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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
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Precise Differential (‘cm )

DGNSS

Regional DGNSS-Services in and outside Europe

Goiania
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Augmentation Systems (SBAS, GSM/Internet-based)

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

OmniSTAR. & Trimble.

The Giobal Posltioning System

Centimetre-level RTK

Comparison of HP and

Network RTK

16 March 2011

other DGPS service

OmniSTAR-HP

Check out the Latest News!

characteristics

State Space Soluti
Wide Area DGP

Read Press Release
Continue to an OmniSTAR website:

e [Morth and South America

e Europe, Morth Africa, Middle East, India
s Asia Pacific

e South Africa

OmniSTAR-HP

Uses range and phase data from a
network of L1/L2 reference stations

lono effects removed by using stations
within 500-1000km

Orbit corrections broadcast alongside
data to remove this as an error source
Multiple stations combined into L1/L2
VBS solution for redundancy of
observations

Smooth decimetre level positioning - with
scope for further gains ?

* Networked RTCM Corrections

* Inhomogenously distributed GNSS-Reference
Stations, like e.g. Brasil
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Alternative to Commercial or State Regional GNSS-Services
EUREF-IP or IGS-IP and RTCM InterNet-Service (NTRIP)
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Ntrip Real-Time GNSS Network EUREF, Status 090420

EUREF-IP or IGS-IP InterNet-Service (NTRIP)

GNSS-Internet Radio

%4 GNSS Internet Radio 1.4.11
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[km] [min] Nord [m] Ost [m] Nord [m] Ost [m]
Karlsruhe ca. 20km 15 Minuten 0,0513 0,0604 0,0072 0,0055
Dresden ca. 430km 15 Minuten 0,1857 0,2758 0,0088 0.0062
Warnemiinde | ca. 610km 15 Minuten 0,1033 0.0742 0,0098 0.0054
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Geodetic Infrastructures for GNSS
Positioning Services (GIPS)

4 Components (GIPS 1,2,3,4)

* GIPS 1,2 before Installation of a GNSS Service

- Infrastructure for Spatial Information (Basics)
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!!!

* GIPS 3,4 for running a GNSS Positioning Service (Provider
and for special taks e.g. Geomonitoring)

http://www.geozilla.de/files/Geodaetische_Infrastrukturen fuer GNSS-Dienste %28GIPS%29.Jaeger..pdf
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Geodetic Infrastructures for GNSS-Positioning Services (GIPS)

GNSS
1+ Positioning

. EQ | Service

Geodetic Transformation Infrastructure

GIPS-1: Horizontal GIPS-2: Height Reference
Referencing (B,L),,.. Surface and Transition
Trafo-1 and Trafo-2 {(h—H). Trafo-3

GIPS-3: RTCM
Transformation
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GIPS-1
Horizontal Positioning
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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)lcosBlcosL

y=(N+h)$inBSinL
b2

a®

mit N(B)=Normalkrimmungshalbasser

z=(. (N +h) [$inB

3D Similariy Transfor mation
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Rotation M atrix
3 Rotations Non-Linear Realation (see above)
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GIPS-1 Horizontal Datum Transition from (B,L) gyss tre 10 Classical Datum
(B,L) cassicat — Karlsruhe Approach (COPAG) and Trafo -Database -Compution
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GIPS-1: Horizontal Datum-Trafo from (B,L)gyss re t0 Classical Datum (B,L) ¢assica

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

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

Accuracy of DFLBF/COPAG Databases for Brazil SAD99 & SIRGAS
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GIPS-1: Horizontal Datum-Trafo (B,L)gnss tre t0 Classical Datum (B,L) ¢jassical
Karlsruhe Approach (COPAG) and Database = Computation

GIPS-1.1: Horizontal Datum Transition

from (B,L) gnssmre 10 (B\L) cpassical
DFLBF-Databases. Use in GNSS-Services

on controllers and via RTCM

GIPS-1.2 :Horizontal Datum Transition

from (B,L) cjassicar 10 (BsL) GNSS,ITRF
COPAG-Databases for GIS
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GIPS-2
GNSS-Heighting
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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
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GIPS-2: Height Reference Surface (HRS) Qgeoid /Geoid (N) for Transition hgygs itre tO
Physical Heights H = h-N - Karlsruhe Approach (DFHBF) and DFHBF-DBComputation
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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
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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
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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
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GIPS-3
RTCM Transformation Messages
Provision
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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,

