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Introduction

GNSS/MEMS/Optical based State Estimation

Sensors providing Space /  Parameter Relation
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Accelerometer- Sensorobservation j (Rawdata, on i-th Platform (p) – one-dimensional!) 
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Observation-Equation for Sensor j 

on Platform i

2.) Sensors GNSS/MEMS/OPTICAL - Multisensor/Multiplatform
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Referencing : Platform p(i) on Body (b) and Sensor s(i,j) on Platform (i) – „Leverarms“

(1)

(2)

„l(i,j)“

Observation-Equation for Sensor j 

on Platform i

2.) Sensors GNSS/MEMS/OPTICAL - Multisensor/Multiplatform
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Zero-Updates („ZUPT“) „Indoor-Map-Matching“„Automotive Mode“

Roll

Velocity

3.) General M-Estimation & Additional State Information

3.1) Robust Kalmanfiltering using L1-Norm Simplex Algorithms

3.2) Parallel Processing Algorithms

Condition Equations Condition In-Equations

3.3) Sensorintegration

Tachometer MOEMS

Laser-

scanner
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NAVKA-Projects

www.navka.de

http://www.navka.de/
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ZIM Cooperation Project  on Mobile GIS

PREGON-X

- Precision GNSS and Georeferencing on Smartphones, Tablets etc. = x –

-

Funded as ZIM (Zentrales Innovationsprogramm Mittelstand) project by the 

German Ministry on Economy and Energy ((Bundesministerium für Wirt-

schaft und Energie).

NAVKA-Project IAF/HSKA 

www.navka.de

and DISY

(www.disy.net) 

PREGON-X

http://www.navka.de/
http://www.disy.net/
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„Mobile GIS“ Leica Geosystems

L1-based: 40 cm Accuracy ~. 7000.- EUR

L1/L2 based 5 cm  ~ 9000.- EUR 

„Mobile GIS“ Trimble

Smartphone and Tablets for Mobile GIS and Geo-Referencing

Survey on Existing Solutions 
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Smartphone and Tablets for Mobile GIS and Geo-Referencing

Survey on Existing Solutions 

1.) Limitation concerning Direct Object Access
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Smartphone and Tablets for Mobile GIS and Geo-Referencing

Survey on existing Solutions. 2.) Contact-free Georeferencing: 

Not new, but unprecise & incomplete 

http://www.ikegps.com/spike/

Already „done in 2012“ 

by NAVKA

http://www.navka.de/ind

ex.php/en/overview

• PPP-K not operable

• In „advance to time“ 

http://www.ikegps.com/spike/
http://www.navka.de/index.php/en/overview
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Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => New Age, starting in 2016 
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GnssLogger screenshot, 

showing raw measurements 

from a GPS satellite and a 

GLONASS satellite.

http://gpsworld.com/innovation-

precise-positioning-using-raw-gps-

measurements-from-android-

smartphones/

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smatphone => New Age, starting in 2016 

http://gpsworld.com/innovation-precise-positioning-using-raw-gps-measurements-from-android-smartphones/
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GPS Orbit and GlONASS Orbit

Chinese 

COMPASS Orbit

Orbit – Segment Galileo

28 Dec.2005 Giove-A lift off 

05:19 UTC Baikonour, 

Kazakhstan                    Galileo Satellite

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => New Age, in 2017/2018 
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GALILEO   - E1 

Code/Phase 

Linear-

Combination 

Ublox NEO 8MN

29.- EUR

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => New Age, in 2018 
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2

3

4

TRIMBLE 

VRSNOW

4 RTCM Services: 1-3 cm Horizontal and Height

Geodetic Infrastructures for GNSS-Services (GIPS):

www.moldpos.eu

www.geozilla.de

1

SRPOS Siberia

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => From DGNSS to PPP-K 

http://www.moldpos.eu/
http://www.geozilla.de/
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Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => From DGNSS to PPP-K 
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• SSR-based: Abs. Prec. OPPP

• Starfire™GPS-Corrections

• Starfire Receiver (left)

• Global Accuracy: „dm“

OSR (= Observation-)related: Networked, scalabe („dm – cm“ ) 

DGNSS RTCM Correction (VRS-Concept)

• RTCM-Standard =>Open for any Rover- and Software-Type 

Abs. GNSS = „Non-DGNSS“

No Reference-Stations

But: NAVCOM Roverclients!

