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1. Introduction

The use of RTK (Real Time Kinematics) in GNSS reference station networks has become the general
tool and quickly spreading solution for high precision positioning using Global Navigation Satellite
Systems (GNSS). The RTK network approach is the evolution of single base RTK positioning
technique, which achieved a RTK cm-solution only in the close range up to 20 km and sub-meter
accuracy else by using GNSS positioning. The GNSS measurement for the rover is not the end target
for the GNSS user. The reason is that coordinates derived by the RTCM observations corrections
provided by the GNSS service in a VRS, ACP or MAX mode of representation are related to the ITRF
(International Terrestrial Reference Frame System) based Coordinate Reference System (CRS) of the
GNSS-service. This CRS is related to a past ITRF-datum and plate stand, such as e.g. ETRF89 in
Europe. In that way it is in a sufficient consistency with the GNSS satellite orbits for the DGNSS-
operation mode of a GNSS-service. The GNSS-service users however need to transform that ITRF-
based RTK-position (X,Y,Z) - the source CRS in the sense of the RTCM-transformation messages —
as the result of the receiver RTK-algorithm using the receivers code and phase measurements together
with the service’s RTCM corrections to another horizontal and vertical CRS, the so called target CRS.
The RTCM transformation messages provide the respective transformation information concerning
the transition from the ITRF-based source CRS to the horizontal and vertical target CRS. These user
requirements motivated the RTCM (Radio Technical Commission for Maritime Services) SC104
(Special Committee 104 Differential Global Navigation Satellite Systems (DGNSS)) to include in the
RTCM correction message, an additional set of transformation messages, enable transform the user
of a GNSS service to the plan position and the physical height the target system. The transformation
itself is represented by a set of transformation parameters (general trend) associated with a grid of
three-dimensional residuals. The essential characteristics of the RTCM transformation messages is,
that any existing reference transformation for the 3D (plan and height transition), 2D (horizontal
datum transition) and 1D (pure height determination) can be mapped to the grid-based RTCM
transformation messages. The “gridding” of any reference transformation is to be done by generating
a grid of CRS-points both in the source and in the target CRS and the split of a seven parameter-
transformation and a residuals field. This can be done in tow different ways, namely the concept of a
global “static grid” and the more flexible concept of a dynamic grid generation [1].

This paper describes the concept of transformation in RTCM 3.1 messages for RTK networks, the
basics of mathematical geodesy used in RTCM 3.1 standards, the generation of RTCM 3.1 trans-
formation messages at server side and the implementation of these transformation messages at the
client (rover) side.
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1.1 Transformation Problems

The earth-fixed ITRF-based position of a point P provided by GNSS is defined with respect to the
plan position by two angles related the reference ellipsoid, namely the latitude and longitude( @, A,

and the ellipsoidal height h. From (@, M) the Northern [m] and Eastern [m] are derived according to

the projection type. As concerns GNSS-services the GRS80 ellipsoid (same major axis a and two
parts of a millimeter the same minor b as the WGS84 ellipsoid) and UTM are presently used as
reference ellipsoid and reference projection. The base of the height reference surface (HRS) is either
the equipotential surface of the earth gravity field, known as the Geoid, and connected to orthometric
heights H-orth, or in modern height systems more and more the quasigeoid QGeoid related to the
Molodenski theory, and leading to the normal height type H-normal. The height of the HRS, namely
the Geoid or QGeoid, respectively over the ellipsoid is described with N. The HRS fits to the global
GRS80 ellipsoid embedded into the ITRF with undulations N of up to about £100m.

The HRS as well as heights H are nowadays physically defined, namely via the geopotential number
C, of the earth surface point P in the earth’s gravity-field together with GRS80 - related normal

gravity field U (1a,b) and (2a,b). In case of the HRS type of a geoid and the related orthometric height
system a model for the real gravity in the area in regard must be known with respect to the average

gravity g, from P along the plumb-line down to the geoid. As g, is not generally available and also

gives information about the interior decomposition of the earth, e.g. with respect to natural resources,
the Qgeoid and the Normal-height system (1a,b) become more and more popular as the general type
of a HRS and a height system, respectively.

Quasi-Geoid N,; and Nor- Geoid N and Orthometric

mal Height H Height H,
W,-U g
NQG — P Q NG — NQG _ gP_ YP HP (1a9b)
Yo Tp
H, = Wo__ Ws =& H,, = Wo_ Wp =H, ’Z_P (2a,b)
Tp Tr gp gp

Using RTCM observation corrections of the ITRF-based GNSS-service the GNSS receiver computes
the coordinates (X,Y,Z)-ITRF/Source of P. The position (X,Y,Z)-target of a regional classical
trigonometric network is related to the ITRF source system by a seven parameter datum transition
(about 500 classical datum systems exist world-wide). The target reference ellipsoid (about 40
different ones are in use world-wide) is then used for the computation of the horizontal position

(o, A )-target and the ellipsoidal height h in the target system.

