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IGWG	  Iono	  Subgroup	  Ac=vi=es 
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•  The	   IGWG	   Iono	   Subgroup	   has	   had	   3	   major	   web-‐ex	   teleconferences	  
since	  its	  formaOon.	  
–  Incep=on	  began	  a@er	  12th	  Interna=onal	  GBAS	  Working	  Group	  Mee=ng	  held	  

at	  the	  FAA	  William	  J.	  Hughes	  Technical	  Center	  in	  2011	  
–  Coopera=on	   between	   members	   has	   also	   con=nued	   through	   email	  

discussions	  
	  

•  The	  web-‐ex	  teleconferences	  were	  held	  on	  the	  following	  dates:	  
–  03	  /	  08	  /	  12	  
–  06	  /	  06	  /	  12	  
–  01	  /	  17	  /	  13	  
	  

•  ParOcipaOng	  members	  included	  the	  following	  organizaOons:	  
–  EuroControl,	   Deutsche	   Flusicherung	   (DFS),	   Federal	   Avia=on	   Administra=on	   (FAA	  

WJHTC),	   FAA	   Oklahoma	   City	   FSDS	   (FAA	   OKC),	   NAVTAC,	   Stanford	   University,	   Indra,	  
Thales,	   Electronic	   Naviga=on	   Research	   Ins=tute	   (ENRI),	   and	   Japan	   Aerospace	  
Explora=on	  Agency	  (JAXA)	  
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Major	  Highlights 
•  The	   main	   topic	   of	   these	   meeOngs	   dealt	   primary	   with	   the	   Long-‐term	  

Ionosphere	  Anomaly	  Monitor	  Toolset	  (LTIAM).	  
–  Version	  2.1	  was	  made	  available	   to	  par=cipa=ng	  members.	  Some	   func=ons	  of	  MATLAB	  

source	   code	   were	   converted	   to	   MEX	   file	   using	   Embedded	   MATLAB,	   allows	   for	  
improvements	  in	  run=me	  and	  performance.	  

	  	  

•  EuroControl	   conOnued	   to	   work	   with	   LTIAM	   v2.1	   to	   process	   Iono	   data	  
from	  selected	  GNSS	  Ground	  StaOons	  -‐	  Canary	  Island	  Network.	  

–  Ini=al	   test	   runs	  proved	   to	  be	  unsuccessful	   and	  usually	   ended	   in	   a	   segmenta=on	   fault.	  
A@er	  the	  June	  6th	  mee=ng,	  EuroControl	  was	  able	  to	  run	  the	  tool	  against	  a	  sample	  set	  of	  
Canaries	  data.	  

	  	  

•  ENRI	   reported	   that	   they	   were	   developing	   a	   separate	   tool	   to	   esOmate	  
ionospheric	  delay	  differences	  in	  the	  equatorial	  region.	  

–  By	   this	   =me,	   the	   tool	   was	   under	   heavy	   modifica=on	   and	   was	   suitable	   for	   automa=c	  
analysis	  

–  Expressed	   con=nued	   interest	   in	   comparing	   results	   obtained	   by	   the	   LTIAM	   and	   the	  
equatorial	  region	  tool	  against	  the	  same	  data	  set	  (January	  11,	  2012).	  
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Op=mized	  GNSS	  Network	  Sta=on	  Selec=on 
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•  Use	  of	  the	  Long-‐Term	  Ionosphere	  Anomaly	  Monitor	  (LTIAM)	  conOnues	  
–  So@ware	  enables	  the	  post-‐processing	  of	  data	  con=nuously	  collected	  by	  GPS	  

reference	  sta=on	  networks	  
–  The	  number	  of	  sta=ons	  with	  poor	  GPS	  data	  quality	  also	  increases,	  as	  the	  

total	  number	  of	  processed	  sta=ons	  increases	  

•  A	  selecOon	  criteria	  needs	  to	  be	  defined	  to	  reduce	  processing	  Ome	  in	  
both	  the	  automated	  procedure	  and	  the	  manual	  analysis/validaOon	  
–  The	  use	  of	  poor-‐quality	  GPS	  data	  degrades	  the	  accuracy	  of	  ionospheric	  delay	  

es=mates	  and	  produces	  too	  many	  faulty	  candidates	  

•  An	  opOmized	  method	  to	  select	  well-‐distributed,	  high-‐quality	  staOons	  
for	  GNSS	  network	  is	  proposed	  	  

