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SUMMARY

OPUS-Projects is a web-based utility that providesess to the National Geodetic Survey’s
(NGS) precise GPS positioning software for progegsind adjusting survey projects spanning
multiple observing sessions. Although still a bptaduct, OPUS-Projects will eventually be a
part of the Online Positioning User Service (OPP&)gram suite. It provides geodetic network
solutions utilizing baseline processing of projsessions comprised of simultaneous GPS
observations followed by a least squares adjustroérdtll project sessions. OPUS-Projects
begins with a Project Manager creating projectshenOPUS-Projects home page. This reserves
disk space on NGS’s computers and provides Key Wiodthe data submittal, processing and
project management. Project data is then uplo#dedigh the standard OPUS web page with
the project Key Word generated at project creati®roject managers receive copies of the
OPUS reports and can monitor project performandepangress via maps and tabular formats as
the project is taking place. Once a project’s dets been uploaded, session processing provides
options for designing baseline connections and ncaristraints. The position solutions from
each session may be viewed and evaluated graphiwadlr to the final network adjustment.
OPUS-Projects allows for the input of accompanyimegadata (photographs and descriptions) so
that project solutions may eventually be efficigngublished in OPUS-Data Base. OPUS-
Projects offers a user-friendly interface to the NGPS processing tools and is rapidly
achieving wide popularity. This new capability pides the redundancy and enhanced quality
assurance not readily provided by the single mapability of the current OPUS.
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Since 2001 the National Geodetic Survey (NGS) haeraied the Online Positioning User Service
(OPUS) as a means to quickly and accurately determpositions with respect to the National Spatial
Reference System (NSRS). Users upload GPS dat®téSQria a web page where it is processed on
NGS computers using NGS software and data fromrak@®ntinuously Operating References Stations
(CORS). The results are emailed to the user wiHiew minutes. OPUS has proven to be a very popular
service within the surveying and engineering comitremin the U.S. and is currently processing about
30,000 positions each month.
Stabilty: My hldcommony bt groumd movsent

Setting: Set in top of concrete monument
Mark

For the past few years OPUS has also
featured a “Publish My Solution” option
(known as OPUS-DB). This option allows
OPUS wusers to publish results meeting
certain solution quality control standards.

Condition: ©

Description: Mark is on the grounds of the Gaithersburg Observatory Park,
formerly the Gmmeﬂbum Tnternational Latitude Observatory. Data
collected on May 10, 2011, and the park was dedicated on May 12,
2011
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Figure 1. A sample OPUS published solution
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OPUS offers NGS and users significant advantages jprevious methods of GPS processing and data
base submittal, foremost of which is consistencsevi®usly, and continuing to the present, NGS
acceptedrectors along with covariance information for adjustmenN&S and inclusion in its data base.
However, there is no rigorous control how theseonscare determined. For example, the modeling used
within the user’s processing software, the pararizstion of the troposphere, the number of ambigsiit
fixed to integers, and the use of single or io-firmquencies, etc. is not controlled, allowinggasiaty of
biases and precisions to be combined in the data.b&s sub-centimeter accuracies are becoming
commonplace and are increasingly expected, thesgulated discrepancies are not acceptable.

OPUS avoids these problems and achieves essamtisistency by accepting useraw data, rather than
user's results vectors), for processing using NGS's highest precisiontvgaxfe. In addition, OPUS
archives all project files including the raw dailed uploaded to it so that in the event of anyvsafe
improvements or reference frame updates, the etdiiae base can be quickly reprocessed, preseihisg t
consistency. By ingesting user's data directly fromeir GPS receivers or computers into NGS'’s
computers and minimizing the metadata input requirem the user, OPUS provides a nearly automated,
highly precise positioning and publishing service.

While each single OPUS upload is computed witheesfp 3 CORS, many OPUS users would prefer the
redundancy of multiple occupations within a netwadjustment. As such, NGS began development of a
new option for beta-testing known as OPUS-Projelités option offers significant advantages for easy

data submittal, file management, session processidgroject adjustment.

