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Introduction
GNSS/MEMS/Optical based State Estimation

Sensors providing Space / Parameter Relation
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NAVKA Multisensor-Multiplatform Leverarm Design

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

y(t) = X y® 28 | EER |r®p® y° || & | 0D oy Oohz |

Space Curve of the body (b ) in the e-frame Modifcation
B 1 w] of the State
x() I [At] [Eﬁtz} “x(t-AY] Z:l(rjameters
x() =0 | At] || x(t-AY Equations
x(9] [0 O | | X(t-A | by

Rotation Rates of the Body (b ) with respect to the e-frame Considering
Special Conditions

b b
er (t) = er (t — At) Detected in
: : : Multithreading
Orientation / Attitude Computing

1 |
R2(t) =R (t—Ab)-[1+ Q5 -At+§-(ﬂgb)2 A+ Jwith QP = QP (Sensor) — QP
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2.) Sensors GNSS/MEMS/OPTICAL - Multisensor/Multiplatform

Accelerometer- Sensorobservation | (Rawdata, on i-th Platform (p) — one-dimensional!)

IO b e,
4 b Observation-Equation for Sensor |
@ @@ Re(rp.y)- on Platform i
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platform

Orientation j-th
Sensor (S)
on i-th Platform (p)
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2.) Sensors GNSS/MEMS/OPTICAL - Multisensor/Multiplatform

1
(1) 3 rPi -Rb(l‘ P,Y) Observation-Equation for Sensor |
Si,j S.. e ) ’ i
on Platform i

T —9° () +2- 95 R)° + Q- Q% X7,

»1(i,j)"

Referencing : Platform p(i) on Body (b) and Sensor s(i,j) on Platform (i) — ,,Leverarms*

@) e _xb+Rb(r p.Y) ‘“
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From 15to 18 Change of the State
Parameters y(t) Transition Model 1.)

y(t) =[x° y° 2% | K& |r®p° e||&&&|(Debx(0eby®ebz|(‘S‘gbxesgby“s€sz

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




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

F(y(t) =0 u<F(y(n) <o

£°.° Roll
{©=0x

Zero-Updates (,,ZUPT*) ,,Automotive Mode*“ »indoor-Map-Matching*

3.3) Sensorintegration

®, gy . Laser-
Tachometer MOEMS !1 scanner
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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 fur Wirt-
schaft und Energie).

NAVKA-Project IAF/HSKA
www.navka.de

PREGON-X

Gefordert durch:

% Bundesministerium
fur Wirtschaft
und Energie

and DISY
(WWW . d | SV.Nn et) des Deutschen Bundestages

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

,Mobile GIS* Leica Geosystems
L1-based: 40 cm Accuracy ~. 7000.- EUR
L1/L2 based 5cm ~ 9000.- EUR

,Mobile GIS“ Trimble
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Smartphone and Tablets for Mobile GIS and Geo-Referencing

Survey on Existing Solutions
1.) Limitation concerning Direct Object Access

Die neuen schnellen
GIS Instrumente

Die beiden TabletPC-Varianten Leica
CS25 plus und €S25 GNSS plus (mit
integrierter GNSS-Funktionalitit

flir Messgenauigkeiten <10 cm)
bestechen im Vergleich zum Vor-
gangermodell mit deutlich hoherer
Speicherkapazitat und schnellerer
Prozessorleistung. Die neue 5 Mega-
pixel-Kamera und das verbesserte 7"
groBe Touchscreen-Display runden
die Gesamtleistung der handlichen
und ultrarobusten Tablets fiir die
GIS-Datenerfassung ab.

Nach Militarstandards entwickelt,
halten diese TabletPC's sowohl extre-
men Temperaturen als auch Stlirzen
von uber 1 m Fallhéhe und starken
Vibrationen bestens stand. GemaR

v ur
B LI el

eitungseinmessung mit dem Leica €525 GNSS plus

Staubdichtheit und Strahlwasserschutz
werden die Vorgaben der IP65-Schutz-
klasse voll erflllt.

Neben dieser Allwettertauglichkeit
gewahrleisten die langen Akkulauf-
zeiten sowie das geringe Gewicht
einen Einsatz lUber einen kompletten
Messtag hinweg. Basierend auf dem
Betriebssystem Windows®7 (Ultimate
Edition) kann zur einfachen Datener-
fassung sowohl die eigens entwickelte
Onboardsoftware Leica ZenoField
verwendet als auch auf maBge-
schneiderte Softwarelésungen von
zahlreichen Leica-Softwarepartnern
zuruckgegriffen werden.

Roland Reiser
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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

About Spike

Spike is a smart laser measurement solution for all kinds of industries and
professional use that allows you to capture measurements and location of
an object - all from a photo. From that photo you can capture real time
measurements including height, width, area, length and target location.

Spike gives you the flexibility to measure when and how you want, whether
in the field or at the office, using the Spike mobile app or Spike Cloud.

