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Presentation outline

- Modernized Reference System Products
- Canadian Geodetic Survey Tools
- Unifying Reference Frames in Canada and North America
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Products
NATRF2022

- ITRF2020 (now available)

- NAD83(CSRS) v8 based on full
reprocessing of GNSS observation
data, and aligned to ITRF2020, to be
released in 2023

- North American plate rotation
model
- EPP2022 (common NGS/CGS model)
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Products

Public and Commercial GNSS
coordinates and velocities

- Located primarily in the populated
areas

. Commercial providers networks
can be integrated into the official
national reference system through
a compliance program

- Coordinate functions for public 7. .~ & L e
and compliant commercial ACS Public ACS stations . .
networks will be provided in Commercial ACS stations
NATRF2022 _ - _
- Need to account for position offsets w| : : + ,
and velocity changes in time (requires N + + 4 ,
geodetic db modernization) | WA {W
. May provide seasonal components by I * * * * *
2025 (TBD) .
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Products
NATRF2022 ’?Vertical Crustal Motions

.- Deformation model (IFDM 2022)
0 Account for intraframe crustal motion

0 Used for propagating coordinates to
different epochs

o Currently implemented in Canada as a
3d velocity model in an extended
NTv2 format

o In the future we plan to use the DMFM

specification for representing the
deformation model in the GGXF grid

format
o Modernization schedule not yet
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Products

NAPGD2022/CGVD2013

. Same definition as CGVYD2013 K
(W, =62,636,856.0 m*s)

- CGS will release a new S Dev: 124 m
realization of CGVD2013 in Max: 208.4 cm
2025: CGVD201 S(SGEOI D2022) Difference between NGS and CGS experimental
- Working with NGS towards a geoids

common static geoid model for 2025

i+l
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‘= README.md

Sta n d a rd S GGXF : Gridded Geodetic data eXchange Format

The purpose of the Gridded Geodetic Data Exchange Format (GGXF) project team is to design a file structure and
computer storage mechanism for the efficient exchange of regularly gridded geodetic data. There are several open

. N ew O G C g rl d fo rm at Sta n d a rd G issuesthatneed to be refinet nan open colaboraive environment. This will be achieved by:

e Defining what is meant by “gridded geodetic data”

D Gridded GeOdetiC data eXChange e Establishing the use case(s) for the GGXF

e Defining the user needs for a GGXF

F orm at (G GX F ) e Defining the requirements of a GGXF

e Evaluating existing grid formats used for the exchange of geodetic data

I:l Defo rm ati O n M Od e I F u n Cti O n a I e Determining the deficiencies of existing grid formats

e Designing the grid structure

M Od el ( D M F M ) o Designing the header structure

e Designing the GGXF file structure

o standardized way of representing the * Develop a stategy fo encoding the e -
d efo rm at| O n m Od e| * Develop a strategy for promulgating the format as a standard for the geodetic community

The work will be conducted under the auspices of the OGC CRS DWG. The GGXF format is intended to support
geodetic gridded data used in coordinate transformations including deformation models. This team is working in
close collaboration with the CRS DWG project team developing the “Deformation Functional Model” (DFM) that is
specifying these requirements. On completion of the work, a Standards Working Group shall be chartered and
materials passed over to the SWG for finalising into a Standard.

Draft version of GGXF available on GitHub

i+l

I *I Natural Resources Ressources naturelles ! Canada
Canada Canada —




Standards

- 1ISO Geodetic Registry

M Welcome ISO Geodetic Registry (ISOGR)

=) 2150 Geodetic Register The ISO Geodetic Registry is a structured database of coordinate reference systems (CRS) and transformations that is
) Coordinate Refere... accessible through this online registry system. The Register includes only systems and transformations of international
& [ Coordinate Syste... application. It does not include all possible coordinate reference systems and transformations.
™ Datums This Registry is provided under the auspices of ISO Technical Committee 211 on geographic information/geomatics and
@ [ Coordinate Opera conforms to the following ISO standards:
+ [ Other e ISO 19111:2007 (Spatial referencing by coordinaiks)

» ISO 19127:2019 (Geodetic register)
e |1SO 19135-1:2015 (Procedures for item registration -- Part 1: Fundamentals)

Work is also underway to upgrade the Registry to conform to the recently revised ISO 19111:2019 standard, which includes
support for dynamic datums and geoid-based datums.

