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Precise Georeferencing Using On-line 
Positioning User Service (OPUS) 

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

Tomás Soler, Neil Weston,
Richard Snay, Gerald Mader, Richard Foote.

WHAT IS OPUS?

On-line Positioning     
User Service

Fast & easy access 
to the NSRS for 
GPS users

How Does OPUS Work?

Data submitted through NGS web page

Processed automatically with  NGS 
computers & software

Position with respect to 3 suitable CORS (or IGS
sites if 1) no NAD 83 positions are available and 2)
the host country has an agreement with NGS. In 
these international cases, ITRF coordinates only are
returned, and there are no state plane or US grid 
coordinates

Solution via email (usually in minutes)

OPUS Guidelines

Dual-frequency data (L1/L2)

[recommended] Minimum 2 hrs of data

Static data
(OPUS-RS is under development)

Other systems will be implemented 
as their constellations becomes available

How Does OPUS Compute Position?

Compute 3 single baselines

3 positions averaged —
simple mean (equal weights) 

How Does OPUS Pick Base Stations?

1. Estimate position for remote station
2. Compute distance to every available CORS
3. Sort CORS by increasing distance
4. Select the 5 best CORS 
5. Look at 1st 3 CORS with TEQC program. Criteria:

● data cover time span for remote station
● > 80% of data available
● low multipath
● if not, replace with 4th CORS (then 5th)

6. Start single baseline solutions using 1st 3 CORS
● check solution quality
● if bad solution, replace CORS with 4th (then 5th)
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Time-series plots, 60-day and long-term

web page 60-day time series Long-term time series

The time series plots provide a means of evaluating 
small changes in position of a CORS.

CORS Selection (example = CORV solved from CHZZ, NEWP, P376)

Getting to OPUS

www.ngs.noaa.gov/TOOLS/

Using the OPUS Web Page

Data Formats

Compressed archive of multiple files. Archive 
must contain RINEX “site123h.04o” or 
Hatanaka “site123h.04d”

Compressed individual files.“Site123h.zip”must
contain “site123h.06o” or “site123h.06d”

Manufacturer’s native / raw format

RINEX Receiver Independent Exchange--uncompressed

FILE: corv0590.05o 000416827

1008   NOTE:  Antenna offsets supplied by the user were zero.  Coordinates
1008   returned will be for the antenna reference point (ARP).
1008

NGS OPUS SOLUTION REPORT
========================

USER: jeff.olsen@noaa.gov DATE: January 13, 2006
RINEX FILE: corv059f.05o                            TIME: 19:08:14 UTC

SOFTWARE: page5  0601.10 master3.pl              START: 2005/02/28  05:00:00
EPHEMERIS: igs13121.eph [precise]                  STOP: 2005/02/28  06:59:30
NAV FILE: brdc0590.05n                        OBS USED:  4228 /  4314   :  98%
ANT NAME: ASH700936B_M    NONE             # FIXED AMB:    25 /    29   :  86%

ARP HEIGHT: 0.0                              OVERALL RMS: 0.013(m)

REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000)            ITRF00 (EPOCH:2005.1596)

X:     -2498423.165(m)   0.018(m)          -2498423.872(m)   0.018(m)
Y:     -3802822.048(m)   0.021(m)          -3802820.836(m)   0.021(m)
Z:      4454737.695(m)   0.024(m)           4454737.792(m)   0.024(m)

LAT:   44 35  7.91054      0.002(m)        44 35  7.92698 0.002(m)
E LON:  236 41 43.48129      0.014(m)       236 41 43.42434 0.014(m)
W LON:  123 18 16.51871      0.014(m)       123 18 16.57566 0.014(m)
EL HGT:          107.485(m)   0.034(m)               107.108(m)   0.034(m)

ORTHO HGT:          130.010(m)   0.043(m) [Geoid03 NAVD88]

UTM COORDINATES    STATE PLANE COORDINATES
UTM (Zone 10)         SPC (3601 OR N)

