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SUMMARY

This paper describes the ongoing work to align Réak Global Navigation Satellite System
Networks (RTNSs) to our national datums. At thistimg, there are currently approximately
107 locally-managed RTNs in use across the UiStates of America providing substantial
economic benefit to a wide variety of geospatiaf@ssionals. To facilitate accurate data
sharing, it is imperative that the positions geteatdrom these RTNs are homogeneous and
reliably accurate, from network to network and alsatton to observation, for many reasons -
including national security, emergency managentesntsportation and expanding geographic
information systems (GIS), to name just a few. Nag¢ional Geodetic Survey (NGS), a
program office of the National Oceanic and Atmosjgh@dministration (NOAA) in the

United States of America, is developing a prototgpdine tool to enable RTN operators to
test that their networks are compatible wiTS06F dniatiningsih_abdulharis_6064th our
national datums contained in the National SpatefeRence System (NSRS) database of
active and passive control monumentation. Whileutheof national datums in RTN
reference stations is not federally mandated, N@Sverk with public, private, scientific

and academic RTN operators to develop a tool thisl te employto obtain self-generated
time stamped statements of NSRS compliance aticérbgizontal and ellipsoid height
parameters. The ultimate goal of this new toobiprobvite RTN users with some assurance
that the positions they obtain from a particulaf\Rare in the NSRS at quantifiable levels of
accuracy.
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1. BACKGROUND

In the more than 100 RTNs operating within the EhiStates, a great diversity of
administrators and users are found. Indeed, threreaambinations of public, private,
scientific and academic RTNs in amazing synergmdst all states’ Departments of
Transportation (DOT) are either operating RTNslanping to do so

(Figure 1), with some being no-cost, some withhaetbased fee, and others with a one-time
fee. Private value-added entrepreneurs and GNS8fawurers alike operate regional RTNs
across many state boundaries or municipal RTNssaar®tropolitan areas. Also, scientific
studies are conducted using real-time data strefimedreference stations — for example in
the almost 200 receivers operated in the Plate @ayrObservatory (PBO) by the University
Navstar Consortium (UNAVCO). Many public RTNs are geographically oriented doer a
particular state, and in many areas there is queilg coverage between various private
RTNs and/or public RTNs.

Each RTN, by design, creates its own unique reterérame, from customized adjustment
constraints, which may or may not include legacyspage marks. National datum tags are
often employed, but no coordinated validation auttyeexists. Thus, there should be a
concern that the positional coordinates producewh f'each RTN are compatible and accurate
(Figure 2). While the International Terrestrial Befnce Frame (ITRF) remains the ultimate
realization of geometrical datum “truth”, and th®RS network is aligned very accurately to
ITRF, yielding the best representation of the geoimé&ame within the NSRS, many users in
a plethora of geospatial areas reach out in need to these RTNs for their day to day data.
NGS must position itself to support all RTNs, amdmote their alignment to the NSRS at a
certain level of accuracy without any competitioperceived or real.

Public and Private Statewide

Public Statewide — Planned or Operating
= Private Statewide

Public and Private Municipal — No Statewide

Private Municipal - No Statewide W.Henning 972009

Figure 1 — Showing the Diversity of public & private RTNs in the conterminous USA.
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Figure 2 — Overlapping RTNs with different methodobgies, datum adjustments and
epochs, software, hardware, and constraints, may ngrovide consistent, accurate NSRS
coordinates to the user.

