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    & site information files 
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    & satellite orbits 
    & reference frames 
UNAVCO teqc converter 
PAGES baseline processor 
    var. geophysical models 
NGS geodetic toolkit  
 
 
 

your 
GPS data 

geodetic 
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OPUS 

• OPUS – S (2 hrs) 
• OPUS – RS (15 minutes) 
• OPUS – DB (Publish) 
• OPUS – Projects (Network) 





OPUS Submission Webpage 

Your email address 

Location of your data file 

Your antenna type 

Antenna height 

Customize your solution  - details on next slide 



Under the “OPTIONS” tab in OPUS 

OPUS Projects  ID 

Include-Exclude CORS here 

SPCS overrule 
Change Geoid Model  

Publish in OPUS-DB? 

Select one to start computation process  



Why Do I Need the Antenna Type? 
The antenna phase centers are 

located somewhere around here. 

The Antenna Reference Point (ARP) 
is almost always  located in the 

center of the bottom surface of the 
antenna. 

The antenna offsets are 
the distance between 
the phase centers and 

the ARP 

You do not need to know 
these offsets. They are 

passed to the processing 
software through the    

antenna type 

Incorrect or missing antenna type → big vertical errors 

ARP 

phase ctr. 



NGS Antenna Calibration  – 
Relative vs. Absolute GNSS Antenna Calibration 

relative absolute 

2 hours 
GPS tracking 



Antenna Type, height – easy, right? 

• Type?  
– Verify by looking up in ANTCAL 
– Orient the antenna indicator to true north 
– Centered over the mark? (check plummet or bubble) 

 
• Height?  

– Height to what? (antenna ARP, not L1-phase center) 
– Fixed-height tripods are easier than slip-legs. 
– Vertical, NOT slant-height. 
– Is your fixed-height tripod really fixed? (measure!) 



How is the Antenna Height Measured? 
ARP 

MARK 

•The height is measured vertically (NOT the slant height) from the mark to the ARP of the antenna. 
•The height is measured in meters. 
•The ARP is almost always the center of the bottom-most, permanently attached, surface of the antenna. 
•See GPS Antenna Calibration for photo’s and diagrams that show where the ARP is on most antennas:     
     http://geodesy.noaa.gov/ANTCAL/ 
•If the default height of 0.0000 is entered, OPUS will return the position of the ARP. 



OPUS Static vs. Rapid Static 

Static Rapid Static 
Input (dual-frequency GPS) 2-48 hours 15 minutes-2 hours 

Output normal, extended, XML 
datasheet, project 

normal, extended, XML 
 

Accuracy (95%confidence) 
1-2 cm horizontal 
3-6 cm ellipsoidal height 

1-2 cm horizontal 
4-8 cm ellipsoidal height 

Network geometry 3 CORS, preferably  
within 1000 km of rover 

3-9 CORS, surrounding & 
within 250 km of rover  

Availability global  
 

90% of CONUS 
(subject to CORS configuration) 



4,000++ OPUS-Published Solutions 
April 2012 



OPUS-DB Published Solutions 



Why OPUS-DB 

• A new easier way to capture data and have it in an NGS 
database 

• Help populate Ellipsoidal Heights on Bench Marks, help with 
Geoid models and future vertical datums 



Marks Published. 

2011-03-03  23  

OPUS 
is showing 
steady 
growth in 
registered 
users and 
published 
marks. 
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NGS Data Sheets 
Traditional 

blue booking 

New 
OPUS-DB 



NGS Data Sheets 

NGSIDB 
• Passive control 

• Episodically refined 
(NRA2011) 

• Traditional surveying 

• A lot of (important!) 
numbers and text 

OPUS-DB 
• Actively determined 
from CORS 

• Constantly refined 
• GPS Surveying 
• A lot of numbers/text 
and some useful 
graphics/images 



OPUS DB Requirements 

Field Procedures 
• GPS data file ≥ 4 hour duration 
• quality mark setting 
• experienced observer  
• fixed height tripod recommended 
• brace tripod legs with sandbags or chain 
• verify antenna height and plumb 

 
 

http://www.ngs.noaa.gov/OPUS/about.jsp
http://geodesy.noaa.gov/marks/descriptors.shtml
http://www.ngs.noaa.gov/OPUS/about.jsp


OPUS DB Requirements 

High-Quality OPUS Solution 
• ≥ 70% observations used 
• ≥ 70% ambiguities fixed 
• ≤ 3 cm RMS 
• ≤ 4 cm peak-to-peaks, lat. & lon. 
• ≤ 8 cm peak-to-peak, el. hgt. 
• properly identify antenna type 
• precise or rapid orbits (avail. next day) 

 
 

http://www.ngs.noaa.gov/OPUS/about.jsp


OPUS DB Requirements 

Mark Attributes 
• photos of mark & equipment 
• details (name, type, stability, etc.) 
• description to aid mark recovery 
• preview mark description form 

& help file 

 

http://www.ngs.noaa.gov/OPUS/newMark.jsp?seq=000350999?rnxf=junk365o.060
http://geodesy.noaa.gov/marks/descriptors.shtml


OPUS-DB Requirements 



Issues to Consider 

• Site 
– instability, multi-path 
– mark ID (search database, check stamping) 

• Weather 
– wild, local troposphere issues? 
– space weather: ionospheric issues? 

• “Truth” (orbits, CORS, etc.) 
– Rapid (next-day) orbits required for publishing 



A Quick Example 

2012 SurvCon Atlantic City NJ 

As an example, 
2-hours of  
2009-059 data  
from CORV, a PBO 
CORS in Oregon were 
submitted to OPUS-S. 
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A Quick Example 

2012 SurvCon Atlantic City NJ 

I apologize for stating the 
obvious, but … 
 
When reviewing your 
OPUS solution, double 
check that the 
information you provided 
is correct. 
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      USER: mark.schenewerk@noaa.gov                DATE: March 31, 2010 
RINEX FILE: corv059f.09o                            TIME: 19:43:42 UTC 
 
 
  SOFTWARE: page5  0909.08 master40.pl 081023      START: 2009/02/28  05:00:00 
 EPHEMERIS: igs15206.eph [precise]                  STOP: 2009/02/28  06:59:00 
  NAV FILE: brdc0590.09n                        OBS USED:  5984 /  6181   :  97% 
  ANT NAME: ASH700936C_M    NONE             # FIXED AMB:    31 /    31   : 100% 
ARP HEIGHT: 1.521                            OVERALL RMS: 0.009(m) 
 
