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Topics Include

A New Coordinates and Epoch for CORS

A Review Multiyear CORS Solution

A Absolute vs. Relative Antenna Calibrations
A Access to CORS data

A Ongoing Adjustment of ~80K Passive Stations
(NA2011 Project)

A Subsequent Development of GEOID12
A ...and a new Datasheet format
A DSWorld demonstration
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New CORS Coordinates for the NSRS

OPUS: Online Positioning User Service

National Geodetic Survey

'US Menu

oad
ut OPUS
slished Solutions

1itact OPUS

—>
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On September 6, 2011 NGS's CORS group released revised coordinates for all CORS sites. The new coordinates
update both the global frame and the National Spatial Reference Frame as follows.

New Frames Previous Frames
IGS08 Epoch 2005.00 ITRFOO Epoch 1997.00
NAD 83(2011) Epoch 2010.00 NAD 83(CORS96) Epoch 2002.00
NAD 83(MA11) Epoch 2010.00 NAD 83(MARP00) Epoch 2002.00
NAD 83(PA11) Epoch 2010.00 NAD 83(PACP00)  Epoch 2002.00

NGS is in the process of completing an adjustment of the passive control network. Until the adjustmentis
complete, OPUS will allow users to choose getting coordinates in either the new or previous reference frames. Once
the passive network is adjusted to NAD 83(2011, MA11, PA11) then the OPUS support for ITRF00 and NAD
83(CORS96, MARPOO, PACP00) will end.

Choose a frame to upload your data:

for new frames, click below: for previous frames, click below:

NAD 83(2011,MAT1,PA11)

pealihe s NAD 83(CORS8E,MARPDO,PACPO0)
’ epoch 2002.00
International
e TRFOD

epoch of observation
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NAD 83 (2011) And OPUS

The Online Positioning User Service (OPUS) also began offering
results in the IGS08 and NAB(2011) reference frames in
September, 2011.

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

Although the NAB3(2011) is not a new datum, the CORS
coordinates used by OPUS in generating its resméislifferent.

NGS recognizes that this change poses a chall@iogeslp users
confidently switch to the new reference frame realizations, OPUS
now offers the choice to have its results reported in the IGS08 an
NAD83(2011) or in the previous ITRF2000 and IBBCORS96).

But users arstrongly encouraged to switch to the improved
datum as soon as possible. This transition period will end after a
few months.
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Why Update NSRS?
DSYSNIffe OFyQid O2yiAyc
A Generate fully consistent orbits, EOPs and CORS+global statio

coordinates using latest models and methodsxisting history Is
iInadequate for modern realizations of TRFs

I longer data spans
I absolute antenna calibrations
A satellite transmitting and ground receiving antennas
I new network design added redundancy
A Delaunay triangulation over global sites and CORS backbone
A tie remaining CORS to backbone as stars
I IERS 2003 Conventions generally implemented
I 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

A Contribute NGS reprocessed orbits, EOPs and global SINEX fil
International GNSS Service (IGS) reprol campaign

A Generate CORS coordinates and velocities in global framework
using new orbits, EOPs and global station coords
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Multi -year CORS Solution: MYCS

Adadeash ST T2 6hearsags.al vy
A IGSproposed reprocessing all data to reompute station

coordinatesorbits,and EOPs (earth orientation parameter
from 19942010.5 (~17 year time series).

A NGS began with a revisionPAGES softwagnd processing
strategy.

A 860 weekly (full history) CORS230 globaBINEX files
containing X,Y,Z positions and full variaigogariance
Information ¢ positions programmatically stacked to
facilitate identifying discontinuities in position movement

A Final Coordinates published (online) on Sept. 6, 2011
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Frame Definition and Nomenclature

A ITRF frame (global) mutechniqua vlbi, slr,
doris, gnss

A IGS frame (globaBNSS only

A NAD frame (plate fixed) transformed from
IGS08

A Critical to pay attention to frame tags and
epoch dates ‘and antenna calibration values

1/1/2012 -



NOAA’s National Geodetic Survey Positioning America for the Future WWW.Nngs.no0aa.gov

