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OPUS SUITE

 OPUS Suite has several services
— OPUS STATIC (OPUS-S)
— OPUS RAPID STATIC (OPUS-RS)
— OPUS DATABASE (OPUS-DB)
— OPUS PROJECTS (OPUS-P)
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OPUS STATIC

* 2 hours to 48 hours occupation time, dual
frequency receiver.

 Choose OPTIONS to control some aspects of
how OPUS will compute your solution
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OPUS STA

 OPUS Submission Page
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OPUS STATIC

e Click OPTIONS (Step 5) to expand choices

gicustoinize your solution

formats standard hd format detadls

base stations Use: Exclude: Look up site IDs type in 4-char site 1Ds, or select from map, any CORS you wish to explicitly include or exclude from your solution sample
1 i i l 3 NOTE: the automated sefechon of base stations has recently improved; this opbon shoukd now be used only sparingly

Y

state plane let OPUS choose ¥ ovemnule your native SPCS zone

project idesdtifier enter the id provided by your project manager

my profile v customize OPUS defaults for future solutons

publish my soltion  No. don't publish v why publish?
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OPUS STATIC

Click UPLOAD to STATIC

You will receive your solution by email in
about 5 minutes.

Solution is the average of 3 baselines to
nearby CORS stations.

Single Occupation — no check.

Multiple Occupations - each computed as
standalone — you must compare them.
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OPUS RAPID STATIC

15 minutes to 2 hours of dual frequency data

Like OPUS STATIC, you submit the file via the OPUS
Submission Page.

Click OPTIONS to expand choices

Click UPLOAD to RAPID STATIC

You will receive your solution by email in about 10
minutes.

Solution is the least squares adjustment (not simple
average) of baselines to up to 9 nearby CORS stations

Single and/or Multiple Occupations — you compare.
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OPUS DATABASE

OPUS-DB is a service that allows users to
voluntarily “share” their OPUS solution with
the public.

Service is open to all — no special training.

Requires a single 4 hour occupation, a mark
description, and 2 photographs.

Gateway is via OPUS Submission page
— http://www.ngs.noaa.gov/OPUS/
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- OPUS DATABASE
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OPUS DATABASE

 Once you say YES and submit, you will receive an
email that asks you whether you want to share and,
if so, to approve the solution shown.

e After you agree to share and you approve the
solution — NGS personnel will review the solution for
any obvious problems and allow it for inclusion in
OPUS-DB.

* Note that your name and organization will be shared
for others to contact you for more information
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OPUS DATABASE

* Reasons to SHARE your solution:
— Some agencies require you to do so (by contract)

— Encourages use of shared control marks by fellow
surveyors

— NGS will use the ellipsoid height to improve future
geoid models (GPS on BM)
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OPUS DATABASE
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OPUS DATABASE

e Sample shared
mark solution
for BARB
RESET

SURVEY DATASHEET (Version 1.0)
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OPUS DATABASE

* Note that sharing a solution via OPUS-DB is not a datasheet
but a shared mark solution. As such, NGS will adopt the use
of the following definitions:

Share: The act of a user releasing to NGS the observations (via OPUS or OPUS
Projects), metadata and results of geodetic surveys tied to the NSRS for
public dissemination.

Publish: The action of NGS providing to the public, the official, National
Spatial Reference System (NSRS) time-dependent geodetic coordinates set on
a mark.

Submit: The act of a user releasing to NGS the observations, metadata and
results of geodetic surveys tied to the NSRS for the express purpose of the
NGS evaluating the survey and publishing if appropriate.

Datasheet: A report containing the published NSRS time dependent
coordinates on a mark, as well as subsidiary information and metadata such
as superseded coordinates, descriptions and recovery history of the mark.
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OPUS PROJECTS

OPUS PROJECTS is a newly operational service that
extends the OPUS suite in a powerful new way.

OPUS-P allows trained users to submit multiple data
files on multiple marks in a project.

OPUS-P assigns each file to a session based on logical
methods.

User makes decisions on how to process each
session, how to adjust the project, and whether to
Bluebook the results.

