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Study Programmes of the Faculty IMM with  

Contents related to Geodesy/Geomatics and Navigation  

(www.hs-karlsruhe.de/) 

Research Oriented (BSc – MSc – PhD) 

http://www.hs-karlsruhe.de/
http://www.hs-karlsruhe.de/
http://www.hs-karlsruhe.de/
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GNSS / MEMS / MOEMS Algorithms and Software for Out-/Indoor 
Navigation (People, Vehicles, Goods) and Georeferencing with 

distributed Sensors and Platforms 
              

MOEMS 

RaD Project 

www.navka.de  

https://www.youtube.com/watch?v=-k--3GxrQXU  
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--------------------------------------------------------------- 

e(t)  = Control Deviation (Regelabweichung) 

u‘(t) = Control Variables,  e.g.Thrust &Torque 

u(t)  = Control , e.g. Propeller-Rotations                                        

State NavigatedState Desired
)t()t()t( yye 

Autonomous  

Driving 

(…. and Flying) 

SLAM 

- Obstacle Detection 

- Collision Avoidance 

- Dynamic Path Planning Main Topics 
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Navigation with Distributed Sensors & Platforms (NAVKA-Concept)  

„NAVKA 

Rine“FC4 
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Distributed  

Sensors and 

Platforms 

MaxPlanck 

München 
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Navigation Frames 
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Inertial Frame „(i)-Frame“ – 600 Quasars ( α, δ) 
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GNSS and Challenges 
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Orbit Design of the 4 GNSS (without Augmentation Systems)              

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 
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Space/Satellite Based Augmentation Systems (SBAS) 

….. für DGNSS-Codemessungen (DNGSS-Korrekturen. Stanard RTCM oder RTCA)  
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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 

Regional Precise GNSS-Positioning Services – Worldwide 
Frame in Europe: ETRF89 („Frozen Plate“). same as EUREF-IP Service 

http://www.moldpos.eu/
http://www.geozilla.de/


 Developments…Multisensor-Navigation…Autonomous Driving&Flying       Reiner Jäger    AMAA 2017     Berlin, 25.-26.9.2017   

GNSS-Positions – necessary to be integated in „OPPP age“ 

and „GNSS/MEMS sensor fusion age“.  

PPP-K / OPPP  
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Useful for extended gemonitoring 

scenarios, e.g. large pipeline networks 

Large Scale Pipeline  

Monitoring, Russian Federation 
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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 

  

with 

j
TROPi

j
IONijSiR

ji
j
í

iSiRObsi tctc
c

t
ttt ,,,,),

)(~
(

~
)(

~
)( 


 oxx

and 
c

ti
j
i

i

)(~


)(
''''

2

2

c

U

c

v

2

1
 

m

m

m

mm

f

f

f

ff

x

x

x

xx

t

t

t

tt 


































c

t
t i

j
i

i

)(~
""


 

















 

R

1
   

thR

1

cc

U

EiE
22 )(

4.1 Special and General Relativity in general 

4.2 GNSS pseudorange-observation scenario 

4. Additionally: Relativistic effects (Special and General Relativity) 

and 
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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”)  
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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
http://www.navipedia.net/index.php/Carrier_Phase_Wind-up_Effect
http://www.navipedia.net/index.php/Carrier_Phase_Wind-up_Effect
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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! 

„Global G(lobal“)NSS Precise Positioning Services - Worldwide 

1 

2 „RTX“ 
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Commericial OPPP / PPP-K Services 

August 2017: Joint Venture „Sapcorda Services“ (Bosch, Geo++, Mitsubishi, ublox)  
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International GNSS-Service (IGS „RTS“: http://rts.igs.org/ 

Public OPPP / PPP-K Service 
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2.7cm/y => 70 cm  

(ETRF89 – ITRF) 

GNSS Positioning – Medium Term Geodynamical Modeling 
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 GNSS / MEMS / Laser Sensorfusion (ZIM-Projekt bis 3/2019) 