Tying CORS to Global Network

(~1600 sites in recent weekly CORS+glbl SNX files)

e global tracking network used
for estimating:

— GPS satellite orbits (15-min
intervals)

— terrestrial framework
— Earth Orientation (EOPs)

— global station positions
(weekly averages)

e U.S. CORS tied to global
framework via single baselines
radiating from global stations

— minimizes frame distortions

from local effects in dense
regional networks

/ : .
1/4/201 al+C 8
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Changes in Horizontal NAD 83 Positions

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

approx. 2 cm error expected @ 2005.0 (based on & in old solution)
avg. horizontal shifts: AE=-0.18 (+1.86)cmm AN=0.14 (+ 1.07) cm

— prescribing velocities using numerical models (i.e. HTDP)
— smaller random part probably caused by change to absolute antenna calibrations

-110 -100 -90 -80
| - - -
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~1270

CORS w/
suff. data
and linear
velocities
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Changes in Vertical NAD 83 Positions

NAD 83(2011) epoch 2002.0 = NAD 83(CORS96) epoch 2002.0

avg. vertical shift: AU=0.71cm (+2.11) cm

— random part mostly caused by switch to absolute antenna calibrations
— shifts also caused by assuming V,, = 0 in NAD 83(CORS96)

~1270
CORS w/
suff. data
and linear
velocities

1/1{ROEZISE SRS A

10
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The NAD 83 datum is the same.
So what will be the shifts caused by changing
reference epoch to 20107

previous 2 slides show consequences of new realization:
— approx. 1-2 mm avg. horiz. shift

— less than 1 cm avg. vert. shift

BUT reference epoch will change from 2002.0 to 2010.0

— velocities are therefore critical

let’s compare NAD 83(CORS96) positions @ 2002.0 to NAD
83(2011) positions @ 2010.0

— differences dominated by effects of crustal motion, i.e., NAD 83
velocities are non-zero

— e.g. 2 mm/yr velocity after 8 years = 1.6 cm change in position

1/1/2012 11
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Changes in Horizontal NAD 83 Positions Different Epochs

NAD 83(2011) epoch 2010.0 — NAD 83(CORS96) epoch 2002.0
* approx. 2 cm error expected @ 2005.0 (based on & in old solution)
* overall avg. horizontal shifts: AE=0.09 (+5.84)cm AN =2.03 (+£5.98) cm

— com nation of position and velocity differences
ostly to updated velocities (including up to 8 more years of data)

~1270
CORS w/
suff. data
and linear
velocities

avg. shifts in western

avg. shifts in eastern

CONUS: CONUS:
AE ~-0.49 (£ 0.90) cm =8 AE~0.14 (+0.08) cm
AN = 0.93 (+0.93) cm | AN#~-0.01 (£ 0.07) cm

008
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Changes in Vertical NAD 83 Positions Different Epochs

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

overall avg. vertical shifts: AU =-0.79 (= 2.09) cm

— combination of position and velocity differences from additional data, tectonics

— assuming vertical velocity = 0.00 in NAD 83(CORS96)
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Geodetic Reference Frames
past and present

« Critical to pay attention to frame tags and epoch dates and
antenna calibration values

Frame Name Epoch Antenna PCV* Data Duration

ITRF2000 1997.0 | Rel ANTEX 1994.0-2002.0

ITRFOO (NGS's soln) 1997.0 | Rel NGS ANTEX 1994.0-present

NAD 83(CORS96) 2002.0 | Rel NGS ANTEX 1994.0-present
ITRF2008 2005.0 | AbsIGSO5 ANTEX | 1997.0-2009.5

|GS08 2005.0 | AbsIGSO8 ANTEX | 1997.0-2009.5

|GS08 (NGS's XXPPaxX) 2005.0 | Abs IGS08 ANTEX | 1994.0-2010.5 (ongoing)

NAD 83(2011)XteR0eiXX | 2010.0 | AbsIGSO8 ANTEX | 1994.0-2010.5 (ongoing)

*PCV - phase center value; Abs-Absolute, Rel-Relative
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West Coast Crustal Motion

1250w

1/1/2012

Horizontal Velocities in mm/yr

-Times 8 years (2002010)

-As will be seen realized with
NAD 83(2011)Epoch2010 (tent.
name)

Slide from R. Snay, NGS
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Faults Experience Excessive Movement

A Pacific plate: at 5cm/yr (right at the San
| VRNBIFA Fldzf GO AY HN

Pa

ALY yv @NRX (0K2asS b2 | N

A Sites experiencing significant vertical crustal
motion may also shift horizontally
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Relative vs. Absolute Antenna Models

Background
The IGS started to use absolute antenna phase center
variation (PCV) patterns with GPS week 1400.