The RTCM-(X,Y,Z)-target was set up with the physical heights H instead of the ellipsoidal height h-
target, physical heights H again result form the datum transition together with the residuals (height
indicator =1). In the area of GNSS-positioning the physical height H is received from the ellipsoidal
height h-source using a geoid-undulation (N-source), which is in modern geoid- and quasi-geoid
computation also related to the ITRF.
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1.2 Architecture of RTK Network

The concept of permanent GNSS reference stations networks started to expand early in year 1990.
The idea is based on establishment of several GNSS reference stations at points with known
coordinates connected to a central server managing the whole network. The central server receives at
time interval via mean of communications, the GNSS raw readings for each GNSS station and its
correction, and then the server can model the error in the area, and produces the required corrections
for GNSS rovers within the coverage area [1, 9].

The RTK network of permanent GNSS 3
reference stations is an evolution of the DGPS 0 .§§ QCS
concept based on using a baseline between a .ﬁk

fixed GNSS reference station with known Q&
coordinates and a moving rover, where the ¥

correction of the GNSS reading at fixed GNSS
station is applied at rover position to increase
the accuracy of rover positioning. The RTK
network establishes several GNSS reference
stations that transmit their corrections to a ‘ ReBrepeqsttion2
control server that manages the whole system,
and then transmits the corrections to users
within coverage area.

Referencg Station 1

&
=

Reference Station

Main
Stajion

w

1.3 RTCM Correction Data for GNSS-
Positioning

///“//>

Control Server

The correction data for GNSS-Positioning Figure (1) Architecture of RTK Network

within RTK networks is a challenging process,
and is depending on the architecture of the
RTK networks especially the communication tier between rover and control server. Mainly, there are
three main methodologies for correcting data in RTK networks for GNSS-Positioning using the
RTCM standard, first the Virtual Reference Station (VRS) technique, which requires duplex
communication between rover and control server. Secondly, the Area-Correction Parameters (ACP)
technique commonly known as FKP can work in simplex mode (broadcasting corrections) or duplex
mode. Finally, the Master Auxiliary Concept (MAX) based on simplex mode.

1.4 Transformation of GNSS measurements into user defined CRS

Let us consider the case where the GNSS measurements (B1, L1, hl) are required to be expressed in
another geographic and vertical CRS (B2, L2, H). This transformation operation is processed on two
successive steps. Step 1 is for the transformation from (B1, L1, hl) to (B2, L2, h2), then Step 2 is for
the transformation from (h1 or h2) to (H).

(B1, L1, hl) are the geodetic latitude, geodetic longitude and ellipsoidal height for GNSS
measurements, (X1, Y1, Z1) are the geocentric Cartesian coordinates for (B1, L1, hl) in the same
datum, (X2, Y2, Z2) are the geocentric Cartesian coordinates for (X1, Y1, Z1) in the target datum,
(B2, L2, h2) are the geodetic latitude, geodetic longitude and ellipsoidal height for (X2, Y2, Z2) in the
target datum.

Step 1 is implemented by the transformation procedure from geographic CRS1 to geocentric CRSI,
then from geocentric CRS1 to geocentric CRS2, and finally from geocentric CRS2 to geographic
CRS2, as shown in figure (2).
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2. Transformation Sets for 3D Coordinate in RTCM 3.1

The RTCM 3.1 standard supports four sets of coordinate transformation, and they are Helmert
transformation formula both the linear expression and strict, and Molodenski abridged formula which
calculate directly (B2, L2, h2) from (B1, L1, hl) compacting the three steps of conversion and
transformation in single formula, and finally the Molodenski-Badekas transformation which derives
the 7 transformation parameters at another point than the coordinates origin, and it requires in
addition to the 7 parameters the three coordinates of the point of transformation. Please refer to
OGP, "Surveying and Positioning Guidance Note Number 7, part 2"[2] and "Amendment 1 to RTCM
standard 10403.1" [6] for full details of the mathematical equations.