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

SPIKe WOrKs WITtN DOTN AppIe 1US and GOOogIe ANArolda aevices, ana attacnes
to a smartphone with a quick-release clamp or to a tablet case with
high-strength bonding tape. The Spike device pairs with your smartphone
or tablet via Bluetooth. Spike's laser rangefinder works together with vour

Already ,,done in 2012*
by NAVKA
http://www.navka.de/ind
ex.php/en/overview

|

Laserdistanzmesser

- PPP-K not operable =
« In ,advance to time“ MEMS

/ -

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


http://www.ikegps.com/spike/
http://www.navka.de/index.php/en/overview

Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => New Age, starting in 2016

Google to provide raw GNSS measurements

July 10, 2016 - By Steve Malkos

n Facebook D Twitter g Google m LinkedIn

User location takes center stage in new Android 0S

Raw GNSS measurements from Android phones. Yep, they are coming. At Google we
have been working with our GNSS partners to give application developers access to raw
GNSS measurements from a phone.

This is really exciting, and marks a new era for our GNSS community. At Google I/0 in
May, we announced that raw GNSS measurements are available to apps in the Android N
operating system, which will be released later this year. This means you can get

pseudoranges, Dopplers and carrier phase from a phone or tablet.
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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/

GnssLogger screenshot,
showing raw measurements
from a GPS satellite and a
GLONASS satellite.

v
GnsslLogger
SET- POSI-
TINGS LOG TION O... MAP AGNSS
{ START CLEAR END )
GnssMeasurement:
Svid = 32

ConstellationType =1 =

TimeOffsetNanos = 0.0

State = 47

ReceivedSvTimeNanos = 167609923373844

ReceivedSvTimeUncertaintyNanos = 23

CnODbHz = 32.184

PseudorangeRateMetersPerSecond = -514.428

PseudorangeRateUncertaintyMetersPerSeconds =
0.115

AccumulatedDeltaRangeState = 1

AccumulatedDeltaRangeMeters = -15892.712 = Carrier phase

AccumulatedDeltaRangeUncertaintyMeters = 21.07E-04 < 0.2 cm uncertainty

Multipathindicator = 0

- GPS satellite

GnssMeasurement:
Svid = 97
ConstellationType =3 =
TimeOffsetNanos = 0.0
State = 227
ReceivedSvTimeNanos = 5592932759607
ReceivedSvTimeUncertaintyNanos = 76
CnODbHz = 19.738
PseudorangeRateMetersPerSecond = 586.201

— GLONASS satellite

START LOG STOP & SEND
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => New Age, in 2017/2018

esa

(esa

05:19 UTC Baikonour, | ¥ =
Kazakhstan Galileo Satellite

Orbit — Segment Galileo

P I

Chinese
COMPASS Orbit

GPS Orbit and GIONASS Orbit
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => New Age, in 2018

conlains receiver's precise corrections  compensation by to be to be
position vector from weather model  estimation (option)  eliminated estimated
\" \'/ \L J/ (and fixed)
RANGE - DISTANCE + TROPOSPHERIC + IONOSPHERIC
MEASUREMENT | = | RECEIVER - SATELLITE SLANT DELAY SLANT DELAY
CARRIERPHASE | _ DISTANCE o TROPOSPHERIC | _ | IONOSPHERIC | _ | AMBICUITY
MEASUREMENT | ~ | RECEIVER - SATELLITE SLANT DELAY SLANT DELAY TERM
ADDITIVE COMBINATION OF CODE RANGE AND CARRIER PHASE MEASUREMENTS ELIMINATES IONOSPHERE
(RANGE + PHASE).2 ;
CODE-PLUS- - DISTANCE + TROPOSPHERIC : ~,\,.\\' 1| AMBIGUITY
Ublox NEO 8MN CARRIER = | RECEIVER - SATELLITE SLANT DELAY kY 2| TERM
29.- EUR
- SUBTRACTIVE COMBINATION OF CODE RANGE AND CARRIER PHASE MEASUREMENTS REVEALS IONOSPHERIC DELAY
RANGE - PHASE
CODE-MINUS- _ T /. IONOSPHERIC + AMBIGUITY
CARRIER = POngy, O © | SLANT DELAY TERM

Vereinfachte Beobachtungsgleichung ,,Code-plus-Carrier”:

PR + A s c
Ll SRS DY VY (O TR N
2 2 . 4. f 3 T
kombinierte I “ehrdeutigkeit T
Beobachtung  Entfernung lonosphérenfehler
héherer Ordnung Delay)

tropospharische Laufzeit-
verzogerung (Slant Path

GALILEO -E1

Code/Phase

Linear-

Combination
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => From DGNSS to PPP-K

N - SmartNet

) WALCORS Verkohrsminitarium dor

Geodetic Infrastructures for GNSS-Servilz
www.moldpos.eu
www.geozilla.de

Macwra6
1:1 000 000
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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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Smartphone and Tablets for Mobile GIS and Geo-Referencing

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

Pog - SSR-based: Abs. Prec. OPPP
~ Orbit & Clocks e Starfire™GPS-Corrections

« Starfire Receiver (left)

@ i Ionosphere * Global Accuracy: ,,dm*

‘e © . _

O @ '._ O ® e, p /Jlllnlllm‘
ol a s ® NAVCOM

; “\-\‘3"”’”/

Q Q Troposphere

fl eare Company

& AU
) ] Abs. GNSS = ,,Non-DGNSS*“
*ri"ﬁarthmes Leica SteerDirect No Reference-Stations

STARFIRE P(X,Y,Z) steering solutions

But: NAVCOM Roverclients!