1

2 „RTX“

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => From DGNSS to PPP-K 
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August 2017: Joint Venture „Sapcorda Services“ (Bosch, Geo++, Mitsubishi, ublox) 

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => From DGNSS to PPP-K 
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International GNSS-Service (IGS „RTS“: http://rts.igs.org/

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => From DGNSS to PPP-K 
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OPPP – E1/E5 and 

L1/L5 

Phasemeasurements 

– 21. Sept. 2017 -

1 cm 

OPP-K global

Positioning

• GNSS-Receivers

• Smartphones 

GNSS receiver

„BCM47755“ 

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => New Age, in 2017/ 2018 
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RTKLIB - Open Source Software (DGNSS/RTK, GNSS-PPP, Postprocessing

Open Source 

DGNSS, 

PPP-K

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone => New Age, in 2017/2018 
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ZIM Cooperation Project  on Mobile GIS

PREGON-X

- Precision GNSS and Georeferencing on Smartphones, Tablets etc. = x –

-

Funded as ZIM (Zentrales Innovationsprogramm Mittelstand) project by the 

German Ministry on Economy and Energy ((Bundesministerium für Wirt-

schaft und Energie).

NAVKA-Project IAF/HSKA 

www.navka.de

and DISY

(www.disy.net) 

PREGON-X

http://www.navka.de/
http://www.disy.net/
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ZIM Cooperation Project NAVKA DISY 

on “Mobile GIS” 

Precise GNSS/Georeferencing On Smartphones  

(PREGON-X)
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variants 1.1, 1.2,  2 and 3
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Position estimates using pseudorange, Doppler and carrier-phase data. The plotted 

estimates are differences with respect to the mean values in each component

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smatphone – Risks for Variants 2 and 3 
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Position estimates as above but with precise external ionospheric information.

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smatphone – Risks for Variants 2 and 3 
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GNSS and Challenges
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GNSS Code- or „Pseudorange“ Observation and Modeling

Pseudorange or Code-Observation
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GNSS Code- or „Pseudorange“ Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time
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1. Without Atmosphere corrections
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GNSS Code- or „Pseudorange“ Observation and Modeling

2. With Atmosphere (Ionosphere and Troposphere)
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Pseudorange Modeling in ECEF and GNSS-time
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GNSS Positioning and Modeling

3. Geodynamic Corrections

1. 3D-Earth Tide Corrections

3.2. Ocean Loading (IERS Standards, 1996)

3.3. Atmospheric Loading

3.4. Earth Orientation
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Light Time Equation

- Can be solved iteratively exactly based on GNSS 

time t(i), Orbit oj and good position xR(t(i))

- Must be solved in repeated parameter estimation, 

if and xR(t(i)) are unknown)(, iiR tt
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GNSS Code- or „Pseudorange“ Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time
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4.1 Special and General Relativity in general

4.2 GNSS pseudorange-observation scenario

4. Additionally: Relativistic effects (Special and General Relativity)
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GNSS Code- or „Pseudorange“ Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time
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Further Clock/Time-Bias

• GNSS differential code biases (DCB)

DCB products 

available from 

01/2013 

IGG – updated 

daily (daily 

interval) 

DLR – updated 

quarterly (both 

weekly and 

daily intervals) 
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GNSS Code- or „Pseudorange“ Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time
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5. Final Rough Pseudo-Range observation equation
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Phase Modelling in OPPP / PPP-K

http://www.navipedia.net/index.php/Carrier_Phase_Wind-up_Effect

Affects only carrier phase measurements (circularly polarized waves of GNSS signals).  

A correction dPHi is only required for PPP absolute positioning.  

DPhI depends on relative orientation of satellite and receiver antennas, and the direction of 

the line of sight. While moving in the orbit the satellites perform a rotation to keep its solar 

panels pointing to the sun direction in order to obtain the maximum energy, while the 

satellite antenna keeps pointing to the earth's centre. This rotation causes the a phase 

variation dPHi.  

“Wind-up (“Phase wind up”) 

)()(~)()( ,,,,
j
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t at ns"Observatio
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Uncalibrated phase delays 

(UPD) relevant to undifferen-

ted integer fixing for PPP

//

http://www.navipedia.net/index.php/Carrier_Phase_Wind-up_Effect
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NAVKA „DGNSS/PPP-K Smartphone RTK“

http://www.navka.de/images/files/NAVKA_smartphoneRtk.pdf

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variants 1.1

http://www.navka.de/images/files/NAVKA_smartphoneRtk.pdf
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• Smartphone RTK is an android App which performs DGNSS, Static & Kinematic 
measurements by using external receiver (raw data), Bluetooth (data transfer) and RTKLIB 
service for the computations.

• System Components:
1. Bluetooth.