(X1, Y1, 21)
A o (X2, Y2, 22)
7PT CRS2 (Target)

Received at Server
(From Rover)

Conversion Operation

Conversion Operation Geocentric to Geographic

Retrieve Geocentric to Geographic
N1 (B1, L1, h1) (B2, L2, h2)
WGS84 Classical
Height Computation Combined CRS

Height Computation——————— H = h1 - N1 Height Combination— (B2, L2, H)
Sent to Rover

Figure (2) Coordinate transformation from 3D Cartesian CRS1 to Compound User Defined CRS2

2.1 Vertical Datum Transformation

e (D)

The heights obtained from GPS are typically heights above == e E pard Suste :
an ellipsoidal model of the Earth. These GPS ellipsoidal : .
heights are not consistent with spirit leveled heights above H
mean sea level, or heights above HRS such as geopotential ~— — : Geoid
surface often known as orthometric height. The conversion h N,
from ellipsoidal to orthometric height requires a geoid  Ellipsoid :
height model. The difference between GPS ellipsoidal T
heights, 4, and leveled orthometric heights, H, is called Figure (3) Relation between geoid
geoid height, N [4, 8]. and ellipsoid

H=h-N 3)

The GNSS observations delivers the ellipsoid height at the point of interest, which was considered a
revolution in geodesy, where before this value was difficult to quantify. Also, there are several
modern methodologies for computing the geoid undulation up to one centimeter accuracy using
satellite technology, field gravimeters, and advanced mathematical models.
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2.2 Mathematical Formula for the transformation sets in RTCM 3.1
3D Cartesian and Geographic Coordinates

The 3D coordinates transformation between two different datums includes three implicit operations as
described in Figure (2). The conversion between Cartesian and geographic coordinates is derived in
the following section.

Geographic to Cartesian

The conversion from Geographic to Geocentric in the same datum (same ellipsoid) given as
function of geodetic latitude B, longitude L, and ellipsoidal height h, is:

Y |=| (N+h)cosBsinL (4)

{X] (N +h)cosBcos L
Z] |((1- f)’*N+h)sinB

Cartesian to Geographic

The conversion from Geocentric to Geographic in the same datum (same ellipsoid) given as function
of geodetic coordinates X, Y, Z, is:

o| |atan(Z+e’Nsind)//(X*+Y?) T %

F 3
A= atanY /X (5a) \R,

X p

h —k -N R *

CcOs A Ccos .

(I) A--‘"/\ R
It should be noted that ¢ and h needs iterations to be X \ y
computed, where *
N=—9® (50 Vi

J1—e’sin’ B
Xt
Figure (4) Definition of axis of
transformation (Rotations & Translations)
Datum Transition
The 3D coordinates transformation in this case compute the coordinates in the target CRS, given the
coordinates in the source CRS and the seven transformation parameters between two datums, which

are three translations (dX, dY, dZ), three rotations (Rx, Ry, Rz) and a scale factor M. Subscript T
denotes target and S for source CRS.

3. Transformation Messages at Control Server in RTCM 3.1

The RTCM 3.1 standard supports seven types of transformation messages which are message type
1021, 1022, 1023, 1024, 1025, 1026, and 1027 as shown in Table (1) and Figure (5). Please refer to
"Amendment 1 to RTCM standard 10403.1" [6] for full details of the messages and their data
fields' description.

It is clear that only one set of the four available transformation sets will be used, which means only
the message types 1021 or 1022 will be used not both. The same concept is applied for message types
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1023 and 1024, where the message type 1023 is for geographic coordinates and message type 1024
for Cartesian coordinates.

The remaining three message types 1025, 1026, and 1027 are for map projections parameters.
Message type 1025 includes the parameters for all map projections types except for map projection

Lambert Conformal Conical with 2 SP, which is defined in message type 1026, and Oblique Mercator
map projection which is defined in message type 1027.

Table (1) List of RTCM 3.1 transformation messages and their description and use

Message

Type Message Name Description Use
Helmert/Abridged 7 varameters of transformation for Transformation from ITRF to user
1021 | Molodenski p . . CRS using Helmert or Abridged
. Helmert/Abridged Molodenski .
transformation Molodenski
1022 II\BA;;:E::SIQ_ 10 parameters of Molodenski- Transformation from ITRF to user
. Badekas Transformation CRS using Molodenski-Badekas
Transformation
Ellipsoidal . . . . . .
1023 . Residuals in geographic coordinates | Coordinate values are in degrees
residuals
1024 Plap ¢ Grid Residuals in Cartesian coordinates Coordinates values are in meter
residuals
Projections (except L Conversion to all projections
1025 LCC2SP & OM) All projection parameters except LCC2SP & OM
1026 | LCC2SP Projection | Projection parameters for LCC2SP Conversion to LCC2SP projection
1027 | OM Projection Projection parameters for OM Conversion to OM projection

Molodenski abridged

Level 1

Level 2

Lambert Comfort Conical with
two serial parallel (LCC2SP)