 
 REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000)            ITRF00 (EPOCH:2009.1596) 
       
         X:     -2498422.603(m)   0.011(m)          -2498423.344(m)   0.011(m) 
         Y:     -3802821.159(m)   0.007(m)          -3802819.941(m)   0.007(m) 
         Z:      4454736.661(m)   0.021(m)           4454736.734(m)   0.021(m) 
 
       LAT:   44 35  7.91060      0.016(m)        44 35  7.92618      0.016(m) 
     E LON:  236 41 43.48046      0.013(m)       236 41 43.42207      0.013(m) 
     W LON:  123 18 16.51954      0.013(m)       123 18 16.57793      0.013(m) 
    EL HGT:          106.011(m)   0.014(m)               105.627(m)   0.014(m) 
 ORTHO HGT:          128.542(m)   0.020(m) [NAVD88 (Computed using GEOID09)] 
 
                        UTM COORDINATES    STATE PLANE COORDINATES 
                         UTM (Zone 10)         SPC (3601 OR N) 
Northing (Y) [meters]     4936954.909           105971.559 
Easting (X)  [meters]      475821.304          2277335.367 
Convergence  [degrees]    -0.21381419          -1.98897513 
Point Scale                0.99960719           0.99994603 
Combined Factor            0.99959057           0.99992941 
 
US NATIONAL GRID DESIGNATOR: 10TDQ7582136954(NAD 83) 
 
 
 
                              BASE STATIONS USED 
PID       DESIGNATION                        LATITUDE    LONGITUDE DISTANCE(m) 
DH4503 P376 EOLARESVR_OR2004 CORS ARP      N445628.313 W1230608.100   42648.2 
DE6258 MCSO MARION CNTY COOP CORS ARP      N445825.701 W1225720.639   51226.8 
DG5352 STAY STAYTON COOP CORS ARP          N444950.530 W1224915.036   47030.9 

  START: 2009/02/28  05:00:00 
   STOP: 2009/02/28  06:59:00  

RINEX FILE: corv059f.09o      

  ANT NAME: ASH700936C_M    NONE  
ARP HEIGHT: 1.521                 



A Quick Example 

2012 SurvCon Atlantic City NJ 

I apologize for stating the 
obvious, but … 
 
Check the quality control 
measures provided: 
 
 
In this example, we have a      
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      USER: mark.schenewerk@noaa.gov                DATE: March 31, 2010 
RINEX FILE: corv059f.09o                            TIME: 19:43:42 UTC 
 
 
  SOFTWARE: page5  0909.08 master40.pl 081023      START: 2009/02/28  05:00:00 
 EPHEMERIS: igs15206.eph [precise]                  STOP: 2009/02/28  06:59:00 
  NAV FILE: brdc0590.09n                        OBS USED:  5984 /  6181   :  97% 
  ANT NAME: ASH700936C_M    NONE             # FIXED AMB:    31 /    31   : 100% 
ARP HEIGHT: 1.521                            OVERALL RMS: 0.009(m) 
 
 
 REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000)            ITRF00 (EPOCH:2009.1596) 
       
         X:     -2498422.603(m)   0.011(m)          -2498423.344(m)   0.011(m) 
         Y:     -3802821.159(m)   0.007(m)          -3802819.941(m)   0.007(m) 
         Z:      4454736.661(m)   0.021(m)           4454736.734(m)   0.021(m) 
 
       LAT:   44 35  7.91060      0.016(m)        44 35  7.92618      0.016(m) 
     E LON:  236 41 43.48046      0.013(m)       236 41 43.42207      0.013(m) 
     W LON:  123 18 16.51954      0.013(m)       123 18 16.57793      0.013(m) 
    EL HGT:          106.011(m)   0.014(m)               105.627(m)   0.014(m) 
 ORTHO HGT:          128.542(m)   0.020(m) [NAVD88 (Computed using GEOID09)] 
 
                        UTM COORDINATES    STATE PLANE COORDINATES 
                         UTM (Zone 10)         SPC (3601 OR N) 
Northing (Y) [meters]     4936954.909           105971.559 
Easting (X)  [meters]      475821.304          2277335.367 
Convergence  [degrees]    -0.21381419          -1.98897513 
Point Scale                0.99960719           0.99994603 
Combined Factor            0.99959057           0.99992941 
 
US NATIONAL GRID DESIGNATOR: 10TDQ7582136954(NAD 83) 
 
 
 
                              BASE STATIONS USED 
PID       DESIGNATION                        LATITUDE    LONGITUDE DISTANCE(m) 
DH4503 P376 EOLARESVR_OR2004 CORS ARP      N445628.313 W1230608.100   42648.2 
DE6258 MCSO MARION CNTY COOP CORS ARP      N445825.701 W1225720.639   51226.8 
DG5352 STAY STAYTON COOP CORS ARP          N444950.530 W1224915.036   47030.9 

    OBS USED:  5984 /  6181   :  97% 
 # FIXED AMB:    31 /    31   : 100% 
 OVERALL RMS: 0.009(m) 

0.011(m) 
0.007(m) 
0.021(m) 



φ 

your position: 
averaged from the 3 

CORS solutions 

λ 

h 

your peak-to-peaks: 
scaled from the spread of the 

3 CORS solutions 



The Extended Report 

2012 SurvCon Atlantic City NJ 

If the extended report 
option was selected, next 
you’ll see the BASE 
STATION section. 
 
Here, the components 
contributing to the base 
stations’ coordinates are 
shown in detail. These and 
the following information 
are expressed in the ITRF 
currently in use. 
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                           BASE STATION INFORMATION 
                                                   
 STATION NAME: p376  a    2 (EOLARESVR_OR2004; Salem, OR  United States) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2469806.7634  -3788348.6049   4482853.4377  MON @ 1997.0000 (M) 
 XYZ        -0.0141         0.0030        -0.0043  VEL (M/YR) 
 NEU        -0.0000         0.0000         0.0083  MON TO ARP (M) 
 NEU         0.0009         0.0009         0.1068  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0002         0.0017         0.1251  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1715         0.0365        -0.0523  VEL TIMES 12.1597 YRS 
 XYZ        -0.0032        -0.0049         0.0059  MON TO ARP 
 XYZ        -0.0402        -0.0633         0.0761  ARP TO L1 PHASE CENTER 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  L1 PHS CEN @ 2009.1596 
 XYZ         0.0000         0.0000         0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2469806.9381  -3788348.5733   4482853.3913  NEW ARP @ 2009.1596 
 XYZ  -2469806.9348  -3788348.5684   4482853.3855  NEW MON @ 2009.1596 
 LLH  44 56 28.32921  236 53 51.83975    180.9607  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8539  NEW ARP @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8456  NEW MON @ 2009.1596 
 
