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March 4, 2014 Precise Point Positioning with gd2p.pl  8



• 
– 

• 

– 
• 

March 4, 2014 Precise Point Positioning with gd2p.pl  9



March 4, 2014 Precise Point Positioning with gd2p.pl  10



• 

– 
– 

• 

• 
– 
– 

– 

March 4, 2014 Precise Point Positioning with gd2p.pl  11



• 
• 
• 

– 

• 
– 

– 
• 

March 4, 2014 Precise Point Positioning with gd2p.pl  12



• 
– 
– 

• 

• 

– 
– 

 start time                  stop time                type   user      postfit sigma    npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      1.5847E-05    1938    230 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.8335E-04    2168       0 
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 start time                  stop time                type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      1.1738E-05    2157     11 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7924E-04    2168      0 
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<      WETZTROP  = .TRUE. 
<      TROPDRIFT = 5.0e-8 
--- 
>      WETZTROP  = .FALSE. 
>      TROPDRIFT = -1.0 
– 
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 NMLTROP_DRY(  1) =     2.0507 
– 

• 

 NMLTropMap(  1) = 'NIELL' 
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start time                   stop time                type  user       postfit sigma  npts   outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.8493E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7494E-04    2168      0 
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<   NMLFreqDepLove = .TRUE. 
<   NMLOctTid = .TRUE. 
<   NMLPolTid = .TRUE. 
--- 
>   NMLSolidTideOn( 1 ) = .FALSE. 
– 
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start time                 stop time                 type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.6587E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7503E-04    2168      0 
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NMLOceanLoad(  1) = .true.   
 NMLOcnLoad_Amp(1,  *,  1) 
 NMLOcnLoad_Phs(1,  *,  1) 
– 
NMLOcnldCpn = .TRUE.
– 
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start time                 stop time                 type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.6588E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7503E-04    2168      0 
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NMLOcnldPolTid = .TRUE. 
NMLOcnldPolTidMap = '/GIPSY_source/goa-var/sta_info/oceanpoletide_load_0.5deg.txt'   
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 start time                 stop time                type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.1667E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7481E-04    2168      0
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<     WETZGRAD  = .TRUE 
--- 
>     WETZGRAD  = .FALSE. 
– 
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 start time                 stop time                 type  user      postfit sigma    npts outliers 
 10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.1663E-06    2167      1 
 10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7481E-04    2168      0
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<   NMLTropMap(  1) = ’GPT2' 
--- 
>   NMLTropMap(  1) = 'NIELL' 
– 
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316353585.00000000 

316439685.00000000 
– 

• 
!        lat                      long          elev (m) 
!      35.4251561    -116.8892511      987.0973 
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start time                 stop time                 type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.1648E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7481E-04    2168      0
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start time                 stop time                 type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.1648E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7481E-04    2168      0
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0.000350155460182577   
-0.000470208760816604   
-0.000240106601268053 
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start time                 stop time                 type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.1619E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7467E-04    2168      0
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< $ionosphere_mdl 
<     Ion_2nd = .true. 
<     mag_mdl = 'IGRF' 
<     tec_mdl ='IRI' 
<     Ion_2nd_shell_hgt = 600 
< $end 
– 
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SAT igs08_1604.xyz    ftp://sideshow.jpl.nasa.gov/pub/gipsy_files/gipsy_params/antenna_cals_xmit/igs08_1604.xyz.gz 
GRN igs08_1604.atx    ftp://sideshow.jpl.nasa.gov/pub/gipsy_files/gipsy_params/antenna_cals_xmit/igs08_1604.atx.gz 
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  start time                 stop time              type     user      postfit sigma   npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      5.9454E-06    2167      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      3.7453E-04    2168      0
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start time                   stop time               type    user      postfit sigma    npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      7.1846E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0513E-04    2429      0
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start time                   stop time               type    user      postfit sigma    npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      7.8489E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0521E-04    2429      0
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<     SIGELV = .TRUE., .TRUE. 
<     SQRELP1 = .FALSE. 
– 
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start time                  stop time                 type  user      postfit sigma     npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      7.8489E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0521E-04    2429      0
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start time         stop time      type  user      postfit sigma npts outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      7.8489E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0521E-04    2429      0 

 start time         stop time      type  user      postfit sigma npts outliers  
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      7.9731E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0541E-04    2429      0 
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0.0456102497992106   (Z = 0.0 mm) 
0.514080056746025    (Y = 0.5 mm) 
-0.851220192998881   (X = -0.9 mm) 
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PNLCUM     0       3542   87.2843765402 
PNLCUM     5        366    9.0192212913 
PNLCUM    10         78    1.9221291276 
… 
– 
– 
– 
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Add zenith troposphere

Add solid Earth tides

Add antenna calibration

Lower elevation
angle cutoff

Add troposphere
 gradients

Elevation
Dependent
Weighting
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Add zenith troposphere

Add solid Earth tides

Lower elevation
angle cutoff
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Add zenith troposphere

