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Reference System (CRF -TRF)

AEquation of motion : describes the orbit of a satellite with respect to a quasertial or
Newtonian reference system, i.e. with respect to a coordinate system that moves with the
center of the Earth but is free of rotation.

ASatellite observation : obtained from an observing site on the surface of the Earth, which is
not at rest with respect to this reference system.

AConsequently, in order to compare grounebased measurements with the computed
satellite position, a concise definition of celestial and terrestrial reference systems
is required and their mutual relation has to be established.

Acomplicating of the definition of the earth-ixed reference system is the division of the
lithosphere (solid outer 100 km of the earth) into about 20 nearly rigid plates that
seem to move independently. These plates are move slowly (1~10cm/year).

1. Celestial (or Spacdixed) Reference System
2. Terrestrial (or Earth -fixed) Reference System

AITRF i IERS International Terrestrial Reference Frame

: positioned relative to the geocentre using a variety of space geodetic techniques, such as
Satellite Laser Ranging (SLR), Very Long Baseline Interferometry (VLBI) and GPS

: The ITRF is considered to be a more reliable datum than WGS84 andl0cm difference
between them
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Reference System (CRF -TRF)

NEP is moved due to the planetray precession .
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4/00 © YonyVvon Ahk Department of Geodesy and Geomatics Ehginierisity of New Brunswick




Reference System (CRF -TRF)

Strictly speaking, this
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Reference System (CRF -TRF)
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Remaining Job is
1. To avoid timedependent positions of earth stations, the CTRS is referenced to the CTP and the Greenwich
meridian
2. considerpolar motion (motion of the rotation axis of the earth with respect to the crust (lithosphere))

ror= R3(GAST) Ya,s rCTRS=R2(_x/;)R1(_yﬁ) YGr

Finally we get CTRS

7crrs= Ro(— x,)R1(— 9,)Rs( GAST) NP7 o, s,




ITRF: general concepts

The Earth is constantly changing shape. To be understood in context, when the motion of the Earth's
crust is observed, it must be referenced. A Terrestrial Reference frame provides a set of
coordinates of some points located on the Earth's surface. It can be used to measure plate
tectonics, regional subsidence or loading [ 1] and/orused to  represent the Earth when measuring
its rotation in space. This rotation is measured with respect to a frame tied to stellar objects,
called a celestial reference frame. The International Earth Rotation and Reference Systems Service
(IERS) was created in 1988 to establish and maintain a Celestial Reference Frame, the ICRF, a
Terrestrial Reference Frame, the ITRF. The Earth Orientation Parameters (EOPs) connect these two
frames together. These frames provide a common reference to compare observations and results
from different locations [1]. Nowadays, four main geodetic techniques are used to compute
accurate coordinates: the  GPS, VLBI, SLR, and DORIS. Since the tracking network equipped with the
instruments of those techniques is evolving and the period of data available increases with time,
the ITRF is constantly being updated. 11 realizations of the ITRS were set up from 1988. The
latest is the  ITRF2005 . All these realizations include station positions and velocities. They model
secul ar Eartho6s crust changes thatés why they can be
epochs. All the higher frequencies of the station displacements can be accessed with the IERS
conventions, chapter 7 [2]. Continuity between the realizations has been ensured as much as
possible when adopting conventions for ITRF definitions. The relationship linking all these
solutions is of utmost importance. They are supplied here by the transformation parameters.

The International Terrestrial Reference System ( ITRS) is a world spatial reference system co-rotating
with the Earth in its diurnal motion in space. The IERS, in charge of providing global references to
the astronomical, geodetic and geophysical communities, supervises the realization of the ITRS.
Realizations of the ITRS are produced by the IERS ITRS Product Center (ITRS -PC) under the name
International Terrestrial Reference Frames (ITRF). ITRF coordinates were obtained by combination
of individual TRF solutions computed by IERS analysis centers using the observations of Space
Geodesy techniques : GPS , VLBI, SLR, LLR and DORIS . They all use networks of stations located
on sites covering the whole Earth
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Reference System

Need to consider spatial reference system
0 World Geodetic System (WGS84): GPS

0 North American Datum 1983 (Canadian Spatial
Reference System (CSRS), NAD83(CSRS))

0 Average Terrestrial System 1977 (ATS77): NB, NS,
PEI

0 ITRF 2005 (International Terrestrial Reference
Frames): recent realization of ITRS

Multiple reference systems means different
coordinates  for the same point
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ftp://itrf.ensg.ign.fr/pub/itrf/WGS84.TXT