All web-based, nothing to install.
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OPUS Projects - Manage "New Ulm Airport PACS and SACS"
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OPUS PROJECTS

* OPUS-P advantages:

— Field crew can submit RINEX data at end of day via
OPUS interface.

— Project Manager can see data and watch progress
via web login.

— Party Chief can process daily sessions to
determine if re-observations are needed.

— OPUS-P produces Bluebook (B and G) files for
optional Bluebook submissions.
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OPUS PROJECTS

* OPUS-P advantages:

— Provides independent solution to compare to your
existing software.

— Solutions and adjustments are true least squares
analysis.

— Highly automated handling of CORS data.
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OPUS PROJECTS

 OPUS-P requires training to become
authorized user.
— Local Advisor can deliver training.

— Check NGS Corbin Training Center for schedule or
call Advisor.

— In-person, 2 days, includes time to practice.

* | will offer OPUS-P training several times this
year.
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GRAV-D

NGS has embarked on a long-
term project to measure the
Earth’s gravity field over all 50
states, the Great Lakes, and
nearby oceans to produce a

GEOID that is accurate to 2 cm.

This GEOID will allow NGS to

define an ort
system based

nometric height
on gravity and

fully compati

nle with GPS.

geodesy.noaa.gov
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GRAV-D

Current GEOID models are hybrid models and
depend on leveling results as well as gravity.

Errors in leveling and assumptions made in
NAVD88 have been proven to yield an
orthometric height system that does not agree
with known gravity field of the Earth.

Water still runs downhill of course, but there
are at least 2 problems from a national
perspective.
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GRAV-D

* 1) Heights in the CONUS cannot be compared
to heights on islands (Hawaii, Puerto Rico, etc)

— |Islands all have their own datums!

e 2) There is about 1 meter of height
discrepancy when comparing NAVD88 heights
to what the gravity field alone would indicate.
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GRAV-D

Approximate predicted change from NAVD 88 to new vertical datum
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0 500 1000 Predicted change estimated as NAVD 88 "zero" (datum) surface
sl kM minus most recent NGS gravimetric geoid (USGG2009)
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GRAV-D

NGS has flown data gathering missions over
the Gulf Coast, Alaska, Great Lakes (includes
MN and WI).

Operations will continue over coastal zones,
then over the interior of the USA.

Expect to take several more years.

— Only 1 airborne gravity meter available.

New GEOID model will coincide with new 3D
North American Datum in (fill-in date here).
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GRAV-D

 Complete information about GRAV-D can be
found at:
— http://www.ngs.noaa.gov/GRAV-D/index.shtml

— http://www.ngs.noaa.gov/GRAV-D/pubs/GRAV-
D v2007 12 19.pdf '
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GRAV-D

* Basically GRAV-D measures gravity all over the
USA (and globally) in order to solve the
following equation which will yield the GEOID
separations: 90 360

N(@.4)= | [Ag €. 4S8, 2. %) cos gdgd

$=-90 1=0
* Needless to say, one must validate the

correctness of the GEOID separations.
 But how?
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GRAV-D

In order to validate the results of the project,
NGS is embarked on a series of Geoid Slope
Validation Surveys (GSVS)

1 in Texas (GSVS11)
1 in lowa (GSVS14)
1 in a mountainous region to be named later.
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Iowa

* Geoid Slope Validation Survey o
lowa along US 30 from Sioux City to Cedar Falls
 What does it validate?

ctwee? e
aces

\ope
Note the S\0 \\e\ \.“'f

GEOID Surface
ELLIPSOID Surface

How do we measure slopes?
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GSVS14

 The comparison will use independently
computed geoid slopes from two methods:

e 1) Differential orthometric heights and
differential ellipsoid heights from leveling and
GPS campaigns, respectively (both minimally
constrained)

e 2) Astro-Geodetic deflections of the vertical
from observations with the Swiss DIADEM
camera
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GSVS14

* Observe GPS positions at A and B to obtain
— Ellipsoid distance between A and B
— Ellipsoid heights at A and B (green)

* Also observe, by leveling, the Orthometric heights
— Subtract to get orthometric heights (red)

e Difference = GEOID separations at A and B (blue)
A B GROUND Surface

GEOID Surface
ELLIPSOID Surface
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GSVS14

 Then compute the geoid slope (blue dash)
— subtract the geoid separations at A and B,
— then divide by the distance from A to B.

