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HKA Redesigned Ambiguity Function Method (RAF)

Phase
Observation Equations
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Euler-Theorem: el2 = cosz +i-sinz
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Classical Ambiguity Function Method
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HKA Redesigned Ambiguity Function Method (RAF)

Code Observation Equations

- - ot) _ _ . |
P(t)obs = Xr (5) — Xs (& —p'T"OJ) +C-Afg ;- C- A +Apfion + AP Trop

Phase Observation Equations

A | t o
2 (Vo =07+ G5 =97 + (2 —2)7) = (N + DY)
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Euler-Theorem right side

( ] . .
. yields |COSZ = COS(ZT[ . y‘) = COS (—21-[- (N1 + Dl»t)) =1
z=:2m-y! —— <

sinz = sin(ZT[ - yi) = sin (—211 - (Ni + Di't)) =0
\
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HKA Redesigned Ambiguity Function Method (RAF)

Non-linear Phase Observation Equations

it
fi(li,) = cos| 2m: (%R - % (Vs =07 + (75 — )% + (25 — Z)Z)t> ~1=0
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g

Xl

it
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g

Xl

Ambiguity-Parameters N are neutralized
Doppler Cycles D and cycle slips\/D are neutralized

Solution of the overdetermined problem on x by SIMPLEX-based
minimization of absulut sum of weighted residuals (L1-Norm) —
Robust estimation
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HKA Redesigned Ambiguity Function Method (RAF)

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

www.havka.de

MAP

BEE

Android API | |Internal TCP/IP

Time Remaining: N/A

TTTTT
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HKA Redesigned Ambiguity Function Method (RAF)

Comparison of Lambda vs. RAF

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

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



GNSS/MEMS/Optical Sensors
Navigation, SLAM, Georeferencing,Robotics

eb,x

Hyperspektral
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\

Vision Computer
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\
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System, Powered by <=
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Navigation and SLAM
with distributed
GNSS/MEMS/Optical
Sensors: Sensor
leverarm parameter
array sl(i,)).

Leverarm Index i for 5
leverarm parameters of
sensor i on platform j.
Index | for 6 leverarm
parameters platform i
on body(b)

(@ 0)s;;

xs.. = Xp + Ry (r,p,y) -

1)

S

ij
L(@))e = LY S1(1))) e

b
[tp, + Rp, -t ]

Sensorachse

(o, )i g,

Plattform
j+2

RaD on GNSS & Multisensory Navigation

R. Jager

GEO-Siberia 2021,Novosibirsk,19-05-21



Navigation and SLAM with distributed GNSS/MEMS/Optical Sensors
Formal description

Target of Multisensory Navigation & Georeferencing Systems: State Estimation

b b

_ T b b . b . . b
Vo = (XY z8| Xy 2 XYL repeYe | W x Dby Dob oD x Deby Deb2)”

Start: Event Chain or Markov Chain

€0:t = (10:11;--'lt—1'lt» “o;u1:--»“t—1»“t) = (lo:t; uO:t)

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

Ve = Yi(€p:t Yo) = Yt(lO:t' ug:t Yo) =yt (o 1y, L—1, 1, ug,uy,., w1, U, yo)
Now: Turning to Stochastic Process andd Conditioned Probabilty Densities

bel(ye) = p(¥e|yo, 10:t uo:t) = P(¥e|¥o,19:t—1,1¢, ug:t)

Now: Inversion of the Problem by Bayes Theorem to exploit information

p(¥tlYo, 10:t—1,ug:t)

p(1e|yo,10:¢—1, Wo:t)
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Navigation and SLAM with distributed GNSS/MEMS/Optical Sensors
Formal description

Rewriting Bayes Inversion by abreviating constant term

p(YtlYOrlO;tr uO;t) = n- (lt|Ytr Sl(i,j)) ) p(YtlYOth;t—l'uO;t)