Coordinates of IGS reference stations are consistently
based on the official IGS absolute PCVs.

As a conseguence, a user should use the identical
pattern for these sites as used by the IGS in order to
get a consistent tie to the reference frame.
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Relative vs. Absolute GNSS Antenna Calibration
RELATIVE

Std. New
Corbin, VA Phasa Canter Yariation (mm)

3o
20

14

-0

-2t
g 20 40 EQ 2a 160

Elevation {deg.)
Relative means all new antennae compared with the

standard reference antenna Dorne Margolin Type, e.g.
l h! 5kat¢to ¢KS a0l yRINR 0SAY.
offset.
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Relative vs. Absolute GNSS Antenna Calibration

ABSOLUTE

Robotic Arm

rotation introduces angle
changes for time difference of
single difference (TDSD) phas—
observables. ’
Speeds up the process!

static antenna moving antenna

L N

*

1/1/2012

19
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Advantages of the absolute antenna
calibration

A The robot carries out fast
rotations on different axes

A Saves time
¢ absolute 3Moffset and PCV

¢ high resolution and precision
(sub mm)

C free of multipath

¢ PCV from B90Aelevation, alsc
azimuthal PCV

C site and location independent
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Influence of the antenna dome

15t model antenna model
' without dome. (absolute)
. 2vdmodel with dome relative
= *= to model without dome.

Studies have shown that
domes can affect network
horizontal change in positiol
F p YYX FYR
network changes can be as
large as < 3 cm.

Site AB24 Alaska
The position error caused by domes is not a constant but depends on the satellite

g?/?/g(])?ztry Observed at the SpeCifiC Sit&H. Volken, F. Menge, Impact of Differenent GPS Antenna Calibr Models on E:LLJREF)
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NGS Calibrations compared to IGS type mean

|GS05 type mean sin 11885 Ashtech Geodetic Il sin 11869
g2 K2 LJLIS N\}Z 2

yl

& A R (. e ~ " o
<
3

[Mm t/ +Qa

Azimuthal, as well as elevation, differences

Get all antenna models here;

http://www.ngs.noaa.gov/ANTCAL

1/1/2012 22
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So, what os di ff er
coordinates?

e

A Change tabsolute antenna calibrations

i Use absolute cal. wourLIN2 OS&aaAy 3IY 5h QIS
St
A Better because 8 more years of data 6@"/\)‘
- International IGS sites M
- CORS databout 1600 total, ~1000 w/ >2.5 yrs cO%
- Orbit determination sophistication M
- CORSelocity data Ca\\e°

- Better HTDP modeling for those w/ <2.5 yrs
- Better processing algorithms
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How do | find the coordinates?

A Individual CORS Coordinate page, as before
http:// www.ngs.noaa.qgov/CORS/coords.shtml

A TWO basic divisions:

I One withCOMPUTEfzlocities, oneMODELED
A TWO basic Ref Framé&S08, NADS3
A Two types of coordinatesglfor each of those:

I X,Y,ANDlat/long/ht (N,E,|

A Recommend using only CORScawnputedvelocities when
performing network adjustments.



http://www.ngs.noaa.gov/CORS/coords.shtml
http://www.ngs.noaa.gov/CORS/coords.shtml
http://www.ngs.noaa.gov/CORS/coords.shtml

NOAA’s National Geodetic Survey Positio a for the Futur WWW.Ngs.

