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National Geodetic Survey

A ‘Nati‘onal Spat

NGS
ial Reference System(NSRS)

NAD83(NSRS2007) 2007 -
(CORS)

O

Improvements
\ TIME NETWORK
NETWORK " SPAN ACCURAC ACGURACY
‘NAD 27 /1927-1986 10 nfé %g part in 100,000)
NAD83(86) 1986-1990 1%5 Q/Q (1 part in 100,000)
NAD83(199x)* | 1990-2@ metQ B-order (1 partin 1 million)
HARN A-order (1 part in 10 million)

0.01 meter

completed and adjusted in 2007
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National Geodetic Survey

! National Spatial Reference System (NSRS)

The NSRS is a consistent coordinate system that
defines latitude, longitude, height, scale, gravity,
-and orientation throughout the United States.

N

One common datum {«* RS

Evolving from passive >
active >
real-time augmentations
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The NSRS has evolved

2007 National Readjustment

1 Million /70,000

Monuments Passive Marks
(Separate - (3-Dimensional)
Horizontal and

Vertical

Systems)

| 1,800+ CORS
Passive Marks (Time Dependent

(IFigﬁtitigll'l(nowledge > System Possible;
of Stability) 4-Dimensional)

GPS CORS - GNSS CORS et oms -

/ / Galileo GLONAS‘E&
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National Geodetic Survey
= R

~ “PASSIVE” NETWORK
- marks in the ground

| 1.5 million marks in the
- National Geodetic Survey database

S

‘These marks provide:

e Horizontal position, or
'« Horizontal position and ellipsoid height, or
. Ort_h.ometric Heights, or

e Both Horizontal and Vertical values
o Tidal Information
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National Geodetic Survey

~ “ACTIVE” Geodetic Network

" .

| | C(\?n\‘ti\\nuously Operating Reference Stations

NSRS
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National Ge od."_.,'_ ic Survey

Current/ Future Act|V|t|es of the
NSRS

Multi-Year CORS solution - 2011

National Adjustment (geometric) of passive control - 2012
Hybrid Geoid Model using new ellipsoid heights -2012
New Data Sheets - 2012

National Adjustment (vertical) of GPS passive marks

U™ W Iy &

— Under consideration; This not adjusting the leveling network

6. Adoption of new datums
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National Geodetic Survey
i NADS3 (20
and the

MultiYear CORS

11)

Solution

Previous/CUrrent Reference Frame
NAD 83(2007-CORS96)
Epoch 2002.00
ITRFOO

New Reference Frame

NAD 83(2011)
Epoch 2010.00
1GS08

Epoch of Observation
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National Geodetic Surve

A (very) brief history of NAD 83

e Original realization completed in 1986

— <Consisted (almost) entirely of classical (optical)
observations

e "“High Precision Geodetic Network” (HPGN) and
"High Accuracy Reference Network” (HARN)
realizations

— Most done in 1990s, essentially state-by-state

— Based on GNSS but classical stations included in
adjustments

e National Re-Adjustment of 2007
- NAD 83(CORS96) and (NSRS2007)
- - Simultaneous nationwide adjustment (GNSS only)

e New realization: NAD 83(2011) epoch 2010.00

V National Oceanic and Atmospheric Administration
."x. —— .‘.’;
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' Multi-Year

Longer data spans

Absolute antenna calibrations
- satellite transmitting and ground receiving antennas
— most significant change

New network design—added redundancy

— Delaunay triangulation over global sites and CORS
backbone

— tie remaining CORS to backbone as stars

IERS 2003 Conventions generally implemented

Updated model for station displacements due to ocean tidal

loading

Updated models for troposphere propagation delays

—Use current frame; first attempt to obtain a full history of

products in a fully consistent framework

CORS Solution

i | 3 . mel A ey sherie A 1141 ot rat
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National Geodetic Survey

Why a MuItiYear CORS Solution?

e ' Consistent coordinates and velocities from combined solution

— Previous a mix of station and velocity sources, few ties to global
frame

— Previous vertical velocities of zero for most CORS

o Aligned with most recent realization of global frame (IGS08)
- IGS08 epoch 2005.0 (previous aligned at epoch 1997.0)
— NAD 83 epoch 2010.0 (previous epochs of 2002.0 and 2003.0)

e Major processing algorithm, modeling, metadata
improvements

— Conformance with current international conventions (IERS)
e Absolute phase center antenna calibrations
— Both ground (receiving) and satellite (transmitting) antennas
— Previous (CORS96) used relative calibrations (significant change)
e Highly accurate and consistent CORS coordinates and
velocities determined using Best Available Methods
— Needed because CORS network is foundation of NSRS

\"@z‘.
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National Geod‘_ ic Survey

Why a Multl-Year CORS Solution?

o Absolute phase center antenna calibrations used

More data used in adjustment

Includes Velocities

Longer data spans

Reprocessed all CORS GPS data Jan 1994-Apr 2011
2264 CORS & global stations

first attempt to obtain a full history of products in a fully consistent
framework

Consistent coordinates and velocities from combined solution

Previous a mix of station and velocity sources
Previous/few ties to global frame
Previous vertical velocities of zero for most CORS

Aligned with most recent realization of global frame (IGS08)

1GS08 epoch 2005.0 (previous aligned at epoch 1997.0)
NAD 83 epoch 2010.0 (previous epochs of 2002.0 and 2003.0)

{@; National Oceanic and Atmospheric Administration
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National Geod@c Survey

Why a Multl-Year CORS Solution?

e Major processing algorithm, modeling, metadata
improvements

— Conformance with current international conventions (IERS)

— Highly accurate and consistent CORS coordinates and velocities
determined using Best Available Methods

e Updated model for station displacements due to ocean tidal
loading _
e Updated models for troposphere propagation delays

~Needed because CORS network is foundation of NSRS

P
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National Geodetic Survey A F

Positions and Velocities Change!

CORS Multi'year soln. Plate fixed

N .
Horz. Residual Vel.

Vertical Vels. /

2mm/yr
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Changes in Horizontal NAD 83 Positions
Different Epochs

NAD 83(2011) epoch 2010.0 - NAD 83(CORS96) epoch 2002.0
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Changes in Horizontal NAD 83 Positions Different
Epochs

NAD 83(2011) epoch 2010.0 - NAD 83(CORS96) epoch 2002.0
e Avg. shifts: AE = 0.05+£5.25 (ME -0.12) cm AN = 2.12+6.08 (ME 0.00) cm

— combination of position and velocity differences
-~ due mostly to updated velocities (including up to 8 more years of data)
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Changes in Horizontal NAD 83 Positions
Same Epoch

NAD 83(2011) epoch 2002.00 - NAD 83(CORS96) epoch 2002.00
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I Changes in Vertical NAD 83 Positions

Different Epochs

NAD 83(2011) epoch 2010.0 - NAD 83(CORS96) epoch 2002.0




I Changes in Vertical NAD 83 Positions Different M
Epochs

NAD 83(2011) epoch 2010.0 — NAD 83(CORS96) epoch 2002.0
e Avg. shifts: AU = -0.66+2.24 (ME -0.80) cm
— combination of position and velocity differences from additional data,
tectonics |

— assuming vertical velocity = 0.00 in NAD 83(CORS96)

al




- Cnanges In Vertcar NAD 53 -
Positions
o avg. sRAP 83(29013 sPP Y292 00 AP B3 (CORS96) epoch 2002.0

— random part mostly caused by switch to absolute antenna calibrations

— shifts also caused by assuming V, = 0 in NAD 83(CORS96)
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Changes in Vertical NAD 83 Positions

Same Epochs
NAD 83(2011) epoch 2002.0 — NAD 83(CORS96) epoch 2002.0

2




National Geodetic Survey

NAD 83(2011) epoch 2010.00

e Multi-Year CORS Solution (MYCS)

‘= NAD 83 computed by transformation from
IGSO08 |

. Natlonal Adjustment of 2011 (NA2011)
- New adjustment of GNSS passive control

— GNSS vectors tied (and constrained) to
CORS

'~ NAD 83(2011) epoch 2010.00

— Approximately 80,000 stations and
more than 400,000 GNSS vectors

e Realization SAME for CORS and passive marks
o This is NOT a new datum! (still NAD 83)

pr—.
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National Geodetic Survey

~ NAD 83(2011) epoch 2010.00

e Multi-Year CORS Solution (MYCS)

— Reprocessed all CORS GPS data Jan 1994-Apr
2011 ~ |

- 2264 CORS & global stations

- NAD 83 combuted by transformation from I1GS08

e National Aqustment of 2011 (NA2011)
- New adjustment of GNSS passive control

- GNSS yéctors tied (and constrained) to CORS
- NAD 83(2011) epoch 2010.00

— Approximately 80,000 stations and
_more than 400,000 GNSS vectors

.

