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Offical 

HKA -

Research 

Topics

www.h-ka.de/studieren/studienangebot/master/geomatics/profil
www.h-ka.de/studieren/studienangebot/bachelor/geodaesie-und-navigation/profil

https://www.h-ka.de/ugib/profil

https://www2.daad.de/deutschland/studienangebote

/international-programmes/en/detail/3757/#tab_detail

https://www.h-ka.de/sstm/profil

Study Programs and Research Topics

Laboratory on GNSS and Navigation

http://www.h-ka.de/forschen
https://www.h-ka.de/studieren/studienangebot/master/geomatics/profil
http://www.h-ka.de/studieren/studienangebot/bachelor/geodaesie-und-navigation/profil
https://www.h-ka.de/ugib/profil
https://www2.daad.de/deutschland/studienangebote/international-programmes/en/detail/3757/#tab_detail
https://www.h-ka.de/sstm/profil
http://goca.info/Labor.GNSS.und.Navigation/research.php
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GNSS 

PPP & DGNSS

Positioning Algorithms

https://www.euspa.europa.eu/

gnss-applications/gnss-raw-

measurements/workshops-

and-resources

https://www.euspa.europa.eu/gnss-applications/gnss-raw-measurements/workshops-and-resources
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Phase 

Observation Equations
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Euler-Theorem: eiz = cos 𝑧 + 𝑖 ∙ sin 𝑧

HKA Redesigned Ambiguity Function Method (RAF)
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Classical Ambiguity Function Method
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DGNSS

PPP

3D Grid Search

Postprocessing!
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HKA Redesigned Ambiguity Function Method (RAF)
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Code Observation Equations

Euler-Theorem right side  

𝑧 =: 2π ∙ yi
𝑦𝑖𝑒𝑙𝑑𝑠

൞
cos 𝑧 = cos 2π ∙ yi = cos −2π ∙ Ni + Di,t = 1

sin 𝑧 = sin 2π ∙ yi = sin −2π ∙ Ni + Di,t = 0

Phase Observation Equations
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HKA Redesigned Ambiguity Function Method (RAF)
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Non-linear Phase Observation Equations

Solution of the overdetermined problem on x by SIMPLEX-based 

minimization of absulut sum of weighted residuals (L1-Norm) –

Robust estimation

Ambiguity-Parameters N are neutralized

Doppler Cycles D and cycle slips    D are neutralized



RaD on GNSS & Multisensory Navigation    R. Jäger   GEO-Siberia 2021,Novosibirsk,19-05-21 

Transition from External GNSS to Internal GNSS

• Same GNSS Algorithms integrated into NAVKA Smartphone RTK

developed by NAVKA Team (Karlsruhe University of Appl. Sciences)

• Realtime stream plugin integrated into Google GnssLogger

• Both for prototype and educational purpose

HKA Redesigned Ambiguity Function Method (RAF)

www.navka.de

http://www.navka.de/
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• RAF by L1-norm stable and „ready for positioning“ from the start. No 

initial fixing and no ambiguity refixing times in between are wasted.

• RAF noise (right) is non systematic. From the single positions a high 

precise solution can be computed by a sequential L1-adjustment.

Lambda with KalmanFilter (RTKLIB)     Redesigned Ambiguity Function (RAF)

HKA Redesigned Ambiguity Function Method (RAF)

Comparison of Lambda vs. RAF
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GNSS/MEMS/Optical Sensors 

Navigation, SLAM, Georeferencing,Robotics 

Vision Computer

(Cogswell Vision 

System, Powered by 

NVIDIA® Jetson™

TX2)

Flight 

Controller

STM32H7

With 

PTP Time Sync

Inertial 

Measurement

Unit

3D Accelorometer

3D-Gyroscope

GNSS

Barometer, 

Inclinometer 

Magnetometer

LIDAR

Hyperspektral

Imaging

Camera

Stereo 

Camera

ETHERNET & 

WIFI 

𝒚 𝒕 ′ = [𝒚 𝒕 ,𝒎 𝒕 ]