A B GROUND Surface

GEOID Surface
ELLIPSOID Surface
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GSVS14

e Deflection of the Vertical

— Angular difference in arcseconds between
* Line perpendicular to the ellipsoid and
* Line perpendicular to the geoid

A B GROUND Surface

GEOID Surface
ELLIPSOID Surface
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GSVS14

* The angular difference can be measured by

— Performing a series of astronomic (star)
observations which yield the astronomic latitude
and longitude (which are influenced by local
gravity)

— Comparing to the geodetic latitude and longitude
which are based on ellipsoidal computations.

* Use a telescope, or better yet, a digital camera
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GSVS14

* DIADEM Camera
e Dave with Wild T-3
e Wild T-4
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GSVS14

By performing a GPS survey, a leveling survey,
a camera survey, AND gravity measurements:

You get 3 independent measurements of the
GEOID SLOPE.

If all 3 agree — good — if not, do 2 agree?
Start problem solving.
See Results from GSVS11 — next slide!



RMS Errors (cm)

NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

Results of GSVS11

Predicted Errors of various geoid models over GSVS11
after removal of GPS/Leveling error budget
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MN Level Network Remediation

* The MN Level Network is statewide, densely spaced,
and is known to have some problems.

e Known problems include:
— Aging infrastructure (over 30 years)
— Disconnected networks (orphans)
— Leveling lines that failed to connect at crossings

— Leveling lines that are spurs that could be extended to
close nearby loops

— Areas of large residuals
— Areas of large elevation discrepancies
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MN Level Network Remediation

In order to efficiently locate and correct areas
that need remedial attention, MNDOT hired a
student worker for Summer 2013.

She created multi-county networks that could
be adjusted and analyzed.

She located many orphans, spurs, and
crossovers — all of which are being
remediated.
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MN Level Network Remediation

Her adjustment showed where the published

e
e

S
S

evation did not match the adjusted
evation.

ne created a series of impressive maps which
now areas of these large elevation changes in

color. B o0

WHITE =0 (Fixed Points)
PURPLE >=-0.03

BLUE >=-0.06

GREEN < -0.06
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MN Level Network Remediation

* |n a perfect adjustment, the colors would be
expected to shade smoothly from one to the
next.

— Like a rainbow-type pattern. RED 5= 0.06

— No color sequence jumps.

WHITE =0
PURPLE >=-0.03
BLUE >=-0.06
GREEN <-0.06
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MN Level Network Remediation
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MN Level Network Remediation

= Google Earth
File Edit Vew Tools Add Help
¥ Search

TN H[o] ] * , West Central
Minnesota

Get Directions History

(=]

v Places

= E& my Places
# [V] £ sightseeing Tour
Make sure 3D Buildings
la 1eckec
| Untitled Placemark

= Ee&S Temporary Places
) Ds metrot.kml
# & northwest MN.kml
) DQ Southwest Corner.kml
@[ S Southwest Corner-no high....
&[] & south central border- no hi...
&[] & south Central Borderkml
@O S Upper Southwest Cornerkml
& Ds Upper Southwest Corner-n...
) Ds Mortheast Corner.kml
O Q Mortheast Corner-no high.kml
& % ‘West Central MN.kml

oA

&

o+

&

o

&

= CCIOC i

¥ | [+ ]+ | : cCoit 7€ o
Ny = ? : =B !
¥ Layers Earth Gallery » -3 e
= [5]% primary Database

& 1 Borders and Labels
& places

[ = photos

E= Roads

' I 30 Buildings

h Dﬂ‘ Ocean

E {} Weather

O W Gallery

® D@ Global Awareness
& O3 more

RED >=0.06

@

#

*

f

&
)