 STATION NAME: mcso  a    1 (MARION CNTY COOP; Salem, Oregon, U.S.A.) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2458668.9460  -3792427.4770   4485327.2930  MON @ 1997.0000 (M) 
 XYZ        -0.0131         0.0018        -0.0047  VEL (M/YR) 
 NEU         0.0000         0.0000         0.0000  MON TO ARP (M) 
 NEU         0.0025         0.0013         0.1065  ARP TO L1 PHASE CENTER (M) 
 NEU        -0.0007         0.0013         0.1254  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1593         0.0219        -0.0572  VEL TIMES 12.1597 YRS 
 XYZ         0.0000         0.0000         0.0000  MON TO ARP 
 XYZ        -0.0389        -0.0624         0.0770  ARP TO L1 PHASE CENTER 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  L1 PHS CEN @ 2009.1596 
 XYZ        -0.0000        -0.0000        -0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW ARP @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW MON @ 2009.1596 
 LLH  44 58 25.71729  237  2 39.30118     52.9227  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW ARP @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW MON @ 2009.1596 
 



The Extended Report 

2012 SurvCon Atlantic City NJ 

This section includes  
a priori information. 
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                           BASE STATION INFORMATION 
                                                   
 STATION NAME: p376  a    2 (EOLARESVR_OR2004; Salem, OR  United States) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2469806.7634  -3788348.6049   4482853.4377  MON @ 1997.0000 (M) 
 XYZ        -0.0141         0.0030        -0.0043  VEL (M/YR) 
 NEU        -0.0000         0.0000         0.0083  MON TO ARP (M) 
 NEU         0.0009         0.0009         0.1068  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0002         0.0017         0.1251  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1715         0.0365        -0.0523  VEL TIMES 12.1597 YRS 
 XYZ        -0.0032        -0.0049         0.0059  MON TO ARP 
 XYZ        -0.0402        -0.0633         0.0761  ARP TO L1 PHASE CENTER 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  L1 PHS CEN @ 2009.1596 
 XYZ         0.0000         0.0000         0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2469806.9381  -3788348.5733   4482853.3913  NEW ARP @ 2009.1596 
 XYZ  -2469806.9348  -3788348.5684   4482853.3855  NEW MON @ 2009.1596 
 LLH  44 56 28.32921  236 53 51.83975    180.9607  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8539  NEW ARP @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8456  NEW MON @ 2009.1596 
 
 STATION NAME: mcso  a    1 (MARION CNTY COOP; Salem, Oregon, U.S.A.) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2458668.9460  -3792427.4770   4485327.2930  MON @ 1997.0000 (M) 
 XYZ        -0.0131         0.0018        -0.0047  VEL (M/YR) 
 NEU         0.0000         0.0000         0.0000  MON TO ARP (M) 
 NEU         0.0025         0.0013         0.1065  ARP TO L1 PHASE CENTER (M) 
 NEU        -0.0007         0.0013         0.1254  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1593         0.0219        -0.0572  VEL TIMES 12.1597 YRS 
 XYZ         0.0000         0.0000         0.0000  MON TO ARP 
 XYZ        -0.0389        -0.0624         0.0770  ARP TO L1 PHASE CENTER 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  L1 PHS CEN @ 2009.1596 
 XYZ        -0.0000        -0.0000        -0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW ARP @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW MON @ 2009.1596 
 LLH  44 58 25.71729  237  2 39.30118     52.9227  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW ARP @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW MON @ 2009.1596 
 

STATION NAME: p376  a    2 (EOLARESVR_OR2004; Salem, OR  United States) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2469806.7634  -3788348.6049   4482853.4377  MON @ 1997.0000 (M) 
 XYZ        -0.0141         0.0030        -0.0043  VEL (M/YR) 
 NEU        -0.0000         0.0000         0.0083  MON TO ARP (M) 
 NEU         0.0009         0.0009         0.1068  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0002         0.0017         0.1251  ARP TO L2 PHASE CENTER (M) 



The Extended Report 

2012 SurvCon Atlantic City NJ 

Computation of the 
coordinates at the mean 
epoch of the data. 
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                           BASE STATION INFORMATION 
                                                   
 STATION NAME: p376  a    2 (EOLARESVR_OR2004; Salem, OR  United States) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2469806.7634  -3788348.6049   4482853.4377  MON @ 1997.0000 (M) 
 XYZ        -0.0141         0.0030        -0.0043  VEL (M/YR) 
 NEU        -0.0000         0.0000         0.0083  MON TO ARP (M) 
 NEU         0.0009         0.0009         0.1068  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0002         0.0017         0.1251  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1715         0.0365        -0.0523  VEL TIMES 12.1597 YRS 
 XYZ        -0.0032        -0.0049         0.0059  MON TO ARP 
 XYZ        -0.0402        -0.0633         0.0761  ARP TO L1 PHASE CENTER 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  L1 PHS CEN @ 2009.1596 
 XYZ         0.0000         0.0000         0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2469806.9381  -3788348.5733   4482853.3913  NEW ARP @ 2009.1596 
 XYZ  -2469806.9348  -3788348.5684   4482853.3855  NEW MON @ 2009.1596 
 LLH  44 56 28.32921  236 53 51.83975    180.9607  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8539  NEW ARP @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8456  NEW MON @ 2009.1596 
 
 STATION NAME: mcso  a    1 (MARION CNTY COOP; Salem, Oregon, U.S.A.) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2458668.9460  -3792427.4770   4485327.2930  MON @ 1997.0000 (M) 
 XYZ        -0.0131         0.0018        -0.0047  VEL (M/YR) 
 NEU         0.0000         0.0000         0.0000  MON TO ARP (M) 
 NEU         0.0025         0.0013         0.1065  ARP TO L1 PHASE CENTER (M) 
 NEU        -0.0007         0.0013         0.1254  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1593         0.0219        -0.0572  VEL TIMES 12.1597 YRS 
 XYZ         0.0000         0.0000         0.0000  MON TO ARP 
 XYZ        -0.0389        -0.0624         0.0770  ARP TO L1 PHASE CENTER 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  L1 PHS CEN @ 2009.1596 
 XYZ        -0.0000        -0.0000        -0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW ARP @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW MON @ 2009.1596 
 LLH  44 58 25.71729  237  2 39.30118     52.9227  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW ARP @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW MON @ 2009.1596 
 