1. Markov-Assumpti

Chapman-Kolmogorov- lon to integrate previous state y, ,

p(¥el¥o,1o:t-1,Wo.t) = fp(Ytlyo»lO:t—l:uO:t» Vi—1) * P(¥e-11¥0, lo:t—1, Wo.t) * dYe—q

Prediction or State
Transition Equation

2. Markov-Assumption . P(y¢|y¢—1, ) Preceeding Estimation
_ Prior Information
p(Yt—llyO'lO:t—lin:t) = p(Yt—l) = bel (Yt—l)

Final Bayes and Chapman-Kolmogorov-Equation based State Estimation

~+co

p(V:il¥o, loo W) = 1+ p(l(s1(3,)))Iye) - f P(VelVir, U) - P(Vep) - Ay
bel th) Gauﬁ-l\-f[ark;w-l\-mdel of N B bel (yt-1)
Sensorobservations —
bel(yt)
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Navigation and SLAM with distributed GNSS/MEMS/Optical Sensors
Formal description

Particle Filter

N N
i bel(yi_q) = L 8(Feer — Y with ) wi, =1
Final Bayes el \Yt-1 Wi_q - 0(Ve—1 — Ye—1) Wit t—1
and Chapman- i=1 i=1
Kolmogorov
based State Any Distribution — '
Estimation FIECIEE \
o Equation
P (Vil¥Yo, oo Uor) = 1 - p(c(s1G, ) ye) - P(YelYer, ue) - P(Ver) - dYe
bel (yt) GauB-Markov-Model of T bel (yt-1) -
Sensorobservations Et}’t)
Exponential Distributions, Exponential
e.g. Gaul3, Laplace Distributions
Gaul3, Laplace
M-Estlmatlon_ Type bel(yy = exp (Y(t)t-1, Cyo,_,)
- LS Kalman Filter \

- Robust L1 KF

- L1 SIMPLEX S;tM = grgmaX{p(lt(Sl(i,i))IYt) 'E(Yt)} Z;%douncén?%?li;

belv(yt) distributed
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Project 1
; MITESENS

Agriculture 4.0 / Horticulture 4.0
UAS for Mites-Detection, Navigation, Flight Control
Autonomous UAS-Flight in Buildings, BIM Model

......
o
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MITESENS - RaD Concept & Components - Consortium

3D Georeferenzierung der klassifizierten Bilder

Autonomer UAV Flug

Yerst = (x°y©z°[X°y°2°
|xeyeie |repeye

A

- 3D Gebaudemodell
- Fluginformationen
- Bildaufnahmen

2D Befallskarte

A 4

b b b
|w eb,x “eb, V Doh,z

.b . b . b Tl
| eb,x “eb, y“) eb, y)

[y

Hochschule Karlsruhe

A

- Flugsensoren
(Navigation)
- Flight Control

UAV Entwicklung

Datenmanagement

v

. Bildauswertung
4 :‘h ;\:\ ,\’l
YAV VAN ®
” @/ 9@
@ @
; Input Layer Hidden Layers Output Layer
Bereitstellung
der Wolution
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Bereitstellung der Bilder

IB Bauer

(Trainingsdaten)

Bildspeicherung

A4

Bilderfassung

Spinnmilbenzucht

Multikopter.de

Ausstattung
des UAV mit
Kameras

v

&

- Lieferung von
Versuchspflanzen

- Gemeinsame
Gewachshausversuche

Universitat Hohenheim

LVG Heidelberg, LTZ Augustenberg
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MITESENS - RaD Concept & Components HKA

xe ye Zelxe }78 € |5C-eyez-e|repeye|
()" = [y(t),m(t) =
y [y wgb,x wle?b,y w

Google Drive

l External links

MongoDB

Data upload
Metadata upload

«——MAVLink
((—
UAV

GCs

Basicdata: Navigation-

- b . Statevector y(t) of UAS

gb,zl(i)le)b,x web,y wé’b,z|m(t) and unique Time Stamp t

Cloud level processes:
Storage, machine learning
(training), photogrammetry
(CloudODM)