–  Too	  many	  geographically	  redundant	  sta=ons	  brings	  an	  excessive	  
computa=onal	  load	  
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Poorly	  Sited	  GPS	  Sta=ons 
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h]p://xenon.colorado.edu/reflecOons/
GPS_reflecOons/BadGPSSites.html	  
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•  StaOon	  SelecOon	  is	  needed	  to	  reduce	  processing	  Ome	  in	  both	  the	  automated	  

procedure	  and	  the	  manual	  analysis/validaOon	  
–  The	  use	  of	  poor-‐quality	  GPS	  data	  degrades	  the	  accuracy	  of	  ionospheric	  delay	  

es=mates	  and	  produces	  too	  many	  faulty	  anomaly	  candidates	  

Impact	  of	  Poor	  GPS	  Data	  Quality	  on	  
Ionospheric	  Delay/Gradient	  Es=ma=on 
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Op=mized	  GNSS	  Network	  Sta=on	  Selec=on 
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GPS	  Data-‐Quality-‐Measurement	  	  Algor
ithms	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  


High-‐quality	  StaOon	  SelecOon	  
	  
	  
	  	  
	  

	  
	  


	  

• 	  OpOmal	  Threshold	  DeterminaOon	  	  
	  	  -‐	  2-‐D	  Itera=ve	  Max.	  Sensi=vity	  Ra=o	  
	  	  	  	  	  Search	  	  
	  	  -‐	  Determining	  Thresholds	  of	  Data	  
	  	  	  	  	  Quality	  Parameters	  	  

	  

• LTIAM	  pre-‐processing	  
	  	  -‐IOD	  Cycle	  Slip	  Detec=on	  
	  	  -‐Outlier	  Detec=on	  
	  
• TEQC	  algorithm	  
	  	  -‐Cycle	  Slip	  Detec=on	  using	  Mul=path	  	  	  
	  	  	  Es=mates	  
	  	  -‐Percentage	  of	  Observa=ons	  
	  	  -‐RMS	  of	  Mul=path	  on	  Code
	  
• AdapOve	  Filter	  algorithm	  
	  	  -‐Receiver	  Noise	  Es=ma=on	  on	  Code	  

	  
	  
Well-‐distributed	  Sub-‐network	  Sele
cOon	  

	  
	  
	  

	  
	  	  
	  	  
	  
	  
	  
	  
	  


	  

• 	  Subset	  SelecOon	  Processing	  	  
	  	  -‐	  Voronoi	  Method	  
	  	  -‐	  Baseline	  Distance	  Check	  

• 	  StaOon	  Recovery	  Processing	  
	  	  -‐	  Loss	  of	  Coverage	  Check	  	  
	  	  -‐	  Considering	  geographical	  distribu=on	  
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High-‐quality	  Sta=on	  Selec=on	  
Determining	  Thresholds	  of	  Data	  Quality	  Parameters 
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Results	  from	  Japanese	  GPS	  Networks	   
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Ader	  high-‐quality	  staOon	  selecOon Ader	  staOon	  recovery

#	  of	  staOons	  removed	  in	  GEONET	  (Out	  of	  1229) 238	  (19.4%) 236	  (19.2%)

#	  of	  faulty	  ionospheric	  anomaly	  candidates	  remov
ed	  on	  seven	  days	  (Out	  of	  530) 479	  (90.4%) 477	  (90.0%)
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Results	  from	  Well-‐distributed	  Sub-‐network	  Selec=on	  
Subset	  Selec9on	  with	  a	  Baseline	  Constraint	  of	  100km 
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ing

#	  of	  staOons	  (Out	  of	  1587) 1328	  (83.7%) 734	  (46.3%)
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Results	  from	  Well-‐distributed	  Sub-‐network	  Selec=on	  
Subset	  Selec9on	  with	  a	  Baseline	  Constraint	  of	  100km 
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#	  of	  staOons	  (Out	  of	  1587) 1328	  (83.7%) 734	  (46.3%)	  
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Summary 
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•  Reported	  IGWG	  Iono	  Subgroup	  ac=vi=es	  
–  Use	  of	  the	  Long-‐Term	  Ionosphere	  Anomaly	  Monitor	  (LTIAM)	  con=nues	  (by	  

FAA,	  EuroControl,	  ENRI)	  	  
–  Request	  to	  IGWG	  to	  provide	  LTIAM	  for	  ISTF	  

•  An	  Op=mized	  method	  to	  select	  GNSS	  network	  sta=ons	  with	  
well-‐distributed,	  high-‐quality	  data	  	  
–  To	  reduce	  processing	  =me	  in	  both	  the	  automated	  procedure	  and	  the	  manual	  

analysis/valida=on	  
–  89%	  reduc=on	  on	  faulty	  anomaly	  candidates	  was	  achieved	  while	  discarding	  

only	  16%	  of	  CORS	  sta=ons	  	  
–  Standardized	  sta=on-‐selec=on	  criteria	  for	  regional	  threat-‐model	  can	  be	  

defined.	  	  

•  Lists	  of	  GNSS	  network	  sta=ons	  ranked	  by	  data	  quality	  are	  
available.	  	  
Rank_of_CORS_sta=ons_CONUS_May2012.xlsx	  
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Thank	  you	  for	  your	  ajen=on	  
Comments? 
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