2. THE IMPORTANCE OF THE NATIONAL SPATIAL REFERENCE S YSTEM

The National Spatial Reference System as maintdigedGS, is a consistent coordinate
system that defines latitude, longitude, heigtalesogravity, and orientation throughout the
United States and is designed to meet our namesomic, social, and environmental needs.
NGS provides access to our official national daturnsrently represented by NAD 83 (2011)
for latitude, longitude and ellipsoid height and Y& 88 for our orthometric height, and
familiar to most geospatial professionals. In dddito supporting traditional land surveying
and civil engineering applications, the NSRS haagimportance for a diverse set of other
geospatial applications. The rapid proliferatiomexfional and statewide Geographic
Information Systems (GIS) warrants seamless coivitydh order to promote functional
emergency management, resource management, eneintedrissues, infrastructure
management and national security. RTNs provideffigient, economical way to capture
these various data, populate infrastructures anthgeintra county, state and regional
systems. Consider, for example, emergency evacutitio flood inundation along coastal
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low-lying areas. Reliable evacuation routes mugtlaaned to ensure elevations high enough
to give rapid escape from the impending high watacross state borders and possibly across
different RTNSs. Incorrect or inconsistent elevatitata could result in serious problems. In a
more traditional arena, design and constructiorkviiguically requires that plans, drawings,
and plats for rights-of-way, building, pipelinesads, bridges and other infrastructure, fit
together section to section and year to year. M@chuidance and precision agriculture are
now working at the centimeter level and employ-teaé positioning from active stations.

Rail and water navigation, to and from transpastatind commerce centers, benefit from
real-time positioning as well. These activities atigers require a unified, seamless, accurate
basis as supplied by the NSRS and maintained by. NIGS is promoting that RTNs be
aligned to the NSRS, which contains the consistatibnwide geometric and geopotential

datums, at appropriate levels of accurécy. Comment [DAS1]: This is too much
S opinion, and not enough science based
policy. Let's not speculate.

3. THE EVOLUTION OF RTNs FOR GEODETIC POSITIONING IN THE USA

There is little doubt that positioning in the Unit8tates is rapidly moving away from relying
on ground monumentation to control land surveying engineering work and moving
towards trust in active station global navigatiatelite system (GNSS) antennas to yield
these positional coordinates. Currently, the Nautierican Datum of 1983 serves as the
national geometric datum and is realized from fi@mnsing the International GNSS Service
(IGS) 2008, epoch 2005.00 coordinates and velsoiiethe national continuously operating
reference station (CORS) network, comprised of @880 active stations. This new
realization on the CORS, denoted as NAD 83(201d9¢lk 2010.00, was a significant
improvement on the previous adjustment of NAD 8®R596), epoch 2002.00 and was
published in July of 2011. The new realization lgfoincreased knowledge of station
velocities, absolute antenna calibrations and gea8-update to the positiohs Along with

this new realization on the active stations, apjpnaxely 80,000 passive marks were
readjusted. These marks were those in the NGSratexhjdatabase (NGSIDB) which were
the result of accepted data from GNSS campaigmssacnany regions and many years
Because the coordinates on many of these pasammtmarks will use modeled velocities
and historic (sometimes decades old) GNSS obsenatit is to be expected that they will
not yield completely homogeneous positional coatiis when comparing their data sheet
coordinates with those which might be produced feore-observation of that passive control
mark, tied to the CORS network of active statiomd whose antenna reference points (ARP)
positions and velocities are very accurately knawvany point in time. Uplift, subsidence, or
other disturbance or instability are conditiond i@, to a large degree, essentially unknown
for any legacy passive mark. This dichotomy in klemlge of positional coordinates can
impact users of a local or regional RTN dependingvbat is constrained. Adding to this is
the fact that RTN adjustments are usually performede precisely than the surrounding
CORS network, whose stations can have up to 2-dmiiizontal deviation and 4-cm in
ellipsoid height deviation in the published cooedas. Therefore, as users reach out to the
RTNs for fast, repeatable positioning, they willdesling with three levels of control: local
passive marks whose movement over time is unknawmaay not be consistent with the
RTN’s derived coordinates, but may have a histénysage; RTN stations of which datum,
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adjustment or epoch may not be the ones desirguafticular work; and the CORS network,
reflecting the national geometric datum controbstprocessed through the NGS Online
Positioning User Service (OPUS$Jor a point position through user submitted data,
processed by the user in proprietary GNSS softaai@ point position or network adjusted
solution.

