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GNSS for Global Positioning In ITRF/ECEF Frames

=== < 50 (2010)
105!

¢-esa
(2013) GALILEO 2013

M

Space Segment

Mass: 625 kg
Power: 1500 W
Dimensions: 2.7 x 1.2x 1.1 m?

COMPASS
I 3

User
Segment

VN

GNSS - Systems
_(%Q Royal Institute of Navigation 3rd GNSS Vulnerabilities
- S Tedetigy P and Solutions Conference "# $% &Y



GNSS-Positioning -Services
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Precise Differential (“cm ") DGNSS

Regional DGNSS-Services in and outside Europe
www.moldpos.eu
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GNSS-Service and RTCM -based Positioning

Adresse |@ httpe oo rtem, orgf

The Radio Technical Commission for Maritime 5

Chvervicw Publications Anmual Meeong Membership Calendar Contece Us Visat Us

Welcome
VWhat do you see when you step onto the bridge of a modern ship or well-equipped boat?

Chances are that RTCW standards and RTCM activities had a lot to do with the communication and
navigation equipment there.

Inthe United 3tates, the Federal Communications Commission and LS. Coast Guard use BRTCH
standards to specify radar systems, Emergency Fosition Indicating Radic Beacons, and the asic version
of Digital Selective Calling radios.

RTCM Guides Fersonal Locator Beacons used on landin the LS. are required to meet an RTCM standard.

N el = RTCM standards are used internaticnally for Differential Global Mavigation Satellite Systems and Electronic Chant Systems.
Requirements for

GMDSS RTCM members also have the opportunity to monitor and paricipate in the development of international standards for
Communication maritime radiocommunication and electronic navigation systems.

Equipment 1.1

Guide to Intemational
Ship Mavigation
Equiprment
Requirements
Version 1.2
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GNSS-Services and RTCM -based Positioning

Basic GNSS-Data collected at the GNSS-Reference -Stations ata Time t- t

Nr (t- Dtpa =X, Y, 2)rer (X, Vs Dsatocliueret - T (t- DE)opservedref

NI R(t' Dt)gg‘ :I R[(X’ y1Z)REF; (X’ y’Z)SAT,Dt]trueRef - I R(t' Dt)Observed?ef

1. Area Correction Parameters (ACP)
2. Master -Auxiliary (MAX)

RTCM 3.1

Observations- _
T . Virtual
Corrections | prc Reference
yan Lser Station (VRS)

/ (t ) Sat —
R Rov ,corrected EHNESS Daa
Sat N Sat
/ R (t) Rov,Observed N/ R (t ) Dt) Re f - EHSE Data

I | GNSS-
(B’L’h) GNSS-Datum Networking
1-2cm ITRF-related String — Software

iﬁ Royal Institute of Navigation 3rd GNSS Vulnerabilities
Seende Technuligy Practie and Solutions Conference "# $% &Y



Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss tre t0 Classical Datum (B,L) gjassical

'mee}af Liéuan Mastbén Protokalle Einstellung
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352
4 K )
Darstellung:
—100 km
_ ? : Old Classical Systems
GNSS-practice y
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Transformation Problems and Reference Transformations

1.) Horizontal Datum Transition from (B,L) gnssitre
to Classical Datum (B,L) qjaesical

Echtzeit- GIS

ML Transition to

ITRFGNSS

consistent
frame

(=

Strict and
General
TRAFO

Satellitenpositionierungsdienst

BB¥ BEY BW® BYE HB¥ HE® HHE LSA® MV#

NI® NW® RP# SH® SL% SN& TH® sowie Elbe in Betrieb
Kiiste in Betrieb Residuen-Lage:
—1m
o- RO Darstellung:
——— 100 km

‘ ITRF / ETRF89 - Datum \ GNSS-practiCe Old Classical SyStemS
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Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss mre 10 Classical Datum (B,L) ¢jassical

~All-over -the-World “ Problem

X =(N+h):co<B>cosL
y=(N+h)>sinB>sinL
b2
z2=(—
2
mit N(B)=Normalkrirmungshalbasser