Lists of CORS Coord & Velocmes

Al 9 ¢ { [ hhyY t'¢ ¢1 9 [ L{¢
i As of September,'8 2011
I GO TO:

http://www.geodesy.noaa.gov/CORS/coords.shtml
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1GS08

Computed

|IGS08 epoch 2005.00
X V. Z N VL

|IGS08 epoch 2005.00
lat, lon, height: V.. V,. V,

Modeled

|IGS08 epoch 2005.00
XV Z: N Ve V)

|IGS08 epoch 2005.00
lat, lon, height: V. V,. V,

www.ngs.noaa.gov

Note:Vu= 0 as

HTDP can only

model Horiz vel.
At this time

26
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NAD 83

Computed

NAD 83 (2011) epoch 2010.00

X, V. Z.\, VL, V,

NAD 83 (2011) epoch 2010.00

lat, lon, height; V, V,. V,

Modeled

NAD 83 (2011) epoch 2010.00

X V. Zi Vo Ve V,

NAD 83 (2011) epoch 2010.00 Note: Vuis not O as

transformation to NAD 83
yields a Vu value Not
Reliable

lat, lon, height; V, V,. V,
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NGS CORS Map

www.ngs.noaa.gov
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http://www.ngs.noaa.gov/CORS/GoogleMap/CORS.shtml
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CORS Map Tools

@ T CORS

NGS Home | About NGS | Data & Imagery Science & Education -

Samplmg Rate (clickable legend icons) @ Non-Operationa

ZoomtoCORS: ( . sse Voawse Ve Vo

Site ID:

Cursor Lat/Lon :
46.98025 |, -123.39844

Three Nearest Sites :
TWHL 36.32 km
P415 44 05 km
P420 59.55 km

redm |

| Placex | | ClearXx |

X Lat/Lon :
44 37144 . -122 08008
Sites within 250 km :

STAY 5864km ~
MCSO 6996 km
WDBN 70.53 km
P376 8097km .

(o]

L N =
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CORS Data And Information

A Many, many partners freely share their GNSS data.
A These data are available with a short latency:.

A The NGS acts as a data center offering a newsletter, data,

coordinates, site equipment histories, photos and time series.
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CORS Network

Increasing with no end in sight.
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CORS Use

A Increasing with no end in sight.

2,500,000 - ‘ | '
files downloaded/month | i =
CORS monthly usage
! stacked bar graph |
i JGE, Sep-2011
2,000,000 i
@ CORS (FTP)
W CORS (UFCORS)
1,500,000
1,000,000
500,000 'H
O il
Jan-02 Jan-03 Jan-04 Jan-05 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11
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Monitoring CORS Coordinates

The CORS are monitored daily to help insure the correctness and
continuity of their coordinates and other information.

As new CORS come-lbme, their positions are computed relative to
the entire network using a brief span of data, then the data,
coordinates with a model velocity, hardware descriptions and othe
Information are made available.

This method of including new CORS is more than adequate but n
optimal.
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CORS Data Avallability

National Geodetic Survey - CORS @

Site operated by: SitelD GPS Date Zone Days
mfndd ab2s [TueDec272011—2011361 =] [UTC(@GMT) =~ [7 =]

Coordinates Submit I

NOTE: Reset options and click "Submit” to view data availability for another time period.

Sitelog
Photographs Data Availability Profile for: AB2S5

Data Availability
Standard Files B Dot Available Data Unavailable

Custom Files (UFCORS) Time UTC 0 1 ‘2 2 ‘4.5 B 7 & 9 1011 12123 14 15 15 17 18 19 20 21 22 23 24

Time UTC 0 1 2 23 4 & 6 T 8. 9 1011 12 13 14 15 16- 17 1§ 19 20.-21 2Z 23 249

Time Series (60-day]) el TRy Ml (O T N N T L ol T (o N e e N UL (b B

Time Series (longterm) 2011361
2011350 |
Google Map ab25 only i e — e
Google Map all CORS 201155 |
2011357 |
- 2011356 |
—l e
zox1sss |
2011353 |
2011352 |
e
L ———— T —— T ——
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Look at CORS Repeatability Plots
s | s | iy | Tt | sy | omce o | R s

] s ] . A s

www.ngs.noaa.gov

e e b e |

CORS Repeatability Plots

G0-day plots show the repeatibility of a site for the last 60-days with respect to the published IG308
position corrected for the effect of the published velocity. These plots are updated daily. For a detailed
explanation ofthese plots go here.

