
OPUS Project, OPUS Datasheet, 
Database, GIS, and Future 

Development Plans

• 2:30pm to 4:00pm

• Joe.Evjen@noaa.gov
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OPUS add-ons

minutes of data OPUS-RS
share results OPUS-DB
¢¢ receivers OPUS mapper
multiple receivers OPUS-projects
delimited results OPUS-XML
global results OPUS-global

Regular OPUS:
hours of data
no archive
$$$ receiver
one receiver
no delimiters
US only

Operational components

Prototype components

   

are available at http://www.ngs.noaa.gov/OPUS/

should be available at http://beta.ngs.noaa.gov/OPUS/

http://www.ngs.noaa.gov/OPUS/�
http://www.ngs.noaa.gov/OPUS/�
http://www.ngs.noaa.gov/OPUS/�
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Areas Covered* 
by OPUS-S



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 - StandardFILE: 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

<?xml version="1.0" encoding="UTF-8"?>
<OPUS_SOLUTION>
<USER_INFORMATION>

<USER_EMAIL>           joe.evjen@gmail.com </USER_EMAIL>
<SOLUTION_DATE>        February 19, 2008 </SOLUTION_DATE> 
<SOLUTION_TIME>        01:16:22 UTC </SOLUTION_TIME> 
<RINEX_FILE_NAME>      zzyy1500.07o </RINEX_FILE_NAME> 

</USER_INFORMATION> 
<DATA_INFORMATION> 

<SOFTWARE>
<PAGES_VERSION>      page5  0612.06 </PAGES_VERSION>
<OPUS_VERSION>       master3.pl </OPUS_VERSION>

</SOFTWARE> 
<EMPHEMERIS>           igs14293.eph [precise] </EMPHEMERIS> 
<NAV_FILE>             brdc1500.07n </NAV_FILE> 
<ANTENNA_NAME>         TRM41249.00     NONE  </ANTENNA_NAME> 
<ARP_HEIGHT>           0.0 </ARP_HEIGHT> 
<START_TIME>           2007/05/30  00:00:00 </START_TIME> 
<END_TIME>             2007/05/30  23:59:00 </END_TIME> 
<OBS_USED>

<NUMBER_USED>        52955 </NUMBER_USED> 
<TOTAL_OBS>          55069 </TOTAL_OBS> 
<PERCENTAGE>         96 </PERCENTAGE> 

</OBS_USED> 
<FIXED_AMB> 

<NUMBER_FIXED>       218 </NUMBER_FIXED> 
<NUMBER_AMB>         242 </NUMBER_AMB> 
<PERCENTAGE>         90 </PERCENTAGE> 

</FIXED_AMB> 
<OVERALL_RMS UNIT="m"> 0.021 </OVERALL_RMS> 

</DATA_INFORMATION> 
<POSITION> 

<REF_FRAME>            NAD_83(CORS96)        </REF_FRAME> 
<EPOCH>                2002.0000              </EPOCH> 
<COORD_SET> 

<RECT_COORD> 
<COORDINATE AXIS="X" UNIT="m" UNCERTAINTY="0.003"> -496255.901 </COORDINATE> 
<COORDINATE AXIS="Y" UNIT="m" UNCERTAINTY="0.022"> -5510741.494 </COORDINATE> 
<COORDINATE AXIS="Z" UNIT="m" UNCERTAINTY="0.017"> 3162058.243 </COORDINATE> 

</RECT_COORD> 
<ELLIP_COORD> 

<LAT> 
<DEGREES> 29 </DEGREES> 
<MINUTES> 54 </MINUTES> 
<SECONDS> 48.44070 </SECONDS> 

<UNCERTAINTY> 0 003 </UNCERTAINTY> 

OPUS Output - XML



NGS-modeled 
antenna

OPUS website
http://geodesy.noaa.gov/OPUS

your
datasheet

QA/QC

Classic OPUS Concept

antenna 
type, height

control station
photo *

control station 
description *

control station 
monument

register your agency

------public

datasheet 
review

OPUS  Datasheet Concept

*optional for “existing” stations.