OPUS-Projects can be accessed from the OPUS hogeelpeated abttp://www.geodesy.noaa.gov/OPUSS
seen in Figure 2. Data uploaded to a project wijuire the same input as usual to OPUS. The uskrs w
enter their email addresses and then browse

<, OPUS: Online Positioning User Service ] ] ) )
K4 nonat crosstie suney 10 the data file to be submitted. This data file
e T R ] can be a RINEX file or a binary file in one

Upload your data file.

Tie your GPS observation to the National Spatial Reference System. Of the recognized receiver formats' The uSer
Whatis OPUS? FAQs
must also select the antenna type used to
collect these data from the pull down menu

You selected 20111 frame for processing your observation.

, provided on the screen. This menu includes
°:U5 Menu N e all the antennas likely to be used for precise
. positioning that have been calibrated to
o e e o1 oS e ot e locate their phase centers and the variation

I catritnns SO of these phase centers with direction. The
e user next enters the height of the antenna’s

reference point above the mark that is being
| Upload to Rapid-Static ||  Upload to Staic . . . . .
occupied. This antenna information is all
that is necessary for the accurate processing
of the data. Users needing some help

Figure 2. The OPUS home pagesss sresearessarr

TSO05B - GNSS CORS Infrastructure and Applicatiqrs6i5 3/8
Gerald Mader, Mark Schenewerk, Neil Weston, JoefvKrishna Tadepalli, Jaya Neti
Interactive Web-based GPS Network Processing ands#ment Using NGS’ OPUS-Projects

FIG Working Week 2012
Knowing to manage the territory, protect the envinent, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



identifying their antenna or looking for furtherfdanmation on calibrated antennas may go to the NGS
Antenna Calibration web pagetath://iwww.geodesy.noaa.gov/ANTCAL/

Clicking “Projects” on the OPUS page brings up @RUS-Projects home page, Figure 3. This page
provides access to each of the major OPUS-Profantdions. The first step is to create a projedtisT
will reserve disk space on NGS computers wheral#ta uploaded to this project will reside, where th
processing will be performed and where all fildgvant to this project will be kept. In order deate a
project, a user must have attended a training @edsr Project Managers. Session processing and
network adjustments using OPUS-Projects is notiquéarly complicated but it does require some
familiarity with all the features of the system. B@nd a few other agencies offer workshops where
OPUS-Projects is described in detail and practita dets are provided.

(& OPUS-Projects BETA - Microsoft Internet Explorer provided by National Geodetic Survey T S S S ———

@T@v [\ htepe//wewn.ngs noaa.gow/ OPUSY OpusProjects html

File Edit View Favorites Tools Help

i Favorites | 7 @ Yahoo!

|88~ | & OPUS-Projects BETA. 3 Bach - Brandenburg Conc..

@ OPUS-Projects BETA

OPUS-Projects gives users web-based access to simple management and processing tools for projects involving multiple sites and mulfiple eccupations. The advantages of OPUS-Projecis are
= Data uploading through OPUS.

= Customizable data processing via the PAGES software suite

= \jsualization and management aids

Create a new project
‘Creala RESTRICTED to trained project managers. If you have completed OPUS-Projects training, you are registered and may create a new project. All others, see the Training Schedule.

Configure, edit, and process individual network sessions.
[Session Project Identifier.

Session Keyword
Your Email

Tools/OPUS Menu
Upload

About OPUS
OPUS-Projects
Published Solutions

Manage, edit, process, and publish the project
(Manage] Project ldentifier:

Manager Keyword:

< hack Figure 3. The OPUS-Projects home page.

When a project is created, the Project Manager pvilvide a project title and some basic information
about the project which may help NGS plan for regfliresources. The Project Manager will receiveta s
of Key Words that provide or restrict access towhgous project functions. A Key Word is requirted
identify a project and upload data to it. Anoth&ey Word allows processing the individual project
sessions, and a third Key Word allows network adjest, publishing and overall project management.
The Project Manager may customize these Key Wardglsstribute them as seen fit.

