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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

Mational Geodetic Survey

'Us Menu

oad
wt OPUS
Mished Solutions

itact 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 Mational Spatial Reference Frame as follows.

New Frames Previgus Frames
G308 Epoch 2005.00 ITRFOO Epoch 1997.00
MAD 83(2011) Epoch 2010.00 MNAD 83(CORS86) Epoch 2002.00
MAD 83(MA11)  Epoch 2010.00 MAD 83(MARPOOD)Y  Epoch 2002.00
MAD 83(PA11)  Epoch 2010.00 MAD 83(PACPO0)  Epoch 2002.00

MGES is in the process of completing an adjustment of the passive control network. Until the adjustment is
complete, OPLUS will allow users to choose getting coordinates in either the new or previous reference frames. Once
the passive network is adjusted to MNAD 83(2011, MA11, PA11) then the OPUS support for ITRFOO and MAD
83(CORS96, MARPOD, PACPOO) will end.

Choose a frame to upload your data:

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

RAD 823(2011 MATT PATT
MexicoGS08)

epoch 201000 MAD 283(CORSAE MARPOO PACFOO)

epoch 2002.00

International
G508
epoch of ohservation

TRFOO
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NAD 83 (2011) And OPUS

The Online Positioning User Service (OPUS) also began offering
results in the IGS08 and NABB(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 resnétslifferent.

NGS recognizes that this change poses a chall@ondezlp 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 SBACORS96).

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?
DSYSNIffte OFyQid 02y iAyc
A Generate fully consistent orbits, EOPs and CORS+global statiot

coordinates using latest models and methodsxisting history Is
Inadequate 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
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

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
tsing new orbits, EOPs and global station coords
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Multi -year CORS Solution: MYCS

AbGadearsh ST T 2 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 globaBSINEX files
containing X,Y,Z positions and full variaxgogariance
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 (globa3NSS only

A NAD frame (plate fixed) transformed from
IGS08

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

1/9/2012 -
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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

230° 240° 250° 260° 270°
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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 (x1.86)cm 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
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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)
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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

1/9/2012 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

— combijnation of position and velocity differences

— due stIy to updated velocities (including up to 8 more years of data)
N A '
~1270
CORS w/
suff. data
and linear
velocities
avg. shifts in western avg. shifts in eastern
CONUS: CONUS:
AE ~-0.49 (£ 0.90) cm = AE~0.14 (£ 0.08) cm
AN = 0.93 (£ 0.93) cm | AN~-0.01 (£ 0.07) cm
— - e .:L'"’/_')“‘—:_,\_
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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)

. Y g ~ | LN = _
£ \:‘(( S0
‘.—‘:Pz‘\
“ § ~1270
‘ CORS w/
4| suff. data
; and linear
s velocities
avg. shifts in western avg. shifts in eastern
CONUS: CONUS:
AU ~ -0.06 (+ 0.18) cm 4 AU ~-0.11 (+ 0.16) cm
e [N
TR >
‘ i Cf-:g,"'—" .c:) {F_j. ‘l
1/9/ 2002 - - ‘ 13
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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 XXoPaxdeX) 2005.0 | Abs IGS08 ANTEX | 1994.0-2010.5 (ongoing)

NAD 83(2011)XteeRexweXxX | 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

Horizontal Velocities in mm/yr

-Times 8 years (2002010)

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

125°00°W

1/9/2012 Slide from R. Snay, NGS®
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Faults Experience Excessive Movement

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

Pal

ALY yv @NARASIX O0K2aS 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 consequence, 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! 5kac¢to ¢KS a0l yRINR O0SAY.
1/9/2062’-‘1:561:. 18
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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 S “moving antenna

L N

*

1/9/2012
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Advantages of the absolute antenna
calibration

A The robot carries out fast
rotations on different axes

A Saves time
¢ absolute 3Boffset and PCV

¢ high resolution and precision
(sub mm)

C free of multipath

¢ PCV from 090 elevation, alsc
azimuthal PCV

¢ site and location independent
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Influence of the antenna dome

15t model antenna model

o without dome. (absolute)

- 2ndmodel with dome relative
e tomodel 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)/gc])leé[ry observed at the SpeCifiC SitQH. Volken, F. Menge, Impact of Differenent GPS Antenna Calibr Models on 2EiJREF)
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NGS Calibrations compared to IGS type mean

|GS05 type mean s/in 11885 Ashtech Geodetic Il sin 11869
2 K2 LILIS NE

~

yl

8
-6
-4
r -2
Get all antenna models here: o Mm
-2
-4
-6

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

[ m t/ £Qa
Azimuthal, as well as elevation, differences

1/9/2012 22
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So, what os di ff er
coordinates?

e

A Change tabsolute antenna calibrations

i Use absolute cal. murLIN2 OSaaAy3IY 5hl

oF
(0
A Better because 8 more years of data edcoy

- International IGS sites oV

- CORS databout 1600 total, ~1000 w/ >2.5 yrs ocov&

- Orbit determination sophistication M

- CORSelocity data ce®

- Better HTDP modeling for those w/ <2.5 yrs
- Better processing algorithms

v
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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 withCOMPUTEi{zlocities, oneIlODELED
A TWO basic Ref Framé&:S08, NAD83
A Two types of coordinatesglfor each of those:

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

A Recommend using only CORScawhputedvelocities when
performing network adjustments.

1/9/2012 24
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Lists of CORS Coord & Velocmes

A[9¢{ [ hhY 1'¢ ¢1 9 [ L{C¢
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. 2.\, VL, V,

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

Modeled

|IGS08 epoch 2005.00
XV Z N VLV

|IGS08 epoch 2005.00
lat, lon, height; \,. V.. V,

wWww.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. Zi Ve M, V,

NAD 83 (2011) epoch 2010.00

lat, lon, height: V. V,. V,

Modeled

NAD 83 (2011) epoch 2010.00

R AAAY

NAD 83 (2011) epoch 2010.00 NOte: VUIs not 0 as

transformation to NAD 83
yields a Vu value Not
Reliable

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

" CORS
V National Geodetic Survey

Sampling Rate (clickable legend icons) Q Non-Operational O JE0 kmraibus
Z to CORS:
Sem (0 £0 Q 1 sec Q 5 sec Q 10 sec Q 15 sec ' 30 sec Q All Active ' Decom

Site ID:
[c:]
Cursor Lat/Lon :

41.90228 ., 177.36328 (€] [=]

Three Nearest Sites :
AB02 1605.29 km
AV09 1786.11 km
AC10 191475 km

NT

Enter a location @
Canada

Bering £

http://www.ngs.noaa.qov/CORS/GoogleMap/CORS.shtml

POWEREOB?
Go [ 500 mi |
p
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CORS Map Tools
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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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