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Introduction 
•  AUer	
  years	
  of	
  development	
  at	
  the	
  Goddard	
  Geophysical	
  and	
  

Astronomical	
  Observatory	
  (GGAO)	
  campus,	
  NASA’s	
  prototype	
  
Next	
  GeneraMon	
  Satellite	
  Ranging	
  System	
  (NGSLR)	
  was	
  
completed	
  earlier	
  this	
  year	
  

•  Part	
  of	
  the	
  acceptance	
  process	
  was	
  a	
  co-­‐locaMon	
  campaign	
  
with	
  the	
  legacy	
  SLR	
  system	
  at	
  GGAO,	
  the	
  MOBLAS-­‐7	
  system	
  

•  The	
  successful	
  co-­‐locaMon	
  campaign	
  lasted	
  five	
  weeks	
  

–  NGSLR	
  tracked	
  a	
  variety	
  of	
  satellite	
  targets	
  day	
  and	
  night,	
  from	
  very	
  
low	
  alMtude	
  all	
  the	
  way	
  to	
  GNSS	
  alMtude	
  

•  The	
  main	
  purpose	
  of	
  the	
  campaign	
  was	
  to	
  demonstrate	
  the	
  
capabiliMes	
  of	
  NGSLR	
  and	
  to	
  validate	
  its	
  design	
  

–  NGSLR	
  is	
  the	
  prototype	
  on	
  the	
  basis	
  of	
  which	
  future	
  NASA	
  systems	
  
will	
  be	
  built	
  as	
  (a)	
  NASA’s	
  contribuMon	
  to	
  GGOS	
  and	
  (b)	
  the	
  long	
  
overdue	
  modernizaMon	
  of	
  its	
  SLR	
  tracking	
  network	
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GGAO Campus 

•  Legacy	
  systems	
  SLR,	
  
VLBI,	
  GNSS,	
  DORIS	
  

•  GGOS-­‐class	
  Systems:	
  
–  NGSLR	
  
–  VLBI2010	
  
– MulM-­‐constellaMon	
  GNSS	
  
receivers	
  

•  VTS	
  System	
  to	
  monitor	
  
the	
  vector	
  Mes	
  between	
  
all	
  of	
  the	
  deployed	
  
systems	
  	
  

Erricos	
  C.	
  Pavlis,	
  et	
  al.	
  11/13/2013	
   18th	
  ILW	
  2013	
  Fujiyoshida,	
  Japan	
   3	
  

MOBLAS-­‐7	
  

NGSLR	
  



SLR	
  SYSTEM	
  CO-­‐LOCATION	
  
CONCEPT	
  

NGSLR	
  MOBLAS-­‐7	
  

COMMON	
  TARGET	
  
(e.g.	
  LAGEOS)	
  