Centimetre-level RTK

Comparison of HP and
Network RTK other DGPS service
OmniSTAR-HP characteristics

State Space Solutir= - i
Wide Area DGH OIS TAR-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

The Global Poslitioning System

13
16 March 2011 2 ” RTX

Check out the Latest News!

Read Press Release

Continue to an OmniSTAR website:

e Morth and South America
e Europe, MNorth Africa, Middle East, India
e Asia Pacific

o SHitARES VBS solution for redundancy of
observations
OSR (= Observation-)related: Networked, scalabe (,,dm —cm®) ||+ Smooth decimetre level positioning - with
DGNSS RTCM Correction (VRS-Concept) scope for further gains 7
« RTCM-Standard =>Open for any Rover- and Software-Type
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => From DGNSS to PPP-K

NAME Service Accuracy Supported constellations Method | Provider
performance
OmniStar | G2 <10cm GPS+GLONASS PPP Trimble
RTX CenterPoint | <4cm GPS+GLONASS+BDS PPP Trimble
StarFix GZ+ 3cm GPS+GLONASS PPP Fugro
G4 5-10cm GPS+GLONASS+BDS+Galileo | PPP
StarFire SE2 5cm GPS+GLONASS PPP John
Deere
SF3 3cm GPS+GLONASS PPP
Future(BDS+Galileo)
Veripos C2 5cm GPS+GLONASS PPP Hexagon
Apex2 5cm GPS+GLONASS PPP Ap
TerraStar | TerraStar C | 2-3cm GPS+GLONASS PPP Hexagon
AB

August 2017: Joint Venture ,,Sapcorda Services* (Bosch, Geo++, Mitsubishi, ublox)

NviA
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => From DGNSS to PPP-K

International GNSS-Service (IGS »RTS“: http:/irts.igs.org/

‘q i Orbit & Clocks
#\ V@ i
\‘\‘ O\‘ :: O

Ionosphere

© @ .‘“ e ©.7¢ . b
Q Q < O : L ... : s/‘
Q Q Troposphere W :' B
A sie o g','; o . .° E
sodilie AN SN
+ P(X,Y,2) +Earth Tides : :‘:e

olnte@natlonalrfGNSS Service
Formerly-the International GPS Serwce

Publications

Real"t|me SeI’VICG User Access Products RTS Monitoring Contributors Maore Information Support
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => New Age, in 2017/ 2018

= T

.....

GPS rosion Follow Us - '1"'".':
Cf Iw]in]\, OPPP - E1/E5 and

WORLD
Search the Site... Phasem easureme nts
OEM  UAV = Survey

. | | - 21. Sept. 2017 -
Mapping GNSS | Defense | Mobile | Machine Contrd

U VYDV IUU: IMAVINE EAFLVNE NWVVHE

GNSS receiver

,BCM47755“
1cm

OPP-K global
Positioning

Broadcom launches dual-frequency GNSS receiver for

mass market e GNSS-Receivers

« Smartphones

September 21, 2017 - By Tracy Cozzens
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone => New Age, in 2017/2018

RTKLIB - Open Source Software (DGNSS/RTK, GNSS-PPP, Postprocessing
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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 fur Wirt-
schaft und Energie).

NAVKA-Project IAF/HSKA
www.navka.de

PREGON-X

Gefordert durch:

% Bundesministerium
fur Wirtschaft
und Energie

and DISY
(WWW . d | SV.Nn et) des Deutschen Bundestages

aufgrund eines Beschlusses

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


http://www.navka.de/
http://www.disy.net/

ZIM Cooperation Project NAVKA < DISY
. on “Mobile GIS”
3 d|sy Precise GNSS/Georeferencing On Smartphones

GIS. Reporting. Datenmanagement.

News & Events Products Services

Cadenza

Industries

(PREGON-X)

Contact  Career  Resources
Our customers About Disy 'O Suchbegriff
Benefits Platform as GIs Desktop Web Mobile

P L
ZRAX IRTLT Y PO »
e e B D

P ——— “
U aADR-An ol =B |
7 . | -

T Ny

i
}” llmmm

Cadenza is a desktop GIS, Web GIS and mobile GIS

Cadenza includes all functions that distinguish a geoinformation system (GIS). In addition,
Cadenza offers Ln.mm nacecihilitias far anahicina -;an ita Adata and linkina it flavihhs weith
geodata. As a c \\ N agramme SS
mobile. Amapd

device or as GIS
experts, but alsc
map and layer in

Cadenza works ! s

ile

Y ive

4 &
/’4 ion
3

ust

Konfiguration und Vorlagen
Auswertungs- und Kartenverzeichnis

Nutzer- und Rechtemanagement

CADENZA PLATTFORM

s M M & 8

Datenbanken GIS Dateien Dienste Data Warehouse
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Variants 1.1:1.2

External GNSS;
GNSS/MEMS/
Optics-Box

_9

GNSS Stan-

dard Services
(SAPOS, IGS, ...)

RTCM /NTRIP OSR
Corrections
for DGNSS

SSR-State-Space
Data for PPP-K

RTCM-Trafo-Msg.