In addition to considerations in accessing the ggdmdatum realization, another positioning
consideration with which geospatial professionalsiaeal is the geopotential, referenced
through North American Vertical Datum of 1988 (NAWEB) orthometric heights. Unlike the
geometric datum, new point data are accepted NG SIDB only through either
millimeter-precision geodetic leveling across passnarks, or centimeter-precision GNSS
height modernization (HTMOD) procedures. Through the past two decades, NGS has
published many hybrid geoid models which allow agertake their NAD 83 ellipsoid

heights from Global Positioning System (GPS) obstions and produce NAVD 88
orthometric height8. Currently, geospatial professionals have thécghof using this
methodology with a RTN or constraining the orthaomeeteights to trusted passive bench
marks around their projects via a site localizapoocedure. The latter method almost always
produces more precise results when using a RTNabmds the added benefit of providing a
comparison of how a site’s vertical control fitgésher in a best fit adjustment.

Site localizations, however, will soon not be nse@g to align accurately to the vertical
datum. In approximately 10 years, NGS will introduwmmpletely new geometric and
geopotential datums as new national standards. \Wiehappens, passive marks will be
considered entirely as secondary access to thendand users will perform work based
upon them at their own risk. The new geometric ahavill remove the non-geocentricity as
was the case in the NAD 83 datum definition andarserigin based upon a modern epoch of
the ITRF or IGS reference frames. A decision ontiweto fix this on the North American
plate or allow it to move with the other mentioreorld datums will be made. Additionally, a
1-cm accurate gravimetric geoid will be utilizedetoable geospatial professionals to bring
orthometric heights based on the new datum to tieik site to around 2-cm accuracy by
GNSS alone- completely without geodetic levelinge TGRAV-D (Gravity for the

Redefinition of the American Vertical Datum) prdjésthe foundation for this future
Because users will be able to bring both horizosutal vertical control to their projects with
active stations alone, RTNs will be even more irtgratr The ability to provide this control in
near real time will trump most post processed nathas would be necessary from the
CORS alone (Figure 3).

TS05B - GNSS CORS Infrastructure and Applicatiqrs763 5/12
William Henning
An On-Line Real Time GNSS Network On-Line Validatidool from NOAA’s National Geodetic Survey

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



2022 NEW PROJECT CONTROL - ACCESS TO NSRS
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Figure 3- The geospatial professional must decidenahe basis for project control: legacy
passive marks, RTNs or national CORS.

4. CURRNT THINKING ON NGS RECOMMENDATIONS AND METHODS TO
ALIGN TO THE NSRS

Accurate positional coordinates obtained from défee RTNs obviously rely on the
coordinates of the reference stations and thetyabiliobtain consistent field results from
different GNSS hardware and software. NGS would tikpromote the consistent alignment
of RTNs to the NSRS, both for the active referestegion positional coordinates and
especially for the near real time positions prodiuog the geospatial user in the field. Current
thinking is that RTNs should be aligned to the N@R 8o more than 2-cm horizontally
(latitude and longitude) and 4-cm ellipsoid heightugh tighter accuracies are being
strongly considered.
RTN reference station coordinates may be obtainednumber of ways:

- Seeding the original positions with several daysazfrdinates obtained from OPUS

processing. A subsequent network adjustment isllysuerformed.
- Fully constraining surrounding CORS coordinatea simultaneous adjustment with

- Fully constraining the CORS in an adjustment witle ® TN master station. A
subsequent adjustment of all the RTN stations medmnstraining the master station.
- Weighting the CORS in an adjustment with all theN_Stations.
NGS currently recommends using the last methoddighting the CORS 1-cm in each
horizontal component (latitude and longitude) arah®in the ellipsoidal component and
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Comment [DAS2]: Not under
consideration unless you are talking about
updating those passive control mark
coordinates. If you're talking about fixing
the adjustment to those coordinates, the
absolutely not.