<N + h) >sinB

3D Similariy Transformation

X1(Bg,Lq,hy) X2(By,Ly,hy)
X, =mxR*XXy+t,mit Xy = y;(By,Ly,hy) undX, = yo(BaLy,hy)
21(By, L1,hy) Z,(By,Ly,hy)
Rotation Matrix
3 Rotations Non-Linear Realation (see above)
‘ﬁ Royal Institute of Navigation 3rd GNSS Vulnerabilities
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Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss mre 10 Classical Datum (B,L) ¢jassical

€x o
Solution of the horizontal 3D Similarity
Transformation Problem e, ransformation
Related to
B Vg e, (B,L,h)

DB @p); ,@b)2
(L - Dl@my@p, - L )i+ ve =[Moldenskg, p,ixDs | 1D-2D-3D-
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a
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Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss mre 10 Classical Datum (B,L) ¢jassical

COPAG = Continuously Pa_tched G eoreferencing

I = X
L! - i.‘ -~ -
A A N —

F 3
{HA‘,‘_
A 4 A

3

Continuity along the
Mesh Borders!
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Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss mre 10 Classical Datum (B,L) ¢jassical
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Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss mre 10 Classical Datum (B,L) ¢jassical

Projekt  Daten Maschen Probokolle  Einstellungen  Werkzeuge Extras  Ansicht 2
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Horizontal Transformation Problems and Reference Transformations

1.1 Horizontal Datum Transition 1.2 Horizontal Datum Transition
from (B.L) enssimre 10 (B.L) cpassica from (B,L) ciassica 10 (B.L) gnss,irr

DFLBF-Databases. Use in GNSS-Services COPAG-Databases for GIS
on controllers and via RTCM

/ see: www.geozilla.de
see www.geozilla.de

%) Trimble® ¥RS Now™ abonnieren: - Mozilla Firefox

DHDM —» ETRES8Y (CoPaG Germarny 3-5 cm) =
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Oy paorge - | search || T pOFCreator | - Options~ :
| oW ATk | | | | Trimble® YRS Now™ abonnieren: E_] =
< @

Trimble Wiorddwide ihereto Buy

Trimble® VRS Now™ abonnieren:

Trimble YRS Now Startseite Transformation Service

Dieutschland x_I . el i !
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Optionen Koordinatensystern in die Landeskoordinatensysteme. Transformation PLUS
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YRE iStope™ Senice Transformation angebaoten. Grundlage filr diesen Dienst ist die DFLEF

[iatenbank der Firma Seiler in Verhindung mit dem Guasigeold GCGO5 vom
BKG fiir die Hihentransformation. Die Genauigkeiten liegen zwischen 0,02 m
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2. Height Problem / HRS Transition - Karlsruhe Referen
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Reference -Transformation
Source CRS Target CRS
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra

hensst Vv = H +1Txp - hgpg-Dm
H +v = H
—Ng 1 +vi= fTxp + Ng(d )

X+ v = —fBTII\/I(B) Xp + ﬂx(dx,h)j

hi+v =

nsformation

-f TI(N(B)>c0s(B))xp + T h(d,)’

Reference -Transformation

SQ/ )d NEEM ( ) fT Source CRS Target CRS
a . + V= = X —
—4 ’@(B)SDJ P P (B.Lh)enss => N
v . k) K -
9'@%¥r +V=k:0 % Mmzo (C'h(ky),m>cosml '+S ) m>sinml *) Py ) m(cosq’) +dg(d)
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra

[ < 10 cm DFHRS Europe

[] <3cm DFHRS
] <1cm DFHRS
Bl < 10 cm DFHRS Albania

nsformation

Ellipsoid
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation

<+ BW - DFHBF SecondEdition

Frojekt Earte Maschen Werkzeuge  Arsicht  Input Hilfs

RN
5 4" n

ANV ZHL B e[+ 0a =20

www.dfhbf.de

Software
Sreenshot

e [dentical
»Fitting*
Points
(B,L,h;H)