 XYZ        -0.1715         0.0365        -0.0523  VEL TIMES 12.1597 YRS 
 XYZ        -0.0032        -0.0049         0.0059  MON TO ARP 
 XYZ        -0.0402        -0.0633         0.0761  ARP TO L1 PHASE CENTER 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  L1 PHS CEN @ 2009.1596 



The Extended Report 

2012 SurvCon Atlantic City NJ 

And the coordinates at the 
mean epoch of the data. 
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                           BASE STATION INFORMATION 
                                                   
 STATION NAME: p376  a    2 (EOLARESVR_OR2004; Salem, OR  United States) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2469806.7634  -3788348.6049   4482853.4377  MON @ 1997.0000 (M) 
 XYZ        -0.0141         0.0030        -0.0043  VEL (M/YR) 
 NEU        -0.0000         0.0000         0.0083  MON TO ARP (M) 
 NEU         0.0009         0.0009         0.1068  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0002         0.0017         0.1251  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1715         0.0365        -0.0523  VEL TIMES 12.1597 YRS 
 XYZ        -0.0032        -0.0049         0.0059  MON TO ARP 
 XYZ        -0.0402        -0.0633         0.0761  ARP TO L1 PHASE CENTER 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  L1 PHS CEN @ 2009.1596 
 XYZ         0.0000         0.0000         0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2469806.9381  -3788348.5733   4482853.3913  NEW ARP @ 2009.1596 
 XYZ  -2469806.9348  -3788348.5684   4482853.3855  NEW MON @ 2009.1596 
 LLH  44 56 28.32921  236 53 51.83975    180.9607  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8539  NEW ARP @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8456  NEW MON @ 2009.1596 
 
 STATION NAME: mcso  a    1 (MARION CNTY COOP; Salem, Oregon, U.S.A.) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2458668.9460  -3792427.4770   4485327.2930  MON @ 1997.0000 (M) 
 XYZ        -0.0131         0.0018        -0.0047  VEL (M/YR) 
 NEU         0.0000         0.0000         0.0000  MON TO ARP (M) 
 NEU         0.0025         0.0013         0.1065  ARP TO L1 PHASE CENTER (M) 
 NEU        -0.0007         0.0013         0.1254  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1593         0.0219        -0.0572  VEL TIMES 12.1597 YRS 
 XYZ         0.0000         0.0000         0.0000  MON TO ARP 
 XYZ        -0.0389        -0.0624         0.0770  ARP TO L1 PHASE CENTER 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  L1 PHS CEN @ 2009.1596 
 XYZ        -0.0000        -0.0000        -0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW ARP @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW MON @ 2009.1596 
 LLH  44 58 25.71729  237  2 39.30118     52.9227  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW ARP @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW MON @ 2009.1596 
 

 XYZ  -2469806.9782  -3788348.6366   4482853.4674  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2469806.9381  -3788348.5733   4482853.3913  NEW ARP @ 2009.1596 
 XYZ  -2469806.9348  -3788348.5684   4482853.3855  NEW MON @ 2009.1596 
 LLH  44 56 28.32921  236 53 51.83975    180.9607  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8539  NEW ARP @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8456  NEW MON @ 2009.1596 
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So, if you add the 
a priori coordinates  
+ ARP TO L1, 
+ MON TO ARP 
+ VEL offsets, 
you will get the 
coordinates at the mean 
epoch of the data, shown 
here highlighted in 
yellow, used in the 
processing. 
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                           BASE STATION INFORMATION 
                                                   
 STATION NAME: p376  a    2 (EOLARESVR_OR2004; Salem, OR  United States) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2469806.7634  -3788348.6049   4482853.4377  MON @ 1997.0000 (M) 
 XYZ        -0.0141         0.0030        -0.0043  VEL (M/YR) 
 NEU        -0.0000         0.0000         0.0083  MON TO ARP (M) 
 NEU         0.0009         0.0009         0.1068  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0002         0.0017         0.1251  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1715         0.0365        -0.0523  VEL TIMES 12.1597 YRS 
 XYZ        -0.0032        -0.0049         0.0059  MON TO ARP 
 XYZ        -0.0402        -0.0633         0.0761  ARP TO L1 PHASE CENTER 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  L1 PHS CEN @ 2009.1596 
 XYZ         0.0000         0.0000         0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2469806.9782  -3788348.6366   4482853.4674  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2469806.9381  -3788348.5733   4482853.3913  NEW ARP @ 2009.1596 
 XYZ  -2469806.9348  -3788348.5684   4482853.3855  NEW MON @ 2009.1596 
 LLH  44 56 28.32921  236 53 51.83975    180.9607  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8539  NEW ARP @ 2009.1596 
 LLH  44 56 28.32918  236 53 51.83971    180.8456  NEW MON @ 2009.1596 
 
 STATION NAME: mcso  a    1 (MARION CNTY COOP; Salem, Oregon, U.S.A.) 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2458668.9460  -3792427.4770   4485327.2930  MON @ 1997.0000 (M) 
 XYZ        -0.0131         0.0018        -0.0047  VEL (M/YR) 
 NEU         0.0000         0.0000         0.0000  MON TO ARP (M) 
 NEU         0.0025         0.0013         0.1065  ARP TO L1 PHASE CENTER (M) 
 NEU        -0.0007         0.0013         0.1254  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.1593         0.0219        -0.0572  VEL TIMES 12.1597 YRS 
 XYZ         0.0000         0.0000         0.0000  MON TO ARP 
 XYZ        -0.0389        -0.0624         0.0770  ARP TO L1 PHASE CENTER 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  L1 PHS CEN @ 2009.1596 
 XYZ        -0.0000        -0.0000        -0.0000  + XYZ ADJUSTMENTS 
 XYZ  -2458669.1442  -3792427.5176   4485327.3129  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW ARP @ 2009.1596 
 XYZ  -2458669.1053  -3792427.4551   4485327.2358  NEW MON @ 2009.1596 
 LLH  44 58 25.71729  237  2 39.30118     52.9227  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW ARP @ 2009.1596 
 LLH  44 58 25.71721  237  2 39.30112     52.8162  NEW MON @ 2009.1596 
 

 XYZ  -2469806.7634  -3788348.6049   4482853.4377  MON @ 1997.0000 (M) 

 XYZ  -2469806.9782  -3788348.6366   4482853.4674  L1 PHS CEN @ 2009.1596 

 XYZ        -0.1715         0.0365        -0.0523  VEL TIMES 12.1597 YRS  
 XYZ        -0.0032        -0.0049         0.0059  MON TO ARP 
 XYZ        -0.0402        -0.0633         0.0761  ARP TO L1 PHASE CENTER  
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Next are summaries of the 
solutions relative to each 
base station. 
 