Other Server
Data and
Servers

Variants 1.1, 1.2, 2and 3

PREGON-X Smartphone for Mobile GIS and Geo-Referencing

Variant 2
GNSS Raw-Data on the Smartphone

GnssLogger

POSI

D8 MAP  AGNSS

( START CLEAR END)

GnssMeasurement
Svid = 32
ConstellationType =1 <« GPS saltellite
TimeOffsetNanos = 0.0

Precise GNSS Positioning
DGNSS Alg./SW (Var.1, Var. 2)

PPP-K Alg./SW (Var. 1, Var. 2)

Precise Geo-Referencing
Alg./SW Navigation-Sensors-Fusion
GNSS/MEMS/Optics/Laser

ITRF-Datum and Plate Modeling
NTV2, new ,NT3D“ Trafo-Data

Variant 3
MEMS/Optics/

MOEMS-Integration

]
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smatphone — Risks for Variants 2 and 3

Position estimates using pseudorange, Doppler and carrier-phase data. The plotted
estimates are differences with respect to the mean values in each component

1.0 - : T

08}

0.4}
0.2} .
ol
02}
04}
06}
08|
40—

Position estimate (meters)

I

Phone
0.6 in hand

Phone
in hand 1

e

Phone laid down -

21:46 21:47

North =

21:48

GPS Time

East

21:49 21:50

Up =

%ﬁ Positioning & Navigation for Mobile GIS

Reiner Jager

Int. Sc.

Conf. University of Latvia  Riga, 8-Febr.-2018



Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smatphone — Risks for Variants 2 and 3

Position estimates as above but with precise external ionospheric information.

10 : : T ! H T Y ! T

0.8 F i
0.6 Phone : Phone -
5. ; in hand in hand

0.2 -Jb""": / Phone laid down / .

OF BRamut e e S

Position estimate (meters)

) ; ™ i
L : | ™ .
0.4} [
-0.6 -
-0.8 % A
-1 O H . 1 ) L 1 2 L 1 L L
21:46 21:47 21:48 21:49 21:50
GPS Time
North = East = Up =
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GNSS and Challenges
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GNSS Code- or ,,Pseudorange” Observation and Modeling

Pseudorange or Code-Observation

pij(ti)Obs = C'TijObs = C'(t:?(ti)_tjs(tj)) = C'((ti +A{R,i)_(tj +AES,j))

Satellite
clock ! (t )

Transmitted signal

Received signal, driven by satellite clock \'\ /

Foosiine——

Repllca signal, driven by receiver clock

Receiver -:—Tobs

clock tp (t;) R(u)—t’s(tj)
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GNSS Code- or ,,Pseudorange” Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time
pij(ti)Obs = C‘TijObs = C’(t:?(ti)_tjs(tj)) =c-((t, +AER,i)_(tj +AES,j))
with oy, = th () —t5(t;)

1. Without Atmosphere corrections

| ' i n ~o
(t)oss = (th(t) —th(t) =c - (t, 1)+ ¢+ Alg, —c- Al R
1
~ - - - = ‘piz(ti) = p; (t)
p(ti)Obs :p(ti’tpoj)"‘C'AtR’i—C-Ats’j \/-*5,

pi (L)
Vo

P(ti)obs = ‘)?R(ti) B )?JS (t; Oj)‘ +C- A{R,i -¢ AES,J’

P (1)

p(t)obs = )
C

- - NICAE _ _ _ N
x'FQ(ti)—xJS(ti—%,oJ)+c-AtR,i—c-AtS,j with  p(t) =

X (t) ~Xs(t; -
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GNSS Code- or ,,Pseudorange” Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time

2. With Atmosphere (lonosphere and Troposphere)

- - S _ _ . .
p(t)ops =|Xr (t) —Xs(t; —¥’°J) +C-Alg;—C-Alg | +Ap!on + AP TROP
T o ()
with p(t;) =|Xg (1) - Xs(t; —T) Atmosphere <. Ilonosphere
~
AP
2(t) pi (t;)

s
pr (L)
W,
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GNSS Positioning and Modeling

Light Time Equation

- Can be solved iteratively exactly based on GNSS
P.'( NN time t(i), Orbit o! and good position xx(t(i))
X (t) =X (ti = )| - Must be solved in repeated parameter estimation,

14444244443 . .
pI (t) Iteration: "Light Time Equation’ If AtR,i (t|) and XR(t(I)) are unknown

3. Geodynamic Corrections

1. 3D-Earth Tide Corrections

3

Z, YA R3{3E2(R *r)R]+[ (h_—iz)(R *r) ——] }[ 0.025sinp cosp sin(6, + 4)|r

3.2. Ocean Loading (IERS Standards, 1996)
3.3. Atmospheric Loading

3.4. Earth Orientation
Re()=Rp-Re-Ry-Rer  XE(1)=RE®)-x' (1
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GNSS Code- or ,,Pseudorange” Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time

- - 5(t) . _ _ | |
P(t)obs =|Xr (L) —Xs(ti - @ ,0)[+C-Atg;—C- At + ApiJ,ION + ApiJ,TROP

- - 5(1. . pl(t)
with P(t)ops =| Xr (f) —Xs(t; —M),OJ) and 1, ="~
1444424 4% 43 c
BIJ (t;) - Iteration: "Light Time Equation’