Northing (Y) [meters]     4936954.907           105971.557
Easting (X)  [meters]      475821.322          2277335.385
Convergence  [degrees]    -0.21381402          -1.98897497
Point Scale                0.99960719           0.99994603
Combined Factor            0.99959034           0.99992918

US NATIONAL GRID DESIGNATOR: 10TDQ7582136955(NAD 83)

BASE STATIONS USED
PID       DESIGNATION                        LATITUDE    LONGITUDE DISTANCE(m)
AH2489 NEWP NEWPORT CORS ARP               N443506.072 W1240342.736   60138.7
AJ6959 CHZZ CAPE MEARS CORS ARP            N452911.437 W1235841.187  113322.4
DH4503 P376 EOLARESVR_OR2004 CORS ARP      N445628.313 W1230608.100   42648.2

NEAREST NGS PUBLISHED CONTROL POINT
AH2486      CORVALLIS CORS ARP             N443507.910 W1231816.519       0.0

OPUS Output - Standard
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General Guidelines

Review antenna type and height

Review statistics:
• at least 90% of observations should be used
• at least 50% of the ambiguities should be fixed
• overall RMS should seldom exceed 0.030 m

How Can I Improve My Results?

Consider observing a longer session Data sets of at least
four hours have been
shown to produce
more reliable results

Avoid conditions that 
perturb the GPS signal—
unsettled weather, solar 
flares, multipath (nearby 
reflective surfaces)

Distribution of Horizontal Offset from Accepted Values 
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• 0.8 cm N-S RMS

• 1.4 cm E-W RMS

• > 200 CORS 
• 2  hours of data

Distribution of Vertical Offset from Accepted Values 
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Recent Solutions Files processed during even-numbered months, 2002-2005
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Total OPUS usage during 2005

OPUS Extended Output

BASE STATION INFORMATION                                        
STATION NAME: newp a   10 (Newport; Newport, Oregon  USA)
ANTENNA: ASH700936B_M                                     S/N=CR16197         

XYZ  -2548454.0306  -3769449.6516   4454636.5526  MON @ 1997.0000 (M)
XYZ        -0.0067         0.0016        -0.0042  VEL (M/YR)
NEU        -0.0000        -0.0000 1.4240  MON TO ARP (M)
NEU        -0.0000         0.0000         0.1089  ARP TO L1 PHASE CENTER (M)
NEU        -0.0000         0.0000         0.1274  ARP TO L2 PHASE CENTER (M)
XYZ        -0.0547         0.0131        -0.0343  VEL TIMES 8.1597 YRS
XYZ        -0.5680        -0.8402         0.9996  MON TO ARP
XYZ        -0.0434        -0.0643         0.0764  ARP TO L1 PHASE CENTER
XYZ  -2548454.6967  -3769450.5430   4454637.5944  L1 PHS CEN @ 2005.1596
XYZ         0.0000         0.0000 0.0000 + XYZ ADJUSTMENTS
XYZ  -2548454.6967  -3769450.5430   4454637.5944  NEW L1 PHS CEN @ 2005.1596
XYZ  -2548454.6533  -3769450.4787   4454637.5180  NEW ARP @ 2005.1596
XYZ  -2548454.0852  -3769449.6385   4454636.5184  NEW MON @ 2005.1596
LLH  44 35  6.08851  235 56 17.20688     21.9484  NEW L1 PHS CEN @ 2005.1596
LLH  44 35  6.08851  235 56 17.20688     21.8395  NEW ARP @ 2005.1596
LLH  44 35  6.08851  235 56 17.20688     20.4155  NEW MON @ 2005.1596

OPUS Extended Output: Base Station Information

Each CORS has a section like the one above, with ITRF xyz coordinates 
computed using HTDP velocities for the epoch of the observations (mid-point 
of the session). Note the above CORS has a monument separate from the
ARP (positions coincide but ellipsoid heights are different).

Base station and antenna used

Monument starting ITRF coordinates. 

NEU offsets

ITRF  XYZ at mid-pt of session

ITRF lat long EH at mid-pt of session

XYZ offsets and position

Position offsets at mid-pt of session

Velocity in XYZ. 