Lageos-1 1155 2013 160 3:11 8010 9.6 0.3 12 667 0.4 10 Y
Lageos-1 1155 2013 163 2:39 935 10.8 0.1 7 133 1.2
Lageos-1 1155 2013 163 12:52 1416 13.6 0.1 7 202 1.2 Y
Lageos-1 1155 2013 168 8:00 752 11.2 0.1 6 125 1.2 2 Y
Lageos-1 1155 2013 173 21:57 11247 9.4 0.2 18 624 0.6 14 Y Y
Lageos-1 1155 2013 174 1:36 18941 10.2 0.5 17 1114 0.4 14 Y
Lageos-1 1155 2013 176 21:46 2013 10.4 0.1 6 335 0.6 Y
Lageos-1 1155 2013 177 1:02 13421 9.4 0.3 19 706 0.4 17 Y
Lageos-1 1155 2013 186 9:27 5542 11.8 0.1 22 251 0.8 20 Y
Lageos-1 1155 2013 159 23:56 1141 10.8 0.2 2 570 0.5 2 Y Y
Lageos-2 5986 2013 149 16:17 168 13.8 0 2 84 1.8 Y
Lageos-2 5986 2013 150 14:04 607 6.5 0.1 4 151 0.6 Y
Lageos-2 5986 2013 150 18:26 339 10.9 0 2 169 1.3 Y
Lageos-2 5986 2013 150 22:31 24616 9.9 0.7 14 1758 0.3 6 Y Y
Lageos-2 5986 2013 151 15:58 3926 10.5 0.2 8 490 0.8 Y
Lageos-2 5986 2013 151 16:30 8555 9.4 0.3 11 777 0.5 Y
Lageos-2 5986 2013 151 20:08 36718 9.2 0.6 15 2447 0.3 7 Y Y
Lageos-2 5986 2013 152 0:44 34256 9.8 1.1 13 2635 0.3 9 Y
Lageos-2 5986 2013 155 17:01 1977 8.9 0.1 6 329 0.6 1 Y
Lageos-2 5986 2013 155 20:42 15526 9.8 0.3 17 913 0.6 15 Y Y
Lageos-2 5986 2013 156 0:58 25283 8.6 1.3 9 2809 0.2 8 Y
Lageos-2 5986 2013 156 18:43 5394 9.6 0.1 12 449 0.6 5 Y Y
Lageos-2 5986 2013 156 22:54 15043 11 0.3 14 1074 0.5 6 Y Y
Lageos-2 5986 2013 157 2:57 568 8.9 0.1 3 189 0.7
Lageos-2 5986 2013 160 1:12 11363 11.6 0.2 19 598 0.9 13 Y
Lageos-2 5986 2013 165 17:34 3191 11.9 0.1 15 212 1 4 Y Y
Lageos-2 5986 2013 166 15:40 31330 10.2 0.5 26 1205 0.5 13 Y Y
Lageos-2 5986 2013 168 15:53 396 12.5 0.1 3 132 1.3 Y
Lageos-2 5986 2013 172 17:00 468 7 0.1 5 93 0.8 Y
Lageos-2 5986 2013 172 20:33 8932 10.2 0.2 13 687 0.6 12 Y Y
Lageos-2 5986 2013 173 22:50 3228 8.6 0.1 11 293 0.7 Y
Lageos-2 5986 2013 175 15:12 248 10.6 0.1 2 124 1 Y
Lageos-2 5986 2013 175 18:55 3234 10.7 0.1 11 294 0.7 4 Y Y
Lageos-2 5986 2013 176 13:15 306 8.3 0.1 2 153 0.7 1 Y
Lageos-2 5986 2013 176 16:54 1413 13 0.1 13 108 1.4 1 Y
Lageos-2 5986 2013 176 21:07 3424 9.4 0.2 7 489 0.6 2 Y Y
Lageos-2 5986 2013 177 14:52 1195 11.3 0.1 9 132 1.1 Y
Lageos-2 5986 2013 180 13:33 806 12 0.1 5 161 1.2 4 Y Y
Lageos-2 5986 2013 180 17:19 2620 11.3 0.1 19 137 1.1 11 Y Y
Lageos-2 5986 2013 184 17:51 720 12.5 0.1 6 120 1.4 4 Y Y
Lageos-2 5986 2013 186 10:17 644 13.1 0.1 6 107 1.3 4 Y Y
Lageos-2 5986 2013 150 0:22 173 10.2 0 1 173 0.8
LARES 5987 2013 150 23:32 15455 8.5 7.4 5 3091 0.3 2 Y Y
LARES 5987 2013 151 22:23 49446 8.5 6.5 12 4120 0.1 11 Y Y
LARES 5987 2013 172 19:30 22578 9.3 1.8 17 1328 0.5 14 Y Y
LARES 5987 2013 175 18:16 2226 8.7 0.2 9 247 0.8 3 Y Y
LARES 5987 2013 180 16:54 4502 8.9 0.6 14 321 0.5 14 Y Y
LARES 5987 2013 184 18:36 734 9.5 0.3 4 183 Y
LARES 5987 2013 176 19:17 1593 8.8 0.4 7 227 0.7 5 Y Y
Larets 5557 2013 155 23:29 13463 7.9 7 4 3365 0.2 4 Y Y
Larets 5557 2013 156 22:27 9829 7.6 2.9 6 1638 0.2 Y
Larets 5557 2013 176 23:24 25098 7.4 6.2 7 3585 0.1 Y
SARAL 3201 2013 175 22:50 6018 6.1 1.9 11 547 0.4 2 Y Y
Starlette 1134 2013 156 3:33 132311 10.1 13.5 16 8269 0.1 16 Y
Starlette 1134 2013 157 2:03 182614 11.1 15.8 20 9130 0.2 20 Y
Starlette 1134 2013 160 3:02 1399 8.2 0.1 12 116 0.8 11 Y
Starlette 1134 2013 163 0:24 29780 8.8 4.4 8 3722 0.2 5 Y
Starlette 1134 2013 163 2:12 28990 9.8 3.6 11 2635 0.3 10 Y
Starlette 1134 2013 172 20:16 16236 8.7 2.1 11 1476 0.4 11 Y Y
Starlette 1134 2013 173 20:36 3879 8.9 0.5 6 646 0.6 4 Y Y
Starlette 1134 2013 174 0:18 17107 9.2 2.1 12 1425 0.4 11 Y
Starlette 1134 2013 174 2:12 12734 9 3 7 1819 0.3 6 Y
Starlette 1134 2013 176 18:02 75 10.7 0.1 2 37 1.8 Y
Starlette 1134 2013 176 19:51 1686 8.7 1.2 3 562 0.5 3 Y Y
Starlette 1134 2013 176 23:39 12935 9.1 1.2 7 1847 0.4 7 Y Y
Starlette 1134 2013 184 18:42 13664 9 1.4 14 976 0.4 12 Y Y
Stella 643 2013 149 17:56 120 9.1 0.2 2 60 1.2 2 Y Y
Stella 643 2013 150 17:29 4868 7.4 0.8 7 695 0.6 Y
Stella 643 2013 151 18:42 250 2 0.1 2 125 0.8 1 Y
Stella 643 2013 166 17:08 3329 8.4 2.2 2 1664 0.3 2 Y Y
Stella 643 2013 168 17:54 6104 10.5 1.5 3 2034 0.3 2 Y Y
Stella 643 2013 172 17:45 30329 8.3 4.4 7 4332 0.3 4 Y Y
Stella 1134 2013 177 17:14 1076 8.6 0.2 3 358 0.6 Y
Stella 643 2013 184 17:29 29079 9.8 7.5 6 4846 0.5 Y