Level 3

RTK Network Server
Transformation Set

\]

Helmert or

(7 parameters)

Message Type
1021

v

Molodenski-Badekas
(10 parametetrs)

|

Message Type
1022

L famg Coordinates Types 7 J ey T—

Latitute /Longitute North/East
(Geographic) (Cartesian)
Message Type Message Type
1023 l—> Projection Type ? <—| 1024
¥ {2 22 :

Oblique Mercator
(OMm)

| |

Message Type Message Type
1026 1027

Other Projection

|

Message Type
1025

Figure (5) Usage of RTCM 3.1 transformation messages and their levels
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Mainly, the decision to transmit message type 1021 or 1022 is based on the type of transformation set
used. Secondly, the units of the coordinates determine, if degrees or meters, the use of message type
1023 or 1024. Finally, the type of used projection determines the type of message type 1025 or 1026
or 1027 as shown in Figure (5).

Message Type 1021

The message type 1021 in RTCM 3.1 standard includes the parameters necessary for the
transformation of the rover position coordinates from ITRF CRS to another coordinate reference
system defined in the same message. The transformation parameters enable the use of Helmert or
abridged Molodenski method at the rover side. As described in "Amendment 1 to RTCM standard
10403.1", it has 27 data fields, and its size is 412 bits without the size of the characters of the source
CRS name and the target CRS name.

The Computation Indicator field (defined as DBF150) describes which transformation to be used.

Computation Indicator field (DBF150) The Height Indicator Field (DBF151)
Value Description
0 Helmer‘F standard 7 parameters (linear Value Description
expression)
: Helmert standard 7 parameters (strict 0 Geometric Height (Ellipsoidal height) (h)

formula) Orthometric Height (Physical Height

2 Abridged Molodenski above geoid) (H)

3 Molodenski-Bakedas 2 Geoid Height (N)

Area of validity .1 .2 .ﬂ 4.

Rover (po . Ao) =
< (o, 4) m > .9 .10 .11 1’
Al
+—>
.13 .14 .15 ]‘
Figure (6) Parameters of Message Type 1021 Figure (7) residuals Parameters of

Message Type 1023

Message Type 1023

The message type 1023 in RTCM 3.1 standard includes the ellipsoidal residual parameters necessary
for the transformation of the rover position coordinates from ITRF CRS to another coordinate
reference system defined in the 1021 message. As described in "Amendment 1 to RTCM standard
10403.1", it has 35 data fields, and its size is 578 bits.
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3.1 Generation of Transformation Messages in RTCM 3.1

The transformation messages in RTCM 3.1 can be divided into 3 levels as shown in Table (2) and
Figure (5). The messages generation should follow this order, which means that message for level (1)
should be generated first, then message type of level (2), and finally message type of level (3). The
essential part in the transformation messages in RTCM 3.1 is the level (1) messages, which describe
the main data required for processing the transformation.

The source datum is the ITRF datum, in which the GPS coordinates are delivered. The target datum
is depending on the RTK network service provider specifications. A main requirement for the
transformation operation is the 7 transformation parameters from source CRS to target CRS, in
addition to the height model in the transformation.

Table (2) Level of RTCM 3.1 transformation messages

Message| Supported

Level Messages Description

Includes the definition of source and target datums, grid size, 7
transformation parameters, rover position in source CRS, formula used in
transformation, height model. This message describes all the data needed to
perform the transformation operation.

Level (1)| 1021 or 1022

Includes grid size, mean offset, rover position in target CRS, residuals for
Level (2)| 1023 or 1024 | 16 grid points. This message describes the results of applying the
parameters of level(1) message on the rover position.

1025 or 1026 | Includes the parameters required to convert the geographical coordinates in

Level (3) or 1027 target CRS into the required projection.

3.2 Static and Dynamic Grids

The generation of seven transformation parameters and the residuals are computed from a grid of 16
points with the rover position at their center. There are two different concepts and respective ways to
create the n=16 grid points and the respective RTCM-messages (1021 or 1022 and 1024 or 1024) ,
namely the so called static and the dynamic grid mode [3].

In case of the static mode, the individual reference transformation(s) of a country or a GNSS  service
respectively, is (are) applied to generate N virtual fitting points both in the target and the source CRS
for the whole country (N >> n; n=16 for the local RTCM grid). Here the grid width has already to be
adapted to that of the later RTCM grid. The static seven parameters and the N residual vectors are
determined using the N virtual fitting points in a seven parameter transformation for the whole area.
The RTCM message is generated as an n=16 point residual extraction round the rover position using
the country wide static grid together with the static set seven parameters.