=
𝒙𝒆 𝑦𝑒 z𝑒 ሶ𝑥𝑒 ሶ𝑦𝑒 ሶ𝑧𝑒 ሷ𝒙𝒆 ሷ𝒚𝒆 ሷ𝒛𝒆 𝒓𝒆𝒑𝒆𝒚𝒆
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𝒃 |𝒎(𝒕)

www.navka.de

http://www.navka.de/
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Navigation and SLAM

with distributed

GNSS/MEMS/Optical

Sensors: Sensor

leverarm parameter 

array sl(i,j). 

Leverarm Index i for 5

leverarm parameters of

sensor i on platform j.

Index j for 6 leverarm 

parameters platform i 

on body(b)

𝐱sij
e = 𝐱b

e + 𝐑b
e r, p, y ∙

[𝐭pj
b + 𝐑pj

b ∙ 𝐭sij

pj
]

𝑙(i,j)𝑡 = 𝑙(𝐲t, 𝐬𝐥(i,j))𝑡

(𝛼, 𝛿)𝑠ij
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Navigation and SLAM with distributed GNSS/MEMS/Optical Sensors

Formal description

𝐲t = 𝐲t(𝐞0:t, 𝐲0) = 𝐲t 𝐥0:t, 𝐮0:t, 𝐲0 = 𝐲t (𝐥0, 𝐥1, . , 𝐥t−1, 𝐥t, 𝐮0, 𝐮1, . , 𝐮t−1, 𝐮t, 𝐲0)

𝐞0:t = (𝐥0, 𝐥1, . . , 𝐥t−1, 𝐥t, 𝐮0, 𝐮1, . . , 𝐮t−1, 𝐮t) = (𝐥0:t, 𝐮0:t)

bel 𝐲t = 𝑝 𝐲t 𝐲0, 𝐥0:t, 𝐮0:t = 𝑝 𝐲t 𝐲0, 𝐥0:t−1, 𝐥t , 𝐮0:t

bel 𝐲t = 𝑝 𝐥t 𝐲t, 𝐲0, 𝐥0:t−1, 𝐮0:t ⋅
𝑝(𝐲t|𝐲0, 𝐥0:t−1, 𝐮0:t)

𝑝 𝐥t 𝐲0, 𝐥0:t−1, 𝐮0:t

Start: Event Chain or Markov Chain

Hypothesis: Present State as result of Markov Chain and starting state y0

Target of Multisensory Navigation & Georeferencing Systems: State Estimation 

Now: Turning to Stochastic Process andd Conditioned Probabilty Densities

Now: Inversion of the Problem by Bayes Theorem to exploit information 
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Navigation and SLAM with distributed GNSS/MEMS/Optical Sensors

Formal description

𝐩 𝐲𝐭 𝒚t−1, 𝐮t

𝑝 𝐲t−1 𝒚0, 𝐥0:t−1, 𝐮0:t = ǉ𝑝 𝐲t−1 = bel (𝐲t−1)

𝑝 𝐲t 𝐲0, 𝐥0:t, 𝐮0:t = 𝜂 ∙ 𝐥t 𝐲t, 𝐬l i,j ∙ 𝑝(𝐲t|𝐲0, 𝐥0:t−1, 𝐮0:t)

𝑝 𝐲t 𝒚0, 𝐥0:t−1, 𝐮𝟎:t = න𝑝 𝐲t 𝒚0, 𝐥0:t−1, 𝐮0:t, 𝐲t−1 ∙ 𝑝 𝐲t−1 𝒚0, 𝐥0:t−1, 𝐮0:t ∙ d𝐲t−1

Chapman-Kolmogorov-Equation to integrate previous state yt-1

Preceeding Estimation

Prior Information

Prediction or State 

Transition Equation

Final Bayes and Chapman-Kolmogorov-Equation based State Estimation

Rewriting Bayes Inversion by abreviating constant term 

1. Markov-Assumption

2. Markov-Assumption
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Navigation and SLAM with distributed GNSS/MEMS/Optical Sensors