Ethernet datalink

Desktop level processes: —_—
Photogrammetry, navigation/
SLAM post-processing,
visualization, flight planning

Telemetry radio and/or
WiFi datalink

Embedded level processes:

Flight control, state estimation, >
obstacle avoidance, SLAM and

synchronized data capture

RaD on GNSS & Multisensory Navigation

R. Jager GEO-Siberia 2021,Novosibirsk,19-05-21




Photogrammetry KA University of Applied Sciences (HKA)

y(t)’ B [y(t) m(t)] . x€ ye Zelxe ye € |5C'ej}e2e|repeye|
— ’ — b b b - b N - b
(‘)eb,x (‘)eb,y web,zlweb,x web,y web,zlm(t)

ETRF89/ITRF 3D Voxel-Model

2ee
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Georeferencing of Point Clouds

Algorithm for direct georeferencing of Pointclouds Navigation State Vector

b b b T
W

e e.b.".y ebZ) e

._'. .:.p_):l..'

y() = (x°y°z°|X°y 28 XY 7 |r°pCY | Wb x Weby Web,z|Depx ©

Algorithm 1: Non-rigid direct-georeferencing
input :r¢RP1°,

T(tf? Pi;rps'- R{J)
output: Pf;f-;
forall r; € r* do
/* Boresignt and lever-arm correction .
r? = Rlrf + 1%
/* Interpolate pose at t; from INS trajectory
&';“ — Interpolate(7.t;):

o | {RLPL.}<¢

7 /* Apply transformation
- P, =Ryr! + P,
9 end

ook B e

ps’

10 return PEG
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MITESENS — Navigation,Georeferencing,SLAM GNSS/MEMS/Optics Sensors

»L;l I'sJ.; }
ry iglay 9 0

==

. p
Sin Zij 'COS(Xij
p _ - -
Xm,Pi _Sij -1 SIN Zij -SIN CX,ij
C0SZ;;

f ( ) xe ye Zelxe }-}e Z-e |5C-ej}ez-e|repeye|
Georeferencing Equation Y(t) = b b b b b b
g q web,x web,y web,zla)eb,x web,y a)eb,z

Xm.pi =Xp + Rp(1,p,Y)- (tB + RB X pi)

.
SLAM Observation Equation an,pi=RB IREC oY) - (X pi —X%)—tB]

y(®)' = [y(®),m(t) = [ e Wy
— ) - b b b - b N N
web,x web,y web,zlweb,x web,y web,zlm(t)
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MITESENS - Flight Control Hardware Development

R. Jager

1 | 2 | E] | L I g | &
01
o HTRFEF ' fm =T
HTR gl &
EEHSELP
2 sl :4
. ?'1 F 'ﬁ Bluf o HHE
- "l eampmzazy | ol - b
SfkEadd £.LuF cME  F
5 s £t #TeF s AT o R #
“ FLs11p80-T " L2 I S R T R
= n 3] '1
o [
< LAY r:;:u— unmn?. —% —1 T ) JHT £HD JIu HFI
[ = O
= =] 8 a1
B =] Flbvhme  Ene 3 GFLELLBAD-T e A
1 Fnt il B DE—-"1 2 JHT
RUHZ BiSTE
-
. - &Juf
=y 1+ i HM
] = oo S . T
" aaEEdens R i ) fz?:g FRisELF
= . LI T
:J: jﬂﬂﬁn:slusi R . .
Ll o FLisaaLee | ooy WS
._""I_. EX £ ey T
E ]_ 15 Am
A RIKAESL0 PBGa—)5 a2 | m=aalras
f Bz = ‘5' g_l :i i_. {uF |4uF BuF
2dpz 53 =2
THD G
4N .
R0 PE- 4Bt L ENSEZP
LBBR EMFEZM
yaz ALE!
L e
oDz 513 +3 5" g
T i=SEI1BES 3 -+
e 1 ~eee L R : o NIUT
EI_ e in
RIFFEE10 PE-a2 B -5 Eijﬁ Ir
ﬂﬁ;_‘L B aq
[ - AuF | JuF auF
o i T
HiteSens
I GHE 1L/Z5/ZB21 1329 PH
Sheet: 5718 |
1 | 2 | 3 | L | g | =
RaD on GNSS & Multisensory Navigation