In the concept of the dynamic grid the two sets n= 16 virtual fitting points surrounding the rover (fig.
7) are generated dynamically in real-time on the rover’s NMEA-request. So local seven parameters

n = 16 and residual vectors are resulting and are transmitted as message types 1021 (or 1022) and 1023
(or 1024) to the rover [3], [8].

The static grid generates high residuals and leaves larger interpolation errors, which is avoided in the
dynamic grid generation due to essentially smaller residuals.

In future the dynamic generation of virtual fitting points and a respective dynamic RTCM
transformation message generation will become more and more relevant for several reasons. The first
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one is, that the concept of a static grid is ineffective or even impossible to be handled for some kind
of meaningful parametric reference transformations, e.g. in case of using geopotential models for the
height component of the message. A further, and a main reason for following the concept of a dynamic
grid and RTCM transformation generation, is due to the necessity of combining subsequent reference
transformations with some dynamic components (e.g. plate movements, datum drift), requiring
accordingly the generation of dynamically changing virtual fitting points. This holds for the future
operation mode of GNSS-services and also for future positioning concepts, like state space repre-
sentation (SSR), which are both related to a modeling taking place throughout in the dynamic ITRF

[3].

3.3 Example from Bavarian Database

The GZTraS (GeoZilla RTCM Transformation Server) is product from GeoZilla (www.geozilla.de).
GZTraS is a Windows-based Server for GNSS-Network-Software and provides the functionality of a
transformation module to provide RTCM 3.1 transformation messages, and GZTraC is its client
software [3]. The beta version of the software includes databases for Bavaria (Bayern) in Germany
and Florida in USA. Hereafter a sample of point observed in Bayern area is sent to the server in ITRF
CRS, and the server replied with the RTCM 3.1 message for the transformation of the coordinates in
addition to the transformation parameters.

The observed point coordinates are (49°.0000, 11°.0000, 580 m) in (B, L, h) format, and received by
the server receives in NMEA format. It is transformed to the target CRS using 7 approximate
parameters. Following the above concept of dynamic RTCM grid and message generation the server
then sets up n=16 virtual grid points in the target CRS. The reference transformation of the DFLBF
database for Bavaria [1], [8] is then used at server site to compute the corresponding set of n=16
precise virtual fitting points in the source CRS. The two sets of n=16 points are then used to compute
the accurate seven transformation parameters of a similarity transformation (message 1021). The
horizontal components of the residuals of the seven parameter transformation are stored as a first part
of the RTCM message 1023. The geoid heights N are computed for all n=16 grid-points from the
reference transformation of the DFHRS (Digital Finite Element Height Reference System) database of
Bavaria ([4], [7]). After a subtraction the mean height offset Ny (Ny = 46.920 m) the remaining
residuals ON are stored as third component in message 1023, which is based on height indicator 2. So
the RTCM transformation message is ready to be sent to the rover on RTCM 3.1 format.

In the example based on real data for Bavaria, the NMEA position of the rover point is reading:
SGPGGA,082012.12,4900.0000000000,N,01100.0000000000,E, 1,6,2.4,580.000,M,,M,2.4,0012*7 1

From this we get the following RTCM transformation messages:

Message Type 1021 from Bayern (GeoZilla) Message Type 1023 from Bayern (GeoZilla)

Field Name Value Field Name Value
Computation Indicator 1 Latitude of Origin 49.000972
Latitude of Origin 49.000000 Extension in Latitude (N/S) 0.100000
Longitude of Origin 11.000000 Extension in Longitude (E/W) 0.100000
Extension in Latitude (N/S) 0.100000 Mean Latitude Offset 0.000000
Extension in Longitude (E/W) 0.100000 Mean Longitude Offset 0.000000
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dy -29.638000 Residual in Latitude (Point 1) 0.0006000000
dz -444.905000 Residual in Longitude (Point 1) 0.0003900000
R2 0.000485 b i

R3 -0.000445 Residual in Latitude (Point 16) XXXXX

ds 0.999991 Residual in Longited (Point 16) YYYYy

as 6378137.000000 Residual height (Pont 16) 7777777

bs 6356752.314000

at 6377397.155000

bt 6356078.963000

In this example the physical height H= h — N =580 —46.920 = 533.800 m

4. Implementation of Transformation Messages at Client Side in RTCM 3.1

The main aim of the transformation messages in RTCM 3.1 standard is to provide the user with the
coordinates of the observed GNSS measurements in the required CRS, and the parameters required for
projection, and also to provide the physical height of the observed point or its geoid height. All the
operations of coordinate's transformation are done on the server side and the client side is blind about
these operations.