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

4.1 Special and General Relativity in general

t-t At x-—x Ax -

-t Af - m-m _ Am 1.v2+AU
t t x x f f m m 2

4.2 GNSS pseudorange-observation scenario

e Pj (t|) AU 1 1
=1t =7 and — . _
t=m C c® c* |Rg+h(t) Reg ___/\1\/
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GNSS Code- or ,,Pseudorange” Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time
p(t)ops =Xr (1) —Xs (ti - P.c(:) o)) +c- AtR| C: AtsJ+AP| |0N+AP. TROP

Further Clock/Time-Bias

Trimble NETR9 receivers: 18.0~24.0 ns

Septentrio receivers: 132.0~19.0 ns e GNSS differential code biases (DCB)
iy g Trimbictjfag —#— Trimblc-ons! !
| < Trimblegmsi ~#- Trimblehkir8 Trimble-zim3 ! DCB products
Septentrio-ccbr Scptcn{no -nnor —®—  Scptentrio-vill | :
25 - ,S_ggt_cqtrio-kiru ¢ Scptcn}no Tedu, -0— Septentrio-brux | ? avallable from

o d cusgandt , o Ly ’ MULE R | oG Undated
B ey AP - e ol *" 368 — upaate
g »_‘L',!.'-\‘,:,i W'H' i Il‘l]'u‘mﬂm""“ L "' il *14& i daily (d;;'y
[P ITEY ) | ' interval)
DLR — updated
guarterly (both
weekly and
! daily intervals)

Pl e bl 01/2013
: "‘5& e (&l

1

BeiDou C2I1-C71 DCB / ns
o S
L L

12015
Jan.  Apr. Ju.  Oct.  Jan. Apr. Jul Oct.  Jan. Apr. Jul. Oct.  Jan.

e . . . . . . "'- r
<

2013 2014

10

Time series of BeiDou C21-C71 DCBs for the selected receivers during
the period 2013-2015
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GNSS Code- or ,,Pseudorange” Observation and Modeling

Pseudorange Modeling in ECEF and GNSS-time
pl(t)
C

P(ti)obs = Xg () - is (t - ’Oj) +C- A{R,i —C: AEs,j + Apij,ION T APij,TROP

5. Final Rough Pseudo-Range observation equation

Observations:
- - ot i it P
p(ti)Obs — p(ti)obs = XR(ti)_xs(ti — i ( ') : R(ti) and Pj (t|)Obs C T|Obs
144442444 43 2
Eij(t-)-Iteration'"LightTimeEquation' 4? \

LPE(H) D! (t)

\/— S

—c-(Atg (1) - {C%Juia e-sin(E(t ))} )+ Aplion (t) + A 1rop (1)

+c- (AtR.(t)+ ((XR (4) — X5 (4)) - (We xXR (1))

pi (1)
Vo

Unknowns: (X,Y,2)r (), Atg;(t;)

Corrections: Sagnac R; Relativity S; Clock S,
Further Corrections, Add rel. clock varlatlons Add. ModelslON, TROP, Earth Dynamics
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Phase Modelling in OPPP / PPP-K

71“ji Qi)@lg;sj' Q.J gi)@s = 5.1 (t)+c- A{R,i —C- AEs,j + Apij,ION + APij,TROP + A (AQ; +Ag; - Nij)

; _ / /
Stg’;gfvgﬁoﬁ;‘.?gf tir Uncalibrated phase delays
(UPD) relevant to undifferen-
Sun ted integer fixing for PPP
“Wind-up (“Phase wind up”) )
. _/Sun

Yaw-steering Mode Orbit-normal (,Earth-centered”) Mode

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.

http://www.navipedia.net/index.php/Carrier Phase_Wind-up Effect
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Doppler-Frequency Measurement Types

j
Dj =int(Ag'i[cyc]) =int( | (fr —fs)"dt)

1.) Add. Measurement for
Positioning by Phase-Measurements

Cycles D, at Phase-
to Measurements. Error: ,,Cycle-
S(ts) Slip(s)
S(t1) —— orbit
A=D1
S(ty) #=Drh Ap.=D:*),  2.) General Measurment for
d ° Positioning and Navigation
t c fs' rg-ry
f_fS _fR — c °|r _r | (&_&)
N\ (o) s~ IR
2
1 (v AU
Af = f (—-(—j =
’ AR C
Zd S ;? IR AR %
7 "X earth
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variants 1.1

NAVKA ,DGNSS/PPP-K Smartphone RTK"

GNSS-Antenna

Receiver

http://www.navka.de/images/files/INAVKA smartphoneRtk.pdf
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variant 1.1  Pure DGNSS/PPP-K

« 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.

MEASURE MEASURE ————————— Measurements
=4 MAP Map
\ 4 . El Database Entries & Objects
i \(\d,/’ f H i@ % RTK Configuration
Components of the Smartphone S %
RTK system

ot Application's Information

« System Components:
1. Bluetooth.
. 5 a
2.  GNSS receiver (e.g. Ublox).
3. Source of power.
4. Antenna.

()

Main Activity of the App
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variant 1.1 Pure DGNSS/PPP-K

PointMeasureActivity

- starting the
mode

« Measurement Modes: Exiting the
i ctivity .