WHITE =0
PURPLE >=-0.03
BLUE >=-0.06
GREEN <-0.06

~ Tour Guide




NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

MN Level Network Remediation

=R Google Earth
File Edit View Tools Add Help

_ I 2alsle — West Central
Get Directions History = ! Minnesota near
S s : | et L N o Swift County

# [V] 2 sightseeing Tour
Make sure 3D Buildings

O Untitled Placemark
= Ee Temporary Places

® &S metrot kml
# L& northwest MM kml
® [J& southwest Cornerkml
@0 S Southwest Corner-no high. ...
&[] & south central border- no hi...
® [0 & south Central Borderkml
@ [0 & Upper Southwest Cornerkml
@[] & Upper Southwest Corner-n...
# [J& Northeast Cornerkml
o] S Mortheast Corner-no high.kml
® V&S west Central M.kl

108 0300033 0300000030003

I [+]+]
¥ Layers Earth Gallery » 3 = 0 ofolioic o
* Primary Database ] 5 I L R E D >_ O 06
F Borders and Labels . . ! it e . - = .
O @ Places ' 3
® [J = photos
M= roads
® I 30 puidings
@ DU Ocean
| ﬁ' ‘Weather

SE8 oo s v WHITE =0

: g@ Global Awareness ._
o N [ PURPLE >=-0.03
o] BLUE >=-0.06

GREEN <-0.06

~ Tour Guide




NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

MN Level Network Remediation

West Central
Minnesota in
Swift County

O

2
N
O
0
.
m
.
0

RED >=0.06

WHITE =0
PURPLE >=-0.03
BLUE >=-0.06
GREEN <-0.06




NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

N Level Network Remediation

R Google Earth
File Edit Mew Tools Add Help

e - Northwest
: LY R R Minnesota

=] 9 My Places

(D Sightseeing Tour
3 ildings

[ Untitled Placemark
= EeS Temporary Places
o \:‘S metrol.kml
¥ Northwest MRkl

Ds Southwest Corner.kml
& Ds Southwest Corner-no high....
& [ & south central border- no hi...
# & south Central Borderkml

O & Upper Southwest Cornerkml
DS Upper Southwest Corner-n...
DS Northeast Corner.kml
DS Northeast Corner-no high.kml
&) \:‘S West Central MN.kml

Ba (+[+]e

Hnmi =

v Layers Earth Gallery »

F Borders and Labels i 3 a0 ¥ ; N ' | (- R E D >= O . O 6

O & places

3 O i 2

2 @ 3D Buildings e A0 1IN N0
@ @ ocean - T ) -

3

ST e » R WHITE =0
T PURPLE >=-0.03
BLUE >=-0.06

GREEN <-0.06

~ Tour Guide




geodesy.noaa.gov

NOAA’s National Geodetic Survey Positioning America for the Future

MN Level Network Remediation

Southern
Minnesota

Wt |ll;

0

Cpceer s

PHNE S

1 Zn)a
A= L

T ITG O =

i AN R:D >-0.06

9 oyana .
e S >
U“; o
o el T S
309503 L i, L o=0-23a0-
=) 35333135 S

3N

WHITE =0
PURPLE >=-0.03
§ BLUE >=-0.06

RERRISSM GREEN <-0.06

Woelev 296'm  eye alt 401.54 km

== M35 ¢ 3 =

o

C8Chg e
ccteere i

(ooou

{ T




NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

MN Level Network Remediation

* NGS will not readjust the MN Level Net until
the new 3D Datum is released in (pick a year).

e Until then MNDOT will continue to address
known areas of concern by
— performing new leveling,
— adjusting multi-county areas,
— submitting the work to NGS,
— and monitoring for improvement.
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Cumulative Impact of Activities

* All of the activities in this presentation have a
single goal:
— To provide products that the public can use to

efficiently and accurately obtain horizontal and
vertical positions.

* The next slide shows the fruitful impact of
these activities.

* GPS-derived orthometric heights at 95% is:

+/- 2 cm, (not +/- 4 cm)
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Benefit of Height Modernization
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