We’ll discuss this a few 
minutes, but, for now, 
simply be aware that 
OPUS “solves” each 
baseline separately, then 
compares and averages 
these results to create the 
report. 
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REMOTE STATION INFORMATION 
                                                   
 STATION NAME: corv       1 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2498423.7849  -3802820.9571   4454737.7025  MON @ 2009.1595 (M) 
 NEU        -0.0014         0.0010         1.5210  MON TO ARP (M) 
 NEU         0.0014        -0.0010         0.1089  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0010         0.0005         0.1274  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.5945        -0.9067         1.0667  MON TO ARP 
 XYZ        -0.0429        -0.0635         0.0774  ARP TO L1 PHASE CENTER 
 XYZ  -2498424.4223  -3802821.9273   4454738.8466  L1 PHS CEN @ 2009.1596 
 
 BASELINE NAME:   p376  corv 
 XYZ         0.4450         1.0132        -0.9754  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9773  -3802820.9141   4454737.8713  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9344  -3802820.8506   4454737.7938  NEW ARP @ 2009.1596 
 XYZ  -2498423.3399  -3802819.9439   4454736.7271  NEW MON @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    107.2518  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92597  236 41 43.42234    107.1429  NEW ARP @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    105.6219  NEW MON @ 2009.1596 
 
 BASELINE NAME:   mcso  corv 
 XYZ         0.4343         1.0202        -0.9746  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9880  -3802820.9071   4454737.8721  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9451  -3802820.8436   4454737.7946  NEW ARP @ 2009.1596 
 XYZ  -2498423.3506  -3802819.9369   4454736.7279  NEW MON @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    107.2523  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92599  236 41 43.42176    107.1434  NEW ARP @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    105.6224  NEW MON @ 2009.1596 
 
 BASELINE NAME:   stay  corv 
 XYZ         0.4437         1.0153        -0.9543  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9786  -3802820.9120   4454737.8923  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9357  -3802820.8485   4454737.8149  NEW ARP @ 2009.1596 
 XYZ  -2498423.3412  -3802819.9418   4454736.7482  NEW MON @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    107.2658  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92648  236 41 43.42224    107.1569  NEW ARP @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    105.6359  NEW MON @ 2009.1596 
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Here we see the best 
guess for “my” site’s a 
priori information. This 
is based upon the 
information I provided 
when I uploaded the data 
file to OPUS-S and a crude 
point position solution. 
Remember that these are 
also in the ITRF. 
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REMOTE STATION INFORMATION 
                                                   
 STATION NAME: corv       1 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2498423.7849  -3802820.9571   4454737.7025  MON @ 2009.1595 (M) 
 NEU        -0.0014         0.0010         1.5210  MON TO ARP (M) 
 NEU         0.0014        -0.0010         0.1089  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0010         0.0005         0.1274  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.5945        -0.9067         1.0667  MON TO ARP 
 XYZ        -0.0429        -0.0635         0.0774  ARP TO L1 PHASE CENTER 
 XYZ  -2498424.4223  -3802821.9273   4454738.8466  L1 PHS CEN @ 2009.1596 
 
 BASELINE NAME:   p376  corv 
 XYZ         0.4450         1.0132        -0.9754  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9773  -3802820.9141   4454737.8713  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9344  -3802820.8506   4454737.7938  NEW ARP @ 2009.1596 
 XYZ  -2498423.3399  -3802819.9439   4454736.7271  NEW MON @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    107.2518  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92597  236 41 43.42234    107.1429  NEW ARP @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    105.6219  NEW MON @ 2009.1596 
 
 BASELINE NAME:   mcso  corv 
 XYZ         0.4343         1.0202        -0.9746  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9880  -3802820.9071   4454737.8721  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9451  -3802820.8436   4454737.7946  NEW ARP @ 2009.1596 
 XYZ  -2498423.3506  -3802819.9369   4454736.7279  NEW MON @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    107.2523  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92599  236 41 43.42176    107.1434  NEW ARP @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    105.6224  NEW MON @ 2009.1596 
 
 BASELINE NAME:   stay  corv 
 XYZ         0.4437         1.0153        -0.9543  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9786  -3802820.9120   4454737.8923  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9357  -3802820.8485   4454737.8149  NEW ARP @ 2009.1596 
 XYZ  -2498423.3412  -3802819.9418   4454736.7482  NEW MON @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    107.2658  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92648  236 41 43.42224    107.1569  NEW ARP @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    105.6359  NEW MON @ 2009.1596 
 

 STATION NAME: corv       1 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2498423.7849  -3802820.9571   4454737.7025  MON @ 2009.1595 (M) 
 NEU        -0.0014         0.0010         1.5210  MON TO ARP (M) 
 NEU         0.0014        -0.0010         0.1089  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0010         0.0005         0.1274  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.5945        -0.9067         1.0667  MON TO ARP 
 XYZ        -0.0429        -0.0635         0.0774  ARP TO L1 PHASE CENTER 
 XYZ  -2498424.4223  -3802821.9273   4454738.8466  L1 PHS CEN @ 2009.1596 
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In the associated “blocks”, 
the estimated adjustment 
and resulting coordinates 
from each baseline 
solution are shown. 
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REMOTE STATION INFORMATION 
                                                   
 STATION NAME: corv       1 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2498423.7849  -3802820.9571   4454737.7025  MON @ 2009.1595 (M) 
 NEU        -0.0014         0.0010         1.5210  MON TO ARP (M) 
 NEU         0.0014        -0.0010         0.1089  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0010         0.0005         0.1274  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.5945        -0.9067         1.0667  MON TO ARP 
 XYZ        -0.0429        -0.0635         0.0774  ARP TO L1 PHASE CENTER 
 XYZ  -2498424.4223  -3802821.9273   4454738.8466  L1 PHS CEN @ 2009.1596 
 
 BASELINE NAME:   p376  corv 
 XYZ         0.4450         1.0132        -0.9754  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9773  -3802820.9141   4454737.8713  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9344  -3802820.8506   4454737.7938  NEW ARP @ 2009.1596 
 XYZ  -2498423.3399  -3802819.9439   4454736.7271  NEW MON @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    107.2518  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92597  236 41 43.42234    107.1429  NEW ARP @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    105.6219  NEW MON @ 2009.1596 
 