. Single mode. EEhe Start Service

. DGNSS (e.g. SAPOS). e ion seanadress

lll.  Kinematic modes

V. PPP-K. =4 Configuration p:i:tss:ngr Choose Config o start Service For starting the

- d service, a pre-
projects gnss configured

pppk | mode should be

« Raw data/RTCM corrections
« Connection through
Bluetooth, TCP/IP &
NTRIP client.
- Database for Object (a)

static selected first.

kinematic]

management. Mode,
. . . number of
* Visualization through a map. QW Sats &
. . o) Sats: & Delta: 464 precision
» Geocentric, Geographic & e |F e e New Point n Project: NA..
el it measurement Point Object default~

UTM coordinates.

of the point This window
* (a), (b),(c) &(d) shows the é PopS T

- X : 4157566.6945 sdn : 87.4181 measurements
process of measuring and e e
. .. . . . The Projects Z:4782663.3749  sdu : 446.0020

visualizing a point in single name Satlite 5
m Od e . BACK SAVE

function  Peint measure ~

Point default .o

Object

ol [a] m]

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

« Atest was carried out using: U-blox receiver(EVK-6T) :

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

II.  LogiLink Power bank.

[ll.  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).

PointMeasureActivity PointMeasureActivity

| 3
5 A ARy
{7 sats:6  Delta: 40} sas:6  Dehta:
North: 5429986.545 North: 5429977953

NAVKA  East: 32455429.026 NAVKA  FiEast.” 32455428179
i 4 shows the h: 2 shows the
float o fix solution
solution in in
North/East/h North/East/h
function Point measure ~ function  Point measure ~
: START i START
Point default Point default N/
Object Object
o) 0 [ o} 0 )
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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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PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variant 1.1  Pure GNSS PPP-K (L1/L2 GPS Receiver)

after 15 min: accuracy is within 20 cm
after 60 min: accuracy is in the sub-cm level

°
N
0.02 fE:'I.%{ITI} ORI=-49.011247122" - 8:411262302"°E 182 9080m
‘f 4 AVE=-0,0013m 5TD=0,0165m RM5=0,0165m

B e
0.00 3 - o
Lo
*
i
0.02 -
b
0.02 % (m) AVE=0.0015m STD=0.0104m RMS=0,0105m
' ]
i
g T -
0.00 % -
0.02
0.02 Uﬂ;ﬂ: AVE=0.0035m STD=0.0202m RMS=0,0205m
i —_ .
0.00 ;¢ —
i 6h measurement:
002 « standard deviation:
t: ° H .
00:00 03:00 06:00 09:00 12:00 15:00 18:00 hOHZ(_)ntal- 4.0 mm
« vertical: 2.0 mm
Reiner Jager  Int. Sc. Conf. University of Latvia Riga, 8-Febr.-2018
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variant 1.1 Pure GNSS PPP-K L1 - Receiver

« after 15 min: accuracy is within 20 cm (horizontal) and 50 cm (height)

 after 60 min: horizontal accuracy is in the cm level

B I:m]l ORI= 49011247122 &.411262302°E 1582.9030m
0.2 AVE=0.0454m STD=0.0531m RM5=0.0737m
D. 1 + 6h
& ]
0.0% JA measurement:
01! % + not including
T the first 60 min
,:,.1;:?%@} AVE=-0.0220m STD=0.0412m RMS=0.0467m . standard
i3 deviation:
00 horizontal: 8
cm vertical:
12 cm
-0.1
0.2 U-D (m) AVE=-0.0683m STD=0,1578m RM5=0. 1720m
0.0
-0.2
¥
03:00 Q&:00 09:00 12:00 15:00 13:00 21:00
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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 lowcost receiver RTK (blue) and Post-processed (green)
« Accuracy: Horizontal: 0.7 m, Vertical: 1.0 m

1.0

E-W (m) ¥ (412471227 8.411262302° 182.9080m

U-D {m) I AVE=-0.8247m 5TD=0.6549m RM5=1.0530m
2 i AVE=-0.7161m 5TD=0,.8319m RM5=1.0975m

03:00 06:00 05:00 12:00 15:00 15:00 - 21:00
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variant 1.1  Pure GNSS / PPP-K

First results (L1L2)

PPP Kinematic mode with IGS - RTS Results in PPP:

. : : KINEMATIC PPP (REAL
Realtime service TIME — IGS/RTS)

0.1 EW (m) ORI=49.011247122°N 8.411262302°E 182.9080m

AVE=-0.0067m STD=0.0415m RMS=0.0420m

VE=-0.026 1m STD=0.0720m RMS=0.0766m

L1/L2 receiver (blue)

0.0

0.1 With Ouitliers!

0.2 J Post-processed (green)
: * Accuracy:

N-S (m) + AVE=0.0003m STD=0.0172m RMS=0.0172m
AVE=0.0284m STD=0.0745m RMS=0.0798m

Horizontal: 0.12 m,
Vertical: 0.18 m

: At present:
- \E00800m S1D=0 1eton vy © Predicted Orbit and
. Clock File -
e & ’~ ' recomputed at 1 Hz
- \/ . with Bernese
0.6 : Software- In Tests

