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Purpose Statement

This webinar will raise awareness within the department of transportation (DOT) community
about the critical need to resolve ambiguities between virtual 3D models and real-world
conditions.

Learning Objectives

At the end of this webinar, you will be able to:

« Address and accommodate the adoption of current 3D CADD technology with an
awareness of the associated limitations

« Understand how ambiguities will cause problems with the digital delivery process and
create inefficiencies in future asset operations and maintenance

« Resolve ambiguities to provide a solid real world reference frame foundation that
supports digital delivery to operations and maintenance that involves automation
technologies in conjunction with analytical simulation and modeling



Questions and Answers

» Please type your questions into your webinar
control panel

« We will read your questions out loud, and
answer as many as time allows

Questions

No questions yet

Cluestions you send and answers from the staff

will appear here

Enter your question

Your question will be sent to staff
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AGENDA

= DOT Perspective
m First there was BIM, then CIM, and now BIM for infrastructiire
s NCHRP

= FDOT
= FPRN
= How FDOT preparing for the new Datum?
= FDOT Transportation Project Survey Control Hierarchy
= Project Relative and Positional Accuracies

CIVIL INFRASTRUCTURE
LIFECYCLE

= Open Source
» |[ndustry Foundation Classes — IFC
m Geospatial databases

= Florida Sunshine Skyway

= Bridge Inspection and Maintenance
= BIM




Resolving Ambiguities Between 3D Virtual Models and the Real World
- DOT Perspective

= Geodesy

m You can’t have a virtual model of transportation infrastructure or
anything geospatial without geodesy

= Do we all have to be geodesists to use geodesy to our advantage?

= Surveying and Mapping
= Bridging the gap between geodesy and geospatial
= \What about accuracy?




First there was BIM, then CIM, and now BIM for infrastructure

Building Information Modeling (BIM)

“Civil Integrated Management (CIM) is the technology-enabled collection, organization,
managed accessibility, and the use of accurate data and information throughout the life
cycle of a transportation asset. The concept may be used by all affected parties for a wide
range of purposes, including planning, environmental assessment, surveying, construction,
maintenance, asset management, and risk assessment.”

-FHWA, AASHTO, ARTBA (2012)

Our goal is to make the model the basis of not only how we collaborate during design
and construction of a project or corridor (Connected Site), but also how we maintain
and manage the same corridor, as well as plan for future growth and changes (Life Cycle

M t
anagement) EDOT

Building Information Modeling (BIM) for Infrastructure Building Information Modeling (BIM) is an intelligent 3D
model-based approach that gives engineering and construction professionals the insight and tools to more
efficiently plan, design, and build highways and bridges. The days of sharing documents with via copy plan sets and
files from silo to silo through an asset’s life are diminishing.With BIM, all project data from planning to
decommissioning is shared electronically with ready access for all involved in the planning, building, and

maintenance processes, providing more efficient data exchange.
[A] FHWA



NCHRP 08-174 [RFP]

= Development of a Surveying and Mapping Guide for Transportation Projects
m Posted Date: 9/6/2023
" BACKGROUND

= Many state and federal transportation agencies have their own surveying and mapping
standards, which leads to inconsistencies in measurements used in the design and
construction of transportation assets. A national surveying and mapping standard would
ensure spatial consistency, improve efficiency, minimize errors, and reduce duplication
efforts.

= OBJECTIVE

= The objective of this research is to create a surveying and mapping guide for identifying
positional accuracies of geospatial data used in transportation projects by state agencies and
others that clearly specifies practices consistent with open data standards, the NSRS, and the
deprecation of the U.S. survey foot.

= The guide will help agencies establish an appropriate level of accuracy for a given application
and provide the details of practices that, if widely adopted, could ensure geospatial data are
reliably and efficiently captured, shared, and reused.



Florida Permanent Reference Network (FPRN)

i . _ https://www.fdot.gov/geospatial/fprn.shtm
= FPRN is a physical asset of approximately

100 continuously operating reference
stations (CORS) throughout Florida
maintained by FDOT.

QSavannah

Fort

= The FPRN receives radio signals
containing positioning information from the
Global Navigation Satellite System
(GNSS) to provide up to centimeter level
geospatial positioning corrections to users.

= The FPRN is the geodetic foundation
supporting geospatial activities throughout
FDOT, including land surveying,
engineering, construction, emergency
management, and infrastructure
maintenance.



Global Navigation Satellite Systems (GNSS)

Ges\

Positioning Systems|

4 GPS

+ Owned and operated by the United States of America
+ First satellite launched in 1978
« Available globally

GLONASS

« Owned and operated by Russia
+ First satellite launched in 1982
« Available globally

BeiDou

» Owned and operated by China
« First satellite launched in 2000
= Available globally

GNSS

Global Navigation Satellite Systems
Satellite constellations providing
worldwide or regional coverage

J

Galileo

« Owned and operated by the European Union (E.U.)
« First satellite launched in 2011
= Available globally

QZSS

« Owned and operated by Japan
« First satellite launched in 2010
§Q = Available regionally

IRNSS

» Owned and operated by India
= First satellite launched in 2013
v « Available regionally



Preparing for the new NGS Datum

M{m};{; 2

= FPRN Alignment with NGS CORS

» FDOT submitted FPRN base station data
through OPUS Projects and working with
NGS so that approximately 63 additional
FPRN stations are included in the NGS
Integrated Database, and thus utilized when
producing OPUS solutions for users.

= This will afford better alignment of our
network with the NSRS as we approach the
publication of a new national datum by NGS,
thus resulting in greater geospatial g ) «
confidence, and continued deliverance of On R " "
foundational geodetic positioning and data e L
governance for all department and work
program surveying and mapping products
and services.