Sensor Firmware

etc.)

o T

[[E=

Hauptsitz:

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

Tel. 089/1498100
Fax 083/14 981033

e
|

Verkaufsniederlassung:
Leica Geosystems GmbH
Vertrieb

Miinsterstralle 306
40470 Diisseldorf

Tel. 0211/6169060
Fax 0211/616906 19

www.leica-geosystems.de

q.
}"

Version 4.20

e Optimale Vernetzungsldsung

- Fldchenkorrekturparameter

- Verschlitisseltes 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
- DFHBF fiir 3 cm-genaue Hiéhen-

bestimmung

S - DFLBF fiir 5 em-genaue Lage-

% bestimmung Sy &

S - Integration anderer Geoidmodelle/
lli" Koordinatensysteme realisiert:

0

@
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Q
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Verkaufsniederlassung:
Leica Geosystems GmbH
Vertriel
MilastraBe 2 ®
10437 Berlin e‘m

Tel. 030/4402130
Fax 030/4402 1321
www.leica-geosystems.de

Geosystems

www.leica-geosystems.de
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New standard:RTCM-Transformation Parameters from GNSS-Positioning Service

MOLDPOS

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

Geodetic databases development

CORS Control Center Distribution
stations
Post
Raw data
MOLDPOS || RTCM | processing
Server Server data
FTPAWWW
GPS
NAVSTAR/ | | Raw data f T Server
GLONASS Geodetic Data bases :
Real time
. GALILEO applications
COI?AG DFLBF || DFHRS RTCM | GSM
= messages router

wy (SC-42) -» x,y ([MOLDREF99) || x,y (MOLDREF99 -> x,y (SC-42) h (GNSS) -> H (horm)

hhhhhhhhhhhhhhhhhh
Technik und Wirtschaft (HSKA)
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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
Source CRS - Grid Target CRS - Grid
Any kind of )
individual I

Reference
Transformation

=
%

Generated Grld of Local Resulting Local Virtual

Virtual Fitting Points B\ Gridding into 1.] andior 2]~ Fitting Points P,

7 Pararieter BT 5 ~ by 7 Parameter Trend
1] Mo~ | g | =sR:|y s and 3D ,,Small“
, 5 Residual Grid
=T Target.i Z.4 Source/ GNSSI1

RTCM

2] Geoid/HRS
Grid

Grid of N,
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GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

Message 1021 or 1022

Ianta FIELD DF NUMBER Values  [Remarks

Message Number DF002 1021 . .
Source?Name Counter DF+1 4 Geoid-Grid or not
Source-Name DF+2 4258 ETRS89, Europa

Target-Name Counter DF+3 7 ]
Target-Name DF+4 31467  |DHDN, GK-2 Grid

System identification number DF+5 1 . .
Inmlved Transformation message DF+6 0000000110 Location&Size
Plate number DF+7 7

Computation Indicator DF+8 1

Height Indicator DF+9 2

oy DF+10 49.0102 / Parameters
My DF+11 8.3921

Adyy DF+12 0.04

Ahy DF+13 0.06

dX DF+14 -617.880

dY DF+15 -253.456 E”ipSOid

dZ DF+16 -315.690

R, DF+17 5.79748 Parameters

R, DF+18 -2.44443 Source / Target
Rq DF+19 -5.1534

dsS DF+20 -13.51806

add a, DF+24 8137.000 |GRS80

add b, DF+25 6752.314

add a DF+26 7397.155 |Bessel

add by DF+27 6078.963

IHorizontal 7P Qualitv Indicator DF+76 2

Hochschule Karisruhe
Technik und Wirtschaft (

Reiner Jager, University of Applied Sciences (HSKA) @ : AF
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GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