4.1 Handling the Transformation Results

As shown in Figure (8), the rover receives a set of alternative combinations of RTCM 3.1 messages
and each has its own data.

Case (1) 3D Transformation (Plan & Height)

In this case, the rover receives the coordinates in target geographic CRS (B, L)t and the physical
height (H) in case of height indicator = 1, or the geoid height (N) over the ITRF datum in case of
height indicator = 2. The rover can compute the
physical height (H) using: H = h — N, where h is

the ellipsoidal height from GNSS measurement. Control Server

The message type 1023 in RTCM 3.1 includes ) (Rt )

the transformation parameters in addition to the @

residuals of 16 grid points around rover position. § / ‘ \

-7

From this message the rover can recompute the
target coordinates based on received 7 parameters,

and calculate the standard deviation of errors BT R

from the llesiduals v 7 Para"r‘neters 7 Para':neters
: faameters Ellipsoids data Ellipsoids data

Residuals Residuals

Case (2) 2D Transformation (Plan Only) l

In this case, the rover receives the coordinates in

target geographic CRS (B, L, h)t with the ” GPS Rover

geometrical height (h) in case of height indicator

= (. The rover in this case has to know the geoid

height relative to any ellipsoid (the target or Figure (8) data sent from server to rover
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source ellipsoids) in order to compute the physical height.

The message type 1023 in RTCM 3.1, includes the transformation parameters, in addition to the
residuals of 16 grid points around rover position, including the residual for geometric height (h)t.
From this message the rover can recompute the target coordinates based on received 7 parameters, and
calculate the standard deviation of errors from the residuals.

Case (3) 1D Transformation (Height Only)

In this case, the rover receives the coordinates in the source geographic CRS (B, L, h)s in the ITRF
CRS. The seven transformation parameters in this case are all zero, there will be no coordinates
transformation. In case the height indicator = 1, the physical height (H) is transmitted, and the
residuals are relative to it. In case the height indicator = 2, the geoid height (N) is transmitted, and the
residuals are relative to it, and the physical height can be computed by the equation: H=(h)s — N

4.2 Handling the Projection Parameters

The RTCM 3.1 standard transmits the projection parameters in the message types 1025, 1026, 1027 as
described in Table (1). The rover can project the geographic coordinates using the parameters
received in the RTCM 3.1 message or any other parameters included at the client side. The essential
input to the map projection conversion is the horizontal geographic coordinates (B, L) in the
geographical CRS used in map projection. Where:

X=1(B,L) & Y =1(B, L), and the physical height (H) is the same as in geographic CRS.

5. Conclusion

The RTCM 3.1 is a new standard developed to provide the GNSS user with high accuracy in
positioning in addition to the transformation of coordinates in the target CRS with the physical height
of the observed point or its geoidal height.

The transformation messages in RTCM 3.1 standard introduces a new concept that utilizes the
infrastructure of the RTK network to provide the transformation operation in addition to the physical
height which is a main request for all GPS users. The transmission of the coordinates of the observed
points in target CRS, and the seven (or ten) transformation parameters, and the physical (or geoid)
height of the observed point, in addition to the projection conversion parameters (if any) provides the
GNSS user in the coverage area in real time operation valuable data that reduces exponentially the
work time and provides a safe mean to reduce errors and increase work efficiency.

This concept is new, and needs to be well established in operation modes, and to be adopted by RTK
network service providers and GNSS manufacturers.

It should be mentioned that the transformation messages in RTCM 3.1 standard will not solve
classical problems in mathematical geodesy, like the computation of physical height from GPS
ellipsoidal height, rather this standard will allow the communication and data transfer between the
solutions of these problems and the client side.
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Mohamed Eleiche Basics of RTCM 3.1 Transformation Messages Standard for GNSS Positioning Services

As concerns the use of RTCM observation correction data in GNSS positioning services, the coordinates are
resulting within the ITRF or in a regional ITRF-realization (e.g. ETRF89 in Europe) as geocentric (x,y,z) or

ellipsoidal (, A ,h) coordinates. The users of GNSS services must however normally present their results in the

coordinates of regional or local horizontal and vertical datum systems. Therefore, coordinate transformations
are necessary. Currently, the pre-calculated transformation parameters and/or geoid-models have to be
transferred in advance to GNSS controllers in particular ways.

The aim of the transformation messages of the recent 2007 RTCM 3.1 was to define transformation algorithms
and data structures by seven RTCM transformation messages, which allow the GNSS service to transmit respec-
tive RTCM transformation messages to the user of the GNSS service. In that way and by the transformation
messages’ use in the GNSS-controllers, the above ITRF-based coordinates can automatically be transformed to
the desired horizontal datum and height reference system, and the above preparation of a data transfer and
further manual operations during the GNSS-measurement become obsolete.