I
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National Geodetic Surve

Why a New National Adjustment?

e Optimally align passive control with new CORS
e Add >1000 projects submitted since 2007 project
— Also observations for Hawaii, other Pacific islands
 Network and local accuracies on all stations
— Including future submitted projects
e More consistent results in tectonically active areas
— More current data, better tectonic modeling
o Better computations and analysis techniques
- E.g., improved outlier detection

— Incorporation of lessons learned from previous national
adjustment
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How to get to the New
Geometric Datum

“NGS will provide simple transformation tools between historic
and current datums and reference frames used by NGS, in four
dimensions, wherever practical and possible.”

There is no NGS-sanctioned transformation from NAD

83(HARN) to NAD 83(NSRS2007). Therefore, if your data are on
a reallzatlon prior to NAD 83(NSRS2007) you will either have to
| | on NSRS2007 (or 2011) or ignore the posi ift
and transform them to the new datum. NGS’s OPUS may be
the answer for you.
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National Adjustment of 2011
Project Update

QoW A B

National Geodetic Survey Michael L. Dennis,

)il 25,2012 '« "Silver 'Spring, MD NA2011 Project
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Transformation & Tectonic Complications

e NAD 83(2011) transformation tools?
- NAD 83(2011) €«-> (NSRS2007/CORS96) <> (HARN)
- Under study by NGS

e When is North America not North America?
— Not all stations on the North American tectonic plate
— Pacific plate: Hawaii and American Samoa
— Mariana plate: Guam and CNMI
— Caribbean plate: Referenced to North American plate
— Can relate frames (and epoch dates) with HTDP




1. Multi-Year CORS solution - 2011
National Adjustment (geometric) of passive control - 2012

Hybrid Geoid Model using new ellipsoid heights -2012
— Use NAD 83(2011) epoch 2010.00 ellipsoid heights on NAVD 88 benchmarks
— Might also use OPUS-Database results on NAVD 88 BMs

4, New Data Sheets - 2012

5. National Adjustment (vertical) of GPS passive marks
— Under consideration; This not adjusting the leveling network
— Constrain vertically to NAVD 88 benchmarks
— GNSS-derived orthometric heights
e NAD 83(2011) ellipsoid heights with GEOID12
6. Adoption of new datums -
- 'Geometric, could happen any time
-  Vertical, requires completion of GRAV-D

_.\"@‘\I . . v W -
V National Oceanic and Atmospheric Administration
s —— .‘.’;



National Geef'c Survey

Current/Futue Mllestones of the NSRS

1. Multi-Year CORS solution -
— Completed (for all intents and purposes)

2. National Adjustment (geometric) of passive control

- 2012

3. Hybrid Geoid Model using new ellipsoid heights
- 2012

4. National Adjustment (vertical) of GPS passive
marks

— Under consideration
— This not adjusting the leveling network
5. Adoption of new datums
- — Geometric, could happen any time

— Vertical, requires completion of GRAV-D
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How to Plan for the Future
e Use most recent realization of NAD 83

e Move away from passive marks to GNSS

o Move off of NGVD 29 to NAVD 88
— Understand the accuracy of VERTCON in your area

e Collect OPUS-DB on NAVD 88 bench

e Require/provide complete metadata for all
survey/mapping contracts
- How did they get the positions/heights?

— Survey Manual/Spatial Data Accuracy and Georeferencing
/Standards




National Geo

How to Plan for the Future

Move to a contemporary realization of NAD 83

-~ No NAD 83(HARN) <-> NAD 83(NSRS2007) tool

Obtain precise ellipsoid heights on NAVD 88 bench marks
(OPUS, contact NGS Geodetic Advisor(s))

— Improves hybrid geoid models and provides “hard points” in
new vertical datum

Move off of NGVD 29 to NAVD 88

— Understand the accuracy of VERTCON in your area
Move away from passive marks to GNSS

— Especially move off of classical passive control
_Require/provide complete metadata for all survey/mapping
contracts

-~How did they get the positions/heights?

— Survey Manual/Spatial Data Accuracy and Georeferencing
Standards

i | 3 . mel A ey sherie A 1141 ot rat
EV; National Oceanic and Atmospheric Administration
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National Geodetic Survey

" A Question to Consider:

- What is good enough
with respect to the NSRS,

i.e. have we reached a level of precision
and accuracy where further realizations
‘(adjustments) are unnecessary?
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Near-future plans & possibilities

e New hybrid geoid model (GEOID12)

- Use NAD 83(2011) epoch 2010.00 ellipsoid heights on
NAVD 88 benchmarks

- Might also use OPUS-Database results on NAVD 88 BMs
e May perform national vertical adjustment
— Constrain vertically to NAVD 88 benchmarks
e Perform as simultaneous nationwide adjustment
— GNSS-derived orthometric heights
e NAD 83(2011) ellipsoid heights with GEOID12
e NOT a readjustment of NAVD 88 leveling
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Heights Bottom Line

- Using GNSS IS cheaper, easier than
| leveling

To use GNSS we need a good geoid model

GNSS - Global Navigation Satellite System

=3
3

\@’ National Oceanic and Atmospheric Administration
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National Geodetic Survey

~ Height Modernization

A G
" i‘ ¥

-faster
-cheaper

'Gng'
(Ellipsoid Ht)

Differential
Leveling
(Orthometric HT)

5.




Natlonal Geodenc Survey

EII|ps0|d Geoid, _ and
Orthometric Heights

H = Orth_onﬁ’et-ric Height (leveling)

h"= Ellipsoidal \Height (GPS) H — h N
N'\= Geoid Height (model) ﬁ
h (NAD8 TOPOGRAPHIC
(NAVDSS8) H < SURFACE
Seoid eoid Height<_<__
. <ol (GEOIDO09)
| Ellipsoid
TRANSPORTATION
1660.6 = 1643.354 - (-17.23*) METERS
1660.6 = 1643.4 + 17.2

§ | National Oceanic and Atmospheric Administratior
e ) e *56.53 feet
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National Geodetic Survey

Problems in NAVD 88

A North American realization through spirit leveling networks

-Pre-satellite era product (625,000 km of leveling added to
the NGVD29)

*Height information through passive bench marks whose
positions change constantly in our changing world (e.g., PGR,
subsidence, earthquakes, ...)

*The geoid differences between NAVD 88 and GRACE are in
meter range: compare to +2-3 cm error in typical GPS
“ellipsoidal heights
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« GRAV-D means fast, accurate,
consistent orthometric heights
everywhere in the USA

¥ -+ GPS already gives fast accurate
= ellipsoid heights

L

 If the geoid were modeled (and
monitored) to highest accuracy...

