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Why	
  Reprocessing	
  Again?	
  

•  The	
  Analysis	
  Centers	
  have	
  completed	
  their	
  2nd	
  reanalysis	
  of	
  the	
  full	
  history	
  of	
  
GPS	
  and	
  GLONASS	
  data	
  collected	
  by	
  the	
  IGS	
  global	
  network	
  from	
  1994.0	
  unIl	
  
~2014.0	
  

•  The	
  reprocessing	
  was	
  completed	
  using	
  the	
  latest	
  models	
  and	
  methodologies,	
  
which	
  offers	
  the	
  potenIal	
  for	
  full	
  consistency	
  over	
  Ime	
  using	
  IGS08/IGb08	
  as	
  
the	
  a	
  priori	
  terrestrial	
  reference	
  frame	
  and	
  associated	
  antenna	
  calibraIons	
  

•  This	
  effort	
  follows	
  the	
  successful	
  1st	
  full	
  reprocessing	
  by	
  the	
  IGS,	
  which	
  provided	
  
the	
  GNSS	
  input	
  for	
  ITRF2008	
  

•  Likewise,	
  this	
  2nd	
  reprocessing	
  has	
  provided	
  the	
  GNSS	
  input	
  for	
  ITRF2014	
  
–  see	
  next	
  talk	
  by	
  P.	
  Rebischung	
  et	
  al.	
  

•  In	
  addiIon,	
  the	
  combined	
  products	
  offer	
  the	
  potenIal	
  to	
  study	
  geodynamics	
  at	
  
higher	
  temporal	
  resoluIon,	
  and	
  possibly	
  with	
  improved	
  accuracy	
  and	
  precision	
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Contributed	
  Products	
  

•  Eight	
  contribuIng	
  Analysis	
  Centers	
  (ACs)	
  
–  COD,	
  EMR,	
  ESA,	
  GFZ,	
  GRG,	
  JPL,	
  MIT	
  and	
  ULR	
  

	
  

•  Daily	
  GPS	
  &	
  GLONASS	
  orbits	
  and	
  GPS	
  satellite	
  clocks	
  
–  15-­‐minute	
  intervals	
  (SP3c	
  format)	
  

	
  

•  Daily	
  GPS	
  satellite	
  and	
  tracking	
  staIon	
  clocks	
  
–  5-­‐minute	
  intervals	
  (clock	
  RINEX	
  format)	
  
–  no	
  30-­‐second	
  clocks:	
  insufficient	
  number	
  of	
  acceptable	
  30s	
  clock	
  ACs	
  	
  

•  Daily	
  Earth	
  rotaIon	
  parameters	
  (ERPs)	
  
–  x	
  &	
  y	
  coordinates	
  of	
  pole	
  
–  rate-­‐of-­‐change	
  of	
  x	
  &	
  y	
  pole	
  coordinates	
  
–  excess	
  length-­‐of-­‐day	
  (LOD)	
  

	
  

•  Terrestrial	
  coordinate	
  frames	
  with	
  ERPs	
  
–  with	
  full	
  variance-­‐covariance	
  matrix	
  (SINEX	
  format)	
  
–  also	
  includes	
  Z-­‐offset	
  parameters	
  for	
  satellite	
  antennas	
  (with	
  removable	
  constraints	
  

to	
  official	
  igs08.atx	
  values)	
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Time	
  Spans	
  of	
  AC	
  ContribuBons	
  

•  7	
  operaIonal	
  ACs	
  
–  COD,	
  EMR,	
  ESA,	
  GFZ	
  (GF2),	
  GRG,	
  JPL,	
  MIT	
  

	
  

•  2	
  TIGA	
  ACs	
  to	
  densify	
  ground	
  network	
  with	
  
staIons	
  collocated	
  at	
  Ide-­‐gauges	
  
–  GFZ	
  (GT2),	
  ULR	
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LEGEND	
  

slash:	
   snx,	
  sp3,	
  erp	
  	
  	
  	
  [brdc	
  clk	
  in	
  sp3]	
  

dots:	
   snx,	
  sp3,	
  clk	
  (5m),	
  erp	
  

solid:	
   snx,	
  sp3,	
  clk	
  (30s),	
  erp	
  



AC	
  Measurement	
  Models	
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AC	
  a	
  priori	
  Terrestrial	
  Frame	
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AC	
  Satellite	
  Dynamics	
  and	
  InerBal	
  Reference	
  Frame	
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Known	
  Improvements,	
  Remaining	
  Errors	
  

•  Orbits	
  
–  Sub-­‐daily	
  alias	
  and	
  draconiIc	
  

	
  orbit	
  errors	
  persist,	
  e.g.	
  