The software and communication architecture for the use the RTCM transformations messages in a GNSS
service can be realized as a server-client concept. The desired reference transformations are implemented within
the so-called transformation modules and as part of the RTCM transformation messages server. In that way, the
NMEA-position of the GNSS-rover is used as the basic server request and it is passed through the administrating
GNSS networking software to the RTCM transformation messages server. Depending on the configuration of the
RTCM transformation messages server, different transformation modules are activated and different message
design specifications are holding. Accordingly one or several binary RTCM transformation messages are
generated and send via the GNSS network software back to the client of the GNSS-controller.
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This paper provides the data structures associated with the transformation messages in RTCM 3.1 standard, and
how the client uses the received messages and transforms the ITRF-based position (source system) to the desired
horizontal and vertical reference coordinate system (target system) of the user. The seven parameter
transformation part, and the conception of residual grids are treated as well as the implementation of the
physical height. As concerns the height it is explained, how the RTCM transformation messages represent in two
different ways the physical height by using the so-called height indicator.

Mohamed Eleiche RTCM3.1. meérijumu transformacijas zinojuma standarts GNSS pozicionéSanas
dienestiem.

Attieciba uz noverojumu RTCM korekcijas datu lietoSanu GNSS pozicionéSanas dienestiem, tad geocentriskas
(x,y,z) jeb elipsoidalas (p,2,h) koordinatas korigéSanas rezultata itransformé vai nu ITRF vai art regionala ITRF
sistema (piem., ETRF 89 Eiropa). GNSS pakalpojumu izmantotaji rezultatus tomér parasti lieto regionalds vai
lokalas koordinatu un augstumu sistemas. Tadejadi nepieciesamas koordinatu transformdcijas. Patreiz, apriori
aprékindtos transformdcijas parametrus un/vai geoida modelus ipasa kartiba parraida GNSS kontrolieriem
vispirms. Patreizejo 2007 RTCM 3.1. transformaciju mérkis ir definét transformacijas algoritmus un datu
struktiiras ar septiniem RTCM zinojumiem, kas GNSS dienestiem [auj tos nosutit ka attiecigos RTCM
transformacijas  zipojumus GNSS pakalpojumu izmantotajam. Sada cela GNSS kontrolieri lietotie
tramsformdcijas zinojumi un augstak minétas uz ITRF sistéemu bazétas koordinatas automatiski tiek
transformétas uz izvélétajam horizontdalo plaknes koordindtu un vertikalo augstuma koordindatu sistemu.
Sagatavosanas augstak minétajai datu transformdcijai un sekojosam manualam operdacijam GNSS meérjumu
laika kiiust vecmodiga. Programmatiira un sakaru arhitektira RTCM transformdcijas zinojumu izmantosanai
GNSS pakalpojumos var tikt realizeta, lietojot servera-klienta koncepciju. Vélamo sistemu transformdcijas
ieviestas ta saucamo transformdcijas modulu veida un ka RTCM servera transformacijas zinojums. Tada veida
GNSS rovera NMEA zinojuma parraidita pozicija tiek lietota ka pieprasijums bazes serverim un tas tiek raidits
caur administréjoso GNSS tikla programmatiiru uz RTCM transformacijas zinojumu serveri. Atkartba no RTCM
transformdcijas zinojumu servera konfigurdcijas tiek aktivizéti dazadi transformacijas moduli un dazZadu
specifikaciju uzturétas zinojumu konstrukcijas. Atbilstosi tiek genereti viens vai vairaki RTCM transformacijas
zinojumi binara koda un tiek nosititi ar GNSS tikla programmatiiru klientam — GNSS kontrolierim. Rakstd
analizé datu struktiras, saistitas ar RTCM 3.1 standarta transformdcijas zinojumu, ka ari tas, ka klients lieto
sanemtos transformdcijas zinojumus un transformé no ITRF bazes sistémas (izejas sistema) uz lietotdja izvéleto
horizontalo un vertikalo atbalsta koordindtu sistemu (mérka sistéma).Parbaudita septinu parametru
transformdcijas dala un koncepcija par nesaisu tikla un fiziska augstuma ieviesanu. Attiectba par augstumu ir
paskaidrots, ka, lietojot t.s.augstuma indikatorus, RTCM transformdcijas zinojumi divos dazados veidos
reprezente fizisko augstumu.