» Voila... Fast, accurate orthometric
heights, anywhere, anytime

 No need to use leveling to “bring
in the datum”

é@ National Oceanic and Atmospheric \"”“"l'_“‘a‘Sl“Updated 13 NOV 2009 (DAS) 45



National Geodetic Survey

" The Future of Height Mod: GRAV-D

Grawty for the Redefinition of the American Vertical Datum

& GRAV D/ R

. 20182022 Targets' |

' — Height changés easily monitored using new ‘3’

. G_'ravity_,.fo'r the Nation’ benefits
» Imagery for the Nation
_Lidar for the Nation
" Elevation for the Nation

' Alrborne grawty survey (10 years)

LAl USA states and territories

Grawty mgnltonng into the future
Coastal areas surveyed first

WWW ngs noaa gov/GRAV D

Orthometric heights (“elevations” on maps)
good to 2 cm anywhere, anytime from GNSS
~technology

vertlcal datum

/

R v g
7
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Differenced Hybrid Geoid models
GEOID09 minus GEOIDO03 (meters)
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I Geoid Height Differences (m)
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Natlonai Geodetlc Survey

Leveled Bench Marks Occupled by
GPS and stored in OPUS-DB

| OPUS-DB shows great promise for filling gaps

P
D) oo B
§ } National Oceanic and Atmospheric Administration



National Geodetic Survey

Work to be Done
(Ht Modernization)
Big Picture

¢ Assessment of Vertical Issues in CO

e Gap Analysié of Where we need better vertical
measurements, whether orthometric or ellipsoidal

e Collect Data in those Key areas, using OPUS-DB, and
determine /what other means (leveling)

e In the meantime, collect what you can using OPUS-DB

. Write a report capturing all of this
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Announcing...
A New NGS Datasheet Format

tional Geodetic Survey A

Update to new Datasheet version (8.00)
~ Changed location, length, and text for many fields
~ Added new fields, deleted fields, augmented existing fields
— To be Implemented in 2012
- Will add announcement and prototype to NGS web site soon
Summary of content changes
— Added country (e.g., USA) where control station located
— Hyperlinked vertical datum designation to datum web page
— Ortho height epoch date, if applicable (e.g., subsidence areas)
— Note for geoid model used on Ht Mod stations if not current geoid
— Network and (median) local accuracies

e Horizontal and ellipsoid height accuracy at 95% confidence (per
FGDC)

~"e Includes link to detailed accuracy info, list of all local accuracies
— Superseded Ht Mod ortho heights indicate geoid model used

National Oceanic and Atmospheric Administration




DATABASE

1
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803*
AC6803*
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803

datasheet95, VERSION
Date

Retrieval

= 7.87.4
= AUGUST 19, 2011

B R R R o R R R R R R R R e R R R R R R R R R R R e R R e R R e

This 1s a Height Modernization Survey Station.
This 1s a Primary Airport Control Station.

= NGSIDB , PROGRAM =
National Geodetic Survey,
HT _MOD -

PACS -
DESIGNATION - AZC A

PID - AC6803
STATE/COUNTY- AZ/MOHAVE
USGS QUAD -

LOST SPRING MTN EAST (1988)

*CURRENT SURVEY CONTROL

NAD 83(2007)- 36 57 59.55377(N) 113 00 32.22917(W) ADJUSTED
NAVD 88 - 1485.56 (meters) 4873.9 (feet) GPS OBS
EPOCH DATE - 2007 .00

X - -1,994,789.496 (meters) COMP

Y - -4,697,388.731 (meters) COMP

Z - 3,815,306.819 (meters) COMP
LAPLACE CORR- 3.37 (seconds) DEFLECO9
ELLIP HEIGHT- 1462.787 (meters) (02/10/07) ADJUSTED
GEOID HEIGHT- -22.80 (meters) GEOIDO9
——————— Accuracy Estimates (at 95% Confidence Level In cm) -—-————--
Type PID Designation North East Ellip
NETWORK AC6803 AZC A 0.74 0.61 1.37

AC6803.This mark is at Colorado City Municipal Airport (AZC)

AC6803

AC6803.The horizontal coordinates were established by GPS observations
AC6803.and adjusted by the National Geodetic Survey iIn February 2007.

AC6803

AC6803.The datum tag of NAD 83(2007) is equivalent to NAD 83(NSRS2007).

ACRRNR See Natinnal Readiiistment for more informatinn



DATABASE

1
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803*
AC6803*
AC6803*
AC6803*
AC6803*
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803

AC6803
ACRRNR

= NGSIDB , PROGRAM = datasheet95, VERSION = 8.00
National Geodetic Survey, Retrieval Date = JANUARY 1, 2012

B R R R R S R R R R R R R e R R R R R R R e e R R R R R R e R R e

HT MOD - This 1s a Height Modernization Survey Station.
PACS - This 1s a Primary Airport Control Station.
DESIGNATION - AZC A

PID - AC6803

STATE/COUNTY- AZ/MOHAVE

COUNTRY - USA

USGS QUAD - LOST SPRING MTN EAST (1988)

*CURRENT SURVEY CONTROL

NAD 83(2007) POSITION- 36 57 59.55377(N) 113 00 32.22917(W) ADJUSTED

NAD 83(2007) ELLIP HT- 1462.787 (meters) (02/10/07) ADJUSTED
NAD 83(2007) EPOCH - 2007 .00

NAVD 88 ORTHO HEIGHT - 1485.56 (meters) 4873.9 (feet) GPS OBS
NAVD 88 EPOCH - 2006.81 (for example only, n/a for AC6803)
NOTE: NAVD 88 ortho height was determined from prior model GEOIDO3.
GEOIDO3 HEIGHT - -22.75 (meters)

GEOIDO9 HEIGHT - -22.80 (meters)

NAD 83(2007) X - -1,994,789.496 (meters) COMP

NAD 83(2007) ¥ - -4,697,388.731 (meters) COMP

NAD 83(2007) z -  3,815,306.819 (meters) COMP
LAPLACE CORR - 3.37 (seconds) DEFLECO9

FGDC Geospatial Positioning Accuracy Standards (95% confidence, cm)
Type Horiz Ellip Dist(km)
NETWORK ACCURACY 0.86 1.37

MEDIAN LOCAL ACCURACY AND DIST ( 11 points) 0.67 1.22 1.64

NOTE: Individual loca)] accuracy values and other accuracy information
are available here.




DATABASE = ,PROGRAM = datasheet, VERSION = 8.00

1

AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803
AC6803

National Geodetic Survey, Retrieval Date = January 1, 2012
R o R e e b R R R e R R e o R o R e e R S R e e R e o e e
ACCURACIES - Complete network and local accuracy information.

HT_MOD - This 1s a Height Modernization Survey Station.

PACS - This 1s a Primary Airport Control Station.

NAME - AZC A

PID - AC6803

FGDC Geospatial Positioning Accuracy Standards (95% confidence, cm)
Type/PID Horiz Ellip Dist(km) Std N Std E Std h Correltn NE

MEDIAN LOCAL ACCURACY AND DIST ( 11 points)

AE3181 0.36 0.69 0.07 0.17 0.11 0.35 -0.05276934
AC6804 0.22 0.20 0.98 0.10 0.08 0.10 -0.02295189
AE3183 0.57 0.90 1.27 0.26 0.19 0.46 -0.24478497
AE3184 0.67 1.22 1.35 0.32 0.20 0.62 -0.05253846
AE3182 0.66 0.90 1.60 0.30 0.21 0.46 -0.48667427
AC6805 0.29 0.24 1.64 0.13 0.10 0.12 -0.07383703
HO0112 1.21 2.29 42 .91 0.53 0.45 1.17 0.07206508
HOOO76 0.94 1.71 45.99 0.42 0.34 0.87 -0.05592834
AC6806 0.83 1.47 136.10 0.37 0.30 0.75 -0.14246214
AC6816 0.82 1.51 139.26 0.33 0.34 0.77 -0.00353532
FQO0454 0.86 1.35 230.42 0.38 0.31 0.69 -0.30702358
MED I AN 0.67 1.22 1.64

NOTE: Documentation for the accuracy information is available here.

*** retrieval complete.
Elapsed Time = 00:00:00



AC6803.part of the NAVD 88 network.