Who uses the FPRN ?

m Shortlist of Benefits
= Reduces the number of survey staff in the field.

= Provides a common geospatial framework that
relates projects and assets together and allows
for continuous monitoring of infrastructure.

= Accurate positioning during emergency

response.
Total Number of Accounts Total Number of Users
6,038 10,572
Total Connection Hours Total FDOT Hours
15 Million (2015-2023) 1,853,300

Total Number of Connections 11.5
Million (2015-2023)

University with the most users
University of Florida
Go Gators



FDOT Transportation Project Survey Control Hierarchy

CORS/FPRN Network Accuracy

~
~
4 \\ \\\ - /
~ ~ < Local Accuracy P
I N ~ < ~ /
N ~ - - /
N R -~
N -~ -~ /
N ~~ =
I N ~ <~ // /
N /\/\ /
N ~ \\
\\ // \\\ /
A ~ < {
~
A-——————__ A
—_————
= ~
A7 ‘\ N
/ N
VAR \ N
/ / . N

FPRN Station '

A

Project Primary Horizontal Network
Control (PPHNC) station

®
\ Project Secondary Horizontal Network

. Control (PSHNC) station

\, Project Primary Vertical Network .
Control (PPVNC) station
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FDOT Surveying & Mapping Handbook — Appendix C

https://www.fdot.gov/Geospatial/doc-pubs.shtm

FPRN Accuracies (Network Accuracies)

Horizontal Relative Vertical , ,
i . - Relative Vertical Recommended
Control Type Purpose Method Positional Horizontal Positional . :
Accuracy Minimum Spacing
Accuracy Accuracy Accuracy
FPRN Statewide Geodetlc basis for all Contlnuous.GNSS 1em N/A 3em N/A N/A
geospatial measurements observations
Project Primary Control (PPC) Accuracies (Local Accuracies)
Horl'z.ontal Re.latlve Ve.rt'lcal Relative Vertical Recommended
Control Type Purpose Method Positional Horizontal Positional o .
Accuracy Minimum Spacing
Accuracy Accuracy Accuracy
. . Local geodetic horizontal and .
Project Primary Control vertical control - basis for all Static GNSS Lem , 10 ppm 0.01 m~0.033" | 9mm x V (kilometers) 800 m ~ 2600’
(PPC) . observations 0.033
project survey measurements
Project Secondary Control (PSC) Accuracies (Local Accuracies)
Horl.z_ontal Re_latlve Ve.rt.lcal Relative Vertical Recommended
Control Type Purpose Method Positional Horizontal Positional o .
Accuracy Minimum Spacing
Accuracy Accuracy Accuracy
Proiect Secondary Control Local geodetic horizontal and *GNSS or
) (PSC) y vertical control - basis for all terrestrial 2cm ~ 0.066’ 50 ppm 0.02m ~0.066" | 12 mm x V (kilometers) 150 m ~ 500’

project survey measurements

observations




Industry Foundation Classes - IFC &bundmgSN\HR‘[
USA

At its core, buildingSMART enables the entire built asset industry to improve

the sharing of information throughout the lifecycle of project or asset. By

breaking down the silos of information, end users can better collaborate and

cooperate regardless of which software application they are using.

buildingSMART's technical core is based around Industry Foundation Classes

(IFC) which was ISO certified in 2013.

IFC is a standardized, digital description of the built asset industry. Itis an
open, international standard (ISO 16739-1:2018) and promotes vendor-neutral,
or agnostic, and usable capabilities across a wide range of hardware devices,
software platforms, and interfaces for many different use cases.

= Open format; vendor — neutral
= Object-Oriented

m Schema elements inherit from base classes

= Adopted by AASHTO in 2019 as the Standard Data Schema for the Exchange of Electronic
Engineering Data

m Schema version 4.3 — International Standard with 1SO


https://www.iso.org/standard/70303.html

Expanding IFC

m |_evel of Georeferencing (LoGeoRef) using IFC for BIM
m Clemen Christian and Gorne Hendrik

m Received: September 2018 / Accepted: October 2018 / Published: March 2019 © Journal of Geodesy,
Cartography and Cadastre/ UGR

m Using the Industry Foundation Classes (IFC) to georeference building models (BIM) we propose a
“pessimistic assumption”, because Building Models in IFC are often not perfectly or sometimes not at all
georeferenced, in practice. For this reason, our approach defines a “metric” using standard conform IFC
Entities (buildingSmart, ISO 16739:2013) only. The higher the proposed Level of Georeferencing (LoGeoRef)
Is, the more quality of georeferencing is specified. Each level comprises their own IFC-schema attributes and

Is standing on its own. The metric is implemented in a free software tool for checking and editing geo-
transformation in IFC files.

https://jgcc.geoprevi.ro/docs/2019/10/jgcc_2019_nol0_3.pdf



Open

Source

General Information
License

Cost
Release Year

Current Release

Paid Enterprise Support
QIT Support
RDF/Graph Data Model Support
Geospatial Support
Vector Data
Geometry
Geometry Functions
Geography
Geography Functicns
Vector 3D & 4D
3DM Support
307 Support
4DZM Support
Topology & Metwork Data
Coordinate Systems
Custom Coordinate Systems
Projections/Transformations
Custom
Raster Data

Raster Funclions
Supportad Raster Formats

Lidar Point Cloud

Extract-Transform-Load
Mative Spatial ETL Tools

PostgreSQL/PostGIS

Fostgre SO

PostgreSQAL License
GMNU General Public License

Free (Both)

