CORS and OPUS
for Engineers

Tools for Surveying and
Mapping Applications

Edited by
Tomés Soler, Ph.D.

ASCE




Contents

FOTEWOI . ...ceeieeeeeirneeeeeeeeeeeecessneeeeeseseesssnsensessssssessssssssssnssssssssssnssnsssnsssnesssssessssnsnnsssesssessns \Y
Juliana P. Blackwell
It O AUCTION e eeeeeeeeeireeeeeneeeereeneernreeeeeesseessesesssssssssossesssnnsnsssesasesssnsnnnssnsssessssesassssssesnsessessss vi

10

11

Tomas Soler

Continuously Operating Reference Station (CORS): History,
Applications, and Future Enhancements........ccceceeeeeeeeceeeeerensereessnereessesnessessessessene 1
Richard A. Snay and Tomaés Soler

Criteria for Establishing and Operating a Continuously
Operating Reference Station (CORS)....ccccviicierneeienreneesessessensessenseseesseseesessessesessens 11
Giovanni Sella, Mike Cline, and Don Haw

The “Online Positioning User Service” Suite (OPUS-S,
O PUS-RE,; OPVIS=DIB s cmossnnsmsnunsssssssss s amsssssssss i silainmmmas s asssovsressg s mgmsss 17
Tomas Soler, Neil D. Weston, and Richard H. Foote

A Synopsis of the IGS Orbits Used in OPUS........ocuecueeencenensenssnsescscmsensensensenssens 27
Jake Griffiths, Jim Ray, and Neil D. Weston

Accuracy of OPUS Solutions for 1- to 4-h Observing Sessions ........ccceceeeeeeerenene. 30
T. Soler, P. Michalak, N. D. Weston, R. A. Snay, and R. H. Foote

Statistics of Range of a Set of Normally Distributed Numbers ........cccceeeeveeeenese 41
Charles R. Schwarz

Basic TEQC Instructions for OPUS USEIS ....cccceceereereeereecseressaressencsssecssssssacesseessane 46
Richard H. Foote

OPUS-S EXtended Data..eeeeeeeeieieeieeeeeeeneeereeeeesscossosssssssssssssssssssssesesasasesssssssssssssssses 51
Peter Lazio

Editing RINEX Files to Fix a Poor OPUS Run....c.ccccerererenreeecrcnecseeseeresseessesaenns 62
Peter Lazio

Heuristic Weighting and Data Conditioning in the National
Geodetic Survey Rapid Static GPS Software .......cccecceeveeerereersncsnsennceeseeseesesassseses 67
Charles R. Schwarz

Accuracy Assessment of the National Geodetic Survey’s
OPUS-RS UL ccmmassosssmioisasnsssssosssssseossassossesaniiissssiivisssishn sussasnsspsossesnspensseysanssas 74
Charles R. Schwarz, Richard A. Snay, and Tomas Soler

1ii



12

13

14

15

16

17

18

19

20

21

22

Accuracy of Rapid Static Online Positioning User Service
(OPUS-RS) ReVISIted c..cuueeiircerierrerecscaeearesueressaneecssasessnsessssnssessassesssasasssassasssssssssssssssns 88
Tomas Soler, Richard A. Snay, Charles R. Schwarz, and Kevin K. Choi

Understanding Error Messages Generated by the Rapid Static
Online Positioning User Service (OPUS-RS)...cccccovnvrrincrnsninnercccresecsccnesnesasenens 100
Kevin K. Choi

Editing RINEX Observation Files for OPUS-RS.......coviiiviinniicricnseeccncercccennene 107
Peter Lazio

GPS Vectors, OPUS-S and OPUS-RS Observations in a
Unified Adjustment.. .. ceieinninniiiniicnsicnencnniensissiisiessssisssssssssessssssasessaressaseses 119
Peter Lazio

Constraining Network Adjustments to OPUS-RS
Coordinate ODSerVaAtIONS.ccceeeeeeeeeeeeerererreerreeereesmssssesseeeesesesesssssassssssssssssesssssssssassasases 125
Peter Lazio

Efficiency and Reliability of Ambiguity Resolution in Network-

Based Real-Time Kinematic GPS......uiiiiiiiniiiinicneiccicnnnntecssnseneececassnnasaeecsssnseanens 133
Dorota A. Grejner-Brzezinska, Israel Kashani, Pawel Wielgosz, Dru A. Smith,
Paul S. J. Spencer, Douglas S. Robertson, and Gerald L. Mader

Network Calibration for Unfavorable Reference-Rover Geometry

in Network-Based RTK: Ohio CORS Case Study ......ccceeereeercnriccccnrcosscneseescnnaccnns 143
Dorota A. Grejner-Brzezinska, Niyazi Arslan, Pawel Wielgosz, and
Chang-Ki Hong

Transforming Positions and Velocities between the

International Terrestrial Reference Frame of 2000 and

North American Datum 0f 1983 .....cciiiiirrereeeeeeeeeeieeteeeeneneeeeemeeemeneesssssssssssssssanens 154
Tomés Soler and Richard A. Snay

Horizontal Time-Dependent Positioning Software: User’s Guide .........ccccceeuenne 161
Richard A. Snay

Best Methods for High Accuracy Real Time GNSS Positioning
from a Single Reference Satlon cvswsssrmsonssnssessomsnmsssssmusssssmusnssssmommsasssssssasonss 173
William Henning

Transforming OPUS Results t0 WGS8A4.....cuvssmsisssssrssssssasssumssonssssssnassasssssrmossass 181
Tomas Soler and Richard A. Snay