8"Jul"13
TOTAL,#,passes 160
%,with,MOB"7 58%
%,in,daylight 75%

#,LAGEOS"1/2 51
#,GNSS 30
#,collocated,LAG 32
#,collocated,GNSS 6

Note:&&some&of&these&passes&may&not&ul1mately&
qualify&as&individual&passes&but&may&be&combined&
because&they&are&segments&of&the&same&pass.&&This&&
count&and&percentage&analysis&is&s1ll&preliminary.&

One&GNSS&collocated&pass&was&in&daylight!!!&&
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Data Validation Process 
•  The	
  NGSLR	
  data	
  were	
  processed	
  along	
  with	
  the	
  rest	
  of	
  the	
  

data	
  collected	
  contemporarily	
  by	
  the	
  enMre	
  ILRS	
  network	
  
using	
  our	
  standard	
  QC	
  analysis	
  procedure	
  

•  A	
  precise	
  orbital	
  fit	
  to	
  the	
  data,	
  allowing	
  for	
  orbit	
  esMmaMon	
  
along	
  with	
  systemaMc	
  errors	
  for	
  each	
  staMon	
  (e.g.	
  
measurement	
  and	
  Mming	
  errors),	
  on	
  a	
  pass-­‐by-­‐pass	
  basis	
  

•  The	
  analysis	
  is	
  based	
  on	
  a	
  model	
  that	
  includes	
  our	
  best	
  
knowledge	
  for	
  geophysical	
  processes,	
  the	
  dynamics	
  of	
  the	
  
satellite	
  targets,	
  and	
  their	
  opMcal	
  signature	
  
–  As	
  far	
  as	
  the	
  lafer	
  (“CoM”	
  offset),	
  we	
  only	
  have	
  a	
  general	
  and	
  

preliminary	
  result	
  for	
  LARES	
  (LAGEOS	
  CoM	
  is	
  MOBLAS-­‐7	
  specific)	
  

–  This	
  process	
  is	
  the	
  same	
  one	
  which	
  feeds	
  data	
  into	
  the	
  “Global	
  
Performance	
  Report	
  Card”	
  generaMon	
  (on	
  a	
  monthly	
  basis	
  now)	
  

–  Due	
  to	
  the	
  limited	
  length	
  of	
  the	
  campaign,	
  only	
  short-­‐term	
  
performance	
  assessed,	
  long-­‐term	
  results	
  aUer	
  we	
  have	
  more	
  than	
  1	
  
year	
  of	
  tracking	
  analyzed	
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SLR Global Performance Report Card 
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h"p://ilrs.gsfc.nasa.gov/network/system_performance/global_report_cards/monthly/	
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NASA Supported Stations 
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Data Validation Process (cont.) 
•  The	
  range	
  residuals	
  from	
  NGSLR	
  and	
  MOBLAS-­‐7	
  data	
  on	
  

the	
  same	
  target	
  and	
  for	
  passes	
  which	
  were	
  co-­‐observed,	
  
were	
  compared	
  

•  StaMsMcs	
  for	
  each	
  group	
  of	
  residuals	
  and	
  for	
  every	
  co-­‐
observed	
  pass	
  were	
  formed	
  and	
  compared	
  