Long-term plots show the show weekly residual positions with respect to the published IGS08
CORS coordinates from our stacked solution. Mewer sites may not have a long-term plot if they were added
after 16 April 2011. For a detailed explanation of these plots go here.

Enter SitelD
Enter 4-char Siteld 1lsu 1nsu 1ulm ab07
G0-day long-term G0-day long-term G0-day long-term G0-day long-term
- ab11 ab12
EnintSinng G0-day long-term G0-day long-term
Enter partial string to find ab14 ab15 ab17 ab18
Siteld, Site Name, or City 60-day long-term G0-day long-term 60-day long-term 60-day long-term
ab22 ab27 ab33
CORS Home 60-day long-term G0-day long-term Gi0-day long-term
ab37 ab3d ab41 abd5
Data Products 60-day long-term 60-day long-term 60-day long-term 60-day long-term
CORS Map ab48 abgh abqf
Newsletter G0-day long-term G0-day long-term G0-day long-term
abwi acly acl9

General Information
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Review the plots!

JIME: Daily minus Published IGS08 Position
N[cm]= 0.09(+ 0.17) E[cm]= 0.01(+ 0.14) U[cm]= 0.09(+ 0.86)

A Morth [ em]

283 300 303 310 315 320 325 330 325 340 345 350

A East [om])

AlUp [em]

295 300 305 310 MN5 320 225
2011
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Review the plots!

CHZZ: Daily minus Published IGS08 Position

N[cm] = 0.12(+ 0.14) E[cm]= -0.31(+ 0.18) U[cm]= -3.35(+ 0.65)
10 T T T T T T T T

A MNorth [em]

285 300 305 310 315 320 225 330 335 340 345 350

A East [em]

10 1 1 I 1 1 I 1 1
295 300 303 310 3135 320 225 330 325 340 345 350

AlUp [em]

La GKSNB |y a4 adzS K&K
Multi -path?? o

Does the Published IGS08 Position need

upelating?? 37
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Check the Log File forAccuracy'v

A Antenna Type : TRM59800.80 NONE
A Serial Number : 0220373000

A Antenna Reference Point : BPA

A Marker->ARP Up Ecc. (m) : 0.0440

A Marker>ARP North Ecc(m) :

A Marker->ARP East Ecc(m) :

A Alignment from True N : deg

A Antenna Radome Type : NONE

A Radome Serial Number : N/A

A Antenna Cable Type : (vendor & type number) Antent
Cable Length : (m)

A Date Installed : 201H02-04T12:307Z
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Review the CORS Newsletter

A Provides updates about new CORS

A Changes to CORS Products and Services
A News that impacts the CORS program

A Publications relating to the CORS program
A Statistics and usage maps
A Partners list
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Subscribe to the CORS Newsletter

A To add yourself to the list, send an empty
email message to:

requests@willamette.nos.noaa.gov

with subject"Subscribe NGS CORS_news"

Your name will be added to the list and you will receive
all posts


mailto:requests@willamette.nos.noaa.gov
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National Adjustment of the Passive Marks
NA2011 project

A Optimallyalign passive control with CORS

A >1000 new projects submitted since 2007
adjustment. Number of stations increased by
1/3 In just 5 years!

I Plus Observations for Alaska, Hawaii & other Pacific islands

A More consistent results in tectonically active

areas

I Longer time series for CORS
I More current data for passive, and better tectonic modeling
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Benefits of a new national adjustment for
passive geodetic stations

A Network and local accuracies on stations
I Including future submitted projects
I But not for excluded (rejected) stations

A Better computations and analysis techniques

I Improved outlier detection

I Incorporation of lessons learned from previous
national adjustment
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What are some of the checklng and cleanlng
techniques and processing?

At vy SEOf dzZRS -OKNSOR @ dz | 1W§
data came in to cross tie and verify

A9 EOf dzR S -CKISKOS NI Waylia G A 2

A Exclude PIDs for LLPC when antenna replace
at a CORS

A Caution in subsidence areas because no
model for vertical velocity; exclude as
necessary.