AC6803

AC6803.The X, Y, and Z were computed from the position and the ellipsoidal ht.
AC6803

AC6803.The Laplace correction was computed from DEFLECO9 derived deflections.
AC6803

AC6803.The ellipsoidal height was determined by GPS observations

AC6803.and i1s referenced to NAD 83.

AC6803

AC6803.The geoid height was determined by GEOIDO09.

AC6803

AC6803; North East Units Scale Factor Converg.

AC6803;SPC AZ W
AC6803;SPC AZ W
AC6803;UTM 12

662,036.150 279,346.877 MT 0.99998696 +0 26 44.3
2,172,034.61 916,492.38 IFT 0.99998696 +0 26 44.3
4,093,046.689 321,162.779 MT 0.99999401 -1 12 30.2

AC6803

AC6803! - Elev Factor x Scale Factor = Combined Factor
AC6803!ISPC AZ W - 0.99977049 x 0.99998696 = 0.99975746

AC68031UTM 12 - 0.99977049 x 0.99999401 = 0.99976451

AC6803

ACB803 | ———— === - |
AC6803] PID Reference Object Distance Geod. Az |
AC6803| dddmmss.s |
AC6803| AE3181 AZC CL END RWY 20 68.963 METERS 15655 |
ACB803 | ———— === |
AC6803

AC6803 SUPERSEDED SURVEY CONTROL

AC6803

AC6803 ELLIP H (01/12/01) 1462.805 (m) GP( ) 41
AC6803 NAD 83(1992)- 36 57 59.55345(N) 113 00 32.22767(W) AD( ) B
AC6803 ELLIP H (03/14/97) 1462.873 (m) GP( ) 31
AC6803 NAVD 88 (03/14/97) 1485.51 (m 4873.7 (F) GPS OBS

AC6803

AC6803.Superseded values are not recommended for survey control.
AC6803.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
AC6803.See fTile dsdata.txt to determine how the superseded data were derived.




AC6803.The X, Y, and Z were computed from the position and the ellipsoidal ht.
AC6803

AC6803.The Laplace correction was computed from DEFLECO9 derived deflections.
AC6803

AC6803.The ellipsoidal height was determined by GPS observations

AC6803.and i1s referenced to NAD 83.

AC6803

AC6803.The geoid height was determined by GEOID0O9. (remove Line)

AC6803

AC6803.The following values were computed from NAD 83(2007).

AC6803

AC6803; North East Units Scale Factor Converg.
AC6803;SPC AZ W 662,036.150 279,346.877 MT 0.99998696 +0 26 44.3
AC6803;SPC AZ W 2,172,034.61 916,492.38 IFT 0.99998696 +0 26 44.3
AC6803;UTM 12 4,093,046.689 321,162.779 MT 0.99999401 -1 12 30.2

AC6803

AC6803! - Elev Factor x Scale Factor = Combined Factor
AC6803ISPC AZ W - 0.99977049 x  0.99998696 =  0.99975746

AC6803IUTM 12 - 0.99977049 x  0.99999401 =  0.99976451

AC6803

AC6803|-—--———— === |
AC6803] PID Reference Object Distance Geod. Az |
AC6803| dddmmss.s |
AC6803| AE3181 AZC CL END RWY 20 68.963 METERS 15655 |
AC6803|-—--— - === |
AC6803

AC6803 SUPERSEDED SURVEY CONTROL

AC6803

AC6803 ELLIP H (01/12/01) 1462.805 (m) GP( ) 41
AC6803 NAD 83(1992)- 36 57 59.55345(N) 113 00 32.22767(W) AD( ) B
AC6803 ELLIP H (03/14/97) 1462.873 (m) GP( ) 31
AC6803 NAVD 88 (03/14/97) 1485.51 (m) GEOID96 model used GP(epoch 1T appl)

AC6803

AC6803.Superseded values are not recommended for survey control.

AC6803.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
AC6803.See fTile dsdata.txt to determine how the superseded data were derived.




National Geodetic Survey

"DSWorld"” Software Program

e Highly rated new NGS software tool

J Developed to search the NGS database
; Easy tol Iee;rn/use

e Multiple search options available

o Displays search results using Google Earth

i
gV; National Oceanic and Atmospheric Administration
‘,\" h\-\-"*x‘



Geodetic Control
Near CDOT R1 office
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The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.

DATARASE
1

= MGSIDE , PRCGEAM = datasheetS5, VERSICH
Hational Geodetic Survey, Eetriewval Date

= T7.88.1

= MayY &, 2012

EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EE0329*
EE0329*
EE0329*
EE0329*
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259
EF03259

FEOATTO

DESIGHATION - R 259
PID - EEO032%
STATE/COUNTY- CO/RADAMS
COUNTRY - uUs
USGS QUAD - MONTEBELLO (1594)

#CURRENT SURVEY CONTEROL
MAD 83(2007) POSITICH- 39 45 11.93455 (M) 104 45 48.16049(W)  ADJUSTED
MAD 83(2007) ELLIP HT- 1648.523 (meters) (02/10/07)  ADJUSTED
MAD 83(2007) EBOCH - 2002.00
NLVD S5 ORTHO HEIGHT - 1686.341 (meters) 5486.93 (feet) ADJUSTED
MAD 83(2007) ¥ - -1,251,595.520 (meters) COMP
NAD 83 (2007) Y - —4,749,388.549 (meters) COMP
MAD 83(2007) Z - 4,058,020.009 (meters) COMP
LAPLACE CORR - -3.67 (seconds) DEFLECOS
GEQID HEIGHT - -17.78 (meters) GEQIDOS
DYMAMIC HEIGHT - 1664.753 (meters) 5481.78 (feet) COMP
MODELED GRAVITY - 579,614.9  (mgal) MAVD 28
VERT ORDER - FIRST CLASS II

FGDC Geospatial Positioning Accuracy Standards (95% confidence, cm)

Type Horiz Ellip Dist (km)
HETWCERE 0.33 0.57
MEDIAN LOCAL ACCURACY AWD DIST (012 points) 0.29 0.35 11.85

HCTE:
wvalues and other accuracy information.
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oy
DSWorld opening screen

~ DSWORLD
Stakions  Projects  View Get Edit Submit Tools Help  Exik

/ E - "
/ | ‘Mon [ 7/11/2011  [4:19 PM

@ National Oceanic and Atmospheric Administration



National Geodetic Survey

N

ence & Educstion

Download Free Geodetic Software Developed by NGS

ADJUST & UTILITIES  DSWIN HTDF
CALIERAT DSFILES INTERORE
CARIBST DSUFDATE IMNWEFW DD
COMFGE ENHANCEMENTS LOar
COMPYECS 539S55S LvL_DOH
CORFSCOM GEOIDGS MEXICOS7
CR2EE GEDIDOZ MTEM4
CRESER GEDQIDOE NAZWEEHK
DCARST GEOQIDOS NADCON
DEFLEC33 Gathl =t FCWOEBS
DMEXST GPPCGP FROMFPTER

If wou hawe questions, refer to the Software Download FAGL
If wou hawe download problems, contact the NGE Webmaster.

Descriptions of Free Geodetic Software Developed by NGS

ADJUST AMD UTILITIES
Frograms and utilities to perform least squares adjustment on horizontal,
3PS observations. Data chedking programs are included. [Return to top.]

CALIBRAT Yersion 1.0)

Thizs program is used to determine the scale and constant corections for
measuring instruments by making measurements over previoushy determi

Calibration Base Lines." [Return to top ]

CARIBIT (Yersion 3.1)
Specially designed sofhvare to compute geoid heights forthe Caribbean

Dovwnload NGS PC Software

Hational Geodetic Survey

SPCEE2
TOLADD
Translew
USHG
USGEGE2003
UsGEGE2003
UTHE
Dh=tum
WERTCON
WinDesc
WY IWIM

— User-Cortribited Software is also awailable to perform related functions.

vertical angle, andfor

electronic distanca
ned baze lines. The
formulas used in the program are found in HOAS Technical Memorandum HOS NGS-10, "Use of

Sea. Boundaries of area

National Oceanic and Atmospheric Administration
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" CDOT CORS/OPUS Team

& To incorporate CORS and OPUS into
the CDOT Survey Manual

e Presented to SAC on Feb 15, 2012
e Proposed Addendum
~e Recommendations




National Geodetic Surve

CDOT CORS/OPUS Team

D R A FT Proposed AddendumD R A FT

Reference Stations).