1986 (PostgreSQL)
2001 {PostGIS)

PostgreSCQL v15.2 (February 2023)
PostGIS v3.3.2 (April 2023)
X
Apache AGE

(S ]<

250+

CRSSfefaf oo oo g <
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oo

146 filetypes (via GDAL)

Oracle Spatial

ORACLE
SPATIAL

Commercial

Commaercial
via FDOT ELA

1979

21c (January 2021)
Va
Oracle Graph

N BB

CE RS sfsfs]ofa] <] )4

N

SQL Server

Commercial

Commercial
via FDOT ELA

April 24, 1989

S0AL Server 2022
({November 16,2022}

ReadWrite Only
Read/Write Only
Read/\Write Only

X X X XXX

X
BLOB Only

X
BLOE Onl

Commercial
Priced by Usage
October, 2014

NIA
=
Ve
X

(S ]<

<]

Xx XX X xxxxxxxHNA

Open-Source Community Edition
Commercial Edition

Free {(Community Edition)
Commercial Edition

February 2010 (v1.0)

vh.6 (March 2023)

Point Geometries Only
3

Point Geographies Only
3

x
Point Geographies/Geometries Only

¥ X X X xxxx@Jlx




Florida Sunshine Skyway — Bridge Inspection and Maintenance

Elorida Sunshine §kyiway PR

M Data SIO, NOAA, U.S. Navy, NGA, GEBC!
Image Landsat / Copernicus




Florida Sunshine Skyway - BIM Project

11994 1t

S .

Skyway Bridge - Multi-sensor 3D - Hi-Resolution Mapping MSTS 7572




Exhibit B

I 3D Multi-Sensor Collect -
Same Limits Under Bridge
LIMITS OF SURVEY
4000'
8880
MAIN LOW LEVEL HIGH LEVEL HIGH LEVEL LOW LEVEL MAIN
APPROACH APPROACH APPROACH | ~ MAINSPAN = |  APPROACH APPROACH APPROACH
5430 1400 T200 1400 2430

l PIER 24N

SHIP

250" | 250

NORTH TOWER

| PIER 24S

|
SUNSHINE SKYWAY BRIDGE

PROFILE VI SKYWAY BRIDGE CORRIDOR ENGINEERING SERVICES
LOOKING EAST FINANCIAL PROJECT NUMBER: 432270-1-32-01
(NOT TO SCALE) Prepared By: Element Engineering Group

1713 E. 9TH AVENUE, TAMPA, FL 33605




Florida Sunshine Skyway

Aerial Photogrammetric Imagery for Measuring Bridge Monitoring Points and Cable Stays

. Proposed Pixel Size in the capture of RGBN bands

using Photogrammetric Cameras. To adequately - :
model surfaces and perform sub-pixel target Maintenance of Br 'dge Stay Cable Systems

measurement Photogrammetric/Computer Vision Copyright National Academy of Sciences. All rights
Algorithms will be used. reserved. —’ “su b-pixel
target measurements” are obtained and
transformed into three-dimensional coordinates.

Photogrammetric techniques can also be used for

static measurements such as cable sag
Inspection and Maintenance of Bridge_NAP13689

Monument
Diameter 9 cm

3 cm GSD (Ground Sample Distance)



Florida Sunshine Skyway

Project Limits Project Primary Control Network Accepted by NGS

_“v’,.- F o |

DG898Y! g
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PELICAN

AG9108: WACH




Future Statewide Survey Alignment

m A statewide digital survey/corridor
alignment

= Built from R/W Control Surveys

= Not sheets

m Controlled by Geographic
Coordinates controlling geometries

= Ability to perform datum and
projection transformations on the

fly
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Next Steps & Future Directions

CSMO internal review of current data governance standards for
control data

Develop new data governance standards in cooperation with
districts and other stakeholders

Working in cooperation with leadership & OIT, license & deploy
FME Flow (Server) as an approved enterprise resource

Working in cooperation with leadership & OIT, select and deploy
an enterprise database platform




Next Steps & Future Directions

Review
Phase
Draft
) Intiate an internal review of
Data Governance Design current DAC & ROW data
Phase governance standards Draft develop new data_
governance standards in
cooperation with
stakeholders
-l =

thzzgd-. - — S ----------------

-l -
ehase [y
gormalizg
Enterprise IT Implementation
Phase
-l | e -l -

Formalize data governance
standards




Resolving Ambiguities Between 3D Virtual Models and the Real World

“Change is inevitable, misery is optional” -pr. Tom, FDOT Leadership Academy
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05/29/2014

Brett C. Wood, PSM
State Surveyor
Surveying & Mapping Office
605 Suwannee Street, MS 5-L
Tallahassee, FL 32399-0450
Phone (850) 414-4431
brett.wood@dot.state.fl.us



brett.wood@dot.state.fl.us

infotech
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infotech.

= "I think there is a world market for maybe five computers.”

Thomas Watson, president of IBM, 1943

Hardware

Early constraints



The
Beginning of

CAD/CADD

+ 1963, Dr lvan Sutherland

+ MIT — CAD research
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ROTATE BARREL TO MOVE DIODE REMOVAL
"7 aack rrom Lens. | ‘CAP FROM CABLE

TRANSISTOR
PREAMPLIFIER

+ Mid 1960’s, Professor Charles L. Miller (MIT)

+ Terrain models
+ COGO o
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2
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+ GIS

+ GPS
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Flat Earth Society?



The Connected Environment
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Data Connectivity

Data Loss Causes Productivity Setbacks

Lack of Decision-Making Support

Connected Data Improves Productivity

Informed Decision-Making Across the Lifecycle
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This data loss—and the resulting lack of decision-making support—dampens
productivity, driving up capital expenditures by an estimated 5%-8% and
operational costs by as much as 15%-.