 BASELINE NAME:   mcso  corv 
 XYZ         0.4343         1.0202        -0.9746  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9880  -3802820.9071   4454737.8721  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9451  -3802820.8436   4454737.7946  NEW ARP @ 2009.1596 
 XYZ  -2498423.3506  -3802819.9369   4454736.7279  NEW MON @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    107.2523  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92599  236 41 43.42176    107.1434  NEW ARP @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    105.6224  NEW MON @ 2009.1596 
 
 BASELINE NAME:   stay  corv 
 XYZ         0.4437         1.0153        -0.9543  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9786  -3802820.9120   4454737.8923  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9357  -3802820.8485   4454737.8149  NEW ARP @ 2009.1596 
 XYZ  -2498423.3412  -3802819.9418   4454736.7482  NEW MON @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    107.2658  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92648  236 41 43.42224    107.1569  NEW ARP @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    105.6359  NEW MON @ 2009.1596 
 

 BASELINE NAME:   p376  corv 
 XYZ         0.4450         1.0132        -0.9754  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9773  -3802820.9141   4454737.8713  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9344  -3802820.8506   4454737.7938  NEW ARP @ 2009.1596 
 XYZ  -2498423.3399  -3802819.9439   4454736.7271  NEW MON @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    107.2518  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92597  236 41 43.42234    107.1429  NEW ARP @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    105.6219  NEW MON @ 2009.1596 
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Near the top, in light blue, 
you can see the pieces 
need to compute the 
estimated (NEW) L1 phase 
center. 
 
Below, in light green, are 
the three estimates from 
the each baseline. 
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REMOTE STATION INFORMATION 
                                                   
 STATION NAME: corv       1 
  MONUMENT: NO DOMES NUMBER 
 XYZ  -2498423.7849  -3802820.9571   4454737.7025  MON @ 2009.1595 (M) 
 NEU        -0.0014         0.0010         1.5210  MON TO ARP (M) 
 NEU         0.0014        -0.0010         0.1089  ARP TO L1 PHASE CENTER (M) 
 NEU         0.0010         0.0005         0.1274  ARP TO L2 PHASE CENTER (M) 
 XYZ        -0.5945        -0.9067         1.0667  MON TO ARP 
 XYZ        -0.0429        -0.0635         0.0774  ARP TO L1 PHASE CENTER 
 XYZ  -2498424.4223  -3802821.9273   4454738.8466  L1 PHS CEN @ 2009.1596 
 
 BASELINE NAME:   p376  corv 
 XYZ         0.4450         1.0132        -0.9754  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9773  -3802820.9141   4454737.8713  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9344  -3802820.8506   4454737.7938  NEW ARP @ 2009.1596 
 XYZ  -2498423.3399  -3802819.9439   4454736.7271  NEW MON @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    107.2518  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92597  236 41 43.42234    107.1429  NEW ARP @ 2009.1596 
 LLH  44 35  7.92601  236 41 43.42229    105.6219  NEW MON @ 2009.1596 
 
 BASELINE NAME:   mcso  corv 
 XYZ         0.4343         1.0202        -0.9746  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9880  -3802820.9071   4454737.8721  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9451  -3802820.8436   4454737.7946  NEW ARP @ 2009.1596 
 XYZ  -2498423.3506  -3802819.9369   4454736.7279  NEW MON @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    107.2523  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92599  236 41 43.42176    107.1434  NEW ARP @ 2009.1596 
 LLH  44 35  7.92603  236 41 43.42171    105.6224  NEW MON @ 2009.1596 
 
 BASELINE NAME:   stay  corv 
 XYZ         0.4437         1.0153        -0.9543  + XYZ ADJUSTMENTS 
 XYZ  -2498423.9786  -3802820.9120   4454737.8923  NEW L1 PHS CEN @ 2009.1596 
 XYZ  -2498423.9357  -3802820.8485   4454737.8149  NEW ARP @ 2009.1596 
 XYZ  -2498423.3412  -3802819.9418   4454736.7482  NEW MON @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    107.2658  NEW L1 PHS CEN @ 2009.1596 
 LLH  44 35  7.92648  236 41 43.42224    107.1569  NEW ARP @ 2009.1596 
 LLH  44 35  7.92653  236 41 43.42219    105.6359  NEW MON @ 2009.1596 
 

 XYZ  -2498423.9773  -3802820.9141   4454737.8713  NEW L1 PHS CEN @ 2009.1596 
 XYZ         0.4450         1.0132        -0.9754  + XYZ ADJUSTMENTS 

 XYZ  -2498424.4223  -3802821.9273   4454738.8466  L1 PHS CEN @ 2009.1596 

 XYZ  -2498423.3399  -3802819.9439   4454736.7271  NEW MON @ 2009.1596 

 XYZ  -2498423.3506  -3802819.9369   4454736.7279  NEW MON @ 2009.1596 

 XYZ  -2498423.3412  -3802819.9418   4454736.7482  NEW MON @ 2009.1596 
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Following the baseline 
information are some 
Bluebook records… 
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                                  G-FILES 
                                           
Axx2009 228   9 228 
B2009 228 5 0   9 228 659 1 page5 v0909.08IGS     226 1 2 27NGS   2010 7 9IFDDFX 
Iant_info.003        NGS   20100616 
C00090001  286164051   30  144713755   32  281166583   28 X0599ACORVX0599AP376 
D  1  2  9032521  1  3 -2281991  2  3 -5618980 
  
Axx2009 228   9 228 
B2009 228 5 0   9 228 659 1 page5 v0909.08IGS     226 1 2 27NGS   2010 7 9IFDDFX 
Iant_info.003        NGS   20100616 
C00090002  397542453   32  103924818   30  305905079   27 X0599ACORVX0599AMCSO 
D  1  2  8318045  1  3 -1709106  2  3 -6334467 
  
Axx2009 228   9 228 
B2009 228 5 0   9 228 659 1 page5 v0909.08IGS     226 1 2 27NGS   2010 7 9IFDDFX 
Iant_info.003        NGS   20100616 
C00090003  425824609   35  -48539879   22  193670380   18 X0599ACORVX0599ASTAY 
D  1  2  6847311  1  3 -1553171  2  3 -7047523 
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Following the Bluebook 
information are solution 
statistics and observation 
counts in tabular form 
ordered by satellite (rows) 
and baseline (columns)… 
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                   POST-FIT RMS BY SATELLITE VS. BASELINE 
                                                         