ITRF 2005 velocity field

Major plate boundaries are -
shown in green .1cmf‘y

Zuheir Altamimi
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Transformation

Relationship between TRS's

The standard relation of transformation between two reference systems is an Euclidian
similarity of seven parameters: three translation components, one scale factor, and three rotation
angles deSIgnated respectively, T1, T2, T3, D, R1, R2, R3, and their first times derivations : 11,72, T3
D, R1, R2, R3. The transformation of coordinate vector X,, expressed in a reference system (1), into

a coordinate vector X,, expressed in a reference system (2}, is given by the following equation:
Xo=X+T+ DX, + RX, (1)
with :
T1 0 —-R3 R2
= T2 and R= R3 0 —-R1
T3 —-R2 Rl 0
It is assumed that equation (1) is linear for sets of station coordinates provided by space

geodetic technique (origin difference is about a few hundred meters, and differences in scale and
orientation are of 102 level). Generally, X1, X2. T. D, R are function of time. Differentiating equation
(1) with respect to time gives :

Xo=X1+T+ DX, + DX, + RX, + RX,

D and R are of 10°° level and X is about 10 cm per year, the terms D).(1 and RX 4 are negligible
which represent about 0.0 mm over 100 years. Therefore, equation (2) could be writen as :

X=X+ T+ DX, + RX,
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http://itrf.ensg.ign.fr/ITRF_solutions/2005/
http://itrf.ensg.ign.fr/rel_trs.php

Transformation: ITRF and WGS84

In general the ITRS (and its realizations ITRFyy) are identical to WGS84 at one meter level
Meanwhile there are two types of WGS84 realization:

- old realization based on U.S. Navy Navigation Satellite System, commonly known as DOPPLER Transit, and
provided station coordinates with accuracies of about one meter. With respect to this realization we
published, some years ago, transformation parameters between ITRF90 and this Doppler realized system:

Parameters from ITRF90 to WGS84  -Doppler realized system

TL T2 73 D Rl R2 R3
UNITS > (m)  (m) (m) (ppm) () () ()

0.060 -0.517 -0.223 -0.011 0.0183 -0.0003 0.0070

- New realizations of WGS84 based on GPS data, such as WGS84(G730, G873
and G1150). These new WGS84 realizations are coincident with ITRF at
about 10 -centimeter level . For these realizations there are no official
transformation parameters. This means that one can consider that ITRF
coordinates are also expressed in WGS84 at 10 cm level.
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NAD27, ATS77

6 North American Datum 1927 ( NAD27 ) and ATS77

A A non -geocentric horizontal control datum for the U.S., Canada
and Mexico, defined by a coordinate and azimuth with origin at
Meades Ranch, onthe Clarke 1866 reference ellipsoid . The latitude
and longitude are ( Hoojiberg , 1997)

39 13 26 .686 N 98 32 30 .506

A ATS77 (Average Terrestrial System of 1977) is a geocentric
ellipsoid of revolution. It was decided at the time that this
mathematical figure most conveniently represents the size and
shape of the earth for the Maritimes. ATS77 was in place for over
20 years. Similarly to NAD27, new technological tools like GPS
(Global Positioning System) and GIS (Geographic Information
Systems) came along and GPS data was not compatible with ATS77
thus forcing users to constantly perform transformation of their
field data.
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ftp://itrf.ensg.ign.fr/pub/itrf/WGS84.TXT
http://www.snb.ca/e/6000/6904e.asp

NAD83 (original)

North American Datum 1983 (Original). The near -geocentric three

dimensional reference system for the U.S., Canada and Central

America, based on the Geodetic Reference System 1980 (GRS80)
reference ellipsoid. Although originally intended to be geocentric, it is

now known to be  offset from the true geocenter by about2m due to
the limited accuracy of absolute positioning at the time.