Maintain

info - -

Copyright © 2022, Info Tech, Inc,, Infotech. Info Tech®
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Asset Lifecycle infotech

Asset Lifecycle

Ops/Maintenanc®

Are you still with
me?
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Asset Lifecycle

Asset Lifecycle

Ops/Maintenanc®
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Are you still with
me?
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BENEFITS OF USING BIM FOR INFRASTRUCTURE

+ Improved staff effectiveness by having fewer errors and

increased worker safety
+ Improved project communications
« Greater ability to predict cost
+ Improved schedule performance

BIV

U.S. Department of Transportation
Federal Highway Administration

Modeling and improving information flow
throughout the construction lifecycle. Originally,
the term applied to building construction
projects, but it now encompasses infrastructure
through to operations and maintenance.”

“buildingSmart - Australia
Copyright ©.2022, Info Tech, Inc., DBA Infotech. Info Tech®

2024 TRB AKD70 Summer Meeting



BIM FOR INFRASTRUCTURE

[ - _lntegrated Digital Project Delivery

|
D ([ ] L Buikding Information Modeling (BIM) is a coliaborative work
I g I a r methad for structuring, managing, and using digital data

and information af

BIM for Infrastructure provides the
following benefis:
* Breaks down disciplinary silos,
fostering collaboration
BIM has Nistorically been associated With vertical construction,
\ransportation infrastructure such as * Provides cost and time savings
! nr;ﬂgex BIM helps optimize the design, through design visualization
. mana [
s wug;mem of our infrastructure assets . n':m'z“ construction impacts to
) blic
The appiication of advanced digital constructio A
focesses results in more seamess gata lrans'l‘e’r"::: — * Enables ear communicao n
ke 110 beeen agency busines sios Gata sharing from design through
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e BIM and DPD are not unrelated
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Where we are ?

Where do we
need to do?




Mind the Gap
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Integrated and Collaborative Organizations Create Geospatial Solutions

TRB Webinar
“Resolving ambiguities between 3D virtual models

and the real world”

David B. Zilkoski

Geodesist
My Role in this Webinar

Survey/Geodesy Perspective

» Explaining the ambiguities between the 3D virtual model
» Digital Plans, Real World, and Geospatial Technology

» Current Standard for Measurement and Location Technology

Geodesy Provides the Foundation for all Geospatial Products and Services



Integrated and Collaborative Organizations Create Geospatial Solutions

Outline of Presentation

» New, Modernized National Spatial Reference System (NSRS)
» Current Reference System versus Future Reference System

» Various Types of Coordinates for the Same Mark (Location)
» Geodetic Coordinates, State Plane Coordinates, Cartesian Coordinates

» Geospatial Products in Difference Reference Frames
» Transformation Between Reference Frames and Coordinate Types

Geodesy Provides the Foundation for all Geospatial Products and Services



Integrated and Collaborative Organizations Create Geospatial Solutions

New Datums Will Replace NAD 83 and NAVD 88

»NAD 83 and NAVD 88 have been
identified as having shortcomings that are T
best addressed through defining new a R
Reference Frame System:

» NAD 83 is non-geocentric by about 2.2 meters

» NAD 83 is not well defined with positional velocities
» NAVD 88 is biased and tilted

» The new modernized reference frames will be easier ~1 to 1.5 meters North America
to access and to maintain than NAD 83 and NAVD 88  ~2.5 to 4 meters in Pacific

Picture from Jacob M. Heck-
apr2019_mtu_ngs_presentation

3
Geodesy Provides the Foundation for all Geospatial Products and Services



Integrated and Collaborative Organizations Create Geospatial Solutions

The New, Modernized National Spatial Reference System 2022

Approximate Horizontal Change
MNorth American Plate

» Definition of the National
Spatial Reference System (NSRS)
» Current Reference System
versus Future Reference
System
» What are the expected
coordinate changes?

~1 to 1.5 meters North America

» NAD 83 is non-geocentric bv/' D5 tto 4 i i B
about 2.2 meters

Picture from Jacob M. Heck-
apr2019_mtu_ngs_presentation

Geodesy Provides the Foundation for all Geospatial Products and Services
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Integrated and Collaborative Organizations Create Geospatial Solutions

-Approximate Horizontal Changes Between the NATRF2022 and NAD 83 (2011) =
Based on GPS on Bench Marks Stations
(units = cm)

Approximate Changes

NATRF2022 minus NAD 83 (2011) - cm
= High : 1848

L MEXICcO

L 30 cm approximately 1 foot

L] !

E X S 20 uwtes. Exl, HERE. Delorma, Inbara crement F Corp., GEECO,USGES, FAO, WFE, NREYR,

om pagho L R GoolBa oo, KN, Kacasker NLATDWE nance Suvew. s Jacan. METILEs | China SbHaKongl, o sstooo
& s MEs=pba 2, € O SRR IR daat muber g, 200 e RE User Do sy i

AF A o

NATRF2022 menus NAD &3 (2011)

Geodesy Provides the Foundation for all Geospatial Products and Services

What are the expected
coordinate changes in the

Conterminous United States?