03:00 06:00 09:00 12:00 15:00 18:00 21:00
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NAVKA
Hardware Developments
N
PREGON-X
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PREGON-X —

Smartphone Reset PROTECTY | (0S8
for Mobile GIS Boot = ,,
and Geo-
. W
Referencing £l
. L | P +
Variant 1.1 - o | A
u-blox MBT T?I::JTG E’-'I;g”imh
L BT, (MINA-b112)
As the diagram 1 i ~ Timepulse ™ i
denotes,the data from the —
GPS receiver ublox M8T is
transmitted to the =) e —— ‘
Bluetooth module NINA - ~ TIMEPULSE T
B112. The power supply ~ o )
can be provided through RE INPUT PROTECTION
the USB port or through u ) ESD
the backup power supply T -
through the battery on 3.3V BIAS
board. SUPPLY
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PREGON-X Smartphone for Mobile GIS and

Geo-Referencing - Variant 1.1 — EAGLE Layout

1
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PREGON-X Smartphone for Mobile GIS and Geo-
Referencing - Variant 1.1 — Sensors and Electronics

4
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PREGON-X

Contact-free
Georeferencing

NAVKA (www.navka.de)
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http://www.navka.de/

PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variants 1.2 and 3

Mobile Contactless Object

Geo-Referecning by GNSS /
MEMS / Optical Sensor Data
Fusion (NAVKA-Algorithms,

www.navka.de)

y(t) =[x° y° 2% | & [r®p° y© || & ﬁ&|®gb,x wgb,y (ng,z |(’3€b,x (’Sgb,y (’Sgb,zJ
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smatphone — Variants 1.2 and 3

2. Autonomous
1.) MEMS-Gyro 2.) MEMS-Accelerometers

DETECTOR

i DETECTOR BEAM
SPLITTER
.. [LASER}
OPTICAL FIBER
CLOSED T
g LOOP PHASE
) LASER CAVITY MODULATOR

(2) Ring Laser Gyro (RLG) (b) Fiber Optic Gryo (FOG)

Observation I: ©;,

(’)gp :(’)iB_Rg (r.p,y) - o

References: Inertial Space (i) and Gravity Field
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smatphone — Variants 1.2 and 3

2. Autonomous

_ 5.) Barometric Sensors (Height)
4.) Magngtic Sensors

Auxiliary Sensor

Reference: Earth Atmosphere

Reference: Earthmagnetic Field M o
Nordpol
magnetischer s _ AT T -er
Sidpol E
5 06
f“—": 3 [ S \\\\.\ .............
:° ~
02
0.0
magnetischer o 2 4 G 8 10
Siidpol Nordpol hikm
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smatphone — Variants 1.2 and 3

>4

‘.
,

Vi T =

WP
e

..l LN/} /

NAVKASMART-
Phone Marker
APP (Optical
Markers, LED,

Infrared)

|
A

1“11 * (Xl - XO) + 1"12 * (Yl - YO) + 1“13 * (Zl - ZO)) .

. (r31 (X, — X0) + rap * (Yi— YO) + a3 * (Z; — Z0)

['21 * (Xl - XO) + 1’22 * (Yl - YO) + 1'23 * (Zl - ZO))
*

vV, =¢C +(
ET YT (X, — X0) + rap * (Yi— Y0) + ras * (Z; — Z0)
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone — Variants 1.2 and 3

1.)
Velocity - Observation from the differentation of
subsequent VO-based position-differences

V
vYO(t)
General leverarm-situation for Camera

b VO
tvo R(rx.ry.rz)p

Final Observation Equation in Tight Coupling

vO(t) =R, -R(rp,Y); - 08D +R(r,p, Y); - (@5, x ty))
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Smartphone and Tablets for Mobile GIS and Geo-Referencing
GNSS Raw-Data on Smartphone — Variants 1.2 and 3

2.) Orientation-rate observation from the
subsequent VO-based orientation change

e VO (t)

General leverarm-situation for Stereo-Camera

tvo R(ry,ry rz)
Final Observation Equation in Tight Coupling

VO b VO
Q Object Frame",VO (1) = Ry '(QObject—Frame,VO (t))'(Rb )

5 - (2 QpiggyFrpmpaD + 2en 0+ Zpyafh) (Re™)!
~0 =0
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PREGON-X Smartphone for Mobile GIS and Geo-Referencing
Variants 1.2 and 3

Y(t) = KBy 28 | KEYERE [ 1° p° v | ME 9 88 |l o, 5 |85y S5y 85, ]

GNSS E Laserdistanzmesser
L /-V—"\
g
L/
MEMS
e e e n with
X =Xenss T Rn (B1 I—) ) Rp(r1 p,)/) 'X(S’a181txvty’tz)p
p—Origin N
1. Component: GNSS g'_\'gr?gin

2. Component - Contribution of the Laser

s = Slope Distance of Laser

a = Orientation of Laser relative to x-axis of the Platform (p) D ]
o = Orientation of Laser relative to z-axis of the Platform (p) X" =s-| sina-cosd |+|ty
t, = x-Coordinate of the Position of Laser on the Platform (p) sind t,
t, = y-Coordinate of the Position of Laser on the Platform (p)