GPS data
(4+hr, good stats)

http://geodesy.noaa.gov/OPUS�


How it all began . . .

Were you on a Bench Mark?
Enter a PID (if any)
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http://beta.ngs.noaa.gov/OPUS/getDatasheet.jsp?PID=BBBB01&style=modern�


Stable
Permanent
Unique
Recoverable
Safe

Z 125

1935
--|--

control station 
monument

control station requirements



OPUS Database 
GPS data requirements

“OPUSable”
4+ hours of dual frequency data
NGS-calibrated antenna
OPUS must achieve:

≥ 70% observations used
≥ 70% ambiguities fixed
≤ 0.04m peak-to-peak horizontal
≤ 0.08m peak-to-peak vertical
≤ 0.03m RMS

NGS-modeled 
antenna

GPS data
(4+hr, good stats)
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Photos



existing NGSIDB, 272, 24%

OPUS no-check, 789, 68%

OPUS multiple, 97, 8%Mark types
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Private, 662, 57%

State, 225, 19%

Federal, 195, 17%

Academic, 77, 7% International, 1, 0%

Agency Types, by # datasheets



Descriptions

Describe New marks by noting distances and directions to local witnesses 
(posts, trees, curbs, etc.) along with any other salient features (recommended 
approach, hazards, etc.). This will help future surveyors recover and assess 
the suitability of your mark.

EXAMPLE: "The mark is at the peak of a small hill, known locally as 
Hassler's hill, a 5 minute hike west from a parking lot at 1843 Bache St, 
Peirce City, MO
Located in the SW corner of a 2 ft square concrete pad projecting 0.3 ft 
above ground, 3.3 ft S from S edge of sidewalk, 26.6 ft NE from a 15" oak 
tree, 9.9 ft W (bearing 282) from utility pole 123A.

Describe Recovered marks by briefly documenting any changes noted from 
previous descriptions.

EXAMPLE: "Utility pole 123A is now gone. Mark is 32.1 ft south from 
centerline of gravel driveway accessible from 1874 Patterson Ave. 
Ownership is now Hilgard city park."
EXAMPLE 2: "Recovered as described."
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description length, characters



1000 marks
= 5 GB

4GB PenDrive
Buy new: $16.01

http://www.amazon.com/Dane-Elec-DA-ZMP2-4096-R-4GB-PenDrive/dp/B000LAZOY6/ref=sr_1_18?ie=UTF8&s=electronics&qid=1249567594&sr=1-18�


To Do List

• Improve usability

• Improve error checking

• Better integration with NGSIDB datasheets

• Harmonize datasheets (OPUS + NGSIDB)

• Clarify NGS Policy on use & support of passive 
control
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Question 1: 
Would the NGS consider a ‘National Survey’ in 2010 to 
update FBN and CBN station positions throughout the 

nation and combine them with CORS positions for a 
new NSRS 2010 or 2011?  This survey would no doubt 
be a largely volunteer effort by local surveyors. Seems 

like this would provide consistent ~30k spacing for 
'measured' position and velocity determinations when 

compared with previous measured data and provide for 
a true near simultaneous 'measured' NSRS adjustment? 

Would this survey provide for a better national 
adjustment than NSRS2007? Do you think such a survey 

would improve the west coast fit into the adjusted 
national network?

NO.



Post-NSRS2007 improvements to 
passive control networks

• Bluebooking is still* available for local 
densification of NAD83 (NSRS 2007)

• OPUS allows data archival
– consistent with CORS

– organized for reprocessing when OPUS improves

• NGS 10-year plan focuses on active systems 
(CORS, support for real-time augmentations)



Question 2: 
Are OPUS positions destined to be the datasheet 

preferred solutions over blue booked data for FBN and 
CBN observations? Is there a plan form to blue book 
measured data for OPUS ‘preferred’ solutions for the 

IDB?

NO.
YES*.