NADS83(Original) adjustments were based on a set of VLBI constraints

from the first NAD83 adjustment. This set of constraint coordinates

was used as the definition of NAD83(Original) until the last federal
horizontal control adjustment in 1993. Note that these adjustments

were 2-D horizontal (latitude and longitude) solutions only . Some
provinces still use these solutions for their horizontal networks but

most are moving to the NAD83(CSRS) realization of the NAD83

reference system. The absolute accuracy of NAD83(Original) varies

from several cm to over a couple of meters, with an average of about

0.3 meters . However, these errors are locally fairly coherent so that

the relative accuracy can be much better.
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NADS3 (CSRS)

North American Datum 19 83 (Canadian Spatial Reference System). The

updated three -dimensional realization of the NADS83 reference system,
still based on the GRS80 reference ellipsoid . In agreement with the US,
this realization is defined in terms of a common procedure for

transforming from recent versions of the International Terrestrial

Reference Frame (ITRF). This realization is based on a 7 -parameter
transformation from ITRF96 (7 parameters were computed but the

scale set to zero in order to adopt the scale of ITRF). Incremental
transformations between ITRF96 and other ITRF realizations are used

to update the transformation to any version of ITRF. NAD83(CSRS) is
consequently a more accurate and stable realization of NAD83 that
can be accurately referenced to other global and regional reference

frames. The absolute accuracy of NAD83(CSRS) is of the order of a
couple of cm or better, the accuracy of recent versions of the ITRF.

It is important to realize that NAD83(Original) and NAD83(CSRS) are

based on the same fundamental NAD83 reference system . They are
merely different realizations or adjustments with different levels of
error. Taking into account these errors, NAD83(Original) and
NAD83(CSRS) are completely compatible with one another.
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http://ess.nrcan.gc.ca/index_e.php
http://ess.nrcan.gc.ca/index_e.php

NAD83 (CSRS)
North American Datum of 19 83 NAD83 (CSRS)

TECHNICAL PARAMETERS:

Semimajor axis a = 6378137.0 metres (exactly)
Reciprocal flatteningl/f = 298.257222101

Flattening f=0.0033528132

Semiminor axis b = a- af = 6356752.3141 metres
First eccentricity €= 0.006694380

Second eccentricity €2 = 0.006739497

1500 © YonyVvon Ah Department of Geodesy and Geomatics Ehginerisity of New Brunswick

Generating NAD83 (CSRYS)

Geomatics Canada
Goodatic Survey Division

National Transformation
Version 2

Direct Observations

(more precise)
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CGVD28

The Canadian Geodetic Vertical Datum 19 28 (CGVD28): Official height
reference system in Canada The reference frame for the CGVD28 is
the mean sea level at six tide gauges in dates of 1928. These tide
gauges were located on both the Pacific and Atlantic Oceans as well as
on the St -Lawrence River. The datum is propagated across Canada
(mostly southern Canada) by a first -order levelling network and is
accessible to users through some 80,000 federal benchmarks
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Magnitude of Shifts

Prior 1976NAD27

Origin at Meades Ranch Kansas

eocentri

44'm <5mm
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http://ess.nrcan.gc.ca/index_e.php

Canadian Spatial Reference System

International Cooperation
(1GS, IERS, ..)

for realization of / integration to
Global Reference Frame

Federal/Provincial
Collaboration

anadian Spatial Reference System,
which is based on primary vertical
and horizontal networks of

ground -based survey control and

IO SOl SN—
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VLBI
E Very Long Baseline Interferometry

o

4

Algonquin Radio Observatory
46m

VLBI sites (accessed on 27 Mar.)
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http://www.geod.nrcan.gc.ca/edu/geod/vlbi/vlbi05_e.php
http://www.geod.nrcan.gc.ca/edu/geod/vlbi/vlbi05_e.php

VLBI
E Quasars

'PKS1402+044" '3C-273'
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CACS, FRDN
E Canadian Active Control System,CACS

[Active Control Point NAD83CSRS, FRDN]

b Hudson Strait

= '3

_Port Burwell

Labrador Sea

> 4% >

o Churchil F‘-ﬁ—;, iver
“Happy Valley-
~NEWFOUNDLAND

Gethsémani ﬁ

e
aspe . Cormner Brogk:
Stephenvile

CANADA

M Permanent CACS tracking sites operated by GSD
M Western Canada Deformation array operated by GSC
Regional Active Control Sites operated by GSD

http://www.geod.nrcan.gc.ca/acp/mar
php Atfantic Ocean

o

Guif of Maine
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CSRS, CBN

E Canadian Spatial Reference System
[Canadian Base Network (CBN)]