M.Dneitxe. Cmanoapm coobuwenua no mpaucopmayuu usmepenuit. RTCM3.1 ona  cayiuco
nosuyunupoeanus FHCC.

B omnowenuu x ucnonvzosanuio caysrcoamu nosuyuposanusi I HCC koppekmupo8anHvix OaHHbIX HAOMI00eHUll
RTCM, mo eceoyenmpuueckue (x,y,z) uau sauncoudanvhvie (p,A,h) xoopounamvl 6 pe3yrvmame KoppeKyuu
mparncgopmupyiom 6 cucmemy ITRF unu peeuonanvuyio (nanp. ETRFS89 ¢ Espone cucmemy. Ilonvzoeamenu
yenyeamu THCC pesyibmamul 00bIMHO UCHONL3VION PESUOHATbHbIE UYL JIOKAIbHbIE CUCTEMbL KOOPOUHAM U
svicom. Ilosmomy neobxoouma mpancopmayust koopounam. B nacmosiyee 8pemst gblueciieHble A6Mopambl
napamempuvl mpauvc@opmayuii u/uiu cnepéa 8 0cobom Nopsdke nepedarm Mooenu 2eoudd KOHMpOLepam
THCC.

Lenv cospemennvix mpancgopmayuni 2007 RTCM3.1 onpedenumsv ancopummsl mpancgopmayuu u CmpyKmypol
Ooanuvix 7 coobwenusmu RTCM, umo nozeonum caysxcoam 'HCC nocrame kax coomeemcmeayoujue cooOujeHus
mparncgopmayuu RTCM nonvzosamenio ycnye THCC. Takum nymem coobueHuss no mpancpopmayuu Komopoule
npumensitom 6 xommpoaepe T'HCC u evimeynomsnymeie Ha cucmeme ITRF ochosamnbie KOOpOuHamoi
ABMOMAMUYECKU MPAHCHOPMUPYIOMCSE HA U3DOPAHHBIE CUCMEMbl KOOPOUHAM 20PU3OHMANLHOLU NIOCKOCTU U
sepmuKanbhbix evicom. Iloocomoska mpancgopmayuu OaHHBIX U NOCLEOVIOWUX MAHYATbHLIX ONepayuil 6o
spems usmepenui THCC cmana cmapomoonoii. Ilpocpammamypa u apxumexkmypa cészell npu Ucnoib308aHUU
cooowenuti RTCM 6 ycayeax THCC mooicem 6vimsb ocywecmenena 8 Konyenyuu cepsep — kiuenm. JKerannvie
mpancgopmayuu cucmem — 66edeHbl 8 6ude M.H. MoOyaeu mpancopmayuu u Kak coobujenue o
mparncopmayuu cepgepa RTCM. Taxum obpazom nepedannas é coodugenuu NMEA nosuyus ucnonvsyemces kaxk
3anpoc 6azoeomy cepsepy u 3anpoc nepedaemcs yepesz aomunucmpupyiowyio cemv I'HCC npozpammamypy na
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cepsep coobuenus mpancopmayuu RTCM. B 3asucumocmu om xonguzypayuu coobwenuii mpauncopmayuu
RTCM axmususupylomcs pasiuunvle MOOYIU MpAHCHOpMayuu U HA PA3TUYHBIX CHeYUDUKAYUAX CO30aHHbIE
xoncmpykyuu coobujenuti. CoomeemceeHHo 2eHepupyiom 00Ul U HEeCKOIbKO CO0OweHull mpancoopmayuu
RTCM 6 6unapmuwiti k00 u nocwviraromes npoepammamypou cemu I'HCC xauenmy —xowmponepy I'HCC. B
cmamve AHATUUPYIOMC CIMPYKMYPbl OAHHbIX CE53AHHble ¢ COODWeHueM CMAaHOapmHou mpancghopmayuu
RTCM3.1 a makoice mo Kak KIueHm UCNOIb3Yem NOIYYeHHble CO0DWeHUs mpanchopmayuu u nepesooum c
bazosoti cucmemvr ITRT (ucxoounascucmema) Ha u30pAHHYIO NONL30GAMENEM CUCHEMY 20PUSOHMANLHBIX U
sepmMuKanbHblx Koopounam (yeeascucmema). Ilposepenvl mpancgopmayuu 7 napamempos u KOHYenyusi o
HeyessKe cemu U Yu3UYecKoll 8blcomyl. B omHowenuu 6biComvl NOSACHACMCSL, YMO UCNOAb3YSL M.H. UHOUKAMOPbL
svicomul coobwgeruss mparcgopmayuu RTCM 6 08yx paziuunsix 6uoax npedcmasisaiom Qu3uueckyio blcomy.
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