            OVERALL     03     06     07     08     10     13     16     19 
 p376-corv|  0.009  0.010  0.016    ...  0.007  0.014  0.005  0.015  0.009 
                20     23     25     27     28 
 p376-corv|    ...  0.008  0.005    ...  0.010                            
 
            OVERALL     03     06     07     08     10     13     16     19 
 mcso-corv|  0.009  0.010  0.014    ...  0.010  0.011  0.006  0.015  0.012 
                20     23     25     27     28 
 mcso-corv|    ...  0.008  0.005    ...  0.010                            
 
            OVERALL     03     06     07     08     10     13     16     19 
 stay-corv|  0.010  0.014  0.016    ...  0.009  0.014  0.006  0.013  0.012 
                20     23     25     27     28 
 stay-corv|    ...  0.011  0.005    ...  0.012                            
 
                        OBS BY SATELLITE VS. BASELINE 
                                                     
            OVERALL     03     06     07     08     10     13     16     19 
 p376-corv|   2000    238    237    ...    238    169    238     99    187 
                20     23     25     27     28 
 p376-corv|    ...    227    238    ...    129                            
            OVERALL     03     06     07     08     10     13     16     19 
 mcso-corv|   1973    238    234    ...    238    169    238     93    185 
                20     23     25     27     28 
 mcso-corv|    ...    211    238    ...    129                            
            OVERALL     03     06     07     08     10     13     16     19 
 stay-corv|   2011    238    238    ...    238    169    238     99    199 
                20     23     25     27     28 
 stay-corv|    ...    229    238    ...    125  
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These tables can be a challenge to read, especially 
for longer data spans, because the lines wrap in the 
standard 80-column format. Here’s the same table 
without line-wrapping and with the extra header 
lines removed. 
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                   POST-FIT RMS BY SATELLITE VS. BASELINE 
                                                         
            OVERALL     03     06     07     08     10     13     16     19    20     23     25     27     28 
 p376-corv|   0.009  0.010  0.016    ...  0.007  0.014  0.005  0.015  0.009   ...  0.008  0.005    ...  0.010 
 mcso-corv|   0.009  0.010  0.014    ...  0.010  0.011  0.006  0.015  0.012   ...  0.008  0.005    ...  0.010 
 stay-corv|   0.010  0.014  0.016    ...  0.009  0.014  0.006  0.013  0.01    ...  0.011  0.005    ...  0.012      
 
                        OBS BY SATELLITE VS. BASELINE 
                                                     
            OVERALL     03     06     07     08     10     13     16     19    20     23     25     27     28 
 p376-corv|    2000    238    237    ...    238    169    238     99    187   ...    227    238    ...    129 
 mcso-corv|    1973    238    234    ...    238    169    238     93    185   ...    211    238    ...    129 
 stay-corv|    2011    238    238    ...    238    169    238     99    199   ...    229    238    ...    125  
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     Next are covariance  
     matrices for the XYZ  
     and NEU vectors, and  
     the network horizontal  
     and vertical accuracy… 
 
The network horizontal and vertical accuracies are a relatively new 
addition and will become the standard in the future. 
 
Because of the way OPUS-S works (now), these values are derived 
from empirically determined relationships in the CORS network plus 
statistics from the individual baseline solutions. 
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 Covariance Matrix for the xyz OPUS Position (meters^2). 
    0.0000069978     0.0000004873    -0.0000000972 
    0.0000004873     0.0000053511    -0.0000002879 
   -0.0000000972    -0.0000002879     0.0000040822 
 
 Covariance Matrix for the enu OPUS Position (meters^2). 
    0.0000060540     0.0000007189    -0.0000006244 
    0.0000007189     0.0000048712    -0.0000010998 
   -0.0000006244    -0.0000010998     0.0000055059 
 
 Horizontal network accuracy =    0.00573 meters. 
 Vertical network accuracy   =    0.00460 meters. 
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Additional information  
related to the derivation  
of NAD_83(CORS96)  
vector components… 
 
You’ll see four “blocks”:  
the reference sites’ ARP  
and MON coordinates,  
their velocities and the  
solution vector  
components all expressed in 
the NAD 83(CORS96) frame. 
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                       Derivation of NAD 83 vector components 
 
  
  Position of reference station ARP in NAD_83(CORS96)(EPOCH:2002.0000). 
                  Xa(m)           Ya(m)           Za(m) 
       P376  -2469806.16816  -3788349.79220   4482853.31622    2002.00 
       MCSO  -2458668.34414  -3792428.66602   4485327.16392    2002.00 
       STAY  -2455840.11392  -3807675.15002   4474103.71103    2002.00 
  
  Position of reference station monument in NAD_83(CORS96)(EPOCH:2002.0000). 
                  Xr(m)           Yr(m)           Zr(m) 
       P376  -2469806.16496  -3788349.78730   4482853.31032    2002.00 
       MCSO  -2458668.34414  -3792428.66602   4485327.16392    2002.00 
       STAY  -2455840.11392  -3807675.15002   4474103.71103    2002.00 
  
  Velocity of reference station monument in NAD_83(CORS96)(EPOCH:2002.0000). 
                  Vx (m/yr)       Vy (m/yr)       Vz (m/yr) 
       P376         0.00440         0.00380         0.00560 
       MCSO         0.00550         0.00260         0.00520 
       STAY         0.00460         0.00290         0.00490 
  
  Vectors from unknown station monument to reference station monument 
  in NAD_83(CORS96)(EPOCH:2002.0000). 
                Xr-X= DX(m)     Yr-Y= DY(m)     Zr-Z= DZ(m) 
       P376     28616.43804     14471.37170     28116.64932    2002.00 
       MCSO     39754.25886     10392.49298     30590.50292    2002.00 
       STAY     42582.48908     -4853.99102     19367.05003    2002.00  
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The state plane coordinates 
expressed using the 
international foot rather 
than meters … 
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       STATE PLANE COORDINATES - International Foot 
         SPC (3601    OR N) 
Northing (Y) [feet]         347675.719 
Easting  (X) [feet]        7471572.725 
Convergence  [degrees]     -1.98897513 
Point Scale                 0.99994603 
Combined Factor             0.99992941 
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If you’re uncomfortable with your results (we’re not, but 
speaking hypothetically), check your data first. 

• Your hardware manufacturer may provide QC 
software. 

• Use third-party software such as TEQC. 
Estes and Meertens, “TEQC: The Multi-Purpose Toolkit for GPS/GLONASS Data”, 1999, 
GPS Solutions, 3, 1, 42-49. 

