training Period

6 13252789
7 71180842
8 27882026
9 12464735

10 12806314
11 10002505
12 9140517
13 17183772
14 21173503

15 (not mon.) 139458929

UDREI Full Training Period

5 9201619

6 3393117

7 1097350

8 342445

9 134305

10 92853

11 53381

12, 13, 14 23652991
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Separa te  t ra in ing  and  va lida t ion  IGPs
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Separa te  t ra in ing  and  va lida t ion  PRNs
 Random PRNs 

se lected
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ML Preprocessing  API
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Da ta  reorganiza t ion
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■ 4 Models tuned  (Give i/Udre i, 
Normal/Ext reme)

■ Fine tuning
■ Hypertuning
■ Addit iona l models, a lgorithms have

been tested :
■ Gradient Boosted Decision  Trees
■ XGB
■ Random Forest
■ Logist ic Regression
■ Mult ilayer Percept ron
■ Mixed CNN+MLP

■ Fina l cycle with comple te DataSe t
■ Documenta t ion
■ Paper published

Machine-learn ing  Modelling
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Ensembling  models
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Eva lua t ion
■ Evalua t ion Scrip ts have been

comple ted
■ Fine tun ing : 117k+ model it e ra t ion  

■ 4 models
■ 7 a lgorithms
■ ~200-400 hyperparamete rs se t s
■ 14 da ta  /fea ture  se t  ve rsion

■ Best  performing  models with  best  
parameters have  been  dep loyed  
to  in fe rence  environment

■ Documenta t ion
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Docker Environment

Ensures iden t ica l 
dev test  p rod  
environments
Service  

t ransportab ility
Scalab ility with  

kuberne tes
GPU usage  for 

faste r In fe rence
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ML predict ion resu lt s: UDREI

Macro  model ML model
predicted UDREI
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ML predict ion resu lt s: GIVEI

Macro  model ML model
predicted GIVEI
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normalised confusion matrix for the macro model
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Uncerta in t ies:
GIVEI ionospheric delay 
UDREI orbit + clock

EGNOS User Performance
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Pe rformance  Evalua t ion  Module
■ Two step  process:

o Compute  pro tect ion  leve ls (‘max. posit ion  e rror’) 
for each  of three  st reams:
 EGNOS Broadcast /Simula ted  Broadcast
 Machine  Learn ing  Predict ions
 Macro  Model Predict ions

■ Compute  sta t ist ics and  p lo t s
■ Availab ility: ‘sufficien t ly low pro tect ion  leve ls 

to  fly the  opera t ion’
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Example  1a : LPV200 ava ilab ility

■ Machine  learn ing  clearly superior
Note : normal (quie t ) ionosphere , historical  (space) weather
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Example  1b: LPV200 ava ilab ility

■ Machine  learn ing  st ill superior
Note : normal (quie t ) ionosphere , forecast  (space) weather
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Example  2: act ive  ionosphere

Note : act ive  ionosphere , h istorica l space  weather
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Act ive  ionosphere : Fin land
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Act ive  ionosphere : Canary islands
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Summary: fau lty pred ict ion  percentages
Faulty Predicted LPV200 availability (percentages)

Year-DOY Macro Model Machine Learning
2016-261 6.3 4.4
2016-262 6.1 4.4
2016-263 5.4 4.1
2017-001 5.2 4.1
2017-002 6.2 4.9
2017-003 5.4 4.5
2017-004 6.1 5.2
2017-005 6.1 5.0
2017-006 5.8 4.4
2017-007 6.3 5.2
2017-008 5.7 4.7
2017-009 5.8 4.4
2017-010 5.9 4.4
2017-011 5.8 4.4
2017-012 5.8 4.4
2014-071 9.6 6.1
2014-072 10.9 7.0
2014-073 8.8 5.6
2017-076 5.5 4.5
2017-077 5.9 5.3
2017-078 5.5 5.2
2017-078 5.6 5.1
2017-080 5.4 5.0
2017-081 5.4 4.3

AVERAGE 6.3 4.9

■ Machine  learn ing  superior th roughout

Fault  percentages, 
lower is be t te r
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■ Include  addit iona l fea tures
■ Improve  wea ther/space  wea ther da ta
■ IGP loca t ions (?)

■ Fine-tune  use  of RIMS da ta  to  ge t  closer to  
actua l da ta  use  when there  a re  ou tages

■ Include  scin t illa t ion  risk considera t ions
■ Improve  speed
■ Use posit ion-domain  performance  met rics

■ Not  t rivia l, can  be  computa t iona lly expensive

Opportunit ies to  further improve
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Improve  (space) wea ther da ta
■ Improve  (space) weather forecast  model (e .g . 

Google  Deepmind GraphCast )

■ Benefit s
■ Scin t illa t ion  probability
■ Dense  Data  for deep  mode ls
■ Higher reso lu t ion
■ Time se ries incorpora ted
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Summary and conclusions
■ Our Machine  Learn ing  mode ls improve EGNOS 

performance  predict ion with respect  to exist ing
Macro  Models

■ Overa ll improvement is significant  in  both
‘UDRE/GIVEI’ and protect ion leve l/ava ilab ility 
domains
■ Further improvements are  feasib le

■ There is a  computa t iona l cost
■ Not limit ing for envisioned applica t ion(s)
■ Can st ill be significant ly improved
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