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GNSS Positioning Services




GNSS for Global Positioning In ITRF/ECEF Frames
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Space/Satellite Based Augmentation Systems (SBAS)
DNGSS-Corrections . Standard RTCA and RTCM

GNSS-Reference Stations Existing WAAS

=> RTCM / RTCA Corrections Satellite or Mobile Internet (NTRIP)
- Satellite Communication RTCM or RTCA Corrections

- Internet Communication via GSM Accuracy: 1 m

... WAAS (USA),CNSS (China),GAGAN /IRNSS (India),QZSS /MSAS (Japan),SDCM (Russia)
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Accuracy: 1-3 cm!!l
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Precise Differential (“cm

" DGNSS

Regional DGNSS-Services in and outside Europe
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Augmentation Systems (SBAS, GSM/Internet-based)

.... with RTCM-Corrections for Precise Positioning and Navigation

* Networked RTCM Corrections
* Inhomogenously distributed GNSS-Reference
Stations, like e.g. Brasil
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GNSS-Internet Radio
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E.g. Europe: ,INSPIRE (Infrastructure for Spatial Information in Europe)
see inspire.jrc.ec.europa.eu

Necessary for ,daily GNSS-Positioning* of the users of a GNSS-

Positioning Service and for GIS purposes — Ready for Brasil!!!
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www.dfhbf.de

www.geozilla.de
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GIPS-1: Horizontal Datum-Trafo from (B,L)gnss tre 10 Classical Datum (B,L) ¢jassical
Karlsruhe Approach (COPAG) and Trafo -Database Computation

_All -over -the-World “ Problem

X =(N+h):co<B>cosL

X, y =(N+h)ssinBssinL
b2
z=(—, N +h)>sinB
a

mit N(B)=Normalkrirmungshalbasser

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)




GIPS-1 Horizontal Datum Transition from (B,L) gyss tre 10 Classical Datum
(B,L) classicat — Karlsruhe Approach (COPAG) and Trafo -Database -Compution

Ex e
Solution of the horizontal 3D Similarity
Transformation Problem e, ransformation
Related to
B Vg e, (B,L,h)
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GIPS-1: Horizontal Datum-Trafo from (B,L)gyss tre t0 Classical Datum (B,L) qjassical
- Karlsruhe Approach (COPAG) and Trafo -Database Computation

Long waved deflections - ,Weak shapes*

GIS
Transition to
ITRFGNSS
consistent
frame

(=

_ GNSS-practice Old Classical Systems
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GIPS-1: Horizontal Datum-Trafo (B,L)gnss tre 10 Classical Datum (B,L) cjassical
Karlsruhe Approach (COPAG) and Database @ Computation

COPAG = Continuously Pa_tched G eoreferencing

Continuity along the
Mesh Borders!




GIPS-1: Horizontal Datum-Trafo (B,L)gnss tre t0 Classical Datum (B,L) qjassical
Karlsruhe Approach (COPAG) and Database @ Computation

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




GIPS-1: Horizontal Datum-Trafo (B,L)gnss tre t0 Classical Datum (B,L) qjassical
Karlsruhe Approach (COPAG) and Database @ Computation

Brasil

Meshes = “Patching” for
Corrego Alegre Classical Datum Brasil
Corrego Alegre Sirgas




GIPS-1: Horizontal Datum-Trafo (B,L)gnss tre 10 Classical Datum (B,L) cjassical
Karlsruhe Approach (COPAG) and Database @ Computation

DFLBF/COPAG Databases for Brazil DFLBF/COPAG Databases for Brazil
Meshes SAD69  SIRGAS Meshes SAD96  SIRGAS

Brazil




GIPS-1: Horizontal Datum-Trafo (B,L)gnss tre 10 Classical Datum (B,L) cjassical
Karlsruhe Approach (COPAG) and Database @ Computation

Accuracy of DFLBF/COPAG Databases for Brazil SAD99 SIRGAS

BRASIL




GIPS-1: Horizontal Datum-Trafo (B,L)gnsstre t0 Classical Datum (B,L) gjassical
Karlsruhe Approach (COPAG) and Database = Computation

GIPS-1.1: Horizontal Datum Transition GIPS-1.2 :Horizontal Datum Transition

from (B,L) gnsstre 0 (BiL) classica from (B.L o (BL
DFLBF-Databases. Use in GNSS-Services C(()P A)G(EkiDsgfgbasés’ fz)rGgSI%'TRF

on controllers and via RTCM

www.qgeozilla.de







GIPS-2: Height Reference Surface (HRS) Qgeoid /Geoid (N) for Transition hgyss tre tO
Physical Heights H = h-N - Karlsruhe Approach (DFHBF) and DFHBF-DBComputation
N