Message 1023 or Message 1024

0N 14 DF+71 0.001

OE 14 Residuals P, DF+72 0.013

ohyy DF+73 0.049

0Ny DF+71 0.005

6E 5 Residuals P DF+72 0.009

ohys DF+73 0.088

oN4g _ DF+71 0.006

6Eqg Residuals P 4 DF+72 -0.002

ohyg DF+73 0.129

Horizontal interpolation method indicator DF+74 0

Vertical interpolation method indicator DF+75 0

Horizontal Grid Quality Indicator DF+78 1

Vertical Grid Quality Indicator DF+79 1

Modified Julian Day (MJD) Number DF+80 53570
Height Indicator=1 mmmp ,dh ,, = Physical Heights' Residuals dH |
Height Indicator =2 mmmp ,dh ,, = Geoid / HRS Heights N ; (dN))

Reiner Jager, University of Applied Sciences (HSKA)
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GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

Using

Reference
Transformations
to
compute KA E%
a ExyRday E
country-wide I AR R e
STATIC A T T R e
GRID" » oSSR RN oS
(,Large Residuals" Grid) S AR DM SRR
KDL
e RN R
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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

/ NMEA-Request

2 2= O——

2) 2

_Dynamic e
Grid “ g Rover Position (B,L,h)|
— N Ay =
p—
O @ @
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

Reiner Jager, University of Applied Sciences (HSKA)
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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

/ NMEA-Request

|5c;\ler Position (B,L,h)|

¢

X
A 4
-100 -80 -60 -40 -20 0 20 40 60 80 100 m

W(r,8,\) = {— [+ y Y (aGRSBO) ((Cpym COSTA + S, SINMA) Ean(cosa)}
n=2m=0

 Q/1+€2/u? [tosR [Eos\ _W-u
] (UL ossieos | m) | N((x.Y.D)ons) =
y|=| u; Q/1+€%/u? [cosB BinA U=U@ewM)ger |(BA,U)) Yh-N
z u$inB
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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“

5.) .Combined Message Generation*

Part1 - Plate Models

[(B,L,") \1rerelated]i = [(BiL.N) gnss.itrel;
Virtual Fitting -Points

/ NMEA-Request

Part 2 - Standard Reference Transformations

[(B,L.") \1rerelatea i = [(B.L) 1, Hy or N)J,
Virtual Fitting Points

Rover Position (B,L,h)|

&>

‘ Dynamic Message Set up by local 7PT Gridding

Reiner Jager, University of Applied Sciences (HSKA)
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GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

BlczTras M=
Marne | Fort | StartTirne | Requests since start | TotalFeguests | Add
RTC M @ Bavaria 1300 02.02.2008 16:05:50 5 10
@pw 1000 2 4
@ Gemany 1100 02,02 2002 16:06:02 3 3
@ Florida 1200 02,02 2008 16:06:05 2 3

r Jager and Simone Ealber

Bavaria

0] [INFO] = Starting up
[IMNFO] £
[INFO]

Z4] [INFO]

Pkt ate Muchen fpu Paiches Loshwecingen Seschown. essge Skl e
a B4 EHE B Talelal| g dlm@wn 2y

Reference Transformations
DFHBF Florida
DFHBF Bavaria
DFLBF Bavaria

www.geozilla.de

=Tl He

Lo ET———— o
M5tmt| dwitmsz  |[REFionida- D fEkrei-Frul | 5] Fanda 1o | 7] i LBl ) Seconed wn - | [5]Mimanh Pow. om0 na

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

MONItoring Referenzstationen

by the KArlsruhe \
approach and software

Hamburg

Nordsee Pelworm '@ ¢

MONIKA)

) fergen 3 w 2
Schleswig- y > %
g ‘
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BKG @ "% Holstein
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feshe  Ba Segebers &g Rosok ﬂg‘fﬂ Ahlbeck
Nordemey Garolinensiel C*' [ 4 Lubed) Gustow
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= Schueit) @®  Ferdinandshd
Eeum L] Waren  Altentreptow g
Emde: Neui.re\ilz
] [ IKnook

[ ]
Wildeshausen \ierden

%0 Brandenburs oo o

leppen c\cppe?burg Soltau bu!te Fehrbellin  burg
o [ ] Sulingen  Schwarm stedt L] rg
i Demme @ 8 @cele
L ] Nienburg . Berli
] Niedersachsen Potsdar erlin

Storkow

Old Classical Systems

@Wunsdort

Reg @
Belzig  [lcken  Lubben
walde [ ]