* Meshes
A a3 fih' Jf'rﬂﬁ"';_ e
S ]
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation

< 10cm DFHRS
Europe
,Fittingpoint-Design®

D

ETRS89/EVRS

,GPS-/Levelling-
Points of EVN*

>

Fitting Points

NFEM(p) =:h-H

Used for the
1st Version r .
<10 cm DFHBFS P
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation

www.moldpos.eu MOLDPOS 1-3 cm Quasigeoid for Moldova
Patching of
EGG97 or EGM2008 GPM
Nearly same results
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation

www.moldpos.eu ~ MOLDPOS 1-3 cm Quasigeoid for Moldova
é Patching of
3 EGG97 or EGM2008 GPM
T Nearly same results
E—l T % o i
P o I
bl &l 0.1
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3. Reference Transformations and RTCM Transformationmessa  ges

RTCM 3.1 Observations Corrections
&

,Seven RTCM Transformation Messages*
(Scientific Member of International RTCM  -Working Group 2004-2007)

« Transformation-Parameters (1021 ,1022)
e Residual-Grids and/or Geoid-Representations (1023 ,1024)
 Projection-Information (1025 ,1026,1027)

sent by GNSS-Positioning-Service
to
GNSS-Positioning-User

1l

NMEA-based request to RTCM-Transformation Messages Server)
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3. Reference Transformations and RTCM Transformationmessa

ges

Willkommen
zur Intergeo
2004

Trimble ist stolz darauf, auch in diesem Jahr ein
offizieller Sponsor des Intergeo-Kongresses und
Intergeo-Treffs zu sein.

Wir von Trimble haben es uns zum Ziel gesetzt,
Ihnen die neueste Technologie bereitzustellen,
die es lhnen ermbglicht, die Yorteile lokalisierter,
integrierter Vermessungsliosungen zu nutzen und
Ihre Effizienz, Produktivitat und Ihren Gewinn

2u erhdhen. Als Beweis unseres Engagements
prasentieren wir in diesem Jahr eine Reihe von
Lisungen, die speziell fir unsere europaischen
Kunden entwickelt wurden.

Durch die Akguisition der GeoNav GmbH sind wir in
der Lage, Ihnen eine neue Feldsoftwareldsung, den
Trimble Survey Manager, an die Hand 2u geben. Die
Software ist auf Anwendungen in der europaischen
Vermessungsindustrie, und insbesondere auf
Hatastervermessungen, zugeschnitten. Des Weiteren
haben wir unser GPS-Produktportfolio mit dem
Tnmble R8 um den .ultimativen VRS-Rover™ erganzt.
Der Timble RE ist gine Kombination aus einem
leichten, kabellosen Rover ohne externes GSM-
Modem und der L2C-fahigen GPS-Technologie

fiir den Einsatz in européischen VRS-Netzen.
Anwendern von Robotic-Totalstationen bieten wir
das lizenzfreie 2,4 GHz GeoRadio mit modemster

Spread Spectrum-Technologie an, die Interferenzen
wnn Andaran FinkeerdAten it helehten Ranstellen

Neue Trimble Survey Manager Software

Die fortschrittliche Trimble Feldigsung fiir prazise
Echtzeit-Vermessungen.

Die Timble Survey Manager Software enthdlt die offizielien
Referenzhoordinaten des amtlichen Koordinatensystems,
bletet volle SAPOSE- und ascos@-Unterstiltzung und die
Implementierung, von DFLBE und BEHBE Sie gewdnrleistet die
exakte Datenerfassung, -verarbeitung und Dokumentation nach
amtlichen Vorgaben und wurde speziell fiir ketasterspezifische
Anforderungen in Deutschiand optimiert.

Trimble Survey Manager basiert auf der beliebten DCTools
Software von Timble GeoNav. Es ist eine flexible, ginfach

zu verwendende Oberflache filr Ihr Vermessungssystem.
Trimble Survey Manager besteht aus Softwaremodulen fiir
Feld und Biiro und wurde speziell flr die Datenerfassung,
Datenverarbeitung und die Dokumentation praziser Echizeit-
Vermessungen entwickelt.