2. GNSS receiver (e.g. Ublox).

3. Source of power.

4. Antenna.

Components of the Smartphone 

RTK system

Main Activity of the App

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure DGNSS/PPP-K
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• Measurement Modes:
I. Single mode.

II. DGNSS (e.g. SAPOS).

III. Kinematic.

IV. PPP-K.

• Raw data/RTCM corrections

• Connection through

Bluetooth, TCP/IP & 

NTRIP client.

• Database for Object

management.

• Visualization through a map.

• Geocentric, Geographic &

UTM coordinates.

• (a), (b),(c) &(d) shows the 

process of measuring and 

visualizing a point in single

mode.

(a) (b)

(c) (d)

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure DGNSS/PPP-K
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• A test was carried out using: U-blox receiver(EVK-6T) :

I. U-blox receiver (EVK-6T).

II. LogiLink Power bank.

III. HTC Desire Android 5.1 (Lollipop).

IV. Antenna (L1 Trimble Bullet) and Bluetooth (LinTeck mini adapter).

V. SAPOS(Satellite Positioning Service of the official German Surveying and Mapping)-DGNSS 

(static).

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure DGNSS/PPP-K
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure GNSS / DGNSS

DGNSS

OSR-

corrections

1-2 cm for 

2 Frequency 

Receivers,

1-3 cm for 

1-Frequency-

Receivers.

Longer time 

for fixing the 

ambiguities
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• after 15 min: accuracy is within 20 cm

• after 60 min: accuracy is in the sub-cm level

6h measurement:
• standard deviation:

• horizontal: 4.0 mm

• vertical: 2.0 mm

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure GNSS PPP-K  (L1/L2 GPS Receiver)
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• after 15 min: accuracy is within 20 cm (horizontal) and 50 cm (height)

• after 60 min: horizontal accuracy is in the cm level

6h 

measurement:
• not including

the first 60 min

• standard

deviation:

horizontal: 8 

cm vertical: 

12 cm

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure GNSS PPP-K      L1 - Receiver
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Results in PPP: KINEMATIC PPP (REAL TIME – IGS/RTS) 

L1 lowcost receiver RTK (blue) and Post-processed (green)

• Accuracy: Horizontal: 0.7 m, Vertical:      1.0 m

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure GNSS  / PPP-K



Positioning & Navigation for Mobile GIS Reiner Jäger Int. Sc. Conf. University of Latvia     Riga, 8-Febr.-2018

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 1.1     Pure GNSS  / PPP-K

Results in PPP: 

KINEMATIC PPP (REAL 

TIME – IGS/RTS) 

L1/L2 receiver (blue)

With Outliers!

Post-processed (green)

• Accuracy: 

Horizontal: 0.12 m, 

Vertical:      0.18 m

At present:

• Predicted Orbit and 

Clock File -

recomputed at 1 Hz 

with Bernese 

Software- In Tests
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NAVKA

Hardware Developments

in

PREGON-X
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As the diagram 
denotes,the data from the 
GPS receiver ublox M8T is 
transmitted to the 
Bluetooth module NINA -
B112. The power supply 
can be provided through 
the USB port or through 
the backup power supply 
through the battery on 
board.

PREGON-X 

Smartphone 

for Mobile GIS 

and Geo-

Referencing

Variant 1.1
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PREGON-X Smartphone for Mobile GIS and 

Geo-Referencing - Variant 1.1 – EAGLE Layout 
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PREGON-X Smartphone for Mobile GIS and Geo-

Referencing - Variant 1.1 – Sensors and Electronics
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PREGON-X

Contact-free 

Georeferencing

NAVKA (www.navka.de) 

http://www.navka.de/
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variants 1.2 and 3
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1.) MEMS-Gyro

Observation l:

e
ie

p
e

p
ip

p
ep )y,p,r( ωRωω 

p
ip
ω

2.) MEMS-Accelerometers

Observation l: ap

pi
p

ii )t()()t( aRxgx 

2. Autonomous

References: Inertial Space (i) and Gravity Field 

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smatphone – Variants 1.2 and 3 
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4.) Magnetic Sensors
Auxiliary Sensor

Reference: Earthmagnetic Field M
Reference: Earth Atmosphere

2. Autonomous

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smatphone – Variants 1.2 and 3 
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NAVKASMART-

Phone Marker 

APP (Optical 

Markers, LED, 

Infrared) 

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smatphone – Variants 1.2 and 3 
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)(tVOv

b
VOt

Final Observation Equation in Tight Coupling

1.) 