PREGON-X RaD at HSKA: 

  http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b  

http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte-2b
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INSPIRE  
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 NAVKA Indoor-Navigation – General Aspects  



 Developments…Multisensor-Navigation…Autonomous Driving&Flying       Reiner Jäger    AMAA 2017     Berlin, 25.-26.9.2017   

 Georeferencing and 

Interoperability 

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

u/index.cfm/pageid/3 

 NAVKA Indoor-Navigation – European Infrastructure INSPIRE  
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 Seamless Out-/Indoor Georeferencing and 

Interoperability based on ITRF/ETRF89 

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

 NAVKA Indoor-Navigation – INSPIRE realization in Germany 

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

GALILEO - Aspects 
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Galileo-Satellites                               

GALILEO 

In Orbit Placement of GALILEO 

Satellites 

with Ariane 8 Satellites 
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GALILEO  and GPS Satellites 

GALILEO Satelliten 
https://en.wikipedia.org/wiki/List_

of_Galileo_satellites 

GPS Satelliten 
https://de.wikipedia.org/wiki/Global

_Positioning_System 
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GALILEO   - E1 Code/Phase Linear-Combination  

Ublox NEO 8MN 

29.- EUR 
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 Rover Motion: Over Point 2 

20 cm 

RTS/IGS - Realtime Data Stream of IGS SSR-Products 

L1, PPP-K  Rover Motion: Around Point 2 

3D IGS/RTS OPPP Kinematic Positioning Error at 1 Hz in ITRF2008.09.2015 

Positioning Error, Point 2: 0.25m      

Key: 

 

    : Computed  Position 

 

    : Station’s True Position  

      found in “ITRF 2008”  

      Frame 

OPPP – L1-Pseudorange and –Phasemeasurements 
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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“  
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RTKLIB - Open Source Software (DGNSS/RTK, GNSS-PPP, Postprocessing   

            Open Source – DGNSS, PPP-K 
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            GNSS Rawdata on Smartphones (since Sept. 2016) 
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  GNSS Positioning Single L1 Receiver 

Tunnel 

New Way (NAVKA): Algorithms for Multiplatform-, Multisensor-, Leverarm-Design 
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Paradigma-Changes 

MULTISENSOR-INTEGRATION 



 Developments…Multisensor-Navigation…Autonomous Driving&Flying       Reiner Jäger    AMAA 2017     Berlin, 25.-26.9.2017   

ip
bp ],[ Rt

i 

j 

j,i
ss )],(,[ rt

3.) „Multisensor-Multiplatform Leverarm“ Concept 

Sensor-

Position 

and 

Orientation 

Platform 

Position 

and 
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NAVKA: Algorithms, Software & Systems for Multiplatform-, Multisensor-, Leverarm-Design 
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1.) MEMS-Gyro 

Observation l: 

e
ie

p
e
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2.) MEMS-Accelerometers 

Observation l:  ap 

pi
p

ii )t()()t( aRxgx 

Autonomous MEMS-Sensors + New Algorithms „Deep-Coupling“ 

2. Autonomous 

References: Inertial Space (i) and Gravity Field  
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4.) Magnetic Sensors 
Auxiliary Sensor 

Reference: Earthmagnetic Field M 
Reference: Earth Atmosphere 

Autonomous MEMS-Sensors + New Algorithms „Deep-Coupling“ 

2. Autonomous 
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CPU and GNSS/MEMS Sensors e.g. in FlightControl FC4 

u-blox NEO-M8N MEMSIC MXR-9500 LAIRD RM-024 

InvenSense  

MPU-9150 

Measurement 

Specialities MS5611 



 Developments…Multisensor-Navigation…Autonomous Driving&Flying       Reiner Jäger    AMAA 2017     Berlin, 25.-26.9.2017   

NAVKA Camera based Indoor-Navigation-Concepts 

SMART-Phone 

Marker APP 

(Optical 

Markers, LED, 

Infrared)  
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NAVKA  -  Infrastructe-based Indoor-Navigation for Smartphones/Tablets 

“Virtual Landmarks (VLM)”  

SMART-Phone Marker 

APP (Optical Markers, 

LED, Infrared)  
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NAVKA Indoor-Navigation-Concepts  - Visual Odometry 
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b
VOt

Final Observation Equation in Tight Coupling 

 1.)  