ALLES UNTER KONTROLLE - MIT DEM TRIMBLE
SURVEY MANAGER

Das Timble Survey Manager Feldmodul 1auft unter Windows
9x, 2000, XP und Windows CE. Sie kinnen Feldvermessungen
auf der Plattform ausfiihren, die den Projektanforderungen am
besten entspricht, einschlle@lich Notebooks, Tablet PCs oder
unseren rabusten und |eistungsstarken Trimbie Controligrn:
T5Ce™, ACU oder Trimble Recon™. Timble Survey Manager ist
vollsténdig mit Timble GPS- und Trimble Totaistationssystemen
kampatibel und erlaubt die komplette Steuerung aller
Instrumente und Messmethaden im Feld.

Bewahrte GPS-Technologie in einer kostengunstigen

L1-Losung: das NEUE Trimble 5700 L1 GPS-System

Der 5700 L1 GPS-Empfanger von Trimble ist ein UNTERNEHMEN

bedienerfreundlicher GPS-Empfanger speziell

fiir statische, L1-FastStatic und kinematische
Vermessungen. Er ist eine flexible, kostengiinstige
Vermessungslosung mit bewahrter Trimble GPS-
Technologie.

Beginnen Sie mit einer preisgiinstigan Timble GPS-
Einstiegsigsung und rirsten Sie diese spater fir erhihte
Produldivitit zu einem leistungstahigen Zweifiequena-
System auf. Sle kinnen Inr System bel Bedad sogar mit
RTK nachriisten.
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3. Reference Transformations and RTCM Transformationmessa  ges
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3. Reference Transformations and RTCM Transformationmessa

Sensor Firmware
Version 4.20

= Optimale Vernetzungslosung

- Fldchenkorrekturparameter

- Verschliisseltes RTCM-AdV

- Virtuelle Referenzstation

- Monitoring der FKP/VRS-0ut Position
» Moderne Datenkommunikation

-RTCM 2.3

- Automatische Erkennung der

Referenzantenne '

- Siemens TC35 Dualband GSM-Telefon
* Deutschlandweit passpunktfreies Messen
- DFHBE fiir 3 cm-genaue Hihen-

bestimmung
- DFLBF fiir 5 cm-genate Lage-

bestimmung 3
- Integration anderer Geoidmodelle/

Koordinatensysteme realisiert

S
]
3
-
»
“
§
==

T

Hauptsitz:

Leica Geosystems GmbH
Vertrieb
Hans-Bunte-Stralle 5
80992 Miinchen

Tel. 089/71498100

Verkaufsniederlassung:
Leica Geosystems GmbH
Vertrieb

Miinsterstral3e 306
40470 Diisseldorf

Tel. 0211/61869060

Verkaufsniederlassung:
Leica Geosystems GmbH
Vertrieh

MilastralSe 2

10437 Berlin

Tel. 030/4402130

Fax 089/ 14981033 Fex 0211/616906 19 Fax 030/44021321
www.leica-geosystems.de wwwleica-geosystems.de www.leica-geosystems.de Geasystems
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3. Reference Transformations and RTCM Transformationmessa  ges
,Gridding” of Reference Transformations
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3. Reference Transformations and RTCM Transformationmessa  ges
Message 1021 or 1022

Geoid-Grid or not
Grid

Location&Size

[/ Parameters

Ellipsoid
Parameters
Source / Target

3rd GNSS Vulnerabilities
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3. Reference Transformations and RTCM Transformationmessa  ges

Message 1023 or Message 1024

Residuals P ,

Residuals P .