These values are usually 0.000 for CORS (as they are here). The 
differences between initial and computed positions

These values are larger for the unknown station as we will see.

Time interval to multiply times velocity = 
decimal year at mid-pt of session minus 
1997.0000 = 8.1597 yrs

OPUS Extended Output: Remote Station Information

The initial ITRF xyz position for the station being solved for is displayed
for the mid-point of the observation time span. A similar position is obtained
for the L1 phase center based on the antenna type selected.

REMOTE STATION INFORMATION

STATION NAME: corv 1
ANTENNA: ASH700936B_M    SNOW                             S/N=UNKNOWN         
XYZ  -2498422.0030  -3802821.7980   4454738.6350  MON @ 2005.1595 (M)
NEU        -0.0000        -0.0000 -0.0001  MON TO ARP (M)
NEU         0.0000         0.0000 0.1081  ARP TO L1 PHASE CENTER (M)
NEU         0.0000         0.0000 0.1256  ARP TO L2 PHASE CENTER (M)
XYZ         0.0000         0.0001        -0.0001  MON TO ARP
XYZ        -0.0423        -0.0643         0.0759  ARP TO L1 PHASE CENTER
XYZ  -2498422.0452  -3802821.8623   4454738.7108  L1 PHS CEN @ 2005.1596

The antenna height is 0.000 here because we are solving for 
the Antenna Reference Point position. Typically, however, 
you will have entered a non-zero antenna height.

OPUS Extended Output: Remote Station cont

Final positions based on this first vector. The XYZ adjustments 
are the difference between the initial and final positions.

XYZ  -2498422.0452  -3802821.8623   4454738.7108  L1 PHS CEN @ 2005.1596

BASELINE NAME:   newp corv
XYZ        -1.8831         0.9528        -0.8303  + XYZ ADJUSTMENTS
XYZ  -2498423.9283  -3802820.9095   4454737.8805  NEW L1 PHS CEN @ 2005.1596
XYZ  -2498423.8860  -3802820.8451   4454737.8047  NEW ARP @ 2005.1596
XYZ  -2498423.8861  -3802820.8452   4454737.8047  NEW MON @ 2005.1596
LLH  44 35  7.92693  236 41 43.42403    107.2364  NEW L1 PHS CEN @ 2005.1596
LLH  44 35  7.92693  236 41 43.42403    107.1283  NEW ARP @ 2005.1596
LLH  44 35  7.92693  236 41 43.42403    107.1284  NEW MON @ 2005.1596

• Preliminary ITRF coordinates for the remote station incorporating 
velocities computed for mid-point of session in the previous section

Final remote station ITRF latitude, longitude and ellipsoid 
height for this vector. Similar for the two remaining vectors.

The first of 3 baselines being solved

OPUS Extended Output: Post-fit RMS….

POST-FIT RMS BY SATELLITE VS. BASELINE

OVERALL     01     04     11     13     14     16   20     23

newp-corv|  0.013  0.013 0.030  0.009  0.015  0.022  0.011    ...  0.007
24     25

newp-corv|  0.015  0.008                                                 

NGS’ baseline processor “PAGES” (Program for the Adjustment of GPS 
Ephemerides) develops statistics such as the above to aid in analyzing 
solution quality. In the spirit of automated processing that is 
fundamental to OPUS, there is no option to disable specific satellites.

Each baseline has a section like the one shown above.
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OPUS Extended Output: Observations summary

OBS BY SATELLITE VS. BASELINE

OVERALL     01     04     11     13     14     16   20     23
newp-corv|   1482    239     57    158    127     32    162    ...    237

24     25
newp-corv|    231    239                                                 

OVERALL     01     04     11     13     14     16   20     23
chzz-corv|   1260    128     65    149    125    ...    117    ...    238

24     25
chzz-corv|    218    220                                                 

OVERALL     01     04     11     13     14     16   20     23
p376-corv|   1486    239     67    156    129     35    163    ...   238

24     25
p376-corv|    220    239                                             

Each baseline has a summary of the observations received from each satellite.