Velocity - Observation from the differentation of 

subsequent VO-based position-differences 

 

 

 

General leverarm-situation for Stereo-Camera 
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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 

NAVKA Indoor-Navigation-Concepts  - Visual Odometry 
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https://www.youtube.com/watch?v=FvesMeAF3HY  

NAVKA Seamless Out-/Indoor-Navigation-Concepts 

https://www.youtube.com/watch?v=FvesMeAF3HY
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Autonomuous Out-/Indoor Navigation – „NAVKArine G1MC“ 
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Tunnel 

New Way (NAVKA): Algorithms for Multiplatform-, Multisensor-, Leverarm-Design 

  NAVKA-Sensorfusion (GNSS/MEMS/MOMS) - Full 3D Navigation State-Information  

  (Position,Velocity, Accleration, Attitude, Rotationrate-Rate) Information 

https://www.youtube.com/watch?v=ymuhJ6pt52o  

https://www.youtube.com/watch?v=ymuhJ6pt52o
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NAVKA Seamless Out-/Indoor-Navigation-Concepts 

MOEMS – Plenoptic Cameras 

1 cm x 1 cm x 1cm © Toshiba 

Principle: Main Lense and MLA 
Pelican Imaging 3D-Viewer 
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GNSS/MEMS/MOEMS  based State Estimation 
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State Estimation 

  

),( t1tt uyTsy 

)tt l(yel 

1.) Stepwise Prediction and Control, Error s, arbitrary density ps 

2.) Stepwise Measurements lt concernimg the statevektor yt with  

     measurement error e, arbitrary density pe 

3.) Arbitrary starting statevector yt=0  and density pyo 

General Concept: Recursive Bayes-Estimation and 1. Order Markov 

Chapman-Kolmogorov-Equation for Prediction of State from t-1 to t 
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GNSS/MEMS/MOEMS  based State Estimation 

 

1. Component: State Transition of the Body (b) in regard 
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Space Curve of the body (b ) in the e-frame  
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b
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Rotation Rates of the Body (b ) with respect to the e-frame  

1.) State Transition-Equations for the body (b) in the e-frame 

Modifcation 

of the State  

Parameters  

and  

Equations 

 

by 

 

Considering 

Special Conditions 

Detected in 

Multithreading  

Computing 

NAVKA: Algorithms, Software & Systems for Multiplatform-, Multisensor-, Leverarm-Design 
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2.) General M-Estimation & Additional State Information 

 Tb
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Further NAVKA-Key-Characteristics  

2.1) Parallel Processing Algorithms 

2.2) Condition In/-Equations 

0xF )(

oxFu  )(

Zero-Updates („ZUPT“) „Indoor-Map-Matching“ „Automotive Mode“ 

2.3) Sensorintegration 

Roll 

Velocity 

SIMPLEX Algorithms 

Providing also 

Robustness via  

L1-Norm based 

M-Estimation 
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GNSS/MEMS/MOEMS  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  

NAVKA: Algorithms, Software & Systems for Multiplatform-, Multisensor-, Leverarm-Design 
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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  
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NAVKA: Algorithms, Software & Systems for Multiplatform-, Multisensor-, Leverarm-Design 
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Classical Kalman-Filtering as Least Squares or (robust) M-estimation 

In caes of Gauß densities 
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Classical Kalman-Filtering as Least Squares or (robust) M-estimation 
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Ground-Robots  

Paticle Filter and SLAM 
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Chapman-Kolmogorov-Equation for Prediction of State from t-1 to t 

General Concept recursive Bayes-Estimation at time t, 1. Order Markov 

Now: Approximation of the density of the preceeding state (form the start 

state y0 ) by N „Particles“ via Dirac Delta Function 
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Particle-Filter: Practical Use for the 