Surveying and mapping work, upon which all planning, studies and engineering designs are
based, shall use the established CDOT project datum. Unless otherwise determined and
approved by CDOT Region Survey Coordinator, the horizontal datum shall be the most
recent realization of the North American Datum of 1983 (NAD83) as defined by the National
Geodetic Survey (NGS). The horizontal control may utilize accepted CDOT and NGS
ground based monuments (such as former HARN) and CORS (Continuously Operating

Established Static Procedures (two 20 minute observations and fast static procedures) as
written in Chapter 3 of the CDOT Survey Manual can be followed for baselines up to 60
kms. For baselines greater than 60 kms the following should be used unless otherwise
determined and approved by the CDOT Region Coordinator:

Baseline Distance Number of Time
Satellites (minutes)
Greater than 60 km ( 37.2 miles) 4 180
5 135
6 or more 95




National Geodetic Survey

CDOT CORS/OPUS Team

DRAFT sesmmerssons DRAFT

. OPUS tools are valuable and use of them should be
further,explored and encouraged where appropriate
and incorporated into re-write of Chapter 3.

\2. Encourége publishing of control using OPUS-DB
especially on NGS vertical marks to prepare the
vertical datums for the future.

'3. Additional CORS should be added in Colorado

4. Microstation control diagrams be edited to reflect the
| language in the proposed (approved) Addendum

5. Training to Support these Changes
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National G

CDOT Comparison Between

HARN, CORS and OPUS
Region 3 Data

Comparison of Static Solution with HARN Stations to Static Solution with CORS Stations

Coordinates are State Plane Colorado Central Zone Coordinates

Solution Station Northing Easting Delta N Delta E Vector Remarks
Static Survey KOEPSELL | 485019.8310| 692784.1960 Held Fixed NGS Coordinates
Static (CORS) KOEPSELL | 485019.8280| 692784.1940 0.003m (0.010 ft) 0.002m (0.007 ft) |0.004m (0.012 ft) |Static Solution from CORS
Static Survey 72.30E 484813.4910 | 692714.6750
Static (CORS) 72 30E 484813.4880 | 692714.6740 0.003m (0.010 ft) 0.001m (0.003 ft) [0.003m (0.010 1)

Static Survey 72.30E 484813.4910 | 692714.6750
OPUS-RS Solution [72.30E 484813.4960| 692714.6800| -0.005m (-0.016 ft) |[-0.005m (-0.016 ft) [0.007m (0.023 ft)
Static Survey 72.45E 485172.0020 | 692900.1110
Static (CORS) 72.45E 485171.9980 | 692900.1020 0.004m (0.013 ft) 0.002m (0.007 ft) [0.004m (0.015 ft)
Static Survey 72 30W 485091 .9840 | 692644.0670
Static (CORS) 72.30W 485091.9790 | 692644.0650 0.005m (0.016 ft) 0.002m (0.007 ft) [0.005m (0.018 ft)
Static Survey 72.45W 485367.7120 | 692756.3640
Static (CORS) 72.45W 485367.7060 | 692756.3630 0.006m (0.020 ft) 0.001m (0.003 ft) [0.006m (0.020 ft)
Sta to Sta Dist m Dist ft {mi)

Static Survey 72.30W to MCCARY 9614.917m 31544.9 ft (5.97 mi)

72.30W to FABER 8901.729m 29205.1 ft (5.53 mi)

72.30W to KOEPSELL 157 613m 517.1 ft (0.10 mi)

|

Static (CORS) 72.30W to GSCAH 65708.007m| 215577.0 1t (40.83 mi)

72.30W to MCO7 17084.257m 56050.6 ft (10.62 mi)

72.30W to MCO8 23088.460m 75749.4 1t (14.35 mi)




CDOT C

oparison Between
HARN, CORS and OPUS

Region 2 Data

Comparison of Static Solution with HARN Stations to Static Solution with CORS Stations

Coordinates are State Plane Colorado Central Zone Coordinates

Project control is located in Sections 23 and 24, T 19 S, R 69 W, Fremont County CO.

Solution Station | Northing Easting Delta N Delta E Vector Remarks
Static Survey 32 366101.7765 | 952018.7728 Held 2 Fixed NGS Cocrdinates
Static (CORS) 32 366101.7753 | 952018.7777 0.001m (0.004 ft) -0.005m (-0.016 ft) | 0.005m (0.017 ft) Static Solution from CCRS
Static Survey 32 366101.7765 | 952018.7728 Held 2 Fixed NGS Coordinates
CPUS-RS Solution 32 366101.7580 | 952018.7610 0.019m (0.061 ft) 0.012m (0.039 ft) 0.022m (0.072ft)
Static Survey 5 366251.8198 | 951640.9798 Held 2 Fixed NGS Coordinates
Static (CORS) 5 366251.8207 | 951640.9834 | -0.001m (-0.003 ft) | -0.004m (-0.012ft) | 0.004m (0.0121t) Static Solution from CORS
Static Survey 5 3662561.8198 | 951640.9798 Held 2 Fixed NGS Cocrdinates
OPUS-RS Solution 5 366251.8090 | ©51640.9670 0.011m (0.035 ft) 0.013m (0.042 ft) 0.017m (0.055ft)
Sta to Sta Dist m Dist ft (mi
Static Survey 32 to Newlin 7105.128m 23310.7 ft (4.41 mi)
32 toJ 430 5666.111m 18589.6 ft (3.52 mi)
32 to N 349 5716.130m 18753.7 1t (3.55 mi)
|
Static (CORS) 32 to PO37 5130.693m 168329 ft (3.19 mi)
32 to AMC2 66407.779m |217872.9 ft (41.26 mi)
32 to PUB6B 64222.000m |210701.7 ft (39.91 mi)
I
Static Survey 5 to Newlin 7084.640m 23243.5 ft (4.40 mi)
5 to J 430 5915.033m 19406.2 ft (3.68 mi)
5 to N 349 5352.681m 17561.3 ft (3.33 mi)
I
Static (CORS) 5 to PO37 4787.821m 15708.0 ft (2.98 mi)
5 to AMC2 66571.061m |218408.6 ft (41.37 mi)
5 to PUB6 64619.013m [212004.2 ft (40.15 mi)
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BASE LINE DESIGHNATICH

ATAMOSE CBL (2005 EEMEASTRED)
CHEREREY CREEE CEBL (UNUSABLE)
CORTEZ CEBL (2004 REMEASURED)
CRATG CEL (2004 REMEASURED)
DURANGC CBL (2004 MEASURED)

EL BP4S0C CEL (2004 MEASURED)
FORT CRRSCH CEL (2005 REMEASURED)
HIGHLINE CEL (2004 REMEASURED)
EELTHM CBL (2004 REMEASURED)
LaMBgR CEL (2004 REMEASURED)
LIMCN CBL (2004 REMEASURED)
MEEEER CEL (2005 REMELSURED)
MES& (2005 VERIFIED)

HMONTROSE CBL (2005 REMEASUERED)
MEW CASTLE CEL (2004 VERIFIED)

PINCH CANYON CEL (2005 REMEASURELD)

PFUEBLOC 2 CBL (2005 VERIFIED)
STERLING CBL (2004 VERIFIED)

’

CBLs

STATE OF COLCERALADO

STATE

COLORADOC
COLORADO
COLORRDO
COLORADOC
COLORADOC
COLORADO
COLORRADO
COLORADOC
COLORADOC
COLORADO
COLORRADO
COLORADOC
COLORADOC
COLORADOC
COLORRADO
COLORADO
COLORADOC
COLORADOC