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

COSa-COSd | |ty

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

cospcosy cospsiny —sinp
n - - - - - - - .
Rp =|sinrsinpcosy—cosrsiny sinrsinpsiny+cosrcosy sinrcosp R(RO",PI’[Ch,YaW)B
cosrsinpcosy+sinrsiny cosrsinpsiny—sinrcosy Ccosrcosp
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General Georeferencing Questions
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#d Bundesanzeiger Bekanntmachung

Herausgegeben vom Veroffentlicht am Donnerstag, 14. November 2013
Bundesministerium der Justiz BAnz AT 14.11.2013 B1

www.bundesanzeiger.de Seite 1 von 17

Bundesministerium des Innern

Bekanntmachung
der Neufassung der Technischen Richtlinie zum Gesetz
uber die geodatischen Referenzsysteme, -netze
und geotopographischen Referenzdaten des Bundes
(Technische Richtlinie Bundesgeoreferenzdatengesetz - TR BGeoRG)

Vom 28. Oktober 2013

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

Seamless Out-/Indoor Georeferencing and
Interoperability based on ITRF/ETRF89
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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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3D-Datumtransformationsproblem - Solution following Molodenski

Accuracy_SADI6

B 00000 - 0.0020
B 00080 - 0.0160
B 00150 - 0.0240
B 00240 - 0.0320
. B 0.0320- 0.0400
Fortaleza B (00400 - 0.0480
B 0.0480 - 0.0560
Natal 0.0560 - 0.0640
= 0.0640- 0.0720
& 0.0720- 0.0200
Maceid [ [0.0800- 0.0820
Aracaju O 0.0890 - 0.0950
calvador [ 0.0980 - 0.1040
L BT [ 0.1040- 01120 COPAG DB
- Cuiab "5 Brasilia e o CJ a1120- 01200 e
- 34 Goiania | 3 01200 0.1280 DFLBF DB
: : O 01280 - 0.1360 B
£ 01360 - 0.1440
Yitiria @ 0.1440- 01520 1_)
. B 01520 - 0.1600

eresina

Recife

|

B 01600 - 01680 Transforma-

Brasil ot B 01680- 01760 :
' Curitiba B 01760 - 01940 tions-Para-

www.geozilla.de B 01640 01920 meters

Floriandpolis B 01920- 02000
Gen B Gias IEERE &
2.) Residuals

FEM-Meshes - Regional 7/8 Parametersets. Coninuity Conditions)
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RTCM 3.x Transformationmessages
Horizontal Transformation

Using
Reference
Transformatio

(2 4= () ns to

I compute
country-wide
n ‘ grids
® IRover Position (B,L,h)| dynamically
o ' online on
NMEA-
request by
(U @ @ @ virtual fitting
points

/ NMEA-Request

,Dynamic
Grid”
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Transformation Concepts
GZTraS - RTCM Server for Static and Dynamic Grids

/ NMEA-Request

Rover Position (B,L,h)|

-100 -80 -60 -40 -20 0 20 40 60 80 100m

[e'e] n
W(r,9,1) = {GTM NS (aGR%)n -(Cpy COSMA + S, SinmA) - P (cosS)}

n=2m=0
W-_U
N((x,y,2) )=
U = U@, &0, M) e | (8,2, 1) - 00y, Z)anss Yhon

{x} [u, -y1+¢&®/u? -cosR - cosh

uj - y1+¢%/u? -cosp -sin

u-sinf

z
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2.7cmly => 70 cm
| [ETRF89 - ITRF)

Y A3 {'v

Pacific plate Cocos =X

5 plate, %l

X(tl)ITRFZZ’tl =([1+Am)-R(ex.&y,&;) - X(t) rreyy 4y +1

X(t2)i1TRFzzt, =X(WiTRFz2ty + (CTEOr RFzzty + 8+ (Bog) - x(t)rr RFzzty ))-(t2—t)) |
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Transformation Concepts
RTCM 3.x Transformationmessages (2D and 1D)

Using Reference Tranformations to compute grids dynamically
,Dynamic Grid“

.Combined Message Generation“

Part 1 - Plate Models

[(B.L.n)irrerelateali = [(BiL.N)gnss itrel
Virtual Fitting-Points

/ NMEA-Request

“‘E;’e’ Position (B.L,h)l Part 2 - Standard Reference Transformations

[(B,L,N)rre-relateali = [(B,L)r , Hy or N)];
Virtual Fitting Points

‘ Dynamic Message Set up by local 7PT Gridding
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1.) Use of RTCM Server, e.g. GZTRaS, enabling Dynamic Grid Generation for 2D and 1D

Bl GzTras =]
M arne | Fart | StartTime | Requestz zsince start | T otalR equests | Add ...
R I c M @ Bavaria 1300 02022008 16:05:50 a 10
N @D ew 1000 2 | =R
- ] Germany 1100 02022008 16;08:02 g g
@ Flarida 1200 02022008 16:08:05 2 3
www.geozilla.de

Application:
OrL:
ight @:

Bawaria

0&5:-E0] [INFO] -2Tral 2 rwer. .

EO] [THFO] = 2 = 1izhes binding proc
1 [INFO] Rl o Serwer is waiting clien s ... About
- 34] [IMNFO] eTras L client from localhost-0 i=s

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
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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
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