performing a least squares adjustment with alRM&l stations — seeding the RTN reference
stations with ten 24-hour data sets from OPUS. Ritlons must have very precise (sub-
centimeter error) positional coordinates. Unacdaptatrain is put on the adjustment from
fully constraining stations with greater error this and the positional error will be pushed
into the atmospheric modeling, introducing errdoithe interpolated conditions at the rover.
Additionally, it is recommended that 10% or 3 (wWieeer is greater) of the RTNs stations

become CORS. This would enable the RTNs to be m@ultby producing OPUS positions Comment [DAS3]: Do not propogate

using the internal CORS stations as fiducial values te e alonal CORS, even

To facilitate the use of OPUS and the CORS netwfkS is developing an on-line tool (not
publically available yet) which will allow RTN opatiors to demonstrate the coordinate
differences between their RTN published statiorrdimates and the NSRS - as referenced
from the OPUS solutions (Figure 4). RTN operatoitsgenerate coordinates on their

3 BETA RTN and the NSRS Pilot
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Why validate RIN 8
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Draft Guidelines for Real Time
GNSS Networks?

(Gudelnes for New and Existing
Continuously Operating |
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Figure 4 — Each RTN will be represented by a one syol.

reference stations using the NGS OPUS tool andveilsprovide NGS with a spreadsheet of
the current RTN station coordinates as publishdti¢gaisers of the RTN. NGS will then
compute the delta coordinates and generate asphittef all the submitted RTN stations
that will easily show the maximum and minimum diyence from the NSRS represented by
the OPUS generated positions (Figure 5). To pulbtisir data, RTN operators will upload
their base station data to OPUS using the “publigition (Figure 6). OPUS will accept up to
48-hours of continuous data, crossing midnight amge. Currently, it is recommended to
submit 30-hours of station data. This should beentlban adequate to produce centimeter
level positional coordinates, which will fall weldlithin the goal of 2-cm horizontal and 4-cm
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NGS RTN VALIDATION SITE
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Figure 5- Clicking on a RTN symbol will expand theRTN to show all submitted
reference stations.

OPUS: Online Positioning User Service

National Geodetic Survey

Previoss frames
6808 Epech 200500 TRFOO Epoch 1997.00
NAD 832011) Epech 201000
NAD 83MAL1) Epech 201000 NAD SHUARPOD) Epoch 200200
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Figure 6 — The means to retrieve archived OPUS sdlan data is highlighted. Note the
two different datum realizations in place until April 2012.
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ellipsoid height alignment to the NSRS. A side bitreé using the OPUS tool will be to
produce a database archive of all the listed RBNasts, including site photos, for future
reference (Figure 7). Because the OPUS solutiohshéw the station’s positional
coordinates at the datum epoch [NAD 83 (2011), bi28110.00 currently], any different
adjustment and/or data epoch will be within theulteelong with the deviations to the datum
itself. Additionally, a time series plot, similay the CORS time series plots (Figure 8) could
be developed if these data are submitted on aaebekis — say every 4-months.

SURVEY DATASHEET (Version 1.0)

PID: BBCI67
Designation: 844 1102 K
Stamping: 1102 K 2005
Stability: Most reliable; expected to hold position well
Setting: A metal rod driven into ground. Describe below.
Description: The primary bench mark is a stainless steel rod driven 82 feet (25 m)
to refusal and set on the north comer of north Nyhus street and east
Wilson Ave, 13.6 m (44.62 ft) northwest of the centerline of east
Wilson Ave, 1.7 m (5 ft) north of fire hydrant, 0.15 m (0.49 ft) south
of the witness post, encased in a 5 inch PVC pipe slesve and
aluminum access lid with concrate, and st flush with the ground.
Observed: 2011-06-01T20:49:00Z 4 =t
Source: OPUS - page5 1009.28 Close-up View

REF_FRAME: NAD_83 EPOCH SOURCE: NAVDS8 (Computed using UNITS: SET
(CORsS96) 2002.0000 GEOID0S) m PROFILE DETAILS

LAT: 46° 54'14.84796" = 0.004 m

N N UTM 10 SPC 4602(WAS)
LON: -124°6'23.29630" = 0.011 m

NORTHING: 5195104.100m 180875.802m

:-202 = 0
HE H; ‘2411:5 e zg:i = EASTING: 415729.872m 225330.893m
= ':6“'59(‘)'14, N o - CONVERGENCE: -0.80800528° -2.61972547°
z :mm :.u T i POINT SCALE: 0.99968728  0.99993008
> o S COMBINED FACTOR: 0.99969045  0.99993325
ORTHO HT: 4343 0031 m
CONTEIRUTEDEY [ map | satelite || Hybrid |
danizl johnson & ™~
9441102K =