Formal description
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Particle Filter

𝑏𝑒𝑙(𝒚𝑡) = exp (𝐲(𝑡)𝑡−1, 𝐂y(t)t−1)M-Estimation Type
- LS Kalman Filter

- Robust L1 KF

- L1 SIMPLEX

Prediction

Equation

ො𝐲tM = argmax p 𝐥t(𝐬𝐥 i, j ) 𝐲t ⋅ bel 𝐲𝐭

bel (𝐲t)

Exponential Distributions, 

e.g. Gauß, Laplace
Exponential 

Distributions

Gauß, Laplace

Any Distribution

Final Bayes 

and Chapman-

Kolmogorov 

based State 

Estimation

Product again 

exponentially 

distributed
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Agriculture 4.0 / Horticulture 4.0

UAS for Mites-Detection, Navigation, Flight Control 

Autonomous UAS-Flight in Buildings, BIM Model 

Project 1   



RaD on GNSS & Multisensory Navigation    R. Jäger   GEO-Siberia 2021,Novosibirsk,19-05-21 

MITESENS - RaD Concept & Components - Consortium
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MITESENS - RaD Concept & Components   HKA  

Basicdata: Navigation-

Statevector y(t) of UAS

and unique Time Stamp  t
𝒚 𝑡 ′ = [𝒚 𝑡 ,𝒎 𝑡 =

𝑥𝑒 𝑦𝑒 z𝑒 ሶ𝑥𝑒 ሶ𝑦𝑒 ሶ𝑧𝑒 ሷ𝑥𝑒 ሷ𝑦𝑒 ሷ𝑧𝑒 𝑟𝑒𝑝𝑒𝑦𝑒

𝜔𝑒𝑏,𝑥
𝑏 𝜔𝑒𝑏,𝑦

𝑏 𝜔𝑒𝑏,𝑧
𝑏 | ሶ𝜔𝑒𝑏,𝑥

𝑏 ሶ𝜔𝑒𝑏,𝑦
𝑏 ሶ𝜔𝑒𝑏,𝑧

𝑏 |𝒎(𝑡)
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ETRF89/ITRF 3D Voxel-Model

𝒚 𝑡 ′ = 𝒚 𝑡 ,𝒎 𝑡 =
𝑥𝑒 𝑦𝑒 z𝑒 ሶ𝑥𝑒 ሶ𝑦𝑒 ሶ𝑧𝑒 ሷ𝑥𝑒 ሷ𝑦𝑒 ሷ𝑧𝑒 𝑟𝑒𝑝𝑒𝑦𝑒

𝜔𝑒𝑏,𝑥
𝑏 𝜔𝑒𝑏,𝑦

𝑏 𝜔𝑒𝑏,𝑧
𝑏 | ሶ𝜔𝑒𝑏,𝑥

𝑏 ሶ𝜔𝑒𝑏,𝑦
𝑏 ሶ𝜔𝑒𝑏,𝑧

𝑏 |𝒎(𝑡)

Photogrammetry  KA University of Applied Sciences (HKA)
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Georeferencing of Point Clouds

Algorithm for direct georeferencing of Pointclouds Navigation State Vector

𝐲(t) = (xeyeze| ሶxe ሶye ሶze| ሷxe ሷye ሷze|repeye|ωeb,x
b ωeb,y

b ωeb,z
b | ሶωeb,x

b ሶωeb,y
b ሶωeb,z

b )T
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Georeferencing Equation

SLAM Observation Equation

MITESENS – Navigation,Georeferencing,SLAM GNSS/MEMS/Optics Sensors
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𝒚(𝑡) =
𝑥𝑒 𝑦𝑒 z𝑒 ሶ𝑥𝑒 ሶ𝑦𝑒 ሶ𝑧𝑒 ሷ𝑥𝑒 ሷ𝑦𝑒 ሷ𝑧𝑒 𝑟𝑒𝑝𝑒𝑦𝑒