This is based on the GPS on Bench Marks
Stations involved in GEOID18 using NAD 83
(2011) Epoch 2010.00 and 1GS2014 Epoch
2020.00 Coordinates

» Fairly smooth change
except in California
» Surveyors will be using
PATRF2022 in parts of
California



Integrated and Collaborative Organizations Create Geospatial Solutions

The New NSRS Will Replace NAVD 88

> NAVD 88 is biased (by = one-half meter) and tilted (= a meter coast to coast)

_ e R — RG-S TR
Approximate predicted change from NAVD 88 to new geopotential datum Approximate .:_&pﬁi'?! ‘P
g Predicted cha ated 33 NAVD 88 ;zeroy -:dau;{]‘urﬁconinu NG5 gravimetric geoid o .. Orthometric Helght 5 'a‘.t":‘.a-r“fu?l_tﬂjh 4

f i}m Change (meters) .
k| Il 0310008 i
05003 S
07t0-05 -*“a»,a}
0910-0.7 13
I 11009
-1310-1.1
e P -1510-1.3
[ EEEYE --i.?lo-1.5
-‘:"::'n T TR
| 021001 2110-1.9
03w-03
Py K.
0805 l .
0.7 w008
I o807 .‘
B o308 "
— A R
A2w-1.1
13012
Figure 1: The continental bias and tilt of the NAVD 88 H=0 surface across CONUS as implied
by the latest NGS experimental geoid model based on improved gravity data.
30 cm apprommately 1 foot Figure 2: The statewide bias and tilt of the NAVD 88 H=0 surface across Alaska as implied by
Figure from NOAA Technical Report NOS NGS 64, Revised the latest NGS experimental geald model Pased on improved gravity data. Note the tilt is due
February 2021 Version to the severely poor distribution and quality of GNSS on Bench Mark data
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» There are Various Types of Coordinates for the Same Mark

» Latitude, Longitude, Ellipsoid Height, Orthometric Height
» State Plane Coordinates (Northing, Easting or y,x)
» Cartesian Coordinates (X,Y,Z)

» Need the follow adopted data governance that include the
appropriate metadata to perform conversions and
transformations

» Data governance is a set of processes, policies, and standards that ensure data is
secure, accurate, and usable throughout its lifecycle

Geodesy Provides the Foundation for all Geospatial Products and Services
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Different Coordinate Types for the same Mark — Jacksonville NC CORS ARP

The NGS Data Sheet

See file dsdata.pdf for more information about the datasheet.
PROGRAM = datasheet95, VERSION = 8.12.5.19 I NGS Datasheet I
Starting Datasheet Retrieval...
1 National Geodetic Survey, Retrieval Date = NOVEMBER 5, 2024 09:30:55 EST State Plane Coordinates
DK6239 HT_MOD - Thisis a Height Modernization Survey Station. DK6239. The following values were computed from the NAD 83(2011) position.
DK6239 CORS - Thisis a GPS Continuously Operating Reference Station. _DK6239
DK6239 DESIGNATION - JACKSONVILLE CORS ARP DK6239; North East Units Scale Factor Converg.
DK6239 CORS_ID - NCIV DK6239;SPC NC - 111,628.028 751,216.796 MT 0.99991124 +0 53 33.8
DK6239 PID - DK6239 DK6239;SPC NC - 366,232.96 2,464,617.10 sFT 0.99991124 +053 33.8
DK6239 STATE/COUNTY- NC/ONSLOW Latitude, Longitude, DK6239:UTM 18 - 3,847,654.691 275,423.535 MT 1.00022166 -1 23 55.7
DK6239 COUNTRY - US . . g DK6239
DK6239 USGS QUAD - JACKSONVILLE SOUTH (2019) E||IpSOId He|ght,and DK6239! - Elev Factor x Scale Factor = Combined Factor
DK6239 . . DK6239!SPC NC - 1.00000410 x 0.99991124 = 0.99991
DK6239 *CURRENT SURVEY CONTROL Orthometrlc Helght DK6239!UTM 18 - 1.00000410 x 1.00022166 =
o DK6239

DK6239* NAD 83(2011) POSITION- 34 44 46.81578(N) 077 27 11.71801(W) ADJUSTED
DK6239* NAD 83(2011) ELLIP HT- -26.123 (meters) (06/??/19) ADJUSTED
DK6239* NAD 83(2011) EPOCH - 2010.00

DK6239* NAVD 88 ORTHO HEIGHT - 10.95 (meters)  35.9 (feet) GPS OBS

DK6239_U.S. NATIONAL GRID SPATIAL ADDRESS: 18STD754

Same Mark

> Different Types of
Coordinate

7239
DK6239 NAVD 88 orthometric height was determined with an earlier geoid model
DK6239 GEOID HEIGHT - -37.057 (meters) GEOID18

NAD 83(2011) X - 1,139,727.935 (meters) COMP
NAD 83(2011) Y --5,121,204.192 (meters) comP

| o NAD 83 (2011)
WITET Cartesian Coordinates

DK6239 Network accuracy estimates per FGDC Geospatial Positioning Accuracy

DK6239 Standards: (X,Y,Z)

DK6239 FGDC (95% conf, cm) Standard deviation (cm) CorrNE
DK6239 Horiz Ellip SD_N SD_E SD_h (unitless)

DK6239
DK6239 NETWORK 0.13 0.26 0.03 0.06 0.14 -0.26358000
DK6239

Geodesy Provides the Foundation for all Geospatial Products and Services 8
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o o Different Coordinate Types for the same Mark — Jacksonville NC CORS ARP

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

PROGRAM = datasheet95, VERSION = 8.12.5.19

Starting Datasheet Retrieval...

1 National Geodetic Survey, Retrieval Date = NOVEMBER 5, 2024 09:30:55 EST

DK6239 HT_MOD - Thisis a Height Modernization Survey Station. DK6239. The following values were computed from the NAD 83(2011) position.
DK6239 CORS - This is a GPS Continuously Operating Reference Station. _DK6239

DK6239 DESIGNATION - JACKSONVILLE CORS ARP DK6239; North East Units Scale Factor Converg.