Velocity - Observation from the differentation of 

subsequent VO-based position-differences

General leverarm-situation for Camera

VO
bzyx rrr ),,(R

)t(ωRxRRv
b

eb

e

b

e )y)p,(r,(t)(y)p,(r,(t) b

VO

b

e

VO

b

VO  

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone – Variants 1.2 and 3 
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2.) Orientation-rate observation from the 
subsequent VO-based orientation change  

General leverarm-situation for Stereo-Camera

)(, tVO
VOeΩ

Final Observation Equation in Tight Coupling

b
VOt

VO
bzyx rrr ),,(R

TVO
b

0 

b
VOb,

b
be,

0 

b
eFrame,Object

VO
b

TVO
b

b
VOFrame,Object

VO
b

VO
VO,Frame"Object"

)()(t)(t)(t)(

)((t))((t)

RΩΩΩR

RΩRΩ











   

Smartphone and Tablets for Mobile GIS and Geo-Referencing

GNSS Raw-Data on Smartphone – Variants 1.2 and 3 
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2. Component - Contribution of the Laser
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s = Slope Distance of Laser

α = Orientation of Laser relative to x-axis of the Platform (p)

α = Orientation of Laser relative to z-axis of the Platform (p)

tx = x-Coordinate of the Position of Laser on the Platform (p)

ty = y-Coordinate of the Position of Laser on the Platform (p)

tz = z-Coordinate of the Position of Laser on the Platform (p)

3. Component - Contribution of the Deep Coupled MEMS-Multisensorsystem
Orientation of Platform (p) in the Local Navigation Frame (n-frame) in terms of the Attitude Matrix 

n
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1. Component: GNSS

e

Originp
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variants 1.2 and 3
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General Georeferencing Questions 
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Georeferencing and

Interoperability

ITRF/ETRF89
http://inspire.ec.europa.e

u/index.cfm/pageid/3

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts
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Seamless Out-/Indoor Georeferencing and

Interoperability based on ITRF/ETRF89

http://inspire-geoportal.ec.europa.eu/

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts

http://inspire-geoportal.ec.europa.eu/
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts  

- NTV2 Stanard for Transformation form ITRF to Classical 

Datum Systems covers only (B,L)_2D  -
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COPAG_DB

DFLBF_DB

1.) 

Transforma-

tions-Para-

meters 

& 

2.) Residuals

Brasil

www.geozilla.de

3D-Datumtransformationsproblem - Solution following  Molodenski

FEM-Meshes - Regional 7/8 Parametersets. Coninuity Conditions)

Genauigkeitsfläche

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation -
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Using 

Reference 

Transformatio

ns to 

compute 

country-wide 

grids 

dynamically 

online on 

NMEA-

request by 

virtual fitting 

points

„Dynamic 

Grid“

RTCM 3.x  Transformationmessages

Horizontal Transformation

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts
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Height: Direct use of Original Reference Transformations
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts

GZTraS - RTCM Server for Static and Dynamic Grids
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txR 
1t,ITRFyy1zyx

1t,zzITRF1 )t(),,()m1()t(x

     )tt( )t()t()m( )t()t( 12t.ITRFzz1)j(Pt.ITRFzz1t.ITRFzz1t.ITRFzz2 1112
 xRtxRxx 

2.7cm/y => 70 cm 

(ETRF89 – ITRF)

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts



Positioning & Navigation for Mobile GIS Reiner Jäger Int. Sc. Conf. University of Latvia     Riga, 8-Febr.-2018

Using Reference Tranformations to compute grids dynamically

„Dynamic Grid“

„Combined Message Generation“

[(B,L,h)ITRF-related]i  [(B,L)T , HT or N)]i

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

Part 1 - Plate Models

Part 2 - Standard Reference Transformations

Virtual Fitting-Points

Virtual Fitting Points

Dynamic Message Set up by local 7PT Gridding

RTCM 3.x Transformationmessages (2D and 1D)

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts
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www.geozilla.de

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Transformation Concepts

z

1.) Use of RTCM Server, e.g. GZTRaS, enabling Dynamic Grid Generation for 2D and 1D 

2.) Extension of NTV2 (2D only) to NT3D) – 2.1) 2 Steps with Smartphone Databases 

for both steps or a Dynamic NT3D-Grid as an Online Service 

http://www.geozilla.de/
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Further Information: www.navka.de

Book on Parameter-Estimation including Navigation 05/2018
https://www.amazon.de/Klassische-robuste-Ausgleichungsverfahren-

Ausbildung-Geoinformatikern/dp/3879076154

http://www.navka.de/
https://www.amazon.de/Klassische-robuste-Ausgleichungsverfahren-Ausbildung-Geoinformatikern/dp/3879076154