The field personnel collecting the data and uplogdo the project are not required to have takeb &P
Projects training. Once given the Key Word by thi&rinject Manager, they will use the “Options” liok

the OPUS home page and enter the Project Key Wosthawn in Figure 4. As usual the uploaded data
file will be processed by OPUS and a report emaietthe user. However, for data uploaded to a ptpje
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Options |t customize your solution

Solution formats Add details to your report

standard solution -

Base stations Type in 4-char site IDs, or select from map, any CORS you wish to explicitly include or exclude from your solution Use: Exclude: Look up site IDs
Sample - - }
browse map

State plane coordinates Overrule your native SPCS zone let OPUS choose -
‘Geoid Model Customize your orthometric height model GECID09 -
Contribute to a project Enterthe project identifier provided by your project manager. GPS2648]
My profile Customize OPUS defaults for future solutions -
Publish my solution Share your solutions No, don't pubhsh -
| Upload to Rapid-Static B H H
Figure 4. Uploading data to a project.

the Project Manager will also receive that OPUSreeand the RINEX files for the uploaded data ai we
as the CORS that were used will be delivered tb pinaject’s directory. As the data arrives, OPUS-
Projects will create separate data directoriesmaatically for each day and for each session withitay.

This file management is one of the most importamnties of OPUS-Projects. Field personnel can upload
their data as soon as Internet access allows anquiality can be quickly assessed by the Project
Manager. Provided the data is uploaded to OPUStimely manner, the Project Manager can monitor

the progress and quality of the project as itkin@gplace.

OPUS-Projects provides session pages where the ateifzibuted to a session may be seen and
processed. Figure 5 shows an example of a sesagm phe project marks are displayed on a map using
the solid circle symbols and the CORS displayedgisicles with enclosed triangles. There are 2e&bl

Session : | 2006-274-A [~] Results From : | Session Solution [~]

Controls.

MARKS: © meet preferences @ do notmeet preferences & are notincluded @ have error MARKS
Emm CORS: @ meet @ do not meet % are not included @ 2128
e Baselines: @ 2w
— [ warks | [ Terrain_|
ETTEE T ok [vencecors [ - fsson | _map [ satelite | Terrain
S < / yneabors

7
Natenes Bocihaven S honticello 4

Setup =
Processing

Ellavite

77 Add MARKS

CORS
@ covg -

@ dsir
) @ hamm
o Cnelmette E
et A msht
@
Widie Reigpe i
ife Refuge
A nola

Solution Quality Indicators

|HEIGHT| EPH | OBS FIXED| RMS | LAT | LON | HGT
MARKS ANTENNA
(m) | TYPE | (%) | %) | (m) | (m) | (m) | (m)

2126 ©|TRM41249.00 NONE| 2.000 | precise | 95.5 | 962 = 0.007 | 0.007 | 0.011

2137 @|TRMS5071.00 NONE| 2.000 | precise | 95.4 | 96.1 0.007 | 0.007 | 0.010

PREFERENCES: Best |.70.0|=70:0|<0.025|<0 050 | <0:050 <0.080
Avallable |

Data Availability
2006-10-01T00:00:00 GPST to 2006-10-03T00:00:00 GPST in 1 houwr cells

— 2006-10-01 2006-10-02
00/01/02 03/04(05 06 07 08 0910/11 12|13 /14 1516 17|18 19 20|21 22 23 00 917“2 03 04/05 06 07 08 09/1011/12/13/14 151

2126/@| R

21370 7 ﬂ.‘%‘x F 37

Figure 5. The OPUS-Projects session page.

below the map. The first lists the 4-
character mark names, the antenna data that
were uploaded and a brief summary of the
data quality from the OPUS report. The
next table shows the time that each mark’s
data spanned. This is an easy way for the
Project Manager to monitor and check if
the collected data is meeting project goals.

When all the data for a particular session
have arrived, that session can be processed.
This is done by submitting some or all of
the data in a session to the PAGES
programs. These programs are the same
ones that NGS uses for its orbit processing
and global network analysis.

TSO05B - GNSS CORS Infrastructure and Applicatiqrs6i5

5/8

Gerald Mader, Mark Schenewerk, Neil Weston, JoefvKrishna Tadepalli, Jaya Neti
Interactive Web-based GPS Network Processing ands#ment Using NGS’ OPUS-Projects

FIG Working Week 2012

Knowing to manage the territory, protect the envinent, evaluate the cultural heritage

Rome, Italy, 6-10 May 2012



In order to use PAGES correctly, the user

""2006-276-B" Session Processing
must specify certain parameters. This is

2 §¢)) Ed done by accessing the session processing
SLUTONRANE page shown in Figure 6. The details of how
to use this page are thoroughly explained in
2006-10-03T00.00.00 GPST to 2006-10-04T00.07.30 GPST