Book Review

Review of CORS and OPUS for Engineers.
Tools for Surveying and Mapping
Applications, edited by T. Soler

American Society of Civil Engineers. Reston. VA; 2011;

ISBN: 9780784411643. Price: Nonmember, $90.00; ASCE Member.
$67.50

John V. Hamilton, M.ASCE
Geodetic Engineer, Principal of Terrasurv, 561 Clifton Rd., Bethel Park, PA
15102. E-mail: hamilton @terrasurv.com

This book (actually a monograph) is a collection of articles by a
number of very well qualified authors describing various aspects
associated with continuously operating reference stations (CORS)
and online positioning user service (OPUS) applications, about half
of which were previously published in ASCE’s Journal of Suirvey-
ing Engineering. The National Geodetic Survey (NGS), which
operates the CORS network and provides the OPUS utility, has
sponsored the monograph, and many of the authors are NGS staff.
The monograph has been cosponsored by ASCE’s Geomatics
Division, which among its principal missions pursues the fostering
and encouragement of the instruction and dissemination of geo-
matics technical issues.

The first two articles give an introduction to the CORS, includ-
ing the history of the development of the National CORS, and
present criteria for establishing and operating a CORS.

The next article describes in moderate detail the current flavors
of OPUS—OPUS-S, OPUS-RS, and OPUS-DB—followed by a
number of papers that go into more depth regarding the orbits used,
accuracies attainable. and methods that can be applied to improve
the accuracy of the solutions. The extended output from OPUS
is described at length in an article by Peter Lazio, who, as a GPS
manager in an engineering firm. has ample hands-on experience
with CORS and OPUS applications.

One article is devoted to the basics of the teqe utility, employed
by NGS and many other practitioners to convert raw data to RINEX
and for QC checking. Two additional articles by Lazio describe
methods that can be used to edit RINEX to improve poor solutions
and problem data sets. Lazio also produced two other articles
describing procedures by which the results of OPUS processing
can be used in combined least squares adjustments.

Two articles by a large group of authors from The Ohio State
University, NGS, and other academic institutions describe the soft-
ware developed for the OPUS-RS processor and for ambiguity
resolution over long lines.

The final articles in the monograph are by NGS’s William
Henning, describing the optimal methodology for determining pre-
cise RTK surveys; a contribution expanding on the horizontal time-
dependent positioning (HTDP) utility; and two articles outlining
methods to transform positions and velocities between reference
frames and between epochs.

In the opinion of the reviewer, this monograph embodics a
timely and opportune compendium, partially theoretical, but
mainly composed of pragmatic step-by-step applications (e.g.,
how to combine OPUS results with modern surveying observa-
tions; how to understand error messages in OPUS-RS submissions)
that may be very useful to frequent OPUS customers. The advan-
tage of this collection of papers is that it gathers, in a single volume,
the necessary didactic material to comprehend, in an intelligible
manner, questions that may arise when using any of the different
options available to surveying and mapping professionals submit-
ting GPS data to the OPUS web portal.

In summary, this monograph is one of the most useful reference
tools for any surveyor or engineer involved in accurate positioning
who regularly accesses the CORS and OPUS Internet utilities, and
it will be considered an indispensable source of information that
should be on every geospatial GPS data user’s desk.

174 / JOURNAL OF SURVEYING ENGINEERING © ASCE / NOVEMBER 2011



1 of 2

ASC

KNOWLEDGE & LEARNING

Find a Local Group

AMERICAN SOCIETY
OF CIVIL ENGINEERS

Find a Technical Group

http://www.asce.org/Product.aspx?id=12884906495

You are not logged in.  Login About ASCE

LEADERSHIP & MANAGEMENT

CORS and OPUS for Engineers

Home / Knowledge & Learning / Books & Joumals / Books

Search Books

Browse Books by Series
Browse Books by Topic
Contract Documents
Online Proceedings
Book Ordering
Electronic Books
International Customers

Book Authors

CORS and OPUS for Engineers

Tools for Surveying and Mapping
Applications

Edited by Tomas Soler, Ph.D.

P

CORS and OPUS
for Engineers

2011/ 192 pp.

Permissions for Reuse | Reader Reviews
Free Domestic Shipping! Shipping Info

Soft Cover - In Stock
$90.00 List / $67.50 ASCE Member
Stock No. 41164 / ISBN: 9780784411643

Description
Sponsored by the Geomatics Division of ASCE and the National Geodetic Survey of
the U.S. National Oceanic and Atmospheric Administration.

CORS and OPUS for Engineers describes new global positioning system (GPS)
technologies and procedures that are immediately relevant to civil engineering
professionals engaged in high-accuracy positioning. This collection of 22 articles, half
new and half previously published in peer-reviewed journals, assembles the latest
thinking on the use of two advanced services-CORS and OPUS-for obtaining
accurate positional coordinates. Created and managed under the auspices of the
National Geodetic Survey, the CORS (continuously operating reference stations)
network contains more than 1,600 permanent, geodetic-quality receivers that collect
GPS data around the clock at locations distributed throughout the United States, its
territories, and a few foreign countries. These data are then made freely available to
the public via the Internet. OPUS (online positioning user service) is a free,
automated, Web-based utility that provides its users with accurate and reliable
positional coordinates in a timely fashion by processing each user's GPS data with
corresponding data from the CORS network. Together, CORS and OPUS form the
backbone of today's high-accuracy, three-dimensional positioning activities.

Both theoretical and empirical, this collection is a must-have for practitioners and
researchers involved in surveying, GIS, remote sensing, and mapping applications
that utilize GPS technology.
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