• Resubmit  requesting the extended report. 
 
If you’re still uncomfortable, consider checking the CORS 
used in the OPUS processing. The performance of the 
CORS is reflected in your results. 
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The CORS selected as 
reference sites are listed 
towards the bottom of 
the standard report. 
 
OPUS examined the 
available sites and 
selected P376, MCSO and 
STAY. 
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      USER: mark.schenewerk@noaa.gov                DATE: March 31, 2010 
RINEX FILE: corv059f.09o                            TIME: 19:43:42 UTC 
 
 
  SOFTWARE: page5  0909.08 master40.pl 081023      START: 2009/02/28  05:00:00 
 EPHEMERIS: igs15206.eph [precise]                  STOP: 2009/02/28  06:59:00 
  NAV FILE: brdc0590.09n                        OBS USED:  5984 /  6181   :  97% 
  ANT NAME: ASH700936C_M    NONE             # FIXED AMB:    31 /    31   : 100% 
ARP HEIGHT: 1.521                            OVERALL RMS: 0.009(m) 
 
 
 REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000)            ITRF00 (EPOCH:2009.1596) 
       
         X:     -2498422.603(m)   0.011(m)          -2498423.344(m)   0.011(m) 
         Y:     -3802821.159(m)   0.007(m)          -3802819.941(m)   0.007(m) 
         Z:      4454736.661(m)   0.021(m)           4454736.734(m)   0.021(m) 
 
       LAT:   44 35  7.91060      0.016(m)        44 35  7.92618      0.016(m) 
     E LON:  236 41 43.48046      0.013(m)       236 41 43.42207      0.013(m) 
     W LON:  123 18 16.51954      0.013(m)       123 18 16.57793      0.013(m) 
    EL HGT:          106.011(m)   0.014(m)               105.627(m)   0.014(m) 
 ORTHO HGT:          128.542(m)   0.020(m) [NAVD88 (Computed using GEOID09)] 
 
                        UTM COORDINATES    STATE PLANE COORDINATES 
                         UTM (Zone 10)         SPC (3601 OR N) 
Northing (Y) [meters]     4936954.909           105971.559 
Easting (X)  [meters]      475821.304          2277335.367 
Convergence  [degrees]    -0.21381419          -1.98897513 
Point Scale                0.99960719           0.99994603 
Combined Factor            0.99959057           0.99992941 
 
US NATIONAL GRID DESIGNATOR: 10TDQ7582136954(NAD 83) 
 
 
 
                              BASE STATIONS USED 
PID       DESIGNATION                        LATITUDE    LONGITUDE DISTANCE(m) 
DH4503 P376 EOLARESVR_OR2004 CORS ARP      N445628.313 W1230608.100   42648.2 
DE6258 MCSO MARION CNTY COOP CORS ARP      N445825.701 W1225720.639   51226.8 
DG5352 STAY STAYTON COOP CORS ARP          N444950.530 W1224915.036   47030.9 

 
                              BASE STATIONS USED 
PID       DESIGNATION                        LATITUDE    LONGITUDE DISTANCE(m) 
DH4503 P376 EOLARESVR_OR2004 CORS ARP      N445628.313 W1230608.100   42648.2 
DE6258 MCSO MARION CNTY COOP CORS ARP      N445825.701 W1225720.639   51226.8 
DG5352 STAY STAYTON COOP CORS ARP          N444950.530 W1224915.036   47030.9 
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Shown are the positions of 
P376, MCSO and STAY 
relative to our “test” site, 
CORV. 
 
A similar, interactive map 
can be found 
under the CORS link 
at the NGS web site. 
 http://geodesy.noaa.gov/CORS/ 
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Looking at the 60-day 
time-series for each CORS, 
we discover that the P376 
data for the this day 
happens to be the last 
before an extended gap. 

 58  



Back To Our Quick Example 

2012 SurvCon Atlantic City NJ 

Although this site and the results appears fine otherwise, 
we may want to consider digging a little deeper. 
 
Possible next steps in evaluating this CORS are: 

• Resubmit  requesting the extended report.  
• Review the P376 site log. 
• Resubmit excluding P376. 
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The first step in publishing via OPUS is to submit data to OPUS. 
 
The user completes the OPUS form normally, but must 
explicitly designate that the results should be published. 
This is done through the Options.  
 
The “Submit to Data Base”, i.e. publish, option is near the 
bottom of the Options list. 
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The user is taken to a new page where they designate the 
mark associated with their data as “new” or “recovered”. 
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After making that 
selection, the user 
is offered the 
appropriate form 
for entering the 
meta-data. 
 
In this example, 
we’re following the 
“new” mark 
designation. 
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Many of you will 
recognize these 
fields as a subset 
of the information 
required to “blue 
book” a mark. 
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This is not blue 
booking per se 
because the 
process is 
streamlined. 
 
This is possible, in 
part, because 
some information 
is provided by the 
data processing 
itself. 
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As a last step, the user is given a chance to review the 
submission in the form of a mock-up of the datasheet for 
their submission. 
 
If the meta-data is complete, the quality control restrictions 
are met and the user gives the “OK”, the submission is 
entered into the data base after review by NGS. 
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http://geodesy.noaa.gov/OPUS/view.jsp 
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This is part of a 
published 
data sheet. 
 
Note the “See 
Also” highlight. 
Note the “See 
Also” highlight. 
This provides 
access to other 
data base and 
IDB entries for 
this mark. 





OPUS –  
Datasheet Publishing 

Publishing Criteria: 
 

• NGS-calibrated GPS antenna  
> 4 hour data span  
> 70% observations used  
> 70% fixed ambiguities  
< 0.04m H peak-to-peak  
< 0.08m V peak-to-peak  

Uses: 
 

• GPS on BMs 

• PLSS / GCDB 

• Data archive 

• Data sharing 
 



Orthometric Height Comparison 
871.746 m  Published NAVD88 
871.800 m  OPUS GEOID09 
    0.054 m (0.18 ft) Difference 



Why OPUS-DB 
• A new easier way to capture data and have it in an NGS 

database 
• Help populate Ellipsoidal Heights on Bench Marks, help with 

Geoid models and future vertical datums 
 
 • To the extent (?) they've bluebooked in the past, they can continue into 

the future more easily. 
• If they are running RTK, this would help determine base station position 

and document where it was used, assuming they left a permanent mark. 
• Changeover to new datums; either we maintain the data or user does for 

highest accuracy, but models will be available for bringing old coordinates 
forward. 
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