•  IERS	
  ConvenIons	
  model	
  for	
  

diurnal	
  and	
  semi-­‐diurnal	
  
EOP	
  variaIons	
  unchanged	
  

•  Empirical	
  solar	
  radiaIon	
  
pressure	
  models	
  sIll	
  being	
  
used	
  

–  Improved	
  rotaIonal	
  alignment	
  
•  Bug	
  corrected	
  in	
  ACC	
  sogware	
  

for	
  applying	
  TRF	
  rotaIons	
  to	
  
orbits	
  prior	
  to	
  orbit	
  combinaIon	
  
hhp://acc.igs.org/orbits/acc_report_final_rotaIons.pdf	
  

–  Earth	
  albedo	
  and	
  antenna	
  thrust	
  models	
  implemented	
  
•  combined	
  effect:	
  ~0.75	
  ppb,	
  or	
  ~2	
  cm	
  at	
  GPS	
  alItude	
  

•  Clocks	
  
–  Inconsistent	
  yaw	
  modeling	
  amongst	
  ACs	
  leads	
  to	
  non-­‐trivial	
  satellite-­‐specific	
  clock	
  

biases	
  (up	
  to	
  ~10	
  ns)	
  during	
  satellite	
  eclipses	
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[Griffiths	
  and	
  Ray,	
  2013]	
  	
  



Clock	
  CombinaBon	
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a	
  priori	
  AC	
  weighIng:	
  
•  UL2	
  -­‐>	
  comparison	
  only	
  (all;	
  not	
  shown)	
  
•  GR2	
  -­‐>	
  comparison	
  only	
  (all)	
  
•  GF2	
  -­‐>	
  comparison	
  only	
  (0730	
  thru	
  1720)	
  

	
  
Other	
  products	
  for	
  comparison	
  only:	
  
•  IG1	
  =	
  IGS	
  1st	
  reprocessing	
  
•  IGF	
  =	
  IGS	
  Finals	
  operaIonal	
  soluIon	
  



Orbit	
  CombinaBon:	
  Inter-­‐AC	
  Agreement	
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a	
  priori	
  AC	
  weighIng:	
  
•  UL2	
  -­‐>	
  comparison	
  only	
  (all;	
  not	
  shown)	
  
•  GR2	
  -­‐>	
  comparison	
  only	
  (all)	
  
•  GF2	
  -­‐>	
  comparison	
  only	
  (0730	
  thru	
  1720)	
  
	
  
IG1	
  &	
  IGF	
  for	
  comparison	
  only	
  



AC	
  Orbital	
  Frame:	
  RotaBonal	
  Alignment	
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•  UL2	
  very	
  large	
  scaher	
  (not	
  shown)	
  
•  Large	
  rotaIonal	
  offsets	
  in	
  early	
  years	
  
for	
  CF2,	
  ES2,	
  GT2	
  

•  Periods	
  of	
  spurious	
  rotaIons	
  for	
  GF2	
  
•  Large	
  rotaIons	
  in	
  IG1	
  and	
  IGF	
  unIl	
  Wk	
  
1702	
  (switch	
  to	
  daily	
  products	
  &	
  bug	
  
fix	
  in	
  ACC	
  sogware)	
  

•  Repro2	
  improved	
  rotaIonal	
  stability	
  
compared	
  to	
  IG1/IGF?	
  