)
Vreden Migsier
Detmold @
©®  amm Lpgstadt
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Essen  Westfalen Lichtenau
S— Hagen Arsbera

n
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®Kleve  Haltem

® i
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Margurg
Gieen
L ]

Puggen Thiiringen ®
Imeg saatteld
]

Hessen
Schotten Fulda2
o (]

© Rhcinland- Kulmbach
Plalz Schweinfurt
Bernkastel- Y LJ B Mitterteic}
Kues@  simmem ]

Kizingen Auerba ch/Opf.
Erangen °
L4 Schoensee
Neumarkt/Opf.
Sad [ ® ‘Schwandorf
Saarland 7753 Heidelberg Anskgm ®
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Eichstatt
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Iffezheim
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L]
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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 Refel’ence- S % | Epoche 3 vom 10.02.2005 bis 1[].[]2;23;]:2
. . . pocheneinstellungen
Points Deformation Analysis =
y Epoche: HB{/
) ) ) ﬂl \* 0386 , o389
Multivariate and Multi-Epoch A KARL
Congruency Testing i o e
——a 0391
BN 0202 (Hohe; UTM-Sysiem) 03934 0398 0O
- 0396
039p~— ™ 1393 D39
SCHA 0395
. -] S~ KREU
FHBB
|| L-FHBBFRIC VSTGA
Additionally: Local Object — Monitoring and M
Deformation Analysis

www.monika.ag

Hochschul
Technik und Wirtschaft

Reiner Jager, University of Applied Sciences (HSKA)
Goiania 10-15.Juli 2011
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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 1 Projekk  Bearbeiten  Ansicht  Einstellungen  Berechnung 7
.eNssRINEX] [I(),G(6)] [¢=«a =¥ F S8

& 0392

GNSSControl-Software

>
1. Data Communication / #0306 309
2. Processing kian,
Processing Engines g  n3na
* WALl (Wanninger Software) n3a1
* Berner GNSS-Software 5.0 Loze i 0394

* RTKLIB - based

i(t| ) J ) CX (tl ) J 1,0390-—-—'"""'”‘ S _0397,_7' 0396

4. 5CHA

[I. GNSS SINEX / g kREY 0 1300000 14r

&-FHBB_—___,~FRIC \
W eTGA ercator hd |

www.monika.ag

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

Reiner Jager, University of Applied Sciences (HSKA) @TAF
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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 Eruinnhnungen Epochen Ansicht 7 EO%
_ heEed ¥4 123 K a® g
» Baselines x | Epoche 2 vom 10.02.2005 bis 11.02.2005
 Epoch Networks Epochereinstelungen 0392
e Partial networks Epoche: | 2]
* Daily Solutions Protokol |

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

FHBBFRIC

*Epoch States il =il

Reiner Jager, University of Applied Sciences (HSKA)
Goiania 10-15.Juli 2011




GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr

-Networks
oach (MONIKA)

MONIKA Step 2 — Coordinate related Referencepoint-Deformationanalysi s

Free GNSS-network
Deformation
Analysis Concept

Original GNSS observations
RINEX

1(1)i, Gy (1),
|

SINEX
|

Epoch States

Singular
X0 ?

Unknown
Datum

»
»

New Xg l

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

l

S-Transformation d=3
Cy (t;) = S[Ty (t;) B’

www.monika.ag

Reiner Jager, University of Applied Sciences (HSKA)
Goiania
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GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor  -Networks
for Geomonitoring and Hazard Mitigation — Karlsruhe Appr oach (MONIKA)

Use
of

IERS
Parameters

Reference time

to
Epoch time
Y

X(tl)ITRFZZ’tl =(1+Am)[R(g,,€,,&,) [X(ty) rrpyy 1y T

X(t2)ITRFzzt, = X(t)1ITRFzzt, * (((R +Am) X(ty) TRFzz2.t; +f)+ (R p(j) X(t1) |TRFzz.t1))|31t2 —t1)

:‘2 53° Reuniao Anual da SBPC Reiner Jager, University of Applied Sciences (HSKA)
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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  is