& National Oczanic and Atmospheric Administration

Get directions: To hers (nearest road)

P e

&

“Westhaven f"’x
| mi}me Park H + -
Horizon View Gougle & W9ilfiPhata €2012 Gooale = e ol skl

Figure 7- An OPUS published mark [with coordinatesn the NAD 83 (CORS 96) epoch
2002.00 adjustment]
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Figure 8 — A graph similar to the one depicted abavcould be generated for RTN
reference stations if data are uploaded regularly.

Of course, of real importance to all geospatiatsisaccurate coordinates produced in the
field from the RTNs. NGS recommends that all useesable to access the RTNs with all
major GNSS manufacturers’ rover receivers. To furthis goal, the use of the open, generic,
freely available RTCM 3.x format in the communioatito the rover is recommended. This
format is developed by Radio Technical CommissmrMaritime Service& (RTCM)

Special Committee 104 (SC-104) on Differential Glodavigation Satellite Systems
(DGNSS) and specifically addresses current andduBNSS RTN usage. Most RTNs in the
United States have this format available to udexsugh the open source Network Transport
of RTCM via Internet Protocol (NTRIP) software diaged for RTN use by the German
Federal Agency for Cartography and Geodesy (Bumdefia Kartographie und Geodéasie —
BKG) °. NGS is also currently considering a recommendatiat RTNs establisind
reobserve (on a frequent basis) high accuracyymsesarks, well-spaced within the RTN —
perhaps at 20 Km or less. These marks should bahke as possible and should be
positioned by GNSS static observations. Geodetieling connections between marks may
also prove useftfl . If this recommendation were to come to pass, R@8sions that these
data would be submitted to NGSfor inclusion in RiEN-verification service.. These marks
would serve as NSRS-compliance testing stationtsimvihe RTN. Although NGS envisions
that these marks would be visited and regularlieteby the RTN operator, users could also
visit these stations with their GNSS rover, conite¢he RTN and produce a coordinate. This
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coordinate could then be readily compared to thdighed coordinates to see what deviation
is present between the RTN and the NSRS in thereahtime observation, and compare
their in-field deviation estimate to that beingtsthby the RTN operator.

5. CONCLUSION

RTNs should be aligned to national datums in aisterst, accurate manner to facilitate many
diverse geospatial applications. NGS is workindWRITN operators to develop a robust
NSRS-alignment and verification service. As of heame of the ideas which NGS feels
should be part of this are:

- RTN operators should configure their service bgratig RTNs to the national
datums via the NGS on-line validation tool to progla plot demonstrating the
compliance level of each RTN's reference stati@usitional coordinates vis a vis
the NSRS.

- RTN operators should use the NGS on-line validatiah to produce a plot
demonstrating the compliance level of each RTNferemce station’s positional
coordinates vis a vis the NSRS.

- RTN operators should establish or validate highuexy, stable passive monuments
well-spaced within the RTN at 20 Km or less to fyetihe NSRS-compliance level of
their own RTN. Although NGS sees RTN-users as fedlgable of using these marks,
NGS does not view the responsibility of NSRS-vdlmafalling upon the RTN user.

- RTN users understand what conditions and methogbtmjield unsatisfactory results
and employ the best methods possible with theikvegrreviewing the NGS reall
time user guidelines.

- RTN operators review important considerations leford during their build-out and
operations in the NGS RTN guidelin®sand other RTN documents, such as the RTN
accuracy studies in Great Britdh.

- RTNs make available open, generic formats fortiesd data dissemination. NGS
promotes the use of RTCM 3.x format data using NPTRiotocol.
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