NOAA’s National Geodetic Survey Positioning America for the Future WWW.Ngs.n0aa.gov

Current status of NA2011, Dec. 2011

A Cutoff date for projects was moved back

AaAYAYlEt O2yaiuaNYAyYyO |I|F

A 4152 projects and 79,107 stations; includes
954 CORS w/ >2.5 yrs data

A 371,962 enabled vectors (+42,493 rejected =
414,455 total vectors)

A Standard error of unit weight £.26

A Starting constrained adjustments, using errors
FNRY [/ hw{ &az2ftdziAzy 0\
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Detailed info about NA2011 on website

A Surveys tab, near bottom, National Adjustment or
Quick link in left column, main page. FAQ page:

http://www.ngs.noaa.gov/web/surveys/NA2011/NA20

11 FAQ.shtml

1/1/2012

NA2011 Quick Links

Contact Us

Home

NA2011 FAQs

NA2011 Project Plan
NA2011 Presentations

Maps of NA2011 Data
and Results (Coming
Soon)

NA2011 Results and
Statistics (Coming Soon)

National Adjustment of 2011 (NA2011) Project

Frequently Asked Questions (FAQs)

Last updated November 8, 2011

List of abbreviations used in these Frequently Asked Questions:

CNMI
CONUS
CORS
FGDC
GNSS
GPS
HTDP
IGS
MYCS
NA2011

Commonwealth of the Northern Mariana Islands
Conterminous United States

Continuously Operating Reference Stations

Federal Gecgraphic Data Committee

Global Navigation Satellite System

Global Positioning System

Horizontal Time-Dependent Positioning (NGS software)
International GNSS Service

Multi-Year CORS Solution

National Adjustment of 2011
45
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Next steps 2012

ANA2011 Adjustment thought to be completed,
fully published by spring 2012

A Testing network accuracy calcs for subsequen
submitted projects and database procedures

A Until NA2011 Adjustment is complete and
ready to be published:

I OPUS solutions will continue to produce
coordinates In both former and current ref frames

I New DS format will not go into effect
I Next Geoid model cannot be finalized
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A Since NA2011 will yie
are inconsistent with t
(GEOIDO09), a new hy

Future WWW.NgS.10aa.gov

OID12

d ellipsoid heights that
ne existing geoid model

orid geoid model,

GEOID12, is currently being developed at NG
GEOID12 will be based on NAD 83(2011)
epoch 2010.00 ellipsoid heights, so Its release
must, therefore, occur after the completion of

NA2011.
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GEOID12 (or 11) Development

A Model will be based on ellipsoid heights
published from NA2011 project

A Proposed stations, different than for GEOIDO09, fo
Inclusion/exclusion just distributed to geodetic
advisors for review

A Currently being developed using preliminary
b! Hamm AGNBadz (4&:é

A NOTE: Two months after GEOID12 released,
project submissions must use NAD83(2011)

QUESTIONS? then Datasheet format changes
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Updating the Datasheet Format

Second news story; o/ National Geodetic Survey

é 2 y Q l:l YA 3 N l:l é -.F 2 NJ Positioning Ame
I_ é K A f S X NGS Home AboutNGS _Data&lmagery m_

November 28, 2011

Announcements

NGS Releases Final Report for Floodplain Mapping Pilot Project
As NGS moves closer to 2022 and replacing the North American Datum of

Can sign up for

a.n n O u n Ce m e ntS , 1983 (NAQ §3) and.the North Amen’can Yenical Datum of 1988 (NAVD .
- 88), NGS is interacting closely with agencies that use the datums to assist
. I inthe t ition...
(news subscription e o e vantion. mrs

Contact Us Notice: Planned Updates to NGS Datasheet Format

Se rVI Ce) VI a e m ai IS . CORS In response to stakeholder and NGS staff concerns, NGS has developed
)

several modifications to the format of the NGS datasheet—the primary
Survey Mark Datasheets method for accessing the passive control network of the National Spatial
Geodetic Tool Kit

F ro nt pag e : botto m i Reference System (NSRS)...more
Right column
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