GNSS Heighting
from h- GNSS{

H =h - N@Lh

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

(B,.L,h)gnss == N




GIPS-2: Height Reference Surface (HRS) Qgeoid/Geoid (N) for Transition hgyss tre tO
Physical Heights H = h-N - Karlsruhe Approach (DFHBF) and DFHBF-DBComputation

hensst Ve = H +fTxp - hgpg:Dm
H +v = H

~Patching*

‘:NG‘J’ +vi= fTxp + Ng(d )
%S msw )d -Existing nonfitted Qgeoid

-/ Geoid GridsGrids

i _ T i Deflections fo the Vertical
X+ v = -fB /M(B) Xp + ﬂX(dx,h)J from modern Zenith-

SJUI0d eonuap|

_ - _ Cameras or from Classical
hl+v = -f_ /(N(B)cos(B))xp + T h(d,,)’ Geod- Astron. Campaigns

New: Global Geopotential Model (EIGEN,EGM2008)
Coefficients (C ,...S,,,) => Mapped to Spherical
Cap-Harmonic Coefficients (C* S

(C'hmr S ) => Introduced as direct observations

nm? nm)

http://www.qgeozilla.de/files/Geodaetische Infrastrukturen fuer GNSS-Dienste %28GIPS%29.Jaeqger..pdf
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GIPS-2: Height Reference Surface (HRS) Qgeoid /Geoid (N) for Transition hgyss tre 1O
Physical Heights H = h-N - Karlsruhe Approach (DFHBF) and DFHBF-DBComputation

www.dfhbf.de

Software
Sreenshot

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

 Meshes




GIPS-2: Height Reference Surface (HRS) Qgeoid/Geoid (N) for Transition hgyss tre tO
Physical Heights H = h-N - Karlsruhe Approach (DFHBF) and DFHBF-DBComputation

- DataBase

TN

Quasi-Geoid N ; Quasi-Geoid N ¢

glng

9

NG :NQG+
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GIPS-2: Height Reference Surface (HRS) Qgeoid /Geoid (N) for Transition hgyss tre O
Physical Heights H = h-N - Karlsruhe Approach (DFHBF) and DFHBF-DBComputation

Brazil

Geoid-Computation
for Brasil: Patches
and Meshes

www.dfhbf.de







GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Approach

Present or ,old“ standard: Trafo-Databases or,Grids" in
GNSS-controllers (Trimble, Leica-Geosystems, Topon, etc.)




New standard:RTCM-Transformation Parameters from GNSS-Positioning Service

HS Karlsruhe BMBF-Project 2010-2011: www.moldpos.eu




GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

New standard:RTCM-Transformation Parameters from GNSS-Positioning Service

,Gridding” of Reference Transformations by Virtual Fitting Poi nts




GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

Message 1021 or 1022

Geoid-Grid or not
Grid

Location&Size

[/ Parameters

Ellipsoid
Parameters
Source / Target




GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

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))




GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

Using
Reference
Transformations

to
compute
a
country-wide

1)
STATIC
GRID*

(,Large Residuals® Grid)




GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

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
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GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
Using Reference Tranformations to compute grids dynamica lly

,Dynamic Grid*

4.) Direct use of Original Reference Transformations

e
¥ n
w(r,J,l)= ¥><(1+ ) 0(@)” X(Cpmcosml +S..sinml ) P, (cos))
n=2m=
. U x[1+e?/u? xcoscos - N((X,Y,2)ense) = wW- U
y = u ><,/1+e2/u2 xcos bsinl U=U@ewM)gege [ ,u)) Oh-N
z u>sinb




GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

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




GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap

Reference Transformations
DFHBF Florida
DFHBF Bavaria
DFLBF Bavaria

www.geozilla.de

proach







GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)
GNSS Reference Station

MONItoring
by the KArlsruhe

2 i,kT

approach and software Rixg Qg ) Rxy

T(Nx) = =
(W) 35 2

(MONIKA)

1
www.monika.ag

Old Classical Systems




GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

. LVA-Testnetz:1 - MONIKA

Projekt  Einstellungen Berechnungen Epochen  Ansicht 7
MONIKA NEE %4 123 Yesm
Coordinate related Reference_ - % | Epoche 3 vom 10.02.2005 hls1[].[]2‘.2{'!];;]:]5E
Points Deformation Analysis —
S 420387
) ) ) ﬂl 0386 , o389
Multivariate and Multi-Epoch A KARL
Congruency Testing i o e
——a 0391
BN 0202 (Hohe; UTM-System) 03934 0398 {0
- 0396
o390 7% =
SCHA 0395
. -] S~ KREU
FHBB
|| L-FHBBFRIC VSTGA
Additionally: Local Object — Monitoring and M
Deformation Analysis

www.monika.ag




GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

MONIKA Step 1

. Nss RINEX | [I(t),G(t;)