DK6239 CORS_ID - NCQIV DK6239;SPC NC - 111,628.028 751,216.796 MT 0.99991124 +053 33.8
DK6239 PID - DK6239 DK6239;SPC NC - 366,232.96 2,464,617.10 sFT 0.99991124 +053 33.8
DK6239 STATE/COUNTY- NC/ONSLOW DK6239;UTM 18 -3,847,654.691 275,423.535 MT 1.00022166 -12355.7
DK6239 COUNTRY - US DK6239

DK6239 USGS QUAD - JACKSONVILLE SOUTH (2019) DK6239! - Elev Factor x Scale Factor = Combined Factor

DK6239 DK6239ISPC NC - 1.00000410 x 0.99991124 = 0.99991

DK6239 *CURRENT SURVEY CONTROL DK6239!UTM 18 - 1.00000410 x 1.00022166 =

a

DK6239* NAD 83(2011) POSITION- 34 44 46.81578(N) 077 27 11.71801(W) ADJUSTED
DK6239* NAD 83(2011) ELLIP HT- -26.123 (meters) (06/??/19) ADJUSTED
DK6239* NAD 83(2011) EPOCH - 2010.00

DK6239* NAVD 88 ORTHO HEIGHT - 10.95 (meters)  35.9 (feet) GPS OBS

DK6239
DK6239_U.S. NATIONAL GRID SPATIAL ADDRESS: 18STD754

739
DK6239 NAVD 88 orthometric height was determined with an earlier geoid model
DK6239 GEOID HEIGHT - -37.057 (meters GEOID18

DK6239 NAD 83(2011) X - 1,139,727.935 (meters) comp

DK6239 NAD 83(2011) Y --5,121,204.192 (meters) COMP
DK6239 NAD 83(2011) Z - 3,614,764.731 (meters COMP
DK6239

ITRF2014 POSITION (EPOCH 20810.8)
Computed in Jun 2819 using data through gpswk 1933.

I

|

| X = 1139727.193 m latitude = 34 44 46.84262 N ITRF 2014

| Y - -5121202.689 m longitude = @77 27 11.73365 W

| Z = 3614764.608 m ellipsoid height = -27.53@ m Ca rtes|an Coord|nates
!

DKbZ39 (X’Y’Z)

Geodesy Provides the Foundation for all Geospatial Products and Services
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The NGS Data Sheet
See file dsdata.pdf for more information about the datasheet.

PROGRAM = datasheet95, VERSION = 8.12.5.19

Starting Datasheet Retrieval...

1 National Geodetic Survey, Retrieval Date = NOVEMBER 5, 2024 09:30:55 EST

DK6239 HT_MOD - This is a Height Modernization Survey Station.
DK6239 CORS - This is a GPS Continuously Operating Reference Station.
DK6239 DESIGNATION - JACKSONVILLE CORS ARP

DK6239 CORS_ID - NCQJV

DK6239 PID - DK6239

DK6239 STATE/COUNTY- NC/ONSLOW

DK6239 COUNTRY - US

DK6239 USGS QUAD - JACKSONVILLE SOUTH (2019)

DK6239

DK6239 *CURRENT SURVEY CONTROL

a

Different Coordinate Types for the same Mark — Jacksonville NC CORS ARP

DK6239* NAD 83(2011) POSITION- 34 44 46.81578(N) 077 27 11.71801(W) ADJUSTED
DK6239* NAD 83(2011) ELLIP HT- -26.123 (meters) (06/??/19) ADJUSTED
DK6239* NAD 83(2011) EPOCH - 2010.00

DK6239* NAVD 88 ORTHO HEIGHT - 10.95 (meters)  35.9 (feet) GPS OBS

739
DK6239 NAVD 88 orthometric height was determined with an earlier geoid model
DK6239 GEOID HEIGHT - -37.057 (meters GEOID18

DK6239 NAD 83(2011) X - 1,139,727.935 (meters) comp

DK6239 NAD 83(2011) Y --5,121,204.192 (meters) COMP
DK6239 NAD 83(2011) Z - 3,614,764.731 (meters COMP
DK6239

I

| TTRF2@14 POSITION (EPOCH 2081@.0)

| Computed in Jun 2819 using data through gpswk 1933.
| X
I

I

I

= 1139727.193 m latitude = 34 44 46.84262 N

Y = -5121282.689 m longitude = @77 27 11.73365 W

= 3614764.688 m ellipseoid height = -27.53@ m
‘DKbZ3Y

DK6239

DK6239. The following values were computed from the NAD 83(2011) position.
-DK6233

DK6239; North East Units Scale Factor Converg.

DK6239;SPC NC - 111,628.028 751,216.796 MT 0.99991124 +053 33.8
DK6239;SPC NC - 366,232.96 2,464,617.10 sFT 0.99991124 +0 53 33.8
DK6239;:UTM 18 - 3,847,654.691 275,423.535 MT 1.00022166 -1 23 55.7
DK6239

DK6239! - Elev Factor x Scale Factor = Combined Factor

DK6239ISPC NC - 1.00000410 x 0.99991124 = 0.99991534
DK6239!UTM 18 - 1.00000410 x 1.00022166 = 1.00022576
DK6239
DK6239_U.S. NATIONAL GRID SPATIAL ADDRESS: 18STD7542347654(NAD 83)

New NSRS in 2025

ITRF2020 Position
(Epoch 2020.0)

NATRF2022 Position
(Epoch 2020.0)
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Between Coordinate Types