MARK  HUB CONSTRAINT HEIGHT (m) LATITUDE (***)  LONGITUDE (* ") REF. FRANE the OPUS-PrOJeCtS WorkShOpS Brleﬂy,

2123 @ [@ [NONE ]

Q=

7 @ @ o L] there are check boxes to include or not

CORS HUB CONSTRAINT HEIGHT (m) LATITUDE (* " ") LONGITUDE (* "™} REF. FRAME

@ cog ® @ [3D [][ELHGT [+][5338 [N3028:33.28886 | [W080:05:43.94865 | | ITRF2000 (2006.7479) [ H ’ H H H

@ dsr @ @ [3D w][ELHGT [+][20031 | [N2057.6241447 |[W000.22.56.03263 | [[TRF2000 (2006.7479) [+ InCIUde a mark S data n th|S session
[7] hamm & [ [3-D ~|[eLHeT [<][E817 [N3030:47.07074 | [W090:28:03.45449 | [ITRF2000 (2006.7479) [ H 1 TAri
[@] msht @ [7 [3D [+][ELHGT [+][64475 [N311339 16034 | [wo89:2010.65216 | [ITRF2000 (2006.7479) [+ proceSSIng and hOW eaCh marks a prlorl
[@ mssc ® @ [3D [][ELHGT [+][42108  |[N3022:3087302 | [W0BD:36:49.92814 | [[TRF2000 (2006.7479) [+] HY H H

@ noa @ @ [3D [l[ELHGT [+][578 NZ9:56:03.75165 | [W080:07:12.67210 | | [TRF2000 (2006.7479) v pOSItIOI’] may be ConStralned' There IS aISO a
PROCESSING PREFERENCES = list of processing preferences which allow
OulpuRefFrame. | NAD_B3(CORS95) [v]

Output Geoid Model: | GEOIDD =| 1

= the user to select some basic parameters
e ey used in the session processing.

Elevation Cutoff(degy: [150 |

Consiraint Weights LOOSE @ MORMAL = TIGHT

Network Design USER ) CORS 1 MST @ TRI

Since PAGES uses double differences to
process data, the user is offered some flexiliititygow he wants the baseline

vecl Figure6. The OPU-Projects sessic processin page  ected to a HUB mark and there must beaat le
one HUB mark designated. The user may designateldbized HUB(S) or use some standard network
designs offered by OPUS-Projects. In all casesp#seline design will be displayed on the map en th
session page. Different parameterizations of sessitutions may be saved by designating the saolutio
name allowing the user to search for optimal penforce. Each session solution generates a detailed
report that may be viewed within OPUS-Projects iaralso emailed to the user processing the session.

The Manager's Page allows control of project fumti including the final network adjustment. The
initial view of the Manager’'s Page, Figure 7, shawmap of all the contributions to the project and
table summarizing the sessions in which each nsmpkeésent. This is a convenient way for the Project
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Manager to monitor the progress of the project &staking place provided the project data is agkd

to OPUS in a timely fashion.

Adjllsl"ielll Name
final
B Included Solutions Available Solutions
2011-158-A [none]
2011-158-B
2011-158-C
2011-158-D =

MARK 2123 Survey Datasheet Mock-up (Version 1.0)

Description

[
stamping” |2

nami* 1

type®

seting* [7 =

description® |35
a7 én

stability | —
magnatic [¥
application [ =
conaition & Good conditon () Poor, distured, mutiated. requires maintenance

* required feids

"% Figure8. The OPLS-ProjectsAdjustment Pac.

21232760060 SN (30212716
Tw] st frazrae
M (302127206
Lx] oM fs0212716
SN (30212716

Eng 2006-10-03710:40:30,000 GPST Rassiver Modal:
Start 2006-10-03T18:23:30.000 GPST |Ansenna | Modei:
21232765060
End 2006-10-04TD0:07:30.000 GPST Reowver Model: i
Start 2006-10-04706:23.30.000 GPST |Antenns| Model | TAx85971. 00 KoKE
End 2006-10-04T10:23'30.000 CPSY Resstver Model, TRIMELE ¥EZTIRE

21232779 060!