/

July 2022: ISO/TC 211, OGC and IOGP have jointly published the "Guide to Coordinate Reference System (CRS) Resources".
The guide describes basic information and the intended purposes of the three authoritative CRS registers: EPSG, ISO Geodetic
and OGC CRS registries, for the user community. '

y/




CGS Tools: CSRS-PPP

- Used extensively, particularly in
remote areas and where passive
control is not maintained

- Positions output In
NAD83(CSRS) at any epoch or
ITRF at epoch of observations

- Currently supports
GPS&GLONASS; plan to add
Galileo in 2023

NATRF2022 by 2025 Locatlons of Canadlan CSRS PPP datasets in 2021

[ b |
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CGS Tools: TRX

- Transform coordinates between
NADS83(CSRS) and the
International Terrestrial Reference
Frame (ITRF) realizations

. Transform coordinates between
epochs using the predicted
motions from the Canadian
IFDM2022 (name TBD)

- Convert coordinates between
geographic, Cartesian, and
mapping projections (UTM, MTM,
stereographic)

- Will support NATRF2022 by 2025

I* I Natural Resources Ressources naturelles
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Single Calculation Batch Processing

Single Calculation

Epoch Transformation Longitude Positive West

Origin

Reference Frame Epoch

NAD83(CSRS) v/ | 2010-01-01 O

Geographic Cartesian Projection

Latitude Longitude
45.0 63.0

Interpolate Velocities

Vo (mm/y) VA (mm/y)
-1.61 1.80
Destination
Reference Frame Coordinates Epoch

ITRF2020 v Geographic v 2020-01-01 (m]

Calculate

100.000

Vh (mm/y)
-1.60

i+l
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CGS Tools: TRX under the hood

ITRF96 @ epoch t

IGS 1

ITRF97 @ epoch t

A

I[ERS

ITRF2000 @ epoch t

mental ITRF Trans#s. (from IEHRS)T

ITRF2005 @ epoch t

IERS T

ITRF2008 @ epoch t

IERS T

NNR-NUVEL-1A , Adopted 7
rotations for ITRF96 aligned parameter

epoch t > to NA plztte at ITRF96-NAD83) NAI)183(CSRS) v7 @ epoch t

epoc transformation/ 7
7
7
7
7
_ 7 Velocity model
_ 7 propagation
7 Published :mz”(‘)leg“h t
_~" ITRF2014-NAD83(CSRS) v7 °
s transformation at epoch t
7
_ 7
_ 7 ITRF2014 to NAD83(CSRS) v7 Transformation \

ITRF2014 @ epoch t

Ressources naturelles
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NADS3(CSRS) v7 @ 2010
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CGS Tools: Modernized TRX under the hood

nental ITRF Transt

S.

L |

NNR-NUVEL-1A
ITRF96 aligned

ITRF96 @ epoch t

rotations for N
epoch t

to NA plate at

IGS T

epoch t

Adopted 7

parameter

ITRF97 @ epoch t

IERS T

ITRF2000 @ epoch t

Published

—

from IEEIRS)T

7
ITRF2014-NAD83(CSRS}7

ITRF2005 @ epoch t

transformationﬁt,e'poch t
7

IERS T

ITRF2008 @ epoch t

IERS T

7
7
e
7

// Published

ITRF2014 @ epoch t

- ITRF2014-NATRF2022
|4 — transfecmation at epoch t

Natural Resources
Canada

A

EPP2022 for | ITRF2020 aligned

RE2020 @ epoch t

Ressources naturelles
Canada

soocht | to NAplate at
epoch t

ITRF96-NADS3

NADS83(CSRS) v7 @ epoch t

i 7
transformatlon/

7

7
7
7
7

Velocity model
propagation
from epoch t

to 2010
Y

NADS83(CSRS) v7 @ 2010

NATRF2022 @ 2010

_Adopted zero

IFDM2022
propagation
from epoch t
to 2010

tra nsfam‘atm'n:

NATRF2022 @

ITRF2020-NAT

) 24

epoch t
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CGS Tools: GPS-H

- Transform ellipsoid heights to
CGVD2013 and CGVD28

- Converts between CGVD2013
and CGVD28 at the officially
adopted epochs (1997, 2002,

2010) using transformation grids
- Will suplgort updated realization

of CGV
by 2025

- Not planning to support
IFDM2022 prior to 2025

2013 (SGEQID2022)

Ressources naturelles
Canada

Natural Resources
Canada
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GPS-H

© Sample Batch Files Available

If you need help with the “Batch Processing” file format for CSV files you can now download sample files by clicking on
the "Help for GPSH" link below.

© Height Transformation version 2.0 (HTv2.0), Epochs 2002.0 and 2010.0

View documentation about the HT2 hybrid geoid models now available for epochs 2002 and 2010

© New Lambert conformal conic projection available

» Help for GPS‘H

Batch Processing ‘

Single Calculation

[ Convert Longitude Positive West [ Input H

Vertical Datum Geoid Reference Frame Epoch (YYYY-MM-DD)

CGVD2013 v CGG2013a v NADS83(CSRS) v 1997-01-01 (w]

Geographic | = Cartesian = Projection

Latitude Longitude h (metres)

Calculate

Epoch (YYYY-MM-DD) N (metres)

H (metres) Gravity (mGal) Hd (metres)

i+l
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CGS Tools: NTv2 e

Single Calculation Batch Processing

- NTv2 is a tool to apply a sy S
distortion model in grid format Coverage: 1
. Reference Systems
° NTV2 g”d tO tranSform frOm From: NAD27 To: NAD83(Original)
NADZ7 to NADBS, or other
Iegacy to mOdern SyStemS H Longitude Positive West

- Some provinces plan to update | cunmmon
their distortion models to
support NATRF2022 for lower

accuracy datasets

Destination (NAD83)

Coordinates

Geographic v

i+l
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CGS Tools: NTv2 e

Single Calculation Batch Processing

- NTv2 is a tool to apply a sy S
distortion model in grid format Coverage: 1
. Reference Systems
° NTV2 g”d tO tranSform frOm From: NAD27 To: NAD83(Original)
NADZ7 to NADBS, or other
Iegacy to mOdern SyStemS H Longitude Positive West

- Some provinces plan to update | cunmmon
their distortion models to
support NATRF2022 for lower

accuracy datasets

Destination (NAD83)

Coordinates

Geographic v
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TRX

]
u @ sample Batch Files Available
If you need help with the "Batch Processing” file format for CSV files you can now download sample files by clicking on
L} the "Help for TRX" link below.

© New velocity grid NAD83(CSRS)V7
View documentation about the new NADS83{CSRS) v7.0 velocity grid.

. CGS geometric and vertical datum O st etk b

[ » Help for TRX

transformation tools are available as: e
. Web tools

Origin

. Downloadable PC versions =Ty

NADRICSRS) V|| 2010-01-01 O

- API's (documentation coming in 2023)
. Could support a beta integrated product - -

Destination
Retrieving http://webapp.geod.nrcan.gc.ca/CSRS/tools/TRX/calc/geo?
[ Reference Frame Coordinates
NADBICSRS] W | | Geographic W

"TZ": "-0.5516",
NIX™: "1 0X08™;
TIY™: T-1.9134%;
"Frame": "ITRF2014",
"RX": ™-27.248%, Results
"RY": "S.722", Latitude Longitude h(metres)
"RZ7: *"-10.573";
"DST: “=0.F35",
nynsNT0.0%,