2N
V4N

(accessed on
canNapa | 27 March 2008)
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CSRS, CBN
E Canadian Spatial Reference System

[Canadian Base Network (CBN)]

| Pairte-aux-Anglais.
0Meau _Gros Morne

ockeport

“Clarkes
Harbour

GulfofMaine A ¢t I a n t i ¢
Ocean

© 2001 Merosott Corp. Al ght .<

Lawren

ce
Grande-Entrée

Utang o,

Havre-Aubert

SITE IDENTIFICATION

Unique Number : NBS41007

Name : FREDRICTON

Established By : Nb Geographic Information Corporation
Province : NB

Prov. Identifier : 941007

NTS Map No : 021G15

STATION COORDINATES

Reference system : NADB83CSRS

Methed : Global Positioning System

Latitude : N45° 56' 00.3922" +/- 0.001m

Longitude : W66° 39' 34,6063" +/- 0.001 m

Ellipsoidal Height : 95.82 m +/- 0.004 m

Geoid Separation (HTv2.0) : -22.452 m

Agency : Geodetic Survey Division

Adjustment Net : MO3703

Epoch : 2002.0

UTM: Zone =19 N =05089315.86m E =681437.18m
XYZ Coords.: = X =1760564.11m Y =-4080065.15m  Z =4560174.26 m

VERTICAL DATA
(accessed on
Vertical Datum : CGVD28

Elevation : 118.290 m 27 March 2008)
Order : First Order

Method : Differential

Adjustment Line : N1B96 GSDreportsEN?user_name=name&queryt
Published Year : 1996 ype=CBN&key=NB941007

24/00 © YonyVvon Ahk Department of Geodesy and Geomatics Ehginierisity of New Brunswick

12


http://csrsjava.geod.nrcan.gc.ca/csrsjcpe/
http://csrsjava.geod.nrcan.gc.ca/csrsjcpe/

N.B. Control Network

near FRDN
(CACS)

(CBN)

— ORMC

(Densification)

accessed on 10Mar2008
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Just for Comparison (previous, one): Dens

Legend

® 7cen
/\ 13 HPN

(©) 104 Densification
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https://www.pxw1.snb.ca/webnbcontrol/snbe/precMap.asp
https://www.pxw1.snb.ca/webnbcontrol/snbe/precMap.asp

Legend

® 7cen
/\ 13 HPN

(©) 104 Densification

O 26,000 Conventional

Legend
026,000
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NB Control Points (ex.)

Densification point

Canadian Base Network
(CBN) point

29000
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More Info. for NB Control Points

For more details for NB control monument information,
please find the following guide in the Blackboard uploaded.

Service New Brunswick
Services Nouveau-Brunswick

New Brunswick

Control Monument Database

Information

Explanation of fields
and
Glossary of terms

ACP (Active Control Point)

Classification

AA

300 t0 1300 km

Observation Method:
and/or Equipment

CBN Al 10010 500km | GBS

HPY (Pillars) A 00l00km | GBS

HPN Densification A 10t0 20km GPS

ISA Densification B1 Sto10km e

154 Legal Suvey Control B2 <10km 62§
giﬁ’;‘:&x:ym“m‘ B <10k a3

Tempovary Control 1 <3k G5

CDGRS &} Nia G5

Conventional * (2% ordar) Dl = Skm Conventions] Equipment
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New Brunswick Legislation

1999

CHAPTER 4

An Act to Amend the
Surveys Act

Assented 1o March 12, 1999
Her Majesty, by and with the advice and consent

of the Legislative Assembly of New Brunswick, I
cnacts as follows: d

http://www.gov.nb.ca/justice/asrlste.htm
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SCHEDULE A

The New Brunswick Planc Rectangular Coordi-
nate Projection is a stercographic double projec-
tion of the NAD83 (CSRS) geocentric cllipsoid, on
a sccant planc. The North American Datum of
1983 has been redefined through the Canadian
Spatial Reference System (CSRS). It will be iden-
tified as NAD83 (CSRS). The dimensions of the
NADS83 (CSRS) cllipsoid are as follows:

Semi-major axis (Equatorial Radius) =
6,378,137.0 metres

Semi-minor axis (Polar Semi-diameter) =
6,356,752.3141 metres

The datum in New Brunswick is defined in
terms of the values of the Canadian Base Network
(CBN) stations determined from version 2.0 of the
Canadian adjustment prepared by the Geodetic
Survey Division of Natural Resources Canada. The
values for the six New Brunswick CBN stations
are listed as follows:

Map Projection

Map projections are mathematical formulas

for transforming coordinates from a

three -dimensional space to atwo  -dimensional space , such as a flat piece of paper.