Simple Conversion Process Z N u NEU
“XYZ” to “¢, A, h” to “NEU” lé It is important to have the

b, A AT appropriate data
governance and metadata to
perform the transformations
2 X and conversions

= xyz 77

Figure 2. Geodetic coordinate systems.
I 7 Analysis of GPS phase and pseudorange data
_______ ¥ is carried out in ITRF coordinates. An
y alternate representation is geodetic latitude,
longitude and height with respect to a
X geocentric oblate ellipsoid (one octant
shown) aligned with the zero meridian (X-
axis) and pole (Z-axis). (Bock and Melgar,
2016)

11
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Between Coordinate Types and Reference Frames

It is important to have the appropriate data governance and metadata to

perform the transformations and conversions B
NOTE: It is not necessary to know these equations «

Seven-Parameter Transformation

The seven-parameter transformation defines the translation, rotation and scale change be-
tween the origins and axes of the ellipsoids used for each datum.

X=(1+AL)*X+R_Z*Y-RY*Z+TX
Y=(1+AL)*Y-RZ*X+RX*Z+TY
T=(1+0L)*Z+RY¥Y*X-RX*Y+T_Z

Where X, ¥, Z are the original coordinates, T_X, T_Y, T_Z are the translation parameters, R_X, R_Y,
R_Z are the rotation parameters, and AL {or AS) is the scale change.

In this case, we have two parameters per axis, as well as a scale change, totaling seven
parameters.

Diagram and Equations from ESRI
AustraliaTechnical Blog Scale (AL) Total
https://esriaustraliatechblog.wordpress.com/2023/12/11/what-is-a-datum- Integrate CAD Drawings iIltO Geodetic Reference System

transformation-and-how-does-it-work/

12
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What about the Orthometric Height?

Ellipsoid Height and Orthometric The Geoid can be modeled from gravity
. data as they are mathematically related
Height are not measured along the

same path or from the same reference

The ellipsoid, the geoid, and you

SU rface l--r Deflection of the vertical
Z
L You are here
P{XY. Z)=P{d.A h)
h Ellipsoid height, /i
Earth's \
sea level .
||l weoid heigh§ N
{ oy \'
A Ellipsoid Height
H=h-N S
Note: Geoid height is negative everywhere in the coterminous US
x Orthometric Height Foundation Slide Provided by Michael Dennis

13
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Single Point Gonversion Multipoint Conversion Web services Downloads Tutorial & FAQs About NCAT TOOIS are available to con Vert and tranSform

Convert/Transform from: N — v coordinates between reference frames and
Selegt thte type of horizontal e Geodetic lat-long SPC UTM USNG coordinate ty PESs
Select a height e Eliipsoidal Orthometric
v Enter lat-lon in decimal degrees N CAT - Tra nSform
m
B (35} Lat 34.7463377667 . o
Geodetic Coordinates
;’R:lleiqh

s Between Reference

N = 34-44-46.81596

Fayetteville Lon W |~ 077-27-11.71862 F ra m es

Qcksmville or drag map marker to a location of interest
Ellipsoid Height 26,004 / /
_,Wilmingfon

Units of height Meters -

Input reference frame NADS3(NSRS2007) v Output reference frame NAD83(2011) -
(historically called "horizontal (historically called "horizontal

datum’) datum")

Don't see a reference frame in the list?
Click here to learn more.

SPC zone i =
wnt Leafiet{[=hee Auto Pick (default zor

14
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There are Various Types of Coordinates for the Same Mark

Same Mark
Transformed Coordinate
> Different Types of

Input Coordinate Output Coordinate Total Change + Uncertainty
Coor d’ n ate Latitude N34° 44" 46.81596" Latitude N34° 44" 46.81580" Latitude -0.00016" £0.000200"
N344446 81596 N344446.81580 (-0.005 m +0.0062 m)"
34.7463377667 347463377212 _ . .,
> Latitude _ ) Longitude  0.00054" +0.000234
b Longitude E282° 32' 48.28138" Longitude E282° 32" 48.28192" (0.014 m +0 0060 m)"
Longitude’ WO772711 71862 WO772711. 71808 o
Elli id Heicht -77.4532551722 -77.4532550235 Elipsoid ~ -0.009 m £0.004 m
Height
Jpel EIg Ellipsoid -26.094 Ellipsoid -26.103 J
Height (m) Height Orthometric Mot given
. . (m) Height
Orthometric  Not given
Height (m) Orthometric Not given
Height
Reference NADB3(NSRS2007) (m)
Frame
Geopoatential Not given | Reference MNADS3(2011) |
Frame
Datum

Geopotential Not given
Datum

*Approximate value to aid interpretation and not an actual distance. See TM NOS NGS 82 for more details.

15
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Single Point Conversion Multipoint Conversion Web services Downloads Tutorial & FAQs About NCAT

Convert/Transform from: Horizontal & Horizontal+height @ N CAT — CO nve rt

Select the type of horizontal

e e | Geodetic Coordinates

¢ Ellipsoidal Orthometric
Beach
1 Enter lat-lon in decimal degrees
O Lat 347463377167 .
e Didrham osier ol Lon  _77.4532550028 > Lat- LO n g- h e Ig ht

-,R“F"'q - or degrees-minutes-seconds

N/ o [ . Lat N | v 34-44-46 81578 > State P I a n e
Fayetteville Lon W v 077-27-11.71801 > XYZ
Qacks-mville

or drag map marker to a location of interest

Ellipsoid Height -26.123
‘Wilmington

Units of height Meters =
Input r_eference frame _ NADS3(2011) = OL_Jtpu? reference framge NADS3(2011) =
(historically called 'horizontal (historically called 'horizontal
datum”) datum®)
Don't see a reference frame in the list?
Click here to learn more.