Residuals P 4

Height Indicator=1 mmmp ,dh ,, = Physical Heights' Residuals dH
Height Indicator =2 mmmp ,dh ,, = Geoid / HRS Heights N ; (dN))

3rd GNSS Vulnerabilities
and Solutions Conference "# % &(



3. Reference Transformations and RTCM Transformationmessa  ges

Using
Reference
Transformations

to
compute
a
country-wide

1.)
STATIC
GRID"

(,Large Residuals® Grid)

3rd GNSS Vulnerabilities
and Solutions Conference
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3. Reference Transformations and RTCM Transformationmessa

Using Reference Transformations to compute country-wide
grids dynamically online on NMEA-request by virtual fitting points

2)

,LDynamic .
Grid * *
Advantages
1.) No preceeding ,Gridding“ Discretization Error
2.) Small Residuals - Small Interpolation error
3.) De facto - De facto independe nce of the residual

interpolation method in the rover

ges

3rd GNSS Vulnerabilities
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3. Reference Transformations and RTCM Transformationmessa  ges

Using Reference Tranformations to compute grids dynamica lly
,Dynamic Grid*

4.) Direct use of Original Reference Transformations

4
¥ n
w(r,J,l)= ¥><(1+ ) 0(@)n X(Cpmcosml +S..sinml ) P, (cos))
n=2ms=
o | W- U

x Ui 1+e2/u2 xcosi3 xcosl - N((X!y!Z)GNSS) =
y = u ><,/1+e2/u2 xcos bsinl U=U@ewM)gege [ ,u)) Oh-N
z u>sinb
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3. Reference Transformations and RTCM Transformationmessa  ges

Using Reference Tranformations to compute grids dynamica lly
,Dynamic Grid“

5.) .Combined Message Generation*

Part1 - Plate Models

[(B’L’h) ITRF-reIated]i [(B’L’h) GNSS,ITRF]i

Virtual Fitting -Points

13 Part 2 - Standard Reference Transformations

[(B.L,N) rreretateali  [(B,L) ¢, Hy or N)J;

Virtual Fitting Points

Dynamic Message Set up by local 7PT Gridding

3rd GNSS Vulnerabilities
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3. Reference Transformations and RTCM Transformationmessa  ges

General Configurable
RTCM Transformation
Messages Server

All kind of Reference
Transformations
in so called
Transformation
Modules

Dynamic & Combined
& Static RCTM-Messages

Commuication
Design
in case of passing
RTCM Transformation
Messages
through GNSS-Networking
Software

3rd GNSS Vulnerabilities
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3. Reference Transformations and RTCM Transformationmessa  ges

Reference Transformations
DFHBF Florida
DFHBF Bavaria
DFLBF Bavaria

www.geozilla.de
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4. GNSS-Reference Station Monitoring
GNSS Reference Station

MONItoring

by the KArlsruhe

approach and software o = R Q) R
(MONIKA) " 2

1

www.monika.ag

Old Classical Systems

3rd GNSS Vulnerabilities
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4. GNSS-Reference Station Monitoring

MONIKA

Coordinate related Reference-
Points Deformation Analysis

Multivariate and Multi-Epoch
Congruency Testing

Nl 0202 (Hohe: UTM-System}

. LVA-Testnetz:1 - MONIKA

Additionally: Object-Points + Tests

Additionally: Full spectrum of the
Deformationsanalysis Features of
GOCA

Projekt  Einstellungen Berechnungen Epochen  Ansicht 7
DEE ¥4 123 Léadg
% | Epoche 3 vom 10.02.2005 bis 10.02.2005
E pocheneinstellungen /1 0392
Epocte. | B3] 10387
Protokol | \
4 D386 4 0389
4 KARL
#0388 0384
& 0391
03934 0398 4-0394
0399 -0397—& 0396
0390~
0395
SCHA
T~ KREU
i-FHBB~FRIC
STGA
Bersit UM
www.monika.ag
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4. GNSS-Reference Station Monitoring

MONIKA Step 1

GNSS
RINEX-Data  [I{Ei):Ci(tj)

GNSS-Processing

>
GOCA BEPC PRO

X(ti)j, Cx (L)

To be controlled by BPEC_PRO
* LGO, Leica GeoOffice

« WAL (Wanninger Software)

* Berner GPS-Software 5.0

www.monika.ag
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4. GNSS-Reference Station Monitoring