OBS USED: 4228 / 4314   :  98%

As discussed on slides 14 & 15 (Reading OPUS output, Guidelines for 
Good Solution), the Standard Output summarizes the total percent of 
observations used over all three baselines.

OPUS Extended Output: Covariance Matrices

Covariance Matrix for the xyz OPUS Position (meters2).
0.0000024956     0.0000002586    -0.0000003699
0.0000002586     0.0000038978    -0.0000004229

-0.0000003699    -0.0000004229     0.0000080578

Covariance Matrix for the enu OPUS Position (meters2).
0.0000026809    -0.0000004333     0.0000003326

-0.0000004333     0.0000053747     0.0000021840
0.0000003326     0.0000021840     0.0000063955

Horizontal network accuracy =    0.00500 meters.
Vertical network accuracy   =    0.00496 meters.

Additional statistics developed by PAGES for use in commercial adjustment 
software:

Diagonal elements: 
Variance of x: 0.0000024956
Variance of y: 0.0000038978
Variance of z: 0.0000080578

Off-diagonal elements: 
Covariance of x-y:  0.000002586
Covariance of x-z: -0.0000003699
Covariance of y-z: -0.0000004229

Estimates of network accuracy. These may be too optimistic, given that peak-
peak errors are in the 1-3 cm range.

OPUS Extended Output: NAD 83 quantities

Derivation of NAD 83 vector components

Position of reference station ARP in NAD_83(CORS96)(EPOCH:2002.0000).
Xa(m)           Ya(m)           Za(m)

NEWP  -2548453.96133  -3769451.68039   4454637.42077    2002.00
CHZZ  -2503335.82617  -3714408.62715   4525454.72998    2002.00
P376  -2469806.16816  -3788349.79220   4482853.31622    2002.00

Position of reference station monument in NAD_83(CORS96)(EPOCH:2002.0000).
Xr(m)           Yr(m)           Zr(m)

NEWP  -2548453.39333  -3769450.84019   4454636.42117    2002.00
CHZZ  -2503335.79517  -3714408.58125   4525454.67368    2002.00
P376  -2469806.16496  -3788349.78730   4482853.31032    2002.00

Velocity of reference station monument in NAD_83(CORS96)(EPOCH:2002.0000).
Vx (m/yr)       Vy (m/yr)       Vz (m/yr)

NEWP         0.01180         0.00240         0.00600
CHZZ         0.00550        -0.00410         0.00200
P376         0.00440         0.00380         0.00560

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)
NEWP    -50030.22533     33371.21181      -101.27783    2002.00
CHZZ     -4912.62717     88413.47075     70716.97468    2002.00
P376     28617.00304     14472.26470     28115.61132    2002.00

The above quantities are derived by transformation from similar ITRF quantities. 

OPUS Extended Output: SPC—Disclaimer--End

STATE PLANE COORDINATES - International Foot
SPC (3601    OR N)

Northing (Y) [feet]         347675.709
Easting  (X) [feet]        7471572.785
Convergence  [degrees]     -1.98897497
Point Scale                 0.99994603
Combined Factor             0.99992918

This position and the above vector components were computed without any 
knowledge by the National Geodetic Survey regarding the equipment or 
field operating procedures used.

State Plane Coordinate quantities

Disclaimer

End of OPUS Extended Output.

Next: example of adjusting several sessions submitted 
to OPUS for the same station

References

Coordinate Systems
A series of four papers about Terrestrial Reference Systems
Snay, R.A. & T. Soler (1999). Part 1 - Modern Terrestrial Reference Systems. Professional Surveyor, 

19(10), 32-33.

Snay, R.A. & T. Soler (2000). Part 2 - The evolution of NAD83. Professional Surveyor, 20(2), 16, 18.

Snay, R.A. & T. Soler (2000). Part 3 - WGS 84 and ITRS. Professional Surveyor, 20(3), 24, 26, 28.

Snay, R.A. & T. Soler (2000). Part 4 - Practical considerations for accurate positioning. Professional 
Surveyor, 20(4), 32-34.

References cont.



6

Questions / Comments