Solid Earth Tide Models

Antenna Calibration
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Add tidal models

Add antenna calibration

Lower elevation
 angle cutoff

Troposphere gradients Elevation
Dependent
Weighting
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Add solid Earth tides

Add zenith troposphere

Add antenna calibration

Elevation
Dependent
Weighting

Lower elevation 
angle cutoff
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Add solid Earth tides

Use GPT2 Nominal Dry

Add antenna calibrations

Lower elevation
angle cutoff
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Add zenith troposphere

Add solid Earth tides

Add ocean load tides

Add troposphere gradients

Add antenna calibrations

NOTE: Number of narrow lanes < 0.05 centicycle also increased when elevation angle 
cutoff lowered to 7 degrees (3160 to 3510), and overall percentage increased slightly.
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• 
Average Position, (x,y,z), in km:  -2353.614218  -4641.384766   3676.976173  
Position Scatter,   (x,y,z), in km:          0.001444         0.002298        0.001526 

– 
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 start time                    stop time               type   user       postfit sigma  npts outliers 
 10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      5.9291E-06    2429      0 
 10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0420E-04    2429      0 
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•  What is standard deviation of
time series?

cat kpp1_neu.txt | cl 2 | stats | cl 3
cat kpp1_neu.txt | cl 3 | stats | cl 3
cat kpp1_neu.txt | cl 4 | stats | cl 3
•  North: 0.6 cm
•  East: 0.5 cm
•  Up: 2.0 cm
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  start time                stop time                type    user        postfit sigma npts  outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      5.6768E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0494E-04    2429     0 
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•  What is standard deviation of
time series?

cat kpp2_neu.txt | cl 2 | stats | cl 3
cat kpp2_neu.txt | cl 3 | stats | cl 3
cat kpp2_neu.txt | cl 4 | stats | cl 3
•  North: 0.6 cm
•  East: 0.5 cm
•  Up: 1.2 cm
•  This is lower than when 

troposphere was estimated.
•  Improved result given

station is not moving.
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 start time                 stop time                  type  user      postfit sigma    npts  outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.7252E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0493E-04    2429      0
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•  What is standard deviation of
time series?

cat kpp3_neu.txt | cl 2 | stats | cl 3
cat kpp3_neu.txt | cl 3 | stats | cl 3
cat kpp3_neu.txt | cl 4 | stats | cl 3
•  North: 0.3 cm
•  East: 0.4 cm
•  Up: 0.6 cm
•  Lower scatter with tighter

constraints on random walk.
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 start time                  stop time                type  user         postfit sigma npts   outliers 
10JAN09 23:59:45   10JAN10 23:54:45   LC   GOL2      6.4449E-06    2428      1 
10JAN09 23:59:45   10JAN10 23:54:45   PC   GOL2      4.0494E-04    2429      0
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•  What is scatter of time series?
cat kpp4_neu.txt | cl 2 | stats | cl 3
cat kpp4_neu.txt | cl 3 | stats | cl 3
cat kpp4_neu.txt | cl 4 | stats | cl 3
•  North: 0.1 cm
•  East: 0.1 cm
•  Up: 0.1 cm
•  Using “est” from tdp2llh means we are 

looking at the change relative to the 
provided time varying nominal.

•  Bias in UP component results from        
–env_km information being ignored 
when providing STA [XYZ] in input.
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   start time         stop time      type  user      postfit sigma npts outliers 
10JAN09 23:59:45   10JAN10 23:59:15   LC   GOL2       7.2019E-06   23883     14 
10JAN09 23:59:45   10JAN10 23:59:15   PC   GOL2      1.0627E-03   23690    207
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2010-01-10_hr.tdp.gz 
– 

• 

– 

• 
– 
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•  What is scatter of time series?
cat kpp5_neu.txt | cl 2 | stats | cl 3
cat kpp5_neu.txt | cl 3 | stats | cl 3
cat kpp5_neu.txt | cl 4 | stats | cl 3
•  North: 0.3 cm
•  East: 0.2 cm
•  Up: 0.5 cm
•  Larger scatter than low-rate run, as 

expected.



– 
– 

• 
• 

– 
• 

– 
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   start time         stop time      type  user      postfit sigma npts outliers 
10JAN09 23:59:45   10JAN10 23:59:15   LC   GOL2       5.9111E-06   23896      1 
10JAN09 23:59:45   10JAN10 23:59:15   PC   GOL2      1.0622E-03   23689    207
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•  What is standard deviation of
time series?

cat kpp6_neu.txt | cl 2 | stats | cl 3
cat kpp6_neu.txt | cl 3 | stats | cl 3
cat kpp6_neu.txt | cl 4 | stats | cl 3
•  North: 0.6 cm
•  East: 0.4 cm
•  Up: 1.2 cm
•  Significantly larger scatter as expected.
•  Represents extreme limit of positioning 

accuracy achievable from available data.
•  Random walk effectively smooths 

this solution.



• 
– 
– 

• 
• 

– 
– 

• 
– 
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