(X(t;) ~xb) + Vy(ty = Dk Xk +Db @R and C,(t) | |AT

|

(X(t;) —Xp) + Vi(t) = Di [@%'k +Di [R5 +B Y X (t;)
|
h T

0 0 0][1 0 0][0 0 O]
BN xi(tj)=|{0 0 0].{0 1 0[.J0 0 Of| mxk(t;)
0 00/|001]|000O0

—

A & T . . . T . : T . . .
X () == (B P'QWPBI) B P'Dy) and  Qppp(t) =(Bf P'QWRB)™

Reiner Jager, University of Applied Sciences (HSKA) “@TAF
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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 Referencepoint-Deformationanalysi s

3D a-posteriori Teststatistics — Significance of (x e
~ T L A f T _ —
T = Oxg" 0Qppa ) ™ xS _ - vTPy-OxiF 0Q ) ™ My
R 3G 2 r-3
~ikT ok T oiA Ky i K
_Oxg HBj PQyRBy)Ixg Test related to 1- a, e.g = 95%
B 352 =3 Confidence ellipsoid
Sensitivity ellipsoid iy MQ-~ )L mixiK|  Ro-Sensitivity
a=5%, 3=95% R DOR A
= )\(FI3’r_3 ,G,B) =173
Detectability of GNSS \\ - IR

Reference Station

: = 1.0 accuracy, 1-a=19.9 %
Deformations  OX' ( y 0

error ellipsoid )

Reiner Jager, University of Applied Sciences (HSKA) @TAF
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GNSS-Reference Station Monitoring and
Use as Geosensor-Networks for Geomonitoring and Hazard M itigation
— Karlsruhe Approach (MONIKA) -

www.monika.ag

GNSS-Positioning-Service

Geomonitoring of Local

Objects

“‘\,ﬂ}; )
P
NS

4

R
¢ §$~

F

et

SIMPAN i Stmpsy ¢

StMR{

7
A -

T -_——;-: ) e -

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

_________
gy

GNSS-Positioning-Service
Geomonitoring of Natur
Hazard Zones

Reiner Jager, University of Applied Sciences (HSKA)
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GNSS Positioning Services
+

GIPS

Motor for New Developments

e.g.
Precise Multisensor Navigation

I Geodetic Know How guestioned !

Reiner Jager, University of Applied Sciences (HSKA) @"‘i‘AF
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a Acquisition/Navigation

GNSS-Positioning Services — Precise P03|t|on|ng/Geodat

MOBILE
Laser-
Scanning

Augmented Reallty and
Mobile Data-Acquisition

A B.ERNOT Hochschule Karlsruhe . .
‘& ) N || T winschar hskt) - Segmless Outdoor/Indoor Navigation
Multisensor-Systems

Hochschule Karlsruhel
Technik und Wirtschaft]

‘ UNIVERSITY OF ABPLILD SCIENCE!

Mobile
1 GNSS
SerVICeS H GLONASS/GPS

S
o
8 U

dn 1AE

]‘.I.'\stltut fi chung (IAF)
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(G|
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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.

BOSCH Field
Technik furs Leben R 0 bOtS

Wwww.navka.de

Joint Research Project 2011 - 2013 ¢
i A EEE

Nk + [Vk &ln(yk )] At + %[Vk Sln(yk) + Vk Coiyk )y] mtz \’ BoniRob-Feldroboter schafft Basis

fur die Landtechnik der Zukunft

E, +1v, oy, )| Bt + 2 [y, cody, ) -, sinly, )y
= v, tv, [At
vk
Yi T Y, LA
Vi

< K < < M2

L 7 Jk+1

y=hp@ =[of) @) -[RR(r=0p=0,y)I(t)w; (3] | _
Water-Drones Air-Drones

Reiner Jager, University of Applied Sciences (HSKA)
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GNSS-Positioning Services — Precise Positioning/Geodat  a Acquisition/Navigation
Algorithms for Precise Multisensor-Multi-Purpose Naviga tion-Platforms

Hochschule Karlsruhe
Technik und Wirtschaft (HSKA)

1AE

ewandte
InstlFtut fur A';g(IAF)

Joint Research
Project 2011,2012,2013

www.navka.de

Autonomous N
Indoor Navigation <

Mobile Data
Acquisition Systems
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