GNSSControl-Software
>

1. Data Communication
2. Processing

Processing Engines

« WAL (Wanninger Software)
» Berner GNSS-Software 5.0
 RTKLIB - based

X(ti)j. Cx (L)

lI. GNSS SINEX

Import Y(ti)j,EX (ti);

www.monika.ag
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GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

MONIKA Step 2

» Baselines
e Epoch Networks
» Partial networks
e Daily Solutions

X(ti)j. Cx (ti);

Dt

*Epoch States




GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

MONIKA Step 2 — Coordinate related Referencepoint-Deformationanalysi s

MONIKA
Free GNSS-network
Deformation
Analysis Concept

Original GNSS observations

»
»

New Xg l

Helmert-Transformation d=3

RINEX
I©;5.C1 (D) X(t) = X(t)| Xo
|
SINEX Singular l
| X ? S-Transformation d=3
Unknown

Epoch States
MONIKA Step 2

Datum

Cy (tj) = SXCy (t;) 8"

MONIKA Trafo 2 - Step 2

www.monika.ag




GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

MONIKA Step 2 — Coordinate related Referencepoint-Defor  mationanalysis

27cm/10y U
1 Se

of

IERS
Parameters

Reference time

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

X(tl)ITRFZZ’tl =(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() ><><('f1)|TR|:zz.t1))>‘(t2 - 1)
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GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks

for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

MONIKA Step 3 - Coordinate related Reference-Point-Deformationanalys

1S

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

|

(x(t;) - x0)+vx(t)—D' X'k +Dl >dR +BF x| (t;)

000 100 oooT

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

!

Rk (1) =- BF PIQURBI) 1B Plavyy and  Qugi(t) =B PlQlyPBI)™




GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks

for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

S

MONIKA Step 3 - Coordinate related Referencepoint-Deformationanalysi
3D a-posteriori Teststatistics — Significance of ~ Rixl*
S ,kT iky-1 Qoik s T . i o
T(Rxg) = e Qe ) Xk _ o VTPV- R AQppp ) AR
R 35 2 r-3
,lei,kT x(B.kTPiQi P BK) ixik T ]
_ VAR i wliDbj R _ estrelatedto 1- , e.g=95%
- 355 2 -3 Confidence ellipsoid
Sensitivity ellipsoid Rixciok " Qe ) LRixK|  R96-Sensitivity
=5 %, B=95% R NNR R
= | (FI3’r_ 3 ,a,b) =173
Detectability of GNSS \\ S LR R
ge]:erenc_e Statl%?(i,k (=1.0 accuracy, 1- =19.9%
elormations R error ellipsoid )




GNSS-Reference Station Monitoring and
Use as Geosensor-Networks for Geomonitoring and Hazard M itigation
— Karlsruhe Approach (MONIKA) -

www.monika.ag

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

GNSS-Positioning-Service GNSS-Positioning-Service
Geomonitoring of Local Geomonitoring of Natur
Objects Hazard Zones




GNSS Positioning Services
+

GIPS

Motor for New Developments

e.g.
Precise Multisensor Navigation

| Geodetic Know How guestioned !
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GNSS-Positioning Services — Precise Positioning/Geodat  a Acquisition/Navigation

Mobile
GIS

Augmented Reality and
Mobile Data-Acquisition

Mobile
Services

Seamless Outdoor/Indoor Navigation
Multisensor-Systems




GNSS-Positioning Services — Precise Positioning/Geodat  a Acquisition/Navigation

Algorithms for Precise Multisensor-Multi-Purpose Naviga tion-Platforms

GNSS
+
Autonomous Sensors (MEMS)
» Gyroscopes
» Accelerometers , etc.

Field
www.navka.de Robots
Joint Research Project 2011 - 2013
N N, +[v, >sin(y, )] *Dt +%[vk sin(y, ) + v, cody, )yl »Dt*
E Ecrvocody D+ ZIv, cody,) - v, sinly, )y bt
X = v, +v, XDt
y Vi
Y o Yty oDt
Y K
_ P - P p n
y= hp@=[ £ @-[RR(r»0p»0yJ(t)x ;1] .
Water-Drones Air-Drones




GNSS-Positioning Services — Precise Positioning/Geodat  a Acquisition/Navigation
Algorithms for Precise Multisensor-Multi-Purpose Naviga tion-Platforms

Joint Research
Project 2011,2012,2013

www.navka.de

Autonomous

Mobile Data Indoor Navigation

Acquisition Systems