MONIKA Step 2

» Baselines
e Epoch Networks
» Partial networks
e Daily Solutions

X(ti)j. Cx (t));

GNSS
SINEX-Data

Dt

*Epoch States

3rd GNSS Vulnerabilities
and Solutions Conference
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4. GNSS-Reference Station Monitoring

MONIKA Step 2 - Coordinate related Referencepoint-Deformationanalysi

S

Free GNSS-network
Deformation
Analysis Concept

Original GNSS observations

RINEX
()i, C; (1),
|
SINEX Singular
l XO ?
Unknown

Datum

Epoch States

»
»

New Xg l

Helmert-Transformation d=3
X () = X(t) | xg

l

S-Transformation d=3
Cy (tj) = SXCy (t;) 8"

www.monika.ag
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4. GNSS-Reference Station Monitoring

MONIKA Step 2 — Coordinate related Referencepoint-Deformationanalysi s

27cm/10y U
1 se

of

IERS
Parameters

Reference time

to
Epoch time
Consideration of Datum -drift and Plate-Movement Rates t;

X(tl)ITRFZLtl =(1+Dm)>R(e,.€,,€,)X(t1) rrpyy iy H1

X(t2)1TRFzzt, = X(11) I TRFzzt; + ( ((R +Dm) X(t1) TRFzz.t; +t)+ (R P() xx(tl)ITRFzz.tl))x(tZ - 1)
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4. GNSS-Reference Station Monitoring

MONIKA Step 3 - Coordinate related Reference-Point-Deformationanalys  is

(X(t;) - Xb)+ V() = Dk >dkk +Dh >l c(t) | [DT

|

(X(t;) - Xp) Vi) = Dig 0%k +Dip X5 +BI X (t;)
000 100 000O0 '

BERx:(t))= 0 0 0.0 1 0..0 0 0 Rxk(t;)
000 001 00O

!

s T . . i T . - T . . i
R (6) =- (B P'QLPBI) B Phovy)  and Qe (6) =Bl P'QWRB)™
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4. GNSS-Reference Station Monitoring

MONIKA Step 3 - Coordinate related Referencepoint-Deformationanalysi s

3D a-posteriori Teststatistics — Significance of ~ Rixl*
S ,kT iky-1 Qoik s T . i o
B S | e Y
" 385° r-3
Rixik" BK' PIQL, PBX) ixik T -
_ R | w i Bi R _ estrelatedto 1- ,e.g=95%
- 3552 -3 Confidence ellipsoid
Sensitivity ellipsoid Rk 50 o0 1K) 1y K R%-Sensitivit
= 5%, R=95% R QiR ) R y
= | (FI3’r_3 ,a,b) =173
Detectability of GNSS \\ S LR R
ge]terencg Statl%?(i,k (=1.0 accuracy,1- =19.9%
elormations R error ellipsoid )
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4. GNSS-Reference Station Monitoring

GNSS-Positioning-Service of Baden-Wirttemberg (SAPOS

) - Rheingraben

3rd GNSS Vulnerabilities
and Solutions Conference

I"# $% &(




4. GNSS-Reference Station Monitoring

www.monika.ag

GNSS-Positioning-Service of Rheinland-Pfalz (SAPOS)

— Volcano Monitoring
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5. GNSS-Positioning Services — User-Groups
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5. GNSS-Positioning Services — User-Groups

GNSS/INS
Drohnes
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6. Changes in GNSS-Positioning Services Network &Processi ng-Design

Precise Point Positioning (PPP) = Absolute GNSS-Positioning
? Breaking the Monopole of present DGNSS / Reference St ation Services ?

Static Absolute
(Non-D)GNSS
Upload of Data for

Processing
SSR-Provider
Dynamic Absolute GNSS / GNSS
Online PPP (,OPPP*) RTK g
e Server-Client for SSR?
e cmM-RTK? |GS-Network

e LowCost-Sensors

1-2m,1-2dm, 1-2 cm®
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6. Changes in GNSS-Positioning Services Network &Processi ng-Design
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