AC	
  Orbital	
  Frame:	
  Origin	
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•  UL2	
  very	
  large	
  scaher	
  (not	
  shown)	
  
•  GR2,	
  MI2	
  large	
  scaher	
  in	
  Tx,Ty	
  
•  GF2	
  periods	
  of	
  large	
  offsets	
  
•  Strong	
  ~annual	
  Tz	
  moIons	
  
•  Up	
  to	
  +9/-­‐5	
  mm	
  Tz	
  moIon	
  compared	
  
to	
  IG1/IGF	
  

•  Slight	
  IG1	
  Tx,Ty	
  drig	
  



AC	
  Orbital	
  Frame:	
  Scale	
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Model	
  
changes	
  
in	
  ops	
  

AC	
  drigs	
  
•  EM2,	
  JP2	
  similar	
  scale	
  used	
  by	
  GIPSY	
  
•  ES2	
  similar	
  to	
  IG1/IGF	
  (1050-­‐1550)	
  

Earth	
  albedo	
  &	
  
signal	
  transmission	
  
thrust	
  



Preview	
  of	
  Orbit	
  Jump	
  Analysis	
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Data	
  span	
  used:	
  6	
  Feb	
  2008	
  thru	
  31	
  Dec	
  2010,	
  	
  [e.g.,	
  Griffiths	
  and	
  Ray,	
  2013]	
  



Preview	
  of	
  Orbit	
  Jump	
  Analysis	
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Data	
  span	
  used:	
  6	
  Feb	
  2008	
  thru	
  31	
  Dec	
  2010,	
  	
  [e.g.,	
  Griffiths	
  and	
  Ray,	
  2013]	
  

NRL-­‐IG2	
  
reduced	
  WN	
  
in	
  A,	
  C	
  

NRL-­‐IG2	
  reduced	
  annual	
  
&	
  semi-­‐annual	
  in	
  A,C	
  



Conclusions	
  

•  Eight	
  ACs	
  contributed	
  terrestrial	
  reference	
  frame,	
  Earth	
  orientaIon,	
  GNSS	
  orbit,	
  
and	
  clock	
  products	
  using	
  IGb08	
  and	
  igs08.atx	
  

•  IniIal	
  combinaIons	
  performed	
  for	
  GPS	
  Wks	
  730	
  thru	
  1772,	
  and	
  iniIal	
  set	
  of	
  a	
  
priori	
  weights	
  seems	
  to	
  have	
  miIgated	
  impacts	
  from	
  spurious	
  AC	
  issues	
  
–  AC	
  inputs	
  with	
  spurious	
  departures	
  do	
  not	
  appear	
  to	
  bias	
  combinaIon	
  compared	
  to	
  

IG1/IGF	
  

•  Main	
  features	
  of	
  NRL-­‐IG2	
  products	
  compared	
  to	
  IG1+IGF,	
  so	
  far:	
  
–  daily	
  soluIons	
  for	
  full	
  Ime	
  span	
  
–  possibly	
  a	
  reducIon	
  in	
  orbit	
  frame	
  rotaIons	
  over	
  full	
  history;	
  to	
  be	
  verified	
  w/	
  PPP	
  
–  consistent	
  modeling	
  over	
  full	
  Ime	
  span	
  (effects	
  of	
  Earth	
  albedo	
  &	
  antenna	
  thrust)	
  

•  Remaining	
  combinaIon	
  issues	
  include:	
  
–  apply	
  ocean	
  pole	
  Ide	
  rotaIons	
  to	
  non-­‐conforming	
  ACs	
  (small	
  effect)	
  
–  study	
  possible	
  orbit	
  scale	
  drig	
  (e.g.,	
  EMR,	
  JPL,	
  ESA)	
  	
  
–  complete	
  combinaIons	
  through	
  Wk	
  1831,	
  mainly	
  to	
  ensure	
  consistency	
  with	
  TRF	
  
–  conInue	
  quality	
  assessments	
  to	
  assure	
  highest	
  final	
  quality,	
  mainly	
  

•  extended	
  analysis	
  of	
  orbit	
  jumps	
  
•  PPP	
  soluIons	
  using	
  NRL-­‐IG2	
  orbits	
  &	
  clocks	
  

–  re-­‐combine	
  as	
  needed	
  to	
  address	
  issues	
  found	
  in	
  QA	
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Orbit	
  CombinaBon:	
  Inter-­‐AC	
  Agreement	
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UL2:	
  comparison	
  only	
  (zero	
  a	
  priori	
  weight)	
  
•  has	
  large	
  WRMS	
  wrt	
  IG2	
  &	
  other	
  ACs	
  
•  problems	
  persist	
  for	
  all	
  orbit	
  and	
  clock	
  

combinaIon	
  parameters	
  