•  We	
  are	
  looking	
  for	
  similar	
  trends	
  in	
  the	
  residuals	
  and	
  
lower	
  noise	
  in	
  the	
  NGSLR	
  case,	
  reflected	
  in	
  their	
  RMS	
  
about	
  the	
  mean	
  

–  Theory	
  predicts	
  that	
  there	
  should	
  be	
  a	
  systemaMc	
  difference	
  
between	
  NGSLR	
  and	
  MOBLAS-­‐7	
  (see	
  talks	
  by	
  the	
  NGSLR	
  team)	
  

–  Higher	
  stability	
  of	
  the	
  NGSLR	
  system	
  should	
  result	
  in	
  a	
  
significantly	
  higher	
  precision	
  of	
  that	
  data	
  set	
  compared	
  to	
  
MOABLS-­‐7	
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Residual Comparisons NGSLR – MOBLAS-7 
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•  In	
  the	
  following	
  we	
  show	
  a	
  few	
  examples	
  
of	
  residual	
  comparisons	
  for	
  LAGEOS,	
  
LAGEOS	
  2	
  and	
  LARES	
  passes	
  tracked	
  by	
  
NGSLR	
  ★	
  and	
  MOBLAS-­‐7	
  ☐	
  



Residual Comparisons NGSLR – MOBLAS-7 LAGEOS 1 
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Residual Comparisons NGSLR – MOBLAS-7 LAGEOS 1 
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Residual Comparisons NGSLR – MOBLAS-7 LAGEOS 2 
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Residual Comparisons NGSLR – MOBLAS-7 LAGEOS 2 
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Residual Comparisons NGSLR – MOBLAS-7 LAGEOS 2 
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Residual Comparisons NGSLR – MOBLAS-7 LARES 
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Residual Comparisons NGSLR – MOBLAS-7 LARES 
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Residual Comparisons NGSLR – MOBLAS-7 LARES 
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Residual Statistics MOBLAS-7 vs. NGSLR 
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RELATIVE	
  BIAS:	
  	
  ~18	
  mm	
  Commonly	
  observed	
  passes	
  



Residual Statistics MOBLAS-7 vs. NGSLR 
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RELATIVE	
  BIAS:	
  	
  ~16	
  mm	
  Commonly	
  observed	
  passes	
  



Residual Statistics MOBLAS-7 vs. NGSLR 
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RELATIVE	
  BIAS:	
  	
  ~13	
  mm	
  Commonly	
  observed	
  passes	
  



ILRS Global Network vs. NGSLR 
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Target	
   Global	
  Network	
   NGSLR	
  

Precision	
  
[mm]	
  

Rb	
  
[mm]	
  

σRb	
  
[mm]	
  

Precision	
  
[mm]	
  

Rb	
  
[mm]	
  

σRb	
  
[mm]	
  

LAGEOS	
  1	
   4.6	
   0.1	
   16	
   3.4	
   14.6	
   1.6	
  

LAGEOS	
  2	
   4.4	
   7.2	
   14	
   3.3	
   15.2	
   1.5	
  

LARES	
   7.1	
   -­‐3.9	
   12	
   4.1	
   -­‐5.1	
   0.6	
  

StaMsMcs	
  of	
  ~24	
  staMons	
  that	
  tracked	
  over	
  the	
  period	
  of	
  the	
  co-­‐locaMon	
  campaign	
  

StaMsMcs	
  from	
  all	
  of	
  tracked	
  data	
  



Summary 

•  A very successful five week co-location campaign produced a 
good set of SLR data on various targets (from LEO to HEO) 
tracked by the permanent GGAO system (MOBLAS-7) and the 
recently completed NGSLR system, many tracked simultaneously 

 

•  We compared the data on LAGEOS 1 & 2 and LARES via our 
standard QC process, for the entire network and NGSLR 
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•  Comparison on a pass-by-pass 
basis revealed a good agreement 
between the two systems, with a 
relative systematic range 
difference that is theoretically 
expected between the two systems 

 
•  	
  We will continue the comparison 

focusing on data from LEO & HEO 
missions (e.g. Starlette, GLONASS) 