COHTENTS

COUNTY

ALAMOSR
ARRAPLHCE
MONTEZUML
MOFFAT

LA FLATZ
EL PRS0
EL PREOC
ADRMS
WELD
FRCWERS
LINCOLN
RIC BLANCO
MESA
MONTROSE
GARFIELD
LAS ANIMLS
FUEBLO
LOGAN

QUL

H371053
H391044
W3T71083
H401074
H371073
HN381044
H381044
N381044
H401043
H381023
M391033
H401073
H3910383
HN381074
H391074
H371041
HN381042
H401031

s

wm

A

)

angch

P
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About NGS

LOCUS menu

Upload data file

About LOCUS

Description of Qutput Files
Corrections

Sample file
Help
Contact LOCUS

'BETA LOCUS

Vﬁ Tre 3 BETA Reloae Sl Leveling Online Calculations User Service

Hational Geodetic Survey

About LOCUS

The Leveling Online Calculations User Service (LOCUS) is a Web utility developed by the Mational
Geodetic Survey (NGS). The purpose of LOCLIS is to simplify the office processing and adjustment of
geodetic leveling, including, as a long-term goal, the submission of leveling projects to MGS for
publication. LOCUS runs the same programs that NGS uses in-house to process and adjust submitted
projects.

LOCUS version 1.0 will be limited to:

1. Caorrection of ohservations for systematic errars, and
2. Aminimally constrained [free] least-squares adjustment. The option for a fully constrained
adjustment exists but will not be supported by analysis tools and documentation until later versions.

There is an aption to select one of several datums; MAVD 88 is the default.

A correctly formatted NGS Bluebook vertical observation (*.hgz) file must be submitted (the verical
obsernvation format is described in Chapter 6 of the MG3 Bluebook). The * hgz file must first be checked
to be error-free by the MGS program Translev (v4.16.07 or later). The NGS program WinDesc must also
be used to provide positions of all marks and the Permanent ldentifiers (FIDs) of published bench
marks into the Translev program.

[f mare than one published bench mark is included in the *.haz file, users will see the list of all FIDs
available to constrain, and they may choose to do a partially or fully constrained adjustment. However,
the tools to analyze the results of a constrained adjustrment will not be implemented in the first version of
LOCUS. Maturally, the adjusted othometric heights of new marks will vary according to which constraints
are held. Thus, results obtained using LOCUS and adjusted with user-supplied constraints may differ
somewhat from results adjusted using constraints determined by MGS for publication.

Tao the extent possible, corrections for systematic errors are made before the adjustment. Refer to NOAA
Technical Memorandum HOS NGS 34, “Corrections Applied By The National Geodetic Survey To
Precise Leveling Observations® and to the LOCUS Equipment & Corrections page for mare
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LOCUS

Leve'ling OnLine Calculations User Service

Provides a means to process and adjust level data
— Has been done at NGS Headquarters

Requirés *.hgz file from Translev
~ Error free

Requires Description file from WinDesc

You pick stations to constrain

Helps expedite entire process

Beta Version — Needs to be tested

Data is not submitted to NGS (at this time)




_ R\ NGS
- Real Time Positioning Components

GOAL:

To Ensure the Proper Geodetic
Basis

for Accurate Real Time Positioning
~ Aligned To The NSRS




NGS RT Program Components

I. NGS Stréa'ms Raw Data From The Backbone CORS
II. Provide Outreach and Education

III.Develop and Publish Guidelines Describing Best
Practices.

IV. Research Scientific Research Affecting Accurate Real-
Time Positioning. [satellite orbits, refraction,
multipath, antenna calibration, and crustal motion. ]
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2200 RTN WORLDWIDE
2107 RTN USA
235 DOT

ACADEMIC/SCIENTIFIC

SPATIAL REFERENCE
CENTERS

VARIOUS DOTS + MACHINE
GUIDANCE

COUNTY

CITY
GEODETICSURVEYS(NC,SC)
MANUFACTURERS

VENDOR NETWORKS
AGRICULTURE

MA & PA NETWORKS

MAJOR RTN IN THE USA

(JAN 2011)

Public and Private Statewide

Public Statewide — Planned or Operating
Private Statewide

Public and Private Municipal — No Statewide

Private Municipal - No Statewide W.Henning 9/2009

A

@,

—
V,’ National Oceanic and Atmospheric Administration
-



Outreach, Cooperative Efforts & Leadership

4 rreM R T C M

Smw g ESRI Gis and Mapping Software

SPATIAL REFERENCE
CENTER OF WASHINGTON

NEW MEXICO
- _PRHFESDML

+ PUBLIC & PRIVATE RTN ADMINISTRATORS SPANNING MORE THAN 35 STATES
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National Geodeatic Survey Positioning Arnerica for the Rature reodesynoaa. pov

National GeodeticSurvey Fositioning America for the Future WWW.NZS.N08A.E0V

User Guidelines for Single Base
Real Time GNSS Positioning

Williarm Herming, Lead Suthor

WVesion 2.1, Auguet 2011

Mati omal Oceand c and dtro ospheric ddministration @ National Geodeti cSurvey

National Geodetic Survey
Guidelines for Real Time GNSS Networks

March 2011
v. 2.0

DRAFT

National O i d A pheric Admini ion # Natiomal Geodetic Survey

e,

@ National Oceanicanc  http://WWW.Ngs.noaa.gov/
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Summary Table
RT Single-Base Guidelines

ACCURACY CLASS SUMMARY TABLE

CLASS RTH CLASS RT2 _ CLASS RT3 _ CLASS RT4

ACCURACY (TO BASE} | 0.0M5HORIZONTAL 0005 VERTICAL | DS HORZONTAL, 004 VERTICAL | DOSHORIZONTAL 0.06 VERTICAL | 045 HORIEONTAL., 025 VERTICAL
REDUMNDANCY | & 2LOCATIONS, 4-HOUR DFFERENTIAL 2 2LOCATIONS, £-HOUR DFFERENTIAL | NOKE _ HOKE
BASE STATIONS 22, W CALBRATION PROJECT COWTROL.  RECCMMEND 2 N CALERATION =1, NCAUBRATION 21, N CALERATION RECOWMENDED
FDOFP . £20 . 30 . g4b . B0
RMS | 001 M | QDM . S0MM | E0EM
~ COLLECTION INTERVAL | 1 SECOND FOR 3-MRUTES | SSECONDS FOR 1-MRUTE _ 1 SECOND FOR 1S SECOMDS | 1 SECOND FOR 10 SECOHDS
SATELLITES . af . 26 . 5 . 25
BASELINE DISTANCE S10KM £15KM £ 20 KM | ANYWITH FIXED SCLUTIN
FROMECT CONTROL I:EHEFI.'.“P.TIIN [‘.I:IT-FI'FI:L TOFDGREFHY SME GRALCING
CONSTRUCTION CONTROL PONTS | TOPDGRAPHIC CONTROL CROSS SECTIONS WETLANDS
CHECK ON TRAYERSE, LEYELS | FHOTOPOMTE AGRCLULTURE GIEPDPILATION
SCENTFIC STUDES | UTLITY STAKE OUT ROAD GRADING MAPFING
PAVING STAKE OUT SITEGRADNG ENVIRONNMENTAL

TYFICAL APPLICATIONS

o,

S
sV,’ National Oceanic and Atmospheric Administration
A

8

Mt s
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~ NGS Guidelines
Real Time GNSS Networks

e Site Considerations
e Planning and Design
e Administration

e Obtaining Station Coordinates
- Consistent with NAD83 and ITRS

" e User Best Methods

\V@‘ National Oceanic and Atmospheric Administration
- .‘.’;
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Obtaining Station Coordinates
Consistent with NAD83 and ITRS

. Include a subnetwork of the RTN into the National CORS

network. This would be three stations If RTN has less than 30
stations, 10% of RTN with greater than 30 stations. NGS wiill
not distribute/broadcast RTN reference station data.