𝜔𝑒𝑏,𝑥
𝑏 𝜔𝑒𝑏,𝑦

𝑏 𝜔𝑒𝑏,𝑧
𝑏 | ሶ𝜔𝑒𝑏,𝑥

𝑏 ሶ𝜔𝑒𝑏,𝑦
𝑏 ሶ𝜔𝑒𝑏,𝑧

𝑏

𝒚 𝑡 ′ = [𝒚 𝑡 ,𝒎 𝑡 =
𝑥𝑒 𝑦𝑒 z𝑒 ሶ𝑥𝑒 ሶ𝑦𝑒 ሶ𝑧𝑒 ሷ𝑥𝑒 ሷ𝑦𝑒 ሷ𝑧𝑒 𝑟𝑒𝑝𝑒𝑦𝑒

𝜔𝑒𝑏,𝑥
𝑏 𝜔𝑒𝑏,𝑦

𝑏 𝜔𝑒𝑏,𝑧
𝑏 | ሶ𝜔𝑒𝑏,𝑥

𝑏 ሶ𝜔𝑒𝑏,𝑦
𝑏 ሶ𝜔𝑒𝑏,𝑧

𝑏 |𝒎(𝑡)

Georeferencing Equation
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MITESENS – Flight Control Hardware Development
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MITESENS – Flight Control Hardware Development
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MITESENS – Flight Control for Autonomous Indoor UAS Flights

Robust L1-Norm Kalman-

filter based on SIMLEX-

Algorithm with space-

related inequations, e.g. on  

distances to walls. Using 

ETRF89/ITRF BIM model

Waypoints completed to fully trajecory y(t)desired

Control-deviation d = y(t)desired - y(t)

as flight-control input 

Out-/and indoor UAS flights 

Inequations on position 

Hesse

Normalform 

BIM model as 

coordinate

marker by 

camera-

based feature 

detection
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MITESENS – Flight Control for Automous Indoor UAS Flights



RaD on GNSS & Multisensory Navigation    R. Jäger   GEO-Siberia 2021,Novosibirsk,19-05-21 

Project 2    HOBA  

The R&D project "Homogeneous soils assistant for the automatic,

construction site-specific recording of soil classes according to the

new VOB 2016, shortly HOBA.HOBA deals with the development of

a system for an automatic classification, detection & segmentation

and a georeferenced voxel-based 3D-volume model generation for

excavation site specific soil types according to the new BIM

regulation called “VOB 2016”.

Cooperation Partner www.mts-online.de

http://www.mts-online.de/
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HOBA – Box  

Excavator with distributed MTS sensors and HKA HOBA-Box

located in the area of the excavator bucket
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HOBA Box – Hardware, Software and Algorithms Design  
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u

v

Time of Flight Camera

Helios-2, Lucid

𝒚 𝑡 ′ = [𝒚 𝑡 ,𝒎 𝑡 =
𝑥𝑒 𝑦𝑒 z𝑒 ሶ𝑥𝑒 ሶ𝑦𝑒 ሶ𝑧𝑒 ሷ𝑥𝑒 ሷ𝑦𝑒 ሷ𝑧𝑒 𝑟𝑒𝑝𝑒𝑦𝑒

𝜔𝑒𝑏,𝑥
𝑏 𝜔𝑒𝑏,𝑦

𝑏 𝜔𝑒𝑏,𝑧
𝑏 | ሶ𝜔𝑒𝑏,𝑥

𝑏 ሶ𝜔𝑒𝑏,𝑦
𝑏 ሶ𝜔𝑒𝑏,𝑧

𝑏 |𝒎(𝑡)

HOBA Box – Hardware, Software and Algorithms Design  
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HOBA Box – Hardware, Software and Algorithms Design  

Target: Realtime ITRF/ETRF89 georeferenced voxel-model with classified soils 

of excavation
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Further Information on projects: www.navka.de

http://www.navka.de/