GEO-Siberia 2021,Novosibirsk,19-05-21




MITESENS - Flight Control Hardware Development
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MITESENS - Flight Control for Autonomous Indoor UAS Flights

P
Hesse

@% ‘d Normalform
LA

!
Pockingstation / Jd ] E
A

Flugbahn

]
—

—_ Bilderfass
E

Inequations on position

ngsplinfte

Sicherheitszone

v

Robust L1-Norm Kalman-

nd indoor UAS flights
'.. "f . S." ‘-:":.. \“ o !

as flight-control input

Control-deviation d = y(t)esireq = Y(t)

filter based on SIMLEX-
Algorithm with space-
related inequations, e.g. on
distances to walls. Using
ETRF89/ITRF BIM model

BIM model as
coordinate
marker by
camera-
based feature
detection
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MITESENS - Flight Control for Automous Indoor UAS Flights

+ Multisensor-fusion of distributed GNSS/MEMS / Optical sensors

» Robust navigation state estimation y(t) and SLAM y(t)=(y(t),m(t)) via L1-
norm SIMPLEX

+ Algorithms for modeling different time stamps t in sensor observations I(t)

2021
* Robust motorcontroller via SIMPLEX with inequations on propeller rotation
rates
May 2021 « Control of the fully actuated and the under-actuated (VTOL) multicopter
type
« Set-up of a-profotype UAS for industry parner
3 Quart 2021 * Dynamic trajectory generation in collision avoidance process

+ Collision avoidance
+ Safe landing at docking-station

.

* Indoornavigation via optical markers (step 1)

* Indoornavigation via feature detection in the building using BIM model
(step 2)
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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

Die digitale Baustelle — BIM im Tiefbau JMTS

Durchgangige Planung — Ausfihrung — Dokumentation - Abrechnung moh movaion

Tiefbau 3D*

Geregelter digitaler

Auftraggeber/
Planer AVA

PLANUNGS-
PROZESS

—=n
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http://www.mts-online.de/

HOBA — Box

Till Sensor

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

HSKA HOBA-Box

r-J avigation
Box

Local GB Ethernett

Machine

Processing
Unit
(MDA
Jetzon

Ty 1
T o |

Semver

PCI interface

Back-up Drive
(WD RED
SAS00)

CAM/Ethernet

/

Digital RGB-

camera Triton
JIZNP

MTS Mav Box

msssmn  Hzka hardware
o MTS

e Local Machine Server
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HOBA Box — Hardware, Software and Algorithms Design

’ xe ye Zelxe }-]e Z-e |5C-ej}ez-e|repeye|
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HOBA Box — Hardware, Software and Algorithms Design

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

> Time of Flight Linux, ROS- Kinetic N Georeferenced point clouds
(Sensor_msgs/PointCloud?)
Camera {LUUD Direct Georeferencing
Helios2 with Triton GNSS;’MEMS
3.2MP)
OctolMap algarnthm
for 30 modelling &
PCL library
h 4
3D voxelModel,
format(.bt)
HOBA BOX GNS5/MEMS Classified, segmented
HsKA (IAF) " and lzbelled images
afi . g ) (various formats e g
navigation ipe. png, etc.)
state vector
it} A
Wi-Fi,
TensorFlow 1.x &PyTorch
) ] Ethemnet,
Direct 1.6 algorithms for Internet
G ] ] ]
Sensordata from MTS coreferencing | machine leaming (ML) etc.
- GNS5/MIEMS with the trained models
e.g. Inclinometer for P
) for the specific soil types.
the Denavit-
Hartenberg h 4
Transformation. Digital Camera,
(GMSL, V-by-OneHS & MTS server
} FPDC-link and com patible
with Jetson TXZ)
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Further Information on projects: www.navka.de
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