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GNSS for Global Positioning In ITRF/ECEF Frames
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GNSS-Positioning -Services
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GNSS-I\Tetworks in EURASIA: SAPOS®/AXxio -Net/VRSNow® , SWIPOS®/SwissSat ® ... SwePos ®,
CzePos® ,LatPos ®, CroPOS®, HePos®, ... Hungary , Slowenia , Romania, Siberia (SRPOS),

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

1.) Horizontal Datum Transition from (B,L) gnssiTre
to Classical Datum (B,L) cjassical

GIS

Transition to
ITRFGNSS
consistent

frame

(=

_ 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

)(1 y=(N+h)>sinB>sinL
b2

z2=(—

2

mit N(B)=Normalkrirmungshalbasser

<N + h) >sinB

3D Similariy Transformation

X1(Bg, Lg,hy) X2(Bo,Lo,hy)
X, = MR+t ,mitX; = y;(ByLy,hy) undX, = yu(By Lyshy)
2;(By, L1,) Z5(By, Lo hy)
Rotation Matrix
3 Rotations Non-Linear Realation (see above)
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Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss mre 10 Classical Datum (B,L) ¢jassical

Ex e
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-

Dh @b)1.@b)2 h Identical Points

2 1 Vh | tx

t WTRANS

Y | www.geozilla.de

t;
s.n(L)aXV‘” ho """" C OSQL) axwW+h i__(_)__i_:_sjiazé)_;o_s_(é)_ ;Izl_;e_zni"-_s:i;]zé)_ xcos() sin®) >sin(L) _ir_éésféi_;
' M+h T M+ho IR M+h_ o M+h ____ L M+h | M+h |
| sin(B) xcos) N x(1- €°) +h) | sin()>sin(L) XN x1- e®) +h) | L 0 ! sin(L) ! cos() ! !
o (N+h)xcos@) __(N+hcos®) T _(N+h)xcos) | (N+h)xcos®) |~ |
|- N ssin(B) xcos@)sinlL) | N xe? xsin(B) xcos@) xcos) | 0 | h+axW 1 cos@)xcosl) | cos@)sinL) | sin@) |

w=2=1- e sin?B 2 a®- b?
N 2
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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

Continuity along the
Mesh Borders!

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

Reference -Transformation
(Data / Parameters / Algorithms )

Source CRS Target CRS

(B,L,h) GNSS => (B’L) Classical
(BaL1h) GNSS => (B’L’H) Classical

DFLBF DB
Transformation
Hungary Parameters
1-3cm & Residuals

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



Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gyss mre 10 Classical Datum (B,L) ¢jassical

Meshes = “Patching” for
Corrego Alegre Classical Datum
Brasil

(1-5)cm
Transformationparameter
Databases for 3 Classical

Datum-systems

3rd GNSS Vulnerabilities
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Horizontal Transformation Problems and Reference Transformations

1.1 Horizontal Datum Transition 1.2 Horizontal Datum Transition
from (B.L) onssmre 10 (B.L) Classical from (B,L) cjassicar 10 (B,L) gnss.iTrF
DFLBF-Databases. Use in GNSS-Services COPAG-Databases for GIS

on controllers and via RTCM

/ see: www.geozilla.de
see www.geozilla.de
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2. Height Problem / HRS Transition - Karlsruhe Referen  ce Transformation
— A
+/- 70 11)

Geold (FIBF

Elllosoid

GNSS Heighting
from h- GNSS{

H =h - N@Lh

www.dfhbf.de Reference -Transformation
Source CRS Target CRS

(B,.L,h)gnss == N
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra

nsformation

hensst Vv = H +1Txp - hgpg-Dm
H +v = H N(p,) NFEM(p)
=Nt +vi= fTxp o+ ING(d )
X+ v = -fg' IMB) xp + Tx(d,p)’ DB
hi+ v = -f '/(N(B)xos(B))xp + 1 h(d,)’ .
’ Reference -Transformation
q — NFEM —fT Source CRS Target CRS
_,msng-sm +v= (P)=1"xp (B.Lh) anss => N
n(k)+1
9'@%¥r+v= voa (9 +3 * (C'n(ky),m>cosml "+S' 4y m>sinml ') iy m(cosg’) +dg(d)
k=0 T r m=0
Ng;pM +Vv = N(Cnk),m v§n(k),m)+ﬂN(dj)
1 ¥ a n(k)+1 k . . . )
= = (C'n(k).m>cosml +S' 0y msinml *) Xy m(cosa) - Vref) +IN(d’)
do k=0 T m=0

0+vpn = NC ngym +Sngkym) - (1 30 +Dm>h)
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation

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

www.dfhbf.de

Software
Sreenshot

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

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

<5cm DFHRS DB
Florida

www.dfhbf.de
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation

< 10cm DFHRS
Europe
,Fittingpoint-Design®

ETRS89/EVRS

,GPS-/Levelling-
Points of EVN*

Fitting Points
NFEM(p) =:h-H

Used for the
1st Version
<10 cm DFHBFS

www.dfhbf.de

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

www.moldpos.eu 1-3 cm Quasigeoid for Moldova
Patching of
EGG97 or EGM2008 GPM
Nearly same results

www.dfhbf.de
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra  nsformation

www.moldpos.eu 1-3 cm Quasigeoid for Moldova
Patching of
EGG97 or EGM2008 GPM
Nearly same results
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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)

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

and Solutions Conference I"#  $% &'



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
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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
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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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