Localisation and Orientation 

indoors. E.g. Robot: Starting 

Situation 

B-Building: N = 30.000 Particles 
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Informative Exploitation of the Prediction Model: 

Density Funktion of the Prediction 

Use in Chapman-Kolmogorov Equation  
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Now: Exploitation of the Information of the Observations 

Computation of new weights in step t with condition 
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More flexible than Kalman-Filter: Particle-Filter  
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SLAM 

Simultaneous 

Localization and 

Mapping 

 

 

 

Based on a Kalman- 

or a Particle Filter  

Navigation State 

Estimation  y(t) 
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Ground-Robots – Particle-Filter and SLAM 

Odometry 

Model 

Improving 

Prediction 

Part 

Laser  

SLAM-

System  

MSM 

“Volksbot” 
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SLAM (Simult. Localization and Mapping) Development  

RaD “MultisensorSelfreferencing Localization & Mapping System (MSM)”  

http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte   

SLAM-based Mapping of B-Building HSKA, 2nd 

Floor 

http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
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RaD “Multisensor Selfreferencing Localization & Mapping System (MSM)”  
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte  

SLAM-based Mapping of B-Building HSKA, 2nd Floor 

http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte
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UAV => UAS 

 

Full Circuit 

 

Navigation 

and Control 
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Flight Dynamics of a Quadropter   -   4 Propellers and Symmetry  

Motion of Body 

Total Motor Thrust F 

Total MotorTorque M 
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Flight Dynamics with arbitrary propeller orientation  

T
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i Rc )cos,sinsin,sin(cos T

A = Area 

r = Radius 

Cp 

),( ii 
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Flight Control Development Multicopter – n Prop.,no Symmetry  

- General Propeller 

     Design (l, h, r, Cp ,…) 

- Discrete J Momentum of Inertia 

- Dynamically changing J 

Manned Volocopter VC 200 

ZIM Project, Flight Control 

                     by IAF / HSKA 
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Euler Equations 
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Manned Volocopter 

VC 200 

 

ZIM Project 

 

Flight Control 

 by IAF / HSKA 

Newton Equations  n1i
iP ,, 

Flight Control Development Multicopter – n Prop.,no Symmetry  
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Flight Control Development Multicopter – n Prop.,no Symmetry  
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Flight Control Development Multicopter – n Prop.,no Symmetry  
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PD-Controller and PID-Controller, respect. 

StateNavdesired ttt .)()()( yye 
Control Deviation  

(German: Regelabweichung) 
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Flight Control Development Multicopter – n Prop.,no Symmetry  

n=4 

 Variables Control Final (t)(t)'(t) uue 

Control: 

 n1,i,ω
iP 
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Flight Control Development Multicopter – n Prop.,no Symmetry  

   TT
ni1 MF,Ku  ,...,,...,

IstSoll ttt )()()( yye 

Control Deviation  

(German: Regelabweichung) 
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NAVKA Flight Control Mathematical Model and Algorithms  
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Flight Control Developments - Multicopter n Propellers 

ZIM-Project „E-Volocopter 2012-2015 

6 Consortium Members (including IAF/HSKA) 

Task of the Consortium Member IAF/ HS Karlsruhe 

Development of the Flight-Control 
Project-Leading: Prof. Dr.-Ing. Reiner Jäger 

www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter  

http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter
http://www.navka.de/index.php/de/weitere-projekte/abgeschlossene-projekte/e-volo-bemannte-multikopter


 Developments…Multisensor-Navigation…Autonomous Driving&Flying       Reiner Jäger    AMAA 2017     Berlin, 25.-26.9.2017   

Flight Demonstration VC25 Ironbird (3m) 

NAVKARINE “FC2” 

ZIM-Project „e-Volocopter 2012-2015“ 

Flight Control Developments - Multicopter n Propellers 

IAF/HSKA 
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Flight Control Developments Multicopter n Propellers 

NAVKA-UAV and NAVKArine FC4 Flight Control Position Hold 
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NAVKArine-FC4 