B e =
Fitrmwara: |-
Heipht(mi|[z_000 |

Firmware: -

" Height (i [z-o00_|

[Firmmware; |-

The menu on the left allows the manager to
set project preferences that include the Key
Words, processing parameterization, and basic
quality indicators shown on the map display
and tables. The manager can also review all
OPUS and session solution reports as well as
the data sheets prior to publication.

By selecting Set Up Adjustment, the manager
brings up the Adjustment Page, Figure 8. On
this page the manager selects the session
solutions to be included in this adjustment and
selects the marks to be constrained and the
magnitude of those constraints. The
adjustment generates a detailed report that is
emailed to the Project Manager and may also
be viewed online.

The Project Manager's page also allows each
mark to be analyzed individually. By clicking

on a mark identifier on the left of the summaryi¢althe information for that mark is displayed. s
the most important step in evaluating how well eark’s position was determined and reviewing the
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e soon | AT | wormi i validity of that mark's metadata prior to
Mw “H - H Sl 0 H publication. In addition to tables summarizing
{;’i ! : g ﬁi | results, OPUS-Projects provides graphics
worus soumion E::];:» . uogi;c;) 2 1 ] allowing quick assessment of each stage in the
simsee | 025 | ews N processing.
R L
e — e The mark page begins with a listing of the
e e Az | metadata that was entered, Figure 9. The
= £ I e Project Manager may edit this data or change
e on o Sl 1® ' [ 1 the photographs if called for. This view is
“,Z;gure;f“}he“g"guj_Projects,\;.ark ,;aé‘_ 1 similar to how the mark’s data sheet will be
ggi’lii“;-m.:5?11’121‘.1;?:" oot published so the manager has the opportunity to

2005.276 w6277 yerify that this information is correct. If this
mark was not intended for publication and no mat@dvere entered, these entries will be blank.
Checking that the correct antenna type and antéeight was used in the processing is crucial for
finding problems and anomalous results.

= NETWORK SOLUTION EPOCH EAST (cm)|
network-final 2006-275T23:59:45GPST| 0.0 20.0

el o B ’ I The mark page provides a convenient visual
mozroa _ ammsossosr| 011 E' . +*1 summary of the OPUS, session and network
el S L , ] positions as shown in Figure 10. The initial

2123275u.060 2006-275T22.54:28GPST| 0.842.0 —

sareg oo 276708 st 2631 4 ' OPUS results are shown in gray, the individual
2123?76506\7 2005:2767?1_?1 q_qus'!_ 02_323 T VA Tar i e il B e e Ol T e i | i I_ . . . .
T 2o soo0 osm 1200 1ase oo mem o SE€SSION SOlUtioNs in blue and the final network
2006-276 2006-277 . .
adjustment in green. The OPUS error bars are
m NETWORK SOLUTION EPOCH |NORTH (cm)}

revioneal__ 200627512355 45075 00-01 ! : the peak-to-peak errors given on the OPUS

2008-276-A 2006-276T10:53:00GPST| -0.10.0

»
T
I

North (cm)
T
a
»

o
T
l

# SESSION SOLUTION EPOCH NORTH (em)|
L s R ° 0 5 ! report. The error bars for the session and
mei | cweeuumcecr i aeian network adjustment are the formal statistical
# OPUS SOLUTION EPOCH NORTH (cm) .
s |nsrmssemnest] 12209 1 errors from the PAGES solutions. The North-
s seas - East scatter plot is centered on the network
The NORTH 0 point represents N30:35:23 60935 00:00 06:00 12:00 18:00 00:00 06:00 12:00 . .. . .. .
2006275 wos27 gdjusted position and this position is also used
as the origin for the remaining plots. The plotshaf vertical, east and north as a function of tarevery
useful for identifying any problem with this marka particular session.

IS
T
L

Page Plc.

OPUS-Projects is still undergoing development ibutonetheless operating during this beta-tess@ha
Approximately 200 Project Managers have been tdaee of this writing and several hundred projects
have been loaded and processed providing NGS witraile feedback on its performance. Reaction to
OPUS-Projects has been very positive and NGS expkat this and the other OPUS capabilities will
become the primary means by which users may tiedaga to the NSRS.
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Figure1Q. The OPU:-ProjectsStation Plot.
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