Datasheet Basics
The NGS Data Sheet
See file dsdata.txt for more information ab   

DATABASE = Sybase ,PROGRAM = datasheet, VER   
1        National Geodetic Survey,   Retrie      
AE8289 ***********************************
AE8289  CBN         - This is a Cooperati     
AE8289  TIDAL BM    - This is a Tidal Ben  
AE8289  DESIGNATION - 602
AE8289  PID         - AE8289
AE8289  STATE/COUNTY- MN/ST LOUIS
AE8289  USGS QUAD   - DULUTH (1993)
AE8289
AE8289                         *CURRENT SU  
AE8289  __________________________________
AE8289* NAD 83(2007)- 46 46 29.11030(N)             
AE8289* NAVD 88     - 184.348  (mete             
AE8289  __________________________________
AE8289  EPOCH DATE  - 2002.00
AE8289  X           - -159,876.198 (met                      
AE8289  Y           - -4,373,152.968 (met                      

• what's on a datasheet
– Position

– Accuracy

– How to locate and identify

• help files (dsdata.txt, glossary, …)

http://beta.ngs.noaa.gov/OPUS/getDatasheet.jsp?PID=BBBB01&style=modern�


OPUS  preferred over blue book?

• OPUS “datasheets” version 1 are essentially
– no-check

– survey events

– more sharing than publishing, caveat emptor

– richer presentation of mark uncertainty.

• Future harmonized datasheet product will 
more appropriately express uncertainty for old 
and unchecked positions, prioritizing the best 
marks in an area.



http://www.ngs.noaa.gov/OPUS/OPUS-Projects-mss2.html�


Question 3: 
What are the future plans for OPUS Datasheets? Will 
they replace the current PID latest position Datasheet 

making it superseded or will it be a separate 
database?

NO.



Future plans for OPUS datasheets?

• “Bluebook lite”
– Continues NGS support for control densification

– Simpler to maintain

– Simpler to use

– Archival of federal survey efforts

– Organized for reprocessing when OPUS improves

• Feedback needed to evolve this product









Question 4:
What is the 'big picture'? How CORS, OPUS (all 

flavors), Height Mod, GravD campaign, new geoid
models, real-time networks, all fit together for the 

future of surveying, positioning and geodesy.



NGS 10 year plan
• Approved on 8 January, 2008
• Refines mission, vision, and strategy for the future 

of NGS actions.  
• Emphasis is on building outside capacity.
• Includes:

– Modernize the Geometric (“Horizontal”) Datum
– Modernize the Geopotential (“Vertical”) Datum
– Migrate the Coastal Mapping Program Toward 

IOCM
– Evolve Core Capabilities
– Increase Agency Visibility

The draft of that plan is available on 
the National Geodetic Survey’s home 
page:  http://www.ngs.noaa.gov 



Ten-Year Milestones (2018)

1) NGS will compute a pole-to-equator, Alaska-
to-Newfoundland geoid model, preferably in 
conjunction with Mexico and Canada as well as 
other interested governments, with an accuracy 
of 1 cm in as many locations as possible

2) NGS redefines the vertical datum based on 
GNSS and a gravimetric geoid

3) NGS redefines the national horizontal datum 
to remove disagreements with the ITRF



NGS Strategic Plan (3 Years)



PREDICTED POSITIONAL FOR CHANGES
DATUMS IN 2018

HORIZONTAL =  1.03 m (3.4 ft)
ELLIPSOID HEIGHT = - 1.32 m (- 4.3 ft)

Predicted with HTDP

ORTHOMETRIC HEIGHT = - 0.28 m (- 0.9 ft)
Predicted with HTDP and USGG2003



1. Using GNSS is cheaper, easier 
than leveling

2. To use GNSS we need a good 
geoid model

Height Modernization 
Bottom line



• GRAV-D
– Airborne gravity survey (10 years)
– Gravity monitoring into the future
– Coastal areas surveyed first
– All USA states and territories
– www.ngs.noaa.gov/GRAV-D

• 2018-2022 Targets:
– Orthometric heights (“elevations” on maps) 

good to 2 cm anywhere, anytime from GNSS 
technology

– Height changes easily monitored using new 
vertical datum

• Gravity for the Nation’ benefits
• Imagery for the Nation
• Lidar for the Nation
• Elevation for the Nation

The Future of Height Mod: GRAV-D 
Gravity for the Redefinition of the American Vertical Datum



Gravity Survey Plan

• National Scale Part 1

– Predominantly through airborne gravity

– With Absolute Gravity for ties and checks

– Relative Gravity for expanding local 
regions where airborne shows significant 
mismatch with existing terrestrial



FY 2009 GRAV-D Update

Accomplishments:

• Sent letters to potential partners to 
share costs of GRAV-D.