. Align all RTN reference stations coordinates to the CORS

network at 2-cm horizontal and 4-cm vertical

. For each reference station in the RTN, use the Online

Positioning User Service (OPUS) at
http://www.ngs.noaa.gov/OPUS/ to test for the continued

consistency of its adopted positional coordinates and velocity

on a daily basis, and revise the station’s adopted coordinates
and/or velocity if the tests reveal a need to do so.




National Geo aé‘ﬂ_c Survey

' Best methods from the Guidelines:
" The 7 *C’'S” of NOAA's NGS

The Control Is at the Pole

~ e Check Equipment
‘e Communication
e Conditions
‘s Calibration (or not)
e Coordinates
e Collection
e Confidence
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Expedltlng The Gmdellnes

- The NGS Encourages RTN Users and

Administrators to become Cooperative
Partners to Provide Input that will Enable
Valuable Documents to be Drafted that will

Benefit the Public Welfare.

- EstainShing Reference Stations

- Adjusting Networks
- Accuracy Expectations Vs. Obtained
- Baseline Distances

- Error Modeling

=" Communication Issues
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" Real Time Networks (RTN)
Considerations

How Are They Established?

How Are Their Coorainates Computed? Are
They Consistent?

How Is The Network Ad]usted?
How Does The RTN ‘/-\Ilgn To The NSRS?

Can /Users Use Any Manufacturers’
Equipment In The R"TN?

Do Overlapping Networks Give The Same

~Coordinates?

What Are The Field Accuracies?
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Real-Time Con5|derat|ons

‘o Passive / Active

e Datums & Adjustment Epochs
e Geoid + Ellipsoid / Calibrate
. Single Base / RTN

~ * GNSS / GPS
e Grid / Ground




National Geodetic Survey .
Some RT Field Considerations

- Position Dilution of Precision (PDOP) - Site calibrations (a.k.a.

- Baseline Root Mean Square (RMS) ~ Localizations)

- Number of satellites - Bubble adjustment

- Elevation mask (or cut-off angle) - Latency, update rate

- Base accuracy (datum level, local - Fixed and float solutions
level) | - Accuracy versus Precision

- Base security - Signal to Noise Ratio (S/N or C/NO)

- Redundancy, redundancy, - Carrier phase
redundancy - Code phase

- Part(s) Per Million Error (ppm) - - VHF/UHF radio communication
iono, tropo models, - CDMA/SIM/Cellular TCP/IP

orbit errors communication

- Space weather- sunspot numbers, - WGS 84 versus NAD 83,

solar maximum local datums, _
__ - GPS, GLONASS, Galileo, Compass

Constellations

4 %
g i National Oceanic and Atmospheric Administration
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=

Metdat

The RT Practitioner must record items not
recorded in the Field. For instance:

v

v
v
v

<

W
W
W
W

nat is the Source of the Data?
nat is the Datum/Adjustment Epoch?
nat are the Field Conditions?

Nat Equipment was used, especially

what Antenna?

What firmware was in the receiver and
collector?

What redundancy, if any, was used?




i Real Time Global Navigation Satellite System (GNSS)

Reference Networks for the State of Colorado

Map Units: Meters
Coordinate System: NAD 83, UTM Zone 13N

50 25 0 50 100 150

Kilometers

o

Logan
Phillips

Legend

SmartNet

(Leica)

Real Time Virtual Reference Network (RTVRN)
(Mesa County)

VRS Now
(Trimble)

SmartNet Coverage
RTVRN Coverage
VRS Now Coverage
County Boundaries

|:| State Boundaries

L Yuma
Washington

N

Kit Carson

Bent \ Prowers

L B

Las Animas Baca

National Oceanic and Atmospheric Administration



Mesa County, Colorado
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“ Gcience, Service, & Stewardship
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CSRN GPS DAY

e CSRN- Colorado Spatial Reference Network (Chapter of the PLSC)
e June 9, 2012 Saturday

* 10:00 = 2:00

e Utah Park Aurora, CO (1800 S. Peoria St)

e Free Food, Vendors, Boy and Girl Scouts

I
,@’ National Oceanic and Atmospheric Administration
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“National Geodetic Survey
. Ten-Year Plan

_-*',Official‘"NGS policy as
of January 2008
« Replace NAVD 88 with
. a GPS/geoid datum
e Replace NAD 83 with
- a geocentric GPS
based datum

National Oceanic and Atmospheric Admlnlstr;tbn
U.S. Department of Commerce

The National Geodettc Survey
- Ten-Year Plan

.M

g,

gV; National Oceanic and Atmospheric Administration
-
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datum is GNSS

NGS 10-Year Plan (excerpts)

Vision 1# Summary:

By 20207, NGS has
defined a new
geometric datum
(classically called
“horizontal”) to replace
NAD 83 with its many
systematic errors. The
primary means of
accessing this new

Vision #2 Summary:

By 20207, a new
geopotential datum
(for orthometric and
dynamic heights) is
defined and realized
through the combination
of GNSS technology
and gravity field
modeling.

technology.

Note: Vision #2 can not happen without Vision #1.

4 51
@ National Oceanic and Atmosphetic Administrat
; H INADION Al UCEANIC dnNd AUMOSPNETNIC AAIMINISUration



National Geodetic Survey

NGS 10-Year Plan (more excerpts)

“NGS redefines the national horizontal datum to remove gross
disagreements with the ITRF.”

“The primary means of accessing this new datum is GNSS
technology. While passive control continues to be used as a
secondary method to access the NSRS, such control will be “tied
to”, not a “part of”, the NSRS.”

“Furthermore, NGS will provide simple transformation tools
between historic and current datums and reference frames used
by NGS, in four dimensions, wherever practical and possible.”

“In order to support users of NAVD 88, NGS will provide
transformation tools between the new datum and NAVD 88
based predominantly on the few thousand measurements of GPS
derived ellipsoid heights on NAVD 88 benchmarks.”

Underlining added for emphasis

\"@z‘.
£ 1 ™ t1iv11al , 1Y 1 el At 3 shearie A 111 et 1 1
\VJ National Oceanic and Atmospheric Administration
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Why a New Datum(s)?
"o NAD 83
‘0 non-geocentric, i.e. inconsistent with GNSS
positioning
o NAD 83 coordinates of the Continuously

~Operating Reference Station (CORS) network
inconsistent with passive marks

o Lack of velocities, i.e. NAD 83 does not report
station motion for passive marks
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Why a New Datum(s)?

o NAVD 88

(0

cross-country build up of errors (“tilt” or “slope”) from
geodetic leveling

Passive marks inconveniently located and vulnerable to
disturbance and destruction

A 0.5 m bias in the NAVD 88 reference surface from the geoid
surface best approximating global mean sea level

Subsidence, uplift, freeze/thaw, and other crustal motions
invalidate heights of passive marks, and can make it difficult
to detect such motions.

Passive marks without adequate geophysical models make it
difficult’ to reliably detect sea level change

Changes to Earth’s gravity field cause changes in orthometric
heights, but NAVD 88 does not allow/account for those
changes (because it is based on a static gravity model)

“The gravity model and modeling techniques used to determine

NAVD 88 are not consistent with those currently used for geoid
modeling

itional Oceanic and Atmospheric Administration
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New Datums

"NGS redefines the national horizontal datum to
remove gross disagreements with the ITRF.”

In other words, ellipsoid heights will change.

"By 2020(?), a new geopotential datum (for
orthometric and dynamic heights) is defined and
realized through the combination of GNSS
technology and gravity field modeling.”

In other words, orthometric heights will NOT be based on leveling
data and they too will change.
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National Geodetic Survey

WWW.geodesy.noaa.gov

http://www.nqs._noaa.qov/

Most Popular

Contact Us

CORS

Survey Mark Datasheets
Geodetic Tool Kit
NA2011

OPUS

Publications

Geodetic Advisors

Storm Imagery

UFCORS

Upcoming Events

National Geodetic Survey

Positioning America for the Future

February 16, 2012
Announcements

NGS Releases Beta LOCUS for Testing

MNGS has released a Beta version of the Leveling Online Computations
User Service, LOCUS, for a 90-day comment period. Through the end of
March 2012, NGES is requesting our stakeholders and constituents to test
their leveling projects with LOCUS and provide feedback to us at._more

NGS Announces New Photo Submission Guidelines:
http:/igeodesy.noaa.goviweb/surveys/photo_submissions!