- [m] X

"Epoch": "2017.0", ¥ TRX1.5.0
"Transformed”: { o o
"Frame"”: "NADS83 CSRS", Reference Frame Epoch sl Epoch
"Y": "69.99999513", O NADS3CSRS) @ ITRF2020 v O Other @ NADS3CSRS) O ITRF2020 + Other 20200101
"Epoch": "2017.0", — = o e
"Proj": "geo", @ Geogaphic O Cattesian O Projection ¥ ./ |GeoLab v @© Geogmphic O Cattesin O Pojection v | [Geol |
"X": "44.99998942",
Epoch Transformation

"yX": "-7.67", Postive Longitude Transformation R
© West OEast  GEO-> [TRF2020->NADBICSRS) ->GEO [ Apply Velocties estimatedfom | NADBIVAVG B W

"VY": "17.647,
"vZ©: "-0.91",
"Z": "101.127" |

Data
| Saon | Lattude@MS) | Longtude©MS) | him) | Lattude©MS) | Longtude®MS) |  h@m) | |

}l

"Proj": “"geo",
=Xr: m45.07,
"vX": "0.00",
"VYT: "0.00%;
*VZ": "0.00",
"Z": "100.000",
"TRXepoch™: "0.0"

Reset |

Natural Resources  Ressources naturelles
Canada A

o Francais [ Batch processing Tems and conditions l * . Canada
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Geodetic services are a shared
responsibility in Canada

- Defining the reference system is a
federal mandate
(NRCan/SGB/CGS)

- Delivering the reference frame (e.g.,
providing access) is a shared
responsibility, and coordinated
through the CGRSC (Canadian

Geodetic Reference System

Committee), a subcommittee of the

Canada Council on Geomatics
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Reference frame adoption in Canada

- Different NAD83(CSRS) versions
across Canada

. Differences between versions and
epochs that must be properly
addressed

- Confusing when working across
provinces and for commercial services v

NATRF2022 is an opportunity for

a common reference frame in
Canada

I ver72010.0[ |v31997.0
[ |va2002.0 [ |v21997.0
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NAD83 Adoption History

1997 | 1998 |1999 |2000 |2001 |2002 |2003 |2004 |2005 |2006 |2007 |2008 |2009 |2010 |2011 |2012 |2013 |2014 |2015 |2016 |2017 |2018 |2019 |2020 |2021

NAD27 ATS77 NAD83 |[NAD83 v2 | NAD83 v3 | NAD83 v4 | NAD83 v5 | NAD83 v6 | NAD83 V7 |
Original 1997 1997 2002 2006 2010 2010
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Role of provincial geodetic services

Provincial geodetic control
networks

Passive control networks are
still widely used in many
jurisdictions but are not always
well supported

- Some provinces maintain High

Precision Networks (HPN)

- Working with Provinces on a

plan to migrate their geodetic
Infrastructure to NATRF2022

- Provincial timeline is sometime

i+l

after 2025

Natural Resources Ressources naturelles
Canada Canada

A
A NB Survey Control Network - Search
A A

Examples of provincial HPN networks in NB and NL

i+l
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What we need in Canada from commercial
geospatial software providers

- Geospatial tools which support
- New Geodetic Grid eXchange Format (GGXF) or some other agreed upon standard

- Dynamic reference systems to allow federal, provincial, and municipal agencies to
migrate existing NAD83(CSRS) epoch 1997 and 2010 geospatial data holdings to
NATRF2022 epoch 2020

. Examples:
* Federal road network - NAD83(CSRS) epoch 2010 -> NATRF2022 epoch 2020
* Provincial cadastral fabric — NAD83(CSRS) epoch 1997 -> NATRF2022 epoch 2020
* Municipal infrastructure layers — NAD83(CSRS) various epochs -> NATRF2022 epoch 2020

- These tools will support the unified adoption of NATRF2022 in Canada

I*l Natural Resources Ressources naturelles
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Important takeaways

. Core modernization products will be
available and implemented in CGS
Tools by 2025

- Unifying reference frames will enable
efficiencies but reqluwe both geodetic
and geospatial tools
- CGS will provide the tools to update

coordinates but will rely on geospatial

software to provide the tools for data layer
migration

. CGS is working with the Canadian
provinces to plan for a unified
modernization sometime after 2025
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