• Oct. ’08:  
o NGS begins operational gravity 

collection along Gulf Cost.
• Feb. ’09:  
o NGS collects gravity data in 

Puerto Rico/Virgin Islands.
• May. ’09: 
o NGS finishes gravity collection 

from AL/GA state line to the 
Mexican border. 

• Aug. ‘09
o NGS completes Gravity Collection 

of  interior Western Alaska. 
Kachemak Bay Alaska

$4M in President’s 2010 Budget 
to begin GRAV-D across the 
Nation.



Recent Accomplishments/Updates
LOCUS – Leveling Online Calculations User Service 

Provides tools for users 
to submit vertical 
control data, either 
from an optical or 
digital instrument, to 
perform the necessary 
reductions, apply the 
needed constraints, 
and compute 
elevations through a 
standard least squares 
adjustment process.

Release date is 
scheduled for FY 
2010. 



Question 5: 
Explain how OPUS GIS 'single frequency' and what data 

requirements will be necessary.

• Beta product, lab product

• No Federal business case (except US Census)

• No enthusiasm identified to release

NO.



-Can use L1 only data (must be RINEX file)

-Probably 1-2 ft accuracy  -handles both static and kinematic

-US Census will use a version to improve dwelling location

OPUS Mapper



Question 6: 
What is the future for existing monumented passive 
bench marks given the increased understanding of 

subsidence and uplift? How will GravD be correlated 
with current NAVD88 NGS bench marks?

• Outreach & tools to be defined (FY10 goal)

• VERTCON to move NAVD88 forward and 
publish NAVD2018 elevations on bench marks

• Mark maintenance via OPUS



Why a mark?
• A placeholder for a survey observation
• A connection to prior surveys
• A network of interconnected surveys
• A positional framework: access to NSRS
• An azimuth & distance standard to adjust 

lower accuracy survey work.
• A confidence check



HARD TO ACCESS PASSIVE MONUMENTS



Disturbed Marks
Coordinates/Elevations

Questionable

Destroyed Marks
No Coordinates/Elevation

Stable and Permanent?



EXTREME SUBSIDENCE



Active control is evolving access anywhere, anytime
Ellipsoid is an accessible height reference surface
OPUS provides user-friendly datasheets and archive
Real-time providers offer direct access to NSRS
Marginal cost of survey work is decreasing
Photos & GPS support marks-of-opportunity



Question 7: 
What is the NGS current view for the future of geodetic 

positioning?

• Better, faster, cheaper

• Embrace the chaos (4-dimensions, velocities)

• More dependence on models and tools

• Monuments become event witnesses

• Federal support in background to support 
local & private capacity



“HYPERACTIVE” CONTROL



REAL-TIME 
NETWORKS

OPUS



WHY NETWORK RTK (RTN)?

No reconnaissance/recovery of passive control

No time lost setting up and breaking down a base 
static

No base baby sitting, therefore labor cost is reduced
No base means with two rovers the project is 
completed in half the time

= $$$ savings

Because the requirement for a user base 
station is removed:



Kinematic and Real-Time Networks

• Real-time networks (RTN)
are rapidly expanding and 
are being developed by 
agencies from all sectors 

• Currently no cohesive 
national policy, guidelines, 
standards, specifications, 
metadata archiving for 
RTN – NGS will be actively 
involved in addressing 
these needs. 



NGS Activities with Kinematic Networks

• NGS is beginning the beta 
testing of streaming raw 
data, without correctors, 
from NGS owned CORS for 
certain network 
administrators to 
incorporate in their 
networks. 

• NGS is developing a set of 
(flexible) guidelines.
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