NGS5 Releases Final Report for Floodplain Mapping Pilot Project

As NGS moves closer to 2022 and replacing the North American Datum of
1983 (MNAD 83) and the North American Vertical Datum of 1988 (NAVD
88), NGS is interacting closely with agencies that use the datums to assist
in the transition...more

Hotice: Planned Updates to NG S Datasheet Format

In response to stakeholder and NGS staff concerns, WGS has developed
several modifications to the format of the NG S datasheet—the primary
method for accessing the passive control network of the Mational Spatial
Reference System (MSRS)...more

Trial Version of the New NOAA Shoreline Data Explorer Available:
http:/ibeta.ngs.noaa.govishoreline_raster

2010 Federal Geospatial Summit Proceedings on Improvements to the
National Spatial Reference System available:
hitp:iwww.ngs.noaa.govi2010 Summitproceedings.shtml

A 2009 independent study shows the benefits to the U.5. economy from
NOAA's positioning products and services are in the billions of dollars.

Click here for a one page overview of the study
Click here for a copy of the full report

In The News

02/16/2012 - NG5 Presents at Geodesy Meeting in Austria

The Mational Geodetic Survey recently represented the United States atthe
joint meeting of two International Association of Geodesy working groups in
Vienna, Austria. The meeting focused on how absolute gravimeter
comparisons are conducted...more

NRC Highlights
Importance of NGS
Products...

Federal
Geodetic
Contrel *
Subcommittee

;f}'h;-fgdc

NGS Public
News
Subscription

Service

Click here to subscribe

or unsubscribe. .
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S\ NGS Training Center

‘Webinars! §&

e G

S
}
H

g S

st

g@ National Oceanic and Atm http ://WWW_ ngs_ noaa _gOV/COrbin/
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AN More information..
NGS Home Page http://www. qeodesv noaa.gov
22 VAN geodesy.noaa.gov
CORS Webpage http://www.ngs.noaa.gov/CORS/
" CORS newsletter
OPUS Webpage’: http://www.ngs.noaa.gov/OPUS/

Find Your AdVISOr'
WWW., nqs noaa qov/ADVISORS/AdwsorsIndex shtml

Th|s presentatlon will be uploaded to:
httD //www ngs.noaa.gov/web/science edu/presentations archive/

ADs on‘thevarious 'webpages
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Next Steps/ Prlorltles
| NGS-CDOT

e CBL

o OPUS-DB (Begin implementing)
- e CORS (Begin Implementing)

e OPUS - CDOT Survey Manual
e Heights -Study
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Thank You

pamela fromhertz@noaa.gov
240-988-6363

f_,..--u,!

,’f‘@"\ . . .
gv,' National Oceanic and Atmospheric Administration
&
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Questions? Comments?
Multi-Year CORS Solution
~ National Adjustment of 2011
New NGS Datasheet Format

The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.

DATABASE = NGSIDB , PROGRAM = datasheet95, VERSION = 8.00
1 National Geodetic Survey, Retrieval Date = JANUARY 1, 2012

AC6803

| AC6803 HT_MOD - This is a Height Modernization Survey Station. PIDB , PROGRAM = datasheet95, VERSION = 7.87.4
AC6803 PACS - This is a Primary Airport Control Station. pnal Geodetic Survey, Retrieval Date = AUGUST 19, 2011
AC6803 DESIGNATION - AZC A
AC6803 PID - AC6803 pD - This is a Height Modernization Survey Station.
AC6803 STATE/COUNTY- AZ/MOHAVE - This is a Primary Airport Control Station.
AC6803 COUNTRY - UsA ENATION - AZC A
AC6803 USGS QUAD - LOST SPRING MTN EAST (1988) - AC6803
AC6803 E/COUNTY-  AZ/MOHAVE
AC6803 *CURRENT SURVEY CONTROL QUAD - LOST SPRING MTN EAST (1988)
AC6803
AC6803* NAD 83(2007) POSITION- 36 57 59.55377(N) 113 00 32.22917(W) ADJUSTED *CURRENT SURVEY CONTROL
AC6803* NAD 83(2007) ELLIP HT- 1462.787 (meters) (02/10/07) ADJUSTED
AC6803* NAD 83(2007) EPOCH - 2007.00 B3(2007)- 36 57 59.55377(N) 113 00 32.22917(W) ADJUSTED
AC6803* NAVD 88 ORTHO HEIGHT -  1485.56 (meters) 4873.9 (feet) GPS OBS 8 - 1485.56  (meters) 4873.9 (feet) GPS 0BS
AC6803 H DATE - 2007.00
AC6803 NOTE: NAVD 88 ortho height was determined from prior model GEOIDO3. - -1,994,789.496 (meters) ComP
AC6803 GEOIDO3 HEIGHT - -22.75 (meters) - -4,697,388.731 (meters) comp
AC6803 GEOIDO9 HEIGHT - -22.80 (meters) - 3,815,306.819 (meters) COMP
AC6803 NAD 83(2007) X - -1,994,789.496 (meters) COMP FCE CORR- 3.37 (seconds) DEFLEC09
AC6803 NAD 83(2007) Y - -4,697,388.731 (meters) COMP P HEIGHT- 1462.787 (meters) (02/10/07) ADJUSTED
AC6803 NAD 83(2007) Z - 3,815,306.819 (meters) COMP HEIGHT- -22.80 (meters) GEOID09
AC6803 LAPLACE CORR = 3.37 (seconds) DEFLEC09
AC6803 I-- Accuracy Estimates (at 95% Confidence Level in cm) ------—--

AC6803 FGDC Geospatial Positioning Accuracy Standards (95% con PID Designation North  East ip
AC6803 Type Horiz

AC6803 PRK AC6803 AZC A 0.74 0.61 1.37
AC6803 NETWORK ACCURACY 0.86 L &7

AC6803 MEDIAN LOCAL ACCURACY AND DIST ( 11 points) 0.67 1.22 1.64

AC6803 ark is at Colorado City Municipal Airport (AZC)

AC6803 NOTE: Individual local accuracy values and other accuracy information

AC6803 are available here. prizontal coordinates were established by GPS observations
AC6803 ljusted by the National Geodetic Survey in February 2007.
AC6803.This mark is at Colorado City Municipal Airport (AZC)

AC6803 ptum tag of NAD 83(2007) is equivalent to NAD 83(NSRS2007).
AC6803.The horizontal coordinates were established by GPS observations ptional Readjustment for more information.

AC6803.and adjusted by the National Geodetic Survey in February 2007. prizontal coordinates are valid at the epoch date displayed above.
AC6803 poch date for horizontal control is a decimal equivalence
AC6803.The datum tag of NAD 83(2007) is equivalent to NAD 83(NSRS2007). pr/Month/Day .

AC6803.See National Readjustment for more information.

AC6803.The horizontal coordinates are valid at the epoch date displayed above. Fthometric height was determined by GPS observations and a
AC6803.The epoch date for horizontal control is a decimal equivalence esolution geoid model.

AC6803.0f Year/Month/Day .

AC6803 prived orthometric heights for airport stations designated as
AC6803.The orthometric height was determined by GPS observations and a pr SACS are published to 2 decimal places. This maintains S
AC6803_high-resolution geoid model. meter relative accuracy between the PACS and SACS. It does
AC6803 dicate centimeter accuracy relative to other marks which are
AC6803.GPS derived orthometric heights for airport stations designated as pf the NAVD 88 network.

National Oceanic and At
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AC6803.The X, Y, and Z were computed from the position and the ellipsoidal ht.
AC6803