= SPC zone Auto Pick (default zor ~

Leaflet | Sources

16
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There are Various Types of Coordinates for the Same Mark
Same Mark

Click biue bar(s) to expand/collapse
Converted Coordinate

> Different Types of

Reference Frame:NAD83(2011)

Coordinate
Lat-Lon-Height SPC UTM/USNG XYZ (m)
> Latitude, Latitude ﬁgizﬁéﬁ_gggm' Zone NC-3200 Zone 15 Wt X 1,139,727.935
Longitude 34 7463377167 Northing 111,628.028 () Northing (m)  3,847,654.691 Yo -5,121,204.192
’ 366,232.956 (usft) 7 3614764731
EIIipsoid Height Longitude E282° 32" 48.28199" 366,233.688 (ift) Easting (m)  275,423.535 T
""“?"?1?52321;5;;221 Easting 751,216.796 (m) Convergence  -0123 55.69
- 2,464,617.106 (usft) (dms)
» State Plane E"'Psrﬁ'd -26.123 2,464,622.035 (ift) Scale factor  1.00022166
. eig
Coordinates (m) Convergence 0053 33.85 Combined  1.00022576
1 H (dms) factor
(Northing, Easting Scale factor  0.99991124
or y,x) Combined 099901534 USNG 18STD7542447655
factor
> Cartesian You may change the default UTM zone. The change is processed interactively once a lat-long is converted; DO NOT click the Submit button.
Coordinates (X,Y,2)

17
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Key Take Aways
Different Coordinate Types for the same Mark — Jacksonville NC CORS ARP

1 National Geodetic Survey, Retrieval Date = NOVEMBER 5, 2024 09:30:55 EST

DK6239 HT_MOD - This is a Height Modernization Survey Station.

DK6239 CORS - Thisis a GPS Continuously Operating Reference Station. DK6239; North East  Units Scale Factor Converg.

DK6239 DESIGNATION - JACKSONVILLE CORS ARP DK6239;SPC NC - 111,628.028 751,216.796 MT 0.99991124 +053 33.8
DK6239 CORS_ID - NQJV DK6239;SPC NC - 366,232.96 2,464,617.10 sFT 0.99991124 +053 33.8
DK6239 PID - DK6239 DK6239;UTM 18 -3,847,654.691 275,423.535 MT 1.00022166 -12355.7
DK6239 STATE/COUNTY- NC/ONSLOW g oG g

PR SOV - VS Geodetic Position in NAD 83 (2011)

DK6239 USGS QUAD - JACKSONVILLE SOUTH (2019) and NAVD 88

DK6239* NAD 83(2011) POSITION- 34 44 46.81578(N) 077 27 11.71801(W) ADJUSTED
DK6239* NAD 83(2011) ELLIP HT- -26.123 (meters) (06/??/19) ADJUSTED
DK6239* NAD 83(2011) EPOCH - 2010.00

DK6239* NAVD 88 ORTHO HEIGHT - 10.95 (meters) 35.9 (feet) GPS OBS

X Y Zin NAD 83 (2011)

New NSRS in 2025

ITRF2020 Position

(Epoch 2020.0)
Geodetic Position
XYZ

- ,727.935 (meters) MP
DK6239 NAD 83(2011) Y --5,121,204.192 (meters) COMP
DK6239 NAD 83(2011) Z - 3,614,764.731 (meters) COMP

XY ZinITRF 2014

I

| TTRF2@14 POSITION (EPOCH 2018.0)

| Computed in Jun 2819 using data through gpswk 1933.
| X
I

|

|

NATRF2022 Position (Epoch

- 1139727.193 m  latitude = 34 44 46.84262 N 2020.0)
Y - -5121202.689 m  longitude = @77 27 11.73365 W . "
Z - 3614764.608 m  ellipsoid height = -27.53@ m Geodetic Position
XYZ
State Plane Coordinates 2022

' 18
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Key Take Aways “UVW to XYZ"
And
> Tools are available to convert and transform “XYZ” to “d. A, h” to “NEU”

coordinates between reference frames and
coordinate types

» Products generated using geospatial
technologies need to adhere to adopted
data governance to ensure data is secure,
accurate, and usable throughout its lifecycl

» Products can be placed in a common
reference frame when the adopted data — =
governance are adhered to and the

. . Diagram from ESRI AustraliaTechnical Blog
apprOpr’ate metdata are pr0V|dEd https://esriaustraliatechblog.wordpress.com/2023/12/11/what-

is-a-datum-transformation-and-how-does-it-work/

19
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On Thursday, January 9, 2025, at the Annual Transportation Research Board (TRB)
Winter Meeting, there is a Workshop on the Modernized NSRS

Staff Code ~ Title v Time Slot Display Field : Room Name with Venue
Navigating the Modernized National Spatial Reference System: A Geospatial
BRW25-0004 Odyssey Thursday, Jan 09, 2025 9:00AM - 12:00PM 202B / Convention Center

> The workshop will cover:
» Why the NSRS is Being Updated
» The Key Goals of the Modernization Effort
» Timeline, Standards, and Technology Considerations
» The Geospatial Data Act of 2018 and its Impact

» There will be discussion about the replacement of the North
American Datum of 1983 and vertical datums, and implications for
existing workflows.

» There will also be discussion about use cases and practical scenarios,
how to transition, and how to leverage new technology and tools.

20
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Register for the 2025
TRB Annual Meeting!

January 5 — 9, 2025
Washington, D.C.
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