IAF/HSKA (right) 
 

• Any Manned Volocopter 

• Any UAV/UAS 

IAF/HSKA 

Flight Control 

Developments 

Multicopters 

n Propellers 

 

ZIM-Project  

„e-Volocopter“ 

 2012-2015 

www.e-volo.com  

http://www.e-volo.com/
http://www.e-volo.com/
http://www.e-volo.com/
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NAVKA Flight Control 

NAVKArine-FC4/FC5 
- Environment friendly, silent: air taxis, individuals 

- 3D mapping and geosensing 

- Film industry 

- Search and rescue of people 

- Agriculture UAV 

- Facility management & monitoring  

- Wild life protection 

- Transport UAV 

- Fire Fighting air vehicles 

- ABC sensing UAV for emergency event 

- ::::: 

e-Volopter, June-2017: AUTONOMOUS FLYING AIRTAXI in Dubai 

https://www.youtube.c

om/watch?v=V08IQz7

Rk3o  

www.e-volo.com 
 

„Dubai beginnt 

2017 weltweit 

ersten Testbetrieb 

autonomer 

Lufttaxis mit dem 

Volocopter“ 

https://www.youtube.com/watch?v=V08IQz7Rk3o
https://www.youtube.com/watch?v=V08IQz7Rk3o
https://www.youtube.com/watch?v=V08IQz7Rk3o
http://www.e-volo.com/
http://www.e-volo.com/
http://www.e-volo.com/
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NAVKA-Project – Daimler Indoor UAV 

Marker Georeferencing  

Daimler Crash Hall Sindelfingen 

http://www.navka.de/index.php/de/aktuelles/news  

http://www.navka.de/index.php/de/aktuelles/news
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NAVKA-Project – Multisensor Selfreferencing 3D-Mapping System (MMS) 

http://www.navka.de/index.php/de/ueberblick-msm  

http://www.navka.de/index.php/de/aktuelles/news  

http://www.navka.de/index.php/de/ueberblick-msm
http://www.navka.de/index.php/de/ueberblick-msm
http://www.navka.de/index.php/de/ueberblick-msm
http://www.navka.de/index.php/de/ueberblick-msm
http://www.navka.de/index.php/de/aktuelles/news
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NAVKA Seamless Out-/Indoor-Navigation-Concepts 

Further Developments  

Multisensor Selfreferencing 3D-Mapping System (MSM) 

LOD4 Building Models 

NAVKA - SLAM-Algorithms 

UAS NAVKArine-FC5 and 6  

+ 

Light Weight 

Laserscanner 

Scalable Multisensor Umanned Maritim Vehicle (UMV) 
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Ground 

Vehicles 

 

Multisensor 

Navigation 
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NAVKA RaD Project „Autonomous Out-/Indoor Driving“ 

GNSS: PPP-K 

DGNSS: „Moving- Base“ 

Further 

Sensor 

Dynamic 

Inclinometer 

http://www.navka.de/index.php/de/aktuelles/news  

http://www.navka.de/index.php/de/aktuelles/news
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NAVKA RaD Project: KAMA Autonomous Out-/Indoor Driving“ 

Moving Base! 
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Partikelfilter => SLAM (Simultaneous Localization & Mapping)  

FuE-Projekt Multisensorisches Selbstreferenzierendes Mapping System (MSM) 

http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte   

http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
http://www.navka.de/index.php/de/weitere-projekte/fue-projekte-produkte
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GNSS,MEMS, CAMERA 

Out & Indoor 

GNSS &MEMS  

Outdoor 

Examples 

for 

NAVKA 

Developments 



 Developments…Multisensor-Navigation…Autonomous Driving&Flying       Reiner Jäger    AMAA 2017     Berlin, 25.-26.9.2017   

Further Information: www.navka.de 

Book on Parameter-Estimation including Naviagtion 12/2017 
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
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https://www.amazon.de/Klassische-robuste-Ausgleichungsverfahren-Ausbildung-Geoinformatikern/dp/3879076154