Because the Earth is a sphere, any representation of its surface on a flat sheet of

paper involves distortion. Some distortions of
scale, and area always result from this process.

conformality , distance, direction,
Some projections minimize

distortions in some of these properties at the expense of maximizing errors in
others. Some projections are attempts to only moderately distort all of these

properties.

Three different map projections are commonly used in the Maritimes:

-- New Brunswick and Prince Edward Island both use a Stereographic Double

projection on a secant plane.

-- Nova Scotia uses a three -degree (3°) modified transverse Mercator (MTM)

projection.

--- The U.T.M. projection covers all three provinces, especially in the National

Topographic System (NTS).

In a Stereographic projection directions are true from the center point and scale
increases away from the center point, as does distortion in area and shape.

32/00 © YonyVvon Ahk Department of Geodesy and Geomatics Ehginierisity of New Brunswick
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A SHAPE
: Conformal maps preserve local shape,
A AREA

: Equal -area or equivalent maps retain all areas at the
same scale

A SCALE
: Equidistant maps maintain certain distances
A DIRECTION
: Azimuthal maps express certain accurate directions.
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Projection

7 500 000 metres
2 500 000 metres
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17



New Brunswick & PEI
Oblique Stereographic Double
Projection

Secantline, or circle,
of true scale
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New Brunswick & PEI
Oblique Stereographic Double
Projection

A This is a conformal projection selected to pro
vide slightly higher accuracy than other soluti
ons (i.e. MTM)

A Reasonable distribution of error
A Single zone solution
A Secant Azimuthal

36/00 © YonyVvon Ahk Department of Geodesy and Geomatics Ehginierisity of New Brunswick
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A Critical Review of
Existing and Possible
Map Projection Systems Map Projections

for the Maritime
Provinces

a report
by
The Department of Surveying
Engineering
University of New Brunswick

Dr. A. Chrzanowski, Dr. P. Vanicek, Prof. A.C. Hamilton

prepared for
The Land Registration and Informati
Service
Council of Maritime Premiers

March 1975
August 1975 (abridged )

Conclusion
Relevant Factors to a Decision on

for the Maritime Provinces

The governing factor for a grid coordinate system for engineering
and land surveys is that  distances in this system be accepted by
the layman as ground distances

On large scale mapping (up to 1:20 000) it is recommended that
the regional/local be the predominant grid and that UTM be the
secondary grid.

It is recommended that the 3~ TM projection  currently in use in
Nova Scotia be retained as the regional/local projection.

It is recommended that the Stereographic projections currently
used in New Brunswick and Prince Edward Island be retained for
regional/local projection.

To meet the condition required above, the projection distortion
factor should not exceed 1:10 000 i.e 10cm/km.

Changes in map projection are to be made at the same time as
the metrication and redefinition of geodetic coordinates.

If UTM is adopted as the National geocoding system, it is
recommended that representation should be made to the federal
authorities to  print both  the regional/local as a secondary grid
on the national maps series.

Parameters for the NB Double
Stereographic and Reference

Systems

New Brunswick

Reference Systems

Parameters wniltore | asrisen | amcersss
Ellipsoid Clarke 1866 ATS77 GRS80
A Eauatorial radius 6378135.0m 6378137.0m
B Polar semi-dlameter | 6356750305 | 6356752.3141m
f 298.257 (exactly) 298.257222101
Projection New Brunswick Stereographic Double projection
Origin Latitude 46°30' north 46° 30" north 46° 30" north
Origin Longitude 66° 30" west 66° 30" west 66° 30" west
Gaussian mean radius at origin Non geocentric 6379220.286 m 6379222.285m
Scale factor at origin 0.999912 0.999912 0.999912
False Northing (Y) 1000 000 ft 800 000 m 7500 000 m
False Easting (X) 1000 000 ft 300000 m 2500000 m
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